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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, e.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 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 furnace.
Effective recovery of this heat is one of the key elements of a steam cracker's

energy efficiency.
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conditions, can foul heat exchange equi pnment,

renderi ng heat exchangers ineffective. The fouling
propensity can be characterized by three tenperature
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W th Steam crackers ) )
[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
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[0012] Modern quench systens for, cooljng hot pyrolysis
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| fndvi@praddndethet AurihleP Boi1€ 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 pyrolysis 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 is 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 to about 260°C

(212 to 500°F). Typical steam pressure levels employed range from about 4240 to
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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.
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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.[0016]
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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).
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exchanger fouls rapidly until the foul ant/process gas
interface tenperature reaches the effluent dew point,

at which stage fouling rates slow dramatically. At the
end of a typical gas oil rum6-the heat exchangers will
have reached effluent outlet tenperatures ranging from
about 538 to about 677C (1000 to about 12500F).[0019]
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heat exchanger tubes nust o
heat exchanger, typically a transfer line exchanger, generating high pressure steam
to initially cool the furnace 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.
Alternatively, 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.



oper ate above the hydrocarbon dew point to avoid rapid
fouling, typically an average bul k outlet tenperature
woho@Emose 593C (about 1100F) for a heavy gas oPCT/US2006/024999
feedstock. Additional cooling can be provided by
directly injecting a quench liquid such as tar or
distillate to imedi ately cool the stream w t hout
fouling. Alternatively, the-gyrolysis furnace effl uent
can be directly quenched, e.g., with distillate, which
al so avoids fouling. However, the former cooling

ML Rdme, f £d@tiddap r@n%‘s%ngﬁta\l\@ 36kuitedain ané Yddvidstesh pAmary

of the heat is recovered in a primary transfer |ine
eiracttmmg@tr winge dow eleyeli eab it hltlmé?ttﬂm demovedyeand; ingofifstgt boilers
ed quenchln over ed at a
Pt ety chd terraipe iy pIoGERY STt RauRad P e stcam
agﬁbﬁlhgﬁﬁ{nﬂ nvestnment is required in the downst r eam

primary fractionator where |low | evel heat is
ul@023ht eI%ﬂ?‘éﬁﬁbb@éFgK&lﬁé artrs @ipguspedebeAV er s whi ch nust

t
RS et BT BB e BaSh Rt DBl Ty hene
aPlantss, Hi STdus6a6h &EW\OV\Bm{gﬁﬁaﬁ]Schhﬁdﬁshe l%mﬂamm@@bsszllsahaﬁ,
Transfer. Li ne Exchanéﬁg Design_for E@\éyl ene Pl ant

Hprepaned MGQIWmB&t pEtSpngg Aigral Megting, Atlanta, gpr’ll 1994,

d | LRI EP. r t
WPHEER PR S0, LRl gr e dRIGREOLA, i i

Papehani@®c in asthylehé fusnade SqueBel esytstetys] 06, 224, adli sl 08 eheat
dew p0| nt nisns i.n ethylene furnace
qsHeRe g{k‘é‘ﬁsgen%?{%gﬁ PSSR HCYR- heat exchangers

24 gerI@'SaPQt hi MW’% et B1eAm prbHE 4kacking: methods usin
gg%en{s 4,279, ?35 and 4,279, 734" rggdgg%cracéﬁ% s

metdvstchensindiyeet sk waphanger ik fré@ttmﬁ@éittoe(}@@h gf@@m dgReplting
cPABIR okt B B reff e b SR OBl AR WP sage

utr dﬂylvlall'f w@enth eSthahbageoole thaviibl progesnafiuexabandedst 540°C
cool in e hot process effluent to at | east 5400C
i‘i)% WWherean diqui uwh%hgﬁ@éphq GEHERSER dIsetiGErerey to high

béf%w ¢ et n%“*%F oPRERY Py R OL B PR 88

Ul@25Pat diiSs Eat&xﬁ@ 716036l ahd23P3BIB7pipopose @ Ihaaatrecovery

oo (SRR e ST 1E B S 09 2 Mher

ir g%gl\?gg § Acduth tnl&oaco%Parc@)éﬁﬁil A4eRGHd QGGIR:hing &, he?ﬁ&at 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 stream, 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] U.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.
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is achievable at 250 to 300C (482 to 572F), wth
substantial precooling of th€-hot effluent to 300 to
400C (572 to 752F), requiring a high circulation rate
of quench, e.g., up to 21:1 quench to hydrocarbon
f Eﬁg‘gy REQNERY A MoRerSeRPERRIE & cArANESHITRA! fricfionator pumparound
circul ation punps and pi pework as well as associ ated
eniecudly fayoniag mgoveny. of sBam6it med8m prassyes- 4i@ud cobepted from the
di scl ose t recovery fromh f &l uent ! .
or Y B a R B TR s YEep o Pndesinabte
t heed§T efisdoub emeleetiRBgelicredsing 2hegeffi@edt ldegtuipdint njuer tfedling
into Its tubes to provide process gas cool ed to about
s Gorensiesy fiduidweshing obexqhangsr thlgsrahes wroa ynafopy fiqve gatterns
Ol ok iR E)%c%ﬁ{l%e? NP vy %Hgé"ffbgﬁﬂad Wwhibf L’:é{lﬂli({}évgr $dd€eptible to
recovery of steam'at nedium pressures. Liquid
catdraditiod of noifornh e asieiquid disyriblitionfover time as a wash
l'iguid increases the concentration of undesirabls, ..
WA i aR el Bk eEcke RopRaimy KSYeht Ghricilin Qilas I
PRIt f ol . he LU ' ing involvin
ot ehar g o SRl ST Bropbicd Pt Wleihing involving
atrdiest quracking hveitly e rtransfee fine lisels érebeigsaftd [peodugh ihegh-pressure

techni que i usceptihbl.e tg, deqgradation_of, unjform
WSER A W AR b etie bOa A THRETo) BB e A prossure
akteam. St eam cracker Econony Keyed to Quenching,” Ql
Gas J., Vol. 76 (No. 20) pp. 63-68 é1978), proposes a
t 281 agel Sudtatanin §,003:98 1 vindgS A A4H B@ PEORSR ric FY d $taget gench
a_transter dii t h t | . .
RSP, DER, AR AERES ey e
qeedhaigdi whith fipichidus e fpilily opr esateefBt@anmd [tOQefdrate high
U.S. Patents 5,092,981 and 5, 324,486 propose a t ;
s (ARRETH WREN SRR ragd o Seqopdary trang s (liney @WP@@%&M@?%%%@?S to
c rhsi ' tf.a M iahd : ' :
S R R L
geffeiant eprivhayly frectipanti uore qeé¢rehntoaved Perfemoenctamyd to generate
t Ef?eHSf er Jine exchanger which functions to cool the
f TR RO RIESHITG B°8Y | ow a tenperature as possibl e
C‘PO’@D? entr. oM pleRf 51107804  BFdpdBdsY tfahdet 118RARENMEers having
quench tower performance and to generate

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



mediumto | ow pressure steam [0029] U.S. Patent

5,107,921 proposes transfer |ine exchangers having
waoubd7iopseet ube passes of different tube di anet eCsUSkH0E024999

Pat ent 4, 457, 364 proposes a cl ose-coupl ed transfer

i ne heat exchanger unit. [0030] U S. Patent 3,923,921

proposes a naphtha steam cracki ng process conprising

passi ng effluent through a tPansfer |ine exchanger to

cool the effluent and thereafter through a quench

tower. [0031] WD 93/12200 proposes a nethod for
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t qensli erwdrivlereshcangergraofitheeéhuegl ésrehnged tp ladevel at which
e%lflgtﬁlnt .vvihh liguid ter so that the effluent is
cBEeERenbIS sheicaly SPB®e i n the range of 105C to 130C
(R831] t o E266G9 205 Bedpotdrad mzadyfob cbslirngl flulil such as a cracked
condense, as the effluent enters a primary separation

visaeiiin, profect dohBeng Senyen Eng Arhapgds Apeng deroataerer sepprate
tll?e t%ﬁc%ﬁﬁ%iﬁggécftfoﬂgm in theprimary separation vessel
an er ’

i hi'ng ‘gaseous effluent is passed to a
qeessjh t gre200M80366t pepbespeiihgrmixell gahened fhighe tdmpegature
reduced to_a level at which th ffluent is. chemcall
Steast anithy phsgpironigl hegh emngﬁr&ﬁ@s &n 3het {gicHlhoat exchahger

CORNA gtsahér# ;H}xg{x:?ﬂ;% hpl@ﬁesailﬁfa@igg ed feapdtien BrRdust AbYeavy

usi ng’ trans exchangers having two or nore
sepapaicet weadensxd hianfienyedieat ieyplangpi0(8 3hergafter separated by

200 036 roposes cool i m xed gas in a high
t%ﬁéﬁ&nﬁgg?’ﬂﬁbemegﬂmg SF?%F‘i zontal heat exchanger and

t fpp4pi t hwe y&564412GE1€300.882GBUE309 1308, US| Paerted444,697;
exchanggnégl anes installed in the vertical direction

A
hé49§,0 bHeS; dd38a 823 h13Tis, Wk 3216 8190806 hiaange}-91%420;

BRSSP ALRSYudle S bt e, YR 5 v
1ih30d¢t g8Roud btfzanPRipRded tHrodgH 2 GR&Ncpifd 6y §B3ich tube wherein a

4,121,908; 4,150, 716;. 4,233,137; 3,923,921; 3,907, 661,
ahwlé,CQ@g?ﬁﬁG?ncﬁﬂé]@é%@J%}@ﬁi ous apparatus for quenching

310835 CF 4588 QARCHYG $14; SRSOINRL. & oL i ha7aRSC AU 697,
stréam i s passed tHrough’a quénch Pi pé of quench’ tube
WBO621P0;a 4]1241908; candl 6,626,82dienndh Grea) BritainnPetene ddpplication
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
steam cracking furnace 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: (a) 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



[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
WO 262808@d; and Great Britain Patent Applicati 8aT/US2006/024999
1, 233, 795 di scl ose nmethods of distributing wash
liquids in quench fittings, e.g., annular direct
guench fittings. [0036] Gven the foregoing, it would
be desirable to recover usefUl- heat from steam
cracki ng furnace effluent in the absence of rapid
fouling and absent direct quenching in order to

NEHIRhLS; @Y ﬁas%idg BE85EYd EERSHMRQR) thbush@@8as aekkfthdary
processes used to manufacture |ight ol efins. SUVWARY

oﬁeamgchmgenrmowe[cqumchoﬁ@hm@ctcompneng rée §éhet having a
Irglgoggstg:,s? gr aeF ?13 oﬁf‘? }ocgs% sflc?er beﬁxqé) cb CCPG/gth a substantially

precur sor=con

gaseRususLhddid enh, rmsvidyd rg@@a@tlb efflupitr smfeyﬁll df redd%ed tar content
net hod co r|S|ng (a%ﬂpa55|ng t he gaseous effluent

thfIQWgWa (383F). e Belowethy RERETAEEE fhnyaeh (s tar precursor

h exchanger) to provide a cool ed
eh}f ;}’@Jonﬂ ovée the tenperature at which the tar

pfO38} soriniont tomliduyatamaeitkie aspechdf thasisientjont, lab leastal Imftion of
effluent fronf&g% t hrough at .| east one second % ;
eSRHEBhERSPVEET bYdbe Wt Waﬁ JARFR &6 ﬂb%‘?@éﬂ“‘&%‘ﬁf f ﬁeﬂlae%% ures
tHQ@w%\éhf‘QS?’Cp(S(A@@P)S e dR1IAPAbSutSITEPE (SO, §a5}ebelow about
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c36@In@60¥) i quid film to provide a gaseous efquent
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at tenperatures b (5500F). [0040
I ﬂ7XPé1(3éﬁ‘btofﬁé}O°E)3nf| guration of this aspect of the
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one dry-wall quench exchanger is selected from the group consisting of a high
pressure steam superheater and a high pressure steam generator.

[0042] In yet 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.

[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



typically fromabout 343 to about 649C (650 to

12000F), and cooled in (b) to a tenperature of |ess
woheot/aboat 282C (5400F), typically from about PATSE@®6/024999

about 2770C (350 to 5300F). [0041] In still another

configuration of this aspect of the invention, the at

| east one dry-wall quench exchanger is selected from

the group consisting of a hilgh- pressure steam

super heater and a hi gh pressure steam generator.

[0042] In yet another configuration of this aspect of
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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



about 7000 kPa (600 psig to 1000 psig). [0046] hi

still another configuration of this aspect of the
wonvermnson, the liquid filmis derived from cordenseme/024999

gaseous effluent, quench oil, and pyrolysis fuel: oil

The quench oil can contain | ess than about 10 wt % tar,

e.g., less than about 5 wt% tar. hi one enbodi nent,

the quench oil contains distld1ate quench distilled

fromthe gaseous effluent from hydrocarbon pyrolysis.

hi anot her enbodi ment, the quench oil is a heavy
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[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 a tube having a process side and
a shell side, said process side being covered with a substantially continuous 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.



to 1150F>, e.g., about 454C (850F). [0051] In still

yet another configuration of this aspect of the
wOonvErnson, the nmethod further conprises (c) pRESIUSYP06/024999

said cooled effluent from (b) through an additiona

wet -wal | quench exchanger to provide an effl uent

stream bel ow about 2600C (5000F), whereby at |east a

portion of the energy recoverldd by said additional

wet -wal | exchanger is recovered at tenperatures bel ow

2600C (5000F). Energy can be recovered in (c) by
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eYhich &ar b aassed cenled pfflient fipmx(bhty priovide 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.



[0054] hi another configuration of this aspect of the

i nvention, the dry-wall quench exchanger provides a
woabd7/psoeess side surface which can be suffi cPemisy006/024999

heated to provide a process gas/wall process side

surface interface above the gaseous effluent dew

poi nt. [0055] hi still another configuration of this

aspect of the invention, theldetwall quench exchanger

is selected fromthe group consisting of high pressure

st eam generator and hi gh pressure boiler feed water
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generate steam having a pressure of at |east about
48KegURBA- (600 psig). BRI EF DESCRI PTI ON QF THE DRAW NGS
[0057] FIGURE 1 is a schematic flow diagram of a

nmet hod according to one exanple of the present

[ MMI&DMSGRHTMDETW from t he

cracking of a feed heavier t napht ha. [ 0058].. F
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FIGURE 1. [0059] FIGURE 3 'is a sectional view of the
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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° to about 1706°F) and the invention provides a
method of cooling the effluent to a temperature at which the desired C,-Cy4 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



ef fluent stream from a hydrocarbon pyrolysis reactor

so as to renove and recover heat therefromand to
weoeeperiasoc C + hydrocarbons fromthe desired C PCA#/US2006/024999

olefins in the effluent, while mnimzing fouling.

[0062] Typically, the effluent used in the nmethod of

the invention is produced by pyrolysis of a

hydr ocar bon feed boiling wi tH5a final boiling point in

a tenperature range from above about 180C (356F), such

as. feeds heavier than naphtha. Such feeds include
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ik%/q%ntl%n relates to a nethod for treating thegaseous
eff1'UEHY- from the heavy feed cracking unit, which
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cl eani ng. Conventional indirect heat ‘exchangers,
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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 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. In one embodiment, the liquid 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).



[0064] On leaving the primary heat exchanger, the

cool ed gaseous effluent is still at a tenperature
waho@ogd4oe hydr ocar bon dew poi nt (the tenperat BCE/USR2006/024999

which the first drop of |iquid condenses) of the

effluent. For a typical heavy feed under certain

cracki ng conditions, the hydrocarbon dew point of the

ef fl uent streamranges from Hbout 343 to about 649C

(650 to 12000F) say, from about 399 to about 5930C

(750 to 11000F). Above the hydrocarbon dew point, the
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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 (Ib/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 Cp-C4 olefins. The pyrolysis process in the steam cracking reactor 104 also

produces some tar.



fouling. Such a wet-wall qguench exchanger nust coo

the process stream continuously to the tenperature at
woehbwhosams i s produced. |If the cooling is stoppedusS2006/024999

before this point, fouling is likely to occur because

the process streamwould still be in the fouling

regi me. The wet-wall quench exchanger can be a high

pressure steam generator as- Hescribed above, or a high

pressure boiler feed water preheater. In either case,

the presence of a continuous liquid filmprevents
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Suk F505,6700 OFuLS, HP00EL . 0 R B e
r b)%&ﬁnéép!ﬁ' Whild BhI@DRE WA ih@odRed tviDBIL1{ 83D preheated and
vaporized on the shell side of the heat exchanger 112. In one embodiment, the
heat exchange surfaces of the exchanger 112 are cool 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 furnace 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.



to 98Q0F), and then nore slowy to about 549C
(10200F). The furnace effluent 106 has a dew point of
wahooroogedC (8500F). The effluent 106 from t hePcraskiong24999

furnace 104 typically has a pressure of about 210 kPa

(15 psig). The primary heat exchanger 107 conprises a

boiler feed water inlet 108 for introducing high

pressure boiler feed water f&hging from about 4240 kPa

to about 13893 kPa (600 to 2000 psig), say, about

104501 cPa (1500 psig), and having a tenperature
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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



al so rapid between the tube netal and the liquid film

219 on the process side, and therefore the film
woenp@ostare i s just slightly hotter than the PQDaIS2006/024999

netal tenperature at any point in heat exchanger 212.

Along the entire length of the heat exchanger 212, the

filmtenperature is below the tenperature at which tar

is fully condensed. This ensi®%es that the filmis

conpletely fluid, and thus fouling is avoi ded. [0070]

Reverting to FIGURE 1, on |eaving the heat exchanger
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[6§$gﬁ°@HHPB§ PWBgﬁﬁégwggP?hf 1-116, the cool ed
gppeaps afdrlewgiplel @ ihRt 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 fixed in an
aperture‘ 346 in a false tubesheet 344 positioned adjacent 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 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 medium. 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



at a tenperature where the tar condenses and is then

passed into at | east one tar knock-out drum 122 where
woheo7@bgdosent is separated into a tar and cokePETASL2106/024999

124 and a gaseous fraction 126. [0073] The hardware

for the heat exchangers 112 and 116 may be simlar to

that of a secondary transfer |ine exchanger often used

in gas cracking service. A-sHetl and tube exchanger

can be used. The process stream can be cool ed on the

tube side in a single pass, fixed tubesheet
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pyrolysis effluent.. Simlarly,  Little fouljng wl.l
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f%i"plirllgljgis 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 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 temperature regime between

the hydrocarbon dew point and the temperature at which the tar fully condenses.



tenperature regi me between the hydrocarbon dew poi nt

and the tenperature at which the tar fully condenses.
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whose entire contents are incorporated herein by

r efcondmy etrarpfes king iekehasgehaegld npwraly proyvedey ghis Yiransition in

nperature very close to the process
teﬁﬁ%ra%ﬁféemﬁéﬁg t he exchanger tube 454 operates at a

t f0UOeT at ure yebidal ogasfe kfatxcfanpére negobe rdpsigaed Umsn allow
Accordingly, little fouling wll occur on the surf
ofleqokinge oF Hap faehanger usingn SRy op g BUSWTS 10 fopfesmat Gir in

gpﬁq‘:ﬁﬁgﬁtl{a&\gﬁ(\’t ?fﬁ!{%a@ dE:&)‘?ﬂ ﬁltéfﬁ' SviRhf hﬁ%&qace is decoked,
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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
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
invention was carried out using a small scale pilot reactor of about 0.25 inch (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



t he hydrocarbon dew point and the tenperature at which
the tar fully condenses.[0077] The secondary transfer
woOimg/esohanger nmay be oriented such that the pCOMS3®6/024999
flowis either substantially horizontal, substantially
vertical upflow, or, preferably, substantially
vertical downflow A substantially vertical downfl ow
system hel ps ensure that thé&2n situ liquid film
remains fairly uniformover the entire inside surface
of the heat exchanger tube, thereby m nim zing
gﬂ minftdsO w\@al tenifdrurd® bF 8Aft 375 H@rst@)t Arf@n 30N (54°
filmwll tend to be thicker at the bottom of
t@)a rhudamgthmﬂnwgdeﬁ andI6e7 s tsneadyelnt withao deiscisblepessure
of. the eff%ﬁﬁ of gravity. In a vertical upflow
ArFeRp e ¥THE liquid filmmy tend to separate from
t fpesd1be Rlduesh ki dthd Fx@ﬁ’éht iveptibd cdrhgenkiaguiitduf odeand
downwar d. Amother practic reason favoring a vertical
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[Tary tran e S t I
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fIOMIsecondary transfer |ine exghanger woul d na£§:%$§¥ﬂ1
p?SO\‘MeHe PH%smFrHﬁ%finf |1’E)‘f?nFlﬂn PFRGARS BrioTofost Weys Pt &5 ©
gé%z&ls el AR rﬁg) &1‘39&5&5 R&ﬂoﬁ%m%&&&%% tRYmEE: and
signed to a eco ng of the exchanger using
steeamrdneat&hemfrbmre&”ﬁaﬁn&y eam and air in conjunction

1t I e. dec n n_the f ur nag
altodiba® VIR RE Ry fs HeR onbet e Eptdiola iy, Grtain
ablreferfelaeenflwdﬂﬁ&ﬁs 85 tHav 88fectdabdrdof b $ be RS flhy Gniphsiddtand
primary transfer |ine exchanger and then through the

saommjdr:@ tlfr anshiasr intended e Hamigethep invsntien ‘l?eﬂhfﬁe particular
di s decok f.L u st e

%rgg%? glen t @n van fétéaef EI flgr %?%{1&%& {0 OV%’ tgﬂetag%rﬁ%t ves,
tﬁﬁdﬁﬁ:@ﬁ&ﬁbahﬁdtdq@mieﬁts lag ﬁﬁa}emhﬁmgﬁ]ﬁdtwhbﬁl tie beope of the
greater than or_ equal to the inside dianeter of the
pHIVARGN asrdeliae@py fefependeH&Hi8F tubes. This ensures
that any coke present in the effluent of the primary
transfer |line exchanger will readily pass through the
secondary transfer |ine exchanger tube w thout causing
any restrictions. [0079] In the absence of added

l'iquid quench, care should be taken to avoi d excessive
exchanger wal |l tenperatures, especially in smaller
reactors. Wien the invention was carried out using a
smal|l scale pilot reactor of about 0.25 inch (0.64




cm) internal dianeter in the absence of added |iquid
guench, using a 500-800F (260-427C) wall tenperature
woeswrlooemei n rapi d coki ng and correspondi ng pr e6TMISE006/024999

drop when quenchi ng cracked gasoil w thout |iquid

assist, providing a run of onlyabout ten m nutes. At

wal | tenperatures of about 275 F (135 C) and 130F (54

O, runlength increased 5 a8 6-7 tines, respectively,

with no detectable pressure [0080] The quench system

of the present invention can generate about one and a

hat hifses the amount of high pressure steam produced

by conventional techniques. It can achieve this while .

ui ng Aessthohfn chalifg atbregensnioB cBEIRY deomy tas PESHESOr-yontaining

require t hus reduci t he ener Iy Lo _punp

t e?:ﬂf‘e%@ﬂené' O%ﬁyﬁg‘fﬁ?g‘mﬁ?ﬁ%{y S ’htgg %#egrgo? nCtO%SDrI{I\?gl i on

provides a pawingQsid yeyorfefliaetirogel Kelegavaedsy-wall quench

effluent stream from a hydrocarbon pyrolysis reaﬁ:_tor )

SExch8nged 19 ERYNIEC ArR9o Bont pbave fl??e%ééfmeﬁﬁwre at which said tar

eélfeic&ris%ﬁéltf’éﬂykggée% Mhile the invention has been

descri bed T n’connectron with certain preferred

embodi (Mnt spawinitht casipé effuchh&bmofa) timyugie ainieast dnalwep-wall

under stood and appreciated, it is not intended t ) i

| AvAneh exehan g eSS ngGa élﬁ)@s@ﬁl&% PREsS SRa L gl gde, said
ok 08 sk ¥ov§kéd_ With aLERAREIY QoROMRIus Mghid film, to grovide

atternatives, nodifications and equival ents as may be

i nghsededeffiubii sireameofsedyped tdr cohtent balewt283HC 435QE}, iané delow

by the appended .cl ai.ns. CLAMS: 1..A nmethod for cooling

aﬁﬁ’ t?rgﬁﬁgtg’f‘? %d”dlaa?s Fad@‘&\‘r PoTHE°3F 1nr5t|1a@1érucro§1g?qsg% nt ai ni ng

gaseous effluent from hydrocarbon pyrolysis, the .

nmet hod conpri sing: '(aZ:t passi ng sai d gaseous effluent -

t Ar oughheimethwslsaf ddaim brwhasely atdeash e ROEICEHREfgErey Igcovered by

provi de a.;,coal ed f o

A QR ER e S RS PO o RERRICE bty fou 282°C

pesoPIY the cool ed effluent from (a) through at |east

one wet-wall quench exchanger conprising a tube having

a process side and a shell side, said process side

bgi ng ?Ré( SAhdbf aiy SIP%EL%B%' F’iéa@’t S9E DO Serdet M elovered

film fo provide a gaseous e £ uent“stream of reduced

t &y saidntventvalh ejuenct? 8¥chaf g 0F )recavetedoat mpietpgures below 287°C

tgﬁg)g ature at which said tar precursor initially

c es. 2. The method of claim1l, whereby at |east

a portion of energy recovered by

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 any of claims 1 or 2, 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).

6. The method of any of claims 1, 2, or 5 wherein the gaseous effluent is

cooled in (2) to a temperature ranging from about 343° to about 649°C (650° to



said wet-wall quench exchanger is recovered at

t enper at ures bel ow about 282C (54Q0F). 3. The net hod
wofhowlas4s 1, whereby at | east about 10% of enePQy/US2006/024999

recovered by said wet-wall quench exchanger is

recovered at tenperatures bel ow 287C (550F). 4. The

nmet hod of claim 11, whereby at |east about 50% of

energy recovered by said wet2dwal | quench exchanger is

recovered at tenperatures bel ow 287C (55Q0F). 5. The

met hod of any of clains 1 or 2, wherein the gaseous

eLde'd ManliSeop R4l bg@o (Gaemiperaturt QARSAR HONE aBdut| EFS to about

t han about 7040C (1300 OF), and cooled in (b) to a

t 2TPEr@60t to 580°Fless than about 2820C (54Q0F). 6. The

met hod of any of clains 1, 2, or 5 wherein the gaseous

effluent is cooled in (a) to a tenperature ranging

fyom alppsitmedhd drangdttic HaQQidHERnts) 12N saidadlcaganediry-

in (b) to a tenperature ranging fromabout 177 to

awelitquerctoexchamyr iy selered from thepgrow cppastizg ofrd/high Rrpgsure

pr.ecedi ng, ¢l ai erein. sai t one drywall
q%}S%f% ﬁu%e%}é?}ag%& g? aih\éghslger ?%’escll:l fee%éa?? g%%e% ﬁgls group consi sting

of a high pressure steam superheater and a high

pressure steam generator. 8.  The nethod of any of the
pPecediAg H{ﬂt}&drﬁ% ok the preceding dpingse eredh \%alﬂ?\é‘i %ﬁfftlone wet-
| ihdd i ! EQI& to
RS R R A e

| effedt dhéreomcohdensaninedf Effidutorn the qoaledsefflaentt of (2) so as to
provi de agqsﬁlllf.-fhjxi ng film 9. The nethod of claim38
WHEV S T8 P uxing filmis rich in aromatics.

10. The nmethod of claim9 wherein said self-fluxing
filmcontains at |east about 40 wt% aromatics. 11. The
nBt hod Th¢ metheidrafglajh & whereinshid spltluging filgy isfidh in aromatics.
exchanger is a shelland- tube exchanger. 12. The

met hod of any of clains 1 through 7, wherein said at

| east gRE M@haBbE cliane Wirxdhaageselfifliting €mAcontains at least

substantially uniformy distributed oil wash to
about 40 wt% aromatics.

11.  The method of claim 8 wherein said wet-wall quench exchanger is a shell-

and-tube exchanger.

12.  The method of any of claims 1 through 7, wherein said at least one wet-
wall quench exchanger utilizes a substantially uniformly distributed oil wash to

provide a wet wall substantially free of dry spots.

13.  The method of claim 12 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.

14.  The method of claim 13 wherein said fluxing film is rich in aromatics.



provide a wet wall substantially free of dry spots.

13. The nmethod of claim 12 wherein said at |east one
worbowasdos quench exchanger utilizes an annul ar POTIUS2006/024999

di stributor at or near the exchanger inlet to

di stri bute quench oil along the quench exchanger wal

so as to condense sufficient liquid fromsaid effl uent

gas to provide a fluxing fid3h- 14. The nethod of claim

13 wherein said fluxing filmis rich in aromatics. 15.

The method of claim 14 wherein said fluxing film

cont ai Pge aletl A 18P whErei 94i@ TRRRS! Bith cdiflaind Bleast about

met hod of any of the preceding clains, wherein said

etewifp areoaiasr ed by said wet-wall quench exchanger at

tenperatures bel ow 287C (55Q0F) provi des steam at a

pressure above about 1480 kPa (200 psig). 17. The

meg hodTRE nRhodVf ahhef ﬂfegﬁ&ié'tlfmg otdimis Whereinenii dhess) deovered
energg recovered by said wet-wall quench _exchan

oA el DTGP BBl SSODPST R eRAHEE 281 Slrod provides
- pSi . 18. Th
Pét?%% g{ % P%g%;?g %?a{%%ooézﬁgo g?% éi%@i |, 9) e

he "prece wherei n said
energy recovered by said wet-wall quench exchanger at

t enper at ures bel ow 287C (55Q0F rovi des. st eam rangi n
[ P a BB RA R of B mESBTRAA BB LT g Seovered
gﬁg%’aﬁg %Je\%l)%vall end 6k MEIPs t@lfnpl@iréﬁl_ré)sf bdl&\g 2B7 RS BH0PY) provides

eretn sard Irquid filmis derived from
csinaie nt @ dregaige ebsveabbiit 240 kPqeMpsigi | , and pyrol ysis
fuel oil. 20. The nmethod of claim 19 wherein said
guench oil contains | ess than about 10 wt % tar. 21.

The netrhethedfodtdfanio2 hewhededing didisawbaeth Rid ereent @bdheered
distillate guench distilled fromthe gaseous effl uent

f b maith yeet-wedlraenciherchpnast at temperatuies bdeWad 7 §F (03 rpropides
A 0 : .
CBUE PRSI S 9T a0 ATV RTR 6 190 sl

asphal tenes. 23. The nethod of any of the preceding
ai ns, wherein said dry-wall quench exghanget

glﬂ%vi débe aaiked op pBY 6§ dhcs Preeedine clkassRFFER i figuid film is
Qggﬁ‘%ﬁ i e&;&}ehge% SsPI2CAARNY ARk dit BROp GRS #l&1 oil.

ace I nterface ove the daseous é ent” dew
poi nt.24. The nethod of any of the preceding clains,

Wg(?.r ¢l q‘hg ?rlle(%h(yge ct>f c allrrll 1&%%%196?1’1 said quench oil contains less than about
10 wt% tar.

21.  The method of claim 20 wherein the quench oil contains distillate quench

distilled from the gaseous effluent from hydrocarbon pyrolysis.

22.  The method of claim 20 wherein the quench oil contains heavy aromatic

solvent substantially free of steam-cracked tar and asphaltenes.

23.  The method of any of the preceding claims, wherein said 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.



exchanger is selected fromthe group consisting of
hi gh pressure steam generator and hi gh pressure boiler
wobeed/onaer preheater. 25. The method of cl ai N"P#/US2006/024999

wherein said wet-wall quench exchanger utilizes

co-current flow of process gas and heat transfer

medi um 26. The nethod of claim 24 wherein said

wet -wal | quench exchanger w344 zes counter-current

fl ow of process gas and heat transfer nmedium 27. The

met hod of claim 24 wherein said wet-wall quench

exghanggs ni.eﬁlo@rdg’l%ﬂﬂ/ %g 116S3rbde@Rld Maimd WheRIPEEE $/e89411 quench
Y.

fl ow ng downwar 8. 'The nethod of claim 24 wherein

seicltanger iswedl¢ctaufomthe gedvarmpasisiing of kigh presspiepécam generator
ex%n&gger. 29 Thj?%gtapd %%aléain124 wherei n said
W R Pregiy bl Fepth gt P shel | - and-t ube

exchanger. 30. The nmethod of any of the preceding
cl aims, wherein said gaseous ef fluent from hydrocarbon

py3-ol yShe methagmfzlaian2s yheseipsaje el wallf giegch excbapgsy utilizes
fro e aljyospheric gas
o%?'?ﬁl\?egl?: @tl??nﬁogffls?ggoegs E&h%}lg ?%gt&g%’gge% g}edand crude oil

whi ch has been treated to renbve heavy residue. 31.

The net hod of any of the preceding clains, wherein ..
sévd t ahpEIediogh e clpimypd Setsly st AvetoYaaieRE Crep e Yizes
c S @@ﬁg 1854C (600 to
1%%%%?%%%55 T e%ﬁéﬁﬁgﬁ%%gH%%ééggﬁgﬁgqgggggﬁing cl ai s,
wherein said tenperature at which said tar precursor

ipLtia condenses is gbout 454C.(850F).33. The .
method TbY TSAPOGOT, 8 e BAFRAT Sds Ner i P L rppeer s
C OBt S esti€Aly, RABTro@sS fsd1Fant adwakbddient from (b)
t hrough an additional wet-wall quench exchanger, to
provi de an effluent stream bel ow about 2600C (500F),

reby, at_ | t rij .t Y} .
oara abf erfia Sr it Yhefiin I8, RREVAN GERO Bk s o
t eoReE pipdleeshaBgérow 2600C (5000F). 34. The net hod of
claim 33 wherein energy is recovered in (c) by
preheating high pressure boiler feed water to generate

?ggg mp g'lﬁ% i)n[i'&h@d BE @Fai" £4 WneBin |s§1%1$&,eé&9ﬂtqﬁﬁéip e%&ﬁ.nger is a

shell-and-tube exchanger.

30.  The method of any of the preceding claims, 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.

31.  The method of any of the preceding claims, wherein said temperature at
which said tar precursor initially condenses ranges from about 316° to about

654°C (600° to 1200°F).

32.  The method of any of the preceding claims, wherein said temperature at

which said tar precursor initially condenses is about 454°C (850°F).



35. An apparatus for cooling and recovering energy
fromtar precursorcontaining gaseous effluent from
waydrmostbon pyrol ysis, conprising: (a) at | eaBCTmISE006/024999
dry-wal I quench exchanger through which said gaseous
ef fl uent passes to provide a cool ed effluent above the
tenperature at which said tar precursor initially
condenses; (b) at |east one32¥et-wall guench exchanger
conprising a tube having a process side and a shel
side sai d process side being covered with a

st apfd @lethdCanid ;erotﬂé pré@ding dldihid) wh%oﬁﬁheﬁ/\&ﬁrﬁﬁhses (©)

t e cooled effluent from ( aé can be passed through
preasving esail gaeleéﬁﬂedrﬁlﬁu@nt(b tth:@aﬁhdm ﬁ@bt}@@d wefrwall quench

-t ARG GRERRT S FHeY AP ie5hG dnaLRS Ghetesy o
Tfé@stﬁhpllﬁﬁﬁ@ﬁ WF tif elfe&%g F8c3Pered & &laidl §dillt§50rf&1 vdeea&n exdBanger is

dry- uench exchanger is selected fromthe group
c@ﬂ@‘i’%ﬂ argemperaturﬁswlqwf 86¥6r@08tdam super heater and a
hi gh pressure steam generator. 37. The apparat us of
any of clainms 35 or 36, wherein said at |east one
Wt - walThe egevdiofexmedBy@hensin éﬂei@;&saemetedpmc(c)ebgs psdhdating
surface sufficiently cooled to effecgathere
cloighgmesticoPPilsr tpsdyWrier 19 SRR o daviae pReRIIG P ek jeast
self-fluxing film 38. The apparatus
O@x@%ﬁifﬂﬁ%jﬂgbﬁém%% t hrough 37, wherein said at | east
one wet -wal | quench exchanger utilizes a substantially
forrﬂy di st.ri hut ed .oi sh nmeans to de a ]
mattgsn? ralcP?/hq;g, ochcme?ng p(a}e y m.ltﬁr precursor-
aw?ﬁzhﬁ ?%a@efou@@fﬂu@ﬁt HoAinYBrodrbbh ?MﬁlﬁZ@mﬁﬁﬁﬁgl n said

at | east one wet-wall quénch exchanger con‘grlses an
annul af?)oi | atdieast pn@mowalégu@mhﬁﬁdiangpreth@u@ arfuet sqih gaseous

to.-di stribute guench | t g . :
R R e S
efat pretisomsidlly dohdtiseke a fluxing film 40 The
apparatus of any of clainms 35 through 39, wherein said
dr y- wa(t) quétrﬂ@,?ﬁt enewahyel qyeesh %ga%e%‘l’mp%ﬁl%% %§1Q3esl}aaglg a
S?‘fo%gs%esld@ n‘/ﬁ ﬁ%ﬂ R §éd£1 ggﬂglhé/ gtcsger&? Oé’élﬁ)@taﬁtlally
0Cess rocess SI de sur acé I nterface above
t hﬁlt@asmlﬂ@néffﬂﬂnu&mdsugﬂlemhxph |t1m cooddd efflmentai}’nqnar(al cm lof passed

any of cl
th¥ough to par!)\rf[l%le §5ga§er$5§“é ueﬁp stream OF relauceac'i tar content Ie&ow 287°C

(550°F), and below the temperature at which said tar precursor initially condenses.

36. The apparatus of claim 35 wherein said at least one dry-wall quench
exchanger is selected from the group consisting of a high pressure steam

superheater and a high pressure steam generator.

37.  The apparatus of any of claims 35 or 36, wherein said 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.



qguench exchanger is selected fromthe group consisting

of high pressure steam generator and hi gh pressure
woabl7amosfeed wat er preheater. 42. The appar at uBCoOfUS200%/024999

of clainms 35 through 4 1, which further conprises (c)

an additional wet-wall quench exchanger which utilizes

no nore than about a third of a substantially

uniformy distributed oil wagh-conpared to the

exchanger of (b), through which can be passed cool ed

effluent from (b) to provide an effluent stream bel ow

aBgut FHE0GH42RRBE anYReTens 85 thRRsh 3, mlr&én@ Rai@fat 16t one

energy recovered by said additional wef - wal | exchanger
i wet-setveach @tchamqn atilizasraesibs@nbally 260 forpdp disjributeg! o1l wash

Th h f h
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by preheati ng hlgh pressure boiler feed water to

gener at e steam havi ng ressure of at | east about
4330 kiPhe (@ppyapsi @)any of claims 35 through 37, wherein said at least one

wet-wall quench exchanger comprises an annular oil distributor at or near the
exchanger inlet to distribute quench oil along the quench exchanger wall capable

of condensing sufficient liquid from said effluent gas to pravide a fluxing film.

40.  The apparatus of any of claims 35 through 39, wherein said dry-wall
quench exchanger provides a wall process side surface which can be sufficiently
heated to provide a process gas/wall process side surface interface above the

gaseous effluent dew point.

41. The apparatus of any of claims 35 through 40, wherein said wet-wall
quench exchanger is selected from the group consisting of high pressure steam

‘generator and high pressure boiler feed water preheater.

42.  The apparatus of any of claims 35 through 41, which further comprises (c)
an additional wet-wall quench exchanger which utilizes no more than about a third
of a substantially uniformly distributed oil wash compared to the exchanger of (b),
through which can be passed cooled effluent from (b) to provide an effluent
stream below about 260°C (500°F), whereby at least a pbrtion of the energy
recovered by said additional wet-wall exchanger is recovered at temperatures

below 260°C (500°F).

43.  The apparatus of claim 42 which 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).



