WO 01/ 62382 PCT/ US01/ 06011 -1 CATALYST PRETREATMENT I N AN OXYGENATE TO
OLEFI NS REACTION SYSTEM 5 This invention relates to introducing a

hydr ocar vomoi/ex382 t he porous framework of a silicoal un nopoDEpbizicel1

nol ecul ar sieve. More specifically, this inventionis to a

si | i coal um nophosphat e nol ecul ar si evejwhi ch contains an aronmatic
conpound, and a nethod for form ng said aromatic conpound within the 10
porous framework of the silicoal um nophosphate nol ecul ar sieve. Denand for
pol yol efins, e.g., polyethyl ene and pol ypropyl ene, has been steadily
increasing. It is projected that the increased demand for polyolefins wll
out pace the availability of CATAIGSEPREEREATMENG: hyl ene and propyl ene,
fromwhi ch pol yoIRANMOXEGENATE®RO OIEKINS REA GRIQN SMSTEMed t o nake

pol yol ef i ns have been traditionally produced from petrol eum f eedst ocks by
either catalytic or steamcracking of the petroleum The cost of petrol eum

cracking has st eqglislinventlen P8¢0 iRQYRIRg a hylddabnl ihtd tiBBbicaet to find
alternative feedstock sources for olefins. Oxygenates are a B{r(‘)m si ng

al t er nat i vefrimewetkoefie siligoalvarinephosplate molecplor Paye. i Marespesifisalbnihis ng

R S s L e b

ether, neth r, carbona
formate. Mampmatic chmpeumnly waka ateeiddanfopmingy saililurematiy cdmpomndtvattiothe or from

Syriresls Sas STt A S S B &, corbonaceous
appropriate 25 j j C 1 1 sour ces,
oxygenat es have%g@gﬁgﬁg}rdéﬁingbggbw 22‘?191%8%%@%&‘1%%0%?&???%?%3 uction. One

way in whi cstealilyfinersasiugn Ibés prajdeted shay yhedacratsgd idemendh fogrpolyotefing willl, S.
Patent No. 4,499, 327, .foL. ex le,, a . catalytic process for .converting
ot hanol 1 0PUBRe TR availebCARTRReeRHE X 6 Sy et HRCEOR Y, £OR Bk
contai ns a gélyslelihs&al bethaphosphat e ol ecul ar sieve. O course, it is

hi ghly desiragle to convert as nuch of the oxygenate feedstock as possible

into aslfruch ol ePiafing mdueicare ysedyiogniksipolyolefins dave brenrendisiapplly

produced from petroleum feedstocks by either catalytic or steam cracking of the

petroleum. The cost of petroleum cracking has steadily increased, however,

making it important to find alternative feedstock sources for olefins.
Oxygenates are a promising alternative feedstock for making olefins.

20 Particularly promising oxygenate feedstocks are alcohols, such as methanol and
ethanol, dimethy! 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, carbonaceous
materials such as coal, recycled plastics, municipal wastes, or any appropriate

25  organic material. Because of the wide variety of sources, oxygenates have
promise as an economical source for olefin production.

One way in which olefins can be made is by catalytic conversion. InU.S.
Patent No. 4,499,327, for example, a catalytic process for converting methanol to
olefins is disclosed. The catalyst used in that process contains a

30 silicoaluminophosphate molecular sieve.

Of course, it is highly desirable to convert as much of the oxygenate
feedstock as possible into as much olefin product as possible. Various methods of

doing such have been described. For example, U.S. Patent No. 4,677,242



doi ng such have been descri bed. For exanple, U S. Patent No. 4,677,242 WO
01/ 62382 PCT/US01/ 06011 -2 describes a nethod of increasing the anmount of
et hyl ene veodi/g38pyl ene produced fromthe catal ytic convePeT@R01af60Et hanol
by adding an aromatic diluent to the nethanol. The catalyst that is used
in the process contains a silicoal um-r2ophosphate nol ecul ar sieve. The use
of the diluent is considered to 5 result in an increased anount of ethyl ene
product. U.S. Patent No. 4,499, 314 discloses a catalytic process for

converting ,nethanol to_ ethyl ene d para-xyl ene. The catal yst, that is used
is ZSM 5.  BSHBEER welifd 0%&%56%%3?%%89@@? Higlens e PopHs BiPdureir omat | o
products or gof e b&ﬁlirg& ggﬁ*}‘e?s?on BEREGBfol tyAdHRBSn3RcmAR &tuet ke ar e

preferred aromatics ronoters. Ethylene, propylene and butenes are
preferred ommethanolpridestatalyst thaTlsarsed methaprocesswontainsel ess, a desire to

i nprove the .econom c ,attracti.veness of .&he oxygenate. conversiqn process.
Catal yat s aficoemiRenghaS Mool sed; The FreiHE hich fednSifeldated ni oh
i ncr eases t hfessiR it indidased¥mdune of @kyleadpiodueonver si on reaction,

particularly to et hﬁ)l ene andﬁgr O%I ene, without 15 resorting to adding
costly product eNhad@faNer bABP.814 disclasqsaqatalytfcaprocsss forccony@ting apl e to

avoi d using £ i N S | M t0 et hylene and
propyl ene. %{%Egleﬂf)%%@h%g?g@%ggﬂg{eva#l%ocggd%%tr( %}%Fiesqnlgé%}sés%%ﬁ(lastqed W th
provi di ng | Brayotergueeiiset] it@ promiote kigtier thepfoadatidn offarahatoapreductsmat el y be used

in the manufagture of 0 polyolefin conposjtions, this invention provides
a crystalli PE%E? P?@B‘éf?u_ﬁf“‘ﬁ%ﬂﬁcf?k’ﬁﬁ? %“‘ﬁ?ﬂ?g‘éﬁ 8¢ a@i%@%“&%ﬁ%“?aé‘icﬁg a Bor ous
framewofk Sbfdﬁ%téifs.eEthﬁﬂlﬂebbﬂ&PSAféﬁe w&u&ésra?%@em&d%némpﬁramt&ber eis

contained a catalytically active integrated hydrocarbon co-catalyst. In a
preferred embodi Fhere rempips,insyenhaless, pdesie deimprovethesdonsimigaki ng an 25
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and cont acpidigcsdlefinsSirbnaxgkenutdsaphncddbdivhio ihtresseie sadetivhp Bf eie
conditions effective tq format |east said_ integrated hydrocarbon
co- cat al yst O¥YSCHAS COREETHOR Higstion, rpaﬁmiﬁﬂw,to Whwlcae and gropytene without

silicoajym F@BRQ@QQ@H&n@@&S’c@ ﬁ@&@c‘t ¥ﬁﬂa(ﬁci%§tpir(\ijn&3érsi. riﬂ%érticular, itis

desirable to avoid using aromatic olefin promoters to boost selectivity to ethylene
and propylene.
In order to overcome the various problems associated with providing large
quantities of olefin product which can ultimately be used in the manufacture of
20  polyolefin compositions, this invention provides a crystalline
silicoaluminophosphate molecular sieve comprising a porous framework structure.
Within the porous framework structure there is contained a catalytically active
integrated hydrocarbon co-catalyst.
In a preferred embodiment, the invention provides a method of making an
25  integrated hydrocarbon co-catalyst, comprising preparing an
silicoaluminophosphate molecular sieve having a porous framework structure and
contacting said silicoaluminophosphate with a hydrocarbon at conditions effective
to form at least said integrated hydrocarbon co-catalyst within the porous
framework, wherein said the silicoaluminophosphate has a catalytic activity index
30  for methanol conversion at 250°C and 275.8 kPa of at least 2.
The integrated hydrocarbon co-catalyst is a carbonaceous material such

that the silicoaluminophosphate molecular sieve containing the integrated



30 for methanol conversion at 250C and 275.8 kPa of at |east 2. The

I nt egrated hydrocarbon co-catal yst is a carbonaceous material such that

t he sili ow@busasspphosphat e nol ecul ar si eve contai ni ng t hep€nusgrmbad WO
01/62382 PCT/ US01/ 06011 -3 hydrocarbon co-catalyst has a catal ytic
activity index for nethanol conversion3at 250C and 275.8 kPa of at |east

2. The catalytic activity index is k/kini, where k is the pseudo-first
order rate constant for methanol conversion at 250C and 275.8 KkPa in the
presence of the crystalline silicoalum nophosphate nol ecul ar sieve and 5 k;
., is the hwdsoersban eoseatefysidias p satalytisnstivit infey forsiethansl cayapington at 250C

b
and  275.8 KSpcinal A0 of 104! 2 Criff caf Ml AV BldeRls DRLNAAGL 1119 2
pre-cal ci ne crystalline silicoal um nophosphat e nol ecul ar’ si eve acti vat ed
by fl ow ng the paéudodfr@Corider rafe dvastiant fon metimhbleroneerbiodiatr250°C 4ndeX76.8 s pr ovi ded

a catal yst r.convertin n 10 .ax nate feedstock to an ol efin, product.
The. cat al ysKE iRy pssencs b e g SRer uiatam s msdhi SR FBL I ar

si eve hayi ng .as RpRURIoLHERIEEY tteSdonbiahiUiof mefHaoloal@didh at MH@Ceind t he porous
framework structure contains an integrated hydrocarbon co-catal yst

pref erabl y 36h8 &Pmbninjectingrigiudserafidgmigrditen efomesbansdimaipre-qajeigadef er r ed

enbodi nents _of the silicoal umn osphat.e nol ecul ar . 8i . cat al yst,
the aromati Eryétghﬂ?§ﬁ{cf)81|!‘llmé§<%h8|s@§beamg]8f‘f1% VéataéHKﬁ(e:ﬁl g‘étﬁxﬁt‘:\@nﬁg‘fa?ﬂ Resonance
( SSNVR) spegsoeg fhavihagr.a peak in the 18 ppmto 22 ppmregion and a peak in
the 125 ppmto 140 ppmregion. Preferably, the aromatic conposition is

sel ected from t hE #iodhes cebadimant.ABere s pPkiged §GH§{Y§E@(§%Y3§F‘}$@% ring
ar omat | {§. o@%@ﬁt@%%dlgtg)!c%fo i olbhif gtdﬁh@ﬁsfﬁf%cgﬁgyps?n 5 @gﬁ? agﬁfstarﬂ%eug ppmto 22

ppmregion IS neg e, a pe near ndicates the
mat eri al of sitiboduimimephdspbate nledularaigye hkving prpesestfmntemerlp stegrture candf

benzene, which has the desired effect. o catalytic activity, as it rapidly
reacts wth? H’é‘%%é‘?\%ﬂ'@ Roge Weayq&p&xgare&o;qépg anﬁ?ﬁ‘?érag%nat ics. Mre
preferably, pydicarbon s&aétwgggwﬂa% @ir@aiﬂiﬁ%@ccs}mﬁé rifi¢ S%hatis compbe ed from

t he group consisting of S 5, SAPO-8, SAPO-: APO- 16, 25 SAPO- 17,
SAPO- 18, SAPO- 20In maferred embgdpmngyof thapilicoaummapliysphate nglela pieve APO- 40,

SAPO. 41,5 SAEQY g SARO M SAPR AT SARN 564 S P Blef Wl "0 70T

t her eof res thereof. erre
Resonance (SSNMR) spectra having a peak in the 18 ppm to 22 ppm region and a

peak in the 125 ppm to 140 ppm region. Preferably, the aromatic composition is
selected from the group consisting of alkyl substituted, single ring aromatics.
Alternatively, if the intensity of the peak in the 18 ppm to 22 ppm region is

20 negligible, a peak near 128 ppm also indicates the material of this invention. Such
a peak represents the presence of benzene, which has the desired effect on
catalytic activity, as it rapidly reacts with the oxygenate to make alkylated single
ring aromatics. More preferably, the silicoaluminophosphate molecular sieve is
selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16,

25 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. The most preferred
silicoaluminophosphate molecular sieve is SAPO-34.

Also provided in this invention is a method for making an olefin product

30 from an oxygenate feedstock. The method comprises introducing a hydrocarbon

into a porous framework of a silicoaluminophosphate molecular sieve under

conditions effective to form an integrated hydrocarbon co-catalyst preferably



si |l i coal um nophosphate nol ecul ar sieve is SAPO- 34. Also provided in this
invention is a nmethod for making an ol efin product 30 from an oxygenate

f eedst ociwO The23set hod conpri ses introduci ng a hydrocar bonPCT/S@/@&00r ous
framewor k of a silicoal um nophosphate nol ecul ar sieve under conditions
effective to forman integrated hydrocar.bon co-catalyst preferably WO

01/ 62382 PCT/US01/ 06011 -4 containing a single ring aromati c conpound, and
contacting the silicoal um nophosphate nol ecul ar sieve containing the
integrated hydrocarbon co- catalyst with an oxygenate feedstock under

condi ti ons edmt@gingwesingle togeramaticisempperdi gnderntacinghel ef i n product. The
invention i . i . i ri bed

ot hod. 1 SeqERinbosBic B e PO F oA B - bOUDEROREST L R0
wher ei n  t heatsly@fwith o1 oxhigehate Seedstotiaahdedl condition effebiivd fdoRvdrothei ng cat al yst
under conditigns K effective to forma polyolefin. The invention includes

t he pol yol efeestpskdgantoletippradugtc dhaimgntien inghidgsthe olelivpradigigrde 10 1n a

nor e pregerg&gr(ﬁg%% BlcribbdflethodS Provi ded an ol efin conposition. The
ol efin conpositioh conprises to C4 hydrocarbons such as ethyl ene,

propyl ene and bulrearethef pecforatantodimestntheonventibh plawidee tneethathebersinood by
reference tqQ th Det ai l. ed cription of .t l.nvent i o en taken toget her
W th the. at e P8 StAniRsLed Wit 8P SlegdBr e Salah Al watRE Rondfidie oot se
reactor for eff&astkd REmtDSolgAbRh Y ThE indehtionl ihMudés&H@E@lyEﬂeﬁ pfodugt & pl ot
conparing conversion of nethanol by contacting nethanol to SAPO catal ysts
with and wi madeaccardingtotie desaibpd methodr bon co-catalyst; 20 FIG 3'is a pl ot

f ol ef | ect{.vi |4 i QF . [ . |t
2000 calBi et o it h mbre Slerdits WS SR ERE YRR Bh BEshROmpBRHERTD) | ©
FIG 4 is aThSbisingpapbsition 0dmiAeeOC340 Cahpdrysirbomysuah as ethylehdyl at ed singl e

ring aromatics vm'thiqr! t he porous franmework; and 25 FIG 5 is a SSNVR
spect r um of PRORplEngAN B‘ftﬁ?"yst cont ai ni ng vari ous

The present invention will be better understood by reference to the

Detailed Description of the Invention when taken together with the attached

15  drawings, wherein:

FIG. 1 is a diagram of the pulse reactor for measuring the catalytic activity
index;

FIG. 2 is a plot comparing conversion of methanol by contacting methanol
to SAPO catalysts with and without an integrated hydrocarbon co-catalyst;

20 FIG. 3 is a plot of olefin selectivity for methanol reactions by contacting
methanol to SAPO catalysts with and without an integrated hydrocarbon co-
catalyst; |

FIG. 4 is a SSNMR spectrum of SAPO-34 catalyst containing alkylated
single ring aromatics within the porous framework; and

25 FIG. 5 is a SSNMR spectrum of SAPO-34 catalyst containing various
hydrocarbons and alkylated single ring aromatics within the porous framework at
various conditions.

Detailed Description of the Invention

Silicoaluminophosphate (SAPO) molecular sieves serve as particularly
30  desirable catalytic materials in converting oxygenate feedstocks to olefin
compositions. They are particularly good catalysts for making olefins such as

ethylene and propylene from oxygenate compounds.



hydr ocar bons and al kyl ated single ring aromatics within the porous
framework at various conditions. Detailed Description of the Invention

Si | i coal wdnogsesphat e (SAPO) nol ecul ar si eves serve as pretTiosal@mnily 30
desirable catalytic materials in converting oxygenate feedstocks to olefin
conpositions. They are particularly gogd catal ysts for making ol efins such
as ethylene and propyl ene from oxygenate conpounds. WO 01/62382

PCT/ US01/ 06011 -5 According to this invention, significant quantities of
et hyl ene and propyl ene can be produced from oxygenate feedstreans using
SAPO ol ecul ar  Arceordingite thiy iventigr, signifiseel quantities afisthydengsad into the

porous franework the ] L um .ec | under the
Bopropr i at ebibHane paSproRosddRih SRR ROt i R RESRPOSUEUR,

si |i coal um genResRytrberbd Matetialis siteddacediary thi Pdrous fRakwonbbethguant ity of a
catalyticallﬁ active jntegrated hydrocarbon co- catal yst, which may be at

| east one sfiigranmingghesphatgmelequirsinyrtiundsk thsappiopriatesonditionh ghethe
silicoalym u ' L, Al Is condi tions
w11 be Bony H e o R g o s Ty of 10
et hyl ene ancompainpy neasuraldk guantéy pba whtalytibally dstieeinegrated hgdnpcarbbn ee-abl e. The
product will typically be high in ethyl ene content relative to, propyl ene.
Accor i ng.  EFtERG IR b esh OreSyls FRE AP G dompen hsgesBid

hydr ocar boncorfistingliRd Mﬁ&odhﬁnﬁaopﬁ&gldﬁb niflecdldr 8RGE bO4ppPdpratdiedétmar bon in
contact with the porous framework structure of the silicoal um nophosphate

nol ecul ar stenditionsavitltbe cogvestadite demuarpiedpeidbihas e sulstansiabauantipt ofc activity
i ndex f ' | gast 2,
or o or oty y SRR o BROYSIERE Rlalle o STACRAMLR Sty il hclienBbie, 388, O
provi des a pridaadviliftypiekliynbe Righiintthgleat eshtentdelates fogropdenecat al yst,

conprising preparing an sil.icoal um nophosphate npl ecul ar sjeve having 20 a
porous framewor kASEQTdrE P &his Hiyeplen 4k ¢ Yté"éilbﬂ aghiyq 186&%?%&%%&% te with

a hydrocar be@-g?tﬁl Eﬂgﬁi bAIE ofd fe%@ttri](;n"@f at@lglg&{amo{i’itin lc6Ratt with theipat&gr at ed

hydr ocar bon o-Catalyst wthin the por ramewor k, wherein said the
si |'i coal um frephwsphsitusturhafthe sdoaluytinaphasphiate megleculaesievfecandrthe hanol
conver Sié) : %Eicga 1(1)r$1:in(2'1)gﬁos%%g’fe%ais< E %atg{ytic activity index for methanol conversion at
250°C and 275.8 kPa of at least 2, preferably at least 5, more preferably at least
10.
This invention provides a method of making an integrated hydrocarbon co-
catalyst, comprising preparing an silicoaluminophosphate molecular sieve having

20  aporous framework structure and contacting said silicoaluminophosphate with a
hydrocarbon at conditions effective to form at least said integrated hydrocarbon
co-catalyst within the porous framework, wherein said the silicoaluminophosphate
has a catalytic activity index for methanol conversion at 250°C and 275.8 kPa of
at least 2, preferably at least 5, more preferably at least 10.

25 The conditions effective to form at least the integrated hydrocarbon co-
catalyst comprises contacting a hydrocarbon having a diameter less than a pore-
mouth diameter of the crystalline silicoaluminophosphate molecular sieve. This
contacting could comprise first contacting at a lower temperature and second
contacting at a higher temperature. The difference between said higher

30 temperature and said lower temperature is at least 10°C, preferably at least 25°C.

The hydrocarbon contacted in the first contacting could be different from that

contacted in the second contacting.



at least 2, preferably at least 5, nore preferably at |east 10. 25 The
conditions effective to format |east the integrated hydrocarbon co-

cat al yst wonp6i3gses contacting a hydrocarbon having a di anrCBUSIEBS11t han a
pore- mouth dianmeter of the crystalline silicoal um nophosphate nol ecul ar
sieve. This contacting could conprisegtirst contacting at a | ower
tenperature and second contacting at a higher tenperature. The difference
bet ween said higher 30 tenperature and said | ower tenperature is at |east
10C, preferably at |east 25C. The hydrocarbon contacted in the first

cont acti ng coul dllieeoxyigenate &edstpelopd thisdnvengion campespsiah laapfeonssgmvic

cont acti ng. 023 U - e : ock of this
i nvention col roﬁéé?ﬁ%ﬁﬁ%%{ns %ﬁ%ﬁsﬁ?@%ﬁy@e@g@ﬂﬁgu@%ﬁ mghﬁu{%n%ﬁsﬁs at | east
?nledmr(]ygen ahkam cafbomigl aﬁrl;;aidnlﬂkl Gildehydésg hétohf, carbbhidicacids aeadplsomatesc onpounds

al dehydes, ketonges, carboxylic acids, carbonates, ., esters and the |ike),
and the feedarpand fj?ﬁ)’/‘i%ptap‘é)ﬁﬁlfﬁﬁ&fgtn%ﬁyrppé‘?na &antaip at Kat ORg ound cont ai ni ng
a halide, [ L £ s Qr ) 0 t ienal conponents
do not ?i g%ﬂ |icah?P3nt?%@d£elﬁ%lhdeg’ r|cx)1gr g@%ﬁ?édebgg%@e’c%? g?%;g% 1!-119 When t he
oxygenat e iaptanaladongivaknts dheotisiguifiodntlyampedethe derfarmarice ol thei catalyst.et y

having fro tq 10 carbon at .4 oI referably from,l to 4 carbon atons.
Repr esent at '"&" ﬁ]ec%ﬁg?%al%? ﬁcﬁn@g%?’%ttheaaﬁ%&}?ﬁfa%@glgég3‘? fl{p@baltllcrwoﬂ%tﬁ to | ower
strai ght 10hadfk fesrancload @hRRintéhs, RiaE peefahblo Mg 1 td BehfbodRfidr at ed
counterparts and the nitrogen, hal ogen and sul fur anal ogues qof such.

Exanpl es ofRenieseatstize alepbels sncdudedwipuiod geqeperilighmitpdito loper sieaighti ni t ed t o:
nmet hanoly € a1 o1 r : - et hyl
eyl oither g fiched R RRRIRis A AOR BPFIMau G eeominAUF RS,

f or mal dehydsitrogényhalogen et Subfuntedlogliesef hydh. Bxhmpkss ofiswitable d:fyganitel; and

m xtures thereof. Preferred oxygenate conpounds are nethanol, dinethyl
ether, or acqﬁgauwi%mphgpemt_are%g?%{eﬁda ’gg‘gﬁ’ﬁ% ??Ea“collré"m"é’f”éql’r ed olefin
product in {f3piddy-a0f- ©ff afBRols! MEthyC&hyIREheP! ARREF @tfheff@h%ﬂébg eifegse
conposi tions from hydrocarbons such”as oil, " coal, tar sand, shale, bionass
and nat ur al digiaepropgd tethegsformaldelssidendimethyl 2arbenatpolimethyhketanes agettoan i n t he

o b PR RSBl 6 by, eI 0

dimethyl ether, or a mixture thereof.

The method of making the preferred olefin product in this invention can
include the process of making these compositions from hydrocarbons such as oil,
coal, tar sand, shale, biomass and natural gas. Methods for making the

20  compositions are known in the art. These methods include fermentation to
alcohol or ether, making synthesis gas, then converting the synthesis gas to
alcohol or ether. Synthesis gas can be produced by known processes such as
steam reforming, autothermal reforming and partial oxidization.

One or more inert diluents may be added with the feedstock, for example,

25  in an amount of from 1 to 99 molar percent, based on the total number of moles of
all feed and diluent components fed to the reaction zone. For purposes of this
invention, diluents are inert compositions that do not participate in the oxygenate
conversion reaction, i.e., they are neither created nor consumed. Typical diluents
include helium, argon, nitrogen, carbon monoxide, carbon dioxide, water, and

30  mixtures thereof. The preferred diluents are water and nitrogen. Water can be

injected in either liquid or vapor form.



al cohol or ether. Synthesis gas can be produced by known processes such as
steamreform ng, autothermal reformng and partial oxidization. One or nore
i nert di went/e238ny be added with the feedstock, for exanpP€T/Us@@edrt an
anount of from1 to 99 nolar percent, based on the total nunber of noles of
all feed and diluent conponents fed to7the reaction zone. For purposes of
this invention, diluents are, inert conpositions that do not participate
in the oxygenate conversion reaction, i.e., they are neither created nor
consuned. Typical diluents _include heI ium argon, nitrogen, carbon

monoxi de, car bonHafogadens okekihan arxgesgenan alsocke npludedas parhef the ef er r ed

di luents ar er liquid or
vapor forméﬁ%q{’)% égsgi%gf‘?uggﬁ%% aﬁ)%i} E@d]rn%l@gg foeﬁgs ﬁﬁagiri thhan

oxygenat es alkylaedmsaichearomeficsterdniatirgsathereaf. Rrbferred dpdistabkin co-feeds as
co-feed. Thesg hyd ar bons can.i.n +ud olefin

al kyl ar omat Wﬁg‘deal?"éﬁﬁ’f“? dentyleng; Ga yte 527442 P‘g‘brf’s iﬂ%’?eﬁ%ﬁpmfe&@éﬁbon
co-feedss inskdedes CPUWﬂhQH@moE‘@&Eﬁé}r%&' ein wﬁ{éﬁyls ghteingll Xlowf €s thereof.

More preferred as a 5 co-feed i's CA+, W he nost preferred being C4+

which is obi@aw@dnfand)mcysléﬁr%ammrm recycl e of reactor product. The

silicoal um nopho i %cu S| ev X {0 O ven en? n% [..se a
Shr oo di moner oot ealiFeflBnEREh Sy e B sk ot fis i ERMBEISE, 2 | avoz)
and [P02] thede-difirdsiohalufictdpordReryvall fitinewark aﬁ&xmbﬁ[ﬁoz] PAID,] bed structure
can be 10 det erm ned bi/ 29Si_ _MAS NVR. , See Bl ackwel| and Patton, J Phys.

u

Chem 92, [P§hdtetrahedsal unitsh Theeveyrsids GAPEOARAIBIN the SEYEVESL20DE | exhibit one
nor e ggéem’uﬂeg& W” SPRIA MRV E’la&%\w ea&fﬁ J. S}b”ygtCl?’e(nﬁ' in the

rangeo pm and with a co area”in that r’ange of at
| east 20% 0396G51@98&) érheprkmkechSABO odleaildr smakwim":x}hblaonmelrmcmlpealm ft 8(Si)

oter to o M KRR yineR RRBleor i o Bl P ottt DR EReme.

ol ecul ar sarm/@ﬁharcenmmarpahk ¥reg iRfat fahslofs 1081 7% o'ﬂ}fert@t%l) Stsarsmt erial s
having 8, 10, or 12 nenbered ri ng structures. These ring ructures can

have an aveebajbpesis withi &@eﬂawéﬁhi HPomn thesangegs+-8dapmite - 11155 Ppahgst r ons.
e T8 aGReh 16 M RS RSP SR LR R P, 2, v oo
lelcoalummophosphate 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 3.5 angstroms to 15
angstroms. Preferred are the small pore SAPO molecular sieves having an
20  average pore size ranging from 3.5 angstroms to 5 angstroms, more preferably
from 4.0 angstroms to 5.0 angstroms. These preferred pore sizes are typical of
molecular sieves having 8 membered rings.
In general, silicoaluminophosphate molecular sieves comprise a molecular
framework of corner-sharing [Si0,], [AlO,], and [PO;] tetrahedral units. This
25 type of framework is effective in converting various oxygenates into olefin
products.
The [PO;] tetrahedral units within the framework structure of the
silicoaluminophosphate molecular sieve of this invention can be provided by a
variety of compositions. Examples of these phosphorus-containing compositions
30 include phosphoric acid. organic phosphates such as triethyl phosphate, and

aluminophosphates. The phosphorous-containing compositions are mixed with



from4.0 angstrons to 5.0 angstrons. These preferred pore sizes are typical
of nol ecul ar sieves having 8 nenbered rings. In general,

si |l i coal wdnogtsexsphat e nol ecul ar sieves conprise a nol ecup@r/usévmnawor k of
corner-sharing [Si Q2], [A102], and [PO2] tetrahedral units. This 25 type of
framework is effective in converting vagLous oxygenates into olefin
products. The [P02] tetrahedral units within the framework structure of the
si |i coal um nophosphate nol ecul ar sieve of this invention can be provided by
a variety of conpositions. Exanples of these phosphorus-containing
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al um num hy diurinden plmplhaim, alumiilmnmgdroa'rdd sqdﬁemdbxlnn&dta;land The
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units within the framework structure can be provid by a variety of
conposi t i ondo feranths|séiroaiunimephespliate m@hCld@IhSla\rﬁhl ng conposi tions incl ude
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15  conditions to form the silicoaluminophosphate molecular sieve.

Substituted SAPOs can also be used in this invention. These compounds
are generally known as MeAPSOs or metal-containing silicoaluminophosphates.
The metal can be alkali metal ions (Group IA), alkaline earth metal ions (Group
ITA), rare earth ions (Group IIIB, including the lanthanoid elements: lanthanum,

20  cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium; and scandium or
yttrium) and the additional transition cations of Groups IVB, VB, VIB, VIIB,

VIIIB, and IB.

Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,

25 T, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral
framework through a [MeO;] 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 between -2 and +3. Incorporation of the metal component is

30  typically accomplished adding the metal component during synthesis of the
silicoaluminophosphate molecular sieve. However, post-synthesis ion exchange

can also be used.



20 cerium praseodym um neodym um samarium europium gadolinium

terbium dysprosium holmum erbium thulium ytterbiumand |utetium and
scandi umvoo 01/g2382 i um) and the additional transition cati opreT/@Ro1GEOLPS | VB,

VB, VIB, VIIB, WVIIIB, and IB. Preferably, the Me represents atons such as

Zn, My, Mh, Co, NI, Ga, Fe, 25 Ti, Zro-Ge, Sn, and C. These atons can be
inserted into the tetrahedral franmework through a [ MeQ2] tetrahedral wunit.
The [ Me02] tetrahedral unit carries a net electric charge depending on the
val ence state of the netal substituent. \Wien the nmetal conponent has a
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acconpl i shegtfﬁgg'gf ﬁéﬁtbhie)ﬂn%fp a(? qg’oﬁn%%ﬁelr?? ggg@pﬁ% SSA%/P;(? %gblséygfﬁf Eéﬁﬁo

si | i coal unizap SADOREISARMBECSARO-35, SALO-40\EARD-41 POAPOSAY) SAPES-44,i on
exchange can al so used. WD 01/62382 PCT/US01/06011 -9 Suitable

sili coal umwﬁﬂ?pﬁg?@?ﬁﬁ pia} cantainiag f?fﬁbﬁttj%réoéﬂ@%!%’,ﬁur%% . SAPO- 11,
SAPO- 165 SARQ:LZ4 22D A8 s, SAPE:- 20 SATARSS 34APGAAOnBYAPEARO- 35, SAPO- 36,
SAPO 37, SAPO- 40, SAPO 41,  SAPO 42, SAPO- 44, "SAPO 47, SAPO-56, the netal

cont ai ni ng patiquiarlyn$ARQ$18 and $ ARQBds iwslutlingrtbometab conteinmgrfotmar e SAPO- 18,
SAPO- 34, St 0%2 (FAP 44't a?r‘mpg, %@Po(ﬁl . p&r?tti cul artl SAPO- 18 and SAPO 34,
i ncl udi ng Rl MRS RR) ASMUSRT Derpigr HSrerNLEKHiCS SYIOOVIRES oof . As
used her ei Ryith EEnBiRAHBMANELiY EGnsi der&dyNEsHipBRkEon FFirhAtted BEThE &b BNmaRg i S
considered a conposition of matter having two or nore conponents in

varyi ng pr ce8IONgHS in Yayae grepstiens, regaidiesp pf/dic physieastate. 10 The

si1 1 coqpum nophogplate,TRIRGHBIA RURS.AL BePUHOSHERpy Nydr ot her mal

crystallization nethods gen nown 1 n the ar exanple, U S.
Pat. Nos. hydéddh&mhl cHstdbikatickBmethodogerfeBily kaiothnSn 1i26arB08ee, for reacti on

m xture is forned i xing . t e eactive silicq 1 num and
phosphor us e&%ﬁﬁn@nﬁrgségtﬁ%éﬁaﬁ’ghna‘{’g‘{le-g‘@ﬁ 5(9%@@@%1%(12%52%’&& ally the

m xture 15 rbéct%ﬁ%iﬁﬁlr@&%hﬁ&il%dmiﬂﬁgf R} Yoo NS i L QARIMAUS aRd €SSUre, to a
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cryst al | i nephpsphwnest camsponeuis,radeng Wish aeleash one femmiaec Geserally theemixtwsduct can
take ari%Wh % Sealdd’ amdq{eg%ég,d pr%ferably under autogenous pressure, to a temperature of at

least 100°C, preferably 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 much as 2 weeks. In some cases, stirring or seeding with crystalline

material will facilitate the formation of the product.

20 Typically, the silicoaluminophosphate molecular sieve product will be
formed in solution. It can be recovered by standard means, however, such as by
centrifugation or filtration. The product can also be washed, recovered by the
same means and dried.

As a result of the crystallization process, the recovered sieve contains

25  within its pores at least a portion of the template used in making the initial
reaction mixture. The crystalline structure essentially wraps around the template,
and the template must be removed to obtain catalytic activity. Once the template
is removed, the crystalline structure that remains has what is typically called an
intracrystalline pore system.

30 The SAPO molecular sieve 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



hours to as nuch as 2 weeks. In sone cases, stirring or seeding with
crystalline material will facilitate the formati on of the product. 20
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ammonium salts are tetraethyl ammonium hydroxide and tetraethyl ammonium
15  phosphate.

As is known in the art, molecular sieve or catalyst containing the
silicoaluminophosphate molecular sieve, must be activated prior to use in a
catalytic process. As used herein the activation of a molecular sieve or a catalyst
containing the silicoaluminophosphate molecular sieve means that template is

20 removed from the porous structure of the silicoaluminophosphate molecular sieve,
leaving active catalytic sites with the microporous channels of the
silicoaluminophosphate molecular sieve open for contact with feed. The
activation process is typically accomplished by calcining, or essentially heating
the template at a température of from 200°C to 800°C in the presence of an

25  oxygen-containing gas. In some cases, it may be desirable to heat in an
environment having a low oxygen concentration. This type of process can be used
for partial or complete removal of the template from the intracrystalline pore
system. In other cases, particularly with smaller templates, complete or partial
removal from the sieve can be accomplished by conventional desorption processes

30  such as those used in making standard zeolites.

Once the template has been removed from the silicoaluminophosphate

molecular sieve or catalyst containing the silicoaluminophosphate molecular
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general, the hydrocarbon material will comprise at least one hydrocarbon
compound which has a kinetic diameter less than the size of the pore mouth
opening of the SAPO molecular sieve.

20 The hydrocarbon material that is contacted with or introduced into the
silicoaluminophosphate molecular sieve must be capable of being converted to an
integrated hydrocarbon co-catalyst which may be a single ring aromatic
compound. The desired aromatic composition can be identified by Solid State
Nuclear Magnetic Resonance (SSNMR) spectra comprising a peak in the 18 ppm

25  to 40 ppm region and a peak in the 120 ppm to 150 ppm region. Preferably, the
aromatic composition is selected from the croup consisting of alkyl substituted,
single ring aromatics. Alternatively, if the intensity of the peak in the 18 ppm to
40 ppm region is negligible, a single peak near 128 ppm also indicates a useful
material of this invention, as this indicates the presence of benzene. Benzene also

30  has the desired effect on catalytic activity, as it rapidly reacts with the oxygenate

to make alkylated single ring aromatics.
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hydrocarbon co-catalyst which may be a single ring aromatic can be part of a

hydrocarbon composition within the porous structure of the
silicoaluminophosphate molecular sieve, and the hydrocarbon composition
comprising the an integrated hydrocarbon co-catalyst which may be a single ring

20  aromatic will be present at 0.1 wi% to 23 wt% based on the total weight of the
silicoaluminophosphate molecular sieve.

Hydrocarbon is introduced into the silicoaluminophosphate molecular
sieve by contacting the silicoaluminophosphate molecular sieve or catalyst
containing the silicoaluminophosphate molecular sieve with hydrocarbon in a

25  pretreatment zone at conditions effective to form a composition comprising an
integrated hydrocarbon co-catalyst which may be at least one single ring aromatic
compound Within the molecular pore structure of the silicoaluminophosphate
molecular sieve. Within the pretreatment zone the conditions are such that an
amount of an integrated hydrocarbon co-catalyst which may be a single ring

30 aromatic will be formed within the silicoaluminophosphate molecular sieve pore
structure that is effective in enhancing selectivity to ethylene or propylene in an

oxygenate to olefin reaction process. The activity of a pretreated catalyst for
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The pretreatment zone can be contained in a separate pretreatment vessel
or within a reactor vessel where the catalytic conversion of oxygenate to olefin

20  takes place. In a preferred embodiment, a separate pretreatment vessel will be
used. Typically, the pretreatment vessel will be an auxiliary fluidized bed reactor
associated with the oxygenate conversion reactor and regenerator system. The
auxiliary reactor is capable of continuously receiving catalyst from the regenerator
and subsequently supplying pretreated catalyst to the oxygenate conversion

25  reactor.

When pretreatment is carried out within the same vessel where the
catalytic conversion of oxygenate to olefin takes place, two separate temperature
zones should be maintained in order to get proper introduction of hydrocarbon and
formation of an integrated hydrocarbon co-catalyst which may be at least one

30 single ring aromatic compound in the silicoaluminophosphate molecular sieve.

This can be accomplished by introducing the catalyst to be pretreated into one



equal to 10C, preferably greater than or equal to 25C, nore preferably
greater than or equal to 50C, nost preferably greater than or equal to
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oxygenat e i gﬁ@.: r :{TEW a separate
pretreat mfﬁ?d&léf%egﬁtengﬁ %ﬁge : ySélé(.:]g F‘%,p?%tﬁgea{eg?cg%g?}rlrent vessel w |
be an auxitnredacged preireitingcthydsdtarbeadtitoran caggaaieadoadersioh zohdrm fudgigenat e

conver si on react.or.and.ﬁe}%ener at or %Steﬁ %hg auxi li.ary reactor is
capabl e of CHBHIMAMISYVD HIERIPYTAYCH A0y S8 PO AFYEFECdYERBr at or  and
subsequent {nyoaudal 1Y HGo:R/aBhdi & 8 An¥ 3t cdriitldhe tOXNEE R SkygOmMET ST on 25
reactor. When pretreatnment is carried out wwthin the same véssel where the

cat al yti c convewiogirerctivh. d)iffgenheanditipng liethedwp aRess mavaemainianedepar at e

t enper at ur zones, s d be,.mai nt ai n i n.grder ,t.0 .get .proper ,i ntroduction
of hydr oo PERfEnarr G here e M Aehtat Pl Sy R B Bh8AG tar al v st

whi ch nay @eluding tempéranire, piéssatentglpadel Tptidhsiligiehch LoRBMMY EOmMpiist he

si |l i coal um nophosphat e nol ecul ar sieve. This can be_ acconplished by

i nt r oduci nlpating ok seqlingdingtipns guchyasisieagt FFoPHRS WAE CS- 01/ 62382

Pl SRl 06011 aner fref@Aihefll id\GHANARRBIRSFIRAY FRIAR: gi@@&w{aﬁaone set of

conditions in the absence of feed oxygenat ubsequent nt r oduci ng

t he pretreaimtaniagtthd silitoahndinaplyosphate eadé¢cathr preet issamtactedhyith feedr bon i nto an

oxygenat e conversion zone in fluid ,co ni cati or} jth the pretreatnent
%6 208 Testh

zone. The FURYNPRIPOFYENAfS apdapfraga T oG 28 ALROGSRat e conversi on

zone at coggiditidaReftaiwe thgrdduch 8n BletideRdatahing PROABES ITOR ok§a&latd. Di fferent
conditions in the two zonés may be mai ntained through control of the

condi t i onsolgfinygsiction israrres ety a reagtion zangsang the repcrionzeneds contpigrdidi ng
tenperature ressure or phase. Optionally, each zone may conprise heating
or coofslt ngWH] cat?ai-gtl%{?gﬁogis steam or cooling water coils.

Typically, 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
liquid or a mixed vapor/liquid phase. When the process is carried out in a liquid
phase or a mixed vapor/liquid phase, different conversions and selectivities of
20  feed-to-product may result depending upon the catalyst and reaction conditions.
Olefins can generally be produced at a wide range of temperatures. An
effective operating temperature range can be from about 200°C to 700°C. At the
lower end of the temperature range, the formation of the desired olefin products
may become markedly slow. At the upper end of the temperature range, the
25  process may not form an optimum amount of product. In this invention, however,
the oxygenate to olefin reaction process will be carried out a temperature
differential between the reaction zone and the pretreatment zone of greater than or
equal to 10°C. Preferably, the reaction process will be carried out at a temperature
range between 350°C and 600°C, most preferably between 400°C and 550°C.
30 Examples of reactors which can be used in this invention include fluid bed
reactors and concurrent riser reactors as described in “Free Fall Reactor,”

Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger



10 After pretreatnment, the silicoal um nophosphate nol ecul ar sieve or
catalyst containing the silicoal um nophosphate nol ecul ar sieve is

cont act eavowt/be38eed contai ni ng an oxygenate, and opti onabPCyusodicbuent or a
co-feed, at process conditions effective to produce an ol efin-containing
product. The oxygenate to olefin reagdion is carried out in a reaction
zone, and the reaction zone is contained 15 within a catalytic reactor.
Typi cal ly, the oxygenate feed is contacted with the catal yst when the
oxygenate is in a vasgé phase. Al ternat el t he roc?ss may be_ carried out

LR " Y,
in a |iquPeblishing Ga. NG \dpodditionplly. srurtercupridreerfall frastoss way &ecarri ed out
in a liqui : H}.pi‘fc‘é V, e LT i F 33 rsions and
sel ectivi t‘?sggqgﬁ‘%gcéﬁ?%eg- 0- p?so%l%%érwggqégésapﬁﬁg‘éoﬁghdi ﬁggﬁﬁgnﬁﬁﬁg cat al yst
and react i ReacteriidFkidizagion o étiidsPaztiale Jpsiansg lphgesiHd-18), FoAckahzand ®.wi de r ange

of tenperatures. An. .e ive er af | enperature range can be from
about 200 't(é&*?mge"ﬁp{‘{]ﬁghsh‘a r%m% he tenperature range, the
formatipn of thendashd Rdct8t Bl M PLEAES RactORY: iPpREIRdI ARl oW Al the
upper end of the tenperature range, the 25 process nay not forman optinm

anount of lavedudser ragion ridsa dense fAviddied seesioay dn this emboditoghletit e to ol efin
reaction process wll.be carried t .a temperatu i r i.al. between
the reacti l(‘ﬁgeg%ﬁtgWg?\taly%céangjreéft}lé%e@#%ﬁ © RS %f?theégegagttogra lgcE‘%atﬁmloérr%eequal to
10C. Pr ef epiadat Yegibr)émhRakitdlp belpvabedensaiphiseiegiorariaggwhert batweant enper at ure
range between 3§0C and 600C, nost preferably between_ 400C and 550C. 30
Exanpl es o#bqusthertap enefqusth of she mier freaen and thebattom eanfqusta qf ks deée £ 1 ui d bed
react ofs agﬂlsép iy rent riser reactors as described in "Free Fall Reactor,"
Fl ui di zati ©dn n%qne'ering, D. Kunii and O Levenspiel, Robert E. Krieger WO
01/ 62382 PCT/ USTh¢ 666tidn can take padd atshiveight GourliNypact SEocit AGWHS O] | y,

countercurgent free f feactors nmay.he sed,} he nyersi on process as
descri bed 1 RmU ltpaqt()%hb ?%@?&%ﬁ%ﬁf ve oé‘gwﬁ%égcqegﬁe i di zati on and
Fl ui d- Par t {g|oft s¥st 1%%8ﬁag§W§d@8arbEn AhicheRd B ébtidnally-addedhwith Rei nhol d

Publ i shi ng Corp., _ en the reactor is a fluidized bed reactor,
it is preftherfeet, phabouriper weigbt ofithe pitigealuminogkesphatgimmiecatad sievélense f1 ui d bed

22 ol bR RS s GO Sl tale SR BGE U 1o 10
contact time countercurrent free-fall reactors in which an oxygenate feedstock can
be contacted with a molecular sieve catalyst at a WHSV of at least 20 hr”,
preferably in the range of from 20 hr™! to 500 hr', and most preferably in the
range of from 20 hr'! to 250 hr'', Because the catalyst or the feedstock may

20  contain other materials which act as inerts or diluents, the WHSV is calculated on
the weight basis of the oxygenate feed, and any hydrocarbon which may be
present, and the silicoaluminophosphate molecular sieve contained in the catalyst.

Effective pressures for both the pretreatment and the reaction process
range from 0.7 kPa to 3450 kPa. Preferred pressures are in the range of 69 kPa to

25 1725 kPa, with the most preferred range being of from 103 kPa to 1380 kPa. The
foregoing pressures"are inclusive of any inert diluent or additional hydrocarbon
component, as well as the oxygenate compounds and/or mixtures thereof with
hydrocarbon.

The residence time of the feed in the reaction zone may vary from

30 fractions of a second to a number of hours, determined largely by the reaction

temperature, the pressure, the silicoaluminophosphate molecular sieve catalyst



phase region, imedi ately bel ow the dense phase region, or anywhere between
about the top one fourth of the riser region and the bottom one fourth of

t he densavoi06pBase regi on. The reaction can take pl ace apCwHUSs/aghtt hourly
space velocity (WHSV) of from1 hr' to 1000 hr-1. According to this
invention, WHSV is defined as the weight of oxygenate, and any hydrocarbon
which may be optionally added with the feed, per hour per weight of the

si li coal um nophosphat e nol ecul ar sieve 15 content of the catal yst.
Preferred reactors are co-current riser reactors and short contact tine
count er cur rsgleetefly the WHEV, theaphess diqnidl ethizpen) sanddhe posesalesigbdst ock can  be
contacted Vﬂhﬁﬁcﬁer@%secu' ar sieve catalyst at a WHSV of at |east 20 he 1,
preferably Tnt range of from20 hr 1 to 500 hr 1, and nost preferably in
the range of frIorthéZﬁrohéssbftlﬂs #iventien, 3l oBpaaubthetchalysnhidfeyst or the

f eedst ock y 20 contain ot mat er i h inerts or diluents,
t he WHSV |era sirvatirngsa T‘Eﬁ%ﬁ 0? RRrb@Racgps %&QF‘ES fCBTm‘PSé’ndﬁ?(j"éﬂéﬁtémf‘égd and any

hydr ocasbonpugicsh cBﬁ’VerQSn r&rcﬁéx‘?ni‘he gislydihe tﬁéréfo?@%h’éﬂé&mﬂ@g&ﬂ?&té‘d mol ecul ar
sieve contained in the catalyst. Eff ec?]lve ressures for h the

pr et r eat mertty camtacnhgltr\wm regnnqratamemsdlumamgemwmﬂ o Wdrkmupb 3450 kPa.
Preferred pressures are EF nge 69 kPr dl% %ﬁ k[r"a with the
most pr ef erPEFPPERYR B%‘?SHE; ‘SF?%eﬁ fH%“ k18 °Fg! f§§8 B WERE S egoi ng
pressures aegetbithl eaking tiRf IR Yf faaaid thdirkatesr inblodaelag b reeabraliyslr ocar bon
conponent, as well as the oxygenate corrpounds and/or m xtures thereof with
hydr ocar borimedipa, paasingdlaveot hesegsperatien mediyny, and H@nrr@aﬁf’ﬁi‘éﬁﬁn&@ﬁe may vary
from 3Qqfr f rgely by.
the read: ased {fie R BaG Rl BRI ROHcR i T AN ok 0

nmol ecul ar $eewéxcam‘zafy@txnﬂﬁlwbﬁzﬁB%@@dtMS@Heﬁﬁﬂﬂr@apdrﬁosef’é:et ed, the

VWHSV, the phase uid or vapor and t he rocess esi characteristics.
In the pro e %ﬁtaéystﬁ%ﬁ?na&ﬁe regenergfor, 2g tsulefﬁmmg’yaaﬁgp%%m% fers
deactivati qRgdrded Sanlit 10 h RN LSRR @g&.@@nbﬁ nfaQ"JEiGat Ydshgd cat al yst
during 5 the ol efin conhversion reaction. catal yst is, therefore,

peri odi cal | sondisigenaected to maintainatiexst phestivity of the eatireepealpst avitiimtheedi um t o

renove %II %erwtgart of such

According to one of the preferred embodiments of this invention, the
catalyst containing carbonaceous material is regenerated under conditions
effective to obtain a regenerated catalyst having a carbonaceous content of less
than 2 wt.%, preferably less than 1.5 wt.%, and most preferably less than 1.0

20 wt.%. Following regeneration, the catalyst is preferably sent to the pretreatment
Zone.

In order to make up for any catalyst loss during the regeneration or
reaction process, fresh catalyst can be added. Preferably, the fresh catalyst is
added to the regenerated catalyst after it is removed from the regenerator, and then

25  both are contacted with hydrocarbon material to form a composition comprising
an integrated hydrocarbon co-catalyst which may be a single ring aromatic
compound. However, the fresh catalyst can be pretreated independently of the
regenerated catalyst, or added directly to the reaction zone without pretreatment.

In a preferred embodiment of the continuous operation, only a portion of

30 the catalyst is removed from the reactor and sent to the regenerator to remove the
accumulated carbonaceous deposits that result during the catalytic reaction. In the

regenerator, the catalyst is contacted with a regeneration medium containing



car bonaceous deposits. This regeneration may occur periodically within the
reactor by ceasing the flow of feed to the reactor, introducing a

regener atwont/6238zli um ceasi ng fl ow of the regenerati on neBCTESOIZBOL1t hen
reintroducing the 10 feed to the fully or partially regenerated catal yst.
Regeneration preferably occurs periodigally or continuously outside the
reactor by renoving a portion of the deactivated catalyst to a separate
regenerat or, and subsequently reintroducing the regenerated catalyst to

the reactor. Periodic regeneration nmay occur_ at tinmes and conditions
needed to med%ysen or ethproepadanty. Bxamples of asheropidlanistingledec@s AlQesN2Qi N n t he

"o aoactor- ROSNR.nhd Ruflies lerddboril SR, TRAPOTSRNR Bim bELE

i nventi on, contalnin onaceou I's regenerated
under condi tTleer cafeaditutatewith nittiigan IC@y, be Jea gisaindlsteah ahaysiie didded.ng a
car bonaceous_content. of | ess than w.% preferably |ess tﬁacr 1.5 w. %
and nost pr ePeiBlYy thedducanpeniration inthe fpgensragy|is sPerst toaromtplied lskel ¢ he

catal yst si s BLghRhi20LYerhEing!d thd\GeRIHJTHBE BFRA in tROGRnt bPdQLGRHed © Make up
for any catalyst loss during the regeneration or reaction process, fresh

cat al yst carcabadyshddbed dedetizfited sitalyst alspempy be regengrated seductivelgadéds, o t he

r egener at ed talyst after. it s r ved fromthe regenerator. and then 25
both are con{'@c’? “W?‘}?f?ﬂf ro%g?r%ﬁaﬂﬁ%{e PFAP ag%}lq?'oérﬁ_%glbé‘&?%&’rti on
conprising @fddtiveeegenbRdoh ad %e@w}eg@mmmlcuﬁhls%e@mpwd.be a single
ring aromati ¢ conmpound. However, the fresh catal yst can be B,retreat ed

i ndependent |y of Inrpssenceghe sarhorageeustdepgsits argremayad &om ﬁhé@@ﬂa sto the
reacti ongzo ncﬁlrmgttﬂé)l‘étgegﬁﬁﬁéne&%g& tforljnfﬁ]gaa r%%&{eﬁaé&ﬁ%t%%oq'hlgg%en&fatetdh €

cont i nuous operation, y a portion o st enoved from
the reactor @ualysségheh sert hethequenatmémzohofor éonming bl eronatic wonnpasition

car bonaceous deposits that, result during the catal ytic reaction. In the
regener at or , withia t ?‘gF%‘fmi“gp ‘Eﬁl?%%f@l“%‘ﬁe g ﬁ‘eé{e’raééeﬁ@ %ﬁq“b?ftﬁ?%qi um
cont ai ni ng. YO 0itkR2BEAaNEaNSRILARELly tohfe RRKGSI e fok Ry AXbelRRS.

0 | ude 03,” SC3, N20, NO, NO2,  N20

Exanpl es of her oxi dants include , ) , N205, and
m xt ur es t hewitlothe feed.i Sypical fregenention tegupepdtyred arei in thdwangopf3 WCdpr. The air

Do rabi ¥, 1 HBodsimblart fi ke s dthe o dERRE bieBrenis e £ &
controlled 1 6y&ld out at a temperature range of 450°C to 700°C.
It is desirable to strip at least some of the volatile organic components
which may be adsorbed onto the catalyst or located within its microporous
strucfure prior to entering the regenerator. This can be accomplished by passing a
20  stripping gas over the catalyst in a stripper or stripping chamber, which can be
located within the reactor vessel or in a separate vessel. The stripping gas can be
any substantially inert medium that is commonly used. Examples of stripping gas
are steam, nitrogen, helium, argon, methane, CO,, CO, and flue gas. '
It may be desirable to cool at least a portion of the regenerated catalyst to a
25  lower temperature before it is sent to the pretreatment zone or the reaction zone.
A heat exchanger located externally to the regenerator may be used to remove
some heat from the cétalyst after it has been withdrawn from the regenerator.
When the regenerated catalyst is cooled, it is desirable to cool it to a temperature
which is from 200°C higher to 200°C lower than the temperature of the catalyst
30  withdrawn from the reactor. More desirably, it is cooled to a temperature from

10°C to 200°C lower than the temperature of the catalyst withdrawn from the



5 to mnimze overheating or the creation of hot spots in the spent or
deactivated catalyst. The deactivated catal yst al so nay be regenerated
reducti veav@ows23k2 H2, CO, m xtures thereof, or other suithoOl/@Se@doa ng
agents. A conbination of oxidative regeneration and reductive regeneration
can al so be enployed. In essence, the cggbonaceous deposits are renoved
fromthe catalyst 10 during the regeneration process, formng a regenerated
catal yst. The regenerated . catalyst is then sent to the pretreatnent zone
for formng an aromatic conposition wthin the silicoal um nophosphate

mol ecul ar si maetor méssélo Uligis eamhesl eatalysh¢henmegycreeseat wdhe presreytsent zonelwe sent

directly to t,he reaction zgne for catal.ytj ontact wth the.feed. Typical
Fegoner xt | onearisEPAchpesf e B R iick T i eBepm ¥ algpdiinegfE; | 20\ T
the range of cobdéiedtslystIRG thepifredtalehtyzont afie Rcfbn Sohel ¢f th&@gbhepstoput at a

tenperature range of 450C to 700C. It is desirable to strip at |east sone
of the vol at $areesdp gediice thenvstnge fenapergifiedn thapreeatygaironedreasios zope cat al yst

or |ocated Wj)ﬁ%'?gheirétgrm croporous structure prior to entering the
regenerator. s can be acconplished by passing a 20 stripping gas over

t he catal yst in almsd prefigrerd embogliment pif tig iovemtiberan averagk gassupedficidlocat ed
within the reejct.or tyessel or arate v The strii g gas can be

any subst ant YEIP§ItY ofgEpgterthan Elli?ﬁq’ﬁﬁé‘?e(%grspeé6%&?’5%51%?‘“%?@%n0f stri ppi ng

gas are steantid FdnedPRefefBly H¥avaiageBas MBEMRRE velobly isrbatéitflad | Ue gas. It
may be desirable to cool at I'east a portion of the regenerated catalyst to

a 25 | ower akowbdmas.uMorppfederablys the gveraga gassupe¢rbiciot eelpeityt iwbatweeone or t he

reaction;zong. ger located externally to the regenerator may
be used {((;) rga%égpfg‘gﬂgg(ﬁgg{? fromthe catalyst after it has been w t hdrawn

from the regener apgidefindigsteinhgasisepafciabvaocinat tepslumesiricMmerdte 6t 1 S
desirable to cool it to a tenperature which is from 200C,himgher to 200C
| ower than t He feedsinsk dingludings oxygenate hydipsarban apd ary dduent} digidet B theact or .

Mre desi rabk%ss-'be%cti%) 2l G0 GiedBof b ﬁ%@é@ﬁé{lﬂgbwgﬁ 2"2@%‘" ower than

the tenperature o e catalyst w thdrawn
PCT/ US01/ 060fitbduethghileciawing thresglethe rddviion caw, dw odiurattyis flomheate ofithe be sent

(o Lhe PLel BaL TRl e, o G SAELLON 1S 0! Ry eyl od back
zone, the reaghioP Besi) @hOrobNRcHGHE BRA JF fe reaction zone may also vary at any

given point within the reactor. Therefore, average gas superficial velocity as used

herein represents the average gas superficial velocity throughout the reaction

zone.

20 When the average gas superficial velocity is greater than about 1 m/s,
back-mixing of gases in the reaction is minimized. This increases the selectivity
to the desired light olefins, i.e., ethylene and /or propylene, and increases the
approach to plug flow behavior of the gases flowing through the reaction zone.
The velocity profile at a given cross section of the reaction zone is approximately

25  flat and there is little axial diffusion or back-mixing of fluid elements. Ideal plug
flow behavior occurs when elements of the homogeneous fluid reactant move
through a reaction zone as plugs moving parallel to the reactor axis.

In order to maintain plug flow behavior, as well as achieve relatively
isothermal conditions within the reaction zone, it may be beneficial to recirculate

30  aportion of the catalyst exiting the reaction zone to recontact the feed. This
recirculation may occur either within the reaction zone or outside the reaction

zone. Recirculating the catalyst serves to decrease the temperature differential in



serves to reduce the average tenperature in the pretreatnent zone, reaction
zone 5 or regenerator. In a preferred enbodi nent of the invention, an
average geQosensezficial velocity of greater than about 1paewsel/ert second
(ms) is maintained in the reaction zone. Preferably, the average gas
superficial velocity is greater than abgut 2 ms. Mre preferably, the
average gas superficial velocity is between a 10 range of 2 mis to 6 nis.
As defined herein, gas superficial velocity is the volunetric flow rate of
t he feedstock (including oxygenate, hydrocarbon, and any diluent) divided
by the crossbasigagtianrene by absosbing e dettiasrplpmieat genesated bethstcoakerienconver t ed

t | efi I j . | e volunetric
Pow rate of "ol L Idhreblfe BBl Rl Bl MackiBRELACR (EEHRngs 5 O 1T
addi ti on, depenghragresfpon the mbet tothedadetgf thd feacttoname s Fhe battealis theea of t he

reacti on zone nn o vary at any. .. given point_ wthip the reactaqr.
Ther ef or e, aP@F&’é@%@%re@ﬁﬁ%‘rﬂ“E?’é%’h\?glt}&?crief‘ ants (f{ﬁéae(fatap}’& %‘?drPrPg'fﬁtésent s the
average gas %Hﬁ%&ﬂl%@alleaé’:ﬁiln%h& Yoé%tﬁ?ﬂ@ééhgé%@g $&GRCTh Ml)s prefiifed 20 Wen the

average gas superficial velocity is greater than about 1 m's, back-m xing
of gases in tmbodisent,thetemperaturiedifferentialheross the ressties zoreds foes thani vity to

he desired Li l.ef i i.e.,,.eth / | , d i
the appr oach2Deprigh iibnpBafiel G Smieh e be SorPipdnst Foulghat ne -
reaction zon@enditibfs Ml &ﬁiiﬁ&’o&fy&?e#aﬁig?%y@erﬁi Pedtelab RS theibifbdiarof the

reaction zone is anfOX|_rrat_eI y and there is little axial diffusion
or back- m xi diffevéntial is waistagredrat dess thae d00UT. ulyloré preferidhatie tampecatures when

el enents_of t ho neous flujd reactant nove through a reaction zone as
pl ugs rm\]/&ng ?rﬁ.‘?tgg?self'@tg%% gact or axis. In order to maintain plug flow

behavior, as vell mirad] @¥yd & RLkiH J QAAPIITEL PidfetdR) tho'fald N €

reaction zone, it may icial torecirculate 30 a porfion of the
cat al yst exi wof ngjalybte whechatoingpmisgsomel et ar seereand atthdr meatéresdsisuclilas binders,

i | i 4 . €] i thi he. t.i ] i th
eact fon zonNeRvelh Fifpebelelgo ehhdabalgtis €3RUo8 of Wike bt Fd” '
tenper at ur e dhtb b eytcnils il (NALARSSBTORGTLRY, 9004 of hlshe T eact i on

zone by absorbing a portion of the heat generated by the conversion
15  recirculated to recontact the feed is from 10 to 80 times the total feed rate of

oxygenates to the reactor, and most preferably from 10 to 50 times. In a process
which includes a separate regenerator, at least a portion of the catalyst in the
reactor is desirably removed for regeneration and circulated back to the reactor at
a rate of from 0.1 times to 10 times the total feed rate of oxygenates to the reactor.

20 Preferabfy, the rate of recirculation is 0.2 to 5 times the total feed rate of
oxygenates to the reactor, more preferably 0.3 to 3 times. In a preferred
embodiment of the invention, the catalyst from the regenerator is converted to a
catalyst comprising an integrated hydrocarbon co-catalyst which may be at least
one single ring aromatic compound, and the converted catalyst is sent to the

25  oxygenate reaction zone.

It is desirable to use the olefins produced by this invention to make
polyolefins, particularly polyethylene and polypropylene. The olefins produced
according to this invention are particularly high in ethylene and propylene content,
with a high selectivity to ethylene. The olefins products of this invention are

30 identified by C,-C4 hydrocarbons, including ethylene, propylene and butylene.

The olefins produced by this invention can be easily separated, due to the

low amount of undesirable by-products produced, and the separated olefins can be



reaction. The tenperature differential of the reaction zone is the change
in tenperature fromthe inlet to the outlet of the reaction zone. The
outlet i swohee23gnrti on of the reaction zone at which the pernusantes1i f eed,
catal yst and products) 5 pass fromthe reaction zone to a catal yst

di sengagi ng zone. In this preferred empdi nent, the tenperature
differential across the reaction zone is less than 120C, which is the
practical limt of what could be considered near isothermal conditions in
a continuously operating system Preferably, the tenperature differential
i s mai nt ai newansfactared intenelynbeims. MEvcessss Erderming polyelefins fisar elefingare1 0
differentialyi ap.30G. I I - i ed to
contact the 1?‘%"2‘” .ﬁéree%lfeﬂ'r QB@% ctp%&lrsge? leﬁw%r]g &gltgg aﬁé{&ﬁ\g\lﬁﬁ%ﬁ%@%ﬂﬁ%& i ses

nol ecul ar simerllacwde Aiegler/Natte andiddd satalptiasydemslef e, forfexhmplesU. St c.

recircul ated_ to nt t feed js_fr tines th t feed
Fate of oxy gttt SastaS T Rets acshigPes Brd0 B aupross g r 6 Bior

catal yst s15 % 45 063l 23Rk ds0a4E4083,861. InhRnbREdhdse i 1l di 80 tines the
total feed rate of = Oxygenates to the reactor, and nost preferably from 10

to 50 times.cdntacéingthecalefin productiwiting polyeksfia-foupiag sutalystagarwentrandat | east

a portion of, the cata t inshe, reac is.desirably renmoved for
regenerat i Ontegwaraglfrpgh?%{vgéo6'%{&'5}1?(90&919?{;1&{8@%0?. at arate of fromO0.1
times to 10 timesAtpaefeired pblybRed-fomhiag @htalysyg anndteltodete tdtglysteateor . 20
Preferably, the rate of recirculation is 0.2 to 5 tinmes the total feed rate

of oxygenatRefergditemaperaiaeg wnge ploonerasioafiepetiesn 506 and Z0°Crppd the n 3

preferr e i of e iLnventiaon., t . | vst .fromthe regenerator
P convert e oo Cae dpurlsd el B diront SCHERRAES e kiRs,
co-cat al yst whhiahtheRingbef 200 kRRHI20000&Ps1 Ral rotdssg carrivdedut in soditaynd, and

the converted catalyst is sent. to the 25 oxygenate reaction zone. It is
desi rabl e t cauigertidifdens|can baysqds arflidbe pref§rredhoReratingaessuIe rapges batween
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produced accordin 0 S IThvention are Icula I n ethyl ene and

propyl ene CcoadeIR0°C. Wot gasapﬂaiseglb}oﬁﬁs@(}itiiy%)iﬁerf& tRithié RAderaline geh@hilys
products of this invention are 30 identified by C2-C4 hydrocarbons,
i ncl udi N et by/wishia, 2 epgpH9l GRE tad 60Kutapd Eré the opseatiol of¢sperepedaivessd by this

by- product s DYbERAEE. %9&PEne separ at od ol ef i ns can be WD 01/ 62382
PCT/ US01/ 06011  This invention will be better understood with reference to the following
examples, which are intended to illustrate specific embodiments within the overall
scope of the invention as claimed.
20
General Experimental Procedure

(a) Catalyst Activity Ind.egg

The catalyst activity index (k/kin;) for methanol conversion at 250°C and
275.8 kPa was determined using the apparatus shown schematically in FIG. 1.
25  The values of ki, and ‘k were determined as follows.
50 mg of pre-calcined and activated SAPO-34 catalyst (Si/Al = 0.19) was
loaded into a Pyrex glass tube, 12 mm in o.d. by 120 mm in length. The catalyst
was activated by flowing He at 450°C for 1 hour. The glass tube was attached to a
vacuum line and evacuated. The catalyst was dehydrated by heating the catalyst
30 at 250°C for 1 hrin vacuo. The final pressure was generally less than 10 torr and

the final temperature was 250°C.



-20 manufactured into polyol efins. Processes for formng pol yolefins from
olefins are known in the art. Catal ytic processes are preferred.

Particul avoyr/p3eferred are netallocene, Ziegler/Natta anBCrosa/msatial ytic
systens. See, for exanple, U S. Patent Nos. 3,258, 455; 3, 305, 538;

3,364, 190; 5,892,079; 4,659,685, 4,076,698, 5 3,645,992; 4,302, 565; and
4,243,691. In general, these nethods involve- contacting the ol efin product
with a polyolefin-formng catalyst at a pressure and tenperature effective
to formthe polyolefin product. A preferred polyolefin-formng catalyst is
a nmetal | ocene cat Afiesdehyfrationnfdheeatelpstt enmailsetafBemiceelijer affmes tionis
bet ween 50C CLi n C i at | ow, nedium
or high presg@?g,gégcgﬂﬁgg%}%@\g\ﬁ%%@St\r/\nl?e‘?haltllgq{’]%ée: i 8‘%508 ogrtrﬁ éfﬁ%“’w%st o0 20000 kPa.
For processedeteaniheddy andlyzing 8 @bitionasf,the poducieby gali dhuematogrphipe used, and

the preferreq operatjn ressure range i s between 1000 kPa and,15, 000 kPa,
with a pref ggP. q?%’ﬁbegda‘gﬂ?‘@w%@%&?r pb‘ke*@&@ W\gﬁ‘%@weéﬁadm?%f gas phase
processess i miheDhiRf BECEA GG n{ehﬁnsﬁmed@érmedg%‘émlbdegya it Bl thin a

range of 60C to 160C, and that the operating pressure between 500 kPa
and 5000 kPareathomskinatiesntheontewohstamieibatd lewereprepationd taviln@-r ef er ence to

the follow n exanpl , ich are,intended to illustrate cific

brbods ment & SPRODnd st the 2edihe EMiatr bt iR B e e 20

Gener al EXpefdlmﬂh%bqlBRi@ﬁ.e}d’%i& In( BLofRtstdn)ah( 1AsInkv¥isioxn alfRelfiist plilge 68t al yst
activity index (k/k;,,;) for nethanol conversion at 250C and  275.8 kPa was

det er m ned um%‘g’m@ e apparatus shown schematically in FIG 1. 25 The

val ues of,k;, . ; a@a%é@sdeterm ned as follows. 50 ng of pre-calcined and
activated SAPO 34 (Si/Al =0.19) was |oaded into a Pyrex gl ass

tube, 12 mmin o. iin theygeh @@l procedure, SYRO-34 hitdeduddrleys twas vostacted it ed by
[ ou 10,1 e d50Ca Itk Do 15 AL S5 0F, bo5 oL S50 LRy vasuUm
05! P RN gk B A, 4928 gl 10
The glass tube was attached to a vacuum line and evacuated. The catalyst was
15  dehydrated by heating the catalyst at 200°C for 1 hr in vacuo. The final pressure
was generally less than 10 torr.
After dehydration of the catalyst, the hydrocarbons were contacted with
the catalyst at ambient temperature. The exact loading of the hydrocarbons was
measured via a capacitance manometer with a loading of 6 wt% on CH, basis.
20  The sample was then isolated from the vacuum line and heated to 300°C and the
sample temperature was maintained at 300°C for 0.5 hr. The hydrocarbon content
of the catalyst was determined using a LECO C-200 analyzer. Results indicate
that there were about 1-3 wt% integrated hydrocarbon co-catalyst on the catalyst
in each case.
25 Example1
The silicoaluminophosphate molecular sieve generated by the
experimental procedure above was analyzed using SSNMR. The SSNMR
spectrum was obtained using single-pulse >C excitation, with high-power 'H
decoupling during acquisition. Z/2 pulses were used for carbon signal excitation,
30 and recycle times between pulses were 20 seconds. Typically, 200 acquisitions

(or greater) were signal averaged to obtain the spectrum. Magic-angle spinning



WD 01/62382 PCT/ US01/ 06011 -21 After dehydration of the catal yst, one
pulse of 3 mcroliter of nethanol was passed through the catal yst bed and
t he convav@ooee3ef net hanol was determ ned by anal yzi ng aP@ouUséiawonf t he
products by gas chronmat ography. Subsequently, additional 3 microliter

pul ses of nethanol were added every six-5 m nutes and the conversion

met hanol was determ ned. Assumng a first order reaction kinetics, the
rate constant k;,,; and K were proportional to -In(1- conversion).
Therefore, the catalytic activity index was determ ned by the | I owi ng

: dex f

EQUﬁt i oln ) spergls weretypipglly. & kHge Adl Q?ﬁwqahﬁ!l!ﬁ%é‘i‘?\i@ﬁ’%eéﬁelé?w%@ VSt 8puI se of
met hanol ) . I g’gﬁﬁé r mol ecul ar

si eve was n’tlgs?:‘ige%&\?r\nﬂph&ﬁg‘lcagto %Egh - J]?}Leur)lée]{,zggﬁ qi@?%@ﬁgﬁﬁé)éspect ively. In
egch case, é 0 Ghefpecalmiforscetamt 2,95 1C uses! dsaguietceating bydroPyrbexogkass t ube,
12 mmin o, d. by 120 mmin length = The gl ass_tub s attached, to a vacuum
li ne and eSéBQa%l"e%ﬂtalWé’t 0% V@tz%grri%s@mﬂfi#eg )@@erﬁé’%@ia e catal yst
at 200G fo A ' g ; t han 10" 2
Forr A t oo e e B e o o o e Nl PR ot e

Wi th the patrabtyd tatalystivoeiig dveoptionblithe. pratheating anateriabalhepressnce he

hydr ocar bon S ., neasured, vi.a a ca | tance maponeter wth a | oading of 6

wt % on CHZ°€"§\§‘€I¥?(1 526“3?’?@ &é‘ﬁ@@%@gfﬁéh?f’glglCﬁ?@ﬁnnﬁ}agme% vacuum | i ne and

heated to JAREHARCarbRGcsSTREIY Boh QAR PFPhatition WeteniBiIRpaitiealr,ahe NOT for 0.5

hr. The hydrocarbon content of the catal yst was determ ned usi ng a LECO
h

C- 200 anal ypestrumRismainstsatesdiatamixtuserpftallylisedsinglp singgepatic.conpovndnt egr at ed

hydr oc B(r)r?ﬁgtg-l altgﬁllg{ szfi%%?urﬁilﬁ(ﬁ%l?o%éﬂtg?r{olechﬁr ?1@%1 g@éﬁ%lzs%if@%{ml e 1 The

silico ecu I'eve gener ated experi ment al

procedure aRewe giups absdryeded 193nd g1 pMVEhd drbmaGShhals sk, 1290 Mas obt ai ned
[ ower 111 _decoupling during

B e ot S o RS, iSO UBL g 0
recycl e ti pgs:ReLWEERRsEy YEI1Hh% REANDpartdRb 6R] dridmadORgRMAYI Si i ONs

0.366. The expected aliphatic to aromatic signal intensity ratio for

15  trimethylbenzenes is 0.500. Thus, the observed value of 0.366 is indicative of a
composition in the silicoaluminophosphate molecular sieve comprising primarily
xylenes and tri-methylbenzenes.

The spectra for methanol-*C as a pretreating hydrocarbon for a SAPO-34

catalyst is shown in FIG. 3 The top spectrum, labeled “as prepared,” shows the

20  sample pretreated at 300°C and 260 torr, shortly after the evacuation of pretreating
hydrocarbon in the pretreating vessel. The relatively large intensity and
distribution of aliphatic signals in the 0-50 ppm region accompanied by a
relatively large aliphatic to aromatic signal intensity ratio indicates the presence of
substantial aliphatic molecules unattached to aromatics in the pores of the

25  silicoaluminophosphate molecular sieve, and represents the nascent product of the
oxygenate conversion reaction at that temperature. The middle spectrum shows
the same sample after 1 hour at 450°C in flowing helium at 275.8 kPa in the
absence of any pretreating hydrocarbon or oxygenate feed. In these cases, the
aliphatics unattached to single ring aromatics have been removed, revealing the

30  single ring aromatics formed in the silicoaluminophosphate molecular sieve.
Longer exposure times in the absence of pretreating materials reduce the aliphatic

to aromatic signal intensity ratio, e.g., in the case of the middle spectrum to the



(or greater) were signal averaged to obtain the spectrum Magic-angle

spi nning WO 01/ 62382 PCT/ US01/ 06011 -22 speeds were typically 8 kHz. All
chem cal wobf/6ssare reported relative to TMS at 0 ppm uBCTHESexiserinal

cal i bration on hexanet hyl benzene (17.4 ppmvs. TMS). The spectrum for
acetone-1, 2, 3-13C used as a pretreati nggdwdrocarbon on a SAPO 34 cat al yst
at 250C and 260 torr is shown in FIG 2. There was about 3 5 w.%

i nt egrat ed hydrocarbon co-catal yst conprising carbonaceous deposits on the
pretreated catal yst follow ng evacuation of the pretreating material. The
presence of caseggthsaé@t@mg&mq:tgna,tmi@mn\mzftlpq)dﬁaélwélatm-o,fihqﬁmlcmgi rm t hat
met hyl  subs} j . matics result fromthis preparation schene, In
parti cul ar, %‘Jﬁén%gg%%ge%m denonstrates that a m xture of al kylated single
ring aromatiExoapR@inds 10 exist within the silicoal um nophosphate

nmol ecul ar si eve. emcal .shifrs for nethyl groyps observed at 19 and 21
ppm and aromatic ‘?B‘?‘PQP@‘%OfPEgF olgtigs W?L%‘E?m%‘ﬁ?i‘“%é'gmﬁmﬁ S&Y gt t he

exi st ences of sAlkyd SAPY vRIL Bk %Pﬁﬁ'b&d’rﬁ%aéﬁkiﬁt PRE resﬁll?iﬁ§ mhighl WY EtHeRt egrat ed

intensity of aliphatic region conpare the aromatiC region is 0.
The expect edplatddghat i2c7 mm énubsidet diemsiegido. 3i0A tstaird ess\staehtubolaf ogactds

trimet hyl benﬁenes i SH?..S 0. Tﬁgg thﬁ' oﬁ%e ved val ue of O. 36@}; s indicative
of a conpostti¥n® ' hig Pt ProdMh B AREIAR SRS ST NTPBREASY R e conpri si ng
primarily xyb&fies maGhd fabe NRithyhREFRER&s provRlcdRR irEd chfact®iaRol - 13C as
a pretreating hydrocarbon for a SAPO-34 catalyst is shown in FIG 3 The

top spect r untatplagdpeigmpgetyse sipap@mentshows t he 20 sanpl e pretreated at 300C
and 260 rr, sh ‘ an. qf ' r on in
the pretiSating vEnekethfl sadfiofk A5y Rt BLORR! oo YRR "o
al i phatic sigWalcs four-pdreinfechion ppive e ofix alowdumpact A1 byhcarrentdy withwel y | ar ge
aliphatic to aron&[iii E{)‘?Eka?l iﬂ'gensité rati o i ndi cates tcr,e Bresence of
substantial #f$3BH theliupgfisent e USSR depRErAERRIO¥ed W the@Xaes of the
25 si |1 coal UgbROPRASANALR 450bC Ll Rk FLY Phe BRMAERIR HRLBU RaBBP CONt
product of the oxygenate conversion reaction at that tenperature. The

m ddl e spect followiippeush pulse of arshasahphscolibtted udingaal@t sidpoft vialvefwichv ng

oxygenat s 1 oed msaplrlonP c Beeeed sRhbath e wea ARV % 0 singl e ri ng
aromatics haygomeRprdpByeMedict BXRANIRI0\ RBipped with a flame jonization
detector. The chromatographic column used was a 150 meter, 0.25 mm (i.d.)
fused silica capillary column (Model No. Petrocol DH 150). In between the 3 Tl
pulses of methanol feedstock, 50 ml/min of pure helium was run through the
20  reactor at the same conditions. Each point shown in FIGs. 3 and 4 represents the
results of the oxygenated conversion reaction for every fifth consecutive pulse of
methanol feedstock across the catalysts examined.
FIG. 4 shows the exten;c of conversion in an oxygenate conversion reaction
with methanol feed at 450°C and 275.8 kPa and WHSV of 25 hr! utilizing the
25  catalyst prepared from acetone in Example 1, compared to the same SAPO-34
molecular sieve which does not contain alkylated single ring aromatic compounds
at the same oxygenate conversion reaction conditions. The increase in activity for
methanol conversion for the catalyst of the invention is seen at the initial stages of
the reaction.
30 FIG. 5 shows the selectivity to C,-Cs olefins in the same experiment as

described for FIG. 5. The increase in prime olefin selectivity for methanol
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met hanol conversion for the catalyst of the invention is seen at the
initial stages of the reaction. 30 FIG 5 shows the selectivity to C2-C4
ol ef i ns iwObDhe&38anme experinment as described for FIG 5. HFapUSeIcsedse in
prinme olefin selectivity for nethanol WO 01/62382 PCT/US01/ 06011 -24
conversion for the catal yst of the inuvestion, particularly the increase in
ethylene selectivity, is shown to be about 10 wt.% or greater at any point
in the experinent. Table 1 shows the catalytic activity increase after the
SAPO- 34 nol ecul ar sieve was | oaded with a carbonaceous material. 5 Table

1. Hydrocar M¥hat By Climadinent Activity Increase, k/k,,,; Material (w.%
One pulse of 31 1 nethanol at 250C 30 pulses of 3 1 45 --- nethanol at

o opene Nt Soc b Shysfebihe sioofisiSHos i Bidfccfr BUYS EnfHsinkBporodt- | -
1]: 9 bult egne bf&tmeﬂ;ﬁ&ﬁsﬁruaufm aofatalyiidglll attimedniegrutedBiQitb arlsbrdcodéntalyst, pul ses
of 100 1 butene at 450C .25 pulses of 100 | 2- 84 2.0. hutene at 350C 10
pul ses of 1 1 1- \@%erimfge fejﬁ?ﬂaﬁﬁamai’h@sb%e%es Heatalytc @ﬁtwwf%é Ene 24 at
350C VIO Q1/ 623820 fTEFANSAA BEBBIC of at least 2.

2. A crystalline silicoaluminophosphate molecular sieve comprising a porous
framework structure and a catalytically active integrated hydrocarbon co-catalyst,

wherein the catalytically active integrated hydrocarbon co-catalyst is a

HOWON =

product of a reaction of a hydrocarbon in contact with the porous framework.

3. The crystalline silicoaluminophosphate molecular sieve of claim 1,
wherein the catalytically active integrated hydrocarbon co-catalyst is a product of
a reaction of any hydrocarbon having a diameter less than a pore-mouth diameter

of the crystalline silicoaluminophosphate molecular sieve in contact with the

w» s W N =

porous framework structure.

4. The crystalline silicoaluminophosphate molecular sieve of claim 3,

2  wherein the hydrocarbon comprises an oxygenate.

1 5. The crystalline silicoaluminophosphate molecular sieve of any of the
2 preceding claims, wherein the silicoaluminophosphate has a catalytic activity

3  index for methanol conversion at 250°C of at least 10.

6. The crystalline silicoaluminophosphate molecular sieve of any of the
2 preceding claims, wherein the catalytically active integrated hydrocarbon co-

catalyst comprises 0.1 to 23 weight percent single ring aromatics.

7. The crystalline silicoaluminophosphate molecular sieve of any of the
preceding claims, wherein the catalytically active integrated hydrocarbon co-

catalyst is remains active after being exposed to air at room temperature for 12

HOWON =

hours or after being subjected to heating at 450°C for 0.5 hour.



-25- What Is Cained: 1 1. A crystalline silicoalum nophosphate nol ecul ar
sieve conprising a porous 2 framework structure and a catalytically active
i nt egr at a¥o hyex3grar bon co-catal yst, 3 wherein the silicortDwsaphasphat e
has a catalytic activity index for 4 nmethanol conversion at 250C of at
least 2. 1 2. A crystalline silicoal urRdephosphat e nol ecul ar si eve
conprising a porous 2 framework structure and a catalytically active

i nt egrat ed hydrocarbon co-cat al yst 3 wherein the catalytically active

integrated h dro rbon co-cat al is a 4 product of a feactjon of a
hydr ocar bon 8 ﬁ?é&“ g sikigRg Y PeRfosphay R}ars‘f"%OEWeo fthg st al i ne

silicoal ym 'ib?éﬁé@ﬁ@'&?atlﬁs Rh&EH 'tl‘i’vsr mﬁédaa\iﬁm% plidsphdie i‘nole%ul’é(?@xre% s skldGted

catalyticall'y actrve |ntegrate hy rocarbon co-catalyst is a product of 3
a reactidn dfonathe grguly caaistingoh3APQeH, $ANBeS APOL Hs SAPERR N6, S ARP-ETnout h

contact it WARE TS SAVER. sR RS T ey S SRR S o T The © "
si | icoal gm sAH®APhSAROMI, SARIOR42, ssmwaAlP@mm SAPO256)ies @bfal t he
hydrocarbon conprises an oxyg enate. 1 5. The crystal l'ine

si i coal Bimi opleBspmiorms ﬁ‘tﬁf%tfmnéilrm%‘ﬂg%th@feoﬁny of the 2 preceding clains,
wherein the silicoal um nophosphate has a catalytic activity 3 index for
met hanol ;coryer si

si licoal um %ophosﬁ St?fgf)gocrﬁllteg?&slne&gée%% foddd CkRE%nggdﬁr@cecf?ng cl ai s,
wherei n 2he coaipablyxgmcr.ajrsitglhm:snhmlummeghc&pbaie modhcotaalsllewoﬁmy & tbat al yst
corrpriseﬁ 0.1 t 23 V\Blﬁ B ercent single ring aromatics. 1 7. The

crystal | Pne P§F4® ’(I,‘gé’llad??‘? Bé)'ﬁ Wdf5t e nol ecul ar sieve of any of the 2

precedi ng clains, wherein the catalytically active integrated hydrocarbon
co- 3 cagal yist | saxh@ﬂﬁidrtﬂ?mmg/@ @éﬁxegrotdabtrfgmﬂwaﬁ%énm faddstork, room
terrperature for 12 4 hours or after being subjected to heating at 450C for
0.5 hour2 \\OOOWFiSM882 PCT/ USO1/ 06011 -26 1 8. The crystalline

si |'i coal ym nopho ,Rg cl ai ns,
wherein ? he sili c%gg@wn% ﬁg%géﬁg{néb%sﬁgggIngdrwcsu?afé\?reeg?g%geé g@ts Feyéll@ 3 fromthe
group codsi dtamegvark sW@eﬁvltlﬁd\EﬁcharﬁiﬁP@cbmdltﬁMébﬁye ABON b Jeast a

5  integrated hydrocarbon co-catalyst within the porous framework, and

contacting the silicoaluminophosphate molecular sieve containing the

6
7  integrated hydrocarbon co-catalyst with an oxygenate feedstock under conditions
8 effective to convert the feedstock to the olefin product,

9

wherein the silicoaluminophosphate has a catalytic activity index for

10  methanol conversion at 250°C of at least 2.

11.  The method of claim 10, wherein the silicoaluminophosphate has a

N

catalytic activity index for methanol conversion at 250°C of at least 10.

12.  The method of claim 10 or claim 11, wherein the catalytically active
integrated hydrocarboh co-catalyst is a product of a reaction of any hydrocarbon
having a diameter less than a pore-mouth diameter of the crystalline

silicoaluminophosphate molecular sieve in contact with the porous framework

W B W N e

structure.

ot

13. The method of any one of claims 10 to 12, wherein the catalytically active
2  integrated hydrocarbon co-catalyst comprises 0.1 to 23 weight percent single ring

aromatics.



4 SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37, 5 SAPO 40,
SAPO- 41, SAPO 42, SAPO 44, SAPO- 47, SAPO-56, the netal 6 containing forns
t her eof , ve@dr/em3s1 ures thereof. 1 9. A catal yst for converPChgSameonygenat e
feedstock to an olefin product 2 conprising a crystalline -

si li coal um nophosphat e nol ecul ar sieveypf any of the 3 preceding clains
and a binder. 1 10. A nethod of making an ol efin product from an oxygenate
feedstock, 2 conprising: 3 contacting a silicoal um nophosphate nol ecul ar
si eve having a porous 4 framework structure with a hydrocarbon at

condi ti ohs é#f ecThymethodiadany ane pielgimsal 0 t& L2nwhepett thel higrocarban bon

co- cat alé/st %trhien ;tlrgg %glrtoeus framework, and 6 contacting the

silicoalum ﬁ%pﬂéssﬁﬁat &0 Scul ar si eve contai ni ng the 7 integrated

hydr ocar bon co-catal yst with an oxygenate feedstock under conditions 8

ef fective t 05conTae incthod dfaagdsheoRclhienst Idestoddeivherejir thel uathlytiBaliynastioen t he
silicoal um nophos@}aﬁie hgs a cat]al ty,ti cC activjty._i nl():Iex for ?Hlo nmet hanol
conver sion Hfegrafgdhydrogaropr garatelystyis fqmaihactiygpRgbeRes SfRSH ORI Hherei n t he
si |icoalym W%@%&eff@m@ho&s 6B Whing sBGELE t/ndaBHE Yt A50oCriBE B3NO!
conversion at 250C of at least 10. 1 12. "The nmethod of "claim 10 or claim
11, wher4i nhotre catal ytically active 2 integrated hydrocarbon co-catal yst
is a product of a reaction of any hydrocarbon 3 having a dianeter |ess

t han a ppre-pout ianeter. of th rystal.line i 14 coal um nophosphate

nol ecul a silg'Se ?Hg&? ° c(ffa\%'tohegﬁéa%%sr@utg 1%?‘3’%%%& : 5 structure. 1 13.
The net hod eificedlymindphesphateandteculdt sieve 1Lselouiel feom thidygroaptensystingalfl y acti ve
2 integrated hydrocarbon co-catalyst conprises 0.1 to 23 wei ght percent

i ngl o 11 ng SATCES TR O ts SARB Bk B2 CpeAPOS: FOBOLIS, SAPO20TSAPBrC ot hod
of any ope I 0 AP ¢ I IYGI( _ r4oSes an
oxygenatg. ?i’lm%’ én%???dﬁ? angé’ﬁgpgpqépé?%?&?g%qjg) ﬁ’?%ﬁgrétezfsn t he

cat al yt i Tal SAPOe44,\SAPQ-477n$ APOaice thenyetrlommtdiming fmmsaberkyfs and mixtereai ns

active aéte[[hel?&lfng exposed to air at

17.  An olefin product made according to the method of any one of claims 10

2 toleé.

1 18. A method of making an integrated hydrocarbon co-catalyst, comprising:

2 preparing an silicoaluminophosphate molecular sieve having a porous

3 framework structure and .

4 contacting said silicoaluminophosphate with a hydrocarbon at conditions
5  effective to form at least said integrated hydrocarbon co-catalyst within the porous
6 framework, |

7 wherein said silicoaluminophosphate comprising said integrated

8  hydrocarbon co-catalyst has a catalytic activity index for methanol conversion at
9  250°C of at least 2.

1 109 The method of claim 18, wherein said conditions effective to form at least
2  said integrated hydrocarbon co-catalyst comprises contacting a hydrocarbon

3 having a diameter less than a pore-mouth diameter of the crystalline

4  silicoaluminophosphate molecular sieve.



3 roomtenperature for 12 hours or after being subjected to heating at 450C
for 0.5 4 hour. 1 16. The nethod of any one of clains 10 to 15, wherein
the 2 silwa@onbagi nophosphat e nol ecul ar sieve is sel ected PeDESUMNBOYr Oup
consisting of 3 SAPO- 5, SAPO 8, SAPO 11, SAPO 16, SAPO 17, SAPO 18,

SAPO- 20, SAPO- 4 31, SAPO 34, SAPO 3528 SAPO- 36, SAPO 37, SAPO 40, SAPO- 41,
SAPO- 42, 5 SAPO 44, SAPO 47, SAPO 56, the netal containing fornms thereof,
and m xtures 6 thereof. 1 17. An olefin product nade according to the

met hod of any one of clainms 10 2 to 16. 1 18. A nethod of making an

i nt egr ak edZChydr Eh@mbmdmfcbandﬁywheremm ¢agitasging comprisgsdirbtng an

Structito SRR BhE ISR RE e PSR P 8O Bt RO o bon

at condi t| ons 5 effective to form at Ieast said i nt egrat ed hydr ocar bon
co-cat al ys21.wi t’mhmmtehmdpﬁ‘rctaua 20pwhemireadiffierence béteveen said higher
silicoal um noph npri Si n sai dﬁiléﬂ% @ghed 8 hydrocarbon co-catal yst

has a cat atey{pie@t taP F?‘a(f?‘ﬁﬁféﬁmf’ AR LS version at 9 250C of at
least 2. 1 19. The nethod of claim 18, wherein said conditions effective to

form aty | egpt @héﬁ‘ie%o'dfﬁf%&'ilﬁtzqdwmﬁ@hp&@ﬂ%%céBetﬁ%ﬁké{ﬂug}ﬁﬂpr' Ses
contacting a hydrocarbon 3 having a dianeter |ess than a pore-nouth

di anet & ofemperatuseysd atidilower tamppriaivsoisl atiasiopXi6sphat e nol ecul ar si eve. VWO
01/ 62382 PCT/US01/ 06011 -28 1 20 The nethod of claim 19, wherein said

contact f Ng £0 rerThg ﬁ'%tl{odro?{cla%n grteir{l]t%g ?gld‘%ﬁ%r%\n@ %%r;tg«;[w:? fnax{aw firspnd second

contacting dt a erature alm 20, wherein
a di ffezencmthﬁﬁmgmmf&&trdﬁkbngtlhafcothstoeaalpersatluec&)ndrwn&aﬂmg.I ower tenperature
is at least 10C. 1 22. The net hod of claim2l, wherein a difference between

sai d hi ghe t aid | t t .at | t 25C 1
55 Thel ethon R BRHOA 61 Rdr BAret ROk SPBHN SN FIAtERA | n satd fir st

2  temperature and said lower temperature is at least 10°C.

1 25. The method of claim 24, wherein a difference between said higher

2  temperature and said lower temperature is at least 25°C.

26.  The method of any one of claims 19 to 25, wherein the
2  silicoaluminophosphate has a catalytic activity index for methanol conversion at
3 250°C of at least 10.

1 27. The method of any one of claims 19 to 26, wherein the catalytically active
2  integrated hydrocarbon co-catalyst comprises 0.1 to 23 weight percent single ring

3 aromatics.

28.  The method of any one of claims 19 to 25, wherein the hydrocarbon

2 comprises an oxygenate.

1 29. The method of any one of claims 19 to 28, wherein the catalytically active
2  integrated hydrocarbon co-catalyst is remains active after being exposed to air at
3 room temperature for 12 hours or after being subjected to heating at 450°C for 0.5
4 hour.

1 30. The method of any one of claims 19 to 29, wherein the silicoalumino-

2  phosphate molecular sieve is selected from the group consisting of SAPO-5,



2 contacting is different fromthat contacted in said second contacting. 1
24. The nmethod of claim 23, wherein a difference between said higher 2

t enmper at we@ormissai d | ower tenperature is at |east 10C. 1peBusTHimsoret hod of
claim 24, wherein a difference between said higher 2 tenperature and said
| ower tenperature is at |east 25C. 1296. The nethod of any one of clains 19
to 25, wherein the 2 silicoal um nophosphate has a catalytic activity index
for nethanol conversion at 3 250C of at least 10. 1 27. The nethod of any

one of clains 19 to 26 ein a ticall td [ rat ed
hydr oc&r baWARQ8e 88ROy &L S(\?g)ré) lps‘%‘épé' 17, %&éiwgg’é}gﬁﬁ&%ﬁg ring 3
ar omat ics 341 5280.FN& AR R8I KPOYY SAPE-4d, JAM)-TB, SAPOCI2SAPB4ei n the
hydr ocar bon 2 conprises an oxygenat e. 29. The method of any. one of

cl ai ms519 SAPQE7, ﬂABDeiG;thdmet@g@ang&PW therepfy and mlxtnteéghea%@d hydr ocar bon
co-catalyst is remains active after being exposed to air at 3 room
tenperature for 12 hours or after being subjected to heating at 450C for
0.5 4 hour. 1 30. The nethod of any one of clainms 19 to 29, wherein the
silicoalum no- 2 phosphate nol ecul ar sieve is selected fromthe group
consi sting of SAPO-5, WD 01/62382 PCT/USO01/ 06011 -29 3 SAPO-8, SAPO 11,
SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO- 4 34, SAPO 35, SAPO 36,
SAPO- 37, SAPO 40, SAPO 41, SAPO 42, SAPO-44, 5 SAPO 47, SAPO 56, the netal
containing forns thereof, and m xtures thereof.



