STEAM CRACKI NG OF HYDROCARBON FEEDSTOCKS CONTAI NI NG
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to the steam cracki ng of hydrocarbons that contain
rel atively non-vol atile conponents and/or coke
precursors. BACKGROUND OF THE | NVENTI ON [ 0002] Steam
cracking, also referred to as pyrolysis, has |ong been
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olefins, preferably |light ol efins such as ethylene,
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m xture'is then introduced into the radi ant section
where the cracking takes place. The resulting
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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 produce 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

effluent exiting the pyrolysis unit to a level at which the tar-forming reactions are



effluent exiting the pyrolysis unit to a | evel at

which the tar-form ng reactions aregreatly sl owed.
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steps and using one or nore nethods is referred to as

guenchi ng. [0005] Conventional steam cracking systens

have been effective for cracking high-quality

feedst ock which contain a large fraction of |ight

vol atil e hydrocarbons, such ag-gas oil and napht ha.

However, steam cracki ng econom cs sonetines favor
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i sC?YWGB‘F‘BbF"éPg’&l doemg 'f??%;?yﬁ%er RYgha Ffedfhsﬁr%%%fsc"t%"“‘é@% have
of al vaporization drumfor the crude oi
feggﬂgﬁ%$§%%%loses the use of a first flash to renove
napitolbp as vapatosanommesaaomphftaasid gas aikmmekersapwlivg of the
with a boiling poi.nt between 45q and. 11000F (230 andft P
5oefituent from thaprerking farnasels PREMall 39UEVEY Mg & System of transter

TR U o PR R  rer:

andonte@skrasTHeU®dam generated in transfer line exchangers can be used to drive
large steam turbines which power the major compressors used elsewhere in the
ethylene production unit. |
[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



[0008] U.S. Patent 3,718,709, which is incorporated

herein by reference, discloses a process to mnim ze
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heavyf eedst ock i nside or outside a pyrolysis furnace

to vaporize about 50% of the heavy feedstock with

super heated steam and the renoval of the residual

separated |iquid. The vaporized hydrocarbons, which

contain nostly light volatile3hydrocarbons, are

subjected to cracking. [0009] U S. Patent 5,190, 634,
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or water, to forma mxture streamwhich is flashed to

f Ofemcarevam;ulrp& asepaatich af theynontvplatibe astlipiid disor tyehseparator.
bei ng subseq uentIrT%( cracked to FOVI e olefins r} Lyvsi
A B (RO €55 SERARER &% TStrmgd tp dfie jmyrolysis
acﬁ%&jc%%xehé%hgaﬁd&%l:ﬁﬁ ed oper at| ng paraneter of the
process, e. nperatture of the m xture stream

befopie] t he an><$ m@emtgmmm@ $dried ANl 101 188,461l eﬁmdrhlsoﬁ 2002,
the flash, the flowrate of the m xture strea f(l/or
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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 using a flash to separate heavy liquid hydrocarbon fractions from

the lighter fractions which can be processed in the pyrolysis furnace, it is



furnace. [0012] In using a flash to separate heavy
i quid hydrocarbon fractions fromthe |lighter
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liquid phase. O herw se, heavy, coke-form ng
non-vol atil e conponents in the vapor are carried into
the | ower tube banks of the cfnvection section
depositing as coke. Further, it has been noted fhat
t Hewpogtanti ®r effiosit dlbeiseparatipnesa thas iaeshf the NgAYEIRjde components
endot her.m ¢ cr.acki ng reacti.ons. in.the satur \Y% I :
| d5RHY 1B hibe Higa phego| .b%l}‘?é‘g’ée’e AG30h e?%&é%%gg‘& M volatile
¢ %?po%gﬁ’% 'i]E OnMUpolR afdcdrHED iRth IO Iiver 4OREIBAL KB I0f e Bbnvection
addi t'i onal "heavy "‘conponents. Liquids contacting the
i ndeetitiepisitingesscoké. Foehere stslels teeul ndtedribatrtbelreavier molecules

equi pnent provide coatings of filnms that are
pﬂ@%’@ rgteRdeney te Bidereq @@P%}emec Fracking ipastiey indhe gtyrated vapor

been .f ound,t hat the it] . L1 pnj f O
BRI bGPl PRSI RIRE A n
PebRIMRARnAEnsatibe BY ¥AdMEHA aRabP Rompettaln C Kigiidseeuntacting the
avai | abl e for cracking and can al so reduce the | .

f omtexhal csurfatesc ok thedwemselt arshdowhstrep® equBMERcPraVEE] engtings of
vessel —and/ or increase furnace capacity. SUMVARY OF

THEMNYENTF ONCPET4P 9% present invention relates to
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f | aghiceeppdcadyl on vessel ; (d) separating the enhanced

hydr ocar bon feedstock blend into a non-volatile

conponent and coke precursor depl eted vapor phase and

a Liqui e }i ' -Nolatile component s and/ or

co : g the vapor phase fromthe
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phase in a radiant section of a pyrolysis furnace ‘
hydrocarbon feedstock containing non-volatile = hydrocarbons and/or coke

precursors. The process cpmprises (a) adding a stripping component to the heavy
hydrocarbon feedstock to form an enhanced hydrocarbon feédstock blend; (b)
heating the enhanced hydrocarbon feedstock blend; (c) feeding the enhanced
hydrocarbon feedstock blend to a flash/separation vessel; (d) separating the
enhanced 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; (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, 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



to produce an effluent conprising olefins, the
pyrol ysis furnace conprising a radiant section and a
w@emwsacl7ion section. Steam which nmay opti onal PgT/US2005/017560
conprise sour or treated process steam and may
optionally be superheated, nmay be added atany step or
steps in the process prior to cracking the vapor
phase. [0015] The addition of stripping agent enables
cracking a higher fraction of the heavy hydrocarbon
feedstock, such as greater than 1% nore, for exanple
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prB Ted fluid is water. [0018] The enhanced
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indirect contact with flue gas 1n a second convection
segblatile donlyenbiatskndbr ¢dke precursors is heated by indirect contact with flue

gas in a first convection section tube bank of the pyrolysis furnace, for example to
about 150 to about 340°C (about 300 to about 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 preferred 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 temperature of the
enhanced hydrocarbon feedstock blend before separation in step (d) is from about
315 to about 560°C (about 600 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



pyrol ysis furnace before being flashed. Preferably,

the tenperature of the enhanced hydrocarbon feedstock
whbk@adief ore separation in step (d) is from abOUSBAH017560

to about 5600C (about 600 to about 1040F). Preferably

the separation in step (d) is at a pressure of from

about 275 to about 1380 kPa (about 40 to about

200psia). Cenerally, about 50 to about 98 percent of

t he hydrocarbon feedstock is-bn the vapor phase after

being flashed. Additionally, steam nmay be added to the
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[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 weu 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 about 590°C (about

1100°F) as measured by ASTM D-6352-98 or D-2887. This invention works very



[0023] As used herein, non-vol atile conponents are the

fraction of a hydrocarbon streamw th a nom nal
whoiositmgipoi nt above about 590C (about 1100F) BGI/US2005/017560

nmeasured by ASTM D-6352-98 or D-2887. This invention

wor ks verywell with non-vol atile conponents having a

nom nal boiling point above about 760C (about 14000F).

The boiling point distribution of the hydrocarbon

streamis neasured by Gas Chr'bmatograph Distillation

(GCD) according to the nmethods described in ASTM
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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 invention typically
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, heavy. gas oil, naphtha contaminated with crude,

natural gas liquids, mixed C, components, hydrocarbon gases, butanes, propane,



hydrocrackate, reformate, raffinate reformate,

Fi scher-Tropsch liquids, Fischer- Tropsch gases,
woadsnsd7igasol i ne, distillate, virgin naphtha, P@u/ug2005/017560

boi i ng range naphtha to gas oil condensates, heavy

gas oil, naphtha contam nated with crude, natural gas

l'iquids, mxed C4 conponents, hydrocarbon gases,

but anes, propane, et hane, and hydrogen. It is noted

that since the stripping agen-will be blended with a

heavy hydrocarbon feedstock, quality of the stripping
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t heonldessate, mpddext dorhsa af steippingcigentb it thasipveriics. a

nom nal final boiling poi nt,gel %\év equal tlo, or ol
gr D826k  t hanTheairippeagent WHLPreBily Agvpaiavergpoleryar weight
heav. [ [ ekl ' ALt aaal

Dt AR IS, PP bR Skt o ey v
t hamom@gilldnal Boilidk Wikdbedow] &fual td)eori gredtenthahahé inominal final
poi nt of the heavy hydrocarbon feedstock. If the hegvg/oﬂing

hybeitioamoon dfebed dieask hydrogarben desssieeki Likewise the initi

stream_.the stripping agent Wwil ref gr.ably L
R e I M S R
wehgithe hoaneseaR ROkl @bcamingfled@bek Naf she ihp@yn Bydrocarbon
agg%t gﬁ?l be at Ieasﬁ%gbaﬁt 20% |l ess than the )h ¢
weteghsteck avar ageospbérer bbtomsveiresm, the stripping agsnt will preferably
hydr ocar bon, f eedst ock, .such as at | east about 25% :

| ebave #lgwepimfialbetlipg Bollst about 35% | ess, and as a

T:,lrj L¢%?Lbexan?he?eﬁﬁlgl ﬁ@s\keigf?(@&‘ bva 298 8 fSulal QR2Hk o\fl‘vi tl}el stripping

ly, e addition the siripping agent
r eagdrt wil bant &abedoed20desahnbte weghisd oedragd motbculat veight

a T50 boiling point at |east about 159C %‘g y 250sz

| owéthetheary hydrogmbon fedstagl-pysines #rlegshad 2—’35/ less, fof example
hyd f t
(BORERERaR PR Qe T P Pl EEh AR SOPERSS,

10Q§28] | over praferalyf, Uhé aditienastpihe stippiegsigeadodil rebult in an
OC (about 2000F) | ower, and as yet another exanp
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such as at least about 28°C (about 50°F), for example at least about 56°C (about
100°F) lower, as-a further example at least about 111°C (about 200°F) lower, and
as yet another example at least about 167°C (about 300°F) lower. '
[0029] Vapor-liquid equilibrium modeling using computer software, such
as PROVISION™ by Simulation Sciences Inc., can be used to determine optimal
quantities 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 hydrocarbon feedstock containing non-volatile hydrocarbons. The



as PROVISION(tnm) by Sinmulation Sciences Inc., can be
used to determ ne optiml quantities of a given

W@ Rspp7ny agent for use with a given heavy hyRPeDUS2008617560
feedstock. [0030] The present invention relates to a
process for heating and steam cracki ng hydrocarbon
f eedst ock contai ning non-vol atil e hydrocarbons.
Theprocess conprises nixing a heavy hydrocarbon
feedstock with a stripping ag®nt to form an enhanced
hydr ocar bon feedstock bl end, heating the enhanced.
hypoa@sacdnoprisee edsing akhebyehytiro¢drberhieadstetiewith e génning agent to
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t eam added CoMprise, so . .
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when the steam conprises sour steam Since steam and

ot faetherf hatedishatrayy v thel steain addedmayueonprisatsour phéreated process
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co fife 8 hépi 1aes §d18 sREAY Wince st d
hydr %ﬁ?é@%%fperé%gbﬁﬁh?gﬂg gtg eglrg]e‘g)gn@h esy tr aS.V€| tﬁrrl(i)eusg?]am o
t hether N6ias sndyebaaddedss vafioud gbintpdin idedceiptioh hstemmilnge the
ot her fl uids n% al so be present_ at any given, st

ein
{ her ¢ oulssed holieaFbumieadsiesk ey dp saealn crabinei semponeats

cont ai nj ng. non-vol at.i
o St G i PARGAI TR ek G er g hey trave
UPRSEuhORY 88 de8i repafdldso bf Gihad qRiithley Hif Stdatit mad ether fluids may

optionally mxed with a fluid such as water, and then
f ualstnbe pEseiiehamugiven sthge Wdh&/POEESN section, where the

maj or.ity of e heavy hydrocasr bon.feedsto Ve rizes .
TOURRAL o) SRR DHLBEREPEr OAES! P AR RSt
”O@éﬁ{g&%}& | £ dFRIBIRE BrlcHrsBRAL @FackEk &h® FRAUE pedtBated fin tie upper
under tooé that vapor-liquid equilibriumat the

opesmettign setidi tof ansyraesis Mtneck, ptienallywvmited Wik @ fuif puch as

smal | quantities of non-volatile canponents and/or . .
COW@teﬁ?@@Jh@bf‘gT er pre eatea/ 1% t%e convection section, whore' the majority of

the heavy hydrocarbon 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 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 precursors could be entrained 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



present in the vapor phase. Additionally, and varying

with the design of the flash/separation vessel, mnute
w@astiiyzies of |iquid containing non-vol atil e PCT/US2005/017560

conmponent s and/ or coke precursors could be entrained

in the vapor phase. [0033] The resulting

hydr ocar bon/ st eam vapor phase is at its dew point and

is hot enough for cracking of heavier hydrocarbon

conponents (including, but réP-limted to,

non-vol atil e conponents and coke precursors) to occur.
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f ovodlehmtie. Stcamselybongan ShBTRPE N B GER <OR etion
with many embodiments of the present invention. ‘
[0036] Rather than cracking a heavy hydrocarbon feedstock as it is
delivered, it has been found to be advantageous to blend the feedstock with a
stripping agent comprising a lighter hydrocarbon stream. Multiple synergistic
effects can be realized with such a procedure.
[0037] Tt will be recognized that economic considerations 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



stripping agent conprising a lighter hydrocarbon

stream Muiltiple synergistic effects can be realized
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process described herein would be expected to result
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at | east about 20% or, ev at | east, about o6 [ 0038]

et otther RIS 4L 200h L Her OF FER SSRRAPOYg P he
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by the stripping agent further reduces the rate of cracking. Further, the reduction

in overhead temperature drop could be greater than about 1°C (about 2°F), such as
greater than about 3°C (about 5°F), for example greater than about 5°C (about
9°F). Although a reduction in temperature drop in the vapor phage would be
expected whether the separation temperature or the vapor fraction was held
constant, it would be more pronounced if the vapor fraction were held constant.

[0039] The stripping agent added to the heavy hydrocarbon feedstock may
be from about 2 to about 95 percent of the resultant hydrocarbon feedstock stream,

such as from about 5% to about 90%, for example from about 10% to about 80%,



in overhead tenperature drop could be greater than

about 10C (about 20F), such as greater than about 30C
w@ 2601378DF) , for exanpl e greater than about 5BC/{8490%017560

90F). Although a reduction in tenperature drop in the

vapor phase woul d be expected whether the separation

tenperature or the vapor fraction was hel d constant,

it would be nore pronounced if the vapor fraction were

hel d constant. [0039] The stiZpping agent added to the

heavy hydrocarbon feedstock may be from about 2 to
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the furnace. A further benefit is realized in reduced steam requirements, which
increases net feedstock throughput and olefins production.

[0042] After blending the heavy hydrocarbon feedstock with a stripping
agent to produce an enhanced hydrocarbon 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 enhanced 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 furnace. This can be

accomplished, by way of non-limiting example, by passing the enhanced



i ncreases net feedstock throughput and ol efins
production. [0042] After blending the heavy
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[0045] The use of steam and or fluid added to the enhanced hydrocarbon
feedstock blend is optional for high volatility feedstocks, possibly including the
enhanced hydrocarbon feedstock blend 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 enhanced hydrocarbon feedstock 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.
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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
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flash steam stream 19 to the hydrocarbon n xture
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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 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 precursors
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
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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 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,
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often between about 430 and about 475°C (about 810 Aand about 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
Jeast about 2 percent of the mixture stream is in the liquid phase after being
flashed.
[0060] 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



controlled at between about 315 and about 5400C (about

600 and about 1000F), such as between about 370 and
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bet ween about 400 and about 480 OC (about 750 and

about 9000F), and often between about 430 and about
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change with the volatility of the feedstock as

di scussed above. [0059] Consi8erations in deternining

the tenmperature include the desire to maintain a |,
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the fluid
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contro stem 7 detects a drop of tenperature of the
mi vl v Bt Stopemeh viider.it will instruct the primary

A S any b SRR SRR S lonote
fgﬁ%%?g?% ra}é%hhteof” Wt A prim&lyOSiRHioROE8am Ith théiBtain 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
maintains the temperature of the secondary dilution steam between about 425 and

about 590°C (about 800 and about 1100°F), for example between about 455 and
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fl ash/ separation.vessel , ,ht is generally also
de@f‘ﬂ%‘mre@ont%e#g?%lgisﬁeaéﬁ %{())'nst ant hydrocar bon parti al

pr ﬁmw e of thgichilyashe BydBaFbP phiiaDpetesurt @f ke fing siram in
cohs

tant ratio of "'vapor to Iljﬁgwd in the
f | e ipresepiinudrition iv sgsed comyolisdpt betwermapred 173 kBa (about 4 and

o 1 s SSELPBE B2 U b AR SR BB s 157,

VegSipIPLESRES B0 b 9459 tBBuLEEdibotO Nt pab).
[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 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 about 315 to about 560°C (about 600 to
about 1040°F). For example, the pressure of the flash can be about 600 to about
1100 kPa (about 85 to about 155 psia) and the temperature can be about 370 to
about 490°C (about 700 to about 920°F). As a further example, the pressure of the



val ves 36 on the vapor phase line 13, and by
controlling the ratio of steamto hydrocarbon
wo ewd31ek i n stream 20. [0064] Typically, thePCT/US2005/017560
hydrocar bon partial pressure of the flash streamin
the present invention is set and controlled at between
25 and 175 kPa (about 4 and about 25 psia), such as
bet ween 35 and 100 kPa (about. 5 and about 15 psia),
for exanple between 40 and 7 OgPa (about 6 and about
11 psia). [0065] In one enbodi nent, the flgsh [ . :
c dlahucarete iahoutt 700eiasabogh 040 KBk (abophl & 1A %31343 psia) with a
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t-he tenperature can be about 370 to about 4900C (about
7Q6 about&but 9200F). As a further exanple, the
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non-volatiles in the |iquid phase. Use of the
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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 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
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.
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furnace to be cracked to produce an effluent comprising olefins, including

ethylene 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 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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ihlet t t f
SO NI T —
pWeQéeY ¢ SEuEass- pr@ﬂ@@ hOHRXimBRNEddsible vapdrsfeadl |Which can be

l'ow nore cost-effective retrofitting of cracki ng
f a}ﬁbédsﬁddesslt]ndut Iexedsklye dedingfreliingoroncérghit & the é@tggof qusg is too

aﬁpgf gg; E%Sq]t gf:rdg gvfxllz *c#g %Igg t&g :%g%%ﬁ%% 5(‘84(:{11(3 a%%ea%tlon will be
6OCPC([)1F &entﬂli]}% dé&%}‘lﬁ t]]rf a{h%f e4tid Id}e Jig%ANANGEs BUe n&tklng in the

sterrs ace. Copending U S. Paten

Apﬂ)dsh@é;ﬁdrﬂ[bnseﬁdsﬁl Mﬁd the | esbobiatedugriping8, beQ@ﬁ& a problem.
details a design for naX|n1Z|n t.he ben &;ts 6
aséddiionally. aperptionse toe oy el o1 cpRi wdloah SRl dresupsors from

C o rég}tg'k %H%s H’E Bhéh 5r%8§r%8n f?&% gﬁi@a%lf 1§ Enf¥ 4he qﬁ%}p %hlzﬁ)erature

rrsi g non-vo € conponents

Th&ch&a?saiﬂﬂ@@fme aRetalst Bgccl@npecakitge of the
flash/ separation vessel is selected to provide t

napooAdim possTht percepage foé@!vcvm hirdrogarhom degsy é@é&%&%ﬁ from the
r a{]@sgy : paerzp(li?%ﬁ?e&\s/q g.fs ?xg%xi)g ofll(ln(gll%n € B{f]c?rocirf)oﬁ Bﬁ'tlal pressure
in the vessel and of the temperature entering the vessel. The temperature of the
enhanced 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



hi gh, valuable feed wll be |ost and the econom cs of
the operation will be detrinentally affected. If the
WO 260501319 | i quid is too | ow, coking in the PCT/US2005/017560
fl ash/ separati on vessel and the associated piping
becomes a problem Additionally, operation at too |ow
a liquid ratio could allow coke precursors fromthe
heavy ends of the hydrocarbon feed streamto enter the
hi gh tenmperature sections of 28he furnace and cause
accel erated coking. [0073] The percentage of given
hytlor wraers of tlfeefedladq': s When dlesdfurpasmis prergte %ﬂlsléwd?‘éﬁlﬁ efexcess

|
pARYER Py daS e s'e e JaSser "aactee nal | ADRIR it be
Qgﬁ%@&ggﬁl% m@n ttﬁé'r@@rﬁﬁé&fseolﬂzfraté@ Qvﬁﬂhfg'héle[évels of

bl end entering 't

fkﬁ&ﬁﬁ%ﬁﬂ@mahn@mﬂmegaﬁl is highly dependent on the
flue- as tenperature at that point jn t&ﬁ convect.i on
#ag

sd8974dn. Thi t@leﬁp@q}cgt lopd 18 cﬂqtermalp eheat, rrﬁcélgéements for

| oad s ch h

F ool S (R dgciat e 8 e OF s oI, S ERPR Rl in the
| Qadveclidh skétifr IBtcek S bRReatabbPe hbbut 12€6 1 inSéssamewerflection of
section tube bank is also a function of the extent of

c ekt girt WAt mbsabeing he.awcbm the radqeatfsg‘rtmc@f thgyhamage@ provide for

furnace is, ¢cl.ean htI ed,. heat t '

| i bvaaacaid it e comyert Becedioho SR CapeER Rl B e e

€O RA&hktSh
AR B rRe %3%5*2%&“ M VARR b ktent i wilized.

| STIa anlnaaté Uingitdtion af ftrnecec oayausy iisrthe dhier gds exlomei dhegefore

ont he burners of the furnace, Wen the, fur.nace S
operrame?@lng/\mehence% PxRgen $WEh thy @%%‘%nw’é]énmfrﬁg?‘ﬁea lows greater

fl |
corPadRo Rl st P4l AERRERUNA G QhorGRe ARG e iR and

O pQRt&dnWettiorRiagh eéduced BéAingfreueasmtsasygeated withitbe use of a
flue-gas. [0074] Total furnace load is determ ned by
t herippiag aged wil eHewttetal WOHWS élllry’gg@qt i bh@creasidant

of rrnace as we a
RSN, oct | B ey Seplihert 3o MELoyEEHI RRGA 55 IR sum
' S’ofr the %ﬁé&?%qtﬁréd%' Rpblignieihydxddatboai direul tone deddet ngtpoint,
heated i n tThe radi ant section of the furnace to

pr eatiotiee fond supeehchearty waededd ifor fiash tonprars emtwboupgheat the
rolysis capacity js |i

Py i ted by.the heat output
cuprlPrreaaer.  foel ruperhies Hhea tibffe Iy i T iRiak penerey
t h?etqunglﬂEnt' SkcMlds! th&teéhergy 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 requirements. When hea{/y hydrocarbon feedstock is used alone,
additional air (above the combustion requirements) is mixed with the fuel and
combusted to provide the necessary heat input to }vaporize the heavy hydrocarbon
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



The ultimate imtation on furnace capacity is the

flue gas volunme, therefore mnimzing the excess
we@oegem7{ami t h t he acconpanyi ng nitrogen) all owBCTYUERD&E017560

capacity for heat generation. |Inproved heat transfer

in both the radiant and convection sections and

reduced heating requirenents associated with the use

of a stripping agent will allow total pyrolysis

t hroughput to be increased. -[28075] The total energy

requirenment in the convection section is the sumof

t REpAMG HBYisE@ itiekexds biv rathpothhz eadide séntindeatiig theelelamiting

to a desired cutpoint, vaporize and superheat any

waheradippesection cfackion ceRasH¥r at ure control, super heat

t d g .
b e o P BT PO APSL G N Ao pcfied My 21,
enRHAYdURbds AN e ol SyHm that YibdsCib dEFMUBE ifighacki th control

rates. To Increase the heat input without raising the
heht téonpeuitutecott the pravdsssiteaseenterng then@ashsapraatioovesagly Little

rate nmust be raised to a IeveL that, i s beyond th[e th
COWDOSYALSHS PEgUn LRFBRYSONRE ‘ff@%{véy ﬁ?}&?‘&ﬁ%&bﬁo‘ﬁa °T, the enctgy
feedst oCK 4§ HRkdial 9%2:%)0&@9 k@D elo, Hebay( RBANEI 1deaporize the
comBUST enent’s % ané)

ionrequir I's mxed wth The fuel
cophest el tiuspit @ besillbeo nedies she yombastidnngiutlevets - and hence
vaporize the heavy hydrocarbon feedstock and, ogt i. onal )
wateduce thiifeel fited t iThiasortionispshanismaney Peysid wsconjunction with
ad itiona)tl. fuel to maintain the desired radi ant
seCf PRSP ure and therefore results in reduced

fufgage t her gBdhe §hdset i@DeMion] BY ileédsht B eafmnBof hydrocarbon
provi des additional heat to the convection section,
butaporizetbaing gdeni tempergwire, gbe tafdition of ¢r strippingfagenfctorthg dieavy
gascapacity _be used for excess air rather than radi

A A b R e i A
Cr AcKLAG; i 163y SoeReRdiABARRIfitkAfutiRe. U. S.
Se%?gkﬂ(%bn%?e%g%ggéllh}&%g f inllggc Maygfl%ﬁgm, describes a
nofodl78ont r oFursiat epardtivats betvesent desoksadan dapse fAuctuations in the

furnace to contral the tenperature_of the proces .
st fashiscpareteon wesselHemperalig Espliing dn fHclyauns ‘.“Q"Eﬁl %FéraSPon of

N B

energy required in th N
CORE Ghte QAUSEAE Lihblé Surheby Operations. eBeneymesethis metbility can be

vaporize the water), and thus it _is possible to reduce

t heownterkinwitien With theeddigon ofasiipmubagddatevinge pigagr vapor

Lg%&%ﬂwggl %ﬁs% }%ﬁ{‘ h’lri)(l)ll, irrlrcer%zg]s%{]gl e goan)(/e&%nu&%goﬁ Bhroughput with less
control instability is possible. Without a stripping agent, increased input of heavy
hydrocarbon feedstock can reduce the radiant section throughput because the
higher flow rate of heavy hydrocarbon feedstock and steam does not heat up as
much. The temperature drop resulting from the increased heavy hydrocarbon
throughput not only reduces the fraction of hydrocarbon that vaporizes 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 feedrate

effect.



the present invention. [0077] In the present
i nvention, by increasing the anount of hydrocarbon
woaponiyved at a given tenperature, the additi oPCDUSE05/017560
stripping agent to the heavy hydrocarbon feedstock
reduces the energy consunption per ton of hydrocarbon
feed and increases the hydrocarbon processing capacity
of the furnace. [0078] Furnace operations between
decokes can cause fluctuatioA%-in the flash/separation
vessel tenperature resulting in fluctuations in both
t [0879T act i oifhofadfiyinorfaa sippirtgasgans can vedise tha nepd for water
flash/ separati on vessel .and radi ant hydrocarbon f .
RO RGO REDE PURTE 4GS BRrss. [FSHOY Tepnaey fEdraction
th ﬁ}e! B8 ?\?‘hgéet a ﬁagz RAichaY k& Fdrrgo_ti'l'iﬁg Vidter WhiRr shigerheating
addrtion of a's Plp i ng agent allow ng a hi gher vapor
Chba t IRBSS Maal/sdpantibn VessHl easipagitdrberequinereerts omill allow
section throughput with |ess control in%%gb'lit
a

. y Is
peffisidsk deatitig frothe sonyeptigrppergiongente brlansedaledisr Wi fhe heat
of heavy  hydr.ocarbon feedstoc ' :
R D e e
h g&%@y%e&%@& Anfl §85kHEcACHK RAfs SF eRMBsHaRyeaD! Thakddifional
as  much: The tenperature drop resulting fromthe
i apaeits edn beavsd foyatadcmptsaived. h Roduging exqess oxygep also improves

reduces the fraction of hydrocarbon that vaporizes.but.
c ﬁ@Fna‘Fes"cfﬁP@H“tVdé(h‘lchéa‘? %Pgltgl? Fesetion 10 gFFenoHoRas FBEROns-

VapRio H 9“9{ 1%’5‘@%&&{ iR @)%/L%%X_ctaﬂ%ﬂtr inPRicRBa 5 to 10%
agent ‘nmitigates I'S counter-intuitive
C mrest i Mirhach Bg fvhed tiat farefct dclinfi0 18] stadkeinddded dmft fan
“of a strigping agent can reduce the need for water ..
andpasityst Sueh addaercase Wafureass Bonmeloys Inggasipg e maximum

t her reduci ractjon 0
LR SRS B B8 i ot bl petaom s
S uRs AR bbEHIS by dkinBardueesnidsplsdcsapailatitoamospalc bottoms
tenperature requirenments wll allow efficient heating

i rrdchen (Wriefertivbmcresad the masinpem Famasrceadmpiertyet0% t h

th at needs. of the radiant. section .
dinding {hevRuges BRsldr o R L bRl o RhERdpd pusrated by
MIBteRGIE oagg«tiEﬁ&O ehftRdiert ! WBsOlof ExARREy AKHDEN)the Tare will
additional capacity can be used to 'crack nore feed.
Reghpgiciige ac eiss inveytienicatis dsélfipr vemationgmeaaecessarily illustrated
efficiency which can lead to a reﬁygtiog in gr eﬂpouse
gdeTiR J9r dhig reason, then, reference should be made solegy o the appended

claims for purposes of determining the true scope of the present invention.



[0080] A 1% reduction in excess oxygen can result in
about a 5 to 10%increase in furnace firing when the
WO 0sacE19s limted by stack i nducted draft faPCT/US2005/017560
capacity. Such an increase in furnace firing all ows
i ncreasing the maxi num feedrate by about 5 to 10% In
one test, a reduction of excess oxygen from6%to 3%
made possi bl e by m xi ng heavy atnospheric gas oil wth
at nospheric bottons fraction2635/65 ratio) increased
t he maxi num furnace feedrate by 20% [0081] Wiile the
p@ﬁﬁp&s i nvention has been described and illustrated
by Teference to particul ar enbodi nents, those of
ondiands Glasked Is:in the art will appreci ate that t he
invention lends itself to variatiaqns essar

i 1} ust Aatrsgceserier reragkang t%}@a\%zﬁ’éﬁoca‘f é‘n e étpglf’eﬁ%lé heavy

shoul d t ! I deffs and/ Kk
pur pos é‘é’gli%arg@?g[om n(%ék C%tn#} %%I%Sg&ggglgg&o?dﬁ% oresent v
i nvent oo hﬁi%@brda@ss@ompmdlgts 1. A process for
cracklng a heavy hydrocarbon feedstock, said heav

hydr ocdapon afldiegsa stlippoenpgdnsitaghe ch@a‘% hydgocarbon fe Redstock to
conponent s nd/or oke r roce

co%r i si ng %ﬁecgﬁ%‘ﬁg?%g‘?%ﬁe & r%‘tsbe}?%d ? he hZZvy

hydr ocggﬁon Hegtg&g%gf&ﬁ{agcéﬂ Vi SrsonRaGestkhgidgcar bon

f eedst bl'e ting said enhanced hydrocarbon

f eedst qek blfesting ( &e feddhogl t elrecnborc eteetistdelochiehdn to 2
feedstock blend to a flash/separation vessel; (d)
separating tiis é?ﬂ?éﬁ@@d"eﬁ%r ocar bon feedstock bl end

into ab(é?aﬁ sreg%%tsg%ﬁl%%nﬂaﬁfieg%yqr&gﬂﬁ)ﬁ fedtdik! Bléﬂﬂ ﬁllto a vapor

phase non vol atrl'e components and

coke precur siase and =SaheidvpiRse, pliddiubkiphgse belng r1ch in non-
substantially depleted of non-vol atil e conponents

and/ or coke iade rcgmpgﬂer(t%)m¢/ @hﬁ‘\)}i%@reﬁ‘ﬁéor\? aﬁS‘érsabﬁq&%r phase
fromthe fl al? sh 2% a“ Vs eé)t?ﬁfc’t ed, of cgq &(ﬁl&tl]]%r @&ﬁﬁd}gn{shgnd/or

vapor phase
furnace coke Precursors;

(e) removing the vapor phase from the flash/separation vessel; and
® cracking the vapor phase in a radiant section of a pyrolysis furnace
to produce an effluent éomprising olefins, said pyrolysis furnace

comprising a radiant section and a convection section.

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

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



to produce an effluent conprising olefins, said

pyrol ysis furnace conprising a radiant section and a
w@ovgecl7ion section. 2. The process of clai m 1IPCTAIS2065/617560

steamis added at any step or steps prior to step (f).

3. The process of claim2, wherein the steam conprises

sour or treated process steam 4. The process of claim

2 or 3, wherein the steamis superheated in the

convection section of the pykelysis furnace. 5. The

process of claim2, wherein steamis added between

t d 6., .Th ' [
ot otpbraPtrS OF S8 onnuReeh ifar SRBrHne (JoTE hpanced

bl end | . HRGdaks Wt & fiFsPme attirel BOmt sbout 150 to
about g%ﬁ?&?g%%5%§%%%ﬁto about GééDF efore m xing

Wi th t hisosBeatt abdut He0 erevantetD Ry Heforamixing Pelbdhe seam and
blend is then further heated. to te r at.ur

hi gher thehaphansed iy AEocamRREEFHaTKebBES dF dns f hegled 1o a
The process.of a . i lcal | 1S
added S5 PRETRIRrDHEEE e sy B AR SRR

fl ash/ separati on vessel. 8. The process of any

prrecediThg pdc@bddf at\?@f@ieaingtmm whemitdeean ¢ added vahervapor
phase downstream of the flash/separation vessel. 9.

The pr pbesesndtie wpyopicacefdhhJady sparatiohEssesin t he
enhanced hydrocarbon feedstock blend is mxed with a

fluid in addition to. st ! _ »
p rgglcesl ]?l)r8+e§%, 9 @@paieé:fg(gg% B{a%rg,r grleg‘f %(gaﬁ% S% gcé(ieQiatto-Eh@ vapor

| east ?Eﬁséﬁov&%@éﬁﬁ%!f%ﬁa@ﬁ@emﬁtﬁmve&éel. The process of
clai m 10, wherein the fluid is water. 12. The process

of any preceding claim wherein additjon of the

St%:i ppiThy proesss crral rscadingc Kpiy WhFFEhEE rbaried diy dggearbon
the heavy. h bon feedst ack: : 13+ Th
e e LS R S, RSB W s )

enabl es cracking at | east about a 1% hi gher fraction
of 1¢ he NRaY¥BY%IbPERiMOD, 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 addition of the stripping

agent enables cracking a higher fraction of the heavy hydrocarbon

feedstock.

13.  The process of claim 12, wherein addition of the stripping agent enables
cracking at least about a 1% higher fraction of the heavy hydrocarbon
feedstock as compared to the fraction of the heavy hydrocarbon feedstock

cracked without adding the stripping agent.

14.  The process of claim 13, wherein addition of the stripping agent enables
cracking at least about a 10% higher fraction of the heavy hydrocarbon
feedstock as compared to the fraction of the heavy hydrocarbon feedstock

cracked without adding the stripping agent.



feedstock as conpared to the fraction of the heavy

hydr ocar bon feedstock cracked w thout adding the
wG@respp7ny agent. 14. The process of clai m 13, PEUITES®0F017560

addition of the stripping agent enabl es cracking at

| east about a 10% hi gher fraction of the heavy

hydr ocar bon feedstock as conpared to the fraction of

t he heavy hydrocarbon feedstock cracked wi thout adding

the stripping agent.15. The pgocess of claim 14,

wherei n addition of the strippi ng agent enabl es

K f
X égc [ 8@6%%?%% St v (1)—,% zi:ﬁs Q%C%Hgﬁa roggl?é:gthgﬁln% agteﬂteenables

fr aCt | opy Rt faedie %BMuthé/ gOWlegB@rnfrﬁ@BﬁlS@bﬂie legagg Hﬂdrocarbon
wi t hout addlng the stripping agent. 16. The process_ of

any pr éedstonk) ag bmnpmed\mrml tractiddiof |t1athYth¥ér<§@thOmfPtf§tOCk
agent reduces. the c rate in and downstream of

sai d fPﬁ@h%&@ﬁh@éﬁ@gwg03§g@Pmﬁga@ ared to the coking

rate when cracking the heavy hydrocarbon feedstock

W Ehoutradgh ngs tea st %9&1 B8N twheleln alldRicRr 6F @RS stbipping

any’ precedi ng ¢l aim erein said stripping agent
r educesigédiaedinids @tﬁe tdigne rhanc end Hyensicanh oh sdid dlish/separation

bl end by at | east about 150C (about 250F) from.the,T5

of t he veesal yashyarmpersehéh theeaekiBE kfatfisWEth Cfﬁ“%&é’es@ gea"y
claim rei:n sal | the T50

of the¥@ﬂﬁ§W§ ﬁﬁ?ﬁ” caH%OHP s oc &% %n% @5 at

| east about 28C (about 500F) frontthe T50 of the heavy
hygr oc aqiodces @5 hAE krecdding Ehémpivheeissaid atrlpping agent reduces

wh d st t f
W56 t Gha B dBSWenoR b0 drosesbor HRAEISa S i g about 15°C
feedstock b
said st®® ?ﬁﬁ%@gﬁ@egg%@ﬁgégg@ s dré: f%%dswlgﬁ‘(’a/g te Ion

about 80 wt. % of the enhanced hydrocar bon f eedst ock

blignd. AL prdb&s R EE®S] Riwldrélh MaidOstriphiap eilantsmduices the Ty, of
stripping agent conprises fromabout 20 wt.%to ab

50 wt . Yhetnhineedhidmeation fendsioak btﬁmdfle/eatskésekab@me%%"c (about
50°F) from the Tj, of the heavy hydrocarbon feedstock.

19.  The process claim 1, wherein said stripping agent comprises from about 2

wt.% to about 95 wt.% of the enhanced hydrocarbon feedstock blend.

20.  The process of claim 19, wherein said stripping agent comprises from

about 10 wt.% to about 80 wt.% of the enhanced hydrocarbon feedstock
blend.

21.  The process of claim 20, wherein said stripping agent comprises from

about 20 wt.% to about 50 wt.% of the enhanced hydrocarbon feedstock
blend.

22.  The process of any preceding claim, wherein said process results in an
increase in capacity of the pyrolysis furnace as compared to using the

heavy hydrocarbon feedstock without adding the stripping agent.



22. The process of any preceding claim wherein said

process results in an increase in capacity of the
w@oshy¥yis furnace as conpared to using the heR@lUS2005/017560

hydr ocar bon feedstock w thout adding the stripping

agent. 23. The process of claim 22, wherein said

process results in at |east about a 1%increase in

capacity of the pyrolysis furnace as conpared to using

a feedstock conprising only bige heavy hydrocarbon

feedst ock contai ning non-vol atil e conponents and/ or

cqQke precursors. . 24. e hrQ ' 3, | %
Saa prgesReRrSate h U RESER ries Aot MR Rl 1%
in the;capaci Y cQacky ©fPHE Obptslysist fukmae asasompargdredusing a
to using a feedstock conprising only the heav

hydr oc dedalstock emasirisidg onlyt tienieayy rhydragerben; fe@gstock containing
conmponent s and/ or coke precur s]c()r s. 25. The process of
claim mp-%ﬂ%wmﬁ%e&tﬁﬂ‘"g@’é% FRSETYSi n at | east

about a 20% i ncrease in the capacity of the pyrolysis

L%J‘acer}%ﬁ%‘éé?&@aoff&?agfgg%%gkﬁgeiﬁ SREHREOS ke GMEMNI 1184t about 2

y the avy hy eedst ock contai ni ng )
non- vol @k4 it reeepothe khpacity df thie wyoklysisfevacsar eompeged to using
The process of any preceding cl ai erein_the heavy . .
hydr oc e fredstpele gempasingioply Hle%fnhﬁ\rg%af Ot éﬁﬁ’?g Sottaining
and/ or coke .precursors.co [ nor e of ‘
residué%?*%?%HSCB?W?n%¥%DSp’é%?gpgggggﬁiII bot t ons,
vacuum pi pestill streans including bottons, heavy
nNogs. Vi rghdpfivedsasradiian2st waash aidprocedsi reeulisel, atviaasuahout a
gas oils, atnmospheric residue, |ow sulfur waxy .
' esi due20%mubréasa vty theaapenity, of 2lre pYRE sisfgmBse apForgpgred to using

precedin | aim wher.ein th trippi i ..
one or ?’rg‘?eéStSf‘k GaEPgig °n eg%ei eﬁvg F{P&I%f%tggﬁhfee@{mk cofifaining
di esel , ke L BRY/oCke hrdtambisha, steam
crackednégg ?ﬁ%?”3§?§§3§?§2?|y c?gcked napht ha,

hydrocrackate, reformate, raffinate refornmate, 4
Fi 26.her The qpeass |dfquriyd precedisg hdpingr ij@'ém {:}ﬁ’s beavy hydrocarbon

natural _gasoline, distillate, virginmnap ' .
B i e
gas oi | onQBPngF@of:l%Eﬁtdﬁgg, RALdR biMatosphétitepipaatilbattorgg Yacuum
l'iquids, mxed C4 conponents, )

pipestill streams including bottoms, heavy non-virgin hydrocarbon streams

from refineries, vacuum gas oils, atmospheric residue, low sulfur waxy

residue, and heavy residue.

27.  The process of any preceding claim, wherein the stripping agent comprises
one or mbre of gas oils, heating oil, jet fuel, diesel, kerosene, gasoline,
coker naphtha, steam cracked naphtha, catalytically cracked ﬁaphtha,
hydrocrackate, reformate, raffinate reformate, Fischer-Tropsch liquids,
Fischer-Tropsch gases, natural gasoline, distillate, virgin naphtha, wide
boiling range naphtha to gas oil condensates, heavy gas oil, naphtha
contaminated with crude, natural gas liquids, mixed C, components,

butanes, propane, ethane, and hydrocarbon gases.



but anes, propane, ethane, and hydrocarbon gases. 28.

The process of any preceding claim wherein the
WwW@RsAp7ny agent is contam nated with non-vol aP€T/@52005/017560

conmponent s and/ or coke precursors. 29. The process of

any of clains 1 through 28, wherein the stripping

agent conprises hydrogen. 30. The process of any

preceding claim wherein step (c) conprises

i ntroduci ng the enhanced hydrgQcarbon feedstock bl end

tangentially to the flash/séé ration vessel through at

| east one side inlet located in.the side of said. .

vé&sel Thgiproggss %ﬁ@%%§§e%ﬁ”5hfp e CERATHG gﬂaﬁﬁPP“% agent 1s
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31.  The process of any preceding claim, wherein the enhanced hydrocarbon
feedstock blend is heated by indirect contact with flue gas in a first
convection section tube bank of the pyrolysis furnace before mixing with

steam.

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

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

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

34,  The process of any preceding claim, wherein about 50 to about 98 pefcent

of the enhanced hydrocarbon feedstock blend is in the vapor phase in step

(e).



