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MOLECULAR SI EVES W TH HI GH SELECTI VI TY TOMRDS LI GHAT
OLEFINS I N METHANCL TO OLEFI N CONVERSI ON BACKGROUND OF
wakia703¢BNTI ON [ 0001] This invention rel ates tBCHUS2006/033525
cat al yst which exhibits high selectivity for |ow

nol ecul ar wei ght olefins in the conversion of

oxygenates to ol efins. RX?OO%]_QI The traditional nethod
IFe

of ol eMALBEBEAR PBIVES Y RERGCALVHEY T WARDS
f eedst oLl T OIHFENS AN MEREANQE FiChgLBFIN EONYERKRION
feedstocks is done through catal ytic cracking, steam

The ol ofi ns. pr oBieae Ao O Ry o e ™ e
100681, ) eGPy rORRER e ot VB iR SR ke 157

molfsulRekdighiiNHs 88 dft Raksrsfoh @ogydedfetd oléfee | nCreasi ng
prices It is advantageous to provide for other sources

[0002] et M traditiomad npatlogsloferiefin produdioalishe leraskingtdfgetroleum

| efips.can produced. from o ates.., The nost .
feedigira i QlERer Qe BT ST e PEER LB SR i dRes flropecatalyi
cradk'h{% b't%&ﬂl%ﬂacﬁfng! bV @i Hindioh'o® 'Eﬁer\‘.%l'iﬁ&félsses. ®E Blefins produced

methanol can be produced from ot her sources, including

are péreralydightoldfing suctads gldend 0PBYpyline. Fhoweds s lage market for the

. ,conyerti oxygenates to oJefins is _an i.nportan .
gt PSE todiEls SEES I A5 bhpgisncn A8 et SERopRlbom crude oil face
. t.' i o

1ncr@5§iinglfgﬁl§é§ ithis ch&iagﬂ?%ﬁsch ?k%&’é fo¥ g%hﬁlﬁo%&g ¢ Eﬁ’lgf?:g% %ﬁﬁrgpylene. It

nononers for stlics, su as ene and
is alfb&npwo tdesslefifs carbegrrbdwmgd drongeqatases el rmbst weminsonaconversion

catal ytic ocess, and the catalyst is usuall )
of oppeBatss 1 olEiien s thpafiyetion o f\fgél%/ﬁr& fign Sehagel. ayhsteds methanol
cantrl?E?I“ocﬁE@d H&R Hher sQrcbd) nchtid Mt)f_n%ss? Eﬁﬁéﬁﬁa?éﬁséZSM type

ecul ar sieves, but 'nobre particula s been
[0003jund Thérptocssslof conalting onyghiegisita biefinSARED) impoitaniupracess for

1SS0t LB Rt RO 2081, SRR e
o Sy A RIS TS ¥
oxygenates to olefins is a catalytic process, and the catalyst is usually a molecular sieve
catalyst. Among the molecular sieves that are useful for the catalytic process are ZSM-type
molecular sieves, but more particularly, it has been found that silico-aluminophosphate
(SAPO) molecular sieves work well in the process.

[0004] SAPOs are syntilesized by forming a mixture containing sources of silicon,
aluminum, and phosphorus mixed with an organic template, and then crystallizing the
molecular sieve at reaction conditions. Many factors affect the form the molecular sieve
takes, including the relative amounts of the different components, the order of mixing, the
reaction conditions, e.g. temperature and pressure and the choice of organic template.

[0005] Methods of improving oxygenate conversion provide savings and economic
advantages. One aspect for improving the conversion of oxygenates to olefins is the crystal
structure and size of the catalyst. The production of catalysts is sufficiently complex and costly
such that a production run of catalysts having a significant flaw in the crystal structure or size

can be costly in terms of money and time lost. It would be advantageous to develop methods to
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nol ecul ar sieve at reaction conditions. Many factors
affect the formthe nol ecul ar sieve takes, including
W bh@708d89d | ve anmounts of the different conponeP@BUS100€033525
order of mxing, the reaction conditions, e.g.
tenperature and pressure and the choice of organic
tenplate. [0005] Methods of inproving oxygenate
test easplysip &irgpaliy oFheltestingdan s usaddo épreserpperaithganondigiens for production
One_aspect far inprgvi.ng.the conversion of oxygenates
andf:%n&&vgﬁm‘?sanflfweﬁg?%ﬁ?ﬂ ter'f%h’ ucture and size of the

catal yst. The production of catalysts is sufficiently

conpl ex and cost| ' run of

catal ysts having %UMBH]@@H%WW?% crystal

ruc ; ; ; :

00 THE P FGyIGANIORE sl e L nFATROL Tt o frsion
Thetcatabyst carapridey 8 s8ico-atunguaphdsyhatdmeldcekt singe kaingdeSAR O34

to i ve operating condjlions for production and can o
strugilige a4 ﬁbéraacﬁ%w@a%& &18Y 31f§§%t10ﬁaaag?m AYIng Yefifrly 0 A 26 and 31.0

I The jo [ :

26 bt oY E I s SO R A N O R CRD ) Bleaflr g 0175
[00073t al yadthepaspedtHE sheansdrtion ds abrovess apingsidaiay diffka2tivh pattern of

si eve having a SAPO 34 structure, and characterized by
the mglegulansieys for Audity sentiehin temprodigtionobibs rolequlaggieye. The x-ray

SRS R 3 PR 9

of thy bk @eighsAe cdmPited, DB k¥@ME InRledufar RicREORBASE AIPédktheidhe ratio

x-rag diffraction pattern of the nol ecul ar sieve for
beloy@7pty control in the production of the nol ecul ar

heve, T - 5 dj tion tern.is .determne .

wﬂ@e péggl%ﬁré%ﬁg%’ stsa%&elgécgﬁlﬁgggpg%@ ‘?S %f(ﬁglr?dn %an@ _g%Obtamed
fronti &el foll@Winktale@Kedepadt 6f the isent. ed, and rej ecting

nmol ecul ar si eves having a peak height ratio bel ow
[0009] 75. FigoooBls amghematisrhbwity tb@t@@@ﬁ@%’bbdd deuttle sianihgs;

taiLs of,this invention can..be.obtained fromth
100415} ¥ ofiHE ischspis L S e S RrlelR faniangpis St sAPO-34
undé QB8 enfhropdr&tich dohdRiogshemati ¢ showi ng the |ayers of
tilted double six rings; [0010] Figure 2 is a
[00dd npaFiguwes sfsimulpagnsdit fixfnep diffraetiqpatatiems sorf ffersanievels of AEI

strugt{lre%'}alg)&alslﬁing; and

[0012] Figure 4 is comparison of observed XRD patterns for a commercial sample with

simulations having different levels of faulting.

DETAILED DESCRIPTION OF THE INVENTION
[0013] Improvements in the conversion of oxygenates to olefins can come from
improvements in the catalysts used in the conversioﬁ process. One area of improvement is
the improvement in the uniformity of the structure for a preferred catalyst. SAPO-34 is one
such catalyst used in the methanol to olefin (MTO) conversion process, and improvements in
the structure can yield large returns in the olefin yields.
[0014] The use of aluminosilicate and silicoaluminophosphate molecular sieves for
different processes are dependent on the structures and compositions of the molecular sieves.

The structures of the molecular sieves are analyzed by x-ray diffraction (XRD) which
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under different preparation conditions; [0011] Figure
3 is sinulations of x-ray diffraction patterns for
walpdof7esmsme | evel s of AEl structure type faultiPgr/usaede/033525
[0012] Figure 4 is conparison of observed XRD patterns
for a commercial sanple with sinulations having
different levels of faulting. DETAI LED DESCRI PTI ON OF
gendrhde xkiy BN o Rtkd]s thatpooespoedtoskriown steictoesy df waodisafvered that

oxygenates to olefins can,c ne fro i venents in
the seiectiviy Farpiylensand propyiene it ngﬁ E’é"’ew%reéart%to the
phy el bR TR s A0 E”S%%%EF% A 3%3%%&9&* IARRE) hitery the
metﬁanbhtw(ﬂéfdth picedsdedftempdrfoemed titing BAPOs3bhed majc(rMﬁ@)e component of
conver si on process, and i nprovengn e structure

the eaidlysii dbe ?}%P@%O&Ye‘?flﬂnﬁénqthpdt(}fé’r ug%nséréfg?é dds tqugbhin
s Lo T e Rl Ta PR TP AR SRR PRRBERRIA oty

The@Rorphdlog} 6TUSAROES! i8 itlperodp G ithd umEtSn athitving highedeldssf ethylene and
sieves. The structures of the nol ecul ar sieves are
prommeyqréuglb9leﬁnrs§5?0fmlm racti on (XRD) whi chgenerate '
ray f
o0 5P AR R GRS s
laye@bhﬁlt@hﬁnl@&dsli@ FRpY ([B6FE). I"ﬂhetD@ Taptrs areqieriodicdiuditling un1ts that make
rocess is related to the physical properties of
up tgpmolegulap piees. jaaf caghy l@y\eré@ﬁarbgleégaggwe d h@ytr%c@re isa stacklng of sheets
alor%ﬁl g?(sn(igddlﬁéscﬂgn %gk%%?gé&al %f?u&{lr%n,fhﬁ/g}rl 'ﬁ{aegs?]??/tg cférgtﬁ%g r%efantedf double
six tih€s. OFhed the Uayeﬂ'sfwe sRatipdothey yarDlSe @ishtateibhiddsapde direction, or in
produci ng SAPO-34 is taught in US 6,207,872 Bl i ssued
oppesitenkiiestionEAvheretE, origntatips of Heslapisdsberts yevessesk MNben g layers
are P%gntef‘e i} ' g%fle J ;]e +i0R I:cl.rr)ehl iu% %\%fan%SQA%%adk %%%gérﬁ&g and when

e USG Ieving

thePar® BYiL:RBEin 1@6 r&\le@i& diteefidrthe (l’elyeﬁthave by AHA® iﬁ]:klﬁg\E&r%@ment
is a silicoalum nophosphate nol ecul ar. sieve with a
With thad vk staeling auangemgpicthe groleacplar sigveibins €Hg structusgylype, and

with 8RB AR WA drANELSer it RAELAS FevRhab th AR YR Sre Y n the

process of making SAPO-34, the molecular sieve usually has a mixture of structure types

within the crystals, and therefore the crystals contain regions of CHA type structure and
regions of AEI type structure. A schematic showing the layers of tilted D6Rs demonstrating
the CHA structure and the AEI structure is shown in Figure 1.

[0016] Many preparations of SAPO-34 show differing diffraction patterns, and there are
often features that are dissimilar to that expected for a pure CHA structure type. For example,
Figure 2 shows x-ray diffraction patterns for a commercial sample A (top), a sample with the
CHA structure type simulated from the single crystal structure (bottom), and a sample with
fairly pure CHA structure type (middle). Explanations for the differences are that the
commercial sample contained impurities, or disordered regions, also known as faults. The
faulted structures occur when there are mixed stacking sequences of the D6R layers.

[0017] Studying the diffraction patterns for faulted materials requires consideration that

the stacking sequences can have different probabilities for occurrence in a structure. The
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up the nol ecul ar sieve, and each [ ayer has an

orientation. The structure is a stacking of sheets
wW@bkong3ashe <100> direction of the crystal struRCT/D82006/033525

with the sheets containing slanted double six rings.

When the | ayers are stacked, they can be oriented in

the sane direction, or in opposite directions where
difftah‘éoropat@msawr@ ntudfeduhmg§bﬁwwcfos$imta$iohs of diffeactied patterns. The

\{\hntheé rlente sane |ret|on t(P
mog Q%F@nﬁg taaFé’R}PH ré‘ir’]ﬁt‘%{?fa QFPe%’ﬁm ‘WllPéPilg action
1nteh§lﬁé’s tﬁétecoﬁfairﬁ%ﬁﬁ defbctsRicl &Y ﬁﬁc‘k%gdfaﬁl%‘:tfrc{? 15 ARG 3U Y fRrls,

have an ABAB ‘st acki ng arrangenent
crysstlabdiimma pure £iHye sewttuteHegpanairespinds tea @%efah]amgaarﬂfd@ystals having a

purg B St R ppaior 0o ik OFt SotipRt SEving fi expected
XRPRRESS f&fcmglgtraaué/%g&s%w goeco q@b%%%@t&yg% i éﬁg/are

a mxture of strlUcture types wthin the c
showndh Figeree?f ohethelevet pffauking inaedsas, mang gif ﬂmﬁdlﬂfac(ibprqs @emain
i.ons f AEI

relaﬁxtéqﬁgﬁ%q aeg d rlggth[eﬁge %)pg}age%¥ﬁ&ﬁ o Ct u%rpen In addition, some

BTN TS SR DS AEE £ rie
[001BAPO- Gdmphxdnonaif 2FRID ipaigerds frbmaotrinmsrcipe$ AROFBS, matetialk ethethe
re often features that are dissimlar to that

simplaisd PREGNT 6N RIOIAE estienplesstor therdegtcerof frltingin the goppmercial

fi
e S N R
simslttiorstwitlethuypetesd fou kel ethtdriabythenslanialsalid hysfitdery well.
structure_ (bottom, and a sanple with fairly pure CHA
(008 hrsicad 1By PereCRTE S mbsaI0n 94 singiaed patterhis needed to obtain a
reasghe{l%fﬁltgf&ggatﬂne (J:{sglg?%(éé ?w'ﬁeljée)%llslﬁlétexﬁﬁ rr'ﬂlhg 081%9 e§ c%ﬁx%lnaﬁon

oftef acujuirsd udihg cérﬁbinh&@s&iﬂﬂﬁﬂl%e Snata Ll with Rﬂoﬁzﬁl wvelsaif €aulting, and a
m xed, st acki ng sequences of the D6R | ayers. [0017]
morgsiggificapt anpkysigiof theaRPDagttpmss Hrvvps leasped thal nossitigle simulation fits

real %ﬁfgé weﬁ Jn%qff%trtg %b%ﬂ?? fqug @bt eCfﬂ e{tg@a]tst t{v\n) f?]#l&%léhyg/lth different

Sequences’ can have erent - provaby

levelxcefifhuleng & reduifeds tAskhbWingn Flduesd fthe athinefti @&ﬁlﬁl@% (bottom) is
were studied using software for sinulations

comypprefl gt %muk?élptl doras CHhetrugivse with HRgnAEbfaulia (@uidée) and a
mm@hﬁ: ’ ac (I‘t&tre V%H B‘Wa%]%t Rird rI?Enan segl’rfl kha!tjg € s& ngllatlon, the

enSI 11 es 't contarn
40°/<S$iﬁiihla‘ﬂ1$n,sk &ieéﬂeﬂgo fiaohd part 6itthe SAfiQerfal @ﬁhplfefsaXRD, while the other

simulation, the 5% simulation, is needed to fit another part of the commercial sample’s XRD.

This presents the problem of needing to know which levels of faulting to use in the
simulations in order to produce results for use in comparison with commercial samples. It is
also unlikely that a SAPO-34 has faulting uniformly distributed throughout the crystals, but
will have regions of low faulting and regions of high faulting, thereby making comparisons
with simulations even more complex and difficult.

[0020] The problem is identifying and using a SAPO-34 material for use in MTO
processes. A simple search of SAPO materials does not yield a straight forward technique,

and use of DIFFaX to get an estimate of faulting is complex. It was initially believed that the
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crystals having a pure CHA structure type corresponds
to a 0% faulting, and crystals having a pure AEl
W@ 200005289€ corresponds to 100% faul ti ng. DI FFapCT/US2006/033525
simul ati ons showi ng the expected XRD patterns for CHA
structure types having 0 to 100% AElI structure type
faul tjng _are sho in Figure 3. As the |level of
detqropimation f prrcprt-slellaulting yvas foa ¢eapie for sevyi iowlqsesmtation for use as a
: j iyvely unchanged, whil e other peaks
quagﬁigggﬁ{ﬁﬂgﬁcﬁfé’? and then sharpen. In addition, sone
[002Hak s Netvealpbesay it hadbeke dzthveral thanoale, SAPOBUREMbR8hatifg a high
chan in the gatt_er ns_are_conpl ex. [0018] Conpari son
fracjpn R%%%p‘*aftfwlﬁ Feeinns cuhikEs &SRE patisre madyeed peaksiag 30470 BO and
|yl at ide estimates for the .
L S B oS! B B0 oDl Ty PP R PO el 167 use in he
coniasieu f pxygdenhias tobslefing opshpldabithese faksadd ¥ low peak height ratio

conpar j ntg the results of simulations wWith that pattern
have gporslectiyigy ©r itha rrodudhien of plefins.i Bufs wheitheaetid pf the peak heights

GO combi nat | of ..
et p e B R B e BB RR RS Lty Rteoiviy or
coni@tioh ofitriethanbl ewmysebulatweRs of Pins vak RlatedBBJ084. - It was found

The conpl ex conbination often required using
that thegreaist thesatie thegppaterzhe peledivitiifer SARD-3érsonmles ewbibiingfthe peaks.

. f i i.ani f.i cant anal.ysis of the. XR
Itis &Z\%’f’telter%cpngl?t @[@ %\}\tlgbs ﬁéeglf ﬁ%lgﬂﬁs Hsa%re% r @F\Jﬁ b%ﬁe 1tds Wmedfrr:@ﬁreg) that the
ratid of eak da@ightdppleatr WRh!1. 1, and itti@ﬁlbstltp?ei_%HE@'tH&t 't?hﬁ ratio of peak heights

. reasgnable fit, at least two sinulations w
is gigpter BiaBAe3- 1 evel s of faulting is required. As shown in

hgur C rcial sanple baottom .is ared .
00730 sy TR SheRAPEL B i TR Shion o
SAHGWH tiskddwroil (B amng eﬁerﬁbl’iﬁﬁ’écﬁhilﬁg‘&ﬁ%,ﬁ@% ,F¥ed td UBPUTIRC on April

one

with 5% AEl faults. It can be seen tha
3, 1934randiisiineprpetated hywsteramoe it itsommtirdty. ool ISATO- B34 an eeferred to

t of ¢ .CO r.cial sanple: s D, while the other
rer i SRRV haR B UF %, R ot i Sobetous ey
fran@irlb Stiudd@t tof 00,1, REOTOAESIO), Mtrahadi] &hif, %BQNI%(;E leSsential empirical

presents the probl em of needing to know which | evel s
comgpsitien P pighivdreusdasipnist he sinul ations in order to

produce results for use i.p. rison with conmmerci al
sanples. It is also unli Qg}xé?yﬁ}&z a SAPO 34 has

whefm’l‘fid”% ‘i‘}lﬂ’thdg‘iz’{’ edpis¥ntthS ol ORARnd B SHAMOMmdifNen and phosphorus,
crystals u
respectively, and where x + y+z=1. The silicoaluminophosphate is also characterized by an

x-ray powder diffraction pattern having at least six peaks as set forth in Table 1.
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wi ||l have regions of |low faulting and regions of high

faul ting, thereby maki ng conparisons with simnulations
wee@n/osaspe conpl ex and difficult. [0020] The prODUSI06/E33525

identifying and using a SAPO 34 material for use in

MIO processes. A sinple search of SAPO materials does

not yield a straight forward techni que, and use of

D FFaX to get an estimate &blEdulti ng is conplex. It

was [Titiatty betievepg that—thedeterniat URelatwe
percent AEl 2@ul ting Was t despaanpl ex flor eaISE

|r’r‘p| jr_}r)ejpljé‘_a"f|r\r\ fnrgllqu as—a ru_l_alj_f\l C .
[00201] Neveti-Bébess, |t ha9. %e%ilﬁ d| scovered stvat song

SAPO-34—sanples hawi Ag—a—hi-gh—+raction—ef—CHA—

strugtur ed&%@é@ns exhi bi t§5)4F®41‘)atter ns produmed

peaks—at +—2are—3{- wWHhott—these—
r dg%i @8gd catfal yst Mof use i
Y

peaks do ¥oed>- éW\éys P
t he eonverst+or—of frates—to—otefins—or—sanptes
withlt hes@oééﬁﬁ)s‘) and b | ow4p@a4<251e| ght| rati omhéve poor
sel ectrvit e oduction—of —otefims—But-—when
the fati o2 %(;P St2et peak hei gRtY-hak gr eat er thawso. 75,
for motecuf STEeve[tavi d /—\I"U- A stTucture, the
sel ecti vi t339 ?%67conversi ort: }hanol| to I oW-s
nol ecular wei ght— of ef TS Was greater than 80% T Wwas
3pundyt NangbRecar !
100253 120} Bingb oAb IRl At th et Bl S616e porameter 20
is subject ® iptiehemarand mathanival ¢redr] which ipeakbineti@htas i m@ose an

greater than O- it is nore referredthat the ratio
unceﬁalrﬁ)é 9k R @h@@g rgpog%&@é«afu@h ﬁhlsmertaaw i§ gls¢ magfest in Vthe values

of tﬁ%rae%%[ifngg vﬁlﬂ%& %lierl:glcﬁ?a'iédofir 2O a?\?e'sg g rél&tl\g:rlﬁféhﬁﬁ?s of the d-

ven w erences, there

spadingzundiadicafed biymokaaions v, mT{?vemﬁ vepwhiah represeht vaifPEréid, strong,
iis known in the art, as exenplified in US 4, 440,871 ,
mediugg, jigrliagd Yoy Veak 16speaysly: 3, 1984, and is

[Oﬂiélxgg g%‘iﬁ{e&ﬁar%evre% %{1? Qtﬁtﬁtdrg h’ag & coqﬂlgdsftﬁ)tryfoulll@mgtﬁg ?e@x?elry diagram

at \)U T Ao

referre erern
for silidonq88)] phvisplagre ghaideal nminei (ail) Whérehbéarﬁount of silicon has a mole

fracégr;, %gfrgllmgas é]j? {:a?éal tmgglggr?t ro% gﬁlm%gr?lthgé a ];r{o?engx\gt{olﬁ ¥y, from 0.01 to
0.6; and the amount of phosphorus has a mole fraction, z, from 0.01 to 0.52.

[0025] While the composition can encompass a larger domain, it is preferred that the
mole fractions of silicon, aluminum and phosphorus fall into a smaller domain. A preferred
range for the mole fraction x, of silicon is from 0.02 to 0.25; the mole fraction y, of aluminum
is from 0.37 to 0.6; and the mole fraction z, of phosphorus is from 0.27 to 0.49.

[0026]  The testing of samples of SAPO-34 molecular sieve can be performed using XRD
analysis of the samples. Rather than doing a full analysis through the use of DIFFaX, an
analysis of the peak heights at 30.7° 26 and 31.0° 26 can be performed. The peak heights can
be measured, a ratio computed, and a determination made of whether the sample meets an

acceptable preselected value. A minimum preselected value is 0.75 for the peak height ratio,

with a preferred value of 0.9, a more preferred value of 1.1, and a most preferred value of 1.3.
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", and Si Q2 tetrahedral units, and whose essentia
enpirical conposition on an anhydrous basis is:

W@ Biobb2s» ) 2 where "x", "y" and "z" represent PCTESI006/@33525
fractions of silicon, alum num and phosphorus,
respectively, and where x + y + z = 1. The
si |l i coal um nophosphate i s also characterized by an

When thg yarpphgeibavedienk g@@hﬁ 1gHopbalewithe nraselastpdatalues thetmelesular sieve is

aggks as set forth in Table 1.Table 1 [0023] As is

understood by those skilled in the art the

[00218t er For@inpln nddetihf Or ReadiBE e pfédeletied WRIRGY pbak RSN ratio, a

human and mechanical error, which in conbina?ion can

quidkrphedlecanrbeupadsrie ansrg thet the XRD ofthesamplecgrbitiits eaks in the ranges
. 4 Jhi ' [ . i f ' h
T e

[0028]€ 2K¥H486n frdMehd RIRA bfkBmipRS 8AShd 1188 fRffeddBSck in the process of
dspaci ngs are indicated by notations vs, s, m w and

making asbi RO-3dephersiwrohangss yn proeessigg tesipeatiaye, mlativeiamowesf silicon,

and ve weak respectively. [0024] A nol ecul.ar sieve
atorpSip 5 BBt A8 O KTers SBOPE B OB Gl o e made to
impidve AR ualiyd@ AR A@p-38i | i con (Si), phosphorus (P), and
al um num (Al') where the anount of silicon has a nole
fraction, x, fromO0.01 to 0.98; the anmount of al um num
has a nole fraction, vy, fEXFQ\&L to 0.6; and the
anmount of phosphorus has a nole fraction, z, fromO0.01
[00299 O.BiZ: preRO28 catdlyist is atIAP@Gdwath the greararsetset oiPaS $hedproduction
|Larger donmin, Ini is preferred that_ the nole fractions
of ey led prcBrpyIhe; heutelesHYIth Was primpased With the preks rgfios computed for
€ Qgﬂm;n. A preferred range for the nole
%m¢$§t??%h X, of siliconis from0.02 to 0.25; the nole
fraction y, of alum numisTablem 0.37 to 0.6; and the
nol e fraetien—2z—ofphosphorus s from0.27 to 0,49,
[ 0026] Saimplet esti ng of | SAeniveg, %f SAPP&k Raileecul ar

Si eve rean—be—pertorred—usi-ng—xRb—anatysis—of—the

reje

e e NS Omg oL anpdss i ough he
20 an@231.0 than be ﬁék$orned. The b&2R hei ghts car

3 83.1 1.14

4 82.9 1.10

5 82.2 1.06

6 80.9 0.92

7 80.0 0.76

8 1744 0.32

[0030]  From Table 2, for a desired selectivity value of greater than 82%, catalysts exhibit
a peak ratio greater than 1.06.
[0031]  While the invention has been described with what are presently considered the

preferred embodiments, it is to be understood that the invention is not limited to the disclosed



be neasured, a ratio conputed, and a determ nation
made of whether the sanple neets an acceptable
w@e@3mebxet ed val ue. A mni mum presel ect ed val UBCT/BSDINFE33525
for the peak height ratio, with a preferred val ue of
0.9, a nore preferred value of 1.1, and a nost
referred yal.ue of 1.3 .Wien the sanpl es have peak
em‘ﬁoéﬁ"ﬁ?ﬂts’ ?’&E ¥g§n@g$W CREr ?fé@’éll’%@t@amﬁ)%ﬂ and eqpiyalent arrangements
inclﬁ@écﬁ@iﬂlﬁiﬁ&hﬁc@f!@of'tﬁe %ﬁkﬁ&éd%?aim[;_oozﬂ For sanpl es
nmeeti ng or exceedi ng the presel ected val ue of peak
hei ght ratio, a quick check can be nmade to ensure that
the XRD of the sanple exhibits peaks in the ranges
listed in Table 1 to ensure that the sanple neets the
criteria of a SAPO-34. [0028] Information fromthe XRD
of sanples can be used for feedback in the process of
maki ng a SAPO 34, wherein changes in processing
tenperature, relative anmounts of silicon, alum num and
phosphorus, as well as relative anmbunts of organic
tenpl ates can be nade to i nprove the quality of the
SAPO 34. EXAMPLE [0029] The preferred catalyst is a
SAPO- 34 with the greatest selectivity for the
producti on of ethylene and propyl ene. The selectivity
was conpared with the peak ratios conputed for each
SAPO- 34 sanple. Table 2 [0030] From Table 2, for a
desired selectivity value of greater than 82%
catal ysts exhibit a peak ratio greater than 1.06.
[0031] Wile the invention has been described with
what are presently considered the preferred
enbodi nents, it is to be understood that the invention
is not limted to the disclosedenbodi nents, but it is
intended to cover various nodifications and equi val ent
arrangenents included within the scope of the appended
claims. CLAIMS: 1. A silico-al um nophosphate nol ecul ar
si eve having a SAPO 34 structure characterized by a
rati o of peak heights, fromthe x-ray diffraction
pattern, for the peaks at 30.7 20 and
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31.0 2Qof the silico-alum nophosphate, wherein the
ratio is greater than 0.75. 2. The nol ecul ar sieve of
W@ b@osB9mherein the ratio is greater than 0. 9PCBUSIHNE033525
nol ecul ar sieve of clains 1 or 2 wherein the ratio is
greater than 1.1. 4. The nvol ecul ar sieve of clains 1,
3 wherein the ratio is greater than 1.3. 5. The
CL/%%\Z%CUI ar sieve of clains 1, 2, 3 or 4 wherein the

r hav n
LT SRS MO SLYIAChE'| S2E0 28 BRI Bhctrie
by akatip aﬁpmélebgmls lﬁ@lrrﬁthle\keray diffracioni ;%&eﬁl?forfthlﬂf ﬁé&kb Bt 3020 B and
6. The nol ecul ar sieve of clains 1, 2, 3, 4

31. (br295§fﬂeﬁ %lilﬁ%ralemmnh@ﬁ%teawwneub@alrajm in gpstatss ﬁkﬁathe75
2. Nk A1l YTRURE 1268 TRARIH B A% AN, ADINALOYS and
C|ne as| s expresse Yy an enpi 1a of:

3, (snmﬁio;mu)@gleweefenanns:'x r 2 s/hedeih thekaiof is afdated thaf1. Bi
and has a_ value fromO. 01 to 0.98, "y" Is the nole
4.t die maodeeube sigve ahelaimas].2 ard \Mla;ermnélm Btiois greater than 13"

5, | sfgé %l&gda? sfe(lggi_}:l%ﬂns {l 2, gﬁ rh%lse vaI @gﬂa%rgsinﬂgﬁ }urﬁlgr

chagtierged 8 Iﬁvﬁ@@ﬂd@iay@i@ﬂﬂa&ﬁ(ﬁi Meﬁﬂkﬁt@&lgﬁ\ka@&h@ Q-Phtings and relative
structure and CHA structure. 7. The nol ecul ar Sieve of

intepyitigspeblondrdiabletlhe nole fraction "x" is from0.02 to

0.25, the rmle_fralclztlilon Tgiﬁlf(}fromo 37 to 0-6, and
the nole fraction "z" is fr 27 to 0. 49.
20 d-spacing Iljlii[sli"’c;

9.45-9.65 9.36-9.17 S-VS
16.0-16.2 5.54-5.47 w-m
17.85-18.15 4.97-4.89 W-$
20.55-20.9 4.32-4.25 m-vs
24.95-25 4 3.57-3.51 W-s
30.5-30.7 2.931-2.912 W-$

6.  The molecular sieve of claims 1, 2, 3, 4 or 5 further comprising a silico-
aluminophosphate having a framework composition on an anhydrous and calcined basis
expressed by an empirical formula of:

(SixAlyP,)O,
wherein “x” is the mole fraction of Si and has a value from 0.01 to 0.98, “y” is the mole
fraction of Al and has a value from 0.01 to 0.6, “z” is the mole fraction of P and has a value
from 0.01 to 0.52, and x +y + z = 1, and wherein the molecular sieve is a product comprising
SAPOs having an AEI structure and CHA structure.
7. The molecular sieve of claim 6 wherein the mole fraction “x” is from 0.02 to 0.25, the

mole fraction “y” is from 0.37 to 0.6, and the mole fraction “z” is from 0.27 to 0.49.



