SYNTHESIS OF A CRYSTALLINE SILICOALUMINOPHOSPHATE FIELD OF THE INVENTION
[0001] This invention relates to a new crystalline silicoaluminophosphate (SAPO) molecular sieve and
to its synthagig 2BdCIsEROUND OF THE INVENTION [0002] Silicoalumingphospieies«sAPO) are
taught in U.S. Patent No. 4,440,871, for example. SAPO materials are both microporous and
crystalline and have a three-dimensional crystal framework of PO2+, A102- and Si02 tetrahedral units

and, exclusive of any alkali metalgqrwﬁq@;@@;highmygqtﬁﬂﬂm present, an as-synthesized

empirical chemical composition on an anhydrous basis of: mR:(SixAlyR1)02 wherein "R" represents at

least one organic templating agent Sied€MOIA thid M OPHOEPHOATE stem; "m" represents the
moles of "R" present per mole of (SixAlyR,)02 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 particURESARS Jpeeipgvanoived "x", "y", and "z" represent the mole
fractions of silic inum, and. phosphoruys, respective resent as tetrahedral oxides. The
minimum value g[g?(zﬁch o' "{V'e, ?};%w?%;eﬁ%ci aaﬂéj\ﬁr%%?%@%%%oﬁﬁé%%%%ﬂ% e for "x" is
0.98; for "y" is O8AFabdrholcal & 8i6ve [R0D B} Tymgathgdhe silicoaluminophosphate molecular sieves
are synthesized by hydrothermally crystallizing a hydrous gel made from substantially homogeneous

agueous reaction mixture containing reactive sources of aluminum, phosphorus, silicon and the other
element(s), if any, required in the nidtcidiaREMIGDTRE rddttidiyRiktlitENalso preferably contains an

organic templat"'%%?ieﬁa ng»j;ggémﬁiﬂg%@%;%%g%?g%‘gsg@@ﬁaaqy 5%9,98 gaq@rﬁlﬁgent of Group VA

of the Periodic , or optiona r other met > reaction mixture is generally
placed in a sealéd HPedEliréonesyan prefedlih Made Al sRICHDeiBIaTIOSRfEcanst elystatitively, lined

with an inert plastig Fiajerialsushy R RRNalveIReMRIG AN ENSBIeda R arablgnder autogenous

pressure, at a temperature between 50C and 250C, and preferably between 100C and 200C, until
crystals of the n&¥ERBA@ rHBiEcanth SEvkipiMsiateRyaliirimedes sn stianhrationwWRBBABAYof from

several hours toseuaralWRekREHECivaSIYpRIZAen SMBRENR-RAAEEPBAESImAReHL 30 days are

generally employed. The molecular sieve is recovered by any convenient method, for example,
centrifugation offiIRRR¥ArGEBE2FIS QTdisclosed in U.S. Patent No. 4,440,871 that while not essential to
the synthesis of SAPO compositions, it has gengrady, AgRy)fosnd that stirring or other moderate

SAPO apecios WHIHRALLE e B gy & ARe PGS B S e ate

composition, fadilttaiasshelicry ptakizatstenproetdereeIhesaisdicandsonthosgatesce xhdi several
physical and chemjgal, pr. ties which are characteristic of aluminosilicate zeglites and
B ominophosphales [OOUHI 0, 6 s e P A i RS YL FB58 designated
SM-3. It is charaetesi zegpeodggingoisihie frovreall etriimshetaiarniibphesphaiie dargenhsrizking a
silicoaluminoph ing. lican IHpaiEr%u ' t the molecular
sieve surface th(tﬁél)g %%Jegr%ntt ignea%%%:%ﬁ)ﬁ% u@%sﬁ%ggﬁnd a uén%ﬁ%m;%ﬁgma |8§%%Tt]he bulk of
the molecular sieveheatt haviG srelegseapiegsenhipdifhaiibagamsralshiigap@umifaoos] None of the
U.S. Patents mepij di e _ srystaly -

eés?é?? t@%ﬁ%ﬁ?ﬁ%@éﬁﬁ BRd %ng\'tgrg}?éiﬁéhgﬁ@é% KA. minimum

silcoaluminopho is invention. SUMMAR
value for each “x", “y”, and “z” is 0.01 and preferably 0.02. The maximum

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

[0003] Typically, the silicoaluminophosphate molecular sieves are
synthesized by hydrothermaily crystallizing a hydrous gel made from
substantially homogeneous agueous reaction mixture containing reactive
sources of aluminum, phosphorus, silicon and the other element(s), if any,
fequired in the molecuiar 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
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[00064a] In a first aspect, there is provided a crystalline silicoaluminophosphate intermediate pore
molecular sieve having a three dimensional microporous framework structure of [A102] and [P02] units
and a Si-NWR spedtrgdpssubstantially as illustrated in Figure 9. [000613] Ra/88eardsgpect, there is
provided a process for preparing a crystaliine siiicoaluminophosphate molecular sieve as defined
above which comprises (a)preparing an aqueous reaction mixture containing a reactive source of
silicon, a reactivessalycecdéaniyiniimaa irescttivgersetaitie stiphos pha@iternabigfadiaatamthan organic
templating agent, said.r | Ixiure Q) [ it r i of mole ratios of
oxides of: aRA%b%%%%%%%%é%ﬁ% 8\%%5@?2 |s%ﬁrjlbf)?§ge§n c%%%ﬁ%%%%aém; "a" has a value
large enough totiestiblyeiadetadogeapnsuness e, 8t haempelatie bateethadeasnd 0 to 40 moles
of H20 per mola ghlugaipaaidss Sl EaR R IIEIRACORRP RIS PIngaRiRIing the molar

ratio of the templating agent to phosphorus source in the reaction mixture to be geater than about 0.05

before the mola#&@liils shaiREHIANRIYGUPEeChRES PRt IS do Udeaia theivdadaon Resaft®becomes
greater than abput e, RUIPRIRG {2 EGaRI AR U ESREAERIDSIAINSBATIR d5eorHITicient until

crystals of silicoaluminophosphate are formed, [0006c] In a third aspect, there is provided a process

for converting HARREEABEOHS BABAYHRP £ AY S HSERRBOETRISYES: hRIRAIBEHoMe¥RiIng

conditions with ig gs¥siailieg tempediaienere siienstinerbesmbatermalematlan gieve as recited as
defined above.d[i?oo_?] This disclosure is a molecular sieve composition having the topology AEL and

being isostruct HEWAR: conventional SAPO-11. The composition has a framework of
tetrahedrally-arranged silicon, aluminum, and phosphorus. It is designated SM-7, wherein the

composition ha io,of Sj.atoms coordi as Si(3AI1S) tg that coordinated as Si(4Si) of at least
0.5, presence oﬁeglégio éscéﬁfﬁﬁgéwa{gg%%{fﬁeéé tﬁ%gé)o%mg%{:%?ﬁ% ?ﬁ’ggﬁsr%@ Ip8re diameter
of less than 20Qrengattbess(Aj, SHRONore posfeoaislyitehratiganfesa it drasrctmndinttedstis By 3All Si) to
that coordinated as, Si(4S0) of at least 0.8 f Si atoms.c inate i(4 I than 25
mol.% and a mggﬁtrrﬁ%s@ég%er %El%a zfg%%r? F‘Q’e@sﬁ %wr}a%r% %@aﬁ%@r%m%&é&%%r%@j%%%%b f/%?’fatio of Si
atoms coordinateidtaseSi(BAIAEI) aty shels i eritheatde $\8il1 Sheofest e dst irositesehoe af Si atoms

coordinated as t%]tﬁébﬁé)égﬁgéﬂﬂﬁ %}%n‘;{g%ﬁ%ﬁ‘& NERORGLTEAANEIRT AR than 190

angstroms (See enerall ar sieve composition of the present disclosure are

intermediate pdieciietesiie sixvtaigadgenmrarqooes] ThesmahiGrmuming prosessies method of
manufacturing RORREEQUE MPIRLRE PSS GRIAN tREKkAICY MRS lligpakeninapbegphate

molecular sieve having a three dimensional microporous framework structure of [A102] and [POZ2]
units wherein tHaWRIRPSH ISP GRR! €D ANA ALENROEIBRANZIF %0 that coordinated as Si(45i) of at least
0.5, presence of Si atoms coordinated as Si(4A1l) less than 30 mol.cYO and has a mean mesopore

diameter of less than 200 angstroms: , ,
[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 SAPC-11. '

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

invention.



(a) preparing an agueous reaction mixture containing a reactive source of silicon, a reactive source of
aluminum, a reactive source of phosphorus, a surfactant, and an organic tempiating agent, said
reaction mixture having a composition expressed in terms of mole ratios of oxides of: ‘
aR:Al203:nP205:qS02:bH20 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 H20 per-
mole of aluminum oxide (Al203); saidtdbdéiRixture having been formed by controlling the molar
ratio of the templating agent to phosphorus (as P205) in the reaction mixture to be greater than about
0.05 beforetiwpeylarratirsfalpeuhuhelass/i2Hd) ¢d phoyptaling GikcBanbhimofitespaetien mixture
becomes greater than about 0.5[' hei%in%the [[]ea%tiog mg_ggr& at %St%@%ﬁﬁ%té%re arr&%ﬁa time sufficient
until crystald S EMRBRIE RTFB PASSTHAE AREFIIAELE EonIBiRIng the crystals of Shicoaluminophosphate
with an active:seweek ehadiyesasfghdtd;) andjiidgnirdis soivea Hi-NMéhsagobons solvent and removing -
substantially 33 g&t\lﬂqe non- u%o%scslonl Int !aet 8 temperature and for a time sufficient to produce
non-zeolitic ¥HEOHI ﬁ'“ﬁgﬁﬁoi‘]s% At molecular sieve catalytic particulates; and (b) recovering the
non-zeolitic silicoaluminophosphate molecular sieve particles. [0009] In step (a), the surfactant is
preferably dj Iggef in alcohol i b i f tice . Fallowing step (c), the
particles m %Be urf]}aa}r?s %%Bgﬁr%%ﬁa%{ toﬁji ?r%éa?éeaa@g?a gs% %%%ré t%)gri%tg?g %%C?-C]iﬁ’téllgérl BRIEF
DESCRIPTIOMN@IFEREIDRANMNG SoRITEE Figipsulasiravethe delnve abtiviydittM-7 and SM-3 in
lowering the pour point of a Fischer-Tropsch wax. [0011] Figure 2 shows the relative 650F+ bottoms
yields of SMcgr%%# -3 in lowering the pour point of the Fischer-Tropsch wax used in Figure 1.
[0012] Figure 3 compares VI of the 650F+ bottoms oil made by SM-7 from a Fischer-Tropsch wax

foedstock with that of the S0 batims b erad i A KBISLEIRUIR shasyglatve aciviy of

SM-7 catalyst impregna e)d wit% ueous solution v. impregnated SM-/ Ih non-aqueous solution

and impregnated SM-3 in non-s@ies s sbikpiorP fasliverFRIHEE POEILNOIMBS thEeFistRer-Tropsch wax
foedstock used in Figure 1. [0QLA] Eioye:S,shaysdhs yipld @E659R: AoRRums el

Fischer-Tropsch wax used in Figure 1 was less for the product prepared with the new SI\%—,? catalyst
impregnated with Pt in aqueolRISSTutieHCE BEVRP ATeH YERthia Vet SRAT RS FpRsseatdd with Ptin
a non aqueous solution and thg,Sh4-3iGRtL st dmpeegraied with Pt in a non aqueous solution.

ar:AlOsNn PZO5:qSi02:pr_O

wherein R is an organic temptating agent; “a” has a valug large
enough to constitute an effective amount of R; “b” has a value

such that there are 10 fo 40 moies of HO per moie of aluminum

oxide; said reaction mixture having been formed by controlling the molar ratio of
the templating agent to phosphorus source in the reaction mixture o be greater
than about 0.05 before the molar ratio of aluminum source fo phosphorus source

in the reaction mixture becomes greater than about 0.5,

(b)  heating the reaction mixture at a temperature and a time sufficient unti! crystals of

silicoaluminophosphate are formed.



[0015] Figure 6 shows the viscosity index of the 650F+ 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 295i-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
hydroconversiod@¥fdroariois! WSIW‘P%%%’H?H&@%&WBH%?W@%%@“&O@

silicoaluminophqsphate AR MBI BiRyesdribefodaudrasvayshiiposaessesansenalipr mean
mesopore diameter, the ratio of Si atoms coordinated as Si(3A11Si) to that coo%n%t%iﬂﬁs 3%480 is at

least 0.5, and theapiaRtavih & iR Rsorirprned ale RRlR BISIaLEINGRRe? & ¢talyst

utilizing the sievggfthis iRvepHossaxdribis uaieue and useful catalytic and shape-selective properties.
-[0020] The hydroconversion activity of a catalyst is usually determined by comparing the temperature

at which variougmaselysthour fssuiized wRoREathesiine sonpant spastiongandibpnsogith the same

feedstock and the same conversion rate of products. The lower, reaction temperature for a given
extent of reacticﬁrElth@ﬁh%ﬁé"&dﬁ@@%@é@élﬁgpigchYﬂ%l%B@ﬁl%%%@ff@si%?ﬁg SHh

silicoaluminophgsphate SEtheRIesRAtIALERIIBNamdNefEs &iRARPQiLintypen sticd aiumsaphesphate,
shows superior activity and selectivity as compared to other hr}gwn SA

°0O-11..
silicoaluminophédpR&Rignaiee M) MERSRTERSINE YidRY & %?g%éi%éd %%’Hact. [0021] The
silicoaluminophgsghsate @wles GAB IR B:) @b thistioyerdionied sy 1Blié¢Si e, didseatdystalline structure
whose X-ray powder diffraction pattern is similar to t f,SAPO-11 as disclgsed in U.S. Patent No.
4,440,871. The @Tﬁ@@&ﬁﬁrﬂﬁ@bﬁ@ﬁﬁaﬁ@%@@ﬁ%ﬁigﬁéi @ﬁﬁééﬁa@ iggtiés%g&eﬁzn@%i comprising
a three-dimensienalgpistoprioasserysiet § ameok stystare of ASie2id (A6 hrafetdP9 tetrahedral
units which has a compgsition in terms of mole rati ides on an i ressed by the
formula: mR:AIZ88hP2oEHETD SN eﬂ?@éﬁ@@ﬂ%‘ﬁ?Ieaagt%%%?%nggélgclé[%%ﬁg%ié?agem
referred to as "tesaplaiel, heseinpeesedt atdhes inbarciystmtinesidild Al)Sean thar 28prsidatenthe moles of
"R" present and has a value such that there are fram 0.02 to f ina; "n" has
a value of from G.88R) MESRRPETFRTIHED Yo %S%F‘]gﬁdq%q ﬁﬁﬁgﬁj\%ﬁé %?%r‘?? g!%%&%!g% preferably
0.1 to 1. Generallyatheositic eatunsinophisphetemd|Ebhlabsicvérot o miraigd e s SilfPiidmediate

pore (size) molecular sieve (vide infra).[Q ina i ' inthi plicatianas 41203. [0023]
The SM-7 silicoéihir%‘?ﬁsbgh %ea{}%em%Ig&@?éﬂ%ﬁ@iﬁ%i%ﬁ&méﬁy%ﬁo be expressed in terms of
its unit empiricaldiegrauteeas@maeesopore diameter of less than 190 angstroms (See Tabie 5).

Generally, the molecular sieve composition of the present disclosure are

intermediate pore molecular sieves (vide infra).

[6068] The manufaciuring process: A method of manufacturing non-zeolitic
molecuiar sieve catalyst using a crystalline silicoaluminophosphate molecuiar
siave having a three dimensional microporous framawork struciure of {AIO]
and [PO;] units wherein the ratio of Si atoms coordinated as Si(3AMSi) to that
coordinated as Si(4Si) of at least 0.5, presence of Si afoms coordinated as

Si(4Al) less than 30 mol.% and has a mean mesopore diameter of less than

200 angsfroms:
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anhydrous basis it is expressed by the formula: mR(SixAlyP1)02 wherein R and m are defined
hereinabove; "x", "y", and "z" represent the mole fraction of silicon, aluminum, and phosphorus,
respectively, present as tetrahedral oxide units. [0024] The SM-7 silicoaluminophosphate is further
characterized in that the P205 to alumina mole ratio at the surface of the silicoaluminophosphate is
about 0.80 or less and preferably in the ranggF? of 0.80.to O.5§ tgeCP 0:5nt|% agmi-n%i@oéﬁéfgéo in the
bulk of the silicoalumiRopRERRRERS iBTDHE/EP rd SR r BrefariHly iRANE TAR & P8BS and most
preferably in the range of g¥0ited, andabivEie@ scalohaEhanolaratieattve sorfeaseddf the
silicoaluminophosphate is greater than the Sj0 ajumi e ratio withi g;u ig.”r the
silicoaluminophosphate. [ Re“Enid ot %ﬁ%@n}’o&ﬂrﬁg @l?\%@%&gﬁ\éﬁ%{b eg ur égé@f the
silicoaluminophosphate thasa sitinenbiutioraf e isgeecThpdsitnri sicoassasténtesrthel suetace of the
sieve refers to the amount gtf.silic n %&i}'eosfurface of the sample as can be measured using X-ray-
photoelectron spectroscorgy &%’%ﬁ surface analysis; this silicon content will include any amorphous
silica that is present. The sieves of this inventiaiR:Aéafes HiGhex siffdoh ebafénts at the surface than in the
bulk. In this comparison, e\'%grresli,l]i contents et Wgggﬁéiggg/,qu@iq@agaéi%%q%é;ompared.

[0026] While often difficult to quantify, the tefm "porosity,” as uSed herein, is generally consistent with
its UPAC definition. See Reneu@idpeteistidie R ANpRITRamovst $6pR 11edavae 8994, 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 effective pore aperture in the range of
about 5 to 6.5 angstroms (A) when the molecular sieve is in the H-form. Molecular sieves having pore
apertures in this range tend to have unique molecular sieving characteristics. Unlike small pore
zeolites such as erionite and chabazite, they will allow hydrocarbons having some branching into the
molecular sieve void spaces. Unlike larger pore zeolites such as the faujasites and mordenites, they
can differentiate between n-alkanes and slightly branched alkanes on the one hand and larger
branched alkanes having, for example, quaternary carbon atoms. [0028] The effective pore size of the
molecular sieves can be measured using standard adsorption techniques (e.g., BET) and
hydrocarbonaceous compounds of known minimum kinetic diameters. See Breck, Zeolite Molecular
Sieves, 1974 (especially Chapter 8); Anderson et al., J. Catalysis 58, 114 (1979); and Leofanti et al.,
Catalysis Today 41, 207 (1998); all of 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). [0030] The term "unit
empirical formula” is used herein according to its common meaning to designate the simplest formula
which gives the relative number of atoms of silicon, aluminum, and phosphorus which form a [P02],
[A102], and [Si02] tetrahedral unit within a silicoaluminophosphate molecular sieve and which forms
the molecular framework of the SM-7 composition. [0031] The proportions of the various components
in the aqueous reaction mixture affect, inter alia, the rate at which the synthesis progresses, the yield,
the crystal framework, the distribution of Si atoms as derived by '

ie™



2951 MAS NMR, and the porosity of the non-zeolitic molecular sieve. [0032] In the preparation of the
agueous reaction mixture required to prepare the SM-7 molecular sieve, the amounts in which the
specific ingredients/sregvixed together and the order in which they are mired/togetvesape critical in
forming the specific structure and its physical porosity. In accordance with the present invention, a
reaction mixture containing a reactive source of Si02, a source of aluminum such as aluminum

isopropoxide, phosphoric ggitliraird arsurfagiant risRiepatesh Qthenskrustes afialiminugs that may be
used in the preparation of this.non-zeolitic molecular sieve.include aluminum alkoxides other than
aluminum isopropoxide, o&g%)gu%%'@ﬁ%% W@éﬁaﬁaé’lmi T SXEE A%frﬁ%ﬁﬂ%@p%%oxide is
the preferred source of alumpiaunatio &. tRatadNpi4iBgtadan whitlvsiiseinsetaal@inyin theosphate
molecular sieves, and U'Sr' ggttle% Eﬁtﬂ'ﬁeot(%?b]é’ V\l/_gg:t%rdgﬁclé)s%s S{:ﬁ%ﬂ%ﬁ”ﬁ%’%“@% tes and their
preparation, list these sourcee S dIlmmGm or e prepalffsttié’)1 Dtite ote l5|§l’ 2L hese
disclosures are incorporatetaheremutyy(esféreOee . t{DOBAE b tnespiap &) nnohih iz aciivreolitic
molecular sieve, phosphoy; id | RU% E) f e y)horous. Organic phosphates and a
crystalline aluminophosph%?é?lgz}agn%so égeﬁ%%c%i%g] g%%%ﬂ@?bf phosphorous. Silica sol or fumed
silica are preferred sourceseefisgidba. sHtngen s rics iehyitsen rarmhtbadtive sulfitieniorphous
precipitated silica are alsq s\t Y [ alaTekctofaTe TN ENCTe NI ¢ fl [ i S. Pat. No.
5,741,751, which is incor(;;)uor?\ﬁrat({-;}gl Eya réejf.erglnce.' ?00355r Tﬁé@ﬁ%ﬁ%ﬂﬁ?ﬁﬁeﬁ%@%ﬂggﬁ alkylamine
‘which may be dissolved irf&$@lédbotiteanlkiieosharpheie WiKeaslcsHiyEiSprEterably selected from a
Cl to C8 alcohol or a mixtykgiRicichialeeBABohBA: MEQGRRT MayvHR arded WWIBqyLA: Sspiyent. The

order of addition of reagents to the reaction mixture is adjusted to reduce or eliminate the coagulation

of the aluminum source inf BRRNERBHRIHPRBRLAEY BIR B OR-BrISaMSBEREaEBuS reaction mixture,
the phosphorus source is gglgiestpiipE - eopediten Qifthe-aturingd sauiss-Asferdingly, the molar

ratio of the templating agent to phosphorus (source) in the reaction mixture should be greater than
about 0.05, preferably greHEPHEM LIRS R BSHRERIBYEI AR A PRTERH I8 879 before the
ratio of aluminum to phosphorus is greater than about 0.5. Preferably, the above molar ratios of

t |ati tt h hould b it in th fi ixture before th I tio of
aluminum 0 phosphole TFARSBABHER REiyEamibt Al GRIT SPURS RAS, ARSABLA LR ater than

about 0.25. [0035] The tenmariiel@plating 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[&B09% rimotdepdto, dfestupiatteiMdikpeehabbntbssaivédny doatmdimththat itself does
not contribute tos@%{ﬁﬁ%%“s%&eo‘?%? %ﬁiéﬂﬂ'@‘épl%.s'?ﬁ‘é%&}dﬁw Oﬁaﬁ%ﬁﬁé!k%m%?@é't%/ of the
reaction mixture. Such a compound would not intertere with the structure directing properties of the
template. An exara|eeeriadnsl siectie datitiorrot i allcatriiet wistpprastalteagdiénsive 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 tpeésofteasniT K iailizBBniBNhER&Pes, etc., but, it is critical to
the instant invenyigenA dhak-ige-aolarn saHomt theempRlaling agenule RRasiUs (SRIMGe) tRdhe reaction

mixture be greater than about Q.05 befgre the ratio of aluminum to phosphorus in the reaction mixture
is greater than aRRHTtRPE! SIBSEGGBAM MPERSIMzIng the targeted non-zeolitic molecular sieve, the
reaction mixture should have the proper molar amounts and proper conditions should be maintained
for producing the t ted intermediate pore molecular sieve. [0037] The use and order, of addition of
the reactants in?ﬂ@iﬁ%?%rﬁiga?g‘ﬁﬁeﬁﬂﬁﬁéﬁﬁﬁ? %L:}azérﬁﬁrﬁomgﬂgdéé\%zgy%%@ﬁmﬁn Ona
laboratory scaleiwheterieggeatscrepsiatiy inxEcte-diysiatizatipnusethadsglesctibed in the prior
art have been effective in producing molecular sieves in high yields. However, for larger scale
preparations such as commercial catalyst manufacture, synthesis techniques require the constituents
to be combined [fMEr2] sklgstenBaiyripages péodthef@BNE- Widtothe alumadenywSiee isvadded to the
phosphorus Souﬁgc%%]ﬂ"r%g%wﬁé‘}e%%%%@?m tﬁ‘a‘}%ﬁrﬁ%t&ﬂﬁ&%&%&Pﬂ%‘%ﬁ%ﬁé{&'&hﬂfﬁthe. .
addition of template, there 15 a voluminous coagulum or aluminum specie or spécies; resulting in a final
mixture that is tH®k;Jiscous, 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 A104 and PO4 tetrahedra linked by oxy‘é‘en atoms (not shown). These materials are
neutral and do not have any acidity. By replacing some of the PO4 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
atame when the dienarcinn ic vary hicoh ar it mav be crirrniinded hy foirir <1 atome when the dienarcinn



Characteristic 29Si MAS NMR Chemical Shift Range of Different Si Environment Si Environment
Si(4A1) Si(3A1, 1Si) Si(2A1,2Si) Si(1A1,3Si) Si(4Si) Chemical Shift -80 to - -95 to - -100 to - -106 to -
-109 to - Range{ppmiom Tetra- PCT/US2009/051495

[6013] Figure 4 shows relative activity of SM-7 catalyst impregnated with Pt
in agueous solution v. impregnated SM-7 in non-aqueous sofution and
impregnated SM-3 in non-aqueous solution for lowering the pour point of the
Fischer-Tropsch wax feedstock used in Figure 1.

[0014} Figure 5 shows the yield of 650°F+ bottoms from the Fischer-Tropsch
wax used in Figure 1 was less for the product prepared with the new SM-7
catalyst impregnated with Pt in agueous solution as compared to the new SM-
7 catalyst impregnated with Pt in a non agueous solution and the SM-3

catalyst impregnated with Pt in a non agueous solution.

[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 *°Si-MAS NMR spectrum and Si distribution of a
repeat preparation of SM-3 catalyst.

[0018] Figure 9 shows the 2°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(3AI13I) to that coordinated as Si(4S8i) 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.



94 99 105 108 120- Methyl Silane) [0041] 29Si 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.% whichwitakes/itivessy difficult to obtain very high quality NMR data. MREEEERIHEIdISIgnals 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, t[@ﬁﬂ@rrﬁb&dryatﬁmmwappmvﬁimm@f disteilalitririsof Sicdito oeddshigecdemough to

determine the et ol disperoian aLlIcon s SARG, Catelipls, 100471,2 SARBATRQROT 2981 MAS

NMR for SM-3 an sam und Int iscussion 0 ts sectlon low e studies
revealed that a@tﬁieracamorsstﬁrﬁrmim songitignscwyipotise seaw|segepiorisprise same

conversion rate of products. The lower the reaction temperature fo_;’ a given
extent of reaction, the more active the catalyst is for the specified process.
The silicoaluminophosphate of the present invention, which is a SAPO-11
type silicoaluminophosphate, shows superior activity and selectivity as
compared to other known SAPO-11 silicoaluminophosphates. The selectivity
is a measure of the yield of a desired product.

[0021] The silicoaluminophosphate molecular sieve of this invention, as-
synthesized, has a crystaliine structure whose X-ray powder diffraction pattern
is similar to that of SAPO-11 as disclosed in U.S. Patent No. 4,440,871, The
silicoaluminophosphate molecular sieve as synthesized is characterized as
comprising a three-dimensional microporous crystal framework structure of
[SiO2], JAIO;], and [PO;] tetrahedral units which has a composition in terms of
mole ratio of oxides on an anhydrous basis expressed by the formula:
MR:AlLO3nP205,0Si0;
wherein “R” represents at least one organic templating agent referred to as
“template” herein presen’t 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 0.85t0 1.1 and
preferably 0.90 to 1, and “g” has a value of from 0.1 to 4 and preferably
0.1to 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 AlOz.

[0023] The SM-7 silicoaluminophosphate moiecular 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{(SiLALP)O;



[0043] In synthesizing the composition of this invention known as SM-7, it is preferred that the reaction
mixture be essentially free of alkali metal cations, and accordingly a preferred reaction mixture
compositiowexpregsddsin terms of mole ratio of oxides is as follows: aR.AROBFWEHHBLBIO2N120
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 alumirEaindRraorerprafe ddiipebbetd@tmie? ¥ “fasaad atliessuehahat therels 10 to 60

moles of H20 pRL Rl of AN A ASIEERRYARIOM [30AAR ecuhesis method of the

present invention, an aquéous reaction mixture rmed by co the reactive aluminum and
phosphorus sotetesamitl epdetiontst 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 preséf@dkufiiiachily IxiicorlceniiaRbasahataliRiudbeothatemsiszamtinieaionfation of the
SM-7 Composmif’{t)l%quélﬁ%i%@t@ﬁ&éﬂ%@?’%é@@f‘ﬁ@’@i%b’éﬂ@h%ﬁﬁ%%%ﬂ%l@ fge reaction

mixture are genera % not provided by separately-added components. Rather, these cations and anions

will frequently RPfssLRRR RIGIRIERY tRethed@ise PHER 1B PRvidethe@arer essential

components sughyasiRenliceaisH ¢R PLIUSNBS HietlanindpMpiahatagenss B04@iere
specifically, the synthesis method com riseé:éla%rsre aring an aqueous reaction mixture comprising
, Ui

the following reBE&SRLiBSIIBoRS Gt nBRY IEToERIARY S SRR RAUm),
phosphoric acid)(phbespherietis2o8I0e kosatifreianti@rafesahliharsateaitobfand an organic templating
agent, said reactjpn mixture having a composjtion expressed in terms.of mole ratios of oxides as:

B Al205:P 203 OB AR G S L it B s & Gl rge enough
to constitute antefféctivebimewiiicobRibbaesphialee such that there are 10 to 60 moles of H20 per
mole of aluminum oxide (Al203); 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 agefi0d2&tdétgsiicon coniphitefdtdismveisigredienmiureshurfeecapidtiiee surfactant

(preferably dissg‘YC%%m{ﬁ]Iﬁ?g@ﬁfﬁr&% E%jggrwgl pENGH @%%\%giwtémr@” ég reafter combining

the resulting mixture wi orm the complete reaction mixture; (b) heating the

reaction mixtur&tenénap&ratbveiacere tapgecsefrefarsdod e arvoatatistisaias bre
silicoaluminophgsphate piadamedeand(a FREMEINPRRIL Y Stalsy 9N ek-Grystallization is

conducted under hydrothermal conditions under pressure and usually in an autoclave so that the
reaction mixturSRESHBREARY QS Shbiasd Fexaliipis: HOROIRG T ARSHANE X NEIUAR &M-7 material, the

reaction mixture;cRREHBINYsiReHsfieRdand thereranay od iysiisarhwaskasigiurexample, with
water, and then dried, such as b%/ heating at from at least 25C to about 150C at atmos[pherlc pressure.
Preferably, the silicon contents at the surface than in the bulk. In this comparison, eithe

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 JUPAC definition. See Rouquerol et al., Pure &
Appl. Chem., vol. 66, pp. 1738-1758, 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

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

-7-



supernatant liquid above the crystals is removed prior to the initial filtering of the crystals. [0048] The
SM-7, prepared as depicted in the instant invention, is beneficially subjected to thermal treatment to
remove thewganigitaasplating agent. This thermal treatment is generally perfosaseetdsysbeating at a
temperature of about 300C to about 700C for at least 1 minute and generally not longer than 20 hours.
While sub-atmospheric pressure can be employed for the thermal treatment, atmospheric pressure is
desired for reassffectifequverdpaderd retheeranglydf edtadt Brozi6ct mnpattou(B)usedul thehe catalysis
of certain hydrocarhbon, conversion reacti _ns.q[lo 9] While not intending to be%i ited to theory, it
appears Si02 dronéjsier%tiaern%ervt%(rags{?rl?qc ut}r_gf% i I(z};?t'eoz1 %Cﬂéercsr?svtea %gﬁ@rg, %?Jrc% ﬁ%%%?}e(%rﬂhe conditions
of the process ¢fithrangeetetichidm e eartyupmaskEs obihgeeagionatherrisipsoducit smedr
aluminophosphalcphask SLQUNASARY ASIR LA ATIRIPBRUS ARG/ BB dam s lepleted by
reaction with Al% $p§:8||es, the pH of the m??(ture rises ?r]or_ﬁ a W %é to bou}al -10.5. This
increases the di¥d6NgisaHe SIEP Peingithieutisaiczoincoiposidien Vatd srecructinbkeueragat there is a
silica gradient thigoh, ipg.cr¥Sia| &@%@%@g&@% aeA" G GIRES thap hiltresatentdhe P203 to

alumina (Al203) mole ratio within the bulk of the SM-7 silicoaluminog‘hosphate is 0.85 or greater, and

preferably from@EB0eR 1N @IBB0ET RS SHEHY HitBaNed FHaRes PIhEe GRRIBBIHFEL BE® ontains a
higher Si02 to alyRiReMalRAAES Haamd) thedinMataiiabrdhighensiges 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 HC1 or H3PO4. The latter may be preferred, since

having a slight ppgesp affRQ4rscuil belie ensuee thehibe:BP4-3icoaseatialipmisaganal so low that the
alumina and silica co o(ri}er%s Qave %gthtin tq react with gl# ach js?fﬁr E(%g%ﬂAn excess of water
over the describléépga%zgg BHY SIS TRy %I"?H@ér{)%pati ?i‘ﬂg & AR Excess water
also leads to largensoysiatsoikiehwm ayiimintiskirasiity Wiacus dosdifes @racd Aeaihits. In the present
invention, a crysiallite size.of less micron is-produced with,an aver, ize less than 0.5
micron. [0053] hoe!e()crlfg%lrﬁ%l evr%%la}ttgé‘?gr%? %l‘r?réya%%ﬁ %’rpr ferg%?fssoe e%?gd’éozga(ﬁﬁ?ﬁ?opylamine
and di-isopropyfniriet ¢ &Ti%umaithecdéafiti6064] ThimliicaodgbéladP Biliteesdustieotapable of being
dissolved and/q[ di ed i iquig.r [ ixture. Preferably, the silica is introduced into the
reaction mixtur%kﬁisagi%%r%&gﬁc}g%%%oqr)@s%%%éggéiIica. Useful sources of silicon oxide (silica) include
any one or more forms of silicic acid or silicon dioxide, alkoxy- or other compounds of silicon.

Preferaby, a o/ a8 e 198 85 CABOSYCabRl GoIRd ibaerApREEIANpicaly. the

crystalline silicoalumlnophos&hate molecular sieve of the instant invention has an AEL topology. Other

topologies incluNBUbalecHA i RAdatokIAGIES dirMaiers i Aieto? 2BBRIECSFUKIIVEHSpes, Fourth
Edition, W.M. MaiRfrdadd. @iramacsl§t8uBReprinEdsav8ntt98nKiRihHaeerMn/ synthesized as

described herein can be used as catalyst in intimate combination with a metal component such as
silver, tungsten?OQﬁgﬂmﬁ?,%Iﬁbﬁ%’Fﬂﬂﬁ,(ﬁwé}\iarﬂ?%ﬁmﬂﬁ?%@n@bﬁ@é@%ﬁé@%bﬁwI metal,

preferably platingiepenallgdiumsmpsiadionexagries echydragriratgnisialrysitogepation or oxidation
function is to be performed. Such a component can be ion-exchanged into the composition,
impregnated théRSRTBIRGARER ASHIIERN) SRR SeFRRTHCSH AU FEFLRH gar BEmpregnated
into or onto the wendposti@ersicitaasiouiekpnapie instirecaseay platiffactiphteatiogdtie crystal with
a solution containing a platinum. metal-containing ion. Thus, suita latinum compounds include
chloroplatinic aagépﬁfgﬁgﬁshgmgﬁ?é@a%ﬁcd \5%@&5%5%% urr?c? %gr?tgitnglr;gggtl g %?a':[cl}rﬁ% amine complex.

The preferred inmgfedeatigricdfex@ve (®. V| Rriatahgpheforabhe qBtinuzy? idipetfoningdme a non- aqueous

lution. | ' tal t lecyl | loyi - lution is disclosed i
'S, Pai. No. e T T o e R B RA g L CBaR T0 Scorment,
ion-exchanger, eprapeUodtiatitgdiretiatierceiaisodigreaiardrsioraprd st %himibbe dehydrated, at
least partially. Thin RO NG DLHERUAL (0 IRIPEFAHER IbLURIan g RRA AN fReabout 600C

in air or an inert atmosphere, such as nitrogen, etc., and at atmospheric, sub-atmospheric, or
super-atmosphé&iiRigfess Fey edpliseut B mrlasal B abdatars retneOmEiH/ MRIHER: can also be
performed at rogp IRMP A5V RRSHEYILBIAANG 1701 §TYSPYIREBHERRNDAY FUH TaARHL a longer
time is required to obtain a sufficient amount of dehydration. Therefore, depending upon the degree of
dehydration or theHHARETERrRY desired for the SM-7, it may be subjected to heating at a temperature
of from about 200C to about 700C 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 produetssuchias an extrudate having a particle size sufficient to passithraegiiias®-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 extruded3{]05%id netire tasterhpideyl tatalylstsisitisadbséadriadcocodpgratetthe SM-7 with
another material resistant to the tgm(geratur{estgnd %h?és?t(%ngitiqns rinﬁ@/ve% i{?1 éjrr%? llg e(:onversion
processes. suct RIS RRC AT EhG Madive Rareral %ﬁd'fvsyﬁ {E%r atura ly“occurring
zeolites as wellrasvihergdrstomatefisiiecenchlasclays, Bikcahatphivas avididr iovetad GRidgs. The latter
may be either I i ' r y NQL |pitat rgels. | ing mixtures of
Ciicn and metal Sy Ak LS G A PR B RE e, which
is active, tends st e/ thehcionrs shenrapiemi aciettigwook ticivatalst prowesiiarganic
conversion processes. Inactive materials suitably serve as diluents to control the amount of conversion
in a given process so that products can be obtained economically without employing other means for
controlling the f&¥%&3d redigieroraiEea e ibieaya sy BeMrereBiatad st Heaoraseaetafing clays,

e.g., bentonite andikROURLEQ iMRIONRNE SHaRh StieRRINAEIER-sRialS irescammercial operating

conditions. Said materials, i.e., clays, oxides, etc., function as binders for the catélyst. It is desirable to

provide a catalyde'RatisCieHRhiAMmens s i SiRHRURROTPLBIAME RFFEER RYdesirable to prevent
the catalyst frof? &y eakine| Ieyvaife-rovesitikemmaieitszddnesawrchinesis/bave 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 tfiggazjbentoaitespangite depinsgepmoslydionynigsixkgusiNanpeep&eorgia, and
Florida clays or,othegrs in which the main mineral constituent is halloysite, kaolinite, dickite, nacrite, or
Lt Such BB TR BN 17 SR B Ty O eE Sl A LD e ek t
calcination, gcidnﬁveﬁ_semmgmtmr @t_rﬁrtﬁmd:rdediﬁoaﬁ'm_m. tBindg_lre usedal m@nmm@immhe present
crysta) also Il peeanls axiiess Tetala g v elioa, (0061 o sddlioniia (g opedoino
materials, the catalyst’produced can be composited with @ porous matrix material such as aluminum
phosphate, siliqaregentimyesition;raagnetiay Silidarzicoripiitica et estivadsenfIifOsilkatitania as
well as ternary [t lica- inarthera,sil uming-zi ia,:
siIica-alumina—rr%?sglgr:leezé)s%lg,%’E’lﬁt’zlr'ﬁ gﬁ@’a@n%%%sgllggﬁ@grrﬁag%ﬁé?gﬁéé%%%@?ﬁs%%dﬁ(?gld givided
crystalline SM-PyHaRiAal dadiabRGasic@lnae Felranaet Sl WideihatitethBeHpgell8dRtent ranging

from 1 to 90% by ueighiansk PRY & sisraiHBarsE- WieR tHeICERORIR IsnPiRRAIGELN the form of
beads, in the rigge from about 2 to about 80 weight percent of the composite. [0062] The crystalline

material producéBe5 368 BHEERYH AR FIRIIRY CoRTRYHNDRS AR AraiRiek Ml miiatal for a

variety of organifiged- ANYHRGAISTLROPORAIENE S8 YRERPIERIEseRResT HIGOR UPM- U eitalyst, when
containing a hydrogenation promoter, can be used in a process for selectivel’y producing middle

distillate hydrocafbdme A b 8B SRIGHRE RS RA AR B MaRROBR RIS IRTUIA X RYESt 80% of the feed
has a boiling painsabevenrhayt 60371 The aydiceiaskingilesprlitinm pralegaaiesciiad ftestiperatures

hich I _about 500F (260C ' I bout 600F. (316C), preferabl
betwoen about 8008 LI ISHRR0 SO0 A0 Ry RHBGaeAIAR BT SRBR he at loast about

400, and are usualbchetnsenssbolitdsethsaiubatesudES i steanddrlarebidierdfpranioarrel. 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 &l6638] 0lr{0b64)rFharationlitibitdsshatizebétchosdecsttisieviee wiesaliaanaeision rate

will correspond: e | { 40%, r I f products
boiling below aﬁ%ﬁ%%@%&%ﬁi@p@@ é%%%ﬁ:gg?gb y eﬁﬁﬁ{%ﬁl%sg F%Etg?a%g%%)l g{%(gut 300F.
Midbarrel selectlitpishptiRBpbaigctathalsat deaMalsHeiass peeteabRPaPRRANSUtBI08, of the
product is in the, middie, distilaterange and R GIaki¥DsIQN ABPUS iR AR aNA RBYe @Bput 300F. The

process can maintain conversion levels in excess of about 50% per pass at selectivities in excess of

60% to middle GliERREHELIRARTESORM FEIVEER aHBIREDERIGI ISR 18 AlSORWENE(385C). The pour
point of the midgig.distilig-atilvaniabiaineson i prrsassudliRe el e aReut0f4 Ang preferably

below -20F. [0065] The process can be operated as a single-stage hydroprocessing zone. It can also
be the second YA ¢ I RAPSIARAMUFEE Ry scheme in which the first stage removes nitrogen
and sulfur from the feedstock before contact with the middle distillate-producing catalyst. The catalyst
can also be used in the first stage of a multi-step hydrocracking scheme. In operation as the first
stage, the middle distillate-producing zone also denitrifies and desulfurizes the feedstock; in addition, it
allows the second stage using the same catalyst or a conventional hydrocracking catalyst to operate
more efficiently so that, overall, more middle distillates are produced than in other process

configurations. [0066] In the process of the invention, the hydrocarbon feedstock is heated with the
catalvvet 1inder convvarcinn conditinne which are annronriate for hvdrocrackina Diirina the convercion



the feed will boil above at least 600F (316C) and most preferably at least about 90% of the feed will
boil between about 700F (371C) and about 1200F (649C). These heavy oils comprise high molecular
weight longvwehain paratiins and high molecular weight ring compounds wigredarge psepartion of fused
ring compounds. During the processing, both the fused ring aromatics and naphthenes and paraffinic
compounds are cracked by the SM-7 containing catalyst to middle distillate range products. A
substantial fraction of the paraffinic components of the initial feedstock also undergo conversion to
isoparaffin. [00 e process. is of particular ytility with highly paraffinic feeds because, with feeds of
s Kind, the oriORa8] 1 BFoR AT BOUP A g e A TL UIER B B RRU I comtain 2
c_ertain content of pobicytitd compaursdst E_(B&ﬂ&}tihé’ mmmieebc&_nabi@djaaw%edmddmmch as gas
oils boing aboye 600F {o.ie more seleciively convatenio middie distilats ranggProgigts having
improved pour pdints i ‘Contrast to prior processes Using large pore catalysts, Such as zeolite Y.
[0070] The hydreithackingalatalystEepatdier af affititivobrmegants at feasead@hydikigendtion catalyst
(component) of fye,lybé gommpaly copipadl i Dxdianrarkng FaialuAiR 1A Budredshafien
component is generally selected from the group of hydrogenation catalysts consisting of one or more
metals of GroupeBiemanBlaee Aefaielididg Bfensiing twasleressaeadsiotondusentating such.
The hydrogenatigg catalystds pelerahiysglsrtsd rem dheigeorpr ahansiaisnsaltsoand.complexes

thereof of the group consisting of at least one of platinum, palladium, rhodium, iridium, and mixtures

thereof or the gfSigEinEistiing oralercsaiicopllae iEraRineIASEsh PRI MM FRETE It hium,
chromium, and mixfeERsdharrel.R ek e 8 dgHaaer ik G A0lys, RiRl-apRgFalsdy intended to

encompass such metal or metals in the elemental state or in some form such as an oxide, sulfide,

halide, carboxyfB@" aRa4h@- fikéndon9e FisdarphhogERatRIHlanarUE breleirfiaR @ficcale amount

0.65.10.25% by we gt 0075 THe %M‘%ﬂ%@%ﬁq@ﬁ%@a@m eoﬁ;@c‘t‘?o"f;"'jv%’ffh"”"t@ra%”@io“fa"i ane ottrom
. 0 < - .
G

it
hydrocracking dae! §'t§,'%s.gc.’, m%ﬁ}m%agfﬁ%ﬁ% o [eSe df Y %SSBHBcBh%m in
hydrocracking caiadyists nibepretssftativin ehtioearz eslit o akuomnogiicalesciptiosedihenetofore as
employable as component parts of hydrocracking catalysts are Zeglite Y (including,steam stabilized,
o o sabie P BT R L R LS. EO oS A0S by, PRI RS H0tS. pat. No
3,445,727), Zedig5ZSM-3 (U.S. Pat. No. 3,415,736), faujasite, 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-J[Qpﬁélzé"@:aé,emm‘-‘t?mt@ma@e_rZ’izaiibqygé peeflite) ﬁrmahmé'gwﬂh@déﬁﬁhﬁraditional
cracking catalysis,cantpiindamannisnf HR2Qiaseihan aboui i eightale sengrallypreferred.

The relative amounts of the SM-7 component and traditional hydrocracking component, if any, will

depend, at leasHfigIEHN® NghE BRI By dhecsrpBletieaRIstk I oM ifidnedIrdyBrdbEct distribution

to be obtained thejgh PiTlod kB3t iRssRSHoGHas va deacupk el MatifRmplgyatk When a
traditional hydrocracking catall}[/,st (THC) component is employed, the relative weight ratio of the THC to
b

N9
the SM-7 is ger@Pal§ BEHABEH ALY IE TR ENAICHEES Bt aMaLsiabRNYBERUIREL 8 ind about

280:1, prefe[rabbrﬁﬁwﬁawmi%w @Ib@wﬁ@ﬂréf m@dcﬂ@gsé@fafﬂ%@mﬁﬁ%ﬁwwmb@utdlrl and
about 20:1. [0073] The hydrocrackin ata%ﬂsts, are t%a yergg) oyed with an inO{;%anic oxide matrix

component whitigy b& é{ﬁ‘s‘?‘?ﬁ'{ﬁé’%ﬁ PR AR Rix OO REMEWALAYREE TRen employed
heretofore in thenferfrdation wihydieaiaskingetiatpyeisdridudingiatsanphasis Aataheinprorganic
oxides, e.g., catalytically-active silica-aluminas, clays, silicas, aluminas, silica-aluminas
silica-zirconias,%%ég-ﬁ@aﬁgs@%,%%ﬁ?ﬁaq Sszi %Tfﬁ%?ﬁ;%?%%@%ﬁﬁ?h%}‘?ﬁﬁ& fvfn%isl% f?(ﬁures thereof.
The traditional Hydroigraakingl eatddy st eigttMaTemayyiemixed separapelyrwigh the matrix component
and then mixed or the THC component and SM-7 may be mixed and then formed with the matrix
component. [0074] SM-7 can be used in a process to dewax hydrocarbonaceous feeds (in addition to
lube oils, these Q0GR irolpdepacing eniddietaidtiiatesy limchieiag ehese oatined/fedit wetrisleum,
Fischer-Tropsc i t&ﬁg%o%kﬂ i ' it . endent in
large measure Ecr)mlﬁ(ﬂ,g %%g?%%%d upon lthe geéﬁr%%gm“%cﬁgw @eﬁﬁﬁﬁ% %Qtée%r’sseggﬁj_re will be
between about 2800&AMabdiLEAT P esreferaggnsnmesirdBeloPSoTRREHRAAS0CYTHe pressure

is typically betweeniabaub 1R pigaR0 RRAMI ORI PR %%PF@W&Q%%@%?E@M%%H?E and 3000
psig. The liquid hourly space velocity (LHSV) preferably will be from 0.1 to 20, preferably between

about 0.2 and aPAREAIREOEIURRN BT R INBIF Bra nBiRAIRE FaaRRRPYbALERE R 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
ratalvvet At the ecame time a meaciire of iecomeaerizatinn talkece nlace <n that not Aanlyv ie the NnAtir noint



[0078] Typical feedstocks include light gas oils, heavy gas oils, and reduced crudes boiling above
350F. [0079] While the process herein can be practiced with utility when the feed contains organic
nitrogen (nigsagenwenidning impurities), it is preferred that the organic ngtogeseemntenbof the feed be
less than 50wppm, more preferably less than [Owppm. [0080] When used in some embodiments of the
present process, the SM-7 is employed in admixture with at least one Group VIl metal as, for
example, the nehiermeidsAusinasplatimasphod paliosiy rsetdroplisnedyoiheseatalytically active

metals such as molybdenum, vanadium, zinc, etc. The amount of metal ranges from ahout 0.01% to
10% and preferdBRb: 1o S ESAHEIN: &F MYSHUIERG P S Bl B At e (ROl uiized in
the process of tiisviaythatien cionmeat menouidrevef the pretalsnimits elemerttabsthteardn some form
such as the sulfide e oxid%anpl raix%reﬁtéhgr%qj.ﬁsé tﬁ:&%tomg% Ej_n é e da}rt,[&f n(q:ggﬁla;(gisby\éhen
referring to the SRvE'R 3 8|Urg1e %Isﬁ{ NN T PGS pass (A& BXiSlence o sach metal in the
elementary staterolecusomEferm 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 withi0the} mateHarsaedioraler of tdibaipetdererpgiantieiitonearons emloged in the
dewaxing procegs, tﬁ%}tmtm(fmﬁ{ﬂﬂﬁé%ﬂgg aeivepiddnactivedmaiarials and syphetic or

naturally occurring zeolites as well as‘inorganic materials such as clays, silica, alumina, and metal

oxides. Examplegadt yéiie saAgRHE sypteasthamiesing rifpaiiesiieyM s Vessibstes,
mordenites, anghtRase @i the 234 SRS RtivaIN Rodltind meRBREAdIRNSAS Fasliies can also be

composited in a porous inorganic matrix. [0083] SM-7 can be used in a process to prepare lubricating

oils. The procesE&8inprQREYSS HAIBEISERFRIFPERGIRECAR RIS AT MyRldebrBE i e ous

feedstock to obtaiharmefflteryeanapiistiagm Ry @9 esackediol candtineeataty ticadyrdBivaying in a
catalytic dewaxingg zone the hydrocracked oil of stg a) 3@5 a cata%st Qoq]ggrisin a crystalline
BEB r

silicoaluminoph harusries H?@EGB@W% % EBIVSI 68 . [0084] Another
embodiment of thigqeresese predegesar additensd| stepuoh stadilizing caid clewseonhydedirackate by

catalytic hydrofinjshing. [0085] The hydracarbonaceous feeds from which lube oils are made usually
contain aromatie%g%%gm?&na% %ﬁﬁ%@%ﬁ%ﬁﬁ 'r%é) %éﬁ%ﬁ@%ﬁ@ﬂﬁﬁ% gf%gﬁ)q%aoc%ain lengths.
These feeds usoallgboihinithkigdsunl spege Breferossh feedstiiaksraadivatmiriugashaitssvith normal
boiling ranges if.the ra f t h ' il i al boiling
ranges from abgrbuif E’S‘ﬂggf’%%b%%?gggéglg&%ﬁﬁ%ﬁ%dﬁé&%ﬁ%@ﬁqghﬁ}m SY‘ %%?ﬂﬁg;é coal, coke
distillates, flas_kmﬁtheﬁﬁ@'lly_fmw m@g&%%&&_Em@mﬁi,t@ﬁ@@ﬁi@eﬂb@vf@ﬂywmabo be used.
The first step inhe RORERSIDAANAMEIRHBYAECSTASIIRGD AOMMEHciakaparations, 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 feedatpgs IRngi R I Ao sigliare el onsapibies derasege and et fuel up

to high boiling stocks such as whole crude petroleum, reduced crudes, vacuum tower residua, cycle
oils, synthetic crseh@1geaivianslisetardoing SersteliogAngiRindiRa (P9 A8 A5 MBots oils, and other

heavy oils. Strai@@b@a@,imqrg@@jaﬁm githes adapemr 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

Cio+ feedstock generally boiling above about 350F since lighter oils will usually be free of significant
quantities of wapgoeeMpPEsntsvHipVayere theanindesshs gstitsdarhaBeiuhvikowlaxygidissdlate stocks

noating ofs and BUEP dISEOAHONCWABSE i IR Gl EC QR NESH b B lithaimed within
certain specificathmwimit$hesbnicateriaisl st cks ingll grahdraliptivivabove 2306 (450F), more
replacing some of the PO, tetrahedra by SiQy, 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 updn 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

-11-



usually above 315C (600F). Hydroprocessed stocks 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 feedstogigafhihepiesent process will normally be a Cio+ feedstock contaiongopesaffins, olefins,
naphthenes, aromatic 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. Durirgsghe hi6pcessingidheingnaraéias isrctdie aligbdyhianchgdraaraffingamgergo some
cracking or hydrocracking to form liquid range materials which contribute to a low viscosity product.

The degree of kNG XWIRCPHIQUILEE WIS R i EUSS MBI yistdCOr P 8RB Rabing boiling
points below thatrefsthederdstock it ecdwoast tinexe by atresenvitgdbeccscidimimyaive &f the feedstock.
[0087] Typical feedstocks include light oils, heav, s oil dr d crudes, boiling above
350F Such fee SRR GEETANPHAVE Bueal Soet BT AE0UD ot oe HAUVE ASually above about
20C. The resultant products after the process is completed generally have pour points which fall below

-0C, more prefesghiy beloy. about 100, IN0ARIAS sed Letein, the i ey feedpincludes

petroleum wax ck employed in the process of thé invention ¢an 25: a waxy feed which
contains greated&#h%5ho @) e ave b gesaranistudirso 0% Zeakiasighly paratin feeds

having high pou, paints, SEraM 8PRYE BPHEAC G TOESAl AkHe apELOR e also sultable for

use in the process’of the inv uch afee an contain greater than about /0% paraffinic

carbon, even gréereeIRHAAE St DoPsE AMmiiheariso W ASH BONR of memits saaemiaing ixatable feeds for
use in the procegs §6A88) PWRNIRBINEH IR WY HEHKISFHRAS (REG 83888i9is, lubricating oil stocks,
synthetic oils such as thoSe by Fischer-Tropsch synthesis, high Pour pmgtqk)rgggélﬁhaoleﬁns, foots ails,

synthetic waxe<SS§EREORS Ph I DAY RIHHRA RS epRIVR@SEeSHie @ndTMfcrocrystalline

waxes. Foots OitimrBteRasas vepeRarahigrathoBy the Waxditkedsolsted gildsreferred to as foots olil.
[0090] The feedstock may be a C20+ feedstoc Penerally boiling above about 600F. The process of

the invention is BRYFNREMNGARPERSEMES LHoLRE'E ch as gas oils, 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 geneaaém bsgoil above 230C (450F.), more usually above
315C (600F). Hydroprocessed stocks are a conve F<urce of stocks of this kind and also of other
distillate fractions sinaghivetepistiafiySionteinigRiiearh amicbinits REmgxpEEeadiinSi The feedstock
of the present process may be a C20-F feedsto%gggta{%rgﬂ paraffins, olefins, naphthenes, aromatics
and heterocyclic compounds and a substantial proporﬁon of higher molecular weight n-paraffins and
slightly branched paraffins which contribute to the waxy nature of the feedstock. During processing,
the n-paraffinsranydethe stightly branched peraffi dergg sone Srackiryg or Ay dro Rifngto form
liquid range m a‘t:gellrtf?a}rlﬁs{Ff W F?gljﬂlécp%ntribLitg‘t‘gMz;lwlo '§VI 3c}:ﬂc')l’sity p%r%‘é% %e%é%@ésgﬁcra(% ﬁ}%?)whi h occurs
is, however, limited so that the yield{of low boili§iproducts is reduced, thereby preserving the
economic valueof thie feerstark {0093 b&“f&flg, WK [T be Uhigied from g a vdEggeked lube oil
or a solvent re fineétl f‘fbe oll. Hygrocrac Ing is preferred because that process can @lso reduce the
nitrogen conteft to lowR@iges. With |sladéway def@fed fiom stent refined s, deoilihglan be used
to reduce the nitrogen eRpieRkigptionally, hydrotreating of the slack wax can be carried out to lower
the nitrogen cagntent thereof. Slack waxes possess a verny high viscosity index, normally in the range of
from 140 to 200, defseRvisd¥iethe qil content|and the starting material from which the wax has been
prepared. Slack waxes are therefore eminently suitable for the preparation of ubricating oilS having
very high viscosity indices, i.e., from about 120 to about 180. [0092] Feeds also suitable for use in the
process of the invention are partially dewaxed oils wherein dewaxing to an intermediate pour point has

been carried oufdpaaiproseasssheriRandpaiccirinted etpiatéomeamnattranyesiienalisatalytic
dewaxing proce fﬁ%s and solvent dewaxing processes, ExemEIar}/ﬁ;uitabl_e oIve#t dewaxing

processes are s oQﬁ'iH'?@@Y@&t}tW%,%éjﬂ%@ﬂ ooz RIIsES ,tﬁ&rﬁr&%ﬁ% § BP9 conditions
include temperaggriesviaghiewangebicabnakes O éoyaditiiduiG0Ghparsserg $ightheiaiygeMRabout 425
to 3000 psig, oréngre,[\ﬁl kl]gdrogetr% recycle r:itte (r)f ﬁO? to iiLr5 OOP%S?CF/bet,hand alL zV Yt/é//hr) of 0.1 to
50. [0094] Hydr 8 a |0?1-(§)e\@$yd %%%3{%]@ c,so?n%or?er\ﬁg Ofé[?l%\f‘l d?gcpack?n%aégtg yst sually comprise
metals selectedFomaad W i enediCrooe \dafdid Reratinableodunckddnipounds including them.
Preferred Grou ents inc It,. ni lagi ladium, particularly the
oxides and sulf%gégoﬁéggﬁa aé;\H(? r@cééﬂ%grgpear%g élégrtbp%@l gcg%ﬁgp%%ﬁ[léggr%ht e oxides and sulfides
of molybdenum emdramgenis. Nayerseessldsoitiparnatiacidhguidteyapewkictatere preferred for use
in the hydrocracking step are the combinations nickel-tungsten-silica-alumina and
nickel-molybdenumsilica-alumina. [0095] A particulefﬂf’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
(\whinY and moet nrefarahhv lece than aboiit 1 nnm (\w/iw TONO71 The hvdroecrackina oten vielde hwo




[0098] The hydrocrackate is preferably distilled by conventional means to remove those products
boiling below 230C, and more preferably below 315C to yield one or more lube oil boiling range
streams. Dapending upan the particular lube oil desired, for example, a lightraeduymsassheavy lube
oil, the raw hydrocrackate may be distilled into light, medium, or heavy oil fractions. Among the lower
boiling products removed are light nitrogen containing compounds such as NH3. This yields a lube oll
stream with a refisieRd idHQges) iuelsse Mg oS tochestatineshisealtemingphassaaie ololecular
sieve in the dewaxing catalyst |Qieves m?ximum activity in the dewaxing step. Lubricating oils of
different boilingsr]?iﬁaaérkﬁ?ygé% ﬁﬁﬁéﬁrﬁfthe process of this invention. These would include light
neutral, medium neutral, heavy natural, and bright stock, where the neutral oils are prepared from
distillate fractio bright stock from.egsidyalfractians. ] Theggﬁe?t efficiency of the present
invention comeialﬂap rt'tf\r %qﬁarksg%g’}naééwo @ﬁ&ﬁ&%&g oaBPo uce 5%/“3%}%8\% rﬁ)ﬂlrjgggen, high
viscosity index stdtle Wischssitimeof &t bectiiridmntipw ewaixest idias e B o dnalawighour point and
improved viscosity aarl iggesipriex papie:appcecialed iiaking ighgidthe activity of the
dewaxing catalyst, th lowe the reacfor temperattire necessary™to achieve a particular degree of
dewaxing. A significant benefit is, therefore, the greater energy savings from using the enhanced

efficiency Cata'@hﬁ%‘j’ ‘1ﬁﬂhﬁﬁ%@%@cﬁe&fﬁﬁgﬂﬂﬂ%ﬁ"lﬁiéiﬁ@@n‘!ﬁw%&rﬁ%’é%ﬂmﬁ itis

silicoaluminophosphate dewaxing catalyst is shape-selective, it reacts preferentially with the waxy

components of fHefRIER ihak e porciore TKkithsoasprHally Beaid albath A1 at&miiRNgs well as the
slightly brancheghpesatingiage allorbritasiitdsesyclapaipdinsyishsopsieedbs posaligd

microcrystalline wax. [0100] When used in the present process, the SM-7 silicoaluminophosphate is
preferably empl@yBtPiR EiRIRIEAERISERLEOHFe of the noble metals platinum, palladium, and

optionally other catalytically active metalsrspgitasmahhasiaumHirkel, vanadium, cobalt, tungsten,
zinc, etc., and mixtures thereof. The amount of metal ranges, from about 0.01% to 10% and preferably

0.2 to 5% by wigiBIthE nHRLGIFRSISEMBIRITEIRERIetdl (A8 HURSTHIRUIRS invention
can mean one @omsiieef dhecieiile inoiselemtntad StRe D1 padgeredyrmasuchasdhedulfide or oxide
and mixtures thereof, As is cystomary in rt of catalysjs,,when referring to.the active metal or
metals it is interﬁa%{?(? '&1%#?)%@5%1@@@?\%? &%&%Oﬁ%@?fmﬂ% ae?ﬁéwg?yasqgt@%%n some form
such as the oxigecdersiifidebasiniehtone?t disoves andahegandib b alf ttheresiatélrioVdiomdies metallic
component actygl isis nirations C if existed in the elemental state.
[0102] The dewﬁ%gj{s%{ Frﬁg‘)(/g %g%?gﬂgﬁu??ﬁ%ﬁ g%?r%l'leg giegépog;%éthe hydrocracking step but is
preferably carried out in a separate reactor. The catalytic dewaxing conditions are dependent in large
measure on th S ] F%% [ JJ.be
between aboufggoﬂ%};n@dgﬁ% 47%?&%@%%%/%%Ween gﬁi)ﬁﬁ%ﬁ%}é, ?ﬁd%%ggg%\@rbe pressure
is typically betw@disdstiesssiPuseabsina0u® eagtie abraiy Hend ShFMREB0 psig and 3000
psig. The liquid haudksspaeevslaay BriRMbiligens kel e S.bieAlapasserrisisbly between

about 0.2 and about 10. [0103] Hydrogen is preferably present in the reaction zone during the catalytic

dewaxing proce§§ FHEORREHEh thTesastatiodd eRsiieHsiiedh theaaTDRIRR Wito ' S0,000

SCF/bbl (standajificeipiiret penhpeRXidraierabiaboyichbABhie abs 080 8EF/Ibl. Generally,
hydrogen will be separated from the product and recycled to the reaction zone. %)ég: The SM-7

crystalline silicoi@HiRSALSRHRE ALEIBERRENLIBVE S APASEYO APYitedGHP Bt fsflfesistant to

the temperaturgs goffisihiencondiinneempioye st ihe devadnp eraaesaithuieb foatratiomterials
include active anf Inagive materials.and synthetic or naturally occurring zeolites as well as inorganic
materials such & @8@%?%88%8ﬁiﬂ?£-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 combinatiop,@f, zeoljtes can also be.composited.in [ inorganic matrix.. [0105] It is often
desirable to useEb rr%ﬁt yér%g@%&?%ﬁn'c(gg%&lsrr%g? rggei(r)rﬂed‘%g 'QS%J ﬁjfc}gr)o m?sr%ﬁleg Et'cr)} [taégduce more stable
lubricating oils. [6&06HT hextyckcfiaigking sig mohprbeipedionsspaitdhely reides coafimtriglewaxing

stop, and prefeigbly afehe Sy daliisiing s nieall peBducieFaHiemerrakas naina o about

190C to about 3 at pressures from about 400 psig 000 psig ocities (LHSV)

between about B E20lANd MYl nesetetigeiher 45640t corMIBOE SIS S . apHee
hydrogenation %@B,Sﬁﬁ@@@gﬁ@@@é@@,@@}é@rzgqu,g{a,lg%erg%égthydrogenate 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 unstalgldl:%e to air and light and tend to form sludges
spontaneously and quickly. [0107] Suitable hydrogenadtion catalysts include conventional metallic
hydrogenation catalysts, particularly the Group VIl 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 VIII metals can be used with molybdates. Metal
nvidec Aar crilfidecec fcan be 1iced <untahle catalvvete are detailled for inetance i1l < Pat Noc



EXAMPLES Comparative Example 1A [0109] 502 Grams of 86% H3PO4 were placed in a stainless
steel beaker in an ice bath. To this were added 240 grams of ice with mixing. 308 grams of aluminum

isopropoxide {Ab0GRkkE3) plus 841 grams of ice were then added slowlygitiysnissng 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-npropylamingogas] skavry assistloaith eantipiedanixinghbaerbhhbgsams of fumed silica (CABOSIL
M-5) were added with gglong The mixture had agH of 9.2 and the foIIowin%%?ﬁw%p ition, expressed in
molar ratios of oxides: O: d?fﬁpp?r%%%%ﬂ?é%%’ki r§ﬁf§¥°ﬂlf@§?%§§§°ﬁ%§ ﬁ&\’iﬁﬁThe mixture

was placed in a stainless stegddittents:a 1-gallon stirred autoclave and heated for two days at 190C
and autogenous pressure. The %%jugstlvggﬁ gltered w srp]clanduvn\r/}ith wa(t)er erieetasg\éeéni%rf)t in a vacuum
oven at 120C, and calcined in air fof £hstrs é’f%@%)c. otal weigﬁtp(vglgtl%s reef of Calcined sieve
recovered was 426 grams. [011&]dPhiewalgipedgpiooiiceaids pinadyiheddos soascdiffeaction. The product

was found to be SAPO-11 type 1 [ i ith.0.4 wt% Pt,
dried, and calcined according to%@%a%@mﬁ ‘g%é%&ﬁ)g %%(Lﬂaé?h{%ﬁf ﬁ‘ﬁi%@%@ﬁ%@u esis of the .
above example was repeated, ba@éiis i 88 ¢jiama ptliexarIdoglaneRBRISEsIRKINSBBYrams of

1-pentanol were added prior to the addition.qf siliga. s ihg.abqve example, the product by x-ray
diffraction analysis was found to be SAPO-11 %ﬁpe (AEL). [0114] The molecular sieve was

impregnated with 0.4 wt% Pt by non-aqé&stiapegrafisiebaling to U.S. Pat. No. 5,939,349,

dried, and calcined as in the abyi:2XARL|§ JrURRAH RIS EKANE 82Nt (A1 The spi@lyst of
Comparative Example 1A was tested in a high-pressure pilot plant for isomerization of a hydrotreated

Fischer-Tropsch wax (Table 1). T@lisig $nougfhép senshi s pyadRNRaAPIUNLL Brabitf2RPi41.2

a value such that there are 10 to 60 moles of MO per mole
of aluminum oxide (Al;O3); 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 resuiting 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 crystais 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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Sim. Dist., LV%, F ST/5445/567 10/30621/710 50787 70/90868/970 95/EP1009/1095 [0116] Run
conditions were 0.85 LHSV, 300 psig total pressure, and 5 MSCF/bbl once-through hydrogen. The
liquid produstoreniyeirestly to a stripper which cut that product at 650F. Reactseeenmsersure was
adjusted to give a pour point in the 650F+ stripper bottoms of -28C. Example 2 [0117] The catalyst of
Example 1 was tested with the hydrotreated FischerTropsch wax of Table | at the same conditions as
in ComparativedoyamplaAidcigureclehiovsrifssakalysth dabe ledotSM7E) itdtibefdigbstgatially more
active than the gatalyst of Comparative Example 1A (labeled "SM-3"), due to lower range of operating
temperatures. | ]yﬁ?ésyield of 650F+ bottoms was also greater for the product prepared with the
catalyst of Example 1 (see Figure 2). [0119] At the same time, the viscosity index of the 650F+ oil was

the same as with the.650F+.Qi] | ith I ; ' Egﬂ? le_1A (see Figure 3).
Example 3 [01 q%&:'r%&ﬂ %ﬁ%ﬁ\%ﬁ%&%&%ﬁ@%ﬂ&iﬁ%ﬁﬁmﬁegna gdqu\%th 0.4 wt% Pt, but
this time using aarefuslysssoliggtedsbpheintmh treatimanhtsuieimats tbovagerin @neli2iig calcined as

in Example 1. agent. This thermal treatment is generaily performed by heating at a

temperature of about 300°C to about 700°C for at least 1 minute and generally
not longer than 20 hours. While sub-atmospheric pressure can be employed
for the thermal treatment, atmospheric pressure is desired for reasons of
convenience. The thermally treated product is particularly useful in the
catalysis of certain hydrocarbon conversion reactions.

[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 SiO, 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 (Al2Os) mole ratio within the bulk of
the SM-7 silicoaluminophosphate is 0.85 or greater, and preferably from 0.20
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] [f necessary, the pH can be lowered into the proper region using acids

such as HCl or HsPO4. The latter may be preferred, since having a slight
excess of PO, will help ensure that the PO, concentration is never so fow
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Example 4 [0121] The catalyst of Example 3 was tested with the hydrotreated FischerTropsch wax of
Table | at the same conditions as in Comparative Example 2A. Figure 4 shows this catalyst of
Example 3 labsladisit7, AQ") to be substantially less active than the catalyssofoExsmmsle 1 (labeled
SM-7"), and less active than the catalyst of Comparative Example 1A (labeled "SM-3"). [0122] The
yield of 650F+ bottoms was also much less for the product prepared with the catalyst of Example 3

(see Figure 5). {21 %33 ZhenviscasitysifidexehiienebiFaot washalgoi thecsanie st witbtthe 650F+ oil
made with the c talyst of Comparative Example 1A (see Figure 6). Example 5 [0124] The catalyst of
Example 1 Was@ﬁ%lyzed for bulk composition by an inductively-coupled plasma (ICP) technique, and
for surface composition by X-ray photoelectron spectroscopy (XPS) surface analysis, as taught in US

Patent No. 4,9 , herein incorporated refer g lysis.sh % P, 19.1 wit%
Al and 4.53 wt‘iﬁ @/ naﬁ:xr%ersa i0 v\olgé é)geébs %{%g%‘lEa%#gr\%%%%%ia;%%%%%ﬁ?ﬁéﬁoiaﬁo was 0.23.
ESCA showed Pbarpooatioatisr sfli0F Misire gusrucitioccoce sl watel Sigaliassis iatiyg#0.78.

M7 SAPO's OESEN SN 7 R L WA ot 1P EamR LG (7 ol known o

SM-7 SAPO's e composition of a well known prior art

molecular sievePref@inbinue oS Ve B e tifpsed SisevieansininiarorigyPptiaeed M $at8drns and had
similar chemicaéwg@gqgégwg@hﬁ%%f_ered 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 sifigeaiuntinoBhespbaisSynitesirdnd gerene aksiMabsiigabusminephosphate
preparation (Synthesis B), where both Synthesis A and Synthesis B were similar to the synthesis in
Comparative ERAmpORRaTREE80E-SRRIPPYEMRRS %Hﬁ’\?&&fﬂ%&bﬁ(@ M-7 sieve had a significantly

greater geometric mesopore surface area, and a significantly smaller mean mesopore diameter,

compared to th hesis A SM-3 and Synthesis B SM-3 sieve, WO . :
2010/014 486P&3§%Z /ﬁgfma‘yagge%%ﬁwesource capagfe of%emg dissolved and/or

dispersed in the liquid reaction mixture. Preferably, the siiica 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, atkoxy- 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 Allas of Zeolite Structure Types, Fourth
Edition, W.M. Meier, D.H. Olson, and Ch. Baerlocher, Elsevier, 1996.

[06056] 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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Mean mesopore diameter (angstroms) Geometric mesopore surface Geometric mesopore diameter
SM-7 179.49 ang. 71.54 m2/g 75.74 ang. SM-3 Synthesis A Prep. 233.23 ang. 49.92 m2/g 131.05

ang. SM-3 Synthesis Bdgrep. 217.51 ang. 49.89 m2/g 103.91 ang. PCT/US2009/6051495

Thus, suitable platinum compounds include chloroplatinic acid, platinous
chloride, and various compounds containing the platinum aminé complex.
The preferred impregnation of a Group VHI metal, preferably platinum, is
performed in a non- aqueous solution. Impregnation of metals onto molecular
sieves employing non-agqueocus solution is disclosed in U.S. Pat. No.
5,839,349

[06057] Further, the present SM-7, when employed either as an adsorbent,
ion-exchanger, or as & catalyst in an organic compound conversion process
should be dehydrated, at least partially. This ¢can be done by heating to a
temperature in the range of about 200°C to about 600°C in air or an inert
atmosphere, such as nitrogen, etc., and at atmospheric, sub-atmospheric, or
super-atmospheric pressures for about 30 minutes to about 48 hours.
Dehydration can also be performed at room temperature merely 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 1o incorporate the SM-7
with another material resistant {o 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

.



[0127] US Patent No. 6,303,534 teaches using 29Si MAS NMR as a method in distinguishing the
composition of SAPO molecular sieves when the chemical composition analysis and X-Ray Diffraction

analysis arexshmilary1hig analysis method is routinely used to determine thedistribytiongf silicon in
SAPO molecular sieves. As shown in Figure 9, aluminophosphates or AIPO4 molecular sieves have a
framework of A104 and PO4 tetrahedra linked by oxygen atoms (not shown). These materials are

neutral and do natdiavieppy apHtibh RN VR SNE M the R etrhatiedsyphddiditaeidity can be

introduced to these materials, which are called silicoalumino%hosph@'t%}s ar SAPOs. The overall acidity

of SAPOs depeNd8&R{bHi 1IgIR " es QO SATR RN SRhBILdST: AtstS RLAIMAIGHEthe Si in the
sample. The Si¢oajuhetiourratneas Sy iDL atonbied enctizevifspensibrssaeene highosris may be
surrounded by four Si ai ms when the dispersion i .p?oré rmin I?r e Si iskands. Table 2 shows the
characteristic cHERIC4T %tc%vgeé%?rl)h%n %"&%%FEW{ 162 ?Eﬁiggqr? grg\(/i'Poﬁﬁqeaﬁ?sg@?ngms may also be
surrounded by anayémsipopiues fdatdnactivbchatetiade swidityyesehar e@iijoatst tocofic@ncing the

catalytic activity,| P terials. . i i t es were
carried out Withtér%o?ﬁoﬁgc%%gﬁ’r%%géﬁﬁg ?ﬁgggd%%%’\égu §£L§?\ﬁd§ﬁ)§£g’5}}§8§ pe%?@me er made by
Bruker BioSpin @orpurataly lodied enBillkyicg, alher Teaspdoroandtellingdedatspeld with a 4 mm

MAS probe with Jespnand Iiequenciul B9 3BIHE I8 PSS HAS MUR T upical ypedienta

conditions were: )00 acquisitions; - crosecond pulse width; 60 to seconds
relaxation delays-8ll BREHAINES SRR e JBIRERVIPRErap sHeasti fefafatatsstatngidethyl silane

(TMS). The decgsiyahaions sHSRRINMR SRBCHS WoiR SREHSELAT Sing.gNIMR gaftwase version 5.0

marketed by IvorySoft. The spectra'were deconvoluted into five silicon environments. Table 2 shows

the characteristfeR¢ianiegIuRferalRetde Frialif rehiSHROFABIR IR RIRKIAE hGHRAYVAORYNEVIS
standard. [0129])&resiifs Hoahtbectdeh Méasa MM iR 2Bl @A M3 and&MabieieypRi@Rarations are

shown in Figures 8 and 9. Each figure shows a 29Si MAS NMR (bottom trace) and a simulated
spectrum (top tHEe52BY8bIMRIMERIBAK BIHPEPHHR HOY S IR MR P SM - ERR ERY shown with its
295i MAS NMRsnestichand sisatlatagispestrariatGis /distribeted-boieusiaftbeGhgrimsonments, the
Si(4Al), Si(3A1 1Siﬁtr%e Si éﬁ\#%&) %ng/the Si(1A1,3Si). The deconvolution 2951 MAS NMR data
associated Withbﬁ@u 8 a I%%i & ﬁljirms 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 ) and SO HOre o) o oY STBUE R Rl SR BT ggrecm o 519
-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 inciude 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 ccmpbsitions 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 0% by

weight and more usually, particularly when the composite is prepared in the
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form of beads, in the range from about 2 to about 80 weight percent of the
composite.

[0062] The crystalline material produced by the present process is readily
convertible to catalytically active material for a variety of organic, e.qg.,

hydrocarbon compound conversion processes.

[0063] SM-7 catalyst, when containing a hydrogenation promoter, can be
used in a process for selectively producing middle distillate hydrocarbons by
hydrocracking a hydrocarbonaceous feed wherein at least 90% of the feed
has a boiling point above about 600°F. The hydrocracking conditions include
reaction temperatures which generally exceed about 500°F (260°C) and are
usually above about 800°F (316°C), preferably between about 600°F (316°C)
and about 900°F (482°C). Hydrogen addition rates should be at least about
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).
Liguid hourly space veiocities are less than about 13, preferably between
about 0.2 and about 10.

[0064] The conditions should be chosen so that the overall conversion rate
wili correspond o 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 middie 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 80% to middle distillate
products boiling between about 300°F (148°C) and about 725°F (385°C). The
pour point of the middle distiliate effiuent obtained by the process will be
below about 0°F, and preferably below -20°F.
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[0065] The process can be operated as a single-stage hydroprocessing
zone. It can also be the second stage of a two-stage hydrocracking scheme
in which the first stage removes nitrogen and suffur from the feedstock before
contact with the middle distillate-producing catalyst. The catalyst can also be
used in the first stage of a muiti-step hydrocracking scheme. In operation as
the first stage, the middle distillate-producing zone also denitrifies and
desulfurizes the feedstock; in addition, it allows the second stage using the
same catalyst or a conventional hydrocracking catalyst to operate more
efficiently so that, overall, more middie distillates are produced than in other

process configurations.

[0066] In the process of the invention, the hydrocarbon feedstock is heated
with the catalyst under conversion conditions which are appropriate for
hydrocracking. During the conversion, aromatics 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 producis obtained using the prior art dewaxing zeolitic catalysts
such as ZSM-5, and at the same time, a measure of isomerization takes place
3o 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,

fower pour point products.

[0067] The feedstock for the process of the invention comprises a heavy
hydrocarbon oif 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 aiso 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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the feed will boil above at least 600°F (316°C) and most preferably at least
about 90% of the feed will boil between about 700°F (371°C) and about
1200°F (649°C). These heavy oils comprise high molecutar weight long-chain
paraffins and high molecular weight ring compounds with a large proportion of
fused ring compounds. During the processing, both the fused ring aromatics
and naphthenes and paraffinic compounds are cracked by the SM-7
containing catalyst to middle distillate range products. A substantial fraction
of the paraffinic components of the initial feedstock also undergo conversion
to isoparaffin.

[0068] The process is of particular utility with highly paraffinic feeds because,
with feeds of this kind, the greatest improvement in pour point may be
obtained. However, most feeds will contain a certain content of polycyclic

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.

[06070] The hydrocracking catalysts contain an effective amount of at ieast
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, saits, and complexes thereof of the group consisting of at
teast 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.

1.
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[0071] The hydrogenation catalyst is present in an effective amount to
provide the hydrogenation function of the hydrocracking catalyst, and
preferably in the range of from 0.05 fo 25% by weight.

[0072] The SM-7 may be employed in conjunction with traditional
hydrocracking catalysts, e.g., any aluminosilicate heretofore employed as a
component in hydrocracking catatysts. Representative of the zeolitic
aluminosilicates disclosed heretofore as employable as component parts of
hydrocracking catalysts are Zeolite Y {including steam stabilized, e.g.,
ultra-stable Y), Zeolite X, Zeolite beta (U.S. Pat. No. 3,308,069), Zeolite ZK-20
(U.S. Pat. No. 3,445,727}, Zeolite ZSM-3 (U.S. Pat. No. 3,415,736), faujasite,
LZ-10 (U.K. Patent No. 2,014,970, June 9, 1982), ZSM-5-type zeolites, e.g.,
ZS5M-5, ZSM-11, ZSM-12, ZSM-23, ZSM-35, Z8M-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,Q 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.

[6073] 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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like, and mixtures thereof. The traditional hydrocracking catalyst and SM-7
may be mixed separately with the matrix component and then mixed or the
THC component and SM-7 may be mixed and then formed with the matrix

component.

[0074] SM-7 can be used in a process to dewax hydrocarbonaceous feeds
(in addition to lube oils, these would include waxy middle distiltates, including
those derived from petroleum, Fischer-Tropsch, and vegetable oil feedstocks).
The catalytic dewaxing conditions are dependent in farge 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) 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/bbi (standard cubic feet per barrei),
preferably about 1000 to about 20,000 SCF/bbl. Géneraily, hydrogen will be
separated from the product and recycled to the reaction zone.

[0078] 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
feactions described above, but the n-paraffing additionally become isomerized
to isoparaffins to form liquid range materials that contribute to a low viscosity,

low pour point product.
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18515 [0131] In Figure 9, the SM-7 sieve is shown with its Si MAS NMR spectra and simulated
spectra. The Si is distributed in all five of the Si environments, the Si(4A1), Si(3A1,1Si), the

Si(2A1,2S0wh6 i 13S0, and the Si(0A1,4Si). The deconvolution 29Sp MAGNMRsdata (see Table

3) associated with Figure 9 confirms this Si distribution and indicates lower dispersion of the Si than in
SM-3 due to the formation of the Si islands where Si atoms are surrounded by four Si atoms

(SIOAL450). I SHIAPFIOR LA CALBS 5 APBEYRERFAS RS GHIBY NuBBRRRne catalys

activity, one skilled in the art would expect qurer catalytic activity for molecular sieve sample SM-7.

However, wherf 8@ iastivRl sethily aulighe gistilldeeacdions pdronet keiies GlertiRydsaompared to
the SM-3 sieve prepaEaliaBs, 8l HIBURHORR I BRIGEM - fovn@ ishrua uaregiss degsity of

medium-sized silica islands than SM-3. Such islands have a ratio of Si atoms coordinated as Si(3AlISi)

to that coordina¥¥ataelisiciedrsH(6.9 15 hale Silsdabi b AISIIGH1 8B B REHITHRRS preferably
from 1 to 2. Thegeptendpsitahmaediyaraizedatiethislangs conirrs riTssosratahdic activity for

o AL R s oo i
Si(1A13Si), as pppipgrsbioverdp@lt 3%0r SiMde3lighiehslievel tbabliyase e vbstyasreciated with the
strong acid functionaljty necessary for wax isomerization. I'able 4 illustrates. the improved dewaxing
results obtaine(ﬂﬁg{%%ﬁ@wﬁ%}&?ﬂﬁ?%ﬂf rwgg}!‘é%’%’tﬁhlgt%ﬁ%s éﬁaﬁﬂﬁﬁfc&%ﬁyﬁ?ﬁ f Table 4is a
Pt/_SM-? paﬁalys&iﬂhadawsﬂi@iﬁlam&efﬁmmplEntticmmiﬁmm@:@arﬁuﬁmmm&@'g made using
o e A ISR RS SRR ATl e wecom o,
Base Oils PP RdistHainn Tatsiyss wiBoBénepnatio isaodivyse)s Woeeddstbe maintained

within certain specification limits. Lubricating oil stocks will generally boit

above 230°C (450°F), more usually above 315°C (B00°F). Hydroprocessed

stocks which include stocks which have been hydrotreated 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 Cyo+ feedstock containing parafiins,

olefins, naphthenes, aromatics, and heterocyclic compounds and with a

substantial proportion of higher molecular weight n-paraffins and slightly

branched paraffing 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 liguid 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

gconomic value of the feedstock.

[0078] Typical feedstocks include light gas oils, heavy gas oils, and reduced
crudes boiling above 350°F.

f0079] 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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the organic nitrogen content of the feed be less than 50wppm, more
preferably iess than 10wppm.

[06080] When used in some embodiments of the present process, the SM-7 is
employed in admixture with at least one Group VIl metal as, for example, the
noble metals such as platinum and palladium, and optionally other
catalytically active metals such as molybdenum, vanadium, zinc, etc. The
amount of metal ranges from about 0.01% to 10% and preferably 0.2 to 5% by
weight of the molecular sieve.

10081] The Group VI metal utilized in the process of this invention can
mean one or more of the metals in its elemental state or in some form such as
the sulfide or oxide and mixtures thereof. As is customary in the art of
catalysis, when referring {o the active metal or metals, it is infended 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 metailic 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 materiais 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., Xand 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 siep (a) with a catalyst comprising a crystalline
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silicoaluminophosphate SM-7 and a Group VI metal, preferably platinum or
palladium.

[0084] Another embodiment of this process includes an additional step of
stabilizing said dewaxed hydrocrackate by catalytic hydrofinishing.

[0085] The hydrocarbonaceous feeds from which lube oils are made usually
coniain aromatic compounds as well as normal and branched paraffins of very
long chain tengths. These feeds usually boll in the gas oil range. Preferred
feedstocks are vacuum gas oils with normal boiling ranges in the range of
350°C to 600°C, and deasphalted résidﬂai oils having normal boiling ranges
from about 480°C to about 650°C. R'educed topped crude oils, shale oils,
liquified coal, coke distillates, flask or thermally cracked oiis, atmospheric
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 o 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, efc.), 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 Cp+ 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
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usually above 315°C (600°F). Hydroprocessed stocks 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 Cqot+ feedstock containing paraffins,
olefing, naphthenes, aromatic 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 precessing, 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 vield of products having boiling points below that
of the feedstock is reduced, thereby preserving the economic value of the
feedstock. |

[0087] Typical feedstocks inctude 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
coniains greater than about 50% wax, even greater than about 80% wax.
Highty 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.

[0088] Exempiary addiﬁona! suitable feeds for use in the process of the
invention include waxy distillate stocks such as gas oils, iubricating oil stocks,
synthetic cils such as those by Fischer-Tropsch synthesis, high pour point
polyaiphaolefins, foots oils, synthetic waxes such as normal aiphaolefin

waxes, slack waxes, de-oiled waxes and microcrystalline waxes. Foots oil is
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prepared by separating oil from the wax. The isolated oil is referred to as

foots oif.

[0090] The feedstock may be a Cqo- feedstock generally boiling above about
B00°F. The process of the invention is useful with waxy distillate stocks such
as gas oils, lubricating oil stocks, hea’iing 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 usually above 315°C (600°F). Hydroprocessed stocks are a
convenient source of stocks of this kind and also of other distillate fractions
since they normally contain significant amounts of waxy n-parafiins. The
feedstock of the present process may be a Cyot feedstock containing
paraffing, olefins, naphthenes, aromatics and heterocyclic compounds and a
substantial proportion of higher molecular weight n-paraffins and slightly
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 vield 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 iower the
nitrogen content thereof. Slack waxes possess a very high viscosity index,
normally in the range of from 140 to 200, depending on the oif 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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{0092] Feeds also suitable for use in the process of the invention are partially
dewaxed oils wherein dewaxing o an intermediate pour point has been
carried out by a process other than that claimed herein, for example,
conventional catalytic dewaxing processes and solvent dewaxing processes.
Exemplary suitable solvent dewaxing processes are set forth in U.S. Pat. No.
4,547 ,287.

[0093] Typically, hydrocracking process conditions include temperatures in
the range of about 250°C to about 500°C, pressures in the range of about 425
0 3000 psig, or more, a hydrogen recycle rate of 400 to 15,000 SCF/bbl, and
a LHSV (v/v/hr) of 0.1 to 50.

[0094] Hydrogenation-dehydrogenation components of the hydrocracking
catalyst usually comprise metals selected from Group Vill and Group VIB of
the Periodic Table, and compounds including them. Preferred Group VIl
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 particuiarly 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).

[0G696] 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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[0097] The hydrocracking step yields two significant benefits. First, by
lowering the nitrcgen content, it dramatically increases the efficiency and ease
of the catalytic dewaxing step. Second, the viscosity index (V1) is greatly
increased as the aromatic compounds present in the feed, especially the
polycyclic aromatics, are opened and hydrogenated. In the hydrocracking
step, increases of at least 10 VI units will occur in the lube oil fraction, i.e., that

fraction boiling above 230°C and more preferably above 315°C.

[0098] The hydrocrackate is preferably distilied by conventional means 1o
remove those products boiling below 230°C, and more preferably below
315°C to yield one or more lube oil boiling range streams. Depending upon
the particular lube oil desired, for example, a light, medium, or heavy lube oil,
the raw hydrocrackate may be distilled into light, medium, or heavy oil
fractions. Among the lower boiling products removed are light nitrogen
containing compounds such as NHa. 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 cils 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. |t 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 cycie life. Additionally, since
the SM-7 crystalline silicoaluminophosphate dewaxing catalyst is shape-
selective, it reacts preferentially with the waxy components of the feedstock

responsibie for high pour points, i.e., the normal paraffins as well as the
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slightly branched paraffins and alkyl-substituted cycloparaffins which comprise

the so-called microcrystalline wax.

[0100] When used in the present process, the SM-7 siticoaluminophosphate
is preferably empioyed in admixture with at least one of the noble metals
piatinum, palladium, and optionally other catalytically active metals such as
molybdenum, nickel, vanadium, cobalt, tungsten, zinc, etc., and mixtures
thereof. The amount of metal ranges from about 0.01% to 10% and
preferably 0.2 to 5% by weight of the molecular sieve.

[0101] The metal utilized in the process of this invention can mean one or
more of the metals in its elemental siate or in some form such as the sulfide
or oxide and mixtures thereof. 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) wili 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 {o feed ratio is typically between
about 500 and about 30,000 SCF/bbl (standard cubic feet per barrel),
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preferably about 1,000 to about 20,000 SCE/bbl. Generally, hydrogen will be
separated from the product and recycied io the reaction zone.

[0104] The SM-7 crystalline 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., Z8M-5, etc. The

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

[0105] It is often desirable to use mild hydrogenation (sometimes referred to
as hydrofinishing) to produce more stable |lubricating oils.

[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 oll since lubricant oils
prepared from hydrocracked stocks tend to be unstable to air and light and
tend to form sludges spontaneously and quickly.

f0107] Suitable hydrogenation catalysts include conventional metallic
hydrogenation catalysts, particularly the Group Vill metals such as cobalt,
nickel, palladium, and platinufn. The metal is typically associated with carriers
such as bauxite, alumina, silica gel, silica-alumina composites, and crystalline
aluminosilicate zeolites. Paliadium is a particularly preferred hydrogenation
metal. If desired, non-noble Group Vil metals can be used with molybdates.

-32-



791 791 TBP 450 811 813 TBP 460 831 835 TBP 4.70

WO 2010/014486 PCT/US2009/051495

Metal oxides or sulfides can be used. Suitable catalysts are detailed, for
instance, in U.S. Pat. Nos. 3,852,207; 4,157,294; 3,904,153; and 4,673,487,
all of which are incorporated herein by reference.

[0108] The improved process of this invention will now be illustrated by
examples which are not to be construed as limiting the invention as described
in this specification including the attached claims.

EXAMPLES

Comparative Example 1A

[0109] 502 Grams of 86% H3PO4 were placed in a stainless steel beaker in
an ice bath. To this were added 240 grams of ice with mixing. 308 grams of
aluminum isopropoxide (Al[OC3H-]3) pius 841 grams of ice 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-
prbpylamine 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 SiO2: Al.O3: 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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[6112] The molecular sieve was impregnated with 0.4 wt% Pt, dried, and
calcined according to US Patent 5,939,349,

Example 1
[0113] The sieve synthesis of the above example was repeated, but this time

85 grams of hexadecylamine dissolved in 300 grams of 1-pentanol were
added prior to the addition of silica. As in the above example, the product by
x-ray diffraction analysis was found to be SAPO-11 type (AEL).

[0114] The motecular sieve was impregnated with 0.4 wt% Pt by non-
agueous impregnation according to U.S. Pat. No. 5,938,349, dried, and

calcined as in the above example.

Comparative Example 2A

[0115] The catalyst of Comparative Example 1A was tested in a high-
pressure pilot plant for isomerization of & hydrotreated Fischer-Tropsch wax
(Table 1).
Table |
Inspections of Hydrotreated FT Wax

Gravity, API 412

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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stripper which cut that product at 650°F. Reactor temperature was adjusted
to give a pour point in the 650°F+ stripper bottoms of -28°C.

Example 2
[0117] The catalyst of Example 1 was tested with the hydrotreated Fischer-

Tropsch wax of Table | at the same conditions as in Comparative Example
2A. Figure 1 shows this catalyst (labeled “SM-77) to be substantially more
active than the catalyst of Comparative Example 1A (iabeled *SM-3"), due io
lower range of operating temperatures.

[0118] The yield of 650°F+ bottoms was also greater for the product
prepared with the catalyst of Example 1 (see Figure 2).

[0118] At the same time, the viscosity index of the 850°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 Exampie 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, AgQ”) to be
substantially less active than the catalyst of Example 1 (labeled SM-7"), and
less active than the catalyst of Comparative Example 1A (iabeled "SM-3").

[0122] The yield of 650°F+ bottoms was also much less for the product
prepared with the cataiyst of Example 3 (see Figure 5).
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[0123] The viscosity index of the 650°F+ oil was about the same as with the
B850°F+ oil made with the catalyst of Comparative Example 1A (see Figure 6).

Example 5
[0124] The catalyst of Example 1 was analyzed for bulk composition by an

inductively-coupled plasma (ICP) technigue, and for surface compaosition by
X-ray photoelectron spectroscopy (XPS) surface analysis, as taught in US
Patent No. 4,943,424, herein incorporated by reference. Bulk analysis
showed 20.2 wt% P, 19.1 wt% Al and 4.53 wi% Si. P/Al atom ratio was 0.92,
Si/P atom rafio was 0.25, and Si/Ai 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
281 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 smalier mean
mesopore diameter, compared to the Synthesis A SM-3 and Synthesis

B SM-3 sieve.

-36-



743 744 TBP 430 767 767 TBP 440 788

WO 2010/014486 PCT/US2009/051495
Table 5

Sample Mean mesopore Geometric Geometric
diameter mesopore surface mesopore diameter
{angstroms}

SM-7 179.49 ang. 71.54 mg 75.74 ang.

SM-3 Synthesis A | 233.23 ang. 49.92 m/g 131.05 ang.

Prep.

SM-3 Synthesis B | 217.51 ang. 49.89 mg 103.91 ang.

Prep. |

[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 simitar.
This analysis method is routinely used fo determine the distribution of silicon
in SAPO molecular sieves. As shown in Figure 9, aluminophosphates or
AIPO. molecular sieves have a framework of AlQs and PQ4 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 u'pon 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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frequency of 99.35 MHz for 2Si MAS NMR. Typical experimental conditions
were: 2000 to 8000 acquisitions; 4 t0 5 microsecond pulse width; 60 to 120
seconds relaxation delay. All chemical shifts were reported in ppm and
measured relative to tetramethyi silane (TMS). The deconvolutions of the
NMR spectra were carried out using gNMR software version 5.0 marketed by
tvorySoft. The spectra were deconvoluted into five silicon environments.
Table 2 shows the characteristic chemical shift range of the different silicon
environments in ppm from a TMS standard.

[0129] Results from the 2°Si MAS NMR analysis of SM-3 and SM-7 sieve
preparations are shown in Figures 8 and 9. Each figure shows a “Si MAS

NMR (bottom trace) and a simulated spectrum (top trace).

[0130] In Figure 8 the Synthesis B sample of the SM-3 sieve is shown with
its 2Si MAS NMR spectra and simulated spectra. The Si is distributed in four
of the Si environments, the Si(4Al), Si(3Al,18i), the Si(2A1,28i), and the
Si(1Al,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 . 2951 MAS NMR (%) %St Dispersed Si Isiand Ratio
4A10Si | 3AI1Si| 2A1281 | 1A13S: | 0AI4SH Y3AI181 | %0AI4SI I SI3AI1SI) / Si(45i)
High Dispersion 100 0 O 0 G 100
Small isiands [i] 80 8 20 12 Q 50 12 5.C
Medium Islands 0 40 2 28 30 0 40 30 1.3
Large Islands ¢] 2 0 11 87 0 22 87 0.3
Sh-3 36.5 19.5 225 215 0 368.5 19.5 0.0
SM-7 13.8 22.9 21.4 258 16.1 13.8 27 18.5 1.5
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[0131] In Figure 9, the SM-7 sieve is shown with its 3i MAS NMR spectra
and simulaied spectra. The Si is distributed in all five of the Si environments,
the Si(4Al), Si(3Al,18i), the Si(2Al,28i), the Si(1Al1,3Si), and the Si(0A1,4Si).
The deconvolution °Si MAS NMR data (see Table 3) associated with Figure 9
confirms this Si distribution and indicates lower dispersion of the Si than in
SM-3 due to the formation of the Si islands where Si atoms are surrounded by
four Si atoms (Si(0AlL4Si)). If Sidispersion in the catalyst is considered as the
only criteria influencing the catalyst activity, one skilled in the art would expect
poorer catalytic activity for molecular sieve sampie SM-7. However, when the
activity of this new sieve was measured it showed superior activity as
compared to the SM-3 sieve preparations of the prior art.

[0132] SM-7 is found to have a greater density of medium-sized silica islands
than SM-3. Such islands have a ratio of Si atoms coordinated as Si{3Al1Si) {o
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 pari
due to the greater proportion of Si(1AI38I) sites associated with these islands,
as seen in Table 3. As seen from that table, SM-7 contains 25.8% of the Siin
Si{1AI3Si), as opposed to only 21.5% for SM-3. |t is believed that these sites
are associated with the strong acid functionality necessary for wax
isomerization. Table 4 lustrates the improved dewaxing results obtained
using Pt/ SM-7 catalyst as compared with Pt/SM-3 catalyst. Catalyst A of
Table 4 is a P/SM-7 catalyst made using the sieve of example 1, and
Catalyst B is a Pt/SM-3 catalyst made using a sieve simiiar to that of
Comparative Example 1A. Catalyst A shows a lower Brookfield viscosity at
-40°C.
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and Catalyst B is a Pt/SM-3 catalyst made using a sieve similar to that of Comparative Example 1A.
[0133] The gajalyshalsgdossesses a ratio of Si atoms coordinated as Si(3A4180t9ibaksoordinated
as Si(4Si) of at least 0.5, with the presence of Si atoms coordinated as Si(4A1) less than 40 mol.% .
Preferably, the catalyst possesses a ratio of Si atoms coordinated as Si(3AI1Si) to that coordinated as
Si(4Si) of at least 0.8, with the presence of Si atorgggaofdinated as Si(4A1) less than 30 mol.A. Most
preferably, the catalyst possesses a ratio of Si atoms coordinated as Si(3A11Si) to that coordinated as
Si(4Si) of at least 1.0, with@eeprEstire st BLaymeedoriiReted QRSSN BAERIEYS than 25 mol./0.

PP Run/Hour
Catalyst A B
Kinematic Viscosity @ 100 °C, cSt 2.548 4148 7.261 4194
Kinematic Viscosity @ 40 °C, ¢St 8.788 10.18 17.57 39.23 17.53
Viscosity Index 123 143 151 149
Cold Crank Viscosify @ -35 °C, cP 1,622
Cold Crank Viscosity @ -30 °C, cP 504
Pour Point, °C -20 -14
Cloud Point, °C -12 -11
RWI (.18 0.43
WNF -0.36 062
APl Gravity 418
Molecular Weight (D2502) 412
Molecular Weight {VPO)
Brookfield Viscosity @ -40 °C, cP, G.2 % treat 3440 8,810
Brookfield Viscosity @ 40 °C, ¢P, 0.4 % treat 3,530 5,300
Noack, wi. % (calculated) 14.94
TGA Noack, wt% 15.88
SIMDIST TBP (WT%), F TBP @0.5 652 657
TBP @5 694 695
TBP @10 715 718
TBP @20 748 746
TBP @30 770 769
TBP @40 791 791
TBP @50 811 813
TBP @80 831 835
TBE @70 851 8560
TBPF @80 875 885
TBP @80 : 907 918
TBF @85 936 940
TBR f99.5 1025 998
SIMDIST TBP (LV%), F TBE @05 651 856
T8F @5 682 697
TBP @10 713 716
TBP @20 743 744
TBF @30 767 787
TBP @40 788 . 788
TBP @550 809 810
TBP @50 828 832
TBP @70 849 857
TBP @80 872 882
TBP @90 904 913
TBP @95 933 938
TBR @99.5 1022 998

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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WHAT IS CLAIMED IS: I.A crystalline silicoaluminophosphate intermediate pore molecular sieve
having a three dimensional rnicroporous framework structure of [A102] and [POH units and a Si-NMR
spectrum syhstantjaly.gs illustrated in Figure 9. 2. The molecular sieve qfefaibdyaNjagigin the ratio of
Si atoms coordinated as Si(3All Si) to that coordinated as Si(4Si) is at least 0.5, and the presence of Si
atoms coordinated as Si(4Al) is less than 40 mol. %. 3. The molecular sieve of claim 1 wherein the

ratlo of i atompaaingle s SIGALI-BNEhAL SarNAIaRAs SIS dkest L and the

presence of Si atoms coordinated as Si(4Al) is less than 25 mol. %. 4. The molecular sieve of claim 1

wherein the moft3fdi Sible thehfnmenatakan Ridsthefatiant R PoMEdhe HEes60hEgERbms. 5.

The molecular gigyROESEHMANNSEEY 1) MAIS IR SENR.COMPHSSR A& FEaRdNesaRate diameter of
less than 195 angstroms. 6. The molecular sieve of claim 1 wherein the molecular sieve comprises a

mean mesoporEFRTSERT BRI ThShaled s edRried ag iRl Bl ecsrdiantce aRherein the

sieve is selectegi(mr, e 01es6 omsiatinehefpbdercb @famichAIree cBoHbR alelesylgi(sieye of claim 7,
wherein the sieve is AEL. WO 2 10/ 14486PC§§&S§009/(%5|1495 9. The molecularf'eve of claim 1,
which was load&F$ '&%Qrgﬂfa'\/’lﬂ N Fﬁfﬁ%" ! %Bﬁ-ﬁéfﬁ%ﬂ%s‘iﬁ?ﬁ%gﬂéﬁ%. ' The molecular

sieve of claim 1awheresotatado of Si@RIMSijcodtdineteddisatBAd 7Y B) iladtdeasdindted as
Si(4Si)isinther from about 0.5.t0,about 3.5..11. The lar sieve of,claim g, wherein the
ratio of Si atom&’ %%%E&ﬁé?@& & %gAfi%stg‘fﬁéq'ggg%gﬁgﬁﬁa%ﬂgﬁﬁ%l %nir% r@%}ar@ge from about

1.0 to about 3.0.

41



12. The molecular sieve of claim 3, wherein the ratio of Si atoms coordinated as Si(3A11Si) 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 sgurce of phosphorus, a surfactant and an organic templating agent, said
reaction %%Te{%g\%ﬁ\ﬂ%r{ﬁiosition expressed in terms of mole ratios of oxides of:

aRA203 1.1P205, GASiaRikls R0 AherRiphBsih a8 maﬁ&@fr&m?éiﬁm@&ﬁ&tei‘a?e%%ﬁgalﬁﬁe@fge
enough '[c({') constitute an effective amount of R; "b" has a value such that there are 10 to 40 moles of
H20 per HBE B Rt HRORY TSRS BEPHS SEHEMH R lird Prd AR (B CahosiRd By t:BRMRIling the molar
ratio of thgetemplatitgaagelhy ta fhesplediusFaanEce in the reaction mixture to be greater than about
0.05 before the molar ratio of aluminum source to phosphorus source in the reaction mixture becomes
greater than about 0.5; (b)heating the reaction mixture at a temperature and a time sufficient until
crystals &f silicdalemiiophosptetefieiforimedtrih. thheafrockStaafmiaicotithadaereRithel replay ratio of
templati ss;#u is gr t#‘nan out 0.1 before.the aluminum to,phos %1 us molar
ati reag D b e i PP G BB Hgent 1
phosphdrgs beurteiwrdater 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

Si02. 19 The prscasicsriersinveaf wabreirmiirseo tresaopali finomsiscadmiradrisSitidd bXide.
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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WO 2010/014486PCT/US2009/051495 20. The process of claim 14, wherein the source of
phosphorus is phosphoric acid. 21. The process of claim 14, wherein, in step (a), the surfactant is -
dissolved in alcohol in the substantial absence of the silicon source. 22. The process of claim 14,
wherein the afi§e¥U¥48tion mixture additionally comprises an alcohol. 2BCTRE9868580f clairn 14
wherein "b" has a value such that there are 20 to 50 moles of H20 per mole of Al203. 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 & claind 19 WRetaliar senarh/aitelsugheharandpedad WismeoB oo Winoles of R per

mole of Al203. 26. The praegss OhetHEFhIIBERdIRE AFaGIRIpRPlating agent is selected from the
group consisting of di-n-propylamine and diisopropylamine or a mixture thereof.
10.  The molecular sieve of claim 1, wherein the ratio of Si atoms
| coordinated as Si(3Al1Si) o that coordinated as Si{4Si} is in the range
from about 0.5 to about 3.5.

11.  The molecular sieve of claim 2, wherein the ratio of Si atoms
coordinated as Si(3AI18i) to that coordinated as Si(4Si) is in the range
from about 1.0 to about 3.0.

12.  The molecular sieve of claim 3, wherein the ratio of Si atdms
coordinated as Si(3Al18i) to that coordinated as Si(4Si) is in the range
from about 1.0 fo 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.

4. Aprocess for preparing a crystaliine silicoaluminophosphate molecuiar
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:

aRZA5203In PzOqu SiOzinzO

wherein R is an organic templating agent; “a” has a value large
enough fo constitute an effective amount of R; “b” has a value

such that there are 10 fo 40 moies of H,O per mole of aluminum
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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. 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 150C to
200C. 34. A process (f)(}){g Fonv rting %drocarb%ns.com rising contacting a hydrocarbonaceous feed at
i

hydrocarbon converting conaniona-wih A &R AMias SHRHS BorerdiRdyisihsimaptdepnate
molecular sieve as reditethimpainiynoageof ©laimsphobds source in the reaction mixture to be greater

than about 0.05 before the molar ratio of aluminum source to phosphorus source

in the reaction mixture becomes greater than about 0.5;

(b)  heating the reaction mixture at a temperature and a time sufficient until crystals of

silicoaluminophosphate are formed..

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 Si0O;.

19. The process of claim 14, wherein the source of aluminum is aluminum isopropoxide.
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20.

21.

22,

23.

24.

25.

26.

27,

28.

29.

30.

The process of claim 14, wherein the source of phosphorus is
phosphoric acid.

The process of claim 14, wherein, in step (a), the surfactant is
dissoived in alcohol in the substantial absence of the silicon source.

The process of claim 14, wherein the aqueous reaction mixture
additionally comprises an alcohol.

The process of claim 14 wherein “b” has a value such that there are 20
to 50 moles of H,0 per mole of AlxOs.

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.

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 Al,Os.

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.

The process of claim 14 wherein the organic tempiate is di-n-
propylamine. '

The process of claim 14 wherein the surfactant is selected from
C8+ akylamines.

The process of claim 28 wherein the surfactant is hexadecylamine.

The process of claim 14 wherein the alcohol is selected from the group
consisting of C1-C8 alcohols.
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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 as recited in any one of claims 1-13.
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