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secondary wet[00#]}| |ithatpresent Appligation eBfEiIpROdiordbes byHEfchdiveTdiMe[ 0003] The
production of |.ight ol efi et hyl ne and, rom various
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cLacki Ing. dPyrRRQ(sEssnﬁGth'mdml ONgPYIt(?LYﬁSdEFHQ[ KBNDI fah€ | edrhey t O causek
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(

FIELD OF THE INVENTION
[0002] J /The present invention is directed to a method for processing the

gaseous effluent from hydrocarbon pyrolysis units that can use heavy feeds, ¢.g.,
heavier than naphtha feeds, using a primary dry-wall heat exchanger and a

secondary wet-wall heat exchanger.

BACKGROUND OF THE INVENTION

[0003]  The production of light olefins (ethylene, propylene and butenes) from
various hydrocarbon feedstocks utilizes the techmique of pyrolysis, or steam
cracking. Pyrolysis involves heating ﬂle feedstock sufficiently to cause thermal
decomposition of the larger molecules.

[0004]  In the steam cracking process, it is desirable to maximize the recovery
of useful heat from the process effluent stream exiting the cracking furnace.
Effective recovery of this heat is one of the key elements of a steam cracker's

energy efficiency.



WD 2007/ 008406 PCT/ US2006/ 024999 -2 100051 The steam cracki ng process,
however, al so produces nol ecul es which tend to conbine to form high

nol ecul ar we ghtosmseri al s known as tar. Tar is a highnedokbiaghepoi nt,

vi scous, reactive material that, under certain conditions, can foul heat
"exchange equi pnent, rendering heat exchangers ineffective. The fouling
propensity can be characterized by three tenperature reginmes. [0006] Above
t he hydrocarbon dew point (the tenper&ture at which the first drop of

| i qui d condenses), the fouling tendency is relatively |ow Vapor phase
fouling is generally not severe, and there is no |liquid present that could
cause fouli n[QOOSAppr’Rlaprsteanetaﬁkidgpiogafse,dmwmszﬁaerprdadum dn:émﬂeemhhhngers are

t herefore r i |sr mevmth mnal foul i ng.

[ 0007] Bet \Aegtﬁadlt)tﬁ {’I&Fg g d’ﬁgrhd%ae%‘ﬁﬂr“{g% Iélatteﬂaggk%"r%‘eafafru&]g af which steam
cracked tﬂ] |1ﬁgﬁ-bd11imgtlgﬁxn,dﬁme§jireetcﬁﬁe ﬁnﬁtuhalmlgttlmﬂetedmaﬁnlcmdin@h cahn this :

regi ne, e vi est. conponents i am con nse. conmponent s
are believed P‘tﬁgleﬁéx%hﬁlﬁ%mgﬂ’ﬁ? &r‘gﬁg exc %te" Wt}e@}?@re to

sur f aces. Furﬁr&}ﬁﬁm&;@bahﬁﬂcteﬁiéﬂsyﬂ@ée&ﬁhﬁkan&dic@ne@ to a surface, it is

subj ect tothermal it and makes it re difficult

dat t hat . har d
to renove. A#%G;g@glh%&gﬁ%@%t@ﬁ%“gt?ﬁﬁe%a%? E%W@P%%fg%acked tar is
fully condenﬁ@ﬁef hdved E&idleﬂs@é} ﬂlerz&ﬁagxeﬂdsndyqé @éwﬁ&%iyyxowowapdrrph&éal s regine,

t he condensed material is fluid enough to flow readily at the conditions of
the process, faw#e i generally Ii°§ seyexse i thereip oo é‘%’érﬂf@%‘ thit ePidFRusE0009] One
techni que usegying. Q;(ﬁﬂxlopﬂé{&?' &’e%igﬁcd”&'aﬁsf&f fiel REM: &B%F&M@ thddore’ €SUl i NG tar
enpl oys heat exchangers fo a water quench tower in which the
condenS| bl es %Paélewérﬁsw@@ngwwb@mw@wﬁrf@%a ef fective when cracking

li‘ght gases, aggr{rar ipledvedh hid Bydr SRR Hew oSt AAH ARE terdferilts Gt Whhker s t hat
process Ilght feeds, collectively referred to as gas crackers, produce
rel atively srighm Cfaqkﬁﬁﬁl‘ ip fidly condenged, thafouling tegdgney lsrgnm hﬁk@ﬁ%ﬁg@r s can

ef ticiently igonysts Mol W fakl ARG o0tk NobBihislfubdiBgand the

relatively small anount o tar can Separate omthe water quench
al beit with dobsstidky dnidénvisgous, causing them to adhere to surfaces. Furthermore, once

this material adheres to a surface, it is subject to thermal degradation that hardens
1t and makes it more difficult to remove.

[0008] At or below the temperature at which steam cracked tar is fully
condensed, the fouling tendency is relatively low. In this regime, the condensed
material is fluid enough to flow readily at the conditions of the process, and
fouling is generally not a serious problem.

[0009] One technique used to cool pyrolysis unit effluent and remove the
resulting tar employs heat exchangers followed by a water quench tower in which
the condensibles are removed. This technique has proven effective when cracking
light gases, primarily ethane, propane and butane, because crackers that process
light feeds, collectively referred to as gas crackers, produce relatively small
quantities of tar. As a result, heat exchangers can efficiently recover most of the
valuable heat without fouling and the relatively small amount of tar can be
separated from the water quench albeit with some difficulty.

[0010]  This technique is, however, not satisfactory for use with steam crackers
that crack naphthas or feedstocks heavier than naphthas, collectively referred to as

liquid crackers, since liquid crackers generate much larger quantities of tar than



[ 0010] This technique is, however, not satisfactory for use with steam
crackers that crack naphthas or feedstocks heavi er than naphthas,

col l ectivelyonefeestwsd to as |iquid crackers, since | pauustograoter s generate
much | arger quantities of tar than WD 2007/ 008406 PCTI US2006/ 024999 -3 gas
crackers. Heat exchangers can be used to renove sone of the heat fromliquid
cracking, but only down to the tenperature at which tar begins to condense.
Bel ow this tenperature, conventi onal Reat exchangers cannot be used because
they would foul rapidly fromaccunul ati on and thernal degradation of tar on
the heat exchanger surfaces. In addition, when the pyrolysis effluent from
these feedst&sek@ckess. Hoetkthengerscanbe wbd toempieesspine of the hegi dromdiggidpr oduced have
approxi matel y S i f ) i.L/ wat er

enul si ons. I\?br%%%\g’er, ctjrﬁiia ar éoerﬁﬁqegg‘ %lgt{nsr%f ihagag bg%]ﬁ%@ogh%d%?s produced by
| i qui d cr ackiBejow Wus tanrestue r conrntonal) beab ekchamgersatanootsbel weed hembseve, making it
difficult to yaise teamfremthe copnden ter d ta di spose of excess
guench wat er t{éfr’?}d‘%?%%% éagb‘@rv ﬁ?r]u a‘écﬁﬁu@g?n iirﬁqg#'%n(\s rgar‘r]flr%‘r? grf?/%gccept abl e
manner . [ 001HeatAexchuargien edrfaces. in dditiors owher rthe @irolyisiyusfflueat dokethsse cool i ng of

the effluent_fromthe cr ing furnace is nosrnal achi gved,usi ng a system
of transfer FTRCHel q&??@ﬁegn gP&,"Q%rP"ﬁﬁwl rﬁ‘@][i){%ﬂé’tt ?e%aﬁ‘?ivea wat er
quench tower pprokinehtelethe sarfOdusitys fwatel@id dan R ablle dibwaterasimuldians. napht ha

f eedst ock, tt}\? transfer line heat.. exchangers co Im[hel. r.(gce%? streamto
about 593C ( PHOFERYT Y 1areer Qwniy of heayyoLlp prrltas produe @h“ﬁ’ﬂ YK st eam whi ch
can be used elspIReA& Whtet R@ni G5aBns inbiTective, MEGYg itr dflchPA@kase i s normal |y
used to condense and separate the tar from %he lighter liquid fraction,

known as pyr ofepd iEom thegfopdrased yater; agd t. digRase of Feeetielienchiiciedt Whout 93 and

about 316C ( 2Ry dilunB &L an ehbRontRh@lly Sdesle ey, or i ndirect condenser
further cools the gas streamexiting the prinmary fractionator to about 40C

(100F) to cord@®dbe tAreondingly: dr mosk cammgiciab fiduide siarksroe SOANEaAL theo  separate

pyrolysi s gas@iiiehefdh 8 ctdiRing a2RRH & relefilyAbiGe2l QSHE b sysd Srabsiet hen sent  to
a conpressor. [00121 Modem quench systens for cool 1 ng hot p_yr,oI%/5| s effluent
typically line heat exchangers, a primary fracfionator, and a water quench tower or ihdirec

condenser. For a typical heavier than naphtha feedstock, the transfer line heat
exchangers cool the process stream to about 593°C (1100°F), efficiently
generating super-high pressure steam which can be used elsewhere in the process.
The primary fractionator is normally used to condense and separate the tar from
the lighter liquid fraction, known as pyrolysis gasoline, and to recover the heat
between about 93° and about 316°C (200°F to 600°F). The water quench tower or
indirect condenser further cools the gas stream exiting the primary fractionator to
about 40°C (100°F) to condense the bulk of the dilution steam present and to
separate pyrolysis gasoline from the gaseous olefinic product, which is then sent
to a compressor.

[0012] Modern quench systems for cooling hot pyrolysts effluent typically
employ at least some indirect heat exchange in which furnace effluent is cooled in
a heat-exchanger where high pressure boiler feed water 1s vaporized to produce
high pressure steam. High pressure boiler feed water is obtained from a deaerator
and is typically provided at pressures ranging from about 4240 to about 13900 kPa
(600 to 2000 psig) and temperatures ranging from about 100°C io about 260°C
{212 to 500°F). Typical steam pressure levels employed range from about 4240 to



enpl oy at | east sonme indirect heat exchange in which furnace effluent is
cooled in a heat-exchanger where high pressure boiler feed water is

vapori zed two prooehg@me hi gh pressure steam H gh presspdeudtislheind eed wat er
is obtained froma deaerator and is typically provided at pressures ranging
~from about 4240 to about 13900 kPa (600 to 2000 prig) and tenperatures
rangi ng from about 100C to about 260C (212 to 500F). Typical steam pressure
| evel s enpl oyed range from about 4240-40 WO 2007/ 008406 PCT/ US2006/ 024999

-4 about 13893 kPa (600 to 2000 psig). The steam generated in the quench
exchangers is typically superheated in the convection section of an

associ at ed  stbeatml 3893 ckRan (p0Duon 2008, psig)d Thh estesmp genemiadent theequenéts used wit hin

t he et hyl ene ant to, power | ar team ines that.can drive, e.g.,
maj or conpr eseggll’r'aélg%? s B@lr‘r;p 8 @%%Tds 1nn%3 ﬁ?%??qnyseg%l %fyaéndasaﬁcéaﬁ%dﬁ syst ens,

ener gy recovestah érickingt hitnacd) el et ppabasd gam isustd withiedhe Adyltdee f ur nace

ef fl uent streamcools, jt eventuall reaches its dew point, the tenperature
2t whi ch ¢ he REh? Beverchuze AT BPSH S 6 SRbnEen A BERIHFo L ondense,
form ng mat ergualps. known as tar, pitch, or non- volatiles, fromtheir

precursors present in the furnace effluent stream Such materjals are still
hi ghly react @3}t tIpeumentyesmplayed squsrchyfysiems,: ersteys repvered e die.  When

deposited agaieasd pycésslgad isMBhited B! the WirhRe @ffnstread cBVIE K cRBIRANGEr tube
wal |, these materials continue to cross-link, ymeri ze and/ or

. pol
dehydr ogenat gedehes ifsgiem rainty the damnenBreativiaeh the hepvigstaaracdkgertyumed¥et or coke

llayer on suchosigbhefsegin to&lofden®t, firifing Rhtbidls RhowiOk MO IpRkH, | HeTPONENt S
generated in a cracking furnace generally increase as nolecul ar weight of

feed to the fiefilkeelipmcheissuecursarst pegehin thmclomre gt grermc e of heavy
feeds also Ce}ﬂatér%isldt'@mﬁliélﬁfrre?ébtﬁ:le%mg%qp_@f&&mla?wgglétﬂg?w corde ! y paraffinic

feed may have a lower tar"yield than a l'ighter f ower paraffin
content, but Whehdaposvapretingia rglatiyedbr hefrsorfedei 8., @orveroht excliagger4pbeDew poi nt, or
t he tenperat i Leh te LS 4 nj.tial aseous
effluent fr o%%yﬁ%fe;@?tg‘q?l‘ig‘?}%gﬁf@ ?%%?g%?g@*%@%ﬁi%f@%’“ﬁ?ﬁ tgg}\?y tar
conponent s i rfomeasemdéfiraids heghly inswatingefaulanti ort cake rleyea|dnysucn sndaeses as t he

f eed

Yields of tar, pitch or non-volatile components generated in a cracking furnace
generally increase as molecular weight of feed to the furnace increases, although
the molecular structure of heavy feeds also can mfluence tar yield. For example, a
heavy, highly paraffinic feed may have a lower tar yield than a lighter feed of
lower paraffin content, but higher naphthene and/or aromatics content.
[0014]  Dew point, or the temperature at which condensate is initially formed,
of a gaseous effluent from pyrolysis typically increases as the vield of heavy tar
components increase. Thus, effluent dew point generally increases as the feed
molecular weight increases. Typical effluent dew points are as follows: for ethane
. cracking, about 149°C (300°F), for light virgin naphtha cracking, from about 287°
to about 343°C (550 to 650°F), for gas oil cracking, from about 399° to about
510°C (750° to 950°F), and for vacuum gas oil (VGO) cracking, up to about
566°C (1050°F).
[0015] Conventional quench exchanger trains are designed to keep the
process-side wall temperature, i.e., the exchanger surface in contact with the

process gas effluent, at or above the effluent dew point.



nol ecul ar wei ght increases. Typical effluent dew points are as follows: for
et hane cracking, about 149C (300F), for light virgin naphtha cracking, from

about 287 wW®2ahedins343C (550 to 650F), for gas oil cpag 2@&,0219ﬁ9()m about 399
to about 510C (750 to 950F), and for vacuum gas oil (VGO§ cracking, up to

about 566C (1050F). [00151 Conventional quench exchanger trains are
designed to keep the process-side wall tenperature, i.e., the exchanger
surface in contact with the process-gas effluent, at or above the effluent
dew point. WO 2007/008406 PCT/US2006/ 024999 -5 [0016] Thus, ethane quench
systens typically enploy steam generating heat exchangers operating at from
about 4240dkl?au1f6;p alhug, eﬂﬁﬂé&udﬁﬂﬁsy{sﬁﬁ:@ tﬁ;ﬁtaﬁﬁ@fﬂp%op%'t@l, gbenbrhtingdmw espgndi ng
process-si de tenperatures in t ge ro a 2 to about 316C
(488 to 600Ff§g?ﬁﬂ§%g§F§Eﬁﬂb§W@r ?Fﬁ§4@g§h@ °@&Hﬁgkbgﬁg%b5%iaxhe fur nace

ef fluent to siph PR Bdrkbsfon@ing HRdés- AR OwilDtepOdtures3ft e 298 of GoOOF) . Furt her

energy recovery fromthe furnace effluent can be effected by preheating the

boi | er feed \BAPEr2580pRYoR 3 16He (4880 &mOBEHE r Hiesth gleay SenFrting: GHFack ur t her

i ncreasing t Qﬁc&ﬁ%&r@h&ol%&hﬁué@é febRbRNGYa teé%eﬂaﬁ:?@o?ﬁb&ub%?f RCHRer si de  wal |
tenperatures of the high pressure boil er feed water (HPBFW preheater are

mai nt ai ned alPdTE (A8° WSRO BV FvrtherfeserBy rrgovesy fem|thefupiage efflhens candichane f ur nace

ef fl uent can [oARITar | e 04C (400F)
wi t hout foul ie%dg&rwgrrs. %%%%%P%Bﬂ‘é’%@‘ﬁs&g‘ﬁ%ﬁﬂ? Strg%ggéeﬂs&atag%%g 'y enpl oy
quench excharilysrfyrthegdnresaging e eveadimyele efficwoyirisslofig esthatrgonessidd5 t o about
orperatur e Fangrapartias ob Hen giishict Bll kg Ui PRy BRMGERR T,

negl i gi bl e f cudintergedo aleye rthegew pointefolilihgnis hepghgbleatThug setlpme thmager ocess- si de
hdat exchang s_aLe ke e, the gaf oi nt .
However, f urft% eu%ﬂéé%ﬁ%n%fﬁ{;lgmﬁi (g]tﬁn%%%gédu?%?%lo?ﬂ%r tof ag)é)gé %\J@% r(%\(é@EBFV\)
preheat ers i sithout fpulmgprabéthsbecause of associ ated foul i ng bel ow t he dew

(F:])Slezf:h I f ur[&ﬁgf C%olcfeglg ﬂaﬁxt}rlae :i‘Hml rac%g’ typica ?y0| elnrp 03! Iq lélﬁc% %}%&ggg%mmd' um €.g.,
generating steam at pressures from about 10445 to about 13890 kPa (1500 to 2000

psig). Effluent is typically cooled to a temperature ranging from about 343° to
about 399°C (650° to 750°F) with negligible fouling occurring as the film
temperatures on the process-side heat exchanger surfaces are kept at or above the
effluent dew point. However, further cooling in high pressure boiler feed water
(HPBFW) preheaters is not practiced because of associated fouling below the dew
point. If further cooling is required, a cooling liquid quench medium, e.g., quench
oil or water, can be directly injected to achieve the desired temperature without
fouling.

[0018] For modern gas oil furnaces associated with hydrocarbon pyrolysis, a
quench heat exchanger generating steam at pressures from about 10445 to about
13890 kPa (1500 to 2000 psig) can be used. Clean heat exchanger outlet
temperatures typically range from about 427° to about 482°C (800° to about
900°F), but the exchanger fouls rapidly until the foulant/process gas interface
temperature reaches the effluent dew point, at which stage fouling rates slow
dramatically. At the end of a typical gas oil run, the heat exchangers will have
reached effluent outlet temperatures ranging from about 538° to about 677°C
(1000° to about 1250°F).



-0il or water, can be directly injected to achieve the desired tenperature
wi thout fouling. [0018] For nbdem gas oil furnaces associated with

hydr ocar borW@#aPagdies, a quench heat exchanger gener ECT/HEPOH 034989 at
pressures from about 10445 to about 13890 kPa (1500 to 2000 psig) can be
“used. Clean heat exchanger outlet tenperatures typically range from about
427 to about 482C (800 to about 900F). but the exchanger fouls rapidly
until the foul ant/process gas interface tenperature reaches the effl uent
dew poi nt, at which stage fouling rates slow dramatically. At the end of a

typical gas o eat xchangers wi | |_have reached effluent outl et
t enper at ur es 403#& ngl-n uegh Fofln2 L%, Qt BEE ™RSOy CRo ge‘iaﬁoﬁt 1250F). WO

2007/ 008406 P@;ﬁb&ﬁ%&%ﬁgﬁg%& aboft i@@l&hbdunamqtssc&&oaﬁbttﬂmmpgftom a gas oil

furnace nust be cooled to a tenperature ran%lln f rom about 7 to about

316C (550 to bbdiaugoppl stream is; typipadlyqoissd Wit t exchmmest eNIBER AR |y ni xed

with the heat acﬁ?&@@ﬁi%ﬁ%o]ﬁ:f of ThiSHbt %Qorb&prw tﬁé’&ue%ls!?&l E204d fR&verti®n eat absor bed
by the quench oil can be recovere in a” fractionator punp around circuit.

However, the ¥eatignataragp| asqund sirpit Howeer.ghe relasivelp lov empamtirs ek B&m | ess t han
about 287C ( f rom about
790 to 1830 %ﬂaﬁp}a%%a ?%)Q%S%gp%aﬂl g§"3‘1”§1’72‘fw?’%‘1’2§?ﬁ1§ &ﬁ’fnlé:‘g‘?#@é’?%\%v&gbout 790 kPa
(100 psig). Tiieam, typivals.clivnms abous i7¢htof 1836 kPa €¥00ite 26t psig) erdaw prgsemie conpared to
the generatio r 1500 psigQ),
achi eved by f%?a%agégbs‘g&g?‘ﬁ ﬁﬁ%‘#ﬁm%ﬁ?%]t Sg%’éeé%gsﬁ \é‘%ﬁéﬁoﬁcﬁ)&cﬁ[oozm The
present i nverutedtmhomeehmrtd)toghogcrdmum of high ipfasade stednh ook f aboutt s i ng
pyrol ysis uni arI he ef f | th { eam cracki ng
IEP Hdo&%‘%} eetgevc{i h%ﬁ'mé Syvﬁ b} ethane %ﬁ]@lr‘ %aséqﬁtnk ds%oc%e

of hydrocarbon ceo Sgvierc Than avy feed
criacking is [602¢n nﬂreqaraeﬂmommlsbgksadpraviﬁagamphﬁetdhacmmhmhtdmangr acki ng, but

Fequi Tement s, PRRES SPESIRERP UBRERIn Bp e IHesc SR aRE AP SRHE Chser il hoat
energy resul thyd@cﬁrbﬁtfﬁbedﬁeii&eﬁs fhaedle Stadantichaclithg. Hedvigdedd dratingrig of t he
cooling equi prﬁa en more econormcally advantageous than naphtha cracking, but in the past it

suffered from poor energy efficiency and higher investment requirements. The

present invention optimizes recovery of the useful heat energy resulting from

heavy feed steam cracking without fouling of the cooling equipment. This

invention can also obviate the need for a conventional primary fractionator tower

and its ancillary equipment.

[0021] Heavy feed steam cracking effluent can be treated by using a primary

heat exchanger, typically a transfer line exchanger, generating high pressure steam

to mitially cool the furmace effluent. The surfaces of heat exchanger tubes must

operate above the hydrocarbon dew point to avoid rapid fouling, typically an

average bulk outlet temperature of about 593°C (about 1100°F) for a heavy gas oil

feedstock. Additional cooling can be provided by directly injecting a quench

liquid such as tar or distillate to immediately cool the stream without fouling.

Alteratively, the pyrolysis furnace effluent can be directly quenched, e.g., with

distillate, which also avoids fouling. However, the former cooling method suffers

from the drawback that only a fraction of the heat is recovered in a primary

transfer line exchanger; moreover, in both methods, remaining heat removed by

direct quenching is recovered at a lower temperature where it is less valuable.



invention can al so obviate the need for a conventional primary fractionator
tower and its ancillary equipnment. [0021] Heavy feed steam cracking

ef fl uent camobmw7taseat ed by using a prinmary heat exchapgeszoodggpecal |y a
transfer |ine exchanger, generating high pressure steam to initially cool
“the furnace effluent. The surfaces of heat exchanger tubes nust operate
above the hydrocarbon dew point to avoid rapid fouling, typically an
average bul k outlet tenperature of abolt 593C (about 1100F) for a heavy gas
oil feedstock. Additional cooling can be provided by directly injecting a
quench liquid such as tar or distillate to imediately cool the stream

wi t hout f oul i ¥ugthermaire, eadditionsle inyestmént ipyreaiisedi & ther devonstresnf |pwianery can be
directly que ) i .Skl i o i $oul i ng.
However , then?%rggrrg%&cvg% ?ng‘; %?lﬁhggt %ﬂ@%@gy%gﬁdﬁg 13?0?\‘%}5%1?&15%9%& only a
fraction of twigctheabt generatechy esmeihingnhigh prasswee yteanh rapiécby thensteaax changer ;
noreover, in bo;h rrfa'glpods, remai ni ng heat renoved by direct quenching is
recovered at % ‘enperature where it is | ess valuable. WO 2007/ 008406
PCT/ US2006/ 0246229 -Relévdtfittackorouné art Bdithclssaitazlow. nvest ment is required.in the

downstream pr Jractionator where |ow | evel heat .is . ultimately renoved,
and in offs?tllgggiiyl pr-gtes "E\ %mjﬁééﬁﬁv@egéq Fmr#‘&ﬁ%ﬁ regsure
steam requi r eplady, HNGepoRAING . WisbHagit P midt'sdhe FRaldsddmgfeeaslisciac kgr ound art
i s discussed bela%\a/. (0023] ." a'ltﬁét Deye:#{o?grrew in Transfer Ljine Exchanger
Desi gn for EtWgaeesftdor ppsgpiation at AIChESnring Aslignal\Meplineq Atland Apal it ' sche

Hei ssdanpf - Gemgld sZealak, welDa@ARE e PathiRr 4, POEDBN ladklot daf Pikthfoufpiy | Ng Nat i onal

Meeting, Atlanta, April 1994, Paper #23c, as well as U S. Patent 4,107, 226,
di scl ose dew PRSI | gylengefiarg hench nsvelews ahevefluphase usith syst ens,

as well as usgcmf é}@@ﬁchgéﬁﬁ@g]gg{ ek Ghagenerate hi gh pressure steam
[0024] U. S Paten%s 4,279,733 and 4, 279, 734 propose cracking nethods using

a quencher, B4 ectUAelatentsdeiagd rodthdl %734 prapevrerasking greghods udns | uent
resulting fromeatHRAMMGERE Kl xchiiler b Feltioh@CICQRE it NRsutgngret hod

utilizing a first stage
from steam cracking. The latter reference teaches a method utilizing a first stage

"dry-wall" quench exchanger cooling the hot process effluent to at least 540°C
(1000°F) wherein liquid washed quench exchangers recover energy to high
pressure steam at temperatures below the dew point of the effluent gas stream.
[0025] U.S. Patents 4,150,716 and 4,233,137 propose a heat recovery
apparatus comprising a pre-cooling zone where the effluent resulting from steam
cracking is brought into contact with a sprayed quenching oil, a heat recovery
zone and a separating zone. The latter reference teaches a method utilizing liquid
washed quench exchangers to recover energy to high pressure steam at
temperatures below the dew point of the effluent gas siream, wherein energy
recovery to high pressure steam is achievable at 250° to 300°C (482° to 572°F),
with substantial precooling of the hot effluent to 300° to 400°C (572° to 752°F),
requiring a high circulation rate of quench, e.g., up to 21:1 quench to hydrocarbon
feed, requiring a substantial investment in circulation pumps and pipework as well
as associated energy consumption.

[0026]  UI.S. Patent 4,614,229 discloses heat recovery from hot effluent using a
primary transfer line exchanger and a secondary transfer line exchanger utilizing

wash liquid injected into its tubes to provide process gas cooled to about 550°F.



"dry-wal | " quench exchanger cooling the hot process effluent to at | east
54&C (1000F) wherein |Iiquid washed quench exchangers recover energy to high
pressure stwamp@hosi@nper atures bel ow t he dew poi nt of pihgsabddipnt gas
stream [0025] U.S. Patents 4,150,716 and 4, 233, 137 propose a heat recovery
~apparatus conprising a pre-cooling zone where the effluent resulting from
steam cracking is brought into contact with a sprayed quenching oil, a heat
recovery zone and a separating zone.-8he latter reference teaches a nethod
utilizing liquid washed quench exchangers to recover energy to high
pressure steam at tenperatures bel ow the dew point of the effluent gas
stream wher eEmrgnecayyry at ey empeiatirdiis ghripd ewsu b drastdoastor pusnpastihévabl e at 250

to 300C (482 t.0 572F with substantial precooljng..of. t hot .effluent to
500 to 400C (SRt pvoriagrstovery Bl e dumRit ol LARUR IR B BF quonch,
€. g., Up to 2decdndatyeTIHYot Moty d masaliduiincie&esithe tadetithatifigofamdesiabiant i al
investnment in circul ation punps .and pi pework as well  as associ ated energy

consunpti on. 1EBNEYISELs melseules; increpsing ool gffluent odewy pRih ¢ 2nde gy from hot

ef fl uent usi N@ndencidy. Lmd’wﬁéhﬁig%{f Eichbﬁ;jgaﬁmﬁmw%ﬁn Mfbrd HACRAEALY transfer

| i ne exchanger utilizing was iquidinjected into its tubes to provide

process gas cH&sadhe sxchpwagt idegopbeshye/balies) v dehpar sspewslide 4999 - 8

Ener gy recove&%ﬁgﬁdn%fgrﬁr%ﬁg&mgsﬁgu&ﬁr&gﬁgﬂ@ut in a fractionator
punparound circuit, favori ng recover steam at medi um pressures. Liquid

of
col l ected frolftfe kdesidlal emLﬁwI@fﬁwemaéieae%Qvemh@si” il geseases the
concentratio f S4 | @1 i 0) - L,Ng the
Ny 75798 zq)gdgr 82 SQ?@% Propeaus ﬁ@é%%l\ﬁﬁohﬂgrﬁﬁﬁﬁ@iﬁg

ef fl uent dew pgiimr;t and}@__ ourassiet Brants e;.mh qu @s@hi ng of exchanger
tubes relies ugowt awintlipgivi ebeat grohanger tolrodice highpaessyra| et
t ubesheet / baf f] i : lefSnd i I dat.i of uniform
\e/ash | qllii d gﬁ?ﬁ?&%‘%ﬁg@&g@;ﬁ: mga | Ji%g%?siigmo?é%?%l ﬁ@f{;{?ﬂ)géash}ﬁgg ag;ez 1978)
conony Keyedst¢apr. Quenchi ng, " s J., ol . . pp. - ,
proposes a twgasdag u i I | vi Lpdirect g i ith a transfer
| i ne heat exc gi:# er eyg g?%’gkac%g”%’i@gﬁaﬁdr ggg?fﬁgbdprsoﬁgsgrﬁ %ﬁ%%%éé\?mg?#c%l rect
guenchi ng wi t frocesgyfieneffiuant Ifrotro stparo duekinge chmprising e pumary transfer line

exchanger which functions to rapidly cool furnace effluent and to generate high

temperature steam and a secondary transfer line exchanger which functions to
cool the fiunace 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.

[0029] U.S. Patent 5,107,921 proposes fransfer line exchangers having
multiple tube passes of different tube diameters. U.S. Patent 4,457,364 proposes a
close-coupled transfer line heat exchanger unit.

[0030] U.S. Patent 3,923,921 proposes a naphtha steam cracking process
comprising passing effluent through a transfer line exchanger to cool the effluent
and thereafter through a quench tower.

[0031] WO 93/12200 proposes a method for quenching the gaseous effluent
from a hydrocarbon pyrolysis unit by passing the effluent through transfer line
exchangers and then quenching the effluent with liquid water so that the effluent
is cooled to a temperature in the range of 105°C to 130°C (221°F to 266°F), such
that heavy oils and tars condense, as the effluent enters a primary separation

vessel. The condensed oils and tars are separated from the gaseous effluent in the



steam [0028] U.S. Patents 5,092,981 and 5, 324, 486 propose a two stage
quench process for effluent from steam cracking, conprising a primry

transfer |iweoenefaanger which functions to rapidly co@lrafskdobiGseef fl uent
and to generate high tenperature steam and a secondary transfer |ine

~exchanger which functions to cool the furnace effluent to as |low a
tenperature as possible consistent wwth efficient primary fractionator or
guench tower perfornmance and to generafe nediumto |ow pressure steam
[0029] U.S. Patent 5,107,921 proposes transfer |ine exchangers having

mul tiple tube passes of different tube dianeters. U S Patent 4,457, 364
proposes a CpriBfyCcepyphtial tessehafid thel ten@inirgapaseoos rdihgar isupasted o0H30] U. S.

Pat ent 3, 923,921 proposes napht ha sfeam.crackin oces conpri sing
passing effl u%lr?P"*{)‘ﬁFvgﬁ‘@’ﬁer%a’Fr‘ 2l Pﬁgtﬁ%er@?‘éﬁéﬁf&é‘&e‘? to %058 ot WRRS { Tuent  and
thereafter ththeefflient itememedalty aysy.. [ 0031] WO 93/ 12200 proposes a nethod for

quenchi ng the,_gaseous_effluent froma hydrocarbon pyrolysis unit by passing
the of fl dent OFAughiE P4hefbpropeseis meioh S gep e Hut e HcHelihy t he

ef fl uent wit hrehdtighi  ushi) dedddfer fitCex@hdnobtS Mhving SvBOMBR sbpurde t enper at ure
in the range of 105C to 130C (221F to 266F), such that heavy oils and tars

condense, as kedbexehagingsectight ers a primary separation vessel. The condensed

oi l's and tarspgsf Ssepanaiifthike 08 Q8RROMNeR Tl Yo R nibiD tdnlpRraid 2007/ 008406
PCT/ US2006/ 02[499 -9 primry ?ga aration vessf:elgf and th%mr emairani ng gaseous

effluent is passewith s herizepted dedt exdweger whk then il 4 vartinel heatiexchanger he ef f | uent
5 reduced t 0o hedlt WD piah e ELALURN el RrfAPRLGAbAY ASKARy €. [0032] EP
Oé 0 8 UIg e

205 205 proposes a net " cooling a f such as a crac reaction
product by ustomponensreobdensed i thex vhrtier] eexshingen iy thepraftenr seporatedsbpar ate heat

exchangi ng S%‘ﬁ&&ﬁﬂ&ah@&ﬂéﬂeﬂﬂ%ﬂﬁ&g% 0366 proposes cooling mxed gas in a
hi gh tenperature range wth a horizontal heat exchanger and then with a
vertical heat[083dhan¥ér 00/56841, GB 1,390,382, GB 1,309,309, 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 tube wherein a

liquid coolant {quench oil) is injected. _

[0035]  U.S. Patents 4,107,226; 3,593,968; 3,907,661; 3,647,907, 4,444,697,

3,959,420; 4,121,908; and 6,626,424; and Great Britain Patent Application

1,233,795 disclose methods of distributing wash liquids in quench fittings, e.g.,

annular direct quench fittings.

{0036} Given the foregoing, it would be desirable to recover useful heat from

stearn cracking firnace effluent in the absence of rapid fouling and absent direct

quenching in order to minimize overall energy consumption in steam cracking

processes used to manufacture light olefins.

SUMMARY OF THE INVENTION

[0037] In one aspect, the present invention relates to a method for cooling and

recovering energy from tar precursor-containing gaseous effluent from
hydrocarbon pyrolysis, the method comprising: (2) passing the gaseous effluent
through at least one primary heat exchanger (or dry-wall quench exchanger) to

provide a cooled effluent above the temperature at which the tar precursor initially



-having its heat exchange planes installed in the vertical direction. A heavy
conponent condensed in the vertical exchanger is thereafter separated by
distillati omoat7desvwesst ream refining steps. [0034] WO @0+4o6Rdln249e8 1, 390, 382,
GB 1,309,309, US 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 quenchlng a hot cracked gaseous streamwherein the hot gaseous stream

i s passed through a quench pipe or qudfich tube wherein a liquid cool ant
(quench oil) is injected. [0035] U S. Patents 4,107, 226; 3,593, 968;

3,907, 661; 3,647,907; 4,444,697; 3,959, 420; 4,121,908; and 6, 626, 424; and
Great Britai mOPéftneﬂm (bpprsing theicovled 4fflpgn oA akthrougioa deapteomp sebondsfy di stri buti ng
wash |iquids 4 fit , | & C fjttings.
[9036] ' G ven 1o SEARA b Wb, ot cxcr Y Blmflbfd oBUOBIRR A1 ) "Pont
from steam cpra@ké si@p dndransheld sigé, fthaipotess sid¢ bengpdrvered evithfa subgantialfyoul i ng and

absent direct U n.order to mni ver gnsunption in
St eam or acki g EHPBE IS EHoTE: h T aciies FH s ERThE ek Ry o THe
| NVENTI ON [ 00@Tdw Re7°en¢ssepeatd, bdldve tpr wﬁ@a:tatmrmuemﬂcbrthe edrgfresssbo a net hod
for cooling ang rec vering energy fromtar precursor-containing gaseous

ef fl uent fronf™ GeHBon pyrol ysis, the nethod conprising: (a) passing the
gaseOlﬁs efl;1 | ueods] thﬁ@ﬂg&bnﬁgmhﬁﬁaiftliliﬁﬁp@#tbi{EEMVM%ﬁ, aﬂeﬁéga@gﬂibn()ﬁr dry-wal |
quench exchanger ovide a cool ed e uent above, the tenperature at
which the tar 6??P§% PH“Pu“&FW ?Wﬁﬂ%e’?ﬁ 6%5@4’66“’%‘(%?‘132%%8‘&@ -10
condenses; ( beldwagmungBr0q540p), eg e&f){v%aﬁt T sEedR)t 2y, el aout €east one
secondary heat exchanger (or wet-wall quench exchanger) conprising a tube
havi ng a prd%@é%f@P&@ and a shell side, the process side being covered with

a ‘substantia d[hnrss»] COIth iaRdtRdF cohfigbtticn bF tHB asp&t BE mwngemﬁmga@eevmi f1 uent
streanlof uced tar content bel ow 287C (550F and bel ow_the tenperature

at which the 104 ¢8> 8t 157 gpout ?%%ﬁamt}caet@heéﬁ&%sof energy recovered by the

wet-wall quench exchanger is recovered at temperatures below 287°C (550°F).

[0040] In yet another configuration of this aspect of the invention, the gaseous
effluent is cooled in (a) to a temperature of less than about 704°C (1300°F),
typically from about 343° to about 649°C (650° to 1200°F), and cooled in (b} io a
temperature of less than about 282°C (540°F), typicalty from about 177° to about
277°C (350° to 530°F).

[0041] In still anothe'r configuration of this aspect of the invention, the at least
one dry-wall quench exchanger is selected from the group consisting of a high
pressure steam superheater and 2 high pressure steam generator.

{0042] In yet another configuration of this aspect of the invention, the at Jeast
one wet-wall quench exchanger utilizes a wall process side surface sufficiently
cooled to effect thereon condensation of liquid from the cooled effluent of (a) so
as to provide a self-fluxing film.

{0043]  In yet still another configuration of this aspect of the invention, the at
least one wet-wall quench exchanger utilizes a wall process side surface
sufficiently cooled to effect thereon condensation of liquid from the cooled
effluent of (a) so as to provide a self-fluxing film. In one embodiment, the self-

fluxing film is rich in aromatics, e.g., the self-fluxing film contains at least about



100381 I n one configuration of this aspect of the invention, at |east a
portion of energy recovered by the wet wall quench exchanger is recovered
at tenper atwo sw7008a60w about 282C (540F), e.g., bel owpehoshhosdihés ( 530F),
say, bel ow about 260C (500F). 100391 In another configuration of this
-aspect of the invention, at |east about 10% e.g., at |east about 20% say,
at | east about 50% of energy recovered by the wet-wall quench exchanger is
recovered at tenperatures bel ow 287C-{b550F). [0040] In yet another
configuration of this aspect of the invention, the gaseous effluent is
cooled in (a) to a tenperature of |ess than about 704C (1300F), typically
fr om about 341tht% abioetics,549 @t {e6d% @bdud 60 0 Eyomasing I awithed embodibyntt 0 a

t enperature f s than ab 282 [ ically fromabout 177 to
about 277C %@Wﬁ %trﬁe(nsag}nlglt%ﬁ eﬁ%ﬁ%ﬂ%q configuration of this
aspect of thqumyentmeuﬂlyettla@oﬂwrcbxﬁ:’@atanomnﬁthﬁra;pewd;ﬂthqmemilmax@htanger is

sel ected fromthe grou ns of..a hi ssuyre per heat er and
a hi gh pressufd @Fg‘éﬁtn“)o E"r"ﬁft‘ Lﬂ%ﬁ?ﬁ@f Q'F%E ?‘P“ﬁﬁ?b “r""C’u‘ﬁTgT ation of this
aspect of thalllmf&pr@ﬂdemam1 shstmtiallyOffR oMty spats! InGue Bbodiedianger

utilizes a wall ﬁ)rocess side surface suffjicient cQoled to effect thereon

condensat i on tratl5agfang wep-wal H‘F?écl’c%h"é‘&eré\“ﬁ%éﬁwaré’&) distgputog 2t 915 provi de a
sel f-f1 uxi ng pfirlthe a&%é]mbnom&m%{a dulsnarmtm.rg thefifechnixehdn@ét wfll t hi s aspect

of the invention, the | east one wet-wall quench exchanger utilizes a

wal | process SAYe cg%#@ﬂ%@‘c%fﬁcw liquid fgom pajd Eféb?ﬂéaasttﬁp@wdéét upiRg filen

condensat i on 1gf ﬂhklg%"ﬁfhlflgﬁHWIﬁ hemanal &d th@fﬂﬁxhﬂgﬁﬁm%nt&ﬁé at3&ssboht0 Provi de a

self-fluxing film Tn one enbodi ment, the sel fluxing filmis rich in

aromatics, e A4 Wwiappamaties fayfat lppst gopuf ﬁ@ﬂ%éﬁ?@aﬂfﬁs at | east about WD

2007/ 008406 RSS20 64,024 985 kb 40 i W RLORERL Givenfi plnd gast about 60
wt % aromatics. I'n anot her enbodi nent quench exchanger is a

shel | - and- t ulrsoexeth&bigierd WpOEY qudngh sﬂmﬂahgeyeﬂtt tsmmrmres dwtewi gBF°&ti on of this

aspect of thﬁ%sf*ﬁﬁ’?. :stelmtl‘ﬁtf go&%{sirg &h@tp@s@“@@ (oo PUES Hhicaig hanger

utilizes a s y uni
a pressure above about 4240 kPa (600 p31g) e.g., ranging from about 4240 kPa to

about 7000 kPa (600 psig to 1000 psig).

[0046] . In still another configuration of this aspect of the invention, the liquid
film is derived from condensed gaseous effluent, quench oil, and pyrolysis fuet oil.
The quench oil can contain less than about 10 wt% tar, e.g., less than about 5 wit%
tar. In one embodiment, the quench oil contains distillate quench distilled from the
gaseous effluent from hydrocarbon pyrolysis. In another embodiment, the quench
oil 1s a heavy aromatic solvent substantially free of steam-cracked tar and
asphaltenes.

[0047] In yet another configuration of this aspect of the invention, the dry-
wall quench exchanger provides a wall process side surface sufficiently heated to
provide a process gas/wall process side surface interface above the gaseous
effluent dew point.

[0048]  In still another configuration of this aspect of the invention, the wet-
wall quench exchanger is selected from the group consisting of high pressure
steam generator and high pressure boiler feed water preheater. In one embodiment,
the wet-wall quench exchanger utilizes co-current flow of process gas and heat

transfer medium. In another embodiment, the wet-wall quench exchanger utilizes



.0oil wash to provide a wet wall substantially free of dry spots. In one
enbodi nent, the at |east one wet-wall quench exchanger utilizes an annul ar
oi | distri budor7egsser near the exchanger inlet to di striubuwbenzegench oi l

al ong the quench exchanger wall so as to condense sufficient liquid from
"said effluent gas to provide a fluxing film The fluxing filmis richin
aromatics, e.g., the fluxing filmcontains at |east about 40 wt % aromati cs
say, at |east about 60 wt % aromatics.-1E0045] In another configuration of
this aspect of the invention, the energy recovered by said wet-wall quench
exchanger at tenperatures bel ow 287C (550F) provides steamat a pressure
above about Ilct8@tekRarefi20GV of prpeesstgapiandhéay transferamediws.shir silladvother about 4240

kPa (600 psi ggrnboﬁgr&n*[, 6%2‘@%1{'3%”&12 Oc%} %ngaﬁ%?rqg égenifep ve&‘hocal a,‘.t%volh'ltprgc% 0 kPa (600

psig to 1000 psigQ). i her “conf I gurat’i on 0 i s aspect of
t he i nventi ongastfiwvihg Gowdwartilyl M iyet clasther eembadinmane othe engedllgasedus ef f | uent ,

gquench oil, an ralysis.fuel oil. he.quench,oil .c contain |less than
about 10 wt % gl?a,%ggf@%,dloﬁb&gmf ﬁ’éﬁ%‘%&? S@Fﬁ%nmpgr?mqoﬁﬂﬁﬂte nbBdi ment, the
?uencﬂ gil CQﬁﬁ]Bq'uaﬁckﬁia:xsﬁahgdr&ﬁaﬁshélu&ﬂﬁmbébﬁn%ht(ijg_eﬁd fromht he gaﬁeousl ef f | uent
rom hydr ocar pyrol ysi s n anot her odi ment,. the quenc oil is a
heavy aronati@&&ll veIthth”EB@?rafﬁ %‘Fﬁ“}?‘“PffS{? aﬁ?“’s‘#@%ﬁﬂ‘ﬁ“&%ﬁ& B¥P%and

asphal t enes. Jf@t%?froin%ﬁdﬂkm@&@?:ﬁ%fysﬁQQBbﬁM&@by%o%fziﬂgm fecdSB8GLd Of the

invention, the dry- wal| quench exchanger provides_a wall process side
surface suff i Emeritaphthih e kiresgns, cconfingais dEmasRiec €8% ofadPdlim 8t Sless side

surface int erfyanRr@bms end BE1IASARMhas Bich kidRBd toIENOR Bty re Q48] I n stil |

anot her configuration of this aspect of the invention, 'the wet- wall quench

exchanger is B&%ct 8 sill g#h wethey enfiguatieis pEthisnaspest of thgnnymiien the st eam

generat or andefh@hnRREwEdh Sidat %ﬂmJo?ﬁﬂiaﬂ?E@ﬂdeﬁeﬁﬁﬁ%%om dbbut3di6> enbodi ment ,
the wet-wall quench exchanger utilizes co-current fTow of process gas and

heat transf &p abagd b3IYC (F3)° 2 HIOGED. tepipadlyi frasnebout 378 ° igeabowihi2l “(G/@Ath exchanger
utilizes WO %9975&%&?-?3@@“%@354 24999 12 counter-current flow of
er

process gas and heat Trans Iu In still another
: [0051]  In still yet another configuration of this aspect of the invention, the

method further comprises (c) passing said cooled effiuent from (b) through an
additional wet-wall quench exchanger to provide an effluent stream below about
260°C (500°F), whereby at least a portion of the energy recovered by said
additional wet-wall exchanger is recovered at temperatures below 260°C (500°F).
Energy can be recovered in (c) by preheating high pressure boiler feed water to
generate steam having a pressure of at least about 4240 kPa (600 psig).

[0052] In another aspect, the present invention relates to an apparatus for
cooling and recovering energy from tar precursor-containing gaseous effluent
from hydrocarbon pyrolysis, comprising: (a) at least one dry-wall quench
exchanger through which said gaseous effluent passes to provide a cooled effluent
above the temperature at which said tar precursor initially condenses; and (b) at
least one wet-wall quench exchanger comprising 2 tube having a process side and
a shell side, said process side being covered with a substantially continnous liquid
film, through which the cooled effluent from (a) can be passed through to provide
a gaseous effluent stream of reduced tar content below 287°C (550°F), and below

the temperature at which said tar precursor initially condenses.



~enbodi nent, the wet-wall quench exchanger is oriented vertically, with
process gas flow ng downwardly. In yet another enbodi nent, the wet-wall
guench exgdasdaissdss a doubl e pi pe exchanger. |n sti PCTYsR00ERSPNer
enbodi ment, the wet- wall quench exchanger is a shell-and- tube exchanger.
- [0049] In yet another configuration of this aspect of the invention, the
gaseous effluent from hydrocarbon pyrolysis is obtained by pyrolyzing a
feed selected from naphtha, kerosenel3condensate, atnospheric gas oil,
vacuum gas oil, hydrocrackate, and crude oil which has been treated to
remove heavy residue. [0050] In still yet another configuration of this
aspect of thd0053yentlk ong caffiguratienpfcthintagpest of thehinehtionaithe 4t deastperecur sor

initially condepnses rom about 6 .to out 6 09.to0 1200F),
typically fr @?fg'%ouq(ug%g%ﬁt%%&éﬁoﬁtSe%ﬁ%%%éhe F%’Rﬁfgfﬁl‘%gge&g?%' bout 454C
(850F) . [ 005DYkesture sitdatnl syyetheatmotahéra Gahi ipepasuad | stiamo fgedehiter. dapaet of t he

i nvention, the t hod further conprises (c assi sai d..cool ed effl uent
from (b) thr 55’63‘%&3}’?& g’ﬂd‘?i F3f Wﬁgﬁ%ﬁmﬁ]ﬁ%ﬁ e%?@%ﬁ%@é‘fant%ocﬁ?‘govi de an

ef fluent str Qﬁlﬁﬂ;ﬁ%&o@%ﬁbﬁﬂlyd%qaﬁ_@% éﬁ&@&bercoﬂ\llﬂfﬁdeh&ﬁ@ioﬂlﬁmitﬁ@nmrti 03 of the
energy recover sai addi tiona] wef-wa xchanger i s recovered at

t enrper at ur es GBQF%#E%CP@ER)P)@ PIO¥IE A 'é]&ﬁm%gﬁ?e@fﬁ?@?eéﬁ thept deast 1

preheati ng hiogh wet-®8ls yhdclk exdhiigef QL3R kEstahBallydREBHAY Qiskibagmdpavi ng a
pressure of at |east about 4240 kPa_ (600 psig).. [00 I n anot her aspect,

0 [0052
the present "iFeReRSie Pryids 8 wet walhwbsippiala fiesok BY spatoshdhfgh el ecoveri ng

ener gy from {gaéncheRGERRPEMCBRPAeHh RAER DA AiktritRior hiUGHkar the S@hdyelr ocar bon
pyrol ysis, conpri si ng‘:ij (a) at | east one dry-wall quench exchanger through

whi ch” sai d gd8eolss distibnigediientha 88 edlongo thr girnefe excharsst otpleranablent!” above the
tenperat ure @bndehdicdsubticdt ihd P58 CHE S@hert Bhdth Blovie GORERPERS, and (b) at

| east one wet-wa grl;ench exchanger conprisi ng a tube having a process side

and a shel | {154k, dmpepther cenfisgragonief B smgect of Eredaventien te dutllantial |y
continuous | igGdHicH exdnbdddt ItoWdQéJQQal‘I"EfoE& Hﬁ@ s PRk Sl ch P@E\Hﬁ&&ﬁg‘ (a) can be
8 s ef ce

passed thr ough to provid a gaseo uent stream of redu tar content
bel ow 287C ( 5&a¢d) to pravidp @l mogess s/ wadlnproeess side suxfaogtinigrfacgasbgve the precur sor

initially .Co_lggs%@&ee§ﬂuemc%%%¥1{t_008406 PCT/ US2006/ 024999
[0055] In still another configuration of this aspect of the invention, the wet-

wall quench exchanger is selected from the group consisting of high pressure
steam generator and high pressure boiler feed water preheater.

[6056] In yet another configuration of this aspect of the invention, the
apparatus further comprises (c) an additional wet-wall quench exchanger, through
which can be passéd cooled effluent from (b) to provide an effluent stream below
about 260°C (500°F), whereby at least a portion of the energy recovered by said
additional wet-wall exchanger is recovered at temperatures below 260°C (500°F).
In one embodiment, the apparatus further comprises a preheater through which
energy is recovered from (c) by preheating high pressure boiler feed water to

generate steam having a pressure of at least about 4240 kPa (600 psig).

BRIEF DESCRIPTION OF THE DRAWINGS
[0057]  FIGURE 1 is a schematic flow diagram of a method according to one

example of the present invention of treating the gaseous effluent from the cracking

of a feed heavier than naphtha.



.-13 [0053] In one configuration of this aspect of the invention, the at

| east one dry-wall quench exchanger is selected fromthe group consisting
of a high woemsvsesst eam super heater and a hi gh pressufgssicapaipogener at or.
In one enbodinent, the at | east one wet-wall quench exchanger utilizes a
*wal | process side surface sufficiently cooled to effect thereon
condensation of liquid fromthe cooled effluent of (a) so as to provide a
self-fluxing film Alternately, the atl4reast one wet-wall quench exchanger
utilizes a substantially uniformy distributed oil wash nmeans to provide a
wet wall substantially free of dry spots. Such a wet-wall quench exchanger
can conpri se [A858nnUFIGIRE 2 isdi ssttionbltiowr ofipneombsnefs wetiteansfechzeipet inlet to
distribute qu h oil alo t he ench r wall capable of condensing
suf ficient |ie%l%aé‘g?rr“’%‘%ﬁ?%@gm@f‘?ﬁ%@ﬁﬁ“ﬁ%@éﬁ@@?ﬂ de a fluxing film [0054]
I n anot her cde63syur SRIGUREX istahdetionslpdew o thetihiet framgitioh pizte oft hshellr y- wal |
guench exchanger .provides_a wall process side surface i ch can be
sufficiently agﬁ@%&eﬂ“t%‘“ﬁ?ﬁ%ﬂbe"é e}’f&@ﬁ%‘?s %}’ngdﬁ‘ Imep%%‘i THE surface
interface abgugUREel. gaseous effluent dew point. [0055] In still another
configuration of this aspect of the jnvention, the wet- wall quench

exchanger is [Q@?Oéct ddCPREM 18 ﬁé?@?%ﬁleﬁ’cﬂféhes‘fﬂie Epogtionpigee Prddsiie  steam
generat or andukd et RfASEUliRe hedt! BlchhRed eﬁ%to%d Rf ah€ ahéfod ERA6In | N yet

anot her COI’lfI}%UI‘atIOI’l of this aspect of the invention, the apparatus
further corrpn@ Ie) an additional wet-wall quench exchanger, through

whi ch can be passed cool ed effluent from (b) to provide an effluent stream
bel ow about 260C (500F | east a portion of the energy recovered
by said addiREBAHLE 2ldi {te EMBQREMERIS] at tenperatures bel ow
260C (5000) . jobdl] Onere AL Hrflion @R AHP bkt way/bf BEfinf BERGISRS @ Preheater
t hrough which energy i's recovered from (c) by preheating high pressure

boi | er feed whilusnt stesam deorves bydeocerbempyrhbsis mgctar rasde tameve tudgecaverast  about
4240 kPa_( 60Q,of3h ) sonB b oS PT bk ond HE DRANNGS (05 B CURE 1 s a

schematic flow di agram of a neth ccording to one eXanple of the present
i nvention of thedfudnhyvhilhmigawagfeulagf | uent fromthe cracking

[0062])  Typically, the effluent used in the method of the invention is produced

Var e

by pyrolysis of a hydrocarbon feed boiling with a final boiling point in a
temperature range from above about 180°C (356°F), such as feeds heavier than
naphtha. Such feeds include those boiling in the range from about 93° to about
649°C (from about 200° to about 1200°F), say, from about from about 204° to
about 510°C (from about 400° to about 950°F). Typical heavier than naphtha
feeds can include heavy condensates, gas oils, kerosene, hydrocrackates, crude
oils, and/or crude oil fractions. The temperature of the gaseous effluent at the
outlet from the pyrolysis reactor is normally in the range of from about 760°C to
about 930°C (from about 1400° io about 1706°F) and the invention provides a
method of cooling the effiuent to a temperature at which the desired C,-C4 olefins
can be 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).

[0063] In particular, the present invention relates to a method for treating the



of a feed heavier than naphtha. WO 2007/008406 PCT/ US2006/ 024999 -14 [0058]

" FIGURE 2 is a sectional view of one tube of a wet transfer |ine beat

exchanger ®gRb@N@eEsi N the method shown in FIGURE 1. [pQO&Sjeodf2@MRE 3 is a
sectional view of the inlet transition piece of a shell- and-tube wet

. transfer line heat exchanger enployed in the method shown in FIGURE 1.
[0060] FIGURE 4 is a sectional view of the inlet transition piece of a
tube-in- tube wet transfer |ine heat-é&changer enployed in the nethod shown
in FIGURE 1. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0061] The present

I nvention provides a | ow cost way of treating the gaseous effluent stream
from a hydr ocgasdoun efflypens| fyxm $herm‘r1 cﬁaedsmack'mgtlmitr evieh emeting ccmn}'miss@r heat

t heref rom and sgpakat h |r -C4 olefins in
the effl uent, agv%’ Itggmlr n%Z| sg Pfe %P%’G%;Z? %855 t, €5 f | uent used
in the net hod:vhmfh ishepahha/ef\tacmnng hpat@hmn:m eﬂiyeqnyibwh)tmastemperatufcydr ocar bon
feed boiling | nal _boi ] i oj Nt. in .a erature ran from above
about 180C (Q%%E}f%g’ﬂ%ﬁ Bep ’fegteégg‘ﬁ’g%%F hteﬁa‘ﬂ“’f"?‘?ﬁ hiaR e %6(98% %@eds i ncl ude
those boi | i ngldafiedt b8 Etaﬁﬂedefcﬁlﬁﬂig afieunt/aiP debskig) Oblt mHBeal foamngbout 200 to

about 1200F), fro bout from about, 204 to about 510C (from about 400
to about 950I§°m’%'? al’x?f‘te?"c}ﬁ‘f&‘ﬁs (FaFIh Ehigbe-iafibrs exchapspts OF heavy

condensat es, ﬁ@%ﬁé'e’x&hmﬁ&i QB HR ushy i B89 ket The Fﬁﬁlule}q]eatoeﬂcﬁan gand/ or crude
oi | fractlons The tenperature of the q%@seous effluent at the outlet from

t he pyrol ysi sople etrsqcesssstiran tind teppratupenzetyesn ghous f49°Comd abBU 65960C t o  about
930C (froma u o s a nmethod
of cooling tﬁgwgf ?Sg(r)lit ?}’%9% %sea})&%?g@u(?gﬂ) ﬂ%ﬁﬂ%?ﬁg&?dgg&g& -C4 olefins
can be conpr esslag médimiaad\gbge;ategamhdateﬁ dteesss tiphatly abehout 4DOKK2212F), for
exanpl e | ess %&anégbout 75C (167F), such as |ess than about 60C (140F) and

typically fr t 20 to about 50C (68 to about 122F).
[6064] On leaving the primary heat exchanger, the cooled gaseous effiuent is

still at a temperature abave the hydrocarbon dew point (the temperature at which
the first drop of liquid condenses) of the effluent. For a typical heavy feed under
certain cracking conditions, the hydrocarbon dew point of the effluent stream
ranges from about 343° to about 649°C (650° to 1200°F), say, from about 399° to
about 593°C (750° to 1100°F). Above the hydrocarbon dew point, the fouling
tendency is relatively low, i.e., vapor phase fouling is generally not severe, and
there is no liquid present that could cause fouling. Tar condenses from such heavy
feeds at a temperature ranging from about 204° to about 343°C (400° to 650°F),
say, from about 232° to about 316°C (450° to 600°F), e.g., at about 288°C (550°F).
The primary heat exchanger (dry-wall quench exchanger) can be a high pressure
steam superheater, e.g., of the type described in U.S. Patent 4,279,734. Alternately,
the primary heat exchanger can be a high pressure steam generator.

[0065] After leaving the primary heat exchanger, the effluent is then passed to
at least one secondary heat exchanger (or wet-wall quench exchanger) which is
designed and operated such that jt includes a heat exchange surface cool enough
to condense part of the effluent and generate a liquid hydrocarbon film at the heat
exchange surface. In one embodiment, the liguid film is generated in-situ and is
preferably at or below the temperature at which tar is fully condensed, typically at
about 204°C to about 287°C (400° to 550°F), such as at about 260°C (500°F).



[0063] In particular, the present invention relates to a nethod for treating
the WO 2007/ 008406 PCT/ US2006/ 024999 -15 gaseous effluent fromthe heavy
feed crackiw@z0areog4o6whi ch net hod conpri ses passing theres2bdeosne t hr ough at

| east one prinmary transfer |ine heat exchanger, which is capable of
“recovering heat fromthe effluent dowm to a tenperature where fouling is
incipient. |If needed, this heat exchanger can be periodically cleaned by

st eam decoki ng, steantf air decoki ng, 610 frechani cal cl eaning. Conventi onal

i ndi rect heat exchangers, such as tube-in-tube exchangers or shell and tube
exchangers, may be used_ in this service. The prinmary heat exchanger cools
the process stiie#nfasered by crrpRst £hoice ob coB madwytand/rehaRed 48kt 650C (644

and 1202F), Sﬁ%a%,%%&onwt@gg&&% heéﬂ%iaﬁgng%ﬁﬂ@tq%&mﬁia%ma@ the cooling

medi um and gener at €s super hea steam typically at” about 4240 kPa (600

psi g). [ 00641inteuringvilimited Heantiti sfequgndical vie e ckparaje e, upeg e swikble gaseous
effluent is gl L r : W: hoi nt (the
t enperature é§&§%#%ﬁgm%ﬁ%§$%$§$ #%%QQ$M¥?%8?69?%%%@%é@%?m%@%@ﬁé ef fl uent.
For a typi calhytieearhorf e dilmritlgr fluxes away tar cas bk iheayieso peipanenis of tiee hydr ocar bon
dew poi nt of el | uen r eam nges from . t 649C (650
to 1200F), saf?}l?lg?eregﬁ nﬁlegtbcgﬁqe%%ggsae? %Isg %g}ﬁn r@%%@cg%%gtt%ﬁ%i%&%gge ove the
hydr ocar bon desbyibipndcesst dvearh and ithegfilat, ahed Blne yan be wieh aighifebnylyllower | . e., vapor
phase fouling_is general t severe,..and. there is.no |ligquid present that
coul d cause g%??%ﬁ? rth%gﬂ‘ggﬁ%eﬁh?ms%&%m g’a&?f/ps tP%g'ﬁa% A% enper at ur e
rangi ng fromsatagtweed with fahiDhtenal 3 tiedBllk bteeamSi0 kepoled, Shys, prévestingabout 232 to
about 316C (&gﬂ“%oSG 0OF) e.g , at_about 288C (55 F%. The primary heat
exchanger (dr{*HR& | uahén@ﬁt"’é b nassh - sxchapger st fﬁ°8ﬁ b PELEr B°% eam
ZI uper heat Ier , centﬁtuous@_s_f to&]ﬁb&e&ﬁy@amd%ﬁhicbwl is ploddce. Iﬁﬂé ﬁir'(]blinéis 3tbPped34.

ternately, e_pripmar eat _exchanger can pe a hi pressure steam
gener at or . [@6%’5‘?1 fPORY f%/ iSiretha Oﬁg‘}rmseﬁg% TORSRE 'ﬁ‘evf"’,“ﬂj?@ effluent is
then passed 1@ in 8le hER§ g€ THEGRAMAN YuditR bxBXGRADA: A HEh pRésuwal | quench

exchanger) which is designed and operated such that it 1nc]Judes a heat
exchange sur fSieAta SERFEAOT S, gﬁa%bed abave, or a igh pressure boiler feed water preheater.

In either case, the presence of a continuous liguid film prevents heavy components

of the furnace effluent from fouling the exchangers. The use of a high pressure
boiler feed water preheater in the quench system allows energy to be recovered at
temperatures below 287°C (550°F), while still contributing to the generation of
high pressure steam.
[0066] The invention will now be more particularly described with reference
to the accompanying drawings.
[0067] Referring to FIGURES 1 and 2, in the method shown which recovers
£ heat from furnace effluent in at least two stages to provide high pressure steam, a
hydrocarbon feed 100 comprising heavy gas oil obtained from a paraffinic crude
oil and dilution steam 102 is fed at a rate of 66000 kg/hr (145000 pounds/hr) with
a dilution steam ratio of 0.5 kg/kg (1b/Ib) to a steam cracking reactor 104 where
the hydrocarbon feed and dilution stream 102 is heated to cause thermal
decomposition of the feed to produce lower molecular weight hydrocarbons, such
as C;-C4 olefins. The pyrolysis process in the steam cracking reactor 104 also

produces some tar.



to condense part of the effluent and generate a |iquid hydrocarbon film at
the heat exchange surface. In one enbodinent, the liquid filmis generated
in-situ anavo morpeaber ably at or bel ow t he tenperat urecatsfsioedod ar is fully
condensed, typically at about 204C to about 287C (400 to 550F), such as at
~about 260C (500F). WD 2007/008406 PCT/US2006/ 024999 -16 This is ensured by
proper choi ce of cooling nedium and exchanger design. Alternately, the
secondary transfer |ine heat exchangé Ttan be guench- assi sted by

introducing a limted quantity of quench oil via a separate line, using a

suitable distribution apparatus, e. g an annular oil distributor, to
generate an dPMA%ht i Gaseauh pymelyeis ebluensdR6 exiting the aeam aracking femaca b tar as t he

heavi est COMMARER Pasdls hitGen bt'iddd e PrblaiP RinhONARIRE: oREGAUS R NE MAI N

resistance to hedt trans i's between the ( process stream and the
film the filwhichegrolsgheaefflaerifipn 40 iplghtempertapweranging frperahowr®4thém t he bul k

stream The f} L\l S change b tted with
fluid materi aa;bl)@sﬁﬁ?gﬁ%%q Etésl%’}r%@a Slag’ngo(l)%?b:ogt, T hggo %’%"é‘%gﬁtﬁ%‘% oul irng. Such
a wet-wal | querl660°Bx elgarsbeut 816301 (abowd! 1500FF), to aua emtetdtmpagiureaenrgingnuousl y to

the tenperatuy e at ich. tar | u ol T the ingds stopped before
this point, 19'5503} g}?@wé ¢|tck%1°§}g @%@gﬁggoegé%gb uf H@Bﬁ#’os&gsﬂéo%%’)ggm woul d

D1 eSSUrG. SLoaM B60er Arer 40 0ESar T DOd Shove. of fhioh BEbeaUe boiler fead
wat er pr eheaﬁ@’ﬁ?e E%'1“ °gh’fsheé‘f’a]%5‘5°'§é‘,sestrﬁ‘ﬂ %@?e%é}ét '%13 0 %8?&%"33@3@ iquid film
xchangers. The usn of o h b breastr e batl or Fokd water prébaater in the
quench sysierﬁgg%ﬁge“éﬂﬁ?tﬁgpﬂﬂﬁgﬁiéég@@ &he “W‘éﬁ?}%ﬁ&tﬁ? g@c ow 287C
(550F), whi | eirphdel 1104 Epitany asta pressird of RuOIB0&PAT15GRi) TheprighryHeassur e st eam
[ 0066] The invention wll now be nore parti cul arql§y descri bed wiith reference

to the acconfafyrsy 1Y Sarwgeess 3 Goer)fesdeater indg 105 for aprgdscime dpgh 2 in the

met hod shown HrRbGELJIRE R¥EWater ARBAg bR Bbduk DACEPab hhdteNBgdTAl(6heaSt t WO
stages to provide high pressure steam a_ _hydrocarbon feed 100 conpri sing

. m a. - ;
heavy gas oi [t §¥0ariabgays skt HOA5H KR (1591 Reigdrapgd having a temperature ranging
from- about 121°C to about 336°C (250°F to 636°F), e.g., about 316°C (600°F).

High pressure steam at essentially the same pressure as the inlet boiler feed water

is taken from steam outlet 109. After leaving the primary heat exchanger 107, the
cooled effluent stream 110 is then fed to at least one secondary transfer line heat
exchanger 112, where the effluent 110 is cooled on the tube side of the heat
exchanger 112 while boiler feed water introduced via line 113 is preheated and
vaporized on the shell side of the heat exchanger 112. In one erhhodiment, the
heat exchange surfaces of the exchanger 112 are coocl enough to generate a liquid

{ film in situ at the surface of the tube, the liquid film resulting from condensation
of the gaseous effluent. Alternately, the secondary transfer line heat exchanger can
be quench-assisted by introducing a limited quantity of quench oil, e.g., 20500
kg/hr (45000 Ib/hr), via line 111, using a suitable distribution apparatus, e.g. an
annular oil distributor, to generate an aromatic-rich hydrocarbon oil film that
fluxes away tar as the heaviest components of the furnace effluent condense. The
mixture of farnace effluent and quench oil is cooled to an outlet temperature of
about 343°C (650°F), generating additional 10450 kPa (1500 psig) steam taken
off via line 114.



oil and dilution steam 102 is fed at a rate of 66000 kg/hr (145000
pounds/hr) with a dilution steamratio of 0.5 kg/kg (Ib/Ib) to a steam
cracki ng r aggtdtoodsdd where the hydrocarbon feed and gptudofihaides €am 102 is
heated to cause thermal deconposition of the feed to produce | ower

-mol ecul ar wei ght hydrocarbons, such as C2-C4 olefins. The pyrol ysis process
in the steam cracking reactor 104 also produces sone tar. WO 2007/ 008406
PCT/ US2006/ 024999 -17 [0068] Gaseous ifyrolysis effluent 106 exiting the
steam cracking furnace 104 initially passes through at |east one primary
transfer |line heat exchanger 107 which cools the effluent froman inlet

t enper at ur e r[a06f] ng HIGUREaDdapicts/Adiment {loaabofithe BFdént (216 QdretpondiddOF) , say,

from about 760C 71C O0F 0 about 6C (about
1500F), to an' o st Bﬁf‘gﬁbg i é?-gﬁ‘éf} h&llerq?%n‘%’étﬁ’baﬁ i) BRIy %ut(704c
(about 600F ttempdistute of 36¥0fim ZEadiﬂaefp’rﬁﬁﬁsadﬂﬂihlet %ﬂibﬁaﬂrﬁlg&hﬁiﬁoiﬁﬁkﬂc (700F to

1200F), e.g., about 538C. 1000 . out | et terrperature f this exchanger
ri ses rapidl y“????ﬁb]ﬁb‘a 1505'2%31&%?831%5 %ﬁ?‘?’ﬁe”c hen nore

slowy to abowé béirPfeed m&pﬁ)dthér hiBe fnéfal) AetuR hétgs ust sl@ﬁtlﬂﬁ:‘iteﬁthﬁﬂw poi nt of
about 454C (850F) The effluent 106 fromthe crac a Hfur nace 104 typically
y

has a pressurtae bell eaff-@@,fwagslélq(ﬁgn(pgnbg%heatm@hrmgpr pd frensfdig hanger 107

conprises a bgid @:a%&@éem&%ehﬁ{aﬁndm@h lﬁﬁhﬁlﬁfmutﬁé o3k e, a{ €SSUT €
boil er feed water ranging from about 4240 kPa to about 13893 kPa (600 to

2000 psig), shgefornsut ﬁmms@wam(ewoa}%ﬂlé)ﬂy better Hhgn e duheemstal at ure
ranging fromeahoubrehedy dofht ﬂ%%exﬁ%ﬁ%&?ﬁ%or%%@éﬁ@lw gth G the RPUL 316C

(600F). High pressure steam at essen sanme pressure as the inlet
boi | er feed vixthangeri282,ithgk@im ﬂemm@teeamlwﬁheé@mmurmwbmhtaemmg the prinmary

heat exchangeiondilen, it cufied 6 B/AeR coBblBAMAAOuP b SSufgds L0 2L | east

one secondary transfer |ine heat ex ange wher e l'uent 110 is
cool ed on theavpidpe side of the heat exchanger 112 while boiler feed water

| ntroduced vigejg e gidehe HIBNRR!Ch Rl HBRH LSO INGSBRL] i de of the

heat exchange n on eat exchangé suriaces of the
exchanger 112gasaves gmod:nt aind eghpiss ttge:nedchmmaiasebmrdanycnuench exchanger (or

tertiary quench exchanger) 116 which can be quench-assisted by introducing a

very limited quantity of quench oil, e.g., 6800 kg/hr (15000 Ib/hr), via line 121,

using a suitable distribution apparatus, e.g. an annular oil distributor, to generate

an aromatic-rich hydrocarbon oil film that fluxes away tar as the heaviest
components of the furnace effluent condense. A limited amount of quench oil is
used in order to ensure a continuous oil film on the wall, given that the effluent
has already been cooled below its dew point. The mixture of firnace effluent and
quench oil is cooled to an outlet temperature of about 260°C (500°F) by
‘ preheating high pressure boiler feed water introduced via line 117 which is taken
off via line 118.
[0071]  Preheating high pressure boiler feed water in the heat exchanger 116 is
one of the most efficient uses of the heat generated in the pyrolysis unit.
Following deaeration, boiler feed water is typically available at a temperature
ranging from about 104°C to about 149°C (220°F to 300°F), say, from about
116°C to about 138°C (240°F to 280°F), e.g., about 132°C (270°F). Boiler feed
water from the deaerator can therefore be preheated in the wet transfer line heat
exchanger 112. All of the heat used to preheat boiler feed water will increase high



filmin situ at the surface of the tube, the liquid filmresulting from
condensation of the gaseous effluent. Alternately, the secondary transfer
| i ne heat ewobmmgmsscscan be quench-assi sted by introdectosessdzidss t ed
quantity of quench oil, e.g., 20500 kg/hr (45000 Ib/hr), via line 111,
"using a suitable distribution apparatus, e.g. an annular oil distributor,
to generate an aromatic-rich hydrocarbon oil filmthat fluxes away tar as
t he heavi est conponents of the furnacd®effl uent condense. The nixture of
furnace effluent and quench oil is cooled to an outlet tenperature of about
343C (650F), generating additional 10450 kPa_ (1500 psig) steamtaken off
via |ine 114.preagre 6ean posc®nPTiv gsadosserswiiogenersg dbodeBR0FkedURE 2 depicts
co-current fl f . ' e 110 in
Figure 1, et c(.ggﬂogrll%ﬂggﬁgswkggySég?%é)%gﬁ%%&%?gﬁs%g}eﬁ%& Itdtjgdr%%ter ature of
the film 219 SA0°REBEE°PY.ocess side inlet; other arrangenents of flow are
possible, in i ng nt.ercurrent .f19 Begcause, heat transfer.is rapid

bet ween thec[h@?, er Cfnggead'm v%a&%%peagﬁ’&fhﬁ%g lﬁsbgleﬁ’%?% %as?%ge{fﬁ%% Irgrﬁe l s j ust
slightly hot tatr téniperaturt ndheleahd ar cindadesaidds th2d Pased mivyatiedsnonei tar t he heat

exchanger 212. Heat .trapnsfer i so, rapid between th u petal and the
liquid film 5°k6?’|1ttfiﬁ'(¥1 E?%géggﬁ-?l e%‘}anﬁﬁcfgpam%fﬁ?g“?ﬂcgcqﬁﬁel Brperature is
just slightl yi2heid £gaséduafratiea 126/be netal tenperature at any point in heat
exchanger 21 ong.the entiyre length of the_heat _exchangey 212, the film
t enper at ur e ﬁgoﬂl o%@ﬁé’@éﬁﬁa‘é‘i@?&%eﬁhw&utaﬁ Iﬂgqﬂﬁleﬁ‘%“%deensed. Thi s
ensures that thdi@f hisécdhddey GRHYRY Ghebithirgel Shenaiel inlPds clatitihd #fvites A avoi ded.

[ 0070] Rever':fig‘ﬁ? to FIGURE 1, on | eaving the heat exchanger 112, the cool ed

gaseous effl angl iBbe exchangerscan e pseds dBT PIOBHE SIreBL et s POt @R exchanger
(or tertiar fundUedcih @&ﬁ@@@&@,rﬁxea%ﬁbeéme@ayﬁg&l&ﬂ_ﬂuamiyaa?;e&ﬁ&d by
introducing a., very limted qéantlty of quench oil, e.q., 6800 kg/br (15000
I b/ hr), via IGagstervould aligw, goke mroducsd pestrging (e ipgsh thenvel BisasehWeer e. g. an

annul ar o | - disbit gl ThOAGRAS AicroBgd 12TRd §16 nfivbYEREREDON of | fi I m
that fluxes away tar as the heaviest conponents of the furnace effl uent

condense. A [Wiprizedthe iegmpsratse andapemizgthickngss of the film 219, for example,
by adding fins to the outside surface of the heat exchanger tubes. Boiler feed

water could be preheated on the shell side in a single pass arrangement.
Alternatively, the shell side and tube side services could be switched. Either co-
current or counter-current flow could be used, provided that the film temperature
1s kept low enough along the length of the exchanger.

[0074] For example, the inlet transition piece of a suitable shell-and-tube wet
transfer line exchanger is shown in FIGURE 3. A heat exchanger tube 341 is fixed
m an aperture 340 in a tubesheet 342. A tube insert or ferrule 345 is fixed in an
aperture' 346 1n a false tubesheet 344 positioned adjacent tubesheet 342 such that
the ferrule 345 extends into the tube 341 with a thermally insulating material 343
beiﬁg placed between the tubesheet 342 and the false tubesheet 344 and between
the tube 341 and the ferrule 345. With this arrangement, the false tubesheet 344
and ferrule 345 operate at a temperature very close to the process inlet
temperature while the tube 341 operates at a temperature very close to that of the
cooling medinm. Accordingly, little fouling will occur on the tubesheet 344 and
the ferrule 345 because they operate above the dew point of the pyrolysis effluent.
Similarly, little fouling will occur on the surface of the tube 341 because it



-used in order to ensure a continuous oil filmon the wall, given that the
effluent has already been cooled belowits dew point. The m xture of
furnace efWwbueniomamd quench oil is cooled to an out lirnisepeabur e of about
260C (500F) by preheating high pressure boiler feed water introduced via
‘line 117 which is taken off via line 118. [0071] Preheating high pressure
boil er feed water in the heat exchan%(9 116 is one of the nost efficient
uses of the heat generated in the pyrolysis unit. Follow ng deaeration,
boiler feed water is typically available at a tenperature ranging from
about 104C to about 149C (220F to 300F), say, fromabout 116C to about 138C
(240F to 280§9erat@tglowthbmemmt@@immetar ')r@ndq&madThiwamxgemmbmthe

deaer at or t t &?& | eat
exchanger Bm"ﬁ?{g %fﬂ% uoge ‘dé&ﬁr@'ﬁg m% eed fé\/\]‘gpgr wil |
I ncrease h| gtemﬁb}aﬁﬁé)ie’gﬂﬂrsuﬁﬁeaﬁlﬁé hﬁiﬁﬁﬁ»bﬂﬁé@ﬁﬁmt—aﬁ& ﬂprmpmtmzsﬂt eam

producti on. IVF’% g%%nﬁﬁ&s%s emvm |1 generate about 43200 kg/ hr (95000 | b/ hr)
of 10450 kPa“EfBH5 %S DEEEHT whi ch can be superheated to about 950F

(510C). 1007@b78n | Akvhityelyh theltamivaRXohte Gedonddd trahdfe Hiwakedngaseous

effluent 120 is e at ur e. the tar condepse nd is then passed
into at IeasF‘%h‘és’F’é}f“mQﬁ%ei glaze %m# ahsfer {iRge ’@Bﬂgﬁeﬁt d‘i’eé separ at ed
into a tar apcubesehdngaCdouldne uiald o@sm&aﬁusm&baeédlﬁmﬂ?aﬁmekoonl The

har dwar e for at e changers, 112 and 116 be simlar to that of a

h h
secondary tr %fe% Hively @ﬁ%W&FFg%‘?eW%WEMPW‘QE%P@ﬂWPW%Wi ce. A

shel | and t uRepfx alangde theCaidhBSerUsiBitbut PRSI OBGRS f8dd Rak? 6aild b cool ed on
the tube si de in_a single pass, fixed tu%esheet arrangenment. A relatively

| arge tube Pichasteddp Wﬂ“&b?%ﬁ@“&b@(@ﬂﬁr%m&“{?ﬁ%tﬁ@gﬁ%%ﬁﬁ‘ﬁﬁ t hrough the

exchanger \Ae&u!aﬁ%m%&nyﬂawe&ld E@&cé%ﬁdvmedmat B SR XSHRAGRE skt 1pd 116 may be
arranged to mnimze the tenperature and nmaxi m ze 't hickness of the film

219, for examp@aloqgﬁhgbggthgfiﬂlpﬁ@hmem he outside surface of the heat _
exchanger t ufgse) B%Areéxa&ﬁﬁdme%&%anﬁ%ﬂ Hedo 8liaHL AR niRGvghel | side in

a single pass arrangenent

transfer line exchanger is shown in FIGURE 4. An exchanger inlet line 451 is
attached to swage 452 which is attached to a boiler feed water inlet chamber 455.
Insulating material 453 fills the annular space between the exchanger inlet line
451, swage 452, and boiler feed water inlet chamber 455. Heat exchanger tube
454 is attached to boiler feed water inlet chamber 455 which receives boiler feed
water 458 such that there is a small gap 456 between the end of inlet line 451 and
the beginning of heat exchanger tube 454 to allow for thermal expansion. A
similar arrangement, although incorporating a wye-piece in the process gas flow
piping, is described in U.S. Patent 4,457,364, whose entire contents are
incorporated herein by reference. The entire exchanger inlet line 451 operates at a
temperature very close to the process temperature while the exchanger tube 454

' operates at a temperature very close to that of the cooling medjum. Accordingly,
little fouling will occur on the surface of the exchanger inlet line 451 because it
operates above the dew point of the pyrolysis effluent. Similarly, little fouling will
occur on the heat exchanger tube 454 because it operates below the temperature at
which the tar fully condenses. Again this arrangement provides a very sharp
transition in surface temperatures to avoid the fouling temperature regime between
the hydrocarbon dew point and the temperature at which the tar fully condenses.



Alternatively, the shell side and tube side services could be swtched.
Either co- current or counter-current flow could be used, provided that the
filmtenmpeM WpE08408 kept | ow enough al ong t he | engt hPof/us2m/oceseehanger .
[0074] For exanple, the inlet transition piece of a suitable shell-and-tube
wet transfer |ine exchanger is shown in FIGURE 3. A heat exchanger tube 341
Is fixed in an aperture 340 in a tubesheet 342. A tube insert or ferrule
345 is fixed in an aperture 346 in & ¥al se tubesheet 344 posi ti oned

adj acent tubesheet 342 such that the ferrule 345 extends into the tube 341

with a thermally insulating material 343 being placed between the tubesheet
342 and the l¥HE t Jhessre iransfer ing) gxchangsr mah be crpredsrh g thene ferrul e

345. Wth thisgcads g 88k subfigntiafly H6rioHAE SARNtAR verfidl upfiw, bke 345 operate
at a tenperature very close to the process inlet “tenperature while the tube

341 oper at es peaferably.efnbatpntially aresfies]ydopmBew. Aosubptantially vefisal duwiflog nmedi um
Accordi ngly, gld e TV | : 4 the ferrule
345 because tS é{#’%ﬁ‘@% ate a %[\\I/Méé %?%g&%dggﬁ%&g#g?ﬁg?ﬁ%%yéﬁﬂgﬁl uent .
Sinmilarly, | iestiieansidesurfacy ofithd heat exchanger whe theretfyanminizingfeulingbls 341 because

V0 2007/ 03406 ECTYUS2000( 92499912000 GHES DB QIDE gD atur e at

whi ch the tar y CO I's arrangemne provides a very sharp
transition i hotem béthe hegrepeaagen hubs abdthinned a theop becauisenaf the effepesfat ure regi e

bet ween the hydr.ocarbon.dew poi nt and .e ature at . which the tar
a1y condendtm T Bcs tadey S, Hreplibet. Ve AR B AP A o, BB e |
transfer |i ndroaxthaatigewall anyratiey ©hdy thamlittbe lilpdd fikh dowaivasle Anothigl ed primary
transfer line_exchanger. A tube-.in:tuhe exchanger | d. used. The
process st regfﬁcé%aﬂfe&g“&ef%%ﬁé‘dv a]{]‘??@mitaﬁ?{ec}nen?ﬁ%ﬂs t%?:ﬁéel ’ﬁ'{%f%ela?/‘ | ar ge i nner
t ube di anet eexivagtte paldapraeiselinereachaesd isugfeh leated high ypds shetflumadegh t he
exchanger without pl I ng,. Boiler fee ter could be re ted in the
U e bet weBiPRimav i e it et OB, A darRERE Ta

count er - cur r ggondarP Waiset Undexdhegds wRuRVhaadlly hadviddid ikiBidoanier ature is
kept | ow enough, along the | ength of the exchanger. [0076] For exanple, the

inl et transi EEBHOBiIUES 28 suitabl e tube-in-tube wet
[0078] . The secondary transfer line exchanger may be designed to allow

decoking of the exchanger using steam or a mixture of steam and air in
conjunction with the furnace decoking system. When the furnace is decoked,
using either steam or a mixture of steam and air, the furnace effluent would first
pass through the primary iransfer line exchanger and then through the secondary
transfer line exchanger prior to being disposed of to the decoke effluent system.
With this feature, it is advantageous for the inside diameter of the secondary
transfer line exchanger tubes to be greater than or equal to the inside diameter of
f the primary transfer line exchanger tubes. This ensures that any coke present in
the effluent of the primary transfer line exchanger will readily pass through the
secondary transfer line exchanger tube without causing any restrictions.
[0079] In the absence of added liquid quench, care should be taken to avoid
excessive exchanger wall temperatures, especially in smaller reactors. When the
imvention was carried out using a small scale pilot reactor of about 0.25 inck (0.64
cm) internal diameter in the absence of added liquid quench, using a 500-800°F
(260-427°C) wall temperature resulted in rapid coking and corresponding pressure
drop when quenching cracked gasoil without liquid assist, providing a run of only



.transfer |line exchanger is shown in FIGURE 4. An exchanger inlet line 451 is
attached to swage 452 which is attached to a boiler feed water inlet chanber
455. | nsulve@ tagoommseri al 453 fills the annul ar spacerbptsw®mmadoie exchanger
inlet line 451, swage 452, and boiler feed water inlet chanber 455. Heat
“exchanger tube 454 is attached to boiler feed water inlet chanber 455 which
receives boiler feed water 458 such that there is a small gap 456 between
the end of inlet line 451 and the be%ﬁ‘nni ng of heat exchanger tube 454 to
allow for thermal expansion. A simlar arrangenent, although incorporating
a wye-piece in the process gas flow piping, is described in U S Patent
4,457, 364, wabwi tearmingtes.c Shwalhtempernresiof bupdalk B5HOraad A3 (34f erence. The
entire excha .!sgtﬁ [ t close to the
process terrpgg’gjtln&lr m;ﬂc%eg&tﬁriaﬁég?ﬁ%%bﬁﬁvg@ﬂg%ﬁgggét?%%%fprgtﬁ{‘% t enper at ure
very cl ose t aist feamostfofthegucool i ng nmedi um Accordingly, little fouling wll
occur on the ace., of the exch i line 45 | oper at es
above the de\’v(fdf)ko‘f nt O?q¥%£bsg§,t;érglo§§‘g§{eg#nﬁn§énnt{op cg%m%rgg%&q?%ﬁe fouling

wi || occur enhdiihémeeate emolangdrigh phresudd dtelrac prodeced thyo paaverdtiosalbel ow t he

tenperature at, .which the tar full ondenses. .Agai hi s_ar,r angenment

provi des a vgei'c Y55y Et % é’ﬁ@fvteitg‘ﬁ %’Hﬁ%dllslflgclgsst 3}?%2‘?% hﬂgeguefl%h oi d the

foul i ng t enpesmiettichallegiifedpibsveding tivcenbigdl Famiedio puslp theamenth ofind t he
tenperature at V\/gi ‘f—ﬁ ttﬁte tar ful I@y condvg%ges WO 2007/ 008406

PCT/ US2006/ 033368 Thusy thegpreseit vention BEoades 2 10w S 3| At fetiig finger may be
ori ented suclgadeb@tefiitt stiRbATRES HdRIdarbsn Hirblpas refdthShantd @inbye dvar i zont al |
substantially vertical upflow, or, preferably, substantially vertical
downf | ow. A EEPYY eattheratip G  downfl ow system hel ps ensure that the in
siftu Iiquid fodsm r enpHilRSthé ahvehtionUts THREATIEYBbed! ACconféttibs Gvilhn&tigig sur face of

t he heat exchanger tube, thereby mnimzing foulin contrast, in a

o |
hori zont al oPTe&wied crugpdimgrs 5¢ thal agpects| thereaf mrayhs Fepre gﬂ]ﬁé‘gﬁﬂft?,‘!@eﬁﬂdat t he

bot t om of t hgph&fdte®®X€ NANGRT ksl 3 Ainki A Shvedtiod 6 heR pesamae of the
effect of gravity. In a vertical upflow arrangenent, the liquid film may

tend to sepafEbedimeniym Onetheupreing) it 48 ipterdedt {p cevfasalt glipmrtivethe | quid
film downwar ﬁxodﬁﬁ&f&ﬁ?rmdpéqlﬂ%l'eﬁ?lasrrﬁﬁﬁ 80 HARE PR HEskdpedbs dgwnf | ow
orientation Is that the inlet stream

invention as defined by the appended claims.



exiting the primary transfer |line exchanger is often |ocated high up in the
furnace structure, while the outlet streamis desired at a | ower elevation
A downward flow secondary transfer |ine exchanger would naturally provide
this transition in elevation for the stream [0078] . The secondary
transfer |line exchanger may be designed to allow decoking of the exchanger
using steamor a mxture of steamand air in conjunction with the furnace
decoki ng system Wien the furnace is-#ecoked, using either steamor a

m xture of steamand air, the furnace effluent would first pass through the
primary transfer |ine exchanger and then through the secondary transfer
l'ine excgﬂggﬂﬁsprior to being disposed of to the decoke effluent system
Wth thi re, it is advantageous for the inside dianmeter of the
secondary transfer |ine exchanger tubes to be greater than or equal to the

i nside di aneter of e primar ransfer |ine exchanger tubes. This ensures
hat any leoke et o COQITE Bad FeRONE I SRS el PHSCHHOT SOt

exchanger will Je%ﬁ@éfhﬁerﬁ%%xﬁfﬂi@é&%b RfolysiE BRHaRYd Edré’ﬁ}?si . line exchanger
t ube w t hout ggusi ng any restricti o#s?srﬁ\o %079] In the abselﬂg(r:e of added liquid

quench, care $#oul gassingt sk gaseonsaeffliient objeinedshy seam chaskingr feeds that are

tenperatures, especially, in snall reactors. en the |pvention .was
carried out using &easvheéltpansxaagﬂﬁlafjﬁfrgpgl} gtalg?s.iton%\aryégglﬁ]fluﬁl_cggxf ﬁer(lﬁ. 64 cm
internal dianeter iHe dbbéhcaldsadded IRfuidglRach ol gibvide, BySiRgifect Hedt REcANSE)0- B00F
(260-427C) wall tenperature resulted in rapid coking and correspondi ng

L€ resp
pressure drop whed cgeledhefflugnt consistinecripas ahave the temperaure af whigh said tar

providing a run of 6 PCT/ US2006/ 024999 -22 about ten
mnutes. At wall tg%%%%%j‘rtég%érp‘%ﬁéégt 275F (135C) and 130F (54 C),

runl engt h i nci(igas egassingtie Gooled ¢ffttent froes () clirough ¥t least bhie wet-dell qaémhl e
pressure rise for m%gg of the run. [0080Q] The quench system Q thﬁ pr esent
i nventi on can genef%RNaNgRs SQMPHHEE Arinbe having 4 Procpissideen SIEH SHPgh

pressure steam prodiead QVhVRRIARR] a stiRERRA inhbusCRbidfilth §ye this

whil e using | ess tﬁan ﬁal‘#y}% he” quench gil?s conve%??ogrrtllgl %‘i/s r é]uiﬁr e’?, t hus

reduci ng t he ener gpravetpui rgestous efflmept streemqo® redncad tar content below 287°C
(550°F), and below the temperature at which said tar precursor initially
condenses, the at least one wet-wall quench exchanger further comprising

an inlet transition piece comprising thermally insulating material.

2. The method of claim 1, whereby at least a portion of energy recovered by said
wet-wall quench exchanger is recovered at temperatures below about 282°C
(540°F),

3. The method of claim 1, whereby at least about 10% of energy recovered by said

wet-wall quench exchanger is recovered at temperatures below 287°C (550°F).

4, The method of claim 1, whereby at least about 50% of energy recovered by said

wet-wall quench exchanger is recovered at temperatures below 287°C (550°F).

5. The method of claim 1 wherein the gaseous effluent is cooled in (a) to a
temperature of less than about 704°C (1300°F), and cooled in (b) to a temperature
of less than about 282°C (540°F).



as well. Thus, the present invention provides a | ow cost way of treating the
gaseous effluent stream from a hydrocarbon pyrolysis reactor so as to renove
and recover heat therefromefficiently. [0081] While the invention has been
described in connection with certain preferred enbodi nents so that aspects
t hereof may be nore fully understood and appreciated, it is not intended to
limt the invention to these particular enbodinents. On the contrary, it is
intended to cover all alternatives, -#bdifications and equival ents as nmay be
included within the scope of the invention as defined by the appended
claims. -23- CLAIM5S 1. A nethod for cooling and recovering energy fromtar
prec“rsoracof"’[%'e%&?o WS QQp 19%&%&1”{11&‘ g&%@&l}y 4! Rog?orl)é/cf ?AB(@' & ol he

nmet hod conhpri sing: a‘} passi hg sald gaseous effluent obtalned 'y steam
cracki ng feedserhjeritur angingafvorerabohiaf43tathabivms ,6401C qa§)T @t 1208E), ande
dry-wal | quench exchanger in the absence of ad | i quid nch to provide,
by i ndi rect héafele@%bﬁargxaé,temaer@am @aslgsr;ﬁfoabmoua:gﬁ%i @ta%ﬁ@t %?q’ggaé?%bt!%ve t he

t enperature a;S pdphch said tar precursor initially condenses; (b) passing

t he cool ed ef Pue%t from(a) through at |east one wet-wall quench exchanger
conprising a tube having a process side and a shell side, said process side
bei ng covier ed Thethethod obsiannt 1 athleyeic eaitli anuerss ohe auet-avalli quench exchangeri de a
gaseous effl uen}, stream.of reduced tugté conhent el ovi/ 87C é§581§)’ and bel ow
the tenperat ulblizes gniel Broeesst side pfustage SyftiGiently; speled toosHferis Bereophe ot

| east one wet wugdehsdideHHNiRiE ROMORE Jobfel @ﬂu&@@ghs%gs tcnf;‘ oWide€] sdif-ansition

pi ece conprising thermally 1 nsulating materi al hod of claim1,
wher eby at | edlexing fimrti on of energy recovered by said wet-wall quench
exchanger is recovered at tenperatures bel ow about 282C (540F). 3. The

met hod of clai 1, wher . ap | .east abo 10% ener recovered hy said
vet - val | %uenéﬁem%gﬁax%t’w@@mwé sé’l{f-ﬂpéwggla& it oA 2%%4?5509 .

wt% aromatics.

9. The method of claim 7 wherein said wet-wall quench exchanger is at least one of

a shell-and-tube exchanger and a double pipe exchanger.

10.  The method of claim 1 wherein said at least one wet-wall quench exchanger
utilizes an annular oil distributor at or near the exchanger inlet to distribute
quench oil along the quench exchanger wall so as to condense sufficient liquid

from said effluent gas to provide a fluxing film.
11.  The method of claim 10 wherein said fluxing film is rich in aromatics.

12. The method of claim 11 wherein said fluxing film contains at least about 40 wt%

aromatics.

13, The method of claim 1 wherein said energy recovered by said wet-wall quench
exchanger at temperatures below 287°C (550°F) provides steam at a pressure
above about 1480 kPa (200 psig).

14,  The method of claim ! wherein said liquid film is derived from condensed

gaseous effluent, quench oil, and pyrolysis fuel oil.



4. The nmethod of claim 1, whereby at |east about 50% of energy recovered by
said wet-wall quench exchanger is recovered at tenperatures bel ow 287C
(550F). 5. The method of claim 1l wherein the gaseous effluent is cooled in
(a) to a tenperature of |ess than about 704C (1300F), and cooled in (b) to
a tenperature of |ess than about 282C (540F). -24- 6. The nethod of claim1
wherein the gaseous effluent is cooled in (a) to a tenperature ranging from
about 343 to about 649C (650 to 1200F33-and cooled in (b) to a tenperature
rangi ng fromabout 177 to about 277C (350 to 530F). 7. The nethod of claim
1 wherein said at | east one wet-wall quench exchanger utilizes a wall

process sizde S j: Gl . f - Liber ation of
1 qui d o t RLe SRR B hofoi BN el o coahnd IR R N R
film 8. The @t hod of claim7 wherein said self-fluxing filmcontains at

| east about 40 wt % aromatics. 9. The nethod of claim?7 wherein said

wet -wal | quench exchanger .is at | east one of a shell-and-tubhe exchanger and
a doubl e lgi pe T@ﬁ@k?ﬂh)@é&.dal@.15'ﬂ‘f§r%f}ﬁ(%‘e@lh il contains digtidlats; quench ¢istilled| east one
wet -wal | quen .lﬂﬁ§ﬁr il distributor at or near

t he exchangerqﬁﬁféggggg |§Pyggute éﬁgﬁgﬁﬂgﬁﬁﬂgﬁ%ng t he quench exchanger

wall so as to condense sufficient liquid fromsaid effluent gas to provide
a fluxi ng7fi| Mhe Hethohef shEitrhDtwhéreidl the quéndh Whlesoataisdmady fdotmatiogolvedtm i s rich
in aromatics. 12. The npethod of claim 11 wherein said fluxing film contains
at | east abouﬁm%@mﬂ@u¥ﬁﬁ?%hﬂﬁmbg?dﬁﬁﬁmTﬁéaﬁ&@hﬁﬁiof claim1 wherein said

energy recovered by said wet-wall quench exchanger at tenperatures bel ow

287C (550k) p id a ke I 80 k. psi Q).
Ta the ri&l nod Boreiod b AR e S LR-w P GufhcR Wilange o iR £ SRR P08
gaseous ef f| ugricessorickwulfacs sufficiagilyoheaed ¥s provideal protdss gas/wall process side

surface interface above the gaseous effluent dew point.

19.  The method of claim 1 wherein said wet-wall quench exchanger is selected from
the group consisting of high pressure steam generator and high pressure boiler

feed water preheater.

20.  The method of claim 19 wherein said wet-wall quench exchanger utilizes co-

current flow of process gas and heat transfer medium.

21.  The method of claim 19 wherein said wet-wall quench exchanger utilizes counter-

current flow of process gas and heat transfer medium.

22.  The method of claim 19 wherein said wet-wall quench exchanger is oriented

vertically, with process gas flowing downwardly.

23, The method of claim 1 wherein said gaseous effluent from hydrocarbon pyrolysis
is obtained by pyrolyzing a feed selected from naphtha, kerosene, condensate,
atmospheric gas oil, vacuum gas oil, hydrocrackate, and crude oil which has been

treated to remove heavy residue.

24, The method of claim 1 wherein said temperature at which said tar precursor
initially condenses ranges from about 316° to about 654°C (600° to 1200°F).



-25- 15. The nethod of claim 14 wherein said quench oil contains |ess than
about 10 % tar. 16. The nethod of claim 15 wherein the quench oi

contains distillate quench distilled fromthe gaseous effluent from

hydr ocarbon pyrolysis. 17. The nethod of claim 15 wherein the quench oi
contai ns heavy aromatic solvent substantially free of steamcracked tar and
asphal tenes. 18. The nethod of claim 1l wherein said dry-wall quench
exchanger provides a wall process si-@d@-surface sufficiently heated to
provi de a process gas/wall process side surface interface above the gaseous
ef fluent dew point. 19. The method of claim1 wherein said wet-wall quench
exchanger S & f h [ n f h eam
gener at or gand egl(r%gséﬁrmew%oflvgl}erel égf]%zﬁ&és %flghoefgthgrw %%%gn%et hod of
claim19 wher aaxehmelds%emwaé tenq:aﬁn&hammblaﬂﬁeﬁr fully tontlesses.o- current flow of
process gas and heat transfer nmedium 21. The method of claim 19 wherein
said wet-wall quench exchanger utilizes counter- current flow of process gas
and heat transfer nedium 22. The nethod of claim 19 wherein said wet-wall
guench exchanger is oriented vertically, wth process gas flow ng
downwardly. 23. The nethod of claim 1 wherein said gaseous effluent from
hydr ocarbon pyrolysis is obtained by pyrolyzing a feed selected from

napht ha, kerosene, condensate, atnospheric gas oil, vacuum gas oil,
hydrocrackate, and crude oil which has been treated to renove heavy
residue. 24. The nmethod of claim 1l wherein said tenperature at which said
tar precursor initially condenses ranges from about 316 to about 654C (600
to 1200F). -26- 25. The nethod of claim 1l wherein said process side of the
wet -wal | quench exchanger is below the tenperature at which the tar fully
condenses.



