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alcohols, aldehydes, and the like), all of which have well-known intermediate

and/or end uses. One thermal cracking process is steam cracking, which involves
cracking hydrocarbons in the presence of hydrogen and/or hydrogen-containing
components, such as steam.

[0004] The starting feedstock for a conventional olefin production plant, as
described above, has been subjected to substantial (and expensive) processing
before it reaches the olefin plant. Normally, whole crude is first subjected to
desalting prior to being distilled or otherwise fractionated or cracked into a
plurality of parts (fractions) such as gasoline, kerosene, naphtha, ga-s oil (vacuum
or atmospheric) and the like, including a high boiling residuum ("resid"). The
resid cut typically has a boiling point of greater than 650°F (343°C), at

atmospheric pressure.  After desalting and removal of the resid fractions,
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be passed to a steam cracker or olefin production plant
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PCTImunRod /modaqyler hydmpgen. The cracked product 1 is then further processed
such as in the olefin production plant to produce, as products of the plant, the

various separate streams of high purity products mentioned above, i.e., hydrogen,
the hight olefins ethylene, propylene, and butenes, and aromatic compounds, as
well as other products such as pyrolysis gasoline.

[0007)  As worldwide demand for light olefins increases and the availability of
favorable crude sources 1s depleted, it becomes necessary to utilize heavier crudes
(i.e., those having higher proportions of resid), which requires increased capital

investments to process and handle the refining byproducts and purchase the higher
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hydroprocessor effluent is *“fed in the presence of steam directly to the pyrolysis
zone wherein unvapourized feedstock is removed as a residue fraction in a
separation zone prior to entry of the vapourised distillate fraction into that region
of the pyrolysis zone maintained under conditions which effect thermal crack:ing.’;
However, the '299 reference only teaches conventional hydroprocessing and
thermal steam cracking of the 'non-resid-containing overhead stream and does not

properly suggest or teach how to use the resid containing effluent from a resid-
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residuum containing a short residuum having a boiling point range greater than

565°C, wherein at least 3 weight percent of the short residuum has a boiling point
greater than or equal to 650°C. The feedstock is produced by conventional
hydroprocessing. Other references of interest include U.S. Patent Nos. 3,855,113;
4,057,490; 4,179,355; and 6,743,961. Still other patents of interest related to
cracking heavy feeds include US Patent No. 4,257,8'71, to Wemicke; US Patent
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Soonavval a; US Patent No. 4,180,453, to Franck; and US
Pat ent No. 4,210,520, to Wem cke. [0015]
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compounds by integration of at least one hydroprocessing step, at least one step of

visbreaking, and at least one thermal cracking step.

[0018] This invention provides a process by which a hydroprocessing effluent

containing a resid fraction therein may be used as steam cracker feed. The _

inventors have also discovered that crude or a resid-containing fraction thereof

may be hydroprocessed for use as steam cracker feed stock. The hydroprocessed,

resid-containing feedstock may be steam cracked to produce usefu! products such

as olefins and/or aromatic compounds.  The invention is directed to a process



WO 2007/ 047942 PCT/ US2006/ 041071 -6 integrating

hydr ogenation of a resid-containing material wth steam

@ﬁ@@ﬁ%n 4{0 obtain an ol efins product. [0019}-rhR2R04107
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prior to passing the feed to the radiant section of the steam cracker unit.

Surprisingly, this can be accomplished with fouling rates that are equal to or better
than the fouling rates of VGO steam cracker feedstocks. Preferably at least one
flash drum or other flash device, such as an in-line choke, or orifice plate is
provided to reduce the pressure in the hydroprocessor effiuent and cause the
conversion of some of the liquids to vapors, is provided. Preferably the flashing
device is integrated with the feed to the steam cracker thermal pyrolysis unit.

Integrated means -heat mtegrated, such that heat may be obtained for the
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[0025]  In yet other embodiments, feeds to be hydroprocessed comprise one or
more of recycled steam cracker tar, heavy crudes, or topped crude, and feeds to be
steam cracked comprise hydroprocessed recycied steam cracker tar, heavy crudes,
or topped crudes. In another preferred embodiment, the source of hydrogen for
the hydroprocessing is from remote methane.

[0026]  Some preferred embodiments also include combinations of two or

more of the above embodiments, including preferred embodiments. In yet: still



[0026] Sone preferred enbodi ments al so incl ude
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In the accompanying drawings, reference numerals, labels, or other

indicia identifying parts or process components, are used to denote like parts or
components, throughout the several views.
[0030] Figures 1-6 are process flow diagrams illustrating some exemplary

embodiments of the invention.

DETAILED DESCRIPTION
[0031] In one embodiment, the resid-containing, incipient thermally cracked

effluent from a hydroprocessor, preferably a resid hydroprocessor, including those



effluent froma hydroprocessor, preferably a resid
hydr opr ocessor, including those WO 2007/ 047942
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Coﬁdnt 63MB (B43°Chie 900°F (482°C), more preferably from 700°F (371°C) to
900°F (482°C), more preferably from 750°F (399°C) to 900°F (482°C), and still
more preferably from 750°F (399°C) to 800°F (427°C). In éome embodiments,
the preferred pressure is from 500 to 10,000 psig, preferably 1000 to 4000 psig
may be used, and more preferably from 1500 to 3000 psig. The selected
temperature may vary according to the composition and conditions of the
hydrocarbon feed. Preferred liquid hourly space velocity may be from 0.1 to 5,
preferably 0.25 to 1. The hydrogen supply rate (makeup and recycle hydrogen) to



hydrocarbon feed. Preferred liquid hourly space
velocity may be from0.1 to 5, preferably 0.25 to 1.
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tungsten. The catalyst employed in the invention may also be comprised of a
material having hydrogenation-dehydrogenation activity formulated without an
amorphous carrier. Exemplary catalysts include Nebula.
[0034] According to the present invention, resid hydroprocessing may
preferably be camed out at a temperature and pressure that is more severe than
conventional hydroprocessing processes. In one embodiment, the

hydroprocessing preferably may be carried out at above 650°F (343°C) and up to



preferably be carried out at a tenperature and pressure
that is nore severe than conventional hydroprocessing
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the boiling fractions from 650F (343C) up to the 1100F
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may be provi ded as desired between hydrogenati on and
cr atddBply. Mhe pydrbesmated feedoBoiintbe hydropregrssaatroay then be further
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cracking proce stuch as " wi't m'cracker .
€. gcomplete apmiizhtichthdy akeplacd 10 thesteafrefiadkat §yR8tend AO®Rnation
may E? ii.‘provi ded within the convection section, of tEe_
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r adbaWberS 8Gdropéhalén (N8 SHAGKE! -In preferred embodiments, separator
processes may be integrated with the heating and cracking process, such as with
the steam cracker. e.g., A vapor-liquid separator or separation process may be
provided within the convection section of the stearn cracker or between the
convection section and radiant section of the cracker.
[0037]  Resid hydroprocessing preferably comprises increasing the hydrogen
content of the whole crude or crude fraction containing resid, by at least 1 wt%,

preferably by 1.5 wt%, and most preferably to a nearly saturated or fully saturated

feed stream effluent from the hydroprocessor. It may be preferred in some



[0037] Resid hydroprocessing preferably conprises

i ncreasing the hydrogen content of the whole crude or
crude fraction containing resid, by at least 1 wt%
WOSPEABHY by 1.5 wt % and nost preferably t&CA/U§ERFP41071
saturated or fully saturated, feed streameffluent from
the hydroprocessor. It may bé preferred in sone WO
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increased petrochemical yields. Conversion and vaporization may also be
supported by steam assisted flash vaporization. Further, the severe hydrogenation
may also greatly reduce production of steam cracker tar.
[0039] In a preferred embodiment, the hydroprocessor effluent selected to be
steam cracked comprises a substantial fraction boiling from 700°F (371°C) to
900°F (482°C). In another preferred embodiment, if the hydroprocessor effluent
contains resid, it may be first treated to remove a portion of the resid, such as the-

asphaltenes, prior to feeding the treated and hydrogenated resid-containing



[00391 In a preferred enbodi nent, the hydroprocessor
effluent selected to be steamcracked conprises a
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(566°C), and is referred to as 1050°F+ (565°C+) resid. (The term "nominally”
means here that reasonable experts may disagree on the exact cut point for these
terms, but probably by no more than +/- 50°F (or at most +/- 100°F). This
1050°F+ (565°C) portion contains asphaltenes, which traditionally are considered
to be an anathema to the steam cracker, resulting in corrosion and fouling of the
apparatus. The term "resid" as used herein means the 650°F+ (343°C+) resid and
1050°F+ (565°C+) resid unless otherwise specified; note that 650°F+ (343°C+)

resid comprises 1050°F+ (565°C+) resid. According to this invention, at least a
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as thermal pyrolysis unit or furnace or just pyrolysis furnace. Steam, although
optional, is typically added for one or more reasons, such as to reduce
hydrocarbon partial pressure, to control residence time, and/or to minimize coke
formation. In preferred embodiments the steam may be superheated, such as in
the convection section of the pyrolysis unit, and/or the steam may be sour or
treated process steam.

- [0046] It is conventional to desalt prior to passing the feed to the pipestill.

When resid from the pipestill is meant to be hydroprocessed, the crude oil feed to
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uncepyanibakihg HbdheraiRR abAL BEUT SRR #8nt contact time,
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I eSiydrogenation processes, little to no thermal cracking may occur and generally
only molecules that vaporize at these conditions can be separated. e.g., generally
non-resid type components. However, when the resid-containing feed is heated to

-above 700°F (371°C) as according to the present invention, preferably above
750°F (399°F), still more preferably above 780°F (415°C) in the convection
section and has a longer residence time in the liquid-vapor separation device,
some substantial, further thermal cracking of the resid fractions occurs. To

maximize conversion of resid to lower boiling fractions, it is desirable to begin
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(565C) resid. This type of thermal cFacking and vapor .
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ar i Eparilbi feicd of bidbreaker s comneliEao g Sieapt eralker by piping
us edld ielhoeital sbangiallhadfacinnbeglailved closé b b ateahteackapich
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visbreaker, and then the overheads from the visbreaker are fed back to the cracker,

with minimal heat loss and preferably without requiring separating heating
associated with the visbreaking process.

[0051] The vapor liguid separation device is otherwise known as a
"visbreaker," "knock-out drum," “knock-out pot," and "vapor liquid separator,”
which terms may be used interchangeably. Reference is also made herein to the

"visbreaker," which serves as a vapor liquid separation device, with the
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\tbﬁgbﬁgjiﬂ'?gzr eaker, and then the overheads fromthe

vi sbreaker are fed back to the cracker, wth m nimal

heat | oss and preferably w thout requiring separating

heati ng associated with the visbreaking process.
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process tha¥ uses heat to convert or crack heavy hydrocarbonaceous oils and resids

into lighter, sometimes more valuable products, such as naphtha; distillates, and
tar, but not so much heat as to cause carbonization. The hydrocarbon feed may be
heated, such as in a furnace or soaker vessel to a desired temperature, at a desired
pressure. The process used may be, for exampie, the coil type, which provides for
high temperature-short residence time, or the soaker process, which provides for
lower temperature - longer residence time processing, as appropriate to obtain the

desired broken product mix. The hydrocarbon feed stream may be heat soaked to
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with the device integrated (heat integrated) with the steam cracker as described
herein. The integrated vapor liquid separation device can be taken off stream as
often as every two weeks for coke removal. This enables the separation device to
operate with a significantly higher coke yield than typical visbreakers, which may
be required to run several months between shut downs for coke removal, due at.
least in part to the complexity and time required for decoking of such systems.

The visbroken vapor overheads, which include fractions from the cracked resids,
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[0058]  Preferred vapor liquid separation devices or flash drums, and their
integration with pyrolysis units have previously been described in U.S. Patent
Application Publication Nos. 2004/0004022, 20040004027, and 2004/0004028,
and more recently in U.S. Application Serial Nos. 11/068,615 filed February 28,
2005, 10/851,486 filed May 21, 2004, 10/851,546 filed on May 21, 2004,
10/851,878 filed May 21, 2004, 10/851,494 filed on May 21, 2004, 10/851,487

filed May 21, 2004, 10/851,434 filed May 21, 2004, 10/851,495 filed May 21,



l'iquid separation device is used in conjunction wth

the convection section of a steam cracking furnace,
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can be preferred feedstocks to a steam cracker when first hydroprocessed.
[0061] It is also well known in the art that the specific gravity and sulfur
content of crude oils increase with increasing boiling point. For this reason,
feedstocks rich in the vacuum resid from a crude oil with 15 to 40 API gravity and
1 to 4 wt% sulfur may be some preferred feedstocks for the process of the
invention. Resid hydrotreating removes the sulfur throughout the entire boiling
range of the feedstock. Large amounts of hydrogen are consumed removing the

heteroatoms from the vacuum resid and saturating polynuclear aromatics



quality inproves wth increasing APl gravity and
decreasi ng sul fur content of the feed. The present
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hydroprocessing effluent material only useful as fuel oil, having-a lower value
than the value of desired chemicals products (e.g., light olefins). As previously
mentioned, an objective of the process of the invention is to increase the hydrogen
content of the steam cracker feed while minimizing the increase in hydrogen

content of the remaining resid, which is typically sold as low-value fuel 6il. The

integration of severe hydroprocessing and viébreaking surprisingly accomplishes



6 to 9 wt % vi sbreaker bottons (anal ogous but hi gher

val ue than the coke produced in the FCC case), and 91
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not contain appreciable amounts of resid. However, any crude or resid containing
crude fraction may be advantageously treated according to the process of the
present invention to obtain chemicals products (light olefins and/or single ring
aromatics) regardless of the amount of resid contained therein.

[0067] The following examples are meant to illustrate and not limit the

present inventton. Numerous modifications and variations are possible and it is to



or non-cracked resid occurs prior to the feed entering
the radi ant section of the pyrolysis unit. Both
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effluent by holding, heating, and further converting the effluent in a visbreaker
type vapor-liquid separator. Preferably the visbreaker is heat-integrated with the
steam cracker. 'In the heat integrated process as illustrated by Figure 1,
atmospheric resid 8 is passed to a conventional hydroprocessor (HDP) 10, such as
a fixed bed hydroprocessor. Numerous HDP units are commercially available,
varying by catalyst and configuration, among other variables, such as available
from ExxonMobil. The design details of an HDP by itself are not the subject of

the present invention. Processing conditions for the HDP typically may be readily



i nventors as being useful in the invention set forth
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- without cooling or condensing. The apparatus schematic designated "S/C
furnaces” 20 in Figure 1 is the conventional illusﬁrﬁtion of a steam cracker furnace,

the details of which, again, are not the subject of the present invention except for
the integration of the vapor liquid separation device 30, which has been described

In the references discussed elsewhere herein. The separation device 30 is
preferably functions as a visbreaker, in that the device 30 separates, temporarily
holds, and further heats a stream that hés been previously heated in the



advant ageously renoved prior to entering the radi ant
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fraction from the liquid fraction, and wherein the separation vessel includes a

liquid volume that preferably occupies at least 50% of the volume of the vessel.
Preferably, the liquid level of the separation vessel will be at least equal to or
greater than 75% by volume of the vessel, still more preferably greater than 80%,

and most preferably greater than 30% of the vessel volume.



devi ce, wherein (nomnally) 1050F+ resid, conprising

asphaltenes, is renoved as bottons product 32 fromthe
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[0076] In another embodiment, all or any fraction of the hydroprocessor
effluent 14 comprising 1050°F+ (565°C+) resid may be heated in a steam cracker
20 or by separate heat source, to a temperature high enough to initiate thermal
cracking but low enough to avoid significant coking. The cracked stream may be
held at this temperature for a long enough time to achieve from 5 wit% (low

severity) to 60 wt% (high éeven'ty) conversion of the 1050°F+ resid (ie.,



pi ping in the convection 22 and radi ant 24 sections of
the steam cracker furnace 20. Because of this synergy
wohyeraoys sbreaki ng and steam cracki ng, the prowesss/ 04671
the invention can visbreak the resid in the feedstock
at a higher severity than -@bnventional visbreakers,
whi ch are designed to run for several nonths before
decoking is required. [0075] The apparatus schematic
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10077] It is one of the inportant advantages provided
byhydaegeRr dderhottpmy PFrdueni2 of the visbreaker device 30, which in some

embodiments may comprise less than 11.5 wt% hydrogen, may be used as fuel oil

and/or recirculated to the hydroprocessor, or fed to another processing unit, such
as a catalytic conversion system.

[0078] In an embodiment, illustrated by the schematic shown in Figure 6, the
process of the invention integrates the steps of resid hydroprocessing 10,
hydroprocessed resid visbreaking 30, and steamn cracking 20. Conventional

visbreakers can be operated to perform the operational parameters of the present



that by neans of the high severity hydroprocessing and
vi sbreaki ng of the hydroprocessor effluent 14, whether
Wa 2e0 70T eaker configured prior to the steaRCTARHBHE10T]
and havi ng suppl enmental or separate heat source, or
integrated with the st eaméf acker, that hi gh
conversion, such as at |east 50 w% or even greater
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wWith the convection section of the steam cracker 20.
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and/or vapor from the resid hydroprocessor and/or the visbreaker are processed in
a conventional steam cracker to produce petrochemicals. At least one significant
advantage of this embodiment is that there is no need to directly integrate a vapor
liquid separation device with the convection section of the steam cracker.
{0082] Figure 2 is a process flow diagram illustrating an embodiment of the
invention where a resid-containing feed 8 is hydrotreated 10 and then passed 14 to
a stearn cracker 20 to obtain various products including olefins.
[0083] In an embodiment of the process illustrated by Figure 2, a feed 8,

which in a preferred embodiment is atmospheric resid, is passed to a conventional



menbranes and integration with the steam cracker, while
a preferred enbodinent, 1is optional. Renoval of the
aoRbeldsenes, however, is highly preferred pripamridseocthaory
radi ant section of the thermal pyrolysis unit (steam
cracker). Menbranes are par®icularly useful to
separate, for instance, polar from non-pol ar species
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thé‘hoéé’gggﬁ 14 to a steamcracker 20 to obtain various

f A hadi f
ot o 26 HthRool fhellnecs Ji32A o £ x54h BERGR fuchls
| n operptied srthecbnditoas smshlrab sj)emfmg;r?)g% 2,owltiels imdly, dgsin, vary
t t
pas S%gEGEtBVﬂBO n Ho Vegm‘lzé)fn"i% I ﬁﬁ‘ﬁdéé’é"o@ Py-raskne ppenmgpiztions

f
gf depiinod i s {&ﬁ@%sc?&fatmf\%ﬁdﬂmn"s ¢ udesthnppdiRheid de

er se the subject of the present
i Nkt skowl I’Jrhsr@wmdadt? prssiegdimiugh adort¢xchanper 13nkustrated

oY el B T o 0 B S RS i o
ar distilibe BBiliaR Yit, ¥a ek ardpl, SFUF aREbAS S THE B&fleddvertRed I § ehay
experimentation. Actual conditions for the one or nore

HDFbeémjé‘P aﬁmnws 19 agsyillpstrated do Figareck sepiarating e stigers jaf the
f ' t

| oo lhon, 5t St PUEES AT BHC! Rl ol
butcardpom dumbm {ihelodipg nn:ihthmtl tedvy d22iliate]; wWich 1Sy be fdseddab

D DG ST irar2t, 40 SN L OEbriS e §yaroEpy Tsthandyagae,
[ O%&]I'Izg- h@e Ry stheds %ﬁlﬁ%éﬁﬁg ﬂr@fe%l)pmergmt)@al f IHZQ I'by, for

pressure separator 15 operating at” the conditions Such
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experi men
the bottoms 35 from the first HPS 15 may comprise the material boiling above

650°F. In some embodiments, the bottoms 35 may be recycied or mixed with the

72

bottoms 21 of the 2™ HPS 19 and then depressured 55. In practice, typically a
portion (such as 0 to 90 wt% or 40 to 60 wt%) will be recycled (not shown) and a
portion 35 (such as 10 to 100 wt% or 40 to 60 wt%) will be mixed and
depressured. Mixing with the 90°F liquid cools the liquid 35 from the first HPS

15 reducing the amount of flashing that occurs upon depressuring.



depending on the feed and the operating conditions of
the other apparatus in the system shown. The over heads
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with its own product recovery apparatus
unit 40, heated to 100°C to 200°C to maintain fluidity, and now containing

~ substantially no metals and comprising very little sulfur, may be passed to the
HDP 10, preferably being diluted with one or more of the 650°F+ recycle 23
and/or feed 8, or portion of one or both of these materials. _
[0090] Figure 4 illustrates still another embodiment of the invention. Figure
4 is similar to Figure 3, except a second HDP unit 70, a second heat exchanger 72,
and a third HPS unit 74 is provided. As shown in Figure 4, material 76 from the
third HPS unit 74 (e.g. 400-650°F (204-343°C) liquid) is sent as feed to'_the



40 or a single product recovery unit 40 may handl e both
steam cracker effluents 26, 38. [0088] Certain
wanbEtoes W I | i nmedi atel y becone apparent tPETAIS2006/D41071
ordinary skill in the art. As an exanple, other
separation devices, such as 3irenbranes or vacuum

towers, can be added. Menbranes are particularly useful-
to separate, for instance, polar from non-polar species
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hydroprocessor 10, processed at 0.2 WHSV, 695°F, and 2000 psig total pressure.
The hydroprocessor effluent 14 is analyzed (see Table 1). The liquid product 14
from the hydroprocessor is then subjected to vacuum distillation (not shown in
Figure 5) to separate the vacuum resid. The distillation yields 82 wt% distillate
(1050-) and 18 wt% vacuum resid (1050+). The analysis is provided in Table 1.
{0093] The results of visbreaking 30 the 18 wit% vacuum resid can be
estimated. Due to the high hydrogen content (12.5 wt%) of the feedstock 14, high
conversions in the visbreaker 30 are possible before the onset of substantial coke

formation. Severe visbreaking will produce 40% yield of vacuum resid containing



of the present disclosure that a visbreaker may be
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Va0 Figures 1-4 discussed above. Wth $2006/041071
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Table 1 7:=:- . _ .. ,....:...._.. $ydroproces Soi:.
Crude=4.tnResid E[]luent"i _"1," ;:jJAl50 r.: 9050+ API

o 4% 0 150 01 0.3 won s 0.0 3R ABREIGY

wt % C5-1050 F 64.0 80.0 95.030.0 wt % 1050+ 36.0 18.0
0.0 100.0 Paraffins . - 16.0 27.0 naphthenes 19.0 39.0
] rmaromatics 8.0 26.0 2 ring aromatics 15.0 7.0 3

rin omatq CS 0.2. 4 fi 0 [ 0; 0. :
Tab@gﬂ% - ééarm tsaclﬁi (ri:agblﬁ(i !al %%fgéﬁl—lygi?%pt%%cﬂeeggotro 1"8%0{35“1
Li cuyidetprocSismgrstepr eomkaiied 36 i’ of matefidoboifingeéboas 1080°F. The
et hane /propane 5 ethylene 21 Pro ene 1 CA' s 10.
T PrOC G (BCky oprOSnAED GALAB 18 oS GRS Pouipe
PCTJM&R%W%QM ﬁdﬁ?hﬁ@@ﬁé&esﬁ?réﬁ&%ﬂiﬁ $0%4"coh@&kibn bf the
suggest that the Peed to the resid hydroprocessing

st eyacowmtesidrfedti@tofithefeedstovit Fhisaeatrshitihydrogtroessing 36l ed

Th roduct .fromthe hydroprocessj ng, step _contai ned 18
ot TGRSO oo & PO e o B SATEH BT b Cose
hy dgORRORARE Shal1€ f#lste8f ctRkET6ISREN ETT BWOf vAdiem resid is
vacuumresSid fraction of the feedstock. This means that

hy dwubgiantiely shmghed oh |hydeegen but can only be sold as low sulfur fuel oil
unless further processed. It is desirable to decrease the yield of low sulfur fuel oil
and increase the yield of steam cracker feedstock. The visbreaking step converts
roughly 60 wt% of 12.5 wt% H, 1050°F+ hydroprocessor effluent mnto steam
cracker feedstock. The unconverted 1050°F+ residfiner effluent is 10.8 wt% H
which is similar to the H content of the feedstock to the resid hydroprocessor
{11.3 wt%). The combination of resid hydroprocessing and visbreaking results m
an overall 80% conversion of the vacuum resid ﬁorﬁon of the feedstock to the
hydroprocessor. The 7 wi% low sulfur fuel o1l (“resid” in Figure 5} has similar
hydrogen content to the resid hydroprocessor feedstock so almost none of the
hydrogen consumed in the resid hydroprocessor is sold to customers as fuel oil.
Instead, resid hydropropessing the feedstock enables visbreaking to be carried out
at unusually. high coﬁversion. Feeding severely hyd:oprocessed resid to a
visbreaker is also believed to be a significant advantage of embodiments of the
present invention heretofore unrealized in the art, since it is not at all obvious why
it would be useful to visbreak a feedstock according to the present invention, as
opposed to sending the feedstock to a coker or to an FCC unit as in the prior art.
[0095] Resid hydroprocessing using feedstocks and conditions similar to
those cited in the tables above is practiced to pre-treat resid for use as feedstock to
an FCC unit. In an FCC unit, the hydroprocessed resid may be converted into
liquid and gas products with a coke yield of 5 to 6 wit%. It is highly surprising
that resid hydroprocessing followed by visbreaking and steam cracking results m
similar overall resid conversion to liquid and gas products. The byproduct from

resid hydroprocessing, visbreaking, and steam cracking is low sulfur fuel oil



by vacuumdi stillation results in a product with 18 wt %
vacuumresid, and close to 80 w% | iquids suitable for
gogamniacker feedstock. The 18 wt % vacuum r ggireishde/o41071
substantially enriched in hydrogen but can only be sold
as low sulfur fuel oil unle¥s further processed. It is
desirable to decrease the yield of |ow sulfur fuel oil
and increase the yield of steam cracker feedstock. The
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to liquid and gas products.” The byproduct from resid
hy dlwp/rm@s@;l rvgcuum @blﬂaaﬂuﬂlrwl FAi{ticysleoils, coker lgan gild, stackey
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paraneters for steam cracker feedstock are wt % h dro en
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closely correlate wth wt % pol ynucl ear aromati cs.
usage and maximize efficient use of hydrogen and hydrocarbon feed sources.
[0099] By way of further non-limiting example, illustrating yet still another
embodiment, which may be a more preferred embodiment, the source of hydrogen
used in the sifstem {e.g., in the HDP. u;rlits) may be from a methane source,
particularly a remote methane. Use of remote methane as a source for hydrogen is
described m US Patent No. 6,784,329,
[00100] Maximizing the value of remote methane resources 1s an old problem

in the industry. While methane commands a premium value for the production of



The resid hydroprocessing of Figure 6 results in a
product wi th hydrogen content typical of ordinary
N&esd i n the steamcracking art, but W tg-rusi006/041071
S gni ?I cantly |ower concentrations of pol ynuclear
aromatics. [0097] A consequedte of steam cracking
feedstocks with >20 wt% aromatics is tar yields

between 10 and 20 wt % The process of the invention
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feedstocks to the hyg,em,0cessiapg+umpt may facilitate

I nproved econom c_generation of val uabl e
[00103]  Typically Syngas is exploited by, for instance conversion into lower

~ alkanes by, for instance Fischer-Tropsch catalysts, which may be fed into a
naphtha cracker to generate ethylene. However, according to the present
invention, hydrogen may be extracted from the product side of the equation and
used to hydrogenate crude or resid-containing fraction thereof  The carbon
monoxide may be further reacted with steam to form additional hydrogen (and

.carbon dioxide) in the water gas shift reaction. Other reactions may generate



products from steam cracking. The term"renote" is not
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resid hydroprocessing unit that was processed at relatively severe conditions, such

as preferably in excess of 700°F (371°C), and more preferably in excess of 750°F
(399°C); (ii) separating (e.g., visbreaking) the effluent in a separator, into an
overhead streamn and a bottoms stream, wherein the overhead stream includes a
vapor; then (iii) the overhead from the visl-)reaker is passed to the radiant section
of steam cracker; (iv) obtaining an effluent from the steam cracker comprising
olefins.

[00107]  This may be modified or enhanced by one or more of the following

even more preferred embodiments: wherein step (iii) is characterized by passing
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wel | - heads | ocated near the renote nethane or by
shipping the resid-containing nmaterial to th

‘ﬁ@?ﬁgﬂé 42 and then ship the product of the Eﬁé%gﬁﬁﬁm?%P
the steam cracker (or |ocate&7the steam cracker at the
renote source). [00105] The present invention provides
nuner ous advant ages besi des those pointed out above.

I ntheroveeddefion MROAETRRES (o 4 hieani erueket | a8 vapsrovitidascdolifg or

one or nore of the follow ng advantages: (a) use of
| ofRSEDsINg: Whersagserdéi comprs PRssE thepverhgadiromdhg ysbreaker

an AC j r ;
of g:!r@%rg e e}{ﬁngéi} %{-’ﬁﬁé‘}?f“’aﬁ bg ﬁl%éfﬂi}o %%gtto%ggﬁw sectdif of
C OtheesteainDeraside s nwiidiein QWneomipsisesnpassing the efflemt ¢f theenemton
the visbreaker are conbined, (c).low cqst integration,
of SEHER Of 2 Sieany gRarksT ﬂbf@eﬂ?br#%% i eyt iy R dzpor bauid
£ aciLit J h . _ Can
coSraletifn SR (AL LSTLIRH| Vipor MABRNEPIRY @i i
antiéad integrated weth drecsteam @icker siibeem stepold) 1@ fartifer characterized by
tr a%rrent/di sposal . of r.esid/ as hal t ene/tar/sul fiuy, and
i POSGRACSSEPS il etk comBrSRE 90¢ “BofTf Brotopalg b 2
(f hydbpteéedRa adrh@ Nat | NRirdfRodkeRAt Raudee! RIdibAY WRdTeih Nahe
production of aromatics product. [00106] Having thus
debydrpprectstede ciudy efnaction epempeises! regidanehargin hsterf(Or &n&uthed
speci fic. dinents, .0 preferred. .exe ar : .
e R B RSl ¥ Bef cp i TRsCh sme faction
C O BHtaifing 320 ¢it% o bR AV G >B20MeBAIE 0k residiand shhgt®aor >25
effluent froma resid hydroprocessing unit that S
o HEhe St P romAFl 0SB MEe Brih VOheor Slch parains to
Pr §ht&h P hYdroProBess & Sru o¥qg,&o§3r°oZés§éd cARE R(i6n, wherein the
preferably ih excess of 750F "(399C); (i1i1) separating
( ehglroprogesizd ealderfrictiohenngfriskamssit; winersin susbeaaking ogccurstmgler

an_ . r he stream.and a tr in.th
oy sl eoaEf (efRm Bt 780%, 00R 0T 19, S RFLR i Ber
oV giab&fsledts QRRdtdiethih FIVTRKRIS0PS) RASSEF (432td)e of awlittantthe
section of steam cracker; (iv) obtaining an_effl uent

f r pieferied ranesanh enerative of dimisenos ligyid sspariignsdeviggoafodgp°C to
This £e _ il _ ‘

f ol o g st Bl o Gy SYAIBIGRE Lt B B
st épth(in thig parentithiaalespressiag siichyas p2EEito 820 230 @70°C43 942C)

PCT/ US2006/ 041071 = -37 the qverhead fromthe visbreaker
{0 PTRPLE P S DS b Fr RO BT Heghors Prefebly
COROIGA%R 13060 WHR! & ID e Prefférhbly >S0NPIoh $€%0 PS5 ! Yo sﬁl'D-@];ore
overhead fromthe visbreaker to the convection section

of prefraably @it WadrRe0 atd eanersion afhal $58di+a msidk éx (S18H Bt

material (in other words for a sufficient "time at temperature” to provide for the

aforementioned conversions); including a step of visbreaking the hydroprocessed
crude or hydroprocessed crude fraction followed by a step of separating to obtain
a resid containing fraction and a non-resid containing fraction, then steam
cracking the non-resid containing fraction to obtain a product comprising olefins;
wherein the feed comprises crude or crude fraction containing at least one
impurity selected from: (a) sulfur in the amount of greater than 1 wt%, more
preferably greater than 3 wt%, based on the weight of the feed; (b) resid in the
amount of greater than 10 wi%, preferably greater than 20 wt%, more preferably
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sufthée cisystdm " fiirtier atompeisper at steath trcfopncnrwweloéamd tymeh the

f t d - i ncl ud] st f
o1 SRR AR AP o BRB e o aF i PovidH, dDBBEeR: das i
or ugRrdpkRedsin@Nagp@iahR@Vac Bstetn FirdRr Qhari@Baseat dsngblﬁ}ﬂlsmg in

obtain a resi cont ai ni ng fraction and a non-resid
corﬂearmmﬂgur thadpllowng tori@qr & Vishrgrker agé et Aegst pree pleamm romsker

ol ec%p lf}q}\,ﬁf‘q’{élgg \Lagprh %@h@loﬁ‘ d@\rng(g iﬁ%’gaéégmrefe%ﬂg wherein

conprises ¢
f r ahé ispstern odvieainot ragmpﬁsel desintegrated vaypurlignid sedaeative device;
fro %3 sul fur in the amount of greater than 1 w %

erein dhe STy QrPRES: theniniremict Yapopdui sepapatan device;

Welm.trel@fm& h@istrefes i§ bihtepRitddd with trrée ste@ADEAEkeD bt &AL &le
than 10 wt% preferably greater than 20 Wt % nore

pr efoayestpy seuyop o/ BaiRgY 3eqtig. USPB0stwn (raferred3 gmbodiment

B S S e T
pr ahe faeh [throwgh & systam eojpprsieg alhlygropidcéssingtappiratumned a steam

cracker, the improvement comprising feeding a resid-containing material directly

mto a hydroprocessing apparatus and hydroprocessing the resid-containing
.materia], visbreaking the effluent of the hydroprocessing apparatus in a
visbreaker, and then obtaining at least one of a C2-C6 olefin and single ring
aromatic species as an effluent of a steam cracker, which may be modified or
enhanced by an embodiment wherein substantially all of the effluent of the

visbreaker is provided to the convection section of a steam cracker where it is



preferably ?2.5 ng KOH g oil, yet still nore preferably
> 3.0 ng KOH g oil (ASTM D-664); wherein step (i)

“ﬁgioldﬁ@hgé at least 20 wt% preferably at | eapdtd§oosvdsder
of the aromatic species in the feed; wherein the :

product of step (ii) further3d-conprises tar and wherein
the tar is recycled to the feed in step (i); wherein
the feed conprises steamcracker tar. [001081 Anot her
pr efigéd with elandidbeat seaf totahapomicait separaticrl daties irteprated with

I nt egrated hydropraocessi ng and steam cracker stem for
makhentieadn errpkss tor prpile %3{?&%&%0&%@ qssreaeéﬁfo?f?éw material
Conpg I Si i (S fl Sdn0ehpBt ofafRal, M€
hyg?%pa?g%g’gg%%g%p%gg%t s?ééﬂtﬁﬁgg{,t onepﬁllt gha préssur%eh}m
.Sepeackingr the atapdremateriging thei mbiaeaketion alf the attmocreckst aadn

cracker .optiaopally_ having a vapor l.iquid separati

de PO Bl of Wer EoR chok e famare a_glfﬂ-% Riee & £.Ghto Cs

CT REHEI arktf %é@tﬁnﬁgﬁgﬁ?&’ speBRDArAd: Usill ahBiber BRYodifent of the
/

modi fied or enha )y one or nore of the follow ng:
t henwptiorem § procése compngng pryidingst deedsireafmoromprising resid to a

co-lqcated with the h oprocessi ng . r.at,us

Corp e Ecprint o i one IO RIREE ERb s GO RR L T the present
hy diRRsRe sttt FIRAfrefered efbedifmyst 88 fbiH inhB¥s paragraph, and
characterized as conprising in series and in the

- olobiing fremcthe steany Prakes araduCtIARPVATY PRSI ahisas pagRfoduct
Cr ACkEa 50 -APRLIK N 01 AGhalcb AUl d Separ at i on

device integra rew th; erern the system-.does
not{0ek®epr i Salltoter prefeegd @irbddinmpnrofl theitivehtive paocatseomay be

devj ce; . wherein the system rises the integrated .
VagBToeY B QISR oS Caient bR RaFHS PHEORPerEa e
IS WHHO iR @luett domphbe 6S0eRN3a8 AT 9ésidd @ili)v%s‘&aﬁ;ﬁ%e effluent
convection section’and radiant seCtions.” Yet anot her

pr dh e sepatatenyintiinyeathead sishmdiad 2 holterncHresms then frakpasgng the

olefin r.om hydr ocarbon feed conprisi.ng feedi t
0 o ByeitBad oty BF SERLRR, £ 8 ERORE! PR Mbat® CGhlihe B

appatmkats inathd steafit @8dker aid6ltRihingt 41 Stea Rt RKE R Oduct from the
conprising feeding a resid-containing material directly
i ntSéeFRm [3ATKerprBe creducl eomaiseuSleaRY  hyarfersblyc skeai M) is -
t hey b8 Skir it ke i . ) |
PSSR S Tl iy o SR Ui ccker o
'Vi steperakKBre, separator iney) cerbprasierst tegstaine| of ashsbogakerpf flasiCRru@s a

| ef.i d _singl [ [ ' ' ffl
of PSS Rt G e RRE b RBARF oo op “hRron SR
by aaguablyp dibrsrenay beherelitlesdibfieatd inatheye Abrhs @ifid tHeeterms are

ef fluent _of the visbreaker is provided to_ the .
corfBEansn uset tiptstehateeablyt eghec iR kY SRPREstIg; foays copprise

B
i nt[8Q¥14] ed Pydferhbly, the process also comprises the step of flashing the effluent
through at least one pressure drop to reduce the pressure of the effluent by at least
one-half of the pressure of the effluent in the hydroprocessing unit, prior to steam
cracking the effluent in the steam cracker. In practice, the pressure drop may
occur substantially in conjunction with the visbreaking operation to cause the
flashing of a portion of the hquid fractions to vapor fractions within the
visbreaker/separator. At least one of the pressure drops occurs substantially

immediately prior to the separator or within the separator. It is preferred that



the steam cracker to provide a first stream consisting
essentially of vapor material and a second stream

consi sting essentially of non-vapor material, and then
WORTHMFP4 he vapor material in the radi ant s&GIHRIE041071
the steam cracker and recowering an effluent of the

st eam cracker conprising at |east one of a C2 to C6
olefin and single ring aromatic species. Yet stil

angehd cﬁaﬁfﬁg'm fedstdcR Begih Y BRIHyARprR e QiR BRERA that the
conprising providing a feedstreamconprising resid to a
sy seking comtiveengint thearwsbomakeristparster. sy Sugpmisaghyo dihgre severe

se orth i.n the present . .disclosure arti.cularly.the
o brdsfchssine Bl 1B sl sgsfiskie et 1y BRBhSH snbedatl
obpatioh 8 the QDAL (FBENY REACAAT evieh Of UHstanBAOMEMidh of the
apparatus at | east one product selected from C2-C6

ol e#50RE+ &6§°CHnghid. Thergbraonsietitydy VORIREY theshatioms drapiaen

preferred embodi nents of the .invent.yv I 9Cess
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obtaining a steam cracker (%oduct

fromt?ﬁ st g%}] h
cr RPKIESO 4SOt [ ERGBiES 2 STy B7ah GOFee APHSr (phentg yf, heat
St §durdel dther tilah thHAPGhel zed by passing the overhead
fromthe separator to the steamcracker as. vapor. The

sefii &tlor lngyelonedembeliments, dhs eflupn ipftheseprrator/smkispker ds
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t hesrperiBite D€ av Gyt JOOR, Isl] Ghdrt Qredtialyitd at teRperatufecsibatdemt
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ffluent in the steamcracker. In practice, the )
pr 8usch thecdhogpmpdiguid sheagy tostiomr ths eackpp frompreesiing & foyHne
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[00112]  Preferably, the inventive processes comprise the step of processing the
resid-containing hydrocarbon feed in the hydroprocessing unit, wherein the

. processing comprises combining the feed with hydrogen at a temperature of from
750 °F (399°C) to 900°F (482°C). Preferably the hydrogen is from a remote
source. The hydrogenation process may be performed at a pressure of from 1000
psig to 4000 psig, and the hydroprocessing saturates at least 20 wt%, preferably at

least 40 wt% of the aromatic species in the feed. Preferred processes also include



thermal cracking of the feedstock begin in the
hydr oprocessing unit and that the cracking continue in
“{{?gﬂﬂé ,s,g({ eaker/separator. Surprisingly, the sevgéBoso410T
tﬁ dessi ng plus the severe visbreaking serves to
break down a substantial ponition of the 650F+ (343C+)
resid and even a substantial portion of the 1050F+
(565C+) resid. Thereby, a nmpjority by weight of the
bobddifg sttanR€d atqlast brieasNtlidEioedp fomtthoRydrbRBcS SNPLNISE™ the

resid having a boiling point of at | east 900F (482C),

an&enaraiarer AReR craeking theevaper Fepfion-in (thesteam crackeny ther desprady
pr- , ' ' arating
Ph SRR ot Brodit S thad be REBAEA ) Mo WA RGRERTT ©1 L o
as [@0113}as hTir meartmgs \of $¢rme akedr heraitn stralli tak e their wediseey mesning
| east. one of. (i) _heat inte%{ated wi th the steam

cr ks atisisgarenes ol |hsctakang in RAFYR o andbeckeo! Brtrlsipn
o) not i : e r a :

(¢ FREpEE PGl S0 bR BaiBGR R Aol idtor SRR Hil
cr §204). . I §1ditich, hll patents efid patend applivetionsp testsprotduares (such as

ef fl t i.n the separaior/visbreaker. is ated to

© e mebdst nd R Holhage BheBlctin, B A7 itmoinS by
a rdfeRRRMath sctatht sidh digdslre89At, inddnkiklent WS tHY BV 6tRR la%d
to a tenperature of at |east 850F (454C), yet still

nmoder pli afmsdighions tip vehiete spdr incomperabpn fip qermisied (B9 Cyvhen

to F o . . bl v, 1. ef. t. i

& oRecal e imits, B oRireh ] el il 3e L B, Bobitrom
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onger t a_.determ ned mayj nrum anount of_ tine. This
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pr tredsmahriesgn vanidusglmsdigtions: coki ng, while still

perMm.t i ng.adequat e .t i for th eaction to

uf bl nPri B oD nas Hion Rasril ER B RetsPoserie pmeroys
| Nnemyedifents ARd deollicexbdPiadMah e earatibm Will Jupit Bemselves to
components., The exact timng wll depend upon the crude
f edhpse elled 1pthyp ait i lght ghihe ahave detaidad depiptign. Allsuch obvious
ef Lhtleihs 4B wille HERAT ifeRled sbHILERe aE%&fdgﬁ ke, the

i nventive processes conprise the st of processing the
resi d- cont ai ni ng hydrocarbon feed in the

hydr oprocessing unit, wherein the processing conprises
conmbining the feed with hydrogen at a tenperature of
from 750 F (399C) to 900F (482C). Preferably the
hydrogen is froma renote source. The hydrogenation
process maybe perforned at a pressure of from 1000

psig to 4000 psig, and the hydroprocessing saturates at
| east 20 wt% preferably at |east 40 wt % of the
aromatic species in the feed. Preferred processes al so
i ncl ude WO 2007/ 047942 PCT/ US2006/ 041071



-41 adding steamto at |east one of the effluent from
the hydroprocessing unit and the separator. After
cracki ng the vapor fraction in the steam cracker, the
desired olefins and other products nmay be recovered by
ot her known processes. 1001131 The neani ngs of terns
used herein shall take their ordinary nmeaning in the
art; reference shall be taken, in particular, to
Handbook of Petrol eum Refi¥li-ng Processes, Third
Edition, Robert A Myers, Editor, McGawH Il (2004).

In addition, all patents and patent applications, test
CLAIMS; cedur es (such as ASTM net hods), and ot her docunents

cited herein are fully incorporated by reference to
the extent such disclosure is not inconsistent with

What it bliasnddnwenti on and for all jurisdictions in which such

incorporation is permtted. Al so, when nunerical |ower
limts and nunerical upper limts are |isted herein,
rRpaERSssichRPisiagy |ower Iimt to any upper limt are

cont enpl at ed. te further that Trade Names used o
Her ei Mydrogracagsingas keed wnmsmmg Cl‘BWcﬂ crade fractios gamprising resid in a

7 BB D 4 RS SyBPE R e LA hema
t r adergdcking! ot twafdsrauszhhﬂém mell.s?diplan&her&ﬁﬂgllﬁ]ck&h@sm comprises an

i nventi on has been described above with reference to
nuner@d@mﬂénbodlnents and specific exanples. Many

i at h killed i
R " b find e TP SR EiE b b descr s pt i on
Afiil) su.elbhrabm\gl mHSefﬂuﬁitllﬁtal SHparator Ciritd hhldvet}hed ftttdm and a bottoms
i nt ended scope_of the appended clains, -42- CLAIMS:
What isedm aihsesn ths overheadstispp dea ¥amoB PN sing: (i)
rti/‘gro% rggzt%la Bgerﬂeafdes‘ﬁgarﬁgw ﬂhé'sé}% 3&1{9% sREmArididde.

nprising resi roprocessing unit at
v} enpedant craeking) fiei miegrbd trothp rseuamt (ﬂ'achecaqtd ebtainidpes m@dm cracker
cracki ng, of .the resid, erein the inci |en thermal |y
crackéﬁm?ﬁéﬁﬂméB%ﬁFW%é@mgﬁ g%P?ﬁH@ﬁPmpﬁ %QF%lnlng
the effluent fromthe hydroprocessing unlt (i)
separating the effluent in a separator, into an
olterfrecds atcpelang tarnthia 1hethewitsthe stimesatunaisaffgiant tohpgomote incipient

dberEaaeges B 7R R R PR el St cam cr acker

(v) steamcracking the overhead in the steam cracker

and obtaining a steam cracker
The process according to any of the preceding claims, wherein the temperature sufficient

to promote incipient thermal cracking is at least 780°F (415°C).

The process according to any of the preceding claims, wherein the separator comprises at
least one of a visbreaker, a flash drum, a high pressure separator, and a vapor liquid

separator.

The process according to any of the preceding claims, wherein the step of separating

comprises visbreaking the effluent and separating a vapor fraction from a liquid fraction.



10.

I1.

13.

product fromthe steam cracker, the product conprising
ol efins. 2. The process according to claim1l, wherein
the tenperature sufficient to pronote incipient
thermal cracking is from 750F (399C) to 900F (482C). 3.
The process according to any of the preceding clains,
wherein the tenperature sufficient to pronote
i nci pi ent thermal cracking43 at |east 780F (415C). 4.
The process according to any of the preceding clains,

erein the separator conprises at |east one of ,
wgebp@aﬁsér 2ccrqing sty glatim Ta fwﬁgqﬁ ARG e iaPa by flashing - the
IR SRR eI, SRR AL e press oY R RSB E k0o the
séhanapiiergo secemprickey thé sffined ki thg stehm ceddkenient and
separating a vapor fraction froma liquid fraction.
-43- 6. The process according to claim1, further
CEHEYrb&s N BccbhfnStoeRaiff 6, WIRedlh BOIehNRnL VIR Fe8SGRDressure drops
ef fl'uent through at (east one pressure drop to reduce
tdseurp sehstntialloimmeatelyfpiiotterthe paparatoriop wathaethe eepatakirng
the effluent in the steamcracker. 7. The process
according to claim6, wherein at | east one of the at
| BRSHro6die aBERGIRPIE A QTSthe Pedtudifig WIHE, aRhdrainl the effluent from the
i mredi ately prior to the separator or within the
Jegeapsacessingaunitnip gheppalbeeackgd dothdisergrater. any of t he
precedi ng clainms, wherein the effluent fromthe
hydr oprocessing unit is thermally cracked in the
SHieagrats acchrdihfao PhoafIhe pagedity BRirhe) fankerofoniptBing the step of
precedi ng clainms, further conprising the step of
passnshthetwdropiasetpd shsaida acopyssiiaR S§cion of His\atam gacker, then to

. ‘ ’

R o o G L PR Lt e bR et
the separator. 10. The process according to claim9,

erein the step of separating includes separating the,
eftye RIgsFss Pwoa:f%wo?la'm ﬁu\rlafr%g%ﬁ R phsepwalng 3n°fm4&% gparating the
: . . : . ey .
R REE vabs [Rhid SRRl Fo o aug ™ot 1 h 33 Raglrlr®) heat
ahtegrateddheith thesteameamkeg mad Kidrheattd wiffiheehqat emesesother than the steam
ac%grding to any of the preceding clains, wherein the
pr&S&ure of the effluent fromthe hydroprocessing unit
is flashed at | east once of prior to separation or
during separation. 12. The process according to any of
tThe proegse dicngrduigalonsny whdhe precedheg siapas,awbereins thiaepressure of the
integrated wi th the steam.cracker 3. The ocess
ARG oG 8 P rireei i T E el Bt oncs RS
eduring&ardtiont he separator is heated to a tenperature
of from 750F (399C) to 900F (482C). -44-

tSﬁ%aratlon or
The process according to any of the preceding claims, wherein the separator is heat
integrated with the steam cracker.

The process according to any of the preceding claims, wherein the effluent in the

separator is heated to a temperature of from 750°F (399°C) to 900°F (482°C).



14.

15.

16.

17.

18.

19.

14. The process according to any of the preceding

clains, wherein the effluent in the separator is

retained in the separator for at |east a determn ned

m ni rum anount of tinme and not |onger than a

det ermi ned maxi num anmount of time. 15. The process

according to claiml, wherein the step of

hydr oprocessing the feed fdfther conprises the step of

processing the feed in the hydroprocessing unit,

mhereln the processing.conprises conbinipg the feed |

WNE IPrRSFa &@%Q tg Iwnplihe: presedine claghs, 780grein( @99@?“% in the

V\ﬁﬂFat(Sr 1§%§)1mcé-§1 th-gllgl%é?ﬁtgp forat A& S’ét&%lﬁéa Iﬁi{@hmn]a?nount of time
erein the processi urther conprises co ni ng

fanédotiongder nydracdg@nnmtad aapmass ameurdgfof fimem 1000 psig to

4000 psig. 17. The process according to claim1,

wherein step (i) is further characterized by

My PREQCRRSIINGE R JISRA] C@H@Pélh&hé"& 319 BPﬂfdreﬁroeésgﬂé the feed further

fractlon cont ai ni ng greater % 1050F+ resid,

aowipyses atherstaphah pmewr% Eheoftad un: sihe dndropessssirigannil 5whirgin the

araffins to. obtai.n_a. h I sed cru or o
R o tatSise Srang e S RBTERE 5| hfrfpetature of from 750°F
hysbegptoospese esb2er). hydr oprocessed crude fraction
conpri ses hydroprocessed resid. 18. The process
according to any of the preceding clains, wherein the
fﬁg%{ocgéép%Sﬁﬁ%a gntoﬁcgaqgt I%F évgg e%ngtﬂl'ng%%c%ésm nﬂll‘t?lg lugog pn&es combining
filieofdtd ith hgdrobed atiarpréshere afrromt 1000 pgge@umo ;ishg’:.m I W%
nore preferably greater than 3 w% based on the
meight of the feed; (b) resid in the anbunt of greater
than - a or e t r
T:ﬂgf sF"t z@chig QB ﬁ!uY'n ]rO %%mbg%gdag W %hgp cﬁﬁractc?zed by

ﬂnherobﬂ:eels’sn@nﬁ fc(ed)cdnmpish@e:mudh acerdge ascuimasmﬂ:ﬁdmgygreatafﬁthhn 30
eferabl >1.5, nmore preferably >2.

?/q:l 0‘§Pe}*f+er.e§g4 3p ;gzcager @_Vng{ gomatlg,se@ncjs[epq qhaqanlJ§ @/1% parafﬁns to
%Bﬁﬁneréabllg%ﬂ? leg%rsn g OP' |'1¥cﬁﬁ§&\és%d6 4‘%1 ]fPactla—rhe wherein the

process erein e ste ydr opr ocessi ng
$atropaicesedior }h)elaquocz@seviltc%de f;acﬁxﬁrea’cmhdrgsesalhydlr@aectes% redido
of the aromatic species in the feed. -45- 20. The
process according to any of the preceding clains

m@fp%dgfsdadc&d%gs%%?@fi@pr&ﬁm genmnef\bme.ﬁ "t TeRd fc@rﬁgnses crude

conprising at least one of crude and crude fraction
©0 resid-grintegning studs fractiom eysinemg adeqst orei imguaty sekast fione

droproces ast one va qr | i qui d. separ at or
2" 2BURGIE R Sy o BeoreR ey W0k, mal brels B ngreatel then 3 wi,
accor ghfdg ohh&wvaigh e RBEr €i n the vapor |iquid
separator conprises a vi sbreaker and the visbreaker is

Helt irgsiceigrthe amovRtioh sraatsr S1aa dfhvala okaderably Zreamyghan 2 with, more
accor ﬂk&&a%lg g?{ycr?lgant'jlbewtp/ %8?&:9'0“% Cxlvgllgﬂisdf tgeufeegl 2hd

conpr i’ si ng
(c) naphthenic acids as measured by a TAN of > 1.0, preferably >1.5, more

preferably >2.0, still more preferably >2.5 mg KOH/g oil, yet still more
preferably > 3.0 mg KOH/g oil (ASTM D-664).

The process of Claim 1, wherein the step of hydroprocessing saturates at least 20 wt%,

preferably at least 40 wt% of the aromatic species in the feed.



20.

21.

22.

23.

24,

25.

26.

27.

reformer that provides hydrogen to the hydroprocessor.
23. The system according to any of the preceding
claims, wherein the systemfurther conprises a heater
to heat the feed in at |east one of (i) prior to the
vi sbreaker, and (ii) in the visbreaker. 24. The
process according to any of the precedi ng clains,
further conprising the steg5of adding steamto at
| east one of the hydroprocessing unit effluent, the
ver head fraction, nd the se arator 25. The process
%&eampwgaw awoaprﬁgwmr% Wi 1P RFTiMedHB Ay HemHar making
%‘ Rs AbrSPRRY bk ngf%rm{sl SfSoflchRleShERNRY % fﬁ@@&ﬂsrégm?:hﬁng resid,
ydroprocessed resi uring separation of the vapo
ftlreaqlstennccfmmmgwa least) winel hfydraptocensor, 26 leagthanepvapoebguid separator,
ordln to claim?25, wherein the step of separating
trF%Sé N UCAT ﬁrﬁrﬁ% hydr oprocessed resid to a
tenperature of fron1750F (399C) to 900F (482C). 27. The
process according to claim 21, wherein the visbreaker
d‘dmmystgmsacasosbmmatcﬂm Ybvivbeaeinathd ‘appr dgeidr $parthn clomprises a

n rein Ihe Vi shre ar at es, t he vapor
S bisaRes e ey b BnedhPraa T BF RS EREkT 11 e
has passed t hrough the pressure reduction device. -46-
28. The process according to claim27, wherein the
éfénpasryattemoﬁc@ed;mémw old areg@blw slaion etbsecompdsinha steam
ncl udes u vol une that occupies at |east
63§mllleélt}?at 8 eé hydmgf toqh }?P’ SRR ohe separation vessel.
29. The process accordlng to claim1 used for naking
olefins froma hydrocarbon feed, the process
dbRpwFiSIMgoaording ttepmyopt the prepecieg (imS.r WhFraLnc 16t aYstiTh Jurther
r [
?égéﬁ%ﬁ aﬁ‘lggter' ﬁ):lﬂeall {rglt% gee?lﬁgléﬂfegﬂ 09(? §§ @Sg@or%g 611}']6 \trlgﬂr%;]%(er, and (ii) in
mwﬁﬂﬂmfﬂ@e58|ng the resid- containing hydrocarbon f eed
and hydrogen at a tenperature of from 750F (399C) to
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A e SERA8hs fraction from the visbreaker, wherein a
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fraction from the liquid fraction.

The process according to claim 25, wherein the step of separating comprises heating the

hydroprocessed resid to a temperature of from 750°F (399°C) to 900°F (482°C).

The process according to claim 21, wherein the visbreaker comprises a separation device
and a pressure reduction device, and wherein the visbreaker separates the vapor fraction
from the liquid fraction after the effluent has passed through the pressure reduction

device.



28.

29.

effluent; and (vi) separating the steam cracker
effluent to recover at |east one of a C2-C6 olefin and
a single ring aromati c speci es.
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The process according to claim 27, wherein the separation device includes a separation

vessel and the vessel includes a liquid volume that occupies at least one-half of the total

volume of the separation vessel.

The process according to claim 1 used for making olefins from a hydrocarbon feed, the

process comprising the steps of:

0
(i)

(i)

(iv)

W)

(vi)

feeding a resid-containing hydrocarbon feed into a hydroprocessing unit;

feeding hydrogen into the hydroprocessing unit and hydroprocessing the resid-
containing hydrocarbon feed and hydrogen at a temperature of from 750°F
(399°C) to 900°F (482°C) to create an incipient thermally cracked hydrogenated
effluent;

feeding the effluent from the hydroprocessing unit to a visbreaker and visbreaking

the effluent at a temperature of from 750°F (399°C) to 900°F (482°C),

separating a vapor fraction and a bottoms fraction from the visbreaker, wherein a

majority by weight of the bottoms fraction comprises resid having a boiling point
of at least 1050°F (565°C);

steam cracking the vapor fraction in a steam cracker to create a steam cracker
effluent; and

separating the steam cracker effluent to recover at least one of a C2-C6 olefin and

a single ring aromatic species.



