SYNTHESI S OF A CRYSTALLI NE SI LI COALUM NOPHOSPHATE FI ELD OF THE | NVENTI ON
[0001] This invention relates to a new crystalline silicoal um nophosphate
(SAPO noWecolsr44sbeve and to its synthesis. BACKGROUNDPOF/UBRIEIOBMENTI ON
[ 0002] Silicoal um nophosphates (SAPO are taught in U S. Patent No.
4,440,871 , for exanple. SAPO materials are both m croporous and

crystalline and have a t hi | kO C rk of PQO2+,

Al 2~and Si Q2 tetrahedral ﬁﬂ*ﬂ%ﬁs Qf AJ?@Z%FA&WMI i nmetals or

ot her cation which may opti osp nt hesi zed enpiri cal
chem cal conposition on an %ﬂﬁbdgoAﬂgumm S I?I: nﬂﬂa?gAl yRz) @2 wherein "R
represents at | east one organic tenplating agent present in the

intracrystalline pore system "nml' represents the noles of "R' present per
mol e of (Si xAlyRz) O and has a FHtLle Gt THEON\ENSIQN3, the maxi mum val ue in

cach case depERM NG IRRANE (RIRCH 2hod IR0s) A0S Rbo I pboRBLARA00, agent

and t he avai v0| ame” 0 e pore em 0 ar SAPO

speci es i nvqionRD) ¢ blecu’lar sievanahd ©'its epithesist the nol e fractlons of
silicon, alum num and phosphorus, respect i vely, present as tetrahedral
oxi des. The m ni numvalue for each "x", "y", and "z" is 0.01 and preferably

0.02. The maxi mum val ue forgaxkd N f EIMVE'I\?TI NPO; and for "z" is
0.52. [0003] Typically, the s(?llegg)ﬁgu%ﬁ?op osphat e m@l ecul ar sieves are

synt hesi zed [prchBMd@mnnerphospyatBal(SAﬂ@l)gare tayghtdnd).§e PaterddNd.r om
D U I e S IO TN N =
and have a three-dimensional crystal framework of PO,*, AlO, and SiO»
tetrahedral units and, exclusive of any alkali metals or other cation which may
optionally be present, an as-synthesized empirical chemical composition on
an anhydrous basis of:
mR:(SixAl,R;)O2
wherein “R” represents at least one organic templating agent present in the
intracrystalline pore system; “m” represents the moles of “R” present per mole
of (SixAlyR;)O2 and has a value of from 0 to 0.3, the maximum value in each
case depending upon the molecular dimensions of the templating agent and
the available void volume of the pore system of the particular SAPO species

involved; “x”, “y”, and “z

Z” represent the mole fractions of silicon, aluminum,
and phosphorus, respectively, present as tetrahedral oxides. The minimum

value for each “x”, “y”, and “z
value for “x” is 0.98; for “y” is 0.60; and for “z” is 0.52.

is 0.01 and preferably 0.02. The maximum

[0003] Typically, the silicoaluminophosphate molecular sieves are
synthesized by hydrothermally crystallizing a hydrous gel made from
substantially homogeneous aqueous reaction mixture containing reactive
sources of aluminum, phosphorus, silicon and the other element(s), if any,
required in the molecular sieve. The reaction mixture also preferably contains
an organic templating, i.e., structure-directing, agent, preferably a compound
of an element of Group VA of the Periodic Table, and/or optionally an alkali or

other metal. The reaction mixture is generally placed in a sealed pressure
-



required in the nol ecul ar sieve. The reaction m xture also preferably
contains an organic tenplating, i.e., structure-directing, agent,

pr ef er ablwoaowampsand of an el enent of Group VA of the PETIUSANS/0TEDS e,
and/or optionally an alkali or other netal. The reaction mxture is
generally placed in a seal ed pressurevessel, preferably with an inactive
metallic sur r e AN 1 J - i i al
such as pol y\{e%t% glé? f%f%t%bi’( ﬁ@tbea\r@héﬁ%\y%@%?ael% %gﬁf@belr’gﬁ'ﬁéymﬁtr@%’ @lﬁ@é@ﬁlous
pressure, atarninednpastat materiatsuete as poddeimaitl26ED¢enerahdnedtedabl y bet ween
1000C and 2000C, until crystals of the nonzeplitic, nolecul ar _speve product
are obt i nedreGkeyIundeR PLTEBNDYS PLeTRIT ol 2 erFRera B HEPER STE B sever al
weeks. Effecigore ahy prédetadifbetiedd 186°d BRE2OBC! urtil RAyiSIsto tRbAYA- 30 days
are general ly enployed. The nol ecul ar sieve is recovered by any conveni ent
met hod, for zecdtiphwlecdat sievgaroduct are pbtained.i daual[yohiis for aipsriod ©fl osed i n
U S Patent No. 4 440,871 that ile not—essential t.0 the.synthesis of SAPO
compost t Fond NSk EE B Ty A B ASE Rl Al DTSR moder ate
agi t ati on ofadue 2reaes t®BboUXIV HEySBEY Qénér@ﬂ%bﬁﬁ)léﬂﬁ.rmmwébura%éiw& wi th
seed crystals of either the SAPO species to be produced or a topol ogical”?
simlar al urtd REHEseHhAY @nyrcoavanienbriatheditfer exarpelsi ceatifugation art at es t he
crystallizat ilt?zﬂioq{ ocedure. These silicoal um nophosphat.es exhibit several
physi cal ancI chem'cal properties which are characteristic of

alum nosilicate zeolites and al um nophosphates. [0005] U.S. Patent No.
4,943, 424 describes a SAPO npl ecul ar sj eve designated S

char act or | 7000P8I F SaisIasRh 0.9 Fo1eRl NOook HEDT T bR TREBRATIRAIR f or s
as being a Sthé's?ﬁﬂ"l'e%@ Wﬂpm;ﬁ%%u A6 ﬁasoé@rﬁ?%géen LRt S@?@Pent

al um num concentration at t ar siev e that 1s di
t han t he phaspitoeusodsrdie agitati@ndf gilewneanion coxioenandibor saedingtthe réadtionof t he

mol ecul ar Sirﬁ&?&re%% Qgélé Qg/s}anse o? Sf?ﬁé]rttiwgls,&g(%yspecies to be produced or a
topologically similar aluminophosphate or aluminosilicate composition,
facilitates the crystallization procedure. These silicoaluminophosphates
exhibit several physical and chemical properties which are characteristic of

aluminosilicate zeolites and aluminophosphates.

[0005] U.S. Patent No. 4,943,424 describes a SAPO molecular sieve
designated SM-3. It is characterized to distinguish it from all other
silicoaluminophosphate forms as being a silicoaluminophosphate having a
phosphorus, silicon, and aluminum concentration at the molecular sieve
surface that is different than the phosphorus, silicon, and aluminum
concentration in the bulk of the molecular sieve, and having the essential X-
ray diffraction pattern of SAPO-11.

[0006] None of the U.S. Patents mentioned above discloses or teaches how
to make the crystalline silicoaluminophosphate molecular sieve of this

invention.



diffraction pattern of SAPO- 11. [0006] None of the U S. Patents nentioned
above di scl oses or teaches how to nake the crystalline

si | i coal uwDroptag4sihat e nol ecul ar sieve of this inventi oRCBUSMARYSEPS THE

| NVENTI ON [ 0007] This invention is a nol ecul ar sieve conposition having the
t opol ogy AEL and being isostructural w th conventional SAPO-1 1. The

conposition has a framework QUMMWW\AZHEVIWEWM silicon, alum num

and phosphorus. It is designated ereln the conposition has a ratio
of Si atoms coordinated as Si(3Al1 Si) to that coordinated as Si(4Si) of at

| east 0.5, pr of Si _atons coordinated as Si(4Al) less than 30 nol. %
and a mean MO0 Fbr DG YERIGR 1F MRECTAR VS SOTARSLIGTNRYIRGhe WROIE o
preferably azgr@akhg Ugjr;gsisoé‘fr?@flﬁlrél(mfmémﬂoﬁél SAPSA 1.SiThe lcdmidtiition

coordinated as Si(4Si)” of at least 0.8, presence of Si atons coordinated as
Si (4A1) | esashafrap®wark ofdetrahedralbaarrargepsitieomnti alueirim odnd peesphnins.195

angstrons, d st nr rably a .ratio of Si. atons_ caordi hated as Si(3Al1
Aot o bt B8 T andted St Feinhsfoih He SafinoSioR s PRSP st ove
coor di nat ed gpdr&hatedl as BRSAISIp Rdt 6BdrdHiaded ag SIREI) GRR0H5D 9] amet er of
| ess than 190 angstrons (See Table 5 General ly, the nol ecul ar sieve

conposi t | onPresentroiPeaems caprdinatashas SHAAN essHEN3®Meb e and lee®apar

si eves (Vi q%gggodd%.di%ﬂ%{é&kﬁ%&gﬁ?ﬂ%0@%%&@&92{@2?% }ndar‘erB?‘élké(PgbI?];ﬁ li ne

manuf act uri ng non- Zeo Mo ar-si‘e using 'a crys

si | i coal um ratib 0$ Shatensrodedlinated siseSiEAI48I) g tattdobedindicaeasSig48l) of at
m croporous franework structure of %{PN OZFE? and LSEOZ] units wherein the ratio
of Si atons |83P nRfesaNeR O5p| 3lRMms «pgrdinatethgs oY HeRathan 42 Mel(agng of at

least 0.5, py ﬁ%%ﬂcrﬁeé’épcﬁg.o%rﬂ%r%??é%i thah 8953 gklofty JankiGRsst fafuralymo! - %
and has a nmean nesopore dianeter o ess than angstrons:
a ratio of Si atoms coordinated as Si(3Al1Si) to that coordinated as Si(4Si) of
at least 1, presence of Si atoms coordinated as Si(4Al) less than 23 mol.%
and a mean mesopore diameter of less than 190 angstroms (See Table 5).
Generally, the molecular sieve compositions of the present invention are

intermediate pore molecular sieves (vide infra).

[0008] The manufacturing process: A method of manufacturing non-zeolitic
molecular sieve catalyst using a crystalline silicoaluminophosphate molecular
sieve having a three dimensional microporous framework structure of [AlO2]
and [PO2] units wherein the ratio of Si atoms coordinated as Si(3Al1Si) to that
coordinated as Si(4Si) of at least 0.5, presence of Si atoms coordinated as
Si(4Al) less than 30 mol.% and has a mean mesopore diameter of less than
200 angstroms:

(a) preparing an aqueous reaction mixture containing a reactive source
of silicon, a reactive source of aluminum, a reactive source of
phosphorus, a surfactant, and an organic templating agent, said
reaction mixture having a composition expressed in terms of mole
ratios of oxides of:

aR:Al,03:nP205:9Si02:bH0O
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

-3-



(a) preparing an aqueous reaction mxture containing a reactive source of
silicon, a reactive source of alum num a reactive source of phosphorus, a
sur f act arwp 2ard1a4860r gani ¢ tenpl ati ng agent, sai d react POm/USRMOOSHIPAVI Ng a
conposition expressed in ternms of nole ratios of oxides of: aR Al 2q 3:nP2q
5:9Sig 2: bH20 wherein Ris an organic tenplating agent; "a" has a vaI ue

| ar ge enough to cong{j fgqu A

suchthat there are %tﬁo Oé%?j;@f)qhﬁge perzrbnglg rﬂgle Ofamﬁ%ﬁoq

(Al 208) ; sai d react (AlpOg); stidrreabidon myxtbeehaving menﬁgrmed\by@bhtrotynghlee nol ar
ratio of the tenplatin ent. t o, phos horus as P2 i on
mxture to be great@ogﬁé’ o BNk teg‘n %@8?@ Fusrgﬁsr]%?dﬁ '%hl?m num
(as Al208) to phOSPF@Jdﬂl%n(rﬁ&tLPg@be'g?eéfé‘?trﬁé‘rﬁﬁbb&rb 05 et thE FRsTBS e at er
than about 0.5; heating the reaction mxture at a tenperature and a tine

sufficient until crgsaansnemn (esAl£d4! ionphasphosyshaseP£ps i gramedictioonbi ni ng
the crystals of silicoal um nophosphate, w t tive source of a

hydr ogenat i on corrpomé)ﬁ r%ﬁ‘ggq;ﬁ%gp? ert@gn%ﬁg s solvent and renoving
substantially all oheafiify M red@tE® HExDed YEAtedbefatlRBed attinie saffidicher a
time sufficient to produce non-zeolitic silicoal um nophosphate nol ecul ar

si eve catal ytic partndlgrgstals; ofzﬁﬂtpoeabamm@@bo%@haig are oA ﬁ@mh"‘ﬂlng the

si l'i coal um nophosph [ | (a) t he
surfactant is pref e?é/% eﬂ?éfgﬂé w?dérth%@ﬁ% ﬁﬁa hace&gggsp absence of
the silicon source. hﬁ@iolgewan@w sbmpoﬁemtdls@zﬁve@mt acrioeusaqmaodsesdnmm@ndn an
extrudate to create a catalyst, prjor to netals addition. BRI EF DESCRI PTI ON
OF THE DRAW NGS removing substantially all of the non-aqueous solvent at a

temperature and for a time sufficient to produce non-zeolitic

silicoaluminophosphate molecular sieve catalytic particulates; and

(b) recovering the non-zeolitic silicoaluminophosphate molecular sieve

particles.

[0009] In step (a), the surfactant is preferably dissolved in alcohol in the
substantial absence of the silicon source. Following step (c), the particles
may be bound in an extrudate to create a catalyst, prior to metals addition.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figure 1 shows the relative activity of SM-7 and SM-3 in lowering the
pour point of a Fischer-Tropsch wax.

[0011] Figure 2 shows the relative 650°F+ bottoms yields of SM-7 and SM-3
in lowering the pour point of the Fischer-Tropsch wax used in Figure 1.

[0012] Figure 3 compares VI of the 650°F+ bottoms oil made by SM-7 from a
Fischer-Tropsch wax feedstock with that of the 650°F+ bottoms oil made with
SM-3.



[0010] Figure 1 shows the relative activity of SM7 and SM3 in | owering

t he pour point of a Fischer-Tropsch wax. [001 1] Figure 2 shows the

rel ati ve WoQpt/daetsbons yi el ds of SM7 and SM 3 in | ower iPAE/USR@{054P5 poi nt
of the Fischer-Tropsch wax used in Figure 1. [0012] Figure 3 conpares VI of
t he 650F+ bottons oil nmade by SM7 froma Fischer-Tropsch wax feedstock

wth that of [ ki 1 N - i ows
relative act[Pg?ﬂqﬁQurgl\f%%\ggz?@g%e ?En%kﬁ %@%%éfhg&%rﬁﬁggﬁ%ﬁhﬂ ution
V. | npregnatie@qgBbbis solutionvagqupegsated 8M-61n and-aqueoegsatution&vid3 i n

non- aqueous .sol utign for |.owering the ur int of the Fischer-Tropsch wax
feedatock udErsanateg Sh-3uR Nasoadeqtrgt sl B RuSiing Mg oo Romiai et
bot t oms 1 1 OMRiédierFTraples whikqBedlodRtised flFigirdhigure 1 vas | ess for the
product prepared with the new SM 7 catal yst i npregnated with Pt in agueous

solution as conpared to the new SM 7 catalyst inpregnated wwth Pt in a non

Sttt on: p ABRER HEES shs ECV Rl B edERTIRREE ot erfes it BB e
oi I's producega pséd BUFigube 1MHsLeEs Férghé@radlh(ﬁ]@le:p@déﬁeﬁi&ﬂtrﬁi h&R SM-7 he Si,

A, and P distribution types in SAPO s. [0017 igure 8 shows the 29Si - MAS
NMVR spect r urhdd@listdmpaegnated withoRt isfaquecsise@iutipnegmaeemparedoto teereveabhl yst .

[ 0018] Fi gur i o - p - S di strébuti on of SM7
catal yst. Dﬁﬁ?tﬁ@%?%ﬁﬁ%%&“wmoﬁ\@ﬁ@ﬁ%g@ a%@terr%wééul ar sieve
cat al yst of ddtalgst impeegnatedivatruBeihud nboaqubeudgdiutioonver si on of

hydr ocarbons. The SM 7 sieve differs fromprior

[0015] Figure 6 shows the viscosity index of the 650°F+ bottoms oils
produced in Figure 5.

[0016] Figure 7 is a representation of the Si, Al, and P distribution types in
SAPO’s.

[0017] Figure 8 shows the 29Si-MAS NMR spectrum and Si distribution of a
repeat preparation of SM-3 catalyst.

[0018] Figure 9 shows the °Si-MAS NMR spectrum and Si distribution of
SM-7 catalyst.

DETAILED DESCRIPTION OF THE INVENTION
[0019] The molecular sieve catalyst of this invention is useful for the
hydroconversion of hydrocarbons. The SM-7 sieve differs from prior
intermediate pore silicoaluminophosphate (SAPO) molecular sieves in the
following ways: it possesses a smaller mean mesopore diameter, the ratio of
Si atoms coordinated as Si(3Al1Si) to that coordinated as Si(4Si) is at least
0.5, and the presence of Si atoms coordinated as Si(4Al) is less than
30 mol.%. The catalyst utilizing the sieve of this invention exhibits unique and
useful catalytic and shape-selective properties.



i nternedi ate pore silicoal um nophosphate (SAPO) nol ecul ar sieves in the
follow ng ways: it possesses a snaller nean nesopore dianeter, the ratio of
Si atons woaptimatsed as Si (3AI1 Si) to that coordi nat edPa3/US2§28549% s at

| east 0.5, and the presence of Si atons coordinated as Si(4Al) is less than
30 nol.% The catalyst utilizing the sieve of this invention exhibits

[ d | yisi ; - i j Th
hydroconver 40820k R Rgfobpn Rt cioh KRBTy B1 St 88Fa GoerHiedlor e i ng
t he t enper ataonepaingniiedbmperataces atwhzhywarousicatalbsts imudtibeedtilizedemdet her wi se

t ant ' diti ith the f cedst h
Conver i on rARR 85 BPGRIAEt Sackhl CrOADPRE RN BEcer b R RAKAS B ™S, gi ven

extent of reafibRlon 8 JTRFEIRES] Yhe IbReCmeaesslion Erfiérallre fétpﬁgii\féne_d
process. The silicoal um nophosphate of the present invention, ichis a

SAPO- 1 1 tymxtentiafeeattion, tophaselastiee thehoatalyst jsefor dre spedifieéd proseds.

selectivity as cC red to aother wn SAPO-1 1.silicoal.um osphat . es.
The sel ect | vi 1SRl Tnso8bfte TS Rert g iRl PEETUS GuoRb O bo21] “The
silicoal um ﬁ?@@@ﬁi@bﬂbﬁwiﬁ@éf&féﬂih@te,%h@% RUpetibt aclivityediid Slecssy4y hesi zed,
has a crystalline structure whose X-ray powder diffraction_pattern is
simlar to toeappareddppther knoxs ARE)-b3 sdicpalumisopimgpiateNoThe salestigiyy . The
silicoal um qgglmggg@%eofrmé gf‘elﬁ# 8fa%je§}‘f8d %?ooﬁ}’d?t hesi zed is characterized as
conprising a thrée=darmensi onal “m cropor ous crystal franmework structure of
[Siqg 2], [AN2], and [PQ2] tetrahedral units which has a conmposition in
ternms of nole ratio of oxides on an anhydrous basis expressed by the

formila; wnd0eA) -Fee BipalaeDaeodesholstiis i o ibleripvaitiony 2sgent
reterred to s}@g@ﬁ%,%@ a aﬁ%fa'llgleéﬁt tEite Wﬁoéé‘ﬁ-ﬁagyo@ﬂéf%‘if%kﬂi&?gﬁ@%ﬁt hat

system "ni esents the e present a has a val ue
t here are frissinildotioatfiARS-Uf aRkdisetosedlie LbS. RataritiNg. 4,440,84%. dheal ue of
fromO0.85 to.1.1 and eferghly 0.90 to 1, and "g" has val.ue of fromoO0.1
to 4 and pr esrllg}oggpplnogfwosﬁwa%e n¥o|ecu|ar sieve 'as synthecglzeda IS carlwaracterlze as
comprising a three-dimensional microporous crystal framework structure of
[SiOy], [AIOy], and [PO;] tetrahedral units which has a composition in terms of
mole ratio of oxides on an anhydrous basis expressed by the formula:
MR:Al203:nP20s5;9Si0;
wherein “R” represents at least one organic templating agent referred to as
“template” herein present in the intracrystalline pore system; “m” represents
the moles of “R” present and has a value such that there are from 0.02 to
2 moles of R per mole of alumina; “n” has a value of from 0.85 to 1.1 and
preferably 0.90 to 1, and “q” has a value of from 0.1 to 4 and preferably
0.1 to 1. Generally, the silicoaluminophosphate molecular sieve of this

invention is an intermediate pore (size) molecular sieve (vide infra).
[0022] Alumina is defined in this application as Al2Os.

[0023] The SM-7 silicoaluminophosphate molecular sieve as synthesized
may also be expressed in terms of its unit empirical formula. On an

anhydrous basis it is expressed by the formula:
MR(SixAl,P,)O>
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0.1 to 1. Generally, the silicoal um nophosphate nol ecul ar sieve of this

I nvention is an internedi ate pore (size) nolecular sieve (vide infra).

[ 0022] Awoi2ar/Gig48def i ned in this application as Al 203. PLOABR3)09DHRHISM 7

si |l i coal um nophosphat e nol ecul ar sieve as synthesized may al so be expressed
interns of its unit enpirical formula. On an anhydrous basis it is

expressed b for X g@a‘.ﬁ el el Rl |

her ei nabove?‘mﬁé)}{éfr{ Ryd}%‘ @n% "z hregﬁ,reggéﬁtggt ’e;(rh)?é%]nraagt {B(S)ﬁé%rﬂg% Iﬂ?g%,

al um num arfchgbbosyiisdicon, aluespett e lphosphassntespectietly giredeall aoxi de uni ts.

[ 0024] The %Nh? Si, | Lco.al um.nophosphate is further characterized in that the
ahedieLoxige !

P2C6 to alu St the surface of the silicoal uni nophosphate is

about 0.80 or less and preferably in the range of 0.80 to 0.55, the P20 to

alumna nole ratio in the bulk of the silicoalum nophosphate is 0.85 or
greater, prdfe24bliha 8M-Ksilicanyeniodpliosihate isifutther eharactesizegrieftratdbey in

t he range of Q to 1. and the Si.0to alum pa le ,ratio, at the .surface of
the siicoal tatnggigebimfer wtg et ot % Shap b BabibabiBafe ot o
within the ibdut 0f80 beless laneqrbigrbing h asphaige o086 % 0B tisé PLOYR cont ent
of the sieve is greater at the surface of the silicoal um nophosphate than

in the bul k @gmingemeiekaio iThge belkpfthe silcoalustnerresphate {sh@ 85 arigieatesf t he

v L1 SRy IR Bl 0597 it a l WIE aRRLE 2o cen

this silicor).00m eénanavtheé Sidciousl emamy ot ragtlvoatstheiduragetdfiftie i s present. The
sieves of this invention have higher silicon.contents at the surface than

| :
in the bul k.S"!QQG!W@OEB%%Q%%Sgeét%%lﬁnéh? a2 EpALEHPE MRle rao withime
silicalalumpa bruﬂ%f’tﬁecﬁlbogﬁrﬁiﬂggﬁé% t%OOZG] VWhile often difficult to
as u ec?

quantify, the term"porosity, erein, is
[0025] The silicon content of the sieve is greater at the surface of the
silicoaluminophosphate than in the bulk of the sieve. The term “silicon
content” at the surface of the sieve refers to the amount of silicon at the
surface of the sample as can be measured using X-ray photoelectron
spectroscopy (XPS) surface analysis; this silicon content will include any
amorphous silica that is present. The sieves of this invention have higher
silicon contents at the surface than in the bulk. In this comparison, either

silica contents per se or the silica/alumina ratios can be compared.

[0026] While often difficult to quantify, the term “porosity,” as used herein, is
generally consistent with its IUPAC definition. See Rouquerol et al., Pure &
Appl. Chem., vol. 66, pp. 1739-1758, 1994. To describe a composition’s
porosity in terms of pore size, the following terms can be used: “micropore” for
pore diameters less than 2 nm, “mesopore” for pore diameters in the range of
2-50 nm, and “macropore” for pore diameters greater than 50 nm. Note that a
given material or composition may have pores in two or more such size

regimes, e.g., a particle may comprise macroporosity and microporosity.

[0027] By "intermediate pore size," as used herein and with reference to

molecular sieves (i.e., intermediate pore molecular sieves), is meant an

-7-



generally consistent with its | UPAC definition. See Rouquerol et al., Pure
& Appl. Chem, vol. 66, pp. 1739-1 758, 1994. To describe a conposition's
por osity WO 20mvatg486f pore size, the foll owi ng terns canPO&/Uuss@d/051495

"m cropore” for pore dianeters less than 2 nm "nesopore"” for pore
dianeters in the range of 2-50 nm and "nmacropore" for pore dianeters

great er tharbf%%ti@é’}m%’%@%ﬁu. Lindng'r rﬁibapét%dt% tooé.S%‘?ﬁBﬁHsi WiRh {have
pores in two or nbre such size regines, e.g., a particle nmay ‘conprise

macr opor osi tryolecdlams@vepsirotid M-fofro0 MgleBylal’ sieves madingtpore @pertsreein” as
used herein End W th rquchrence to nol ecul ar. si eveqs %i . e, f I nt er medi ate por e
mol ecul ar sitBPLENge{tgn R@V%H%‘HPS&?'%U'BB?EV&&? S gteriaticheUpdiy®Maf  about
5 to 6.5 angsdrb 9EblifeB)subNerd drithilArREh Mab ey will oW drbébBhs VI ecul ar
si eves having pore apertures in this range tend'to have uni que nol ecul ar

si evi ng charlaing $emnedyaneiing kdodhemolgarar siewe ivosksspacels. dénlikedaiges and
chabazite, theé Wi '.I al | ﬁw t'%droc.ar l?ons havi gg .?orrghbrancgiﬂp itntto t he
mol ecul ar  siVE 278 §SSHER &S N TIRE PSP IL MYPEPATSR ATy &4 JfiFeiidt he
fauj asi tes aiweBhdealkhnsds abhdeligieBbidinthéd enidnat®nekVwrRhandbkanegeand
slightly branched al kanes on the one hand and | arger branched al kanes

havi ng, for Raghekalkgoas spriagy foar exeaiPet Gaiernaoy e8oon#osYst ect i ve pore
size of the nol ecul ar sieves can be neasured using standard adsorption
techni ques (e.g., BET) and hydrocarbonaceous compounds of known m ni num

Ki netic di arfo028F.THeeeffétrekoréaidd dfethdtrhelevliar si@ves ean bEOmMéagespeci al | y
Chapter 8); Anderson et al., J. Catalysis 58__114 % 1979%; and Leofanti et
al ., Catal ysisingrsiangarg adsorption taauguesy(erg.oBEJAEH Nyideotarbonrarsionsed by
reference. [W t g | - SL# a [ y Dithe Hform
w il typically aderdt% %@?ﬁ?I@QWEﬁbﬁEP@%%di gﬁétBZrégg’ Zo%b“géo to 6.5
angstrons wilNblecular ISee\resnd @4 despdeiatypClesptef 8% Aridarsompetialds). (Gatdlysisei r

Sonsone (5. o8, 13, 4878) SRU HBnEra. EARRR Tdday 1, 257 R8) e (5-°):

benzene (5.
which are incorporated by reference.

[0029] Intermediate pore size molecular sieves in the H-form will typically
admit molecules having “kinetic diameters” of 5.0 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 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), 2,2-dimethylbutane
(6.2), m-xylene (6.1) and 1,2,3,4-tetramethylbenzene (6.4). Generally,
compounds having kinetic diameters of greater than about 6.5% do not
penetrate the pore apertures and thus are not absorbed into the interior of the
molecular sieve lattice. Examples of such larger compounds include:
o-xylene (6.8), hexamethylbenzene (7.1), 1,3,5-trimethylbenzene (7.5), and
tributylamine (8.1).



t ol uene (5.8). Conpounds having kinetic dianeters of about 6 to 6.5
angstrons can be admtted into the pores, depending on the particular

si eve, buwodoiwm#4spenetrate as quickly and in sonme casePCafES2@P8EDS vel y
excl uded. Conpounds having kinetic dianeters in the range of 6 to 6.5
angstrons include: cycl ohexane (6.0), 2,3-dinethylbutane (6.1 ) ,

2, 2-di met hyl ( » i | benzene
(6.4). Gener[gp?greg(()én%ei%nng@ t)k%ﬁﬁ ﬂgallilg?lnélf”%ac@J?saér?elﬁ%rr%érﬂggf&gp@g? Ee)?t\ét han about
6. 5% do not quemebnaheaning t@desigapt therses paastl farhmuda smhéchgivealisorddative nt o t he

interior of the nolecul ar ,sieve |attice. ampl es of such,l ar conpounds
el ude: o HTERE QIEAGTS fERB, AfRTTe AR PRo3s ots WHCE i RGEbens ene
(7.5), and ypjdhyt AR BI0S] ehrahetiral LARIMNIT BSsiltcRRImMBphoSERME IntGbcdigr mul a”
is used herein according to its comopn nmeani ng to designate the sinplest
formul a whi cdievg ard wihieh fosinstthe enclaader frameataskof e SM-7 compasitiom. num  and
phosphorus which forma [PQ2] , [AIO] , and [SIO] tetrahedral unit within
a silicoal um nophosphate nol ecul ar sieve and which forns the nol ecul ar
framewor k of[00B¢] SVie/prpBRRsstdfdRe vBAB3d botipenBhnArthé @asediis tértivar i ous

conmponents in the agueous reaction mxture affect, inter alia, the rate at
whi ch the syniHesgiaifest dates eiesthetrate gt whigh the eyrthgsisaprogressesotne, t he

di stribution, ' Y 295 - : rosity of

t he non-zeo&'@ptﬂﬁnﬁg%ﬁgrgﬁgﬂﬁ%{tﬂ?&%ﬂﬁglﬂp Mﬁ% %ﬁa@%ﬁ?@ﬁh&o >9t he aqueous
reaction m XP8rMASENVMR ethd thepapsityeot the ridv-Zeoltibenolbenlassieve, the anounts
I n which the specific ingredients are m xed together and the order in which
they are m xed together are critical in formng the specific structure and
its physi cal ht - ' t | H-HGA, action
i xt ir e contaPazh ahithe plehAGea BFPELadiedis RaCRIERRL RXRTRY I I dREn Lo
al um num i sdpe &Ml nhelecpler s, ithtee anicdintsaimdwhick uné apeaific ingredienepaneed.

Qther sour Cerﬁix%]a tgglqeutﬂ]ep gr% ttrﬁ'éj‘ E)rdﬂ[eHan al%iéhsﬁdeylar}etrrh]i?(ed together are critical in

forming the specific structure and its physical porosity. In accordance with the

present invention, a reaction mixture containing a reactive source of SiOo, a
source of aluminum such as aluminum isopropoxide, phosphoric acid, and a
surfactant, is prepared. Other sources of aluminum that may be used in the
preparation of this non-zeolitic molecular sieve include aluminum alkoxides
other than aluminum isopropoxide, or a pseudo-boehmite hydrated aluminum
oxide. Aluminum isopropoxide is the preferred source of aluminum. U.S. Pat.
No. 4,310,440, which discloses aluminum phosphate molecular sieves, and
U.S. Pat. No. 4,440,871, which discloses silicoaluminophosphates and their
preparation, list these sources of aluminum for the preparation of these

molecular sieves. These disclosures are incorporated herein by reference.

[0033] In the preparation of this non-zeolitic molecular sieve, phosphoric acid
is the preferred source of phosphorous. Organic phosphates and a crystalline
aluminophosphate can also be employed as a source of phosphorous. Silica
sol or fumed silica are preferred sources of silicon. Silica gel, alkoxides of
silicon, and reactive solid amorphous precipitated silica are also suitable.
These phosphorus sources are further discussed in U.S. Pat. No. 5,741,751,

which is incorporated by reference.



preparation of this non-zeolitic nolecular sieve include alum num al koxi des
ot her than al um num i sopropoxi de, or a pseudo-boehm te hydrated al um num
oxi de. Aw@i2oum1486pr opoxi de is the preferred source of PATAISRVY/F1405 S. Pat .
No. 4,31 0,440, which discloses al um num phosphat e nol ecul ar si eves, and

U S. Pat. No. 4,440,871 , which discloses silicoal um nophosphat.es and
their preparation, list these sources of alum numfor the preparation of

t hese nol ecul ar sieves. These disclosures are incorporated herein by
reference. [[0038] The surdagiamipamaticoablpf Cd¥ slkpamizealhich maydieedistalvedi eve,

phosphoric acid is the preferred source_of phosphorous. O ganic, phosphates
a5 oryst drenaicalialar RsEe PR aiRel HieatEBstRgrarePRstRets, Fod 4
phosphor ous.c S E£8IceRbl & a fiRBIFe 8 SuctPalBbRolR! aHRr SURfackAH RSP befadtiei con.
Silica gel, al koxides of silicon, and reactive solid anorphous precipitated

silica are avidwuw @ savegd. Theerdephbsgtition of sragentsstaaihe reactioremixtugisssed i n
US Pat. No.,b5.7 751 ich Is,.incorporate eference. [ 003 The
Surt actant i lo rddie ot alene KRR B 1Y ol Eh Bl TSR ke T e, |

al cohol or rmesttisrenptiudd. CRRIERbIYT e prdpepingl the SgReelis Feddtionsalxeaeethd rom a
C to Cs alcohol or a mxture of such alcohols. The surfactant may be added

wi thout a s@RESRhOTURNEOUsERI & addedhpon iodhe gdditioagefiihe allynike pewsei on
e, SRR BR300 o AR B R RB BB gl o

source in the'rea ueous

reacti on m xhgreactichempdtigreEiouls bs quéater tiiarpaloma 05, qireferablpeyredi@rti on of
the al um num source, Accordingly, the nolar ratio of f{he tenplating agent

t o phosphor U8ap @8QKE@)!, AR hesStisgteraky. gﬁeﬁfﬂrtaa%I@QQPHO{?eb@(P'&mrraf'aé’rf] about
0. 05, prefer t reater than
about 0.2 beﬁﬂpﬁqﬁg&lmﬁ%@ Sﬁgﬁaﬁ%ﬁtag %@gégﬁrﬁﬂ?ﬂ?@%{}?@aﬁ?&{ an about
0. 5. Pref er abbhgr ratics afiemplativigaagerdttd phospharesshatlcige pogsent irothehosphor us
shoul d be present in .the ' are the nol rat itReOf

al umi num t o rﬁﬂgté%'hg}jﬁgrq tﬁéfg?émeorrr]]o arxrchr) %f ta)ﬁmelnum to phospﬁgrus in
reaction is greater than about 0.3, and most preferably greater than about

0.25.

[0035] The term “templating agent” although used in the singular includes the
plural. Thus, if more than one template is used in the reaction mixture, then to
determine the molar ratio of the templating agent present in the mixture, the
molar ratios of each template should be added together. Additionally, the
above molar ratio of template includes the amount of any compound that itself
does not contribute to the formation of the desired molecular sieve but does
reduce the viscosity of the reaction mixture. Such a compound would not
interfere with the structure directing properties of the template. An example
would include the addition of small amines to supplant the extensive use of
the higher molecular weight quaternary ammonium compounds.

[0036] In preparing a targeted molecular sieve, one of ordinary skill would
follow the teachings known in the art for synthesizing the desired sieve; such
as, the amount and types of reagents, crystallization temperatures, etc., but, it
is critical to the instant invention that the molar ratio of the templating agent to

phosphorus (source) in the reaction mixture be greater than about 0.05 before
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reaction is greater than about 0.3, and nost preferably greater than about
0.25. [0035] The term"tenpl ating agent"” although used in the singular

i ncl udes wbheopluu4sb. Thus, if nore than one tenpl ate i sPGTAB2000/051385
reaction m xture, then to determne the nolar ratio of the tenplating agent
present in the mxture, the rml ar rati os of each tenplate should be added

together. - Addbh@08t biymib i BBMLSORARIIRE toa@lon' FRRIRIE o} abLIGER ¢ e

anount of any conpound t hat tsel does contrl ute to~t formati on of
t he desired a’adudaﬂLB aSubsmmartbllyt indorgstatl edhgctbetthrgetéd conizeplitid nmakecuigract i on

or opor L1 s Teh N ERRAandR uresbams] BV hecProRer IR B4R A OB sl

amnes to 5%‘Pl'dﬁf@fnstéh%uﬁi(B@rr‘r%lHt%ldé%efo?Précﬁlﬁn Heetar B8 Gt Ahe RO Pbre
quat ernary anmoni um conpounds n preparing a targeted nol ecul ar

si eve, one dholecdiangieyeski | | mould fO||OMlthe t eachi ngs known in the art
for synthesizing the desired sieve; such as, the anbunt and types of
reagents, crystallization tenperatures, etc., but, it is critical to the

i nstant i nvgopge THeatisd BRd BRdiéH offaRiditorod thb@eé@tﬁﬁfsathtﬁg ré8&tidin rikture
phosphorus (source) in the reaction m xture be greater than about 0.05

bef or et he r &rPdMePIANLIRi fAURINGShpIasEpsiars afihisHaveniion: | On anpReM@@Yi s
great er tha”sc%ﬁaf%e b Fea %H@Sr%”r%%h mik&l Gh S Xfétén.%ét gﬁ}g) roQﬁgﬁBed

non-zeolitic ect ther act on mxture ave e proper

mol ar anountis tr&mdrlon’arpﬁlavewe@nteffmavelnﬂpiddiulcmgmbl”doalal@b\iesrmmgmuci ng the
targeted internediate pore nol ecul ar sieve, r%{)03@4 aThe use and order of

addi ti on of Y@l@sy Emeé’ﬁfsfof largsiessale prerHatio GOWFF%H@ aY$tf or mi ng
the active sj,ggr g@fur%héﬁwth@é@f%dh‘ﬁ'que@reﬁehﬁ % étﬁuéﬁt@é@b bihedgent s
['TT zat1 on ods scribed i

are readily m xe e crysta n e prior art
have been efdvectai s@sntant;mlllgadbngemg)etmodmfmmm Wr‘eanetﬁelmumlrglm goeltoesis However ,
For Targer Sacdade% tgrtﬁg%rh%gbr?gr%sss%%rr]ce at an a rrrn%br%l to ;%[ p¥1orous atomic ratio

of greater than 0.5 without the addition of template, there is a voluminous

coagulum of aluminum specie or species; resulting in a final mixture that is

thick, viscous, and not readily dispersible. Therefore, there is a need for a

method for producing molecular sieves in quantities sufficient for commercial

applications, and that avoids the problematic aluminum coagulation.

[0038] As used herein the terms “coagulum” and “precipitate” are used
interchangeably and refer to the separation and binding together of the

reagent, in solid form, in the reaction mix.

[0039] As shown in Figure 7, aluminophosphates or AIPO4 molecular sieves
have a framework of AlO4 and PO, tetrahedra linked by oxygen atoms (not
shown). These materials are neutral and do not have any acidity. By
replacing some of the PO, tetrahedra by SiO4, acidity can be introduced to
these materials, which are known as silicoaluminophosphates or SAPOs. The
overall acidity of SAPOs depends not only upon the Al content in the sample,
but also upon the distribution of the Al in the sample. As shown in Figure 3, in
various scenarios, Si may be surrounded by four Al atoms when the

dispersion is very high or it may be surrounded by four Si atoms when the
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manuf acture, synthesis techniques require the constituents to be conbi ned
over a substantially |longer period of tinme. Wen the al um num source is
added t o wheophag4shor us source at an al um numto phosph@CPUS2@008I495rati o
of greater than 0.5 without the addition of tenplate, there is a vol um nous
coagul um of al um num specie or species; resulting in a final mxture that
is thick, vi : L [ i t IS a need
for a net hoﬁ%lor rgpggﬂ%\p,ﬁ%)r%ﬁf@gg@’eagl %fbg@és%lsﬁsfa%%wf@gge ZU?F?@{ﬁeszt for
comer ci al appd nEpt heagrroamied babnayiwalsr thinee pit etdnesrabiuich &i atomsithat

coagul ati on. %003% As used herein the terns ".coa&ticlﬁum'. ?nd "precipitate”
are used i nt¥PSHEOYELEH PYANE: WP OF thrge N S1QES Apte AL PRd ARG 2P oget her
of the reagqpiportaft ERAraBterREiBInflUNEIMg ERAGtE ABtivityin SABSIhaliaiiown in

Fi gure 7, alum nophosphates or Al PO4"nol eCul ar si"eves have a framework
OAI A and PAA tetrahedra |Iinked by oxygen atons (not shown). These

materials ar tg.al _and. do not, haye any acidit Y r epl.aci sone of the
Pt t et r anodpaagy sfien TRt PP o Lo BEaluld oo RoREEsBhe®2 ol o, “wni ch
are known as4ggd-930rd80)i thephnapdBber snay SIHBES. of The zewkes by 2si miagle of

SAPGCs depends not only upon the Al content in the sanple, but also upon the

di stri buti orengle spenAg (MAShauggapmagnatic sersmance (MR dt wasifiistvar i ous

scenari os, S f Wa Al pat t he di resi.on is
very hi on ors o ULBIRE dipther i Ml AR PRI TR RS IRECC T

| ow, form ngebsogEblpwellsbavided pdaks somasponding tis therfiveéSpostiloles al so may be
surrounded by ope, two or three Al atons. Such $i atons that are_surrounded
by one, two GstripHiines of Skanardl araundfLsiicet AN P eSS eleHANE o r gt
characteri sti.g,.i : i 0g: i J Vi ! erials. [0040]
o he | raraetisRe E’?‘S%@Eﬁ?e gﬁHe(fﬁw‘X*nf]ereéﬁgén’)ﬁﬂgg'g{’b 102, 4889- 93,
1980), t her eertvaroantemdsisnenegesteddndabld 2t he zeol ites by 29Si magi ¢ angl e

spi nning (MAS) nucl ear nagnetic resonance (NWVR). It was first

Table 2
Characteristic *Si MAS NMR Chemical Shift Range of Different Si

Environment

Si Environment Si(4Al) | Si(3Al, | Si(2A1,2Si) | Si(1A1,3Si) | Si(4Si)
1Si)

Chemical Shit | -80to- | -95to- | -100to- | -106to- | -109 to -

Range 94 99 105 108 120-

(ppm, from Tetra-
Methyl Silane)

[0041] #*Si MAS NMR may be used to estimate the distribution of silicon in
SAPOs. However, it must be noted that Si concentrations in SAPOs could be
as low as 1 wt.% which makes it very difficult to obtain very high quality NMR
data. Moreover, these signals are not well resolved as in the case of zeolites.
Consequently, there is some degree of uncertainty introduced into
deconvolution and in estimating the number of Si atoms in various

environments. Nevertheless, the information about the approximate
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denonstrated by Lippmaa that the 29Si MAS NWVR of zeolites contains five
reasonably well resol ved peaks corresponding to the five possible

di stri butwonseiogf44s and Al around a silicon atom of thePEr@s2000086b2dr a.
The characteristic chem cal shift range of the five different |ocal silicon
environments is presented in Table 2 . Table 2 Characteristic 2s9Sc i MAS

NVR Chem Ca'dlﬁhbﬁflorgﬁf'gﬁ?tﬁﬁenﬂsfﬁgﬁ %HBU@H p@ferrﬁ’ﬂ{@me éﬁ%ﬁ@&dz rsMﬁ%fNNR

may be used to estimate di st ut'l siliconin wever,
must be not esidoman tise SAMQQ emdtesdlisons in SAPGs could be as low as 1 w. /
whi ch makes it very difficult to obtain very high quality NWVR data.

Mor eover, these signals are not well resolved as in the case of zeolites.

Consequent | YookBpT chéBATEN SETFMRE NNIRGDE sm%rfdrémori%%éﬁ%%und
deconvolution and in estinmating the nunber of Si atons In various

envi r onment gn the Wigauseionssf, Reduitsisectombelayn dbestudieerevealed that acidic

appr oxi mat edi tr| buti on of s_hi.gh_ena o _determ ne the extent
of di spersi oaf? Eﬂ‘t § lmp(’r8¥|eql H‘%Nﬁéﬁ%&&% ?%ﬁsslar%oiiflaﬁd%onparl son of 29Si
MAS NVR for SM3 and SM7 sanples is found in the D scussion of Results

section bel ow. The studies revealed that acidic activity is inproved in
SM 7, whi ch [0043Eds&ynthasizing te ¢ampasiton p@tku%]nveﬁtl@vhﬂﬁw@ g@' -{.hkis

conposi tion ﬁfafetrrtélbdsth'awweenttea%p?#?rﬁ%r@ﬁie%én |éIFy #r?ge pf f H?éialtéﬁ%)nghe

reaction m ure essentl a ree o I ons

accor di ngl y andracdoedingly aspeefelrreﬂ reaottdmrmlmmmmnposmbreemresse@hn tertngr ns  of
nole ratio of oxides is as follows: 3R Al2G8 nP2(bI gSi 2 bH20 wherein "R’
is an orgameW%'ﬁﬂ?‘H@Pﬁ@X'gééﬂﬁ as Qlowss a val ue great enough to constitute

an effective concentration of ﬁ.AI?@QnPréfES@Z.B{HE@S a val ue such

wherein "R" is an organic templating agent; "a" has a value great enough to
constitute an effective concentration of "R" and preferably has a value such
that there are from about 0.20 to 2 moles of R per mole of alumina and more
preferably about 0.8 to 1.2; "b" has a value such that there is 10 to 60 moles
of H2O per mole of aluminum oxide, preferably 20 to 50.

[0044] In the synthesis method of the present invention, an aqueous reaction
mixture is formed by combining the reactive aluminum and phosphorus
sources, with a portion of the templating agent, in the substantial absence of
the silicon source. The resulting reaction mixture is then combined with the
silicon source and thereafter the mixture is combined with the template. If
alkali metal cations are present in the reaction mixture, they should be present
in sufficiently low concentrations that they do not interfere with the formation
of the SM-7 composition.

[0045] Any inorganic cations and anions which may be present in the
reaction mixture are generally not provided by separately-added components.
Rather, these cations and anions will frequently come from compounds added
to the reaction mixture to provide the other essential components such as the
silicon source or such as the organic templating agent.
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that there are fromabout 0.20 to 2 noles of R per nole of alumna and nore
preferably about 0.8 to 1.2; "b" has a value such that there is 10 to 60
nol es of WRQaN4480l e of al um num oxi de, preferably 20 POTABG2000080443 I n the
synt hesi s nethod of the present invention, an aqueous reaction m xture is
formed by conbining the reactive al um num and phosphorus sources, with a

porti on of _tgabPTTALAI $5SkifARY inel YRS HRMGNELAbrigbsence of the silicon

source. The resulting reaction mxture 1s en conbined with the silicon

source and thereaf(agr pgrepanmgbnraguiesus oedictioadnimture ddmeprisemgptred ®llowingal kal i
metal cations are present, in the reaction m xture, they should be present
in sufficiently |ow cdﬁ@%ﬁppsdti ons that they do not interfere with the

formation of the SM7 compgsidiicdn. sduPEAShiufMuiniebgdpbsidedbaie gind ani ons
whi ch nmay be present in the reaction m'xture are generally not provided by

separ at el y- added conponeatusnin®Ra) hergsphioes écich{dihosphartisaounes), @i | |

frequently conme from conpounds added to the reaction m xture.to pr.ovide the
ot her essent i al conponencdtagant sLeere P A RE ARl aM 504 e eRiRg

organi c tenpl ating agent af8R46hidVeaetiePanixtlie pavirg o dempusitibe ekgregsedod
conprises: (a) preparing an aqueous reaction m xture conprising the

fol |l owi ng reactants: Si QN iesmpidd orole satieed! oddesPaum i sopr opoxi de (source

of alum nun), phosphoric acid SQ%S@QRF%n%P§W{1€ﬁ%® a surfactant,

preferably an al cohol, and an organi gent, said reaction

m xture having a conposi WhereirXisessoranic teenpiating agohte “a'atas vafueoxi des
as: aR Al 2g 3:nP2q 5:9gSi %JZ: bH20O wherein R is an organic tenplating agent;
"a" has a val ue | arge enllighengugl iR erpsiitelean efeeiMe JyRoURRIMR: &f NRS b

has a value such that there are 10 to 60 moles of H,O per mole
of aluminum oxide (Al2Os3); said reaction mixture having been
formed by combining the reactive aluminum source, reactive
phosphorus source, and the templating agent, wherein a
portion of the templating agent is added prior to complete
addition of the aluminum source and the surfactant
(preferably dissolved in alcohol) in the substantial absence of
the silicon source, thereafter combining the resulting mixture

with the silicon source to form the complete reaction mixture;

(b) heating the reaction mixture to a temperature in the range of
from 100°C to 200°C until crystals of silicoaluminophosphate are
formed; and

(c) recovering said crystals.

[0047] The crystallization is conducted under hydrothermal conditions under
pressure and usually in an autoclave so that the reaction mixture is subject to
autogenous pressure. Following crystallization of the SM-7 material, the
reaction mixture containing same is filtered and the recovered crystals are
washed, for example, with water, and then dried, such as by heating at from

at least 25°C to about 150°C at atmospheric pressure. Preferably, the
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a value such that there are 10 to 60 noles of H2O per nole of alum num
oxide (Al 20s); said reaction m xture having been forned by conbining the
reacti ve wbunmiomuwssour ce, reactive phosphorus source, amlrdTiUseomwosEPati ng
agent, wherein a portion of the tenplating agent is added prior to conplete
addition of the alum num source and the surfactant (preferably dissolved in

al cohol) in : L) d " r
corbi ni ng +RSRELRt Rk Ao BRECESR I Enee O Mie g IRER Ty oF
conpl et e redbeicoystatsxt ure; (b) heating the reaction mxture to a
tenperature in the range of from 1000C to 2000C until crystals of

silicoal um nophosphate are forned; and (c) recovering said crystals. [0047]

The crystal Ia[béasj Ofhd SMEPNSREDRRSH 48 dBbicldinahBaRstBht FOBRIIH,8S under

pressure and usually in an autoclave so that the reaction mxture is
subj ect to dherefeiadysupjestadiioctheroal toeatment ty serove i drganis tempiat@rg 7

material, the reaction mxture containing,sa Is filtered and the
Fecovered craper dnisr BellhghEedindR 1 LoehRW BiffoRed by rEalfia ¥ fen dri eq.
such as by heaipepgtudd of a560tBO0°Ea6tabddO ZOOW araitliedst 0Girite aharfplaed|iyC
pressure. Preferably, thesupernatant |iquid above the crystals 1s renoved

prior to thethﬂprtgea:!tham Qﬂé}quﬁ@ Whikewq:ammwf@:ric[mmreme tsnvemplgyedpar ed
35 odepl b e Pl BetPat Al S @Bnelis cPEUers W AbliePenldil 4ot her el
g agent. 'S th

i S i
treatnment to renove e organic te ernal treatnent 1s

general | y paydneenitcby Theahengalit traateempoedadtus @aaticutrulise30ida¢hé o about
7000C for at least 1 m nute and %eneral Ily_not | onger than 20 hours. Wile
sub- at nosphéiatalyYpis &f SEFaINNIr8eaPRp I CYNErsiQN reasdiofder mal t r eat nent ,

at nospheric pressure is desired for reasons of

[0049] While not intending to be limited to theory, it appears SiO, does not
enter the structure until late in the crystallization, such that under the
conditions of the process of this invention, in the early phases of the reaction,
there is produced a near aluminophosphate phase surrounded by a SiO; -rich
amorphous phase. As PO4* is depleted by reaction with Al*® species, the pH
of the mixture rises from about 8-8.5 to about 10-10.5. This increases the
dissolution of SiO2 permitting silica incorporation into the structure such that
there is a silica gradient through the crystal with more silica near the exterior
than at the center. The P20Os to alumina (Al2O3) mole ratio within the bulk of
the SM-7 silicoaluminophosphate is 0.85 or greater, and preferably from 0.90
to 1.

[0050] The surface silica rich phase on the outside of the sieve contains a
higher SiO, to alumina mole ratio than in the bulk. Material with higher
surface silica to alumina mole ratios appears to show increased acidity and

increased activity.
[0051] If necessary, the pH can be lowered into the proper region using acids

such as HCI or H3PO4. The latter may be preferred, since having a slight
excess of PO, will help ensure that the PO4™ concentration is never so low
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conveni ence. The thermally treated product is particularly useful in the
catal ysis of certain hydrocarbon conversion reactions. [0049] Wil e not

i nt endi ngwoeolvikdismi ted to theory, it appears Si Q2 doesPAdiUSIMOB140He
structure until late in the crystallization, such that under the conditions
of the process of this invention, in the early phases of the reaction,

there is prqgé‘fe’tﬁg Aagu@@’ gﬁc::l §fﬁgg%ngﬁkehMﬁ&hﬁoﬁﬁ%ﬂﬁ&%ﬁ%uﬁe%@z -rich

anor phous ph y reactio species, the pH
of the m xt wtkeri ses fromabout 8-8.5 to about 10-1 0.5. This increases the
dissolution O SiOpermtting silica incorporation into the structure such
that there is a silica gradient through the crystal with nore silica near

the exteriornobban 4 e%&sﬁ@fﬂké’t{er oJ@rlethB_?d&cﬁeealré»ﬁ@él?er{délta@éd BPidpid ati o

within the bulk of the SM7 silicoal um nophosphat'e is 0.85 or greater, and
preferably fineorporgontes silica]ioeEe rhdusturkExnsss svatecalspileadpiodaegasn t he

out si de of the sjeve contains a, higher Si to alumn le ratio than in
the bul k. MAEES Wiieh iy ghapRoHAYE: gk o PR Ao 1Ay oo
appears to siteventnaveared aasistallive 8iz€ of egserspd @adrbNiid Produeed With &n
necessary, the pH can be lowered into the proper region using acids such as

HCl or H3POAveTage pizetess W@y Gbe Micederred, since having a slight excess of
PO4 3 will help ensure that the PO4 3 concentration is never so | owthat the
alum na and silica conmponents have nothing to react with but each other.

[ 0052] An eX0653] ofheratgainicteerplatecordtisatting edenaizgereferadly detedteadoho rapi d

I ncorporation of silica into the product. Excess water also |eads to | arger
di-n-propylamine and di-isopropylamine or mixtures thereof.

[0054] The silica may be any silica source capable of being dissolved and/or
dispersed in the liquid reaction mixture. Preferably, the silica is introduced
into the reaction mixture as either a silica sol or as fumed silica. Useful
sources of silicon oxide (silica) include any one or more forms of silicic acid or
silicon dioxide, alkoxy- or other compounds of silicon. Preferably, a form of
silicon oxide known as CABOSIL (Cabot Corp.) is used.

[0055] Typically, the crystalline silicoaluminophosphate molecular sieve of
the instant invention has an AEL topology. Other topologies include, but are
not limited to, ATO and AFO. See Aflas of Zeolite Structure Types, Fourth
Edition, W.M. Meier, D.H. Olson, and Ch. Baerlocher, Elsevier, 1996.

[0056] The SM-7 synthesized as described herein can be used as catalyst in
intimate combination with a metal component such as silver, tungsten,
vanadium, molybdenum, rhenium, chromium, manganese, or a Group VIlI
metal, preferably platinum or palladium where, for example, a hydrogenation-
dehydrogenation or oxidation function is to be performed. Such a component
can be ion-exchanged into the composition, impregnated therein, or intimately
physically admixed therewith. Such component can be impregnated into or
onto the composition, such as, for example, in the case of platinum, by

treating the crystal with a solution containing a platinum metal-containing ion.
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crystals which may dimnish activity due to diffusion constraints. In the
present invention, a crystallite size of less than 1 mcron is produced

Wi th an awerayisisge | ess than 0.5 micron. [0053] The olPgaAISCOWORPIPAL e Or
directing agent is preferably selected fromdi-n-propylam ne and

di -i sopropyl am ne or m xtures thereof. [0054] The silica may be any silica

sour ce_capablyg 0t pabBS Sl LYRoBRHL Mol B PRDRGaflc b8, bldiibds! eact i on
|Jy, t&)e Srlﬁ‘?rlq ro uceg | rﬂ

m xture. Prefera calsin nto the reaction mxture as
ei t her a si lghtaridsglandrvasious woethbaindscantdisiefjuihe gptatmues aofines compdex. oxi de
(silica) include an ne or re tor of . silicic acid or silican dioxide,
a6 koxy-” or oGP IAEIBRLEN O 8 G OuR WIaPal Jore sty plinuai i con oxi de
known as CAB(idrmicEaR et néi"dyecs seifdn. [IRRREINFIEN Gathbibls bA® mbkeLalr! | ne
sil'i coal um nophosphate nol ecul ar sieve of the instant invention has an AEL
t opol ogy. Qdieves epployiigeson-agleos sblutiomissdisolosed i ted. IPal. NOTO and AFQ
See Atlas of 5§%§| Pe Structure Types, Fourth Edition, WM Meier, D H

A son, and C’:h é | ocher, Elsevier, 1996. [0056] The SM 7 synthesi zed as

descri bed herein can be used as catalyst in intimte conbination with a
met al component such as silver, tungsten, vanadium nolybdenum rhenium

chronmi um ndA@afRkdeirthar, themrespn\BM:7.iten empleyes gitfiey a5 att aderPeRt,

pal | adi um [ , enat.i r [.Q: | dat i on
Ponct i on 1 o D exehafiadiy B, & a¥eth A S B b RN RPN 2B Tro i Nt o e
Cﬁrrposi t Long,ﬁdﬁ]w bgniehgdrattétgragees_twarﬁimltyl rmge_ban ey neaby Meﬁtﬁi‘@ oedl
therewi th. Such conponent can be jnpregnated intg or onto the conposition,
such as, forleBReRHHES In therrarge Q5abgyt :f)&g)g mﬁo%)ﬁoplr;@é'ﬂ PRPrERdNefystal with

a solution Al lL.atd; | - Wa) ' ThL ' I
pl ati num co%@ﬁﬁgéﬁéﬁﬁﬁégcw%%ﬁéﬁr ﬁﬁ@%??'ﬂ{’%%@?ﬁgﬁ?@ﬁ?gb%@g,d':'and
vari ous conmsupedatrnospland prgsshresgbatboun3mimeaes dorpbent 48 heurs: ef err ed

| pregnati Orbé)ﬁyd%at%r? ggn \a/|s|o| bengte%cl)r’mgcﬁ SI re()roer‘rtljlté/mgle%tt&r%u%reilf by placing
the crystalline material in a vacuum, but a longer time is required to obtain a
sufficient amount of dehydration. Therefore, depending upon the degree of
dehydration or thermal treatment desired for the SM-7, it may be subjected to
heating at a temperature of from about 200°C to about 700°C for a time of
from at least 1 minute to about 48 hours.

[0058] The crystals of SM-7 prepared by the instant invention can be used to
prepare shaped particles in a variety of sizes. Generally speaking, the
particles can be in the form of a powder, a granule, or a molded product, such
as an extrudate having a particle size sufficient to pass through a 2-mesh
(Tyler) screen and be retained on a 400-mesh (Tyler) screen. In cases where
the composition is molded, such as by extrusion, the particles can be formed
by extrusion before drying, or they can be partially dried and then extruded.

[0059] In the case of many catalysts, it is desired to incorporate the SM-7
with another material resistant to the temperatures and other conditions
employed in organic conversion processes. Such materials include active
and inactive material and synthetic or naturally occurring zeolites as well as

inorganic materials such as clays, silica, alumina, and/or metal oxides. The
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performed in a non- aqueous solution. Inpregnation of netals onto nol ecul ar
si eves enpl oyi ng non-aqueous solution is disclosed in U S. Pat. No.

5, 939, 349%02008}48kur t her, the present SM 7, when enpl oped/Uiseadms1495 an
adsor bent, ion-exchanger, or as a catalyst in an organi c conpound
conversion process should be dehydrated, at least partially. This can be

done by heat,fg rtn%y%et&m%ﬁ %Wfaﬂ*%bﬁcdrﬁﬁ r&%%ﬁorﬁ%‘&el%ﬂg%gtﬁrggi&%% 6000C

in air or an inert’atnosphere trogen, etc spheri c,
sub- at nospherigels [NC|LEiJI}I@mIHUIE$@ﬂE|ﬂG&amIﬂ esdalresdésr Uabolib rﬁﬁtelniiahimt es to

bout 48 h b f
morel y by pICEITHEL GETSITT @ neRrERIBH el Da Bl SARVE BORGE ¢ i o
i s required kR Mecehverdibh %h@er RNy of tﬁéedsatgrygf inQdertalM BF R €.

dependi ng upon the degree of dehydration or t hermal® treat nent desired for
the SM 7, i tcomygrdien pmgeeseedIrtamtlhematagalatsudabbrrﬁﬂvaaerdduemtSftommérbbut

2000C t o abqut 7000 ffor a tine of fromat |eas eto ab

g it et
hours. [005 Fe?ﬁ%m%ﬂ féPSP%erSP”éM%g'B?@;%?%%?Sbif’ FLPIQRHCLT P41 RG ?'Bﬁ can be
used to pr e@foﬁoﬁh@mwﬂ%dﬂéﬁﬁ[ﬂﬁylhg oaheframeghyfcsrfcoﬁtrz;ﬁmg thengteadil y speaki ng,
the particles can be'in the formof a powder, ganule or a nol ded

product , sudﬁaat:r,oranﬂ@e@e m@deréals aayoe mq%@qratedem natusalfyf peausTRg £@Ypass
through a 2- aﬁ'ut%rzirhdsl?éc%“td”‘ PbidGe 5 '&‘+ Pé‘nggh é?%e”gaﬁggg%@ér

screen. In ca és ere e conp03|t|on I'S nD rus on, the

particles caamnhxaefcbalmr@mgammwﬁom Sa‘fdcmetedraje ne., cmasyg bﬁbdesaetcbe
partially drled and t hen extruded, In the cas catalysts, it
is desired tHNEHRIHADBINGEES f(’rﬁéh%ﬁ}ﬁtﬁlﬁtt i|1t H@ﬁﬁ@?'eﬁﬁtpé?wg? ar%aéglé’?‘érﬁﬁv”%‘/g) t he

t enperature n r ’ cesses.
Such mat or a0 DI QRN SRRkl S8 RRmh AR BB € dRTBE oI
nat ur al | y odbearcaialgstAroh |b‘rm<|rag; dmhllntmspowder-llke materials. These clay

binders have been employed normally only for the purpose of improving the

crush strength of the catalyst.

[0060] 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 main mineral constituent is
halloysite, kaolinite, dickite, nacrite, or anauxite. Such clays can be used in
the raw state as originally mined or initially subjected to calcination, acid
treatment, or chemical modification. Binders useful for compositing with the
present crystal also include inorganic oxides, notably alumina or silica.

[0061] In addition to the foregoing materials, the catalyst produced can be
composited with a porous matrix material such as aluminum phosphate, silica-
alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-
titania as well as ternary compositions such as silica-alumina-thoria, silica-
alumina-zirconia, silica-alumina-magnesia, and silica-magnesia-zirconia. The
relative proportions of finely divided crystalline SM-7 material and inorganic
oxide gel matrix vary widely, with the crystal content ranging from 1 to 90% by

weight and more usually, particularly when the composite is prepared in the
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inorganic materials such as clays, silica, alumna, and/or netal oxides.
Thel atter may be either naturally occurring or in the form of gel atinous
preci pi t aWe0wo1gesbs i ncl udi ng m xtures of silica and mPCAIUSCHVMERIIS Use of
a material in conjunction with the SM7, i.e., conbined therewith, which is
active, tends to inprove the conversion and/or selectivity of the catal yst

| certain qbRAGeEARMATAL Y AERPASSL: J BN BOTAIB! BeRtbl ARl Y e ve

as diluents to control th nt of conversion in a given process so that
products carcdnepaditeai ned economically w thout enploying other neans for
controlling the rate of reaction. These materials may be incorporated into
naturally occurring clays, e.g., bentonite and kaolin, to inprove the crush

strength of rpbg2ratid ¥§5stalHiEMatIEIBrSdRled e irBSe tésORTead) d

materials, i.e.,” clays, oxides, etc., functi'on as binders for the catal yst.
It is desirasinvettiblgtapoatalyticaltynactivestatesial fay areanetiiojbrganisle.gtr engt h
because in comuerci use it is desirable to prevent the catalyst from

br eaki ng do Okr?m‘fa&b@%\ﬁﬂmquinﬁéecoﬁé{?@%PEO."e?ﬁ% ‘e clay binders have been

enpl oyed normally only for the purpose of inproving the crush strength of
t he catal yst. L0060 Natural | y occurring clays which can be conposited with
t he new cryd0863] vadeatahst iremeentainitg edydrepensdionroaeien ean ki ch

i ncl ude the t oni ; ' ! M L X1 €
Voramee, | GodPhean SRerSforas oy 1Bl BLLERg FERR G le aRkarb iy
constituent hysirberatkivigid leydrseadbonateousiiceldi wieereirast lebst 90% cinlefedds. Such
clays can be used jn the raw state as ﬂ__{igi nally mned or initiall

subj ect ed t d'aSA PPHALGIRGNt ahove ahorsPRE B¢ hyR@F2Giingreandiiiens i"l?*P?/deBi nders

useful for ?gﬁﬂ i A g,ltpﬁc : I {o iC
oxi des, notg% y a térrrw]ﬁ‘%%r‘é/g}rrggi |crg.ég %%g%%&?’(?\égé%?%?%bnd P gbteﬁ?):‘éc}%g%?ng
mat eri al s, tusmatpbhbyesBbpube@ Ed3d &NCH erefengiuy ibebdeen aboat ¢AO°BUB168¥E )Y i x
mat eri al such as_al ym.p phat sili,caal um na, silica- nesi
o oan i rogndandindBost ThERAP Widesh pufifen ralessnotid be B Rt aBoft
400, and are usually between about 1,000 and about 15,000 standard cubic
feet per barrel. Reaction pressures generally exceed 200 psig (13.7 bar), and
are usually within the range of about 500 to about 3000 psig (32.4 to 207 bar).
Liquid hourly space velocities are less than about 15, preferably between
about 0.2 and about 10.

[0064] The conditions should be chosen so that the overall conversion rate
will correspond to the production of at least about 40%, and preferably at least
about 50% of products boiling below about 725°F (385°C) per pass and
preferably below about 725°F and above about 300°F. Midbarrel selectivity
should be such that at least about 40%, preferably at least about 50%, of the
product is in the middle distillate range and preferably below about 725°F and
above about 300°F. The process can maintain conversion levels in excess of
about 50% per pass at selectivities in excess of 60% to middle distillate
products boiling between about 300°F (149°C) and about 725°F (385°C). The
pour point of the middle distillate effluent obtained by the process will be
below about 0°F, and preferably below -20°F.
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as well as ternary conpositions such as silica-alumna-thori a,

silicaalum na- zirconia, silica-alum na-nmagnesia, and

si | i ca- reWyoesitzissconi a. The rel ative proportions of fipe@lus2ewsuies
crystalline SM7 material and inorganic oxide gel matrix vary widely, with
the crystal content ranging from1 to 90% by wei ght and nore usually,

part [ oul ar | obeD HpREBORSh Be b RRALEH sirtid BRI itboheadsing! L he

range from 2 to abou wel g percent o 0062] The
crystal |l i ne zomeerlt edn plsodhe i $Bcondestpge stattwprsbags bydocrackiiid ychemneerti bl e

t talytically ti terial for. ' f ' . 0.
nyar ocar bon NIt (5hoBoSi aoyes Ul s Bl &l Ihe leedsyde oetpes,
containing adivat ARG ARIR GRRNAE.prbaliciRg cHEAfHl T RiaGeeear Blso be

sel ectively producing nmiddle distillate hydrocarbons by hydrocracking a
hydr ocar bonatseds thedckt wtrgeedia mulli-stept hyaoerickingesdheste. hksorerbtidon aag poi nt

above about .60Q0F. .The dr.qcr acki condi tions ineglude.reactiqn

F omper at o edhanT st g Ao E R A Bond S5et e RS Bhd s ual 1
above about d}Qffrizeslin@OebdstBerf iBraitor)atamews tAb@ecoh@ g Bdin§®e and
about 9000F (4820C%. Hydrogen addition rates should be at 1east about 400,

and are usufiane petalysser arnventiona wapcaeking catatyrt te oaALRe MY ¢ f eet

e uounl |y STQRNY Pp 8 RuEeh, AERFHRAY SRUSES B BBl e 08 , 207

bar). Li qui corboesd gorsigpeatiorsl. ocities are | ess than about 15, preferably
bet ween about 0.2 and about 10. [0064] The conditions should be chosen so
that the overall conversion rate will correspond to the production of at

25, Shout 3y P, EsaEsnein haph, AROUkrsOiS natlate pila o
above about w000k cathiybtunaddr corlvecsion copditibiog mhidreareuapropaatedor | east about
40% prefer %@&o&%ckiﬁastDu%%%%%eSC%%%ePsfior%,r}:leromatics and naphthenes which are
present in the feedstock undergo hydrocracking reactions such as
dealkylation, ring opening, and cracking, followed by hydrogenation. Long-
chain paraffins, which are also present in the feedstock, undergo mild
cracking reactions to yield non-waxy products of higher molecular weight than
compared to products obtained using the prior art dewaxing zeolitic catalysts
such as ZSM-5, and at the same time, a measure of isomerization takes place
so that not only is the pour point reduced by reason of the cracking reactions
described above, but in addition the n-paraffins become isomerized to
isoparaffins to form liquid-range materials which contribute to low viscosity,
lower pour point products.

[0067] The feedstock for the process of the invention comprises a heavy
hydrocarbon oil such as a gas oil, coker tower bottoms fractions, reduced
crude, vacuum tower bottoms, deasphalted vacuum resids, FCC tower
bottoms, cycle oils, Fischer Tropsch waxy feeds, waste polymers or biomass
(including vegetable oils and other triglycerides). Oils derived from coal,
shale, or tar sands may also be treated in this way. Oils of this kind generally
boil above 600°F (316°C) although the process is also useful with oils which

have initial boiling points as low as 436°F (260°C). Preferably at least 90% of
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product is in the mddle distillate range and preferably bel ow about 7250F
and above about 3000F. The process can naintain conversion |levels in excess
of about WO pPar44sass at selectivities in excess of 60%YPCH/UsReGI081495
distillate products boiling between about 3000F (1490C) and about 7250F
(3850C). The pour point of the mddle distillate effluent obtained by the

process wi | 'tBQ?e@(ﬂMﬂV‘b@p%ve@ﬁea d@i:e(ﬁﬁﬁﬂ%’j é(nd’-’ﬁ{o%‘f"gfe?f%%gf.)l@?]st The

process can bé operated as a Single-stage hydroprocesSing z t can al so
be the secorabost 898 of the feedvell Agit bejweercabakt 70P°E (REMC )i andwbadt t he fir st

t [ | f fr t he. f eedst k f tact with
the ni dal o 2GR odSE R Ra B o R A g e L AR AN SO e el ed i
the first stagsmp ahdMyhimAESRaPWEIRHE R @m&mr@thb%@_@eﬁ@?bﬁi@n@ the

first stage, the mddle distillate-producing zone also denitrifies and
desul f uri zesusérkringeostmekdsi Wugthgi theqmocessing, il thehbisedomgdaromajiesusi ng

t he sanme cat al yst a conventional hydrocracki ng cat.al yst operate nore
ef fioi ent |y L8 uapifhefeetil ParaBhE ot o i PufRiOLie hBhuced « han i n
ot her pr ocesgoneginingdsatalsiosmidddaelildte rahge protifss Afsupstantiavesttiom, the
hydrocar bon feedstock is heated with the catal yst under conversion

condi ti ons VHite® paraffinieposianenss ebthetpiinbleegdsiackflsmupdergotaeaveesioer si on,
aronmatics ar}g i&gﬂﬁ%ﬁiﬁnes whi ch are present in the feedstock undergo

hydr ocracki ng Teacti ons such as deal kyl ati on, ring opening, and cracking,
foll omed by hydrogenation. Longchain paraffins, which are also present in
the feedstock, undergo mld cracking reactions to yield non-waxy products

of higher mdPREBI afheverogees iseiPaitaar Elty /i el RAralinic ireds becagsene
P O (AT L e das ohis o 4RL B1RES: RFByEReAT burdihi3hal Be same L1 re,

a nmeasure of 1sonerization take ace ot onl'y 1s the pour point
reduced by raddsioadofHdwevery okt fegdserdt Cootain deeciirbeshtabbefepolpepclicn
addition the n-Fg)arani ns becone isonerized to

compounds.

[0069] The process enables heavy feedstocks, such as gas oils, boiling
above 600°F to be more selectively converted to middle distillate range
products having improved pour points in contrast to prior processes using
large pore catalysts, such as zeolite Y.

[0070] The hydrocracking catalysts contain an effective amount of at least
one hydrogenation catalyst (component) of the type commonly employed in
hydrocracking catalysts. The hydrogenation component is generally selected
from the group of hydrogenation catalysts consisting of one or more metals of
Group VIB and Group VI, including the salts, complexes, and solutions
containing such. The hydrogenation catalyst is preferably selected from the
group of metals, salts, and complexes thereof of the group consisting of at
least one of platinum, palladium, rhodium, iridium, and mixtures thereof or the
group consisting of at least one of nickel, molybdenum, cobalt, tungsten,
titanium, chromium, and mixtures thereof. Reference to the catalytically
active metal or metals is intended to encompass such metal or metals in the
elemental state or in some form such as an oxide, sulfide, halide, carboxylate,
and the like.
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I soparaffins to formliquid-range materials which contribute to | ow
viscosity, |ower pour point products. [0067] The feedstock for the process
of the irnwenbicgn44senpri ses a heavy hydrocarbon oil suchPa3/is2¢a95ap$, coker
tower bottons fractions, reduced crude, vacuumtower bottons, deasphalted
vacuum resids, FCC tower bottons, cycle oils, Fischer Tropsch waxy feeds,
wast e polynmers or bionmass (including vegetable oils and ot her
triglycerides). Ols derived fromcoal, shale, or tar sands may al so be
treated in t[0D%1valhe ydregehatidn satklystisgenesemal inyarbefliféctabareo@t@OF (31 60C)

al though the process is also useful with oilg which have initial boiling
ot nts s | BUGEIEE oidichsRaEs Tetioliciing hufrateeding B ced wi ||
boi | above airefRasiy i MOFargR1S G fom Db P35 behelgk! v at | east about 90% of
the feed will boil "between about 7000F (371 0C) and about 12000F (6490C).

These heavy oils conprise high nol ecul ar weight |ong-chain paraffins and
hi gh nol ecul I-ght of compaunds with a.l arge proportiaon of fused ring
conmpounds. [@Wﬁg -ﬁ}?eSM'Zg%%%H%&fnpj%%g Phceonﬁlﬂ%%%nrﬁ'ﬁbﬁgg@ﬂﬂ?li cs and

napht henes aiydrograakihy tiatal ¢8O aNdihyadlenicillcate hErdtbrS¥mble@ 8 Bi ng

catalyst to mddle distillate range products. A substantial fraction of the
paraf fini c cCoOmpRANERN & Bydrogeagking catplystse d3epiEicentadive o ke geolitisnver sion to

parartini ¢ 1ALRTGHeRI, FSABERE nEfylor? it il ds ep e R o erven
i n pour poi Mydmegrablking latalpstd aréideelierY (imekidifestdannstabilicedfe@gn a certain
content of poI%c¥cIic conpounds, The érocess enabl es _heavy.

f ottt ocrs. "ditae Sas2abite X zadiiepetbulls. BooSP. B BEonSs 2eohert 2o |

conver ted tq isdphe N 34dd 5P, FRBAR PEANYEUS. P NG SAREMRY BRRSBOI Nt S
in contrast to prior processes using large pore catal ysts, such as zeolite
Y. LZ-10 (U.K. Patent No. 2,014,970, June 9, 1982), ZSM-5-type zeolites, e.g.,

ZSM-5, ZSM-11, ZSM-12, ZSM-23, ZSM-35, ZSM-38, ZSM-48, crystalline
silicates such as silicalite (U.S. Pat. No. 4,061,724), erionite, mordenite,
offretite, chabazite, FU-1-type zeolite, NU-type zeolites, LZ-210-type zeolite,
and mixtures thereof. Traditional cracking catalysts containing amounts of
Na,O less than about 1% by weight are generally preferred. The relative
amounts of the SM-7 component and traditional hydrocracking component, if
any, will depend, at least in part, on the selected hydrocarbon feedstock and
on the desired product distribution to be obtained therefrom, but in all
instances an effective amount of SM-7 is employed. When a traditional
hydrocracking catalyst (THC) component is employed, the relative weight ratio
of the THC to the SM-7 is generally between about 1:10 and about 500:1,
desirably between about 1:10 and about 200:1, preferably between about 1:2
and about 50:1, and most preferably is between about 1:1 and about 20:1.

[0073] The hydrocracking catalysts are typically employed with an inorganic
oxide matrix component which may be any of the inorganic oxide matrix
components which have been employed heretofore in the formulation of
hydrocracking catalysts including: amorphous catalytic inorganic oxides, e.g.,
catalytically-active silica-aluminas, clays, silicas, aluminas, silica-aluminas,

silica-zirconias, silica-magnesias, alumina-borias, alumina-titanias and the
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[ 0070] The hydrocracki ng catal ysts contain an effective anount of at |east
one hydrogenation catalyst (conponent) of the type commonly enployed in

hydr ocr ackoOregroas4sbyst s. The hydrogenati on conmponent i sPgeusSeeioy148®| ect ed
fromthe group of hydrogenation catal ysts consisting of one or nore netals

of Goup VIB and Group VIII, including the salts, conplexes, and solutions
cont ai ni ng th 7fromthe
group of mﬁfgﬁéanas_'grlﬁ%<2u¥é’§ FP%?corrp ng&@h@e df%e '%SC%EMU %Oﬁ?gfl ng of at

| east one ofmpy &eimixed seablatelyumith theoutatriy compdnerrnarmirtdemmrb(adm théner eof or

the group c sting of  at of ni c nmol ybdenum , cobal t,
Lungot en. t1 G COMPATRb ANE A MBS B 3 TreineB O RES SHEHEE T8 khe

catal yti caI ldondsdriere. metal or netals is intended to enconpass such nmetal or
netals in the elemental state or in sone formsuch as an oxide, sulfide,

hal i de, carboxylate, and the |ike.[0071] The hydrogenation catalyst is
present in ti e_apount provide, the h |on function of the
hvar ocr acki A00%Ak ary< Cad R el AliByesia v ok AR BhentB e 280, by
wei ght. [ 007# addigoPhd iGb@eish eherdnk oW dndiDdé Wzixy eiddrRNdistitaies riadludingnal

hydr ocr acki catal ysts, e.g., any alumnosilicate her et of or e enpl oyed as a

conponent | HRaselfgdyes RPRYPEERINTY FEChRETFeRssy aﬂﬂweg@tabdmll jessistaghs).
| | | ts of
Par oo sckl oS IE BB ES ARG BrdenfRRpRIGRInF ' o ©

ul tra- st abl ey uséd@lnldtlfpoﬁ théeddsired poeir po(rid. Seri%aally,lme te’:‘nﬁ@&nﬂ@%lll béeol ite
ZK- 20 (U S. Pat. Zeolite ZSM S. Pat. 341 5 736)

fauj asite, Lbzzween @QOKf Z%tfeag& REOUDA A K, mfer@bm@e@ﬂfeq@eé ut 268/C5an

zeolites, : geawg ZSM 48
crystalline S|Oiu|t ﬁ{wg ;’ﬁgwrégéusrleﬁ?syﬂ?aﬁlg (U éﬁggté %5& 1§§9Lé
erionite, nn?(m@r;bsig, preférablyi hedweehaibawt 2@0 pBlg-dnd BOPE@ psigoITheallqmw t ype
zeolites, I‘%wurly spac Se 00|ty (LﬁSV) preferably will be from 0.1 to 20, preferably

between about 0.2 and about 10.

[0075] Hydrogen is preferably present in the reaction zone during the
catalytic dewaxing process. The hydrogen to feed ratio is typically between
about 500 and about 30,000 SCF/bbl (standard cubic feet per barrel),
preferably about 1000 to about 20,000 SCF/bbl. Generally, hydrogen will be

separated from the product and recycled to the reaction zone.

[0076] It has been found that the present process provides selective
conversion of waxy n-paraffins to non-waxy paraffins. During processing, the
waxy paraffins undergo mild cracking reactions to yield non-waxy products of
higher molecular weight than compared to products obtained using the prior
art zeolitic catalyst. At the same time, a measure of isomerization takes
place, so that not only is the pour point reduced by reason of the cracking
reactions described above, but the n-paraffins additionally become isomerized
to isoparaffins to form liquid range materials that contribute to a low viscosity,

low pour point product.
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and m xtures thereof. Traditional cracking catalysts containing anounts of
Na2q | ess than about 1% by weight are generally preferred. The relative
anount s oo/ conponent and traditional hydrocrackcmgScapsent , if
any, wll depend, at least in part, on the selected hydrocarbon feedstock
and on the desired product distribution to be obtained therefrom but in

all instanc ' | : ktional
hydr ocr acki ﬁgoﬂ j@egﬁé(#ﬁﬁ; c%ﬁ%éﬁén@lpéeg%n%ﬁ%ég%eﬁ@wgr];e;%défedg\?\(gi ght
rati o of theamgiGgtfoor melaBiely light distikatelftactibes weda higioboiling $6ckeduab @st
500:1 , desirahly bgtween about 1: 1dO aad about ZEOO: 1, @ref eYrﬁbl{ bet ween
about 1:2 an¥AGEKISEEHOICUT ediad YUIPE, AWM OV GEIOHAaBYHE 151 and
about 20: 1 .syh@efRlcriBes (161 ARBREGIN i oIl BtcY] GabXikCalduunpgROyed wi th
an inorganic oxide matrix component which may be any of the 1norgani c oxide
mat ri x conpaients winiycsirdsms wegetakieandyabehisighicefide @ils nfopheils,@ngiul at i on of

hydr ocr acki ng, caf al yst.s ifcl udi ng: ,amrphou at al.ytic inorganic | des,
e ot al yEEnFE SR R ek R MR AR PR ARCTL RrtSBLR BRNRATN

si |'i ca- al umphiiing bhdvecabdutrIMNF amceSlighitéreoikpgin eiuaiy balfted ofsigeifitas,
alum na-titanias and thelike, and m xtures thereof. The traditional

hydr ocr acki riyandities pEwaxngosmonentsy Hewrvarethe BIRGess ¢ pamicularkyrusefilt ri x

conmponent ang ' 0, C - - - ' and
t hen for n'edq’\g\lnﬂi ﬂ%?%@gr{r'ﬁgtrel %oélgken%%_%eﬂfW@ggﬂﬁtll%ﬁfsﬁﬁ%|r@¥dd8€8glk>r§fﬁg, process
to dewax hydieposariesandjetsiuerelbricatingaiistogks, heatingoeilsoams otidnese woul d
I ncl ude waxy mddle distillates, includi ng t hose derived from petrol eum

Fi scher - Tr optigiHlatigR dragkigas WHOSE HoUr PREY SNE MSIPSItY EE 4p ReyRD@BGRXi ng
diti Q. i) , , h
condi tions %91|H%€ﬁ8@2ﬁ5€erdg[lﬁah,éﬁ?iﬁnét%;?a}ﬁ}ﬂfrﬁaﬁﬁg gﬁ%@ﬁ%g@gﬁ%%ﬂg ggpon the

desired pour point. enper at et ween about 2000C
and about 47k@Qe 2808CqHablR), hereesnakypabove 3CHT GO0 Rhdiydrapo@Essddhe

pressure is sttg&iscv%ilcx irt1)c [[ngvee % oc%ts)?/v%chlﬁaees ib%e%rﬁ?/d?oqpeué[ted to lower metals,
nitrogen, oxygen, and sulfur levels and/or hydrocracked, are a convenient
source of stocks of this kind and also of other distillate fractions since they
normally contain significant amounts of waxy n-paraffins. The feedstock of
the present process will normally be a C1o+ feedstock containing paraffins,
olefins, naphthenes, aromatics, and heterocyclic compounds and with a
substantial proportion of higher molecular weight n-paraffins and slightly
branched paraffins which contribute to the waxy nature of the feedstock.
During the processing, the n-paraffins and the slightly branched paraffins
undergo some cracking or hydrocracking to form liquid range materials which
contribute to a low viscosity product. The degree of cracking which occurs is,
however, limited so that the gas yield is reduced, thereby preserving the
economic value of the feedstock.

[0078] Typical feedstocks include light gas oils, heavy gas oils, and reduced

crudes boiling above 350°F.

[0079] While the process herein can be practiced with utility when the feed
contains organic nitrogen (nitrogen-containing impurities), it is preferred that
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3000 psig, preferably between about 200 psig and 3000 psig. The liquid
hourly space velocity (LHSV) preferably will be from0.1 to 20, preferably
bet ween alwoupi0@i48and about 10. [0075] Hydrogen is pref @Cahlsgoognesionht in
the reaction zone during the catal ytic dewaxi ng process. The hydrogen to
feed ratio is typically between about 500 and about 30, 000 SCF/ bbl

(standard cypj ut 20, 000
SCF1 Db . ety Q175 P asg et ofthe (BT DYoo il 2Ehitor HoBRe.  and
recycl ed t o pgreteraklgdesoinanciiwvpdro076] It has been found that the present

process provides sel ective conversion of waxy n-paraffins to non-waxy
paraffins. During processing, the waxy paraffins undergo mld cracking

reactions “{oﬁhgj dVREAU4BYYN BERREHEMBoAImdHE Bethe BreReH! Bfockss 3Rk SNaNis
conpared to products obtained using the prior art zeolitic catalyst. At the

sane tine, @emelayedd admixareewit at least oak égoppadt metal asdor axampls, yné s t he
pour point reduced reason of the cracking reactions described above, but
Phe ntpar af (RS Birimssuha P BudereBienDly S pRBTRARIG, "to form
l'iquid rangecaatecdlig! fctivd abeteRdudhbal mdlybdenuBy vehaarReh tainc, e FREr poi nt
product.[0077] The present process be used to dewax a variety of

ma
f eedst ocks raiRQUMdTReta F%l%ﬁifma'ﬂ@bpuéﬂtm% & i1 0Vird prefetabhng.2ie 2% i gh
boi li ng st Owéigﬁyﬁhhg%%%l%rgfe\’/ge petrol eum reduced crudes, vacuum tower
evol I's, “syn '

resi dua, cyc eti ¢ crudes (e.g., shale oils, tar sand oils,
etc.), gas oils, vacuumgas oils, FT waxy streans, vegetable and ot her
triglyceride qils, foot oils, and ot her heavgreg | s. The feedstock wll

normal Iy be [90§;1b+Thee@a%LﬂR)}«!H' G@t@rlﬁi”iz?@ Hbf_hﬁ %%QEthg’p@_M?n@tﬁim si nce
lighter oil Srp%brh bnEY'dhéré Hené ns&takfinSsEibhbh Itstaqg%?m Eemﬁtéhfef,\rlg‘)%?w as

conponent s. wever, the process Is particularly use
distillate sheskfideuwrtoxide anddhigtudesthdréaft eAstsomlstornan) ndha@rgafs oi | s,

ker osenes, and jet fue Iubric ting. oil s}ocks he?ti.n oi | s and ot her
ca aI&/S|

S, W e% Sréferrlng o the aclive metal or metals, it Is intended to
encompass the existence of such metal in the elementary state or in some
form such as the oxide or sulfide as mentioned above, and regardless of the
state in which the metallic component actually exists, the concentrations are
computed as if they existed in the elemental state.

[0082] The SM-7 silicoaluminophosphate molecular sieve can be composited
with other materials resistant to the temperatures and other conditions
employed in the dewaxing process. Such matrix materials include active and
inactive materials and synthetic or naturally occurring zeolites as well as
inorganic materials such as clays, silica, alumina, and metal oxides.

Examples of zeolites include synthetic and natural faujasites (e.g., X and Y),
erionites, mordenites, and those of the ZSM series, e.g., ZSM-5, etc. The

combination of zeolites can also be composited in a porous inorganic matrix.

[0083] SM-7 can be used in a process to prepare lubricating oils. The
process comprises (a) hydrocracking in a hydrocracking zone a
hydrocarbonaceous feedstock to obtain an effluent comprising a
hydrocracked oil; and (b) catalytically dewaxing in a catalytic dewaxing zone

the hydrocracked oil of step (a) with a catalyst comprising a crystalline

_-25-



distillation fractions whose pour point and viscosity need to be maintained
within certain specification limts. Lubricating oil stocks will generally
boi | abows02800T44845C0F), nore usual ly above 3 150C ( 60@CF)US204pH813PF ocessed
stocks whi ch include stocks which have been hydrotreated to | ower netals,
ni trogen, oxygen, and sulfur |evels and/or hydrocracked, are a convenient

source of StaRlsIPinkBh6oliald MY 8e9 GlouB LR ILIE8 AR Ee i noe

they normally contal n si I cant anoun f waxy n-

f eedst ock ofpalladiuom.esent process will nornmally be a C o+ feedstock
containing paraffins, olefins, naphthenes, aromatics, and heterocyclic
conpounds and with a substantial proportion of higher nolecul ar wei ght

n-paraffins 1g084F! Aktithbyebshph&s d1aniaforbesssihtities aRtdddttl sRd bt waxy
nature of the feedstock. During the processing, the n-paraffins and the

slightly br ®tebbzingseit déwexechbwdrgorankate by astalyig hydroyisliogacki ng to form
liquid range materials which contribute to a | ow viscosity product. The
degree of cracking which occurs is, however, |limted so that the gas yield

i s reduced, bSBEbM)eplﬁ E¥tbdH at86uS R Tram WHitte lubk dikearbaradé askallyl 0078]
Typi cal feedstocks include light gas oils, heavy gas oils, and reduced

crudes boi | iG9§t2iB@rematosPmuoondsiaswel as naenalancberanebedinarafiins Bévery
es bl o ; RET SThel
pract | ced gl bbb bk e 8RO CONAAEN S ERPLS DRNSETB et

content of tfbed$teeks bee Vasaint has ofi§wpthmormz ®opingfrangss in ihesangbaf 10wppm
[0080] When used in s nbodi nents, of the present process, the SM7 is

enpl oyed in %ﬁ%@%&ﬁo@g&f@ﬁd Q??ﬁ%%@ﬁedorﬁ@id@abeﬁs 0aying r?é’t”é‘la_l hailing 68NB&npl e,
catal yii cal 1 EEHE FagTC Ry Ao AR e R e e R e R bl SREIO0, 0 e
amount of ndigaifiedacupdscdkeatistilades, fl@ask brthermall§dracicedoits, atrabsphdric2 t o 5% by

residua, and other heavy oils can also be used. The first step in the

processing scheme is hydrocracking. In commercial operations,

hydrocracking can take place as a single-step process, or as a multi-step

process using initial denitrification or desulfurization steps, all of which are

well known.

[0086] The present process may be used to upgrade a variety of feedstocks
ranging from relatively light distillate fractions such as kerosene and jet fuel up
to high boiling stocks such as whole crude petroleum, reduced crudes,
vacuum tower residua, cycle oils, synthetic crudes (e.g., shale oils, tars and
oil, etc.), gas oils, vacuum gas oils, foots oils, and other heavy oils. Straight
chain n-paraffins either alone or with only slightly branched chain paraffins
having 16 or more carbon atoms are sometimes referred to herein as waxes.
The feedstock will often be a C1o+ feedstock generally boiling above about
350°F since lighter oils will usually be free of significant quantities of waxy
components. However, 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 distillate 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

-26-



wei ght of the nol ecul ar sieve. [0081] The Goup VIII netal utilized in the
process of this invention can nean one or nore of the netals inits

el enent alwetato1e486i n some form such as the sul fide or @XrdS2&005H#9Xt ur es
thereof. As is customary in the art of catalysis, when referring to the
active metal or netals, it is intended to enconpass the existence of such

tal in th I b | fid
e oo SEATEBLIE 410 CIGPE) | MERTTOSBALEN A HepfblEner S 1 de
conponent aclouate pf ﬁm:tszt sf tmsmlndcmmdeait;o af otres distitlatsoirpetiond sisce fhetyhey

existed in the el enental % éOOBZ# {1e SM 7 Sl#i coaIJ ugtj nggh phat e
mol ecul ar si"QEaY 508 "&8@[5‘ Gent 8t WexY Rerateifiaps Thedpedst f) t he
tenper at ur eghanfle LMo &AM aBY P €L+ feebBRRABRAEIRBgRIPSMAS; Such

matrix materials include active and inactive materials and synt hetic or
natural |y ocaefing, m@phﬁnﬂnueseercmatmmd heterma@ompwmésmldwtﬂmah as cl ays,

silica, alumnpa net I. es of eollt s in synt hetic
and nat ural harutef eRoRtof 8t KBt P oat S et s FPESTORNE Those. o
the ZSM serItﬁénct@ecgparaaﬁwﬁhlcatcbntrmﬁewm waky eatee of aed fderfstookn al so be
conposited |n a porous inorganic matrix. [0083] SM7 can be used in a

process to (P& el RIBEESHING nfed-parafiingean Blﬁa@@hé'&irbﬁan@f@ﬂ parpffins

hydr ocr acki r

obtain an eiIiad BN ARERAY & AERRTAON 16 AR RAIGEAREmBRETS BRICA P,
dewaxi ng i n contrddute ¥b bdoWaM@ocswtg prodct ! Waemegreebacmur@ \lvhrcﬁ cocars isp) W th
a catal yst conpri si g% a crﬁstal I nesi L i coal um nophosphate SM7 and a G oup

VI netal, WEvErdinied,eq héﬁdﬁ?df'el%gf PERAUGH h?‘d@@@})"'ﬂﬁ(ﬁ%@ﬁ hel¥ddtent of
this processgyiRekaides @(”lse?'gﬂu d”?ﬁ‘ér ‘?)‘?eé’érﬁ/@gatgia é1c6h8 |(§%ﬂe?§“t‘ﬁé(ed

hydrocrackate by cata yt|c roflnls I'ng ydroca onaceous
f eeds from Vibedstotkibe oils are made usually

[0087] Typical feedstocks include light gas oils, heavy gas oils and reduced
crudes boiling above 350°F. Such feedstocks generally have an initial pour
point above about 0°C, more usually above about 20°C. The resultant
products after the process is completed generally have pour points which fall

below -0°C, more preferably below about -10°C.

[0088] As used herein, the term "waxy feed" includes petroleum waxes. The
feedstock employed in the process of the invention can be a waxy feed which
contains greater than about 50% wax, even greater than about 90% wax.
Highly paraffinic feeds having high pour points, generally above about 0°C,
more usually above about 10°C are also suitable for use in the process of the
invention. Such a feeds can contain greater than about 70% paraffinic

carbon, even greater than about 90% paraffinic carbon.

[0089] Exemplary additional suitable feeds for use in the process of the
invention include waxy distillate stocks such as gas oils, lubricating oil stocks,
synthetic oils such as those by Fischer-Tropsch synthesis, high pour point
polyalphaolefins, foots oils, synthetic waxes such as normal alphaolefin

waxes, slack waxes, de-oiled waxes and microcrystalline waxes. Foots oil is
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contain aromatic conpounds as well as normal and branched paraffins of very
| ong chain I engths. These feeds usually boil in the gas oil range.

Pr ef err eawbeetstiedsks are vacuum gas oils with normal boiPCITAg2000/0§E85i n t he
range of 3500C to 6000C, and deasphal ted residual oils having nornmal
boiling ranges from about 4800C to about 6500C. Reduced topped crude oils,

Snale ol 1= hEBHdd BPgagbund i §14 bRt o EhaRk O i BRITR looe T acked

oils, atnospheric res ot her heavy oils can al so The first
step in the fpotsaEkssi ng schene is hydrocracking. In commerci al operatlons,
hydr ocracki ng can take place as a single-step process, or as a nulti-step
process using initial denitrification or desulfurization steps, all of

whi ch are V"E[bbgb{‘%fefeggﬁﬁ:krﬁ beraeégontfe@ds%&@geﬁaw|§’%omﬁ§%tio%%u@de a
variety of feedstocks ranging fromrelatively Iight distillFate fractions

such as ker GOSE. dihe @recessjef th@pnvmtmrgla usefuliwith waxy distibaierstackasughe crude

petrol eum reduced. crudes m,t o r esi, dua nt hetic
Erudes (o g 58 SRPI iR AT SO MBRORE Bl 4Ry o fslatS raliisne of 1 s,
foots oils, \esseopb\@ pdisEa GistSsitySidatl @ve AlzamtainedpRitshfderairei t her al one
or with onIy slightly branched chain paraffins having 16 or nore carbon

atons are sdRecifigaton émétfsrb@brﬂ@tlﬁércéh sfoeks M)@erawabqﬂbé%\t%%&o\ﬁ Il often

be & O 0% 1 aadiorlnGRNR A L lB0k B9 BAN T bR ofRRE- ol BRRL Lather of |

wi || usuall ee of "SI g conponents. However,

the process dohvpaieht soliel of stsedsudf twstkl’ndvawd a(d;wdsﬁd»thet @istilateKmactiond as
mddle distillate stocks incl udi n%n as oils, kerosenes, and jet fuel S,
|

| ubri cati ng 0¢e KeyEmaly&eniain 'Cé‘HHaW@FS o waxy Péjtaéaff'ﬂéct Néns whose

t f t
o 5 Lubr peay PR BF O uREERARoREs RN S B A P o) -

nor eusual |y pﬁraﬁlesscﬂéﬁﬁs (repddifgned;pdoroptics esd bdtesdowdtis mrrmwm:isramha’a ent

source of st O%s?an%al prop%rti%nngfhlggeﬂn% ecularOVBQSEt rqusatréliflns and aﬁﬁl ons since

h
e branched paraffins which contribute to the waxy nature of the feedstock.
During processing, the n-paraffins and the slightly branched paraffins undergo
some cracking or hydrocracking to form liquid range materials which
contribute to a low viscosity product. The degree of cracking which occurs is,
however, limited so that the yield of low boiling products is reduced, thereby

preserving the economic value of the feedstock.

[0091] Slack wax can be obtained from either a hydrocracked lube oil or a
solvent refined lube oil. Hydrocracking is preferred because that process can
also reduce the nitrogen content to low values. With slack wax derived from
solvent refined oils, deoiling can be used to reduce the nitrogen content.
Optionally, hydrotreating of the slack wax can be carried out to lower the
nitrogen content thereof. Slack waxes possess a very high viscosity index,
normally in the range of from 140 to 200, depending on the oil content 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 about 180.
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normal Iy contain significant amounts of waxy n-paraffins. The feedstock of
the present process will normally be a G o+ feedstock containing paraffins,
ol ef i ns, weaphtdamss, aromati c and het erocycl i c conpound®CaAS2009051495
substantial proportion of higher nolecular weight n-paraffins and slightly
branched paraffins which contribute to the waxy nature of the feedstock.

During the oB8SF3:dls 456 slnded! Lasmifd drieesd LM BBATRELPRIAT 11 NS

undergo so Ki ng or rocracking to formliquid  range ma whi ch
contribute tdeveaxeavoilsi wergirt gewaxridgdo anTihtercegdiate poir poatkasgeehi ch occur s

is, however, limted so that t el d, of products having boiling points
bel ow 1 hat | S OFbat GsBRess el Eiinal RBIeY ReralaiorPAgTRIR cconor ¢

val ue of th_ebd‘n%ﬁﬁér%l‘cetah{)tﬁ@aéwaﬁHg%cés%%ésatrﬂcéavéme%(mg Bicegass Oi | s,
heavy gas oils and reduced crudes boiling above 35Q0F. Such Teedstocks
gener al | y hdwenaplannsuitaiile polvenpdéewaxing prvecedseatarese! fariy is WSudatyNabove
about 2Q00C. Tﬁ&l’zﬁzultant products after the process is conpleted generally
have pour poAl’ ““Wwhich fall below -QC, nore preferably bel ow about - 10Q0C.

[ 0088] As used herein, the term"waxy feed" includes petrol eum waxes. The
f eedst ock enploged in the process of the invention can be a waxy feed which

cont ai ns gr 48088] t hepicallyoQydrognacking rregess gerditiens ingiifealemnerabsesik .
Hi ghl f.f L ni i i o Ql t Q0C,
more vsual 1ynanafac GEESRNRAGR B RRUGE M Sure iR Hidtdngeli B EARY.

the inventi do.3080qsig dreade, @adydtogéaratyglecate of 40aio ab@00 SOPubirafd i ni c
carbon, even greater than about 90% paraffinic carbon. [0089] Exenplary
addi ti onal SuFESY @/WeR® b0 ele in the process of the invention include

waxy distillate stocks such as gas oils, lubricating oil stocks, synthetic
oils such as those by Fischer-Tropsch synthesis, high pour point
[0094] Hydrogenation-dehydrogenation components of the hydrocracking

catalyst usually comprise metals selected from Group VIIl and Group VIB of
the Periodic Table, and compounds including them. Preferred Group VI
components include cobalt, nickel, platinum, and palladium, particularly the
oxides and sulfides of cobalt and nickel. Preferred Group VIB components
are the oxides and sulfides of molybdenum and tungsten. Thus, examples of
hydrocracking catalysts which are preferred for use in the hydrocracking step
are the combinations nickel-tungsten-silica-alumina and nickel-molybdenum-

silica-alumina.

[0095] A particularly preferred hydrocracking catalyst for use in the present
process is nickel sulfide/tungsten sulfide on a silica-alumina base which
contains discrete metal phosphate particles (described in U.S. Pat. No.
3,493,517, incorporated herein by reference).

[0096] The nitrogen content of the hydrocrackate is as low as is consistent
with economical refinery operations, but is preferably less than 50 ppm (w/w),
and more preferably less than about 10 ppm (w/w), and most preferably less
than about 1 ppm (w/w).
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pol yal phaol efins, foots oils, synthetic waxes such as normal al phaol efin
waxes, slack waxes, de-oiled waxes and m crocrystalline waxes. Foots oi

i sprepar eslokzy1apsoat i ng oil fromthe wax. The isol at edPoirlusSe@9ef4esred to
as foots oil. [0090] The feedstock may be a C20+ feedstock generally
boi l i ng above about 600 OF. The process of the invention is useful with

ey di ot || BOSTP LARKRYHERATI80 3idids he/enfRahPBebdisSFagky, heat [ ng

oils and ot ate frac ose nt and vi scdsi’ty need to
be mai nt ai nddwerinditime néndgenrcomﬁmrm ﬂdcmhahmalllyumr‘ease:kﬂt& effiateincy aodleasteock s

11| general bo 23CDC 45Q0F. nor e us. 50C (600
OF)  Fyar oprtas Sapn G Siew. camincs 1S LEaPSl prbe UBRS ot s ki na
and al so of Q¢laEediagithé laAbRalic 86K P@Dﬁd§b%rﬁhﬂhé‘@bﬂ%éde&&ﬂﬁtﬁbn
significant anmounts of waxy n-paraffins. The feedstock of the present

process nay [sdycyclz arorhaticss taoe kpeoed andinygreganaitéd.nkn thel yfdreerackiaght henes,

aromati cs an het erocycl ic, co s and.a substanti al rtion qQf higher
ol ooul o wctgmneeaskE of B BAIPRY IS R oBURSR IR e B FREIA, P8, et
contribute tigdtiaa BEAKG aedve 2307C éﬂi@n‘fcﬁ@%‘ié@ﬁéﬂoly BBbieg1BfOCcessi ng, the
n-paraffins and the slightly branched paraffins undergo sone cracking or

hydrocracking to formliquid range materials which contribute to a | ow

Vi seost Y, PrBet T ISR RR AR ST RREADG NEA SRS R Il |

so that the ereby preserving

t he econom aemmveehose bi’tﬁddo@tﬂelllnglbeldv@QSOCJC Sirmbdnovapr@faradb)ebelbt/\al ned from
ei ther a hydrogracked |ube oil or a solvent refined | ube oil. Hydrocracking

is preferr ed31l§e@a¥9§’éelgl%‘@ ¥ Bekslebe o bailng ranggsiraanes- npﬁpﬁg@ﬁgd@ﬁﬁent to
| ow val ues. ﬁ%tgge ttﬁﬁlﬂulﬁ@)éll%rsiréﬁdf& %95?718% :yantrﬁlfeb P8 Qe lyqﬁl% b} 19 can

be used to r nifrogen content ly, yd’rotrea ing o
sl ack wax cédhebawdedro@dckate may be\demnledmtmIlghug*eedluantoemmat/herleof SI ack

naxes possesfs ac(’f"over )Arrrllcljrgghthvel I%\(/:v%? Ibto}flng proéucts removed are light nitrogen
containing compounds such as NHs. This yields a lube oil stream with a
reduced nitrogen level, so that the SM-7 crystalline silicoaluminophosphate
molecular sieve in the dewaxing catalyst achieves maximum activity in the
dewaxing step. Lubricating oils of different boiling ranges can be prepared by
the process of this invention. These would include light neutral, medium
neutral, heavy natural, and bright stock, where the neutral oils are prepared

from distillate fractions and bright stock from residual fractions.

[0099] The great efficiency of the present invention comes in part from the
combination of hydrocracking to produce a very low nitrogen, high viscosity
index stock which is then extremely efficiently dewaxed to achieve a very low
pour point and improved viscosity and viscosity index. It can be appreciated
that the higher the activity of the dewaxing catalyst, the lower the reactor
temperature necessary to achieve a particular degree of dewaxing. A
significant benefit is, therefore, the greater energy savings from using the
enhanced efficiency catalyst and usually longer cycle life. Additionally, since
the SM-7 crystalline silicoaluminophosphate dewaxing catalyst is shape-
selective, it reacts preferentially with the waxy components of the feedstock

responsible for high pour points, i.e., the normal paraffins as well as the
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normally in the range of from 140 to 200, depending on the oil content and
the starting material fromwhich the wax has been prepared. Slack waxes are
t her ef or eworboeny48y suitabl e for the preparation of | ubPCTAtSRINYG/08i4PS havi ng
very high viscosity indices, i.e., fromabout 120 to about 180.[0092] Feeds
al so suitable for use in the process of the invention are partially dewaxed

oi | s wher e ﬁ]gﬁlrfﬁrérﬂzhbﬁ r‘nWs%{n'”d”‘ié]llqﬂts‘?rb%ﬁﬁ'ftecﬁ’ey3 %nr#%%ﬂ.cﬁ% {H?—% out by

a process o an t hat alned herein or ex conventi on
catal ytic déhasoﬁgmpdGnesxnsﬁamdeswbuent dewaxi ng processes. Exenpl ary
sui t abl e sol vent dewaxi ng processes are set forth in U S. Pat. No.
4,547,287. [0093] Typically, hydrocracking process conditions include

termeratureqouoofzhﬁrhéﬁ%edqﬁ RbBHEseABLRIcesS, R AOfiESaluRifsHsBRate | he

range of about 51to0 psig, or nore, a hydrogen recycle rate of 400 to
15, 000 SCF/ belprefamblﬁempkaxeo( mladrhw()uref\mtm at leastzme piobe4joble metals

Hydrogenatlo dehydr ggenati on, corponen of .t dr crack cat al yst
e Oy e o R RN R S BRRRT el e EOREIDE P 858 Bt
Peri odi ¢ Tahhelybassu@oRRRENSanaditht @obelt! tagsteR! ancr erd dAdomixtiies!
conmponent s i ncI ude _cobalt, nickel, platinum and pal | adi um particularly

t he oxi des dReresii ﬂhew@rntﬁmtﬁi eangesifaceabopt @104 % &10¥cand vi B
conmponent s aFLrg trgla (Elceg%ag gi%yir{toqefse oré'alré{PQS\?é‘m and tungsten. Thus,

exanpl es of gt oy |ng ca are préférred for use in the
hydrocracking step are t he conbi nations ni ckel -tungsten-silica-alum na and

ni ckel - mol ybdenunsi i ca- al um na. [00 95% ﬁal’tl cul arl g rﬁ)ref erred
hydr ocr acki g184k al Resmefa) utifzed irhth@h%roﬁ TenNisinyesden fan Aigarepne or

et al phospraps e PR B SbisrfartietE i 383 #ihpcas gprpmiecrete
i ncor por at edoriida andynikiefes thecedf. As is customary in the art of catalysis, when
referring to the active metal or metals it is intended to encompass the
existence of such metal in the elementary state or in some form such as the
oxide or sulfide as mentioned above, and regardless of the state in which the
metallic component actually exists the concentrations are computed as if they

existed in the elemental state.

[0102] The dewaxing step may be carried out in the same reactor as the
hydrocracking step but is preferably carried out in a separate reactor. 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 250°C and
about 450°C. The pressure is typically between about 15 psig and about
3000 psig, preferably between about 200 psig and 3000 psig. The liquid
hourly, space velocity (LHSV) will generally be from 0.1 to 20, and preferably
between about 0.2 and about 10.

[0103] Hydrogen is preferably present in the reaction zone during the
catalytic dewaxing process. The hydrogen to feed ratio is typically between
about 500 and about 30,000 SCF/bbl (standard cubic feet per barrel),
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[ 0096] The nitrogen content of the hydrocrackate is as |ow as is consistent
with econom cal refinery operations, but is preferably |less than 50 ppm
(ww), armworzoroeipssef erably | ess than about 10 ppm (W w) PCRAS2000051495
preferably | ess than about 1 ppm (ww).[0097] The hydrocracking step yields
two significant benefits. First, by lowering the nitrogen content, it

dramati cal | ?rbﬁéﬁg%%”E heyf tbﬁd@?gp)méﬁ%| 0bén%?a|§gbgga6§'§%t@@‘%<i)gt -

step. Second, iscosity in I's greatly 1ncr

conpounds preepandtedrirdnhéhd pedtiuceape ceatdsd tchthepebygiiyrckome.ar onat i cs, are
opened and hydrogenated. In the hydrocracking step, increases of at |east
10 VI units wll occur in the lube oil fraction, i.e., that fraction

boi i ng abovig1g4{Cfn8M-TRrstalifé ?Fi@@blﬁnﬂﬁ%%%d&%&]sig\?@can be

hydrocrackate is preferably distilled by conventional neans to renove those
product s boidangpsitedomvitegtbeCmatadalsvesisianéte theblepnperbbes 8600ther yi el d one

or nore |ube_oil. baili ran st reamnms. Dependi upon.the particul ar | ube
of | "desi r ed. corghiofs crppByed TP hsrocialBo arfdess” ity R GI4T RS ket
hydr ocr ackatativeyaneenditsle inbestidldand ki athietic BB daturallpbchigamy zeblitebraact i ons.
Anong the | ower boiling products renoved are |ight nitrogen containing

conpounds skl as ingr@anitatedials| wehay ¢lpes. silicas alusainawarg meta

nitrogen |l e Lhe r ' I L AT t

ol courar siteviniige f2eqhieg e SIALR; ahdRallral RARAELTORIREREDR, | 1e
dewaxi ng st egrionitaby moedenig@spahg ttadsedofftheZ8SNI skeeies) ég., 1285 etanThe prepared
by the process of this_invention. These would include |ight neutral, nedium
neutral, hedfAMRAEIEHPT ZeRleDHFaYAISORGHERTPRRAIERE Nt BOFBIS INATIaRIG Dakixe
prepared fromdistillate fractions and bright stock fromresidual

fractions. [0099] The great efficiency of the present invention cones in
part from t H6108htt isadfierndediratjel toogse olildritydraggratidndsometisres retesred tar ogen,

hi gh vi scosity, | Ddex Shaft Midie Mol S B TSR il o ent!y devaxed to
[0106] The hydrofinishing step can be performed either before or after the
dewaxing step, and preferably after. Hydrofinishing is typically conducted at
temperatures ranging from about 190°C to about 340°C at pressures from
about 400 psig to about 3000 psig at space velocities (LHSV) between about
0.1 and 20 and hydrogen recycle rates of 400 to about 1500 SCF/bbl. The
hydrogenation catalyst employed must be active enough not only to
hydrogenate the olefins, diolefins, and color bodies within the lube oil
fractions, but also to reduce the aromatic content. The hydrofinishing step is
beneficial in preparing an acceptably stable lubricating oil since lubricant oils
prepared from hydrocracked stocks tend to be unstable to air and light and

tend to form sludges spontaneously and quickly.

[0107] Suitable hydrogenation catalysts include conventional metallic
hydrogenation catalysts, particularly the Group VIII metals such as cobalt,
nickel, palladium, and platinum. The metal is typically associated with carriers
such as bauxite, alumina, silica gel, silica-alumina composites, and crystalline
aluminosilicate zeolites. Palladium is a particularly preferred hydrogenation

metal. If desired, non-noble Group VIl metals can be used with molybdates.
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pour point and inproved viscosity and viscosity index. It can be

appreci ated that the higher the activity of the dewaxing catal yst, the

| ower t hewpeawxw@u4sbenper at ure necessary to achi eve a paPCIraiskew/os:g9s ee of
dewaxi ng. A significant benefit is, therefore, the greater energy savings
fromusing the enhanced efficiency catal yst and usually |longer cycle life.

Addi ti onal | o) BEBeb B sSfibs Uk HalddIeshithiie aatdlpliaopb ARk e waxi ng
catal yst is sﬁapeseFectwe, it reacts préferentially with the Wwaxy
conponent s ahstihee finddlSt Pak Mes [B3H852,80€; 4,457 1% 35804, 1 5diamtds4 6V 387, t he

nor mal paraff i as, well as thes|ightly branched paraffins and
ke stbss AUy roebiperis (RO EHERTEE « he <o call od
m crocrystal line wax. [0100] Wen used in the present process, the SM7

sili coal um nophosphate is preferably enployed in adm xture with at |east
one of the r10B08] neaainsprovad presgssmilthiadiventioand! mow e diusiratsdhey

catalytically active netals ch as | yhdenum . ni.ckel ranadi .cobal t,
St on i dhehiey W] Alendttf helCarRued s Wiking 15 FivepBR a0 ek ufidas {1 o
about 0.01 % tigis EpYciiogtion RicRicad 1helattadnedXaibys. wei ght of the nol ecul ar
sieve. [0101] The metal utilized in the process of this invention can nean

one or nore of the netals inits elenental state or in sone form such as

the sul fide or oxide and m xtures thg;@\(ﬂ}iplg is customary in the art of

catalysis, when referring to the act or netals it is intended to
enconpass the existence of such netal in the elenentary state or in sone
formsuch as_the oxjde or sulfide as nentioned above, and regardl ess of the
state in whi t Me onent actually exists the concentrations

[
are comput eqoggo] f5dNaYariXiof pa% HIPOD Gt PIERAIAN S4idlrfiesd Q402lediRE ienaxi ng
step may be carrled out 1 n the sairte reactor as the hydrocracking step but

i s preferablan iceratied Touhisiwera adjear 24 grazas bdice Witltenmbdh@l BOBgramsati ng

conditions aarlgmgneuprr? ri]sdoeprr](t)pci)xrlldé ?AI%C%%?)ULSISS %21 tgr}gmfseoe%cllce were then added
slowly with mixing using a Polytron. Then 98 grams of di-n-propylamine were
added slowly with mixing, followed by another 571 grams of aluminum
isopropoxide and 250 grams of ice. Next, an additional 98 grams of di-n-
propylamine were slowly added with continued mixing. Then 64 grams of
fumed silica (CABOSIL M-5) were added with mixing. The mixture had a pH
of 9.2 and the following composition, expressed in molar ratios of oxides:

0.90 di-n-propylamine: 0.45 SiO,: AlOs: 0.98 P20s: 36 H20

[0110] The mixture was placed in a stainless steel liner in a 1-gallon stirred
autoclave and heated for two days at 190°C and autogenous pressure. The
product was filtered, washed with water, dried overnight in a vacuum oven at
120°C, and calcined in air for 8 hours at 593°C. Total weight (volatiles free) of
calcined sieve recovered was 426 grams.

[0111] The calcined product was analyzed by x-ray diffraction. The product
was found to be SAPO-11 type (AEL).
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used and upon the desired pour point. Generally, the tenperature wll be
bet ween about 2000C and about 4750C, preferably between about 2500C and
about 4508C.20fa4486essure is typically between about 15Pp3itug2emdsabdbut 3000
psig, preferably between about 200 psig and 3000 psig. The liquid hourly,
space velocity (LHSV) wll generally be fromO0.1 to 20, and preferably
bet ween abo ; rrf'é‘?&ﬂlﬁ ol be p ent in
the reacti oﬁb;g%]g 1jl‘}:"rjl ng t aerjsg%l\{éa %’?%p?g\;@%g’ltﬁ%gﬁé pgtkyerpéﬁyéﬁ(a)gen to
feed ratio icalcipggd aatdrgingetold8iPaboub,930(B48&nd about 30, 000 SCF/ bbl
(standard cubic feet per barrel), preferably about 1,000 to about 20,000
SCF/ bbl . Generally, hydrogen will be separated fromthe product and
recycled to ghgnpigacti on zone. [0104] The SM 7 crystalline

si | i coal um nophosphat e nol ecul ar sieve can be conposited w th ot her

mat eri al s r d0133hnkhe sievasynibepisreiithe @bose @xetipie wasndpeateds beinthisoliee i n
t he dewaxin rocess., Suc tr.ix materials dncl ude tive and inactive
mter s a Aninat ne g o fedlradiS o of foetBr il berds

i nor gani ¢ medcRiedapriordd the agditibaYs silish! i/&Ain the Wone exanpléTahelpréid ey
Exanpl es of zeolites include synthetic and nat ural fauAaS| tes (e.g., X and
Y), ehoni t ess-rayoiitfeastios anaksis wasdeurst ta be SASIPJdrtyee (AELY. , ZSM 5, etc.
The conbi nation of zeolites can al so be conposited in a porous inorganic
matrix. [0105] It is often desirable to use m|d hydrogenation (sonetines
referred to [0314) dr imol edulargieveowns dapeynabed withald evtbaPt bg abhng oi | s.

[ 0106] The hydrofinishing step can be perforned either before or after the
dewaxi ng st éifUeQH8 IHPEIEIAIONACEPIERY tq—!@ oF i\ PrgpY- 349 ygiedand conduct ed

at tenperat ieh Bo L9C0C to about 34Q0C at pressures from
about 400 pg{aga?%@g cl)ut %ﬁ%}%m g g#'space vel ocities (LHSV) between about
0.1 and 20 and hydrogen recycle rates of 400 to about 1500 SCF/bbl. The

hydr ogenat i 080%%5%@(/?5)(%*%?&83&?\‘1 nmust be active enough not only to

[0115] The catalyst of Comparative Example 1A was tested in a high-

pressure pilot plant for isomerization of a hydrotreated Fischer-Tropsch wax
(Table ).

Table |

Inspections of Hydrotreated FT Wax

Gravity, API 41.2

Sim. Dist., LV%, F

ST/5 445/567
10/30 621/710
50 787
70/90 868/970
95/EP 1009/1095

[0116] Run conditions were 0.85 LHSV, 300 psig total pressure, and
5 MSCF/bbl once-through hydrogen. The liquid product went directly to a
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hydr ogenate the ol efins, diolefins, and color bodies within the | ube oil
fractions, but also to reduce the aromatic content. The hydrofini shing step
i s benef iwpDabiv/a44s6epari ng an acceptably stabl e | ubri caPCmgiSedd/0si4nte

| ubricant oils prepared from hydrocracked stocks tend to be unstable to air
and light and tend to form sl udges spontaneously and quickly. [0107]

Sui tabl e hy b i C I df{?ﬁealr L CAi
hydr ogenat i gé;%ﬂca al F}l?ﬁgﬁﬁ%&?ﬁﬁ?@%d&%ﬁ?ﬂ?ﬁz %@éﬁ%ﬂtﬁ}ﬂﬁé% al sgés%gwsgesd cobal t,
ni ckel , pal ltagjivera pand ppindin thend50Pke steppdr battaypot#A3°¢. associ ated with
carriers such as bauxite, alumna, silica gel, silica-alumna conposites,
and crystalline alum nosilicate zeolites. Palladiumis a particularly
preferred hygkpggeation netal. If desired, non-noble Goup VIII netals can
be used with nol'ybdat es. Metal oxides or sulfides can be used. Suitable

cat al ysts ar[@1#€é} afhe=chqtatyst of hxamptee] was tested with theNogdroBesisg, egher-

4,157, 294, 904,.1 53; 4, 673. 487, all .of which-.are incorporated herein
oy ref ot enceOPBSbHP AT o 8104 s BetoiBens B IV CRYTRA P BRFAORG be
illustrated Qv BEyui@heshowy Bis @ét@lyepgab@ebeswpwgtt@ Wedsudstdritily inftgret he
invention as described in this specitication including the attached cl ai ns.

EXAMPLES Corasdivatham texeaiplyst exCpumastiveoRxamples1 AllaBerdHSMs Wweke @l aced

in a stainl iy i th. To this were added 240 grans of
ice with mgﬁg‘?{&ﬂ% (;g@;m'ee; 5%¢d15qqﬁ‘?r¢r%@r5g?30pr opoxi de (Al [OC3H7]3) plus 841

granms of ice were then added slowly with m xing using a Polytron. Then 98
grans of di- | am ne were _added slowly with m xj n%,tefollowed by

n- prop , >
anot her 571 1385 Ue WelhptRin S atiopt:Vas AR0msterdpaltis BOdUEL. Next, an
addi ti onal B | A ! I dded with conti nued
m Xi ng. The?fﬁggégr arrilqs)rq gﬂé ?él}%l’?éf ??%:@Bl(él\cﬁé%st%m%%?mre added wi th m xi ng.
The m xture had a pH

[0119] Atthe same time, the viscosity index of the 650°F+ oil was the same

as with the 650°F+ oil made with the catalyst of Comparative Example 1A

(see Figure 3).

Example 3
[0120] A sample of the sieve of Example 1 was again impregnated with

0.4 wt% Pt, but this time using an aqueous solution of platinum

tetraaminedinitrate. It was then dried and calcined as in Example 1.

Example 4
[0121] The catalyst of Example 3 was tested with the hydrotreated Fischer-

Tropsch wax of Table | at the same conditions as in Comparative Example
2A. Figure 4 shows this catalyst of Example 3 (labeled “SM-7, Aq”) to be
substantially less active than the catalyst of Example 1 (labeled SM-7"), and
less active than the catalyst of Comparative Example 1A (labeled “SM-3”).

[0122] The yield of 650°F+ bottoms was also much less for the product
prepared with the catalyst of Example 3 (see Figure 5).
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of 9.2 and the follow ng conposition, expressed in nolar ratios of oxides:
0.90 di-n-propylamne: 0.45 Si2: Al 203: 0.98 P2C6: 36 H2O [01 10] The

m xture WO 2plozaeddei n a stainless steel liner in a 1-galPCoOrUsge00i0s=ds

aut ocl ave and heated for two days at 1900C and aut ogenous pressure. The
product was filtered, washed wth water, dried overnight in a vacuum oven
at 1200C, a Gy WRF-TR Eh&qo : T ' : | atil es
free) of calrtgﬂgg Lﬁggbébel ()I\F}Celé)géfﬁ}as 4 gﬁ‘%‘%‘ﬁég’g%ﬁt @%féam%bga IE:hHrﬁ]gd
product was GotEFyzaldnbge xvithahe diatdlystadfi@ompaditadive fodogile Wds(ske Uriglurieds )be
SAPO- 11 type (AEL).[01 12] The nol ecul ar sieve was inpregnated with 0.4
wt% Pt, dried, and cal cined according to US Patent 5, 939, 349. Exanple 1 [01

13] The sievsgmpkehesi s of the above exanple was repeated, but this time 85
grans of hexadecylam ne dissolved in 300 grans of 1-pentanol were added

prior to thd0aad] tTrencaiplyst bf Example 1 waskanalyregsfoeatkptampesitopbydnct by

- di f f i | ysi f be SAPQ 1 1 AEL).. [Q1 14] Th
hol ooutar - saou el Boded phne AP BhiGusitag By SHEHRE shilpohuioh sy *4 The
i npr egnat i ommphdtbeuac&r@nkép‘éctrsgécg(y;p@@ QathcR4ehalyhis esb taagft palSi ned as

in the above exanple. Conparative. npl e 2A [01 15] The catal yst of
Conpar at i ve fatarpNe. 4.8 4, berein ingpraonatemhpy éeferenrcepi Bk aoais f or

i somehzatio r ot ' - T X : I
et one e 2y it B Ao 8890, S5 el e blio WY 820
Si/P atom ratio was 0.25, and Si/Al atom ratio was 0.23. ESCA showed P/Al
atom ratio of 0.77, Si/P atom ratio of 1.01, and Si/Al atom ratio of 0.78.

DISCUSSION OF RESULTS OF COMPARATIVE STUDIES OF
2°5i MAS NMR FOR SM-3 and SM-7 SAPO'’s

[0125] SM-7 molecular sieve was compared to the composition of a well
known prior art molecular sieve referred to as SM-3. Both catalysts showed
similar X-ray diffraction patterns and had similar chemical compositions;
however they differed in pore size distribution and Si distribution. SM-7
shows superior activity as compared to the well known SM-3 or prior art.

[0126] Standard pore size distribution analysis was performed using nitrogen
(adsorption) on the SM-7 silicoaluminophosphate sieve, a SM-3
silicoaluminophosphate (Synthesis A), and a repeat SM-3
silicoaluminophosphate preparation (Synthesis B), where both Synthesis A
and Synthesis B were similar to the synthesis in Comparative Example 1A.
The results shown in Table 5 reveal that the SM-7 sieve had a significantly
greater geometric mesopore surface area, and a significantly smaller mean
mesopore diameter, compared to the Synthesis A SM-3 and Synthesis

B SM-3 sieve.
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ST/5 445/567 10/30 621/71 0 50 787 70/ 90 868/970 95/ EP 1009/1 095 [01 16]

Run conditi

once-t hr onglzotwydu4sgen.

ons were 0.85 LHSV, 300 psig total pressure,

and 5 MSCF/ bbl
The |iquid product went directl|yPCo/sgemiopEes which

cut that product at 650 F. Reactor tenperature was adjusted to give a pour

poi nt

in the 650T+ stripper bottons of

-28C. Exanmple 2 [01 17] The catal yst

of Exanple 1 was tested with the hydrotfgated Fischer- Tropsch wax of Table

| at the sane conditions as in ConpardtTve Exanp

|l e 2A. Figure 1 shows

this

catal yst (labeled "SM7") to be substantially nore active than the catal yst

of Conpar at

tvae Fvaml a 1A (| ahal ad "Gl 2" diua to loywar ranna nf
T V AY T o ="V Y AT A\AY ] ATV O AZAY% P > LY LE"A A A3 T IT
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\=4 T

t enper at ur ¢
product pre
the same ti
t he 650F+

Sample 18] The | W8N P 5PPUBOF+ | B5PTEHE was al 56°YPELEer for
pared with the |cliandterst of Examnpisepdre Gadacel
ne, the viscosiltynhdshdag) of the 650F+ oil was

Ll _made with the catalvst of Commarative Exa

Joneeodre diathetet 9
the sane as w
Ml e 1A (see Fi

ting
t he
| At
th

gur e

3). Exanpl €

SMED120] A safdi78-4% adde sie 51&4. BSnpl e 1

O
A~/

B 4aand - n

| mpregnat e
plati numt¢g
1. Exanple
hydr ot r eat g
Conpar at i ve

. .t |I Y A // F)‘. L 4 b
e T

4repl21] The catal yst of Exanple 3 was teste
l r- Tronsch wax of Tablle | at th

$Mzhpyathesis B 217.51 ang. 49.89 m“/g
Prep.

0 with the
103.91 ang.

st WW“WW
's then 8f|ed /gnd cal ¢i ne‘8 as¥'n Exampl e

in

[0127] US Patent No. 6,303,534 teaches using ?°Si MAS NMR as a method
in distinguishing the composition of SAPO molecular sieves when the
chemical composition analysis and X-Ray Diffraction analysis are similar.
This analysis method is routinely used to determine the distribution of silicon
in SAPO molecular sieves. As shown in Figure 9, aluminophosphates or
AIPO4 molecular sieves have a framework of AlO4 and PO, tetrahedra linked
by oxygen atoms (not shown). These materials are neutral and do not have
any acidity. By replacing some of the PO, tetrahedra by SiO4, acidity can be
introduced to these materials, which are called silicoaluminophosphates or
SAPOs. The overall acidity of SAPOs depends not only upon the Si content
in the sample but also distribution of the Si in the sample. The Si may be
surrounded by four Al atoms when the dispersion is very high or it may be
surrounded by four Si atoms when the dispersion is poor forming large Si
islands. Table 2 shows the characteristic chemical shift range of the five
different local silicon environments. Si atoms may also be surrounded by one,
two, or three Al atoms which induce acidity and are important for influencing
the catalytic activity in SAPO materials.

[0128] The °Si MAS NMR studies of the SAPO samples were carried out
with proton decoupling and were recorded on a Bruker Avance 500
Spectrometer made by Bruker BioSpin Corporation located in Billerica, MA.

The spectrometer was equipped with a 4 mm MAS probe with resonance
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2A. Figure 4 shows this catalyst of Exanple 3 (labeled "SM7, Ag") to be
substantially |less active than the catal yst of Exanple 1 (labeled SM7"),
and | ess wWotowe1t4san t he catal yst of Conparative Exanpl @CTAISEéal0e140%
"SM3"). [0122] The yield of 650F+ bottons was al so much less for the
product prepared with the catal yst of Exanple 3 (see Figure 5).[0123] The

[ i t 2 t M + i |
e wi th  nughley of SO b Yl S AR, (Rl B8 ruehtel cfakpls " Py
[0124] The omeret yX1000b GB0npqpiditionss 4atod preerosécondplikse cadino &0tto di20by an
s et SRR e Bl oS Tl o bl ot A AT | 1l
Pat ent No. %Qés%réa‘}elah%% Ebtraﬂﬁ@t'hppél CtT‘R)}’SSY ef el ééétﬁwoﬁmdﬁsadﬁl'\éfs' S
showed 20.2 wt% P % A and’4.53 wt % P/Al atomratio was 0.92,

Si/P atomr aNIVIR swtr(a \aere eardegiouhusmgghliM& saftware \@raen SESararkeieaday P/ Al
atomratio

DI SCUSSI ON OF° '%E%Lﬁé‘le/cgp%%gﬂéﬁr‘?%@O@?&B?‘ég‘tﬁéggﬁi&ﬁl%‘atﬁw oM ; gm?js.

SM 7 SAPO s T4bl@ 2]shoMs/therdreeadtafistid Evemidassititrangeof the differere@’piesht i on of
a well known prior art nolecular sieve referred to as SM3. Both catal ysts

showed si ni |&VIRDMANtIT ppradtaree PuStsangdardnd had similar cheni cal
conpositions; however they differed in pore size distribution and Si
distribution. SM7 shows superior activity as conpared to the well known
SM 3 or priqo129} . Résﬁﬂ’r%ﬁ’}orﬁttla@agcﬁlwlmsw\/lﬁilmlyblgbf SMsBiamal SMIaTgﬁave was
performed using nitrogen &adsorptl % on the SM 7 silicoal un [plhosphate
sieve, a SMEeRat 'eaaélﬁrﬁ BWAJR pratre W%e@%hﬁﬂur%ﬁﬁo‘é(sﬁepﬁ

silicoal um ng@gﬁ%ﬁr% P L i U@%%;&g la pé}cl)%aege both Synthesis A

and Synt hesi's re sim ar to e synt rative Exanple 1A

[0130] In Figure 8 the Synthesis B sample of the SM-3 sieve is shown with
its °Si MAS NMR spectra and simulated spectra. The Si is distributed in four
of the Si environments, the Si(4Al), Si(3Al,1Si), the Si(2Al,2Si), and the
Si(1A1,3Si). The deconvolution ?°Si MAS NMR data associated with Figure 8
(see Table 3) confirms this Si distribution and indicates very high dispersion of
the Si without forming the Si islands.

Table 3
Distribution of Si in SAPO 11 determined as pictured in Figure 7 (first four
rows) and that determined from the simulation of Si MAS NMR spectrum of
SM-3 (Figure 8) and SM-7 (Figure 9).

Distribution of Si 29Si MAS NMR (%) %Si Dispersed Si Island Ratio
4AI0Si | 3AI1Si| 2AI2Si | 1AI3Si | 0AI4Si %3Al1Si | %0AI4Si | Si(3Al1Si) / Si(4Si)
High Dispersion 100 0 0 0 0 100
Small Islands 0 60 8 20 12 0 60 12 5.0
Medium Islands 0 40 2 28 30 0 40 30 1.3
Large Islands 0 22 0 11 67 0 22 67 0.3
SM-3 36.5 19.5 22.5 21.5 0 36.5 19.5 0.0
SM-7 13.8 22.9 214 25.8 16.1 13.8 27 18.5 1.5
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The results shown in Table 5 reveal that the SM7 sieve had a significantly
greater geonetric nesopore surface area, and a significantly smaller nean
mesopor e WpanEe486conpared to the Synthesis A SM 3 andPEFAISh@9i0514B5 SM 3
sieve. Table 5 [0127] US Patent No. 6,303,534 teaches using 29Si MAS NMWR as
a nmethod in distinguishing the conmposition of SAPO nol ecul ar sieves when

t he chem cal i } X- AR Yo L

i ar ThilQ SE e SRS ENT SR o Dh TS POAS e hBectr

di st ri but i oranaf sisulatedrspentr&SAROeril ie didtrdbuted ev el fivaef feo@nenvirdringents, 9,

al um nophosphat e r AP | ecul Ieves V, framewor k | &4 and
P01t ot f ahedha SHte SN ST SLERZShneSIEa SRRSO 450 ar o
neutral and €@ g8torRAURIASAVIAY NKIR BYtd Rkard e 3Z@§§o&§teﬁhﬁitﬂ°%ure 9
tetrahedra by SIO4, acidity can be introduced to these materials,” which are

cal | ed sil i caseificms ioip o sligielbutan and Hia@aies Tiveralispersionanfithe Sy then BAPGs
depends not ly upon,.the Si . .content.in the sanpl ut alsa distribution of
the Si i n t RV APR S e Bl B BE S| RiabdSaniB,Sialeins A8 SeirbhirdiM ne

di spersi on ifguv8I toMOSiI@AI4SifJRYf Sirdiseersidrnadene extdyilis SonAdees e t he
di spersion is poor formng large Si islands. Table 2 shows the

char act er i stQnly efienadafllueising theserjalyst agthitys one skilled &y ther ant wesld sxpedon
envi r onmment j - - 7 t r I
o o o R GG PR 9 oA QUG Ae Sy el JAERTE
activity in £oARRYy otthes halwsie(édWasmddstiréd &i shidhed\bdpesiovdicthatyodis t he SAPO
sanpl es were carried out with _gr ot on decoupl.i n% and were recorded on a
Bruker Avanc@nRried aihe SMbsievmpreralatinsikdithgra8hAH- Cor porati on | ocat ed
in Billerica, MA. The spectroneter was equi pped with a 4 mm MAS probe with
resonancefrequency of 99.35 Mz for 29Si MAS NVR Typi cal experinental
condi tions \182] M6/ tsco800 0o heyeiasgreatansiendity of B ediilon esmerbsilicapislaawswi dt h;
60 to 120 than SM-3. Such islands have a ratio of Si atoms coordinated as Si(3Al1Si) to

that coordinated as Si(4Si) of 0.5 to 3.5, preferably from about 1 to about 3

and most preferably from 1 to 2. The greater density of medium-sized silica

islands confers superior catalytic activity for wax isomerization, at least in part

due to the greater proportion of Si(1AI3Si) sites associated with these islands,

as seen in Table 3. As seen from that table, SM-7 contains 25.8% of the Si in

Si(1AI3Si), as opposed to only 21.5% for SM-3. It is believed that these sites

are associated with the strong acid functionality necessary for wax

isomerization. Table 4 illustrates the improved dewaxing results obtained

using Pt/ SM-7 catalyst as compared with Pt/SM-3 catalyst. Catalyst A of

Table 4 is a Pt/SM-7 catalyst made using the sieve of Example 1, and

Catalyst B is a Pt/SM-3 catalyst made using a sieve similar to that of

Comparative Example 1A. Catalyst A shows a lower Brookfield viscosity at

-40°C.
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seconds rel axation delay. Al

measur ed rel

chem cal
ative to tetranethyl

shifts were reported in ppm and

silane (TMS).

The deconvol uti ons of the

NVR spectwe 208v@448ar ri ed out using gNVR sof tware ver si orCH/UB20000k=92d by

range of the different
[0129] Results fromthe

| vorySoft. The spectra were deconvoluted into five silicon environnents.
Tabl e 2 shows the characteristic chem cal shift
silicon environments in ppmfroma TMSgyandard.

29Si

MAS NWVR anal ysis of SM3 and SM 7 sieve preparations are shown in

Figures 8 and 9 . EaCbnipagative BatawbewaR0&iFiddhervpgdoBaserCilsace) and a
si mul at ed speet+rum-{toptrace)—0130}thrFgure8the Synthesis—B-sanpls
of the SM 3| PO shown with its 20Si MAS NVR spectra and sinulated
spectra. TheCSpysis distributed in four of the Si ehbvironnents, the SP(4Al
Si (3Al, 1Si) | Kn¢maticQjs¢oSia@ 1905C)cSt and t he QBBIAL _3Si) | ThdecoRdl ut i oh1929Si
MAS NVR dat aKnswiroisepbip@ 40/ ¢t Fi gure 8 (@S%¥8e Tall'® 3)) &OHf i nd9Bhig S§7.53
di stributi onVagslyingedi cates very high|di®perision of| thes Si| witthout f d#dn ng
the Si isl andsdcrdabsbesit3@bbat ed bution|of Si [in SAPQ 11 detlermi ned| as1.622
pi ctured i n |Ebgusne vigcodif @rstc rour rows) and fthat determined fromfheoo4
si mul ati on QPo2®mt - dVAS NMR spectrum of SM 3| (Fiqurie 8 and SM7 (Figuwe
9).[0131] I nchidpdirtec9, the SM7 sieve is shown with i-ts 20Si MAS NVRi1
spectra and|sivmul ated spectra. The Si is dijstributledoin al | five| of oihe $
envi ronment s,ywehe Si (4AI), Si(3Al, 1Si|), the Si(2AI 2935, the Si (LAl 3Dl ),
and the Si (0Ab,cftaly) . The deconvol ution 29S| MAS NVR dat a [(see Tapl e g9
a;soci ajt ed wMglgbulErlv\gH,qt@,z&)z)confl rns this St di stri bu[tl on and I ndi cat es;J ows
di spersi on 0f,tN& wintBBN Th SM3 due To the Tormafion of| the Si|1slands
where Si - at ORR, AT &sadl EPHERE oBY, LRUT ST atpms (ST0AL A )) . 1T Sigey
di spersion i rgro(t)kne%\psgtspl@y%t 1.5 0GONel dered as| t he onfy Y. Chi TErTa in | U?{bgl ng
the catal ys Ng'a((::k TN (Caycmatedsle SKItted i the art—woutjd—expec 1494
TGA Noack, wt.% 15.96
SIMDIST TBP (WT%), F TBP @0.5 652 657
TBP @5 694 699
TBP @10 715 719
TBP @20 746 746
TBP @30 770 769
TBP @40 791 791
TBP @50 811 813
TBP @60 831 835
TBP @70 851 860
TBP @80 875 885
TBP @90 907 916
TBP @95 936 940
TBP @99.5 1025 998
SIMDIST TBP (LV%), F TBP @0.5 651 656
TBP @5 692 697
TBP @10 713 716
TBP @20 743 744
TBP @30 767 767
TBP @40 788 788
TBP @50 809 810
TBP @60 828 832
TBP @70 849 857
TBP @80 872 882
TBP @90 904 913
TBP @95 933 938
TBP @99.5 1022 996

Catalyst A is a Pt/SM-7 catalyst made using the sieve of Example 1, and CatalystB is a
Pt/SM-3 catalyst made using a sieve similar to that of Comparative Example 1A.
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poorer catalytic activity for nolecul ar sieve sanple SM7. However, when
the activity of this new sieve was neasured it showed superior activity as
conpar ed WO 2010018863 si eve preparations of the prior arPCT[UB2B2058M 7 is
found to have a greater density of nmediumsized silica islands than SM 3.
Such islands have a ratio of Si atons coordinated as Si(3Al1 Si) to that
coor di nat ed | (A3 t about 3
and nost pre[? Z??olﬁ%%a&%yfp? @02&) s§$§se§%g%ﬁépgg%téw&ﬁem%déd ugrr?m zed
silica isl ar&l(s3Add)8f)éo$h$lq@ardloatedaasasxﬂso ohet least 0.5, m\ntmmre presened afadi on,

| i d h of
ssoor at ed ATPRSIRoEUN P ARSI TRh TesDlhRRTld i e s Prefecly Sk AV et
table, SM7 b‘d%@b@éé‘ssa ?&1@%’? Sf atoh®s horbmatdd s &) %ﬁWSl %tk%@@@ér‘%ﬂqét@d %@' y 2

1.5% for SM 3. is believed that these sites are assom ated with
strong acid Slcﬂrﬁﬂ pbatdeast.0ewib dhe présancamnt Sl@mmmczatdlmtedmb‘ﬁl&ml)

illustrates he,i ve enax esult obt d using Pt/.SMZ.catalyst
a5 compar ed i PTG %o By dfe!eBhl] e CHBNRCRotiRE s Puatioht S 7

catal yst madgomsi dd@rdingted @S’Sl(@f\l’l@fﬁ@hét éooramétééataglswslﬁoﬂ & |@adity. @M 3
catal yst made using a sieve simlar to that of Conparative Exanple 1A.

Catal yst A sHwEeapresapee pf obaions ereriaied oy SidAlWesethaible mpldonpar at i ve
Dat a- Dewaxed Fi scher-Tropsch Base Ols Catalyst Ais a Pt/SM 7 catal yst
made using the sieve of Exanple 1, and Catalyst Bis ; Pt/SM3 catalyst
made using a sieve simlar to that of Conparative Exanple 1A [0133] The
catal yst al so possesses a ratio of Si atons coordinated as Si(3AI1 Si) to
that coordinated as Si(4Si) of at least 0.5, with the presence of Si atons
coordinated as Si(4Al) less than 40 nol.% . Preferably, the catalyst
possesses a ratio of Si atons coordinated as Si(3Al1 Si) to that
coordinated as Si(4Si) of at least 0.8, with the presence of Si atons
coordinated as Si(4Al) less than 30 nol.% Mst preferably, the catalyst
possesses a ratio of Si
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atons coordinated as Si(3Al1l Si) to that coordinated as Si(4Si) of at |east
1.0, with the presence of Si atons coordinated as Si (4Al) |less than 25

nmol . % WHAVORBLOGUASWED |S: 1. A crystalline silicoal um nephasploane149s

i nternedi ate pore nol ecul ar sieve having a three di nensional m croporous
framework structure of [AIQ2] and [PQ2] units wherein the ratio of Si atons

coor di nat ed \g§ag @(?%AI@ED f© that coordinated as Si(4Si) is at least 0.5,
0 [

and the presence atons coordinated as Si(4Al) less than 40 nol. % 2 .
The nol ecul ar sieve of claim1 wherein the ratio of Si atonms coordi nated as

Si(3AI1 Si t hat ~di nat Si(4S]), 1. t | t 0.8 th
plr((asence I01215340 at ﬁ@’%g%ﬁﬂqug'ﬁﬁ‘? H&ﬁgo;%]&)(s@h%e' 'i'%ge%meggaa{gl%’ﬁe m'%ﬁﬂ?%'gﬁe. The
mol ecul ar si eve qfgfdqh %r%e%ﬁfeﬂbl@)n’éhﬁliér@g)bﬂ)@ffréheﬂbﬂ{@rmgfé%ﬂm@ﬂ as

Si(3AIl1 Si) to that coordinated as Si(4Si) is at least 1, and the presence
of Si atons coor dintafPsd] asitswherein the ratisef Shatonzecomstiniedias SiRé ) ecul ar

sieve of claim1l rein the | egul ar, .si eve ri a_ean pore
i ameter of | ess o SRetlREE SRl 8Y € oElEst B AR The Brev eI a m 1
wherein the nol ecatbis cHorYifake®s SREAI)dedeRanEBRRre di ameter of |ess than
195 angstronms. 6 . The nol ecul ar sieve of claim1 wherein the nol ecul ar

sieve conprises a nean nesopore dianeter of |ess than 190 angstrons. 7 .

The ol ecul &y si eie, &l plotidue BPALEL I RSB LSl i gRyed from the

group consi st'i ng and” A nol ecul-ar sieve of claim?7,

wherein the sieveadosdiAltedOas SI[BAITSI) cthbacosdmatedbis Gi@iS) is,at\Wuastio.gvas
| oaded with a Goup VIII netal b&_ nmeans of non-aqueous i npregnatiagn. 10 .

fol quec TP
The nol ecul ar si /il e RIEaENRE Of PRISrCaardinatad s si(44) igf han 30

mol.%.

3. The molecular sieve of claim 1 wherein the ratio of Si atoms
coordinated as Si(3Al1Si) to that coordinated as Si(4Si) is at least 1,
and the presence of Si atoms coordinated as Si(4Al) is less than 25

mol.%.

4. The molecular sieve of claim 1 wherein the molecular sieve comprises

a mean mesopore diameter of less than 200 angstroms.

5. The molecular sieve of claim 1 wherein the molecular sieve comprises

a mean mesopore diameter of less than 195 angstroms.

6. The molecular sieve of claim 1 wherein the molecular sieve comprises

a mean mesopore diameter of less than 190 angstroms.

7. The molecular sieve of claim 1, wherein the sieve is selected from the
group consisting of AEL, ATO and AFO.

8. The molecular sieve of claim 7, wherein the sieve is AEL.
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coordinated as Si(3AI1 Si) to that coordinated as Si(4Si) is in the range
fromabout 0.5 to about 3.5. 11. The nol ecul ar sieve of claim2, wherein
t he rati owof2o®018486ns coordi nated as Si (3Al1l Si) to thatCtasea9oat4es as
Si(4Si) is in the range fromabout 1.0 to about 3.0. 12 . The nol ecul ar
sieve of claim3, wherein the ratio of Si atons coordinated as Si (3Al1l Si)

to that coorgli nat I )4 S a3t Be ; - bout 2.0.
13 . The m)lggcul aﬁ%s@\l/ee%uﬁ)ﬁé%\éélﬁllcg,glrﬁmﬂé\r/\@@qtﬁ%y%agﬁg@mSje?@ghq{lg in the
range from about rBetabbyinoeansi®f, ngr-efeeald ynpreghatonr.ange from about 5 to
about 30, and nost preferably in the range from about 10 to about 25. 14. A

process for preparing a crystalline silicoal um nophosphate nol ecul ar sieve

accor di ng t oyl ai Al MM EAarcHERE bEESIN 3) wPERAATHE BatR bRGILREKS " eact i on
m xture containing a reactive source of silicon, a reactive source of

al um num a reactdopedisatadcas 5i(3pHEE plodhakcocrdinatéchas &4 SAhig initherangs c

tenpl ati ng agent,. said r ion m.xture having a conposition expressed in
ternms of nole ratfrcgg a%]ougg%ttg arbﬂqt)é i Al 208 nP206I1 gSi 2 bH20 wherein Ris
an organic tenplating agent; "a" has a value |arge enough to constitute an
effective anount of R "b" has a value such that there are 10 to 40 nol es
of H20 per nbl-e ofheam@iraularsie\wof daind 2 wheteinthedatta@ieSiRoMsg been for ned

by controlling t raf i : i : : source
in the reaction mlb%ffajb g{etdogi§ﬂcgsgre1§'2® tb%ﬁﬁ&%%ﬁﬁe@_ﬂ%? '(ig'e o'rggﬁﬁﬁée]% ar
ratio of al um nurfreowboet t @ tohaispGrMs source in the reaction mxture
becones greater than about O0.5;

12.  The molecular sieve of claim 3, wherein the ratio of Si atoms

coordinated as Si(3Al1Si) to that coordinated as Si(4Si) is in the range
from about 1.0 to about 2.0.

13.  The molecular sieve of claim 7, wherein the % Si dispersed is in the
range from about 5 to about 40, preferably in the range from about 5 to
about 30, and most preferably in the range from about 10 to about 25.

14. A process for preparing a crystalline silicoaluminophosphate molecular

sieve according to claim 1 which comprises

(a)  preparing an aqueous reaction mixture containing a reactive
source of silicon, a reactive source of aluminum, a reactive
source of phosphorus, a surfactant and an organic templating
agent, said reaction mixture having a composition expressed in

terms of mole ratios of oxides of;
aR:Al;03:nP205:9Si02:bH0

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 10 to 40 moles of H,O per mole of aluminum
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(b) heating the reaction mxture at a tenperature and a tine sufficient
until crystals of silicoal um nophosphate are formed; conbining the crystals
of silicosbunrivmopisesphate with an active source of a hy®#COFSREVI06I95
conponent dissolved in a non aqueous solvent and renoving substantially all
of the no n aqueous solvent at a tenperature and for a tinme sufficient to

produce non- zeol i1 ¢ shldeeald ARBHITRIRE halRA MoreB sy GRidiFles: and

(c) recovering the non-zedlitic silicoalum no si“eve
particles. 15 . The prtbeesalapfatiol afithe idmplstiegegent teephodErorosasoorcefin

t | ati tt h ' t th b 0 f h
al Ui num o phosphor ua REPAT I TEGRcareai ot boltd BTl i ess of

claim 14, wherein the fylptaticbi AulfindRERLAd REREPHoriLsHtRE IS sour ce
is greater than about 0.2 before the alum num source to phosphorus source

mol ar rati o reaches abyeactian gixtae bedireep geaastesthah atlanit 34, wherein the
surfactant is added in the substantial absence of a silicon source. 18 .
The process of claim 14, wherein the source of siliconis SiQ. 19 . The

process of clai m(j!?ﬁ VERitiBigNhé heagionr wktwe dlaignieraiuse ahdra e
i sopr opoxi de. 20. e process of claim14, wherein the source of phosphorus

i s phosphoric acid. 2 sufficrert iibeastalspf slligpaminoriespeRie aenfosheg: (a), the
ST con source. 22 TRoTBReiEE R S IFS AP ALt E on
m xture additionally coupce 68 hgdragjepatioh component dissolved in a non-

aqueous solvent and removing substantially all of the non-

aqueous solvent at a temperature and for a time sufficient to

produce non-zeolitic silicoaluminophosphate molecular sieve

particles; and

(c) recovering the non-zeolitic silicoaluminophosphate molecular

sieve particles.

15.  The process of claim 14, wherein the molar ratio of templating agent to
phosphorus is greater than about 0.1 before the aluminum to

phosphorus molar ratio reaches about 0.5.

16.  The process of claim 14, wherein the molar ratio of templating agent to
phosphorus source is greater than about 0.2 before the aluminum

source to phosphorus source molar ratio reaches about 0.5.

17.  The process of claim 14, wherein the surfactant is added in the
substantial absence of a silicon source.

18.  The process of claim 14, wherein the source of silicon is SiO-.

19.  The process of claim 14, wherein the source of aluminum is aluminum

isopropoxide.
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23. The process of claim 14 wherein "b" has a value such that there are 20
to 50 noles of H20 per nole of Al 203. 24. The process of claim 14 wherein
"a" has awoapwe1g4séh that there are from 0.2 to 2.0 nol @sTAS20908149%01 e of
alum na. 25. The process of claim 14 wherein "a" has a val ue such that
there are from0.8 to 1.2 noles of R per nole of AlI203. 26. The process of
claim 14 where in the organic tenplating agent is selected fromthe group
consi sting of di-n-propylam ne and diisopropylam ne or a m xture thereof.
27. The procss ofhepmicesd 4f alaendidn wiheeeiartiyasoardesoipheatsphorus is

di - npropyl am ne. 28. The process of claim 14 wherein the surfactant is

sel ected from C3PNASPNAAT AEY: 29. The process of claim 28 wherein the
surfactant is hexadecyl am ne. 30. The process of claim 14 wherein the

al cohol is selected fromthe group consisting of C 1-C8 al cohols.3 1. The
process of tai mThe plosess of clagmdidc sihereinsinistpe @ itfeg sudactamhie pr ocess of

claim 14 wherein the,crystallite size of the recaover crystals are | ess
Chan s oner o 0 il i Aeahdi o e Sumah i ABERNE R BTG RE  of St e
heati ng ranges from 1500C to 2000C. 34. A process for converting

hydr ocar bons_conpri sing contacting a hydrocarbonaceous feed at hydrocarbon
converting c&hdi t Theerogess ohclain sitamheneinithe @areauareagiionanixture

silicoal um nOphosatHZ)‘?tE(o%a[ﬁ?lc% r%res?gn[e%ﬁ%@?vi ng a three di nensional
Sstruc

m cr opor ous franmewor re o "and [PQ2] units wherein the ratio
of Si atoms coordinated as Si(3Al1 Si) to that coordinated as Si (4Si), as
determ ned by, 29G MAS NMWR, _is at |east 0,5, the presence of Si atopns
coor di nat ed si (heappcess pEslaimgnwherein "b”has a value such that there are 20

to 50 moles of H,O per mole of Al;Os.

24. The process of claim 14 wherein “a” has a value such that there are
from 0.2 to 2.0 moles of R per mole of alumina.

25. The process of claim 14 wherein “a” has a value such that there are
from 0.8 to 1.2 moles of R per mole of Al2Os.

26. The process of claim 14 where in the organic templating agent is
selected from the group consisting of di-n-propylamine and

diisopropylamine or a mixture thereof.

27.  The process of claim 14 wherein the organic template is di-n-

propylamine.

28. The process of claim 14 wherein the surfactant is selected from

C8+ akylamines.
29. The process of claim 28 wherein the surfactant is hexadecylamine.

30. The process of claim 14 wherein the alcohol is selected from the group

consisting of C1-C8 alcohols.
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40 mol. % and the nol ecul ar sieve conprises a nmean nesopore di aneter of
| ess than 200 angstrons.
WO 2010/014486 PCT/US2009/051495

31.  The process of claim 14 wherein the alcohol is 1-pentanol.

32. The process of claim 14 wherein the crystallite size of the recovered

crystals are less than 1 micron.

33. The process of claim 14 wherein the temperature of the heating ranges
from 150°C to 200°C.

34. A process for converting hydrocarbons comprising contacting a
hydrocarbonaceous feed at hydrocarbon converting conditions with a
crystalline intermediate pore silicoaluminophosphate molecular sieve
having a three dimensional microporous framework structure of [AlO2]
and [PO2] units wherein the ratio of Si atoms coordinated as Si(3Al1Si)
to that coordinated as Si(4Si), as determined by ?°Si MAS NMR, is at
least 0.5, the presence of Si atoms coordinated as Si(4Al) is less than
40 mol. %, and the molecular sieve comprises a mean mesopore

diameter of less than 200 angstroms.
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