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hydr ocarbon feed wusing water as a supplenment to or substitute for dilution
steam 10 Description of Background Steam cracking has | ong been used to
crack various hydrocarbon feeds into olgfins. Conventional steam cracking
utilizes a pyrolysis furnace, mhlch has tmo mai n sections: a convection
section and a radi ant carbon feed typically
enters the convection < - a=2ge+d (except for

| i ght feeds which enter a%‘}?ﬁ:ﬂa\ﬁ" qur[gqrgugs-rﬁmy'mpal ly heated and
vaporized by indirect contact wtn not 1Tue gas fromtne radi ant section
and by mxing with steam The vaporized feed and steam m xture is then

I ntroduced into the radi an t akes pl ace. The
resulting products incl ud%ggbwﬁﬁﬁgmgﬁ&m@m s furnace for
furthers downstream 20 processing, such as quenching. By way of non-limting
illustrationg ' pyrolysis reactor furnace for the production of
et hyl ene fromérllgg Eﬁ%ﬂé’n t he hydrocarbon feed enters the convection
section of the furnace Thizepresent invenfioretebmtetd the drackiig bEhydradarbotr feedge t ubes
by indirect contact with furnace flu as fromthe radiant section. A

di l ution st eaﬁpgmﬁﬁééﬁp@ﬁ?@?t‘Pr?és&?ﬁ%%fqr&ﬁug%ﬁe?}ﬁ' wherein it is

super heated, also in heat exchange tubes by indirect contact with furnace
flue gas fromthe radi ant section. The superheated dilution steamis then
m xed M t h t Bescription of Background

Steam cracking has long been used to crack various hydrocarbon
feeds into olefins. Conventional steam cracking utilizes a pyrolysis furnace,
which has two main sections: a convection section and a radiant section reaction
zone. The hydrocarbon feed typically enters the convection section of the furnace

15 as a liquid (except for light feeds which enter as a vapor) wherein it is typically
heated and vaporized by indirect contact with hot flue gas from the radiant section
and by mixing with steam. The vaporized feed 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

20 processing, such as quenching.

By way of non-limiting illustration, in a typical pyrolysis reactor
fumace for the production of ethylene from naphtha feed, the hydrocarbon feed
enters the convection section of the furnace where it is preheated in first heat

25 exchange tubes by indirect contact with furnace flue gas from the radiant section.

A dilution steam stream can enter the convection section wherein it is

superheated, also in heat exchange tubes by indirect contact with furnace flue gas

. from the radiant section. The superheated dilution steam is then mixed with the
hydrocarbon feed to reduce the hydrocarbon partial pressure in the radiant section

: 30 reaction zone of the fumace. It is well known in the art that reducing the
hydrocarbon partial pressure in the reaction zone (1) increases the selectivity of

the reactor to desired olefinic products such as ethylene, and (2) reduces the rate at



hydr acarbon feed to reduce the hydrocarbon partial pressure in the radiant
section 30 reaction zone of the furnace. It is well known in the pytiiighat
reduci ng twe dwymdsaar bon partial pressure in the reacti opcTaReoGhros;r

i ncreases the selectivity of the reactor to desired ol efinic products such
as ethylene, and (2) reduces the rate at 1 4 NOV 2006 WD 2004/ 005432

PCT/ US2003/ 020377 2 whi ch undesirable goke is forned and deposited on the
interior surfaces of radiant section tubes. The superheated steamis m xed
with the preheated hydrocarbon _feed producjng a_ vapor. hydrocarbon/steam

m xture whi cHVhigh Pﬁ@%ﬂ@?leﬁpéwaﬂogae B denosHigsbomingBIeE T Yurfices Porde@dhyeyi ng
the mxture tQ.t i ' h AT ' ctions
whi ch producesg'lst:tf"{;e}]et gg?rg@%esﬁﬁ%gﬁgd g{egg]ufétrﬁgr?g Mgfﬁjgrglgg%a?%cgﬁ trg&%rg e place
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radi ant section, the reactor_effluent is rapidly quenched in a epch
system to st JpMPHAIES SBIRRG fPB£OPYEYIRS the fsfurgep) e EFEFURP 8f e ency

purposes, it ﬁﬁna@és?l‘ﬁé‘té}a%kfn%_reﬁ&%\é%l}iéﬁ%fﬂd%& fiRedesiéd PARNEIFoducPhd he 1 ue
gas |l eaving the radi ant section and | owm ng through the"convection section

of the furnacgherdbyphmiucts take pldck predpmenargkhmutht radihotssectignl od ¢l ionadeeed and

dilution stea ar]e heatgd i({] t he convection section, téﬂi cal | y. 1 ndirect
contact with iefe'eYRE fihe FAAY $eGHPRNnC JERGPHL RTUERY 15, rapiily Qug Wef vi ces

may al so be i@@hé]pggteinptotg;gpg,gréyf&tiﬂgq@aa%gj on such as a boiler feed water
preheat er and/or a’steam superheater used to superheat high pressure steam

whi ch may be generated in the quench systemof the furnace. In sone furnace
desi gn boil er feed er heat and/or high 20 pressure steam superheat
servi cﬁos may not be av |qraB’EQ° G¥ah BT EY h@gfgf‘?%rﬁ“ﬁﬁ:’ €St ue- 'éséragler g‘gm
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exit the furnace at unacceptably high tenperatures, for exanple, as high
flowing through the convection section of the fummace to the furnace flue gas
exhaust. Thus, hydrocarbon feed and dilution steam are heated in the convection
section, typically by indirect contact with flue gas from the radiant section. Other
15 recovery services may also be included in the convection section such as a boiler
feed water preheater and/or a steam superheater used to superheat high pressure

steamn which may be generated in the quench system of the furnace.

In some furnace designs, boiler feed water preheat and/or high

20 pressure steam superheat services may not be available to absorb heat from the
flue-gas stream flowing through the convection section. In such cases, the flue

gas may exit the furnace at unacceptably high temperatures, for example, as high

as 600 to 7dO°F (315 to 370°C). This represents a substantial energy inefficiency,

as some designs provide for flue-gas discharge temperatures as low as, for

25 example, 250 to 300°F (120 to 15G°C).

In other instances, it may be desirable to provide additional dilution
steam to further decrease the hydrocarbon feed partial pressure. But such steam
may not be available at reasonable cost.

30
The present invention provides an advantage of providing for

additional dilution steam when it is otherwise unavailable at a reasonable cost.



as 600 to 700F (315 to 370C). This represents a substantial ener

I nefficiency, as sone designs provide for flue-gas discharge ﬂé%&r’mﬁures
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it may be desirable to provide additional dilution steamto further
decrease the hydrocarbon feed partial pressure. But such steam nmay not be
avai |l abl e at reasonabl e cost. 30 The present invention provides an advant age
of providing for additional dilution steamwhen it is otherw se unavail abl e
at a reasonable cost. 1 4 NOV 2006 WO 2004/ 005432 PCT/ US200 /020377 3 The
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i nvention w rre appare fromthe f escription an claims. 5
SUVVARY OF THiE pﬁﬁmmx@mimeviﬁrlmemt appaent ifiom greofolidesng dpsompties ahdr
treating hydrocarbon feed in a furnace, the process conprising:._(a) heating
hydr ocarbon fBEBS (b) 10 adding water and dilution steamto the heated feed
to forgma mxture, (c) heating the mxture and (d) feeding the heated

m xture from (c) to the furnace, wherein the water in (b) is added in an
anmount of from at | east abolBUNMMARY QBIWHESEBNIHONwat er and dil uti on steam
by weight. In one enbodinent, the water is added in an am)unt of at | east

about 3% based on wat er_ and d| | ution steam by weig }%é m at | east
about 3% to 100% wat er ¥ R€ PFS§HonNeHoBRIgY: ﬁ%ﬁtp“’cteﬁr‘e fe@pnggly ré’GEF 8 n an

amount of at gl.ga5t, dAble, 1RIOPERES cOMpHBhE! & hedlihg' hyaRbcaitoR MRy, (b)

10 adding water and dilution steam to the heated feed to form a mixture, (c) heating
the mixture and (d) feeding the heated mixture from (c) to the furnace, wherein
the water in (b) is added in an amount of from at least about 1% to 100% based on
water and dilution steam by weight. In one embodiment, the water is added in an
amounf of at 1east about 3% based on water and dilution steam by weight (i.e.,

15 from at least about 3% to 100% water). In another embodiment, the water is
added in an amount of at least about 10% based on water and dilution steam .by
weight. In a further embodiment, the water is added in an amount of at least about
30% based on water and dilution steam by weight. In accordance with the present
invention, water can be a total substitute for dilution steam (i.e., no addition of

20 steam). It is preferred, however, that both dilution steam and water are added to

the hydrocarbon feed.

According to a preferred embodiment, the water 1s added prior to

the addition of dilution steam, if any.

25
According to another embodiment, the ratio of water to steam
added to the heated feed is varied according to fluctuations in at least one process
variable. In a preferred embodiment, the process vanable is process temperature.
In this regard, the process temperature can be the temperature of the flue gas
30 exiting the furace, the temperature of process in the convection section of the

furnace and/or the temperature of process to the radiant section (reaction zone) of

the furnace.



weight. In a further enbodi ment, the water is added in an anou 10& @ | east
about 30% based on water and dilution steam by weight. In acc N&\hé wth
t he preseWwo 20090032 on, water can be a total substitute fPETHELWBHADITEL eam
(i.e., no addition of 20 steanm). It is preferred, however, that both
dilution steam and water are added to the hydrocarbon feed. According to a
preferred enbodi nent, the water is addedgprior to the addition of dilution
steam if any. 25 Accordi ng to anot her enbodi nent, the ratio of vvater to

steam added to the he IS cvaried %)cf:ordl toatfl uct ya in at ’
| east one process vari %P’émﬁ & PVdher, FRlpdms I‘\ﬁ %t e % 80 s “ariabl e

i's process t Q?fﬂﬁﬁﬁﬂb@ﬁ Feed inrla dergerrz@ﬂadlﬁmoh%aﬂ{ geess id aammtmeene&m be the
tenperature o he fl ue exiting the furnace, the tenperature of
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wat er i5s addexhw éprimgnioyibnoaaehén feed in a sparger and dilution steam i f
any, is added to the feed in another sparger. In a preferred enbodi nent, a
first and a second sparger are part of a sparger assenbly in which the
first and second spargdie aresemommestien also f prgviles 5a f prowessoderusraskinigon in
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convection 10 section conprisSing heat exchange tubes, the process
conpr i18i ng: section comprising heat exchange tubes, the process comprising:
(a) preheating the hydrocarbon feed in heat exchange tubes in
the convection section by indirect heat exchange with the hot flue
gas from the radiant section to provide preheated feed;
(b)  adding water to the preheated feed in a first sparger and
15 adding dilution steam to the preheated feed in a second sparger to
form a feed mixture;
{c) heating the feed mixture in heat exchange tubes in the
convection section by indirect heat transfer with hot flue gas from
the radiant section to form a heated feed mixture; and
20 (d) feeding the heated feed mixture to the radiant section
wherein the hydrocarbon in the heated feed mixture is thermally
cracked to form products;
wherein the water in (b) is added in an amount of from at least about 1% to 100%

based on water and dilution steam by weight.

25
In a preferred embodiment, the first sparger comprses an inner
perforated conduit surrounded by an outer conduit so as to form an annular flow
space between the inner and outer conduits. Preferably, the preheated hydrocarbon
flows through the annular flow space and the water flows through the inner
30 conduit and is injected into the preheated hydrocarbon feed through the openings

{perforations) in the inner conduit.



(a) preheating the hydrocarbon feed in heat exchange tubes in the
convection section by indirect heat exchange with the hot fluel4d8%¥ 20fom t he
radi ant se¥©QieF/0B3pr ovi de preheated feed; (b) addi ng wat BETAUS200862037 Eheat ed
feed in a first sparger and 15 adding dilution steamto the preheated feed
in a second sparger to forma feed mxture; (c) heating the feed m xture in
heat exchange tubes in the convection sgction by indirect heat transfer
with hot flue gas from the radiant section to forma heated feed m xture;

d 20 (d) feeding the heated feed ni : dj ion . wher ei
fhe nyar otarbon 11 t he 1haat St S Eeirtd HhEodeb (B il St Gicbiibris or m "

products; whgh&hfer P& fo¥aie8" cdnBuit BuroSndddByl ahnower asmMnt sPbs ftb FohAtan east
about 1%to 100% based on water and dilution steamby weight. 25 In a

preferred enmsomilaefpw staee bepgendparipar a6 pierseonduans.i Maeferabhi the feaded

conduit surrqunded an_outer | t1..S form nn flow space
bet ween the %r?r‘?%ﬁ’ea{b | BAEF hggﬁgﬁﬁ%g gh E}Er%?jgfaébﬁy S%fﬁ%%gdr Qﬁe&léiugén ﬁ{fg?"ocar bon
f1ows tshr oughowdahaah i inhboyergnacad athjédial el ke firkiofeed hlik@edthrédpm i nner
30 conduit and is injected into the preheated hydrocarbon feed through the
openi ngs  ( p&iereneaings frorfaratiqnspin thadmes somilit . 1 4 NOV 2006 WD 2004/ 005432
PCT/ US2003/ 020377 5 In yet another preferred enbodi nent, the second
sparger conprises an inner perforated conduit surrounded by an outer conduit
so as to forman annuliaa fiviiesy prefeaed bebvéigient, ik fiknaid sRendbaegers @redui t s.
Preferably, the feed . . .

part of a sparger assembly in which the first and second spargers are connected in

- 10 fluid flow communication in series.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 illustrates a schematic flow diagram of a process in

15 accordance with the present invention employed with a pyrolysis furnace, with
particular emphasis on the convection section of the furnace. This figure also

shows a control schematic for varying the ratio of water to dilution steam
according to a process variable, namely, the temperature of process gas to the

radiant section of the furnace. Fig. 2 illustrates a schematic diagram of a control

20 system for use in varying the ratio of water to dilution steam in connection with a
process parameter, specifically, the temperature of the flue gas exiting the furnace.

Fig. 3 illustrates a schematic diagram of the same control system, but for varying

the ratio of water to dilution steam in connection with the temperature of process

gas in the convection section of the furnace.

25
DETAILED DESCRIPTION OF THE INVENTION
Unless otherwise stated, all percentages, parts, ratios, etc., are by
" weight. Unless otherwise stated, a reference to a compound or component
. 30 includes the compound or component by itself, as well as in combination with

other compounds or components, such as mixtures of compounds.



fromthe first sparger flows through the annular flow space and the dilution
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t he conpound or conponent by its as well as 1 n conbination with " other
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2004/ 985432 PC}_/ US% %11%41:(1)% 0(3 )7 Zeatmg the mixture, and (d) feeding the heated mixture to
the furnace, wherein the water in (b) is added in an amount of from at least about

1% to 100% based on water and dilution steam by weight.

With particular reference to Fig. 1, 1 generally refers to a pyrolysis
15 furmace comprised of a lower radiant section 2, an intermediate convection section
3 and an upper flue gas exhaust section 4. In the radiant section, radiant bumners
provide radiant heat to hydrocarbon feed to produce the desired products by
thermal cracking of the feed. The bumers generate hot gas that flows upwardly
through convection section 3 and then out of the furnace through flue gas exhaust
20 section 4. As shown in Fig. 1, hydrocarbon feed 33 enters an upper portion of the
convection section 3 where it is preheated. The preheating of the hydrocarbon
feed 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 feed in the upper
convection section 3 of the furnace 1 with hot flue gases from the radiant section
25 of the furnace. This can be accomplished, by way of non-limiting example, by
passing the feed through heat exchange tubes 17 located within the convection
section 3 of the fumace 1. The preheated feed has a temperature between 200 and
600°F (95 and 315°C). Preferably the temperature of the heated feed is about 300
to 500°F (150 to 260°C) and more preferably between 350 and 500°F (175 and
30 260°C).



Further, when an anount, concentration, or other value or paraneters is
given as a |list of upper preferable values and | ower preferable Wﬁ&@f?

this is to be understood as specifically disclosing all ranges for {m%m
any pair of an upper preferred value and a | ower preferred val ue, regardl ess
5 whet her ranges are separately disclosed. The present invention relates to
a process for treating hydrocarbon feed in a furnace. According to one
embodi ment, the process conprises (a) heating hydrocarbon feed, (b) adding
wat er and dilution steamto the heated feed 10 to forma m xture, (c)

heating the m xture, a f eedi ng, t heated,m xture to_the furnace, '
wherein the water in ( ef ggea%rﬁ i l?cﬁhﬁéﬁg%ﬁ%fwgfe xﬁ?%’?ﬁ%qnvfzgéoﬁ Seﬁﬁ?)rﬁt 1%to

100% based ot $BtvdierashdMilutfoh@asi 6 are ddedeicddlb 10 Wiha Bakiuke Uhaiieriief er ence
to Fig. 1, 1 generally refers to a pyrolysis 15 furnace conprised of a
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t hrough convection section 3 and then out of, the furnace through flue gas
exhaust 20 s®@ter)dipsed omwalehagthdiiyiiopisipam by weighb Moroprefesaly dhe ateEis an
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ordi nary ski based ontaterant dilbbiovesteam biytwéight. dt sfuerdestbodhibat, ilhecchelabéang

conprises indirect contact of.the.feed in upper onvectjqn section 3 of
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passi ng the feed through heat exchange tubes 17 |ocated within the

convection #ukdijwien 3ieam fipe rroyidescde rotardesingd apassion gope EdOhgguized Wnper at ur e
betveen, 200 s stk a e iogally (P Lomeratune of he
350 and 500F (175 and
As shown in Fig. 1, water 5 1s preferably added to the preheated
15 feed 41 prior to addition of dilution steam. It is believed that this order of addition
will reduce undesirable pressure fluctuations in the process stream originating
from mixing the hydrocarbon, water and dilution steam. Such fluctuations are
commoﬂ]y referred 10 as water-hammer or steam-hammer. While the addition of
water and dilution steam to the preheated hydrocarbon feed could be
20 accomplished using any known mixing device, it is preferred 1o use a sparper
assembly 7 as illustrated in the drawings. Water 1s preferably added in a first
sparger 8. As shown, first Sparger 8 compnses an ianer perforaied conduit 9
surrounded by an outer conduit 10 so as to form an annular flow space 11 between
the inner and outer conduits. Preferably, the preheated hydrocarbon feed 41 flows
25 through the annular flow space 11. Also preferably, water 5 flows through the
inner perforated conduit 9 and is injected into the preheated hydrocarbon feed

through the openings (perforations) shown in mner conduit 9.

Dilution steam 6 is preferably added to the preheated hydrocarbon
30 feed in a second sparger 12. As shown, second sparger 12 comprises an inner
perforated conduit 13 surrounded by an outer conduit 14 so as 1o form an annular

flow space 15 between the inner and outer conduits. Preferably, the preheated



30 260C). 1 4 NOV 2006 7 After the preheated hydrocarbon feed exits the
convection section at 41, water 5 and dilution steam 6 are added thereto to
forma mixture. Water is added to the preheated feed in an amodrk NI 208 om
at least about 1 %to 100% based on the total anobunt of water and dilution
St eam added by weight. Preferably, the 5 water is added in an anount of at

| east about 3% (i.e., about 3% to about 100% water) based on water and
dilution steam by weight. Mre preferablyg the water is added in an anount
of at |east about 10% nost preferably at | east about 30% based on water

d diluti b Lght . ' d ' d ith
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feed such t hadw BsacdilbutAles prdi@aly | Ehaide fam MevsSthiddh the ey ipeffofatedw and
dilution steam fl ow provides the total desired reaction zone H)O required

to achi eve wh@itid3i pedi inyidicsedr bt Usapreheated hadmeadonateed hhmpnghnthei g. 1,
%hﬁ.d 15 feed 41 prior to addition

\(I)v?t girl ﬁt: gn%i)%téigérgaﬂlei[fofag%%ga thg\\;@gﬁ% é‘?&fnhl s  order of addition wll reduce

undesiyabl e pressure fluctuations in the process streamoriginating from
m xi ng the hydrocarbon, water and_dilution steam Such fluctuations are
comonly referred to Faciceably.  Wanfrst 2vd segondnsnraRRtErare WWY ef tahepasgRti t i on of

wat er and di i o:th ehea droc e 4k d 20
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assenbly 7 asmirunitstiontiedernies. t Ae sivevwimdes. drivkings, ite gpagfees 8lingd 1@dged in a

first sparger 8. As shqg first sparger .8 conprises an inner perforated
conduit 9 fFreeRnRid ’Bﬁ‘gﬁﬂ{?ﬂ’t@?ﬂrﬁ@ﬁ O 1] §EIeGS sﬁ‘tng 1?‘6? AETOMIER T ar f 1 ow
spacgg 1 bggween the inner and outer conduits. Preferably, the preheated
hydr ocarbon feed 41 flows 25 through the annul ar fl ow space 11. Al so
preferably, water 5 flows through the ‘ '

As further illustrated in the drawings, upon exiting the sparger
assembly 7. the mixture (of hydrocarbon feed, water and dilution steam) flows
back into furnace 1 wherein the mixture 1s further heated in a lower portion of

15 convection section 3. The further heating of the hydrocarbon feed 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 feed in the lower convection section 3 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 feed through

20 heat exchange tubes 18 located within the convection section 3 of the furnace 1.
Following the additional heating of the mixture at 18, the resulting heated mixture
exits the convection section at 19 and then flows to the radiant section of the
furnace for thermal cracking of the hydrocarbon. The heated feed to the radiant
section preferably has a temperature between 800 and 1400°F (425 and 760°C).

25 Preferably the temperature of the heated feed is about 1050 to 1350°F (560 to

730°C).

Figure 1 further illustrates using the invention to control the

process temperature to the radiant section 2. The process temperature 1s an input

30 10 a controller 26 which controls the flow rate of water via a flow meter 28 and a
contro} valve 29. The water then enters the sparger 7. When the process

temperature 1s too high, controller 26 increases the flow of water 5.



inner perforated conduit 9 and is injected into the preheated hydrocarbon
feed through the openings (perforations) shown in inner conduit 9. Dilution
steam 6 is preferably added to the preheated hydrocarbon 30 feed1isnrN 2006
second sparger 12. As shown, second sparger 12 conprises an inner

perforated conduit 13 surrounded by an outer conduit 14 so as to form an
annul ar fl ow space 15 between the inner and outer conduits. Preferably, the
preheated 1 4 NOV 2006 8 hydrocarbon feed 41 to which the water has been
added flows through the annular flow space 15. Also preferably, dilution

steam 1 ous through tNeohRARS 0SIHAEALEM: RANAML Lighd BCkdrmnll &akEA | Nt o

t he preheated hydrocarbon feed through the open| (perforations) shown in
i nner condU|@pllsatmwﬁmbhw}ytshwﬁ|a‘r 31, \ahldhsletfmmmesphﬂ déutsorasteanpdlowy of a

D e et S el A Lt Mo B e G S e O

inter connectlgdﬂw lﬁétw 314 fmum B%Wmﬁm%fcbﬁ)t%l'lé? BeWheh AMufd hds E kW
i nt er connect or further 1llustrated in the draw ngs, upon exiting

t he sparger to aﬁs@mbhyd?valwhéém Lontrellgrods hliti@r gods bbn ek dite wignel tand
dilution stea Floms g pto %u ﬁ%ﬂ mhere 1thﬁ*ﬁ}éﬂu e $.further
heated in a FCORMCT SSArPhAPRIate & P S 18R 19e 3feat i ng of
the hydr Ocarsbéiibnfl%eﬂnﬁtﬁﬂyiﬁagkﬁ: RBY raté 8% M kBQ¥MoY Hztm)efeai rodé EHtiBar”BheS Kill in
the art. However, it is preferred that the heating conprises indirect

contact of tielel He@cratensighad 15 figesecenshipit 1oeempwes applizaeen 3{ hCamputerce | with
hot flue gagsﬁlbéafu%ﬂ‘3tﬂ§b{r§éﬁ Rya%&%}du%té’hohi‘ﬁabft&af‘ﬁcﬁ ‘rat htrl]aé dﬁgge}fim{ghrough 20

acconpl i she non- m ting exa
heat @(Changet}tewaepoihﬁi férohatisckion méurm cbﬁteo]dm rﬁﬁedf]bwrmster:w areasured thehe

rf gr nace 1. dilution steam rate, which is alsc an input to the controller 38. When water flow
rate increases, as discussed above, the set point inputted to the dilution steam
controller 38 decreases. Controller 28 then instructs control valve 40 to reduce the
dilution steam rate 32 to the new set point. When the process temperature 25 is
15 100 low the control scheme instructs control valve 29 to reduce water rate and

mnstructs control valve 40 to increase the steam rate while maintaining constant

total H,O rate.

Alternatively, this control scheme works the same way to control
20 the discharge temperature of the flue gas 42 as illustrated in Figure 2, and to
control the process temperature in the convection section of the furnace, illustrated
in Figure 3. In connection with controlling the temperature of the flue gas
discharge, it is preferred that flue gas exits at a temperature of less than about
650°F (345°C), preferably less than about 450°F (230°C), more preferably less

25 than about 350°F (175°C).

Processes in accordance with the present invention make it possible
to maintain a desired hydrocarbon partial pressure in the radiant section reaction
zone of a furnace, while increasing the convection section heat recovery

30 requirement due to the heal of vaporization of the water stream. Such a system
can result in a lower flue-gas discharge temperature and, thus, a more energy

efficient furnace.



Foll owi ng the additional heating of the m xture at 18, the resulting heated
m xture exits the convection section at 19 and then flows to {h@yathhant
section owo bmiwhamsnace for thermal cracking of the hydroparfernoessfisrheat ed
feed to the radiant section preferably has a tenperature between 800 and
1400F (425 and 760C). 25 Preferably the tenperature of the healed feed is
about 1050 to 1350F (560 to 730C). Figype | further illustrates using the
invention to control the process tenperature to the radiant section 2. The
process tenperature is n.i ut 30 ta_a_con whi ch controls the

écf roller 2t6

flow rate of water via RFESe gn o H§ORIa0EH Wil g RIESSY YNGR e
then enters LS @8ired ream@rpzéﬂ%ﬂi%ﬂ% pArAEPRGERLL & BeSmbiRaintdiR,
controller 26 increases the flow of water 5. 1 4 NOV 2006 9 Controller 26
al so sends t hefatilioy whdre the gnailattlo wppb’rrpﬁt(blutmnnstpm isapmiited aaniddor is
schemati cal | ﬁwgﬁ.own Z,t gl’d whi ﬁ]}} det er m nes e.dilution steamflow rate as
detai | ed bel BWPHKIGH 10 BE desitsd Tpmage gpergtme M9y bon feed 33 is measured
by flow nmeter 34, which is an input to controller 35, which in turn sends a
signal 5 to feed control valve 36. Controller 35 also sends the feed rate
signal to a conputer control application 37, which determnes the total H20
to the radiant section by multiplying the feed rate by a pre-set total H20
to feed rate ratio. The total H2O rate signal is the second input to

conput er application 31. Conputer application 31 subtracts the water. flow
rate fromthe total H2ZO rate; the difference O is the set point for the
dilution steamcontroller 38. Flow neter 39 neasures the dilution steam
rate, which is also an input to the controller 38. Wien water flow rate

i ncreases, as discussed above, the set point inputted to the dilution steam
controll er 38 decreases. Controller 38 then instructs control valve 40 to
reduce the dilution steamrate 32 to the new set point. Wen the process
tenperature 25 is :



15 too |l ow the control schenme instructs control valve 29 to reduce water
rate and instructs control valve 40 to increase the steamrate prbﬁ

mai nt ai ni ng constant total H2O rate. Alternatively, this cont r ol g%
wor ks the same way to control 20 the discharge tenperature of the flue gas
42 as illustrated in Figure 2, and to control the process tenperature in
the convection section of the furnace, illlustrated in Figure 3. In
connection with controlling the tenperature of the flue gas discharge, it
is preferred that flue gas exits at a tenperature of |ess than about 650F
(345C), p€eAdMBbly | ess than about 450F (230C), nore preferably less 25

t han about 350F (175C). Processes in accordance with the present invention
make it possible to maintain a desired hydrocarbon partial pressure in the

radi ant secti oA prRes!foPhcatihgMdbarBod fed ALLfuMRE hevihH & CERELHch dcboraavect i on
section heat recovery 30 requirement due to the heat of vaporization of the

wat er st r &egdiantieehon thyprpeass cerapriving (#)theptinggh¢ bydspcarbanceeh sb)firsiaddinge
t t f] 05432 4
e A 085 O R S0 MRl 1 BRI

present i theeodveotion send @fthé\ﬁxmia&:slan@(iﬂ)rfaﬂmg tharhexoslembyde Goar @t thar t | aI
the avail abl e ply of

pressure tqQ. be maintajned in a facilit
dilution tolEieraon 1S BaERcy B step (BRI CHARE e ansh bep a4 PE eI hace
oper at i ngthe ABMEd nPitdre r@lubeprdMre2ARAiatidds in said mixture, and (d) varying the ratio of

water to steam added to the feed according to fluctuations in at least one process variable to

maintain at least one of said process variables substantially constant.

2. The process of claim 1, wherein the water is added in an amount of at least about 3%
by weight.

3. The process of claim 1, wherein the water is added in an amount of at least about 10%
by weight.

4. The process of claim 1, wherein the water is added in an amount of at least about 30%
by weight.

5. The process of claim 1, wherein the furnace further comprises a flue gas section, and

wherein the at least one process variable is selected from; the temperature of the heated
mixture leaving the convection section, the discharge temperature of the flue gas, and the

temperature of the flue gas in the convection section.

6. The process of ¢laim 5, wherein the resulting heated mixture is fed to the radiant
section of the furnace, and wherein the process variable is the temperature of the resulting

heated mixture prior to entering the radiant section of the furnace.

7. The process of claim 5, wherein the discharge temperature of the flue gas in the flue

gas section is less than about 650° F.



CLAIMS 1. A process for treating hydrocarbon feed in a furnace having a
convection section and a radiant section, the process conprising: (a)
heating the hydrocarbon feed, (b) first adding water and then dgi4l NOVi 16
steamto the heated feed to forma mxture, (c) heating the mxture in the
convection section of the furnace and (d) feeding the heated m xture from
(c) to the radiant section of the furn&ce, wherein step (b) of first adding
wat er and then adding steamto the heated m xture reduces pressure
fluctuations in said mxture, and (d) varying the ratio of water to steam
added to 8he fEhdpracseniiclamn 7 ovheteircthu discloange tempatature abthe dlne gps iaatksBuevar i abl e
to maintain at |l.east one, of | d process variables substantially constant.
2. The pr BESELIYS S%ﬂﬁ?iPmﬁﬁgﬁg'n the water is added in an anount of at

| east about 3% by weight. 3. The process of claim1l, wherein the water is
added in an anount of at |east about 10% by weight. 4. The process of claim
1, wherei A t heTheapreeess of elgiae8, Wherein therdissharge feneperatewgod thebbuet gag wthe fBiye wei ght .
5. The pr . Of. ' £Ln the furnace further conprises a flue gas
section, gﬁﬁéaﬁﬁg?%%%hghébgﬁﬁsgagt one process variable is selected from
the tenperature of the heated m xture |eaving the convection section, the
di scharge tenperature of the flue gas, and the tenperature of the flue gas
" the cohvect HbPoEcH Pgﬂ?mb.la‘ﬁf‘éelﬁﬁ’@’éﬁ‘éé%adéifd H &PRTEST, aRf Btherein trEivny| t i ng
heat ed ”‘ékMﬁﬁsh&hﬁ%@ﬂkahQ@ﬁ&QQh@ﬂﬁmﬂ§ﬁﬁgapn of the furnace, and wherein
the process variable is the tenperature of the resulting heated m xture
prior to entering the radi ant section of the furnace. 7. The process of

claimb5, erein the discharge tenperature of.the flue gas in the.flue gas
Cection i T eo T Rlfestb AR BGOSRk Mo i ateh S Shetely b Gilgott, 9%
wher ei n t keard] is advRage tHedizped &edli@ affthdrRparfdrie gas in the flue

12.  The process of claim 3, wherein water is added in a sparger, and wherein the dilution

steam, is added to die heated feed in another sparger.

13.  The process of claim 10, wherein the first and second spargers are part of a sparger
assembly in which the first and second spargers are connected in fluid flow communication
in series.

14.  The process of claim 1, wherein the furnace is a steam cracking furnace.

15.  The process of claim 2, wherein the furnace is a steam cracking furnace.

16.  The process of claim 5, wherein the furnace is a steam cracking furnace.

17.  The process of claim 10, wherein the furnace is a steam cracking furnace.

18.  The process of claim 13, wherein the furnace is a steam cracking furnace.

19. A process for cracking hydrocarbon feed in a furnace, the furnace comprising a



gas section is |less than about 450 F. 9. The process of claim8, wherein the
di scharge tenperature of the flue gas in the flue gas section |s¥]‘l’ gﬁ@zﬁupan
about 350 F. 10. The process of claim1l, wherein water is added i

sparger, and wherein the dilution steam is added to the heated feed in
anot her sparger. 11. The process of claim2, wherein water is added in a
sparger, and wherein the dilution stead® is added to the heated feed in
anot her sparger. 12. The process of claim3, wherein water is added in a
sparger, and wherein the dilution steam is added to die heated feed in
anot her spdiagesectidi3comprsingrtmeessthaf geabaieradifnt batteandihot flinegdsi areita and second
spargers are(jé)art of a spar in which the fjrst and second

ge assenbl
spar ger s H¥eLASEL08§° “flﬂﬁi’ﬁatﬂ‘ &0 PERFGSS CAMPISME es. 14, The

process of cl ghm 13pr¥ﬁé§ﬁ€é]me%9§rof:é%&ﬁfé@d irShedt ScBAPeAtRE K 19 bwdase: 15
The process of claim 2, erein the furnace is a steam cracking furnace.

16. The processctisin by infliiecs heatisnehange witk theloh Heegdsdram thegadinnssegtionnig f ur nace.
17. The process 0]121'3 tleggﬁdl%bd,mherei n the furnace is a steam cracking

furnace. 18. FRE pfocess of ’claim 13, wherein the furnace is a steam

cracking furnage. st Adppocaso tierpréicart ifdrdn hyistepagbomditBacaddmga f ur nace,
the furnace copprising a 1 4 NOV 5(%06. 13 radi ant section_conprising burners
that generat e $4grascaBdathepreheatst feed ina second spagees to fgmadesd BRtwsct i on

conpri si ng hegg, exq{éﬁ{é&%[ethte%@%ix{u?@inme&cé@%n Qmegﬁitﬂgjcor(@zﬁcms%&%ﬁ%aggg the

hydr ocarbon feed in exchange tubes in thHe convection section

i ndi rect heat isgicdvhhept trangfer witlehdtdlue fghuitromalee fadiam sebéon mdpome heatet feedh t o
provi de preheategjf,ee ; (b) first adding water to the preheated fee in a
first sparger BRE"THER adding dilution steamto the preheated feed in a

second sparger(dj o ffaedingtht GestedTosl Witire to the radiant section wherein the
hydrocarbon in the heated feed mixture is thermally cracked to form products;
wherein the water in (b) is added in an amount of from at least about 1% to 100% based on

water and dilution steam by weight.

20.  The process of claim 19, wherein the first sparger comprises an inner perforated
conduit surrounded by an outer conduit so as to form an annular flow space between the

inner and outer conduits.

21.  The process of claim 20, wherein the preheated feed flows through the annular flow
space and wherein the water flows through the inner conduit and is injected into the

preheated hydrocarbon feed through the openings in the inner conduit.

22.  The process of claim 19, wherein the second sparger comprises an inner perforated
conduit surrounded by an outer conduit so as to form an annular flow space between the

inner and outer conduits.

23.  The process of claim 22, wherein the feed from the first sparger flows through the
annular flow space and wherein the dilution steam flows through the inner conduit and is

injected into the first feed mixture through the openings in the inner conduit.



(c) heating the feed m xture in beat exchange tubes in the convection
section by indirect heat transfer with hot flue gas fromthe radtt"iﬂg 086
section to forma heated feed mxture; and (d) feeding the heate %3

m xture to the radi ant section wherein the hydrocarbon in the heated feed
m xture is thermally cracked to form products; wherein the water in (b) is
added in an anmount of fromat |east abolt 1%to 100% based on water and
dilution steam by wei ght. 20. The process of claim 19, wherein the first
sparger conprises an inner perforated conduit surrounded by an outer
condui t s&tas The procass aficlainmid, arhefdimthedpstand babne spargaieareiparief a apedigaout er

conduits. 21.,.The pr S f claim 20, wherein the. eheat ed feed f.| ows
S ugh: wEen A wRR S FrsLind PR Biee it irec i e OmBtiation e
i nner congWetiegnd is injected into the preheated hydrocarbon feed through

t he openings in the inner conduit. 22. The process of claim 19, wherein the
second sparger conprises an inner perforated conduit surrounded by an outer

conduit s&¢as : 3 < .Qut er
condui t 5. 3, TRPEEL BLABRY \Rerchd B8 ARATSAE S RE 1o\oriel WOE IR

spar ger f hglsscartomqaetial plwssuraimhe aadidnk sastisp aciecraasd thdeetaetinity tocolefidieit | on st eam
flows through the inner conduit and is injected into the first feed m xture
t hrough t P& B‘ﬁ%ni ngs in the inner conduit. 1 4 NOV 2006 14 24. The process
of claim 19, wherein the first and second spargers are part of a sparger
assenbly in which the first and second spargers are connected in fluid flow
comuni ca2$.on Thepreeass eEclaing19, Wheraht die egder of adsled iman amgint of # ledseabont 3% of
water to Eé@glgh{s varied so as to provide hydrocarbon partial pressure in
the radi ant sé&ction to increase the selectivity to olefinic products.

27.  The process of claim 19, wherein the water is added in an amount of at least about

10% by weight.

28.  The process of claim 19, wherein the water is added in an amount of at least about

30% by weight.

29.  The process of claim 1, wherein the at least one process variable is selected from: the
temperature of the heated mixture leaving the convection section, the discharge temperature
of flue gas, the temperature of the flue gas in the convection section; and the temperature of

the resulting heated mixture prior to entering the radiant section of the furnace.

30.  The process of claim 29, wherein the discharge temperature of the flue gas is less than
about 650° F.

31.  The process of claim 29, wherein the discharge temperature of the flue gas is less than

about 450° F.

32.  The process of claim 29, wherein the discharge temperature of the flue gas is less than

about 350°F.



26. The process of claim19, wherein the water is added in an anount of at

| east about 3% by weight. 27. The process of claim19, wherein thgowagigr is
added in an anmount of at |east about 10% by weight. 28. The process of
claim19, wherein the water is added in an anmount of at |east about 30% by
wei ght. 29. The process of claim1l, wherein the at |east one process
variable is selected from the terrperaiﬁJre of the heated m xture | eaving

t he convection section, the discharge tenperature of flue gas, the
tenperature of the flue gas in the convection section; and the tenperature
of the ra3ul t Thgproest eficlainx 4 uwleergn water isadded arad spgrgehend adieseirt ths ddttion of

t he furnace. claim 29 erein the discharge tenperature
of the fl Eltga‘ﬁéﬁsadldgg"tggg %ﬁfceimth@[‘aﬂ’ager?ﬂ The process of claim 29,
wherein the discharge tenperature of the flue gas is |less than about 450 F.
32. The process of claim?29, wherein the discharge tenperature of the flue
gas is less than about 350 F. 1 4 Nov 2006 15 33. The process of claim4,
wherein water is added in a sparger, and wherein the dilution steamis
added to the heated feed in another sparger.





