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

various hydrocarbon feedstocks utilizes the technique of pyrolysis, or steam
cracking. Pyrolysis involves heating the feedstock 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 rﬁaterials 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-
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[ ith some difficulty. [0006] This technique is,
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small quantities of tar. As a result, heat exchangers can efficiently recover most of
the valuable heat without fouling and the relatively small amount of tar can be
separated from the water quench albeit with some difficulty.

[0006] This technique is, however, not satisfactory for use with steam crackefs
that crack naphthas and heavier feedstocks, collectively referred to as liquid
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
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[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
point 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 500°F

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



havi ng characteristics which make it suitable for high
val ue use. [0009] Steam cracker tar is the heaviest
waorb@Eroogdo3 made in the steam cracki ng process, PCT/US2006/024989
conprising essentially all the product that boils
above about 5000F (2600C). Such tar contains a high
concentration of aromatic chnpounds produced- - Aby
chem cal reactions which | ead to nol ecul ar wei ght
growt h of steam cracked |iquids, e.g., condensation
BNeHepiic) GbavtiBhd BhidnoRad e eidlensar iveigiiegrewac kf Bigam cracked
process. These reactions can occur to a large extent
ligyidshe 8p EPHATRSATIOR ABE/0H RAlYBICT Bt JEREIRNE BIiBE Crckinggrocess.
TP ?Ja@ﬁéﬁsec%?.tola@ﬁr {39 d é(xta{tfﬁﬁ ?ﬂé pﬁrﬂinz/t froGaBF Bﬁ {quench
prinmary tractionator towers. ese nol ecul ar weil g
tgwemtan the aetdperssurte atlatn gotmalhs phavatleine steanmatadker giramary
reversed as th

ather fast and_are not as easil ey.are
89%%&9""{”@0%5‘}35% gwﬁﬁ%lfaa afrelahﬁrgr&%% n{?@cﬁbcrr}sné?e?’dmg to
ér%gl—ééﬂéﬁe G5ACHBH FESSNEY PRt afd Yre n@tbé’éJEasilthe%rfsédl)H& _’%_}#]eg are

t
ht ha and 30% or nore fromvery heavy gas oil.
pravameedof tar is generally based on its use as a fuel

| ..bl . Sqnet.| i t :
 Bhudies oahe P GARF ep BT BORTE RS TR 8 P 5 B e
1 0198 fRAK hapHthO0MIdAE, BPMREOEESS RSy ighs bl. TR WHRid &Ctar is
to synthetic fuel gas. [0011] Ml ecules in tar

gsopdy bpied oroitssuseriare Bisber fuskblend segiraionectimasghcay ke used
S S, . .
SRR PSR ARANA Bk BaIarbe FRP0H LE0foxidation
moessBivihererii BGostarted ol s@shativdueieps.exi st as col | oi dal
[gis ersié(ﬁ)gs. Wth their. aromatic ring structure, . ‘
0ol ¢ Mpdeelmedn e ctpiBE TR RoYh EVCHA A G HRES AT
xR0 en REREANGhd IRe¥nENE SOLyHaBehdd. AL PMBlddes are high
solvents like xylene and tol uene. Asphalténe content
alkcijer weight)reethpdex wmmiatigsring stmmitepas snd moayn exist a4 ogldoidal
f skill jn the art, e.q., ASTM D3279.. [0012] The .
Srngtita: Woita e Sdrheef, fiog RS HORUGHRBLnpp Soluble in
duQl e RBaiAT Lk 00O \Wexdfe, L pHRBE TH§OreRbRSIe BY arblnatic solvents
Tol uene Insol ubl es gcoa ul at ed/ uncoagul ated) are the

likst xaflene eandl telAgneaf ferhabgnalzonisnt cesi e measufrdnbanarious
CORRAPLRRy IV ERSHIELL L 20 Retpl pags, ool ubl
pentjane The hedvidyl rasleauids inhiar that aenst isolsblelibltelsienel ade kaonen
sisqgﬁllegebljnggluglgg, o?en.”? gl?lgﬁeeﬂlsgl%/lbles (coagulated/uncoagulated) are the
solids remaining after oxidation resins, or pentane 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 to those skilled in the art, e.g., ASTM D-893, ASTM D4312-
05(2)2005, Standard Test Method for Toluene-Insoluble (TT) Contenf of Tar and
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Toluene-Insoluble (TT) Content of Tar and Pitch.

[0013] Asphaltenes and T1 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, asphaltenes tend to precipitate when tar is mixed with paraffinic
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provide a steam cracking process which produces steam 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] U.S. Patents 4,279,733 and 4,279,734 propose cracking methods using
a quencher, indirect heat exchanger and fractionator to cool effluent, resulting
from steam cracking.

[0017] U.S. Patents 4,150,716 and 4,233,137 propose a heat recovery

apparatus comprising a pre-cooling zone where the effluent resulting from steam
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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 primary separation Veésel.
The condensed oils and tars are separated from the gaseous effluent in the primary
separation vessel and the remaining gaseous effluent is passed to a quench tower
where the temperature of the effluent is reduced to a level at which the effluent is

chemically stable.
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SUMMARY OF THE INVENTION

[0028] In one aspect, 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
preparing 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 tar knock-out drum, cooling the tar, and returning it to the
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provi de steam cracked tar of reduced asphaltene and

t ol uene insol ubles content._Such a nethod is suitable

for preparing reduced viscb§rty tar useful as a fue

bl endi ng stock, or feedstock for producing carbon
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cooling sald condensed tar; and (e) recycling at
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es or bel ow t he I h said art
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i nvention, the separation vessel is a fracti onation

@d| ointhe fl;apm@mlpy copan.efhe dpot i dpwgnadt fodsitee the ayerall
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knockout drum where t e con tar separ at rom
nlhtes gasiegass effl uent The knockout drum can be a

@pg@l ¢ Hm ‘;[IYI Yothet bontag%lr(alltlrg) g{' sffnlsl allsfa)iéclztogf Qll'leatir?&engcr)n, 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, fhe
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

1s introduced to the separation vessel at a temperature at least about 100°F (56°C),



[0032] In still another configuration of this aspect
of the invention, the tenperature of the partially
woand@as®sl ef fl uent is no greater than about 6BOFUS2006/024989

(343C), typically from about 400 to about 650F (204 to
343C), e.g., fromabout 450 to about 600F (232 to

316C). [0033] In yet still -@not her conf i guration of

this aspect of the invention, the gaseous effluent is
produced by pyrolysis of a heavy hydrocarbon feed.
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Q)tb gt 275F (1 9C).. [0037] . In another configuration
#itlonglionseq mel the invention, the cooled tar
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S n vess aken t a reduced
A1éatt b B0 3% P e PR 4P R oD RSP on FowE] T yet
pou0] anathR ety %ﬁﬁgxﬂﬁh&ﬂ‘ oﬂthissasﬁéd@%@ttheo&véﬂi%n the tar
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say, less than about 8 wt % asphal tenes as

renmyed drbnpyheASeration vessel contains less than about 0.5 wt%, typically

less than about 0.1 wt%, toluene insolubles as measured by ASTM D893.

[0042] In another configuration 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. o

[0043] In yet another configuration 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 blending stock for fuels.

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

removed from the separation vessel contains asphaltenes and toluene insolubles at
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above a anti a j acént
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yet a ther cont.i t.i on of
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Typically, the purge streamis selected from steam
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sgRisreaytlingai | gas. [0047] In another configuration of
this asggct of the invention, the recycllng suffices
[P%“fﬂ edule 2pptep sspsetothe REssentr VeRERE delates nior Bemethod for

VI KA oggfﬂeofbn’ﬁgﬁ lof Lo Q?I?a'ﬂteﬁé‘st i‘ﬁn% Sl LB fbf ggagﬁi{ocarbon

Ity specifications he abdence or
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exchanger), thereby cooling the gaseous effluent and generating high pressure
steam; (b) passing the gaseous effluent from step (a) through at least one -
secondary heat exchanger (typicélly a transfer line heat exchanger) having a heat
exchange surface maintained at a temperature such that part of the gaséous
effluent condenses to form a liquid coating on the surface, thereby further cooling
the remainder of the gaseous effluent to 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
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relates to a nethod for reducing the formation of
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pyrol ysis process unit, the nethod conprising: (a)

passi ng the gaseous effluent through at |east one

pri mary heat exchanger (tyﬂﬂcally a transfer [ine heat

exchanger), thereby cooling the gaseous effluent and

generating high pressure steam (b) passing the
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In still another aspect, the present invention relates
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@@%ﬁct Sl el prpdheri coRTiSHIsEOY @4 SIS gspgctiod the invention, the

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 wt% asphaltenes, typically less
than about 10 wi% asphaltenes, e.g., less than about 8 wt% asphaltenes as
measured by ASTM D3279 and less than about 0.5 wt% toluene insolubles,
typically less than about 0.2 wt% toluene insolubles, e.g., less than about 0.1 wt%

toluene insolubles as measured by ASTM D893.



a fractionation colum. [0052] In yet another

configuration of this aspect of the invention, the
woesE®os408) is a primary fractionator. [0053] PaTAIS2I0K/024989

anot her configuration of this aspect of the invention,

the vessel (c) is a tar knock-out drum [0054] In yet
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invention, the second inlet is at a | evel below a

l'i qui d-vapor interface within the vessel. [0055] In

[0057] y@&h oAk ebltursionfof guis atpeonoDihe tilventias, e tompoditien is

i nvention, the apparatus further conprises a baffle
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; osition further
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DETNIUED DESTCRIIGN 0P CHEEMBEDEVIENTS I acki ng

I 0CesSsS.
ﬁ)OGl] 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 steam
cracked tar product and maintaining quench balance.

[0062] Typically, the effluent used 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 550°C), such as light naphtha or gas oil. Lighter
feeds may also be used, but given their reduced tar make in steam cracking4 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



DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0061] The

present invention provides an efficient way of
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stream from a hydrocarbon pyrolysis reactor so as to

renove and recover heat fromthe streamwhile

provi di ng hi gh val ue steamléracked tar product and

mai nt ai ni ng quench bal ance. [0062] Typically, the

effluent used in the nethod of the invention is _
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i nes rocra ates crude oils,
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i nvention | provi dés a method of cooling the effluent
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fromthe effluent down to a tenperature where foul [ ng .
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GAC ng gondS tions, 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.e., vapor phase fouling is generally not severe, and there is no
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 film at the heat



or shell and tube exchangers, may be used in this
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exchanger is particularly
which can be obtained from various suitable sources, e.g., condensed dilution

steam.

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

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



suitable for use with light liquid feeds, such as
napht ha. [0066] In an alternate enbodi nent, the
wqgaswmosioef f | uent fromthe steam cracker furnaeTius2006/024989

subjected to direct quench, at a point typically

bet ween the furnace outlet and the separation vessel
(primary fractionator or tdpP “knock- out drum . The

guench is effected by contacting the effluent with a
liquid quench stream in lieu of, or in addition to
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[0070] Quenching of the tar w1th1n 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.

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



steam cracker tar are made in the primary fractionator
by reactive conponents in the raw tar undergoi ng
woand@as@msi on/ pol yneri zation to form hi gher noPeTmiS206/024989

wei ght conpounds. Such condensati on/ pol ynmeri zation is
believed to be a function of tenperature and hol dup

time of the tar within thel&eparation vessel. Absent
guenching, tar exiting a steam cracking furnace can
typically contain fromabout 4 to about 1 1 wt%
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and minimizes the absorption of light components in the tar. An optional baffle

placed abox}e 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 C,4 oleﬁns, inter alia. |
[0075] The invention will now be more particularly described with reference
to the examples shown in the accompanying drawings.

[0076] Referring to FIG. 1, in the method of an example of the invention, a
quenched furnace effluent 100 from a steam cracking reactor which has been

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



be controlled by the addition of a |ight blend stock,
typi cally added downstream of the punp used to
woiowwosatns t he st eam cracker tar. Such stocks PATIUS2®6/024989
steam cracked gas oil, distillate quench oil and cat
cycle oil and are characterized by viscosity at a
tenperature of 200F (93 Cf lgf- | ess than about 1,000
centistokes (cSt), typically | ess than about 500 cSt,
e.g., less than about 100 cSt. [0073] The tar liquid
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primary fractionator by about two-thirds. In those instances where the
concentration of asphaltenes in furnace effluent tar is about 4 wt%, after
quenching of the furnacey effluent to 540°F (282°C) and transport to the primary
fractionator for 10 seconds, the asphaltene content would increase to about 6.3
wt%. If this tar remains for 12 minutes at 540°F (282°C) in the bottom of the
primary fractionator, the asphaltene level typically increases to about 23.2 wt% in
the tar product. In an embodiment of the present invention, wherein tar in the
separation vessel 1s 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 wt%. In one

embodiment, cooling the tar product to less than about 200°F (93°C), e.g., less



The bottoms 110 maintained within the separation
vessel 105 at an average tenperature of about 3000F
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line 140 to tar punp 145 and thence via line 150 to
tar cooler 155 through mhigg heat exchange mediumis
added via tar cool er heat "eXChange nediuminlet 160
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prg eprgcll teglggc?in?elflltrsl srg)gthat 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 alternatives,

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

invention as defined by the appended claims.



storage and handling by diluting the asphal tene
precursors in the blended stream [0078] The present

wOonvErns4on i s especially suited to use with prPABEMUE2006/024989

fracti onator systens enploying distillate-quench
technol ogy. Wth this type of primary fractionator,

i npl enenting the inventionlPs relatively
straightforward and cooling the tar does not have a
significant inpact on energy efficiency, because nost
cxftAmNg: furnace effluent heat is recovered using a
distillate punparound that is not affected by use of
the invention. The invention can also be used in steam
cracker . 1d t - r i
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procesaast, elid methot coldprigugr , the i nvention woul d not be
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conndet i or*y THE L ST b rRRiGiESr RERLoHRRTRL RE Sald separgtion
asqetat or hdlew ahd lenelyatyehictosad baitially woddensedefflvanicenters said
appreciated, it is not intended to limt the invention
SERATARENEESPEr t i cul ar enbodi ments. On the contrary, it

is intended to cover all alternatives, nodifications
and equi val ents as may be included within the scope of
2 he iTheemeihod ofsclalef i vdéurdiy spideseppraéinuegssel is a fractionation
c#ains.CLAINS: 1. A nethod for treating gaseous

@ ent from a hydrocarbon pyrolysis process unit,

the nethod conprising: (a) cooling said gaseous
effluent at |least to a tenperature at which tar,

¥ or mekhepwpethiod qfyelainy 3i whespigcsaid coleh deniseigtrpdusssl ipg boot
S%%tiénuc?f'ltaidtﬂao?i%ﬁ%{ﬁoq;eco rtially condensed effl uent;

passing sald partially condensed effluent to a
separation vessel; .

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

drum.
5. The method of any of the preceding claims, wherein said temperature of

said partially condensed effluent is no greater than about 650°F (343°C).

6. The method of any of the preceding claims, wherein said temperature of
said partially condensed effluent from (a) ranges from about 400° to about 650°F
(204° to 343°C).



(c) renoving condensed tar fromthe separation vessel;
(d) cooling said condensed tar; and (e) recycling at

woOeeartoossoport i on of said cooled tar to sai d separaiS2mn/024989

vessel at or below the level at which said partially
condensed effluent enters said separation vessel. 2.
The method of claim1 wheréPn said separation vesse

is a fractionation colum. 3. The nethod of claim2
wherein said cooled tar is introduced in a boot

‘Rect i1 méthedbflarfy efadlaindtthengk 6] whtreisai denpeeitire df edid
claim1 wherein said separation vessel is a tar

nertirdly eendensedreiimentriem (ppegss dfommaRoub HQHe AppBiciirh (232°
Fliéqﬁ, wherein said tenperature of said partially

83 ensed effluent is no greater than about 6500F
(343C). 6. The nethod of any of the preceding clains,
wherein said tenperature of said partially condensed
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condensed effluent from (a) ranges from about 450 to
about 600F (232 to 316C). 8. The nethaod of any of the
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1 through 9, wherein said cooled tar is introduced to

sai d separation vessel at a tenperature at |east about,
POOF The m@thed of any of claims 1 through 9, 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 any of claims 1 through 9, 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 any of the preceding claims, 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).

14.  The method of any of claims 1 through 12, 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 300°F (149°C).



bel ow the tenperature of the effluent entering said
separation vessel. 12. The nethod of any of clains 1
wohowwgswod, wherein said cooled tar is introdutedusSen06/024989
said separation vessel at a tenperature at |east about
24Q00F (115C) below the tenperature of the effluent
entering said separation véssel. 13. The nethod of any
of the preceding clains, wherein said cooled tar is
i ntroduced to said separation vessel so as to provide
13N avEkagethbEPanat off Slafy 1t @fousht 11 Whesinl ssidpevoddd o is
vessel of |ess than about 3500F (177C). 14. The ne%hod
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separation vessel . of |ess than about 3000F (149C). 15.
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wher ei n saidtenper}g urefgr t r,vvitgin ai d
Kepar Heimethod e @y pisthe presedime claipisowhege the tar produced in (d)
it Lagibd Rl ARbIGDoFYsehhe method of any of the
precedi ng clainms, where the tar produced in (d) is
cooled to | ess than about 2000F (93C). 18. The net hod

any. of th eced] cl ai erein said.recycle
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clainms 1 through 17, wherein said recycled tar ‘
conprises at |east about 50 wt% of the tar renoved -
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fromsaid separation vessel. 2 1. The nethod of any of
the preceding clains, wherein said tar renoved from
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afmpisys dfleast ious 8Q wi¥orafuilyhtal Gemanted fsinn said separagion vessel.
renmoved from said separation vessel contains |ess than
about 10 wt % asphal tenes as nmeasured by ASTM D3279.

21.  The method of any of the preceding claims, wherein said tar removed from

said separation vessel contains less than about 20 wt% asphaltenes as measured by

ASTM D3279.

22.  The method of any of claims 1 through 20, wherein said tar removed from
said separation vessel contains less than about 10 wt% asphaltenes as measured by

ASTM D3279.

23.  The method of any of claims 1 through 20, wherein said tar removed from
said separation vessel contains less than about 8 wt% asphaltenes as measured By

ASTM D3279.



23. The nethod of any of clainms 1 through 20, wherein
said tar renoved from said separation vessel contains
woOesw/0mpn about 8 wt % asphal t enes as neasur ed POY/UASIDK024989

D3279. 24. The nethod of claim 23 wherein said tar

renmoved from said separation vessel contains |ess than
about 8 wt % asphal t enes as 2#easured by ASTM D3279

after remaining as bottons for at least 5 mnutes in

sai d separation vessel. 25. The nethod of any of the

Pr. eceTidetodi dTsclainhes eiltbrani did ar ré@@@deﬂloﬁlr@m S@iaﬂatloh
separation vessel contains |ess than about O.

es$al eprtaing dess dianeabonk 8 e asnbaliengs ASTvRaBeBbY z‘éT MH@279

alﬂ“e& Pé?ﬁ’ dﬂ]ﬁ'x‘gac@%ot%rg&%o?'apﬁa%t SR ANah, %éhd %85&61{‘ Sgyd o
om iI'on vessel 1858 tha

about O 1 mﬁ@btoluene |nsolubles as neasured by ASTM .

met hod. of an ¢l ai 1 through 24, '
er eTlﬁe @sti:ag phany B Bepce 18&1‘35‘51“% KR s3ifl 4 Tome ke from )

&M‘E@ﬂa?ﬁloﬁswéﬁltc%ﬁ%@@s LRl RSt 15 Qttlg'gléﬁﬁ? S ins6i6led as

sufficiently Towto provide a carbon edst ock.
& suitdéynd$ RddD&33. any of clains 1 through 24, wherein
said tar renoved from said separation vessel contains
asphal tenes and tol uene insolubles at |evels

) T i Theembingd boWhy 6f AR ﬁﬁqr@u | 2N hRELiS 548 Karlt@hoved from
fuels. 29. The nmethod of any claims 1 through 24,

Skt seapation; vesse reontasy ags fthz@mahcaltop Lepse delnene inselybles as
Qﬁﬂﬁﬁb nes and tol uene insolubles at |evels

sdgpé%ﬁéht y o%ﬁ%o provi de a bl endi ng stock for

atnnspherlc resid or vacuumresid fuels. 30. The

t ho f the precedi ng clains, wherein sai
ool o Ft?lpﬁ of A Biclet § Breuthess arbareRt s ta&é@@eved from

oLl %@?&Qt‘foﬂ gLk d YRR h@ﬁlgl@rﬁgeaﬁ\q{‘ tdHhidheS sglublels at levels

vesse he met hod of "any o precedi ng cl al ns,
siiecietty lowi td pooodeadcarbon bleck ftedstdelced to sai d
separation vessel below the |iquid-vapor interface
above and substantially adjacent to which lies a

d;f f ' Bhd Ethoede §1|1}ngf b OISR 24 WHeAGH saidar rdl6ved from
net hod of any of the preceding clains wherein a pur

9id sapATRiEon Yessel wertding oasphnliense pndataleeney Esglibles oat Tevels
sru?ﬁié‘lglﬁl}l I'OWJt ?)rél\f’i‘(ﬁ)eozi bl%ﬁ@i]hg%{ock for fuels.

29. The method of any of claims 1 through 24, wherein said tar removed from
~ said separation vessel contains asphaltenes and toluene insolubles at levels

sufﬁcientlyl low to provide a blending stock for atmospheric resid or vacuum resid
fuels.

30.  The method of any of the preceding claims, wherein said cooled ‘tar 1s
introduced to said separation vessel below the liquid-vapor interface within said

vessel.



33. The nethod of claim 32 wherein said purge stream

is selected fromsteam and substantially
waam7moswansi bl e hydrocarbons. 34. The net hod 8€TAISY006/024989

the preceding clainms, wherein said recycling reduces

viscosity of said tar renoved from said separation

vessel to an extent sufficiZnt to neet viscosity

specifications in the absence or reduction of an added

external | y sourced light blend stock otherw se

e cesTd hethvdt beardbsL teeprtediag dlaiesyehdrsg. sa3<5 coalbe tar is

nmet hod of any of the precedi ng clains, wher

%Pﬂ‘i‘%“»ﬁ tgfsayhsepaabion agssehbeloy @@r#ﬂuafkaanmtlateaface above and

a ﬂ&&lﬂ% at%ghtets tvﬁﬁlc}f flﬁsrgolH?ﬁe %rqgcﬂlcﬁ%]§(1< r%t)n

, quenc Steam c as 0|
at nospheric reS|duun1 and vacuun1re5|duun1 36. A

t hod for red he formati on .of hal t enes |n
Sﬁseoﬁéﬁ Breflladesit 20 ofntle ﬁgﬁ&n@e&roéews p‘%%r«lys% PUgetEam
hﬁ%ﬁuceﬁ he 418 ‘éﬂﬁ%’cfbﬁ%ﬁée@ @ dudeAquikssindo@id gaseous

effluent thro | east one primary heat exchanger,
thereby coollng sai d gaseous effluent and generating

BrERRles iiotion TherPBRld Bk SulBh Gttt Heam

mﬁ@a@ﬁtﬁalm%naeﬂsﬁa&hﬁd%MB@ﬁ surface maintained at
a tenperature such that part of the gaseous effluent -

condenses to forma liquid coating on said surface,

et o BUES} o8P0 RGBSR e O I ARAE0 Bmecs
pigcasity oif saip nacesmeyed fromhesaibsepbeatiop asse]rm anhextemft ﬁﬁﬁﬁe@t to
atlon vVess

‘fromste 0.a se ... Wwhere saj :
BERBRESY tSB%CIé%ﬁB'QP%\ﬂ ef‘?téﬁﬁl‘?a‘?rdreg‘é‘“é’é’&&fr ffi?grﬁmmaﬂy
§shrcdaaimy bRAd taex Bﬁl'ér\{llrsgﬁéctelé’s%r}bﬂltthg MbRhcsSé¥ Hid recycling.

separation vessel; (e) cooling the tar renoved fTrom
said separatlon vessel and (f) recycling a sufficient

ai ool e separ.ati.on ve
Feaucans mehpERtt §F bRt B R 3R of Gia
s&NE at isontessiekith @ b@éﬁd%ﬁeg&e&w fromites grohg chRA of cat
the formati on of asphaltenes in said tar

prpglecs catloms, avechiaily stgeparackes svnpibi @mﬁaahepa)readuum and
5§§ﬁ§ﬂkﬁﬁghnpyrolyzing a hydrocarbon feedstock, said
reactor : ,

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 through at least one primary heat
exchanger, thereby cooling said. gaseous effluent and generating high pressure
steam,; ’ |

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

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

effluent to a temperature at which tar, formed by the pyrolysis process, condenses;



having an outlet through which gaseous pyrolysis

effluent can exit said reactor; (b) ' at |east one
worenT90$408 cool i ng sai d gaseous pyrol ysis effl pBemUSL@®6a24989

tenperature at which tar, formed during pyrolysis,

condenses; (c) a vessel for separatlng condensed tar

from sai d gaseous pyroly3|§ ef fluent, said vesse

having a first inlet through which sai d gaseous

pyrol ysis effluent and condensed tar enter, a second

i nl et(c) owgsasdih@thesedfhekntt ifost step (t9tto aaBphramrDWHsi;@twhere said

t hrough whi ch sajd condensed 't r can exit the vesse

condensgy tag sprares frorp g‘?sﬁ@u%eaf B*ondensed tar and

r ecyn@ N9 2rBOh b aPhoRAhd bSR&H%!Pﬁﬁé 5 dﬁEatIo% JeLJ

sSeco i nlet o sald vessel arat us o
clalmk37 whmhngﬂwﬁanﬂanedﬁasnmﬁhepmmamsvﬁmﬂ aobl i ng

56, b apbaielrbe Sty oRIRs o Ae Pl tee Sabreaion
%béﬂ 1y eSRRL tﬁecaemp%ra@mfer&%e Qﬁalfeh\EiH%C%dJ B%bardtfon V'Féa§e1 to an

apparatus of any of clains 37 or wherei n sa
axéag efficient fogednogihariprmpariomef asphaltenes ingaid thhe
apparatus of any of clainms 37 or 38, wherein said
vessel (c) is a tar knock-out drum 42. The apparat us

3f. anX hgliroch®operckidp Fp:ﬁbﬁls @gBmpéiagei n sai d second
inlet is at a |evel ow a |iquid-vapor interface
Wi t hi @) sai %l reastg efor 12156‘0 yrwe agpdresethonofeedsigclyf said geactor

f
B BROE QRICCUATR i Eobebtl SIS RRIchP e, i id refotor:
conmpo@i t i oat ledst ohe memsafonsobksgs sdidh gaseatopyroRBisveMuent to a
asphal t enes. a sur AST. and | ess than |
ERBaate BONReR 45 GERES el AP RE S ERetr o by AGTM
D893. ?:5 Tb@ssé:loﬂ‘ép@%atrétﬁ{g &ndehRt T ftomhdatd g&@%@bﬁ%l s1s
Iess an about 10 wt % asphal tenes as neasured by ‘A

879, said vessed haviag alfiosit m@t 2higugh twilngle iseidi g\@wmm@lyms

b TM D893 |
R A R R N E g D A
SRS tHrewbhbyhi S Boriéscindr &@Seiﬂttth@ﬁes@éloaﬁd 0.1 wmt%

t ol uene
(d) a means for cooling said condensed tar and recycling a portion of

said condensed tar to the second inlet of said vessel.

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

step (b) comprises a transfer line heat exchanger.

39. The apparatus of any of claims 37 or 38, wherein said vessel (c) is a

fractionation column.

40.  The apparatus of any of claims 37 or 38, wherein said vessel (c) is a

primary fractionator.

41.  The apparatus of any of claims 37 or 38, wherein said vessel (c) is a tar

knock-out drum.



i nsol ubl es as neasured by ASTM D893. 47. The
conposition of any of the preceding clains that is a
woaodymnsdoB ack feedstock. 48. The conposition oPCamg26/024989
clainms 44 through 46 that is a blending stock for
fuels. 49. The conposition of any of clains 44 through
46 that is a blending stockX¥or atnospheric resid or
vacuum resid fuels. 50. The conposition of any of
clainms 44 through 46 which further conprises a
‘bl endst ock sel ected fromthe group consisting of cat .
cracker bottons, quench oil, steam cracked gas oil,. .
42 nos phrernraratesseiany AL thearogeding flapas ivdists said second inlet is

at a level below a liquid-vapor interface within said vessel.

43.  The apparatus of any of the preceding claims, which further comprises a

baffle above said second inlet.

- 44. A steam cracked tar composition which contains less than about 20 wt%
asphaltenes as measured by ASTM D3279 and less than about 0.5 wi%_toluene
insolubles as measured by ASTM D893. ' ‘

45.  The composition of claim 44 which contains less than about 10 wi%
asphaltenes as measured by ASTM D3279 and less than about 0.2 wt% toluene
insolubles as measured by ASTM D&93. :

46.  The composition of claim 44 which contains less than about 8 wi%
asphaltenes as measured by ASTM D3279 and less than about 0.1 wt% toluene
insolubles as measured by ASTM D&93.

47.  The composition of any of the preceding claims that is a carbon black

~ feedstock.

48.  The composition of any of claims 44 through 46 that is a blending stock

for fuels.

49.  The composition of any of claims 44 through 46 that is a blending stock

for atmospheric resid or vacuum resid fuels.

50.  The composition of any of claims 44 through 46 which further comprises a
blendstock selected from the group consisting of cat cracker bottoms, quench oil,

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



