WD 2007/ 008424 PCT/ US2006/ 025209 -1 METHOD FOR PROCESSI NG HYDROCARBON
PYROLYSI S EFFLUENT CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The
present application expressly incorporates by reference herein the entire

di scl osur ewdf206¥dogd2ney Docket No. 2005B060, entitled ' Mg obdd3s200ROCESSI NG
HYDROCARBON PYROLYSI S EFFLUENT", Attorney Docket No. 2005B061, entitled
"METHOD FOR PROCESSI NG HYDROCARBON PYROLYSIS EFFLUENT", Attorney Docket No.
2005B062, entitled "METHOD FOR PROCESSI NG HYDROCARBON PYROLYSI S EFFLUENT",
Attorney Docket No. 2005B064, entitled "METHOD FOR PROCESSI NG HYDROCARBON
PYROLYSI S EFFLUENT", and Attorney Docket No 2005B065, entitled "METHOD FOR
PROCESSI NG HYDROCARBON P@%&%ﬁ rpedflsh are being concurrently
filed with the present CF ENTI ON [ 0002] The.
present invention is d C EYPLR E ng the gaseous
effluent from hydrocar bon pyrolysis units that can use heavy feeds, e.g.,
heavi er t hapRgedlRiES PPREPRM ‘ ﬁWIO\I [ 0003] The
production T gt and but enes): from various
hydr ocar bo n[(fﬂeéblst dhk zpmstmt Iapp]mtxmm expresslqumrpomfes by reflexences herein the eam

cracki ng. roly I nv s heat i n foc f 0 cause

t her mal dep%'Wdﬁschqs‘gﬁ f ‘H%elf @P@léff? %e@gﬁgg@ %%#Z]Wﬁ*@% Fﬁ"%am cracki ng
process, i tpROCESSINGHEDROCAREON FYROEYSBCEFEIVENTF, Atgfiéy Dhgat fromthe
process effluent stream exit k@%ﬂg cracki ng furnace. Effect i ve recovery of

this heat iNoorR808B0GI,entidsd B BPR, PR B G cRYD.

ol ecul oo, vRE RO LY IS P FE VBT TAGHED Dbk 16 RoosBes é‘fle‘&fe‘l?‘%h terials

kn(ovvn as t aFORTEROCESSING HYDROCARBON P}’ROLYSIS EFFLUENT”, Attorney
Docket No. 2005B064, entitted “METHOD FOR PROCESSING
HYDROCARBON PYROLYSIS EFFLUENT”, and Attomey Docket No.
2005B065, entitled “METHOD FOR PROCESSING HYDROCARBON
PYROLYSIS EFFLUENT”, which are being concurrently filed with the present

application. -

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

gaseous effluent from hydrocarbon pyrolysis units that can use heavy feeds, e.g.,
heavier than naphtha feeds.

‘ BACKGROUND OF THE INVENTION

[0003]  The production of light olefins (ethylene, propylene and butenes) from
various hydrocarbon feedstocks utilizes the technique of pyrolysis, or steam
cracking. Pyrolysis involves heating the feedstock sufficiently to cause thermal
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 fummace.
Effective recovery of this heat is one of the key elements of a steam cracker's
energy efficiency.

[0005]  The steam cracking process, however, also prqduces molecules which

tend to combine to form high molecular weight materials known as tar. Taris a



WO 2007/ 008424 PCT/ US2006/ 025209 -2 hi gh-boiling point, viscous, reactive
material that, under certain conditions, can foul heat exchange equi pnent,
renderi ng heat exchangers ineffective. The fouling propensity can be

char act er iywadodpokdflj ee tenperature regi mes. [0006] Aboveckp&oydsnsar bon dew
point (the tenperature at which the first drop of liquid condenses), the
fouling tendency is relatively I ow Vapor phase fouling is generally not
severe, and there is no liquid presenb.that could cause fouling.
Appropriately designed transfer |ine heat exchangers are therefore capable
of recovering heat in this regime with mniml fouling. [0007] Between the

hydr ocar bon_.d oi nt .and. the tenper : t. which .steam.cracked tar is
fully condre]?fgg'g?ﬂinﬁéj q‘uf'ﬁs‘f?ﬂs’trgﬁc@ﬁc@&%ﬁh o eﬁcf’litl"”flg G é‘%ﬁ%’ “f he heavi est
conponent s fol hd¥e esdhargBqtiphdan s@deripticat eanngeeyihsfariee. DEhd Rubity to be

sticky and/or viscous, causing themto adhere tq surfaces. Furthernore, once
this mat er | BIPPER§HE cesbe ehaspeterzgd-hydhree femperafisire@imes.o t her mal degr adati on

that hardengoog)t anibolBKRylitoc b dehl (it ot d &whilPWfl st or e ow

the tenperature at which steamcracked tar 1Is condense he fouling
t endency i sdmoplodtliquel gordenses)) thet foiukng tegderey it hedattvelydems eWaporgghesé al is fl uid

enough to flow readil t_the conditjons of the, process, an fouling is
general | y n%’fly'x%gésefg?r%@@p‘}o%ﬁf“@m’ af’édbgf Hie ]f%ﬁfeﬁ% é’&“ﬁ’o"a@%l pyrol ysi s
uni t ef fl uephland Aﬁﬁ%}iﬁatélbedqsfgﬁsd“ﬁa!nﬂﬁr URe KD RManpastare xadaResr s fol | oved
by a water quench tower in whic t he condensi bl es are renoved. This

t echni que hegpalle 6f resoearing beat i thigresine ek mipgmal foyhng. gases, prinarily et hane,
d i . +ald . |l ectivel
propane andggpanege Lfﬁ@h%x%%—ﬁ&c% dTF\te}lagc{n?tr Qﬁe/ﬁls%rrlé: bk %‘?qftuchco ectively

referred to as 'gas crackers, "pro Ive guantitres of tar. As
alresul t, heetm evackeingeis fullyasondénied; itenfohling eadeney ishigh. b thishregimeeal uabl e heat

w t hout fouli and the re] atively smal| anmount of tar can . _separated

' om the. veltE R Eh AT o HieeeB B e | LT? SompaisaB e v Ebonn, que | s.
however, nofp teatibief aidvischid! causifg MehhtoSdBaets sidfake! Furthbdlorslogék napht has
or feedstocks heavier than naphthas, collectively referred to as liquid

crackers, stiscmaterigldberes ieacariaoy s e ect fa thigrmal dggredationdhathpeiensf tar t han

it and makes it more difficult to remove.

[0008] At or below the temperature at which steam cracked tar is fully

bt

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
gas crackers. Heat exchangers can be used to remove some of the heat from liquid

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



gas crackers. Heat exchangers can be used to renove sone of the heat from
liquid cracking, but only dowmn to the tenperature at which tar begins to
condense. WO 2007/ 008424 PCTI US2006/ 025209 -3 Below this tenperature,
convent i onglo fvesbosechangers cannot be used because thegrwsdogioisossl rapidly
from accunul ati on and thernmal degradation of tar on the heat exchanger
surfaces. In addition, when the pyrolysis effluent fromthese feedstocks is
guenched, sone of the heavy oils and i1s:rs produced have approxinmately the
sane density as water and can form stable oil/water emul sions. Moreover,
the larger quantity of heavy oils and tars produced by |iquid cracking

woul d rende el p L4 hnef I.\E, ' It diffjcult to

rai se st ea%eﬁ%%&? Féeiﬁ]g%n ehgé@e\%lvg%} Ihgﬁdg ){?g}"ﬂ&?é%p%agg&oﬁquéege@ég L‘géﬁench wat er
and the hetiwy would &nd rapgdlyifrons sccanmiation aed thaihyl degedpiabéftanantier . [ 0011
Accordingly I n. nmost commercial, |jquid crackers,, cogling. of fhe effluent
fromthe cr gﬁi‘l X§hngen § & [dBradditioy. ¥ Fﬂé%ayﬁ?gfsﬁgefgu‘i‘?sﬁ%té?seheat

exchangers, gaaposdl bAdhed € kot BRLE ArEBdY cidyanat or, and
a water qugnch ta%wé%l cfgr | ndi rs%ﬁét n‘?‘oﬁic%g%ser. ogérﬁgp?yg?%a?ﬁdﬁga%%vgr t han

napht ha f eedpprosimately the samgdehsity as iwater land cancformatabie ail/watet emilsiops.ocess
streamto ahout 593 1100F) ... efticientl ener at i ng, super.-hi gh pressure
st eam whi chslg‘gﬁo‘f)e& Ei}adg%'lqéerogBFWY ?ﬁﬁﬂ?ﬁi@@“ﬁ%@ H&?%W%gact i onat or
i s normal | y watl rénderC Matke RaenchNepeRioas dheffectity rhalling ftodifidue 1ol @ieer |1iquid

fraction, known as pyrolysis gasoline, and to recover _the heat between
about 93 an@teamciem heeordonsd Wacrcwdty disppse ofarepssquendnwatepaid ther i ndi r ect

condenser f 'Isﬁﬁ%ﬁg Vgﬁﬁmgﬁ ATy primary fractionator to
about 40C (%%‘@)qﬁto con tgﬁglé t he {Spgg%cf%ﬁta le'3 0 lﬁgi on steam present and to
segar ate pyfe0itsi s Aaoolmgly, i amst vemgmsaaubqut efrackers, prootivg tof thehi ch i s
then sent to C ressor. .1 0012] The present, .invention seeks.to provide a
Simpl i fied WEIBETPEr T ki gumses B paly Aot B ARney s BF bR, 1Y he
ef fl uent fr enetahgers tgsically emkien Bndéxching@fsD e pribRNAEKMIeAatbE Al athatdr are

heavi er than Q&gﬁt has. _Heavel feed cracking Is en nore economcally

ft
advant ageoud® O‘Fiﬂmﬁt"!‘fhreﬁ %ﬁ?ﬂﬁ@‘ Hoga tymical héavg%baq raphtha feedptaek.f r om poor
energy ef fi gl e Rla9Bihal SAYEROITRE bhrd LU RHE MSout 38R 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] The present invention seeks to provide a simplified method for treating
pyrolysis unit effluent, particularly the effluent from  the steam cracking of
_ hydrocarbonaceous feeds that are heavier than naphthas. Heavy feed cracking is
often more economically advantageous than naphtha cracking, but in the past it
suffered from poor energy efficiency and higher investment requirements. The
present invention optimizes recovery of the useful heat energy resulting from
heavy feed steam cracking without fouling of the cooling equipment. This
invention can also obviate the need for a primary fractionator tower and its

ancillary equipment.



present invention optimzes recovery of the useful heat energy resulting
from heavy feed steam cracking without fouling of the cooling equipnent.
This invention can also obviate the need for a primary fractionator tower
and its aw® tobasggsaqui prent. WO 20071008424 PCTI US2006p02uR186/ 025809 0013]
Heavy feed steam cracking effluent can be treated by using a primary
transfer |ine heat exchanger generating high pressure steamto initially
cool the furnace effluent. The surfacges of heat exchanger tubes nust
operate above the hydrocarbon dew point to avoid rapid fouling, typically
an average bul k outlet tenperature of about 593C (about 1100F) for a heavy

gas oil fee K. et i - | ' by . dire y injecting
a quench Ii gwlgfsuc éggké*%%ﬁ%r%#é‘%ﬂg%g c?%b?%%é?g?éx%ﬁggﬁﬁﬁe stream

W t hout f ouliangfer et ieah etchmedey gehdratingohiph lpysige steamnaodnttiaily wesltthean be
directly quenched,_e.g.,. with distillate, whic al so avoi ds fouling.

However , thg‘lmﬁen@“@go@ﬁd“%ﬁeﬁ&é heatr exchanser hes Must eperatp abve gt onl y a

fraction of g 6 ad coyarsd o | sf i hanger ;
nor eover, i nwl}ggh ma%léﬁ% éﬁ ?de(na(ﬁﬁirh%ldﬁgg%ﬂ re %/a]elgaal%y ﬁlfargg(yt%& aﬁle%?lchi ng is

recover ed atemperatuseroft ehaut 388 c(abdrdr BLOOTF)i for| 2 deavpalgasn wile feedftoskt her nor e,
addi tional iynvestnent..is reguired in the downstream prinar fractionator
where | ow | éa@gfhoﬁg: oo]n%g fﬁntekf%rﬁf’&%a Sgr?gs%& eRang ﬁqg?qcbﬁfqg}/do%ﬁcfléaﬁ s which
must gener atg drldgtillasw Mmrh@lidielgtodl 86 Stidatn SitBAMTG R attryivélpethst eam

cracking plant. [0014] Accordingly,. it would he desirable to recover useful
heat from sPEsohsisciumage sHluent panche diretiyegiensheds pg- At Astllags. Whishd foul i ng

and absent gidhegiigs WA NbwhBR1SE Hser BRIAE Retfo Wddnand. 279, 734

propose cracking met using a quenc , Indirect heat exchanger and
f racti onat odravdaciothat edlf laufeartion rofdhed héands rebovemdsinemprimanyciansfer 1{H€016] U. S.

Patents 4,150,.716 and 4 233, 137.propose a heat recover ar.at us

conpri si ng §chéb&m%owe%%%e%}°ﬁ® mqnag%thera srﬁ‘i“%gﬁfg% rg"ﬁ?c t eam
cracki ng i s ghémtipgt isi Plcove@antalC Motveh témsapdtanee dhetee RC R Ngss Ovdluabie. heat
recovery

Furthermore, additional investment is required in the downstream primary
fractionator where low level heat is ultimately removed, and in offsite boilers
which must generate the remaining high pressure steam required by the steam
cracking plant.

[0014]  Accordingly, it would be desirable to recover useful heat from steam
cracking furnace effluent in the absence of rapid fouling and absent direct
quenching.

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

[0016] U.S. Patents 4,150,716 and 4,233,137 propose a heat recovery
apparatus comprising a pre-cooling zone where the effluent reSuJﬁng from steam
cracking is brdught into contact with a sprayed quenching oil, a heat recovery
zone, and a separating zone.

[0017] Lohr et al., “Steam-cracker Economy Keyed to Quenching,” Oil & Gas
Journal, Vol. 76 (No. 20), pp. 63-68, (1978), proposes a two-stage quenching
involving indirect quenching with a transfer line heat exchanger to produce high-
pressure steam along with direct quenching with a quench oil to produée medium-

pressure steam.



zone, and a separating zone. [0017] Lohr et al., "Steamcracker Econony
Keyed to Quenching,” Gl & Gas Journal, Vol. 76 (No. 20), pp. 63-68,
(1978), proposes a two-stage quenching involving indirect quenching with a
transfer |{weohpskigxchanger to produce high- pressure g¢faioat/RshoM th

di rect quenching with a quench oil to produce nmedi um pressure steam WO
2007/ 008424 PCT/ US2006/ 025209 -5 [0018] U.S. Patents 5,092,981 and

5, 324, 486 propose a two-stage quench _grocess for effluent from steam
cracking, conprising a primary transfer |ine heat exchanger which functions
to rapidly cool furnace effluent and to generate high tenperature steam and

a secondary sf ne h han Leh functions to coo the
Furnace of f ORI &8 PREwE ol BREP oo 4086 Gronth & Borerdh afdy
efficient thd%egsyfof Gt AT Stear lerdtUiaC Bork vl rnsfer BAChéR gener ate
medium to | ow pressure steam [00191 U.S. Paten 07,921 proposes

transfer ||ﬁ>écb@;zgqﬁaﬂgfér ﬁmsﬁgmm@wtqoslémm@ffbm%e@f@rgea echight t ube

di aneters. i ne
heat exchanger uni t%ﬁéﬂg?zﬁ%géa@aten%% %ﬁ%%ﬁ%sﬁs gﬁﬁiz}g tha steam
cracki ng proodsthe fomage eﬂjuag foasss iawy aeifefdpamnire t-akrrpmuihea:onmtarstfmthl i ne
exchanger t%iﬁ%% the ef uent and thereafte hrou uench tower.
[00211 WD 9 PTFREY, dEasUonatars b1 Sgen toq‘t?é eﬂna o SERETHET | uent

froma hydr aEa{deno RY-Preittestaai.t by passing the effl uent through transfer
line heat exchangers and then quenching the effluent with liquid water so

that the ef@08knt U.8. dotsned,107,R1t prpeset trresiérn ling cexchangersohaviogC t o 130C

(221F to. 260t ANEHablle SREU B4 SRl S BRRPEREPraATopliEs 871 | uent

enters a prinma on Ve ars-are
selpar at ed fbbﬁ&-bdi@le@&&ﬁﬁfbﬁhne&feﬁﬂexemngbﬂmhhe primary separ ation vessel and

t he remai ni ffluen passed to quench tower where the
t enper at ur eﬂg)fzgii %ggff’ Pé ?i’d S?Soaanapﬁ@ﬁeﬁteaﬁ’c Cﬁﬂ‘fﬁﬁ RIRECSEf f | uent i s
ggghm ggl gycfg Cgﬁﬁng pAARRZ LerfEntaBrough 3 tReRPERS et hifleP RACJoP theCetthdrpd @ fluid
and thereafter throu gh a quench tower.
[0021] WO 93/12200 proposes a method for quenching the gaseous effluent

from a hydrocarbon pyrolysis unit by passing the effluent through transfer line

heat 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 ‘primary separation vessel and the remaining gaseous effluent is
( passed to a quench tower where the temperature of the effluent is reduced to a °
| level at which the effluent is chemically stable.
[0022] EP 205 205 proposes a method for cooling a fluid such as a cracked
reaction product by using transfer line exchangers having two or more separate
heat exchanging sections. |
[0023] TP 2001-40366 proposes cooling mixed gas in a high temperature
range with a horizontal heat exchanger and then with a vertical heat exchanger
having its heat exchange planes installed in the vertical direction. A heavy
component condensed in the vertical exchanger is thereafter separated by
distillation at downstream refining steps.



reaction product by using transfer |ine exchangers having two or nore
separate heat exchanging sections. [00231 JP 2001-40366 proposes cooling
m xed gas in a high tenperature range with a horizontal heat exchanger and

then w th @ougilbgdl heat exchanger having its heat exghana6osres
installed in the vertical direction. A heavy conponent condensed in the

vertical exchanger is thereafter separated by distillation at downstream

refining steps. WO 2007/008424 PCT/ USgQ06/ 025209 -6 [0024] WO 00/ 56841; GB
1, 390,382; GB 1,309,309; and U.S. Patents 4,444,697; 4,446,003; 4,121, 908;
4,150, 716; 4, 233, 137; 3,923,921; 3,907,661, and 3,959, 420; propose vari ous

apparat s i SH BoedioL LS ER a0 s B S, Betier i n a
l'iqui d cool ama4 6o eqsds, @3} 4,123,908 8956016, SIPARYT, CoiBHiz1l NWeEeON [ 00251 In

one aspect, 't hé gresent invention is directed to a method for treati ng
gaseous ef fandeh?5% 4% mpronege verions Lroparpiys cfvrygue@clpna@éy% cravked g@ﬂ@éuﬂmt hod

Foed  neay: oot M b SpRARoRan S bl difh XS R BBy Poer

t her eby coahbmghe:bhﬂalgpmbmmne(cmbmml)ﬁmﬁactednperature above |ts dew poi nt
and generating from saturated steam having a tenperature of |ess than about
288C (550F), superheated steam having a tenperature of at |east about 399C

(750F) and uMMAROF oN than about 6310 kPa (900 psig); (b)
passing t hegr—%‘seous (a) through at |east one secondary
heat exchani§825lhavmepeaspestthe mmmgentmns divecterblioratmethedifontreating=nper at ur e
such, et P! O TRRLYE A AR RO R o0 B 21 T
t énper at u_r ecomipristige l@a)a;basklﬁgsme gaspoust e@luemfdeﬁhed tfwkn pyfobysizeof byfeéche pyrol ysis
e fr om t NSRS 065 Saak desieh 3t BB ETe PAE {EAtatiAierh T6Teby Pl pect . the.
KL e e e

saturated steam having a temperature of less than about 288°C (550°F),

superheated steam having a temperature of at least about 399°C (750°F) and a

pressure of no greater than about 6310 kPa (900 psig); (b) passing the gaseous

effluent from step (a) through at least one secondary heat exchanger having a heat

exchange surface maintained at a temperature such that part of the gaseous

effluent condenses to form in situ a liquid coating on the surface, thereby further

cooling the gaseous effluent to a temperature at which at least a portion of the tar,

formed by the pyrolysis process, in the gaseous effluent condenses; and (c)

( removing the condensed tar from the gaseous effluent.

[0026] In an embodiment of this aspect, the gaseous effluent derived from the

pyrolysis has a temperature ranging from about 704° to about 927°C (about 1300°

to about 1700°F), and the steam is superheated in the primary heat exchanger to a

temperature ranging from about 399° to about 704°C (about 750° to about 1300°F)

and a pressure ranging from about 2170 to about 6310 kPa (300 to 900 psig).

[0027] In another embodiment, the steam is supetheated to a temperature

ranging from about 482° to about 538°C (900° to 1000°F) and a pressure ranging

from about 3206 to about 5275 kPa (450 to 750 psig).

j0028]  In yet another embodiment, the heat exchange surface is maintained at

a temperature below that at which tar condenses, e.g., a temperature below about



to about 1700F), and the steamis superheated in the primary heat exchanger
to a tenperature ranging from about 399 to about 704C (about 750 to about
1300F) and a pressure ranging fromabout 2170 to about 6310 kPa (300 to 900
psig). [ ORd4sdeddsaamnot her enbodi ment, the steamis supepdgasBckdzed
tenperature ranging fromabout 482 to about 538C (900 to 1000F) and a
pressure ranging from about 3206 to about 5275 kPa (450 to 750 psig).

[0028] In yet another enbodi ment, the-sheat exchange surface is maintained at
a tenperature below that at which tar condenses, e.g., a tenperature bel ow
about WD 2007/ 008424 PCT/ US2006/ 025209 -7 316C (600F), say, a tenperature

bet ween abo 6x00F) and 260C 00' F t at yre.of about 213C
(415F). [ooggﬁﬁﬁ&s‘?tlﬁr 134Dt ng?ﬂ%%oé‘%ws% )ab?lﬁgyﬁ?ggtéggﬁﬁgef@u face is

di sposed spjmt@pgakqltbmp&gﬁﬁgmbbmgqm(ﬁsqmj ntai ned at the tenperature by
indirect heat exchange with a heat transfer medi um which flows downwards

t hr ough t he {291 | edn tstilramothst smbadignent dhe dsahenshaze suobcois fispgsed stil |

anot her enbodi xchar rface, | Lnt ak a he
t enper at ur eg@ﬁ{ﬁ ﬁ%”yr %%ﬁcﬂgﬁ%mg%%% %n%lf%%ﬁafﬁpeﬁa ﬁ?@mﬁ‘?@r “eated in
t he at | eastxdhasgeseithradbeay thastr sxdibmnghichiffovssésivipgards theaigheikemange nedi um

in the primary heat exchanger. [0031] In still another enbodi nent, step (c)
i ncl udes pa tr?geﬁ??@néwh §EHRgH the secondary heat exchanger to a tar

knock-out  drggaty 10§32 et! g%ﬁtgdo;he?/ﬁmm‘gﬁr g argﬁgﬁmgé he@Es Red i ncl udes

step (d), further cooling the e uent remal ni ng ter renoval of the tar
in step (c) mantaosdcs fsetemperature by didiregjdeal ¢xchanige xdth water dudrtbé weter and r educe

the tenperature of .the,effluent t ess_than about, 100 212F). Step (d)
can be effe%‘?aé?ﬁi ’Sythﬁiaféec??t ?ﬂ?e??g?ﬂcﬁ@’ bﬁa?ﬁx%%%rl,s uﬁ‘fd%ﬁ?g? a?‘éi"%‘,ge by i ndirect
heat exchangdiuhid3kd priayheitathapiodi ment, the gaseous effluent is
pr oduced byﬂpﬂéiﬁl yshils_ of a hydrocarbon feed having.a final bojling point

ut B@Eanqt%%

greater tha smpodiment, stsp () ingludsspassing tho slueny feggp it 538C

(about 50( Pl-QeAsty htAENanger B ¥ tar KnOR-ARANIM 343 to about 510C (about 650
to about 950F). :

[0032]  In still yet another embodiment, the method includes step (d), further

cooling the effluent remaining after removal of the tar in step (c) to condense a

=

(@} 2

pyrolysis gasoline fraction therefrom and reduce the temperature of the effluent to
less than about 100°C (212°F). Step (d) can be effected by direct quenching with
water, or alternately, by indirect heat exchange.

[0033] In another embodiment, the gaseous effluent is produced by pyrolysis
of a hydrocarbon feed having a final boiling point greater than about 180°C
(356°F), typically, from about 260° to about 538°C (about 500° to about 1000°F),

{ ' say, from about 343° to about 510°C (about 650° to about 950°F). |

[0034] In afurther aspect, the invention resides in a method for treating
gaseous effluent from a hydrocarbon pyrolysis process unit, the method
comprising: (a) passing the gaseous effluent derived from pyrolysis of a feed
heavier than naphtha through at least one primary heat exchanger, thereby cooling
the gaseous effluent to a temperature above its dew point and generating from
saturated steam having a temperature of less than about 288°C (550°F),
superheated steam having a temperature of at least about 399°C (750°F) and a
pressute no greater than about 6310 kPa (900 psig); (b) passing the gaseous
effluent from step (a) through at least one secondary heat eichanger having a heat

exchange surface maintained at a temperature such that part of the gaseous



[00341 In a further aspect, the invention resides in a nethod for treating
gaseous effluent from a hydrocarbon pyrolysis process unit, the nethod
conprising: (a) passing the gaseous effluent derived frompyrolysis of a

feed heawyghobRk#apht ha through at |east one primaryphgpbofeseianoer .
t her eby cooling t11e gaseous effluent to a tenperature above its dew point

and generating from saturated steam having a tenperature of |ess than about
288C (550F), superheated steam havi ng a tenperature of at |east about 399C
(750F) and a pressure no greater than about 6310 kPa (900 psig); (b)

passi ng the gaseous effluent fromstep (a) through at | east one secondary

heat exchan havi ng a heat .exchange , surface I ntained at a tenperature
such t hat pg ue%trco.pﬁi‘%ls. tgeﬁﬁ’%_‘mﬁgg GSQFEW BEHR566 yagtherg' o £ | yent
condenses 1 godlfAhd ghsdiius fffuecht B tempQatutd M whikhitRe fetHich 3§ She pyR6RyERY further
cooling the gaseous effluent to a tenperature at which tar, Torned by the

pyrol ysis prosessseondensesiée)qmssing the gaseous efffuertidrognstep (ty) thioukluetleastr om st ep
(b) through at,|east. .one knock-out, dr where the.condensed. tar separates
from the. agBtiresBPk i vEORThe RifuateeliR HELE A% HE BRRDERIRGRE of "t ne
gaseous -ef f hutbthen () fe@Scing tiRNte@mbordiure dONE gaskbadd LEAuEMOBSkss! thaw Bsoug Mbodi ment
of this aspect of the invention, the heat exchange surface is naintained at

t he tenperatlm°§(3§/2°ﬂ1di rect heat exchange with water and the water heated
in the at | . is : h
n the a ﬁgﬁg] ONéy Qﬁﬂé&ﬁleﬂff‘@é mﬁ%ﬁ%@ggfm':ﬁv&ﬁ%ﬁﬂ bil hgar}bfbg(gpa#géxc ange

mediumin t pri mary heat exchanger. I'n anot’her nt of this
aspect, st epurfag} iy mainwawdtah thettenperatatedryeindindet hént excengeiwitbWatarend t o about

20 to about ,50C 122F) 037] In.stiJl another .enbadi ment of this
Sopeat ot et b Realsd, R bt et ol et RY e, SRR i TR PR P o ¢
gdsol i ne fr ggdha@de thédath in@ephiblabehdat B3t | n yet a further aspect of the
I nvention, the invention resides in_a.  hydrocarbon cracki ng apparatus

conpri si ng: [Q039] a Mearathsr embodimant pihisaspect, sippddbeedpessihe sawstaBER, t he
reactor havi;pg. a0 QW deffient B Saah208b Ghbud 36088 toDWZGJ!TySi s effluent can exit
t he reactor; ?ﬁ% at | east one primar gﬁﬁeat exchanger “ connected to and
downst r eam §03Fhe i atifl oanother | emibokioment axf] thisgasphet, gepe@l) salsf finaedes ,
condensing and separating a pyrolysis gasoline fraction from the effluent.
[0038]) In yet a further aspect of the invention, the invention resides in a
hydrocarbon cracking apparatus comprising: (a) a reactor for pyrolyzing a
hydrocarbon feedstock, the reactor having an outlet through which gaseous
pyrolysis effluent can exit the reactor; (b) at least one primary heat exchanger
connected to énd downstream of the reactor outlet for cooling the gaseous effluent,
the primary heat exchanger comprising (i) 2 heat transfer exchangé medium inlet
( receiving saturated steam having a-temperature ranging from about 214° to about
| 277°C (417° to 530°F), and a pressure of less than about 6310 kPa (900 psig) and
(ii) a heat transfer exchange medium outlet providing superheated steam having a
temperature of at least about 399°C (750°F) and a pressure of no greater than
about 6310 kPa (900 psig); (c) at least one secondary heat exchanger comprising
(i) a heat transfer exchange medium inlet receiving water at a temperature of less
than about 260°C (500°F) and a pressure of less than about 6998 kPa (1000 psig)
and (ii) a heat transfer exchange medium outlet providing saturated steam having
a temperature ranging from about 214° to about 277°C (417° to about 530°F), and
a pressure of less than about 6310 kPa (900 psig), the secondary heat exchanger

being connected to and downstream of the at least one primary heat exchanger for



the primary heat exchanger conprising (i) a heat transfer exchange nmedi um
inlet receiving saturated steam having a .tenperature ranging from about
214 to about 277C (417 to 530F), and a pressure of |less than about 6310 kPa
(900 psi g)wadordoizy @ heat transfer exchange medi um oubtEisiogvssiong

super heated steam having a tenperature of at |east about 399C (750F) and a
pressure of no greater than about 6310 kPa (900 psig); (c) at |east one
secondary heat exchanger conprising J(g) a heat transfer exchange nedi um
inlet receiving water at a tenperature of |ess than about 260C (500F) and a
pressure of |ess than about 6998 kPa (1000 psig) and (ii) a heat transfer

exchange me m out.l et, provi di n team hayi erat ure
rangi ng fro%‘frﬁﬁf)ﬁ?o%fh &%Bﬁfﬁlé‘ig)'c% 4?Lt76?s Oﬁﬁﬁﬁ%oné%%ea{ig’ﬁ% B pressure of
| ess than abghg 6844 ekanfOaRiaps wtiich it haintRedNEAlsY, 1eatmpashdngrRh bei ng

connected to and downstream of the at |east one primar eat exchanger for

WO 2007/ 0088wk patef theEaerons oflugnt condenser torfarm oty :Hayi @ogm%wef f1uent,

the at |eas n Qﬁ@{ 1ﬁﬁfd gg surface
which is rrr;tlgurftﬁzgﬁgn%1 %?E{J%g at” a tenper atgure sucﬁ&t?‘ﬁg%g % of the gaseous
ef fl uent comdinhstas, founédardmmgl pyrdlysis dondpnises; aondit(dheneans tftre separatiigce, t her eby

cooling the r der of the eqQus effluent to a tenperature at which
tar, fornedc‘a‘tlirgg??g {hejgase E‘%T’i@é‘ and (d) means for separating

condensed tgﬁt}sﬁl]" Ommfbﬁe%ﬁﬂﬁﬂﬂﬁen?fo‘}"thiﬁf%pec{ 8P AR inbehtRAE tRROdAIRINE Of this
aspect of the invention, the at |east one secondarﬁ)é eat exchanger includes

an inl et foﬁecpn@ergageé@t@a@mmémesanwl@trf@rthmg@pousSe wemé pwchtbeyinietisul at ed from
t he heat eXﬁn%H f inf.Aa %1?% above t hat
at, which tar 1'n ﬁhgﬂ@g%g%%nqe Ihgéeln ﬁh%enses 3}}‘6?%%1“?@? e at | east one
S e\c ondary hesipeeatirbabener thatsat avhiidhiar inths mbdmscﬁfﬂﬁanbeeﬂdlanseub Fypieally, exchanger.
[ 0040] In another enbodi ne f this a ect, . the ar tus f her i ncl udes

a decoki nga?y{ﬁ ﬂ%?/?%@n‘gﬁ’?‘ﬁqteﬁ?‘cwg S dibmrhe kil H%he"’éutlet for

coke, wher gidhahfig. Primary and secondary heat exchangers can be connected to

the decoking syStem such that the decoki ng nmedi um passes through the at
| east one Mrylh@mthmmhﬂdgmt@ﬁﬂﬂ! rpects the apparptus furthgninchwledpadar y heat

exchanger bﬁ&%’kﬁtg system having an inlet for a decoking medium and an outlet for coke,

wherein the primary and secondary heat exchangers can be connected to the

decoking system such that the decoking medium passes through the at least one

primary heat exchanger and then the at least one secondary heat exchanger before

flowing to the outlet.

[0041] In yet another embodiment of this aspect, the primary and secondary

heat exchangers comprise heat exchange tubes and the or each heat exchange tube
{ | of the secondary heat exchanger has an interal diameter equal to or greater than

that of the or each heat exchange tube of the primary heat exchanger.

[0042)  In still another embodiment of this aspect, the means (d} is a tar knock-

out drum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] 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.

[0044] FIGURE 2 is a sectional view of one tube of a wet transfer line heat

t

exchanger employed in the method shown in FIGURE 1.



flowng to the outlet. [0041] In yet another enbodi nent of this aspect, the
primary and secondary heat exchangers conprise heat exchange tubes and the
or each heat exchange tube of the secondary heat exchanger has an internal
di aneter eg@galeidsls 9reater than that of the or each pepysRygsange tube of
the primary heat exchanger. [0042] In still another enbodi ment of this
aspect, the neans (d} is a tar knock- out drum BRI EF DESCRI PTION OF THE
DRAWNGS [0043] FIGURE 1 is a schematjg.flow diagram of a nmethod according
to one exanple of the present invention of treating the gaseous effluent
fromthe cracki ng of a feed heavier than naphtha. [0044] FIGURE 2 is a

5 the et PORYSR o TEHRE Bisre-s BT vinshof Bgaleh Pt Bnteroogigo —h0
[ 0045] FI GURR-@bk Swel 15861t 08| hedl ewhetgemeaweetmtmarﬁahw@hmqe of a

shel | - and-tube wet transfer |ine heat exchanger enpl oyed in the nethod
shown in [0046] FIGURE 4 is a sectional view of the inlet

1.

transition b . | . hanger
crpl oyed | RS ot REE s Seett e e Rl Rhnsth AR e s R T
EMBODI MENTSup@0wet| trihsferpilias eliedat ienvisangero employed dasthe methodoshiowanyin of treati ng
t he gaseous 'Lient stream from a hydrocarbon pyrolysis reactor so as to
renove and heat therefromand to separate C5+ hydrocarbons fromthe
desired C2-C4 olefins in the effluent, while mnimzing fouling. [0048]
Typically, the effluent used |n the nethod of the |nvent|on I s produced by
pyrol ysi s oPEd A4 4 b O Uk .: N ] |l boiling point in a
t enperature om ab ve about 1 ch a vi er _than napht ha.
Lerper 2l ciigghge SRR NG ARG A0 SR agrﬁ‘?ﬁ%aht 8Y'Blsolibou; sasc
(f'r om about effiiénttseredb ditdin 4 BABEJarb@Ryyrolisioreastonss asf toaematoad Reevet 0 about

heat therefrom and to separate Cs+ hydrocarbons from the desired C;-C4 olefins in

the effluent, while minimizing fouling.
[0048]  Typically, the effluent used in the method of the invention is produced
by pyrolysis of a hydrocarbon feed boiling with a final boiling point in a
temperature range from above about 180°C, 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
{1400°F to 1706°F) and the invention provides a method of cooling the effluent to
a temperature at which the desired C,-C4 olefins can be compressed efficiently,
generally less than about 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).
[0049]  In particular, the present invention relates to a method for treating the
gaseous effluent from the heavy feed cracking unit, which method comprises
passing the effluent through at least one primary heat exchanger, which is capable
of recovering heat from the effluent down to a temperature where fouling is

incipient. If needed, this heat exchanger can be periodically cleaned by steam



510C (from about 400 to about 950F). Typical heavier than naphtha feeds can
I ncl ude heavy condensates, gas oils, kerosene, hydrocrackates, crude oils,
and/or crude oil fractions. The tenperature of the gaseous effluent at the

out | et frowot2g& 000l ysis reactor is normally in the rpagesRbedsn about
760C to about 930C (1400F to 1706F) and the invention provides a nmethod of

cooling the effluent to a tenperature at which the desired C2-C4 ol efins
can be conpressed efficiently, genecgally |ess than about 100C (212F), for
exanpl e | ess than about 75C (167F), such as |ess than about 60C (140F) and
typically fromabout 20 to about 50C (68 to about 122F). [0049] In

particul ar, . pr . ' I {.8S . . - Lhg the
gaseous eff fl%clea%fngf %?)érinﬂf?ﬁéi @%02%&\%/ 8?%8%%%&%%%0 @Eﬂt}%no%g%m#e%ﬁ%%ﬂ conpri ses
passi ng t heexhbhgees)sudhusauighinathbd @aBinganer phdlhaidtubeaichampehsangebe Which is

capable of recovering.heat fromthe eff|uent dq to a tenperature where
fouling is UeAdn P8 serviqes "Hhsopragaryy ﬁfse)qqgg{geyéggq{gﬂg&mgegﬁs%%g} Rodical | y

cl eaned by 2 BB OPE ThRAR05 DM 128959/l s St 00T a1 1

decoki ng, or chani cal ¢l eani ng. nventi on rec exchangers,

such as t ubsboun3T1fQE(708Wh Ay sat@ited tedrh adithd douhisg exdinang@ generaky be used
in this service. The primary_heat exchanger cools the process streamto a

t enper at ur eSypsthrated stepmutyrmadataheut B0k BHOCPsIBR4 and 1202F), such as

about 371C ), i [ ' d generates
super heat edio?tggjl;m qh;%?%ﬁg?@%@%ﬁgﬁ‘?%ﬁfﬁiﬁpﬁﬁ(@g@h%%8@%&%? On | eavi ng
Ehe pri {rarystiibatta Emplemng't ¥ 3|ab0\terﬂge bydrbearbogadsmo t %mﬁe([ﬂ:d tampbra?se asw?ﬂcl\}\hat ha .
enper at ur e ;ahove, t he rrocay bo n e.tenperature. a ic e
fkr st drop W%?tcfﬁ?%%g*&}gﬁgggﬁ?seg} gftﬁl%gtgifl@tugt 2 tlﬂ?}{‘mi'?w e avy £ eed
under  cert girfyirt cAeking Gconaifidhd, | tBE BydrbEiebdly e GRIMOSY te ereinh tstredm t he
effluent stream ran gs from about 3{343 to about 649C (650 to 1200F), say,

from about 59ges fom abew343b trabonseot e (6500 6] 20088k vay, fioe #hpdt ¥hBrtdon dew
o 1 L S50 PO U ki, G e B 001 1
foul i ng. Tatendawstan selativelylovs ueh vapregphgsd foalisg & gaetaliymret a¢vers andngi ng from
about 204 tﬁle%bl%uxgo ﬁfi%% ré'é)e%t 1;Ll:(@at could cause foulmg. 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).

[0051}  After leaving the primary heat exchanger, the effluent is then passed to

at least one secondary heat exchanger which is designed and operated such that it

includes a heat exchange surface cool enough to condense part of the effluent and

generate a liquid hydrocarbon film at the heat exchange surface. The liquid film
( is generated in sifu and is preferably at or below the temperature at which tar is

fully condensed, typically at about 204°C to about 343°C (400° to 650°F), such as

at about 260°C (500°F). This is ensured by propeér choice of cooling medium and

exchanger design. Because the main resistance to heat transfer is between the

bulk process stream and the film, the film can be at a significantly lower

temperature than the bulk stream. The film effectively keeps the heat exchange

surface wetted with fluid material as the bulk stream is cooled, thus preventing

fouling. Such a secondary heat exchanger must cool the process stream

continuously to the temperature at which tar is produced. If the cooling is stopped

before this point, fouling is likely to occur because the process stream would still

be in the fouling regime.



650F), say, from about 232 to about 316C (450 to 600F). [00511 After |eaving
the primary heat exchanger, the effluent is then passed to at |east one
secondary heat exchanger which is designed and operated such that it

i ncl udes awleaba¥siange surface cool enough to condensgcpiioofbashdde
effluent and generate a |iquid hydrocarbon filmat the heat exchange

surface. The liquid film is generated in situ and is preferably at or bel ow
the tenmperature at which tar is fully,condensed, typically at about 204C to
about 343C (400 to 650F), such as at about 260C (500F). This is ensured by

proper choice of cooling nediumand exchanger design. Because the main

resi st ance at transfer is between the .bulk process .stream and the
film the fﬁ@#ﬁan@&‘ﬁ‘{e“%’%i"%inf’?v\é%rﬁ‘?fﬂ IYt‘@FfH@’Fat"Uﬁ’ef HECt he bul k
stream Thetéihbm@iﬁpgﬁ%mgq}m_eps t he heat exchange surface wetted with
fluid material as the bulk streamis cooled, thus preventing fouling. Such

a secondary (#8531 eRefarigsio FIEYRES 4| and R ipthsqaefbod shovemvhich medoNersusl y to t he
t enperature |.C ' (o] ) the [ ' onp. before this
poi nt, foul Pﬁé& ﬁ@nl ?‘E”%‘ F@“&%c%jqﬁgc%ée’é t{ahg&%?dgcg'g)s&%?t}ga%ﬁm%ufid still be
i n the foul hpdrocebimized V6D SfpH six}daviy 25 billdbRA0G fosth T@Pis crnili2 oflAMB2] The

i nvention w_,|  now be nore particularly, described with referengce to the

acconpanyi n§ieton,ftegy 102 E?Ofggi" Rateam o Fegepan J¥davhere, the hydracaiooRe net hod

shown whi ch faCRVIRERA 0C&iusd A IRBAPoGHs WENhe iffkd! WP pRIdBES oW Provi de
super heated steam a hydrocarbon feed 100 conprising heavy gas oil obtained

from Tapi s oralesslepweight dyduiarberso suchtas dfarGo0lefins. {Tde pyoolysis prgessdnacki ng
Gecomposi t1 8 e i RAREPIAIRe ASRER BT cCul 2 Ve ght hydr ocar bons.
such as C2- (B0sd] ef iGuseouklpgralysiotflaes 1p6 exitag tersteanheracking farmacadRitng react or
TR T TN NG T R
ot emper o B e e ek e e, 1700m)
say, from albut 9286018060% o 17 08F), Gay, @ Bbout 760°C to about 871°C (1400°F ,
to 1600°F), e.g., about 816°C (about 1500°F), to an outlet temperature ranging
from about 316°C to about 704°C (about 600°F to about 1300°F), say, from about
371°C to about 649°C (700°F to 1200°F), e.g., about 593°C (1100°F). The
. primary heat exchanger 108 comprises a steam inlet 110 for introducing high
pressure steam ranging from about 2172 kPa to about 6310 kPa (300 to 900 psig),
~ say, about 4240 kPa (600 psig), and having a temperature ranging from about
216°C to about 279°C (420°F to 535°F), e.g., about 254°C (490°F). High pressure,
( supeiheated steam is taken from steam outlet 112 and has a temperamré ranging
from about 371°C to about 649°C (700°F to 1200°F), say, from about 427°C to
about 593°C (800°F to 11060°F), e.g., about 510°C (950°F). Typically, the
pressure is substantially unchanged from the steam provided through steam inlet

110. After leaving the primary transfer line heat exchanger 108, the cooled

effluent stream 114 is then fed to at least one secondary heat exchanger 116,
where the effluent is cooled to a temperature ranging from about 121°C to about
343°C (250°F to 650°F), say, from about 149°C to about 316°C (300°F to 600°F),
e.g., about 232°C (450°F) on the tube side of the secondary heat exchanger 116
while boiler feed water 118 is preheated and vaporized on the shell side of the
secondary heat exchanger 116. In this way, the heat exchange surfaces of the



to 1600F), e.g., about 816C (about 1500F), to an outlet tenperature ranging
from about 316C to about 704C (about 600F to about 1300F), say, from about
371C to about 649C (700F to 1200F), e.g., about 593C (1100F). The pri mary
heat exchapgeinAisgonprises a steaminlet 110 for intrg@t/gb }65

pressure steamranging fromabout 2172 kPa to about 631 ﬂ]?g 5 to 900
psig), say, about 4240 kPa (600 psig), and having a tenperature ranging
fromabout 216C to about 279C (420F_{p_535F), e.g., about 254C (490F). Hi gh
pressure, superheated steamis taken Tromsteamoutlet 112 and has a
tenperature ranging fromabout 371C to about 649C (700F to 1200F), say,
fromabout 427C to, about 593C (800F to 1100F), bout 510C (950F).

Typi cal |y, $9vandagy beat gxehanger d16 are500] a}quﬁh%sm%ahﬂ @ s¥uhm provi ded
through st eashthlor e flbe, Ahd fiuil Bt GdM LoMHHeakibRB iRTgabdolle heal
exchanger 108, the cool ed uent strea h 114 1's then to at | east one
secondary he@me@xchanger 116 where the effluent is cooled to a tenperature

o aboat 31H03PE00ESYREGhIPIE bo-gure siotnt Rrkigatize GRboemeb®ihe o ge of
t he secondafoyefﬂﬁait s@e(a@hangmmg&@l abbl?]hﬁi bsliek eded ved 208 t@ midikSzd the Pr eheat ed
and vaporized on the shell side of t secondary heat exchanger 116. In

this way, twweeﬁméwg@ Blm 21t dheypropess sidpinlpl phghaazngemETs 952006/ 025209
-13 second n quid film
nsit ot D ot ARl SR P o e e RER e agid 3
condensat i obetekert the bg’denefmad; watsdr fahd et tub{a(iﬁ&ﬂlj thEItﬁlzﬂRﬁeﬁl d;epsu:slghﬂp current
flow of the effl.ue 14 d|n t l,uent in Figure 1,
etc.) and b}B‘?t{eéFhaP 5 ‘Wfﬂé‘?ﬁgé‘?%'&gg °?gufh’é’h f“e‘??‘ﬁ "Laﬁé’l(])é 8 he |iquid
fill m 219 at'trhdi@erit A&PRBidYetiPech Theiibe ﬁ%ﬁ?ﬁnd&hé Ah@a A9 eh thd provésar e

possible, including countercurrent flow, Because heat transfer is rapid

bet ween t hesig®iand therefere e filim tWQtH@ ig jusk slightly hotterigan thedubemstal s | ust

cxchanger 2PEPeip o ey Eoufithd St LR ARG g ine B RhBh dell ' T8 he
l'iquid fil nhéit8xchangedn@1frthe ks temMem&lbW&hemeeaﬁwh&ht&merat ure is

just slightl hotter than the tube netal
: g f\ﬁly .condensed, say, about 260°C (500°F). This ensures that the film is

completely fluid, and thus fouling is avoided.

[0056)  Preheating high pressure boiler feed water in the secondary heat
exchanger 116 (or 216) is one of the most efficient uses of the heat generated in
the pyrolysis unit. Following deacration, 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 secondary
transfer line heat exchanger 116 and thercafter sent to the at least one primary
transfer line heat exchanger 108 via 110. All of the heat used to preheat boiler
feed water will increase high pressure steam production. _
[0057] On leaving the heat exchanger 116, the cooled gaseous effluent 120 is
at a temperature where the tar condenses and is then passed into at least one tar
knock-out drum 122 where the effluent is separated into a tar and coke fraction
124 and a gaseous fraction 126.
[0058]  The hardware for the secondary hcait exchanger 116 may be similar to
that of a secondary transfer line exchanger often used in gas cracking service. A

shell and tube exchanger can be used. The process stream can be cooled on the



tenperature at any point in heat exchanger 216. Along the entire |ength of
the heat exchanger 216, the filmtenperature is below the tenperature at
which tar is fully condensed, say, about 260C (500F). This ensures that the
filmis ¢ Jfluid, andthusfoullngls avoi ded. eating
hi gh pressﬁlrﬁeJO é‘lﬁ)}sir feed water in the secondary heat gﬁgﬁg%g${5%6 (or
216) is one of the nmpst efficient uses of the heat generated in the
pyrolysis unit. Follow ng deaeration, 11 oiler 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 280F), e.g., about 132C
(270F). Boi eed water frgmth eaerator can therefore be preheated in
t he secondaF'\k’ ‘{ealﬁsﬁelfl gleipas, Besd nigEangement oy relaevebalargs tiBent to the
at | east on t r ochn | of the
heat used tglagﬂ){c{ecﬁggt aﬁlaws&ﬁ gy%dﬁeeiéﬁétrw &aﬂ%getgégéh:ﬂ%ﬁepres%eﬁlre st eam
producti on. WEthGEYpluggng eéﬁhier@srghe)fhhaheagxmdchmger 114 Syayt beeawangkd do gaseous

effluent 120.i.s. af, a te rature where f.he tar ndenses, a I S then passed
into at | eaSY™MgH¥ b? m?%g‘ﬁ 8'31‘{ f% é? é’ft%ﬁee‘q ‘f"ﬁ %lgh?g?sfsgepar at ed
into a tar anehflels dddmgiing ko th&%ﬂtsﬂafﬂmﬂ'acﬂfﬁ'%!feaf éxRBingeitnbed Bdifldp581 The
hardware for the secondary heat exchagg 116 may be simlar to that of a

secondary t fegfswater could bepseheptgéd onothe shell sidg inp gaglemaatnnmem@nm ce. A
shel |l and tyhe Lhe$iAEH :@gds T o cool ed on

t he WD 2007 Slglﬁéﬁéi%@%sz /%‘(L1 Qldci%iw %@ﬁgbeg%@gasﬁ%ﬁgmpass fixed
t ubesheet acmmngerramﬂer@umitaﬁdwmu}d banspd, pmlvﬂieddmrtlmtﬁm tonipexktiaé | ow coke

pr oduced ups er w thout plugging. The
design of tH g&éﬁ éﬂit%gﬁé’ls}%ﬁee ed to ninimze the
ténperature (ﬁvsd rm%%ﬁ 1@&&&&@&%@5@&1@&& 8t ShifableBhdl-8nd-fubk wegxampl e, by
adding fins to he out'si de surface of the heat exchanger tubes. Boiler feed

wat er coul diraesfesr lineeenchangen ist shews in IHIGEREe 3] rA A Wgh@gp%l?,%’eaﬁ‘ﬂaﬁgenent
A vernat| veliyed b Bk 134 i A0dnldi 382 Shdfh ol (G0t §4§' gt cned
n Tow C e use prow e

Ei ther co- curre counter-curren d that the
filmtenper ai dpature 34&&ph fﬂm/\tubeuhugmalp@wohétbadjmagt tubedhettiBd2esacihanger .

that the ferrule 345 extends into the heat exchanger tube 341 with a thermaily

insulating material 343 being placed between the tubesheet 342 and the false

tubesheet 344 and between the heat exchanger 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 heat exchanger tube 341
operates at a temperature very close to that of the cooling medium. Accordingly,
little fouling will occur on the false 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 heat exchanger tube 341 because it operates below the
temperature at which the tar fully condenses. 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.
[0060]  Alternatively, the hardware for the‘ secondary transfer line exchanger
may be similar to that of a close coupled primary transfer line exchanger. A tube-
in-tube exchanger could be used. The process stream couid be cooled in the inner
tube. A relatively large inner tube diameter would allow coke produced upstream
to pass through the exchanger without plugging. Boiler feed water could be



[ 0059] For exanple, 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 in an aperture 340 in a tubesheet 342. A tube insert or ferrule

345 is fixg@ doomisaperture 346 in a false tubesheet 34érRRsukHRBRA
adj acent tubesheet 342 such that the ferrule 345 extends into tﬁe heat

exchanger tube 341 with a thermally insulating material 343 being pl aced
between the tubesheet 342 and the fal £ tubesheet 344 and between the heat
exchanger tube 341 and the ferrule 345. Wth this arrangenent, the false
tubesheet 344 and ferrule 345 operate at a tenperature very close to the

rocess inlet, tenperature ile t heat exchanger tuhe 341 operates at a
'Ito enper at ur ePFReE ’Inotgﬁ a{‘%ﬂ‘\f‘l\ér%ﬁtw?ﬁ‘ ?lgut%zgf(f rﬁﬂﬁ%#&&&%‘ﬁ% PGy, little
foul i ng W | o i¢inreRt Ad¥ecduld BSudellJRSHART thadifhe &M téhiSrdtBielidk&t R because

they operate, above the dew tEoi nt "of the pyrolysis effluent. Simlarly,
little foul tneyshalong thedength ofithe pecheuger.ace of the heat exchanger tube 341

because it t es. bel ow.t . ratur t i r.fully condenses.
This arr ang@r@g{nlta p?S Fﬁ%%plg’h@%@gtngﬁgﬁlﬁﬁtpﬁ%cﬁsqw?)"ﬁg‘lbt?r@}i%' é%lée tweexper atures
to avoi d t hgads@u Unegexichinger &t dhownrit HIGERB4! ARaRchddgednibt da489ris dew poi nt
and the tenperature at which_ the tar fully _ condenses. [Q060] Alternatively,

t he har dwar @tachgd torfavage dhwhich 1§ attacheddio 4 Haller foed meptrgdnlet GhatberASS: ni | ar to
t hat of : ' [ : =i n-tub
at of a C%n‘g?l § Hﬁ'te?%? Q%%Xhé LERs aée'%?wé‘%&cﬂﬁé'}ga{angé thlégﬁ?%' n-tube

exchanger c e us rocess stream coul d be coolte e i nner
tube. A rel 481, vohge #32, gadiboier feedvated iirdetesthembenddSl  Hedtowchager whboduced

upstream t aS hr.ugh., t exchanger. wi.t h A ing. .Bqilegr.feed water
coul d b oAb HO0RA 3 P St BeT e sedhver 255 R At R B nnul us
bet ween t hewntdt 458 QieH thal fieke fswamit dab UEE bet@es tHelentlof @ilet HHRWSL @hd cur r ent
flow could be used, provided that the filmtenperature is kept |ow enough

al ong the | @ndieainame pleheat cxetvgen. upodsd fo pHeweSer rwal expansion-etA t ransi tion
P S5 R Ml g Y S5 0B RIS Ao, 1
at t ached t opipingpiik edestrbal \Wwat@S. | Patast 445hDE, whése ehtirsubatiénigy amat eri al 453
fills the apnul Al Rt BY tlSeihe! HBe EXGNARGRNd WSt tide 433 operates at a
temperature very close to the process temperature while the heat exchanger tube
454 operates at a temperature very close to that of the cooling medium.
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 ternperature
| regime between the hydrocarbon dew point and the temperature at which the tar
fully condenses.
[0062]  The secondary exchanger may be oriented such that the process flow is
either substantially horizontal, substantially vertical upflow, or, preferably,
substantially vertical downflow. A substantially vertical downflow system helps
ensure that the in situ liquid film remains fairly uniform over the entire inside
surface of the heat exchanger tube, thereby minimizing fouling. In contrast, in a
horizontal orientation the liquid film will tend to be thicker at the bottom of the
heat exchanger tube and thinner at the top because of the effect of gravity. In a
vertical upflow arrangement, the liquid film may tend to separate from the tube



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 ag@ 0bfARsPREYI NNi ng of heat exchanger tube 454 LopablogihEae t her nal
expansion. A simlar arrangenent, although incorporating a we-pliece in the
process gas flow piping, is described in U S Patent 4,457,364, whose
entire contents are incorporated hergin by reference. The entire exchanger
inlet line 451 operates at a tenperature very close to the process
tenperature while the heat exchanger tube 454 operates. at a tenperature
very close to_ that of tHe coqQ)J i diilum Accordin little fouling wll

ly, 11i
occur on t hwalkas N ?W@L@g%ﬂgﬁr W]ﬂ@Yanrilre_Al'S elyﬁ@ﬁfé“t?ééeaﬁ?n oper at es
above the dgyg %eyﬁu&&na@hmﬁw %erﬁa{tfolntig'ﬁiat el At Rcbdtn ekitink 'tﬁ‘fi fouling

wi Il occur on 't eat e anger tube 454 because 1t operates bel ow the
t enper at ur epranaryitiapsfet hme ¢xhariget Isyoftenrideatakkigh Agdn rthe fursace stractgement

provi des a ry, sh ransition jn suyface.tenperajures to oi d the

Poul i ng t erpiire. s 80P e et bierh & RelonGE AR BHBn Srelopatent %t he

t enper at ur eseadndahyl kdat EXdhahg@r would hatreDy gRIVER Sthis[tRE6i8Dn T elebRiba TR Y _
exchanger nmaybe oriented such that the process flowis either substantially

hori zont al ,theatsemnti al [y vertical upflow, or, preferably, substantially
vertical do OW. Lal t t ensure
that the i nwglg:%]u I F%?%ﬁﬁé%ﬁ#@%%’%aégﬁa#ﬁke g%l c‘)elr[1 %Wg\%‘? %Eae]&]g?fr e inside
surface of thhextimageramsimgateger ot alimxtutelvdrsedasn adndininzéanguuktion, with thd n cont r ast

in a horizontal ,orjientation e Liquid fil ill tend.to be thicker at the
bt fom of & e, Aok BiR S, e e dHipact is frepked: 1EiRG iR SHEPIG of | he

efif ect of OmBiich f stbdin nd 4Ethé Athact Bftiuel( 6uld AEL PRA throtifIEthb ipfittiath f i | m may.
tend to separate fromthe tube WO 2007/008424 PCTI US2006/ 025209 -16 wal |l as

gravity tenkpst exchangear anddhen gupeshs the peerndanakent exphangesy pEgratotheing reason

B e

exchanger is often hi'gh up in the
furnace st rthetingide diambtet of tHeesecotidhgt traisfee difte iexcldeger tatlesafo e preaver el evati on.

A downward flow secondary.heat exc er. woul d paturall rovide this
transition AR 8T potg\e Fjé}({]e cﬁameter ct]fa tﬂg primary transter line excl}/anger 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.

[0064]  While the invention has been described in connection with certain

preferred embodiments so that aspects thereof may be more fully understood and

appreciated, it is not intended to limit the invention to these particular
( embodiments. On the contrary, it is intended to cover all alternatives,

modifications and equivalents as may be included within the scope of the

invention as defined by the appended claims.



the stream [0063] The secondary heat exchanger may be designed to all ow
decoki ng of the exchanger using steamor a mxture of steamand air in
conjunction with the furnace decoking system Wen the furnace is decoked,
using either steamor a mxture of steamand air, the furnace effl uent
woul d first pass through the primary heat exchanger and then through the
secondary heat exchanger prior to being disposed of to the decoke effl uent
system Wth this feature, it is advahbt-ageous for the inside dianmeter of
the secondary transfer |ine exchanger tubes to be greater than or equal to

t he insiwget er of the primary transfer |ine exchanger tubes. This
ensur es y coke present in the effluent of the primary transfer |ine
exchanger will readily pass through the secondary transfer |ine exchanger

tube w thout causing any restrictions. [0064] Wile the invention has been
descri bed. i n Aometbod faprreafinghgaseous affluenpirerh @rhydwcabbn ginobysispremss wet, aspect s
t her eof may bﬁ_ﬁm)rﬁ({ul Il%igun(;lerstood and appreciated, it is not intended to
linmit the i nvESYROY @Y particul ar  enbodi ments. On the contrary, it is
intended to cpyer piskinglshifpRRblLY Sfluent ¥RV fFcth bPRdSysANYT adfBdl heabRPthan as May be
included within the scope-of the invention as defined by the appended
claims. -17- CLAI nphtha throngh Rblgast ene primatyi heat exabanses tharehyicoeling paidh o

hydr ocar bon pyrol ysi s presess, unj e onpr,ising: (.8 sing said
gaseous effl uent d%arsf%%aﬂ?ﬁ'i}%l top%/{reo p)?%algugg(a) 0 gqgggﬁ Hrfxg%vaﬁggg?%rétlﬁ&)g tgognght ha
through at |east ogsturpfel itdayh hiddg £xahngere, oftlbsr by aban288YC $590dF), gaseous
effluent to a tenperature above its dew point and, generati nggg:from saturat ed

st eam havi ng a t enpPeeieated siopm) haying: a,tempsragire of ableagtzbort 399°¢(Jed W at ed
st eam havi ng a te%%ﬁﬁ?@ﬁ%{f‘g&mﬂ 8&268@8%@91)5 ?_§’ and a pressure of
; i

no greater than about psi g); ) passin d gaseous effl uent
from step (a)(H)hr opagkingtsaid gasdous eifluseidieom atey (a)tk@uglexcleasigee stvandarg a heat

exchange surface intained at, a. tenperature such that rt. of said gaseous
ef f uegt Condensegﬁqaﬁ ﬁf?xﬂ:}@f having am}\eat exchange surface m%ﬁltamed at a g :

temperature such that part of said gaseous effluent condenses to form a

liquid coating on the surface, thereby further cooling the gaseous effluent
to a temperature at which at least a portion of the tar, formed by the
pyrolysis process, in the gaseous effluent condenses; and

(c) removing said condensed tar from said gaseous effluent;

said method being carried out in the absence of direct quenching.

2. The method of claim 1, wherein the gaseous effluent derived from said pyrolysis
has a temperature ranging from about 704° to about 927°C (1300° to about
1700°F), and said steam is superheated in said primary heat exchanger to a
temperature ranging from about 399° to about 704°C (750° to 1300°F) and a
pressure ranging from about 2170 to about 6310 kPa (300 to 900 psig).

3. The method of claim 1, wherein said steam is superheated to a temperature
ranging from about 482° to about 538°C (900° to 1000°F) and a pressure ranging
from about 3206 to about 5275 kPa (450 to 750 psig).

4. The method of claim 1, wherein said heat exchange surface is maintained at a

temperature below that at which tar condenses.



liquid coating on the surface, thereby further cooling the gaseous effl uent
to a tenperature at which at |east a portion of the tar, fornmed by the

pyrol ysis process, in the gaseous effluent condenses; and (c) renoving said
condensed tar from said gaseous effluent; said nethod being carried out in

t he absence of direct quenching. 2. The nethod of claim1, wherein the
gaseous effluent derived fromsaid pyrolysis has a tenperature ranging from
about 704 to about 927C (1300 to about8- 1700F), and said steamis
superheated in said prinmary heat exchanger to a tenperature ranging from
about 399 to about 704C (750 to 1300F) and a  pressure ranging from about
2170 to &bout Themethadaof deim 1 owberginpsaidyheat zxchppge srfacsds graimtpiaedatia wher ei n

said steami s&e%%ng}g%ﬁq, Jb%u?Sl%e@?&foa?.’Lg rangi ng from about 482 to about

538C (900 to a pressure - rangi from about 3206 to about 5275
kPa (450 to 750 psig). 4. The nmethod of claim1l, wherein said heat exchange

surface i s maintai ne a, enperature, bel ow that at which tar, condenses.
18- 5. TRe m#ﬁ%&‘eg?o(ﬁc‘%la‘?lm,&’ Where: i C e ehehanee vefaes Jo T piaEL 5 & _
mai nt ai ned at _teg.q;ﬁpam@lb%ﬁam@mg@t{ggt_jep)’sg,ﬁgd)t‘@@fm?p)@. The method of claim

1, wherein sai eat exchange surface 1s"maintained at a tenperature
bet ween about 149C (300F) and 260C (500F). 7. The nethod of claim1l, wherein

sai d heat, exchange surface is disposed .supstantially vertically and is

nai nt ai ngd at ?E%?’B’f’tﬁ%‘irp‘gfﬁlﬁﬂ? eEbyﬁF‘i‘?ﬂﬁ o tg?f‘éa?xchﬂgfhﬁq{ga@evﬁst ﬂlséosﬁ‘éat
transfer nmedi wgsiRiighy {Eavalydaw e mdmtdintddonohic dmbeddturel BASIdiRBCh&eCONdary
heat exchanger. 8. The nethod of claim 1, wherein said heat exchange surface

i s mai nt ai nedexchasge with tachgat fransferemedium rwhiele fowh dlawnereds thpughnistid ahat er and

the water hea in.th e secondary heat exchanger is used as a
heat exchangehﬁgéwﬁﬁ%?ﬁmggpgh%%a%ﬁégy heat exchanger. 9. The nethod of claim

1, wherein step (c) includes passing the effluent fromthe secondary heat

exchanger to a tar knock-out drum 10, The thod of claiml, and _ includin
(d) f urgt Ber cobe mﬁgmogﬁ)é' claim| lu@fhpreitbm maltlgxcrﬁeange surf%ce 1s maintained at said g

temperature by indirect heat exchange with water and the water heated in the at
least one secondary heat exchanger is used as a heat exchange medium in said

primary heat exchanger.

9, The method of claim 1, wherein step {(c) includes passing the effluent from the

secondary heat exchanger to a tar knock-out drum.

10.  The method of claim 1, and including (d) further cooling the effluent remaining
after removal of the tar in step (c) to condense a pyrolysis gasoline fraction
therefrom and reduce the temperature of the effluent to less than about 100°C
(212°F).

11, The method of claim 10, wherein step (d) is effected by indirect heat exchange.

12, The method of claim 1, wherein said gaseous effluent is produced by pyrolysis of
a hydrocarbon feed boiling at a temperature greater than about 180°C (356°F).



after renoval of the tar in step (c) to condense a pyrolysis gasoline
fraction therefromand reduce the tenperature of the effluent to | ess than
about 100C (212F). 11. The nethod of claim 10, wherein step (d) is effected
by indirect heat exchange. 12. The nmethod of claim 1, wherein said gaseous
effluent is produced by pyrolysis of a hydrocarbon feed boiling at a
tenperature greater than about 180C (356F). -19- 13. The nethod of claim1,
wherein said gaseous effluent is prodifced by pyrolysis of a hydrocarbon feed
having a final boiling point ranging fromabout 260 to about 538C (500 to

1000F) . . A nethqd far, treating. gaseous effluent froma hydrpcarhon

pyrol ysi ilf”lpr_o g & tO?CIaE‘Hi.W\IQ?‘%Ebsa@Og‘Fﬁ?Q‘@G ..em(’é)p“ﬁg"?%‘f‘%zﬁﬁ S§&deous

ef f1uent deri yqgdbr R8P hYShg a HnaPodiRGpiRANhERg FORA bOIERNE G ab it OUGh at

| east one prinmafy heat exchanger, thereby cooling the gaseous effluent to a

t enper at ur e ab3RPE (K08° WAROPBH)Nt and generating from saturated steam having
a tenperature of |ess than about 288C (550F), superheated steam having a
tenperature of at |east about 399C (750F) and a pressure of no greater than

about 6319 kPa £H&H04 Rﬁin%ﬁ%g(&)se&h@%ﬁﬂd&ﬁtﬁ a933RRMBoR hiToNRRIpridetiMit ep ()
through at | east one secondary heat exchangér having a heat exchange

surface mai nt temeethed camprisingper at ure such that part of the gaseous effl uent
condenses to rma Jliquid coati n sai,d surface, ther further cooling
Che gaseous el uentssing SHe SeEaiRrtitaf BertiBa SRRy Bis of BFatRea 85y ol ysi <
process, condensespaphéha tRsugh R6lchil®nd PFRRAHS hélt kehhterf therbs te8lidghthe t hr ough

at | east one knock-out drum where the condensed tar separates fromthe

gaseous ef fluent; &asgoustaiyent &) a teanpgrature abave itsalepaointand gererating fipmeous
R L e
gaseous effluent daipersied sRamsiaivihg Pichesadirs ofias leastt bope3aear@seagi ng from
about 704 to about arﬁi2a7 I%eés]ﬁlseogf ntoogreater than about 6310 kPa (900 psig);
(b)  passing the gaseous effluent from step (a} through at least one secondary
heat exchanger having a heat exchange surface maintained at a
temperature such that part of the gaseous effluent condenses to form a
liquid coating on said surface, thereby further cooling the gaseous effluent
to a temperature at which tar, formed by the pyrolysis process, condenses;
(¢)  passing the gaseous effluent from step (b) through at least one knock-out
drum, where the condensed tar separates from the gaseous effluent; and
then
(d)  reducing the temperature of the gaseous effluent to less than about 100°C
(212°F);

said method being carried out in the absence of direct quenching.

15. The method of claim 14, wherein said gaseous effluent derived from said
pyrolysis has a temperature ranging from about 704° to about 927°C (1300° to
1700°F), and said steam is superheated in said primary heat exchanger to a
temperature ranging from about 399° to about 704°C (750° to 1300°F) and a
pressure ranging from about 2170 to about 6310 kPa (about 300 to about 900

psig).



1700F), and said steamis superheated in said primry heat exchanger to a
tenperature rangi ng fromabout 399 to about 704C (750 to 1300F) and a
pressure rangi ng fromabout 2170 to about 6310 kPa (about 300 to about 900
psig). -20- 16. The nethod of claim 14, wherein said steamis superheated to
a tenperature ranging fromabout 482 to about 538C (9000 to 1000F) and a
pressure ranging from about 3206 to about 5275 kPa (450 to 750 psig). 17.
The method of claim 14, wherein sai d-#&at exchange surface is maintained at
a tenperature below that at which tar condenses. 18. The nethod of claim

14, wherein sajd heat exchange surface is maintained at a tenperature bel ow
about. 3106 ( 6aBRymEtRY OF RBokin StheERs GFid, Yo > MHRERERd IR RS change
surface is di ?ﬂ@ﬁ%dfrorﬁl&g&haﬂﬂﬁ‘ﬁ‘Hbﬁuﬁ’ﬂSt’CR%d%foQOGb"FfaﬁHié Plteé‘du?@panéﬁlgsa! d
tenperature by indirect heat exchange with a heat transter nedi Umwhich

fl ows downwar drom shoutiZ06daiabowi 5273 kR SGtoc’ Dapsighdar y heat exchanger. 20. The

nmet hod of claim 14, wherein said heat exchange surface is maintained at said
tenperature by indirect heat exchange with water and the water heated in the

at | east]7one The aeiletRl f dsial 14X6I2¢18 QhidilkateQHae sarfBgals BxshamrR@at gedi umin
the primary heat exchanger. 21. The nethod of claim 14, wherein (d) reduces
t he tenper at utempsratpigdeloxsibat al whightpr condenses. about 20C to about 50C (68 to
about 122F). 22. The nethod of claim 14, wherein (d) al so includes

condensi ng and separating a pyrolysis gasoline fraction fromthe effluent.
23. The m8t hoTheimeathai ofi ddim Wvhewiedrein Saidhegiosehapeahifhtentmaistamedduaed by

pyrolysis of a hydrocarbon feed Oi(#{)ié’ at a tenperature greater than about
180C (356F). tezmerq%%@m%@ﬁt@rﬁagﬂ Egppar atus conprising: -21- (a) a
reactor for pyrolyzing a hydrocarbon feedstock, the reactor having an outl et

t hrough whi ch gaseous pyrolysis effluent can exit the reactor; (b) at |east
one primdfy h&he methbdnafeclamonide cwlemtein osaith cheato exahiangea sudécet Fse disposed

substantially vertically and is maintained at said temperature by indirect heat
exchange with a heat transfer medium which flows downwards through said at

least one secondary heat exchanger.

20.  The method of claim 14, wherein said heat exchange surface is maintained at said
temperature by indirect heat exchange with water and the water heated in the at
least one secondary heat exchanger is used as a heat exchange medium in the

primary heat exchanger.

21.  The method of claim 14, wherein (d) reduces the temperature of the gaseous
effluent to about 20°C to about 50°C (68° to about 122°F).

22.  The method of claim 14, wherein (d) also includes condensing and separating a

pyrolysis gasoline fraction from the effluent.

23.  The method of claim 14, wherein said gaseous effluent is produced by pyrolysis
of a hydrocarbon feed boiling at a temperature greater than about 180°C (356°F).

24,  Hydrocarbon cracking apparatus comprising;



reactor outlet for cooling the gaseous effluent in the absence of direct
quench, said primary heat exchanger conprising: (i) a heat transfer

exchange medi uminlet comunicating with a source of saturated steam having
a tenperature ranging fromabout 214 to about 277C (417 to 530F), and a
pressure of |ess than about 6310 kPa (900psig) and (ii) a heat transfer
exchange nedi um outl et providing superheated steam having a tenperature of
at | east about 399C (750F) and a presdlure of no greater than about 6310 kPa
(900 psig); (c) at |least one secondary heat exchanger conprising: (i) a heat

transfer exchange nediuminlet co nicatjng.wi.th a source of water at a
tenperature of® esd r?ﬂ”r}?ﬁTﬁbBHP"ZB@%S‘%TBWf’%@%Pt?ﬁke§l§'u¥eé°t8¥ gi"@’_%%a{‘han

about  7000kPa uooQutl%‘f’tlH%u%x%iéﬁ ge)sc@us%?é]ystisréiﬂﬁélﬁ'éaxffé)ﬁht%@g@aciﬁﬁd' um out | et
provi di ng saturated steamhaving a temnperature ranging fromabout 232 to

about 288C (abjut 4ti@ast onepomarySBAEexchangtr zopeeted (e @nd idowasteeamhelithe about
6310 kPa (900psig), said condary hgat exchanger , bei,ng connected .to and
downst r eam of the Ef’?“%é?gﬁgloﬁé CB?I%/% Faaps @%ﬁ&ﬁé’étth‘gﬁ?mf’?ﬁ ?ﬁgltrmcool ing
sai d gaseous ef f| ugidnchNshild Sprilio M@t RkclhinE&C borfipt@sied?, (MACheut Nrdidfedd  at

| east one secondary heat exchanger includes an_ inlet for sai dcgaseous
ef fluent and sai d ¢xvhenge mediparinigl Fgmmugightingewith aconegiod spumtedestesmmnge

surface to maintaip said.inle t_a tenper ve, t ' tar in
sai d gaseous effl ug%vt“??cgr%%fg%%%tgr,ae ?ﬁglaggi% g%%t%(%%g?osg%%&n?yié I%\@t%exchanger
havi ng a heat exchs3¥),sadfagessold chlesssthamiabhdi 63¢d kPa(90GHBig) ahd &ii) a
tenperature such that part of the gaseous effluent condenses to formin

situ a liquid coat hettransfergxghange medwm ?‘H‘&?F E‘E’yidéllﬁﬂ‘ipﬁ'éw%tﬁ‘é?t?@ﬁﬁ?ﬁﬂ%r of the
gaseous effl uent tQte@na{;c o bt fefist @boutBbedt g@b‘?Fggﬂ& qspﬁj?sglﬂé'o@ﬁo %)’eraf?:}ys' S
means énséd ta

condenses; and (d) or separating con romthe-gaseous
ef fluent. -22- 25.thihebappal®dkRes(960 psigki m 24 wherei n sai d heat exchange

surface is disposed substanti al é}eﬁrtigﬁiw and is. malﬁlgt ai ned at _ said
tenperature bi¥i ndfl CBF PEafeCOR gec oL RERFISING, {1 1% et whi ch

flows downwards thgQughhes flefivfd inlet communicating with a source of water at a
temperature of less than about 260°C (500°F) and a pressure of less than
about 7000kPa (1000 psig) and (ii) a heat transfer exchange medium outlet
providing safurated steam having a temperature ranging from about 232°
to about 288°C (about 450° to about 550°F), and a pressure of less than
about 6310 kPa (900psig), said secondary heat exchanger being connected
to and downstream of the at least one primary heat exchanger for further
cooling said gaseous effluent in the absence of direct quench, wherein said
at least one secondary heat exchanger includes an inlet for said gaseous
effluent and said inlet is thermally insulated from said heat exchange
surface to maintain said inlet at a temperature above that at which tar in
said gaseous effluent condenses, said at least one secondary heat
exchanger having a heat exchange surface which is maintained, in use, at a
temperature such that part of the gaseous effluent condenses to form in
situ a liquid coating on said surface, thereby cooling the remainder of the
gaseous effluent to a temperature at which tar, formed during pyrolysis,
condenses; and

(d)  means for separating condensed tar from the gaseous effluent.



| east one secondary heat exchanger. 26. The apparatus of claim 24, wherein
said at | east one secondary heat exchanger is selected fromthe group

consi sting of tube-in-shell heat exchanger and tube-in- tube heat exchanger.
27. The apparatus of claim 24 and further including a decoking system having
an inlet for a decoking nediumand an outlet for coke, wherein said primry
and secondary heat exchangers can be connected to said decoking system such
that said decoking nedi um passes thm2ugh said at | east one primary heat
exchanger and then said at | east one secondary heat exchanger before
flowng to said outlet. 28. The apparatus of claim 27, wherein said primry
and secorfar y The APPERMA Hfgelaim %oﬁ?ﬁe%sﬂéﬂeabﬁﬁﬂﬁﬁ&“e spfirssisaAigPessd or each

heat exchange : IinhERdd 8X&k RS ].g}gﬁ n ;i di anet er
equal to or g?lse%?gtrlazyhgﬁﬁfﬂgf&g@at e or egtc%&ﬁeat EXC a%éﬂ({yfg{eﬂo t he

primary heat eschhsgegeith a2teat Fiwsfappedianushich floivaidowddardstitbroagh ssidial neans
(d) is atar gock-out g":'?uﬁ] 30., The apparatus of claim24 wherein the heat
transfer exchdAYEfSHCY PUCXEHANRE) s in comunication with the heat
transfer exchange mediumoutlet of (c).

26.  The apparatus of claim 24, wherein said at least one secondary heat exchanger is
selected from the group consisting of tube-in-shell heat exchanger and tube-in-

tube heat exchanger.

27.  The apparatus of claim 24 and further including a decoking system having an inlet
for a decoking medium and an outlet for coke, wherein said primary and
secondary heat exchangers can be connected to said decoking system such that
said decoking medium passes through said at least one primary heat exchanger

and then said at least one secondary heat exchanger before flowing to said outlet.

28.  The apparatus of claim 27, wherein said primary and secondary heat exchangers
comprise heat exchange tubes and the or each heat exchange tube of the
secondary heat exchanger has an internal diameter equal to or greater than that of

the or each heat exchange tube of the primary heat exchanger.

29.  The apparatus of claim 24, wherein said means (d} is a tar knock-out drum.

30.  The apparatus of claim 24 wherein the heat transfer exchange medium inlet of (b)

is in communication with the heat transfer exchange medium outlet of (c).



