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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 suf'ﬁciently to cause thermal
decomposition of the Jarger 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.

[0005]) The steam cracking process, however, also produces molecules which
tend to combine to form high molecular weight materials known as tar. Taris a

high-boiling point, viscous, reactive material that, under certain conditions, can
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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 and heavier feedstocks, 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.

Below this temperature, conventional heat exchangers cannot be used because
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r eftapTRRIE Phish typielly inclugey anheihguepeh section, a primary fractionator
tower and one or more external oil pumparound loops. At the quench section,
quench oil is added to cool the effluent stream to about 400 to 554°F (200 to
290°C), thereby condensing tar present in the stream. In the primary fractionator
tower, the condensed tar is separated from the remainder of the stream, heat is
removed in one or more pumparcund zones by circulating o1l and a pyrolysis

‘ gasoline fraction is separated from heavier matenal in one -or more distillation

zones. In the one or more external pumparound loops, oil, which is withdrawn
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[0016]  Further, the primary fractionator tower and its pumparounds are prone

to fouling. Coke accumulates in the bottom section of the tower and must
eventually be removed dunng plant turnarounds. The pumparound loops are also
subject to fouling, requiring removal of coke from filters and periodic cleaning of
fouled heat exchangers. Trays and packing in the tower are sometimes subject to
fouling, potentially limiting plant production. The system also contains a
significant inventory of flammable Liquid hydrocarbons, which is not desirable

from an inherent safety standpoint.



subject to fouling, requiring renoval of coke from
filters and periodic cleaning of fouled heat
exgbangeyys. Trays and packing in the tower f&%szoosmusm
sonmetines subject to fouling, potentially
pl ant production. The system al so contains a
significant inventory of fd amrable Iiquid hydrocarbons,
which is not desirable froman inherent saf ety

poi L WO 2007/ 0 CT. U820 9 00171
TREPAP ookprei ERETOR S e d G e BT P
rmtmmis bt efffuest] ipagiculplyr dey efififent rfrcim eHef btu&mtc,raclqng of
par cul the effluent . fro e st eam

IRy AN R e S

@E:&:)hngﬂ | chipabnt @8 Wit &viatdshBe 6Qa11biNY fpﬁﬁwypmtmmd

whi ch obviates the need for a primary fractionator

t towerand HejancHlary6quipmestr v equi pnent. [0018] U. S. Pat ent s
408149, 7333 Wh@enf’s 418,713 dnd ¥, PROBE pfobee Kt RBn Rl RBESust

a quencher, indirect heat exchanger and fracti onator to
co Bvenglfet,| indirect heap sxahamasyand Feghionateratm coplaefRilent, refieED |
WUrotn stEah 834Sned 150, 716 and 4, 233, 137 propose a heat
recovery apparatus conprising a pre-cooling zone where
t [§819%f f | WintPatents uf. 13014 6f asimAsXB3A3 poapaesk ian fedt srebrvong ht

ir %Qrat‘ﬁ?@& inpha! A d@og%ﬁ%%% 1SS D Ght ?Aﬁhl%? ﬁjal%astteam

overy zon arating zone. Lohr
adracking S éan‘ghtriaw k@ntaﬁmﬂomypmmecwemabh@mn @Hieatgr,eto@ﬁ &
C%%eandour na{'%llt z 76, (No. 20), pp. 63-68, (1978),
prop osese% ?wg s age guenching involving indirect
ol0az2ug hi Aghmettah, ‘StdamamskerEchhangy h@aﬂ toeQushetige? Otl @& Gas

oduc h rassur e o] W|th direc
R A A A TR g R
Sin@sihg fridect huddciomg Pak & mhassf&, 129 Bea‘i) S&fh&[gér ;ﬁf;}%’nﬂmé 81oh-
pro ose a two-stage quench rocess far e uent
O RE SR lPBe Pk B SYERCRIIEN Lo S M-
plgrbgmeytemﬁr ansfer |ine exchanger which functions to
idly cool furnace effluent and to generate high

r at YP e PaEmamOdA88 la aak o SAHIATS, PIOPRSA ST BYO-fipgfequench
eﬁ%}é@ﬁﬂ@ e frNYBN GEsultng Hokd @&k é@c&%%ma&%&ﬂ%&ag% pRifabyient

to as |ow a tenperature as possib consistent with

eFFpiET Bpgy exshaneel Yhueh Agctionsde grpidy can ehEpce efffagut and to
ggeggr%{e TBACEmAR S teaBCRAT ALeLorliBG tHHR fi0lid e N RIE SSWHKiSh

functions to cool the furnace effluent to as low a temperature as possible
consistent with efficient primary fractionator or quench tower performance and to
generate medium to low pressure steam.

[0022] U.S. Patent 5,107,921 proposes transfer line exchangers having
multiple tube passes of different tube diameters. U.S. Patent 4,457,364 proposes a
close-coupled transfer line heat exchanger unit.

[0023] 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.

[0024) WO 93/12200 proposes a method for quenching the gaseous effluent
from a hydrocarbon pyrolysis unit by passing the effluent through transfer line



[0022] U.S. Patent 5,107,921 proposes transfer line
exchangers having nultiple tube passes of different
twibsoghoaset ers. U. S. Patent 4,457,364 prop

cl ose-coupl ed transfer |ine heat exchanger um%s.%oflw%l
U.S. Patent 3,923,921 proposes a naphtha steam cracking
process conprising passing effluent through a transfer
l'ine exchanger to cool the effluent and thereafter

R S g Rt dbh b el Db RS

hy&rowab B @inpRytheE WXhSrabighl df 2DY°FRA 266°R Q1 UIShE teef30P TR Bich

t hrqugh transfer |ine WD 2007/.008397 PCTI US2006/ 024892

taat é&%\ﬁfaw&e%i tarscrondrass: atdcHIRG! CRESF PIHEH SeRgraten

| VeShel. ArneRbSen® ofi '@l tdrd) e faslakéﬁrﬁtom thé %é'é%k eflub@ iR the

tenperature in the range of 220F to 266F (105C to

PRO@Y S@@@hon whel mdayy ronaiaing gasepws effluephdesssd & at he

e{t)l@r{ H e ltRe @ Bérﬁt[ﬁ%ro\f e Clp@le 1's QY ce¥?§§%lv a-{hﬁ.lch
oTense S and tars are Separat e romt he gaseous

ghe ¢ileant 1S|chem1m§ly Sfablienary separ ation vessel and t he

r p ni I [ ower
(OB 12 TR MEls sifliod Ao PRTRER i Boh B BN
[reactbn ptodudt ibcyhlsmg lx@nsédr fling @nthangercimeimg dwb oy n&tabﬂpaate
[hegi%ﬂh EP 2506%n205 proposes a nmethod for cooling a fluid
such a€ 8" t5CK8d  reaction product by using transfer

| {0oRS) ex dh&nmﬁms 5,094/3417 rapoes Qliat methylempﬁernafaemrih@phnts
ti 02 U.S. Pat
7 OB eRE R OEE ASE FPPH JPRL L gy

VineY a GHRAGTracidnaionis @o0lsed grishd Rayionl: Wat@fqueithycolumn
fr ctlo ator and that in many plants, a primry

115 dirsetly HerSrtrepeerdine eXsb¥¥®and t he feed to the water

. quengh. ael 200-40368 sthpoRed l:dbhﬁ%mai pdsaisd arghl t'eﬁiFerature
exchanger . [0027% JP. 2001 366 proposes. €00
FABEEVikns hprzotah hesh exchanser apd then Wrt%\ﬁgyértwlthﬁafaexchanger

hfating ARt Rlar BERAInBXARRNARGENAN henial Birdti¥er tA GRhwheat
exchanger having its heat exchange planes installed in

taemporent jcendenstdr wc theoyertical rxehapgerconiberselter epaaehsvd in

tch&:l]!ﬁfntaltﬁéumsﬁéﬁbéﬁﬂﬁ% stbp% thereafter separated by
distillation at downstreamrefining steps. [0028] WO

d69286 84 IWOGRY/368300 (B8 1;390:882;, 369 ,130830% rmpd US. Faienént s

44 A3%50994 sl 199868, %, 15651808235h3409,083.651, 4 87%613 7
923 g %’; 3?%0 9: 2%%0; L] ’1]5%’% 8’ 2 3 3 ,9 ’521 ? 3 > 3
and 3 959,420; propose various apparatus for quenching a hot cracked gaseous

stream wherein the hot gaseous stream is passed through a quench pipe or quench

tube wherein a liquid coolant (quench oil) is injected.

SUMMARY OF THE INVENTION
[0029] In one aspect, the present invention is directed to a method for treating

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

(a) passing the gaseous effluent through at least one primary heat
exc:hanger, thereby cooling the gaseous effluent and generating high pressure

steam;
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that part of the gaseous effluent condenses to form la liquid coating on said surface,
thereby further cooling the remainder of the gaseous effluent to a temperature at
which at least a portion of the tar, formed by the pyxolysis process, in said gaseous
effluent condenses;
(¢) passing the effluent from step (b) through at least one knock-out drum,
where the condensed tar and the gaseous effluent separate; and then
(d) reducing the temperature of the gaseous effluent from step (c) to less
than 212°F (100°C); the method being carried out in the absence of a primary
fractionator.
[0032] In yet a further aspect, the invention resides in & 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;



thereby further cooling the remai nder of the gaseous
effluent to a tenperature at which at | east a portion
okotdvendsswy, formed by the pyrolysis processpciik:fiioshse:
gaseous effluent condenses; (c) passing the effluent
fromstep (b) through at |east one knock-out drum
where the condensed tar angl the gaseous effl uent
separate; and then (d) reduci ng the tenperature of the

a eo f 0 ég
?180@ 1‘;as{J§ ehpr%ﬁag\gh?a{ g’%é‘r% %8%0?6%% a%ﬁﬂ a sence of
aﬂpmamaryuﬂeffoao:toﬂmmatgtscoqwﬂm&i In yet a further

aspect,, the invention resi in rbon crac i ng
opar AE\A s F FEPHERY Ty o hel e B OFO o B0 B pFG o
hyidra eadt bas plﬁxﬁaglslteﬂekchaﬁg&e for Satied Eooliy k4id g&ﬁous@&llﬂeﬁt
thro%gh whi ch gaseous p%roly3|s ef fl uent can gxlt t.he

r &E pFast NB SORBYITY et §ChERER) RSB FaIcaisage sustapg,yhich

| @aphinRR8d,Phi J¥BI % eRpeairARE Mhat GAANTCHE GadeBusddituent
downst ream of the reactor outlet for cooling the

g §Ylsrpes teffprmy e Hewid peafingen aidssirfagen thershy: eepliag (heqenaginder
e%£ fRNAGHLUE emnaﬁtt@q tt':tﬁ SAtte %pwmra@%to; portiBf o@tbeh,east
one prinmary heat exch anger for further cool ing said

g &smed,duriag pymebisis, in sajd gescqus effugm consiseseg@gdndary heat
excha h is

mai nt a ﬁ‘é‘&#‘@?‘dﬁ@ﬂ%ef lﬂgtal Eg&{& g%pgggg?ﬁl;%géggﬁm%gt part of
t he gaseous effluent condenses to forma liquid

C%Eﬂ%ﬁ%}ﬁﬁfbﬁﬂﬁfﬁﬁbﬁ%ﬁéﬁ cool i ng the remai nder

e gaseous effruent to a tenperature at which at
I é@éﬁ] a Pigniei lois aoﬂchbrh&ctfhw diagremnefch niathomgccpyimgl tysms

in Sal aseOU nses ans
L BB TR oot e U TRSS s Hfifnt B BRI
Bﬁffﬁpmmpﬂ Q\l OF THE DRAWNGS [00331 Figure 1 is a

S tig flow diagr of a th cordln 0
AR Bieverdios BURR Pt P oLt st g fad Do
gas@atg&raﬁﬁlbyéemth&mmbwﬁwﬁmapﬂgm@g of a naphtha feed.
v\g 4ﬂ 2 is a sectiagnal. view of one tube of a
QU35 an EiEe 3 is Ascoam viegQf heriglet transisien pisee ohp thpikand-

Ml et Sdnoflidehet efléHaBget emplO-AT thEintbiHod sﬁb\irrﬁmqilgure 1.

sectional view of the inlet transition piece of
sR03pL o Gigure 4 is a sectional view of the inlet transition piece of a tube-m-

tube wet transfer line heat exchanger employed in the method shown in Figure 1.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0037]  The present mvention provides a low cost way of treating the gaseous

effluent stream from a hydrocarbon pyrolysis reactor so as to remove and recover
heat therefrom and to separate Cs+ hydrocarbons from the desired C»-Cy olefins in
the effluent, without the need for a primary fractionator and while minimizing
fouling of the cooling equipment with tar.

[0038] Typically, the effluent used in the method of the invention is produced
by pyrolysis of a hydrocarbon feed boiling in a temperature range from about
104°F to about 356°F (40°C to about 180°C), such as naphtha. The temperature

of the gaseous effluent at the outlet from the pyrolysis reactor is nommally in the
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[004)1] 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 situ and is preferably at or below the temperature at which tar is
fully condensed, typically at about 302°F to about 599°F (150°C to about 315°C),
such as at about 446°F (230°C). This is ensured by proper choice of cooling

medium and exchanger design. Because the main resistance to heat transfer is
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reduced to a point at Wthh the lower oleﬁns in the effluent can be efficiently
compressed, typically 68°F to 122°F (20 to 50°C) and preferably about 104°F
(40°C). The additional cooling sequence includes pas;‘,ing the effluent through
one or more cracked gas coolers and then through either a water quench tower or
at least one indirect partial condenser so as to condense the pyrolysis gasoline and
water in the effluent. The condensate is then separated into an aqueous fraction
and a pyrolysis gasoline fraction and the pyrolysis gasoline fraction 1s distilled to
lower its final boiling point. Typically, the pyrolysis gasoline fraction condensed



.sufficiently |low tenperature, typically at about 3024F
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valve relieving rates and associated flaring in the event of a cooling water or
power failure may be reduced.

[0047] * Where the additional cooling sequence involves passing the effluent
through at least one indirect partial condenser, this is conventently arranged to
lower the temperature of the effluent to about 68°F to about 122°F (20°C to about
50°C), typically about 104°F (40°C). By operating at such a low temperature, as
compared with the temperature of about 176°F (80°C) normally achieved with a

water quench tower, additional light hydrocarbons can condense, thereby reducing
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needed to supplement cooling of the cracked gas siream. By way of example, in

one commercial olefins plant, about 816 klb/hr of deminerahized water at 84°F
(29°C) and 849 klb/hr of steam condensate at 167°F (75°C) are currently heated to
268°F (131°C) using 242 klb/hr of low pressure steam. These streams could
potentially be heated to 241°F (116°C) using heat recovered from cracked gas.
This would reduce the deaerator steam requirement from 242 kib/hr to 46 klb/hr,
for a saving of 196 kib/hr of low pressure steam, and would reduce the cooling

tower duty by about 189 MBTU/hr.
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18 at any point in the heat exchanger 16. Heat transfer is also rapid between the
tube metal and the liquid film 19 on the process side, and therefore the film
temperature is just slightly hotter than the tube metal temperature at any point in
heat exchanger 16. Along the entire length of the heat exchanger 16, the film
temperature is generally below about 446°F (230°C), the temperature at which tar
is fully condensed from this particular feed at these conditions. This ensures that
the film is completely fluid, and thus fouling is avoided.

[0054]  Preheating high pressure boiler feed water in the heat exchanger 16 is

one of the most efficient uses of the heat generated in the pyrolysis unit.
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t hereforé é: reahe ta\é@ IGE{%)} % nV\Ef trans?’g& ?I ne %egt

exchantgan chkeingls ph dramht3sy typestly havinghefimt bbibes ponatrd

pr5'b r1¥)04"%r(%bstfo%rodci) ne heat exchanger 14. Al of the

héat "used t'0 pr eﬁea" boiler feed water w | increase

hilefi37pr eSse hardwtredin the hekekehanger 16 may be similar to that of a
secondary transfer line exchanger often used in gas cracking service. A shell and
tube exchanger could be used. The process stream could be cooled on the tube
side in a single pass, fixed tubesheet arrangement. A relatively large tube
diameter would allow coke produced upstream to pass through the exchanger
without plugging. The design of the heat exchanger 16 may be arranged to
minimize the temperature and maximize thickness of the liqmd film 19, for
example, by adding fins to the outside surface of the heat exchanger tubes. Boiler

feed water could be preheated on the shell side in a single pass arrangement.



100551 On | eaving the heat exchanger 16, the cool ed

gaseous effluent is at a tenperature where the tar
wooniemse’s and i s then passed into at | eastPCARE2606/p24892

knock- out drum 20 where the effluent is separated into

a tar and coke fraction 21 and a gaseous fraction 22.

[ 0056] Thereafter, the gab®ous fraction 22 passes

t hrough one or nore partial condensers 23 and 25,

wiematively thie shell iside andstubondetdriicss gotle hp ewitched. eEidifer about

ol R eBf s o Bl by @Rt dar SUE, BT, 00K
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I'lation tower 27, the hydrocarbon fraction 32 is
fheatcmcbmprealbp il g thyy Fesulesds JNido thin arrangeraenti the fdse

ttMI&' aglaqyﬂnng 4B ofetRBd 2 el affe DAY Blosh &?e%@oée&. ifeor

(18 and ‘a steam cracked gas oil fraction 35,
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5555t am cou € Co eln a
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L nd BF e ot e TR0 ShAARSE T ne Lo Lhe
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feed water coul d be preheated on the shell side in a

s’i“%‘?eemﬁ‘é"géo that %fﬁg?&?’efﬂuplemwﬁagﬁ e exchanger. A tube-
Petidd200650 2488 Be used 1 Phe/Wrb@E A 8bMd b ER1ARLInkE ifledle

and tube side services could be switched. Either co-

ciPs- ehfelgvelyderae wnerditerdiamets oW dedar ¢okreprodiser URSHEAR ded
t Batasd BRofgh! 1R eRETRSIAWIDSI plugging. Boiler feed water counld be

preheated in the annulus between the outer and inner tubes. Either co-current or
counter-current flow could be used, provided that the film temperature is kept low
enough along the length of the exchanger.

[0060]  For example, the inlet transition piece of a suitable tube-in-tube wet
transfer line exchanger is shown in Figure 4. An exchanger inlet line 51 is
attached to swage 52 which is attached to a boiler feed water inlet chamber 55.
Insulating material 53 fills the annular space between the exchanger inlet line 51,

swage 52, and boiler feed water inlet chamber 55. Heat exchanger tube 54 is



is kept | ow enough along the | ength of the exchanger.

[ 0058] For exanple, the inlet transition pi ece of a

sui tabl e shel |l -and-tube wet transfer lin V9ol S
WM Fi gure 3. A heat exchanger tube ?lpl i's |xed9
an aperture 40 in a tubesheet 42. A tube insert or
ferrule 45 is fixed in an;gaperture 46 in a false

t ubesheet 44 positioned a(lzlj acent tubesheet 42 such that

he h h
utB <l Rerdre SR SmRG Y ncin) BR a8 EPAR! gt
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downward flow secondary heat exchanger would naturally provide this transition

in elevation for the stream.

[0062] The secondary heat exchanger may be designed to allow decoking of
the exchanger using steam or a mixture of steam and air in conjunction with the
furnace decoking system. When the furnace is decoked, using either steam or a
muxture of steam and air, the furnace effluent would first pass through the primary

heat exchanger and then through the secondary heat exchanger prior to being



-16 attached to boiler feed water inlet chanber 55 such
that there is a snmall gap 56 between the end of
vaxsbaqess inlet line 51 and the begi nni ng afTiNads/024892
exchanger tube 54 to allow for thermal expansion. A
simlar arrangenent, although incorporating a
wye-piece in the process-gas flow piping, is described
in US. Patent 4,457,364. The entire exchanger inlet
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process tenperature while the exchanger tube
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t hi enment des .a har [
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te erature at which the tar fully condenses. [00611
FrRSdipgiar @“ h&at coakEhaifgét inteRf %e‘%?‘?"éﬁta@d T VESh ot
t H’l@dlﬁ&ﬂﬁ)ﬁ§ Sind fdg@Malbits @4 ST b Wanddam el ¥he6¢obE VAL thd.
substantial |y vertical upflow or, preferably,
stngttiones ‘éﬂﬁﬂﬁd Riethe sRPERdCA BT  ow. A substantial |y
vertical downfl ow system hel ps ensure that the |liquid
filmformed in situ remains fairly uniformover the
entire inside surface of the heat exchanger tube,
thereby minimzing fouling. In contrast, in a
hori zontal orientation the liquid filmwll 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 substantially vertical upflow arrangenent, the liquid
filmmy tend to separate fromthe tube wall as
gravity tends to pull the liquid filmdownward. Another
practical reason favoring a substantially vertica
downfl ow orientation is that the inlet streamexiting
the primary heat exchanger is often |ocated high up in
the furnace structure, while the outlet streamis
desired at a lower elevation. A downward fl ow
secondary heat exchanger would naturally provide this
transition in elevation for the stream 100621 The
secondary heat exchanger may be designed to all ow
decoki ng of the exchanger using steamor a m xture of
steamand air in conjunction with the furnace decoking
system Wen the furnace is decoked, using either steam
or a




m xture of steamand air, the furnace effluent would
first pass through the primary heat exchanger and then
t hrough the secondary heat exchanger prior to being WO
2007/ 008397 PCT/ US2006/ 024892 -17 di sposed of to the
decoke effluent system Wth this feature, it is
advant ageous for the inside dianeter of the secondary
heat exchanger tubes to bql%[eater than or equal to
the inside dianeter of the primary heat exchanger
tubes. This ensures that any coke present in the
effluent of the primary heat exchanger wll readily
CIpddsS t hr ough the secondary heat exchanger tube wi thout
causing any restrictions. 100631 Wile the invention
has been described in connection with certain
1. Pr eleh&igsh m@ﬁmﬁ%&ﬁ erfubAL fr38 RRGADc DS Sﬁfyly@’i@l{)r&%ss unit,
nore fully understood and appreciated, it 1s not
intgnded, to limt the invention to these particul ar
enbogfﬁg%ch) qkbﬁé contrary, it is intended to cover
allﬁslternatives, nodi fications and equi val ents as may

be {Mcl urpsaingithsgatequisiduagh threpehat deast oheprpary fieafsexchanger,

defi ned @Mﬁ%9€o&H%QH9§Qe&h%hﬂEnr'18' CLAIM5S 1. A nethod
for treating gasecus effluent from a hydrocarbon

pyr t)ysi paspng tesgsemis effluentfeorstep () tironglr atdeasgone(sayondary
passi ng the gaseous effluent through at |east one

prinmary heatxdysdaRgang a hédlex@hngonehidainbnegasgous
effluent; (b) passing the gaseous effluent fromstep

(8) thropafeaturb SRR thAPE SEHRDPARLYs AT BXEAIRAE Form a

havi ng a heat exchange surfacé naintained at a

d
tenperat yre,such that. pard of e seous. eff| uent
condenaeto s Spe A i fles”oalePT AR OTing ¥ Flngerof e

thereby further_cooling the remainder of t aseous.
ef f 1 uent 84560Us FR¥RTLIOA tHMmBeratur ey He faf,f%omgﬁ?éfdgwrpﬁéls
pyrol ysis process, condenses; and (c) separating the
condenseprotess, candensere aghseous ef fluent. 2. The met hod
of claim1l, wherein said heat exchange surface is

mai (f)ai nepaatingthetcengumsat tr mdhkd gaved3aflddnt.whi ch t ar
condenses. 3. The nethod of claim1l, wherein said heat

exchange surface is nmaintained at a ] o
2. The method of claim 1, wherein said heat exchange surface is maintained at a

temperature below that at which tar condenses.

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

temperature below 599°F (315°C).

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

temperature between 300 and 500°F (148 to 260°C)

5. The method of claim 1, wherein said heat exchange surface is disposed vertically
and is maintained at said temperature by indirect heat exchange with a heat
transfer medium which flows vertically downwards through said at least one

secondary heat exchanger.
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12.

tenperature bel ow 599F (315C). 4. The nmethod of claim
1, wherein said heat exchange surface is maintained at
a tenperature between 300 and 500F (148 to 260C) 5.
The nethod of claim 1, wherein said heat exchange
surface is disposed vertically and is maintained at
said tenperature by indirect heat exchange with a heat
transfer nmedi um which flowsgvertically downwards
through said at |east one econdary heat exchanger.
-19- 6. The nethod of claim 1, wherein said heat
exchange surface is maintained at said tenperature by
i ndThesikethod af ckia Handerein daid ket exchamgk dubface\Btresinfamat @dsaid

in the at | east. ong secqondary. heat exchanger is used

as EMRER{ureR¥ H%‘giﬁfé‘ VIR & %’CHE Wl r‘@e LEE heated in the at
exc : elal ' tSil%)in th
B i e G A SO
excpamggrhetteexahanger. knock- out drum 8. The met hod of

claiml and including step (d) further cooling the

effluent remmining after renmgval of the tar_in step
( c) ThymeBad eﬁ@émal pYhesriy stes (gdadpqes @assinedps ¢ifuent from the

t he BoRe of the effluent to
I esé&{)lﬁﬁ%? gélalgl#&l?#@gé&c?%r& Tﬁfgl@?rgl?ﬁod of cl aim 8,

wherein step (d) is effected by direct quenching wth

. wat The méhod dhelaimel hndlinofuditigatem (8) fuwharwblingthe pffludpt i s

effected by indirect _ heat exchange. 11. The nethod of
cl a{%af:mw@ré?rn%aipath@ R HEP G 19 e@éﬁn%eg" RIF Uit agolne
PYT QhMRhShébfrorR aRY HIQGAHE RineRthe BPtHeieflienbtodess than 212°F
terrpergjture rr%naga/g{ om agoutg‘ﬂ'lomﬁ—'latoeae outn tosgs&g a4OC
to @out). 180C). 12. A nethod for treating gaseous
effluent from a hydrocarbon pyrolysis process unit,
the_met hod conprising: (a) passing the gaseous effl uent
t hr Slgmethed phelaym an‘éhe;ﬁ?'PﬁZSP;Cd)H% e%sdgwafﬂgeémuenfmgw
cool.fdg the gaseous effluent; (b) passing the gaseous
effluent fromstep (a) through at | east one secondary
heat exchanger having a heat exchange surface

mai Mhamatdd af claim 8 ewinesiatiep €d)Isl effectddciy ipdirdct béat kehange.

gaseous effluent condenses to forma

The method of claim 1, wherein said gaseous effluent is produced by pyrolysis of
a hydrocarbon feed boiling in a temperature range from about 104°F to about

356°F (40°C to about 180°C).

A method for treating gaseous effluent from a hydrocarbon pyrolysis process unit,

the method comprising:

(a) passing the gaseous effluent through at least one primary heat exchanger,
thereby cooling the gaseous effluent;

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

formed by the pyrolysis process, in said gaseous effluent condenses;



liquid coating on said surface, thereby further cooling
the remai nder of the gaseous effluent to a tenperature
at which at |east a portion of the tar, fornmed by the
pyrol ysis process, in said gaseous effluent condenses;
-20- (c) passing the effluent fromstep (b) through at

| east one knock-out drum where the condensed tar and

t he gaseous effl uent separ aj£; and then (d) reducing
the tenperature of the gaseous effluent fromstep (c)
to less than 212F (100C). 13. The nethod of claim 12,
wherein said heat exchange surface is nmaintained at a

t embgr at passingehowffh@aFroB 1566 (b) téroudihet hasthae lofockloai doum,

12, wherein said heat exch&g%e surface is dis

osed
Subst ant MaFIey S AFER 2 S5k (Y Easeat HNFH SEPagt bR ghen
tempgr at WakcRY the¥@inb&Giurd6fthe o8E6AEAGMW ffdh &eh €3 lto less than
transfer nmedi um which fl ows downwards through sai'd at
| east on@lXECbRE}y heat exchanger. 15. The nethod of
claim12, wherein said heat exchange surface is

mai Nt ai ned at. sai tenperature by indirect. heat .
1 excﬁgﬁﬁﬁﬁ\i&dt"ﬁc@ﬁ?g?’ shiitin Aed fiattexChaas wilas i Hunined at
| eagdmRRRuR BERAIRYE hegbcexchanger is used as a heat
exchange nediumin the primry heat exchanger. 16. The

met hod of claim 12, wherein step (d) reduces the

141 enfiae anethed aff tlhsn gES ewhiseineddid Uent exchaagoutirf&@Fist disposed
about. 122F (20C to about 50C).. 17. The net hod of,gyaim
12, SHstantpilY gtﬂ@,sa'gujm IS B2 ingials s AemapRitHES Bndndirect heat
sep ' : (VLS i f i :
o oar By RGP ARE AaRa DRch 1B RRmalorit e said a
gas émsionefsédondaty heat epclodgeed by pyrolysis of a
hydr ocarbon feed boiling in a tenperature range from

about 104F t out 56F (4QC to about 180C).
15.  The method o(%c a?m i2, wgcrein sglid({‘neat exchange sur acecl;g maintained at said

(5]

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.

16.  The method of claim 12, wherein step (d) reduces the temperature of the gaseous

effluent to about 68°F to about 122°F (20°C to about 50°C).

17.  The method of claim 12, wherein step (d) also includes condensing and separating

a pyrolysis gasoline fraction from the effluent.

18.  The method of claim 12, wherein said gaseous effluent is produced by pyrolysis
of a hydrocarbon feed boiling in a temperature range from about 104°F to about

356°F (40°C to about 180°C).



