STEAM CRACKI NG CF LI GHT HYDROCARBON FEEDSTOCKS
CONTAI NI NG NON- VOLATI LE COMPONENTS ANDY OR COKE
WERESWRSCRS FlI ELD OF THE | NVENTI ON [ 0001] The PCEES25/017696
invention relates to the steam cracking of |ight
hydr ocar bon feedstocks that contain relatively
non-vol atil e conponents and/ or coke precursors.
BACKGROUND OF THE | NVENTI ON [ 0002] St eam cracki ng,
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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 vaporized 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 sufficiently to cause
thermal decomposition of the larger molecules. The pyrolysis process, however,
produces molecules 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 prodﬁce greater quantities 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



[0004] The formation of tar after the pyrolysis
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theeffluent exiting the pyrolysis unit to a |evel at
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[0007] To address coking problems, U.S. Patent 3,617,493, which is
incorporated herein by reference, 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, which is incorporated herein by reference,

discloses a process to minimize coke deposition. It describes preheating of heavy



ol efins and the separated liquids fromthe two flash
tanks are renoved, stripped with steam and used as
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i qo¥Ari ed i nU.S. Patent Application Serial No. 10/188,461, filed July 3, 2002,
which is incorporated herein by reference, describes a process for cracking heavy
hydrocarbon feedstock which mixes heavy hydrocarbon 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 some instances desirable hydrocarbon feedstocks such as

naphthas or condensates are contaminated with non-volatile components and/or



accordance with a sel ected operating paraneter of the
process, e.g., tenperature of the m xture stream
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the flash, the flowrate of the m xture stream and/or
the excess oxygen in the flue gas of the furnace.
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blend; (c) feeding the contaminated hydrocarbon feedstock blend to a

flash/separation vessel; (d) separating the contaminated hydrocarbon feedstock
blend into a non-volatile component and coke precursor depleted vapor phase and
a liquid phase rich in non-volatile components and/or coke precursors; (€)
removing the vapor phase from the flash/separation vessel; and (f) cracking the
vapor phase in a radiant section of a pyrolysis furnace to produce an effluent
comprising olefins, the pyrolysis furnace comprising a radiant section and a
convection section. Steam, which may optionally comprise 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 heavy hydrocarbon feedstock reduces the coking

rate in and upstream of said flash/separation vessel and/or increases the percentage



vapor phase in a radiant section of a pyrolysis
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convection section. Steam which may optionally

conprise 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
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example to about 150 to about 340°C (about 300 to about 650°F), before
optionally mixing with a primary dilution steam stream. The contaminated
hydrocarbon feedstock blend may also be mixed with a fluid, such as hydrocarbon
or water, in addition to the primary dilution steam stream. The preferred fluid is
water.

[0018] The contaminated 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 temperature of the
contaminated hydrocarbon feedstock blend in step (c) is from about 205 to about

560°C (about 400 to about 1040°F). Preferably the separation in step (d) is at a
pressure of from about 275 to about 1380 kPa (about 40 to about 200 psia).



hydr ocar bon feedstock blend may al so be m xed with a
fluid, such as hydrocarbon or water, in addition to
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is water. [0018] The contam nated hydrocarbon
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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 combination with
other compounds or components, such as mixtures of compounds.

[0022] Further, when an amount, concentration, or other value or
parameter is given as a list of upper preferable values and lower preferable values,
this is to be understood 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 disclosed.

[0023] As used herein, non-volatile components are the fraction of a
hydrocarbon stream with a nominal boiling point above 590°C (1100°F) as

measured by ASTM D-6352-98 or D-2887. This invention works very well with



ot her conpounds or conponents, such as m xtures of
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a list of upper preferable values and | ower preferable
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Tropsch gases, natural gasoline, distillate, virgin naphtha, wide boiling range

naphtha to gas oil condensates, and heavy gas oil; and further comprises non-
volatile components and/or coke precursors.

[0025] 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. One preferred
heavy hydrocarbon feedstock is an economically advantaged, minimally processed
heavy hydrocarbon stream containing non-volatile hydrocarbons and/or coke

precursors. Another preferred heavy hydrocarbon feedstock for use in this



Tropsch gases, natural gasoline, distillate, virgin
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non vol atile conmponents and/or coke precursors. [0025]
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[0028] Vapor-liquid equilibrium modeling using computer software, such
as PROVISION™ by Simulation Sciences Inc., can be used to determine optimal
quantities of a given heavy hydrocarbon feedstock for use with a given
contaminated light hydrocarbon feedstock.

[0029] The present invention relates to a process for heating and steam
cracking a light hydrocarbon feedstock containing non-volatile hydrocarbons. The

process comprises mixing a heavy hydrocarbon feedstock with a contaminated

light hydrocarbon feedstock to form a contaminated hydrocarbon feedstock blend,
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all of the light hydrocarbon feedstock vaporizes forming a vapor phase which is
the fed to the radiant section of the furnace for pyrolysis. Contamination of the
light hydrocarbon feedstock with non-volatile components and/or coke precursors
would, however, result in extensive coke formation in the convection tubes in that
process. This concern was partially addressed in U.S. Patent 5,580,443, which
discloses a process wherein the feedstock is first preheated, then withdrawn from a
preheater in the convection section of the pyrolysis furnace, mixed with a
predetermined amount of steam, introduced into a gas-liquid separator to separate
and remove a required proportion of the non-volatiles as liquid from the separator.
The separated vapor from the gas-liquid separator is returned to the pyrolysis

furnace for heating and cracking.
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essentially no non volatile conponents and/or coke
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in the upper convection section of a pyrolysis

furnace, optionally mxed with steam and then further

preheated in the convection section, where essentially

all of the light hydrocarbon feedstock vaporizes

form ng a vapor phase which is0the fed to the radi ant

section of the furnace for pyrolysis. Contam nation of
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essentially eliminated. Assuming the contaminants present accounted for less than
about 0.5% of the light hydrocarbon feedstock, the difference in vaporized volume
of light hydrocarbon feedstock could be at least about 1%, for example at least
about 2%, such as at least about 5%. The process of the present invention allows
the loss of light hydrocarbon, exclusive of contaminants, in the liquid phase
leaving a flash/separation vessel to be reduced to negligible quantities. In
addition, depending on the heavy hydrocarbon feedstock used, a fraction of the
heavy hydrocarbon feedstock will be vaporized and subsequently available for
cracking.

[0035] The heavy hydrocarbon feedstock added to the contaminated light

hydrocarbon feedstock may be from about 2 to about 75 percent of the resultant
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required for optimal

feedstock blend to the convection section of the furnace. Preferably, both the
heavy hydrocarbon feedstock and the light hydrocarbon feedstock are at a
sufficient temperature to ensure flowability of both the heavy hydrocarbon
feedstock and the blended feedstock upon mixing.

[0037] After blending the heavy hydrocarbon feedstock with a
contaminated light hydrocarbon feedstock to produce a contaminated hydrocarbon
feedstock blend, the heating of the contaminated 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 contaminated hydrocarbon

feedstock blend in the upper (farthest from the radiant section) convection section

tube bank 2 of the furnace 1 with hot flue gases from the radiant section of the



benefit. For exanple, if the flash/separation vessel
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at nospheric residue mght be required to maintain the

liquid phase at greater than about 2% [0036]
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the pyrolysis furnace 1, but preferably 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.
[0040] The use of steam and or fluid mixed with the contaminated
hydrocarbon feedstock blend is optional for high volatility feedstocks such as the
light hydrocarbon feedstock used in the process of this invention. It is possible
that such feedstocks can be heated in any manner known in the industry, for
example in heat exchange tubes 2 located within the convection section 3 of the
furnace 1. The contaminated hydrocarbon feedstock blend could be conveyed to

the flash/separation vessel with little or no added steam or fluid.



m xed with primary dilution steam and, optionally, a

fluid which can be a hydrocarbon, preferably liquid
wheiosop7eonal |y vapor; water; steam or a m xtRCEUS2005/017696

thereof. The preferred fluid is water. A source of the

fluid can be | ow pressure boiler feed water. The
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SP&ii@8fio 8 flakiPQ4=ah sthben 19 Xhicteis phikedimithaphy dbegbsrhmixture 12

heat ed cont am nat ed
before the flash and a bypass steam stream 21 which bypasses the flash of the
hydrocarbon mixture and, instead is mixed with the vapor phase from the flash
before the vapor phase is further heated in the lower convection section and then
cracked in the radiant section of the furnace. The present invention can operate
with all secondafy 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
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convection section of the pyrolysis furnace 3 before

the flash. The heating can be acconplished, by way of

non-limting exanple, by passing the m xture stream

t hrough a bank of heat exchange tubes 6 |ocated within

t he convection section, usuallhy as a | ower part of the

first convection section tube bank, of the furnace and
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t he vaporization of less volatile

precursors could be entrained in the vapor phase. In the process of this invention,
these quantities are sufficiently small to allow decoking downstream of the
flash/separation vessel on the same schedule as for decoking in the radiant section
of the furnace. The vapor phase can be considered to have substantially no non-
volatile components or coke precursors when coke buildup in the convection
section between the flash/separation vessel is at a sufficiently low rate that
decoking is not required any more frequently than decoking of the radiant section
is required.

[0046] For ease of description herein, the term flash/separation vessel will
be used to mean any vessel or vessels used to separate the contaminated

hydrocarbon feedstock blend into a vapor phase and at least one liquid phase. Itis



conmponents of the m xture before the flash stream 20

enters the flash/separation vessel 5. [0044] A second
wepiosonak2 fl uid can be added to the m xture stPEHDS2005/017696

before flashing the m xture stream the second fluid

bei ng a hydrocarbon vapor. [0045] The m xture stream

12 or the flash stream 20 is then flashed, for exanple
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two phases: a vapor phase conpri sing predom nantly

I'i ght hydrocarbon feedstock, volatile hydrocarbons

f 1e8nddag0 heAvde fhatioasamad dhe edst anthodolkepiration, fote:ample,

l'i qui d phase conprising | ess-volatile hydrocarbons

albohgotinyitedzto sdrymisf dligts thﬂﬂ@W@ﬁSoWdcﬂen’trl%gqn\ GPPAYPEL i | e

CRUEPIEE 0SS B B RIS R o e
C%glitx/lgﬁitpg%ioﬂ%ggeﬁ Befrolieh 8f RaVhkdideeimttt lodatbdvig e SiABIO said

gua I'es of non-volatile conponents and/or coke

prvegsdl. ST vapoe phae it prefdrably apoovedhacme the\faihyseparatidy yessel as
and varying wth the design of thﬁ flash/s ar.a%idog K
vagseierhaaf nvaper giream i 15 e dDeVapPIRICe BFRIGRRY NS Ted back to a
non-vol.atile.co e r

peomREh e B RO OB RS, BRAS bR lobare hethest he

t hiSahtReeiid SMhe FRESR, Gitaptibidl esatiigeariuthfdugh erdskyver pipes 24
smal | to allow decoki ng downstream of the o
f ltagie/ méipar weiiondd e§helpytmyihBrrasadosenedng e Thaligyd phase of

vaortsphe e ietingy deret iy le S (HPEREa o' S
g?ﬂ??tgﬁlbﬂlésl SRRARe,270r coke precursors when coke

up’in the convection section between the .
f l[a848]separ dt isprefeeedab maintain @ pedeteinined tcoystigwatiapé vapor

R oo Tt TR SRR AR
Ff)crggﬁr?eﬁs € Ast an %ﬁt%fr{.aa% g{%rr%lgfa{?drg’oft ﬁll% L8e stream 12 before the

Separation vess e used to nmean any

V EESBAsciatidSesics SUsL e e apar atiRedtparaontaninmated, control,
hydr ocar bon feedstock blend into a vapor phase and at
| emdt nogiwtain qui dapsmerseatel  PasiSHOBNYERATL 3O | HEMdggatio n  the

BB B P BB i
t QB Srol AN FRBEAbS4GA RORAEAEH hd become available, as part of the

vapor phase, for cracking. However, when the mixture stream temperature 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.

[0049] 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 mixture 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,



[0047] The m xture stream 12 is preferably introduced

tangentially to the flash/separation vessel 5 through
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vessel . The vapor phase is preferably renoved fromthe

fl ash/ separati on vessel as an overhead vapor stream

13. The vapor phase, preferably, is fed back to a

convection section tube bank 23 of the furnace,

preferably | ocated nearest the-radi ant section of the

furnace, for optional heating and through crossover
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furnace for cracking. The |iquid phase of the flashed
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| ig0en 13 betliten RIBESYT® afld @B ACT1088 (hbut 700 and about 950°F), for
example between about 400 and about 480°C (about 750 and about 900°F), and
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often between about 430 and about 475°C (about 810 and about 890°F). These
values will change with the volatility of the feedstock as discussed above.

[0052] Considerations in determining the temperature include the desire to
maintain a liquid phase to reduce or eliminate the likelihood of coke formation in
the flash/separation vessel and associated piping and on convection tubes
upstream of the flash/separation vessel. Typically, at least about 2 percent of the
total hydrocarbons are in the liquid phase after being flashed.

[0053] It is desirable to maintain a constant temperature 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
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| ower convection section 23,and the crossover piping
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convection section 23 may be nonitored to detect the

onset of coking problens. For instance, if the

crossover pressure and process inlet pressure to the

| ower convection section 23 begin to increase rapidly

due to coking, the tenperatus&Z7in the flash/separation

vessel 5 and the m xture stream 12 shoul d be reduced.
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fltlaﬁ bﬁd}.ary dilution steam Valve Wlll automatically close more to reduce the

primary dilution steam stream injected into the second sparger 8 while valve 14 is
opened wider.

[0055] In an example embodiment where the fluid is water, the controller
varies the amount of water and primary dilution steam to maintain a constant
mixture stream temperature 12, while maintaining a constant ratio of H,0 to
feedstock in the mixture 11. To further avoid sharp variation of the flash
temperature, the present invention also preferably utilizes an intermediate
desuperheater 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 variables. Normally, this desuperheater 25



[0053] It is desirable to nmaintain a constant
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vessel to achieve a constant ratio of vapor to liquid
in the flash/separation vessel 5, and toavoid
substantial tenperature and flash vapor to liquid
ratio variations. One possible control arrangenent is
the use of a control system-78to automatically contro
the fluid valve 14 and primary dilution steam valve 15
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[0057] Typically, the hydrocarbon partial pressure of the flash stream in
the present invention is set and controlled at between about 25 and about 175 kPa
(about 4 and about 25 psia), such as between about 35 and about 100 kPa (about 5
and about 15 psia), for example between about 40 and about 75 kPa (about 6 and
~ about 11 psia).
[0058] 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 about 275 to about
1400 kPa (about 40 to about 200 psia) pressure and its temperature is usually the

same or slightly lower than the temperature of the flash stream 20 before entering

the flash/separation vessel 5. Typically, the pressure at which the flash/separation



tenperature, the present invention also preferably

utilizes an internedi ate desuperheater 25 in the
waapenissat i ng section of the secondary dil uti oPCHUSZNG/017696

in the furnace. This allows the superheater 16 outl et

tenperature to be controlled at a constant val ue,

i ndependent of furnace |oad changes, coking extent

changes, excess oxygen | evel changes, and ot her

variables. Normally, this desuperheater 25maintains

the tenperature of the secondary dilution steam
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controlling the ratio off steamto contamna
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Typi cal ly, .the hydrocarbgon partial pressure of the
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e
exanpl e between about 40 and about “75 kPa (about 6 an
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
about 260 to about 315°C (about 500 to about 600°F), for example about 270 to
about 290°C (about 520 to about 550°F). The amount of recycled stream can be
about 80 to about 250% of the amount of the newly separated bottom liquid inside
the flash/separation vessel, such as about 90 to about 225%, for example about
100 to about 200%.

[0060] The flash is generally also operated, in another aspect, to minimize
the liquid retention/holding time in the flash vessel. In one example embodiment,
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



about 11 psia). [0058] In one enbodinent, the flash is

conducted in at |east one flash/separation vessel.
waypsasd7ey the flash is a one-stage process w PEI/082005/017696

wi t hout reflux. The flash/separation vessel 5 is

normal |y operated at about 275 to about 1400 kPa

(about 40 to about 200 psia) pressure and its

tenperature is usually the same or slightly | ower than

the tenmperature of the flash-8 ream 20 before entering

the flash/separation vessel 5. Typically, the pressure
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stream 22. enperature of the recycl ed stream
wothagt 899t gllpqu ab@ut 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
ethylene and other desired light olefins, and byproducts.

[0063] The vapor phase stream 13 removed from the flash/separation
vessel can optionally be mixed with a bypass steam stream 21 before being
introducéd into the furnace lower convection section 23.

[0064] Because the process of this invention results in significant removal
of the coke- and tar-producing heavier 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
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to about 250% of the anmpbunt of the newly separated
bottom|liquid inside the flash/separation vessel, such
as about 90 to about 225% for exanple about 100 to
about 200% [0060] The flash is generally also
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flash/separation vessel as a vapor is a function of the hydrocarbon partial pressure
in the flash/separation vessel and of the temperature entering the vessel. The
temperature of the contaminated hydrocarbon feedstock blend entering 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 furnace is
heavily coked. The flue-gas temperature at any point is also a function of the

combustion control exercised on the burners of the furnace. When the furnace is
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the radi ant section of the furnace. The vapor phase is

W@ b@s/113122 oduced to the radi ant section of thePCT/US2005/017696
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[0069] One potential source of the heavy hydrocarbon feedstock used in
the process of this invention is the bottoms stream from a flash/separation vessel,
either recycled from the same flash/separation vessel or from another process
train. An advantage of using a bottoms stream from a flash/separation vessel is
that a smaller volume of this liquid would be required, reducing pumping
requirements, because a higher percentage of this heavy hydrocarbon feedstock
would be expected to remain in the liquid phase. While readily available, this
source of heavy hydrocarbon feedstock may not provide any significant addition
to vapor phase quantities.

[0070] While the present invention has been described and illustrated by

reference to particular embodiments, those of ordinary skill in the art will
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the flash/ separation vessel and of the tenperature
entering the vessel. The tenperature of the
cont am nat ed hydrocarbon feedstock bl end entering the
fl ash/ separati on vessel is highly dependent on the
flue-gas tenperature at that-p®int in the convection
section. This tenperature will vary as the furnace
| oasbrediate tAmoRe inaitiog 1bndgheselfoevhriationd ﬁéﬂﬁ&@s§aﬁlyaﬂlustrated
full load, and | ower when the furnace is at parti al
| oBgreinThEor thiferegean, teqnp é@fﬁl’@a% shold the Iﬁad'eswldwrtvéhe iappended
segtion:tube ban functlon xt ent. of
c o g ok PSS cirRinith fleiiE Shemhidhe Profaf ation
furnace is clean or Ilghtly coked, heat transfer is
i nproved and the fluegas tenperature at that point is
correspondi ngly cool er than when the furnace is
heavily coked. The flue-gas tenperature at any point
is also a function of the conbustion control exercised
on the burners of the furnace. Wen the furnace
I soperated with |ow | evel s of excess oxygen in the
flue-gas the flue-gas tenperature at any point wll be
correspondi ngly | ower than when the furnace is
operated with higher | evels of excess oxygen in the
flue-gas. [0067] Total furnace |load is determ ned by
the heat requirenments for pyrolysis in the radi ant
section of the furnace as well as heat requirenments in
the convection section. Excess oxygen above about 2%
IS in essence a reflection of extra air vol unes being
heated in the radi ant section of the furnace to
provi de for the heat needed in the convection section.
Pyrolysis capacity is limted by the heat output
capabilities of the furnace and efficiency with which
that heat is utilized. The ultimate Iimtation on
furnace capacity is the flue gas volune, therefore
m nim zing the excess oxygen (with the acconpanyi ng
nitrogen) allows greater capacity for heat generation.
| nproved heat transfer in both the radiant and
convection sections achi eved by reduci ng coke
formation will allow total pyrolysis throughput to be
I ncreased.



[0068] The total energy requirenent in the convection
section is the sumof the energy required to vapori ze
wa b@shyxiepcar bon streamto a desired cutpoi nt, PUEPS200Z€17696
and superheat any water used for flash tenperature
control, superheat the hydrocarbon vapor, and
superheat the dilution steam [0069] One potentia
source of the heavy hydrocarbon feedstock used in the
process of this invention is-2he bottons streamfroma
flash/ separation vessel, either recycled fromthe sane
f | @BAIBEpar ati on vessel or from another process train.
An_advant age of using a bottonms streamfrom a
f | R&A1 S&dradiIsn vessel is that a smaller vol ume of

this i quj .requi red,. redyci unpj n .
r e%q'ui r e%g %élgg g%%%rgglgn% h‘fog%é]?m tg& g’@hf g@j@mg%ﬁ"{”% feedstock, said
heavy hyshtaamekan fBedsiaekanon! @ee@ﬁo@l_&‘pg&h@qsiflg on-volatile
remain in the liquid phase. Wile readily aval b[ne,

t hi s sotmeponghtshediey cékedrenmsdioand eddiptooeds comyrisiag:
provi de any significant ﬁdcﬂi tion to vapor phase )
quant i tfes. 5912 Y ehYHecabes drrdstosk ewith owaich gentaminated

been descri bg rdchitidfi s fofﬁlear gglﬁgl}g,} Ried; hydrpgarbon

. t
particul ar enbodirments, those of ordinar
art wi || apprieedsadok Hidral the invention lends itself to
vari ations not necessarily illustrated herein. For

thi s redason,heatipgsaid eprtpmpmeteddivdracartion feetdtock dlasdy t o

true Scope oF b Bre bR Gioctban At | Gend 1o a
A ained |s: flashAepir@fRASEsdePr cracking a contam nated

l'i ght gi/dr ocar bon feedstock, said contam nated |ight
hydr ocdrbon scpadigndthe cantpminetedghytboearibdm féedstock blend into a

“conmponent s and/ or, coke, precyrsors and said process
conpri si ng: V&POW}W%@D%E h%‘ﬂgfiﬁ%l%g&%@rpmé‘*eb@ﬂéﬁkh in non-
with said c ] ' y . qck to
forma cont g\}rﬁeﬁg@tﬁ gglhﬁgncfjp gg%%%%n%é@é%%%g %1&2%%18 Ygpor phase
heat i ng sai detmgntabstansibipyl depliteaic af hen-vorais teelpohbies dind/or

c. feeding the contam nated hydrocarbon feedstock
blend to a COKeE precursors;

e. removing the vapor phase from the flash/separation vessel; and

f. cracking the vapor phase in a radiant section of a pyrolysis furnace
to produce an effluent comprising olefins, said pyrolysis furnace
comprising a radiant section and a convection section
wherein the volume of said heavy hydrocarbon feedstock is
sufficient to reduce the coking rate in and upstream of said
flash/separation vessel as compared to using a feedstock
comprising only the contaminated light hydrocarbon feedstock at

the same operating conditions.

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

step (f).



fl ash/ separati on vessel; d. separating the

cont am nat ed hydrocarbon feedstock blend into a vapor
w@b@sa1xe a |iquid phase, said |liquid phase bRCTHYS2008617696

in non vol atile conponents and/or coke precursors and

sai d vapor phase being substantially depleted of

non-vol atil e conponents and/ or coke precursors; e.

renmovi ng the vapor phase fromthe flash/separation

vessel; and f . cracking the2gapor phase in a radi ant

section of a pyrolysis furnace to produce an effl uent

CQNPr i iR, RLaki 6 claf@i 7 Whdreiny fhesstbath Nameprisesoins ongreated

a radi ant section and a convection section wherein the

vol ume pofcesastdatheavy hydrocarbon feedstock is

sufficient to reduce the coking rate in and upstream

of said flash/separati vessegl a e j

f dedst ddie PRSI & ﬁ‘@ma%;‘)f he eéer@atﬁng%{%fendgﬁ %‘8%’*?@&% B the
hydr ocqr honi {RGE 1R pylrbE siS Ra@per at i ng
condit?@ﬁ%%nfﬁ%%ﬁe procé?g %f claim1, wherein steam

is added at any step or steps prior to step (f).3. The
pracessThefproteak of 2ny pleerdingclaing veheseimsteamps iadded bgbyeen steps
or treated(frocess steam 4. The process of claim2 or

3, wher(®) #d{s¢ steamis superheated in the convection
section of the pyrolysis furnace. 5. The process of

any pr e@}%dgﬁ%e%lcéf %%a.i Tﬁ’r Shbrefit BRMdnspetstdRdob @leMeeiiaminated

steéps ( e process of claimb5, wherein
the tenpaicdation Rbddbek blend dmanatiest teygembae Bom about 150 to
feedstock blend is at a first te

rature from.apou
150 t o abovt3403eoebeyFedio swtﬁéo‘%glﬁfme%éﬁ)% i é%eam and
m xing with the st n ' .
feedstJﬁkCBF@ﬂﬂmﬁgfﬁﬁ%nagE%Fﬁgggﬁég?%g&?%qghwgﬁHQQEg%atoa
second temperature higher than the first temperature 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.

0. The process of any preceding claim, wherein the contaminated
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 at least one of

hydrocarbon and water.
11.  The process of claim 10, wherein the fluid is water.

12.  The process of any preceding claim, wherein said heavy hydrocarbon
feedstock increases the T,z of the contaminated hydrocarbon feedstock

blend by at least about 28°C (about 50°F) from the T of the contaminated



second tenperature higher than the first tenperature
before step(c). 7. The process of any preceding claim
wob@se1iT2st eam i s added to the vapor phase i n PEEUSIPS/017696

portion of the flash/separation vessel. 8. The process

of any preceding claim wherein steamis added to the
vapor phase downstream of the flash/separation vessel.

9. The process of any preceding claim wherein the

cont am nat ed hydrocarbon feedétock blend is mxed with

a fluid in addition to steamprior to step (d). 10.

The pr gicaSISydbcahonl fie@todher ein the fluid conprises at
| east one of hydrocarbon and water. 11. The process of

claim 10, wherein the fluid is water. 12. The pr g&gss
ofl3any Theewreeksagoicansi BrecRHias il#ms avherpba §id igay b JyAmsArbon

f eedst ock, i ncr.eases the .198 th '

hydr oc g?eglétﬁdf dBYESE Qﬁ% I]]é:h d £ gf)}e ar Stﬁlglg%{t a%g%{()g%g g& feedstock
(about y finom thet 188 ehbot B EpRbANL AL ithgbintaminated
hydroca?@g?yf eedst ock. 13.@?he pro}gess of agsny

pr ecedilight ey drocarbahfeedstocksai d heavy hydrocar bon
feedstock increases the T95 of the contam nated

hydr ocar bon feedst ock bl end by at |east about 14QC
(dBout Ti@om}wslso?ﬁt G Pessdine S WATER Rt dsery 31¥Fr°°afb°n
hydroc%&ﬁ&cf(?@&ﬁ@ﬁ%' bét‘\lweeffh%]o% ogegsd ofbodNY75 wt.% of the
preceding claim erein sald heavy hydrocarbon

f eedst epktagniged beiokeboradaddiiler®l. and about 75 wt. %

of the contam nated hydrocarbon feedstock blend. 15.

The process of any preceding c]Jaim wherein the heav
hyidr oc afisoproressdet GBK IEFRIMIES & HBT]@/h&FeHPT[}b% fgevy r}xy%tr(}fzarbon

| d de L CofP] i td; .
o S b S B L BERLL L S B

nonvi r glipesiil Boao ik bestuain @ pesillf sheams éfduding dsttomus dwevy non-
gas oils, atnospheric residue, |ow sulfur waxy . X
resi duevirgaintydreearhon sig¢agufefrom refineries, vacuum gas oils, atmospheric

residue, low sulfur waxy residue, and heavy residue.

16.  The process of any preceding claim, wherein the contaminated light
hydrocarbon feedstock comprises one or more of gas oils, heating 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
gasoline, distillate, virgin naphtha, wide boiling range naphtha to gas oil
condensates, and heavy gas oil; and further comprises non-volatile

components and/or coke precursors.

17.  The process of any preceding claim, wherein the heavy hydrocarbon

feedstock further comprises non-volatile components and/or coke

precursors.

18. The process of any preceding claim, wherein step (c) comprises

introducing the contaminated hydrocarbon feedstock blend tangentially to



16. The process of any preceding claim wherein the
contam nated |ight hydrocarbon feedstock conprises one

we@eoosnt¥E2nf gas oils, heating oil, jet fuel, dPEBEE2005/017696

ker osene, gasoline, coker naphtha, steam cracked

napht ha, catal ytically cracked naphtha, hydrocrackate,
reformate, raffinate reformate, Fi scher-Tropsch

I i quids, Fischer-Tropsch gases, natural gasoline,
distillate, virgin naphtha, -@7de boiling range naphtha

to gas oil condensates, and heavy gas oil; and further
conpr i SRSANMepahRdl V@ anpageat Isamodé side tlkilocated in the side
precursors. 17. The process of any preceding claim

wher ei nfistid flasssapatajignyessebon f eedst ock furt her

conpri ses non-vol atil e conponents and/ or coke

precursors. 18. Th roce any: pr i:ng aj :
oS o oS gt U B Sl Ao SRR oL aminaed
cont amﬁ}ai&%b% deQeRRONnias dsites by bhdndt tangentitailhy gas in
t ot he ash/ separation vessel through at |east one

si de i nil fast tanvedtiea sectiarhieibe baiek of the @iytplysis furnace before mixing
flash/ separati on vessel. 19. The process of any

pr ecediWél #F#P'm wherei n the contami nated hydrocar bon
feedstock blend is heated by indirect contact with

flige gag g?rgce{gé r gt W‘éﬁ%&écﬁ‘ﬁ’g S8lainh O id#i8 RBOK c@ftaminated

t he pyroly urnace b re mxing with steam 20.

The pr ag@ssatfondasdspick bbatidrig heated by indiscetontadievith flue gas in
cont am nat ed hydrocarbon feedst ock Qéend I S eateq?g

i ndi r ec sesomr evesiianseptiontufs danly of the dygliisie SHpace: 5o ‘%‘e step
sectio }ube bank of the pyrolysis furnace before step
(0. 21%The process of any preceding claim wherein

the tenmperature of the contam nated hydrocarbon

f egdst orje ?kﬁseﬁé b aﬁge;ﬂeéeﬂlng' sldimp Wwiadeint th2 Ontperaaibe ust the
560C (about 400 to_about 1040F). 22, The Pr oc§ss %f
any pr ematinigated hydrocarhen Eefstoteblspdissipr () As Gpwpboy) 205 to

'S about 560°C (about 400 to about 1040°F).

22.  The process of any preceding claim, wherein the pressure in step (d) is

from about 275 to about 1380 kPa (about 40 to about 200 psia).

23.  The process of any preceding claim, wherein about 50 to about 98 percent

of the contaminated hydrocarbon feedstock blend is in the vapor phase in
step (e).
24.  The process of any preceding claim, wherein the vapor phase temperature

entering the radiant section of the pyrolysis furnace is from about 425 to

about 705°C (about 800 to about 1300°F).

25.  The process of any preceding claim, further comprising quenching the

effluent and recovering cracked product therefrom.

26. A process for cracking a contaminated light hydrocarbon feedstock, said

contaminated light hydrocarbon feedstock comprising non-volatile



from about 275 to about 1380 kPa (about 40 to about

200 psia). 23. The process of any preceding claim
wohk@se1irzabout 50 to about 98 percent of the PCT/US2005/017696

cont am nat ed hydrocarbon feedstock blend is in the

vapor phase in step (e). 24. The process of any

precedi ng claim wherein the vapor phase tenperature

entering the radi ant section of the pyrolysis furnace

is fromabout 425 to about 7Q8C (about 800 to about

13000F). 25. The process of any preceding claim

f ur t hercogPBREItS hibsailipdedss cgmbtieingf f | uent and

recovering cracked product therefrom 26. A process .

for cracki ngnixingontlaaevy ddaodarlpm; feedepele arifpgaid contaminated

feedst ock, said. contam nat . r
f eedst ock ¢ 3\'?;'5‘? ihg&i‘?ﬁarﬁ%% 1 egllgté)tc i|( qu E:fgﬁ% %ngo%}?zgr&glﬁtg d bydrpearbon
process 00"%%&{&91 blénd Ha¥inBla & heavsashyuds@ca8iootbout 50°F)
feedstock w'th said contam nated | i ght hydrocar bon

f eedst ock t chiftesr nitmnc tret 8 neft glie hyahtarsinatsdn lighle dydesrrbon
bl end having a T98 at | east about 280C (about 5Q0F)

hi gher than TeeflstorsB of the contani nated i ght

hydr ocar bon f ; : [ i '

hydr ocgbr' bon }}eggrgég%gk%ogﬁgﬁgﬁﬂ'hg%oi%%? n?ggﬁ%%ﬁrg?mc? furst
addi ng st eamei@eratige;cont am nat ed hydrocar bon f eedstock

bl end; d. further heating the contamn nated gy%{;oc:ﬁéﬁog.
f eedst ock bl asidihgtsteam oetbe penteminsiaddiydieeagioadeeistock fend;

the fi E{ft t eﬁgtg%?%euﬁﬁg g%e%o&?%hgggﬁggwﬁ%gg%ﬁ%w blend to a

hydr ocarbon Separation

vessel ; f . SRl @lloRGuird8reaf i thatind tdhybiaaar bon
f eedst ock bl end in{dg a \fagor phase and a liquid phase,

said | iqui d fobdise thei ngntringiatadn hydrpcarhioat ff¢edstock blend to a
conponent s aﬁgsﬂl%gpa(}gtlfo% \Perssee?;ur sors and sai d vapor phase

f. separating the contaminated hydrocarbon feedstock blend into a

vapor phase and a liquid phase, said liquid phase being rich in non-

volatile components and/or coke precursors and said vapor phase

being substantially depleted of non-volatile components and/or

coke precursors;

g. removing the vapor phase from the flash/separation vessel;
h. adding steam to the vapor phase; and
i cracking the vapor phase in a radiant section of a pyrolysis furnace

to produce an effluent comprising olefins, said pyrolysis furnace

comprising a radiant section and a convection section.

27. A process for cracking a contaminated light hydrocarbon feedstock, said
contaminated light hydrocarbon feedstock comprising non-volatile
components and said process comprising:

a. mixing a heavy hydrocarbon feedstock with said contaminated

light hydrocarbon feedstock to form a contaminated hydrocarbon



bei ng substantially depleted of non-volatile

conponents and/ or coke precursors; g. renoving the
woaponiybmse fromthe flash/ separati on vessel ; PET/US2005/017696

addi ng steamto the vapor phase; and i . cracking the

vapor phase in a radiant section of a pyrolysis

furnace to produce an effluent conprising ol efins,

said pyrolysis furnace conprising a radi ant section

and a convection section. 2729A process for cracking a

contami nated |ight hydrocarbon feedstock, said

cont am nat edgddsaftk Bved ogrinpon Tead3¢R¢ lbownpsaCs (dbgut 50°F)
non-vol atil e conponents and said process conprisin

a. nixing aHgery thadthec afboof fthe demnsaringled h lighy diydrocarbon
contam nated, | | ght hydrocarbon feedstock to forma
contaninatedh%#%P car bonf eedst ock bl end having a T98

at least ab : 8 i { T98

of the%ﬁontgﬁ%%é?%ﬁaF@gﬁ?ﬁﬁégﬁggggggﬁﬁgg%%??%EE?db.

heat i ng, sai de€ding afiicnabeambptido dadivearbbee dstistokk bblemdi;to a
c. feeding the contam nated hydrocarbon feedstock

blend to a ﬁkﬁbﬁﬂyﬁﬁémd@ﬁﬁﬁ vessel ; d. separating the
cont am pat ed_hydr.ocar baon .f {0 i r
phase dhd a slep%ra{n&g eag%?talglglggedvﬁ 0 ?éagﬁ(gls g&lggtﬁ%% :B?T?l (rqgmto @
about 50 t 0 RBeHbhARA8 U@k IRl $HRRE, aaidnalpet phasd comprikiap about
feedstock bl end; e. renoving the vapor phase fromthe

f 1 ash/ separ &t toraboes8sh of the .coatamim@ecbmégmarbm fredstesfddend;

phase; and g. crackjng the vapor phase, jn a_radiant.
secti orf-of & eWWHﬁg);L“? gagoa Phase %r D Hﬁ?%ﬂb)é%paéﬂw&vfefﬁgnt
conpri si ng ' | fle RYSRINSdeS ahdir Nace conpri sing
a radiz%t sg%@%gﬂﬁgﬁgﬂg god£e£¥ion secti on. .
g. cracking the vapor phase in a radiant section of a pyrolysis furnace

to produce an effluent comprising olefins, said pyrolysis furnace

comprising a radiant section and a convection section.



