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A process for upgrading residuum hydrocarbons including: feeding pitch, hydrogen, and a partially spent catalyst recovered from a
hydrocracking reactor to an ebullated bed pitch hydrocracking reactor; contacting the pitch, hydrogen, and the catalyst in the
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ebullated bed pitch hydrocracking reactor at reaction conditions of temperature and pressure sufficient to convert at least a portion

of the pitch to distillate hydrocarbons; and separating the distillate hydrocarbons from the catalyst. In some embodiments, the
process may Include selecting the ebullated bed pitch hydrocracking reactor reaction conditions to be at or below the level where
sediment formation would otherwise become excessive and prevent continuity of operations.
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covered from a hydrocracking reactor to an ebullated bed pitch hydrocracking reactor; contacting the pitch, hydrogen, and the cata -
lyst in the ebullated bed pitch hydrocracking reactor at reaction conditions of temperature and pressure sufficient to convert at least a
portion of the pitch to distillate hydrocarbons; and separating the distillate hydrocarbons from the catalyst. In some embodiments,

the process may include selecting

the ebullated bed pitch hydrocracking reactor reaction conditions to be at or below the level where

sediment formation would otherwise become excessive and prevent continuity of operations.
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CONVERSION OF ASPHALTENIC PITCH WITHIN AN
EBULLATED BED RESIDUUM HYDROCRACKING
PROCESS

FIELD OF THE DISCLOSURE

10001] Embodiments disclosed herein relate generally to processes for upgrading

petroleum feedstocks, such as asphaltenic pitch.
BACKGROUND
[0002] Hydrocracking processes can be used to upgrade higher boiling materials,

such as residuum, typically present in heavy crude oil, by converting it into more
valuable lower boiling materials. For example, at least a portion of the residuum feed
to a hydrocracking reactor may be converted to a hydrocracking reaction product. The
unreacted residuum may be recovered from the hydrocracking process and either
removed or recycled back to the hydrocracking reactor in order to increase the overall

residuum conversion.

[0003] The residuum conversion in a hydrocracking reactor can depend on a variety
of factors, including feedstock composition; the type of reactor used; the reaction
severity, including temperature and pressure conditions; reactor space velocity; and
catalyst type and performance. In particular, the reaction severity may be used to
increase the conversion. However, as the reaction severity increases, side reactions
may occur 1nside the hydrocracking reactor to produce various byproducts in the form
of coke precursors, sediments, other deposits, as well as byproducts, such as
asphaltenic pitch.

[0004] One type of cracking reactor used in various processes includes an ebullated
bed hydrocracking reactor. The addition of 'an intermediate or pre-deasphalting step

to an ebullated bed process may enhance the performance of the ebullated bed
process, such as by increased conversion and production of residual oils with high
stability. However, there is inevitably a volume of pitch that needs to be disposed
of. The pitch, if it is to be converted to fuel oil, requires a very high volume of a
lighter cutter stock, such as light cycle oil from an FCC unit. The pitch can
alternatively be fed to a Delayed Coking unit, but pitch is not a very desirable
feedstock. The pitch could also be converted to asphalt, but demand can be
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seasonal and the quality of pitch may not meet local specifications. The pitch

could be gasified, but costs are generally prohibitive. Pitch is therefore not a

desired byproduct.
SUMMARY OF THE CLAIMED EMBODIMENTS

[0005] In one aspect, embodiments disclosed herein relate to a process for upgrading
residuum hydrocarbons. The process may include: feeding pitch, hydrogen, and a
partially spent catalyst recovered from a hydrocracking reactor to an ebullated bed
pitch hydrocracking reactor; contacting the pitch, hydrogen, and the catalyst in the
cbullated bed pitch hydrocracking reactor at reaction conditions of temperature and
pressure sufficient to convert at least a portion of the pitch to distillate hydrocarbons;
and separating the distillate hydrocarbons from the catalyst. In some embodiments,
the process may include selecting the ebullated bed pitch hydrocracking reactor
reaction conditions to be at or below the level where sediment formation would

otherwise become excessive and prevent continuity of operations.

[0006] In another aspect, embodiments disclosed herein relate to a process for
upgrading residuum hydrocarbons. The process may include: feeding pitch,
hydrogen, and a spent or partially spent catalyst recovered from a hydrocracking
reactor to a pitch hydrocracking reactor; contacting the pitch, hydrogen, and the
catalyst in the pitch hydrocracking reactor at reaction conditions of temperature and
pressure sutficient to convert at least a portion of the pitch to distillate hydrocarbons;

separating the distillate hydrocarbons from the catalyst.

[0007] In another aspect, embodiments disclosed herein relate to a system for
upgrading residuum hydrocarbons. The system may include: a residuum hydrocarbon
conversion reactor system for contacting a residuum hydrocarbon, hydrogen, and a
hydrocracking catalyst to convert at least a portion of the residuum hydrocarbon to
distillate range hydrocarbons; a separation system for fractionating the distillate range
hydrocarbons into two or more hydrocarbon fractions including a vacuum tower
bottoms fraction; a separation system for recovering at least some of the spent catalyst
from the residuum hydrocarbon conversion reactor system; a solvent deasphalting unit
tfor solvent deasphalting the vacuum tower bottoms fraction to produce a deasphalted
ol fraction and a pitch fraction; and a pitch hydrocracking reactor system for

contacting the pitch, hydrogen, and spent catalyst recovered from the residuum
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hydrocarbon reactor system at reaction conditions of temperature and pressure

sufficient to convert at least a portion of the pitch to distillate hydrocarbons.

[0008] Other aspects and advantages will be apparent from the following description

and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0009] Figures 1-3 are simplified process flow diagrams of processes for upgrading

hydrocarbon feedstocks according to embodiments disclosed herein.

DETAILED DESCRIPTION

10010] In one aspect, embodiments herein relate generally to hydroconversion
processes, 1ncluding processes for hydrocracking residuum and other heavy
hydrocarbon fractions. More specifically, embodiments disclosed herein relate to
processes for upgrading asphaltenic pitch via hydrocracking in an ebullated bed

hydrocracking reactor using a spent or partially spent catalyst recovered from a

hydrocracking reactor system.

[0011] As used herein, “residuum hydrocarbons,” “heavy oils,” or other terms
referring to residuum hydrocarbons, refers to hydrocarbon fractions having boiling
points or a boiling range above about 340°C, but could also include whole heavy
crude processing. Residuum hydrocarbon feedstocks that may be used with processes
disclosed herein may include various refinery and other hydrocarbon streams such as
petroleum atmospheric or vacuum residuum, deasphalted oil, deasphalter pitch,
hydrocracked atmospheric tower or vacuum tower bottoms, straight run vacuum gas
oil, hydrocracked vacuum gas oil, fluid catalytically cracked (FCC) slurry oils,
vacuum gas o1l from an ebullated bed process, shale oils, coal-derived oils, tar sands
bitumen, tall oils, black oils, as well as other similar hydrocarbon streams, or a
combination of these, each of which may be straight run, process derived,
hydrocracked, partially desulfurized, and/or low-metal streams. In some
embodiments, residuum hydrocarbon fractions may include hydrocarbons having a

normal boiling point of at least 480°C, at least 524°C, or at least 565°C.

[0012] The residuum hydrocarbons described above may be hydrocracked in a
hydrocracking reaction system having one or more reaction stages including one or
more hydrocracking reactors. For example, a hydrocracking reaction system may

include a single reaction stage having a single hydrocracking reactor, such as an
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ebullated bed hydrocracking reactor or a fluidized bed hydrocracking reactor. As
another example, a hydrocracking reaction system may include two reaction stages,
each including one or more hydrocracking reactors. The first and second
hydrocracking reaction stages may be used to sequentially perform one or more of
metals removal, denitrogenation, desulfurization, hydrogenation, Conradson Carbon
Residue reduction, and/or other hydroconversion reactions in addition to
hydrocracking to otherwise convert the residuum to useful products. The reactivity
tfor the varied reactions noted may be provided by a single hydrocracking catalyst or
multiple hydrocracking catalysts. In some embodiments having two or more reaction

stages, each reaction stage includes an ebullated bed hydrocracking reactor.

[0013] Following hydrocracking, the effluent from the hydrocracking reactor(s) may
be fractionated to recover one or more hydrocarbon fractions, such as a light naphtha
fraction, a heavy naphtha fraction, a kerosene fraction, a diesel fraction, a light
vacuum gas o1l fraction, a heavy gas oil fraction, and a vacuum resid fraction, among
other possible fractions. The heavier of these fractions, such as the vacuum resid
fraction, may be processed through a solvent deasphalting (SDA) unit to produce a

deasphalted o1l fraction and a pitch fraction.
[0014] Pitch 1s defined herein as a vacuum residuum stream recovered from

thermal, thermal-catalytic or catalytic hydrocracking processes fed with high
boiling hydrocarbonaceous materials such as petroleum atmospheric or vacuum
residuum, shale oils, coal-derived oils, tar sands bitumen, tall oils, black oils, bio-

derived crude oils as well as other similar hydrocarbonaceous streams, or a

combination of these, each of which may be straight run.

[00135] The pitch, hydrogen, and partially spent catalyst recovered from the
hydrocracking reactors may be fed to a pitch hydrocracking reactor, such as an
ebullated bed pitch hydrocracking reactor, for upgrading of the pitch to more valuable
hydrocarbons. The residuum hydrocarbon hydrocracking reaction system, such as
one including ebullated bed hydrocracking reactor(s), may generate a quantity of
spent or partially spent catalyst. This “spent catalyst,” although containing nickel and
vanadium removed during cracking in the ebullated bed hydrocracking reactors, may
still possess substantial residual hydrocracking activity, although the level of activity

may not be suitable or desirable for continued use in the ebullated bed hydrocracking
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reactor(s). The spent catalyst 1s normally sent to a metals reclaimer to reclaim some
of the metals contained in the catalyst. However, embodiments herein utilize the
residual activity to convert the pitch to distillate range hydrocarbons. The fully spent
catalyst recovered from the pitch hydrocracking reactor may then be sent to a metals

reclaimer for reclamation of the metals contained in the catalyst.

[0016] As described above, processes herein may utilize “spent” and “partially spent”
catalyst. As used herein, partially spent catalyst may refer, for example, to catalyst
purged from an ebullated bed unit that is fed with fresh catalyst. Spent catalyst may
refer, for example, to catalyst recovered from an ebullated bed unit that is fed with
partially spent catalyst, and having essentially no activity. An intermediate spent
catalyst may refer, for example, to catalyst recovered from an ebullated bed unit that
1s fed with a blend of spent and partially spent catalyst, which may have an activity
greater than a tully spent catalyst but lower than that of a partially spent catalyst; the
term “partially spent” catalyst is intended to include “intermediate spent” catalysts
herein. The level of the net activity of the fresh catalyst, partially spent catalyst, or
intermediate spent catalyst may impact the reaction severity required in the
hydrocracking reactors needed to achieve the targeted conversions, where such

operating conditions should be maintained at or below the point of critical sediment

formation.

[0017] The hydrocarbon effluent from the pitch hydrocracking reactor may be
fractionated into two or more hydrocarbon fractions, including a vacuum tower
bottoms fraction (i.e., unreacted pitch). The vacuum tower bottoms fraction may be
recycled for further processing in the pitch hydrocracking reactor. In some
embodiments, recycle of the vacuum tower bottoms fraction may result in cracking of
the pitch at high conversion rates, and possibly to extinction, resulting in an overall

integrated residuum hydrocracking process scheme producing little or no pitch as an

unwanted or low-value product.

[0018] Referring now to Figure 1, a simplified flow diagram of a process for
upgrading pitch according to embodiments herein is illustrated. Pitch 10, such as a
pitch fraction recovered from a DAO unit, may be mixed with a hydrocarbon fraction
12, such as a slurry oil, decant oil, or cycle oil from an FCC unit. The addition of

hydrocarbon fraction 12 may be beneficial, but is not essential. The resulting feed
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blend 14 may be heated, such as via an indirect heat exchange in heater 16. Heated
teed blend 17 may be mixed with a heated hydrogen-rich stream 18 (such as a stream

resulting from heating of a hydrogen-rich feed stream 20 via heater 22) to form a

mixed feed stream 24.

[0019] Mixed feed stream 24 may then be fed to a pitch hydrocracking unit including
one or more ebullated bed pitch hydrocracking reactors 26, where it is contacted with
a partially spent hydrocracking catalyst 28 under reaction conditions sufficient to
convert at least a portion of the pitch to distillate hydrocarbons. Reaction conditions in
ebullated bed pitch hydrocracking reactor may include: (a) a hydrogen partial pressure
of greater than about 50 bar in some embodiments, or greater than about 70 bar in
other embodiments; (b) a temperature greater than about 350°C in some
embodiments, and greater than about 380°C in other embodiments; and (c¢) a liquid
hourly space velocity (LHSV) greater than about 0.05 h™' in some embodiments, and
greater than about 0.1 h™ in other embodiments. In some embodiments the hydrogen
partial pressure may be in the range from about 70 bar to about 170 bar, the
temperature may be in the range from about 380°C to about 450°C, and the LHSV
may be in the range from about 0.1 h™ to about 1.0 h™'. Temperatures in the ebullated
bed pitch hydrocracking reactor may be selected to achieve pitch conversions at or
below the level where sediment formation would otherwise become excessive and
thereby prevent continuity of operations, which may vary depending upon the
composition ot the pitch feed. Target residuum conversion levels in the pitch
hydrocracking unit may be at least 10 wt%, such as in the range from about 20 wt% to
about 95 wt%, depending upon the feedstock being processed. In some embodiments,

target residuum conversions in the pitch hydrocracking unit may be in the range from

about 30 wt%, 40 wt%, or 50 wt% to about 70 wt%, 75 wt%. or 80 wt%.
10020] Within the ebullated bed reactor 26, the catalyst 1s back-mixed and maintained

in random motion by the recirculation of liquid product. This is accomplished by first
separating the recirculated oil from the gaseous products. The oil is then recirculated
by means of an external pump or a pump having an impeller mounted in the bottom
head of the reactor. The spent catalyst feed 28 may be added to the top of ebullated
bed pitch hydrocracking reactor 26, and fully spent hydrocracking catalyst may be
withdrawn from the bottom of reactor 26 via flow line 30. The fully spent
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hydrocracking catalyst may then be sent to a metals reclaimer to reclaim metals

contained 1n the spent catalysts or otherwise disposed of.

10021] Liquid and vapor effluent from the ebullated bed pitch hydrocracking reactor
26 may be recovered via flow line 32 and quenched with an aromatic solvent 34
and/or a hydrogen-containing gas stream 36 and separated in high pressure high
temperature (HP/HT) separator(s) 38 and wash unit 40 for separating any entrained
solids from the vapors. Aromatic solvent 34 may include any aromatic solvent, such
as slurry o1l from a Fluid Catalytic Cracking (FCC) process or sour vacuum residuum,

among others.

[0022] The separated vapor 42 from HP/HT separator(s) 38 and wash unit 40 may
then be routed through a gas cooling, purification, and recycle gas compression
system (not shown). For example, the separator vapor 42 may be co-processed with a
vapor effluent recovered from the residuum hydrocarbon hydrocracking unit from

which the spent catalyst feed i1s derived.
[0023] The separated liquids 44 recovered from the HP/HT separator 38 and wash

unit 40, along with any entrained solids, may then be fed to a fractionation system 46
to separate distillate range hydrocarbons 48 from unreacted pitch 50. For example,
the separated liquids 44 may be flashed and routed to an atmospheric distillation
system (not shown) along with other distillate products recovered from the gas
cooling and purification section (not shown). The atmospheric tower bottoms, such as
hydrocarbons having an 1nitial boiling point of at least about 340°C, such as an initial
boiling point in the range from about 340°C to about 427°C, may then be further
processed through a vacuum distillation system (not shown) to recover vacuum
distillates. One or more distillate products 48 may be recovered from fractionation
system 46. The vacuum tower bottoms product 50, such as hydrocarbons having an
initial boiling point of at least about 480°C, such as an initial boiling point in the
range from about 480°C to about 565°C, may then be filtered or separated to recover
spent catalyst solids from the liquid, and the liquid may be routed back to the
ebullated bed pitch hydrocracking reactor 26 for continued processing. A small
slipstream 109 of recycle pitch stream 50 may be purged from the loop to maintain

the material balance and continuity of flow.
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10024 ] To facilitate catalyst feed through flow line 28 to ebullated bed pitch
hydrocracking reactor 26, the spent catalyst may be slurried with a hydrocarbon oil
52, such as a slurry oil or other hydrocarbons, including those produced by the
hydrocracking or pitch hydrocracking systems. In some embodiments, the spent
catalyst and/or cooled and solidified pitch feed and/or recycle pitch may also be fed to
a grinder (not shown) and ground prior to slurrification and/or fed to ebullated bed

pitch hydrocracking reactor 26. In such an embodiment, the catalyst may be fed to

the bottom of ebullated bed pitch hydrocracking reactor.

[00235] Referring now to Figure 2, a simplified flow diagram of a process for
upgrading pitch according to embodiments herein is illustrated, where like numerals
represent like parts. A hydrocracking catalyst 54, such as a partially spent
hydrocracking catalyst recovered from a residuum hydrocarbon hydrocracking system
including one or more ebullated bed hydrocracking reactors, may be fed to a hopper
56 for temporary storage. The spent catalyst may then be fed via flow line 58 to a
catalyst grinder 60. The ground (crushed) spent catalyst may then be combined with a
hydrocarbon fraction 12 and pitch 10, such as a pitch fraction recovered from a SDA
unit. The addition of hydrocarbon fraction 12, such as a slurry oil, decant oil, or cycle
oil from an FCC unit, may be beneficial, but is not essential. The resulting feed blend
14 may be heated, such as via an indirect heat exchange in heater 16. Heated feed
blend 17 may be mixed with a heated hydrogen-rich stream 18 (such as a stream

resulting from heating of a hydrogen-rich feed stream 20 via heater 22) to form a

mixed feed stream 24.

[0026] Mixed feed stream 24 may then be fed to a pitch hydrocracking unit including
one or more pitch hydrocracking reactors 62, where the pitch and hydrogen are
contacted with the ground partially spent hydrocracking catalyst under reaction
conditions sufficient to covert at least a portion of the pitch to distillate hydrocarbons.
Reaction conditions in pitch hydrocracking reactor 62 may include: (a) a hydrogen
partial pressure of greater than about 50 bar in some embodiments, or greater than
about 70 bar in other embodiments; (b) a temperature greater than about 350°C in
some embodiments, and greater than about 380°C in other embodiments; and (¢) a
liquid hourly space velocity (LHSV) greater than about 0.05 h™ in some

embodiments, and greater than about 0.1 h™ in other embodiments. In some
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embodiments the hydrogen partial pressure may be in the range from about 70 bar to
about 170 bar, the temperature may be in the range from about 380°C to about 450°C,
and the LHSV may be in the range from about 0.1 h™ to about 1.0 h™. Temperatures
in the pitch hydrocracking reactor may be selected to achieve pitch conversions at or
below the level where sediment formation would otherwise become excessive and
thereby prevent continuity of operations, which may vary depending upon the
composttion of the pitch feed. Target residduum conversion in the pitch hydrocracking
unit may be at least 10 wt%, such as in the range from about 20 wt% to about 95 wt%,
depending upon the feedstock being processed. In some embodiments, target

residuum conversions 1n the pitch hydrocracking unit may be in the range from about

30 wt% to about 75 wt%.

10027] Pitch hydrocracking reactor 62 may be a single pass upflow reactor, where the
catalyst 1s recovered with the hydrocracked product or 1t may be an ebullated bed
reactor wherein the catalyst 1s back-mixed and maintained in random motion by the
recirculation of the liquid product. The liquid and vapor effluent from the pitch
hydrocracking reactor 62 may be recovered via flow line 32 and quenched with an
aromatic solvent 34 and/or a hydrogen-containing gas stream 36 and separated in high
pressure high temperature (HP/HT) separator(s) 38 and a wash unit 40 for separating
any entrained solids from the vapors. Aromatic solvent 34 may include any aromatic
solvent, such as slurry oil from a Fluid Catalytic Cracking (FCC) process or sour

vacuum residuum, among others.

[0028] The separated vapor 42 from HP/HT separator(s) 38 and wash unit 40 may
then be routed through a gas cooling, purification, and recycle gas compression
system (not shown). For example, the separator vapor 42 may be co-processed with a
vapor effluent recovered from the residuum hydrocarbon hydrocracking unit from

which the spent catalyst feed 1s derived.
[0029] The separated liquids 44 recovered from the HP/HT separator 38 and wash

unit 40, along with spent catalyst solids, may then be fed to a fractionation system 46
to separate distillate range hydrocarbons 48 from unreacted pitch 50. For example,
the separated liquids 44 may be flashed and routed to an atmospheric distillation
system (not shown) along with other distillate products recovered from the gas

cooling and purification section (not shown). The atmospheric tower bottoms, such as



CA 02898191 2015-07-14

WO 2014/113285 PCT/US2014/011022

hydrocarbons having an 1nitial boiling point of at least about 340°C, such as an initial
boiling point in the range from about 340°C to about 427°C, may then be further
processed through a vacuum distillation system (not shown) to recover vacuum
distillates. One or more distillate products 48 may be recovered from fractionation
system 46. The vacuum tower bottoms product 50, such as hydrocarbons having an
initial boiling point of at least about 480°C, such as an initial boiling point in the
range from about 480°C to about 565°C, may then be separated via centrifuge 64 and
filter 65, or other solids / liquids separation means, to recover spent catalyst solids 66
from unreacted pitch 68. At least some of the unreacted pitch 68 may then be routed
back to the pitch hydrocracking reactor 62 together with fresh pitch 10 for continued
processing. A small slipstream 110 of recycle pitch stream 68 may be purged from the
loop to maintain the material balance and continuity of flow. Spent catalyst solids 66

may be fed to hopper 70 for temporary storage and through flow line 72 for metals

reclamation or disposal.

[0030] In some embodiments, the recycled unreacted pitch 68, the feed pitch 10, or
both, may be cooled and solidified via freeze unit 80. The cooled and solidified pitch
82 may then be fed along with the spent catalyst feed to hopper 56 and/or grinder 60.
Following grinding, the ground mixture may be slurried with a liquid hydrocarbon 12,

heated, and fed as a catalyst-oil slurry to the bottom of the pitch hydrocarbon reactor
62.

[0031] Referring now to Figure 3, an overall integrated process for upgrading
residuum hydrocarbons with very low or negligible pitch byproduct production
according to embodiments herein is illustrated, where like numerals represent like
parts. Residuum hydrocarbon fraction 84 and hydrogen 86 may fed to a residuum
hydrocarbon hydrocracking unit including a first stage ebullated bed reactor 88 and a
second stage ebullated bed hydrocracking reactor 89. The hydrocracked product 90
from first stage hydrocracking reactor 88 may be fed to second stage hydrocracking
reactor 89. In ebullated bed reactors 88, 89, the hydrocarbons and hydrogen are
contacted with hydroconversion catalysts 91, 92, which may be the same or different,
to react at least a portion of the pitch with hydrogen to form lighter hydrocarbons, i.e.,
hydrocracking, and to demetallize the residuum hydrocarbons, remove Conradson

Carbon Residue, or otherwise convert the residuum hydrocarbons to useful products.

10
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10032]

[0033]

[0034]

[0035]

Target conversions in through the ebullated bed reactor stages 88, 89 may
be 1n the range from about 40 wt% to about 75 wt%, depending upon the feedstock
being processed. In any event, target conversions should be maintained below the
level where sediment formation becomes excessive and thereby prevents continuity of
operations. In addition to converting the residuum hydrocarbons to lighter
hydrocarbons, sulfur removal may be in the range from about 40 wt% to about 80
wt%, metals removal may be in the range from about 60 wt% to 85 wt% and

Conradson Carbon Residue (CCR) removal may be in the range from about 30 wt% to
about 65 wt%.

Following conversion in ebullated bed reactor stages 88, 89, the partially
converted hydrocarbons may be recovered via flow line 93 as a mixed vapor / liquid
effluent and fed to a fractionation system 94 to recover one or more hydrocarbon
tfractions. As illustrated, fractionation system 94 may be used to recover an offgas 95,
a light naphtha fraction 96, a heavy naphtha fraction 97, a kerosene fraction 98, a
diesel fraction 99, a light vacuum gas oil fraction 100, a heavy gas oil fraction 101,

and a vacuum residuum fraction 102.

Vacuum resid fraction 102 may be fed to SDA unit 104, where it is contacted
with a solvent 106 to produce a deasphalted oil fraction 108 and feed pitch fraction
10. The solvent used in SDA unit 104 may include an aromatic solvent, a mixture of
gas oils, a light naphtha, a light paraffin containing 3 to 7 carbon atoms, or a
combination of two or more of these solvents. In some embodiments, the solvent
includes hydrocarbons derived from one or more of fractions 95, 96, 97, 98, 99, 100,
or 101. Feed pitch fraction 10 may then be processed as described above with respect

to Figure 1 or Figure 2. A small slipstream 111 of recycle pitch stream 50 may be

purged from the loop to maintain the material balance and continuity of flow.

Catalysts useful in the first hydrocracking stage 88 and the second
hydrocracking stage may include one or more elements selected from Groups 4-12 of
the Periodic Table of the Elements. In some embodiments, the catalysts may
comprise, consist of, or consist essentially of one or more of nickel, cobalt, tungsten,
molybdenum, and combinations thereof, either unsupported or supported on a porous
substrate such as silica, alumina, titania, or combinations thereof. As supplied from

the manufacturer or as resulting from a regeneration process, the catalysts may be in
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the form of metal oxides, for example. If necessary or desired, the metal oxides may
be converted to metal sulfides prior to or during use. In some embodiments, the

hydrocracking catalysts may be pre-sulfided and/or pre-conditioned prior to

introduction to the reactor.

[0036] Partially spent catalyst may be recovered from the first hydrocracking stage 88
and second hydrocracking stage 89 via flow lines 110, 112, respectively. In some
embodiments, partially spent catalyst from only the first hydrocracking stage 88 may
be fed to the pitch hydrocracking reactor 26. In other embodiments, partially spent
catalyst from only the second hydrocracking stage 89 may be fed to the pitch
hydrocracking reactor 26. In other embodiments, a mixture of partially spent catalyst

from both the first and second hydrocracking stages 88, 89 may be fed to the pitch
hydrocracking system.

[0037] In some embodiments, the fresh catalysts fed to stage 88 are different than
those fed to stage 89 to take advantage of the higher metals contents and CCR
contents of the restduum feed. The differences in these catalysts may include pore
volume and pore size distribution differences, surface area differences and metals
loading differences. The characteristics of the residuum feed stream 84 and the
reaction severity used in stage 88 may impact the selection of properties of the fresh
catalyst stream 91 versus that of fresh catalyst stream 92 as well as the extent of how

much partially spent catalyst streams 110 and 112, respectively, are fed to the pitch

hydrocracking reactor 26.

[0038] As 1llustrated 1in Figure 3, the residuum hydrocarbon hydrocracking system
(reactor stages 88, 89) and the pitch hydrocracking system 26 include separate
ettluent processing units. Such may be advantageous where the pitch hydrocracking
system may occasionally be shut down, such as for maintenance or during times when
the residuum hydrocarbon hydrocracking system is processing feeds that do not
produce significant quantities of pitch, as well as for integration of a pitch

hydrocracking system into an existing residuum hydrocarbon hydrocracking system.

[0039] Embodiments herein also contemplate processing of the reactor effluents 32,
93, the liquid portions thereof, or the wvapor portions thereof, in a common

fractionation system and/or a common gas cooling, purification, and recycle gas
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compression system. The common processing may reduce initial unit cost (reduced

piece count) and simplify operations (reduced number of process variables / steps).

10040] The integrated hydrocracking systems disclosed herein, such as those
1llustrated by Figure 3, utilize a fresh catalyst feed to the residuum hydrocarbon
hydrocracking reactors and a partially and/or intermediate spent catalyst feed to the
pitch hydrocracking reactors. For ease of process operations, the catalyst feed rates to
each unit may be linked. For example, where the fresh catalyst feed to reactor stages
88 and/or 89 are increased, the spent catalyst withdrawal rate necessarily increases.
The rate of partially or intermediate spent catalyst feed to the pitch hydrocracking

reactors may thus be increased by a similar rate so as to avoid accumulation of spent

catalyst.
[0041] As noted above, 1t may be desirable to shut down the pitch hydrocracking unit

for various reasons. When operational, the pitch hydrocracking unit provides for
additional incremental conversion of residuum hydrocarbons to distillate range
products. The additional conversion may be achieved with little or no additional fresh
catalyst requirements. For example, embodiments herein may achieve a 5% to 40%
incremental increase 1n resitduum hydrocarbon conversion, where the fresh residuum
hydrocarbon hydrocracking catalyst feed to reactor stages 88, 89 is incrementally
increased by 0% to 35%. In other words, the incremental increase in fresh
hydrocracking catalyst feed is equivalent to may be less than about 135 % of the

catalyst rate when the pitch hydrocracking unit is not utilized.

10042] The integrated hydrocracking systems disclosed herein, such as that illustrated
by Figure 3, may provide for an overall residuum conversion, based on hydrocarbon
ol feed, of at least 90 wt% in some embodiments; at least 95 wt% in other

embodiments; and at least 98 wt% in yet other embodiments.

[0043] As described above, embodiments disclosed herein may provide an integrated
process for upgrading residuum hydrocarbons. Advantageously, embodiments herein
may significantly reduce or eliminate the production of pitch from the upgrading
process, thereby reducing dependency on external units or creating a low or negative-
value product, or the need to find an outlet for the low wvalue pitch. Further,
embodiments herein provide an increase in residuum hydrocarbon conversion with

little or no additional fresh catalyst requirements. For example, residuum conversion
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limits may be extended from typically achieved conversions of 55% to 75% up to 98
wt%. Embodiments herein also advantageously use residual activity in partially spent
catalysts, and may use high temperature hydrocracking conditions, since the
corresponding high coke formation rates on the catalysts particles is acceptable in the
pitch hydrocracking unit as the fully spent catalyst particles containing coke and

metals will be sent for metals reclamation rather than for further catalytic processing.

[0044] Embodiments herein may also advantageously result in an overall processing
approach requiring reduced reactor volume to achieve a given conversion.
Embodiments herein may also reduce unit investment costs by integrating residuum
hydrocarbon hydrocracking and pitch hydrocracking into a common gas Cooling,

purification, and compression loop.

[00435] While the disclosure includes a limited number of embodiments, those skilled
in the art, having benefit of this disclosure, will appreciate that other embodiments
may be devised which do not depart from the scope of the present disclosure. Further,
while multiple process schemes are illustrated with varying process steps,
embodiments contemplated herein may utilize process steps, such as catalyst grinding
or entrained catalyst separations, among others, although not explicitly illustrated
and/or described. Accordingly, the scope should be limited only by the attached

claims.
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CLAIMS

What 1s claimed:
1. A process for upgrading pitch, the process comprising:

feeding pitch, hydrogen, and a partially spent catalyst recovered from a
hydrocracking reactor to an ebullated bed pitch hydrocracking reactor;

contacting the pitch, hydrogen, and the catalyst in the ebullated bed pitch
hydrocracking reactor at reaction conditions of temperature and pressure
sufficient to convert at least a portion of the pitch to distillate hydrocarbons;

separating the distillate hydrocarbons from the catalyst.

2. The process of claim 1, further comprising selecting the ebullated bed pitch
hydrocracking reactor reaction conditions to be at or below the level where sediment
formation would otherwise become excessive and prevent continuity of operations.

3. The process of claim 1, wherein the catalyst is a partially spent catalyst recovered
from an ebullated bed hydrocracking reactor system.

4. The process of claim 1, further comprising

hydrocracking a heavy o1l feedstock in a hydrocracking reaction system
comprising one or more hydrocracking reaction stages comprising an
ebullated bed hydrocracking reactor;

recovering the partially spent catalyst from the ebullated bed hydrocracking
reactor.

5. The processes of claim 4, wherein the heavy oil feedstock comprises one or more of:
virgin atmospheric petroleum residuum; virgin vacuum petroleum residuum;
deasphalted oils from a solvent deasphalting unit; tar sands bitumen; atmospheric
shale oil-derived residuum; heavy coal-derived liquids; coal gasification byproduct
tars; and black oils.

6. The process of claim 4, wherein the spent or partially spent catalyst is recovered from
a first hydrocracking reaction stage.

7. The process of claim 4, wherein the spent or partially spent catalyst is recovered from
a second hydrocracking reaction stage.

8. The process of claim 4, wherein the spent or partially spent catalyst is a mixture of
spent or partially spent catalysts recovered from both a first hydrocracking reaction

stage and a second hydrocracking reaction stage.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The process of claim 4, further comprising slurrying the recovered partially spent
catalyst to form a catalyst slurry fed to the ebullated bed pitch hydrocracking reactor.
The process of claim 4, further comprising grinding the recovered partially spent
catalyst recovered from the ebullated bed hydrocracking reactor.
The process of claim 10, further comprising slurrying the ground catalyst to form a
catalyst slurry fed to the ebullated bed pitch hydrocracking reactor.
The process of claim 4, further comprising:
recovering an effluent from the hydrocracking reaction system;
fractionating the effluent to produce two or more hydrocarbon fractions;
solvent deasphalting at least one of the two or more hydrocarbon fractions to
produce a deasphalted oil fraction and the pitch.
The process of claim 1, wherein at least 10% of the pitch is converted to distillate
hydrocarbons.
The process of claim 1, wherein from about 50% to about 75% of the pitch is
converted to distillate hydrocarbons.
The process of claim 1, wherein the ébullated bed pitch hydrocracking reactor is
operated at a pressure of greater than about 50 bar, a temperature greater than about
350°C, and a liquid hourly space velocity greater than about 0.05 h™.
The process of claim 1, further comprising:
tfractionating the distillate hydrocarbons in a vacuum distillation tower to produce
one or more hydrocarbon fractions and a vacuum distillation tower bottoms
fraction comprising unreacted pitch;
recycling the vacuum distillation tower bottoms fraction to the ebullated bed pitch
hydrocracking reactor.
The process of claim 16, further comprising mixing the vacuum tower distillation
bottoms fraction with a hydrocarbon diluent comprising at least one of a cycle oil, a
slurry oil, and an aromatics-rich solvent. '
The process of claim 16, further comprising:
cooling and soliditying the vacuum distillation tower bottoms fraction;
grinding the solidified vacuum tower distillation bottoms and the spent or partially
spent catalyst to form a ground mixture;

slurrying the ground mixture in a liquid hydrocarbon to form a slurry; and
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teeding the slurry to the ebullated bed pitch hydrocracking reactor as at least a
portion of the pitch and the catalyst fed to the ebullated bed pitch
hydrocracking reactor.

19. A process tor upgrading pitch, the process comprising:

teeding pitch, hydrogen, and a spent or partially spent catalyst recovered from a
hydrocracking reactor to a pitch hydrocracking reactor;

contacting the pitch, hydrogen, and the catalyst in the pitch hydrocracking reactor
at reaction conditions of temperature and pressure sufficient to convert at least
a portion of the pitch to distillate hydrocarbons;

separating the distillate hydrocarbons from the catalyst.

20- The process of claim 19, wherein the catalyst is a spent or partially spent catalyst
recovered from an ebullated bed hydrocracking reactor. '

21. The process of claim 19, further comprising

hydrocracking a heavy oil feedstock in a hydrocracking reaction system
comprising one or more hydrocracking reaction stages comprising an
ebullated bed hydrocracking reactor;

recovering the spent or partially spent catalyst from the ebullated bed
hydrocracking reactor.

22. The process of claim 21, wherein the spent or partially spent catalyst is recovered
from a first hydrocracking reaction stage.

23. The process of claim 21, wherein the spent or partially spent catalyst is recovered
from a second hydrocracking reaction stage.

24. The process of claim 21, wherein the spent or partially spent catalyst is a mixture of
spent or partially spent catalysts recovered from both a first hydrocracking reaction
stage and a second hydrocracking reaction stage.

25. The process of claim 21, further comprising slurrying the catalyst to form a catalyst
slurry fed to the ebullated bed pitch hydrocracking reactor.

26. The process of claim 21, further comprising grinding the spent or partially spent
catalyst recovered from the ebullated bed hydrocracking reactor.

27. The process of claim 26, further comprising slurrying the ground catalyst to form a
catalyst slurry fed to the ebullated bed pitch hydrocracking reactor.

28. The process of claim 21, further comprising:
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recovering an effluent from the hydrocracking reaction system;
tfractionating the effluent to produce two or more hydrocarbon fractions;
solvent deasphalting at least one of the two or more hydrocarbon fractions to

produce a deasphalted oil fraction and the pitch.
29. The process of claim 19, wherein at least 10% of the pitch is converted to distillate

hydrocarbons.

30. The process of claim 19, wherein from about 50% to about 75% of the pitch 1s
converted to distillate hydrocarbons.

31. The process of claim 19, wherein the ebullated bed pitch hydrocracking reactor is
operated at a pressure of greater than about 50 bar, a temperature greater than about
350°C, and a liquid hourly space velocity greater than about 0.05 h™.

32. The process of claim 19, further comprising:

fractionating the distillate hydrocarbons in a vacuum distillation tower to produce
one or more hydrocarbon fractions and a vacuum distillation tower bottoms
fraction;

recycling the vacuum distillation tower bottoms fraction to the ebullated bed pitch
hydrocracking reactor.

33. The process of claim 32, further comprising mixing the vacuum tower distillation
bottoms fraction with a hydrocarbon diluent comprising at least one of an FCC cycle
oil, a slurry o1l, and an aromatics-rich solvent.

34. The process of claim 32, further comprising:

cooling and solidifying the vacuum distillation tower bottoms fraction;

grinding the solidified vacuum tower distillation bottoms and the spent or partially
spent catalyst to form a ground mixture;

slurrying the ground mixture in a liquid hydrocarbon to form a slurry; and

teeding the slurry to the ebullated bed pitch hydrocracking reactor as at least a
portion of the pitch and the catalyst fed to the ebullated bed pitch
hydrocracking reactor.

35. A system for upgrading residuum hydrocarbons, the system comprising:

a residduum hydrocarbon conversion reactor system for contacting a residuum
hydrocarbon, hydrogen, and a hydrocracking catalyst to convert at least a

portion of the residuum hydrocarbon to distillate range hydrocarbons;
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a separation system for fractionating the distillate range hydrocarbons into two or
more hydrocarbon fractions including a vacuum tower bottoms fraction;

a separation system for recovering at least some of the spent catalyst from the
residuum hydrocarbon conversion reactor system;

a solvent deasphalting unit for solvent deasphalting the vacuum tower bottoms
fraction to produce a deasphalted oil fraction and a pitch fraction;

a pitch hydrocracking reactor system for contacting the pitch, hydrogen, and spent
catalyst recovered from the residuum hydrocarbon reactor system at reaction

conditions of temperature and pressure sufficient to convert at least a portion

of the pitch to distillate hydrocarbons.
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