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t he
FIELD OF THE INVENTION

[0002] The present invention is directed to a method for processing the effluent from
10 hydrocarbon pyrolysis units, especially those units utilizing liquid feeds.

BACKGROUND OF THE INVENTION

[0003] The production of light olefins (ethylene, propylene and butenes) from various
hydrocarbon feedstocks typically utilizes the technique of pyrolysis or steam cracking.
Pyrolysis involves heating the feedstock sufficiently to cause thermal decomposition of the
15 larger molecules. Then, the effluent from the cracking furnace may be cooled by using
conventional processes or equipment.
[0004] This pyrolysis process, however, may produce 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. The fouling of the
20  equipment should be minimized to avoid inefficiencies and downtime associated with
cleaning of the equipment. The formation of tars, after the pyrolysis effluent leaves the steam
cracking furnace 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.
[0005] Various techniques may be used to cool pyrolysis unit effluent and remove the
25 resulting heavy oils and tars. For instance, one approach may employ heat exchangers
followed by a water quench tower in which the condensables are removed. This technique
has proven effective when cracking light gases, primarily ethane, propane and butane,
because crackers that process light feeds, collectively referred to as gas crackers, produce
relatively small quantities of tar. For heavier feedstocks, which may be used with steam
30 crackers that crack naphthas (e.g., liquid cracking), another approach may involve heat
exchangers that 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 should not be used because they foul rapidly from accumulation and thermal
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20 equi pnent should be m nimzed to avoid inefficiencies and downti ne
associ ated with cleaning of the equipnent. The formation of tars, after the
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the feed.



WO 2012/ 015494PCT/ US2011/ 031932 [0009] After initial cooling, the effluent
is typically provided to the primary fractionator system The primary
fracti onavonosydase®m i s a very conpl ex set of equi pnent wPhatUSRYIPisEBE y

i ncludes an oil quench section, a primary fractionator tower and one or
nore external oil punparound |oops. At the oil quench section, quench oil
is added to cool the effluent stream5 from about 400F to about 650F (about
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to the external €00l ng service. Is®efrectively requlires investnent in
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t he gasolpendomaylbmeredl, 13,636 kghradtdenhtieg diloinmbetcasd sf endedymmnrdize cracker.
speci goi Ca[—tleia? ré}kchangelrs 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.
[0011] In addition, the primary fractionator has a number of other limitations and
problems. In particular, heat transfer takes place twice, i.c., from the gas to the pumparound
25 liquid inside the tower and then from the pumparound liquid to the external cooling service.
This effectively requires investment in two heat exchange systems, and imposes two
temperature approaches (or differentials) on the removal of heat, thereby reducing thermal
efficiency.
[0012] Moreover, despite the fractionation that takes place between the tar and gasoline
30  streams, both streams often need to be processed further. Sometimes the tar needs to be

stripped to remove light components, whereas the gasoline may need to be refractionated to

meet its end point specification.



WO 2012/ 015494PCT/ US2011/ 031932 [0013] Further, the primary fractionator
tower and its punparounds are prone to fouling. Coke accunmulates in the
bot t om sewOi20re/f498he t ower and has to eventual ly be remrovas2aundrg2 pl ant
turnarounds. The punparound | oops are al so subject to fouling, requiring
removal of coke fromfilters and periodic cleaning of foul ed heat
exchangers. Trays and packing in the 5 tower are sonetines subject to
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[ 0015] Rel ( found in the followng: U S Patent Nos.
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5,294, 347;_ and 5, 324,486. _Additi onal material may be foynd in Intl. Patent
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Ol & Gas J | .. Vol . 76 (No. 20). .pp...63- 68, (1978). SUNMARY, OF.TH
TNVENT! oI sRR] ThY Srsedo st prodBb s RTie Aot Sroer s Tochgty SCapen
feed is deshng BRthodd At HRIEAE: 6QR heRDf MICMicnBica dRYEsaEaidhen feed to a
hydr ocar bo&ﬁyrol ysis unit to create 25 cracked effluent; passing at |east
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| east a portion of the gaseous effluent froma separator through a second

heat excHawybmm TphsBatpy AR Bos| s S684hgmdi b39360F220Re CGaeat| Bawin faigai Nos.
1,390,382 and 1,309,309; EP Patent No. 205 205 and Japanese Patent No. 2001-40366.

Further still, additional material may be found in the following publication: Lohr et al.,
20  “Steam-cracker Economy Keyed to Quenching,” Oil & Gas Journal, Vol. 76 (No. 20), pp. 63-

68, (1978).

SUMMARY OF THE INVENTION

[0016] In one embodiment, a method for cracking a hydrocarbon feed is described. The
method comprises providing a hydrocarbon feed to a hydrocarbon pyrolysis unit to create
25 cracked effluent; passing at least a portion of the cracked effluent from the hydrocarbon
pyrolysis unit through a first heat exchanger; separating the at least a portion of the cracked
effluent from the first heat exchanger into a gaseous effluent and a liquid effluent, which may
be in a vapor-liquid separator; passing at least a portion of the gaseous effluent from a
separator through a second heat exchanger; passing the at least a portion of the effluent from
30  the second heat exchanger to a fractionator; recovering heat from the at least a portion of the
gaseous effluent in the second heat exchanger by passing a utility fluid through the second
heat exchanger; and recovering heat from the at least a portion of the cracked effluent in the

first heat exchanger by passing the utility fluid from the second heat exchanger through the
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30 the second heat exchanger to a fractionator; recovering heat fromthe at
| east a portion of the gaseous effluent in the second heat exchanger by
passi ng awotnizaiy4of| ui d t hrough the second heat exchangecT/usad1/0emeyeri ng
heat fromthe at |east a portion of the cracked effluent in the first heat
exchanger by passing the utility fluid fromthe second heat exchanger
through the WD 2012/ 015494PCT/ US2011/031932 first heat exchanger. The

process urt her include using the heate tility fluid in.an.additional
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conf i guUr ed {0 LEEL MR BN ILAGALOAM! Sethe DY CHERGE A cRACKed, el L uant,
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with the separator. and caopfigured to cool at |east a portjon of the gaseous
ef f | uent _aﬁf % Pn‘é“%’é_ﬁg? 4t fliadne Reason e ﬂ}@ oBHEIHFRISR YiHethgY Wtﬁﬂﬂ
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the utility fluid. The fractionator may be in comuni cation Wt

15 seconurieaef g clrakerkbelflangt. clhefdegendeltbat oxaheugirve flubceammbnsastionawplthd on
of the effluent fromthe secon eat exchan . [0018]1.n anot her ]
o rbont morenataier abd S e B SRR w58k BT b et Tae Hrout AR miog
The met hagaCORRE Ikt WpaEioN b tHdutRitP YIdIOs@s0Ahd BRE htA RcIMPEORBEIPRB the at
pyrolysis unit to create cracked effluent; separating at |east a portion of

t he cracKeast efpbrticanef the giithiduido Ty drastandsenmpy beliy Slugl eommunigpfeoneivith the
gaseoys ef .S r r L1 gqui , i C i ncl t eam
OESents SAPe L SAREAL AT R O L1 ROl pgl v il
gaseous ebtdndanat éxcmgdehe separator in a first heat exchanger; passing at

| east a portion of the effluent fromthe first heat exchanger to one or

nore st edMHlner bt 3etsanofics sppgdigpent.ex sicthedifor stcam grcking aé%firqs:émonffﬁ@ﬁﬂ& he
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at least a porti second heat exchanger
fracti onatnitrto dr&@0d Bfjacked gf@ticrg] sdplaratingtah &rastearpadionefitthe enaclefdf dftleatt froamdchd ng

system i escri bed. This system conpris a hydrocarhon pyrolysis unit, a
separ At oy Od Rl By Hegep easpous £ A AP eh gfﬁalehufu@ﬁﬁ‘suam; %‘ffg‘
st eam gengi@tRiRic Wh drabk&@F tar QMO ith Taker IORORSAERAMgPH M10sY %:]p%r%ﬂ bf i
configured to receive a hydrocarbon feed; and create a cracked effl uent

f rom t he @6cdvydfftusat rom the scharalbieingehst headcx¢hanger; phaging at deasumnpertion of thwi t h
t he hydrogcarb rolysis unit.and configured to separate |iquid effluent,
such as StBUTH AR kR T e STt O SpRY e TPpRaLLPS: PRIl
ef fl uent for@en @tthé elRienefrarthd St @fmébstcamaskedtrs fd 4enrbnd h@mekdanger; and
hydr ocarbon pyrolysis unit. The first heat exchanger is in fluid
commuddi c drepeng tictah laagie postion of the effluent from the second heat exchanger to a fractionator.
[0019] In yet still another embodiment, an effluent handling system is described. This
system comprises a hydrocarbon pyrolysis unit, a separator, a first heat exchanger, a second
heat exchanger, one or more steam generators, and a fractionator. The hydrocarbon pyrolysis
unit is configured to receive a hydrocarbon feed; and create a cracked effluent from the
30  hydrocarbon feed. The separator is in fluid communication with the hydrocarbon pyrolysis
unit and configured to separate liquid effluent, such as steam cracked tar along with other

bottom products, and gaseous effluent from at least a portion of the cracked effluent from the

hydrocarbon pyrolysis unit. The first heat exchanger is in fluid communication with the
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WD 2012/ 015494PCT/ US2011/ 031932 separator and configured to cool at |east a
portion of the gaseous effluent fromthe separator. The one or nore steam
gener at orwoane/a1moftl ui d comruni cation with the first hea&CTasehang®s2 and
configured to receive the at |least a portion of the effluent fromthe first
heat exchanger. The second heat exchanger in fluid communication with the
one or nore generators and 5 configured to cool the at |east a portion of
the effluent fro r r eam tors ator
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alternative exenplary enbodi ment, of the present techniques. 15[0022]F| ure
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present techniques.

15 [0022] Figure 3 is a schematic flow diagram for recovering heat from the cooling of
cracked hydrocarbon effluent according to another alternative exemplary embodiment of the
present techniques.

[0023] Figure 4 is another schematic flow diagram for recovering heat from the cooling
of cracked hydrocarbon effluent according to yet another alternative exemplary embodiment

20  of the present techniques.

[0024] The invention will be described in connection with its preferred embodiments of
the present techniques. However, to the extent that the following detailed description is
specific to a particular embodiment or a particular use of the invention, this is intended to be
illustrative only, and is not to be construed as limiting the scope of the invention. On the

25 contrary, it is intended to cover all alternatives, modifications and equivalents that may be

included within the spirit and scope of the invention, as defined by the appended claims.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] The present techniques provide an efficient arrangement to treat the effluent
stream from a hydrocarbon pyrolysis unit, which may be referred to as a pyrolysis reactor or
30 furnace, so as to remove and recover heat therefrom and to separate desired hydrocarbons.
For instance, the present techniques may separate Cst+ hydrocarbons, providing separate
pyrolysis gasoline, gas oil, quench oil, and tar fractions, as well as the desired C,-C4 olefins

in the effluent without utilizing primary fractionator pumparounds.
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included within the spirit and scope of the invention, as defined by the
appended cl ai ns. DETAI LED DESCRI PTI ON OF THE EMBCDI MENTS [ 0025] The present
t echni quesopovilg®@4an efficient arrangenent to treat thecCefiShaens193zream
froma hydrocarbon pyrolysis unit, which nay be referred to as a pyrolysis
reactor or 30 furnace, so as to renove and recover heat therefromand to
separ ate desired hydrocarbons. For instance, the present techni ques nmay
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hyd b feed boili i t t f bout . 40C t bout
704C ( abGutIeT0h €% 81aEBLExIlRRYC SR Ay haphivace Papyiely sy deb dpcagy
oi | . For @xpRRlife alfifil %Bflihg%ﬁntr%ﬁﬁgﬁlr&ftQ@U@@‘éaﬁb\ﬁ% @B’éc‘iﬂgﬁﬁicﬁ Rfa ﬁe? heavier

hydr ocarbon 5 feed havi ng fina i1 ng point above out 180C (about
356F), subim asphahd. e Sdclhdends ancluthathasapioilng, inSthehrahge filonm alodut dg 7t Gas eabout

boiling i e ran om ab C.to abo 38C (ab F to about
1000F) ,g f%?ﬁé%‘ﬂ% %285?(6‘1 6%%33}9&%50&0%%&5‘? Eﬁ‘gggtoc éboé’g%ﬁ{)g(gg@%@}l? 4%8‘?@al
heavi er tdpg 95PRS NayhRBIdSCRP thaAChdpHBa TBRYcah ANEBAS BERS cod@shs@le!, Saas oils,
hydr ocr ackat es, keroSene, condensates, tailed crude oilS, and/or tailed

crude oi Ihydroseacketss, keeosgne, codensitese thiled dusledilsrandér gdiled croffeeoit sagponatag. e of

the efflyent, at, the outl et om.t he r ol ySi S eact. i S mal in,.the
Fangeor W crdtb et o ThR i Sadle PhIB TheRG e TSN TR A YRR e
present t85dieY id WM A YOI tHE Sande BB FRAHa Rt 6010 RbblieoT et Wenl 1400w desbied
tenperature at a fractionator, which may include tenperatures in the range

of about 1706T)tamdatho pres2OOCCEGRS [trovid@2&)metitad vhielingnpercfilueneta anlgsired he
desired C2-C4 ol efins can be 15further cooled and conpressed_.effi Gi | y.
[ 0027] To EPPURLFYEIY TraRAYE  CHEChER T amPsag Peede e shat TR et
embodi menfygu00(P 2R ESRMOPEE hAL HE RorhftYALNGaRg, AL HdT G €, ar | ARGRTEBM HOT
configuration of heat exchangers for renoving and recovering heat fromthe

ef f | uent fofther copledlaad comprsisssdldffjcicntlysi ngl e heat exchanger is linmited by the
t enper at ifferential between,t erature of the 20 hot effl uent. stream
and the. (03 ac AP AR TR 1§ SR et Fudiret e’ fod S riirnsEPipdik
cool i ng sifagespres@e Clethighdsyinvelvad & esptintigeds QE@RGRnt Qe EEIRSationl §f heat
limtation by providing nore countercurrent flow arrangenment of hot and
col d strexmangmes fopeemoying jagd peqeaerieg Apattfeore dhe cElneat phe creker. eXepstiers to

PLOY! e LR O SAIR0, AlEPUl Sha AL )  3 B

20  hot effluent stream and the temperature of the utility fluid stream. The use of two or more
cooling stages, specifically in a specific sequence, overcomes this limitation by providing
more countercurrent flow arrangement of hot and cold streams. As such, it is beneficial to
configure the heat exchangers to provide two or more stages of heating for a utility fluid,
such as boiler feed water, while also providing a two or more stages of cooling for the

25 effluent from the furnace. The initial or first stage may involve higher temperatures, while
the later or second stage involves lower temperatures. As a result, the two stages of heating
and cooling (e.g., two or more heat exchangers in this configuration or sequence) are able to
heat the utility fluid to a higher temperature than is possible with any single heat exchanger,
and provide an efficient mechanism for recovering heat from the effluent.

30 [0028] Further, in other embodiments, these heat exchangers may be utilized with other
equipment in specific configurations to further enhance the heat recovery process of the

hydrocarbon cracking system. These configurations or arrangements may be utilized to

provide a larger temperature differential for the heat exchangers in the different heating and
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25 effluent fromthe furnace. The initial or first stage may involve higher
tenperatures, while the later or second stage involves | ower tenperatures.
As a resuwD,20tas4900 stages of heating and cooling (e.gPCTIUS010/031982 € heat
exchangers in this configuration or sequence) are able to heat the utility
fluid to a higher tenperature than is possible with any single heat
exchanger, and provide an efficient nmechanismfor recovering heat fromthe
ef fl uent. 30[ 0028] Furt in other e di ts, thes eat exchangers may
e uts 11 2 TR Foil i tisinid RROETRarY Eok SHF o s PORe ARG i be
enhance thenp&plith 8ROYEMBrdIEEE ssncitolsE cBYHh e/BbMARNGI 18 ¢kdoR8r R¥B It Mnokhese
configurations or arrangenents nmay be utilized to provide a |arger

t enper at wiBciditfrhanment i al for the heat exchangers in the different heating
and WO 2 15494PCT/ US2011/ 031932 cool.i ng st.ages s.wkl. be .disc ed
further HaPall SRR st REMHZ RRmE 8%y Bl bhisgEdtaRHESRe o

nor e st eaippgenesdthorthc ufligallidand Silotidie fos the flimeavat siRadte bifcaans@itelo

ef ficient manner. [0029] Moreover, in the various enbodi ments di scussed
further BWteammyinglghdiach dehescadiferat siresns may benaaigiaingdt 3 diffgicat arsasurere
ef fl uent . 8, t 1 ch
of ' those ATt B8 shUiAOEA AR AERAN b B abE ST e SPuBR ACORRARLR, 12
on the speai &ichacgens gy riatludntramderdper @charnpede sulgria-thior ctdhengys veshellAsdan
exanpl e, the heat exchangers may include transfer |ine exchangers,
tube-in-ﬁﬂﬁéaggﬁﬁﬁﬁbers or shell and tube exchangers. 10[0030] Turning to

Figurg 1.j0830! OC*fuifdi@"’todP%‘af@m A BRRINAY BIBRESI00 OF aMR6QYE TorBch\Rhg fHo@M
the cooling of cracked hydrocarbon effluent according to an exenpl ar

enbodi nmerftomftha ¢mwlipg @ erickeebythdculesn ¢ffluditsctadeg. tolan axhinglafy owbodiagntoh

100, a hydrocarhaon rolysis unit 102. (£.9., a cracke reactor or furnace
o br ovi JBh RGeS B AP st o 06 5 bR Pyl sisinte
second he@mb (8%Chanaicr, 1@GstoPedfudndct Pt froviat Phlod QithTNES® heit dxehadfder 1840.a 15
whi ch are part of a hydrocarbon cracklngﬁigstenl are used together in a

speci fi c sgp#ratlegdAent seond deatverchangsatl OB r g ¢ hacionatked Ohy Birase ambed 021l Puent
as it s . Thi rQcess. | l. ve r in I rbon t he
o7 atianAPb T RSP UES SEPEH DRI IE SRR SR

utility ftbueddvers hraafred the cracleaMsidrasasionye il s iths codlée Tyid pagassiavolves
cracking process. In particular, the cooling of the cracked hydraocarhon
ef f1 uent Grackiigst hygrogaran pregcans the rpackedydigeanban cHIcRE Reng godled thaatieny j t y

fluidis WREds L 65 Ha3dke RES o & REAOR i's
providedEgﬁégfgcggigo}R#ﬁ%hhiég%g%r 5?59%§%L§§y’?%% Jﬁeee héﬁé&kpggﬁgn :
but ane, qirbsss.nhpprrtiailarpanrtcanbng ghtheardcked bpdlecebdre ciudntcis dderibEdin Bwekpl e.

A DLk 22 RN ocar bon, L) 51 SRKE o, RUgupe, pn ef 1 vent - Th
cracki ng,[08$1]MY TB&egin, a hydrocarbon feed is provided at block 120. The hydrocarbon feed
may include ethane, propane, butane, oils, naphtha, pentane, gas oil, condensate and crude,
for example. At block 122, the hydrocarbon feed is cracked to produce an effluent. This
cracking process may include gas cracking, steam cracking, or liquid cracking, as may be
25 appreciated by those skilled in the art. As specific examples, U.S. Patent App. Nos.
2007/0007172 and 2007/0007174, which are hereby incorporated by reference, describe
exemplary cracking processes. As noted above, the cracking of the hydrocarbon feed, which
produces an effluent, may include temperatures from about 760°C to about 930°C (about
1400°F to about 1706°F) (with the temperature depending on the quality of the hydrocarbon
30 feed). As part of the cracking process, the hydrocarbon feed is heated to cause thermal
decomposition of the feed to produce lower molecular weight hydrocarbons, such as C,-C4

olefins.



25 appreciated by those skilled in the art. As specific exanples, U.S.

Pat ent App. Nos. 2007/0007172 and 2007/0007174, which are hereby

i ncor por aveaotyisefier ence, descri be exenplary cracki ng pCoass&ses®3198s not ed
above, the cracking of the hydrocarbon feed, which produces an effluent,
may include tenperatures from about 760C to about 930C (about 1400F to
about 1706F) (vm'th the tenperature depending on the quality of the

hydr ocar ed rt of the crackin 0 carbon eed
2 heat edBPalc aud ik et istntohastsl fcsn bt PRTRASRTH o RudiehbRDfarked

nol ecul arerigd@Nts MOAMOEABIBEIRS 128YT0 &8 bfedk G 40kRS bfMRient¥® cooled in a first heat
2012/ 015494PCT/ US2011/ 031932 [0032] To cool the effluent, various steps are

per f or mecxahanger hed.hifie beatrafohe effiske thagflfel ramnterredgo showhlitynflusi detesgh the

L T A N

through tdaggef thesdffli@@timBXshesdier frdd, teM}ieﬁ‘alﬂurH&tY tieeinget fof Asfist héat r&ﬁchanger
exchanger (TLE), for exanple. In this stage, the effl uent ms% be cool ed

from a t erffemhidir@appethe same et belowt the tﬁmpgrﬁtum%af thex Biasg @wutleole, 2 kst disatray
be the Sk Oueﬂllrg p&ltfé\f\’t ra{t&%p%%%ﬁe g[; r&é?aete(fi Yo gkﬁ) Rd"['lﬁ}ljqu, &%T:gn@hef fitrs§§ta eat

exchanger et tenperature appr €cl at erature r nge
in the fimstvaydgentding amathy dcfﬁqaandiydg)canboh iecddi Afgeime ad ndtydlslasar thodirfteheds .

Agai n, as noted above, the fi rst eat exch out | et terrperatur shoul d
be confi @EF%lngo‘&feémef?tB{N lée gontigyEs adnfg RIBPE feHwes Bearbe %5

fouli pg I MdSpdAdeulif %E&Y@w?@o§3@0é‘%ﬂﬁﬁtoﬁ@&)3§ﬁhe first heat exchanger

may optionall y be cou di rect quench. The direct quench may cool
t he ef f1 U8OI3]f r offhe ﬁestﬁlmtwclmmger mx:chpmg@ﬂybed;omde@to ahémsctt qactchnpédeakngete at

whi ch tar rnmed b f.eachi on .ano t|tu nts o ffluent

condensedtuchlLY gtk b Ghiah SR M ahac s e Bl o dodah f dPbsramen ot
ot her suiyabh @aPFOGRISHY AfacBEn AXRAR! @nstiaddts Of thdetfRidht, NBndhs@23 T8 Mirect
describes a direct quench process. [0034] Once the tar is condensed, the

ef f | uent aveyctbmay éshrdstaadil qrenchiiarweteeaucnsh prether suitably naecess.| Agan gxamplEuent
and a .ga gu§atglfltf1\llu%g§2t3 Q&msagHQ o%lén&]bpq{)%e‘gts'ue liquid effluent may
e

i ncl ude eam c¢rac ong Wt ons. The steam cracked tar,
whi ch rray[0034] Once the tar is condensed, the effluent may be separated into different streams,

such as a liquid effluent and a gaseous effluent, as shown in block 126. The liquid effluent
may include steam cracked tar along with other bottoms. The steam cracked tar, which may
be pyrolysis fuel oil, is typically obtained as a bottoms product, which nominally has a
20  boiling point of 550°F+ (288°C+) and higher (e.g., temperatures above 550°F or above
288°C). The separator 106 may include a vapor-liquid separator or tar knock-out drum, as is
known in the art. The separator 106 may operate at a temperature that is same as or less than
the first heat exchanger outlet temperature to a separator outlet temperature. The operating
temperature for the separator 106 may be adjusted depending on the severity of operation of
25 the first heat exchanger 104, hydrocarbons feed, or other factors. Accordingly, it should be
appreciated that after the effluent passes from the first heat exchanger 104 and before it enters
the separator 106, it may be further cooled by direct injection of a small amount of fluid or in
a direct quenching process.
[0035] At block 128, the gaseous effluent from the separator 106 may be further cooled.
30  Similar to the discussion above regarding the first heat exchanger, the heat of the gaseous
effluent may be transferred to the utility fluid through a second heat exchanger 108, which
may be a shell and tube heat exchanger, for example. In this stage, the gaseous effluent may

be cooled from a temperature that is the same as or less than the separator outlet temperature
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be pyrolysis fuel oil, is typically obtained as a bottons product, which
nom nally has a 20 boiling point of 550F+ (288C+) and higher (e.g.,

t enper at we0eoy®4550F or above 288C). The separator 10@6Trsgolineisazie a
vapor-liquid separator or tar knock-out drum as is known in the art. The
separator 106 nmay operate at a tenperature that is same as or |less than the
first heat exchanger outlet tenperature to a separator outlet tenperature.

The operating t erature for . the separatqr 106 be, adj ust dependi ng
on the sd9@TigradRaGaEPanachAUs [P ire [ ThesSrrbd hol St o4 rerperature
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that after the éffluent passes fromthe first heat exchanger 104 and before

it enterd003d sepablckr3@.0bs cfftuenefjobdhd sacombheat oxthetdgdsyl 0 inaydic nrayided foon
of a small ampunt, of fluid or in a direc enghi n rocess.. [0035] At bl ock
Tos- tho galioh B Rr kb pbe Pedo S s FHTO8 AESRABNED Pie bPP b ba¥ 56
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h ' h , : d
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Whi ch 1 & P4 PRAPAEAJR AN NGRSO BAPER (| CKoBS ‘Mo SGaOtTa FPm [GosRAL
part of tdfgudiRdl tKEGPUREN WEOCERSHIs Ratihd biaby the Yhiol$ciTRAEH the s¥dht Heat
stages by at least a portion of the hydrocarbon cracked effluent, as

descr i bedxichangen Efs is184- teg@erafure sbovkthe 3gility flytd, b that fhausagond heat ewrlpagen o
t he hydr rhon i SY.S e.utidi. f1ul i ngl ude -hoi | er
e ot oA RRNShIREL OB NG LS D) Yot o ELT AL
sui t abl e Hlbak tB36, Theatilityh@uidtrhdy by htdted ¢h it fisahed dxohdigeck04.34n thid heating
particular, the utility fluid may be heated in the second heat exchanger

108 via atagcathsraruay ihda first beatiprehapgs bk isettry GBmErage rhevs Bsatdits fllios.
In this *}?&h'tﬁ@se%ﬁ@ﬁeatté}%hg%élteﬁ% W’i}ﬂ Hﬁﬂeﬁﬁ%ﬁtﬁ% oﬁ@ﬁ%ﬁﬁalhﬁl%tefﬁfg&nxg%ﬂ%

108 is at a tenperature abo e utility so that the sec eat
exchangerfirdtthehO8 charygehn é64 ntalydeartth ntilytyffluid, dviakedh¢ helitytfldid tay febel the efflueaiool
t he gasequys effluent., Then, in k 136, the utjlidt t ed

in the firsh fpllopving thydifglpe fbﬂl.%' it g §kﬂ@ag?rn£d4se @5155 irf@li@%ﬁ%@%?w t he

first he%aﬁ%ﬁq{?aﬂ@ﬁ%dﬂ)@ﬁbbr? gfol)@s\_}st RPEOAL 44 SRRV HIbNE 134, T I Lrtibhidt, df fxcom
t he second heat exchanger 18 . th this tenperature differential, the

ef f 1 uent utwity Aeidfis fesd vesert itewxayhznipered 0 shagydrémagiont hyeolysis it y 02 Fugahverhi | e
th tili.ty fluid .th ffl .20 T fal.l gw h ti. i
(R Ui LT, 00 SLIL 20 T RSB ANSISRLTR,

t he hydr qhad BN HRWHIZYS iSotH&l froddddes. ass ahewkpld tht BekedhdBity FRid@e b ubar ,
if the utility fluid is feed water, it may be heated in the hydrocarbon

pyr ol 3si Johive thoRrgotugipeseint the othcr sectivnp ef Hearlarf, sulipsriheiresevey esssfigneof

(SHP) st T | 40, the heated utility fluid my be utilized
in ot herqg%g%tggghs?kgg&ae%géﬁgehpl e, the heated utility fluid may be used

25t 0 driVeo038je | Begsfididllybithesust noft heo otdges oFekdat axshalgeishén phabnfigutationas
the r ecovp?rg%dgseg Eniegl?an?sfrn to recover heat from the hydrocarbon cracking process and to heat the
utility fluid more efficiently than possible with a single heat exchanger. That is, this
30  configuration of two heating stages in this sequence provides a more efficient countercurrent
flow arrangement for the different temperature streams.
[0039] As may be appreciated, the temperatures of the various units may vary depending

on the quality of the hydrocarbon feed or other operation considerations. For typical
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the steam cracker, for exanple. [0038] Beneficially, the use of two stages
of heat exchangers in the configuration provides a nmechanismto recover
heat frormwohel2mas4vecar bon cracki ng process and to heat wrhe/uskeltiosyw3t! uid
nore efficiently than possible with a single heat exchanger. That is, this
30configuration of two heating stages in this sequence provides a nore
ef ficient countercurrent flow arrangement for the different tenperature
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operation he furnace outlet tenperature of the hydrocarbon cracked
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350C (about 374F to about F), ile the d heat echan er 10 outl et
terrpe§ at dPeyt t A Che %@%ﬁ%@ggiﬂ@f \Qh%éoa?ﬁaué@éﬁ ?@@@t](‘ea%(?ﬁﬂ? SRSt
S72F)yy [ QRAQ] ket e%aﬁﬁ’reb%iy bEGAVREY aBdSlRCle)@SC dn&bahi bode { g'thtdﬂ@F tB€bout

provi ded at a pressure from about 2,172 kPa to about 17,340 kPa (300 psig
to 2500 pg¥i2gh), from about 10, 450 kpa to about 13, 982 kPa (1,500 psig to

Cenper at APGano o AT isooD BRcs oabBlb BORETp oy by R sie fapap
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heat recovered in the second heat exc anger % eat t he ut|I|ty fluid to a
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100°C to about 150°C (212°F to 302°F). As rnay be appreciated, the heat recovered in the
second heat exchanger may heat the utility fluid to a temperature ranging from 100°C to
about 300°C (about 212°F to about 572°F). Further, the heat recovery in the first heat
exchanger may heat the utility fluid in temperature range from 205°C to about 355°C (about
20 401°F to about 671°F). In the hydrocarbon pyrolysis unit 102, the utility fluid may be further
heated and involve pressures ranging from about 2,172 kPa to about 17,340 kPa (300 psig to
2500 psig), from about 10,450 kPa to about 13,982 kPa (about 1,500 psig to about 2,000
psig), or about 10,450 kPa (about 1500 psig), and involve a temperature range from about
490°C to about 550°C (about 914°F to about 1022°F).
25 [0041] Further, as may be appreciated, another optional heating stage may be utilized in
the process. For example, the utility fluid may be heated by the hydrocarbon pyrolysis unit
102 between the second heat exchanger 108 and the first heat exchanger 104. That is, the
utility fluid heated in the second heat exchanger 108 may be passed through the hydrocarbon
pyrolysis unit 102 prior to being provided to the first heat exchanger 104. In this manner,
30 additional heat may be recovered in the process.
[0042] As an alternative embodiment, Figure 2 is a block flow diagram 200 of a process
for recovering heat from the cooling of hydrocarbon cracked effluent according to an

alternative exemplary embodiment of the present techniques. The flow diagram 200 includes
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20 401F to about 671F). In the hydrocarbon pyrolysis unit 102, the utility
fluid may be further heated and involve pressures ranging from about 2,172
kPa to abwoto®?13®wd kPa (300 psig to 2500 psig), from alpoutust@,14503kPa to
about 13,982 kPa (about 1,500 psig to about 2,000 psig), or about 10,450
kPa (about 1500 psig), and involve a tenperature range from about 490C to
about 550C (about 914F to about 1022F). 25[0041] Further, as may be
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2 is a blwigkaddigvnadivags aredOerodddatidaDB&s Fron® the BERVEibIIgciagdhg hfcasd i

cool ing of hydrocarbon cracked effluent according to an alternative

exenpl ar Y&y HsntlowtdipgrampQs defudes orpi Gueere THE 4o aruledyfoam thid heat

i ncl udes 494 L% (Mol pscTol

oper at i ons @%%%‘rﬁp%gl 1&15%{1@?@&%{%@?%&%?@1&3% gﬁ%@g@qggggﬁer enf{:agﬂg%at?rhe

fl ow di agri@m T0owf ofFnmgur enils 20 end diirighdat ckdrangemild aictayranpdetd powiddi @gr am

200 refers certain blocks previpusly describped in_ the disclosyre ove with
refer encé‘dfiglopf‘lg‘lfr@ri?leﬁ&%%g@, foy et Wty Wmda@r %&ﬁpmt)?% S Tem e
heati pg Sbagf edt é&tchéﬂ%:g @'%%&8& tRe WirhianAid gtédi&b'a% Wi GiohSof EAPVEr

addi tional heat fromt rocarbon cracking process. In particular, the
f1 ow di adf84d]200Torckmd 8 Woeksor20riR8eongndte sinBB2 te thepdiedission abovw. ridowewatr,

exchanger, 204, whj.ch ,i.Ss .C | ed.bet ween the second heat ch r,.108_ and
the 11 acthoRdush 49 biSee HhRRS P R S n FEos05 BN ChI: 7o HE Ao Ranker

204 are ajnkataferct ¢hiRr 2l Ay R Rdditd iredabr additibtal thelteabinnge Sragst i e

utility fluid and to further cool the effluent fromthe 10second heat

exchangerscd®@g! best gxehanger 9§ pd mayi dlspbevisgedo iusredse the dmposratcodiifenatial

0043), T i L ack - . sim [ '
wbove” 1 tns ndOut Rl Setdlsr ) BREHEE Tt Benh el 3R & BRNSS e
mor e uni tthe B rédovbl make 8ysZem. Tepatieular, thse dithére b2Eks TRy nbg iidede bix or

recover additional heat fromthe effluent fromthe second heat exchanger
108 and rAYCHEH BECTAEYY. tushias @ wadiam IFESUEHBEICER RS @ lgyveiressuyst geapraos or a

bet ween tde,3eFOAANERREF (&XCORROGHAHBR 12N LG fbichd 'E}féa{enﬁ{égirﬁ%gﬁ?fe?e%alt 0

further enﬁnance thegﬁeat recover In t%e system In partic t he one or
nor e bl odiesw&bZhersogond beandechangerdi08nmnd ¢hesthed hegeneliaapor 4. such as a nmedi um

pressure ratqr, | o ressure generator or conbi nation thereof to
Pecovtr A onkrbwdlses. ded FREPededY W@%ﬁﬁl& silyee! Risting BRpEE i oeta en
the secong,Raalts 298 hangeivnlidd 16002 ihesiii: do iealis@xsiBaANGsTe Z34rding the first

20[ 0044] Regardl ess, heat may be recovered fromthe effluent passing through

t he one dratoxehangért $0202d sesothdwmt exchohgark 1081 4the Siaat |odr the oeftlhentdingy Ukssi on

above regarding,the first -he excha r., 104 and s nd, heat changer 108,
fhe hent TEmStREd bo Fre i A5 et an BAE ot B el 200 ¥ ridh Bav T STt o
t hi rd heatb&nehasgdang@4 fobkahiploRY Ibehis ghel Ithandfiidpembede eothpmaet ,a for
exanple. In this stage, the effluent may be cooled froma 25 tenperature at

the iHl ettemperatiee ehilicdimesal @irchifdeat oodhapngera2Oinior o thishihceixetehmrasr cvtlel et
ermer 2 peTl, E0VESALICE ABISE 0yl A5ch il ol B, 205
set tings dnothet diffeat¢heliydindaiison fieddheandonpdrgtionat isettings for the other units in the
configuration.
[0045] Then, at block 130, the effluent from the third heat exchanger 204 may be
30  provided to another unit for further processing of the effluent, which may be similar to the
discussion above.

[0046] As part of the heat recovery in the proposed arrangement, the utility fluid is heated

in various stages as described above in relation to blocks 134-138. However, in this flow

-12-



[ 0045] Then, at block 130, the effluent fromthe third heat exchanger 204
may be 30 provided to another unit for further processing of the effluent,
whi ch maywbeosyars49ar to t he di scussi on above. [0046] As pamiusedi1obm®3iheat
recovery in the proposed arrangenent, the utility fluid is heated in

vari ous stages as described above in relation to bl ocks 134-138. However,
inthis flow W 2012/015494PCT/ US2011/ 031932 di agram 200, an additional or

third heatin ge i erfor begin, the utili fl ui .provi ded
b ock Bt TiBa (Bl B R beifial SEeh un bty Tstheesh afic i e &
particul E}Jrovﬁi&?lnbﬁlbék 132 fTdndiayilBenhat aehtbdint h16ckt Mg, dnhpgticudxCitanggty 204
fromthe effluent. In this heatlng stage, the effluent in the third heat

exc hangerﬂlz@malY§3€dlea@dtle e thand hreat eusborger ﬁ@4 dioint ﬂlﬁyefﬂlllémt dIn gus heraing Staghe
third heatb% S élfgan%etfl ﬁlot%hhane%cﬁgﬁ%e%r Eﬁ4 l1Jst allt:c I t é)erayure a \f Fr‘élr%yhe‘éfi 89 § t;IhUI d

may cool uen

ot her sheahe ehﬁﬁch ﬁ&g&rxﬁhéld%ér aodg nlaQBh@It Qlikg umlryhﬂmheadayme Qﬁfhlt}b(ﬂﬁlldJMfaW &%l $heunl t
102 and used ot her pr.ocesses, descri bed above in bl ocks 134-140.

[0047] Si rﬁfﬂ‘é\f‘rntt dhemheypuglitystiyid ﬁnaérdzfv@rtrlerr hqafeghineother hepeexchpnpstal U &yl K8 t he
vari ous Lb.”é gw%tﬁ t@%g&ﬂc%rbgﬁ%wgﬁg (E)lﬂ fdzel Caﬁée'dtaéfr Bfhet ﬁ?ocQ%‘éE ofajRefvdeed

or ot her ation consi derat atio e furnace
out | et temmeeﬁﬂdoﬁwlﬂhd4ﬂ|rst heat exchanger |nIet and outl et tenperatures,

separator_jinlet and outlet te era re nd s nd heat exc ger. inlet and
outlet t éﬂ‘b‘&l at uPERIRHY theedisg IpAbe 1o E@%‘aﬁﬁﬁ% %Hmaéureﬂagf?\?e‘raﬂoymmm rd
heat gxchangelryid tellg”l leﬁgeéﬂ%é hAAES ofBhe 18@%&%%@6&& ARG RitiBR @Hﬂsuie@ggng S09F

to 320F) vihi | e e third 1 heat exchanger outl et tenperatures nay
bet ween  dbwuypicd OPcatidnzbo furnd@5ticatsoperagir® Rht dirsthoat cx2batfger inlet and outlet

0048] Fur,th for t ty fluid |
S REahed sy Bh Sl ale RGER il bt Sethte ek i ©
of Fi gur ullef @mpkR@urtd ma} bB@aﬁﬂa@x@ RRNS@Mp]SRR8d HARR e HehRng ﬁéat%ﬂéhanger
pyrolysis unit. The utl|lté fluid for the third heat 20 exchanger may

oper at ed lalet te@rpﬁemmn@sber ol abgutf 2 db abeut5e0 G SORE to ATEF),t ﬂ@ttb@:thnzi:soc
at t hl% Ogelate {: r{h%l% < Surg %e4§e §811_391{e§ frxga'ﬁl%l) Xet@v%@ﬂ“a@@ﬁ%oléogg%boh ?2 atb?

about 17 nor e prefer 'y a
at the |ﬂH9ﬂFkﬁdﬁhﬂﬂ&PE57C at the outlet. [0049] As may be apprecrated

various additional enbodiments may be utilized to further 25 enhance the
heat recd¥®48] foFuithe. A9l fhsc Beasofsceyer Kirpgsssy heenilitasiivd Brunprelve twellghe

or pressures and temperatures to those noted above in the discussion of Figure 1 for the first heat

exchanger, second heat exchanger and pyrolysis unit. The utility fluid for the third heat
20  exchanger may be operated at temperatures ranging from about 50°C at the inlet to about
250°C at the outlet (122°F to 482°F), preferably from about 110°C at the inlet to about 175°C
at the outlet (230°F to 347°F), or more preferably at about 136°C at the inlet to about 157°C
at the outlet.
[0049] As may be appreciated various additional embodiments may be utilized to further
25 enhance the heat recovery for the hydrocarbon cracking system. As an example, the one or
more units 202 may include a medium pressure steam generator coupled between the second
heat exchanger 108 and the third heat exchanger 204. This generator may be used to raise
general purpose steam for heating, reboiling, or the like and/or it may be used to generate
dilution steam for the hydrocarbon cracking process or another process. That is, the dilution
30  steam may be combined with the hydrocarbon feed prior to or within the hydrocarbon
pyrolysis unit 102, which may be a steam cracking reactor, to improve yields, mitigate coking,
and preserve the metallurgy of the tubes within the furnace or related equipment. The

medium pressure generator may operate steam at a pressure of about 150 psig (1,034 kpa) at

-13 -



nore units 202 may include a nedium pressure steam generator coupled

bet ween the second heat exchanger 108 and the third heat exchanger 204.

Thi s genewet2or2/aradp4be used to rai se general purpose steaorfuseothaatisng,
reboiling, or the |like and/or it may be used to generate dilution steamfor
t he hydrocarbon cracki ng process or another process. That is, the dilution
30 steam may be conbined with the hydrocarbon feed prior to or wthin the
hydr ocar bpn rol.ysis,unit. 102, which nay be a steam cracking reactor, to
ot ove Jref TR GAPEER N BB e PR aPAT Uy PR SiBes
Wi thin t he bl AAS Brlfurt, ahalifditabbd TR Rdr- dillifin Q{%thg;%difc%ﬁUA@ aBRAS SbRpIdTBY
operate steam at a pressure of about 150 psig (1,034 kpa) at WO

2012/ 0154b2pPETOUSIBIUI B IND3Rclube aflow maessure geeqratoneeupiel brjivpen thhscenndihgat
pressure generat C eni.ent | ner a eam at. about thi ressure
RGBS FAF Ui el oRPURLEATE, ThEATh ST AR o lhE RRRRER G ¢ e

making it d n steam produ er ex

one ors NMyu@pdsBistcamn®@y hédiml Boidink 0oy thE 8SStI5HagRNBOSIsSs. ARyl Bbiteetxaepict he
second heat exchanger 108 and the third heat exchanger 204. This generator
may be useHCHN} RIESEITGAFELFIOr FNGUF MY PIEPBIENEISIAIeBRY Ry, CUpksi PFHESn dC t he
other sui&aRldndaf aChzRR%and e Xfild AOPEAGEnENAPI €, a medi um pressure
generator and a | ow pressure generator nay be coupl ed between the second
heat excHad®r ahdaddigor i thd abeat crakediangBy var[dd®DA]ts magdadi tyipassctl ®o phwiddove

enbodi ment s, . varjious units_nay be bypassed to provide additional .. .
funct | onﬁdﬁitvp%c@éﬁﬁﬂ- oF o, drappl. flf e f@?\ﬁg‘ﬁ%@@@& oRdlont ghMGruriine Muid
utilifoy frhay %cl@défﬁy%dsﬁﬁ!gu(qfe 5 RS 8hQEaBN Bl elchfn JPS (LiRAMBRL sRULNANRGET S

(such as the second heat “exchanger 108 or third heat exchanger 204) prior
t 0 bei ng @rlangdetD§ @ thiné hédteschangert20dx phamtgeeing@tovitedito ths firdt heatssclomgeheat

exchanger, 10 y receive utility fluyld froma s ce,.,such as a boiler or
Goaor ot or Oa bk E Seton h axhianeps K mad ROk S e ARG SR BH5 s hu Phe e

third heafoilexehad@edtor?@dd praVideitnatthy aly hehth&chitigef! 108 @by RXGhANZEHird GatTaY
receive utility fluid froma 15 source, such as a boiler or deaerator, and

provi de iaxchangend0d)i Adtermpsivelye sdhstihig deatioghqnggna&kmay redsey csedion duiteiem a

e N OB el R BRSO TR 0 TRRRR I NI,
from an upstéeadhbeakcliexglari®yr This process flow may be utilized to manage the heating of
the utility fluid.
[0051] As yet another example, the heated utility fluid from an upstream heat exchanger
in the utility fluid stream (such as the second heat exchanger 108 or third heat exchanger 204)
20  may be passed through the hydrocarbon pyrolysis unit 102 (e.g., the convection section of the
furnace) prior to being provided to the first heat exchanger 104. This may provide an
additional heating stage for the utility fluid. That is, the utility fluid may be pre-heated before
the first heat exchanger 104 transforms the utility fluid into a super-high pressure fluid, such
as steam, for example. This configuration may efficiently utilize excess heat available in the
25 convection section.
[0052] As yet still another example, the heated utility fluid from an upstream heat
exchanger in the utility fluid stream (such as the second heat exchanger 108 or third heat
exchanger 204) may be passed through the hydrocarbon pyrolysis unit 102 (e.g., the
convection section of the furnace) without being passed to the first heat exchanger 104. This
30  arrangement may bypass the first heat exchanger 108, but still provide two or more heating
stages for the utility fluid. That is, the utility fluid may be pre-heated in the second heat
exchanger 108 and/or third heat exchanger 204 before the passing it through the hydrocarbon

pyrolysis unit 102 to generate the utility fluid into a super-high pressure fluid, such as steam.
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inthe utility fluid stream (such as the second heat exchanger 108 or third
heat exchanger 204) 20 may be passed through the hydrocarbon pyrolysis unit
102 (e.g.wothe/aswecti on section of the furnace) prior PCoO/USIING3IPEDVI ded
to the first heat exchanger 104. This may provide an additional heating
stage for the utility fluid. That is, the utility fluid nmay be pre-heated
before the first heat exchanger 104 transforns the utility fluid into a

- hi f]uid, h t . f | e. Thi fi ti
may cr 11 ARSIy Hepiles: 85 B cheERe "o R meie of 157 e s e CEPBRLER: Pon.
[0052] As abﬁﬁ@rahbﬁ oP AR DAL IBXRTRL @ocdrBEn bRakiad sybtbhd, teonfrblindchdndMsdhould
upstream heat exchanger in the utility fluid Stream (such as the second

heat excHengdized 08 nepmaghithredhéne agmevad halhge s, 204 hydragarben prskiad sybteougioutdhe
hydr ocar bg Si nit,102 ction aon_of

mne P@ 5 lrljloalltycoln%lro|lJ mechar&sglg e[? ﬂcéoh%r}o? g}ec ﬁortle\ﬁeamounr‘% osfe ﬁetait f&l}l}oveﬁ] ?rgnb 6he

furnace) W béi ng passe eat exchanger

ar r angenesffludhd yind Yiralssit ?ﬂﬁideﬂrts tthde@lity SKEN 8r0RKki0d) Teasdist & tirdtlredon fbidigd Wo
or nore heating stages for the utility fluid. That is, the utiljity fluid
may be prigphebhesy cpprelaccharisids hlead the smpa i rheaowmevgd don Hicrdflpenitn the

exchanger, 2d Bf QL ehubs RAT RNk whiY QGRS IUIAE 685 ROMARERkYRI? i

102 to generate the ut Into a super- essure flul such as
steam  \Mx2OIRCOMBY SARITHUIRN Y O iR, [ A0B3pREfatadhesstuns rahfeissqpeed aic
enbodinenh of the systen1ge.g., arran enent.Pr Confi%ﬁéﬁéion of é e units
in the hydf SE5HBIRIR ARG RYC %?sts‘«‘-:‘%_‘ilj as Yoh YT HMORART s %E?FIHPVB 0 ez ed
to mapage it adto RMBYAMged Thdthehwise ! i€ d&ﬁﬁ%&%ﬂ&@%@ iR GHKA G0 gl%tdﬁ@% sifoul d

i ncl ude hea; contpol nechanlsns‘po cqntrol the total anount” of heat renoved
from t he dssiedd quashty ddflthim thesmnigraptiodedr.t o the utility fluid for various

reasons. j,rst reason for this type .of heat. control nechanismis that the
Lot orlOne 7 GRETEES G cbmisl abdePGus St nERIE b SRET «alhidt IRt tng
any ot hertharoh&olnBY fla&edtc &F JBityBRRALE ¢cASinthls RBRImtisthdhe tchfefist @Mthe
becones foul ed or chagges over time. As a specific tenperature range is

desired atilithélugket tiendifiarons units.t W¥ith tlie avecharigwh oag oatmere bypass valves and
0L 2SRRI e 5P P, AT UG 2 S BBl e g
of refl uxutility tflugd 1 he for atbicosfather heaf RQRAOKHNGNS iafordcher had of ald ealbodiments
mechani sns may i nclude bypass val ves and bypass |ines
discussed above. That 1s, one or more of the heat exchangers may be bypassed to manage the
heating of the utility fluid so that the temperature of the utility fluid entering the furnace may
be controlled to optimize the furnace heat balance or may also be used to manage the cooling
20  ofthe effluent from the furnace at the various heat exchangers.
[0055] Another heat control mechanism may include the use of one or more back
pressure controllers on fluids provided to the one or more generators, such as the low
pressure generator and/or medium pressure generator. As an example, if a low pressure
steam generator is used in the system between the second heat exchanger and third heat
25 exchanger, then increasing the pressure in this generator raises the boiling point on the
water/steam side, which raises the outlet temperature on the process side. The amount of heat
that can be removed in the second heat exchanger is limited by temperature approach
between the process stream and the water or utility stream. The net result is that raising the
pressure in the low pressure steam generator increases the temperature and heat content of the
30  process effluent leaving the second heat exchanger. As another example, a back pressure
controller may be used with a medium pressure generator. This back pressure controller may

operate similar to the operation described with regard to the low pressure generator. The

control on the medium pressure generator may also be used as a supplement control to the
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that control the flowrate of utility fluid to certain heat exchangers and
the tenperature of the utility fluid at the different units. Wth this
mechani srwoane/@s49aor e bypass val ves and 15 bypass | i ne®Crais2da/0819pt enent ed
in an arrangenent for bypassing or controlling the flow of utility fluid to
one or nore of the heat exchangers in one or nore of the enbodi nents

di scussed above. That is, one or nore of the heat exchangers nay be

bypassed .t o, manage the heati of the utility flujd sq.that the tenperature
oy P e nRt PRI chP ot B af ek wiictsnivalpr ot O it Blpstui ghRTREL S 1 e
furnace hgad wh@l aalﬂﬁﬁp@kuf’éagfen@ia%& a!?ﬁng&?ﬁil 4 QqU8RY Bk e 6Bk PrdQurlstdhhe
effluent fromthe furnace at the varrous heat exchangers. [0055] Anot her

heat contip @engrelihaners mateapld thenuldey pressure estagi, dhenayr berprefctakibek top rasses baek
control |l errss Sr% ofnI IUi dsr Psr PeVieCIilegatit 2 ag gefirotnnel a%r o@r?:rl?tr(gﬁne ga;[tornsl Veﬁ ua%g tﬁsn 0he

| ow pr esdlre genels)?(t%l¢ AndFor Weai*tm p?es%u?e gener ator ™ Ag %n 'eX rrp?e, i f
a | owspr assébeckSpregitganNeediuar preSsutts@ehnh Beddigtionyis figthcb &dduetth iR asearal
heat exchanger and third heat 25 exchanger, then increasing the pressure in
this gendp Bd¥Hd-ai ses the boiling point on the water/steam side, which

raises t tle e e Lae. o e hat
can bo raney it MERCB0UAE) B pb o RhARERS RV IR s FURIE A E bl el
appr oach doefigsretionsreaypinctiels smdtiple dntarxdhdngersvaatagpedin paidllel.t Fac sfahene hthe

net result js that raising the pressure in the | ow pressure steam gener at or
i ncr easeseXff%?é*gF@n%Y i@uw%%oth%atm% s dPw eSS BFsEYes qrygegium

| eavi fg UesaRCAIMASAT ICHARDRL call oRMA! MBI SYRILP bufkHASK IUERSH R

controller may used w th a nedium pressure generator. This back pressure
cont r ol | exchangenpesditre sessitcagencmtarh vo pessatre genctetoc rhdadothet heat egalragen

the | ow pressur.e gener.ator e ntrol. gn the. nediu res ener at or
my al S0 BUGACu GE 8 QLR ANET: Tabher o T cppo R RIS RATEAL
2012/ 01544 RCHalSZDId 19348t 2v 1 a€skto RIIBRSIAEE of BRtHR! &@hafer bigks! tBWeRERSS €
generator, if the medium pressure generator is used with a | ow pressure

gener at orfrem sevisede gn takes offliancier cRariag e meenanepr Bisylarly. anotpmbeat control
general | y omr & %L iARL & fhan. Lo Bh &SR & ﬁfo‘éé‘@i‘ow' &f tﬂ?%ff?u%npfn% §188! ot
ral se bacnf% pressur on q OW pressure generation as a 11rs nmeans O?

control | igfghbéeit eehmvl baaldiftthemchioremoval seubragkntpisdssur b (s RdhetMthe
pressure steam generation if further reduction in heat renoval is required.

[ 0056] TheliHegnt baskpingy ba afdedraaemaxehiadyehy mapep BIcdicsdamery- Accor di ngl y,
certain C[@E%'}Jgur Pﬁ#@&?aﬁﬁhéj‘ﬁé gﬂgeﬂy&&) b Qiiﬂg@i@ﬂt fres B%ﬂﬂﬁ&ﬁeeﬁﬁﬂi?xﬂ%ﬁg'&

parall el . h o ese heat” ex ngers may be coupled other units, such as
| ow pressuee tapetter at oesaiaredi/bodimeds toprbdider alsigiomel fenbilay ar she dcotrobxiita e,

o oSS0 el 1 .8, Do SrChanORLc MRSV
coupl ed iDitS£HAESy s QRGDIIADBES loW BFLORE geddtatbhil LORKIBAL&ALIBRro i For
paral | el heat exchanger banks may include solation valves to all ow each of
the heat aexchamgecssyangectatoheSimskmviedhd dispussionwibeec, (the back nrassere eitrollere)
for cl eanoinnﬁlle Bwnﬁegs%?engg&?atorshgylbaer llls%d 1rrs]t(,)ttl?e%r thre]eb%tck (]:p?enstsﬁr%l controller on the
medium pressure generator may be used next, and finally the bypass valves and bypass lines
25 may be used.
[0058] In this manner, the efficiency of the system is managed based on the value of the
heated utility fluid. That is, the heat control mechanisms may be utilized to generate more
SHP steam, which is typically more valuable than medium pressure steam, which is more
valuable than low pressure steam. As an example, effluent heat may be used to generate SHP
30  steam, which may be utilized to drive the large turbines in the other sections of the plant,
such as the recovery section of the steam cracker, for example. Further, despite the fact that

lower pressure steam has less utility than the SHP steam because it does not deliver as much

useful work, steam raised at lower pressures may also be useful for certain operations within
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15 nmechani sm may be to use the isolation valves to block flow of the
effluent into one or nore of the heat exchanger banks if the heat renoval
requi renmewo 202/d16494 I n this manner, the different banksPoaysbh@iasdenl or
removed to further manage the heat recovery. [0057] Further, as it nay be
appreci ated, the different heat control mechani snms nmay be used together in
certain enbodinents to provide additional flexibility in the control of the

20 heat transfers_in the system For exanple,. the.b SS Vv ves nd bypass
i nes. oy MDSNISha Fol EHISPIEARRShPissls SSEBRrHoM BedrstaRtrodiiaeii o B
gener at orcpdlfnd tHREK. PASSHIER Ca ARAL FQLL &Y 1%(1@565@ HBHIMRRE 88 lé'fﬁm@&@%ﬁft&r
Simlar, to the discussion above, the back pressure controller on the |ow

pressur e QPErirnwd therﬁwtelmelf {iseadveistheat at SWlﬂﬁ@lmwsm e ssyy diesdme menhasr on

t he medi essyre erat or e used next aI y

val ves aﬁgb@pasg‘ 4 Fsstseon l%éfuse%ffa“[gﬁ‘@%‘ét] o R m "B mca%ﬁn Ritking
ef fi cisenqystein, Figelréyqireww:m wetivageid os dihgedin tfdsterevaxbdﬂmngeat hemhigatrechrbon
utility f ui d. That is, the heat control mechanisns may be utilized to
gener at e Gitsked SiBue eacprdiry &h apather alteraptine fwieplom eabedmena Al Hhelinissent

pressure c v |
o oot SRR ORI S YT R, I APSNGE SRERE e,
utilized ihdudk vardoushmitk asrugb ab arfinimes 302, 4 fiest btdtesxchager (NG, ofprintaey n‘amqfer

such as the recovery section of. the ste cracker, for exa Furt her
despite tHE FEEANEEH 0% %Wf@%@sﬁp@a&rgﬁ]ﬁ %éf‘scopéégatm%nggp @rgarﬁ IF36 sl

st eamybeCcaiSfbd heﬂ%‘céha{h%%r)dﬁ)'z%' M%ecﬁérn%@ﬁuﬁésgé‘n'&atdﬁnf 116, a%@z%?dsﬁtég\%e?attor

| ower pressures may al sO be uSeful for certain operations with o
2012/ 015492pcTiitBRoOn kkOBhas2(cthea syeoné shelFand e»barh@hteexcmlvgr) prlessdrensi-eam

b d .as f t t
ot r ecdpstiprarbs e ot rtisr satt TaR b arePed Ry o G EratiuRIE Pagte
system i fothdr thRfuGMehS shRMic 8énHRYRI0Al anldedRpfedaidgetH&ehrdughi varRdis @bAREtbYE
manner. [0059] As a specific exanple of the arrangenent of units in the

hydr ocar He#s- ém@@mqugllsg%y@ltthcm gumay Be ppryosieted by thashekitled &n theowt: divaheram
for recovering ‘?nlaEd L %@éﬁ{ue‘ﬁf%ﬂ‘ t@e’ 3eked fafy' 15%9 ”é a%%@ %{rg%rﬂg uﬁ]a? angLher
rrp I'men t te

alternative ex e presen que
schemat i (bofﬂrngﬂlfﬁgﬁ&mfaﬁﬁce biget iyrdugice biord lsdfaaei@haggeﬁmﬂam rray | ncl ude
various units, such as a furnace 302, a first heat excha%é;
primary ti086Nf er The REPCEsIEg evijh t3p hydrgearhem Foed ibgiedravifed 9 Hsa@s 30%V1a

second heaf, exaNanRe| dﬁc?caﬂ)on ?fﬁadc by %155 RElbmbfhe@Rd i LBy q%u@xs%@fi‘ Q% I?[?%in 308,

a medi um pressure ge ner at or OW pressure gener at or heat
exchangerwlfieh g.proadsebpadins 365 | Tha ﬁytﬂmbﬁbheﬁaederxayﬁwtgwk)ed 3d the famdca302 to

m ni fracti onator 316. ch of these units may be arr dlnf uid.
conmtli cHPTASHY ?ﬁla%ﬁﬁ%}tlﬁgrove%ﬁ&adﬁ ¢ fifd hgﬁyef‘eﬁ%%%gﬁﬁ? i Ga@m chigpnt is
coupl ed tpgelhshd bé&t‘gﬁui@iép%fbr%@nep&é Ppor-i§uid. sepatrh't!%?%% GOMRAENGScous

val ves, etc.), as may be appreciated by those skilled in the art. Further,
15 the wfflidnt yanid| Lfpeld agidlueiteingd fthedmf efqm) mttchws f uknpedicniy, the smﬂl&vei

streams that do,pot commi.ngle fromt outle
neat - exciARyEP bt ey Srbogo] ersoap b st HERFRCH tRlohdRyEPo A
bei ng pr ayidted t4r finf tHen@seoudZrivémd aftct mge istally tosed i tHRchikbReut feRethniay
al so be conbined wth a dilution fluid, such as steam
25 304. In some embodiments, after leaving the first heat exchanger 304, the cooled effluent
stream may be quenched with a liquid quench oil or liquid water, introduced via a quench
line 319 between the outlet of the first heat exchanger 304 and the inlet of the vapor-liquid
separator 306 to provide supplemental cooling. The liquid effluent from the vapor-liquid
separator 306 may be removed via line 322 and may be further in other units (not shown).
30  [0061] The gaseous effluent is provided from the vapor-liquid separator 306 to a bank of
units coupled in series, which include the second heat exchanger 308, the medium pressure

generator 310, the low pressure generator 312, and the third heat exchanger 314. This bank

of units may be used to cool the effluent prior to it passing to the mini-fractionator 316. In
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which is provided by a line 305. The hydrocarbon feed may be cracked in the
furnace 302 to 20 generate an effluent that is provided to the first heat
exchangerwB4i2/am94t hen the effluent is passed to the vapomskigoss2
separator 306. The vapor-|liquid separator 306 separates gaseous effl uent
and liquid effluent into two different streans. In particular, the

vapor I|qU| d separator 306 may be utilized to separate liquid effluent
(e.qg., m dus t h as steam cra f.rom t he gaseous

ot Puent B Rf SHE: P BEGRREBURaR R 0 Fe A NPT ESsras.
In some eyYbagiyBOtisd t@fgh%ratle%ﬁé‘éhﬂﬁr bhRr LihitsS budleatthexERRNALnABA3 14 Beomeol ed
effluent stream may be quenched with a liquid quench oil or Iiquid water,
intr oduceeaumne@naquemefstelm neotktmgswmeﬁhet prep@i@dlcenﬁetﬂratlmnfav rbetpartecaldarly
exchanger and th nI et f the v r at gr. .30 |de
suppl errenat ?ﬁm &0 Piv Jfi raCt naﬂrﬁﬂg lfecla Yom lgc ela@g%)eoﬁl Ihléﬁ)erof “g arué X
306 may bﬁ'aﬂzﬁjl@\ﬁedle\/g@leiratdﬁ@ ﬁb%@nﬂlm diditfonet ﬁ&llityl Muigtpreticating. t srh(enﬁtm-
shown) . 30 0061] The gaseous effluent is provided fromthe vapor-Iiquid
separ at orfrastignater 3l (mak beroupipd to etherplaspstraan apjte o fufhreprocersingdhe ?ﬁ@ent
second h ressure generator 310, the | ow
pressureesgrg%rg)r%g?gé]&%ﬁa%&&téﬁ@ﬁ S%ﬁlb}réghﬁeat exchanger 314. This bank of
uni ts may0d&2]usedsmotedabbvi, ke eﬁefdfubadlfmmmMeitcexchangassaongm&) ahthd14, along
m ni-fractjionator 316. In W) 2012/ 015494PCT/ US /03 this k. of
units, tHE! ﬁﬁﬁ%? gQ%uPr@th’énéfP’a?lb“r hogying sfages Bt g Byl vaa?‘ég%fﬁm line
gener gt or Bl21ARYE HIAGmLP LAGREVALE REPANBAIR oP ORIl At ShOWRN aRd rhdle
mni-fractionator 316 or other 'equipnent in this systemor other systerns.
The proposddde boflérgigeditvatar avethe blelhpaﬂmdcwllthml ghewd's'tamt abetus coifigurativa, the

f t t 31 t
Tt 1 oot B Bl wan e 2EERY it REs i BES cibfaitbmart she REGE horg et
preheat i ngchaid@r SOl st haRatiedt hdk@xBRnghes osHY 8itbated HtRefirionnel besrv
units to further processing the effluent streamand to separate out the

desi red chefiikty ﬂp@ioszi]”lmélymma&ﬂl abtheefumage 302 eandf protiglediat foutleind24h et other
excha er n 0 t vari ous
heat i fr%g st 3) éliaﬁsat 1]”%%5 th%l IHu%%dg}dparst(;él\llll E[gué S{\’/illgagﬁl Q%ES @ngce%ﬁg utility

fluid nay0be3]pr osrbdﬁdtrélruhmhaatbmaﬂsﬂ vdthil eedystcar, tlﬁeﬂb)éat ebmm)medhdmmy rnay
include hoiler feed water as the utility fluid within the s%/stem In th

conf i gur dbslBee thehapemsivelvey2p |cevﬂe%9twnen Hedney 1ingi3g0 den the ytilityfhuid the Hmﬁieat
exchanger t st
heat exchhaeﬁtgj-éekrch%‘%%p(3)]}1£ %ée 83’?‘3 htgttﬁleteﬁetC ?ugénhgge fBgé}%O?m et fkﬁgs %ﬁsf ?{Bye/g IIrw d
i s final lthe hikat dtlc iblypztsbefafmrﬁéaﬁaﬁﬁé camfigupedtol aeticathediaw ef uBRY flwd totlver

15equi pnent, such as t er, units as. an. i nput stre in 0

di f f efent!IHP OF S¥ele C? ‘?d’TE}SIHf’ v fonen%%éthetth%éﬁ@r xghiigen St b i%ﬂt em
the heat GBf§he @@&Bé%@tf&cﬁaﬁgef 56 U@ ak Bga&paeaiﬁsd fo@!]%/ nﬁ%ﬁﬂfe%hedvalve
between the input line 320 for the utility fluid, the third heat exchanger
314 and t3?28 roat beetonfigurelddo sestromdt leasiia pextenan{des udog fkymchfrblylpnsmg fortbs thirdubes

or the like. b val v e con strl t ot | ow of
ey e atiiet R PEFothy Bo dreierdSr SRA LA HICL 2 phEOhRL B dtlfy BuBl
of the thbrsk ﬁﬁﬁheeﬂé&&ﬂl@gﬁﬂ(ﬂﬂﬂa@f‘tglphﬁelu@UtSlﬁﬁlaﬂfl mnesea@ﬁpmlthmathee@s@a@nger
308. As an exanple, in a first position, the bngass val ve 323 may be

conf i Pur edlweod Penay deectaf [qastzasporionef theorilsy fuibtopass fa thofthind Heat reesnhq@aerm ng
to the thjr at

| east a Bjolr4 & f%ﬁﬁ%efﬁiﬁﬁ ? ? Stg& F ? é&ﬁ?ﬁﬁ{‘hﬁ heata ?%O%EQSS%E%%&E%G
bypass | ibypassSins foatht Yirsti h@aaemhm@gw 3DOSIAS may bet@ptbmm tl%remaﬂcuen 32 ﬂomay

direct at |east portion of the t|||t Id to pass to the thjrd heat
exchanger™&12oek ﬁﬂwmenb/ow%oraﬂ% the dlop ﬁe&e ﬁtngweée? valvesgnd;lEigs § fl%%ie
utility f[h%ﬁ fr ﬂm&ﬁt‘? Bﬂle} Héa@‘dgﬁrélqﬁecmﬁﬂ?ﬁ§ il tﬁé)mre?lﬁnf ﬁ&%ﬁré@?e 326
exchanger 30 appreciated, the restriction o

fl ow ®r (mkiyhcalopopltesmme Ma‘tlvt Ba8.f IAISWJSCd@pé rbovey thene vhleesy 3 6vasl Mdmhy hessed
utilized. [0064]. 1 n addition, other h ont rol, mechani,sns i ncl ude the
el um pr S eIy BB S8 the Rt o PRSIV J I 3PB TR S e
above, t @@%nﬂ%h&qw%%@ssﬁfwgéé&tmmzb% satlchP AR tbiurh Rk eRPEIRL ¥26 iOf

t he gaseous effluent passing through i um pressure generator 310 and the
| ow pr eswnele@éneheamedlu@lmessneesmmw/re?139 betwecnnasdinlgh3gP @f darler fead Vieiddas! i s
coupled to the nmedi um pressure generator 310 between an inlet 330 of boiler
feed fluid and WO 2012/ 015494PCT/ U82011/1§)31932



outl et of nmedium pressure steam 332. The | ow pressure valve 328 is coupl ed
to the | ow pressure generator 312 between an inlet 334 of boiler feed fluid
and out | evoab1ampr essure steam 336. In particul ar, theCFa$2amoprIdssure
val ve 326 nay be used to increase the pressure within the nmedi um pressure
generator 310 to raise the boiling point of the boiler feed water, 5 which
rai ses the outlet tenperature for the medi um pressure generator 310.

Simlarly, the.l ow. pressure valv be used to increase.the pressure
o Uit o D pRALB PRSIR o S8 7 0nd T Bl ot 1Y e o Bl R

boi | er f%é’ssﬁ‘@t cralt b Ee@xivéc_@lsaﬁ ﬁﬁet%ﬂ'cﬁtbdﬂ@frp&ﬂ?ﬂdi& and _%tlétrtﬁc lb&%r%s_ﬁﬁsur €
generator 312. 3[6‘065] Thgé;gem fic tenperatures utilized in the operation of

t he syst erama33ty dnyat@uy adicdgnoprephec sgee P14 may batibgiie andrense thegpressure

exanple, the outlet. of the furnace may he opgerated. t0.0h bout . 760C
Cabout 14008 TS ars e’ PROREG ¥ oliBe BR PERLE RO PR SpREF R S50, o
heat exchaligefaig4dthe Datetl ichptrangatioehechanien Po4bual gn@ratdt hiodi Seeitargyech
oil or water may cool the effluent to a tenperature of about 300C (about
572F), wHPWhpicssuraabvsnddt atayr be wsed ito dacreeie theePrsesysg atithgh therpew garewsiss
ef fl uent sgpatat : i .
exchanger' ‘S FAZEPALE B (iR RYinDE3: BRR, RES ghfer MRS RADS BERMer |
t enmper at uc@pahtuabfonth260Préabmrutenb@bf)312The ef fl uent may then pass through
t he gener%‘?rs 31g and ,ng and be s]or Qéi ded to a third heat exchanger 314 at
a tenper dDUOY of Taponeciigelempablics #5Brd ke ORFTaGOM et X DRIy P23 1A Yray
cool fohe fhEAdENbN R GetFRRBhALHESRT FELQUMpISHe §@R2YF tR1RRace 230D PREHThe
utility flurd may utilize the Various stages to heat the utility flurd, as
di scussepatnadeto Herabpatr 7601 @boutfldO0tH)] shehangt e thehamattemperptuird e tte eyt be

CTEERTXTNUINCN: T Sl N N O
fluid to g,derRerabine afudhayta %ﬂ%@ra&@x@%ﬁab%@@@@"v\cg Iba?ﬁut n%z@]f}{t\!vhi'cﬁxs i d

may be provided to the second heat "'exchanger 308, urt her heat

t he 25 utteipergtui¢ uiilized dontheesapaatadnr Ehogasatrout (1268 Croha Beuep&aHF 306 Timy be

utility flui. t hen eated in the first heat r 304 .10 a.
Fenpetat eV drd BRbG oo g BegtaneiinesOnrs Cmphaire Shab 2P &y COPY Uiy “Bich
further headsed tota Rnd fﬁlﬂﬁré@‘fﬂﬂs&n%O@g‘%ut@)@@X aRUIIGPGR)Y théh $438 through
convection section of furnace 302. [0067]Figure 4 is another schematic flow
di agr am ftbe genseosrilAgnida and berpravededdolaithigd Bent gkchangendd dhpdemperatyonof

ef fl uent condi t r native e I odi

ot csent (05 Gies ARyERRDIST; Bt AhRFsroERRRY BN FREGATSAG B dugn
two separtainpéatdOf siodt #OKRCt(hisdut ane°Ryoupl ed to the hydrocarbon pyrol ysis

unit 302. These separators 402 and 404 are used as high tenperature
knock2out[08¢8ns, T\%PEWW@%V@Yr“é%lF?jthﬁﬁ’éﬂa‘éspﬁ%ﬂeﬁ énbeapghie utility fluid, as discussed
2012/ 015 / : 3 . - . r d

enteri ng%%éggéﬁﬁéﬁgca{sag’chggﬁmo% laﬁ’%(}eél ’ ?\@edp{cl)c r@%ﬁ%@?g?ﬁ‘?‘gdﬁdﬁﬁ thggé&a heat
Benef i ci alxklygngthat uepefatthaebsepES8Cansort@37d)d 404 thial/hast ickelmegérheahest ed

utility fluid in this ecj.fic .configuration to fur r enh t

ef fici endf® uFﬁ%togs?%&tE%“Hh@ f_flﬂ& f%%?eg%f?tﬂﬁefé_ag?@fbﬁi4§b$ é%w&?é}%- Ben. the
5[ 0068] TyRilERkL¥ ma) BRHGi&SKIONEe KdABIRE cRhifdir 80R) WNich nSEPRLBEOCReat THCh
as an out- board knock-out drumintegrated between the convéction and

radi ant guidity Gnisl toop ewmenceatorsl of ahout 36860 (IoUBAG Fabdbe WEEOFfluidTes ehonyli cal
fi ti 1 i th 1 1 h o t .
0Dy I 33 e RORGH sidhadhd 304184 I0h Sura RS ADuts Hec S0P, Thsay e

454. AC ( ahoutili§Ifd n§Ybel fafthérthehitd QX G @&Hipdratikd SlatdarnasioCe@bbaf1000%) 1R the

separator. This fouli E may be a result of a two-reaction mechanism First,
t he vaporcoprecting se@parcafignaeghtdde the tangential inlet cracks via

endot her eacty] t I .

combi no. 1506 0o bR FoihhF SSARRIR Ao isf AR IR o Pl SEICHSm T St
t he vaporoficadktd ihlySrod&bop effiienbeiordihg entidtbert digrnagiparcasmplaryaoybeditlchngl
condenses_the heavi est nol ecul es. Vapor/liquid_equilibrjumcalculations
predict tAapPreseid taghnjausy iy tﬁgﬂ Iﬁﬁéﬁ@»ﬁ? hwpeﬁrb@hferegil%wswlﬁs%%\m&émyara@r% i ch
in 760C+ E i ree r t

heavy |i q@?&n@ér%@e@g t:& gﬁ@%ﬁ?@%ﬁhﬁ@%%%oﬁggﬁgtﬁ%% Uczhees\%g)(ré&{?%robse{@

mul ti - ri rgdatOdrme ussl, ashgl herepeeatticeakdogk yoas diums, vhidheremovt iresid agd aspdwatitnec s
becom ng coke. [0069]As a result of this two-reaction nmechanism fouling
typically occurs in two _19-



20 |l ocations, which are the piping dowmstream of the separator and in the
radiant inlet manifolds (RIMs). The fouling in the RRM may result from sone
of the fowDi2ap/qsdursors remai ning in the vapor phase ®CTWSP@Nio3iny in the
| ower convection section. In the convection section, cracking and sone
condensati on reactions occur, but because the process tenperature is
rising, no liquid is forned. These reactions nay subsequently undergo rapid

condensation 25 reactions ondensati on reactjons likely foll.ow 2nd arder
i et | ooy mRBRy BFRS S RRetBRO LRl Bro g TR Rehatation 85 uBeh ARt
conti nue%y@(ﬂgﬁﬁ DB BDE. BERGIIANY, fRAGE bPAR sepRhtolBI2PIMAUDABY AR Uke Alked O
about 38C (about 50F to about "100F). Here al so the condensati on reactions
are very utidity Juehiarthisppetiic vapfagurgivaste. futhw enhirecttberplicinay ef dreopystehednsiv
t he deM/qphgt(p%nﬁgg)gfng%%g condensed nulti-ring aromatics, they becone
l'iquid and  30CEKE rapld?y, wht ch deposit in the relatively low velocity in
the RIsM [D068]0] ATgpicdliyGhaam cedkih Mrdabes, Mastidempryt 4 B€pardiof, Bacls apan ajudr
may reduce fouling to a nanageable |evel. This aspect may reduce fouling in
the pi pi R92aEfblppskrosh i intagrated hetwecsr the qepesstipn apghradigdpeetions eugipte only

fouling i I 94 a reo ' e

2012/ 0154{@’4%%0%%3%%@% pBLETRY %é%ﬁyt’%g% i t%%%? a%o‘%gg‘ﬁ?"egéﬁgrn ANy

t he separsatiorasatleS.sPutcht INo8S €97, 198t ME13&0Er, T,093,623;i 0235605 i avd, 7¢21BI66Ver
pi ping and Rl M where cracking and_condensation may still occur. In fact,
reduci ng PPREEHES IR Kelitntt R BT v oana n eren gulie dpyt ety Phliche
RIM [,007%1}a NP TRR, folKBLR8) Be AUV OV RALKAIR REARKIRY Fifst[thE viyAiReRy bon
pyrolysis unit, 5 which may be a steam cracking furnace, wth the separator
i ndi cat esscpdrator ABOC+HI¢ 11ROl inol erecksega gagotberuse reaatorfsoandi thg sepaoatos loses t he

cracki ng and ,condepsatipn reactions. .The, hydrocarbon feed i I nt er
cepar at o OMs b0 ERTS o Pami Pored it hEE EMPSRE B A hrh e S AGRUE o
90F) hi gherCt hBcagbdTRRPhGIOr Cis rR Sitsd8ew ol RBEh @XBREIseME eRphtfdrSAE cooling
separator residence tinme and marginal 'y higher tenperatures in the |ower
convect i clondawes die, haayiast aupdenpdas. pWBPWdl%‘Mg cRuNbrmancalqidatimspdiet thet the
resi des, e s n i Al hl. L0 ccordi YA I 600G+
(1008 5) y e S TR Ghealified B4 Qs ARG L EROP T o HEEHI T b e
mol ecul esart aliQeolenpiegirsde. b&won®, telHcauy digakl tltRrguco xesdersaiperattiss Haops
in the crossover piping and, RIM Thus, renoval of the 760C+ §1400F+) .

nol ecul ePPHCERECN RIS THAY-THE PAREIGScVAIch eygrtupliistesplp i teipulgaig yppptics
residencqu&?ﬁr(%§6[0072] In this enbodi ment, the SHP generated by passing
the utility i t'hrough the hydrocarbon pyrolysis unit (e.g., furnace
302) nay [0869sedAal angsu dbh thikewsepartemhomscidZnanfbuliod typicaledwceurt anl twag i n

the system In thi.s configuratjon, the t fromthe separator . 402 ma e
deop Yo vapLPIEe kR Hethe dRiEANREBrD aﬁﬁwemfeﬁ L TR rgan igemiold
(1400F+) )Rri#is$ maid for RS thORIM SEP rShR ATESREKD MY FS8H o TRYcuBoBOrRRImgdRd tO

t he overhead vapor in a venturi 20 m xer 406. This clean steam cracking

f eed condbageporthase ok eaprgogcinthentoiver odrosctiofthscchipguild the oohsedorn pectineg,
venturi mxer 406, i S rennged4g¥ thefseparato% ﬁ§4. Tqﬁ vaﬁor %s conve ed
fromthe C?e%éﬂgaf‘%‘? ¥ COITRRITHRWEFIUBOEEEi O RERIFONS RIRERS " PHEV A ant
section. Witd) nbhey@ROformb@ CThedARAE s eapYidteqicatly ivnderes rigialdogddsgtion

al l owi ng the separators 402 and 404 to operate at high tenperature of 482C
to 519C (r9ovipns d cosippyationsragorasclikdy | fpllowhdndegiden kingficyedddwryer.oil ithey i s
the abili I . hi r I : ' r
oper at i ortyepErBRATLFLRIA REPRLEIRT cPhuilled SRlob GRELALE okl LARRL
vapor i zegroansl suhba@quettd Yo cibaak S8POt @byl 6@dH e pibodiude6°F)Buttdrdhalso the
separator bottonms beconme nore viscous requiring ﬂnre | ow vi scosity f|uxant
per unit 8 Qspipncastignggre very rapid even in the vapor phase. Once the temperatare drops

below the dew point of these newly condensed multi-ring aromatics, they become liquid and
30 coke rapidly, which deposit in the relatively low velocity in the RIM.

[0070] Accordingly, reducing the residence time in the separator may reduce fouling to a

manageable level. This aspect may reduce fouling in the piping downstream of the separator.

However, this may not reduce fouling in the crossover piping and/or inlet manifold because
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oil viscosity specifications. However, the gross fluxed bottons still

significantly decreases as 30 nom nal cut point tenperature increase. For

exanpl e, woereasas4yg t he nom nal cut point tenperature ofPCAtsRoheawwy2 crude

from538C to 593C (1000F to 1100F) (about the sane as increasing the drum

tenperature from 449C to 504C (840F to 940F)) reduces the fluxed bottons

from47 pounds (Ibs) (21 kilograns (kg)) / 100 | bs (46 kg) of crude to 40
S

| bs WO 2012/ 494P 2011/ 03193 18 kqg).,/ 100 |1bs (48 k f de.
That 15 B 8041 | IS RS CRERLs PRl AR e Shat el Be i Siice
to val uaklogviiiBHUeton, [CRAIMNCT HifIRE radt RIMWEHBE FPRAg f 28 oond&iEhti@s nfafyugigl or
resid, is preheated in the upper convection section, and then the

hydr ocar ssaur dedadtsredaoegithgiresidengp mser thedirdinl oguldoncrsassdhe faglimpgeén the RIM.
super heat il utd st,eam m rovi,ded from outlet 324.. which i.s .
Sy hea Bz, o Nefling AR YN PRy RPAULARE (L A ey aRidinol R helid ppigy,

whi ch smaywhig hisgebcheatdm gracRingfotac§ With (helepurat8b Qdicat@Ih@rm6ex@npPl 400°F+)
Because the piping is continuously washed by the large fraction of liquid
r emai ni ngnolggnlepRBy| @usee@ulimpengtyiystoths seaghing: ard candeagaionsreagioney etha o

‘h e . e .
Jointer TRAsEAR A, anGptatty DD S R o 1 S 87 BT
fl ow. TheaosSepaydioat 0403 9AAKE) KigHcrtyn dmaspicric atdigs. rEduced therisnas tiof santee

piping to the separator 402 and t glg Ej Ee of both s_epﬁrg)tors 402 .and 404.
That is, SR¥AQEESIACSUPSAEE SrEeinyly MsAcAeAPERBIE TP PR FeHon seetion,

comup P%&s@@vérnpiﬁﬁ{gi 884 FAREhhaeRRy %%n%spﬁé}?é r8@desNMBH BadGie §gi8fef fcﬁfliﬁ@.t at
separating the vapor fromthe liquid as a single separator. For exanple, if
a singl e Awpatinglpr apnioy lagt (A0TE 140K he holgaildy afd prasonts éharcandensation

series can each entrain 10% of the liquid resultjng in the .sane agqgregate
S0 1 ot doaBRn ot rodioe Rtshites 1oRe' GokER den b ot BRESET ROBRER
i nner di agmb&htud BopiBythE@raabe pﬁﬂﬁ/%gﬁmﬂﬂdl\ﬁf ThiaReh6val F B B0SEPRI AfoeF+and
the separators ID may be about one-third smaller than the single separator.

Thus, evenolegidergh thhyeaper may behenefegiadr zat duss reduniagtsepaitos wsleagcdimeret al

required bout %, | ] i hgl e. sepa r...200.0075]. v and
sone 15 a3 ti o TnsTRISER b 368 FRBuSTRTBAN e SRR oliPR s
wher e t hehydaparbondypsydis ahit yo. g URMITe 392 Hings 6t usdd alodpyaith cicalsabtrs #€Xand
condensate or even _quench oil. The quench_turbul entI%/ m xes and vapaori zes,
whi | e corftPéreisyce Fulingay thesystamt de tnesonfiguraiiony s st fipmdae sepater s anay

m xer 4060&&%@%6‘9 oPi%é/%gﬁﬂ%aﬁt%@@%%@@%%&eéﬁi‘@sr g,%g%ﬂkﬁzﬁéﬂg@cﬁéc KénatlThi s
is an advantage over trays or packing where stagnant 25 | I qui n becone
coke. Theanawmunof clefn gitemcdradksngs fomt Imdyoalse teleédddne thé0Cirh¢dd) Og4iet )in molcatul es

o e R O S TR Thk S 3RS b AR S o
liquid produced in the venturi mixer 406 is removed by the separator 404. The vapor is
conveyed from the separator 404 to the lower convection section, then to the radiant section.
With the vapor 760°C+ (1400°F+) removed, fouling is negligible allowing the separators 402
and 404 to operate at high temperature of 482°C to 510°C (900°F to 950°F).

25 [0073] Clearly, the benefit of reducing fouling is the ability to operate the separators at
higher temperatures. The higher operational temperatures increase the fraction of the resid or
crude that vaporizes, and subsequently cracks into valuable produces. But the separator
bottoms become more viscous requiring more low viscosity fluxant per unit mass to meet fuel
oil viscosity specifications. However, the gross fluxed bottoms still significantly decreases as

30  nominal cut point temperature increase. For example, increasing the nominal cut point
temperature of Arab heavy crude from 538°C to 593°C (1000°F to 1100°F) (about the same
as increasing the drum temperature from 449°C to 504°C (840°F to 940°F)) reduces the
fluxed bottoms from 47 pounds (Ibs) (21 kilograms (kg)) / 100 lbs (46 kg) of crude to 40 lbs
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[0076] The far right columm of this table indicates that renoving 0. 68
mllion British thermal units per hour (MBtu/hr) (199 kilowatt (kW reduces
760C+ (1490B#)2/ar0i9ecul es in the vapor by a factor of si®CTHiser1gp3tyat ance
cal cul ations predict that roughly 1,300 (Ib/hr) (591kg/hr) of quench
removes the 0.68 MBtu/hr (199 kW . The piping downstream of the 5 venturi

m xer 406 has bends to convert the mst flow back into stratified or

annul ar f} f entering th rator 404. The pr.ocess sStre ters
the " separdf e 5ol Bk 6F i TG GR P addtiinal £ BoBOEER0 DS 1 Y e
flow may Gausfe blaened iohalabrgtodreg. St agnant spots, one tangential inlet may
be preferred. A single entry separator 404 and the piping to it may be

mar gi nal |[§0T4r gedotdparate, Heydragerbentfegd, seplaracorde 4 xesid0jsopTirarteinsthp arpactor
404 renoves. roughly. 90% of the remaining.liquid att.aining th 9% agqgr egat e
vapor 11 darg SERRSirott Eeh ARRETRMiotthord &bl Biatsbiff agREReLe
strat isf i ethedupahbatb@dilfiti@stesn esdyaiel prohiddd ifdnt betlgpi3pit Nghich icastusedd ddwere.
separators 402 and 404, the process mixture can initially enter reducers

that i ncriwsixtye iy fathsy haageq tnothe gopveskan sersianewhich maspinglydaihesingfespbout

| NG . ' .

15" OF e e il B L R I ShorbiNe, BLOAREIeFh AR IS YorMhudiRld bintd NP RERED
ef fi ci endyactioof g&idt romaBigmbaofl is7farm&i.nThantwb-@hbdeeproepasatan iAdhyveydie

separator 404 may have a poot where the bottons are guenched to roughl
343C (e50pfhe ot el P A N e LAY ,T?l_P gnds
liqui g thefy RRESRRr RIPYRN & SHalfclSSrUiiuReTdvl " afe %ﬁalgat%rme@ Q%deﬁ’g& hdyhe

process stream upstream of the separator 402. This dual return
provi des drimathealy r&bicndoeszaoithe pipefig tocthe f¢rpwntomd @ andghpipe n§bothstepaatorsof

t he separgtor . ~4he qver head vapor f t.he separator. 404, which has

S oni 11 e AR, ThGe Dok p e o PRRlon AR g SO R in B e DS iR,

| ow convagtseRes, 286 s&araARddRASTR hal i@ Be his tdifci6htof SRYAhtiRl BeNeapdndromt Mo t h
m nimal fouling. The hydrocarbon feed then cracks in the radi ant section

and is furukkis prioglessratatonsFeri cxemplre of apagle scrbito0mdy Futraipe | Yoot liguiAt s
b P P . . 0
cont t5ur At PoiPriFf sy h SRALRRIPIAE oF 16 RRE BLURRe O] whihde sempae %o,

The st eartiggid cmpiimgeraf A 308, O dublescpaaat aiendf AnikRyinh& diimttcz D) tnday
vaporize light material trapped in the heavy resid bottons producing .
addi ti ondic argwafr Saspeher war forpingl g esparaieradiba sepgraiers AR maghpe rbawh gngsthird

provi ded ‘H‘Wféfn'fﬁ ﬁr?%‘} E@Mﬁaﬂ{%d@én' t k0400 (0B BROMthS RAGE
above 30 St aeg%n et t%o t eess p%t?eit or ’03. Tlﬁ%{slg%n@éggian%n‘?orgggarp@gs\?enf %ny
condensatscparator ontad cauined igpbopsi(%e daws diantthesihglaseparatomvect i on secti on.

Nor eoger k2o fer, erbadl tEnt L fadl ant Seel Lo IR B cFOMLd JUst ©

mixer 406 where the vapor is partially quench by diesel oil, hydrocrackate, wax, condensate
or even quench oil. The quench turbulently mixes and vaporizes, while condensing the
heaviest molecules in the vapor phase. The venturi mixer 406 does not have any stagnant
points where the liquid may coke. This is an advantage over trays or packing where stagnant
25 liquid can become coke. The amount of quench is small to reduce the 760°C+ (1400°F+)
molecules in the vapor by nearly an order of magnitude. This aspect is indicated from Table

1, which is below.

Table 1: The effect of quench on 1400°F in drum vapor

Drum vapor, klbs/hr 110 110 110 110
slip stream to partial condenser, Kibs/hr 10 10 10 10
hydrocarbon condensed, Klbs/hr 0 1 1.5 2
duty, MBtu/hr 0 042 0.55 0.68
ppm (wt) 1400°F in overhead vapor 10 5 2.5 1.3

30
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WO 2012/ 015494PCT/ US2011/ 031932 tenperature (XOT) wi t hout excessive radi ant
heat flux and coking A lower XOT may significantly increase the gasoil
cracki ng welectaivissy and et hyl ene yield. [0079]1 n anot hecTarsbadios®ar, the
present techniques relate to: 1. A nethod for cracking a hydrocarbon feed,
the nethod conprising: 5 providing a hydrocarbon feed to a hydrocarbon
pyrolysis unit to create a cracked effluent; passing at |east a portion of

t he crac fflyent. fromthe hydrpcarbon pyrolysis unit t ugh. a fi.rst
heat _excHOERr;  SEpdraterg aian 3t FeaateanBbie: S Grhie oL edlio b,
from the thésdl uhRaperehdud INARH/MHNLI99 kilBRaR KW )qEdd ke W%OW?I@Ob"N‘)'Iﬂolecules
effluent; 10 passing at least a portion of the gaseous effluent through a

second hédatheyapenhyerfactpagfsingEndigy helanessgaicudatipns piedict dfat ravghbf F.80& A/ om

the seco eat .exchanger to a,fr \ phator.: vering heat fromthe . .at
| oest o NS0 [l S SRR Rt (A NNEREG o REAY heaRE bR P

utilitsy filedtugh fliXc@u@b Halebchgs endomeat thexaRaNger backndtor @ediied idtinhelt flohom
the at |least a portion of the cracked effluent in the first heat exchanger
15by pasdicHye eaeripg the separpion e Tharpiogess sEeyn gnisesdihe sserdoigtl ik petight™ohe
first he ha : The. r r ,S) I t he
i1ty PARREL Bochusc MM BY AR ARRLYy b RAATRS £l oA ShBY.

pyr ol ysi ongnadgehtialhekt nahdcytrefeirty. Al single entrP sepbireondihadi b ppEngagr aphs, 1
and 2, cqnpri sj ng E&ssigg t&1he at |east a p@rtion of the effluent 20 from
the secorltf HEEMEY GG e tWAENTEY SepBraterst0am generat ors before passing

the af, | 9997712 PPRL \Qarbr 4028cRbETLUBRENIT 0O $MRe REEANH NEAU BN 09¥,0
the fractionator. 4. The nethod of paragraph 3, conprising passing the at

| east a pgetdgete wipot/hquidfstparatin ¢ffiorentihe loaerofierrad combedioemt, gewe shatonel or

through a third heat e anger, bef ore passi the at | t rtion of the
e {1 uent PEUiEh dop A RBiuE T teosP e e Ao orrpdion Apind BEdhs Prasthy
recover i ngixfgatcah ligMliP@nRt rb@Rsts BaPRickdag tHf 1By @08 edbvf namikdiecne or
nore steamgenerators 1n the third heat exchanger y'paszlilgg the utility

gt

fluid thropigh vithethessilpgendan Ehis rrangfem dehopwcpussiasyy bhi o Hs ppgream
portiqn ofe 53@ Sepalad¥ a0 ahd 90% LS 08 L thIRLSor IR &H2%Toh Utdi&icy from 99%

fractionator:
to 99.5% to 99.7%. Similar to the separator 402, the separator 404 may have a boot where

the bottoms are quenched to roughly 343°C (650°F), to hinder cracking and coking reactions.
Optionally, the liquid then passes through a dual-return bend trap before mixing with the
process stream upstream of the separator 402. This dual return bend provides the head

20  necessary to effect flow into the piping upstream of the separator 402. The overhead vapor
from the separator 404, which has significantly less 760°C+ (1400°F+) molecules, is further
preheated in the low convection section and passes through the crossover piping and RIM
with minimal fouling. The hydrocarbon feed then cracks in the radiant section and is further
processed, as discussed above.

25 [0078] Further embodiments may also be utilized to further enhance the operation of this
configuration. For example, steam stripping may be provided at inlet 410. The steam
stripping of bottoms of the separator 402 may be utilized to vaporize light material trapped in
the heavy resid bottoms producing additional hydrocarbon feed. Further, superheated steam,
which may be provided from outlet 324, may be added at inlet 408 into the vapor space above

30 the inlet to the separator 404. This embodiment may prevent any condensation from
occurring upstream of the lower convection section. Moreover, in another embodiment, the

radiant section may be configured to be marginally taller allowing a lower crossover
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6. The nethod of any of the precedi ng paragraphs, conprising adjusting

val ves on the one or 30 nore steam generators to control the heat recovery
fromthe WO 20eAa549a portion of the effluent passing thr@aghuskéra/osrye2 or nore
steam generators. 7. The nethod of any of the precedi ng paragraphs,
wherein the utility fluid is heated in a deaerator prior to passing through
the first heat exchanger V\D 2012/ 015494PCT/ U82011/ 031932 8. The net hod

of any of the hs, conpris dr at rbine with the
near o uCPIPERES (T IR pRe st HOAR bt ringund <8nd A RuER 0 ainy
of the preaeRtndyRRTEZE aRNSsobRERhE séiB&ivady ah@%ﬁltyle%e@%al on of the cracked
effluent fromthe first heat exchanger is cooled’in a direct quench to at

| east a H00EHper &t anothegemphilisient.dhe pricentriaghibiguesegtatd toh anong consti t uent s

of the effl nde i or sepaf a of the gaseous effluent
and the |IT qu h%d?flgugaf mg%@d%cﬁfba?é%gr%l n eglrl%t(%ﬁ(o 1qSIfStem conprising: a

hydr ocar heevigingal h(rjyﬁt(ﬁ:atb’dintfe&ﬂﬂfal l@'df(ﬁdrﬁdﬁ pyk&gogs veit f dyde acaicheneffiaes; and
10create a cracked effluent fromthe hydrocarbon feed; a first heat
exchangerPapsng purept @ peiim ef4he emckad Qfﬂtl% fropa ths B ERSATHOY MBT S %51 Uhih frowgiy
configured to: a portion of the cracked effluent fromthe
hydr ocar bon pyar%@f;ﬂéelaggﬁéglg?g&and heat at |least a portion of a utility fluid;
and 15a sepant@d®theia 1¢dstib goctmmmafithe atdcked wiftuent fremfthe Sirsthieat cxeheligngen aand

configured to separa | east a portion of the cracked effl uent
into Iiquid ef§ %fﬁ’r‘?ﬁtﬂéjsae]é‘l}%dééﬂ cBent; a second heat exchanger in fluid

COMMUH Cafak Gl Y lEat'kt b BErtRARA AL %{e seAREAFRAE ﬂﬁl&[g%da stegonc{?ﬁ’é&'t c@hah&RSt @ portion

of the gaseous effluent fromt separator; heat the utility fluid
prior to rakeng thest ldaeaﬂtpoeb(mhaﬁ‘t@elefﬂleu‘efr«vmn@e scdeendibedt esghianger por fiaghorgtor20t he
utility frlecl:JOIV%hng hgat from the at least a portion of the effluent in the second heat exchanger by
passing a utility fluid through the second heat exchanger; and
recovering heat from the at least a portion of the cracked effluent in the first heat exchanger
15 by passing the utility fluid from the second heat exchanger through the first heat
exchanger.
2. The method of paragraph 1, comprising passing the utility fluid from the first heat
exchanger through the hydrocarbon pyrolysis unit to heat the utility fluid.
3. The method of paragraphs 1 and 2, comprising passing the at least a portion of the effluent

20  from the second heat exchanger to one or more steam generators before passing the at least a
portion of the effluent from the second heat exchanger to the fractionator.

4. The method of paragraph 3, comprising passing the at least a portion of the effluent from
the one or more steam generators through a third heat exchanger before passing the at least a
portion of the effluent to the fractionator.

25 5. The method of paragraph 4, comprising recovering heat from the at least a portion of the
effluent from the one or more steam generators in the third heat exchanger by passing the
utility fluid through the third heat exchanger before passing the at least a portion of the
effluent from the one or more generators to the fractionator.

6. The method of any of the preceding paragraphs, comprising adjusting valves on the one or

30  more steam generators to control the heat recovery from the at least a portion of the effluent
passing through the one or more steam generators.

7. The method of any of the preceding paragraphs, wherein the utility fluid is heated in a

deacrator prior to passing through the first heat exchanger.
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a fractionator in fluid communication with the second heat exchanger and
configured to receive the at |least a portion of the effluent fromthe
second hesD2exahseyger. 11. The system of paragraph 10, paimarseéin/osiya2

hydr ocarbon pyrolysis unit is configured to: heat the at |east a portion of
the utility fluid fromthe first heat exchanger, wherein the at |east 25a
portion of the utility fluid and the at | east a portion of the cracked

ef fl uent are, maintaj ned in.separate non-conmm ngling streans in the .

hydr ocar Bon 1Py iy &ty o eI ecting Byadart o LOpRREgE BN 0! RIS Lh A one
or nore s{ceRMuEEREN@H $Fodn thd firkitiedt &Q }cation between the second heat
exchanger and the fractionator and configured to pass the at |east a

portion df {The redthodieheny odiha heeceding marageaphs.ewbéramgde atdeashe rforaet pbkst or .
30 13. The t of Dparagr 12, ¢ risin t hi rd,.heat exchanger in
TP confadtd T RELIE Y iy SSRGSl ol I A tER by G et

fractisonat@peranige eowhichuieorh@danoleadtivr dhodgeasbti@eRoof ilencfilicitheorichdoyent
before passing the at |east a portion of the effluent to the fractionator.
WO 2012/ 0rod dotherersponiofaha gasousicffluery and (hetliwidbsiflgeitagr aph 13, wherein

t he thi rdmg(ra{ﬁh%%ﬁ%}g&gar cﬁiﬁg E;’fkténll%rﬂﬂﬁﬁﬂgm”i cation with the second heat

exchanger gured to recover neat“fromthe at |least a portion of the
ef f | uent dlyydpassbangytrdigsisitnit configured td: t hr ough the third heat exchanger
prior to the second E}g t egqchfn%er receiving the utility fluid; and wherein
the utility flIEsAvShyeRereqn icedda 5 portion of the effluent are

mai nt gi ned i N $ERAY AEkQOGNGATHRANHCIY B Feddh the second heat
exchanger. 15. The system of paragraph 14, conprising a bypass val ve

coupl ed befwwterreat cschanger of flulte comiruintoptidn piith thchbydrocabomeatolpsis vargerd and
the third heat e chang r and configured to: in a first position, restrict a
first a porti o BEU AR utility fluid frompassing to the third heat

10exchanger f r@p) 4theist®pP6€idn dnchetiri &l cHlucRMBOMIitROh{drb&ibdIOirb9Bis Qhitt 4R
utility fluid to the first heat exchanger via a bypass line; and in a

second positi disat dileaste pertigeebpatiporiluidmndt the utility fluid to pass to
b thi L ‘ ! SS.
e thi r%&?ﬁ%ﬂoﬁiﬁlﬁ Ffu{f% %Ipu ﬁlﬁ@?%l&lew?tﬂl{[lg %rsqrh%?{ éaxachﬁr{g%% axg%l E&?fgh?ec{ %”%'Bgﬂta e

portion rom passing throu pass° 11 ne

first heat exahamgedstapbifon oflhie: Gy Riiicnatiyo DREd @ffluchearer @eedlisrdflucnt;
par agraphs 12-15, conprising a control valve coupled to at | east one of the
one or nor¥CEhEH ghanger ot Buidir@munHAS QR et tBe sREYY andicenBSErEd Yy of t he

at least a pore%'?pﬁ _Il_ﬁgesté &Tﬁ{lfokp%g%%%?%?ﬂgn{ HB&‘{SQ%%pQﬁt&E‘e or nore steam

generators. stemo e precedi par agr aphs 10- 16,
conpri sing a deaethatudrity fhuifl [puiod ta2he dostrheat e@hamper vactivirtghtbe seleasta foetddn of
exchanger and configured to.preheat the utility fluid prior to passing the
utility fluid to tﬁge‘s‘%}étéfr{ﬁ“‘ﬁé’ﬁ exchanger .

a fractionator in fluid communication with the second heat exchanger and configured to
receive the at least a portion of the effluent from the second heat exchanger.
11. The system of paragraph 10, wherein the hydrocarbon pyrolysis unit is configured to:
heat the at least a portion of the utility fluid from the first heat exchanger, wherein the at least
25 aportion of the utility fluid and the at least a portion of the cracked effluent are maintained in
separate non-commingling streams in the hydrocarbon pyrolysis unit.
12.  The system of paragraph 10, comprising one or more steam generators in fluid
communication between the second heat exchanger and the fractionator and configured to
pass the at least a portion of the effluent from the second heat exchanger to the fractionator.
30 13. The system of paragraph 12, comprising a third heat exchanger in fluid communication
between the one or more steam generators and the fractionator and configured to cool the at
least a portion of the effluent before passing the at least a portion of the effluent to the

fractionator.
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18. The system of any of the precedi ng paragraphs 10-17, wherein the first
heat exchanger is configured to cool the at | east a portion of the cracked
ef fl uent woem2tesdhydr ocar bon pyrolysis unit and provi deCrhis2@t/ob®ast a
portion of the cracked effluent to a direct quench that 25cools the at

| east a portion of the cracked effluent to a tenperature at which tar,
formed by reaction anong constituents of the at |east a portion of the

cracked effluent, condenses. 9., The, syst em of of. t.h ecedi ng ..

par agr aphd- USROG 1 Ut ¢ Bl BB G TPl 1f QuRLEET Tt EHie s

| east a peiit RNc&ind K@t Bedhfghr bhll lcbhfigfrbdidcbs RMukherd dROsALRe R JYHG ¥si S
unit. 3020. The system of any of the preceding paragraphs 10-19, wherein

t he uti | ithg cfflughdbmnassingethautilityafuidghisoeh ithmthotd ichecwhpnges prion tetheeicoens ned
i n separate, nonp-conm.ngl.ing,str. .21, A net.h f or., st,eam cr ack
nyar ocar it PodareanecrarRan CBRRr Raiehgnd SBFrH g Bl hRRMALAR e, o

hydr ocar htigy 60 theséfSlutiiti dre infaiftaR@l an &cdrae kd-@hirthinghtg sdms in the second
2012/ 015494PCT/ US2011/ 031932 separating at |east a portion of the cracked
ef f | uent MepbECh#EChydr ocar bon pyrol ysis unit, where gaseous effluent is

separ al od o LD LAAH o SELLUAN, LBRPHINDY EhARMALARKBRA bhuce Al oFine

| east a portion uen a first t exchanger;
passi ng tihitafluidetstfirst heot dxichangef andde efifd heantxdhaogor ahé chrfigiedreat
exchanger to one or .nore 5ste

enerators; cooling the at least a.pqrtion
of the eff1 Heht™ POHIPh&WH FSrbPaticD Qéﬁﬁeg}\%}%@f BT passingdo Shrhiadeat
exchapger ; andPREH:N ok e 3bulc8aRl dieR Kbk HlShibd yeite filRrier

second heat exchanger to a fractionator. e nmet hod of paragraph 21

conpri si ng paghé Apt heat cathahgerstia a bppess lioes aofl t he cracked 10 effluent from

t he hydrocar bon rrolysis unit through t hj.r.d t .exchanger hefor

bassi ng. ¢ heat Pkl oligs fish o optePheot RE Aoy £ RoPES do B B hoat 55
The nethod of RBNar@br £r6& tRE 86@EE RS RARY K ABEZEmaithg2porti6® BP eIty Aaat | ng
autility fluid by passing the utility fluid through the hydrocarbon

pyrol ysi s uni tiramgassgigihrough thedamess linei tp itho first hgagexahangeraddi t i onal process.
1524. The, sretho f ragr cover] fEo . at

por ti 5n oot b Sefin BFEAPAERC R plef RIS bR 2 SO PR o SFRE e ¢
fluid by dohpledgb at hesf biicsbf tRadncexchargatand igeftrafods Pab sorfiutdietouddnltiol Yhe
fluid throu?h h¥drocarbon pyrolysis unit. 25. The nethod of paragraph
24, conprioing of Bk dsanty aroation b ihe sETusnt pawste Hrowsht thenonst of merestrent
in the segppdiheat exchanger by passing the utility fluid through the
second heat 20exchanger prior to passing the utility fluid through the
first heal/. eXibhaysgen of any of the preceding paragraphs 10-16, comprising a deacrator in fluid

20  communication with the second heat exchanger and configured to preheat the utility fluid
prior to passing the utility fluid to the second heat exchanger.
18. The system of any of the preceding paragraphs 10-17, wherein the first heat exchanger is
configured to cool the at least a portion of the cracked effluent from the hydrocarbon
pyrolysis unit and provide the at least a portion of the cracked effluent to a direct quench that

25 cools the at least a portion of the cracked effluent to a temperature at which tar, formed by
reaction among constituents of the at least a portion of the cracked effluent, condenses.
19. The system of any of the preceding paragraphs 10-18, comprising a drive turbine
configured to receive the at least a portion of the heated utility fluid from the hydrocarbon
pyrolysis unit.

30 20. The system of any of the preceding paragraphs 10-19, wherein the utility fluid and the at
least a portion of the effluent are maintained in separate non-commingling streams.
21. A method for steam cracking a hydrocarbon feed, the method comprising:

providing a hydrocarbon feed to a hydrocarbon pyrolysis unit to create a cracked effluent;
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26. The nethod of paragraph 25, conprising adjusting valves on the one or
nore steam generators to control the heat recovery fromthe at |east a
porti on oVothe/affHuent passing through the one or noDrePSTABRIGOARBBAL Or S.
27. The nethod of paragraph 24, wherein the utility fluid is heated in a
deaerator prior to 25passing through the first heat exchanger. 28. The
nmet hod of paragraph 22, wherein the at |east a portion of the cracked
r.to erature

effluent is cooled in the third heat exchan t least . a te

Sbove: ¢ nePuRgEs B I8 SO gy B Rt oHERRishEn SRLTTS dBih s

of the gaseousyié Eé’s‘%ﬂﬁs cfARRHeNSPErated from Ziuid WFBudiR IRkOiRS stedhy cabkdd@r;
precedi ng paragraphs 23-28, wherein using the heated utility 30fluid in the

addi t i onadoopnatdsast & papioné shafgasedusgifduantmpi fiest hiat kxehegdieat ed utility
fluid. 30. seous eff.l uent, handl i ng syst c rising. a hydrocarbon
oyrol ysi 2 eoRrEa ettt o L Ol Aol B MO cedlangin B i bomBle
2012/ 315494PCTstddorchbf4:3932 create a cracked effluent fromthe hydrocarbon
feed; and a separator in fluid comrunication with the hydrocarbon pyrolysis
uni t and ©ehng difr aldleay sppieatef the glfleené oy g ormeT MPre seam eyREReY I &
and gaseous ef least a portion of the cracked effluent from

t he hydrocarbé%&gggg 9%?2& Fﬁiaand 5a first heat exchanger in fluid
conmuni cglaksing thictah Icakter [mefian off the cHh@dnchomitigscednd heat oxdhaagerlte aditactormoort i on

of {he gsseole el {lelt [£om{ b separelor, one,of Jore sieamgenersiors 10

the af, | eaflerR R tHOR Rdcalhif dﬁ)frm})éﬁ Ninif thRMch hethirdiMRbt BEALNSX HRANIBhssirfy

second heat exchanger 1 n fluid comunication with the one of nore

gener at ortke afridast @ porifongf tiedcracked siluenht® ascpheest a portion of the ef fl uent

from the AR meto o?ta%g OF g{leen&reg'etd%gsf)araagrgphs 21 and 22, comprising heating a utility
fluid by passing the utility fluid through the hydrocarbon pyrolysis unit and using the heated
utility fluid in an additional process.

15 24. The method of paragraph 23, recovering heat from the at least a portion of the effluent in
the first heat exchanger by passing the utility fluid by through the first heat exchanger prior to
passing the utility fluid through hydrocarbon pyrolysis unit.

25. The method of paragraph 24, comprising recovering heat from the at least a portion of
the effluent in the second heat exchanger by passing the utility fluid through the second heat

20  exchanger prior to passing the utility fluid through the first heat exchanger.

26. The method of paragraph 25, comprising adjusting valves on the one or more steam
generators to control the heat recovery from the at least a portion of the effluent passing
through the one or more steam generators.

27. The method of paragraph 24, wherein the utility fluid is heated in a deaerator prior to

25 passing through the first heat exchanger.

28. The method of paragraph 22, wherein the at least a portion of the cracked effluent is
cooled in the third heat exchanger to at least a temperature above the temperature at which tar,
formed by reaction among constituents of the gaseous effluent, condenses.

29. The method of any of the preceding paragraphs 23-28, wherein using the heated utility

30 fluid in the additional process comprises driving a turbine with the heated utility fluid.

30. A gaseous effluent handling system comprising:
a hydrocarbon pyrolysis unit configured to:

receive a hydrocarbon feed; and
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a fractionator in fluid communication with the second heat exchanger and
configured to receive the at |least a portion of the effluent fromthe
second hesD 2exahstvger . 31. The system of paragraph 30CTas2Qni03i98y a
third heat exchanger in fluid conmmunication 15between the separator and the
hydr ocarbon pyrolysis unit and configured to cool the at |east a portion of
the cracked effluent passing through the third heat exchanger to the

separator. 32. The syst of paragr 30 erei n, the hydrocarbon

pyrol ysis unitm?%é%8ﬁ¥ﬁﬁﬁ%ﬁﬂav KW%&F%QQUFWﬁPP °H 8 by passing the utility
fluidt hr@k«k%ﬁratt&einhﬂ’lﬁﬂ%ﬁﬁﬁﬁﬂca@%ﬁ%ﬁ ki Mtirbearbon PolybiReursy gt Bdfgured to
paragraph 32, wherein the first heat exchanger is configured to recover 20

heat from the sgparpigdsuidcifloent lowingf stedne cratkdduienand gascoes ¢fflpent fromaat least a

exchanger by passin he utili flui d by through the first heat exchanger
oo De pavs) e i Sralthdd drnfon HibF R bidCEMET plalFueia (B abE L ENC

34. The syfiseheafexphinggr aphudSconvigfieitiont Wh SRE sdpdrdi@adndexdifigigdrtol ol at
configured to recover heat by passing the utility fluid through the second
heat exchangerlc3dst p 8prtiog of sesgasepussdlupnf fromythe sENagates: t hr ough the first heat

exchanger, . (ﬁ»zmoiré“ Srcih SE AN Ars RATAGY %Bﬁln%ﬂﬁca%gméftﬁ g ﬁ?ﬁ?e@f) egg{aﬁg%?aﬁd:s

coupled tot one or re steam generators an onfigure
heat recovery donfiguttiéo atccivedstatdeapoa pordon of thi leéleht frusnhe fias dcargxtimmgergh
t he one or nor t eam gener at 36, The system of any one of

S s
par agr apHs S¥eng Aicat SxIRNEST ! %@ad FOmEUnCahen aY 1 thingng & eRBdeEEEPE 31 i n

f1ui dj,communi %hhglﬂe&'ité Ro& RORY RGLH QBoﬁr%ﬁtdeHe aftfheft 88 @Blons @¢ h@R sRhint he
of hydrocarbon pyrolysis unit; the first separator configured to

recei ve hydrog@nbetrs;eed fromthe convection section; and separate the
hydrocarbopn feed into,a.first vapor f and a . first lLiquid feed:. WD
20121 01640 Rcres 0 174 s B, i dnEieRd dihF e e GELRR v
receive the fik&dive/idpat Ich@aborti@Per R efffubs: fhdrh e 3¢ohRf hdab&thbiicd. @ second
vapor feed and a second |liquid feed; pass the second liquid feed to the

first sepdrallsy sysentobparagreple 3¢.ceonmuisygpb thifddmwgt exchamger i diugtheonsmupriceipnof
t he hyd ' ' | .
for ean: ng Lua VGG bydieFh SN S B Bl a Gt copl PREPIHIGe o

t echni qugsrier oftthe clavkqaosBu@it pudsingsthrcaich fig: third hedt sathdngbetoapaspanitor.
however, to one skilled in the art, that nmany nodifications and variations
to the enBodilsistemdedvaragied NeMBeisinathe hydiositbp pymelstsHEnt s sHfEUEsf8dicAent s

ey o PLEUTEL, BESLRETR oL oo RO SR SO .
pr ef er r ed3. blihe motem of paragraph 32, wherein the first heat exchanger is configured to recover
20 heat from the at least a portion of the effluent in the first heat exchanger by passing the utility
fluid by through the first heat exchanger prior to passing the utility fluid through hydrocarbon
pyrolysis unit.
34. The system of paragraph 33, wherein the second heat exchanger is configured to recover
heat by passing the utility fluid through the second heat exchanger prior to passing the utility
25 fluid through the first heat exchanger.
35. The system of paragraph 34, comprising one or more valves coupled to the one or more
steam generators and configured to adjust the heat recovery from the at least a portion of the
effluent passing through the one or more steam generators.
36. The system of any one of paragraphs 30-34, comprising
30 a first separator and a second separator in fluid communication with a convection
section and a radiant section of the of hydrocarbon pyrolysis unit;
the first separator configured to receive hydrocarbon feed from the convection section;

and separate the hydrocarbon feed into a first vapor feed and a first liquid feed;
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1l0essential. Al such nodifications and variations are intended to be
within the scope of the present invention, as defined in the appended
claims. WO2BQRIASI15494PCT/ US2011/ 031932 CLAI MS: W cl acmus2011/03@3et hod
for cracking a hydrocarbon feed, the nethod conprising: providing a

hydr ocarbon feed to a hydrocarbon pyrolysis unit to create cracked
effluent; 5 passing at |east a portion of the cracked effluent fromthe
hydr ocarbon pyrolysis unit thraugh first heat exchanger; s rating the
2t T east a porby S8t SSTRE I RORETORER [GERE U O 16" TSt PHEL DE N AABer
into a gasePito £5dcdoHENhpdRTebdBanld AMebShElidid &RY; pRITRI RBorRE 1idB@ led R0 BRI firkON
of the gaseous effluent through a second heat exchanger; 10passing at |east
a port i orsepdratoneandfpabudatsedandrmaporefcsed toihg rhdiant sexiednaeigbe hydrogarbem pyiobysést or ;
recoveriQ%ﬁQe%%anga%&Q:(@ﬁw£fast a portion of the effluent in the second
heat exchanggr(%y passing a utility fluid through the second heat
exchanger[pogo)d r gaeverepsigg hpaticdtivanistdifcel toeasticdarp@hbodimedt dfhitBe Graeked
effluent in the first heat exchanger by passing the utiIity fluid fromthe

second héathniguen Hidhe PemesnRfillafeting dis{t Witldie appaseah hayeyer, toponepkdlegdr Hisd of
claim1l, 1Sl ks ki i . t | 3 zhanger
hr ough’ (8 T TR0 LM L dthlibhd 53 phbod bl 3Gl SpyelPdfe pB¥GHRTAE
met hod ofFwthat, Bothe codbodinm&itnmapds gireigrabhepaftormed st lcastpeurtly on aaiontper, i.c.,
effluent fromthe fecon heat_exchagﬁfr to one or. nore steam gene g}ors

bef ore pdSEIMETiRecaenicd LRbodigeRts o5 Mopresfnt dREnEYS FF SR Q8EBAU

heat gxchanggni. t &1tdieh MAGHIABAL @hd variations are intended to be within the scope of the

present invention, as defined in the appended claims.
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4. The nmethod of claim 3, conprising passing the at |east a portion of the
effluent fromthe one or nore steam generators through a third heat
exchangerwbeboresqassi ng the at | east a portion of the eCTiuseort/oBroem t he
one or nore steamgenerators to the fractionator. 5. The nethod of claim
4, conprising recovering heat fromthe at |east a portion of the 25
effluent fromthe one or nore steamgenerators in the third heat exchanger

by passi mti lity fluid through the third heat exchanger before
passing t reast a portion of the effluent fromthe one or nore steam

gener at orwelcphifghe fracti onator. 6. The nethod of claim 3, conprising
adj usting valves on the one or nore steamgenerators to control the heat
recovery K rdymethns far claglasg aélyémcaﬂbon fesdd, thhén@hqd @élmrlsp&m ng through t he

one 30 or_nore st.e era claim1 t he

utility meVlgmlgs ?achﬁo 'n® a eaahé'paqca;%on pymly%ls unlas scrﬁate P??F g first
heat exchalges at Mt 2%&4&1@4&&8@1&&%&6&%% hy&rocﬂ‘b@n@fcﬂ?ﬁs Qﬂ‘ut traugh 1,
conprising driving a turbine with the heated utility fluid fromthe first
heat exchanger? firsBheatpechagdiod of claim 1, wherein the at |east a portion

of the crg @g&%@ﬁneggiﬁe'éﬂ%gst 58 dnNGF i o \%tﬁ gkﬁ@fﬂu%ﬁtcff?@fﬁgtﬁé ﬂ‘bé;t @Qpl»&ﬂa%%& fi'ntg' r ect

quench to a tenperature at tar, forned reacti
constituents agfasédue cBidchtiant a liqohd&fhees, prior to the separating the

gaseous effluent and the liquid effl 10, A h ocar bon cracki ng
system cd%%%l?%?ﬂ@astapﬁwﬁl&égl}%%ﬁ%ew gﬁ?@ﬁﬁ @rﬂrﬁhta%?s%(f 53F eXPheREeTy ecei ve a
hydr ogar qﬁ@sﬁgsﬂeag@@go%aro@%eeefﬁu&{t%ﬁ@ﬁle%édna%at écxrcﬁzfﬁg(ﬁpﬁ) DysiRaa0LRON

feed; a first heat exchanger i comuni cation Wt he hydr ocar bon
pyr ol ysi geanicting hdatcioorhithe laeu:astoa pctmloh oditth¢ efibien@inpidictscamdolicat hechengaked

oo o SO D RIS Lo BBl oot 2 Portion
heat exchaageringReatGRIth itigUstaehst @ pdRRAN HitBe cracked effluent in the first heat exchanger
by passing the utility fluid from the second heat exchanger through the first heat
15 exchanger.
2. The method of claim 1, comprising passing the utility fluid from the first heat exchanger
through the hydrocarbon pyrolysis unit to heat the utility fluid.
3. The method of claim 1, comprising passing the at least a portion of the effluent from the
second heat exchanger to one or more steam generators before passing the at least a portion
20  of the effluent from the second heat exchanger to the fractionator.
4. The method of claim 3, comprising passing the at least a portion of the effluent from the
one or more steam generators through a third heat exchanger before passing the at least a
portion of the effluent from the one or more steam generators to the fractionator.
5. The method of claim 4, comprising recovering heat from the at least a portion of the
25 effluent from the one or more steam generators in the third heat exchanger by passing the
utility fluid through the third heat exchanger before passing the at least a portion of the
effluent from the one or more steam generators to the fractionator.
6. The method of claim 3, comprising adjusting valves on the one or more steam generators
to control the heat recovery from the at least a portion of the effluent passing through the one
30 or more steam generators.
7. The method of claim 1, wherein the utility fluid is heated in a deaerator prior to passing

through the first heat exchanger.
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the at least a portion of the cracked effluent into liquid effluent and
gaseous effluent; a second heat exchanger in fluid communication with the
separ at orwarndizosfosgured to: cool at |east a portion of pCinaSedifilos®ar from
t he separator; heat the utility fluid prior to the first heat
exchanger receiving the at |east a portion of 20the utility fluid; and a
fractionator in fluid communication with the second heat exchanger and
confi gur 0 receiv he at | east a.portion.of th fflyent. fromthe
cecony ndar T ERGRYEF ol 47 cangMye Rahhr Sy b heselediitih AR tHE s bon
pyrol ysi sfikiMdat bxxhe@dki gured to heat the at least a portion of a utility
fluid fromthe first heat exchanger, wherein the at |east a portion 250of a
utility f9 ulke mediod péclaim |lewbercm thort fcasi agiortidreoicthacteekicdedtflberdironathe first

mai ntai ned_in separate non-comm naling.streams in the hydrocarbo rlysis
BRI g A T SRR kA R g o G
in fluidreguiiodintdig @hshivtne e thdeffRReQ REnd@sts, pXiehaNgrr scpidtihf ehe gascous
fractionator and configured to pass the at |east a portion of the effluent
from t he SBeahanhigtlioaidcsfHRgEr to the fractionator. 30 13. The system of
claim12,,,c0 i S L er in fluid comunication between
t he one 6¥Fﬁgﬁg&gkg%%?8%§%?g§%§gﬁgﬁﬁﬁﬁﬁggfractionator and configured to
cool the aiydreasiongypaytis onit odnfiduecdetot | uent before passing the at |east a
portion of the etflugq% to thF fragtionator. WO

2012/ 015494 PCTFEBRA 1Y HR%eaP! 1€6¢ aghe system of claim 13, wherein the third

heat ﬁxchangegm&ﬁegenﬁk&jgﬂﬁaﬂqyﬂgﬁ@q?gﬁmw%bﬁf&ge second heat exchanger and
configured to recover heat fromthe at |east a portion of the effluent by

passi ng tahérdthdal eycifangéerdin fluol gomtvgicahon dviledlte bxdioaarher pyralpsis tupitt drel
second heat exchanger, .receiving the utility fluid;, and wherein the utility
fluid and t he QPRESE4{%a portion of 5 the effluent are maintained in

separat e non- cRBNAtNEst HPorsibh @AM dritked effRREONEM NEAhy BEEHEIITRrolysid dnit; TR
system of claim 14, conpr|S|ng a bypass val ve coupled between a source of
e

the utility flheptatleasea portion ohaatiliexdtiidiragdr and the third heat exchanger
q i o ir ! o et afi .
an cgn Qﬁ%&gﬁ@HQniﬁﬂh@o&&&@%a@ﬁik@?ﬁﬁ%ﬁ%ﬁz?&acch%gg%%ﬁ&c1§%%#$£%R%8&Q%

utility f rom passi ng exchanger urce
and direct a fth¢ stlcisedpotiondfpiey drhcked @ffludheintd liduitl ¥fifledt shd @séds cfflucat; heat
exchanger via a bypass line; and in a second position, direct a second
portion cfscepid hgat exahygngar i Huid copuaunigagiop math the peparrdert angdseonRHEyed 1 r om t he

source and re%%Biﬁ2@§§%§§ggﬁp?ﬁﬁﬁﬁﬁﬁﬂ%ﬁﬁﬁf%kg ot he utility fluid from

passi ng through t ine tot I'rst heat éxchanger.
heat the utility fluid prior to the first heat exchanger receiving the at least a portion of

20 the utility fluid; and

a fractionator in fluid communication with the second heat exchanger and configured to
receive the at least a portion of the effluent from the second heat exchanger.

11. The system of claim 10, wherein the hydrocarbon pyrolysis unit is configured to heat the
at least a portion of a utility fluid from the first heat exchanger, wherein the at least a portion

25 of a utility fluid and the at least a portion of the cracked effluent are maintained in separate
non-commingling streams in the hydrocarbon pyrolysis unit.
12.  The system of claim 10, comprising one or more steam generators in fluid
communication between the second heat exchanger and the fractionator and configured to
pass the at least a portion of the effluent from the second heat exchanger to the fractionator.

30 13. The system of claim 12, comprising a third heat exchanger in fluid communication
between the one or more steam generators and the fractionator and configured to cool the at
least a portion of the effluent before passing the at least a portion of the effluent to the

fractionator.
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1516. The system of claim 12, conprising a control valve coupled to at

| east one of the one or nore steam generators and configured to control the
cool i ng ovothe/Eas4deast a portion of the effluent passi rgTiUsc@ugbi9she one
or nore steam generators. 17. The system of claim 10, conprising a
deaerator in fluid comunication wth the second heat exchanger and
configured to preheat the utility fluid prior to passing the utility fluid

to 20 the segond heat. exchanger. . 18. T yst.em of. cl ai.m 10, wherein .the
[Frat heat CHeHMgErTBob SguisanmesnED Bt ¥ he st s iy i SBined i 80 e
cracked ehf ka@nll nbhtoiRchiifch YAl 06RO RYFBbNS inBatUftbrh tBOE: RAQ fletibRSr ate
| east a portion of the cracked effluent to a direct quench that cools the

at | east ciflpant by passofg theaitiditia8kiddhesfuizh tlemthinddicat ¢xehprgeapupetoathe whtond healr |
formed by _reaction_.ano constd twent,s .of .the t 4 east ti,on of th
cracked PTG e abane BB bt kG By A dnf Ay e BElehi dheRlpr

drive st urtht ngflganf irgumathtdifed €€ eicperateh@orlcom@dnglingy R@EdrhMn othe t otk alced
utility fluid fromthe hydrocarbon pyrolysis unit. 20. The system of claim
10, wher éXghanger-utility fluid and the at least a portion of the effluent

are mai nt@an i r at. _ i ngl i
St am of acki T0° & Ky Bcat Boh 1 S0 e, wuthod Sonsr St s ol °hte
hydr ocar hoititf feid, the fastiedr echidpenamlthokhisd scatimidhahger and adrefigurat acked

effluent; separating at |east portjon of the cracked effluent from.the
hydr ocar bonp¥ fi5it ygglgw%rrﬁe%tfl% gFSé Pﬁﬂ@as%{y% utélftmf[mi?ropgpas%lagrtaﬁl&dthfr t

liquig ef fluentchReLUELAGHS B GhaTKEE 4 Bfst riMBining portion of the utility fluid to
2012/ 015494PCT/ US2011/ 031932 cooling at |east a portion of the gaseous

ef fluent in a th¢ fist hbwtakclemgérangebyppadse;ngdat | east a portion of the
effluent fromthe first. heat exchanger to o or. nor.e. st eam gener at qr.s;
ool i g t heitay “TOd o8 BBy E1SsT SO CURAPBHTT (oA 1 B b ooRE® 8 U B OdEem
generators in &chaRePRIMNAako@¥E AN ERirict aREcPASESMAB it Sorfidn b aRtutRitPAutd On
of the effluent fromthe second heat exchaqggr to a fractionator. 22. The

met hod of cl aifram passggrtpraugh ity praess ling te e fanst heshexchangmsr ti on of t he
cracked effluent fromt r s i S unt r h thj t
exchanger et 5 5RO il [ GRORAEER BHS LS aLb S Ut &t Bl o
t he separmbd@rstcahDgéheraitis afitdoafigntd ¢b avmrol2he eautingi & thg ahRasti agoréonl bf thd y
fluid by passing the utility fluid through the hydrocarbon pyrolysis unit
and usi ngttwat passtnedhipueh theyone|oiinpre sean e8P onal process.

17. The system of claim 10, comprising a deaerator in fluid communication with the second
heat exchanger and configured to preheat the utility fluid prior to passing the utility fluid to
20  the second heat exchanger.
18. The system of claim 10, wherein the first heat exchanger is configured to cool the at least
a portion of the cracked effluent from the hydrocarbon pyrolysis unit and provide the at least
a portion of the cracked effluent to a direct quench that cools the at least a portion of the
cracked effluent to a temperature at which tar, formed by reaction among constituents of the
25 at least a portion of the cracked effluent, condenses.
19. The system of claim 10, comprising a drive turbine configured to receive the at least a
portion of the heated utility fluid from the hydrocarbon pyrolysis unit.
20. The system of claim 10, wherein the utility fluid and the at least a portion of the effluent
are maintained in separate non-commingling streams.
30 21. A method for steam cracking a hydrocarbon feed, the method comprising:
providing a hydrocarbon feed to a hydrocarbon pyrolysis unit to create a cracked effluent;
separating at least a portion of the cracked effluent from the hydrocarbon pyrolysis unit,

wherein gasecous effluent is separated from liquid effluent including steam cracked tar;
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24. The nethod of claim 23, recovering heat fromthe at |east a portion of
the effluent in the first heat exchanger by passing the utility fluid by

t hrough twe 2bizvmEs4dneat exchanger prior to 15passi ng thePamiusean/ 081982 d

t hrough hydrocarbon pyrolysis unit. 25. The nmethod of claim 24, conprising
recovering heat fromthe at |east a portion of the effluent in the second
heat exchanger by passing the utility fluid through the second heat

exchangercoblingis 151 B BBioRas Tt ey it Bt B SHPeRst i ng val ves on the
one or NMya§sist 8ARLAQISREERDPIR drAuGR HonPlhd M8t RERxERARMED Yonk R MdrB &tc@in
| east a portion of the effluent passing through the oné or nore steam

generators. 22gnerfitpes;nmet hod of claim 24, wherein the utility fluid is

heated in_a.deaerator .prior.to SS| rough the first heat exchanger.
26 The mopHS 16t ALRAR bSioliPES Rkt HeR B OS of Bt ol e B Ik
effluent is caoet@d leat d&himer;tdadrd heat exchanger to at |east a tenperature

above the tenperature at which tar, fornmed by reaction anong constituents

of the effeptig;the at lgeferoaton ofthe cifenidsemdbe wrcord bsageychanggide afiscinaiy- t he
heat ed utq,l i L el g [ L i VAl rhi ne
w th the Peatraod of Sir el GO BT BREAERT IGRTPRARER aL Rl edotER
conpri si regom shylklystadomardyostyQy noit lsosghunihirddenf éxghaedr before @sdhy eéheant least
hydr ocar bon feed; and %%Q%,e a cracked effluent fromthe hydrocarbon feed,;
and WO 20MR BABAGhpEte P39 §8peBata@Far at or in fluid communication with

the. higdr osar bANRGR! of i, LooRiiis RN HE Sy FRRAE DS gl hugnt

havi ng steam cracked tar and gaseous effluéent fromat 1east a Bortlon 0

t he cr ackbugh fthaibpdrotarbom tpyeolywyd noit anb aringythel hesied utdity ;fluadhdn an additfonnlst
heat exchanger in fluid conmmunication with the separator and configured to
cool at éF@%@? a portion of the gaseous effluent fromthe separator; one or

nore st eam gEREh&hSd 8f tIRink DY [dcHRPTY MesdtdR thaMttibust & ?oﬁioh%tf teafluexGhanger
and configured to receive the at |least a portion of the effluent fromthe

first hedirsteheohandengerabyspasoing theatiliwxdind yehraugh ftha figst bemtraxshanger prionia h
(R OB, SR SRR FAOL Y] bRl 1he ot Teasta porton o
25. The method of claim 24, comprising recovering heat from the at least a portion of the
effluent in the second heat exchanger by passing the utility fluid through the second heat
exchanger prior to passing the utility fluid through the first heat exchanger.
26. The method of claim 25, comprising adjusting valves on the one or more steam
20  generators to control the heat recovery from the at least a portion of the effluent passing
through the one or more steam generators.
27. The method of claim 24, wherein the utility fluid is heated in a deaerator prior to passing
through the first heat exchanger.
28. The method of claim 22, wherein the at least a portion of the cracked effluent is cooled in
25 the third heat exchanger to at least a temperature above the temperature at which tar, formed
by reaction among constituents of the effluent, condenses.
29. The method of claim 23, wherein using the heated utility fluid in the additional process
comprises driving a turbine with the heated utility fluid.
30. A gaseous effluent handling system comprising:
30 a hydrocarbon pyrolysis unit configured to:
receive a hydrocarbon feed; and

create a cracked effluent from the hydrocarbon feed; and
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10generators; and a fractionator in fluid communication with the second
heat exchanger and configured to receive the at |east a portion of the
ef f| uent woam2tessgecond heat exchanger. 31. The systremiuskoialoaioar 30,
conprising a third heat exchanger in fluid conmunication between the
separator and the hydrocarbon pyrolysis unit and configured to cool the at
|l east a 15portion of the cracked effluent passing through the third heat

h toth t 3 f. cl
hydr ocar Bt B Peh SR8 S tryniion T PSP G AAbRR; el S s ng
the utility fldpgatch c{ﬁﬁg@fﬂh@l@t Mﬁfgos@@aﬁip@ﬁc]@édrﬁf ¥8d BaseBind effludR-froth @t RYSteem

of claim32, wherein the first heat exchan is configured to recover heat
fromthe at | ewstiorofgbe tlagkedofttlu¢ns front thy duy rqcarbpheymlysytum@and exchanger by

passing th |I|t f|UId 0. by through t [st h er, .priq
Poai ng ihfrsh bt oindrett B Ao RoL By the Sirafid iRy B R af ©

system of cl alleasaapommroeltﬁe gatg@ou@%emwﬂt ﬁeﬂltth@g@am@er i's confi gured to
recover heat by passing the utility fluid through the second heat exchanger

prior to Q&si gra peamt ganerajors |ig;fhiigd wpa\%lﬁn@aﬁlenfw%tth%@a&t hept wughgager asl 35,
The system of c%hﬁ%@eg%rggwmesdtn&s da[‘§ BP{h% of éﬁﬁ%ﬁﬂﬂ@k‘?& hEgR ¢ %( E'F or

nore steam generatrors and con ure just t eat recovery
at | east aas@ontilmat ekclahgerefrf Iﬂuehbommtdagoﬁ hwidugie bhe con@orr gm&oﬁtmﬂm
generators. configured to cool the at least a portion of the effluent from the one or more steam
10 generators; and
a fractionator in fluid communication with the second heat exchanger and configured to
receive the at least a portion of the effluent from the second heat exchanger.
31. The system of claim 30, comprising a third heat exchanger in fluid communication
between the separator and the hydrocarbon pyrolysis unit and configured to cool the at least a
15 portion of the cracked effluent passing through the third heat exchanger to the separator.
32. The system of claim 30, wherein the hydrocarbon pyrolysis unit is configured to heat a
utility fluid by passing the utility fluid through the hydrocarbon pyrolysis unit.
33. The system of claim 32, wherein the first heat exchanger is configured to recover heat
from the at least a portion of the effluent in the first heat exchanger by passing the utility fluid
20 by through the first heat exchanger prior to passing the utility fluid through hydrocarbon
pyrolysis unit.
34. The system of claim 33, wherein the second heat exchanger is configured to recover heat
by passing the utility fluid through the second heat exchanger prior to passing the utility fluid
through the first heat exchanger.
25 35. The system of claim 34, comprising one or more valves coupled to the one or more steam

generators and configured to adjust the heat recovery from the at least a portion of the

effluent passing through the one or more steam generators.
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