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AN AROMATICS HYDROGENATION CATALYST AND A METHOD OF MAKING
AND USING SUCH CATALYST

The present 1nvention relates to a high macroporosity

5 support composition containing amorphous silica-alumina, an

aromatics hydrogenation catalyst that includes a noble metal
supported on the high macroporosity support composition, and
methods of making and using such high macroporosity support

composition and aromatics hydrogenation catalyst.

10 In many i1nstances, various of the refinery streams have
concentrations of aromatics and often require further

processing 1n order to provide a product having reqgquired or

desired characteristics and properties. It 1s recognized that
the removal of aromatics contained i1n diesel fuel can

15 contribute to a desirable 1ncrease 1n 1ts cetane number and
that the removal of aromatics contained 1n jJjet fuel can
contribute to an 1mprovement 1n 1ts smoke point. The
viscoslity properties of solvent and lubricating o1ls can also
be 1mproved by the removal of aromatics from these o1ls.

20 One early patent, US 3,037,484, discloses a catalyst
composition comprising platinum and/or palladium deposited on

a heterogeneous support that i1ncludes a silica-alumina

coprecilpitate or cogel. The heterogeneous support has a high
pore volume with a substantial portion of this pore volume
25 being in the pores having a diameter greater than 500 A. The

silica-alumina cogel that 1s dispersed 1n the alumina gel

matrix of the heterocgeneous support, however, need not
exhiblt the large pore structure as required for the overall
catalyst composite.

30 US 3,943,053 discloses a process for aromatics
hydrogenation using a catalyst comprising platinum and
palladium on an 1nert oxide support. The 1nert oxide support
1s a high surface area alumina and 1s preferred over acidic

materials such as silica—-alumina. The final calcined catalyst
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contains from 0.3 to 0.5 wt.% platinum metal and from 0.3 to
0.9 wt.% palladium metal.
Another catalyst that 1s used for the hydrogenation of

aromatics contained 1n hydrocarbon distillate feedstock 1s

disclosed in US 5,308,814, which describes a catalyst
comprising a hydrogenation component and a catalyst support.
The catalyst support component comprises zeolite Y and a

refractory 1norganic oxide such as silica, alumina, or

silica—-alumina. The hydrogenation component of the catalyst
may be platinum and palladium that 1s present 1n an amount
ranging from about 0.1 wt.% to about 2.0 wt.% 1n a weight
rati1o of elemental palladium to elemental platinum in the
range of from 10:1 to 1:10. The hydrogenation component can
be deposited or incorporated upon the catalyst support by
impregnation methods.

US 6,296,759 discloses a catalyst that comprises
platinum, palladium or a combination thereof on a non-

crystalline, acidic silica-alumina support, which support 1is

obtained by sol-gel technigues, and 1s useful in the

hydrogenation of aromatic compounds contained i1n distillate

feedstocks that also contailn sulfur. The sol-gel technigue
includes the dropwlise addition of an agueocus sol of 1norganic

salts of aluminum and silicon through an oil1l-phase to form

beads. The formation of the beds makes the use of a separate
shapling step, such as extrusion, not reqgquired.

WO 94/102603 discloses a catalyst useful in the
preparation of lubricating base o©i1ls. The catalyst comprises

a hydrogenation component supported on a carrier that

includes amorphous silica—-alumina, which carriler has a

Q Q

macroporosity in the range of from 5 % vol. to 50 % vol. The

hydrogenation component may be selected from metals of Groups

VIB and V of the Periodic Table. The carrier 1s preferably

prepared by mulling a mixture of amorphous silica-alumina and
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a sultable liquid, extruding the mixture and then drying the

resulting extrudates. The carrier may comprise a binder, and
peptizing agents and extrusion aids may be used 1n the

preparation of the carrier.

It 1s desirable to have a support composition useful 1in
supporting a noble metal component to thereby form an

aromatics hydrogenation catalyst composition.

It 18 also desirable to have a noble metal aromatics
hydrogenation catalyst composition having a particularly good

aromatics hydrogenation activity.

It 1s also desirable to have a process for the
hydrogenation of aromatics that are contained 1n a

hydrocarbon feedstock, and, 1n particular, a process for the

saturation of aromatics contained 1n hydrocarbon distillate
feedstocks such as jJjet fuel and diesel so as to improve the
properties thereof.

Accordingly, provided 1s a composition, comprising: a
support composition having a macroporosity greater than 513

and comprising amorphous silica-alumina. A noble metal may be

incorporated 1nto the support composition to thereby provide
an aromatics hydrogenation catalyst. The support composition
1s prepared by agglomerating a mixture comprilising water and

amorphous silica-alumina and drying the resulting agglomerate

to yvield the support composition. Incorporated into the
support composition 1s a noble metal selected from the group
consisting of platinum, palladium and a comblnation thereof
to thereby provide an i1mpregnated support composition that
may be calcined to provide an aromatics hydrogenation
catalyst. The aromatics hydrogenation catalyst may be used
for the hydrogenation of aromatics of a hydrocarbon feedstock
containing a concentration of aromatics by contacting said

hydrocarbon feedstock therewith under suitable aromatics
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hydrogenation conditions to yield a product having a reduced

aromatics concentration.

According to an embodiment of the present 1nvention,

there 1s provided a composition , comprising: a support
5 composition having a macroporoslty greater than 51%, a surface
area in the range of from 150 m°/gm to 400 m°/gm and comprising

amorphous silica-alumina, wherein sald amorphous silica-alumina

has a silica content in the range of from 10 to 90 weight percent
and an alumina content in the range of from 10 to 90 weight

10 percent, and wherein said amorphous silica—-alumina exhibits the

P

characteristic of a strong aluminum NMR penta-coordinated peak

representing greater than 30% of the aluminum of salid amorphous

silica—-alumina.

According to another embodiment of the present

15 invention, there 1s provided a process for hydrogenation of

aromatics of a hydrocarbon feedstock containing a concentration

of aromatics, whereln saild process comprises: contacting said

hydrocarbon feedstock, under sultable aromatics hydrogenation
conditions, with a composition comprising the composition as
20 described herein; and yielding a product having a reduced

aromatlics concentration.

According to still another embodiment of the present

invention, there 1s provided a method of preparing an aromatics
hydrogenation catalyst, wherein said method comprises: preparing

25 a support composition as described herein by agglomerating a

mixture comprising water and amorphous silica-alumina and drying
the resulting agglomerate; and 1ncorporating into said support
composition a noble metal selected from the group consisting of

platinum, palladium and a combination thereof to thereby provide

30 an impregnated support composition.

]
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The invention relates to a novel aromatics hydrogenation

catalyst that has improved aromatics hydrogenation catalytic

activity over comparative prior art aromatics hydrogenation
catalysts and to a process for the dearomatization of

hydrocarbon feedstocks, and, in particular, for the
dearomatization of hydrocarbon distillates such as kerosene
and diesel. The invention also relates to a novel support
composition and method of making such support composition
that may suitably be used-as a support or carrier for at
least one noble metal that is incorporated therein so as to
provide a final catalyst composition, i.e., aromatics
hydrogenation catalyst, of the.invention. This support
composition has unique physicgl properties that are believed
to provide for a final catalyst composition having improved
activity toward aromatics saturation.

- The support composition is made using an amorphous
silica-alumina having unique properties and which can be

prepared by the novel, so-called pH swing method as fully
described in U.S. patent No. 7,700,515, entitled
“An Amorphous Silica-Alumina Composition and a

Method of Making and Using Such Composition”.

The support composition,

thus; comprises amorphous silica-alumina that is
characterized by having certain unique properties. The
physical characteristics of the amorphous silica-alumina are
believed to provide for a support composition having
prope;ties that make it particularly desirable for use in

supporting or carrying at least one noble metal hydrogenation

component, and, further, that impart certain catalytic

benefits making the final catalyst composition highly active

4a
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when used 1n certaln applications. One particularly
advantageous application for the use of the final catalyst
composition 1s 1n the hydrogenation or saturation of

aromatics that are contalned i1n hydrocarbon distillates.

The amorphous silica-alumina used 1n the preparation of
the support composition 1s highly amorphous 1n that it

contains very little alumina that 1s crystalline. The amount

of crystalline alumina i1in the amorphous silica-alumilina 1S

indicated by 1ts characteristic powder X-ray diffraction
(XRD) pattern that has a significant lack of XRD peaks which

are representative of various of the crystalline alumina

phases. Generally, the amount of alumina that 1s 1n the

crystalline phase contained 1n the amorphous silica—-alumilina
1s less than 10 weight percent of the total weight of the

amorphous silica—-alumina. More specifically, the amorphous

silica-alumina has less than 8 weilight percent crystalline

alumina, and, most specifically, 1t has less than 5 weight

percent crystalline alumina.

The amorphous silica—-alumina can have a silica content

that 1s 1in the range of from 10 to 90 weight percent, with
the weight percent being based on the total dry weight of the

amorphous silica—-alumina. The preferred silica content,

however, 1s 1n the range of from 25 to 75 weight percent,

and, most preferred, the silica content 1s in the range of

from 40 to 60 weight percent. The alumina may be present 1in

the amorphous silica-alumina i1n an amount in the range of

from 10 to 90 weight percent, more specifically, from 25 to
15 welght percent, and, most specifically, from 40 to 60
welght percent.

A particularly 1mportant property of the amorphous

silica—-alumina 1s that 1t has a relatively high ratio of 1ts

pore volume that 1s contained 1n 1ts large pores to 1ts pore

volume that 1s contained 1n 1ts medium and small pores. One
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measure of this property 1s the ratio of the pore volume

(cc/gm) contained in the pores of the amorphous silica-

alumina having a pore diameter of less than 2150 A (“™A”) to
the pore volume contained 1n the pores of the amorphous

silica-alumina having a pore diameter of less than 210 A

(“B”). This ratio of A-to-B (A/B ratio), in general, should

exceed 2.2, and, preferably, the A/B ratio exceeds 2.4, and,

most preferably, the A/B ratio exceeds 2.5.
References herein to total pore volume are to the pore
volume as determined using the Standard Test Method for

Determining Pore Volume Distribution of Catalysts by Mercury

Intrusion Porosimetry, ASTM D 4284-88, at a maximum pressure
of 4000 bar, assuming a surface tension for mercury of 484

dyne/cm and a contact angle with amorphous silica-alumina of

140°.

The amorphous silica-alumina has a significantly high

surface area and total pore volume. Its surface area can be
in the range of from 190 m°/gm to 400 m°/gm, but, more
specifically, it is in the range of from 200 m“/gm to 350
m°/gm, and, more specifically, from 225 m“/gm to 325 m*/gm.

The total pore volume of the amorphous silica-alumina 1s 1n

the range of from 0.8 cc/gm to 1.3 cc/gm, more specifically,
from 0.9 cc/gm to 1.2 cc/gm, and, most specifically, from
0.95 cc/gm to 1.1 cc/gm.

Another 1mportant property of the amorphous silica-

alumina used 1n the preparation of the support composition 1s
that it should have an Aluminum (“'Al) solid-state NMR
spectrum that exhibilts penta-coordination peak having a
relative size to the other aluminum peaks representative of
the presence of penta-coordinated aluminum 1n an amount
greater than 30 percent of the total of the three types of
aluminum represented by the three peaks of 1ts NMR spectrum.

More specifically, the strong penta-coordination peak of “'Al
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solid-state NMR spectrum of the amorphous silica—-alumilina

should be greater than 35% of the total of the three types of
aluminum, and, most specifically, 1t should be greater than
40% of the total of the three types of alumlnum.

As referenced herein, the NMR spectrum of the amorphous

silica—-alumina 1s that which 1s generated using any standard

Soli1d-State Nuclear Magnetic Resonance (NMR) spectroscopy

methodology known to those skilled 1n the art of using NMR

technigues for characterizing structural configurations of
solid materials. The determination of the NMR spectrum of the

amorphous silica-alumina composition can be made by using any

sultable instrumentation and equipment that provide a
spectrum that 1s substantially simlilar to one which can be

provided by using the NMR spectrometer manufactured and

marketed by Varian, Inc of Palo Alto, California as Varian

400-MR NMR spectrometer using a Doty Scientific, Inc. of
Columbia, South Carolina, 5 mm high power solid-state NMR

probe. Samples are loaded 1nto a 5 mm silicon nitride (S13Ng)

rotor and spun at 13 to 1o kHz (780,000 to 900,000 rpm) in a
dry nitrogen atmosphere at room temperature. The stator
housing 1s adjusted to be at a magic angle to the external
magnetic field to minimize the broadening caused by random
orientation of the individual nuclel with reference to the
external magnetic field. The resonance frequency for aluminum
nucleili at this field strength 1s 104.3 MHz. The spectral
width of 0.5 MHz, a pulse width of 1.0 microsecond, and a
recycle delay of 0.3 seconds are employed as the experimental
conditions.

The aluminum solid-state NMR spectrum of the amorphous

silica—-alumina has three significant peaks: a first peak

located at about 65 ppm on the chemical shift scale
representing tetrahedral aluminum sites; a second peak

located at about 30 ppm on the chemical shift scale
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representing penta-coordination aluminum sites; and a third
peak located at about 3 to 6 ppm on the chemical shift scale
representing octahedral aluminum sites. These chemical shifts
are referenced to agueous aluminum chloride at 0.0 ppm. The

S shifts of the aforementioned peaks can be 1nfluenced by the
acidity and second order qguadrupolar i1nteraction experienced

by the respective aluminum nuclel.

The support composition of the 1nvention can be prepared

by mixing the amorphous silica—-alumina and a suitable liquid,
10 such as water, forming the mixture 1nto shaped particles,
and, then dryving the shaped particles. While the preferred
support composition 1s made without the addition of a binder
Or an 1norganic oxide material, an 1norganic oxide material

may, however, be mixed with the amorphous silica-alumina 1n

15 the preparation of the support composition. Examples of

1norganic oxide materials 1include silica, alumina, clays,

magnesia, titania, and zirconia. Among these, silica and

alumina are preferred.

If an 1norganic oxide material 1s mixed with the

20 amorphous silica-alumina to make the support composition, it
can be present 1n an amount upwardly to 50 % by weight of the

support composition, and, suitably, from 5 to 30 % by weight.

It 1s preferred to mix the starting materials, e.dg.

amorphous silica-alumina, or water, o©or an organic oxide, or a
25 combination thereof, so as to provide a paste having
properties making 1t capable of being extruded or formed 1nto

extrudate particles by any known extrusion method. Also, the

amorphous silica-alumina and, 1f present, other starting

materials may be agglomerated i1nto shaped particles, such as,

30 spheroids, pills or tablets, cylinders, irregular extrusions

or merely loosely bound aggregates or clusters, by any of the

methods known to those skilled 1n the art, including, but not
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limited to, molding, tableting, pressing, palletizing,
extruding, and tumbling.

The drying of the shaped particle provides for the
removal of certain guantities of water or volatiles that are
included therelin and may be conducted at any suitable
temperature for removing excess water or volatiles.

Preferably, the drying temperature will be 1n the range of

from about 75 °C to 250 °C. The time period for drying the
shaped particle 1s any suitable time period necessary to
provide for the desired amount of reduction 1n the volatile
content of the shaped particle prior to 1ncorporation of a
hydrogenation component.

An essential property of the support composition 1s for

1t to have a high macroporosity. It 1s recognized that the

properties of the amorphous silica-alumina used to make the

support composition contribute to the support composition

having such a high macroporosity. It 1s also believed that 1t
1s the high macroporosity of the support composition, and

other properties, 1mparted to 1t by the amorphous silica-

alumina used to make the support composition which provides
for a final catalyst composition having a high aromatics
hydrogenation activity.

The term “macroporosity” 1s used herein to refer to a
measure of the porosity of the support composition as
represented by the percentage of the total pore volume of the
support composition that 1s contained 1n 1ts macropores. The
macropores are the pores of the support composition having a
pore diameter greater than 350 angstroms (A). The
macroporosity of the support composition of the 1nvention 1s
exceptionally high 1n that the percentage of the total pore
volume of the support composition that i1s contained in the
macropores (1.e., pores having a pore diameter that 1s

greater than 350 A), or its macroporosity, is greater than 51
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percent (%). Preferably, the macroporosity of the support

O\©

composition 1s greater than 52 %, and, more preferably, the
macroporosity of the support composition 1s greater than 54

%. An upper limit for the macroporosity of the support

O\©
O\©

, Oor less than 80 %, or even

composition 1s less than 90

less than 70 %.

It can also be 1mportant for the macropores of the
support composition, when 1t 1s used 1n certain applications,
to have somewhat of a narrow pore size distribution, and 1t
1s recognized that the uniqgue properties of the amorphous

silica—-alumina used 1n the preparation of the support

composition can provide for such a narrow pore size

distribution. Indeed, 1t 1s due to certain of the uniqgue

properties of the amorphous silica-alumina that 1s made by
the aforementioned pH swing method that enables the

preparation of the support composition of the 1nvention

having the high macroporosity, as earlier described, and the

narrow pore size distribution of the macropores.

It 1s desirable for the percentage of the total pore volume
of the support composition contailned 1n 1ts macropores having

a pore diameter in the range of from 350 A to 2000 A to be

O\©

greater than 40 3%, preferably, greater than 44 %, and, most

preferably, greater than 46 %.

Concerning the total pore volume of the support
composition that 1s contained 1n the extra-large macropores
that have a pore diameter of greater than 5000 A, it is
desirable for the percentage of the total pore volume
contained 1n such extra-large macropores to be less than 4%,
preferably, less than 2 %, and, most preferably, less than 1

Another desirable property of the support composition 1s

for 1t to have a significant mesoporosity. The term

“mesoporosity” 1s used herein to refer to a measure of

10
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porosity of the support composition as represented by the
percentage of the total pore volume ©of the support
composilition that 1s contalned 1n 1ts mesopores. Additionally,
1t 1s i1mportant for a small proportion of the total pore
volume of the support composition to be contalned 1n the
smaller pores thereof but with the support composition to
have a reasonably large portion or percentage of 1ts total
pore volume that 1s contained 1n the mesopores, or, 1n other
words, for the support composition to have a significant
mesoporosity. The mesopores, as the term 1s used herein, are

those pores of the support composition having a pore diameter

in the range of from 50 A to 350 A. It is desirable for the

mesoporosity of the support composition to be greater than 30

O\©

%, preferably, greater than 35 %, and, most preferably,

greater than 40 3.

The percentage of the total pore volume o©of the support
composition contalned 1n 1ts smaller pores having a pore
diameter of less than 70 A should be less than 10 % of the
total pore volume of the support composition, preferably,

Q

, and, most preferably, less than 5 3.

O\©

less than 7
Another characteristic of the support composition 1S

that 1t has a significantly high surface area and total pore

volume. Its surface area can be 1n the range of from 150
n@/gm to 400 Hﬁ/gm, but, more specifically, 1t 1s 1n the
range of from 175 m“/gm to 350 m“/gm, and, more specifically,
from 200 m“/gm to 325 m“/gm. The total pore volume of the
support composition is in the range of from 0.8 cc/gm to 1.3
cc/gm, more specifically, from 0.9 cc/gm to 1.2 cc/gm, and,
most specifically, from 0.95 cc/gm to 1.1 cc/gm.

To prepare the final catalyst composition of the
invention, a noble metal component 1s 1ncorporated 1nto the
support composition. The noble metal component can be

incorporated 1nto the support composition by using any of the

11
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sultable means or methods known to those skilled 1n the art

for 1ncorporating a noble metal into a catalyst support. It
1s preferred to use an i1mpregnation method to i1ncorporate the
noble metal component into the support composition, and,
among these methods, 1t 1s preferred to 1ncorporate the noble
metal component i1into the support composition using the well
known 1ncipient wetness method.

The 1mpregnation solution of the noble metal solution
comprises a heat-decomposable salt of platinum or of

palladium, or of both platinum and palladium, dissolved 1n

water. Examples of possible platinum salts that may be used
include the platinum compounds of: chloroplatinic acid;
ammonium chloroplatinate; bromoplatinic acid; platinum
trichloride; platinum tetrachloride hydrate; platinum

dichlorocarbonyl dichloride; dinitrodiaminoplatinum;

sodium tetranitroplatinate and tetraammine platinum(II)

nitrate. Examples of possible palladium salts that may be
used 1nclude the palladium compounds of: chloropalladic acid;
pralladium chloride; palladium nitrate; palladium sulfate;

diamine palladium hydroxide; tetraammine palladium chloride

and tetraammine palladium(II) nitrate. The preferred platinum

compound and palladium compound for use 1n the i1mpregnation

solution are, respectively, tetraammine platinum(II) nitrate

and tetraammine palladium(II) nitrate.

The amount of noble metal incorporated 1nto the support
composition should be such as to provide the final catalyst
composition of the invention having a noble metal content

O

that 1s in the range of from 0.01 wt.% to 5 wt.% for each of

\

the noble metals with the weight percent being based on the
total weight of the final catalyst composition and calculated
as elemental metal. The preferred noble metal content for
cach noble metal component 1s 1n the range of from 0.1 wt.%

to 4 wt.%, and, most preferred, from 0.2 to 3 wt.%.
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While the final catalyst composition may 1nclude eilther
a platinum noble metal component or a palladium metal
component, or both a platinum and a palladium noble metal
component, 1t should be recognized that the use of a
combilnation of the two noble metals contained 1n the final
catalyst composition can provide enhanced aromatics
hydrogenation activity. Thus, 1t 1s preferred for the final

catalyst composition of the 1nvention to comprise both a

platinum component and a palladium component. In the
preferred final catalyst composition, the welght ratio of
elemental palladium—-to-platinum 1s 1in the range of from 1:10
to 10:1, preferably, from 1:2 to 5:1, and, most preferably,
from 1:1 to 3:1.

The support composition that 1s 1mpregnated with the
noble metal component 1s dried at any suilitable temperature

for removing excess water or volatiles therefrom. Generally,

the drying temperature will be 1n the range of from about 75
°C to 250 “C. The time period for drying the intermediate
catalyst composition 1s any sultable time period necessary to
provide for the desired amount of reduction 1n the volatile
content and can be 1n the range of from 0.1 hour to 72 hours.
After dryving, the 1mpregnated support composition 1s then
calcined 1n the presence of an oxygen-containing fluid, such
as air, at a temperature and for a time period that 1s
sultable for achieving the desired degree of calcination to
provide the final catalyst composition (aromatics
hydrogenation catalyst). Generally, the calcination
temperature i1s in the range of from 250 °C (482 °F) to 550 °“C
(1022 “F). The preferred calcination temperature i1s in the
range of from 280 “C (536 “F) to 520 “C (968 “F).

The final catalyst composition of the 1nvention

generally has a surface area in the range of from 175 m*/gm

to 600 m“/gm, as determined by the BET method employing N,
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preferably, from 200 n@/gm to 550 H@/gm, and, most
preferably, from 225 m“/gm to 500 m°/gm. The pore volume of
the final catalyst composition as determined by using
standard mercury porosimety methodology 1s generally in the
range of from 0.7 ml/gm to 1.3 ml/gm, and the median pore

diameter of the final catalyst composition 1s 1in the range of

from 50 angstroms (A) to 250 angstroms.

The final catalyst composition of the invention 1S

particularly useful i1n processes for the hydrogenation of
aromatic hydrocarbons, and, especially, 1t 1s useful for the
dearomatization of aromatics-containing hydrocarbon
feedstocks. One contemplated hydrocarbon feedstock of the

invention 1ncludes a refinery distillate stream comprising

hydrocarbons having boiling temperatures at atmospheric

pressure in the range of from about 140 “C (284 °“F) to about

410 “C (770 “F). These temperatures are approximate initial

and final boilling temperatures of the distillate feedstock.

Examples of the refinery streams intended to be 1ncluded

within the meaning of the term refinery distillate stream or

distillate feedstock 1nclude straight run distillate fuels

boiling 1n the referenced boiling range, such as kerosene,

Jjet fuel, light diesel ©1l, heating o01l, and heavy diesel

o01l, and the cracked distillates, such as FCC cycle o01il,

coker gas 011, and hydrocracker distillates.
Another contemplated hydrocarbon feedstock of the
invention 1ncludes a refinery heavy o1l fraction having a

boi1ling range that at least in part overlaps the lubricating

base 011l boiling range. The source of the refinery heavy o1l
fraction may be a light or heavy vacuum gas o1l derived from

the vacuum distillation of an atmospheric residue fraction

obtalned by the atmospheric distillation of a crude oi1l. The

boiling range of such vacuum gas o0il is generally from 300 “C

(572 “F) to 620 “C (1148 °F).
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Prior to 1ts use 1n the 1nventive process, the refinery
heavy o1l fraction may be processed by known hydrocracking
and dewaxing, e.g. solvent dewaxing and catalytic dewaxing,
process steps so as to provide a product having various of
the desired properties for a lubricating base oi1l. The
inventive process may 1nclude the processing of the refinery
heavy o011l fraction that has already been treated by process
steps such as hydrocracking and dewaxing or the processing of

the refinery heavy 01l that has not undergone prior

treatment. In the treating of the refinery heavy o1l
fraction, 1t 1s preferred to use the final catalyst

composition of the i1nvention as a catalyst for hydrofinishing

a lubricating base 011 feedstock having a bolling range of
from 350 “C (662 °F) to 580 “C (1076 °“F) and which is a
refinery heavy 01l fraction having been hydrotreated and
dewaxed.

One embodiment of the inventive process i1nvolves the
hydrogenation removal of aromatics compounds that are 1n the
hydrocarbon feedstock 1in order to provide or vyield a product
having a reduced concentration of aromatics as compared to

the concentration of aromatics i1in the hydrocarbon feedstock.

In such a dearomatization process, the hydrocarbon feedstock
may 1nclude an aromatics concentration in the range of from 1
wt.%s to 80 wt.%, with the weight percent being based on the
total weight of the hydrocarbon feedstock, including the
aromatics and sulfur components thereof. The more applicable
hydrocarbon feedstock aromatics concentration 1s 1n the range
of from 2 wt.3 to 30 wt.3, and, most applicable, the
hydrocarbon feedstock aromatics concentration 1s from 3 wt.3s
to 20 wt.3.

The final catalyst composition of the invention may be

employed as a part of any suitable reactor system that

provides contacting the catalyst thereof with the hydrocarbon
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feedstock under suitable dearomatization or aromatics
hydrogenation conditions that may i1nclude the presence of
hydrogen and an elevated pressure and temperature. One
preferred reactor system 1s that which i1ncludes a bed of the
final catalyst composition contained within a reactor vessel
equlipped with a reactor feed 1nlet means, such as a feed
nozzle, for i1ntroducing the hydrocarbon feedstock into the
reactor vessel, and a reactor effluent outlet means, such as
an effluent outlet nozzle, for withdrawing the reactor
effluent or the product having a reduced aromatics
concentration from the reactor vessel.

The amount of dearomatization provided by the inventive

process generally exceeds 20 molar percent of the aromatics

contained 1n the hydrocarbon feedstock. But, 1t 1s desirable
for the 1nventive process to provide a molar percent

dearomatization of the hydrocarbon feedstock that exceeds 40

molar percent. It 1s preferred for the inventive process to
provide for a dearomatization of more than 50 molar percent,
and, most preferred, more than 80 molar percent. The term
molar percent dearomatilization 1s used herein to mean the
fraction of the moles of aromatics contained 1n the
hydrocarbon feedstock that are saturated by the inventive
process divided by the total moles of aromatics contalned 1n
the hydrocarbon feedstock. The molar percent dearomatization
may be calculated by dividing the difference 1n the total
moles of aromatics 1n the hydrocarbon feedstock and 1n the
product by the total moles of aromatics 1n the hydrocarbon

feedstock. Thus, the product of the inventive process will

have a reduced aromatics concentration such that 1t contains
an amount of aromatics that 1s not more than 80 molar percent

of the aromatics contained in the hydrocarbon feedstock, but

desirably, not more than 60 molar percent. It 1s preferred

for the product to contain an amount of aromatics that 1s not
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more than 50 molar percent of the aromatics contalned 1n the
hydrocarbon feedstock, and, most preferred, not more than 20
molar percent.

When the inventive process 1s dearomatizing a refinery

distillate stream as 1ts hydrocarbon feedstock, the reaction

pressure 1s generally 1n the range of from 10 bar (145 psi)
to 100 bar (1470 psi), preferably from 20 bar (290 psi) to 70
bar (1028 psi1i), and, more preferably, from 30 bar (435 psi)
to 60 bar (870 ps1i).

For the dearomatization of a hydrocarbon feedstock, the
reaction temperature at which the hydrocarbon feedstock 1s
contacted with the final catalyst composition 1s 1n the range
of from 125 “C (247 °“F) to 350 “C (662 “F), preferably, from
150 °C (302 °F) to 325 “°C (617 °F), and, most preferably, from
175 °C (347 °F) to 300 °C (572 °F).

The flow rate at which the hydrocarbon feedstock 1s
charged to the reaction zone of the 1nventive process 1s
generally such as to provide a liguid hourly space velocity
(LHSV) 1in the range of from 0.01 hr™ to 10 hr'. The term
“liquid hourly space velocity,” as used herein, means the
numerical ratio of the rate at which the hydrocarbon
feedstock 1s charged to the reaction zone of the 1nventive
process 1n volume per hour divided by the volume of catalyst
contained 1n the reaction zone to which the hydrocarbon
feedstock 1s charged. The preferred LHSV 1s 1in the range of
from 0.05 hr' to 6 hr™', more preferably, from 0.1 hr'l to 4
hr™, and, most preferably, from 0.2 hr 'l to 3 hr .

The amount of hydrogen charged to the reaction zone of
the i1nventive process can be greatly dependent upon the
amount of aromatics contained i1n the hydrocarbon feedstock
that 1s to be dearomatized. Generally, the amount of hydrogen
relative to the amount of hydrocarbon feedstock charged to

the reaction zone is in the range upwardly to 1781 m’/m’
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(10,000 SCF/bbl). It is preferred for the hydrogen gas charge
rate to be in the range of from 89 m°/m~ (500 SCF/bbl) to
1781 m’/m° (10,000 SCF/bbl), more preferably, from 178 m’/m"
(1,000 SCF/bbl) to 1602 m’/m” (9,000 SCF/bbl), and, most
5 preferably, from 356 m’/m° (2,000 SCF/bbl) to 1425 m’/m"
(8,000 SCF/bbl).
The followling examples are presented to further

11llustrate certain aspects of the invention, but they are not

to be construed as unduly limiting the scope of the

10 invention.

Example

The descriptions 1n this Example I 1llustrate the

preparation of the inventive, high macroporosity support

composition containing an amorphous silica-alumlina made by

15 the pH swing method and the resulting aromatics hydrogenation
catalyst using such support composition and the preparation
of a conventional support containing conventionally made

silica—-alumina and the resulting catalyst using such

conventional support.

20

Extrudate Formation. A mixture of silica-alumina powder and

distilled water (mix LOI = 064%) were placed 1n a Simpson

muller and mulled for 105 minutes. “Superfloc A” extrusion
ald was added at a level of 2% based on dry powder and the

25 mix mulled for an additional 5 minutes. This material was

then extruded through die 1nserts to give 1.6 mm trilobe
pellets after drying at 275 “F for 3-4 hrs and calcining at
1000 °“F for 2  hrs. The properties of the extrudates

resulting from both the conventional and pH-swing silica-

30 alumina powders are shown in Table 1 below.

13



S

10

15

20

CA 02696607 2010-02-16

WO 2009/029579 PCT/US2008/074218
Table 1
Description Extrudate A | Extrudate B
Silica—-alumina powder pPH-swing conventional
Total Hg intrusion volume cc/g [1.0411 0.9606
Macroporosity (> 350 Ang) % 62 .4 38.0
Hg pore volume 50-350 Ang % 35.41 50.0
Hg pore volume 350-2000 Ang | % | 48.03 3.4
Hg pore volume > 5000 Ang % 2.0 30.96
Hg pore volume < 70 Ang % 6.29 45.94
Median pore diameter (vol) Ang 000 74
Medlan pore diameter (area) | Ang 98 57
Surface Area m2/qg 253 395
Water pore volume cc/g [0.988 1.05

Catalyst Preparation. A solution of tetraammine platinum
nitrate and tetraammine palladium nitrate in dilute agqueous
ammonlia (solution pH ~ 9.5) and at the concentrations needed
to give the target Pt and Pd catalyst loading were
impregnated using a pore volume saturation method onto the

silica—-alumina support. The wet 1mpregnates were dried at

257 °F for 3hrs and then calcined in air at 545 °F for 2 hrs.
The catalysts were then tested for aromatics saturation

activity. The results are shown 1n Table 2.

Example
This Example 11lustrates the use of the catalyst
compositions described 1n Example I in the dearomatization of

hyvdrocarbon feedstock and presents performance data for the

catalysts.

White 0il Test: Feed = heavy naphthenic white o0il. UV abs @

275 nmm (0.5 cm cell) = 77.71. Test conditions: Press = 2175
psig, H,/0il = 4600 SCF/bbl, LHSV = 0.96, T = 420 °F.
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Diesel 01l Test: Feed

hydrotreated distillate (N & S < 1

ppm) ; aromatics by SFC = 47.6 wt%. Test conditions: Press =

600 psig, H,/0il = 2500 SCF/bbl, LHSV = 3.0, T = 400 °F

5> Catalyst Activation: Catalysts were loaded into a fixed bed

trickle phase reactor with SiC diluent (1:2 vol/vol
catalyst/diluent) and treated under hydrogen at test gas
rates and 300 “F for 3 hrs. The temperature was raised to 600
°F at 50 F/hr and held for 1 hr. The temperature was then

10 lowered to 200 “F before the introduction of feed and

establishment of testing conditions.

Table 2. Testing Results

diesel test
white 01l test | T (F) for 80%
abs @ 275 nm aromatics
Extrudate | wts Pt | wt® Pd | 0.5 cm cell conversion
Catalyst Al A 0.3 0.5 0.092 350
Catalyst AZ2 A 0.15 0.25 0.085 NA
Catalyst B B 0.3 1.0 0.40 390

15

The results presented in Table 2 show that the aromatics
hydrogenation catalyst prepared using the high macroporosity
support composition (1.e., Catalyst Al and Catalyst AZ2)
exhiblted superior hydrogenation activity to that of the

20 catalyst using the conventional support.
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CLATIMS:

1. A composition, comprising: a support composition

having a macroporosity greater than 51%, a surface area 1n the

range of from 150 m°/gm to 400 m°/gm and comprising amorphous

silica-alumina, wherein saild amorphous silica-alumina has a

F
-

silica content in the range of from 10 to 90 weight percent and

F

an alumina content in the range of from 10 to 90 weight

percent, and wherein said amorphous silica-alumlna exhibits the

characteristic of a strong aluminum NMR penta-coordinated peak

F

representing greater than 30% of the aluminum of said amorphous

silica-alumina.

2. A composition as recited in claim 1, wherein said

Q

support composition has a mesoporostiy greater than 30 %.

3. A composition as recited in claim 1 or 2, wherein the

percentage of the total pore volume of salid support composition
contained in 1ts macropores having a pore diameter in the range

of from 350 A to 2000 A is greater than 40 %.

4 . A composition as recited in claim 1 or 2, wherein the

P

percentage of the total pore volume of said support composition

contained in the macropores having a pore diameter greater than

5000 A is less than 4%.

5. A composition as recited in claim 1 or 2, wherein the

percentage of the total pore volume of saild support composition

contained in the smaller pores having a pore diameter of less

than 70 A is less than 10 %.

0. A composition as recited in claim 1 or 2, whereiln

said amorphous silica-alumina has an A/B ratio exceeding 2.2,
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iy

wherein A 1s the pore volume contalined in the pores of said

amorphous silica-alumina having a pore diameter less than

H)

2150 A, and B is the pore volume contained in the pores of said

amorphous silica-alumina having a pore diameter less than

210 A.

7. A composition as recited 1in claim 1 or 2, further

comprising: palladium and platinum that are present 1n said

F

composition 1n amounts such that the welght ratio of elemental

palladlium-to-platinum 1s 1n the range of from 1:10 to 10:1.

3 . A composition as recited 1n claim 1 or 2, wherein

salid amorphous silica-alumina 1s prepared by a pH swing method.

9. A composition as recited in claim 1 or 2, further

comprising a noble metal which 1s platinum or palladium in an

amount in the range of from 0.01 wt.% to 5 wt.% with the weight

percent being based on the total weight of said composition and

calculated as elemental metal.

10. A composition as recited in claim 1 or 2, wherein

sald composition has a total surface area that 1s 1n the range

of from 200 HF/gm to 350 nﬁ/gm.

ﬁ ﬁ
p—

11. A process for hydrogenation of aromatics of a

gr—

hydrocarbon feedstock containing a concentration of aromatics,

wherein said process comprises: contacting said hydrocarbon

feedstock, under suitable aromatics hydrogenation conditions,

with a composition comprising the composition of claim 1 or 2;
and yielding a product having a reduced aromatics

concentration.

22



10

CA 02696607 2016-05-24

63293-4221

12. A method of preparing an aromatics hydrogenation

catalyst, wherein said method comprises: preparing a support

composition as claimed 1n claim 1 or 2 by agglomerating a

mixture comprising water and amorphous silica-alumina and

drying the resulting agglomerate; and incorporating into said

support composition a noble metal selected from the group

consisting of platinum, palladium and a combination thereof to

thereby provide an impregnated support composition.

13. A method as recited 1in claim 12, further comprising:

calcining said impregnated support composition to thereby

provide a final catalyst composition.

14. An aromatics hydrogenation catalyst prepared by the

ﬁ

method of any one of claims 12 through 13.
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