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This invention relates to an improved hydrocracking
and/or hydrodesulfurization process wherein heavy petroleum
oils are hydrocracked and/or nydrodesulfurized as an oil-
catalyst slurry. A finely divided, attrition resistant, hign
activity catalyst is emplovea.

Fixed bed, moving bed and fluidized bed hydrocrack-
ing and/or hydrodesulfurization processes are considered to be
generally unsatisfactory for sustained hydrocracking and/or
hydrodesulfurization of heavy petroleum oils for a number of
reasons. For example poor contacting between the oil, the
catalyst and hydrogen is encountered., The catalyst surfaces
are rapidly deactivated by metals and coke. The exothermic
reaction causes overheating in packed beds.

Slurry operation offers a solution to many of the
disadvantages of the other types of contacting used for hydro-
cracking and/or hydrodesulfurization of heavy oils, The es-
sential feature of this method of contacting is a moving
three phase system in the reaction zone. The solid catalyst
is in oscillating suspension as an expanded or ebbulating bed
in the moving liquid oil stream forming a slurry and the
hydrogen gas passes through the slurry at a controlled rate.

Since the catalyst cannot be regenerated in situ in
a continuous slurry operation it is necessary to provide an
external regenerator or to add fresh catalyst and discard
spent catalyst to maintain continuous slurry operations over
an extended period of time such as 3-6 months or more. It is
essential that catalyst costs and/or regeneration costs be
kept to a minimum. Therefore the specific object of the in-
vention is to provide a slurry hydrocracking and/or hydrode-

sulfurization process which may be carried out at moderate

conditiong with a catalyst which features low cost and high

U

activity maintenance.
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Summarizing briefly, the process comprises treating
a heavy petroleum oil in a slurry operation with hydrogen and
a catalyst comprising an oxide or sulfide of nickel or cobalt
and an oxide or sulfide of molybdenum or tungsten deposited
upon a support material made in a particular way and having
certain properties. ‘4he process may be carried cut at crack-
ing reaction conditions to produce a wide variety of products
or if desired, it may be carried out at non-destructive low
conversion reaction conditions to produce a maximum amount,
i.e., 75-100%, of low sulfur industrial fuel oil.

The process feedstock is a heavy petroleum oil. The
0il can be an oil fraction such as vacuum gas oil, a topped
crude oil or a residual fraction such as atmospheric distil-
lation bottoms or vacuum distillation bottoms. The feed can
also be a blend of any of the oils mentioned above. The blend
may contain other high boiling materials such as fractions
derived from coking, cat cracking, solvent deasphalting, vis-
breaking, heat socaking, etc. The process is designed to treat
a petroleum residuum without any preprocessing, however, when
the metal content of the o0il is greater than about 500-1000
ppm it may be necessary to employ a metals removal pretreat-
ment step, The most suitable feedstocks for the process of the

invention are petroleum residuums having at least 20 vol. % of

material which boils above 1000°F. Typical feedstocks have

the properties and inspections set forth below in Table I,
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TABLE I
PROPERTIES OF PETROLEUM RESIDUA
oW Lttt Uk PRLIROLEUM RESTIDUA
Safaniya

Broad Range Narrow Range Atmos, Resid
% Boiling Above

1000°F. 20-100 50-100 60
Gravity, °API -5 to 25 10-20 15.4
Viscog%ty, SFsS @

122%, , 50-5000+ 100-1000 309
Sulfur, Wt. % 0.5-8 1-6 4.0
Nitrogen, Wt. % 0-1 0.001-0.5 0.26
Metals {ppm)

Total 20-1000 80-500 127
Vanadium (ppm) 10-500 30-300 84
Nickel (ppm) 5-200 10-100 32
Asphaltenes,

We. % 1-20 2-10 7.2
Pour, °F. 0-200 25-100 45

The high activity maintenance catalyst used in the
process of the invention comprises a mixture of a salt of a
Group VIII metal, e.g. cobalt or nickel and a salt of a Group
VIB metal, e.g. molybdenum or tungsten deposited on a support
material consisting essentially of 1 to 6 wt., % silica and 94
to 99 wt. ¥ alumina.

The finished catalyst has a total pore volume of at
least 0.25 cc./g. and a total surface area of at least 150 m2/g.
Preferably the total pore volume is at least 0.40 ce./g. and a
total surface area of at least 250 mz/g.

In addition, a maximum of the total pore volume,
i.e. at least about 100 mz/g. of the surface area, is in pores
having a diameter of 30-70 Angstroms.

Furthermore since Pores of larger diameter seem to
accelerate deactivation of the catalyst in the hydrodesul fur-
izaticn of petroleum oils it is preferred that the catalyst
have a minimum of pores having a diameter of more than 100
Angstroms, i.e. less than .25 cec./g.

The procedure followed in the preparation of the

—4-
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support is a most important aspect of the invention.

In general the support can be prepared by precipi-
tating the oxides or hydrated oxides of aluminum and silicon
from aqueous solutions of water salts of these metals, For
example, suitable proportions of the water scluble salts of
aluminum such as the sulfate, chloride or nitrate and suitable
proportions of water soluble silicon salts such as sodium
silicate are precipitated from solution by adjusting the pH
of the solution with acidic¢ or basic material. The precipi-
tate is washed and otherwise treated to remove impurities as
necessary, The support can be impregnated with the metals
while it is wet or after drying and calcining.

A preferred method of preparing the catalysts is to
treat alkaline agueous aluminate solutions which contain pre-
determined amounts of silica with acidic reagents to precipi-
tate an aluminosilicate in the hydrous form. A slurry pro-
duced by this technique is then dried and treated by known
methods to furnigh a preferred catalyst support of this inven-

tion,

The supports of the types prepared above are then
impregnated with metals which promote hydrodesulfurization
and/or hydrocracking reactions.

The preferred alkaline agueocus aluminate solution is
a sclution of sodium aluminate, It is understood that other
alkali metal aluminates can be used except they are not pre-
ferred from an economic standpoint.

The acidic reagents which can be used are the miner-
alacid salts of aluminum, e.g. aluminum halides, nitrates, and
sulfates. Alsc useful are the well-known mineralracids them-
selves, e.,g. hydrochloric, nitric, sulfuric acids, and the
like,.

Preferably, the conditions for preparing the support
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are so controlled that the finished support has an apparent

bulk density of less than 0.70 g,/cc. It is further charac-
terized as being opaque as distinguished from glassy in ap-

pearance (indicating that a large gquantity of the alumina is
in a crystalline form). The catalyst is extrudable,

The first variable which must be controlled in pre-
paring the suppeort is the alumina concentration, The alumina
concentration, expressed as wt. §% A1203 of the agueous alkali
aluminate solution must be between 1,2 and 5,0, preferably
between 1,2 and 3.0 and the most preferred concentration is
petween 1.2 and 1,7, It is felt that close control of the
alumina concentration within the stated ranges is a material
factor in producing a support which can be extruded in com-
mercial equipment.

Other important variables include pH and temperature,
The precipitation must be effected at a pH between 5 and 9.5,
preferably between 6 and 9, Temperatures ranging between 105-
120°F,, preferably 110-120°F, must be employed.

In the mosat preferred embodiment the silica-alumina
support is prepared in the presence of a material selected
from the group consisting of an aldonic acid or an aldonate,
preferably a gluconate or gluconic acid. Galactonic acid,
arabonic acid, xylonic acid, mannonic acid, and salts thereof
can be used as well, Suitable aldonates include the sodium,
potassium, zinc, magnesium, calcium, and lithium salts of glu-
conic acid or other aldonic acids. This material is used in
the initial sclution in amounts ranging from 0.5 to 6.0 wt, %
based on the A1203 content of the solution, It appears that
the addition of aldonates and aldonic acids in the preparation
of the silica alumina base has a beneficial effect on the
physical characteristics of the final catalyst and its ef-

fectiveness in hydrodesulfurization of residua.

- 6 -
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In preparing these preferred catalytic materials
Table II illustrates preferred conditions and concentrations.
TABLE II
Conditions Broad Range Preferred Range
I. Concentration of starting

aluminate solution, expressed

as A1203 1.2-5 Wt. % 1.2-1.7 Wt, %
II. Precipitation Temperature 105-120°F. 110-120°F.
IIT. pH 5-9.5 6-9
IV. Reaction Time 1/4-6 Hrs. 1/4-2 Hrs.
V. Aldonate or Alconic Acid 0.5-6 Wt. % 2-3 Wt. %

Using the above general reaction conditions, the
support resulting from the reaction is in the form of a dilute
slurry. This slurry may then be concentrated and subjected
to gpray-drying operations at temperatures ranging between
200—20000F., preferably 200-500°F. Spray drying, particularly
at the stated conditions preserves the catalyst base in the
desired spheroidal form.

Using conventional techniques known to the catalyst
art, the spray-dried material may be subjected to water wash-
ing to remove excess alkali metal ions and sulfate ions. The
support can then be impregnated with the catalytic metals and
extruded or pilled or otherwise formed into any desired physi-
cal form.

The aforementicned silica-alumina hydrogels can be
composited with other synthetic and/or semi-synthetic aluminas,
silica gels, and/or other silica-alumina-clay hydrogel com-
positions for the purpose of adjusting the alumina and/or
silica pregent during impregnation. The resulting catalyst
when calcined, should have a total surface area greater than
150 mz/g. and the pore volume is preferably greater than 0.25

cc./g. as measured by the BET procedure with nitrogen.

-7
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The active metallic components in the finished cata-
lyst are a Group VIB salt, specifically a molybdenum salt or
tungsten salt selected from the group consisting of molybdenum
oxide, molybdenum sulfide, tungsten oxide, tungsten sulfide,
and mixtures of these and a Group VIIHK galt, specifically a
nickel or cobalt salt selected from the group consisting of
nickel oxide, cobalt oxide, nickel sulfide and cobalt sulfide
and mixtures of these, The preferred active metal salt com-
binations are nickel oxide with molybdenum oxide and cobalt
oxide with molybdenum oxide, Oxide catalysts are preferably
sulfided prior to use.

The final catalyst contains the following amounts of
each component,

TABLE III

CATALYST COMPOSITION

Broad Range Preferred Range
{we, %) {Wt, %)

Wickel or Cobalt (as oxide) 1 to 15 2 to 10
Tungsten or Molybdenum

(as oxide) 5 - 25 10 - 20
Silica 1l to o 2 to 5
Alumina 93 to 54 86 to 65
EXAMPLE 1

The following illustrates a typical catalyst prepa-

ration.
Three solutions are prepared, e.g. A, B, and C,
Ingredient Amount
Solution A* Water 36 Gallons
Sodium Silicate Solution -
28% SiO2 113 ce,
Sodium Aluminate - 23,5%
A1203 Solution 5323 cec.
48% Gluconic Acid Solution 76 cc.,
Sclution B 98% H2804 850 ecc. into 4.5
T Gallons Water
§9iggion C 9,.5% Alum Solution 3.3 Gallons

0, in golution - 1.3%,

* Total A12 3
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Solution B is added to Solution A over a period of 23 minutes.
At this point the temperature of the reaction mixture is
118°F,

Solution C is then added to the mineral acid so-
lution over a l9-minute period. The temperature during ad-
dition remains at 118°F, The final pH, after the above ad-
ditions, is 8.8, The slurry was filtered, reslurried, spray
dried, washed to remove soluble salts, and redried.

The finished silica-alumina support has a pore
volume of 2,36 cc./g., a surface area of 310 Mz/g., and an
apparent bulk density of 0,18 g./cc.

EXAMPLE 2

A silica-alumina support is prepared in the manner
set forth in Example 1 and is composited with suitable guan-
tities of molybdenum oxide and cobalt carbonate by impregna-
tion. The slurry is filtered and drjed to provide a catalyst
(dry weight basis containing 3,5% cobalt oxide, 12.0% molybde-
num oxide, 1,7% Si0,, and the balance alumina). The support
can be impregnated with the other hydrogenation metals of the
invention, i.e. nickel and tungsten in the same manner. As
stated previously the catalyst is sulfided prior to use,

The structure of the catalyst is also an important
agpect of the invention. 1In the hydrocracking and/or hydrode-
sulfurization of petroleum residue a criticality of pore size
has been found with respect to activity maintenance, It has
been found that pores having a pore diameter in the 30-708
range are of critical importance with heavy residual feeds,
Evidently pores of smaller diameter than about 30% are inef-
fective in hydrocracking and/or desulfurizing the high molecu-
lar weight molecules present in residues and pores of larger

diameter than about 708 are rapidly deactivated. Thus a maxi-

mum of surface area, i.e. 40-100%, should be present in pores

-9 -
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having a pore diameter in the 30-70% range and a minimum of
pores should be present in pores having a pore diameter of

over lOOR, i,e, less than about 20%.

Catalysts having good activity and activity main-
tenance for the hydrocracking and/or hydrodesulfurization
of residua are characterized by the following relationship
between pore diameter in ﬂ, pore volume in ce./g. and surface

area in Mz/g. for pores over the range of 30-708 in diameter.

4 x 10% x pore volume (cc./g.)y 100 M%/g, Surface Area

Pore Diameter, A

The pore volume distribution of a catalyst as defined by this
invention is measured by nitrogen adsorption isotherm where
the volume of nitrogen adsorbed is measured at various pres-
sures . This technigque is described in Ballou, et al,,
Analytical Chemistry, vol, 32, April, 1960, pp. 532-536. The
pore diameter distributions for the examples of the invention
were obtained using a Model No. 4-4680 Adsorptomat manufactured
by the American Instrument Company, Silver Springs, Maryland,
one skilled in the art can select catalyst manufacturing
process steps and process conditions within the specific
ranges disclosed herein to prepare catalysts having the
required pore diameter, pore size distribution, pore volume,

and surface area,

Generally the catalyst particles will range in size
from 50 microns to 10,000 microns preferably 100 microns to
1000 microns with a relatively narrow size range of less than
1 to 4 ratio. The preferred shape is spheroidal although
extrudates are suitable,

As noted hereinabove, the process can be carried

out over a wide range of reaction conditions to produce a wide

- 10 -
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variety of products., Thus, non-destructive low conversion
reaction conditions may be used so as to achieve the hydrode-
sulfurization of the feedstock without any substantial conver-
sion of feedstock into lower boiling materials. Alternatively,
reaction conditions can be employed wherein a substantial
amount of feedstock conversion to lower boiling materials is
achieved together with a concommitant reduction in the sulfur
content of the product.

Typical reaction conditions which may be generally

used in the process of the present invention are as follows:

TABLE IV

Broad Range
Temperature, °F. 600-900
Pressure, psig. 500-6000
Fresh Feed Rate, W/Hr./W on Cat. 0.1/1 to 10/1
Ligquid Recycle Ratio, on Feed 2/1 to 20/1
Hydrogen Rate, SCF/bbl. 500-10,000
Liquid Velocity, Ft./Sec. 0.001-0.08

Catalyst Concentration in Slurry
1b./ft.3 15-45

Figure 1 is a flowsheet disclosing an embodiment of
the present invention wherein a heavy petroleum oil is con-
tacted in a slurry operation with hydrogen and a catalyst as
described above under hydrodesulfurization reaction conditions
s0 as to substantially reduce the sulfur content of the feed
while minimizing conversion of high boiling materials into
lower boiling materials. Carrying out this process at non-
destructive low conversion reaction conditions produces a
maximum amount, i.e. 75-100%, of industrial fuel oil.

Figure 2 is a flowsheet disclosing another embodi-
ment of the present invention, In this embodiment of the

invention, the process is carried out under hydrocracking and

- 11 -
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hydrosulfurizing conditions so as to convert a portion of

the feedstock, i.e. at least about 30%, boiling at a tempera-
ture greater than 1000°F, to materials boiling at a tempera-
ture less than 1000°F.

Referring to Figure 1, a heavy petroleum oil such as
the Safaniya atmospheric residuum described in Table I is
passed by line 1 to furnace 2 for preheating to a temperature
in the range of 600 to 750°F. The hot liquid feed is passed
by lines 3 and 4 into upflow slurry reactor 5. Hydrogen pre-
heated to supply the remaining heat to the reactor is added
to the cil by line 6. The oil passes upwardly through the
reactor intimately mixing with the moving catalyst particles
to form a slurry. Both the oil and the hydrogen gas transmit
a lifting force to the solid catalyst particles holding them
in oscillating suspension in the upwardly moving £luid.
Treated oil, spent gas and a small guantity of catalyst pass
overhead via line 7 into ligquid cyclone 8. Catalyst is sepa-
rated and returned by line 9. An alternate gas bypass line
10 can be used to adjust gas flow. The liguid-gas overhead
phase is passed to high pressure separator 1l. Gas is sepa-
rated and passed by lines 12 and 13 to a conventional gas
separator 14. st and other impurities are separated from
the recycle hydrogen and removed from the process by line 15.
Hydrogen is recycled by means of compressor 16, line 17,
furnace 18 and line 6. A portion of the spent hydrogen can
be purged by line 19. Makeup hydrogen is added by line 20.
Makeup catalyst is added to the reactor as required by line
21 and spent catalyst is removed by line 22,

Liquid conversion preducts are removed from separa-
tor 11 by line 23. A portion cf the treated oil is recycled
utilizing lines 23 and 4 and pump 24, The remainder is pas-
sed via line 25 and pressure reduction valve 26 to distilla-

tion zone 27. From the distillation zone light gases (i.e.

12 -
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C2 - C4) are removed by line 28, naphtha (B.R. 100-400°F.) is
removed by line 29, a distillate fraction {(B.R, 400-650°F.) is
removed by line 30 and the principal preduct of the process-
low sulfur fuel oil is recovered by line 31.

The embodiment shown in the drawing relates to the
mode of operatiocn in which the catalyst is not regenerated.

Tt is alsoc within the concept of the invention to flow a
slurry of oil and catalyst arcund a system ecquipped with an
external regenerator. In this method of operation the cata-
lyst is removed from the oil and regenerated by conventional
means such as burning with air and the regenerated catalyst
and makeup fresh catalyst are reslurried with the oil for
return to the reactor. It is also within the concept of the
invention to pass the oil or the slurrcy downwardly through
the reactor countercurrent to upflowing gas.

The slurry hydrodesulfurization described herein is
capable of providing at least a 30% reduction in the sulfur
content of the feed and a reduction of 30-80% of the sulfur
in an oil containing 1-5 wt, % sulfur is easily obtaimed.

The severity of the reaction is centrolled te limit
conversion of 1000°F.+ material to lower boiling materials to
less than 25 vol, % of the feed and usually to less than 10 vol.
% of the feed. Typical reaction conditions for this em-
bodiment of the present invention are as follows:

TABLE V

REACTION CONDITIONS - SLURRY
NONDESTRUCTIVE HYDRODESULFURIZATION

Broad Range Preferred Range

Temperature, °F, 600-850 650-750

Pressure, psig. 500-5000 1000-3000

Fresh Feed Rate, W/Hr./W. 0.1/1 to 10/1 0.5/1 to 5/1
on Cat

Liquid Recycgle Ratio 2/1 to 20/1 5/1 to 15/1
on Feed

- 13 -
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Broad Range Preferred Range

Hydrogen Rate, SCF/Bbl

of Fresh Feed 500-10, 000 1000-5000
Liquid Veloeity, Ft./Sec. 0.001-0.08 0.005-0.05
Catalyst Concentration, 15-45 20-30

Lb./Ft.3

A number of variables can be adjusted to obtain the
desired slurry of oil and catalyst in the reactor. These
include liguid flow rate, gas flow rate, reactor size and shape
and the size, shape and density of the catalyst.

EXAMPLE 3

This example describes a low conversion, moderate
desulfurization type of operation. The feed is an atmospheric
residuum having an initial beoiling point of about 650°F., an
API gravity of about 13°, a sulfur content of 4.0 wt. % and
other properties similar to those listed for Safaniya residuum
in Table I of this disclogsure. The feed is reacted as a
slurry with a sulfides cobalt molybdate on silica alﬁmina cata-
lyst, The silica content is about 1.8%. From 50 to 80% of
the surface area of the catalyst is in pores having a pore
diameter of 30-70A. The reaction conditions include a tempera-
ture of 700°F,, a pressure of 1500 psig and a hydrogen con-
sumption rate of 400 SCF/Bbl. At these conditions about 60%
desulfurization is obtained yielding about 95% of 650°F.+ fuel
oil having a sulfur content of 1.6% and a metals content of
about 85 ppm.

EXAMPLE 4

When the Safaniya residuum feed of Example 3 is treat-
ed at more severe conditions including a temperature of 750°F.,
a pressure of 3000 psig and a hydrogen consumption of 1000
SCF/Bbl., the 650°F, + fuel oil is 90% desulfurized yielding a
product containing about 0.4 wt. % sulfur. The metals content
is reduced from over 100 ppm to about 35 ppm. This fuel oil

meets all the current governmental requirements for low sul-

- 14 -
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fur fuel oil. At the operating conditions of this example about
20% of the 1000°F., tmaterial is converted to 1000°F,-material in-
cluding 10% (based on feed) of a distillate fraction containing
about 0.1 wt.% sulfur, 1 to 2% naphtha and 2 to 3% light ends.
Examples 3 and 4 show that a residuum containing 4%
sulfur can be converted into 80-95% of 650°F.+ fuel oil in a slur-
ry hydrodesulfurization operation at mild conditions and relative-
ly low hydroger congsumption. The high activity catalyst employed
will permit continuous operations up to 6 months. In one embodi-
ment catalyst activity is maintained by continuous addition and
removal and in another embodiment catalyst activity is maintained.
by regeneration,
Referring to Figure 2, fresh feed such as the Safa-
niya atmospheric residuum described in Table I is passed by
line 101 into line 102. The fresh feed is mixed in line 102
with recycle oil from lines 103 and 104, Hydrogen is added to
line 102 by line 105. A catalyst-oil slurry is formed by
adding catalyst to line 102 from line 106, The reaction
mixture is pumped by pump 107 through heater 108 and line 109
into slurry reactor 110. The reaction mixture is preheated to
a temperature in the range of 770 to 900°F. The oil passes up-
wardly through the reactor intimately mixing with the moving
catalyst particles to form a slurry. Both the oil and the
hydrogen gas transmit a lifting force to the solid catalyst
particles holding them in oscillating suspension in the upward-
ly moving f£luid. Hydrocracked materials, hydrodesulfurized
oil, spent gas, and a small quantity of catalyst pass over-

head via line 111 into liquid cyclone 112. Catalyst is

- 15 -
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separated and returned by line 113, The liquid-gas overhead
phase is passed by linc 114 to high pressure separator 115,

Gas is separated and passed by line 116 to a conventiocnal gas
separator 117, st and other impurities are separated from
the recycle hydrogen and removed from the process by line 118,
Fresh hydrogen is added as required by line 119, The hydrogen-
containing gas employed in the process contains 70-100 vol. %
hydrogen.

Liquid conversion products are removed from high
pressure separator 115 by line 120 and all or part of these
cracked and desulfurized materials are passed by line 121 to
fractionator 122. The products can be separated into any
number and type of cuts. For example a light gas fraction is
separated by line 123, a naphtha fraction by line 124 and 2
middle distillate fraction having an endpoint in the range of
600~1000°F, is recovered by line 125, Heavy oil having an
initial boiling point in the range of 600-1000°F, is removed
from the fractionator by line 104, All or part of this oil
can be recycled to extinction via lines 104, 102 and 109, 1In
a preferred embodiment 10-100% of the heavy oil ie recovered
as a low sulfur fuel oil by line 126,

In the embodiment shown catalyst is regenerated with
an oXygen-containing gas. Inactivated catalyst and associated
0il are passed from the bottom area of the reactor by line 127
to oil separator 128. 0il is separated and returned to the
reactor by lines 12% and 109, Catalyst is passed to regenera-
tor 131 by line 130. Regeneration in unit 131 is carried out

in the conventional manner, For example regeneration begins

with about 0.l% oxygen in an inert gas or steam and the oxygen
content is gradually raised to 21% 02 as the carbon is burned
off the catalyst, About 500-3000 SCF/BBL of gas is used at a

regeneration temperature below 900°F, and preferably below

- 16 -
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700°F. A small quantity of catalyst is purged by line 132,
Regenerated catalyst is recycled via lines 133, 134 and 106.
Fresh makeup catalyst is added by line 134.

While regeneration of the catalyst is disclosed as
a preferred embodiment in Figure 2, the process of the inven-
tion can be carried out in at least one other way. Thus the
regenerator can be eliminated and catalyst activity maintained
by adding fresh catalyst to the reactor and removing inactivat-
ed catalyst from the reactor as the reaction proceeds, This
may be done continuously or at intervals. When a feedstock
contains a relatively large content of deactivating metals
such as nickel and vanadium so that 10-15% or more metals
become firmly attached to the catalyst it is preferred to dis-
card inactivated catalyst rather than to regenerate, If how-
ever, deactivation of the catalyst is mainly from coking,

regeneration is used to render the catalyst active again,

Slurry reactor 110 is of a conventional type. In
slurry operation from 2/3 to 3/4 of the internal volume of
the reactor will be occupied by the catalyst-oil slurry and
the upper portion will contain mainly oil and this can be
termed a disengaging zone, A number of variables can be ad-
justed to obtain the desired type of slurry in the reactor,
These include liquid flow rate, gas flow rate, reactor size
and shape and the size, shape and density of the catalyst.
Those skilled in the art can adjust flow rates and conditions
to obtain the optimum slurry and degree of conversion desired,
The severity of the reaction is controlled so that at least
30 wt. % of the feed boiling at a temperature greater than
1000°F, is hydrocracked to materials boiling at temperatures
legs than 1000°F. Conditions can be adjusted to maximize
the production of a particular light fraction such as naphtha

or gas oil suitable for catalytic cracking. Typical reaction
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conditions for this embodiment of the present invention are as

follows:
TABLE VI
REACTION CONWDITIONS - SLURRY
HYDROCRACKING AND HYDRODESULFURIZATICN
Broad Range Preferred Range

Temperature, °F, 760-900 790-870
Pressure, psig 1000-6000 1200-2500
Fresh Feed Rate, W/Hr,/W

on Cat. 0.1/1 to 6/1 0.3/1to 2/1
Liguid Recycle Ratio, On

Feed 2/1 to 20/1 5/1 to 15/1
Hydrogen Rate, SCF/BBL 500-10000 1000-5000
Liquid velocity, Ft,Sec. 0.001-0,08 0.005-0.05
Catalyst Concentration,

in Slurry Lb/Ft,3 15-45 20-30

EXAMPLE 5

This example describes a moderate conversion (i.e.
hydrocracking) and hydrodesulfurization embodiment of the pro-
cass of the invention. The feed is a petroleum residuum having
an initial boiling point of about 575°F., an API gravity of
about 3.5°, a sulfur content of about 2.8 wt. % and a metals
content of about 145 ppm. The feed is reacted as a slurry with
a sulfided cobalt molybdate on silica alumina catalyst. The
silica content is about 1.8%, From 50% to 80% of the surface
area of the catalyst is in pores having a pore diameter of
30-708., This catalyst has a crushing strength of 16 1lh. as
compared to 11 1lb, for a conventicnal cobalt molybdate on
silica alumina catalyst. Its attrition index is 95 versus 90
for the conventional catalyst. Attrition index is the wt,
percent of the catalyst retained on a 20 mesh screen after

tumbling for 1 hour. It is a measure of the probable perfor-
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mance of the catalyst in slurry operations, Reaction conditions
include a temperature of 830°F,, a pressure of 1500 psig and a
feed rate of 0.45 W/Hr./W (on catalyst). At these conditions

a conversion of about 50% is achieved and the sulfur reduction
is about 87%,

The slurry of the invention process provides a means
of hydrocracking and hydrodesulfurizing heavy petroleum frac-
tions without the rapid catalyst deactivation and bed plugging
characteristic of fixed bed processes, The process is versa-
tile in that a plurality of fractions can be made and depend-
ing on the characteristics of the feed the production of cer-
tain products such as fuel oil and middle distillates can be
maximized or minimized.

The use of slurry operation enables the operator to
maintain close control over the exothermic reaction taking
place in the reactor. In a preferred embodiment shown in
Figure 1 hydrogen is heated separately from the feed, Thus
the gas can carry the main heat load with the fresh feed being
heated only to the extent reguired for process control. This
technique minimizes heat degradation of the feed. Liquid

product recycle provides a heat sink within the reactor.

- 19 .



894221

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows.
1. In an ebullient bed slurry hydrodesulfurization pro-
cess for the hydrodesulfurization of a heavy petroleum oil com-
prising contacting a slurry of heavy petroleum o0il and a catalyst
in a reactor with from 500 to 10,000 standard cubic feet of
hydrogen per barrel (SCF/B) of fresh heavy petroleum oil at a
temperature in the range of 600° - B50°F. and a pressure of from
500 to 5,000 psig and recovering a low sulfur fuel oil, the im-
provement which comprises employing said catalyst in the hydro-
desulfurization zone at a concentration of 15 to 45 pounds/cu.
ft. and said catalyst comprising the oxide or sulfide of a Group
VIE metal angd the oxide or sulfide of a Group VIII metal deposit-
ed on a support material comprising a silica-stabilized alumina
containing 1-6 wt. % silica and having a maximum of its surface
area present in pores having a pore diameter in the 30 - 708
range, and a minimum of the pore volume present in peres having

a pore diameter of over 1003.

2, The process of claim 1 wherein the said support mater-
ial has a surface area of at least 250 Mz/g., more than 50% of
which is in pores having pore diameters ranging from 30 to 70k,
and a minimum of the total pore volume being in pores having

pore diameters greater than 100A,

3. The process cof claim 1 wherein said catalyst is the
oxide or sulfide of cobalt with the oxide or sulfide of moly-

bdenum deposited on said support.

4, The process of claim 1 wherein said catalyst is the
oxide or sulfide of nickel with the oxide or sulfide of tungsten

deposited on said support,.

5. The process of claim 1 wherein the heavy petrcleum oil

is a vacuum gas oil,
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6. The process of claim 1 wherein the heavy petroleum oil

is an atmospheric residuum,

7. The process of claim 1 wherein the heavy petroleum oil

is a vacuum residuum.

8. The process of claim 1 wherein said heavy petroleum oil
is contacted with from 1,000 to 5,000 standard cubic feet of
hydrogen per barrel c¢f fresh heavy petroleum oil, said hydro-
desulfurization is conducted at a temperature varying from &50°

to 750°F, and at a pressure varying from 1,000 to 3,000 psig.

9. The process of claim 1 wherein said hydrodesulfuriza-

tion is conducted at a temperature varying from 650° to 750°F.

10. The process of claim 2 wherein said catalyst is the
oxide or sulfide of cobalt with the oxide or sulfide of molyb-

denum deposited on said support.

11, The process of claim 2 wherein said catalyst is the
oxide or sulfide of nickel with the oxide or sulfide of tungsten

deposited on said support.

12, In an ebullient bed slurry hydrodesulfurization process
for the hydreodesulfurization of a petrcleum residuum containing
1-8 wt. % sulfur and containing at least 50 wt. % of materials
boiling above 1000°F, comprising contacting a slurry of said
residuum and a catalyst in a reactor with 1,000 to 5,000 standard
cubic feet per barrel (SCF/B} of hydrogen at a temperature in the
range of 600° - 850°F, and a pressure of from 1,000 to 3,000

psig and recovering at least 75% low sulfur fuel oil, the improve-
ment which comprises employing said catalyst in the hydrodesul-
furization zone at a concentration of 20 to 30 lbs./cu. ft. and
gaid catalyst comprising the oxide or sulfide of a Group VIB
metal and the oxide or sulfide of a Group VIII metal deposited on

a support material comprising a silica-stabilized alumina con-

'
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taining 1-6 wt. % silica and having a maximum of its surface

o
area present in pores having a pore diameter in the 30-70A
range, and a minimum of the pore volume present in pores having

L3
a pore diameter of over 100A,

13. The process of claim 12 wherein the improvement is fur-
ther characterized by said catalyst having a surface area of at
least 250 M2/g., more than 50% of which is in pores having pore
diameters ranging from 30 to 70&, and a minimum of the teotal pore

volume being in pores having pore diameters greater than 1005.

14. The process of claim 12 wherein the improvement is
further characterized by said catalyst being the oxide oz sul-
fide of cobalt with the oxide or sulfide of molybdenum deposited

on saild support.

15. The process of claim 12 wherein the improvement is fur-
ther characterized by said catalyst being the oxide or sulfide of
nickel with the oxide or sulfide of tungsten deposited on said

support.

16, The process of claim 12 wherein the hydrodesulfuriza-
tion process employs a feed material comprising an atmospheric

residuum,

17. The process of claim 12 wherein the hydrodesulfuriza-

tion process employs a feed material comprising a vacuum residuum,
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