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INTEGRATED HEAVY OIL UPGRA}DI'N,G"P”RQCESS AND IN-LINE
HYDROFINISHING PROCESS

This application is a Continuation-In-Part of co-pending. application Nos.
11/305,377, filed December 16, 2005, 11/305,378, filed on

.D'ecember 16, 2005, and 11/303,425, filed March 20, 20086.

FIELD OF THE INVENTION

The instant invention relates to a process for upgrading heavy oils using a

slurry catalyst composition. In one embodifnen{, upgrading is followed by
hydrofinishing. ' '

BACKGROUND OF THE INVENTION

There is an increased interest at this time in the processing of heavy oilsl‘,. due '
to larger worldwide demand for petroleum products.. Canada and Venezuela
are sources of’.'heévy oils. Processes which result in complete conversion of
heavy oil feeds to useful products are of particular interest.

The following patents, which are incorporated. by reference, are directed to the
preparation of highly active slurry catalyst compositions and their use in
processes for upgrading heavy oil:

U.S. Serial No. 10/938,202 is directed to the preparation of a catalyst
composition suitable fof the hydroconversion of heavy oils. The catalyst
compoéition is prepared by.a series of steps, involving mixing a Group VIB
metal oxide and aqueous ammonia to form an aqueous mixture, and sulfiding
the mixture to form.a slurry.. The slurry is then promoted with a Group VIII |
metal. Subsequent steps involve mixing the slurry with a hydrocarbon oil and
combining the resulting mixture with hydrogen gas and a second hydrocarbon
oil having a lower viscosity than the first oil. An active catalyst composition is

thereby formed.
-1
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U.S. Serial No. 10/938,003 is directed to the preparation of a slurry catalyét
composition. The slurry Catélyst composition is prepared in a series of steps,
involving miﬁcing a Group VIB metal oxide and aqueous ammonia to form an -
aqueous"mix'tu‘re and sulfiding the mixture to form a slurry. The slurry is then
prdmdted with a Group VIl metal. Subsequent steps involve mixing the slurry
with a hydrocarbon oil, and.colmbihing the resul'ti'ng‘mixture' with hydrogen gas
(under conditions which maintain the water in a liquid phase) to produce the

active slurry catalyst.

U.S. Serial No. 10/938,438 is directed to a process employing slurry catalyst
compositionvs in the upgrading of heavy oils. The slurry cataiyst composition‘is
not permitted to settle, which would result in possible deécﬁvation. The slurry is
recycled to an upgrading reactor for repeated use and products require no

further separation procedures for catalyst removal.

U.S. Serial No. 10/938,200 is directed to a process for upgrading heavy oils
using a slurry compaosition. The slurry composition is prepared in a series of
steps, involving mixing a Group VIB metal oxide with aqueous ammonia to
form an a(jueous mixture and sulfiding the mixture to form a slurry. The slUrr‘y
is then promoted with a Group VIl metal compound. Subsequent steps
involve mixing the slurry with a hydrocarbon oil, and combining the resulting .
mixture with hydrogen gas (under conditions which maintain the water in a
liguid phase) to produce the active slurry catalyst.

U.S. Serial No. 10/938,269 is directed to a process for upgrading heavy oils -
using a slurry composition. The slurry composition is prepared by a series of -
steps, involving mixing a Group VIB metal oxide and aqueous ammonia to
form an aqueous mixture, and sulfiding the mixture to form a slurry. The slurry
is then promoted with a Group VIl metal. Subsequent steps involve mixing
the slurry with a hydrocarbon oil and combining the resulting mixture with
hydrogen gas and a second hydrocarbon oil having a lower viscosity than the
first oil. An active catalyst composition is thereby formed. |

2.
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SUMMARY OF THE INVENTION

A process for the hydroconversion of heavy oits with a slurry which results in
almost.complete removal c_)f'su|fdr or nitrogen from the final product, said

pro'c':'essA employing at least two upﬂkow reactors in series with a separator

optionally located in between each reactor, said process comprising the
following steps:

(a)

®

(©)

)

(e)

®

combining a heated heavy oil feed, an active slurry catalyst

composition and a hydrogen-containing gas to form a mixture;

passing the mixture of step (a) to the bottom of the first reactor,
which is maintained at slurry hydroconversion conditions,

including elevated temperature énd pressure;

removing a vapor mixture containing product, gases,
unconverted material and slurry catalyst from the top of the first
reactor and passing it to a first separator; -

in the first separator, removing a vapor stream comprising _
product aﬁd gases overhead to a lean oil contactor and passing
a liquid bottoms material, combrising unconverted material and
slurry catalyst, to the bottom of the second feactor, which is
maintained at hydroconversion conditions, including elevated
temperature and pressure;

removing a vapor mixture containing product, gases,

unconverted material and slurry catalyst from the top of the

second reactor and passing it to a second separator;

in the second separator, removing é vapor stream comprising
product and gases overhead to the lean oil contactor and
passing a liquid bottoms material, comprising unconverted
material and slurry catalyst to further processing;

-3-
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(Q) contacting the stream comprising product and gases
countercurrently with lean oil in a lean oil contactor wherein
entrained catalyst and any unconverted material is removed by
contact with a lean oil which exits as bottoms while products and

gases are passed overhead; -

(h) passing the overhead m'ateriél of step (g) to a hydrdproce'ssihg
unit for the removal of sulfur and nitrogen. -

The slurry upgrading process of this invention converts nearly 98% of vacuum
residue to lighter products ( in the boiling range below 1000F). Some of these
products require further processing due to their high nitrogen, high sulfur and
high aromatics content, as well as low APL. 'The instant invention employs
hydrofinishing downstream of the slurry upgrading process: resulting in almost
complete removal of sulfur. and nitrogen from the final product.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1.depicfs a process scheme df this invention which employs three
reactors, followed by a hydro_finishing reactor.

'Figure 2 depicts a process scheme for this invention. employing three
reactors.

Figure 3 depicts a process scheme of this invention which employs a fixed

bed pretreating reactor upstrearﬁ of three reactors employing a catalyst slurry,
within the same process loop.

DETAILED DESCRIPTION OF THE INVENTION

The instant invention is directed to a process for catalyst activated siurry
hydrocracking, as depicted in Figure 1. Stream 1 comprises a heavy feed,

such as vacuum residuum. This feed enters furnace 80 where it is heated,

-4 -
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exiting in stream 4. Stream 4 combines with a hydrogen containing gas
(str.eamA'Z), and a stream comprising an active slurry composition(stream 23),'
resulting fn a mixture(stream 24). Stream 24 enters the bottom of the first
reactbr 10. Vapor stream 5 exits the top of the reactor and comprises
products‘, gaseé, slurry, and unconverted material. Stream 5 passes to hot -
high p'r,e'_ssure' separatbr 40, which' is preferably a flash dru‘m. A vapor stream
comprising products and gaseé is removed overhead as stream 6. St'rélam 6 is
passed to a lean oil contactor for furfhér processing. Liquid stream 7is |
removed 'thro'ugh the bottom of the separator 40. Stream 7 contains sturry in .
combihation with unconverted oil.

Stream 7 is combined with a gaseous stream comprising hydrogen (steam 15)

to create stream 25. Stream 25 enters the bottom of second reactor 20. Vapor
stream 8, comprising products, gases,'slurry and unconverted material, exits
the second reactor.overhead- and pésses to separator 50, which is preferably
a flash drum. Products and gases - are removed overhead as stream 9 and
passed to the lean oil contactor for further propessing. Liquid stream 11 is
removed through the bottom of the flash drum. Stream 11 contains shurry in
combination with unconverted oil.

Stream 11 is combined with a gaseous stream comprising hydrogen (steam
16) to create stream 26. Stream 26 enters the bottom of third reactor 30..
Stream 12, which exits third reactor 30 passés to separator 60, preferably a
flash drum. Product and gases are remdved overhead from separator 60 as
stream 13. Liquid stream 17 is removed thro'u.gh the bottom of the separator
60. Stream 17 comprises siurry in combination with unconverted oil. A portion
of this stream may be drawn off through stream 18.

Overhead vapor streams 6, 9 and 13 create .stream.14, which passes to lean

oil contactor 70. Stream 22, containing a lean oil-such as vacuum gas oil,

enters the top portion of lean oil cohtactor 70 and flows downward. (1)

removing any possible entrained catalyst and (2) reduéing heavy

materials(high boiling range oil including small amounts of vacuum residue).
-5-
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Products and gases (vapor stream 21) exit Iean‘oil contactor 70 overhead,_
while liquid stream 19 exits at the bottom. Stream 19 comprises a mixture of
slurry and unconverted oil. Stream 19 is com‘binéd with streém 17, which also
comprises a mixture of slurry and unconverted oil. Fresh slurry is added in
stream 3, and stream 23 is created. Stréam 23 is combined with the feed to

first reactor 10. .

Streém 21 enters stea‘m exch‘angef (or generétor) 9'0, for cooling prior to
hydroﬂnishing; The purpose of thé ‘s‘team' exchahgef is to control the
hydroﬂnishe'r'reactor inlet temperatgr_é as n'eedéd, Stream 21 enters ‘tHe'top
bed of the hydrofinisher 100, a fixed bed reactor, preferably having m'ultiple
beds of active hydrotreating cétalyst. Hydrogen (stream 27) is inserted as

interbed quench if multiple beds are used. Hydrofinished product is removed
as stream 28.

The hydrofinishing unit further refines products from th_e slurry upgrader to
high quality products by removing impurities and stabilizing the products by
saturation. Greater than 99 wt % sulfur and nitrogen removal may be

achieved. Reactor effluent is cooled by means of heat recovery and sent to

the product recovery section as in any conventional hydroprocessing unit.

Conditions for hydrofinishing hydrocarbons are Well known to those of skill in
the art, Typical conditions are between 400 and 800 F, 0.1 to 3 LHSV, and .
200 to 3000 psig. Catalysts useful for the hydrofinishing reaction are
preferably combinations of nickel, cobalt and molybdenum supported on
zeolites or amorphous material.

Alternate embodiments, not pictured, include a series of reactors in which one
or more of the reactors contains internal separation means, rather than an
external separator or flash drum foliowing the reactor. In another embodiment,

there is no interstage separation between one or more of the reactors in
series.
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The process for the preparation of the catalyst sturry composition used in this
invention is set forth in U.S. Serial No. 10/938003 and U.S. Serial

No. 10/938202 and is incorporated by reference. The catalyst composition. is
useful for but not limited to hydrogenétion upgrading processes such as

', thérmal hydrocfacking hydrotreating, hydrodesulphurization,

hydrodemtnfucatlon and hydrodemetalization.

The feeds suitable for use in this invention aré set forth in U. S Serial No.
10/938269 and include atmospherlc restduum vacuum resu:luum tar from a
solvent deasphaltlng unit, atmospherlc gas onls vacuum gas oils, deasphalted
oils, olefnns oils derived from tar sands or butumen oils derived from coal,
heavy crude oils, synthetic oils from Fischer-Tropsch processes, and oils
derived from recycled oil wastes and polymers. Suitable feeds also include

atmospheric residuum, vacuum residuum and tar from a solvent deasphlating
unit. ‘

The preferred type of reactor in the instant invention is a liquid recirculating
reactor, although other types of upflow reactors may be employed. Liquid
recirculating reactors are discussed further in copending application S.N.

11/305359, which is incorporated by reference .

A liquid recirculation reactor is an upflow reactor to which is fed heavy
hydrocarbon oil admixed with slurry catalyst and a hydrogen rich gas at

elevated pressure and temperature, for hydroconversion.

Hydroconversion includes processes such as hydrocracking and the removal
of heteroatom contaminants (such sulfur and nitrogen). In slurry cétalyst use,

catalyst particles are extremely small (1-10 micron). Pumps are not generally

needed for recirculation, although they may be used. Sufficient motion of the

catalyst is usually established without them.

Figure 2 illustrates another embodiment directed to a process for catalyst

activated slurry hydrocrabking. Stream 1.comprises a heavy feed, such as

vacuum residuum. This feed enters furnace 80 where it is heated, exiting in
stream 4. Stream 4 combines with a hydrogen containing gas (stream 2), and
-7 -
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a stream comprising an active slurry. composition (stream 23); resulting in a
mixture (stream 24). Stream 24 enters the bottom of the first reactor 10. Vapor
stream 5 exits the top of the.reactor 10, comprising slurry, products and
hydrogen, and unconverted material. Stresm 5 passes to separator 40, which
is preferably a flash drum. Products and hydrogen are removed overhead as
stream 6. Liquid stream 7 is removed through the bottom of the flash drum.

Stream 7 contains slurry in c_ombinatioh with unconverted oil.

Stréam 7 is combined with.a gaseous stream comprlsmg hydrogen (steam 15)
to create stream 25. Stream 25 enters the bottom of second reactor 20. Vapor
stream 8, compnsmg products, hydrogen, slurry and unconverted material
passes to separator 50, preferably a flash drum. Product and hydrogen, in a
vapor stream is removed overhead as stream 9. Liquid stream 11 is removed
through the bottom of the flash drum. Stream 11.contains slurry in

combination with unconverted oil.

Stream 11 is combined with a gaseous stream comprising hydrogen (stream
16) to create stream 26. Stream 26 enters the bottom of third reactor 30.

Vapor stream 12, comprising products, hydrogen, slurfy and unconverted
material passes overhead. from reactor 30 to separator 60, preferably a flash
drum. Products and hydrogen are removed overhead as vapor stream 13.
Liquid stream 17 is removed through the bottom of the flash drum. Stream 17
contains sturry in combination with unconverted oil. A portion of this stream
may be drawn off through stream 18.

Overhead streams 6, 9 and 13 create stream 14, which passes to high
pressure separator 70. Stream 21, comprlsmg a lean oil such as vacuum gas
oil enters the top portion of high pressure separator 70. Products and
hydrogen exit lean oil contactor 70 overhead as vapor stream 22, while liquid
stream 19 exits at the bottom. Stream 19 comprises a mixture of slurry and

unconverted oil. Stream 19 is combined with stream 17, which also comprises

.8-
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a mlxture of slurry and unconverted oil. Fresh slurry is added in stream 3, and

stream 23 is created Stream 23 is comblned W|th the feed to first reactor 10

The instant snventlon is directed to a process for catalyst actlvated slurry
hydrocracklng wrth upstream in- Ime pretreatmg, as depucted in Figure 3.
Stream 1 comprlses a heavy feed such as vacuum resnduum Thls feed
enters furnace 80 where it is heated, exmng in stream 4 Stream 4 combines
with a hydrogen contalnmg gas (stream 2) resultlng ina mrxture (stream 101).
Stream 101 enters the top of the pretreater reactor 100 The pretreater is
either a fixed bed hydrotreating unit or a deasphaltrng unlt ina deasphaltlng
unit, solvent generally flows countercurrent to the feed. Deasphalting is not
depicted. Stre.am 102 leaves the bottom of the pretreater and proceeds to hot
high press‘ure separator 110, which is preferably a.flash drum. Product and
hydrogen is removed overhead as a vapor stream; stream 103. Stream 1 03
jcins with stream 22. Unconverted material exits the bottoms flash drum 110
as liquid stream 104. Stream 104 combines vvith stream 106. Stream 106 is
composed of recycle slurry catalyst (stream 19) as well as make-up slurry-

catalyst (stream 3). Streams 104 and 106 combine to form stream 107.

Stream 107 enters the bottoms of upflow reactor 10, which is preferably a

liquid recirculating reactor. Stream 5, a vapor stream exits the reactor -

' overhead and comprises slurry,' products, hydrogen and unconverted

material. Stream 5 passes to hot hig'h pressure separator 40, which is
preferably a flash drum. Product and hydrogen is removed overhead in a
vapor stream as stream 6. Liquid stream 7 is removed through the bottom of

the flash drum. Stream 7 contains slurry in combination with unconverted oil.

Stream 7 is combined with a gaseous stream comprising hydrogen (stream |
15) to create stream 25. Stream 25 enters the bottom of second reactor.20.
Stream 8, a vapor stream comprising slurry, products, hydrogen and
unconverted material, passes overhead from reactor 20 to separator 50,

preferably a flash drum. Products and hydrogen are removed overhead as

-9-
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vapor stream 9. Liquid stream 11 is removed through the bottom of the flash
drum. Stream 11 contains slurry in combination with unconverted oil.
Stream '1_1 is combined with a gaseous stream comprising hydr'ogen (stream
16) to create stream 26. Stream 26 enters the bottom of second reactor
30.Vapor stream 12 passes overhead from reactor 30 to hot high pressure
separator 60, préferably a flash drum. Product and hydrogen is removed
overhead as vapor étrearh 13. Stream 17 is removed through the bottom of
the flash drum 60 Liquid stream 17 ‘contains siurry in combmatlon with

unconverted orl A portlon of this stream may be drawn off through stream 18.

Overhead vapor streams 6, 9 an.d 13 create stream 14,. which oasses to lean
oil contactor 70. Stream 22, containing a lean oil such as vacuum gas oil,
enters the top portion of lean oil contactor 70 and flows doanard.(1)
removing any possible entramed catalyst and (2). reducmg heavy
materials(high boiling range oil including small amounts of vacuum residue).
Product,an‘d hydrogen (stream 21) exits lean oil contactor 70 as vapor
overhead, while Iiduid stream 19 exits at the bottom. Strevam 21 combines with

product stream’103 to form stream 22, which is sent to hydrofinishing.

Stream 19 comprises a mixture of slurry and unconverted oil. Stream 19 is
combined with stream 17, which also comprises a mixture of slurry and
unconverted oil. Fresh slurry is added in stream 3, and stream 106 is created.

Stream 106 is combined with the feed to first reactor 10(stream 104) to create
stream 107.

The heavy product fraction is hydrofinished to eliminate any remaining olefins. .
The hydrofinisher further refines products from the slurry upgrader to high
guality products by removing impurities and.stabiiizing the broducts. Greater
than 89 wt % sulfur and nitrogen Iremoval may be achieved. Reactor effluent
is cooled by means of heat recovery and sent to the product recovery section -
as in any conventional hydroprocessing unit.

-10 -
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Conditions for prefreating hydrocarbons are well known to those of skill in the
art. Pretreating may involve hydrotreating or deasphalting. Hydrotreating is a
well-known form of feed pretreatment, and usually occurs in fixed bed

.hydrotreatmg réactors havnng one or more beds. Hydrotreatlng is generally

dcsclosed inU.S. Patent No. 6 ,890,423 and is duscussed in Gary and
Handwerk Petroleum Refmmg (2" ed 1984) Typacal hydrotreatmg condltlons |
vary over a wide range’ In general the overall LHSV is about 0. 25 to 2 0,
preferably about 0.5 to 1.0. The hydrogen partlal pressure ;s greater than 200
psia, preferab!y ranging from about 500 psia to about 2000 psia. Hydrogen
recirculation rates are typically greater than 50 SCF/BbI, and are preferably
between 1000 and 5000 SCF/Bbl. Temperatures range from about 300[deq]
F. to about 750[deg] F., preferably ranging from 4350[deg] F. to 600[deg] F.
Catalysts useful in hydrotreattng operations are well known in the art. Suitable

catalysts include noble metals from Group VIIIA (according to the 1975 rules

of the International Union of Pure and Applied Chemistry), such as platinum or

. palladtum on an alumlna or siliceous matrix, and unsulfided Group VINA and

Group VIB such as mckel -molybdenum or nickel-tin on an‘alumina or .-
siliceous matrix. The non-noble metal (such as nickel-molybdenum)
hydrogenatlon metals are usually present in the final catalyst composition as
oxides, ‘or more preferably or possibly, as sulfides when such compounds are
readaly formed from the particular metal mvolved Preferred non-noble metal
catalyst compositions contain in excess of about 5 weight percent, preferably
about 5 to about 40 weight percent molybdenum'and/or tungsten, and at least
about 0.5, and generally about 1 to about 15 weight percent of nickel and/or
cobalt determined as the corresponding oxides. The noble metal (such as
platinum) catalyst may contain in excess of 0.01 percent metal, preferably
between 0. 1 and 1.0 percent metal. Combinations of noble metals may also
be used, such as mixtures of platinum and palladium.

Pretreating may alternately employ deasphalting, if the feed to be employed

contains asphalt. Deasphaltmg is usually accomplished by the use of propane

as a solvent, although other solvents may include lower-boiling paraffinic

hydrocarbons such as ethane, butane or pentane. Deasphalting techniques
-11 -
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are well known in the refining arts, but are discussed in the text Petroleum

Refining. Deasphalting is disclosed generally in patents such as U.S. Patent
Nos. 6,264,826 and 5993,644.

Alternate embodiments for the slurry reactor system, which are not pictured,

include a series of reactors in which one or more of the reactors contains

internal separation means, rather than an external separator or flash drum

folléwing the reactor. .

Example
In-line hydrofinishing Performance
Feed from - Full Ra'nge. Jet Fuel Cut Diesel Cut
~slurry . | Productfrom | . from from
hydrocracker | Hydrofinisher | Hydrofinisher | Hydrofinisher
to . ‘
Hydrofinisher
API 1 34.8 38.9
Sulfur, 3300 6 <2 3
wppm:
Nitrogen, 2500 23 6 8
wppm
Smoke 19
Point,
mm
Cetane 44
~ Index

It is apparent from the Table above that hydrofinishing of the product of slurry

hydrbgracking provides draMatic reduction of sulfu'r and nitrogen content. In

" both full range product and in individual product cuts, such as jet fuel and

diesel.
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1. A process for the hydrocom)e_rsion of heavy oils with a slurry, which

results in almost complete removal of sulfur or.nitrogen from the final-

product, said process employing at least two upflow reactors in series

with a‘separator located in between each reactor, said process

comprising the following steps:

(a)

(b)

(d)

(e)

(f)

combining a heated heavy oil feed, an active slurry catalys't

composition and a hydrogen-containing gas to form a mixture;

passing the mixture of step (a) to the bottom of the first reactor, '
which is maintained at slurry hydroconversion conditions,

including elevated temperature and pressure;

removing a vapor mixture containing product, gases,
unconverted material a'nd‘slurry‘catallyst from the top of the first

reactor and passing it to a first separator;

in the first separator, removing a vapor stream comprising
product and gases overhead to a lean oil contactor and passing
a liquid bottoms material, comprising unconvérted material and
slurry catalyst, to the bottom of the second reactor, which is
maintain‘éd at hydroconversion conditions, including elevated

temperature and pressure;

removing a vapor mixture containing product, gases,
unconverted material and slurry catalyst from the top of the

second reactor and passing it to a second separator;

in the second separator, removing a vapor stream comprising
product and gases overhead to the lean oil contactor and
passing a liquid bottoms material, comprising unconverted

material and slurry catalyst to further processing;

-13 -
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(g) contacting the stream comprising product and gases
countercurrently with lean oil in a [eaﬁ oil contactor wherein
entrained 'catalys.t and any unconverted material is removed by
.contact with a lean oil which exits as bottoms while products and

~ gases are passed overhead; ‘

‘(h) pasysing the overhead material of step (g) to a hydroprocessing
unit for the removal of sulfur and nitrogen.

The process of claim 1, V\'/he'rein‘ the hydroprocessing unit is operated
at hydrofinishing conditions. '

The process of claim 1, wherein the hydrdprocessing unit is a fixed bed
reactor which comprises at least one catalyst bed. '

The.process of claim 2, wherein quench gas is introduced between
beds to control bed inlet temperatures. '

The process of claim 3, wherein at least one catalyst bed of the

hydroprocessing un'it‘comprises'hydroﬂnishi'ng catalyst.

The proceés of claim 2, wherein hydrofinishing conditions further
comprise temperatures in the range from 400 and 800.F, space

velocities in the range from 0.1 to 3 LHSV, and pressures in the range
from 200 to 3000 psig.

The process of claim 5, wherein hydrofinishing catalyst comprises
combinations selected from the group consisting of cobalt, nickel and
molybdenum, on a zeolitic or amdrphous support..

The process of claim 1, wherein the inlet temperature to the

hydroprocessing unit is controlied.

- 14 -
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The process of claim 8, wherein a steam éxchanger is employed to

control the inlet temperature of the hydroprocessing unit.

The process of claim 1, wherein the bottoms materral of step (f) is

recycled to step (a) ‘the mixture of step (a) further comprismg recycled
unconverted material and slurry catalyst '

The process of claim 1, wherein the bottoms material of step (f) is
passed to the bottom of a third reactor which’ is maintained at
hydroconversnon condltions including elevated temperature and

pressure.

The process of claim 1, in which at least one of the reactors is a liquid -

recirculating reactor.

The process'of claim 13, in iNhich the recirculating reactor employs a
pump. '

The process of claim 1, in which hydroprocessing conditions employed.
in each reactor comprise a total pressure in the range from 1500

through 3500 kpsia and temperature from 700 through 900F.

. The process of claim 15, in'which the total pressurev is preferably in the

range from 2000 through 3000 psia and.temperature is preferably in
the range from 775 through 850F.

The process of claim 1, wherein the separator located between each |
reactor is a flash drum. '

The hydroconversion process of claim 1, Wherein the heavy oil is

selected from the group consisting of atmospheric residuum, vacuum

residuum, tar from a solvent deasphlating unit, atmospheric gas oils,

vacuum gas oils, deasphalted oils, olefins, oils derived from tar sands
' -15 -
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or bitumen, orls derlved from coal heavy crude onls synthetlc oils from

Fuscher-Tropsch processes and oils derivéd from recycled oil wastes
and polymers.

' The hydroconversron process of claim 1, wherem the process is

selected from the group consrstmg of hydrocracklng, hydrotreatlng,

hydrodesulphurlzatlon hydrodemtrrfucatlon and hydrodemetallzatron

The process of clalm 1, whereln the actlve slurry catalyst composrtlon

of clalm 1is prepared by the followmg steps

(a)

(b)

(@)

(e)

)

mixing a Group VIB metal oxide and aqueous émmonia

to form a Group VI B metal compound aqueous mixture;

sulfiding, in an initial reaction zone, the aqueous mixture

of step (a) wnth a gas comprlsmg hydrogen sulfide to a '
dosage greater than 8 SCF of hydrogen sulfide per pound
of Group. VIB metal to formAa slurry;

promoting the slurry with a Group VIII metal compound:;

mlxmg the slurry of step (c) W|th a hydrocarbon oil having
a viscosity of at least 2 cSt @ 212°F to form an.
intermediate mixture;

combining the intermediate mixture with hydrogen gas i.n
a’second reaction zone, under conditions which maintain
the water in the intermediate mixture in a ‘qupid phase,
thereby forming an active catalyst composition admixed

with a liquid hydrocarbon; and

recovering the active catalyst composition.

- 16 -
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The process of claim 1, in which about 98wt% of heavy oil feed is

converted to lighter products.

A proceés for the hydroconversion of heavy oils with' a s’lurry;, said

process resulting in almost complete removai of sulfur or nitrogen from

the final,produ‘ct‘,whereih‘ ét least two prbw reactors in series are

employed with a se'paratvor located i‘hternally in bofh_‘ reactors, said

process comprising the foIIoWing steps:

(a)

(b)

(c)

(d)

(e)

combini‘ng a heated heayy‘ oil feed; an active slurry
catalyst composition and a hydrogen-containing gas to
form a mixture;

passing the mixture of step (a) to the bottom of the first
reactor, which is maintained at hydroprocessing

conditions, including elevated temperature and pressure;

separating internally in the first reactor a stream
comprising prdduct ,gases ,.unconverted material and
slurry catélyét into two streams, a vapor stream
comprising products, hydrogen and other gases, and a

liquid stream comprising unconverted material and slurry
catalyst;

passing the vapor stream of step ( ¢) overhead to a lean
oil contactor, and passing the liquid stream, comprising
unconverted material and slurry catalyst, from the first
reactor as a bottoms stream, |

combining the bottoms stream of step (d) with additional

feed oil resulting in an intermediate mixture;

17 -
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passing the intermediate mixture of step (e} to the bottom
of the second reactor, which is maintained at
hydroprocessing conditions, inclu'ding elevated

temperature and pressure;

separating internally in the second reactor a stream
comprising product, gases unconverted material and
slurry catalyst into two streams, a vapor stream

comprising products, hydrogen and other gases, and a

liquid stream comprising unconverted material and slurry

Catalyst;

passing the vapor stream of step '(g)‘oyerhead to a lean
oil contactor, and passing the liquid stream of step (g)

from the second reactor as a bottoms stream for further
processing.

passing the overhead effluent of the lean oil contactor of
step (h) to a hydroprocessing unit for the removal of
sulfur and nitrogen.

22. A process for the hydroconversion of heavy oils, said process

employing at least two upflow reactors in series with no interstage

separation, said process comprising the following steps:

(a)

(b)

combining a heated heavy .oil feed, an active slurry

catalyst composition and a hydrogen-containing gas to
form a mixture;

passing the mixture of step (a) to the bottom of the first:
reactor, which is maintained at hydroprocessing

conditions, including elevated temperature and pressure;

- 18 -
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(c) passing from the first reactor, a stream comprising product
and g'ases, unconverted material and slurry catalyst to a
second reactor maintained at hydroproeessing co,nditions for

* further processing and- subsequent separation into vapor and
liquid streams, with hyd ro'prpcessing, of the vapor stream

comprising product for removal of sulfur and nitrogen.

23.  The process of claim 22, in which additional hydrdgen may be added to
the stream of step © prior to'its entrance to the"s"'ec‘ovrid reactor.

24. A process for the hydroconversnon of heavy oils, said process
employlng at least two upflow reactors ln serles with a separator in

between each reactor, said process compnsmg the fo!iowmg steps

(a) comblnlng a heated heavy oil feed an active slurry
catalyst composmon and a hydrogen contamlng gas to
form a mlxture,

(b) ©  passing the mixture of step (a) to the bottom of first
reactor, which is maintained at hydroprocessing

conditions, including elevated temperature and pressure;

(c) removing a vaper etream cémprising‘pfoducts, hydrogen,
unconverted material and slurry catalyst from the top of

. the first reactor and passing. it to a first seb'arator;

(d)  in the first separator, removing the products and
hydrogen to further processing and passing a liquid
bottoms stream, comprising unconverted material and
slurry catalyst, to the bottom of the second reactor, which
is maintained at slurry hydroprocessing conditions,

including elevated temperature and pressure;

-19 -
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25.

26.

27.

(e)  removing a vapor stream comprising products and
hydrogen unconverted material and slurry catalyst from
the top of the second re'actdr and passing it to a second
separator; -

(f) inthe second separator, removing the products and .
' hydrogen overhead as a vapor stream to further processing
and passing a bottoms stream, c.omprising_u‘nconverted

'material and slurry catalyst to further processinag. -

The process of claim 24, wherein the bot’tdms.material of step () is
recycled to step (a), the mixture of step (a) further comprising recycled
unconverted material and slurry cata!ySt. '

The process of claim 24, wherein the botfams material of step (f) is
passed to the bottom of a third reactor which is maintained at .
hydfoconversionfcohditions, including elevated temperature and
préssure. ‘ | :

A pr'ocie'ss for therhydrdconversion of heavy oils With a slurry, said

process employing at least two_upflow reactors in:series witha -

separator in between each reactor, said process comprising the
following steps:

(a) combining a heated heavy oil feed and a hydrogen gas to
- form a mixture;

(b) coﬁtacting the mixture at pretreating conditions in at least

one pretreating reactor;

(c).  passing the effluent of step (b) to a post-treating

separator,

(d).  passing products and hydrogen.overhead.from the post-

treating separator and combining bottoms from the post-

-20- .
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treating separator with an actlve slurry catalyst
composrtton to form a mlxture

passnng the mixture of step (d) to the bottom of the frrst
reactor whrch rs maintained at slurry hydroconversron

condltrons, lncludrng elevated temperature and pressure;

removrng a vapor stream compnsrng product hydrogen
unconverted material and slurry catalyst overhead from

the first reactor and passing it to a separator; - <

in the separator of step (f), removing a'vapor stream |
comprising product and hydrogen overhead to furtner
processing and passing a liquid bottoms stream,
comprising unconverted material 'and slurry catalyst, to
the bottom of the second reactor, which is maintained at
slurry hydroconversion conditions, including'elevated

temperature and pressure;

removing a vapor stream comprising product and

‘hydrogen , unconverted material and slurry catalyst

overhead from the second reactor and passing it to a
second separator,; ‘

in the second séparator, removing a vapor stream
comprising products and hydrogen overhead to further
processung and passing a liquid bottoms stream,
comprising unconverted material and slurry catalyst to
further processing. ;

-21 -
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