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(54) Title: A NEW AND IMPROVED MIDBARREL CATALYST

(57) Abstract

In the process for hydrocracking hydrocarbons boiling above about 700°F to midbarrel fuel products boiling system 
about 300°F and about 700°F which includes contacting the hydrocarbons with hydrogen under effective hydrocracking 
conditions in the presence of a catalyst composition comprising at least one hydrogenation component and at least one 
cracking component, the improvement which comprises utilizing as the cracking component an expanded clay including 
pillars comprising (a) at least one pillaring metal, (b) at least one rave earth element and (c) oxygen located between the 
sheets of at least one clay mineral or synthetic analogue thereof.
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1
MIDBARREL HYDROCRACKING CATALYST AND PROCESS
Background of the invention

The present invention relates in general to the 
catalytic conversion of hydrocarbons, and more particularly 
to the process for the catalytic hydrocracking of heavy 
hydrocarbon or petroleum feedstocks to midbarrel products 
using a catalyst comprising at least one of certain expanded 
clays. The process is efficient from the standpoints of 
conversion rates and selectivity for the desired middle 
distillates.

Catalytic midbarrel hydrocracking is a petroleum 
refining process ofrapidly increasing importance due to the 
similarly rapid increase in the demand for middle distillate 
fuels. in general, the process comprises converting heavy 
hydrocarbon, e.g., petroleum, feedstocks boiling above 
700° F to lower-boiling products which boil in the range of 
300°F. to 700°F., e.g., diesel and turbine fuels and furnace 
oils. The catalysts employed are of the dual functional 
type and comprise a hydrogenation-dehydrogenation component, 
such as a Group VIII noble metal or a combination of Group 
VIII and Group VIB metals, together with an acidic cracking 
component, such as silica-alumina or a zeolitic
aluminosilicate .

• ft ·• ·• · ·
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Of the solid acid components, it is generally 

considered that zeolitic aluminosilicates are the most 
active' in the sense that they convert the highest fraction 
of feedstock to products under reasonable operating 

conditions. Activity, however, is only one of three 

essential properties of a midbarrel hydrocracking catalyst- 

-the other two properties being selectivity, i.e. the 

tendency of the catalyst to produce desirable products 

exclusively, and stability which is a measure of the useful 

operating life of the catalyst.
Battiste, et ■ al U.S. Patent 4,637,991 discloses 

hydrocracking with a catalyst including a clay expanded 
with pillars derived from aluminum hydroxy chloride. 
Battiste also discloses a method for preparing a pillared 

interlayered clay admixed with zeolite. Vaughn U.S. Patent 

4,666,877 discloses expanded smectite clays in which the 

pillars are made up of aluminum and one or more transition 
metals. Such expanded clays are disclosed as being useful 
in petroleum hydrocracking catalysts. European Patent 

Publication 0,180,513A discloses a hydrocracking catalyst 

including a bridged smectite clay the layers of which are 

held apart by spacers composed of oxides of one or more of 

B, Mg, Al, P, Si, Ti, Cr, Zr, Mo and W; and an acidic 

stabilized Y-type zeolite. None of these references 

disclose rare earth elements as part of the propping agent 

for the clay, nor do these references disclose steaming the 
expanded clay to improve catalytic performance.

Summary of the Invention

It is, accordingly, a principal object of the 
present invention to provide a midbarrel hydrocracking 
catalyst and process which provide acceptable catalytic 
activity, selectivity and stability.

A new midbarrel hydrocracking catalyst and process

have been discovered. The present catalyst comprises at

»
Λ
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least one hydrogenation component and at least one cracking 

component. The cracking component is an expanded clay 
including pillars comprising (a) at least one pillaring 

metal, (b) at least one rare earth element and (c) oxygen, 
which pillars are located, e.g., intercalated, between the 
sheets of at least one clay mineral cr synthetic analogue 

thereof. This catalyst is particularly adapted for use in 

midbarrel hydrocracking.
Discussion of the Invention

The present invention provides substantial 
advantages. For example, using the catalyst described 
above in midbarrel hydrocracking service provides an 

outstanding combination of catalyst activity and 

selectivity to useful and valuable middle distillate 

products, as well as providing very beneficial catalyst 
stability characteristics. The overall performance of 
various embodiments, of the present invention compares 
favorably to known commercial catalysts containing zeolitic 

and/or amorphorous cracking components.
The expanded clays useful in the present invention 

possess outstanding catalytic activity and catalytic 

selectivity which are superbly suited for the hydrocracking 

of heavy feedstocks to midbarrel or middle distillate 

products. In addition, the presently useful catalysts can 

be synthesized from' inexpensive, commercially-available 

material using relatively simple processing.

One primary advantage of the presently useful 
expanded clays is the larger gallery spacing, i.e., the 

spacing between the sheets of the expanded clay, relative 
to expanded clays with pillars of only aluminum and oxygen. 
The larger gallery spacing facilitates selective conversion 
of relatively bulky feed molecules to midbarrel or middle 

distillate products. Further, the preferred hydrothermally 

stable expanded clays useful in the present invention do
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not have the prior art problem of their pillars collapsing 

at temperatures greater than the dehydroxylation 

temperature.
The present midbarrel hydrocracking process 

involves the use of a unique catalyst composition. The 

cracking component of this catalyst is composed of an 

expanded clay with a multiplicity of pillars located, e.g., 

intercalated, between the sheets of the clay. The pillars 

are composed of aluminum, at least one rare earth element 

and oxygen. The aluminum can be replaced in part or total 

by other suitable pillaring metals, such as chromium and 

zirconium. The product has relatively large pores and 

possesses considerable gallery volume. The pillars 

maintain the spacing of the expanded sheets of the clay 

even at temperatures· as high as 1000’F. or even 1400’F., 
with the expanded clay maintaining a substantial portion 
its surface area and hydrocracking catalytic activity. In 
one embodiment, this expanded clay can be described as a 
molecular sieve framework prepared by intercalating clay 
sheets with oligomeric species. Upon intercalation, the 
clay is dried and subjected to heat treatment to stabilize 
the expanded sheets. The open, porous network of the 

expanded clay is stabilized by the aluminum-rare earth 

element-oxygen structures between the sheets of the clay. 

These structures or pillars comprise (i) aluminum or other 

pillaring metal(s), (ii) rare earth element(s) and (iii) 

oxygen. While the pillars preferably contain aluminum, 

other pillaring metals (for example, Zr and Cr) can be 
used.

The term "intercalation" as used herein is a term 
of art which indicates the insertion of a material between 

the sheets of a clay substrate. Leoppert, Jr., et al., 

Clays and Clay Minerals, 27(3), 201-208 (1979), is an
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example of a reference which uses this term in the same way 

it is used herein.
The presently useful expanded clays can be 

prepared by intercalating expandable clay minerals with 

oligomers derived from rare earth salts, in particular 

trivalent rare earth salts, and polyvalent cations of 
pillaring metals, such as Al+3. Such oligomers can be 

produced by the hydrolysis and oligomerization of such 

polyvalent cations in combination with the rare earth 

component. Other preparation methods, other pillaring 

metals and rare earth salts having other oxidation states 

can be used.
The expanded clay useful in the present invention 

has gallery spacings preferably greater than about 10A, 

more preferably greater than about 12A. In one embodiment, 
the gallery spacing is preferably in the range of about 12A 
to about 40A and more preferably in the range.of about 16A 
to about 20A, although the gallery spacings can be as low 
as about lOA or as large as about 50A. (Different expanded 
clays will provide different gallery spacings.) The 

gallery spacing achieved with montmorillonite is preferably 

about 18A, which is a very advantageous spacing. As 

montmorillonite expanded with aluminum-oxygen pillars has a 

reported gallery spacing of about 8.5A, the inclusion of a 

rare earth element with the aluminum and oxygen in the 

pillars doubles the gallery spacing over the Al-0 expanded 
clay. The relatively large gallery spacing of the 
presently useful expanded clays provides very useful 

cracking components for midbarrel hydrocracking catalysts.
The clays employed in preparing the expanded clays 

useful in the present invention are preferably crystalline, 
expandable, colloidal clays or clay minerals, and" more 

preferably have ion exchange capacity. The clays 

preferably are of the three-sheet type, namely, sheet 

D-14960-1 ■
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structures composed of two sheets of silica tetrahedrons 

and one central alumina dioctahedral or trioctahedral 

sheet. This type of clay includes equidimensional 

expanding lattice forms (e.g., montmorillonite and 

sauconite) and the elongate expanding lattice forms (e.g., 

nontronite, saponite and hectorite), The useful clays can 

be natural or synthetic forms.
The invention is especially useful with clays 

which are swellable clays generally known as smectites. 

The unit layer or structure of a smectite, such as, 
montmorillonite, is composed of two silica tetrahedral 
sheets and a central alumina octahedral sheet. Such type 
of clay is termed a 2:1 layered clay. The simplified 
formula, without considering lattice substitutions, is 

Si8Al4O2o(°H)4·ηΗ20, wherein n is usually a whole number. 
In reality, however, there are isomorphic substitutions 
within the lattice, e.g., replacement of aluminum by 
magnesium or iron, and in particular, substitution of 
silicon by aluminum. This leads to a net negative charge 
on the smectite sheets which is compensated for by 
exchangeable cations situated between the unit layer. The 

preferred smectite clays have a sheet charge, x, of about 
0.5 to about 1.

The clays are usually associated with a metal, 

such as the alkali metals,, the alkaline earth metals, the 
rare earth metals, Ni, Fe, Cr, Be, Ti, B and the like and 

mixtures thereof. Preferably, the clay is associated with 

at least one of the alkali metals, in particular sodium. 
For example, the montmorillonite used preferably has a high 
sodium concentration rather than calcium because the former 
.provides easier ion exchange and better sheet expansion.

Another embodiment of the invention provides that 

the expanded clays contain different combinations of 

catalytic components and/or ions which have been
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incorporated inside of the interlamellar space thereof. In 

other words, catalytic activity may be provided in such 

interlamellar space by incorporating components consisting 
of different catalytically active transition metal 
derivatives or combinations thereof, such as, for example, 

hydroxo-M or sulfhydro-M oligomers or oligomeric cations 
where M is one or different combinations of molybdenum, 

chromium, nickel, cobalt, tungsten or other transition 
metal, and/or simple mono or binuclear transition metal 

ions, such as, these of nickel, cobalt, molybdenum, 

chromium or other transition metals in such interlamellar 

space. Such expanded clays possess substantial 

hydrothermal stability, and high activity for hydrocracking 

of organic molecules present in heavy petroleum fractions, 

synthetic fuels and other heavy oils.

The average inter-pillar spacing, i.e., the 
average lateral distance between adjacent pillars, of the 
expanded clays useful in the present invention preferably 
is in the range of about llA to about 35A, and can be 
varied by controlling the amount of propping agent, i.e., 

the material from which the pillars of the expanded clay 
are derived, and clay in the preparation of the expanded 
clay .

The clay used in preparing the expanded clay can 
be ion exchanged with at least one transition metal. 

Alternatively, the propping agents used in preparing the 
expanded clay can be isomorphically substituted with at 
least one transition ' metal during the formation of the 
propping agents, e.g., oligomers. The expanded clay can be 
ion exchanged or isomorphically substituted with at least 
one transition metal. This can be achieved by, for 

example, contacting the expanded clay with a solution of a 

soluble compound of at least one transition metal in a 

solvent, such as water. If desired, the transition metal

/
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can be reduced, preferably after steaming the expanded 

clay, by contact with a reducing agent, e.g., hydrogen, at 

effective reducing conditions.
In preparing the presently useful expanded clays, 

rare earth containing cationic hydroxo inorganic metal 

oligomers are preferably utilized as the propping agent. 
The preferred oligomers are basic and are formed by the 

hydrolysis of pillaring metal salts, for example aluminum 

salts, zirconium salts, and chromium salts. The more 

preferred oligomers are formed by the hydrolysis of 

aluminum salts, in particular chlorhydrol.
The aluminum, zirconium and chromium-containing 

oligomers can be used alone or in various combinations. 

Any species, such as a cation, anion or colloidal material, 

which can exist at the concentration and pH of the 

pillaring metal-containing composition (e.g., aluminum, 
zirconium or chromium salt) and is oligomerizable can be 

incorporated into the structure of the oligomer. 
Preferably, the species acts to obstruct or inhibit cation 
migration, which is believed t.o stabilize the structure of 

the expanded clay.

A suitable class of the inorganic aluminum- 

containing oligomers for use in providing the pillars of 

the presently useful expanded clays are ■ those having the 

general formula Αΐ2+η(ΟΗ)3nX6, wherein n has a value of 
about 4 to about 12, and X is usually Cl, Br and/or NO3. 
These inorganic aluminum-containing oligomers are generally 
believed to have an average molecular weight of the order 
of about 2000 or larger.

The preparation of the above-noted aluminum- and 
zirconium-containing oligomers is generally known to those 
skilled in the art.

Chromium-containing oligomers can be prepared by 
combining a chromium salt with a hydroxyl ion source in a
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liquid medium, e.g., solution. This mixture is aged to 

allow formation of a sufficient concentration of cationic 

oligomers. In preparing chromium oligomers, chromium salts 
suitable for use include the hydrated forms of chromium 
nitrate, chromium sulfate, and chromium chloride. The 

ratio of chromium salt to liquid medium, e.g., water, is 
obtained by determining the concentration of chromium 

oligomer necessary to produce a measurable amount of clay 
sheet expansion. The preferred salt is chromium nitrate 

and the preferred liquid medium is water. Suitable 

hydroxyl ion sources include solutions containing ammonia, 
lithium hydroxide, . sodium hydroxide and potassium 

hydroxide. The preferred combination is chromium nitrate 

and ammonia. When using a solution containing ammonia as 

the hydroxyl ion source, the upper limit on pH is the 

highest pH attainable using concentrated ammonia-containing 

solution. However, when using LiOH, NaOH or KOH as the 
hydroxyl ion source, the total amount cf added hydroxide is 
preferably kept below about 2 moles per mole of Cr ion in 
order to avoid precipitation of chromium oxide.

The aqueous mixture of at least one chromium salt 
and at least one hydroxyl ion source is preferably aged. 

Aging may not be needed if the clay and oligomer are 
initially well dispersed.

Oligomer formation, 

polymerization (oligomerization) 

presence of a base or acid which

reaction mixture, preferably to a pH in the range of about 

2.9 to about 4.0 for aluminum-containing oligomers. Bases, 
such as ammonium hydroxide and sodium hydroxide or a base 
forming reactant such as magnesium-" metal, are preferably 
added to the metal salt-containing aqueous medium in 
amounts in the range of about 0.5 to about 3 equivalents of 

base per equivalent of metal. Where the hydrolysis-

e.g., hydrolysis- 

can be conducted in the 

changes the pH of the
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polymerization reaction is conducted in the presence of a 
base, the reaction is preferably conducted at a temperature 
in the range of about 120*F. to about 212’F. for a period 
of time of about 0.1 to about 24 hours or more.

Furthermore, the oligomers can be prepared by 

cooligomerizing an aluminum, zirconium, chromium or other 
pillaring metal salt with a cooligomerizable reactant, such 
as SiO3-2, ZrO2+2 or BO3+3, which can be included in the 

reaction mixture, for example, as sodium silicate, ZrOCl2, 

zirconium chloride, boric acid or sodium borate. The use 
of molybdenum in the oligomer will provide a hydrogenation 

catalyst. The hydrolysis-polymerization reaction is 

preferably conducted in an aqueous medium which contains up 

to about 50 percent by weight of solids. This reaction is 
preferably conducted at temperatures on the order of about 

40 *F. to about 400'F. for periods of about 1 to about 100 
hours. The reaction temperature and time are

interdependent, so that an appropriate combination of these 
two variables is preferably employed.

In preparing the presently useful propping agents, 
the pillaring metal-containing oligomers are modified to 
include at least one rare earth therein.

Any suitable rare earth salt 

combination with the pillaring metal or

water soluble rare earth salts are preferred. A preferred 

class of water soluble rare earth salts is selected from 

the group consisting of water soluble cerium salts, water 

soluble lanthanum salts and mixtures thereof. Rare earth 

metal halides, such as CeCl3 and LaCl3, are particularly 
preferred. In nature the rare earths usually occur in 
mixed form (with Ce being most plentiful and La next 
plentiful in such mixtures) and are expensive to separate. 

Accordingly,;mixtures of rare earth salts are important in 
the invention from a commercial viewpoint.

can be used in 

metals, although
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11The rare earth elements include the lanthanide series, i.e., elements with atomic numbers 57 through 71, plus yttrium and scandium. The lanthanide series includes La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu. • Examples of suitable water-soluble rare earth salts include nitrates, halides, sulfates, selenates, oxalates, and acetates. The rare earth nitrates and chlorides are preferred because they are the most soluble of the rare earth salts in water. The rare earth salt preferably has at least a solubility constant, KSp, which allows it to go into solution sufficiently to allow fast oligomer formation. The preferred water soluble rare earth salt is Ce(NO3)3·Expanded clays having relatively large gallery spacings, such as those useful in the present invention, preferably include pillars which have enhanced stability against thermal degradation. Incorporation of rare earth -into the structure of the presently useful propping agents provides expanded clays having relatively large gallery spacings and facilitates enhanced stabilization of the pillars against thermal degradation.The synthesis of the oligomer is preferably conducted in an aqueous solution. The synthesis can be conducted in a non-aqueous organic or inorganic solvent.useful non-aqueous solvents are acetone benzene, toluene, cyclohexane,hexamethysiloxane, ethyl ether, alcohols (such as methyl, ethyl, propyl, and benzyl alcohol), ketones (such as methyl isobutyl ketone), organic acids, organic acid anhydrides and esters, nitrobenzene, pyridine, ethylene glycol, dimethyl ether, tetrahydrofuran and acetonitrile. Preferably the non-aqueous solvent is a strongly polar- solvent. The solvent is preferably substantially inert,

Examples of (preferred),
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i.e., with respect to the synthesis of the oligomer. Mixtures of solvents can be used. For example, one solvent can be used for the rare earth salt and another solvent for the pillaring metal .salt. When different solvents are used, both solvents should be compatible or miscible.The oligomer can be prepared in colloidal systems, provided that the pillaring metal or metals and the rare earth element have sufficient opportunity to react.Generally, low Cl and iron levels in the final catalyst are desired. For example, iron is a poison that prevents or hinders desired hydrocarbon product formation and causes coke formation on the final catalyst. So Cl and iron are preferably removed from the oligomers by washing to as low levels as possible.The weight ratio of rare earth (RE) to aluminum in the hydrolysis/polymerization reaction mixture and in the oligomers, measured as RE02:Al2°3, typically ranges from about 1:52 to about 1:1 without any substantial detrimental effect on the expanded clay product. If the ratio is too lean in rare earth there is a negative effect on oligomer formation. The temperature for the oligomer formation reaction is preferably about 40’F. to about 400°?., more preferably about 180’F. to about 375’F. and still more preferably about re.flux (reflux at about 223’F.for an aqueous chlorhydrol solution containing about 24% by weight of Α12Ο3) to about 295’F. Within such preferred temperature rar.ge, results can be observed within 24 hours. After 100 hours, the results are substantially identical to those with reaction times over 1000 hours. If the oligomer is cooled to room temperature, it is preferably reacted with the clay within one day to assure a good product (i.e., before the oligomer breaks down.) The ratio of oligomer to clay can very resulting in different materials (i.e., partially or fully expanded clay), but optimum
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13results are obtained with about 3 millimoles of pillaring metal, e.g., Al, per gram of clay.Preferably, in preparing the expanded clay, the oligomer is first prepared in a liquid medium. The clay is preferably added to the oligomer, e.g., to form a clay solution, slurry, suspension, dispersion and the like. Thorough mixing is preferably employed. The solvents listed above for the oligomer formation can be used as the liquid medium to prepare the clay solution, slurry, suspension, dispersion and the like, with water being preferred. ,The clay concentration in the final mixture, that is to say, after mixing of the oligomer-containing liquid medium and the initial clay suspension, should be sufficiently high to obviate the handling of large volumes of mixture, yet not excessively high since too high a clay concentration in the mixture would make the latter· difficult to handle. The clay concentration in the final mixture preferably is in the range of about 1% to about 20% by weight.If desired, a suitable suspension or flocculating agent can be used when the clay is to be in solution, slurry or suspension form. Swelling agents may also be employed. Swelling agents, that is, polar molecules, such as water, ethylene glycol and amines, substantially increase the distance between the sheets of clay. The swelling agent is believed to be absorbed into the intermellar space of the clay and acts to push apart the sheets of the clay. This facilitates properly placing the propping agent between the sheets of the clay.The pH of the mixture containing the propping agent and clay may have to be adjusted to provide for optimum intercalation or expansion of the clay. ,.
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14The propping agent, clay mixture may be aged for about 10 days or more at room temperature, but economic considerations are crucial in determining whether or not to age and for how long. Elevated temperatures, on the order . of about 150*F., reduce the aging time period.Adverse effects are obtained in the final catalyst from any Na. phosphate, Cl or Fe that is present. Such agents are preferably removed prior to aging the propping agent/clay mixture.The clay can thereafter be separated from the liquid medium by conventional means, such as, by centrifugation, air-drying, freeze-drying or filtration.The heating and/or calcining step (plus steaming step) are used to remove the solvent and fix the structure of the expanded clay. In one embodiment, the object is to i' decompose the hydrolyzed metal oligomers to pillars ofstable inorganic oxides. ’ί Calcination temperatures in the range of about930’F. to about 1200’F. or higher are preferably employed ;for times ranging from about 0.5 hours to about 24 hours or ,? more.; The expanded clay component of the catalystcomposition is preferably subjected to steaming, i.e., to< the action of steam or water vapor, to improve at least oneI catalytic property of the catalyst composition. Such■ steaming preferably acts to improve the selectivity of thehydrocracking . catalyst composition to midbarrel fuel r products. In other words, using a midbarrel hydrocrackingf' catalyst which includes a steamed expanded clay component ,| preferably results in an increased yield of midbarrel fuel , !products at a given or set feedstock conversion level '. relative to using a similar catalyst in which the expanded 1 I. ' clay component has not been subjected to steaming. ' | [ι i ί

ξ
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15The expanded clay may be subjected to steaming at any time after its formation. However, it is preferred that the expanded clay be steamed prior to the catalyst being formulated. In this manner, the steam can act to benefit the expanded clay without having any substantial or undue detrimental effect on the other components of the catalyst. .The expanded clay component is preferably subjected to steaming at elevated temperatures. Such steaming is more preferably conducted at a temperature in the range of about 930“F. to about 1500°F., still more preferably about 1020’F. to about 1380’F. for a period of time preferably in the range of about 0.1 hours to about 10 hours or more, more preferably about 0.5 hour to about 5 hours. Steaming at elevated temperatures also facilitates removing organic moieties in the clay.The calcined expanded clays preferably have surface areas in the range of about 25mJ/g to about 600mJ/g or more, more preferably about 35mJ/g to about 300ma/g.A representative way of preparing the expanded clays useful in the present invention is as follows. 5 parts by weight of 50 weight percent aluminum chlorhydroxide in water is mixed with 1 part of 60 weight percent Ce(NC>3)3 in water. This solution is then placed in a teflon Parr bomb at 130°F. for 100 hours. The contents are then poured into 1000 parts by weight of H20 and, under high speed stirring, 7.5 parts by weight of bentonite is added. This mixture is allowed to age for about 10 days. The material is then filtered, redispersed with water for one or more additional times, and dried and calcined at 1200*F. for 16 hours. Any suitable and useful treatment and purification steps can be used. The resultant expanded clay has a relatively large gallery spacing and possesses
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16catalytic activity and selectivity which is eminently suitable for midbarrel hydrocracking.The invention includes a midbarrel hydrocracking catalyst which comprises an effective amount of at least one expanded clay, preferably present in an amount in the range of about 0.1% to about 90%, and more preferably about 1% to about 80%, by weight of the total composition. As noted above, the catalyst also includes an effective amount at least one hydrogenation component.The ·hydrogenation component Of the present catalyst composition is preferably selected from at least one component of a metal selected from the Group VIII platinum group metals, in particular platinum and palladium, the Group VIII iron group metals, in particular cobalt and nickel, the Group VI B metals, in particular molybdenum and tungsten, and mixtures thereof. If the feedstock has a sufficiently low sulfur content, e.g., less than about 1 weight percent and preferably less than about 0.5 weight percent, the Group VIII platinum group metals may be employed as the hydrogenation component. In this embodiment, the Group VIII platinum group metal is preferably present in an amount in the range of about 0.01 weight percent to about 5 weight percent of the total catalyst, bas-,1 on-elemental platinum group metal. When the feedstock being hydrocracked contains more than about 1.0 weight percent sulfur, the hydrogenation component is preferably a combination of at least one Group VIII iron group metal and at least one Group VI B metal. The non­noble metal hydrogenation components are preferably present in the final catalyst composition as oxides or sulfides, more preferably as sulfides. Preferred overall catalyst compositions contain at least about 5, preferably about 5 to about 40, weight percent Group VIB metal, more preferably molybdenum and/or tungsten, and at least about
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170.5, and preferably about 1 to about 15, weight percent of Group VIII iron group metal, more preferably nickel and/or cobalt, determined as the corresponding oxides. The sulfide form of these metals is more preferred due to higher activity, selectivity and activity retention.The hydrogenation components can be incorporated into the overall catalyst composition by any one of numerous procedures. They can be added to the expanded clay component and/or matrix materials ,'for example, by co­mulling, impregnation, ion exchange and the like.Although the non-noble metal hydrogenation components can be combined into the catalyst as the sulfides, that is generally not the case. Such components are usually combined as a metal salt which can be thermally converted to the corresponding oxide in an oxidizing atmosphere or reduced with hydrogen or other reducing agent. The composition can then be sulfided by reaction with a sulfur compound such as carbon disulfide, hydrogen sulfide, hydrocarbon thiols, elemental sulfur, and the like. Hydrogenation components can be incorporated at any one of a number of stages in the catalyst preparation. For example, metal compounds, such as the sulfides, oxides or water-soluble salts such as ammonium heptamolybdate, ammonium tungstate, nickel nitrate, cobalt sulfate and the like, can be added by co-mulling, impregnation or precipitation to either the clay component or the matrix material or the combination of both before the·composite is finally calcined. In the alternative, these components can be added to the expanded clay/matrix material composite by impregnation with an aqueous, alcoholic or hydrocarbon solution of soluble compounds or precursors. Impregnation is the preferred technique. ,
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metal oxides, clays (not silica-aluminas, silica- silica-thorias, silica-magnesias, berylias,

be prepared using procedures which are

In one embodiment, the catalyst further comprises at least one of a filler material and a binder material to provide a desired property or properties, e.g., desired catalyst dilution, mechanical strength and the like, to the catalyst. Such filler and binder materials, i.e., matrix materials, are to some extent porous in nature and may or may not be effective to promote midbarrel hydrocracking. Such matrix materials include, for example, synthetic and naturally occurring substances,expanded), silicas, aluminas, silica-zirconias,silica-titanias, silica-alumina-thorias, silica- alumina-zirconias, mixtures of these and the like.If one or more matrix materials are included in the catalyst, the catalyst preferably contains no more than about 75%, more preferably no more than about 20%, by weight of such matrix materials.The present catalyst may catalyst manufacturing techniques andconventional and well known in the art and, therefore, need not be discussed in detail here.When refractory metal oxides such as alumina are present in the catalyst, any of the numerous well known techniques can .be used to combine the same with the expanded clay component. For example the expanded clay component can be mulled with a hydrogel of the oxide followed by partial drying, if required, and extruding, pelletizing or the like to form particles of the desired shape. Alternatively, the refractory oxide can be precipitated in the presence of the expanded clay component. This is accomplished by increasing the pH of a solution of a refractory oxide precursor such as sodium aluminate, sodium silicate and the like. As described above, the combination can then be partially dried as
i-
ί
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19desired, tableted, pelleted, extruded, or formed by other means and then calcined, e.g., at a temperature above about 600*F., usually above about 300’F.The present catalysts are preferably present in the form of solid particles. The solid catalyst particles may be of any size functionally suitable in the present invention.The present catalyst may include one or more zeolitic or non-zeolitic molecular sieves, although in one embodiment it is preferred that substantially no such molecular sieves are present. In other words, in this embodiment it is preferred that the catalyst be substantially free of such molecular sieves. However, the composition may include, for example, about 0.1 to about 40 weight percent of at least one zeolitic and/or non-zeolitic molecular sieve effective to promote the conversion, preferably hydroconversion such as hydrocracking and/or hydrodewaxing, of at least a portion of the feedstock at hydrocracking conditions. In one particularly useful embodiment, the catalyst includes at least one medium pore, acidic zeolitic or non-zeolitic molecular sieve in an amount effective to promote conversion of the feedstock (or intermediate products thereof) to provide at least one product, e.g., a diesel oil product, and preferably products boiling above such diesel oil product, having a reduced pourpoint, i.e., relative to such product or products produced utilizing a catalyst with no such medium pore, acidic molecular sieve.In another useful embodiment, the present catalyst includes UHP-Y zeolite in an amount effective to promote the desired midbarrel hydrocracking. Such UHP-Y zeolite is described in U.S. Patent 4,401,556, which is hereby incorporated in its entirety herein by reference. The present catalyst may include UHP-Y zeolite which has been
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Application Serial No which application is herein by reference.

modified by selective extraction in accordance with the procedure outlined in commonly assigned, U.S. Patent 130,559 filed December 8, 1987, hereby incorporated in its entirety This modified UHP-Y zeolite ispreferably present in the catalyst in an amount effective to promote the desired midbarrel hydrocracking.Zeolitic and non-zeolitic molecular sieves may be referred to as crystalline microporous three dimensional solid material or CMSMs. As used herein, the terms "zeolitic molecular sieves" and "non-zeolitic molecularsieves" further include the from such molecular sieves, extracting, such molecular
product or products derived e.g., by processing, such as sieves. Such CMSMs, by

incorporated by e.g., the ALPOs,

definition, exclude the presently useful expanded clay components.. Examples of such CMSMs include aluminosilicates, ALPOs, SAPOs, MeAPOs, MeSPSOs, ELAPOs, ELAPOs and the like. Certain of these CMSMs are discussed in U.S. Patents 4,310,440; 4,440,871; 4,500,651; and 4,503,023, each of which patents isreference herein. Certain of these CMSMs,SAPOs, MeAPOs, MeAPSOs, ELAPOs and ELAPSOs, can be described with reference to the following paragraph and table from: Flanigen et al, "Aluminophosphate Molecular Sieves and the Periodic Table," published in the New Developments and Zeolite Science Technology" Proceedings of the 7th International Conference, edited by Y. Murakami, A. Iijima and J. W. Ward, pages 103-112 (1986), which is incorporated in its entirety herein by reference.The materials are classified into binary (2), ternary^. (3), quaternary (4), quinary (5), and senary (6) compositions based on the number of elements contained in the cationic framework sites of any given structure. A normalized TO2 formula
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21represents the relative concentration of framework elements in the composition, (ElxAlyPz)O2, where El is the incorporated element and x, y and z are the mole fractions of the respective elements in the composition. Acronyms describing the framework composition are shown in Table I, e.g., SAPO - (Si, Al, P)O2 composition. The structure type is indicated by an integer following the compositional acronym, e.g., SAPO-5 is a (Si, Al, P)O2 composition with the type 5 structure. The numbering of the structure type is arbitrary and bears no relationship to structural numbers used previously in the literature, e.g., ZSM-5, and only identifies structures found in the aluminophosphate-based molecular sieves. The same structure number is used for a common structure type with varying framework composition.
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TABLE IACRONYMS FOR FRAMEWORK COMPOSITIONS
το2, T- Acronym TO2, T- Acronym TO2, T- Acronym ·

OtherSi,Al,P SAPO Me,Al,P,Si MeAPSO Elements :Fe,Al,P, Si FAPSO ΕΙ,ΑΙ,Ρ ElAPOMe,Al,P ' MeAPO Mg,Al,P,Si MAPSO El,Al,P,Si ElAPSOFe,Al,P FAPO Mn,Al,P,Si MnAPSOMg,Al,P MAPO Co,Al,P,Si CoAPSOMn,Al,P MnAPO zn,, Al, p, si ZAPSO El - As,Be,B,Cr,Co,Al,P CoAPO Ga,Li,V,TiΖη,ΑΙ,ρ ZAPO
In certain instances the catalyst compositionpreferably includes one or more such CMSMs to increase catalytic activity.As noted ' above, one particularly useful group of■' CMSMs in the present invention are those CMSMs which' provide reduced pourpoint products. These materials aremedium pore, acidic CMSMs, preferably having a pore size of about 6A. Included among the useful medium pore, acidic'■ CMSMs are ZSM-5, silicalite, and SAPO- and MEAPO-11, -31,: and -41, and mixtures thereof.. Methods for preparing many of such CMSMs areconventional and well known in the art. For example,Ϊ crystalline aluminosilicate compositions can be made from[ alkali metal silicates and alkali metal aluminates so thatj they initially contain significant concentrations of alkalimetals. Sodium tends to reduce the catalyst activity of the CMSM. Accordingly, most or all of the sodium in the crystalline aluminosilicate is removed or replaced, e.g., with other metal cations, such as aluminum ions or ions of

rt
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• 23the rare earths, which are associated with the crystalline aluminosilicates. This can be accomplished by contacting the crystalline aluminosilicate with a source of hydrogen ions such as acids, or hydrogen precursors such as ammonium compounds. These procedures are thoroughly described in U.S. Patents 3,140,253 and RE. 27,639.Compositions of the catalysts which are particularly useful in the present invention are those in which the CMSM is incorporated in an amount effective to promote the desired midbarrel hydrocracking and/or hydrodewaxing (product pourpoint reduction), The CMSM is preferably incorporated into the catalyst in an amount within the range of about 0.1¾ to about 40¾, more preferably about 2¾ to about 30¾, by weight of the total catalyst. The CMSM can be incorporated into the,present catalysts using techniques which are conventional and well known in the art. Catalytically active CMSMs which are formed during and/or as part of the methods of manufacturing the catalyst are within the scope of the present invention.The hydrocarbon feedstocks suitably treated in the present process boil primarily above about 700 °F. Feedstocks having these characteristics include gas oils, vacuum gas oils, deasphalted residua, catalytic cracking cycle stocks, shale oil, tar sand oil, coal tars and liquids, and the like. The feed to the hydrocracking zone generally contains at least about 5ppm and usually between about lOppm and 0.1 weight percent nitrogen as organonitrogen compounds. It may also contain substantial amounts of mono- or polynuclear aromatic compoundsIcorresponding to at least about 5 and generally between about 5 to about 40 volume percent aromatics.Reaction temperatures exceed about 500*F., and are preferably at least about 600*F., and more preferably
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24between about 720eF. and about 900’F. Hydrogen should be present in an amount of at least about 400, and preferably in the range of between about 2,000 and about 15,000 or more standard cubic feet per barrel of hydrocarbon feedstocks. Reaction pressures generally exceed about 200 psig and are preferably within the range of about 500 to about 3,000 psig. A liquid hourly space velocity less than about 15, in particular between about 0.2 and about 10, is preferably employed.Overall conversion rate is primarily controlled by reaction temperature and liquid hourly space velocity. However, selectivity to mid-barrel distillate products is generally inversely proportional to reaction temperature. Selectivity is usually improved at higher pressures and hydrogen addition rates. Thus, the most desirableconditions for the conversion of a specific feed to a predetermined .product can be best obtained by converting the feed at several different temperatures, pressures, space velocities and hydrogen addition rates, correlating the effect of each of these variables and selecting the best compromise of overall conversion and selectivity.The following non-limiting examples illustrate certain aspects of the present invention.
EXAMPLE 1Preparation of Expanded MontmorllloniteAn oligomer suspension was prepared from.a mixture of chlorhydrol and an aqueous solution of Ce( 1^03)3. The weight ratio of chlorhydrol to cerium nitrate solution was 5 to 1. The chlorhydrol was included as an aqueous solution containing 50% by weight chlorhydrol while the cerium content of the Ce(NO3)3 solution used was 29% by weight, calculated as CeO2. This mixture was refluxed at 223*F. for 90 hours. A montmorillonite clay, sold by
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25American Colloid under the trademark HPM-20, was dispersed in the resulting oligomer suspension and this dispersion was aged for three (3) days. The clay amounted to about 5.5% by weight of the total dispersion. After aging the clay was filtered, dried and calcined at 930 °F. for 16 hours. The resulting expanded clay, identified as KM-419, had a gallery spacing of 18A.

EXAMPLE 2Preparation of Expanded FluorhectoriteA mixture containing 95% by weight of an aqueouschlorhydrol solution (23.8% by weight based on Al203) and 5% by weight of an aqueous cerium nitrate solution (29.3% by weight based on CeO2) was refluxed at 223 °F. for 192 hours. 20g of the refluxed material was diluted with 2 liters of water. 30g of fluorhectorite clay was dispersed into the resulting mixture. This slurry was then filtered, the solids were redispersed in 4 liters of water and again filtered. The refiltered solids were dried and calcined at 930 °F. for 16 hours to produce an expanded clay, identified as KM-608, having a gallery spacing of 14A.
EXAMPLE 3Preparation of Another Expanded MontmorilloniteAn oligomer suspension was prepared from a mixtureof chlorhydrol and an aqueous solution of Ce(NO3)3< The atomic ratio of aluminum to cerium in this mixture was 52 to one (1). This mixture was refluxed at 223°F. for 20 days. Montmorillonite clay, HPM-20, was dispersed in the resulting oligomer suspension and this dispersion was aged for two (2) days. The dispersion contained 3.0 mmoles aluminum per gram of clay. After aging, the clay was filtered, dried and calcined at 1000’F. for 16 hours. The resulting expanded clay, identified as KM-906, had a gallery spacing of 18A and a surface area of 480m2/g.
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26EXAMPLE 4Preparation of Expanded Montmorlllonlte ClayUsing Propping Agent Containing Only Aluminum
Example 3 was repeated except that the mixture contained no Ce(NO3)3; the mixture was refluxed for eight (8) days; and the dispersion was aged for 27 days. After aging, the clay was filtered, dried, and calcined at 1400 °F. for 16 hours. The resulting expanded clay, identified as KM-845, had a gallery spacing of 9A.

EXAMPLE 5Preparation of Midbarrel Hydrocracking
Catalyst Including Expanded Clay

A catalyst was prepared by mixing 140g of silica- alumina (American Cyanamide) with 20g of KM-419. The silica-alumina had an overall composition of 55% by weight of Al2O3 and 45% by weight of SiO2, and a surface area of between 550 and 625 m2/g. A description of the method of preparation of this material is given in U·. S, Patents 4,097,365 and 4,415,271, each of which patents are hereby incorporated in its entirety by reference herein.This mixture was placed in a laboratory mullerand mulled for 10 minutes. Peptized Catapal alumina,prepared by mixing 6cc of concentrated nitric acid andlOOcc of water with 40g of alumina, was added to the mullerand the mulling carried out for an additional 10 minutes.The material was extruded into 1/16" pellets using alaboratory extruder, dried at 212°F. and calcined at 930’F.using the following heating schedule:Room temperature to 430’F. in 1 hour Hold at 430’F. for 1 1/2 hours Ramp from 43'0’F. to 93C-F. in 1 hour Hold at 930*F. for 2 hours
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27The water adsorptive capacity of the extrudates was determined by soaking in water and was found to be 0.97cc/gm. The composition of the extrudates at this point was as follows: wt%KM-419 10Silica-alumina 70Alumina 20
The metal loading was designed to give 7% by weight NiO and 22% by weight WO3, based on the finished catalyst weight. Metal loading solutions were prepared by dissolving 33.Og of Ni(NO3)2·6H2O and 37.3g of ammonia metatungstate, each in 60cc of water. The two solutions were then combined and additional water added to give a total co-solution volume of l40cc. 99.5g (anhydrous equivalent weight) of the extrudates was added to the solution and the resulting mixture was agitated. After complete solution uptake, the extrudates were dried at 212'F. and calcined at 930°F. using the same heating schedule described above.The final composition of the catalyst was:

' wt%KM-419 7.1Silica-alumina 49.7Alumina 14.2NiO 7WO3. 22
EXAMPLE 6

Preparation of Midbarrel Hydrocracking Catalyst Including
Expanded Clay Steamed at 1110»F. .

To a laboratory size muller was added 17.5g steamed KM-419 clay and 123g of the silica-alumina described in Example 5. The KM-419 clay had been treated
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, 28previously at lllO’F. in 100% steam for 1 hour. After mulling for 15 minutes, peptized Catapal alumina, prepared by addition of a solution of 5cc of concentrated nitric acid and 90cc of water to 35g of alumina, was added to the muller and the mulling was carried out for an additional 10 minutes. Enough water was added to the mulled mixture to bring it to an extrudable consistency. The material was extruded as 1/16" pellets, dried at 212’F. and calcined at 930 °F. using the heating schedule described in Example 5. The water adsorptive' capacity of the calcined extrudates was determined to be 0.7cc/g. The calcined extrudates were sized to 10-14 mesh and porefilled to contain a final metal loading of 7% by weight NiO and 22% by weight WO3 (finished catalyst basis). A nickel nitrate solution and ammonium metatungstate solution were prepared by dissolving 40.71g of Ni(NO3)2’6H2O and 39.98g of ammonium metatungstate, each in 40 cc of water, mixing the two solutions together and adding additional water to give a total solution volume of 152cc. 106.5g (anhydrous equivalent weight) of theextrudates were added to the mixed Ni and W containing solution and the mixture was agitated. After complete solution uptake the metal loaded extrudates were dried at 212°F. and calcined at 930 °F. using the heating schedule given in Example 5.·The final composition of the catalyst was: wt%Steamed KM-419 7.1Silica-alumina 49.7Alumina 14.2NiO 7WO3 , 22
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29EXAMPLE 7Preparation of Midbarrel Hydrocracking Catalyst IncludingIncreased Amount of Expanded ClaySteamed at 1110’F.
This catalyst was prepared in the same manner as the catalyst described in Example 6, except that the KM-419 clay component concentration was increased to 20% by weight (ex metals). The metals were added by porefilling in the same manner as described in Example 6 to give a final concentration of 7% by weight NiO and 22% by weight WO3. The metal loaded extrudates were dried ' at 212*F. and calcined at 9 30°F. using the heating schedule given in Example 5.The final composition of the catalyst was: wt%Steamed KM-419 14.2Silica-alumina 49.7Alumina 7.1·NiO 7WO3 22

EXAMPLE 8
Preparation of Midbarrel Hydrocracking Catalyst IncludingIncreased Amount of ExpandedClay Steamed at 1200*F.

A catalyst was formulated by mulling 140g of the silica-alumina described in Example 5 and 40g of KM-419 clay, previously steamed at 1200“F. in 100% steatfi for 1 hour, in a muller for 10 minutes. 20g of Catapal alumina, peptized by adding a solution of 3cc of concentrated nitric acid and 50cc of water to the alvmina, was added to themuller and mulled for an additional ten minutes. Asufficient quantity of water was added to the mulled mix togive an extrudable consistency. The material was formedinto 1/16" extrudates·, dried at 212*F. and calcined at 930®F. using the heating schedule described in Example 5.
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30into 1/16" extrudates, dried at 212*F. and calcined at 930*F. using the heating schedule described in Example 5. The water pore volume of the extrudates was determined to be 0.8cc/g.178g (anhydrous equivalent weight) of the extrudates was porefilled to give a final metal concentration of 7% by weight NiO and 22% by weight WO3 by dissolving 62.90g of Ni(NO3)2·6Η2Ο and 66.63g of ammonium metatungstate, each in 50 cc of water. The two solutions were combined and additional water added to give a total solution volume of 145cc. The extrudates were poured into the co-solution and the mixture was thoroughly agitated. After complete solution uptake, the metal loaded extrudates were dried and calcined to 930 °F. in air using the heating schedule described in Example 5.The final composition of the catalyst was: wt%Steamed KM-419 14.2Silica-alumina 49.7Alumina binder 7.1NiO 7WO3 22
EXAMPLE 9

Preparation of Midbarrel·Hydrocracking Catalyst IncludingExpanded Fluorhectorite Clay'
A catalyst was formed by blending 130g of the silica-alumina described in Example 5 with 40g of KM-608, which had previously been steamed at 1110’F. in 100% steam for 1 hour, in a muller and mulling for 10 minutes. Peptized Catapal alumina, prepared by mixing 30g of alumina with a solution formed by mixing 4cc concentrated nitric acid with 75cc of water, was added to the mulled mix and
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31930*F. using the heating schedule described in Example 5. The adsorptive capacity of the extrudates was 0.7cc/g.88.7g (anhydrous equivalent weight) of the extrudates was porefilled with a Ni and W containing co­solution to give a metal loading of 7% by weight NiO and 22% by weight WO3, based on the finished catalyst. The metal solutions were prepared by dissolving 33.92g of Ni(NO3)2·6H2O and 33.3lg of ammonium metatungstate, each in 30cc of water. The two solutions were mixed and the total volume increased to 62cc by the addition of water. The extrudates were added to the Ni and W co-solution and the mixture was agitated. Upon complete solution uptake the metal loaded extrudates were air dried at 212’F. followed by calcination to 9 30 °F. using the heating schedule described in Example 5.The final composition of the catalyst was:‘ wt%

KM-608 14.2Silica-alumina 46.2Alumina binder 10.6NiO 7wo 3 22
EXAMPLE 10

Preparation of Midbarrel Hydrocracking Catalyst IncludingAnother Sample of Expanded Clay
A catalyst was prepared by blending 75g of KM-906 clay which had been steamed in 100% steam at 1110*F. for 1 hour, with 45g of the silica-alumina described in Example 5 in a laboratory size muller and mulling for 10 minutes. 30g. of peptized alumina, prepared by adding a solution composed of 4.2cc of concentrated nitric acid and 75cc of water to the alumina, was added to the muller and the mulling operation carried out for an additional 10 minutes.
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32in a laboratory size muller and mulling for 10 minutes. 30g. of peptized alumina, prepared by adding a solution composed of 4.2cc of concentrated nitric acid and 75cc of water to the alumina, was added to the muller and the mulling operation carried out for an additional 10 minutes. A sufficient quantity of water was added to the mulled mix to give a material of extrudable consistency. The 1/16" extrudates were dried at 212’F. followed by an air calcination treatment at 930’F. using the heating schedule given in Example 5. The pore volume of the extrudates was determined to be 0„30cc H^O/g.106.5g (anhydrous equivalent weight) of the extrudates was porefilled with a nickel and tungsten- containing solution to give a finished catalyst containing 7% by weight NiO and 22% by weight WO3. The metal loading solution were prepared by dissolving 27.14g of Ni(NO3)2·6H2O and 26.65g of ammonium metatungstate, each in 30cc of distilled water, mixing the two solutions and adding sufficient water to give a total volume 85cc. The extrudates were added to the nickel and tungsten-containing co-solution and the mixture was agitated until the solution was completely taken up by the extrudates. The material was then dried at 212*F., followed by air calcination at 9 30 °F. using the heating schedule given in Example 5.The final composition of the catalyst was: wt%Steamed KM-419 35Silica-alumina 21Alumina binder 14NiO 7WO 3 22
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33EXAMPLE 11
Preparation of Midbarrel HydrocrackingCatalyst Including Another ExpandedClay Steamed at 1110*F.

A catalyst, having a composition (ex metals) of 70% by weight silica-alumina, 20% by weight KM-845 clay and 10% by weight alumina, was prepared by mulling 105g of the silica-alumina described in Example 5 with 30g of KM-845 clay in a muller for 15 minutes. The KM-845 clay had previously been steamed at 1110°F. for 1 hour in 100% steam. Peptized Catapal alumina (15 g), prepared by the addition of a solution composed of 2cc concentrated nitric acid and 40cc of water to the alumina, was added to the muller, and the mulling process carried out for an additional 10 minutes. A sufficient amount of additional water was added to the mulled mix to bring the material to an extrudable consistency. This mixture war then extruded. The extrudates were dried at 212°F. and calcined at 930’F. using the heating schedule given in Example 5. The water adsorptive capacity of the extrudates was determined to be 0.80cc/gm.The calcined pellets were sized to 10-14 mesh and porefilled with Ni and W. The loading solutions were prepared by adding 36.64g of Ni(NO3)2·6H2O and 35.S3g of ammonium metatungstate, each in 35cc of water, mixing the two solutions and adding additional water to give a total solution volume of 80cc. 95g (anhydrous equivalent weight) of the extrudates was added to the solution and the mixture was agitated. Upon , complete solution uptake the metal loaded extrudates we're dried at 212°F. followed by air calcination at 930°F. using the heating schedule given in Example 5. r
I ;I



WO 88/06614
PCT/US88/00566

34The final composition of the catalyst was: wt%Steamed KM-419 14.2Silica-alumina 49.7Alumina binder 7.1NiO 7WO3 22
EXAMPLE 12

Preparation of Midbarrel Hydrocracking
Catalyst Containing An Expanded Clay
And a Zeolite Product

A catalyst was prepared using KM-906 clay steamed at 1110°F. in 100% steam for 1 hour. The composition was prepared by mixing 105 g of the above material with 30 g of peptized Catapal alumina and 15 g of selectively extracted LZ-10 zeolite.LZ-10 is the Union Carbide Corporation's designation for UHP-Y described in U.S. Patent 4,401,556.The UHP-Y (LZ-10) is extraction in accordance commonly assigned, U.S
modified further by selective with the procedure outlined inPatent Application, Serial No. 130,559 filed December 8, 1987. Such extraction procedure acts to remove amorphorous occluded debris farmed in the zeolite pores during 'the synthesis of the LZ-10 zeolite.105g of the steamed KM-906 clay and 15g of the selectively extracted LZ-10 having a SiO2/Al2O3 ratio of 11.3 were mulled together for 10 minutes in a laboratory size muller. 30g of Catapal alumina, peptized by adding 4cc of 20% concentrated nitric acid and 70cc of water to the alumina, was added to the muller and the three components mulled together for an additional 10 minutes. Approximately 25cc of additional water was added to the
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35muller to bring the mixture to an extrudable consistency. The material was extruded into 1/16" pellets, dried at 212*F. and calcined at 930’F. using the heating schedule given in Example 5. The pore volume of the extrudates was determined to be 0.5lcc/gm. 112g (anhydrous equivalent weight) of the extrudates was metal loaded by dissolving 42.8g of Ni(NO3)2*6H2O and 42.Og of ammonium metatungstate, each in 25ml of water, mixing the two solutions together and diluting to a total solution volume of 60cc by the addition of water. The thoroughly, mixed co-solution was poured into the extrudates, and the mixture was agitated. Upon complete solution uptake, the extrudates were air dried at 212°F. and calcined to 930°F. using the heating schedule described in Example 5. The final composition of the catalyst was:
Select. Extracted LZ-10 wt%7 .Steamed KM-906 49 .Alumina binder 14 .NiO 7WO 3 22
A summary of the compositions of the various expanded clay catalysts prepared in Examples 5 to 12 is given in Table II.
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36TABLE II
Clay SteamingConditions’ Propping Gallery Spacing,Example5 Component* •F. Agent A

10% KM-419 none C e r ium/Aluminum 18
6 10% KM-419 1110 Cerium/Aluminum 18
7 20% KM-419 1110 Ce r ium/Alum inum 18
8 20% KM-419 1200 Cerium/Aluminum 18
9 20% KM-608 none Cerium/Aluminum 14

10 50% KM-906 1110 Cerium/Aluminum 18
■ 11 20% KM-845 1110 Aluminum 9

12 70% KM-906 1110 Cerium/Aluminum 18
*Wt% Concentration,, ex metals’in 100% steam for 1 hour

EXAMPLES 13 TO 21Each of the 'catalysts prepared in Examples 5 to 12 was tested in midbarrel hydrocracking service as follows.The feedstock used in each of these tests was a heavy vacuum gas oil (HVGO) having the following properties :Sulfur content, ppm. by weight 24,5001400Nitrogen content ppm. by weight 800±100IBP 700*F.FBP 1050’F.Pourpoint 95’F. Specific Gravity @ 60 T. 0.9218 ί
i
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37The extruded catalyst was crushed and sized to 12 x 14 mesh and diluted with 150 cc of 12 x 16 mesh quartz chips to give a total volume of 300 cc. This mixture was loaded in a stainless steel reactor as a plug between the quartz chips (approximately 300 cc on bottom).After the catalyst was loaded, the reaction system was purged with nitrogen for 15 minutes at a flow rate of 5 SCF/hr., followed by purging with hydrogen. The hydrogen flow rate was then set at 2.65 SCF/hr. H2S was introduced and adjusted to give a blend of 10% by volume of H2S and 90% by volume of H2. This flow was continued at ambient conditions for 16 minutes. The temperature was then raised to 450’F. at a rate of 50°F./hr, and held at 450’F. for 2 1/2 hours. Then the temperature was ramped from 450’F. to 700"F. at a rate of 25'F./hr. and held at 700’F. for 2 1/2 hours, followed by rapid cooling to 490’F. The H2S flow was stopped, and the system was pressurized to 2000 psig. The feedstock was then introduced at a LHSV of 1.0 while maintaining a hydrogen flow rate equivalent to 10,000 SCF/BBL of feedstock. These conditions were maintained stable for 2 1/2 hours to ensure complete wetting of the catalyst. The temperature was then ramped at 50 °F./hr to the process conditions.The temperature was varied to attain various conversion levels to bracket 60% conversion to diesel oil. Gas samples were taken during each mass balance period and analyzed for · H2 ‘ and Cj_-C2 gas component. The liquid product weight was measured and the specific gravity was determined. Samples were taken at each condition for simulated G.C. analysis to determine the 300*F., 500’F. and 700“F. cutpoints.These data were analyzed to generate variousrelationships from which the following were obtained: f
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33• % Diesel efficiency (selectivity to diesel oil at 60% conversion to diesel oil) .• % turbine efficiency (selectivity to turbine oil at 60% conversion to diesel oil) .• Turbine oil conversion at 60% conversion to diesel oil.
In addition, the reaction temperature required to achieve 60% diesel conversion after 240 hours in hydrocracking service was also determined.Table III presents a summary of the results obtained from each of these catalysts. Also included in Table III is a results summary of a state of the art midbarrel hydrocracking catalyst prepared in accordance with the teachings of U.S. Patent 4,419,271, which is hereby incorporated in its entirety herein by reference.. This state of the art (SOTA) catalyst had the following composition: wt%LZ-10 7.1Silica-alumina 49.7Alumina binder 14.2NiO 7WO 3 22
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39TABLE IIIMIDBARREL PERFORMANCE DATE
EXAMPLE T240hrs. %Dieseleff %Turbineeff

5 76411.2 85.710.9 79.810.9
6 76015 87.2i0.7 80.810.9
7 75510.8 86.210.7 80.210.8
8 766i0.6 86.710.7 80.310.9
9 76511.1 87.210.6 81.010.6

10 75610.6 95.410.2 93.010.2
11 76910.8 87.410.3 81.310.3
12 73413 91.910.5 88.410.7

SOTA 758 81.3 74.3

These data demonstrate that the expanded clay- containing catalyst compositions of the present invention have substantial utility as midbarrel hydrocracking catalysts. In general, these Examples demonstrate the unexpected advantages in catalytic activity and selectivity for midbarrel hydrocracking obtained using catalysts containing clays expanded with the rare earth and aluminum- containing pillars compared to similar catalyst containing clays that are expanded witn propping agents.lacking the rare earth component. Also illustrated is the additional advantage in catalytic activity and selectivity for midbarrel hydrocracking that is gained when the expanded clays useful in this invention are given a steam pretreatment. Further, these Examples show that catalysts prepared with these expanded clays are superior in
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40selectivity to state of the art midbarrel hydrocracking catalysts while’ possessing comparable or increased activity. Specifically, comparing the performance of the Example 5 catalyst with that of the SOTA catalyst, it can be seen that the Example 5 catalyst is only about 6’F. less active than the SOTA catalyst but is more than 4% more efficient at diesel production. This selectivity advantage iu of enormous economic importance to a petroleum refiner.Comparing Example 5 with the performance of the catalyst of Example 6 demonstrates the additional advantage to be gained in both catalytic activity and selectivity by applying a steam pretreatment to the presently useful expanded clay component prior to use in midbarrel hydrocracking service. The Example 6 catalyst is 4’F. more active than the Example 5 catalyst and is even more selective,'giving 87.2 diesel efficiency, than the catalyst of Example 5, with a 85.7 % diesel efficiency. The Example 6 catalyst is also very significantly more selective than the SOTA ..talyst with almost no activity debit.The catalyst of Example 10 shows that at even higher steamed expanded clay contents the activity debit relative to the SOTA catalyst can be completely eradicated and truly spectacular selectivity advantages relative to the SOTA catalyst can be achieved. Product selectivities indicated by 90% or greater diesel efficiency and 88% or greater turbine efficiency particularly when combined with the high activity demonstrated in Example 10 (and in Example 12) are novel and represent a true technological breakthrough.Comparing Example' 7 catalyst performance, representing the present invention, with the performance of the comparative catalyst of Example 11, one can see the surprising advantages to be obtained by use of a propping
■r
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_____ 41agent containing rare earth. The catalyst of Example 7 includes rare earth-containing pillars in its clay expanded component while the catalyst of Example 11 does not. The catalyst of Example 7 is 14’F. more active with only slightly lower selectivity that the catalyst of Example 11.The catalyst of Example 12, which includes an increased amount of an expanded clay component in accordance with the present invention provides truly outstanding, and unexpectedly superior results in terms of both catalytic activity and selectivity, relative to the SOTA catalyst.One substantial advantage of a high activity catalyst is that reduced hydrocracking temperatures can be employed. These reduced temperatures allow for more effective hydrogenation and ultimately provide high quality products which have reduced contents of aromatic hydrocarbons. The present catalysts not only have outstanding activity, but also superior activity stability and selectivity. Thus, the present invention provides high yields of good quality products over a prolonged, e.g., commercially viable, catalyst life.In short, the present catalyst compositions which include expanded clay compositions containing rare earth metal have outstanding utility in midbarrel hydrocracking service. While this invention has been described with respect to various specific examples and embodiments, it is to be understood that the invention is not limited thereto and that it can be variously practiced within the scope of the following claims.

nr X
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for hydrocracking hydrocarbons boiling 
above 700°F. to midbarrel fuel products boiling between 
300°F. and 700°F. which includes contacting said 
hydrocarbons with hydrogen under effective hydrocracking 
conditions in the presence of a catalyst composition 
comprising at least one hydrogenation component and at least 
one cracking component, characterised so that it comprises 
utilizing as said cracking component an expanded clay 
including pillars comprising (a) at least one pillaring 
metal, (b) at least one rare earth element and (c) oxygen 
located between the sheets of at least one clay mineral or 
synthetic analogue thereof.

2. The process as claimed in claim 1 wherein said 
pillaring metal is selected from the group consisting of 
aluminum, zirconium, chromium and mixtures thereof.

• ·• ·• · 4

3. The process as claimed in claim 1 wherein said 
pillaring metal is aluminum.

4. The process as claimed in claim 1 wherein said rare 
earth element is a mixture of rare earth elements.

5. The process as claimed in claim 4 wherein said rare 
earth element mixture includes cerium and lanthanum.

6. The process as claimed in claim 1 wherein said rare 
earth element is cerium.

The process as claimed in claim 1 wherein said rare
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438. The process as claimed in claim 1 wherein said clay mineral or synthetic analogue thereof is a smectite and said expanded clay has a gallery spacing of greater than about 10A.
9. The process of claim 8 wherein said expanded clay has a gallery spacing of greater than about 12A.
10. The process as said clay is selected from montmorillonite, bentonite, saponite, nontronite, sauconite

claimed in claim 1 wherein the group consisting of hectorite, fluorhectorite, and mixtures thereof.
11. The process as claimed in claim 1 wherein the said expanded clay has a gallery spacing in the range of -a-beut 10A to -about·· 50A.
12. The process as claimed in claim 1 wherein the said expanded clay has a gallery spacing in the range of abeu-t 12A to about 40A.
13. The process as claimed in claim 1 wherein the said expanded clay has a gallery spacing in the range of -about 16A to -abo.u-t· 20A.
14. The process as claimed in claim 1 wherein said expanded clay has a surface area in the range of about 25 m’/g to about 600 m’/g.
15. The process as claimed in claim 1 wherein said hydrogenation component is at least one component of a metal selected from the group consisting of the Group VIII platinum group metals, the Group VIII iron group metals, the Group VIB metals and mixtures thereof.

1
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4416. The process as claimed in claim 1 wherein said hydrogenation component is at least one component of a metal selected from the group consisting of the Group VIII platinum group metals and mixtures thereof.
17. The process as claimed in claim 1 wherein said hydrogenation component is at least one component of a metal selected from the group consisting of the Group VIII iron group metals, the Group VIB metals and mixtures thereof.
18. The process as claimed in claim 1 wherein said hydrogenation component includes at least one Group VIII iron group metal component and at least one Group VIB metal component.
19. The process as claimed in claim 1 wherein said expanded clay is present in said catalyst composition in an amount in the range of 0.1% to about 90% by weight.
20. The process as claimed in claim 1 wherein said expanded clay is present in said catalyst composition in an amount in the range of about 1% to about 80% by weight.
21. The process as claimed in claim 1 wherein said expanded clay is subjected to steaming to improve at least one catalytic property of said catalyst composition.
22. The process as claimed in claim 21 wherein said expanded clay is subjected to said steaming prior to said catalyst being formulated.
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4523. The process as claimed in claim 21 wherein said steaming is conducted at a temperature in the range of 
■about 930*F. to -about 1500’F. for a period of time in the range of -about· 0.1 hours to -about 10 hours.

24. The process as claimed in claim 21 wherein said steaming is conducted at a temperature in the range of 
about 1020’F. to-about- 13 80’F. for a period of time in the range of -about-0.5 hours to -about 5 hours.

25. The process as claimed in claim 1 wherein said catalyst composition further comprises at least one matrix material.
26. The process as -claimed in claim 25 wherein said matrix material is selected from the group consisting of alumina, silica-alumina and mixtures thereof.
27. The process as claimed in claim 1 wherein said hydrocracking conditions include a temperature in excess of about 500°F., an amount of hydrogen equal to at least about 400 standard cubic feet per barrel of hydrocarbons, a pressure in excess of about 200 psig., and a liquid hourly space, velocity less than about 15.
28. The process as claimed in claim 1 wherein said hydrocracking conditions include a temperature in the range of about 720“F. to -about- 900’F., an amount of hydrogen equal to about 2,000 to about 15,000 standard cubic feet per barrel of hydrocarbons, a pressure in the range of about 500 psig to about 3,000 psig., and a liquid hourly space velocity in the range of -about 0.2 to about Ii
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29. The process as claimed in claim 16 wherein said 
Group VIII platinum group metal component is present in an 
amount in the range of 0.01% to 5% by weight of the total 
catalyst composition, based on elemental Group VIII platinum 
group metal.

30. The process as claimed in claim 17 wherein said 
Group VIII iron group metal component is present in an 
amount in the range of 1% to 15% by weight of the total 
catalyst composition, based on the metal oxide, and said 
Group VIB metal component is present in an amount in the 
range of 5% to 40% by weight of the total catalyst 
composition, based on the metal oxide.

31. The process as claimed in claim 1, wherein said 
expanded clay is steamed to improve at least one catalytic 
property of said catalyst composition.

32. The process as claimed in claim 31 wherein said 
expanded clay is subjected to said steaming prior to said 
catalyst being formulated.

• ·
• · ·
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33. The process as claimed in claim 31 wherein said 
steaming is conducted at a temperature in the range of 
930°F. to 1500°F. for a period of time in the range of 0.1 
hours to 10 hours.

34. The process as claimed in claim 31 wherein said 
steaming is conducted at a temperature in the range of 
1020°F. to 1380°F. for a period of time in the range of 0.5 
hours to 5 hours.

• · · ·• ftft ft ft
• · ·ft ft ft ft ft

ft ft
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35. The process as claimed in claim 31 wherein said 
pillaring metal is selected from the group consisting of 
aluminium, zirconium, chromium and mixtures thereof.

36. The process as claimed in claim 31 wherein said 
pillaring metal is aluminium.

37. The process as claimed in claim 31 wherein said 
rare earth element is a mixture of rare earth elements.

38. The process as claimed in claim 31 wherein said 
rare earth element is cerium.

39. The process as claimed in claim 31 wherein said 
clay mineral or synthetic analogue thereof is a smectite and 
said expanded clay has a gallery spacing of greater than
10A.

40. The process as claimed in claim 39 wherein said 
expanded clay has a gallery spacing of greater than 12A.

41. The process as claimed in claim 31 wherein said 
clay is selected from the group consisting of
montmorillonite, bentonite, hectorite, fluorhectorite, 
saponite, nontronite, sauconite and mixtures thereof.
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said clay is selected from ^the^^^gsroup^^^ccnsisting of montmorillonite, ^-be&ton-i-teT^''' hectorite, fluorhectorite,>a4=£©nite=?^-au^on4r'te==an-d==n

42. The process as claimed in claim 31 wherein the said expanded clay has a gallery spacing in the range of about 10A to .about 50A.
43. The process as claimed in claim 31 wherein the said expanded clay has a gallery spacing in the range of -a-bout- 12A to a-bout 40A.
44. The process as claimed in claim 31 wherein the said expanded clay has a gallery spacing in the range of a-bout ISA to -about 20A.
45. The process as claimed in claim 31 wherein said hydrogenation component is at least one component of a metal selected from the group consisting of the Group VIII platinum group metals, the Group VIII iron group metals, the Group VIB metals and mixtures thereof.
46. The process as claimed in claim 31 wherein said hydrogenation component includes at least one Group VIII iron group metal component andLat least one Group VIB metal component.
47. The process as claimed in claim 31 wherein said expanded clay is present in said catalyst composition in an amount in the range of about 0.1% to about· 90% by weight. ·
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48. The process as claimed in claim 31 wherein said 
hydrocracking conditions include a temperature in the range 
of 720°F. to about 900°F., an amount of hydrogen equal to 
2,000 to 15,000 standard cubic feet per barrel of
hydrocarbons, a pressure in the range of 500 psig to 3,000 
psig., and a liquid hourly space velocity in the range of 
0.2 to 10.

49. The process as claimed in claim 46 wherein said 
Group VIII iron group metal component is present in an 
amount in the range of 1% to 15% by weight of the total 
catalyst composition, based on the metal oxide, and said 
Group VIB metal component is present in an amount in the 
range of 5% to 40% by weight of the total catalyst 
composition, based on the metal oxide.

50r The process as claimed in claim 1, wherein said
catalyst further comprises at least one material selected 
from the group consisting of zeolite molecular sieves, 
non-zeolite molecular sieves and mixtures thereof, said 
material being effective to promote the conversion of at 
least a portion of said feedstocks.

• ·• ·• · · ·
8 · · 
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51. The process as claimed in claim 50 wherein said material is a medium pore, acidic molecular sieve.
52. The process as claimed in claim 51 wherein said material has a pore size of about 6A.
53. The process as claimed in claim 52 wherein said material is selected from the group consisting of ZSM- 5, Silicalite, SAPO-11, SAPO-31, SAPO-41, MEAPO-11, MEAPO- 31, MEAPO-41 and mixtures thereof.
54. The process as claimed in claim 50 wherein said material is selected from the groups consisting of UHP-Y, UHP-Y which has been selectively extracted to remove amorphorous debris formed in the pores of the UHP-Y during UHP-Y synthesis and mixtures thereof
55. The process as claimed in claim 50 wherein said material is present in an amount in the range of about- 0.1% to about- 40% by weight of the total catalyst composition .
56. The process as claimed in claim 50 wherein said pillaring metal is selected from the group consisting of aluminum, zirconium, chromium and mixtures thereof.
57. The process as claimed in claim 50 wherein said pillaring metal is aluminum.
58. The process as claimed in claim 50 wherein said rare earth element is a mixture of rare earth elements .

1 ·,'>■:·
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59. The process as claimed in claim 50 wherein said 
rare earth is cerium.

60. The process as claimed in claim 50 wherein said 
clay mineral or synthetic analogue thereof is a smectite on 
said expanded clay has a gallery spacing of greater than 
about 10A.

• ·«• · ·• · ·
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61. The process as claimed in claim 60 wherein said 
expanded clay has a gallery spacing of greater than about 
12A.

62. The process as claimed in claim 50 wherein said 
clay is selected from the group consisting of 
montmorillonite, bentonite, hectorite, fluorhectorite, 
saponite, nontronite, sauconite, and mixtures thereof.

63. The process as claimed in claim 50 wherein the said 
expanded clay has a gallery spacing in the range of 10A to 
50A.

64. The process as claimed in claim 50 wherein the said 
expanded clay has a gallery spacing in the range of 12A to 
40A.

• · · • ·
• · · • · ·• · ·

65. The process as claimed in claim 50 wherein the said 
expanded clay has a gallery spacing in the range of 16A to 
20A.

66. The process as claimed in claim 50 wherein said 
hydrogenation component is at least one component of a metal 
selected from the group consisting of the Group VIII 
platinum group metals, the Group VIII iron group metals, the 
Group VIB metals and mixtures thereof.
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67. The process as claimed in claim 50 wherein said 
hydrogenation component included at least one Group VIII 
iron group metal component and at least one Group VIB metal 
component.

68. The process as claimed in claim 50 wherein said 
expanded clay is present in said catalyst composition in an 
amount in the range of 0.1% to 90% by weight.

• · ·• · ·• · ·
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69. The process as claimed in claim 50 wherein said 
expanded clay is subjected to steaming to improve at least 
one catalytic property of said catalyst composition.

70. A catalyst useful to promote midbarrel 
hydrocracking of hydrocarbons comprising at least one 
hydrogenation component, at least one matrix material, and 
at least one cracking component comprising an expanded clay 
including pillars comprising (c) at least one pillaring 
metal, (b) at least one rare earth element and (c) oxygen 
located between the sheets of at least one clay mineral or

. .. sythetic analogue thereofft · ·• · ·
*··* · 71. The catalyst as claimed in claim 70 wherein said
·**·,· matrix material is selected from the group consisting of

•j·· alumina, silica-alumina and mixtures thereof,• ft · ·
• ·

• » · »
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72. The catalyst as claimed in claim 70, wherein said 
expanded clay is steamed to improve at least one catalytic 
property of said catalyst composition.

73. The catalyst as claimed in claim 72 wherein said 
expanded clay is subjected to said steaming prior to said 
catalyst being formulated,

74. The catalyst as claimed in claim 72 wherein said 
steaming is conducted at. a temperature in the range of 
930°F. to 1500°F. for a period of time in the range of 0,1 
hours to 10 hours,

75. The catalyst as claimed in claim 72 wherein said 
steaming is conducted at a temperature in the range of 
1020°F. to 1380°F. for a period of time in the range of 0,5 
hours to 5 hours,.

76. The catalyst as claimed in claim 72 wherein said
,,... pillaring metal is selected from the group consisting of

■t···· aluminum, zirconium, chromium and mixtures thereof,• · · ·• ·« · ·
77. The catalyst as claimed in claim 72 wherein said

‘ ’··· pillaring metal is aluminum.

78. The catalyst as claimed in claim 72 wherein saidI ·; ·... rare earth element is a mixture of rate earth elements,

t
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■ ' 5479. The catalyst as claimed in claim 72 wherein said rare earth element is cerium.

80. The catalyst as claimed in claim 72 wherein said clay mineral or synthetic analogue thereof is a smectite and said expanded clay has a gallery spacing of greater than about 10A.
81. The catalyst as claimed in claim 80 wherein said expanded clay has a gallery spacing of greater than

■ about· 12A.

82. The catalyst as claimed in claim 72 wherein, said clay is selected from the group consisting of montmorillonite, bentonite, hectorite, fluorhectorite, saponite, nontronite, sauconite and mixtures thereof,
83. The catalyst as claimed in claim 72 wherein the said expanded clay has a gallery spacing in the range of ‘about 10A to about 50A,
84. The catalyst as claimed in claim 72 wherein, t _d expanded clay has a gallery spacing in the range o, ,jeu4 12A to abowt 40A.
85. The catalyst as claimed in claim 72 wherein the said expanded clay has a gallery spacing in the range of about- 16A to a-bo\a4 20A.
86. The catalyst as claimed in claim 72 wherein said expanded clay has a surface area in the range of about 25 mJ/g to .aboufe 600 mJ/g.
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55Θ7. The catalyst as claimed in claim 72 wherein said hydrogenation component is at least one component of a metal selected from the group consisting of the Group VIII platinum group metals, the Group VIII iron group metals, the Group VIB metals and mixtures thereof.

88. The catalyst as claimed in claim 72 wherein said hydrogenation component includes at least one Group VIII iron group metal component and at least one Group VIB metal component,
89. The catalyst as claimed in claim 72 wherein said expanded clay is present in said catalyst composition in an amount in the range of -about- C.l% to-abeui· 90% by weight,
90. The cat.alyst as claimed in claim 88 wherein said Group VIII iron group metal component is present in an amount in the range of about;· 1% to about 15% by weight of the total catalyst composition, based on the metal oxide, and said Group VIB metal component is present in an amount in the range of -a-beu-t 5% to about 40% by weight of the total catalyst composition, based on the metal oxide,
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91. The catalyst as claimed in claim 70, further
including at least one material selected from the group 
consisting of zeolitic molecular sieves, non-zeolitic 
molecular sieves and mixtures thereof, said material being 
effective to promote the conversion of at least a portion of 
said feedstock.

92. The catalyst as claimed in claim 91 wherein said 
material is a medium pore, acidic molecular sieve,

93. The catalyst as claimed in claim 92 wherein said 
material has a pore size of about 6Λ.

94. The catalyst as claimed in claim 93 wherein said 
material is selected from the group consisting of ZSM-5, 
silicalite, SAPO-11, SAPO-31, SAPO-41, MEAPO-11, MEAPO-31, 
MEAPO-41 and mixtures thereof.

95. The catalyst as claimed in claim 91 wherein said 
material is selected from the groups consisting of UHP-Y, 
UHP-Y’ which has been selectively extracted to remove 
amorphorous debris formed in the pores of the UHP-Y during 
UHP-Y synthesis and mixtures thereof..

96. The catalyst of claim 91 wherein said material is 
present in an amount in the range of 0.1% to 40% by weight 
of the total catalyst composition.
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5797. The catalyst as claimed in claim 91 wherein said pillaring metal is selected from the group consisting of aluminum, zirconium, chromium and mixtures thereof.
98. The catalyst as claimed in claim 91 wherein said pillaring metal is aluminum.
99. The catalyst as claimed in claim 91 wherein said rare earth element is a mixture of rare earth elements .
100. The catalyst as claimed in claim 91 wherein said rare earth is cerium.
101. The catalyst as claimed in claim 91 wherein said clay mineral or synthetic analogue thereof is z. smectite and said expanded clay has a gallery spacing of greater than abou-fe 10A.'
102. The catalyst of claim 91 wherein said expanded clay has a gallery spacing of greater than about 12-A.
103. The catalyst as claimed in claim 91 wherein said clay is selected from the group consisting of montmorillonite, bentonite, hectorite, fluorhectorite, saponite, nontronite, sauconite, and mixtures thereof.
104. The catalyst as claimed in claim 91 wherein the said expanded clay has a gallery spacing in the range of a-beut- IQA to abcufe 50A.
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58105. The catalyst as claimed in claim 91 wherein the said expanded clay has a gallery spacing in the range of about- 12A to about·· 40A.
106. The catalyst as claimed in claim 91 wherein the said expanded clay has a gallery spacing in the range of -about- 16A to about 20A.
107. The catalyst as claimed in claim 91 wherein said hydrogenation component is at least one component of a metal selected from the group consisting of the Group VIII platinum group metals, the Group VIII iron group metals, the Group VIB metals and mixtures thereof,,
108. The catalyst as claimed in claim 91 wherein said hydrogenation component included at least one Group VIII iron group metal component and at least one Group VI3 metal component,
109. The catalyst as claimed in claim 91 wherein said expanded clay is present in said catalyst composition in an amount in the range of abeu4· 0.1% to about- 90% by weight.
110. The catalyst as claimed in claim 91 wherein said expanded clay is subjected to steaming to improve at least one catalytic property of said catalyst composition,,
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