;e3e\ XY 6FTqdr Y 22 JAN 2003 PROCESSES FOR MANUFACTURE OF MOLECULAR Sl EVES
Thi s inventj to nol ecul ar sieves and processes 5 for their
nangfactur%ﬂﬂﬂﬂﬂﬁmﬁmﬁa*iaIIy it relates to processes in which s&ﬁtﬂﬂéﬂ@

m xtures a control process coqditions and product
characteristic%¥ie i nvention relates primarily to the manufacture of
phosphorus contai ning nol ecular sieves. 10 It is well-known that seeding a
nol ecul ar sieve synthesis m xture frequently has beneficial effects, for
exanpl e i n control | PRGCESSESaFORC MANIFACTIRE BE MOIATTLARAGIEYESY t he need
for an organic tenplate, accelerating synthesis, and inproving the

proportion of product that is of 15 the intended_structure type. In U S
Patent No. 4 440TB¥%, 1PNETpreparstRrbASoFCaMALRBEL 25 SpRESPhBPHSPEBRESSESNg

ol ecul ais SkgyeenL sy dRaARLEREE BN hbrbsesbatedyibal st beratustabl i zation
procedure may be tacilitated by stirring, or othef noderate 20 agitation of
t he synt hespsonexsasejnowhlbyhsegdihgsis mikbhuregstaksseédelfietnoteculral

sieve to be produced or.one of a.to ologicaklﬁ sinilar.struc& re. The

pat ent partPEﬁFﬁ?chaﬁgéFF88§ BPSCBEQQE Fof tha“hahuPhtttre Ofnumerous
crystal |l i ne; f,6h0POHOHSE1 2Besi birépak UM, NeBherRhALAE FASOREESHf i PRLYBHBG S -
SAPO- 34, enpl oying sources of silicon (e. g., a silica sol), alumnium (e.

g., hydrat edorFainanantokeae)arafédeppdsphorus (e. g., orthophosphoric
acid), d an organi L f X etr i hydr oxi de
(TEACH)?%isopropg a%?n%gg?Pg éﬁ? g%agrQgpgg?%r%p@?%ﬁ%ggg?ggkgggThe pat ent,

t he di scl ossyertbésibi mhxtarenéoegoeated hysrpeépetnceahecéfactgi vésrX-ray
diffraction data_for the SAP? s and describes their utiljities in catalysis
and absor pt F¥ATPLe 1B SOBARPIBHBI2ENE RAETABW bBEASS BhinE EhBFOdHFENt ages

result fromd{Besusg fheCALLA! €8} sRCHPgLR: ENEABNUERCT HELLOERRORBNON US

synthesis, and improving the proportion of product that is of
15 the intended structure type.

In U.S. Patent No. 4 440 871, the preparation of a
number of phosphorus-containing molecular sieves is
described, and it is stated that the crystallization
procedure may be facilitated by stirring, or other moderate

20 agitation of the synthesis mixture, or by seeding it with
crystals of the molecular sieve to be produced or one of a
topologically similar structure.

The patent particularly describes processes for the
manufacture of numerous crystalline microporous

25 silicoaluminophosphates (SAPO’s) including SAPO-34, employing
sources of gilicon (e.g., a silica sol), aluminium (e.g.,
hydrated aluminium oxide), and phosphorus (e.g.,
orthophosphoric acid), and an organic template, for example
tetraethylammonium hydroxide (TEAOH), isopropylamine (iPxrNH;)

30 or di-n-propylamine (DPA). The patent, the disclosure of
which is incorporated by reference herein, gives X-ray
diffraction data for the SAPO’s and describes their utilities

in catalysis and absorption.

AR
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contalnlng nmol ecul ar sieves. The present invention accordingly prOV|des in
a first 5 aspect a process for the manufacture of a crystalline ng e@mﬁﬂm
si eve containing phosphorus in its framework, which process conpr g
treating a synthesis mxture conpri sing ebenents necessary to formthe
phosphor us- cont ai ni ng nol ecul ar sieve and col | oidal crystalline nol ecul ar
sieve 10 seeds fot hasinewahdeatfaum@n@@a@l&d@aappgeprrasaltoftﬂmnuﬂhﬁ
desired nol ecul ar EZ i has surp r|5|qﬁ % g so been_fo hat the seed
crystal s naVSBeOSfcﬁ PraRt uPECES pE ot #F SFRRLLFTOHFERRE B OFP °F&SiT ed

mol ecul ar spgueaiRUEH G6EEENTapBY1bed egarded as 15 "heterostructural”,
wher eas seeding with seeds of the sane structure type is terned

"isostructural ", TRRePHeFEBF ABYERREOR @SBRI NS Yt RECYARESCIRpOsiftlinst

(i.e., caqnt e,s Lenmepts ho 4 gggi e rei
crystalllq‘ﬂegl‘r;rgieep §P§F§V§ tg b%hpr %ﬁ% ; % V@gre ?ﬁggggg tll;l%re of a
structure typeedilberenevéroontadsengfphdspliesisednnbtsciiramesioeke, which
advant ageously the seeds and the desired nol ecul ar sieves are topologically

simlar, foPr@§§ﬁﬁl%OﬁPélﬁ%ﬁbEF§a6$n$h% %ﬁkf@ﬁsb?oWbXBFrﬁaF€WP§P§lT§E

descrlbed i Q- h e e i ,
Smt h, Chemgl §§HQ%9§gbéggxrg4 5a?&?%$éb?ﬂ%h%?%§$%§%rgogﬁéﬁhlgh reV|ew

article is motecpbant edeher end bgll@déabnneYsﬂhblﬁﬁE:ﬁo@eouhamnehedes

t | freti Ch d L trugt t hi
Speci {1 & | BROGENECT of b YRE 1 RCUF b 4 yRE PS04 taBHE T REERE L &okCo LGR2L i 0

in the Strugtdieedymreldthdsr £eelétes 17, 1996. The present invention
accordingly provides in a second aspect a process for the nmanufacture of a
crystalline nDIeéhl%?Ss?%VEréﬁhPﬁihl%kF?WR%%%o@%%n@ntF?§ fhemeweck, which

Y, 22 JAé&gQQélérﬁ Lsgs ?ﬁorus - S é‘e&iff.g} Lur e coMpELS

el enents necessary to orm a phos ai ni ng nn ecul'ar 'sieve of a
first structhéedéspeeanﬂobethbadaé1émﬁfxﬁmeh seéedbngerdycbystrabarafed as

second, different, structur for atine 5 sufficient and at a
t enper atidr e’ Bﬁb?ﬁ%??ﬁ?%t?ﬁa nﬁ?ﬁﬁgi%l%% I YR BFeBReCfi F8E SAMfcture

type. structure type is termed “isostructural”, whether or not the
seeds are of the same composition (i.e., contain the same
elements in the same proportions) as the crystalline
molecular sieve to be produced.

20 Where the seeds are of a structure type different from
those of the desired molecular sieve, advantageously the
seeds and the desired molecular sieves are topologically
similar, for example are members of the ABC-6 group of
materials, as described in "Topochemistry of Zeolites and

25 Related Materials”, J.V. Smith, Chem. Rev. 1988, 88, 149 at
167, the disclosure of which review article is incorporated
herein by reference. The ABC-6 group includes, inter alia,
the Offretite, Chabazite and Levyne structures.

As used in this specification, the term “structure type”

30 is used in the sense described in the Structure Type Atlas,
Zeolites 17, 1996.

The present invention accordingly provides in a second
aspect a process for the manufacture of a crystalline

molecular sieve containing phosphorus in its framework, which



In .further aspects, the invention provides the use, in the synthesis of a
phosphorus-contai ning crystal line nol ecul ar sieve, of colloidal szzd 3
crystal$ to control the 10 particle size of the product, or to ac r@Wé@%
the formation of the product, or both to @ontrol the particle size and
accelerate the formation of the product. As the phosphorus-containing

mol ecul ar sFewpsis@ShErpREpABed BYNERES b oubXese ofonhs iFARENElemerttrer e

b ' i | umi d .
i1 coal um RBBROSAALI B8 CAEhes s SRt TR T BT PR el rudaze £ 98 ©5rmy

be mentioned gpretespeacallby tppbecahdrcsibyddadimbbectladChlike®et Herss CHA
and LEV. As seeds, there may for exanple be used crystals of structure type
LEV, OFF, 20r¥RBaEmaciag §ﬁ§%¢@icdh%§%¥$%ﬁs $orpet uERdtYPRer é OFmyR Heime

menti oned LeyRees&stt 40q Shapasihber L retdboraoel; $ABC 34 e Ihe yfeds used

in the present 1 nvention may be obtal ned by nethods described herein or
known in theocadétubardesevebell fimetherst t eratctere 26yManuf act ure of
OFF-structure tyge gegghcrygtals in_particular coIIoing C%B%gtite seeds,
may be carried otf BEEr FHREC T | TR HAY TR ABhPY ¢8EFo USfp 1R
97/ 03020, whhkesgdthablie Of ogesibSShorns! et Siehgi Esyetagyntiesi s

m xtures and hydrothermal treatnment, for the manufacture of LEV- and 30
CHA- structupéeeyperceysyal schrecdestidbeteeth B/ AL 819480 920490110he370,

500 and 0 S FthrsReS. 05 030 HHT oty et LT or > Cear o Ap L ior !

di scl osur eso6f tht| pobdubt choarisot ncos posat sl byha eperencteheneien.and
Manuf act ure of 4 2 2 JAN 2003 CHA- and LEV-structure type seed crystals
i s advant agBBaei§Traarr FBY HotMalki ekt i bRe PFPYRMEt exanpl es bel ow. Apart

fromthe presencgsofné hﬁhé@ﬁﬁ’&ruéf@oM@iﬁPﬁ&%éﬁh&HIQr%@QvE@ tRe gy esent

invention is typically one that 5 is known Tn the art or as described in
the |iteratbrerasedubYabhe pPrecehzeprobiucis oinvint henporbeykamayi dee

concer neq. S ] I h e I C ifi at ment, except

t hat théqbrégég%éﬁ% ?ﬁgésgs S %%%B%aéiﬁﬁﬁéégﬁééﬁﬁﬁggée%égtion of reaction
times or mayibbydalemshophomohated hatad Oexenel o hef wsseubeaeesaiiped n
general, the treatnent of the synthesis m xture to yield the desired

phosphor us- BBAEAFRT ngReF§sTaY | Pheneml derfArmereRSPastal 1y redpsylar
hydr ot her mal; €8t JENE e t BOHGN 314 | Chbds thigd 4,88 r‘lﬁ*l??“'ﬁlsbée:é?%q Qi h-d or

treatnents 1 n which there 15 I's vapour-phase water present,
advant ageoushy ftarrésxdmple bedesedutogeals @f essunetuter typanplEd i RN

be. pt1 o nefe THET B8 RN hb T OF CXb @, Phe Rhrr | BHCBN maY £ o
t enper at ur emght honed hBevange pEM{4HM Sabasiten) agedustyte and SAPO-34.
The seeds used in the present invention may be obtained
by methods described herein or known in the a¥rt or described
in the literature.

25 Manufacture of OFF-structure type seed crystals, in
particular colloidal Offretite seeds, may be carried out as
described in International Application No. WO 97/03020, while
suitable procedures, including details of synthesis mixtures
and hydrothermal treatment, for the manufacture of LEV- and

30 CHA- structure type crystals are described in EP-A-91048,
91049, 107 370, 143 642 and U.S. Patent No. 4 495 303 (for
LEV) and GB-A-868 846 and 2 061 500 and U.S. Patents Nos. 3
030 181 and 4 544 538 (for CHA), the disclosures of all of

which are incorporated by reference herein. Manufacture of



20 from 90, especially 120, to 250C, depending on the nol ecul ar sieve being
made. The treatnment may, for exanple, be carried out for a period {3t ANNTD003
t he range of from20 to 200 hours, preferably up to 100 hours, again
dependi ng e5n the nol ecul ar sieve being farned. The procedure may include
an ageing 25 period, either at roomtenperature or, preferably, at a
noder at el y @kvated kEVpetELGEere be¥BReSERE KISt Ml ad et hageowslnor e
el evat ed t enperat ur T. y.ln d ri f_gradual or

st epw se va‘??’é :f%% (?%tt%%p%%{:ﬁgggﬁhFg%llécgr)(taagﬁ%éasg%eﬁcoa ions, the
treatnent is carxp®gt ofto the spreséngeobfwitte radeais ngHehesywesisedi about a
hori zontal axis (tumbling). For other applications, static hydrothernal
treatment iBrprererveed iR He’ipEASeRhe lBYRINLNSs If XORiE rengtihated or
tumbl ed quri NG AR,k NET Bhe afe 2ol AN 28032 RN SO difie salidg, sl age. T or
exanpl e, “fromroomtenperature to an elevated, e.g., the fina r eat ment ,

t enper at ur esuatsbbe Stattlece forodhet t emabfidethe Agileatulon general dyngsogugces
a product with a s | er particle_size and a narrower particle 5 size

di stributi ofthah® stat? chydrdthef Hhl CPPe&OREHE Ofife YeddS &I Yenet st T8
present in ¢her syl heséSeMtXtHf echd 3eE£QBCERALN atdian Rfs i it 1000,

advant ageously at nost 3000, nore advantageously at nost 1500, and

pref erabl y wedwesion 00D, reatieln et enabl pramaypsibVaGl.e &d Mostg pref erabl y
10 at t 350 p tal weight of the syntheses m xture. A
m ni rrum@ee‘éﬁ' n% ?@/%f@%ggrg%%‘%g%%gl ppb (0.001 ppm, advantageously at

| east 0.1, nore nivageriegedust ye at régasent, odnd Her efyeraligh aatmileaste 1 ppm
based on the total weight of the synthesis m xture. Advantageous ranges of
15 proport i bielare'd ri¢ff1red RoPsPNpFefsrabitg 100 & r50® L larfe fstecular

preferabl y 400,40 2501 AP o heq CoL4LbHRL FEIIT UL AMANAIGU Yo racery
i ncorporated I n the synthesis mxt{lre In the formof a suspenston,

advant ageousthat i rean siguebdisberedsad) opll gf oabltyragdtn@ant sori r2 Ovlanoit helieté qui d
corrponen;S of the sah/n; esi s m'¢ture. Lesg pr.ef e;%flblgg tr%e%}/ rigy be added in
dry, but>not® iR e 43T nftEr i R BEFPEved St At ATTHET oh SHont§F cant 1 y
reduces theyg@éi Valiodnon®l presystal | Ebes eb@ngle ah sEdRit St 1A+ | ForNY

ot her treatnment that reduces the seeding activity of 25 materials should be
avoi ded. AsEXaBRL et ef FR1RHRSE eF heelcalFoicdalve WiHeh dsed off ddessrbsilm,
refers to [ L i ng disg Ln digy,d 1td cl ' edd ny
conti nuous??%%?gﬁ?)%a'se and p%g‘%‘g?égl I;3“L‘l¥éf gjls %%us’pﬁi%@ﬁ%@ &é& @
stabl e, in & heespersztthatwiohinstbéersagar atfi dnr@0 5dt,c wrdsr aort apathuehy

forms, in a period sufficient for the use intended, advantageously for at

| east | 80 nb¥e atilarnt ROl Y at2PeakP 260°Br efl8PEPAY NGt CPeddte B0, CAHGY
nore prefer Ye &t Sta 00, Thou i ent t%ﬁ%@@a‘“ 2 ) o
JAtJ 2003 6 e na%ﬁmas(?ze %? t%geggrrntg?% es ‘for the SUSF%G%I'S%%% %%r%le%%i n
stabl e (peppuzefhr va | pexiopdnditbisonbeextegte af ttheimr Hhape,2©h hdersat ure

and pH of the cont.inuous med] as_wel I._as on, the period during which the
suspensi on %%gelfae%:&f 'S %%aJDr;)‘Q bPRr§endfar? (AP '%rﬁrhiﬁé‘?lsrﬁ% SRt be
| am advant apeesishyih@Oorme€. adynat pgeeeshit Ay pireflelabl 3n e 1 T e
preferably 200, and nost preferably 100, nm The particles nmay be of

spheri caP, RoFiffarciflRl 2bfFPAT PPEPEFELVUTS Heed e iGTRIeLY - Vere
particles apgiplatel télé’\.rraégdn@%ﬂ%?at‘iﬁ%,d'H@EbSL‘é)rEHéafkﬂFche@tﬁé’rﬁélt hei r
smal | est di mension. The m nimum di hension I's such that the particles do not
di ssol ve ortreathasbl e horéhelevdiam tenmpamtwre/st dHe nidyteheyayust
contain at |east_ a snmall _$I urality, a vantas%eous.l 15 at_|east.two,
preferabl y +8afuden? tPeEied 9 ?ﬁédeﬁgs%. ﬁ?ewﬁﬁl%ivrﬂﬁﬁ%tajr??cjr% size is in
general 5, pgvpetagepssly 10, and preferably 20, nm Mean particle sizes
are generally in the range 5 to_1000, advantageously 10 to 300, nore
advant agousi y 1B0F¥ ocQubaimndPpléfacapng 20-he BrrRtTaRt 2bS AB9BAL 8geBUs! v
at | east 50% t agegusly I 809, and. efe '

| east 95% B%/tﬁﬁg lergy‘g? ?ﬁegggh fglkggqg%te graner t%ﬁ?‘ﬁ% éiégghﬁlpﬁ}gﬁ%,
smal | er thaaxihe(tumbling). For other applications, static

hydrothermal treatment is preferred. If desired, the

synthesis mixture may be stirred or tumbled during an initial



grven maxima, or within the given ranges of particle size. Measurenents of
particle size may be effected by el ectron 25 nicroscopy, for exahplJANU&ng
a Philips SEM 515 unit. |If the product is desired in small particle size
form a |arger nunber of smaller sized seeds is desirably enployed. The
smaller the particle size of the seeds, the | ower the weight percentage

that is effeeti vef dhe KeySimd Ssesge 30fadvanampeelskyont rbbRdr bRberhPEre
synthesis mxture for a tine sufficient to provide a uniform dispersion,
this time bednpdebevrieed, ptidari tyeohinad Vreabweny, ofembersynraesand

general |y TPom S0 Sacias s Sotaratt s, Aot b5 S bBARREA P bubBRg Al p,

t he inventi®rodi®yiwtish i carskbsr apdrusesei 8inbi ghdcal hardalbekbBYastiuteure
type seeds are used in the manufacture of a_phosphorus-containing
crystal | Pnesif etif e 1 R1telRn Bhan cob#bi daPyY<tichRrtTah bFeREVERRY be

obt ai ned by synthesizi e %}EEV%éﬁéygiié{/epH!Q&ﬁHDiﬁc%érs§1é1€}685w mixture

hydr ot hermal treatnent of an dppropriate synthesis mxtu and separating
t he productird romdrisersyrd thiest sofn wp ute, 1 0@8h| ngdvaet pgeduslly andmoecoveri ng

the resulting wash 10 |igquid. Exanples of the LEV str ctur%\ t ge i ncl ude
Levyne, NU-Z0&K e A EREO- 35. "Rk Lol f oi AR §’éé Vaprk

especi al |y sdiid a0 ! andre0Vhaeker €¥ st @l At nRo P! 666l aEngi R¥8SE Qie}%@@a%
structure 15 type. Exanples of such CHA naterials are SAPO-, AlPO-, APCO- ,

MeAPSO- 1 0EI APS®starith EITAPO -REEetidorspeei aPtyl t HerebkreSpbhdi agntBasas
materials. didliese Lol At Kol ephgsears) MBINGShUML1 1IN, phhofy Gobal L,
m Xtures of any t orm)esa é?e

ni ckel , manganese, chrom um or ment s.
CHA 20 st r ysdnir e dadypntsepsdsusiay at sbedet ugell, i nosgnétieshsagbotbegeat

materials. LEV and structure type seeds may be used in the synthesis of

SAPO-, Al Pol-?a%AEPo%?‘A‘?\/ePAﬁ%%Jfa%MP%Q 1afe" Bt APCPPHat BPPEFsOBf “Pfet REY

structure tyP&yhteoM-thd Es%méﬁeé@é ef iRt Sre WeLgvanPREEL 8! r!aﬁgégL gered to
e

as, for exanple, a 25 SAPO material, this termnology includes t
possi bi LBt yprdperbideis ivrmalfrxdenkente 2890 beppeeseablyelPheroi h50he and

f ramewor k onqogtt rbe:re‘:'%esxeam% 1id”b t@g f%? gér%pussed bel ow, of Ni - SAPQO.

The colloidal seeds are advantageously incorporated in
the synthesis mixture in the form of a suspension,
advantageously in an aqueous medium, preferably water, or

20 another liquid component of the synthesis mixture. Less
preferably they may be added in dry, but no£ calcined, form.
It is believed that calcination significantly reduces the
activity of small crystallites to act as seeds; similarly
any other treatment that reduces the seeding activity of

25 materials should be avoided. As used herein, the term
“*colloidal”, when used of a suspension, refers to one
containing discrete finely divided particles dispersed in a
continuous liquid phase and preferably refers to a suspension
that is stable, in the sense that no visible separation

30 occurs or sediment forms, in a period sufficient for the use
intended, advantageously for at least 10, more advantageously

at least 20, preferably at least 100, and more preferably at

least 500, hours at ambient temperature (23°C).



Arong these materials, SAPO 34 has been found to have considerable utility
in catal ysing the conversion of nethanol 30 to light olefins, pri r,j%,”m3
those with 2 to 4 carbon atons (see, for exanple, U S. Patent No. a

308, also incorporated by reference hereind. It would be of value to be
able to increase the proportion of ethylene in the product. 2 2 JAN 2003
a The present i nvEm in\axianoorstizglof dllso gamnvidess of gur odes ssdigpetditon to
manuf acture of SAPO- 34 .in i ch the percentage area contribution of _
Broonat ed aci eyt AR S hPHR LT o SPEHE (R SHR(PEHITS % ThasE
30% 5 advanipgeousdy tie leasirO@ha g o efirr akint Aludeaste 80K, D¥sAwe11

procedure in which the synthesis mxture contains colloidal crystalline
mol ecul ar sids/ Ol rihg ey 1qth during rwleimio dihfe RUSP T c@htRYRE aremain
contribution i st 95% re especi,all%%/, the inventjon further

at
provi des 2 HFFTtess T FEIHE marfdi et SSASHSON Whith R T ses

treating a synidasdgediatb e Navidie: adRRageRIROS) td @), apapri st e 19
SAPC- 34 formation ag:led al sy(l‘)I cont ai ni ng col | gi dal F-type, C 3A—typ}§,£o§'
LEV-type sedétbns ywiefley,abbdy afitagauid ot nrede ety A& sinre. dfhat nost 400
nm for a 15 tine -and at tempergture suffjcient to forms$ 34. The
process of tﬁ?ertilncvleen imga iebse coz;rpg)a %eerolfcaéroﬁo iuﬁg‘agA(P(i%il’ i Th the

particle sizadtseldt meat kel e tdRapslyantageeUPar ticlmstaf: S Mitelers or
Advant ageously the particle size distribution is such that 80 % (by nunber)

of the 2P pargiey fhe RN iIAn weffented foars Ithed ¥ ierespect, the

i nvention prﬂ\ﬁilé}%sicgq_process for the conversion of an oxygenate, especially
nmet hanol, to ol efins which conprises contacting the oxygenate with a

catal yst under cdrheemsiromuwordindronison tike seathalbfstt ddwp mast tnige 25 SAP134

duced i d i th the.invention. The ol efj duced are. .
Bvant ageoustyF TT G 51 ¢ R =iy (i th T8 B8 Lindul e G Sy Tt i £

m xture of wWHeh nalsd easic HlPodyy Meighta corlal BIfuRMik 0 £4-Eaithofe 8L OIF.
Referring now nore especially to the Broensted acid site 30 aspect of the
i nventi ok iat ikL3Rd iYeRed ARG RI Y HOumy éititor e h@d ithe erestahy
theoretical gansidgr, 3%) 1 : r jdidy 4.8, 4 i_n,the
catal ytic activi tl?/’,ﬁngnts[ﬂp Cl atlj]t{}qalt nst’lgziey?esﬁg?itg%gle%%e]f i§n' calo(%(/éerm %1&?% yall:)'
nol ecul ar siasgndk, praafedalidly & 0volrecul Measi peetiin lwhiledhere 23éhaiN 2P03n9

bri dged hydroxyl groups represent hi gh proportion of_ the hydroxyl groups
in the crystt%é/vﬁ%geng\/ézoa%rﬂoé)h ééf‘ﬁﬂttg‘iﬂe%%ﬁrya-]roeot%r?aﬂ%/si O a highly
active produ@dvaitddfeeddivents e (RS CrdRe $ s A e gratdiodso Ofnm.

measurenent in 5 nore detail in the Exanples below) shows that in the
SAPO 34 TH AeHiaH 296006 1o 000G agh B0% wiPealkslvait amrm st B59Eapt 1, are

ange from SFa TEB0S0 et WR &6 e aned t AL S O Tand P O
groups on ampassttierlesl at® Jwdadesr drhaon tde igitvemalindiefeectsmaller than the
given maxima, or within the given ranges of Particle size.
Measurements of particle size may be effected by electron
25 microscopy, for exampie using a Philips SEM 515 unit.
If the product is desired in small particle size form, a
larger number of smaller sized seeds is desirably employed.
The smaller the particle size of the seeds, the lower the
weight percentage that is effective. The crystals are
30 advantageously stirred into the synthesis mixture for a time
sufficient to provide a uniform dispersion, this time being
dependent primarily on the viscosity of the synthesis
mixture, and also on the scale and type of the equipment, but

ranging generally from 30 seconds to 10 minutes.



A-further IR spectrumcharacteristic associated with catalytic activity is
a high peak intensity in the T-O asymetric stretch region, at 105@2qm”y 0
cm1, intensity being indicated by both height and sharpness, i.e., a hig
15 level of internal crystallinity. It ig accordingly believed that a
correlation exists between high internal ‘crystallinity, or crystal
perfection, and i risQut | t (o] al CH
content of the #gFgr?%F%eg%l&Q?tﬁgg,9§Eéﬁg§§§nﬁafgﬁd%§n§ﬁg¥%§f&%§f%§%Iar

si eves, theigeat dinywhd chictdoliliojidahdLBY abt tucyuve aypevisepds a3APQS8d ai® i n
general terns greater the sgalleg t he Earticlg size. The hesis m xture
for producit§ £ agRUTE: GdiPn §RPEPRREIP nGRRFAOR 1Ry &R B has a

mol ar conpegiildRN.araRdkke25 fromthe col |l oi dal seeds, within the follow ng
ranges: P205 . A1203 0.9 to 1.2 . Z Si02 . A1203 0.05 to 0.4 . 1 H20.
A1203 105to0 1002 cpligidedetsheperpian apf obE¥nmayt BappPiteingdy &yt ageously
tetraethyl a ni_um_hydr Qxi dj p ke (DRA).,. LSopropyl am ne
or norphoH%¥§ qﬁﬁﬁgl x%u}%%b%IE§b o?en%fég %éﬂgkﬁkgrzggkobb uch

t enpl at es, Hydratpreapalt taeaapehopot ade dppyopidaSAPEyd4heh ipr efierhertk,
tenplate m xture conpr.i ses. TEACH and A. In a particuylarly advantageous
enbodinenta@ﬂ'@ﬁ@aFggéﬁﬁiGﬁetﬁéogyﬁthg%@ ﬁgﬁtﬁ§8t§8§éﬁtgﬁéﬁﬁﬁgy contains a
5 source of,Jm®ligly itheelhetRilcs, gARCLLALYYranG 6HR YhkL1WBLR| W e
especially nickel’. A convenient source of the netal is a water-sol uble
salt, fbe éxamilkde the nitrate. The netal is advantageously present in a

nol ar proportion_calcul ated ide_relative, to Al2 ithin the r of
0.001 to o. 05, %&aﬁpg 3r§§l§%%.8ég %r%§63§¥Tﬁgp%ré giggkogeﬁpgﬁﬁllgﬂﬁgnces

t he cat al ytgxe 2aGt izgMt-¥ satanldedapPol Bs oxygenat e conversion. QG her suitable
Goup VIII nmetals include Fe and Co, while other suitable netals include
M, Cr, Cu, zn, IR, cpilgddazr LEYheeedar2E: 8FPERéAHaYerldltabksy U any of

those in 1%:%%@@ cr-dbkcie gk AesetiPed Lh.tbe Lit enat vid S%Sr_ugg%mi{g

preparation of the synthesis mxture. The Invention al so provi
product 5 oftyplee pEsempses afidsovfht @A usesevial hearvar BAEO-aspd@Cs- of the

i nvention. T rogu i f Lred af ati gn_exchange .2Q .and/.or
calcining,Mﬁg%ggutgﬁgk§oé$ gg?%??étaﬁgééﬁég r§? cat I??P Flggéiée i ati on
and absor ptdoarespdndinghepsammatespels al | ynuskésk Forfmwdaequelhydr ocar bon
conversions, separations and absorptions. They be used alone, or in

m .
adnixture\ﬁqpﬁeﬁfﬁéﬁ WﬁB@@&P&PlSFé@%s,l¥9npaFPP€&¥atBlFﬁﬁ%y XISttt ed or
unsuppor t ek Qi benfi QL m-ak afsgxpg%sdokaa«sge EQEneXamleRdd tdgs form

of a nmenbrane, for exanple as desc ed In Internationalqﬁppllcatlon WO
94/ 251520 Idydugtarbonypenvgeedisonsy i atsadee fisedexanplerhesdskiofy,these
reform ng, hydrofining tihzation, oligoperisatign, 30 isonerization,
dewaxi ng, an eﬁﬁ&?%cra%ﬁ?ﬁég?etég,S%%%%% ggtgﬁP%gﬁ?eoFepﬁﬁéPehfﬁﬁ%% '

| ower nol eclleakywehgbt shydr gaaobonsl pal kKyMeabon, Meapsal-kylFaRNF®D- and

di sproportionation or Lsgnerization of aronaticsg. Q her, conver si ons

i ncl ude t h&LlAPP-2M3ReF15663011 LheakEY Rt BRCRFEBhBYB W £ %ol efilis ahtl t he

conver si on f @X%geNaiBarko Nt QEREPOPS . referred to as, for example, a
25 SAPO material, this tefminology includes the possibility that

additional elements may be present, either in the framework
or otherwise, as in the case discussed below, of Ni-SAPO.
Among these materials, SAPO-34 has been found to have

considerable utility in catalysing the conversion of methanol

30 to light olefins, primarily those with 2 to 4 carbon atoms
(see, for example, U.S. Patent No. 5 126 308, also
incorporated by reference herein). It would be of value to
be able to increase the proportion of ethylene in the

product.



Conversion of oxygenates may be carried out with the oxygenate, e.g.,

met hanol, in the liquid or, preferably, the 5 vapour phase, in b %ch ar
preferably, continuous node. When carried out in continuous node; dAN\éﬂ%ht
hourly space velocity (WHSV) based on oxygenate, of advantageously 1 to
1000, preferably 1 to 100, hour-1 may conveniently be used. An el evated
tenperature i s g8heraregenbqinyedtienopegrrdimdobnvhse RErvEdes od rat es,
e.g., one between_ 3 a 6 ' ably &reM-400. t o0 ,500C, d nore
preferably 55%%%?58% E‘ﬁg gg&FgéEL%y%eS?‘rﬂ;#}?xﬁ% ‘B%l, ot_Fﬁ% dynami c,
e.g., fluidpeedentagoviapga beftribatasygefabedaeratdsédckeimys beesi xedepet h a
diluent, 15 inert under the reaction conditions, e.g., argon, nitrogen,
carbon di oxt88alnhQ%r858a, 18r tReedfn SPRELEYAC &M rad-‘tijg?ﬁ%'f thanol in the
feedstream DRy MALYe¥LEE,YarC18asc f EBE, Saha %Qer@fam SeMe QL 18y, by
feedstock. The preSsure ay vary within a w de range, e.g., from

at nospheri cat pr&668dkPa. i0whiheh f ohé omynghEsamspimasit ure whortta pas t sohl @i dyl
wei ght unl ess oth {WI se indicated, .illustrate.the invention.. The source and
BUrity of SEAVEFRLNBECTPAFSILPE PREYE FFYEFodiven, nlcbs $1i cat od

ot herwi se. 2BpbEianPhes] Jbirseokagpl rihl ushkaties:dien ruaciese ofsa
LEV-type zeolite of particle size suitable for use as seeds in the

manuf act ure, i nt¥era| earesiaphpsphbrusi¥entaion gy arTevieds® apl ecul ar

si eves. 4l j g I of. =sedinkim-a um 1 L _ Nobel ,
35 v A1 203, PAToE R F s, TR RO BTGe ot e ar ol Ui Ry T AT Baker
98.6 % andtbes&Biparassphtpesassnirthydr brvdag BakeslaB7canBds wet en

di ssolved in 151. 06 2.2 Jg)g{féogs 2 ‘garts of \&te]{ and heated to boiling
until a cl eAPPEGPEIFbR HRE Thed-CRPREEF CBobM g+ T r'our 3 E¥MRT at ur e,

wat er | 0ss wes1608RENSAL edyps P 1AM PRLUL ben 1AV 248 S0 dad ter-Pi £04 | 0i dal
silica (Ludox HS40, 40 % Si1 02) were mxed with 5 Z06. 12 parts of choline
chl ori de (RadrRukagePeshY ngf aN¢RBcRAstAESS, SaF@ SU 1AL ofP L atliednmi t for a
stirrin t. Lngr [ p he v] It e ther with 190
parts o?ls?i %ggv\g{%r?9m§xﬁﬁgp§€ae%u§%ntgﬁﬁgli%)é %r C}%&ﬁ%éﬂ?ﬁﬁm es. The
nmol ar conposi ti ohheasrodOsad. 85 Na@0ifvEAtK2d: QA AIRE I SO Add8d R 155
H20. To 290 parts of this mxture, 0.49 parts of conventional LEV zeolite
seeds were 888ed34ahd WhighpteetiPansielredire &if - diRYel @weS Where it was
heated in a 120C oven fox 144 hours. _The product was washed, recovered_by
Cont 111 gi nGTZREE TR DY eFhi BREE b - 3206: | ThESSASRAS ComgF | S ISher49]
aggregates @f zEr@Mm2riBudién ~i8 sHBHEcHAL0601Q0 (MY PALdBLt LSor Wikd an X-ray
diffraction pattern (XRD) of ZSM 45, a zeolite 20 of LEV-type structure, as
descri bed | paEPi AL d©7a B¢ Ow{ Mdim | 310 Theopr odactnewas. used as seeds in the

next stage, in which ga?g}b%arts of sod'hum,al um nat e, 10.],3% arts of sodium

hydr oxi de, 2.96 _{)‘ér?s t BFPUAT hy BPEX BE S AP 7 R 15t ¢ s> BT ARERF wer e
treated as ggsCthdesorboreidb® $OrfhaoePhEhheR 2% dbe S Uiy Qe FhaRS1 t hes
added to a mxture of 142.42 parts of colloidal silica and 55.5 parts of
chol i ne chl et¢8Ens t WabtheFoMPY hS@90c0DtpaELBT0ithe MveyaRnate anttlhri xed as
descri bed a it i 1] f rt h | S :
The reacti OQQ%;”E%%‘% e&mggfhgg%%ggogncgaggﬁﬁ (;gc S:{vg’f% C%ZJOAC})?o? %%ﬁ%%?ga

t he prodisct SRECoVererodycadsimngeccoedanckugint ark diywenrge 1@vi ng an XRD
simlar to that of the first stage. The second sugpernat ant. of the shi ng

procedure was not’¢lehfiiBRPRIAUGEPHREE 2EVERHASSRS FouhtFRh prehins.
di spersion Wi tPnhaceolsdeoCcrat @RlePEtdod ¥h olefin mixture of which at

least 50% by weight contain from 2 to 4 carbon atoms.

Referring now more especially to the Broensted acid site
30 aspect of the invention, it is believed (without the
invention being limited by any theoretical considerations)
that the Broensted acidity is important in the catalytic
activity, especially in oxygenate to olefin conversion, of a

molecular sieve, and that a molecular sieve in which the



13 2 2, JAN 2003 Anal ysis by scanning el ectron m croscopy (SEM and XRD
showed 100 nm unaggregated crystals with a ZSM 45 structure, LEY smei}ure
type. 5 Exanple 2 This exanple illustrates the nmanufacture of a gh ite
di spersion suitable for use, in turn, for seeding zn SAPO 34 manuf acture.
The seeds were prepared as follows: 10 A synthesis m xture was prepared as
descri bed i i A ceptitha e

col | oi dal s%fi‘??%acrir] %ﬁ%rﬁ%%n%égﬁ%%%ﬁgﬁfegf ?hglggc%ﬁgﬁgiﬁi@a ro}nggrlrjf;'l el
was used, abtydrereli gyoursyeln ofh®. aBgsbylwiidht havessl hdgh Tesivdsded
synthesis mxgure was_heated in.a stainless steel 1 oglcaye for 96 hours
21200 wi FREER PR ST R off B ete B2 T TRet o PRumEpatEboBrarRe by
centrifugi ngne&de doyi (@esdthad aRDipat taenmeehbaspefidmegst@eddMc4sn The
first supernatant was_not clear and yielded, after centrifuging at 11000

rpm and BurfPEe GRERI holn atle sheamrbes wpehowsl BRSWS0 LSt dRt tREsHAPEF 34
crystals of _size about nm shgwi ng the product to.be Z 5, .a LEV
structure-t%er‘i%b‘??te%&%glmi%@ %s'prtg“f?ar s dsriFed 3 Eéérﬁ?l el
using the fghlloWiRg EREPRNEAt Seat irdde RHQREr 1L OOSXSHOWE: s 2R NaOHsBdw 68 KOH

28.73 AL(OH)3 (Alcoa, 99.3 9 15.73 H20 190 . 3 0 30 300.23 parts of
col | oi dal shwflear apfl BFBABNPAthe BINGAL EXroNePdSPotiPedSRAt 6Ma mwWhech ang

O L B T e v i T L

2003 1410hesunfare conpasidn ointodridle dgfichesis m xture was: 3.8 Naz0:1.12
K20: 0.5 A1203:10_ 51 02:161 H20, with 927 ggm seeds. .S The sgnt hesis m xture
was heated in anfattoctel el ¥ RV WerN3rAGLFEISEAT AEFACAAHES ¥itPhat

t enper at ur ec4 05196 oaksi vy efs COOh{igE, pEAR caBEABL +of 1hhenhautael ave, a

m | ky suspension, was washed five times with demneralized water 10 and
cent ri f ugedasymmeD0L ¢ pAs refelerreakdmg atsafpPetpPol IXRDCAND SEMensidy

remai nder . I edj spe to f col ] oi dal ' st.ahl e qver, several
days. with BELET; LEREL2eE |0y (04 HERLLE! AR %85?E¥e’ggf’odt&c?'$h8\/\§lﬁ to be
chabasi g, Wetdl sofinidtosrapardéredtea sl z@it90 x 400immactbrBxanmplebd1Thived
exanple illustrates the manufacture of SAPO 34 of snall ggrticle size and

uni f orm si z JF st r‘?‘?)’if‘_f‘?lcﬁ]‘?l% %%ﬁ/‘?ﬁ hefwerrxipe wakeprepared fromthe
foll owi ng coppenent snity ! her RELPOFd1 0pSrgheWion, and a high contribution

of Broensted OR groups to the total OH content of the
material.

20 Further, in common with many other molecular sieves, the
catalytic activity and stability of activity of SAPO-34 are
in general terms greater the smaller the particle size.

The synthesis mixture for producing SAPG-34 according to
the invention advantageously has a molar composition, apart

25 from the colloidal seeas, within the following ranges:

P5>0¢g : A1203 0.9 to 1.2 : 1
Si0; : Al,0; 0.05 to 0.4 : 1
H,0 : A1203 10 to 100 : 1

30
together with an organic template, advantageously
tetraethylammonium hydroxide (TEAOH), dipropylamine (DPA),

isopropylamine or morpholine, or a mixture of two or more



2 2 JAPJ 2003 15 Sol ution Conponent Proportion A A1203 (Pural SH Condea

75% 68:18
Col | oi dal
Chem cal ,

H20 100 . 02 5 H H3POq (Acros, 85% 115.52 H20, 80.27 C

Silica (Ludox AS40) 22.73 H20, rinse 10.20 10 D TEACH (EasAg0]
40% 182.85 E DPA (Fluka) 80.23,15 F Seeds, 4.6 W.% LEV 31.9S

Slurry A was prepared in a mxer, and Sol Ution B added, when a viscous

solution regybhedenpfil®led €a¥ RO ppo3eliWn APprepr8sitd Yo %?irﬂ'lr&“s%?‘?o—zﬂ 84

parts of rinse water were added. 20 After m Xing the paste for 6 m nutes,

was added, Aanpreifesdedortempliatet o8 xpafrer ecagdilsgsSFEMORrdd DRfon adding E

with 70.72

f i i h f d. Af f h 3
i s rixtng. 378 SRR HSHRGANB AR R st il 0

further 10

o oog Fhehes ofi Xiheg syt heeeds mt x2hree aavaatdedeolizg Y1t LiGEPQsi ti on
Was. .

P205 : 0. 3. SiOz : TEAOH : 1 . 6 DPA: 56 HzO + 1860 ppm by

wei ght LBV sevdse 3¢ Teéaddddeqlgarnigs Kkemecdatdy 60 Gromns VI T8Cah a
stainless stgel %%?%%"%Vil?y Heyeal 1 dproduet, W Re0vRr e e meray
washed t NS 1B

centrifugation, e imes with water to a conductivity o
~.s/tm andadwiedratol2®Te XRDtandoSERxshpled thepurie r8ARO 34ry aditctl Wid h

crystals between 0.2 2 JAN 2003 16 and 1.3 ~tm with a few crystals
Dot voon 2 ShBTSBERESeHETY s B SRARty SFs o AUHLEk: BHOR B S Sr i e A%

conposi ti ongxAk203e1 4@ ived t9 R209, .wikhird $heS v

synthesis m xture was prepared fromthe follow ng conponents in the

propor t l@nspshdarabdyl @t-i08/CEPp8néat PRS0 PriE6RROAAPI0 B iCkRur sinteBmrleshd 5

% 68. 06H201 B (LACLQS; %.11 i ncl udi n A

O P s e M o S Tg S Lot e e MRS

( East er nChesuté abbl40 GHpLB3 VITH2 e tbil BS @43111d30 EBPANGFI0dk a )81 10 tthex | Nse

.26.27 Slurry A \ﬁgg aneepared in a mxer, and Solution B added, 35 when a
u

vi scous mni xBurEd

and nmixed for 2 ghaukewRekote afdi RA-SPliwisonal Wai ghwasy mped iy, for 5
m nutes. Wien E was added, two phases were forneéd. Aftér a further 15
m nut es 1% xtagmareisdalisg legndgessdbedniixt the RéserasareThesAMmayltdre

conposition \A@ﬁéréq:ﬁg X '37f0%'h%' % %!t%éI%AO_"S{%UQePPA: 52 H20. 2 2 JAN 2003
u vi-ded,

17 The syntlﬁlés

ITt
$7S0 i on was and o Sne sanple a 6.4 %slurry of

CHA zeolite, prepaeednazndeser aled pRrokiaae ehsd, pwasiuaddedt g ve a
seedi ng |l evel 410 ppm the other 5 sanple renmaining unseeded.

20

25

30

processes and of the uses of the earlier aspects of the
invention. The products, if required after cation exchange
and/or calcining, have utility as catalyst precursors,
catalysts, and separation and absorption media. They are
especially useful in numerous hydrocarbon conversions,
separations and absorptions. They may be us&d alone, or in
admixture with other molecular sieves, in particulate form,
supported or unsupporﬁed, or in the form of a supported
layer, for example in the form of a membrane, for example as
described in International Application WO 94/25151.
Hydrocarbon conversions include, for example, cracking,
reforming, hydrofining, aromatization, oligomerisation,
isomerization, dewaxing, and hydrocracking (e.g., naphtha to
light olefins, higher to lower molecular weight hydrocarbons,
alkylation, transalkylation, disproportionation or

isomerization of aromatics). Other conversions include the

C

dige S 10, Gosigbl @rogmnner a

&@lsprnst uRexMRg 3r 6umi At e¥9. SAuEsh 2 was added,



The unseeded sanple was heated in a stainless stee7_ autoclave at 175C for
60 hours. The seeded sanpl e was divided, one part being heated, w,.thout
stirring, in a ptfe lined autoclave for 60 hours at 175C, and t he 2t Hgt 2003
being 10 heated with tunbling in a stainlgss steel autoclave for 60 hours
at 175C . The sanples were allowed to cool, and the product recovered by
washi ng andrgiyt 1h adf 12066hd Ik adikticadeSing Rue tIAPQHIF TGt o fas
obtained, with a nolar chem cal 15 constitution and crystal sizes as

fol l ows: UregreRted X® hydrappilans. 0.33 Si02, 1 to 10 ~m Seeded, 20

static: A1203 . 05 . 0. .02, 0 1.5 . : d:
A1203 . 0.91 P20§°’§%‘?%’§éi°c§,é~g¥égé%eﬁq "%‘é}%ﬁ'e "%err%‘el’r ﬂsg&gfq?le‘%ce cryst al
size and sigeydgkisdtre pbut igpn, ofetseablng in tthec dlilauiidhlomchahasi ¢ ealseedst Ree

apparent, especially when cqombined with tunbling. Exanple 4 30 This exanple
i |1 ust r abesVIRRIURIAC cott FHH" G r SFPLETSbdds ISP HEURIRMBRI%r e of
SAPO-34. Then ool L oidadg At etd teahudhePaiced 2% desigHdad iy Fxapple 2 of
W 2 2 JI~-N 2~0~ is 97/03020. A synthesis mxture was prepared as

descri bed ivelRxan e(WFHSWi thagdte droldxygiengteol @f esiypodiadentsimM2D3te P205
. 0.3 Si02 TEAQH .. 1.6 DPA .. 5 0, 5 To this S d a portion of a
5.36 % sol ijdosoggé N erc%]l}f)ﬁdatlotj}f r’ethlotué: SITJar¥yC c‘fv(;'/s?%ﬁ?g%?’zgebgﬁg\%'loo
nn) to gi veara skped il | saederndc 08 ipp e nkdydrnatyheramali deceataresht ang pr oduct
recovery were carried out as described in Exanple 3. 10 The product

obt ai ned0wasC PPl SAFINGY S e grdras clee Isi-zengf hatywsatesl S Weiard ned ¢1G),
between 0.2 and 1.3 \ﬁtm with a few grystals between 2 and 3 ~. m present.
Conpar at | vePESERARI A A0 SmA%CT | pOdt PRt EsPrRECEER LYt ahsidteriad eV,
contan nat eghai L1y Sore: QGdy 83d t8 4 15548003 mputackure; Jo dhe sane

synt hesi s ?nﬂ}dure prepareayfor luse inl Exanple 4 were a eldc'a LEV powder in
a proportiohlwpdigad ar seedideveted20 of 217 ppm The powder was m xed into

t he synthesis mxture gel shaki he gel in.a | y.pr.opyl bottle for
2 mnutes. Hydrother? ?I}ate)%et efﬁésark%ﬁ FEqube f“é‘@c(?\?ée)r‘yyl%}\'br% ‘%gflr“?%%l' out as
descri bed im&@npded. tHheriaditt siRuasSARORA, addh t hei tBdgenty of
the crystals of size between

carbon dioxide, hydrogen, or steam. The concentration of
methanol in the feedstream may vary widely, e.g., from 5 to
90 mole per cent of the feedstock. The pressure may vary

within a wide range, e.g., from atmospheric to 500 kPa.
20 The following Examples, in which parts are by weight
- unless otherwise indicated, illustrate the invention. The
source and purity of starting materials are those first

. . . . -
given, unless indicated otherwise.

25 Example 1

This example illustrates the manufacture of a LEV-type
zeolite of particle size suitable for use as seeds in the
manufacture, inter alia, of phosphorus-containing crystalline

30 molecular sieves.

In a first stage, 15.95 parts of sodium aluminate
(Dynamit Nobel, 53 % Al,0;, 41 % Na»O, 6 % Hx0), 19.95 parts
of sodium hydroxide (Baker, 98.6 %) and 5.58 parts of

potassium hydroxide (Baker, 87.4 %) were dissolved in 151.06



25 0.5 and 2.5 Vim Conparison of this exanple with Exanple 4 iéqriMJﬂ&f
col | oi'dal seeds at approximately the sanme weight ratio yield s

crystals. - Exanple 5 30 In this exanple, the effect of seeding on N -SAPO
34 manuf acture was exam ned. The synthesil m xture was prepared as in
Exanpl e 3, except that sufficient nickel nitrate (N (NO3) 26H20, Fl uka)
was added tpasbé u@f dﬂatéelfo ang @eaﬁﬁ‘d 200 hoiling Hndyidt esilean )&Q.lﬂ-é'-l(ﬁn

ol ar CoerOSI Li - K0 Lol ed%l; %9%{008 cefPE N Qe TEAQH ec}ecass

DPA: SO H20"28 TRE™ i X ure was di Vi art one élng se
w th CHA sl wasycofipehnsatsad ) dmcﬁmntrerﬂolmmmskedl ng?IOe\Bﬂ pArt40SHpm The
seeded and unseede sa ]es e each heated in. a stainless steel autoclave

for 60 hour8Catoy ?*mﬁsﬁ%e B otiuRi Q2 eV BT FeRdvEFel i thashed,

and dried afo40;4206G 4 %p%%pﬁ@@sahpoPM@ BAPOr341iahase Mahd @CAMe &Sl s
wi th nolar chem cal constitutions and crystal sizes as follows: Unseeded:

A1203 : 0. 88aP2p5and CBCBBJ‘SL@ A a)idmﬂON:NLl@ subrring BC “mSemsdady ArR031 .
0.84 P205 . 0.31 S|02 2 N| 5 um. . 20 ain, the benefit of
seedi ng I’ BF ollE i SR T er SR (SOSRTAF BNt tnd Rad i b TR as
descri bed apgver yweafiex £x@nt et ctryhtdiﬁliih?@ f@flscfamadi-TlsRntlmLﬁ%tsabl i Sfhe
their crystal quality and Broensted acidity. The IR spectra were obtained

ina 25 conW@h@¥dmmPQﬁ£ﬁﬂQQHﬂﬁﬁaIure DRI FT cell using KBr diluted sanples
(about 4,s sanple in dry KBr), the sanples being dehydrated before testing
at 200 to 30dC under vacuum The spectra, obtained using 64 scans at 4 cm1
resol ution, were.#ndNaSed @ KGORAUSSI Ah2QorleENtYi Qur Hebk® R oleeteyan ne 30

| ocations and rel ative areas and shapes. The spectra of the seeded and
unseeded products of the exanple were inspected in the regi on between wave

nunbers 1400 andrd OOfkeparedtbt hen T8I peaks, abt & bbphatdle df0 ddram@uordnalt 0
stretching were neasured. |In the Tabl e bel ow are set out 2 2 JAN 2003 20
the centre }B¥azedhiste p%%?@%éi’%ﬁﬁ SARA peakd v dBAFPAE, tHangfegracthea mee

b h Seeded . 110 /51
Tran) 15087 aleb8fale 8 e s Tl Gedbodl b 18090385080 530018 0 F6%8 P00 6

The seeded ppaphbfodiass wass Ivwa SRS efdcdvored ey Tabhe r ibudialy e kighast
and shar pest peaks, and hence the hi ghest

overnight at 120°C. The product comprised spherical

aggregates of from 2 to 2.5 um, made up of ~100 nm particles,
with an X-ray diffraction pattern (XRD) of ZSM-45, a zeolite
20 of LEV-type structure, as described in EP-A-107 370 (Mobil).
The product was used as seeds in the next stage, in
which 8.38 parts of sodium aluminate, 10.53 parts of sodium
hydroxide, 2.96 parts of potassium hydroxidef and 78.95 parts
of water were treated as described above to form a Solution
25 A. Solution A was then added to a mixture of 142.42 parts
of colloidal silica and 55.5 parts of choline chloride,
together with 100.00 parts of rinse water and mixed as
described above, with the addition of 0.68 parts of the first

stage seeds. The reaction mixture was heated in an

30 autoclave at 120°C for 174 hours, the product recovered by
washing, centrifuging and drying having an XRD similar to
that of the first stage. The second supernatant of the
washing procedure was not clear, and had a pH of 10.3. It

0

was found to be a dispersion with a solids content of 2.3 %.



10 intérnal crystallinity. The sole figure of the acconpanying draw ngs
shows the regi on between wave nunbers 3800 and 3450 cm 1. Referring nowto
the figure, the locations) heights and mﬁféhs of the main peaks ? JAN 2003
attributable to the bridged hydroxyl 15 groups are shown for the sanpl es.

The band at 20.1Ls,at Ll LSt ur S i,n

8- nenber ed %ﬁ%gggﬁﬁin %%%ﬁHgﬁgC%gggggéﬁabﬁgﬁgﬁgggg?J%gﬁ@ﬁt%ﬁggﬁgidghowed

I nteracti ng~%5hn&1r§H§%‘ﬁf§gM@?Br?;§t% 9,Qups ol oeetad it the S-dTerfsf ed
rings. Measurenent of e contribution (by area) 20 of these bands to the
total area snhrtiheu€kl tggeon gives the results in the Table bel ow. Sanple
Seeded 25 Unseeded Area Contribution 62 21 Clearly, the seeded sanpl e has

t he hi gher percentage area contribution fromthe Broensted acid sites,
despite thegkagbithap this sanple has a lower particle size, and hence a 30
| arger surface/volune ratio. Fromthis it is tentatively concluded that the
remai ni ng peaks in the 3800 to 3620 cm 1 range are associated with internal
defects rather than_s h u t t S
wi th high percen?ggg g%égﬁg%n¥?§gé¥%%gégfg Fbgﬁg%e %%g%%agﬁi§$g%3§&ﬂggﬁ%
JAN 2003 21dtieptheibtot alii Ckbae efioar esant éni ahgnw thera seeghidegevel  of

internal crystal _perfection. Exang% a 6 5. This exanple il ust&g%ﬁf t he use
of CHA seedS”PR-2Re™ARHGPALEETe of JBAPEFSESwitH fa PHARAEET Soht Wt erent

from thaty of Exappk¢n8nedhe SyREHEsi §as0bwleiRt dthis PIRRPAEDAS idesatd bed in
Exanpl e 3, but with conponents in proportions to 10 give the follow ng

nol ar conpoSiEpenPanl208 Exgmpbe 1g ¢XSPRE CLLPEAGH SeEds Bk cHAGFBL A
slurry of 6 o] i c == t i ent

som The m 0k 82 0ns Rpar e R e PE TP rE AR s e SoF O fhe U e
recovered in whe uasdpuae SARERGdngwiéhelvstf Orystalky weidre of ,gnliddh a

few crystals of size.in the 2 to 20 present. The product anal ysed as A1203
0.79 P205T¥leo.59§é%?o§§’n%§%ﬁb? STFREBTE 1WaSe SEAREY ddicd e § e Eh

éane wayg IguEgggng'go£09&'§oér§n££a998°@!SQi%h a heat-up time of 3

hours. The product, recovered by centrifuging and drying,
had an XRD pattern corresponding to ZSM-45. The first
supernatant was not clear and yielded, after centrifuging at
11000 rpm and further washing, a dispersion with solids
20 content 4.6%, of crystals of size about 100 nm, XRD showing
the product to be ZSM-45, a LEV structure-type zeolite.
Solution A was prepared as described in Example 1 using

the following components, in the proportions~ shown:

25 NaOH ' 61.66
KOH 28.73
Al (OH); (Alcoa, 99.3 %) 15.73
H,0 190.30
30 300.23 parts of colloidal silica and 168.89 parts of

water were poured into a mixer, and Solution A added together
with 12.65 parts of rinse water. After mixing for 5

minutes, 16 parts of the 4.6 % solids LEV slurry were added.



Exanpl e 6 was repeated, except that the silica content was varied to give a
mol ar ‘conposition of the synthesis 2 2 JAN Z003 22 m xture of Alzozzf%N 2003
P205 . '0.45 Si02 . TEAOH . 1.6 DPA . 52 H20 with 397 ppm CHA seeds. e
hydrot hermal treatnment was as described i #4Exanpl e 3; the product was pure
SAPO- 34 of particle size between O. nd 1.5 Vim Chenmical analysis: 10
A1203 . o.92‘%@5’1.3%.9@“%?%12F1%e°€i@P%?X‘?W%&%n‘ﬁ%’é&u’éeams?, and the
static seeded part of the second part of Exanple 3, the synthesis m xtures
of which differed primarily In their silicon contents, were 15 as foll ows:
Exanple 6, 0.1 Si308 Nalelld 12, &.8;0053A5:@z 1,0 \Hidl.d182. B296 7, 0.45 Si 02 ;
yield 12.7 %, 20 Eio;rparative Exanple B In Exanples 5 to 7, hydrothermnal

t r eat ment vvé’sltilar9 i edjporﬁts?%d%' static autoclave. In this and foll ow ng
exanpl es,5 25 the influences of stirring and tunbling on the properties of
SAPO- 34 were exam ned, this exanple enploying an_unseeded synthesis m xture
of a nolar conpoding GIYRERESHS TExEwR WIS theatedohd pardubPchunpre 3, but

with 51 nol Qf. H20_rat her .t han ._Hydrat he | .t.reat ment s . carfie ut
by heating %Otheogﬁﬁt %e@osurrﬁ’xt e“]alr‘:r%g_asltnéaldn!%gtsfsthseteetlemePue[r\g%uarvee 9%%(9
room t enper e .t 0 hihle PVESoBi kUl She Whdrik Sht I 6F NEh@tadZOcI W, a8dmilky

mai ntai ned at 175C for 60 hours wth continued stirring. Recovery was as
descri bed | SUEPERSIO™S. Whe washed Hive JoNpo9 (8l bk odeRinewdl 42ef xYaFer of

SAPO- 34,. SAR e P cry ' i t Qi e n of
0.2 to 11({? %gdllf%aer?\g%%"?%g@h% %@%ﬁ*i |1 uﬁs%%fegﬁt{ﬁgg\é\%f%%@p%%] g(tg?rglﬁplg
an Ofretitamresidd she heonsimiedt was deedigpdysdedt berhetmt a eadhroidal

Col I oi dal (<1Q0 .n Ofretjte seeds vverela(gded froma 5.36.% solids content
Ofretite sl 1%he § ¢ i AFLCHHT R cThDsi VIO DS hids esRESH xPhir e

bei ng: A120% + B205 .THE BRiSI&Z thd ENSHuce sh&wdPie . cS%b&lZehpbaisi P 19

wei ght % seeds. 15 The synthesis m Xture was divided into two parts. One
part (A wawiglhacedriyfermtpanteske stieed bR oxl 40@ @mqui pped with a 120 rpm
stirrer a,gd heated fromroomtenperature to 175C over 6 hours with
stirringl, and mai ntained at 175C for 60 hours with continued stirring. A

second part ipas 3

This example illustrates the manufacture of SAPO-34 of
small particle size and uniform size distribution.
20 A synthesis mixture was prepared from the following

- components in the proportions shown.



20 heated without stirring fromroomtenperature to 175C over 2 hours, and
mai nt ai ned at 175C for 48 hours, with a sanple (C) being taken at é4 WP%&?'
After recovery and drying, the products were anal ysed by SEM and rpIA
Sanple A . SAPO 34, contam nated with SARP® 18 and sonme 25 SAPO 5, crystals
between 0.2 and 1.0 P.m Sanple B . Pure SAPO 34, with crystal size 0.5 to
2~. m SanplSelnti@APO 34 famponemt anor phous materi al, Anepcaitsidiet ween 0. 2
and 1.5 ~, m 30 Exanple 9 ,Fhis e l,e dd | rat es . .t.he effect Ni - SAPO 34
manuf act ure o?xagitation J@FPhg(?ﬁQBﬁaﬁ%iﬁ%ﬁ%E%io 158f hydrgﬁhéggal
treatnment, followed by stat,oc heat-soaking. A 2 2 J~1~J 1200 o4

ni ckel - contai ning synthesis m xture was prepared, follow ng the procedure
described in Exanple 4, to produce a m xture of nolar conposition: 5 Al z03
1 PzGs 150 . FSI Oz 0. 1840 MQodEAEy 1 . 6 DPA 52 Hz0 5, The nixture
was divided into two parts, of which one, sanple A was seeded with the CHA
seeding slurry used in Exdl¥ple 5 to give a seed content of 8202%pm the

ot her, 10 sanple B, remai ning unseeded. Both sanples were transferred to
stai nl ess steel autoclaves, which were placed in an oven and nounted on a
hori zontal shaft rotatabl edall AGanpmilihke quidekawsz owere tpnblyed for a 2
hour period of heating to 175C; tunbling then ceased and the tenperature
kept at 175C 15 for 60 hodh8: ALREP cooling, the products Wér-&% ecovered by
centrifygation, washed, and dried at 120C. XRD showed that both products
were pure N -SAPO 34. Sanple A conprised crystals of particle size about 1
~.m wth damdaged surfacesSEAYY S@asterB Chepriicaéd @nwst al S.8of. 88 ze rangi ng
up to 10 ~.m many crystals being fragnented. The exanpl e shows t hat
seeding is required to bring the particle size down to the desired | evels

eve~i with inigial tumblingpa 2F1uka) 80.23

15 F Seeds, 4.6 Wt.% LEV 31.95

\

Slurry A was prepared in a mixer, and Solution B added,
when a viscous solution resulted. After leaving the solution
to rest for 2 minutes, 26.84 parts of rinse water were added.

20 After mixing the paste for 6 minutes, C was added, and mixed
for 2 minutes before adding Solution D. Upon adding E with
70.72 parts of rinse water two phases were formed. After a
further 3 minutes mixing a visually homogeneous solution
resulted and after a further 10 minutes mixing the seeds F

25 werxre added. The molar composition was:

Al;03:P305:0.3 Si0,:TEAOH:1.6 DPA:56 H;0.
+ 1860 ppm by weight LEV seeds.

30 The seeded gel was heated for 60 hours at 175°C in a
stainless steel autoclave. The solid product was recovered
by centrifugation, washed 11 times with water to a
conductivity of about 18 ps/cm, and dried at 120°C. XRD and
SEM showed a pure SAPO-34 product with crystals between 0.2



Exam~l a 10 This exanple illustrates the use of a SAPO 34 seed slurry in
SAPO- 34 manufacture. 30 To a synthesis mxture of the nolar corrpoz}izgj qMFet
out in the second part of Exanple 3 was added a 10% slurry of SAP Aﬁ
prepared as described in the second part ¥f Exanple 3 with tunbling, to
give a seeding | evel of 0.1% (1000 ppm . The seeded mi xture was heated in a
stainl ess s8BEl ladt BB afdth & Ley_qrystpbs oBepyveense asd Adihour Chemical

m xture was FoRY: odsc o] L 1.dentified as
pure SAPC)3335}?%@gr§§?£€QE?%2§d?%ﬁg?ﬁ% ??oﬁ?gsg %g&ﬁgS%#ﬁi#ﬂé exanpl e
illustrates that while colloidal SAPO 34 crystals are 5 effective in
SAPO- 34 manuf acture thfy are nﬁg as_effective as CHA or LEV structure type
zeol ite seeds. Exanplé P 1001 At KpQs eanPrrp—jlfé FH& ef fecti veness in

catal ysing the methanol to olefin conversion of the products nade and

di scussed in Exanple 5 was neasured. In a bench scale fixed bed reactor

mai nt ai ned at 450C Aeshahbir dndnped &isynphesdgenigtorsg was prepared

pressur e- at ppspheric ti essure of .15 t hanal _0..12 S _passed over
a catal yst Foﬁkébe(gaggéw%ﬁgﬁg% o ?t%fl% Egglgﬁﬁgoggéﬁggsg%ggﬁh'on

met hanol plus nitrogen) of about S500 hr-1. After 1 hour on streamat 100
nmet hanol conversion, the results were as shown_in the Table. 20Exanple
5Exanpl e 5YPeldti9RecdeBRARRYedC2=50. 147. 9C3=PEOP3BLA2R Cz= + C3= +
C4=85.69% 4C1 to C4 Bats .11 . 06 . 1 The yield of the nore desirable
ethylene is incyeased ab Yo i ng the product obtained with seeding
conpared 30 mﬁt% the ﬁ%%gggggﬁiéigéét. 2 2 JAN,2003 26 CLAIMS 1. A
process for the manufacture of a c¢rystalline al uninophosphate or

si li co-al um nophosphat e nol ecul ar sieve, 5 which process conprises treating
a synthesis m xture cd rising elenments necesséPQ'ﬁé formthe nol ecul ar

si eve and col loidal crystalline nolecular sieve seeds for a tine and at a
t enperat ure appPopri al®Go (ReFAPLh85d&3i red noléeul4r sieve. 10 2. A
process as claimed in claim~, wherein the nol ecul ar sieve contains other
el enents. 3. A procesé:Gs igicdiudedd riglsse m 1 ok 0¢l &82m 2, wherein the 15
nol ecul ar sieve is of the CHA or LEV structure type. 4. A process as
clainmed2on claiom 1 orcelbbidl shetean the nol ecul ar sieve i-s SAPO 34.

(Ludox AS40) 22.50
H,0, rinse 10.20
25 D TEAORE (Eastern
Chemical, 40 %) 183.31
H,O0, rinse 43.17
30 E DPA (Fluka) 80.79 i
H,O0, rainse . 26.27

Slurry A was prepared in a mixer, and Solution B added,
35 when a viscous mixture resulted. After mixing for 6
minutes, Solution C was added, and mixed for 2 minutes before
adding Solution D which was mixed in for 5 minutes. When E
was added, two phases were formed. After a further 15
minutes mixing a visually homogeneous mixture resulted. The

40 molar composition was:

Al,03:P305:0.3 Si0,:TEAOH:1.6 DPA:52 H;0.



20 5. ‘A process as clainmed in claim4, wherein the percentage area
contribution of Broensted acid sites to the total OH area in the IR
spectrumis at |east 30~, 6. A process as claimed in claim5, whérgNiigihe
said 25 contribution is at |east 50% 7.1A prvceas as clained in any one of
claims 4 to 6, wherein the SAPO-34 is N -SAPO-34. 30 s. A process as
claimed in any one of clains 1 to 7, wherein the seeds are of structure

type LEV. OF Gfhe@fincnedid Lomhe8l3 2L S1vAdROCEst 9% Chill il aly

one of clainms 1to 7, wherein the seeds are of Levyne, asite,
Ofretite, aorda SAROGAY DflTHAA Zeoddess asepbhaiededsi deaay idreel afn deampld to
9, wherein the seeds, are present in _gro ortion.wthin the range of ~. to
2000 ppm  BasSBSomaed £6t & VrePgRECHEBaSEgit AdD SR x (e OHF L. A

process as L1 ddnfd i¢liagMteeagrein the proportion is within the range
of from10d to 1500 ppm I2. A process as clained in claim10, wherein the
proportion is wahsi msieedeaghgamplef vam heeted Z50apgwairng es® shiqmbcess as
clainmed in any qne of clains 1 to 12, wherein_the seedé are incorporated in
the synt heS'aRLEYEr &5 1 7Bhe £8%nf HF P ERISpensPBnSeo8ed4SamPhRoWESS as
claimed in - cl.ai : erek rticle siize of

seeds is mf?ﬁ%ﬁﬁﬁﬁeg%gnggEgﬁb%ﬁo%nééﬁ8$?008&E#Fn%5eﬂi%g§5§%s5%551é?%?%ed in
claim 14, wieledd muthe lpakt ifelre 625hsuRe b8 W7ERCH &4hé thsgethbrf bednt to
300 nm 16. A process as clainmed in claim14, wherein the particle size is
wi t hi n 36e heatgd @ifthofpbli®gies anftaonipgssaspesdesstaslava ek ie0 any
one of clains 1 t% i@ °&\hereirx the nmol ecular sieve is of a first structure
type and t ROESedS 4r'8 5t a second structure type. z z ~~~ 2003 2s 18. A
process as cl ai mg@ isamphasmvbre WHErREA thechbonst aslr welUka-diRe is Cl A and
the second structure type is LEV. A nol ecul ar sieve whenever produced by a
process as readvaineed bynwvasyioge aofl dkgimg &tt 20°8, z0InSAPD 84sem ,whi ch

t he percentage ar ntrihution of Proensted acid sites to the total OH
area in thé""%?( gﬁ%@t’?%rﬁ’?@ BEY ¥ast ogé%lnﬁgt' ai‘”r‘r&bl é Wﬁérprccy@é‘%aa]s cl ai ned
in any 19 QRg R teldidd ahdt @ryskal2lized HBI ¢eghdissi eve as clained in
claim19 or claim20, in

Unseeded: Al;03 1 0.91 Py0g : 0.33 SiO;, 1 to 10 pm
Seeded,
20 static: Al;03 ¢+ 0.89 P05 : 0.31 SiO,, 0.2 to 1.5 um
Seeded,
[
tumbled: Al,03 : 0.91 P30 : 0.35 Si0O;, ~0.5 pm.
25 The benefits of reduced crystal size and size

distribution of seeding with colloidal chabasite seeds are

apparent, especially when combined with tumbling.

Example 4
30
This example illustrates the use of colloidal Offretite
seeds in the manufacture of SAPO-34. The colloidal

Offretite was prepared as described in Example 2 of WO



partlculate or layer form 15 22. A process fox the conversion of an
oxygenate to ol efins which conprises contacting the oxygenate undef 2 JAN 2003
catal ytic conversion conditions with a nohgcul ar sieve as defined in any
one of clains 1.9 to 21. 20 23. The use of the nol ecul ar sieve as clained
in any one of7dAie 1A tQmthedifs A8/ a&éér?faéakea a%aﬁ'e%'&rgisgﬁaggg

or calcining, in hydrocarbon conversion, adsorptioh, or separation
The use, in E}tﬁéﬂ;dﬁn@hesﬂls?hoﬂihan f@lll}mwﬁ@m(ﬁﬁil’ﬁaﬁ ecompsEliitdéonal uni nophosphat e
crystalline nol ecul ar sieve of colloidal crystalline nolecular sieve seed
cr~rstals to control the particle size of the product, or to accelerate the
formati on of theroductp,oqr:both seocontTwhotihe pard indze 3G1sime.and
accelerate the formati on of the product.
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Example 5
30
In this example, the effect of seeding on Ni-SAPO 34
manufacture was examined. The synthesis mixture was
prepared as in Example 3, except that sufficient nickel

nitrate (Ni(NO;),6H;0, Fluka) was added to Solution A to
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0% ()-z5310%& (Tha10URE (¥e 10&& Q) vIdaXb6tuXtby 2#b0UR' s, @ne being seeded

with CHA slurry, 6.4 % solids content, to a seeding level of
409 ppm. The seeded and unseeded samples were each heated
in a stainless steel autoclave for 60 hours at 175°C. After
cooling, the products were recovered, washed, and dried at

10 120°C. In both cases, a pure SAPO-34 phase was recovered,

with molar chemical constitutions and crystal sizes as

follows:

Unseeded: Al,0; : 0.88 P,0Og : 0.36 Si0O; : 0.0040 NiO,

15 1 to 10 pm

Seeded: Al;03 : 0.84 PO : 0.31 SiO, : 0.0042 NiO,

0.2 to 1.5 um,.

20 Again, the benefit of seeding in producing smaller
crystals is apparent.

The two samples made as described above were examined by
diffuse reflectance FTIR to establish their €rystal quality
and Broensted acidity. The IR spectra were obtained in a

25 conventional high teméerature DRIFT cell using KBr diluted
samples (about 4 % sample in dry KBr), the samples being
dehydrated before testing at 200 to 300°C under vacuum. The
spectra, obtained using 64 scans at 4 cm' resolution, were
analysed using Gaussian-lLorentzian peaks to determine

30 locations and relative areas and shapes.

The spectra of the seeded and unseeded products of the
example were inspected in the region between wave numbers
1400 and 1000cm’? and the main peaks attributable to framework

T-0 stretching were measured. In the Table below are set out
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The seeded sample has, as is apparent from the Table, by
far the highest and sharpest peaks, and hence the highest
10 internal crystallinity.
The sole figure of the accompanying drawings shows the
region between wave numbers 3800 and 3450 cm''.
Referring now to the figure, the locations, heights and

widths of the main peaks attributable to the bridged hydroxyl
15 groups are shown for the samples. The band at =3620 is
attributed to undisturbed Broensted OH groups in 8-membered
rings while that at =3595 is attributed to such OH groups
interacting with framework oxygen or OH groups located in the
6 -membered rings. Measurement of the contribution (by area)

20 of these bands to the total area in the OH region gives the

results in the Table below:

Sample % Area Contribution &
Seeded 62
25 Unseeded ‘ 21

Clearly, the seeded sample has the higher percentage
area contribution from the Broensted acid sites, despite the
fact that this sample has a lower particle size, and hence a

30 larger surface/volume ratio. From this it is tentatively
concluded that the remaining peaks in the 3800 to 3620 cm™
range are associated with internal defects rather than
surface hydroxyl groups, and postulated that products with

high percentage area contribution of Broensted acid OH groups
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10 give the following molar composition:
Al,03 : P;Os : 0.1 SiO, : TEACH : 1.6 DPA : 52 H,0.

A slurry of 6.4 % solids content of CHA seeds was added
15 to give a seed content of 397 ppm.
The mixXture was hydrothermally treated as described in
Example 3, and the product recovered in the same way. It
was pure SAPO-34, with most crystals in the range 0.2 to 1.5
pm, with a few crystals of size in the 2 to 4 pum range also

20 present. The product analysed as

A1203 : 0.79 P205 : 0.21 SiOz.

Example 7
25

Example 6 was repeated, except that the silica content

was varied to give a molar composition of the synthesis
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10HH 3; the product was pure SAPO-34 of particle size between 0.2
and 1.5 um. Chemical analysis:
10 A1203 : 0.92 P2OS : 0.42 Slo;

The yields from Examples 6 and 7, and the static seeded
part of the second part of Example 3, the synthesis mixtures
of which differed primarily in their silicon contents, were

15 as follows:

Example 6, 0.1 8i0, ; vyield 7.8 %
3, 0.3 8i0, ; yield 12.5 %
7, 0.45 Si0, ; vyield 12.7 %.

20
Comparative Example B

In Examples 5 to 7, hydrothermal treatmgnt was carried
out in a static autoclave. In this and following examples,
25 the influences of stirring and tumbling on the properties of
SAPO-34 were examined, this example employing an unseeded
synthesis mixture of a molar composition similar to that of
the second part of Example 3, but with 51 moles of H,O rather
than 52. Hydrothermal treatment was carried out by heating

30 the synthesis mixture in a stainless steel autoclave from
room temperature to 175°C over 6 hours, with stirring at 120

rpm, and maintained at 175°C for 60 hours with continued

stirring. Recovery was as described in Example 3. The
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Example 8

This example illustrates the effect of stirring an
Offretite seeded synthesis mixture during hydrothermal
treatment. Colloidal (<100 nm) Offretite seeds were added

from a 5.36 % solids content Offretite slurry, the resulting

10 molar composition of the seeded mixture being:

Al,03 : P05 : 0.3 Si0, : TEAOH : 1.6 DPA : 54 H,0
plus 0.19 weight % seeds.

15 The synthesis mixture was divided into two parts. One
part (A) was placed in a stainless steel autoclave equipped
with a 120 rpm stirrer and heated from room temperature to
175°C over 6 hours with stirring, and maintained at 175°C for
60 hours with continued stirring. A second part (B) was

20 heated without stirring from room temperature to 175°C over 2

hours, and maintained at 175°C for 48 hours, with a sample
(C) being taken at 24 hours. After recovery and drying, the
.

products were analysed by SEM and XRD.
Sample A : SAPO-34, contaminated with SAPO-18 and some

25 SAPO-5, crystals between 0.2 and 1.0 um.

Sample B : Pure SAPO-34, with crystal size 0.5 to 2um.

Sample C : SAPO-34 with some amorphous material,

crystals between 0.2 and 1.5 um.

30 Example 9

This example illustrates the effect on Ni-SAPO-34
manufacture of agitation during the warm-up period of

hydrothermal treatment, followed by static heat-soaking. A
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10 sample B remalnlng unseeded. Both samples were transferred

to stainless steel autoclaves, which were placed in an oven

and mounted on a horizontal shaft rotatable at 60 rpm. The

autoclaves were tumbled for a 2 hour periocd of heating to

175°C; tumbling then ceased and the temperature kept at 175°C
15 for 60 hours.

After cooling, the products were recovered by

centrifugation, washed, and dried at 120°C. XRD showed that

both products were pure Ni-SAPO-34. Sample A comprised
crystals of particle size about 1 pum, with damaged surfaces.

20 Sample B comprised crystals of size ranging up to 10 um, many
crystals being fragmented.

The example shows that seeding is required to bring the
particle size down to the desired levels eveh with initial
tumbling.

25
Example 10

This example illustrates the use of a SAPO-34 seed
slurry in SAPO-34 manufacture. )

30 To a synthesis mixture of the molar composition set out
in the second part of Example 3 was added a 10% slurry of
SAPO-34, prepared as described in the second part of Example
3 with tumbling, to give a seeding level of 0.1% (1000 ppm).

The seeded mixture was heated in a stainless steel autoclave
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10 In this example the effectiveness in catalysing the
methanol to olefin conversion of the products made and
discussed in Example 5 was measured. In a bench scale fixed
bed reactor maintained at 450°C methanol diluted with
nitrogen (total pressure-atmospheric, partial pressure of

15 methanol 0.12) was passed over a catalyst at WHSV (based on
methanol) of 1 hr' and a GHSV (based on methanol plus
nitrogen) of about 5500 hr™'. After 1 hour on stream at 100 %

methanol conversion, the results were as shown in the Table.

20 Example 5 Example 5
Yield, % Seeded Unseeded
Cy= 50.1 47.9 ”
Ca= 28.0 33.4

25 Ca= + Ci= + (= 85.6 91.4
C, to C4 sats,. 11.0 6.1

The yield of the more desirable ethylene is increased by
about 5% using the product obtained with seeding compared

30 with the unseeded product.



$10%#& () - $10%& ()- e|[:-410# y/$10%t& ()-' y/$10%t& ()-' Z)Z 10W & ()-
)1098& ()- ) 10%#H& ()- >! $10%& ()-ul<>bA410# "~ s109%& ()- 10@ }‘é*) 0
,10988&" ()- 109& ()- &109B& ()-10#10#>(Q[: A410# y; 10%I& () - &2

y; 1098& ()- &S 1098& ()- $109%& ()-G $10% $& ()-GH&| [:-410% - ! 1098& (

S) 109%8& ()-s | y10°/$&' ()- @ 109& ()- *109B& ()- ' 10%B& () - bA410$
sLs1098& ()- 109B& ()-y 10%B& ()- 10%& B)- 9 10%& ()- 10$105uw [ : A410%$
9$10%8& () QAIMéO%@v&' ()- y:$10%& ()-z SglOu& ()- 109%& () -

"10%#&' () - zgr-s’rcrzl obU410 9310%9$9&' ()-10,$,10,$,10,$, ($10%$,& ()-S
($10%$#8& ()-S ($10%+& ()-S Y0%B& ()-z|[: bU4L0 #10%[$"&' ()-G

LLt 1099$9& ()-  1079$9& Y1099$9& () - ! 1090 9&' $9& ()- h

FI[: bw1lo 10%%8‘:?7&)%4‘350%%9@% G0 yots 1% $ & ()-
S1098$9& () aflum*ﬂa@ 3&phat&F8F\Lilido Aa]lQﬂdl%op&ol;%%%'t%&m&hecu@éQ‘V@ﬁg&e(,) -
11099$9& () - 99$9& () - ) $1000#9&' () 096" & ()-Z \bA4109!9

310%& ()> p@ggg&pgpcesgoggap;}seqguq§gqgng a synthe31s mixture
S1000 18 () L EBREE T) C-SBOTRE (7T T ARLISES Sho IOURE D) SSToma™) -
"1109%8$& () - coldugal) crystalline molecular sieve seeds for a time and at
a temperature appropriate to form the desired molecular
sieve,
10
2, A process as claimed in c¢laim 1, wherein the molecular

gleve contains other elements.

3. A process as claimed in claim 1 or claim 2, wherein the

15 molecular sieve is of the CHA or LEV structure type.

4, A process as claimed in claim 1 or claiwm 2, wherein the

molecular sieve is SAPO-234.

20 5. A process as claimed in claim 4, wherein the percentage
area contribution of Broensted acid sites to the total OH

area in the IR spectrum is at least 30%.

6. A process as claimed in claim 5, wherein the gaid

25 contribution is at least 50%.

7. A process as claimed in any one of claims 4 to 6,

wherein the SAPO-34 is Ni-SAPO-34.

30 8. A process as claimed in any one of claims 1 to 7,

wherein the seeds are of structure type LEV, OFF, or CHA.
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5 10. A process as claimed in any one of claims 1 to 9,
wherein the seeds are present in a proportion within the
range of 1 to 2000 ppm, based on the total weight of the

synthesis mixture.

10 11. A process as claimed in claim 10, wherein the proportion

is within the range of from 100 to 1500 ppm.

12. A process as claimed in claim 10, wherein the proportion
is within the range of from 100 to 250 ppm.

15
13. A process as claimed in any one of claims 1 to 12,
wherein the seeds are incorporated in the synthesis mixture

in the form of a suspension.

20 14. A process as claimed in any one of claims 1 to 13,
wherein the particle size of the seeds is within the range of

from 5 to 1000 nm.

15. A process as claimed in claim 14, wherein the particle

25 size is within the range of from 10 to 300 num.

16. A process as claimed in claim 14, wherein the particle

size is within the range of from 20 to 100 nm.

30 17. A process as claimed in any one of claims 1 to 16,
wherein the molecular sieve is of a first structure type and

the seeds are of a second structure type.
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10 one of claims 1 to 18.

21. A molecular sieve as claimed in claim 19 or claim 20, in

particulate or layer form.

15 22. A process for the conversion of an oxygenate to olefins
which comprises contacting the oxygenate under catalytic
conversion conditions with a molecular sieve as defined in

any one of claims 19 to 21.

20 23. The use of the molecular sieve as claimed in any one of
claims 19 to 21, i1f desired after washing, cation exchange,
or calcining, in hydrocarbon conversion, adsorption, or

separation.

25 24. The use, in the synthesis of an aluminophosphate ox
silico-aluminophosphate crystalline molecular sieve of
colloidal crystalline molecular sieve seed crystals to
control the particle size of the product, or to accelerate
the formation of the product, or both to control the particle

30 size and accelerate the formation of the product.



