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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the steam
cracking of hydrocarbons that contain relatively non-vol-
atile components and/or coke precursors.

BACKGROUND OF THE INVENTION

[0002] Steam cracking, also referred to as pyrolysis,
has long been used to crack various hydrocarbon feed-
stocks into olefins, preferably light olefins such as ethyl-
ene, propylene, and butenes. Conventional steam crack-
ing utilizes a pyrolysis furnace which has two main sec-
tions: a convection section and a radiant section. The
hydrocarbon feedstock typically enters the convection
section of the furnace as a liquid (except for light low
molecular weight feedstocks which enter as a vapor)
wherein it is typically heated and vaporized by indirect
contact with hot flue gas from the radiant section and to
a lesser extent by direct contact with steam. The vapor-
ized feedstock and steam mixture is then introduced into
the radiant section where the cracking takes place. The
resulting products, including olefins, leave the pyrolysis
furnace for further downstream processing, including
quenching.
[0003] Pyrolysis involves heating the feedstock suffi-
ciently to cause thermal decomposition of the larger mol-
ecules. The pyrolysis process, however, produces mol-
ecules which tend to combine to form high molecular
weight materials known as tar. Tar is a high-boiling point,
viscous, reactive material that can foul equipment under
certain conditions. In general, feedstocks containing
higher boiling materials tend to produce greater quanti-
ties of tar.
[0004] The formation of tar after the pyrolysis effluent
leaves the steam cracking furnace can be minimized by
rapidly reducing the temperature of the effluent exiting
the pyrolysis unit to a level at which the tar-forming re-
actions are greatly slowed. This cooling which may be
achieved in one or more steps and using one or more
methods is referred to as quenching.
[0005] Conventional steam cracking systems have
been effective for cracking high-quality feedstock which
contain a large fraction of light volatile hydrocarbons,
such as gas oil and naphtha. However, steam cracking
economics sometimes favor cracking lower cost heavy
feedstocks such as, by way of non-limiting examples,
crude oil and atmospheric residue. Crude oil and atmos-
pheric residue often contain high molecular weight, non-
volatile components with boiling points in excess of
590°C (1100°F) otherwise known as asphaltenes, bitu-
men, or resid. The non-volatile components of these
feedstocks lay down as coke in the convection section
of conventional pyrolysis furnaces. Only very low levels
of non-volatile components can be tolerated in the con-
vection section downstream of the point where the lighter

components have fully vaporized.
[0006] In most commercial naphtha and gas oil crack-
ers, cooling of the effluent from the cracking furnace is
normally achieved using a system of transfer line heat
exchangers, a primary fractionator, and a water quench
tower or indirect condenser. The steam generated in
transfer line exchangers can be used to drive large steam
turbines which power the major compressors used else-
where in the ethylene production unit.
[0007] To address coking problems, U.S. Patent
3,617,493, discloses the use of an external vaporization
drum for the crude oil feed and discloses the use of a
first flash to remove naphtha as vapor and a second flash
to remove vapors with a boiling point between 450 and
1100°F (230 and 590°C). The vapors are cracked in the
pyrolysis furnace into olefins and the separated liquids
from the two flash tanks are removed, stripped with
steam, and used as fuel.
[0008] U.S. Patent 3,718,709 discloses a process to
minimize coke deposition. It describes preheating of
heavy feedstock inside or outside a pyrolysis furnace to
vaporize about 50% of the heavy feedstock with super-
heated steam and the removal of the residual, separated
liquid. The vaporized hydrocarbons, which contain most-
ly light volatile hydrocarbons, are subjected to cracking.
[0009] U.S. Patent 5,190,634, discloses a process for
inhibiting coke formation in a furnace by preheating the
feedstock in the presence of a small, critical amount of
hydrogen in the convection section. The presence of hy-
drogen in the convection section inhibits the polymeriza-
tion reaction of the hydrocarbons thereby inhibiting coke
formation.
[0010] U.S. Patent 5,580,443 discloses a process
wherein the feedstock is first preheated and then with-
drawn from a preheater in the convection section of the
pyrolysis furnace. This preheated feedstock is then
mixed with a predetermined amount of steam (the dilution
steam) and is then introduced into a gas-liquid separator
to separate and remove a required proportion of the non-
volatiles as liquid from the separator. The separated va-
por from the gas-liquid separator is returned to the py-
rolysis furnace for heating and cracking.
[0011] US 2004 004022 describes a process for crack-
ing heavy hydrocarbon feedstock which mixes heavy hy-
drocarbon feedstock with a fluid, e.g., hydrocarbon or
water, to form a mixture stream which is flashed to form
a vapor phase and a liquid phase, the vapor phase being
subsequently cracked to provide olefins. The amount of
fluid mixed with the feedstock is varied in accordance
with a selected operating parameter of the process, e.g.,
temperature of the mixture stream before the mixture
stream is flashed, the pressure of the flash, the flow rate
of the mixture stream, and/or the excess oxygen in the
flue gas of the furnace.
[0012] In using a flash to separate heavy liquid hydro-
carbon fractions from the lighter fractions which can be
processed in the pyrolysis furnace, it is important to effect
the separation so that most of the non-volatile compo-
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nents remain in the liquid phase. Otherwise, heavy, coke-
forming non-volatile components in the vapor are carried
into the lower tube banks of the convection section de-
positing as coke. Further, it has been noted that the heav-
ier molecules have a tendency to undergo endothermic
cracking reactions in the saturated vapor leaving the flash
vessel. These endothermic reactions cause cooling
which in turn promotes condensation of additional heavy
components. Liquids contacting the internal surfaces of
the vessel and downstream equipment provide coatings
of films that are precursors to coke.
[0013] It has now surprisingly been found that the ad-
dition of a stripping agent to the heavy hydrocarbon feed-
stock can increase the percentage of a heavy hydrocar-
bon feedstock stream available for cracking and can also
reduce the formation of coke downstream of the flash/
separation vessel and/or increase furnace capacity.

SUMMARY OF THE INVENTION

[0014] The present invention relates to a process for
cracking a heavy hydrocarbon feedstock containing non-
volatile hydrocarbons and/or coke precursors. The proc-
ess comprises (a) adding a lighter hydrocarbon stripping
component to the heavy hydrocarbon feedstock at any
point prior to the introduction of the heavy hydrocarbon
feedstock to a convection section, to form an enhanced
hydrocarbon feedstock blend to the extend sufficient to
reduce the T50 of the enhanced hydrocarbon feedstock
blend by at least 15°C (25°F) from the T50 of the heavy
hydrocarbon feedstock (b) heating the enhanced hydro-
carbon feedstock blend; (c) feeding the enhanced hydro-
carbon feedstock blend to a flash/separation vessel; (d)
separating the enhanced hydrocarbon feedstock blend
into a non-volatile component and coke precursor deplet-
ed vapor phase and a liquid phase rich in non-volatile
components and/or coke precursors; (e) removing the
vapor phase from the flash/separation vessel; and (f)
cracking the vapor phase in a radiant section of a pyrol-
ysis furnace to produce an effluent comprising olefins,
the pyrolysis furnace comprising a radiant section and a
convection section. Steam, which may optionally com-
prise sour or treated process steam and may optionally
be superheated, may be added at any step or steps in
the process prior to cracking the vapor phase.
[0015] The addition of stripping agent enables crack-
ing a higher fraction of the heavy hydrocarbon feedstock,
such as greater than 1% more, for example greater than
10% more; reduces fouling in and downstream of said
flash/separation vessel; and/or increases the capacity of
the pyrolysis furnace, such as by at least 10%, for exam-
ple by at least 20%; all as compared to using a feedstock
comprising only the heavy hydrocarbon feedstock con-
taining non-volatile components and/or coke precursors.
The stripping agent reduces the T50 of the enhanced hy-
drocarbon feedstock blend by at least 15°C (25°F) from
the T50 of the heavy hydrocarbon feedstock, preferably
by at least 28°C (50°F).

[0016] The stripping agent generally comprises be-
tween 2 wt.% and 95 wt.% of the enhanced hydrocarbon
feedstock blend, for example between 10 wt.% and 80
wt.% of the enhanced hydrocarbon feedstock blend, such
as between 20 wt.% and 50 wt.% of the enhanced hy-
drocarbon feedstock blend.
[0017] Preferably, the enhanced hydrocarbon feed-
stock blend with non-volatile components and/or coke
precursors is heated by indirect contact with flue gas in
a first convection section tube bank of the pyrolysis fur-
nace, for example to 150 to 340°C (300 to 650°F), before
optionally mixing with steam. The enhanced hydrocarbon
feedstock blend may also be mixed with a fluid, such as
hydrocarbon or water, in addition to the steam. The pre-
ferred fluid is water.
[0018] The enhanced hydrocarbon feedstock blend
may be further heated by indirect contact with flue gas
in a second convection section tube bank of the pyrolysis
furnace before being flashed. Preferably, the tempera-
ture of the enhanced hydrocarbon feedstock blend before
separation in step (d) is from 315 to 560°C (600 to
1040°F). Preferably the separation in step (d) is at a pres-
sure of from 275 to 1380 kPa (40 to 200 psia). Generally,
50 to 98 percent of the hydrocarbon feedstock is in the
vapor phase after being flashed. Additionally, steam may
be added to the vapor phase in the top portion of the
flash/separation vessel and/or downstream of the flash/
separation vessel before step (f).
[0019] If desired, the vapor phase may be sent through
an additional separation step to remove trace amounts
of liquid before step (f). The preferred vapor phase tem-
perature entering the radiant section of the pyrolysis fur-
nace is from 425 to 705°C ( 800 to 1300°F), which may
optionally be attained by additional heating in a convec-
tion section tube bank, preferably the bank nearest the
radiant section of the furnace.

BRIEF DESCRIPTION OF THE DRAWING

[0020] Figure 1 illustrates a schematic flow diagram of
the overall process and apparatus in accordance with
the present invention employed with a pyrolysis furnace.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Unless otherwise stated, all percentages, parts,
ratios, etc., are by weight. Unless otherwise stated, a
reference to a compound or component includes the
compound or component by itself, as well as in combi-
nation with other compounds or components, such as
mixtures of compounds.
[0022] Further, when an amount, concentration, or oth-
er value or parameter is given as a list of upper preferable
values and lower preferable values, this is to be under-
stood as specifically disclosing all ranges formed from
any pair of an upper preferred value and a lower preferred
value, regardless of whether ranges are separately dis-
closed.
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[0023] As used herein, non-volatile components are
the fraction of a hydrocarbon stream with a nominal boil-
ing point above 590°C (about 1100°F) as measured by
ASTM D-6352-98 or D-2887. This invention works very
well with non-volatile components having a nominal boil-
ing point above 760°C ( 1400°F). The boiling point dis-
tribution of the hydrocarbon stream is measured by Gas
Chromatograph Distillation (GCD) according to the meth-
ods described in ASTM D-6352-98 or D-2887, extended
by extrapolation for materials boiling above 700°C
(1292°F). Non-volatile components can include coke pre-
cursors, which are moderately heavy and/or reactive mol-
ecules, such as multi-ring aromatic compounds, which
can condense from the vapor phase and then form coke
under the operating conditions encountered in the
present process of the invention. T50 as used herein shall
mean the temperature, determined according to the boil-
ing point distribution described above, at which 50 weight
percent of a particular sample has reached its boiling
point. Nominal final boiling point shall mean the temper-
ature at which 99.5 weight percent of a particular sample
has reached its boiling point.
[0024] The heavy hydrocarbon feedstock for use with
this invention comprises non-volatile components and/or
coke precursors. The heavy hydrocarbon feedstock for
use with the present invention typically comprises one or
more of steam cracked gas oil and residues, crude oil,
atmospheric pipestill bottoms, vacuum pipestill streams
including bottoms, heavy non-virgin hydrocarbon
streams from refineries, vacuum gas oils, low sulfur waxy
residue, atmospheric residue, and heavy residue. The
ideal heavy hydrocarbon feedstock is an economically
advantaged, minimally processed heavy hydrocarbon
stream containing non-volatile hydrocarbons and coke
precursors.
[0025] The stripping agent for use in the present in-
vention typically comprises one or more of gas oils, heat-
ing oil, jet fuel, diesel, kerosene, gasoline, coker naphtha,
steam cracked naphtha, catalytically cracked naphtha,
hydrocrackate, reformate, raffinate reformate, Fischer-
Tropsch liquids, Fischer-Tropsch gases, natural gaso-
line, distillate, virgin naphtha, wide boiling range naphtha
to gas oil condensates, heavy gas oil, naphtha contam-
inated with crude, natural gas liquids, mixed C4 compo-
nents, hydrocarbon gases, butanes, propane, ethane,
and hydrogen. It is noted that since the stripping agent
will be blended with a heavy hydrocarbon feedstock,
quality of the stripping agent, as defined by boiling point
range, is not a concern. Economically advantaged
streams such as off-spec and contaminated streams, for
example crude-contaminated naphtha or condensate,
are ideal for use as stripping agents in this invention.
[0026] The stripping agent will have a lower molecular
weight and a lower T50 boiling point than the heavy hy-
drocarbon feedstock, but may have a nominal final boiling
point below, equal to, or greater than the nominal final
boiling point of the heavy hydrocarbon feedstock. Like-
wise the initial boiling point of the stripping agent may be

lower than, equal to, or greater than the initial boiling
point of the heavy hydrocarbon feedstock. If the heavy
hydrocarbon feedstock is an atmospheric bottoms
stream, the stripping agent will preferably have a lower
initial boiling point.
[0027] Preferably, the weighted average molecular
weight of the stripping agent will be at least 20% less
than the weighted average molecular weight of the heavy
hydrocarbon feedstock, such as at least 25% less, for
example at least 35% less, and as a further example at
least 50% less.
[0028] The addition of the stripping agent will result in
an enhanced hydrocarbon feedstock blend with a T50
boiling point at least 15°C (25°F) lower than the T50 boil-
ing point of the heavy hydrocarbon feedstock, such as
at least 28°C (50°F), for example at least 56°C ( 100°F)
lower, as a further example at least 111°C ( 200°F) lower,
and as yet another example at least 167°C (300°F) lower.
[0029] Vapor-liquid equilibrium modeling using com-
puter software, such as PROVISION™ by Simulation
Sciences Inc., can be used to determine optimal quanti-
ties of a given stripping agent for use with a given heavy
hydrocarbon feedstock.
[0030] The present invention relates to a process for
heating and steam cracking a heavy hydrocarbon feed-
stock. The process comprises mixing a heavy hydrocar-
bon feedstock with a stripping agent to form an enhanced
hydrocarbon feedstock blend, heating the enhanced hy-
drocarbon feedstock blend, flashing the enhanced hy-
drocarbon feedstock blend to form a vapor phase and a
liquid phase, feeding the vapor phase to the radiant sec-
tion of a pyrolysis furnace, and producing an effluent com-
prising olefins.
[0031] The addition of steam at various points in the
process is known in the art and will, for simplicity, not be
detailed in every description herein. It is further noted
that any of the steam added may comprise sour or treated
process steam and that any of the steam added, whether
sour or not, may be superheated. Superheating is pref-
erable when the steam comprises sour steam. Since
steam and other fluids may be added at various points,
the description herein will use the term "enhanced hy-
drocarbon feedstock blend" to mean the combined com-
ponents of the stripping agent and the heavy hydrocar-
bon feedstock together as they travel through the process
regardless of what quantities of steam and other fluids
may also be present at any given stage in the process.
[0032] When heavy hydrocarbon feedstock containing
non-volatile components and/or coke precursors is
cracked, the feed is preheated in the upper convection
section of a pyrolysis furnace, optionally mixed with a
fluid such as water, and then further preheated in the
convection section, where the majority of the heavy hy-
drocarbon feedstock vaporizes forming a vapor phase
substantially depleted of the non-volatile components
and/or coke precursors. It is understood that vapor-liquid
equilibrium at the operating conditions described herein
would result in small quantities of non-volatile compo-
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nents and/or coke precursors present in the vapor phase.
Additionally, and varying with the design of the flash/sep-
aration vessel, minute quantities of liquid containing non-
volatile components and/or coke precursors could be en-
trained in the vapor phase.
[0033] The resulting hydrocarbon/steam vapor phase
is at its dew point and is hot enough for cracking of heavier
hydrocarbon components (including, but not limited to,
non-volatile components and coke precursors) to occur.
This cracking can result in the formation of reactive heavy
hydrocarbons which may deposit on the surfaces of pip-
ing and equipment downstream of the flash/separation
vessel, eventually forming coke.
[0034] The cracking reaction is endothermic, reducing
the vapor temperature, for example by 8°C (15°F) to 12°C
(22°F) or more, before the vapor is further preheated in
the lower convection section and then cracked in the ra-
diant section of the furnace. Simultaneously, some heat
loss to the surroundings further cools the vapor. These
cooling effects can cause a portion of the heaviest hy-
drocarbon to condense. The condensed hydrocarbon de-
hydrogenates into foulant (e.g., polynuclear aromatics)
that collects in piping and equipment immediately down-
stream of the flash/separation vessel and limits both the
time between decoking treatments and the maximum
temperature in the flash/separation apparatus. The re-
duction in flash/separation temperature limits the hydro-
carbon feedrate because the vapor fraction is reduced.
Microscopic analysis of the foulant indicates it is derived
from liquid hydrocarbon.
[0035] One solution to this problem is proposed in
US2005/0261538 A, which describes the addition of a
heated vaporous diluent to the flash/separation vessel
to reduce the condensation. Such a solution can advan-
tageously be implemented in conjunction with many em-
bodiments of the present invention.
[0036] Rather than cracking a heavy hydrocarbon
feedstock as it is delivered, it has been found to be ad-
vantageous to blend the feedstock with a stripping agent
comprising a lighter hydrocarbon stream. Multiple syn-
ergistic effects can be realized with such a procedure.
[0037] It will be recognized that economic considera-
tions would generally favor maximizing the fraction of the
feedstock which is in the vapor phase and subsequently
cracked. One of the benefits which can be realized by
the addition of a stripping agent to the heavy hydrocarbon
feedstock is an increase in the percentage of the heavier
hydrocarbon feedstock vaporized at a given flash tem-
perature with negligible quantities of the stripping agent
retained in the liquid phase. For example, a mixture of
35% heavy atmospheric gas oil (stripping agent) with
65% low sulfur waxy residue (an atmospheric bottoms
fraction) could result in an increase from 73% to 78% of
the low sulfur waxy residue vaporized in the flash/sepa-
ration vessel with negligible quantities of the heavy at-
mospheric gas oil remaining in the liquid phase. Any in-
crease in vaporization of the heavy hydrocarbon feed-
stock at a given separation temperature would generally

improve process economics. Application of the inventive
process described herein would be expected to result in
an increase in the percentage of heavy hydrocarbon
feedstock vaporized at given separator conditions, for
example an increase in the percentage of heavy hydro-
carbon feedstock vaporized of at least 1%, for another
example at least 5%, as a further example at least 10%,
and as yet another example at least 20%, or even at least
30%.
[0038] In another embodiment, rather than maximizing
the percentage of the heavy hydrocarbon feedstock in
the vapor phase, the separation vessel could be operated
to achieve a given vapor/liquid split at a lower tempera-
ture thereby reducing the rate of endothermic cracking
reactions, which in turn reduces the vapor phase tem-
perature drop and the resultant condensation of liquid
coke precursors. The temperature reduction at a given
vapor/liquid split could be 8°C (15°F). The dilution effect
of the lighter hydrocarbon molecules added by the strip-
ping agent further reduces the rate of cracking. Further,
the reduction in overhead temperature drop could be
greater than 1°C (2°F), such as greater than about 3°C
(5°F), for example greater than 5°C ( 9°F). Although a
reduction in temperature drop in the vapor phase would
be expected whether the separation temperature or the
vapor fraction was held constant, it would be more pro-
nounced if the vapor fraction were held constant.
[0039] The stripping agent added to the heavy hydro-
carbon feedstock may be from 2 to 95 percent of the
resultant hydrocarbon feedstock stream, such as from
5% to 90%, for example from 10% to 80%, as a further
example from 20% to 70%. The percentage of the strip-
ping agent added to the heavy hydrocarbon feedstock
would preferably be optimized according to economics
and availability of given hydrocarbon streams at any par-
ticular time. In general, the lighter the stripping agent is
relative to the heavy hydrocarbon feedstock being used,
the less stripping agent will be required for optimal ben-
efit.
[0040] Depending on tankage available, the stripping
agent may be added to the heavy hydrocarbon feedstock
in the feedstock storage tanks or at any point prior to
introduction of the heavy hydrocarbon feedstock to the
convection section of the furnace. The stripping agent
may be a liquid or a vapor at the point of mixing, preferably
a liquid if it is added in or upstream of the storage tanks.
An additional benefit of adding a stripping agent as de-
scribed herein can be a reduction in viscosity of the heavy
hydrocarbon feedstock, thereby reducing the tempera-
ture required to allow the feedstock to flow from the tank-
age to the pyrolysis process area. If the heavy hydrocar-
bon feedstock is passed through a desalter, adding the
stripping agent upstream of the desalter reduces the vis-
cosity of the fluid, improving desalter efficiency and in-
creasing desalter capacity.
[0041] The reduced viscosity of the enhanced hydro-
carbon feedstock blend increases heat transfer and ther-
mal efficiency in the convection section of the furnace. A
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further benefit is realized in reduced steam requirements,
which increases net feedstock throughput and olefins
production.
[0042] After blending the heavy hydrocarbon feed-
stock with a stripping agent to produce an enhanced hy-
drocarbon feedstock blend, the heating of the enhanced
hydrocarbon feedstock blend can take any form known
by those of ordinary skill in the art. However, it is preferred
that the heating comprises indirect contact of the en-
hanced hydrocarbon feedstock blend in the upper (far-
thest from the radiant section) convection section tube
bank 2 of the furnace 1 with hot flue gases from the radiant
section of the furnace. This can be accomplished, by way
of non-limiting example, by passing the enhanced hydro-
carbon feedstock blend through a bank of heat exchange
tubes 2 located within the convection section 3 of the
furnace 1. The heated hydrocarbon feedstock typically
has a temperature between 150 and 340°C (about 300
and 650°F), such as 160 to 230°C (325 to 450°F), for
example 170 to 220°C (340 to 425°F).
[0043] The heated hydrocarbon feedstock is prefera-
bly mixed with primary dilution steam and, optionally, a
fluid which can be a hydrocarbon, preferably liquid but
optionally vapor; water; steam; or a mixture thereof. The
preferred fluid is water. A source of the fluid can be low
pressure boiler feed water. The temperature of the fluid
can be below, equal to, or above the temperature of the
heated feedstock. In one possible embodiment, the fluid
latent heat of vaporization can be used to control the
mixture stream temperature.
[0044] The mixing of the heated hydrocarbon feed-
stock, primary dilution steam, and the optional fluid can
occur inside or outside the pyrolysis furnace 1, but pref-
erably it occurs outside the furnace. The mixing can be
accomplished using any mixing device known within the
art. For example, it is possible to use a first sparger 4 of
a double sparger assembly 9 for the mixing. The first
sparger 4 can avoid or reduce hammering, caused by
sudden vaporization of the fluid, upon introduction of the
fluid into the heated hydrocarbon feedstock.
[0045] The use of steam and or fluid added to the en-
hanced hydrocarbon feedstock blend is optional for high
volatility feedstocks, possibly including the enhanced hy-
drocarbon feedstock blend used in the process of this
invention. It is possible that such feedstocks can be heat-
ed in any manner known in the industry, for example in
heat exchange tubes 2 located within the convection sec-
tion 3 of the furnace 1. The enhanced hydrocarbon feed-
stock blend could be conveyed to the flash/separation
vessel with little or no added steam or fluid.
[0046] In applying this invention, the resulting mixture
stream can be heated by indirect contact with flue gas in
another portion of the first convection section tube bank
of the pyrolysis furnace before being flashed.
[0047] A second optional fluid can be added to the mix-
ture stream before flashing the mixture stream, the sec-
ond fluid being a hydrocarbon vapor.
[0048] In one embodiment of the present invention, in

addition to the fluid mixed with the heated feedstock, pri-
mary dilution steam 17 is also mixed with the feedstock.
The primary dilution steam stream can be preferably in-
jected into a second sparger 8. It is preferred that the
primary dilution steam stream is injected into the hydro-
carbon fluid mixture before the resulting stream mixture
optionally enters the convection section at 11 for addi-
tional heating by flue gas, generally within the same tube
bank as would have been used for the initial heating of
the enhanced hydrocarbon feedstock blend.
[0049] The primary dilution steam can have a temper-
ature greater, lower, or about the same as the hydrocar-
bon feedstock fluid mixture, but preferably the tempera-
ture is about the same as that of the mixture. The primary
dilution steam may be superheated before being injected
into the second sparger 8.
[0050] The mixture stream comprising the heated hy-
drocarbon feedstock, the fluid, and the optional primary
dilution steam stream leaving the second sparger 8 is
optionally heated further in the convection section of the
pyrolysis furnace 3 before the flash. The heating can be
accomplished, by way of non-limiting example, by pass-
ing the mixture stream through a bank of heat exchange
tubes 6 located within the convection section, usually as
a lower part of the first convection section tube bank, of
the furnace and thus heated by the hot flue gas from the
radiant section of the furnace. The thus-heated mixture
stream leaves the convection section as a mixture stream
12 to optionally be further mixed with an additional steam
stream.
[0051] Optionally, the secondary dilution steam stream
18 can be further split into a flash steam stream 19 which
is mixed with the hydrocarbon mixture 12 before the flash
and a bypass steam stream 21 which bypasses the flash
of the hydrocarbon mixture and, is instead, mixed with
the vapor phase from the flash before the vapor phase
is further heated in the lower convection section and
cracked in the radiant section of the furnace. The present
invention can operate with all secondary dilution steam
18 used as flash steam 19 with no bypass steam 21.
Alternatively, the present invention can be operated with
secondary dilution steam 18 directed to bypass steam
21 with no flash steam 19. In a preferred embodiment in
accordance with the present invention, the ratio of the
flash steam stream 19 to bypass steam stream 21 should
be preferably 1:20 to 20:1, and most preferably 1:2 to 2:
1. In this embodiment, the flash steam 19 is mixed with
the hydrocarbon mixture stream 12 to form a flash stream
20 before the flash in flash/separation vessel 5. Prefer-
ably, the secondary dilution steam stream is superheated
in a superheater section 16 in the furnace convection
before splitting and mixing with the hydrocarbon mixture.
The addition of the flash steam stream 19 to the hydro-
carbon mixture stream 12 aids the vaporization of less
volatile components of the mixture before the flash
stream 20 enters the flash/separation vessel 5.
[0052] The mixture stream 12 or the flash stream 20
is then flashed, for example in a flash/separation vessel
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5, for separation into two phases: a vapor phase com-
prising predominantly stripping agent, volatile hydrocar-
bons from the heavy hydrocarbon feedstock, and steam
and a liquid phase comprising less-volatile hydrocarbons
along with a significant fraction of the non-volatile com-
ponents and/or coke precursors. It is understood that va-
por-liquid equilibrium at the operating conditions de-
scribed herein would result in small quantities of non-
volatile components and/or coke precursors present in
the vapor phase. Additionally, and varying with the design
of the flash/separation vessel, minute quantities of liquid
containing non-volatile components and/or coke precur-
sors could be entrained in the vapor phase.
[0053] For ease of description herein, the term flash/
separation vessel will be used to mean any vessel or
vessels used to separate the enhanced hydrocarbon
feedstock blend into a vapor phase and at least one liquid
phase. It is intended to include fractionation and any other
method of separation, for example, but not limited to,
drums, distillation towers, and centrifugal separators.
[0054] The mixture stream 12 is preferably introduced
tangentially to the flash/separation vessel 5 through at
least one side inlet located in the side of said vessel, and
the vapor phase is preferably removed from the flash/
separation vessel as an overhead vapor stream 13. The
vapor phase, preferably, is fed back to a convection sec-
tion tube bank 23 of the furnace, preferably the bank lo-
cated nearest the radiant section of the furnace, for op-
tional heating and then through crossover pipe 24 to the
radiant section 40 of the pyrolysis furnace for cracking.
The liquid phase of the flashed mixture stream is removed
from the flash/separation vessel 5, preferably as a bot-
toms stream 27.
[0055] It is preferred to maintain a predetermined con-
stant ratio of vapor to liquid in the flash/separation vessel
5, but such ratio is difficult to measure and control. As an
alternative, temperature of the mixture stream 12 before
the flash/separation vessel 5 can be used as an indirect
parameter to measure, control, and maintain an approx-
imately constant vapor-to-liquid ratio in the flash/separa-
tion vessel 5. Ideally, when the mixture stream temper-
ature is higher, more volatile hydrocarbons will be vapor-
ized and become available, as part of the vapor phase,
for cracking. However, when the mixture stream temper-
ature is too high, more heavy hydrocarbons, including
coke precursors, will be present in the vapor phase and
carried over to the convection furnace tubes, eventually
coking the tubes. If the mixture stream 12 temperature
is too low, resulting in a low ratio of vapor to liquid in the
flash/separation vessel 5, more volatile hydrocarbons will
remain in liquid phase and thus will not be available for
cracking.
[0056] The mixture stream temperature is controlled
to maximize recovery or vaporization of volatiles in the
feedstock while avoiding excessive coking in the furnace
tubes or coking in piping and vessels conveying the mix-
ture from the flash/separation vessel to the furnace 1 via
line 13. The pressure drop across the piping and vessels

13 conveying the mixture to the lower convection section
23, and the crossover piping 24, and the temperature
rise across the lower convection section 23 may be mon-
itored to detect the onset of coking problems. For in-
stance, if the crossover pressure and process inlet pres-
sure to the lower convection section 23 begin to increase
rapidly due to coking, the temperature in the flash/sepa-
ration vessel 5 and the mixture stream 12 should be re-
duced. If coking occurs in the lower convection section,
the temperature of the flue gas to the higher sections,
such as the optional superheater 16, increases. If a su-
perheater 16 is present, the increased flue gas temper-
ature can be offset in part by adding more desuperheater
water 26.
[0057] The selection of the mixture stream 12 temper-
ature is also determined by the composition of the feed-
stock materials. When the feedstock contains higher
amounts of lighter hydrocarbons, the temperature of the
mixture stream 12 can be set lower. When the feedstock
contains a higher amount of lessor non-volatile hydro-
carbons, the temperature of the mixture stream 12 should
be set higher.
[0058] Typically, the temperature of the mixture stream
12 can be set and controlled at between 315 and 540°C
(600 and 1000°F), such as between 370 and 510°C (700
and 950°F), for example between 400 and 480°C (750
and 900°F), and often between 430 and 475°C (810 and
890°F). These values will change with the volatility of the
feedstock as discussed above.
[0059] Considerations in determining the temperature
include the desire to maintain a liquid phase to reduce
the likelihood of coke formation on exchanger tube walls
and in the flash/separation vessel and associated piping.
Typically, at least about 2 percent of the mixture stream
is in the liquid phase after being flashed.
[0060] It is desirable to maintain a constant tempera-
ture for the mixture stream 12 mixing with flash steam 19
and entering the flash/separation vessel to achieve a
constant ratio of vapor to liquid in the flash/separation
vessel 5, and to void substantial temperature and flash
vapor-to-liquid ratio variations. One possible control ar-
rangement is the use of a control system 7 to automati-
cally control the fluid valve 14 and primary dilution steam
valve 15 on the two spargers. When the control system
7 detects a drop of temperature of the mixture stream, it
will cause the fluid valve 14 to reduce the injection of the
fluid into the first sparger 4. If the temperature of the mix-
ture stream starts to rise, the fluid valve will be opened
wider to increase the injection of the fluid into the first
sparger 4.
[0061] When the primary dilution steam stream 17 is
injected to the second sparger 8, the temperature control
system 7 can also be used to control the primary dilution
steam valve 15 to adjust the amount of primary dilution
steam stream injected to the second sparger 8. This fur-
ther reduces the sharp variation of temperature changes
in the flash separation vessel 5. When the control system
7 detects a drop of temperature of the mixture stream
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12, it will instruct the primary dilution steam valve 15 to
increase the injection of the primary dilution steam
stream into the second sparger 8 while valve 14 is closed
more. If the temperature starts to rise, the primary dilution
steam valve will automatically close more to reduce the
primary dilution steam stream injected into the second
sparger 8 while valve 14 is opened wider.
[0062] In an example embodiment where the fluid is
water, the controller varies the amount of water and pri-
mary dilution steam to maintain a constant mixture
stream temperature 12, while maintaining a constant ra-
tio of H2O to feedstock in the mixture 11. To further avoid
sharp variation of the flash temperature, the present in-
vention also preferably utilizes an intermediate desuper-
heater 25 in the superheating section of the secondary
dilution steam in the furnace. This allows the superheater
16 outlet temperature to be controlled at a constant value,
independent of furnace load changes, coking extent
changes, excess oxygen level changes, and other vari-
ables. Normally, this desuperheater 25 maintains the
temperature of the secondary dilution steam between
425 and 590°C (800 and 1100°F), for example between
455 and 540°C (850 and 1000°F), such as between 455
and 510°C (850 and 950°F), and typically between 470
and 495°C (875 and 925°F). The desuperheater can be
a control valve and water atomizer nozzle. After partial
preheating, the secondary dilution steam exits the con-
vection section and a fine mist of water 26 can be added
which rapidly vaporizes and reduces the temperature.
The steam is preferably then further heated in the con-
vection section. The amount of water added to the su-
perheater can control the temperature of the steam which
is mixed with mixture stream 12.
[0063] In addition to maintaining a constant tempera-
ture of the mixture stream 12 entering the flash/separa-
tion vessel, it is generally also desirable to maintain a
constant hydrocarbon partial pressure of the flash stream
20 in order to maintain a constant ratio of vapor to liquid
in the flash/separation vessel. By way of examples, the
constant hydrocarbon partial pressure can be maintained
by maintaining constant flash/separation vessel pressure
through the use of control valves 36 on the vapor phase
line 13, and by controlling the ratio of steam to hydrocar-
bon feedstock in stream 20.
[0064] Typically, the hydrocarbon partial pressure of
the flash stream in the present invention is set and con-
trolled at between 25 and 175 kPa (4 and 25 psia), such
as between 35 and 100 kPa (5 and 15 psia), for example
between 40 and 75 kPa (6 and 11 psia).
[0065] In one embodiment; the flash is conducted in
at least one flash/separation vessel. Typically the flash
is a one-stage process with or without reflux. The flash/
separation vessel 5 is normally operated at 275 to 1400
kPa (40 to 200 psia) pressure and its temperature is usu-
ally the same or slightly lower than the temperature of
the flash stream 20 before entering the flash/separation
vessel 5, typically 315 to 560°C (600 to 1040°F). For
example, the pressure of the flash can be 600 to 1100

kPa (85 to 155 psia) and the temperature can be 370 to
490°C (700 to 920°F). As a further example, the pressure
of the flash can be 700 to 1000 kPa (105 to 145 psia)
with a temperature of 400 to 480°C (750 to 900°F). In yet
another example, the pressure of the flash/separation
vessel can be 700 to 760 kPa (105 to 125 psia) and the
temperature can be 430 to 475°C (810 to 890°F). De-
pending on the temperature of the mixture stream 12,
generally 50 to 98% of the mixture stream being flashed
is in the vapor phase, such as 60 to 95%, for example
65 to 90%.
[0066] The flash/separation vessel 5 is generally op-
erated, in one aspect, to minimize the temperature of the
liquid phase at the bottom of the vessel because too much
heat may cause coking of the non-volatiles in the liquid
phase. Use of the secondary dilution steam stream 18 in
the flash stream entering the flash/separation vessel low-
ers the vaporization temperature because it reduces the
partial pressure of the hydrocarbons (i.e., a larger mole
fraction of the vapor is steam) and thus lowers the re-
quired liquid phase temperature. It may also be helpful
to recycle a portion of the externally cooled flash/sepa-
ration vessel bottoms liquid 30 back to the flash/separa-
tion vessel to help cool the newly separated liquid phase
at the bottom of the flash/separation vessel 5. Stream 27
can be conveyed from the bottom of the flash/separation
vessel 5 to the cooler 28 via pump 37. The cooled stream
29 can then be split into a recycle stream 30 and export
stream 22. The temperature of the recycled stream would
typically be 260 to 315°C (500 to 600°F), for example
270 to 290°C (520 to 550°F). The amount of recycled
stream can be 80 to 50% of the amount of the newly
separated bottom liquid inside the flash/separation ves-
sel, such as 90 to 225%, for example 100 to 200%.
[0067] The flash is generally also operated, in another
aspect, to minimize the liquid retention/holding time in
the flash/separation vessel. In one example embodi-
ment, the liquid phase is discharged from the vessel
through a small diameter "boot" or cylinder 35 on the
bottom of the flash/separation vessel. Typically, the liquid
phase retention time in the flash/separation vessel is less
than about 75 seconds, for example less than about 60
seconds, such as less than about 30 seconds, and often
less than about 15 seconds. The shorter the liquid phase
retention/holding time in the flash/separation vessel, the
less coking occurs in the bottom of the flash/separation
vessel.
[0068] The vapor phase leaving the flash/separation
vessel may contain, for example, 55 to 70% hydrocar-
bons and 30 to 45% steam. The nominal boiling end point
of the vapor phase is normally below 760°C (1400°F),
such as below 590°C (1100°F), for example below 565°C
(1050°F), and often below 540°C (1000°F). The vapor
phase is continuously removed from the flash/separation
vessel 5 through an overhead pipe, which optionally con-
veys the vapor to a centrifugal separator 38 to remove
trace amounts of entrained and/or condensed liquid. The
vapor then typically flows into a manifold that distributes
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the flow to the convection or radiant section of the fur-
nace.
[0069] The vapor phase stream 13 continuously re-
moved from the flash/separation vessel is preferably su-
perheated in the pyrolysis furnace lower convection sec-
tion 23 to a temperature of, for example, 425 to 705°C
(800 to 1300°F) by the flue gas from the radiant section
of the furnace. The vapor phase is then introduced to the
radiant section of the pyrolysis furnace to be cracked to
produce an effluent comprising olefins, including ethyl-
ene and other desired light olefins, and byproducts.
[0070] The vapor phase stream 13 removed from the
flash/separation vessel can optionally be mixed with a
bypass steam stream 21 before being introduced into the
furnace lower convection section 23.
[0071] Because the process of this invention results in
significant removal of the coke- and tar-producing heav-
ier hydrocarbon species (in the liquid phase 27 leaving
the flash/separation vessel 5), it may be possible to utilize
a transfer line exchanger for quenching the effluent from
the radiant section of the pyrolysis furnace. Among other
benefits, this will allow more cost-effective retrofitting of
cracking facilities initially designed for lighter feeds, such
as naphthas, or other liquid feedstocks with end boiling
points generally below 315°C ( 600°F), which have trans-
fer line exchanger quench systems already in place.
[0072] The location and operating temperature of the
flash/separation vessel is selected to provide the maxi-
mum possible vapor feed which can be processed with-
out excessive fouling/coking concerns. If the ratio of liquid
is too high, valuable feed will be lost and the economics
of the operation will be detrimentally affected. If the ratio
of liquid is too low, coking in the flash/separation vessel
and the associated piping becomes a problem. Addition-
ally, operation at too low a liquid ratio could allow coke
precursors from the heavy ends of the hydrocarbon feed
stream to enter the high temperature sections of the fur-
nace and cause accelerated coking.
[0073] The percentage of given hydrocarbon feed dis-
charged from the flash/separation vessel as a vapor is a
function of the hydrocarbon partial pressure in the vessel
and of the temperature entering the vessel. The temper-
ature of the enhanced hydrocarbon feedstock blend en-
tering the flash/separation vessel is highly dependent on
the flue-gas temperature at that point in the convection
section. This temperature will vary as the furnace load is
changed, being higher when the furnace is at full load,
and lower when the furnace is at partial load. The flue-
gas temperature in the first convection section tube bank
is also a function of the extent of coking that has occurred
in the furnace. When the furnace is clean or lightly coked,
heat transfer is improved and the flue-gas temperature
at that point is correspondingly cooler than when the fur-
nace is heavily coked. The flue-gas temperature at any
point is also a function of the combustion control exer-
cised on the burners of the furnace. When the furnace is
operated with low levels of excess oxygen in the flue-gas
the flue-gas temperature at any point will be correspond-

ingly lower than when the furnace is operated with higher
levels of excess oxygen in the flue-gas.
[0074] Total furnace load is determined by the heat
requirements for pyrolysis in the radiant section of the
furnace as well as heat requirements in the convection
section. Excess oxygen above 2% is in essence a reflec-
tion of extra air volumes being heated in the radiant sec-
tion of the furnace to provide for the heat needed in the
convection section. Pyrolysis capacity is limited by the
heat output capabilities of the furnace and efficiency with
which that heat is utilized. The ultimate limitation on fur-
nace capacity is the flue gas volume, therefore minimiz-
ing the excess oxygen (with the accompanying nitrogen)
allows greater capacity for heat generation. Improved
heat transfer in both the radiant and convection sections
and reduced heating requirements associated with the
use of a stripping agent will allow total pyrolysis through-
put to be increased.
[0075] The total energy requirement in the convection
section is the sum of the energy required to vaporize the
hydrocarbon stream to a desired cutpoint, vaporize and
superheat any water used for flash temperature control,
superheat the hydrocarbon vapor, and superheat the di-
lution steam. This total energy requirement exceeds that
energy available when running typical combustion air
rates. To increase the heat input without raising the heat
input to the radiant section, the combustion air rate must
be raised to a level that is beyond the combustion re-
quirements. When heavy hydrocarbon feedstock is used
alone, additional air (above the combustion require-
ments) is mixed with the fuel and combusted to provide
the necessary heat input to vaporize the heavy hydro-
carbon feedstock and optional water. This additional
combustion air requires additional fuel to maintain the
desired radiant section temperature and therefore results
in reduced furnace thermal efficiency. The heated excess
air provides additional heat to the convection section, but
in doing so it requires that a portion of the flue gas ca-
pacity be used for excess air rather than radiant section
heating, thereby limiting the radiant section cracking ca-
pacity.
[0076] US 2005 0261534, describes a novel control
system that uses the draft in the furnace to control the
temperature of the process stream entering the flash/
separation vessel. Little or no water is used in this new
control scheme. By removing the water, the energy re-
quired in the convection section is reduced (no energy
required to vaporize the water), and thus it is possible to
reduce the combustion air levels - and hence reduce the
fuel fired. This control mechanism may be used in con-
junction with the present invention.
[0077] In the present invention, by increasing the
amount of hydrocarbon vaporized at a given tempera-
ture, the addition of a stripping agent to the heavy hydro-
carbon feedstock reduces the energy consumption per
ton of hydrocarbon feed and increases the hydrocarbon
processing capacity of the furnace.
[0078] Furnace operations between decokes can
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cause fluctuations in the flash/separation vessel temper-
ature resulting in fluctuations in both the fraction of hy-
drocarbon that is a vapor in the flash/separation vessel
and radiant hydrocarbon feed rate causing unstable fur-
naces operations. Sometimes this instability can be
counter-intuitive. With the addition of a stripping agent
allowing a higher vapor cut with less heat input, increas-
ing the convection section throughput with less control
instability is possible. Without a stripping agent, in-
creased input of heavy hydrocarbon feedstock can re-
duce the radiant section throughput because the higher
flow rate of heavy hydrocarbon feedstock and steam
does not heat up as much. The temperature drop result-
ing from the increased heavy hydrocarbon throughput
not only reduces the fraction of hydrocarbon that vapor-
izes but can also reduce the total flow rate of hydrocarbon
vapor. Higher vapor cut effected by the stripping agent
mitigates this counter-intuitive convection/radiant fee-
drate effect.
[0079] The addition of a stripping agent can reduce the
need for water and/or steam added at various points in
the process, thereby reducing the fraction of the total
furnace capacity which is used for boiling water and/or
superheating steam. Reduced flash/separation vessel
temperature requirements will allow efficient heating in
the convection section to be balanced better with the heat
needs of the radiant section, thereby reducing the need
for heating excess air (generally monitored and reported
in terms of excess oxygen). The additional capacity can
be used to crack more feed. Reducing excess oxygen
also improves furnace efficiency which can lead to a re-
duction in greenhouse gas emissions.
[0080] A 1% reduction in excess oxygen can result in
a 5 to 10% increase in furnace firing when the furnace is
limited by stack inducted draft fan capacity. Such an in-
crease in furnace firing allows increasing the maximum
feedrate by 5 to 10%. In one test, a reduction of excess
oxygen from 6% to 3% made possible by mixing heavy
atmospheric gas oil with atmospheric bottoms fraction
(35/65 ratio) increased the maximum furnace feedrate
by 20%.

Claims

1. A process for cracking a heavy hydrocarbon feed-
stock, said heavy hydrocarbon feedstock comprising
non-volatile components and/or coke precursors,
and said process comprising:

(a) adding a lighter hydrocarbon stripping agent
to the heavy hydrocarbon feedstock at any point
prior to the introduction of the heavy hydrocar-
bon feedstock to a convection section to form
an enhanced hydrocarbon feedstock blend to
the extent sufficient to reduce the T50 of the en-
hanced hydrocarbon feedstock blend by at least
15°C (25°F) from the T50 of the heavy hydrocar-

bon feedstock;
(b) heating said enhanced hydrocarbon feed-
stock blend;
(c) feeding the enhanced hydrocarbon feed-
stock blend to a flash/separation vessel;
(d) separating the enhanced hydrocarbon feed-
stock blend into a vapor phase and a liquid
phase, said liquid phase being rich in non-vola-
tile components and/or coke precursors and
said vapor phase being substantially depleted
of non-volatile components and/or coke precur-
sors;
(e) removing the vapor phase from the flash/sep-
aration vessel; and
(f) cracking the vapor phase in a radiant section
of a pyrolysis furnace to produce an effluent
comprising olefins, said pyrolysis furnace com-
prising a radiant section and a convection sec-
tion.

2. The process of claim 1, wherein steam is added at
any step or steps prior to step (f).

3. The process of claim 2, wherein the steam comprises
sour or treated process steam.

4. The process of claim 2 or 3, wherein the steam is
superheated in the convection section of the pyrol-
ysis furnace.

5. The process of claim 2, wherein steam is added be-
tween steps (b) and (c).

6. The process of claim 5, wherein the temperature of
the enhanced hydrocarbon feedstock blend is at a
first temperature from 150 to 340°C (300 to 650°F)
before mixing with the steam and the enhanced hy-
drocarbon feedstock blend is then further heated to
a second temperature higher than the first temper-
ature before step (c).

7. The process of any preceding claim, wherein steam
is added to the vapor phase in the top portion of the
flash/separation vessel.

8. The process of any preceding claim, wherein steam
is added to the vapor phase downstream of the flash/
separation vessel.

9. The process of any preceding claim, wherein the en-
hanced hydrocarbon feedstock blend is mixed with
a fluid in addition to steam prior to step (d).

10. The process of claim 9, wherein the fluid comprises
hydrocarbon or water.

11. The process of any preceding claim, wherein said
stripping agent reduces the T50 of the enhanced hy-
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drocarbon feedstock blend by at least 28°C (50°F)
from the T50 of the heavy hydrocarbon feedstock.

12. The process of claim 11, wherein said stripping agent
reduces the T50 of the enhanced hydrocarbon feed-
stock blend by at least 56°C ( 100°F) from the T50
of the heavy hydrocarbon feedstock.

13. The process of claim 1, wherein said stripping agent
comprises from 2 wt.% to 95 wt.% of the enhanced
hydrocarbon feedstock blend.

14. The process of claim 13, wherein said stripping agent
comprises from 10 wt.% to 80 wt.% of the enhanced
hydrocarbon feedstock blend.

15. The process of claim 14, wherein said stripping agent
comprises from 20 wt.% to 50 wt.% of the enhanced
hydrocarbon feedstock blend.

16. The process of any preceding claim, wherein the
heavy hydrocarbon feedstock with non-volatile com-
ponents and/or coke precursors comprises one or
more of residues, crude oil, atmospheric pipestill bot-
toms, vacuum pipestill streams including bottoms,
heavy non-virgin hydrocarbon streams from refiner-
ies, vacuum gas oils, atmospheric residue, low sulfur
waxy residue, and heavy residue.

17. The process of any preceding claim, wherein the
stripping agent comprises one or more of gas oils,
heating oil, jet fuel, diesel, kerosene, gasoline, coker
naphtha, steam cracked naphtha, catalytically
cracked naphtha, hydrocrackate, reformate, raffi-
nate reformate, Fischer-Tropsch liquids, Fischer-
Tropsch gases, natural gasoline, distillate, virgin
naphtha, wide boiling range naphtha to gas oil con-
densates, heavy gas oil, naphtha contaminated with
crude, natural gas liquids, mixed C4 components,
butanes, propane, ethane, and hydrocarbon gases.

18. The process of any preceding claim, wherein the
stripping agent is contaminated with non-volatile
components and/or coke precursors.

19. The process of any preceding claim 1, wherein the
stripping agent comprises hydrogen.

20. The process of any preceding claim, wherein step
(c) comprises introducing the enhanced hydrocar-
bon feedstock blend tangentially to the flash/sepa-
ration vessel through at least one side inlet located
in the side of said vessel.

21. The process of any preceding claim, wherein the en-
hanced hydrocarbon feedstock blend is heated by
indirect contact with flue gas in a first convection sec-
tion tube bank of the pyrolysis furnace before mixing

with steam.

22. The process of any preceding claim, wherein the
temperature of the enhanced hydrocarbon feedstock
blend in step (c) is from 315 to 560°C (600 to 1040°F).

23. The process of any preceding claim, wherein the
pressure in step (d) is 275 to 1380 kPa (40 to 200
psia).

24. The process of any preceding claim, wherein about
50 to about 98 percent of the enhanced hydrocarbon
feedstock blend is in the vapor phase in step (e).

Patentansprüche

1. Verfahren zum Cracken eines schweren Kohlen-
wasserstoff-Einsatzmaterials, das nicht flüchtige
Komponenten und/oder Koks-Vorläufer umfasst, bei
dem:

(a) an einem Punkt vor Einbringung des schwe-
ren Kohlenwasserstoff-Einsatzmaterials in ei-
nen Konvenktions-abschnitt ein leichteres Koh-
lenwasserstoff-Abstreifmittel zu dem schweren
Kohlenwasserstoff-Einsatzmaterial gegeben
wird, um eine soweit verbesserte Kohlenwas-
serstoff-Einsatzmaterialmischung zu bilden,
dass der T50-Wert der verbesserten Kohlenwas-
serstoff-Einsatzmaterialmischung mindestens
um 15°C (25°F) gegenüber dem T50-Wert des
schweren Kohlenwasserstoffeinsatzmaterials
reduziert ist;
(b) die verbesserte Kohlenwasserstoff-Einsatz-
materialmischung erwärmt wird;
(c) die verbesserte Kohlenwasserstoff-Einsatz-
materialmischung in ein Flashtrenngefäß einge-
speist wird;
(d) die verbesserte Kohlenwasserstoff-Einsatz-
materialmischung in eine Dampfphase und eine
flüssige Phase getrennt wird, wobei die flüssige
Phase reich an nicht flüchtigen Komponenten
und/oder Koksvorläufern ist, und die Dampfpha-
se im Wesentlichen frei von nicht flüchtigen
Komponenten und/oder Koksvorläufern ist;
(e) die Dampfphase aus dem Flashtrenngefäß
entfernt wird; und
(f) die Dampfphase in einem Strahlungsab-
schnitt eines Pyrolyseofens gecrackt wird, um
ein Ausstrom herzustellen, der Olefine umfasst,
wobei der Pyrolyseofen einen Strahlungab-
schnitt und einen Konvektionsabschnitt um-
fasst.

2. Verfahren nach Anspruch 1, bei dem Dampf in einer
beliebigen Stufe oder beliebigen Stufen vor Stufe (f)
zugeführt wird.
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3. Verfahren nach Anspruch 2, bei dem der Dampf sau-
ren oder behandelten Prozessdampf umfasst.

4. Verfahren nach Anspruch 2 oder 3, bei dem der
Dampf im Konvektionsabschnitt des Pyrolyseofens
überhitzt wird.

5. Verfahren nach Anspruch 2, bei dem Dampf zwi-
schen Stufen (b) und (c) zugegeben wird.

6. Verfahren nach Anspruch 5, bei dem die Temperatur
der verbesserten Kohlenwasserstoff-Einsatzmateri-
almischung vor dem Mischen mit dem Dampf 150°C
bis 340°C (300°F bis 650°F) beträgt und die verbes-
serte Kohlenwasserstoff-Einsatzmaterialmischung
vor Stufe (c) dann weiter auf eine zweite Temperatur
erwärmt wird, die höher als die erste Temperatur ist.

7. Verfahren nach einem der vorgehenden Ansprüche,
bei dem Dampf zur Dampfphase in den oberen Ab-
schnitt des Flashtrenngefäßes gegeben wird.

8. Verfahren nach einem der vorgehenden Ansprüche,
bei dem Dampf zur Dampfphase stromabwärts zum
Flashtrenngefäß gegeben wird.

9. Verfahren nach einem der vorgehenden Ansprüche,
bei dem die verbesserte Kohlenwasserstoff-Einsatz-
materialmischung vor Stufe (d) zusätzlich zum
Dampf mit einem Fluid gemischt wird.

10. Verfahren nach Anspruch 9, bei dem das Fluid Koh-
lenwasserstoff oder Wasser umfasst.

11. Verfahren nach einem der vorgehenden Ansprüche,
bei dem das Abstreifmittel den T50-Wert der verbes-
serten Kohlenwasserstoff-Einsatzmaterialmischung
um mindestens 28°C (50°F) gegenüber dem
T50-Wert des schweren Kohlenwasserstoff-Einsatz-
materials herabsetzt.

12. Verfahren nach Anspruch 11, bei dem das Abstreif-
mittel den T50-Wert der verbesserten Kohlenwasser-
stoff-Einsatzmaterialmischung um mindestens 56°C
(100°F) gegenüber dem T50-Wert des schweren
Kohlenwasserstoff-Einsatzmaterials herabsetzt.

13. Verfahren nach Anspruch 1, bei dem das Abstreif-
mittel 2 Gew.% bis 95 Gew.% der verbesserten Koh-
lenwasserstoff-Einsatzmaterialmischung umfasst.

14. Verfahren nach Anspruch 13, bei dem das Abstreif-
mittel 10 Gew.% bis 80 Gew.% der verbesserten
Kohlenwasserstoff-Einsatzmaterialmischung um-
fasst.

15. Verfahren nach Anspruch 14, bei dem das Abstreif-
mittel 20 Gew.% bis 50 Gew.% der verbesserten

Kohlenwasserstoff-Einsatzmaterialmischung um-
fasst.

16. Verfahren nach einem der vorgehenden Ansprüche,
bei dem das schwere Kohlenwasserstoff-Einsatz-
material mit nicht flüchtigen Komponenten und/oder
Koksvorläufern eines oder mehrere von Reststoffen,
Rohöl, atmosphärische Rohrdestillierrückstände,
Vakuumdestillierströme, einschließlich Rückstän-
den, schwere nicht unverarbeitete Kohlenwasser-
stoffströme aus Raffinerien, Vakuumgasöle, atmo-
sphärische Rückstände, wachsartige Rückstände
mit niedrigem Schwefelgehalt und schweren Rück-
ständen umfasst.

17. Verfahren nach einem der vorgehenden Ansprüche,
bei dem das Abstreifmittel eines oder mehrere von
Gasölen, Heizölen, Düsentreibstoffen, Diesel, Kero-
sin, Benzin, Kokernaphtha, dampfgecracktes Naph-
tha, katalytisch gecracktes Naphtha, Hydrocrack-
produkte, Reformat, Raffinatreformat, Fischer-
Tropsch-Flüssigkeiten, Fischer-Tropsch-Gase, na-
türliches Benzin, Destillat, unverarbeitetes Naphtha,
Kondensate aus Naphtha mit einem hohen Siede-
bereich zu Gasöl, schweres Gasöl, mit Rohmaterial
kontaminiertes Naphtha, Flüssigkeiten aus natürli-
chem Gas, gemischte C4-Komponenten, Butan,
Propan, Ethan und Kohlenwasserstoffgasen um-
fasst.

18. Verfahren nach einem der vorgehenden Ansprüche,
bei dem das Abstreifmittel mit nicht flüchtigen Kom-
ponenten und/oder Koksvorläufern kontaminiert ist.

19. Verfahren nach einem der vorgehenden Ansprüche,
bei dem das Abstreifmittel Wasserstoff umfasst.

20. Verfahren nach einem der vorgehenden Ansprüche,
bei dem in Stufe (c) die verbesserte Kohlenwasser-
stoff-Einsatzmaterialmischung tangential in das
Flashtrenngefäß durch mindestens einen Seitenein-
lass eingebracht wird, der sich an der Seite des Ge-
fäßes befindet.

21. Verfahren nach einem der vorgehenden Ansprüche,
bei dem die verbesserte Kohlenwasserstoff-Einsatz-
materialmischung durch indirekten Kontakt mit Ab-
gas in Rohrschlangen eines ersten Konvenktions-
bereichs des Pyrolyseofens vor dem Mischen mit
Dampf erwärmt wird.

22. Verfahren nach einem der vorgehenden Ansprüche,
bei dem die Temperatur der verbesserten Kohlen-
wasserstoff-Einsatzmaterialmischung in Stufe (c)
315°C bis 560°C (600°F bis 1040°F) beträgt.

23. Verfahren nach einem der vorgehenden Ansprüche,
bei dem der Druck in Stufe (d) 275 kPa bis 1380 kPa
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(40 bis 200 psi-Überdruck) beträgt.

24. Verfahren nach einem der vorgehenden Ansprüche,
bei dem sich in Stufe (e) etwa 50% bis etwa 98% der
verbesserten Kohlenwasserstoff-Einsatzmaterial-
mischung in der Dampfphase befinden.

Revendications

1. Procédé de craquage d’une charge d’alimentation
d’hydrocarbure lourd, ladite charge d’alimentation
d’hydrocarbure lourd comprenant des constituants
non volatils et/ou des précurseurs de coke, et ledit
procédé comprenant les étapes consistant à :

(a) ajouter à la charge d’alimentation d’hydro-
carbure lourd un agent de rectification constitué
d’un hydrocarbure plus léger en tout point situé
avant l’introduction de la charge d’alimentation
d’hydrocarbure lourd dans une section de con-
vexion pour former un mélange de charge d’ali-
mentation d’hydrocarbure amélioré dans une
mesure suffisante pour réduire la T50 du mélan-
ge de charge d’alimentation d’hydrocarbure
amélioré d’au moins 15°C (25°F) par rapport à
la T50 de la charge d’alimentation d’hydrocarbu-
re lourd ;
(b) chauffer ledit mélange de charge d’alimen-
tation d’hydrocarbure amélioré ;
(c) charger le mélange de charge d’alimentation
d’hydrocarbure amélioré dans un récipient de
détente/séparation ;
(d) séparer le mélange de charge d’alimentation
d’hydrocarbure amélioré en une phase vapeur
et une phase liquide, ladite phase liquide étant
riche en constituants non volatils et/ou en pré-
curseurs de coke et ladite phase vapeur étant
essentiellement épuisée en constituants non vo-
latils et/ou en précurseurs de coke ;
(e) éliminer la phase vapeur du récipient de
détente/séparation ; et
(f) craquer la phase vapeur dans une section de
rayonnement d’un four à pyrolyse pour produire
un effluent comprenant des oléfines, ledit four à
pyrolyse comprenant une section de rayonne-
ment et une section de convexion.

2. Procédé selon la revendication 1, dans lequel de la
vapeur d’eau est ajoutée à n’importe quelle(s) étape
(s) précédant l’étape (f).

3. Procédé selon la revendication 2, dans lequel la va-
peur d’eau comprend de la vapeur d’eau de procédé
acide ou traitée.

4. Procédé selon la revendication 2 ou 3, dans lequel
la vapeur d’eau est surchauffée dans la section de

convexion du four à pyrolyse.

5. Procédé selon la revendication 2, dans lequel de la
vapeur d’eau est ajoutée entre les étapes (b) et (c).

6. Procédé selon la revendication 5, dans lequel la tem-
pérature du mélange de charge d’alimentation d’hy-
drocarbure amélioré est à une première température
de 150 à 340°C (300 à 650°F) avant son mélange
avec la vapeur d’eau et le mélange de charge d’ali-
mentation d’hydrocarbure amélioré est ensuite
chauffé davantage à une deuxième température su-
périeure à la première température avant l’étape (c).

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel de la vapeur d’eau est
ajoutée à la phase vapeur dans la partie haute du
récipient de détente/séparation.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel de la vapeur d’eau est
ajoutée à la phase vapeur en aval du récipient de
détente/séparation.

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le mélange de charge d’ali-
mentation d’hydrocarbure amélioré est mélangé
avec un fluide en plus de la vapeur d’eau avant l’éta-
pe (d).

10. Procédé selon la revendication 9, dans lequel le flui-
de comprend un hydrocarbure ou de l’eau.

11. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ledit agent de rectification
réduit la T50 du mélange de charge d’alimentation
d’hydrocarbure amélioré d’au moins 28°C (50°F) par
rapport à la T50 de la charge d’alimentation d’hydro-
carbure lourd.

12. Procédé selon la revendication 11, dans lequel ledit
agent de rectification réduit la T50 du mélange de
charge d’alimentation d’hydrocarbure amélioré d’au
moins 56°C (100°F) par rapport à la T50 de la charge
d’alimentation d’hydrocarbure lourd.

13. Procédé selon la revendication 1, dans lequel ledit
agent de rectification constitue de 2 % en poids à 95
% en poids du mélange de charge d’alimentation
d’hydrocarbure amélioré.

14. Procédé selon la revendication 13, dans lequel ledit
agent de rectification constitue de 10 % en poids à
80 % en poids du mélange de charge d’alimentation
d’hydrocarbure amélioré.

15. Procédé selon la revendication 14, dans lequel ledit
agent de rectification constitue de 20 % en poids à
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50 % en poids du mélange de charge d’alimentation
d’hydrocarbure amélioré.

16. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la charge d’alimentation
d’hydrocarbure lourd avec les constituants non vo-
latils et/ou précurseurs de coke comprend un ou plu-
sieurs des suivants : résidus, pétrole brut, queues
atmosphériques de four de distillation tubulaire, cou-
rants de four de distillation tubulaire sous vide y com-
pris queues, courants d’hydrocarbures lourds non
vierges provenant de raffineries, gazoles sous vide,
résidu atmosphérique, résidu paraffinique à faible
teneur en soufre et résidu lourd.

17. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’agent de rectification
comprend un ou plusieurs des suivants : gazoles,
fuel, carburéacteur, diesel, kérosène, essence,
naphta de cokéfaction, naphta vapocraqué, naphta
craqué catalytiquement, produit d’hydrocraquage,
produit de reformage, produit de reformage raffiné,
liquides de Fischer-Tropsch, gaz de Fischer-
Tropsch, essence naturelle, distillat, naphta vierge,
produits de condensation de naphta et de gazole de
large domaine d’ébullition, gazole lourd, naphta con-
taminé par du brut, liquides de gaz naturel, consti-
tuants en C4 mélangés, butanes, propane, éthane
et hydrocarbures gazeux.

18. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’agent de rectification est
contaminé par des constituants non volatils et/ou des
précurseurs de coke.

19. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’agent de rectification
comprend de l’hydrogène.

20. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’étape (c) comprend l’in-
troduction du mélange de charge d’alimentation
d’hydrocarbure amélioré tangentiellement dans le
récipient de détente/séparation par au moins une
entrée latérale située dans le côté dudit récipient.

21. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le mélange de charge d’ali-
mentation d’hydrocarbure amélioré est chauffé par
contact indirect avec le gaz d’échappement dans
une batterie de tubes de la première section de con-
vexion du four à pyrolyse avant son mélange avec
de la vapeur d’eau.

22. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la température du mélan-
ge de charge d’alimentation d’hydrocarbure amélio-
ré dans l’étape (c) est de 315 à 560°C (600 à

1040°F).

23. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la pression dans l’étape
(d) est de 275 à 1380 kPa (40 à 200 psia).

24. Procédé selon l’une quelconque des revendications
précédentes, dans lequel environ 50 à environ 98
pour cent du mélange de charge d’alimentation d’hy-
drocarbure amélioré se trouvent en phase vapeur
dans l’étape (e).
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