WD 2007/ 008423 PCT/ US2006/ 025207 -1 METHOD FOR PROCESSI NG HYDROCARBON
PYROLYSI S EFFLUENT CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The
present application expressly incorporates by reference herein the entire
di scl osures of Attorney Docket No. 2005B060, entitled "Mthod For Cooling
Hydr ocar ba¥0 PAPT/BN8IRS s Effl uent”, Attorney Docket No. 286HBE¥SUR: it ed

" Met hod For Processing Hydrocarbon Pyrolysis Effluent', Attorney Docket No.
2005B063, entitled "Method For Processing Hydrocarbon Pyrolysis Effluent”,
Attorney Docket No. 2005B064, entitledl*Method For Processing Hydrocarbon
Pyrolysis Effluent”, and Attorney Docket No. 20058065, entitled "Method For
Processi ng Hydrocar bon Pyr o/METHOD FORPBROCEASING which are incorporated
herei n by reference ancHYDROCARBON PYROLYSIStRFEIIEENTesent application.

FI ELD OF THE | NVENTI ON [ 0002] The present invention is directed to a nethod
for processing the gaseous ef fluent from hydrocarbon pyrolysis units,
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FIELD OF THE INVENTION
[0002]  The present invention is directed to a method for processing the

gaseous effluent from hydrocarbon pyrolysis units, especially those units utilizing
feeds that are heavier than naphtha.

BACKGR F THE INVENTION

[0003]  The production of light olefins (ethylene, propylene and butenes) from
various hydrocarbon feedstocks utilizes the technique of pyrolysis, or steam
cracking. 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 tars, Tars are high-boiling point, viscous, reactive materials that can foul
equipment under certain conditions.

[0004]  The formation of tars, 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

greatly slowed.



WO 2007/ 008423 PCT/ US2006/ 025207 -2 [0005] One techni que used to cool
pyrolysis unit effluent and renove the resulting heavy oils and tars
enpl oys heat exchangers foll owed by a water quench tower in which the
condensiblgﬁ ‘ﬁf renoved. This technique has proven effective when cracking
| i ght gaseS, zﬁ"'oﬂ%i‘fz?ly et hane, propane and butane, bed4T4&200642%¢% s t hat
process light feeds, collectively referred to as gas crackers, produce
relatively small quantities of tar. As a result, heat exchangers can
efficiently recover nost of the valuab?e heat without fouling and the
relatively small anmount of tar can be separated fromthe water quench
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Below this temperature, conventional heat exchangers cannot be used because

they would foul rapidly from accumulation and thermal degradation of tar on the
heat exchanger surfaces. In addition, when the pyrolysis effluent from these
feedstocks is quenclied, some of the heavy oils and tars produced have
approximately the same density as water and can form stable oil/water emulsions.
Moreover, the larger quantity of heavy oils and tars produced by liquid cracking
would render water quench operations ineffective, making it difficult to raise
steam from the condensed water and to dispose of excess quench water and the
heavy oil and tar in an environmentally acceptable manner.

[0007]  Accordingly, in most commercial liquid crackers, cooling of the
effluent from the cracking furnace is normally achieved using a system of transfer
line heat exchangers, a primary fractionator, and a water quench tower or indirect
condenser. For a typical heavier than naphtha feedstock, the transfer line heat
exchangers cool the process stream to about 1100°F (594°C), efficiently
generating super-high pressure steam which can be used elsewhere in the process,
The primary fractionator is normally used to condense and separate the tar from
the lighter liquid fraction, known as pyrolysis gasoline, and to recover the heat
between about 200° to 600°F (90° and 316°C). The water quench tower or



The primary fractionator is normally used to condense and separate the tar
from the lighter liquid fraction, known as pyrolysis gasoline, and to
recover the heat between about 200 to NOT (90 and 316C). The water quench
tower or \/\90%9(9,2043949?423 PCT/ US2006/ 025207 -3 indirect condenser further
cools the gas streamexiting the primary fractionator tPSTUE@G025200F (380
to condense the bulk of the dilution steampresent and to separate
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distillation zones. In the one or more external pumparound loops, oil, which is

withdrawn from the primary fractionator, is cooled using indirect heat exchangers
and then returned to the primary fractionator or the direct quench point.

[0009]  The primary fractionator with its associated pumparounds is the most
expensive component in the entire cracking system. The primary fractionator
tower itself is the largest single piece of equipment in the process, typically being
about twenty-five feet in diameter and over a hundred feet high for a medium size
liquid cracker. The tower is large because it is in effect fractionating two minor
components, tar and pyrolysis gasoline, in the presence of a large volume of low
pressure gas. The pumparound loops are likewise large, handling over 1.3 million
kilograms per hour (3 million pounds per hour) of circulating oil in the case of a
medium size cracker. Heat exchangers in the pumparound circuit are necessarily
large because of high flow rates, close temperature approaches needed to recover
the heat at useful levels, and allowances for fouling.

[0010] In addition, the primary fractionator has a number of other limitations
and problems. In particular, heat transfer takes place twice, i.e,, from the gas to
the pumparound liquid inside the tower and then from the pumparound liquid to

the external cooling service. This effectively requires investment in two heat



| ar ge because of high flow rates, close tenperature approaches needed to
recover the heat at useful levels, and all owances for fouling. [0010] In
addition, the primary fractionator has a nunber of other limtations and
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from an inherent safety standpoint.

[0013]  The present invention seeks to provide a simplified method for treating
pyrolysis unit effluent, particularly the effluent from the steam cracking of
hydrocarbonaceous feeds that are heavier than naphthas. Heavy feed cracking is
often more economically advantageous than naphtha cracking, but in the past it
suffered from poor energy efficiency and higher investment requirements. The
present invention optimizes recovery of the useful heat energy resulting from
heavy feed steam cracking without fouling of the cooling equipment. This
invention can also obviate the need for a primary fractionator tower and its
ancillary equipment.

[0014]  There is therefore a need for a simplified method for cooling pyrolysis
unit effluent and removing the resulting heavy oils and tars which obviates the
need for a primary fractionator tower and its ancillary equipment, even where
steam cracked gas oil is produced.

[0015]  U.S. Patents 4,279,733 and 4,279,734 propose cracking methods using
a quencher, indirect heat exchanger and fractionator to cool effluent, resulting
from steam cracking.

[0016] U.S. Patents 4,150,716 and 4,233,137 propose a heat recovery

apparatus comprising a pre-cooling zone where the effluent resulting from steam



[0014] There is therefore a need for a sinplified nmethod for cooling
pyrolysis wunit effluent and renoving the resulting heavy oils and tars

whi ch obviates the need for a primary fractionator tower and its ancillary
equi pnent , @éﬁg émge steam cracked gas oil is produced. [0015] U. S

Pat ent s 4,‘5 , g’ and 4, 279, 734 propose cracki ng net ho®ETASRMG025301quencher ,
I ndi rect heat exchanger and fractionator to cool effluent, resulting from
steam cracking. [0016] U.S. Patents 4,150,716 and 4, 233, 137 propose a heat
recovery apparatus conprising a pre-geooling zone where the effluent
resulting from steam WO 2007/ 008423 PCTI US2006/ 025207 -5 cracking is
brought i nt@ackfiy 8 Browght Mté coRiast/With AUpPRISEd QlerRhing dll, ACRdat tREOUPTY  ZONe,
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to generate high tenperature stéam and a secondary ansfer |1 ne exchanger
whi ch  f unqréssurs steemcool the furnace effluent to as low a tenperature as
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consistent with efficient primary fractionator or quench tower performance and to
generate medium to low pressure steam.

[0019] U.S. Patent 5,107,921 proposes transfer line exchangers having
multiple tube passes of different tube diameters. U.S. Patent 4,457,364 proposes a
close-coupled transfer line heat exchanger unit.

[0020] U.S. Patent 3,923,921 proposes a naphtha steam cracking process
comprising passing effluent through a transfer line exchanger to cool the effluent
and thereafter through a quench tower.

[0021] WO 93/12200 proposes a method for quenching the gaseous effluent
from a hydrocarbon pyrolysis unit by passing the effluent through transfer line
exchangers and then quenching the effluent with liquid water so that the effluent
is cooled to a temperature in the range of 220° to 266°F (105° to 130°C), such that
heavy oils and tars condense, as the effluent enters a primary separation vessel.
The condensed oils and tars are separated from the gaseous effluent in the primary
separation vessel and the remaining gaseous effluent is passed to a quench tower
where the temperature of the effluent is reduced to a level at which the effluent is
chemically stable.

[0022]  EP 205 205 proposes a method for cooling a fluid such as a cracked
reaction product by using transfer line exchangers having two or more separate

heat exchanging sectivns.



[ 0021] WO 93/12200 proposes a nmethod for quenching the gaseous effl uent
froma hydrocarbon pyrolysis unit by passing the effluent through transfer

| ine exchangers and then quenching the effluent with liquid water so that

t he efflug&bzdfoé:%gl ed to a tenperature in the range of 220 to 266F (105 to
130C), suc 2ffoos4 avy oils and tars condense, as the PEIfUSaQ06102580% er s a
primary separation vessel. The condensed oils and tars are separated from
t he gaseous effluent in the primary separation vessel and the renaining
gaseous effluent is passed to a quenclg-tower where the tenperature of the
effluent is reduced to a |evel at which the effluent is chemcally stable.
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reaction produc usi ng transfer I'i ne exchangers havin nor e
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G 1 309, 308mReiRt cendeBiel, i ehe'ihicht é%k?‘ﬂfa%?ﬁ FBAaEddY 4 150, 716:
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for quenchi F{R’Sa hot_ cracked gaseous eam wherein the hot gaseous stream
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stream wherein the hot gaseous stream is passed through a quench pipe or quench

tube wherein a liquid coolant (quench oil) is injected.

SUMMARY OF THE INVENTION

[0026] In one aspect, the present invention is directed to a method for treating
gaseous effluent from a hydrocarbon pyrolysis unit, which comprises: (a) cooling
the gaseous effluent at least to a temperature at which tar, formed by reaction
among constituents of the effluent, condenses; (b) passing the mixed gaseous and
liquid effluent from step (a) through at least one tar knock-out drum, where the
condensed tar separates from the gaseous effluent; (c) cooling the gaseous effluent
from step (b) to condense a liquid effluent quench oil; (d) passing the mixed
gaseous and liquid effluent from step (c) through at least one quench knock-out
drum, where the condensed quench oil separates from the gaseous effluent; (e)
cooling the gaseous effluent from step (d) to condense a liquid effluent comprising
pyrolysis gasoline and water condensed from steam; (f) passing the mixed gaseous
and liquid effluent from step (e) to a distillate drum, where the cooled gaseous
effluent, liquid pyrolysis gasoline and liquid water are at least partially separated
from each other to form a gaseous effluent stream which is directed to a recovery

train, a liquid pyrolysis gasoline rich stream and a liquid water rich stream; and (g)



t he gaseous effluent at least to a tenperature at which tar, fornmed by
reaction anong constituents of the effluent, condenses; (b) passing the
m xed gaseous and liquid effluent fromstep (a) through at |east one tar
knock out dr un_}dE where the condensed tar separates fromthe &aseous

ef f1 uent ; WO ng t he gaseous effluent from step {OYVIB%EGMense a

liquid effluent quench oil; (d) passing the m xed gaseous and liquid
effluent fromstep (c) through at | east one quench knock-out drum where

t he condensed quench oil separates fromthe gaseous effluent; (e) cooling
t he gaseous effluent fromstep (d) to condense a liquid effluent conprising
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;,;)82 i N pyrQyhbad Q&%ﬂ'ﬂdﬁ%??ﬁ%lﬁfh gaSblidedas BR idifidl Got PoirR of 18$ ah han  about
(149C) and a final boiling point 1 n excess of about 500F (260C), e.g.,
a final boi labew 396TH (1498 Randp oiding pring 0excess1GROPu HGEF (26086hut  5380) .

e.g., & final boiling point ranging from about 500° to 1000°F (260° to about

538°C).

[0029] In another embodiment of this aspect of the invention, (a) includes

passing the effluent through a primary heat exchanger, typically a transfer line

exchanger, which provides steam having a temperature of at least about 500°F

(260°C), e.g., ranging from about 500° to about 650°F (260° to 343°C) and

pressure greater than about 3550 kPa (500 psig), e.g., ranging from about 4240 to

about 17340 kPa (600 to 2500 psig).

[0030] In yet another embodiment of this aspect of the invention, (a) includes

passing the effluent from the primary heat exchanger to a secondary heat

exchanger, typically a transfer line exchanger.

[0031]  In still another embodiment of this aspect of the invention, (&) includes

maintaining an outlet temperature for said primary heat exchanger above the dew

point of its effluent.

[0032]) In yet still another embodiment, the cooling in step (a) is effected by

direct quench of the gaseous effluent with a liquid quench stream. The liquid

quench stream can be selected from water and oil, e.g., liquid quench stream

comprising condensed quench oil from step (d).



[0029] In another enbodi nent of this aspect of the invention, (a) includes
passing the effluent through a primary heat exchanger, typically a transfer
| ine exchanger, which provides steam having a tenperature of at |east about
500F (26 @094 rangi ng from about 500 to about 650F (260 to 343C) and
pressure gr YU n about 3550 kPa (500 psig), e.g., RCGAAF2NGO02520/M about
4240 to about 17340 kPa (600 to 2500 psig). [0030] In yet another

enbodi ment of this aspect of the invention, (a) includes passing the
effluent fromthe primary heat exchanger to a secondary heat exchanger,
typically a transfer |ine exchanger. [0031] In still another enbodi ment of

this aspect [og8ajt hey] RuGHE %bﬂ&ﬂ)enﬂ %?lt\iﬂegpe&abf”t@ ﬁwgg%%vﬂ %%H rgt of its

tenperature for saird prinmar eat exchang above t
ef fluent. [CGO@Rises dngqtly gcmtachngrthﬁ [geseounTbfficientewith « neermbdiqunb say, step (a) is

ffected by dirgct f 1 ffluent wt i qui d h
troam - Theayeretfidhia GHERET S vialfy BRRCEE Econd B Mo Gl BPEAR o1t e g
li qui d quengd), aftef Basage @0 the eifhichtthfegh eRIeEhaY BEE BxcPlhgdr om step (d). WO

2007/ 008423 PCTI US2006/ 025207 -8 [0033] I n anot her enbodi nent of this
aspect of tW8M4lhveht F@hﬂn@b@'ﬂ@ﬁm@é@ﬁﬁh@é@e& p%ﬂxenvawa&tmﬁsj t he gaseous

ef 1 uent i jfing: AUEREN phdsthl! gty SAY Jiou 8 306Rs | ticle SRUCGLAR 1 @B wat of and

oil, e.g., a con sed que er passage of the
ef f I uent thtadmgrhowere primary heat exchanger [0034] In still another

nbodi ment hi t  of th furth | ud
baseing onl (0fle | FoURGspRsreRn g SE s mop of tl Pleiono b Reotiagy; | g
tower. [ 003§stdpc)iseffodied bedirRbaticiBei efthadgdd 6.2 6R g vitficH Metuldvent i on, the

cooling of step (c) is effected by direct cont act heat exchange, e.g.,
cool i ng whi tWaterguenelegep.a wat er quench step. [0036] In still yet another

oo Tort | Ghgsi: SEESAPSh Mokl St ALY B8 it WecfBE SRLBBI B! ©F St e

(a) is deri m pyr sis of a eavl er an ap
gaseous effluent of step (a) is derived from pyrolysis of a feed heavxer than

naphtha.

[0037] In a further aspect, the present invention is directed to a method for
treating gaseous effluent from a hydrocarbon pyrolysis unit, the method
comprising: (a) passing the gascous effluent derived from pyrolysis of a feed
heavier than naphtha through at least one primary heat exchanger, thereby cooling
the gaseous effluent and generating high pressure steam; (b) passing a mixed
gaseous and liquid effluent from step (a) through at least one knock-out drum,
where tar, formed by reaction among constituents of the effluent is condensed and
separates from the gaseous effluent; (c) cooling the gaseous effluent from step (b)
to condense a liquid effluent quench oil; (d) passing the mixed gaseous and liquid
effluent from step (c) through at least one quench knock-out drum, where the
condensed quench oil separates from the gaseous effluent; (¢) cooling the gaseous
effluent from step (d) to condense a liquid effluent comprising pyrolysis gasoline
and water condensed from steam; (f) passing the mixed gaseous and liquid
effluent from step (e) to a distillate drum, where the cooled gaseous effluent,
pyrolysis gasoline and water are at least partially separated from each other to
form a gaseous effluent stream which is directed to a recovery train, a liquid
pyrolysis gasoline rich stream and a liquid water rich stream; and (g) passing the
liquid pyrolysis gasoline rich stream to a tailing tower which produces an
overhead stream rich in pyrolysis gasoline and a bottoms stream rich in gas oil.



[0037] In a further aspect, the present invention is directed to a nethod
for treating gaseous effluent froma hydrocarbon pyrolysis unit, the nethod
conprising: (a) passing the gaseous effluent derived frompyrolysis of a
feed heavgsgr apht ha through at | east one primary heat exchanger,

t her eby c\cl)‘g izg&g%ﬁ:{lﬁg gaseous effluent and generating hiP§A/USRM6HE252¢7 st eam
(b) passing a m xed gaseous and liquid effluent fromstep (a) through at

| east one knock-out drum where tar, formed by reaction anong constituents
of the effluent is condensed and separates fromthe gaseous effluent; (c)
cooling the gaseous effluent fromstep (b) to condense a |iquid effluent
quench oil; pagsi t@ﬁ.&@'x a Adafitld o ed; n romstep (c)
t hrough at llogg?s]t oﬁg %ﬂeanc no&g?%’u?ﬁééﬁ%&&d e"lrgg&t% els e&é{)ejﬁtggn{soe guench oi |
separ at es fhydmecatbongerscking appdratue momptielngc ¢l & rigactore fora pymliwingfaf | uent from

step (d) t nsesa.liguid eff .conpri§i,n ol ysis line and
wat er condgtﬂ@g%g* P%nfeg‘?sé%?% &Qef )wﬁgés?g ?ﬁ%ﬁlﬁét % oﬁﬁ?eg‘%e aﬁ%gﬁgqui d

ef fl uent fremigéieefflesht b axitlitat tehdtad; byl auleastdier ¢f 1) ehed ekéedngsgseous
effluent, pyrolysis tgasol ine and water are at |east partially separated

from each ofomesciéd; to 11Be Feerteya gubatsand: A1) yi dines foreintodpdies quends olcted to a
recovery trai bfithl JeachdY bop cAR | I qui d wat er
rich st ream&d“gﬁg ?g?ﬁ%ﬁggm ngbﬂéef’sfofl qui glt‘%{}%p"éfdy@@y&ol |ﬁéehg’r©c%f streamto a
tailing toweastwhe ¢ kpockdout elsum wonmeetzd He and dowasiteamiofi(b) for sypacdtingi s gasol i ne
and a bottons.streamrich_in oi | .. 2007/ 008423 PCTI US2006/025207 -9
[0038] 1n 3Bk e EmgodeReiin 13} fioqling Safh coRRRFIRS o JAd COMERREBd 1o a
hydr ocar bOﬂth@fiaﬁ!‘ekétftﬂle%ﬁ&ﬁcﬂéﬁt@mﬁméﬁ%bﬁﬁgﬁiheaﬁaﬁﬁﬁﬁfeﬂiueﬁpio #ool yzing a
hydr ocar bon feedst ock, the reactor havi ngt an outlet through which gaseous

S

pyrol ysi s edonfenspia augpch,gik frastion; de)cptoleast one guencle Jwocksp dum fory heat
exchanger BAGS tedi 2121 o gt ) i 1At r oduci ng
guench oi | 1%eowngtarg%l’zr%ﬁ %ﬁﬁu&e@ga@%f%ﬁteﬁgﬂf@?, "é’@%{"itﬁg"{’ gnégegseous
pyrol ysi s eduehetenil;separjtesafrom desgeseovs effivenkn(@x kt least sheucondemsaebired t o and

downstream of ..(b), for sepafrati r, fromthe gasgo effluent; (d) a
cool i ng tra‘?oﬁl‘é%%hfeﬁsg?i’st %rﬁg’%@ttf’é’aﬁa%ﬁse atlgﬂg‘gfﬁﬁl&{‘s‘fm&?@mﬁnoc k- out
drum for f usrél9sis Gasling hnll ReaterasRAeSsed ffdny QfthmS G 8 diftillatOoddlaNgR a quench

oil fraction; (e) at |east one quench knock-out drum for
receiving mixed gaseous and liquid effluent from (f), where the cooled gaseous

effluent, pyrolysis gasoline and water are at least partially separated from each
other to form a gaseous effluent siream, a liquid pyrolysis gasoline rich stream and
a liquid water rich stream; (h) a recovery train which recovers light olefins from
the gaseous effluent from (g); and (i) a tailing tower for receiving the liquid
pyrolysis gasoline rich stream of (g) which provides an overhead stream rich in
pyrol)'/sis gasoline and a bottoms stream rich in gas oil.

[0039] In one embodiment of this aspect of the invention, the tailing tower
receives only liquid feed.

[0040] In still another embodiment, the apparatus comprises a line for
introducing quench oil from said quench drum to the process between (b) and (c).

BRIEF DESCRIPTION OF THE DRAWING

[0041]  Figure 1 is a schematic flow diagram of a method according to the
present invention of treating the gaseous effluent from the liquid cracking of a gas
oil feed.



receiving a m xed gaseous and liquid effluent from(d), where the condensed
quench oil separates fromthe gaseous effluent; (f) at |east one condenser
for cooling the gaseous effluent from(e) to condense a liquid effluent
conprisin lvsis gasoline and water condensed from steam (g

distillat 3”85@%?%?4 receiving nixed gaseous and Ii qui d’CENSPWé/H%ﬂz"rom (f),
where the cool ed gaseous effluent, pyrolysis gasoline and water are at

| east partially separated from each other to forma gaseous effl uent
stream a liquid pyrolysis gasoline ril@h streamand a liquid water rich
stream (h) a recovery train which recovers light olefins from the gaseous
effluent from(g); and (i) a tailing tower for receiving the liquid
pyrolysis gasoline rich stream of I‘OVI des an overhead streamrich
in  pyrol ysiBAHED DESCRIPTION OF gas oil. [0039] In one

enbodi nent h&xg&g mge%s ceives only
liquid feed%‘rgg40] ggtelnﬁrn %{1 er engggvﬁéﬁﬁ%ﬂe&%g%%r at seotli:lgrrprl ses a
line for i rcﬁhm:lumeagl frpre mdiydmicarbén pyrokysis deagtoe s hs t!brmnnt/e)audmweocess

bet ween (b) a | EF DESCRL PT. Ok THE NG 004 ure 1 is a
schemat i ¢ f b ?’56?%1‘?“51 asel?@'f‘% h@gﬁ’w&s’tlﬁ" %‘? lﬁﬁ} ntion of
treating th &f dil B#edtfond raemellhstﬁdaedirehe{)Egblelﬁﬁsﬁi‘meeﬁ:&ﬁnt oi | feed.
WD 2007/ 008423 PCT/ U§2006/ 025207 -10 DETAI LED CRI'PTION OF THE

EVBODI I\/EI\I'I'SV{i’dnomzt}w werd for epmmaryifraoionatosn provi des a | ow cost way of treating

t he gaseous g I | so as to
remove and 1058) e Pl LR AT Aol o hRIAe B RokiLy f HORLRE O

provi di ng sQp@wﬁﬂﬁlmﬂaﬂmcarbogmlbbﬂmgmdtemrmirb rdogecay,dram about wel | as t he
desired C2-C4 olefins in the effl wi .t hout the neeq for af)rlrrary

fracti onat orl047 oyt H2HTEE0T i 5SP §‘P°F‘Iaﬁé‘ﬁ}i‘t49§ 2 Phedsiil. Eefeler ¢ he

tenper at ur o aeaekiiEed BY Ry RIS of o e S ERARG LRI 8080 " Zich as
l'i ght napht hydocarbesfeed boiliffg af etemperpture tahge ﬁtbﬂllahevetabbaﬂﬁPFl(ltSb%C}ret hod of
the inventi %Qchl :s fp erd%%%gwﬁgr thn %L&la.y %Iugh %;dsainclude those boiling in the range

from about 200° to about 1000°F (93° to 538°C), say, from about 400° to about

950°F (204° fo 510°C). Typical heavier than naphtha feeds can include heavy

condensates, gas oils, hydrocrackates, condensates, crude oils, and/or crude oil

fractions, e.g., reduced crude oils. The temperature of the gaseous effluent at the
outlet from the pyrolysis reactor is normally in the range of from about 1400° to
1700°F (760° to 927°C) and the invention provides a method of cooling the
effluent to a temperature at which the desired C,-C4 olefins can be compressed
efficiently, generally less than about 212°F (100°C), for example less than about
167°F (75°C), such as less than about 140°F (60°C) and typically from about 68°
to about 122°F (20° to 50°C),

[0044] In particular, the present invention relates to a method for treating the
gaseous effluent from the heavy feed cracking unit, which method comprises
passing the effluent through at least one primary heat exchanger, which is capable
of recovering heat from the effluent down to a temperature where fouling is
incipient. If needed, this heat exchanger can be periodically cleaned by steam
decoking, steam/air decoking, or mechanical cleaning. Conventional indirect heat
exchangers, such as tube-in-tube exchangers or shell and tube exchangers, may be

used in this service. The primary heat exchanger cools the process stream to a



hydr ocarbon feed boiling in a tenperature range from above about 356F
(180C), such as feeds heavier than naphtha. Such feeds include those
boiling in the range from about 200 to about 1000F (93 to 538C), say, from
about 400 \582@(}9%413 950F (204 to 510C). Typical heavier than naphtha feeds
can include heavy —condensates, gas oils, hydrocrackat ET/USaNG6Ht es, crude
oils, and/or crude oil fractions, e.g., reduced crude oils. The tenperature
of the gaseous effluent at the outlet fromthe pyrolysis reactor is
normally in the range of from about .1400 to 1700F (760 to 927C) and the

I nvention provides a nmethod of cooling the effluent to a tenperature at

whi ch the Eﬁﬁﬁ p l,f1 6 W@r E@l-e N ,aedenerally

| ess than g%@gt 2 ﬁ%ﬁ%&?‘gﬂt% Zaggtr}%f)e I ggsa?ﬁgakogﬁgﬁ?@,l%@é ?750), such

as | ess t haaboabdl(0°R 4$¥3°CRGiSingavnstert aspthe abodlingf mediumbmdt génlrates supdrout 122F (20

to 50C). [0Q44] In particular, the present invention relates to a nethod for

treating t Hgh C48¥-f | uent fromthe heavy feed cracking unit, which

nmet hod co b3as ' : j Jyary heat
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exchanger, which is c ecoverin eat l'uent down to a
t enper at ur estilihed ademhparitiregebiove therhydrocarhon dew poinb (bel temperaturn@hwhishchanger can

be periodicgall eaned st.ea cokln t eam air, decoki,n or

nmechani cal Féﬁ“ﬁ&?&ﬁ%ﬂ@é@?%gﬁﬁ?ﬁﬁieﬁ *-hg‘%{taatyg%‘h‘hﬁﬁ&éf%?“g%h as _
t ube- i n- t Ub@adiphidRAiEbSs, tHe BAARIckrbaN dew Bbiat GPES affBiektStredth Yarges freied in this
service. The prinmary heat exchanger cools the process streamto a WO

2007/ 0084238boutr 7RISt00#oub 3207 F GT1° o AFELHt e 9t wak WBo e abay and 1202F
(340and ab S ' . ' . t he cooling
medi um andogtgggfgl%?sm?ggg?ﬁ %‘?ﬁ%%h ssurglgqétﬁ gg%bm[%tg%gi %%ttﬁ%g%@' ng the

pri mary heais relatolehnigws j.c.i Wapoc pbise doujingas geneedllylnoé seveiss and thiefd isap a

t enper at ur g. above t drocar bon,.de ain t te ratucre . at which the
rrot ar op IR Gl Bal e R R Mentcs ook SIBHR B a0 T oo
under  cr ackinperalaf@hging fiom bitat BYOH BCBERWI LR R MP kM B43T) L ag, bkl uent stream
ranges from, about 700 to about 1200F (371 to 649C), say, from about 900 to

about  1100AbopIASE° toabeutR80°F @38V to 318eChy dr ocar bon dew point, the foul i ng
tendency  [0046]  Conveniently, a secondary heat exchanger also can be provided and is

operated such that it includes a heat exchange surface cool enough to condense

part of the effluent and generate a liquid hydrocarbon film at the heat exchange

-surface. The liquid film is generated in situ and, preferably at or below the
temperature at which tar is produced, typically at about 374°F to about 599°F
(190°C to 315°C), such as at about 232°C (450°F). This is ensured by proper
choice of cooling medium and exchanger design. Because the main resistance to
heat transfer is between the bulk process stream and the film, the film can be at a
significantly lower temperature than the bulk stream. The film effectively keeps
the heat exchange surface wetted with fluid material as the bulk stream is cooled,
thus preventing fouling. Such a secondary heat exchanger must cool the process
stream continuously to the temperature at which tar is produced. If the cooling is
stopped before this point, fouling is likely to occur because the process stream
would still be in the fouling regime. This secondary heat exchanger is particularly
suitable for use with light liquid feeds, such as naphtha.

[0047] In an alternate embodiment, the gaseous effluent from the steam
cracker furnace is subjected to direct quench, at a point typically between the
furnace outlet and the tar knock-out drum. The quench is effected by contacting



is relatively low, i.e., vapor phase fouling is generally not severe, and
there is no liquid present that could cause fouling. Tar condenses from
such heavy feeds at a tenperature ranging from about 400 to about 650F (204
to 3430, ‘?, Yoarlo from about450 to about 600F (232 to 316C). [0046]

Conveni ent 6 U08d2bndary heat exchanger al so can be prP&FIUSSMW6/835307 s
operated such that it includes a heat exchange surface cool enough to
condense part of the effluent and generate a liquid hydrocarbon filmat the
heat exchange surface. The liquid fill2»is generated in situ and, preferably
at or below the tenperature at which tar is produced, typically at about

374F to aboyke &8fént &1&19@&1{1& %@Eb&e&l%h@ﬁo@& ﬁz%ﬁiho&%@@e(tﬂe‘éﬁﬁént This is

ensured by proper choice of "cooling nedium and exchanger design. Because
the main reﬁlﬂlm&rth@e ehchangars. a Mafees employad: ineconjunetioniuitlk ableest @9e st r eam and

the film t n han t he
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with fluid nﬁttlwhﬁt maﬁé&f(s)btﬂlﬂtablbr@ammuiquhhdﬂuﬂﬁﬂe liguid!guemclke vitduclg f oul i ng.
o the ¢ omp@? S SoRme Y AHCVRFID GHBOLEIL MKW ABTB RIS 6l St opped
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woul d still be inthe fouling regime. This secondary heat exchanger is
particul arl )dlluBQn!tetMe for use with light liquid feeds, such as naphtha.
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contacting WO 2007 08423 PCT/ 6/ 0252 -12 the effluent with a liquid
quench st r edtpm thg efflysgt greame If cﬂ“ﬂlPBlﬁ?‘FB"l"f% drymasmag he confiestad ¢ r ansf er
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e.g., Condefs%@‘t), HplcHfi}, Aesd 86 392°F (200°C).

[0049] . The effluent entering the tar knock-out drum(s) should be at a

sufficiently low temperature, typically at about 375°F (191°C) to about 600°F

(316°C), such as at about 550°F (288°C), that the tar separates rapidly in the

knock-out drum(s). |

[0050]  After removal of the tar in the tar knock-out drum(s), the gaseous

effluent stream is subjected to an additional cooling sequence that includes

passing the effluent through one or more cracked gas coolers and then through at
least one quench oil knock-out drum. Such a knock-out drum is provided in the
cooling sequence downstream of the tar knock-out drums to separate additional oil
from the gas stream and can be preferably operated at a temperature above the
dew point of water, typically at about 194°F to about 302°F (90° to 150°C), such
as at about 250°F (121°C), to produce a light oil fraction having an initial boiling
point in the range of about 302°F to about 536°F (150° to 280°C). The gaseous
effluent from the quench oil knock-out drum(s) is then directed through at least
one indirect partial condenser so as to condense the Cs:+ components, e.g.,
pyrolysis gasoline, as well as water, in the effluent whose temperature is reduced
by the condenser to about 38°C (100°F). Passing the effluent through at least one



[ 0048] After passage through the direct quench and/or heat exchanger(s), the
cooled effluent is fed to a tar knock-out drum where the condensed tar is
separated fromthe effluent stream |f desired, nmultiple knock-out druns
may be COFWBsznﬁ%osc%;P paral l el such that individual drunms can be taken out of
service and cleaned while the plant is operating. The RCIUSeénmeseolr at this
stage of the process typically has an initial boiling point ranging from
about 300 to about 600F (149 to 316C), typically, at |east about 392F
(200C). [0049] . The effluent enterimg the tar knock-out drun(s) should be
at a suffici ently low tenperature, typically at about 375F (191C) to about

600F (316 t tes rapidly
in the knoc oﬁﬁ%ﬁn?gﬂsgpﬁ%%‘%ﬁggﬁ en%vlgﬁgr@g?#e&%a&%% he tar
knock- out effluent 19 abddwsgﬁsﬂmus122§Ff(203em50°£t),r@p1m]ﬂ)salﬁmbjlm€(ﬂsm an

addi ti onal Eg&ggagg%%ggm%egim}ég%l ncleug's(ras as m&eége eff;uent t hrough one
or nore cr GEALprey te1BPRE ech o |
Knock-out gHoufm 805H ¢eneg ?(nocra.'ﬂ %}heﬂawmaswe&gjeﬁa%werfah&uowq g sequence
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density of gidien WAERRAIIRS Bottoms.

[0052]  Typically, the hydrocarbon fraction condensed in the distillate drum
tower from the effluent stream has an initial boiling point of less than about 302°F
(150°C) and a final boiling point in excess of about 400°F (204°C), such as of the
order of about 850°F (454°C). The hydrocarbon fraction is distilled into a lighter
fraction, pyrolysis gasoline, and a heavier fraction, steam cracked gas oil. The

pyrolysis gasoline fraction typically has a final boiling point of from about 350° to
about 500°F (177° to about 260°C). The steam cracked gas oil fraction produced
by the tailing tower typically has an initial boiling point greater than about 300°F
(149°C) and a final boiling point in excess of about S00°F (260°C), such as of the
order of about 800°F (427°C).

[0053] It will therefore be seen that in the method of the invention, the
pyrolysis effluent is cooled to a temperature at which the lower olefins in the
effluent can be efficiently compressed without undergoing a fractionation step.
Thus the method of the invention obviates the need for a primary fractionator, the
most expensive component of the heat removal system of a conventional naphtha
cracking unit, As a result, the pyrolysis gasoline fraction contains some heavier
components than would not have been present if the entire gaseous effluent had

been passed through a primary fractionator. However, these heavier components



phase and inproving the separation of pyrolysis gasoline fromwater. [00511
The resulting effluent fromthe indirect partial condenser(s) conprising a
gaseous fraction and liquid fraction is then separated in a distillate drum
into a gaseous overhead, an aqueous fraction and a hydrocarbonaceous
fraction, WOgY@842¥5+ stream conprising pyrol ysis gasdGIAS268250%am
cracked gas oil. The gaseous overhead is directed to a recovery train for
recovering C2 to C4 olefins. The hydrocarbonaceous fraction is directed to
a tailing tower and the pyrolysis gasld-ine fraction is recovered as
overhead whil st the steam cracked gas oil fraction is recovered as bottons.
[00521 Typi cak kemoviell@s B8l Arfidien tdken 64 botonaRae feasiling tdwie, LHimple! | at e drum
tower fromthe effluent streamhas an initial boiling point of Tess than
about 302F d¢istltipntaNesra final boiling point in excess of about 400F (204C),

such as of t ord lon is
distilled i n@ﬁs‘g Réth@& ﬁ"[ g‘g‘%ﬁh&i/ro %ﬁ%bgfajswgg gdc{é ﬁﬂggvi er
fraction, stthan‘educatkqﬂtagami opdratinghests mgsoniayel withyaembvad @f ftheaptimany t ypi cal |y
has a final L pqi nt of ro apout 350 t oyt 500F 7 to about
2600 . The SREAPRICRN Bt obe RUPLORT GRS dTEER 139 £ CRENG ¢oner
typically haaﬁaﬁﬁnﬁe?'thbas}ahﬁobf irBDvEeH Neall" SRirfier, | SAtiGHAP Wee@DBkat {s149C) and a
final boiling point in excess of about 500F (260C), such as of the order of

about NOT (zmm)ered[ﬁtm:ﬂ)le tar 1wsppmtnb|omf offer ped sekemanehigmoved fiem thet hod of t he
DU Lon: | ok By BRUHIET | ToBBRHE ek duh BRI RS g o 11

| ower ol efl can [ Cien con out
under goi ng amphﬁﬁngomlmosﬂebom t]Idﬂtpﬁocb&se lliilmm)ﬁydl'bcdrliml investotyl 3n obvi at es

the need for a [ ctionator, the nost, ex i ve co onent of the
heat rermvalgrgﬁﬁ& ﬂ%ﬁﬁ% BHVBHP RS BYIPS; Aty Frifing 'F’g f‘i”rﬂmﬁn‘i’ PTUAT Y, resul t,
the pyrol ysigadgagsbd 'ﬁ%yJ %ﬂ&tﬁlﬂﬁba‘f‘&ﬂa%ﬂ&ﬁaﬂ%&‘iﬁlsh@ﬁﬁhﬁf C HERey SRl than WOU' d

not have been present 1f the entire gaseous effluent had ~ been passed
t hrough a prichewiyg tatescandossseciated Haxieg by thetaverteothe aedling watsponpews WO

as ot t ﬁﬁé3ff?ﬁ{ﬁe%ﬁ%’%‘%%%%%?Of%w%%fEﬁdﬁ%@%ﬂ?ﬁw&?&@%ﬂ%‘&%ﬁ?td' on taken

to use a water quench tower and associated large pumparounds. Moreover, the

use of the quench oil knock-out drum by the present invention removes portions
of materials such as gas oils which result from steam cracking heavier than
naphtha feeds, which are otherwise present in amounts that interfere with effective
operation of the distillate drum in separating oil from water.

[0055] In one embodiment of the invention, the low level heat removed from
the gas effluent in the cracked gas cooler(s) is used to heat deaerator feed water.
Typically, demineralized water and steam condensate are heated to about 260°F
(127°C) using low pressure steam in a deaerator where air is stripped out. To
achieve effective stripping, the maximum temperature of the water entering the
deaerator is generally limited to about 11°C to about 28°C (20° to 50°F) below the
deaerator temperature, depending on the design of the deaerator system. This
allows water to be heated to about 210° to about 240°F (99° to 116°C) using
indirect heat exchange with the cooling cracked gas stream. Cooling water
exchangers could be used as needed to supplement cooling of the cracked gas
stream. By way of example, in one commercial olefins plant, about 367,200 kg/hr
(816 kib/hr) of demineralized water at about 29°C (84°F) and about 339,600 kg/hr
(849 klb/hr) of steam condensate at about 75°C (167°F) are currently heated to
about 131°C (267°F) using about 108,900 kg/hr (242 klb/hr) of low pressure steam.



[ 0054] The nethod of the invention achi eves several advantages in addition
to the reduced capital and operating costs associated wth renpoval of the
primary fractionator. The use of at |east one primary transfer |ine heat
exchanger nmaxim zes the value of recovered heat. Further, additional useful
heat is rWQaMEPWA2fter the tar is separated out. Tar PERYSHEKEHTe renpved
fromthe process as early as possible in a dedicated vessel, mnimzing
fouling and sinplifying coke renoval fromthe process. Liquid hydrocarbon
inventory is greatly reduced and purpldr-ound punps are elimnated. Fouling
of primary fractionator trays and punparound exchangers is elim nated.

Saf ety val veThdse!streath$1@oulaiRendally 86 JRatedtedbbutag4orm (116°Chasiay et of a
cooling water or power failure may be reduced. The use of indirect partial

condensers efoPRerrsk foam crokerbeas. This wewld sedigs the deaeralon steamarduimmerissoci at ed
| ar ge p””par%‘lﬁ?ut%%ﬁ thB@oou{‘%Zw @H@ﬁﬂﬁf%% k%/i:ré,ﬁﬂ?ﬁ%ﬁﬁﬂés drum by

t he present Tnvention Fenoves portio f materrals su as gas oils which
result from of sbant 88,20kkgr (196 \kitéhr) fitow preagpine btaarh cadswonlihireducatte ot her wi se

t i ts that i.nterf i t] ti f th
B Stil ato gt fowss Buwibibgusio bV (i MBIES [ Gosel ™1 i one enbod: ment of
the inventiomosgine TRYidvekSin WRPSow SER\RS pdrtiaiirl} BecHBS With héfrehice N t e

cracked gas cool'er(s) is used to heat deaerator feed water. Typically,
demi ner al i zel@ thmexamplgssheve trfhe enedwpanying drewingeat ed to about 260F (1270

usi ng | ow pr re | a alr | '%ﬁg- t. To
achi eve eff e@t%?\’je s?relfegl@éh%ﬁgﬁg %@%"n‘#@g‘ﬁrtﬁ“é‘%’{?}i Ze %‘#ﬁl{she vvté ™ enteri ng
t he deaer atlydrocartpafesdal 00ycolripaising Hedvy gaboil tnd diation stdamt 0228 fed(ta@ t o 50F)

oystem Thi SO Pkng SRR L4 s Seattoct b ot g SB0 B (00 o
L16Q) UsiNg ddcBiipbdifiin GRS f221 56 3RERccbvbr hbRaROkERR: 1HARIEg agoks 1 eam

Cool i ng water exchangers coul d be used as needed suppl ement cool i ng of

the cracked #aSz»Catol Bhevinyoliis erecass i thenstormn waking eeaglor Gllsef i ns pl ant,
and about ' 395oR06® bt At i rkguRl gL U2 O densat o at “about 75C )
(167F) are cjposgint | Gabeoas @yrdlyis effloeit 105 &6ting GHE steadi ergckibp dirnddd8, 900 kg/ hr
(242 KIBINT) Rl Pdet SBiongh of Jcast one primary frandtor ie heet examnger T08° '

which cools the effluent from an inlet temperature ranging from about 1300° to

about 1700°F (704° to 927°C), say, from about (1400° to 1600°F), (760°C to

871°C) e.g., about 1500°F (816°C), to an outlet temperature ranging from about

600° to about 1300°F (316° to about 704°C), say, from about 700° to about 1200°F

(371° to 649°C), e.g., about 1100°F (593°C). The primary heat exchanger 108

comprises & steam iniet 110 for introducing preheated boiler feed water having a

temperature ranging from about 260° to about 600°F (127° to 316°C), say, from

about 350°F to about 550°F (177° to 288°C), e.g., about 400°F (204°C). Super

high pressure steam is taken from steam outlet 112 and has a temperature ranging

from about 530° to about 670°F (277° to 354°C), say, from about 567° to about

628°F (297° to 331°C), e.g., about 600°F (about 316°C), and a pressure ranging

from about 6310 to about 17340 kPa (200 to 2500 psig), say, from about 8380 to

about 13200 kPa (1200 to 1900 psig). On leaving the primary heat exchanger 108

the cooled gaseous effluent 114 is still at a temperature above the hydrocarbon

dew point (the temperature at which the first drop of liquid condenses) of the

effluent. Above the hydrocarbon dew point, the fouling tendency is relatively low,



-15 These streans coula potentially be heated to about 240F (116C) using
heat recovered fromcracked gas. This would reduce the deaerator steam
requi renent from about 108,900 kg/ hr to about 20,700 (242 klb/hr to 46

kKl b/ hr), f avings of about 88,200 kg/hr (196 klb/hr) of |ow pressure
st eam and‘%ﬁ@@"t}%ﬁuce the cooling tower duty by aboJF’%@W’P%@PIVBTU/ hr)
[ 0056] The invention will now be nore particularly described with reference
to the exanpl es shown in the acconpanyi hg drawi ngs. [0057] Referring to FIG
1, in the method of an exanple of the ¥nvention, a hydrocarbon feed 100
conprising heavy gas oil and dilution steam 102 is fed to a steam cracking
reactor 104 idevapod paashiviting & deneralleprst severd) @ad ébrd is nodiqaid prisennthht
deconpositiow({) the feed to produce | ower nol ecul ar wei ght hydrocarbons,
such as C2- ¢8uss foulingrhe Hyrol ysis process in the steam cracking react or
al so produc one Eptith 8. Q@@ﬁ] GRagoHy pyrolysis
ef fl uent 106323?]“ nétﬁ?maeagi?ggﬁm crac ?ﬁg%ﬁﬁgﬂ% 1%‘Fetla §/ passe? t hr ough at
| east one priswaolgd to atsdperatiderbetween abat §02igea00I0 @60Mand Bbaibd16°Ch),he ef f | uent

froman inlel tenperature_ranging fro out 1300 to bout 1700F (704 to
927C), say, &H&EB‘G °t‘t1§¢ﬂ%1‘"t633§’6boﬁiﬁ%€%5tf¥dn %?f@?ue@t gendenssg, ;.  1500F
(8160, to St 1%1&@1? Is8anh " R iond Qo We 1300F (316
t o about 702%01 sa@%’ romqg@)dju?ﬁ%g tgg about 1%%8@10?%710%% 2%80) e.g.,
about 1100F ¥ch#3€) by Teangoef aemmyeritionsl vestariquerpbrthroogh line ke andéw an odlt eam i nl et
110 for introdu%ng%r?%at ed boiler feed water having a tenperature

rangi ng f r onfHBEUY= 285 about 600F (127 to 316C), say, from about 350F to

about 550F (o0}t 0 ASiRfPoolingdhe gaabuny efittRAto (oF Glihily bSlive the thhgatifeesSUr €
steamis taken fromsteamoutlef 112 and, has a tenperature raingib from

\ na, ngi ng
about 530 t odtapich thetacqndenses, dheymixed liquid andrvapes efflyent ispassedoinitelyt  628F

(297 10_331Chast 808 tar 13ROUbHARAE 128008 sorEA imtdB dar’an' BB WaltiduopR! N9 1 OM
about 6310 to about 17340 kPa (900 to 2500 psig), say, from about 8380 to

about 13200 teRavéd a0®tiom &@IcOgasenug)iaction 12d4akenags oherhead. kheytartiawck-exchanger
108 the coo] seous effl.uent 1 is.stil, at e rat ure _above the
ryar oonr bon SHSRRSEREE p Simts Bin pAE gD inkirhath o Bigh SHRIGEY BB T (or

condenses) owith iifiprovements known to those of skill in the art for improving separation of

liquid and vapor, e.g., one or more tangential inlet nozzles and internal baffles.
Thereafter, the gasecus fraction passes through one or more cracked gas coolers
126 and 128, where the fraction is cooled to a temperature of about 200°F to about
450°F (93°C to 232°C), such as about 300°F (149°C) by indirect heat {ransfer.
Preferably the fraction is cooled to a temperature slightly above the dew point of
water, with the heat recovered to a useful purpose such as preheating boiler feed
water, raising medium pressure steam and/or preheating heavy feed. The cooled
effluent, containing liquid components in the gas oil and heavy naphtha boiling
range, e.g., condensed pyrolysis gasoline, steam cracked gas oil, at least part of
which can be directed to a quench oil knock-out drum 130 which separates the
effluent into quench oil taken as bottoms 118 (which can be used as quench
upstream of the knock-out drum 120) and gaseous effluent 132 containing water
vapor, C; to C4 olefins and higher boiling hydrocarbons.

[0061]  The gaseous effluent 132 is directed to condensers 134 and 136 which
utilize water as a cooling medium introduced via line 138 at a temperature of
about 80°F (27°C) which exits the downstream condenser at a temperature of
about 100°F (38°C) as heated stream 140 which is introduced to the upstream



ef fl uent. Above the hydrocarbon dew point, the fouling tendency is
relatively I ow, WO 2007/008423 PCT/ US2006/ 025207 -16 i.e., vapor phase
fouling is generally not severe, and there is no liquid present that could
cause foulin .H‘{)OOSQ] After leaving the primary heat exchanger 108, the
ef f | uent ﬂ?g%? 4% " is cooled to a tenperature bet meHC5W5ﬁ’96’%’(§a’7to 600F
(260 and about 316C), for exanple about 550F (288C), such that the tar in
the effluent condenses, producing a mxed |iquid and vapor stream This
addi ti onal cooling may be achieved bylTreans of a conventional water quench
t hrough |ine 116 and/or an oil quench via |line 118. [0060] After cooling

t he gaseous edridensenfromowhich lis ¢akeh ys hestegstichm 143 rab artemnperatureatf abbiitch t he tar

condenses, the.m xeddiquid and vapor effluent.is sed into | east one
tar knock-ou?fod}g]ui%gl% aﬁdqg%ﬁglf@/ff‘ d oSHEap, Js fﬁgﬁeaoﬁ?enﬁraﬁl 5pt 122
removed as bghipeAa#dndst SPHE Siedmlis adnldemiBd, edd piRdiRls @SolMeqs biilldnsede tar
knock- out drum can be a sinple drumwith fewinternals, or, hi gh

pl e ML . a ng
ef ficiency s&hmpenieststreaint 144 igdirestedriordissillateodmmm; 146 whereinghe eidensaten t he art
for inprovin kAL i f | GUI I; o I e tangenti al
inlet nozzl egepglﬁ%gi n{’é‘?ﬁ’g‘fbc%rg#%&n gr‘@% tlgéﬁefatgﬁetmgggé@{%r{?p’a% i on passes
t hrough one aqueowy factivmdB2,dwlgels canisd fed $0 a kadr water stdfper ihwocesshtya(nbtr action i s
cooled to a te rat.ure of abou 00F to out, ,450F (93C.to,.232C), such as
about 300F ( » B\ % BATEPHS PVEE %f'gi g‘?"‘é‘ﬂ%flga’. w. e‘faér%? difrstly fo & i on i s

cool ed 10 a FeRHRAY BiiH a8 isSkiothalth YoBATRAh rehoV¥oP Bdling @hd c¥itleRiing ¥6 t h t he

heat recovered to a useful purpose such as preheating boiler feed water,

rai si ng nedi thmGrGselofing iotthe Meeticn 1. dndhe talinggtorern 150, the bydraeasbazool ed
boi 11 g angecton 13812 S HRENRRb Gl Badgfe HARNCR 5o BRARANIEDL TS, |
at | east par & findl boilingGoint aangiy fiorm abdut d00VloaboutetSOPF (20U toZB2REParid dr um 130
San be used &SSHMEREK 3880 HsiiTbfSS HECRIS BRvink t BEIEBGPIR R cos
ef fluent 13256aniRLN500 1WRIEI0F (260 to abdut! 538e¢). 0118k tAfin@ 6wl &ieils boi | i ng
hydr ocarbons. [0061] The gaseous effluent 132 1s directed to condensers 134
and 136 whi clhiquids as is normally done in a primary fractionator, but in 2 much smaller tower.

The pyrolysis gasoline stream thus produced can be suitable for feeding a

hydrofiner whilst the bottoms steamn cracked gas oil is typically suited for use as a

solvent, quench liquid, tar biendstock, or fuel blendstock.

[0062] The present invention requires less hardware than a conventional

primary fractionator, thereby reducing costs. The primary fractionator is replaced

with two knock-out drums and a much smaller fractionation tower. Oil and

quench pumparounds associated with a primary fractionator are also eliminated,

including their large pumps and drivers along with their associated power

requirements. Heat exchangers used in the present invention are substantially

comparable in size and load to those employed with a primary fractionator. The

present invention dispenses with the additional temperature approach required

where a primary fractionator is used. With a primary fractionator, heat removed

from the furnace effluent must be exchanged twice, first from the effluent to the

pumparound liquid and then from the pumparound liquid to an external service.

This requires investment in two heat exchange systems and makes it difficult to

recover the heat efficiently because there are two temperature approaches.

Pumparounds require large pumps and large heat exchangers to be able to recover

the heat at as high a temperature as possible. Therefore, the present invention



utilize water as a cooling nediumintroduced via |ine 138 at a tenperature
of about 80F (27C) which exits the downstream condenser at a tenperature of
about 100F (38C) as heated stream 140 which is introduced to the upstream WO
2007/ 008423 PCTI US2006/ 025207 -17 condenser fromwhich it is taken as

heat ed st MAAPR0T89842% a tenperature of about 120F (49CPCTURN§ESEndensers,
the streamis cooled to near anbient tenperature, nost of the steamis
condensed, and pyrolysis gasoline is condensed. The cooled stream 144 is
directed to distillate drum 146 wherei+ he condensate separates into a
hydr ocarbon fraction 148, which is fed to a tailing tower 150, an aqueous
fraction 152Zperinfts edtoeai obReat gich Highed temperatual thus Biprovineenekdy efficiemsary ( not
shown) , andéﬁ %ggeous overhead fractjion 154, which can be fed directly to a
recovery tr al Rl Masmpeh g 00 Eaye KHRIKINE, arg eguired RHBe Beat recgyery 43Il ¢fg and
condensi ng 7 el A AGEd In the tailing tower
150, the hyg%ggggﬁgﬁamgéggkﬁ%ﬁﬁﬁﬁgyF&Bfré%??%ﬁg?g%ﬁéﬁ%o a pyrolysis gasoline
fracti on 156[0063Jpi cA¥hile thavinveptiom hias be¢n desctiberdy irp comtectiem yithgeeftaiom about 400

to about 450F (204 t 32C) a a steam cracked gas. @il _fractjon 158,
typical I y hal?/‘iﬂ%&eéeﬂ%ﬂféﬁ% 5P 5 s IR et Y, °‘P85§rﬁ'@%85‘§°‘§6‘6ﬁ“@ 1000F (260
to about 538gprecidied, titi isi N6t tiktemied dtostlintit Sthe | inGietitids &5 thése Npartillary done in a
primary fractionator, but in a nmuch smaller tower. The pyrolysis gasoline

stream t hus @RbRGimens.caPmdhe; sortaasye it &y ipteadadn do scovay Rlloplteraptivesi | st t he

bottons ste -@ﬁhﬁg S aflidatd ' e U : ol vent ,
quench |iqui ,&?ar b é%@é?@%ﬁ?é%ﬁggﬁgﬁﬁbkgn g?%ﬁgv&?%g%gﬁmgﬁeé%ngent

i nventi on r eipvéntion ab defined by dhesappenided olaims onvent i onal  primary fracti onator,
t hereby reducing costs. The primary fractionator is replaced wth two
knock-out druns and a nuch smaller fractionation tower. G| and quench
punparounds associated with a primary fractionator are also elimnated,
including their large punps and drivers along with their associated power
requi renents. Heat exchangers used in the present invention are
substantially conparable in size and |oad to those enployed with a primary
fractionator. The present invention dispenses with the additional

t enperature approach required where a primary fractionator is used. Wth a
primary fractionator, heat renoved




fromthe furnace effluent nust be exchanged twice, first fromthe effl uent
to the punparound liquid and then fromthe punparound liquid to an external
service. This requires investnent in tw heat exchange systens and nmakes it
difficult to recover the heat efficiently because there are two tenperature
approaches. Punparounds require |large punps and | arge heat exchangers to be
able to recover the heat at as high a tenperature as possible. Therefore,
the present invention WO 2007/008423 BCGT/ US2006/ 025207 -18 permits recovery
of heat at a higher tenperature, thus inproving energy efficiency. Finally,
i nasmuch as no trays or packing are required by the heat recovery train of

t he pres&&ﬂ%ﬁenti on, susceptibility to fouling is greatly reduced. [00631
Wil e the invention has been described in connection with certain preferred
enbodi ments so that aspects thereof nay be nore fully understood and

appr eci atled, iAt methoddbr iradtengdgededus dffludnt fiohe a ihydmcanbon pycolydie sait,phet i cul ar
enbodi nents. On, the contrary, it is intended to cover all alternatives,

modi i cati ons MEHYIEGUPYSINENt s as may be included within the scope of the

i nventi on as_dsf i nagiY BdigusaRRMIRA Bl BT o chPorsBhdbonitn u, Mpibed f Or

treati ng gaseous effl uént om a hydrocarbon pyrolysis unit, the method
conprising: (a) coby reagtianamapgsensisuantsidftleadfiluognt|condensesy a t enperature at

which tar, forqed by. reacti.on anong ¢ ti.tuents of the effluent,
condenses: (b{? pasgﬁsg‘é‘gtt %Wﬁ‘?@eﬁ“ﬁ%‘geﬂﬁgﬁ%%e &0l g'og’f {‘}%Z t qngbnaétep (a)
through at |east RA& dndfharkieEko@Urudl! Whtre WREESdERRd ¢RNEpNaRS flbArtheepar at es
fromthe gaseous effluent; (c) cooling the gaseous effluent fromstep (b)

to condense a |i quiateeystefiieant; quench oil; (d) passing the mixed gaseous and
2009 v TR, kel G i 3R] ERRAMTE DR O
quench oil;
(d)  passing the mixed gaseous and liquid effluent from step (c) through at
least one quench knock-out drum, where the condensed quench oil
separates from the gaseous effluent;
(e) cooling the gaseous effluent from step (d) to condense a liquid effluent
comprising pyrolysis gasoline and water condensed from steam;
(f) passing the mixed gaseous and liquid effluent from step (e) to a distillate
drum, where the cooled gaseous effluent, liquid pyrolysis gasoline and
liquid water are at least partially separated from each other to form a
gaseous effluent stream which is directed to a recovery train, a liquid
pyrolysis gasoline rich stream and a liquid water rich stream; and
(g) passing the liquid pyrolysis gasoline rich stream to a tailing tower which
produces an overhead stream rich in pyrolysis gasoline and a bottoms
stream rich in gas oil; and further,
wherein the gaseous effluent from the hydrocarbon pyrolysis unit is cooled

without a primary fractionator,

2. The method of claim 1, wherein the gaseous effluent is cooled in step (a) to a
temperature of less than about 700°F (371°C), cooled in step (c) to a temperature
of less than about 500°F (260°C), and cooled in step (e) to a temperature of less
than about 200°F (93°C).



(e) cooling the gaseous effluent fromstep (d) to condense a liquid effluent
conprising pyrolysis gasoline and water condensed from steam (f) passing
the m xed gaseous and liquid effluent fromstep (e) to a distillate drum
where the cool ed gaseous effluent, liquid pyrolysis gasoline and |iquid
water are at |east partially separated fromeach other to forma gaseous
effluent streamwhich is directed to a recovery train, a liquid pyrolysis
gasoline rich streamand a |iquid wat#r- rich stream and (g) passing the
liquid pyrolysis gasoline rich streamto a tailing tower which produces an
overhead streamrich in ﬁyrolysis, asoline and a bottons streamrich in gas

oi | ; and 3f ur t Hbs method oéplaim A cWheia darseasequs gEinent is spoled i $ePfabOA bon
| ysi i § g ' f i 422 thod of
pyrotysis uni Emﬁﬁﬁ@@é@%én%fg&ggﬁm%@fmﬂ%&t 65@@(‘%9@%@(4%;%% g&gedm od o

claim1l1, wherel uent is cooled’i
t enper at ur e ofin dtgeE) tdratempbmtre Qg (Rl oyt 205F eslabout 45655 ((Z]°Ctto a

t enperat ure Jess than about 500F (2600, and cooled ip step (e) to a

t enper at ur e o%‘f gs’sandtcﬂglﬁdélbﬂfﬁ (gfﬂﬁﬁe S(@)ure ragging 3rommy: “ﬁg‘? ﬁ:dﬂ aB‘%“th aim1,
wherein the 9ag®eyso®sfolgren), is cooled in step (a) to a tenperature ranging
from about 400F to about 650F (204C to 343C); cooled in step (c) to a
tenperature rangi ng from about 200F to about 450F (121C to 204C); and

cool ed i @. st efth¢ method ofi clanm ewhdrein ¢he gasepus gfffueonis abaled insddp aptoabout  180F

10C to 82C). 4. The nethod, of claim1, erei S effluent is
ool ed in s%e&nzpsywrsr%{ls}rtgeﬁm:aﬁcwgb i’éﬂva?% 695"%@3%%5&06333?@: eeflshout 600F
(232C to 316Qy; f[%gategxgz%ﬁﬁé)gaﬁgﬂmgtffbnﬁaﬂoﬁf@ﬁﬁﬂté‘ét@oui tawmgzlﬁqu about  250F

to about 400F (121 ; cooled in step (e) to a tenperature
rangi ng from 2045G); Sdrotled absen () kBOEMPRAATI¢ tingAZ Gom shouTh Frteabad of claim

1, wherein sailgq‘,%?/(ggcj;etl%ﬂ&z;@gam rich in pyrolysis gasoline has an initial

boi l'i ng poi nt out 300F (149C) and a final boiling point in
excess of about 500F (260C). 6. The nethod of claimb5, wherein said overhead

stream risch i ThPieflod D lafif'$ OWhdl€in said overhead stream rich in pyrolysis gasoline
has an initial boiling point of less than about 300°F (149°C) and a final boiling
point in excess of about 500°F (260°C).

6. The method of claim 5, wherein said overhead stream rich in pyrolysis gasoline
has a final boiling point ranging from about 500° to about 1000°F (260° to
538°C).

7. The method of claim 1, wherein step (a) includes passing the effluent through an
indirect primary heat exchanger which provides steam having a temperature of at
least about 500°F (260°C) and pressure greater than about 3550 kPa (500 psig).

8. The method of claim 7, wherein step (a) includes passing the effluent through a
primary heat exchanger which provides steam having a temperature ranging from
about 500°F to 650°F (260°C to 343°C) and pressure ranging from about 4240 to
about 17340 kPa (600 to 2500 psig).

9. The method of claim 7, wherein step (a) includes passing the effluent from the

primary heat exchanger to a secondary heat exchanger.



has a final boiling point ranging fromabout 500 to about 1000F (260 to
538C). 7. The nethod of claim 1, wherein step (a) includes passing the

ef fluent through an indirect primary heat exchanger which provi des steam
having a tenperature of at |east about 500F (260C) and pressure greater

t han about 3550 kPa (500 prig). 8. The nethod of claim?7, wherein step (a)
i ncl udes passing the effluent through a primry heat exchanger which

provi des steam having a tenperature f2hging from about 500F to 650F (260C
to 343C) and pressure ranging from about 4240 to about 17340 kPa (600 to
2500 psig). 9. The nmethod of claim7, wherein st (a) includes passing the
ef f | uent H0r omThhemehod nef Flamwas, evhﬁrﬁamgﬁéftp @ i an@m}ﬂlme&tanenuﬁfanger
-21- 10. The t hod of. cl a er ein e udes ta |n| ng an
outl et tenperat eé&F%rﬁ)%%f‘il W?’PF%?}%&%@ f@ﬂg%&de‘g%{? Ofﬁsgetﬁg W'oi nt of
its effluent. 11. The nethod of claim 1, wherein step (a) is effected by
direct quanch Tak rhéthod GRTEMMS], e\fvﬁéreiﬂrut?/v(at)hs affettediby din@beeschr eRthe 12. The
nmet hod of claim 11, wherein said_|iquij uench streamis selected from water
and oil. 13. BH@O%?fﬂéﬁltd*f“hcﬂléﬁW&@me n said |iquid quench stream
corrpri ses condensed quench oil fromstep (d). 14. The nethod of claim 8,

quenc 1 igor o 10 PR Ara Rl 4t Sheih FRR St DA RIR M famyiR T

exchanger. 15.andbg net hod of claim 14, wherein said quench I|qU| dis

selected fromwater and oil. 16. The nethod of cI ai m 15, wherein said
quench liquid_is condensedmgllrjench oil . from ste‘[l) 17. . The net hqd of
claim 1, Mner dins mathad ofefaim i wlerejniaid krdd geens ﬁﬁeﬂﬁhF‘Vnﬁfﬁés Fongiensed

pyrol ysis gas 1 ffdn mto said tailing tower. 18. The nethod of
claim1l, \Aherglh%\ﬂl?hé cooﬁ&égﬁstep (c) is effected by indirect contact heat

exchange.
14.  The method of claim 8, wherein step (a) comprises directly contacting the gaseous

effluent with a quench liquid after passage of the effluent through said primary

heat exchanger.

15.  The method of claim 14, wherein said quench liquid is selected from water and

oil.

16.  The method of claim 15, wherein said quench liquid is condensed quench oil from

step (d).

17.  The method of claim 1, wherein step {g) further includes passing only the liquid

pyrolysis gasoline rich stream to said tailing tower.

18.  The method of claim 1, wherein the cooling step (c) is effected by indirect contact

heat exchange.
19.  The method of claim 1, wherein the cooling step (c) includes a water quench step.

20.  The method of claim 1, wherein the gaseous effluent of step (a) is derived from

pyrolysis of a feed heavier than naphtha.

21. A method for treating gaseous effluent from a hydrocarbon pyrolysis unit, the

method comprising:



19. The method of claim1l, wherein the cooling step (c) includes a water
quench step. 20. The nethod of claim 1, wherein the gaseous effluent of
step (a) is derived from pyrolysis of a feed heavier than naphtha. 21. A
met hod for treating gaseous effluent froma hydrocarbon pyrolysis unit, the
met hod conprising: -22- (a) passing the gaseous effluent derived from
pyrolysis of a feed heavier than naphtha through at | east one primry heat
exchanger, thereby cooling the gaseopxs-effluent; (b) passing a m xed
gaseous and liquid effluent fromstep (a) through at | east one knock-out
drum where tar, formed by reaction anong constituents of the effluent is
condensed and (sepapassaw the gaseoseeifluent dersvedffidny epo]ys{sof acfeed heayier lmngaseous

effluent from step to condense a |iguid,eff|uent uench oj.l: .(d)
passing the. m xed GaB BrGiRl  Fe: Sheaprtiasg hestendliarre T toRIBEER

| east one quench k?@gélgug)aﬂu@l{tum where the condensed quench oil separates
fromthe gaseous effl uent; (e} cooling the &fuseous effluent fromstep (d) to

condense a |idoi d @assingenmixed gagaons prbligpyd eftlpentsirem stepi(akethsough whlcast

condensed from stea f sing .t he mxed gaseoys and |iquid effluent from
step (e) to a di Stiofr{% ﬁ%&'%?aﬁﬁm’mfeetaf’ﬁé"%eg%yerga%eggmggég?ﬁtﬁﬁe S,Ofgyr ol ysis
gasol i ne and wat er gy &fluéit id @adéns@bdrd sepdrites ORI Sdedisef@agh other to form
a gaseous effluent streamwhich is directed to a recovery train, a liquid

pyrol ysi s gasd®)i necoelinghthe igagesns sHtnent fromuster (Ratte condeape atliguidheflluent ()
passing the liquid gé(l{cﬁloylsi s gasoline rich streamto a tailing tower which
produces ar over heda“Stream rich in pyrol ysis gasoline and a bottons stream
rich in gas oid) apessingrthbanixedvgeseeun akd)dqeid sffhuesit dfoint wept(cy toonghhst

hydr ocarbon pyrolysis unit i ooled without, a primary fractionatqr. 22. A
hydr ocar bon cr acki s‘aﬁb‘ér%’?ﬁi‘ PREFOU | drym, (lyerg tF‘%a‘@P grse rq‘-‘ﬁv‘g’ol" zing a

hydrocarbon feedst QglgrarddYoorh RGa@loul 8TuesL: 2N

(e) cooling the gaseous effluent from step (d) to condense a liquid effluent
comprising pyrolysis gasoline and water condensed from steam;

® passing the mixed gaseous and liquid effluent from step (¢) to a distillate
drum, where the cooled gaseous effluent, pyrolysis gasoline and water are
at least partially separated from each other to form a gaseous effluent
stream which is directed to a recovery train, a liquid pyrolysis gasoline
rich stream and a liquid water rich stream; and

(g)  passing the liquid pyrolysis gasoline rich stream to a tailing tower which
produces ar overhead stream rich in pyrolysis gasoline and a bottoms
stream rich in gas oil;
and further, wherein the gaseous effluent from the hydrocarbon pyrolysis

unit is cooled without a primary fractionator.

22, Ahydrocarbon cracking apparatus comprising;
(a) a reactor for pyrolyzing a hydrocarbon feedstock, the reactor having an
outlet through which gaseous pyrolysis effluent can exit the reactor;
(b)  at least one of i) a transfer line heat exchanger connected to the reactor
outlet and ii) a line for introducing quench oil downstream of the reactor

outlet, for cooling the gaseous pyrolysis effluent;



outl et through which gaseous pyrolysis effluent can exit the reactor; (b) at
| east one of i) a transfer |ine heat exchanger connected to the reactor
outlet and ii) a line for introducing quench oil downstream of the reactor
outlet, for cooling the gaseous pyrolysis effluent; -23- (c) at |east one
tar knock-out drum connected to and downstream of (b) for separating tar
fromthe gaseous effluent; (d) a cooling train connected to and downstream
of the at |east one knock-out drum+<23r- further cooling the gaseous effluent
so as to condense a quench oil fraction; (e) at |east one quench oi
knock-out drumfor receiving a m xed gaseous and liquid effluent from(d),

where the conti@nsedf lgird 98 ta knogkeput drimsconpested topandgdovanstrearaof ((oJefer: () at
| east one condensege Eﬁﬁn%&?'ﬁjoﬂﬁr&ggsegﬁsc? t.effl uent from(e) to condense a
roly

liquid effluent COfT]gI‘I sing py I's gasoli e and water condensed from
steam (g) a @)sti 4 edlmgdraimtdnnectedtvedndidognsireaatofirhe aplesst anel khookeoutl ef f | uent
from(f), where the cgoled gaseous effluent, pyrolysis gasoline and water
are at | east partii‘&mg’r 5PUinerthe grseauseipent so@g tq genfense g ef fl uent
stream a liquid gygalisi s gasoline rich streamand a liquid water rich
stream (h) a recovery train which recovers light olefins fromthe gaseous
effluent frofe)(g)atleastiofs queach ail kiory-duv e fayreqeedrg ¥ mmxed gascdus qud d

preolysts sesel) neugieutLh Rty Bler 1 hoBLRl ighach BYGRlEREAEL oo
further, said hydrgeaaens éflaglti Ng apparatus being w thout a primry
fractionator. 23. The apparatus of claim 22, wherein said tailing tower
recei ves onl y{f)i quitdleagedne coudenginefonmealing uke @hseohsnieiiluent fogm di) fteir t her
E:g)rrp ;i,lze? C? _ line fg({ndiar?ster g 1(:(1:uii<§‘I gefﬂﬁj(:erl?cc%mp(?‘f-singf lr))(f)r%qyss%i Cgias%ﬂrelg Ca?ldd{vg{gr bet ween
condensed from steam,;
(g) a distillate drum for receiving mixed gaseous and liquid effluent from (f),
where the cooled gaseous effluent, pyrolysis gasoline and water are at
least partially separated from each other to form a gaseous effluent stream,
a liquid pyrolysis gasoline rich stream and a liquid water rich stream;
(h) a recovery train which recovers light olefins from the gaseous effluent
from (g); and
1 a tailing tower for receiving the liquid pyrolysis gasoline rich stream of (g)
which provides an overhead stream rich in pyrolysis gasoline and a
bottoms stream rich in gas oil;

and further, said hydrocarbon cracking apparatus being without a primary

fractionator.
23.  The apparatus of claim 22, wherein said tailing tower receives only liquid feed.

24.  The apparatus of claim 22, which further comprises a line for introducing quench

oil from said quench drum between (b) and (c).



