FOR | NCREASI NG THE SELECTI CTI ON TO CONVERT OXYCGENATES TO

OLEFI NS The woe®e44 i nvention [ . o a net hod of maki npcrRUSMNERsS N
product from an oxygenate feeds{%®8K. In particular, the method concerns
contacting the feedstock in a reaction Zzbnhe containing 15 vol une percent or
| ess of a catal yst such that fewer undesirable by-products are fonned.

Li ght ol efins, defined herein as ethyl ene) propyl ene) and butyl ene, serve
as 10 feeds for the PFRELess FORIN @W&fﬁi@‘% hRS tlraditijlonally
are produced by pet mﬁgﬁ l&@Y ) ply andl or
the high cost of pe{‘ro eum slgurcgg, t ei‘cos eoPtAprodJlljg(?lg olefins from
petrol eum sources has increased steadily. Alternative feedstocks for the

production pof |ightyolefins are oxygenates 5.such as cohol
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pr oduced bly femmd g&taieﬂ‘eedb smbk.fmcymt&ym,hbsﬁxahgdilsoﬁgaiﬁ vaﬂlacliiﬁgmenatijrgl gas,
petrol eum |i qujds, carbonaceous materials, .including coal, recycle
plastics, nuni #P%chi%gfeéesowﬂeawt%ﬁ@lm ATPeRf Or lass of asatalght uRit. i e
variety of soufhaeRwerindedivabls bpbfodlak afédbimedl i ves, and ot her oxygenates have
prom se as an economni cal) 20 non-petrol eum source for ol efin production.
The catal ysts used kightplefinydefined bereinpsethylens, paapylens fog hutylene, serse ef i ns are

mol ecul ar  $p eV geditoAihY productPRCRHSRerdh{ MeRitals SORER PRMCRIE ¢ Frobibtad TOST
sought after products of such a reaction, research has focused on what

catal ysts are hbpatrolsumecgacking. Becaushofl the\limisgsdsupply prdserthehigh ceshaf on net hods
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propyl ene. was t iIrs nost - ext ensi v S catal yst for
t he conver si oninofeasedisteadilyl to ol efins. Unfortunately) ZSM 5 produces not
only the desired light ol efkin but al so,undesit by-products, In
particul ar, ZSM5 gff'ema%ve Peeds?dcks for ke production of hg?xg olefins'are oxygenates,

15 such as alcohols, particularly methanol, dimethyl ether, and ethanol. Alcohols may
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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,
20  non-petroleum source for olefin production.

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

25  selectivity of the reaction to ethylene and/or propylene.

ZSM-5 was the first and most extensively studied catalyst for the
conversion of methanol to olefins. Unfortunately, ZSM-5 produces not only the
desired light olefins, but also undesired by-products. In particular, ZSM-5
produces aromatics, particularly at high methanol conversion. Catalysts are needed

30  which do not produce large amounts of unwanted by-products, such as aromatics,

methane, carbon monoxide, and hydrogen gas.
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produces aromatics, particularly at high nethanol conversion. Catalysts are
needed 30 which do not produce |arge anmounts of unwanted by-products, such
as aromati ceyo ogBédaane, carbon nonoxi de, and hydrogen gas. RAISE¥Huss WO
" 00h6944 -2 PC f NS00/ 16185 Zeolites with smal | pore size have a higher
selectivity to | ower al kenes, even at 100 nol % net hanol conversion.
Unfortunately, small pore zeolites are rapidly deactivated during the
conversi on process. Rapid deactivation can be avoided and high selectivity
to light olefins rrazeai@gmﬂatgmam?bxegaahwﬁh%ﬁsenéchm,atolm&egikea&re size but
also wth lower acidity. Such ca sts still have the downfall of
produci ng undeg¥erabl® xaeldmsth@wbyowrémCEklfomatswdwﬂtp@rmw@s B§th rapid
deactivation o n@lg{ by- product s,
catal ysts are {lagfd!}ﬁd cfg\é;\lha{ccg%&a e B%&ﬁegkgl &%%)s?e |dzdeég§ﬁ'§ﬁ§%§reredl ate
acidity. 10 | navoidg¢dand hlgbvéﬂm@metOtlizbt qdclbblmaihemmmg alcatab'b:e.van or art :

this inventj on,_broy | des tho N9

oxygenat e feeds %cﬁorefﬁe%u{?sﬁo“g cg‘ﬁf)rrl Sed é‘ém a?ys#?gfn‘{?h%vqu | n a
reag:lt!on Izon_e c@gb@dugnmdéﬁruemmn@bypmﬂhmﬁr | ess of a catal yst conpri si ng
a silicoa umnopo e no ve, mat er |nta|n|ng
conversion of the f ‘T’é‘&ﬂv%‘gtj%g ﬁ8°©9é)£i?t§¥f&é? the REAdpr

effective to cefw@m&%_%peédu&daecaia@,@d&wﬂéédmmcﬁ ﬁ@ebsm%hhmaom&@ contai ns

at least 33 volunme percent of the nolecular sieve material. Preferably, the
15 vol ume per c@itinsrmediate goidity} yst i s di stri but ed t hroughout the reaction

zone. It cqp be di snfdrit&dvéisonse tnvb.tobiea,x %{heifeh%.ﬂ@hebﬁﬁr 2, t}iﬂ u@em{fpgeneous
fashi on, including distribution as di zed bed ped

fashi on. 20 Pr poxidapi pethod of maldng, e cmﬁ;l aseqlu,céﬁpmm ozcmn@,tafqﬂyqu i Bhe
honogeneousl y J [ erred

enbodi nent t heg’(%%?gﬁétg%%gﬁ%seghemg F@%gltdur%}ﬂérg%&spﬁrg?‘gﬂggﬁect ed from

t he group consvadumepgeroént SARS ¢f a cBHAND ®SmpSARDa silicoabAROphGsph8aRGIecUdlar SAPO- 18,

SAPO- 20, SAPO 31. SAPO:34., SAPO.35. SARO- SAPO- 41,
SAPO. 42) SAPO Have RBiESl 23 mERBiRconTRROD REthe ROtk Retdep DR RSV
thereof. The Caﬁdtl‘ yeriditions effdctive forvohvestcl 08%doflthefeedstdck hah the reaction

zone contains at least 33 volume percent of the molecular sieve material.

Preferably, the 15 volume percent of the catalyst is distributed throughout the
reaction zone. It can be distributed as a multilayer fixed bed or in a homogeneous
fashion, including distribution as a fluidized bed or a flowing bed fashion.
20  Preferably, the 33 volume percent of the catalyst is homogeneously dispersed
throughout the reaction zone
In a preferred embodiment the catalyst comprises a silicoaluminophosphate
selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
25 SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAP0-47, SAPO-56, and
the metal substituted forms thereof, The catalyst can also include a binder material.
In yet another preferred embodiment, the catalyst is contacted with the
oxygenate feedstock in the reaction zone at a WHSV of from 1 hr! to 1000 hr!. 1t
is also preferred that the oxygenate feedstock be selected from the group consisting
30  of methanol; ethanol; n-propanol; isopropanol; C4- Cz alcohols; methyl ethyl
ether; dimethyl ether; diethyl ether; di-isopropy! ether; methyl mercaptan; methyl



In yet another preferred enbodiment, the catalyst is contacted with the
oxygenate feedstock in the reaction zone at a WHSV of from1 hr'l1 to 1000
hr'l. It iswdwagepseferred that the oxygenate feedstock bPTHWULH from
the group consisting 3 0 of nethanol; ethanol; n-propanol; isopropanol; C,
- CZO al cohol's; nmethyl ethyl ether; di methy| et her; diet hyI et her;

di -i sopropyl ether; nethyl nercaptan; nethyl WO 00/76944 PCTNS00116185 -3
sul fide; methyl am ne; ethyl mercaptan; diethyl sulfide; diethyl am ne;
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n- al i<yl grOUpSchmmrfoﬁmmhmt mmynmttnaﬁ dtmeth(i)l ketonepatedid avidy n-atiyll m xt ur es
t hereof. | n another enb vent n can be operated.at a relative
linear vel oci t&migss, p-akyl éPlé sa?’é’ %‘Em%“ g"f'ﬂ“?’é‘%%?gat ure and
wei ght hourly b%aaé‘eﬁau&h@%wcw&%etn@ dn@ nkthes tefddgar velocity is defined
as: Rel ative Linear Vel oci feedstock rate (w. per hour) at 80-99

Wt % conver si on feedsmwfﬁﬁlgedl(nvm thejiayertignpanthe opgrategal @ selativedineasn | n t he
conversi on of ST BReSInds cdifltee @i doRSthntitbmpetartiSnd ARlgfit fdmfxi m ze L he
producti on of et ene and/ 4r propylene and to mnim ze e production of
undesi red by- pspochwlqmty,sﬂ@temlamvaelmmmﬁnqdraepane car bon di oxi de,
hydr ogen gas, and Ce+ materials) including aromatics. Catal yst conprising a
si | i coal um nophosphate nol ecul ar sieve is used in this invention to nake
t he desired products. Silicoal um nophosfetdsteek mse etuperrhosn)av8e-99r e general |y
classified as being ro nmat eri al s ha cnv&sion0, or 12 nenber ed
ring structures. &lét‘YelﬁﬁeaE%@E‘?yur e sfeedstock 2ate (v pe\hieLH Ge 1gIowes Si ze
rangi ng from about 3.5-15 angstrons. Preferred gomvetston smal |l pore SAPO
nol ecul ar sieves having an average pare size ranging fromabout 3.5 to 5

bly f 4. : tr
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undesired by-products, such as methane, ethane, propane, carbon dioxide,

hydrogen gas, and C,+ materials, including aromatics. Catalyst comprising a
silicoaluminophosphate molecular sieve is used in this invention to make the
15  desired products.

Silicoaluminophosphate molecular sieves are generally classified as being
microporous materials having 8, 10, or 12 membered ring structures. These ring
structures can have an average pore size ranging from about 3.5-15 angstroms.
Preferred are the small pore SAPO molecular sieves having an average pare size

20 ranging from about 3.5 to 5 angstroms, more preferably from 4.0 to 5.0 angstroms,
These pore sizes are typical of molecular sieves having 8 membered 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 products.

25 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 phosphorous-



framewor k of corner-sharing [Si Oz], [Al102], and (PQOz] tetrahedral units.
This type of framework is effective in converting various oxygenates into
ol efin prodwette76%% The [PO ] tetrahedral units wthin thePGT/EHIE8K
“structure of the nolecular sieve of this invention can be provided by a
vari ety of conpositions. Exanples of thdse phosphorus-contai ning

conposi tions include phosphoric acid, organic phosphates such as triethyl
phosphate, and al um nophosphates. The phosphorous WO 001 76944

PCTNSO0/ 16185 -4 contai nin corrpos#L s are xed ith reactive silicon
and al um num CORERNGAEPRRIRRS S ML WIR artiversiico Hd AR TIIE-OBHANE ons 1 o

fromthe nol e%}rﬁbsxﬁéxﬁ‘ﬁﬁder-fﬁ&pbn‘b}aﬁaﬂe cbfdifiGH3esl fram thémbRcilarsikve. t he framewor k
structure can be provided by vari ety of caqnpositions. Exanples of these

al uni num cont ai ni nahslé@zb%ﬁh@@hsmrsn@rmm@emmrawmés such as
al um numi so | sodi um
oPrg @hﬁt?‘ 1,&!; m@ oF {He QU NS Lt fing

al um nat e, pseu cont al ni ng conposi trrons are
m xed Wi th 5r eep@mwetmsmcwn WW&WMMMQOWQMU ons under

t he appropri at t “ I 10 The [ Si 02]
t et rahedr al unal? réig‘\g/}\ng?#sﬁﬂéﬁs 4 r agmv%'raﬁ xﬂ%’r F&H?% l'glgwn\é’baé‘dpr ovided by a
vari ety of congesioboehnite. Feaipinimmedontainitgconipositions-atombad nmhgeemcivmosi tions

| ude sil | d sil | koxi d h as tet th
or thosi 11 cat 6. SFRe el PioaB R GRORTIA G EONBYS oHes e FPETPEEIIFON r oac i ve

al um num and ana;ﬁhmemeamaﬁ@val ng corrp05| t| ons under the appropriate 15
conditions to fromthiggol ecul ar . si.eve. tituted SAPGs can al so be used

in this intention. Araljunits vathy % APEROTK SEYFUIE SAMBAPSOs or
net al - cont ai n'%?@w&édﬂy@%%?‘o‘?@&hﬁ’&ﬁﬁﬁi eBxamplts offest! sillcBfl.cOtaiftingal i net al

ions (Goup IA), alkaline earth netal ions (Goup |IA), rare earth ions
(Group 11TB, i%empgsitions ingiude|siisg sphsandsilisiugnaliepades Ft&htaﬁmam hybo cerium

praseodym um é}ﬁf&gﬂiéﬁté’ heSH{EBH- l:&[&ﬁxirﬁnb' E%%&!ﬁgngﬁg% cf'a'vaH red@iPi UM

dysprosi um holmum erbium th lum and lutetiunm and scandi um
or yttriun) araurhinemaodiphdsphemis-¢ontainiig ¢ampositionsomderdhe ppoapsistel VB, VH, VI B,

VIIB, VIII and Pref er a represents atons such as Zn, M,
Wn) Co, N, % conﬁmgnﬁtgﬁfm{h gmy%%lw%%and Cr. These atoms can be inserted
into the tetrahedr eﬂubﬁtmwwmstmm@emec{ﬁ«bﬁithvémbna’ﬁhdeabmmunﬂs The

(‘MeG ] tetrahedral carr et electric.ch ndi.ng on the
val ence state YF8 f'}?éa?l g’tﬁ%@ﬁ@’e‘?{tme%@ Rt2pig s ﬁ’ﬁ?"’z‘f g‘ﬁf&ﬂ? " has a
val ence st ate Tie métat ctﬁbe dikali méial ions (GouptIAg, dll&lmeeéaﬁﬁfmdtahdhbﬁﬁﬂﬁpl s -2, -1,
0, +1, and +2,_respectivel | ncQr por tlon 0 taI onent 30 is
typi cal | y accdw’lrg'ﬁ§ﬂf‘lh'&ﬂ¥¢¢§°‘fﬂ1 Pr'p'&ﬁ‘é g"? W8 s of the
nol ecul ar 3¢ eVé&riuHOPRAYREymAS heod h@mmmpetﬁas el omﬂn,acle e used.
See, for WO 001 76944 PyCI!II'lPUSOOHLrg%% -5 exanp ﬁ EPQS Ser i aI No. 08/571,

506, in which S¥serogumcholmiumysrd WM“E‘OE‘WE‘W@H@B?%‘“F‘@H‘%@M@H@@’ met hod i s

fully incorpor [ hosphat e
nmol ecul ar si evg{s [ Rmﬁag" ’}gﬂ or{aﬁrﬁss,%\%%%g“ﬁ%P%yf? NSﬂAI}gg)lG PO 17,

SAPO- 18, SAPO YOIB,aa@@B31, SAPO 34, S SAPO 35, SAPO 36, SAPO 37, SAPO 40,
SAPO- 41, SAPO- 42, %ggaﬁf;"; the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,

25 Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral framework
through a [MeQ,] tetrahedral unit. The [MeO,] tetrahedral unit carries 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 -2, -1, 0, +1, and +2, respectively. Incorporation of the metal component
30 s typically accomplished adding the metal component during synthesis of the

molecular sieve. However, post-synthesis ion exchange can also be used. See, for



SAPO-47) SAPO- 56, and the nmetal substituted fornms thereof. Preferred are
SAPO 18, SAPO 34, SAPO 35, SAPO 44) and SAPO 47, particularly SAPO 18 and
SAPO 34. Theydwlessd! ar si eves can be used al one or in conbparatsoonsissi he

si |l i coal um nophosphat e nol ecul ar sieves are synthesized by 10 hydrot her nal
crystallization nethods generally knownsiin the art. See, for exanple, U S
Pat. Nos. 4, 440,871; 4,861, 743; 5,096,684; and 5,126, 308) the nethods of
maki ng of which are fully incorporated herein by reference. A reaction

m xture is formed by m xing together reactive silicon, alum num and
phosphor us corpangeES. Serialigo.\08!71 506, irwhich thecdesaription bfthe Gostaynthdsis t he

m xture i s seal ed )l?nd he%g%) S, Eref e{ lﬂlr:é:g ndet aut ogenous pressure, to a
t enper at ure of TLFCIAEE ¢ ,ﬁ"%’“@ %P%{Beg FPEMY 66T 250C, until a crystalline
product is fornmed. shitublesilicotluminopiipliste/mbiatuldrirevey ifcludd SARD-5f SkPOanywher e
fromaround 2 hours to_as _nuch as 2 weeks. I n_sonme cases, stirring or
seeding with & §§?9T1I1'r RAPRREe SARD- 14 PAPOAS, ﬁﬁ?ér’é)vtsﬁgoﬁ}r AP of the

product. 2@ Typipentd SAPCSs, SAPLS5Y, FAFD-£Y S APV BAPY-42, xepd-94,med i n
solution. I't can be recovered by standard neans, however, such as by

centri fugat i orSARO-4T,|SAPQ-p&rend tiganegsal sehstituted forms thereofe Rgfemedpre r ecover ed by
the same means gl flisadh. o Rarth £ GAR.44 WRY SPORY Benigdliy@tbd gk ended)
with ot her ma'fseri afs’. Wien bl ended) the resulting égnﬁosi t);(on (ISS typically
referred to asndSABOs4y Sthe maleculap Sievel cancketused/alonecenipeombingionhe nol ecul ar
sieve. Materials ' - ' : I ar .8l eve can be
various inert or mgg}'g°?%‘pa‘%"§€%§%’§mg“é’¥é{“ﬁa %r%f gﬁgs&lﬁﬁécsl;ﬁ%ﬁ conposi tions
such as kall i rhydrocheahdi erysualliastion vanlidds genefally kmoved intheiart.nSeepfor akample)a sol ,

titanic, zircaqnj artz, sili r.sddica,or .sili spl n ] Xtures

t her eof . Thesg'?g%%%snéé“%gﬁércsgégé?ssle@ﬁ@@ M%BH6§§§’L}8? %‘ﬁtﬁf}&eqrpal I

cat al yst cost )makirigiof§vhith afe fullPinBBrporated heiein bysefefencd. NA PadfionShik@kdisng t he
catal yst duri nfg r g}gner.ati on, densj fy,l,ng t he, cat al yfﬁf ﬂond i ncreasi ng
catalyst WO el B ixingSABe B PAB TS Bl 100, dyrigngand Phoseborst eampeRet.t h i nert
or bi nder nat efdnglwith st REstHNL tetplddé. GEHeADY MRMIRIUPYS seMbdGRd héatgont ai ned i n
the final catal yst product ranges from 10 to 90 wei ght percent, preferably
30 to 70 Wi ginreferably apder agtegenony pressuesntockiemperaniccefiibleat HE Gahi | e t he

nmol ecul ar sieve_d Sl u ' e . j [ erials. 5
The oxygenate p?%%@%‘% crf:r% l? f:b?grrzglro?%’g’sn ma% &?ségfs"[e p?)ﬁ‘{é'tctoir@ggjf\n??:' g%%%gﬂnn \}?\fﬂ ch
contai ns at | emsgstalle prazuytgean take angwietciiona groahd phairs © almahab & weeltsher s,

car bonyl conpounds (al dehydes, ket ones, carboxylic, aci.d car bonates) and
Che i ke) - CoF HH o ed king s peePlog S0 srECUBR SR R R e hat ; de.

mer capt an, sulfbinibion of thaptddact. The al i phatic noiety preferably contains from
1 to 10 carbon atons . 0 re preferaply containg from1l1l to 4 carbon
atons. Repf%esent at chagyé*@ﬂﬁ%‘ HEeR “B%‘Y‘ﬁgFémﬁ’G ! Blé*egavi%bq imted to
| over st rai ghtreg@iered b XaRed mBas hoevétich &s B GeftiBlgatiod GSilrationS The!r at ed
counterparts and the nitrogen, hal ogen and sul fur anal ogues of such.

Exanpl es of sUAredust eanalsa s wvashed; r¢eqvgeed by thersame mepastand dri¢d- ed t o:  net hanol ;
et hanol ; n- propanolje| . idnfi X . et hyl ether;
di nret hyl ether; di érthﬁ;’/'f"%g{"ﬁﬁ?@%f"fﬁ%%'r opylﬁgfﬁg%ﬁ%{ﬂﬁi/ er’r%a?sgapt an; nmet hyl
sul fi de; mnet hyWhemtlended, dhewebultingrcomposition isitypichliy refecred todks;a cdtalystapithani ne;

et hyl chl o4d de; el l._carbonate; dinethyl ketone; acetic
acid; n- aﬁé‘yl qg?n&(g%g?!:%ﬁéﬁsﬂ%thﬁcﬁjllg?i?%@%,mngal kyl sul fides, each having

n-al kyl groups conMataiatsowliel vunda bizhdedtwith thomaldcularsizoa catbevatiowend mi xt ur es
thereof. Preferred as the 2Q oxygenate feedstock are nethanol , dinethyl
ether . and. m APt O Siiekmessras 7MY BRI B carny ions HHLPAROIRE! o i 1
product in thidihdriaMes)vartihs Seths oPQLMRAE of NEmingl 661} fit@flazirsd el qRdr Rldang t he
oxygenat e feedstgck tom hydrocarbons such _as oil, coal, tar _sand, shale,

bi omass and naRr§iiss orpilica saleandanistures thepsok Flhese prmpanens ars @lso eifestive imese
Conposi ti oS aefuctig QWerall BathiP cBdt ! actirg 6 JTREHACK 1B Gbsikt & ireat si&mg}h@t lon of

t he conpositions to al cohol “or ether, or naking synthesis gas fromthe
conposi tions) catibt duong cegenerationydensifinngithe¢atalystiand incredsinglcathlyssr et her .

Synt hesi s gas can be produced using known processes such as steam

reform ng, autothermal reform ng and partial oxidization. One skilled in
the art will appreciate that the ol efins produced by the 30
oxygenate-to-ol efin conversion reaction of the present invention can be
pol ynmeri zed to from pol yol efins. Processes for form ng polyolefins from

ol efins WO 00/ 76944 PCT/ US00/ 16185 _7 are known in the art. Catalytic
processes are preferred. Particularly preferred are netall ocene,
Ziegler/Natta and acid catalytic systens. Prior to being subjected to a

pol yneri zation process, the olefin products are recovered fromthe products

s fani . - = — . ~ O~ T - .




10 carried out in a liquid or a mxed vapor/liquid phase. Wen the process
is carried out in the liquid phase or a m xed vaporni qui d phase, different
conver si ons vamel/sedecti viti es of feedstock-to-product nay PesUS@/I68pendi ng
upon the catal yst and reaction conditions. The tenperature enployed in the
conversi on process may vary over a w de-@5 range depending, at least in
part, on the selected catalyst. Although not limted to a particular
tenperature, best results will be obtained if the process is conducted at
tenperatures in th n 0C. tpo., apout 700 ferably in
the range of f?ﬁﬁ$§bgﬁpgggﬁéﬁt 8&%8% %ﬁ%ﬁ %ﬁﬂyré% P@fg$5ﬁ$ 8 h the
range of from ﬁh@ﬁm&&@&mm&muﬁﬂaﬂQQtal)lsoy»eaudtemedmmneso gtweirgad ly result
in lower 20 rates of reaction,_and the formation of the desired |ight

ol efin product Rerseal, PrRSerable 300 10 weighterssnt. Jhgdavention.gan be aeromplighder at ur es,
the process maypfihe Llereemm&ms'lﬂamearmanempénhergmdf&lbﬁfd%%ﬁflyct s, and

the coking rate may becone too high. Light olefin products w

f orm - al t hcugh not Theowxyreanielfgedstackopamprises 4 deastrong organicompoywddehicange of

pressures, inc Lm ted p [ nd pressures
in the range o#&girug%tia%%t?p Qgﬁfeﬁggﬁ% gﬁchggglﬁp%gg{;ﬁ%%}s: Etﬁg%’?%&ef‘ﬁed pressure
is in the rangeormfouhdsimdemdeﬁ, k&oﬂeskmbmhmmlsx cawbnhﬁa andthethkp), efgrably in
the range of fraom atgout las ne B0 ndgo galg@g orqﬁ)# pressures
are exclusi ve BfY EMRAYS f? a°r?§7‘ 3 “ré"s‘*gﬂ‘l r”é‘?’%’ip & PBarti al
pressure 3 0 oﬁmhaeTﬁeﬂqlBitmekolag prdfer&lﬂj' adresing feond X Y@ &0 drborcAG@AOAMYIS and/ or

m Xt ures tli‘?reof r ures ou e of the statﬁzfgran es %be used and

are not exct ud®gr ‘Wr l|¥§ont 6’@ 18GFAT00p-FIQE Representatiye oxggspates t ¢ he

invention. Lowgkluaébut Rt neceksafiiydimitedl tdloResstraizhiidd Rabehedelaln af f ect
selectivity) conversion, coking rate) and/or reaction rate; however, [|ight

ol efi ns such adliRbatigAleakalsstheir pnsampatedsauntemnags aadybe gisrogeh Bialageneand ont | nued
for a period oﬁuu*u'r m@uwaﬁu&msmpﬁg efm 1&6@&&@%&@& BheGhd fbeProduct s.
The reaction cycle tine may vary fromtent seconds to a number of
hours. The rea nntcmtocyneﬂhenql,uqﬂnnolsnipmpgml;nsmvmmk fedCio plcobads; methyt | on

t enper at ur RLESS £ urly space
vel ocity, ?Iﬁle Eﬁ Jﬂ%?’l%ﬁlh gl(rgr @%E@ll ﬁﬂr ﬁld'Lﬁwetll&p&e@?fprg%%a ls?a(‘s)"' desi gn
charact eri sti csethyDsulfidej ethylamiye; ahylmqhtmmahylyulﬁgadethyehmmc temy!; (VWHSV) ,

defined as wei e 0 of .c st . for..the feedstock
w Il function ?ﬂo?ié%ﬁ?‘eggﬁpe’i J, %ﬁ ‘%f‘hg“m&%g%e%%"t’ﬁ gt‘ﬂ) be in the
range of from ainings, n&ll@rlhdhﬂes n-atk(yl sixllmldi e5@ﬂﬁviﬂgn-alléylgbeﬁsedoa{phyingn t he range
of from about 2000 hr n S refergbly in the
range of from gfﬂ?’ﬁfn *"H?; to 1%[ L{’QB@EH'“SELM"’S “C‘ie“rla. E’%“’E?Qtaé st may
contain othzer GRyghiteFeedsbtkGle Methars, duﬂ&h}l%theif lahcl Rixfretherebder s;

therefore, the WHS V is cal cul ated on the wei basi s, of oxygenate and

catal yst. One or noitBe®¢ %ﬁﬁ@ﬂvwhwef%dplsﬁ{* a@dpcéaumdnveza%camth t he
oxygenat es, sumlddbﬁteahhaﬁoﬁa@h@,& ofxﬁa&ln ébwg%nﬁpmgto%ﬁ%o% hydfdthrbofls @ range

of from about 1 nmol % and about™ 99 nol™% "uent s whi ch be enployed in

t he process i nébalide oilingnl, @os@ﬂeshnbxbnmmm@wwsasmu fﬂhbllﬂzdm argon,
ni trogen, carb Hywn e r ffins,

ot her hydrocar g%ngg%%rﬂamec&rﬁggﬁg’%%%r omap%{ g{eg% %he\r{?%hﬁ)ds ?n?xt ures

t her eof . Pi2éf efermdntaiidnuafniiescompesiticrtsao alaolbl ni ¢theygenmaking sumthesm gas friblme

producti on of des yaproduct.s .t is inportant,to 2 e .t he

catal yst conce rafrp8§9?)"§ th?fhf"?v rh%#p&s i B34 AlPheL o § e'E @’ﬁfm‘ oper at i ng
par amet ers, paighs canlbaprodutediiping khowepradehsddlsToh as Fleam réforinihg adttRrma a

vari ety of vvays%tknqvm to those of ord| nary skill in the art. For exanple)
ina fixed or d®R @V@f YBrt nmaterial can be added to the cat al yst
material to increasentguddis HRARSNi8hpIEGHe it Ak VRENCHBNREED) the The inert
material can be layered with 30 the cataltyst material in a manner to

i ncrease tH8 ommvteévekﬁ@emmrg{oam@énm \ﬂemresr-attlavcyy@n oaabe| cI es. However,

it is preferabl gﬁ{l &ng 944
PCTNS00/ 16185 pgl m xegttglﬁohﬁ%wolem al yst |n orde oYeﬁns e a onbgeneous

spacing of materials. In fluid bed systens) the catalyst mnll be
essentially separated as a result of the fluid nediumthat is used to
fluidize the bed. The fluid bed systens, including riser or flow ng

catal yst bed designs) are nost preferred since these will generally tend to
be the nost honbgeneous catal yst systens. The feedstock should be contacted
in a reaction zone containing 15 volune percent or |l ess of a catalyst
material, preferably a catal yst conprising




si |l i coal um nophosphate nol ecul ar sieve material. In this invention the
reaction zone is the entire zone within the actual reactor in which there
s actual c@setwad0 between catal yst and feedstock or corpegriseshéisedst ock.
In a fixed or fluid bed, the reaction zone is the actual volunme of the bed.
In a riser or flowng bed reactor desigm®,_ this is the entire volune of the
reactor. In order to obtain the desired product content, i.e., a lowlevel
of by products, conversion of the feedstock in the 15 vol une percent or

| ess reaction 15 zone shoul d be maintai ned between 80 wt % and 99 w % at t he
condi tions ef fafecknowa it theaetn\Oaralytit @Cocessts ot ptefierdde Pdsiculatly pleferret laee r eact i on

zone contains at | east..3 | unme ,per,cent ..of fhe catal yst terial.

Eval uati ng th@%%‘.‘?%&‘s?'aa“@%’éd f'dﬁatglgﬂgfyéif 5t gﬂﬂi‘?§fﬂgg€b&miaght

hourly space \b@iyafe'ﬁiaﬁoﬁ#&h@s, WP elefih prPuas artiredéovared frdmphepodoaslof he const ant
ere

tenperature and WHS V t will typically be 20 a correspondi ng decrease
in relative | iofganalggpwiefipgonyersioade4cligh at t he 80- 99 wt % conversi on range

relative tg that abprlRuiMife HpETat felistodh SRould e doRtIBRA & the Fapp ghd¥ESV at the
9

80-99 wt % conversion range is Fhe same as at the 100 wt % coversSion range,
the rel ative |ihneeactionsgone with thefdefingd melequlagjsieye eatalysbatefieptivie process ef er abl y

the relative '3098%3@?\’%'_&8% %.X%E ﬁﬁ%ﬁt‘éﬁ%eﬁ!ﬁmgagw&v@ﬁmp%\l ’i s 0.001 25

0.9, nore prefera nost preferably 05-0.5. "I'n this invention)
rel ative | i negressure O WHSY (Weight Hondyl Spase Vielsicity)i and, dptinesdly, ancdfisctivey =

f eed Kk . h 80- 0% ' Kk .
oedet ock 2 b oot Rt el SRAEL et BB R Lo, (™
i nventi on roes Watrfediont i adiq@idior a aéxdd vdparizmiiphase. Wikkashe prdcdsy ispamiddct s.

Al t hough feedstock,is not conpletely converted, this |ack of complete
conversion is %P’b‘hfﬁ%‘?ﬁl?"ﬁ% a‘BV“Hu °5’F‘§;‘H?P*’aéﬁrﬁ’fé]°6'é‘éf’%“é(§'§‘°l"ﬁ want ed

by- products. |delebtivititls ®F feeddtdcR-tbPrédicEmay el dependidgaipoh tiR chfaly¥tdnde per cent
or less of the catalyst material be relatively evenly distributed

t hr oughout thefe?“é'aﬁf’?'&ﬂ‘f“’_i‘ﬁne in order to provide a nore honpbgeneous system
This can be done byrhfe‘?érﬁﬂe?ﬁur@eilﬁﬂlo%d iRYIRY conberflen frocét® Mg viry ROerSfidei th thin

alternating layers of inert solid material and catalést materi al . However)
it is prefEr ablaegedenendingeatilenstin pary| anthesplested catalypty Alhpughnot limitedta al be

homogeneous!y gh&R&fis fingelinRe Hask Hesulsd Filf 5:AGHRAiA iR Frocdd®fsconducted at

temperatures in the range of from about 200°C to about 700°C, preferably in the
range of from about 250°C to about 600°C, and most preferably in the range of
from about 300°C to about S00°C. Lower temperatures generally result in lower

20 rates of reaction, and the formation of the desired light olefin products may become
markedly slow. However, at higher temperatures, the process may not form an
optimum amount of light olefin products, and the coking rate may become too
high.

Light olefin products will form--although not necessarily in optimum

25 amounts--at a wide range of pressures, including but not limited to autogeneous
pressures and pressures in the range of from about 0.1 kPa to about 100 MPa,. A
preferred pressure is in the range of from about 6.9 kPa to about 34 MPa, most
preferably in the range of from about 48 kPa to about 0.34 MPa. The foregoing
pressures are exclusive of diluent, if any is present, and refer to the partial pressure

30 ofthe feedstock as it relates to oxygenate compounds and/or mixtures thereof.

Pressures outside of the stated ranges may be used and are not excluded from the



10 preferably, the catalyst is honogeneously dispersed as a fluidized bed,

nost preferably the systemw || operate as a fast flow ng catalyst or riser
desi gn. Thewowomedsson wi || be better understood wth ref erermeso/osishe
foll owi ng exanples, which illustrate, but should not be construed as

limting the present invention. 15 EXAMBE 1 A sanple of 5.0 enB
(approximately 2.7 grans) of the SAPO 34 catalyst, 14 + 20 nesh in size, is
mxed with 15 cnB of 3 mm quartz beads and | oaded into a 314" outer

di aneter 316 stainless steel tubular reactor which is heated by a three 20
zone el ectric YoReRfdke inyeREOR | F%‘t’“z"&ﬁé?l’e&&“if%es%Pf"ﬁ%"ﬁ)‘\"é&ﬁé@ﬁsﬁ% zone,

vaporizes the Iffé@tckelggt%y} QWESidh, Woking rath, WRd/PtaGionZ iR Rhevel) Bt Nace i's

adjusted to 450C and thé exit pressure 1's nmaintalined at the anbi ent
at nospheri c prdefingsech a¥iethylsoe stdkmaydpemt enperature i s set high enough to

ensure that the e$l f 4 EB@I; S ot r e. The
reactor is first pﬁé%“ﬁs‘?’ﬁl’%‘ﬁtﬁ?é‘g‘@%{’%{f% cr@/o%n%efg&fpiég{v)\}% g&é’%%or 30

m nutes. The fthedesired plefieprodtdianThe redduen tydaitime mpyingpe dromntenths b2 r eact or and
calibrated to give flow rate of about .10 h'1.WHSY (feed rate.of 2.7

QT hr S The cSedino t uithes BF St FrRTAeR T MrRCE AT IV on- 1| ne
gas chromat ogr apdtichitérhfeativef the Préssure) thevatalist seleored b weighyhdiglyepdcer and a
flame ionization detector. The foll ovma'?&@rsei the results. 30 WO 001 76944

-11 Conver si onvICitheheBhase (ifBigRsypRAT) | fRted WREHBAME7 Et hanel. 15
Et hyl ene3 9. 4PgfapatasicdPr opyl ene38. 2C4+16. 6 10 EXAMPLE 2

10 A wide range of weight hourly space velocities (WHSV), defined as weight
feed per hour per weight of catalyst, for the feedstock will function in the present
invention. The WHSYV generally should be in the range of from about 0.01 hr ! to
about 5000 hr !, preferably in the range of from about 0.1 hr " to about 2000 hr !
and most preferably in the range of from about 1 hr ! to about 1000 hr "', The

2

15  catalyst may contain other materials which act as inerts, fillers, or binders;
therefore, the WHSYV is calculated on the weight basis of oxygenate and catalyst.
One or more diluents may be fed to the reaction zone with the oxygenates,
such that the total feed mixture comprises diluent in a range of from about 1 mol%
and about 99 mol%. Diluents which may be employed in the process include, but
20  are not necessarily limited to, helium, argon, nitrogen, carbon monoxide, carbon
dioxide, hydrogen, water, paraffins, other hydrocarbons (such as methane),
aromatic compounds, and mixtures thereof. Preferred diluents are water and
nitrogen.
To minimize the production of undesired by-products it is important to
25  reduce the catalyst concentration per unit volume, while maintaining typical
operating parameters, particularly temperature and WHSV. This can be done in a
variety of ways known to those of ordinary skill in the art. For example, in a fixed
or dense bed system, inert material can be added to the catalyst material to increase
the distance between catalyst components. The inert material can be layered with
30 the catalyst material in a manner to increase the overall average distance between

catalyst particles. However, it is preferable that the inert material be thoroughly



PCTNSOO/ 16185 The procedures of Exanple 1 are repeated except that 1.0 cnB
(approximately 0.6 grans) of the sanme SAPO 34 catal yst was used and the

adj usted feewdoAkRat o give a WHSV of 10 h'1l was 0.54 g./ hredrngsovaéigs a
calculated relative linear velocity of 0.2. The followng are the results:
15 Conversion of methanol: 94%Sel ecti vi toyp { Wt % Met hanel. 9Et hane0. 820

Et hyl ene42. 3Pr opane0. 9Pr opyl ene40. 9C4+13. 2 25 EXAMPLE 3 The procedures of
Exanpl e 1 are repeated except that 0.5 cmi (approximately 0.3 grans) of the
same SAPO- 34 catal yst was used and the adjusted feed rate to give a V\HSV of
10 h'' was 0. Zfixes with the caalystiy ordertol provide @Homegenequs spacingenf matesialscn v

0.1. The foII r P /16185
Conver si on of rre ang""'}‘g@%‘g&w&}s’?'ﬁ%”‘“\yx@?? &Jﬂ\gf%anljé&t. L{E‘a‘ﬁe 0.9 5
Et hyl ene 42. 1 rrdiymatiat i3 usedRo dipidize tiee bed. TheAuid bed systetnsPaclading rigdr oor di nary
skill in the t.will i.ze that n dificatia e /made to the
present invent °8‘H“W%§“g‘gﬁ5'§?sf F’ﬁd"‘fspgﬁ%{’fﬁ s'é'ﬁ?&ﬁel"ﬁ‘ﬁée%‘ 153"“& % he

pr esent |n\5entueqmam$hemﬁ18m\imfaly@e@mbed herein is nmeant to be
illustrative only and shoul d not be takep as limting the invention, which

is defined in the fibefeartack should b contagipd in@ reasganzonerruaning 1§ yglyme 3 o

1 1. A nethod gfcehPdr 189 ofd cRhiPd ndtepial Prefdratily @ BAtAPst Q¥nipiRsat € feedstock Z
conprising, contacting the feedstock in a reaction zone containing 15

vol ume 3 per cevficogumingphosphateymelggulargicve matepil dn Hs investien theagaghetophosphat e
mol ecul ar si ev, ne‘kt@é‘&xtﬁ’@idﬁkﬂnﬂinriﬂe E&EH?JaéﬂoPﬂn% i there iR E{ﬁjé’df”nkae cpetween 80%

and 99% under conditions effective to convert 00/0 of dst ock when
the reactibh Zwhweed cgt@hsteandgeed!twkeoiwn%ted&edneclpdn @éﬂ@d orf fluichbedSiiRO

mol ecul ar s eV tl%n zon ﬁ'lr rxgéquglu?{? o(flt ﬂpd 1? %’g?er%} bgdsrevé%x!'me percent

of the 2 catal y rou out f eact zone.
demgn, thxs is the entire volume of the reactor.

In order to obtain the desired product content, i.c., a low level of by-

products, conversion of the feedstock in the 15 volume percent or less reaction

15  zone should be maintained between 80 wt% and 99 wt% at the conditions effective
to convert 100 wt% of the feedstock when the reaction zone contains at least 33
volume percent of the catalyst material. Evaluating the conversion levels at a
constant temperature and weight hourly space velocity (WHSV) operating
conditions is preferred. At constant temperature and WHSYV there will typically be

20  acorresponding decrease in relative linear velocity of the feed at the 80-99 wt%
conversion range relative to that at 100 wt% coversion. When the temperature and
WHSY at the 80-99 wt% conversion range is the same as at the 100 wt%
coversion range, the relative linear velocity of the feed will be less than 1.
Preferably the relative linear velocity at constant temperature and WHSV is 0.001-

25 0.9, more preferably 0.01-0.7, most preferably 0.05-0.5.

In this invention, relative linear velocity is defined as:

feedstock rate (wt. per hour) at 80-99
wt% conversion
feedstock rate (wt. per hour) at 100 wt%
conversion

Relative Linear Velocity =



"1 3. The nethod of claim?2, wherein the 15 vol une percent of the 2 catal yst
is distributed throughout the reaction zone as a nultilayer fixed bed. 1 4.
The met hod ofoadrmpamn 2, wherein the 15 vol une percent of theCcRUs@nalsyst is

di stri buted honbgeneously throughout the reaction zone. 1 5. The nethod of
claim4) wherein the 15 volune percent .qb.the 2 catalyst is distributed as
a fluidized bed. 1 6. The nethod of claim4, wherein the 15 vol une percent
of the 2 catalyst is distributed as a flowing bed. 1 7. The nmethod of claim
1, wherein the 33 volunme percent of the 2 catalyst is honbgeneously

di sper sed t hr oughoufhig ineentiemraspltsrin a sigaificant decrease inyndesirdd by-peadpctsf t he

precedi ng cl ai C r The

nmet hod of any ‘gﬁh%uﬁg%er&e@:e pﬁm C%frglle@ %»ne!?éeapﬁhflﬁé{&cphggﬁ con%ergllb%ve is
selected from i&hmgﬂmmpﬁ‘mhyst}mmgnﬁcnﬁ dé&oheise in unSAREd By-pfodiBéds 11, 3 SAPO- 16,
SAPO- 17, SAPO- 18) SAPO- 31, SAPO- 34,  SAPO- 35, 4 SAPO 36, SAPO- 37,
SAPO- 40, SAPO- 41, Ec&’ég‘)“b‘ js e e Ep ¢ 1 SVakapes alupepérgent Rolesn ottt | tut oo
forms thereof, cadight Matehbl R Telbtilyeivenly dishiBufd k6 Shbuied SN ZRd 8D - 14 1 10.

The nethod of clalm9) wherein the nolecular sjeve is sel ected from 2 the
group consi su?rgerdppswmamoreéﬂmsmwssxmsg isgambs dope by fpsminga  ang 3

m xtures ther eglinilaerlfiked Iheenraacygegemtm% Merralifg RY&RS SChéHsdlidadigial Wher ei n
the catalyst is 2 Contacted with the oxygenate feedstock in the reaction

zone at a WHS\ansfcatalyshnateral, Howeyes, it i Pnable thay thejnertryglid mateniakpndf any of
the precedi ng Eeltﬁ*mate}oﬁﬁf oﬂxogf}l%oet haﬁﬂlﬁ%ﬁ&ﬁ@%@ﬁh?&'ﬁgiq% 2ofik. Sflofd Trom

the group consisting o n- propano I sopropanol ; C4 -
CZO al cohollg; pueferably, Qtew}taly@ttlhbomommmdﬁspatsfbﬂeasaftimbzeld)bhd gudser ; di 4
ulfide. meth am ne; et hyl

i | h
ror captan: 5. aPSIY L pTRRCom R« Bl AR ks TR 94881 el ey e

mer capt an; am ne,
di met hyl carbonate; Tlﬁ: 1dvaimmmﬂll Heetmremdmbd nnthmfekpnduakﬂe)tbucavﬁ@es, n- al kyl

hal i des, n-al kyl sul fides, each, 7 n- al k rou 0 i Sing between
about 3 to 10 g’m?gea, ‘ﬁﬁgh%l}‘“?ﬁdb'ét SH‘P'; e@"f’ﬂ%ﬁ'@i’)g aﬂ%ﬁ‘ nE"é et hod of
claim 12, wher giventiohe oxygenat e feedstock is 2 selected fromthe group
consi sting_of nethanol, dinethyl ether, and m xtures 3 thereof. 1 14. The
met hod of éﬁy of the preceding clains, including operating at a 2 relative

| i near vel oci t gxafmpeRg than |) calculated at a constant tenperature and 3
wei ght hourly Space velocit wherein rel ative linear velocity is defined

as: 4 feedstock ratésemple%ép cmo(approximagely 23 grams) of the SAPReI catalysbei ty = ~%

conver sion  feegdsbGhesh A fre( WmixddWHith BUWn® oS mi? Quatl befisGREYERNS iffd o A { Y- A2

3/4" outer diameter 316 stainless steel tubular reactor which is heated by a three

20 zone electric furnace. The first zone, acting as the preheating zone, vaporizes the
feed. The temperature of the center zone of the furnace is adjusted to 450°C and
the exit pressure is maintained at the ambient atmospheric pressure. The bottom
zone temperature is set high enough to ensure that the effluent from the reactor
remains in the vapor state. The reactor is first purged with nitrogen at 50 cm®/min

25 flow rate for 30 minutes. The feed is pure methanol. The feed is pumped into the
reactor and calibrated to give a flow rate of about 10 h"! WHSYV (feed rate of 2.7
g./hr)). The effluent is analyzed at pre-determined intervals by an on-line gas
chromatograph fitted with both a thermal conductivity detector and a flame
ionization detector. The following are the results.

30
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#/ : >MB| wgl f a\ VU] ca] ca] caU] ca] cal] ca] cTa] ca] ca] caU] ca] ca] ca] cal] ca] ca] ca] caU
] ca] ca] ca] cayoad/sadacal] ca] ca] cal] ca] caljcal]cTa 3 X PCT/US00/16185
O+H_PNhl ] Op] wr mhc] XU] ] ca] c*a] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] 'cLl]‘ca] calH L7

@ "\ g YRWE) *. . . ~ysni d*Ymhc] XU] ] ] cal] ca] ca] ca] caU] ca] ca] ca] caU] ca] ca] cal
ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

A1 (/1 1glull//1VOYO00000 %?gg 1777 mhb] Whi d*Ymhce] XUU] ca] cal] ca]
cal ((:aU] ga] cal] ca] cal] ca] c.d:a%fglgg f 611 caLX%O;/] cal] ca] caU] ca] ca] cal] ca] cal]
ca] caU] ca] cal] ca] ca7808: SM@WKW%QHWJJJJ @XL[ LLLGVWM Nj NN

OFPPQR} wr mhcYmhe] XUU] | ca] ca]ﬁ ]‘ ] ca] cay ca.‘] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca
] caU] ca] caU] ca] ca] ca] cal] ca] ca ]q u?ca] cal] cay] ca] ca RIJIRcReRRRRRR SS>SSSvaU

VA VWWWWWAWAPXXXY; Ethane

ZZ7[ | w mhcMYmhe] XUU] | ca] ca] c?t@?]dwa] caj ca] cgg%a] caj c’\a] ca] ca] ca]ca]ca]ca]ca

] ca] ca] ca] cal] ca] ca] cal ca] c a] ca] cay] ca [[[

] ca] ca] caU] ca] caU] ca] cal] ca] ca] caU ca] ca] ca ca] ca] ca] cal] cal] ca] ca] cal] ca]
cal] cal] ca] caucckdde] eeHf Jf f d’ j ukel ~I'1 BB | uc} xr ngb] Wrhc”Ymhc] XUU] ca] ¢
a] cal] ca] cal] ca] ca] cU] ca] ca] ¢¢\a] caU] ca] cal] qglsca] ca] ca] ca] ca] cal] ca] cal] ca]
cal ca]ca]cal]ca]ca]calca_ u~ @

z10%&' ()-9 109& () - '@/1004]& (0)- @/100/& (0)-

\ @/109HH& (1}, u i{ ) -, 10%& ()-s10%& ()-1Z10%&' ()-9@O0%& ()-10%& ()-?0d
El y#10%&' () - 0%&: ()-10% ()-F10% ()-yo@o%& ()-NvR

aBF. 310%& () - 29 109&hq protedutes 06Bxgmple | aGIEpeated £2GPRINGH 1.0 MUK’ () - R

i#OS /& <za%g@il.?;/&l(é{éiﬁ%§?i§‘o(6)qrﬁsﬂfé%é sppe SAPP;34 catalyst \@sd%d 'tu}d the

10%: () - L10%: @luteyied jte OGUAVEISY SE1008) 85 0-54@ i Fgivid Z calculated

10%&! () - % L0%&:, 08’

10%&: 8 H/fy PdB-~" ‘“’6 ! '%‘j“—zyf&é‘gﬂ/é)hf% %-“i@/&x therestFog: () - &* 100& () - (109%&:
() - PKLVNI T R8s 109%&' () - ! 109658’ () - ! y109G78& () -

Conversion of methanol: 94%
Selectivity (wt%)

Methane 1.9
Ethane 0.8
20 Ethylene 423
Propane 0.9
Propylene 40.9
Cet 13.2

25 EXAMPLE3
The procedures of Example 1 are repeated except that 0.5 cm®
(approximately 0.3 grams) of the same SAPO-34 catalyst was used and the
adjusted feed rate to give a WHSV of 10 h™! was 0.27 g./hr., giving a calculated

relative linear velocity of 0.1. The following are the results:
30



10 10 10!;
510%&' () - $310%& () -] OpdEr P1s10% Ys10%&' () - 10%&' () - SF10%&' () - 10%& () - s3
109& () - STOHD 768447 2r P1s109& ()- 9y- 109& ()-!- 310%z& ()EBCTUS00116185
3109RR& () -1 3" 10%&' ()- Y10%&' ()- _LdEr Pls(}éO%&' ()-1.S109& ()-9, 109%& () - 3%@L0%
& ()- 1)109& ()-L#10% ()-L7xnb@!' YS 10%&"()-4 10 10
1096109%& () - 4109 () - &3109%& ()- YI109%& ()-B !wX6nb@; YS 109%& ()-4YS
109M& ()-41, YS 109 ()-4!YS 109 ()-4!YS 109 ()-4!YS
10%-+& () - 4! " $YUZ% % U BoaPiioy St AP (9ge5 10 10 10! DYS 109%& ()- 4! YS
109%& ()-4!;YS 109%& ()-4{%\V&& ' )WUBP@3 109& ()-*!3 10900& ()-*!3

109& ()-*! 3 10%N&! () - * 1Seleoi@ty &wt’p) | 3L109%& () - )*+ - WUGQ@ 10 10!'13
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10 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 embodiment described herein is meant to be
illustrative only and should not be taken as limiting the invention, which is defined

in the following claims.
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2 catalyst is distributed throughout the reaction zone.

1 3. The method of claim 2, wherein the 15 volume percent of the

2 catalyst is distributed throughout the reaction zone as a multilayer fixed bed.

1 4, The method of claim 2, wherein the 15 volume percent of the

2  catalyst is distributed homogeneously throughout the reaction zone.

1 5. The method of claim 4, wherein the 15 volume percent of the

2  catalyst is distributed as a fluidized bed.

1 6. The method of claim 4, wherein the 15 volume percent of the

2 catalyst is distributed as a flowing bed.

1 7. The method of claim 1, wherein the 33 volume percent of the

2 catalyst is homogeneously dispersed throughout the reaction zone.

1 8. The method of any of the preceding claims, wherein the catalyst

N

comprises a binder.

9. The method of any of the preceding claims, wherein the molecular
sieve is selected from the group consisting of 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, SAP0-42, SAPO-44, SAPO-47,
SAPQO-56, metal substituted forms thereof, and mixtures thereof.

wvi B WON =
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2 feedstock is selected from the group consisting of methanol; ethanol; n-propanol,
isopropanol; C4 - Cyo alcohols; methyl ethyl ether; dimethyl ether; diethyl ether; di-
isopropyl ether; methyl mercaptan; methyl sulfide; methyl amine; ethyl mercaptan;
diethyl sulfide; diethyl amine; ethyl chloride; formaldehyde; dimethyl carbonate;
dimethyl ketone; acetic acid; n-alkyl amines, n-alkyl halides, n-alkyl sulfides, each

having n-alkyl groups comprising between about 3 to 10 carbon atoms; and

00 ~) O hh h W

mixtures thereof.

[a—

13.  The method of claim 12, wherein the oxygenate feedstock is

2 selected from the group consisting of methanol, dimethyl ether, and mixtures

3 thereof.

1 14, The method of any of the preceding claims, including operating at a
2 relative linear velocity of less than 1, calculated at a constant temperature and

3 weight hourly space velocity, wherein relative linear velocity is defined as:

4

feedstock rate (wt. per hour) at 80-99
wt% conversion
feedstock rate (wt. per hour) at 100 wt%
conversion

Relative Linear Velocity =



