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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.

BACKGROUND OF 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
decompositioh 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, afier the pyrolysis effluent leaves the steam
cracking furnace can be minimized by rapidly reducing the temperature of the



ef fl uent oTysisunit " to a | evel at which the tar-formng
reactions are greatly slowed. [0005] One technique used to cool pyrolysis
unit effluent and renove the resulting heavy oils and tars enpl oys heat
exchangers fWPRHHWy a water quench tower in which ?W%B‘ﬁgfg‘ﬁ%‘iybl es are
removed. This technique has proven effective when cracking |ight gases,
primarily ethane, propane and butane, because crackers that process |ight
feeds, collectively referred to as gas crackers, produce relatively small
quantities of tar. As a result, heat e%changers can efficiently recover
most of the val uable heat without fouling and the relatively small anmount
of tar can be cEiguirexiting tHerpgrelysisamiida elevejuewbish diedatiorming teacionpare f
difficulty. [%Qé?’ﬁ’]ﬂgmé technique is, however, not satisfactory for use with
st eam cr acker at crack naphthas and heavi er feedstocks, collectively
referred to ad000Sfui @ne cechuiker ssed 30 voel pyrojysisl uoit affleerisang enmoat ke much | ar ger

quantities of tar.than ) rackers. at, exch ers can.be used to-renove
sone of the heré u{ﬁﬁﬁgfzﬁwg@ﬁ“ﬁ“ﬁ%@éﬁ%@aﬁe&ﬁﬁﬂm%w @ ﬂ%ﬁ%ﬁ’ytaowﬁtﬂélu% erature at
whi ch tar begitosert in whiokl @lns eondeidiilaart hiemotedp Ghist tecimique day gidveanal heat
exchangers cannot,. be used heca t hey would foul rapidly fromaccunul ation
and thernal dé CR K ‘E‘ff“g‘fnﬁrﬂéﬁ FHE Yo& P%?nd’é‘?l’g%f’gdd(]?l%@e’l n addition,
when the pyr olissiuse &hdkerd @iak ploc@miphtaeds, doR@UsE1 edferrddIo GegR Rk, some of the

heavy oils and tars produced have,  approxi mate the sane density as water
and can form s"cr%‘g'f’%r@?q‘?w B tar. I’@Er%é‘%;@]tt’, heExanegs “Buant ity of

heavy oils ancfli@éilyReddstarstt bY theiviltbble GeackiRet folRey shdr@eeddivegt er quench
operations ineffective, making it difficult to renove _heat fromthe
condensed wat eﬁmaﬁr?&mﬂ%t ‘Eﬁtérp%g’eoﬂ’%%&%ggmq@%ﬁ@ﬁr waesh absl Withesom§eavy oi |l and
tar in an envidigpental |y acceptable manner. [00071 Accordingly, in nost

co rcial liquid crackers, cooling of the effluent fromthe cracking

furnace is norl#886ly oldssteshmigua s, hegeveraiptsadipfacieryforase with steam ¢rackesat

exchangers, a ki GRGYndphiBd bNAaOfr fR20G0dks VBIIREHVERCRRA QWK HRhial Ndi I ect
condenser. For a typical heavier than naphtha feedstock, the transfer line

heat exchangeftackedosinaeHiuigr eckers generetamuch langeruquastities 1of bt s49C (700 to

L200F) (i th driek e TR AL RS0 s A ol bl Sihfe ISt 00k

cracking, but only down to the temperature at which tar begins to condense.

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 efftuent from these
feedstocks is quenched, some of the heavy oils and tars produced have
ai:proxjmately the same density as water and can form stable oil/water emulsions.
Moreover, the larger quantity of heavy oils and tars prodnced by liquid cracking
- would render water quench operations ineffective, making it difficult to remove
( heat 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 firnace 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 371° to about 649°C (700° to 1200°F)
(with the temperature depending on the quality of the feedstock), efficiently



-3 generatimig Super-high pressure steam which can be used el sewhere in the
process. The primary fractionator is normally used to condense and separate

the tar from the lighter liquid fraction, known as pyroll)éms {ga%ollne and
to .recover tMONEMBHYoun to about 93C (200F), and can PEEUPTBU2EPY ¢ ect
guench poi nt where quench oil is added to cool the streamsufficiently to

condense tar present in the stream The water quench tower or indirect
condenser further cools the gas streamexiting the primary fractionator to
about 40C (100F) to condense the bul k "of" the dilution steam present and to
separate pyrolysis gasoline fromthe gaseous olefini¢c product, which is
then sent to ageﬁﬂ'ﬁﬁge%‘%ﬂ“gh%??%?Pﬁé%na’hlchﬁ%"e‘?%%ﬂ?iﬁe@’hﬁémiihﬁgmc"r%nge stream

known as st eantger 83RnAbr is Ailal) dsed$8 ¥ondbhdethd sdpBiGteiRO@L G0 about 177
to about 287C (350 to 550F), is also produced as a sidestream  10008] The

primary fracti®naigher liqwshEeasion, knewn a pyplysis iepsodine, pnd dereegver Bigdieginent t hat
typically incl {fb%%%ou??é%ﬂ@i}ﬁg (g%ﬂoﬁﬂi%e Qgﬁéé‘c H@Jn){h uécf&%ﬂe%rlﬁﬁe tower and

one or nore external nch sec guench
oil is added tdl saddedttheoaifthd stiemh ssﬂimﬂﬂyibcnoa&mwtaﬂﬁébemonahmn‘eaﬁgoc (400 to

550F), thereby.,condensing.tar | mary
fractionator tOwWey eienc, 85 ﬁggg" g?"“idﬁusg%ﬂ’ﬁeéf’%ogsnt}’?gﬁskr W& nder of the
stream heat i premBy &dctionaone out 0 PLOVED LUAbddeaf Bk @flﬂwl ating oil

and a pyroly5|f gasoline fraction is se arate fromheawe terial in one
or nore disti PR HFem BiTet anddo §eﬁgat§,p§m 1S EBTORTRHPmE T £PSCP nd | oops,
oi |, which is ppiniddchmM isftﬁeﬂ%ﬂtﬁ@a%xh{iﬁé'sb{r fScﬁﬁ&xtn@é‘ﬁi RlermdBatCORQd using
i ndi rect heat exchangers hen returned to primary fractionator or

the direct queREs pEspmtknopp e sleaniceacked gag ol bqﬂﬁ-’tgt F%Yn’a’ttblﬂ He8 #5 associ at ed

punpar ounds i SaHdie1 PRt sRPRSBHP t&sls“oa@)n@msobfbdm@amﬂasﬁeaﬁ{ acking system
The primary fractionator tower itself i'S the |argest single piece of :

equi pnent i n t {90y roc@@spﬂanﬁéfélﬂwﬂlbéngVﬂsaﬁo@tVW\EmﬂylefilR}@ef ekt in
di anmeter and 0¥a§ﬁepn?enpﬂﬁpﬁ$ﬁalflfﬁfclupéfs% fﬁuéﬁcﬁ agﬁrﬁﬁ'ary Il GonGof T acker. The

tower is |ar ge cause It'1Is’1n e actionat! two™ m nor corrponent S,
tar and pyr ol y#iwsr gatseriei granorg mxueml p pwnpacamndloaps.| At the qrenalrsectioh, | ow

pressure gas. ; 64[*%8% &H?QE' t;qaglﬁ 45' ke""'aﬁout 6435 sbod ?@ﬁ*(ﬂl@ OVET

mllion Kkilog spe our ulatlngml
in the case of toaSS(D?E}jlﬂhemBy zendenshK €. preleat nexbhamnger S Thnthé peinpuypar ound

circuit are n e%rac onator tgwer the condensed tar is separated from the remainder of the stream,
heat is removed in one or more pumparound zones by circulating oil and a
pyrolysis gasoline fraction is separated from heavier material in one or more
distillation zones. In the onme 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 punzparounds is the most
expensive component in the entire cracking system. The primary fractionator
tower itself is the largest sinéle 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



WO 2007/ 008404 PCT11JS20061024990 -4 |arge because of high flow rates,

cl ose tenperature approaches needed to recover the heat at useful |evels,
and al | owancea foereodsoul i ng. [0010] In addition, the priPCEOP2PEREPP onat or has
a hunber of other limtations and problens. In particular, heat transfer
takes place twice, i.e., fromthe gas to the punparound liquid inside the
tower and then fromthe punparound liquid to the external cooling service.
This effectively requires investment iv#i{wo heat exchange systens, and

i nposes two tenperature approaches (or differentials) on the renoval of
heat, thereby hegdbetangy dithighnfidw edtdsj dose mamperah@dnbloalvioas ecaded (o esmi t e t he
fractionation ﬁlhgt tttak%s%1 | gce ween %h& ﬁ%g and gasoline streans, both
streans often ne&d £'d* 1%?3568% o 0 1) netinmes the tar needs to be
st][i pped to rg[mmq Iim%ﬁemﬁaﬁ&Mﬂa%ﬁﬁm haum&&@fioﬂhalim‘yaﬁoﬁteed t(r)] be
refractionated to et 1ifs en int specification. [0012] Further, the
primary fracti GHHE e%v\]é#pag}?&laggjgat %rtﬂi?ﬂagcea%‘zep{%n%c’r}’#@ 58 i ng. Coke
accunul at es i nisHamPablRAMEATInk@Nthe tovdd Gnd DM Fo@NBe Plisiaroufdy Bti@E | Y -be
removed during plant turnarounds. Theﬁﬁﬁgﬁ)aroun_d | oops are also subject to

fouling, requi fierfftereheimeservicsk elhiy oy BauiresgvesEenl tvockesbini ng of
foul ed heat exemme@ﬁteﬂ? BB inRdsks IR kntpBratube 5;?&a&ﬁé\§$6rtﬂﬁ'&en‘ﬁ91§}3&ﬂ mes subj ect

to fouling, potentia imting plant production. The system al so contains
a significant meﬁmﬁb?fileﬁfmﬁfp%}fﬁﬁ%%m%ﬂieéﬁcwwocar bons, which is not

desirable frogyeaf)y i RIS, dpit)the RiARARGH bt taled PR betwetR Bk Garlaid t her ef ore,
a need for a sinplified net hod for cooling pyrolysis unit effl uent and
removi ng the r &30lns sgarpre hoth stiedms ofiaringed fosbagpeehped Byther Somptiaes theed for a
primary fracti . i ! L re steam
cr ac(ked gas oi ?d??%éag;‘%g%\%%ﬁ@&ﬁ%?&%{ %)d?ﬁ sgﬁ%?éﬂ:“%}%%?hg%&?g%éﬁ@ 0 provide a
sinplified met mead t6 by refracsionatedyto mpeptitslepd pantigpécificefidn. uent , particularly the

ef fluent from te ' are
heavi er than ni@ﬁ%ﬁas. ﬁ%\%&% eeg§ %?%@ﬁ?ﬁgs‘?é%@?? E%éug&g%%h%rﬁh cally
advant ageous t harfouliagp htCrke cacaghiilates, inbthe botiorn heectjpasef the towwanfadbdrmewst f r om poor
energy efficie i Fnves nt _regui t T t invention
optim zes reco&g%ﬁgﬁg’?b{%ggﬁgsde#ungﬁ}ea ehe F%qi;/é Erggﬁ‘?}[‘ aﬁ%mglﬁog%so&g%ﬁg

subject to fouling, requiring removal of coke from filters and periodic cleaning of

fouled heat exchangers. Trays and packing in the tower are sometimes subject to

fouling, potentially limiting plant production. The system also containg a

significant inventory of flammable liquid hydrocarbons, which is not desirable
from an inherent safety standpoint.

[0013]. 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.

[0014]  The present invention seeks to provide a simplified method for treating

pyrolysis umit 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



" heavy feed steam cracking w thout fouling of the cooling equipment. This WO
2007/ 008404 PCT/ US2006/ 024990 -5 invention replaces a primary fractionator

tower and it Yy equi pnent, e.g. punpar ounds, W i r

appar at us caé”@?@l”}e)dfﬂ?outl lizing | ow | evel heat present i#ﬁlﬁkﬁ@@%gﬁam bei ng
processed to distill liquid conponents. [0015] U. S. Patents 4,279,733 and
4,279, 734 propose cracking nmethods using a quencher, indirect heat

exchanger and fractionator to cool effluent, resulting from steam cracking.
[00161 U.S. Patents 4,150,716 and 4, 233,137 propose a heat recovery

apparatus conpri si,n e-cool i 4] e wher e .the effl uent sulting from
steam cracki nfvedo Feéﬂ?gﬁta?qﬁ%yg‘g?ﬂ tRivenang 16 speillary e &‘B@fﬂi‘ﬁ?ﬁg’ oil, a heat

recovery zonepungfifbuidssRitidgitpleR p&ﬁﬂﬁcaﬂhﬂ%ﬂumguovetevalheatpr&@m cracker
Econony Keyed to Quenchi ng ﬁpoqj Journal, Vol. 76 (No. 20), pp.

63-68, (1978), thﬁﬁ%ﬁ'éjéglgﬁr‘lc%edstf’éﬁgnH&‘éﬁ&?ﬁ‘ﬂ?ﬁmﬁ nvol vi ng i ndirect quenching

with a transfeftgjne HeabaiGCAENIBE aﬁd)4 @793?3.13!4% gﬁé&?ackﬁkm&@us‘iﬁgeam al ong
with direct quenching with a quench o uce nmedi um pressure steam

[0018] U.S. Pat amr@hﬂs, wémecgksata@ﬁ@haagesznd zﬁs@mﬁ@terptss@oh effients feagingyuench
process for ef g{g&mgﬁagﬁ%l ng from steam cracking furnace conprising a
primary trans I ne exchanger which functions to rapidly cool furnace
ef fluent and t H)ﬂlijeneUét é’atﬁngh4ﬂé%hir an@@ﬁﬂé’émrw&ﬁe e dedoredeveyy t r ansf er

| i ne exchanger ' : s low a
tenperature as a%{glgggbf&lﬁ%ﬁgnao 08%%%§%&ﬁ$? I Ci gﬁlt% fi r(fggluint‘la]1 %nr%‘%gx?onat or or
quench tower pemtkongrarheeighinito cpntagtawsh atserauraﬁqufmm bigva mae:ﬁm‘rew st eam

[0019] U.S. Patent 7 proposes transfer |ine exchangers having
mul tiple tube %‘gﬂéeghé%mﬁgﬁ%er ént tube dianeters. U S. Patent 4,457, 364

proppses a cl ¢i¥&7lcoupdhedt diy ‘a‘itamecrabken‘écohmayKew_dh«a@gamhhg;”tOjlé[cﬁi@Q_O] “U.S.
PaCeht 3,925, SKAn ORISR gt DALY 0B RERD HRSERT BB 0
t hereaf t er t hr dwghing iftirectcjnetohing rwith OQindfir M@lﬁﬁ/eﬂ:&l&ﬁgbrm piodee high- net hod f or
quenching the %%?s%r%us eag'xfaflonlé%tth direct quenching with a quench oil to produce mediom-
pressure steam.
[0018]  U.S. Patents 5,092,981 and 5,324,486 propose a two-stage quench
process for effluent resulting from steam cracking fixnace comprising a primary
transfer line exchanger which fimctions to rapidly cool fiurnace effluent and to
generate high temperature steam and a secondary transfer line exchanger which
fonctions to cool the furnace effluent to as low a temperature as possible
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 baving
multiple tube passes of different tube diameters. U.S. Patent 4,457,364 proposes a
close-coupled transfer line heat exchanger unit.
[0620) U.S. Patent 3,923,921 proposes a naphtha steam cracking process
comprising passing efﬂuent'ﬂ}rough 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 fransfer h'né
exchangers and then quenching the effluent with liquid water so that the effluent



froma hydrocarbon pyrolysis unit by passing the effluent through transfer

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

t he ef fl uent WA0ZDOAEO08404 PCT/ UB2006/ 024990 -6 i s cEESTEE00@0249% enper at ure
in the range of 105C to 130C, such that heavy oils and tars condense, as
the effluent enters a primary separation vessel. The condensed oils and
tars are separated fromthe gaseous effluent in the primary separation
vessel and the remaining gaseous effludnt is passed to a quench tower where
the tenperature of the effluent is reduced to a |evel at which the effluent
is chenicall yissteltd ®. 2 fe®p@atreHR GROBIROK 196UPmSEO°G, snet thaichehay oilsool i ng a

fluid such as a.cracke [ eac ct b n nsf er exchangers
havi ng two or %%r@msgﬁgﬁg%e ﬁ' exc%HH%inén@%?f¥%£&%’ Hﬁf%]rﬁﬁé Pat ent
5,294, 347 pr opamndansédails dnd tar el @matammﬁme (hse oG qﬂh&-nt ﬁm the @rimatyer quench

col umm cool s gas | eavin [ ractio and |n nan plants, a
primary fracti SREEHR ¥e §%hﬁpqﬁ§3 méﬁﬁ&ﬁﬁ?ﬁéﬁkﬁéﬁ‘?ﬁg colum is
directly from w&hdré ﬂx@ﬁiefnﬁeraltdr@eftﬁé(eﬂlﬁéiﬁwreddc%ﬁfh]levb?aﬂﬁﬂ&rtﬂé)aﬁﬁeﬂIid)poseS

cooling mxed gas.ip h| gh tenperature range with a horizontal heat
exchanger and ‘g’r‘?@?‘f’ ’Eﬂ"’a vertical heat exchanger having its heat exchange

pl anes installmd2zin tEe209L805 fradosétl 4 BEthb® or choli@aDinid SRARSARksoNdensed in
the vertical exchanger is thereafter separated by distillation at

downst r eam r ef 1SA5H98 PEWdEFIDY using drsterrinvossskangers hpymg fseorapye separale 309, 3009
and U.S. Pat enfi exndifithe §&a€,ns4 446, 003; 4,121,908; 4,150, 716; 4,233, 137;
3,923,921; 3,907, 661; and 959, 420; propose various apparatus for
quenching a hot®0&Hackds- 5%%‘56%4 34&?@@9&’?&/\&&%@¥E@%’@%&@1@38t reamis

passﬁd t hrough, q.QH&GRAG: Rk QhlsHEREng 4 ﬁ HiMRG AABRRSb ) thet Gitindnye 00! ant
(quench oil) is |nj ected. [0026] All of"the foregoing U. S. patents and ot her
ref erences arep @mﬁm%@m&méﬂwwdr&@&@p&vé@thﬁwi«?éﬂuenmqlmy SUMVARY

OF THE | NVENTI ;. ;Qﬁ%%% the present invention is directed to
a method for treat aseous ef ?flﬁ‘%t froma hydrocarbon pyrolysis unit,

t he nmet hod confd0R4i ngJP @@{)1-40366 proposes cooling mixed gas in a high temperature

range with a horizontal heat exchanger and then with a vertical heat exchanger

having its heat exchange planes installed in the vertical direction. A heavy
cormmponent condensed in the vertical exchanger is thereafter separated by
distillation at downstream refining steps.
[0025) WO 0056841, GB 1,390,382; GB 1,309,309; and U.S. Patents
4,444,697; 4,446,003; 4,121,908; 4,150,716; 4,233,137; 3,923,921; 3,907,661;
and 3,959,420; propose various apparatus for quenching a hot cracked gaseous
stream wherein the hot gaseous stream is passed through a quench pipe or quench
( 7 tube wherein a liquid coolant (quench oil) is injected.
[0026] All of the foregoing U.S. patents and other references are incorporated

herein by reference in their entirety.

SUMMARY OF THE INVENTION
[0027]  In one aspect, the present invention is directed to a method for treating

gaseous effluent from a hydrocarbon pyrolysis unit, the method comprising: (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



cooling the gaseous effluent at |least to a tenperature at which tar, forned
by reaction anong constituents of the effluent, condenses; (b) passing the
m xed WO 20071008404 PCTI US2006/ 024990 -7 gaseous and |liquid effluent from
step (a) thMUA§H/083404 east one vapor-1liquid separator PCREEIES/E2#80 condensed
tar separates fromthe gaseous effluent; (c) cooling the gaseous effl uent
fromstep (b) to condense a liquid effluent quench oil; (d) passing at

l east a portion of the effluent fromstep (c) through at |east one rectifier
conprising a reflux inlet for i ntrodudi-ng a pyrolysis gasoline fraction; (e)
cooling the gaseous effluent fromstep (d) to condense a |iquid effluent
conprising epscoty sid ligaotiinmt doch ep dr) tongh nat ddast romnvsmce-éiqnid( 1) treating
the m xed gasge u Q partially
separate therasg ar?ég(?rrf gﬂéer ME% l!c'iﬂnsfgrlo# %tegggs%}t?er%%%ogmg#ﬂ&%% Z‘g cogj%%d (g) passing
at | east a padhé gaxaomfefﬂtteﬁt frbrh Giep db)piy rcohdensesa fausd lefflventrquedvhstil @m as ref |l ux

(2) 1o & temAeniiet FogeD Fé@ﬁﬁaﬁhﬁrﬁ%@%@m@ﬁ%f 3 epr PR ciep (o) Lo

a tenperatur &oﬁ;&:nﬁxﬂ@ﬁrdﬂﬁﬁ@let&&dﬁﬁndﬂ @Ekgas%ﬁﬁhﬁ@ﬁblﬁ@e)lcﬂolﬁigep (e) to a
tenperature of |ess than abou (2 %P@ ,hg gaseous effluent is
cooled in st (ggﬂe"'fsoe upnt zﬂeﬁr ) ﬁ?f&g Fﬂia T SemPHSEi8about 316C
(400 to 600F)pyrdt %ﬁhohﬂe She vales Jcoh@ndd f@ADRaL UDHEréARY I the nfix@am about 93 to
about 232C (200 to

50F). and cooled .in ste to a t rrperature rangi ng
f r om about 1@%"(9“%5‘?5%“9%@%% frprg step @yt at lg Pal‘El;Pé( e'@f"?"‘l"i‘uent is

cool ed in st epui@)yrbRsia chMREiaH !;tfeﬁmfﬁﬁlﬂ iix@@t%}@ﬂ& 1%619 ¥ eebout 293C
(480 to 560F)pl o%%rrelgsﬂ r%hs ep. (c) to a t(egr)r%grsature rang?ng 0from about 121

to about 176@%%“?&1%%“3%@%(%@3“@@@@@%) to a tenperature
ranging from gt §dﬁllﬁ%§asé%§§fﬁ%t fs%oélg@ﬁ)step[(gqgglem%hﬁéW' d pyrolysis

ga Ilnerlch streamt i Ca as an initial ng oint of |ess than
about 66C (1519$s)thah@oat 1n€|(7%b?‘)b rerdedpiastp @htoamya@:e Hesstthan1 49C ( 300F) ,

: f I . 4, 350 t
gg%F)a [I()(r)]gO] &Ig{rl\“c}ﬁgcg@(ﬁ@l @%bﬂg%%@ﬁ*g‘@&?% n#éyrrh}é?ﬂg%%% é’ées éasm ng t he

ef fl uent t hr oUYRC 422F Fyrausy thvesaseogmfﬂmgeqr cqiledcin SpOR) Westemperalirehavi ng a
tenmperature. of,dhe hE3SHhoRORMS 12Bdlr 118%° o 38 doRFE IHELnIH AL 4 han about

4240 temperature ranging from about 93° to about 232°C (200° to 450°F), and cooled
in step (&) to a temperature ranging from about 15° to about 93°C (60° to 200°F),
say, the gaseous effiuent is cooled in step (a) to a temperature ranging from about
249° to about 293°C (480° to 560°F), cooled in step (¢) to a temperature ranging
from about 121° to about 176°C (250° to -350°F), and cooled in step (¢) to a
temperature ranging from about 32° to about 88°C (90° to 190°F).

[0029]  The liquid pyrolysis gasoline rich stream typically has an initial boiling
( point of less than about 66°C (150°F) and a final boiling point in excess of about
i 149°C (300°F), say, a final boiling point ranging from about 177° to about 454°C
(350° to 850°F). ( ' ‘
[0030] In one embodiment, step (a) of the method includes passing the
effluent through a primary heat exchanger which provides steam having a
temperature of at least about 254°C (489°F) and pressure greater than about 4240
kPa (600 psig), say, a temperature ranging from about 254° to about 677°C (489°
to 1250°F) and pressure ranging from about 4240 to about 17340 kPa (600 to
2500 psig).



kPa (600 psig), say, a tenperature ranging from about 254 to about 677C (489
to 1250F) and pressure ranging from about 4240 to about 17340 kPa (600 to
2500 psig). WO 2007/ 008404 PCTI U32006/ 024990 -8 [0031] 1n _anot her

embodi ment, Q#7844 of t he nethod i ncl udes passing t HETEHOPREAY from t he
pri mary heat exchanger to a secondary heat exchanger wherein at |east a
substantial portion of the tar is condensed. [0032] In still another

enbodi ment, step (a) of the nmethod includes naintaining an outl et
tenperature for the primary heat-excha%ger above the dew point of its

effluent. [0033] In yet another enbodi nent, step (a) of the nethod is at
| east partial 19031lef f Branoghep pmbpdiment, trpelapf e mathodgadadss pawsing thent with a

i qui d quench g R Hm thd YRIGA ekt extiiRed: oIy beloftp el SEhERE Wirgie! eCted from
wat er and oi I,’3 e.g., the¥’ ialijic‘gl3 e(}:1{uengceh streoam can corrp%%se C(r)ndensed guench

oi | from st epa{ienst 2 fubgiantial portien ofithe tards coadpasddler enbodi ment, step (a)
conprises dir . CANLART biher t e eff i . h I'iquid
after passage%@?h{heﬂgfsgﬁuent q h%ﬁ%gg%é?ﬁg&eppr@ng?%ﬁ\é%%@%‘ﬁc anggr.

Typi cal |y, t henatpieriohani pujlei tbripsratie] focthe grifmgrheaingxehangerchbowi the dev g. , t he

quench liquid S ondensed quench oil fromstep (d). [0035] In
anot her enbodipgrri%ﬂ‘??ésfﬁ%e’(rftécti fier conprises at |east one tray. [0036] In yet
anot her enbodiféids) , hhget anathérrembsdimpnt( tdp (@) off the methbdh dxcat ilenst paftfaligt ed by

i ndirect conta at .exchange. .[.0037] In.still..another enpodi nent, at | east
a portion of tf’&éct g‘??’dg]ﬁeé’gﬂu?nggi’fghe ﬁaﬁ%’ésc%gﬂe“fav?lh%ﬁ%gﬁgﬁgﬁg?a@'separ at or .
[0038] | n yet Tgpieillyethe dighiddjuereh bireatnlie sy sa diodn @hikd andnil, @f., b diguida) i s
derived from Q/rgl%esi s of a naEht ha feed é’gﬂo 391 Ida_ yet still another
enbodi ment , t HBSTSR SEEATRaR POTPRRER EoRPiSe WAL OB e Vet from pyrol ysi s of a
fee{j geavi er t[tm?]f‘ lnammtnayelt bﬂﬁg&g&mbdmrlﬁ@mste@r(amlh@ﬁsmgm?fmﬁ@gﬁg met ho]g, the
cool.ed gaseous, effl uent,, i, gui .0l.ysis gasoline ui d water from
step (e‘§J are 4fegesequse g?IttiV‘fé%a)ﬂ“elgﬁEjgl}lgﬁ%ﬁpgﬁa@ ‘lfir&éeteiﬁ‘feaﬁbgﬂ%%f rom each

ot her to for mpsin@aSRaiscRinkbl eMbicaly! 2 Muedh Tighid i sebicted HofOwiter madr ecovery

train, a liquid pyrolysis gasol Ine rich streamand a
oil, €.8., the quench Iiquid comprises condensed quench oil from step (d).

[0035]  In another embodiment, the rectifier comprises at least one tray.

[0036] In yet another embodiment, the cooling step (c¢) of the method is
effected by indirect contact heat exchange.

[0037] In still another embodiment, at least a portion of the condensed tar is
recycled to the vapor-liquid separator.

[0038]  In yet another embodiment, the gaseous effluent of step (a) is derived
from pyrolysis of a naphtha feed.

[0039] In et still another embodiment, the gaseous effluent of step (a) is

(- derived from pyrolysis of a feed heavier than naphtha.

o [6040}) In another embodiment of this method, the cooled gaseous effluent,
liquid pyrolysis gasoline and liquid water from step (e) are at least partially
separated in a distillate drum from each other to form a gaseous effluent stream
which is directed o a recovery train, a liquid pyrolysis gasoline rich stredm and a
liquid water rich stream.

[0041] In yet another embodiment of this method, the liquid pyrolysis
gasoline rich stream has a lower end point than a corresponding stream made from

a corresponding method excluding step (d).



liquid water rich stream [0041] Tn yet another enbodi ment of this method,
the liquid pyrolysis gasoline rich streamhas a | ower end point than a
correspondin made from a correspondi ng et hod i tep (d).
VO 2007/ 00848"43%9&%@%0061024990 -9 10042] In anot her P?é%f}es%‘ﬁ"";%qrré present
invention relates to a method for treating gaseous effluent froma

hydr ocarbon pyrolysis unit, the nmethod conprising: (a) passing the gaseous

ef fl uent derived from pyrolysis of a fe%d heavi er than naphtha through at
| east one primary heat exchanger t her eby cooling the gaseous effluent and

generating sup sure S b) - passi eous and liquid
ef fl uent from @M{l (a af' %L?gq?cta Ipergﬁé ]%Ffﬁo{}a?}%%tﬂa sfg%é? r, where
tar, formed byaséeefivent m-gry&emﬁdntpymyﬁs afit, theenakdd coatpisihg (a)ondensed and
separates fromthe aseous ent é}ﬁ oolr r}te aseous effluent from
step (b) to cHiftimpt %?‘3‘?‘“]5(‘.? éif‘i’g“ éﬁ%"n"%gff’e‘l B‘a M4 he ni xed
gaseous and ||ﬂ;&>ﬁuf§haﬂfazfs{ W?ﬂlﬁa&f’ﬁ@aﬁé}@ﬂm@@r theRbP lingthe |:8RGiks BMRnt ectifier
conprising distillation nedi sel ected fromtrays, and packing, .and a refl ux

inlet for intrBWACPHENG SPRAF Bish Pregsurgaiensy (Mearsmg TBRC earFree ekcliifensed quench
oi | separat s trqgh e 48590 Brdilh AL onc RporRRkd Baalis, REEQS of 1 uent

fromstep (d) to condense a liquid effluent —conprising pyrol ysi s gasol i ne

and wat er cond&ssedby feanios emang copﬁgmqntseﬁﬁhqﬂjﬂqq;@s copsiseset gnchsraraes | i qui d
effluent from ﬁpthé )éﬁgﬁxs @ﬁ]ugﬁagzgg?hggr ﬁle'@éséﬁﬁé)@ffﬁ&ﬁ &dEsREr®Me @ 1iquid

pyrolysis gasoline ri stream assin | east a por |on of the
| i qui d pyr ol ysrenderss @lianid efftesht mmdaﬁﬁ,aé) pasfing etD@X‘tdmﬁSfrﬂeetaild‘ H@id (0043] In

oLt A Bk ot €5 Bhneh BRI LA cRA A LEmdnRulidiacaLhen  c1acki no

apparatus conpri sing: rea I pyro f eedst ock,
the react or hawlw@dafmmltm?semdtmhug;ranm wefluy inde dosinpydusingsd pyrelffis uent can

eXi L L T eact gforiacin, \ABSLofS-R ndun 1 NoAL.EXSNANISL GoRRGGL ] O Lhe

reactor outle ine ror uenc downstr eam of the
react or outl et {¢) doolingcthe| gangpus hﬁlugﬁsﬁmusstqpy(d@pltys:mdeew hdmnid efffednt at | east

one vapor-|iquid separat nect d st ream

separating tar C?m%?n‘%rgr%’é“’g%ése%as" mgfafl& h’f conf e&)%%lo% am gm}ﬁ tE}onnect ed to
and downst r eamgaskeoushed/adt liduibefflucatfon aep () té atueat past&aﬂialsqiame theyefrdnur t her
cooling the ga%%%%l% p%zotlysysegnatsélmg ?Qch strealme %ﬁé (58 r{)%ssgnegcatt least a portion of the

liquid pyrolysis gasoline rich streamn as reflux to the rectifier.

[0043] In yet another aspect, the present invention relates to a hydrocarbon
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 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; (c) at least one vapor-liquid separator
connected to and downstream of (b) for separating tar from the gaseous effluent;
(d) a cooling train connected to and downstream of therat least one vapor-liquid
separator for further cooling the gaseous effluent; (é) at least one rectifier
cornprising at least one theoretical stage, for receiving a mixed gaseous and liquid
effluent from step (d), where condensed quench oil separates from the gaseous
efffuent; (f) at least one cooling means selected from the group consisting of
condenser and water quench tower for cooling the gaseous effluent from step (e)

to condense a liquid effluent comprising pyrolysis gasoline and water condensed



- conprising at |east one theoretical stage, for receiving a m xed gaseous and
liquid effluent fromstep (d), where condensed quench oil separates from

t he gaseous \ﬁaﬁkﬂﬁﬁhﬁ (f) at |east one cooling neans gghﬁ&ﬁ&?mﬁﬁgn1the
group consisting o condenser and wat er quench tower for cooling the
gaseous effluent fromstep (e) to condense a liquid effluent conprising
pyrol ysis gasoline and water condensed WO 20071008404 PCT/ US20061024990 -10
fromsteam (g) a separator for recoverjgug a liquid pyrolysis gasoline rich
stream fromthe gaseous and/or liquid effluent of step (f); (h) a recovery

train which b fd f . - t t f
1 W SEAYRLR: 1 P50 L 1 95RE0MS oRLEERghip 1 = (D
pyrol ysi s gasolfiomethe igedeost andmlighid effluept 0Hjtert ();t(hkareovirf itmin whit44] I n one

enbodi nent of the apparatus of the invention, the rectifi ri ses at

| east one distiTPar t?ﬁﬁﬁ'@ﬁ %’%&‘Sgasﬁ%‘tslf?ﬁb@t%%ggﬁs (5r?n(2(ﬂ{)@§1§?g§ﬂgodi nent ,

the apparatus e r&gding at leise afportion bf the digcid pYroh@iseasiinetith fireaof he
rectifier at a point tgowns ream of the transfer |ine exchanger and upstream
of the vapor-lf’%ﬁﬁét% B Br. [0046] In yet another enbodi ment of the

appar at us of t lpgn44nVveni ofd embddiinen$ P aké hffarafils ¢ft 09 V@t TS tebtiffer a
distillate drumfor receiving m xed gasepus d liquid effluent from step
(1), where thece%m%ﬂatgﬁé@aﬁgw@@% m%??? is gasoline and water are at

| east partiall yomgpar & fdthkf ebcRaadL, Wdparktds Eipises akaptisrodibih uent
stream a liquid pyrolysis gasoline rich stream_and a liquid water rich

stream [0047] 9PgC pilﬁowé?rea%ﬁﬁrﬁteweémfnwqfﬁhettr?@sfsrpl&greéfhﬁgg%f t he

invention, then$enRBbal HithOfapSlpid @pacROIPri ses a settling drum for
receiving liquid fromthe bottons of a water quench tower, where the

condensed pyrollflk gdn aph methen gmbodiment ofr e Apparats of fher ioventicy, Yepar at ed

fromeach ot herseﬁa&tér%@%p @Q%Igﬁndaé’ 5 Qisﬁﬁaitédru&%f)}ehé}ﬁneé ha Shdeb@mpand a |iquid
water rich stream BRIE SCRI PTI ON OF THE DRAW N [0048] Figure 1 is a

schemati ¢ f1 owlignidgfnmidronnstenstOn whiers Secedich geseys eflaentppysa st ea5elent i on of
treating the 9aRgQfer Ghd bURRE phtQfl) SORrdbddfich WP bing #ARnAd gaseous

effluent siream, a liquid pyrolysis gasoline rich stream, and a liquid water rich

stream.

[0047)  In still yet another embodiment of the apparatus of the invention, the
separator of step (g) comprises a seftling drum for receiving liquid from the
bottoms of a water quench tower, where the condensed pyrolysis gasoline and
water are at least partially separated from each other to form a liquid pyrolysis

gasoline rich stream and a liquid water rich stream,

BRIEF DESCRIPTION OF THE DRAWING
[6048]  Figwre 1 is 2 schematic flow diagram of a method according to the

s
; .

present invention of treating the gaseous effluent from the cracking of a gas oil
feed.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0049]  The present invention provides a low cost way of treating the gaseous

effluent siream from a hydrocarbon pyrolysis reactor so as to remove and recover

heat therefrom and to separate Cs+ hydrocarbons, providing separate pyrolysis



feed. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0049] The present invention
provides a |l ow cost way of treating the gaseous effluent streamfroma

hydr ocar bon Wworel7gess® react or so as to renove and r ecoRENUS2HBEARR49%her ef r om
and to separate Cs+ hydrocarbons, providing separate pyrolysis WO

2007/ 008404 PCT(1JS2006/ 024990 -11 gasoline and gas oil fractions (which
may be suited to use as a quench oil), as well as the desired C2-C4 ol efins
in the effluent, without the need for-H-primary fractionator. [0050]
Typically, the effluent used in the nethod of the invention is produced by
pyrol ysi s of adlick adanbabfrictied (Which inagbé suited toanpar aduandh oilngeeil say, from
about 400 to _about 704 0 0.1300F uch, a apht.ha or_gas oil. For
exanpl e, the _a%%ﬁ epd &égé cﬁ ﬁ‘é%‘%‘eﬁﬁb‘a“ OWE}{’?}% ‘F%S?lqt o6 ¢ ]i’rgnWoduced by
pyrol ysis of @&actiupdioncar bon feed having a final boiling point above about
180C ( 356F), as __ feeds hegvi er than naphtha. Such.feeds .inc¢lude those
boiling in thz&}%ghge TWP‘Bﬁf’%‘B enf fged;ip 66%1?0@@(9“(‘@3@%16?@6%%, say, from
about 204 to abewiolyeikQ€a hidsErbb B9 Biling th¥REMAFanRe BMES kayl, FaM aBaRht ha f eeds

can incl ude hea'\‘/é)ea condensat es, %aos oi I's, hydrocrackates, kerosene,
condensat es, @0Upabent|784°CHAEHY & 1300 gectpas naphtharqrisaril. Fer grampleetiaced crude

oils. The te”@ﬁ’(ﬁ;{éﬁﬁﬁ@e&% tia%‘%?%ﬁ eo‘i’ﬁﬁe iﬁ\fefli!idhe;lt ¥1%&uc5ch%%§§r%dlgs"is bfgm the

pyrol ysis react I'S norma I'n the range o rom a 60 to about 930C
(1400 to 1700Rydmeabarhiecd nviap & ifioal bpiliog poietsabaverbotd@0°OBS6ON Isichpst he ef f | uent

to a tenperat t which t degired .C2- | efins can, be ¢ ressed

oft i onely dests Pl o bt Sigh e st Mot bfing BT Ban BB 0o2° han
about 75C ( 167%bdut 13TRcih abksut 538SE (3500 18DOAF), sb¥) GofmldOE P04°gadbduy P10CEI |y from
about- 20 to a 0C. (68 to abput 122F). [0051]. 1.n parti.cul ar. the present
i nve&a,__ti on rel 3?@’; E’ogaé Egt hﬁﬂ’lqag?‘e?‘?%a@%qt{"‘f’%ga faeggecp sm@Pﬁ?ﬁ S‘EW froma
hﬁavy 1;] eed f:,r émiﬁelagatesn'gzts,oimhh}ﬁfbcﬂieltdmﬂkm,icﬁﬁcﬁensatbla,lsﬁhdegéilshmcwfrfI u?ant

t hrough at |east, one_prij mar eat exchanger, .t ypica transfer |ine
exchanger . whiRHel G BRE o SR SR (U n ot Bromt o1 dbs ERERE. down to a
t enper at ur e Whehenf ftuhd Aglet ﬁoﬂllﬁfeilg[hﬂ?dis rehdtor i€ aea@lly hihs riigabs gy@hanger can

be peri odicall )é cl eaned by steam decoki nlg, st eant ai.r decoki ng, or nechani cal
about 760° to about 930°C (1400° to 1700°F)

of cooling the effluent to a temperature at which the desired C,-C4 olefins can be

and the invention provides a method

compressed efficiently, generally less than about 100°C (212°F), for example less
than about 75°C (167°F), such as less than about 60°C (140°F), and typically from
about 20° to about 50°C (68° to about 122°F),
[0051] In particular, the present invention relates to a method for treating the
gaseous effluent from a heavy feed cracking unit, which method comprises
passing the effluent through at least one primary heat exchaﬁger, typically a
{ transfer line exchanger, which is capable of recovering heat from the effluent
down to a temperature where fouling is incipient. Ifﬁeeded, 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 siream to a temperature between about 340° and
about 650°C (644° and 1202°F), such as about 370°C (700°F), uses water as the.

cooling medium and generates super high pressure steam, ranging in pressure



cl eani ng. Conventional indiTect heat exchangers, such as tube-in-tube
exchangers or shell and tube exchangers, may be used in this service. The
pri mary heat cools the process streamto at bet ween
about 340 anawf%g F‘ggSOC (644 and 1202F), such as about @?3‘%&’%8"8 uses
water as the. cooling nmedi um and generates super high pressure steam
ranging in pressure WO 20071008404 PCT/ US2006/ 024990 -12 from above about
900 psig, typically, ranging from about1 900 to about 2500 psig, e.g., from
about 1200 to about 1900 psi g, say, about 1500 psig. [0052] On leaving the
primary heat e ch cool ed gaseous fflue ally still at a
t enperat ure ab ah%?@%ﬁ?%@ﬂm rﬂ’@fnﬁt ou e‘t?p‘%P‘é‘t“ﬁ%"% PE® whi ch t he
first drop of Ekpgfiid abamdd200se ahoubfood bsig,ahf, Iabmmttsodiﬁtg a typical heavy feed

under cracking dit S hydr ocar bo t_of the l.uent stream
ranges from abm@?ﬂMSb’t‘gea%‘S%t I(eﬁts?i‘cﬂ%‘gﬁ Iﬂ?ae%%?ﬁe"“f Fﬁﬁtz‘ﬁ%ut 399 to
about 593C (759,,'picﬂl)1é¥m%)1 ter&ﬁé@éﬁﬁe bR Hﬁédt@%@éxb@i’ﬂeﬂﬁﬁ&nﬂ%@hmp@ﬁﬁué oul i ng

tendency is relatively | vapor phase fouli %BI s general ly not

severe, and t Reyhich gie ﬁésﬂ'i‘ifwfdm&dé%%?ﬁeﬁh%ﬁ the. giflugntc Ao & tPal Rayy ~ Tar

condenses fromkayahier BRSRINe &ﬂt&ﬁﬁnsaiheﬁy&%%%%rﬁnﬁ%f‘%@ﬂu@ﬂt@&bﬂpom 204 to
about 343C (400 to 650F), ffom about 232 to about 316C (450 to 600F).
[ 0053] Conveni Eﬁﬂﬁ?sﬁmaabs)%%ﬂ??aE’ra}aoﬁéé9°ce(§§(?t°éﬂd%(?0°F)b9%@’%!11 Ebous39¥ dhsfer |ine
exchanger, al sghfifSope (nswootq@o@pdébéveqa@h%sarb%quwtﬂm fhé fdulisg udes a heat
exchange surface cool enough to condense part of the effluent and generate a
| i qui d hydr ocaidsémcy i elatively v, héatfa}t?)‘(éhﬁaﬁééﬂlgﬁﬁq‘ geaerallyrae seYeiaadfilmi s
generated in w urgen at which
tar is pr oducegde{éjltsg{&ldlédauﬁgf g{n@a out 1%%“%%0 a oultapg?t%(ﬁéﬁm!?%g% EughSQQF) such
ag about 238&vy(faBoR) 2 teHemturs raagiag freth Wub?Qﬁbéq aMbB@éCdﬂﬂ%dal ing medi um
and xchanger ) L 0 heat transfer is
bet ween t he bulﬁg@ﬂ’g%éﬁ&%%%hﬁgaaimqgn e (?ﬁs B’?ﬁ@ ilmcan be at a
significantly I[Qﬂﬁé} t Eopenmbily, e sehendayhieat bxmm&rtﬂacﬂlly'ﬁmmsfet dmef f ectivel y
keeps the heat ggﬁ&%ﬁngﬁsosgarnf@c rm\ﬁﬁ%cf %%’éntgp% ted s‘.{fclgﬂp?tltelrnl des hé rt]e bul k
streamis cool € fus prevenet ng - i ng.* Such secon ary eat exchanger
must cool the ;amham&usfweemmt emngh mjmjﬂbz;setparttdfehs tifnpe nad gemraﬁ awhi ch tar

I's produced. | f t H% Oc(:)alr‘tlaorr]t tfi\t BgaPeex%haPn%L (s)ur?acé o lft)l%id%xh is generated
in situ and is preferably at or below the temperature at which tar is produced,
typically at about 190°C 1o about 315°C, (374° to 599°F) such as at about 230°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 beat exchange surface wetted with
(' fluid material as the bulk stream is cooled, thus preventing fouling. Such a
' secondary heat exchanger must cool the process siream 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 particulariy suitable for use with light
liquid feeds, such as naphtha, as well as feeds which are heavier than naphtha.
[0054}  The gaseous effluent from the steam cracker furnace can be subjected
to direct quench, at a point typically between the furnace outlet and the tar kmock-
out drum. The quench can be effected by contacting the heat exchanger efflnent



fouling is Iikely to occur because the process streamwould still be in the
fouling reginme. This secondary heat exchanger is particularly suitable for

use with lig feeds, such as naphtha, as well ygi ch are
heavi er than%l%zmjﬂ’wog [0054] The gaseous effl uent frorrlftt%ﬁée sgeam cracker

furnace can be subj ected to direct quench, at a point typically between the
furnace outlet and the tar knock- out drum The quench can be effected by

contacting the heat exchanger effluent O 2007/008404 PCT/ US2006/ 024990 -13
with a liquid quench stream Typically, the quench liquid is introduced at a

poi nt downst r@m f [ i ncl ude

| i quid quench "0l qu& Qﬁenas&{ ﬁl%séggiﬁ@f ?ﬁlﬁn%ﬁﬁ&% fﬂg%é%ag%gﬂ@h oi |
knock-out dr unﬂovp:gtr@hytﬁ“ itlee hehttexthanpdr, Smmblevrpmh hqmm mbludahqdndeqlmhcthal ned from
vari ous suitabl S ownstream | € process. 055] After
passage t hr ougﬁ'?tsﬁg‘ BQ é‘?ﬁ’ﬁFrSﬁa@%@%’ﬁﬁfeﬁM}l‘a’Fﬂa{l Fléo E—o h%ﬁ?’rpylr(gﬁés cool ed

ef fluent is feghel 6ilant aratdNokikh Qatt b&lbbtamyih e vateusChnistensaekes,adgl S separated
fromthe effluent strea as bottons. If desired, multiple knock- out drums

may be connec M¥FSSsuch that individual drums can be taken out of

service and c|opss)ed Mﬁérlpesshwh@meh&t@ﬂ?a%a(@gmmﬁr&@@umwd at this
has an initia

stage of the process typ| ca boi l'i ng point ranging from
about 177 to afRolpd cilypet F}tdﬂ%vfhﬁathelc eé%e&S (392F) .

[0056] The effhb'ﬁ@ﬁee@ﬂﬁeﬁféh@ﬂnwﬁbt{oﬁ{s i&%ﬁi@a%ﬂn@éuﬁﬁcﬁmﬁd}ﬁlﬁéﬁi% at a
sufficiently | ow tenperature, m% pically at about 190 to about 315C (375 to
i

600F), such as 0951?150&%1(}91?312@@@1 W}ldl‘v’ltihéitdﬂ%ﬂﬁé’a{léﬁ kepavtafesvicapidil y in the
knock- out dr untgdned WSHE F]antaits bfratifp Y8 kar AmdvBE atltB stafl §616e dﬁr@éesé< nock- out

dr unm(s), the gaseous effluent stream is subjected to an additional cooling
' sequence t hat typisellublassan sk being heinefahging dom #hosLW°onabor 2581 cracked

gas cool ers | ] A known to those of skill in the
art, e.g. sev@c 8% %%%Olgﬁlgr %ge@()%&g%'nedi um pressure steam dilution
st eam and | ow[(956js suTlee sfilaenn entdringr the Ciao kbhouy-doy dnive(sk sbmitdde gasa cool er (s)
to a tenperature.r.a from about t aboyt. 2 5 OOF) such
as at about 14 %‘818' ‘9 PRREEG) g@“%ﬁ Iah%’?fu %b ﬁgﬂ&dﬁ(ls (21(%73
rectifier (or G@GPPJ fsis{dhn& A1omeht) 230801 @50 Fprthd@rt&sﬁﬂfseﬁ%&%ﬁﬁlycﬁﬁhe
kuock—outdrum(s)
[0057]) - 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, which utilize a
cooling medium known to those of skill in the art, e.g., selected from boiler feed
water, medium pressure steam, dilution steam, and low pressure steam. After
cooling by the cracked gas cooler(s) to.a temperature ranging from about 121° to
(' about 204°C (250° to 400°F), such as at about 149°C (300°F), the cooled effluent
1s then directed to a rectifier (or rectifying toWer), which for present purposes can
be defined as a distillation tower in which the feed is introduced below the
distillation stages. Typically, the rectifier will be significantly smaller in height
and diameter than a primary fractionator tower, e.g,, less than 50%, say, less than
20% on a volume basis. The rectifier lacks external pumparound zones utilizing
circulating oil through heat exchangers, which are commonly associated with
primary fractionators. The rectifier comprises an inlet for introducing a pyrolysis

gasoline fraction as reflux which is preferably introduced to the rectifier at a level



 be defined as a distiilation tower in which the feed is introduced bel ow t he
distillation stages. Typically, the rectifier will be significantly smaller

in height a i r than a primary fractionator to ess than
50% say, Ieggo??@ﬂ&%%% on a volume basis. The recti f;/\gél’"fsg%@'gz‘%é?t er nal

punparound zones utilizing circulating oil through heat exchangers, which
are commonly associated with primary fractionators. The rectifier conprises
an inlet for introducing a pyrolysis _gagoline fraction as reflux which is
preferably introduced to the rectifier ‘at a | evel WO 2007/ 008404

PCT1US2006/ 024990 -1 bove the . distillation. sta trays ki ng, etc.
The rectifier c%g%e 5%6 %’?@F@oﬂla%ﬁg?s’ trof)sé P 3?1%1}?’ g ?5%%@?’%%% P?"'&’%%ﬁ%g from
about 93 to abepératz0#e térREMré A0 Fhm abou OB @Sbéd 264°CMREPe4008D4 to 149C
(220 to 300F), top to bottom roduce a heavy fraction taken as bottons

whi ch may be usesd aagt%prrqé@nt:w%?q 490G 6420210 3P0 H)etop Ingpostam, WipEeddFe doi | i ng
poi nt_in the T go0e OfiaPAKh &%olome W 284 (2% LU nolllfy rectifier

typically conprisés at |east one ation tray actu stage. [0058]
The rectifi cat heving aveitiaChniting gy imthe irangd ofiehobedt®dd abnat 2A°C{1Hjds. The feed
inlet for the r L fi [ I; I X N | stages in
the rectifier 4 8—‘%% :1-%( &t t}%)réﬂ}rwe S%?lhgsggfate%?f?gﬁe;@%@laé%%g hlg%lmsﬁt ypi cal ly

| ocat ed above tstage.( hi ghest distillation tray or actual stage. The nunber of

actual stages an from ahout 2 to abaut, 20, or. fr abo 5 to about
15, say, about (@BSLS ggeer °n%%t?°&9 Wer,CRmpRises g kel qupbpr foftﬁéé “*and® act ual
"trays" are usdekbdiinkefoe hlangetifier s typicalle doeatpd paneathl the astba Gtagegindidei ces, such
as bubbl e cap pl at.es.or.sieve trays, |l known.to fhos illed in the
ot oaed + oo SR 18R ik R forlk S i s spthoy owsicalty Raged thivsy 56
di stifll ation. highed]dishllitien may et yotudl Rewgé.r Thé ek oo Actiid s@EesCAN rAPEP! | Se a
sui t abl e packi a is known_ jn the art, _ in lieu of or in addition to the
actual stages B}g‘ﬁ\é@ﬁt fﬁb‘gﬁ“fﬁr%q’ or %‘ﬁﬂ‘ %ﬂ’s}tts tecthout ij%ls%éig‘?“t%u B%8ki ng
conpri ses suit able, Rt tehisalkctubinBtagdsd Gndl iabtadiFrayst Rid B4 ent@AmhidaBlyitel cont act .
The gas/liquid cont ctilgg mat er | al maa/ [ n;l (ile, bl.ft is .not limted to
random packi ng "t PS¥H6 O AERE f TR S, JichBg Hﬁ%%gapd?raf?ws%e‘?ﬁfema@. Gauze,
structured packhpgs i ek sildyehahe MiXuE@Ride MR RN (d JectifidraX ek (1) |
Genmpak(r), Goodl oe ,. Sul zer(r), or random or dunped packing, such as berl
saddl es, fractional distillation.

[06059] Altematély, the fractionation tower can comprise a suitable packing as

is known in the art, in lieu of or in addition to the actual stages between the first

and last actual stages. Such packing comprises suitable material that facilitates

intimate gas/liquid contact. The gas/liquid contacting material may include, but is

not limited to random packing and structured packing. Examples of these include:

Gaugze, structured packings such as Metal Max Pak®, MeHapak®, Flexipac®,

Gempak®, Goodloe®, Sulzer®, or random or dumped packing, such as ber] saddles,

AT
; :

Intalox®™ saddles, raschig rings, Pall® rings, and Nutter Rings™. These and other
types of suitable gas/liquid contacting equipment are described in detail in Kister,
H. Z. Distillation Design, McGraw-Hill, N.Y. (1992), Chapters 6 and 8, the
disclosures of which are incorporated herein by reference. Typically such
materials are packed to a depth ranging from about 2 fi to about 40 ft (from about
0.6 m to about 12 m), say, from about 4 £ to about 20 f (from about 1.2 m to
about 6 m). The efficacy of the packing material is related to the trays which it
replaces or supplements in terms of height equivalent per theoretical plate (HETP),



I ntal ox(7) saddi es, rasehig rings, Pail(r) rings, and Nutter Rings. These
and other types of suitable gas/liquid contacting equi pnent are descri bed

in detail i nr‘@@?’ﬁ‘["ﬁ‘g“ H Z D stillation Design, MG a"i"c'f'idsdm?]lb\b%o (1992)

Chapters 6 a di scl osures of which are incorporate erelrn
reference. Typically such nmaterials are packed to a depth ranging from
about 2 ft to. about 40 ft (fromabout 0.6 in to about 12 nm), say, from
about 4 ft to about 20 ft (fromabout 52 in to about 6 m. The efficacy of
the packing material is related to the trays which it replaces or

suppl enents in f_he. i t t [ (HETP), WO
2007/ 008404 P&%Q%O%/nggg&ﬁ%ﬂ -g%gleé@mqgsfagﬁegf&&n@%‘g % Pane t% ﬁ1‘ef| ciency. In
a packed di stilhdimbfmclangnhﬂmakbaasepamﬂmeqtheal@ihtothétoﬁaﬂlkmmm:allbiate makes a
separation equj ent..t 0 that heoreti.ca 0060] The gaseous

ef f | uent takenioé@]oveth?e’ﬁlﬁe 'flsrgﬂ’fwt“ﬁéaﬁ‘ bt ?"fefh@?"‘{ ggﬂafhea{fg £ LB E&Pat ur e

rangi ng from ae@péraiics aHohD82°(1d &Boutt 24B0QI0°a6 d00TRY addanaycher eCt ed
through at least one indirect partial condenser to condense the C5+

conponents, e. ‘Bre"teﬂm}l% Pis 1@ <p i ipdirech arjigl) yondepsefaioetondense difeCef 11 uent
whose tenper aidi; nén‘is re%d%?ﬂysﬁygéaﬁecﬁﬁ%ﬁsﬁrwit& ﬁp%tefﬁlz& %Q&F) Passi ng

the effluent throug |'éast one indirect parti al condenser

conveni ent | y aferaergees {Sded“FQﬂ/\bY therrendeape 203766 A ¢ ef ?#Sﬁiéglﬂihat o about 20

t bout 50C }%ﬂﬁp

agd?t |Olcj)nal Ilgﬁtﬁﬁﬁﬁgn&%g %)garfts&ﬁé cgir%lé re u%rlé%%é%ﬁ@cg g ?E{‘ﬁg

hydr ocar bon phlwsver ﬁxndemmmwh@epﬁbmﬁé@ah@t 2@)°rt0@b011t;§9‘1ccﬂ6§stoslzé§§ol ine from
water. [0061] ?g (}ﬁi&&ktﬂd@@(ﬁfotﬂg‘{@@%dfeﬁs‘é &ﬁl@n 1 trh%troc nts'tﬁ%r ndenser (s)

conprising a raction I qul pyro gasol I ne t|on is
thed separ at edredveing thdidsasity ofithe hyrdroparbent phase gaislamu?sfmz\ﬁbﬁ mepadtiomof aqueous

fraction deriv ing steam and a hydrocarbonaceous fraction,
e.g., a G str@qﬁglg%éﬁglﬁﬁgf&%%rol ysi s gasoline. The gaseous overhead

conpri si ng cr afey ga'ﬁharssuﬁmgeﬁhad &omthemdempm&cbn@nwr(ﬁ)@mpwerl ng C2 to
4 ol efins. The hydro ona Ctl i asol i ne can
S gps\éou E Ctlg ar}cf E ul}eB éra\i; é’gﬂ% ga(,? T 1s q%la? tesd ﬂ

be recovered as n &F B ref | ux.
Al ternatively, dltsilﬂhltegémmmﬁn £ biseairndveibake ranfaqm& t&actroaatenfmdefromalm be

directed to a ter C ere py Si s ne and.water are
condensed and ‘5‘“56? ?tgaah%ﬁgoc SSEP a&‘ﬁ%ﬁ? gS%?,éf( S5 comprising

pyrolysis gasoline. The gaseous overhead comprising cracked gas is directed to a

recovery train for recovering C; to' C4 olefins. The hydrocarbonaceous fraction
rich in pyrolysis gasoline can be recovered as product and/or recirculated fo the
rectifier as reflux. Alternatively, the gaseous effluent taken from the rectifier can
be directed to a water quench tower where pyrolysis gasoline and water are
condensed and the gas stream is cooled to about 38°C (100°F).

(' [0062]  Typically, the pyrolysis gasoline fraction recovered has an initial
boiling point of less than about 150°C (302°F) and final boiling point in excess of
about 177°C (350°F), such as of the order of about 204°C (400°F).

[0063]  The invention will now be more particularly described with reference
to the examples shown in the accompanying drawings.

[0064]  Referring to Figure 1, in the method of an example of the invention, a
hydrocarbon feed 100 comprising heavy gas oil, and dilution steam 102 are fed to
a steam cracking reactor 104 where the hydrocarbon feed is heated to cause

thermal decomposition of the feed to produce lower molecular weight



[0062] Typically, the pyrolysis gasoline fraction recovered has an initial
boiling point of |ess than about 150C (302F) and final boiling point in
excess of about 177C (350F), such as of the order of about 204C 8400F).
[0063] The i A@WPTWEH4N | | now be nore particul arly desdCGIEEHHIZNOr ef er ence
to the exanples shown in the acconpanyi ng drawi ngs. [0064] Referring to
Figure 1, in the nethod of an exanple of the invention, a hydrocarbon feed
100 conprising heavy gas oil, and dilution steam 102 are fed to a steam
cracki ng reactor 104 where the hydrocadfon feed is heated to cause thernal
deconposition of the feed to produce | ower nolecul ar wei ght WO 2007/ 008404
PCT1US20061024agigocarhews, el esCafbelatns. Jhe Ryralysicprogess fnsthe sigam qaekingyr ol ysi s
process in the i ces sonme tar and steam
cracked gas oi Te?été Ogg?&%ﬁ%%ﬁ%{ag%?gﬁ%?gﬁ%fdﬁﬁggt 106 exiting the steam
cracki ng furnaf863104 Gasabusipatdlypispifisnts] 06 lexiding theateath sresking fuenape 1fary t r ansf er

rangi g1 rom oty e E0Uef e AR e il cpl o R BlnlalPhod SO0 °7 0

to about 871C (th@6ols the FBBF fromengnlet wnperhtuBsl Gapifd FoRFbputt W4Ain. out | et

about 371 to aRgit TRas IR0 ot et By T st licly ST T O"

primary hgat I exeoEmoes., sHott Slﬁfﬂ:r{]ﬁbwﬁﬁftcamﬁlﬁrtempéreﬁnekwﬁg(ﬂ‘oni gorbduci ng Ei gh
ressure boiler. fee ngi r om, about 72 kPa 1o 17340 kPa
?300 to 2500 pé}gq)%? ‘E‘ité’& ,2%2%@[)%%{3@@,%3;1&?% téiﬁ 35’ !‘ib" h%@r@&ﬁ g a

tenperat ure rargil2@°F) @y, asout 59PEQ1100°FRbOIHe Py (k2&0etcBang@OH)8 say, from
about 121C to about 343C 25%5} 5@ 650F&,.e. ., about S#GQ%Tbout 600F) .

H gh pressur e, SSSPS f PP Wigh 1L o jokn “cf"rgo}%%tpéeéﬂ}r%&f’ Rilel Yaterry bi cal |y,
the pressure i sangiBTomndboad 1172 kP& hadbgad 7340Kra B0S 1ddEB0b @kig), eslatwat er provi ded

through water inlet 110 After |eaving the primary heat exchanger 108, the
cool ed ef f 1 uentY43P Ba /PP psigh anf baving  ROMSEHIR Fateis | Fog,haut %e‘ﬂg% oil or

i quid water, bt omiseqeh0riss 7hi°RR sl FrohOatioe1 et QBGBNTEN25EB 10 of f1 uent to
provi de suppl enental cooli ni;@c'lig]% guenched heat exchanger effluent 120 is
t

t hen passed i nf3 Bk egeabqut 3 ul GI9TR- Sligh pressic pbustpiotteam i ket f | uent i s

separ ated int 0 5gm@d:biO8RIet 12, 2R thd fraGldeql sithnfly WAcARSAGMSN f raction

the boiler feed water provided through water inlet 110. After leaving the primary
heat exchanger 108, the cooled effluent stream 114 is then quenched with a liquid
quench oil or liquid water, introduced via line 119 to the heat exchanger 108
effiuent to provide supplemental cooling. The quenched heat exchanger effluent
120 is then passed in!~ at least one tar knock-out drum 122 where the effluent is
separated into a bottoms tar and coke fraction 124 and a gaseous fraction 126.
- The bottoms fraction can be cooled in a heat exchanger 123 to produce a cooled
tar stream 125.
[0066] The tar knock-out drum gaseous fraction 126 passes through one or
more cracked gas coolers 128, where the fraction is cooled to a temperature
ranging from about 121° to about 204°C (250° to 400°F), such as from about 135°
to 177°C (275° to 350°F), e.g., 149°C (300°F) by indirect heat transfer, e.g., with

deaerated boiler feed water as the cooling medinm. Gas coolers may also be used

P

to raise medium pressure steam or low pressure steam. The cooled effluent 130 is

then introduced to rectifier 132 at a level below the distillation plates or stages 134.
i

The rectifier distills pyrolysis gasoline from heavier hydrocarbons using low level



The bottons fraction can be cooled in a heat exchanger 123 to produce a
cooled tar stream 125. [00661 The tar knock-out drum gaseous fraction 126
passes throudfP WAE804 nore cracked gas cool ers 128, WRSTESRNEORP8ction is
cooled to a tenperature ranging fromabout 121 to about 204C (250 to 400F),
such as fromabout 135 to 177C (275 to 350F), e.g., 149C (300F) by indirect
heat transfer, e.g., with deaerated boiler feed water as the cooling

nmedi um Gas coolers may al so be used -fé-rai se medi um pressure steam or |ow
pressure steam The cooled effluent 130 is then introduced to rectifier 132

at a |evel belkst pretentin the piflne rstieamat cBheoheavier Brdsocatons arphigkenedst | f i er

distills pyrolysi [ ] i i evel WO
2007/ 003404 PCHTORS IR0 TADY0E Py (el I Rle il o0 T Ll e

heavi er hydr oc&nbuddighiereovedicad taken visolineokdd comprising pyroBsis gatobte e be used at
least in part &Qck%ﬁa@?@dif@cled to' Sfid érgﬂﬁ’angﬂgxrwgfgg g%\bggtc&ﬁingﬁr?{ep&ad taken via

| ine 138 conprising”pyrolyslis gasoline an sis-directed to
condenser s 140a egviing di2diwni iotrodangll Oy limoldi ah g tangtermburast @ouic?yPC §89°Medi um

i ntroduced via_line.l44 at tenperatu f ,abo 27 8QF) i£h exits the
downst ream congjélﬁggﬁltsﬁfﬁwq?@e%ﬁ%%efEj‘?zea?gfte gau e%&é"‘(‘%cﬁ:ﬁ heat ed
stream 146 whi ahheaied istn¢ano Sdic etlich ds inweduspd to tha mpseacierradimsc: 440 fiiroom  whi ch it
is taken as hea . Stream 14 a erat ure of .about.. LA20F). In the
condensers, t h‘é’hlgg}tésa%ef?s %%agﬁdg%e%tlié;%ratwmgﬁf of & te@aéglﬁg F&nﬁ‘ pyrol ysis
gasol i ne i s cothdensietkersAtHeestraah €4 yoolddhte neantidhime tehaptrbtiranml gedddydan be
replaced by a ter, quench,t r as s 1k jpthe art. The cool ed
stream 150 is g%%éi ‘gba‘ﬁ ey &%?thlyethw‘\lﬁ?nfgﬁq%defﬁ c[aﬁgegeip}agg% separ at es
intosa. fracti oby &iwater genclpiowel ¥sSisSvidgoivh e the tagtk EThe asolbbbitcamsls0ia | i ne 154
whi ch can be directed .a@{ag?gq the rectifier vig line, 155 to an inlet

| u t .
above the di st fqeied s %%méﬁ%if"gﬁe‘ﬁé’&%tﬁ@? sepgates e A Tagion rishin: via 1 ne
156. A gaseouspavgsifgaslide] Akéi bolibds viadine D94 Whidh c4li Betdifebidd breflt €COVEry

train as is known to.those skilled in the art for conpressing,. cooling and
separating of fq\qtge@%ﬂ"‘él filPRto ndelet O‘TBtfg?AﬁElFt?uaF%?@e%i“ﬁ%ég@B’@n that the
nmet hod of the pRdatdsProdubedia HBY 856 A A6AOLARIRS BuBiont 138, RhitRIfedrt . |t

requires reduced investnent, given the substitution of a rectifier for the

more conpl ex pRRSTRY P FIPSRYETYORER Sris kogrin te topeskiliefl 21 g 2Rt A¥ COBPHEING! r ecover ed
heat by recovegddigs MiebpHating 8 th €0, bidengas

[0067) It will therefore be seen that the method of the invention, has several

advantages over the prior art. It requires reduced investment, given the

substitution of a rectifier for the more complex primary fractionator, while
maximizing the value of recovered heat by recovering useful heat from the gas
after the tar is separated out. Heat can be transferred directly from the effiuent to

external cooling services, avoiding the need for intermediate heat transfer streams

k . and associated heat exchange equipment. Tar and coke are advantageously
removed by the present method as early as possible in a dedicated vessel,
minimizing fouling and simplifying coke removal. Liquid hydrocarbon inventory
for the method is greatly reduced, while eliminating pumparound pumps. Fouling
of pumparound exchangers is eliminated. The smaller rectifier has fewer trays or
less packing, than the primary fractionator which it replaces, and thus has reduced
susceptibility to fouling.



after the tar is separated out. Heat can be transferred directly fromthe
effluent to external cooling services, avoiding the need for internediate
heat transf eV 88H#8 and associ ated heat exchange eq®CHYEHLEOM%P and coke
are advant ageously renoved- by the present nmethod as early as possible in a
dedi cated vessel, mnimzing fouling and sinplifying coke renoval. Liquid
hydr ocarbon inventory for the nmethod is greatly reduced, while elimnating
punpar ound punps. Fouling of punparoﬂﬁg“exchangers is elimnated. The

smal ler rectifier has fewer trays or |ess packing, than the primry

fracti onator WAPESh i {The Spset daventignyisisspreiafy suiied forcess WiBLEREES B ity to
fouling. WO 20044084 qﬁﬁ?ﬂe@%@%ﬁﬁﬁﬁ% Qine-h8 HeRR8 HhabBgvisesaet i nvention

is especially suited Tor use w crackers that produce |arge quantities of

pyrol ysi s gasoestifier distllsmyselyssy gasglineotam tomder hiydrecarhons mping dargdly i | | s
pyrolysis gas Oﬂéat;?}]ﬁegeﬁﬂﬂ‘tﬁ%e@¥ Et?JmnhWﬂchﬁ@Jsp?{%%sé'g{ eﬁ!ﬂig@ﬁ&%ﬁo % Gratgh€al present

in the gas strea I'n contTast, the use o6f a t t ower Separate
pyrol ysi s gasapyiraiysis gasolink e keavieyigdorabbesrsquiresmibstantiabaddisionsittiestl  addi t i onal

heat input to. ' r ' t of the
tower. Stri ppilﬁ%&%s){’dgégrﬁeﬁ%ﬁgﬂshgtf%gaﬁlgg%f)ﬁg%b\?m%%f%&?g%?i n g\/ver, to keep
t enper at ur es | sieam fhigealsorbeatquiredwith fevaitiestowsr, oMeshengerstures dow.eBisent i al | y
free of heavy bons King it a sui | e e Q.a water quench
tower or indi r%gtfgegg’%{%dr%%g? .Ovrf%%% i?sge"#f]’i‘h’a?%evggnﬁ?ag#q)fg@c%%o I descri bed

i n connecti on makilg it @sititable fee toaf eaterapeditontr neindisscs@ndduadr. aspect s t her eof
may be nore fu{ogg]und‘g{ﬁzét od ang %g%eeci téa(gdi.t i S %t intended to limt

t he i nvention %hes e dhelinin & TERPE? ToRPPRAOR ST & , 1t is

i nt ?ﬂded_ t 0 copreferred émimldingentzab ithee aspectsntdicbi may beomare dult); wdeistoad et S as may be
i nclhuded within the scope of the ,invention as defined_by the ended
clains. -19- ctPRFﬁVé“e@mé‘}t) 5 QOTO‘IQFW% s E’lmit H’ﬁ wg?rﬁaa Po?he%/er é’&‘?ﬂ‘ﬁg‘p gaseous

ef fluent from embugicaaar bOm they reohtysy.s itul tnterklb to Neb&rodl CalfpfatitdsNg: (a)

cool ing sal d 0aseRtsos! hid'Slbvaue] 595Hay' 6o BchSIPSABLES ShodBh Gl T2

invention as defined by the appended claims.




formed by reaction anong constituents of the effluent, condenses; (b)
passi ng the m xed gaseous and liquid effluent fromstep (a) through at

| east one vapor-1liquid separator, where the condensed tar separates fromthe
gaseous effluent; (c) cooling the gaselBus effluent fromstep (b) to
condense a liquid effluent quench oil; (d) passing at |east a portion of
the effluent fromstep (c) through at |east one rectifier conprising a
reflux inleLAmSi ntroducing a pyrolysis gasoline fraction; (e) cooling the
gaseous effluent fromstep (d) to condense a liquid effluent conprising
pyrol ysi s g&senls fdaimad Isiat er condensed from steam (f) treating the nixed

gaseous and, liqujid efflpent fromste e) .t-o at .| east artially . arate
Pher et rom al | g b f Beatf Befoiethidns el b iR roR BB MR " T eas
a portion ohethb@chhpidiflg:pyrol ysis gasoline rich streamas reflux to said

rectifier. 2. The nethod of claim 1, wherein the gaseous effluent is cool ed
in step (a) to d2)tempeling srid gaseousseftiveriratdeesttio J7eMPEROOF)at wich &, i n st ep
(c) to a temperature of |ess than, abpuyt 6C, (600F), and cooled in step
() to a 1 chparEbyfdedin et emiilenfabit sihe s58kmkes "1 et hod of ol ai m
1, wherein the %?eogﬁsﬁﬁé kh@xﬂlxeﬂ?a@&@k@ﬂdliﬂuiﬁt&ﬂu&@hoh?stép (dHanRRegRLUr €

rangi ng from about 232 to about 316C (450 to 600F), cooled in step (c) to a
t enper at ur deashogé Ngpdrrlspmichbrpatat®3 whereatbo gondeBed {ap e¢parases4G0om)the gasgouvool ed

in step (e%fﬁo?@ tenperature rangi ng fromabout 15 to about 93C (60 to
200F) . 4. YHt hod of claim 1, wherein the gaseous effluent is cooled in

step (&) to a t@pPer@oths tHe Rl M bRk’ td BortfeAst 2 BAAF LAhRA: L O

560F), cooled in step (c) to a tenperature ranging from about 121 to about
176C (250 tqueel0di);, and -20- cooled in step (e) to a tenperature ranging

from about 32 to ,about 88C (90 to 190F)... 5...Th t hod of ,any.of .the
precedi ng cl ai rrs(fl?mhé?aﬁlﬂg §£\?685th 1gn ﬁ%ﬂ?ﬂ ?fgpgnet %OE%&TGP W%%hsqtrlféaé?n has an
initial boidjegctiRir @5mﬁﬁsih§§§eﬂﬁ3@iﬂle@?&%tr&ﬁ@h{g]aﬁ%ﬂdyﬁ@%aﬁ;li_n% igRdfiodoi ling
poi nt in excess of about 149C (300F). 6. The ret'Hod of "claim5, wherein said
| i qui d pyrol ysi s(epasotdotieg thecgrsedusediludna from step (d) to condense a liquid effluent
comprising pyrolysis gasoline and water condensed from steam;
® treating the mixed gaseous and liquid effluent from step (e) to at least
partially separate therefrom a liquid pyrolysis gasoline rich stream; and
(g)  passing at least a portion of the liquid pyrolysis gasoline rich stream as

reflux to said rectifier.

2. The method of claim 1, wherein the gaseous effluent is cooled in step (a) to a
temperature of less than about 371°C (700°F), cooled in step (c) to a temperature of
less than about 316°C (600°F), and cooled in step (e) to a temperature of less than
about 104°C (220°F).

3. The method of claim 1, wherein the gaseous effluent is cooled in step (a) to a
temperature ranging from about 232° to about 316°C (450 to 600°F), cooled in step (c)
to a temperature ranging from about 93° to about 232°C (200° to 450°F), and cooled
in step (e) to a temperature ranging from about 15° fo about 93°C (60° to 200°F),

4. The method of claim 1, wherein the gaseous effluent is cooled in step (a) to a
temperature ranging from about 249° to about 293°C (480° to 560°F), cooled in step
(c) to a temperature ranging from about 121° to about 176°C (250° to 350°F), and



a final boiling point ranging fromabout 177 to about 454C (350 to 850F). 7.
The nmet hod of any of the preceding clainms, wherein step (a) includes passing
the effluent through a primary transfer |ine heat exchanger which provides
steam having a tenperature of at |east28bout 254C (489F) and pressure
greater than about 4240 kPa (600 psig). 8 The nethod of any of the
preceding clainms, wherein step (a) includes passing the effluent through a

primary tragsdled ik |sfé? @Pad aclsmPBNERE ritkpied) filohD WhelR S 23 t8 abouh 89N MA to
tenperature rangi ng from about 254 to about 677C (489 to 1250F) and

pressure radgP®g from about 4240 to about 17340 kPa (600 to 2500 psig). 9.
The nmethod of any of clains 7 or 8, wherein step (a) includes passing the

effluent frgmth ri r.ans lin a c r2
Cranster 11 e hodte HR ef i GRS R8RSRt BOROAIOER ot i g
tar is condensfide rith strddie haRih Rt bofg fint@f #siBhan dbbLOSHIT @50W)ehgan step
(a) includes nmaintaining an outlet tenperature for said primary transfer

| i ne heat efianhling painhia exedss ofahpupdtNC GO0TH)s ef fl uent. 11. The nmet hod of
any of the preceding clains, wherein step (a) is at least partially

effected by dire C : .ot Tl i | 1 QUi h
stream 12.6 ’ The%?rlggﬁeg@o o?foécl?lé?ri’l ‘ggﬁg@;&glrdgf%@E%lﬁsq%sglléeu@%ﬂc%egﬁﬁgagm i's
sel ect ed fr@mfnal®diBhg poiflt Anking Fom st TRTNOALONt 434aC 3SR, t0 8GRI N sai d

| i qui d quench stream conprises condensed quench oil fromstep (d). -21- 14.

The met hod of an%\ of clains 7 through 10, wherein st egm(a}_ conpri ses
directly cdntactlibagnathed efaworfdhe praceding claims vehegeinsesh (B} teludenpassingpassage

of the effl yen sai_d. | nar I i eat.. e 5. The
nethod of ot net QAR il TR BRG] ket SRR PRI ead™ 16
oi | . 16. Thaavaghasnpératke@bMmitlitast What59°C @489°E}Jﬁﬂ10d[5reésiuﬁﬁlgl‘éat@ﬂﬂﬁﬁ laB&g

condensed ﬂuench oil fromstep (d). 17. The nethod of any of the preceding

cl ai ns, wherfthkPn@08msiging step (c) is effected by indirect contact heat
exchange. 18. The nmethod of any of the preceding clains, wherein at |east a

portion of gaid The method of any of the preceding claims, wherein step (a) includes passing
the effluent through a primary transfer line heat exchanger which provides steam
having a temperature ranging from about 254° to about 677°C (489° to 1250°F) and
pressure ranging from about 4240 to about 17340 kPa (600 to 2500 psig).

9. The method of any of claims 7 or 8, wherein step (a) includes passing the
effluent from the primary transfer line heat exchanger to a secondary transfer line heat

exchanger wherein at least a substantial portion of said tar is condensed.

10. The method of any of claims 7 through 9, wherein step (a) includes
maintaining an outlet temperature for said primary transfer line heat exchanger above

the dew point of its effluent.

11.  The method of any of the preceding claims, wherein step (a) is at least

partially effected by direct quench of the gaseous effluent with a liquid quench stream.

12.  The method of claim 11, wherein said liquid quench stream is selected from

water and oil.

13,  The method of claim 12, wherein said liquid quench stream comprises

condensed quench oil from step {d).



condensed tar is recycled to said vapor-liquid separator. 19. The nethod of
any of the preceding clains, wherein the gaseous effluent of step (a) is
derived from pyrolysis of a naphtha feed, 20. The nethod of any of the
precedi ng cl ai ns, wherein the gaseous eftruent of step (a) is derived from
pyrolysis of a feed heavier than naphtha. 21. The nmethod of any of the
precedi ng clainms, wherein the cool ed gaseous effluent, liquid pyrolysis
gasol i ne and4. i qhelmwéiodroffang wf skaans T djroaghe]l (3 twHeedds step da)t doadriges diepdyat ed i n
a distillate drum from each other to form aseous effluent_ stregm which

is direct edc?fﬁa‘ﬁlnlge@ﬁ\ﬂé‘ﬁip“tsr%fhﬂ?mawﬂ &uﬂ‘@“g@g’ﬁpﬁﬂsf‘ ergpassagenet aﬁecﬁﬁgﬁmeam and

aliquid rd %1%‘9:@11 : of any of the preceding clains,
wherein th\éva{]‘lSLE lﬁ%ﬁs@‘?‘g ysli SS%EE%F%}]?‘?H?@%“Q ream has a | ower end point
than a correspondi ng stream nade froma correspondi ng net hod excl uding step
(d). 23. A i®t hoThé anethodcaf clagn dds edesire f4itl umanclf Hquid ds Isyldctod dromomwajyr ol ysi s
unit, the me(i‘hiﬁ)d conprising: (a) passing the gaseous effluent derived from
pyrol ysis oP1G®f-eed heavier than naphtha through at |east one prinmary heat
exchanger, thereby cooling the gaseous effluent and generating super high

pressure stggm Tﬁ@'r?étﬂéd BARHINAII S Wheted %ﬂggﬁ&ﬁ:ﬂfhﬂ:i& ixgiéhi’pﬁs@sf édnldgzgkﬁedf rom

step (a) through at |east one vapor-I1 qui par at of, e tar, med by
reacti on angnencheildtom stept(d). of the effluent is condensed and separates from
t he gaseous effluent; (c) cooling the gaseous effluent fromstep (b) to

condense a Lpquid effluent uench oil;. (d), passing the m xed gasequs and
liquid effl dont &PBH%#%{:}OE&*} e F%gwc%ﬁﬂgg clalias, wheteindhe cpoidie %Bﬁkg?iléi ng
distillatiopsomel ﬁﬁh@&tc%ﬁtat:fﬂéﬁl%{&){ﬁ and packing and a reflux inlet for
i ntroducing a pyrol ysis gasoll ne ract% on, where condensed quench oil
separates fromthe gaseous effluent; (e) cooling the gaseous effluent from
step (d) tol8ond&hemethdd eflany «fthé pesceding olaoms, siiregeipyat tdayisa porias off ismé and
wat er condense from.steanl éf) .éreati ng.{ he gaseous and/or liquid effluent
fromstep (&yndegsed;tayisgeqycleddo sai IVFRPr'slé‘g‘éé%?P Werefroma liquid pyrolysis
gasoline rich stream and

19. The method of any of the preceding claims, wherein the gaseous effluent of step

(a) is derived from pyrolysis of a naphtha feed.

20.  The method of any of the preceding claims, wherein the gaseous effluent of

step (a) is derived from pyrolysis of a feed heavier than naphtha.

21.  The method of any of the preceding claims, wherein the cooled gaseous
effluent, liquid pyrolysis gasoline and liquid water from step (e} are at least partially
separated in a distillate drum from each other to form a gaseous effluent stream which
is directed to a recovery train, a liquid pyrolysis gasoline rich stream and a liguid

water rich stream.

22.  The method of any of the preceding claims, wherein the liquid pyrolysis
gasoline rich stream has a lower end point than a corresponding stream made from a

corresponding method excluding step (d).

23. A method for treating gaseous effluent from a hydrocarbon pyrolysis unit, the
method comprising:

(a)  passing the gaseous effluent derived from pyrolysis of a feed heavier
than naphtha through at least one primary heat exchanger, thereby cooling the gaseous

effluent and generating super high pressure steam;



(g) passing at least a portion of the liquid pyrolysis gasoline rich stream
as reflux to said rectifier. 24. Hydrocarbon cracki ng apparatus conpri sing:
(a) a reactor for pyrolyzing a hydrocarbon feedstock, the reactor having an
outl et through which gaseous pyrolysis-Zfluent can exit the reactor; (b) at
| east one of i) a heat exchanger connected to the reactor outlet and ii) a
line for introducing quench oil downstream of the reactor outlet, for

cooling the 9us Ifh‘éﬁﬁ%)ésm&eﬁféalsélﬁl@tand(lﬁ;%n@&fﬂu%ﬁtsﬁoﬁnﬁeﬁ/@%du?ﬂlelt d
separ at or conne ed to and downstream of for separating'tar omt he

gaseous ef fleastong V(lleb)r laluabsﬂparag)rr Whmn: tew rﬁbf@mﬂéﬂ’ reactinchnimgnesmnstitaenty bf t he at

| east one Vf?lgoﬁ]gl g@ur d seé) tor rfrfur her Coogtlﬂ?lﬁ t he gaseous effluent;
(e) at leas SHe*ep tCPIquélF P%ria an 8 £81°08% Yoreti cal stage, for
receiving a nxeg)gasgRusg ﬁrbdgdsbawé#ﬂeénft h'éﬁﬁéteﬁ ra;rra, éélﬁﬁnéeda liqiih @Ffueppndensed
gquench oil separat es fromthe gaseous effluent; (f) east one cooling

means sel ecquetch oibm t he group consi sting of condenser and water quench
tower for coolln the ase us ef fl uent fr e CO se i qui d
of T uent conpr i g SYRERG drSmined disetus ahS TARKTTIEh ol SR R coseh ab - 23.
(9) a separgh@iont %ctxﬁ@ﬁéﬁiﬂﬁﬂﬂgg éﬁsﬁﬂélwn%aﬂé Qélé’&é@ﬁeﬁst‘f'ﬂys ARd gh&&nﬁr{cﬁ@m from

t he gaseous and/or liquid effluent of step (f); a recov train which
recovers |imghux mlafﬁonmtfddumghqa)gdsaergsso@hé lﬁtaemﬂ Wheoe;mmtdepsad(cp;)endndl or (9);

and (i) a line for clin east a portion of the liquid pyrolysis
gasol ine ri®H? Eelsrﬁé’éfhﬁ%fga?to % O%o said rectifier. 25. The apparatus of

claim 24, wher el @) sai holiRgd bREoRUME EPrPlte RASS oOitRnsclh AliibleAan tray.

26. The apparatus” of claim24; wherein said rectifier conprises pac I ng. 27.
The appar atmmnmimwoifysmlgascﬂrmeandWateougideﬁﬁ;d fedrh cteafogir t her conprises a line

for introduci ng guench romsaid rectifi oi nt stream of said
heat exchanger &)nd ulp o i3 oﬂﬂé@ﬁd}qunf&ﬁﬁ@ngéggr gtBr e (omo at least
partially separate therefrom a liquid pyrolysis gasoline rich stream; and
(g)  passing at least a portion of the liquid pyrolysis gasoline rich stream as

reflux to said rectifier.

24.  Hydrocarbon 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)  atleast one of i) a 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;

{c) at least one vapor-liquid separator connected to and downstream of (b)
for separating tar from the gaseous effluent;

(d)  a cooling train connected to and downstream of the at least one vapor-
liquid separator for further cooling the gaseous effluent;

(e) at least one rectifier comprising at least one theoretical stage, for
receiving a mixed gaseous and liquid effluent from step (d), where condensed quench
oil separates from the gaseous effluent;

® at least one cooling means selected from the group consisting of
condenser and water quench tower for cooling the gaseous effluent from step (e) to
condense a liquid effluent comprising pyrolysis gasoline and water condensed from

steam,;



28. The apparatus of any of clains 24 through 27, wherein said separator of
step (g) conprises a distillate drumfor receiving m xed gaseous and |iquid
effluent from step (f), where the cool ed gaseous effluent, pyrolysis
gasoline and water are at |east partiaRBy separated fromeach other to form
a gaseous effluent stream a liquid pyrolysis gasoline rich stream and a
liquid water rich stream 29. The apparatus of any of clainms 24 through 27,

wherei n sai d sepgf)at o sefar@befor ré@hefifE B ligaRISpyRoISEHk igasdithedidhnstieth ff@gei Vi ng
liquid fromthe bottons of a water quench tower, where the condensed

pyrol ysi s gHsarpeess apdonkqud cluentef stenddl partially separated from each
other to forma whqui d byCoIVMELS WG b erd figH oTSARAMAME Fasbbfititfiucniat er

rich stream
from steps (f) and/or (g); and

(1) a line for recycling at least a portion of the liquid pyrolysis gasoline

rich stream of step (g) to said rectifier.

25.  The apparatus of claim 24, wherein said rectifier comprises at least one

distillation tray.
26.  The apparatus of claim 24, wherein said rectifier comprises packing.

27.  The apparatus of any of claims 24 through 26, which further comprises a line
for introducing quench oil from said rectifier at a point downstream of said heat

exchanger and upstream of said vapor-liquid separator.

28.  The apparatus of any of claims 24 through 27, wherein said separator of step
{(g) comprises a distillate drum for receiving mixed gaseous and liquid effluent from
step (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.

29.  The apparatus of any of claims 24 through 27, wherein said separator of step
(g) comprises a settling drum for receiving liquid from the bottoms of a water quench
tower, where the condensed pyrolysis gasoline and water are at least partially
separated from each other to form a liquid pyrolysis gasoline rich stream and a liquid

water tich stream.



