PROCESS AND DRAFT CONTROL SYSTEM FOR USE | N CRACKI NG A

HEAVY HYDROCARBON FEEDSTOCK I N A PYROLYSI S FURNACE
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relates to a process and systemfor controlling the

draft in a pyrolysis furnace which is cracking a

hydr ocarbon feedstock, and in particular a heavy

hydr ocar bon feedst ock. BACKGROUND OF THE | NVENTI ON

[ 0002] Steam cracking, also referred to as pyrolysis,
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section. The hydrocarbon feedstock typically enters

t he convection section of the furnace as a |iquid
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i ncluding olefins, |eave the pyrolysis furnace for

f UBACHGROWNDIGRTHE ISVENTIONI ncl udi ng quenchi ng.
[ 0003] Conventional steam cracki ng systens have been
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enter as a vapor) wherein it is typically heated and vaporized by indirect contact

with hot flue gas from the radiant section and 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] Conventional steam cracking systems have been effective for
cracking high-quality feedstocks such as gas oil and naphtha. However, steam
cracking economics sometimes favor cracking low cost heavy feedstock such as,
by way of non-limiting examples, crude oil and atmospheric resid, also known as
atmospheric pipestill bottoms. Crude oil and atmospheric resid contain high
molecular weight, non-volatile components with boiling points in excess of 590°C
(1100°F). The non-volatile, heavy ends of these feedstocks lay down as coke in
the convection section of conventional pyrolysis furnaces. Only very low levels

of non-volatiles can be tolerated in the convection section downstream of the point



t he convection section of conventional pyrolysis

furnaces. Only very low | evels of non-volatiles can be
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poi ntwhere the |ighter conponents have fully

vapori zed. Additionally, some naphthas are

contam nated with crude oil or resid during transport.

Conventional pyrolysis furnaces do not have the

flexibility to process residsy,_crudes, or many

resi due- or crude-contam nated gas oils or naphthas,
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probl eng, U.S. .Patent 617, ich is incorporated
héﬁ@ﬂﬁgayﬁPgF@P@ﬁ%SFK@HE%%%§g§8¥%égﬁ§e of an external
vapghsZat i onadaiuehill), diitheCirttiporti borheedphthas dirs conaasnated
the use of a first flash to renove naphtha_as vapor
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enove strippe h steam and used as fuel. [0007]
U. folaf@tcemipoientdl 8, 709, - whi ch is incorporated herein by

reference, discloses a process to mnigize ¢Q e
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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 230
and 590°C (450 and 1100°F). 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.

[0007] U.S. Patent 3,718,709, which is incorporated herein by reference,
discloses a process to minimize coke deposition. It describes preheating of heavy
feedstock inside or outside a pyrolysis furnace to vaporize about 50% of the heavy
feedstock with superheated steam and the removal of the residual, separated
liquid. The vaporized hydrocarbons, which contain mostly light volatile

hydrocarbons, are subjected to cracking.



feedstock inside or outside a pyrolysis furnace to

vapori ze about 50% of the heavy feedstock with
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separated |iquid. The vaporized hydrocarbons, which

contain nostly light volatile hydrocarbons, are

subjected to cracking.[0008] U S Patent 5,190, 634,

which is incorporated herein by reference, discloses a

process for inhibiting coke fprmation in a furnace by

preheating the feedstock in the presence of a small
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provides a method to maintain a relatively constant ratio of vapor to liquid leaving
the flash by mainfaining a relatively constant temperature of the stream entering
the flash. More specifically, the constant temperature of the flash stream is
maintained by automatically adjusting the amount of a fluid stream mixed with the
heavy hydrocarbon feedstock prior to the flash. The fluid can be water.
[0011] U.S. Patent Application Serial No. 11/068,615, filed February 28,
2005, which is incorporated herein by reference, describes a process for cracking
heavy hydrocarbon feedstock which mixes heavy hydrocarbon feedstock with a
fliid, 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, and the product effluent cooled in a transfer line



[0011] U. S. Patent Application Serial No. 11/068, 615,
filed February 28, 2005, which is incorporated herein
whyoosaizience, describes a process for cracki NnBCTIEs2095/017545
hydr ocar bon feedstock whi ch m xes heavy hydrocarbon
feedstock with a fluid, e.g., hydrocarbon or water, to
forma mxture streamwhich is flashed to forma vapor
phase and a |iquid phase, the vapor phase being
subsequently cracked to provige ol efins, and the
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overhead into the furnace causing coke problems. .
[0014] The control of the ratio of vapor to liquid leaving the flash drum
has been found to be difficult because many variables are involved. The ratio of
vapor to liquid is a function of the hydrocarbon partial pressure in the flash drum
and also a function of the temperature of the stream entering the flash drum. The
temperature of the stream entering the flash drum varies as the furnace load
changes. The temperature is higher when the furnace is at full load and is lower
when the furnace is at partial load. The temperature of the stream entering the
flash drum also varies according to the flue gas temperature in the furnace that

heats the feedstock. The flue-gas temperature in turn varies according to the

extent of coking that has occurred in the furnace. When the furnace is clean or



vapor to liquid is a function of the hydrocarbon

partial pressure in the flash drumand al so a function
w@booshes7tenper ature of the stream entering thePdT/ES1005/017545

drum The tenperature of the streamentering the flash

drumvaries as the furnace | oad changes. The

tenperature is higher when the furnace is at full | oad

and is |ower when the furnace is at partial |oad. The

tenperature of the streamentgring the flash drum al so

varies according to the flue gas tenperature in the
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SYSHRIMARY OF THE INVENTION

[0016] The present invention provides a process and control system for

cracking a heavy hydrocarbon feedstock containing non-volatile hydrocarbons
comprising heating the heavy hydrocarbon feedstock, mixing the heated heavy
hydrocarbon feedstock with a dilution steam stream to form a mixture stream
having a vapor phase and a liquid phase, separating the vapor phase from the
liquid phase in a separation vessel, and cracking the vapor phase in the furnace.

[0017] The furnace has draft which is continuously measured and
periodically adjusted to control the temperature of the stream entering the
separation vessel and thus control the ratio of vapor to liquid separated in the

separation vessel. In a preferred embodiment, the means for adjusting the draft



cracki ng a heavy hydrocarbon feedstock contai ning

non-vol atil e hydrocarbons conprising heating the heavy
whyasocaidoon feedstock, m xing the heated heavRCT/US2005/017545

hydr ocar bon feedstock with a dilution steamstreamto

forma mxture stream having a vapor phase and a

i quid phase, separating the vapor phase fromthe

liquid phase in a separation vessel, and cracking the

vapor phase in the furnace. [H017] The furnace has

draft which is continuously nmeasured and periodically
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of the fluid mixed with said heated heavy hydrocarbon feedstock.

[0020] In another embodiment, a secondary dilution steam stream is
superheated in the furnace and at least a portion of the secondary dilution steam
stream is then mixed with said hot mixture stream before separating the vapor
phase from the liquid phase. With this embodiment, the temperature of the hot
mixture stream can be further controlled by varying the flow rafe and temperature
of the secondary dilution steam stream. A portion of the superheated secondary
dilution steam stream can be mixed with said vapor phase after separating said
vapor phase from said liquid phase. '

[0021] The use of primary dilution steam stream is optional for very high
volatility feedstocks (e.g., ultra light crudes and contaminated condensates). It is

possible that such feedstocks can be heated in the convection section, forming a



[0020] In another enbodi nent, a secondary dil ution
steam streamis superheated in the furnace and at
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separating the vapor phase fromthe liquid phase. Wth
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DETAILED DESCRIPTION OF THE INVENTION

[0024] The present invention relates to a process and “draft” control

system for use in a pyrolysis furnace while cracking a hydrocarbon feedstock, and
in particular a heavy hydrocarbon feedstock. The present invention provides a
method to maintain a relatively constant ratio of vapor to liquid leaving the flash
or vapor/liquid separation vessel by maintaining a relatively constant temperature
of the stream entering the vapor/liquid separation vessel. More specifically, the
temperature of the hot mixture stream, vapor stream oOr flash stream can be
adjusted and maintained by periodically adjusting the draft in the pyrolysis
furnace, where the draft is the measure of the difference in pressure of the flue gas

in the furnace and the pressure outside the furnace. The draft is used to control the
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cracki ng a hydrocarbon feedstock, and in particular a

heavy hydrocarbon feedstock. The present invention

provides a nmethod to naintain a relatively constant

ratio of vapor to liquid |leaving the flash or

vapor/liquid separation vessg_ by nmaintaining a

relatively constant tenperature of the streamentering
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non-volatiles having a nominal boiling point above 760°C (1400°F). The boiling
point distribution of the hydrocarbon feed is measured by Gas Chromatograph
Distillation (GCD) by ASTM D-6352-98 or D-2887 extended by extrapolation for
materials boiling above 700°C (1292°F). Non-volatiles include coke precursors,
which are large molecules that condense in the vapor, and then form coke under
the operating conditions encountered in the present process of the invention. .
[0027] The hydrocarbon feedstock can have a nominal end boiling point of
at least about 315°C (600°F), generally greater than about 510°C (950°F),
typically greater than about 590°C (1100°F), for example greater than about 760°C

(1400°F). The economically preferred feedstocks are generally low sulfur waxy
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primary dilution steam stream 8 to form a mixture stream 10. The primary
dilution steam stream 8 isA preferably superheated in the convection section 2 of
the furnace 1, and is preferably at a temperature such that it serves to partially
vaporize the heated heavy hydrocarbon feedstock. The use of primary dilution
steam stream 8 is optional for very high volatility feedstocks 5 (e.g., ultra light
crudes and contaminated condensates). It is possible that such feedstocks can be
heated in tube bank 6 forming a vapor and a liquid phase which is conveyed as
heated hydrocarbon stream 12 directly to the separation vessel 16 without mixing

with dilution steam stream 8.
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"Stream 18. Alternatively, this embodiment can be operated with secondary
dilution steam stream 14 directed entirely to bypass steam stream 18 with no flash
steam stream 20.

[0032] In a preferred embodiment in accordance with the present
invention, the ratio of the flash steam stream 20 to the bypass steam stream 18
should be preferably 1:20 to 20:1, and most preferably 1:2 to 2:1. The flash steam
stream 20 is mixed with the hot mixture stream 12 to form a flash stream 26
before separating the vapor from the liquid in the separation vessel 16. Preferably,
the secondary dilution steam stream 14 is superheated in a superheater tube bank
56 in the convection section 2 of the furnace 1 before splitting and mixing with the
hot mixture stream 12. The addition of the flash steam stream 20 to the hot

mixture stream 12 ensures the vaporization of an optimal fraction or nearly all
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ratio in the éeparation vessel 16. Ideally, when the hot mixture stream 12
temperature is higher, more volatile hydrocérbons will be vaporized and become
available, as a vapor phase, for cracking. However, when the hot mixture stream
12 temperature is too high, more heavy hydrocarbons will be present in the vapor
phase and carried over to the convection section 2 furnace tubes, eventually
coking the tubes. If the hot mixture stream 12 temperature is too low, hence a low
ratio of vapor to liquid in the separation vessel 16, more volatile hydrocarbons
will remain in liquid phase and thus will not be available for cracking.

[0035] The hot mixture stream 12 temperature is optimized to maximize
recovery/vaporization of volatiles in the heavy hydrocarbon feedstock while
excessive coking in the furnace tubes or coking in piping and vessels conveying

the mixture from the separation vessel 16 to the furnace 1. The pressure drop



constant ratio of vapor to liquid in the separation
vessel 16. But such ratio is difficult to neasure and
weosnad7i6 As an alternative, the tenperature BPOFf/US1965/017545
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measure, control, and maintain the constant
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between 600 and 1040F ( 310 and 560C), preferabl c}/

beatontrehsy&in 98 which comprises a temperature sensor that periodically adjusts
the temperature for the mixture stream 12 in connection with the furnace draft
measurement. " In this embodiment, the control system 98 comprises at least a
temperature sensor and any known control device, such as a computer application.
The furnace 1 draft is the difference in the pressure of the flue gas in the furnace 1.
For safety reasons, draft measurement is extremely important. If the draft is too
low or non-existent, it may result in extremely dangerous operations where the hot
radiant flue gas flows from the radiant section 3 to the environment. To ensure
that the flue gas only exits the furnace 1 at the top of the stack 64, it is measured at

the location where it is a minimum. Typically, the minimum draft location,

measured at points A,, A,,0r A,, can be anywhere between the top of the radiant



and 920F (370 and 490C), nore preferably between 750
and 900F (400 and 4800C), and nost preferably between
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with the volatility of the feedstock as di scussed
above. [0037] As previously noted, the furnace draft
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which will cause the temperature in the furnace 1 to increase. This will ultimately

result in an increase in the temperature B of the hot mixture stream 12 (and thus an
increase in the temperature C of the flash stream 26 and the temperature D of the
vapor stream 22).

[0040] As shown in FIG. 1, the speed of the furnace fan 60 is varied in
response to the change in the draft. For example, an increase in the speed of the
furnace fan 60 will cause an increase in the draft, which will increase flue gas
oxygen and thus will increase the temperature in the convection section 2. Othe;
means comprise dampers to the burners (not illustrated), furnace stack dampers
(see dampers 65, illustrated in FIG. 2), or any combination of the above. The

speed of the furnace fan 60 is the fine tuning means for adjusting the draft and
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immediately measurable draft response allows for the control system to quickly
react to changes in furnace fan 60 speed which not only mitigates oscillations in
the furnace operations, but also allows for a quick way to periodically adjust the
temperature D in the hot mixture stream 12 (and the temperature C in the flash
stream 26) and thus the vapor/liquid separation occurring in the separation
vessel 16.

[0042] In addition to maintaining a constant temperature B of the hot
mixture stream 12 (and the temperature C and D of the flash stream 26 and the
vapor stream 22, respectively) entering the separation vessel 16, it is also desirable
to maintain a constant hydrocarbon partial pressure of the separation vessel 16 in

order to maintain a constant ratio of vapor to liquid separation. By way of
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the hot m xture stream 12 (and the tenperature C of

the flash stream 26) and thus indirectly the ratio of

vapor to liquid separated in the separation vessel 16.
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the temperature is about 810 to 890°F (430 to 480°C). Depending on the
temperature of the flash stream 26, usually 40 to 98% of the mixture entering the
flash drum 16 is vaporized to the upper portion of the flash drum, pfeferably 60 to
90% and more preferably 65 to 85%, and most preferably 70 to 85%.

[0044] The flash stream 26 is operated, in one aspect, to minimize the
temperature of the liquid phase at the bottom of the separation vessel 16 because
too much heat may cause coking of the non-volatiles in the liquid phase. Use of
the optional secondary dilution steam stream 14 in the flash stream 26 entering the

separation vessel 16 lowers the vaporization temperature because it reduces the



between 4 and 25 psia (25 and 175kPa), preferably

between 5 and 15 psia (35 to 100 kPa), nost preferably
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separation of the vapor phase fromthe liquid phase is

conducted in at | east one separation vessel 16.

Preferably, the vapor/liquid separation is a one-stage

process with or without reflux. The separation vessel

16 is normally operated at 49 to 200 psia (275 to 1400
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separation vessel 16, the less coking occurs in the bottom of the separation
vessel 16.

[0047] In the vapor/liquid separation, the vapor phase usually contains less
than 100 ppm, preferably less than 80 ppm, and most preferably less than 50 ppm
of non-volatiles. The vapor phase is very rich in volatile hydrocarbons (for
example, 55-70%) and steam (for example, 30-45%). The boiling end point of the
vapor phase is normally below 1400°F (760°C), preferably below 1250°F
(675°C). The vapor phase is continuously removed from the separation vessel 16

through an overhead pipe which conveys the vapor to an optional centrifugal
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flash drumbottonms liquid 32 back to the separation
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Liquid stream 30 is conveyed fromthe bottom of the
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stream 22 ensures that all but the heaviest components of the mixture in this
section of the furnace 1 are vaporized before entering the radiant section 3.
Raising the temperature of vapor phase to 800 to 1300°F (430 to 700°C) in the
lower convection section 48 also helps the operation in the radiant section 3 since
radiant tube metal temperature can be reduced. This results in less coking
potential in the radiant section. The superheated vapor is then éracked in the
radiant section 3 of the furnace 1.

[0049] In another embodiment of the present invention, as illustrated in
FIG. 2, the heated heavy hydrocarbon feedstock stream 52 is also mixed with a
fluid 70. It is possible during start-up of the furnace 1 or during a change in the
feedstock that it may be necessary to use the fluid 70 stream and the primary

dilution steam stream 8 along with the draft control system described in



vapor then flows into a manifold that distributes the

flowto the | ower convection section 48 of the furnace
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separation vessel 16 can optionally be mxed with a

bypass steam 18 before being introduced into the | ower

convection section 48. The vapor phase stream 22

conti nuously renoved fromthe separation vessel 16 is
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a?@rﬂltec@ Ow%tﬁ 1809k Eﬁ%fl ttlﬁ%t%%@@cur@ﬂ% fhend hoemBa@se istream 12

t RE Fadl ant section 3 of the Purnace 1. The vapor is

t (tiohally ﬁﬁixiﬁ% avittothie HRish athaanitreanc20)camtingf the Iseparation vessel

furnace 1 to be cracked. [0048] The bypass steam

st 6 ¢anchisye ascapstapt rationf vanersolsaif My thasenaEationcsiphl§. and to

di | ution ste 14. As previously. n vordi L LS e
o B LB Bl b

t E@)SfOH” nace ThiDafQr e Srfél:éstséx‘fynﬁecﬁﬂﬁ, ToX ieR@miplel Mt tdh@t-up, very
vapor phase streamrenoved fromthe separation vesse
16olatite feedserequipd 2 searadios, vessel hayeniperguesthit is svlstantially lower

super heat the bypass steam stream 18 aggén after .

h ;
s phan during steadynsttfeORSERIRE Singe the sigany fr-Bydrgparpon Eﬁs{o b the hot

bef. L Xl M \/ Statd, r i
S 4T3 1y 000 A0S O Pt
Phas ex$idne @M 20 @NBUBE Beddgiry ad lackiste tHeelole sapaesion vessel 16

conmponents of the mxture in this section of the
f demperatute. ardsy afier SEEhafBing E1rnes ik Jegdsiocka dhealighter feed

ge tu.teg nting &i??_lly ?ﬁagg rteglﬁg'%% glg)e J(’o?)f,] H[ o gf AR of htﬁé en}ld?ocarbon

| ower ‘convecti’on

S&abbed4f sapaidteldaseltisewRRAANi@T0] Mddigor adilaidt 70 reduces
section 3 since radiant tube netal tenperature can be

r ¢hieicedperdtirs afebail mexture seeam cbkiand {het Bagticnl of nhydfecarbon
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mixing of the heated heavy hydrocarbon feedstock stream 52 and the fluid stream
70 can occur inside or outside the furnace 1, but preferably it occurs outside the
furnace 1. The mixing can be accomplished using any mixing device known
within the art. However it is preferred to use a first sparger 72 of a double sparger
assembly 74 for the mixing. The first sparger 72 preferably comprises an inside
perforated conduit 76 surrounded by an outside conduit 78 so as to form an
annular flow space 80 between the inside and outside conduit. Preferably, the
heated heavy hydrocarbon feedstock stream 52 flows in the annular flow space 80,
and the fluid 70 flows through the inside conduit 76 and is injected into the heated
heavy hydrocarbon feedstock through the openings 82 in the inside conduit 76,

preferably small circular holes. The first sparger 72 is provided to avoid or to



feedstock that it may be necessary to use the fluid 70

streamand the primary dilution steam stream 8 al ong
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with FIG 1 to control the tenperature B for the hot

m xture stream 12 (optionally m xing with the flash

steam stream 20) entering the separation vessel 16 to

achi eve a constant ratio of vapor to liquid in the

separation vessel 16, and tojavoi d substantia

tenperature and flash vapor-to-liquid ratio
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stream 52 and the fluid stream 70 can occur inside or
outwd gextupee furnace 1, but preferably it occurs
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sparger assenbly 74 for the mxing. The first sparger
72 6pfed emsapleyicuslypdéssabedansaparstige inEy P apRAges ohdigPpr phase
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f | o spassatiflion vessel 16 as an overhead vapor stream 22. The vapor phase,
preferably, is fed back to the lower convection section 48 of the furnace 1 for
optional heating and is conveyed through crossover pipe(s) 28 to the radiant
section 3 of the furnace 1 for cracking. The liquid phase of the; separation is
removed from the separation vessel 16 as a bottoms stream 30.
[0054] As previously discussed, the selection of the hot mixture stream 12
temperature B is also determined by the composition of the feedstock materials.
When the feedstock contains higher amounts of lighter hydrocarbons, the
temperature of the hot mixture stream 12 can be set lower. As a result, the amount

of fluid used in the first sparger 72 is increased and/or the amount of primary

~ dilution steam used in the second sparger 84 is decreased since these amounts



and the fluid 70 flows through the inside conduit 76
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qui d phase of the separation is renoved fromthe
Sébggrgp{)@hn\;ggggperggeggea bottoms stream 30. [0054] As

< t@g%ﬂui;y AinSG4S SR 8odihleat, SBE &ohireN siterh VD Béthpridestairieast a
temperature sensor and any known control device, such as a computer application.
Preferably, the temperature sensors are thermocouples. The control system 90
communicates with the fluid valve 92 and the primary dilution steam valve 94 so
that the amount of the fluid 70 and the primary dilution steam stream 8 entering
the two spargers is controlled. In a preferred embodiment in accordance with the
present invention, the control system 90 can be used to control both the amount of
the fluid and the amount of the primary dilution steam stream to be injected into
both spargers. In the preferred case 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 water-to-feedstock in

the mixture 11.
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tenperature of the hot m xture stream 12 can be set

lower. As a result, the amount of fluid used in the

first sparger 72 is increased and/or the anount of

primary dilution steamused in the second sparger 84

i s decreased since these anpgpgsdirectly i npact the

tenperature of the hot m xture stream 12. \Wen the

f k tai hi . t Az '
3k ar bond BepHBe pAmgr Gy BH plepl S it e sopond
aggagéé} € Bl IRsle ceﬁﬁrcﬁ;;@t_‘éﬂi 99 dahelsymbelbedto tontral the

in the first sparger I's decreased while the
aptithaty oflution steary veliviel4 tnadjugate stosahrBpumer Aiutignesteam

d 84 is i d 005 hi .
o o FranEed rEn seeondBiEst 8- T VERE TSR/ Lemygriation
12 f h ' i I i
Syg ?ez?ﬁeré%urtaeuct%gﬁé{geﬁl Effu% OlhaefiBRClesse? 165 Whin tHe® frgpgyfs@é 90

icalTy“controls the flurd valve 9

angetRe BidpnE ¥nfpetattire OT the ddMMigtuye s@énon 2t itewtlvnstruct the
spar gers. en the control system 90 detects a drgg(g[_

t enipern tilnéorostearh evahist 94rioxingreasas thedaipetion of theyprpary dilution
cause the fluid valve,92 to duce t h: [

SR A b By S SRS A, OPREERAR Rle 1 e
t Rt ot iRl R Lalve toarwBl somatically
rﬁéﬁéfpa&tgﬁkeg%ﬁyegﬁ’ve 82 vvll'tylul1 be opened \7\4der to

i ntgsease theedun tetiromrpfdilutien fleaindstream) Hinjectadeintq thesecond

sparger 72. As descri bed $ut& her below, FIG 2 also
i sparger ¥t while biue AR WGAEY BI9DBF furnace draft with

le[?{)ﬁiﬁr Fluid, gl eﬁx%gc!l ﬁsg}é‘ﬁ% Shpiatich BNIhPHa8R ¥mperature, the

on steam stream the control system 90
Whiredeni thvastetint Algh pieferalilputitizesbn igermadimte Hesupprhegter 80 in the
can al so communicate with the draft (pressur

di supetheatingzseytioneipsefrtberisrondray idélg‘giorﬁ FoHBiredm ﬁﬂ inthe furnace 1.

enpadi ent . the contro |

;EHDSHRDS e AR Rher YRS 0 C BB Bt Ly S
aSindecAli 2 TuRREY 10RatdhaRkesPeaigg akelt, cHahges, aneradssiogygen
sensors are thernocoupl es. The control system 90

c olewlvheigess Naimaally, s flesvperbeatey 80 gsuzasdbatiibe fsppriatyre of the

0 B, GRS By Bk AL B0t B0 o 550

enfn%feirzg}ﬁy between 850 and 1000°F (450 to 540°), more preferably between 850
and 950°F (450 to 510°C), and most preferably between 875 and 925°F (470 to
500°C).
[0059] The desuperheater 80 preferably is a control Valye and water
atomizer nozzle. After partial preheating, the secondary dilution steam stream 14
exits the convection section, and a fine mist of water 87 is added which rapidly
vaporizes and reduces the temperature. The steam is then further heated in the
convection section. The amount of water added to the superheater controls the

temperature of the flash steam stream 20 which is mixed with hot mixture

stream 12.
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&SUpaY € superhéating section 56 of
S%@Qﬁdﬂlﬁ)/raﬁd whhy e ad dolioved:r eBimt,1thei drafthend position qf the fan
This all ows the superheater qutl et tenpﬁéature to

coiamp@t(s)eGS and/gr @@ﬁ $enAempgl(glecan; by o %‘nmﬁuﬂiﬂﬂf gas
: &%gggrgﬁ §2‘%Ng$ecg?cf )%bgr%%r ﬁH nﬂ?%ﬂat ngane%é:ﬁl%}?m‘ﬁéé’cg@/ﬂh no

esuper eater 80 ensures

t R imdrh %téaﬁ{f@@éa@{ Brﬂb\@f TR, seeandahy séédndhiyodilsionasteam 14
stream 14 i s between 800 and HOOOF £430 to 590
prdefarealidager 8towe ba n8BONEAd tqm@mﬂz? @@abwrls%b) Oy all of the

Dr L SabL Y Dot Moo 50, 309, 05008 (480 8,0 BICnaRth vesel
16. Fifth, the separation vessel 16 pressure can be ralsed
[0062] The furnace 1 can also crack hydrocarbon feedstocks which do not
contain non-volatiles, such as HAGO, clean condensates, or naphtha. Because no
non-volatiles deposit as coke in tube bank 24, these feeds are completely
vaporized upstream of line 12. Thus, the separation vessel 16 has no vapor/liquid
separation function and is simply a wide spot in the line. Typically, the separation
vessel 16 operates at 425 to 480°C (800 to 900°F) during HAGO, condensate, and
naphtha operations.
[0063] Without further elaboration, it is believed that one skilled in the art
can, using the preceding description, utilize the present invention to its fullest

extent. While the present invention has been described and illustrated by



5000C). [0059] The desuperheater 80 preferably is a
control valve and water atom zer nozzle. After parti al
wee@hest7ieg, the secondary dilution steam streR@T/L&2005/017545
exits the convection section, and a fine m st of water
87 i s added which rapidly vaporizes and reduces the
tenperature. The steamis then further heated in the
convection section. The anount of water added to the
superheater controls the tenpgrature of the flash
steam stream 20 which is mxed with hot m xture stream
12.4,9060]  ALthouah Ut disheRisCTifitdeClr tRdadyUskillt BE the art will
AR o TEHEH Urhbatifefled Eoderlr oRaR Ll IF e
ShbRadbtel tRieGkabvintion 1bid ey Mriltonanbonedessadéy dbistrated
inthe two spargers 72 and 84, accaording to the d
phedit eFoi thisireasom ehert, uetsrace sheuld; ber made selekyaie the appende

before_the flas rum 16, .the sane c r I.§NB
c §lme o PHmoses ‘?f CLRTRNNg g}eg(ﬁ'bet BPE° %’?ﬁép ﬁéé?&ﬁgc aﬁaog'ns.
For instance, the flash pressure and the tenperature
and the flowrate of the flash steam 26 can be changed
to effect a change in the vapor-to-liquid ratio in the
flash. [0061] Conbi ned control of furnace draft,

danper position, sparger fluid (preferably water),
secondary dilution bypass flow rate, secondary

di l uti on steam desuperheater water and, to a | esser
extent, separator pressure can effect the optinma
separator tenperature and gas/liquid split for |ight,
but hot feeds such as preheated light crude. In one
enbodi ment, the steps to reach the target separator
gas/liquid ratio may be as follows: First, the draft
and position of the fan danper(s) 65 and/or flue gas
danper (s) can be controlled to m nimumflue gas oxygen
of about 2% Second, sparger fluid 70, water, can be
maxi m zed with no primary steamstream8 flow. Third
water to the secondary dilution steam 14 desuperheater
80 can be maxim zed to maxi m ze heat absorbed. Fourth,
all of the superheated secondary dilution steam stream
14 can bypass the separation vessel 16. Fifth, the
separation vessel 16 pressure can be raised.



[0062] The furnace 1 can al so crack hydrocarbon

f eedst ocks whi ch do not contain non-volatiles, such as
wo2@S11hean condensates, or naphtha. Because PWOI/US2005/017545

non-vol atil es deposit as coke in tube bank 24, these

feeds are conpletely vaporized upstreamof line 12.

Thus, the separation vessel 16 has no vapor/liquid

separation function and is sinply a wide spot in the

line. Typically, the separatppn vessel 16 operates at

425 to 480C (800 to 900F) during HAGO condensate, and

n?E Qg operations. [0063] Wthout further

el"aboration, it is believed that one skilled in the

aWthet BClaimédl: t he precedi ng description, utilize the

present invention tqg its full est extept ile the .

plesent piegesstiPoerapldag pasHY ?‘F%@H‘ %ﬁ@t&fv]ﬁ d ﬁ'ﬁ?‘%’a having

byreference to part.i r [ , f secti i

or di nafy RPN %ecilﬂlg%é;ata \?ﬁi a%g?élg’i ?EJ]eQ%ﬁ%I? e having

i nvent iQaldieReSord b@kfs Waicharbeide dos fluet gaseinesmih firhyce, said

illustrated herein. For this reason, then, reference

shoul d pbzeppctenmoling:y to t he appended clains for

pur poses of determ.ning the true sgo f.t P

et (g ChARAS WLbeTy B B805od,ud, PEnE BEAR] heavy
cracking a YotatbbHroRben feedstock in a furnace
havi ng a convection section and a radi ant section, i

sai d rqsgj antmix@gt «d heated igaviadydrocarber tfeeststaghkrwigh @ primary
whi ch provide hot flue gas in said.furnace, said

process conphiusppgteanrepmAe fo SMHUFSEFH ™y dr ocar bon
feedst 38&*2 t E}be;aﬁﬁ sflid ﬁﬂtﬁ% Etgéga%’% dﬂys‘l[cp%éﬁ\ké%ﬂon section of said

h
f eedst XI'ng sail heavy hydrocar bon
f eedst ock Wi fiyfhade R6 i 6B Ya Hot wiiktune Strean) sdid denn mixtirer siream
a mxture stream (c) heating said mxture streamin
sai d convecthayingsepopphast asdp 4qpigrigss to form a hot

phase 4  FPHaeE pdgee ol R0 Ba rrer
phase f(e?-m S&h&iﬁé cHid Qa]m?%ﬁlﬁée @Nid radiant section of said furnace to
produce an effluent containing olefins; V
wherein said furnace further has draft and a means for adjusting said draft,
and said draft is continuously measured and periodically adjusted to

control the temperature of at least one of said hot mixture stream and said

vapor phase.

2. The process of claim 28, wherein said heavy hydrocarbon feedstock is

preheated in said convection section of said furnace.

3. The process of claim 1 or 2, wherein said furnace has at least one furnace
fan to control the flow of said hot flue gas in said furnace, and said means
for adjusting said draft in said furnace comprises varying the speed of said

at least one furnace fan.



(e) cracking said vapor phase in said radiant section

of said furnace to produce an effluent containing
wWoebk@biing16 wherei n said furnace further has dr aPCT/E8I005017545

means for adjusting said draft, and said draft is

conti nuously nmeasured and periodically adjusted to

control the tenperature of at |east one of said hot

m xture stream and sai d vapor phase. 2. The process of

claim 28, wherein said heavy,Rydrocarbon feedstock is

preheated in said convection section of said furnace.

3., The ;pr.oc 0 Al 2 [ L&k of 8HSNACRast one

nds o Teagpeana el % oy s Heha Red RRhste MenaCRo

sai d h@tyrhbdl@a®pér forcohgol flbur oBsd hanflus aasl imwaidsfufmace, and

adjusting said draft-in said furnace conprise aryin%_

the speetl ofeassnifor adjuptengs saigndraftuimgeid fuspacs, R*ﬁ;g'éf comprises

process_of claiml,.2 ar .3, rein sajd ace has

at | eashapgine f rHﬁ’é@’é’n@g%‘gf"t ¥ewés co&%t%?’g?&fﬁl%n\%egi‘ sai d

hot flue gas in said furnace, and said neans for

adj ustifig gl%'cgssdéia_faﬁy iRe®@ing &b aGRhdrusdBisinD Mxas®iisy the

changi ng the position of said at |east one furnace

danper .temperfihee pf saidbot mixtue yirgane befdrmgpid vanorphasetihagparated

conprising nmeasurjng the tenperaturge of .said hot

mi xt ur T wifmligeopRases FOMBA RS t}ﬁhg%temingu efiLFL dgpoperature

fromsaid |10 Jhias g're-&é?gm’ﬁﬁécpﬂo RSt stfdt feberature; and

streamtenperature nmeasurenent wth a pre-determ ned

hot m xddpiseing ishidaiaft Bngaet fumuce in sporasd jteisdid egmparisn.

draft in said furnace in response to said conparison.

6. The process of any preceding, cl aimfurther. .
Cofpri STy PrRSasUPT 4BY (ECeOENp SR UT LEDY CURPFIpG gpsasuring the

h ft e ' '
P e RS 7 B st o

nmeasur egidtiqidt Phade Pe@npieingr fiic negor phase phpsmture measurement
tenperature; and adjusting said draft in said furnace )
in respoitbe rro-dstgimdingd vpparinhase temperphEe R adkiustige saidyraft in

precedi ga?d %Argéc@in\f\gle)cr)r?sle otsahlg c%r%ggr%o%t. ure of said hot

7. The process of any preceding claim, wherein the temperature of said hot
mixture stream is further controlled by varying at least one of the flow rate

or the temperature of said primary dilution steam stream.

8. The process of any preceding claim further comprising mixing said heated
heavy hydrocarbon feedstock with a fluid prior to separating said vapor

phase from said liquid phase.

9. The process of claim 8, wherein said fluid mixed with said heated heavy
hydrocarbon feedstock comprises at least one of liquid hydrocarbon and

water.

10.  The process of claim § or 9, wherein the temperature of said hot mixture
stream is further controlled by varying the flow rate of said fluid mixed

with said heated hydrocarbon feedstock.



m xture streamis further controlled by varying at

| east one of the flowrate or the tenperature of said
w@eoosardri@i | uti on steam stream 8. The processPOl/US2VY5/017545

precedi ng claimfurther conprising mxing said heated

heavy hydrocarbon feedstock with a fluid prior to

separating said vapor phase fromsaid |iquid phase. 9.

The process of claim8, wherein said fluid mxed with

sai d heated heavy hydrocar bog f eedst ock conpri ses at

| east one of |iquid hydrocar gﬁ and water. 10. The

process. of claim8 or 9, wherein the. 1 0f

DL 30 e B S B0 T OB SR B 1 on scam
varyin ik ! 1184 Gh $AR4 Fufdadl chndi ¥egeadi thpsdiod of said
heat edgtﬁ%/%?olgasgggﬂrill@fteedst ock. 11.a Thé1 process of any

pr ecedis@i@nairgi dilutivhesteam siregenc ¢ daemy mixdduwidn said e mixture

streamis superheated in said fo]ranatire an%SL?t {éﬁﬁst a

por t i ontresm beforF sspaEHAE F3d TRPURIGH LPRaASTTRARIE:

then m xed with said hot m xture stream before

separ ating sal i ' |HehHePRAS & said hot
15910t AT REARE HATIRL WaoRhagRy sad o

t enper ghisfufe Oftreai Gs NRFthed xbhtrellestt bganaiying uh¢ hdow rate - and
controlled by varying the flow rate and tenperature of

sai d sdeopetaiuye off said Jegpndare aWytEy M SUEAM.-The process

of any preceding claim wherein a secondary dilution

steam st.reami s superhea ' ' yr 999 Jats "

I elgst glthﬁd?rf’?e&ﬁ Oiiaﬁ§5’lr%ce§§ oérlégr;y’ }gef%lﬁta{q%gsgt ehm on Seam
st r eamghSahhRNsuPextRdtedl i sgidi firit@ROdndo atdeasafd @ortion of said
separating said vapor phase fromsaid |iquid phase.

14. Thesepomlensdilwfonatsanpstessatisriherc maxed wikh spid apeaphpse after
vapor phase and. said || qui hase. of said hot m xture
stream Sﬁpgag%%ﬁ“it’wr iphgsﬁtﬁdqngﬁ%@?lgﬁlél pg’@f)%r ation

vessel . 15. The process of claim 14, wherein said at

| egst Ofg SPRALA A Messliy tRim, Whgelr o4l vdpoinphase and said

liquid phase of said hot mixture stream are separated in at least one

separation vessel.

15.  The process of claim 14, wherein said at least one separation vessel is a

knock-out drum.

16.  The process any preceding claim, wherein said heavy hydrocarbon
feedstock comprises at least one of steam cracked gas oil and residues, 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, crude oil, atmospheric pipestill
bottoms, vacuum pipestill streams including bottoms, wide boiling range
naphtha to gas oil condensates, heavy non-virgin hydrocarbon streams
from refineries, vacuum gas oils, heavy gas oil, naphtha contaminated with

crude, atmospheric residue, heavy residue, hydrocarbon gases/residue



16. The process any preceding claim wherein said

heavy hydrocarbon feedstock conprises at |east one of
war@amyi@cked gas oil and residues, gas oil s, PCEES1008017545

oil, jet fuel, diesel, kerosene, gasoline, coker

napht ha, steam cracked naphtha, catalytically cracked

napht ha, hydrocrackate, reformate, raffinate

ref ormate, Fischer-Tropsch |iquids, Fischer-Tropsch

gases, natural gasoline, disthllate, virgin naphtha,

crude oil, atnospheric pipestill bottons, vacuum

pi pestill.strea ' L: b Wi & bdeNd ixtur

range ﬁ@BH&ﬁg&tggﬁggg%ﬁgggg%dgﬁggggg?’hggaegﬁgﬁ-v??ggﬁle&

hydr oc gk hiRa/fekidas BBmixtee) &ff jaseilesiduy admixmreas oil s,

heavy gas oil, naphtha contam nated with crude,

at nospheric residue, heavy residue, hydrqcarbon .

gaZes/ fbsiproesss rfxanyr pEecedipg rdeiah/ WhaFE, Bhea mperaipgsof said

C4's/resid adm, xt.ur es, napht ha/ [ MU :
and ga eﬁ?#ﬁiﬂ@@f J’Q’gmﬁﬁﬁﬁo%%g@%@%ﬁﬁisﬁoﬁg& ﬁ?%cess (E) dapr%/malry
pr ecedi .cl al [ S opf ' ) ,
heat ed dﬂg%(\%/aﬁ% P %c%%lagl? ggoiﬁorbgggslfocz ngé;{ E)?)e@rﬁp??ggj)w th
said primary dilution steamstreamis from 300F to

65QF ( 18R Gproces348iCny pfeceding ¢aiacewberoin saig ipavy dyidnegarbon
claim wherein said heavy hydrocarbon feedstock has a

noni nalfeddstuek hboa homipapfinaltbogingpointafat leggiB0{13(3HE)C)-
19. The process of any preceding claim wherein the

tenperature of said hot m xture streambe :
sdar at ihgPresssy 0?3’,3}6 Preﬁﬁgég B digran Iﬂileq%?ﬂé)%ﬁaﬁ%rgeoﬂ sgid hot
from 6%’%&&9 st %%efo%éegaminé@g@ vapd® phddeefr§h GarSEqed phase
any preceding claim wherein said vapor phase and said

l'i qui d P RAELEOTPE @il G40NBY3 NIkt tar5803C). eam ar e separ at ed
at a pressure of about 40 psia to about 200 psia. 21.

The process of any preceding cl ai wherein 40%to 98% .
of20sai dTheoproggsstafraay streesding slajmy, gﬁ?f&l%%%rvamfa@éase and ‘said

after bein epar.at. fr ' QUi g phasg j

at Ieaglfq“b(ggﬁasggBgﬁaégggtnm\g}g%%zﬁkgaéf?y %‘Eﬂ)g pr o%eal se%fa f'egonfyabout
pr ecedimpsqéﬁ,id%uimotﬂm{ conprising the additional

step

21.  The process of any preceding claim, wherein 40% to 98% of said hot
mixtufe stream is in said vapor phase after being separated from said liquid

. phase in said at least one separation vessel.

22.  The process of any preceding claim, further comprising the additional step
(f) of quenching said effluent, after said effluent leaves said radiant section

of said furnace, using a transfer line exchanger.

23. A process for cracking a heavy hydrocarbon feedstock in a furnace having
a convection section and a radiant section, said radiant section having
radiant section burners which provide hot flue gas in said furnace, said

process comprising:



(f) of quenching said effluent, after said effluent
| eaves said radi ant section of said furnace, using a

wo e@ndixie | i ne exchanger. 23. A process for crBCRUSZPOR017545
heavy hydrocarbon feedstock in a furnace having a
convection section and a radi ant section, said radiant
section having radi ant section burners which provide
hot flue gas in said furnace, said process
conprising: (a) heating said_ngvy hydr ocar bon
feedstock in said convection“section of said furnace

to forma heated hydrocarbon strea I : :
hydr océfi‘)boﬂe?’?t“lgéﬁ hravy ﬁ‘égré?c%%% ee[‘?ﬁ%’?@ ngﬁ%gggﬁ%(%l?% section
phase; (b) oisggar%},}aeg t8 b R REte P R8P chrbOMst@ind; said heated
l'iquid phase; an c) mxing with dilution steam and
cracki ng saydrovabon stdaashaving & siapbriphasesand adispid peases

said furnace to produce an effl uent ﬁont a'hni ng J

ol ef i ndb) wienasatingsaidyvapar phese fomt st haHd ® ﬁsrea?? and a
means for adjusti L I [ in said
cont i nlS sﬂ%}%&%%ﬁ?é‘f&ﬁ?ﬁ %Eegﬁ %%(?Egﬂcﬁglgasj u?%%(g oase

control theg,digAPRLAéNIE @fd dimh@asd penimcefansefftichte atwaining
hydrocar bon stream and sai d vapor phase. 24. The

process of obdfmism 23, wherein said furnace has at | east

one furnace fa o control .th | ow of [ I uye:

gas i n WRETENfSECTHEECe ey gfﬁgrﬁéfﬂ?af%?%géﬁruis}ﬁ{lsﬁ%gs% glld raft,
draft ings 9&1? Ak nigcgorﬁﬂﬁplﬁélys Gfcaltfed B tpeflosialdd adfusted to
said at lTeast one furnace fan. 25. The process of

cl ai m 2@nao] 8k, tembemaira of ai kastimeadesaliakeatad hysheqarkmestream
furnace danper to control flow of said hot flue gas in

sai d f iandzer vaRRBPRASF-d neans for adjusting said draft
in said furnace further conprises changing the

B(r)%lctels gfl%eg {)t@?%s %f g%ﬁ?}? wheREn %zﬁ& P@e8clRHIRe leaséne fliReice fan

or 25 further conprising
measur i fGdnke] themey af suiehof flengad ihesatdduragerand seigoneans for
stream before said vapor, phase is

adjusting said draft in said furnace comprises varying the speed of said at

least one furnace fan.

25.  The process of claim 23 or 24, wherein said furnace has at least one
furnace damper to control flow of said hot flue gas in said furnace, and
said means for adjusting said draft in said furnace further comprises

changing the position of said at least one furnace damper.

26.  The process of claim 23, 24 or 25 further comprising measuring the
temperature of said heated hydrocarbon stream before said vapor phase is
separated from said liquid phase; comparing said heated hydrocarbon
stream  temperature measurement with a pre-determined heated
hydrocarbon stream temperaturé; and adjusting said draft in said furnace in

response to said comparison.

27.  The process of any of claims 23 through 26 further comprising measuring

the temperature of said vapor phase of said heated hydrocarbon stream



separated fromsaid |liquid phase; conparing said

heat ed hydrocarbon stream tenperature neasurenent with
w@2@seixied er mi ned heat ed hydrocarbon stream  PCT/US2005/017545

tenperature; and adjusting said draft in said furnace

in response to said conparison. 27. The process of any

of clains 23 through 26 further conprising neasuring

the tenperature of said vapor phase of said heated

hydrocarbon streamafter saidoyapor phase is separated

fromsaid Iiquid phase; conparing the vapor phase

t enmper : r | <SRt RREkeY 3@@paring the

phase ?@%p%}d;?%}g;p%g%fsfg?%ﬁ%eiar@ ngglgig lﬁ af? in saig s

f ur nacQapdt prasPengRritoresataduearepamithianpreBreriiieed vapor phase

process of any of clains 23 through 28, wherein said .

vapor fsivapssatuied asd;adjushigisaidpiralan spids Brpackdp GrsRAnSE do said

stream are separated in at |east one separation

vessel .Co@ﬁ?rlsﬁﬁe process of claim28, wherein said at

| east one separation vessel is a knock-out drum

28.  The process of any of claims 23 through 28, wherein said vapor phase and
said liquid phase of said hot mixture stream are separated in at least one

separation vessel.

29.  The process of claim 28, wherein said at least one separation vessel is a

knock-out drum.



