WO 2007/ 008403 PET/ U82006/ 024989 -1 METHOD FOR PROCESSI NG HYDROCARBON
PYROLYSI S EFFLUENT CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] The

present appli i pressly incorporates by reference in the entire
di scl osures M&J'{?@ﬁdﬁéy Docket No. 2005B060, entitled ,p@@ﬁ@aﬂ%gﬁg Cool i ng
Hydr ocar bon Pyrolysis Effluent”, Attorney Docket No. 2005B061, entitled
"Met hod For Processing Hydrocarbon Pyrdlysis Effluent”, Attorney Docket No.
2005B062, entitled "Method For Processing Hydrocarbon Pyrolysis Effluent”,
Attorney Docket No. 200513063, entitled "Method For Processing Hydrocarbon
Pyrolysis Effluent”, AttornewfXB&PIFOIOPROCISBGE, entitled "Method For

Processi ng Hydrocarbon PyyaRotiARBoN pyROTVSIBEFRAUESNNEY Docket  No.
2005B065, entitled "Method For Processing Hydrocarbon Pyrolysis Effluent”,

all of which are incorporated herein by reference. FIELD OF THE | NVENTI ON
j 0002) The prQ?ﬁﬁYSSJ%'MET%I@HMEQP?EI@AWWd for processing the

gaseous efflu YOTT _ ,_especially those units
utilizing nadf@®d orThl@eesdng rpplientids expiresslyancoiporatea by reftrenreibasearih on rel at es

byr ol vei o BACRRRCIRIP R hueh FRIBRRA ool 08 Sltagd S ey oo

ol efi ns (et hyl@wéing fimckwbore Pyrvdysbuffhes), Attomey \Rocka uNo.h§es5866l, bon

f eedst ocks util|. ] hnj gue. of rol.,ysi r. » Gracki ng.

by ot yor s i nvePUBE” rladed 35 Histiind PRR AR Fno By TOAREY, ABEY NS, e
deconposi ti on Ddcketido.| 20088062, namtidiiMeshod e Rogoesing Hiwrqparbae Bgrplykiswever ,
produces . nol \?\lﬁfﬂl %’3,, Vﬁgt%Ch 'Er]gng ttlrQ Cﬁ&gﬁa@t 0 {\ rn k{h‘?&]Fm)Eecul ar wei ght
material s knowt as ALY TS are Ot T % %? L ) SEEEE ™8 eact i ve

mat eri al s t hatHghscafvon| Pyréiged [BiRRhe U NCHREned €Dbekien Noo g03B0aHS enthleihough not

W shing to be, any . ticular_theary, . it.is believed that the steam
cracked |iqui d%gelr{@%u@%,ﬁ%{%ss\‘ugﬁé' oc L%EF&IG'QP ﬁffil“}‘?’ét s%d’f#oﬁqﬁé{% et ur nace,
contain free raslizoedBoss) A6HHIEHcthWd Ryt Processing Hydrocarbon Pyrolysis Bffluent”,

all of which are incorporated herein by reference.

FIEL.D OF THE INVENTION

[0002)  The present invention is directed to a method for processing the

gaseous effluent from hydrocarbon pyrolysis units, especially those units utilizing
naphtha or heavier feeds. In particular, this invention relates to a method for

upgrading steam cracked tar derived fror_n hydrocarbon pyrolysis.

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

( various hydrocarbon feedstocks wutilizes the technique of pyrolysis, or steam
cracking. Pyrolysis involves heating the feedstock sufficiently to cause thermal
decomposition of the larger molecules. The pyrolysis process, however, produces
molecules which tend to combine to form high molecular weight materials known
as tars. Tars are high-boiling point, viscous, reactive xﬁateriais that can foul
equipment under certain conditions. Although not wishing to be bound by any
particular theory, it is believed that the steam cracked liquid product, as first

produced in the steam cracker furnace, contain free radical molecules, vinyl-



08403-PCTUS20661024989 -2 aromati ¢ nol ecul es, and ot her reactive
species, and is highly reactive at noderately high tenperatures comonly
found in the downstream processing of steam cracked |iquid product. The
unsat ur at ed WHeviesenhl groups of such aromatic nol ec RICETSACIHEL t hose
selected fromthe group consisting of olefinic groups and acetylenic
groups. More specifically, such unsag ur at ed functional groups are selected
fromthe groups consisting of indeneS, acenapthal enes and ot her _
cycl opent eno-aromati cs; vinyl benzenes, and other vinyl aromatics having one
aromatic ring; divinyl benzepes, vinyl naphthal enes,_ .di.vi nyl.napht hal enes,
vi nyl anthrat"’g‘}‘?@él rf}ri Peﬁhéﬂ R gRRelive SREFIGS: FRE 15 WY mB8REVHii nyl ar omati cs
having 2 or #gdeRteB 198t eratuite Somhbil§ fh@act i:h‘éidbw;zﬁxfeaxﬁliéﬁdaesaihgﬁﬁti c nol ecul es
tends to lead to reactions which significantly downgrade the properties of
the |iquid Sr8dmeked l{qewaaydwﬂq@hqw%ﬁeéﬁm@mr@ﬁgrgypsgg Ush apopBlipyr ol ysi s
ef f1 uent | eayas il BhERRe iRk HUiR AntaRs BPoBhf! BofRday api diy
reduci ng the tenperature of the effludent exiting the pyrolysis unit to a
| evel at whi%tyletie groups.f Miore prgcifiealiyt isephsungptarategr wactiopal sgroupsdere [ 0005) One
t echni que us, ol Sl.S.. it f n t resul ting
heavy oils asg Ct%é;rﬁ?&ertfhpﬁog@&’%eéao Sl&ggéh%iﬁglglﬁ%g’f %‘fe?%h/e%&%g;\égdm er quench
t ower i n whiaytiopdnenc-andetis; biwbeomessy embvther. vilifli srometshtiagog dnas proven

effective when.cracking.l.ight gases,. pri AL et;han opane and but ane,
because cr a\(,:\%%%%w t et gdrﬂé%ggesnz Pyht LR ,alg% 1 o8t \)’E’F@/}&;ﬁé efred to as gas
crackers, procioéracedaat iviiglplienasthrehds, qudndithdri daylofand alivinAeomaticesul t, heat
exchangers can. e%fi ciently recov éiﬁgDSt .Of ¢ tile valt.uab{ e hgat wi t hout
fouling and TGS AN BPTRAETSAICARET TARETRTV B! SR Ao BoleglpdriFed from the
wat er quenchtodtdde treastidds wigiete sighifiéantti kdowneriddQ6 prophiies dfehbtigside is, however,
not (satisfactory for use with steamcrackers that crack naphthas and

heavi er 'feed@?‘i}%ﬁ(s, collectively referred to as liquid crackers, since

liquid crackposs germe abendiye bf kas, GRer Meatdijsiccsnadnt lakest BaBte@AS Crackers.

Heat exchangers can be used to, renpve sgone of .the heat from/| i quid:
cracking furnace can be minimized by rapidly reducing the temperature of the

fau)

effluent exiting the pyrolysis unit {o a level at which the tar-forming reactions are
greatly slowed. |
~ [0005]) One technique used to cool pyrolysis unit effluent and remove the
resulting heavy oils and tars employs heat exchangers followed by a water quench
tower in which the condensibles are removed. This technique has proven effective
when cracking light gases, primérily ethane, propane and butane, because crackers
that process light feeds, collectively referred to as gas crackers, produce relatively
small quantities of tar. As a result, heat exchangers can efficiently recover most of
‘ the valuable heat without fouling and the relatively small amount of tar can be
L, separated from the water quench albeit with some difficulty.
[0006]  This technique is, however, not satisfactory for use with steam crackéi‘s
that crack naphthas and heavier feedstocks, collectively referred to as h'quid-
crackers, since liquid crackers generate much larger quantities of tar than gaé
crackers. Heat exchangers can be used to remove some of the heat from liquid
cracking, but only down to the temperature at which tar begins to condense.
Below this temperature, conventional heat exchangers cannot be used because

they would foul rapidly from accumulation and thermal degradation of tar on the



cr acking; it G- thie~tenpérature at which tar begins to condense.
Bel ow this tenperature, conventional heat exchangers cannot be used because
they would foul rapidly fromaccurul ati on and thernmal degradation of tar on
t he WD 2007/ WO2H0RIPBVT/ US2006/ 024989 3 heat exchangBf T/HEF4248% | n
addi tion, when the pyrolysis effluent fromthese feedstocks is quenched,
sone of the heavy oils and tars produced have approximtely the sane
density as water and can formstable . oil/water emnul sions. Mdreover, the

| arger quantity of heavy oils and tars produced by liquid cracking would
render- wat er rald Qps. | ctive ' ' 1.fd ] to raise
steam from t hgg%g%%g%aﬁgegdﬁ}v%%grma%%;r{(’g’ %%np%}g%ﬁgsxéﬁlggﬂtq%dgggﬁgmt er and the
heavy oil and ftedstodks ianquemahied,0momsntodil thy lmewepilnlzhé Emnpeduced GBOF 1
Accordingly, in nost rcial .liquid crackers ool.jng of the effluent
fromthe cr acWﬁx@ﬁﬁeﬁgﬁ%‘aﬁdﬁWWW?e Aol Bl?ﬁtgﬁﬁﬁﬂ)iva%&??‘élﬁ?‘ﬁf transfer
l'ine heat exchaqeses thedarér qiBitity bf Béaby 6iedndltars fRdudd Wallighid Griekish t ower or

i ndirect condenser. For a typical heavi etr t.han papht Bgﬁé‘ﬁedstpck, t he
transfer |ine Bk rendsg 1ot RFeh Qpgptlonsyae fﬁS?Yfeé‘?@“@t‘F fotoB8%t 1100F
(594C), efficispahlibm @6 R6ERAID Wt RED 1o \diJdsdPERKEHE Quénkie ¥WRidCHe can be used
el sewhere in the process. The primary fractionator is nornmally used to
condense and J&pArdEad ERis ap gpvironmsataliascepiagle@anngt qui d fraction, known as
pyrolysis gasqbygip, aREbr&iBelhCHPWRIst bORmAGAL g8t WERBrs2 B 240mt 0 600F (93
to 316C). The water quench fower or indirect condenser further cools the
gas stream exisiusat fovethe ciaggng fumageisingrplly pehicyed s 2 sysoorpi a8ty to condense
the bul k of t L } t eam. kS gasoline
from the gaseons ot orPats Ly Batay FatRhaflhd £y e R Sae® aor.
Soneti mes an iandenseedfcatéctybiotll heayjer tam aapbibe dagdsierioibe benstr dimenbeatr acked gas

oi | Boi l'ing, S@¥1an rs”lé& Hggplrog%ee %gmago t@ﬁ%@“ﬁ% 2?32@; 532%5%:1'21?04 to

288C), is al so produced as a’ sl destream e the
fracti onati on gehatingabyes-hiph acesvbeitssmenhitihentbamsanibewhas ol theygrogis.eans in a

ey ot B R BRI Pl R a1
the lighter liguid fraction, known as pyrolysis gasoline, and to recover the heat .

between about 200° to 600°F (93° to 316°C). The water quench tower or indirect

condenser further cools the gas stream exiting the primary fractionator to about

100°F (38°C) to condense the bulk of the dilution steam present and to separate

pyrolysis gasoline from the gaseous olefinic product, which is then sent to a

compressor. Sometimés an intermediate boiling range stream known as steam

cracked gas oil boiling, say, within the range of about 400° to about 550°F (204°

to 288°C), is also produced as a sidestream. .

[0008] Moreover, despite the fractionation that takes place between the tar and

gasoline streams in a primary fractionator, 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

pﬁint specification. An additional concern relates to providing steam cracked tar

having characteristics which make it suitable for high value use.

[0009] Steam cracker tar is the heaviest material made in the steam cracking

process, comprising essentially all the product that boils above about S00°F

(260°C). Such tar contains a high concentration of aromatic compounds produced



coenponents, whereas the gasoline may need to be refractionated to neet its
end point specification. An additional concern relates to providing steam
cracked tar wWawonigsoharacteristics which make it suit sohrarstoos/ozmsgh val ue
use. 10009) Steam cracker tar is the heaviest material nmade in the steam
cracking process, conprising essentially all the product that boils above
about 500F (260C). Such tar contains” 4 hi gh concentration of aromatic
conpounds produced WO 2007/ 008403 PCT/ US2006/ 024989 -4 by chem ca
reactions which | ead to nol ecul ar wei ght %éomﬁh of steam cracked |[|iquids,

e.g., condensa&Vichemieahagagiiong avhidkepadiarmeervlee yeiehiogrgwitiplistramcaragkrd ng process.
These reaction nxgltnﬁ%""ﬁ gOG&HEnsﬁtfbn"%n&/&r %?yn?e?ﬁ&ﬁﬁﬁ r% idnl & (R érF@c'iﬂ# prdcdgl 1 onator or

quench t ower eratures hat nor na prevai st eam cr acker
primary fr actTMmaeauhom@mmur Phadsuge mﬁbﬂamﬂﬁmnmgﬁﬁcﬁglammh queselct i ons

| eading to asphalte easily '
reversed as t?}%‘{/ a‘ltrteﬂg i ?/er %”?o‘g’fﬁ?‘iyrﬁree"%?g’f‘ dg?eg% ? gke?e&pen primarily
on t he crackerrattiomaot )tmeers eTgesa mbleoilar weigh®oghewin feaq:ﬂmhhalea]mg 39% or nore

fromvery heav The val ue, of ar, i's ed on its use as
2 Tuel Sor 1 ol Yemie wesbetrlan A tot % AT dtversel o HeEt ock f or

maki ng car bonpbévaﬁkd Tar can aI so be fed to a partial oxidation process

where it is caonv to sy tlcfuel as. 0 Ieculesmtar

cont ai ni ng m)(r)[gmﬁm qﬁ‘b g ‘?Pe’é‘ilsd’r?é‘%ai“g’ q‘l‘lg?%?]ef PRDEEERY 0 hept ane
and are known 1&&9@&@@&&@@9% 3006 B abie BRASeR RavY @B oil MKk 9IS 6!'ta1W§| ght,

conplex aromatic rjng structures a d may. exj st col | oi dal perS| ons.
Wth their arcﬁﬁ%??lbfbﬁﬁeﬁﬁnétﬁl%&rfés xélF‘Bde’ﬁ% %@uﬁtﬁﬁlscaw% :

straight chai nsalficanek f&ﬂlﬁéﬁ@%mﬂ&ﬁlﬂa@ﬂ% cahl bRy KR8 B Q! ﬂéhia?o;h&hti@ﬁomt Ic
solvénts i ke xyl ene and tol uene. hal t ene content can be neasured by

vari ous techﬂ%ﬁ@é"hﬁﬁmc‘tﬂﬁeﬁeﬁ&@@ﬁg fptgesin the art; e.g., ASTM D3279.

[0012] The hee[ﬂ(h‘if MRS thf‘coh@ainmérﬂ% ﬂ%eab&ﬁtsew%@akﬁi’ﬁa%c'xﬁgé quene are
known as toluene insolubles, or Ti ol uene I nsol ub

(coagul at ed/ uriesshllsl B bepfengrandt pre knoomi e asrhAlanes. n@spaﬂteeﬁs @%i Highi on resins,
or pentane i nspljuhle §Je1gﬂla\égmﬁg)? Qroq{aht':"rﬁg structures and may exist as colloidal

dispersions. With their aromatic ring structure, asphalienes are not soluble. in

straight chain alkanes (hexane, heptane). They are soluble in aromatic solvents
like xvlene and toluene, Asphaltene content can be measured by various
techmiques known to those of skill in the art, e.g., ASTM D3279,

0012}  The heavier molecules in tar.that are not sofuble in toluene are known
as toluene insolubles, or TI. Toluene Insolubles (coagulatéd/uncoagulated) are the
solids remaining after oxidation resins, or péntane insolubles, have been diluted
with toluene. Insoluble resins are the difference in weight between the pentane
insolubles and the toluene insolubles. Toluene insolubles can be measured by
methods well known fo those skilled in the art, e.g., ASTM D-893, ASTM D4?;12-
05(2)2005, Standard Test Method for Toluene-Insoluble (T1) Content of Tar and
Pitch (Short Method), or ASTM D4072-98(2003)el, Standard Test Method for
Toluene-Insoluble (TT) Content of Tar and Piich.

[0013]  Asphaltenes and TT affect the quality and resulting value of the tar in
several ways. They make steam cracker tar incompatible with many other fuel oils.

For example, asphalienes tend to precipitate when tar is mixed with paraffinic



wkth .toluene. Insoluble resins are the difference in weight between the
pentane insolubles and the tol uene insol ubles. Toluene insolubles can be
measur ed by WEE0HARI el | known to those skilled in th@CEUB006024p89 ASTM

D- 893, ASTM D4312- 05(a)2005, Standard Test Method for Tol uene-1nsol uble
(T1) Content of Tar and Pitch (Short_Method), or ASTM D4072-98(2003)el,
Standard Test Method for Tol uene-Insoluble (TI) Content of Tar and Pitch.
[ 0013] Asphaltenes and TI affect the quality and resulting value of the tar

in several . They make steam cracker tar.inconmpatible w th many ot her
fuel oils. \Ilz\g%a(éké | & reggi% %ﬁg%ﬁ‘%?ngu%eo Br eé*p Hfl%l.ghe\/\,ﬁ‘\gﬁmtﬂar_ i s nixed
wi th paraf f i nixrkd@hiB60ct/ 1804 G BT bl W20 AL d2et88 Asphaltenat MAKS aresigth as resi dua
from paraffinic.crude oi

| . This lLimts the patential rketability of tar
into the fuel d‘t")‘%’fﬁblﬁ‘é‘?‘%@?@twgf’é‘&?fé% 956%@6%?@1%@?’%?{3“??‘@% h?fg‘m desirabl e
conponent s Wh@Rckk afrodieldS @ehekdlly! BRIGBRAACHI Clodbr CaApMRBDAGK T Car bon
bl ack producers generally prefer feeds with | ower asphaltene and TI
concent r at i ongoncaEtione pid ey g5 gwper| limifston engepidbiprogeations Edhas? at i ons of
t hese corrpong&hﬁcne #0014] Because asphaltenes and Tl make tar nore viscous,
it often becones’ necessary to mx a lighter aromatic material such as steam
cracked gas oil®014J t hBe¢agse asphaltenien ap} gbmakeptanmere cow éitofigh dewsies y
speci fication LA [ . i : i ni c gas
oil, the annu?n‘?cegs?fylt?gﬁ%EE%%M%%E’%%%E?@L%Q%gﬁ&ag%ggé%oﬁiﬁ%%anti ty of
co- produced sta@ain ordac ke dhegtaprodict visedsity [specifirdtions. Foecragkesatbet fead ki ng process

"out of quenc 3 g@& : k- l.] bl.e st ock
produced in t E;ae;?n éﬂ}agdgﬁfe%lﬂ }} |§%§?§ﬁ’(§:}f @E?ﬁggﬂ{b%?l%%ﬁ%}gﬁ%gg}eﬂ%nﬁg%racker tar
to its desiredxsekddesqtantityl of ®yodincaisdem anciedt gs wall whpbremleof thei ght , hi ghl y
aronétic materjal t be add and.t.his gan be difficult to.gbtain and
costly. Al terS{r?a 5%@“%? RERT n(glqg%%ueepﬁhtvi%estmaﬁlgg?heﬁl%ee%m\}my 8ﬁh$’ gpos es yield
and conver si diend etk prothiced & théicrhdier 18 iwafficizniaio kiin grodneed eean cfatkt5] I n vi ew
of the foregoing, .it.wuld. be useful to provide nmet hod..f.or.. treating
pyrol ysis uni % f‘*su%%{r?d BAFEIE aﬂ‘?}:&/catsﬁ% a@f?‘%ﬁ‘?ﬁfc’ufr?eoﬂﬁﬂ@ BEYm cracki ng

of aromatic material must be added, and this can be difficult to obtain and costly.

Alternately, cracking severity must be reduced which imposes yield and
conversion restrictions on the steam cracking process.
[0015] In view of the foregoing, it would be useful to provide a method for
treating pyrolysis unit effluent, particularly the effluent from the steam cracking of
hydrocarbonaceous feeds include naphtha and heavier foeds which yield greater
amounts of steam cracker tar than lighter feeds. Accordingly, it would be useful to
provide a steam cracking process which produces stearn cracker tar having a
reduced asphaltenes and/or toluene insolubles content, particularly where the
( | process can be carried out in the presence or absence of a primary fractionator
tower and its ancillary equipment, e.g., in processes utilizing a tar knock-out drum.
[0016]  1U.S. Patents 4,279,733 and 4,279,734 propose cracking methods using
a quencher, indirect heat exchanger and fractionator to cool effluent, resulting
{rom steam cracking. .
[0017] U.S. Patents 4,150,716 and 4,233,137 propose a heat recovery

apparatus comprising a pre-cooling zone where the effiuent resulting from steam



hydr ocar bonaceous feeds include naphtha and heavier feeds which yield
greater anounts of steam cracker tar than |ighter feeds. Accordingly, it
woul d be uselwglzodr@oss@r ovi de a St eam cracki ng process waCTspesmeeges st eam
cracker tar having a reduced asphaltenes and/or toluene insolubles content,
particularly where the process can be carried out in the presence or
absence of a primary fractionator tower and its ancillary equi pnent, e.g.
in processes utilizing a tar knock-out drum [0016] U.S. Patents 4,279, 733
and 4, 279, 734 propose cracki ng nethods using a_quencher, indirect heat
exchanger anderpakietis Sl infoocastiel With £ IsprevRd, qqee@mgtqﬂhgt hept $ET§Beam cr acki ng.
[0017] U. S PﬁJnE%é &g&é g&eand 4,233,137 propose a heat recovery
appar at us conpri’si ng re=cooling zone where the effluent resulting from
st eam WO 2007[@&34032@@11 AUSIB081-GadkeBconerty Bryedho @encbme, @l!igl‘rﬂslr, nt o cont act
with a spraye i i ne ati ng zone.
[0018] Lohr . e?"lqmﬁ A B AL A S0 B Eﬁ Gl Gas J.
Vol . 76 (No. R@irecppguentind SvithlOFRpier mﬁwmee&hagem-mbcmgehmh@mhmg | nvol vi ng
i ndi rect quenchr ng Wt transf.er 1ine heat .0_pr-oduce

hi gh- pr essur eS8} &?ﬁ‘ﬁ}ﬁbﬁiﬁecﬁﬂ‘feﬂ%}?gﬂ@@t ﬁ‘cﬂfﬁ “? TOEFER DI | to
produce nedi upeg.essure steam [0019] U S. Patents 5,092,981 and 5, 324, 486
propose a two- ench p e for eff|uent resulting from steam
cracking fur n@iﬂ rrﬁ%rrs{l 2ipgts gﬁﬁrﬁﬁir"?& Stﬁéﬁgj@wpf’?en% TRYEH QW%hr ch
functions to pRpissky egmRht fﬁﬂﬁ@&:@&&ﬂ%&hﬁgﬁﬁ% eomprﬁ@rgerxﬁﬁmﬁl gh

tenperature steam and a_secondary_ transfer |] ne exchanger V\/m EF functions
&tily ®

to cool the fOpM$kEdnerrehgas vrhafingtigys o peidlyeeat fivmace sty consi st ent

with efficienpeRfdMEY tdfRfird BRAR indh s& &@ﬁerm@er&lar goREeh and to
genefate mediumto | ow pressure st eam %ﬂ U S. Patent 5 107, 921 proposes
transfer |inefigigmarigesos! thexfimpise sfilyont fn as tl‘i’JVl{')ea b@%&"&‘“@)fﬁsm‘)ﬁﬂﬂé‘r" ent tube

di ameters. U SensPeﬁﬁmh deifiedt p‘%éfkqpﬁéaaeﬁe% o@queﬁémee%%h@ﬂcé aﬁﬁ@éf er line
heat exchanger unit
penerate medium to low pressure steam.
[0020) U.S. Patent 5,107,921 proposes transfer line exchangers . having
multiple tube passes of different tube diameters. U.S. Patent 4,457,364 proposes a
close-coupled transfer line heat exchanger wnit,
{0021]  U.S. Patent 3,923,921 proposes a naphtha steam cracking process
comprising passing effluent through a transfer line exchanger to cool the effluent
and thereafter through a quench tower. .
[0022] WO 93/12200 proposes a method for quenching the gaseous effluent
from a hydrocarbon pyrolysis unit by passing the effluent through transfer line
exchangers and then quenching the effluent with liquid water so-that the effluent
( is cooled to a temperature in the range of 220° to 266°F (105° to 130°C), such that
heavy oils and tars condense, as the effluent enters a prirary separation vessel.
The condensed oils and tars are separated from the gaseous effiuent in the primary
separation vessel and the remaining gaseous effluent is passed to a quench tower
where the temperature of the effluent is reduced io a level at which the effluent is

chemically stable.



j 0021] U.S. Patent 3,923,921 proposes a naphtha steam cracking process
conprising passing effluent through a transfer |ine exchanger to cool the
ef fl uent angotbeneaést er t hrough a quench tower. [0022pc V3260303488000 pr oposes
a method for quenching the gaseous effluent froma hydrocarbon pyrolysis
unit by passing the effluent through transfer Iine exchangers and then
quenching the effluent with liquid wat’er so that the effluent is cooled to
a tenperature in the range of 220 to 266F (105 to 130C), such that heavy
oils and tars condense, as the effluent enters a prinmary separation vessel.
The condensed{0823]s &Rl 20apwpoasce asmpthod fadeoblingns tihed gechewsus ceafifdduent in t he

DT ool SR IS5 B b5 SRR BARES G f bl Passed 1o o
whi ch t he ef f haabexchdnging edetionscal |y stabl e. WD 2007/ 008403 PCTI US2006/ 024989
-7 [00231 EP pr ses for cpql.ing .a fl ui uch as a cracked
reaction prodﬁ@?‘qbyoﬁgrﬁﬂeﬂ?égﬁég rprP?%?tgéé%%ﬁ 5’??”%%* RS nore
separate heaj weEHRAH RYMILRLIs@ES leaitl)Rfrimddy Factidaitetind thal Hmady/ proposes
that in ethylene manufacturing plants, a V\%tﬁir tﬂuench col um cool s gas

| eavi ng a pri PEFS IR FASHOTSIOT Pt Red Ang the frghip (ppatst aench (oRPHar v
fractionator 13%9&15,%%@9&@19@15{3%&@%&;0 t he water quench colum is
directly froma transfer |Iine exchanger. [00251 JP 2001-40366 proposes

cool i ng mi xed[M28 i n'Fa2@ici3e msepsss Grelingraingk 866 itha diglolempertied  heat
exchanger andyj,Be Gt tfarisonk hbdt GRNaARALnE M) IRI S verltAVhddD cdchsngheat exchange

planes installed in the vertical direction. A heav}y ~conponent” condensed in
the vertical bavégaiydeatsxchangs planesemnsigladainathe vegigal direstipn.| Atheayy at
downst r eam r ef i Rght SRS xed P2 0LRBAAL: i< RheteaR A0 sendiai 1, 309, 309;
and (. S. Pat er?‘%nt%sc’ 4,|zf44§’§%7; 4@43’%@6%3; x %21?5905"; y 1%%, 7%%4, 233, 137;
3,923, 921; 3, disilageu st downddre@n 98Ing2Bps. pr opose various apparatus for .
quenching a hijoagr aCkRe! BRIEAUSGE Sf SRS okt hof IRSBAUS; Stream i's
passed through a quench pi'pe or quénch =~ ~— 7 77

4,444,697, 4,446,003; 4,121,908; 4,150,716; 4,233,137; 3,923,921; 3,907,661;

and 3,959,420; propose various apparatus for quenching a hot cracked gaseous
stream wherein the hot gaseous stream is passed through a quench pipe or quench
tube wherein a hiquid coolant (quench oil) is injected.

[0027]  U.S. Patent 5,215,649 teaches a method for upgrading steam cracker
tars by injecting hydrogen donor diluent inio a hot cracked product stream at a -
point downstream of a point where high telﬁpefature cracking is stopped by

cooling.

SUMMARY OF THE INVENTION

- [0028] In (;ne éspect, the present invention relates to a method for treating
gaseous effluent from a hydrocarbon pyrolysis unit to provide steam cracked tar of
reduced asphaltene and toluene insolubles content. Such a method is suitable for
phapan'ng reduced viscosity tar useful as a fuel blending stock, or feedstock for
producing carbon black, while reducing or eliminating the need for externally -
sourced lighter aromatics additives to meet viscosity specifications. The method
comprises drawing steam cracked tar from a separation vessel, e.g., a primary

fractionator or far kmock-out drum, cooling the tar, and returning it to the



tube wherein a Iiquid cool ant (quénch oil) is injected. [00271 U.S. Patent
‘5,215, 649 teaches a nmethod for upgrading steamcracker tars by injecting
hydr ogen donor diluent into a hot cracked product streamat a point
downst r eam oVORHBEHE where hi gh tenperature cracki ng PES/SPHIBEEEHY

cool i ng. SUMVARY OF THE | NVENTI ON [ 00281 In one aspect, the present
i'nvention relates to a nethod for tregting gaseous effluent froma

hydr ocarbon pyrolysis unit to provide steamcracked tar of reduced

asphal tene"and tol uene insol ubles content. Such a nethod is suitable for

preparing r e%ﬁﬁﬂm | 3EO8 1 é’ffe%%%wgﬁsg\te 1 te?nge ﬁ%ﬁs%ﬁﬁg lt‘r[%

feedstock for “producing car uci ng. or ﬁatl ng the
need for ext evessl, hxyordammredmxdvisccgﬁympreammgmndansatmduﬁabﬁmas to rreet viscosity

specificati or he thod co i ses drawi.ng .st.eam.cracke & froma

separ ati on v@g?é“ﬂ- ég‘g?a?‘?tg%f P i/pre?epg&wg}? tIBPH?ﬁIedf r B 8‘& But drum
cooling the tteeratm@gaiedueteﬁmaﬁtr@m b hiy@vodaften \Woro2 @k kO3, MeThddind006/ 024989 8
separation vessel ffect r te er at ures V\%t hin the

all ta
separation v@é‘%’é‘ﬁmgl cgplgsal 8633{3%‘81? e\}ﬁaéieé ditq gt ?P@%WB‘ Bhdensat i on

reactions. [ 0R29dd By thSNLSINE pra®eReEdndertsBerdd fi8 @fFtuehthy HaYid@R phrBallli rected to a
nmet hod for treatlgg aseous effluent from a hydr ocar bon pyrol ySi s process

unit, the net9pdens nenk; (Rypasqing saidpartiglly ‘@&@%Sﬁaeér@&?ﬂ%toeﬁ fPYedM at | east to

a tenrper at ur.ey@lelWej feholiRh 1con&(eﬁ¥é&r?ﬂﬂ:2)\’n%%eﬁa¥£tﬁh%§s§l P&)%@% sagondenses from
the effluent to provide a partially condensed effluent; (b) passing said

partially con%ﬁ%@ﬂTéiﬁﬂlp‘ifé}fﬁcw@gaats@ﬁéraawr&m of; sgidegooled dir foenif ng condensed
tar from the RERGEGH Vel %65 58by ﬂ(ed;)sve@ g%he@ sa?@?ﬁhal%ﬂ@é@%%ﬁﬁ&ﬁt and (e)

recycl i ng at ast portion of said cooled tar. to sa separation vessel
at or below t¢mers eajk eparatigihvestel. sai d partial ly condensed effluent enters

sai d. separat i @Bs(éessﬁl onelcohf %‘gse |7 tﬁ@ea]g anf adr gt dyath 8’?‘ %#'ar% gspect of the

i nventl on, paration i's a fractionation ¢ ypically,
cool ed tar cavﬁs@é 1§ ‘atfraodmeeah ¢olunmn. Rypizhile rcodied tarteen b dotrodyesdt inon of sai d

fractionationgGolUl. 063 &didlof 8 ARHS2Mn colurom, located at the bottom

end of the fractionation column. The boot is designed to reduce the overall
residence time of the tar, to reduce asphaltene growth. _
{0031} In another conﬁguraﬁon of this aspect of the invention, the separation
vessel is a tar knockout drum, where the condensed tar separates from the gaseous
effluent. The knockout drum can be a simple empty vessel, lacking distillation
plates or stages. ‘ _

[0032] In still another configuration of this aspect of the invention, the
temperature of the partially condensed effluent is no greater than about 650°F
(343°C), typically from about 400° to about 650°F (204° to 343°C), e.g., from
about 450° to about 600°F (232° to 316°C).

{0033}  In yet still another configuration of this aspect of the invention, the
gaseous efﬂuent is produced by pyrolysis of a heavy hydrocarbon feed.

[0034]  In still yet another configuration of this aspect of the invention, ;[he
gaseous effluent is produced by pyrolysis of a feed selected from at least one of
naphtha, gas oil, kerosine, hydrocrackate, crude oil residua, and crude oil.

{0035] In another configuration of this aspect of the invention, the cooled tar

is introduced o the separation vessel at a temperature at least about 100°F (56°C),



~end of the fractionation col um. The boot is designed to reduce the overall
residence tine of the tar, to reduce asphaltene growth. (0031] In another
configuration of this aspect of the invention, the separation vessel is a
tar knockout V@2#(%%ter e t he condensed tar separates fPEMUPHEGHSLous
effluent. The knockout drum can be a sinple enpty vessel, |acking
distillation plates or stages. [0032]qgln still another confi guration of
this aspect of the invention, the tenperature of the partially condensed
effluent is no greater than about 650F (343C), typi caIIy from about 400 to

about G50F (20 3430 i Shooe [0 EPOMe Ok £r 8001830732 10 3160).

[0033] In yet ano conf rgar I'S aspe He i nvention,
t he gaseous ﬁfeftém;mrﬂhubsfqheeﬂuaﬁéltMgp}wwﬂwzﬁmsves‘sela heavy hydrocar bon feed.
[0034] In stil

not her co ur. at ~t.hi ect e i nvention,
the gaseous é‘#“fg' en :I'eémb‘?'ﬂbeﬂﬁ ‘ifo Ff)‘gie%t ﬁheam BRP ICQEHF%d from at
| east one of tamadomwﬁmcgmh@sehmmr@aem as%’ﬁfe‘?ﬁé@ﬁk@e&@a téhpect@rrei | residua,
and crude oil. [0035] In anot configuration of aspect of the

i nvention, théoréaml@altilapepaqagoqwsebéd@éam epohso, %ﬁa? é%)ﬂmcaﬁéfé@él at a
tenperature aty.leas ?@481(%0{%1%%913}”%&9 /(Peas 3 PCT/ US2006/ 024989 9

typically at Ieast a about 240F (1330,
bel ow the ter[@ﬂéfl]at uima:rmi:het b@ﬁgﬁrﬁﬁummftthm@mﬂﬁ@eﬂh&nﬁmpweambhmtavessel :

[0036] In yet onfi P ct of the invention, the
cooled tar 3% B égcfo?@&j cﬁ%gsg?ﬁq?og ﬂjéﬁ:@gé so as to provide an

aver age terrper[msﬂ}e ' atill tabthe t:dmlﬁgur‘athm SE]ﬂﬂS’ aspeotnof/ﬂﬁsmhermﬁnlﬁss t han about
350F (1770, |1y |ess an a t han about
S75F (1400 OSSR brik in R ERRRvaRr dt b BF T B Pt o

i nveption, thefgéadtiedaticdcolupnoduced in (d) is cool ed to | ess t han about 200F

(930C)- [0038] ti not her configurati n of thls ect. of the
i nventi on, ééd}?ﬁ i‘?ﬁ? “\ﬂB'ihert‘a’P}-gﬂr tq’l‘é agRepLet ? e‘%@s@? is taken at

a reduced dl anumtied tab&ﬁﬁpns@@‘ at feadt WBGR u@m,ltgﬂca@lglaum:t about 50 wi%, e.g.,

' at least about 80 wit%, of the tar removed from the separation vessel. ‘
[0040]  In still yet another confignration of this aspect of the invention, the tar
removed from the separation vessel contains less than about 20 wi%, typically less
than about 10 wi%, e.g., less than about 8 wt%, asphaltenes as measured by
ASTM D3279, say, less than about 8 wit% asphaitenes as measured by ASTM
D3279 after remaining as bottors for at least 5 minutes in the separation vessel.
{0041]  In yet still another configuration of this .aspect of the invention, the tar
removed from the separation vessel contains less than about O.S wit%, typically

" less than about 0.1 wi%, toluene insolubles as measured by ASTM D893,

(' {0042} In another conﬁgufation of this aspect of the invention, the tar removed
from the separation vessel contains asphaltenes and toluene insolubles at levels
sufficiently low to provide a carbon black feedstock. ' ‘
[0043] In yet another configuration of this aspect of the 1nvent10n the tar
removed from the separation vessel contains asphaltenes and toluene insolubles at
levels sufficiently low to provide a blending stock for fuels.

[0044] In still another configuration of this aspect of the invention, the tar

removed from the separation vessel contains asphaltenes and toluene insolubles at



[0039] In yet still. another configuration of this aspect of the invention,
the rTecycled tar conprises at |east about 10 wt% typically at |east about
50 % e.g. | east about 80 wt% of the tar renov separation
vessel . [0048‘1021%%7’03@?% yet anot her configuration of t%lgg @gaé&glf;b%%f t he
invention, the tar renoved fromthe separation vessel contains |ess than
about 20 wtl, typically less than abget 10 w% e.g., |ess than about 8
wt % asphal tenes as neasured by ASTM D3279, say, |ess than about 8 wt%
asphal tenes as neasured by ASTM D3279 after renmaining as bottons for at

least 5 m nut @sels RufiBRnBERA A ipRViddes BRhding [sBOK ¥br hithoyeri® trésid o@not her
configuration of this aspect of? the inventron, the tar- renoved fromthe

separ ati on ve¥¥apmewitiflhs | ess than about 0.5 wt% typically |ess than

about 0. 1t Yosgy UChewd AR LHALE oIS Y Bk BodSTU R0l 0042] 11

anot her configuration o i's aspect” of the invention, the tar removed from
t he separ at i onoolesisteris igmduceidne thespprdtion vesselbalpw the ligrié-vapes diterices at | evel s

suf i ciently | out0 Pt anERROhaLA6K of SeHRbARK: «f B9 3klill yoL anot her

configuration [ Ri"S aspec I'nvention, r _ fromthe
separ ati on vewssdl belowtthi haiidisqponinteefacessbavedantl ghibsemballynsikerbtoewhiah | evel s

sufficiently lL.ow.t ovi.de a. bl.endi ng stock for fuels. 100441 In still

anot her confi ej‘ﬁsr%]fa?%er%{)rfed'fcﬁq qénsdbvélg rcg?ta‘it'he invention, the far renoved from
t he separ at i orf0046} s eln gitinteanoderasphiailrdtien efthizncpetialftierisventico b plnges at WO
2007/ 008403 PCTI US2006/ 024989 . -10 |l evel s sufficiently | ow.to, pyfovide a

bl endi ng st oc KT8} lsa’tnﬁﬁ‘guﬁﬁ‘g?‘? &b, ERRmRIQR Ves\s/eigﬁJF’#"}”%&qudfvﬁg?rs‘."onﬁ%{);lS] In yet
still a’ngt he(r]I I@rﬂﬁ:ﬂiﬁfgﬂié iulg® Birdan i Edle&tealﬁpgml&ea@i ixfﬁhg?s@ sawgdéstxﬁmgen,tahe c?ol ed tar
is introduced to the separatioqn yessel belowt 1i qui.d-vapor, .interface
occupring in FP}??{W%”E@&}OE‘%F% FM“THF@H%&B‘IW\BBS &85‘3 &%a“?eﬂt ‘g'ﬂﬁt&jﬁﬂ to the
sepakation vegsihg, keingstdihich gidhde waged gistin@tdigae above and substantially
adj acent to \N%Pgh lies a baffle for reducing ljquid-vappr contact. [0046]
In still yet ther Tt #iethey cenderaionogt dijagpegiqfdhs ngentiopdie oW on: a pur ge

str teamt i s i Nt eEUGes réRcd MResRPaS At kRFeMORE Ford Be sasHEEn Medsitdayapor
contact.

extent sufficient to meet viscosity specifications, in fhe absence or reduction of an
added externally sourced light blend stock otherwise necessary in the absence of
said recycling. |
[0048] In another aspect, the present invention relates to a method for
reducing the formation of asphalienes in gaseous effluent from a hydrqcarbon'
pyrolysis process unit, the method comprising: (a) paésing the gaseous effluent
~ through at least one primary heat exchanger (typically a fransfer line heat
exchanger), thereby cooling the gaseous effluent and generating high pressure
steam; (b) passing the gaseous effluent ffom step (a) through at least one -
( secondary heat exchanger (typicélly a transfer line heat exchanger) having 2 heat
exchange surface maintained at a temperatore such that part of the gaséous
effluent condenses to form a liquid coating on the surface, thereby fuﬂhef cooling
the remainder of the gaseous effluent o a temperature at which tar, formed by the
pyrolysis process, condenses; (c) passing the effluent from step (b) to a separation
vessel, where the condensed tar separates from the gaseous effluent; (d) removing
the tar from the bottom of the separation vessel; (€) cooling the tar removed from

the separation vessel; and (f) recycling a sufficient volume of the cooled tar to the



setécted fromsteam inert gas such as
nitrogen, and substantially non-condensi bl e hydrocarbons, such as those
obtai ned from steam cracking, exanples of which include cracked gas and
tail gas. [O®yicovaes4ahot her configuration of this aspe®CTER20HE4BAvent i on
the recycling suffices to reduce viscosity of the tar renoved fromthe
separation vessel to an extent sufficjent to neet viscosity specifications,
in the absence or reduction of an added externally sourced |ight blend
stock -ot herwi se necessary in the absence of said recycling. [0048] In

anot her aspect, the n I educi ng the
formation of aéspﬁﬁanf)? e?‘?%z rﬁducag{lgé% % ﬁgt%?‘%fregvnlﬁ {TEE%)%%’}:IQI%O d pyrol ysis
process unit, td feexnsat mlmommduse mgfomm)onpﬁa@hai@nashﬁat}@aaeous ef fl uent

th h at | heat h t ypi cal | fer | heat
exchanger) 62@431‘336@8 ] Blgther St AEoRF bt R bhmdRRn g "o

pressure st eapackih)appasas ragm]brksaxgga(s)e@u]&‘ea@&rf lfdﬂemtroliril@gnasmnoc(aﬂ:)ont hrough at
dary heat exchanger ( transfer |i heat

| east one

exchanger) ha\cf?eﬁﬁc"é‘ thegpactos heviahFeowly Pé‘é‘&‘@gl’f‘@icﬁtgﬁeﬁ\éﬂpﬁ? lysjs ¢ rature such
that part of tche eﬂﬁ%%&torebe bt RB omORERRS B chélink Qb g’tsédu@l&éyﬂlﬁ@atl ng on the
surface, there%further cooling  the remai nder of the gaseous effluent to a
tenper at ure atc'Hyenich & lgpperytye gpyhisly tarniermed quging gyislygis.cadensesg hdenses; (c)

passing the efikldept seESrQﬁHg%Bﬁ'd%n&(e@)cartﬁ%r@tht? E&%@&ﬁb&ﬁ[&ms\éﬁﬁéﬂ the Ygéie the
condensed tar separates fromthe gaseous effluent; (d) renpbving the tar
1

from the bott dwyinga firrindet Baquah wbi \ﬂ@ﬁ@ousmb’%ﬁéﬂ‘i%mﬂh@n‘iﬁaﬁ‘ﬂdﬁ@mved from
the separati onesselonddiiflt olvbr &%me' #irQinft SHd bh Shfd Y QI NEicR thet he cool ed
tar to the WO 2007/ 008403 PCI/US2 0 0 610 2 498 9 -11 separation vessel to
reduce the terfgedeatedriar qgn exihiho wessel aul/(dhg mepws fgepratiog thesondessditar t o an
extent suffi C'aﬁa}ecg ok 89 15e {0687 Bodl SRNGH BREE il e tar. [ 0049]
In still another he present | nvention relates a hydrocar bon
cracki ng apparl8@3} cdm@m smnﬁguraﬂtm)e%thmm@bﬂfﬁlenmfsymm $h§| deaat ¢nedr ocar bon
feedstock, th FQUEY seous pyrolysis
ef fluent - canq%x %g ohﬁ S&g@r}?@?ﬁ&gg eas onee%gﬁr}igg%or cooling said
gaseous pyral yigéxd] In another configuration of this aspect of the invention, the vessel (c) is

Ty pl C al | : . _hmé)_ptr e e s “TASM e

a fractionation column. _

[0052]  In yet another configuration of this aspect of the invention, the vessel

(c) 1s a primary fractionator.

[0053]  In still another configuration of this aspect of the invention, the vessel

(c) is a tar knock-out drum. ‘

[0054]  In et still another configuration of this aspect of the invention, the
" second inlet is at a level below a liguid-vapor interface within the vessel.

[0055] In still yet another configuration of this aspect of the invention, the

it

apparatus further comprises a baffle above the second inlet.

[0056] | In yet another aspect, the present invention relates to a steam cracked
tar composition which contains less than about 20 wi% asphaltenes, typically less
than about 10 wi% asphaltenes, €.g., less than about 8 wi% asphaltenes as
measured by ASTM D3279 and less than about 0.5 wi% toluene insolubles,
typically less than about 0.2 wit% toluene insolubles, e.g., less than about 0.1 wi%
toluene insolubles as measured by ASTM D893,



effluent to a tenperature at which tar, farnmed during pyrolysis, condenses;
(c) a vessel for separating condensed tar fromthe gaseous pyrolysis

ef fl uent, thavomezmwsios having a first inlet through whi cltTiuseegesmsous
pyrolysis effluent and condensed tar enter, a second inlet |ower than the
frrst inlet, and an outlet through whigh the condensed tar can exit the
vessel ; and (d) a neans for cooling the& condensed tar and recycling a
portion of the condensed tar to the second inlet of the vessel. [0050] In
one configuration of this aspect of the inventjion, the at |east, one neans
for cooling i M0%7kep Mmyneconisratian ofthisaspeet of/thy inyration the comppsilitlds . [ 0051] In
anot her confi guaabi ARkGtedddlie aspect of the invention, the vessel (c) is a
fractionation columm. [0052] In yet another configuration of this aspect of
t he inventi on 0058k v&s smpthey ccpnﬁ&mﬁmpr@frrém gspegt t ploler dpvenfi@osBy | n still
anot her confi |l .(c) is a
tar knock- outgr nétﬁﬁd%)@ﬂegﬁg%ﬁ%l I Rbt ﬁe%}ﬁﬁﬁggt?%%gtﬁ?\éﬁ&ﬁg this aspect
of the invent ireid ortveeumgesidfudlsi nl et is at a tevel below a |iquid-vapor
interface wthj he.vessel . i,n st a n ration of
this aspect olfjbqgﬁfe ir%&ﬁflg%or?,w; %gééuratmn Dil hus Ethét}(r)EhE rv%%rr%’rlg’ges a baffle
above the secmnﬂpdsﬁﬂoaﬁrt}{eﬂ&ﬁ@]nsésm mmdstaﬁnstetaeﬁed amnehet groumeanﬂsmgeﬁt i nvention

relates to a stea cra 0 n nt ain ess .t han about
20 w56 asphal (e kS DfEs apdrR of SERRRk At O So R B R, 0. 5

| ess than abowhcﬁnwbﬁ’dmphal tenes as neasured by ASTM D3279 and Iess t han
about 0.5 wt % toluene insolubles, typically |Iess than about® 0.2 wt%toluene
insolubles, e.g., less than about 0.1 wt% toluene insolubles. as neasured by
ASTM D893. VDMF/MTTGNIOMHE@ME -12 [0057] In One configuration

of tﬁls aspect |nv ntio t he_conposi ti a ca bon ack
f eedst ock. dg@'pl é?aégﬁfuf‘ P%‘f"lr%?’ f)fa“n%e 9 ﬁ'@ i nventi on,

t he CﬁnpOSI tIp@é&eﬂt&nv@nﬁﬂn&ﬂ@bﬂﬂgﬂie%ﬁi%oﬁﬁfﬂﬁdﬂﬁﬁ‘émﬂ%sﬂaamc?achhgﬂﬂigﬁ st ock for
at nospheri c

oil feed to provide high value steam cracked tar while maintaining quench balance

of the steam cracking process.

DETATLED DESCRIPTION OF THE EMBODIMENTS

f0061]  The present invention provides an efficient way of treating the gaseous

lower olefin-containing effluent stream from a hydrocarbon pyrolysis reactor so as
to remove and recover heat from the stream while providing high value stéam
cracked tar product and maintaining quench balance. )

[0062] Typically, the effluent nsed in the method of the invention is produced
by pyrolysis of a hydrocarbon feed boiling in a temperature range; say, from about
104° to about 1022°F (40° to 55.0°C), such as light naphtha or gas oil. Lighter
feeds may a136 be used, but given their reduced tar make in steam cracking. are
less advantageously utilized by the present invention. Preferably, the effluent used
in the method of the invention is produced by pyrolysis of a hydrocarbon feed
boiling in a temperature range from above about 356°F (180°C), such as feeds
heavier than naphtha. Such feeds include those boiling in the range from about
200° to about 1000°F (93° to 538°C), say, from about 400° to about 950°F (204°

to 510°C). Typical heavier than naphtha feeds can include heavy condensates, gas



" resid or vacuumresid fuefé.wi665gfwrﬁ%§éf anot her configuration of this
aspect of the invention, the conposition further conprises a bl endstock

selected fr t up consisting of cat cracker bot oil,
SR bl

st eam cr acke at nospheric residuum and vacuu BRI EF
DESCRI PTI ON OF THE DRAW NG 100601 Figure 1 is a schematic flow di agram of a
met hod according, to the present invaation of treating the gaseous effl uent
fromthe steamcracking of a gas oil feed to provide high val ue steam
cracked tar while maintaining. quench bal ance of the steam cracking

process. DETAbilsEREESCRYyHbLEM a6, chhindaid Gl dYihE, Snd/6P&dde o eachsms ent
i nvention provides an etficient way of treating t@gﬁqgaseous | ower
ol ef i n- cont ai AENGIEEE PrYEH pilss T ReiampératEnsof the gareai i Hyheuieifon eact or so as

Lo remove andufgGaNe: ast s bR Hensh GATA dbubial dingenighe val ue st eam

cracked tar pro and mai ntal ni ng quenhch bal ance. [0062] Typically, the
ef f | uent usedto 27°Ee amke theowvertion peovidey enmétbod bf cpolinguibe éffluent foya ol ysi s of a

hydr ocarbon feed boiling.n.a te afure.range; say, fr about 104 to
about 1022F (%@’pFrS“‘BeSﬁC%mlé&?:ehéeég‘%le{:ﬁh‘t oﬁglb"‘n?aﬁgbeo?" %ss%ilo'%?ﬁmﬁxg hter feeds
Imay al 30 be Ug@ﬁrallljblléssg?ate&bohgeirﬁr(ﬂiﬁmcgcfoi afanipieK Gesé Iﬂxaﬁ}:)&ax:ciﬂ wgttki nghare
ess advant ag y utilize t t inpventjion. Prefe y, the

ef f| uent used?%?@ ls'i‘i’g BIEH %/b‘*%i‘;q%ng@ﬁ& a'ﬁp p’glcﬂiyogﬁ‘@é’(}i’mﬁﬁsg% olysis of a
hydr ocar bon f gkt 1900F (ong JorCRp tenperature range from above about 356F
(180C), such as feeds heavier than naphtha. Such feeds inc|lude those

boi ling in t h&063hgeltrpaghifuiandht Pressobiny itigh gt be BtiEed ignmefosswlie  say, from

about 400 to ahassePpREing 2 et . at Y41 aﬁé'gﬂ@%@mfehﬁﬁe Rawpht ha feeds
can include heavy condensates, gas 2007/ 008403 PCT]I US20061024989 -13

oi | s{ ker osi n&Echanger sty i eapatic of serausiagthed rem fhe cHiucat dosgioor crude oi |

fractions,  eifperahBUGEE BAHESs Hdistent. TACndRID Wi bkt SxBHfanbdd @) 8§ EOUS
effluent at the outlet from the pyrolysis reactor is normally in the range
of from about Paingiyally cleppgi-by 7g@m decoking, steam/air decoking, or mechanical

cleaning. Conventional indirect heat exchangers, such as tube-in-tube exchangers
or shell and tube exchangers, may be used in this service. In one embodiment, the
primary heat exché.nger cools the process stream to a temperature between about
644° and 1202°F (340° and about 650°C), such as about 1100°F (593°C), using
water as the cooling medium and generating super high pressure stearm. _

[0064])  On leaving the primary heat exchanger, the cooled gaseous effluent is
still at a temperature above the hydrocarbon dew pbint (the temperature at which
the first drop of liquid condénses) of the effluent. For a typical heavy feed under
cracking conditions, the hydrocarbon dew point of the effluent stream ranges from
about 700° to about 1200°F (371° to 649°C), say, from about 900° to about
1100°F (482" to 593°C). Above the hydrocarbon dew point, the fouling tendency

is relatively low, i.c., vapor phase fouling is generally not severe, and there is no

N

liquid present that could cause fouling. Tar liquid is knocked out from such heavy
feeds at a temperature ranging from about 400° to about 650°F (204° to 343°C),
say, from about 450° to about 600°F (232° to 316°C).

[0065]  Conveniently, a secondary transfer line heat exchanger also can be
provided and is operated such that it includes a heat exchange surface cool enough

to condense part of the effluent and generate a liquid hydrocarbon filin at the heat



to 9270 afd™ tHe I nvent i on“1 provi des a method of cooling the effluent to. a
tenperature at which the desired C2-C4 ol efins can be conpressed
efficiently, eneral ly | ess than about 212F (100C), for exanple |ess than
about 167F F‘f%@‘)’”““séﬂr"ch as | ess than about 140F (60C) éfﬁE’U?%?gﬂP Rty from
about 68 to about 122F (20 to 50C). [0063] In particular, the present
invention can be utilized in a nethodiahich conprises-passing the effl uent
through at least one primary transfer |ine heat exchanger, which is capable
of recovering heat fromthe effluent dowmn to a tenperature where fouling is

nci pi ent . ASeiggedurkbi Puellfal MHCAAAO GRS shBfulAdh &Rk | el aned by

st eam decoki n steant air decoki ng, or nechanical  cleaning. Conventional
i ndi rect heat @Rd:lﬁémg%P@feerchﬁ qudelopbibe itomperatae ekehighdaris prasincedhel | and tube

exchangers, m S fl primry
heat exchanggg%i?g@f g_ﬁ%ébﬁggoe%g&gggg‘:@?q bqo 9{?%5?%%@%%@#\%2& about 644
aﬂd 120|2F (34(313&?15@ 'ﬂﬁgu&i elﬁﬁﬁﬂ:)b,)f]ﬁblﬁﬁcﬁﬁicﬁbﬁdﬁohﬁ@@ﬁbﬁlﬁﬁﬁ@bﬂhﬁ%eﬂg ]Water as
t he cooling Lum.an eneratl super sure _ste 0064 On

| eavi ng the pfY S@%e"ﬁ%s&t eRER ce W%'B%‘F%ﬁ‘sg’i §hel’f“ﬁ? Sis still at
a tenperatur est%@ﬁv&d&ﬁéqilﬂxyﬂ{e@%ﬂ&ﬁpﬁb gewigaicaity(bhe tepRaueitienat which the
first drop of | jquid condenses) of the effluent. For a typical_ heavy feed

under cracki hﬂkég??&} {fhs fim f’ﬁ%‘“ﬁb’dk"@@a’ﬁhﬁé‘ﬁatcféwaﬁ%ﬁ frefags wetied with | uent stream

ranges from Z@e@ aEQ.h@IEQlﬂtstﬂeﬁﬁqg 06@12& this Q&Q}ng $oMing| @A fbout 900 to
about 1100F (482 to 3C) . Above hydrocar bon dew point, the fouling

tendency is F@pmaméqry"w%w transfgr 1m¢/ap¢s@han$ﬂﬁawtfceall e Piogesg efeam| | y not .
severe, and t udu§l Q@thelténgféfaqlr@ %ﬁﬁ&tmﬁbﬁ&dﬁ&ﬂlxﬁﬂﬁ%&ﬁg@é{bﬁé)egrOTar l'i qui d

i s knoeked out s at a tenperature rangi m about
400 to about B@'grle ﬂ@agmnﬁ; @uamﬁlkelwasvccmfbqgmsaﬁvsmocnmtr@m HowdestibOOF (232 to

316Ci. [0065] I ,ﬁgsp glﬁﬁ%ﬁ’ 1 nger al so
can be provi ng{]gﬁg&lﬁ% 5pgé$l§t %&c ngfgls ulern\(e:){ch%% eat exchange
surface cool sntablgtﬁorusmtbh@eh@%d&adﬂswha&mhthﬂl uent and gener ate aliquid

hydr ocar bon gyt £Ng) Ak YO0 KA HOR: BT HFRIP IR 4B Gears 14

cracker furnace is subjected to direct quench, at a point typically between the

furnace ouflet and the separation vessel (primary fractionator or tar knock-out
drum). The quench is effected by contacting the effluent with a liquid quench
stream, in lien of, or in addition to the treatment with transfer line exchangers.
Where employed in conjunction with at least one fransfer line exchanger, the
quench liquid is preferably introduced at a point downstream of the transfer line
exchanger(s). Suitable quench liquids include liquid quench oil, such as those
'~ obtained by a downstream quench oil knock-out drum, pyrolysis fuel oil and water,

which can be obtained from various suitable sources, e.g., condensed dilution

P
1

steam.

[0067} | After passage throngh the direct quench and/or transfer line heat
exchanger(s), the cooled effluent is fed io the separation vessel (a primary
fractionator or at least one tar knock-oui drum), wherein the condensed tar is
separated from the effluent stream. If desired, muitiple knock-out drums may be
connected in parallel such that individual drums can be taken out of service and

cleaned while the plant is operating. The tar removed at this stage of the process



exchange surface. The liquid filmin one enbodinent is generated in situ.
The liquid filmis preferably at or below the tenperature at which tar is
produced, . W(ptoeHlob#3 at about 374F to about 599F (190C@GIASINEO@PIYsuch as at
about 232C (450F). This is ensured by proper choice of cooling medi um and
exchanger design. Because the main r*elgi_stance to heat transfer is between
the bulk process streamand the film™the filmcan be at a significantly

| ower tenperature than the bulk stream The filmeffectively keeps the heat
exchange surface wetted with fluid material as the bul strg&m i s cool ed,

thus prevent i spigeByhassy mitg) bojling pogk smgng fipuy Hput QR to pbqut GHSF EA7T | ne
-exchanger nmnus g@@é I inuously to the tenperature at
which tar is t[t)?o uc)ééj.a?cfﬂ&?tﬁgﬁiago ti3gg%}%&sa?%pped before this point, fouling
is likely to ¢is8) babagsacietfirprceo eBentsiteangthapuimdrysfractidnatdoer tan t he foul i ng
regime. This secondar, ransfer |ine..exchanger is parficul arl sui.table for
use with Ii ghﬁm?ﬁ(ﬁ&ﬂ}?ﬁx‘?&%g&uh&fc% aggfﬁﬁ%'ﬂx El’g' teTB%ESe’ méh' %Ia%{%llt nat e

enmbodi nent, t Be5GIIROTHoehbbhtetF (B163TY,tsheh St arbut 308E kesgedymange 1S

subjected to direct quench, at a point typically between the furnace outlet
and the separ ttisensraless¥y¥dly.(primary fractionator or tar knock-out drun). The

quench is ef T qaieorl bys GORARS fith btep@icht 4RGN b 18 aboiUiodw@eich  StT eam

inlieu of, or in addition to the treatment with transfer 1ine exchangers.
Wher e enpl oy edsphaltenenin strem; coaskaritar isambe prevepted Srom forming by Ausnriies rchanger, the

auench | 10Ul d d:y B BEANY LAREAUVERE &F A0l ARNASIGaaTughe (e (T anst er

|l ine exchanger(s). abl e quench liquld | ude quench oil, such
as those obt @uhduuhylcduedomssitblesa (il vemerth ioialso letenificawlyt redwoadn Syshr ol ysi s f uel

oi | and water, Aj.C 0 P ri ' I yurces, e.g.,
condénsed' di | J‘ta{%u\clﬁdn gbtcg%%epa?ﬁeog%‘?hlgg%é&g%g%éggdﬁi?‘%ﬁ%ﬁﬂ%h%d?ﬁﬁéct guench
and/ or . tr ansfsteam|ciavkerhigatre madedh thegem(asy fradtihsaterdylresttied fdmpemntsis fed to t he

separation vesse RL.I. Ar. fractio r_.or. at. | east. one nock- out
drum, wherei Eﬁet hag'( g%r‘f&%eﬁ Oé'ég f%lfien%gﬁonpspgiﬁg?egggeh&nft? ofﬁﬁ?‘% ?%Jggef?%ﬁée%% stream |f
desired, nultiveight komekindsU$uct kendBnsaton/fodymaanivadd edcved topbe afuhedonsuch t hat

v el 0 S ARSI Hhe 8RR I BRI e a1

quenching, tar exiting a steam cracking furnace can typically contain from about 4

to about 11 wt% asphaltenes, while tar product taken from the primary
fractionator can contain from about 21 to about 30 wi% asphaltenes. Likewise, TI
can increase from about 0.02 wt% at the furnace outlet to about 0.13 wt% i tar
product from a separation vessel where no tar quenching occurs.
[0070] Quenching of the tar within the separation vessel in accordance with
the invention can be accomplished by pumping a stream of tar taken from the
bottom of the separation vessel through a tar cooler and recycling it to the
- separation vessel, e.g. the primary fractionator or tar knock-out drum. A portion of
the tar product taken from a point downstream of the tar cooler is recycled. In the
example, sufficient material is recycled to reduce the temperature from about 540°
to about 300°F (282° to 149°C). The rate of asphaltene and TI formation is greatly
reduced at this temperature,
[0071] The tar cooler can be any suitable heat exchanger means, e.g., a shell- -
and-tube exchanger, spiral wound exchanger, airfin, or double-pipe exchanger.

Sujtable heat exchanger media for tar coolers include, cooling water, quench



WD 2007( 008403 PCT/ US2006/ 024989 - 15 typically has an initial boiling point
ranging from about 300 to about 600F (149 to 316C), typically, at |east

about 392F (295 0[;‘{3 681 The quenched furnace effl uent he primary
fractionator or ta? Enock out drum(s) should be at a s(ﬁﬂsgtl{ogn s% | ow

tenperature, typically at about 375F (191C) to about 600F (316C), such as
at about 550F (288C), that the tar separates rapidly. 100691 In accordance
with the present invention, up to about 70 wt % of asphaltenes in steam
cracker tar can be prevented fromform ng by quenching the tar in the

bottom of a sgpar ad 8P 68RBEDS sih Shed BELAPHYNt! dodkdg RNBEOEndOwatert ar knock-
out drum Tol uene insolubles (TI) content is al so signi f1cantl y reduced.

Such reduct i Sindctayes: Hopistskeah exshapge rnedim el emperaiges der tdatasphal t enes
and Ty in St&%i&?in@&ﬁ@fh &kt 186°%0 E%‘El?zg%éa‘%etooleﬁ%eﬁf bR ggor by

reactive conponents-in e raw tar 0i ng €o Sati on/ pol ymeri zation
to form hi gheto ahmltéaQﬂFdB'?° to0436). Tywiced bent excha@a oiedisormidederiesatisgrol yner i zat i on

5 el Teved | B B & LURCLE 8RR IRLULE 998 diOLUAc) e sl ¢ he tar

within the separation vess uenc ar exi st.eam
cracking fur natcoat mn d g&mutz(]{)l’lil(tl@bmt%i“@) Trh@haaabrmhangémeﬂmn:aﬂalmut&oﬂnl wt %

asphal t enes, tar o) taken.fr the ti onator can
contain from tﬁ?bte gﬂ %‘eﬁlﬁgw éﬁeé’?“[%f%e\%tcg%e can

i ncrease fronqﬁnduﬁaw@:&%awfgot@terthe fur nace outlet to about O. 13 W% in tar
product from pargtion v t nchi ng. occur,s. (00701
Quenchi ng of f[wzﬁt are Sﬁrﬂﬁﬁﬁgaféagﬁ%f‘%?‘&? 38‘%‘g’zglesﬁpaéaglé‘gl”?féﬂﬁénmth t he
anent i OP Cﬁnb@@n&BMrﬂglmﬁsddeiﬂmilﬂyf aﬁigﬁ’pbl&ﬁi s@ooﬁ,ttmﬁas[nyal Hdddairgwh@leaﬂ lof romthe ]
ottomof the_separatiqQn vesse ro ol er and r cling it to the
sepa(atlon veg"SéF“mPe“Eij tf)ﬁgﬁg}ﬂﬁ{%ﬁ@ﬁﬁp’:?g@%f%ﬁgt g?’dbrsmf]%?r Rlﬁ‘f?cée%t drum A
portion of t&acﬁeargapBﬁd&@nh{eedﬁ%hfoﬁl%ua;ap@cm mﬂ&ym&& Babtized Be tar cool er
is recycled. In the exanple ufficient materi is recycled to reduce the

tenperature fViSisEhaLE tapSratt ORHAR (%d@mf(lz%zh%abfwgtjm PHESIEE o of
asphal t ene ang.sh! tyhiRkiAbds @ S SRALSE X. 2., 1@EHES thoat 100hise t enper at.ure.

[0073]  The tar liquid recycle stream is introduced to the separation vesse in a
way that minimizes contacting with the vapor in the separation vessel. If the
recycle stream were simply sprayed into the vapor space, it wounld tend to heat up
as a result of mixing with the large quantity of hot vapor present and would also
absorb light components from the vapor, which is not desired. Instead, the recycle
should be introduced near or preferably just beléw the liquid-vapor interface in the
bottom of the vessel. This ensures that the tar is cooled to the desired temperature
' and minimizes the absorption of light components in the tar. An optional baffle
. placed shove the vapor-liquid interface reduces contact of the recycle with hot
(., Vapor. -
' {0074]  The gaseous overhead of the separation vessel is directed to a recovery
train for recovering C; to Cy cieﬁns inter alia.
[0075]  The invention will now be more particuiarly described with reference
to the examples shown in the accomipanying drawings.
[0076]  Referring to FIG. 1, in the method of an example of the invention, a
quenched firnace effluent 100 from a steam cracking reactor which has been

quenched to a temperature ranging from about 450° to about 580°F (232° to



[007I] THE T&r €60 ér “¢an be any "suitabl e heat exchanger means, e.g., a
shel | - and-tube exchanger, spiral wound exchanger, airfin, or doubl e-pipe
exchanger. Suitabl e heat exchanger nedia for tar cool ers include, cooling
wat er, quen®P RH/B¥%/ 008403 PCT/ US2006/ 024989 - 16 wECEUSHAH248?  Sour ces
of such nedia include plant cooling towers, and water quench towers.

Typi cal heat exchange nediuminlet temperatures for the tar cooler range
from about 1000 to about 250F (38 to 121C), e.g., from about- 80 to about
220F (27 to 104C). Typical heat exchange nmedium outl et tenperatures for the

tar cooler r f ! B . , from about
120 to about %g%& ISE %QFB rtasg%{éc%?o%'ﬁ% %@gﬁgﬁgﬁ%%%%&%gfﬁﬁm%%ﬁ%%&rom t he
outl et can bqualechndmses. Beanixad) liqred ndwaporeffitehior passediatost astoye | ed to t he

~water quench_towe [ cOQhi ower. Q7 I S| f the tar taken
from the bot tpa-%%a’fﬂ%"ﬁ%m%égéér Ec{gia#%“vélé’s%fagg‘ﬁ%"%l%ﬁéfd‘i’g’ﬁtai%ﬁ %B‘i‘xgtﬁgt he addition
of a |ight blimod tatiacton 19 penaatd ys betidad fidovvest Tiaamdaf gasdohefrptiop used to
circulate the st.eam cracker tar. Such ks i nclude. st ‘ cked gas oil,
i stilhate qGRRURLE PR ancaien ey Tt GG ape Teitaring SPRREdBy  vi scosi ty
at a tlelrrpelratislroeaﬁeafsﬁ@ﬁ@ﬁb béx%&EéSOO 'b(gft llﬁﬁaﬁdﬂhlaﬁrn@ibﬁiqﬁdlevgﬂﬁ'mﬂ&mld"ﬁlbsoke[soog g]St )T,h
typically less.than about cSt, e.,g.,. less than about c St . e
Lar 1iquid r ddPCPTeeRes dice yapoighid Sirkie i eeifa?ra?%wswgyi% ina way
that i ni M zeme 0RAGEE 1100 Shatdikbd! WEhiM AR kepaftibl QeSAPRSAL #Nanegsel . | f the
recycle streamwere sinply sprayed into the vapor ss)ace, _|-t6(¥\/0_uld tend to
heat up as ACTRSEHHTE ol 30D R LN T arsfaken frogethg hopy d 43 grdgfiretted Vigapor present

and woul d al 38 180RAEPuldpAAE 2LOMBRBE e 15O EPEIRDSY throbph GRichS not
desired. Instead, the'recycle should be introduced near ‘ofpreferably just

bel fw the | i qGrtcExciapes mediie i added vig tangoolep Beat grshanse pedivpe &l 160 Thi s ensures
t

that. the tar zhg GiaRked 4i9 thEooie Sihaf dxdnsilRehadikth SourleN P Withggs the
absorption of |ight conponents Iin the tar. tional baffle: placed above

An o
the vapor - | | qufiaseRNndect epapaarecontisl BT GRS Sdykebowhaichot  vapor.
[0074] The 0358R oMePIAGRARL of Bt IRGFAUERY). Y556 Blend Stotl hEGTET 10 2

recovery

added for viscosity control via line 147 upstream of the tar cooler 155. The tar
cooler 155 typically reduces tar temperature by at least about 20°F (11°0), eég., at
least about 50°F (28°C). At least a portion of the tar effluent from the tar cooler
155 cooled to about 120°F (49°C) 1s directed via line 170 to the boot 115 at a lével
at or just below the liquid-vapor interface in the bottom of the primary fractionator |
105. Cooled tar can be removed via line 175. ‘ X
T[0077]  The invention typically reduces the asphaltene level in tar leaving the
primary fractionator by about two-thirds. In those instances where the
concentration of asphaltenes in furnace cffluent tar is about 4 wi%, after
. quenching of the fumacer effluent to 540°F (282°C) and tramsport to the primary
fractiopator for 10 seconds, the asphaltene content would increase to about 6.3
wi%. If this tar remains for 12 minutes at 540°F (282°C) in the bottom of the
primary fractionafor, the agphaliene level typically increases to about 23.2 wi% in
the tar product. In an embodiment of the present invention, wherein tar in the
separation vessel is cooled to about 300°F (149°C) and held for 12 minutes, the
asphaltene level in the tar product would only be about 7.2 wi%. In one
enibodiment, cooling the tar product to less than about 200°F (93°C), e.g., less



train for recovering C2 to C4 olefins, inter alia. [0075] The invention will
now be more particularly described with reference to the exanples shown in
t he acconpan g drawi ngs. [0076] Referring to FIG 1, in the nethod of an
exanpl e of Wﬁ 07%4Rti on, a quenched furnace ef fl uenPCYBHYSPHUM st eam
cracking reactor which has been guenched to a tenperature ranging from
about 450 to about 580F (232 to WO 2(7/008403 PCT/ (TS2006/ 024989 -17 304QC)
is at or slightly below the tenperature at which the tar of satisfactory
qual ity condenses. The m xed liquid and vapor effluent is passed into at

| east one Rl B 1502 (40P AP LIOF @IeCyiia Rl Yurier hakiaock- out drum)

and is separated i1nto a tar fraction 110 rénoved as bottons from boot 115

and a gaseousowthadwing dongciste sforgag I pathes popadimenlk dhe W rsvABthiEad 120 for
further pr O(‘fﬁé‘l'ﬁlicpg‘lth ;A‘%x@r]alglgﬂd% Jlg%c%ddﬁgol%ﬁ? g&r@gm%c_l td r&&tl FacRBOMRokLIe DOOt 115

(and the norma Iqu eve to prevent or reduce
vapor - |.i qui diusichi ailgstednt briacked lges csbpamcaphaun resekigm) mlﬂO&cuunirteeldmmut ons 110

mai nt ai ned a efi ﬂ}o erat.ure of
about 300F ( I%gm su% a{engl ?églrlﬁ eté%%%n e%% a_ line 140 to
tar punp 14Stasg: ahdhhmﬂhxg\byahlhmmhel&@halmaIaecumomlmtha]:&Bdetdhtreungh whi ch heat

exchange rre\%qu@i s .added Vt a tz%él cool er at_. cpﬂag\ge diumii let:160 (-
and withdra .t PSS VRER I SRR RSy T 1VEt" PBB™ i t h heat
exchange nediastiviai: ysitenBesiafity distilaiapayth &Gkﬁolo'g?.ow,ithahﬂ tf,"}&aéf exchange

medi um out | et t enper at ur e, o about . 110F 43C Li ht. I tock may be
added for V|I§E%%Yngﬁ°t@%?frmpemeaﬂ%thén&'a Hb%‘%e}agﬁ?]rgﬁtfm $ 250l er* 155. no
tar cooler cbéﬁngﬂieltsﬁ@bésmof E@lﬂd(‘aeeﬁg:ﬁﬁdanltﬁﬂiﬁﬁr@tdﬂé@ylaﬁﬁc&hcﬂ ®a@hseabout 20F

(110, e.g., st ut 50F (280C). | e portio of the tar
ef ftuent fro‘H?SltﬂEthFE\maé gt SPSE‘S‘TE‘BB‘?I@%I“% %@PE?E'GP“’I?‘H’B &etiss directed via

line 170 to ddpesibaat byl cﬁrtﬂaeamk/aitﬁh TRd mQéntbﬂ%En Bied @YW/ ubddein! sl d- vapor
interface in the bottomof the primary fractionator 105. Cooled tar can be

removed via FAGKE Proassses fé}@t?lﬂxzeﬂf@ ImAcePit ABYR TSk e58 PRReE faetigRatethe asphal t ene

| evel in targt %é[ﬁdgqueﬁt%d %ﬁ@rexﬂﬁehﬁq{dv@:%}l e PAVYerB Wonld\Botth rds. I n those
|nstances where t

parucularly suitable for use with primary fractionators that employ bottoms-
quench technology because a bottoms quench primary fractionator uses a far
pumparound to recover a significant quantity of heat from the firnace effluent.
Inasmuch as efficient recovery of this heat requires that the tar be kept at elevated
temperature for quite a long time, cooling the tar in the bottoms of such a primaré;
fractionator in accordance with the presentl invention would likely incur a
significant debit for reduced heat Tecovery.
[0079] While the invention has been described in connection with certain
preferred embodiments so that aspects thereof may be more fully understood and
. appreciated, it is not intended to limit the invention to these particular
embodiments. On the contrary, it is intended to cover all altematives,
modifications and equivalents as may be included within the scope of the

invention as defined by the appended claims.



. concentration of asphaltenes in furnace effluent tar is about 4 wt% after
quenching of the furnace effluent to 540F (282C) and transport to the
primary fractionator for 10 seconds, the asphaltene content woul d increase
to about 6.3 W% If this tar remains for 12 m nutes at 540F (282C) in the
bottomof the primary fractionator, the asphaltene |evel typically

i ncreases to about 23.2 w%in the tar product. In an enbodi nent of the
present invention, wherein tar in the ggparation vessel is cooled to about
300F (149C) and held for 12 mnutes; the” asphaltene level in the tar
product would only be about 7.2 wt% In one enbodinent, cooling the tar
product to |ess than about 200F (93C), e.g., less WO 2007/008403

PCT/ US2006/CRAIMES - 18 than about 150F (66C), say about 120F (49C) mtigates
further asphaltene growh during long termstorage. |In another enbodi nent,
the tar product is blended wth other blendstock, including but not Iimted

to cat cracker hohlefH8 for tHARRE Qas%{n!t&efﬁﬁe%@ﬂbﬁraqﬁjﬂ%aﬂﬁﬁ pHdlysiSSrORIPREAL ! C

t
resi duum and vacuum resi duum ending with such materi als reduces the
further formati dhe ofthad piraptisngs during storage and handling by diluting

t he asphaltene precursots in.the bl ended stream 007, Th resent
nvent o 1 s espler APy PR S RO RE S PRI O SAACSP SFiPens
enpl oyi ng distill at eceddringhin £CBNL A YrimWE Redk Rk Shah¥@Ea®f furlblel RAY least
fractionator, inplenmenting the invention is relatively straightforward and
cooling the tar does onotedvaderydes| ¢rehdngennt by dyet iquenchewish gyliquid seddctedcy
because nost of the e |.S coverqd i.n istillate
punparound that is E{)O?J g%ﬁgdctﬁgl%‘{cgy&ﬁfsgﬁﬁiys{shg{efno\?lén Fon. tsfA‘%i’hgt ?er?\g/tefl i'on can

al so be used in steanmpdaakeit Whidaes $@fmell bgthdiyrblyzie pfockRf cdtdensls Bl dr um
inlieu of a primary fractionator,  for treating quenched furnace effluent.

However, the inventi 8¢ HAEHFH tharovide a paially comdspsegl edilyentinl e for use with
primary fractio or 3 f'd'ﬁ)aln‘? because a

bott ons quench g?? na?’?gspfgtasgtl ona%ig%gggée}l@ef?g?ﬂ%# g}r}@giﬁgg%ég’recover a

si gni fi cant quart) t y rahotiegtorfdensed tdrdrdwtheae@mraiohlvasel;. | nasnuch as
efficient recovery of this heat requires that the tar be kept at elevated
tenperature for (d%i t §°9lI}E1R qqnﬁg}segg%mnﬂg the tar in the bottons of such a

primary (e)  recycling at least a portion of said cooled tar to said separation vessel at or

below the level at which said partially condensed effluent enters said
separation vessel,
wherein said cooled tar is introduced to said separation vessel at a

temperature below the temperature of the effluent entering said separation

vessel.
2. The method of claim 1 wherein said separation vessel is a fractionation column.
3. The method of claim 2 wherein said cooled tar is introduced in a boot section of

said fractionation column.

4, The method of claim 1 wherein said separation vessel is a tar knockout drum.

5. The method of claim 1 wherein said temperature of said partially condensed
effluent is no greater than about 650°F (343°C).



fracti onator T HdcEordance Wit h"the present invention would likely incur a
significant debit for reduced beat recovery. [0079] Wile the invention has
been described in connection with certain preferred enbodi nents so that
aspects thereof nmay be nore fully understood and ~- appreciated, it is not
intended to limt the invention to these particul ar enbodi nents. On the
contrary, it is intended to cover all alternatives, nodifications and
equi val ents as may be included within_the scope of the invention as defined
by the appended clains. 19- CLAI M5 1.-2R-net hod for treati ng gaseous effluent
froma hydrocarbon pyrolysis process unit, the nethod conprising: (a)

cool ing said gaseous effluent consisting essentially of gas from steam

cracking, i n athd @asbd eNGail 1 %éﬁéid\s@ﬁtteﬁF&aﬁw@ﬁmim&iﬁyrcbh@gnsed n at |east
one secondary heat exchanger or by direct quench with a liquid selected

fromliquid queffleintdiom (apyanges/ors abe400] to abewtd S0t €04° wt34B38Gkt to a
tenperature at which tar; fornmed by the pyrolysis process; condenses from
the effluent to provide a partially condensed effluent; (b) passing said

parti al | y7condens@enhed bf 418 1 WBeRiSRRPERAbs@RrY 85 R partidl§)cohdBd Ng condensed
tar fromthe separation vessel; (d) cooling said condensed tar; and (e)

recycling at |efuentdropofa) ramgesofrormabaitdfo] ecboab00 QaRYtosHPEC AL i on vessel at
or below the |evel at which said partially condensed effluent enters said
separation vessel, wherein said cooled tar is introduced to said separation

vessel atga tERPRERLYLECIRNR PWhERE da 6k Wikl is bRRedd b uanpblyaaberi ng said
separation vessel. 2. The nethod of claim 1l wherein said separation vessel

is a fracti onathowybgdweesrborBfeedhe net hod of claim 2 wherein said cool ed tar
is introduced in a boot section of said fractionation col umm.

9. The method of claim 1 wherein said gaseous effluent is produced by pyrolysis of
a feed selected from at least one of naphtha, gas oil, kerosine, hydrocrackate,

crude oil residua, and crude oil.

10.  The method of claim 1 wherein said cooled tar is introduced to said separation
vessel at a temperature at least about 100°F (56°C) below the temperature of the

effluent entering the separation vessel.

11.  The method of claim 1 wherein said cooled tar is introduced to said separation
vessel at a temperature at least about 200°F (111°C) below the temperature of the

effluent entering said separation vessel.

12. The method of claim 1 wherein said cooled tar is introduced to said separation
vessel at a temperature at least about 240°F (115°C) below the temperature of the

effluent entering said separation vessel.

13.  The method of claim 1 wherein said cooled tar is introduced to said separation
vessel so as to provide an average temperature for tar within said separation

vessel of less than about 350°F (177°C).



4. The nmethod of claim 1l wherein said separation vessel is a tar knockout
drum 5. The nethod of claiml wherein said tenperature of said partially
condensed effluent is no greater than about 650F (343C). -20- 6. The nethod
of claim1l wherein said tenperature of said partially condensed effl uent
from (a) ranges from about 400 to about 650F (204 to 343C). 7. The nethod of
claim1 wherein said tenperature of sai d partially condensed effluent from
(a) ranges from about 450 to about 600F2{232 to 316C). 8. The nethod of
claiml wherein said gaseous effluent is produced by pyrolysis of a heavy
hydrocarbon feed. 9. The nethod of claiml| wherein said gaseous effluent is

produced by pyr ahsicndlor fihasghaghealehoiLd AN ARrhERSL A Shydagnt ha, oas

oil, kerosine rocrac ate crude ol |l residua cru 10. The
net hod of cl ai mv:essntmrmltmpmidﬂ: anautrege teaiperagire fdrrtardu&mdset@sqmaﬁosepar ation

vessel at a tenpera ast, about 10Q00F (56C) bel ow the tenperature of
the effluent erYF%“F\t‘Pfaescsa]éa"sﬂgﬁﬁfr%lolgﬁl el. 11. The nethod of claim1l

wherein said cooled tar is introduced to said separation vessel at a
tenperature at | east about 200F (111 C) below the tenperature of the
ef fl uent enltSeri r‘@esm’thbcmfmbaimtli \m}nerwiassiélcoolﬁ&taril'sﬁatmchicbabd) wfd pantiod wher ei n

said cool ed tar llntroduced to said separation vesn? t a tenperature at
| east about 240Ii’°fsf K3 19 Boyife i vetaapE F‘iﬁ‘F‘Eeg’Ft"frH’é‘ Y SRtRtignt er i ng said

separati on vessglgselldrlestiBan®bloshs0f FBIS%)m 1 wherein said cooled tar is

introduced to said separation vessel so ‘as to provide an average
tenperature for tar wwthin said separation vessel of |ess than about 350F

(1770 . -2 14. . The claiml erein s |d cooled tar is, introduced
to said sepdratidh el gtiig yhergn 1 e o PrageviRifse aREionor tar

wi thin said SepafeﬁrelB@akeﬁ%§§€$ot%ﬁ'alﬁ%@tﬁ)ntaﬁ@l{‘ccﬁﬁﬁh't 300F (149C). 15. The
nmet hod of claim 1 wherein said cooled tar is introduced to said separation

17.  The method of claim 1 where the tar produced in (d) is cooled to less than about

200°F (93°C).

18.  The method of claim 1 wherein said recycled tar comprises at least about 10 wt%

of the tar removed from said separation vessel.

19.  The method of claim 1 wherein said recycled tar comprises at least about 50 wt%

of the tar removed from said separation vessel.

20,  The method of claim 1 wherein said recycled tar comprises at least about 80 wt%

of the tar removed from said separation vessel.

21.  The method of claim 1 wherein said tar removed from said separation vessel

contains less than about 20 wt% asphaltenes as measured by ASTM D3279,

22.  The method of claim 1 wherein said tar removed from said separation vessel

contains less than about 10 wt% asphaltenes as measured by ASTM D3279.



vessel so as to provide an average tenperature for tar within said
separation vessel of |ess than about 275F (135C). 16. The nethod of claim
14 wherein said tenperature for tar within said separation vessel is taken
at a boot of a fractionation colum. 17. The nethod of claim1 where the tar
produced in (d) is cooled to | ess than about 200F (93C). 18. The nethod of
claim1 wherein said recycled tar conprises at |east about 10 wt% of the
tar renoved from said separation vesset2219. The nmethod of claim | wherein
said recycled tar conprises at | east about 50 wt% of the tar renmoved from
sai d separation vessel. 20. The nethod of claim1 wherein said recycled tar

compr i ses afs, | eagl M oA o hALint R idbmb AINEH s fd OB:SRd vagpar at i on

vessel . 21. The netho aiml erein sal r reno rom said

separ ati on vessebntapwiksailne sbegs witamphbonts &0nedstted bpAdT MBE7As neasur ed
by ASTM D3279. 22. The nmethod of claim| wherein said tar renoved from said
separation vessel contains |ess than about 10 wt % asphal t enes as neasured by

ASTM D3279.24: 22-T1¢3net e oMPRERS Wer&h 84t r%ﬂ?@\feﬁiffbﬁﬂi@sép@faﬁb@qwéﬁd from

said separation vessel contains |ess than about 8 wt % asphal t enes as
measur ed by ASTNomBRRdess thpn abTHe widt iphialshecisanense@d ey i DSaidafterr r enoved

fromsaid separ z%ti on. veas?)eé mé:ﬁ)n%a’e@ I 8ss thanigaboutt.OS wtso/ asphal tenes as
nmeasur ed by ASTMEBZ'PS 3PP EY e i r%éng‘ée%g’tsta e or Y %ast 5 ninutes in
sai d separation vessel. 25. The nethod of claiml wherein said tar renoved
fromsaid separation vessel contains |ess than about 0.5 wt % tol uene

i nsol ubl es nedsurelpdsl ckimN phagn saiddar repaveddtie said feraratiomvessgher ei n sai d

tar renoved fro | ' [ I wt %
tol uene. | nsol upl sas AEREEALARD. Y AR T AT AN S Rl A RSN Psch,
wherein said tar renoved fromsaid separati on vessel contains asphaltenes
at less th abqut 20 % as nmeasured hy ASTM D3279 and to] uene jnsol ubles
at |ess tha -abg‘i‘}ﬁf’@f@%gﬁi@@i lu‘gﬁgemﬁ IR PRevedsrons sud serarabion VASTIM D893,
level's suffici enbohiidsqes imRbAY HEws SRAR MRS o GRASEAFEy ASTM D893.

27.  The method of claim 1 wherein said tar removed from said separation vessel
contains asphaltenes at less than about 20 wt% as measured by ASTM D3279 and
toluene insolubles at less than about 0.5 wt% toluene insolubles as measured by

ASTM D893, levels sufficiently low to provide a carbon black feedstock.

28.  The method of claim ! wherein said tar removed from said separation vessel
contains asphaltenes at less than about 20 wt% as measured by ASTM D3279 and
toluene insolubles at less than about 0.5 wt% toluene insolubles as measured by

ASTM D893, levels sufficiently low to provide a blending stock for fuels.

29.  The method of claim 1 wherein said tar removed from said separation vessel
contains asphaltenes at less than about 20 wt% as measured by ASTM D3279 and
toluene insolubles at less than about 0.5 wi% toluene insolubles as measured by
ASTM D893, levels sufficiently low to provide a blending stock for atmospheric

resid or vacuum resid fuels.



+ 28. The nethod of claim1 wherein said tar renoved from said separation
vessel contains asphaltenes at | ess than about 20 wt % as neasured by ASTM
D3279 and toluene insolubles at |ess than about 0.5 wt %t ol uene insol ubl es
as nmeasured by ASTM D893, l|levels sufficiently lowto provide a bl ending
stock for fuels. 29. The nethod of claim1l wherein said tar renoved from
sai d separation vessel contains asphaltenes at |ess than about 20 wt % as
measured by ASTM D3279 and toluene insgtubles at |ess than about 0.5 W%
t ol uene insol ubl es as neasured by ASTM D893, levels sufficiently lowto
provi de a bl endi ng stock for atnospheric resid or vacuumresid fuels. - 23

30. The nethod of claim1l wherein said cooled tar is introduced to said
separ at i on 30 es sidie mshasl pictrim) i whgreingaig spoledtas i iabedused i yiksparatiessel . 31.

The met hod of clgj tN:sal : .87 d oduced to said
separation vessvgll;sgl)ﬂeﬁl%v eﬁyﬁfcﬁﬁgﬁfh\?ﬁgﬂ%?Witn%{negrafda‘z:eggegibove and substantially
adj acent to which I|ies a baffle for reducing |iquid-vapor contact. 32. The

met hod of claim_1 wherein a_ purge streamis introduced to said separation
vessel to rdduc eineﬁmf-%g@w lc%hftr%zets@ﬁ@s@ledrwé l%ﬂev?é&e%fo BIdiCREBOMher ei n
said purge stre i - f g,%;& ] -gﬁﬂ-&ensi bl e
hydr ocar bons. 33{&#?@%?&%@&&5@1@% mﬁg%giaﬁagﬁsﬁﬁpg%ﬁf?%gﬂpe lljces

vi scosity of sailist&afflerfermdedng higmi-vapat cemtpetr at i on vessel . 35. The net hod

of claim1l wherein a portion of said cooled tar is conbined with a
bl endst ock selected fromthe group consisting of cat cracker bottons, quench

oi |, steamxr acHRAndR& & daimal WRSB A Pubgd &ShH WiltrodRdd YAGHHBpkBRMdUUM  36.
A nmethod for reducing the formati on of asphaltenes in gaseous effluent from

a hydrocarbon pygssl ipgkdncgliguElsepaniantact.ne met hod conpri sing: (a) passing
sai d gaseous effluent froma steam cracking reactor through at |east one
primary heat exchanger, thereby cooling said gaseous effluent and

gener ating 38 gh THees&hsESABRAB2 Whkeid 358 plige hieunsd aseRURd &lobd 4@t ada om step
(a) through at |east one secondar'g
substantially non-condensible hydrocarbons.

34, The method of claim 1 wherein said recycling reduces viscosity of said tar

removed from said separation vessel.

35.  The method of claim 1 wherein a portion of said cooled tar is combined with a
blendstock selected from the group consisting of cat cracker bottoms, quench oil,

steam cracked gas oil, atmospheric residuum, and vacuum residuum.

36. A method for reducing the formation of asphaltenes in gaseous effluent from a
hydrocarbon pyrolysis process unit, the method comprising:

(a)  passing said gaseous effluent from a steam cracking reactor through at
least one primary heat exchanger, thereby cooling said gascous effiuent
and generating high pressure steam;

(b)  passing the gaseous effluent from step (a) through at [east one secondary
heat exchanger having a heat exchange surface maintained at a
temperature such that part of the gaseous effluent condenses to form a

liquid coating on said surface, thereby further cooling the remainder of the



heat exchanger having a heat exchange surface maintained at a tenperature
such that part of the gaseous effluent condenses to forma 1liquid coating
on said surface, thereby further cooling the renmainder of the -24- gaseous
effluent to a tenperature at which tar, forned by the pyrolysis process,
condenses; (c) passing the effluent fromstep (b) to a separation vessel,
where said condensed tar separates from said gaseous effluent; (d) renoving
the tar fromthe bottom of said separatj,on vessel; (e) cooling the tar

removed from said separation vessel; a (f) recycling a sufficient volunme
of said cooled tar to said separation vessel to reduce the tenperature of
the tar | eaving said separation vessel, wherein said cooled tar is
introduced to sai d sgpanatefiueny @ssenpattute iteriper at, dforedbsl thew frbigsis enper at ur e
of the effluent entering said separation vessel. 37. A hydrocarbon cracking
appar at us conpri si ngP™fEf: QPETEEM cracki ng reactor for pyrolyzing a

hydrocarbon feegst ockassinakith ofli8a¢ 8 %v(wg)(%{ép%ﬁ(:)ﬂesg&r%&é@i ch gaseous

pyrolysis effluent can eXit said reactor; east one means conprising
i) a primary heat exciveogped taseparatys freecaddasepuheftierexchanger or direct

quench with a ljquid selected from,Il{quid guepch oj.l, rolysis fuel oil,
and water, for bﬂol i‘F?Q“Oé’é{’tgcfﬁﬁﬁgaﬁ’stheb&?@?ﬂ?a@@ﬁa@é‘m’&g‘ﬂ’ a tenperature at
which tar, forngg dugdolisig et Hidoded fr&AREAARSERatidhGhsRl; kagsel for separating
condensed tar from sai d gaseous pyrolysis effluent, said vessel having a

first inlet thrtigh weydmgssuifioen soumepysut peoled tastd saidsrpartion venddnsed tar
enter, a second inl ef, Iuoevxﬁlre gnblar} sai (c)if{})grgrtl évrlmrll el . ar;l(rzlata?1 Vousjtei ethe'%ehrough
whi ch sai d condensed tda? car% BRYPUEY eéseF; a%%d‘éaﬁpa FEaTe P of "CB0! i ng
said condensed tar agd ce6lgd tang irdickd @ saifl sspdrstionC oggeng edichperahge t he
second inlet of said vessel. 38. The apparatus of claim37 wherein said at

| east one neans for b@@‘{viﬂpf‘gteglgp@ture of the effluent entering said separation vessel.

37.  Ahydrocarbon cracking apparatus comprising:

(a) a steam cracking reactor for pyrolyzing a hydrocarbon feedstock, said
reactor having an outlet through which gaseous pyrolysis effluent can exit
said reactor;

(b) at least one means comprising i) a primary heat exchanger and ii)
secondary heat exchanger or direct quench with a liquid selected from
liquid quench oil, pyrolysis fuel oil, and water, for cooling said gaseous
pyrolysis effluent to a temperature at which tar; formed during pyrolysis;
condenses;

{c) a vessel for separating condensed tar from said gaseous pyrolysis effluent,
said vessel having a first inlet through which said gaseous pyrolysis
effluent and condensed tar enter, a second inlet lower than said first inlet,
and an outlet through which said condensed tar can exit the vessel; and

(d)  ameans for cooling said condensed tar and recycling a portion of said

condensed tar to the second inlet of said vessel.

38.  The apparatus of claim 37 wherein said at least one means for cooling said

gaseous pyrolysis effluent comprises a transfer line heat exchanger.



gaseous
39. The
40. The
41. The
42. The

a liquid- vapor
whi ch further conprises a baffle above. gqaid second

pyrolys{éreffluénf conbriseézéw{Fénsfer | i ne heat exchanger. -25-

of claim 37 wherein
of claim 37 wherein
apparatus of claim 37 wherein
apparatus of claim 37 wherein
interface within said

appar at us
appar at us

39.

40.

41.

42.

vapor interface within said vessel.

43.

inlet.

is a fractionation col um.
said vessel is a primary fractionator
said vessel is a tar knock-out drum
said second inlet is at a | evel bel ow
vessel . 43. The apparatus of claim 37
inlet.

sai d vesse

The apparatus of claim 37 wherein said vessel is a fractionation column.

The apparatus of claim 37 wherein said vessel is a primary fractionator.

The apparatus of claim 37 wherein said vessel is a tar knock-out drum.

The apparatus of claim 37 wherein said second inlet is at a level below a liquid-

The apparatus of claim 37 which further comprises a baffie above said second





