WD 2007/ 008396 PCTI US2006/ 024890 _1 METHOD FOR PROCESSI NG HYDROCARBON
PYROLYSI S EFFLUENT CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The
present appli i ressly incorporates by reference i entire
di scl osures o%&k’@@?ﬁgﬂg Docket No. 2005B061, entitled " ﬁ@?@%@ﬁ'@é&ge Cool i ng
Hydr ocarbon Pyrolysis Effluent”, Attorney Docket No. 2005B062, entitled
"Met hod For Processing Hydrocarbon Pyrolysis Effluent”, Attorney Docket No.
2005B063, entitled "Method For Processiny-Hydrocarbon Pyrolysis Effluent”,
Attorney Docket No. 20053064, entitled "Method For Processing Hydrocarbon
Pyrolysis Effluent”, and Attor NBTH®D FOR RROCESSEHB65, entitled "Method For
Processi ng Hydrocar bon PyHYDROCAREON PNROLYAIS EFFLWENIh are i ncorporated
herein by reference and concurrently filed with the present application.

FI ELD OF THE | NVENTI ON [ 0002] The present invention is directed to a nethod
for processi ng CUROSSSREEBRENCETORELATEDAPPUIOCHIONSY pyrol ysis units.

BACKGROUND OF T NVENTT ON [ 0003] ..The prqduction, of |ight ol efips

(ethyl ene, propﬁﬁ@he a&g‘;’ ﬁﬁﬂgh@gg;ﬂfl%ﬁﬁprv Y?’HB@OWVBTI’EE%%B’EPH%F@@&E? ocks
utilizes the teeRith HiRloRredbf Athose§ DEVketSNEARVOSBOGK Kinkifled PM@bY Fof | NVol ves
heating the feedstock_sufficiently to cause thermal_ decaonposition of the

| arger nol ecul e§oohnge Hydrogarten Eyiehsis cBiluernioaljrpey Rogksh e 2008B%2ul es whi ch

tend to combine ehifheh ONRRHAD RorTPdREdInE  H YR GIbbn SR FEIEROMAtoRgy L ar'S. Tars
are high-boili ng)ﬁpm nt, viscous, reactive materials that can_foul equipnent

under certain c&eglet Non2005BOGH satitted SMethpdery Ryacessing HyerocaberPyreliyes pyr ol ysi s

ef f1 uent | eaves pidign®! afiBinf iRlko.| 3005B6A, GRfuACTNILRNTFEC HrobksibgP! dl Y
reduci ng the tegﬁerature of"the effluent exitl n&gt e ﬁ%rol Sis unit to a
| evel at which thydrogagborf Byreivpig Bidusot" andsAtarecy Beakst Ng. : el 0071008396

PCTI(USZOO6/ 02489 eihod For Processing Hydrocarbon Pyrolysis Effluent”, all of which are

incorporated herein by reference and 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.

BACKGROUND OF THE INVENTION
[0003]  The production of light olefins (ethylene, propylene and butenes) from

various hydrocarbonv feedstocks utilizes the technique of pyrolysis, or steam
cracking. Pyrolysis involves heating the feedstock sufficiently to cause thermal
( B decomposition of the larger molecules. The pyrolysis process, however, produces
molecules which tend to combine to form high molecular weight materials known
as tars, Tars are high-boiling point, viscous, reactive materials that can foul
equipment under certain conditions.
[0004] The formation of tars, afier the pyrolysis effluent leaves the steam
cracking fumace can be minimized by rapidly reducing the temperature of the
effluent exiting the pyrolysis unit to a level at which the tar-forming reactions are

greatly slowed.



-2 [0005) One technique used to cool pyrolysis unit effluent and renove the
resulting heavy oils and tars enpl oys heat exchangers foll owed by a water
guench tower in which the condensibles are renmoved. This techni que has
proven ef f &Q00%008d9en cracki ng |ight gases, primaril yausaneo24poopane and
but ane, 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 recoygg nmost of the val uable heat without
fouling and the relatively small anmount of tar can be separated fromthe

wat er quench di.f ficulty.. [0006) .This techni

however, not 3@®$Lfag?83§&"f“8?e H%eg i f"ﬂ @%%15 g%@él%t m@ﬁﬁ‘fw (rqtﬁ%k napht has
and heavi er feesdhihga&myoﬂmnﬂememlﬁbyslﬁﬁfe&wmmmu@&dluquaﬂerquemkers si nce
l'iquid crackers ch larger quantltle of tar than gas crackers.

ener
Heat exchanger®” %a’ﬁ ¥ clﬁs condensiigs, @e Jomavedr (HE ehmave 8RN F9YGRi d
cracking, but egadtive ohva é:@cﬁﬂgehgtﬁwgasésawﬁﬁn@t emmecfprdpaﬁe BRDbAGnd, 0 condense.

Bel ow this tenperature, conventignal heat_exch an%ers cannot be used because

they woul d f obecamsgrankss thab progess Hakifeeds. GAllesHYply Ito FeRfE SBEKSTON of tar on

the heat exchanges retfERCEmi cidﬂnt?di&“o&"t&” p&é’fhefbsﬁlheneab’éﬂhéﬁ%bl% &hfluent from
these feedstocks is quenched, sonme of the heavy oils and tars produced have

appr oxi mat el y cffrienty mecowkes iaest of the Vakualde haﬁﬁid"‘l@aﬁ ﬁ)@lma wddbe elatively wat er

enul sions.  Mygf t d¥6ayl r § A | t@fs produced by
l'iquid cracking \éﬁ{c’fug rend%%%fg#ﬁ%g%%hﬁ%ggﬁat@eggfs aﬁ’ﬁlg??thcgtafnve making it
difficult to rd@ﬁsldw steam from t he condensed water and to di spose of excess
guench wat er MefoTatrn2 ceptable
manner . [0007) Ac Jhﬁ%%mgél%g?g%%%%éra%fgﬁ ?ac%ﬁllgd cr%éa@e‘l?ﬁs(c Qrgool i ng of
the effluent thatmmihaphihacmdnlgsam fradstocks, eadlectimblyyrefeohd @we@lhqmdng a system
of (transfer e | qg% g SRt wat er
qugnch t ower oréaf{er{g siﬁ{ec?:tqfa con%%rgéreger% n[ﬁgﬁ%f%,r i h? gt ock, the
transfer |ine creebdrs. eﬁcttaem@mngmmlbe mdrdetopemmnetafelamaabﬁabmqmdmOF (3700,
efficiently gen [ S Lressure ste at c used el sewhere
in the process c%“ﬁ Q“g &5})8 @‘F %‘i’r % %ma g Bndense and

separate the thelow Ithmtdﬂwafurﬁg h.t)Wentlonal heat exchangers cannot be used because

they would foul rapidly from accumulation and thermal degradation of tar on the
heat exchanger surfaces. In addition, when the pyrolysis effluent from these
feedstocks is quenched, some of the heavy oils and tars produced have
approximately the same density as water and can form stable oil/water emulsions.
Moreover, the larger quantity. of heavy oils and tars produced by liguid cracking
would render water quench operations ineffective, making it difficult to raise
steam from the condensed water and to dispose of excess quench water and the

heavy oil and tar in an environmentally acceptable manner.

o

[0007]  Accordingly in most cormmercial liquid crackers, cooling of the
efftuent from the cracking furnace is normally achieved using a system of transfer
line heat exchangers, a primary fractionator, and a water quench tower or indirect
condenser. For a typical naphtha feedstock, the transfer line heat exchangers cool
the process stream to about 700°F (370°C), efficiently generating super-high
pressure steam that 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 700°F (376°C) and about 200°F (90°C). The water quench tower or indirect



"liquid fraction, known as pyrolysis gasoline, and to recover the heat

bet ween about 700F (370C) and about 200F (90C). The water quench tower or

i ndi rect WO ZQQNQ %ﬁ 26 PCT/ US20061024890 -3 condenser further cools the
gas stream exiti g’ ¥ primary fractionator to about 185EUPAMS®Y condense
the bulk of the dilution steam present and to separate pyrolysis gasoline
fromthe gaseous olefinic product, which is then sent to a conpressor.
10008] The primary fractionator, however3-is a very conpl ex piece of

equi pnment that typically includes an oil quench section, a primary

fracti onator tQUﬂfens%ﬂﬁmﬁ&&:oﬁrs DR sQ¥%dne exifthg mb|pnﬂﬂfﬁ3@dcﬁmd)r|t@%tﬁﬁ At the
quench secti on, I s added to cool the effluent streamto about

400 to 6504F (266411*‘&40"03&3@)“&6&8%&8@59: of dhridildion gteqm presrg adhie seppratdie st ream
In the primry 0%?6]%5 ﬁohpﬁﬁr%aséonﬁoféﬁﬁg%ﬁgt Ufbfichl 1§ RaPARA}LE from the
remai nder of th strea 'S enoved I n-one Or nore punparound zones by
circulating oil campreggopyrol ysis gasoline fraction is separated from heavi er

material in one r I n t er nal
punpar ound | oopgeduqTD %\Aglp?#l s%\t/av&?%ﬁtroé%%??rb%t{:%e% &ggﬁexm{egec%?onat or, is
cool ed usi ng in&mmwmmnHhmuﬂmwﬁhangﬂmsmnnﬂquhmhsaummuupEmedhmhmmpmlnary
fractionator or thed rect uenc t 0009],.The prJ maryv .fragctionator
with its associ &7%4 RB %ﬂ {égjpafﬂlgp%é g)éﬁ sF‘@éﬁec% %eﬁﬁ % n the
entire cracking @gm;he:ﬁtus Idhhdpds covhthe dffleent steoant toraboiitcie to 63088 {20030t he
tenty- £ ve f eot SIS iPerottopletios by et NGT G JeERT BRI BECES B, um si ze
l'iquid cracker. g, }ho\Wekdehsed tRif SepR@fedifh the rbfathdr &f iR Glrednt, afeki i9nat i ng two
m nor conponents, tar and pyrol ysi's gasollne In the presence of a large

vol yme of |ow ﬁ?‘@%‘@é i OB% 8T MPHDUSIAOHRG EoNgS D wgrglﬂatm@ qi} i Bwolvsif ge,

handli ng over %adnhé @ctioRQY! @qy&a&erﬁo'apﬁéavﬁ& rfatrtioddene nirk disdtiee case of a
medi um si ze crac Heat exchangers in the punparound circuit are
necessarily | ar genssedathseonsfor mogmhextareal pumpareind leenss el (vévighap Hithd@wappr oaches
needed to recoveﬁonm@ bR g,fr%c&cﬁ&?hs%ng &B&tﬁéak%ﬁ%@é ah®fehOUl i NQ.

[0010] In addition, i mary act | onat or nunber “of ot her
limtations retumed to the primary fractionator or the direct quench point.

[0009]  The primary fractionator with its associated pumparounds is the most
expensive component in the entire cracking system. The primary fractionator
tower itself is the largest single piece of equipment in the process, typically being
about twenty-five feet in diameter and over a hundred feet high for a medium size
Hiquid cracker. The tower is-largc because it is in effect fractionating two minor
components, tar and pyrolysis gasoline, in the presence of a large volume of low
pressure gas. The pumparound loops are likewise large, handling over 3 million
pounds per hour of circulating oil in the case of a medium size cracker. Heat
exchangers in the pumparound circuit are necessarily large because of high flow
rates, close temperature approaches needed to recover the heat at useful levels,
and allowances for fouling,

[0010] In addition, the primary fractionator has a number of other limitations
and problems. In particular, heat transfer takes place twice, i.e., from the gas to
the pumparound liguid inside the tower and then from the pumparound liquid to
the external cooling service. This effectively requires invesiment in two heat
exchange systems, and imposes two temperature approaches (or differentials) on

the removal of heat, thereby reducing thermal efficiency.



. and problens. Th particular, heat transfer takes place twice, i.e., fromthe
gas to the punparound liquid inside the tower and then fromthe punparound
liquid to the external cooling service. This effectively requires

i nvest ment i rwo w0886 exchange systens, and inposes tREX/TR6N60248%0ur e
approaches (or differentials) on the renoval of heat, thereby reducing
thermal efficiency. WO 20071008396 PCT/1JS2006/ 024890 -4 [0011] WMoreover,
despite the fractionation that takes place between the tar and gasoline
streans, both streans often need to be processed further. Sonetinmes the tar
needs to be strj dt ve. I ne may
need to be refr n@?ﬁona@@%g%’%ef%&ﬁgn %gﬁ{%t%akg g‘%ﬁ?@?%@‘ﬁ%?@olﬂ
Further, the pr gaseiing sfreans, basin stteams dienareedivdeipreessediisthau Sdmeizme tir one  to
fouling. Coke agcumul ates _i.n the bottam secti of .t he tower.,.and must
eventual |y be rF é\?éﬁ?odu’? FtHBpeSF%ﬁ‘?miVﬁ%ﬁlgrcgumﬁage&s’r‘ﬁgﬂgﬁﬂ%%%qﬁlﬁ% Pops are

al so subject t geefttibe refjactiveatadits mpg its emdpodt specification. from fil ters and

peri odi c cl eani f oyl ed heat exchangers. Trays and packing in the tower
are sometines sﬂ@}gct %‘Hkﬁe’f" IPPH’@W%”&{} ré‘?‘?’?”?‘? ?‘}H?P@IGS‘F %P’(’J‘Huction.
The system al sotc@itind. NToke abdughtiates GANLe boMRM iseutipn OF the &WweRbhe phisglui d

hydr ocar bons, which is not desjrable froman jnherent safety standpoint.
[0013] There i sCYRRALS b Emavedduping ppnt urage P TR PTHEERGE 08P TR ng

pyrolysis unit a@fdd ddgailing gl ER ¥t bi@ké AeM fHeRnd paiadicidatingBsl tars
whi ch obvi ates the  need tor a_ﬁglrrary fractionator tower and its ancillary
% ’

equi pment . [ 001 &uled heat epchapger 2 2od pasking finythe towey aegpmehimessaliedt thcki ng

met hods using &g ,nl?dggﬁaﬂ' igligRChlaeabafrshangs! sansh falsdciduaiat pr to cool
effluent, result] n_g rom s}; earﬁn%rgck?%g: @915 US% _Patents 4,150, 716 and
4,233, 137 pr opoSignifcaib veptaypfdfanmablsplinuis %%bpnss gibigh ig net desgdde i ng zone

wher(e the eff| u%ﬁ%ﬁw&gﬁ,ggﬁﬂﬁﬁ&kpam cracking is brought into contact

wi th-a sprayed quenching oil,” a heat recover zone, and a separating zone.

[0016] Lohr et HIO131 " STeueisdhesefie » nEsoibMpimREfetmetbodoeralingpyrolyds | & Gas
Journal, Vol . 7@ Novess Gha 1Hbvidg 368 Rsutfidg &y oBE MPERSWRCH ¥RiRLAME auenching

need for a primary fractionator tower and its ancillary equipment.
_[o014] U.S. Patents 4,279,733 and 4,279,734 propose cracking methods using

a quencher, indirect heat exchanger and fractionator to cool effluent, resulting

from steam cracking.
[0015} U.S. Patents 4,150,716 and 4,233,137 propose a heat recovery
apparatus comprising a pre-cooling zone where the effluent resulting from. steam
cracking is brought into contact with a sprayed quenching oil, a heat recovery
zone, and a separating zone.
[0016]  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 produce medium-
pressure steam.
[0017]  U.S. Patents 5,092,981 and 5,324,486 propose a two-stage quench
process for effluent resulting from steam cracking furnace comprising a primary
transfer line exchanger which functions to rapidly cool furnace effluent and to
generate high temperature steam and a secondary transfer line exchanger which

functions to cool the furnace effluent to as low a temperature as possible



i nvol ving indiTect quenching wifth atransfer |ine heat exchanger to produce
hi gh- pressure steam along with direct quenching with a quench oil to
produce medi um pressure steam [0017] U. S. Patents 5,092,981 and 5, 324, 486
propose a twwalagwsyaench process for effluent resul tRORFSEa0GIRHEIDeam
cracking furnace conprising a primary transfer |ine exchanger which
functions to rapidly cool furnace effluent and to generate high tenperature
steam and a secondary transfer |ine exchanger which functions to cool the
furnace effluent to as low a tenperaturée as possi ble WO 20071008396

PCT/ US2006/ 02480% sistén§vs%:ﬂ%ﬁ?{c%hﬁgr}ma\g%lﬁgch%{l;t&rc&rgﬂéncﬁ) EOWF%%?O%&%E h%ntgt or or
guench tower performance an nerate nediumto [ow pressure steam
[0018] U.S. Patgentratb mb0imm3e bowppressws sisarth.r ansfer | i ne exchangers havi ng

mul tiple tube S differ be diameters. .U S, Patent. 4 457, 364
proposes a cl @@iougﬁ-ﬁubﬁvﬁngﬂéﬁbﬁ REPREA &ﬁ%ﬁ&#&e?xcu%ﬁr:‘: hEEs) " U s,

Pat ent 3, 923, 92duifiple pbs @sssad of diffleichttubd danstas aUulsl Pgend . d8E3E! prep@sgal Si ng

passi ng effluent thro a _tran f?r %i ne exchanger to cool the effluent and
t hereafter thr dtyficd ertIWﬁ/E‘?a. SFHHLE "o 93/ 12200 proposes a met hod for
quenchi ng the gmeBpus ©Rf Piteit3,973/92M mofbelr » GapHe sthasl Rta¢Ring pidteds DY passing
the effluent through transfer line f exchangers and then &,genchl ng the.

ef fluent with |gRREmgEeRs lfluey thronghe tensfes e exchanges & a9l ths eflvertper at ur e

in the range of d2iatier iGN d R tdWer130C), such that heavy oils and tars
condense, as the effluent enters a primary separation vessel. The condensed

oils and tars aW828epaVe Bl 220G mopeses g ansthed Jorcquenchingtths paseqvs offyentygr y

separation vess 104 O Oni ; | 0 a quench
t ower \/\here‘theﬁ(%%%pq{eirg{:lta ﬁr?%ﬁgﬁ-b]?g ﬁﬂg%lfg ? ?ggﬁtﬁgﬁg %fggﬁ%gg&%ggaﬂ?ﬁ%v% at whi ch

the ef fluent i sexehangérsand ensquenthing the gfflpent prthAgmidogmer se dipb de siflventet hod f or
coolling a flui diSht 8% ténn;%eEﬁ%ﬁpﬂw Eﬁg&&%ﬂﬁ"ﬂ%%ﬁ‘%ﬁ] 1695CHS L8PS sadst er |ine

exchangers having two or re separat eat exchangi ng sections. [0022]
U.S. Patent 5, 2iba 13ayy pilopwistass tondense, rascthépffmet avterduf pomanyi segarplicant s,

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.
[0021] = 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.
[0022]  U.S. Patent 5,294,347 proposes that in ethylene manufacturing plants,
a water quench column cools gas leaving a primary fractionator and that in many
plants, a primary fractionator is not used and the feed to the water quench columnn
( is directly from a transfer line exchanger.
[0023] JP 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.
[0024] WO 00/56841; GB 1,390,382; GB 1,309,309; and U.S. Patents
4,444.607; 4,446,003; 4,121,908; 4,150,716; 4,233,137, 3,923,921; 3,907,661;
and 3,959,420; propose various apparatus for quenching a hot cracked gaseous



©a water quench columm cools gas leaving a primary fractionator and that in
many plants, a primary fractionator is not used and the feed to the water
guench colu i irectly froma transfer |ine exchan 3] JP
2001- 40366 %%%@"g@%%gol ing mxed gas in a high tenper g’f‘{}‘?‘]esg‘%%’ﬁ‘g?é with a
hori zontal heat exchanger and then with a vertical heat exchanger having
its heat exchange planes installed in the vertical direction. A heavy
conponent condensed in the vertical excléanger is thereafter separated by
distillation at downstreamrefining steps. [0024] WO 00/56841; GB 1, 390, 382;
GB 1, 309, 309; amdarth/whereiaheintt gasedysdttdambR passéd Hebhigd® Guendh fifd or9f¥8nchd, 150, 716,
4,233,137, 3,923,921; .3,907,661; ., and 3,959, 420; propose vari ous appar atus
for quenching a“oY e&?‘%ﬁﬁ%‘ﬂ“&%?i%i@%%&‘?}eﬁég396 PCTI US2006/ 024890 - 6
stream wherei n the hot gaseous streamis passed through a quench pipe or
guench tube wherein | i qui (quench oil) is injected. SUMVARY OF
THE | NVENTI ON (oMIARX OICEHEINYENTION: present invention is directed to a
met hod for treajpossy JIRSBOMDedfths presht ihvdanbPis Airelidaqs b ol YorQledi®ios UNit, the
met hod conpri sing: (ai)ﬂpcool ing the gaseous_effluent to or slightly below a
tenperat ure at SFEeEmeiiineyt frompdydgcabonnyetysisamitdhpmehedermpisiognt s of the

ef fluent, Condensesi(a)(cgéﬁ:%%éga%uﬁEﬁu&ﬁ%@ﬂsﬁ@ﬁ??&éw%@éﬂnﬂekaﬁh‘é&vﬁﬁéﬂ uent from
(a) through at |east ™ one knotk-out drum where the condensed tar separates

from t he gaseoulst &rmed by reaction anorgonstiugnts péthg s8lenicondambatent from (b) to

condense a pyrolysi ?‘%ﬁ?ﬂ JeSl3 i e ' Q%j di&guce the
tenperature of the gbseousétgf?j%g% toa];]ulrljtza@]s1 t a%n%%%‘ (1(5)0 ?l%gt? exanpl e

| ess than 167F ¢mpg@yck-qu dingavbsre thesendensgr tar sepamtes Sothe gasrdus ¢fflesnts enbodi nent
bet ween about 68 an -50QC).; ' i i asol i ne
fragti on condensed ?ﬂl%é@g(%%ﬁéf‘%ﬁﬁ%g%t gl s@’?m"%ge“é%?ﬂﬁ?fé’%g%"g“ pyrol ysis
gasaline fract i bactisw fam said effwtutedirhdice thertethpeatink: iofi thepasants effluediod pyrol ysi s
gasoline fractigp., 10 IR0 rthe SRECt 4t e i e‘Q;ionis
directed to a ne ﬂ(:)léJ ?%fﬁl} (ltop e@t fogﬁxagl gee%%sgﬁ aé’f]fq7uﬁe1ﬁlt5 QTE)f ?}’ﬁ{%ﬂwﬁlﬁ ocar bon

pyrol ysis unit, 140fe(668C)Hadl in one embodiment between about 68 and 122°F (20-50°C);

(d) separating the pyrolysis gasoline fraction condensed in (c); and then

(e) distilling said separated pyrolysis gasoline fraction so as to reduce the
final boiling point of said pyrolysis gasoline fraction.

[0026]) In a further aspect, the present invention is directed to a method for
treating gaseous effluent from a hydrocarbon pyrolysis unit, the method
comprising:

(a) passing the gaseous effluent through at least ome primary heat
exchanger, thereby cooling the gaseous effluent and generating high pressure
steam;

( (b) passing the gaseous effluent from (a) through at least one secondary
heat exchanger having a heat exchange surface maiﬁtained at a temperatore such
‘that part of the gaseous effluent condenses to form a liquid coating on said surface,
for examplé when said heat exchange surface is maintained at a temperature
below about 599°F (315°C);

(c) passing the mixed gaseous and liquid effluent from (b) through at least
one knock-out drum, where tar, formed by reaction among constituents of the

effluent and condensed in (b), separates from the effluent;



conprising: (a) passing the gaseous effluent through at | east one primary
heat exchanger, thereby cooling the gaseous effluent and generating high
pressure st ¥E%H) passing the gaseous effluent fr SMUE¢RIBUGh at

| east one secondary heat exchanger having a heat exchange surface

mai ntai ned at a tenperature such that part of the gaseous effluent
condenses to forma liquid coating on sai.d surface, for exanple when said
heat exchange surface is maintained at a tenperature bel ow about 599F

(315C); (c) passi ng(d§E&Hggﬁﬁ%aﬂ@u%%l&@en@ﬂ&nl(é)%'béhd&isﬁhlﬁﬁlysfsrg@m‘b) t hr ough
at |l east one knock-out drum where tar, formed by reaction_anon

y
constituents offagtioa frogy yaid effiuent ael wdvwredhe wapeAyEH ,"hes@ﬁ%“&ff@eﬁtrtg)m t he
effluent; WO 2@@;&&9@@%96536@%3006/ 024890 -7 (d) cooling the gaseous

effluent from (c) to condensée a pyrolysis gasoline fraction fromsaid
ef fluent and reduce{e} ssparetingibs parelysis geholink &ragjivg condgnsed i (dxmed then | ess t han

212F (1000); and (e gﬁ@{ i VSIS Y 8 i ondensed in
(d); and then (f) d s(ﬁ |%d;%P%Q§%%§%%§&B§I%O yg‘:’ﬂsq&g;ggg?%dhe gacti on so
as to reduce t lipal bbilingpoibiciflsai gyrplysin gasolinesfedactionpy r ol ysi s gasol i ne fracti on.
[00271 In yet t her pect, the present inv i.on .is.directed to a
hydr ocar bon cri‘g‘{%ﬁg %pﬁ%fgt ﬁgmgroﬁ%e?tsﬁﬁ%:pr?sgél %Q%dgglgt%rd’%%{egp%rgl yzing a
hydr ocar bon f eégdrbeacion ctahking spatatis chaprisivgg: an out | et t hrough whi ch gaseous

t exchanger

pyrol ysis effluent n_exit.the react r'cgn t .l.east on gleﬁa
connected to and do@ﬁg{@pé%ﬂgwr?lp@ng %gﬁr% q}oﬁ?egﬁstt?cgté}? BAROBM™EE™ t he gaseous
effluent; (c) attldténsighohithlgaeeks Pdlysil difitcandan efit thelrsacioand downst ream of the
at | east one heat &icﬂanger f ar_ separ at i n‘g tar om t he q,%lsgeo% effluent;
(d) ,a cooling trai nPBFAstqnEdeq SxAREcH ERARERsHA ARG dovmplEea of e T8actot h e knock-
out(_dr um for f willd e cosak ititGaidots gs@gus ef fl uent so as to condense a
rolysis asoline fraction fromsaid effluent and .reduce t t enper at ure
g%/ t h)é gasegus (cS at least one knock-out dram connecteg to and downstream o? (tahe atrrp
' least one heat exchanger for separating tar from the gaseous effluent;
(d) a cooling train connected to and downstream of the at least one knock-
out drum for further cooling the gaseous effluent so as to condense a pyrolysis
gasoline fraction from said effluent and reduce the temperature of the gaseous
effluent to less than 212°F (100°C);
(e) a separator for removing said pyrolysis gasoline fraction from said
gaseous effluent; and
(f) a fractionator for fractionating said pyrolysis gasoline fraction into a
heavy fraction and a light fractioni having a lower final boiling point than that of

said pyrolysis gasoline fraction.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]  Figure 1 is a schematic flow diagram of a method according to a first

example of the present invention of treating the gaseous effluent from the lignid
cracking of a naphtha feed.
[0029]  Figure 2 is a sectional view of one tube of a secondary, or "wet," heat

exchanger employed in the method shown in Figure 1.



ef fl uent 12F-{-1006)+~(€) a“separator for renoving said

.pyrolysis gasoline fraction fromsaid gaseous effluent; and (f) a

i

fractionator for fractionating said pyrolysis gasoline fraction into a

heavy fractwomoamdssa | i ght fraction having a | ower fiPa/URB6I04EY poi nt t han
that of said pyrolysis gasoline fraction. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0028] Figure 1 is a schematic flow diagramof a nethod according to a first
exanpl e of the present invention of trgating the gaseous effluent fromthe
liquid cracking of a naphtha feed. [0029] Figure 2 is a sectional view of

one tube of on . %ﬁ@ : i he net hod

shown in Fi gﬁlrogg% S%%OS?;SO% u%lga %@%é‘i 06 %g%gé%tﬂ@%&?%o‘? %:i gure 3 is a

schemati ¢ f | owecetidggrmpieof the prasedt invertivpof §Palige the gascouseeiineht &euutid e of t he

pr esent inven#i@@(pcrg{kggf?? LG &0 gaseous effluent fromthe [liquid cracking
ed.

of a gas oil lgure 4 is a schematic flow di agram of the
conpr essi on t {0831 f oFigurecohpr & schemgfict fiew |diaghan gh theproaghastioro traitihfer met hod shown

in Figure 1. DETAI LED | PTI TH QDI S [ 0032] The present
i nvention pr ot paessiE fig g%p@tgm?méﬁ\%&w@éﬁ ous effluent stream

froma hydrocarbon pyrolysis reactor so as to renove and recover heat

therefrom and—ﬁm Ok N z : el he desired C2-C4 olefins in-
the effluent, B CRICLIONQF LHE BMBODIMENIS onat or. [0033] Typical |y,

the effluent a8y i NThdise iﬂ%ﬂﬁ&ﬂprbh&eslﬂuﬁ%bét%ylﬁh@itﬁglﬁ@%seoby pyrolysis
of a hydrocarbgn feed boiling in a tenperature range from about 104F to
about 1200F (a@waﬁ%&me%@f?ﬂ%@w 18)062510F SHBSIAFIHROVEANGEEOST | . The
tenperat ure Oficat ihereSaHQRY o Rpdrdtd € R hyRbockBErsFekd 8E ddsi-QITI-O 0lBHIsQA YSi S T eact or
is normally in the range of about I400F tq about 1706F (760C to about 930C)
and t he i nventte sHlugptovitwsthg nepd foraarigrrerstiongets he ef fl uent to a tenperature

ali_ whi oh t hegssy ety SPAnObmR 5scd AR hokRTBE B2 SAEnRET flodRk . general |y

by pyrolysis of a hydrocarbon feed boiling in a temperature range from about

104°F to about 1200°F (40°C to about 650°C), such as light naphtha or gas oil.

The temperature of the gaseous effluent at the outlet from the pyrolysis reactor is

normally in the range of about 1400°F to about 1706°F (760°C to about 930°C)

and the invention provides a method of cooling the effluent to a termperature at

which the desired C,-C, olefins can be compressed efficiently, generally less than
212°F (100°C), for example less than 167°F (75°C), such as less than 140°F

(60°C) and typically 68°F to 122°F (20 to 50°C).

[0034] In one embodiment, the present mefhod comprises passing the effluent
through at least one heat exchanger, such as a primary trausfer line heat exchanger,

capable of recovering heat down to a temperature where fouling is incipient. If

Y

needed, this heat exchanger can be periodically cleaned by steam decoking,
steam/air decoking, or mechanical cleaning. Conventional indirect heat
exchangers, such as tube-in-tube exchangers or shell and tube exchangers, may be
used in this service to generate steamn, preheat boiler feed water, or otherwise
.recover heat for a useful purpose.

[0035]  Conveniently, a secondary heat exchanger, such as a secondary
transfer line heat exchanger, is also provided and is operated such that it includes
a heat exchange surface cool enough to condense part of the effiuent and generate
a liquid hydrocarbon film at the heat exchange surface. The liguid film is



212F (-100€for—exanpte-tess-than 167F (75C), such as |l ess than 140F (600
and typically 68F to 122F (20 to 50C). [0034] In one enbodi ment, the present
met hod conprises passing the effluent through at | east one heat exchanger,
such as a prwoeogrobasemsfer |ine heat exchanger, capabPETHR20EREri ng heat
down to a tenperature where fouling is incipient. If C needed, this heat
exchanger can be periodically cleaned by steam decoking, steanlair

decoki ng, or mechanical cleaning. Convegtional indirect heat exchangers,
such as tube-in-tube exchangers or shell and tube exchangers, may be used

o eover per V! ¢ GafufPIPLAL En bERRIPRERCRio U RirphBEHL WELELH (s O NOT 4 o
recover heat f a usefu pur ose Convem y, a secondlary heat
exchanger, suc rpmaﬂscezd tyeicaltydarayout 302046 ebout FIREF NLSATC m(sﬂioah@léPC), pwhal so

provi ded and is r i ncl udes a, heat _ ex surface cool
enough to condé‘ﬁ% a% ‘gtr@gcﬁ&gﬁu@e&hsd%ﬂlwﬁ Jong chpige °%°°I°|%Eﬁ1 ¥ dr ocar bon
filmat the heafq Qﬁéﬁﬂ%@ﬂﬁs@ﬂrﬁ%@s‘e i VRaih tidiafbelth hélt irfnsiPisHeRecR B8 396

PCT/ US2006/ 024890 - 9- enerated in situ_and preferahly _at or below the
tenperature at Wik piecsshsitpam apd dbr didm, theylimegany he gt aqsigiificastip fowss about 599F
(150C to about téﬂ;%&me%ﬁéﬁﬁheﬁﬁk@&eaﬁab%ﬁﬁ%eé&%@@e s fed: $x red by

proper choice of cooling medium and exchanger desi n. Because t'he nmain
resi stance to wagacetvweitad ith ﬂ@m@vﬁ@ﬁmd@mmlﬁmﬁ@s@%w@mﬂand t he

film thefllmﬁ;@ﬂb st he bul k
stream The fil'mer ggﬁ%gﬁC& g}&?hn&it%gla@%{%‘c%&g @;gﬁthﬁmg’%%ted wth
fluid materi al sasamhmtlmduklysw ﬂﬁa&mpe@uuodlvducthaympn effitheiepolibpisl i ng. Such
a secondary, org [ [ odIMSH t s stream
continuously to O\tﬁﬁé& lfetﬁl;r:g}era Bm{ ﬂﬁmghscﬁ%w% %S rﬁco étj(lt:heog}g(fegJ @%gécool ing is
s: opped bef Io(rje \fdmlcbst@bbenhl thé ﬁw:clmgllgagme | Thie bacowdarotrgufer bagax&e:;gtmg ]E)roc?a_ss
strieam would s e fou ndary transfer Iine
exchanger is ﬁ’ar’[cmgrq S"%‘n?}e ﬁﬁ%f{; us{eer“‘33 Stuﬁhh%mﬁlf% iquid feeds, such as
tnﬁpht hal. ([jOOB?}.:I{lﬁlJSfﬁ] ter Af&s$mg@etthxmg1:gmetuiae;férrlmaﬂxfeﬁrexbhanger(mgftlrl]e modﬂdgnger <(1I s%

e cooled e en kno u ere the.condensed tar
i s separated frgﬁ‘}emtlﬁ(ge &s‘f"g ﬁefteﬁ‘éé’f’? Hsnh\rqagllst?eﬁi’rgte'& 8%- out druns

may be connect eble éffluent stream. If desired, multiple knock-out drums may be connected in

parallel such that individual drums can be taken out of service and cleaned while
the plant is operating. The tar removed at this stage of the process typically has an
initial boiling point of at least 400°F (200°C).
(00371 The effluent entering the tar knock-out drum(s) should be at 2
sufficiently low temperature, typically at about 374°F to about 599°F (190°C to
about 315°C), such as at about 446°F (230°C), that the tar separates rapidly in the
knock-out drum(s). Thus, depending on the severity of operation of the transfer
line heat exchaoger(s), the effluent stream, after it passes from the heat
(— exchanger(s) and before it enters the tar knock-out drum, can be further cooled by
direct injection of a small amount of water.
[0038]  After removal of the tar in the far knock-out drum(s), the gaseous
effluent stream is subjected to an additional cooling sequence by which additional
heat energy is recovered from the effluent and the temperature of the effluent is
reduced to a point at which 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 passing the effluent through



paral | el such-that-npdi=iduat--dr-ums—can-be taken out of service and cl eaned
.while the plant is operating. The tar renoved at this stage of the process
typically has an initial boiling point of at |east 400F (200C). 100371 The
ef fl uent enwariswpossbe tar knock-out drun(s) shoul d be PEE/US20gRF ci ently | ow
tenperature, typically, at about 374F to about 599F (190C to about 315QC),
“such as at about 446F (230C), that the tar separates rapidly in the
knock-out drun(s). Thus, depending on_jhe severity of operation of the
transfer |ine heat exchanger(s), the effluent stream after it passes from
t he heat exc J | 1o oS um can be
further cool eg’ﬁggl%é’l rcé%'.aaﬂ%?gﬁi%%#dotg%aﬁéﬁgf Pﬁgfnﬁﬁvﬁ%p@%ﬁ%ﬁ?gﬂooggl Af ter
renoval of t hetleast ohgrindirest paatial kendensenystas tr eomenpe the pprolyais gengline asfif | uent
streamis subj Q It COQl | C lch. addi ti onal
heat ener gy is?ﬁ1 ?%glg\t/ﬁéeree F?gﬂﬁetcﬁ]g&g‘%aﬁ %gthefﬁg?%ﬁ e&t%rééé?o\ggﬁgééof t he
effluent is redapeelise gasofind fdction amhthe hyrblysis ponkive fdctibn Bslidgiiedtbe ef f | uent

can be efficientl rLessed i cal 68F.to0 122F (20 to.50C¢) and
preferably abgﬁvye%ﬁii&%&@é 9m&h®>{’§3&§¥’t¢%ﬁ‘ﬁy‘°‘&%ﬁs‘? ﬁf?gtbqfl‘ecﬁﬁ%en?e cl udes

passi ng tEedefﬁohm&ﬁtelfﬂdfeﬁmﬂ@gn\ﬁ? %ﬁﬂaﬂ)@&ﬁﬂ@pﬁﬁ%ﬂ!&ém@%meﬂo one or
more cracked gas .c rs and, then t er. a er .qu tower or at
| east one indig“FggPﬁg’ﬁ ngPmE‘Sr?H‘“eﬁﬁ%@{]g@%g&égg ’56‘81?1%% ?‘ﬂ%“ggﬁ%ﬁysi s
gasoline and Sy whiteds)ahep i@t it {LPRaIRONE @ Tmal Koilif ol df 3sP@rated into

an aqueous fraction and a rolysis gasoline fraction and the rolysis
gasoﬂi ne fract“l‘*@??‘ilgof?izéwiq)fgd tg I m?ver its final boiling poi nltoy Tygi cally,
the pyrolysis [gas9p! i e will Weckdftd HeORSE LG thd ARIbbAGFahd i@MonS eeam has an
initial boiling point _of |ess than 302F (150C) . and fi nal b0|_i I ng point in
excess of 500PY[eUCHluaimeogledde a lREPHAtwS: at FPhiduty lowerouens ih#iceas, after
di§tillation, deuchyBinCRl dntcilids Rulotedatl Wglohi HlciBinpls hcidnfio Gep.446F (180 to

230C). [0039] It wll therefore be seen that in the nethod of the invention,
the pyrol ysi sthas fiegestodiof the dnyeiipniahvigtes Sapesdefons Brimary fartigraton el ower
olefins in theg,,gt t S 1l BRVA sGRIP (YY) nander goi ng a
fractionation s({sepgﬁe ucg ?ﬁhggﬁ%ﬁo%&o]f%&t he S?nveéita?gdgn 3@\?%%?5‘;5 the need for
a primary fr acrickingtuoit, Asmhgesult, the pyrolysis gasoline fraction contains some heavier

components than would not have been present if the entire gaseous effluent had

been passed through a primary fractionator. However, these heavier components
are removed in a simple distillation tower (typically including 15 trays, a reboiler
and a condenser) that can be constructed and operated at a fraction of the cost of a
conventional primary fractionator.
(0040} The method of the invention achieves several advantages in addition to
the reduced capital and operating costs associated with removal of the primary
fractionator. The use of at least one primaty transfer line heat exchanger and at
< least one secondary transfer line heat exchanger maximizes the value of recovered
heat. Further, additional useful heat is recovered after the tar is separated out. Tar
aud coke are removed from the process as early as possible in a dedicated vessel,
minimizing fouling and simplifying coke removal from the process. Liquid
hydrocarbon inventory is greatly reduced and pumparound pumps are eliminated.
Fouling of primary fractionator trays and pumparound exchangers is eliminated.
Safety valve relieving rates and associated flaring in the event of a cooling water

or power failure may be reduced.



most expensive conponent of the heat renoval system of a conventional
napht ha cracking unit. As a result, the pyrolysis gasoline fraction

contai ns somgdg qﬂgjr% conmponents than woul d not have %erﬁjswﬁg/&tgm] if the
rac

entire gaseous e uent had been passed through a primary I'onat or .
However, these heavier conponents are renoved in a sinple distillation
tower (typically including 15 trays, a reboiler and a condenser) that can
be constructed and operated at a fractt+bin of the cost of a conventional
primary fractionator. (0040] The met hod of the invention achi eves several
advant ages i n d0@1] i orWhare thehdditionhli cealing apiueade invalves pessintg the eflosdts
associated w t epovial _of the. primary ractionator. .T se af. at | east
one primary trghﬂrvé}l atﬁ? goﬁeelé‘?“ée%){( Eﬁﬂgcé’f’éegﬁe& %{% lglcce’%v&w%ﬁe&%%e ndar y
transfer |ine Headrtkedehpagears afie effuenio bt 6EF e alwint 12260 @O H abbaat .
Further, additi | . useful heat, i covered.alter .t tar is separated out.
Tar and coke asrﬁe r’é’ﬁ’ﬁglbdabﬂ‘toﬁﬁtéléo@o%gé)?erﬁgngeaérsﬁb % wﬁgrggqr%\ug, n a

dedi cat edLyeS_sgiomﬁaxga lwiitﬁit%d t@ﬁpér@tuieitdmmﬂd?@’l?rmdt)"p ﬁb:ﬂ%llfi@%lﬁev&gmw fr omdt he
process. Liqui ydrocarbon | nventory is greatly reduc and_punparoun
punps are el i mi‘YRAFrQyench gyvsriadditional gt ﬁ%ﬂﬂpﬂ%ﬂgﬁa{laﬁ%ﬁ%‘% ‘S?rﬁlgb'sm%ﬂlgpurrpar ound
exchangers is ehé Birdi¥ 6flthe hP@bEkbon\phktCml ShpRVink thd RbA&IANT pfbRR at ed
flaring in the event of a cogling water _ or power fallure nmay be reduced. WO
2007/ 008396 PCHe%me fonoatgofuch sappration ypicalpropws ipeseling 4WBnal cool i ng

sequence i nvol vige42pas Std GurthBe r&iabd teNiensity 0P YGK) cBldehR@ StkydRR&bA) Hal €Ct
partial condenser, this is conveniently drranged to |ower the tenperature

of the effl uentembydigisatef thametest Hkrntion sogamplaiesche addition of hggogyolysisypi cal | y
about 104F (40Qus,f3Y 19RRS Shidtk : Wik SHPREALH Tkt AfktiofOgiPar ed wi th
t he errperatur(caaag?‘ about 1/6F (%‘?%%%ﬁ%y a%ﬂ?evg% vlvl%t'h amwater guench
t ower, additi orpyrolysiggwsoling erecopmdly produced it vnapbihe steam hrackepforexaopleng  t he
density of the a . i phQi rad 1,00, yrolysis
gasoline from mgiﬁégﬁséggﬂgfe}%g?@fﬂ?gﬁs ta%il%\eﬂ Ire% %%Sﬁgqurﬁ asgt ‘Illeﬁg drum
[0042] To furt hencenggadectidre Tessiicionsfhayh dvweo dersiise thah ittt of telidal, an
embodi ment of t g BLESEAL EOYENLON GO IRIALER o BEBYS k] Badled | Ot
pyrol ysis gasol'l ne TP e e shdense pyro yé S ‘gasol i ne stream Sever al

| i ght fracti onspyodlysis gasoline stream will lower its density, thereby improving separation of

the hydrocarbon phase from the water phase. The ideal recycle fraction will
maximize the reduction in deunsity of the condensed pyrolysis gasoline with
minimal vaporization. H may be added directly to the quench water settler or to
an upstream location.
[0043]  In one embodiment of the invention, the low level heat removed fiom
the gas effluent in the cracked gas cooler(s) is used to heat deaerator feed water.
Typically demineralized water and steam condensate are heated to about 266°F
( (130°C) using low pressure steam in a deaerator where air is siripped out. To
achieve effective stripping, the maximum temperature of the water entering the
deaerator is generally limited to 20°F to 50°F (11° to 28°C) below the deaerator
temperature, depending on the design of the deaerator system. This allows water
to be heated to 212° to 239°F (100 to 115°C) using indirect heat exchange with the
cooling cracked gas siream. Cooling water exchangers could be used as needed to
supplement cooling of the cracked gas stream. By way of example, in one
commercial olefins plant, about 816 kIb/hr of demineralized water at 84°F (29°C)
and 849 klb/hr of steam condensate at 167°F (75°C) are currently heated to 268°F



pyrol ysi s gasol'ine are normal 'y produced in a naphtha steam cracker, for
exanple, a fraction containing mainly C5 and |ight C6 conponents and a
benzene con raction. These fractions have |l o i3k8s than
that of the ﬁg(?%?ﬁ%ogsg%densed pyrol ysis gasoline streamwgggﬁﬁgbéﬁggh a stream
to the -condensed pyrolysis gasoline streamw |l lower its density, thereby
i nprovi ng separation of the hydrocarbon phase fromthe water phase. The

i deal recycle fraction will nmaxinize th2g-reduction in density of the
condensed pyrolysis gasoline with mniml vaporization. It may be added
directly to the(lglf€nhuding @ dib/araifidve pregamret steama IThegsstreaasconbigmtantislly [ 0043] I n
one enbodi nent of i i t.he. |l ow | moved. fro t he gas
effluent in thegecl?etggégéddﬁgﬁgghéoo)gflf’%}‘eq?éecﬁge\é% ?%8%{35% Ogeag-ef}'glfgp eed water.
Typi cal | y dem netdk itteaidaanstbresteaaineqieman fopn2i2ridiatueto #6 &lbigafoe d sivingabout  266F

(130C) using lo [ ure.steamin a, deaerato ere air is ripped out.

To achieve eff@ﬁ@@’%?ﬁ%ﬁrﬁﬁ?eﬁﬁﬁm@i e £0oims 1§ ertﬁfé'lwgt er .

entering the dgrer®MBTHFmgenerally limted to 20F to 50F (11 to 28C) bel ow

t he deaer at or erature, de,pendifgtgL on the desi of the deaerator system
®

te
This all ows wat OfM4l; o ‘Benrakpdigertpizge mventiongaricy doy usetih heavishy i ndi r ect

heat exchange Wshdg, mﬁasg@caik,rwseesﬁ%sskmw 2B priAQd iR GheR3bBAg eXchanger s
coul d be used as needed to suftc)tﬁl enent cooling of the cracked_gas stream By

way of exanpl e, Sspenghdownsonmepicthe far dneckroytdmma e sepagts pddigoml pil Biopy  of

dem neral i zed Wakegsadrefftr TR Ghcon@Neho8ASt KdrBihhis Blfeféébff%gﬁﬁk@&i%sﬁte at 167F
(75C) are currently heated to 268F WO 2007/ 008396 PCT/ US20061024890 -12
(131C) usi ng -24tEmpeminrerabeye thexowhrois efiwatess typigally afibasib 200°F taxrbentc9giFd -
potentially be e ' o K acked gas.
Thi s~ woul d red(ug??%%%mhg5@?%?5‘?&;3?’2%%H?dé%?o?g@%%ﬁﬁ%’?ﬁg@gﬁgIygg@/(ﬁl; to 46
kibY.hr, for a shadtioghavidg ah@Etid bhiling pafit ih therpaze sSaboet WKMERIFP @Qrclabeoul d r educe
t he cooling t0\/\$§ j‘:@wﬁy about 189 MBTU hr. [0044] In an enbodi nent of the
i nvention, part <,2 for use with heavier feeds, such as gas oils, a
second knock- ouf0fdsium Terineati@l will shebd moieparticolatly descrited gritnefereioanst r eam of

the tar knock-obly dLulE | 9 SRR EL Lo AdU b Aalng | 7O

[0046)  Referring to Figure 1, in the method of the first example a hydrocarbon
feed 10 comprising naphtha and dilution steam 11 is fed to a steam cracking
reactor 12 where the hydrocarbon feed is heated to cause thermal decomposition
of the feed to produce lower molecular weight hydrocarbops, such as Cp-Cy
olefins. The pyrolysis process in the steam cracking reactor also produces some
molecules which tend to react to form tar.

[0047]  Gaseous pyrolysis effluent 13 exiting the steam cracking reactor 12
initially passes through at least one primary heat exchanger 14 which cools the

Vi
; )

process stream 1o a temperature between about 644°F and about 1202°F (340°C
and about 650°C), such as about 700°F (370°C), using water as the cooling
medium and which generates super-high pressure steam, typically at about 1500
psig (10400 kPa).

[0048]  On leaving the primary heat exchanger 14, the cooled gaseous effluent
stream 15 is still at a temperature above the hydrocarbon dew point (the
temperature at which the first drop of liquid condenses) of the effluent. Above the
hydrocarbon dew point, the fouling tendency is relatively low, i.e., vapor phase



the ga arm T*Knock-out "drumis preferably operated at a
t-enper at ure above the dew point of water, typically at about 200F to about
302F (90C to about 150C), such as at about 248F (120 e a light
oi | fracti oRCAMP#3%n initial boiling point in the %ﬁg@&g@ﬂgﬁgﬁt 194F
(90C) to about 392F (200C). [0045] The invention will now be nore
particularly described with reference to the exanples shown in the
acconpanyi ng draw ngs. [0046] Referringi3t-o Figure 1, in the nethod of the
first exanple a hydrocarbon feed 10 conprising naphtha and dilution steam
11 is fed to afwliemis ganeawky not sevargctndrthet@ isve liguid presény dhedbcaibomsé eed i s
heated to caus&l, .hermal deconposition of the feed to produce | ower

nol ecul ar wei g t.t"'lthﬁ%drOCar bons, such as C2-C4 olefins. The pyrol ysis process
in the steam ciéidi) ngAflenddvng dlesprirpirg didaicsxchayer 14iohe gudeas wiihal tend to

react to formtar. 047 eous rolysis effl ol exitipg the steam
cracki ng react Sﬁeaflzggil‘ﬁf’%qlgﬁs 2 § %F@G@‘ha “?Egggtmgn%’gbﬁl' y heat

exchanger 14 wWhisphC efPitoul NB°CIDFR c285p1S HHREMEPR (BOSIRLE alatihe theh Wween about
644F and about 1202F (340C and about” 650C), such as about 700F (3700C),

usi ng wat er as tharilluegtropdepsesnEhie aepling malhe achiqyedey means oS goayent pressur e
t t [ [ 1 t ' j th
steam typically & Wﬁaoﬁ,n&?ﬁ{eat s d&r%&@%ﬁfé@%ﬂg@%ﬁhg% éﬁﬁéﬁ%”g e

primary heat exchanger c00 gaseous e _Stream is still
at a tenper at urthsougho eeconfanhledt ehuizen vl igdidicatedt :d6 indiipes dtande at which
the first drop -4 gL fe . Above the hydrocarbon
dew point, the o“&l‘él%u“?seeﬁ encya‘?%)?ﬁ{f?%%g H%@vgﬁl .e., vapor phase WD
2007/ 008396 PCT#158P00aTepaRtng the gdgedusefffucyt tb or gfightdy below thedempeareree, and

there s 1m0 |1 gyl fcpURSENLonl EUAeRAY3Racd LI AN ALLET | caving

the primary heat exchanger aseous e uent stream 'S cooled to
a térrperature blatmae whetzotht ¢B02E isnepasiduinto5 8F and ¢8@0ratich dbewt 2a315C), for

crample sbout 43l 05| 2a Sl nd DS:0 i Hpufl Hhbes ospenes

more cracked gas coolers 23, where the fraction is cooled to a temperature of
about 68°F to about 122°F (20°C to about 50°C), such as about 104°F (40°C) by
indirect heat transfer first with deaerator feed water and then with cooling water as’
the cooling media. The cooled effluent, containing condensed pyrolysis gasoline
and water, is then mixed with a light pyrolysis gasoline stream 24 and passed to a
quench water settling drum 25. Tn the drum 25, the condensate separates into a
hydrocarbon fraction 26, which is fed a distillation tower 27, an aqueous fraction
28, which is fed to a sour water stripper {not shown), and a gaseous overhead
fraction 29, which can be fed directly to a compression train (discussed more fully
below in relation to Figure 4). In the tower 27, the hydrocarbon fraction 26 is

( fractionated into a pyrolysis gasoline fraction 30, typically having a final boiling
point of 400 to 446°F (200 to 230°C) and a steam cracked gas oil fraction 31,
typically having a final boiling point of 500 to 1004°F (260 to 540°C).

-[0051]  Referring now to Figure 2, in a preferred embodiment of the method
shown in Figure 1, the gaseous effluent stream 15 from the primary beat
exchanger 14 is cooled by passage through a secondary heat exchanger 16 before
entering the tar knock-out drum 20 (see Figure 1). In the secondary heat

exchanger 16, the effluent is cooled to about 446°F (230°C) on the tube side of the



oi | or Water -quench (not shown) or nore preferably by passing the effluent
t'hrough a secondary heat exchanger, which is indicated at 16 in Figure 1 and
which is disgus in nore detail with reference to Fi 0] After
cooling the éggégﬂ@§%ﬁfluent to or slightly below the 5%%@%%2?%8%3 at whi ch
the tar condenses, the effluent is passed into at |east one tar knock-out
drum 20 where the effluent is separated into a tar and coke fraction 21 and
a gaseous fraction 22. Thereafter, thelgaseous fraction 22 passes through
one or nore cracked gas coolers 23, where the fraction is cooled to a
tenperature of heatsxttiang®while boilkd fed 12RF1T 2QrehbRedien kbdwO 1°F $120FC)as about

104F (40C) by indirect heat transfer first with deaerator feed water and
then with cool i AGPRAAEYFLI10°Chen the shellwideraf dacsheatroyshangest da thas wax dist |

cont ai ni ng CO”%Q?Q@@P%E Ar¥bsSofIae Alat gﬁhﬁgafi é&‘%%ol éxﬁ;u%ﬂ;ﬁf%\egbrﬁ@% wth a

| i ght pyrolysis gaso e stream 24 and passed to a que \at er settling
drum 25. | n theliqduflne 38 in ke atothel evrfase of $epubeathesliquid 6l reshlfing Giosr bon
fraction 26, whj L.S: LSLI ion tower 27, an aqueous fraction 28,
which is fed toéoggleg%)%f){l\ﬁg?lgggé%ie%dﬁ%ét (not shown), and a gaseous over head
fraction 29, whj0832]carWhide Figare @i depivtslcy-ctument flowmf teggmicons efflegnh sifedinscussed

nore fully bel i,n relation tqg Figure 4). |In the t Y. 2 t hydr ocar bon
fraction b6 ts 1 wdhei S fie {1 atilin G gty 1S Fodd pp 16 o0

typi cal | y havi ngje gprédesasidb Oinlet; nGiherp Givanigertdnts} 00 flowr 4¢%6 possiBR) ihadud®0C) and a
steam cracked gas oil fractiqgn 31, typigcally.havin fi.nal boiling point
of 200 1t 0. 1004 BB S PR REEE S BB G e eat Fed 1%
preferred ferrbodmﬂmi&' x tubd m&tbletumh Hmﬂetalﬁmm&'gmlylﬁogwtﬁanlhhe Edgﬁr fegBwRIOUS ﬁffl Uﬁnt
stream 15 from the pr.i nmar eat . exc er 14 is coole sage through a
secpndary heat @fﬁ}ﬁgq\@té?ﬂ%@eﬂgﬁhﬂggeré%{ﬁ?ait%mﬁ:,g SQran B%%gegﬁe tg?%m 20 (see
Figure 1). In theasesd Ayl eflin 18 X&) &R0 Blocek . side @€ fthdrefBrt thesfilapol ed to
about 446F (230C) on the, tuhe side of the WO 20Q7/008396 PCT/ US2006/ 024890

-14 heat exchan(§BPerHTe i&usbilishily hetter thim the tubemstal tepparature sbay m9it #hout 261F
(127C) to aboufe idd)Exdhaddee. Oﬁlohgﬁle.%ﬁ’t%]l; hﬁnﬁmd)ﬁtﬂ%fheﬁt@ciﬁﬁ%& 164e0aRper. In

this way, the heat exchan?e surfaces o e heat exchanger 16 are cool
enough t o gener tgmperaturd jsqbglew fabpyh 446°F (230°C) tha tammerabue fah odidhf tar i t ube, the

liquidfil mr esﬁjo&dc@cg ﬁgﬁ% particular feed at these conditions. This ensures that the film
is completely fluid, and thus fouling is avoided.
f0053]  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.
Following deaeration, boiler feed water is typically available at about 261°F
{127°C). Boiler feed water from the deaerator can therefore be preheated in the
wet trausfer line heat exchanger 16 and thereafter sent to the at least one primary
transfer line heat exchanger 14. All of the heat used to preheat boiler feed water
~ will increase high pressure steam production. '
[0054]  The hardware for the at least one secondary heat exchanger 16 may be
similar to that of a secondary heat 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
maximize thickness of the Hquid film 18, for example, by adding fins to the



condensation of the gaseous effluent. [0052] While Figure 2 depicts
co-current flow of the gaseous effluent stream 15 and boiler feed water 17
to mnimze t ature of the liquid film18 at t i de

i nlet; other ‘%%@?ﬁ}g@%m s of flow are possible, includi ﬁgﬂﬁ%zgﬁﬁt%%?uzurrent

f.l ow. Because heat transfer is rapid between the boiler feed water and the
tube netal, the tube netal is just slightly hotter than the boiler feed
water at any point in the heat exchange5-16. Heat transfer is also rapid
between the tube netal and the liquid film 18 on the process side, and
therefore the f putside swfipe phitharheati sxchanger tgbdsghilboy bodert feed whtencauieb¢ ube net al

of The hoat oxcENGER dhane B SF i f Shaf B 3pARtmat: AMBRRGE RIS 2500

t he tenperat ur esidé anhiwbh siderseirvices podd beeghvitchedm Eitiies cpandrént wk apufteed at t hese

conditions. This_ensyres at the fi ' | et e flui and t hus
fouling is avoi 8‘88?“?#‘6’6%‘}%% quvf'liﬁg]mabﬁi‘eﬁﬁﬁn%&??r@ or gqtqugng%t er in the
heat exchanger 3ibng the lefgth ofthe bXvhagest efficient uses of the heat generated
in the pyrolysi nit.  Fol]ow ng deaeration, boiler feed water |s typically
avail abl e at ab 9#512611&1ter{‘3f‘2"?]@)‘5h°@61‘1l‘”é¥3 ff”ég‘ﬁ SGRQBAY heah Y HWAEPEt or can

therefore be pregingrt @ tah of e clode bodpled Nfiindiry hedtCexORAEere X AhamesH-ubé and
thereafter sent to the at |east one prinmary transfer |ine heat exchanger

14. Al of the Fedaggseyldiy yednEha piess dreamaewdhgrerled ifithe mperdPease high
pressure steam py QHCH) $ge hBGOMhe dBReLRAGENA LR Qbkd fBdREd hf@SImAHe

Q¥
secondary heat exchanger 16 naybe simlar to that of a secondaré beat
exchanger of t enPassetrongh dies exchanery vathewr pipgging.  Bodere faed appdert eamld bk changer

coul d be used. Bﬁged?éd% ﬁ@@éﬁv&ﬁ%@o&&aﬁ&’ﬁn&%@é& Etitp&éo%ﬁ igfle in a

single pass, fixed tubesheet arrangenent. A r atively arge tube dianeter
wout-d al | ow cokeoytesgureantflon souldbensed ppevided that the dilm tempertehigkeptdow wi t hout

pl uggi ng. The degi r ' maxi m ze
Phi oknogs of t neyinaite b Fopfak e BLEARIRE ol SectBltary froPbl BRGE o b TPV
2007/ 008396 PCTAedge06d GH48Ikcokidd veing stedm e fraicerofof tsteemhalt aiexehanger

t ubes. Al so, boi| .eed. C d, be reheated on the shell side in a
singl e pass arr §%‘§é“r‘fén‘%‘?“ﬂ\}'x\@tg§%a§?%°é’|“§% S¥RE shel |

[0056]  The secondary heat exchanger may be oriented such that the process

flow 1s either horizontal, vertical upflow, or, preferably, substantially vertical
downflow. A substantially vertical downflow system helps ensure that the liquid
film formed in situ remains generally 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 becanse of the effect of gravity. In a vertical
) upflow arrangement, the liquid film may tend to separate from the tube wall as
(_ . gravity tends to pull the liquid film downward. Another practical reason favoring
a vertical downflow orientation is that the inlet siream exiting the primary heat
exchanger is often located high up in the furnace structure, while the outlet stream
is desired at a lower elevation. A downward flow secondary heat exchanger
would naturally provide this transition in elevation for the stream.
[0057)  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
fumace decoking system. When the fixrnace is decoked, using either steam or a
mixture of steam and air, the furnace effluent would first pass through the primary



~side and tube side services could be switched. Either co-current or counter-
current flow could be used, provided that the Rho tenperature is kept |ow
enough along the |l ength of the exchanger. [0055] Alter i e

har dwar e for Hé““g@‘@&%dary heat exchanger may be si rrilgé{fp%ﬁéﬁﬁ%‘{sgd;f a cl ose
coupled primary heat exchanger. A tube-in tube exchanger could be used. The
process streamcould be cooled in the inner tube. A relatively |large inner
tube di aneter woul d al |l ow coke produced-ipstreamto pass through the
exchanger without plugging. Boiler feed water could be preheated in the
annul us bet ween hediexdutger anddhenrthenglt tisesconliny theet exohangerr wive tobeing

counter-current r ovi : e fi ture is
kept | ow enougﬁisg%\g%gﬂ? iceé “?"g"r‘%? ﬁﬁgl}t%sﬁ%ﬁ'%%h%é?ﬁ’%lg a@e%{g%&grﬂf?heat
exchanger coul d tieeinsidedimmgetedoft the adchndarydbmd kichangerstubgs ts the ggmeater thanmirxt ur e of
steamand air in npunctjop with.the furnace decoking syst.em [0056] The
secondary heat gg%aﬁg%gtgpstkﬁ%ﬁ%rqf&ﬁ%n%ﬁﬁ?%@gngﬁg%ﬁO@%lggns ow is
Sithfelr horkzon})a]l;ax m@&ﬁ@ﬁsmmmYufgﬁht?qnmebma@Imuh@mL ganﬁillaﬁdﬂ%rvertihcal
ownf | ow. substanti a vertic 0 ow system hel ps ensure that the
liquid film foPASdTpyeh etﬁ?@ﬂé%%??é%fg;%‘i%?"GXSPP‘F&P%“%W&YWLSW@“‘&ﬁtire i nsi de

surface of the (@8] eRehai@eliow wWb Figutd8) 8B Ymdthdd 6 HHeNGcd@Uédafle &N
contrast, in a horizontal , grientation the liquid filmw_Il tend_to be

thi cker at the B¥endsdiorpseindefrsamentotthesHlpent fogyibe stgam ctackingnt hegvirne t op

because of the gfdifGhanOhapBfhadyidudh ad Tad MET UhCRlls sebhil OWBlel ANREIROL, the
liquid filmmay tend to separate fromthe tube wall as ravity tends to

pull the Iiqui d PrRPRREoFE e ad diliemepanpihes fod & 2 steamarrokBgoPAcHy 42a verti cal
downf | ow ori ent gieRind fydtddaibod Ec%rlij 'Fijé'ﬂeglred E)téa?s%rﬂl&fﬁ'af de@&gﬁd&ﬁo%‘fﬁrf%dheat

exchanger is often |located hig In the furnace structure, ile the

out het stream itepuduse faveer molegulprovright bydseearbons such aglOmkneletast | ow secondary
heat exchanger d . | j..d oSl i i ; ion for the
ctream 10057 15 ARGH Rtk el e phlobue RN el s SBHENE

decoki ng of  t hecagtor Harigdnitiallyi pagsed ttanghoat lgastriont primanyf hest eehagad4dir in

conj unction "“t%ﬁéﬁecoofs%é‘@ﬁlﬁen‘é%%%'a”tamgéﬁt&%?box)’é"ﬁé‘%d?&?&% 386 polnp decoked,
using either steamor a mxture of steamand air, e furnace “ef 'l uent

woul d first passiaveramee thecdequris havigr, W h3Q00A BN GoRCHT tWSHNO61 828890

higher than with a naphtha feed and hence the heat exchanger 44 typically cools
the effluent to a temperature between about 896°F {480°C) and about 1256°F
(680°C), such as about 1004°F (540°C).

[0060]  After leaving the primary heat exchanger 44, the effluent stream 46 is
cooled to a temperature at which the tar in the effluent condenses. This cooling
may involve passing the effluent through a secondary wet fransfer line heat
exchanger, as in the first example, but more preferably is achieved by means of an
C oil quench point 48. After oil quenching, the effiuent is passed into at least one tar
knock-out drum 50 where the effluent is separated into a tar and coke fraction 51
and a gaseous fraction 52.
[0061]  Thereafter, the gaseous fraction 52 passes throngh one or more cracked
gas coolers 53, where the fraction is cooled to a temperature of about Z00°F to
about 302°F (90°C to about 150°C), such as about 248°F (120°C). The cooled
gaseous fraction is then passed into at least one secondary -oil knock-out drum 55,

where light oil fraction 56 is separated from the effluent stream and is removed for



—~dG-pregt—exchanger-<&id-t Hen t it otigh tThe secondary ‘heat exchanger prior to
bei ng dlsposed of to the decoke effluent system Wth this feature, it is
advant ageous B?ﬁ}m&gﬁ i nsi de diameter of the secondarypépatoansdaanger tubes
to be greate AR5 equal to the inside dianeter of the primry heat
exchanger tubes. This ensures that any coke present in the effluent of the
primary heat exchanger will readily p t hrough the secondary heat
exchanger tubes wi thout causing any restrictions. .[00581 Referring nowto
Figure 3, the nethod of the second exanple .is |ntended for use in the

treatment of t IPERETIRE: Filo Y MBS AW ysi saslge gfstiflasiopitaver dBeds t han
napht has, such sg@arafi@Sofahé Beht bil ﬁta&io‘ﬁ 532606y RIRPINS deity 8Me fftoly&G®MPr i Si ng
gas oil and dilution steam4l is fed to a steam cracki ng reactor 42 where
t he hydr ocar bogaplegpehtangddeteicia thocoshnswaranes bl alse proyidena peuresonthe t he f eed
to produce | owgg £ wei ght hydrocarbons, such as CZ-C4 ol efins.
[0059] As in thqu&'c ?M%ﬁg}rrpl e, the gaseous pyrol ysis effluent 43 exiting
the reactor 430068] i niThe aaﬂeyusmiﬂg@@ 57 rewiging aiften esperetiomef fheilight pilheat
exchanger 44, Op42 Its
hydr ocar bon dew pgﬁ 6Cﬁq*%se&%ras{'ar§%z@gﬁc?ﬁ§w% e V&hggﬁtgé\%&ée%nemaﬁgiéﬁydrocar bon
dew poi nt of tlduec@@fvhﬂmﬂteﬂhadsq:aratﬁsgﬁea ghsaaus quhbada&raa@htlﬂqmdfméﬂeand hence
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[ 0060] After | emthﬁg irshﬁrmerrl dopled ﬂaeanhuiexM‘IBn(ge‘IC)%d ¢dnethed bk ufariherst r eam 46

Is cooled to a te ure t which the tar in _the effl yent c denses. This
cooling may i AGPFE: 5 ¥ AUMRLESFIOT BATL SROT teuse e’@}?ﬁﬁ&‘fif transfer
line heat exclg@ngfing @8 Wafbrtqhélcﬁ|t6§§r AXFHRE Qo abqatendﬁoge&le%sf@ﬁ@@hy IS
achieved by neans_of an  oil gquench point 48. After oil quenching, the

ef fi uent is pad¥elsisgasolige fraéia%tt 6@y rfenat Frater |setiqn 6 andyp GHFHBEHEAE t he

effluent is segab@n®d akdcarited. arhe%}elﬁelgesoﬁlﬁ@ﬁadueﬁlaéé fedBd dHARAOUS
fraction 52. [0061] Thereafter, thé gaseous fraction 52 passes through one

or nore crackedowg®8 V@@GllewﬁaseonaWﬁeﬁeaﬁWenmaa%qdumlyse E@@félﬂe@aﬁwna _
tenperature of ﬁ%ﬁ&'&st%%ﬂ%raﬁ:ﬁed %Pg#itﬁraé’t%ﬁz( %Qnﬂ%a?&%& % fed3bGh as about

248F (120C). The coole gaseous fraction is then passed into at |east one
secondary oi l e cRater srimpen tnob Bhown) and the circulating water fraction 68 is passed

through quench water coolers 73, where it is further cooled before being recycled
to water quench tower 61.
[0063] Referring now to Figure 4, the gaseous overhead fraction 29 from the
quench water settling drum 25 contains the desired C;-C4 olefins and is fed to a
compression train 81 which cools and condenses the C;-C4 olefins in the fraction
29, as well as removing auy higher boiling hydrocarbons remaining after the
cooling sequence shown in Figure 1. In particular, the overhead fraction 29 is fed
( ) to the first stage of a multi-stage compressor 82 to produce a compressed vapor 83
which is then fed to a heat exchanger 84 where the vapor is cooled and partially
condensed. The resultant cooled stream 85 is then sent to a drum 86 where liquid
hydrocarbon 87 is separated from vapor 88. Vapor 88 is compressed further in a
second stage of the multi-stage compressor 82 and the resultant second stage
compressed vapor 89 is cooled and partially condensed in a heat exchanger 90.
The resultant cooled stream 91 is then sent to drum 92 where liquid hydrocarbon
93 is separated from vapor 95 and may be partly or completely recycled as stream
94 to drum 86. The vapor 95 is compressed further in a third stage of the multi-



where light oil fraction 56 is separated fromthe effluent streamand is
renmoved for WO 20071008396 PC11US20061024890 17 further processing, e.g.

by neans of av(pimuyxés gasoline distillation tower. THRCTE2HWEPHENoN of t he
light oil fraction 56 not only reduces the density of the pyrolysis
gasoline obtained later in the cooling sequence but al so provides a source
for the oil quench point 48. [00621 Thgggaseous effluent 57 remaining after
separation of the light oil fraction 56 is passed to a water quench tower

gascous over hootbeouaea B Bt oF bl intlhek SERL AR B 20T o

pass through a mﬂlpmmbpbmdeﬁ;éd uvﬂlmta{chdnger Qv dihbeadled strehumrd8hezitingdlad ed to

compr essi on. 1 i SRR Eeptipa 4 IR P ARGt 1003 Sorerdig 1 ne

wat er -quench tOﬂ@ﬁv@ibrmﬁtﬁaﬁﬁmi}%e?paﬁ:laﬁd’t&bmplefelyiﬂﬁycﬁﬁ,as\!mmdﬂato fafrol ysi s
gasoline fracti 66, a net water fraction 67 and a circul ati ng water
fraction 68 ar eparated. The pyrolysis gasoline fraction 66 is fed to a

distillation tmpos 6%1&{61@'119@&%0& streat 870931 aflod TU0GMAY Ghpase A1 @cked
pyrolysis gasoline fraction 71 and a st eam cr acked gas oil fraction 72. The

net water fractPehonsof thesstreay 2dowhich igsdded g therquench vl seitling dam el and t he
circul ating wat gy ol ifploveGhd SepRABGEEE tidultl 2R §BmWiit@! BRG] ers 73,
where it is further cooled before being recycled to water quench tower 61.
[00631 Ref erri n¥repmsvarecparticylnly wﬂwﬁed sf-b‘é@ﬁ%%b%% th%z@elwnﬂz@ fromthe
quench wat er S chdohygaliehiD ey ofiSSbivedl detirtdhGufiiasopnd is fed
to a conpression train 81 wh coo S a condenses t C4 olefins in the
fraction 29, a@ammvowdwemﬂ wgiemblewp@h@rlt msﬂbemgmmspmemnﬁmgg r emai ni ng
afté'r} the cool g?{;‘%y%g gﬁ@ shown in Figure 1. In particular, the overhead
fraction 29 is to'thé first stage of a nulti-stage conpressor 82 to
produce a conpr #86dd v‘éﬁbﬂﬂ: ﬂ&einvwﬁbnlha?; bemhtmxrfoediMGOMGMtwi@xcmaﬁlger 84
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separ at ed from wmmpmiatedd it Vapmt iB8Gndes tnoﬂmnteﬂ:sedwbmtrdnh&r these garteelaond st age

of the mul ti -st age, COMPY es50r ,B2,ANd 1 hef SRULAT, 855U Bl AlRves,

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

invention as defined by the appended claims.
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conpressed vapor 89 is cooled and partially condensed in a heat exchanger
90. The resultant cooled stream91 is then sent to drum 92 where |iquid
hydrocarbon 93 is separated from vapor 95 and rmay be partly or conpletely
recycled as stream 94 to drum 86. The vapor 95 is conpressed further in a
third stage of the nulti WO 2007/008396 PCT/ US2006/ 024590 -Is stage
conpressor 82 and the resultant third stage conpressed vapor 96 is cool ed
and partially condensed in heat exchangé "97. The cool ed stream 98 exiting
the heat exchanger 97 is sent to a drum 99 where |iquid hydrocarbon 100 is
separated from vapor 101 and may be partly or conpletely recycled as stream
102 to drungrLAiMy 0064] Liquid hydrocarbon streans 87, 93, and/or 100 may
conprise alT or a portion of the stream 24, which is added to the quench
water settling drum25 of Figure 1 to inprove the separation of liquid

hydr ocarbong from M@chﬁ] forT@eeaEﬁ% gzéeeroﬁﬁgﬁlugﬁtefr&?;& hg@f,@grte/n ﬁﬁg@s&%&it‘? d or

t hi s purpose because ey 1 ncr ensi erenc tween’ the
phases wi t hout emethvd egm@ising:fi cant quantities of vapor. Evolved vapor is

undesi rabl e because it pust be conpressed, consumi ng energy and capacity.
[0065] While t he@] nveopinmthegaseous Aflyentl lqssdoiatompriames i‘td%hl(v\li‘ tofy fomngdai n

referred. enbodi nent 4 : f .full under st ood
p By SR tbhad toﬂ%ggxgl’nt&ghﬁ%ﬁ] ﬁl? etf R t, REndRESR y

and appreciated, it I's not inte 'nvention to these
particul ar enboth mentassingihe nieedcgaseauaayd liqeid ieffluent fod éa) thouglowideasabie

alternatives, nodifications d equi val.ents.as be included within the
Scope of the i nvent 1Skt Ak e HE SoBpERab I CREHE TGt SIEWS 1 A
nmet hod for treating gaggees ef fluent froma hydrocarbon pyrolysis unit, the

met hod conprisia%: (a) qodling t he gaseous effluent at |least to a
tenperature at wi ch aogling ﬂwrmwusmgﬂu@aémﬂﬁ)éndmj thamd 00U tneandetsetene

?L; | ?ﬁpéhgﬁogserzgi t l'é/ﬁ%}ocgr %lsliﬁ[&]lgti(En eavmgxaelgoi agslgao(%n Srar?g%q)eltvive lﬂiagouecflffib%%t from
about 540°C from said effluent;
(d)  separating C; to C4 olefins from the hydrocarbon fraction condensed in (c)
without a primary fractionation tower; and then
(e) distilling said separated hydrocarbon fraction so as to separate a pyrolysis
gasoline fraction having a boiling point range between about 150°C to

about 230°C,

2. The method of claim 1, wherein the gaseous effluent is cooled in (c) to a

temperature of less than 75°C,

3. The method of claim 1, whercin the gaseous effluent is cooled in (¢} to a

temperature of less than 60°C.

4, The method of claim 1, whercin the gasecous efftuent is cooled in (c) to a

temperature of between 20 and 50°C.

5. The method of claim 2, wherein, after distillation, the pyrolysis gasoline fraction
has a final boiling point of 180 to 230°C.



tar knock-out drum where the condensed tar separates fromthe gaseous
effluent; (c) cooling the gaseous effluent from(b) to |l ess than 100C to
condense a hydrocarbon fraction having a boiling point range between about
150C to about 540C fromsaid effluent; (d) separating C2 to C4 olefins from
t he hydrocarbon fraction condensed in (c) wthout a primary fractionation
tower; and then (e) distilling said sepahated hydr ocarbon fraction so as to
separate a pyrolysis gasoline fraction“having a boiling point range between
about 150C to about 230C. 2. The nethod of claim1, wherein the gaseous
effluent is cooled in (c) to a tenperature of |ess than 75C. 3. The net hod
of claim1,6.wherHienmethed gsrselains 1¢lettimi(a) hchded @assing (he) effiGerd thioRgler at ure
of less than 60C. 4. The nethod of claim1l1l, wherein the gaseous effluent is
cooled in (c) td”HPmYEﬁﬁé¥§W@g@3of bet ween 20 and 50C. 5. The nethod of
claim2, wherein, after distillation, the pyrolysis gasoline fraction has a
final boiling point of 180 to 230C. -20- 6. The nethod of claim1l, wherein
(a) included pasHiengethbkofdlhiniénthdréin a)dhrther imdluden pyssirpathe efftulatnfyen the/. The
met hod of claim 6, mhﬁrein %Sé further in Iudeﬁwgassing the effluent from
the primary hedTRAFE gt GEFhapgero & secon §E%§§E S&hanger. 8. The nethod of
claim?7, wherein water heated in the secondary heat exchanger is wused as a
heat exchange mediumin the primary heat exchanger. 9. The method of claim
6, wherein &t ep Tw)méthod hEclamoApwherein whterdwated ix et sgeeridary hdabexohasgeoiss

effluent with a gquench fluid after..passage .of the effluent through said
primary heat exclﬁgtﬁﬁse?heaiﬁ’.{cwlﬁﬁqlﬁg&l PEME eé‘,te B the quench fluid

is water. 11. The nmethod of claim9, wherein the quench fluid is oil. 12.
The method of claim11, wherein the coolin égg is effected by indirect
cont act hea%- The method of claim 6, wherein step (:9) rther comprises directly contacting the

gaseous effluent with a quench fluid after passage of the effluent through said

primary heat exchanger.

10.  The method of claim 9, wherein the quench fluid is water.

11.  The method of claim 9, wherein the quench fluid is oil.

12.  The method of claim 1, wherein the cooling (¢) is effected by indirect contact heat

exchange.

13.  The method of claim 1, wherein the cooling (¢} includes a water quench step.

14.  The method of claim 1, wherein, after passing the effluent through said at least
one tar knock-out drum and prior to condensing said hydrocarbon fraction, the
effluent is passed through at least one gas cooler and then through a further
knock-out drum, said further knock-out drum being operated at above the dew

point of water and serving to separate a light oil fraction from the effluent.



exchange. 13. The nmethod of claim1, wherein the cooling (c) includes a

wat er quench step. 14. The nethod of claim1, wherein, after passing the

ef fl uent through said at |east one tar knock-out drum and prior to
condensi ng sai d hydrocarbon fraction, the effluent is passed through at

| east one gas cooler and then through a further knock-out drum said
further knock-out drum bei ng operated a%labove the dew point of water and
serving to separate a light oil fraction fromthe effluent. -21- 15. The
met hod of claim 14, wherein (a) includes passing the effluent through a

pri mary heat exchanger and then quenching the effluent with said |ight oi

f L act i ﬁn. r1]16(.1Tha‘h|meﬂnb éth?ld of otdimi m,lwhetgiﬁ(rj(e)' mc?.t(;il)ei; @uisihg(;ﬂﬂrefﬂaérbahnougleasf deﬂse
t han t he ydrocar bon fraction, is added in to gjd in_separation, of the
hydr ocarbon™ f r 2516 heplo frhangrs g thiat @renching then st Jitho Pt ighmoils,
wherein the |iquygdyhydrocarbon includes at |east part of the hydrocarbon
fraction obtained 1n (e). 18. The nmethod of claim1l, wherein the gaseous
effluent from(c) is conpressed and cooled to renpbve at |east one |iquid

hydrocar bon fraction fromsaid effluent and . east part of said Liquid
v ocar bon r adtieoee? igaaT i ujEfels Adguidhbuiftad s Gns b the
hydrocarbon fragkhRRabbR et 68 sRded\at €d)- toldd it RPiriesh bPthel hRRbdafdngaseous
ef fluent froma hydrocarbon pyrolysis unit, the nethod conprising: (a)

passi ng the gasdmgtiorefrbisendens¢d walgh at | east one primary heat exchanger,
t hereby cooling the gaseous effluent; (b) passing the gaseous effluent from
(a) through at | east one secondary heat exchanger having a heat exchange

surface maiIm ai @@ naéthal RN B4, Witkkreis tehidulbhydpedatbodf inélhdesdd $@ousartedfl | uent
condenses to forma Jiquid coating . on said surface; (c) passing the m xed

gaseous and | i quhehyskeqarhontiractionpltained ir8ligh at | east one knock-out drum
where tar, formed by reaction anong constituents of the effluent and
condensed in (b), separates fromthe gaseous effluent;

18.  The method of claim 1, wherein the gaseous effluent from (c) is compressed and

cooled to remove at least one liquid hydrocarbon fraction from said effluent and
at least part of said liquid hydrocarbon fraction is added in (d) to aid in separation

of the hydrocarbon fraction from condensed water.

19. A method for treating gaseous effluent from a hydrocarbon pyrolysis 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 (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;

(c)  passing the mixed gaseous and liquid effluent from (b) through at least one
knock-out drum, where tar, formed by reaction among constituents of the
effluent and condensed in (b), separates from the gaseous effluent;

(d)  cooling the gaseous effluent from (c) to less than 100°C to condense a
hydrocarbon fraction having a boiling point range between about 150°C to
about 540°C from said effluent; and



(d) cooling the gaseous effluent from(c) to less than 100C to condense a
hydr ocarbon fraction having a boiling point range between about 150C to
about 540C fromsaid effluent; and -22- (e) separating C2 to C4 olefins from
t he hydrocarbon fraction condensed in (d) without a primary fractionation
tower; and then (f) distilling said separated hydrocarbon fraction so as to
separate a pyrolysis gasoline fraction_having a boiling point range between
about 150C to about230C. 20. The nethotFof claim19, wherein said heat
exchange surface of the at | east one secondary heat exchanger is maintained
at a tenperature below that at which tar condenses. 21. The nethod of claim

20, wherein sai ge)heakeartingtyo Y bleasefrbn thehylradantis fPdctian cdRleRRiad (@e bel ow
about 315 C. 22. The nethod of claim 19, wherein said heat exchange surface

i s di sposed verti cal Mthowaprimarydiapticnatientoster;sad thepenper at ure by i ndi rect
heat exchange wiih a I ' ﬂpé - 1 %@%@{ ugh
said at least o Q seggﬁg{gﬁf&ﬁgg? Jrgtéigﬁgjﬂg%% i %{ﬁo ﬁé)%néc?% 0 éj@(rg%%gl&
wherein said heat exghsiige fautidmbsving artilivigapairdrange baivcken tabogtel @PdArie by
i ndirect heat exchange mﬁé@)mater and the water heated in the at [|east one
secondary heat excha%@%?z Gysed as a heat exchange mediumin the primry
heat exchanger.

20.  The method of claim 19, wherein said heat exchange surface of the at least one

secondary heat exchanger is maintained at a temperature below that at which tar

condenses.

21.  The method of claim 20, wherein said heat exchange surface is maintained at a

temperature below about 315 °C.

22.  The method of claim 19, 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 downwards through said at least one secondary heat

exchanger.

23.  The method of claim 19, 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.



