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A COMPOSITION USEFUL IN THE HYDROPROCESSING
OF A HYDROCARBON FEEDSTOCK

This 1nvention relates to a composition use:

catalytic hydroprocessing o

has a material absence 0:

gr—

a polar additive.

y—

- hydrocarbon

ul 1n the

feedstocks and that

- phosphorous and 1s 1mpregnated with

As a result of the recently reduced reguirements on the

sulfur concentration limits

g—

a great e

"ort by those 1n 1ndustry to

for diesel fuels, there has been

1nd new hydrotreating

catalyst formulations and products that may be used i1n the

manufacture otf
catalyst taught by the art
certain hydrocarbon

stringent sul:

5,338,717. In this patent,

gr—

low—-sulfur diesel and other products. One

"or use 1n the hydrotreating of
feedstocks so as to meet some O

‘ur regulations 1s disclosed 1n U.

gr—

y—

the more

S. Patent

a hydrotreating catalyst 1s

disclosed that 1s made by impregnating a Group VI (Mo and/or

W) heteropolyacid onto a support
impregnated support with an agueous solution of

agent that may be dried and therea:

Group V (Co and/or Ni)

g—

acidity of less than that o

This 1mpregnated support 1s then dried and su.

provide a final catalyst.

- the Group VI

gr—

gp—

followed by treating the
a reducing
"ter 1mpregnated with a
metal salt of an acid having an
heteropolyacid.
fided to

The catalyst composition disclosed

in the ‘717 patent may also be made by i1mpregnating a support

with both the Group V

metal salt and the Group VI

heteropolyvacid followed by drying and then treating with a
reducing agent, drying again, and sulfiding to form the final
catalyst.

Another catalyst useful 1n the deep hydrodesulfurization

and 1n other
and a method

disclosed 1in

patent includes a carrier upon which a Group VIB

gr—

methods of hydrotreating hydrocarbon feedstocks

O

U.

gr—

S. Patent 6,872,673.

f making such catalyst and 1ts activation are

The catalyst of the ‘670
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hydrogenation metal component and a sulfur-containing organic

compound additive are 1ncorporated and further which has been

contacted with a petroleum fraction organic liguid. The

5 catalyst 1s treated with hydrogen either simultaneously with

gp—

or after the 1ncorporation of the organic liguid (petroleum

fraction).

process for sulfiding a catalyst composition

gr—

10 hydrogenation metal component o

In U. S. Patent 6,509,291 1s disclosed a catalyst and a

chat comprises a

elther a Group VI metal or a

Group V metal, or both, and a sulfur-containing organic

additive and which has first been contacted with an organic

liguid (petroleum fraction) before being sul

fided. The

organic liguid ensures that the catalyst 1s able to withstand

15 the treatment conditions prevailing during the actual

sulfidation step. The sulfidation 1s done by contacting the

additive—-containing catalyst that has first been contacted

gp—

with the organic ligquid with gaseous hydrogen and a sulfur-

containing compound that 1s either H;S and/or a compound that

20 1s decomposable i1into H;S to provide the sulfided catalyst.

U. S. Patent 6,329,314 discloses a process for the

gr—

activation of a hydroconversion catalyst tha

Group V metal component and, optionally,

L

contalins a

a Group VI metal

component by 1mpregnating the catalyst with liguid phase

25 petroleum fraction, a thionic compound and a nitrogenous

compound under certaln specilified conditions.

U. S. Patent 6,540,908 discloses a process for preparing

a sulfided hydrotreating catalyst. This process 1nvolves

gr—

combining a catalyst carrier of alumilina and a hydrogenation

30 metal catalyst carrier with an organic compound that 1includes

a covalently bonded nitrogen atom and a carbonyl moiety

followed by sulfiding the resulting combination.
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There 1s an ongoing need to find improved higher

activity hydrotreating catalysts. There 1s also a need to

find more economical manufacturing methods and 1mproved

gr—

methods of activating hydrotreating catalysts so as to

provide catalysts having better activity than catalysts
activated by alternative methods.
Accordingly, provided 1s an 1nventive composition having

gr—

a material absence of phosphorous and comprising a support

material, a metal compound and a polar additive having a

dipole moment of at least 0.45. Another inventilve composition

y—

consilists essentially of a support material that 1s loaded

wlith an active metal precursor and a polar additive having a

dipole moment of at least 0.45, wherein the support material

1s thereafter treated with a gas comprising hydrogen. The
inventive composilitions are made by a method that comprises
lncorporating a metal-contalning solution having a

y—

substantial absence of phosphorous into a support material to

provide a metal—-incorporated support material, and

incorporating a polar additive having a dipole moment of at

least 0.45 1nto the metal-incorporated support material to

thereby provide an additive 1mpregnated composition. The

inventive compositions or those made by the 1nventive methods

may be used 1n a process comprilsing contacting under

hydrodesulfurization conditions a hydrocarbon feedstock with

gp—
o

any one of 1nventilve compositions.

FIG. 1 presents comparison plots of the

hydrodesulfurization activity (weilighted average bed

temperature (WABT) required for 95% desulfurization) versus

catalyst age for two 1nventive catalysts and a comparison
catalyst.
In the published patent application, US 2009/0038993, 1is

disclosed a hydrocarbon oil-impregnated composition that 1s

especlally useful 1n applications 1nvolving the catalvyvtic
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hydroprocessing of hydrocarbon

benefits provided by this hydrocarbon-o1i:

"eedstocks. One of

PCT/US2010/0553635

g—

the

1mpregnated

composilition 1s that 1t can be used 1n a reactor system which

1s started up using a delavyed

this procedure,

undergoes a hydrogen treatment.
impregnated composition or derivatives thereof can exhibit

particularly good hydrodesul:

when used 1n such applications

teaches that 1t 1s desirable

g—

feed i1introduction procedure.

The novel hydrocarbon o01l-

‘urilzation catalytic activity

. This patent application

for the hydrocarbon o1l-

11

the hvdrocarbon oll-impregnated composition

impregnated composition to contailn a phosphorous component.

Presented 1in US Application No. 12/407479, filed 19

March 2009, 1s a composition that 1s especially use

gr—

hydroprocessing of hydrocarbon

"eedstocks or may be

convertible 1nto a composition that has particularly good

catalytic properties.

disclosed 1n this patent application 1ncludes the use o

hydrocarbon 01l that may be similar to the hydrocarbon o1l

gr—

One embodiment of the composition

y—

g—

used 1n the hydrocarbon-o0i1il 1mpregnated composition of US

2009/0038993 along with the use of

polar additive.

include phosphorous

Tt 1s

che 011 and polar additive con

(P) as one

a particularly

calning composition

gr—

OL

addition to the other metal components.

improvements 1n the catalytic per:

It has more recently been discovered that

“ormance o

g—

defined

further taught that 1t 1s desirable

CO also

1ts metal components 1n

“urther

compositions, or the derivatives thereof, taught 1in US

12/407479 can be improved

2009/0038993 and US Application No.

gr—

ul 1n the

ror

certaln of the

by providing for the substantial or material absence of or no

phosphorous 1n a composition comprising a support material, a

metal compound and a polar additive. It has been

these 1nventive,

rhosphorous-—:

phosphorous—-free compositions,

"ree or substantially

found that

or derivatives thereof, have



10

15

20

25

30

CA 02778160 2012-04-18
WO 2011/056918 PCT/US2010/055365

particularly good properties when used 1in the catalytic

- -

hydroprocessing of hydrocarbon feedstocks such as, for

example, petroleum vacuum gas 01ls and resids.

gr—

One embodiment of the i1nvention 1s a composition that

y—

has a substantial or material absence of or no phosphorous

and further comprises a support material, a metal compound

and a polar additive. This composition, or a derivative

gr—

thereof, for example, those compositions that are derived by

che treatment of the aforedescribed composition, having a

gr— gr—

substantial absence of, or material absence of or no

phosphorous and comprising a support material, a metal

gp—

compound and a polar additive, with hydrogen or a sulfur

compound, or both, may particularly be used and have

gr—

application 1n the hydroprocessing of hydrocarbon feedstocks

and, 1n particular, vacuum gas o011 feedstocks and petroleum

resid feedstocks.

When referring herein to a composition having a

gp—

substantial absence of phosphorous what 1s meant 1s that such

g—

a composition contalns very little, 1f any, phosphorous, and

g—

that the composition is significantly, i1f not completely,

- - -

free of the presence or of a concentration of phosphorous.

Such substantial absence, thus, can be less than 0.25 weight

gr— gr—

percent of the total weight of the relevant composition,

y—

based on the phosphorous as the element, regardless of the

form 1t 1s actually in. It 1s more desirable for the

g—

substantial absence of phosphorous to be less than 0.1 weight

- -

percent of the total weight of the composition, and, 1t 1s

gr—

most desirable that the substantial absence of phosphorous to

gr— gr—

be less than 0.01 weight percent of the total weight of the

composition.

gp—
o

When referring herein to the material absence of

phosphorous that 1s contained a composition, what 1s meant 1s

gr—

that the composition might contain a concentration of
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g—

prhosphorous does

gr—

vy or substantially affect the catalvytic

the composition. It 1s believed that a

gr—

material concentration of phosphorous 1s a small

concentration,

gp—

which may be less than a substantial absence

of phosphorous.

When 1t 1s 1ndicated that the composition has no

phosphorous 1t 1s i1ntended to mean that there 1s practically

no phosphorous present

1n the composition.

gr—

While 1t 1s a significant feature of the i1nventive

composition

for 1t to have 1incorporated into 1ts support

material a hydrocarbon o01i1l, or a polar additive, or a

combination oO:

1s a further essential aspect ©

g—

both a polar additive and hydrocarbon o01l, 1t

gr—

the 1nventive composition

gr—

herein for 1t to have at least a substantial absence of, or a

material absence of,

It has been

gr—

gr—

Oor an absence of phosphorous.

found that by excluding at least a material

gp—

concentration or amount of phosphorous from the composition,

which further comprises a support material, an active metal

compound, and either a polar additive, or a hydrocarbon o1l,

Or a combination of

01l, significan

gr—

both a polar additive and a hydrocarbon

C 1mprovements 1n the catalytic

gr—

hydrodesulfurization performance of the composition, or the

derivatives thereof,
The reason

catalytilic per:

y—

are oObserved.

for the aforementilioned 1mprovement 1in

"ormance 1s not known with certainty, but 1t 1s

theorized that when a phosphorous component 1s added to the

composition that contalns alumina as a support material the

phosphorous compound reacts with the alumina to form alumilinum

prhosphate (ALPO4)

support material of

gp—

gr—

specles within the pores of the alumina

the composition. This may occur during

the step or steps 1n which the phosphorous and other

gr—

components oO:

the composition are i1ncorporated 1nto the
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g—

support material. The presence of the aluminum phosphate

wlthin the

support material 1s thought to block a portion o

gr—

the pore structure of the composition and 1nhibit the flow or

gr— gr— gr—

mass Trans:

material.

er of molecules within the pores of the support

gp— gp—

- the beneficial features of the i1nvention 1s that

One o3

the composition does not need to be calcined or to have

sulfur added to i1t prior to 1ts placement 1nto a reactor

vessel or within a reactor system for use 1n the

gr—

hyvdrodesul:

‘urization of a hydrocarbon feedstock. This feature

y—

provides the particular benefit of significantly reduciling

certalin costs that are associlated with manufacturing and

Creatment o

g—

1)

the composition, and 1t allows for the use of 1n

situ activation methods that vield a catalyst composition

which exhibits significantly 1mproved hydrodesulfurization

catalytic activity over certain other hydrodesulfurization

y—

catalyst compositions. The composition of the invention

further allows for an 1mproved procedure 1n the start-up of

1)

hyvdrodesul:

‘urization reactor systems.

g—

The composition of the 1nvention 1ncludes a support

material that has 1ncorporated therein or 1s loaded with a

metal component, which 1s or can be converted to a metal

compound that has activity towards the catalytic

hydrogenation o

y—

organic sulfur compounds or, otherwise, has

gp—

application or use 1n the hydrodesulfurization of hydrocarbon

feedstocks. This support material that contains the metal

component

further has 1ncorporated therein a polar additive,

gr—

or a hydrocarbon o01l, or a combination of both a polar

additive and a hydrocarbon o01l, to thereby provide an o1l or

y—

additive or oil/additive impregnated composition of the

invention.

The support material will contain no or be

g—

substantially free of phosphorous or have a material absence

gr—

of phosphorous.
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g—

The support material of the 1nventilive composition can

comprise any sultable 1norganic oxide material that 1is

typically used to carry catalytically active metal components.

gr—

Examples of possible useful 1norganic oxide materials 1nclude

alumina, silica, silica-alumina, magnesla, zZlrconlia, boria,

gp— gp—
o

titania and mixtures of any two or more of such 1norganic

g—

oxl1des. The preferred 1norganic oxilides for use 1n the

gr—

formation of the support material are alumina, silica,

gr—

silica-alumina and mixtures thereof. Most preferred, however,

1s alumina.

y— y—
—

In the preparation of various embodiments of the

gp—

inventive composition, the metal component of the composition

may be 1ncorporated i1nto the support material by any sultable
method or means that provides a support material that 1s
loaded with an active metal precursor, thus, the composition
includes the support material and a metal component.

y—

One method of i1ncorporating the metal component 1nto the

support material, 1includes, for example, co-mulling the

support material with the active metal or metal precursor to

g—

the two components of the

g—

vield a co-mulled mixture o

support material component and the metal component.

Another method of 1ncorporating the metal component 1nto

the support material 1ncludes the co-precipitation of the

support material and metal component to form a co-

gp—

preciplitated mixture of the support material and metal

component.

gr—

A preferred method of 1ncorporating the metal component

1into the support material 1nvolves the i1mpregnation of the

gr—

support material with the metal component using any of the

known 1mpregnation methods such as 1ncipilent wetness to
incorporate the metal component 1nto the support material.

When using the impregnation method to i1ncorporate the metal

component 1nto the support material, 1t 1s preferred for the
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support material to first be formed i1nto a shaped particle

comprising an 1norganic oxide materilial and thereafter be

loaded with an active metal precursor, preferably, by the

gr—

impregnation of the shaped particle with an aqueous solution

y—

having a substantial or material absence of or no phosphorous

and comprising a metal salt to give a support material that

g—

contains a metal of a metal salt solution.

To form the shaped particle, the i1norganic oxide

material, which pre

water and,

gr—

1f desired or needed,

"erably 1s 1n powder form, 1s mixed with

a peptizing agent and/or a

binder to form a mixture that can be shaped 1nto an

agglomerate. It 1s desilirable for the mixture to be 1n the

g—

extrudate particles,

cylinders,

which may be o

form of an extrudable paste suiltable for extrusion 1nto

gr—

various shapes such as

trilobes, etc. and nominal sizes such as 1/16",

gr—

1/8", 3/16"”, etc. The support material of the inventive

composition, thus, preferably,

1s a shaped particle

comprilisiling an 1l1norganic oxide material.

The shaped particle 1s then dried under standard drying

conditions that can 1include a drying temperature 1n the range

gr—

of from 50

°C to 200 °C, preferably, from 75 °C to 175 °C, and,

most preferably, from 90 °C to 150 °C.

After drving,

the shaped particle 1s calcined under

standard calcilination conditions that can i1nclude a

g—
p—

calcination temperature in the range of from 250 °C to 900 °C,

preferably,

350 °C to 600 °C.

from 300 °C to 800 °C, and, most preferably, from

The calcined shaped particle can have a surface area

(determined by the BET method employing N,, ASTM test method

preferably

D 3037) that 1s 1n the range of

y—

from 100 m“°/g to 350 m“/g.

from 50 m2/g to 450 mz/g,

‘rom 75 m‘/g to 400 m‘/g, and, most preferably,
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The mean pore diameter in angstroms (A) of the calcined

shaped particle 1s 1n the range of from 50 to 200, preferably,

from 70 to 150, and, most preferably, from 75 to 125.

gr—

The pore volume of the calcined shaped particle 1s 1n

y—

the range of from 0.5 cc/g to 1.1 cc/g, preferably, from 0.6

cc/g to 1.0 cc/g, and, most preferably, from 0.7 to 0.9 cc/g.

Less than ten percent (10%) of the total pore volume of the

calcined shaped particle 1s contained 1n the pores having a

O

pore diameter greater than 350 A, preferably, less than 7.5%

gr— gr—

of the total pore volume of the calcined shaped particle 1is

contained 1n the pores having a pore diameter greater than

350 A, and, most preferably, less than 5 %.

The references herein to the pore size distribution and

gr—

pore volume of the calcined shaped particle are to those

properties as determined by mercury 1ntrusion porosimetry,

gr—

ASTM test method D 4284. The measurement of the pore size

y—

distribution of the calcined shaped particle 1s by any

suitable measurement instrument using a contact angle of 140°

with a mercury surface tension of 474 dyne/cm at 25 °C.

g—

In a preferred embodiment of the invention, the calcined

shaped particle 1s 1mpregnated 1n one or more 1mpregnation

steps with a metal component using one Or more agueous

solutions contalning at least one metal salt wherein the

y—

metal compound of the metal salt solution 1s an active metal

or active metal precursor. It 1s an essential feature of the

invention that the agueous 1mpregnation solution or solutions

used to 1ncorporate the metal component into the calcined

gr—

shaped particle have a substantial or material absence of or

no phosphorous.

y—

The metal elements of the metal salt or active metal

compound or active metal precursor are those selected from

g—

Group 6 of the IUPAC Periodic Table of the elements (e.qg.,

chromium (Cr), molybdenum (Mo), and tungsten (W)) and Groups

10
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9 and 10 of the IUPAC Periodic Table of the Elements (e.g.,

cobalt (Co) and nickel (N1i)). Among the Group 6 metals,

molybdenum 1s preferred. Among the Groups 9 and 10 metals,

cobalt 1s preferred.

For the Group 9 and 10 metals, the metal salts 1nclude

Group 9 or 10 metal acetates, formates, citrates, oxides,

hydroxides, carbonates, nitrates, sulfates, and two or more

gr—

thereof. The preferred metal salts are metal nitrates, such

gr—

as, for example, nitrates of nickel or cobalt, or both.

For the Group 6 metals, the metal salts include Group 6

metal oxides or sulfides. Preferred are salts containing the

Group 6 metal and ammonium 10n, such as, for example,

ammonium heptamolybdate and ammonium dimolybdate.

gr—

The concentration of the metal compounds 1n the

impregnation solution 1s selected so as to provide the

desired metal content in the final composition of the

y—

invention takling i1nto consideration the pore volume of the

support material 1nto which the agueous solution 1s to be

g—

impregnated and the amounts of hydrocarbon o1l or polar

additive, or both, that are later to be 1ncorporated i1nto the

support material that 1s loaded with the metal component.

gr—

Typically, the concentration of metal compound 1n the

impregnation solution 1s 1n the range of from 0.01 to 100

y—

moles of metal compound per liter.

gp—

The metal content of the support material having a metal

component 1ncorporated therelin may depend upon the

application for which the 01l or polar additive or oil/polar

gr—

additive 1mpregnated composition of the 1nvention 1s to be

used, but, generally, for hydroprocessing applications, the
Group 9 and 10 metal component, 1.e., cobalt or nickel, can
be present 1n the support material having a metal component

g—
h—

incorporated therein in an amount in the range of from 0.5

wt. % to 20 wt. %, preferably from 1 wt. % to 15 wt. %, and,

11
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2 WL.

$ to 12 wt. %.

gr—
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It has been

for the i1nventive composition with the

substantial or material absence of or no phosphorous 1t 1s

particularly advantageous

component to be cobalt as opposed to 1t being nickel,

may be further advantageous

exclude the material presence o

g—

The Group 6 metal component, 1.e.,

cungsten,

gr—

O

mo lybdenum,

having a metal component 1ncorporated therein i1n an amount 1n

the range

to 40 wt.

The above-—-re:

gp—

O

Q
0y

"he 1nven

from 5 wt

and, most

. % to 50 wt. %, pre:

preferably,

C1ve Ccomposil

"erenced welght percents

10N 18 pre:

for the Group 9 and 10 metal

molybdenum oOr

"rom 12 wt. %

"erably

"erably,

and 1t

for the i1nventive composition to

and 1t can be present 1n the support material

from 3 wt.

to 30 wt.

for the metal

components are based on the dry support material and the

metal component as the element regardless of the

y—

of the metal component.

actual

To provide the 01l or polar additive or oill/polar

additive i1mpregnated composition of the i1nvention,

g—

hydrocarbon 01l or a suitable polar additive, or

both,

incorporated into the support material that also has

are

cal

incorporated therein, as described above, the active me
precursor. The hydrocarbon o1l or polar additive or a
combination thereof are used to fill a significant portion

the available pore volume o

material,

precursor,
support material containing a metal component,
0l1ll or a polar additive or a combination thereo

The composition may be installed,

gp—

gp—

the pores o:

- TLhe support

which 1s already loaded with the active metal

as 1s,

gr—

to thereby provide a composition that comprises

hydrocarbon

into a reactor

form

nickel as a metal component.

a suiltable

I

vessel or within a reactor system that 1s to undergo a start-

up procedure 1n preparation of or prior to the 1ntroduction

gr—

of a sulfiding

g—
h—

"eed that can i1nclude a sul:

12
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1)

hydrocarbon feedstock containing a concentration of an

organic sulfur compound.

gr—

It 1s a significant aspect of the 1nvention that the

support material loaded with an active metal precursor 1s not

calcined or sulfided prior to 1ts loading into a reactor

gp—

vessel or system for 1ts ultimate use as a

hydrodesulfurization catalyst but that 1t can be sulfided, 1n

gr—

situ, 1n a delavyved feed introduction start-up procedure. The

gr—

delayed feed 1ntroduction start-up procedure 1s herelnafter

more fully described. Moreover, 1t has been determined that

an i1mprovement 1n catalytic activity 1s obtainable when,

prior to hydrogen treatment and sulfiding, the support

material loaded with the active metal precursor 1s filled

with either hyvdrocarbon 01l or polar additive or a

gr—

combination of both a polar additive and hydrocarbon o1il.

Thus, not only are certailn economic benefits realized by

eliminating, or at least not 1ncurring, the costs associliated

gp—

with calcination and sulfidation of the catalyst prior to 1its

delivery and use, but also a more active catalyst 1s obtailned.

It has been found that the support material loaded with

an active metal precursor but having a substantial or

material absence of phosphorous and that 1s i1mpregnated with

elther a hydrocarbon 01l or a polar additive or both

hydrocarbon 01l and polar additive before treatment with

hydrogen followed by treatment with a sulfur compound

provides a hydrotreating catalyst having a greater

hydrodesulfurization activity than the support material that
1s loaded with an active metal precursor and phosphorous and

which has been 1mpregnated with hydrocarbon 01l or a polar

additive or both prior to the hydrogen and sulfur treatments.

It 1s theorized that the i1mprovement in catalytic

g—

activity of the 1nventive catalyst 1s 1n part due to the

hydrocarbon 01l or polar additive being present 1n the

13
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when 1t 1s heated-up 1n the presence

of hydrogen gas by protecting the active catalyst sites

therein from reacting with the hydrogen. This 1s believed to

prevent the active phase degradation and sintering that cause

activity loss. As for the improvement 1n catalytic activity

gp—

that results from the use and presence of the polar additive,

1t 1s belileved that the

polar additive interacts with the

molybdenum, for example, molvbdenum oxide, contained 1in the

composition 1n a manner

chat helps 1n providing for or

gr—

malntalining dispersion of the molybdenum metal within the

composition.

In the preparation

gp—

of the 1nventive composition, any

sultable method or means may be used to i1mpregnate the metal

loaded support material

with the hydrocarbon o1l and polar

additive. The 1mpregnation with the hydrocarbon 01l may be

done separately from the i1mpregnation with the polar additive

or the 1mpregnation with the hydrocarbon o1l may be done

colncidentally with impregnation with polar additive. It 1s

preferred to 1mpregnate

the metal loaded support material

g—

with a mixture or blend of the hydrocarbon o1l and polar

additive. The hydrocarbon o1l and polar additive should be

present 1n the mixture or blend 1n the desired relative

gr—

amounts. Due to the physical characteristics of the

hydrocarbon 01l and polar additive, the mixture or blend of

I

gp—

the two will typically be an emulsion with one of the

components belng dispersed in the other.

The preferred method o

gr—

impregnation may be any standard

well-known pore f£11ll methodology whereby the pore volume 1s

liquid i1into the pores o

It 1s desirable to f£i11ll

filled by taking advantage of capillary action to draw the

y—

the metal loaded support material.

gp—
o

at least /5 % of the pore volume of

the metal loaded support material with the hydrocarbon o1l

and polar additive. It 1s preferred for at least 80 % of the

14
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g—

pore volume of the metal loaded support material to be filled

with the hydrocarbon 01l and polar additive, and, most

gr—

preferred, at least 90 % of the pore volume 1s filled with

the hydrocarbon 01l and polar additive.

y—

It 1s thought that the presence of the polar additive 1n

the metal loaded support material 1n combination with the

hydrocarbon o1l provides a catalytic benefit and thus the

gr—

relative weight ratio of the hydrocarbon 01l to polar

additive 1ncorporated 1nto the metal loaded support material

should be 1n the range upwardly to 10:1 (10 weight parts

hydrocarbon 01l to 1 weight part polar additive), for example,

gp—
o

the welight ratio may be 1n the range of from 0:1 to 10:1. For

g—

a binary mixture of hydrocarbon o1l and polar additive, this

gr—

1s 1n the range of from 0 wt% to 91 wt % hydrocarbon o1l,

gr—

based on the weight of the binary mixture.

Typically, the relative weight ratio of hydrocarbon o1l

to polar additive 1ncorporated into the metal loaded support

gp—
o

material should be 1n the range of from 0.01:1 (1 wt% for

binary mixture) to 9:1 (90 wt % for a binary mixture).

g—
h—

Preferably, this relative welght ratio 1s 1n the range of

from 0.1:1 (9 wt % for binary mixture) to 8:1 (89 wt % for a

binary mixture), more preferably, from 0.2:1 (17 wt % for a

binary mixture) to 7:1 (87 wt % for a bilinary mixture), and,

most preferably, 1t 1s 1n the range of from 0.25:1 (20 wt %

for a bilnary mixture) to 6:1 (86 wt % for a binary mixture).

g—

A typical commercilial blend of a mixture, comprising

hydrocarbon 01l and polar additive, that 1s used to

impregnate the metal-loaded support contains a polar additive

gr—

1n the range of from 10 wt % to 90 wt $ of the total weight

of the mixture, and a hydrocarbon 01l 1n the range of from 10
wt%s to 90 wt% of the total weight of the mixture. It 1s

desirable, however, for the polar additive to be present 1in

gr—

the mixture at a concentration in the range of from 15 wt$ to

15
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60 wt% with the hydrocarbon 0il being present in the mixture

- from 40 wt%s to 8b wr%.

at a concentration 1n the range o1

Preferably, the polar additive 1s present 1n the mixture at a

gr—

concentration in the range of from 20 wt% to 40 wt% with the

hydrocarbon 01l being present 1n the mixture at a

gp—
o

concentration i1in the range of from 60 wt% to 80 wt5%.

g—

In the preparation of the polar additive and hydrocarbon

01l mixture for 1mpregnation into the metal loaded support

material, the polar additive should be present 1n the mixture

r— o r—

at a concentration of at least 10 wt % of the mixture 1n

order to avoild problems assoclated with self heating.

Possible hydrocarbon oi1ls that may be used to prepare

the 1nventive composition can be any sultable hydrocarbon

gr—

compound or mixture of compounds that provide for the

benefits as described herein. Because the hydrogen treatment

gr—

of the support material that 1s loaded with an active metal

precursor and which 1s filled or impregnated with the

hydrocarbon 01l (and also the polar additive) includes

g—

exposure thereof to a gaseous atmosphere containing hydrogen

at a temperature ranging upwardly to 250 °C, to obtain the

maximum benefit from the impregnation with the hydrocarbon

01l, 1ts boiling temperature should be such that 1t

predominantly remains 1n the liguid phase at the contacting

y—

temperature of the hydrogen-contalning gaseous atmosphere

during treatment therewith.

In terms of boiling temperature range, the hydrocarbon
011l generally should include hydrocarbons having a boiling
temperature in the range of from 100 °C to 550 °C and,

preferably, from 150 °C to 500 °C. Possible suitable

hydrocarbon o01ls for i1mpregnation or 1ncorporation into the

support material loaded with an active metal precursor can

include crude 01l distillate fractions, such as, for example,

heavy naphtha, containing hydrocarbons boiling, perhaps, 1n

16
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the range of from 100 °C to 210 °C,

01l. Among

preferred hydrocarbon o1l,

hydrocarbons having a bolling temperature i1n the range of

these distillate fractions,

from 170 “C to 350 °C.

PCT/US2010/0553635

kerosene, diesel, and gas

diesel 1s the

which typically i1ncludes

A

gp—

The hydrocarbon oi1ls that are particularly suitable for

g—

use 1n fi1lling the pores of the support material containing a

metal component include ole

che elevated contacting temperature o1

gr—

1n compounds that are liguid at

che hydrogen-

containing gaseous atmosphere during treatment therewith. The

desirable olefins for use as the hvyvdrocarbon 01l or a portion

gp—

thereof are those ole:

greater than 12 and, generally,

gr—

range of from 12 to 40 carbons.

olefln compounds

having from 14 to 38 carbons,

carbon number 1s 1n the range o

y—

1n compounds having a carbon number

having a carbon number i1n the

It 1s preferred for the

for use as the hydrocarbon 01l to be those

and, most preferably, the

from 16 to 36 carbons. The

olefins may be 1n an admixture with non-olefinic hydrocarbons,

g—

such as alkanes or aromatic solvents or any of the above-

referenced

naphtha, kerosene, diesel, and gas o1il.

In general, the olefin content

petroleum distillate fractions, such as, heavy

O

gr—

che hydrocarbon o1l

may be above 5 wt. %, and, 1n certain 1nstances, 1t can be

desirable

for the hydrocarbon o1l to have an olefin content

\O

exceeding 10 wt. %, and even exceediling 30 wt. %. The olefin

compounds may 1nclude monoole:

with multiple carbon double bonds.

p— 1

1ns or they may include olefins

Particularly desirable

gr—

olefins for use as the hydrocarbon o1l of the 1nvention are

alpha-olefins, which are monoolefins with the carbon double

y—

bound being located at the alpha carbon of the carbon chain

gp—
o

Of the ole:

g—

1n compound. An especially preferred hydrocarbon

01l 1s a mixture of alpha olefin hydrocarbon molecules that

have from 18 to 30 carbon atoms per molecule.

17
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The polar additive that may be used 1in

gr—

PCT/US2010/0553635

the preparation

of the i1nventive composition can be any suitable molecule

that provides for the benefits and has the characteristic

molecular polarity or molecular dipole moment and other

y—

properties, 1f applicable, as are described

herein. Molecular

gp—
o

polarity 1s understood 1n the art to be a result of non-

g—

uniform distribution of positive and negative charges of the

gr—

atoms that make up a molecule. The dipole moment of a

molecule may be approximated as the vector sum of the

individual bond dipole moments, and 1t can be a calculated

value.

gp—

One method of obtalning a calculated value for the

g—

dipole moment o

by calculation the total electron density ©

gr—

a molecule, 1n general, 1ncludes determining

- the lowest

energy conformation of the molecule by applyving and using

gradient corrected density functional theory. From the total

electron density the corresponding electrostatic potential 1is

derived and poilint charges are fitted to the

corresponding

nuclei. With the atomic positions and electrostatic point

charges known, the molecular dipole moment can be calculated

gr—

from a summation of the 1ndividual atomic moments.

As the term 1s used 1n this description and i1n the

gr—

claims, the “dipole moment” of a given molecule 1s that as

determined by calculation using the publicly availlable, under

license, computer software program named Materials Studio,

Revision 4.3.1, copyright 2008, Accerlys SO

gr—

“tLware IncC.

- -

Following below 1s a brief discussion of some of the

technical principles behind the computation

gr—

method and

application of the Materials Studio computer software program

for calculating molecular dipole moments.

gp—

The first step 1n the determination of

g— g—

value o

the calculated

the dipole moment of a molecule using the Materials

Studio software i1nvolves constructing a molecular
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g—

representation of the compound using the sketching tools

gr—

wlithin the visualilizer module of Materials Studio. This

sketching process 1nvolves adding atoms to the sketcher

window that constitute the compound and completing the bonds

between these atoms to fulfill the recognized bonding

connectivity that constitute the compound. Using the clean
icon within the Material Studio program automatically orients

the constructed compound i1nto the correct orientation. For

complex compounds, a conformational search 1s performed to

ensure that the orientation used to calculate the molecular

dipole 1s the lowest energy conformation, 1.e., 1t’s natural

state.

The guantum mechanical code DMol3 (Delley, B. J. Chem.
Phys., 92, 508 (1990)) 1s utilized to calculate the molecular

gr—

dipole moments from first principles by applyving density

functional theory. Density functional theory begins with a

theorem by Hohenberg and Kohn (Hohenberg, P.; Kohn, W.

"Inhomogeneous electron gas", Phys. Rev. B, 136, 864-871

g—
h—

(1964); Levy, M. "Universal variational functionals of

electron densities, filirst-order density matrices, and natural

gr—

spin-orbitals and solution of the v-representability problem",

Proc. Natl. Acad. Sci. U. S. A., 76, 06062-06065 (1979)), which

states that all ground-state properties are functions of the

charge density P. Specifically, the total energy E. may be

wrilitten as:

E,[p]l =T[pl +U[pl +E_[p]

p—

where T [¥] is the kinetic energy of a system of

A

noninteracting particles of density U [F] is the

classical electrostatic energy due to Coulombic interactions,

and Fye [ﬁ] includes all many-body contributions to the total

enerqgy, 1n particular the exchange and correlation energies.
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As 1n other molecular orbital methods (Roothaan, C. C. J.

"New developments 1n molecular orbital theory", Rev. Mod.

Phys., 23, 69-89 (1951); Slater, J. C. "Statistical exchange-

correlation 1n the self-consistent field", Adv. Quantum Chem.,

5 6, 1-92 (1972); Dewar, M. J. S. J. Mol. Struct., 100, 41

(1983)), the wavefunction 1s taken to be an antisymmetrized

g—
h—

product (Slater determinant) of one-particle functions, that

18, molecular orbitals:

¥ = A o, (1) 4,(2) .0, (n)

The molecular orbitals also must be orthonormal:

0|04 = 0. SR
J j I‘jl 31.:\\‘

10 The charge density summed over all molecular orbitals 1is

glven by the simple sum:

pir) = E ¢ (1) - .S

where the sum goes over all occupied molecular orbitals

.. The density obtained from this expression is also known

as the charge density. From the wavefunctions and the charge

1 can be written (1n

15 density the energy components from EJg.

atomic units) as:

Vod,
g

g—

In Eg. 6, Z¥% refers to the charge on nucleus #o0f an N-

atom system. Further, 1n Eg. 6, the term F(r;)Vy, represents

20
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the electron-nucleus attraction, the term F(r,)V.(r,)/2,
represents the electron—-electron repulsion, and the term, W,

represents the nucleus—-nucleus repulsion.

] ii@i(r) R;Er ¢='(r)>

ZZ<¢ (r)) ¢, (rg)r ()0 (r2)> ZZ\R

o P

N

Z, 1
- - Z<p(r1) |Rﬂ.-.—r1|>+5<p("“) (1)

ol

)
—< p(rl) > <p(l‘1) 2] >+VNN

The term, Ex-[p] 1n Eg. 1, the exchange-correlation

energy, requlres some approximation for this method to be
computationally tractable. A simple and surprisingly good
approximation 1s the local density approximation, which 1is

gr—

based on the known exchange-correlation energy of the uniform

electron gas. (Hedin, L.; Lundgvist, B. I. "Explicit 1local

exchange correlation potentials", J. Phys. C, 4, 20064-2083

gp—

(1971),; Ceperley, D. M.; Alder, B. J. "Ground state of the

electron gas by a stochastic method", Phys. Rev. Lett., 45,

566-569 (1980)). The local density approximation assumes that

che charge density varies slowly on an atomic scale (1.e.,

gr— gr—

ceach region of a molecule actually looks like a uniform

electron gas). The total exchange-correlation energy can be

obtalned by integrating the uniform electron gas result:
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e, [p] sjp(r) e . [p(r) ] dr

where Eyx. [F] is the exchange-correlat

particle in a uniform electron gas and ¥ is the number of

PCT/US2010/0553635

10N energy per

1)

particles. In this work the gradient corrected exchange-

correlation functional PW91 1s used (Perdew, J. P.; Wang, Y.

Phys. Rev. B, 45, 13244 (1992)).

With all the components derived to describe the total

gr—

energy of any molecular system within the density functional

gp—

the 1ndividual electronic and

summation o

formalism, the dipole moment can be calculated from a

nuclear dipole

moment vectors which are displayed at the end of the DMol3

p— 1 -

output file.

References herein to the polar additive are understood

to mean a molecule that has polarity and having a dipole

moment, as calculated by the aforementioned Materilials Studio

software or other known method that will provide

substantially the same calculated value for the dipole moment

gr—

gr—

which exceeds the dipole moment of the hydrocarbon o1l that

1s used 1n the 1nventive composition.

y—

of a molecule as the Materials Studilio software will provide,

The dipole moment of the polar additive should be at

least or exceed 0.45. However, 1t 1s preferred for the polar

additive to have a characteristic dipole moment that 1s at

least or exceeds 0.5, and, more preferred,

the dipole moment

of the polar additive should be at least or exceed 0.6. A

gr—

typlcal upper limit to the dipole moment of the polar

additive 1s up to about 5, and, thus, the dipole moment of

the polar additive may be, for example, 1n

y—

gp—
o

the range of from

g—

0.45 to 5. It 1s preferred for the dipole moment of the polar

g—
h—

additive to be 1in the range of from 0.5 to

22
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"erred, the dipole moment 1s to be 1n the range of from
to 4.

As alluded to above,

the polar additive 1s signai:

gp—

the polarity 1s required

1t 1s theorized that the polarity
"1cant to the 1nvention;

for the i1interaction with

surface of the support material and active metal

g—

g—

components of the support material of the inventive

composition.
chemical bonds with the ac
composlition are formed.

18

C1ve phases o

gr—

"he 1nven

y—

It 1s by these interactions that physical and

clve

A particularly desirable attribute of the polar additive

"or 1t to be a heterocompound. A heterocompound 1s

considered herein to be a molecule that 1ncludes atoms 1n

addition to carbon and hydrogen.

include,

des

heterocompounds that i1include sulfur, and,
polar additive does not 1nclude para
1.e.

Considering the exclusion o

the

fur

impregnated composition,

1rable for the group of

gr—

for example,

gr—

nitrogen or oxygen, or both.

These additional atoms can

Tt 1s

hetercompounds to exclude those

g—

g—

gr—

"1n and ole:

definition of the group of heterocompounds, 1t

“her be desirable

y—

for the 01l or addzi

be

y—

1in all cases, the
"1n compounds,

compounds that contain only carbon and hydrogen atoms.

sulfur-containing compounds from

Call

-1ve or oil/additive

"ore 1ts treatment with hydrogen

and sulfur, to exclude the material presence of a sulfur-

containing compound.

Specific polar compounds that may be suitable

gr—

“Or use as

the polar additive of the i1nvention are presented 1n the

fol

lowing Table 1, which also 1ncludes theilr calculated

dipole moments.
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Table 1 - Polar Compounds and Their Calculated Dipole
Moments
Compound Formula | Class Boiling Calc.
Point Dipole
(°C) Moment
2, 4 -pentanedione C:HgO5 Diketone 140 1.59
Triethylphosphate CeH1504P Phosphate 215-216 3.25
Triethylphosphite CeH505P Phosphite 156 0.64
l-pentanol C:sH,,0 Alcohol 138 1.85
Guanidine CH:=N- Imine 3.8
Alanine CsH-NO; Amino acid 2.16
Glycine CoH:NO> Amino acid 5.81
Fthyleenediamine C,oHgN> Diamline 116 2 .46
Monoethanolamine C,HsNO Alcohol- 170 3.47
amine
Tetramethylurea C:H,oN,O Dlamine 174-178 3.44
Acetonitrile CoH3sN Nitrile 32 3.67
n-methylpyrrolidone CsHoNO Cyclic- 202 3.92
amide
glucose CeH120¢ sugar 4,308
Sucrose C12H22011 sugar 7.45
Octvylamine CgH 9N Amine 175=-176 1.36
Phenylboromic acid CeH7BO Boric acid 5.86
n-etvylcarbazole C14H 13N Carbazole 1.93
Acetophenone CgHgO ketone 2072 3.15
Diethyleneglycol C.H1004 Alcohol 244-245 2.76
Dibenzofuran C1-HgO Oxygen 0.78
heterocycle
Dimethylformamide CsH7NO Amide 153 4.02
Citric acid CeHgOF 175 3.37
Fthylenediaminetetraacetic | C1pH1cN,05 3.99
acid
Nitriltriacetic acid CeHoNOg 1.58
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g—

g—

A preferred characteristic of the polar additive 1s for

its boiling temperature to be in the range of from 50 °C to

gr—

275 °C. More preferably, the boiling temperature of the polar

gr—

additive 1is to be in the range of from 60 °C to 250 °C, and,

most preferably, i1t is in the range of from 80 °C

to 225 °C.

The most desirable compounds for use as the polar

g—

additive of the 1nvention are those selected from the group

gr—

gr—

A particularly important aspect of the 1inven

of amide compounds, which 1ncludes dimethylformamide.

c1on 1s for

the support material having a metal component i1ncorporated

therein to be uncalcined and non-sulfided when 1t

18

impregnated with the hydrocarbon 01l or polar additive or a

g—
h—

g—
h—

comblnation of both. Cost savings 1n the preparation of the

composlition are realized by not having to perform the

calcination or sulfidation steps. But, moreover,

1t has been

found that, when the hydrocarbon 01l or polar additive or

oi1l/additive impregnated composition 1s further subjected to

a hydrogen treatment and sulfur treatment, the resulting

catalyst composition exhibits enhanced catalytic activity.

g—

Before the 1ncorporation o

gr—

additive or combination of 01l and polar additive

the hydrocarbon 01l or polar

into the

support material having a metal component 1ncorporated

therein, particularly when the metal component 1s

added to

the support material by impregnatlon using an agueous

gp—

solution of a metal salt (metal-impregnated support material),

1t 1s 1mportant for this metal-impregnated support material

gr—

to be dried so as to remove at least a portion of

volatile liguid contained within the pores of the
material so as to provide pore volume that can be

the hydrocarbon o1l and polar additive. The metal

the
support
filled with

—-1mpregnated

support material, thus, 1s dried under drying conditions that

include a drying temperature that 1s less than a calcination

temperature.
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g—

A significant feature of the 1nvention 1s that the drying

temperature under which the dryving step 1s conducted does not

to exceed a calcination temperature. Thus, the drying

temperature should not exceed 400 °C, and, preferably, the

dryving temperature at which the metal-i1mpregnated support

material is dried does not exceed 300 °C, and, most preferably,

the drying temperature does not exceed 250 °C. It i1s understood

that the dryving step will, 1n general, be conducted at lower

cemperatures than the aforementioned temperatures, and,

tvpically, the drying temperature will be conducted at a

temperature in the range of from 60 °C to 150 °C.

gp—

The dryving of the metal-impregnated support material 1s

preferably controlled 1n a manner so as to provide the

resulting dried metal-impregnated support material having a

volatiles content that 1s 1n a particular range. The

gr—

volatiles content of the dried metal-impregnated support

material should be controlled so that 1t does not exceed 20

o)\

wt. LOI. The LOI, or loss on 1gnition, 1s defined as the

g—

percentage weight loss of the material after 1ts exposure to

g— gr—

alr at a temperature of 482 °C for a period of two hours,

which can be represented by the following formula: (sample

gr—

welght before exposure less sample weight after exposure)

multiplied by 100 and divided by (sample weight before

exposure). It 1s preferred for the LOI of the dried metal-

gp—
o

impregnated support material to be 1n the range of from 1

wt. % to 20 wt. %, and, most preferred, from 3 wt.s to 15

wt. %. The dried metal-impregnated support material 1s

further 1mpregnated with the hydrocarbon o1l and polar

additive as earlilier described herein.

The polar additive or hydrocarbon 01l or oil/additive

gp—

impregnated composition of the invention may be treated,

g—

elther ex situ or 1n situ, with hydrogen and with a sulfur

gr—

compound, and, 1ndeed, 1t 1s one of the beneficial features
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g—

of the 1nvention that 1t permits the shipping and delivery of

1)

a non-sulfurized composition to a reactor 1in which 1t can be

activated, 1n situ, by a hydrogen treatment step followed by

a sulfurization step. As earlier noted, the hydrocarbon oil

or polar additive or oll/additive impregnated composition can

first undergo a hydrogen treatment that 1s then followed with

treatment with a sulfur compound.

The hydrogen treatment includes exposing the hydrocarbon

o1l or polar additive or oil/additive impregnated composition

to a gaseous atmosphere contalning hydrogen at a temperature

ranging upwardly to 250 °C. Preferably, the hydrocarbon oil
or polar additive or oll/additive impregnated composition 1is

exposed to the hydrogen gas at a hydrogen treatment

temperature in the range of from 100 °C to 225 °C, and, most

preferably, the hydrogen treatment temperature 1s 1n the

range of from 125 °C to 200 °C.

y— y—

The partial pressure of the hydrogen of the gaseous

atmosphere used 1n the hydrogen treatment step generally can

g—
h—

be 1n the range of from 1 bar to 70 bar, preferably, from 1.5

bar to 55 bar, and, most preferably, from 2 bar to 35 bar.

The hydrocarbon o0il or polar additive or oil/additive

1mpregnated composition 1s contacted with the gaseous

atmosphere at the aforementioned temperature and pressure

conditions for a hydrogen treatment time period i1n the range

gp—
o

of from 0.1 hours to 100 hours, and, preferably, the hydrogen

treatment time period 1s from 1 hour to 50 hours, and most

preferably, from 2 hours to 30 hours.

gr—

Sulfiding of the hydrocarbon 01l or polar additive or

oi1l/additive impregnated composition after it has been
treated with hydrogen can be done using any conventional

method known to those skilled i1in the art. Thus, the hydrogen

treated hydrocarbon o0il or polar additive or oil/additive

gr—

1mpregnated composition can be contacted with a sulfur-
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PCT/US2010/0553635

which can be hydrogen sulfide or a

e 1nto hydrogen sulfide, under

such decomposable compounds 1nclude

mercaptans, CS,, thiophenes, dimethyl sulfide (DMS), and

dimethyl disulfide (DMDS). Also, preferably,

the sulfiding is

accomplished by contacting the hydrogen treated composition,

under suitable sul:

hydrocarbon feedstock that contalns a concen

sulfur

feedstock can be an organic sul

gr—

"urization treatment conditions, with a

gr—

cration of a

compound. The sulfur compound of the hydrocarbon

‘ur compound, particularly,

one which 1s typilcally contalned 1in petroleum distillates

that are processed by hydrodesul:

"urization methods.

Suitable sulfurization treatment conditions are those

gr—

which provide for the conversion of the active metal

gr—

components of the hydrogen treated hydrocarbon o1l or polar

additive or oil/additive impregnated composition to theilr

sulfided form. Typically, the sulfiding temperature at which

the hydrogen treated hydrocarbon 01l or polar additive or

oll/additive impregnated composition 1s contacted with the

sulfur

gr—

compound is in the range of from 150 “C to 450 °C,

preferably, from 175 °C to 425 °C, and, most preferably, from

200 °C

When using a hydrocarbon

to 400 “C.

feedstock that 1s to be

gp—

hydrotreated using the catalyst composition of the invention

tOo sul:

-1de the hydrogen treated composition,

the

sulfurization conditions can be the same as the process

conditions under which the hydrotreating 1s performed. The

sulfiding pressure at which the hydrogen treated hydrocarbon

01l or polar additive or oil/additive impregnated composition

1s sul:

"1ded generally can be 1n the range o

gp—

from 1 bar to 70

bar, preterably, from 1.5 bar to 55 bar, and, most preferably,

from

bar to 35 bar.
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g—

As noted above, one of the benefits provided by the

hvdrocarbon 0il or polar additive or oil/additive impregnated

gr—

composition of the i1nvention 1s that 1t can be utilized 1in a

reactor system that 1s started up using a so-called delavyed

feed introduction procedure. In the delayed feed 1ntroduction
procedure, the reactor system, which 1ncludes a reactor

vessel contalning the inventive hydrocarbon o1l or polar

additive or oil/additive impregnated composition, first

undergoes a heating step to raise the temperature of the

reactor and the hydrocarbon 01l or polar additive or

oill/additive impregnated composition contailined therein 1n

gp—

preparation for the i1ntroduction of a sulfiding agent or

heated hydrocarbon feedstock for processing. This heating

step 1ncludes introducing i1into the reactor the hydrogen-

containing gas at the aforementioned hydrogen treatment

gr—

conditions. After the hydrogen treatment of the hydrocarbon

o1l or polar additive or oil/additive impregnated composition,

1t 1s thereafter treated with a sulfur compound 1n the manner

as earlier described hereiln.

It has been found that the 1nventive hydrocarbon o1l or

polar additive or oil/additive containing composition that

gr—

has a substantial or material absence of or no phosphorous,

after undergoing the hyvdrogen treatment followed by treatment

with a sulfur compound, exhilibits a greater catalytic activity

gp—

toward hydrodesulfurization of heavy hydrocarbon feedstocks

than do other similar compositions that additionally contain

gr—

phosphorous as one of thelr components. As discussed earlier

gr—

herein, 1t 1s theorized that the incorporation of phosphorous

gr—

into the composition may result in the formation of aluminum

phosphate within the alumina support which may result in

gp— gp—

1nhibiting the mass transfer of molecules within the

composition when 1t 1s used 1n the catalytic

gr—

hydrodesulfurization of heavy hydrocarbon feedstocks.
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It 1s recognized that the hydrocarbon o1l or polar

/additive impregnated composition of the

invention, after 1ts treatment with hydrogen and sulfur, 1s a

highly e

gr—

fectilve catalyst for use 1n the hydrotreating of

gr—

hydrocarbon feedstocks. This catalyst 1s particularly useful

1n applications 1nvolving the hydrodesul:
hydrocarbon feedstocks, and, especially,

be an excellent catalyst

gr—

of vacuum gas 01l and residuum

gr—

gp—

‘urilzation of heavy

1t has been found to

for use 1n the hydrodesulfurization

"eedstocks to provide sulfur

gr—

reductions of at least or greater than 75% of the feedstock

s

"ur oOr even greater than 80%.

It 1s pre:

"erred that greater

gp—

than 90% sulfur reduction 1s achieved with the use of the

inventive composition,
reduction 1s greater than 95%.
beling the difference between the sul:

hyvdrocarbon feedstock and of the desul:

the difference divided by the sul

hydrocarbon

and, more pre:

Sul

"erably, the sulfur

fur reduction 1s defined as

gr—

“ur content of the

‘urilzed product with

y—

“ur content of the

feedstock and with this calculated value belng

multiplied by 100 to provide a value that 1s i1ndicated as a

percentage.

o1l or polar additive or oil/addi

composlitlion 1s pre:

In hydrotreating applications,

the 1nventive hydrocarbon

c1ve 1mpregnated

"erably used 1n a delayed feed 1ntroduction

procedure or otherwise treated with hydrogen and sulfur, as

described above.

sultable hydrodesul

The hydrocarbon feedstock may be any

The 1nventive composition 1s contacted under

"urization conditions with a hydrocarbon

- -

feedstock that typically has a concentration of sulfur.

feedstock that can

sultably be treated using the i1nventive compositions

described herein and can include the petroleum middle

distillates as well as heavier petroleum hydrocarbon

vacuum gas o1lls or vacuum resid.

30

feedstocks such as atmospheric resid or the light and heavy
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preferred hydrocarbon feedstock 1s a heavy petroleum cut

having a 5% boiling temperature (TS), as defined by ASTM test

D-2887, that is in the range of from 250 °C (482 °F) to 375 °C

gr—

(707 “F). The initial boiling temperature of this hydrocarbon

5 feedstock may be in the range of from 175 °C (347 °F) to 375
°"C (707 °F). The 95% boiling temperature (T95) of this

hydrocarbon feedstock, as defined by ASTM D-2887, 1s 1n the

range of from 450 °C (842 °“F) to 650 °C ( 1202 °F). The final

gr—

bolling temperature of this hydrocarbon feedstock may be 1n

10 the range of from 475 °C (887 “F) to 650 °C ( 1202 °F). A

petroleum vacuum resid may have an 1nitial boilling

temperature of at least 538 “C (1000 °F).

g—

Examples of other refinery streams that may be used as

the hydrocarbon feedstock i1nclude middle distillates that

15 include straight run distillate fuels boililing i1in the boiling

range of from 140 °C (284 °F) to 410 °C (770 °F), such as,

kerosene, jet fuel, light diesel o011, heating o01l, heavy

diesel o011, and the cracked distillates, such as FCC cycle

01l, coker gas o01l, and hydrocracker distillates.

g—

20 The sulfur concentration of the hydrocarbon feedstock

can be a high concentration, for instance, 1n the range

gr—

upwardly to about 5 weight percent of the hydrocarbon

gr—

elemental sulfur and the

feedstock based on the weight o

y— y—

total weight of the hydrocarbon feedstock 1nclusive of the

25 sulfur compounds. Typically, however, the hydrocarbon

g—

feedstock of the inventive process has a sulfur concentration

gr—

in the range of from 0.1 wt.% (1000 ppmw) to 4 wt.%$ (40,000).

But, more typically, the sulfur concentration 1s 1n the range

gr—

of from 0.5 wt.% (5000 ppmw) to 3 wt.s (30,000 ppmw), and,

30 most typically, from 0.75 wt.% (7500 ppmw) to 2.5 wt.%

(25,000 ppmw). It 1s understood that the references herein to

g—

the sulfur content of the hydrocarbon feedstock are to those

compounds that are normally found 1n a heavy hydrocarbon
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feedstock or 1n the hydrodesulfurized product and are

chemical compounds that contain a sulfur atom and which

generally include organosulfur compounds.

The hydrocarbon 01l or polar additive or oil/additive

y—

5 1mpregnated composition of the invention may be employed as a

gp—

part of any suiltable reactor system that provides for

contacting 1t or 1ts derivatives with the distillate

feedstock under suiltable hydrodesulfurization conditions that

may 1nclude the presence of hydrogen and an elevated total
10 pressure and temperature. Such suitable reaction systems can

include fixed catalyst bed systems, ebullating catalyst bed

systems, slurried catalyst systems, and fluidized catalyst

bed systems. The preferred reactor system 1s that which

includes a fixed bed of the 1nventive catalyst contained

15 within a reactor vessel eqgquilpped with a reactor feed 1nlet

means, such as a feed nozzle, for introducing the distillate

y—

- luent

feedstock 1nto the reactor vessel, and a reactor e

gp—

“luent outlet nozzle, for

outlet means, such as an e

withdrawing the reactor effluent or the treated hydrocarbon

20 product or the ultra-low sulfur distillate product from the

reactor vessel.

The hydrodesulfurization process generally operates at a

gr— gr—
—

hydrodesulfurization reaction pressure 1n the range of from

689.5 kPa (100 psig) to 13,789 kPa (2000 psig), preferably
25 from 1896 kPa (275 psig) to 10,342 kPa (1500 psig), and, more

preferably, from 2068.5 kPa (300 psig) to 8619 kPa (1250

0sS1g) .
The hydrodesulfurization reaction temperature 1s

generally in the range of from 200 °C (392 °“F) to 420 °C (788
30 °F), preferably, from 260 °C (500 °“F) to 400 °C (752 °F), and,
most preferably, from 320 °C (608 “F) to 380 “C (716 “F). It

g— g—

1s recognized that one of the unexpected features o

the use

of the i1nventive hydrocarbon 01l or polar additive or
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p—

oll/additive impregnated composition of the invention is that,

1n a delayed feed i1ntroduction application, the resultant

catalyst has a significantly higher catalytic activity than

certain other alternative catalyst compositions, and, thus,

1t will, 1n general

, provide for comparatively lower required

gp—

process temperatures for a given amount of desulfurization.

The flow rate at which the hydrocarbon feedstock 1s

gr—

charged to the reaction zone of the i1nventive process 1s

generally such as to provide a liguid hourly space velocity

(LHSV) 1n the range

of from 0.01 hr ! to 10 hr '. The term

“liquid hourly space velocity”, as used herein, means the

gp—

numerical ratio of

feedstock 1s charged to the reaction zone o

the rate at which the hydrocarbon

g—

the 1nventive

gr—

process 1n volume per hour divided by the volume of catalyst

contained 1in the reaction zone to which the hydrocarbon

from 0,05 hr * to 5

feedstock 1s charged. The preferred LHSV 1s 1n the range of

gr—

hr™", more preferably, from 0.1 hr 1 to 3

hr™. and, most preferably, from 0.2 hr 1 to 2 hr ' .

It 1s preferred to charge hydrogen along with the

g—

hydrocarbon feedstock to the reaction zone of the 1nventive

process. In this 1nstance, the hydrogen 1s sometimes referred

O as hydrogen trea

gr—

C gas. The hydrogen treat gas rate 1s the

amount of hydrogen relative to the amount of hydrocarbon

feedstock charged to the reaction zone and generally 1s 1n

the range upwardly to 1781 m’/m” (10,000 SCF/bbl). It is

g— g—
h—

preferred for the treat gas rate to be i1in the range of from

39 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 preferably, from 356 m’/m~ (2,000

SCF/bbl) to 1425 m>/m° (8,000 SCF/bbl).

gp—

The desulfurized product vyielded from the process of the

invention has a low or reduced sulfur concentration relative

to the hydrocarbon

"eedstock. A particularly advantageous
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g—

aspect of the i1nventive process 1s that 1t 1s capable o

providing a deeply desulfurized hydrocarbon product. As

already noted herein, the desulfurized product having sulfur

gr—

content that 1s reduced below that of the hydrocarbon

y—

feedstock of more than 75%.

The following examples are presented to further

g—

11lustrate certaln aspects of the invention, but they are not

gr—

the 1nvention.

to be construed as limiting the scope ©

EXAMPLE 1

gr—

This Example 1 describes the preparation of the support

and 1ts properties that was used 1n making both the

comparison compositions and the i1nventive compositions.

Alumina and water were mixed to form an extrudable

mixXxture that was shaped into 1.3 mm Trilobe extrudates. The

shaped mixture was then dried and calcined using standard

methods so as to provide an alumina support carrier for the

y—

loading of active metals and polar additive or hydrocarbon

o1l, or both, to provide comparison and i1nventive

compositions. The following Table 2 presents certain of the

g—

physical properties of the shaped support.

gr—

Table 2. Properties of Shaped Support

PROPERTY VALUE

Shape 1.3 mm Trilobe
surface Area (nﬁ/g) 245 to 320
Mean Pore Diameter (Ang.) 30 to 100

Pore Volume >350A Less than 5
Water Pore Volume (cc/g) 0.74 to 0.90
Nickel (wt.%) None

EXAMPLE 2 (Ammonia Based Impregnation Solution Without

Phosphorous)

gp—

inventive

This Example 2 describes the preparation o

Composition A that contains no phosphorous. Additionally,

this Example presents the metal loadings and selected

gr—

physical properties of Composition A.
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g—
h—

An amount of the Shaped Support of Example 1 was

1impregnated with an agqueous 1mpregnation solution that

included water, a molybdenum compound (e.g. ammonium

dimolybdate), a cobalt compound

cobalt hydroxide), a small amount o

agueous ammonlia such as to provide

g—

(e.g. cobalt carbonate or

y—

monoethanolamine, and

gp—
o

"or a pH of the final

agueous 1mpregnation solution of approximately 10. The

aqueous 1mpregnation solution

gr—

contained no phosphorous or

compound of phosphorous, such as, for example, phosphoric

gr—

acid or any of the phosphorus

y—

A volume o

gp—

to fi1ll the pores o

the targeted metal content.

oxoacids.
the agueous i1mpregnation solution was used

the Shaped Support so as to load 1t with

The i1mpregnated Shaped Support

gr—

was thereafter dried at a temperature in the range of from 80

°C to 200 °C, but with the temperature being kept below a

calcination temperature, to reduce 1ts volatiles content to

y—

the range o

from 6 wt.% Lo 15 wt.%

Loss on Ignition (LOI).

The dried, 1mpregnated Shaped Support was not calcined prior

g—

to the 1ncorporation therein of the

polar additive or

hydrocarbon o01l, or both. Composition and physical properties

presented 1n the following Table 3.

Table 3. Properties of the

of the dried, 1mpregnated Shaped Support, on a dry basis, are

Dried, Impregnated Shaped Support

PROPERTY TARGETED VALUE
Molybdenum (MoO3) 13.6 % as metal/20.4 as
wt.% oxlde

Cobalt (Co0O) 3.4 % as metal/4.3 as
wt.% oxlde

Nickel None

Phosphorous None

Water Pore Volume 0.40 -0.60

cc/g

Loss on Ignition (LOI) 10

wL.%
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The dried, 1mpregnated Shaped Support was then

— 1 p—

impregnated by fi1lling approximately 90 % of 1ts pore volume

with dimethylformamide (DMF) to provide the final Composition
A that was used 1n the testing.

A Comparison Composition was prepared 1n the same manner
as was Composition A with the exception that the
impregnation solution was not an ammonilia based solution and

1t 1ncluded a phosphorous compound (e.g. phosphoric acid).

The 1mpregnation solution was prepared by dissolving cobalt
hydroxide (Co(OH),), molybdenum trioxide (MoO;) and

phosphoric acid 1n de-1onized water with heating and stirring.

gp—

The final metals loading of the Comparison Composition was

15.4 wts molybdenum, 4.3 wts cobalt, and 1.4 wt% phosphorous.

3 (Ciltric Acid Based Impregnation Solution

L]

EXAMPL!

Without Phosphorous)

gr—

inventive

This Example 3 describes the preparation o

Composition B using an acidic solution that contains no

phosphorous, and the Example presents the metal loadings and

g—

selected physical properties of Composition B.

g— g—
h—

An amount of the Shaped Support of Example 1 was

impregnated with an acidic, or low—-pH, agqueous solution that

included water, a molybdenum compound (e.g. molybdenum

trioxide), a cobalt compound (e.g. cobalt carbonate or cobalt

y—

1clent to

hydroxide), and citric acid added 1n an amount su

gp—
o

dissolve the metal salts with an approximate molar ratio of

total metal to citric acid being 1l:1. The agueous

A

impregnation solution contained no phosphorous or compound of

gr—

phosphorous, such as, for example, phosphoric acid or any o0

the phosphorus oxoacids and the pH was less than 2.

y—

A volume of the agueous i1mpregnation solution was used

gp—

the Shaped Support so as to load 1t with

to fi1ll the pores o

the targeted metal content. The i1mpregnated Shaped Support

gr—

was thereafter dried at a temperature in the range of from 80
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°C to 250 °C, but with the temperature being kept below a

calcination temperature, to reduce 1ts volatiles content to

gr—

the range of from 6 wt.% to 20 wt.% Loss on Ignition (LOI).

The dried 1mpregnated Shaped Support was not calcined prior

gr—

to the 1ncorporation of the polar additive or hydrocarbon o1l,

or both. The dried, 1impregnated Shaped Support, on a dry
basis, contained 13.6 wt.% molybdenum, as metal (20.4 wt.% as

oxide) and 3.4 wt.% cobalt, as metal (4.3 wt.% as oxide).

The dried, 1mpregnated Shaped Support was then

gr—

impregnated by filling approximately 90 % of 1ts pore volume

with DMEF to provide the final Composition B that was used 1in
the testing.
EXAMPLE 4

This Example 4 describes the apparatus and method for

gr—

testing the activity of the inventive compositions that

contain no phosphorous and comparison composition that

contains phosphorous.

The tests were conducted using a four-reactor testing

unit operated 1n the trickle-flow mode and 1in an i1isothermal

g—

15 mm. Each

regime. The reactors had an i1nternal diameter o

gr—

reactor tube was loaded with a pre-mixed mixture of 20 cc o

gr—

gr—

whole catalyst pellets and 51 cc of 60 — 80 mesh silicon

carbide.

The catalyst was activated using a delayed-feed

introduction procedure whereby the composition was first
heated up and conditioned by contacting 1t with pure hydrogen
at the operating pressure and at a temperature i1n the range

gr— y—

of from 149 °C (300 °“F) for a time period of about 12 hours.

Followling this hydrogen treatment, the composition was

sulfided using a ligquid hydrocarbon contalning

dimethyldisulfide (DMDS) to provide a sulfur content of 2.5%.
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the compositions was tested by

feedstock having

Table 4. Properties of Vacuum Gas 011 Used
1in the Testing of Inventive Catalyst
Property of VGO Value for Value for
VGO-1 VGO-2
Density (g/ml) 0.9277 0.9388
Sulfur (wt%) 1.61 1.94
Nitrogen (wt%) 0.144 0.197
Distillation (D-2887)
IBP 375 °F 549 °F
(191 °C) (287 °C)
5% 571 °F 637 °F
(299 °C) (336 °C)
50% 813 °F 823 °F
(434 °C) (439 "C)
95% 976 °F 1023 °F
(524 °C) (551 °C)
FBP 997 °F 1116 °F
(536 °C) (602 °C)

gr—

The reactor was operated at a pressure of either 600

pPs1g, when processing the VGO-1,

the VGO-2. The

to provide a liguid hourly space velocity

0.75 hr %, for

2 processing.

or 670 psi, when processing

"eed charge rate to the reactor was set so as

(LHSV) of either

the VGO-1 processing, or 1.36 hr ‘for the VGO-

The hydrogen gas rate charged to the reactor

was elther 3260 scfH,/bbl, for the VGO-1 processing, or 1250

sct H,/bbl, for the VGO-2 processing.

temperature (WABT) was adjusted to provide

for the VGO-1 processing, or 90 %, for the

gr—

The weight average bed

"or elther 95 %,

VGO—-2 processing,

hydrodesulfurization treatment of the feed.

FIG.1 presents the results of the testing with plots o

the WART as a

hours) for the

gr—

gr—

B, and the Comparison Composition.

function of run length or catalyst age (1n

inventive Composition A, 1nventive Composition

It can be observed from

these plots that Composition A and Composition B exhibit
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significantly better hydrodesulfurization catalytic activity

than does the Comparison Composition by reguiring a much

lower temperature to achieve the specified sulfur reduction

gr—

Of the feedstock.
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gr—

1. A composition having a material absence of phosphorous

and comprising a support material, a metal compound and a

polar additive having a dipole moment of at least 0.45.

2. A composition as recited 1n claim 1, wherein said polar

y—

from 50 °C to

additive has a boiling point in the range o

275 °C, and wherein said polar additive 1s selected from a

gr—

heterocompound group consisting of heterocompounds that

gr—

exclude paraffin and olefin hydrocarbon compounds.

3. A composition as recilited 1n claim 2, wherein said

heterocompound group excludes sulfur-containing compounds.

gr—

4, A composition as recited 1n any one of claims 1-3,

wherein saild metal compound i1ncludes a Group 9 and Group 10

gr—

metal component selected from the group consisting of cobalt

and nickel, and wherein said Group 9 and Group 10 metal

component 1s present 1n said composilition 1n an amount 1n the

= Q

range of from 0.5 wt.% to 20 wt.%, and wherein said metal

compound i1ncludes a Group 6 metal component selected from the

gr—

group consisting of molybdenum and tungsten, and wherein said

Group © metal component 1s present 1n sailid composition 1n an

amount 1n the range of from 5 wt.% to 50 wt.5%.
5. A composition as recited in any one of claims 1-4, which

1s treated with hvyvdrogen and with a sulfur compound.

gr—

6. A composition as recited 1n any one of claims 1-5,

further comprising: a hydrocarbon o1l present therein 1n an

y—

amount so as to provide a weight ratio of said hydrocarbon

01l to polar additive 1n the range upwardly to 10:1, wherein
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sald hydrocarbon 01l comprises hydrocarbons having a boiling
temperature in the range of from 100 °C to 550 °C and can be

gr—

selected from hydrocarbon mixtures of the group consisting o3

A

heavy naphtha, kerosene, diesel, gas 01l1l, olefins having

gr—

carbon numbers i1n the range of from 12 to 40 carbons,

y—

mixtures of alpha olefins having carbon numbers 1n the range

of from 18 to 30.

gr—

7. A composition consisting essentially o a support

material that 1s loaded with an active metal precursor and a

polar additive having a dipole moment of at least 0.45,

whereln said support material 1s thereafter treated with a

gas comprising hydrogen.

3 . A composition as recited 1n claim 7, wherein said polar

gp—

from 50 °C to

additive has a boiling point in the range o

275 °C, wherein said polar additive is selected from a

gr—

heterocompound group consisting of heterocompounds, wherein

p— 1

1n and olefin

gr—

sald heterocompound group excludes para

hyvdrocarbon compounds.

9. A composition as recited in claim 8, wherein said

heterocompound group excludes sulfur-containing compounds.

gr—

10. A composition as recited in any one of claims 7-9,

whereiln said active metal precursor 1s a metal compound that

includes a Group 9 and Group 10 metal component selected from

gp—

the group consisting of cobalt and nickel, and wherein said

Group 9 and Group 10 metal component 1s present 1n said

composlition 1n an amount 1n the range of from 0.5 wt.% to 20

wt.%, and whereilin said metal compound further includes a

A

Group 6 metal component selected from the group consisting of

molybdenum and tungsten, and wherein said Group 6 metal
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component 1s present 1n said composition 1n an amount i1n the

- Q

range of from 5 wt.% t

11. A composition as

which 1s treated with

12. A composition as

further comprising: a

amount so as to provide a weight

o b0 wt.%.

gr—

recited 1n any one of claims 7-10,

hydrogen and with a sulfur compound.

g—

recited 1n any one of claims 7-11,

hydrocarbon 01l present therein 1n an

gr—

rati1o of

sald hydrocarbon

01l to polar additive 1n the range upwardly to 10:1, wherein

sald hydrocarbon o1l comprises hydrocarbons having a boiling

selected from hydrocarbon mixtures of the group consisting of

cemperature in the range of from 100 °C t

heavy naphtha, kerosene, diesel,

carbon numbers 1n the

gr—

gr—

gp—

gas o011,

o 550 °C and can be

1)

olefins having

range of from 12 to 40 carbons,

mixtures of alpha olefins having carbon numbers 1n the range

gr—

of from 18 to 30, and wherein the weight ratio of said

hydrocarbon 01l to polar additive 1s 1n the range upwardly to

10:1.

g—

13. A method o

comprilises:

making a composition,

wherein said method

incorporating a metal-contalning solution having a

gr—

substantial absence of

phosphorous 1nto a support material to

provide a metal—-incorporated support material; and

lncorporating a polar additive having a dipole moment of

1)

at least 0.45 1nto said metal-incorporated support material

to thereby provide an additive 1mpregnated composition.
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recited in claim 13, further comprising:

sald additive 1mpregnated composition under

sultable hydrogen treatment conditions with hydrogen to

thereby provide

1o. A method as

g—

incorporating o

a hydrogen—-treated composition.

recited 1n claim 14, wherein prior to said

sald polar additive 1nto said metal-

incorporated support material, sald metal i1ncorporated

support material 1s dried so as to contain a volatiles

content 1in the range of from 3 to 20 wt. % LOI.
16. A process, comprilising: contacting under

hydrodesulfurization conditions a hydrocarbon feedstock with

gr—

gr—

any one of the compositions of claims 13-15.
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