WO 97/ 17291

PCT/ US96/ 17714 ALUM NA SOURCE FOR NON- ZEQOLI TI C MOLECULAR
Sl EVES. This invention relates to the synthesis of
non-zeolitic nolecular sieves. It nore - particularly relates to a
met hod of pr ewentagenon-zeolitic nol ecul ar sieves (NZMS) atPCTUSI6E7714 cost
and with sinplified processing. The non-zeolitic nol ecul ar
sieves to which the present invention is directed conpri se

crystalline, three-ALENMINASQURCEFQRBNONIZEQLIHGMOLECGUIAR SEEVES
tetrahedral l y-bound Al err] and PgJerr] oxide units, and optionally one or
nore netals in tetrahedral coordination with oxygen atons. See U. S
Pat ent No. 4, 861, 74Bhis ihfention reldtes to thesynthésisof nor-zevlitiomphieayidr aiegest ylpoore

o o o AR B Rt 5 BB st ol B% AU R

dewaxi ng, § sorrebstaﬂdwms;mmﬂiagrmﬁ.gl zation, hydrocracking, hydrogenat i on.
A non-zeolitic nol ecul ar sieve is @;epared from a reaction mxture

conpri si ng ~ Bhanopezealitiomalesular sives tophigh the present iyentiop frdirgeipdig active
source(s) of alyiive Gystafiin émd.ﬁh@&an%%sméﬁ%a@&k&ﬁ&t&e;we source of

alum na in the conventional preparation of non-zeolitic

mol ecul ar si evé%fﬂh@fdlﬁ*b&DWﬁh m@?@mlmlm%%ﬁom@ndlm numetesogitlsinoxi de, or
a pseudo- boehmj 10, 440, which
di scl oses al um num rﬁﬂ%t égter&és;‘l%evéeégﬁs ngeﬁpgo M&théﬁ?

4, 440, 87130 whi The crystallme ﬂdmm;ihosphateayﬂmmaialsmhmh@mmpﬂmmﬂw tlmpketehm r
preparation, list these epar,at.i on of

these nol ecul aPTosFRIEN bSefuil, intef 8k, fr 2t @er\}# ‘é‘YES‘E ?Pé‘?“é‘%ﬂ"?ﬁ%s%‘m‘a B have

been taught, ndewaxiyisoeizatidh)hytiioisomenaibrCiydrocracking, hpdrogematidn. t | C mol ecul ar
' ' ' st acti.vity and

si eves havi ng catalétlc $ g r{ﬂﬁ such as t al

selectivity in the CORYEAR ularsieve 1sugpater dogy zSFﬁ"(?"f'E’QH@tCBE'R'gs'"BequaI to
that of a non- active sourcesHEhe Hol&ulﬁpix&&}ihélﬁdnﬁg £Pe SHURRAY 6ChlbHhdS a@ al um num
al koxi de as the alum na source. 25 However, alum num al koxi des are

expensi velX el aPhospharensod peaferrad agtivecsoutse phalumina in the conventipps grepasation of the he
use of al um numpalohd HeRculd? st i ifhich Qoﬁé QR a8 QIQJn éﬁa ﬁ)propoxlde o e

nol ecul ar si eves, a waste streamrich in a ohol's Ts p
stream nust bea Pswdo-bocmteBY@eted)alumimwdd Uaﬁ Pattat No. drﬁello 430, 08lidsi ng

expense. An | nﬁ%&é‘%gal%nﬂ%hgsgﬂmg h%?e%ﬁl“%é}re% ]al(l)dr lé' Sagatgrgmoz QQ;L;? E? ﬁ \Jﬁ%ec ul ar

sieve is desi ect’ o e present
i nvention to pdseostesibcoalnminopindsphates and their prepamtieg |hhtahess s@wvees ofaldBipymwhi ch

has high gctiv and sel ec t he conversion of petrol eum
and organ?oc fegodée(%f??a 'gﬁﬂ}\hfﬁeg#l?cglabﬁ'%ﬁﬁr ed using reagents which are | ess
While other alumina sources have been taught, none have been shown to produce

non-zeolitic molecular sieves having catalytic properties, such as catalyst activity and
selectivity in the conversion of petroleum and organic feedstocks, equal to that of a non-
zeolitic molecular sieve prepared using an aluminum alkoxide as the alumina source.

25 However, aluminum alkoxides are expensive relative to other alumina sources.
Furthermore, in the use of aluminum alkoxides in the preparation of non-zeolitic
molecular sieves, a waste stream rich in alcohols is produced; this waste stream must be
treated or disposed, at additional processing expense. An improved method for preparing
a non-zeolitic molecular sieve is desired.

30 It is therefore an object of the present invention to provide a non-zeolitic

' molecular sieve (NZMS), which has high activity and selectivity in the conversion of

petroleum and organic feedstocks, and which is prepared using reagents which are less
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PCT/ US96/ 17714 costly than those used in conventional preparation
met hods,. It is a further object of the present invention to provide
an i nproved process for preparing a non-zeolitic nol ecul ar si eve
usi'ng a particul ate hydrated al umi na, such as AI(G-i)[err] th um na
source. |t [WOgM17291 further object of the present |nv 6’?8? rovi de
an i nproved nol ecul ar sieve at reduced 5 manuf acturing cost and with

inplified o "
sinplifi PEbafy'thi those used in conventic onal p?%ﬂraﬂ&?ﬁ@tﬂ&ds‘ M8 B lriier 6b?ecpafﬁgo ne l:

part on the surpfising discovery t I npr oved non-ze
mol ecul ar  si eweestramvngmgmuro&de an ynprcved(ptomstfgr ephrisg k pon- mnimg/mnhwlaye

prepared usi n drat ed, al ref er a
o £ cul at e hyEreisig Shefi b 5aled B, ficn 3s KEDED, M Byl sGirst Wies o,
par]E i cl eddﬁnzlﬁinherﬁbjfttafdhepteaétkﬁivenmm ﬁlblindeﬁhﬁamwedhhmleeuliﬂswve aT edﬂdedor;] t he
preferred hydrated al um na ource i mel | er than that previously taught
for the 2 man 'r‘fg%%ﬂél" "gé‘g RefaYOR.p| ecul ar sieves, and the

al kali content (i NPhdistesaait .ﬁ%t.yms bed in part on thé SfpidnR{dcovey mrarnuﬁy.loaéae

alumna is lower than that normally found in | ow cost al um na
sour ces. Furt men-2¢clitic molegularsieve having good catplytioactivipy and seletivity may bevrnpar@d

mol ecul ar si e‘éﬁcgﬁlqvﬁ% 5t hydrat xﬁﬂnﬂJﬁfJe prSﬂ&%@Qtpgmchﬂ{efth{if‘ede T

has conpar abl ornmance to a non tic no ecular
si eve prepar edlaving :hsxmﬂ peRtisiersize)eload Mme;m avlhwelkall eontenb sTherparticd v

free of kal i. The. present | s .di rect
bt oceas, e £178 of e RTSems vdsated o s5ird i sdlep fhah 031 drbviba et dr e, o
conpri si Ng nNaiprépasationef mnszeslitic Infdlbcmaxitw’eﬂ afid thie alkalk anpt@n (including sodiafi) of €

source of phosphorous and articulate at ed a under
crystalli thl Bfo gﬁp hyypina ﬁﬁ?‘ﬁ"'@%? gpan YP"PH nJayv-res alyming o o

form the par stxﬁHésaFﬁniiBf%ﬂaE AleUiSthediscovery that atidnizBglitid MoletBlaPéévehaving C| €
size of |ess than about 40[err a particle density of less than about

1.0 g/ cnf err] analalbgpnigni within thepresaut range hasscomprihie sptalytic perfopmance ot |
The partjgul atz@(%li*ﬁFq{oi’Jcﬁlﬁran d Ouere&wthfanbépenr.mnpr&mrmhxs bdsamtinaver age

particle size ess t t err nore preferably less than
about 10[ err] freeof alkalis preferably less than about 25% of the

particul ates havin LG | 6 f range of
about 0.1ferr] to gggﬁt&&}iglf'gb’r%ﬁf'pﬁ‘f’i{ rnsté’ts‘l pree?gé%'?deggggpﬁeglﬂogfg ﬂo?/drat ed
al um na prepatiipsa molecular sizgeecqnaprising mpin&ainisg avieadtion nmctmamgatauﬂngabout 0.1
[err] to about 10[err ith [ess fhan.?2 ref | ess
han 106 of 1 RERBaprekpeaorphorans snd ¢ BRI doated atymiPL il TRl °3

range of 2zaboutcomtiitidng bfii cyStailuPtlie xﬂcﬂéoﬁral" $ievedomt, ﬁ@Mla&Gﬂ}rﬂmﬂlaﬁﬁﬂnﬁydr at ed
alumna for this 30 process has a particle densj e 'b?rhoabout
0.9 g/cnferr]| WEEG“HP@%P%‘F‘?S'%%Q“FHHW%’&GW'aPa“'“de“%‘YS’ B’ﬁ:‘&ﬂ‘ and

most pref er ablpyy iyt R dnIAE cOiler? BPILLs tharlabBLEOTIZ% b} weigh@bout 0.8 g/ cnferr]

The particulate hydrated alumina for this process preferably has an average

particle size of less than about 25yt and more preferably less than about 10u, with

25 preferably less than about 25% of the particulates having an average particle size outside
of a range of about 0.1 to about 40u. The most preferred particulate hydrated alumina
has an average particle size within a range of about 0.1u to about 10y, with less than 25%
and preferably less thah 10% of the particles having an average particle size outside of a
range of about 0.1y to about 2511. A preferred particulate hydrated alumina for this

30 process has a particle density of less than about 0.9 g/cm®, more preferably less than about

- 0.8 g/cm®, and most preferably in the range of about 0.1 g/cm’ to about 0.8 g/cm™
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PCT/ US96/ 17714 In a separate enbodi nent, the present

i avention is directed to a nol ecul ar sieve prepared using a
process conprising maintaining a reaction mxture containing an active
source of pheapémrrzmas and a particul ate hydrated al unm na urPrdFrUss6/17714
crystallization condit | ons until crystals of the nol ecul ar sieve

form the parti cul drat d.al um,na havin a particle
size of less than g'b ﬁf[egﬁf’f'm%fn%&ﬂw E“'%é'ﬁg ?st‘ﬁ'e‘étfd T°e%'§°lf‘ﬁr§ﬂ Ut 1.0
g/cnferr] prepared @bifig & Proeéd lcbmmmgtnﬁimmﬂﬁg A pasidnthitufe chataliirgoanlabrive
further enbodinent, the present i nvention is directed to a

non-zeol i tic #e¥ERef phosphpeps asg4 particulate hydrated alugmina ynder orystpllizatign conditions
f bly f f
Pbout 7 1o | LaiftRtls ofthd o8t kiort b REB icalate hyBeR sRinfd el Yo about 75

to about 225 pperagd paeticle. size®f less than about 40pgca pamsledd:nsm qfdes shah aboqn i @pmern’n g

phosphor ous. | rBar et et B ek ARG B ton i Pt R s, ¢ e use

of a source oOfinvehtitiiifdiresttd ¢da non-Feolitic mﬂeamlsxe%ldhxelammﬁnsﬂ@s e 500 ppin,t he
conventi onal [

| d t | |
si eves havi ng P&ff"&‘_?’&ﬁf’% ‘Sﬁr"gﬁgt‘?i\:@ o0 mom ‘Hl?l n'gmg%ng % EWI'f?‘ &-th%géug{ to or
exceed the pr Qﬂﬁfthb@‘ggtﬁfalkh}"ﬁndtiﬁ‘&i pﬂafewy%m itott moeasuhems Phif Wfkaili, 19

prepared using conventional sources. he particul ate
hydr at edl@l um na uZbelpriesent process fos preparing srvstaliing mntepalegmtamg oxidasiof

ety ™y b? e oliBrols Antahfded DGRk O bpalietbd R ad B e e ©

g/cnferr], pre arr
preferably | evofashuce wﬂahmund)vlﬁclgé bwt{lehaaperandjems to yse tfae tmtdoyvqnnonal

the range of %Ql?l%esawEélf &o&ﬁqe r“é‘}ﬂ’é??'ﬂﬁg‘?’%f“eﬂ siey /h%\r}xL r{]llzu 8pert|es W, lri!lS' ty

particul ate al"umn m na

Herr]O A [er rab@bﬂdhrimmaafo orakeeed the pAdpestics bﬁhebersi no#{eentic]x&lecmlsmes I's
greater than 2. Z%Ereferab gﬁreater than 2.6, nore preferably greater than
2.8. An ¥° prepareq using conkerional Sopress, ni na useful in the present process is

Rehei s (Berkel ey Hh@pdriculaté Hydrated alumina usefmaﬂé)ﬂe@hwrbéumoh Shing dnbonat e,
containing up to 10% carbonate and having Sif Qerr]l Herr]O
m°, preferably less

mol ar ratio caPIdig mﬂmn@%ﬁmnm@wﬂwfmm ahopt- 1.0
Al [err] J err] ikla86ut 09 g/ér®, more prefe%ly@ﬁh%%?#b%’ Qlejl'hQJt @refahblyinna, as

added to the reaction m xture |n whi ¢ non- zeolltlc nol ecul ar

sieve is for miks rasgerof weout A /can tavhﬂuagé g(mr t The lowsdepsity particulgte ajumira
about 40}err ] rdFJ Wd?a? ﬂyaldngﬁa% hLﬂﬁ‘é‘a:Pﬁ,‘B)h 85&815 {atlo PP {)ﬁ%n (@Qlle* %ess

t han about 15 er era O[err],
and nost pref @rabk;hanﬂﬂhpmfetdblygratg&anfzGabmutpr&fempbrgre]aterﬁlanz8 An  about

10Cer 1T, 0L bR AT e en i ) BGRBY
I'n the nore piFei000 alkshimifiiydtoxy Birbordaks Sontaining up tot 1084 cafionate ardRéving\ean nor e
DT e ks s Sp B & . o
- 3- The particulate hydrated alumina, as added to the reaction mixture in which the
non-zeolitic molecular sieve is formed, further has an average particle size of less than
about 40, preferably less than about 25, mdr_e preferably less than about 154, still more
preferably less than about 10, and most preferably within the range of about 0.1p to
about 10y, with preferably less than about 25% of the particulates having a particle size
30 outside of a range of about 0.1y to about 40it. In the more preferred embodiment, less
- than about 25%, even more preferably less than 10% of the particles have a particle size
outside of a range of about 0.1u to about 25u.
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PCT/ US96/ 17714 “As used herein, the synbol "[err]"
represents a neasure of length in mcrons or, in the alternative,
mcronmeters. In ternms of particle size of the small particles described

her ei n, thi@ogﬁzﬁwe of length is a neasure of the nom nakcpb?ﬁé?égge
a

di aneters o particles, assum ng that they approX
spherical shape, or, in the case of elongated 5 particles have a

circul ar cross- sessised herfiny@he kfthbol Gi* réprederisia@idasui® bi 1e}th @micrangdrl mbl € to
practitioners for determning the size of small particles, One _such nethod
enpl oys a thealtemmm@mmﬁtl@rmmfmlﬂgw@ft&ﬁm@mgmmw by

pl ati num el epiERORR nidsurd\r I&llzégﬁﬁ S?ﬁaasure of %gﬁﬂnﬁ%ﬁw ggdfaﬁlemmt he

nunber, and determmne the si I'ndi vi dual “parti cl passi ng
t hrough the pasticles,)assumingshatthey approximateaspherical shape, orbindhe saseefielongasedii | in J.

K. Beddqw, 1Q _. . icle aracterizatign.in Technol og ol 1,
Nopl 1 cath onspaticley e 8 bl cfonsscd I & ity & gpalicalipd B at AHapo VS o5
an?l in T. Al practitioniers foraleterfining tnm;ufemmmidleandme such method enﬂb@zlpsran and '
Hal |, 1981, . 392-413. sonic sifter, I ch separates particles

accor di ng Ebuner %}%B'."Eri’ }"@’A"B)‘)‘seéfﬂﬁﬁ‘f‘ﬁﬁ%’ﬁ%p}]ﬁ"\?&réwa;“85?:‘T"I’ fidgsiofg col um
of air and aad sesthielth ¢SuniBeamberhnd determine thelsiz8 CofiRtlividual gﬂﬁtlétpiﬁiﬁg_ can al so
be used to determne the particle size distribution of 1 particles

used in the Hwenghdhe apertung; Jhe Goulter Counterdydeseriber in mpre dgtall iyb K Bedsdow, i n, f or
| e, . i i . d
exanpl & ed., Particle Chy éfd?enzﬁ)ﬁtfrhh ﬁ%ﬁgﬁggﬁ M?‘S@@??E’f“ am%mgﬂ}aeﬁen an

Hal I, 1981, pp. 175- érag . e size nmay al So be
det er mi ned b¥ress, Ings $984] ppHB3-GcandiinTi AllennParticel Size Measprement, Londonf or exanpl e,

Mal Ma ' ' g | hep b
A T R
Nunber Aver atpesizebyrarcombination of a venticairos¢iliating eolniin ofait dmgl amepeticve méchasieat | cl es

whose mnimumJength falj]ls within an,inferval Llerrl..For . . pur poses
of Cthi 5 1 nveRHCHI sy Aag, o s b 4 ldefgriioe g il izg Saoution g o
aver ageis particles used in the proGesPaf thisGivlention. Sohitsiarsdbcadbsdrided MEfoP BXxunple]
process has %Rﬂrtid e djianeter whicg [ er than that taught

. h |
i n convent i onafleh B¥rticle ize Meagurement,J-onden: Ebapmalnsagi %i 138} wBnb3et Pz at i on
step whi ch i ¥hé avéedgb pArficie 52 my APbEdetdrmined Bk BBdr Rk scattedRSmeRod, ulsilng,

the entire disclosure _of which is incorporated by reference for a
pur poses. \Whfar&xample, 3 Malyern MasterSizey ostrymen, t AR ayesage partisie size Ray tepbess to use

a grindi ng/ hesmgRed iﬂ%ﬁ&gﬂh&ﬁ%‘gﬁ%ﬁgi&m&@ practice of the present

I nvention, it has been found t best ™ non-zeolitic nol ecul ar
sieve; in terns of catalyst perfornmance, is Lev when the particul ate
Zo RSy

al um nazovvhi chis Number Average = -
27

wherein z; is the number of particies whose minimum length falls within an interval L;. For
purposes of this invention, average crystal size will be defined as a number average.
The particulate alumina used in the present process has a particle diameter which

is smaller than that taught in conventional processes, including the

25 grinding/homogenization step which is taught in, for example, U.S. Patent No. 5,208,005,
the entire disclosure of which is incorporated by reference for all purposes. While it is not
detrimental to the present process to use a grinding/homogenization step during the
practice of the present invention, it has been found that the best non-zeolitic molecular

sieve, in terms of catalyst performance, is achieved when the particulate alumina which is
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PCT/ US96/ 17714 added to the reaction m xture has an average
particle size of less than 40[err] prior to any reaction m xture
gri ndi ng/ honogeni zati on step. A non-zeolitic nol ecul ar
sieve i s prefwoatizpoprepared according to the present PCT/U§960T24 S
using a particulate hydrated alum na having a | ow al kali content. As used
herein, 5 the term al kal i referstothe,matalllc elenentsm Goup IA
of the Peri odi 8ddpd e theseactippumixture has an ayeragepagticle sizp,af lessthan 40y pepr trankh nay
be found in th?ea&ibﬁ'lﬁﬁtuféﬁmdm g,% lzafidiedp. H Perry - and CH
%la%boo MG aw Hi | | Book Conpany, 5th

Chilton, eds, Chem cal g?l ne
Ed., 1973, and |ncI6(!I98- zedlitic nuloatms@vetsmefmlnp@pm tricordingdo theprgsent

pot aSSI um rub | kal i
of primary con er ni %Héj %gugcué%%pyé{fﬁ%dnﬂ%n% ﬁavﬂnrﬁ%%\b%gml é&% gH @sle% Elﬁ"BﬁEcul ar
si eve, ang thetheaémmll icali rlétbﬂltolmeh&tdlllﬁegﬁneaishﬂﬁroupmAtohﬂ':e}Paﬁdidlcmbmd 6fthd UM na
source and in e no ar sieve, nma s hi as..80% 90% even up to
100% 11 crnefis SCE. R cu o ity e rood e BR96 o BT SEMe FOM ey

net hods of rengd OM. Mbﬂ,@dgftﬂmﬂfcﬂngmeers Handbodk Whﬁmﬁrqllm%ﬁ%ﬁﬁaﬁyr C A
fini shed NZMS, such as by ion-exchange after calcination, tend to

damage the cryEfal9% anddineludesfor expmpiithesmetals lithiny sgdiumepatassiumamibidium %,ﬂd
properties.

al um na of the%@selﬁlpuepieégﬁhnﬂ%ﬁdﬁaﬁ%?ﬂmwkmeﬂ%fﬂﬁwﬁﬁog]speC| ically
a | ow soditum | eepditic mblstularsicve, and thedatiachlisediuh to totad slichliin theei patticulatef ahomina

whi ch and in o ate
hydr at ed al um""%ﬁé; %S%Pﬁ] 'N?or ar%fer%ggfeﬁg rh(')'%:h asSSO/o 9?%3?145“;%?5 P?awé%'%

about 0.12 wt %arhdermueﬁrismglyldyscb\easl thdtam»@ntkﬁawmﬁhmls Ioﬁtemovnhg sodimmmt other
preferred that

. | kal
content in theX hcéaéx&g‘amgg Wsuc‘i’asby?&eﬁ% ’% Tejpa %\Xﬁgrg !

al kali may be adanmpe theicsystf stﬁnbﬁrﬁf@hmzmeah@madtg&de it$iéatalytic propeme@nBMﬂt of
al kal i |s SI gnificantly lower than what is present_in available |ow al kali

hydr at ed 1 this and othe,reasoms, the particylate hydeated aluming ofjthe prpsent REpeesshas adoyy
about 40[err] ﬂﬂd: l@vepﬁ &iﬁ&ﬁy ﬂ@ﬂ%b&ﬁlm@ével before :t is AR & td the Peabtibhixthrdfrom

g/cnerr]. Typically, "l owal alum nas currently avail able 25
have an al kal |Wb'6h%ﬂ“&!°hgh%ﬂ¥k‘5liwm 25 Wt % which is significantly

hi gher than that cgﬂg I‘géeﬂdq- Hﬂ@ Lesh m na.
Al kal i content may be SUI % et g&m%ﬁ us?n E‘Jas eg%gés?g%?/ﬁﬂ uch

met hods are weghouk@ddmt¥onnd hsfembly less thin 010 bhlln ét is mstmfaseﬂahgl the
Gescr e e Wiicye oS B v Pl SRR S S SRS o
by wei ght al katol a,boan(lafﬂaneﬂélwhewnlltalimuyaba one drrmore abthe Grolfp IAcelements. Thisabout
alkal | and ambun St @Rt loviiot vt nerepen Bl o 3B Bl )
aluminas having an average particle size of less than about 40p and a particle density of
less than about 1.0 g/cm®. Typically, "low-alkali® hydrated aluminas currently available
25 have an alkali content of greater than 0.25 wt%, which is significantly higher than that
amount of alkali in the present hydrated alumina.
~ Alkali content may be suitably detq.mlined using atomic spectroscopy. Such
methods are well known in the art, and it should not be necessary to describe them in
detail here. The finished non-zeolitic molecular sieve prepared using the present process
30 contains less than 500 ppm by weight alkali, preferably in the range from about 75 to
. about 500 ppm alkali, more preferably in the range from 75 to about 400 ppm alkali, and
most preferably from about 75 to about 325 ppm alkali.
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PCT/ US96/ 17714 The non-zeolitic nolecul ar sieves which may
be prepared using the present process are described, for exanple,
in US. Patent No. 4,861,743, the disclosure of which, [

conpl etel y |ncor orated herein by reference for all purpos -zeolitic
nol ecul ar P Y eves i ncl ude al um nophosphates (A P e?ﬁ'?gggwégscri bed

in US. Patent No. 4,310, 440, SI | i coal um nophosphat es ( SAPO),

met al | oal um nophos ngE 5‘}&5 ' d

al um nophosphat es ?%3&%&%" m nop E'g‘kg?g'eﬁ%’f"’e‘éu arégﬁe%g\'/lgs are
descri bed i n lprogess@ee destribbih for mae, 165715 PatedilYo. @ 851,743 3HeidisckBurepf odhichD 93
and 4 861 ut e um.n h ha n2h e escri bed
in U S Pat en mpzate?y m%pmz}egb 'i'ﬁ'é“S?’eﬂ“é’#‘ e OR 3& !ﬁl t| Pr%f ecul ar
Si Fye plr epar ed:ﬁm uﬁ:ﬁﬂé &luhﬁgglg%bﬁdg (NPUJ’E: describﬁaiingﬂcgrm I argezz,mm,«o,

si i coal um nop, OS&P ate or re erre e

SAPO 11, SSApoSiiqoalumappasehatas (SAR pilloa nQphosphaj “’4?%05@56 peRstalsAPO s
general l'y a”dswm%lun&m?%ﬁhteﬂw @l&ﬂl&ﬂﬁﬂoﬁh&ﬁhh&hol&uﬁ didvles BT ©

preferred I nternmedi ate pore isonerization silicoal um nophosphate

nol ecul ar si ewescibedin et HaMtN@s 4,500,651; 4,563,929 4. 541 445, 9536 H9%MMO- 11.  The

nost preferre ent process

o SN 5 whi o R Rl piifcd AR RUoRRABAL, Y ackacivet i DY, BRERPT 0

SAPC- 11 nol ecNoas,9%3 mdesThewerwama-tzedmc afoleésSilatsieve qbtephmd as\dexcribed herein is

characterjstics. cribed in U S. Ratent 5.15 - sed
horern. The &R inteefiats pore FEEHERGpRpte or SAPG] Mdty prrehdd SAPPrs include

abbr evi ati on 'SNPES{1 , SAPO-316 antbSAP -4 € UrS) RagaNg. w,440,871 describes SAPO’sBy
"internediate pore as used herein, is negpt an effective

aperture in 2@‘“"‘“@’%@‘%5&%89“0&\%85&‘@ SAPOs4 Lspstrtically oA Afi E‘Pf‘iﬂﬁfe n t he

nol ecul ar  si eVfleriedibte poRtSsdnedrizhtiAGilicoaluminophbsphiie molRulef sicvepréptreR @ e Si ze Of
t he nol ecul ar sieves can be neasured using standard adsorption

t echni ques and®ressnt persessiohAR@d s Thomps mm@ﬂntwmmtemorﬁ $HER RT’H&'H’ by

di amret er Se apt er
8) . An de?ss on EhePréselt prZ&Qsi is EM-WW&EHagé f\?&t%ﬁéstruétgzélfaﬁx ?ﬁﬂih Pak ¥f b p \o

4,440, 871. 25 SAPO-11 molecularisievesy rfemmnmpof&Ms:! and lmmauuclwacMquM | |

typ| cally adm folWrRy 0 6.5
Angstrons w t ﬁ’gﬁ HF%dl%ﬂn rand%?g? a8 usedlﬂe‘&?ﬁ hfeht B%cﬁmmmoﬁrﬁﬁa}s (and

t hei r ki neti c sevelrmad s sbbrmaﬁngSIﬂZMSﬁ)vﬂamexsedm .3),

net hyl pentane (5.5 85). and oI e ing
i net | ¢ ai Broergte bt et s o G iE 'Ef%ia@ffeat‘f%?%%‘*ﬁy{ﬁ% 't o
the poreso denmdng%gafevom 53 t3@bout 6. sn&fgtsurmd mienahmelecdmswdas ﬁmfhe paicinddr at e
as quickly ang,ol n _so cases are effec

EF“ Cﬁ)nl)ounds
havi ng ki net i o paive poreifize phihg olsruley feyessan bamjgswfdﬁ'glﬂs standar
i nclude: cycl Qhg¥aIdA tédnidbes afd RydibdRiohideDisi BRBodrfds &f kno® Gnifiim Iﬁﬁ!ﬁc( 6.1).

generally, diameters. See Breck, Zeolite Molecular Sieves, 1974 (especially Chapter 8); Anderson

et al., J. Catalysis 58, 114 (1979); and U.S. Pat. No. 4,440,871.

25 Intermediate pore size molecular sieves will typically admit molecules having
kinetic diameters of 5.3 to 6.5 Angstroms with little hindrance. Examples of such
compounds (and their kinetic diameters in Angstroms) are: n-hexane (4.3), 3-
methylpentane (5.5), benzene (5.85), and toluene (5.8). Compounds having kinetic
diameters of about 6 to 6.5 Angstroms can be admitted into the pores, depending on the

30 particular sieve, but do not penetrate as quickly and in some cases are effectively

' excluded. Compounds having kinetic diameters in the range of 6 to 6.5 angstroms

include: cyclohexane (6.0), 2,3-dimethylbutane (6.1), and m-xylene (6.1). generally,
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PCT/ US96/ 17714 conpounds having kinetic dianmeters of greater
than about 6.5 Angstronms do not penetrate the pore apertures and
thus are not absorbed into the interior of the nolecular si eve

| attice. Exanoeatsi such | arger conpounds include: o-xyl e®PeT{USR)7714
hexamet hyl benzene (7.1), and tributylamne (8.1). The preferred effective
pore size range 5 is fromabout 5.5 to about 6.2 Angstrons.

The non-zeol i t¢aenpeundsdhaviag lumtnsmnpmmﬁwte:shmb@m i6s5 AngsiEems;da rot
charact er i zed Aﬁ Pate jhe pgrne &pégr&r rn? 'dpg??eal}%t so eﬁ En?cpﬁrg Wé‘lo];' Bﬁﬁmge%ular

structure of err
uni t enpi ri cal siévelantidea Examples ﬁ‘rsi_m}xdmge:swhmeu:ﬁmfclude. o-xylene (6.8),

A b 0 . . wherein. ) M
ﬁ(l\g/%rez;]ent [Se;{] Jg%é“%%?k}bnfnd tmgnfl Zﬁl)al'{mipﬁwgﬁg‘ectwe pore size range

phosphorous, Wbﬁﬁl%ab&utmhb&xtﬁlexﬁgs{fbmﬂ an oxi de in tetrahedral
coordi nation with Al err] and therr oxi de structural

unl ts in the cryst éﬂ"l’l“ﬂ%’@ﬂﬁ‘%ﬁ'ﬂh&‘!‘“ﬁ%@&‘e using this process is characterized bya "
"y, and "z" rgRlChfdisio mﬁu&%&o&rﬁﬁfe%ﬂéstm%m%’ ‘iﬁd’POPtfetrﬁ{eﬂﬁP& el

"M, alum num .and phosphorus, wherein "x" ue equal to or greater

t han units wit apertsmp:oyalfmlaopanamdmsbm have a val ue of at

| east 0. 01. In a pr ef n‘g @rbodl ment, nmetallic el enent
"M is selected fromthe group ting of arsenic, beryllium
boron, choom uwherembal t gall'ium ger manr um iron, I | t hi um

magnesi um manganese, Lcon, tit n| um an di zinc, nore
20 preferably sel ect W’F’ﬁ?ﬂ‘?ﬁ @‘p‘ﬂﬁ”’g m‘g‘P'PP n, magnesi um

manganese, zinc, arp@losphomus whfcﬁ%dabablﬁéﬂoﬁﬂmd an diidetn ftreedfah BbotdifidtionCON.
Wiile the unit enpi rEIMﬂ formul a, represent ed, above |}§ on .an, anhydr ous
basis, the Da #id RQ20xidg sirpchycg} units in the crysta) ‘%‘ﬁ&?%‘ﬂl‘aﬁé‘Fﬁ'ﬁ“"nﬁy
exist in any state or dggre : hydr at It will |l ear to one
skilled in the art from f‘herF'é’sénfepEﬁsi'EI“E‘Fs‘ﬁ‘P"ég'P‘ﬁ'&f's fefgectively, of element

non- zeol igi ¢ DI ECUMAT oI FhiRNE, AndpHEShbrls, WRreP&S hso vallle kbt fo SFBredi iy dr at ed

to sone degr ee dependln on the synthesis material used and on the
anount of heat tre&esedf), and "y" and "z} pashihave & valuerof atleast 0.81.1 i ne nol ecul ar
sieve. Both hydrated as well| as anhydrous non- zeolitic nol ecul ar

sieves are W thin Ungprfjed embodimént heallic éleméit CM" isselectedfrom the group I n
preparing the &ﬂﬁstﬁlggk HB&Iﬁuﬁquﬁ?rE EﬁXﬁlﬁF %Qt;ai{' é@m 83 as é

i nventi on, ani c st r ucture
directing ager{’("““'i“sm@é‘ﬁfé‘?"él'l‘vgma icon, U 9“’“‘““& ‘6"‘!‘% b psl ARG WOFr e to
facilitake cryprefedablyzeledtatfrob tlelgmupmbmhgbfsllcen,enagﬁhsym in@anganese, zinc, and

cobalt; and still more preferably silicon.
While the unit empirical formula represenied above is on an anhydrous basis, the
non-zeolitic molecular sieve as prepared herein may exist in any state or degree of

25 hydration. It will be clear to one skilled in the art from the present disclosure that the
non-zeolitic molecular sieve formed in the reaction mixture may be hydrated to some
degree depending on the synthesis material used and on the amount of heat treatment
applied to the crystalline molecular sieve. Both hydrated as well as anhydrous non-
zeolitic molecular sieves are within the scope of the present invention.

30 In preparing the non-zeolitic molecular sieve according to the present invention,
an organic templating agent, also known as a structure directing agent, is generally added
to the reaction mixture to facilitate crystallization of the molecular sieve. Organic
templating agents can be selected from those known to be effective in the synthesis of
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WD 97/ 17291

PCT/ US96/ 17714 cr yst al i ne nol ecul ar sieves and crystalline
zeolites. U.S. Patent Nos. 4,710, 485; 4,440, 871, 310, 440
4,567, 029; M@BUIBY3: and 4,913, 799 i ncl ude exanpl es of su?‘f'fﬁ&s‘émﬂ‘
tenpl ating agents. In general the terrpl ating agents useful

in the pr eseng ?@“ﬁ%&{iﬁg&'*% éla ?aﬁ'ﬁmﬁ%‘% @S ﬁ;gp 4\//-)0qf851 he Peri odic

Tabl e of El ene rogen, osp arsenic
and anti nony, 4,44@,82k; 4{3110,440; t4r5m6@,929 dr68ﬁjﬂakphdm,l%3 ammudnexpmplﬁeoﬁsbitgble

ni t rogen. .JThe terrpl ating agents also contain at |east one al kyl or
aryl group ha(?f'“?b3 B.t0 8 carbon atons. Particularly preferred
ni trogen- cont ai ni nﬂg@ﬁ&i‘ﬂ@hmﬁplﬁﬁgdgeﬁsafeﬁxl inthe prcsdneiwémbn Bghtdig elementsoe t he

am nes and quaternary_anmmoni um corrpo nds | att bei n
repr esented gEFRUPYA of the Perigdic Fable af £ ‘R[eéﬁs K}ENFE Pf“}'c b’r%ﬁ'ﬁ’&@d@ﬂﬂb@& an
al kyl or aryl agéfdihd antimony, pfeﬁ?ib%‘ rirdlen bf PROsphond #id ARSI EFe@bIy HirogliR! YET i C

quat er nary ammoni um sal ts “such

[(C[elrr] H[er:]‘h«f@m]a;l(nmep@ralsmmn}t lmmalkylwmissomg:mm&omﬂ ta® | east 2
are al so sui es are
advant ageouslgﬁiﬁ%'ﬁl zeglyﬁgelu{aﬁgk’ "oegémroo I n con%éj%oéqpl%gn svt‘vl{"ltlﬁ‘m‘gI a
guat er nary antempiating sgenisareilic emines dnd quatempdly amimogiuooroppowls, the latter eingof t wo
or 15 nore_te | Nk erﬁ‘s ca he rod X qres f the desired
non- zeol¥% i ¢ TRBIS g@'ﬁ%ﬁm )gb °£°FB\E)§§‘% wﬁeﬁg Eg{egﬁﬁ%l $r88?| ng

tenpl ati ng spmaﬁngr&quqafsrceiboﬁ hemﬁ OP¢lgmeritf qu'afemary ammoniuni £aite buchraswi t h t he
R o
tetranet hyl anfRRé-Ugi and triamines 5rehdﬁ%ﬁebbaﬁmiwdnenmtaroa@wmebﬁ\mmnwm}pr

t et rabutyl ammoni um i ons; di-n-propyl am ne; 20 di -1 sopropyl am ne;

tri propyl an naquaterpgry Hmmumgcomppw@tqqgﬁm gmphgng gﬂwpp«gl tures of two or

| oh | T
R O8] A Biire mpRE M Ak AR Aol kel %ﬁ‘ﬁ%ﬁ%@ﬁ%ﬁ‘gﬁdﬁ&m s

1, 4- di azabi cysgvss 2r Qxemo)romta\sle directing templatingrspenigs maycantrobihe ouses of the
N- met hyl et han 8@} hl
N- et hyl cycl oﬁJe y am ne - %ﬁhﬁ%ip%&%gwﬁg &‘gﬁ%?&p%ﬁb‘ gintggpﬂ cmr]]ddt(l: I di ne;
N, N 25 dofithe eaktich, gél. epesepiatyc lemplaticy &)enﬁsmchldetetrompthﬂnmmotmmyl am ne,
neopent yl am n am ne; N [ - | nine;
et hyl enedi am ??é"%’&%?‘f‘ﬂ?‘#&"”&%aﬂﬂ‘\"‘°“'“m or temﬁ%ﬁ&&az or %H' ] % d'l\fbp %ﬁla&m
t enpl at :z“og agdmophbwlandné wmpytmﬁe@fﬂmtyiammmnemmamm@wemn@f .
non-zeolitic nolecul ar, sieve a single. t en W|t
proper mani puf¥t9 lamine; 2'"“"@1“"?4‘?@‘“?‘8’5(:%"!’ E‘dﬁgﬁ?ﬁa@kﬁz}&wﬁ Itghe
formation of gmetyRthalQBmHELhbiine N[ bRt HyRipefazin¥ el 4-diazabicyclo(2,2,2,)octane;
N-methyldiethanolamine, N-methylethanolamine; N-methylpiperidine; 3-methylpiperidine;
N-methylcyclohexylamine; 3-methylpyridine; 4-methylpyridine; quinuclidine; N;N-
25 dimethyl-1,4-diazabicyclo(2,2,2) octane ion; di-n-butylamine, neopentylamine; di-n-
pentylamine; isopropylamine; t-butylamine; ethylenediamine; pyrolidine; and 2-
imidazolidone. Not every templating agent will direct the formation of every species of
non-zeolitic molecular sieve, i.¢., a single templating agent can, with proper manipulation
of the reaction conditions, direct the formation of several non-zeolitic molecular sieve
30 'compositions, and a given non-zeolitic molecular sieve composition can be produced

using several different templating agents.
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WO 97/ 17291

PCT/ US96/ 17714 In the preparation of the non-zeolitic
mol ecul ar si ewe,97pfosphoric acid is the preferred portrusssnoii4

phosphorous. Organi ¢ phosphates and a crystalline al um nophosphate

can al so be enployed as a squrce of phosphorous. Silica sol or funed silica
are preferred In the preparatigr ofjhe agn-zeeliic malequiag gieyre phosphagis.apid dsthe

silicon, and rgeekbduidlof Hh&?mfr&ulo Wtgang phosph%?&ddm éyﬁiﬁﬂle%uﬁﬁh&’bﬁn@l SO

suitable. Preferred sources of the op I onal ‘el enent I ncl ude
any el enent aI malsohpmﬁweﬂ@s mc@f@hmphorom Sikdasol onifirneds sificarane preferedni t s

dotrimental t CoPREF oot el d38 bk Bladsdr ichn Raeattif bl ftrptbus s of
el ement "M, Imedlmdtddglllbaheghm suitable Pteferred wbireds of theoptienal element "M" ingkuldé | des,

acetate and oxal e are exanpl e of- e five sgurces. of element "M
whi ch 10 Sl SpAPRRE FTLRS xiich wilform oxide unlts in Ty
reaction m xt ue&tfeﬂmm:ﬁhoﬁ nehd\Vadieculsy sﬁ?dﬁth&xeﬁ@smdnérﬁhl t&dh@ﬁné%hwl ar

oxi de rati os on an anhydrous basis, has the followng preferred b
conposi ti on; ©fthe molecular sieve. Salts of element "M", including halogen, mtrate sulfate, oxide,

arR (M err] Al [ enishiEd Gletdid SdaShcathre dillsGird lenFIes of actl ﬁEseof e%ehts'ﬁ" WREP! ate,

"a" has a val ue gbréat enough to constitu an el t
concentr &Bi on redy emsecbnmpsmttpmqqsst he range of from greater than zero (0)

to about 3; "b" 'l‘fhr éegfth?;l Yead'&ﬁ?wﬂic}r) Me Ry2A tdg ei?g&ﬁe é‘etﬁ?“#‘]mo?

r epr esent the nol e | ve Y,
al um num and qxidesatinsonan wmydmunbdbu, haks ¢ fdlomi\gmekqetbbullt composition:  Or

greater than zero (0), and "y" and a value of at |east 0.01,
and wherein "M represents aﬁﬂ‘f&g{bﬁﬁ%%m enent, other than _

al um num and pmw*mﬁwmpm cd'lhwam;egreate l@tdacda&mﬁzelanbﬂ&naa oxide in
tetrahedral coordinati J.err] and

A
pr ef er r ed® syntREsLat fﬂ!}tqgo%" B it ‘H\“E“ F"ﬁ\?@ﬁf’ Pﬁf'imﬂ BfPﬁ F thag zero (0) to about 3; b a)

conbi ni ng an aai i VS forfzerd mmwsaho?ouﬁa OJ‘(ﬂeﬁesEﬁrtﬁé hdlk Fadticay dr at ed
alumna to forma reactjion mxture articul ate hydrated al um na havi ng

an respectively, of glementgM"p elmnemeanmbespbpms whereinfiyhhag s yalue aqigl tog
particle densigryreafer hﬁﬁ &r&?ﬂ ma>y" and z"/each P]ave a ]glue ﬂpﬂ(llj%stjo &, G Vh&Gh] and

an al kali content of |ess an 0 12 wt© ereafter a
to the reacti oM"rr#mmtéadnaSt)omhmnt,eﬂptmn alymingrand ahuSphmOtlsowhbll;s active

20U ce(>ko 1 5ot g MBI BR TRk iy F ARG g b, O, 2 des
uni ts; A preferred synthesis method of this invention comprises:

a) combining an active source of phosphorous and a particulate hydrated
alumina to form a reaction mixture, the particulate hydrated alumina having an
average particle size of less than about 40y, a particle density of less than

25 about 1.0 g/cm’ and an alkali content of less than 0.12 wt%, thereafter 5dding
to the reaction mixture an organic templating agent and optionally active

source(s) of one or more additional elements "M" éapable of forming oxides in
tetrahedral coordination with AlO, and PO, units;



- 9- WD 97/ 17291

PCT/ US96/ 17714 b) heating the conplete reaction m xture at
ayt ogenous pressure to a tenperature in the range of
from120[err]C to 220[err]C until crystals of the nol ecul ar sieve are
forned; and c) recovering the crystals.

nor e preferr‘é’ggﬁ@pﬁbd for according to the instant processpggﬁﬁwlg@g:

a) prepari ng an aqueous reaction m xture containing phosphoric acid, a

reactive source OfpyShdalifg thé mﬁﬂet@?&%ﬁﬁ:ﬁﬁ@&t%id@&oﬁlﬂﬁﬁméﬁé aaeng?&ak&rsul ate

hydrat ed al um na having an average particle size of less than 40[err], a
particle density of ingherangenffropol20°Q t0229P€ wpelronystalsrod thermalecular sieveart ent  of
| ess 10 p d'andthan 0.12 wt% said reaction m xture having a
conposition expressegﬂlmn’ terms of nole ratios of:
aR Alferr]derr]: (0.9-1.2)P[err](Jerr]: (0. 14.0)Sigerr]: bHerr]O
wherein R is an orq)arecovetingnhe sxystaly. agent; "a" has a val ue | arge enough to
constitute an effective anount of R and preferably has a val ue such that 15
there aré& from 0. 20more prefearédometbdd far pesording to thef instdng processcomprises: " b" has a
val ue such that there are zero (0) to 100 noles of Herr]O per nole of

al um num oxi de; sghd r L,iilﬂq“ ' i . L ni ng
t he al um na and phosphor ous som%ééeoggf\eﬁa?’\féeﬂgﬁ stgtr?{n?{glrma sé?l&céeaﬁg t he
silicon source and t heressfitesource of$i0h,rag orgasicitespliting agentrand aipartionlatdr t he 20

silicon source and the,organi.c tenpl.ati ng agent .to.formthe npl ete
reaction mixture; hyér%egd““““a%'ﬂﬁ‘glmg'ﬁ@g? Pafticle fiee ?@%ﬁ&&%ﬁgth ure at
aut ogenous pressure t o particle JBRItRbEIES thdd 2bO& 1.0 g/cm’ and an alkali content of less  ange
of from120[err]C. to 20[0err]C. until crystals of the non-zeolitic

mol ecul 2P than 0.12 wt%, said reaction ritixture having a composition expressed in

terms of mole ratios of:
aR : AbO;: (0.9-1.2)P,0s: (0.1-4.0)Si0;: bHO

wherein R is an organic templating agent; "a" has a value large enough to
constitute an effective amount of R and preferably has a value such that

15 - there are from 0.20 to 2 moles of R per mole of aluminum oxide; "b" has a
value such that there are zero (0) to 100 moles of H,O per mole of
aluminum oxide; said reaction mixture having been formed by combining
the alumina and phosphorous sources in the substantial absence of the
silicon source and thereafter combining the resulting mixture with the

20 silicon source and the organic templating agent to form the complete

reaction mixture;

b) heating the reaction mixture at autogenous pressure to a temperature in the
range of from 120°C. to 220°C. until crystals of the non-zeolitic molecular

sieve are formed; and

25 c) recovering said crystals.
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sieve are forned; and 25 C) recovering said crystals.
-10- - WO 97/ 17291
PCT/ US96/ 17714 In the preferred synthesis procedure for
MAPGO- 5, MAPO- 11, NMAPO 14, : MAPO- 34 and CoAPO-14 nol ecul ar sieves, a
reacti on m xtWo@7M®pr epared having a conposi ti on PEPUSBATH4 i N
terms of nolar oxide ratios as foll ows:
arR (Merr]A[err]Plerr])Jerr]:bHerr]O wherein "R" is a
tenpl ati ng agent ; "thepreferred, s w!!y@wuwﬁwoé,wilimaﬂ%f f ective
concentration e "b"
has a val ue of MAPGS34 z%&odml& %%8&;]%}‘3 ?g%ﬁiongﬁlgtﬂ;e%p}e{}#d
magnesi um or cedrpositiot gxpressed in tenmis dfatiolar oxide ratios aefollesent t he m)l e
fractions, respectively, of "M, alungn ggg g}ﬁ’ gorous in the
(Iv[err]AI[err]P[err])qerr] constitu o2 s a value of at | east

| n the preparation of the reaction mxture in which the
cr yst al | i ﬁe Nzwhereig "R" is a templatingagent, "aVikas @ value geeatckadughotof coostitate an eﬁ'ecnve
crystallizatio néGfra I enbo t, the
nol ar ratio of&’v\/atermf{‘p u‘rihmn'g%tﬂﬁtqﬁe&g%d 4}”%}? Hap0lp & 0" hasay 8"? nge of
f rom about zermtviﬂ@om&&blyﬂwﬁér%‘l lyprbsenmmigmstunﬂmtoobﬂbm "y3.and "t hi s

enbodi nent i ient water s to the.r i on mxture
prior to crystaP'iefei'ﬁme %@"“ﬁﬂ'&z"ﬁﬂ?@‘"ﬁb’d Meg‘e{"f"b‘H‘W? efphorays in the

adequat el y bl efMigd, Py)0, eanstitaent] 4ndERch Hadh OaleEdlat e P@1L | NY

particles. Beyond ¥hat anmount of water, no additional water is required for
crystal | il®ation.  Inthe prepamitipg ofthe tractionsnixtersin wbehlthercr;dsallmeNZMthJ S. Patent
Nunber 5, 514, epar at nbodi nent agueous
reaction mi xt ﬁénﬁdéwﬁtrmégg?%eg 0 facd ta@crﬁ:&ﬁhﬁ?on and s afg‘ll'ie(}té’rg‘fffﬁ"@eé" g?e t he
NZMS, i ncl udi ngnbpdimenesheoﬁola'lmin mfayatqumdphm tnthe eeaction aiiktareds in\thevangdbf

O Prmer bt 44 S Bof ¥ pREASSRYR6R Bk o8 Shout € h ¥Rl Snbokimenc ' "

easent S

sufficient water is added to the reaction mixture prior to crystallization so that the

15 reaction mixture may be adequately blended and may be formed into self-supporting

particles. Beyond that amount of water, no additional water is required for crystallization.
This method is described in detail in U.S. Patent Number 5,514,362.

In a separate embodiment, an aqueous reaction mixture is prepared containing
active sources of the NZMS, including sources of alumina, phosphorous and optionally an

20 element other than aluminum and phosphorous to be incorporated into the crystalline
molecular sieve. Frequently, a templating agent will also be present. The amount of
water added to the reaction mixture in this embodiment is generally less than about 500
moles of water per mole of alumina, preferably from about 8 to about 100, more
preferably from about 10 to about 50, moles of water per mole of alumina.

25 At the start of reaction the pH of the reaction mixture may be adjusted as required
for the synthesis of the desired molecular sieve. As an example, the reaction mixture from
which sificoaluminophosphates are prepared will typically have an initial pH in the range

- of about 4.0 to about 8.5. Crystallization of the molecular sieve is conducted at
hydrothermat conditions under pressure and usually in an autoclave so that the reaction

30 mixture is subject to autogenous pressure and preferably with stirring. Following
crystallization, the reaction mixture containing the crystallized molecular sieve is filtered if
sufficient free liquid water is present and the recovered crystals are washed, for example,
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nol ecul ar sieve. Frequently, a tenplating agent will also be present. The

anount of wat er added to the reaction mxture in this enbodi nent
i s.generally | ess than about 500 nol es of water per nole of
alum na, preferably fromabout 8 to about 100, nore preferably

f rom about 1%9_’ about 50, noles of water per nole of alumna. 25
At the start 4%t i on the pH of the reaction m xture nafcﬂ'@saﬂ}"ﬁg‘t ed as
required for the synthesis of the desired nol ecular sieve. As an

exanple, the reaction nmxtuye.fraqm ] i C (i um nophosphat es
are rrgr epar ed \Xm?'l wﬁ'?p’?@éﬁ"ﬁmahﬁ by hegting Péﬂg%‘ Eﬁ% 'r?eﬁﬁgjﬁﬁte“m“gpemp of

about 4.0 to pRasiire. Spreferdbiy)ehy alpetnathi Rfickbovd e BRSNS W réhovel PHr tothesONduct ed
at hydr ot hermal conditi ons under pressure and usually in an

aut ocl ave so il fitteriogofthecristalsso  nixture is subject to autogenous

ressure and pref eqpbh iR St 1 Watal : | zat i on,
!to he reaction Ir[1)1'xt ure c%lﬁﬁéﬁrﬁiéh%bﬁié%yy@?gﬁe%@ h%%fsggﬁﬁﬁgﬁﬁ%ﬁ%iﬁé%é

filtered §f  thermal tregtafeni toiremeveitheerganiciemglating agent. SThizthermal treatweent is e

recovered crystal g are waghed, .[for exanple o o 97[ 17291

PCT/ USO6/ 1771 Benerally wﬁ"omaﬁr ﬂ*‘\%ﬁ% a4 teimptratiie. of 300°Cutg 8O0 for é\/&ﬁﬁ&/{ mingte ng at
from 25[ er r ] Cahdgehofdllehstliénge# thad ZOKGUAE 'While subatmospheFie pressufe caltb€efiplayedy any
supernatant |iquld above the crystals is renpoved prior to the : '

initial filtef@nthebpmahiresiment atimgspheric pressure is desired forgasoppefeconyeniencsi eve
prepared by tHge a{eﬁmgrémgg% gﬁi@u&% &m%fang Lkl Yo G @é}ﬁ?gsise?ctaﬁain drocarbbh €7 M8

treatment to renove t ) c tenpl atinhg agent. hermal” treatnent is
gener al | 30 per Conrveibnisgactionst i ng at a tenperature of 300[err]C to 800[err]C

for at least 1 m n%@mn—zmliticbnéﬁgc%phggg\ger dﬁl\ b¥/ustdtn i%@r?&?%gﬁ@ﬁ{éipﬁgﬁitnour s. Wile

subat nospheri c preSsure can treat ment,
at nospheri ¢ pihydrogenatingothponentsiisuch as tuegstenn ganadiumomulgbdesnn,ahenium, nickel, The

thermally trea roduct is particul arl seful in the tal ysis of
certain hydr o@é‘?e”go Tqrgum, ma VgT%iade{‘@i?@]’isg as paﬂad'"m_’ pﬁa""m'ﬁ"d?“ﬁhe
non-zeol i tic mieniday irdiuns baviRktueéthdreof) fOE thosempplidatiomtis whidh b hpdrbgeamiont t h

hydr ogenat i ng conponents, such as,tungsten, vanadi um | ybdenum rheni um
ni ckel, *3 del_‘ygg‘@&ﬁ“?“ E'H‘F'dﬁﬂ '&ﬂ?‘"FfEnéﬁ’H%é’_@,l "GF“_'%t‘_eh_B‘S? ggﬂé\?%ﬁ’?“l’s uch as

pal | adi um pl abhsittig of 40 Rt GRE of platinum antl PARLMM aré prefbirdd Pe dMothidiaetdi her eof ,
for those applications in which a hydrogenation- 15 dehydr ogenat i on

function is d&seeem shaytB.0V6 tp abgut 10% by weight efthe malerylarsicys, ly from
consi sting of a8dut 0238 LbRNS %0 by ki ﬁgmm& akib@di um are preferred. The
amount of net al . range’é %‘gom about 8?01‘%t0 about 10% by wei ght of
t he nol ecul ar si evBydrpgenf ammbhiymf and the metal composienisicabexchangésinto the % by

wei ght of, the 9]3“!‘ ' . : , ;amgi and t he
net al co%%onerﬂsgéccan '%é‘ ikgﬁgtﬁ&uelﬁ SieNE gantnlllsg bﬁgn pr@ﬂ&ﬁ%&@@l}?ar Si ’eo\L'/lQe The
nol ecul ar si ewetalssoan bé pliysioaily infmarejy adnaiged withithe neleculardieve using stivglard

metal s can be piyal LAl ol IR T ekl b e iSRS e ] 1S 1S 19

by having the desired metals present as ions in the reaction mixture from which the
molecular sieve is prepared.

25 The techniques of introducing catalytically active metals to a molecular sieve are
disclosed in the literature, and pre-existing metal incorporation techniques and treatment
of the molecular sieve to form an active catalyst such as ion exchange, impregnation or
occlusion during sieve preparation are suitable for use in the present process. Such
techniques are disclosed in U.S. Patent Nos. 3,236,761, 3,226,339, 3,236,762; 3,620,960,

30 3,373,109, 4,202,996, 4,440,781 and 4,710,485.

The term "metal" or "active metal" as used herein means one or more metals in the

elemental state or in some form such as sulfide, oxide and mixtures thereof. Regardless of
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met hods known to the art. Alternatively, the netals can be occluded in the
crystal lattice by having the desired netals present as ions in the
reaction m xture fromwhich the : nol ecul ar sieve is prepared. 2 5
The techni ques of introducing catalytically active nmetals to a nol ecul ar
sieve are wooemmdisclosed in the literature, and pre-exi PCTAGIHETHI

I ncorporation techni ques and treat nent of the nol ecul ar sieve to
forman active catalyst such as ion exchange, inpregnation_ or

occl usi on dur i #gstatedy which theametallicnompprent antually xists, dhe Gpgeentrations arespmputad

process. Such _.: . ' I sclosed in U S. Patent Nos.
3,236, 761; 3, 2%‘:‘&?9?’“5&?3@8@@;&“%{%}%, 960, 30 3,373, 109, 4, 202, 996
4, 440, 781 and 4, 71Foliéwing addition of the metals, thelthalecular sieVareaydie calsined inairiove net al "

"N Sone 1 or m SEFeHE EPeRES BT 20E o NG, BEPRRRATAESS o

- -12- 5 ranging féM 9 46 48 B&uks, or more, to produce a catalytically active product especially
PCT/ US96/ 17714 . the state in which the netallic conponent actually
exi sts, the comeBhinhydrosathongoaversionRrpesgses. as if they existed in the

el emental state.  The non-zeolitic gmglemﬁﬂ" A&v@rﬁﬁb@&w& hd Phedlst, Withotelditionat t he

nol ecul ar sieve may be calcin In airr I'nert gas at tenperatures
rangi ng from afoouing, eh Srershaped partivies) Grmed fropdhe roation mixtanedescbed  r angi ng

froml to 48 . [ (£, . rodu AN actj ve..product
especially %ver"%eﬁ’geéf‘ﬁr%oofi%ﬁm%wﬁgériﬁﬁ%c%%gpg'ﬁﬁ%gﬁgé‘gigg’.%“&liy’ q'e

The non- zeol i tmalecutdr sieve can be cemposived/ wikieoneor thossofamaterialsi residtant v théout

addi ti onal form b vvheé].t he s@a d particles, forned fromthe
eaction i xt FEPETAUEEs A opher conditions employén ofganic camErin PESCEISSS, USIRE! < hape
desired for thechaiques@atieasspiapidyyiig, exthisiohitiithediky. Siidhanalfk materidiDinciged ar

si eve can be conposited wth one or nore of materials reﬁi stant to the

t enper at ur es a‘??ﬂ"%’!‘ﬂé‘?“i‘,m‘?ff%d EYsheliy Sﬂf‘af“ﬁfalb’r‘{fﬁ‘l’ﬂ"eg tee asyellaspr ocesses,
usi ng _ ihGRR RibteRalS ek afHicR PUAY afll HbtRbxides hich 8 Amindhgh&, hid<e-
Such matrix materi al s 1 ncl ude active and inactive materials and

synt het i d5or riiania- 2Examples ofzeolitag)ingludg syntheticand wetural fayjasites (e.g., Xiapd¥yani c
mat erial s suc e S - Cl | f ' ‘ esi a,
and 15 it o bl BN BB Gh RSOl LTS, SUAD B2 b EllnanR O
f auj asi t es ( e.zsolitescannlso ¥& composited in a pofoosinpegsnic metrixe The orgagicanatednialse of t he

ZSM series, e. Ha oc%lﬁ‘%al@%? ngﬁﬁng%ﬁ] gI’ ée?a?:ﬁ Jsprecipitates, s&ﬁ Ot%rigtreﬁs can al so

be conposited 1M a porous’ino I X e 1'norgani’c na ral s
may occur nat Linelbding mixtunes\of kitica and rieeal bxiden dfse gRarcdctiveouateninl ndopjubaioas, sol s,

et {ve mPeri atth B Saetn dplForicasve, 18- spbingi il APRL & P B oL o,
i . e., combi nedandiséléctivity of tRé'6bgalysPin! cERAIR BFRahib QorfefionpEdcesles. Inactive mat@fals
selectivity of the catalyst _in certain organi c conversion processes.
| nacti ve mat eraAsuitably serve as diluents to control the amount of conversion in a given process so
that products can be obtained economically without using other means for controlling the
rate of reaction. Frequently, molecular sieve materials have been incorporated into
25 naturally occurring clays, e.g., bentonite and kaolin. These materials, i.e., clays, oxides,
etc., function, in part, as binders for the catalyst. It is desirable to provide a catalyst
having good crush strength, because in petroleum refining the catalyst is often subjected
to rough handling. This tends to break the catalyst down into powders which cause
problems in processing.
30 Naturally occurring clays which can be composited with the new crystal include
' the montmorillonite and kaolin families which include the subbentonites, and the kaolins

commonly known as Dixie, McNamee, Georgia, and Florida clays or others in which the

~13-



can suitably serve as diluents to control the anbunt of conversion in a

gi ven process so - t hat products can be obtai ned econom cally w thout
usi ng other nmeans for controlling the rate of reaction. Frequently,
nol ecul ar sieve material s have been incorporated into 25 natural ly
occurring c g., bentonite and kaolin. These materi ' cl ays,
oxi des, W&’lg?gé. , function, in part, as binders for tﬁlecsrm(fvg‘[ It is
desirable to provide a catal yst havi ng good crush strength, because
i n petrol eummaR e cdndtuéiit istallSysité, kadlink€ UickHEInGGeC ' Laugh
handling. This tends to break taﬁg}ts'c%t ﬁyst’ ('fgwn’ nlgn{ebgrpac')'v?ﬂ’é‘?eé s\ﬂ%iﬁ)glﬁ’%cause

probl ens in FABbeysed inthe g state as originalijmined af initiatiy subjected tp cllcinatiomfatich can be

conposited w > L.ncl he ntnprillonite and
ool § o | teBtoichf of Efbnical BbicaB KinBers wees o chiorip o he prRgen
comonl y knowrysted ali inclede ihbriganie exidéspmotsblyealumingloddilicai da cl ays or others in

which th - . . - - 13-
VO 97/ 17291 In addmon_ to the foregoing materials, the non-zeolitic molecular sieve produced

PCT/ US96/ 177 %ein be composited withed poréiisidirdt meteril sisch 48 Bluminm Fhblph¥R] difca-
kaolinite, di gkl,te,__namte,, or. an auxite. Such clays can be used

inthe raw s na, silica-magngsia, Isﬁicwmﬂla(ﬁ“icf‘ﬂ‘t’iiﬂajﬂi%'bmg?e@iceﬂitm asavellianat i on,
aci d terhiir§ 3bipésitionPuch BEGEAMuUnTRAbHL ?ﬁngggmlﬁ%-gﬁgdgﬁ, HiGl dhimih

conpositing with the present ~—~ ~ ~ crysta ude’ 1 norgani c

oxi des, not alffagnesia, aid-slicaymagnasiacrirconig The relative progortiond df finelyrdivided: he

f oregoi g M ' hey - | ol . l.eyve . produced can
be conposi te&%%égoig%gﬁ‘gﬁ%% rlrxs;ebn%?‘girg +aglﬁhj(is@érﬁ§}g§¥’gpﬁ$ﬁ?m *MABsphat e,
silica- widely, atithrthencrystal icontera rangingdionel 100004 byowelglitcandintore partituflayt hor i a,
silica-beryl || silica-titania as | | . t erpary, conpositions
such as sili %‘égfhﬁﬁﬁ‘s??‘ﬁbsrﬂfﬁﬁa’%‘ﬁv f%&‘-"m m'-'ﬂiﬂ?ecfﬁ?ﬁe&fzé? ¥9 ¥888Y uni na-
magnesi a, angeektiof therkb@pesiea- zi rconi a. The rel ative proportions of finely
di vi ded 10 crystal l.jne non-zeolitic nplecular sieve material and

i norgani c oxide g “‘ﬁﬁ?‘ﬁ“f’%‘%\’ "S'W“PWWWHEIP_&?S%PE’?F%WW%FHP cont ent
rangi ng1§ l’Ollivin'ét?)oﬂQgﬁﬂiB[ e %€ hgdibearty ?icizf ogﬁéﬁd%ﬁwﬁéﬁdﬂ rbieYses. H¥drocarb&ﬂhen the

conposite is prepared in the formo eads, in the range of 2 to 80 weight
percent of t KENYEEVRRJSIctians are chemical and catalytic pgogesses in which cassincontainingsi eves

prepared in E:Bﬂp&fnﬁ@ﬁ'@hhﬂg%me?&ﬁ ctbéi él!:lntainﬂfg &n‘%@u&d(s).car%@rll&t& of organic,

e.g., hydrocarbon conpound conversion proCesses.
conver si on r &ydrocashon conversiononeictiohs inclddeccatalytiy ciacking, bydrecrackingndevxing, car bon

conpounds £ opfn s ARRAGE ok TRREIR 1t it PR oo Braie TR I e
cat al yt2@x cr satklystgareluyefuldn otherpenrgleunieefininigagd hydrocarbon comvetkionl redctionsastich

aromatics formation.reagti pns, incl udi fo i on, frqm ox nates. The 20
catal ysts ar & l??@f’tiﬁ"‘%“ﬂ%{"ﬁ@ﬁ“fbmw Fé‘f‘{ ¢iing Polymenzas U{dg‘ﬁ'geﬁemer si on

reacti ons suolfinic or acetylinic compounds such as isobutylene and pentene-1, reforming, alkylating,
isomerizing polyalkylsubstituted aromatics (e.g. meta xylene), and disproportionating
aromatics (e.g. toluene) to provide mixture of benzene, xylenes and higher
25 methylbenzenes.

The molecular sieve prepared in the present process can be used in a process to
dewax hydrocarbonaceous feeds. The catalytic dewaxing conditions are dependent in
large measure on the feed used and upon the desired pour point. Generally, the
temperature will be between about 200° C. and about 475° C., preferably between about

30 250° C. and about 450° C. The pressure is typically between about 200 psig and 3000
. psig. The liquid space velocity (LHSV) preferably will be from 0.1 to 20, preferably
between about 0.2 and about I0.

-14-



as isonerizing and hydroi sonerizing paraffins and ol efins, polynerizing and
ol i goheri zi ng olefinic or acetylinic conpounds such as isobutyl ene
and pentene- 1, reform ng, alkylating, i someri zi ng

pol yal kyl substituted aromatics (e.g. nmeta xylene), and di sproportionating
aromati cs (e.wostwi2zeene) to provide m xture of benzene, xylpowesssnathdi gher
25 nmet hyl benzenes. The nol ecul ar sieve prepared in the
present process can be used in a process to dewax hydrocar bonaceous
feeds. The cat al yt i Hydsiegen s preferably preséns insthewreactive gommibming the catalytic dewaxing ge

Lomper at ure. w PPeas TRHyaRléh WARR s il benliph BR s0G sodbpp Bl "

preferably bet S&Bhblz(hmlhrd&ﬁbm feet pér®artel), mterahpatiouﬂm@o awﬁeza;oaﬁsumsal I's

typically bet o 200 I g an i g., The 1'iquid space
vel ocity (LHS\\A/)%%B‘F’@Be ‘P%F“\h%ﬁ’e ’BE‘“'F‘F&%‘P@ the R’Bd%‘“ddP@F@F' $thg reaction

bet ween alout £bng and about 10.
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PCT/ US96/ 17714 It has been found that the present flewaxing proeqss pmidgs sslectivereonversianhe

o1 ood rati o oy il & Sk ARG of gner molespar HERf Sy coiirddtE” ©9°

SCF/ bbl (st ancm'pdllmnﬂl&meﬂmg the pribeart zojitic qatalyst D!hhytlmlpmcbssih@,&ﬁe -0 about

g?ogggt Sgr?élblr)ell cyc[ thets@' ?&%&f%gﬁ“&ﬂ{gg &rg&;ﬁgxecmc z g'r}%'td%%"’]; '?gr%} P ehas
been found t habrh h@nlql)raagemhteﬁhhl@mum@)mm&& I6w Oiecadits r&@lhdi‘CThé/&gFe@'&Yer sion
of waxy n- paraffl ns t.o.non-wa rodyct s, of hll%her ecul ar wel ght when

conpared to acking w'b‘?h&?ﬁﬂff'as eXFn "T?§Pﬁ'@‘tf @anyield is redyced, thareby; ¢

catal yst. Durigrgseiirs thé &oasHic Relue bfthe feedstock. At the sBé %E'aﬂﬁeaﬁﬂﬂn&bﬁf slightly
branched paraffins, upndergo sonme cracking, or hydrocracki orm

liquid range rfé?”é‘?’ﬁzgf%‘tmf BlRces smhihat 1o oaly isghepus ppins redussd gX/fepmGlﬁﬁle The
degree of crackmg%a%ﬁclfds'agsc\‘ﬂiudqao@ep bit'in a&:ﬁnonhﬂé"@i‘ﬁ&ﬁing ﬁé&&:@goﬁ&z}e@?ot the
gas yield is reduced, thereby preserving the economc value of the
f eedst ocRS At lmweare@mwtfmdﬁquai rangeIuateiaiswhichfcontribute to a lomsdstesityzlawi poar t akes
pl ace, so that ?og&y is the pour point reduced by reason of the
cracking reactlon escri bed above, but in addition the n-paraffins becone
i somerized to 15 The quxmgq:i'duesssnayd:eﬁmdm dewjaxi divatiaty @f feetstsvks pdngingfromh
contribute to r@laJnP

The dewaxi ng proc ee‘gv zﬁé@jﬁ@eﬁ‘g&t&%‘?’gﬁgcgmboéﬁr\;gmcg{)@c@%s ‘P@géﬁéftwmgl ng

from rechiced crua&syvabwwir ﬁdsidhi, 2ycle 6|[s,a€yhlhelrl$crtﬂés (€.} hsheib ollQitdr NY
st ocks s h as @hq rude etrol eu duced cru es, vacuum t ower
r esi dua ycI A4ng o} etc vgcqullga%glls( {gobonls gﬁgpl@r heavy oils; Jhe feedstock

will normally be a C.o+ feedstock generally boiling above about 350° F. containing
paraffins, olefins, naphthenes, aromatics, and heterocyclic compounds and with a
substantial proportion of higher molecular weight n-paraffins and slightly branched
paraflins which contribute to the waxy nature of the feedstock since lighter oils will

25 usually be free of significant quantities of waxy components. The process is particularly
useful with waxy distillate stocks such as middle distillate stocks including gas oils,
kerosenes, and jet fuels, lubricating oil stocks, heating oils and other distillation fractions
whose pour point and viscosity need to be maintained within certain specification limits.
Lubricating oil stocks will generally boil above 230° C. (450° F.), more usually above

30 315° C. (600° F.). Hydroprocessed stocks which include stocks which have been

hydrotreated to lower metals, nitrogen and sulfur levels and/or hydrocracked, are a
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20 and oils, etc.), gas oils, vacuumgas oils, foot oils, and other
heavy oils. The feedstock will normally be a (Jerr]+ feedstock
generally boiling above about 350 F. containing paraffins, olefins,
napht henes, aromatics, and heterocyclic conpounds and with a

subst anti al on of higher nol ecul ar wei ght n-paraffins and sI ightly
br anched ‘968’99{3%4 af fins which contribute to the waxy nab&VES%74e
feedstock since lighter oils will 25 usually be free of significant

uantities of on ar t.i usef ul
\(/qvith waxy di s‘f&?fﬂ?ﬂgg@ %ﬁcﬁ%ﬁﬁﬂﬁs@°&%§ﬁ\e 'ﬁﬁ'@“&“ﬁg‘l@ sineAbetli ng gas
oi |l s, ndmﬂ;e@m&hm@iﬂiﬂt&tnoﬁitﬁbﬁwaﬂyu.bpmsl ng oi | stocks, heating
oil s and ot her di %‘ tion f act i 0 Eour {%m nt and

viscosity need to ? POSTH ﬂe‘ﬂn"‘ﬂr}?ed"%“é'f"‘fda‘f"r‘?‘ 'é‘ﬂ he feethcantais; s
Lubri cating oOorgarfi¢ ﬂﬁ-& \Whitrog Qﬁ%ﬁfnﬁﬁd(?imﬁ&itiesﬁh%’ﬁe@éi& dhat tﬁé@@g@ikltm re

usual |y above 30 gﬂ&}err] C Hydroprocessed s
i ncl ude 2t ockONiEAt efithe, ‘“'5 mOWPFSfﬂ'#UYlféhﬁ.hwW,OPMW\er net al s,

gn?; rogen and. sul f ufhe NGRS Sat@ihidf bEWSLl RS55G5 n whK§ feldstock. The waxy

PCT/ US96/ 177 1fsedstock preferably containsigreater than abane 50% veaxpmbre podferbbly grekterthamnd al so

of other dist ?50@’ o s Si rmal |y .,contain

si gni'fi cant air?%ldnts M"? é‘@ﬁfq"'ﬁ?/m Feed having a high pour Ot ol process
herein can benbpvaﬂi‘ouc&"ot‘ Wnbh umuy hWeW 10%e, Bnﬁ%mﬁﬁii\hi’dsﬁﬂm 50%

orgam c mtrcgg:sm t{oogen contal nin rrpurltles) I's preferre shat t he

organi c i tr r use n the pracessiof fhednveation. (Sach %W should pseferably centain
preferably | ggeatériifdh abbut 70D Yiraffinic carb%n, more )Freferabl;@?eaww g@({uogﬁft may be

used to isonerize a waxy feedstock preferably
cont ai ns gr edeEAffinineasban,most preferalbn greatenthan ﬂwosf%!l"/ab#ryﬁgmsabem t han

32?@? algf);)f) vax. Ho‘ﬁ&ﬁﬁl\a/lgaad@g%h %l[ngﬁ& fe[e@ ot &se n? gﬂﬂ#s%@tl@ 6&5 %‘3{,@' dprI nt,
but cont ai ni rwgaxy distillate:stocks 6¢hvea gas csls,]mbncatx@ mbst@ks tsphhmcfods sudh &s thoset he
process,pf t Suc feed sh nt ai.n

gr eat er %)han rbgb '%%%%EP@WM c?zgf’i)?ﬂ'i" ﬁ&?lgﬂﬁ?ieg'f‘%?%(%ﬁ SyPvathetic wings
about 80%  such as nopmalalphidlifin wases)sliack waxes, dBsiRRlE Warddlaiid Bic?SdriMialling ahxaout
90% par af fini addi tignal suitable feeds

for use in thgo‘%? ‘(’)’E‘é&q’ﬂ'ﬁdmg"m%‘?‘l %?T“%dﬂ"ﬁdﬁe isolated ol 'ﬁ/!/'&??’e‘!ﬂ"s%si |l ate

stocks such deotgawh. oils, lubricating oil stocks, synthetic oils such as
t hose 15 by Flsf |ger Tropsch s%/nt hesi s, high pour point
pol yal phaol efi ns, >3 be obtained from eitherzp hwdrocracked lubeyd@naadwmrqﬁacd

al phaol egi n Waebessil, }ﬁdﬁﬁl‘ac E%mﬂ%'ﬂe@ﬂsm&%??%gpcaﬂf‘aﬁﬁ Rﬁﬁé’eslhéllmlwo waxes.

Foots oil is prepared by separating ol l e wax e 1S0 oil is
referred to &£ontenttolow valuns WVithislack wax derived ffom solvent Stfinedk oilsadeoilmg clrebeobt ai ned

fromeither q,séwtqrr&ﬁlfﬁ:gﬂégg%&n?ént tﬁéfo%al (frittealifs néétqﬁ e sifc gmézlatlgj eg ort-

Hydrocracking I's pre ause ss carr al's
ni trogen carried outrtodowerttke ditoogen abnters xhehhbf hSlatkagixes\possedes verg tlighr om sol vent

refined oils ’v:sggs?ts; deg, n%fanrx]alllyo' in the range of from 140 to 200, depending on the oil content
25 and the starting material from which the wax has been prepared. Slack waxes are
therefore eminently suitable for the preparation of lubricating oils having very high
viscosity indices, i.e., from about 120 to 180.
In the dewaxing process using the catalyst of the present invention, the pour point
of the dewaxed product is lower than the pour point of the feed to the dewaxing process.
30 For oils of commercial interest, the pour point of the oil is generally below about 10°C,
and often below 0°C. Indeed, with the proper choice of dewaxing conditions and

feedstock, a pour point below -24° C. (generally between -24° C. and -63° C.) can be
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used to reduce the nitrogen content. Optionally, hydrotreating of the slack

wax can be carried out to lower the nitrogen content thereof. Sl ack
waxes possess a very high viscosity index, normally in the range of
from 140 to 200, depending on the oil content 25 and the starting

mat eri al frowaewi/oeit he wax has been prepared. Sl ack waxes mITaUse6:17714
therefore emnently suitable for the preparation of lubricating oils having

very high viscosity indices, i.e., fromabout 120 to 180.

In the dewaxi ngchivved: cWhile.thie viscobifieingexioR khedewmdled!oll s it BSRA! toithe/ @eaking . t he
pour poi nt Qof, the dewaxed product is |ower than the &zur poi nt of
the feed to t hBrogeshdtds A frature efdbiedewsning process using the pessent Gatalyst thah theiviscesitp st |

the pour poi ntin@éx dfiRe fédstotiisHBNEIvElstly aé?&ieey\érﬁﬁﬁrl&eea%%grl\éwm, inthe . aNnd

often below O[err]C. Indeed, w th the proper choice o Xi'ng conditions
and f ef%YEKiBg processy This isjn contradd gonveatinneldejvaxing proeessasabing zdotitene e
ig C ang - 6303%198ts‘°/@%1t9e28'ic0sity index is frequently reduced during dewaxing. The

PCT/ US96/ 177 14viscosity index of theaewaxed @il will ¥snemlly becaboves 9 Dépgndimeienthe’ t he
dewaxed oi | isdnot.crit'tcal t.0 t%&de%i . ea!{)roges,s,_it s a
feature of the SYERIRE FoNFtIops anddhe foedsyge éa'grdmg RTAGesS ¢ Yiscqsiyindex e

Vi scosity between 125 ahei<180fchkbe dchRdék ock i s not adversely affected, and is
i ndeed often inpro : in't\;&)ﬂ . dewaxi ng process. This is in
contrast to convent'¥aiedinhedewaxing progess the nosrzspliticarnlecular sievs is employed

cat al ystap i n iWalmktdrRitl 66 dreNerd hétal ab, G8MER |

dewaxi ng. The ) Vi scosi tﬂiﬁﬁdgg‘gno'?é%lﬁg’ devva{'('%' t&?ﬁ%\ﬁ*ftq’géﬁg?ﬁl ly be
above 90. Depehldfingg aadpalladium, and optionafiy athst catplyticailyiactivermaetalnsiich henitleb ds  used
for the dewaxi Agsith | L1y 1N 125.and 180
can be achi evet(E:Il . %amenﬁn’%ﬁﬁeémlﬁhhgg% et|ch Tth ﬁ%"‘%"e‘gg@ﬁﬁ‘gp%?% gg@, t he
non-zeol i ti c rAbPWA.H156 tosiO8andi prefenably Oy2ad 5%lly weiglit of thel moldculaesiviet h at | east

one group VIII net f .e..the nobl e pet.al s.such as

pl ati num and pal |l a ihﬁ%%u r@ho'ﬁ@%ﬁ?‘i"y’ @FRW“&Q{Q\%}P‘F&‘A‘M SPn JEpR 0% Yhet al s

:sl_ﬁch as nfck;almor:olfthemetalstiuljiclgdémﬂmie)daﬁmumb tfomo Olcyhstthvﬁilolﬁ’dﬂcy 'digkidé'hr]!lp, gltC-
e anount of netal ranges from ) about 0. oto 10% and preferably

0.2 to 5% by VEFYHES tsre 'hés IsSpstempny in the ay gf catalysis, when referning to thyjgetivey oup VI | |

nmetal utilizednétdl of etals! iPiEBREnded td &icSmpdy M lekiftence 3P suth Fi2t? ik Elemén'éaﬁ-y
nore of the netals.inits elenental state or in sonme formsuch as the

sul fide or oxiHee Hpipsome f°'_"“ such af the @ide of slfide a¢ maationed dhowe, andiragardiessofe ar t
of catalysis, tidiite mS{iEh th&'fedallic E&ﬁp&i@ﬁt'a\fﬁﬁlly exists, the cmeﬁthtﬁaﬂs & E&l‘n@ned tis

i ntended_to enconpass, the exi stence of such netal in the elenentar

state or??n sd¥¥ theyerisiednthaelemental statede or sul fi de as mentioned above, and
regardl ess of The NZ§KGas ' | t A ent_ actually
exi sts, the concent r%tlzons a?gﬁsgg%j@%égﬁ&&apﬁéﬁé?d'&nogfé‘ngﬁgg?%e&si n the
el ement al st atcempnises (a) hydrocracking in & hyairddZfsking aonechydeoesrbbmceoud feed@6ck th O

prepare | ubri %ﬂﬁhﬂ\q eﬁiu'etﬁ'co&?re:sirpgr ao I?y%?oscracked oil, and (b) catalytically dewaxing in a

catalytic dewaxing zone the hydrocracked oil of step (a) with a catalyst comprising a non-
25 zeolitic molecular sieve and a Group VIII metal, preferably platinum or palladium.
Another embodiment of this process includes an additional step of stabilizing said
dewaxed hydrocrackate by catalytic hydrofinishing.
The hydrocarbonaceous feeds from which lube oils are made usually contain
aromatic compounds as well as normal and branched paraffins of very long chain lengths.
30 The feeds usually boil in the gas oil range. Preferred feedstocks are vacuum gas oils with
normal boiling ranges in the range of 350° C. to 600° C., and deasphalted residual oils
having normal boiling ranges from about 480° C. to 650° C. Reduced topped crude oils,
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conprises (a) hydrocracking in a hydrocracking zone a hydrocarbonaceous

feedstock to obtain an effluent conprising a hydrocracked oil, and
(b) catalytically dewaxing in a catal yti c dewaxi ng zone the
hydrocracked oil of step (a) with a catalyst conprising a non-

zeolitic mol ecul ar sieve and a Goup VIII netal, preferably-p;

pal I adi um WO 5717291 Anot her enbodi nent of this process [ nc%des an
additional step of stabilizing said dewaxed hydrocrackate by

catal ytic hydqqb i, RbleREd coal, coke distillates flash of (herniati{l EREK il atkdpReriteeds from
whi ch lube oils aré nade usually contain aromatic corrpounds as well
as nor nal ande%dlanmsuhqnaﬁwmlh@n@lso\beﬂ;edl Jhgﬁehapmmrthqig?msmsav@ emeis The
feeds usually _hoil J.n t cuum
gas oils wt hh mcmci“" rcﬁag\ﬂi%f)cgil ng r d&ﬁ%&%&& %ﬁ%nﬁgﬁge 0 ‘%?‘r C. to

600[err] C., iadek ﬁmbﬁﬂiﬁﬂmﬁﬂ@ proedss usirigsinitial demtriﬁcttiwiqngesuliurimioxboi li ng
ranges from about 480 r to 650[err] C. Reduced topped crude oils,
WO 97/ 17591 Steps, %\Jhwilalewellkno

'PCT/ US96/ 17714 ical hytvdk@cking frocdsk i§dedcribel, fo akample) eUSi BaterdtNat es f 1 ash
or thermally cracke oi | s, atnospher.i.c |dLLH nd 0 her heavy

oi I's can al so5b¥8.465cthe entirg disclpsyire afwhich ‘ﬁ'"f‘?fémmegg‘@@g‘r Jelerenge

e 20k " furthd AR fd R)ar ARG M ned U i fdra@nmarsaeetel ace as a

si ngl e-step rocess, or as a nultis rocess using initial
denitrifi cat i pduse maah‘luhbmat-ommis A descriptipe pEa typical hm rofipjshing precessasd|

known. I C for
exanpl e % n Lfaglysbgpglh{sq%ﬁﬁ&% pr&¥ﬂg?%§q%%§ﬁaﬁhg§§z? | ’r’ag rﬂ?cf (Il)géke of
whi ch is incor por ditedolivsvirg exainples st provived to illustrateythe invention arfd are hasr  be
desired to hydrofinish.the enax ed oil in a mld hydrogenation process to
produce nore 9t} ?’ﬁbﬁ'@&l‘ or |s. A description of a typical

hydr of i ni shi ng process and 10 catEXXMPILES ch is useful in the present
process is also taught in U S. Patent No. g 158, 665. The
foll owi ng exanples are provided to ill t he invention and are not

i ntendedist 0 be |i rGAPOLY1 WaSpRBired as follows: a reaction mixture was prepared by
EXAMPLES

SAPO- 11 was peomhiniegiS02:arams of Rk HPQuavith320 gramsof deignizeddcejn égp 4’%!"%
conbi ni ng 502347 AfiFwitle b%ﬁu%ﬂtﬁé gn%%rmrbs@&@ AR GransbifQNOEDgd i ce in

a Tefl on beaker acofehwaer . To'the reaction m xture were

sl owl y added (329w Ala@;)amhm(l @rinisenf cpld delomzed WQIGZNIWF wm!ter[epvqlmwwthm
577 grans of coLd dei onized Lo wWhi l
a stirrer and &FWGT' W'ﬁgﬁ“g{aﬁ? 1 r or'lﬁ'e (‘;61% ?Wer r] F- 2000 R2x§4 30
al um na gwydr owbcﬂﬁte suppledbi)nd&lsdnal{upw|Jesbymynake¢1umgb nv’tlclé Hlametdeef4) , had
an aver age partlc ( article
si ze anal ysi s 2"%}’&8&9@@% apgiysis); o The ?@%n[cg’néw o\%he% Ofth Wa¥ about
0.08 wt % Theamm)s k@%dqms bﬁdcl@ﬁeﬁsﬁ?oﬁlhé mnrwas 0s%g/émS7 g/ cnf er r]
98 grans of di-n-propylam ne were then added é rLe reaction mfxl}
f ol | owed 98 grams of di-n-propylamine were then added to the reaction mixture,
by another 300 grams of AI(OH); and 253 grams of cold water with mixing/grinding.
25 Another 98 grams of di-n-propylamine were then added along with 64 grams of fumed
silica (Cabosil M-5) with mixing/grinding. The mixture had the following composition,
expressed in molar ratio of oxides:
0.9 Pr;NH : 0.5 Si0; : AbOs : P,Os : 36 H,0
The mixture was placed in a Teflon bottle in a stainless steel pressure vessel and
30 heated for 2 days at 190°C. at autogenous pressure with stirring. The supernatant liquid
' was removed and the product filtered, washed with water, dried overnight at 120°C. ina

vacuum oven, and calcined in air at 593°C. for 8 hours. X-ray diffraction analysis
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by another 300 grans of Al (OH)[err] and 253 grans of cold water with

m xi ng/ gri ndi ng. 25 Anot her 98 grans of di-n-propylam ne were then
added along with 64 grans of funed silica (Cabosil M5) with
m xi ng/ grindi ng. The m xture had the follow ng conposition,

expressed i n WOPHIT2PAti 0 of oxi des: PCT/US96/17719. 9

Pr[err]NH. 0.5 Si®2: Alferr](err]: Plerr]derr]: 36 Herr]O
in a Teflon bottle in a stainless steel pressure

Th I Xt d
T kil AL o A NS
stirring. The nygfas MPleaicinkd Q%Ue_cilad the followin#ﬁ%c{r&%%:?%rcrﬁiﬁgom: product

filtered, washed wth water, dried overni . Ina
vacuum oven, and cal cined in air GA8SER3[A05]):Q,92Pa0s 8 hours. X-ray

diffraction anal yshge sodium °‘f“&°é‘ﬁ?t;t¥'? ﬁé&%l{,&d%&&,{m

PCT/ US96/ 17714 product™ as SAPO 11. The average
crystallite size by SEM was | ess than Exdmple2 m crons. The cal ci ned

sieve had the foll gwi ng anhydrqus no] ar conposj t.ion; ) .

0.48Si err]: A [e&ﬁnfﬁ'ﬁgr ngwp,rmg&tg&mtkbs wt% platinum and testedig.a 5 o i um

content of theomtimuas-NEw highprtssufdsiioPpiEat for 16wering the pour point of a hydrocracked

Exampl e 2 si eve of Exarrglag,rl was i npregnat ed W th 0.5
E.

) The 0
wt % pl at i num &FRYYMewral gil (Table I). Run conditipnsyyere, WHSY (weight houslyspace pi | ot

lant for |lo ' t ' eutr al
b1 (Tabl o 1) o 1280 P8 (12.5 MPE) 1ol pAlseli BREY PR once throoghlIE 242410 ¢

vel oci ty}0 1935t mcka/p] o) sRespity are shown imTabiesllr e, and 8 MSCF/ bbl once-t hr ough

H2 (1425 10 std mferr] Hnferr] owsults are shown in Table I1.
Exanpl e 3 80 grans of -7 micron Reheis Al (CH)[err]

from Exanpl e 1 wer 80 giams ofithe 4.7anicron Reheis Al(OH);|fronclaimpReY Werepladediaa. 10 this
wer e added 8 f ter . and.89.8 gra f 86% err]PJerr],
fol | oned by 9%2'8?%1‘%%"’ \é&"‘i‘ RS, 'dE‘? ﬁ‘ﬂsc‘é"qt Eﬁégiﬂa%‘ﬁ)‘”"% a"dﬁ?-gg'am 06%%
peptized 15 HiP@ydolloeed byd.b zehsGRfimdlsiliod (CEbosA M4 amf P4 hhest geplibr 1. 60
wt%H[erJf']s]O), t‘re '%Sr to.serye %qs 3 Jhoi,der and to facilitate
extrusi o, Af £%% neypalized Satapal alumine (39 wi'h §l205500vies Hy), the lajtenyorserve as a

tenpl ate m xt binderihd ¢b fabifitec@ithsiih. (KRR RSbuE2 WO BY AR DErali by F40C Wi LN
m Xi ng. The m x was partially air-dried in hood and t hen

extruded t hr olfgplate mixiure pidivp-propylamipesand di-isopropylaming wergmddegawithsixingd i n a
Tefl on bot t| e Théimik wisHaRialpSr-Gid%h a RbEand g-,siéé& ek g€ ¥$ne0
at 180[err]C. and auﬁéer?g}zsr q_r essﬁre fo?“gen ays. hé@ﬁ%eqs??? ﬁ%*‘giré ?g I 0s,
expressed as cxtrudate was placeddn a Tefonchostls in @ istainless steel pressure vessel and crystallized

51_[ i[ L]r g%{ (ra]r i fg&gﬁﬂr& ]agé: ﬁlgg:%gusoﬁrgséure for 2 days. Synthesis molalgia@se F’tfﬁ?%(ra] Jerr] =
0. 37 oxides, were as follows: :

P,0s/Al,0O; = 0.84

template mixture/P,0s =0.73

Si0/P,05 = 0.37

25 The product was washed with water, dried overnight in a vacuum oven at 120°C,

and then calcined in air at 593°C for 6 hours. X-ray diffraction analysis showed the
_product to be SAPO-11.
Example 4
The catalyst of Example 3 was impregnated with 0.5 wt% Pt and tested for
3? lowering the pour point of the waxy hydrocracked heavy neutral feedstock of Table .
' Run conditions were 2.3 hr! WHSV, 1950 psi (13.5 MPa) total pressure, and 8
MSCF/bbl once-through H; (1425 std m* Hy/m® oil). Results are shown in Table ITL.
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25 The product was washed with water, dried overnight in a vacuum

oven-at 120C, and then calcined in air at 593[err]C for 6 hours.
X-ray diffraction analysis showed the product to be SAPO 11.
Exanpl e 4 The catal yst of Exanple 3 was inpregnated with

0.5 wt % Pt tedfor 30 | owering the pour point of
hydrocrackegaz'n%7 Theutral feedstock of Table 1. ﬁfﬁn‘?ﬁﬁx{l ons
were 2.3 hr[err] WHSV, 1950 psi (13.5 MPa) total pressure, and 8

VMSCF/ bbl once-through Herr] (1425 stM&g_g] Herr]/nmerr] oil). Results
are shown in Table I11.

-19- 502 4pary 0f1859DH; PO, were placed in a stainless steel buckel"in an ice bath.

PCT/ US96/ 17734 anple 5
502 grans of Qé’%%‘?ﬁwgﬂ 129 frpems of dejoniged ﬁ°§“"s?°é’|8m'%ss‘§°g‘f’é‘@refbi§8ke in

an ice bath. this were slowliﬁhd‘dbd?liag}hﬁi of YE{OH )3 (Rleheis F22D0gy m-zfrfmetm with@d i ce
and 600 grans Qf cold this were sl|lo x added 129 grans of

Aoy Lerr T Sadiems Fentent SERE4 witkhalons with $T graas Fhcolg dejpaiged water whisg 1
content of Os%ltlﬂe%sl)ahl&ﬂ% whtmaz.?mﬁr@mngwﬁgmydeh OPhen®8 ghipisr Whi l e

swrultaneously m Xi n a stirrer and grinding vmthaPontron Then 98

grans of l'“'Pwlﬂﬁ“dedﬂd elloped by anntls 309 grames abAI(OLD:and 25kgraBO0 gr ans

f A / di
Anot hor b" qPhedd s rEyeinding, Aodtier 8 pfhm B GLn-lobladind byl "UU 1D ¢,
granms of f umeddesialong svithi6d igramsaf fighegrsilical ity mixfiigsgrindingLi The imbxtiiré had the

fol t g | brifes” X!
0.9 g\r/\ﬂ[ggrmi@pa Shpps ﬁg"spi‘fesf“éir? a5 faip of I'g‘?s(r)] Cf)e(l”fs 45 Herr] O

The maxi mum vi sc03| ty durl 0 PriNH 105 Si0s: AMK0, :PO{ nasaHO ed at 20[err] C),
whi ch | so,the final viscosity. The m xture wassé))l aced in a
st ai nl ess st eel CB maximpm yjgeosity during th%'?‘%ﬂ’&l"?? sRmeasred 20y Whick essel  at

190[ err] C f okyak g0 £ final 3 0 Wasp Kinl hiaink The
super nat ant Ilaqgl?%l msaresﬁnﬁ\‘}gdggﬂ@i*lﬁﬁg pr o{’jguegt"mfft ?ééeﬁcfel c\?\’/agrneﬂdﬁ\?\nth wat er ,

dried over ni gtystalizediia @ [pesssufCvassel at MAUC fortwe days abavdogeadusipressire withi r at

593 err Cfor. i urs. . cll] tified the
pr oductl as Sﬁﬁ@lﬁﬁ%ﬂ?}%ﬁté’a@d&?ﬁ% vf'd {nd the %m&m ?R&L&' %eg%f\'ﬁ' tl'1 ess

t han 0.5 m cdfiedoveriight a8l 20PQ itk ﬁcauﬂom;iaﬁdfmlcfned inmimanggnch‘gmbimmol ar
conposition:

Al[err]Qerr ])g ~ray d@acpf)g Flpjlyas échnilf ied the product as SAPO-11. The avirage cn%tali:te size
Exanpl e 6 by SEM was less than D{5emizidAY.CTRY caEiiﬁHHEfé Had WRefollBwifilanidrbuslmolit %0

(volatiles free) peptized Cat apal al um na and extruded through a
1/ 16-i nch di &°MAYPRIOPXt r udat e was dried in an oven at
20 0.48 Si0; : AlO; : 0.89 P,Os
Example 6

The sieve of Example 5 was mixed with 15 wt % (volatiles free) peptized Catapal
alumina and extruded through a 1/16-inch die. The extrudate was dried in an oven at

66°C for one hour, 93°C for one hour, and 121°C for three hours, and then calcined in
25 flowing air at 454°C for four hours. The extrudate was then impregnated with 0.4 wt %
platinum using an aqueous solution of Pt(NH;)(Cl.. The extrudate was dried at 66°C for
three hours, and then calcined in flowing air at 288°C for four hours,
The catalyst was crushed to 24-42 mesh and tested for lowering the pour point of
the feed of Table 1. Run conditions were 1.6 hr”! LHSV (liquid hourly space velocity),
30 1950 psi (13.5 MPa) total pressure, and 8 MSCF/bbi once-through H; (1425 std m’
Hy/m’ oil). Results are shown in Table IV.
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66[err] C for one hour, 93[err]C for one hour, and 121[err]C for three
hours, and then calcined in 25 flowng air at 454C for four hours. The
extrudate was then inpregnated with 0.4 wt % pl ati num usi ng an
aqueous solution of Pt(NH err])[err]C[err]. The extrudate was dried at
66[err] C for wo9mm291t hree hours, and then cal cined in fl owPaYUS617HE
288[err]C for four hours. The catal yst was crushed to 24-42
mesh and tested for |owering the pour point of the feed of Table 1.
Run conditi ons wer eThe followifgexainplelilistrgtes the effechof using adwdrated alumingibaying a 30

1950 psi (13.5_Mgra) .total pressuce, d..8 MSCFLbbl ., once- Herr]

(1425 std nfer P‘?ﬁg}l size and paplcle dgnsity optside 6'!°|'?93°§£§‘§|“[“§'r‘]'§“r‘8‘t"gﬁ§*mﬁpf”ﬁL“Pgb| e 1V,

- 20- inventionV\O 97/ 17291

PCT/ US96/ 17714 The fol I.ovv'tn ?xia\rrpl e illustrates the

effect of using a hydrated al uni nam particle size and

particle density ou$ssPE.A 1Was prepite®siflaritt Exahplé's a:aceﬁtqustmm‘eistEfﬁwlt .
anpl e

i nventi on. rati ve

Co
5 Sambstitatediay 56 geams obahysirated alymingm oxide (pseudo-boghmits, 73 WE Al
Rehei Al o . . i t
T et o o e 51 Wloe 480) conaining 70 S Sidilpt! Pt ahon g e Banfler e e HyBlafil,

H err] O cont aalamingm#Xide(yas $ dtimicrons,Tind the\partictpalepsity tapproximaielynicl _ycmbf Thehe
ety g A i 8l 50 P, NS BT
and testem for teipemuireof 726°F (3822G)the product fourepoim wak 133C, showing ldse pirapaintir e of
720[err] F (382Lerr]C), t he E{go&uqt, pouyr FOL‘M was -3[err]C, showi ng | ess
pour poi nt eduction than aicatalyst;qf this inventipn, ptythe sagie reactor ISmpeEaIe. o at t he sane

reactor tenperat ur €The foliowing example illustratBthE OdcP¥f Uifhg B hPdRAe® alulnirld Bhving &5 t he
effect of using a hydrated al um na havi ng an al kali content” outside

the range of t dkaligontentrutsidathe mangs ofithealyming squrce; of therpresest invention.

Conpar ative Exanple 2 15 Jediv ared as in Exanple 5 with
the exception that the Al (OH)[err] ed a sodium|evel of 0.14
W % Thetscal ci ned SARG-d 1 wasiprepared asie Esamplo$ with the exeeption that the AKOHB; eve of

Exanpl e 5 but w sodi um ¢ t Q 0 _ppm, . An
Xttt o ot abirtgined 3B ErFoC Yy, THOREIEY sieve had the sams composilngs ) o
using this siethesievésf Bxainple\sbut witls a kdifium coneeht bH530@pm. t he pour point of the
feed of Table 1 20 at, the sane C.o.ndl't4|“(,)tr;2 as listed in al;x%agpws The

results, given in TabEXEuAdse catpfyshconjaiping 0 f psthenprepared
40[err] F | ess g this sieWe 'THeltatalystivads Yiseh usdd 1656w kiR four point of the feed of Table 1

20 at the same conditions as listed in Example 6. The results, given in Table 1V, show that
this catalyst was over 40°F less active than the catalyst of Example 6.

The following example illustrates the effect of using a hydrated alumina having an
alkali content outside the range of the alumina source of the present invention, and
illustrates the effect on catalyst performance of removing alkali from the finished non-

25 zeolitic molecular sieve.
iv 3

SAPO-11 was prepared as in Example 1 with the exception that the Al(OH);
(Reheis F-2000 alumina hydroxy carbonate having the same physical properties as that
used in Example 1, but with higher sodium content) contained a sodium level of 0.25 wt

30 %. The calcined sieve had the following anhydrous molar composition:
0.44 SiO; : AlO; : 0.93 P,0s
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The follow ng exanple illustrates the effect of using a hydrated al um na

havi ng an al kali content outside the range of the alum na source of
t he present invention, and illustrates the effect on catal yst

per f or mance of rermvi ng alkali fromthe finished non- 25 zeolitic

nmol ecul ar si ev n;)ar ative
Exanpl e 3 W0 9717291 SAPO-11 was prepared as in ExanBFEVP4HIR t he
exception that the A (OH) [ err] (Reheis F-2000 al unina hydroxy

car bonat e havi ng e sa sr C prop I es haj ., ,. used in
Exanpl e 1, but vi \SEPRRC T Seepan b videdditp e PBYEM. of 0. 25
wt 30 % 'iﬁi'ﬁirﬁ%hnﬁﬁdgzﬁtﬁ\bﬂthhﬁﬂwi %eptf Thi Bibkr britdh WIS SxdRBhgH with
conposition: 0.44 Sigerr]:

Al [ err] Q er r [an aguegus. gmmenigropeetats solution to lower the sodium content of the sieve to 240

-21- me, and tm 1&3%&1 q.ﬁ wt %

PCT/ US96/ 177 SOdI um content was 710 ppm The sieve
was therf di vi ded Bothsievesowere tesied fior lowering the poufTprintfaf  beavymeutralmil sippilart ed Wi t h

0.5 % Pt . f ] -
arrrr[)\rllvlt um acef ap‘gt @Iﬂ% e lpﬁi"[tnlcgf%”%ﬁ I rﬁ mﬁlgg‘??‘ém M?%‘Q“LP’&@% gqgigus
ppm and t hemnd SMSQFAH eabewhrohgmﬂms §d B Hy/nB oil). The NH,'-cRédafigedisitves vier e

tested for |oweri n E&he pour oi nt of, a heavy neutral oil simlar

to that of T3Bs&tQI0 hswm 'vhssmemzvesshmmt%%@%qofe@swsespa) t ot al
pressure, adiids B gt

Herr]/merr] rg? le)s@&ldm%ﬁ er '%ﬁ‘f:lggﬁg'eé ;“la ve aédwtg'l%vxgﬂég [err] F
| ess acil ve it loweodiemAd 5.si eve, show ng that exchange of the sieve to

Compared 0t ar t 1ol g Skl i laf gy g T O S bl

The foll ow ngenmmmnblde thelrarge ofithe presént inversion gdwrselyaffedtethe aiscositpaf thavi ng a

particle ensity outside the range of the present invention
adversel y af 1’%‘39%"‘?1‘@' ™i scosity of the reaction nixture.
Conpar ati ve Exanple 4 15 Compatative Example 486% H err] PO err] were

added to a stainless stee cool ed,in an 240 grans
of dei ol zed ice @“‘Pﬁ@#&g&ﬁw’?ﬁ“@ﬁ'F°r4§§ﬂ“|°sf6§°‘d’r“51ffé 05‘5“{:'3?5 )
alumna (73 htho Mdg&ﬁ&@fﬂé&m%w&é’@bﬂ[ﬂae&ﬂhs@ﬂﬁb i@igﬁhﬁ@scaﬁpznlel oni zed

ice were slowy added with stirring and‘ﬁgrlndln over a 90-m nute

time period. ‘M? WpalAlll, 2EwtYs HaQ), and 7914 grams gf deiopized-ice wareislowviy)f
appr oxi mat el gded3viflf shiffing and gridtfing! FRf a S0infHute tinftSpetibd CPR Eatagfal astics Kidw

particle density of approximately 1.3 g/cm®. At that point, the viscosity of the mix,

20 measured at 16°C, had risen to 29,000 cp. 98 grams of di-n-propylamine were then
added. 192 more grams of alumina were added (to bring the AI/P mole ratio to 0.97)
along with 250 grams of ice. The mixture had the following composition, expressed in
molar ratio of oxides: _

0.9 PoNH : 0.5 SiO2 : Al;Os : P,0s : 37 H,0
25 The viscosity of the mix was 15,000 cp. The high viscosity of this preparation
makes synthesis at a large scale difficult due to problems in mixing.
Comparstive Example 5
SAPO-11 was prepared according to Example 1 of U.S. Patent No. 5,246,566.
The alumina source was aluminum isopropoxide (AI[OC;H;)s), and the sodium content of

30 the resulting SAPO-11 was found to be approximately 40 ppm. This comparative

example shows that SAPO-11 made using a known source of alumina had a sodium level

below that of the present non-zeolitic molecular sieve.
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20 measured at 16[err]C, had risen to 29,000 cp. 98 grans of

di - n= propyl am ne were then added. 192 nore grans of alum na were
added (to bring the Al/P nole ratio to 0.97) al ong with 250 grans
of ice. The mixture had the follow ng conposition, expressed in
nol ar rati o &fo emirghas: 0.9 mdrarssd/diris 0. 5
Si2: Alferr]derr]: Plerr]Qerr]: 37 Herr]O 25 The viscosity of
the m x was 15,000 cp. The high viscosity of this preparation makes
synthesis at a large_scale difficult due to probleps jn nmxing.
Conpar ati ve Exanpl e}5 11 was prepared. accor{ding to
Example | of U. S Pht ent &:@&aﬁ-ﬁ@rocrackedﬂeaﬁ'&%uﬁdﬁ@éd"a sour|ce was
al um num i sopr opoxi | . hesadium.dont ent of
30 the resulting Gmin!m’lwas found fo be approxﬁ%ﬁtely 40 ppm This
conpar ati ve ﬁﬁﬁ? e shows thatf SAPO- 11 nade using a kndwn source
of alum na had a soj§ i bel ow t hat t he present
non-zeolitic nol ecu 1 3.5
-22- WO 97/ L?Zm?b Ysﬁm
PCT/ US96/ 17714 Pour Point, °C. +43abl e |
Properties of a Hyd %@: Heavy Neuf{ral Feed G avilty, API
28. 2 Sul f 36
Ni t rogen, ppm @ 70°C. 3.5 28.57 Pour Point, [err]C
+45 Vi scopi ty, cSt @ 70C.
28.57 @ 180dp¢IG: ] C. - 1L.77 11,77
Sim Dist., LV% rr]lF ferr]C o St/5
799/ 841 4oy Bist. LV 10/ % x 868/ 925
464/ 496 s 799/841 967 426/449 519
70/ 90 1011/ 1080 544/ 582 95/ EP
1112/ 1149 6p0/ 62110130 Sollvenf6¥#axed Q |1464/496

50 967 _ 519

70/90 1011/1080 544/582

95/EP 1112/1149 600/621

Solvent Dewaxed Oil

Yield, wt% 78.6

Pour Point, °C. -22

Cloud Point, °C. -24

Viscosity, cSt

@ 40°C. 136.0
@ 100°C. 12.99
Viscosity Index 87

-23-



Yield, w% 78. 6 Pour Point, [err]C.

-22 - Cl oud Point, [err]C -24
Vi scositty, cSt @40[err] C 136.0
@ 100C. 12. 99 Vi scosity Index
87" -23- WO
97/17291  WO0%$117291 PCT504} 706/ 17714
Table |1 Dewaxi ng Heavy Neutral at 2.3 WHSV and 1950 psi (13.5
MPa) Rxn Terrperature [err] F. ([err]C) 690[err]F (3660)
697[ err] F (3 GC) \l; CI U IUI. U.I I_UW IIU: \.ll, I_V/U OO 1
90. 4 Yi ¢l d of 700[ er rllF+( 371[ er q% 92.5
Dewaxing Heavy Neutral at SV and ]950 psi (13.5 MPa)
Rxn Temperature, °F. (°C) 690°F (366°C) 697°F (369°C)
Yield
Total Lube Yield, LV% - 90.1 20.4
Yield of 700 °F+ (371°C+) 94.1 925
product, wt %
Product Properties
Pour Point, °C -9 -13
Cloud Point, °C -6 -11
Viscosity, ¢St
@40°C 125.3 121.9
@ 100 °C 12.90 12.72
Viscosity Index 95 96
Sim. Dist., LV% °F °c °F °C
St/5 779/841 415/449 762/837 406/447
10730 865/915 463/491 862/914 461/490
50 950 510 950 510
70/90 98771038 531/559 | 986/1038  530/559
95/EP 1067/1138  575/614 | 1066/1138 574/614

-24-



product, wt% Product Properties Pour Point, [err]C

-9 - -13 Cloud Point, [err]C -6
-11 . Viscosity, cSt @40[err] C 125. 3
121.9 @100[err]C 12. 90 12.72
Viscosity | ndwe swir2 95 PCOAISIE/IST I
‘Dist., LV% [err] F [err]C [err] F [err]C
St/5 779/ 841 415/ 449 762/ 837 406/ 447
10/ 30 865/ 915 463/ 491 862/ 914 461/ 490
50 950 e III 950 . 510
70/ 90 gé( sQB?{ BXX4p
95/ EP Dﬂ? /J'%%QSNe&@%‘ 10 2/ 12 Q%' ( o74/ R?’Z
-24- Reactor temperature, °F (°C) 720 (382) 728 (387)
Yield
- Total Lube Yield, LV % 88.8 87.6
Yield of 700 °F+ (371°C+) 85.4 84.0
product, wt %
Product Properties
Pour Point, °C -14 -18
Cloud Point, °C -10 -13
Viscosity, cSt
@40 °C 110.0 106.5
@100 °C 11.73 11.53
Viscosity Index 94 95
Sim. Dist., LV %, °F °C °F °C
St/5 638/764 337/407 532/759  278/404
10/30 813/897 434/481 813/896  434/480
50 939 504 938 503
70/90 979/1035 526/557 978/1033 526/556
95/EP 1069/1142 576/617 | 1068/1142 576/617
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Viscosity, cSt @O0 [err]C 110.0
106. 5 @o0 [err]C 11. 73 - 11. 53
Vi scosity | ndex —0 Q5 Sim
Dist., LV % - [err]F [err]C [err]l%g [eur E
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10/ 30 333A8@7 o 434/481  81373% & M3H4B) 50
939 504 28R . % 503 o m 767 90
979/1035  526/|557 %@3 25965556 & = & 95/EP
1069/ 1142 57¢/ 617 g) DI B76) 6175 = S 8=
ofE ”¥ HES5S5
22788
2% @ 'é
Pl -
z s o T3EREE
& o~ o~ oo n v
v "o
S |gE:YT 233 <
g o o T & o
& S o N % oo
2 = HasaoS
= n = 8 3
» O O 0 & ©
>
] 5 A 00 <
- oy &= N NN
O QD o~
@ﬁ & X R n o
i SR Ez-e 3%
[ B S = ! — _ ~ &
= & 2 3 oo S =
O ) L =~
: S S
O ~ % & =]
=
7]
a g
b -]
g
-9
ol
&)
o~ =
€ 8 L
ol a%e ¥
>t o9 g 3
g28S L 98 2.z 88
5 o - ° o PPN =
E3C 52,38 4heses
S a5 @ a
23528 5
a3 >a D5 >

t
N
(‘J\



PCT/ USQ6/ 17714 - M A process for preparing a
nol ecul ar sieve conprising maintaining a reaction m xture

cont ai ni ng anwgfdahyms sour ce of phosphorous, a particul ate hpdraswsdr7i4

al um na and optionally active source(s) of one or nore additional elenents

PCT US98/ 1””"' ﬂﬂﬂ[ﬂmmﬁmm g P 9rLra9l

5 "M , capable of form ng oxides in tetrahedral coordination
with Al err] ang diAirs:r ] units, under crystallization
conditions until crystals of a non-zeolitic nol ecul ar - si eve

form the particul ate h&’gratéd al um na hav{‘ﬂ[\ an avera article size of

| ess than about 40[ er fProgess,iof preparns d mplecylyr geve compnsi B AiGHE 2 feagtion
g/cnferr] and an mixture containin %k@h&a&@waﬁhoﬁorb@éapMagna@h ted % 10

2. " The process according to Craim1 wherein " Is selected from
silicon, alumingzznd optionally astivepaness(s) of anp er maseadditipual elements
3. The process accagfi ngy ifR iddb i tEtkdhedrM cobtiinatibh &RR AIO, and PO, 4
The process gccor di n'gelg'fg’ %Fﬁ%@%@rén the no eccul arl sli eve ims 2§RP5 t1.
units, under crystallization conditions until crystals of a non-zeolitic molecular
sieve form, the particulate hydrated alumina having an average particle size of
less than about 40y, a particle density of less than about 1.0 g/cm’ and an

alkali content of less than 0.12 wt%.

10 2. The process according to Claim 1 wherein "M" is selected from silicon,

magnesium, manganese, zinc, and cobalt.

3. The process according to Claim 2 wherein "M" is silicon.
4. The process according to Claim 3 wherein the molecular sieve is SAPO-11.
5. The process according to Claim 1 wherein the reaction mixture further contains
15 a templating agent selected from di-n-propylamine, di-isopropylamine or
mixtures thereof.
6. The process according to Claim 1 wherein the reaction mixture further

comprises at least one reactive source of SiO,, the reaction mixture having a

composition expressed in terms of mole ratios of:
20 aR:ALOs : (0.9-1.2)P,0s: (0.1-4.0)Si02: bH;0O

wherein "R" is an organic templating agent; "a" has a value large enough to
constitute an effective amount of "R*; "b" has a value such that there are 8 to

100 moles of HzO per mole of alumina.

7. The process according to Claim 1 wherein the reaction mixture further
25 - comprises at least one reactive source of SiO;, the reaction mixture having a

composition expressed in terms of mole ratios of:

aR:Al203: (0.9-1.2)?:052 (0.]-4.0)Si022 szo

-27-



5. The ing to Caim1l wherein the reaction m xture further
contai ns 1E'ﬂmmm']ﬂfm,”'ﬂpl ating agent selected from di-n-propyl am ne,
di.- i sopropyt am ne O g "8 m xt ures thereof. 6. The
process according to Claiml wherein the reaction m xture further
conprises at_Jleast one reactive source of SiJerr], the reaction m xture
havi ng a WO 3717291 conposition expressed in terns of PFOYEN Y14 o5 of :
20 aR Al[err](Jerr]: (0.9-1.2)P[err]Jerr]:
(0.1-4.0)Sigerr]: b AgYON . . wherein "R' is an ofrganic
tenpl ati ng agent; " a“%%{g Q 0 Aap ﬁ@a?'ﬁfeg@laé'ﬂ%ﬁgjﬂt't%q‘“aW'“e large enough 1o
constitute an effectdonsitateran effectiVe atdunt of ’R" 1S hiax AraludSuchUthit thdfddre bdtgr € are
8 to 00 ,nol es of er | e of al um na. 7

The process accor di r@}f%‘b@“aqmlis e, moleof auming: on i xture further 25
conprises at Iegst oRe reactive source, of S Jerr],.the reaction m xture
" “Rprocess fop epen

havi ng a pg,3 malephlar CQIRPrSDE SRMBIRINg AR tivet | 0s of :

a; Alferr]@err] V\D ( (9)?/9?% ggﬁ'ﬂsﬁ“‘*ﬂ £pdrticulatOnylirated Bhhibd £1d"dptioRalif £&tive O
PCT/ US96/ 17714 source(s) of one or mppeadditional plemenss V" eapabie pEforming dxidésrin

agent; "a" has a Va't\:‘%ﬂe@r"aﬁ&ﬁdﬁ&ﬁ . C itute an
effective amount of "R"; 09 as gﬂ\%tﬁl:}lemsa&gﬁol;#gl{s t?ﬁ"e?“e"o%?ée"oééwgum
(0) to about 8 nol eshepartifulate hydraied alumihehavingananérage particle size of les$han A

process for preparin | ecul.gr ,sieve,.conqpri sing conhini.ng an active 5
source of phosphoro@?&%aﬂ’ﬂ%fg‘fné'% &%ﬁ@ﬂﬁ%ﬂ#&%ﬂ%ﬂ#ﬂhgﬂwt active
source(s) 10f one or ifithHeadioki #0al 0.61 #1% 1S sboudd. 12 #2%1in8 hedting Be'Feddflo X des

in tetrahedral coordination with Alt{qgrr err% and PJ err]
units to form a readiiWfe t9iatemperature in the range of from 129Kto2204G wntil erywaligfir at ed
al um na having an avtgéﬁ,gﬁc@g,rs%bfj“gf g Of less than about
40[err], a particle density o ess than about 1.0 g/cnjerr] and an al kali

content 9. The process according to Claim 8 wherein the reaction mixture has a

composition, expressed in terms of molar oxide ratios, of
15 aR:(M,ALP,)0,:bH,0

where "R" is the template, "a" has a value great enough to constitute an
effective concentration of "R" and is within the range of from greater than zero
(0) to about 3; "b" has a value of from zero to 500; "x", "y", and “z" represent
the mole fractions, respectively, of element "M", aluminum, and phosphorus
20 wherein "x" has a vaiue equal to or greater than zero (0), and "y" and "z" each

have a value of at least 0.01.

10.  The process according to Claim 8 wherein "M" is selected from silicon,

magnesium, manganese, zinc, and cobait.

11.  The process according to Claim 8 wherein the sodium content of the particulate
25 hydrated alumina is in the range from about 0.01 wt% to about 0.10 wt%. .

12. A process for preparing a molecular sieve comprising;
a) preparing an aqueous reaction mixture containing phosphoric acid, a

reactive source of SiO,, an organic templating agent and a particulate

hydrated alumina having an H,0/Al,0; molar ratio of greater than
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10 in th fromabout 0.01 wt%to about 0.12 w% and
heat i ng 1““ ﬂﬂ “ n‘\ﬂﬂi\ m xture to a tenperature in the range
of from 1B err]Cuntil crystals of t he

mol ecul ar 'si eve are forned. 9. The process according to Claim8
wherein the rpgedi7es M xture has a conposi t PaasserPiessed
in terms of nolar oxide ratios, of 15

aR (Merr]A [err]P[err])Jerr]:bHerr]O where "R" is the

tenplate, "a" has a val ue apo@.6, an avigigetparticlenizt bf letsehauiOp, and a sodium
effective concentration of-"R' and is within the range.of fram greater than
zero (0) tS9nteptRidessthan 3l Hﬁ(g" ?‘fﬁ?ﬂ‘gﬂwﬂﬁeﬁ'ﬁ%&o to 500;

x", "y", and "z" represenjbmposition expressed in termis T nibld tids'gICt i ONS,

respectively, of elenment "M, alum num and phosphorus 20 wher ei n
"x" has a value equal to or greater_than (9., "yi, and "z" each
have a val ue of at |east 0.01. aR:AkOs: 0-9"§78§2%"(%)Hé4'§}%g%’e§y2§ccordi ng to
Claim8 wherein "M is selected fromsilicon, magnesi um

manganese, zd nc, and cobalvherein R is an organicltemplatidgagprit D%t hss veidpaénotigh Cl ai m
8 wherein the sodium content of the rticul at

€ .25 rated
alumina is in the range friBfPRHBLR ane E“W%Ot"aiﬁﬁbth“hei&w‘&wsw‘?‘m}‘efe

12. A process for preparOgerd(dyR $60'males SFIHOpeF RIORIIf Sluffhum oxide;
a) preparing an aqueous reaction m xture containing phosphoric acid, a

reactive source of Si(Jerr], an organic tenplating agent and a particul ate
hydr at ed al umi na havi®g arhepingths G‘?&IT@P‘F}‘Q‘%FF‘]"‘P%E“%F mthe T’ng?fo ater

‘ tgg 7‘27 201 120°C. to 220°C. until crystals of the non-zeolitic fi8lecular sieve are  \\O
PCT/ US96/ 17%.4 formed; and about 2.6, an average particle size
of legs than 40[err], and a sodi um content of |ess

than 0.12 wt% said rg)?ct i@&v%@aﬁgﬁmﬂ ng a

conposition expressed’in terns e ratios of:

13. A molecular sieve containing in the range of about 75 to about 500 ppm alkali

and having a unit empirical formula on an anhydrous basis of:
(MxAlyP 2)0.1

15 wherein "x", "y", and "z" represent the mole fractions, respectively, of an
element "M*, aluminum, and phosphorus, wherein "x" has a value equal to or
greater than zero (0), and "y" and "z" each have a value of at least 0.01,
wherein "M" is an element which is capable of forming oxides in tetrahedral
coordination with AlO; and PO,, and wherein the molecular sieve contains
20 from about 75 to about 500 ppm alkali.

14.  The molecular sieve according to Claim 13 which contains in the range of
about 75 to about 225 ppm alkali.

15. The molecular sieve according to Claim 14 which is prepared using an alumina

source having in the range from about 0.01 wt% to about 0.10 wt% alkali.

25 16. The molecular sieve according to Claim 13 which is SAPO-11 or SM-3.
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'aR:AI[e'rr]qerr]: (0.9-1.2)P[err]err]: (0.1-4.0)Sigerr]: bH[err]ﬁa)goa\f’()""'3
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contain
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about 7
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SM 3.

R is an organic tenplating agent; "a"
titute an effective amount of R;."b" has a value such that th
0 (0) to 100 noles of Herr]O per nole of alum num oxi dghe
eating the reaction mxture to a tenperature in the rari

1C to 22BEE] C. unt i YORER NEHATRALIRORREY QGRGANZATON | ti c noNESMl ar si eve
INTERNATIONAL APPLICATRON3URLAR ER THE PATENT CoOPERATIONTRIATY Pén, |,
RSP dptemmgtinne! Pepo Clapsifention R 1| | | (11) Internationa Prslicktivy Nwgbern, uni t WO 97/17291

bl TCOLBIAT/04, GIVO8, /3746 W BILD 29/8% a : ,
A [ 29/B53088r 1) err] 15 Ui Teitiopp! Puplication Dte:

has a value | arge enoughMp

Zoey

from
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(D) Brernatung) FiiGh) DateaNd $ Novemben (ho8 @$,11061¢ h hag. r};% ma&g& K4, K&tmﬁiﬁ‘é}%{é&%ﬁ
"M is an elenment which is capabl ¢ of '{‘% :%‘%%i“&}gj i

o) Bloritidala: Al O err] and POlerr], afid WheBQIAIvi, ARPDBhALKE A8, N eBes7, o)
5 but  5B@asigpmemiAMal, BY, KG, KZ, MD, RU, TATM),

o L oo BT SRS S
bcul a ' ac U im whi ¢ ’ . . GB,
T, e ol B o

b to about 225 ppm al kal i . 15
ML) Appliéshta CHEVRAN WISIACINC.I[ :@PaBorT4USI Ng an al um na
havi ¥ Fepciscp LAY 4B m about 0.0

| or

Before the expiration of the wumQimit for amending the
claims and 10 be republished in the event of the receipt of
amendments.

_ ( Lf%p about Q. 10_ wt % al kal i .
162) Inveh3E  WRILEIE WieBiien, SIl; OE 450 ARG §IF| T O ierdaiondfRdatchirepos. SAPO- |
Francisco, CA 94121 (US).

(74) Agents: KLAASSEN, Alan, W. et al.; Chevron Corporation
Law Dept., P.O. Box 7141, San Francisco, CA 94120-7141
(US).

(54) Tide: ALUMINA SOURCE FOR NON-ZEOLITIC MOLECULAR SIEVES
(57) Abstract

This invention provides a method for preparing non-zeolitic molecular sieves using inexpensive reagents and at lower manufacturing
cost. The method includes using a low density, small size particulate hydrated alumina, such as aluminum hydroxide, in place of aluminum
alkoxides and other more costly reagents. The preferred particulate hydrated alumina has a density of less than 1.0 g/cm3, an average
patticle size of less than about 40 microns and an alkali content of less than 0.12 wt.%.




