;1 <=e3ebsl | mo| (pr6sThsrwWO 1)2/2G380 PCTIU S(1I/2(r2211 PREPARATI ON OF
MOLECULAR S| EVE CATALYSTS USI NG M CRO FILTRATION 5 10 Field of the

| nventi og,o'l]tlizg:,gonventi on is related to nolecul ar sieve ca@iysnLeRNd a

met hod o maﬁl ng such catalysts. In pargicular, the invention is directed
to a method of preparing a slurry containing nol ecul ar sieve using
mcrofiltration. The invention is also directed to converting an oxygenate
to a product containing olefin by contacting the oxygenate with the

catal yst of the i n\RREPARATHON QIOMOLBCUILAR SIEVE CATAILESTS S,
particularly light olefins, NSINGOMICROFILIRAEION produced from 15 20
petrol eum f eedst ocks by either catalytic or steam cracking. Oxygenates,

. however, ar eph4f 0P iHaIndénti €' nati ve feedstock for making |ight ol efins.
Parti cul arl y—promsrnig-oxygenat e f eedst ocks are al cohols, such as nethanol
and et harfol , di nméthiyinverttioarns ralaedid meletnylbr seveaataldisendyd methbéof di met hyl

carbonate, and nmethyl fqrmate. Many of these oxygenates can be produced
froma vari efgkise sgéh?a(tfg?t?'n]g'lm“‘r\éars@‘ﬁﬂ%"é@ 10 {5 reﬁ@ftjit‘?/%ﬂlqﬁi%ﬁ nat ural gas;
etrol eum | i guids, b.ad; i i ;

p um i |E%§laﬁ £8000 BAREANT MBleBilaicve dsfi Mltdtnan, THAGYEEH =

pl astics; ; Or any appropriat€ organic nateri
t he wi de var isalsp difectedltatonmetting ansoxygersite/t® asproduc sontaininghaikfin By cohol

derivatives, and other ox nat ha ram se as. an econom cal ,

non- pet r ol euﬁqné%f&ﬂ‘s@erwg?{’?%wﬁgfﬂé??%516583 IPER%Bne way of produci ng
olefins yg by the catal ytic conversion of nethanol 25 30 using a

silicoal um ng ecul ar sieve catal yst. See, for exanple,
US Patent 7 S IT12,593 3 191, 141 to Barger et al. U S. Patent No.
4,499, 327 to Kai sOlefind] maeticdaly ligitioteding| lalve beerf teaziitionailp praajucetsfrom SAPO

nol ecul ar sieve cat al stslg The prgagagss can be carried out at a tenperature

bet ween 300CP&RleUsy fredstacks by LithprcaiRly e stesm cragkipg sHKY genptss fisvever,

at nospheres, i ; SRk L1 W : en 0.1 and
40 hr-1 U. S mggtg cecﬁ?%ga&?ﬁ%gg‘%%g to %;)gﬁlla%t?lgg%ﬂ I scl Ol?é’g&ﬁér t hod of
concent rHt i npropusing oxygenate feddsskhare aleghelsmach acinethandandiethanolbut i on from
about 0.1 to, 50 m.crons i.n olid orous,. tubular mcrofilter. Wash
water is adddipey! eer gpstiy RSt st siennl e SeslvbeAbratie ahd Peltil [ o ¢ he
slurry is copg@piel MAH dhthdsBoxydenbt card Qérfn‘éﬂﬁdeh_ﬂ(ﬂ?a%ﬁétgr%?s&iiéést y of _
slurry is obtained. The addition of wash fluid is halted, and the slurry is

further conciaaludingenynthesia gasideyived fiioth ratirakgas; patroleunPhaueids; carbolaceaus on

1, 356, 741 di sc¢) 05435. 2 HEt hodl_ of clozla_c ntrating.5,hi Otl ogical solids with at
least two m BRSTRRy g (Oal; FesySiedplaStce muninind) Bpresdr ARYABRIRES of a pore
size of %p 450r¥hx'ﬁb nedétial NBe&RSOSTEha widevariRty) dleRtilel iikpeldive sorfegnt No.

S,919,721 to Potter discloses the use of a mcrofilter to )
alcohol, alcohol derivatives, and other oxygenates have promise as an economical,

non-petroleum source for light olefin production.
One way of producing olefins is by the catalytic conversion of methanol
using a silicoaluminophosphate (SAPO) molecular sieve catalyst. See, for
25  example, U.S. Patent Nos. 5,912,393 and 5,191,141 to Barger et al. U.S. Patent
No. 4,499,327 to Kaiser, discloses making olefins from methanol using SAPO
molecular sieve catalysts. The process can be carried out at a temperature
between 300°C and 500°C, a pressure between 0.1 atmosphere to 100
atmospheres, and a weight hourly space velocity (WHSV) of between 0.1 and 40
30 he.
U.S. Patent No. 4,130,485 to Dyer et al. discloses a method of
concentrating particulate solids having a particle size distribution from about 0.1

to 50 microns using a solid, porous, tubular microfilter. Wash water is added to
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maxi m ze the anount of zeolite nolecular sieve less than 1 pmin the
concentrate. The initial catalyst slurry contains solids wth an average
size of QPoiBe8&PNSs and 10 an initial concentration of abeck/uR0%62 wei ght
solids. The concentrate of the final sl Wrry I s about 40% by wei ght solids.
After repetitive washings with wash flui'd, the concentrate is renoved from
the mcrofilter and dried by vacuumfiltration. U S. Patent No. 5,126,308
suggests that SAPO nol ecul ar sieve with an 15 average particle dianmeter of

whi ch 50% ar thel sy Whidéthe sturnis 266kenfated bg thdafitrdférang] giedadieid t han 2.0 pm
lead to an increase in catalytic activity and selectivity. The | aboratory

prepar ed SAPDMtY of shigyds ébtawdcérh? Piidlﬂﬁ'af’f wash Hiid iekeltg: andthe durryds i ed, and
.formed into @ﬁh{e‘?é@“ dﬁ)t f‘i%sb {,:!%ed Catal ysis, vol. 58, p. 155-163,

1990, shows |ve y sna 34 partlcles can be prepared by

what is known as . Kahtehtoﬂmp:hbaidm z&jdmmmmnﬂnﬁlﬁ dfjonoshtiatingluces
SAPO- 34 partlcl es |n%&{1 antge of O. m, The Iaborator]y pr epar ed
SAPO i s washb@logi¢al soligsayith g E-’%?&E’Y‘éﬂ“%? 'é%merlegaT he;Hrshpvcrenit After the

mol ecul ar si e&msg@cg&f*aﬁé&?m%sfmg . SHd eI £6.5% pﬁ]ﬁaﬁﬁ ol paft'C' es

must be separate prepar t| on mxture or I'Zation sol ution.
Conventi onal | aboteS.dajens Dol £,932F21 aiPccttErnrsobeatuheasd ofcd aiteoftieeptd | f ugati on

T oal Crgkirkian e AN S afoLie P OBIEn S 6ss ABATCL Ui TS COPECRERR | cl o5, A
Large-scal e ?ﬁ@hﬁﬁéllegawspglmw Q6RERs s&ﬁgwﬁﬁarpéveug% s%mfw mfPhs gﬁ@r ati onal

costs, is 30 economcally inpractical. In the case of pressure tration,
the smaller pnamm:dIcescehuamraoﬁﬂhmpam%dbyfwdlgm isolidsk & hercohamtrtesfiihd t er

medi um The pesult is a sigpifican cre e in flux rate of wash fluid
across the f 1p@eehurga1|§g dl%t/ h{’%ﬂ'ﬁ thfﬁgldﬁo I ffpetitigveshmeg Yty wash

PCT/ USI | 1/ 2GRigihl tHelt@néenkraRis YdheiRd iRl thelictdIil@r M PERSSby Whchies. Al so,
channel s may develop in the filter cake which allows thé wash fluid to pass

trough the ffiltraioncake without contacting nost of the nolecul ar sieve

particles. As ar at el shed, and
contam nants from E]S%g as gﬁgr S;tqlb@gb%m gértgyth §ngr}ﬁ‘g‘§&§ Sé?‘éd”wﬂh?‘b t he
catal yst15s Th@vefr@germmmdﬁfnetdne,fmmhaﬂr/e&eﬂedstﬂ@rn ket @lds® herdBar 0 very

hi gh pressure drops across the filter nedium which may, result in failure
of the filtelP%gure greater than 2.0 pm lead to an increase n catalytic activity and

selectivity. The laboratory prepared SAPO is recovered by centrifugation,
washed with water, dried, and formed into pellets.
Inui et al. in Applied Catalysis, vol. 58, p. 155-163, 1990, shows that
20 relatively small SAPO-34 particles can be prepared by what is known as a rapid
crystallization method. This method produces SAPO-34 particles in the range of
0.5 to 2 um. The laboratory prepared SAPO is washed with water, recovered by
centrifugation and dried.
After the molecular sieve particles are prepared, the molecular sieve
25  particles must be separated from its preparation mixture or crystallization solution.
Conventional laboratory-scale separation procedures include centrifugation and
pressure filtration. However, both of these methods prove to be impractical for
commercial-scale production of molecular sieve particles. A large-scale
centrifugation process, because of the capital and operational costs, is
30 economically impractical. In the case of pressure filtration, the smaller particles
form a compacted filter cake on top the filter medium. The result is a significant

decrease in flux rate of wash fluid across the filter cake and through the pores of



medi um Most pressure filters are designed to withstand a maxi mum pressure
drop of about 75 psi. The pressure drop across a bed of solids is

proporti gripbadessel0 the mass flow of the filtrate through REEUSI1126220,
filtrate viscosity (thus, hot water is %ften used to reduce viscosity),
cake thickness, and cake resistance. CaKe resistance is inversely
proportional to the square of the effective particle dianeter, and
proportional to the porosity of the cake. As an exanple, a pressure drop
across a bedyffiifir JHRIFads td'l&{%irﬁéesﬁﬁ%'tiﬁ&sy\wlio, Bieandbls neAsdevéRplin RS t hat
of a 15 pressure drop across a bed of 1.2 mcrons dianmeter solids, due to

smal | er par t fitbrecake »éhichaalioyysithe wash fleid e pagsitapeh theddltes cakeeyithdut Fur t her

i th | | ' i : ible.,t id vol
Urolated to Fooiiiegted §f nBAOLGIENAE SIS, ARG it afolchllfs d80ecr case”
in pressure gifiideqfteRI Washed,Yind eomuitantTedm thd frepiratioh M @& akes becones

very difficult because of these |large 20 pressure drops across beds of
smal | pardi cinserporgedintorgheteatadist.t o- ol efin (MIO) catal ysts are needed whi ch

exhibit a high ethylene and | en ect i Vi n.increase resistance

Co coki ng, o an i He famelon gPERbpaRed RSty bl tesBl o AL R ke
relatively samipk acra¥ethe ditepaictivgl, Sviidlz@ayRiselk ¢l filurel of\ee flendg provi de

significant steps in one or all three of these areas of 25 catal yst

devel oprent . medinayeMostpressurs filfgss argigsighed oyithstiand adeanvapel pipssyeeal e
uantities o | ler I ' I 2]

grepar ative é{) &ﬁgﬂgn% usgth@;;Brg%ﬁté;‘%rP ?:aﬁ\égsé??%«fn&gép ﬁgsréé)g e lﬁa? %Or ation, is

either to® ceirtrhassdlot of the @ityaté thedighahefilter, Nitatodiscdsity ¢hfigdibt waleyisr ecover

smal |, nol ecul ar sieve partjcles nd._a nethod of incorporating theminto
catal yst ar eoR@bbed to @%Wbﬁg]ﬁ@‘qkﬂ?énﬁ © ragisfange, g@ﬁ'&ll 4

PCT/ US111/ 2Gegildand, issinb&gapﬁ)%@eaﬁéogﬁgagrtﬁ&; d & the BRARGE baficR f¥ReeAt al yst

wherein the m)fsechar Sl eve and concentrated as a slurry’froma
prepar ati on ankpuopertiosaltg the porosityf dflthe ectkieo A spnezample, Threspre dopt € from t he

icrofiltrati ductivity. f 50 /cm t 0. 5000
b ol cm | ThTES SR L RsrenSiaghaisald it b B yas: BEFBet B haom
al um nophosppakfre dFFpiatossla bl 6P PRASRRGRE BfmetdrsbEaR iHoNARINRS PRAELRS |

met al - si i coal um nophosphates, and m xtures thereof. Preferably, the
cat al yst conpizé.sesiming al witker priperties atenrgual. Jiuneisance these gpgier 8izedAPO- 34,

, | ; ,
ALPO 37, ALPBREIes RTEP EomPLToRtRy Mo olbme QrlapS e PRI L e

thereof in tHecrédses)pésultingin08f mordHinbrelye inraghire dape A wordifigy wei ght  of

cal cined catal yst. The nol ecul ar sieve catal yst al so contains a binder,
preferably sFerventional filteaion presessss beromgs yennditfiqyitheeanse phthepelargeount fr om
5% t o 2094 by i i : uncal ci ned catal yst, and

opt i onal ?/ ap%%]?{;@m%gt%g&isgﬁdggr?g%@?g%}nf}l%g't | east one clay, nore preferably
kaol i n, present i Noael mh&hamiddorolefindM BOPsoataly Oare ngeded ivdiich oxdhilsta bight he

wei ght of cal ci ped cat al Pt' ‘Il'h% Lnhvention is .atl so directed to a process
for making ae’g’é{[éHF %(f pmp\,’ eneé selectivity, an increase resistance to coking, or an incredse

in resistance to attrition. Catalysts with relatively small, average particle size
molecular sieve could provide significant steps in one or all three of these areas of
25  catalyst development. However, present methods of isolating commercial-scale
quantities of these smaller molecular sieve particles from their preparative
solutions, such as by centrifugation or pressure filtration, is either too costly
and/or very inefficient. Methods to effectively recover small, molecular sieve

particles, and a method of incorporating them into catalyst are needed.

30

Summary of the Invention




conprising i) preparing a concentrated nol ecul ar sieve slurry containing
nol ecul ar sieve and a fluid by the process conprising, 20 a) introducing a
ol ecul agy(ﬁ';z(;%%,sl urry containing nolecular sieve and a fpai/usiir220t he
front end of at |east one mcrofilter cQanneI conprising pores; b) passing
the slurry through the mcrofilter channel and separating the perneate
passi ng through the pores of the mcrofilter channel to concentrate the
slurry; and 25 c) recovering a concentrated nol ecul ar sieve slurry fromthe
back end of the nirRisQhvdniih iFdiRRRAlto aimhdledlilar sRe chRlysPRRERINRE ed nol ecul ar
sieve slurry with a binder to forma catalyst slurry; iii) directing the
cat al yst sl umolecular sievoisivashediand congentiajed gsecshurey fram aprepargion méxtuiec| es.

WO

Preferably, the fluid.in.the starting nolecul ar,.sieve sluyrry is ter.
" (12/ 263811 PRSHE EHGIOPpasion pricess, TEherents roh the rtroffiuatihracest Ras 1 ocess
further conpjicsRRuctitigy HbAPSO Phhéltmas d00@ pasn, Imeﬁhamys& bentamsecul ar sieve

.slurry, e) mxing the nolecul ar sieve slurry and the wash fluid in a
hol di ng tankmoleculansieues selgcteddram hkiminephosphates, mktal-alaminophosphatdse front end

f at |east i crofjlt h L. d 5 ting th
per meat o pasSHRRAVRISRYS ARSI licoalningahtrptales, apd maprrst igreote) "3 g )
nmay be repeapgpgerbblyi the lchRlyIPtREpHseS molRMRr ﬁk%srdérﬁlﬁi%inﬁmm—iw SApourity

| evel , conveniently until 't he perneate passi ng t hrou t he Eores has a
conduct i vi t y1&fS éﬁhSAB@rQ%SM@b%rﬂzﬁ;Qﬁﬂ,h BOeiaMl«gR@-ltlhé REsB.fluid is

wat er, an al o) )X I . . and_f) may be
per f or ned co%‘?’?%%‘hé‘foﬁ? ’ %’ﬁgéfﬁg%‘%ﬁ\?\gggﬁf%oy%g%gﬁﬁstoﬁ 2% he wash
fluid may coterdrt, drimixtmécbereaf inthearott Wony 10%a060byoreishi igedbn t he
mcrofilter channel. The wash fluid may be perforned as the nol ecul ar sieve

slurry is cothesyrighitof galcingd cplalygte athe melpeitlan sieye satalystplso pontaiRsiAor f | can
be concentra | Ahangi: L 1o ghve. : ate and is
used in a pr%@Eei%%g?e\é'ér&ﬂ‘@ll%hﬁ?%c%lﬁ@le&abPlg%&?r‘gﬁé@%?%? %{hg%uaﬁggﬁanof ilter
typi cal | y cofi%ebr8%abyporiphsbased on the weight of uncalcined catalyst, and optionally a

B

matrix material, preferably at least one clay, more preferably kaolin, present in an
15 amount from 30% to 90% by weight based on the weight of calcined catalyst.

The invention is also directed to a process for making a catalyst,
comprising
i) preparing a concentrated molecular sieve slurry containing molecular sieve and
a fluid by the process comprising,

20 a) introducing a molecular sieve slurry containing molecular sieve and a
fluid into the front end of at least one microfilter channel comprising pores;

b) passing the slurry through the microfilter channel and separating the
permeate passing through the pores of the microfilter channel to concentrate the
slurry; and

25 c) recovering a concentrated molecular sieve slurry from the back end of
the microfilter channel;
ii) mixing the concentrated molecular sieve slurry with a binder to form a catalyst
slurry;
iii) directing the catalyst slurry to a forming unit;

30 iv)recovering catalyst particles.

Preferably, the fluid in the starting molecular sieve slurry is water.



material with nom nal pore dianmeter of 0.5 to 10 nanoneters. The nol ecul ar
sieve slurry used in step a) can be the perneate of the filtration of a
mol ecul afyo5j@%s0Pr eparation m xture using a macrofilter, ROIPUSHA26232020 with
a nom nal pore opening of greater than IO mcrons. The process includes
preparing a nol ecul ar sieve slurry contal ning nol ecul ar sieve and at | east
one fluid. The nolecular sieve is mxed with a binder, and optionally a
matrix material to froma catalyst slurry. The catalyst slurry is then
directed to #n#wembodjmeni 6f thpimeatialithe proegss fyrthdr yarnprides thy 9epsad dy he 25
catal yst. The catalyst slurry pyreferagbly has total soljd content from 30%
to 50% by weP¢HRS Wﬁﬁ*éhmddeé@fsme{ecy%ﬁ% Srlgfrmgnwmgém mplegplaggeny urry
i ncl udes con r.aki l | r ' ' re with
2" orof i 1 ¢ of PRy AL EwpohEIR £ WpRinga D TP Rl ERBHAL ety
preparation thrgbgl thedfonhemd ofe beabi eriednicBdfilter chhnholnsenprisirig pugesdid nol ecul ar
. sieve fromthe wash {!I uid and any remag'bggng preﬁﬁrat,i on.mxture wWith the
microf i | ter. SSpFERtingdheRamMeAle RasuiRe thieualidhe Perst ehthe ictodlisr MiaprdM® with a
nanofilter, ' r . . 1262211
6 concentrat %ﬁ‘gﬂ?ﬁ@ﬁﬁe&% %?ﬁtg ?QE/@? Re<r551qr11131 %l}é%u%ﬁgé@?é ﬂiggé{rse{a%:aﬂhg'ogtg %10n of
t he concent r abi@njeatlyaatibtht peanqatcopesing dirowginthe perts has 4 benduetiviar e 300n of
the nol ecul ar sieve. The mcrofilter pressure drop across the porous walls
of the rricroflmhpé’lm%mﬂoé#@%ﬁmy from10 psi to 80 psi, nore preferably
from15 psi to 50 ' | L ar .S rry is
preferably maint al]?’gegkdragl}bglef%&ﬁggﬁgc{ ﬁb%ﬁ‘%f %In%ﬂ&%%y@ge@ m&? ﬂ?rétg?o\?%fr%ééjerabl y
f r?)m 3? Mt Qdﬁ@ﬁ?nd f) rﬁzqrmeh pafemed tontinuoodly.rlaoedes a6 badk&raglgt_lﬁem'bi;](ﬁﬂer,t Ee
nmol ecul ar sieve fromthe preparation nmjxture prior to adding the was
f1 ui d. |nsteaw,quhémé§m1cpmae“ & mglpsuler pigve Hurrost the backsidevas thind
preparation gixtHie dahedie the nol ecul ar sieve is 10 concentrated by the
mcrofilter. In other cases, the nolecul ar sieve may be concentrated from
t he preparati on niThe wash finidanay be patthirmgd b thewastbeldnsiavelsinrnsis ng

conventional filtrati t echniques, oy using.a ymcrofiJter with ore size
gr eat er concentratetl‘l.oﬂw permeatg separate({ at steps %) and%r can be concentrateda P

V.

15  with a nanofilter to give a concentrated permeate and is used in a process for the
manufacture of a molecular sieve. The nanofilter typically contains a porous
material with nominal pore diameter of 0.5 to 10 nanometers.

The molecular sieve slurry used in step a) can be the permeate of the
filtration of a molecular sieve preparation mixture using a macrofilter, typically

20  with a nominal pore opening of greater than 10 microns.

The process includes preparing a molecular sieve slurry containing
molecular sieve and at least one fluid. The molecular sieve is mixed with a
binder, and optionally a matrix material to from a catalyst slurry. The catalyst
slurry is then directed to a forming unit, preferably a spray dryer, to produce the

25  catalyst. The catalyst slurry preferably has a total solid content from 30% to 50%
by weight.

The process of preparing the molecular sieve slurry includes concentrating
the molecular sieve from a preparation mixture with a microfilter; washing the
molecular sieve and any of the remaining preparation mixture with a wash fluid;

30  and concentrating the molecular sieve from the wash fluid and any remaining
preparation mixture with the microfilter. The process may also include

concentrating a permeate with a nanofilter, the permeate obtained from



than 10 mcrons. The invention is also directed to a nmethod of mnaking
et hyl ene and 15 propyl ene by contacting the nol ecul ar sieve catal yst of the
i nventi oygMbdazen oxygenate under conditions to convert tHE/OSOM362%%4!t .
Preferably, the oxygenate is sel ected fkgom nethanol, dinmethyl ether and

m xtures thereof. Al so preferably, the nol ecular sieve present in the
catal yst used in the nethod of meking ethylene and propyl ene is SAPO 34,
SAPC- 18, ALPO 18 or m xtures thereof. 20 Brief Description of the Draw ngs
The i nvent i oBonwehtrathisy the holdculan sievs tand eetmninpgedt é¢a8ne portion of theDet ai | ed
Description of the Invention when taken together with the attached
drawi ngs, wheenseRirated pemeaiedo ¢ pracess reamaissd iy the preparatiop of theamelepylas
channel duri j ' ' ] ' - 2 1S a
o 0sa. secti ot Tcincrorfesalre B pRackdbs diFdTb s dfhe whirphich 6
channel s; angrekirgly drosn 3@ psicd 80 asibinoekprdfeaaliy fronf 15 ped torb € psif iTher at i on
, system of _the 30 invention. WO 112/ 2G380 7 tai] ed Description of the

| nvent i or® PCIERBSIEMIEAESBemolppylar gig 1 P&feﬁagﬁma@mm&d SR WRREIENED | ens
associ ated wj & [ ' i ¥ [ a mcrofiltration
process. Th\ghtr%ﬂlcr of|*ot%?’5%%rpgégée%é@gtﬁﬁgegqgmng%hod to separate and wash

the nol ecul ar si eltesdni®eastsie igxiot pedeasarnPtd donséntiate thie inidedularstdvationg t he
nol ecul ar sieve partjcles inits dr%/i form The gDI ecul ar sieve, preferably

with an aver Hydreparation mixgirg prpwto adflingdhgswashothnid. frsteadihe wash {faiddad and

separat ed 1 r gk e anlslcofREL A SAIRORERLS iyl bl hE RRALILGEUL 1l Ur e as

a nol ecul ar sieve slurry wth a sele content and a se ed
purity | Hvel cafcettraedrby deuhizrofdicevin atherrcasesf thainehlectiter siowk agaylter si eve is 10

not collected as a dri,ed solid. The nol ecul ar sjieve_sl ur LS, then conbi ned
Wi th ot her f GHKEREASHEORIAD BFFBARLOR FutHES Rior 49 pdding the esh Suid WEUSRE ang/ or

matrix mater i:@dv%ntli&{&l fiftfitoR t&%wss, or B4ikg A YicrOFilte witRa g‘bffei Jib gfv‘eag& the
nol ecul ar sieve slurry the for ating conponents may exist as dry or

seni -wet sol thds 16miamns] urries. The catalyst slurry is then directed to a
formng unit selected froman, 15.extrusi on,uni .pelletizing unit, or a
spray dryer. It i (o ried. The
oray dryer. 1t i heimeaions dsp et 64 pamplor merelpthieneind) i e "
m crof i | {5 at ;RPyRHOBE eontABINg thE hétRuRr Hav<ihtlyAe B indertdiiwilddnch process,
or a continuous” process to concentrate and separate the nolecul ar sieve
from the prepaygsnitegndéncondisions toopuerbthe ioxyganate. aeferabbi the oxyeeratdist ch
Process a  selected from methanol, dimethyl ether and mixtures thereof. Also preferably, the
molecular sieve present in the catalyst used in the method of making ethylene and

propylene is SAPO-34, SAPO-18, ALPO-18 or mixtures thereof.

20
Brief Description of the Drawings
The invention will be better understood by reference to the Detailed
Description of the Invention when taken together with the attached drawings,
wherein:
25 Figure 1 is a cross-section of a porous filter channel during the filtration

process in the microfilter;

Figure 2 is a cross-section of the microfilter with a plurality of porous filter
channels; and

Figure 3 depicts a block diagram of the microfiltration system of the

30 invention.



20 gi ven anmount of preparation slurry containing nolecular sieve and the

ot her conponents of the preparation mxture is added to a holding tank. The
conmponeniyp ddhebdre preparati on m xture include the sol ventP@BES)I2220he
synthesis or recrystalization, as well unreacted tenplate, e.g.,

t et raet hyl ammoni um hydr oxi de (TEOCH), di gfopyl am ne (DPA), and al um num
silicon, and 25 phosphorous contai ning chem cal conponents. The initial
solid content of nolecular sieve in the preparation slurry is approximately
bet ween 5% apgiatfediscriBtionbf theTavenisar ation slurry is directed to a
filter, and i 9 n mxture is separated fromthe
slurry as the preghisdnventionioxergpmepmenesf thh prabigms sssogiated svithfsntalle filter.

30 The filter _us o.initially congent.rate the | ecular sieve fromthe
preparation Hﬁf%&é&rﬂv eusén%%m}cérﬂﬁﬁr@hgﬁl pmggs?sofﬂ\%tnélpro LrallOnRIPGEES | ter. | f
a macr of i | t eprdvideda8lsthéd'® ﬁgirﬁﬁ%hﬂ wak theth6le & sidviel fidth theSprépar@fdned to the

. WD 02/2(3811 PCT/USI11/212211 8 mcrofiltration process to further separate
t he rel atd vemjxtyraawithews isobatingthesmelesulpnsievepasiclehiatitsshy §aeh. t Freough t he

pores of the crofilter wt h reparation. . mxture. .The .nol.ecul ar sieve
collected w Pﬁ?ﬁcﬁgmﬁ’g&?’g&ﬂag]rytvgh%S?eé?%cpagtﬁ%e &ng%e& Oégcisf‘lgmﬁgnventi onal
met hods, suchi@eng)iewashied ahd képasitédftom The sthemdheaiidah orgpenedtsdathed be

conmbined with the nol ecular sieve slurry obtained fromthe mcrofiltration
process pri oPreparatipe mix@ra asermelecylprdene shigy with puelested selideaniant and ag
mcrofilter 's%eé{éd? ith N&velTBE RE Ho@écuﬁa‘r??é@e bigrr) 3uld 2hY Pﬂ)%%%ia?gl%ge ¥
concentrated Tromthe” preparati on m xture by’ passing the preparation slurry
t hrough 1the abtoollettsd a$ a thied solidr dhe niddécula sipive slurgriptheh cofmbired with uid i s

added, the nol ecul ar_ sieve slurr d 1Q wash flujd is mxed [n a hol ding
tank, and th&thgF lalipg SomppRcts quﬁ%%&wéust, shigh 28 bders sdiEENItRY and

partially filf.en t@foﬁnra?og%ws?ﬁuiatg. Pliof ﬁemﬂ?r{%‘@ﬁﬁ ﬁleﬁﬂ&%ﬁﬁ% ddyeough the

pores of the mcrofilter 1s of a desired purit eve e purity level in
t he per neat esluiryhe forinelating compafentsmgneast as dgnorcsemi-setpaidsorasi n t he

perneate, indicates,the proportiop of. the chem cal conponents contained in
the nol ecul af “??Ssisrélﬁéatéﬁ'ﬁ? Wylsttﬂ‘?rbé‘b‘?céq%etf)ragﬂmﬁlﬁﬁfm‘ttgaf .‘Pé’e’ﬁllaé‘r sieve is
washed W4 h waslidd wid apefidtzidgmief aBmhPdRes RiCHertwel vt it @faly® prho to
5000 prmho. The nol ecul ar sieve slurry containing nol ecul ar sieve, about 20%

to 50% by weBlyhy bespywsist. f1 ui d, preferably water, an al cohol, or a
m xture thereof,

vash 1 ruid mmy. contsiEPABER bitelnd HORAL USueh BroPh A MRBRAECRS: oc ot

the mcrofil peiesspoescontiniCuEprecess Pohteiratf anliskpahte Clad@oletalm sibe wal | of
the porous filter channel. This cake renpval process is commonly referred
to as "back WaByihsgrepajatiop mixtyrenr crylizatign golytiopnkn the batch gracessighe art

that thexPat g hRibER b Predalifich Y dofidic S ol REHl: AROY ErdiRB offgy Pract i ced i

ot her ways. For exanple, the 25 préparati urry e synthesis can
be m xed wi t borapgrentsi aftheoprepamationf thixitute v ddded toa baldngnsnlatTheg t he nol ecul ar

sieve. Also, the invention is adaptable to conti nuous process,. such that
the prepar at PYRPUERISY theprepara 1 egxch@rzgﬁx%ﬁ)l‘f%}@e AR Styﬂé‘eﬁ‘épﬂi ng

tank, the prgRa/HlizATonS héWEl aé Sndhdt@lkRPlde) eld) QettdBlyMthinbRfumthi | € wash
fluid is added.” The rate of preparation slurry added to the process of the

30 i nvent i onhydsoxide §TEQH).¢liprhpylamine (PP Ajpandalminugi, eilieos;landry renmoved from
the procgss, _the rate of .wash,fluid added the desjre t pady-state
ovel of 2oneRoanoRls paiiafE SnmithCooBiiihtny aThe oy S5 Sesdbh "

PCT/ USQL/ 2G2ghblectiae sieVénahé pebaralién s10M¢ i dpproximitelyKetwekh easEBG%at i ng t he
pernmeate fromthe mcrofilter with a nanofilter. Some or all of the

concent r at edbparighht Ehepraparatéon Barry iscljierted ta o filter; pad e pertionogthe used in the
"preparation BJep&Qﬁoﬂ%'iﬁ&%' i?Eeparated from the slurry as the preparation mixture passes

through the pores of the filter.
30 The filter used to initially concentrate the molecular sieve from the
preparation mixture may be a conventional macrofilter or a microfilter. Ifa

macrofilter is used, the permeate from the macrofilter is directed to the



sieve. The term"perneate" is defined in the specification as any
proportion of 5 preparation m xture and/or wash fluid that is collected
after haywde/Rassed through the pores of the microfilter PCUHSEHRY22ne or

all of the concentrating steps in the prgocess of the invention. The term
"particle" is defined in the specification as any nol ecul ar solid having a
di mensi onal vol une. The nol ecul ar solid can be crystalline or 10 anorphous,
or may have portions that are crystalline and other portions anorphous. The
nol ecul ar  soldigtofitifatidf pocehd @ ferthidr kepaate tI reitivag ShRAMBhAEuIA sigiengl €
crystals and or  a mxture of single crystals and anorphous solids. The term
"m crofilter pattigleg giat n@@e@ﬂu@ghége perep af/thagnagrofdtes wathrthe prepariation t h noni nal

. pore opening_of, about 0.05 .M ¢r.0 1.CL ons e term"nangofilter” 15
i s defined agmétuEFe\%}beem l%ﬁl%ﬂé@%gﬁl%ﬁ%g%%itﬁ ‘&PCRREF?F lﬁﬁﬁef?glangé"fﬁéﬂ‘?ﬁeni ng
of about 0. 5ugiapesmications? methdis WIGR hepessuld Bltia8of) TARGAGE IASieveican def i ned
.as a device having a porous material w th nom nal pore opening of greater

than 10 nf cr bagombpined pathdhe melecaler sieve sluay obtaineddram thegpicrafdiratioand

nanofilters are general wn kp. tthe art and incl ude;. but not limted
to, polyner s?rofsga%oé ZO {%‘ﬁg‘ﬁa‘l g ?E{ng?readl%/&@rtnéefqg’f mﬁﬁ%ﬁgo@ rg}c£03{1§e11 % he
mcrofilter skduihd lsletBasidveanpdrtisllypseparge diabhéentratedifiorn fle t he nol ecul ar
sieve, however this is not required. A mcrofilter having a pore size

great er t hanpbreparaionr miyrehy passing the prepasatiqn dury, thaeyghethe ghanpels\gf the
general ly col]l: : SRLAsR t . I i ng the
nol ecul ar si é{}%ﬁh{tﬁ%ﬁ&\%ﬁ aHE)E}uS aénsg ﬂgﬁ@fsza'gﬁécgﬁ%? %;Pﬁaﬁl%#gel%{érsg i %lldr}l xture
cont ai ns1@0%wash fi0Rbibynivesl ig fatholding faak admdyth@ bfiorbHltrlon ByrepeitahtThef t he
nmol ecul ar sieve. After the npol ecul ar. sieve has, been washed to the desired
point and coffRte ‘a%s?w@nﬂrp&&t@ily Higying Ate ropratsd Wtﬁgleapem@tp Rastterial with
t he nol ecul a L AV, J il r oW 0. 1944 bi nder
w th the- ot ey e BateRbr 4 mibdfier ot el flit MGl HeHAR, evian™ ¢
| east 30 onethel eymeateyrie., phedmout b viaaitedcleidysl camgonentpmabeparmieatet he

5 ” . , .
ot al yst . Pr ERUTAIGe DIORG R AT DO CRParprSan g RN o
al um na ps esgRle 810y N i prR@Hed thathoMolecHi: §idve KIARhId W WS A1d{32G22(1 10
to 20% by wei ght based on the weight of calcined catalyst. Typically, if
al umi na is t ontilgh¢ peroregisrhas agoaduchivity afiR0 pmha do éwmeh@fThermogmlm na is
pepti zed al upd na m 0 ! rhydrqgl is
converted toSlﬁY%%%%%ﬂ“i)%%@%@éﬁ{%’ J(‘)l?o‘ltl_zg%glr%g%%%g’b gf“&as/?&'?s Fig. 1
depi cts a cr @ail; prtdrably wlterparpslcchod, oviadnhisthiré thrkeof 18 thealdirkOted so 4 he nol ecul ar

sieve slurry 30 1s being concentrated. The nol ecul ar sieve slurry includes
t he prepar at FEAYH f?ﬂﬁ?‘é‘?"‘v\l’ﬁoﬁwsc ¢ R flvidanayicontachibeappiprbarsieyet r om t he

synt hesi gq di ﬁlﬁﬂlygowﬁb%r”@em hoer B3R A 80 e W i bottforiidif gaee! ecul ar

sieve particles ch tlTow along the Iength of the ¢ The
wal | s 24 of from the wall of the porous filter channel. This cake removal process is

commonly referred to as “back washing.”
It is to be understood by one skilled in the art, that the batch process of the

invention described above can be practiced in other ways. For example, the

25  preparation slurry from the synthesis can be mixed with a portion of wash fluid
prior to concentrating the molecular sieve. Also, the invention is adaptable to a
continuous process, such that the preparation slurry is directed to a holding tank.
From the holding tank, the preparation slurry is directed to the microfilter while
wash fluid is added. The rate of preparation slurry added to the process of the

30 invention is related to the rate of molecular sieve slurry removed from the process,
the rate of wash fluid added, and the desired steady-state level of chemical

components in the permeate.



10 the channel 20 are porous and sone of the preparation m xture passes
through the walls 24, as depicted by the arrows 26, while the nol ecul ar

si eve paﬁg‘ﬁh@mﬁz are retained inside the channel 20. TheTpusie26d26e of the
filter channel 20 is selected to retaingthe desired size of particles 22.
As a result, particles 22 | arger than tﬁe pore size of the channel 20 do
not pass through the walls 24 of the channel 20, while 15 preparation

m xture in the aqueous liquid 21 and small sized particles that are nuch
smal | er than the RS frosést df BRSAvioR weHy ihfladéeddcenttdtingfthd pamehdrsh 20.

Hi gh mass flux rates parallel to the surface of the filter channel 20

nm ni ni zes t hidemictofilier with asianefiltalr Seme\ps all of thetopeentratachpsrmeatt eap t he pore

surface of the filter a | .20 [ £q4 n tQ that al t hough
Fig. 1 depi c&snﬁﬁéecgflﬁa?%gﬁﬁ’cf %&%e%‘g ulséld {nﬁgé ﬁrr?g grraﬁgrg 8%%‘? gx?og%cugayrr t he channel
20, the procgsve. dfhettbign g;swmeatbms definedinSthe Bfecificatibh a8ahyroportibg of! Urry 30
flowi ng along the outside surface of the channel and the perneate entering

t he i nterS orprgparatigrhmixtureiandior wasle fluighatds eellpsted afterhayingpasyadethraughof i | t er

18 may consigt of a .25 bun f filter channels 20 hawing fibered, porous
walI's 24 as @ﬁ@ﬁﬁsioﬁaﬁ ral_cr(gl}lFeé?r&m e %torgﬁé’\%ﬁ?e ﬁogc?'ﬁﬁaégg g‘ﬁpi 1ﬁlt%eone end of
a channel 20p@bgks beHRMfiventibAM t he opposite end of the channel 20. The
mcrofilter 18 is simlar in construction and appearance to a conventi onal
si ngl e- pass shel | Thetgrm ({partinlezis defingd inyde spavifieationap ¢y molechler saligk of i | t er
can consi st of .a bund| e [ r ' I nels with a
wel | define aﬁ’é‘%ea g@egslogéln@?dﬁgy,?ﬁemﬁgi;eg%ﬁog{dscggtrbg cﬁéptlaﬁ%u of a variety
of mat erjoal sarh&ghowl, 6gmap bhvertibngthitele &9 stallive e bthef pottionas cel | ul ose
acetate), sintered netal, or ceramics, Also, the invention is not limted
to the use amgiphayy SHwgnalepwtaysolid can bep singlerrystal, or anagelomerats of
mcrofilter. t L ] i used; such as
flat sheets %&lg gfyrsg?ﬂm%u(%&%@&e%? Sﬁ?ﬁ[}%@g Psl}sﬁ,{}gé{ﬂ %)"E&gll@gg Pis?&sr' rom
conventional m crié fetm&imiaofiber”’ ud defafed lab u devioahamhha gorone aatesial aitht he hi gh
solid content present in the_ sl urrx 3Q, shown i,n Fig_j.{_ 5 1. Preferably, the
i nventi on prauBEalgeore ppering afpbeut 05 epicten do)df) migspas. pHhsrterm prapotidier’c 4006
per cent {3 Wi@lthed B LA nadln i héib 3 vith n&%agsb\féa driif} Goncentrat es
and washes | arge volunes of slurry 30 containing I'ardge anobunts of particles
22. The washawuadd nanoroetet toalOathnomicteesi | 'Hre temne Vmasiofiltery is definedms ai xed with
bi nder and/or matrix material to produce. a nolecul.ar sieve '-ﬁi%%? yst slurry,

I
10 whi ch 1's SvedEsihepaoyIpaeRy il POl prs sbeudkol sreerEm 0L The
portions of Hhii®omerMRYoforsanattiealsiieddn dRMmictsITMe] Afd nabOMEgS hleat ed and
recycled, or any conbination thereof. The mcrofiltration process of the
i nventi on cagenselly kngwann grecicand ipglade, butare agt bmisedhto, pelysiets esramissbe washed
and con trat i y , i j )
At er nacitrel 91 eRgimediy TheRse b or i pRBb it SURMY Beftnd. (e
bat ch procesgvegse pagiclodird dfitle wioldeulan pieve, Honeasrghisdehqwéquitedeanms, and
optionally a recycle stream thereby converting the batch process shown in
Fig. 3 to a wimehlinsdaving pgRreviacessater than teqararage partislesizenfiies two 1 ui d
| oops; a sl i d by dotted |ines).
The slurry F@g%cglgﬁgf‘%eg‘gﬁgﬁgm? %\gﬁg%kttjﬂogy{ gfothgﬁ'gglﬁééﬁﬁlt‘tﬁg&m crofilter 18 and
back to the sl urr¥hd suity 28ntaifing thesioldchlar sieve de washdllidtand ampsh f1l uid or

back wash to the.mcrofil.ter .18 and th r eed.tank 28, | he slurry
oop, T o SR breBualip b AR PO 0T A A0 bF BigE Binee b Dot 51
and then to 4dg pyiveigitiof iRmdiBeul MidveWATEr BRSASIESIAYAMIs baa waheys filter
channels 20, the slurry 30 is recycled back to the slurry 25 feed tank 28
vi a st ream 50.thagesired pbipt andeeliegied.the procesmanintlodemixing pofatix r at i on are
-about 250 L/mn.per. of tube craoss-section, 4f 1. di anet e, channel s are
dsed. owevePeerBoui et o PEOE R M oo lighirThs OURE BERE. o1 e ry
feed rates apigddrivitt ®d middechlarsi2ve.OPtefethbsly e friai®imaterBlEcomiRRes £@€dst onal

-area, preferably from15 to 3 5 L/nmin . )
one clay, more preferably kaolin clay, and is present in the amount from 30% to

90% percent by weight based on the weight of calcined catalyst. Preferably, the

binder comprises silica, silica-alumina or alumina present in the amount from 5%
p > p



30 per n2 to avoid overpressuring the filter channels near the inlet of the
mcrofilter. The highest slurry feed rate is determ ned by the nechani cal
integrityodfyifye mcerofilter 18, particularly the mechanircalusonnenity of
the filter channel wal | s 24. WO 02/ 211?6311 PCT/ US01/ 2fi 2211 12 The inl et
portion of the filter tubes nust be able to nmechanically w thstand the high
pressure associated with high feed rates without partial or conplete

physi cal disintegration due to excessive pressure drop across the walls 24
of the channg ﬂ)o/zgywei%n%asealoatth@wéigh%fdamyed Gl t.UTy?ﬁcélR%@dlﬁhﬁfa the

m ni num pressure drop 5 across the wall 24 near the outlet” of the

m crofilter isgope incBrposatedaps bindam, thegorice o thedilurgingrispentized dnminas@r oss t he

pressur e ar ofteiifirh EhRkoy % A chRptfol i ool R ylPln * Rovever

t he hi gher proilpsuEheatiagsf theyprépased cagtpgsi tate the use of stronger filter
.elements. 10 The pressure in the filter channel 20 may be controlled by a
pressure Tontrol Vg |depigtsacrossesesianefappsousaicoiilion ehannel Hrasither 18 and

measured by pr i ndi d e dr I h hannel s 20

al ong the | eﬁlﬁ e%ﬁfé# ?1? k‘gagﬁg%ﬁé Qeq@)cc)}gglg%g%ﬂ%%%&g\a}é gr}%‘{eesfur%he pressure
drop i ncreasgghides theippepaeanmixfur@whiel eontaths b chentickkcoatjonsite oy a flow
control valve 37ggos.iti oned 15 on the inlet side of the mcrofilter 18. In

addi tion, vathgsymbesindissnlved gy sysneadedingnagrequsyigpisdcdl and the molgenlery 30 to
the sl t : , | f teri
the i orof i | Bate dBticl 2 wNGLUGD albhe IR dapddl 30" Ut ZABE" o' 10

m crofilier e chirtel 20 arerpRir@isatd samd of the pref@iration mpikate passéddrotightief i | t er
adj ust mrent of gne, may r.equire appropriate adjustnent of the other. For

exanpl e, 20 Welly3b agiepiplgd by Hi areaves 46 While themelecylpesienanagicles2dargr essur e
shout d be Oy indie Qe 26, The BtileQedeH el HAHeL 20 [5'URLN 161
particles larger than a desired size from passing through or perneating the
porous wal | ®faimfhetdesirdd sizecof panivlen22. 285 a feselt,parteclesi 22dagler thae the mref i | t er

18 i s based upon.the, ave article size of 't | ecul ar. sieye and is
presel ected ¥6°¢ QFWHLE‘E&%F%@?S %’é‘g‘\gbéﬁe Yguspg‘f?ﬂg?g}?.m ’ﬁ’gl}%ous Li qui d
whi ch pa15§espﬁeparaﬂ&bmmﬁre%kﬁesaq%éo&qr@id Peand HRIPSIBAR IS thaa 33 this

perneate stream 33 is analogous to a filtrate streamin a pressure
filtrati on pmuclkessallardhinshe poiesizegass thraughithedwallsi2deofghe clsannel 20ndighr ed by

i ndi cator 301 i nt aj ned f1ujdinj d.into the filt
P erofi 1 ter masuffiars ol GHCSTRES fs et ababhel FurBiotBiags e Suticn ne.
permeat e (prgpafabieeillasfevd pdrtidles o/ cRiggivisthe pbreisdifadevranohidR@ani@l | S 24 on

each pass. The pressure across the porous walls 24 nmust be high enough to
force permea?® through the walls 24 but not so high as to over pressure and

pri Usoribeoztn 1 el idpibioskithil sliqoeh e, ¥ Bepiert B SRl dpinting in, o e
pressure. Ththedptpad pogticn ofthe chdnmek2(e tigt rdcdshef thh inmveatior?&an dsodie anbi ent

pressure and i s, cqonnected to ans for collecting perneate which is then
directed to P@Wegﬂlﬁﬂﬁ‘f’émﬁwv?g?{%gB‘%Fc?@t%%s% c¢ pbtheichanmel andy ey be

pl aced under @ Rakdd: tyﬁ{(‘?tm Rbri Rf&ﬂd to a 5 pressure above atnospheric
pressure. It Hlég possﬁﬂe ur?%g r#??rgo Iltration (or ultrafiltration) for a
hi gh concent r at i oA micrafdier 88 istshowomyFagdt @hnencrofiier umaycensist ofdhe wal | s 24

N ssur A B R chariyets 2b Vi Hensd, RERE P24 SHGR03 Fitban ag 1
“concentrati smn%,ona%&ﬁl,aggdjméd inBM%E dnfliof a @R&IHEF20 AfiEreMovELfrbinltRE 18 i's

back washed with wash fluid'to reduce the concentration of solids near the
i nsi de wal | effpositeenshefithechange! 282 Jhevnistofiltgr 18 isdimidaris corptmbiéonadk wash

+fluid in container 39, via pu 40 and valwve A1l s.shown in Fig. 3. The
back washi nga%eargn?entotahcgnyeéﬁ)&ggll S]?%IC'B%\SPtSﬁ%Y@?AtBB%ﬁe@ﬁFWE‘%raI ong the inside
wal | of the Altemafively,ahe hicrofilterican 6drisiyn ofl€ bbb Esifitered 2eMii®bAmBaR const ant
“concentration of slurry 30 in the slurry feed tank _28. This requires a

sour ce of0 matdwnngds mithiagwell defined notsisiver (Bwerally amisgefiteroarg mepde aPtefs 42 and
43, to repl . | Ui . QY I te stream
33. Thus, tﬂgﬁgggif%vétgﬁgf g‘%ﬁ‘{‘?‘g’ gpislg&?é@cfﬁtté’ pﬁ’?}%\’/‘%{%gsu%rlggse‘?eﬁﬁp]@?ui d and any
make- up f| ui stetase)psinterdahdtyl, eceramics. 2A1sdhhe iveatcisisalot imite@ it thatiseng t he
perneate (shown as process 46 in Fig. 3) collected in tank 34 is very
simlar to the process of concentrating the slurry 30. However, because the
solid contents of the perneate is very low, significantly | ess anpbunts of
back wash, if any, is added fromstream 45 to the process 46. The perneate
fromtank 34 is punped to a nanofilter positioned within process 46. 25 The
nanofilter can be made from organic or inorganic conponents, for exanple,




pol yners, sintered metal, ceram cs, or conposites thereof. In nuch the sane
way the pressures and flow rates are controlled by a series of flow val ves
and presgiy @xdoves. The concentrated perneate is recycl eRCeSH/26220t ank 34.
The pernmeate fromthe nanofilter is coljjected in tank 48. Portions of the
concentrated perneate 30 can be recycl ed1 back to the sieve synthesis unit
to reduce material costs, or treated and properly discarded. The second
perneate resulting fromthe nanofiltration WO 112/21 380 PCT/USII 1/2(i2211
14 process cefa @llindrits niiewfittee dOther gdumgiricatlyshapdd hiceofilteyedtniberused,he
synthesis unit, or disposed of. The detail ed batch process for washing and
recovery of ﬁlchﬁﬁgé‘lﬂhﬁgt-“‘@FWéalé"fqug?hW- mcrofiltration (or

ultrafiltration) Q@F%ﬁ{@?&%ﬁﬁgft‘r@ﬂ c%&@enii?ﬁﬁﬂ:}xi@%h?ﬁtio%hﬁ ubrdAHIE SN

invention is as f . nol ecul ar sieve parti c?es recovered
fromthe premathatls bevansexifuheshigh sold contént grasentia e sldry 30, showh &t Bigl y wat er .

. However, |t t tinpes.be necessar 0 concentrate the preparatijon
M xture ahd babielesrd e SHeene BPRERETErEIRERS Y fo (0bambirarsteran yi ol ds
of nol ecul arS%‘t@W@%g!e?ceﬂPBﬁWé@t ifdldeifar §i})égé i tles %IigTﬁé in%ef vely,

portions of the preparation mxture nay nmoved by vacuum applications
with or w t howcertrtsiand wabhes latgervoluniesefsiuy 30rcvatdsng langdh@smmtsofy al so be

pre-filtered usi,n ventional ,met hods to rempve the relatively |arger

ol ecul ar - oi UBCIESAE ERCSRRH gpd FRanira PRlSERRE SSRGS fhehBiRgdr of i | ¢ er
2. A though QphbRRR} andASrShRHR Rhateridl BEpRULEY YmbRchiBt §ibw da¥al¢@OReRL rated to
15 approxi mately 30 percent by weight solids by mcrofiltering wthout

addi ng aty wabichfy diragtedrto lafokming sinittand ptosessediinty catdlysts Thenportiahs of the
concentration step reduces the amount of wash fl.uid eded in subsequent

st eps by ren%?ﬂnﬁﬁfgtcﬁ%gﬁgﬁs iﬁ?‘gr%cfy"fégh“togﬁ?lﬁ’?ﬁ{& né&ﬁctyﬁ&ﬁe%”?‘w the preparation
m xture. An ¢gmBih@tionsheressy flow rate of 10 to 60 (or nore) L/mn per nR of

cross-sectional entry area of the filter cartridge 20 and preferably 20 to
30 L/nin per n2 nHie Bicrefiliration Biosess of Hiednyansign can be a batek prasess withs time to

mai ntai n an r | il tier | s at the
"ol ot - and_oufvar ShAH BORETILLE AR ALORRIEA M HUAL limatlls' 2,2
initial EoncshownahiFim 3s tAdrermaivelyy ppeef ostiaaryt dkéll ji ths ats ubkeagitizel

presel ect ed maxi ressure, all (F)ly}eeg across the filter media, such as for
exanpl e, 15 thata batchprogess cambe moditied gyithiinput reams, Quinut reams,and ¢ hat has a

maxi man pr es&ﬁ{foﬁaltlyéméc?éﬂe@ﬁeaﬁﬁ, tﬁ%eﬂ?&onvlﬁﬁg@%ﬁ%x%ﬁéé&% 6\?/12?:1' 3 |3 pressure

is an operating characteristic of d partic er an erm ned by
t he manuf act torasontifiudulsdlofa proeess.c Astshovayahe $yistes hastiwodluid lopps;sa shamcent r at ed

to sonme maxi concentration functionally.relate t he operating
characteri st{%@%’f’ aflﬁé vas flé‘}‘i. loop cnfﬁsfcial?})lﬂ%?efdaﬁlegabﬁ’efsp BhelP30 with a

M ni mum Ao udtcutesWas Slufry B0 dhrogh BRBYiErofilRP18 bRk té R shirkyt @Ak 8gke from
the walls and then, optionally, the concentration is continued. Any nunber

of such backThewashflpid laopsinenlates avashinishardbaglywashjtotthemispfilter18zodcent rat i on
step. A the slurry feed tank 28. In the slurry loop, the slurry 30 is directed from the slurry
feed tank 28 to a pump 31 and then to the microfilter 18. Following passage
through the porous filter channels 20, the slurry 30 is recycled back to the slurry
25  feed tank 28 via stream 50.

Typically flow rates for conventional microfiltration are about 250 L/min
per m? of tube cross-section, if 1 mm diameter channels are used. However,
because molecular sieve slurries are very viscous, slurry feed rates are limited to
10 to 60 L/min per/rt-l2 of tube cross-sectional area, preferably from 15 to 35 L/min

30  per m?, to avoid overpressuring the filter channels near the inlet of the microfilter.
The highest slurry feed rate is determined by the mechanical integrity of the

microfilter 18, particularly the mechanical integrity of the filter channel walls 24.



WO 112/2G380 PCT/U SO 1 /21220 15 final back wash nmay be perforned after

the final, initial concentration step is conpleted. 3. Once the

concent r did e¥hesdoEP 1S conpleted, a nake-up fluid flow is mtEUsEA6I2Nat

mat ches perneate flow t hrough the rricroﬁ'lter. This is the washing 5 step

of the process. The feed rate is gradualTy increased to maintain a

presel ected pressure across the filter walls as contam nants are renoved,

such as for exanple about 10 psi for a filter unit with a nmaxi num pressure

limtation ofrh@fhiorticdSofiRE ARE! HbEs RNt bahbleitd flcERGRGallytvithsemiehep f1 Ui d
feed rate is increased. Al ternatlvelty, "washi ng" of thé nol ecular sieve
2

particl es mahighgresserempsdcitestiwitly high feesnstes iwithovhpartaros enmpiats physicakp

. followed by a. back washi step. a sufficient nupgber .of, tines . to gchieve the
desi red- ol edimieraiBubedy stisRupitur fish AR e FfalR 24t h tiBedlSn based
upon the acr 2¢ gt b arl¥ednd. HtRREMoR Jlirfy fee@tatéd e ihinfim pRisburk Srdpy Pi cal Iy 20
.Ww%to 60 wt %slurry concentration for current non nmetallic of non-ceramc

cartridges. atressithe wal 2dnearihe gutl¢tiof thepmicrafitend 8 iskS toh¥ pd. Whé | pressure
until no nore perneate . is discharged,an wash or. c entration.step is
then stopped *AGBPH "% RS> OM%EBHFe ﬁqtsgging?ir t?‘% n?lﬁt_r@tlﬁ%ﬁ‘éﬁrﬂ tefrg'@at ed to
an oper at i ngjscIvao 30tRT. | Higher pressuftedrbpd WRY genElal¥9 \avilitaldl 86 fdte SPfil@EoLONt ENt S
may be achievable with different mcrofiltration equi pnment and

m crof i | t er showenerfthe highsopresiyredrapemay alsp oecegsitate the useobstrangerdillyy t he
mechani cal SL réglth (maxi mum 20 pressure limt across the wall) of the
filter used, lt Abi | i ty of the punping systemto punp the thickened

slurry, pnd the siTh¢ presaiperfiothe filter chhanél Q0andy beccontiolled bea prassury has been
adequately washed with wash fluid, and thus ready for the addition of other

catal yst conpiiehvalve hat teekischanee snd phhe miepfifieioliband easyrediiye per neat e
o o et ok IRARL a1 e RALE I S SO BH  hligper eoLe
t he nol ecul athesshentelss2@udepgnd bh thesflqw efier Tlecpredsate drbp imoerdecwitvi ty of the
Ferpor at ur o RTEHEE AoPeRts B BUECS ! e DA oRP abiad” FReBEd o ¢ he
b LIS, PP BIRMONS | R RPNl T
t enper at ur e p4rtiBlly @ciroula® stiry 3 igsheslutry tank@8hiTdvervaives 37ang 38 aonird of t he
mol ecul ar s \éel‘losv&lr Thkd é’ﬂter‘it{]gethlé R ofilter 32. The pressure drops at the inlet and outlet
ends of the microfilter 32 are interrelated, and for a given process and microfilter
adjustment of one may require appropriate adjustment of the other. For example,
20  if the slurry flow rate is increased the outlet back pressure should be lowered.
The pore size is selected to prevent virtually all particles larger than a
desired size from passing through or permeating the porous wall 24 of the filter
channel 20. The pore size of the microfilter 18 is based upon the average particle
size of the molecular sieve and is preselected to retain the smallest desired
25  particles. The aqueous liquid which passes through the walls 24 comprises the
permeate stream 33; this permeate stream 33 is analogous to a filtrate stream in a
pressure filiration process and is collected in tank 34. The pressure (measured by
pressure indicator 301) maintained on a fluid injected into the filter microfilter 18
supplies the pressure drop needed to force some of the permeate (preparation
30  mixture and/or wash fluid) through the walls 24 on each pass. The pressure across
the porous walls 24 must be high enough to force permeate through the walls 24

but not so high as to over pressure and distort or tear the walls 24. Usually, a fluid



WO 112/ 2G3811 PCT/ USUL/ 26220 16 the viscosity of the slurry. This neans
pernmeate flow rate is higher at any given pressure differential across the
hol I ow f{yRffmeo @l ternatively, pressure nmay be reduced wdnesmas2bai ning a
constant perneate flow rate. Hi gher fi n% slurry concentrations are

achi eved at higher tenperatures, but the slurry tenperature S should be

mai nt ai ned bel ow the boiling point of the fluid, and may be further limted
by the necessity of nmintaining the tenperature bel ow any tenperature limt
i nposed by t bpclgddd pitep 31 akd mbtor 387 prdide Glkebshide PSRN GRE Sppsidthe slurry
as well as the materials of the mcrofilter.” For a conmerci aF process the
vol unes| ar easidpor back end affthe ¢hann¢l 20d$ it anghient @resgurefand s ¢camnessed tored

t t | | r opri at el Lect ed. b the desi it
capaci ty. ot By BF plRRnEBeR R R R R LieaRE b i B, AemER A e
al | owabl e pr ggskend dfike EXM@NeN 20 A4y bd Slhcelfindsr ApirfaItateen Y ekfRediocd of i | ter

manuf acturer. Mcrofdters are conmmonly operated at pressures of 1 psi to 50
psi, al t hbughressuge aboygradmespheriapressfie. t ers can be used in the process. A 15

paral | el bank of m.croflters.18 may.be.enpl oye 0.1 nerease, the vol une of
Lty to be conclnis PR dirdg Gt in Rt For PSR S ump 40 15
sel ected, ascécentraticiofeNds @ doffregdte Abst tRelTaRE OF terpalls@dtth@t or 36. This

system al so has a neans for back washing, perneate renoval, and slurry
transfer to esacingmermente Apwr dihus.tipma canstapt Bewsate, inereasing thepressereur ry

rocessin it, s Fur r, ropriate process
ot ament at st seRifE ol 24 BEAN cRinie] 29, hiGrbi as BPARRR 000
opt i onal 1@ec poMrikatidn”atWigsh this@RcurR\thd i@ oflteyI8ds badk washed wilhivaspor ti on of

t he apparatus can be used to further separate conponents in the perneate
col | ect ed i nilpiskigapduse thpseoncemgion o1 prlids near theinsidervall efithg ehanpel20at j on. A

nanofil ter, S : | hor gani c
or o gant o coagb Rsfifi K3l ing BBk Srach AlidTH SR, o 18 B putd A

Nanofi | t r at i ealvedbjusahewndu Bigy8ndhabiok washiighddsdid thorchvabofanaitidles Wi t h pore
openings of 0.5 nanoneter to 1Q naponeters. eratiqon |s in general simlar
to the oper afPRsnispted ﬁk@nmﬂ&laﬁla? ot ghe raigiaffier iBalt s 9 ?rt%ﬁsngole to

nano-fil jeat| LtdohS96& fiCh Sirg;t 0 200

et g, 50" The MEUER  Eh OB GuIRGF o DO ¥ sHER el wfip 28Tl *: o
one that i ncogpiess ssuree of maleee flwidfomph cophiace39, SAROMpE) acinadvesdleve. The

Structure of N0 4.6 Tepicsrang GuRk R e T sy 90 e OPRRa ook ana
[ PO2] cor ner ThiiQktd Bhck SFdsB QY 8 hisyl Giddsto pldvidSmpkehe fiGRInHRAY ndakkE-up

sil'i coal um nophosphat e nol ecul ar sieve used in thi's invention have a
rel atively | 8widdp preferaplythieatedy n general, the lower the Si/Al12 ratio, the

| ower the,Cl-C4 s YA i elLectyvity. A
S 12 12010 of | Lhd bEES AehfiEkintildihe BTGB LB ROAIBSRELECY 01V
great er thancélleéfedtinitang Jdrieveryrsidilarao thegprtesbPecongenteating thwoslurgy 3@t er t han

0. 32 being particul g;l y prefe[CLed. A S /A 2 ratio of not greater than 0.20
i s most pref Elopeder, Beqalgoie sed Hdbepsrmieateds uery dowsaignificantlydassr al 1y
classified agbeiar Bk \ORA! @4y TEARIel Hot %S B thd Broclls 42 THEMEr ed 1ing
structures. These ring | O structures can have an average pore size from 3.
S to 15 angsperoreste fivm fakr3dds pompddio aoemobiiter ppsitinned witbingradess 4@r e  SAPO

nol ecul ar, si gyes hayin n average pore si.ze of. | ess than,.S angstrons,

pr of or abfy anNSIUIET Bt B BRRATGHE obean G Beani cRPeenlin G eEPIery o
preferably fpoindrsSsinferdd Re@l @iahfieS or doMGFORitERAhErest. 28 Imhahé ¥aeOwhy Of

nol ecul ar sieves having 8 nenbered ri n&;. 1 S The [P0O2] tetrahedral units
wi thin the fehernseaswies and flewuntes ae confeolledbyaderes ef ko valves andpressument i on can
be provided i (]!EBF it . t

phosphor us- cg%l%’ %‘ %QC%%%%% tselglt (o) n'%h% fr? g?%ﬁ%%é@%ﬁ%??%‘a@?%&"&? %tgni C

phosphat es sfiem the nhsdfttehjd coflbaspiahnk 48. ERdrtendvfl thdeomentrataheemeates, and

al um nophosphat es. The Eﬂgﬁgg or gus-cont ai ni.ng conpositions are m xed 20

with readdi veanhe reersledy  SHRYRSERAesES Yitg rediios saaterjab gasts Aekeatedhe
appropriate &E@io i : IRt b A€ nhdbiddtidnet r ahedr al
units wthi th F ér?‘n%a%a?ﬂédgtﬂgé? ﬁorng‘ﬂgtgﬁéﬁgégfegﬁlg@gggg § na valr%%tg)tny of
conpositions. Exanples of these al um num contai ning conpositions include

al um num al koxi des such as al um num i sopropoxi de, 2S al um num phosphat es,

al um num hydr oxi de, sodi um al um nate, and pseudoboehm te. The

al um num cont ai ni ng conpositions are mxed with reactive silicon and
phosphor us- cont ai ni ng conposi tions under the appropriate conditions to form
the nol ecul ar sieve. The [Si02] tetrahedral units within the framework
structure can be 30 provided by a variety of conpositions. Exanples of

o o . L o o o




al um num and phosphorus-cont ai ni ng conpositions under the appropriate
conditions to formthe nol ecul ar sieve. Substituted SAPGs can al so be used
in this {yppPhksn. These conpounds are generally known asPauv§RsRE220r

nmet al - cont ai ni ng silicoal um nophosphat eg 5 The netal can be al kali netal
ions (Goup IA), alkaline earth netal i %s (Goup IlA), rare earth ions,
and the additional transition cations of Goups IVB, VB, VIB, VIIB, VIIIB,
and I B. Preferably, the Me represents atons such as zZn, My, M1, Co, N, Ga,
Fe, Ti, Zr, }rﬁ%ces§raan and b@&ecyaeewthagw&swmh@weﬂﬁ@{, RSyniHeSls Wi, or
tetrahedral Tramework through a [ Me02] tetrahedral unit. Incorporation of
the 10 net al dispesedeént is typically acconplished adding the nmetal conponent

during synthesis t.he..npl ecul ar sieve. . Howeyer ost-synthesis treatments
such as inpregnat ?&%d%l?ll?%? R%eﬁﬁ-or%hlgg% B%C’Otﬁ'grgd’.falrﬁélﬁ 3 SYEit hesi s

i on exchangeglutrp &y HBkAfileABAQEEM rafittatioh) Thla@t+64hce AittORS t@&hih#@oﬁﬁéf ace of
~the nolecular sieve, not into the framework itself. 15 Suitable

si | i coal Um npiskens prvgntomisiasdellaws: si eves i ncl ude SAPO-5, SAPO- 8, SAPO 11,
SAPO 16, SAPO- 17, 1SAPO 8,t S 0120 SAPO- 3 flSAP034 d PO, 35, SAPO- 36,
SAPO- 37, SAPO- 40, I'SApOfPPeheAmlgelar Sieuepaicles Apeavatrd TORBEDECPA 0N et al
cont ai ni ng f gifhrethesiafied inWhshTIsid prSerabl® vRldr: HIvaNveY, iefaypdt finseABe 17,

SAPO- 18, SAPO- 34, SAPO 35, SAPO-44, and SAPO 20 47, particularly SAPO 18
and SAPO- 34, ngcggsandiorrgnedniratecthe prepargtion miixiyrerand particiesrfean thessyathesist ur es

thereof. As used h | t : ] ne. J: Lth combi nation
and is consi %‘é’?gsa 1§1re§a('t)1&%l sl%;?iy%eg&ﬁéﬂrf‘r&é%&égr gﬁ%\?ﬁ%g@%@&ﬁn%ls@t@?ﬁponent sin
varyi ng [y opAltkinafively, et f St [Epdritiin'mixbuts nfd! bestmbeed By aichgn enbodi nent
of the present invention coi[[rprl ses, concentratjng an 25 al um nophosphat e

(ALPO) ol ecinplicatigns\vatier without hepling; d e slurny feam the. pregassdynshssisspdiat e

nol ecul ar si | } i I ve an Al1P04
framowor k. TR og BieREGUF by baifcifioraP RN HS (M e it bllvaT T

typi cal | y hamelecolaf sieve particesipriorits divatingahgslogy te themibrfilteR angstrons to
about 10 angstrong, and, are capable o ki ng size se|lective 30 separations
of nol ecul ar specfes. Wﬁ%“&hﬂﬂﬁ‘o{‘%l"ﬁ%ﬁﬁység‘? gty ﬁselnitlﬁgﬁé‘(’ﬁ%?\‘?ga‘lﬁéé%

reportedysin i i i:calk: 5\5]‘3! S Qi
descri ptllson %ﬁ?’h{e}ghﬁ%k}%ﬁﬁg%@%&%%ﬁ%m S o? a&gﬁ@nop ogg%@g@eés@?s f ound
in U S. Pat.whkh fluid\ot Badkl@4sh 3 th21durBCTTHis fiitdl cofdedfation Geplredicks4dd, whi ch
i's incorporated herei .reference in its entirety, Preferred ALPO
Structur oo, ot pash Hiidseded Ramseduent RebriviemoinadS maipef 30,
ALPO- 37, and.lpfindfts cdiGintd e E»l?éﬁaﬁhwlrdiﬂ%%é.@f!é‘n ﬁaitri@tﬁ fad yent 1n its

framework. 5 Preferably, the netal 'is selected fromthe group consisting of

magnesi um  nhtpete©e moré)idmin peyant of caerd-settional eyt dren efthe filttrowatridpt er i al s

prefera exhj hi t4 .l on- exchan dior t tic.properties
P Ty 4% Rl elscty 26 RSP i e B A B BSRRRGEE, TR ol B 0phosphat e
ol ecul ar  si RdacedoNifiPfilkit® Aintdvk bh aécepabletpresuk! 65 acbsh thd fiidrofliRAar at i on

are described in US, Pat. No. 10 4,567,029, incorporated herein by
ref erence i nwallsatdhg inletapd oytles ofthedollewdibsrsasithe slpmpsonpgpisatgs. The

thr ee- di ”ens'nﬂ’k'l‘koﬁﬂeﬁ{r S isgfoﬁgéndaxfklé%{ tﬁ?@ié&%d‘re %Jz{e%&é é’ﬁ%\%ﬂl&é 2, A102 and

P02 tetrahedral units. ese a structures contain
tenpl at e primaxiune pressurabilomd aceoss tie filtp neden) twd d3)foreerample; &5 psiheni cal
conposition, on anhydrous _ basi g, as: 15 nR (MXAl yPZ)02 wherein "R’
repr esemts a‘icrq’ség& WB& éorc?r@"é‘r'ﬁ“il“t@%}’%ﬁ ?hﬂbhaég“éﬁéx‘&“éb%‘ﬁﬁsufﬂl@%mn

i ntracrystal hg O Re BURIARMA acrBis-theNafiS R ssreif'sh stﬁlﬁh raterifiESENT  per
nol e of (MKAI y%%sgz, e'Ehe 1maxi :rar%msva uea ﬁ)ﬁ eagﬁ cagéagrde engfangnupoitet he

mol ecul ar di aparticdasfilidr ant és dederpliedi byghegenofacmekr tofi thediter kadridzeyoi d vol une
-of the pare %‘0 system of the rticular netal alum no hﬁsghatﬁ i nvol ved,
"Xty an us, fhe slurry is concentrated to some maxumum concentration functionally
related to the operating characteristics of the filter. The filter may be back flushed

30  with a minimum amount of wash fluid to remove a portion of the filter cake from
the walls and then, optionally, the concentration is continued. Any number of

such back washing steps may be employed during the initial concentration step. A



represent the nole fractions of the netal "M, (i.e. nmagnesium nanganese,
zinc and cobalt), alum num and phosphorus, respectively, present as

t et rahed{g) g%sgees. The netal containing ALPGs are often r@iesmaa2o0 by the
acronymas MeAPO. Also in those cases where the netal "Me" in the
conposition is 25 magnesium the acronyrf MAPO is applied to the
conposition. Simlarly ZAPO, NMAPO and CoAPO are applied to the
conpositions which contain zinc, manganese and cobalt respectively. To
identify the rd )ﬁrﬁ)&f:ﬂfﬁ ¢ HBisE .he cl asses
MAPO, ZAPO, @é%&&ggﬁvﬁmgégﬁjgg% spec?éﬁgﬁ@b’a{sm g%e erg[?a?\%rr%%{gp tlga]md IS
identified, tompkranpl e, as ZAPO-5, MAPO 30 11, CoAPO- 34 and so forth. The
. silicoalum nophorsTghate nol ecul ar sieves are sy th&si zed by _hydr ot her mal

crystal lization mét hod©OngeHecanssnineiemstep is qompleted, a make-up flpid flopyys
112/ 2G38(1 P S: : ;. 4,861, 743;
5, 096, 68£1; a%ﬁ%%?‘%%ﬁ?@?ﬁ@eﬁ‘é?ﬁ%@fﬁhmﬁ%% s 'égl%e‘ﬁ%?}f%

i ncor por af ed stepoEile prycesef Enefecdrateisrgeadually inonreaseditoemaintaima pregelbgtedn xi ng

together reactive silic al un{;ﬁnum and .phosphor us cog‘ggne ts, along with

n, .

at | east onePIeETHIE 4¢7ass '%9&“8%‘1_’"? %EW“BHEL"&S e femeyedafichRs torfxampiee i s used
as a sol vent ab&ﬁ'i@&r@i1*o¥atﬂ‘i't‘érﬁ‘i\iﬁvﬁﬁ%dlé’(ix?ﬁ&';ﬁ@ssﬁ&%ﬁﬁﬁioﬂ%fzﬁr §if.eA€b' y under
aut ogenous pressure, to a tenperature of at least 100C, preferably from
100C t 0 250Cpemmeatel flaw caty icedabispthepnakeup fluidsfeedrateis.indfeasedt i on of t he

talli duct t ake,,apywh fror 2 h t h 2
ROPRRN R - 5 AR Lot gt o N e Sl o p e A
facilitajg 19erﬁre(5)'l?‘1n1% @ ¥Bhdefatitn StéiEoRbREY \% a g%&’l@bvﬁﬁ]iﬁg’steﬁ Reuffielegeul ar sieve

precipitates he process solution, [ can be the nother |iquor. As
a result of nhmberafdingsitp aehieverthe desired mqlequdarisinve shiyesmpositien.nol ecul ar

sieve contains within its pores ai | east portign of..the tenplate used in
ki ng the i niti o Eat pRetieiof bared Hibn helBiohs BB bt PRIH" 15 Che
si eve essent i@ filler Whit RStypicallyn@0 Wi tb GO eluas dohcdntrafion fedurrditgohenpl at e
is then conpletely or partially renoved, thus generating an open pore
structure. | merlisornpnceramicsaitadens. Jhe dilienis ran aiissmasimupbagrossdhepr oduct

f or med, e . | f .

intracr yg al }‘{gﬁg)k%%@g r@)ﬁ!sl?(gnrﬁgpe?pnek@tggﬁ 15218(8:%%, d;éhg%tee‘&rp%wé{t re‘lglclzcaeﬁtr téonr enoved
by a heat tr e@pisthen poppeis Agakm thi? thagitmummlcencentratidreRfiuattionsiinrekgedyal ci ned,

or essentially conbusted, in . the presence of an oxygen-containing gas, by
contacting t ABOPEAIMHENAraCHISHS ﬁf 105 e HopRvor Tuekersd i nismiy ey be
oxygen- cont ahéﬂi&%b&a&itﬁﬂﬁfepég@fdiaﬁﬁﬁﬁﬁbﬁ TRSibAleh! & hicRIeR0 THeFindP0C: I'n

sone cases, It may be desi e to heat I'n"an environnent having a | ow
oxygen concesolidstconeentration wibke dedsresnedhbynie enecharhieal seength (madiluty pi cal |y be

a 25 breagkdown of t.he tenpl.ate .in mal | er. component, rather than by the
conbust | 8 pPBese iAo ool B huCaR b, e R s it Syl

conpl et e r empypilmpPthetthiRkérRaRlvdlySarld B8k doffpoasity.st al | i ne pore system In
ot her cases, with snaller tenplates, conplete or partial renoval fromthe

si eve can be accofpldetsrainepyhendhe/dvwry basheed adesustalpwaghed vathewashdliidh as
t hose used in Ln . |t i QN ixiure can contain
one or nore e%%'}% eﬁ%@h%?a (la(gs11 (éfreogixértc?%g{sg?ogn%oﬁxgé%t @ﬁﬁﬂ%ﬁmglf(ﬁecti ng
agents, and phpiicbploperienbaihe paimidatgas maahasdhPorexampleythe coadictivitg 1l PCTI U

S01 /262211 21 oxygen, carbon, hydrogen qQr_a conbination thereof, and can
al so conai nonhfensity ef thepermgatg ande raera;vregr dbp degies of washipegwilldeperds pei ng

present in the EXAtex?c[ed%"sé(l)ft%ﬁ{b‘?ecqu’éfe% ﬁéggf tltgitg\?lga %rﬁéﬁia&th@”p' ates can

al so be used.” Representative tenplates 1nc e anmmonium salts, 5
cycl opent yl avomdnctivitg oftthe péryrieateybel SHhantaonie, 5000 peathiogirioe to inakiag Ihe ami ne,

“cycl ohexylam ne, tri-ethyl hydroxyethyl am ne, norpholine, dipropyiam ne
(DPA), pyri dP?’Fél?’StiSé‘BEf-opyl am ne and conbi nations thereof. Preferred
tenplates are tri ?EB?E&;@?G&%%&&H%%%@M hRd :P§?hﬁ‘i'cgrﬁ’efﬂ3¥tr ndhpe,

i sopropyl am ne, tetraethyl anmonium salts, propylFam ne, and m Xxtures

t her eof . 3heflow rate of the permeate through the pores of the microfilter. The temperature is

preferably maintained below 75 °C with a preferred temperature of 55 °C to 65

°C. In general, the higher the temperature of the molecular sieve slurry, the lower



10 tetraet hyl anmmoni um sal ts include tetraethyl ammoni um hydroxi de (TEACH),
tetraet hyl amoni um phosphate, tetraethyl ammonium fluoride, tetraethyl
anmoni u%pjﬁ(g@, tetraet hyl ammoni um chl ori de, tetraet hyPCHUSIII262A60
acetate. Preterred tetraethyl ammonium Egl ts are tetraethyl amonium

hydr oxi de and tetraethyl ammoni um phosphate. 15 The SAPO nol ecul ar sieve
structure can be effectively controlled using conbi nati ons of tenplates.
For exanple, in a particularly preferred enbodi ment, the SAPO nol ecul ar

si eve i s nmanufeaaidesi@fotiht BBng. BIPhaAR peaf&itd abvahkeas hifFd@tas fiven

di propyl am ne. This conbination results in a particularly desirable SAPO
structure fopbressise diffeyential aprossrthe holisn fibers or pigrnativelyapregswremearhsl and 20

di hyl h i ght . ol.ef i ~Th
G 1T conl uni nEuhswbnEMainaifie RoRe RimEhOHb & Tl MR B F0E, TF, (e
with ot her napmich@itions Weeathidved geliighdriemperatutds] g theosigs tdnspative t ypi cal |y

referred to as a SAPO catalyst, wth the catal yst conprising the SAPO
nol ecul ar3 si shauld bsmejzinedkelew the bajling pginkef theHuidy @&Wﬁy ba fon is

prepared ot her. . il X 1 I ey These
materials i nghﬁ%g%géﬂ}%%g@gé)?& acliﬂt%f@g}g‘gbé&n@%ﬁt@&%ﬁ%g{yrgpﬁ?rﬁyg, or
various bi ndéfineipesédbysthe s¢lativeastatibityl dfthea¢hdmiédd €6 mporeanss of\thd $10t6 a§ or ns  of

rare earth netals, mnetal oxides,. other non-zeolite catal yst conponents,
zeol i te cat aMglms tsipatedas of themigrofdtesr 4l unina sol, titania, zirconia, 30

nagnesi a, thor | a, ey ybhingroif4ides the ybhuffsAleaSpbieGer L hichkng! - and

m xt ures thereof. ese conponents are a ctive I n reducing, inter
alia, ovidal 18 didvelratss, ambienperatiresnsall are apptdpeinteh sekdctedd Hasedngminghe | N heat

shi el ding the catal yst duri regeneration, . WD 02/.'[203.8 1 PCT/USIII/21220
22 densi Tyi ngevRe VEiteapirity, i Prhpriss e qupraen) specificabiantntha ¢ | s
particul arl ynﬁﬁﬁhﬁxﬁ*ﬂll@w&ﬁléblrésﬁ&e F81ahd nmfi@bATdrAsSs Oetminbeby'aRd 1 n the

catalyst to act as a thermal sink have a heat capacity of” fromO0.05 cal/g-C
to 1 cal/g- Cmicrofibermafufaciivey Micadilders arcedommadly op@a@d etpressu@s ofdst

preferably fra 1 callg-C.to 0.5 cal/g- The e of .nptrix materials
such as nat up%hq%)gO8&gl}l}q%ﬁghg%gpgr,es%{r%lp?crg@ﬁ%ﬁzmuie ‘éﬁ?ﬁ"@‘&lpf?ﬁesﬁ'rfgroves t he
crush stengphralél vahl of diictbidrs U8 ey HeQMPIoyEdab iRk iHeN@NERNGH ippS. Thus,
the addition of clays inprove UFOH the attrition resistance or |ifetime of

the catal yst to beneoncenitatady oA meitable dyy mcieulsting purap 49/ sglosted, asdseont rol the
rate of conv?hw c%ﬂ¥rlélﬁ]e5§7%¥ %??lg}%r%s%?esregﬂla{o@ %5._ mgsfsﬁtéﬁearl‘ | 1S o TRARS 10 for

controlling e ra reac I's mARImze yocC I‘I’IHE} cl ays

whi ch can befotdack wasHilg pprecsnieniovdl and slorry mahsfeletotdnd fisaniheori | 1 oni te and
kaolin fam lies which include th? sabbentoni tes, and the kaolips, commonly
known as Di xPRCFONIRHAR Brocessypyivell a%@ STy ProfeSEngyt, SHch a5:a-50Fay HYShi ch t he

mai n- m ngg al Fﬁﬂgﬁ?%;?k@;faté Frobak MRk, tahamm&&nﬁolsﬁhmé fcliddsftd te, or

5
anauxite. Suc n be 1 Sused in the natural state or subjected to
cal ci nat i on, aatoindtetthepiopesst or chemi cal nodification. As with nost

et Yars e ol sgnhon] P A0 ARy BEonbBhin OB bEF Rl 151 100
nost cases, bhe appatatl cAlY wsed it filitie} separateeImpdnsntd B the p¥rmkeatd or m

punpabl e, high 20 solid content slurries, |ow fresh surface area, and ease
of packi ng beellegted ipvessel3dreseréhedias et o therfrstptage diliratigrarA pangifiiet,y sui t abl e

for cat st _hroc i echr e i cl I t he kaolin
o 075 g ¢ oo R et O S8 Falhle” plit AP FoRRle e fordioneff, anrc
content of tpRsditaythediistPertediestiaar033. Nanofitirgionimdnbranestard gétiecallyevel s can
| ead to undesirable secondary reactions., Because of 25 environnent al

concerns, t hePnstdgiddp bp materials with peisrapaRings of the nenometerds 19m3vommiesne an
| mpor t ant pabﬁgﬁ{igﬁ is in general similar to the operation of the microfiltration except that

typically nano-filtration cartridges are more efficiently used at 40 psig to 200 psig.
30 The preferred molecular sieve catalyst used in the invention is one that
incorporates a silicoaluminophosphate (SAPO) molecular sieve. The molecular

sieve comprises a three-dimensional microporous crystal framework structure of



Addi ti onal nol ecular sieve materials can be included as a part of the SAPO
catal yst conposition or they can be used as separate nol ecul ar sieve

cat al yst gy /R4 Xxture with the SAPO catal yst if desired. pQ@yusiorazzal types
of small 30 pore nol ecul ar sieves that e suitable for use in this

i nvention include AEl, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CHI,
DAC, DDR, EDI, ERI, GOO KFI, LEV, LOvV, LTA, MOXN, PAU, PH, RHO ROG THQ,
and WO 112/ 2@G3811 PCT/U S01 /2l 220 23 substituted forns thereof.

n thi s el g EHCH R GRP Pl B s R Bl BB NE 1 o

and subst i t usitidodlominophosphate mioleclitersicvs madd indhid investiomhperarehtivelgul ar

T3 pes. W M W BUR TRy gonesa e ToBFE 16 ik HOPeiR 4t hFaCad. . 1097, t he
detai | ed desgti, Rl VY gl I . Cl e Telo]/ : I y

Teference. - prapalcs 3yl pfillobling bRl teljeryir RO BRI B

si | i coal uim nOpldsddsirablecwith b \BétAlj ratibed eotssbatsr, th#is0M 8 being prefiiréd; andad

chabazite. The m xtures can be in owt hs or mi xtyres~of varioys _-

Crystal line SHAboAiQpt W@%d&%‘ﬁ@g being garigipdy ox et UR gL 1 or ent

nol ecul ar  si gyeseatdiif g%@l@/}% tGd¥eREg.Subj ected to a variety of treatnents

ﬁete% %‘Pp' P Fand C(Ei i

to achieve t esire ysi ca em cal characteristics. Such

t reat ment s i ncl ud8ilichalumimaphnsphatesueleswular digvek arei geaerally claygsified dschveineg
treatnment, calcination, acjd treatoent, base treatment. mlling,. ball
mlling, gri ﬁawﬁ@qrogmgfna#sgm, 18 Qe merhe ng viaichuss t@sﬁ‘fg Hnghi s

i nventiofy ashgedesOn BlvEaR GvéaRe OpNHE 8RR HRM £5% PPhhfRnelsY Prefsidd iRt or a
hydr ocar bon added separ atelpé or mxed with the oxygenate, is contacted with
a catal yst cdfifQienversien 8At® smalbpare SAPS) molecular sievasdevingran averegor vol urne.
The vol une in _which fuct}gﬁ tagtt l%lakesf lph{ice ivs her ei n.Zt er med Qhe
"reactor,"” V\B?r(?ﬁ’% B %2% O %{pr? St %5@5?3?@3” CSPePR I on
system " AnoBf3ap Spagétrodhs, nlife pRI¢rablg tfiodin3 346 UMnEBtyorRE Fhesé paRIBeat Or ,

whi ch conprises a vol unme wherein carbonaceous deposits (or coke} on the
catal yst res@ftettypigaliof smaleaylar siexes hpvirg§ meniberedaingst i on are renoved by

cont acti the ca i rad. j y. ate feedstock
of this ?%venti onrrg%)@%]\s%etfsaﬂg : eagtﬁtéﬂr#emﬁ%%}ﬁé%%ggg%%oun whi ch cont ai ns

at | east onenwlitcgrnsievOof thisUfvention ahn pb piovided|bg ahatisty oficb@ipssitiem: bony|
conpounds (al dehydes, .ketqnes, carboxylic acids, car b@fgat es, esters and the

like}. When EX@mBIEygetisiePnosphorsrQinbing compogiiionsprludephqsppqricchsican
al iphatic mo tha}ﬁc%&ggﬁteg SR o O] LoiRAPIRAS 1@ lanRE AuR bgHARLY 1 om 1

to 4 carbon atons. Representative alcohols inclu but _ar t necessarily
limted to andaluminophosphates. The phosphorous-containing compositions are mixed

20  with reactive silicon and aluminum-containing compositions under the appropriate
conditions to form the molecular sieve.

The [AlO,] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these aluminum-containing
compositions include aluminum alkoxides such as aluminum isopropoxide,

25  aluminum phosphates, aluminum hydroxide, sodium aluminate, and
pseudoboehmite. The aluminum-containing compositions are mixed with reactive
silicon and phosphorus-containing compositions under the appropriate conditions
to form the molecular sieve.

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

30 provided by a variety of compositions. Examples of these silicon-containing
compositions include silica sols and silicium alkoxides such as tetra ethyl

orthosilicate. The silicon-containing compositions are mixed with reactive



30 | ower straight and branched chain aliphatic alcohols and their
unsaturated counterparts. Exanples of suitable oxygenate conpounds i ncl ude,
but are o2 deidot €d to: nethanol; ethanol; n-propanol; i swoegwaned2y C4 -
C20 al cohol s; net hyl WO f12/21i 38f1 PGI/US111/2(220 24 ethyl ether;

di ret hyl ether; diethyl ether; di-isoprdpyl ether; fornmaldehyde; dinethyl
carbonate; dinethyl ketone; acetic acid; and m xtures thereof. Preferred
oxygenat e conpounds are nethanol, dinethyl ether, or a mxture thereof. The
met hod of malgi o} | hs 4 j.on can 5

I ncl ude the ?H@?’tl%ﬁrgfﬂg({s %6% c?r‘n]g?lfn?\% opkg%giﬁggérr%%&g?%@o Ef/o?)?%ﬂr% hydr ocar bons
such as oi |, canditions taforscthel moddealae siebe.onass and natural gas. Met hods for

maki ng t he conposj.tiqns nown .in the art. These hods i ncl yde
fer ma%t ation {TE a$%ﬁmte<§éigbﬁe@ alse ke Mpddy Hihinypriion, ,hef‘en@’inma‘érti ng the

synt hesis ga S| : o y known
processes su%ﬁ%@?ﬁﬁ%ﬁé%%@%@?%oﬁ? H%Eh'?%'lt) ﬁ(g?‘?{% ﬁl?(gbfa gf;r‘n n11% an %Sgrt I al
oxi di zat i%n. Thametat carbecalkalemetatlidne €Gtasipriny, aielipe eatinineiahidnk éGfompdst ock,

for exanple,_ino an anpuynt of from.l tq 99 .nol ar, pergent, ed on the total
nunber of rmuég’ T8te a1 ‘?‘é‘e@daﬁfl}_aa ‘F‘H@it“aﬁﬂﬂ?fb??é%@?@&o"_ﬁ’é?‘?ﬁee_ﬁeact i on zone
(or catal ystyg APIBEV IS arldaBS iPrefefhbly. 8t Me FfeLRIRRH St s w4 gxgaar e

essentially non-reactive across a 15 nol ecul ar sieve catal yst,
primarily fulm ConNi, GayBkelit A Gex foeamdi@rs These diems emlss insérteddsto the

concentrated, Typigal diluents inclyde,. . bu re not. necessari limted to
helium ar go‘?f,trale%t"ﬁ%@é‘?ﬁwoég%8%%%9(6@&?#%’5&8@%‘%i Igﬁ?ragr,a%%ptﬁ'{e
essentialdy peMt E&ASSHHEIsRRSidly deohpiEmes hddihy thehfetdl doffpRne Wahings et hane,
et hane, and propane), essentially non-reactive al kyl enes, essentlally

non-r eact i vesyathesistof thexpolcowtpotienes  Hawayeniprsteaypthesih tegntentsSheh gy ef er r ed
diluents are. water .and nit ro&gﬂg. V\atler can bgni ngtecttﬁd.i.n ei t.ther liquid or
vapor form IHRIFENRLPH SN exghaneg canalso helpisedy In past Sytfiesisiopgxchangeyst ock,
i.e., as co-{ResbtaldsmPpohén &l harsiube cAtlois achs Rafite iofl tleufiGidcart feviehe

f eedst ock are hydrocarbon conpositions which are converted to anot her

cheni cal ar r Befdetedhe fromeworkstseint act ed with nol ecul ar si eve catal yst. These
hydr ocar pons can gnehude,. | : ' ~NS..; |

oyt ar ofat oo, r SR GaBiriFps B e PBL SRS IO S o

hydr ocar bon gAPOSEEAROM I LSIEPOAGORKPENE], SIPOLL & rSAP(RR0] YAROS1, SAPO-

hydr ocar bon m xt ures arbon m xtu I xtures thereof. Mire

C5+ hydroc tures, and_ m xt
preferred as3‘boq-_/’fp&a§: %t’ﬁ%oéyﬁoﬁAPﬁ&%ﬂséeﬁd)rQﬂQr Srﬁ}?@ﬁrl e3APQi42 SARE-Hbst
preferred 30gReHNGY g@d&gs{&%ﬂ,@mQog%jgf&g;fsﬁnsvmeﬁnf, ahEmAhk ifled” OM

separation and recy reactor p
Preferred are SAPO-17, SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-

20 47, particularly SAPO-18 and SAPO-34, including the metal containing forms

(=3

thereof, and mixtures thereof. As used herein, the term mixture is synonymous
with combination and is considered a composition of matter having two or more
components in varying proportions, regardless of their physical state.
Another embodiment of the present invention comprises concentrating an
25  aluminophosphate (ALPO) molecular sieve catalyst by microfiltration.
Aluminophosphate molecular sieves are crystalline microporous oxides which can
have an AIPO, framework. They can have additional elements within the
framework, typically have uniform pore dimensions ranging from about 3
angstroms to about 10 angstroms, and are capable of making size selective
30 separations of molecular species. More than two dozen structure types have been
reported, including zeolite topological analogues. A more detailed description of

the background and synthesis of aluminophosphates is found in U.S. Pat. No.



WO (12/2C38(1 PCT/USOL/ 2G2211 25 In the process of this invention, coked
catal yst can be regenerated by contacting the coked catalyst with a

regener ajiP/2md umto renove all or part of the coke depdSi/UNI/2FWs
regeneration can occur periodically within the reactor by ceasing the flow
of feed to the reactor, introducing a regeneration nedium 5 ceasing flow
of the regeneration nedium and then reintroducing the feed to the fully or
partially regenerated catalyst. Regeneration may al so occur periodically or
cont i nuousl y, 8 346iGyiliBisti @cﬁ'&&%teﬁ%efeﬁ@}’féf&eﬁcqurﬁ eﬁﬂreg dﬁﬂafen% activat ed
catalyst to & s€parate regenerator, regeneratin e co cata yst in the
regenerator ABRRO $MWQWWO—&JMLP6%CA@Q-H&Aleﬂéfﬂd;Ai@d) Mtal yst to the

. reactor. a 7 t tinmes and conditions appropriate to

maintain a dég‘?ge%’el‘@\‘ﬁé?gg ar@dg@g@ étahe entire catalyst within the reactor.
Catal yst that hasm@mpm%ﬁtﬁrss%maemﬁ]@taﬂsdbgnﬁeﬁﬁﬁ%?fmﬁe%/oﬁef' ned herein
as "feedstock exposed." Feedstock exposed catalyst wll provide ol efin

conver si dn rEm&raldm,mpMEInsseﬂmdr@ommram c@iSisymg@ﬁmang@pmne and coke
content than_ a |l S catal which. esh d regene AcC yst will
Cypl cal Iy pr BANEEEHH AL Sapaliind Bkip ERer atiost FREEToe bt SHRL T oo
ei ther thr Ouﬁ%ofﬂﬁheﬁﬁleﬂ% B8ndbr @ataw@ﬁmb@m@s Exﬁ{lﬁr%alhﬂﬁr{&ﬁﬁhﬁg feed rate

over a given time. Any stangard react or system can be used, including fixed
bed, fluid baduminophospihaty andsiliop elueminophosphate m&bcul@awm gorapqsﬂmscurrent

eactor o Doepiyt BReissRak i lerginle aRCHRR RS AITE 1 Coost ook can

be cont an} ed4 567 029%1ﬁﬂﬂr§tﬁudedhe&irﬁwyerefététﬁieﬁﬁﬁts%ﬁtu@tw\ﬂ ght hourl y space
vel ocity (V\HSV) of at least about_ 1 hr's, E)yeferably in the range of from1l

hr-~ to 1000 hr - ~Themetal pontniaingALPOs haveia thyegrdimensioned oicraporeus and nost
preferably f e wei ght
of 25 oxygen% Ee%?ﬁe)‘%x%é\ﬁorgr %(L:lgt(ragoéyM PCh \énho%gﬁ%theﬁ\%ﬁrailﬁﬁﬂ nn&%g %]eed, per
hour per wei mbﬁufﬁétutddestmumsl(mmhs:bﬁmﬁl templagerpricrfio chleinadbm) ¢aibe Because the
catal yst or the feedstock ma contain other materials which act as inerts
or dil uents,TpPFéc WF@PB’H’F’ e&l‘@&cwﬁp?%@m@p@n@nb&&pgslaﬂmsme oxygenat e
feed, angs any hydrocarbon whi ch z@% and the nol ecul ar sieve
contained in the catalyst. 30 Pr ef era yt e oxygenate feed is contacted
with the cat aﬁ.rhemm\ﬁﬂémeprb@nmaﬂmstame or@mcrtempimmglag@hmenﬁht}&r nately, the

process may pe carrjed out in a.liquid or ed_.yapor/liquid phase. \Wen
Phe  process IaagaHAllBe pgtksyslent “mb depreseniongs polssor 487 Brasenipersmolidonot 1 26
phase or a mivied m@?rﬂéé mgﬁhﬁmpmﬁ@m ich f:ﬁ's’é%@f)e ot tREfhofeHlar

sel ectivities of’ feed-to- product may result engé upon the catal yst and
reaction condimensians Oﬂuhetqmnfdctmgag@afrangéh@mulabletyeld:m umedf thetport a wi de

range of at u ffe ive.operat,i Lahur e range can be from
200C t o -7‘%0??%5% {‘ﬁSB? fot el albtdh ofRtE In ?@ggqeph’f G802 r om 350C t o
550C. The corprkéiton: ﬁblem%bﬂaﬂ@éﬁﬁe hietap FRIGR. iafitdsiugh, Shdigafdy, i carri ed
out in a variety of catalytic reactors. Reactor'types include fixed bed

reactors, flandgFobaly), pluminen and ghesphemme.desnssively. spsepicasdetiahedrahenitles. onal | y,
t t f
counter cury ent, 1166 SRl (LRARGE U IOVPEUREAR blg GORSLR AN process @

expressly i neleAPQ). aAlsd ithoss casbywhert efeanetel “Ne” i the esmpaositibragbodi ment  of

t he continuous operatjon, onl ortign of the catalyst i.s remved from
the reactor BASNCSWHAL theacrenym isARpied to the aemBositien. Jimilaly 4A6®:coke

deposits thaMnA?‘?}' déb'APg%ré{l@h‘é&‘E@{thbrﬁpB s'vlch bdhidifGidcegener ator, the

catal yst is contacted w't enerati on” medi um cont al ni ng
manganese and cobalt respectlvely To identify the various structural species

which make up each of the classes MAPO, ZAPO, CoAPO and MnAPO, each
species is assigned a number and is identified, for example, as ZAPO-5, MAPO-
30 11, CoAPO-34 and so forth.

The silicoaluminophosphate molecular sieves are synthesized by

hydrothermal crystallization methods generally known in the art. See, for



15 oxygen or other oxidants. Exanples of other oxidants include 03, 503,
N20, NO NO2, N205, and m xtures thereof. It is preferred to supply 02 in
the formyef@sts0 The air can be diluted with nitrogen, COZT/UsS01Rb228 gas,
and steam may be added. Desirably, thené)q%n concentration in the regenerator
is reduced to a controlled level to m 1ze overheating or the creation of
hot spots in the spent or deactivated 20 catal yst. The deactivated catal yst
al so may be regenerated reductively with H2, CO m xtures thereof, or other
sui tabl e redygi : ioAal A . nY j.on and
reductive regen rd??gﬂﬁaééﬁ&éﬁgggbsg?’eﬁg@d%%%%@géé}f{%, ’%%S?E:o%e deposits
are renoved inethods bfbmakihgloy shictiuare fdlytiherpeged desdin byirgferencessA form ng a

regenerated catalyst. The_.re erated catal yst .is 25 then returned to the
reactor for lleﬁ‘Ft%Q‘i'éT“xé‘Hﬁtl%l@F“gﬁ?BW"f”é‘@&?Og%\éeéfstw%ﬁ ¢ alumipum apder at ur es
are in the rapagnhs &5RLords! ABk wiRSt IR ohe iinbliE. T9PASIIPLadpFyt 0_700C
_Preferably, eggl—ﬁer%ti 0 isséarfr;%ed out at g te ergﬁgrelfaﬁgego? 450C to
700C. | n Sonewateiisldold mixturéits usediat osolvant. Gepgarally theanixtureiscsealtd god ed such
that 30 the fee% contacts the regenerated catal yst before it returned to

i
the react or . hgaipdsRrefgrally inder AUtOERRJ DEsSHire, toAtempsratyp Oéhfde%%&;‘i?f& ator are

configured s o " . al ter it is
returned to ftﬁ' %%r&rﬂggg&o%r?foq ﬁetgé"f§ %’&B{lﬁﬁé‘?%g@%%p%&%g‘i’% 2(%%11[%217 anot her
enbodi nent, §thRe E6edllElerRadce 3dh take siwHersfioh akd\aid X leres GRhAkhSs 2
regenerated catal yst before it is returned to the reactor and after it has
been r et ur neWeks. {msome gases stirrmgeor spedingwith grystadling matgrial| will facilitgépr eci at e

t hat thel(pl e&l%@ﬁ Elﬁgﬁ%%cﬁ%d ctl]_e 5 oxygenate-to-ol efin conversion reaction

of the present Tnvention € polynerized to form pol yol efi ns,

particul arly pol yEypiyalb éheanolepdhnysievepréadpicatesHrom dsesaecdso solhiton)i ng
e known.in th fic processes are

polyolefins fromolefins a rt. Catal

preferred. Pé{[“PH]GE‘F ¢ the rB?‘i‘F’e‘F‘WQ& é?ér‘?ﬁ‘a’ftéi? Fm%?lﬁi%@gloéﬁmlftaa"%nd acid
catal ytic sy : N ; 3, 305, 538;
10 3, 364, 190" g‘fgg’gﬂzlfqg%‘?&% e?%g,@g@%fﬁni%@& e a0 o ol o e and
4,243, 691, ttempbut wieddn nmkingthe indtal rerstion mixtuem sTheferpstad indbsiucture npr essl y

i d,herein by.ref . | . .th [ I
contatti Ty WE S Posphaeps ok ol it Foeing TR et ot o
pressure andhe@eRpRicl 6r Sirfifbl eHRvéD i/ gehédlnd M YinGiordIstRicAgEct . 15 A

preferred polyolefin-form n% catalyst is a netallocene catal yst. The
preferred tenper alnunany cases defendipgupen die nature pbthegonal prodpetd@meaddthehe

! _ P a8 O diene
T e e L e s e R N e

sol uti on, ansucharchsedtHettemplateedanibe rernevkd ndhdah aegtneheproesds.opar at i ng
pressure from 10 bars to 150 bars, .20 with a preferred tenperature of 120C
to 230C 20Foroxgmple thtemplate eanchecalined; or essentiafly gompyisied, i e pestprseat ur e
general ly be C ; : (el : from5
bars to S0 araORyRAECh et aus W SohibBlind IR ORBREI GBI SIH RS

deri vati ves prasenbeof the wrdgdnr-amtdifieg ghedridiwating attempetatursiedn 200°CTioese
include, but are not Iimted 25 to, aldehydes, alcohols, acetic acid,

li near al pha9Wer lmsome £asps, iinay b desirablg g beat Inarensligpmgat havinga lew

chl oride, ethyl [ h I i qohol ,

acrolein, al g@@ﬁ@?%z&%%pﬁ%%&?%gﬁe&b%% gé%%@?;ﬁu@%@@?ﬂﬂae@hb% I%ene- propyl ene
r ubber s,25andoraslddpvaruftilid feamplaaihié 4 smlle cangonkimpathenthagbiiyieene, propyl ene
or butyl enes. The nmethods of . manufacturing these derivatives are well known

in the 30 arfombustion peEessoldis tapeoimspcess ean keusgd frhartipl or complete

removal of the template from the intracrystalline pore system. In other cases, with

smaller templates, complete or partial removal from the sieve can be
accomplished by conventional desorption processes such as those used in making
30 standard zeolites.
The reaction mixture can contain one or more templates. Templates are

structure directing or affecting agents, and typically contain nitrogen, phosphorus,



WO 112/2(3811 28 PCT/U S(1112622(1 This invention will be better understood
with reference to the follow ng exanples, which are intended to illustrate
speci fi curydosdbgents within the overall scope of the invertT/os$nias22ol ai ned.
5 Examle A four tube mcrofiltration (si\{F) apparatus was used to
concentrate a tank of SAPO 34 synthesis“slurry. The apparatus conprised a
100 gal feed tank, a centrifugal punp with nomnal recirculation rate of 30
gaUnmn, a four tube mcrofilter each tube of approximately 1.9 cmin

di amet er and, f fa1 QL f and a
per neate col I%g%onp%gﬁﬁg?ragex{}g\%%@%?éﬁ&ngofg&gﬁcﬁ lyrrerliacl:@?\;rgé%fjbes (Koch
HFP- 276 PVE)or[amlbyilozaWI\ganm; withd ta@dmdndnsbsmglpmsemtsnsshaaikydrar}ﬂ he feed tank

28. The slurr ed out of t feed,tank 28 with punp 31 at a
di schar ge pr &880 E{Yyatlur%@r}g 3%@%“&“’@5 Céﬂ@lfog’eﬁﬁs‘é‘fofl |ter 18 having 4
t ube-and-shel | tyREPrésrénidn'vE% Qﬁ&%@ﬁﬁiuﬁe?&ra&&?mﬁ%ﬁﬁﬂﬁ kgHsed slurry was

.directed back to t feed 28, while the perneate stream containing
wat er and otd:p&iop@ntytmman,taxmmetﬁykmicdadxam, pipenidiBd, tridibyjpsrizd, ur e of the

slurry was ma ed behwe 5C after itial startup period
and t he pern"@' ef‘YBW"?ea &Xh@@go’fyre AP YE™IP ga]{‘]‘EF glp(gopryltpgllng/ mn. 20 The
starting congspyy, aiiidine Vi@oﬁ:r@;f}@z{rﬁ?ﬁb'ﬁﬁ&%Mbﬂa&xé\é’tﬁ&%iﬂ?r%n@d fpitasi s with

the liquid porti'on” containing water, unreacted tenplate, tetraethyl amonium
hydr oxi de {T&@H)etbyidmm cﬁsmwdummpmeadmnepyrm mopmpalaamgmed m xture of

ted st t I t d I
and by pr oduc e ReAFRRERP| e S Bovinae, SO eRITLERS ed 340 1bs it
a cal cult edieBBeth@hméfonhin sARlindhdSletrhdibyl aﬁhﬁoﬁmmiydﬁmuermmnﬁ ntrate was

neasured to have a dry solids content of 28.4 wt% solids were observed
to pass thr ofaghﬁthﬁ’ltahmtl@mupmhnﬂma@, tefiaethylbarameniuy ﬂb}orlﬂe tetracthdr mreat e was

reduced from aI er. tha 0 0 nho afte a t ot al
of 3.9 Ibs of EW%rOgP ¥ ie(r%faf@ybgrmﬁgaw %y‘:lg\grédeag%reaﬁélge Y 966 peri od.
A total of ah@m:reaeardegmﬁmdﬁmmm 24t avetetrhethrenmOniumad dicxidedld 20Q kg of

initial slurr The perneate was collected and the TECH concentrated from
the water wi® af‘éhﬂé\%ﬁ‘i’m?@rphﬁ?ﬂilaﬁecycl ed back to the reactor. WO

12/ 2G38t PCTT U g éﬁg diferda SR SRR B k¥ ARRE difidltddind MVENt ! on,

it will Dbe appreciate nthe art t he 1 nvéhti on can
be per f or medcomltihationa oﬁltattq)latem deor @fcatpplcammt rarticulartynpraferied emiedialeat, med,

Wi thout depatrht ISQ&’(; in culglr sie élrS InEan%Pactu?'ch 1? ?ngozfl tetnlhp?atcls Q(\)/I%Qitnaggn of

TEAOH and dipropylamine. This combination results in a particularly desirable

SAPO structure for the conversion of oxygenates, particularly methanol and

20  dimethyl ether, to light olefins such as ethylene and propylene.

The silicoaluminophosphate molecular sieve is typically admixed (i.e.,
blended) with other materials. When blended, the resulting composition is
typically referred to as a SAPO catalyst, with the catalyst comprising the SAPO
molecular sieve.

25 Once the first slurry of the present invention is prepared other materials
can be mixed with the molecular sieve. These materials include various inert or
catalytically active materials, or various binder materials, such as kaolin and other
clays, various forms of rare earth metals, metal oxides, other non-zeolite catalyst
components, zeolite catalyst components, alumina or alumina sol, titania, zirconia,

30 magnesia, thoria, beryllia, quartz, silica or silica or silica sol, and mixtures thereof.
These components are also effective in reducing, inter alia, overall catalyst cost,

acting as a thermal sink to assist in heat shielding the catalyst during regeneration,



WO 112/21 3811 30 What is clainmed is: PCT/USII1/2&211 1. A process for
making a nol ecul ar sieve catalyst, conprising i) preparing a concentrated
ol ecul agyehMHgg0S! Urry containing nol ecul ar sieve and a frai/dsiee2zhe
process conprising, a) introducing a nol].ecular sieve slurry containing

nol ecul ar sieve and a fluid into the front end of at |east one mcrofilter
channel conprising pores; b) passing the slurry through the mcrofilter
channel and separating the perneate passing through the pores of the
mcrofilter 4
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channel ; ii)thai the igert iaterials thean areatsed imthe eatalyat tosicase themmal ginkiliake a bi nder
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slurry, & m Xi NgThé'gseB itttk AlatetiaB\sact hdmdtiraBf dcditgngelads, flgui d in a
hol ding tank, f) injecting the nolecular sieve slurr}/ t hr ough the front end
¥&

of at |east bantoniiendikaolin rlmDMﬂﬁ'@Ie cwhﬁtrmthgf thecats hm@ep@nmerng t he

, perneat e passi t hr crofil The process
of claim 3, W& ‘ﬂgﬁgnwga‘g@‘gs d e%ﬁ%"? g‘r?kél élﬂ)é%‘fetﬁf 8&{‘? Pttrfthoé’ nmol ecul ar

si eve sl urr yrelid@intd'ér 1¢leﬁmé %ﬂt}iétﬂatalym I "Eh(ﬁhactﬁfe mdierigls 16 s&rvohs gihaniss 3 or 4,
wherein steps d) @'n'%i and f) are_repeated until the perneate passing through
the pores hat® cane p&ate of ?C}ﬂVBIfSIOS@lﬁrﬂhYﬁncRW‘ieés st moresxRensiya means

10 for controlling the rate of reaction is minimized. Naturally occurring clays which

can be used in the present invention include the montmorillonite and kaolin
families which include the sabbentonites, and the kaolins, commonly known as
Dixie, McNamee, Georgia and Florida clays, or other in which the main mineral
constituent is haloysite, kaolinite, dickite, nacrite, or anauxite. Such clays can be

15  used in the natural state or subjected to calcination, acid treatment or chemical
modification.

As with most catalysts clay is used in the invention as an inert densifier,
and for the most part the clay has no effect on catalytic activity or selectivity. In
most cases, the clay of choice is kaolin. Kaolin’s ability to form pumpable, high

20  solid content slurries, low fresh surface area, and ease of packing because of its
platelet structure makes it particularly suitable for catalyst processing. The
preferred average particle size of the kaolin is 0.1 pm to 0.6 pm with a D90 point
of about 1 pm. The iron and titania content of the clay can also be important.
High iron or titania levels can lead to undesirable secondary reactions. Because of

25  environmental concerns, the crystalline silica content of the clay has also become
an important parameter.

Additional molecular sieve materials can be included as a part of the
SAPO catalyst composition or they can be used as separate molecular sieve
catalysts in admixture with the SAPO catalyst if desired. Structural types of small

30 pore molecular sieves that are suitable for use in this invention include AEI, AFT,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ERI,
GOO, KFI, LEV,LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and



WO 112/2G3811 31 PCTIU S111 /2&220 6. The process of any of clains 3 to S,
wherein the wash fluid is water, an alcohol, or a mxture thereof. 7. The
process @Qfo @mxsgf clainms 3 to 6, wherein steps d), e) andP@)UIMB6R0
performed continuously. 8. The process claim7, wherein the wash fluid
contacts the nol ecul ar sieve slurry :fr t he backside of the mcrofilter
channel. 10 9. The process of any of clains 3 to 8, wherein adding the wash
fluid is perforned as the nol ecul ar sieve slurry is concentrated. 10. The

process of Ck\msﬁﬁéédwfogn&ﬁaf%&aeméml @@Ey&%@diﬁﬁ rehfotbclar SikfRIng) andl or

f) is concentrate a nano ter glve a concentrated perneate and is
15 used i n aamprsoitads fdrase irhthisvaventiao tintledeo¥IF MBLeMINVEy EE0eVE T, HEU,The

o nat por o BRaftEDeAT: THNS g Syl SRl s efecs Thise Sefl i eeBufor "ol & me
1 to 11, \Aheg@[ieran&% mhe%leybélrdeﬁrﬂ)_\é&iﬁgﬂéafevcimmhe Aik88f Bdolits the permeate

: ! 1
.of the filtration of a nolecular sieve preparation m xture using a

macr of i | ter . St8ctuitid @ypaso Pl Meiercindi il DlsenhButt¢rwot thdamemnanf Btdal;, has a
nom nal pore ening .of greate han 10 m crons. 14. .The process of
claims 1 to 1@&?&#&?‘%@%@%%9? Pgwthé"gllf ﬁxfg‘ﬁﬁfye‘ﬂfo‘@?mfﬁgl}@&ﬂi‘ Y sieve in the
pr epar at i on slaehde, iScRABIGREN $R%3R 6 &tibindPwih§ The process of

claims 1 to 14, wherein the solid content of the concentrated nol ecul ar

si eve sl urr ysilisodleninephophte zadlysUiclude USMyh1 ZSMr- 34, erianitey ahd chabazite25% and
40% by wei gh WO 112/213811 32 PCT/U SI|. | ./212211.16. .Jhe process of
clains 1to %3? MpFETes cAn {)?‘l %%?‘gé’ﬁloéfméﬁu’ée\%’fé'?ﬁﬁ?‘fs)f%i%{"éﬁ ?f@y%l ecul ar sieve
particl egpw ﬁ:lﬁoﬁihoﬁé/ﬁia@&?opgﬁgtsicﬁi mieiReof 8iffefint hid¥culdr8ievés. M crons. 5 17. ~
The process of clains 1 to , wherein the nolecular sieve is selected from

SAPO- 17, SAPO- 18, Thnrutalys caghpentisctedinrorariety efipratments m qbiege tha PO- 11,
ALPO- 18, ALPG) 34y 0 E0h 380 o HaralleRRIAS sulfPbBhurRRSARL Bud S0 E: ¢ her eof

and m xtures
necessarily limited to hydrothermal treatment, calcination, acid treatment, base

treatment, milling, ball milling, grinding, spray drying, and combinations thereof.
15 In this invention, a feed containing an oxygenate, and optionally a diluent
or a hydrocarbon added separately or mixed with the oxygenate, is contacted with
a catalyst containing a SAPO molecular sieve in a reaction zone or volume., The
volume in which such contact takes place is herein termed the “reactor,” which
may be a part of a “reactor apparatus” or “reaction system.” Another part of the
20  reaction system may be a “regenerator,” which comprises a volume wherein
carbonaceous deposits (or coke) on the catalyst resulting from the olefin
conversion reaction are removed by contacting the catalyst with regeneration
medium.
The oxygenate feedstock of this invention comprises at least one organic
25  compound which contains at least one oxygen atom, such as aliphatic alcohols,
ethers, carbonyl compounds (aldehydes, ketones, carboxylic acids, carbonates,
esters and the like). When the oxygenate is an alcohol, the alcohol can include an
aliphatic moiety having from 1 to 10 carbon atoms, more preferably from 1 to 4
carbon atoms. Representative alcohols include but are not necessarily limited to
30 lower straight and branched chain aliphatic alcohols and their unsaturated
counterparts. Examples of suitable oxygenate compounds include, but are not

limited to: methanol; ethanol; n-propanol; isopropanol; C, - Cy alcohols; methyl



10 18. The process of clains 1 to 17, wherein the mcrofilter conprises a
porous material with nom nal pore openings of about 0.05 mcron to 10

m crons. wkdiathe process of clainms 1 to 18, wherein the npCI/o$a126z0
conprises tube-and shell mcrofilter chapnels. 15 20. The process of clains
| to 19, wherein the binder is selecte 4rom the group consisting of
alumna, silica-alumna and silica. 21. The process of clains 1 to 19,
wherein the binder is peptized alumna 20 and/ or al um num chl or hydrol . 22.
The process Rl it HhevEt s Ln the amount
from5%to Z%Ey%! rn&m#t ygaeéée& on ¥he \Xie(!“ ﬁ@r@ﬂﬁ eg%eglfBﬁ%ﬂ%er cal ci nation.
25 23. The palmeﬂsd cmibomhta; dimethyl Retdie; af:exrdetmt aad rmxmmsmgerédsfe Psé¢fepedf (V)

. mxing the concentrat ed ecul ar si.e rry or catalyst slurry with a
Trr1y. 54, CORECHHS CEOBOBHS oA 2%01 st i 858 Shrfrd oty 1 ke pl ace
si mul taneousl y. SPhmonbi®S RIRER e plefitdd dlefifprodhet2A il iRERIdh dale MaLTi X
,anpunts to 40%to 90%eby weil ght c? on theltgr cweigi t o{? caétagl yst after
cal ci nat i%on. includ¢ t‘helaﬁzl,itMBst&p Gfsmﬁldiig l;heS&Qdmmsﬁimlsm)m Iiydrogariomssaclof cl ai s

1 to 25, wherel e for uni t S Iec r xtrusion unit, a
pell etizing %?rﬁ‘ co taésgg;r Q%Iqub%passgmg Fﬁﬁgaspr@g% ’gf“@hé ®6, wherein
the form ng éU?hﬁositﬁm@ PRI YRS art. Z?hesé\nm&z@qlna&der@hhaﬂat%w LRBRoANd

propyl ene, conprising contacting a nol ecul ar sieve catalyst obtained by the
process of corxithe, mekmg spithedis gasathen xgupentingthe exattbd:samgasmm\dkeohai@ndl tions to

convert said px nate. to et hyl en r ene. 29. The nmet hod of

cl ai m 28, vm%tg‘é‘y%eyp SI5:83Y Ek eeprpgucgg%gi(pggn %‘ﬁfsr?‘éf IStaW; et hyl et her
and m xtyy eSrekditisg fautotieraidl refck}ﬁnﬁ%a r@d] okldation28 or 29, wherein the
nol ecul ar sieve i s SAPO 34, SAPO 1 LPO- 18 or m xtures thereof.
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essentially non-reactive paraffins (especially the alkanes such as methane, ethane,

and propane), essentially non-reactive alkylenes, essentially non-reactive aromatic

20  compounds, and mixtures thereof. The preferred diluents are water and nitrogen.
Water can be injected in either liquid or vapor form.

Hydrocarbons can also be included as part of the feedstock, i.e., as co-feed.

As defined herein, hydrocarbons included with the feedstock are hydrocarbon
compositions which are converted to another chemical arrangement when

25  contacted with molecular sieve catalyst. These hydrocarbons can include olefins,
reactive paraffins, reactive alkylaromatics, reactive aromatics or mixtures thereof.
Preferred hydrocarbon co-feeds include, propylene, butylene, pentylene, C4"
hydrocarbon mixtures, Cs* hydrocarbon mixtures, and mixtures thereof. More
preferred as co-feeds are a C4~ hydrocarbon mixtures, with the most preferred

30  being C4" hydrocarbon mixtures which are obtained from separation and recycle

of reactor product.
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9, 510%& () - gmgpm bey sygtqrg%gpxpfenséjmtprs are@ogeurpnt riser reactors and short
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(s109%& () - OofGh el OPEok)1 B2 %060 hr!, more preferably from 10 hr”! to 1000 hr™', and
most preferably from 20 hr to 200 hr''. WHSV is defined herein as the weight of
25  oxygenate, and hydrocarbon which may optionally be in the feed, per hour per
weight of the molecular sieve content of the catalyst. Because the catalyst or the
feedstock may contain other materials which act as inerts or diluents, the WHSV
is calculated on the weight basis of the oxygenate feed, and any hydrocarbon
which may be present, and the molecular sieve contained in the catalyst.
30 Preferably, the oxygenate feed is contacted with the catalyst when the
oxygenate is in a vapor phase. Alternately, the process may be carried out in a

liquid or a mixed vapor/liquid phase. When the process is carried out in a liquid
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in a variety of catalytic reactors. Reactor types include fixed bed reactors, fluid
bed reactors, and concurrent riser reactors. Additionally, countercurrent free fall
reactors may be used in the conversion process as described in US-A-4,068,136,
10  the detailed description of which is expressly incorporated herein by reference.
In a preferred embodiment of the continuous operation, only a portion of
the catalyst is removed from the reactor and sent to the regenerator to remove the
accumulated coke deposits that result during the catalytic reaction. In the
regenerator, the catalyst is contacted with a regeneration medium containing
15  oxygen or other oxidants. Examples of other oxidants include O3, SO, N,O, NO,
NO,, N,Os, and mixtures thereof. It is preferred to supply O; in the form of air.
The air can be diluted with nitrogen, CO», or flue gas, and steam may be added.
Desirably, the O, concentration in the regenerator is reduced to a controlled level
to minimize overheating or the creation of hot spots in the spent or deactivated
20 catalyst. The deactivated catalyst also may be regenerated reductively with H,,
CO, mixtures thereof, or other suitable reducing agents. A combination of
oxidative regeneration and reductive regeneration can also be employed.
In essence, the coke deposits are removed from the catalyst during the
regeneration process, forming a regenerated catalyst. The regenerated catalyst is
25  then returned to the reactor for further contact with feed. Typical regeneration
temperatures are in the range of 250°C to 700°C, desirably in the range of 350°C
to 700°C. Preferably, regeneration is carried out at a temperature range of 450°C
to 700°C.
In one embodiment, the reactor and regenerator are configured such that
30 the feed contacts the regenerated catalyst before it is returned to the reactor. In an
alternative embodiment, the reactor and regenerator are configured such that the

feed contacts the regenerated catalyst after it is returned to the reactor. In yet
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10%& () - by reference. In general, these methods involve contacting the olefin product with
a polyolefin-forming catalyst at a pressure and temperature effective to form the
polyolefin product.

15 A preferred polyolefin-forming catalyst is a metallocene catalyst. The
preferred temperature range of operation is from 50°C to 240°C and the reaction
can be carried out at low, medium or high pressure, being anywhere within the
range of about 1 bar to 200 bars. For processes carried out in solution, an inert
diluent can be used, and the preferred operating pressure from 10 bars to 150 bars,

20  with a preferred temperature of 120°C to 230°C. For gas phase processes, it is
preferred that the temperature generally be from 60°C to 160°C, and that the
operating pressure be from 5 bars to 50 bars.

In addition to polyolefins, numerous other olefin derivatives may be
formed from the olefins recovered therefrom. These include, but are not limited

25  to, aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl acetate, ethylene
dicholoride and vinyl chloride, ethylbenzene, ethylene oxide, cumene, isopropyl
alcohol, acrolein, allyl chloride, propylene oxide, acrylic acid, ethylene-propylene
rubbers, and acrylonitrile, and trimers and dimers of ethylene, propylene or
butylenes. The methods of manufacturing these derivatives are well known in the

30 art, and therefore, are not discussed herein.
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10: 109%&' () - 9ecdtiRigal putagBwith nominal recirculation rate of 30 gal/min, a four tube

microfilter each tube of approximately 1.9 cm in diameter and 3 m long and

10  having a surface area of about 2 ft?, and a permeate collection barrel. The tubes
were made of polymeric MF tubes (Koch HFP-276 PVE)

Deionized water was added to synthesis slurry in the feed tank 28. The
slurry 30 was pumped out of the feed tank 28 with pump 31 at a discharge
pressure of 90 + 5 psig and through a microfilter 18 having 4 tube-and-shell type

15  filter channels 20. The concentrated slurry was directed back to the feed tank 28,
while the permeate stream containing water and other components was directed to
tank 34. Temperature of the slurry was maintained between 50°C and 55°C after
an initial startup period and the permeate flow rate ranged from about 1.8 to 3.0
liters/min.

20 The starting concentration was approximately 12.5% solids on a dry basis
with the liquid portion containing water, unreacted template, tetracthylammonium
hydroxide (TEOH) and unflashed dipropylamine, and an unanalyzed mixture of
unreacted starting materials containing, aluminum, phosphorus and silica, and by-
products from the synthesis. The starting slurry weighed 440 lbs with a calculated

25  solids content of 55 Ibs. The final slurry concentrate was measured to have a dry
solids content of 28.4 wt%. No solids were observed to pass through with the
permeate. The conductivity of the permeate was reduced from greater than 10,000
pmho to less than 500 pmho after a total of 3.9 Ibs of wash water per Ib of slurry
was added over a 10 hour period. A total of about 600 kg of deionized water were

30  used to wash 200 kg of initial slurry. The permeate was collected and the TEOH

concentrated from the water with a nanofilter and recycled back to the reactor.
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10 ¢) recovering a concentrated molecular sieve slurry from the back end of

the microfilter channel;

ii) mixing the concentrated molecular sieve slurry with a binder to form a catalyst
sharry;

iii) directing the catalyst slurry to a forming unit;

15 iv) recovering catalyst particles.

2. The process of claim 1, wherein the fluid is water.

3. . The process of claims 1 or 2, further comprising the steps of d) adding

20  wash fluid to the molecular sieve slurry, €) mixing the molecular sieve slurry and
the wash fluid in a holding tank, f) injecting the molecular sieve slurry through the
front end of at least one microfilter channel comprising pores and separating the

_permeate passing through the pores of the microfilter.

25 4 The process of claim 3, wherein steps d), e) and f) are repeated until the

molecular sieve slurry has the desired purity level.

5. The process of claims 3 or 4, wherein steps d), e) and f) are repeated until
the permeate passing through the pores has a conductivity of 50 pmho/cm to 5000
30  pmho/cm.
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\ f dEOP110%©78. The process of claim 7, wherein the wash fluid contacts the molecular
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()-s10%R1@) - 910 10he process of any of claims 3 to 8, wherein adding the wash fluid is

performed as the molecular sieve slurry is concentrated.

10.  The process of claims 1 to 9 wherein the permeate separated at steps b)
and/or f) is concentrated with a nanofilter to give a concentrated permeate and is

15  used in a process for the manufacture of a molecular sieve.

11. The process of claim 10, wherein the nanofilter contains a porous material

with nominal pore diameter of 0.5 to 10 nanometers.

20 12.  The process of claims 1 to 11, wherein the molecular sieve shury used in
step a) is the permeate of the filtration of a molecular sieve preparation mixture

using a macrofilter.

13.  The process of claim 12, wherein the macrofilter has a nominal pore

25  opening of greater than 10 microns.

14.  The process of claims 1 to 13, wherein the initial solid content of

molecular sieve in the preparation slurry is between 5% and 30% by weight.

30 15.  The process of claims 1 to 14, wherein the solid content of the
concentrated molecular sieve slurry is between 20% and 60% by weight,
preferably between 25% and 40% by weight.
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5 17 ‘The process of claims 1 to 16, wherein the molecular sieve is selected from
SAPO-17, SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-47, ALPO-5,
ALPO-11, ALPO-18, ALPO-34, ALPO-36, ALPO-37, ALPO-46, metal

containing forms thereof and mixtures thereof.

10 18.  The process of claims 1 to 17, wherein the microfilter comprises a porous

material with nominal pore openings of about 0.05 micron to 10 microns.

19.  The process of claims 1 to 18, wherein the microfilter comprises tube-and-
shell microfilter channels.

15
20.  The process of claims 1 to 19, wherein the binder is selected from the

group consisting of alumina, silica-alumina and silica.

21.  The process of claims 1 to 19, wherein the binder is peptized alumina

20  and/or aluminum chlorhydrol.

22.  The process of claims 1 to 21, wherein the binder is present in the amount

from 5% to 20% by weight based on the weight of catalyst after calcination.

25 23.  The process of claims 1 to 22, further comprising the step of (v) mixing the

concentrated molecular sieve slurry or catalyst slurry with a matrix.

24.  The process of claim 23, wherein steps ii) and (v) take place
simultaneously.

30
25.  The process of claims 23 or 24, wherein the matrix amounts to 40% to

90% by weight based on the total weight of catalyst after calcination.
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" #$%& () * +, 28/ 01A3efb83f making ethylene and propylene, comprising contacting a
molecular sieve catalyst obtained by the process of claims 20 to 27 with an
oxygenate feedstock under conditions to convert said oxygenate to ethylene and

10  propylene.

29.  The method of claim 28, wherein the oxygenate is selected from methanol,

dimethyl ether and mixtures thereof.

15 30. The method of claims 28 or 29, wherein the molecular sieve is SAPO-34,
SAPO-18, ALPO-18 or mixtures thereof.



