METHOD AND APPARATUS FOR QUENCHI NG A HOT GASEQUS STREAM Fi el d of the

I nvention The invention is generally directed to nethods and

appar at uswban1iguersehi ng a hot gaseous streamin an ol ef iPES/Usb@ni2230he
invention is nore specifically directed to nethods and apparatus for
guenching the pyrolysis product froma pyrolysis furnace used in an ol efins

pl ant. Descyljpti f t t After t S |1y
cracked in Q@H@Sﬁ%@%ﬁ%@g@ﬁrﬁwWW@@E@G;;?E@I@%%%@ %gﬁfgﬁ\/lradi ant
tube section of the furnace at -1400-1650 F have to be cool ed (or quenched)
to -1200 F rapidly to stop the reaction. For lighter feeds, the quenching

i s usual IBeldohthedyvensiosi ng t he furnace product effluents through a Transfer
Li ne Exchanger. (" TLE"),.which i s.a shell-and-tube heat .exchanger ere the
bt bcess gas’ TEdbteato iataE kB fRLE AP indabenant 1§ GERETEE albtl <

boi | er f ggttowab®danitin an@Firks, plAR MBS Eional Hord §cisc@id&dd olnfeth@RL ed by
t he hot process gaseous products. Coke will formon the inside wall of the
TLE t ube$nd pppisiztbnipr qeenchingathe priolysgrgoducs froppa pyiebsisrierngeopseddr 88s t he TLE
and incr e?esfinrslg JHEE out | et tenperature. This will eventually require

cl eani ng ou he ‘coke, which will require stopping the feed to the furnace
t o perf omusatigm diReldetaki ng or mechani cal decoking. For very heavy feeds
and/or feeds with | ow hydrogen content, the coking rate in the TLE is much
hi gher - maki ryter thegfGedit g rEmgalbokipsdiipgryaly eafumasgethe pyiobysis Rogertse

di rect auenld e fbe 3GERARY iRNGhaBY adl 1186LIcae: PROMETCOEURRL from the
furnace into~quench tubes and injecting quench oil directly into the quench
t ubes t o quealhed)he ~1R20OCMUE tapidlf kausnp shefreamionh&or Aghtamfeedsythesjuohchidgeisf ur nace.

See, e.g. US Published. Pat ent plicati gns 2008/ 0128323; 2008/ 0128326; and
2008/ 012813‘39§1Y ERyrsingd %?I_HP? cﬂroqﬁiféﬁ@ﬂmjﬁhr?ﬂ@ densier e FUBast o be
i nj ect ed (1Y BYCHnRK QY sﬁeﬂaénd!thbgﬁ@a@éxémﬁ%c?r%ﬁﬁe M’@:(pko&_gs §R8s QROrChsiibbe

conpletely irrigated. O herw se, coke w start formng on any dry spot
al ong t héhaubercwhifaithe shell $ide exadmtt iabdiler Feeddiatey at 06@bKe gondrhdngipturTied use of

di rect quench has.the di sadvant age of not nerating. nmuch . hi.gher val ued
i ah pr osEaPesdrR inEe By AEARAIEAR e et B R H B o h e e Gy

sol ut i onsydILtheTRE @8 Mebadify RO BaflifeC hRERAd tdpieHiardd@dh acid8Ethe T1E andt he
follow ng patents relating to the use of quench and TLEs including US

2, 951, 029ucrepspiegl A3 gutlef tomroergtgep; Thinwg! ©@atualy gamip ztpanmeeyp thggeke,

5, 185, 074 Q. : 4 ver . . e still
signifi cgvn}{léipgi(?)lﬁli‘eéﬁlge \s/\tngP Iﬁag it"lhéeézfg%deﬁ% © f)urrg%éstg ééﬁ%@%l?%rﬁ{ags%gﬁ{lﬁg @Le above
pat ents amghpubdlidebadngaf@nfery RpY if@dt bodisy feedCwillidvghgdiopdn domeent ithes due
to fouling, and the | oss of valuable heat that coul d otherw se he recovered

as super ekingdats ol Liinigimych higheegnakinediequanir dvledeqokedgractisal Winel al | ow
maxi mim %ﬁﬂ@ﬁi Rltb %ElT Blec? Hé?{cﬂ%ﬁlﬁﬂ isséc%%gﬂhféﬁ%y%%@tti%ﬁ{adﬁ&‘éﬁﬁf‘e&h f:oMl 1 na.

whil e mai ntaining long TLE run-length ummary o nventi on
the furnace into quench tubes and injecting quench oil directly into the quench tubes to

cool the product effluents from the radiant tubes of the furnace. See, e.g. US Published
Patent Applications 2008/0128323; 2008/0128326; and 2008/0128330 which disclose
direct quenching. The quench oil needs to be injected in such a way that it keeps the inner
wall of the quench tube completely irrigated. Otherwise, coke will start forming on any
dry spot along the quench tube wall, eventually leading to coke build-up. The use of direct
quench has the disadvantage of not generating as much higher valued high pressure steam
as that which could be generated by the TLE. Many solutions to the problem have been
disclosed in the past. See, e.g., the following patents relating to the use of quench and
TLEs including US 2,951,029; 4,279,733; 4,279,734; 4,446,003; 4,614,229; 5,092,981,
5,185,077; 5,324,486; 6,626,424; and 6,821,411. However, there are still significant

problems with the quench processes as disclosed in the above patents and published patent
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The present invention relates to a novel and innovative process and
apparatus for producing olefins in a pyrolysis furnace enploying TLEs to
cool the porolywis9gases. The invention involves injectiPog/us201mioni3nal "
amount of wetting fluid into the tubes of TLEs - just having enough wetting
fluid to keep the tube wall wetted thus to prevent coking, but not enough

to substantially cool .the effluent - wherein the wetted-wal| TLE can
gener at eaﬁpwtla%/%%@idé%% AR &g due bt aingﬁ%"wlr%_&%‘?fld alige eapfhat her
aspect OfcolRIRELME réddVERH a0 BufethddRY stAnP I WRSH ik Yied ol i QPGS Proper
amount of wetting oil into the portion of the TLE where pyrolysis tar can
condense paovesy that willhelomeatxiexoh gergertion Oh euEesipraetd sefant feng vathmeethi nvent i on

i ncl udes t tangenti.al . oi | i 'ectioE nozzle along with a

e Cgiel.of 1
t ube- i nt JBEREEBR N ANGEF MAHTES 'Uge 136" ega USX, (sold by Shaw
G oup) . Analhey ofgRaaler®iont he present invention is that the operational
range of the cooling/quenchi n% is increased to include not only preventing
or minini zi ng ThR@rdsenfl InyRptien rGpEs tha/nevsh archiaey wfye procesy andrappaiapypiel ysi s of
very heav dst acks t also-to mnimzi he f i.n f.l [
{erver at S EREATn T S ol ReoB P ol Mty BREE P g v,
a | ess viis@atsn invowes ilj&itink Ag nviRinid'N@mount of svetti@diid idth éhes@b&ndamyEsTLE
whereby heat is recovered by nmuch | ower tenperature secondary TLEs.
Cur r ent | yust §avipg gagughTigtdngiled dp kegpdhaditheyvalkswefteddhuy e dsenent FRKire &bt f r om
pyr ol ysi %ogé’n%%gh td ﬁﬁ)tsﬁigti§§r_ ﬁo@ﬁl&' Pk —'v'vH}HéiQ HeBFARUAEHPTLE RYH g&%%@on .
f eedst ocks coveéring the iling point range fromgasolilne to vacuum gas oil
or VOO hégdhaprsssusveeant lxewslirad havartonmtundéngthy. SApstbeluspett bf/thpyprakytsi s of a

| ow tar produci ng feedstock such as .gasoline would rapidly foul relatively
| ow t enpaR PR ISR RRIPRETTRSOMSE Fil PIAPRT HORTESPEHITELE it Pg portion of

t enper at WEEBL F Qheld 951yhis @ AR caiRnld AdBH] the hERWIM N E0OnE 2804: ONthy
primary TLEs are used Currently. Wiile at the present tinme secondary TLEs
are onl y cipped axyentopon ipclodes thhest offa tongaatihbeikingictipn opzedealpyg vlithsi tabgas

si nce roolysis of th ases praoduce I t of tar that
hoat fr ofv Rt Sxelinse SRR Rea A T OTeEE LRC Dy BE SR, Sgiclrpeet
Wi t hout toRkheGRBRENTAEAtRIN)is tHabtHePeREi6HA Mg oFkiRd dTRAN PSR AR therdiR@l at us
we are able to use such secondary TLEs because we are better able to

control f@inciudg nat onlywievenives et unedizpecthe EewinRiohd Lis dveondensatepns afdays

ecover Aot PBRRN BB NEH ) KA s LR ARFEPRIARY R OB BB (g o

t he downsé¢mpaitufd @cdidaRaTDEs,(d&wnstlattof 4@0pimary TLEs) @lordifiglg) @iesed i s a
process for cracking liquid hydrocarbon feed to produce cracked gaseous
hydr ocar B&8Us: iayeer prdngsectinmhil 1s4sag it the seqoaparyofl-E whereby Bediinigeavarsdyui d
hydr ocar i f : i jqui d
vl ocar anmiEaen & ERREhfe ARoAL 1L, CHRARR sccbRlarf AT il O
cracked ekdd foendcosenraimahfrvmnyralytie gyses ateatred byferakogtof 1400 feedsadphisit 1650 F;

(c) feedi t he ho aseous cracked effluent streamfromthe ol efins
furnace t(%%%r RAeArpqry %’F‘%é%%ts FOHIoe tﬁe PYIARPYNE PRES ¥f8‘fn gasolneieypc iy Raijbr

(TLE), Whi 6160 bethuse @GEA AR sBfaliS@lRinPs# AR MYoddeEd B? PPl R&Sofd [BRahd - and- t ube
heat exchanger where the hot gaseous cracked effluent” streamis indirectly
cool ed omredueingubedsticl sucthis g@selerevatld rapidly dgoulpelegwly bove tegaperdturiem boi | er

feed water on t hell side [In.the sjpplest for t Ll sjide is
conpr | sedvssiialy TeReriostarErbil g THERNS Bl ot Ehit e

t hrough whhigdd tb hsughtyeeon° Mdvmﬁprim?im& drk QUedduiRnilNeWHTIRQE tHelPa&sent

contai ning the hot {I]aseous cracked effluent. The first section may al so be
of a sheltimeassgondary ThEeate gty aphisd fukeewn haptdran ethanher prgpaedysolyyiaeked

ef fl uent {. - | & by a

cingl o sl BpREEHP B Bodtal Bch Sork DL P0G FAFKORRRRY 0 1
st eam supambhaesdféiuenstaern Be Ficgherpd @ssnite~ 26@300YE Methatiedr tyndehatiseic antle por t i on

of the primary TLE, (described below) is superheated on the shell side with
hot gasedSerhaeiRiBFdgeseseatd FAPAYGYE HieGhlsHO taestctivecway] TLE  ReFayssedi ng

t he gase jotd i i f - D TLE
g ar€ b@t@éf%?legfa fgé@ﬁﬂ?@g{gﬁ a!t ?)(%V T(t)e,{ﬁ?%e%étﬁl%g whelr Efa%ng h\%’mﬁgﬁg& ;&Hy

to the tube side o i | ow

e primary TLE
obst r uct isopame abig injecting eivdtameol] imsesandiry ThEs sicciee dfle thecswe bead dsemttoon to
create a | ow pressure zone in said gaseous cracked effluent stream

i nredi ately downstream of said flow obstruction neans, and where the
gaseous cracked effluent streamis indirectly cooled on the tube side while
generating saturated steamfrom boiler feed water on the shell side;



(e) injecting a wetting fluid tangentially into said gaseous cracked
effluent streamat said | ow pressure zone at a nonentum sufficient to cause
sai d wet twogofllgsdot o fl ow circunferentially around thePcmdaisSda1seasbace of
said tube side; providing a sharp interface between said gaseous cracked
effluent streamand said first wetting fluid; and causing said first
wetting fluid o contact and t he. downstream face of said flow

obst r uct {TIRERSLEMPErANIG,frg sy %F%%@gvggﬁth? §Wlbﬂtr6'flmv€@€t19%0rﬁ %&b the
hot gasequyge feed streamentering the tube side of a second section of the
primary TLE is about 0.5 to about 2.0 [the typical wetting fluid for the
primary TLE i Vmtiiselninhed i o ppmsedioptrapling ligsidshydidcetbpn feqdgdp pwdecei n t he
exit temperature of said gaseous effluent streamfromthe first section of
sai d pri REEYedEEePY BRIRERIRIRE POr 06 SRPENRE RO 300 F and t he exi t

t enper at ure of(atfbeiises afdidISatdcamonfeddnereminitdah YlefinEfirfacPpr oxi mately 50 F
above the tenperature of the saturated steam bei ng generated; (h) feeding

t he gaseous crlickecking the ligntd hydracarhoaxpad viggamrio iha ¢lefirciporge sepodere of sai d

DT T TLE. ! o BERRALRL) et TR BEoREPL BLPE 40 2B

separat or prodest°@as stream conprising an olefin rich product; and

Pt onally U ey e adaests aded Shficht dircam Hom the Slehng farmace o e " 928
first section of a primary transfer line heat exchanger (TLE), which first section of
said primary TLE comprises a shell-and-tube heat exchanger where the hot gaseous
cracked effluent stream is indirectly cooled on the tube side while generating high-
pressure steam from boiler feed water on the shell side [In the simplest form, the
shell side is comprised of an outer tube enclosing an inner tube to form an annulus
through which the steam and water mixture flow with the inner tube containing the
hot gaseous cracked effluent. The first section may also be of a shell and multiple
tube construction where the hot gaseous cracked effluent flows through the many
parallel tubes that are enclosed by a single shell - in which high-pressure steam is
generated. It may also be a steam superheater where high-pressure steam generated
by the second portion of the primary TLE, (described below) is superheated on the
shell side with hot gaseous cracked effluent flowing through the tube side];
(d) feeding the gaseous cracked effluent exiting the first section of the primary TLE
to the tube side of a second section of the primary TLE, where a flow obstruction
means is positioned in said tube side of the second section to create a low-pressure
zone in said gaseous cracked effluent stream immediately downstream of said flow
obstruction means, and where the gaseous cracked effluent stream is indirectly
cooled on the tube side while generating saturated steam from boiler feed water on
the shell side;
(e) injecting a wetting fluid tangentially into said gaseous cracked effluent stream at
said low-pressure zone at a momentum sufficient to cause said wetting fluid to flow

circumferentially around the inside surface of said tube side; providing a sharp

interface between said gaseous cracked effluent stream and said first wetting fluid;



I njection of a wetting fluid into a TLE perfornms a simlar wetting function
to that required by quench oil in a direct quench furnace where specially
desi gned woenohnw2z| es are used to introduce quench oi lpCiratseoigoeaseh t ubes
where it is conbined with furnace effluent. However, the weight ratio of
wetting fluid to feed in the present invention is about 0.5 to about 2,
preferably 0.5 to 1, co red to qver a 5to 1 ratjo.in the typical. direct
quench oper at iaBa e 1 ﬁ%’i YVFiige %Iulf{ @ qoatagt and weldhe doyniepn £ ‘F?a?f Sgidench
oi | . These di fif.9r segsidELSHd: from quench oil in direct quench furnaces not
only being used to wet the entire internal surface of the quench tube and

t her eby pr evertf) vdekan depesight rono bliweting dlupkiorthe heteghs¢ams seddsstramnieatelipg cool

t he hot gaseo rol.ysis products coning. out the radiant tu {n a

pyr ol ysi o 1 ur ik abn gt & p&eRd agraen SEeCirgiy AR & AERERL T b i ER NS Ssen
i nvention the tpfitdI®feytifdURASE: BE piiR@ryeLE igkihhity GomPoial of plyfolNiepiedhy; coke
deposition in the TLE. 1n a direct quench furnace, the quench tube walls
are mai nt ai nedgwehareid thyexihempsmtye ofppid gasspuaditlopmgtioam from the first
speci al |l y-tapered | eadi.ng. e n n_abr o nal _en i rves to
prevent the qﬁg%%)(bfgﬁ g@“ﬁﬁ?&ﬁf%%%“?%ﬁ%&ﬁ%&?ﬁ%q%fﬁ%ﬁﬁ?ggggkqgﬁgﬁpgrth in
the quench t ukeit tangskrither &hye dcod swatibmgof teeinfady MREIioAppréxigiardly 80° Hesi gn
is enployed for introducing the metting oil into TLE tubes to prevent

foul i ng as de$bPYLBE tovencsithire ohdls 1grated sleam hsfng gr@etsdsent i nvention

i ncl udes the i B i plcocess
conpri ses: (gﬁh%gg éﬁgﬁgygﬁagﬁﬁﬁﬁgﬂgggﬁﬁggﬁﬁ é%@gg??zgﬁﬁggﬁgﬁkgﬁgﬁéﬂs
furnace; (b) seidgckiang TLReo laisgpdratolyydr ocar bon feed streamin the ol efins
furnace to prgguce a hot gaseous cracked effluent stream hav

ng a
tenper at ur e ofDAHBAYNE FOBTCPeAHBLE SEBHORbOIqRS g e SHRPHIE G5eibus
cracked effl ueplyistiyRasBafdAtuAdE séiia%ftbrflb%ocflﬁtft BAC&rh derisidestn &%t Hap of a
primary transfer |ine heat exchanger (TLE), which first secCtion of said
primary TLE comgiicsesd apiadrally- and-t ube heat exchanger where the hot gaseous

cracked effluent stream.s indirectl ool ed on the tube side while
Generati ng. hi g eE0k bele BRUFTT e ARarr ag IREE SR ATHE shel | “si de:
(d) feeding thgecgasegusyatiaekerd iiofd VERpe@¥intd NGnfiliewbitihgfuf@ioh t@mhaof the
primary TLE to the tube side of a second section of the primary TLE, where

a flow obatuiige by serabamikin adippstuansh Enags vehereispegisdly slesignask queneh Bezztnd

fion i . : i . ) fl uent
stream i Aeie SR RSB aRS o A MR AR AR les e e (e
gaseous effhgkeH®Bidvet) el wsikheatv bf weigigfRed toyfeedl e paRerthevehtbeissibder whi | e

generating saturated steamfrom boiler feed water on the shell side;
075 to about 2, preferably 0.5 to 1, compared to over a 5 to 1 ratio in the typical direct

quench operation and the wetting fluid is much less volatile than quench oil. These
differences result from quench oil in direct quench furnaces not only being used to wet the
entire internal surface of the quench tube and thereby prevent coke deposition but also
being used to substantially cool the hot gaseous pyrolysis products coming out of the
radiant tubes in a pyrolysis furnace by partial vaporization of the quench oil. In the present
invention the primary purpose of the wetting fluid is only to prevent coke deposition in the
TLE. In a direct quench furnace, the quench tube walls are maintained wetted by the use of
an internal ring with a specially-tapered leading edge and an abrupt terminal end which
serves to prevent the quench oil/gas interface from moving axially back and forth in the
quench tube, and thereby eliminating coke formation. A similar design is employed for
introducing the wetting oil into TLE tubes to prevent fouling as described herein.

Another aspect of the present invention includes the optional use of a secondary



(e) injecting a first wetting fluid tangentially into said gaseous cracked
effluent streamat said | ow pressure zone at a nonentum sufficient to cause
sai d wet twogofllgsdot o fl ow circunferentially around thePcmdaisSda1seasbace of
said tube side; providing a sharp interface between said gaseous cracked
ef fl uent stream and sai d first wetting fluid; and causing said first
wetting ﬁ&ﬁto conta and wet the downstreamface of said flow

obstructi é]ﬂ]éas%ﬂ ETEPTTAHE ISR ght ratio of wetting fluid to the hot

gaseous feed %&)&%@Jﬂ@@h@ﬁﬂdﬁ@dﬁd&@rbﬁ%@é‘edsén@@m% aR oREROAEnRQCt i on of the
primary TLE i s about t 0 "about 0 and wherein the exif tenperature of

sai d gaseous d¢b¥Xdradmg tht digaith Hydormathos féddr silteameotthleocpiebﬂis foaiade pr pnodnge aTLE i s

bet ween about 00 F and.abo 1200 F .and the eX| r t he
second secti orﬁ‘og%asf%g Cﬁ?“ikﬁgF&““‘rEé%ieéma}Bﬁ%ﬁ tﬁ@PE‘iaW%d é.%ﬁ}*é &Out
tenper at ure ofjgsfrep.sat urated steam bei ng generated; (f) feeding the
gaseous cracked effluent stream exiti n? fromthe second section of said

primary TLE téc)afe@cb@&tmtmr gasepy) crackied ¢itignt sireammelremsag eletins fugnase paathat or
bottoms |iqui glratsec 1rn|1asrI I:c] né[fgr hl%]geap eX%HaI%e‘%eﬁ w]?écﬁ%%licgﬁﬁrgtt s,%gg(zrh?f

separator product gas st r'eam conprising an o

feedi ng the sepdrpaingiry Emmmprg%a steflema e hdah gxdhafgs eyiriethe hot gasdous
secondary TLE where the separator_ product gas streamis .indirectly cooled

on the tube sictiskedeffiyerhstieamdniidirggthi ok Behaers sidsovhilesgsoepgngBiglit 500 F
whi | e gener at i,ag | 0Wnh SIS ey blheShEN Ligsi de from boiler feed

wat er and where a secon?ﬁ"ow obstruction neans is positioned in said tube
side of said gécfeediag yheTdakeduo coackad efflacht@witpieabsfirse seane of thegainthrp Toduct

gas stream i nmedi at el y . downstream of s id secon | o ruction.nmeans
wher eby a secé‘hg’e\ﬁél?et %lﬂ?goémiﬁcﬂn echiph p @‘ﬁé’é‘dlaﬁ ﬁl%& rB\RJiﬂ"\é%W& U%ne at
sufficient floywaalg ﬁo‘éltl%ﬁéd‘fnaéaﬂi tTuJB@sﬁ@%&%%@&ﬁﬁ's@étﬁfnr’t@lcreﬁw d RGRSreldird
wetted state; (i) feeding the gaseous cracked effluent streamexiting from

sai d second leEnet m saldsgadwd csamped efffloent stigpin 1mmdmt¢ig dpwostraaheofsseslothaiv

separ at or, tor i qui nmg str tar .and heavi er
e P N e A i W T R S
product; and epble@Balthe/tubé Kille BB driteh NalirhtBd Ple@EUrdnd Bdildrtedd waer on
separator product stream As for the separators, they are typically

separ at e vessdéhashelftyidef i r st fractl onat or downstream of the furnaces, herein

called the pyr(%ai{ﬁfﬁ eé %ﬁ?stt k)v%ﬂ ?a'ﬂ et 1§?1Fltg%a1'd %geoluis1 ]g:lelcﬁ%fe f?{lelﬁ

separator so t donce &R N essential ly
pi tch recycl extregm hdsaﬁtotowbpre@duk@mﬁ alt@nhﬂnérﬁurﬁpuﬂfﬁibnm&dhusd fud pyri@kysi s

pitch product ﬂfulic? trg f%orls cggurn?flelye%lugﬂ; gr%ﬁrtlcli %rf]:afrtlscl)crie gl?%z;cg gf gﬁd glbg Lsllrd%]:eprowdmg
a sharp interface between said gaseous cracked effluent stream and said first
wetting fluid; and causing said first wetting fluid to contact and wet the
downstream face of said flow obstruction means; and wherein the weight ratio of
wetting fluid to the hot gaseous feed stream entering the tube side of a second
section of the primary TLE is about 0.5 to about 2.0 and wherein the exit
temperature of said gaseous effluent stream from the first section of said primary
TLE is between about 1100° F and about 1200° F and the exit temperature of the
second section of the primary TLE is approximately 50° F above the temperature of
the saturated steam being generated;

(f) feeding the gaseous cracked effluent stream exiting from the second section of

said primary TLE to a separator;



The present invention has many advant ages, including: Mre heat recovery
as High Pressure (HP) steam Currently a |arge anmount of heat is |ost as a
result ofwoizoaa4maenchi ng of the gas | eaving a TLE i n Ph@/usSypilo2d309LE wit h
hi gh end of run tenperatures. The claimed process can be designed to be
self-sufficient, generating a | arge amount of HP steamto drive downstream
conpressors required. for separation and pgrifiCﬁtLon of Ii ht.olefing and

not requi ri ng @dEMOVEgAR e PARIORA PRI PRECHY fiaYid siream cqRpTigAg{BANd The

cl ai med procegga@EanyRtodtingafdla §QarfN fbaNg Il iy ARGRRIRNE Medid riftpt
necessarily require a superheater in the convection section of the furnace,

all owi ng for pnwluet;heating of the feed before it enters the radi ant tube

section of the rnace, This additional heat can be used for either higher
feed rate or h(ihé; ﬁe ngrhe E)eé)iaﬁforfpé%‘h’g PoF iR TEHE tﬁ@rﬁeé’aﬁaiq%{i RBJP s s
results in a rglpkhselde REMfR prddigt ddsktret @linBe @R 3bol@on (RE AAS isRIBAb

decoki ng; mnim zing downtine for TLE nechani cal cl eaning.

an exit temperature of between about 400 to about 500° F while generating low-

pressure steam on the shell side from boiler feed water and where a second flow

obstruction means is positioned in said tube side of said secondary TLE to create a

low-pressure zone in said product gas stream immediately downstream of said

second flow obstruction means whereby a second wetting fluid is introduced at said
low-pressure zone at sufficient flowrate to maintain the downstream internal
surfaces in a wetted state;

(1) feeding the gaseous cracked effluent stream exiting from said second TLE to a

second separator;

(j) removing from the second separator, a separator liquid bottoms stream

comprising tar and heavier hydrocarbons and a separator product gas stream

comprising an olefin rich product; and optionally

(k) recovering olefin product(s) from the separator product stream.

As for the separators, they are typically separate vessels. The first fractionator
downstream of the furnaces, herein called the pyrolysis fractionator could also be used in
place of a separator so that the tar concentration in the wetting fluid, (essentially pitch
recycle) would not be allowed to build up too much, the pyrolysis pitch product from the
pyrolysis fractionator acting as a purge.

The present invention has many advantages, including:

® More heat recovery as High Pressure (HP) steam. Currently a large amount of heat
is lost as a result of direct quenching of the gas leaving a TLE in the typical TLE
with high end of run temperatures.

e The claimed process can be designed to be self-sufficient, generating a large
amount of HP steam to drive downstream compressors required for separation and
purification of light olefins and not requiring additional heat removal in the
pyrolysis fractionator.

e The claimed process can be designed for existing TLE furnaces and will not

necessarily require a superheater in the convection section of the furnace, allowing

6



The cl ai ned process can crack heavier feeds in existing naphtha furnaces,
whi ch can have a significant financial incentive. Heavy feeds (V& and
condensatwd 2ittde4160w hydr ogen content when cracked i n napmtusaoianaaske ng
furnaces equi pped with an existing TLE woul d experi ence unacceptably short
TLE run-length due to rapid coking in the TLE. The wetted-wall TLE woul d

provi de a non-coking surface i.n the TLE tubes that allows these_ heavier
feeds to be crf%rch%’ETq]zEﬁm_Pﬁ @fﬁtﬁgéq?éﬁﬁﬁf%? “éﬁtﬁ%@‘f?éa‘ﬁ%ﬁéé‘?t{easﬁ?ﬁﬁ %ﬁﬁ%@%ﬂa&sput the
same heat recqygs¥dasondl B PIESSHES (SRR hiPhdreedVBld @UipRt bndlb&indfeelin @
TLE wi thout such wetting. In the proposed configuration wth superheating

of steam i n t hepdrizagpnporti on of the primary TLE, changes in the steam
bal ance of the plant and nodifications.requirgd of e heat renoval
capact £y 1 ¢ TR BRe TR e S r i APer Frohs T HERRRIEPTY V¥ asi bl e to

convert a nap Q_E&%io%ﬁél‘é&@kin@! ﬁﬂiimﬁz@n%&&%ﬁﬁﬁq: Reavireheaadical éleeﬁﬁng? ondensat e.
Brief Description of the Draw ngs IG 1 is a schematic drawing show ng

t he over al | ® prihe etsmed pocedicag ceck heavaenfeddskn ekis@g aphshatfheavest tvdchwal |

configuration of the prijpary TLE. FIG .3 is th -wal | configuration
of "t he seconashy hatte Senfginb gy taccopid Sk s WEC HE <quERGHECHEE and
nozzl e of the|pyaseRket EUHRM VRN cFaJcEedﬁﬂa§h@aa‘éf&§ﬁlg$ﬁﬁ1tabé%réqﬁi(§)%% Lwadken al ong
the longitudinal axis of FIG 4. Description of the Preferred Enbodi nents

The heavy hydesstinddhEfveadd regericoeruriasecpsablnstpst DEE hemlengthydie ¢e tapibns .

Exanpl es of suit.able.f t.acks i ncl but ~are not limted to, one or
more’of heavy tREARSELEEGT PSR ER f pR R B lranf B 0 1 .
heavy gas oil theDOE @ites thapearys Gesideaticl fdet et bedtscke@ahgih 8 .eadi ncl ude,
but are not limted to, hi (ﬂh end poi nt condensates, deasphalted oil, oils
derived from tgre dapersntlyiaflowp abeut fhesagsdicat igpevesy pt ek peestifelsse@ribéis such

20 oS (Snel ndde Al Bl B EE AMDRER W AGRn BISop Fh b FAA QL AT )

heavy ends, Heavy Paraffins esi s products, ropsclt products
and hydr ocr ackathesuperheating of steam in the first portion of the primary TLE, changes in the

steam balance of the plant and modifications required of the heat removal capacity
in the pyrolysis fractionator are minimized, making it feasible to convert a naphtha
cracker plant to process heavier gas oil or condensate.

Brief Description of the Drawings

FIG. 1 is a schematic drawing showing the overall process, including a primary
TLE.

FIG. 2 is the wetted-wall configuration of the primary TLE.

FIG. 3 is the wetted-wall configuration of the secondary TLE.

FIG. 4 is a cross section of the quench tube and nozzle of the present invention.

FIG. 5 is a cross section view taken along the longitudinal axis of FIG. 4.

Description of the Preferred Embodiments

The heavy hydrocarbon feed may comprise a range of heavy hydrocarbons.
Examples of suitable feedstocks include, but are not limited to, one or more of heavy
hydrocarbon streams from refinery processes, vacuum gas oils, heavy gas oil, and other
heavy crude oil fractions. Other examples include, but are not limited to, high end point
condensates, deasphalted oil, oils derived from tar sands, oil shale and coal, and synthetic
hydrocarbons such as SMDS (Shell Middle Distillate Synthesis) heavy ends, GTL (Gas to
Liquid) heavy ends, Heavy Paraffins Synthesis products, Fischer Tropsch products and
hydrocrackate.



The first wetting fluid used in the primary TLE includes thermally stable
oils, including heavy very | ow vapor pressure oils. Preferred wetting
fluids fowotha/psieoary TLE are pyrolysis pitch and si m lpar/useéigz/oer3ngi nati ng
in the |ower portion of the pyrolysis fractionator which cannot be
substantially vaporized at the TLE tube tenperature where it is injected.
The second wetting fluid used in the secondary TLE includes gas.oils such
as those typi J&F{}gvsw%ﬂla&ﬁwfuﬁ%ﬂ%tﬂépﬁwm %_Eém_lwgéfh%% BHtable oils As for
the rel atiﬁéi@diﬁgﬁ% v‘éfy W\t'dpegplfegéﬁ!réi&lysﬁgﬁerﬂea wle&iﬂgrmﬁﬁsti%mhetﬂ}ﬁﬁarg%ﬂ nj ect
a mnimal anmount of wetting fluid into the tube of the primary TLE - | ust

havi ng enougyrolysits tpitoly afid siimdlat oilkeggindting it tizdowat porvien bEdhepyrdytio prevent
coki ng, hut .not enaugh to substantially coo] th fluent - wherein.the
et t o varetiaorca e sl B S AR Brb e Sk b TR e dehapri S R ng
| ong run4d pRatdas ThEREcoNatWd ML Miﬁhﬁecﬁﬁﬂh@@eo@ﬁ@é&%} ded ayubtendiond sedhr Kans
fromthe pyrolysis fractionator. For exanple, the heavier Tirst wetting

fluid carhdse tynegblarpseduspd friori the pyredyshofraasionpior.ch wi t h cracked heavy gas oi
("CH&O'), both strea .romth rofrac. . The l.ighter s nd wet.ting fluid
can be pr cpar of PF BRTRRAT A elEeP Ve Riedfanelenit BubPhnIR RS ¥ Bt 1 rom

t he pyr ofniiafinal hiuhedfaldtiify AURioShOfube d€ theGRHRANENE Cjast Haeingahoech SO t hat
the resulting wetting fluid has the proper boiling range, APl gravity and
vi scosi t yvetting fluidtp keaprihe Hibe oyl wettrd dbys thPacvsat ekinga Prenaténighitag to Fig. 1

as an il lystrabhoRoQfnd %‘Fﬁ&%[gtv—e\%&%ﬁ%é tveltSa-bAn e, 0 %%?tgﬁa%ﬁ@t%ght he scope

of the invention"may In any nunber and types cess ps between
each desordshad spaocsselisdsdaving 1oet madanghdeTae Weathgdtid can enghodielsd bpat i on

within a process step. The olefins pyrolysis furnac Ois fed with a heavy
hydr ocar B&RANE SHRRBF PR ALY ALYRLs ffsf?ﬁﬂ)éflate{a% SRR aﬁ@ ei‘?%érsﬁw%‘ﬁgecti on

zone A. - fluid cant&prEpdr&d b?ﬁl@ﬂlﬁ% RleafdeBbesitch Wi REIRDEREBS £l )CcliGM, T he

convection section is typicalTy a banklof tubes, wher€ih the contents in
t he t ubedotrwrchmatwd theipyeatiacy Thy lightev scbnd wetimgtiluid eamsteepreparechiroine

conmbustion ga Wting from.the radi tion _of t pyrol ysi.s furnace.
' one. enbteric0 P enbCRLel shyal BB TR BT RIS ough ¢ he
first stagpulis®ieahedondpdnenticah be REMED thek tBe FRURRE iRy MIH GBS HePIBIeLS

conpl ete evaporation of the feedstock The pressure within the first

stage pr ®ndagarnge2APS erigity pagd visediair |y linited. The pressure within the
first stage pﬁ?@?~&%Po%%g%§%ﬁ%§h%%m%%&ﬁé oﬁé %9?'95a§@%ﬁﬁk9aﬁ99ﬁﬂﬁé9’ nor €

preferably from abou sistin e vapori zation of

l'i qui d f eedstioeKkR id 1 HehmdeBvodahdt @i £6pd bOthe dfvehtién dy Nat®ie aayGiuhibei on gas
13 is fed to the furnace, nost commonly to one or nore portions_of the
f eedst oclRNHEDEP AGPIRAS vEEPDPFVEEN BN ASHED e PEQSEpOTIRR YdPei e a dracidhsdvect i on

section Qf,a. By Ql¥ikiord WRAGSHAIL Sl S OMF: RALRREANLRSis Amblied 9% BAR a

occurred.
heavy hydrocarbon 11 entering into the first stage preheater 12 of a convection zone A.

The first stage preheater (feed preheater coil) 12 in the convection section is
typically a bank of tubes, wherein the contents in the tubes are heated primarily by
convective heat transfer from the combustion gas exiting from the radiant section of the
pyrolysis furnace. In one embodiment, as the heavy hydrocarbon feedstock travels through
the first stage preheater 12, it is heated to a temperature which promotes complete
evaporation of the feedstock

The pressure within the first stage preheater 12 is not particularly limited. The
pressure within the first stage preheater is generally within a range of 50 psig—400 psig,
more preferably from about 60-180 psig.

To assist in the vaporization of liquid feedstocks in the convection section of the

furnace, a dilution gas 13 is fed to the furnace, most commonly to one or more portions of

8



The heated steanigas m xture exits the first feed preheater 12 via line 14
and is then fed to the second stage preheater 15 and is heated in the
second stwgeoprmhwater as it flows through tubes heat edPoy/usenb©2130on gases
fromthe radi ant section of the furnace. In the second stage preheater 15,
t he superheated steamgas m xture is fully preheated to near or just bel ow

a tenperatuyre. at i ch significant feedstock cracki and assocj.ated coke
deposi t i 319? feﬁdsmféiv@e%%awgw%mt@n&eeﬁﬁl.rwq*’ﬁ%rarﬁ%@ tﬂ‘_g‘é%}“@&tﬂg’e%‘iﬁ%% Ph2 f | ows
to the radisans Recdck Qe Bt Rgtiht BEhEFeRf ndsREc @Rl i ns pyrol ysis furnace
where the gaseous hydrocarbons are pyrolyzed to ol efins and associ at ed

by- product s exXihtihagted ktearhi(gan agetutcaxo gie fliishieed prehPrtadlicvis liné 1dnandlisef i ns

pyrol ysis furnace incluyde, bu re.hot limted to, et ene ropyl.ene,
bl aa endhertRBEe st e Arnafle® etiine P b e hdYeEE P SRar i ¢,
par af f i nifowsamdugh aimes héatd BHetmhisustibh BR8N the FitRarR k&I 0P 8t fultfaBE UG |,
typically ranging from15 to 30 wt% of the feedstock. A small anount of

pyr ol ysi $ha sgeondsstagesyehnatrideldle sipeshagirsrtsany asaixewsiiniyliwiprehenieg vo aear

f eedst OCko% 'uss'flgft]m%% ) er?lhllr«? ate\%l?lglgls'al Jf%ar\l’w}ggds%{(%l a\{:{zq%d a%Ei aploglgte%ec\() L! ty so
as to produCe maXxi nunt et hyl ene i &Fa rofy I'e Cr deK) ng furnace 10
defines aepyitdnyinitte pleBeérngodd®becut TRe machdaBéd sséduentpilowbeo thermaae) and
provi des neans for pyrolytically cracking the feedstock to thereby yield a
product PEionithrenghrlingdloerf thexplefips giplysis dpinace whern theseaseipIhgAocaibpBhy| ene
and but ad| I i n-td : : Iyt cracking
furnace %%eeﬁﬁ?lggg toccg%%i %ﬂh%%%o@}&gédﬁ}a@égggﬁéﬁgﬁgtﬁﬁmeLn;??O hg‘%qg@ 1%:Hreal?ki ng
product doogrcissesinlobatizrs peladfdinBirinet indhedey thetsaro hbrdimitker toyethy esxs propylene, Then
the cracked effluent exiting the radi ant section of .the olefi furnace at
line 17 iPytadigesRengene; ﬁ}éﬂ[m%%r P?Fg?lfr&aha?‘?’éﬁgf)g}ﬂr PiSREiated QtetiiG RARGNCEREE) 18,
whi ch priafhtic Peba @ MEth §18Re R tBhsleliodRdnt fBEuNEFbicEKFRARRE oM €5 & sde hot
gaseous cracked effluent”streamis indirectly cooled onthe tube side while
gener at i ng%s véthnfesdstdek. Alhymiall agiodat ofiftyrelssis tayay alsprotheed, itheuantigecked

ef fl uent .be cool ed qui ckl.y to tepperature of .less than 1200 i n order
Co stop tREeErEcRhaET SesiOel 1ERR B A S PO r N o e cous
ef fl uent sgidiRREd &Xtolpréhck ReixThEmicthylidiryidl@ut ed via line 19 to a separator

20. In the separator 20 a bottomség-oduct 20a pyrolysis pitch conprising
tar and heavy Pyydyiéeceardons fursacsdfaietinesh pyrohiticiciiskeg zoperibheadiant s@BioThe

separ at or ri VLI i j . ti and
ctr oams 5f S SERE PGB 7 o R e e SR B SRS e
bott ons agabdicoiidlgin lbaeemotculadiveheolefigs fiehd\ik edlyldny diropdemons, si de
streans such as heavy gas oil and light gas oil and a top _m xed gasoline
and ol ef iPH&disngdhBe lower olefinggidipragyey Ptses Sowamgstieraekiva fyrAagend f ur nace
and TLE, i \ i i@l . iler feed
pr eheat ertprg%é]f%%ﬁgtﬁ ggﬂl\%stes Eaet&gﬁ)ef F’ﬁ%e P zrrog%ggecﬂ%lgl I;a}tg d%%tc %@B%%gtlﬁ‘géelj of about
525 F i s oildien bnomtkedeyothael demeat?vest 0 a hi gh pressure (about 1320 psig) steam
drum25. Int st eam drum hi gh pressure (HP) steamis remved via |line 26
where it is ro eé‘cfﬁ? Bra%%teéﬂﬁfg’éﬁg]élpﬁé%ﬁ@gl(a%g%ﬂoq Pr'{ertlhﬁlog’ﬁinﬁ urfl%ﬁer?éggemhere_
it is heayedrdytomaRIPtimasH thandfer @R &BRnder (THES1 S YRRthaRhad 19iream 28 is
typically supplied to steamturbines that are used to drive gas conpressors
r equi r ed chmprieesramhel sndituberiacexgbaeger wheeephe hoti gaseayh craghed efluerdtistrsarprioduced
by an et hyl.en | ant . The | 1 owi ar rangepen escri ption refers to
o enboctTURETuRRRE! g e SR PRt e BT B Pbe ROET PP RaR! TLE | <
super heatied thdcrhdk@d ktlieht Bacdol@f qilibi@y B b feiperatle.of T tatignat Bdn sk@am from

the steamdrumis then wthdram fromthe steamdrumvia |ine 26 and routed
to the fite stop hecerpdmnoind sdugsrfpwirganqoke Sorgmtisholhe gareetreaiflpentsirgam 2. The

saturated_: i . i i A s then
outed basimEQR REEE{ BERrh Hi3BnETEePL AR Hh dRpRRIOTR0% RS 1o
| ar ge ampusduco?0d gieolsgsit piteli esh pvidigy taahohigeany hidicbabsad iksaiededsfromm The
steam drum 25 is positjoned well above the TLE so |liquid water is supplied
to the THEhterRRMPeIehE0BNGSCRABQAMN CPW@HﬂEPE&Wé@so%aﬁ%Pa@OE HAREST phon
effect t , ' | - - isges to the
st eam dr 876 Qfﬂ{gus&(e%}lgggﬁjltdg%aepf%? %i @éﬁ%}agtek %ﬁ{lﬁ O%}%{a}? ig‘ﬂ{ filn lﬂctl%%eetﬁﬁ ng again
to Fig. 2, this shows schematically what conprises the primary TLE 18. The
primary TLE is a shell and tube heat exchanger, where the shell sides 31
and 32 are for the coolant and the tube) sides 33 and 34 are for the hot
gaseous cracked effluent. There are two sections - a first section C and a
second section D. In the first section C, radiant coil gaseous cracked
effluent 35 is routed via line 17 to the inner tube 33 where the gaseous
effluent is cooled froma tenperature of about 1400 to about 1650 F to a
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In the second section D, partially cool ed gaseous cracked effluent fromthe
first section Cis routed to the inner tube 34 where the gaseous effl uent

i s cool edwbnromvm4teenper at ure of about 1000 to about 130@CEF/USeo1d/0eBAPer at ur e
of about 700 to about 750 F by cooling frompartial vaporization of BFW42
fromthe steam drum 25. Make-up BFW is added via |ine 24. The saturated
steam and water m xture exits via_l ne 30.to the ste mdrum 25. tting oil
38 is injPoHPEY C?Wﬁlalr&gﬁéacg%%’%tﬁﬁa@ttag cRiicEt ach}a??@emsr sife HEAFS eyt BFaxE s ur e

t hat the gaebi andfighnBs 5@%9@9&%%%)&6@%%&9@ 2Rl 81eRt bRAuaNd to elimnate
coking on the tubes.” The [ ocation of the injection nozzle is inportant. It
shoul d be | oc&egdrdangnthe isteanm geherbtign mehdfmme@mé Tand bpraflecdawhtpr oMY 10

i pe di anget.e downstre f..a | bo re unif uenc flow
P ough onas Feaor the 3 BAT: Bhud Nednraliifer 28 FQRl R SRR ANER B A Lo
or if a s@f &@fe)’of'lélb&lti QSHmchehhgut&@mﬂmferzq%h%@g}ﬁ;ﬁ@@h&t@Boutqmgﬁhgﬂ to
that secondary TLE, via line 41 Referring nowto Fig i S shows

schemat i stermydrigmalS. do s stenss drunehigh persaere yHF)L Hesp is fPh@Vg‘ia&@r'lH@r%@ wWhere i s a
shel | and %'rlou%ecb Fo séga)ﬁg Qlﬁ) etaﬁzrﬁﬁ?r ﬁle ot['e%ln% ri‘l?llnlace Hf(::fe ?tfl? kgatec? fra%lha%ocom ant

and the tUBESS de gaseous Crack ORIt | ng via

line 41 f580nFtdhebcepesRtorTdovwwiticardsedant T&ispypic@alyysuppliedld.stoAmattingg
fluid is added at line 60. There is onl(?( one section I n the secondary TLE
as conpar g 4 fW‘éf‘e&atslceﬁ@“‘lS?Prﬁ FEIUBES FRICPMPLESsiosjapg eryiogenie seRaEdiosar y

that the | m\,herr% rﬁuc@&ﬁyi‘?%g’féﬁé?]ﬁ LE be wetted to stop coke formation
e

in view o terrperature I'n secondary TLE. In the secondary TLE
50, gaseous cﬂ&elfeldb\ahg latremdendt@t dosictiptiign fefepsnid dreerpbvadimaert Whekre stsamout ed t o

t he inner be 52 where the seous e uent is coale a cooling nmedi um
such as B C%d4mftP6ﬁ‘?C8nilP6‘UvQ %&Pé’é%}’&i f?&%“%‘%?ali?éiﬂﬁ)thesfgé’ah‘ﬁrb‘? 55. Q her

cool i ng Lﬁu%e%§u¥M§eM%H%¥ sﬂé§1%c11rinﬂ i$ 8 RANdAawH-FESmaRaLy Rl SO be
used. For |ns ance the cooling nmediumcould be instead feed to the furnace

(st r eam HtumofviHing. 2619nduheted bcythcrfafst%@:mmdérﬂye miiBayolill [ et stwsvnafufthemace f eed
pr eheat er,

SRR AL T N LT T e Y

m xture Qbuts@batikab ek GéLamANS VAtIRE, 30N aAVAND WEMIVEEoMigata 1hixe Ahdohst dTOt
gaseous effluent, exits at line 57 and is routed to the steam drum 55. Make

Up BFW i shexpsated watdriafpagsgth thesateedidedicant.f Thetieans drum donis prsitisedmelr y TLE
S0 isr 0'%)8\% thE %L@Fgaehqr%?d &Qteials s%&g e@ttﬁ? heﬁﬂg u@%@ﬁ%&bont(g‘;m%ﬁp@ "Rl @ pShown

in Fig. he primary
TLE i s slkoves b Margé Qﬁ&nsﬁpﬁdn&lﬁfeaﬂt@ d&alyﬂ, (e texv@tbein@gn@dhl lightdr@fiant wilxer, @r nozzl e
39 which forns an entry into tube 32 on a tangent thereto. Fig. 4 is taken
on a di afseeie the styp Arimizigdugiag dlarggisecipplafor o8 Wake t wo conduits intersect.

Fig. 5 shows fi axi s

t hereof and | g{(?ﬁ‘frﬁgg S%agﬁk% ﬁl bQ fesléﬁgvzvg%h%géﬁ&vﬁ hi nc&'ﬁﬁn&% %‘g‘%ﬁgt r eam of
nozzl e 39LE L’ﬂ aTha/;a‘lmarngﬂ slaowll hsd aube hagexthamger, whgre4Be blaolli sidps3 1 raadp
portion nat a flat i e latter ing.a sharp
interf acle]i3 c“é’OLE@gan ﬁt‘“ties“deisl tanggréltaf“oﬁ %&%ﬁ%ﬁ@‘éﬁ:@a&@é g@“ent
inserti O'Th(afe”ege ﬁ»?»o ké&h@ﬁssﬂﬁtﬁrsﬁfse&loh'cgliﬁd 209bgq §&t1f)ﬁ>ljn1%} t@ﬁfsps&ﬂgﬁc“?’d The

function of the insertion ring 43 and variations thereof is to forma
| ow pr essytiantzon gastouacrackes efidvens 36 esnrpufedoda U 17 to the inner tube 33 where the

gaseous effluent is cooled from a temperature of about 1400 to about 1650° F to a
temperature of between about 1000 and about 1300°F by cooling from saturated steam 26
from the steam drum 25. The superheated steam 36 exits via line 37 and may be used or
routed to a steam superheater in the olefins furnace (see 27 in Fig. 1).

In the second section D, partially cooled gaseous cracked effluent from the first
section C is routed to the inner tube 34 where the gaseous effluent is cooled from a
temperature of about 1000 to about 1300° F to a temperature of about 700 to about 750° F

by cooling from partial vaporization of BFW 42 from the steam drum 25. Make-up BFW

10



Nozzle 39, inits sinplest form may be a constant-dianeter pipe which
enters quench tube 32, preferably at a right angle and with one of its

wal | s on wiotangemtédt o t he quench tube 32. An insertion PCR@S4®1i0z23pocat ed a
short distance upstream of nozzle 39 and creates a | ow pressure zone 44 at
face 43c. The opti mum di stance between face 43c and nozzle 39 is the

di stance .that results in no liquid flowm ng over the shar dge. 43d but
whi ch cor‘riﬁ‘g’tﬁ@w‘ et 2 fﬂ@éaﬁ‘é"&f?&] TRATRRS Pafy DHK eV al{l@ﬁ%?? thostsia 39

flows ci rgeuher entdidd by 3_§'isoi‘ﬂj’é@tehf1§toitﬂ@%co%étﬁgéﬁa‘aftar%%ﬁﬂ?ﬁhl&ﬂ@%3@ (because
of the tangential injection at sufficient pressure) filling the

| ow pr esssvuge thonibe 44lls of thesedadeediBm, tubqarervatted fand t dlaminateenking wntthe

function properl i.t is necessary that. the |iquid i i.nj ected

anoent T 4 Th Ksation boor SSRRmE e oritrians ToaioukftePee RHT e bp | e
centr if U%_G}Jipéf &hﬁ@te@&éﬂd&ﬁeféfhblﬁ&%uhr@ﬁ;ﬁgé digdmeter EAdWAs@eah e aﬁiylél%i)v_@lfb of the
fluid's first revolution wthin quench tube 32 exceeds that acting on the

i ncom ng essure ammeu arenck od dlovt brqugh thy aarizteatihgsapled cliugnt 40 fefithet ropigdt hi s
regi on of the ( ln o . Wor this.velocity must b t hat :
05°) (R 21 paPRBALGH i Secohfl TR VB B AP bR BF ki S e
radi us ofsedonbgry3A.E,andlig 45 the accel eration of gravity, all expressed in a

consi stent set_of dinensional_ units. Typi cal values of U2/ (Rg) range
bet ween 3 and &@f?fﬂﬁg@%@tﬁlaé,ﬁhl&ﬁ@W%@ﬁ@ﬁl@ﬁV@ﬁ@t eaBRidset HE EErfdanal | of

the tube T:i% P Pod s%ébﬂcfarygilﬁliéjcjl gleqilra%g tltl‘t% K ?%)I?C‘Iﬁgllil , Wikrd s‘ﬂElh st %45& r1‘56 gas

phase. This interaction between the gas a ases also resulfs in sone
t ransf er fof theroodadtunmd ithe tbe sidoh $¢ foe dra habit paedbuoeradkedrffl deat gasxitiog vvize
wetting fluid. In this manner, face 43c and t inner wall _of .the tube 32
downst reé’u‘i‘Fﬁﬂé@é‘bfl{e sﬁPaéatﬂﬁa?\‘f’%‘itl?’?é@ qf heprimget -ﬂhﬁh@i gi"éeﬁt_,m% Heiddbgdderdht i ng a
t wo- phas §inaB0UiTRErefil ONYy 0RO LERioWH &2 sbedHdRH BLE BECSRpITBE VR (R s&QH68s inf €
portion of tube 32 ups%,r eam of face 43c, i'ncluding surfaces 43a and 43b of

i nserti othe pnmag3ILE, simak it 18 deggssagnthatthe entitvevdf ofrthe sevondaydjldche weitaloke

EESIRAn N N e R W AT
been desgedpasyEIEHN gASednd¥iadBed dffttiet A0ekANG flohdthe iFRard MU E43Gdutbdlio coul d
al so be constructed with curved, extended or shortened sections. The
critical theinner tube 52 where the gaseous effluent is cooled by a cooling medium such as BFW,

54 from a (lower pressure, 175-200 psig) steam drum 55. Other cooling mediums such as

those commonly used in secondary TLEs could also be used. For instance the cooling

medium could be instead feed to the furnace (stream 11 of Fig. 1) whereby the secondary

TLE would act as a furnace feed preheater.

The low pressure 175 psig steam exits via line 56 and may be used for process
heating needs elsewhere in the ethylene plant. A mixture of saturated steam and water,
having removed heat from the hot gaseous effluent, exits at line 57 and is routed to the
steam drum 55. Make up BFW is added via line 58. The cooled effluent 61 from the
secondary TLE 50 is routed via line 59 to a separator (for example, the separator shown in
Fig. 1).

Referring now to Fig. 4, quench tube 32 in the primary TLE is shown in cross
section and having a wetting oil inlet tube or nozzle 39 which forms an entry into tube 32
on a tangent thereto. Fig. 4 is taken on a diameter of nozzle 39 and of tube 32 where the
two conduits intersect. Fig. 5 shows a cross section of tube 32 taken along the longitudinal

axis thereof and looking back into the nozzle 39. Within tube 32 and upstream of nozzle 39

(relative to gas flow) is an insertion ring 43 having a ramp portion 43a terminating in a flat
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features required to be maintained are the sharp interface 43d and the

| ow- pressure zone 44. FIG 6 (FIG 6 is not in the drawings) in US

6, 626, 424W0l2bugvnBdes one conbi nation for insertion rin@CITAIS2HIG22369
utilizes a concave section 14c to contain the | ow pressure zone and alter
the angle of the sharp edge, 14d. Other conbinations for the insertion ring
can be found in US 6,626,424, which disclosure is_herein incorpqrated by

F of er encacetion 43b. tﬁrﬁ ?ﬁ%@agwl%é shigp ﬂt%fq%@ il s 4 Bgat eI ABRHE of a
tube or qeRACLF (ER¥HHOANCA ihteRleBMBALight hn 4O @R BhrpQldieusghapes in cross
section, 1.e., elliptical, square, rectangul ar, etc. ‘Fhe critical features
of the dédsiqgunaf hetiheertnn ting 4l amhvasfatians thaggenisitalfqroa loap preosireracre 44 at
tangentitlédinIE; tﬁbe‘§0 inpart a velocity to the oil of sufficient
moment um LI CHEEEPAECSIC to f1 ow around the circunference of the quench
tube 32 whil e NeppR! B Bl iys @bleki@rhhBaf BES cdBkant dide@SEpe Rhichenghs only one
nozzle is described, plural nozzles could be used, e.g., tw nozzles

di anet r i capnah tappds edcferblyas aeight yisde 3w wish gse phitavalleeichtapgens to the
circunferentiall | owi ng. .t h ting fluid. th ngent i ngry is
or o er anrgoir ey N Bt TR id Kbl G188 PR RORRIIA BT 1o
enpl oyed casitdsangwasedsbie @ht 4iiat facé 43d. ThBeplimwmpdisssdd R teangaddddaraadnd t he

circunference of the quench tube 34 next to the face 43c. Simlarly, the

di st ance NgFZI¢ AR iviie disthacs thef Eewltoin nedigidllavingoyay thecbarpsdes SdBttarifhed by
t he need i i : 44

i thout GO DPRRGEDSa bachithe SEy ARt RRNAR Y R ) A PLR S ng RS e
i nvent i onrountitlse tinait sanfaee stuehch tube 3D €baveese «bicitan ZO¥abingection b witfidite

i nside dianeter_.of nozzle 39. Insertion ring 43 Jbe fabricated as
a ring t RESSYE) (Bradl nsras g4t pE ftg‘ze_, Vi Iy Frdrpr B PYBIIOER ed as an
i ntegral ,fﬂ%ibh%oﬁéhy} e rﬂ%@é’é&x@ thlfe li%ﬂfﬁ%éﬁl@%dth@%ﬂ?@hthﬁ? tlﬁﬂoh%i?ﬁ(gﬁleed n
FIG 4, includes a fanp portion 43a that is preferably about 71 or 72

degr ees Btharayufbeiennelloaiydottimt A apphrd esntritmgaintores, actrag Pmthiy gicadéng The

quenh ©osearangs Ao fe SR Rt REASE i RatBE%e £ TR BB Eurvea

portion 43knaH B .indomihlEtleant RhIFhASKE@Stol the SraSh@lddaPEEe in Offedt i Bif @e@n43d,
with face 43c. Under gas flow conditions, the insertion ring 43 restricts

t he fl owohiheappaiasisnly athey verids. viib geloeiy myst beceadwtas it flows through the
insertion rifng I .essure zone 44 is created by this increased

vel ocity V\hilgh/(]t{@r?&;{%egé'pul | the tangentially injected wetting fluid from
nozzl e 39 int @/ tibehel squarpoearuniet Zaoetyd4 t hereby wetting the quench tube
inner wall and insertion ring surface 43c in this area. The wetting fluid
from nozzl e 3R i5¢hg Meide ExlivesidBPy&mIee r eam by the furnace gas flow and is

mai nt ai ned agaj;0§te AELHELERY ting) the quench tube 32 wall. The length of
the ranp 43a i%ls1 preea%er al%ﬁy gfé@fdon}é’ as possible so as to cause the |east

tur bul ence; hallexpressedanacactiventsg (frilmbisiomgnitd. i m tati ons control the

physi cal di nensi on i C r ossi bl e. ough. the.orientation of
t he quench tu B‘i’f P??EFY?’@{??WE\}V% _/ @%‘B Eﬁgﬁ%ewpgcﬂ’i‘fiazlﬁl; Irg% ng’glﬁé I?]g’é‘?’csﬁgerbwdn ed
noment um,Qfnotiheinwet WAIner ﬁl]l; lt'l%l%eﬁ’“ﬂ adRasulf éfg’ﬂﬁig gfhgrf’@fcgﬁ thﬂlgtd_ﬂqmlg B B¢ maal |

wetted, the orientation o quench tube can be vertical or”at an
angl e t o gahphdsorThipmterhctipodietweasn, theigds| avd odlr phdspmra Joowsul Fhe sdrgregnséhrandil d be

sized and oriented,, and the gas and liquid flow rates sh Ulqu be such as to
ot oduce Shansrroans TR St e n Hiecaet o e M R P
downst r eqsBe0f3cfan€ ehediBfier WRIDSARE tibe 32 CoMMPdaphI the RO, \iod hmaiihddi@ o wret i on. A
simlar injection nozzle will be used for the secondary TLE. '

condition, thereby creating a two-phase annular flow regime which inhibits the formation

of coke. The portion of tube 32 upstream of face 43c, including surfaces 43a and 43b of

insertion ring 43, remain "dry" and are, therefore, not subject to coke formation. The sharp

edge, 43d of insertion ring 43, forms the abrupt interface between "wet" and "dry" sections.

Insertion ring 43 has been described herein as having flat sections (43a, 43b and

43c) but could also be constructed with curved, extended or shortened sections. The critical
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CLAIMS 1. A process for cracking liquid hydrocarbon feed to produce cracked
gaseous hydrocarbons, the process conprising the steps of: (a) feeding a

i qui d hywoaoeardersof eed streamto an ol efins furnace; @by/use@aeior2sgot he

i quid hydrocarbon feed streamin the olefins furnace to produce a hot
gaseous cracked effluent stream having a tenperature of about 1400 to about
1650 F; (c) feeding the hot gaseouys rackecjF effluent streamfromthe

ol of i ns fERWAREREC Mo mRSaintacys B S§?fpémﬁlf Poret iy AP ARG st PSP THES FRfgt
exchangen( Flebs (FI] €1 ot [nSthe 386G &Y iU SS6 16,214 iBdateldne COMBIHARES fé+

shel | - and-tube heat exchanger where the hot gaseous cracked effluent stream
i s indireeceltyonoor Bd FH0. G hielizenbeosdade sevioh d 4géneamadin thy lhiverepussmnee st eam

fromsaturated steamon.the shell side; d)..f eedi he seous cracked
of {1 uent 88 pHAEE FAER Pt harBefesd M Ored Ghvinis Hhehe BrRet fik i Pie or a
second se&kddan 18 6,606 44, iviREY dildIBsurdiieefei ifdoraBE by HGbiepde. MeANS | S
positioned in said tube side of the second section to create a | ow pressure

zone in sai d gdtesglthemgereddes d4saabad hereia amicrmmetia atbeloy casiimist r eam of sai d
e N T e R T
boi | er f eedank@teret@THehgitisfiebdtu®k d€the desikn afy @€ Liilghtidn WEL tdnggnddl Ldrd
tangentially into said gaseous cracked effluent stream at. said | ow pressure
zone at APHONERRENANELRIY; BH (4bs te 4mBUt du¢lacinetorthagil of BitHcient pBgRUM
Caca sSORLE PN s LSS Rase gl e o) 4 19,2
wetting fwetting thafitecdosiikgvsal athbuglsoniwent howyld isdiestribod qdmiabodzzErdowdt t he
downstr e%@ufsg , %. g(.),ftw?)%iogzlgsl i\évmgt?lscgﬁ}lfj glglio(ggd (r)rr'13 alTesn;ch tube 32 so as to aid each other

in circumferentially flowing the wetting fluid. Also, the tangential entry is preferably at a

right angle to the quench tube 32 whereas any angle may be employed as long as the oil

will fill the low-pressure zone 44 around the circumference of the quench tube 34 next to

the face 43c. Similarly, the distance of the outside surface of nozzle 39 from face 43c is

determined by the need to have the oil pulled and spread into the low-pressure zone 44

without overflowing the sharp edge 43d. In the preferred embodiment of the invention, this

distance should lie between about 20% and 100% of the inside diameter of nozzle 39.

Insertion ring 43 may be fabricated as a ring that is welded inside quench tube 32,

or it may be fabricated as an integral portion of the quench tube. Insertion ring 43, as

illustrated in FIG. 4, includes a ramp portion 43a that is preferably about 71 or 72 degrees

but may be inclined to 90 degrees, or more, maximum grade. The ramp, 43a, may be as

little as zero degrees in the case of two separate quench tube diameters. The ramp portion

43a terminates in a flat or curved portion 43b which, in turn, terminates in a sharp edge, or

interface 43d, with face 43c. Under gas flow conditions, the insertion ring 43 restricts the

flow area causing the gas velocity to increase as it flows through the insertion ring. A low-

pressure zone 44 is created by this increased velocity which tends to pull the tangentially

injected wetting fluid from nozzle 39 into the low-pressure zone 44 thereby wetting the

quench tube inner wall and insertion ring surface 43c in this area. The wetting fluid from

nozzle 39 is then conveyed downstream by the furnace gas flow and is maintained against

(thereby wetting) the quench tube 32 wall. The length of the ramp 43a is preferably as long

as possible so as to cause the least turbulence; however, manufacturing (machining)

13



(f) wherein the weight ratio of wetting fluid to the hot gaseous feed
streamentering the tube side of a second section of the primary TLE is
about 0. 5woaoaboutes2. 0, the exit tenperature of the gasecudaSediiloezsnt stream
fromthe first section of said primary TLE is about 1100 to about 1200 F
and the exit tenperature of the gaseous effluent streamfromthe second

section of the primary TLE is approxi mately 50 F above the tenperature of
the stea r%5¥W5£6§W€5épéﬁymcfd¥g9§&m§%}wm%méﬁ§%Wﬁs cracked effluent stream
exiting from tAlﬁlo%glﬁ%%&ﬁ&HbQ Bf Bk Bk Bbd BR[YhIWE al Beife BERASRL0Ls  and

(h) separating in e separator, a separator bottons stream conprising tar
and heavilerg dsythie cmabibechsoardtum skethaveattorg frid dud gassfiove amn wemprin dienench

ol efin product . The process of clai erein said |iquid_hydrocarbon
Peed ot rounhyeiedefisalBiRhoRlER S BupbCimanti e gt oo andbat vl | *henvy
gas oi |, HagayalGodfiRn Chpfldw &CddvaiTRow. The MineNshoRRi tY siaNGansidhes, andegs phal t ed
oil, oils derived fromtar sands, oil shale, SMDS (Shell Mddle Distillate
Synt hesi €ps pehiquié Haw, ra@yshquishse sushiap fup@iuerengdymainien tweephase PRIFEFT | ns

Synt hesi ro t Fi [ ~br ops [ nd [ Qcr . The
process §¥gﬁwgﬁﬁf§fqur%$gﬁﬁ:%gf I&%?ﬁ?ggﬂi%3?%“Vgg%ﬂf§§5%%hgﬁﬁgh %antially
a right anglg fudctsal.d hot gaseous effluent stream and the weight ratio of
wetting fluid to the hot gasequs feed streamentering the tube side of a
second secti or* dMikhBUsstioRapyZlTE]l beusgdot the serondarypldet- 1. 0. 4. The
process of claim1, wherein said wetting fluid is selected fromthe group
consisting of pyrolysis liquid products, cracked |Iight gas oil, cracked
heavy gas oil and pitch. 5. The process of claim1l, wherein said separator
product streamfromstep (h) is routed to a secondary TLE. 6. A process
for cracking liquid hydrocarbon feed to produce cracked gaseous

hydr ocar bons, the process conprising the steps of:
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(a) feeding a liquid hydrocarbon feed streamto an ol efins furnace; (b)
cracking the liquid hydrocarbon feed streamin the olefins furnace to
produce awbabligaswous cracked effluent stream having a Prempse@toesonf about
1400 to about 1650 F; (c) feeding the hot gaseous cracked effluent stream
fromthe olefins furnace to the first section of a primary transfer |ine
heat exchanger (TLE), which first seiLieé)ngg said primary TLE conprises a
shel | - and-tube heat exchanger where 2gaseous cracked effluent stream
is indirectly cooled on the tube side while generating high-pressure steam
fromsaturated steamon the shell side; (d) feeding the gaseous cracked
ef f | uent leAiproerys fdrerdokimgtligmethydvocapfont fieed fr producg cfadked gasebes t ube si de of a
second s &al on. of ri ma(ré% TLE, .wh fl ow obstruction neans is

h
posi tion ]ioﬁaré’gfl%tdlele}%fgceﬁ& B?SIP%@%SE@:PSH | section to create a | ow pressure

zone in said gaseaisyg &ligekesdRichivdg MéedSsdtic@a T kBRI FEhycedownst r eam of sai d
fl ow obstructi on neans, and where the gaseous cracked effluent streamis

i ndirectly codbkuacking the lignisehydresarbanifees syeaariathagjelint furnace P Brodesn rom
boi | er feed W%to %assgust Qa?ck%g %h{ueﬁ{ Sqle : réld{agfinfg: aﬂég%@%@ﬁge 8 360%?54(%9 ttotalbggt fluid

tangentially in ali'd gaseous crac reamat sai d | Ow pressure
zone at a nonmass0mFsufficient to cause said wetting fluid to fl ow

circunferenti al Ity around the inside surface of said tube side; providing a
sharp int er f ad® Bedinelys hohripequsaanksd eftterbereant frerarihe letinnimaacs tafied fir st

wetting fluidg i,.Ng: Ssal L Sit i I 0 t g t the
downstream f aggg}g Ctg%l a}ﬂ;? gl\?vﬂggré{lérfélilhe\gﬁetdﬁrée%%ééeg&ﬁ“%(‘axfrﬁ g‘{hnfﬁ?ﬁsg% %\ﬁt
rati o of wettisnig primargd TLE dohgprised a gaiemdsubekacht stcheagarevitesr thadot preedusbe

side of a second section of the primary TLE is about. 0.5 to abqut 2.0 and
wherein the eXfakelripurrands il deseolany B AR WkeEHPRRBICHe 11 1t
section of saipgsRik TRAN T shifirdfQf MesoaBRUhed 180, F and about 1200 F and
the exit tenperature of the second section of the primary TLE is

appr oxi mat el y (80fegdinp theegasdrass ceneipert effluem egitingttbe et sactivedf hegamadyeiThd
GO TR X NG D TR R
separator, a sepasatpkitbatd Mmid tuBebide 5 heABIHATBE ohi tDGrdadt a RRAplegavd er
hydr ocar bons and a separator product gas stream conprising an oﬁ) efin rich
product ; zone in said gaseous cracked effluent stream immediately downstream of said flow

obstruction means, and where the gaseous cracked effluent stream is indirectly

cooled on the tube side while generating saturated steam from boiler feed water on

the shell side;

(e) injecting a wetting fluid tangentially into said gaseous cracked effluent stream at

said low-pressure zone at a momentum sufficient to cause said wetting fluid to flow

circumferentially around the inside surface of said tube side; providing a sharp

interface between said gaseous cracked effluent stream and said first wetting fluid;

and causing said first wetting fluid to contact and wet the downstream face of said

flow obstruction means;

(f) wherein the weight ratio of wetting fluid to the hot gaseous feed stream entering

the tube side of a second section of the primary TLE is about 0.5 to about 2.0, the

exit temperature of the gaseous effluent stream from the first section of said

primary TLE is about 1100 to about 1200° F and the exit temperature of the

gaseous effluent stream from the second section of the primary TLE is

approximately 50° F above the temperature of the steam being generated;
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(h) feeding the separator product gas streamexiting the separator to at

| east one secondary TLE where the separator product gas streamis

i ndi r ect Iwocoulmdicon the tube side to an exit tenperatuPeTafS2taemen about

400 to about 500 F while generating | ow pressure steamon the shell side

fromboiler feed water and where a second fl ow obstruction neans is

positioned in sajd tube side of sajd _secondary TLE to eate a | ow pressure
Fethelg

r
zone in said pPRIGELRE JuLasTque SHAC s@térrgaramgrf@armﬁ@fseg%ﬁoﬂegt d flow

obstruction ngﬁa%ﬁwgquhgtaa§gﬁgggnw@3ting fluid is introduced at said
| ow- pressure zone at Sufficient flowate to maintain the downstream

i nternal surf dcespintiag wethe echasdtait e separdtpr) bdteedi shigamivempasiegua andacked

ef fl uent stre?¥1exitiqﬁ:ﬁgon1%gid second TL go a second separator:  (j)
removi ng from e RASSDEERATRO0 3PP SFPA A RIBAIA BT FYUPE BOTT BiFE" SIoBsh
conprising tar and heavi er hydrocarbons and a separator product gas stream
conprising an olefin rich product; and (k) recovering ol efin product(s)

from t he 2sépapcess ofclhgndt whetenspid liquid Tifidroparber fegd gfreain &4 selagtedifan dien sai d
l'i quid hydrocarbon feed stream.i el ected,.fromthe. nsi stj ng of
vacuum oSBT RheRlg SFERUBEAM S8 B JE bW MG PERIBLE AR M

oi . 8. cohdenpites; dsssphilted ail, Bll1Sderivae Finitas 8ardls f dil sHalaMSMID$ (SHel IVl dles
injected at substantially a right angle to said hot cracked gaseous

ef 1 uent LHpIRAmSYNIGSES) Acpiviaaelpfo T £Caria Ligid) BeawbRBIwEEY BRI | 5
i nj ected S%th%%}??fo%ﬂ&ﬂg?ﬂﬁk%ﬁydpgg p@ﬁ%t?aﬁ@hﬁﬂb&?&%ﬁws cracked effluent

streamin-sai econdary € Process o im6 wherein said first
wetting fluid is selected fromthe group consisting of pyrolysis liquid

product s: acked light gas.oil, cracked heavy gas oil and. pjtch, and said
second wet ffflﬁar_%ﬁﬁioégragngew&e&e@hsar_ Yf{ﬁ‘i“flﬁéﬂ&f ’Gdlﬂﬂ%%%ﬁ’m%ﬁ Wbl Tt ed | i ght
gas oils ,apd 1ol UbESsOfusCFREhe trdahf Rhd GRSWALh SR8 8F GE@RAL Eid@aNyhgas oils.

gaseous feed stream entering the tube side of a second section of the primary TLE is about

0.5 to about 1.0.

4. The process of claim 1, wherein said wetting fluid is selected from the group consisting

of pyrolysis liquid products, cracked light gas oil, cracked heavy gas oil and pitch.

5. The process of claim 1, wherein said separator product stream from step (h) is routed to

a secondary TLE.

6. A process for cracking liquid hydrocarbon feed to produce cracked gaseous
hydrocarbons, the process comprising the steps of:
(a) feeding a liquid hydrocarbon feed stream to an olefins furnace;
(b) cracking the liquid hydrocarbon feed stream in the olefins furnace to produce a
hot gaseous cracked effluent stream having a temperature of about 1400 to about
1650° F;
(c) feeding the hot gaseous cracked effluent stream from the olefins furnace to the
first section of a primary transfer line heat exchanger (TLE), which first section of
said primary TLE comprises a shell-and-tube heat exchanger where the hot gaseous
cracked effluent stream is indirectly cooled on the tube side while generating high-

pressure steam from saturated steam on the shell side;
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10. A process for cracking liquid hydrocarbon feed to produce cracked
gaseous hydrocarbons, the process conprising the steps of: (a) feeding a
i qui d hywoaoeardersof eed streamto an ol efins furnace; @by/use@aeior2sgot he

i quid hydrocarbon feed streamin the olefins furnace to produce a hot
gaseous cracked effluent stream having a tenperature of about 1400 to about

1650 F; (c) feedi t he hot gaseous..cracked effl.uent stream from
ol efins fur hacd e e B a?_éwsgi:a&ﬁ%ﬂ? %fﬂ}lFl?tﬁéltwe%é{w e HeHGBPT (e ﬁ%
feeding the 9@@&§%ﬁﬁ§ﬂh@6ﬂé§£9miQ%ﬁ@ﬁbﬁ@k%ﬁﬂh. TPEaWASE ATHAY YoshkEi&f two or

nore secondary TLEs in a parallel flow where the primary TLE product gas
stream i s i ndimeaos Isypositiohedlinonid ke sidbef diedecand segticaxp crepergplomaprgssaraf

bet ween about 400. t 0. about 500, F il e gener.ati l.o ressure. steam on the
Shel | s de 1 r DB P EREu TTAF R TRerd - OReaR o PR S p
means 1S DOSIbbﬁﬂﬁﬁohﬂuﬁﬁ&dn&ub@m&hégm@6u§@hdgﬁﬁﬂmﬂﬁ@m%mﬁLﬁi&ﬁmﬁﬂ?ate a

| ow- pressure zone in said product gas stream i medi at el downstream of said

second fl ow olsseledenitisuhe side wWhile Lensyatingsetimafgd steam from goﬂer feed water on
the shell side;

(e) injecting a first wetting fluid tangentially into said gaseous cracked effluent
stream at said low-pressure zone at a momentum sufficient to cause said wetting
fluid to flow circumferentially around the inside surface of said tube side; providing
a sharp interface between said gaseous cracked effluent stream and said first
wetting fluid; and causing said first wetting fluid to contact and wet the
downstream face of said flow obstruction means; and wherein the weight ratio of
wetting fluid to the hot gaseous feed stream entering the tube side of a second
section of the primary TLE is about 0.5 to about 2.0 and wherein the exit
temperature of said gaseous effluent stream from the first section of said primary
TLE is between about 1100° F and about 1200° F and the exit temperature of the
second section of the primary TLE is approximately 50° F above the temperature of
the saturated steam being generated;

(f) feeding the gaseous cracked effluent stream exiting from the second section of
said primary TLE to a separator;

(g) removing in the separator, a separator bottoms liquid stream comprising tar and
heavier hydrocarbons and a separator product gas stream comprising an olefin rich
product;

(h) feeding the separator product gas stream exiting the separator to at least one
secondary TLE where the separator product gas stream is indirectly cooled on the
tube side to an exit temperature of between about 400 to about 500° F while
generating low-pressure steam on the shell side from boiler feed water and where a
second flow obstruction means is positioned in said tube side of said secondary
TLE to create a low-pressure zone in said product gas stream immediately
downstream of said second flow obstruction means whereby a second wetting fluid
is introduced at said low-pressure zone at sufficient flowrate to maintain the

downstream internal surfaces in a wetted state;
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wetting fluid is introduced at said | ow pressure zone at sufficient
flowate to maintain the downstreaminternal surfaces in a wetted state;
(e) feediwg2phe9gmseous cracked effluent stream exitingPCrarsesiaioeksgsecond
TLE to a separator; (f) removing fromthe separator, a separator liquid
bottons stream conprising tar and heavi er hydrocarbons and a separator

product gas stream conprising an olefin rich praqoduct; and covering
olefin product(K)zﬁedFr}gotngtgﬁsé’og%ﬁ&aﬁfic??fﬁ%W g Hpmyspid %&ﬁéfgffﬂ;faﬁé? tis for
cracking a |i quifdhyghi-gearbon feedstock in a thermal gas cracker, to

produce a gaseous cracked effluent fromthe cracker that includes tar, the
appar at us congpirshegng from the gedond sefrreatomb sgpesator hgiie boftams stewmei vi ng a

| i qui d hydrocarbon feed stream .the cracker conprising,a, convection section
and 5 radi an BBBRFBR T apIEa L LG L] SR G RE NSHBr | o1 ng
ol efi ns; cofnPlisidg Rf loMBnYidhipRb&ic@ranii ne exchanger (TLE) to receive the
gaseous cracked effluent fromthe cracker, for the recovery of process
energy from t e igexesng otefiagiedncé s frpmarthe separator preducgstfdapst quench f1 ui d
i ntroduction systemto introduce a first quench fluid into the cracked
effluent fromthe primary TLE;

7. The process of claim 6, wherein said liquid hydrocarbon feed stream is selected from the

group consisting of vacuum gas oil, heavy gas oil, heavy crude oil fractions and

deasphalted oil.

8. The process of claim 6, wherein said first wetting fluid is injected at substantially a right
angle to said hot cracked gaseous effluent stream in said primary TLE and said second
wetting fluid is injected at substantially a right angle to said gaseous cracked effluent

stream in said secondary TLE.

9. The process of claim 6 wherein said first wetting fluid is selected from the group
consisting of pyrolysis liquid products: cracked light gas oil, cracked heavy gas oil and
pitch, and said second wetting fluid is selected from the group consisting of cracked light

gas oils and mixtures of cracked light gas oils and cracked heavy gas oils.

10. A process for cracking liquid hydrocarbon feed to produce cracked gaseous
hydrocarbons, the process comprising the steps of:
(a) feeding a liquid hydrocarbon feed stream to an olefins furnace;
(b) cracking the liquid hydrocarbon feed stream in the olefins furnace to produce a
hot gaseous cracked effluent stream having a temperature of about 1400 to about
1650° F;
(c) feeding the hot gaseous cracked effluent stream from the olefins furnace to a
primary transfer line heat exchanger (TLE)
(d) feeding the gas stream exiting the primary TLE to a secondary TLE or two or
more secondary TLEs in a parallel flow where the primary TLE product gas stream
is indirectly cooled on the tube side to an exit temperature of between about 400 to

about 500° F while generating low-pressure steam on the shell side from boiler feed
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(d) a secondary TLE to receive the cracked effluent fromthe primary TLE,

for the recovery of process energy fromthe cracked effl uent; (e) a
second gueochiffdgicd | ntroduction systemto introduce a etarsdoigue2soh fl uid
into the cracked effluent fromthe secondary TLE;, and (f) a separator

systemfor receiving a mxture of the first quench fluid, the second quench

fluid and the cracked effluent fromthe primary TLE and. the. secondary TLE
and separ at i ndvattfﬁeanﬁivxbﬂﬁaequﬂ%EaWSOé?at&ﬂfélpaﬁnw%}Sdm@Pngq we%&}ﬁs teﬁ?rf} f8f ng tar

and a separ at QhidREQHMSEy BLE R kate %%w%s@t@&@ﬁ@fm@i@ﬁro%@' M dfeatherei n said
separator system i ncl ua’es a first separator associated w tgh the primary TLE
and a second sapedatady dassdchat @daidi sebondiéovs eestndaely mEwEs, whereby a second

wetting fluid is introduced at said low-pressure zone at sufficient flowrate to

maintain the downstream internal surfaces in a wetted state;

(e) feeding the gaseous cracked effluent stream exiting from said second TLE to a

separator;

(f) removing from the separator, a separator liquid bottoms stream comprising tar

and heavier hydrocarbons and a separator product gas stream comprising an olefin

rich product; and

(g) recovering olefin product(s) from the separator product stream.

11. An apparatus for cracking a liquid hydrocarbon feedstock in a thermal gas cracker, to
produce a gaseous cracked effluent from the cracker that includes tar, the apparatus
comprising:

(a) a thermal gas cracker for receiving a liquid hydrocarbon feed stream, the cracker
comprising a convection section and a radiant section to produce a gaseous cracked
effluent comprising olefins;

(b) a primary transfer line exchanger (TLE) to receive the gaseous cracked effluent
from the cracker, for the recovery of process energy from the gaseous cracked effluent;

(c) a first quench fluid introduction system to introduce a first quench fluid into the
cracked effluent from the primary TLE;

(d) a secondary TLE to receive the cracked effluent from the primary TLE, for the
recovery of process energy from the cracked effluent;

(e) a second quench fluid introduction system to introduce a second quench fluid
into the cracked effluent from the secondary TLE; and

(f) a separator system for receiving a mixture of the first quench fluid, the second
quench fluid and the cracked effluent from the primary TLE and the secondary TLE and
separating the mixture into a separator byproduct stream comprising tar and a separator

product stream.
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12. The apparatus of claim 11 wherein said separator system includes a first separator

associated with the primary TLE and a second separator associated with the secondary

TLE.
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