HYDROPROCESSI NG CATALYST This invention relates to a hydroprocessing
catal yst based on synthetic ultra-large pore size crystalline materi als.
This invention relates to catal ysts which are especially useful for

hydr ocracki ng and for other hydroprocessing applications including
hydrotreating and hydrofinishing. They are parfticul arly useful for the

production of high viscosity index |ubricants by hydrocracking m neral oi
feedst ocks, especially distillate stocks.

HYDROPROCESSING CATALYST

This invention relates to a hydroprocessing
catalyst based on synthetic ultra-large pore size
crystalline materials.

5 This invention relates to catalysts which are
espedially useful for hydrocracking and for other
hydroprocessing applications including hydrotreating
and hydrofinishing. They are particularly useful for
the production of high viscosity index lubricants by

10 hydrocracking mineral oil feedstocks, especially
distillate stocks.

Many chemical processes, especially in the _
petroleum refining and petrochemical industries utilize
bifunctional catalysts which exhibit both acidic and

15 hydroqenation-dehydrogenaticn activity. Catalysts of
this type are frequently used in the processing of
various hydrocarbon fractions in processes where
hydrogen is present either as a feed component or as a
product of the reaction such as hydrogenation,

20 hydrocracking, hydrotreating, hydrofinishing,
hydrodewaxing (see U.S. Patent No. 3,968,024),
hydrodemetallation, hydroisomerization, reforming and
rhe like. For the purposes of this application,
processes of this type are referred to as

25 hydroprocessing applications regardless of whether the
hydrogen is used as a feed component, i.e. a reactant
as in hydrocracking, or is precduced in the process as
one of the reaction products as in reforming.
Bifunctional catalysts are utilized in various

30 petrochemical hydroprocessing applications such as, for
exanple, xylene isomerization, as described in U.S.
pPatent Nos. 3,856,572; 4,101,597 and 4,312,790; toluene
disproportionation as described in U.S. Patent No.
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Many chemi cal processes, especially in the petroleumrefining and
pesrochem cal industries utilize bifunctional catalysts which exhibit both
aci di c and hydrogenati on-dehydrogenation activity. Catalysts of this type
are frequently used in the processing of various hydrocarbon fractions in
processes where hydrogen is present either as® & feed conponent or as a
product of the reaction such as hydrogenation, hydrocracking,

hydr ot reati ng, hydrofinishing, hydrodewaxing (see U S. Patent No.

3,968, 024), hydrodenetal | ation, hydroisonerization, reformng and the Iike.
For the purposes of flhiss, @:p@|drﬁabtﬁ)él’; rplaotes@smﬁret hirdregsre isr pres$may r ed

to as hydroprocessin ﬁggl égaat |fgg§ t&Rndhessr ofs \ﬂﬂ@&-beﬁcﬁ t}ff kydrogen is

used as a feed conpone , Or is

reagll ant _as e&ﬂy
produced in the prociesirsd ﬁ?@t&f’nth % BA% i BR-produ cfgs as i reform ng.
Bi functi onal catal ysdgplaeetidnd,i zbd netalaFPBERNYER rifc REPPYEHed on an
gydr ODLOSGIS? Bgsapgga{tng&:p a4s r&smaﬁcéi'l’laeiﬁtm ea,7s ks i ldmmsrl z?g: 8gneas
dlegg:lopgrt i onati on a%ug'é;&#wai ﬂ?%%hlgée Q&%‘aﬁngfé&&%‘% the
requisite pore volumes and the appropriate pore sizes
for the high molecular weight hydrocarbons which may be
encountered in the processing.

10 Hydrocracking is a process which has achieved
widespread use in petroleum refining for converting
various petroleum fractions to lighter and more
valuable products, especially distillates such as jet
fuels, diesel oils and heating oils. Hydrocracking is

15 generally carried out in conjunction with an initial
hydrotreating step in which the hetercatom-containing
impurities in the feed are hydrogenated without a
significant degree of bulk conversion. During this
initial step, the hetercatoms, principally nitrogen and

20 sulfur, are converted to inorganic form (ammonia,
hydrogen-sulfide) and these gases may be removed prior
to the subsequent hydrocracking step although the two
stages may be combined in cascade without interstage
separation as, for example, in the Unicracking-JHC

25 process and in the moderate pressure hydrocracking
process described in U.S. Patent No. 4,435,275.

In the second stage of the operation, the
nydrotreated feedstock is contacted with a bifunctional
catalyst which possesses both acidic and

30 hydrogenaticn/dehydrogenation functionality. In this
step, the characteristic hydrocracking reactions occur
in the presence of the catalyst. Polycyclic aromatics
in the feed are hydrogenated, and ring opening of
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-2-_ 4,052,476 and ot her reactions where hydrogen is present either as a
feed conponent or as a product of the desired reaction. In many petrol eum
refining applications, the nmetal conponent is supported on an anor phous
support material such as alum na or silica-alumna since these materials
often have the requisite pore volunes and the. gppropriate pore sizes for

t he hi gh nol ecul ar wei ght hydrocarbons which may be encountered in the
processi ng. Hydrocracking is a process which has achi eved

aromatic and naphthenic rings takes place together with
dealkylation. Further hydrogenation may take place
upon opening of the aromatic rings. Depending upon the
severity of the reaction conditions, the polycyclic

5 aromatics in the feed will be hydrocracked to
paraffinic materials or, under less severe conditions;
to monocylic aromatics as well as paraffins.
Naphthenic and aromatic rings may be present in the
product, for example, as substituted naphthenes and

10 substituted polycyclic aromatics in the higher boiling
products, depending upon the degree of operational
severity.

In the lube hydrocracking process, which is well
established in the petroleum refining industry, an

1s initial hydrocracking step is carried out under high
pressure in the presence of a bifunctional catalyst
which effects partial saturation and ring opening of
the aromatic components which are present in the feed.
The hydrocracked product is then subjected to dewaxing

20 in order to reach the target pour point since the
products from the initial hydrocracking step which are
paraffinic in character include components with a
relatively high pour point which need to be removed in
the dewaxing step.

25 In theory, as well as in practice, lubricants
should be highly paraffinic in nature since paraffins
possess the desirable combination of low viscosity and
high viscosity index. Normal paraffins and slightly
branched paraffins e.g. n-methyl paraffins, are waxy

30 materials which confer an unacceptably high pour point
on the lube stock and are therefore removed during the
dewaxing operations in the conventional refining
process described above. It is, however, possible to
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wi despread use in petroleumrefining for converting various petrol eum
fractions to lighter and nmore val uabl e products, especially distillates
such as jet fuels, diesel oils and heating oils. Hydrocracking is generally
carried out in conjunction with an initial hydrotreating step in which the
het eroatomcontaining inpurities in the feed ar®e-hydrogenated w thout a
significant degree of bulk conversion. During this initial step, the

het eroatons, principally nitrogen and sul fur, are converted to inorganic
form (amoni a, hydrogen-sul fide) and these gases may be renoved prior to
the subsequent hydrocpasddsity wak@PréedsAngbrddre doVReti HOYSnRY £bE FOMbi ned

| cascade i thout | nbgrstAde 3epRLAL RaRRnl Ol XBIBLE D ThE e o

Uni cr acki ng- JHC process an ) noder at ¢ pressure yFr,
described in U.S. Pat&he $giesirakle Ppyr polint |qhappetenishie-st Ageewdrset he

operation, the hydrot hpdtattehtédgt mricess ContotuEdcthtiheg 1hbkuacid Qzal
cat al yst whi c possesggsn hotdoastyli tdadibydiQdenali op/geiY ogg&gt!on _
functionality. In thli ste%, ithe l?;f#gcite% 1 G, hydr ocCr at Tons
occur in the presence t 8 (2T pg ?ﬂi;ﬁ& irc®ar Bt ietsain anwk imeed are
hydr ogenat ed, and ri nghbparoggssf waxy feeds such as waxy distillates,
deasphalted oils and slack waxes are subjected to a
two-stage hydroprocessing operation in which an initial

10 hydrotreating unit processes the feeds in blocked
operation with the first stage operating under higher
temperature conditions to effect selective removal of
the undesirable aromatic compounds by hydrocracking and
hydrogenation. The second stage operates under

15 relatively milder conditions of reduced temperature at
which hydrogenation predominates, to adjust the total
aromatic content and influence the distribution of
aromatic types in the final product. The viscosity and
flash point of the base oil are then controlled by

20 topping in a subsequent redistillation step after which
the pour point of the final base o0il is controlled by
dewaxing in a solvent dewaxing (MEK-toluene) unit. The
slack waxes removed from the dewaxer may be reprocessed
to produce a base oil of high viscosity index.

25 Processes of this type, employing a waxy feed which is
subjected to hydrocracking over an amorphous
bifunctional catalyst such as nickel~tungsten on
alumina or silica-alumina are disclosed, for example,
in British Patents Nos. 1,429,494, 1,429,291 and

30 1,493,620 and U.S. Patents Nos. 3,830,273, 3,776,839,
3,794,580, and 3,682,813.

In lube processes of this kind, the catalyst is,
like the fuels hydrocracking catalyst, typically a
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in the feed will be hydrocracked to paraffinic

t he

ess severe conditions, twoé&mnocylic aromatics as well

bifunctiocnal catalyst containing a metal hydrogenation
component on an amorphous acidic support. The metal
component is usually a combination of base metals, with
one metal selected from the iron group (Group VIIIA)
and one metal from Group VIA of the Periodic Table, for
example, nickel in combination with molybdenum or
tungsten. The activity of the catalyst may be
increased by the use of fluorine, either by
incorporation into the catalyst during its preparation
in the form of a suitable fluorine compound or by in
situ fluoriding during the operation of the process, as
disclosed in GB 1,390,359.

Although the lube hydrocracking processes using an
amorphous catalyst for the treatment of the waxy feeds
has shown itself to be capable of producing high v.I.
lubricants, it is not without its limitations. The
major process cbjective in lube hydrocracking (LHDC) is
to saturate the aromatic components in the feed to
produce saturated cyclic compounds (naphthenes) or, by
ring opening of the naphthenes, paraffinic materials of
improved lubricating properties. This requires the
hydrogenation activity of the catalyst to be high.
There is no corresponding requirement for a high level
of cracking activity since no major change in boiling
range is required or even desirable: the amount of
material in the lube boiling range, typically 650°F+,
should be maintained at the maximum level consistent
with the degree of ring opening required to furnish a
lube product of the desired quality. This combination
of requirements has typically led to the use of LHDC
catalysts with high metals loadings, particularly for
base metal combinations with Group VIA metals such as
tungsten: commercial LHDC catalysts currently available



Napht heni c and aromatic rings may be present in the product, for exanple,
as substituted naphthenes and substituted polycyclic aromatics in the

hi gher boiling products, dependi ng upon the degree of operational severity.
In the | ube hydrocracking process, which is well established in the
petroleumrefining industry, an initial hydracracking step is carried out
under high pressure in the presence of a bifunctional catal yst which
effects partial saturation and ring opening of the aromatic conponents
which are present in the feed. The hydrocracked product is then subjected
to dewaxing in order to reach_ the .t rg nce the products from
the initial hydrocrac?(? ng%g?éﬁaghqm% %O par gFfl h %% iw T FBf SRS tRAC ude
conponents with a rel kRadiagymay qie ﬁ'@UFh%(ﬁwe\NﬁfCho ee@S&o be renoved in

t he dewaxi ng st ep. | hehesods \of adghetdtads 1load P! aGholdtdMeealdl §¥
shoul d be highly par fﬁﬁfﬁ f iy ogsess the deslirable
conbi nation g Iom/vﬁé%égP% hg% %€l€+2§§§?§53 J%%ggh% Sere ?é? ¥ins and

slightly braﬁ%hed par%ﬁﬁﬁqY§ E3%R (bt T %3 Pl?ﬁ?a'QPErEE§SP vathrial s
whi ch confer an unaccopizisingingtajogentryitnt so that the area available
for the acid-catalyzed reactions decreases and it is

usually necessary to resort to the use of acidity
promoters such as fluorine to restore the acidity to

10 the requisite level. There are environmental ang
metallurgical (corrosion) concerns associated with the
use of fluorine and other promoters used with these
catalysts, regardless of whether the promoter is added
to the catalyst initially or, as is more common, by the

15 use of a promoter which is sorbed onto the catalyst
immediately prior to use or continuocusly during
operation.

Anocther problem connected with the use of high

metal loadings is that it becomes progressively more

20 difficult to introcduce the metal into the porous
structure of the catalyst as the metal content
increases: the metal already on the catalyst tends to
block the pores of the catalyst so that no more metal
can enter. To overcome this problem, the metal may be

25 incorporated into the catalyst during its manufacture
by adding the metal in the form of a solution at the
hydrogel stage. The metal~containing hydrogel is then
calcined so that the metal is uniformly distributed
throughout the pore structure of the catalyst.

30 Processes of this type are described in British Patents
Nos. 1,398,384; 1,493,620; 1,546,398 and 1,565,425,
This process, however, is not preferred to impregnation
or exchange because it ypically produces catalysts

T m?in



on the lube stock and are therefore renoved during the dewaxi ng operations
I n~t he conventional refining process described above. It is, however,

possible to -4- process waxy feeds in
order to retain many of the benefits of their paraffinic character while

overcom ng the undesirable pour point characteristic. A severe
hydrotreating process for manufacturing |ube “oPI'S of hi gh vi scosity index

is disclosed in Devel opnents in Lubrication PD 19(2), 221-228, S. Bull et
al, and in

having poorer metals dispersion. The metals have a
greater opportunity to agglomerate during all the
process steps which follow the introduction of the
metals.

5 With these factors in mind, it becomes clear that
it would be desirable to have the capability to
formulate a catalyst with high metals loading which
could be manufactured by simple exchange or
impregnation techniques and which retained a high

10 surface area even at high metals loadings. Such
catalysts would be of especial use for LHDC processes
but would also find application for other hydrotreating
processes such as hydrogenation, hydrofinishing, and
for hydro@emetallation, especially of high metal

15 content petroleum fractions such as residual fractions,
shale oil and the like.

The present invention is directed to bifunctional
catalysts which are based on a novel class of materials
with useful catalytic properties. According to the

20 present invention, the bifunctional catalysts which may
pe used to catalyze a wide variety of reactions,
especially hydroprocessing reactions such as those
referred to above, comgrise a metal
hydrogenation—dehydrogenation component which is

25 supported on a synthetic composition of matter
comprising an ultra~-large pore crystalline phase. The
crystalline material of this invention is an inorganic,
porous, non-layered phase having uniformly-sized pores
with a2 maximum perpendicular cross-section pore

30 dimension of at least 1.3 nm (13 Angstroms (4)),
usually within the range of from 1.3 to 20.0 nm (13 to
200 Angstroms). These crystalline materials exhibit
an X-ray diffraction pattern with at least one peak
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this process, waxy feeds such as waxy distillates, deasphalted oils and

sl ack waxes are subjected to a two-stage hydroprocessi ng - operation in which
an initial hydrotreating unit processes the feeds in bl ocked operation with
the first stage operating under higher tenperature conditions to effect

sel ective renoval of the undesirable aromatic- ®mrpounds by hydrocracki ng
and hydrogenation. The second stage operates under relatively m |l der
conditions of reduced tenperature at which hydrogenati on predom nates, to
adjust the total aromatic content and influence the distribution of

aromatic types in thendiiiy aPredri€ive TheeNs 5GPt Yoangk T ash ko) nt of the
base oil are then controlled Qg tfgplng %ggg subgg uent redlg 1%t i on step
after which the pour POFRtCTof thel 1 AR ¢ ‘oi I'P¥ BUFRSSS hédh by dewaxi ng
in a solvent dewaxi ngPeREKites| aehcunfare. ammRs shdck veswssr énoved fromthe
gewaxer ey beh_r epr OCEBﬁzﬁi?plbﬁdpﬁ@WJ(h&gﬂ bowser iviel co aé‘iﬁ@sﬂiﬁ&?éalf%é Lpdex.
rocesses of ghis typ i is subjected to
hydr ocr acki ng over angg}mrp gﬁ%‘g%%@\ﬁg?%%%a%c\gt}a §§?tesﬁjlcégjaﬁsls grams

ni ckel -t ungsten on al BERFEREL0Q ¥5305. SFYTiTHa 3% 6-di ¥R dSE8dtofor amaanpl e, in
British Patents Nos. 23429, 49Mey la428l8@bearmharacterized by the electron

diffraction pattern which can be indexed with a dm0
value greater than about 1.8 nm (18 Angstroms). 1In a

10 preferred embodiment, the pores are arranged in a
uniform hexagonal arrangement which is manifested in
the X-ray and electron diffraction patterns.

As demonstrated heresinafter, the inorganic,

non—-layered mesoporous crystalline materials used to

15 support the metal component of the catalysts have the
following composition:

Mn/cha Y Yc zd ohJ

wherein W is a divalent element, such as a divalent
first row transition metal, e.g. manganese, cobalt and

20 iron, and/or magnesium, preferably cobalt; X is a
trivalent element, such as aluminum, boron, iron and/or
gallium, preferably aluminum; Y is a tetravalent
element such as silicon and/or germanium, preferably
silicon: 2 is a pentavalent element, such as

25 phosphorus; M is one or more ions, such as, for
example, ammonium, Group IA, IIA and VIIB ions, usually
hydrogen, sodium and/or fluoride ions; n is the charge
of the composition excluding M expressed as oxides; q
is the weighted molar average valence of M; n/q is the

30 number of moles or mole fraction of M; a, b, ¢, and 4
are mole fractions of W, X, Y and Z, respectively; h is
a number of from 1 to 2.5; and (at+btc+d) = 1,
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1,493,620 and U.S. Patents Nos. 3,830,273, 3,776,839, 3,794,580, and
3,882, 813. In |l ube processes of this kind, the catalyst is, |ike the
fuel s hydrocracking catalyst, typically a bi functi ona

catal yst containing a nmetal hydrogenation conponent on an anorphous acidic
support. The netal conponent is usually a con%bnation of base netals, with

A preferred embodiment of the above crystalline
material is when (at+b+c) is greater than d, and h =
A further embodiment is when a and d =0, and h =

In the as-synthesized form, the crystalline

-

5 support has a composition, on an anhydrous basis,
expressed empirically as follows:
tRM o (W Xy Yo Zg Op)
wherein R is the total organic material not included in
M as an ion, and r is the coefficient for R, i.e. the

10 number of moles or mole fraction of R.

For the purposes of making the present
bifunctional catalysts, the preferred forms are the
metallosilicates, of which the aluminosilicate is
usually the most preferred.

is The M and R components are assoclated with the
material as a result of their presence during
crystallization, and are easily removed or, in the case
of M, replaced by post-crystallization methods
hereinafter more particularly described.

20 7o the extent desired, the original M, e.g. sodium
or chloride, ions of the as-synthesized material of
this invention can be replaced in accordance with
techniques well known in the art, at least in part, by
jon exchange with other ions. Preferred replacing ions

25 jnclude metal ions, hydrogen ions, hydrogen precursor,
e.g. ammonium, ions and mixtures therecf. For use in
the present catalysts, cations of metals which exhibit
hydrogenation- dehydrogenation functionality may be
exchanged into the crystalline material to provide some

30 or all of the metal component. One advantage accruing
from the large pores ize of the mesoporous materials is
that it is possible to carry out a cation exchange
without the necessity of calcining the as-synthesized

T




one netal selected fromthe iron group (G oup VIIIA) and one netal from
G eup VIA of the Periodic Table, for exanple, nickel in conbination with
nol ybdenum or tungsten. The activity of the catalyst may be increased by
the use of fluorine, either by incorporation into the catalyst during its
preparation in the formof a suitable fluorine conpound or by in situ
fluoriding during the operation of the procesgy as disclosed in GB

1, 390, 359. Al t hough the | ube hydrocracki ng processes using an
anor phous catal yst for the treatnent of the waxy feeds has shown itself to
be capabl e of producing high V.1. lubricants, it is not without its

limtations. The mejor process 024 ective in I ‘i%emhlédé{’a racklecqg rg}:h iIs to
saturate the aronati BaERFaidn&EAL T2V AR® r SRS RS Seatate ey clic

conpounds (napht henesyntngsisy rAngropdReFRAGIvVY Hernapm%#ésn B &hei ni c
mat erial s of i rrproveqng dra@li bR G PraRehét £ .colipofene (b Hhe t8€alyst by

hydr ogenation activit f thetgat aé%ﬁ_ g Q%J’llb%h JPed&y | py NO

correspondi ng requi r R %r crafkrng ACLPvity since no
maj or changesin boi | |1mgretmag:e°ns‘1$3é1ﬁuFPEél°’b? ¥ S&R1geE;| rh ke meFRL AFount of
material in the | ubejaehidsNas aggeridepitentiier Gedjogr r | Cations which may

be exchanged into the crystalline material include
hydrogen, rare earth metals and metals of Groups IA
(e.q. K), IIA (e.g. Ca), VIA (e.g. Cr, Mo, W), VIIA

10 (e.g. Mn), VIIIA (e.g. Ni), IB (e.g. Cu), IIB (e.q.
Zn), IIIB (e.g. In), IVB (e.g. Sn), and VIIB (e.g. F)
of the Periodic Table of the Elements (Sargent-Welch
Scientific Co. Cat. No. S-18806, 1979) and mixtures of
these cations.

15 The crystalline (i.e. meant here as having
sufficient order to provide a diffraction pattern such
as, for example, by X-ray, electron or neutron
diffraction, following calcination with at least one
peak) mesoporous material of this invention may be

20 characterized by its heretofore unknown structure,
including extremely large pore windows, and high
sorption capacity. The term "mesoporous” is used here
to indicate crystals having uniform pores within the
range of from 1.3 nm to 20.0 nm (13 Angstroms to 200

25 Angstroms). The materials of this invention will have
uniform pores within the range of from about 1.3 nm to
20.0 nm (13 Angstroms to 200 Angstroms), more usually
from about 1.5 nm to 10.0 nm (15 Angstroms to 100
Angstroms). For the purposes of this application, a

30 working definition of *porous” is a material that
adsorbs at least 1 gram of a small molecule, such as
Ar, NZ' n-hexane or cyclchexane, per 100 grams of the
solid.

This Sheet Has Been Reﬂ

W




shoul d be maintained at the maxi num | evel consistent with the degree of
ring opening required to furnish a | ube product of the desired quality.
This conbination of requirenments has typically led to the use of LHDC
catalysts with high nmetals | oadings, particularly for base netal

conbi nations with Goup VIA netals such as tungst en: comercial LHDC
catal ysts currently avail able have typical nickel |oadings
of 5% but the tungsten

The mesoporcus material used as the support .
component of the present catalysts can be distinquished
from other porous inorganic solids by the regularity of
its large open pores, whose pore size more nearly

5 resembles that of amorphous or paracrystalline
materials, but whose regular arrangement and uniformity
of size (pore size distribution within a single phase
of, for example, *+ 25%, usually * 15% or less of the
average pore size of that phase) resemble more those of

10 crystalline framework materials such as zeolites. 1In
its preferred form, the crystalline support material
appears to have a hexagonal arrangement of large open
channels that can be synthesized with open internal
diameters from about 13 Angstroms to about 200

15 Angstroms. The term "hexagonal" is intended to
encompass not only materials that exhibit
mathematically perfect hexagonal symmetry within the
limits of experimental measurement, but alsc those with
significant observable deviations from that ideal

20 state. A working definition as applied to the
microstructure of the present invention would be that
most channels in the material would be surrounded by
six nearest neighbor channels at roughly the same
distance. Defects and'imperfections will cause

25 significant numbers of channels to violate this
criterion to varying degrees, depending on the quality
of the material’s preparation. Samples which exhibit
as much as + 25% random deviation from the average
repeat distance between adjacent channels still clearly

30 give recognizable images of the present ultra-large
pore materials. Comparable variations are also
observed in the 4:00 values from the electron
diffraction patterns. The preferred hexagonal
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| oading may be in the range of 10 to 25% The use of high netal

| oadi ngs, al t hough necesary for the hydrogenation function, brings a
conconm tant di sadvantage, that the surface area decreases with increasing
metal content, so that the area available for i?e aci d-catal yzed reactions
decreases and it is usually necessary to resort"to the use of acidity
pronoters such as fluorine to restore the acidity to the requisite |evel.
There are environnental and netal lurgical (corrosion) concerns associ ated
with the use of fluorine and other pronoters used with these catalysts,
regardl ess of whethercxytsgapk brtseiPPPET RAFET 186 t IRefearafy®q Hediowi asly or,
as is nore conmon, byhddiegUeKke QftriicPipeieMCHRIT) dre 8esbethdntia §8€ai1

cat al yst |nnedlatelyegrggglgég#ﬁqi 9&r££ﬁ?i U@Eﬁé?&‘?&%'nQoQBPr%f'on

Anot her probl em conn e use foadings is that it
becones progressi vel yrafgrenge f¥s e £F |anf“P68u%’étﬁ“ﬁ§ n%?%ﬁnipﬁtlentﬂé por ous
structure of % he cat athesle astédimlispt heipnprenaraticmeasd sprdager-tiesal al r eady

on the catal yst tendslgaugkggkeggﬁglggr@‘@ tofe ithe-£A1 ghgsglé&g&at no nore

| n enter. T v r h |
netal can ente oodlef%ggfon pa%:t o em the netal nmay be

The most regular preparations of the crystalline

support materials give an X-ray diffraction pattern

10 with a few distinct maxima in the extreme low angle
region. In the preferred hexagonal materials, the
positions of these peaks approximately fit the
positions of the hkO reflections from a hexagonal
lattice. The X-ray diffraction pattern, however, is

15 not always a sufficient indicator of the presence of
these materials, as the degree of regularity in the
microstructure and the extent of repetition of the
structure within individual particles affect the number
of peaks that will be observed. 1Indeed, preparations

20 with only one distinct peak in the low angle region of
the X-ray diffraction pattern have been found to
contain substantial amounts of the material in them.
Other techniques to il;ustrate the microstructure of
this material are transmission electron microscepy and

25 electron diffraction. Properly oriented specimens of
the material show, in the preferred materials, a
hexagonal arrangement of large channels and the
corresponding electron diffracticn pattern gives an
approximately hexagonal arrangement of diffraction

30 maxima. The dloo spacing of the electron diffraction
patterns is the distance between adjacent spots on the
hkO projection of the hexagonal lattice and is related
to the repeat distance a, between channels observed in

i il



I ncorporated into the catalyst during its manufacture by adding the netal
inethe formof a solution at the hydrogel stage. The netal-containing
hydrogel is then calcined so that the netal is uniformy distributed

t hroughout the pore structure of the catal yst. Processes of this type are
described in British Patents Nos. 1,398, 384, 14 493,620; 1,546,398 and

1, 565, 425. This process, however, is not preferred to inpregnation or
exchange because it ypically produces catalysts

-7-
' the electron micrographs through the formula d,,. =
a J3/2. This d100 spacing observed in the electron
diffract;on patterns corresponds to the d-spacing of a
low angle peak in the X-ray diffraction pattern of the
5 material. The most highly ordered preparations of the
material cbtained so far have 20-40 distinct spots
observable in the electron diffraction patterns. These
patterns can be indexed with the hexagonal hkO subset
of unique reflections of 100, 110, 200, 210, etc., and
10 their symmetry-related reflections.

In its calcined form, the crystalline support
materials may be further characterized by an X-ray
diffraction pattern with at least one peak at a
position greater than about 1.8 nm (18 Angstrom Units)

15 d-spacing (4.909 degrees two-theta for Cu K-alpha
radiation) which corresponds to the dloo value of the
electron diffraction pattern of the material, and an
equilibrium benzene adsorption capacity of greater than
about 15 grams benzene/100 grams crystal at 50 mm Hg

20 (50 torr} and 25°C (basis: crystal material having been
treated in an attempt to insure no pore blockage by
jncidental contaminants, if necessary).

The equilibrium benzene adsorption capacity
characteristic of the crystalline support material is

25 measured on the basis of no pore blockage by incidental
contaminants. For instance, the sorption test will be
conducted on the crystalline material phase having any
pore blockage contaminants and water removed by
ordinary methods. Water may be removed by dehydration

30 techniques, e.g. thermal treatment. Pore blocking
inorganic amorphous materials, e.g. silica, and
organics may be removed by contact with acid or base or
other chemical agents such that the detrital material
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havi ng poorer netals dispersion. The netals have a greater opportunity to
aggtonerate during all the process steps which follow the introduction of

t he netal s. Wth these factors in mnd, it beconmes clear that it would
be desirable to have the capability to fornulate a catalyst with high
nmetal s | oadi ng which could be manufactured by sinple exchange or

i npregnation techni ques and which retained a hil)h-surface area even at high
nmetal s | oadi ngs. Such catal ysts woul d be of especial use for LHDC processes
but would also find application for other hydrotreating processes such as
hydr ogenati on, hydrofinishing, and for hydrodenetall ation, especially of

hi gh metal content peol elundendébd GRthoUE et iRaicduad s fdACEhOAS. Shal e
oil and the |ike. The present invention is directed to bifunctional

catal ysts which are bSS&EH a novel class of materials with useful
catal ytic properties. AccofafiengarbitHardvese?ft Gadréned orrystRdlbné uncti onal
catal ysts which may beatéeihl @agabéalgimraatutrised/ iyl ety OirayedctiOikion
especi al l'y hygrOprOceggkggkg(W%EEhOQQEfﬂfEQ 28 188 two peaks at positions
greater than 1.0 nm (10 Angstrom Units) d-spacing
(8.842 degrees two-theta for Cu K-alpha radiation), at
least one of which is at a position greater than about
1.8 nm (18 Angstrom Units) d-spacing, and no peaks at
10 positions less than about 1.0 nm (10 Angstrom Units)
d-spacing with relative intensity greater than about
20% of the strongest peak. Still more particularly,
the X-ray diffraction pattern of the calcined support
material will have no peaks at positions less than
15 about 1.0 nm (10 Angstrom Units) d-spacing with
relative intensity greater than about 10% of the
strongest peak. In any event, at least one peak in the
X-ray diffraction pattern will have a d-spacing that
corresponds to the d100 value of the electron
20 diffraction pattern of the material.
Still more particularly, the calcined inorganic,
non-layered crystalline material of the invention is
characterized as havinq a pore size of about 1.3 nm {13
Angstroms) or greater as measured by physisorption
25 measurements, hereinafter more particularly set forth.
Pore size is considered a maximum perpendicular
cross-section pore dimension of the crystal.
X-ray diffraction data referred to here were
collected on a Scintag PAD X automated diffraction
30 system employing theta-theta geometry, Cu K-alpha
radiation, and an energy dispersive X-ray detector.
Use of the energy dispersive X-ray detector eliminated
the need for incident or diffracted beam

LT



referred to above, conprise a netal hydrogenation-dehydrogenati on conponent
whi*ch i s supported on a synthetic conposition of matter conprising an
ultra-large pore crystalline phase. The crystalline material of this

i nvention is an inorganic, porous, non-layered Ehase havi ng uni form y-si zed
pores with a maxi num perpendi cul ar cross- secti & pore di nension of at |east
1.3 nm (13 Angstrons (A)), usually within the range of from1.3 to 20.0 nm
(13 to 200 Angstrons). These crystalline materials exhibit an X-ray

diffraction pattern with at |east one Eeak
- 8- monochromators. h the incident and diffracted X-ray

beams were collimated by double slit incident and
diffracted collimation systems. The slit sizes used,
starting from the X-ray tube source, were 0.5, 1.0, 0.3
5 and 0.2 mm, respectively. Different slit systems may
produce differing intensities for the peaks. The
materials of the present invention that have the
largest pore sizes may require more highly collimated
incident X-ray beams in order to resolve the low angle
10 peak from the transmitted incident X-ray bean.

The diffraction data were recorded by
step-scanning at 0.04 degrees of two-theta, where theta
is the Bragg angle, and a counting time of 10 seconds
for each step. The interplanar spacings, d’s, were

15 calculated in Angstrom units (A), and the relative
intensities of the lines, I/1,, where I, is
one-hundredth of the intensity of the strongest line,
above background, were derived with the use of a
profile fitting routine. The intensities were

20 uncorrected for Lorentz and polarization effects. The
relative intensities are given in terms of the symbols
vs = very strong (75-100), s = strong (50~74}, m» =
medium (25-49) and w = weak (0-24). It should be
understood that diffraction data listed as single lines

25 may consist of muitiple overlapping lines which under
certain conditions, such as very high experimental
resolution or crystallographic changes, may appear as
resolved or partially resolved lines. Typically,
crystallographic changes can include minor changes in

30 unit cell parameters and/or a change in crystal
symmetry, without a substantial change in structure.
These minor effects, including changes in relative
intensities, can also occur as a result of differences
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having a relative intensity of 100 at a d-spacing greater than 1.8 nm (18
[e4r]). They possess high porosites and surface areas which results in
correspondi ngly high sorptive capacities indicated by a benzene adsorption
capacity of greater than 15 granms benzene/ 100 grans crystal at 6.7 kPa (50
torr) and 25[err]C. They may al so be characteit zed by the el ectron
diffraction pattern which can be indexed with a d[err] value greater than
about 1.8 nm (18 Angstrons). In a preferred enbodi nent, the pores are
arranged in a uniform hexagonal arrangenment which is manifested in the
X-ray and electron diffraction pattern at r after
the inorganic, non-| dyerationsIp5rBhs %&75@1‘1‘% n%!tlg?'%éf S&S:SQ ll(‘)(Elsupport
the netal conponent afegirhe chitpmirpsEslhiange CherPd} |IRW/RT BHIFRISIER
Merr]/[err](Werr] X esrtgl,YY[ae;{dr ber;ew{dth[saapia)vmnsWue; @ d| vaI ent

n

e n as A O deiila L2 shONe [dAASL 00y ARl dlirg 1 Ca ol A0BP O
‘cobal t and i ron, and/RAFTHE ef ra Iy co ;. X 1S a trlvalent
el ement, sucls as aJLunuugm1ftm#Qﬂ$ kPP%% dheEe SRf11da Xn Bnd At 42

X-ray diffraction.
The equilibrium benzene adsorption capacity is
 determined by contacting the crystalline material,
after dehydration or calcination at, for example, about
10 540°C for at least one hour and other treatment, if
necessary, in an attempt to remove any pore blocking
contapinants, at 25°C and 50 torr benzene until
equilibrium is reached. The weight of benzene sorbed
is then determined as more particularly described
15 hereinafter.
When synthesized by the methods described below,
the crystalline material contains, in its
as-synthesized condition, the organic material used as
the directing agent. Prior to use as a catalyst
20 component, the composition should be subjected to
treatment to remove part or all of any organic
constituent. Removal of the organic is necessary to
permit introduction of_the metal component either by
exchange or impregnation, or both, since the organic
25 compenent occluded in the pores of the crystalline
phase, precludes access to the internal pore structure
of the material.
The crystalline material, especially in its
ammonium form, can be beneficially converted to ancther
30 form by thermal treatment {(calcination). This thermal
treatment is generally performed by heating one of
these forms at a temperature of at least 400°C for at
least 1 minute and generally not longer than 20 hours,
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gallium preferably alumnum Y is a tetravalent elenent such as silicon
and/ or germanium preferably silicon; Zis a pentaval ent el enent, such as
phosphorus; Mis one or nore ions, such as, for exanple, ammonium G oup
A, Il'A and VIIB ions, usually hydrogen, sodi ggand/or fluoride ions; nis
the charge of the conposition excluding Mexpressed as oxides; q is the
wei ght ed nol ar average valence of M n/q is the nunber of noles or nole
fraction of M a, b, ¢, and d are nole fractions of W X, Y and Z,

Eg_spect 'vely: his appgfrret;%rslgf f;ormoT %oti)o Qtio%;rs@ndwﬂﬁ@%ﬁﬁgimo:spheric
pressure can be employed for the thermal treatment,
atmospheric pressure is desired for reasons of
convenience, such as in air, nitrogen, ammonia, etc.

5 The thermal treatment can ke performed at a temperature
up to 750°C. The thermal treatment of the ammonium
form in this way is an especially useful technique for
the preparation of the hydrogen form of the catalytic
material, to confer the acidic functionality of the

10 final catalyst.
The crystalline material should be dehydrated, at
least partially. This can be done by heating to a
temperature in the range of 200° to 595°C in an
atmosphere such as air, nitrogen, etc. and at
15 atmospheric, subatmospheric or superatmospheric
pressures for between 30 minutes and 48 hours.
Dehydration can also be performed at room temperature
merely by placing the composition in a vacuum, but a
longer time is required to obtain a sufficient ameunt
20 of dehydration.
The present crystalline material can be prepared
by one of several methads, each with particular

limitations. )
A first method involves a reaction mixture having
25 an X203/Y°2 mole ratio of from O to 0.5, but an

A1203/sio2 mole ratio of from O to 0.01, a
crystallization temperature of from 25° to 250°C,
preferably from 50° to 175°C, and an organic directing
agent, hereinafter more particularly described, or,

30 preferably a combination of that organic directing
agent plus an additional organic directing agent,
hereinafter more particularly described. This first
method comprises preparing a reaction mixture
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A preferred enbodi rent of the above crystalline

I s“greater than d,
and h = 2.

conposition,
rRMerr] (Werr]

R i.e. the

In the as-synthesized form the crystalline
on an anhydrous basi s,
X err]
organic material not included in
[ nunmber
of making the present bifunctional

mat eri al

and h = 2. A further enbodi ment

expresgquenpirically as follows:
Jerr]) ““wherein Ris the total
Mas an ion, and r is the coefficient

mol e fraction of R
catal ysts,

Y[err] Zerr]

of noles or
the preferred forns are t

met al | osi | icates, ofcoitxipinesng®Enosti |farargarsles pi@yit de sikatlline

preferred.
result of their
in the case of M

The MaRdth Ree2DPANENESq Al un06k apchadith, t Becimt gki al
pres

EALh
re ed by’ p

nce

ot ' . |
o2 ¥ PR b o S TRy PRy

particularly descri b@ivalent element W, e.g. cobalt, trivalent element X,

5

10

15

20

25

30

e.g. aluminum, tetravalent element ¥, e.g. silicon, and
pentavalent element Z, e.g. phosphorus, an organic (R)
directing agent, hereinafter more particularly
described, and a solvent or solvent mixture, such as,
for example, C,-Cg alcohols, C,~Cq diols and/or water,
especially water, the reaction mixture having a
composition, in terms of mole ratios of oxides, within

the following ranges:

Reactants Useful Preferred
X203/YO2 0 to 0.5 0.001 to 0.5
A1203/5102 0 to ¢0.01 0.001 to 0.01
X203/(Y02+ZZOS) 0.1 to 100 0.1 to 20
X203/(Y02+WO+2205) 0.1 to 100 0.1 to 20

Solvent/

(Y82+WO+ZZOS+X203) 1 to 1500 5 to 1000
OH /Yoz” 0 to 10 0 to 5

(M, , O+R, 0}/
(Y02+WO+2205+X203) 0,01 to 20 0.05 to 5
M6 :

(Y02+WO+2205+X203) 0 to 10 Q0 to 5

Ry %/

(Y02+WO+ZZOS+X203) 0.01 to 2.0 0.03 to 1.0

wherein e and f are the weighted average valences of M
and R, respectively.

In this first method, when no Z and/or W oxides
are added to the reaction mixture, the pH is important
and must be maintained at from ¢ to 14. When Z and/or
W oxides are present in the reaction mixture, the pH is

This Sheet Has Been R

i

I s when (a+b+c)
Is when a and d = 0O,
support has a

for

For the purposes

he
as a

or,
nor e

ed



L J

To the extent desired, the original M e.g. sodiumor chloride, ions of the
as-synt hesi zed material of this invention can be replaced in accordance
with techniques well known in the art, at least in part, by ion exchange
with other ions. Preferred replacing ions include netal ions, hydrogen
i ons, hydrogen precursor, e.g. amoni um ions2&md mi xtures thereof. For use
In the present catalysts, cations of netals which exhibit hydrogenati on-
dehydrogenation functionality may be exchanged into the crystalline
material to provide sone or all of the metal conponent. One advant age
accruing fromthe | aroq:engg{,wl ' qﬁpg{.tgrhe 3RS epRtidisSi sTefethalwrasenthat it is
possible to carry olta"Catio exchange withoul the fuggessidne of cal cining
the as-synthesized crystalline material. n ’ ,
following methods for synthesis of the present material
' io is important. Wwh
the R, .0/ (Y0,+WO+Z05+X,05) ratio s 24P en
5 this ratio is less than 0.0l or greater than 2.0,
impurity products rend to be synthesized at the expense
of the desired crystalline material.
A second method for synthesis of the present
crystalline material involves a reaction mixture having
i 0.5, a
10 an XZOS/YOZ mole ratio of from O to .' .
crystallization temperature of from 25° to 250°C,
preferapbly from 50° to 175°C, and two separate organic
directing agents, i.e. the organic and additional
organic directing agents, hereinafter more particularly
15 described. This second method comprises preparing a
reaction mixture containing sources of, for example,
alkali or alkaline earth metal (M), e.g. sodium or
potassium, cation if desired, one or a combination of
oxides selected from divalent element W, e.g. cobalt,
20 trivalent element X, e.g. aluminum, tetravalent element
Y, e.g. silicon, and pentavalent element Z, e.q.
phosphorus, a combination of organic directing agent
and additional organic directing agent (R), each
hereinafter more particularly described, and a solvent
25 or solvent mixture, such as, for example, C,;-C,
alcohols, C;-C4 diols and/or water, ?s?eCLa%ly water,
the reaction mixture having a composition, in terms of
mole ratios of oxides, within the following ranges:
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- 10 - material to renove the organic materials used in the synthesis.
As -an alternative (or in addition to) the incorporation of the netal
conponent of the catal yst by exchange, the netal nay al so be provided by

| mpregnation using cations or anions of the nmetal or netals, as described
further below. Cations which may be exchanged2into the crystalline materi al

I ncl ude hydrogen, rare earth netals and netals of Goups IA (e.g. K, IIA
(e.g. Ca), VIA (e.g. O, M, W, VIIA (e.g. M), VIIIA (e.g. N), IB (e.qg.
Cu), IIB (e.g. Zn), I11B (e.g. In), 1VB (e.g. Sn), and VIIB (e.g. F) of the

Peri odic Tabl e of the El ef@mpksntSar gent - wakgdtugci enti f ipge€erréat . No.

S-18806, 1979) and m xturgs, of .t hese cati Th rystalline (i.e.
meant here as havi ng suf ffﬁsétﬁ?zorder to Bd:osc\ﬂ 8é5a di ﬁ'(rbgét fggn&bg;ttern such

X2°3/(Y°2+zzos) 0.1 to 100 0.1 to 20
X,05/ (¥0,+WO+Z,05) 0.1 to 100 0.1 to 20
=7 Solvent/
| (292+W0+Z205+X203) 1 to 1500 S to 1000
OH /YO2 0 to 10 0 to §
(uz/eo+R2/f0)/
(yoz+wo+zzos+x203) 0.01 to 20 0.05 to 5
10 M, / %/
(Yoz+wo+zzos+x203) 0 to 10 0 to 5
Ry, £9/
(YO, +WO+Z,05+X,0,) 0.1 to 2.0  0.12 to 1.0

wherein e and £ are the weighted average valences of M
15 and R, respectively.
In this second methocd, when no Z and/or W oxides
are added to the reaction mixture, the pH is important
and must be maintained at from about 9 to about 14.
When Z and/or W oxides are present in the reaction
20 mixture, the pH is not narrowly important for
crystallization of the present invention.
A third method for synthesis of the present
crystalline material is where X comprises aluminum and
Y cdmprises silicon, the crystallization temperature
25 must be from 25° to 175'C, preferably from 50° to
150°C, and an organic directing agent, hereinafter more
particularly described, or, preferably a combination of
that organic directing agent plus an additional organic
agent, hereinafter more particularly described, is
30 used. This third method comprises preparing a reaction
mixture containing sources of, for example, alkali or
alkaline earth metal (M), e.g. sodium or potassium,
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as, for exanple, by X-ray, electron or neutron diffraction, follow ng
calcination with at |east one peak) nesoporous material of this invention
may be characterized by its heretofore unknown structure, including
extrenely | arge pore wi ndows, and hi gh sorption capacity. The term
"mesoporous” is used here to indicate crystals%aving uniformpores within
the range of from1.3 nmto 20.0 nm (13 Angstrons to 200 Angstrons). The
materials of this invention will have uniformpores within the range of
fromabout 1.3 nmto 20.0 nm (13 Angstrons to 200 Angstrons), nore usually
fromabout 1.5 nmtochQifn B dibirelsonensrtmworidGorges raflunkgun t he
purposes of this appuna?a*ogme yordd %Q?Qﬁién(ﬁ)' A rebcinPrayent i s a
mat eri al that adsorbs at Teast i ram of’ a snmll, nol ecul e, %ycﬁ as Ar,
N err], n-hexane or dy{lebﬁ%’r'e?‘"g%rpaf&écﬁ}%ﬂgyo AREOED (A @ solvent

or solvent mixture, such as, for example C,-C,

S alcohols, €;-Cg diols and/or water, especially water,

the reaction mixture having a composition, in terms of
mole ratios of oxides, within the following ranges:

Reactants Useful Preferred
Al,0,/5i0, 0 to 0.5 0.001 to 0.5
10 Solvent/sio, 1 to 1500 5 to 1000
OH /Sio, 0 to 10 0 ta s
(M ,0%Ry,£9)/
(S10,+A1,0,) 0.01 to 20 0.05 to 5
MZ/eo/
15 (810,+a1,0,) 0 to 5 0 to 3
Ry 2%/
(S10,+A1,04) 0.01 to 2 0.02 to 1

wherein e and £ are the weighted average valences of M
and R, respectively.

20 In this third method, the pH is important and must
pe maintained at from 9 to 14. This method involves
the following steps: ‘

(1) Mix the organic (R) directing agent with the
solvent or solvent mixture such that the mole ratio of

25 solvent/RZ/fo is within the range of from 50 to 800,
preferably from 50 to 500. This mixture constitutes
the "primary template" for the synthesis method.

(2) To the primary template mixture of step (1)
add the sources of oxides, e.g. silica and/or alumina

30 such that the ratio of Rz/fO/(SiOZ+A1203) is within the

' range of from 0.01 to 2.0.
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- 11 - The nesoporous material used as the support conponent of the
present catal ysts can be distinguished from other porous inorganic solids
by the regularity of its |arge open pores, whose pore size nore nearly
resenbl es that of anorphous or paracrystalline materials, but whose regular
arrangenment and uniformty of size (pore size @ stribution wwthin a single
phase of, for exanple, 25% usually 15%or |ess of the average pore size
of that phase) resenble nore those of crystalline framework materials such
as zeolites. Inits preferred form the crystalline support materi al

appears to have a hexagongl, aniapgedaie afixtdrde-L208R;i005ANG] ScLhafzcan be
synt hesi zed with open interna

200 Angstroms. The téu"n?"E%Sgé?ge‘%fgrf%ﬁ%re%ne?b‘%%'a’? pREfBTy for 270U
from § minutes to 3 hours.

(4) Allow the mixture to stand with or without

5 agitation, preferably at a temperature of from 20°* to
100°Cc, and preferably for from 10 minutes to 24 hours.

(5} Crystallize the product from step (4) at a
temperature of from S50° to 175°C, preferably for from 1
hour to 72 hours. Crystallization temperatures higher

10 in the given ranges are most preferred.

A fourth method for the present synthesis involves
the reaction mixture used for the third method, but the
following specific procedure with
tetraethylorthosilicate the source of siliceon oxide:

15 (1) Mix the organic (R) directing agent with the
solvent or solvent mixture such that the mole ratio of
SOlVent/Rz/fo is within the range of from 50 to 800,
preferably from 50 to 500. This mixture constitutes
the "primary template" for the synthesis method.

20 (2) Mix the primary template mixture of step (1)
with tetraethylorthosilicate and a source of aluminum
oxide, if desired, such that the Rz/fO/sio2 mole ratio
is in the range of from 0.5 to 2.0.

{3) Agitate the mixture resulting from step (2)

25 for from 10 minutes to 6 hours, preferably from 30
minutes to 2 hours, at a temperature of from 0* to
25°C, and a pH of less than 12. This step permits
hydrolysis/polymerization to take place and the
resultant mixture will appear cloudy.

30 (4) Crystallize the product from step (3) at a
temperature of from 25° to 150°C, preferably from 95°
to 110°c, for from 4 to 72 hours, preferably from 16 to
48 hours.
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enconpass not only materials that exhibit mathenatically perfect hexagonal
symmetry within the limts of experinental neasurenent, but also those with
significant observabl e deviations fromthat ideal state. A working
definition as applied to the mcrostructure of, the present invention would
be that nost channels in the material would be surrounded by six nearest

nei ghbor channel s at roughly the sanme di stance. Defects and inperfections
wi || cause significant nunbers of channels to violate this criterion to
varyi ng degrees, depending on the quality of the material's preparation.
Sanpl es whi ch exhi bit as Fu@?chsot 8% ARAYBAU\PEE: | BREFY om t he average
repeat di stance betweepsesli Heanioshahnakspsesdrit creatdyligievaateengnicaabl e

| ges of the presenpeubliAdAcde dgid datRél %t%ti@gpﬁ%qfﬂaagfgggé%i ons are

al so observed.in the err valgeg,fron1the eJe%hron d tterns.
The preferred hexagoﬁ& rred, conditions 1n a suitable reactor vessel, such
5

as for example, polypropylene jars or teflon lined or
stainless steel autoclaves. Crystallization may also
be conducted continuously in suitable equipment. The
total useful range of temperatures for crYstallization
is noted above for each method for a time sufficient
1o for crystallization to occur at the temperature used,
e.g. from 5 minutes to 14 days. Thereafter, the
crystals are separated from the liquid and recovered.
When a source of silicon is used in the synthesis
method, it is preferred to use at least in part an
15 organic silicate, such as, for example, a quaternary
ammonium silicate. Non-limiting examples of such a
silicate include tetramethylammonium silicate and
tetraethylorthosilicate.
By adjusting conditions of the synthesis reaction
20 for each method, like temperature, pH and time of
reaction, etc., within the above limits, embodiments of
the present non-layered crystalline material with a
desired average pore si;e may be prepared. In
particular, changing the pH, the temperature or the
25 reaction time may promote formation of product crystals
with different average pore size.
Non-limiting examples of various combinations of
W, X, ¥ and Z contemplated for the first and second
synthesis methods of the present invention include:

PhsBumRmfhaﬂ
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- 12 -

structure of MCM 41, are described in detai

07/ 625, 245,

these materi al s,

crystalline support materials,

referred to bel ow as having the
I n Application Serial No.

to which reference is made for a nore extended description of

their preparation and properties,
their X-ray and electron diffration patterns. 25 -

i ncl udi ng exanpl es of
The nost regul ar

preparations of the crystalline support materials give an X-ray diffraction

pattern with a few distinct maxima in the extrene | ow angl e region.
preferred hexagonal

mat eri al s,

In the

t he positions of these peaks approxi mately

fit the

10

15

20

25

.S X 4 2
Al si
al -- P
al si P
Al -= P
Al si P
- si

- -

- -

including the combinations of W being Mg, or an element
selected from the divalent first row transition metals,
e.g. Mn, Co and Fe; X being B, Ga or Fe; and Y being
Ge.

An organic directing agent for use in each of the
above methods for synthesizing the present material
from the respective reaction mixtures is an ammonium or

. +
phosphonium ion of the formula R1R2R3R4Q , l.e.:

wherein Q is nitrogen or phosphorus and wherein at
least one of R,, Ry, Ry and R, is aryl or alkyl of from
7 to 36 carbon atoms, e.g. "C7H13 ' -C10321 v ~CqgHa,
and -C;gH,,, OF combinations thereof, the remainder of
Ry, Rz' R, and R, being selected from hydrogen, alkyl
of from 1 to 5 carbon atoms and combinations thereof.
The compound from which the above ammonium or
phosphonium ion is derived may be, for example, the
hydroxide, halide, silicate, or mixtures thereof.
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positions of the hkO reflections froma hexagonal lattice. The X-ray
diffraction pattern, however, is not always a sufficient indicator of the
presence of these materials, as the degree of regularity in the

m crostructure and the extent of repetition of,dhe structure within

I ndi vi dual particles affect the nunber of peaks that will be observed.

| ndeed, preparations with only one distinct peak in the | ow angle region of
the X-ray diffraction pattern have been found to contain substanti al

amounts of the material in them Qher techniques to ilolvust.rate t he
mcrostructure of this maimerthe fa%%%%ﬁ%ﬁ%ﬁ%ﬁ% F&39D

i mctdscopy and
el ectron diffractiong Beepesd oohhentard adgétionss cgfanire dfrecring agemk, in
the preferred materials, .a {}leg%ggg@& thafJered RuiségeaLhagaess and the
correspondi ng el ect r 88%iFfracti on_pat tern gives an.ap maLeLY, hexagonal
arrangement of diffr sonPsnatien Q. t’%]é" o[ rgfq%rblam Ag "g#%e eﬁec o
di ffraction patterns sdagithenali sirgasic FHrREEANAHRITENt THR fd8itierahko
projection of the hexgganal 4atddceRqyadfbnts isetnd athmbaitiieoxr pheaphehiixince
aferr] between channeioi ggsg{,é’ €4 ol directing agent formula wherein R,
Ry, Ry and R, together or separately are selected from
hydrogen and alkyl of 1 to 5 carbon atoms and
10 combinations thereof. Any such combination of organic
directing agents go to make up "R* and will be in molar
ratio of 100/1 to 0.01/1, first above listed organic
directing agent/additional organic directing agent.
The particular effectiveness of the presently
15 required directing agent, when compared with other such
agents known to direct synthesis of one or more other
crystal structures, is believed due to its ability to
function as a template in the above reaction mixture in
the nucleation and growth of the desired ultra-large
20 pore crystals with the limitations discussed above.
Non-limiting examples of these directing agents include
cetyltrimethylammcnium, cetyltrimethylphosphonium,
octadecyltrimethylphosphonium, benzyltrimethylammonium,
cetylpyridinium, myristyltrimethylammonium,
25 decyltrimethylammonium, dodecyltrimethylammonium and
dimethyldidodecylammonium.
The reaction mixture components can be supplied
by more than one source. The reaction mixture can be
prepared either batchwise or continuocusiy. Crystal
30 size and crystallization time of the new crystalline
material will vary with the nature of the reaction

mixture employed and the crystallization conditions.
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- 13 - the el ectron m crographs through the fornula d[err] = a[err]3/2.
This d[err] spacing observed in the electron diffraction patterns
corresponds to the d-spacing of a |ow angle peak in the X-ray diffraction
pattern of the material. The nost highly ordered preparations of the
material obtained so far -have 20-40 distinct_spots observable in the
electron diffraction patterns. These patterns “can be indexed with the
hexagonal hkO subset of unique reflections of 100, 110, 200, 210, etc., and

The crystals prepared by the instant invention can
be shaped into a wide variety of particle sizes.
Generally speaking, the particles can be in the form of
a powder, a granule, or a molded product, such as an

5 extrudate having particle size sufficient to pass
through a 2 mesh (Tyler) screen and be retained on a
400 mesh (Tyler) screen. In cases where the catalyst
is molded, such as by extrusion, the crystals can be
extruded before drying or partially dried and then

10 extruded.

In the present bifunctional catalysts, the
crystalline material is at least partly in the hydrogen
form which is suitably formed by the thermal treatment
or calcination of the ammonium form, as described ‘

15 above. In addition, however, the catalysts include a
metal component which provides hydrogenation-
dehydrogenation functicnality. The hydrogenation-
dehydrogenation component may be provided by a single
metal or combination of metals. Noble metals of

20 Periods 5 and 6 of Group VIII, especially palladium,
platinum, ruthenium, rhodium or base metals of Groups
IVA, VIA and VIII, especially chromium, molybdenum,
tungsten, cobalt and n;ckel, may be used for
hydrogenative processes such as hydrotreating,

25 hydrocracking, hydrodewaxing and the like whereas for
dehydrogenative pocesses such as reforming the noble
metals such as iridium, rhenium may be preferred,
especially in the form of combinations such as
piatinum—iridium, platinum-rhenium and

30 platinum~-rhenium-iridium.

The combination of at least one Group VIA metal
such as tungsten with at least one Group VIII metal
such as nickel is particularly preferred for many
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their symetry-related refl ections. In its calcined form the
crystalline support materials may be further characterized by an X-ray
diffraction pattern with at | east one peak at a position greater than about
1.8 nm (18 Angstrom Units) d-spacing (4.909 degrees two-theta for Cu
K-al pha radi ation) which corresponds to'the df rr] value of the electron
diffraction pattern of the material, and an equilibrium benzene adsorption
capacity of greater than about 15 granms benzene/ 100 grams crystal at 50 mm
Hg (50 torr) and 25[err]C (basis: crystal material having been treated in
an attenpt to insureapnlipattols odeagexdnplenccdshimdticmst ancmaat s, if
necessary). The, £G4 LhS1 fudBran zeswa 1ad$0ERE L OMhiGKRACEENg&har act eri stic
of the crystalline suppaQrt rial J asur.ed. ];_ basi s of no pore
bl ockage by i nci dont SP3 85?5‘??%‘?%&?2?@%’%%1 38 aﬁé‘g’?"' hmg‘“gﬁ‘? BT FARRE. i | |
be conducted on the crysThel ¢ontandt ef He Mex3d RAAPINEENYLipbreayl ockage
cont am nant ss and wat ffcdr@QiRy etb htsocdtapryicrachodsty \Adideto e be renoved by
denydration techn! GUgs y;efentd Y he! BARIIIRNG, FIdh RHACKLOD Jd10tga) C
anor phous materials, e>§g. srlica, and organics na e renoved b ntact
with acid or base orbe used. Thus, the hi ly active noble metals may be

used in smaller amounts than the less active base

metals. For example, 0.1 wt % or less palladium or

10 platinum will be effective and it will not normally be
necessary to use more than 10 percent of the noble
metals, and usually much less, for example, from 0.1 to
1 or 2 wt %. The amounts of base metals may be higher
and it is a particular advantage of the present

15 crystalline materials that their high porosity and high
surface area permits large amounts of the metal
component to be used without an unacceptable decrease
in the surface area of the final catalyst. Thus, the
amount of a base metal hydrogenation component will

20 normally be at least 1 wt % and often more than 5% will
be required. In a typical base metal combination, 5 to
15 wt % nickel and 5 to 40 wt % tungsten, expressed as
metal will achieve the desired degree of hydrogenation
functionality.

25 The present support materials are notable in that
they are capable of including a greater proportion of
metal than previous support materials because of their
extraordinarily large surface area and as a result, the
metal-containing catalysts retain a large surface area

30 after incorporation of the metal component. The
surface area, S, of the present catalysts, expressed in
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ot her chem cal agents such that the detrital material
- X - wll be renoved without detrinental effect on the crystal.
More particularly, the calcined crystalline nmaterial nay be characterized

by its X-ray diffraction pattern which exhlblts at least two peaks at
posi tions 29

mz.g—l- (square meters per gram) may be given by the

equation:
S > 600 - 13.3X
where X is the metal loading in wt %,
5 Thus, the surface area of the metals-containing
catalysts determined by empirical means such as the
B-E-T (Bruenauer-Emmet-Teller) test (see ASTM D 3663},
will be found to be at least as great as the value
given by the above equation. The value of S as given
10 by this realtionship decreases to zero at 45 percent
metals content but since the surface area S may be
greater than the value given by the relationship,
surface area remains at metal loadings above this
value. The minimum surface area will, however, be at
15 least 5 ng-l at these very high metal loadings. The
actual surface area of the metal-containing catalyst
may, as noted above, be determined empirically by the
method set out in ASTM D 3663.
As may he appreciated from the equation above, the
20 surface area of the catalyst will be at least 200 ng"l
even at high metal loadings as high as 30 wt % and at
loadings above this value, remains at an
uncenventionally high value. The metal component
usually exceeds 12.9 wf % (total metals, based on the
25 entire catalyst weight) and may exceed about 25% and
still maintain a high surface area above 200 m? g'l.
As shown below, the total metal content (i.e of the
metal component) may exceed about 30 wt %, e.g. 30-40
wt %, of the entire catalyst whxle stlll retaznlng a
30 surface area of at least 200 n? g , e.g. 240 mgt
even higher. At lower metal contents, the surface area
will be correspondingly higher so that, for example, at
a total metal content of about 20 wt % of the entire

-_
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greater than 1.0 nm (10 Angstrom Units) d-spacing (8.842 degrees two-theta
forr Cu K-al pha radiation), at |east one of which is at a position greater
than about 1.8 nm (18 Angstrom Units) d-spacing, and no peaks at positions
| ess than about 1.0 nm (10 Angstrom Units) d-spacing with relative

intensity greater than about 20% of the strongést peak. Still nore
particularly, the X-ray diffraction pattern of the cal ci ned support
material will have no peaks at positions |less than about 1.0 nm (10

Angstrom Units) d-spacing with relative intensity greater than about 10% of
the strongest peak. l:atar;ﬁx@,veaé,sxadfalceasfemneilpeale At ldmstX3paym’qg L

S
diffraction pattern \@.\A'rl;1 ave §ag§§p%§i Q0eibddy & ggﬁggacghgeg Lhegalerr]

val ue of the el ectrof dit¥raction attern of th Still nore

1 g}fmat er#allr : ,
particul arly, the calcerpeerd f6r GIRTECIRBAL | AAERFUE: FRYAMSSe it eri al of
the invention i s chasagibsr zetadslémdingg.a dorie $ioza5#f tafiidumetal, mmg-.13

Angstroms) ok greateruag p@%&qregebgﬁﬁlaﬁgi S§PEPIHIL] BRastr IRt 00 .
herei nafter nmore partix _ﬁar set tt.s(.)rc;[opt‘taggi qs%]gq_elagtcggr"@tdgcjeg& maxi mum
per pendi cul ar cross-eftion %51; &rSension of - the crystal. -ray
di ffracti on data ref cotedl netaleWithey getained surface’ area of at least

250 m?q - constitute a highly useful class of

bifunctional catalysts.

10 ' Another advantage accruing from the use of the
mesoporous supports is that in spite of the high metal
loadings which may be accommodated, the density of the
catalyst remains relatively low, compared to
conventional catalysts. At a total metal content of 12

15 to 15 wt %, for example, e.g. at levels exceeding the
normal minimum loading of 12.9%, the real density of
the catalyst is about 2.8 q.cc-l, as compared to
conventional catalysts which have real densities of at
least 4 at these loadings. At higher loadings, a

20 similar advantage prevails: the present catalysts are
only about three-fourths as dense as conventional
catalysts at comparable metal loadings. For example,
at metal loadings of 20 to 23 wt % of the entire
catalyst, the real density will be in the range of

25 3.000 to 3.300 g.cc'l, as compared to 4.00 to 4.2 for
conventional catalysts. At metal loadings above 30 wt
%, the real density will be in the range of 4.1 to 4.3
g.cc'l, for example, at 35% metal, the real density is
4.2 g.cc™}, Although one advantage of the high

30 porosity is that the present catalysts have a low
density as compared to conventional catalysts, the high
porosity of the mesoporous support materials, on the
other hand, permits very high metal loadings so that
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collected on a Scintag PAD X autonmated diffraction system enpl oyi ng
thefa-theta geometry, Cu K-al pha radiation, and an energy di spersive X-ray
detector. Use of the energy dispersive X-ray detector elimnated the need
for incident or diffracted beam nmonochromat ors. Both the
incident and diffracted X-ray beanms were col Il fét ed by double slit incident
and

real densities up to 6.0 g.cc.‘l may be achieved.

Particle densities range from 0.88 at 12 to 15 wt %
metal to 1.0 at 20 to 25 wt % metal and about 1.1 at 30
to 40 wt % metal. Real densities are determined by

5 measuring the volume of mercury displaced by a given
weight of catalyst. For a discussion of real and
particle densities, see ASTM D 3766, which uses the
term skeletal density as a synonym for real density.

Pore volumes are commensurately high: the present

10 catalysts have a pore volume of at least 0.55 cc.g'l
and usually higher, typically at least 0.6 cc.g'l at
metal loadings as high as 20 wt %. Pore volumes are
determined by subtracting the inverse of the real
density from the inverse of the particle density.

15 The metal hydrogenation component may he
introduced into the catalyst by way of
co-crystallization with the crystalline material,
exchanged onto the crystalline phase to the extent a
Group IIIB element, e.g. aluminum, is in the structure,

20 impregnated into it or intimately physically admixed
with it. If the metal is to be exchanged onto the
mesoporous support, it may be done by treatment with a
cation of the metal, either a simple cation or a
complex cation being suitable. Suitable platinum

28 compounds, for example, include platinous chloride and
various compounds containing the platinum ammine
complex. Impregnation may be carried ocut with metal
compounds in which the metal component is present in
the cation or the anion of the compound. Palladium or

30 platinum compounds in which the metal is in the form of
a cation of cationic complex, e.q., Pd(NH3)4C12 or
Pt(NH3)4C12 are particularly useful, as are anionic
complexes such as the vanadate, molybdate and
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diffracted collimation systens. The slit sizes used, starting fromthe
X-ray tube source, were 0.5, 1.0, 0.3 and 0.2 nm respectively. Different
slit systens may produce differing intensities for the peaks. The materials
of the present invention that have the | argest pore sizes may require nore
hi ghly collimted incident X-ray beanms in ordet*to resol ve the | ow angl e
peak fromthe transmtted incident X-ray beam The diffraction data
were recorded by step-scanning at 0.04 degrees of two-theta, where theta is
the Bragg angle, and a counting time of 10 seconds for each step. The

i nt er pl anar spaci ngs,netasungwtatrec aPpsl anded Inntheipaseoaf uptatsina), and t he
relative intensities GfiokBg1dtids akidlerr], where I[err] is one-hundredth

of the intensity of the stro £l a upd, re derived with
the use of a profile fitt%%%q%%%??ﬁg?£¥ﬁéQ?ﬁ?%ﬁ%ﬁ#%%% ggr%mﬁﬁ%@ng%?%m f or
Lorentz and pol ari zatihenseppexh Fateriake|lBPFeEnatRe A8 £5 o @hysiealln
terns of the synbol s agmized eritistitongr (afy- 680 instionsbf otitprsebrefdds M =

medi um (25-49) and w5 \eﬁ@kxné&:]%)s- tétbéhaakdgxb&émﬁestefdeﬁég@& ed .
diffraction data |listed as si ngl e | i nes_nmay_consi st of tiple Wer | appi ng
| i nes whi ch under ontc the mesoporous support, 1t may be done, for

example, by treating the calcined material with a
metal-containing cation. A preferred exchange

10 technigque involves competitive exchange in the presence
of ammonium cations (which are converted into hydrogen
on subsequent calcination); it is thought that this
technique may disperse the metal cations more evenly
throughout the pore structure of the support material.

15 Metals which form stable anions are suitable for
incorporation by impregnation; typical anionic
complexes such as the molybdate, vanadate and
metatungstate ions may be used to incorporate
molybdenum, vanadium and tungsten. Other metals may be

2Q incorporated using suitable anionic complexes in the
same way. Cationic forms of metals exchanged onto the
crystalline material or impregnated into it. a
particular advantage of the present catalysts is that
the high loadings of two or more metals may be

25 incorporated by a single impregnation onto the calcined
material using the incipient wetness technique rather
than successive impregnations with the different
metals; this produces a more uniform distribution of
the two or more metals in the catalyst. It is an

30 additional advantage that the high metals levels, above
about 25 wt % total metal may be incorporated by
impregnation into the calcined material as distinct
from the conventional techniques requiring
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certain conditions such as very high experinental resolution or
crystal |l ographi ¢ changes, may appear as resolved or partially resol ved
lines. Typically, crystallographic changes can include m nor changes in
unit cell paraneters and/or a change in crystal symetry, without a
substantial change in structure. These minor effects, including changes in
relative intensities, can also occur as a resW3 -of differences

incorporation of a solution of the metal components {s)
into a hydrogel prior to calcination. The fact that
the present catalysts have good kifunctiocnal activity
without the necessity for halogen promoter also enables

5 the halogen promoter to be dispensed with; it need not
be added during the manufacture of the catalyst or
during operation of the process unless particularly
high levels of acidity are desired.

It is normally preferred ta use the crystalline

10 material in a bound or matrixed form in which the
crystalline material is composited with another
material resistant to the temperatures and other
conditions employed in organic conversion processes.
Such materials include aetive and inactive materials

15 and synthetic or naturally occurring zeolites as well
as inorganic materials such as clays, silica and/or
metal oxides such as alumina, titania and/or zirconia.
The latter may be either naturally occurring or in the
form of gelatinous precipitates or gels including

20 mixtures of silica and metal oxides. Use of a material
in conjunction with the new crystal, i.e. combined
therewith or present during synthesis of the new
crystal, which is active, tends to change the
conversion and/or selectivity of the catalyst in

25 certain organic 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 and orderly
without employing other means for controlling the rate

30 of reaction. These materials may be incorporated with
naturally cccurring clays, e.g. bentonite and kaolin,
to improve the crush strength of the catalyst under
commercial operating conditions. Said materials, i.e.
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In cation content, framework conposition, nature and degree of pore
fill'ing, thermal and/or hydrothermal history, and peak wi dth/shape
variations due to particle sizel/shape effects, structural disorder or other
factors known to those skilled in the art of X-ray diffraction. The
equi li brium benzene adsorption capacity is dete¥drimed by contacting the
crystalline material, after dehydration or calcination at, for exanple,
about 540[err]C for at |east one hour and other treatnment, if necessary, in
an attenpt to renpve any pore bl ocking contam nants, at 25[err]C and 50

tgrr 3enzene ugtll eqtallaybrIMd:e& reed:hectun&rh@ox\rf]veasgmtln]géréeé&e@ﬁesorbEd s
t hen eterm ne as nor tlcu r erern ter
BeBLHL LA BRIERDYE AL atatyar Bving

synt hesi zed by the net descri bed
contains, inits as-sWCAeSTIHY 566%‘?‘?‘1 bRCavsR H’Pg:aﬁ‘ﬂerﬁﬁlerulsal igsisl as the
directing agent. Prioldesdrasik & precm yheé catgiosanttroh h&eﬁ&[{ﬁesa&hpn

shoul d be subsect ed tanaefeaaaytzaﬂeuﬁﬁg¥§ap§rt Hesd 18 ARNLOLGANL

constituent. Renoval gani ¢ is . qecessary to per Y?<3n of
the metal conponent e ?é}° normally only for the purpose of

lmprovxng the crush strength of the catalyst. The
mesoporous material is usually composited with the
matrix in amounts from 80:20 to 20:80 by weight,

10 typically from 80:20 to 50:50 mesoporous
material:matrix. Compositing may be done by
conventional means including mulling the materials
together followed by extrusion of pelletizing into the
desired finished catalyst particles. Exchange of the

15 metal into the crystalline material may take place
before or after compositing with the binder but
preferably is performed on the composited catalyst i.e.
crystalline material plus binder. Impregnation will
normally be carried out with the matrixed material. 1If

20 the metal component is to be mixed with the other
components of the catalyst; it may suitably be added to
the muller with the crystalline material and the
binder. .

Naturally occurring clays which can be composited

25 with the new crystal include the montmorillonite and
kaolin family, which families 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,

30 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.

e
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exchange or inpregnation, or both, since the organic conponent occluded in
t hes pores of the crystalline phase, precludes access to the internal pore
structure of the material. The crystalline material, especially inits
ammoni um form can be beneficially converted to anot her forn1by t her ma
treatnent (calcination). This thermal treatngnt3i3s generally perforned by
heating one of these forns at a tenperature of at |east 400[err]C for at

| east 1 mi nute and generally not |onger than 20 hours,

- 17 -

In addition to the foregoing materials, the new
crystal can be composited with a porous matrix material
such as silica-alumina, silica-magnesia,
silica-zirconia, silica-thoria, silica-beryllia,

S silica-titania as well as ternary compositions such as
silica-alumina-thoria, -silica-alumina-zirconia,
silica-alumina-magnesia and silica-magnesia-zircoenia.

It may be desirable to provide at least a part of
the foregoing matrix materials in colloidal form so as

10 to facilitate extrusion of the bound catalyst
components(s).

The relative proportions of finely divided
crystalline material and matrix material may vary
widely, with the crystal content ranging from about 1

15 to about 90 percent by weight and more usually,
particularly when the composite, in the range of about
10 to about 80 wt % of the composite.

The metal component may be introduced in to the

catalyst by exchange, impregantion or mixing when the

20 crystalline matrial is in the bound or unbound
condition but normally it is preferred to add the metal
to the bound catalyst.

The catalyst may be treated by conventional
pre-sulfiding treatments, e.g. by heating in the

28 presence of hydrogen sulfide, to convert oxide forms of
the metals such as CoO or NiO to their corresponding
sulfides prior to use in typical hydroprocessing

operations.
The properties of typical hydroprocessing
30 catalysts made with the mesoporous support materials

and a nickel-tungsten hydrogenation component on an
M:CM-41/A1203 support (65% MCM-41, 35% binder) are set

num\ W il \‘iﬁ
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preferably from1l to 10 hours. Wil e subatnospheric pressure can be

enpl oyed for the thermal treatnent, atnospheric pressure is desired for
reasons of conveni ence, such as in air, nitrogen, ammonia, ‘etc. The thermnal
treatment can be perforned at a tenperature up to 750[err]C. The thernma
treatment of the ammoniumformin this way i ign-especially usefu

techni que for the preparation of the hydrogen formof the catalytic
material, to confer the acidic functionality of the final catalyst.

The crystalline material should be dehydrated, at |east partially. This can
be done by heating to a te ature .i er rr rr]C

I n an at nosphere sucﬂ“%smaigg,giﬁi rb(?glg%, R{gt%.‘%gﬁgrg%oésgot?pﬁ]gﬁ%é%%&

subat nospheric or suppretamorphers QYSreRseFesSinGr CBERWERF-30 ni nutes and 48
hours. Dehydration can al so be perfornmed at roomabkapkrature nmerely by

pl aci ng the conposition in a vacuumg .égr&'éé)&k%-w fBed Sy drgquired to
obtain a sufficient anmount of dehydration. e present crystalline
mat erial can be prepared by one of several nmethods, each with particul ar

] MCM-41 (40 A) Fluorided Amorphous
1
Nickel, wt % 3.7 3.4 5.3l 5.6 4.6 4.2

Tungsten, wtd 2.2 1l6.4 29.1
Total metal,

17.3 23.8 19,2

wt. % o 12.9 19.8 34.92 22.9 28.4 23.4
10 Pore Diam., A 58 59 95 74 162
Pore Vol.
cc/gn 0.780 0.634 0.426 0.453 0.507
Part Dens,
g/cc 0.883 1.037 1.454 1.451 1.345
15 Real Dens,
g/cc 2.837 3.027 4.023 4.238 4.2386
Surface Area,
n? gt 533 429 242 116 170 125
*
Calculated Tungsten
20 Monolayer
Coverage, % 0.25 9.51 1.32 1.4 1.35 1.46

* Tungsten trioxide surface area 24 A as given in J.
cat., 79, 203, (1983).
The size of the pores of the crystalline materials
25 is such that the spatiospecific selectivity with
respect to transition state species is minimized in
reactions such as cracking (Chen et al., "Shape
Selective Catalysis in Industrial Applications®, 36
CHEMICAL INDUSTRIES, pgs. 41-61 (1989) to which
30 reference is made for a discussion of the factors
affecting shape selectivity). Diffusional limitations

LD
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limtations. A first nethod involves a reaction m xture having an
X.err]err]/YJerr] nole ratio of fromO to 0.5, but an

Alferr]Jerr]/Siderr] nole ratio of fromO to 0.01, a crystallization
tenperature of from25[err] to 250 [err]C, prgferably from50[err] to
175[err]C, and an organic directing agent, hereinafter nore particularly
descri bed, or, preferably a conbination of that organic directing agent

pl us an addi ti onal organi c directing agent, hereinafter nmore particularly

described. This first nethod conprises pregarln 9.2 reactloq m xture
are also minimized as sult the very large pores

in the present materials. For these reasons, the
crystalline material is capable of catalyzing reactions
which occur in the presence of acidic sites on the

5 surface of the catalyst and which involve reactants,
products or transitional state species which have large
molecular sizes, too great for undergoing similar
reactions with conventional large pore size solid
catalysts, for example, large pore size zeolites such

10 as zeolite X, Y, L, ZSM-4, ZSM-18, and ZSM-20. The
present catalysts are therefore particularly useful for
reactions with high-boiling hydrocarbons present;
processes with high boiling feeds such as gas oils,
residual fractions, lube boiling range fractions and

15 the like are therefore particularly amenable to
processing by the use of the present catalysts since
feeds of this kind usually incliude significant
quantities of molecules with bulky configurations which
do not readily enter the pore structures of catalytic

20 materials with smaller pore sizes or which are
diffusion-restricted even if they are able to obtain
access to the internal pore structure.

Thus, the present ;atalytic compositions

containing the metal component will catalyze reactions

25 such as hydrocracking, and other conversion reactions
mediated by bifunctional catalysts with both acidic and
hydrogenation- dehydrogenation functicnality, as
referred to above. The catalysts are particularly
useful for processing hydrocarbon fractions cbtained

30 from petroleum refining, using hydrocarbon feeds of
varying molecular sizes, but with particular
applicability to feeds with large molecular sizes such
as highly aromatic hydrocarbons with substituted or
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contai ning sources of, for exanple, alkali or alkaline earth nmetal (M,
e.g. sodiumor potassium cation if desired, one or a conbination of oxides
selected fromdivalent element W e.g. cobalt, trivalent elenment X e.g.

al um num tetravalent elenent Y, e.g. silicon, and pentaval ent el enent Z,
e.g. phosphorus, an organic (R) directing agend® hereinafter nore

particul arly described, and a solvent or solvent m xture, such as, for
exanple, Cerr]-Cerr] alcohols, CJerr]-Cerr] diols and/or water,
especially water, the reaction mxture having a conposition, in terms of

mol e rati os of oxi desyndMidskii Butdie bl Ewyiiing arramges:: compon&iRes! MKy

Usef ul Preferred R{ToR to 0.5
Al 208/ Si 2 faRhghgnys combgtads ar dgﬁi" s ‘%‘%‘ée‘? V&’%%?S
0.1to 100 0.1 to 2@11:!1 bulmwwezqmmfmnﬁf 1% Tebewl@rlsﬁée%
Sol vent/ (YOR+WOsZ20 B+ X3 0B)3 Ahgstrdn)0 or mbrep 0@Ath fraddoasr]/ YO2
0to 10 9 105 picd MBheiR3ohEdénain comyCRaME 4P H)g 0. 01 to 20
0.05to 5 . , . .
normally create diffusion limitations. Such feeds
typically include residual fractions i.e.
non~-distillable fractions, and high boiling fractions
such as fractions boiling above 650°F such as lube

10 fractions.

The processes using the catalysts will be carried
out under the conditions normally appropriate to the
reaction using conventional catalysts such as zeolites.
Thus, processes invoving a redcution in molecular

15 weight by the cracking of hydrocarbons or substitituted
hydrocarbons will be carried out at elevated
temperatures typically above 150°C and usually above
200° or 300°C. Hydrocracking, for example, may
suitably be conducted at a temperature of from 350° to

20 450°C, a pressure of from 100 psig to 3000 psig, and a
weight hourly space velocity of from 0.1 hrt to 10
hr-l, with a hydrogen/hydrocarbon molar ratio of from
0.1 to 100. Exothermic processes such as hydrogenation
and other processes where the predominant reaction is

25 hydrogenation (hydrotreating, hydrofinishing), will
normally be carried out at temperatures somewhat lower
than those used in hydrocracking in order to favor the
hydrogenation reactions which are thermodynamically
favored by lower temperatures. Endothermic processes,

30 like hydrocracking, are favored by rather higher
temperatures; reforming, for example, will normally use
temperatures of 450" to 510°C, as'is conventional.
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M/ ed (YOR+WO+Z26+X28) 0 to 10 0to5 R2/ O
(YeR+WO+Z2(B6+X2C8) 0.01 to 2.0 0.03 to 1.0 wherein e and f are the

wei ght ed average val ences of Mand R, respectively. In this first

met hod, when no Z and/or Woxides are added to the reaction m xture, the pH
I's inmportant and nmust be maintained at from?9 to 14. \When Z and/or W oxi des
are present in the reaction mxture, the pH Tsi? -

The present compositions may also be used for
selective conversion of inorganic compounds such as
oxides of nitrogen in mixtures of gases which contain
nitrogen oxides (Nox), for example, industrial exhaust

5 gases and the gases formed during the oxidative
regeneration of catalysts used in the processing of
hydrocarbons, especialy in catalytic cracking
operations. The NO reduction reaction is favored by
the presence of metals such as vanadium, titanium and

10 for this reaction, the presence of these metals is
preferred.

The Nox reduction is suitably conducted by passing
the gas containing the oxides of nitrogen over the
catalyst at an elevated temperature, typically at least

15 200°C, and usually within the range of 200* to 600°C.
The gas mixture may be mixed with ammonia to promote
reduction of the oxides of nitrogen and pre-mixing may
be conducted at a temperature of up to 200°C. The
amount of ammonia which is mixed with the gas mixture

20 is typically within the range of 0.75 to 1.25 the
stoichiometric amount, which itself varies according to
the ratio of the different oxides of nitrogen in the
gas mixture, as shown py the equations:

GNOZ + 8NH3 = 7N2 + 121{20

25 : 6NO + 4NH, = SN, + 6H,0

The crystalline catalytic compositions of matter
may also be used for the reduction of oxides of
nitrogen in gaseous mixtures in the presence of other

p reducing agents such as carbon or carbon monoxide.

30 Reduction of the oxides of nitrogen in this way is of
particular utility in the regeneration of fluid
catalytic cracking (FCC) catalysts, since regeneration
under appropriate conditions will produce the required

T



- 19 - not narrowWy inportant for synthesis of the present crystalline
material. In this, as well as the follow ng nethods for synthesis of the
present material the R2/fQ (YOR+WO+Z2(6+X2(QB) ratio is inportant. \Wen
this ratio is less than 0.01 or greater than 2.0, inpurity products tend to
be synthesized at the expense of the desired-cq4gstalline material. A
second nethod for synthesis of the present crystalline material involves a
reaction m xture having an X223/ YO2 nole ratio of fromO to 0.5, a '
crystallization tenperature of from25[err] to 250[err]C, preferably from
soferr] to 178[err] C e iy L RRALE! LaUHARbAMLThI0E AIP TR, be® thE
organi c and addi ti onal° organ ¢ directin a%ents, erel nafter nore

particul arly descri betedr ?sr%dé’t?&nanﬁeqq?ﬂ?& ELrIs89xptBpHHS ng a reaction
m xture contai ni ng satsgeasrafior gasesaimpithe présdnceopfathalcataleatt hryeet al

(M, e.g. sodiumor poLassitMstaahine ndtedesirigl 1ANAs8d fh HRLP PN Of

oxi des sel ected fromdival epnt, el enen . cobalt, trivalent elenent X,
d | ted f g | gt | ggr% %g;'%hgs pug%Jsg agd mal sutt b L X

e.g. alumnum tetraRi SAPAETBIRG{ Y sultably be

formed into extrudates, pellets or other shapes to

permit the passage of gases over the catalyst with the
mainimum pressure drep.
The use of an ultra-large pore molecular sieve for

10 hydrocracking, especially at low to moderate hydrogen
pressure, provides an attractive option for obtaining
kerosene and distillate selectivities which compare to
state-of-the-art amorphous based catalysts. Benefits
of utilizing these catalysts in processes of this kind

15 include an increase in bottoms quality and a potential
increase in stability, since molecular sieves have been
shown to be more stable than amorphous catalysts. In
addition, the very high surface area possessed by the
present mesoporous supports materials is of especial

20 benefit in fuels hydrocracking where the catalyst needs
a high degree of acidic functionality to provide the
cracking function. In conventional zeolitic
hydrocracking catalysts, this would be provided by a
high zeolite loading in the catalyst but for the fact

25 that this would reduce the amount of matrix material
available to support the metal function. The high
surface area of the mesoporous supports, however,
enables high metal loadings to be readily accommodated
while still providing adequate acidic functionality.

30 Examples 1 to 19 below illustrate the preparation
of the crystalline materials. In the examples,
whenever sorption data are set forth for comparison of
sorptive capacities for water, cyclchexane, benzene
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Y, e.g.

silicon,

and pentaval ent elenent Z, e.g. phosphorus,

of* organic directing agent and additional organic directing agent (R),

her ei nafter
such as,

wat er ,

20 -

especially water, the reaction m xture having a conposition, in
terns of nole ratios of oxides, within the follow ng ranges:

10

15

20

25

30

React ant s Usef ul Preferred

and/or n-hexane, they are Equilibrium Adsorption values
determined as follows:

A weighed sample of the adsorbent, after
calcination at 540°C for at least about 1 hour and
other treatment, if necessary, to remove any pore
blocking contaminants, is contacted with the desired
pure adsorbate vapor in an adsorption chamber. The
increase in weight of the adsorbent is calculated as
the adsorption capacity of the sample in terms of
grams/100 grams adsorbent based on adsorbent weight
after calcination at 540°C. The present composition
exhibits an equilibrium benzene adsorption capacity at
6.7 kPa (50 Torr) and 25°C of greater than 15 grams/100
grams, particularly greater than 17.5 ¢/100 g/ and more
particularly greater than 20 g/100 g.

A preferred way to do this is to contact the
desired pure adsorbate vapor in an adsorption chamber
evacuated to less than 1 mm at conditions of 1.6 kPa
(12 Torr) of water vapor, 5.3 kPa (40 Torr) of n-hexane
or cyclohexane vapor, or 6.7 kPa (S0 Torr) of benzene
vapor, at 25°C. The pressure is kept constant (within
about + 0.5 mm) by addition of adsorbate vapor
controlled by a manostat during the adsorption period.
As adsorbate is adsorbed by the new crystal, the |
decrease in pressure causes the manostat to open a
valve which admits more adsorbate vapor to the chamber
to restore the above control pressures. Sorption is
complete when the pressure change is not sufficient to
activate the manostat.

Another way of doing this for benzene adsorption
data is on a suitable thermogravimetric analysis
system, such as a computer-controlled 9%0/951 duPont
TGA system. The adsorbent sample is dehydrated

This Sheet Has B
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X208/ YC2 0to 0.5 0.001 to 0.5 X208/ ( YOR+Z206) 0.1

to 100 0.1 to 20 X238/ (YOR+WO+Z206) 0.1 to 100 0.1to 20
Sol vent / (YOR+WDO+Z206+X238) 1 to 1500 5 to 1000

OH err]/ Y2 0 to 10 0to 5 (M/ eOrtR2/ O/
(YOR+WO+Z206+X208) 0.01 to 20 0.05to 5 . 4 M/ ed
(YOR+WO+Z2B6+X2038) 0 to 10 0tob5 ffO’

(YOR+WO+Z206+X2(8) 0.1 to 2.0 0.12 to 1.0 wherein e and f are the
wei ght ed average val ences of Mand R, respectively. In this second

met hod, when no Z and/or W oxi des arg added to thgbreactlon m xture, the pH
t

is inmportant and nust (BRYSHSRALE| SREPegt VAT TmISBYEAY B REBSHRT 13, \isen Z
and/ or W oxi des are pessmle,i 5S¢ herr EACt¢ div wiorstant tWwedgpk is flekvingrrow y

i nportant for helium. If the sample is in as~synthesized form, e.q.
containing organic directing agents, it is calcined at
5 540°C in air and held to constant weight instead of the
previously described 350° or 500°C treatment. Benzene
adsorption isotherms are measured at 25°C by blending a
benzene saturated helium gas stream with a pure helium
gas stream in the proper proportions to obtain the
10 desired benzene partial pressure. The value of the
adsorption at 50 Torr of benzene is taken from a plot
of the adsorption isotherm.
In the examples, percentages are by weight unless
otherwise indicated.

15 Example 1
One hundred grams of cetyltrimethylammonium (CTMA)

hydroxide solution, prepared by contacting a 29 wt %
N,N,N- trimethyl-l-hexadecanaminium chloride solution
with a hydroxide-for-halide exchange resin, was

20 'combined with 100 grams of an aqueocus solution of
tetramethylammonium (TMA) silicate (10% silica) with
stirring. Twenty-five grams of HiSil, a precipitated
hydrated silica containing 6 wt % free water and 4.5 wt
%3 bound water of hydration and having an ultimate

25 particle size of 0.02 micron, was added. The resulting
mixture was placed in a polypropylene bottle, which was
kept in a steam box at 95°C overnight. The mixture had

- —
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crystallization of the present invention. A third nethod for synthesis
of the present crystalline material is where X conprises alunm numand Y
conprises silicon, the crystallization tenperature nust be from25[err] to

175[err] C, preferably fromb50[err] to 150[err]Cj and an organic directing
agent, hereinafter nore particularly descri béd43 or, preferably a

conbi nation of that organic directing agent plus an additional organic
agent, hereinafter nore particularly described, is used. This third nethod
conprises preparing a reaction mxture containing sources of, for exanple,
al kali or al kaline e tdempesitiqrmVin bexps sédrakewrrqromadsi 1o, :
2.7 moles Nazo
392 moles Sio2
35.7 moles (CTMA)ZO
5 61.7 moles (TMA)zo
6231 moles HZO
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
10 nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 475 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

Hzo 8.3
15 Cyclohexane 22.9
n-Hexane 18.2
Benzene 21.5

The product of this example may be characterized
by X-ray diffractiion as including a very strong
20 relative intensity line at 37.8 % 2.0 A d-spacing, and
weak lines at 21.6 # 1.0 and 19.2 + 1.0 A.
Transmission electron microscopy (TEM) produced images
of a hexagonal arrangement of uniform pores and
hexagonal electron diffraction pattern with a d

100
25 value of about 39 A.

Exampie 2
One hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 100 grams of an aqueous solution of
30 tetramethylammonium (TMA) hydroxide (25%) with
stirring. Twenty-five grams of HiSil, a precipitated
hydrated silica containing about 6 wt % free water and

——
—
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- 21 - cation if desired, one or nore sources of alum num and/or
silsicon, an organic (R) directing agent, hereinafter nore particularly
descri bed, and a solvent or solvent m xture, such as, for exanple

Cerr]-Cerr] alcohols, CJerr]-Cerr] diols and/or water, especially water,
the reaction m xture having a conposition, in *8r iz of nDIe rati os of
oxi des, within the foll ow ng ranges: React ant s Usef ul
Preferred Al 2C8/ Si O2 0to 0.5 0.001 to 0.5
Sol vent/ Si Q2 1 to 1500 5 to 1000 OH /S 2 0to 10
0to 5 (M2/ eO+R2APEIY 4.5 wt (BjkERRA| 2OFr of hydrydiqrpap8 havihganto 5
(Si Q2+Al 233) O tQiPimate par®idi® 3ize of RBLE 0.02 milcPol? <L Rled.
0:01 to 2 0.03 tnge resulting mixture was placed in a static autoclave
at 150°C overnight. The mixture had a composition in
5 terms of moles per mole A1203:
2.7 moles Nazo
291 moles Sio2
35 7 moles (CTMA) O
102 moles (TMA) O
10 6120 moles HZO
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
1s The calcined product proved to have a surface area
of 993 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:
Hzo 7.1
Cyclchexane 47.2
20 n-Hexane 36.2
Benzene 49.5
The X-ray diffraction patternh of the calcined
product may be characterized as including a very strong
relative intensity line at 39.3 + 2.0 A d-spacing, and
25 weak lines at 22.2 + 1.0 and 19.4 + 1.0 A. TEM
indicated that the product contained the ultra-large
pore material.
A portion of the above product was then contacted
with 100% steam at 788°C (1450°F) for two hours. The
30 surface area of the steamed material was measured to be

440 mz/g, indicating that 45% was retained following
severe steaming.
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wherein e and f are the wei ghted average val ences of Mand R respectively.
Inathis third method, the pHis inportant and nust be nmaintained at from?9
to 14. This nethod involves the follow ng steps: (1) Mx the organic
(R) directing agent with the solvent or solvent mxture such that the nole
ratio of solvent/R2/fOis wthin the range of ##0m 50 to 800, preferably
from50 to 500. This m xture constitutes the "primary tenplate" for the
synt hesi s net hod. (2) To the primary tenplate m xture of step (1) add
the sources of oxides, e.g. silica and/or alum na such that the ratio of
R2/ 1O (Si Q2+Al 2C8) is W t RhBridie poabgen aif fthencdldinegdopfoduct of this

example was contacted with 100% steam at 677°C (1250°F)
for two hours. The surface area of this material was
measured to be 718 mz/g, indicating that 72% was

5 retained after steaming at these conditionms.

Example 3 _
Water, cetyltrimethylammonium hydroxide solution

prepared as in Example 1, aluminum sulfate, HiSil and
an aqueous solution of tetrapropylammonium (TPA)
190 bromide (35%) were combined to produce a mixture having
a composition in terms of moles per mole Al,0,:
0.65 moles Na20
65 moles Sio2
8.8 moles (CTMA)ZO
1s 1.22 moles (TPA)ZO
I 1336 moles xzo
The resulting mixture was placed in a
polypropylene bottle, which was kept in a steam box at
g5°C for 192 hours. The sample was then cooled to room
20 temperature and combined with CTMA hydroxide solution
prepared as in Example 1 and TMA hydroxide (25% by
ﬁeight) in the weight ;atic of 3 parts mixture, 1 part
CTMA hydroxide and 2 parts TMA hydroxide. The combined
mixture was then placed in a polypropylene bottle and

25 kept in a steam box at 95°C overnight. The combined
mixture had a composition in terms of moles per mole
A1203:
This Sheet Has Been Replaced
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- 22 - (3) Agitate the mxture resulting fromstep (2) at a
tepperature of from20[err] to 40[err]C, preferably for from5 mnutes to 3

hour s. (4) Allowthe mxture to stand with or without agitation,
preferably at a tenperature of from20[err] to4806[err]C, and preferably
for from10 mnutes to 24 hours. (5) Crystallize the product from step

(4) at a tenperature of from50[err] to 175 err]C, preferably for from1l
hour to 72 hours. Crystallization tenperatures higher in the given ranges

are nost preferred. A fouplds netibodnd @ the present synthesis involves
the reaction m xture used for é?e thlr hod, but the follow ng specific
procedure with tetraethyl ortho 5% é‘afe % source of silicon oxide:

(1) Mx the organic (R) direct tBdHgeEN{CRANR he sol vent or sol vent mixture
such that the nole ratio of 1.22 moles (TPA),0

5 35.6 moles (TMA)ZO
2927 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
10 nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 1085 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

HZO 11.5
15 Cyclohexane > 50
n~Hexane . 39.8
Benzene 62

The X-ray diffraction pattern of the calcined
product of this example may be characterized as

20 including a very strong relative intensity line at 38.2
+ 2.0 A d-spacing, and weak lines at 22.2 # 1.0 and
19.4 + 1.0 A. TEM indicated the product contained the
ultra-large pore material.

Example 4

25 Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 2 grams of Catapal alumina (alpha-alumina
monchydrate, 74% alumina) and 100 grams of an aqueous
solution of tetramethylammonium (TMA) silicate (10%

30 silica) with stirring. Twenty-five grams of HiSil, a
precipitated hydrated silica containing about 6 wt %
free water and 4.5 wt % bound water of hydration and
having an ultimate particle size of 0.02 micron, was
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solvent/R2/fOis within the range of from50 to 800, preferably from50 to
500. This m xture constitutes the "primary tenplate" for the synthesis

met hod. (2) Mx the primary tenplate m xture of step (1) with
tetraethylorthosilicate and a source of al untifm-oxi de, if desired, such
that the RR/IfOSIQ2 nole ratio is in the range of fromO0.5 to 2.0. (3)

Agitate the mxture resulting fromstep (2) for from10 mnutes to 6 hours,
preferably from 30 mnutes to 2 hours, at a tenperature of fromO[err] to

25[err]C, and a pH ofghess tﬂénrigultﬂﬂgsmsiﬁirepwaﬁi bpSaced in a static
hydr ol ysi s/ pol yneri zat )L_on t‘p @kgsgl Cf%raggcfmf‘rsr es%&aﬂxt% tgraa Wil |

appear cl oudy. alli ze fromste

tenperature of from EQPE*P‘F-}UF@ £50FeFs ef PPt Pes) Pote 2@5[‘err] to
110[err]C, for from4 to 72 haues, nprexf sngbly from 16 to 48 hours.

5 33.2 noles Sio2
6.1 moles (CTMA)ZO
5.2 moles (TMA)ZO
780 moles Hzo
The resulting solid product was recovered by
10 filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 1043 mz/g and the following equilibrium adsorption

15 capacities in grams/100 grams:
H20 6.3
Cyclohexane > 50
n-Hexane 49.1
Benzene 66.7
20 The X-ray diffraction pattern of the calcined

product of this example may be characterized as

including a very strong relative intensity line at 40.8

+ 2.0 A d-spacing, and weak lines at 23.1 + 1.0 and

20.1 + 1.0 A. TEM indicated that the prcduct contained
25 the ulfra-larqe_pore material.

Example 5

Two-hundred sixty grams of water was combined with
77 grams of phosphoric acid (85%), 46 grams of Catapal
alumina (74% alumina), and 24 grams of pyrrolidine
30 (Pyr) with stirring. This first mixture was placed in
a stirred autoclave and heated to- 150°C for six days.
The material was filtered, washed and air-dried. Fifty

—_—
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- 23 - In each of the above nethods, batch crystallization of the
present crystalline material can be carried out under either static or
agitated, e.g. stirred, conditions in a suitable reactor vessel, such as
for exanple, polypropylene jars or teflon |inredsor stainless steel

autocl aves. Crystallization may al so be conducted continuously in suitable
equi pnent. The total useful range of tenperatures for crystallization is
not ed above for each nmethod for a time sufficient for crystallization to

occur at the tenperat y{-ﬁ%%?dthfs gprofd&em ¢5asms'1'tﬂ"§§e& %% %rssgr%fr gafter,

the crystals are separa omth gﬁrecov

source of silicon is WRERF iaRdt ARC §§ﬁﬁ?ﬁe Bﬁme?qYHQ?mBPéP%r?%ﬁquédase
at least in part an osghrtiionsprersstes a5u€¢1E§§ppierlexdhwkehnadrpﬁug&hﬁary

of an aqueous solution of tetraethylammonium silicats
5 (10% silica) was then added to form a second mixture
which was placed in a polypropylene bottle and kept in
a steam box at 95°C overnight. The first mixture had a
composition in terms of moles per mole A1203:
1.0 moles P 05
10 0.51 moles (Pyr)zo
47.2 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
15 nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 707 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

HZO 33.2
20 Cyclohexane 19.7
n-Hexane 20.1
Benzene 23.3

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
25 relative intensity line at 25.4 * 1.5 A d-spacing. TEM
indicated the product contained the present ultra-large
pore material (see Example 23).

a: e 6
A solution of 1.35 grams of NaA102 (43.5% Alz 3¢
30 30% NaZO) dissolved in 45.2 grams of water was mixed

with 17.3 grams of NaCOH, 125.3 grams of colloidal
silica (40%, Ludox HS-40) and 42.6 grams of 40% agqueous

i



amonium silicate. Non-limting exanples of such a silicate include
tetranet hyl ammonium silicate and tetraethylorthosilicate. By adj usti ng
conditions of the synthesis reaction for each nmethod, |ike tenperature, pH
and tinme of reaction, etc., within the above dis%i ts, enbodi nents of the
present non-layered crystalline material with a desired average pore size
may be prepared. In particular, changing the pH the tenperature or the
reaction tine may pronote formation of product crystals with different

e P ot ot ac S R HOSOTILES O, AP OISl 0! W
present invention i ncBhiEring overnight, the mixture was heated for 7 days
in a steam box (95°C). Following filtration, 151 grams
of this sclution was mixed with 31 grams of
5 cetyltrimethylammonium hydroxide solution prepared as
in Example 1 and stored in the steam box at 95°C for 13
days. The mixture had the following relative molar

composition:
0.25 moles A1203
10 10 moles Na,©O

2
36 moles Sio2

0.95 moles (CTMA)ZO
2.5 moles (TEA)ZO
4{5 moles Hzo
15 The resulting solid product was recovered by
filtration and washed with water and ethanol. The
product was then calcined at S40°C for 1 hour in
nitregen, followed by 6 hours in air.
The calcined product composition included 0.14 wt
20 32 Na, 68.5 wt % Sio2 and 5.1 wt 3 Al,0,, and proved to
have a benzene equilibrium adsorption capacity of 58.6
grams/100 grams.
The X-~ray diffraction pattern of the calcined
product may be characterized as including a very strong
25 relative intensity line at 31.4 % 1.5 A d-spacing. TEM
indicated that the product contained the present
ultra-large pore material,

mple 7 .
A mixture of 300 grams of cetyltrimethylammonium
30 (CTMA) hydroxide solution prepared as in Example 1 and

41 grams of colloidal silica (40%, Ludox HS-40) was
heated in a 600 cc autoclave at 150°C for 48 hours with
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- 24 - wW X Y -- Al Si

--. -- Al -- P -- Al

Si P Co Al -- P Co
Al Si P - - - 50 - Si - -

I ncludi ng the conbinations of Wbeing My, or an elenent selected fromthe
divalent first rowtransition netals, e.g. M1, Co and Fe, X being B, G or
Fe; and Y being Ce. An organic directing agent for use in each of the
above methods for syntpesizigel b@o wpﬁse%nml%@g ﬁs&@ tce 8?%3‘[&%% e

reaction mxtures is an ammnl UT ep OSE)hOI’]I um ion of th
? r mo

R err] R err] R err] R eFfFTRY &5 P e 510

0.5 mole (CTMA) 0
46.5 moles HZO
>3 The resulting solid product was recovered by
filtration, washed with water, then calcined at 540°c
for 1 hour in nitrogen, followed by 10 hours in air.
The calcined product composition included less
than 0.01 wt % Na, 98.7 wt % 310 and 0.01 wt % A1203,
1l0 and proved to have a surface area of 896 m /g. The
calcined product had the following equilibrium

adsorption capacities in grams/100 grams:

Hzo 8.4
Cyclohexane 49.8
15 n-~-Hexane 42.3
Benzene S5.7

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 40.0

20 + 2.0 A d-spacing and a weak line at 21.2 + 1.0 A. TEM
indicated that the product of this example contained at
least three separate phases, one of which was the
ultra-large pore material.

an 8

25 A mixture of 150 grams of cetyltrimethylammonium
(CTMA) hydroxide solution prepared as in Example 1 and
21 grams of colloidal silica (40%, Ludox HS-40) with an
initial pH of 12.64 was heated in a 300 cc autoclave at
150°'C for 48 hours with stirring at 200 rpm. The

30 mixture had a composition in terms of moles per mole
siozz

i



*

[err] wherein Qis nitrogen or phosphorus and wherein at | east
one of Rerr], Rerr], Rerr] and Rerr] is aryl or alkyl of from7 to 36
carbon atons, e.g. -CJerr]JHerr] , -Cerr]Herr] , -(err]Herr] and
-Cerr]Herr], or conbinations thereof, the [ inder of Rerr], Rerr],
Rlerr] and R err] being selected from hydrogen,” alkyl of from1 to 5 carbon
atons and conbi nati ons thereof. The conpound from which the above ammoni um

or phosphoniumion is derived may be, for exanple, the hydroxide, halide,
silicate, or m xtures thereof.
0.5 mole (CTMA)ZO

46.5 moles H,O

The resulting solid product was recovered by

filtration, washed with water, then calcined at S40°cC
5 for 6 hours in air.

The calcined product composition was measured to
include 0.01 wt % Na, 93.2 wt % Si0, and 0.016 wt $
Al 03, and proved to have a surface area of 992 m /g
and the following equilibrium adsorption capacities in

10 grams/100 grams:
H,0 4.6
Cyclohexane > 50
n-Hexane > 50
Benzene 62.7
15 The X-ray diffraction pattern of the calcined

product may be characterized as includinq a very strong
relative intensity line at 43.6 + 2.0 A d-spacing and
weak lines at 25.1 # 1.5 and 21.7 + 1.0 A. TEM
indicated that the product contained the ultra-large

20 pore material.

Example 9

Sodium aluminate (4.15g) was added slowly into a
solution containing 16§ of myristyltrimethylammonium
bromide (c14TMABr) in 100g of water. Tetramethyl-

25 ammonium silicate (100g9-10% sioz), Hisil (25g9) and
tetramethylammonium hydroxide (14.29-25% solution) were
then added to the mixture. The mixture was
crystallized in an autoclave at 120°C with stirring for
24 hours.

30 The product was filtered, washed and air dried.
Elemental analysis showed the product contained 53.3
wtd SiOz, 3.2 wtd A1203, 15.0 wt¥ C, 1.88 wt¥ N, 0.11
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- 25 -

In the first and third nmethods above it is preferred to have

an«additional organic directing agent and in the second nethod it is
required to have a conbi nation of the above organic directing agent and an
addi tional organic directing agent. That additigpnal organic directing agent
I S the amoni um or phosphoni umion of the above directing agent fornmula
wherein R err], Rerr], Rerr] and R err] together or separately are

sel ected from hydrogen and alkyl of 1 to 5 carbon atons and conbi nati ons

t hereof. Any such conbination, of orgagic directing agents go to make up "R’

and will be in nolar ¥4t 18 < AJoP1¥t

i

FPF1199 st EABBVETAYst ed or gani ¢

diffraction pattern of the material after calcination
at 540°C for 1 hour in Nz and 6 hours in air includes a
very strong relative intensity line at 35.3 + 2.0 A

5 d-spacing and weak lines at 20.4 + 1.0 and 17.7 + 1.0 A
d-spacing. TEM indicated that the product contained
the ultra-large pore material,

The washed product, having been exchanged with 1N

ammonium nitrate solution at room temperature, then

10 calcined, proved to have a surface area of 827 mz/g and
the following equilibrium adsorption capacities in
g/100g anhydrous sorbent:

HZO 30.8
Cyclchexane 33.0
15 n-Hexane 27.9
Benzene 40.7
Example 10

Sodium aluminate (8.3g) was added slowly into a
solution containing 1849 of dodecyltrimethylammonium
20 hydroxide (C;,TMAOH, 50%) solution diluted with 480g of
water. Ultrasil4 (50g) and an aqueous solution of
tetramethylammonium si;icate {(200g~10% Sioz) and
tetramethylammonium hydroxide (26.38g-25% solution)
. were then added to the mixture. The mixture was
25 crystallized in an autcclabe at 100°C with stirring for
24 hours. :
The product was filtered, washed and air dried.
Aftef calcination at 540°C for 1 hour in Nz and 6 hours
in air, the X-ray diffraction pattern includes a very
30 strong relative intensity line at 30.4 + 1.5 &

d-spacing and weak lines at 17.7 # 1.0 and 15.3 + 1.0

MuﬁHbSBeaxRTimxd
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directing agent/additional organic directing agent. The particul ar

ef fectiveness of the presently required directing agent, when conpared with
ot"her such agents known to direct synthesis of one or nore other crystal
structures, is believed due to its ability to fsunction as a tenplate in the
above reaction mxture in the nucleation and growth of the desired
ultra-large pore crystals with the limtations discussed above.

Non-limting exanples of these directing agents include

cetyl trinmethyl ammoni um cetyltrinmethyl phosphoni u

oct adecyl t ri met hyl phésphepading - beFRY 1 indiAg ?@l%ﬁ?ﬁrﬁrM| BYRFainedum
myristyltrimethyl ammgheum t¥edrye i poatehphtentali.um dodecyl trimet hyl ammoni um

and dimet hyl di dodecyl ammop|diPaghea proliet! %i@b%%t&&aﬁegﬁoﬁﬂﬁ §ycan be
supplied by nore than one source. T%e reacti on m xt

pr.epar ed
ei t her batchwi se or GGHPFHH%)G%H“%)%P&F“EQ% i) g?%?tflﬁuffatﬂ% time of
t he new cryssal | i ne raftethed, pirbved dtoy havehat srriageupredfof RE78 g on

m xture enpl oyed and jhhevkd VEh1abliftdi 16BAthn isMorption capacities in
g/100g anhydrous sorbent:

HZO 32.6
Cyclohexane 38.1
pe} n-Hexane 33.3
Benzene 42.9

Example 11
A solution of 4.9 grams of NaA102 (43.5 % A1203,

30% Naoz) in 37.5 grams of water was mixed with 46.3 cc
15 of 40% aqueous tetraethylammonium hydroxide solution
and 96 grams of colloidal silica (40%, Ludox HS-40).
The gel was stirred vigorously for 0.5 hour, mixed with
an equal volume (150 ml) of cetyltrimethylammonium
hydroxide solution prepared as in Example 1 and reacted
20 at 100°C for 168 hours. The mixture had the following
composition in terms of moles per mole Alzo
1.1 moles,Na2
30.6 moles Sio2
3.0 moles (TEA)zo
25 3.25 moles (CTMA)20
609 moles Hzo
The resulting solid product was recovered by
filtration, washed with water then calcined at 540°C
for 16 hours in air. The calcined product proved to
30 have a surface area of 1352 mz/g and the following
equilibrium adsorption capacities in grams/100 grams:

3°
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- 26 - The crystals prepared by the instant invention can be shaped
info a wde variety of particle sizes. Generally speaking, the particles
can be in the formof a powder, a granule, or a nolded product, such as an
extrudate having particle size sufficient to pass through a 2 nmesh (Tyler)
screen and be retained on a 400 nesh (Terr)'§¥¥één. In cases where the
catal yst is nolded, such as by extrusion, the crystals can be extruded
before drying or partially dried and then extruded. In the present

bi functional catalysts, the

HZO 23.6
Cyclohexane >50
n-Hexane 49
Benzene 67.5
5 The X~ray diffraction pattern of the calcined

product may be characterized as including a very strong
relative intensity line at 38.5 * 2.0 A d-spacing and a
weak line at 20.3 + 1.0 A. TEM indicated that the
product contained the ultra-large pore material.

10 Example 12
Two hundred grams of cetyltrimethglammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 4.15 grams of sodium aluminate and 100
grams of agueous tetramethylammonium (TMA) silicate
15 solution (10% silica) with stirring. Twenty-five grams
of Hisil, a precipitated hydrated silica containing 6
wt %2 free water and 4.5 wt % bound water of hydration
and having an ultimate particle size of 0.02 micron,
was added. The resulting mixture was placed in a
20 static autoclave at 150°C for 24 hours. The mixture
had a composition in terms of moles per mole Al
1.25 moles_Nazo
27.8 moles Sio2
5.1 moles (CTMA)zo
25 4.40 moles (TMA)ZO
650 moles HZO
The resulting sclid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
30 nitrogen, followed by 6 hours in air. TEM indicated
that this product contained the ultra-large pore
material. The X-ray diffraction pattern of the

293¢
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crystalline material is at |least partly in the hydrogen formwhich is
suitably fornmed by the thermal treatnent or calcination of the ammoni um
form as described above. In addition, however, the catalysts include a

met al conponent which provides hydrogenation- sdehydrogenati on
functionality. The hydrogenati on- dehydrogenati on conponent may be provided
by a single netal or conbination of netals. Noble netals of Periods 5 and 6

of Goup VII1I, especially palladium platinum ruthenium rhodium or base
metals of Goups IVA, VIA and VIII, esgeci al | ghr om um nol ybdenum
tungsten, cobalt and#e¥ed PRESEFe OfsEl*3 o?"%y PoGRM A FE2pReEaized such

as hydrotreating, hydscrcdukling,a edwvodtvend mplabdive hintlensétyhkimaatf or

dehydrogenative pocegges sSYCH RSa{faRiflNdhd MRaRODlRedrRitAlS, SUCH 3S 3ng
i ridium rhenium may_be_ pr efg_r%ed, especially in the form of conbinations
i

such as platinumiri & u¥ptali Atm rheni um and pl ati num rheni umiridi um
The conbi nat Pon of at | edihe cadciBesuProfuchmraved td kave gngurtarenarbaat

| east one Group VI opessd ndyghais theClkolldwingpebuclimriun pagéestiem f or
many capacities in grams/100 grams:
Hzo 39.3
Cyclchexane 46.6
10 n-Hexane 37.5

Benzene 50

Exampie 13
Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
15 combined with 4.15 grams of sodium aluminate and 100
grams of aqueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five grams
of HiSil, a precipitated hydrated silica containing 6
wt 3 free water and 4.5 wt % bound water of hydration
20 ané having an ultimate particle size of about 0.02
micron, was added. The resulting mixture was placed in
a steam box at 100°C for 48 hours. The mixture had a
composition in terms of moles per mole Al,0,:
1.25 moles Na,0
25 27.8 moles Sio2
5.1 moles (C'I’MA_) 2O
4.4 moles (TMA)ZO
650 moles Hzo
The resulting solid product was recovered by
30 filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air. The calcined
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- 27 - applications, for exanple, conbinations such as nickel - nol ybdenum
copal t-ni ckel, nickel-tungsten, cobalt-nickel-nolybdenum and

ni ckel -tungsten-titani um The content of the netal conmponent will vary
according to its catalytic activity and to theggequirements of the process
in which the catalyst is to be used. Thus, the highly active noble netals
may be used in smaller anobunts than the |ess active base netals. For
exanple, 0.1 wm %or less palladiumor platinumw ||l be effective and it

w il not normally be product proved to have the following equilibrium

adsorption capacities in grams/100 grams:

Hzo 35.2
Cyclohexane > 50
5 n-Hexane 40.8
Benzene 53.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 39.1 + 2.0 A d-spacing and

10 weak lines at 22.4 + 1.0 and 1%.4 + 1.0 4. TEM
indicated that this product contained the ultra-large
pore material.

Example 14
A mixture of 125 grams of 29% CTMA chloride
15 aqueous solution, 200 grams of water, 3 grams of sodium

aluminate (in 50 grams HZO), 65 grams of Ultrasil,
amoxrphous precipitated silica available from PQ
Corporation, and 21 grams NaOH (in 50 grams HZO) was
stirred thoroughly and crystallized at 150°C for 168
20 hours. The reaction mixture had the following relative
molar composition in terms of moles per mole silica:
0.10 moles (CTMA),O '
21.89 moles H,O

2
0.036 moles NaAlo2
25 0.53 moles NaOH

The solid product was isolated by filtration,
washed with water, dried for 16 hours at room
temperature and calcined at 540°C for 10 hours in air.
The calcined product proved to have a surface area of

30 840 mz/q, and the following equilibrium adsorption
capacities in grams/100 grams:

o
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necessary to use nore than 10 percent of the noble netals, and usually nuch
| e¢s, for exanple, from0.1 to 1 or 2 W % The anounts of base netals may
be higher and it is a particular advantage of the present crystalline
materials that their high porosity and high sughbace area permts |arge
anounts of the netal conponent to be used wi thout an unacceptabl e decrease
in the surface area of the final catalyst. Thus, the anmount of a base netal
hydr ogenati on conponent will normally be at least 1 Wt % and often nore
than 5% wll be required. In a ty}Pi cal base netal conbination, 5 to 15 wt %
nickel and 5 to 40 wt 9% tungsten,Pa8pressed dS-fetal will achieve the
desired degree of hydrogenati on fQyedthexexia t ®2.0 The present support
materials are notable in that theryakgn&apablog.gf including a greater
proportion of netal than previ ouzse%gﬁggrt mat gri al s because of their

a

extraordinarily large surface ar as a r sult, the netal -containing

catal ysts rethin a | arge Shefdceavaddffraeteion pestemn afi sheotaldimedaret al
conponent. The surf acgrstir® ndy W chhta@Ptarserd aat ﬁ&da_s_{dgngegp;&%sgqrggg

relative intensity line at 40.5 % 2.0 A d-spacing. TEM
indicated that the product contained the ultra-large
pore material.

10 Example 15

To make the primary template mixture for this

example, 240 grams of water was added to a 92 gram
solution of 50% dodecyltrimethylammonium hydroxide, 36%
isopropyl alcohol and 14% water such that the mole

15 ratio of Solvent/R2/f0 was 155. The mole ratio of
HyO/R, 0 in this mixture was 149 and the IPA/Rz/fo
mole ratio was 6. To the primary template mixture was
added 4.15 grams of sodium aluminate, 25 grams of
HiSil, 100 grams of aqueous tetramethylammonium

20 silicate solution (10% Si0,) and 13.2 grams of 25%
aqueous tetramethylammonium hydroxide solution. The
mole ratic of R, -O/(S10,+A1,0;) was 0.28 for the

mixture. ‘
This mixture was stirred at 25°C for 1 hour. The
25 resulting mixture was then placed in an autoclave at

100°C and stirred at 100 rpm for 24 hours. The mixture
in the autoclave had the following relative molar
composition in terms of moles per mole S10,:
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- 28 - merr].g[err]. (square neters per gram nmay be given by the

eguat i on: SJerr] 600 - 13.3X where X is the netal loading in
w % Thus, the surface area of the netal s-containing catal ysts
deternined by enpirical means such as the B-E-Sf (Bruenauer-Emmet-Tel | er)
test (see ASTM D 3663), will be found to be at | east as great as the val ue
given by the above equation. The value of S as given by this realtionship
decreases to zero at 45 percent netals content but since the surface area S
may be 0.05 mole Na,0

0.036 mole A1203
0.18 mole (C,,TMA},O
0.12 mole (TMA)zo
5 36.0 moles H20
1.0 mole IPA
The resulting solid product was recovered by
filtration, washed with water and dried in air at
ambient temperature. The product was then calcined at
10 540°C for 1 hour in nitrogen, followed by 6 hours in
air.
The calcined product proved to have a surface area
of 1223 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

15 Hzo 25.5
Cyclchexane 41.1
n~Hexane 35.1
Benzene 51
The X-ray diffraction pattern of the calcined
20 product may be characterized as including a very strong

relative intensity line at 30.8 #+ 1.5 A d-spacing and
weak lines at 17.9 + 1.0 and 15.5 # 1.0 A. TEM
indicated this product to contain the ultra-large pore
material.

25 Example 16
A 50.75 gram quantity of decyltrimethylammonium
hydroxide (prepared by contacting a ca. 29 wt %
solution of decyltrimethylammonium bromide with a
hydroxide-for-halide exchange resin) was combined with
30 8.75 grams of tetraethylorthosilicate. The mixture was
stirred for about 1 hour and then transferred to a
pelypropylene jar which was then placed in a steambox
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greater than the value given by the relationship, surface area renains at
nmetral | oadi ngs above this value. The m ninmum surface area will, however, be
at least 5 nferr]g[err] at these very high netal |oadings. The actual
surface area of the metal -containing catalysT ay, as noted above, be
determ ned enpirically by the nethod set out in ASTM D 3663. As may be
appreci ated fromthe equation above, the surface area of the catalyst wll
be at least 200 nferr]g[err] even at high netal |oadings as high as 30 wt %
and at | oadi ngs abovedrhhBowialz4e hotfsai Mheanisiunen tadvantdupralikyoRi gh

val ue. The metal commQpent, ;ﬁ egypggckﬁﬁgssi@ OSw %(total netals, based
on the entire catal yst wei ght

& qagg t 25% and still naintain
a high surface area above 200 n{8r? ?10 own bel ow, the total
metal content (i.e of the netal Gan@dmlrﬂS)H gy exceed about 30 wt % e.g.
30-40 wt % gf the entirepgatitingidaliat ptbaucd ¥aBi B orSdd gage area of

metal contents. the carradctafiet PR Euitd Fib (R0 2YEcl i ot
for exanple, at a totwatereerd With: afetyre-abdit g’@‘a\r& PIPEFCH H@seﬁ{ll@med
to 538°C in Nz/alr mixture and then held in air for
about 8 hours. The calcined product proved to have a
10 surface area of 915 mz/g'and an equilibrium benzene
adsorption capacity of 35 grams/100 grams. Argon
physisorption data indicated an argon uptake of 0.34
cc/gram, and a pore size of 15 A.
The X~-ray diffraction pattern of the calcined
5 product. of this example may be characterized as
including a very strong relative intensity line at 27.5
+ 1.5 A d-spacing and weak lines at 15.8 + 1.0 and 13.7
+ 1.0 A. TEM indicated that the product of this
example contained the ultra-large pore material.

20 Example 17
To eighty grams of cetyltrimethylammonium

hydroxide (CTMAOH) solution prepared as in Example 1
was added 1.65 grams of NaAlOz. The nmixture was
stirred at room temperature until the NaAlOz was

25 dissolved. To this solution was added 40 grams of
aqueous tetramethylammonium (TMA) silicate solution (10
wt % sioz), 10 grams of HiSil, 200 grams of water and
70 grams of 1,3,5-trimethylbenzene (mesitylene). The
resulting mixture was stirred at room temperature for

30 saveral minutes. The gel was then loaded into a 600 cc
autoclave and heated at 105°C for sixty-eight hours

i
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- 29 - catal yst, the surface area will be at least 300 nferr]g[err] or

hi gher, larger by a factor of alnost three or nore conpared to conventi onal
anor phous catalysts with simlar nmetal |oadings. At 12 to 15%total netal,
e.g. 13 percent, the surface area will be at-least 400 nerr]gl[err].

Catal ysts containing at | east about 25 Wt %total nmetal with a retained
surface area of at least 250 nferr]g[err] constitute a highly useful class
of bifunctional catalysts. Anot her advantage accruing fromthe use of

the with stirring at 150 rpm. The mixture had a
- composition in terms of moles per mole Al
1.25 moles Na,©

3¢

2
27.8 moles Sio2
5 5.1 moles (CTMA)zo

2.24 moles (TMA)ZO
2256 moles Hzo
80.53 moles 1,3,5-trimethylbenzene
The resulting product was filtered and washed
10 several times with warm (60°-70°C) distilled water and
with acetone. The final product was calcined to s38°C
in Nz/air mixture and then held in air for about 10
hours. The calcined product proved to have an
equilbrium benzene adsorption capacity of >25 grams/100
15 grams.
The X-ray diffraction pattern of the calcined
product may be characterized as including a broad, very
strong relative intensity line at about 102 A
d-spacing, but accurate positions of lines in the
20 extreme low angle reqgion of the X-ray diffraction
pattern are very difficult to determine with
conventional X-ray diffractometers. Furthermore, finer
‘collimating slits were.required to resolve a peak at
this low 2~-theta angle. The slits used in this
. 25 example, starting at the X-ray tube, were 0.1, 0.3, 0.5
and 0.2 mm, respectively. TEM indicated that the
product of this example contained several materials
with different dloo values as observed in their
electron diffraction patterns. These materials were
30 found to possess d1oo values between 85 A d~spacing and
120 A d-spacing.

Example 18
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mesopor ous supports is that in spite of the high netal |oadings which may
be .accommopdat ed, the density of the catalyst remains relatively |ow,
conpared to conventional catalysts. At a total netal content of 12 to 15 wt
% for exanple, e.g. at levels exceeding the normal m ni mrum | oadi ng of
12.9% the real density of the catalyst is about 2.8 g[err]cc[err], as
conpared to conventional catalysts which have ggal densities of at |east 4
at these loadings. At higher |oadings, a simlar advantage prevails: the
present catal ysts are only about three-fourths as dense as conventi onal
catal ysts at conparabl e netal Ioadings For exanple at netal |oadings of
20 to 25 wt % of the entire catal yst, the real §¥§8§\M| | be in the range

of 3.000 to 3.300 g.cc|er P, SO FFAFE LY (S:ez[.yéﬁr 23PBPNEBhvent i onal
catal ysts. At netal |mathaxjseat@MAOE) selutionhprepatediessit \Exudmpliebe in t he

rangezof 4.1 to 4. SNQV{%[&&&]& 1fafs("jg%a§mse,ufaa\th<335% %&xtﬁ@fwf gal tﬂetnsit:]y
e emon Sesthi el et Ahea BaLaan o Ul PRl L0l LIS
the high porosity of Qiﬁ@%%por% éﬁp?fb‘r"ct%?&tﬂﬁaﬁdsiedoﬂtwm leg&r hand,
pernmts very high netajudcuadcegsamanybatmonium (TMA) silicate solution (10

wt % Sioz), 10 grams of HiSil, 200 grams of water and

120 grams of 1,3,5-trimethylbenzene (mesitylene). The

resulting mixture was stirred at room temperature for

10 several minutes. The gél was then locaded into a 600 cc

autoclave and heated at 105°C for ninety hours with

stirring at 150 rpm. The mixture had a composition in

terms of moles per mole A1203:

1.25 moles Na_Q

2
15 27.8 moles Sio. |

5.1 moles (CTMi)ZO
2.24 moles (TMA)20
2256 moles Hzo
132.7 moles 1,3,5-trimethylbenzene
20 The resulting product was filtered and washed
several times with warm (60°-70°C) distilled water and
with acetone. The final product was calcined to 538°C
in N,/air mixture and then held in air for 10 hours.
The calcined product proved to have a surface area of
25 915 mz/g and an equilbrium benzene adsorption capacity
of >25 grams/100 grams. Argon physisorption data
indicated an argon uptake of 0.95 cc/gram, and a pore
size centered on 78 A (Dollimore-Heal Method, see
Example 19(b)), but running from 70 to greater than 105
30 A. The X-ray diffraction pattern of the calcined
product of this example may be characterized as having
only enhanced scattered intensity in the very low angle
region of the X-ray diffraction, where intensity from

i



- 30 - real densities up to 6.0 g.cc.[err] may be achi eved. Particle
demsities range from0.88 at 12 to 15w %netal to 1.0 at 20 to 25 wt %
metal and about 1.1 at 30 to 40 vt % netal. Real densities are determ ned
by neasuring the volunme of nercury displaced bé a given weight of catalyst.
For a discussion of real and particle densi t7e®2 See ASTM D 3766, which
uses the termskeletal density as a synonymfor real density.

the transmitted incident X-ray beam is usually
observed. However, TEM indicated that the product
contained several materials with different 4,0 Values
as observed in their electron diffraction patterns.

5 These materials were found to possess Q90 Values
between 85 A d-spacing and 110 A d-spacing.

Example 19
To eighty grams of cetyltrimethylammonium
hydroxide (CTMAOH) solution prepared as in Example 1
10 was added 1.65 grams of NaAloz. The mixture was
stirred at room temperature until the NaAlO2 was
dissolved., To this solution was added 40 grams of
aquecus tetramethylammonium (TMA) silicate solution (10
wt % Sioz), 10 grams of HiSil, and 18 grams of
15 1,3,5-trimethylbenzene (mesitylene). The resulting
mixture was stirred at room temperature for several
minutes. The gel was then loaded into a 300 cc
autoclave and heated at 105°C for four hours wifh
stirring at 150 rpm. The mixture had a composition in
20 terms of moles per mole A1203:
1.25 moles Nazo
27.8 moles'8102
5.1 moles (CTMA)20
2.24 moles (TMA)ZO
25 650 moles Hzo
19.9 moles 1,3,5-trimethylbenzene
The rasulting product was filtered and washed
several times with warm (60°-70°C) distilled water and
with acetone. The final product was calcined to 538°C

30 in Nz/air mixture and then held in air for about 8
hours.
i



Pore vol unes are commensurately high: the present catal ysts have a pore
vokune of at least 0.55 cc.g[err] and usually higher, typically at |east
0.6 cc.g[err] at netal |oadings as high as 20 wt % Pore vol unes are
determ ned by subtracting the inverse of the-r&mnl- density fromthe inverse
of the particle density. The netal hydrogenati on conponent nmay be

I ntroduced into the catal yst by way of co-crystallization with the
crystalline material, exchanged onto the crystalline phase to the extent a

Goup I11B el enent, e.aqg. JAAUEY, o Sl r | npr, edinto it
or i I?\ti mat el y physi cal ? gﬂdéj'rgfgg%\ne% ?\pﬂlolta}_&?fe?ﬁ%&cnggaﬁa?ésr%?c?%%ggé?(c%’a?ﬁged

B )
onto the mesoporous ﬁfpé@? t® /% 2R8yAHEHIHBTHP (HeBZLR.nRdSRTSiancat i on of
the netal, either a siapptetyxatfi OR0oyrams¢AAp| gramnt | dRgbRiphysisbiabtleh

Suitabl e plati ngm CO'HfA‘EH”Q&did;aQEdeiX@trﬂ_ﬁg%n hpedrdabasy r@g,yls;x%gl' 05)“?_% and
be. carried ot w th MEEE =CohSouRask (P BRE HEThol B AEBhp SR SFe pr esont
in the cation or the peakoecatrning e®Byd4T8: 6%Pal | adi um or pl ati num conpounds
in which the metal is in the f-aap aitfracatibanpafteant bontite GATRER/XG €. J.,
Pd(NH err])4d [err] (yioduct of this example may be characterized as

including a very strong relative intensity line at 63 &

10 5 A d-spacing and weak lines at 36.4 + 2.0, 31.3 # 1.5

A and 23.8 + 1.0 A d-spacing. TEM indicated that the

product of this example contained the ultra-large pore

material.

Example 20
15 Argon Physisorption Determination

To determine the pore diameters of the mesoporous
products with pores up to 60 A in diameter, 0.2 gram
samples of the products of Examples 1 through 17 were
placed in glass sample tubes and attached to a

20 physisorption apparatus as described in U.S. Patent No.
4,762,010.

The samples were hgated to 300°C for 3 hours in
vacuo to remove adsorbed water. Thereafter, the
samples were cooled to 87°K by immersion of the sample

25 tubes in liquid argon. Metered amounts of gaseous
argon were then admitted to the samples in stepwise
manner as described in U.S. Patent No. 4,762,010,
column 20. From the amount of argon admitted to the
samples and the amount of argon left in thé gas space

30 above the samples, the amount of argon adsorbed can be
calculated. For this calculation, the ideal gas law
and the calibrated sample volumes were used. (See also

—— .

T
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5

Pt(NH err])[err]C[err] are particularly useful, as are anionic conpl exes
such as the vanadate, nolybdate and - 31
- net at ungstate ions and, in the case of platinum chloroplatinic acid.
The hydrogenation conponent can be exchanged onTo®t he support nmaterial,

I npregnated into it or physically adm xed with it, or any conbination of
these nethods. If the netal is to be inpregnated into or exchanged onto the
mesopor ous support, it may be done, for exanple, by treating the calcined

material with a S.J. Gregg et al., Adsorption, Surface Area and
Porosity, 2nd ed., Academic Press, 1982). In each
instance, a graph of the amount adsorbed versus the
relative pressure above the sample, at equilibrium,

5 constitutes the adsorption isotherm. It is common to
use relative pressures which are obtained by forming
the ratio of the equilibrium pressure and the vapor
pressure P, of the adsorbate at the temperature where
the isotherm is measured. Sufficiently small amounts

10 of argon were admitted in each step toc generate 168
data points in the relative pressure range from 0 to
0.6. At least 100 points are required to define the
isotherm with sufficient detail.

The step (inflection) in the isotherm, indicates

15 filling of a pore system. The size of the step
indicates the amount adsorbed, whereas the position of
the step in terms of P/P° reflects the size of the
pores in which the adsorption takes place. Larger
pores are filled at higher P/Po. In order to better

20 locate the position of the step in the isotherm, the
derivative with respect to log (P/Po) is formed. The
adsorption peak (stated in terms of log (P/P_}) may be
related to the physical pore diameter (i) by the
following formula:

— —

25 x | st 10 4 10 |
log(P/2,)= ! s - - + 1

d-0.38 |[3(L-D/2) sz-0/2)° 3(o/2)3  s(o/n?!

e —_—
30 where 4@ = pore diameter in nanometers, K = 32.17, S =

002446' L = d + 0.19' and D = 0.57.
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met al -contai ning cation. A preferred exchange techni que involves
cormpetitive exchange in the presence of amoni um cations (which are
converted into hydrogen on subsequent calcination); it is thought that this
t echni que may disperse the netal cations nore &Penly throughout the pore
structure of the support material. Metals which form stable anions are
suitable for incorporation by inpregnation; typical anionic conplexes such
as the nol ybdate, vanadate and nmetatungstate ions may be used to
incorporate nol ybdenum vanadi geriuich idngetvred tEbhethdtiethsd &Y Ri~vath

i ncor porated using su%gl;kaqm@gkogec HoRURLEXES AN the : JaCaatI oni.c
forms of netal s excha onto the crystalline mater f ‘ed%i nt o
it. A particular advaf®hgt Yr28aL) ‘prgg‘én?m?:%?"é’lt?sfgq‘&r%e;f’rt Eghi gh

| oadi ngs of two or rminplmteaitatwaxy dfe thhs of ponudeedeby deteirmghed i fgpregnat i on
onto the cal cined mat ﬂé&é\lréasugguam ORCADBEIY awa! B@%ﬁ&ﬁthﬂé’E‘s { her
t han successive |npre¥Fat|o %Pﬁng a, zcuiaffenteEE£ %P thls ces a
nore uni form di stri buttth BFthe ?d% foT e et g %|¥§°Ea? .1t is
an additional advant agetemialst havHigPones 5 yrcfel §9 3&13‘6\/6%199’9&::25 w %
total netal may be incorpomad edstits of this procedure for the samples from

Examples 1 through 16 are tabulated below. The samples

10 from Examples 10, 13 and 15 gave two separate peaks,
believed to be the result of two separate ultra-large
pore phases in the products.

Examples Pore Diameter, A

1 32.2
15 2 35.4
3 42.5
4 39.6
5 16.9
6 27.3
20 7 36.6
8 42.6
9 28.3
10 22.8, 30.8
11 36.8
25 12 36.1
13 35.0, 42.1
14 40.0
15 22.4, 30.4
16 15.0
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I mpregnation into the calcined material as distinct fromthe conventional
techni ques requiring - 32 -

i ncorporation of a solution of the netal conponents(s) into a hydrogel
prior to calcination. The fact that the present catal ysts have good

bi functional activity without the necessity fof®hal ogen pronoter also
enabl es the hal ogen pronoter to be dispensed with; it need not

By way of comparison, a commercially prepared
sample of zeolite USY (equilibrium benzene sorption
capacity of 20.7 grams/100 grams, X-ray diffraction
pattern with all the lines of zeolite Y and with the

5 highest d-spacing at 14 A) had a pore diameter of §.3 A
as determined by the above method.

The method of Horvath and Kawazoe for determining
pore size from physisorption isotherms was intended to
be applied to pore systems of up to 20 A diameter:; but

10 ~ with some care as above detailed, its use can be
extended to pores of up to 60 A diameter.

In the pore regime above 60 A diameter, the Kelvin
equation can be applied. It is usually given as:

: -2yV
15 1n(P/P_ )} = cos ©
rkRT
where:

X = surface tension of sorbate

v = molar volume of sorbate
20 o} = contact angle (usually taken for practical

reasons to be 0)

R = gas constant

T = absoliute temperature

Ty = capillary condensate (pore) radius
25 P/P, = relative pressure (taken from the

physisorption isotherm)
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be added during the manufacture of the catalyst or during operation of the
process unless particularly high levels of acidity are desired. It is
normal |y preferred to use the. crystalline material in a bound or matri xed
formin which the crystalline nmaterial is conpggited with another materi al
resistant to the tenperatures and other conditions enployed in organic
conversion processes. Such materials include active and inactive materials
and synthetic or naturally occurring zeolites as well as inorganic

materials such as clays, sil igg‘%‘?ﬁd/ ar gnaltr%%ge%%such .as al um na,

titania and/or zirconia. The er “may be: ert RUFEHPY TRARTEI ng or in

the form of gel ati nouSY§Famsi aft atBPidLage| Pndsasatien pherbuensn aindsi | i ca
and metal oxides. Userefatmsmbherpmdssipe conjuiichi adsstpgdichheaney fibyst @l

| e, combined ther ewl {l QlorR" E8afkeUERASLH RhBeShis e G NG CrySTal,
which is actiye, tends to change the conversion andﬁor se eﬁf?\ﬁQFy of the
catalyst in ctrtain ofJHAcE BBFRCS She pitrazdate. (1 ddisyeaseu arigahs.
suitably serve as di | Tentzringiphss npbnt Wisichnddet Kelvigoryeasi®i) drfa Bagdd/ €N
process so that produgté vaaidbeo®Poreseth asnetzeatdngeldd 05 0afdyY
Angstrom diameter. Below this range the equation no
longer reflects physical reality, since true capillary
10 condensation cannot occur in smaller pores; above this
range the logarithmic nature of the equation precludes
obtaining sufficient accuracy for pore size
determination. -
The particular implementation of the Kelvin
135 equation often chosen for measurement of pore size is
that reported by Dollimore and Heal (D. Dollimore and
G.R. Heal, J. Applied Chem, 14, 108 (1964)). This
method corrects for the effects of the surface layer of
adsorbate on the pore wall, of which the Kelvin
20 equation proper does not take account, and thus
provides a more accurate measurement of pore diameter.
While the method of Dollimore and Heal was derived for
use on desorption isotherms, it can be applied equally
well to adsorption isotherms by simply inverting the
25 data set.

Transmission Electron Microscopy

In order to illuminate the micrestructure of
materials by transmission electromicroscopy (TEM),
samples must be thin enough for an electron beanm to

30 pass through them, generally 500-1000 A or so thick.
The crystal morphology of the present materials usually
required that they be prepared for study by

———
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wi t hout enpl oying other neans for controlling the rate of reaction. These
materials may be incorporated with naturally occurring clays, e.g.
bentonite and kaolin, to inprove the crush strength of the catal yst under

commercial operating conditions. Said nateriakssgsi-e

- 33 - clays, oxides, etc., function as binders for the catalyst. It is
desirable to provide a catal yst having good crush strength because in
comercial use it is desirable to prevent the catal yst from breaki ng down

into powder-like materhalgni HRRSRyC! BhiRinders Ny SGming, this technique
of sample preparation is quite familiar to thaose
skilled in the art of electron microscopy. The
materials are embedded in a resin, in this case a
5 commercially available low viscosity acrylic resin L.R.
WHITE (hard), which is then cured at 80°C for 1 1/2
hours. Thin sections of the block are cut on an
ultramicrotome using a diamond knife and sections in
the thickness range 500~1000 A are collected on fine
10 mesh electron microscope support grids. For these
materials, an LKB model microtome with a 45°C diamond
knife edge was used; the support grids were 400 mesh
copper grids. After evaporation of a thin carbon
coating on the sample to prevent charging in the
15 microscope (light gray color on a white sheet of paper
next to the sample in the evaporator), the samples are
ready for examination in the TEM.
High resolution TEM micrographs show projections
of structure along the direction that the sample is
20 viewed. For this reason, it is necessary to have a
sample in specific orientations to see certain details
of the microstructure of the material. For crystalline
materials, these orientgtions are most easily chosen by
observing the electron diffraction pattern (EDP) that
25 is produced simultaneously with the electron microscaope
image. Such EDPs are readily produced on modern TEM
instruments using, e.g. the selected area rfield
limiting aperture technique familiar to those skilled
in the art of electron microscopy. When an EDP with
30 the desired arrangement of diffraction spots is
observed, the corresponding image of the crystal giving
that EDP will reveal details of the microstructure
along the direction of projection indicated by the EDP.
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been enpl oyed nornmally only for the purpose of inproving the crush strength
of.the catal yst. The nesoporous material is usually conposited wth the
matrix in anounts from 80:20 to 20:80 by weight, typically from80:20 to
50: 50 nmesoporous material :matri x. Conpositing g$y_be done by conventi onal
means including mulling the materials together Tollowed by extrusion of
pelletizing into the desired finished catal yst particles. Exchange of the
nmetal into the crystalline material may take place before or after
conpositing with the binder but preferably is performed on the conp03|ted
catal yst i.e. crystali? f8ifatd¥d é?llfﬁFﬂ%"%lPFrHéF"t:Fﬂ?ﬁ &§nat FEFSSAU’S normal |y
be carried out with tderuwette xeth et ebsaxtved Rnhibderstifliedonspinrentm,.s to be

m xed with the other conpgge%zoftot s Sataaleyat saﬁe,{ga)fﬁgﬁ@g)l% Rg added

to the nmuller with the cryst ne materjal, and the binder, uraIIy
occurring clays mhlchqﬁiFaBé‘%%ﬁﬁﬁﬁPFﬁd ﬁﬁtﬁ? Pﬁﬁeﬁﬁﬁﬂ%FﬁsYéﬁwlqﬁﬁ ude the
mont nori |l | onit e and keeddeirial ain lan owhéntatiom wheseimdhedeottesponding

subbentonites, and thgehKaghbsSa HRXABBAYL KiaRgafiest XK€ di MeNorE gu‘sg{:_gl a
and Florida clays or Ptherssiﬂgfgnf%glvxdual crystal. If multiple crystals
are present within the field limiting aperture,
overlapping diffraction patterns will occur that can be
10 quite difficult to interpret. The number of
diffraction spots cbserved depends to a degree upon the
reqularity of the crystalline arrangement in the
material, among other things. At the very least the
inner ring of bright spots should be observed to obtain
15 a good image. Individual crystals can be manipulated
by specimen tilt adjustments on the TEM until this
orientation is achieved. More often, it is easier to
take advantage of the fact that the specimen contains
many randomly oriented crystals and to simply search
20 through the sample until a crystal giving the desired
EDP (and hence orientation) is located. This latter
technique was used to produce the electron micrographs.
Microtomed samples of materials from the Examples
were examined by the techniques described ahove in a
25 JEOL 200 CX transmission electron microscope operated
at 200,000 volts with an effective 2 A objective
aperture in place. The instrument has a point~to-point
resolution of 4.5 A. Other experimental arrangements
familiar to one skilled in the art of high resclution
30 (phase contrast) TEM could be used to produce
equivalent images provided care is taken to keep the
objective lens on the underfocus (weak leans) side of
the minimum contrast lens current setting.
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the main mneral constituent is halloysite, kaolinite, dickite, nacrite, or
anauxi-te. Such clays can be used in the raw state as originally mned or
initially subjected to calcination, acid treatnent or chem cal

nmodi fi cation. 70 - 34 - I n addition

to the foregoing materials, the new crystal “can be conposited with a porous
matrix material such as silica-alumna, silica-magnesia, silica-zirconia,
silica-thoria, silica-beryllia, silica-titania as well as ternary

conpositions such as
Example 21

A sample of MCM-41 (40 A) was prepared in
accordance with the method described below.
The following mixture (parts by weight - pbw) was
5 charged to an autoclave:
83.7pbw  Cetyltrimethylammonium (CTMA) hydroxide,
prepared by contacting a 29 wt %
N,N,N-trimethyl-l-hexadecylammonium
chloride solution with a hydroxide-

10 for-halide exchange resin
1.7pbw Sodium aluminate,
41.1pbw Tetramethylammonim silicate

(10% aqueous solution),
10.5phw Precipitated hydrated silica (HiSil ).

15 The mixture was crystallized at 100°C for 20 hrs.
with srirring under autogeneous pressure. The
resulting product was recovered by filtration and dried
in air at ambient temperature. A sample of the product
was calcined at 540° C for 1 hour in nitrogen, followed

20 by 6 hours in air for characterization.

The calcined product had a surface area of 1120
m2/g and the following equilibrium absorption
capacities in grams/100. grams:

H20 10.8
28 Cyclochexane >50

n-hexane >50

Benzene 67

The product was identified as MCM~41 with an X-ray
diffraction pattern which included a very strong
30 relative intensity line at 38.4 % 2.0 A d-spacing, and
weak lines at 22.6 + 1.0, 20.0 + 1.0, and 15.2 + 1.0 A.
The MCM-41 crystalline product was exchanged with
room temperature aqueocus solutions of ammonium nitrate

}walhmsznkiimxd
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silica-alum na-thoria, silica-alumna-zirconia, silica-alum na-magnesia and

sitica-magnesi a- zi rconi a. It may be desirable to provide at |east a
part of the foregoing matrix materials in colloidal formso as to
facilitate extrusion of the bound catal yst conponents(s). The rel ative

proportions of finely divided crystalline mateftat and matrix material may
vary widely, with the crystal content ranging fromabout 1 to about 90
percent by weight and.nore usually, particularly when the conposite, in the
range of about 10 to about 80 wt % of the conposite. The net al

conponent nay be int ré)@@ﬁﬂsé@d&wh&w alvgshidye exchange, (iswpreganii on or

m xi ng when the cryst th anpﬂmd ition

but normally it is prp:%xjtrred %eg lea[r%%ta e bouﬁlggcat al %?

The catal yst may be tMefgef® b?%ﬁvﬂ?‘ﬁf’?‘iﬁ?al"fpﬁ B dP¥ e et MeNrel e. g.
by heating in the preasncs pirts diogim suWatde, vas asidedetd thdsdeikodre of

the metals such as CoQ Qn1bl Qe rebi€ikPcaRanedi i) vaUlebifes pkLor to use

in typical hydroproce55| ngatgsera gn(s:atalyst was activated by calcination

at 510°C (950°'F) in Sv/v/min of nitrecgen for 6 hours
followed by the replacement of the nitrogen with
sv/v/min of air. The calcination was completed by
10 raising the temperature to 538°C (1000°F) and
maintaining that temperature in 5v/v/min air for 18
hours. Nickel and tungsten were incorporated via
incipient wetness coimpregnation using solutions of
Ni(NOJ)Z.SHZO and (NH )6H2W12040 Hzo. After drying
15 overnight at 121°C (250°F), the extrudate was calcined
in sv/v/min air at 538°C (1000°F) for 3 hours.
Physical and chemical properties of the
NiWw/MCM~41/A1203 catalyst are provided below:

Nickel, wt % 3.7
20 Tungsten, wt % 9.2
Sodium, ppm 200
Surface Area, mz/g 530
Pore Volume, ml/g 0.780
Particle Density, g/ml 0.883
25 Real Density, g/ml 2.837

Example 22
The catalyst of Example 21 was used as the

hydrocracking catalyst in a DHC-2/NiW MCM-41 cascade
reactor system. DHC~2 is a hydrotreating catalyst sold
30 by UOP. The catalyst fill ratio was 4.08g of DHC-2 and
6.40g of NiW-MCM-41 to give an HDT/HDC weight ratioc of
0.64, with a total catalyst volume of 20.2cc. The
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The properties of typical hydroprocessing catalysts nade with the

mesopor ous support materials and a ni ckel -tungsten hydrogenati on conponent
on an MCM41/Al[err]Jerr] support (65% MCM 41, 35% bi nder) are set

- 35 - out in Table 1 below in a conparison with conventional type

anor phous hydr oprocessi ng catal ysts: - 72 - Table 1
Properties of NI WCatal ysts

DHC-2 catalyst serves as a hydrotreating catalyst to
reduce nitrogen and sulfur content before the oil is
processed in the hydrocracking section of the reactor
containing the NiW/MCM-41 catalyst which does the bulk

5 of the boiling range conversion. The feed was a heavy
vacuum gas cil from a Persian Gulf crude with the
properties are listed in Table 1 below.

is Sheet Has Been Re; ilaced

Illlllil MEHHA




-

MCM 41 (40 [err]) Fl uori ded Anor phous Ni ckel , wt 3.7 3.4

5.8[err] 5.6 4.6 4.2 Tungsten, wt% 9.2 16.4 29. 1 17.3
23.8 19.2 Total netal, w. % 12.9 19.8 34.92 22.9 28. 4
23.4 Pore Diam, [err] 58 59 2492 74 162 Pore Vol .
cc/gm 0.780 0.634 0. 426 0 53 0.507 Part Dens, g/ cc
0.883 1.037 1.454 1.451 1.345 Real Dens, g/ cc 2. 837
3. 027 4.023 4.238 4.236 Surface Area, nmMerr]gferr] 533
429 242 116 170 125 Calculated Tungst en* Monol ayer
Cover age, % 0.25 0.51 1.32 Tabke 11 35 1.46 Tungsten tri oxi de
surface area 24 [err] as QipteBertisk ofaPersish GAAT VEdO83).
Hydrogen, wt % 12.6
Nitrogen, ppm 650
5 Basic Nitrogen, ppm 198
Sulfur, wt % 2.3
API Gravity 22.6
Pour Point, *C (°F) 32 (90)
Composition, wt %
10 Paraffins 27.7
Mononaphthenes 8.3
Polynaphthenes 14.6
Aromatics 49.4
Simulated Dist., wt %
15 IBP, °C (*F) 277 (531)
5 364 (687)
10 379 (715)
20 396 (745)
30 410 (770)
20 40 423 (793)
50 436 (81s)
60 449 (841)
70 463 (866)
80 481 (897)
25 90 506 (942)
95 521 (970)
EP 577 (1071)

The process conditions were 8377 kPa (1200 psiqg)
hydrogen pressure, 810 v/v (4500 SCFB) hydrogen
30 circulation and 0.5 LHSV. Severity was varied by
adjusting reactor temperature from 382°-410°C
(720°-770°F) at constant LHSV. The temperatures of the

“ﬁiiiiﬂ‘fiiilfﬁ liTﬂll
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The size of the pores of the crystalline materials is such that the

spati ospecific selectivity with respect to transition state species is
mnimzed in reactions such as cracking (Chen et al., "Shape Selective
Catalysis in Industrial Applications”, 36 CHEM CAL | NDUSTRI ES, pgs. 41-61
(1989) to which reference is nade for a discusgian of the factors affecting
shape selectivity). Diffusional limtations

- 36 - are also minimzed as a result of the very large pores in the
present materials. For these reasons, the crystalline material is capable

of catal yzing reactions
hydrotreating and hydrocracking reactors were

maintained at the same temperature for all runs.
The reactor severity is measured by 343°C-
(650°F-) boiling range conversion which is defined as:
5 650°'F- conversion =
650°F+ in Feed (wt %) - 650°F+ in Product (wt %)
650°F+ in Feed (wt %)
The selectivities for kerosene (330-440°F

fraction) and distillate (440-650°F fraction) are shown
10 in tabular form for a conversion level of 45 wt %, in
Table 2 below:
Table 2
HPC of VGO BLEND
{45 wt¥ Conversjion)
15 Catalyst DHC=-2/NiW-MCM-41
Reactor Temp., (C*)} °F 401 (753)
Product Composition, wt %

Cl-C4 4.0
C5-330 10.5
20 330-440 9.0
440-650 22.5
650-750 18
750+ 35
H2 Cons, SCFB 850
25 The Total Liquid Product (TLP) samples at the 43

wtt conversion were distilled to yield 388°C+ (730°F+)
bottoms material that was subsequently analyzed, with
the results given in Table 3.
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whi ch occur in the presence of acidic sites on the surface of the catal yst
apd which involve reactants, products or transitional state species which
have | arge nol ecul ar sizes, too great for undergoing simlar reactions with
conventional |arge pore size solid catalysts, for exanple, |arge pore size
zeolites such as zeolite X, Y, L, ZSM4, ZSM 18, and ZSM 20. The present
catal ysts are therefore particularly useful TdrP Feactions with hi gh- boi i ng
hydr ocar bons present; processes with high boiling feeds such as gas oils,
residual fractions, |ube boiling range fractions and the Iike are therefore
particularly anenable to processing by the use of the present catal ysts
since feeds of this kind usually include Tamie ficant quantities of

nmol ecul es with bul ky configurati gose iy @EG@?§£§§§ weadi |y enter the pore
structures of catalytic materialS W EEEP &l Eg@gogizes or which are

diffusion-restricted even if tHAdyareS - ‘ access to the internal
pore structure. Thus, 3gate+p 3@ 1R+ )c BFaP§E¥¥®Sconposi t i ons cont ai ni ng

the metal cogponent will cptgloyes, rg@eti ons such as hysrocracking, and
ot her conversion reactions QE@M%ESthy bi functional gggal ysts with both

aci di ¢ and M
Pour Point, *C (°F) 32 (90)
XV @ 100°C, mm>/s 4.804
Composition, wt %
10 Paraffins 43.3
Mononaphthenes 19.3
Polynaphthenes 23.4
Aromatics ' 14.0
Simulated Dist., wt %
15 IBP/5 °C (°F) 372/388 (701/731)
10/50 396/436 (745/817)

The MCM-41 catalyst was highly effective in
reducing the nitrogen level of the bottoms to a very
low level of 3 ppm. Also, the degree of aromatic

20 saturation for the MCM-41 catalyst was good: aromatics
level dropped from 19.6 to 14.0 wt %.

Example 23

The following mixture (parts by weight) was
charged to an autoclave:

This Sheet Has Been Reﬂlaced

LR



hydr ogenati on- dehydrogenation functionality, as referred to above. The
cafalysts are particularly useful for processing hydrocarbon fractions
obt ai ned from petrol eum refining, using hydrocarbon feeds of varying

nol ecul ar sizes, but with particular applicability to feeds with |arge
nol ecul ar sizes such as highly aromatic hydrocardons with substituted or
- 37 - unsubstituted pol ycyclic aromati c conponents, bul ky naphthenic
conpounds or highly substituted conpounds

48 parts Cetyltrimethylammonium (CTMA) hydroxide
solution, prepared by contacting a 29 wt %
N,N,N-trimethyl-i-hexadecyl-ammonium
chloride solution with a hydroxide-for-halide

5 ' exchange resin,

1 part Sodium aluminate,

24 parts Tetramethylammonim silicate (10% aqueous
solution), .

6 parts Precipitated hydrated silica (HiSils).

10 The mixture was crystallized at 100°C for 20 hrs.
with stirring under autogenecus pressure, and the
resulting product was recovered by filtration and dried
in air at ambient temperature. A sample of the product
was calcined at 540°C in nitrogen followed air.

15 The calcined product had a surface area of 1120
mz/g and the following equilibrium absorption
capacities in grams/100 grams:

H20 10.8

Cyclohexane >50
20 n-hexane >50

Benzene 67

The product exhibited a very strong relative
intensity line at 38.4 + 2.0 A d-spacing, and weak
lines at 22.6 + 1.0, 20.0 + 1.0, and 15.2 + 1.0
25 A.
An unbound Pt/H-MCM-41 catalyst containing 0.6 wt
% platinum was prepared by subjecting the calcined
product to ammonium exchange in buffered solution at
pH=8 to remove sodium, followed by exchange with
30 Pt(NH,),Cl, in the presence of ammonium ions at pH 4-5,
followed by drying and calcination. An amorphous
silica-alumina catalyst containing 0.6 wt % platinum,
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wi th bulky steric configurations, e.g. nolecular sizes of 1.3 nm (13
Angstrons) or nore, or with fractions which contain | ong-chain conponents
which would normally create diffusion [imtations. Such feeds typically
i nclude residual fractions i.e. non-distillable fractions, and high
boiling fractions -such as fractions boiling-appwe 650[err]F such as | ube
fractions. The processes using the catalysts wll be carried out
under the conditions normally appropriate to the reaction using
conventional catalysts such as zeolites. Thus, processes invoving a

redcution in nol ecul L. ght r [ of .hydrocarbons or
substitituted hydr ocg%%%é‘g‘%el Itexbcté%zf%rc Fa"gg g%?meaﬁlqé?é\?%t%aotarlé'ﬁﬁér afaf es
typi cal |y above 150[ @EP PERRITESUEFT \FORBBTESTMO[err] or 300[err]C.

Hydr ocracki ng, for exanplBhe rayalyst alalsy ebel ol Coedpatafeilnenper at ur e of
from350[err] to 450[1@5&1!&23@:195%9‘3aofltiéfé’rﬂrﬂiqoeﬁﬁi%&ﬁ w[31(280 psi g, and a
wei ght hourlg space Ve|$C|t$¥ég Lrggkg.l gégfrr 1l to rie rT, Wth a
hydr ogen/ hydiocar bon "o a¥ gl 851 4555nT0%9 tFAFF6T - ExdiIrsmereiak ocesses
such as ‘hydr ogenat i oRtABI0ptAIgR, prafdystswak arsed ferpeamtiriganl raagtion is
hydrogenation (hydr ofpaéan@xpbydidd,N18Ne@dHs el cataiyst (14,24
mesh) were loaded into the reactor and reduced in
hydrogen at 800°F (427°C) for two hours. The reactor
10 was cocled to 450°F (232°C) and pressurized to 100 psig
(790 kpa abs.) with hydrogen. N-hexane as feed was
then introduced at 1 WHSV with a 2:1 mol:mol hydrogen
cofeed. The product from the reactor was analyzed with
an on-line gas chromatograph equipped with a 30 meter
15 megabore DB-1 column.

The Pt/MCM~-41 catalyst gave a higher yield of
isoparaffins than the Pt/silica-~alumina catalyst at
equivalent n-hexane conversion and produced less
cracked product at equivalent n-~hexane conversion,

20 demonstrating that the catalyst based on the ultra
large pore material is more selective for isoparaffin
when compared to the amorphous catalyst. The
distribution of products for the two catalysts at 343°C
(650°F) operating temperature are shown in Table 4

25 below.
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normal Iy be carried out at tenperatures sonewhat |ower than those used in
hydr ocracking in order to favor the hydrogenation reactions which are

t hernodynami cal ly favored by | ower tenperaturﬁg._Endothernic processes,

| i ke hydrocracking, are favored by rather highér tenperatures; reforming,
for exanple, will

normal |y use tenperatures of 450[err] to 510[err]C, as is
conventi onal . ' 3s - e
present conpositions may al so be used for
Table 4
Isomerate products at 343°C (650°F)
catalyst pt/MCM=41  PLt/S10,-21.0,
Feed Rate
Hours On-Stream 129 64
Conversion, wt % 74.6 78.6
duct Distribution, wt %
C.~ 2.3 8.8
> 25.4 21.4
10 n-Hexane .
Methylpentanes . 53.7 49.9
Dimethylbutanes 18.2 18.5
Methylcyclopentane 0.2 0.5
c+ 0.2 0.9
7
15 Example 24

pt/MCM-41 Catalyst Preparation
' A sample of MCM-41l (40 A) was prepared in

accordance with the method described in Example 21
above. .

20 The MCM-41 crystalline product was exchangeé with
room temperature aqueous solutions of ammonium nitrate
and subsequently dried overnight at 121°C (250'?2. A
portion of the resultant crystals was combined with
AL.O. (Versal 250 #) to form a mixture of 65 parts, by

25 weiggt MCM-41 and 35 parts alumina. Water was added to
this mixture to allow the resulting catalyst to be
formed into extrudates. The catalyst was activated by
calcination at 510°C (950°F) in 5v/v/min of nitrogen
for 6 hours followed by the replacement of the nitrogen

30 with 5v/v/min of air. The calcination was completed by
raising the temperature to 538°C (1000°F) and
paintaining that temperature in sv/v/min air for 18

hours.

TN




sel ective conversion of inorganic conpounds such as oxides of nitrogen in
m<t ures of gases which contain nitrogen oxides (NJerr]), for exanple,

i ndustrial exhaust gases and the gases forned during the oxidative
regeneration of catalysts used in the processing of hydrocarbons, especialy
In catal ytic cracking operations. The NJerr] reduction reaction is
favored by the presence of netals such as vanadium titaniumand for this
reaction, the presence of these netals is prefétred. The NJ err]
reduction is suitably conducted by passing the gas containing the oxi des of
.nitrogen over the catalyst at an elevated tenperature, typically at |east
200[err]C, and usually within the range of 200[err] to 600[err]C. The gas
m xture nmay be m xed wi t hThemmadicanéd gxtondste redh@dichangéd thighoxi des of

ni trogen and pre- mXIoﬂGogfm BRANGONGIC %Glahé’nteﬂm%%&fﬁy‘?jasﬁﬁ
200[ err] C. The anount

Suhich | e gas n1x%hre i s
typically within the Wﬁﬁ% ‘?ﬁdnﬁallguf%t’fnzént?ér Qﬁ Bn@%q ‘EYafBEint, which
itself varies accordithgeechqurs -rati o of the dlfferent oxi des of nltrogen in
the gas m xture, as shown by the equati ons: 6Nd err] +

8NH[err] = 7|}|>[ err] + gé%@-r:{l] Qgtalxst Preparation
A sample of MCM-41 (40 A) was prepared by a
similar method to that described in Example 21 above
but using 48 pbw cetyltrimethylammonium (CTMA)
hydroxide, 1 pbw sodium aluminate, 24 pbw
10 tetramethylammonim silicate (10% aqueous solution), and
6 pbw precipitated hydrated silica (HiSil 4). The
mixture was crystallized at 100°C for 20 hrs.
The MCM~41 crystalline product was formulated into
a catalyst in the same way as the platinum-containing
15 catalyst with the exception that the calcined catalyst
was exchanged with aqueous Pd(NHs)4c12 solution,
followed by drying at room temperature for 4 hours and
overnight at 250°F before the final calcination.
A Pd/sio2 catalyst was made by impregnating silica
20 spheres (Shell S-980 C 1.5) with a Pd(NHJ)4C}.2 solution
using the incipient wetness method. The impregnated
spheres were then drieq at room temperature for 4
hours, followed by 121°'C (250°F) overnight after which
the catalyst was calcined in 5 v/v/min air at 288°cC
25 {550°F) for 3 hours.
The three noble metal containing catalysts (Pt
MCM-41/A1203, Pa MCM-41/A1203, Pd SiOz) were evaluated
for hydrogenating a polyalpha-olefin lubricant.
The properties of the three catalysts are
30 summarized in Table 5 below.
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6NO + 4NH[ err] = 5N err] + 6Herr]O The crystalline catalytic
coypositions of matter nay al so be used for the reduction of oxides of
nitrogen in gaseous nixtures in the presence of other reducing agents such
as carbon or carbon nonoxi de. Reduction of the,oxides of nitrogen in this
way is of particular utility in the regeneration of fluid catal ytic

cracking (FCC) catalysts, since regeneration under appropriate conditions
wi |l produce the required - 39 -

concentrations of carbon nonoxi de which nmay then be
Table 5

Catalyst Properties
pq Mcy-411) pe mem-41(Y pd sion

Loadi Wt ¢
5 Pd 0.83 - 0.84
Pt - . 0.54 -
Surface Area, ngg 8ao 682 330
Pore Volume, cc/d 0.96 0.97 0.88
Pore Distribution.%
10 <50 A 32 42 0
50-100 A 16 12 41
100-200 A 15 11 32
>200 A 37 35 37
(1) contains 65 wt % MCM-41 and 35 wt % alumina prior
15 to the metal addition.

The MCM-41 materials used in the catalysts
containg this crystalline material had a pore cpening
of 40 A. All three catalysts have 30% pore volume with
pore diameters greater than 200 A but the MCM-41

20 catalysts have 30-40% pore volume with pore diameters
less than 50 A.

All catalysts were evaluated in a fixed-bed pilot
unit. A poly-alpha olefin (PAO) lube oligomer having
the composition shown in Table 6 below was used as the

25 feed.
Table 6
Properties of PAO
Gravity, °*API 39.2
Hydrogen, wt % 14.6
30 Bromine Number 27.3

KV & 40°C, mmz/s 26.22
KV @100°C, mm>/s 5.253
viscosity Index 136

eef Has Been R«
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used to reduce the proportion of N(Jerr] in the regeneration gases in the
presence of the catalyst. The porous crystalline material nmay be used in a
matri xed or unmatrixed formfor this purpose and may suitably be forned
into extrudates, pellets or other shapes to pemm t+ the passage of gases
over the catalyst with the m ni mum pressure drop. The use of an
ultra-large pore nol ecul ar sieve for hydrocracking, especially at lowto
noder at e hydrogen pressure, provides an attractive option for obtaining

kerosene and distillate sqlh@cbgai‘;gseg%,&@é&ghac&qugez.t@ s}t €3 {%t’?@% art

anor phous based cat al s. Bepefits of utilizing these cataly
processes of this ki niﬁ#%ﬂsdag B 3R PRASH rfslggf’t BRE RJu St eYcerkhraugh
potential increase inhydzgsien circwliagtdéenmAteoul Reastew axnipavatdie laghown t o

be nore stable than av@Fjdeous ewtsilnyshealydt addiviep ad Qefgﬁégﬂ]{ g% surface
area possessesd by thet&g S 0 S

e S S I material s i peci al
benefit in fuels hydr ocrpzf%%{ghﬁg?vmggg%?#%t caa{ aQ'I ﬁég? he I AR gAY dder ee of
acidic functionality FRRYTEPRdRE thromepa iHRES @6cER®ill.n conventi onal
zeolitic hydrocracking catraleysd McM-hilgalny caltalpsovigietabrose gl z€0l ite
loading in the catal ystedWstf O RRna¢dd the reduction of bromine number

to less than 1 at 177°C (350°F), the lowest temperature

10 of the experiments. Pt MCM-41/A1,0, is also quite
active. The Pd/sio2 catalyst, is the least active
catalyst for this reaction.

Example 25
This example shows the use of an MCM-41 molecular
15 sieve for selective lube hydrocracking. A NiW/MCM-41

catalyst was prepared in accordance with the method of
Example 21 above. ’
This catalyst was used to hydrocrack a heavy
neutral distillate having the properties given in Table
20 7 below, together with the properties of the o0il after
solvent dewaxing to O0°F pour point (ASTM D-97 or
equivalent such as Autopour). The feedstock has high
nitrogen content of 1500 ppm and that the distillate VI
after solvent dewaxing is 53. The objective of lube
25 hydrocracking the distillate is to increase the VI
level to the 95-100 VI range after solvent dewaxing
while maximizing lube yield.

i




that this would reduce the anount of matrix material avail able to support
the nmetal function. The high surface area of the nesoporous supports,
however, enables high netal |oadings to be readily accommpdated while stil
provi di ng adequate acidic functionality. - anples 1 to 19 bel ow
illustrate the preparation of the crystalline materials. In the exanples,
whenever sorption data are set forth for conparison of sorptive capacities

for water, cycl ohexane, benzene - 40 -
and/ or n-hexane, they are Equilibrium Adsegpiéon val ues
eavy Neutral Disti te Properties
Hydrogen, wt % 12.83
Nitrogen, ppm 1500
5 Basic Nitrogen, ppm 466
Sulfur, wt % 0.72
API Gravity 22.0
KV @ 100°C, mm>/s 18.52
Composition, wt %
10 Paraffins 18.3
Naphthenes 32.2
Aromatics 49.5
Sim Dist, wt%
IBP *C (°F) 407 (765)
1s ' 5 452 (846)
10 471 (880)
95 586 (1086)
vent Dewaxed O operties
KV @ 100°C, mm’/s 20.1
20 . vl 53
Pour Point, *C (°F) 18 (0)
- Lube Yield, wt % 87

The distillate was processed at temperatures from
385° to 401°C (725° to 554'?}, 13900 kPa (2000 psig)
25 hydrogen pressure, 1350 v/v (7500 SCFB) hydrogen
circulation and 0.55 to 0.61 LHSV. The data from these
experimental runs are summarized in Table 8 below:
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determ ned as foll ows:

A wei ghed sanple of the adsorbent, after

calcination at 540[err]C for at |east about 1 hour and other treatnent, if

necessary,

to renove any pore blocking contam nants, is contacted with the

desired pure adsorbate vapor in an adsorption chanber. The increase in
wei ght of the adsorbent is calculated as the83dsorption capacity of the

sanple in terns of

grans/ 100 grans adsorbent based on adsorbent wei ght

after calcination at 540[err]C. The present conposition exhibits an

equi i brium benzene adsorption capacity at

6.7 kPa (50 Torr) and 25[err]C

of greater than 15 grans/ 100 grans, paghpgall@rly greater than 17.5 g/ 100
g/ and nore

particularly greater an, 0 9& 94 A preferred way to
do this is to contact the desir or in an adsorption

chamber evacuated toTesps, t1arf *I) nm at 388néf3Fons 388 47¥)kPa ¢34 (EW) of
wat er vapor, 5.3 kPaped@sdid,r) of n-hexane or cycl ohexane vapor, or 6.7 kPa

(50 Torr) of
(wi thin abou
manostat during the 3#8¥rption peri od.

crystal,

t he

i¢

15

20

25

30

650°F+ cCORNV.,
wt % 9.3 20.8 36.0

Lube Properties

KV @ 100°C, mm>/s 13.08 10.46 7.59
SUS @ 38°C (100°F) 772 468 261
VI 79 98.1 113.3
Pour Point,
‘c ("F) -9.4 (15) =-1.1 (30) -1.1 (30)
Lube Yield, wt % 80.5 66.6 54.3

The NiW/MCM-41 catalyst was selective for
upgrading the heavy neutral distillate from a raw
distillate VI of 53 to a 98 VI product at a conversion
level of 20.8 wt%.

Example 26 )

48 parts by weight of cetthrimethylammonium
(CTMA) hydroxide solution, prepared by contacting a 29
wt % N,N,N-trimethyl-l-hexadecylammonium chloride
solution with a hydroxide-for-halide exchange resin,
was combined with 1 part by weight of sodium aluminate
and 24 parts by weight of an aqueous solution of
tetramethylammonium (TMA) silicate (10% silica) with
stirring. 6 parts by weight of HiSile¢, a precipitated
hydrated silica containing about 6 wt % free water and
about 4.5 wt % bound water of hydration and having an

b t.25 ' k01K t
B Tarr 0. BBRnipdl) aani 10T (FOB0R AR P2odo)ABoGOORA' )
Rséhdsor bat 874 adsorbef 33 the new
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decrease in pressure causes the manostat to open a valve which admts nore
agsorbate vapor to the chanber to restore the above control pressures.
Sorption is conplete when the pressure change is not sufficient to activate
t he manost at . Anot her way of doing this-fay benzene adsorption data is
on a suitable thernogravinetric analysis system such as a
conputer-controll ed 990/ 951 duPont TGA system The adsorbent sanple is
dehydr at ed - 41 -

ultimate particle size of about 0.02 micron, was added.
The resulting mixture was crystallizéd at 100°C for 20
hours. The mixture had a composition in terms of moles
per mole A1203:

5 1.46 moles Na, 0

2
27.8 moles Sio

5.6 moles (crui)zo
3.11 moles (TMA)zo
723.7 moles Hzo
10 The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.

The calcined product proved to have a surface area

15 of 1200 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:
H,0 13.5
Cyclohexane > 50
n-Hexane 43.6
20 Benzene 71

The product of this Example has an X-ray
diffraction pattern including a very strong relative
intensity line at 38.4 + 2.0 Anqstroms d-spacing, and
weak lines at 22.6 * 1.0, 20.0 + 1.0 and 15.2 + 1.0

25 Angstroms.

The product (35 parts by weight) was bound wiéh 65
parts by weight of an alumina binder by a mulling and
pelletizing procedure. The pelletized mixture was then
calcined, first in nitrogen and then in air, at

o temperatures up to 538°C (1000°F) to remove organic
material included in the as-synthesized material.

Cations in the calcined pellets were then
exchanged with ammonium cations by contacting the
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(physically sorbed water renoved) by heating at, for exanple, 350[err] or
5Q0[err] C to constant weight in flowng helium If the sanple is in
as-synthesized form e.g. containing organic directing agents, it is
calcined at 540[err]Cin air and held to constant weight instead of the
previ ously described 350[err] or 500[err]C treatnment. Benzene adsorption

| sotherns are neasured at 25[err] C by bl endi rgsa -benzene saturated helium
gas streamwi th a pure helium gas streamin the proper proportions to
obtain the desired benzene partial pressure. The value of the adsorption
at 50 Torr of benzene is taken froma plot of the adsorption isothern1

In th | es, Lag o hepwhsg; i ndi.cat ed
Bcample 1 One. hiABranSor HE SRekERE ot L B e A Ry B oxi e

sol uti on, prepared by°%dh1ag?FrﬁfﬁfezgxﬁﬁaW% ed, Red ts were then dried in
trinmet hyl - 1- hexadecansig rituaezhe msaerotqhhmdmbymadlyxdtmde:fscs*bal i de

exchange resin, was C{f_iﬂgd‘%? whdde JeQQdﬂfde% ehraic faHteausasaldiidsan of

0,
tetranethylaqynnlun1( 1%5|£g§§(3nﬁlg¢g velé%% n?é}rkhereby converting

the bound material to the hydrogen form.

The hydrogen form of the bound material was then
impregnated with an ammonium heptamclybdate solution.
More particularly, 45.12 ml of an aqueous solution

10 containing 5.08 grams of ammonium heptamoiybdate (81.5
wt % Moo3) was added to 40 grams of the hydrogen form
of the bound material. The resulting wet material was
dried at 250°F (121°C) and then calcined in air at
1000°F (538°C) under conditions sufficient to decompose

15 ammonium heptamolybdate and generate Moo3, thereby
producing a molybdenum impregnated material.

The molybdenum impregnated bound material was then
impregnated with a nickel nitrate solution. More
particularly, 48.14 ml of an aqueous solution

20 containing 9.12 grams of Ni(No3)2.6320 {(21.2 wt % Ni)
was added to the molybdenum impregnated material. The
resulting wet material was dried at 250°F (121°C) and
then calcined in air at 1000°F (538°C) to decompose
nickel nitrate and generate NiO, thereby producing a

25 nickel and molybdenum impregnated material.

The resulting catalyst had the properties shown in
Table 9. '

T
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stirring. Twenty-five grans of H Sil, a precipitated hydrated silica
centaining 6 wt %free water and 4.5 w % bound water of hydration and
having an ultimate particle size of 0.02 mcron, was added. The resulting

m xture was placed in a polypropylene bottle, Whl ch was kept in a steam box
at 95[err]C overnight. The mi xture had 86

- 42 - a conposition in terns of noles per nole Al[err](err]:
2.7 noles Na[err]O 392 nmoles Siderr] 35.7 nol es
(CTMA) [err] O o
h Table 9
-41 Catalyst Properties
Nickel 4.9
Molybdenum 8.0
5 Real Density, g/cc 2.784
sSurface Area, mz/g 306

(1) 65 wt % MCM-41 and 35 wt % alumina prior to the
metals addition.

Example 27
10 The catalyst of Example 26 was tested for

upgrading an Arabian Light Atmospheric Resid having the
properties set out in Table 10 below.

i
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61.7 noles (TMA)[err] O 6231 noles Herr]O The resulting
solid product was recovered by filtration and dried in air at anbient
tenperature. The product was then cal ci ned at 540[err] C for 1 hour in
nitrogen, followed by 6 hours in air. gycal cined product proved to
have a surface area of 475 nferr]/g and the fo?lomnng equi librium

adsorption capacities in grans/100 grans; Herr]O
8.3 Cycl ohexane 22.9 n- Hexane 18.2
Benzene 21.5 The product of this exanple nay be

characterized by X-ray diffractiion d&ﬁﬂﬁbﬂ@dlng a very strong rel ative
intensity line at 37.8 [err]az SHDIA G 1T - deilkdi nes at 21.6 [err]

1.0 and 19.2 [err] 1.0 [epLleray S8{n electron nicroscopy (TEM
produced i mages of a hexagUﬁéF’ﬁ?#%%%éhenf of uniform pores and hexagonal
el ectron diffraction pattern WRVIEYd[#8F] val ue of Hsdut 39 [err].

5 Hydrogen, wt % 11.71
Sulfur, wt % 3.0
Nitrogen, ppmw 0.18
CCR, wt % 7.7
Asphaltenes, wt % 5.7

1g ce Metals mw
Nickel 8.9
Vanadium 34.0
Iron 2.7

stillation, *C (°F

15 IBP 231 (447).

10% 344 (651)
30% 434 (814)

50% 518 (965)
60% 569 (1056)

20 The oil was processed at 7000 kPa (1000 psig) and

a weight hourly space velocity (WHSV) of 0.66. Reactor
temperature was varied from 600°F (315°C) to 750°F
i399‘C) to caver a widg range of conversion. The
results of this test are given in Table 11. These

25 results indicate that the catalyst is active for
demetallation and asphaltene removal while requiring
low hydrogen consumption (as determined by the low
hydrogen content of the products).

Wi
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Exanpl e 2 One hundred granms of cetyltrinethyl amoni um (CTMA) hydroxi de
sotution prepared as in Exanple 1 was conbined with 100 grans of an aqueous
solution of tetranethylamonium (TMA) hydroxide (25% with stirring.
Twenty-five grans of H Sil, a precipitated hydrated silica containing about
6 Wt % free water and - 88 = - 43 - about
4.5 w % bound water of hydration and having an ultimate particle size of

about 0.02 m cron, was added.

Table 11
Product Properties .

(ATM Resid, 1900 psig, 0.66 WHSV)
Temperature Metals Asphaltenes Hydrogen

3 *C (°F) Ni+V, ppmw Wt % Wt %
316 (600) 21.8 2.61 12.04
343 (650) 13.2 0.9 12.43
371 (700) 3.8 0.29 12.54
385 (725) 1.2 - 12.66

10 399 (750) 0.2 - 12.77
Example 23

Cations in the as-synthesized material of Example
27 were exchanged with ammonium cations by contacting
the material with a solution of 1M NH4NO3 at room

15 temperature for one hour. The exchanged material was
filtered and rinsed with water. This
exchange/filter/rinse procedure was repeated and the
material was then dried at 250°F (121°C) overnight to
form an ammonium exchanged material.

20 35 parts by weight of this ammonium exchanged
material was bound with 65 parts by weight of an
alumina binder by an exprusion procedure, producing
extrudate in the form of 1/16-inch cylinders. The
extruded, bound material was dried overnight at 250°F

25 (121°C). The dried material was then calcined, first
in nitregen and then in air, at temperatures up to
1000*F (538°C) under conditions sufficient to decompose
ammonium ions and to substantially remove organic
material, thereby converting the material to the

3o hydrogen form.

The hydrogen form of the bound material was
humidified with moist air by placing the material in

TN



The resulting m xture was placed in a static autoclave at 150[err]C
overnight. The m xture had a conposition in terns of noles per nole
Alferr]Jerr]: 2.7 noles Na[err]O 291 noles SiJerr]
35.7 noles (CTMA)[err] O 102 noles (TMA)[err] O 6120
noles Herr]O The resulting solid product &8s recovered by filtration
and dried in air at anbient tenperature. The product was then cal ci ned at
540[err] C for 1 hour in nitrogen, followed by 6 hours in air. The

cal cined product proved to have a surface area of 993 nierr]/g and the
foll owi ng equi li bri unthelsgatht p6na cstjreent P£saim »guiansh&cﬂ()aayhaﬁs'ssed

Herr]O tlrough a bubbﬁé:c'aﬁhﬁéféﬁ‘a:emperat@e. - Hexane
36. 2 Benzen ract | on %etern of

| f
the cal ci ned product rgr%/uxbaetegh%?%e "ea!ril 738 the’? ﬁé“Pﬁa%% ‘3{ Ve 3t§Vwgion
relative intensity |ifentaindggzamgripmoheptanalybdaspaanthqickrll mbalatki: nes
at 22.2 [err]51.0 and214.8! riebE] ad .dgukbts | sollitlon containing 25.8 grams

of ammonium heptamolybdate (54.3 wt % Mo, 81.5 wt %
M°°3) and 27.7 grams of NL(N03)2°6H20 (20.2 wt % Ni)
was added to 182 grams of the moisture saturated bound
material. The resulting wet material was dried at

10 250°F (121°C) and then calcined in air at 1000°F
{538°C) under conditions sufficient to decompose
ammonium heptamolybdate and nickel nitrate, generating
Moo3 and NiO, to preduce a molybdenum/nickel
impregnated catalyst.

15 The resulting catalyst had the properties shown in
Table 12.

Table 12
Catalyst Properties

Chemical Composition
20 Nig, wt % 3.3

Mb03, wt % 7.6
Physical Properties

Surface Area (BET), m3/g 645

Pore Volume, cc/g 0.88
25 Avg Pore Dia., Angstroms 55
orosimet cc
<30A 0.26
30~100A 0g.19
100-200A . 0.14
30 >200A ' 0.29

This catalyst was evaluated for upgrading Paraho
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I ndi cated that the product contained the ultra-large pore material.
portion of the above product was then contacted with 100% steam at 788

[err]C (1450[err]F) for two hours.
was neasured to be 440 nR/g,

severe steam ng

44 -

portion of the calcined product of this exampls® was contacted with 100%
steamat 677 [err]C (1250[err]F)

10

15

20

25

shale oil at relatively mild conditions (2.0 LHSV and

7000 kPa (1000 psig) H,)).

data are summarized in Table 14.

Analyses of the retorted
Paraho shale oil are given in Table 13.

Experimental

Table 13
Retorted Paraho Shale 0il
Gravity, °“API 21.7
Hydrogen, wt % 11.49
Nitrcgen, wt % 2.20
Sulfur, wt % 0.69
Arsenic, ppmw 37
Iron, ppmw 27
Nickel, ppmw 2.4
Bromine Number 45
Molecular Weight 307
C=C honds per molecule 0.85
Distillation, °C (°F} B 2887
5% 239 (463)
30% 373 (703)
50% 432 (809)
70% 491 (915)
95% ' -

The results of this evaluation showed that the
catalyst was active for olefin saturation, removal of

iron and nickel, and denitrogenation.

also active for arsenic removal and desulfurization.
The catalyst can dearsenate the shale 0il to less than

1.0 ppaw at 700°F (371°C).

e —_

ThEShaﬁthB

AL

The catalyst is

il

A

The surface area of the steanmed nateri al
i ndicating that 45% was retained follow ng
Anot her

i



»

for two hours. The surface area of this material was neasured to be 718
nerr]/g, indicating that 72% was retained after steam ng at these

condi tions. Exanpl e 3 Water, cetyltrinmethylamoni um hydroxide

sol ution prepared as in Exanple 1, alum num sl¥ate, HSil and an aqueous
sol ution of tetrapropyl amoni um (TPA) brom de (35% were conbined to
produce a m xture having a conposition in terns of noles per nole

Alferr]Jerr]: 0.65 noles NaJerr] O 65 noles Sigerr]
8.8 noles (CTMA) [err] O 1.22 noles (TPA)[err]O 1336
noles Herr]O The resulting m xture Ialced in a pol ypropyl ene
bottl e, which was kept in a steam box at 3§§ér 192 hours. The sanple

C for
was then cooled to roon1tenperatu'“ S—rAddE—EEA hydr oxi de
solution prepared as in Exanpl eS2.Q0HSV} g Q20 03469 wei ght) in the
wei ght ratioSof 3 parts m xt Beéging part CTNA hydrOX|de and 2 parts TMA
hydroxi de. The conbi ned Ne Iron Nickel Arsenic _Sulfur Nitrogen

(ppmw) (ppmw) (ppuw) (Wt %) (ppaw)

Iemp.,
C* {*F)
10 260(500) 0.9 4.3 2.4 7.5 0.66 2.18
288(550) <0.1 3.1 1.9 5.0 0.60 1.98
316(600) <0.1 2.2 1.8 2.5 0.54 1.94
371(700) <0.1 0.3 1.6 <1.0 0.32 1.59
381(717) mm nm nm nm nm am
399(750) <0.1 Q.1 0.2 <1.0 0.15 1.41
15 mm = not measured
Example 29

This Example provides a comparison with a zeolite
catalyst (NiW/USY), using a heavy neutral distillate
whose properties are given in Table 15 below, together

20 with the properties of the oil after solvent dewaxing
to -18°C (0°'F) pour point. It can be seen that the
feedstock has high nitrogen content of 1500 ppm and
that the distillate VI after solvent dewaxing is 53.
The objective of lube hydrocracking the distillate is

25 to increase the VI level to the 95-100 VI range after
solvent dewaxing while maximizing lube yield.

T



m xture was then placed in a pol ypropyl ene bottle and kept

at 95[err] C overni ght.
nol es per
0.65 noles NaJerr] O
(CTMN) [err]O
(TMA) [err] O

10

15

20

25

- and 35 parts alumina.

30

in a steam box

The conbi ned m xture had a conposition in terns of

nole Al[err]Jerr]:

65 noles Sigerr]
1.22 noles (TPA)[err] O
2927 noles Herr]O

- wg -

Table 15

- 45 -
15 nol es
35.6 nol es

Heavy Neutral Distillate Properties

Hydrogen, wt %
Nitrogen, ppm
Basic Nitrogen, ppm
Sulfur, wt %
API Gravity
Kv @& 100°C, mmz/s
Composition, wt %
Paraffins
Naphthenes
Aromatics
Sim Dist, wt %
IBP, ‘C ('F)
5
10
95

12.83
1500
466
0.72
22.0
18.52

18.3
32.2
49.5

407 (765)
452 (8486)
471 (880)

585 (1086}

Solvent Dewaxed 0Oil Properties

KV @ 100°C, mm3/s
VI

Pour Point, °C (°F)
Lube Yield, wt %

20.1
53

18 (0)
87

The heavy neutral distillate feed was processed
over a fixed bed reactor containing a Niw/usy

hydrocracking catalyst made by the following procedure:

a commercial USY (PQ Corp. Z-14 USY) was combined with
-A1203 to form a mixture of 65 parts, by weight, zeolite

Water was added to this mixture

to allow the resulting catalyst to be formed into

extrudates.

The catalyst was then thermally treated at

538°C (1000°F) in flowing air for three hours. A
portion of the resultant extrudate was exchanged with

TMsShmﬂPhsBealRTp
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The resulting solid product was recovered by filtration and dried in air at
arbi ent tenperature. The product was then calcined at 540[err]C for 1 hour

in nitrogen, followed by 6 hours in air. The cal ci ned product proved
to have a surface area of 1085 nferr]/g and the follow ng equilibrium
adsorption capacities in grans/ 100 grans: 3 - Herr]O 11.5
Cycl ohexane > 50 n- Hexane 39.8 Benzene
62 The X-ray diffraction pattern of the cal cined product of this

exanpl e may be characterized as including a very strong relative intensity
line at 38.2 [err] 2agudauss podutivusi Af, arpain@akitrates aad 23s2 [err] 1.0
15,4 (o] D [t s st gt e
get ;?t ri mgt hSI amoni E%%&@QWJ%SXP%? sso-g\t/ﬁ&i ggagé g%a%é&' §8l¢inatismpl e 1
was combined with 2 $PSERRCASDFAFTatR AR #ndakpR elRerRtureDNOhydr at €,
74% al uni na)5 and 100maiiransined ain sagueo(HOGOIRt fop DF Homirsaneghulamypgi um
(TMA) silicate (10% tungsten were incorporated via incipient wetness
coimpregnation using solutions of Ni(NOa)z.sto and
(NH4)6H2W12°40.H20. After drying, the extrudates were
calcined for three hours in flowing air at s538°c
10 (1000°F). The Ni and W loadings on the final catalyst
were 5.8 and 16.6 wt %, respectively.
The processing conditions were 10450-18720 kPa
(1500-2700 psig) hydrogen pressure, 1350 v/v (7500
SCFB) hydrogen circulation and 0.5 to 1.0 LHSV. The
15 total liquid product of the reactor was distilled to a
nominal 343°C+ (650°F+) cut-point and the feed was
subsequently dewaxed with a 60/40 mixture of
MEX/toluene. The results of these experiments are -
summarized in Table 16 below.
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'silica) with stirring. Twenty-five grans of Hi Sil,
si_l ica containing about 6 w
hydrati on and having an ultimate particle size of 0.02 mcron,

46 -

nole Al[err]Jerr]:

a precipitated hydrated
and 4.5 wt % bound wat er of
was

% free water

added. The resulting m xture was placed4na static autocl ave at
150[err] C for 48 hours.

The m xture had a conposition in ternms of noles per
0.23 noles Na[err]O 33.2 nol es

Sigerr] 6.1 noles (CTMA)[err] O

Table 16
{LHDC with NiW/USY)
Temp., "C{‘F) 371(700)  385(725) 399 (750)
Pressure,

5 kPa(psig) 18720(2700) 18720(2700) 10460(1500)
LHSY 0.5 0.5 1.0
650°F+ conv.,

wt % 15.2 29.3 20.0
Lube Properties
10 KV @ 100°C,mm>/s  14.7 10.95 10.68
SUS @ 100°F 982 519 515
VI 72 94 90
Pour Point,
‘C ("F) =15 (5) =15 (5) -15 (5)
18 Lube Yield,
wt 3 80.9 60.1 63.5
Example 30
This example illustrates the use of a commercially
available amorphous catalyst (NiW/Al203) without any
20 promoter. Conditions for this example were 13900 kPa

(2000 psig) hydrogen pressure, 1350 v/v (7500 SCFB)

hydrogen circulation, and 0.5 LHSV.

Table 17 below

summarizes results of this experimental run.
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5.2 noles (TMA)[err}O 780 noles Herr]O The resulting solid
product was recovered by filtration and dried in air at anbient
tenperature. The product was then calcined at 540[err]C for 1 hour in

nitrogen, followed by 6 hours in air. Th al ci ned product proved to
have a surface area of 1043 m/g and the fol 1 6W ng equilibrium adsor ption
capacities in grans/ 100 grans: Herr]O 6.3
Cycl ohexane > 50 n- Hexane 49,1 Benzene
66. 7 The X-ray diffraction pattern of the cal cined product of this
exanpl e may be characterized as includi A§°k¢very strong relative intensity
line at 40.8 2.0 [err] d-spagpagwitindnteakrideesrifyaP@minay 1.0 and 20.1
1.0 [err]. TEMindicat ed th Re pr.g%t(gtjo ont aif@dskPe ul ty1ahaspe pore
mat eri al . Exanpl e 5 %P ?&b% undr SIX y grans of water was combi ned
wth Pressure,
5 kPa (psig) 13900 (2000) 13900 (2000) 133900 (2000)
LHSV 0.5 0.5 0.5
650 F+ conv.,
wt % 15.5 21.5 28.2
Lube Properties
10 Kv @ 100°¢C,
mm?/s 11.44 9.83 8.86
SUS @ 100°F 602 449 369
vI 83.9 91.7 97.0
Pour Point,
15 c (°F) -21 (-=5) -21 {-5) =23 (-10)
Lube Yield,
wt % 70.2 64.3 58.6
Example 31
This example utilizes the same catalyst as Example
20 30 except that the catalyst is activated by in-situ

fluoriding in the fixed bed reactor to achieve a target
2-5 wt % fluorine on catalyst. This was accomplished
by fluoriding the catalyst with a high level (600 ppm)
of fluorine in the distillate for a one week period

25 after which the flourine level is reduced to a 25 ppm
level at which it is held for the remainder of the
experimental run. ortho-fluorotoluene was used as thg
fluoriding agent. Processing conditions were 13900 kPa
(2000 psig) hydrogen, 1350 v/v (7500 SCFB) hydrogen

30 circulation and 0.5 to 1.0 LHSV. The data from these
experimental runs are given in Table 18 below.
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77 grans of phosphoric acid (85%, 46 grans of Catapal alumna (74%

alum na), and 24 grams of pyrrolidine (Pyr) with stirring. This first

m xture was placed in a stirred autoclave and heated to 150[err] C for Si x
days. The material was filtered, washed and air-dried. Fifty

- 47 - granms of this product was slurried wthg@0 grans of water and 200
grans of cetyltrinmethyl amoni um hydroxi de sol ution prepared as in Exanple
1. Four hundred granms of an aqueous sol ution of tetraethylamoniumsilicate
(10% silica) was then added to forma second m xture

Table 18
Wi F ided NiW/a
Temp., °C (°F) 407 (764) 399 (751) 413 (775)
Pressure, kPa
5 (psig) 13900 (2000) 13900 (2000) 13200 (2000)
LHSV ) 1.0 0.5 1.0
650*F+ conv.,
wt 2 16.3 18.9 21.7
Lube Properties '
10 KV @ 100°C,
mmz/s 10.22 9.25 9.12
SUS @ 100°F 468 392 3180
vI 93.8 97.5 98B.8
Pour Point,
15 ‘C ("F) -1 (30) -7 {20) -7 (20)
Lube Yield,
wt % 74.4 70.0 68.5
Example 32
This example shows the benefits of using an M41s
20 molecular sieve for selective lube hydrocracking. A

Niw/MCM-41 catalyst was prepared as outlined below.
A sample of MCM-41 (40 A) was prepared in
accordance with the following method.
The following mixture (parts by weight) was
25 charged to an autoclave:
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whi ch was placed in a pol ypropyl ene bottle and kept in a steam box at
95[err] C overnight. The first mxture had a conposition in terns of noles
per mole Al[err](err]: 1.0 noles Plerr](err] 0.51
noles (Pyr)[err]O 47.2 noles Herr]O The resulting solid
product was recovered by filtration and dried igp air at anbi ent
tenperature. The product was then calcined at 540[err]C for 1 hour in
nitrogen, followed by 6 hours in air. The cal ci ned product proved to
have a surface area of 707 nferr]/g and the follow ng equilibrium

adsorption capacities in rans/lOO 33.2
Cycl ohexane 19.%3-7 bu'| et %tﬁg'&gﬁ%lammonxum (%M hlygr"x"de' Benzene
23. 3 The X-ray diffractipregruedeby efntartingl ai2e@?tphoduct may be
characterized as including a Mewy-airia8ghyBirmdkadecy ity Ehieridde 25. 4
Lerr] 1.5 Lerr] d-spacing. TEMipdG gaugg%ty%ywrngsg —£043h0ggd the present

ultra-I1arge pore material (see
exchange re51 p

1l.7pbw Sodium aluminate,

4.1pbw Tetramethylammonim silicate (10% aqueous
solution, 10.5pbw Precipitated hydrated
silica (Hisil +).

10 The mixture was crystallized at 100°C for 20 hours
with stirring under autogeneous pressure. The
resulting product was recovered by filtration and dried
in air at ambient temperature. A sample of the product
was calcined at 540°C for 1 hour in nitrogen, followed

15 by 6 hours in air for characterization.

The calcined product had a surface area of 1120
m2/g and the following equilibrium absorption
capacities in grams/100 grams:

HZO 10.8
20 Cyclchexane >50
n-hexane >50
Benzene 67

The calcined prodﬁct exhibited very strong
relative intensity line at 38.4 + 2.0 A d&-spacing, and
25 weak lines at 22.6 + 1.0, 20.0 + 1.0, and 15.2 + 1.0 A,
The MCM~41 product was exchanged with room
temperature aqueous solutions of ammonium nitrate and
subsequently dried overnight at 121°C (250°F). A
portion of the resultant crystals was combined with
30 Alzo3 to form a mixture of 65 parts, by weight_MCM-41
and 35 parts alumina. Water was added to this mixture
to allow the resulting catalyst to be formed into

“ﬁﬁ‘iiﬂi’iilﬁil’i“ |“‘fi|t




Exanpl e 6 A solution of 1.35 grans of NaAlJerr] (43.5% A [err](err],
30% Na[err] O dissolved in 45.2 grans of water was m xed wth 17.3 grans of
NaOH, 125.3 grans of colloidal silica (40% Ludox HS-40) and 42.6 grans of
40% aqueous - 48 - solution of
tetraet hyl ammoni um ( TEA) hydroxi de. After stirring overnight, the mxture
was heated for 7 days in a steam box (95[errTC3§'FoIIomAng filtration, 151
grans of this solution was m xed with 31 granms of

extrudates. The catalyst was activated by calcination
at 510°C (950°'F) in 5v/v/min of nitrogen for 6 hours
followed by the replacement of the nitrogen with
5v/v/min of air. The calcination was completed by

5 raising the temperature to 538°'C (1000°F)} and
maintaining that temperature in 5v/v/min air for 18
hours. Nickel and tungsten were incorporated via
incipient wetness coimpregnation using solutions of
Ni(NO,),.6H,0 and (NH,) H,W,,,40.H,0. After drying

10 overnight at 121°C (250°F), the extrudate was calcined
in Sv/v/min air at 538°C (1000°F) for 3 hours,
Physical and chemical properties of the
NiW/MCM-41/A1203 catalyst are:

Nickel, wt % 3.7
15 Tungsten, wt % 9.2
Sodium, ppm 200
Surface Area, mz/ S30
Pore Volume, ml/g 0.780
Particle Density, g/ml 0.883
20 Real Density, g/ml 2.837

This catalyst was used to hydrocrack the
distillate at temperatures from 385° to 401°C (725° to
754°F), 13900 (2000 psig) hydrogen pressure, 1350 (7500
SCFB) hydrogen circulation and 0.55 to 0.61 LHSV. The
25 data from these experimental runs are summarized in
Table 12 below:
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cetyltrinethyl ammoni um hydr oxi de sol ution prepared as in Exanple 1 and
stored in the steambox at 95[err]C for 13 days. The m xture had the

following relative nolar conposition: 0.25 noles Alferr]Jerr]
10 noles Na[err] O 36 noles Sigerr] 0.95 nol es
(CTMA) [err] O 2.5 nmoles (TEA)[err] O, 445 noles Herr]O

The resulting solid product was recovered by 3% tTati on and washed with

wat er and et hanol. The product was then calcined at 540[err]C for 1 hour in
nitrogen, followed by 6 hours in air. The cal ci ned product conposition
included 0.14 wt % Na, 68.5 w % SiJerr] and 5.1 w %A [err]Jerr], and
Droved to have a benzene equilibrium adsofpet®mtapacity of 58.6 gram;/ 100
gr ans. The X-ray diffraction pw_ﬁmned product may be

characterized as including ey str tiveydant 995 ty Ii
[err] 1.5 [err] d- spff Rg' %EI\;I ﬁdi ca Ek? thg'z prcgduc cont"gﬁng';ds@
present ultra-I|arge Fyessv®geri al .

5 xPa (psig) 13900 (2000) 13900 (2000) 13900 (2000)
LESYV 0.61 0.54 0.55
650°*F+ conv.,

wt % 9.3 20.8 36.0
Lube Properties
19 KV @ 100°C,
mm?/s 13.08 10.46 7.59
SUs @ 100°F _ 772 468 261
vI 79 98.1 113.3
Pour Point,
15 ‘Cc (*F) -9.4 (15) -1.1 (30) -1.1 (30)
Lube Yield,
wt % 80.5 66.6 54.3

The NiW/MCM-41 catalyst was selective for

upgrading the heavy neutral distillate from a raw

20 distillate VI of 53 to a 98 VI product at a conversion
level of 20.8 wt %. The lube yield versus VI
selectivity data for Egamples 29 to 32 is represented
in Figure 1. It can be seen that the unfluorided
NiW/MCM~-41 catalyst produces a higher VI product at a

25 given lube yield or altermatively a higher lube yield
at a given VI compared to the other unfluorided
catalysts evaluated, i.e. NiW/USY or NiW/alumina. 1In
the VI:'range of commercial significance (95-100 VI),
the fluorided NiW/alumina catalyst has a slightly

30 higher lube yield vs VI selectivity compared to the
NiW/MCM-41 catalyst but has the draw-back of requiring
fluorine. Additionally, the activity of the NiW/MCM-41

T
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Exanple 7 - A mxture of 300 grans of cetyltrinmethyl ammoni um ( CTMA)
hydr oxi de sol ution prepared as in Exanple 1 and 41 grans of coll oi dal
silica (40% Ludox HS-40) was heated in a 600 cc autoclave at 150[err]C for

48 hours with - 100 - - 49 - stirring at 200
rpm The m xture has a conposition in terns of noles per nole SiJerr]:
0.5 nole (CTMA)[err] O 46.5 noles Herr]O The resulting solid

product was recovered by
catalyst as determined by the temperature requirement
to achieve target conversion was very favorable
compared to both the fluorided and unfluorided
NiW/alumina catalysts. This is shown in Table 20 below
5 where a nominal 20 wt % 343°C+ (650°F+) conversion
severity was achieved.

Table 20

Catalyst activit
Unfluorided Fluorided

10 NiW/McM-41 NiW/alumina NiW/alumina
Temp., ‘C (°F) 393 (739) 407 (765) 400 {751)
65Q°F+ conv.

wt % 20.8 21.5 18.9
Pressure, .

15 kPa (psig) 13900 (2000) 13900 {2000) 13900 (2000)

LHSV 0.54 0.5 0.5

The NiW/MCM-41 catalyst was more active than both
the fluorided and unfluorided NiW/alumina catalysts.
Since lube hydrocracker catalysts typically age with
20 time on-stream, the increased activity of the MCM-41
catalyst system is beneficial in terms of the potential
for improvements in commercial cycle length.

Exampie 33
This example provides a comparison with an
25 amorphous catalyst in the hydroprocessing of a heavy

neutral slack wax. The feed was a heavy neutral (HN)
slack wax whose properties are listed in Table 21
below.
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filtration, washed with water,
nitrogen, followed by 10 hours in air.

conposition included | ess than 0.01 wt % Na, 98.7 wt
%A [err]Jerr],

grans/ 100 grans:

49. 8

then calcined at 540[err]C for 1 hour in
The cal ci ned product
% SiJerr] and 0.01 wt

and proved to have a surface area of 896 nierr]/g. The
cal cined product had the follow ng equilibriumadsorption capacities in

Herr]O 8.4
n- Hexane 42. 3 - o1 -

Cycl ohexane
Benzene 55.
The X-ray diffraction pattern of the calcined product of this exanple may

be characterized as including a very strong relative intensity line at 40.0

_ferr] 2.0 [err] d-spacing and a weak line at 21.2 [err] 1.0 [err]. TEM
“indicated that the product of this exanple c%aRl& Réd at | east three

separ at e phases, one of whic he Wt naa tpal es viaad . Exanpl e
8 A m xture of 150 gra cetyltrinethyl ammonium (CTMA) hydroxi de
solution prepared as in Exanple 1 and
Hydrogen, wt % 14.56
Nitrogen, ppm 54
S Sulfur, wt % 0.102
| API Gravity 34.9
XV @ 100°C, mm>/s 7.117
Solvent Extractables,
wt % (D3235) 34.05
10 simulated Distillation, °‘C ('F)
IBP/5 ' 391/430 (736/80S5)
10/20 442/459 (828/858)
30/40 4707481 (879/898)
50/60 491/502 (916/936)
15 70/80 514/528 (957/982)
90/EP 545/590 (1014/1095)
waxed O Prope es
Nitrogen, ppm 95
Sulfur, wt % 0.220
20 Pour peoint, 'g (°F) -17.8 (0}
KV @ 40°C, mm" /s 92.04
XV @ 100°C, mm’/s 10.53
vI 96.2
composition, wt %
25 Paraffins 23.2
Mononaphthenes 19.4
Polynaphthenes 37.1
Aromatics 20.3
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21 granms of colloidal silica (40% Ludox HS-40) with an initial pH of
12.64 was heated in a 300 cc autoclave at 150[err]C for 48 hours with
stirring at 200 rpm The nixture had a conposition in terns of noles per
nole Sigerr]: - 50 -

0.5 nmole (CTMA)[err] O 46.5 noles Herr]O The resulting
solid product was recovered by filtration, y@ﬁﬂpq with water, then cal cined
at 540[err]C

The feedlwas processed over a fixed bed reactor
containing NiW/alumina fluorided catalyst that was
sulfided and then fluorided in-situ by adding €00 ppm
of fluorine as ortho-fluorctoluene in the slack wax

5 feed for approximately one week to target a fluorine
level of 2-5 wt % on catalyst. The operating
conditions for the run were 13900 (2000 psig) hydrogen
pressure 1 LHSV and the reactor temperature was varied
from 374° to 402°C (705" to 755°F) to cover a wide

10 conversion range. The total liquid product from the
hydrocracking step was then distilled to a nominal
343°C+ (650°F+) cut-point. The waxy bottoms was then
solvent dewaxed to a target -17.8°C (0°F) pour point.
The results of these runs are summarized in Table 22
15 below.
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for 6 hours in air. The cal ci ned product conposition was neasured to
include 0.01 wt % Na, 93.2 wt %SiJerr] and 0.016 wt % Al [err]derr], and
proved to have a surface area of 992 nferr]/g and the follow ng equilibrium

adsorption capacities in grams/ 100 grans: Herr]O
4.6 Cycl ohexane > 50 n- Hexane > 50
Benzene 62.7 The X-ray di ffra_ctliogn_patter n of the cal cined

product may be characterized as including a véry strong relative intensity
line at 43.6 [err] 2.0 [err] d-spacing and weak lines at 25.1 1.5 and 21.7
1.0 [err]. TEMindicated that the product contained the ultra-|large pore

mat eri al . Exanple 9 Sodi um al um nate (4.15g) was added slowy into a
sol ution containing 16g of nyristyltr]nmethyl anmoni um brom de (C err] TMABr)
i n 100g of water. Tetra ﬁ%&”@g’;@;‘zt -10%Sigerr]),
H Sil (25g) and " lwlh?gi*ihw
Mass Bal. No. 411 412 413 415 416 417 418
Reactor temp, 393 398 402 391 385 1380 374
5 ‘C ("F) (740) (750) (755) (735) (725) (715) (705)
650°F~ Conv,
wt % 28 40 48 23 17 10 9
Iube Properties
KV @ 100°C 5.0 4.3 4.0 5.1 5.4 5.9 6.7
10 vI 137 143 140 146 141 137 131
Poaxr Point, ~15 -i7.8 -=20.5 -17.8 -20.5 ~15 -9.4
*C (*F) (5) (0 (-5 O (-5 (5) (1)
VI @ O°F Pour 136 143 141 146 142 136 128
Iube Yield, wt % 40 43 42 40 34 33 29
i5 Wax Corversicn 50 74 84 42 24 12 4

Boiling point canversion is defined as:

650°F~ conversion =
Q°*F+ & ‘ead -~ 650°
650°F+ in Feed
20 Wax Conversion is defined as:

Wax Conversion =
(Wt % Unconverted Wax
Wax in Feed - a fe) {
Wt % Wax in Feed
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t et ramet hyl anmoni um hydr oxi de (14. 2g- 25% sol ution) were then added to the
m xture. The m xture was crystallized in an autoclave at 120[err]C with
Stirring for 24 hours. The product was filtered, washed .and air dri ed.
El emrental anal ysis showed the product contained 53.3 % SiJerr], 3.2 wt%
Alferr]Jerr], 15.0 % C, 1.88 wt% N, 0.11-. 304 -

- 51 - wt% Na and 53.5 wt % ash at 1000[err]C. The X-ray diffraction
pattern of the material after calcination

Example 34

This example illustrates the use of the
ultra-large pore size catalysts.

A Niw/MCM-41 catalyst was prepared as described

5 below. .

A sample of MCM-41 (40 A) was prepared by
crystallizing the following mixture in an autoclave:
60.7pbw Cetyltrimethylammonium (CTMA) hydroxide,

prepared by contacting a 29 wt %

10 N,N,N-trimethyl-1i-hexadecylammonium
chloride solution with a hydroxide-for-
halide exchange resin,

1.3pbw Sodium aluminate,

30.4pbw Tetramethylammonim silicate (10% aqueous
15 solution),

7.6pbw  Precipitated hydrated silica (HiSil, +).

The mixture was crystallized at 100°C for 24 hours
with stirring under autogeneous pressure. The
resulting product was reccvered by filtration and dried

20 in air at ambient temperature. A sample of the product
was calcined at 540°C for 1 hour in nitrogen, followed
by 6 hours in air. The characterisitics of the product
were consistent with its identity as MCM-41.

The MCM-41 was exchanged with room teﬁperature

25 aqueous solutions of ammonium nitrate and subsequently
dried overnight at 121°C (250°F). A portion of the
resultant crystals was combined with A1203 to form a
nixture of 65 parts, by weight MCM-41 and 35 parts
alumina. Water was added to this mixture to allow the

30 resulting catalyst to be formed into extrudates. The
catalyst was activated by calcination at 510°C (950°F)
in Sv/v/min of nitrogen for 6 hours followed by the
replacement of the nitrogen with Sv/v/min of air. The

cet Has Been Reﬁaoed
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at 540[err]C for 1 hour in Nerr] and 6 hours in air includes a very
strong relative intensity line at 35.3 [err] 2.0 [err] d-spacing and weak
I“ines at 20.4 1.0 and 17.7 [err] 1.0 [err] d-spacing. TEMindi cated that
the product contained the ultra-large pore material. The washed
product, having been exchanged with 1N ammoniumnitrate solution at room
tenperature, then cal cined, proved to have a sqgtace area of 827 nferr]/g
and the foll ow ng equilibriumadsorption cabdh ties in g/100g anhydrous

sor bent : Herr]O 30.8 Cycl ohexane
33.0 n- Hexane - 27.9 - Benzene _
40. 7 Exanpl e 10 Sodi um al um nate (8.3g) was added slowléthggquf

sol ution containing 184g_of. dodecyLitdatiedy brnfrfiith iHar b5

=~(C[err] TMACH, 50% s“'(?l%ﬁgf%%m |_9’§tge!c:igﬁ\}$]:[it}1tg§ggn@ftnm Semperatws [iherr] (500Q)
and an aqueous sol ut338iCof 1988 FAm@PRyI3immoni u Shdl GAHEtHRGHEErl xS [ err])

and tetranet hyl ammongwry/ayarab dor( 28, BBYF325% sol ut

i 3
i rated by incipient wetness c&%&%regnation using
incorpo
5 solutions of Ni(NO,),
After drying for 12 hours
extrudate was calcined in 5V

1000°F) for 3 hours. _
( The physical and chemical properties of the
P £ out below:

t are se
10 NiW/MCM-41/A1,0, catalys

.6320 and (NH4)6H2W120040H20.
at 121°C (250°F), the
/v/min air at 538°C

5.8
Nickel, wt % o1
3 .

Tungsten, Wt

200
i m

Sortace avea, 8%/3

rface ?
o 0.749

15 pPacking Density. g/ml

d for wWax
This catalyst was use . .
hydrocracking/hydroisomerizatlon at the‘followlng
13900 kPa (2000 psig) hydrogen

process conditions: ) hydrogen circulation

1350 v/v (7500 SCF/Bbl

pressure, e 29, using the same wax feed

o, 1
1 LHSV, as in Examp
” and°n Exam;le 33. The operatind temperature was
as i . . )
adjusted from 382° to 397°C (720 t? 746°F) to.span a
nge of 343°C- (650°F-) poiling point conversions.
ra

The results of these runs are given in Table 23.
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were then added to the m xture. The m xture was crystallized in an
aytoclave at 100[err]C with stirring for 24 hours. The product was
filtered, washed and air dried. After calcination at 540[err]C for 1 hour
in Nferr] and 6 hours in air, the X-ray diffraction pattern includes a very

strong relative intensity line at 30.4 [err] 1.5 [err] d-spacing and weak
lines at 17.7 [err] 1.0 and 15.3 [err] 1.0l

: el 106 - ,
- 52 - A d-spacing. TEMindicated that the product contai ned
Table 23
Wax HUC/HDT
Mass Bal. MNo. 82 84 a5 8 87 88 30 92
Reactar temp, 182 388 385 389 389 393 397 188
5 ‘c ("F (720) © (725)  (725) (733) (732) (740} (746) (731

650‘?“ m' Wt * 18.‘ 21-5 23.6 29-2 29-8 ‘*lol 59.5 35.6
Lube Properties:

KV 8 100°C 5.81 s.47 5.30 4.86 4.857 4.55 4.29 5.02
vE 143.6 145.7 144.3 142.8 145.7 142.0 141.3 145.6

Pour Point, ~6.7 -5 -5 -5 -5 -2 - 15

10 C (*F) (20) (5) (5) (3 (5 (10 (o (s)

VI @ O°F Four Pt 139.6 144.7 143.3 14l.8 144.7 140 139.3 144.6
Inba Yield, wt & 39.5 38.6  40.3  47.6 443 47.5 419 47.2
Wax Conversion  42.3  49.6  42.7  65.4 68.7 81.3 84.7 65.6
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the ultra-large pore material . The washed product, having been
exchanged with 1IN ammonium nitrate solution at roomtenperature, then
cal cined, proved to have a surface area of 1078 n2/g and the foll ow ng
equi li brium adsorption capacities in g/100g anhydrous sorbent:

Herr]O 32.6 Cycl ohexane 38.1
n- Hexane 33.3 Be_niheo e. 42.9
Exanple 11 A solution of 4.9 grans of Na &err] (43.5 %

Alferr]Jerr], 30% Na(derr]) in 37.5 grans of water was m xed with 46.3 cc
of 40% aqueous tetraethyl ammoni um hydroxi de sol ution and 96 grams of
colloidal silica (40% Ludox HS-40 The gel was stirred vigorously for 0.5
hour, mixed with an equalFAgyrang ¢ %enﬁyawn@etsypwummmammmy

hydr oxi de sol ution pegpetedriaguem-4ix daph tyHenrthahcaré %ﬁbi&?%@rt{dec for

168 hours. The thUEfuJS?ﬁetdhﬁﬁzﬁilﬁ%Qgcé@{ﬂl Lttlo%,,l.rgxtaglﬁrg’ rml es per
mole Alferr]Cerr]: ¥ 343°C- (650" F-) converszon, the fluorided catalyst
5 required a 394°C (742°'F) reactor temperature, whereas,
the MCM-41 catalyst required about 5.6°C (10°F) lower
temperature of 389°C (732°F). In the preferred boiling
point conversion range of about 30-60 wt % 343°cC-
(650°F-) conversion or greater, this activity advantage

10 is beneficial in terms of lower start-of-cycle

temperature and potentially longer catalyst life.
Figure 3 shows that the lube yield for the
fluorided NiW/alumina and the NiW/MCM-41 catalysts are
similar at low wax conversions below S0 wt %, but at

15 -higher wax conversion the unpromoted NiW/MCM-41
catalyst has a desirable yield number benefit compared
to the fluorided NiW/alumina catalyst.

Figure 4 shows that the lube VI of the NiW/MCM-41
is comparable to the VI obtained with the fluorided

20 NiW/alumina catalyst. In the wax conversion range of
commercial interest (50-70 wt %), the McM-41 catalyst
gives a consistantly higher than 140 VI product which
is comparable to the fluorided catalyst.

Figure 5 shows a viscosity benefit of the MCM-41

25 products. At a given wax conversion the lubes cbtained
from the MCM-41 based catalyst are higher in viscosity
than the fluorided amorphous catalyst. Since the wax
hydrocracking/hydroisomerization process significantly
reduces the viscosity of the hydrocracked/

30 hydroisomerized feed, it is desirable to maintain
viscosity as high as possible. Fcr example, the target
viscosity for this feed is 5 nm /s at 100°C; the
fluorided alumina catalyst can achieve this at 50 wt %

TN
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30.6 moles Sigerr] 3.0 noles (TEA)[err] O 3.25

nples (CTMA)[err] O 609 noles Herr]O The resulting solid

product was recovered by filtration, washed with water then cal cined at

540[err] C for 16 hours in air. The cal cined product proved to have a

surface area of 1352 m/g and the follow ng equilibrium adsorption

capacities in grans/ 100 grans: - 53 -
- 108 -

wax conversion. The MCM-41 can operate at much higher
wax conversion of 65 wt % and still achieve target
viscosity. There are significant commercial bhenefits
to operating at higher wax conversion, such as,

5 reduction in MEK loading with higher wax conversion ang
reduction in size of the unconverted wax recycle
stream.

A hydrotreating reactor may be provided downstream
of the hydroisomerization reactor to further stabilize
10 the lube product.
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Herr]O - 23.6 Cycl ohexane >50
n- Hexane T Benzene 67.5 The

49
X-ray diU, M‘Imwm of the cal cined product may be characterized as
i ncl udi NnU« L Bu"elative intensity line at 38.5 [err] 2.0 [.err]

d-spacing and a wlak®lihe at 20.3 [err] 1.0 [err]. TEMindicated that the
product contained the ultra-large pore nmaterial . Exanple 12 Two
hundred grans of cetyltrinethylannoni§n1(CTNMO hydr oxi de sol uti on prepared
as in Exanple 1 was conbined with 4.1% grans efig®mdi um al um nate and 100
grans of aqueous tetramnethyl ammonium (TMA) silicate solution (10%silica)
with stirring. Twenty-five grans of HISi|, a precipitated hydrated silica
containing 6 wt %free water and 4.5 wt % bound wat er of hydration and
having an ultinate pardgpagke. size of 0.02 mcron, was added. The resulting

m xture was placed in a static autaoclave at 150 err] C for 24 hours. The
m xture had a conposition ?h [%erc ag}’éh%ﬁé’g‘*’ﬁafim ERPEET e Pefal

having hydrogenation- dehydrogenation functiocnality and
a support component comprising a non-layered,
inorganic, porous crystalline phase material

3 exhibiting, after calcination, an X-ray diffraction
pattern with at least one peak having a relative
intensity of 100 at a d-spacing greater than 18 A ang
having a benzene sorption capacity greater than 15
grams benzene per 100 grams of the material at 6.7 kpa

10 (50 torr) and 25°C, |

2. A catalytic composition according to Claim 1
in which the crystalline material has, after
calcination, an arrangement of uniformly-sized pores
having diameters of at least 13 Angstrom Units.

3. A catalytic composition according to Claim 1
in which the crystalline material exhibits an electron
diffraction pattern that can be indexed with a 4
value greater than 18 Angstrom Units.

4. A catalytic composition according to Claim 1
in which the crystalline phase has an X-ray
diffraction pattern following calcination with at least
one peak whose d-spacing corresponds to the dloo value

5 from the electron diffraction pattern.

5. A catalytic composition according to Claim 1
in which the crystalline phase has a hexagonal
arrangement of uniformly-sized pores of at least 13 A
diameter and which exhibits, after calcination, a

5 hexagonal electron diffration pattern that can be
indexed with a d100 value greater than 18 A.

6. A catalytic composition according to Claim 5
in which the crystalline phase has an X-ray
diffraction pattern following calcination with at least

100

——————
—_—
—_
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1.25 nmoles Najerr]O 27.8 noles Sigerr] 5.1

noJ es (W 4.40 moles (TMA)[err]O 650
noles H ﬁ'm"ﬂ" sulting solid product was recovered by filtration
and drie '”"""” ﬁnt tenperature. The product was then cal ci ned at
540[ err] C*fof 1t hadur si n+nitrogen, followed by 6 hours in air. TEM i ndicated

that this product contained the ultra-large pore material. The X-ray
diffraction pattern of the - 110 - - 54 -

one peak whose d-spacing corresponds to the d100 value
from the electron diffraction pattern.

7. A catalytic composition according to Claim s
in which the crystalline phase has, after calcination,
an X-ray diffraction pattern which exhibits at least
two peaks at positions greater than 10 Angstrom Units

5 d-spacing at least one of which is at a position
greater than 18 Angstrom Units d-spacing, and no peaks
at positions less than 10 Angstrom units d-spacing with
relative intensity greater than 20% of the strongest
peak.

8. A catalytic composition according to Claim 5§
in which the crystalline phase has, after calcination,
an X-ray diffraction pattern which exhibits no peaks at
positions less than about 10 Angstrom units d-spacing

5 with relative intensity greater than about 10% of the
strongest peak.

9. A catalytic composition according to Claim 1
in which the crystalline material is a metallosilicate.

10. A catalytic composition according to Claim 9
in which the crystalline material is an
aluminosilicate.

11. A catalytic composition according to Claim 1
in which the composition includes at least 0.1 wt % of
the metal hydrogenation-dehydrogenation component.

12. A catalytic composition according to Claim 11
in which the composition includes at least 0.1 wt % of
a noble metal from Period 5 or 6 of Group VIII of the
Pericdic Table.

13. A catalytic composition according to Claim 12
in which the noble metal comprises platinum.

14. A catalytic composition according to Claim 1
in which the composition includes a base metal '

This Sheet Has Been
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cal cined product of this exanple can be characterized as including a very
sfrong refative Tntensrty-1ine at 44.2 [err] 2.0 [err] d-spacing and weak

Ilnes at d 22.0 [err] 1.0 [err]. The cal ci ned product
proved tc! lle'ﬁl ﬂ emgrea of 932 merr]/g and the follow ng equilibrium

adsorpti onr capaei tmessin grans/ 100 grans: Herr]O
39.3 - Cycl ohexane ! 46.6 - 111 n- Hexane
37.5 Benzene : 50 Examal e 13 Two hundr ed

grans of cetyltrinmethylamoni um (CTMA) hydroxi de solution prepared as in
Exanple 1 was conbined with 4.15 granms of sodi um al um nate and 100 grans of

-aqueous tetramet hyl. a%%gghé{i\%%g?w%ﬁ%m ea&bdnﬂea% Sy’

t Twent y- f S g f’
Sontai nong oot Vo {1 kR BPe BRFAL SOE GABE ST D R PR ed&‘?ﬁ' S'ngfe-

15. A catalytic composition accordxng to Claim 14
in which the metal hydrogenation-dehydrogenation
component comprises at least one metal from Group VIII
of the Periodic Table and at least one metal from Group

5 VIB of the Periodic Table.

16. A catalytic composition according to Claim 14
in which the metal hydrogenation-dehydrogenation
component comprises nickel and tungsten.

17. A catalytic composition according to Claim 14
in which the amount of the metal
hydrogenation-dehydrogenation component is at least 1
wt %.

18. A catalytic composition according te Claim 14
in which the amount of the metal
hydrogenation-dehydrogenation component is at least 5
wt %. T

19. A catalytic composition according to Claim 1
which includes a matrix material composited with the
crystalline material.

20. A catalytic composition according to Claim 19
in which the matrix ma;erial comprises alumina.

21. A catalytic composition according to any one
of the preceding claims in which the support component
has a composition, expressed on an anhydrous basis as
follows:

5 TRM, o (W XY Z50)
wherein R is the total organic material not included in
M; r is the number of moles or mole fraction of R:; M is
ocne or more ions; n is the charge of the composition
excluding M expressed as oxides; g is the weighted

10 molar average valence of M; n/q is the number of moles

haﬁ}hsB&qur

T




and haV|n an ultimate partlcle size of about 0.02 mcron, was added. The
resul ti. n m Imm ed in a steam box at 100[err]C for 48 hours. The
m xt ur e 'I"”ﬂrln terms of noles per nole Alferr](err]:

1.25 nol es Ni[etr]® . 27.8 nmoles Si(err] 5.1

nol es (CTN%)[err]O 4.4 noles (-TNQAp[err]O 650
noles Herr]O The resulting solid product was recovered by filtration

and dried in air at anbient tenperature. The product was then cal ci ned at
540[err]C for 1 hour in nitrogen, followed by 6 hours in air. The cal cined

or mole fraction of M; W is one or more divalent

elements: X is one or more trivalent elements; Y is one

or more tetravalent elements; Z is one or more

pentavalent elements; a, b, ¢, and d are mole fractions

5 of W, X, ¥, and Z, respectively; h is a number of from

1 to2.5; and (a+b+c+d) =1,

22. A method of making the catalytic composition
of Claim 1 comprising incorporating a metal having
hydrogenation-dehydrogenation functionality with a
support material comprising a non-layered, inorganic,

5 porous crystalline phase material exhibiting, after
calcination, an X-ray diffraction pattern with at least
one peak having a relative intensity of 100 at a
d-spacing greater than about 18 A and having a benzene
sorption capacity greater than about 15 grams benzene
10 per 100 grams of the material at 50 torr and 25°C.

23. A method according to Claim 22 in which the
metal is incorporated into the support material by
cation—-exchange with the support material.

24. A method according to Claim 23 in which the
metal is incorporated into the support material by
cation-exchange with the crystalline material in the
as-synthesized condition.

25. A method according to Claim 22 in which the
metal is incorporated into a support material
comprising the crystalline phase material and a binder.

26. A method according to Claim 25 in which the
metal is incorporated into the support material by
impregnation. _

27. A catalytic composition of Claim 1 wherein
the catalytic composition having a surface area s,
expressed in mz.g'l, is defined by the equation:

S > 600 -13.3X

uiiiim'i‘iilﬂiﬁ‘ 10
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product proved to have the follow ng equilibriumadsorption capacities in
mamﬁﬁm{ﬁwm_*__‘__ WeH]O 35.2

Cycl - Hexane 40. 8

Benzene 'wmuu#’ "ﬂl’ The X- ray diffraction pattern of the cal cined
pr oduct zed as including a very strong relative intensity
line at 39.1 [err] 2.0 [err] d-spacing and weak lines at 22.4 [err] 1.0 and
19.4 [err] 1.0 [err]. TEMindicated that thi-sipsoduct contained the

ultra-large pore material. Exanpl e 14 A m xture of 125 granms of 29%
CTMA chl ori de aqueous solution, 200 grans of water, 3 granms of sodium
alumnate (in 50 grans Herr]O, 65 grans of Utrasil, anorphous

preci pi tated silica ayailab) ¢ f LomBRaP0RREIA 1884149 % 249520k NAOH (i n 50

grans Herr]O was
least 12 wt %.

28. A catalyst composition acccording to Claim 27
in which the crystalline phase material has, after
calcination, a hexagonal arrangement of unifromly?sized
pores with diameters of at least about 13 A and

5 exhibits a hexagonal electron diffraction pattern that
can be indexed with a leO value greater than 18 A.

29. A catalyst composition according to Claims 27
or 28 in which the crystalline phase material has an
X-ray diffraction pattern following calcination with at
least one peak whose d-spacing corresponds to the d

5 value from the electron diffraction pattern.

30. A catalyst composition according to Claims
27, 28, or 29 in which the crystalline phase exhibits a
benzene adsorption capacity of greater than 15 grams
benzene per 100 grams at 6.7 kPa (50 torr) and 25°C.

31. A catalyst composition according to Claims
27, 28, 29 or 30 in which the crystalline phase
material has a composition expressed as follows:

Mn/q(waxbyczdoh)

3 wherein M is one or more ions; n is the charge of the
composition excluding M expressed as oxides; q is the
weighted molar average valence of M; n/q is the number
of moles or mole fraction of M; W is one or more
divalent elements; X is one or more trivalent elements:;

10 Y is one or more tetravalent elements; Z is one or nore
pentavalent elements; a, b, ¢, and d are mole fractions
of W, X, ¥, and Z, respectively; h is a number of from
1 to 2.5; and (a+btc+d)} = 1,

32. A catalyst composition according to Claim 31
wherein W comprises a divalent first row transition
metal or magnesium; X comprises aluminum, boron,

100
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stirred th hly and crystallized at 150[err]C for 168 hours. The
reaction &?ﬁeﬁgg\ﬁad\th follomﬁng rel ative nolar conposition in terns of
mol es per q%ﬁ 0.10 noles (CTMA) [err] O

21.89 nol es ™ Wﬂ@é/’/l "~ 0.036 noles NaAl Jerr] 0.53
nol es NaOH The ﬁy oduct was isolated by filtration, washed with
water, dried for 16 hours*at roomtenperature and cal cined at 540[err]C for
10 hours in air. The cal cined product proved to have a surface area of 840

mMerr]/g, and the foll ow ng equilibrium adsortizan-capacities in grans/100
gr ans:

-

gallium or irom; Y comprises silicon or germanium; and
.Z comprises phosphorus.

33. A catalyst composition according to Claip 31
wherein a and d are 0 and h = 2,

34, A catalyst composition according to Claim 33
wherein X comprises aluminum, boron, gallium or iron
and Y comprises silicon or germanium.

35. A catalyst composition according to Claim 27
in which the catalyst comprises at least one base metal
of Groups VIA, VIIA or VIIIA of the Periodic Table.

36. A catalyst composition according to Claim 27
in which the catalyst comprises at least one base metal
of Group VIA and at least one base metal of Group VIIIA
of the Periodic Table.

37. A catalyst composition according to Claim 27
having a surface area of at least 200 ng-l and a total
metal content of at least 12 wt %.

38. A catalyst composition according to Claim 27
having a surface area of at least 300 m2q°1 and a total
metal content of 12 to 20 wt %.

39. A hydroprocessing catalyst acdording to Claim
27 having a surface area of at least 200 m2g°1, a total
metal content of at least 12 wt % and a pore volume of
at least 0.6 cc. g

40. A hydroprccessing catalyst according to Claim
27 having a surface area of at least 300 ng-l, a total
metal content of 12 to 20 wt % and a pore volume of 0.6
to 0.8 cc.g T,

41. A hydroprocessing catalyst according to Claim
27 having a surface area of at least 200 m2g ', a total
metal content of at least 12 wt % and a real density of

up to 6.0 g.cc T,

— —_
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- %6 -  ———Herr]O 15.2 Cycl chexane 42.0

n- Fbxane ”' Benzene 62 The X-ray diffraction
pattern o] ’ﬁ ”ﬂWbduct may be characterized as including a very
strong relatlve 1] line at 40.5 [err] 2.0 [err] d-spacing. TEM

I ndi cated that the product contained the ultra-large pore material. Exanple
15 To make the primary tenplate mxture for this exanple, 240 grans of
water was added to a 92 gram sol uti on of 50%-dadd8cyl tri met hyl anmoni um
hydr oxi de, 36% i sopropyl al cohol and 14% water such that the nole ratio of

Solvent/ R2/ f O was 155. The nole ratio of HROR2/fOin this m xture was 149
and the |PAAR2/fO nole ratio was 6. To the prinmary tenplate m xture was

added 4. 15 grans of sodi ugyal ugnng@;th@d &b wHiagy af cktdiyst E0RxEHANG, %
aqueous tetranethylaqunlugys hlégi §4é§§<ygcg%85g§%£&§rrkthpd 15 gr ans

com
of 25%
component into an inorganic, non-~layered, porous,

crystalline phase material having pores with diameters

5 of at least about 13 A and exhibiting, after
calcination, an x-raQ diffraction pattern with at least
one peak with a relative intensity of 100 at a
d-spacing greater than about 18 A, to produce a
bifunctional catalyst having a surface area, S,

~1,, defined by the equation:

S 2 600 - 13.3X

where X is the metal content in wt % and is at least 12

wt %.

43, A method of making a catalyst according to
Claim 42 in which the metal is incorporated by
impregnation into the calcined crystalline material.

44. A method of making a catalyst according to
Claim 42 in which the metals of the metal component are
incorporated by impregnation into the calcined
crystalline material. '

45. A method of making a catalyst according to
Claim 44 in which the metals are incorporated by the
incipient wetness method.

46, A method of making a catalyst according to
Cclaim 42 in which the metals are incorporated in to the
calcined crystalline material in the absence of a
fluorine-containing promoter.

47. A method of making a catalyst according to
Claim 42 in which the pore diameter of the catalyst is
at least 30 A.

10 expressed in mz.g

-
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é?leous t et ramet hyl anmoni um hydr oxi de sol ution. The nole ratio of
(fO(Sigerr] +Al[err](err]) was 0.28 for the m xture. This m xture
was stirred at 25[err]C for 1 hour. The resulting m xture was then pl aced
in an autoclave at 100[err]C and stirred at 100 rpmfor 24 hours. The

. mxture in.the autoclave had the followng rel ative nolar conposition in

ternms of noles per nole SiJerr]: : - - : - 57
- 0.05 nole Ha[err] O 0.036 nmole Alferr]Jerr]
100 q
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!.?’;18 mete—{Clerr| TMA) [err] O 0.12 nmole (TMA) [err] O

6.0 moles Herr]O 1.0 nole | PA The resulting solid
pr-oduct ag8¢, filtrati on, washed with water and dried in air at
anbi ent Hhe product was then calcined at 540[err]C for 1 hour
in nitro by 6 hours in air. The cal ci ned product proved
to have a surface area of 1223 nferr]/g and the follow ng equilibrium
adsorption capacities in granms/ 100 grans: Herr]O
25.5 Cycl ohexane 41. 1 n- Hexane
35.1 Benzene

The X-ray diffraction
pattern of the cal ci ned product may be characterlzed as including a very

strong relative intensity I|ne J? rr] 1.5 [err] d-spacing and weak
lines at 17.9 [err] 1.0 and 15 err roduct to
cont ai i thewA)E Hy{%mmpﬁ&lmaﬁjh onvsasxoﬁ“%”f&&ﬁ?ﬂp&dﬁep -

90 L

sot :

T0F . 6723 NWMCM-41 ]

80t <. Niwansmena (F) kY

sof . ]
¢ of :
3 .
5 (2§
L7 4
©
g ¢
s -y
9 st
W
2
T ] % J

1 LHSYV, 2000 PSIG
HNSLMQ(“M% .
3 ’ : : : 7;0 720 710 700 690 80
0 m e = RERC7‘°| OR TEMPERATURE, «F
FIGURE 3
LUBE YIELD VS WAX CONVERSION - HN SLACK WAX
7° 1 | 4 LY 3 4 1§

) ]

60 % * » §729 NIW/MCM-41

100 ¢/ LUBE SELECTIVITY ]
v - NiWfalurmana (F) -

LUBE YIELD, DAY WAXQ+F POUR
&

¥ [] 4 ¥ + ¥ L] 3 b ]
10




npl Grms]sﬁeetHaSBeé\lmla@ gram quantity of decyltrinethyl ammoni um hydroxi de

6 repare aca 29w %solution of decyltrinethylamoni um -
WD : . :

brom de e-for-halide exchange in) was conbined with 8.75
grans of y ort osilicate. The m Xt .sti-rred for about 1 hour

and t hen transferred to a pol ypropyl ene jar ‘'was then placed in a

st eanbox . . - 58 - for about 24 hours.
The mixture had a conposition in FIGURE ¥
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terms of noles per nole SiJerr]: 0.81 nmole (CJerr]TMA)[err] O
47.6 noles Herr]O The resulting solid product was filter etowenrd shed

several tinmes with warm (60[err]-70[err]C) distilled water and with
acetone. The final product was calcined to 538[err]Cin Nerr]/air mxture
and then held in air for about 8 hours. The cal cined product proved to have
a surface area of 915 nferr]/g and an egai+ibrium benzene adsorption
capacity of 35 grans/ 100 grams. Argon physisorption data indicated an argon
upt ake of 0.34 cc/gram and a pore size of 15 [err]. The X-ray

diffraction pattern of the calcined product of this exanple may be
characterized as including a J§$§Q§$&§ﬁ§;¥§4¥ﬂﬁ%ﬁi$tensity line at 27.5
[err] 1.5 [err] d-spatiisginvehtieakrelates &o aShfdfaprokedsdhgnd 13.7 1.0

Lerr]. TEMindi caiemystabasde i afheseolc biksa B gotaniplied the
ultra-1|arge porecnpggr&al. Exanple 17 To eighty grans of
cetyltrinethyl anton L?f}l I”i?ﬁr%ﬁe é‘g?'&TMAO—D solution prepared as in Exanple 1

This invention relates to catalysts which are
especially useful for hydrocracking and for other
hydroprocessing applications including hydrotreating
and hydrofinishing. They are particularly useful for
the production of high viscosity index lubricants by
hydrocracking mineral oil feedstocks, especially
distillate stocks.

Many chemical processes, especially in the
petroleum refining and petrochemical industries utilize
bifunctional catalysts which exhibit both acidic and
hydrogenation-dehydrogenation activity. Catalysts of
this type are frequently used in-the processing of
various hydrocarbon fractions in processes where
hydrogen is present either as a feed component or as a
product of the reaction such as hydrogenation,
hydrocracking, hydrotreating, hydrofinishing,
hydrodewaxing (see U.S. Patent No. 3,968,024),
hydrodemetallation, hydroisomerization, reforming and
the like. For the purposes of this application,
processes of this type are referred to as
hydroprocessing applications regardless of whether the
hydrogen is used as a féed component, i.e. a reactant
as in hydrocracking, or is produced in the process as
one of the reaction products as in reforming.
Bifunctibnal catalysts are utilized in various
petfochemical hydroprocessing applications such as, for
example, xylene isomerization, as described in U.S.
Patent Nos. 3,856,572; 4,101,597 and 4,312,790; toluene
disproportionation as described in U.sS. patent No.
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was added 1.65 granms of NaAlJerr]. The mxture was stirred at room
tenperature until the NaAlJerr] was dissolved. To this solution was added
40 grams of aqueous tetranethyl ammoni um (TMA) silicate solution (10 wt %
Sigerr]), 10 grans of H Sil, 200 grans of water and 70 grans of
1,3,5-trinethyl benzene (nesitylene). The resulting m xture was stirred at
roomtenperature for several mnutes. -The.gel was then | oaded into a 600 cc
aut ocl ave and heated at 105[err]C for BTxty-ei ght hours
- 59 -
4,052,476 and other reactions where hydrogen is present
either as a feed component or as a product of the
desired reaction. In many petroleum refining
applications, the metal component is supported on an
amorphous support material such as alumina or
silica—-alumina since these materials often have the
requisite pore volumes and the appropriate pore sizes
for the high molecular weight hydrocarbons which may be
encountered in the processing.
Hydrocracking is a process which has achieved
widespread use in petroleum refining for converting
various petroleum fractions to lighter and more
valuable products, especially distillates such as jet
fuels, diesel oils and heating oils. Hydrocracking is
generally carried out in conjunction with an initial
hydrotreating step in which the hetercatom-containing
impurities in the feed are hydrogenated without a
significant degree of bulk conversion. During this
initial step, the hetercatoms, principally nitrogen and
sulfur, are caonverted to inorganic form (ammonia,
hfd:cgen-sulride) and these gases may be removed prior
to the subsequent hydrocracking step although the two
stages may be combined in cascade without interstage
separation as, for example, in the Unicracking-JHC
process and in the moderate pressure hydrocracking
process described in U.sS. Patent No. 4,435,275.
In the second stage of the operation, the
hydrotreated feedstock is contacted with a bifunctional
catalyst which possesses both acidic and
hydrogenation/dehydrogenation functionality. In this
step, the characteristic hydrocracking reactions occur
in the presence of the catalyst. Polycyclic aromatics
in the feed are hydrogenated, and ring opening of

09 JAN 1997




with stirring at 150 rpm The m xture had a conposition in terns of noles

per nole Alferr](Jerr]: 1.25 noles NaJerr]O 27.8
noles Sigerr] 5.1 noles (CTMA)[err] O 2.24 nol es
(TMA)[err]O 2256 noles Herr]O 80. 53 nol es

1, 3,5-trinethyl benzene The resulting product was filtered and washed

several tinmes with warm (60[err]-70[errl@ -distilled water and with
acetone. The final product was cal cined™T0 538[err]Cin Nerr]/air mxture
and then held in air for about 10 hours. The cal ci ned product proved to
have an equil bri um benzene adsorption capacity of >25 grans/ 100 grans.

The X-ray diffrag&%o atte the.caLcinegigrod ct may be characterized

as including a broag,gt %r‘y‘ E’rag tém"rneJIC:atrij'\?gsi $7%5iRF°Pi trRIethezbwith 102
[err] d-spacing, dsaikytatian-e PusthenAydspoenatien mayhtalexiplage | ow angl e
region of the X-nppndbpérinnf ogntpatdrematacerings. dikbbfdidy tugoge £ mne
e oar e o et B4 LB conB LU VA o1 01T T
aromatics in the feed will be hydrocracked to
paraffinic materials or, under less severas conditions,
to monocylic aromatics as well as paraffins.
Naphthenic and aromatic rings may be present in the
product, for example, as substituted naphthenes andg
substituted polycyclic aromatics in the higher boiling
products, depending upon the degree of cperational
severity.

In the lube hydrocracking process, which is well
established in the petroleum refining industry, an
initial hydrocracking step is carried out under high
pressure in the presence of a bifunctional catalyst
which effects partial saturation and ring opening of
the aromatic components which are present in the feed.
The hydrocracked product is then subjected to dewaxing
in order to reach the target pour point since the
products from the initial hydrocracking step which are
paraffinic in character include components with a
relatively high pour point which need to be removed in
the dewaxing step.

In theory, as well as in practice, lubricants
should be highly paraffinic in nature since paraffins
possess the desirable combination of low viscosity and
high viscosity index. Normal paraffins and slightly
branched paraffins e.g. n-methyl paraffins, are waxy
materials which confer an unacceptably high pour peoint
on the lube stock and are therefore removed during the
dewaxing operations in the conventionaj refining
process described above. It is, however, possible to
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this low 2-theta angle. The slits used in this exanple, starting at the

were 0.1, 0.3, 0.5 and 0.2 nmm respectively. TEM indi cated that
t he product of this exanple contained several

X-ray tube,

d[err] values as observed in their electron diffraction patterns.

materials were found to possess d[err] val ues between 85 [err]
and 120 A d-spaci ng. Exanpl e 18

-4 -

process waxy feeds in order to retain many of the
benefits of their paraffinic character while overcoming
the undesirable pour point characteristic. A severe
hydrotreating process for manufacturing lube oils of
high viscosity index is disclosed in Developments in
Lubrication PD 19(2), 221-228, S. Bull et al, and in
this process, waxy feeds such as waxy distillates,
deasphalted oils and slack waxes are subjected to a
two-stage hydroprocessing operation in which an initijal
hydrotreating unit processes the fseds in blocked
operation with the first stage operating under higher
temperature conditions to effect selective removal of
the undesirable aromatic compounds by hydrocracking and
hydrogenation. The second stage operates under
relatively milder conditions of reduced temperature at
which hydrogenation predominates, to adjust the total
arcmatic content and influence the distribution of
aromatic types in the final product. The viscosity and
flash point of the base oil are then controlled by
topping in a subsequent redistillation step after which
the pour point of the final base oil is controlled by
dewaxing in a solvent dewaxing (MEK-toluene) unit. The
slack waxes removed from the dewaxer may be reprocessed
to produce a base oil of high viscosity index.
Processes of this type, employing a waxy feed which is
subjected to hydrocracking cover an amorphous
bifunctional catalyst such as nickel-tungsten on
alumina or silica-alumina are disclosed, for example,
in British Patents Nos. 1,429,494, 1,429,291 and
1,493,620 and vy.s. Patents Nos. 3,830,273, 3,776,839,
3,794,580, and 3,682,813.

In lube processes of this kind, the catalyst is,
1ijke the fuels hydrocracking catalyst, typically a

materials with different

These

d- spaci ng

60
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To eighty granms of cetyltrimethyl anmoni um hydroxi de (CTMACH) sol ution
prepared as in Exanple 1 was added 1.65 grans of NaAl(Jerr]. The m xture
was stirred at roomtenperature until the NaAlJQerr] was dissolved. To this
sol ution was added 40 grans of aqueous tetranethyl amonium (TMA) silicate
solution (10 wt % Sigerr]), 10 grans of H Sil, 200 granms of water and 120
grans of 1,3,5-trinethylbenzene (nesityd 8ne). The resulting m xture was
stirred at roomtenperature for several mnutes. The gel was then | oaded
into a 600 cc autoclave and heated at 105[err]C for ninety hours with
stirring at 150 rpm The m xture had a conposition in ternms of noles per
nmole Al[err]Jerr]: ) 1.25 noles NaJerr] O 27.8
nol es Si Jerr] bilfunctional cagaiyfp| GRNYAETNRA| 8r P9l hydrogenation 2. 24

nol es (TMA) [ err] Eomponent on an amdZbfiowsd|xsidilcesupfidrt. The metal 132.7

moles 1,3, 5-tri ngiid RARZE08 sually a combination of base metals, with
one metal selected from the iron group (Group VIIIA)
and one metal from Group VIA of the Periodic Table, for
example, nickel in combination with molybdenum or
tungsten. The activity of the catalyst may be
increased by the use of fluorine, either by
incorporation into the catalyst during its preparation
in the form of a suitable fluorine compound or by in
situ fluoriding during the operation of the process, as
disclosed in GB 1,390,359,

Although the lube hydrocracking processes using an
amorphous catalyst for the treatment of the waxy feeds
has shown itself to be capable of producing high V.I.
lubricants, it is not without its limitations. The
major process cbjective in lube hydrocracking (LHDC) is
to saturate the aromatic components in the feed to
produce saturated cyclic compounds (naphthenes) or, by
ring opening of the naphthenes, paraffinic materials of
improved lubricating properties. This requires the
hydrogenation activity of the catalyst to be high.
There is no correspond%ng requirement for a high level
of cracking activity since no major change in boiling
range is required or even desirable: the amount of
material in the lube boiling range, typically 650°F+,
should be maintained at the maximum level consistent
with the degree of ring opening required to furnish a
lube product of the desired quality. This combination
of requirements has typically led to the use of LHDC
catalysts with high metals loadings, particularly for
base metal combinations with Group'VIA metals such as
tungsten: commercial LHDC catalysts currently available
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The resulting product was filtered and washed several tines with warm
(60[err]-70[err]C) distilled water and wth acetone. The final product was
calcined to 538[err]Cin Nerr]/air mxture and then held in air for 10
hours. The cal ci ned product proved to have a surface area of 915 nferr]/g
and an equil brium benzene adsorption capacity of >25 grans/ 100 granms. Argon
physi sorption data indicated an argon upsake of 0.95 cc/gram and a pore
size centered on 78 [err] (Dollinore-Heal Method, see Exanple 19(b)), but
running from70 to greater than 105 [err]. The X-ray diffraction pattern of
t he cal ci ned product of this exanple may be characterized as having only

enhanced scattergg, éngéﬁgaﬁ_ynj_ékélhﬁo&@mgé @f skgbet reg anngtdrhe X-ray
di ffraction, Mheagadxng éﬂ;‘ roqhe range of 10 to 25%.

The use of high metal loadings, although necesary
for the hydrogenaticn function, brings a concomitant
disadvantage, that the surface area decreases with
increasing metal content, so that the area available
for the acid-catalyzed reactions decreases and it is
usually necessary to resort to the use of acidity
promoters such as fluorine to restore the acidity to
the requisite level. There are environmental and
metallurgical {corrosion) concerns associated with the
use of fluorine and other promoters used with these
catalysts, regardless of whether the promoter is added
to the catalyst initially or, as is more common, by the
use of a promoter which is sorbed onto the catalyst
immediately prior to use or continuously during
operation.

Another problem connected with the use of high
metal loadings is that it becomes progressively more
difficult to introduce the metal inta the porous
structure of the catalyst as the metal cantent
increases: the metal already on the catalyst tends to
block the pores of the_catalyst so that no more metal
can enter. To overcome this problem, the metal may be
incorporated into the catalyst during its manufacture
by adding the metal in the form of a solution at the
hydrogel stage. The metal-containing hydrogel is then
calcined so that the metal is uniformly distributed
throughout the pore structure of the catalyst.
processes of this type are described in British Patents
Nos. 1,398,384; 1,493,620; 1,546,398 and 1,565,425.
This process, however, is not preferred to impregnation
or exchange because it ypically produces catalysts
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- 61 - the transmtted incident X-ray beamis usually observed. However,
TEM i ndi cated that the product contained several materials with different
d[err] values as observed in their electron diffraction patterns. These
materials were found to possess d[err] val ues between 85 A d-spacing and

110 A d-spaci ng. Exanpl e 19 To eighty grans of
cetyl trinmet hyl ammoni um hydr oxi de ( CTMA -sol ution prepared as in Exanple 1
was added 1.65 granms of NaAlJerr]. The mxture was stirred at room

tenperature until the NaAl Q2 was dissolved. To this solution was added 40
grans of aqueous tetramet hyl anmoni um (TMA) silicate solution (10 wt t

Sigerr]), %li. g oblsi Ipetand dikp@raisnof the mathlsneivyldbenzene
(mesityl che) Te TEsUTTing Mo} ULe s ohbhatedudlingoqu taper ature for

process steps which follow the introduction of the
metals.

With these factors in mind, it becomes clear that
it would be desirable to have the capability to
formulate a catalyst with high metals loading which
could be manufactured by simple exchange or
impregnation techniques and which retained a high
surface area even at high metals loadings. Such
catalysts would be of especial use for LHDC processes
but would also find application for other hydrotreating
processes such as hydrogenation, hydrofinishing, and
far hydrcqemetallation, especially of high metal
content petroleum fractions such as residual fractions,
shale oil and the like.

The present invention is directed to bifunctional
catalysts which are based on a novel class of materials
with useful catalytic properties. According to the
present invention, the bifunctional catalysts which may
be used to catalyze a wide variety of reactions,
especially hydroprocessing reactions such as those
referred to above, comprise a metal
hydrogenation—dehydrcqenation component which is
supported on a synthetic composition of matter
comprising an ultra-large pore crystalline phase. The
crystalline material of this invention is an inorganic,
porous, non~-layerad phase having uniformly-sized pores
with a maximum perpendicular cross-section pore
dimension of at least 1.3 nm (13 Angstroms (A)),
usually within the range of from 1.3 to 20.0 nm (13 to
200 Angstroms). These crystalline materials exhibit
an X-ray diffraction pattern with at least one peak
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m nutes. The gel was then |oaded into a 300 cc autoclave and heated at
105[err]C for four hours with stirring at 150 rpm The m xture had a

conposition in terns of noles per nole Alferr](Jerr]: 1.25
nol es Na[err] O 27.8 moles Sierr] 5.1 nol es
(CTMA) [err] O 2.24 noles (TMA)[err] O 650 nol es
Herr]O 19.9 nol es 1, 3, 5-+r8 wet hyl benzene The resul ting

product was filtered and washed several “tines with warm (60[err]-70[err]C
distilled water and with acetone. The final product was calcined to

538[err]Cin N2/air mxture and then held in air for about 8 hours.
having a relative intensity of 100 at a d~spacing

greater than 1.8 nm (18 A). They possess high
porosites and surface areas which results in
correspondingly high sorptive capacities indicated by a
benzene adsorption capacity of greater than 15 grams
benzene/100 grams crystal at 6.7 kPa (50 torr) and
25°'C. They may also be characterized by the electron
diffraction pattern which can be indexed with a dloo
value greater than about 1.8 nm (18 Angstroms). 1In a
preferred embodiment, the pores are arranged in a
uniform hexagonal arrangement which is manifested in
the X-ray and electron diffraction patterns.

As demonstrated hereinafter, the inorganic,
non-layered mesoporcus crystalline materials used to
support the metal component af the catalysts have the
following composition:

My /qtWa %p Yo Zg Op)
wherein W is a divalent element, such as a divalent
first row transition metal, e.g. manganese, cobalt and
iron, and/or magnesium, preferably cobalt; X is a
trivalent element, such as aluminum, boron, iron and/or
gallium, preferably aluminum; Y is a tetravalent
element such as silicon and/or germanium, preferably
silicon; 2 is a pentavalent element, such as
phosphorus; M is one or more ions, such as, for
example, ammonium, Group IA, IIA and VIIB ions, usually
hydrogen, sodium and/or fluoride ions; n is the charge
of the composition excluding M expressed as oxides; q
is the weighted molar average valence of M; n/q is the
number of moles or mole fraction of M; a, b, ¢, and d
are mole fractions of W, X, Y and Z, respectively; h is
a number of from 1 to 2.5; and (at+b+c+d) = 1.
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- 62 - The cal ci ned product proved to have a surface area of 975
nerr]/g and an equil bri um benzene adsorption capacity of >40 grans/ 100
grans. Argon physisorption data indicated an argon uptake of 0.97 cc/gram
and a pore size of 63 A (Dollinore-Heal Method), with the peak occurring at
The X-ray diffraction pattern of the cal ci ned product
of this exanple nmay be characterized as-igneluding a very strong relative
intensity line at 63 + 5 A d-spacing and weak lines at 36.4 2.0, 31.3
[err] 1.5 A and 23.8 [err] 1.0 [err] d-spacing. TEMindicated that the
product of this exanple contained the ultra-large pore material .

20 Argon Physi sorptiagn ] ion. To.determne the pore dianeters
of the mesoporous r%d@??gg%\ng%%a%%rggémﬂbt toofoézge[%??“[e iSTYSFasking . 0.2 gram

P/ P[ err] =0. 65.

material is when (atb+c) is greater than d, and h = 2.
A further embodiment is when a and d = 0, and h = 3,

In the as-synthesized form, the crystalline
support has a composition, on an anhydrous basis,
expressed empirically as follows:

rRMn/q(Wa Xp Yo Zq O)
wherein R is the total organic material not included in
M as an ion, and r is the coefficient for R, i.e. the
number of moles or mole fraction of R.

For the purposes of making the present
bifunctional catalysts, the preferred forms are the
metallosilicates, of which the alumincsilicate is
usually the most preferred.

The M and R components are associated with the
material as a result of their presence during
crystallization, and are easily removed or, in the case

" of M, replaced by post-crystallization methods

hereinafter more particularly described.

To the extent desired, the original M, e.g. sodium
or chloride, ions of the as-synthesized material of
this invention can be replaced in accordance with
techniques well known in the art, at least in part, by
ion exchange with other ions. bPreferrad replacing ions
include metal ions, hydrogen ions, hydrogen precursor,
e.g. ammonium, ions and mixtures thereof. For use in
the present catalysts, cations of metals which exhibit
hydrogenation~ dehydrogenation functiocnality may be
exchanged into the crystalline material to provide some
or all of the metal component. oOne advantage accruing
from the large pores ize of the mesoporous materials is
that it is possible to carry out a catign exchange |
without the necessity of calcining the as-synthesized

Examp |l e
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sanpl es of the products of Exanples 1 through 17 were placed in glass
sanpl e tubes and attached to a physisorption apparatus as described in U S.
Pat ent No. 4,762, 010. The sanples were heated to 300[err]C for 3 hours
i n vacuo to renove adsorbed water. Thereafter, the sanples were cooled to

87[err]K by i mersion of the sanple tubes in |iquid argon.

of gaseous argon were then admtted to-tipe-sanples in stepw se nmanner
described in U S. Patent No. 4,762,0107C0"umm 20. Fromthe amount of

admtted to the sanples and the amount of argon |eft

in the gas space

t he sanpl es, the anount of argon adsorbed can be cal cul ated. For this
cal culation, the ideal gas |aw and the calibrated sanple vol unes were
(See al so material to remove the organic materials used in the

synthesis. As an alternative (or in addition to} the
incorporation of the metal component of the catalyst by
exchange, the metal may also be provided by
impregnation using cations or anions of the metal or
metals, as described further below. Cations which may
be exchanged into the crystalline material include
hydrogen, rare earth metals and metals of Groups IA
(e.g. K), IIA (e.g. Ca), VIA (e.g. Cr, Mo, W), VIIA
(e.g. Mn), VIIIA (e.g. Ni), IB (e.g. Cu), IIB (e.q.
Zn), IIIB (e.g. In), IVB (e.g. Sn), and VIIB (e.g. F)
of the Periodic Table of the Elements (Sargent-wWelch
Scientific Co. Cat. No. S-18806, 1979) and mixtures of

these cations.

The crystalline (i.e. meant here as having
sufficient order to provide a diffraction pattern such
as, for example, by X-ray, electron or neutron
diffraction, following calcination with at least one
peak) mesoporous material of this invention may be
characterized by its heretofore unknown structure,
including extremely large pore windows, and.high
sorption capacity. The term "mesoporous" is used here
to indicate crystals having uniform pores within the
range of from 1.3 nm to 20.0 nm (13 Angstroms to 200
Angstroms). The materials of this invention will have
uniform pores within the range of from about 1.3 nm to
20.0 nm (13 Angstroms to 200 Angstroms), more usually
from about 1.5 nm to 10.0 nm (15 Angstroms to 100
Angstroms). For the purposes of this application, a
working definition of "porous" is a material that
adsorbs at least 1 gram of a small molecule, such as

Ar, Nz
solid.

, n-hexane or cyclohexane, per 100 grams of the

Met ered anpunts

as
argon
above
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- 63 - S.J. Gegg et al., Adsorption, Surface Area and Porosity, 2nd ed.,
Academ c Press, 1982). In each instance, a graph of the anount adsorbed
versus the relative pressure above the sanple, at equilibrium constitutes
the adsorption isotherm It is comopn to use relative pressures which are
obtained by formng the ratio of the equilibriumpressure and the vapor
pressure Plerr] of the adsorbate at the fyenperature where the isothermis

nmeasured. Sufficiently snmall anmounts of—amgen were adnmitted in each step to
generate 168 data points in the relative pressure range fromO to 0.6. At

| east 100 points are qui defd t;he isothermw th sufficient

detail | The st ™R ﬁ%%‘g%’t#gﬁ) Rhe A8 GsedOhs 19 FYPBSTRs filling of a
pore system TheSEEARegt Phha BperoRl CRtedYShe et dddsimdadhewher eas

the position of fiwm stbpripotasminetgd¥ie] eollidseby anfes rbfer iz g the

pores in which t{es adsgEPLLA fo2kss UL pokkd’ 98%e more nearly
resembles that of amorphous or paracrystalline
materials, but whose regular arrangement and uniformity
of size (pore size distribution within a single phase
of, for example, + 25%, usually + 15% or less of the
average pore size of that phase) resemble more thase of
crystalline framework materials such as zeolites. In
its preferred form, the crystalline support material
appears to have a hexagonal arrangement of large open
channels that can be synthesized with open internajl
diameters from about 13 Angstroms to about 200
Angstroms. The term "hexagonal®" is intended to
encompass not only materials that exhibit
mathematically perfect hexagonal symmetry within the
limits of experimental measurement, but also those with
significant observable deviations from that jdeal
state. A working definition as applied to the
microstructure of the present invention would be that
most channels in the material would be surrounded by
six nearest neighbor channels at roughly the same
distance. Defects and'imperfecticns will cause
significant numbers of channels to violate thig
criterion to varying degrees, depending on the quality
of the material’s preparation. Samples which exhibit
as much as + 25% random deviation from the average
repeat distance between adjacent channels still clearly
give recognizable images of the present ultra~-large
pore materials. Comparable variations are also
observed in the dloo values from the electron
diffraction patterns. The preferred hexagonal
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pores are filled at higher P/P[err]. In order to better |locate the position
of the step in the isotherm the derivative with respect to log (P/Plerr])
is formed. The adsorption peak (stated in ternms of log (P/P[err])) may be
related to the physical pore dianmeter (A) by the followng fornmula: [err]
where d = pore dianeter in nanoneters, K= 32.17, S = 0.2446, L =d + 0.19,
and D = 0.57. -12 -

crystalline support materials, referred to below as
having the structure of MCM-41, are described in detail
in Application Serial No. 07/625,245, to which
reference is made for a more extended description of
these materials, their preparation and properties,
including examples of their X-ray and electron
diffration patterns.

The most regular preparations of the crystalline
support materials give an X-ray diffraction pattern
with a few distinct maxima in the extreme low angle
region. In the preferred hexagonal materials, the
positions of these peaks approximately fit the
positions of the hkO reflections from a hexagonal
lattice. The X~ray diffraction pattern, however, is
not always a sufficient indicator of the presence of
these materials, as the degree of regularity in the
microstructure and the extent of repetition of the
structure within individual particles affect the number
of peaks that will be observed. 1Indeed, preparations
with only one distinct peak in the low angle region of
the X-ray diffraction pattern have been found to
contain substantial amounts of the material in themn.
Other technigues to il;ustrate the microstructure of
this material are transmission electron microscopy and
electron diffraction. Properly oriented specimens of
the material show, in the preferred materials, a
hexagonal arrangement of large channels and the
corresponding electron diffraction pattern gives an
approximately hexagonal arrangement of diffraction
maxima. The d;,, spacing of the electron diffraction
patterns is the distance between adjacent spots on the
hko projection of the hexagonal lattice and is related
to the repeat distance a, between channels cbserved in
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- 64 - This fornula is derived fromthe nethod of Horvath and Kawazoe
(G Horvath et al., J. Chem Eng. Japan, 16 (6) 470(1983)). The constants
required for the inplenentation of this fornmula were determ ned froma
measured i sothermof ALPO-5 and its known pore size. This nethod is
particularly useful for mcroporous materials having pores of up to 60
[err] in dianeter. The results of ishis procedure for the sanples from
Exanples 1 through 16 are tabul ated betew-The sanples from Exanples 10, 13
and 15 gave two separate peaks, believed to be the result of two separate
ultra-1large pore phases in the products. Exanpl es Pore

D aneter. A

the electron micrographs through the formula dloo
a°J3/2. This dloo spacing observed in the electron
diffraction patterns corresponds to the d-spacing of a
low angle peak in the X-ray diffraction pattern of the
material. The most highly ordered preparations of the
material cbtained so far have 20-40 distinct spots
observable in the electron diffraction patterns. These
patterns can be indexed with the hexagonal hkO subset
of unique reflections of 100, 110, 200, 210, etc., and
their symmetry-related reflections.

In its calcined form, the crystalline support
materials may be further characterized by an X-ray
diffraction pattern with at least one peak at a
position greater than about 1.8 nm (18 Angstrom Units)
d-spacing (4.909 degrees two-theta for Cu K-alpha
radiation) which corresponds to the dloo value of the
electron diffraction pattern of the material, and an
equilibrium benzene adsorption capacity of greater than
about 15 grams benzene/100 grams crystal at 50 mm Hg
{50 torr) and 25°'C (basis: crystal material having been
treated in an attempt to insure no pore blockage by
incidental contaminants, if necessary).

The equilibrium benzene adsorption capacity
characteristic of the crystalline support material is
measured on the basis of no pore blockage by incidental
contaminants. For instance, the sorption test will be
conducted on the crystalline material phase having any
pore blockage contaminants and water remaoved by
ordinary methods. Water may be removed by dehydration
techniques, e.g. thermal treatment. Pore blocking
inorganic amorphous materials, e.g. silica, and
organics may be removed by contact with acid or base or
other chemical agents such that the detrital material
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32.2 2 35.4 3
39.6 5 16.9 6
36.6 8 42.6 9
22.8, 30.8 11 36.8 12
13 35.0, 42.1 14 40.0
22.4, 30.4 1614 - 15.0

will be removed without detrimental effect on the
crystal.

More particularly, the calcined crystalline
material may be characterized by its X-ray diffraction
pattern which exhibits at least two peaks at positions
greater than 1.0 nm (10 Angstrom Units) d-spacing
(8.842 degrees two-theta for Cu K-alpha radiation), at
least one of which is at a position greater than about
1.8 nm (18 Angstrom Units) d-spacing, and no peaks at
positions less than about 1.0 nm (10 Angstrom Units)
d~spacing with relative intensity greater than about
20% of the strongest peak. Still more particularly,
the X-ray diffraction pattern of the calcined support
material will have no peaks at positions less than
about 1.0 nm (10 Angstrom Units) d-spacing with
relative intensity greater than about 10% of the
strongest peak. 1In any event, at least one peak in the
X-ray diffraction pattern will have a d-spacing that
corresponds to the d,,, value of the electron
diffraction pattern of the material.

Still more particularly, the calcined inorganic,
non-layered crystalline material of the invention is
characterized as having a pore size of about 1.3 mm (13
Angstroms) or greater as measured by physisorption
measurements, hereinafter more particularly set forth.
Pore size is considered a maximum perpendicular
cross-section pore dimension of the crystal.

X-ray diffraction data referred to here were
collectad on a Scintag PAD X automated diffraction
system employing theta-theta geometry, Cu K-alpha
radiation, and an energy dispersive X-ray detector.
Use of the energy dispersive X-ray detector eliminated
the need for incident or diffracted beanm '
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- 65 - By way of conparison, a commercially prepared sanple of
zeolite USY (equilibriumbenzene sorption capacity of 20.7 grans/ 100 grans,
X-ray diffraction pattern with all the lines of zeolite Y and with the

hi ghest d-spacing at 14 [err]) had a-pore dianeter of 8.3 [err] as

determ ned by the above net hod. The net hod of Horvath and Kawazoe for
determ ning pore size from physisorptianyésotherns was intended to be
applied to pore systens of up to 20 [er~—eianeter; but with sone care as
above detailed, its use can be extended to pores of up to 60 [err]

di anet er. in the pore reginme above 60 [err] dianmeter, the Kelvin

equation can be apRliedonllols. S4B he 483085 and aiferacted Yoayl o))
beams were collimated by double slit incident and
diffracted collimation systems. The slit sizes used,
starting from the X-ray tube source, were 0.5, 1.q, 0.3
and 0.2 mm, respectively. Different slit systems may
produce differing intensities for the peaks. The
materials of the present invention that have the
largest pore sizes may require more highly collimated
incident X-ray beams in order to resolve the low angle
peak from the transmitted incident X-ray bean.

The diffraction data were recorded by
step-scanning at 0.04 degrees of two-theta, where theta
is the Bragg angle, and a counting time of 10 seconds
for each step. The interplanar spacings, d’s, were
calculated in Angstrom units (A), and the relative
intensities of the lines, 1/1,, where I, is
one-hundredth of the intensity of the strongest line,
above background, were derived with the use of a
profile fitting routine. The intensities were
uncorrected for Lorentz and polarization effects. The
relative intensities are given in terms of the symbols
vs = very strong (75-100), s = strong (50-74), m =
medium (25-49) and w = weak (0-24). It should be
understood that diffraction data listed as single lines
may consist of multiple overlapping lines which under
certain conditions, such as very high experimental
resolution or crystallographic changes, may appear as
resolved or partially resolved lines. Typically,
crystallographic changes can include minor changes in
unit cell parameters and/or a change in crystal
symmetry, without a substantial change in structure.
These minor effects, including changes in relative
intensities, can also occur as a result of differences

e
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wher e: [err]= surface tension of sorbate Vv = nmol ar vol une of

sorbate [err]= contact angle (usually taken for practi cal
reasons to be 0) R = gas constant. T = absol ute tenperature
rk = capillary condensate (pore) radius P/P[err] .= relative pressure
(taken fromthe physi sorption isotherm

- l6 -~

in cation content, framework composition, nature and
degree of pore filling, thermal and/or hydrothermal
history, and peak width/shape variations due to
particle size/shape effects, structural disorder or
other factors known to those skilled in the art of
X-ray diffraction.

The equilibrium benzene adsorption capacity is
determined by contacting the crystalline material,
after dehydration or calcination at, for example, about
$40°C for at least one hour and other treatment, if
necessary, in an attempt to remove any pore blocking
contaminants, at 25°C and 50 torr benzene until
equilibrium is reached. The weight of benzene sorbed
is then determined as more particularly described
hereinafter.

When synthesized by the methods described below,
the crystalline material contains, in its
as-synthesized condition, the organic material used as
the directing agent. Prior to use as a catalyst
component, the composition should be subjected to
treatment to remove part or all of any organic
constituent. Removal of the organic is necessary to
permit introduction of the metal component either by
exchange or impregnation, or both, since the organic
component occluded in the pores of the crystalline
phase, precludes access to the internal pore structure
of the material.

The crystalline material, especially in its
ammonium form, can be beneficially converted to another
form by thermal treatment (calcination). This thermal
treatment is generally performed by heating one of
these forms at a temperature of at least 400°C for at
least 1 minute and generally not longer than 20 hours,

a—nnrna
Mmoot
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- 66 - The Kel vin equation treats adsorption in pore systens as a
capill ary condensati on phenonenon and rel ates the pressure at which
adsorption takes place to the pore dianeter through the surface tension and
contact angle of the adsorbate (in this case, argon). The principles upon
whi ch the Kelvin equation are based are valid for pores in the size range
50 to 1000 Angstrom di aneter. Bel ow thix rFange the equation no | onger
reflects physical reality, since true™capillary condensati on cannot occur
in small er pores; above this range the logarithm c nature of the equation
precl udes obt ai rpregesathly cirent 1atx Wlabpuisr pOridessuisattisphelpat | on.

The particul ar igRLefPM & 88 ShpidjRdKeb¥i the AaALHLT getaetgxe&gosen for
nmeasurenent of pore size is that reported b Pol | i nore an al (D.
Dol i more and G3RROERRFTS .prﬁﬁﬁﬂeed‘scﬁsﬁ]ui%, SF08*RIPUPE. This net hod
corrects for thecaveatencef sphk Fhrigedr) ayifrogenadammdidiae epdct he pore
wal I, of which tyh@ KgbMdl treatment can be performed at a temperature
up to 750°C. The thermal treatment of the ammonium
form in this way is an especially useful tachnique for
the preparation of the hydrogen form of the catalytic
material, to confer the acidic functionality of the
final catalyst.
The crystalline material should be dehydrated, at
least partially. This can be done by heating to a
temperature in the range of 200° to S95°C in an
atmosphere such as air, nitregen, etc. and at
atmospheric, subatmospheric or superatmospheric
pressures for between 30 minutes and 48 hours.
Dehydration can also be performed at room temperature
merely by placing the composition in a vacuum, but a
longer time is required to cbtain a sufficient amount
of dehydration.
The present crystalline material can be prepared
by one of several methods, each with particular
limitations. ‘
A first method involves a reaction mixture having
an X,0,/Y0, mole ratio of from 0 to 0.5, but an
Al,0,/510, mole ratio of from 0 to 0.01, a
crystallization temperature of from 25° to 250°C,
preferably from 50° to 175°C, and an organic directing
agent, hereinafter more particularly described, or,
preferably a combination of that organic directing
agent plus an additional organic directing agent,
hereinafter more particularly described. This first
method comprises preparing a reaction mixture
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equati on proper does not take account,
nmeasur enent of pore dianeter.
derived for use on desorption isotherns,

El ectron M croscopy
materials by transm ssion el ectrom crospgpopy (TEM,

and thus provides a nore accurate
Wil e the nmethod of Dollinore and Heal

Transm ssi on

In order to illumnate the mcrostructure of
sanpl es nust be thin

was
it can be applied equally well
adsorption isothernms by sinply inverting the data set.

to

enough for an el ectron beamto pass through them generally 500-1000 A or

so thick. The crystal

that they be preggfadning sdutdeslys, for example, alkali or alkaline

earth metal (M), e.g. sodium or potassium, cation if
desired, one or a combination of oxides selected from
divalent element W, e.g. cobalt, trivalent element X,

e.g. aluminum, tetravalent element Y, e.g. silicon, and

pentavalent element Z, e.g. phosphorus, an organic (R)
directing agent, hereinafter more particularly
described, and a solvent or solvent mixture, such as,
for example, C;-Cg alcohols, C,-C. diols and/or water,
especially water, the reaction mixture having a
composition, in terms of mole ratios of oxides, within
the following ranges:

Reactants Useful Preferred
X,0,/Y0, 0 to 0.5 0.001 to 0.5
A1,0,/510, 0 to 0.01 0.001 to 0.01
x2°3/(Y°2+2205) 9.1 to 1Q0Q 0.1 to 20
xzos/(zoz+wo+zzos) ¢.1 to 100 0.1 to 20

Solvent/

(YO, +WO+2,05+X,0;) 1 to 1500 5 to 1000
OH-/YOZ 0 to 10 0 to 5
(uz/e°+R2/£°)/

(yo2+wo+z205+x203) 0.01 to 20 0.05 to 5
M, ,e%/ :

(yoz+wo+zzos+x203) 0 to 10 0 to 5
Rz/fO/

(YO, +WO+Z,04+X,05) 0.01 to 2.0 0.03 to 1.0

wherein e and f are the weighted average valences of M
and R, respectively.

In this first method, when no 2 and/or W oxides
are added to the reaction mixture, the pH is important
and must be maintained at from 9 to 14. wWhen Z and/or
W oxides are present in the reaction mixture, the pH is
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- 67 - wultramcrotony. While tinme consum ng,

this technique of sanple

preparation is quite famliar to those skilled in the art of electron
m croscopy. The materials are enbedded in a resin, in this case a
commercially available | ow viscosity acrylic resin L.R VWH TE (hard), which
Is then cured at 80[err]C for 1 1/2 hours. Thin sections of the block are

cut on an ultram crotome using a di anongyknife and sections in the

t hi ckness range 500-1000 [err] are col4eeted on fine nmesh el ectron
m croscope support grids. For these materials, an LKB nodel microtonme with

45 C di d knif d ' | 400
oenl e TR SO Rt st aid beie

copper grids.

proj ections

nmesh

] n, car bon ating on t sanple to
prevent char gi ngr¥staldng BabRTGe (FR g Syr &F Hﬁfc'grasb white sheet of
paper next to tlig15&feE nethbde fovappntltesds ofhsheapyrssntapstemiady for
exam nation in the JEMy, (yo_ +dd:@)o #RO6L It ibENLTLEEIARNS Rl

2/£
this ratic is less than 0.01 or greater than 2.0,

impurity products tend to be synthesized at the expense
of the desired crystalline material.

A second method for synthesis of the present
crystalline material involves a reaction mixture having
an }(203/‘[02 mole ratio of from 0 to 0.5, a
crystallization temperature of from 25° to 250°C,
preferably from 50° to 175°C, and two separate organic
directing agents, i.e. the organic and additional
organic directing agents, hereinafter wmore particularly
described. This second method comprises preparing a
reaction mixture containing sources of, for example,
alkali or alkaline earth metal (M), e.g. sodium or
potassium, cation if desired, one or a combination of
oxides selected from divalent element W, e.g. cobalt,
trivalent element X, e.g. aluminum, tetravalent element
Y, e.g. silicon, and pentavalent element Z, e.g.
phosphorus, a combination of organic directing agent
and additional organic.directing agent (R), each
hereinafter more particularly described, and a solvent
or solvent mixture, such as, for example, C,~C4
alcohols, C,-C4 diols and/or water, especially water,
the reaction mixture having a composition, in terms of
mole ratios of oxides, within the following ranges:

oy nreaaie
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of structure along the direction that the sanple is viewed. For this
reason, it is necessary to have a sanple in specific orientations to see
certain details of the mcrostructure of the material. For crystalline
materials, these orientations are nost easily chosen by observing the

el ectron diffraction pattern (EDP) that is produced sinultaneously with the
el ectron mcroscope i mage. Such EDPs areygeadily produced on nodern TEM

i nstruments using, e.g. the selected aree—fteld |Iimting aperture techni que
famliar to those skilled in the art of electron mcroscopy. Wen an EDP

with the desired arragggggg;;of di ffrapddsan spots i Lyed, the
correspondi ng i mage gf Q crystal giv§ng 4 h t EDP reveal details of
the mcrostructure aI@né t%% dlrectlon of pro ectlo OMnEPclt2d by the EDP.

2 05/ (¥0,+2,0,) 0.1 to 180 0.1 to 20
3/(‘[Cl +W0+ZZOS) 0.1 to 100 0.1 to 20

Solvent/
(292+w0+zzos+x203) 1 to 1500 5 to 1000

oH /Y°2 0 to 10 0 to 5
(M, gO+R, , £}/

(YO, +WO+2,0,+X,0,) 0.01 to 20 0.05 to s

MZ/eo/

(yoz+wo+z 05+x o ) ¢ to 10 0 to 5
Ryse%/

(Y0, +WO+Z,0,+X,0,) 0.1 to 2.0  0.12 to 1.9

wherein e and f are the weighted average valences of M
and R, respectively.

In this second method, when no 2 and/or W oxides
are added to the reaction mixture, the PH is important
and must be maintained at from about 9 to about 14.
When Z and/or W oxides are present in the reaction
mixture, the pH is not narrowly important for
crystallization of the present invention.

A third method for synthesis of the pPresent
crystalline material is where X comprises aluminum and
¥ comprises silicon, the crystallization temperature
must be from 25° to 175°C, preferably from 50° to
150°C, and an organic directing agent, hereinafter more
particularly described, or, preferably a combination of
that organic directing agent plus an additional organic
agent, hereinafter more particularly described, is
used. This third method comprises Preparing a reaction
mixture containing sources of, for example, alkali or
alkaline earth metal (M), e.g. sodium or potassium,




- 68 - Inthis way, different projections of a crystal's structure can be
observed and identified using TEM In order to observe the salient
features of the crystalline product, it is necessary to view the nmateri al
in an orientation wherein the correspondi ng EDP gi ves a hexagonal
arrangenment of diffraction spots froma single individual crystal. If

mul tiple crystals are present withinithg field limting aperture,

overl apping diffraction patterns wll—eeeur that can be quite difficult to
interpret. The nunber of diffraction spots observed depends to a degree
upon the regularity of the crystalline arran ' .material, anong
ot her things. ACARER AT feféﬁgi' R Pﬁn‘g?ré?i%gggg%béggiﬁ%épgfls shoul d be
observed to obt aind/argeiddcemagan organied(Rl HRPSEaNS 3Ie nani pul ated by
specimen tilt aqjdysifEpicr aBré artiWuuarly ddicribedpnimd iBolserehi eved.

More of ten, it ig eagl el t0.Lake adkANagerql ddigplace Lt the speci men
alcchols, cl-c6 diols and/or water, especially water,
the reaction mixture having a composition, in terms of

mole ratios of oxides, within the following ranges:

Reactants Useful Exeferred
A1,0,/510, 0 to 0.5 0.001 to 0.5
Solvent/SiO2 1 to 1500 5 to 1000

oH /sio, g to 10 0 to s

(M, OFR, 01/

(510,+A1,0;) 0.01 to 20 0.05 to 5
Mz/eo/

(8102+A1203) 0 ta 5 0 to 3

Ry e/

(810,+A1,0,) 0.01 to 2 0.03 to 1

wherein e and f are the weighted average valences of M
and R, respectively.

In this third method, the pH is important and must
be maintained at from 9 to 1l4. This method involves
the following steps: '

(1) Mix the organic (R) directing agent with the
solvent or solvent mixture such that the mole ratio of
solvent/RZ/fo is within the range of from S0 to 800,
preferably from 50 to 500. This mixture constitutes
the "primary template” for the synthesis method.

(2) To the primary template mixture of step (1)
add the sources of oxides, e.g. silica and/or alumina
such that the ratio of Rz/fO/(Sioz+AlzoJ) is within the
range of from 0.01 to 2.0.
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many randomy oriented crystals and to sinply search through the sanple
until a crystal giving the desired EDP (and hence orientation) is |ocated.
This latter techni qgue was used to produce the el ectron m crographs.

M crotoned sanples of materials fromthe Exanples were exam ned by the-

t echni ques descri bed above in a JEOL 200 CX transm ssion el ectron

m croscope operated at 200,000 volts w bh an effective 2 A objective
aperture in place. The instrunment has-a~pornt-to-point resolution of 4.5
[err]. Other experinmental arrangenents famliar to one skilled in the art
of high resolution (phase contrast) TEM coul d be used to produce equi val ent
i mages provided care(3)s taglieaté checapxtimes otysedting fm.5s seapt hgy under f ocus

(weak |eans) side ofy &6 AeQloR @8R 861 d£ND QUM pAle 38 PO
from S5 minutes to 3 hours.

(4) Allow the mixture to stand with or without
agitation, preferably at a temperature of from 20° to
100°C, and preferably for from 10 minutes to 24 hours.

(5) Crystallize the product from step (4) at a
temperature of from 50° to 175°C, preferably for from 1
hour to 72 hours. Crystallization temperatures higher
in the given ranges are most preferred.

A fourth method for the present synthesis involves
the reaction mixture used for the third method, but the
following specific procedure with
tetraethylorthosilicate the source of silicon oxide:

(1) Mix the organic (R) directing agent with the
solvent or solvent mixture such that the mole ratio of
salvent/Rz/fo is within the range of from 50 to 800,
preferably from 50 to 500. This mixture constitutes
the "primary template" for the synthesis method.

(2) Mix the primary template mixture of step (1)
with tetraethylorthosilicate and a source of aluminum
oxide, if desired, such that the Rz/fO/sio2 mole ratio
is in the range of from 0.5 to 2.0.

(3) Agitate the mixture resulting from step (2)
for from 10 minutes to 6 hours, preferably from 30
minutes to 2 hours, at a temperature of from 0°* to
25°C, and a pH of less than 12. This step permits
hydrolysis/polymerization to take place and the
resultant mixture will appear cloudy.

(4) Crystallize the product from step (3) at a
temperature of from 25° to 150°C, preferably from 95°
to 110°c, for from 4 to 72 hours, preferably from 16 to
48 hours.
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- 69 - Exampl e 21 A sample of MCM41 (40 [err]) was prepared in

accordance with the nethod descri bed bel ow The followi ng m xture
(parts by weight - pbw) was charged to an autocl ave: 83. 7pbw

Cetyl trinmet hyl ammoni um (CTMA) hydr oxi de, prepared by contacting a
29 Wt % N, N, N-tri nmet hyl - 1- hexadecyl anmoni um chl ori de
solution with a hydroxide- forpshal i de exchange resin 1. 7pbw

Sodi um al um nate, 41.1pbw Tetramet hytammnimsilicate (10%

aqueous sol ution), 10.5pbw Precipitated hydrated silica (H Sil [err]).
The nixture was crystadddhzed the BOHOVErPeREas: P8LRRs. with srirring under

aut ogeneous pr %g{gllizﬂmohesﬂIﬂ]ierlgrﬁsmhlcdry\saallmmiby ddrl tration

and dri ed ' be carried out under either static or agitated, e.g.
stirred, conditions in a suitable reactor vessel, such
as for example, polypropylene jars or teflon lined or
stainless steel autoclaves. Crystallization may also
be conducted continucusly in suitable equipment. The
total useful range of temperatures for crystallization
is noted above for each method for a time’ sufficient
for crystallization to occur at the temperature used,
e.g. from 5 minutes to 14 days. Thereafter, the
crystals are separated from the liquid and recovered.

When a source of silicon is used in the synthesis
method, it is preferred to use at least in part an
organic silicate, such as, for example, a quaternary
ammonium silicate. Non-limiting examples of such a
silicate include tetramethylammonium silicate and
tetraethylorthosilicate.

By adjusting conditions of the synthesis reaction
for each method, like temperature, pH and time of
reaction, etc., within the above limits, embodiments of
the present non-layered crystalline material with a
desired average pore size may be prepared. 1In
particular, changing the pH, the temperature or the
reaction time may promote formation of product crystals
with different average pore size.

Non~-limiting examples of various combinations of
W, X, ¥ and Z contemplated for the first and second
synthesis methods of the present invention include:
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in air at anbient tenperature. A sanple of the product was cal ci ned at
540[err]C for 1 hour in nitrogen, followed by 6 hours in air for

characterization. The cal ci ned product had a surface area of 1120 nR/g
and the follow ng equilibriumabsorption capacities in grans/100. grans:
Herr]O 10.8 Cycl ohexane >50

n- hexane >50 Bepgene 67 The

product was identified as MCM41 with & XTtay diffraction pattern which
i ncluded a very strong relative intensity line at 38.4 [err] 2.0 [err]
d-spacing, and weak lines at 22.6 [err] 1.0, 20.0 [err] 1.0, and 15.2 [err]

1.0 [err]. The MCM¥1 crystal line pfoduct was e®changed with room
t enper at ure aqueous sol ut+ons oAlanmoni umshi trate -

-- Al - P

- Al si P

Co Al —— P

Co Al si P

- - si —

including the combinations of W being Mg, or an element
selected from the divalent first row transition metals,
e.g. Mn, Co and Fe; X being B, Ga or Fe; and Y being
Ge.

An organic directing agent for use in each of the
above methods for synthesizing the present material
from the respective reaction mixtures is an ammonium or
phosphonium ion of the formula R1R2R3R4Q+, i.e.:

wherein Q is nitrogen or phosphorus and wherein at
least one of R;, R,, R, and R, is aryl or alkyl of from
7 to 36 carbon atoms: e-?° -'C.’le L4 -CIOHZI. Y -C15333
and 'C18337' or combinations thereof, the remainder of
RI' Rz' R3 and R4 being selected from hydrogen, alkyl
of from 1 to 5§ carbon atoms and combinations thereof.
The compound from which the above ammonium or
phosphonium ion is derived may be, for example, the
hydroxide, halide, silicate, or mixtures therecf.
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- 70 - and subsequently dried overnight at 121[err]C (250[err]F). A
portion of the resultant crystals was conbined with Al[err](Jerr] to forma
m xture of 65 parts, by weight MCM 41 and 35 parts alum na. Water was added
tothis mxture to allowthe resulting catalyst to be fornmed into
extrudates. The catal yst was activated by calcination at 510[err]C
(950[err]F) in 5v/v/imn of nitrogen foL & hours followed by the replacement
of the nitrogen with 5v/v/mn of air. Te—Tal cination was conpl eted by
raising the tenperature to 538[err]C (1000[err]F) and naintaining that
tenperature in 5v/v/nim ther fhpst Hhdhahisd métrodks abehd URgskeEn were

:\lp?wg;ﬁ ﬁiey'rf *Qfe‘?‘? e REAE S saamwi”o%aa ﬁ% 'utlons 01;] 5
After drying ovePﬁ?gh‘E f?ifé"&\lf‘{%;'(’é%'f %F“ Ueaée was cal ci ned
in 5v/v/mn air senBisitdon] 6f (WoHAborve] FYgdrtic 8ikecting RawatCata akd
chem cal propert b88i®fodadl€organic directing agent. That additional
crganic directing agent is the ammonium or phosphonium
ion of the above directing agent formula wherein R,
Rz' R and R together or separately are selected from
hydroqen and alkyl of 1 to 5 carbon atoms and
combinations thereof. Any such combination of organic
directing agents go to make up “R"™ and will be in molar
ratio of 100/1 to 0.01/1, first above listed organic
directing agent/additional organic directing agent.

The particular effectiveness of the presently
required directing agent, when compared with other such
agents known to direct synthesis of one or more other
crystal structures, is believed due to its ability to
function as a template in the above reaction mixture in
the nucleation and growth of the desired ultra-large
pore crystals with the limitations discussed above.
Non-limiting examples of these directing agents include
cetyltrimethylammonium, cetyltrimethylphosphonium,
octadecyltrimethylphosphonium, benzyltrimethylammonium,
cetylpyridinium, myristyltrimethylammonium,
decyltrimethylammonium, dodecyltrimethylammonium and
dimethyldidodecylammonium.

The reaction mixture components can be supplied
by more than one source. The reaction mixture can be
prepared either batchwise or continucusly, Crystal
size and crystallization time of the new crystalline
material will vary with the nature of the reaction
mixture employed and the crystallization conditionms.

=N
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Ni WMCM 41/ Al [err]Jerr] catal yst are provided bel ow Ni ckel
.7

w % 3 Tungsten, w % 9.2

Sodi um ppm 200 Surface Area, n2/g 530
Pore Volune, nm/g 0. 780 Particle Density, g/m 0.883:
Real Density, g/m 2. 837 Exanpl e 22 The catal yst of Exanple 21

was used as the hydrocracking catal yst- bg @ DHC- 2/ N W MCM 41 cascade

reactor system DHC-2 is a hydrotreatimg Tatal yst sold by UOP. The catal yst
fill ratio was 4.08g of DHC-2 and 6.40g of NN WMCM 41 to give an HDT/ HDC

wei ght ratio of 0.64, with a total catalyst volune of 20.2cc. The
The crystals prepared by the instant invention can

be shaped into a wide variety of particle sizes.
Generally speaking, the particles can be in the form of
a powder, a granule, or a molded product, such as an
extrudate having particle size sufficient to pass
through a 2 mesh (Tyler) screen and be retained on a
400 mesh (Tyler) screen. In cases where the catalyst
is molded, such as by extrusion, the crystals can be
extruded before drying or partially dried and then
extruded.

In the present bifunctional catalysts, the
crystalline material is at least partly in the hydrogen
form which is suitably formed by the thermal treatment
or calcination ¢f the ammonium form, as described
above. In addition, however, the catalysts include a
metal component which provides hydrogenation-
dehydrogenation functionality. The hydrogenation-
dehydrogenation component may be provided by a single
metal or combination of metals. Noble metals of
Periods 5 and 6 of Group VIII, especially palladiunm,
platinum, ruthenium, rhodium or base metals of Groups
IVA, VIA and VIII, especially chromium, moelybdenun,
tungsten, cocbalt and n;ckel, may be used for
hydrogenative processes such as hydrotreating,
hydrocracking, hydrodewaxing and the like whereas for
dehydrogenative pocesses such as reforming the noble
metals such as iridium, rhenium may be preferred,
especially in the form of combinations such as
platinum-iridium, platinum-rhenium and
platinum-rhenium-iridium.

The combination of at least one Group VIA metal
such as tungsten with at least one Group VIII metal
such as nickel is particularly preferred for many




- 71 - DHC- 2 catal yst serves as a hydrotreating catalyst to reduce
nitrogen and sul fur content before the oil is processed in the

hydr ocracki ng section of the reactor containing the NNWMCM 41 cat al yst

whi ch does the bul k of the boiling range conversion. The feed was a heavy
vacuumgas oil froma Persian Gulf crude with the properties are listed in
Tabl e 1 bel ow. - 27 -

applications, for example, combinations such as
nickel-molybdenum, cobalt-nickel, nickel-tungsten,
cobalt-nickel-molybdenum and nickel-tungsten-titanium.

The content of the metal component will vary
according to its cﬁtalytic activity and to the
requirements of the process in which the catalyst is to
be used. Thus, the highly active noble metals may be
used in smaller amcunts than the less active base
metals. For example, 0.1 wt % or less palladium or
platinum will be effective and it will not normally be
necessary to use more than 10 percent of the noble
metals, and usually much less, for example, from 0.1 to
1 or 2 wt %. The amounts of base metals may be higher
and it is a particular advantage of the present
crystalline materials that their high porosity and high
surface area permits large amounts of the metal
component to be used without an unacceptable decrease
in the surface area of the final catalyst. Thus, the
amount of a base metal hydrogenation component will
normally be at least 1 wt % and often more than 5% will
be required. In a typical base metal combination, § to
15 wt % nickel and 5 to 40 wt % tungsten, expressed as
metal will achieve the desired degree of hydrogenation
functionality.

The present support materials are notable in that
they are capable of including a greater proportion of
metal than previous support materials because of their
extraordinarily large surface area and as a result, the
metal-containing catalysts retain a large surface area
after incorporation of the metal component. The
surface area, S, of the present catalysts, expressed in
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-72- Table 1 Properties of Persian Qulf

V&0 Hydr ogen, wt % - 12.6 Ni trogen, ppm 650
Basic N trogen, ppm 198 Sul fur, w 2.3 AP
Gavity 22.6 Pour Point, [err]C ([err]F) 32 (90)
Conposition, wt% Paraffins 27.7 Mononapht henes

8.3 Pol ynapht henes 14.6 Argyrati cs 49. 4
Simulated Dist., W % | BP, [errye~ferr]F) 277 (531)

mz.g-l' (square meters per gram) may be given by the

equaticn:
S > 600 - 13.3X
where X is the metal loading in wt %.

Thus, the surface area of the metals-containing
catalysts determined by empirical means such as the
B-E-T (Bruenauer-Emmet-Teller) test (see ASTM D 3663},
will be found to be at least as great as the value
given by the above equation. The value of S as given
by this realtionship decreases to zero at 45 percent
metals content but since the surface area S may be
greater than the value given by the relationship,
surface area remains at metal loadings above this
value. The minimum surface area will, however, be at
least 5 m2g © at these very high metal loadings. The
actual surface area of the metal-containing catalyst
may, as noted above, be determined empirically by the
method set out in ASTM D 3663.

As may be appreciated from the equation above, the
surface area of the catalyst will be at least 200 ng'l
even at high metal loadings as high as 30 wt % and at
loadings above this value, remains at an
unconventionally high value. The metal component
usually exceeds 12.9 wt ¥ (total metals, based on the
entire catalyst weight) and may exceed about 25% and
still maintain a high surface area above 200 m° g"l.

As shown below, the total metal content (i.e of the
metal component) may exceed about 30 wt %, e.g. 30-40
wt %, of the entire catalyst while still retaining a
surface area of at least 200 m° g%, e.g. 240 m%g”? or
even higher. At lower metal contents, the surface area
will be correspondingly higher so that, for example, at
a total metal content of about 20 wt % of the entire

09 JAN 1997




5 364 (687) 10 379 (715) 20

396 (745) 30 410 (770) 40 423 (793)
50 436 (816) 60 449 (841) 70

463 (866) 80 481 (897) 90 506 (942)
95 521 (970) EP 577 (1071) The process

conditions were 8377 kPa (1200 psig) hydrogen pressure, 810 v/v (4500 SCFB)
hydrogen circulation and 0.5 LHSV. Sewes+t+y was varied by adjusting reactor
tenperature from 382[err]-410[err]C (720[err]-770[err]F) at constant LHSV

The tenperaturegaéﬁngQE the surface area will be at least 300 m2g -

or higher, larger by a factor of almost three or more
compared tc conventional amorphous catalysts with
similar metal locadings. At 12 to 15% total metal, e.g.
13 percent, the surface area will be at least 400
ng'l. catalysts containing at least about 25 wt %
total metal with a retained surface area of at least
250 ng'l constitute a highly useful class of
bifunctional catalysts.

Another advantage accruing from the use of the
mesoporous supports is that in spite of the high metal
loadings which may be accommodated, the density of the
catalyst remains relatively low, compared to
conventional catalysts. At a total metal content of 12
to 15 wt %, for example, e.g. at levels exceeding the
normal minimum locading of 12.9%, the real density of
the catalyst is about 2.8 g.cc-l, as compared to
conventional catalysts which have real densities of at
jeast 4 at these loadings. At higher loadings, a
similar advantage prevails: the present catalysts are
only about three-fourths as dense as conventional
catalysts at comparable metal loadings. For example,
at metal loadings of 20 to 25 wt % of the entire
catalyst, the real density will be in the range of
3.000 to 3.300 g.cc ', as compared to 4,00 to 4.2 for
conventional catalysts. At metal loadings above 30 wt
%, the real density will be in the range of 4.1 to 4.3
g.cc-l, for example, at 35% metal, the real density is
4.2 q.cc'l. Although one advantage of the high
porosity is that the present catalysts have a low
density as compared to conventional catalysts, the high
porosity of the mesoporous support materials, on the
other hand, permits very high metal lcadings so that




- 73 - hydrotreating and hydrocracking reactors were nai ntained at the
sane tenperature for all runs. The reactor severity is neasured by 343
C- (650[err]F-) boiling range conversion which is defined as: 650[err]F-
conversion = 650[err]F+ in Feed (Wt %9 - 650[err]F+ in Product (wt %
650[err]F+ in Feed (Wt % The selectivities for kerosene
(330-440[err]F fraction) and distill atgg(440-650[err]F fraction) are shown
in tabular formfor a conversion |evet™of~45 wt % in Table 2 bel ow,

Table 2 HDC of VGO BLEND (45 wt % Conver si on)

Cat al yst DHC- 2/ Ni W MCM 41

real densities up to 6.0 g.cc.-l may be achieved.
Particle densities range from 0.88 at 12 to 15 wt %
metal to 1.0 at 20 to 25 wt % metal and about 1.1 at 30
to 40 wt %2 metal. Real densities are determined by
measuring the volume of mercury displaced by a given
waight of catalyst. For a discussion of real and
particle densities, see ASTM D 3766, which uses the
term skeletal density as a synonym for real density.

Pore volumes are commensurately high: the present
catalysts have a pore volume of at least 0.55 c:c:.g'l
and usually higher, typically at least 0.§ cc.g'l at
metal loadings as high as 20 wt %. Pore volumes are
determined by subtracting the inverse of the real
density from the inverse of the particle density.

The metal hydreogenation component may be
introduced intoc the catalyst by way of
co~crystallization with the crystalline material,
exchanged onto the crystalline phase to the extent a
Group IIIB element, e.g. aluminum, is in the structure,
impregnated into it or intimately physically admixed
with it. If the metal is to be exchanged onto the
mesoporous support, it may be done by treatment with a
cation of the metal, either a simple cation or a
complex cation being suitable. Suitable platinum
compounds, for example, include platinous chloride and
various compounds containing the platinum ammine
complex. Impregnation may be carried out with metal
compounds in which the metal component is present in
the cation or the anion of the compound. Ppalladium or
platinum compounds in which the metal is in the form of
a cation of cationic complex, e.q., Pd(NH3)4c12 or
Pt(na3)4c1z are particularly useful, as are aniocnic
complexes such as the vanadate, molybdate and

REPLACEMENT SHEET
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Reactor Tenp., (Cferr]) [err]F 401 (753) Product Conposition, w % Cl-c4

4.0 C5- 330 10.5 330- 440 9.0
440- 650 22.5 650- 750 18 750+
35 H2 Cons, SCFB- 850 The Total Liquid Product (TLP)

sanples at the 43 wt % conversion were distilled to yield 388[err] C+
(730[err]F+) bottons material that was. syhsequently analyzed, with the
results given in Table 3.

metatungstate ions and, in the case of platinum,
chloroplatinic acid.

The hydrogenation component can be exchanged onto
the support material, impregnated into it or physically
admixed with it, or any combination of these methods.
If the metal is to be impregnated into or exchanged
onto the mesoporous support, it may be done, for
example, by treating the calcined material with a
metal-containing cation. A preferred exchange
technique involves competitive exchange in the presence
of ammonium cations (which are converted into hydrogen
on subsequent calcination); it is thought that this
technique may disperse the metal cations more evenly
throughout the pore structure of the support material.
Metals which form stable anions are suitable for
incorporation by impregnation: typical anionic
complexes such as the molybdate, vanadate and
metatungstate ions may be used to incorporate
molybdenum, vanadium and tungsten. Other metals may be
incorporated using suitable anionic complexes in the
same way. Cationic forms of metals exchanged onto the
crystalline material or impregnated into it. a
particular advantage of the present catalysts is that
the high loadings of two or more metals may be
incorporated by a single impregnation onto the calcined
material using the incipient wetness technique rather
than successive impregnations with the different
metals; this produces a more uniform distribution of
the two or more metals in the catalyst. It is an
additional advantage that the high metals levels, above
about 25 wt % total metal may be incorporated by
impregnation into the calcined material as distinct
from the conventional techniques requiring




- 74 - Table 3 Bottons Properties

at 43 wt % 650[ err] F+ Conversi on 388[err] C+ (730[err] F+)
Properties Ni t rogen, ppm 3 Mol . Wei ght

388 Pour Point,[err]C ([err]F) 32 (90) KV @ 100[err]C,
mierr]/s 4.804 Conmposition, Wt % Par af fi ns

43. 3 Mononapht henes - 3219. 3 Pol ynapht henes

23. 4 Aromati cs ~tA=0 Sinulated Dist., Wt %
IBP/5 [err]C ([err]F) 372/388 (701/731) 10/ 50 396/ 436
(745/817) The MCM 41 catal yst was highly effective in

incorporation of a solution of the metal components(s)
into a hydrogel prior to calcination. The fact that
the present catalysts have good bifuncticnal activity
without the necessity for halogen promoter alsc enables
the halogen promoter to be dispensed with; it need not
be added during the manufacture of the catalyst or
during operation of the process unless particularly
high levels of acidity are desired.

It is normally preferred to use the crystalline
material in a bound or matrixed form in which the
crystalline material is composited with another
material resistant to the temperatures and other
conditions employed in organic conversion processes.
Such materials include astive and inactive materials
and synthetic or naturally occurring zeolites as well
as inorganic materials such as clays, silica and/or
metal oxides such as alumina, titania and/or zirconia.
The latter may be ejther naturally occurring or in the
form of gelatinous precipitates or gels including
mixtures of silica and metal oxides. Use of a material
in conjunction with the new crystal, i.e. combined
therewith or present during synthesis of the new
crystal, which is active, tends to change the
conversion and/or selectivity of the catalyst in
certain organic conversion processes. Inactive
materials suitably serve as diluents to control the
amount of conversion in a given process so that
products can be cobtained economically and orderly
without employing other means for controlling the rate
of reaction. These materials may be incorporated with
naturally occurring clays, e.g. bentonite and kaolin,
to improve the crush strength of the catalyst under
commercial operating conditions. Said materials, i.e.
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reducing the nitrogen |l evel of the bottons to a very low |level of 3 ppm
Al so, the degree of aromatic saturation for the MCM 41 catal yst was good:
aromatics | evel dropped from19.6 to 14.0 Wt % Exanpl e 23 The
followng mxture (parts by weight) was charged to an autocl ave:

- 75 - 48 parts Cetyltrinmethyl anmoni um (CTMA) hydr oxi de

- 33 -

clays, oxides, etc., function as binders for the
catalyst. It is desirable to provide a catalyst having
good crush strength because in commercial use it is
desirable ta prevent the catalyst from breaking down
into powder-like materials. These clay binders have
been employed normally only for the purpose of
improving the crush strength of the catalyst. The
mesoporous material is usually composited with the
matrix in amounts from 80:20 to 20:80 by weight,
typically from 80:20 to 50:50 mesoporous
material:matrix. Compositing may be done by
conventional means including mulling the materials
together followed by extrusion of pelletizing into tha
desired finished catalyst particles. Exchange of the
metal into the crystalline material may take place
before or after compositing with the binder but
preferably is performed on the composited catalyst i.e.
crystalline material plus binder. Impregnation will
normally be carried out with the matrixed material. 1¢f
the metal component is to ?e mixed with the other
components of the catalyst, it may suitably be added to
the muller with the crystalline material and the
binder. )

Naturally occurring clays which can be composited
with the new crystal include the montmorillonite and
kaolin family, which families 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.

REPLACEMERNT SFigET|
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solution, prepared by contacting a 29 wt %

N, N, N-trinet hyl -1-hexadecyl - ammoni um chloride solution with a
hydr oxi de-f or - hal i de exchange resin, 1 part Sodi um al um nat e,
24 parts Tetranet hyl ammoni msilicate (10% aqueous solution); 6
parts Precipitated hydrated silica (H Sil[err]). The m xture was

crystallized at 100[err]C for 20 hrs. wsjhh stirring under autogeneous
pressure, and the resulting product was-reecovered by filtration and dried

2T B ambi ent t erpenabit fon A0SaP! Gzl pOMICh s, 8l o] ned at
a

540[err] C in nitrogen ollome air Cl ne 2t"%ad a surface
area of 1120 ni eFFY9%phca0 Re 9BPPEHFSR) “I&hi Pi BRFORS Mﬂ-ptmmr@apam ties
in grans/ 100 gr asech as silica-alumifas r§iQica~magnesia, 10.8

Cycl ohexane 5111 zrconza, sil;calkﬂaiﬁﬁneszlxca-he 720
Benzene uct .exhibited r|Yy sttong rel ative

intensity |ine a?"]?fﬁ t[;cg?ﬂ'a fs b Pfrﬁs &erﬁg mpﬁf&t\%@ﬁi $4Hedsat 22.6
[err] 1.0, 20.0 fkiqa-2 gngﬁﬂfhgglg,[gyﬁgpara@umlna-Zchonza,
silica-alumina-magnesia and 5111ca-magnesza-zlrconia.

It may be desirable to provide at least a part of
the foregoing matrix materials in colloidal form so as
to facilitate extrusion of the bound catalyst
components(s) .

The relative proporticns of finely dxvxded
crystalline material and matrix material may vary
widely, with the crystal content ranging from about 1
to about 90 percent by weight and more usually,
particularly when the composite, in the range of about
10 to about 80 wt % of the composite.

The metal component may be introduced in to the
catalyst by exchange, impregantion or mixing when the
crystalline matrial is in the bound or unbound
condition but normally it is preferred to add the metal
to the bound catalyst.

The catalyst may bg.treated by conventional
pre-sulfiding treatments, e.g. by heating in the
presence of hydrogen sulfide, to convert oxide forms of
the metals such as CoO or NiO to their corresponding
sulfides prior to use in typical hydroprocessing
operations.

The properties of typical hydroprocessing
catalysts made with the mesoporous support materials
and a nickel-tungsten hydrogenation component on an
MCM-41/A1,0, support (65% MCM-41, 35% binder) are set

----...._
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A An unbound Pt/ H MCM 41 catal yst containing 0.6 w % pl ati num was
prepared by subjecting the calcined product to amoni um exchange in
buffered solution at pH=8 to renpve sodium followed by exchange with
Pt(NH err])[err]d[err] in the presence of ammoniumions at pH 4-5,

foll owed by drying and cal ci nati on. An anorphous silica-alum na catal yst
containing 0.6 w % pl ati num - 35 - - 76 -
conparabl e to conmerci al isonerizatiomTtatal ysts, was

out in Table 1 below in a comparison with conventional
type amorphous hydroprocessing catalysts.
Table 1

Properties of NiW cCatalysts

MCM=-41 (40 A) Fluorided Amorphous

1
1l

Nickel, wt % 3.7 3.4 5.8
Tungsten, wti 9.2 1lé6.4 29.1
Total metal,

5.6 4'6 4-2
17‘3 2308 19.2

wt. % . 12.9 19.8 34.92 22.9 28.4 23.4
Pore Diam., A 58 59 95 74 162
Pore Vol.

cc/gm 0.780 0.634 0.426 0.453 0.507
Part Dens,

g/cc 0.883 1.037 1.454 1.451 1.345
Real Dens,

g/cc 2.837 3.027 4.023 4.238 4.238
Surface Area, :

n® g1 533 429 242 116 170 125
Calculated Tungsten*

Monolayer

Coverage, % 0.25 0.51 1.32 1.4 1.35 1.46
* Tungsten trioxide surface area 24 & as given in J.
Cat., 79, 203, (1983).

The size of the pores of the crystalline materials
is such that the spatiospecific selectivity with
respect to transition state species is minimized in
reactions such as cracking (Chen et al., "Shape
Selective Catalysis in Industrial Applications®, 1§
CHEMICAL INDUSTRIES, Pgs. 41-61 (1989) to which
reference is wade for a discussion of the factors
affecting shape selectivity). Diffusional limitations
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al so prepared for conpari son. The catal yst was evaluated for paraffin
I sonerization using a mcro unit equipped with a 12.5 nm downfl ow stai nl ess
steel reactor. A comrercial Pt/SiJerr]-A[err]derr] catal yst was used for
conparison. In a typical experiment, 10 cc of sized catal yst (14/24 nesh)
were | oaded into the reactor and reduced in hydrogen at 800[err]F
(427[err]C) for two hours. The reactor-vas-cooled to 450[err]F (232[err] Q)
and pressurized to 100 psig (790 kpa abs.) wi th hydrogen. N hexane as feed
was then introdusesl allsolmIMind 284t 8s aa &‘elsurml ofthd ydr@oeR-SOfREd, The

product fromt he%e&g §£e¥‘@n°t q‘g@ggﬁggl tFQrthé’é]a |rlel’al$ gas chromat ogr aph

equi pped with a negabor e oM 41 cat al yst
gave a hi gher ylwtéﬂ-l%%r}‘é’rt&ﬁ-?%s’i H‘éﬁ’aPF\é ﬁ/@qaﬂ-&alaqmm:.oasal yst at
equi val ent n- hexweiiehc oswer sirothanpresachec ed iessxc.crsaeléedoxpré}ﬂ;UCt at

equi val ent n- hexmaggnggréiggatgfm%a%g&zti};?tolg, catal yst based on
the ultra large pore materi al réh%ectlve s %ﬁ% m when
conpared to the S us® %Ftaﬁ‘lsﬁﬁ‘"“ & 5t§t?ﬁ’?ﬁ}ﬁsof‘fhb'Fhm%éasgéor t he

two catal ysts atn@eghdar]iZs850kee rgfeatofer atndurgodngeshillag- are shown in
Table 4 reactions with conventional large pore size solid

catalysts, for example, large pore size zeolites such
as zeolite X, ¥, L, ZSM-4, ZSM-18, and ZSM-20. The
present catalysts are therefore particularly useful for
reactions with high-boiling hydrocarbons present;
processes with high boiling feeds such as gas oils,
residual fractions, lube boiling range fractions and
the 1like are therefore particularly amenable to
processing by the use of the present catalysts since
feeds of this kind usually include significant
quantities of molecules with bulky configurations which
do not readily enter the pore structures of catalytic
materials with smaller pore sizes or which are
diffusion-restricted even if they are able to obtain
access to the internal pore structure.

Thus, the present patalytic compositions
containing the metal component will catalyze reactions
such as hydrocracking, and other conversion reactions
mediated by bifunctional catalysts with both acidic and
hydrogenation~ dehydrogenation functicnality, as
referred to above. The catalysts are particularly
useful for processing hydrocarbon fractions obtained
from petroleumr refining, using hydrocarbon feeds of
varying molecular sizes, but with particular
applicability to feeds with large molecular sizes such
as highly aromatic hydrocarbons with substituted or




- 77 -

bel ow.

Tabl e 4 | sonerate Products at 343[err]C (650[err]F) Catalyst

Pt/ MCM 41 Pt/SiJerr]-Al[err]Jerr] Feed Rate (gm n-C6/gm Cat/ hr)

1.0 1.0 Hours on-Stream 129 64
Conversion, w % 74.6 78.6 Product Distribution, wt %
C5- 2.3 -378.8

unsubstituted polycyclic aromatic components, bulky
naphthenic compounds or highly substitutad compounds
with bulky steric configurations, €.g9. molecular sizes
of 1.3 nm (13 Angstroms) or more, or with fractions
which contain long-chain components which would
normally create diffusion limitations. Such feeds
typically include residual fractions i.e.
non-distillable fractions, and high boiling fractions
such as fractions boiling above 650°F such as lube
fractions.

The processes using the catalysts will be carried
out under the conditions normally appropriate to the
reaction using conventional catalysts such as zeolites,
Thus, processes invoving a redcution in molecular
weight by the cracking of hydrocarbons or substitituted
hydrocarbons will be carried out at elevated
temperatures typically above 150°C and usually above
200° or 300°C. Hydrocracking, for example, may
suitably be conducted at a temperature of from 350° to
450°C, a pressure of from 100 psig to 3000 psig, and a
weight hourly space velocity of from 0.1 hr™! to 19
hr™!, with a hydrogen/hydrocarbon molar ratio of from
0.1 to 100. Exothermic processes such as hydrogenation
and other processes where the predominant reaction is
hydrogenation (hydrotreating, hydrofinishing), will
normally be carried out at temperatures somewhat lower
than those used in hydrocracking in order to favor the
yydroqenation reactions which are thermodynamically
favored Py lower temperatures. Endothermic processes,
like hydrocracking, are favored by rather higher
temperatures; reforming, for example, will normally use
temperatures of 450" to 510°C, as'is conventional.
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n- Hexane 25. 4 21. 4 Met hyl pent anes

53.7 49. 9 D net hyl but anes 18.2 18.5

Met hyl cycl opent ane 0.2 0.5 C7+

0.2 0.9 Exanple 24 Pt/ MCM 41 Catal yst Preparation A sanpl e
of MCM 41 (40 [err]) was prepared in accordance with the nethod descri bed

I n Exanpl e 21 above. The MCM 41 crystalline product was exchanged with
room t enperature aqueous sol utions of andfhdi um nitrate and subsequent |y
dried overnight at 121[err]C (250[err]F). A portion of the resultant
crystals was conmbined with Al[err]derr] (Versal 250 [err]) to forma

m xture of 65 parts, 1Be Wlegbht Mdpéditishs3magaalsoabdidaa. yg&ter was added

to this mxture t ti a9 t ornmed | nto
extrudates. The %g gjll:ém \/\qggvéc f|g\lflatogd"xgé‘)l:%r1y% ﬁ%??%‘ﬁm{ﬁ SEEB[¥Fr] C
(950[err]F) in 59?‘%'1%? rPfoF”-ﬁFP‘Fﬂ'gé-l‘P F‘bﬁ"“ﬁ‘%&fs R8PS ofteEbbyontein epl acenent

of the nitrogen withodan wxitas ofN®j}l,. f&heﬂmenaﬁnﬂm&ﬂ&lcgﬂm\g@d by
rai sing the tenpgagbslsnd QhﬁS@;gg Crhd® LA EheaBgi JIRi;QLaI NiNg that

rature I n 5v/v/imn al
tenperature 5régé£graéion og cé%alysts used in the processing of

hydrocarbons, especialy in catalytic cracking
operatiaons. The Nox reduction reaction is favored by
the presence of metals such as vanadium, titanium and
for this reaction, the presence of these metals is
preferred.

The No, reduction is suitably conducted by passing
the gas containing the oxides of nitrogen over the
catalyst at an elevated temperature, typically at least
200°C, and usually within the range of 200* to 600°c.
The gas mixture may be mixed with ammonia to promote
reduction of the oxides of nitrogen and pre-mixing may
be conducted at a temperature of up to 200°C. The
amount of ammonia which is mixed with the gas mixture
is typically within the range of 0.75 to 1.25 the
stoichiometric amount, which itself varies according to
the ratio of the different oxides of nitrogen in the
gas mixture, as shown by the equations:

6N02 + BNH3 = 7N2 + 12H20
6NO + 4NH3 = 5N2 + GHZO

The crystalline catalytic compositions of matter
may also be used for the reduction of oxides of
nitrogen in gaseous mixtures in the presence of other
reducing agents such as carbon or carbon monoxide.
Reduction of the oxides of nitrogen in this way is of
particular utility in the regeneration of fluid
catalytic cracking (FCC) cataiysts, since regeneration
under appropriate conditions will produce the required

J
ha-;g ‘
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hour s. - 78 - The cal ci ned

extrudate was exchanged with a 0.0062M Pt (NH err])[err]C [err] sol ution,
fol |l oned by mashlng, drying and calcination in air at 343[err]C (650[err]F)
for three hours.

- 39 -

concentrations of carbon monoxide which may then be
used to reduce the proportion of Nox in the
regeneration gases in the presence of the catalyst. The
porous crystalline material may be used in a matrixed
or unmatrixed form for this purpose and may suitably be
formed into extrudates, pellets or other shapes to
permit the passage of gases over the catalyst with the
minimum pressure drop.

The use of an ultra-large pore molecular sieve for
hydrocracking, especially at low to moderate hydrogen
Pressure, provides an attractive option for obtaining
kerosene and distillate selectivities which compare to
state-of-the~art amorphous based catalysts. Benefits
of utilizing these catalysts in processes of this kind
include an increase in bottoms quality and a potential
increase in stability, since molecular sieves have been
shown to be more stable than amorphous catalysts. In
addition, the very high surface area possessed by the
present mesoporous supports materials is of especial
benefit in fuels hydrocracking where the catalyst needs
a high degree of acidic functionality to provide the
cracking function. In conventional zeolitic
hydrocracking catalyst;, this would be provided by a
high zeolite loading in the catalyst but for the fact
that this would reduce the amount of matrix material
available to support the metal function. The high
surface area of the mesoporous supports, however,
enables high metal loadings to be readily accommodated
while still providing adequate acidic functionality.

Examples 1 to 19 below illustrate the preparation
of the crystalline materials. In the examples,
whenever sorption data are set forth for comparison of
sorptive capacities for water, cyclohexane, benzene




Pd/ MCM 41 Cat al yst Preparation A sanple of MCM41 (40 [err]) was
prepared by a simlar nethod to that described in Exanple 21 above but
usi ng 48 pbw cetyltrinmethyl amoni um (CTMA) hydroxi de, 1 pbw sodi um

al um nate, 24 pbw tetranethylamoni msilicate (10% aqueous sol ution),

pbw precipitated hydrated silica (H Sil [err]). The m xture was
crystallized at 100[err]C for 20 hrs. _ 4 _The MCM 41 crystalline product
was formulated into a catalyst in the safme—way as the platinum containing

catalyst with th eption tha he cal.cin catal yst was exchanged with
aqueous Pd( NH er%ﬁ}} ﬁe}r‘% A Pg%narﬁ“ 5 &gﬁtw dd5PRBt tAn admes
tenmperature for §e%nif Fediavehnt at 250[err] F before the final

cpher 65 (Shel | gaq@qmdgi'?@%ﬁ rshmmﬁqf{ Ny mig AP ERE P00 !t Pon usi ng
t he incipient wet esgl mﬁ aé: 5%E é regng a&?é‘# B@4% amden dried at
room t enper at ur € sreRfiRent. ¢ 6¥I’éﬁ/€tﬁ§SB§Y12*1<[ &rempge ( 259 [more] F) over ni ght

after which the bleckigstcamaniabntsiedsi rohtadsddmital tnditge28LE 11 C
(550[err]F) for ;ﬁxﬁaouagorbace vABSr Y 4@ BQk) e{%},a' %a. ning catal ysts
(Pt MM 41/ Al [erplQleril;, m%ff' e el 8 sd?fcf e i) were
eval uat ed is calculated as

the adsorption capacity of the sample in terms of

grams/100 grams adsorhent based on adsorbent weight

after calcination at 540°C. The present composition

exhibits an equilibrium benzene adsorption capacity at

6.7 kPa (50 Torr) and 25°C of greater than 15 grams/100

grams, particularly greater than 17.§ 9/100 g/ and more

particularly greater than 20 g/100 gq.

A preferred way to do this is to contact the
desired pure adsorbate vapor in an adsorption chamber
evacuated to less than 1 mm at conditions of 1.6 kPa
(12 Torr) of water vapor, 5.3 kPa (40 Torr) of n-hexane
or cyclohexane vapor, or 6.7 kPa (50 Torr) of benzene
vapor, at 25°C. The pressure is kept constant {within
about * 0.5 mm) by addition of adsorbate vapor
controlled by a manostat during the adsorption period.

As adsorbate is adsorbed by the new crystal, the
decrease in pressure causes the manostat to open a
valve which admits more adsorbate vapor to the chamber
to restore the above control pressures. Sorption is
complete when the pressure change is not sufficient to
activate the manostat.

Another way of doing this for benzene adsorption
data is on a suitable thermogravimetric analysis
system, such as a computer-controlled $90/951 duPont
TGA system. The adsorbent sample is dehydrated
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for hydrogenating a pol yal pha-ol efin |ubricant. The properties of the
three catal ysts are summari zed in Table 5 bel ow.

- 79 - Table 5

Cat al yst Properties Pd MCM41([err]) Pt MCM41[err]
Pd SiJerr] Metal Loading, W % Pd 0. 83 -
0.84 Pt 0.54 - Surface Area,

mMerr]/g 800

682 3

{physically sorbed water removed) by heating at, for
example, 350° or 500°C to constant weight in flowing
helium. If the sample is in as-synthesized form, e.g.
containing organic directing agents, it is calcined at
540°C in air and held to constant weight instead of the
previously described 350° or 500°C treatment. Benzene
adsorption isotherms are measured at 25°C by blending a
benzene saturated helium gas stream with a pure helium
gas stream in the proper proportions to obtain the
desired benzene partial pressure. The value of the
adsorption at 50 Torr of benzene is taken from a plot
of the adsorption isotherm.

In the examples, percentages are by weight unless
otherwise indicated.

Example 1
One hundred grams of cetyltrimethylammonium {CTMA)

hydroxide solution, prepared by contacting a 29 wt %
N,N,N- trimethyl-l-hexadecanaminium chloride solution
with a hydroxide-for-halide exchange resin, was
combined with 100 grams of an aquecus solution of
tetramethylammonium (TMA) silicate (10% silica) with
stirring. Twenty-five grams of HiSil, a precipitated
hydrated silica containing 6 wt % free water and 4.5 wt
% bound water of hydration and having an ultimate
particle size of 0.02 micron, was added. The resulting
mixture was placed in a polypropylene bottle, which was
kept in a steam box at 95°C overnight. The mixture had
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Pore Vol une, cc/g 0. 96 0. 97 0. 88 Pore

Di stribution, % <50 [err] 32 42 0
50-100 [err] 16 12 41 100- 200 [err] 15
11 32 : >200 A 37 - 35 37
(1) Contains 65 wt % MCM 41 and 35 wt % alumna prior to the netal

addi tion. The MCM 41 materials usedgzi o the catalysts containg this

crystalline material had a pore openi ng—ef¥40 A Al three catal ysts have
30% pore volunme with pore dianmeters greater than 200 [err] but the MCM 41

catal ysts have 38-cd@fosdtéon oinirerms tde mﬂesdpéﬁﬂicﬁre'sth_egs than 50 A
Al'l catal ysts were eval uageqd jdled fiXgd-bed pilot unit. 2N pol y-al pha ol efin

(PAO) | ube oligoner having ghe co Ition shown in Table 6 bel ow was used
as the feed. 92 moles le 6 Properties of
PAO Gravity, 35t moAms (CTMA),0 39.2 Hydr ogen, wt
% 14. 6 61.7 molBEOpas E,Iunber 27.3

6231 moles ﬁ o]

The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.

The calcined product proved to have a surface area
of 475 m /g and the following equilibrium adsorption
capacities in grams/100 grams:

H,0 8.3
Cyclohexane 22.9
n-~Hexane 18.2
Benzene 21.5

The product of this example may be characterized
by X-ray diffractiion as including a very strong
relative intensity line at 37.8 + 2.0 A d-spacing, and
weak lines at 21.6 # 1.0 and 19.2 + 1.0 A.
Transmission electron microscopy (TEM) produced images
of a hexagonal arrangement of uniform pores ang
hexagonal electron diffraction pattern with a a

value of about 39 A. 100

Example 2

One hundred grams of cetyltrimethylammonium {CTMA)
hydroxide solution prepared as in Example 1 was
combined with 100 grams of an aqueous solution of
tetramethylammonium (TMA) hydroxide (25%) with
s#irring. Twenty-five grams of HiSil, a precipitated
hydrated silica containing about 6§ wt % free water and




KV @40[err]C, mm[err]/s 26.22 KV @O00[err]C, merr]/s
136

5. 253
- 80 -
H err]

Vi scosity | ndex
The PAO was hydrogenated at 2.0 LHSV, 2520 kPa (350 psigQ)
and 900 v/v (5000 scf/b) of once-through hydrogen circul ation rate.

Reactor tenperature was varied to obtain catalyst activity as a function

of tenperature. Catalyst activity is nmggsured by the reduction of brom ne
nunber of the oil. The Pd MCM 41/ ]Qerr] catalyst is the nost
active

about 4.5 wt % bound water of hydration and having an
ultimate particle size of about 0.02 micron, was added.
The resulting mixture was placed in a static autoclave
at 150°C overnight. The mixture had a composition in
terms of moles per mole A1203:
2.7 moles Nazo
291 moles Sio2
35.7 moles (CTMA)ZO
102 moles (TMA)ZG
6120 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at $40°C for 1 hour in
nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 993 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

Hzo 7.1
Cyclchexane 47.2
n-Hexane 36.2
Benzene 49.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 39.3 £ 2.0 A d-spacing, and
weak lines at 22.2 £ 1.0 and 19.4 + 1.0 A. TEM
indicated that the product contained the ultra-large
pore material.

A portion of the above product was then contacted
with 100% steam at 788°C (1450°F) for two hours. The
surface area of the steamed material was measured to be
440 m2/g, indicating that 45% was retained following
severe steaming.
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catalyst. It achieved the reduction of brom ne nunber to less than 1 at
177[err]C (350[err]F), the | owest tenperature of the experinents. Pt

MCM 41/ Al [err]err] is also quite active. The Pd/SiJerr] catalyst, is the
| east active catalyst for this reaction. Exampl e 25 - Thi s exanpl e
shows the use of an MCM 41 nol ecul ar sieve for selective |ube
hydrocracking. A NNWMCM 41 catal yst waggprepared in accordance with the
nmet hod of Exanple 21 above. Thi s~eatatyst was used to hydrocrack a
heavy neutral distillate having the properties given in Table 7 bel ow,
together with the paeeeidd esrofon v the edlicinedopreductieaxhhy to O[err]F

pour pol nt (AT BePd | 1$HCHo @6 SAhAPLLId77- tock has
hi gh nitrogen Cedcﬁfnglg vg%s %gggx&l.&p@liﬁ boap 77BN 158608

ngm a%d t hat atho% gg%i*ltaetre \g{l after sol vent
dewaxi ng i s 53.F9Fh&EVB IS ve B8Ry} Beracking the distfffate is to

i ncrease the Vindagugbdtto thiee 798-MU&, VEngberfelngr £RAC s3¥ RS dewaxi ng whil e
maxi m zi ng | ube.oEa8hdg after steaming at these conditioms.

Example 3 |
Water, cetyltrimethylammonium hydroxide solution

prepared as in Example 1, aluminum sulfate, HiSil and
an aqueocus solution of tetrapropylammonium (TPA)
bromide (35%) were combined to produce a mixture having
a composition in terms of moles per mole A1203:

0.65 moles Nazo

65 moles SiO,

8.8 moles (CTMA)20

1.22 moles (TPA)ZO

1336 moles HZO

The resulting mixture was placed in a

polypropylene bottle, which was kept in a steam box at
g§°c for 192 hours. The sample was then cocled to room
temperature and combined with CTMA hydroxide solution
prepared as in Example 1 and TMA hydroxide (25% by
ﬁeight) in the weight gatio of 3 parts mixture, 1 part
CTMA hydroxide and 2 parts TMA hydroxide. The combined
mixture was then placed in a polypropylene bottle and
kept in a steam box at 95°C overnight. The combined
mixture had a composition in terms of moles per mole

A1203:

T



- 81 -

Properties

ppm
Sul fur,

22.0
w %
32.2

wt

Table 7 Heavy Neutral Distillate

Hydrogen, w % 12.83 Ni t rogen,
1500 Basic N trogen, ppm 466
0.72 APl Gavity
KV @100[err]C, merr]/s 18. 52 Conposi tion,
Paraffins - 45 - 18. 3 Napht henes

0.65 moles Nazo
65 moles SiO2
15 moles (CTMA)zo
1.22 moles (TPA)ZO
35.6 moles (TMA)ZO
2927 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 1085 mz/q and the following equilibrium adsorption
capacities in grams/100 grams:

Hzo 11.5
Cyclohexane > 50
n-Hexane . 39.8
Benzene 62

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 38.2
+ 2.0 A d-spacing, and weak lines at 22.2 + 1.0 and
19.4 + 1.0 A, TEM indicated the product contained the
ultra-large pore material.

Example 4

Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide scluticn prepared as in Example 1 was
combined with 2 grams of Catapal alumina (alpha-alumina
monohydrate, 74% alumina) and 100 grams of an agqueous
solution of tetramethylammonium (TMA) silicate (10%
silica) with stirring. Twenty-five grams of Hisil, a
precipitated hydrated silica containing about 6 wt %
free water and 4.5 wt % bound water of hydration and
having an ultimate particle size of 0.02 micron, was
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Aromati cs 49. 5 SSmDst, wt% | BP

[err]C ([err]F) 407 (765) 5 452 (846)
10 471 (880) 95 586
(1086) Sol vent Dewaxed QG| Properties . KV @100[err]C,
mierr]/s 20.1 Vi 53

Pour Point, [err]C ([err]F) -18 (0)- 46 - Lube Yield, wt %

87 The distillate was processed at—temperatures from 385[err] to

401[ err] C (725[ ghddd.t OTRBAL&sthhg A8k Ras (RIbPIngx dygliegen pressure,
1350 v/v (7500 S_CFBg h drggg%,%j rfgylggihggr nd &IE%JE’&Q Gﬁ:’La"\lR}gSV' The data
fromthese expef Pons”are "Summarized in abeggeo :
composition in terms of moles per mole Al,0,:
0.23 moles Nazo
33.2 moles Sio2
6.1 moles (CTMA)ZO
5.2 moles (TMA)ZO
780 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 1043 mz/q and the following equilibrium adsorption
capacities in grams/100 grams:

HZO 6.3
Cyclohexane > 50
n-Hexane 49.1
Benzene 66.7

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 40.8
+ 2.0 A d-spacing, and weak lines at 23.1 # 1.0 and
20.1 + 1.0 A, TEM indicated that the product contained
the ultra-large pore material.

Example 5
Two-hundred sixty grams of water was combined with

77 grams of phosphoric acid (85%), 46 grams of Catapal
alumina (74% alumina), and 24 grams of pyrrolidine
(Pyr) with stirring. This first mixture was placed in
a stirred autoclave and heated to- 150°C for six days.
The material was filtered, washed and air-dried. Fifty

:Rgem:mwr SHEET,
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- 82 - Table 8 (LHDC wi t h

NiWMCM 41) Tenp., [err]C ([err]F) 385 (725) 393 (739) 401
(754) Pressure, kPa (psig) 13900 (2000) 13900 (2000)
13900 (2000) LHSV 0.61 0.54 0.55

650[ err] F+ conv., w % 9.3 20.8 36.0
Lube Properties KV @100[err] C, mj-ea#]ds 13.08 10. 46

7.59 SUS @38[err]C (100[err]F) 772 468 261 Vi
79 98. lgrams of this kk@dict waoslubpidd wiltr 806 ddi LE)

-9.4 (15) 'Qaéer( §Qé 200 q'x.%mé cgfo’qgetyltrimetnylammonium hydroxide

solution prepared as in Example 1. Four hundred grams
of an aqueous solution of tetraethylammonium silicate
(10% silica) was then added to form a second mixture
which was placed in a polypropylene bottle and kept in
a steam box at 95°'C overnight. The first mixture had a
composition in terms of moles per mole A1203:
1.0 moles 9205
0.51 moles (Pyr)zo
47.2 moles H,0
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrecgen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 707 mz/g and the following equilibrium adsorption

capacities in grams/100 grams:

HZO 33.2
Cyclohexane 19.7
n-Hexane 20.1
Benzene 23.3

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 25.4 + 1.5 A d-spacing. TEM
indicated the product contained the present ultra-large
pore material (see Example 23).

Example 6
A solution of 1.35 grams of NaAlO2 (43.5% aAl,0,,

30% Na,0) dissolved in 45.2 grams of water was mixed
with 17.3 grams of NaOH, 125.3 grams of colloidal
silica (40%, Ludox HS-40) and 42.6 grams of 40% aqueous
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Lube Yield, Wt % 80.5 66. 6

54.3 The

Ni WMCM 41 catal yst was sel ective for upgrading the heavy neutral
distillate froma raw distillate VI of 53 to a 98 VI product at a

conversion |level of 20.8 W% Exampl e 26
cetyltrinmethylamonium (CTMA) hydroxi de sol ution,

‘48 parts by wei ght of
prepared by contacting a

29 w % N, N N-trinethyl-1-hexadecyl ammggium chl oride solution with a
hydr oxi de-f or-hal i de exchange resin, ~was~tonbined with 1 part by wei ght of

and 24 par q%f_‘ ' . q 5l ut { on_ of

t et r anet hyl amﬁ?@lﬁ?’(%ﬁpgff%&a gﬁ%%%ﬁi{caf ?WIHfE s’t%%r'ri'hg‘.:e% parts by
wei ght of Hi Si | [s&iFFing qyesBightatt8s ThYTHER s@ssherted S6%t Zi #3Yy about 6 wt
% free water andn ab&tdand bbxW 950d)ounHolbdveingfibyatidmn 1andgkansd Ng an

of this solution was mixed with 31 grams of

cetyltrimethylammonium hydroxide solution prepared as

in Example 1 and stored in the steam box at 95°C for 13

days. The mixture had the following relative molar

sodi um al um nat e

composition:
0.25 moles Alzo3
10 moles Nazo
36 moles Sio2
0.95 moles (CTMA)zo
2.5 moles (TEA)zo
445 moles Hzo

The resulting solid product was recovered by
filtration and washed with water and ethanol. The
product was then calcined at 546°C for 1 hour in

nitrogen, followed by 6 hours in air.

The calcined product composition included 0.14 wt
% Na, 68.5 wt % sioz and 5.1 wt % Alzo3, and proved to
have a benzene equilibrium adsorption capacity of S58.6

grams/100 grams.

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 31.4 * 1.5 A d-spacing. TEM
indicated that the product contained the present

ultra-large pore material.

Example 7

A mixture of 300 grams of cetyltrimethylammonium
(CTMA) hydroxide solution prepared as in Example 1 and
41 grams of colloidal silica (40%, Ludox HS-40) was
heated in a 600 cc autoclave at 150°C for 48 hours with
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- 83 - wultimate particle size of about 0.02 mcron, was added. The
resulting mxture was crystallized at 100[err]C for 20 hours. The m xture

had a conmposition in terns of noles per nole A1203: 1.46

nol es Na[err] O 27.8 nmoles Sierr] 5.6 nol es
(CTMA) [err] O 3.11 noles (TMA)[err] O 723. 7 nol es
Herr]O The resulting solid product was recovered by filtration and

dried in air at anbient tenperature Ihé_p;pduct was t hen cal ci ned at
e e rminsn oA b5, Tl SR d W hableflion 1o The
terms of moles per mole 5102
0.5 mole (CTMA)ZO
46.5 moles Hzo
The resulting solid product was recovered by
filtration, washed with water, then calcined at 540°C
for 1 hour in nitrogen, followed by 10 hours in air.
The calcined product composition included less
than 0.01 wt % Na, 98.7 wt % 510 and 0.01 wt % Alzos,
and proved to have a surface area of 896 m /g. The
calcined product had the following equilibrium

adsorption capacities in grams/100 grams:

H,0 8.4
Cyclochexane 49.8
n~Hexane 42.3
Benzene 55.7

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 40.0
+ 2.0 A d-spacing and a weak line at 21.2 # 1.0 A. TEM

indicated that the product of thls,example contained at
least three separate phases, one of which was the

ultra-large pore material.

Example 8

A mixture of 150 grams of cetyltrimethylammoniun
(CTMA) hydroxide solution prepared as in Example 1 and
21 grams of colloidal silica (40%, Ludox HS-40) with an
initial pH of 12.64 was heated in a 300 cc autoclave at
150°C for 48 hours with stirring at 200 rpm. The
mixture had a compo;ition in terms of moles per mole

8102:




of 1200 nferr]/g and the follow ng equilibrium adsorption capacities in
grans/ 100 grans: Herr]O 13.5 Cycl ohexane >
50 n- Hexane 43. 6 Benzene 71 The
product of this Exanple has an X-ray diffraction pattern including a very
strong relative intensity line at 38.4 2.0 Angstronms d-spacing, and weak
lines at 22.6 1.0, 20.0 1.0 and 15.2 8[[] 1.0 Angstrons. The
product (35 parts by weight) was bound-#th 65 parts by wei ght of an

al um na binder by a mulling and pelletizing procedure. The pelletized

m xture was then cal ci ned,Sfmalst (EFTM&I T ogen and then in air, at
tenperatures up to 538[eygl & #oi@Q0kesr|F) to renove organic materi al

i ncluded in the as-synthesi ' tions in the cal cined

d matefial. Ca
pel lets were then e aﬁ@éﬂf%‘lﬂggmsﬁmufﬁtV%ﬁs“fﬁ?véﬁﬁfla’éli ng the

filtration, washed with water, then calcined at s40°c
for 6 hours in air.

The calcined preoduct composition was measured to
include 0.01 wt % Na, 93.2 wt % Si0, and 0.015 wt 3
51203' and proved to have a surface area of 992 mz/g
and the following equilibrium adsorption capacities in
grams/100 grams:

Hzo 4.6
Cyclchexane > 50
n-Hexane > 50
Benzene 62.7

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 43.6 * 2.0 A d-spacing and
weak lines at 25.1 + 1.5 and 21.7 + 1.0 A. TEM
indicated that the product contained the ultra-large
pore material.

Example 9
Sodium aluminate (4.15g) was added slowly into a

solution containing 16g of myristyltrimethylammonium
bromide (cquMABr) in 100g of water. Tetramethyl-
ammonium silicate (100g-10% Sio,), HiSil (25g) and
tetramethylammonium hydroxide (14.2g-25% solution) were
then added to the mixture. The mixture was
crystallized in an autoclave at 120°C with stirring for
24 hours.

' The product was filtered, washed and air dried.
Elemental analysis showed the product contained 53.3
wtd sioz, 3.2 wtg Alzos, 15.0 wt% C, 1.88 wts N, 0.11

- o -
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- 84 - pellets with solutions of 1IN NH err]NJ err] nmaintained at a pH of
8. The twi ce-exchanged pellets were then dried in air at 121[err]C
(250[err]F) followed by calcination at 538[err] C (1000[ err] F) under
conditions sufficient todeconpose anmoni umions and evol ve amoni a,

t hereby converting the bound material to the hydrogen form The
hydrogen form of the bound material was sihen i npregnated with an anmoni um
hept anol ybdat e sol ution. Mre particulafTy, 45.12 nl of an aqueous sol ution
containing 5.08 grans of amoni um heptanol ybdate (81.5 wt % Mo err]) was

added to 40 gr aRgsofa i Beds0gen <@ HLofoddi bogd gatgrial . The resulting

wet material was
diffraction pattern of the material after calcination

at 540°C for 1 hour in N, and 6 hours in air includes a
very strong relative intensity line at 35.3 + 2.0 4
d-spacing and weak lines at 20.4 # 1.0 and 17.7 + 1.0 A
d-spacing. TEM indicated that the product contained
the ultra-large pore material.

The washed product, having been exchanged with 1N
ammonium nitrate solution at room temperature, then
calcined, proved to have a surface area of 827 mz/g and
the following equilibrium adsorption capacities in
4/100g anhydrous sorbent:

HZO 30.8

Cyclohexane 33.0

n-Hexane 27.9

Benzene 40.7
Example 10

Sodium aluminate (8.39) was added slowly into a
solution containing 184g of dodecyltrimethylammonium
hydroxide (C,,TMACH, 50%) solution diluted with 480g of
water. Ultrasilé (50g) and an aqueous solution of
tetramethylammonium silicate (200g-10% Sio ;) and
tetramethylammonium hydroxide (26.38g-253% solutlon)
were then added to the mixture. The mixture was
crystallized in an autoclave at 100°C with stirring for
24 hours.

_The product was filtered, washed and air dried.
After calcination at 540°C for 1 hour in N, and 6 hours
in air, the X-ray diffraction pattern includes a very
strong relative intensity line at 30.4 + 1.5 &
d-spacing and weak lines at 17.7 #+ 1.0 and 15.3 + 1.0

i T FERPTS,
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dried at 250[err]F (121[err]C) and then calcined in air at 1000[err]F
(538[err]C) under conditions sufficient to deconpose anmmoni um
hept anol ybdat e and generate Mo err], thereby produci ng a nol ybdenum

| npregnated materi al . The nol ybdenum i npregnat ed bound material was
then inpregnated with a nickel nitrate solution. Mre particularly, 48.14
m of an aqueous sol ution containing 9.1g grans of

Ni (NOJerr])[err].6Herr]O (21.2 wt % N y~wars added to the nol ybdenum

i npregnated nmaterial. The resulting wet material was dried at 250[err]F
(121[err] ©) andAt &espacdingi. neTEM indicatgd KyY[ ERe | ErqEysy| eppgadnedo deconpose
nickel nitrate apgd &Egy%nggagﬂgaretﬂeteimaunroducing a ni ckel and nol ybdenum
i npregnat ed mat er1 al

in Table 9. The washeg'epzroﬁﬁw:f | g GRE Bk¥RtehadnbhE PLQPGHL T €S shown
ammonium nitrate soluticn at room temperature, then
calcined, proved to have a surface area of 1078 mz/g
and the following equilibrium adsorption capacities in
g/100g anhydrous sorbent:

Kzo 32.6
Cyclohexane 38.1
n-Hexane 33.3
Benzene 42.9

ample
A solution of 4.9 grams of NaAlo, (43.5 % Al,0,,

30% Naoz) in 37.5 grams of water was mixed with 46.3 cc
of 40% aqueous tetraethylammonium hydroxide solution
and 96 grams of colloidal silica (40%, Ludox HS-40).
The gel was stirred vigorously for 0.5 hour, mixed with
an equal volume (150 ml)} of cetyltrimethylammonium
hydroxide solution prepared as in Example 1 and reacted
at 100°C for 168 hours. The mixture had the following .
composition in terms of moles per mole Alzo3:

1.1 moles.Nazo

30.6 moles Sio2

3.0 moles (TEA),O

3.25 moles (CTMA)ZO

609 moles Hzo

The resulting solid product was recovered by

filtration, washed with water then calcined at 540°C
for 16 hours in air. The calcined product proved to
have a surface area of 1352 mz/g and the following
equilibrium adsorption capacities in grams/100 grams:




- 85 - Table 9 Ni Mo/ MCM 41 Cat al yst Properties

Ni ckel 4.9 Mol ybdenum 8.0 Real
Density, g/cc 2.784 Surface Area, nferr]/g 306 (1) 65 wt % MCM 41
and 35 wt % alumna prior to the nmetals addition. Exampl e 27 The

catal yst of Exanple 26 was tested for upgradi ng an Arabi an Light
At nospheric Resid having the properties et out in Table 10 bel ow

HZO 23.6
Cyclohexane >50
n-Hexane 49
Benzene 67.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 38.5 + 2.0 A d-spacing and a
weak line at 20.3 + 1.0 A. TEM indicated that the
product contained the ultra-large pore material.

Example 12
Two hundred grams of cetyltrimethylammonium (CTMA)

hydroxide solution prepared as in Example 1 was
combined with 4.15 grams of sodium aluminate and 100
grams of aqueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five grams
of Hisil, a precipitated hydrated silica containing s
wt % free water and 4.5 wt % bound water of hydration
and having an ultimate particle size of 0.02 micronm,
was added. The resulting mixture was placed in a
static autoclave at 150°C for 24 hours. The mixture
had a composition in terms of moles per mole Alzo

1.25 moles_Na20

27.8 moles Sio2

5.1 moles (CTMA),O

4.40 moles (TMA)zo

650 moles H,0

The resulting solid product was recovered by

filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air. TEM indicated
that this product contained the ultra-large porxe
material. The X-ray diffraction pattern of the

3:
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- 86 - Tabl e 10 Arabi an Li ght Atnospheric Resid

Ceneral Properties Gavity, API[err] 18.2
Hydrogen, Wt % 11.71 Sul fur, Wt % 3.0
Ni t rogen, ppnmw 0.15 CCR, Wt % . 7.7
Asphal tenes, wt % 5.7

- 54 ~

calcined product of this example can be characterized
as including a very strong relative intensity line at
44.2 + 2.0 A d-spacing and weak lines at 25.2 + 1.5 and
22.0 + 1.0 A.

The calcined product proved to have a surface area
of 932 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

HZO 39.3
Cyclohexane 46.6
n-Hexane 37.5
Benzeane 50

Example 13
Two hundred grams of cetyltrimethylammonium (CTMA)

hydroxide solution prepared as in Example 1 was
combined with 4.15 grams of sodium aluminate and 100
grams of agueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five grams
of HiSil, a precipitated hydrated silica containing 6
wt % free water and 4.5 wt % bound water of hydration
an& having an ultimate particle size of about 0.02
micron, was added. The resulting mixture was placed in
a steam box at 100°C for 48 hours. The mixture had a
composition in terms of moles per mole Al,0,:

1.25 moles Nazo

27.8 moles Sio2

5.1 moles (CTMA)zo

4.4 moles (TMA)zo

650 moles Hzo

The resulting solid product was recovered by

f£iltration and dried in air at ambient temperature.
The product was then calcined at S540°C for 1 hour in
nitrogen, followed by 6 hours in air. The calcined




Trace Metals, ppnmw Ni ckel 8.9

Vanadi um 34.0 I ron 2.7
Distillation, [err]C ([err]F) | BP 231 (447)
10% : 344 (651) 30% 434 (814)
50% 518 (965) 60% 569 (1056)

The oil was processed at 7000 kPa (10QO0spsi g) and a wei ght hourly space
velocity (WHSV) of 0.66. Reactor tenpérarure was varied from600[err]F
(315[err]C) to 750[err]F (399[err]C) to cover a wide range of conversion.
The results of wpreducteqroyed B Vaye RhgafpldovingTaeeil ibgdut s i ndi cat e t hat
the catal yst is agsbipeidocagasttitld ahi grami)doasgbahsene renoval while

requiring | ow hydrogen consynption (as deternigngd by the | ow hydrogen
content of the products). 2 *

Cyclohexane > 50
n-Hexane 40.8
Benzene 53.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 39.1 # 2.0 A d-spacing anad
weak lines at 22.4 + 1.0 and 19.4 + 1.0 A. TEM
indicated that this product contained the ultra-large
pore material.

Example 14
A mixture of 125 grams of 29% CTMA chloride

aqueocus solution, 200 grams of water, 3 grams of sodium
aluminate (in S0 grams HZO), 65 grams of Ultrasil,
amorphous precipitated silica available from PQ
Corporation, and 21 grams NaOH (in 50 grams H,0) was
stirred thoroughly and crystallized at 150°C for 168
hours. The reaction mixture had the following relative
molar composition in terms of moles per mole silica:

0.10 moles (CTMA)ZO

21.89 moles HZO

0.036 moles NaAlo2

0.53 moles NaCH

The solid product was isolated by filtration,

washed with water, dried for 16 hours at room
temperature and calcined at 540°C for 10 hours in air.
The calcined product proved to have a surface area of
840 mz/g, and the following equilibrium adsorption
capacities in grams/100 grams:




- 87 - Table 11 Product Properties
(ATM Resid, 1900 psig, 0.66 WHSV) Tenperature Met al s Asphal t enes

Hydr ogen [err]C([errF) N +V, ppnw W % W 9% 316 (600) 21.8
2.61 12.04 343 (650) 13.2 0.9 - 12.43 371 (700)
3.8 0. 29 12.54 385 (725) 1.2 -
12.66 399 (750) 0.2 " o sg - 12. 77 Exanpl e 28

H,0 15.2

Cyclohexane 42.0

n-Hexane 26.5

Benzene 62

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 40.5 % 2.0 A d-spacing. TEM
indicated that the product contained the ultra-large
pore material.

Example 15

To make the primary template mixture for this
example, 240 grams of water was added to a 92 gram
solution of 50% dodecyltrimethylammonium hydroxide, 36%
isopropyl alcchol and 14% water such that the mole
ratio of Solvent/Rz/fo was 155. The mole ratioc of
Hz°/Rz/f° in this mixture was 149 and the zPA/Rz/fo
role ratio was 6. To the primary template mixture was
added 4.15 grams of sodium aluminate, 25 grams of
Hisil, 100 grams of aqueous tetramethylammonium
silicate solution (10% sioz) and 13.2 grams of 25%
aqueocus tetramethylammonium hydroxide solution. The
mole ratio of RZ/fo/(Si°2+A12°3) was 0.28 for the
mixture. )

This mixture was stirred at 25°C for 1 hour. The
resulting mixture was then placed in an autoclave at
100°C and stirred at 100 rpm for 24 hours. The mixture
in the autoclave had the following relative molar
composition in terms of moles per mole siozz

EEE&@KE%QENT'&%&@ﬁf'

09 JAN 997
.

-




Cations in the as-synthesized material of Exanple 27 were exchanged with
anmoni um cati ons by contacting the material with a solution of 1M

NH err]NOJ err] at roomtenperature for one hour. The exchanged material was
filtered and rinsed with water. This exchange/filter/rinse procedure was
repeated and the material was then dried at 250[err]F (121[err]C) overni ght
to forman amoni um exchanged materi ak.s7 - 35 parts by weight of this
ammoni um exchanged material was bound™Wth 65 parts by weight of an al umi na
bi nder by an extrusion progegsrmieptagoci ng extrudate in the form of
1/16-inch cylinders. The e%trggeqﬂebg ng material was dried overnight at
250[err]F (121[err] C . The aPr el st €rea was then calcined, first in
nitrogen and then in air, &-18crpier AFusT®Iy? to 1000[err]F (538[err] Q)

under conditions sufficient.te seormEsE,@mmoni umions and to substantially

renove organic material, ther Gengepting the material to the hydrogen
form The hydr ogen fo?%fgfwﬁhe géund material was humdified with
noi st air by placing the met-8r pate j FFA

The resulting solid product was recovered by

filtration, washed with water and dried in air at
ambient temperature. The product was then calcined at
540°C for 1 hour in nitrogen, followed by 6 hours in
air.

The calcined product proved to have a surface area
of 1223 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

Hzo 25.5
Cyclohexane 41.1
n-Hexane 35.1
Benzene 51

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 30.8 % 1.5 A d-spacing and
weak lines at 17.9 + 1.0 and 15.5 + 1.0 A. TEM
indicated this product to contain the ultra-large pore

material.

ample
A 50.75 gram quantity of decyltrimethylammonium

hydroxide (prepared by contacting a ca. 29 wt %
solution of decyltrimethylammonium bromide with a
hydroxide—for-halide exchange resin) was combined with
8.75 grams of tetraethylorthosilicate. The mixture was
stirred for about 1 hour and then transferred to a
polypropylene jar which was then placed in a steambox
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- 88 - the path of a stream of air which had been passed through a
bubbl er at room tenperature. The noisture saturated material was then

i npregnated with a sol ution containing amoni um hept anol ybdat e and ni ckel
nitrate: 214.8 m of an aqueous sol ution containing 25.8 grans of ammoni um
hept anol ybdate (54.3 vt % Mo, 81.5 w % Mo(Jerr]) and 27.7 grans of

Ni (NOJerr])[err]6H err]O (20.2 wt % NJ sgas added to 182 grans of the

noi sture saturated bound material. TheT®e3sUIting wet material was dried at

250[ er r1F (121farrl Q). and dduen, Cahd Redeise aidd al cbRBOSBEIdF14538[ err] O
under conditi oglesmséuoflncléleenst pteg goe Ompase
2
0.81 mole (CIOTMA)ZO
47.6 moles 820
The resulting solid product was filtered and
washed several times with warm (60°-70°C) distilled
water and with acetone. 'The final product was calcined
to §38°C in Nz/air mixture and then held in air for
about 8 hours. The calcined product proved to have a
surface area of 915 mZ/g and an equilibrium benzene
adsorption capacity of 35 grams/100 grams. Argon
physisorption data indicated an argon uptake of 0.34
cc/gram, and a pore size of 15 A.
The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 27.5
+ 1.5 A d-spacing and weak lines at 15.8 % 1.0 and 13.7
+ 1,0 A. TEM indicated that the product of this
example contained the ultra-large pore material.

Example 17

To eighty grams of cetyltrimethylammonium
hydroxide (CTMAOH) solution prepared as in Example 1
was added 1.65 grams of NaAlo,. The mixture was
stirred at room temperature until the NaAlo, was
dissolved. To this solution was added 40 grams of
aquecus tetramethylammonium (TMA) silicate solution (10
wt ¥ si0,) . 10 grams of HiSil, 200 grams of water and
70 grams of 1,3,5-trimethylbenzene (mesitylene). The
resulting mixture was stirred at room temperature for
saveral minutes. The gel was then lcaded intoc a 600 cc
autoclave and heated at 105°'C for sixty-eight hours




ammoni um hept anol ybdate and nickel nitrate, generating MoJerr] and NOQ, to

produce a nol ybdenuni ni ckel inpregnated catal yst. The resul ting

catal yst had the properties shown in Table 12. Table 12
Cat al yst. Properties Chem cal Conposition NiO w %

3.3 Mo err], w % 7.6 Physical Properties Surface
Area (BET), nmferr]/g 645 Pore \olggne, cc/g 0. 88 Avg
Pore Dia., Angstrons 55 PSD (Hg—Porusinetry), cc/g <30A

0. 26 30- 100A 9 2Q0A

0.14 >200%ith stirring at 130 rpm. 8“% m;xturelr%qg gat al yst was eval uat ed

for upgradi ng Pespdwition in terms of moles per mole A
1.25 moles Nazo
27.8 moles sio2
5.1 moles (CTMA)ZO
2.24 moles (TMA)ZO
2256 moles Hzo
80.53 moles 1,3,5~trimethylbenzene

The resulting product was filtered and washed
several times with warm (60°-70°C) distilled water and
with acetone. The final product was calcined to 538°C
in N /axr mixture and then held in air for about 10
hours. The calcined product proved to have an
equilbrium benzene adsorption capacity of >25 grams/100
grams.

The X-ray diffraction pattern of the calcined
product may be characterized as including a broad, very
strong relative intensity line at about 102 A
d-spacing, but accurate positions of lines in the
extreme low angle region of the X-ray diffraction
pattern are very difficult to determine with
conventional X-ray diffractometers. Furthermore, finer
collimating slits were_required to resolve a peak at
this low 2-theta angle. The slits used in this
example, starting at the X-ray tube, were 0.1, 0.3, 0.5
and 0.2 mm, respectively. TEM indicatgd that the
product of this example contained several materials
with different d:oo values as observed in their
electron diffraction patterns. These materials were
found to possess dlo0 values between 85 A d~spacing and
120 A d-spacing.

l2 3t

Example 18
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- 89 - shale oil at relatively mld conditions (2.0 LHSV and 7000 kPa
(1000 psig) Herr])). Analyses of the retorted Paraho shale oil are given
in Tabl e 13. Experinmental data are summarized in Table 14.

Tabl e 13 Retorted Paraho Shale O -Gravity, AP
21.7 Hydrogen, wt % 11. 49

- 60 ~

To eighty grams of cetyltrimethylammonium
hydroxide (CTMAOH) solution prepared as in Example 1
was added 1.65 grams of NaAlO,. The mixture was
stirred at room temperature until the NaAloz was
dissolved. To this solution was added 40 grams of
agueocus tetramethylammonium (TMA) silicate solution (10
wt % sioz), 10 grams of HiSil, 200 grams of water and
120 grams of 1,3,5-trimethylbenzene (mesitylene). The
resulting mixture was stirred at room temperature for
several minutes. The gel was then loaded into a 600 cc
autoclave and heated at 105°C for ninety hours with
stirring at 150 rpm. The mixture had a composition in
terms of moles per mole A1203:

1.25 moles Nazo

27.8 moles Sio2

5.1 moles (CTMA)ZO

2.24 moles (TMA)ZO

2256 moles H20

132.7 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed
several times with warm (60°-~70°C) distilled water and
with acetone. The final product was calcined to 538°C
in Nz/air mixture and then held in air for 10 hours.
The calcined product proved to have a surface area of
915 mz/g and an equilbrium benzene adsorption capacity
of >25 grams/100 grams. Argon physisorption data
indicated an argon uptake of 0.95 cc/gram, and a pore
size centered con 78 A (Dollimore-Heal Method, see
Example 19(b)), but running from 70 to greater than 105
A. The X-ray diffraction pattern of the calcined
product of this example may be chagacterized as having
only enhanced scattered intensity in the very low angle
region of the X-ray diffraction, where intensity from
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Ni trogen, wt % 2. 20 Sul fur, Wt % 0. 69

Arsenic, ppnw 37 I ron, ppnmv 27

Ni ckel , ppnmw 2.4 Br om ne Number 45

Mol ecul ar Wi ght 307 C=C bonds per nol ecul e 0. 85
Distillation,[err]C ([err]F) D 2887 5% 239 (463)
30% 373 (703) - 39% 432 (809)
70% 491 (915) ~95% The results of this

eval uati on showed that the catal yst was active for olefin saturation,

renoval of i rort:x-fendrahekett;ecaridcmt:t Kogaydteam.is WRwatht al yst is al so
active for arsec;yﬁ% B0V oo rd o fxﬂakéﬁéé&rthﬂ-.h@.hﬁaé?é e can dearsenate
the shale oil to less t '

contained hgenveraq Qgterla 5799 g rc[.tu:fe(r % [ S{Oro] G alues

as observed in their electron diffraction patterns.
These materials were found to possess dloo values
between 85 A d-spacing and 110 A d-spacing.

Example 19
To eighty grams of cetyltrimethylammonium

hydroxide (CTMACH) solution prepared as in Example 1
was added 1.65 grams of NaAlOz. The mixture was
stirred at room temperature until the NaA102 was
dissolved. To this solution was added 40 grams of
aqueocus tetramethylammonium (TMA) silicate solution (10
wt % Sioz), 10 grams of HiSil, and 18 grams of
1,3,5~-trimethylbenzene (mesitylene}. The resulting
mixture was stirred at room temperature for several
minutes. The gel was then loaded into a 300 cc
autoclave and heated at 105'C for four hours with
stirring at 150 rpm. The mixture had a composition in
terms of moles per mole A12°3:

1.25 moles Nazo

27.8 moles Sio2

5.1 moles (CTMA)ZO

2.24 moles (TMA)ZO

650 moles Hzo

19.9 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed

several times with warm (60°-70°C) distilled water and
with acetone. The final product was calcined to 538°C
in Nz/air pixture and then held in air for about 8
hours.

mm————__
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- 90 - Table 14 Hydr opr ocessi ng

O Shale O (2.0 LHSV/ 7000 kPa (1000 psig) Herr])

Br om ne No. Iron Nickel Arsenic Sulfur Ni t rogen

(pprmy)  (ppma) (pprmy) (Wt %  (ppnw) Tenp., C[err]([err]F) 260(500) 0.9
4.3 2.4 7.5 0. 66 2.18 288(550) <0. .9 5.0
0. 60 1.98 - 62 -

The calcined product proved to have a surface area
of 975 mz/g and an equilbrium benzene adsorption
capacity of >40 grams/100 grams. Argon physisorption
data indicated an argon uptake of 0.97 cc/gram, and a
pore size of 63 A (Dollimore-Heal Method), with the
peak occurring at P/P°=0.65.

The X-ray diffractjon pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 63 +
5 A d-spacing and weak lines at 36.4 % 2.0, 31.3 + 1.5
A and 23.8 + 1.0 A d-spacing. TEM indicated that the
product of this example contained the ultra-large pore
material.

Example 20
Argon Physisorption Determination

To determine the pore diameters of the mesaporous
products with pores up to 60 A in diameter, 0.2 gram
samples of the products of Examples 1 through 17 were
placed in glass sample tubes and attached to a
physisorption apparatus as described in U.S. Patent No.
4,762,010.

The samples were hgated to 300°C for 3 hours in
vacuo to remave adsorbed water. Thereafter, the
samples were cooled to 87°K by immersion of the sample
tubes in liquid argon. Metered amounts of gaseous
argon were then admitted to the samples in stepwise
manner as described in U.S. Patent No. 4,762,010,
column 20. From the amount of argon admitted to the
samples and the amount of argon left in the gas space
above the samples, the amount of argon adsorbed can be

. calculated. For this calculation, the ideal gas law
and the calibrated sample volumes were used. (See also
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316(600) <0.1 2.2 1.8 2.5 0.54 1.94 371(700) <0.1

0.3 1.6 <1.0 0. 32 1.59 381(717) nm nm nm nm
nm nm 399(750) <0.1 0.1 0.2 <1.0 0. 15 1.41 nm =
not neasured Exanpl e 29 Thi s Exanpl e provides a conparison with a

zeolite catalyst (NNWUSY), using a heavy neutral distillate whose
properties are given in Table 15 bel ow ggogether with the properties of the
oil after solvent dewaxing to -18[err] rr]F) pour point. It can be

seen that the feegstepigdat BLoh Jusb C eOf Q@ PPM and that the
distillate VI after solvent dewaxi ng IS . e.0Q f | ube
hydr ocr acki ng t RE=8REL Izé’tdeegy ?ﬁzﬁgﬁ&’ﬁa =¥%e 1%£1 evd? eachhe 95- 100 VI

range after sol uostaneserd 9gaphidf thaxappuith gdsobbediwirdus the
relative pressure above the sample, at equilibrium,
constitutes the adsorption isotherm. It is common to
use relative pressures which are obtained by forming
the ratio of the equilibrium pressure and the vapor
pressure P, of the adsorbate at the temperature where
the isotherm is measured. Sufficiently small amounts
of argon were admitted in each step to generate 153
data points in the relative pressure range from ¢ to
0.6. At least 100 points are required to define the
isotherm with sufficient detail.

The step (inflection) in the isotherm, indicates
filling of a pore system. The size of the step
indicates the amount adsorbed, whereas the position of
the step in terms of P/P° reflects the size of the
pores in which the adsorption takes place. Larger
pores are filled at higher P/P_. 1In order to better
locate the position of the step in the isotherm, the
derivative with respect to log (P/Po) is formed. The
adsorption peak (stated in terms of log (P/P}) may be
related to the physical pore diameter (A) by the
following formula:

r
-
K l S‘ Slo s" 310 I
log(P/P )= l = - - - |
d-0.38 [3(2-0/2)"  s(t-0/2)%  3(p/23;7  9(pyy?!
— —

where d = pore diameter in nanometers, x = 32.17, S =
0.2446, L = d + 0.19, and D = 0,57,
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- 91 - Tabl e 15 Heavy Neutr al

Distillate Properties Hydrogen, w % 12.83
Ni t rogen, ppm 1500 Basic N trogen, ppm
466 Sul fur, Wt % 0.72 APl Gavity
22.0 KV @100[err]C, mMerr]/s 18. 52
Conposition, wt % Paraf fipg _ 18.3
Napht henes 32.2 Aromatics
49.5 Sigid $hrmi¥fa %s derived from the method of Horvath
and Kawazoe (G. Horvath et al., J. Chem. Eng. Japan, 1§

{6) 470(1983)). The constants required for the
implementation of this formula were determined from a
measured isotherm of ALPO-5 and its known pore size.
This method is particularly useful for microporous
materials having pores of up to 60 A in diameter.

The results of this procedure for the samples from
Examples 1 through 16 are tabulated below. The samples
from Examples 10, 13 and 15 géve two separate peaks,
believed to be the result of two separate ultra-large
pore phases in the products.

Examples Pore Diamete

1 32.2

2 35.4

3 42.5

4 39.6

5 16.9

6 27.3

7 36.6

8 42.6

9 28.3

10 22.8, 30.8
11 36.8

12 36.1

13 35.0, 42.1
14 40.0

i5 22.4, 30.4
16 15.0
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IBP, [err]C ([err]F) 407 (765) 5 452

(846) 10 471 (880) 95
585 (1086) Sol vent Dewaxed Q| Properties KV @
100[err]C, nmferr]/s 20.1 Vi

53 Pour Point, [err]C ([err]F) 18 (0) Lube
Yield, Wt % 87 Jhg beavy neutral distillate feed was

processed over a fixed bed reactor comtarmmi ng a N WUSY hydrocracki ng

catal yst made by the foll ow ng procedure: a commercial USY (PQ Corp. Z-14

USY) was conbi ned BM wayAPf erqmpaEéser}, teo coamaraiad iyt wrepa)fecBS parts, by

wei ght, zeol i sgmpid 0352861 it alsunté@ul\wr&ﬁmws&nzaéiﬁe JHFS m xture to
ates

?L'eﬁwthﬂfnéff%érea drat¥ihg i%%? F9L 088 5T o ELER The catalyot uas
hours. A portP¥sFesm whEhraky| &n%l‘@ét rqfdéﬁelv\h% ©aodanied tet h

highest d-spacing at 14 A) had a pore diameter of 8.3 A

as determined by the above method.

The method of Horvath and Kawazoe for determining
pore size from physisorption isotherms was intended to
be applied to pore systems of up to 20 A diameter; but
with some care as above detailed, its use can pe
extended to pores of up to 60 A diameter.

In the pore regime above 60 A diameter, the Kelvin
equation can be applied. It is usually given as:

-2yV
ln(P/P ) = cos ©
rkRT
where:
Y = surface tension of sorbate
v = molar volume of sorbate
e = contact angle (usually taken for practical
reasons to be 0)
R = gas constant
T = absolute temperature
Ty = capillary condensate (pore) radius

P/P_ = relative pressure (taken from the
physiscrption isotherm)

mwmi




- 92 - aqueous sol utions of ammoniumnitrate and was subsequently dried
overnight at 121[err]C (250[err]F). Following a three hour 538[err]C
(1000[err]F) air calcination, 100% steam was introduced and the tenperature
mai nt ai ned at 538[err] C (1000[err]F) for 10-hours. Ni ckel and tungsten were
I ncorporated via incipient wetness coi npregnati on using sol utions of

M(qurDZGWeH]Omm(NWeHD[mﬂgeH]WeHLHHHHQ After drying,
the extrudates were calcined for three hours in flowng air at 538[err]C

(1000[err]F). The N;mgr}gel\(yllﬁoggém%nogrgg@s f;c{;%',pgggg' ygtpc\ggr e 5.8 and 16.6

w % respectively
systems as a capillary condensation phenomenon and

relates the pressure at which adsorption takes place to
the pore diameter through the surface tension and
contact angle of the adsorbate (in this case, argon).
The principles upon which the Kelvin equation are based
are valid for pores in the size range 50 to 1000
Angstrom diameter. Below this range the equation no
longer reflects physical reality, since true capillary
condensation cannot cccur in smaller pores; above this
range the logarithmic nature of the equation precludes
ocbtaining sufficient accuracy for pore size
determination.

The particular implementation of the Kelvin
equation often chosen for measurement of pore size is
that reported by Dollimore and Heal (D. Dollimore and
G.R. Heal, J. Applied Chem, 14, 108 (1964)). This
method corrects for the effects of the surface layer of
adsorbate on the pore wall, of which the Kelvin
equation proper does not take account, and thus
provides a more accurate measurement of pore diameter.
While the method of Dollimore and Heal was derived for
use on desorption isotherms, it can be applied equally
well to adsorption isotherms by simply inverting the
data set.

Transmission Electron Microscooy

In order to illuminate the microstructure of
materials by transmission electromicroscopy (TEM),
samples must be thin enocugh for an electron beam to
pass through them, generally 500-1000 A or so thick.
The crystal morpholegy of the present materials usually
required that they be prepared for study by
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The processing conditions were 10450-18720 kPa (1500-2700 psig) hydrogen
pressure, 1350 v/v (7500 SCFB) hydrogen circulation and 0.5 to 1.0 LHSV.
The total liquid product of the reactor was distilled to a nom nal
343[err] C+ (650[err]F+) cut-point and the feed was subsequent|ly dewaxed
with a 60/40 m xture of MEK/toluene. The results of these experinents are
sumari zed in Table 16 bel ow. - 67 - - 93 -

ultramicrotomy. While time consuming, this technique
of sample preparation'is quite familiar to those
skilled in the art of electron microscopy. The
materials are embedded in a resin, in this case a
commercially available low viscosity acrylic resin L.R.
WHITE (hard), which is then cured at 80°C for 1 1/2
hours. Thin sections of the block are cut on an
ultramicrotome using a diamond knife and sections in
the thickness range 500-1000 A are collected on fine
mesh electron microscope support grids. For these
materials, an LKB model microtome with a 45°C diamond
knife edge was used; the support grids were 400 mesh
copper grids. After evaporation of a thin carbon
coating on the sample to prevent charging in the
microscope (light gray color onm a white sheet of paper
next to the sample in the evaporator), the samples are
ready for examination in the TEM.

High resolution TEM micrographs show projections
of structure along the direction that the sample is
viewed. For this reason, it is necessary to have a
sample in specific orientations to see certain details
of the microstructure of the material. For crystalline
materials, these orientations are most easily chosen by
observing the electron diffraction pattern (EDP) that
is produced simultaneously with the electron microscope
image. Such EDPs are readily produced on modern TEM
instruments using, e.g. the selected area field
limiting aperture technigue familiar to those skilled
in the art of electron microscopy. When an EDP with
the desired arrangement of diffraction spots is
observed, the corresponding image of the crystal giving
that EDP will reveal details of the microstructure
along the direction of projection indicated by the EDP.

NPLACHAEN
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Tabl e 16 (LHDC with NN WUSY) Tenp., [err]C([err]F)

371(700) 385(725) 399(750) Pressure, kPa( psi g) 18720(2700)
18720(2700) 10460(1500) LHSV 0.5 0.5

1.0 650[err]F+ conv., wt % - 15.2 29.3 20.0
Lube Properties KV @100.C, mierr]/s 14.7 10. 95 10.68 SUS @
100[err]F 982 519 - gg 215 VI 72
94 90 Pour Point, [err]C (fe¥++F) -15 (5) -15 (5)

-15 (5) Lube Yield, w % 80.9 60. 1 63.5

Exanpl e 30 InTHils srunplif ferpastpralestines usk ofcrgstammercial |y
avai | abl e anor ghousucat shy He Obs¥-Ald aink] Chentldied LROHY fdy Pronoter.
Condi tions for thi srne)é%ggé etoV\%LSexl'w?eg (;:Qlekgglient features of the

crystalline product, it is necessary to view the
material in an orientation wherein the corresponding
EDP gives a hexagonal arrangement of diffraction spots
from a single individual crystal. If multiple crystals
are present within the field limiting aperture,
overlapping diffraction patterns will occur that can be
quite difficult to interpret. The number of
diffraction spots observed depends to a degree upon the
regularity of the crystalline arrangement in the
material, among other things. At the very least the
inner ring of bright spots should be observed to obtain
a good image. Individual crystals can be manipulated
by specimen tilt adjustments on the TEM until this
orientation is achieved. More often, it is easier to
take advantage of the fact that the specimen contains
many randomly oriented crystals and to simply search
through the sample until a crystal giving the desired.
EDP (and hence orientation) is located. This latter
technique was used to produce the electron micrographs.

Microtomed samples of materials from the Examples
were examined by the techniques described above in a
JEOL 200 CX transmission electron microscope operated
at 200,000 volts with an effective 2 A objective
aperture in place. The instrument has a point-to-point
resoluticn of 4.5 A. Other experimental arrangements
familiar to one skilled in the art of high resolution
(phase contrast) TEM could be used to preduce
equivalent images provided care is taken to keep the
cbjective lens on the underfocus (weak leans) side of
the minimum contrast lens current setting.
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(2000 psig) hydrogen pressure,

94 -

1350 v/v (7500 SCFB) hydrogen circul ation,
and 0.5 LHSV. Table 17 bel ow sunmari zes results of this experinental

run.

Tabl e 17 (LHDC Wth Unfluorided
Ni Walum na) Tenp.,[err]C([err]F) 399(750) 407(765) 413(775) Pressure,

kPa (psig) 13900 (2000) 13900 (2000) 13900 (2000) LHSV
0.5 .

0.5 6o -

Example 21
A sample of MCM-41 (40 i) was prepared in

accordance with the method described below.
The following mixture (parts by weight - pbw) was
charged to an autaclave:
83.7pbw Cetyltrimethylammonium (CTMA) hydroxide,
prepared by contacting a 29 wt %
N,N,N-trimethyl-l-hexadecylammonium
chloride solution with a hydroxide-
for-halide exchange resin

1.7pbw Sodium aluminate,

41.lpbw Tetramethylammonim silicate
(10% aqueous solution),

10.Spbw  Precipitated hydrated silica (Hisil ).

The mixture was crystallized at 100°C for 20 hrs.
with srirring under autogeneous pressure. The
resulting product was recovered by filtration and dried
in air at ambient temperature. A sample of the product
was calcined at 540° C for 1 hour in nitrogen, followed
by 6 hours in air for characterization.

The calcined product had a surface area of 1120
m2/g and the following equilibrium absorptiocn
capacities in grams/100. grams:

H20 10.8
Cyclchexane >50
n-hexane >50
Benzene 67

The product was identified as MCM-41 with an X-ray
diffraction pattern which included a very strong
relative intensity line at 38.4 % 2.0 A d-spacing, and
weak lines at 22.6 + 1.0, 20.0 # 1.0, and 15.2 + 1.0 A.

The MCM-41 crystalline product was exchanged with
room temperature aqueous solutions of ammonium nitrate
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650[ err] F+ conv., w % 15.5 21.5 28. 2 Lube
Properties KV @ 100[err]C, mierr]/s 11. 44 9.83

8. 86 SUS @100[err]F 602 449 369 VI

83.9 91.7 97.0 Pour Poi nt, [err]C ([err]F) -21 (-5)
-21 (-5) -23 (-10) Lube Yield, w % 70. 2 64.

58. 6 Exanpl e 31 Thi s exanpl e ugi;';ps the sane catal yst as Exanpl e
30 except that the catalyst is activa%eéiby in-situ fluoriding in the fixed

bed reactor to aghi@y&fiehal egrigdSQ%r,%Jﬂng@ A81 00 Calgakyst ., This was
acconpl i shed bé fluori % | evel Bod‘ ppm of

fluorine in th&8FFEH 9 a?g"WE Bgsug%tgﬁgy%tﬂé{%%%r ?'Sgl g:F]W%y Hthe flourine
| evel is reducdd,fp o TBrppm Rigrareaet v @RIES. i BY edighfoMcy+et r enai nder  of
the experi ment ahar 3. pa@tish@i i, ot RAteN vl adiedde@eHikeni xture

to allow the resulting catalyst to be formed into

extrudates. The catalyst was activated by calcination

at 5§10°C (950°F) in 5v/v/min of nitrogen for 6 hours

followed by the replacement of the nitrogen with

Sv/v/min of air. The calcination was completed by

raising the temperature to 538°C (1000°F) and

maintaining that temperature in Sv/v/min air for 1s

hours. Nickel and tungsten were incorporated via

incipient wetness coimpregnation using solutions of

Ni(NO3)2.6H20 and (NH4)6H2W12040.HZO. After drying

avernight at 121°C (250°F), the extrudate was calcined

in 5v/v/min air at 538°C (1000°'F) for 3 hours.

Physical and chemical properties of the

NiWw/MCM~-41/A1203 catalyst are provided helow:

Nickel, wt % 3.7
Tungsten, wt % 9.2
Sodium, ppm 200
Surface Area, mz/g 5390
Pore Volume, ml/g 0.780
Particle Density, g/ml 0,883
Real Density, g/ml 2.837

Example 22

The catalyst of Example 21 was used as the
hydrocracking catalyst in a DHC-2/NiW MCM-41 cascade
reactor system. DHC-2 is a hydrotreating catalyst sold
by UOP. The catalyst fill ratio was 4.08g of DHC-2 and
6.40g of Niw-MCM-41 to give an HDT/HDC weight ratio of
0.64, with a total catalyst volume of 20.2cc. The




fluoriding agent. Processing conditions were 13900 kPa (2000 psiqQ)
hydr ogen, 1350 v/v (7500 SCFB) hydrogen circulation and 0.5 to 1.0 LHSV.
The data fromthese experinental runs are given in Table 18 bel ow.

- 95 - Table 18 (LHDC
Wth Fluorided NiWalumna) Tenp.,[err]C([err]F) 407 (764) 399 (751)
413 (775) Pressure, kPa - 71 -

DHC-2 catalyst serves as a hydrotreating catalyst to
reduce nitrogen and sulfur content before the oil is
processed in the hydrocracking section of the reactor
containing the NiW/MCM-41 catalyst which does the bulk
of the boiling range conversion. The feed was a heavy
vacuum gas oil from a Persian Gulf crude with the
properties are listed in Table 1 below.

REPLACEMENT SHEET
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13900 (2000) 13900 (2000) 13900 (2000) LHSV
5 16. 3

(psig)

1.0 0. 1.0 650[err] F+ conv., w %

18.9 21.7 Lube Properties KV @100[err]C, mjerr]/s

10. 22 9.25 9.12 SUS @100[err]F 468 392
380 VI 93.8 97.5 98. 8 Pour Point,
[err]C ([err]F) -1 (30) -7 (20)- 92 = -7 (20) Lube Yield, w %
74. 4 70.0 68.5 Exampte 32 Thi s exanpl e shows

t he benefits of using an MA1S nol ecul ar sieve for selective | ube
hydrocracking. A NlWMXM 41 cat alygl vgs prepared as outlined bel ow

A sanple of McM 41 (40 [err was prepared in accordance with the foll ow ng
met hod. The foIIomkﬁ%g%ﬁ%?é+%£@%§§ﬁéﬂ§ﬁﬂﬁﬁ¥ﬁﬂ) was charged to an

aut ocl ave:
Hydrogen, wt % 12.6
Nitrogen, ppm 650
Basic Nitrogen, ppm 198
Sulfur, wt % 2.3
API Gravity 22,8
Pour Point, °C (°F) 32 (99)
Composition, wt %
Paraffins 27.7
Mononaphthenes 8.3
Polynaphthenes 14.56
Aromatics - 49.4

Simulated Dist., wt %
IBP, *C (*F) 277 (531)

5 364 (687)
10 379 (715)
20 396 (745)
30 410 (770)
40 423 (793)
50 436 (816)
60 449 (841)
70 463 (866)
80 481 (897)
90 506 (942)
95 521 (970)
EP 577 (1071)

The process conditions were 8377 kPa (1200 psig)
hydrogen pressure, 810 v/v (4500 SCFB) hydrogen
circulation and 0.5 LHSV. Severity was varied by
adjusting reactor temperature from 382°-410°C
(720°-770°F) at constant LHSV. The temperatures of the
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- 96 - 83. 7pbw Cetyl trinmet hyl ammoni um (CTMA) hydr oxi de,

prepared by contacting a 29 wt % N, N, N-tri net hyl - hexadecyl ammoni um
chl ori de solution with a hydroxi de-for-halide exchange
resin, 1.7pbw Sodium alum nate, 4.1pbw Tetramethylamonimsilicate (10%
aqueous sol ution, 10.5pbw Precipitated hydrated - silica
(Hisil [err]). -~ 73 -

hydrotreating and hydrocracking reactors were
maintained at the same temperature for all runs.

The reactor severity is measured by 343°C-
(650°F~) boiling range conversion which is defined as:
6§50°F~- conversion =

650°F+ 1 ae wt %) - 650°F+ in Product (wt %

650°F+ in Feed (wt %)

The selectivities for kerosene (330-440°F
fraction) and distillate (440-650°F fraction) are shown
in tabular form for a conversion level of 45 wt %, in
Table 2 below:

Table 2
HDC of VGO BLEND
{45 wti Conversion)
Catalyst DHC-2/NiW-MCM=41
Reactor Temp., {(C*} °F 401 (753)
Product Composition, wt %

Cl-C4 4.0
C5-330 10.5
330-440 9.0
440-650 22.5
650-750 is
750+ ) 35
H2 Cons, SCFB 850

The Total Liquid Product (TLP) samples at the 43
wt: conversion were distilled to yield 388°C+ (730°F+)
bottoms material that was subsequently analyzed, with
the results given in Table 3.




The m xture was crystallized at 100[err]C for 20 hours with stirring under
aut ogeneous pressure. The resulting product was recovered by filtration and
dried in air at anbient tenperature. A sanple of the product was cal ci ned
at 540[err]C for 1 hour in nitrogen, followed by 6 hours in air for
characterization. The cal ci ned product had a surface area of 1120
nferr]/g and the follow ng equilibriug,absorption capacities in grans/ 100
grans: Herr]O ~+5~8— Cycl ohexane >50
n- hexane >50 Benzene 67 The cal ci ned
product exhibited very strong relative intensity line at 38.4 + 2.0 [err]
d-spacing, and weak lines at 22.6 [err] 1.0, 20.0 [err] 1.0, and 15.2 + 1.0

[err]. The MCM 41 product was E&H¥fardged with room tenperature aqueous
sol utions of ammoni um ni t r pteomedpaedesediwenaty dri ed overnight at 121[err]C

(250[err]F). A portion o;Ft #L%;ug ¥ Eg%s was conbi ned with
Al[err]Jerr] to forma 4 4 83 orlvels wei ght MCM 41

re o epar, S,
388°C+ (730°F+) Properties

Nitrogen, ppm 3
Mol. Weight 388
Pour Point, °*C (°F) 32 (90)
KV @ 100°C, mm’/s 4.804
Composition, wt %
Paraffins 43.3
Mononaphthenes 19.3
Polynaphthenes 23.4
Arocmatics ' 14.0

Simulated Dist., wt %
IBP/5 °‘C (*F) 372/388 (701/731)
10/50 396/436 (745/817)

The MCM-~41 catalyst was highly effective in
reducing the nitrogen level of the bottoms to a very
low level of 3 ppm. Also, the degree of arocmatic
saturation for the MCM-41 catalyst was good: aromatics
level dropped from 19.6 to 14.0 wt %.

Example 23 .
The following mixture (parts by weight) was

charged to an autoclave:

ACEMENT SHEET
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and 35 parts alumna. Water was added to this mxture to allow the
resulting catalyst to be forned into

-97- extrudates. The catal yst was activated by calcination at 510[err]C
(950[err]F) in 5v/v/imn of nitrogen for 6 hours followed by the repl acenent
of the nitrogen with 5v/v/mn of air. The cal cination was conpl eted by
raising the temperature to 538[err]C (20f80Ferr]F) and maintaining that
tenperature in 5v/v/mn air for 18

48 parts Cetyltrimethylammonium (CTMA) hydroxide
solution, prepared by contacting a 29 wt %
N,N,N-trimethyl-1l-hexadecyl-ammonium
chloride solution with a hydroxide-for-halide
exchange resin,

1 part Sodium aluminate,

24 parts Tetramethylammonim silicate (10% aqueous
solution),

6 parts Precipitated hydrated silica (Hisile).

The mixture was crystallized at 100°C for 20 hrs.
with stirring under autogeneous pressure, and the
resulting product was recovered by filtration and dried
in air at ambient temperature. A sample of the product
was calcined at 540°C in nitrogen followed air.

The calcined product had a surface area of 1120
m /g and the following equilibrium absorption
capacities in grams/100 grams:

H20 10.8
Cyclohexane >50
n-hexane >50
Benzene 87

The product exhibited a very strong relative
intensity line at 38.4 + 2.0 A d-spacing, and weak
lines at 22.6 # 1.0, 20.0 + 1.0, and 15.2 + 1.0
A.

An unbound Pt/H-MCM-41 catalyst containing 0.6 wt
% platinum was prepared by subjecting the calcined
product to ammonium exchange in buffered solution at
pH=8 to remove sodium, followed by exchange with
Pt(NH,) ,C1, in the presence of ammonium ions at pH 4-5,
followed by drying and calcination. an amorphous
silica-alumina catalyst containing 0.6 wt % platinum,




hours. Ni ckel and tungsten were incorporated via incipient wetness

coi npregnation using solutions of NN(NJerr])[err].6H err] O and

(NH err])[err]H err]Werr]40.H err]O After drying overnight at 121[err]C
(250[err]F), the extrudate was calcined in 5v/v/mn air at 538[err]C
(1000[err]F) for 3 hours. Physical and chem cal properties of the

NN WMM 41/ Al [err]Jerr] catal yst are~ 76 - Ni ckel, wt %
3.7 Tungsten, wt % 9.2 Sodi um ppm
200 Surface Area, nferr]/ 530 Por e Vol une,

m/g 0. bl G ol 0.,883

Real Density, d%%garable tcééggggégial,%%?%ggzg%ﬁ%égtgég%lXﬁﬁﬁj Vﬁshydrocrack
the distillate 2sot bpeA%adufet F9HFC388Perr] to 401[err]C (725[err] to
754[err]F), 13900 (2RO0c#tzlgst hwar eyehupted stoxe patdfPig 7500 SCFB) hydr ogen

circulation anq_sgn?g%%%%f%s o miB8od@h f fermbggs&&x%e%@nt al runs

are sunmmari zed I n ? OW.
mm downflow stainless steel reactor. A commercial

Pt/Sioz--Alzo3 catalyst was used for comparison. In a
typical experiment, 10 cc of sized catalyst (14/24
mesh) were loaded into the reactor and'reduced in
hydrogen at 800°F (427°C) for two hours. The reactor
was cooled to 450°F (232°C) and pressurized to 100 psig
(790 kpa abs.) with hydrogen. N-hexane as feed was
then introduced at 1 WHSV with a 2:1 mol:mol hydrogen
cofeed. The product from the reactor was analyzed with
an on-line gas chromatograph equipped with a 30 meter
megabore DB-~1 column.

The Pt/MCM-41 catalyst gave a higher yield of
isoparaffins than the Pt/silica-alumina catalyst at
equivalent n-hexane conversion and produced less
cracked product at equivalent n-hexane conversion,
demonstrating that the catalyst based on the ultra
large pore material is more selective for iscparaffin
when compared to the amorphous catalyst. The
distribution of products for the two catalysts at 343°C
(650°F) operating temperature are shown in Table 4
below.




- 98 - Tabl e 19 (LHDC wi t h

Ni WMCM 41) Tenp.,[err]C([err]F) 385 (725) 393 (739) 401 (754)
Pressure, kPa (psig) 13900 (2000) 13900 (2000) 13900 (2000) LHsV
0.61 0.54 0.55 650[err] F+ conv., w %
20.8 36.0 Lube Properties KV @100[err] C, mierr]/s
13.08 10. 46 7.59 - 77 -
Table 4
m ducts at 343°C 0
Catalyst Pr/MCM-41 2215122:51223
Feed Rate
(gm n-C./gm Cat/hr) 1.0 1.0
Hours On-Stream 129 64
Conversion, wt % 74.6 78.6
ibuti wt 3

Cs- 2.3 8.8

n-Hexane 25.4 21.4

Methylpentanes 53.7 . 49.9

Dimethylbutanes 18.2 18.5

Methylcyclopentane 0.2 0.5

C7+ 0.2 0.9

Exgmg},e 24

Pt/MCM-41 Catalyst Preparation
A sample of MCM-41 (40 A) was prepared in

accordance with the method described in Example 21
above.

The MCM~41 crystalline product was exchanged with
room temperature aquecus solutions of ammonium nitrate
and subsequently dried overnight at 121°C (250°F). A
portion of the resultant crystals was combined with
Al,0, (Versal 250 ¢) to form a mixture of 65 parts, by
weight MCM~41 and 35 parts alumina. Water was added to
this mixture to allow the resulting catalyst to be
formed into extrudates. The catalyst was activated by
calcination at 510°C (950°F) in Sv/v/min of nitrogen
for 6 hours followed by the replacement of the nitrogen
with Sv/v/min of air. The calcination was’ completed by
raising the temperature to 538°C (1000°F) and
maintaining that temperature in Sv/v/min air for 18

hours.
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SUS @100[err]F 772 468 261 VI 79

98.1 113.3 Pour Poi nt, [err]C ([err]F) -9.4 (15) -1.1
(30) -1.1 (30) Lube Yield, w % 80.5 66. 6
54. 3 The Ni WMCM 41 -cat al yst was sel ective for upgrading the heavy

neutral distillate froma raw distillate VI of 53 to a 98 VI product at a
conversion level of 20.8 wt % The |ubegyield versus VI selectivity data
for Exanples 29 to 32 is represented +fA-Rgure 1. It can be seen that the
unfluorided Nl WMCM 41 catal yst produces a higher VI product at a given

| ube yield or alternatively a higher |ube yield at a given VI conpared to
the other unfluorided catal ysts evaluated, i.e. NNWUSY or NNWalumna. In
the VI range of comercaktirsidgektiuiatee wa85eddihnded, witg { | vori ded

Ni Wal um na capgé sldygh isghe Hﬁ% i vs. VI selectivity
conpared to théad%%BI Bé?m%‘)c_‘gtlgl,u%{_xé&t?%'hggit e%rb WBERRYF requiring

| W MO 4
fl uorine. Addﬁ?ﬁ%‘iaFPﬁ, “t’t‘r’é"é&%%/‘?s}i‘t’ya&F RN \W NSRP2E) for

three hours.

- C e ti

A sample of MCM-41 (40 A) was prepared by a
similar method to that described im Example 21 above
but using 48 pbw cetyltrimethylammonium (CTMA)
hydroxide, 1 pbw sodium aluminate, 24 pbw
tetramethylammonim silicate (10% aqueous solution), and
6 pbw precipitated hydrated silica (HiSil 4). The
mixture was crystallized at 100°C for 20 hrs.

The MCM-41 crystalline product was formulated into
a catalyst in the same way as the platinum-containing
catalyst with the exception that the calcined catalyst
was exchanged with agqueous Pd(N83)4clz solution,
followed by drying at room temperature for 4 hours and
overnight at 250°F before the fimal calcination.

A Pd/sio, catalyst was made by impregnating silica
spheres (Shell S-9%980 C 1.5) with a Pd(N83)4c12 solution
using the incipient wetness method. The impregnated
spheres were then drieq at room temperature for 4
hours, followed by 121°C (250°F) overnight after which
the catalyst was calcined in 5 v/v/min air at 288°cC
(550°F) for 3 hours.

The three noble metal containing catalysts (Pt
ucu-41/51203, Pd MCM-41/A1203, Pd Sioz) ware evaluated
for hydrogenating a polyalpha-olefin lubricant.

The properties of the three catalysts are
summarized in Table 5 below.




- 99- catal yst as determ ned by the tenperature requirement to achieve
‘target conversion was very favorable conpared to both the fluorided and
unfluorided N Walum na catalysts. This is shown in Table 20 bel ow where
a nomnal 20 wt % 343[err] C+ (650[err] F+) conversion severity was

achi eved. Tabl e 20 Catal yst activity

- 79 =

Table 5

Catalyst Properties
pa mck=01?) pe wewm=41 1) pg 107

Metal Loading, Wt §
Pd 0.83 - 0.84
Pt - 0.54 -
Surface Area, ngg 800 682 130
Pore Volume, ce/g 0.96 0.97 0.88
Bore Distribution,s
<S0 A 32 42 o
50-100 A 16 12 41
100-200 & 15 11 32
>200 A 37 3s 37

(1 Contains 65 wt 3 MCM-41 and 35 wt % alumina prior
to the metal addition. '

The MCM-41 materials used in the catalysts
containg this crystalline material had a pore opening
of 40 A. All three catalysts have 30% pore volume with
pore diameters greater than 200 A but the MCM-41
catalysts have 30-40% pore volume with pore diameters
less than 50 A.

All catalysts were evaluated in a fixed-bed pilot
unit. A poly-alpha clefin (PAO) lube oligomer having
the composition shown in Table 6 below was used as the

feed.
Table 6
Properties of pao
Gravity, °API 39.2

Hydrogen, wt % 14.6
Bromine Number 27.3
KV @ 40°C, mm%/s 26.22
KV @100°C, mmzls 5.253
viscosity Index 13s
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Unf |l uori ded Fl uori ded Ni WMCM 41 Ni Walum na N Wal um na
Tenp.,[err]C ([err]F) 393 (739) 407 (765) 400 (751) 650[err] F+ conv.
20. 8 21.5

w % : : 18.9 Pressure, kPa (psig)
13900 (2000) 13900 (2000) 13900 (2000) LHsV 0. 54 0.5
0.5 The Nl WMCM 41 catal yst was nore active than both the fluorided

and unfluorided Nl Wal um na catalystsu_gbnge | ube hydrocracker catal ysts
typically age with tine on-stream the-t+fRe+reased activity of the MCM 41

catal yst systemis bengfpgd alasi Ryd:dgBhatbdt be PO QBkbal o Lgy Jprovements in
HI i [ * ¥ ovFdes a

commerci al cycle nat.h, agp 3 ghls xa
conparison with Qr?%a%?ﬁ)npﬁws%caga %/S’ Vi §3PR ﬁftfﬁdpf’ cRgHprofigh heavy
neutral slack wd¥dregenfeirruiasion kadbey nBeretdr (tehperature was
varied to obtain catalyst activity as a function of
temperature. Catalyst activity is measured by the
reduction of bromine number of the oil.

The Pd MCM-41/A1203 catalyst is the most active
catalyst. It achieved the reduction of bromine number
to less than 1 at 177°C (350°F), the lowest temperature
of ?he experiments. Pt MCM-41/A1203 is also quite
active. The Pd/sioz catalyst, is the least active
catalyst for this reaction.

Example 2S5

This example shows the use of an MCM-41 molecular
sieve for selective lube hydrocracking. A NiW/McM-41
catalyst was prepared in accordance with the method of
Example 21 above. ’

This catalyst  was used to hydrocrack a heavy
neutral distillate having the properties given in Table
7 below, together with the properties of the oil after
solvent dewaxing to 0°F pour point (ASTM D-97 or
equivalent such as Autopour). The feedstock has high
nitrogen content of 1500 ppm and that the distillate VI
after solvent dewaxing is 53. The objective of lube
hydrocracking the distillate is to increase the VI
level to the 95-100 VI range after solvent dewaxing
while maximizing lube yield.




sl ack wax whose properties are listed in Table 21 bel ow

- 100 -
Heavy Neutra

Tabl e 21

Sl ack Wax Hydrogen, Wt %

Properties of
14. 56

— 81 -
Table 7
vy Neu ti e erties
Hydrogen, wt % 12.83
Nitrogen, ppm 1500
Basic Nitrogen, ppm 486
Sulfur, wt % 0.72
API Gravity 22.0
KV @ 100°C, mnz/s 18.52
Composition, wt %
Paraffins 18.3
Naphthenes 32.2
Aromatics 49.5
Sim Dist, wt% .

IBP °C (°F) 407 (765)

5 452 (846)

10 471 (880)

95 586 (1086)

v wa i

Kv @ 100°C, mmz/s 20.1

vI 53

Pour Point, ‘C (°F) -18 (0)
Lube Yield, wt % 87

The distillate was.processed at temperatures from

385° to 401°C (725°* to 754°F),

13900 kPa (2000 psig)

hydrogen pressure, 1350 v/v (7500 SCFB) hydrogen

circulation and 0.55 to 0.61 LHSV,

The data from these

experimental runs are summarized in Table 8 below:

REPLACEMENT SHEET
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Ni trogen, ppm 54 Sulfur, wt %

0.102 API Gavity 34.9 KY @100[err]C mierr]/s
7.117 Sol vent Extractables, wt % (D3235) 34. 05
Simul ated Distillation, [err]C ([err]F) | BP/ 5
391/ 430 (736/805) 10/ 20 442/ 459 (828/ 858)
30/ 40 470/ 481 (879/ 898) - g2 - 50/ 60 491/ 502
(916/936) 70/ 80 ——514/ 528 (957/982)
90/ EP 545/ 590 (1014/1095) Dewaxed G| Properties
Ni trogen, ppm 95 able g oul fur, w % 0. 220
Pour point,[err]C ([err]F -17.% 0 KV @40[err]C, mm[err]/s
92. 04 KV @ 100[ L —4kh 53 Vi
96. 2 TompQsi*Ci OME) Wt % 385 (725)  FAd aff3i9Ns 401 (754) 23.2
Mononapht henespregsure, 19. 4
kPa (psig) 13900 (2000) 13900 (2000) 13900 (2000)
LHSV 0.61 0.54 0.55
650°F+ conv.,
wt % 9.3 20.8 36.0

Lube Properties

KV @ 100°C, mm’/s 13.08 10.46 7.59
SUS @ 38°C (100°F) 772 468 261
VI 79 98.1 113.3
Pour Point,
‘C (°F) -9.4 (15) =1.1 (30) -1.1 (30)
Lube Yield, wt % 80.5 66.6 54.3

The NiW/MCM-41 catalyst was selective for
upgrading the heavy neutral distillate from a raw
distillate VI of 53 to a 98 VI product at a conversion
level of 20.8 wt%.

Example 26 .

48 parts by weight of cetyltrimethylammonium
(CTMA) hydroxide solution, prepared by contacting a 29
wt % N,N,N-trimethyl-l-hexadecylammonium chloride
solution with a hydroxide-for-halide exchange resin,
was combined with 1 part by weight of sodium aluminate
and 24 parts by weight of an aqueous soclution of
tetramethylammonium (TMA) silicate (10% silica) with
stirring. 6 parts by weight of HiSile, a precipitated
hydrated silica containing about 6 wt % free water and
about 4.5 wt % bound water of hydration and having an

REPLACEMENT SHEET
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Pol ynapht henes 37.1 Aromati cs 20. 3
- 101 - The feed was processed over a fixed bed reactor containing
Ni Wal um na fluorided catal yst that was sul fided and then fluorided in-situ
by addi ng 600 ppm of fluorine as ortho-fluorotoluene in the slack wax feed
for approximately one week to target a fluorine

-83_

ultimate particle size of about 0.02 micron, was added.
The resulting mixture was crystallized at 100°C for 20
hours. The mixture had a composition in terms of moles
per mole A1203:
1.46 moles Nazo
27.8 moles sio2
5.6 moles (CTMA)ZO
3.11 moles (TMA)ZO
723.7 moles Hz°
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 1200 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

H,0 13.5
Cyclohexane > S50
n-Hexane 43.6
Benzene 71

The product of this Example has an X-ray
diffraction pattern including a very strong relative
intensity line at 38.4 + 2.0 Angstroms d-spacing, and
weak lines at 22.6 # 1.0, 20.0 % 1.0 and 15.2 + 1,0
Angstroms.

The product (35 parts by weight) was bound with &5
parts by weight of an alumina binder by a mulling and
pelletizing procedure. The pelletized mixture was then
calcined, first in nitrogen and then in air, at
temperatures up to 538°C (1000°F) to remove organic
material included in the as-synthesized material.

Cations in the calcined pellets were then
exchanged with ammonium cations by contacting the

REPLACEMENT SHEET
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| evel of 2-5 wt % on catal yst. The operating conditions for the run were
13900 (2000 psig) hydrogen pressure 1 LHSV and the reactor tenperature was
varied from374[err] to 402[err]C (705[err] to 755[err]F) to cover a w de
conversion range. The total liquid product fromthe hydrocracking step was
then distilled to a nomi nal 343[err]C+ (650[err]F+) cut-point. The waxy
bottoms was then sol vent dewaxed to a_tgrget -17.8[err]C (O[err]F) pour
point. The results of these runs are stmarized in Table 22 bel ow.

- 102 -

pellets with solutions of 1N NH4NO3 maintained at a pH
of 8. The twice-exchanged pellets were then dried in
air at 121°C (250°F) followed by calcination at sig°c
{(1000°F) under conditions sufficient to decompose
ammonium ions and evolve ammonia, thereby converting
the bound material to the hydrogen form.

The hydrogen form aof the bound material was then
impregnated with an ammonium heptamolybdate solution.
More particularly, 45.12 ml of an aqueous solution
coentaining 5.08 grams of ammonium heptamoiybdate (81.5
wt % Moo3) was added to 40 grams of the hydrogen form
of the bound material. The resulting wet material was
dried at 250°F (121°'C) and then calcined in air at
1000°F (538°C) under conditions sufficient to decompose
ammonium heptamolybdate and generata Mb03, thereby
producing a molybdenum impregnated material.

The molybdenum impregnated bound material was then
impregnated with a nickel nitrate solution. More
particularly, 48.14 ml of an aqueous solution
containing 9.12 grams of Ni(NO3)2.SHZO (21.2 wt % Ni)
was added to the molybdenum impregnated material. The
resulting wet material was dried at 250°F (121°C) and
then calcined in air at 1000°F (538°C) to decompose
nickel nitrate and generate NiO, thereby producing a
nickel and molybdenum impregnated materia}.

The resulting catalyst had the properties shown in
Table 9.

REPLACEMENT SHERT
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Tabl e 22 Wax Hydrocracking - NNWAI[err]O Catal yst Mass Bal.

No. 411 412 413 415 416 417 418 React or tenp,
393 398 402 391 385 380 374 [J[err]C ([err]F) (740) (750)
(755) (735) (725) (715) (705) 650[err]F-Conv, w % 28
40 23 17 10 9 Lube Properties KV @100[err]C 5.0
4.3 4.0 5,1 5.4 59 6.7 \Mgs - 137 143 140

146 141 137 131 Pour Point, 15 -17.8 -20.5 -17.8 -20.5
15 -9.4 [err]C{([err]F) (5 (0) (-5  (0) (-5 (5) (15 W
@O[err]F Pour ~ 136 143  1gdble 9146 142 136 128 Lube Yield, wt%
a0 43 42 nyndfugu-siicata e eibpeléiedonversion 50 74

o4 42 24 Nickel 4.9
Molybdenun 8.0
Real Density, g/cc 2.784
Surface Area, mz/g 306

(1) 65 wt % MCM-41 and 35 wt % alumina prior to the
metals addition.

Example 27
The catalyst of Example 26 was tested for

upgrading an Arabian Light Atmospheric Resid having the
properties set out in Table 10 below.

RERVAR: 5207 SEERTY




Boi I i ng point conversion is defined as: 650[err]F-

650[err] F+ in Feed - 650[ err] F+ in Product
650[err]F+ in Feed Wax Conversion is defined as:
(W % Unconverted \Wax W% Wax in Feed -

W % Wax in Feed

- 86 -
ble 10
Arabian Light Atmosoheric Resigd
General Properties

Gravity, API" 18.2
Hydrogen, wt % 11.71
Sulfur, wt % 3.0
Nitrogen, ppmw 0.15
CCR, Wt % 7.7
Asphaltenes, wt % 5.7

ce Meta mw
Nickel 8.9
Vanadium 34.0
Iron 2.7

istillation, °C (°F

IBP 231 (447)
10% 344 (651)
30% 434 (814)
50% 518 (965)
60% 569 (1056)

conversion =

Wax Conversion =
after sol vent Dewaxing
- 103 -

The oil was processed at 7000 kPa (1000 psig) and
a weight hourly space velocity (WHSV) of 0.66. Reactor
temperature was varied from 600°F (315°C) to 750°F
(399°C) to cover a wide range of conversion. The
results of this test are given in Table 11. These
results indicate that the catalyst is active for
demetallation and asphaltene removal while requiring
low hydrcgen consumption (as determined by the low

hydrogen content of the products) .




Exanpl e 34 This exanple illustrates the use of the ultra-large pore
si ze cat al ysts. A NNWMM 41l catal yst was prepared as descri bed bel ow.

A sanple of MCM41 (40 A) was prepared by crystallizing the foll ow ng

m xture in an autoclave: 60. 7pbw Cetyl trimet hyl ammoni um (CTMA) hydr oxi de,

prepared by contacting a 29 Wt % :

N, N, N-tri net hyl - 1- hexadecyl ammonium _ g7 . chloridé solution with a
hydr oxi de-f or - hal i de exchange™T®sin, 1.3pbw

30. 4pbw Tetr anet hyl anmmoni msilicate (10% aqueous
Precipitated hydrated silica (Hi sil agfgrﬂﬁ'

sol ution),
The m xture was

Sodi um al unm nat e,

7. 6pbw

crystallized at 100[err]C for 24 hours wth stirring under autogeneous
pressure. The resul ting productPr@RBYct HFRAPEFE4®Dy filtration and dried in

air at anbient tenperatyhey desiaupieoofodile 0 OFIKHSY)
Temperature __ Metals _ Aspnaltenes Hydrogen
'C (°F) Ni+V, ppmw Wt % Wt %
316 (60Q0) 21l.8 2.61 12,04
343 (650) 13.2 0.9 12.43
371 (700) 3.8 0.29 12.54
385 (725) 1.2 - 12.66
399 (750) 0.2 - 12.77

Example 28

cations in the as-synthesized material of Example
27 were exchanged with ammonium cations by contacting
the material with a solution of 1M NH4N03 at room
temperature for one hour. The exchanged material was

filtered and rinsed with water. This

exchange/filter/rinse procedure was repeated and the
material was then dried at 250°F (121°C) overnight to

form an ammonium exchanged material.

35 parts by weight of this ammonium exchanged
material was bound with 65 parts by weight of an
alumina binder by an exprusion procedure, producing
extrudate in the form of 1/16-inch cylinders. The
extruded, bound material was dried overnight at 250°F
(121°¢C). The dried material was then calcined, first
in nitrogen and then in air, at temperatures up to
1000°F (538°C) under conditions sufficient to decompose
ammonium ions and to substantially remove organic
material, thereby converting the material to the

hydrogen form.

The hydrogen form of the bound material was
humidified with moist air by placing the material in

09.JAN 997,
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was cal cined at 540[err]C for 1 hour in nitrogen, followed by 6 hours in
air. The characterisitics of the product were consistent with its identity
~as MCM 41. The MCM 41 was exchanged with room tenperature aqueous
solutions of ammoniumnitrate and subsequently dried overnight at 121[err]C
(250[err]F). A portion of the resultant crystals was conbined with
Alferr]Jerr] to forma mxture of 65-pggts, by weight MCM 41l and 35 parts
al um na. Water was added to this mxtureTo allow the resulting catalyst to
be formed into extrudates. The catal yst was activated by cal cination at

510[ err] C (950[ &he|gath pf5g/syneam of aix rbgeh had edropasséal | owed by the

replacement of theouyr R0EEPnVért RtS¥bom idhRiratife. Thhe moisture
saturated material was then impregnated with a solutien
containing ammonium heptamolybdate and nickel nitrate:
214.8 ml of an aqueous solution containing 25.8 grams
of ammonium heptamolybdate (54.3 wt % Mo, 81.5 wt &
MeO,) and 27.7 grams of Ni(NO3)2°6320 (20.2 wt % Ni)
was added to 182 grams of the moisture saturated boung
material. The resulting wet material was dried at
250°F (121°C) and then calcined in air at 1000°F
(538°C) under conditions sufficient to decompose
ammonium heptamolybdate and nickel nitrate, generating
MoO, and NiO, to produce a molybdenum/nickel
impregnated catalyst.

The resulting catalyst had the properties shown in

Table 12.

Table 12
Catalyst Properties

Chemical Composition
Nio, wt 2 3.3

MoOB, wt 3% 7.6
Physical Properties )

Surface Area (BET), mz/g 645

Pore Volume, cc/g 0.88

Avg Pore Dia., Angstroms 55

PSD (WHg Porosimetry)., cc/g

<30A 0.26
30~100A 0.19
100-200A ) 0.14
>200A 0.29

This catalyst was evaluated for upgrading Paraho

09 JAN 1997




- 104 - cal cination was conpleted by raising the tenperature to
538[err] C (1000[err]F) and maintaining that tenperature in 5v/v/mn air
for 18 hours. N ckel and tungsten were incorporated by incipient wetness
coi npregnation using solutions of N(NJerr])[err].6H err]O and

(NH err])[err]Herr]Werr].40H err]O After drying for 12 hours at
121[err]C (250[err]F), the extrudate w9 . ealcined in 5v/v/mn air at
538[err]C (1000[err]F) for 3 hours. ‘The physical and chem cal
properties of the NNWMCM 41/ Al [err](Jerr] catal yst are set out bel ow
N ckel, wt % 5.8 Tungsten, W %

29.1 s d} i i ; Surface
Aea nierr]/g na?@0bMatPR¥atively mild conditd®Bs (2,0 rusy 8199

24 . Pack ty, o'm
Thi s catal yst \/\/aj'sooﬁsééafB]roo\ﬁafsh?/’drnaeggclkgﬁbﬁ%% G%SBg%rﬁ'%riteﬂ at the

fol | owi ng Paraho shale oil are given in Table 13. Experimental
data are summarized in Table 14.

Table 13
etorted Paraho Shale 0Oi
Gravity, °*APIL 21.7
Hydrogen, wt % 11.49
Nitrogen, wt % 2.20
Sulfur, wt % 0.69
Arsenic, ppmw 37
Iron, ppmw 27
Nickel, ppmw 2.4
Bromine Number 45
Molecular Weight 307
C=C bonds per molecule 0.85
D 2887
5% 239 (463)
30% 373 (703)
50% 432 (809)
70% 491 (915)

95% -

The results of this evaluation showed that the
catalyst was active for olefin saturation, removal of
iron and nickel, and denitrogenation. The catalyst is
also active for arsenic removal and desulfurization.
The catalyst can dearsenate the shale oil to less than
1.0 ppaw at 700°F (371°C).

REPLACEMENT SHEET
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process conditions: 13900 kPa (2000 psig) hydrogen pressure, 1350 v/v (7500
SCF/ Bbl) hydrogen circulation and 1 LHSV, as in Exanple 29, using the sane
wax feed as in Exanple 33. The operating tenperature was adjusted from

382[err] to 397[err]C (720[err] to 746[err]F) to span a range of 343[err] C

(650[err]F-) boiling point conversions. The results of these runs are given
I n Tabl e 23. 00 - 105 -

Table 14
Hydroprocessing Qf shale Ofl
_1z‘g_Lxs!4zggg_xza_iznnn_n:ism_x,L
Bromine
No, . Izon = MNickel Azsenic _Sulfur Nitrogen
(ppmw) (ppmw) (ppmw) (vt %) (ppmw)

Ismp. .

e (P

260(500) 0.9 4.3 2.4 7.5 0.66 2.18
288(S50) <0.1 3.1 1.9 5.0 0.60 1.98
316(600) <G.1 2.2 1.8 2.5 0.54 1.94
371(700) <0.1 0.3 1.6 <1.0 0.32 1.59
381(717) nomm nm nm nm nm nm
399(750) <0.1 0.1 6.2 <1.0 0.15 1.41

nm = not measured

Example 29

This Example provides a comparison with a zeolite
catalyst (NiW/USY), using a heavy neutral distillate
whose properties are given in Table 15 below, together
with the properties of the oil after solvent dewaxing
to -18°C (0°F) pour point. It can be seen that the
feedstock has high nitrogen content of 1500 ppm and
that the distillate VI after solvent dewaxing is 53.
The cbjective of lube hydrocracking the distillate is
to increase the VI level to the 95-100 VI range after
solvent dewaxing while maximizing lube yield.

REPLA&EﬂﬂENTﬁéﬁﬁBT
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Table 23 Max Bal. No. 82 84 85 86 87 88
90 92 Reactant tenp, 382 385 385 389 389 393
397 388 [err]C ([err]F) (720) (725) (725) (733) (732) (740)
(746) (731) 650[err]F- Conv, wt% 18.4  21.5  23.6 ' 29.2 29.8

41.3. 59.5 35.6 Lube Properties: KV @100[err]C 5.81 5. 47
5.30 4.86 4.857 4.55 4.29 5.0%3VL 143. 6 145.7
144.3 142.8 145.7 142.0 141.3 14576 Pour Point, -6.7 -15
-15 -15 -15 -12 -12 -15 [err]C ([err]F) (20) (5)

(5) (5) (5) (10)  (10) (5) VI @O[err]F Pour Pt 139.6 144.7
143.3 141.8 144.7 140  139.3 144.6 Lube Yield, wt % 39.5 38.6

40. 3 47. 6 44. 3 47.5 43.9 47. Fakx XDOnver si on 42. 3 49. 6
42. 7 65. 4 68. 7 81.3 4y Neu
Hydrogen, wt % 12.83
Nitrogen, ppm 1500
Basic Nitrogen, ppm 466
Sulfur, wt % 0.72
API Gravity 22.0
KV @ 100°C, mm’/s 18.52
Composition, wt %
Paraffins 18.3
Naphthenes 32.2
Aromatics 49.5
sim Dist, wt %
IBP, ‘C ('F) 407 (765)
5 452 (846)
10 471 (880)
95 585 (1086)
Solvent Dewaxed Oil Properties
KV @ 100°C, mm%/s 20.1
VI S3
Pour Point, °C (°F) 18 (0)
Lube Yield, wt % 87

The heavy neutral-distillate feed was processed
over a fixed bed reactor containing a Niw/usy
hydrocracking catalyst made by the following procedure:
a commercial USY (PQ Corp. Z-~14 USY) was combined with
‘Al,0; to form a mixture of 65 parts, by weight, zeolite
and 35 parts alumina. Water was added to this mixture
to allow the resulting catalyst to be formed into
extrudates. The catalyst was then thermally treated at
538°C (1000°F) in flowing air for three hours. A
portion of the resultant extrudate was exchanged with




- 106 -

Nl WMCM 41 is higher than the activity of the fluorided NNWal um na
For exanple, at 30 Wt % 343[err]C (650[err]F-) conversion,

catatlyst.

Figure 2 of the draw ngs shows that the activity of the

t he

fluorided catalyst required a 394 C (742 F) reactor tenperature, whereas,
the MCM 41 catal yst required about 5.6[err]C (10[err]F) |ower tenperature

of 389[err]C (732[err]F).
of about 30-60 wt % 343[err] C

aquecus solutions of ammonium nitrate and was
subsequently dried overnight at 121°C (250°F),
Following a three hour 538°C (1000°F) air calcination,
100% steam was introduced and the temperature
maintained at 538°C (1000°F) for 10 hours. Nickel and
tungsten were incorporated via incipient wetness
coimpregnation using solutions of Ni(No3)2.SHZO and
(HH4)GHZW1204°‘H2°‘ After drying, the extrudates were
calcined for three hours in flowing air at 538°c
{1000°F). The Ni and W loadings on the final catalyst
were 5.8 and 16.6 wt %, respectively.

The processing conditions were 10450-18720 kpa
(1500-2700 psig) hydrogen pressure, 1350 v/v {7500
SCFB) hydrogen circulation and 0.5 to 1.0 LHSV. The
total liquid product of the reactor was distilled to a
nominal 343°C+ (650°F+) cut-point and the feed was
subsequently dewaxed with a 60/40 mixture of
MEK/toluene. The results of these experiments are -
summarized in Table 16 below.

REPLACEMENT SHEET
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(650 [err]F-) conversion or greater, this activity advantage i s benefici al
internms of |ower start-of-cycle tenperature and potentially |onger
catalyst life. Figure 3 shows that the |ube yield for the fluorided

Ni Walum na and the Nl WMCM 41 catalysts are simlar at |ow wax conversions
bel ow 50 wt 9% but at hi gher wax conversion the unpronoted NN WMM 41

catal yst has a desirable yield nunber_q§pgfit conpared to the fluorided

Ni Wal um na catal yst. Figure 4 shews—t hat the | ube VI of the

Ni WMCM 41 is conparable to the VI obtained with the fluorided Ni Wal um na
catalyst. In the wax conversion range of comercial interest (50-70 Wt %,
the MCM 41 catal yst gives a consistaf@P¥emt@her than 140 VI product which
is conparable to the fluorided(gajceakish. NiW/USYj gure 5 shows a viscosity
benefit of the MCM 41 )ducts. At hNEN er si t ubes
obt ai ned fron1tﬁ?mﬁth4ﬁ%P%§sed caﬁgﬁég?ygre |éﬁ2?yin v?g?égs?b t han the
fluorided anorplPresseetal yst. Since the wax

hydr ocr acki ng/ hydieh ggeis) zat i omsfeoqezes) s1gfad(i27an) | yosexiuses) t he
viscosity of th drocracked/ hydr i gonerizeg fseed, it is desirable to

mai ntai n viscosi as high as possible. For exanple, the target
650°F+ conv.,
wt % 15.2 29.3 20.0
Lube Properties
KV @ 100°C,mm>/s  14.7 10.95 10.68
SUS @ 100°F 982 519 515
VI 72 94 920
Pour Point,
*C ('F) =15 (5) -15 (5) ~15 (5)
Lube Yield,
wt 3% 80.9 60.1 63.5
m 30

This example illustrates the use of a commercially
available amorphous catalyst (NiW/Al203) without any
promoter. Conditions for this example were 13900 kPa
(2000 psig) hydrogen pressure, 1350 v/v (7500 SCFB)
hydrogen circulation, and 0.5 LHSV. Table 17 below
summarizes results of this experimental run.




viscosity for this feed is 5 nmjerr]/s at 100[err]C

catal yst can achieve this at 50 wt %

107 - wax conversion. The MCM 41 can operate at much hi gher wax
conversion of 65 w % and still achieve target viscosity. There are
significant conmmercial benefits to operating at higher wax conversion,
as, - o4 -
Table 17
(LHDC wWith Unfluorjded NiWw/alumina)
Temp., °*C{'F) 399(750) 407(765) 413(775)
Pressure,
kPa (psig) 13900 (2000) 13900 (2000) 13900 (2000)
LHSV 0.5 0.5 0.5
650°*F+ conv.,
wt % 15.5 21.5 28.2
Lube Properties
Kv € 100°C,
mm2/s 11.44 9.83 8.56
SUS @ 100°F 602 449 169
vI 83.9 91.7 97.0
Pour Point,
*C (°F) =21 (-5) =21 (-5) ~23 (-10)
Lube Yield,
wt % 70.2 64.3 58.6
Example 31

This example utilizes the same catalyst as Example
30 except that the catalyst is activated by in-situ
fluoriding in the fixed bed reactor to achieve a target
2~5 wt % fluorine on catalyst. This was accomplished
by fluoriding the catalyst with a high level (s00 ppm)
of fluorine in the distillate for a one week period
after which the flourine level is reduced to a 25 ppm
level at which it is held for the remainder of the
experimental run. Ortho-flucrotoluene was used as the
fluoriding agent. Processing conditions were 13900 kpa
(2000 psig) hydrogen, 1350 v/v (7500 SCFB) hydrogen
circulation and 0.5 to 1.0 LHSV. The data from these
experimental runs are given in Table 18 helow.

the fluorided al um na

such




reduction in MEK | oading with higher wax conversion and reduction in size

of the unconverted wax recycle stream A hydrotreating reactor may be
provi ded downstream of the hydroi sonmerization reactor to further stabilize
t he | ube product. - - 108 -
- 95 -
Table 18
{ILHDC with Fluorided NiW/alumina)
Temp., °‘C ('F) 407 (764) 399 (751) 413 (775)
Pressure, kPa
(psig) 13900 (2000) 13900 (2000) 13900 (2000)
LHSV . 1.0 0.5 1.0
650*F+ conv.,
wt % 16.3 18.9 21.7
Lube Properties
KV @ 100°C,
m?/s 10.22 9.25 9.12
SUS @ 100°F 468 392 330
vI 23.8 97.5 98.8
Pour Point,
*C (°F) -1 (30) -7 {20) =7 (20)
Lube Yield,
wt 3 74.4 70.0 68.5
Example 32

This example shows the benefits of using an M41s
molecular sieve for selective lube hydrocracking. A
NiW/MCM-41 catalyst was prepared as outlined below.

A sample of MCM-41 (40 A) was prepared in
accordance with the following metheod.

The following mixture (parts by weight) was
charged to an autoclave:




CLAI MS: 1. A catalytic conposition conprising a netal having

hydr ogenat i on- dehydrogenation functionality and a support conponent
conprising a non-layered, inorganic, porous crystalline phase material
exhibiting, after calcination, an X-ray diffraction pattern with at | east
one peak having a relative intensity of 100 at a d-spacing greater than 18
[err] and having a benzene sorption capacity greater than 15 grans
benzene per 100 grans of the material —~ © 5. 7 kPa (50 torr) and 25[err]C,

2. A catalytic composition according to Claiml in which the crystalline

material has, after calcination arrange |forn1y si zed pores
havi ng di anet er 83 ok Iq§§¥£ Eﬁ&g? Q?QﬁA) hydz TRx1g Ecatal ytic

conposi tion accordi ng t @reépbared PY Fﬂnmﬁﬂvgt Re28rw&tial | i ne materi al

exhibits an electron dig, &rﬁc&;@a:a@i-tleéihd‘ela@taﬁﬁhm bﬁd@%?&iewl th a dlerr]
val ue greater than 18 An |c conposi tion

t
according to Cdaim1lin ?PqlﬂgkcrySQ%ﬂﬁﬁi%gepﬁﬁge ®an X-ray
diffraction pattern foIH@ﬁhﬁ@ﬁQxﬂQEFﬁatlon with at Ieast one peak whose

d- spaci ng correspopsts t Goliliem dimmihaval ue
4.1pbw Tetramethylammonim silicate (10% aqueous
solution, 10.5pbw Precipitated hydrated
silica (Hisil ¢).

The mixture was crystallized at 100°C for 20 hours
with stirring under autogeneous pressure. The
resulting product was recovered by filtration and dried
in air at ambient temperature. A sample of the product
was calcined at 540°C for 1 hour in nitrogen, followed
by 6 hours in air for characterization.

The calcined product had a surface area of 1120
mz/g and the following equilibrium absorption
capacities in grams/100 grams:

Hzo .10.8
Cyclchexane >50
n-hexane >50
Benzene _ 67

The calcined product exhibited very strong
relative intensity line at 38.4 + 2.0 A d-spacing, and
weak lines at 22.6 + 1.0, 20.0 + 1.0, and 15,2 + 1.0 &.

The MCM—-41 product was exchanged with room
temperature aqueous solutions of ammonium nitrate and
subsequently dried overnight at 121°C (250°F). a
portion of the resultant crystals was combined with
Al,0, to form a mixture of 65 parts, by weight MCM-41
and 35 parts alumina. Water was added to this mixture
to allow the resulting catalyst to be formed into
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fromthe electron diffraction pattern. 5. A catalytic conposition
according to Caiml in which the crystalline phase has a hexagonal
arrangenent of uniformy-sized pores of at least 13 [err] dianeter and

whi ch exhi bits, after calcination, a hexagonal electron diffration pattern
that can be indexed with a d[err] value greater than 18 [err]. 6. A
catal ytic conposition according to Claig15 I n which the crystalline phase

has an X-ray diffraction pattern foIIéﬁLﬁ& calcination with at | east
-109-

extrudates. The catalyst was activated by calcination
at 510°C (950°‘F) in Sv/v/min of nitrogen for 6 hours
followed by the replacement of the nitrogen with
s5v/v/min of air. The calcination was completed by
raising the temperature to 538°C (1000°F) and
maintaining that temperature in Sv/v/min air for 18
hours. Nickel and tungsten were incorporated via
incipient wetness coimpregnation using solutions of
Nl(N03)2.6320 and (NH,) JH,W,,,40.H,0. After drying
overnight at 121°C (250°F), the extrudate was calcined
in sv/v/min air at 538°C (1000°F) for 3 hours.
Physical and chemical properties of the
NiW/MCM-41/Alzo3 catalyst are:

Nickel, wt % 3.7
Tungsten, wt 3% 9.2
Sodium, ppm 200
surface Area, mz/ 530
Pore Volume, ml/g 0.780
Particle Density, g/ml 0.883
Real Density, g/ml 2.837

This catalyst was used to hydrocrack the
distillate at temperatures from 385° to 401°C (725° to
754°F), 13900 (2000 psig) hydrogen pressure, 1350 (7500
SCFB) hydrogen circulation and 0.55 to 0.61 LHSV. The
data from these experimental runs are summarized in
Table 19 below:
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one peak whose d-spacing corresponds to the d[err] value fromthe el ectron
diffraction pattern. 7. A catalytic conposition according to Claimb5s
in which the crystalline phase has, after calcination, an X-ray diffraction
pattern which exhibits at | east two peaks at positions greater than 10
Angstrom Units d-spacing at | east one of which is at a position greater
than 18 Angstrom Units d-spaci ng, and-rgg peaks at positions |less than 10
Angstromunits d-spacing with relative—TTtensity greater than 20% of the
strongest peak. 8. A catalytic conposition according to Claimb5 in
whi ch the crystalline phase has, after calcination, an X-ray diffraction
pattern which exhibits no'peaks at papiki @8s | ess than about 10 Angstrom
units d-spacing with rel ative |l §Q§ﬂ:y b £4than about 10% of the

strongest peak. 9. A cat cording to Caim1lin
whi ch the cryst®gmr.ne "faf &) al P35 a(TdSMal | 0393 | 3%. 401 (754)
Pressure,
kPa (psig) 13900 (2000) 13300 (2000) 13900 (2000)
LHSV 0.61 0.54 0.55
650°F+ conv.,
wt % 9.3 20.8 16.0
Lube Properties
KV @ 100°C,
mm?/s 13.08 10.46 7.59
SUS @ 100°F 772 468 261
vI 79 98.1 113.3
Pour Point,
*C (°F) -9.4 (15) -1.1 (30} -1.1 (30)
Lube Yield,
wt % 80.5 66.6 54.3

The NiW/MCM~41 catalyst was selective for
upgrading the heavy neutral distillate from a raw
distillate VI of 53 to a 98 VI product at a conversion
level of 20.8 wt %¥. The lube yield versus VI
selectivity data for Egamples 29 to 32 is represented
in Figure 1. It can be seen that the unfluorided
NiW/MCM-41 catalyst produces a higher VI product at a
given lube yield or alternatively a higher lube yield
at a given VI compared to the other unfluorided
catalysts evaluated, i.e. NiW/USY or NiW/alumina. 1In
the VI range of commercial significance (95-100 vI),
the fluorided NiW/alumina catalyst has a slightly
higher lube yield vs VI selectivity compared to the
NiW/MCM-41 catalyst but has the draw-back of requiring
fluorine. Additionally, the activity of the Niw/McM-41
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10. A catalytic conposition according to Caim9 in which the crystalline
material is an alumnosilicate. 11. A catalytic conposition according
to Claim1l in which the conposition includes at least 0.1 w % of the netal
hydr ogenat i on- dehydr ogenati on conponent. - 12. A catalytic conposition
according to Claim21l1l in which the conposition includes at least 0.1 wt %
of a noble netal fromPeriod 5 or 6 of Goup VIII of the Periodic Table.
13. A catal ytic conposition accordi ng Z&2%ktaim 12 in which the nobl e netal
conprises plati 14. A catal yticg, composition according to Claiml
in rr\I/)\,hi ch t IEle co%oog Sndg T imiaehil 5%%“%{4 )lg’gs ghﬁef%perature remlirem%nt

to achieve target conversion was very favorable

compared to both the fluorided and unfluorigdeq
NiW/alumina catalysts. This is shown in Taple 20 below
where a nominal 20 wt % 343°C+ (650°F+) conversion
severity was achieved.

Table 20
Catalyst activity
Unflucrided Fluorided
Niw/MCM~-4) NiW/alumina Niw/alumina
Temp., °C (*F) 393 (739) 407 (7§5) 400 (751)
650°F+ conv.
wt % 20.8 21.5 18.9
Pressure,
kPa (psig) 13900 (2000) 13900 (2000) 13900 (2000)
Lasv 0.54 Q0.5 0.5

The NiW/MCM-41 catalyst was more active than both
the fluorided and unfluorided NiW/alumina catalysts.
Since lube hydrocracker catalysts typically age with
time on~stream, the increased activity of the McM-41
catalyst system is beneficial in terms of the potential
for improvements in commercial cycle length.

Example 33

This example provides a comparison with an
amorphous catalyst in the hydroprocessing of a heavy
neutral slack wax. The feed was a heavy neutral (HN)
slack wax whose properties are listed in Table 21
below. '
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- 110 - hydr ogenat i on- dehydr ogenati on conmponent conprising at |east one
metal from Goup VIII of the Periodic Table. 15. A catalytic
conposition according to Claim14 in which the netal

hydr ogenat i on- dehydr ogenati on conponent conprises at |east one nmetal from

Goup VIII of the Periodic Table and at | east one netal from G oup VIB of
the Periodic Table. 16. A catalylbc_conposition according to Claiml4
i n which the netal hydrogenation-dehyé?egenation conponent conprises ni ckel
and tungsten. 17. A catalytic conposition according to Claim14 in

whi ch the anount of the netal hydrogenation-dehydrogenati on conponent is at
least 1 W % 18. A catalytic conposition according to Caiml14 in

whi ch the anount of the netal hydrogenatingp;dehydrogenation conponent is at
|l east 5 Wt %

ertjies of Hea Neut ack Wa
Hydrogen, wt % 14.56
Nitrogen, ppm 54
Sulfur, wt % 0.102
API Gravity 34.9
KV @ 100°C, mmz/s 7.117
Solvent Extractables,
wt % (D3235) 34.05
simulated Distillation, *‘C (°F)
IBP/S ) 391/430 (736/805)
10/2¢0 442/459 (828/858)
30740 470/481 (879/898)
50/60 491/502 (916/936)
70/80 514/528 (957/982)
90/EP 545/590 (1014/1095)
waxed Oi e es
Nitrogen, ppm 95
sSulfur, wt % 0.220
Pour point, *C (°F) -17.8 (0)
KV @ 40°C, mm°/s 92.04
KV @ 100°C, mm>/s 10.53
vI ’ 96.2
Composition, wt %
Paraffins 23.2
Mononaphthenes 19.4
Polynaphthenes 37.1
Aromatics 20.3
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19. A catalytic conposition according to Caim21 which includes a matri x

mat eri al conposited with the crystalline material. 20. A catalytic
conposition according to Claim19 in which the matrix material conprises
al um na. 21. A catalytic conposition according to any one of the

preceding clains in which the support conponent has a conposition,
expressed on an anhydrous basis as foll ows:

rRMerr] (Werr]X[err]Y[err]Z[err]J ex wherein Ris the total organic
material not included in M r is the nunber of noles or nole fraction of R
Mis one or nore ions; n is the charge of the conposition excluding M
expressed as oxides; g is the weighted nolar average valence of M n/qg is
the nunber of nDl €§ye reed was processed over a fixed bed reactor

containing NiW/alumina fluorided catalyst that was
sulfided and then fluorided in-situ by adding 600 ppm
of fluorine as ortho-flucrotoluene in the slack wax
feed for approximately one week to target a fluorine
level of 2-5 wt % on catalyst. The operating
conditions for the run were 13300 (2000 psig) hydrogen
pressure 1 LHSV and the reactor temperature was varied
from 374° to 402°C (705° to 755'F) to cover a wide
conversion range. The total liquid product from the
hydracracking step was then distilled to a nominal
343°C+ (650°F+) cut-point. The waxy bottoms was then
solvent dewaxed to a target -17.8°C (0°F) pour point.
The results of these runs are summarized in Table 22

below.
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- 111 - or nole fraction of M Wis one or nore divalent elenents; Xis
one or nore trivalent elenents; Y is one or nore tetravalent elenments; Zis
one or nore pentaval ent elenents; a, b, ¢, and d are nole fractions of W
X, Y, and Z, respectively; his a nunber of fromlto 2.5; and (a + b + c +
d = 1. 22. A nethod of nmaking the catalytic conposition of Claiml
conprising incorporating a netal havingepydrogenati on-dehydrogenation
functionality with a support naterial=comprising a non-Ilayered, inorganic,
porous crystalline phase material exhibiting, after calcinationt an X-ray
diffraction pattern with at | east one peak having a relative intensity of
100 at a d-spacing greater than about 18 A and having a benzene sorption
capacity greater than about 15 grans benzene

Table 22
Wax Hydrocracking = NiW/AL Q. Catalyst

Mass Bal. No. 411 412 413 415 416 417 418
Reactor temp, 393 398 402 391 385 380 374

c (°P) (740) (750) (755) (735) (725) (715) (705)
650°F~ Canv,

wE % 28 40 48 23 17 w0 9
Iube Properties

KV € 100°C 5.0 4.3 4.0 5.1 5.4 5.9 6.7
VI 137 143 140 146 141 137 131
Pour Point, -15 -17.8 -20.5 -17.8 -20.5 ~-15 —9.4

*C (°F) (3) @9 (-5 (@ (5 (5 (15)
VI @ 0°F Poux 136 143 141 146 142 136 128
Inbe Yield, wt % 40 43 42 4 34 33 29
Wax Conversicn 5Q 74 84 42 24 12 4

Boiling point conversicon is defined as:

650" F~ ccnversion = .
650°F+ in Feed = 650 F+ in Product
650°F+ in Feed

wax Conversion is defined as:

Wax Corversion =
{Wt % Unconverted Wax
; in Feed _ " sl € D :
Wt % Wax in Feed

P L S~ e o et ]
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per 100 granms of the material at 50 torr and 25[err]c. 23. A net hod
according to Caim22 in which the netal is incorporated into the support
mat eri al by cation-exchange with the support material. 24. A net hod
according to Claim23 in which the netal is incorporated into the support
materi al by cation-exchange with the crystalline material in the

as-synt hesi zed condi ti on. 25. A meigzod according to G aim22 in which
the netal is incorporated into a support—material conprising the
crystalline phase material and a binder. 26. A nethod according to

Claim25 in which the netal is incorporated into the support material by
inpregnation.Emﬂﬂﬂ%¥$iA‘catalytic conposition of Claim1 wherein the
catal yti c conposi t s hagampde ai Slusfexatear tze Sisecx@rensed in nferr].g[err],

is defined by Jijhea8948Ld Pore size catalysts. S [err] 600 -13.3X
A Niw/MCM~41 catalyst was prepared as described
below.
A sample of MCM-41 (40 A) was prepared by
crystallizing the following mixture in an autoclave:
60.7pbw Cetyltrimethylammonium (CTMA) hydroxide,
prepared by contacting a 29 wt %
N,N,N~-trimethyl-l-hexadecylammonium
chloride solution with a hydroxide-for-
halide exchange resin,

1.3pbw Sodium aluminate,

30.4pbw Tetramethylammonim silicate (10% aquecus
sclution),

7.6pbw  Precipitated hydrated silica (Hisil, +),.

The mixture was crystallized at 100°C for 24 hours
with stirring under autogenecus pressure. The
resulting product was recovered by filtration and dried
in air at ambient temperature. A sample of the product
was calcined at 540°C for 1 hour in nitrogen, followed
by 6 hours in air. The characterisitics of the product
were consistent with its identity as MCM-41.

The MCM~41 was exchanged with room temperature
aqueous sclutions of ammonium nitrate and subsequently
dried overnight at 121°C (250°F). A portion of the
resultant crystals was combined with A1203 to form a
mixture of 65 parts, by weight MCM-41 and 35 parts
alumina. Water was added to this mixture to allow the
resulting catalyst tc be formed intso extrudates. The
catalyst was activated by calcination at 510°C (950°F)
in Sv/v/min of nitrogen for 6 hours followed by the
replacement of the nitrogen with Sv/v/min of air. The
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- 112 - where X is the total nmetals loading in wt % and is |least 12 w
% 28. A catal yst conposition acccording to Caim27 in which the
crystalline phase material has, after calcination, a hexagonal arrangenent
of unifromy-sized pores with di-aneters of at |east about 13 [err] and

exhi bits a hexagonal electron diffraction pattern that can be indexed with
a dlerr] value greater than 18 [err]. 29. A catal yst conposition
according to Clainms 27 or 28 in mhichlﬂﬂé;brystalline phase material has an
X-ray diffraction pattern follow ng calcination with at |east one peak
whose d-spacing corresponds to the d[err] value fromthe el ectron

diffraction pattern. )
calcination was completed by raising the temperature to

538°C (1000°F) and maintaining that temperature in
Sv/v/min air for 18 hours. Nickel and tungsten were
incorporated by incipient wetness coimpregnation using
solutions of Ni(No3)2.GHZO and (NH4)GHZW12°.40320.
After drying for 12 hours at 121°C (250°F), the
extrudate was calcined in Sv/v/min air at sagec

(1000*F} for 3 hours.
The physical and chemical properties of the

NiW/MCM-41/A1203 catalyst are set out below:

Nickel, wt % 5.8
Tungsten, wt % 29.1
Sodium, ppm 200
Surface Area, mZ/q 242
Packing Density, g/ml 0.749

This catalyst was used for wax
hydrocracking/hydroisomerization at the following
process conditions: 13900 kPa (2000 psig) hydrogen
pressure, 1350 v/v (7500 SCF/Bbl} hydrogen circulation
and 1 LHSV, as in Example 29, using the same wax feed
as in Example 33. The operating temperature was
adjusted from 382° to 397°C (720° to 746°F) to span a
range of 343°C- (650°'F-) boiling point conversions.
The results of these runs are given in Table 23.

_____
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30. A catal yst conposition according to Clains 27, 28, or 29 in which the
crystalline phase exhibits a benzene adsorption capacity of greater than 15
grans benzene per 100 grans at 6.7 kPa (50 torr) and 25[err]C 31. A
catal yst conposition according to Clains 27, 28, 29 or 30 in which the
crystalline phase material has a conposition expressed as foll ows:

Merr] (Werr]Xerr]Y[err]Zerr]Qerr]), wherein Mis one or nore ions; nis
the charge of the conposition excludin expressed as oxides; g is the

wei ght ed nol ar average valence of M n/qg is the nunber of noles or nole
fraction of M Wis one or nore divalent elenents; X is one or nore
trivalent elenents; Y is one or nore tetravalent elenents; Zis one or nore
pent aval ent elenments; a, b, ¢, and d are nole fractions of W X, Y, and Z
respectively; h is a nunber of fromdmeas2.5; and (atb+c+d) = 1. 32. A
catal yst conposition according to BR{81 wherein Wconprises a divalent

first row transifjon mgtal or gyagngsi umgsX ceapriges gl umggum boron,

Reacroyr temg, 382 385 385 389 38g 393 397 388
‘C (' (720) {725) (725) (733} (732) (740) (746) (771)

650°F~ m’ we ¢t 18.4 2105 23.6 29.2 29.8 41.1 S9.5 15.6

Iuba Properties:

KV @ 100°C 5.81 S.47 5.30 4.86 4.857 4.55 4.29 5.02

vr 143.6 145.7 144.3 142.8 145.7 142.0 141.3 145.6

Pour Point, -7 -5 =15 -5 -5 -2 -2 -5
‘T ('F (20) (5) (5 {5) (5) (10 (1w (9)

VI @ 0°F Pour Pt 139.6 144.7 143.3 141.8 144.7 140 139.3 144.6
Libe Yield, we £ 39.5 38.6 40.3 47.6 4.3 47.5 43.9 47.2
wax m 42¢3 49.6 42,7 85.4 68.7 81.3 84.7 65.8
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- 113 - galliumor iron: Y conprises silicon or germanium and Z

conpri ses phosphorus. 33. A catalyst conposition according to Claim31
wherein a and d are 0 and h = 2. 34. A catal yst conposition according
to Caim33 wherein X conprises alum num boron, galliumor iron and Y
conprises silicon or gernmani um 35. A catal yst conposition according

to Caim27 in which the catal yst conprigges at |east one base netal

Figure 2 of the drawings shows that the activity
of the NiW/MCM-41 is higher than the activity of the
fluorided NiW/alumina catatlyst. For example, at 30 wt
% 343°C- (650°F-) conversion, the fluorided catalyst
required a 394°C (742°F) reactor temperature, whereas,
the MCM-41 catalyst required about 5.6°C (10°F) lower
temperature of 389°C (732°F). 1In the preferred boiling
point conversion range of about 30-60 wt % 343°C-
(650°F-) conversion or greater, this activity advantage
is beneficial in terms of lower start-of-cycle
temperature and potentially longer catalyst life.

Figure 3 shows that the lube yield for the
fluorided NiW/alumina and the NiW/MCM-41 catalysts are
similar at low wax conversions below 50 wt %, but at
higher wax conversion the unpromoted NiW/MCM-41
catalyst has a desirable yield number benefit compared
to the fluorided NiW/alumina catalyst.

Figure 4 shows that the lube VI of the NiW/MCM-41
is comparable to the VI obtained with the fluorided
NiWw/alumina catalyst. In the wax conversion range of
commercial interest (50-70 wt %), the MCM-41 catalyst
gives a consistantly higher than 140 VI product which
is comparable to the fluorided catalyst.

Figure 5 shows a viscosity benefit of the MCM-41
products. At a given wax conversion the lubes cobtained
from the MCM-41 based catalyst are higher in viscosity
than the fluorided amorphous catalyst. Since the wax
hydrocracking/hydroisomerization process significantly
reduces the viscosity of the hydrocracked/
hydroisomerized feed, it is desirable to maintain
viscosity as high as possible. For example, the target
viscosity for this feed is § mmz/s at 100°c; the
fluorided alumina catalyst can achieve this at 50 wt %

2 S0 53 B feeery
ERLACTEVT SHERY

. ey

09 JAN 1997,




of Groups VIA, VIIA or VIIIA of the Periodic Table. 36. A catal yst
conposition according to Claim27 in which the catal yst conprises at |east
one base netal of Group VIA and at | east one base netal of Goup VIIIA of

t he Periodic Tabl e. 37. A catal yst conposition according to Cl aim 27
having a surface area of at least 200 nferr]g[err] and a total netal
content of at least 12 wt % 38. _Agyatal yst conposition according to
Claim 27 having a surface area of at +eas+—300 nMerr]g[ferr] and a total
nmetal content of 12 to 20 wt % 39. A hydroprocessi ng catal yst
according to Caim27 having a surface area of at |east 200 nferr]g[err], a
total netal content of at |least 12 w % and a pore volune of at least 0.6
cc.g[err]. 40. A hydroprocessing catal yst according to Caim27 having
a surface area wix gonversiors00The MM dleFrR, ocrexafianlatntch mmbent of 12 to

ﬁOth % and a pahe c\blﬂbaf@laf onss vt G. anaCsﬂiﬂ rdchieve tédg f f
TP e LT ARALN 3650 J ik AT, SlITAGE o7 oo o
real density oft‘U[S’PFGaBl’GH @rcoferey vax °°“"er51°nr such as,

reduction in MEXK loading with higher wax conversion and

reduction in size of the unconverted wax recycie

stream.

A hydrotreating reactor may be provided downstream
of the hydroisomerization reactor to further stabilize
the lube product.
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-114- 42. A nethod of meking a catal yst conposition of C aim 27 which
conprises incorporating a netal conponent into an inorganic, non-|ayered,
por ous, J Em' mat erial having pores with dianmeters of at |east
about 1 mm "Jlm’mmﬂ ting, after calcination, an X-ray diffraction
pattern itk at | tast one peak with a relative intensity of 100 at a

- 108 -

CLAIMS:

1. A catalytic composition comprising a metal
having hydrogenation~ dehydrogenation functionality ang
a support component comprising a non-layered,
inorganic, porous crystalline phase material
exhibiting, after c¢alcination, an X-ray diffraction
pattern with at least one pPeak having a relative
intensity of 100 at a d-spacing greater than 18 A and
having a benzene sorption capacity greater than 1s
grams benzene per 100 grams of the material at 6.7 kPa
{50 torr) and 25°C,

2. A catalytic composition according to Claim 1
in which the crystalline material has, after
calcination, an arrangement of uniformly-sized pores
having diameters of at least 13 Angstrom Units.

3. A catalytic composition according to Claim 1
in which the crystalline material exhibits an electron
diffraction pattern that can be indexed with a &
value greater than 18 Angstrom Units.

4. A catalytic composition according to Clainm 1
in which the crystalline phase has an X-ray
diffraction pattern following calcination with at least
one peak whose d-spacing corresponds to the d value
from the electron diffraction pattern. 100

S. A catalytic composition according to Clainm 3
in which the crystalline phase has a hexagonal
arrangement of uniformly-sized pores of at least 13 A
diameter and which exhibits, after calcination, a
hexagonal electron diffration pattern that can pe
indexed with a d,,, value greater than 1g A,

67 A catalytic composition according to claim s
in which the crystalline phase has an X-ray
diffraction pattern following calcination with at least

100
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d-spacing greater than about 18 [err], to produce a bifunctional catalyst
having_a surface area, S, expressed in nferr].glerr]., defined by the

equat i on: S [err] 600 - 13.3X where X is the netal

cont ent “m m)ngﬂlm | east 12 wt % 43. A nethod of making a

cat al yst im42 in which the nmetal is incorporated by
|npregnat|on i it o™t h& cfl ci ned crystalljgne material. 44, A met hod of
maki ng a catal yst according to d ai which the nmetals of the netal
conponent are incorporated by inpregnation into the calcined crystalline
mat eri al . 45. A nethod of meking a catal yst according to Claim44 in
which the netals are incorporated by the incipient wetness nethod. 46.

A met hod of making a catalyst according to Caim42 in which the nmetals are
i ncor porated ¢me tpeakhehcss ci-spacitny eFFesRendmitty ithe 4o 4 healalesence of a

f1 uor i ne- Cont gk AeePLQUB:RI diferackhonpaetdisl of naking a catal yst
i’ig;g[ dlsgg[te(r)ra alm 42A IY% tg&&%rﬁlgha@éﬂdﬁf It faaf al yst I s at
ln which the crystalline phase has, after calcination,
an X-ray diffraction pattern which exhibits at least
two peaks at positions greater than 10 Angstrom Units
d-spacing at least one of which is at a position
greater than 18 Angstrom Units d-spacing, and no peaks
at positions less than 10 Angstrom units d-spacing with
relative intensity greater than 20% of the strongest
peak.

8. A catalytic composition according to Claim §
in which the crystalline phase has, after calcination,
an X-ray diffraction pattern which exhibits no peaks at
positions less than about 10 Angstrom units d-spacing
with relative intensity greater than about 10% of the
strongest peak.

9. A catalytic composition according to Claim 1
in which the crystalline material is a metallosilicate.

10. A catalytic composition according to Claim 9
in which the crystalline material is an
-aluminosilicate.

11. A catalytic cqmpositian according to Claim 1
in which the composition includes at least 0.1 wt % of
the metal hydrogenation-dehydrogenation component.

12. A catalytic composition according to Claim 11
in which the composition includes at least 0.1 wt % of
a noble metal from Period 5 or 6 of Group VIII of the
Periodic Table.

13. A catalytic composition according to Claim 12
in which the noble metal comprises platinum.

14. A catalytic composition according to Claim 1
in which the composition includes a base metal '
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hydrogenation-dehydrogenation component comprising at
least one metal from Group VIII of the Periodic Table.

15. A catalytic composition according to Claim 14
in which the metal hydrogenation-dehydrogenation
component comprises at least one metal from Group VIII
of the Pericdic Table and at least one metal from Group
VIB of the Periodic Table.

16. A catalytic composition according to Claim 14
in which the metal hydrogenation-dehydrogenation
component comprises nickel and tungsten.

17. A catalytic composition according to claim 14
in which the amount of the matal
hydrogenation~dehydrogenation component is at least 1
wt %.

18. A catalytic composition according to Claim 14
in which the amount of the metal
hydrogenation-dehydrogenation component is at least s
wt %.

19. A catalytic composition according to Claim 1
which includes a matrix material composited with the
crystalline material.

20. A catalytic composition according to Claim 19
in which the matrix material comprises alumina.

21. A catalytic composition according to any one
of the preceding claims in which the support component
has a composition, expressed on an anhydrous basis as
follows:

TRM (W XY 240, )
wherein R is the total organic material not included in
M; r is the number of moles or mole fraction of R; M is
one or more ions; n is the charge of the compesition
excluding M expressed as oxides; g is the weighted
molar average valence of M; n/q is the number of moles

REPLACEMENT SHEET
09 JAN 1997,




g

-~ 111 -

or mole fraction of M:; W is one or more divalent
elements; X is one or more trivalent elements; Y is one
or more tetravalent elements; Z is one or more
‘pentavalent elements; a, b, ¢, and 4 are mole fractions
of W, X, ¥, and Z, respectively; h is a number of from
1 to 2.5; and (a+b +c +d) = 1.

32. A method of making the catalytic composition
of Claim 1 comprising incorporating a metal having
hydrogenation~-dehydrogenation functionality with a
support material comprising a non-layered, inorgénic,
porous crystalline phase material exhibiting, after
calcination, an X-ray diffraction pattern with at least
one peak having a relative intensity of 100 at a
d-spacing greater than about 18 A and having a benzene
sorption capacity greater than about 1S5 grams benzene
per 100 grams of the material at 50 torr and 25°'C.

23. A method according to Claim 22 in which the
metal is incorporated into the support material by
cation-exchange with the support material.

24. A method according to Claim 23 in which the
metal is incorporated into the support material by
cation-exchange with the crystalline material in the
as-synthesized condition.

25. A method according to Claim 22 in which the
metal is incorporated into a support material
comprising the crystalline phase material and a binder.

26. A method according to Claim 25 in which the
metal is incorporated into the support material by
impregnation. )

27. A catalytic composition of Claim 1 wherein
the catalytic composition having a surface area s,
expressed in m?.q-l, is defined by the equation:

S 3 600 -13.3X
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where X is the total metals loading in wt % and is
least 12 wt %.

28. A catalyst composition acccording to Claim 27
in which the crystalline phase material has, after
calcination, a hexagonal arrangement of unifromly-sized
pores with diameters of at least about 13 A and
exhibits a hexagonal electron diffraction pattern that
can be indexed with a d1oo value greater than 18 A.

29. A catalyst composition according to Claims 27
or 28 in which the crystalline phase material has an
X-ray diffraction pattern following calcination with at
least one peak whose d-spacing corresponds to the dlo
value from the electron diffraction pattern.

30. A catalyst composition according to Claims
27, 28, or 29 in which the crystalline phase exhibits a
benzene adsorption capacity of greater than 15 grams
benzene per 100 grams at 6.7 kPa (50 torr) and 25°C.

31. A catalyst composition according to Claims
27, 28, 29 or 30 in which the crystalline phase
material has a composition expressed as follows:

un/q(nghzczdoh)
wherein M is one or more ions; n is the charge of the
composition excluding M expressed as oxides; q is the
weighted molar average valence of M: n/q is the number
of moles or mole fraction of M; W is one or more
divalent elements; X is one or more trivalent elements:
Y is one or more tetravalent elements; Z is one or more
pentavalent elements; a, b, ¢, and 4@ are mole fractions
of W, X, ¥, and Z, respectively; h is a number of from
1 to 2.5; and (a+bt+c+d) = 1.

32. A catalyst composition according te Claim 31
wherein W comprises a divalent first row transition
metal or magnesium; X comprises aluminum, boron,

Q
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gallium or iron:; Y comprises silicon or germanium; and
Z comprises phosphorus.

33. A catalyst composition according to Claim 31
wherein a and & are 0 and h = 2,

34. A catalyst composition according to Claim 33
wherein X comprises aluminum, boron, gallium or iron
and Y comprises silicon or germanium.

35. A catalyst composition according to Claim 27
in which the catalyst comprises at least one base metal
of Groups VIA, VIIA or VIIIA of the Periodic Table.

36. A catalyst composition according to Claim 27
in which the catalyst comprises at least one base metal
of Group VIA and at least one base metal of Group VIIIA
of the Periodic Table.

37. A catalyst composition according to Claim 27
having a surface area of at least 200 ng-l and a total
metal content of at least 12 wt %,

38. A catalyst composition according to Claim 27
having a surface area of at least 300 ng ! and a total
metal content of 12 to 20 wt %.

39. A hydroprocessing catalyst according to Claim
27 having a surface area of at least 200 ng'l, a total
metal content of at least 12 wt ¥ and a pore volume of
at least 0.6 cc.g 1

40. A hydroprccessing catalyst according to Claim
27 having a surface area of at least 300 ng'l, a total
metal content of 12 to 20 wt % and a pore volume of 0.6
to 0.8 cc.g I,

41. A hydroprocessing catalyst according to Claim
27 having a surface area of at least 200 n%g” !, a total
metal content of at least 12 wt % and a real density of

up to 6.0 g.ccC 1.
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42. A method of making a catalyst compesition of
Claim 27 which comprises incorporating a meta}
component inte an inorganic, non-layered, porous,
crystalline phase material having pores with diameters
of at least about 13 A and exhibiting, after
calcination, an x-raf diffraction pattern with at least
one peak with a relative intensity of 100 at a
d-spacing greater than about 18 4, to produca a
bifunctional catalyst having a surface area, g,
expressed in mz.g—l., defined by the equation:

S 3 600 - 13.3X
where X is the metal content in wt % and is at least 12
wt %.

43. A method of making a catalyst according to
Claim 42 in which the metal is incorporated by
impregnation into the calcined crystalline material.

44. A method of making a catalyst according ta
Claim 42 in which the metals of the metal component are
incorporated by impregnation into the calcined
crystalline material.

45. A method of making a catalyst according te
Claim 44 in which the metals are incorporated by the
incipient wetness method.

46. A method of making a catalyst according to
Claim 42 in which the metals are incorporated in to the
calcined crystalline material in the absence of a
fluorine~containing promoter.

47. A method of making a catalyst according to
Claim 42 in which the pore diameter of the catalyst is
at least 30 A.




HYDROPROCESSING CATALYST
ABSTRACT

A catalytic composition comprises a metal
hydrogenation~dehydrogenation component supported on a
support material comprising an ultra-large pore
crystalline material of high surface area and porosity.
The crystalline material exhibits unusually large
sorption capacity demonstrated by its benzene
adsorption capacity of greater than about 15 granms
benzene/100 grams at 50 torr and 25°C, and has
uniformly sized pores with a maximum perpendicular
cross section of at least about 13 A. In a preferred
form, the support material, which is preferably a
metallosilicate such as an aluminosilicate, has the
pores in a hexagonal arrangement, giving rise to a
hexagonal electron diffraction pattern that can be
indexed with a dzoo value greater than about 18 A.

The catalytic composition is useful in petroleum
refining, e.g. hydrocracking of mineral oil feedstocks.

FIGURE 1 IS SUGGESTED FOR PUBLICATION.
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HYDROPROCESSING CATALYST

ABS CcT

A catalytic composition comprises a metal
hydrogenation-dehydrogenation component supported on a
support material comprising an ultra-large pore
crystalline material of high surface area and porosity.
The crystalline material exhibits unusually large
sorption capacity demonstrated by its benzene
adsorption capacity of greater than about 15 grams
benzene/100 grams at 50 torr and 25°C, and has
uniformly sized pores with a maximum perpendicular
cross section of at least about 13 A. In a preferred
form, the support material, which is preferably a
metallosilicate such as an aluminosilicate, has the
pores in a hexagonal arrangement, giving rise to a
hexagonal electron diffraction pattern that can be
indexed with a d,44 value greater than about 18 A.

The catalytic composition is useful in petroleum
refining, e.g. hydrocracking of mineral oil feedstocks.

FIGURE 1 IS SUGGESTED FOR PUBLICATION.
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