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STEAM CRACKING OF PARTIALLY
DESALTED HYDROCARBON FEEDSTOCKS

FIELD OF THE INVENTION

10001) The present invention relates to the steam cracking of hydrocarbon

feedstocks that contain salt and/or particulate matter.

BACKGROUND OF THE INVENTION

[0002] Steam cracking, also referred to as pyrolysis, has long been used to
crack various hydrocarbon feedstocks into olefins, preferably light olefins such as
ethylene, propylene, and butenes. Conventional steam cracking, utilizes a
pyrolysis furriace which has two main sections: a convection section and a radiant
section. The hydrocarbon feedstock typically enters the convection section of the
furnace as a liquid (except for light low molecular weight feedstocks which enter
as a vapor) wherein it 1s typically heated and vaporized by indirect contact with
hot flue gas from the radiant section and, o a lesser extent, by direct contact with
steam. The vaponized feedstock and steam mixture is then introduced into the
radiant section where the cracking takes place. Pyrolysis involves heating the
feedstock sufficiently to cause thermal decomposition of the larger molecules.
The resulting products inciuding olefins leave the pyrolysis fumace for further
downstream processing, including quenching.

10003] Crude oil, as produced from the reservoir, is typrcally ac;companied
by some volume of saltwater and particulate matter, also known as sediment or
mud, from the reservoir formation. As used herein, the term "particulate matter”
includes mud, mud blends, mud particles, sediment and other particles included in
the hydrocarbon feedstock. Crude oils are complex mixtures containing many
different hydrocarbon compounds that vary in appearance and composition from
one oil field to another. Crude oils range in consistency, €.g., viscosity, from
water-like to tar-like solids, and in color from ciear to black. A typical crude oil

can contain about 84% carbon, 14% hydrogen, 1%-3% sulfur, and less than 1%
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each of nitrogen, oxygen, and even lesser amounts of metals, and dissolved éalté.
Refinery crude base stocks usually consist of mixtures of two or more different
crude oils. .

[0064] Field separation is used to remove the bulk of the saltwater and
particulate matter, but some small quantity typically remains in the crude and is
reported as basic sediment and water (BS&W) in reporting crude oil quality.
Undesalted crude is sometimes processed in a refinery atmospheric pipestill in
which the salt and particulate matter will concentrate in the bottoms fraction
(atmospheric residue) from distillation of the crude. Additionally, crude or
undesalted atmospheric residue can be further contaminated with salt prior to
processing by contact with sea water during shipping. Prior to refining, the crude
oil, or a bottoms fraction from distillation of the crude oil, is generaily paséed
thré)ugh a desalter which uses heat, clean water, and an electric current to break the
emulsion, thereby releasing water and particulate matter from the suspension or
emulsion with the crude oil or botioms fraction. The salt and some of the
particulate matter leave with the desalter effluent water. Some of the parficulate
matter temains on the bottom of the desalter vessel and is periodically cleaned out.
The desalted crude or residue fraction derived from crude leaving the desalter is
very low in salt and particulate matter. Highly effective desalters which eraploy
electric current can typically remove more than about 90% of the salts present in
raw crude.

[0005] In a situation where crude oi], atmospheric residue, or any other
hydrocarbon feedstock containing salt and/or particulate matter is used as the
feedstock for a reactor, a conventional desalter employing an electrostatic field
would constitute a significant additional facility investment. Using undesalted
crude oil or undesalted atmospheric residue as a feedstock in a conventional
cracking furnace would, however, result in deposition of salt (primarily NaCl) and
particulate matter as the liquid hydrocarbon feedstock was vaporized for cracking,
Any non-volatile hydrocarbons would cause rapid coking around the dry point.

The salt and particulate matter which also lay down causes corrosion and fouling
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of the convection tubes. Moreover, any salt remaining in the feed after the dry
pbint and deposited in the radiant section of the furnace would result in removal of
the protective oxide layer on the radiant tubes. Therefore, provisions must be
taken to remove salt and particulate matter, to an extent sufficient to prevent
damage in the furnace. o

[0006] Conventional steam cracking systems have been effective for
cracking high-quality feedstocks, which contain a large fraction of volatile
hydrocarbons, such as gas oil and naphtha. However, steam cracking economics
sometimes favor cracking lower cost heavy feedstocks such as, by way of non-~
limiting examples, crude oil, and atmospheric residue. Crude oil and atmospheric
residue often contain high molecular weight, non-volatile components with boiling
points in excess of 590°C (1100°F) otherwise known as asphaltenes, bitumen, or
resid. The non—vdlatile components of these feedstocks lay down as coke in the
convection section of conventional pyrolysis furnaces. Only very low levels of
non-volatile components ¢an be tolerated in the convection section downstream of
the dry point where the lighter components have fully vaporized.

[0007] To address coking problems, U.S. Patent 3,617,493, which is
mcorporated herein by reference, discloses the use of an exiernal vapolizatioﬁ
drum for the crude o1l feed and discloses the use of a first flash to remove naphtha
as vapor and a second flash to remove vapors with a boiling point between 450
and 1100°F (230 and 590°C). The vapors are cracked in the pyrolysis furnace into
olefins and the separated liquids from the two flash tanks are removed, stripped
with steam, and used as fuel.

[0008] U.S. Patent 3,718,709, which is incorporated herein by reference,
discloses a process to minimize coke deposition. It describes preheating of heavy
feedstock inside or outside a pyrolysis fumace to vaporize about 50% of the heavy
feedstock with superheated steam and the removal of the residual, separated
liguid. The vaporized hydrocarbons, which contain mostly light volatile

hydrocarbons, are subjected to cracking,
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[6009] U.S. Patent 5,190,634, which is incorporated herein by referéncé,
discloses a process for inhibiting coke formation in a fumace by preheating the
feedstock in the presence of a small, critical amount of hydrogen in the convection
section. The presence of hydrogen in the convection section inhibits the
polymerization reaction of the hydrocarbons thereby inhibiting coke formation.
[0010] U.S. Patent 5,580,443, which is incorporated herein by reference,
discloses a process wherein the feedstock is first preheated and then withdrawn
from a preheater in the convection section of the pyrolysis furnace. This preheated
feedstock is then mixed with a predetermined amount of steam (the dilution
steam) and is then infroduced into a gas-liquid separator to separate and remove a
required proportion of the non-volatiles as liquid from the separator. The
separated vapor from the gas-liquid separator is returned to the pyrolysis furnace
for heating and cracking.

[06011}) U.S. Patent Application Serial No. 10/188,461, filed July 3, 2002,
which is incorporated herein by reference, describes a process for cracking heavy
hydrocarbon feedstock which mixes heavy hydrocarbon feedstock with a fluid,
e.g., hydrocarbon or water, to form a mixture stream which is flashed to form a
vapor phase and a liquid phase, the vapor phase being subsequently cracked to
provide olefins. The amount of fluid mixed with the feedstock is varied in
accordance with a selected operating parameter of the process, e.g., temperature of
the mixture stream before the mixture stream is flashed, the pressure of the flash,
the flow rate of the mixture stream, and/or the excess oxygen in the flue gas of the
furnace.

[0012] U.S. Patent Application Serial No. 10/975,703, filed October 28,
2004, which 1s incorporated herein by reference, describes a process for cracking
heavy hydrocarbon feedstock which mixes heavy hydrocarbon feedstock with a
fluid, e.g., hydrocarbon or water, to form a mixture stream which is flashed to
form a vapor phase and a liquid phase, the vapor phase being subsequently

cracked to provide olefins, which uses an undesalted hydrocarbon feed o the
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convection section of a steam cracking firmace, and effects desalting downsiream

of the fiace inlet in a flash drum treating preheated feed.

[0013] While the references address the use of heavier hydrocarbon

feedstocks, none of the references address the possibility of using a partially

undesalted hydrocarbon feedstock for a cracking furnace. It has now surprisingly -
been found that it is possible to operate a steam cracking furnace with a

hydrocaﬂaon feedstock conmtamning salt and/or particulate matter. This is

particularly advantageous when the feedstock additionally contains non-volatile

corponents.

SUMMARY OF THE INVENTION -

{0014] The_ present invention relates to a process for cracking a
hydrocarbon feedstock containing salt and particulate matter. The process
comprises: (a) heating said hydrocarbon feedstock containing salt and particulate
matter to provide a heated hydrocarbon feedstock containing salt and particulate
matter; (b) optionally adding steam and/or water to said heated hydrocarbon
feedstock contaming salt and particulate matter; (¢} feeding the hydrocarbon
feedstock containing salt and/or particulate matter and optionally addeqd steam to a
flash/separation vessel; (d) separating the hydrocarbon feedstock contammng satt
and/or particulate matter into a vapor phase and a hiquid phase, said liguid phase
comprising a sufficient portion of the hydrocarbon feedstock to maintain salt
and/or particulate matter in suspension; (¢) removing the vapor phase from the
flash/separation vessel; (f) cracking the vapor phase to produce an effluent
comprising olefing; and (g) partially desalting upstream of step (b) which, for
present purposes, can also include upstream of step (a), said hydrocarbon
feedstock containing salt and particulate matter to an extent sufficient to avoid at
least one of: (1) deposition of salt and particulate matter by the feedstock
upstream of the flash separation vessel and (2) accumulation of salt and pérticulate
matter in said liquid phase at levels which interfere with the subsequent intended

use of the liquid phase.
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10015] In another aspect, the present invention relates to a procesiv, for
cracking a hydrocarbon feedstock containing salt, said process comprising: (a)
heating said hydrocarbon feedstock containing salt to a first temperature; (b)
adding steam and/or water to the hydrocarbon feedstock containing salt; (¢) further
heating the hydrocarbon feedstock containing salt to a second temperature greater
than the first temperature, said second temperature being such that a sufficient
. portion of the hydrocarbon feedstock containing salt remains in the liquid phase to
maintain salt in suspension; (d) feeding the hydrocarbon feedstock containing salt
to a flash/separation vessel; (€) separating the hydrocarbon feedstock containing
salt into a vapor phase and a liquid phase, said liquid phase being rich in salt and
said vapor phase being substantially depleted of salt; (f) removing the vapor phase
from the flash/separation vessel; {g) adding steam to the vapor phase; (h) cracking
the vapor phase in a radiant section of a pyrolysis furnace to produce an effiuent
comprising olefins, said pyrolysis furnace comprising a radiant section and a
convection section; and (i) partially desalting upstream of step (b) said
hydrocarbon feedstock containing salt to an extent sufficient to avoid at least one
of: (1) deposition of salt from the feed upstream of the flash separation vessel and
(2) accumulation of salt and/or particulate matter in said liquid phase at levels
which interfere with the subsequent intended use of said liquid phase.
[0016] Typically, partial desalting can be carried out to an extent sufficient
to remove less than about 95 wi%, say, less than about 90 wit%, less than about 75
wit%, less than about 50 wi%, or even less than about 25 wit% of said salt and/or
particulate matter. The partially desalted hydrocarbon feedstock typically contains
from about 0.01 to about 0.8 wt% salt and/or particulate matter, say, from about
0.1 to about 0.5 wt% salt and/or particulate matter.
{0017} A primary advantage of partial desalting in accordance with the
present invention is that it allows the use of simpler, less expensive desalters. The
main function of a desalter is to remove salt and water form the crude oil.
However, many other contaminants such as clay, silt, rust, and other debris also

need to be removed. Typical desalters, which extensively desalt crude oil feeds,
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require demulsifying the crude o1l containing inherit water with chemical
demulsifiers and wash water. The desalter removes contaminants from crude oil
by first mixing water with the crude to provide a water phase. The salis
containing some of the metals that can poison catalysts are dissolved in the water
phase. After the oil has been washed and mixed as an emulsion of o1l and water,
demulsifying chemicals are then added and high voltage electrostatic charges are
used to b‘rea}k the emulsion to coalesce and concentrate suspended water globules
in the bottom of the settling tank. Su:rfacfants are added only when the crude has a
large amount of suspended solids. Desalters are typically sized {o allow the water
and oil to settle and separate. Wastewater and contaminants are discharged from
the bottom of the settling tank to the wastewater treatment facility. The desalted
crude is continuously drawn from the top of the settling tank and sent on for
further processing. A properly performing desalter can remove more than about
90% of the salt in raw crude.

[0018] The present invention requires less extensive desalting than is
normally required for treating crude oil feeds, given that salt and particulates are
mtroduced to the steam cracking furnace under preheating conditions which avoid
the dry point at which such salts and particulates begin fouling the convection
surfaces in the furnace used in preheating. Moreover, the present invention
provides for additional removal of salt and particulates from the preheated stream
in a flash/separation vessel prior to additional convection heating and radiant
heating in the furnace, to an extent sufficient to prevent fouling downstream of the
flash/separation vessel.

[0019] It has now been found that simple, less efficient desalters can be
employed in the process of the present invention. Desalters utilizing centrifugal
force to effect desalting and particulate removal have been found particularly
effective in achieving the desired results of the present invention. Such desalters
achieve the required partial desalting by using centrifugal force to separate
components of a feedsiream. Although centrifugal separators which require the

addition of energy to effect generation of cenirifugal force, e.g., by means of a
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centrifuge, can be utilized in the present invention, passive centrifugal separatofs
which do not require the additional input of energy are preferred. In particular, the
use of a cyclone separator is especially preferred. Thus, partial desalting
according to the presen{ invention can be carried out in the absence of an
electrostatic charge. In a particularly preferred embodiment, the centrifugal
separator is a cyclone separator comprising a tangential inlet, an upper outlet for
removing a desalted hydrocarbon stream and a lower outlet for removing bottoms
containing water, salt and/or particulate matier bottorns. The bottoms can be
removed to a dewatering tank to separate particulate matter from said water and’
salt, and the particulate matter can be treated to at least partially remove
hydrocarbons. 7

[0020] Tn an embodiment of the present invention, a cyclone separatof is
employed which typically comprises a drﬁm having a tangential inlet to spin the
hydrocarbon feedstock to remove heavier components by cen’m'fﬁgal force, the
hydrocarbon portion of a crude oil having a lower density than the mud and water
portion. The motion in the cyclone separator drum consists of two vortices: an
outer vortex moving downward and an inuer vortex flowing wpwards and out the
exit at the top. In the outer vortex, the tangential velocity imcreases with
decreasing radius. The radius of the cyc]one‘ separator decreases and the velocity
of the liquid increases as it moves down the éona of the lower-section of the
cyclone separator drum. The heavier mud and water are thrown to the separator
wall by centrifugal force and flow out the exit at the bottom of the separator cone
where the outer voriex meets the inner vortex. The mud-free hydrocarbon stream
in the inmer vortex flows out the vent stack at the top of the separator and is routed
to the desalter and then to the convection section of the furmace. _
[0021] The centrifugal separator can be positioned at any location between
a source of undesalted hydrocarbon feedstock and the flash/separation apparatus
mlet. Preferably, the centrifugal separator is located between the source of the
undesalted hydrocarbon feedstock and the point at which additional steam or other

{luid is added to the feedstock preheated in the convection section of the pyrolysis
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furnace (steamn cracking furnace). In another embodiment, the centrifugal
separator is located at a point between the source of undesalted hydrocarbon
feedstock and the inlet to the first convection section of the pyrolysis furnace.
Preferably, the centrifugal separator is located downstream of a point at which
water 1s introduced io the undesalted hydrocarbon feedstock, upstream of the -
pyrolysis furnace feed inlet. Thus, the present invention can comprise mixing
wash water with the hydrocarbon feedstock prior to the partial desalting step.
10022} . Optionally, water can be introduced to the undesalted hydrocarbon
feedstock through a water spray nozzle or a mixing valve installed in the
undesalted hydrocarbon feedstock feed line to the fumace. The resulting water
saturated undesalted hydrocarbon feedstock is then directed to the partial desalter,
e.g., centrifugal separator, say, a cyclone separator drum, while the partially
desalted overhead stream from the separator is routed to the fumace. The bottoms
stream from the partial desalter, which is rich In water, mud, and salt, can be sent
to a settling tank or a dewatering tank where water is drawn off from the top of the
tank and sent to a water processing plant. The bottoms of the tank, rich in mud,
can be treated to recover hydrocarbous, e.g., by siripping or by a liquid/liquid
separator where hydrocarbons are recovered as a separate phase from the
water/salt/mud phase, and the water/salt/mud ?hase can be further treated before
the solids are disposed of in an environmentally acceptable manner.

[0023] Where the centrifugal separator is located upstream of the furnace,
the partially desalted overhead stream is directed to the preheater portion of the
furnace where it undergoes convection heating by contact with an upper portion of
a convection tube bank, prior to being directed to an optional additional
centrifugal separator and thence to a sparger for nmxing with steam and thence to a
lower part of the convection tube bank in the pyrolysis furnace and thence to a
flash/separation vessel. Of course, in that embodiment in which partial desalting
is carried out only with the centrifugal separator immediately upstream of the

sparger, the overhead from that separator passes immediately to the sparger, where
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steam is added, prior to reintroduction for additional convection heating before
introduction to the flash/separation vessel.

[0024] Preferably, the liquid phase in the flash/separation vessel comprises
at least about 2%, for exaﬁple, about 5%, of the hydrocarbon feedstock containing
salt- and/or particulate matter and/or non-volatile components. If necessary to

maintain this condition, e.g. when the hydrocarbon feedstock is relatively light,

- such as a light crude mixed with condensate, heavy hydrocarbon feedstock may be

added to the heavy hydrocarbon feedstock containing salt and/or particulate matter
and/or non-volatile components. The addition of heavy hydrocarbon feedstock
reduces the deposition of salt and/or particulate matter in and upsiream of the
flash/separation vessel and ensures that the liquid stream Jleaving the
flash/separation vessel comprises a sufficient percentage of the total hydrocarBon
feedstock to avoid deposition of salt, particulate matter, and non-volatiles of the

feed upstream of the flash separation vessel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]) Figure 1 illustrates a schematic flow diagram of the overall process
and apparatus in accordance with the present mvention employed with a pyrolysis
furnace, wherein a partial desalter comprising a centrifugal separator located at a
point upstream from where steam or other fluid is injeéted into the feedstream

preheated in a first convection section of the pyrolysis furnace.

DETAILED DESCRIPTION OF THE INVENTION

[0026]  Unless otherwise stated, all ‘percentages, parts, ratios, etc., are by
weight. Unless otherwise stated, a reference to a compound or component
meludes the compound or component by itself, as well as in combination with
other compounds or components, such as mixtures of compounds.

[0027] Further, when an amount, concentration, or other value or
parameter 1s given as a list of upper preferable values and lower preferable values,

this 1s to be understood as specifically disclosing all ranges formed from any pair

PCT/US2006/025208
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of an upper preferred value and a lower preferred value, regardless of whether
ranges are separately disclosed.

{0028} As used herein, non-volatile components are the fraction of a
hydrocarbon stream with a nominal boiling point above 590°C (1100°F) as
measured by ASTM D-6352-98 or D-2887. This invention works very well with
non-volatile components having a nominal boiling point above 760°C (1400°F).
The boiling point distribution of the hydrocarbon stream is measured by Gas
Chromatogfaphx Distillation (GCD) according to the methods described in ASTM
D-6352-98 or D-2887, extended by exirapolation for materials -boﬂing above
700°C (1292°F). Non-volatile components can include coke precursors, which are
moderately -heavy and/or reactive molecules, such as mulh-ring aromatic
compounds, which can condense from the vapor phase and then form coke under
the operating cond'itions encountered in the present process of the invention. Tsp
as used herein shall mean the temperature, determined according to the boiling
point distribution described above, at which 50 weight percent of a particular
hydrocarbon sample has reached its boiling point. Likewise Tos or Tog mean the
temperature at which 95 or 98 weight percent of a particular sample has reached
its boiling point. Nominal final boiling point shall mean the temperature at which
99.5 weight percent of a particular sample has réached its boiling pont.

[0029] The hydrocarbon feedstock for use in the present invention
typically comprises one or more of gas oils, heating oi1l, diesel, hydrocrackate,
Fischer—Trdpsch liquids, distillate, heavy gas oil, steam cracked gas oil and
residues, crude oil, atmospheric pipestill bottoms, vacuum pipestill streams
including bottoms, heavy non-virgin hydrocarbon streams from refineries, vacuum
gas oils, low sulfur waxy residue, heavy waxes, atmospheric residue, and heavy
residue and further comprises salt and/or particulate matter.

[0030] For ease of reference herein, the term “undesalted” will be
understood to mean that a feedstock contamns salt(s) and/or particulate matter that
would conventionally be removed in a desalter, whether the salt and/or particulate

matter was present in the produced crude oil stream or a hydrocarbon feedstock
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contaminated during shipping and handling. In a preferred embodiment, the
hydrocarbon feedstock comprising salt and/or particulate matter, or undesalied
hydrocarbon feedstock, further comprises non-volatile components. The salt
typically comprises pﬁmaﬁly sodium chloride, with lesser amounts of potassium
chloride, and/or magnestum chloride.

{0031} The term "partially desalted" will be understood to mean that a
feedstock has been treated to remove a portion of salt(s) and/or particulate matter
that would conventionally be removed in a desalter, whether the salt and/or
particulate matter was present in the produced crude oil stream or was a A
contaminant added to a hydrocarbon feedstock during shipping and handling. .Ina
preferred embodiment, ﬂ;e hydrocarbon feedstock comprising salt and/or
particulate matter, or undesalted hydrocarbon feedstock, further comprises 11611-
volatile components. The salt tyﬁically comprises primarily sodium chloride, with
lesser amounts of potassium chloride, and/or magnestum chloride.

[0032} In one embodiment of the present invention, the undesalted stream
can be partially desalted to an extent sufficient to avoid deposition of salt(s),
particulate matter, and/or non-volatiles of the feed upstream of the flash separation
vessel. Typically, desalting feeds to levels which contain less than about 1wi%
salt(s), particulate matter, and/or non-volatiles, preferably, less than about 0.1 wt%
salt(s), particulate matter, and/or non-volatiles, or even more preferably, less than
about 0.01 wt% salt(s), particulate matter, and/or non-volatiles, suffices to avoid
such deposition.

[0033] In another embodiment of the present invention, the undesalted
stream can be partially desalted to an extent sufficient to avoid accumulation of
salt and/or particulate matter in the liquid phase collecting as bottoms in the
flash/separation vessel, at levels which interfere with the subsequent intended use
of said liqmd phase. Such bottoms can be intended for various uses including as
fuel o1], e.g., bunker C fuel o1, feed to a refinery catalytic cracker, or feed to a
coker unit. Generally, bunker C fuel oil requires no greater than about 0.1 wt%

ash and 1 wt% BS&W. Thus, partial desalting upstream of the flash/separation
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vessel in accordance with the invention can obviate any need to effect desalting of
the liquid phase taken from the flash/separation vessel.

[0034] Aside from physical blockage due to deposition in the exchanger
tubes of the steam cracker fumace, sodium can cause corrosion of the convection
tubes and removal of the radiant tube protective oxide layer. Fc_)r this reason,
sodium (and salt) concentrations in the feed to a pyrolysis fumace must be
controlled carefuﬂ'y. ‘

[0035] | Because of the eitremely low acceptable concentration of sodium
in the radiant section of steam cracking furnaces, it is usual to purchase a desalter
for removing the salt and particulate matter from crude or crude residues prior to
steam cracking. While acceptable salt and/or particulate matter concentrations
will vary with furnace design, desalters are generally considered necessary when
sodium chloride is greater than a few ppm by weight of the feedstock, depending
on the operating conditions for a given feedstock. However, if a flash/separation
vessel 1s used upstream of the dry point for the hydrocarbon stream, it is possible
to operate in such a way that undesalted crude and crude residues can be used as a
feedstock to a hydrocarbon cracking anit. Indications are that sodium in the vapor
phase can be controlled within acceptable limits, and that virtually all of the salt
and particulate matter will remain in the liguid phase in a flash/separation vessel
as long as less than about 98% of the hydrocarbon is a vapor at the imlet of the
flash/separation vessel.

[0036] | One objective of this invention is to maintain sufficient lignid
velocity at all points in the convection section upstream of the flash/separation
vessel such that the salt and/or particulate matter contained in the undesalted
hydrocarbon feedstock remain in suspension until they are removed in the liquid
phase leaving the flash/separation vessel. Upstream of the addition of steam or
other fluids, the undesalted hydrocarbon feedstock will be primanty m the liquid
phase and will generally have sufficient turbulence to maintain the salt and/or
particulate matter in suspension. Once the hydrocarbon feedstock containing salt

and/or particulate matter is mixed with dilution steam, the total flow stream wilj
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have enough velocity, kinetic energy, and turbulence to keep the particulate matter
and salt moving through the convection section upsiream of the flash/separation
vessel as long as a sufficient portion of the stream is liquid. The liguid fraction
required will vary with the properties of the hydrocarbons remaining in the liquid
phase, the velocity of the flow stream, and the quantity of salt and/or particulate
mater in the flow stream. Lower liquid fractions are required for more viscous,
generally} heavier, liquid phase hydrocarbons. A higher liquid fraction would be
required if the flow stream veldcity were relatively low. Generally, maintaining
about 2% of the total hydrocarbon, on a weight basis, in the liquid phase would be .
sufficient to maintain salt and or particulate matter in suspension. A 5%:1iquid cut
would often be preferred.

[0037] . If no deposits form in the tubes upstream of the flash/separation
vessel, then the sait and particulate matter can be removed with the bottoms liquid
stream from the flash/separation vessel. The liquid phase could then be sold as
bunker C fuel oil or fed to a refinery catalytic cracker or coker unit without
desalting. If a cleaner bottoms hiquid stream is required, for example, as fuel to a
boiler, a small desalter can be used to remove the salt and particulate matter in the
flash/separation vessel bottoms liquid stream at a cost far less than would be
required for desalting the total feed to the ﬁmace. This process would allow
cracking crude oils, residues derived from crudes, and other hydrocarbon
feedstocks contaiming salt and/or particulate matter by using a flash/separation
vessel witﬁout the investment required for extensive up-front desalting.

[0038] Shounld liquid velocities through the upper convection section
before the flash/separation vessel ever be so low that salt and/or particulate matter
did deposit in these tubes thus reducing heat transfer, it would be possible in most
systems to flush the tubes with water during typical operations, including decoking
operations.

[0039] Much of the salt in undesalted crude or crude residue comprises
sodtum chloride. The chloride portion of the salt is not problematic when the salt

1s 1n the solid phase or when the chioride, as HCl, is in the vapor phase. However,
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if water is mixed with the undesalted feed at the top of the convection section, the
sodivm and chloride will dissociate. The chloride jons formed when mixed with
water can cause stress corrosion cracking of stainless steel in the convection rows
where water is present, until the water completely vaporizes. Although njected
water can be used to control temperature, thereby controlling the vapor liquid split
in the flash/separation vessel, it is preferred for this invention that the vapor liquid
split in the flash/separation vessel be controlled by using variable levels of steam
as a diluent, by varying furnace excess air, and/or by mixing in a heavier
hydrocarbon feedstock if necessary to maintain the desired vapor liguid split in the
flash/separation vessel.

[0040] Potassium chloride is also present in some crude oils and its effects
are similar to those of sodium chloride. Magnesium chloride also generally carries
the same risks as sodium chloride, but magnesium is less harmful to the furnace
than sodium. All of these salts can be removed using the process of this invention.
[0041] In order to prevent deposition of salt and/or particulate matter in
fhe convection section tubes banks and the flash/separation vessel, it is preferable
to operate the flash/separation vessel at conditions such that at least about 2% of
the hydrocarbon stream remains in the liquid phase at all points upstream of the
flash/separation vessel. In some cases a partially undesalted hydrocarbon
feedstock may not have a sufficient quantity of high molecular weight or low
volatility hydrocarbon components to maintain the 2% liquid phase at the desired
operating temperatures. In that event, an optional heavy hydrocarbon feedstock
may be added to form a hydrocarbon feedstock containing salt and/or particulate
matter with properties sufficient to maintain the desired liquid fraction at the
desired operating conditions.

[0042] The optional heavy hydrocarbon feedstock for use with the present
invention would preferably contain one or more of atmospheric residue, vacuum
residue, a heavier crude oil, heavy non-virgin hydrocarbon streams from refineries,
and low sulfur waxy residue. One preferred heavy hydrocarbon feedstock is an

economically advantaged, minimally processed heavy hydrocarbon stream
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containing non-volatile hydrocarbons and/or coke precursors. Another preferred
heavy hydrocarbon feedstock for use in this invention is an atmospheric residue,
also known as an atmospheric pipestill bottoms stream.
[6043] The optional heavy hydrocarbon feedstock will preferably have a
higher Tsp boiling point than the hydrocarbon feedstock contaming salt and/or
particulate matter, but may have a nominal final boiling point below, equal to, or
greater tilap the nominal final boiling point of the hydrocarbon feedstock
containing salt and/or particulate matter. Likewise the initial boiling point of the
heavy hydrocarbon feedstock may be lower than, equal to, or greater than the
wnitial boiling point of the hydrocarbon feedstock containing salt and/or particulate
matter, but will generally be at least about 56°C (about 100°F) higher, more
typically at least about 280°C (about 500°F), and often more than about 390°C
(about 700°F) higher.
[0044] . Preferably, the addition of the heavy hydrocarbon feedstock will
result in a hydrocarbon feedstock blend containing salt and/or particulate matter
with a Tog boiling point at least about 28°C (about 50°F) higher than the Tys
boiling point of the original hydrocarbon feedstock, for example at least about
56°C (about 100°F) higher, as a further example at least about 111°C (about 200°F)
higher, and as yet another example at least about 167°C (about 300°F) higher.
Preferably, the addition of the heavy hydrocarbon feedstock will also resuit in a
hydrocarbon feedstock blend containing salt and/or particulate matter with a Tgs
boiling point at least about 14°C (about 25°F) higher than the Tys boiling point of
the original hydrocarbon feedstock, such as at least about 28°C (about 50°F) for
example at least about 56°C (about 100°F) higher, as a further example at least
about 111°C (about 200°F) higher, and as yet another example at least about 167°C
(about 300°F) higher.
{0045} Vapor-liquid equilibrium modeling using computer software, such
as PROVISION™ by Simulation Sciences Inc., can be used to determine optimal
quantities of a given heavy hydrocarbon feedstock for use with a given

hydrocarbon feedstock containing salt and/or particnlate matter. Considerations in
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this determination would be optimization of total fluid velocity to minimize any

settling of salt and/or particulate matter particles and maintenance of at least about

2% of the hydrocarbon feedstock blend in the liquid phase.
[0046] The heavy hydrocarbon feedstock, when mixed with the
hydrocarbon feedstock containing salt and/or particulate matter may be from about

2 to about 75 percent of the mixture of the hydrocarbon feedstock containing salt

. and/or particulate matter and the heavy hydrocarbon feedstock, for example from

about 2% to about 60%, and as a further example from about 10% to about 50%.
The percentage of the heavy hydrocarbon feedstock added to the hydrocarbon’
feedstock containing salt and/or particulate matter can be optimized according to
economics and availability of given hydrocarbon streams at any particular time.
However, for the purposes of the present invention, it is preferable that the
quantity of heavy hydrocarbon. feedstock added is sufficient to result in a liguid
fraction of at least about 2% of the total flow into the flash/separation vessel, and
generally in the range of about 5 up to about 50%, more preferably about 5 up to
about 30%. It is noted that the lighter the heavy hydrocarbon feedstock is relative
to the hydrocarbon feedstock containing salt and/or particulate matter being used,
the more heavy hydrocarbon feedstock will be required for optimal benefit.

10047] Depending on tankage available, the optional heavy hydrocarbon
feedstock may be added to the hydrocarbon feedstock containing salt and/or
particulate matter in the feedstock storage tanks or at any point prior to
infroduction of the hydrocarbon feedstock containing salt and/or particulate maiter
to the convection section of the fumace. In order to maximize the fluid velocity
and mininize deposition of sali and/or particulate matter, it is preferable to add
the heavy hydrocarbon feedstock prior to any heating of the hydrocarbon feedstock
containing salt and/or particulate matter. Preferably, both the heavy hydrocarbon
feedstock and the hydrocarbon feedstock containing salt and/or particulate matter
are at a sufficient temperature to ensure flowability of both the heavy hydrocarbon

feedstock and the blended feedstock upon mixing.
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[0048) After optionally blending the heavy hydrocarbon feedstock with a
partially desalted hydrocarbon feedstock containing salt and/or particulate matter
to produce a hydrocarbon feedstock blend containmg salt and/or particulate
matte;r, the heating of the hydrocarbon feedstock containing salt and/or particulate
matter, or hydrocarbon feedstock blend containing salt and/or particulate matter, *
can take any form known by those of ordinary skill in the ast.

[0049] | Referring now to FIG. 1, in a preferred embodiment, a source 10 of
hydrocarboln feedstock containing salt and/or particulate matter, e.g., mud,
provides a stream of feedstock, which can optionally be preheated, typically to a

temperature below the boiling point of water at the pressure of the downstream

. partial desalter, e.g., 185°C. (365°F) at 1140 kPa (150 psig), through a supply line

12 to which is opti'onally added water via an inlet nozzle or mixing valve 14. The
water/feedstock mixture passes into a partial desalter 16 which is typically a
cyclone separator comprising a tangential inlet that spins the mixture to separate it
by centrifugal force into a heavier components stream comprising water, salt and
mud, which flows out as bottoms taken via line 18 and a hydrocarbons-rich lighter
components stream which passes as overhead via line 20 by centrifugal force. The
bottoms 18 can be sent for further processing to a dewatering tank 19 from which
water and salf are drawn off from line 21. Thé remaining solids can be drawn off
via line 23, and further processed, e.g., by stripping to remove hydrocarbon
components, and the stripped solids are disposed of in an environmentally
acceptable ﬁarmer. The overhead taken from the partial desalter is then directed
into pyrolysis furnace 22 where the partially desalied stream is preheated in the
first convection section by indirect contact of the hydrocarbon feedstock blend
containing salt and/or particulate matter in the upper (farthest from the radiant
section 24) convection section tube bank 26 of the fumace in convection section
28, with hot flue gases from the radiant section 24 of the fumace. For ease of
reference herein, all references to hydrocarbon feedstock containing salt and/or

particulate matter, such as particulate matter, subsequent to entry in the first
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convection section tube bank will be deemed to include any -optional h;aavjr
hydrocarbon feedstock that has been added to the stream.

{0050] Heating in the convection section can be accomplished, by way of
non-himiting example, by i)assing the hydrocarbon feedstock containing salt and/or
particulate matter through a bank of heat exchange tubes 26 located within the
convection section 28 of the furnace 22. The heated hydrocarbon feedstock
containing salt and/ or'paﬁiculate matter typically has a temperature between about

150 (100} and about 340°C [about 300 (212) and about 650°F], such as about 160

- (130) to about 230°C [about 325 (265) to about 450°F], for example about 170

(150) to about 220°C [about 340 (300) to about 425°F]. (The lower temperatures
in parentheses are ntilized in those instances where the heated hydrocarbon
feedstock passes to a partial desalter 30 as detailed below, to avoid boiling within
the cyclone, which may not function properly where vapor is present.)

[0051]) Optionally, the heated hydrocarbon from the upper convection
section 28 is passed through a partial desalter 30 which can supplement or
substitute for partial desalter 16. Partial desalter 30 is typically a cyclone
separator comprising a tangential inlet that spins the mixture to separate it by
centrifugal force into a heavier components stream comprising water, salt and/or
mud, which settles out as bottoms taken via line 32 and a hydrocarbons-rich
lighter components stream which passes as overhead via line 34. The bottoms can
be sent for further processing, e.g., stripping to remove hydrocarbon components,
and the remaining solids are disposed of in an environmentally acceptable manner.
[0052] The preheated feed taken directly from the upper convection
section 28 or, alternatively, the overhead taken from the partial desalter via line 34
containing at least some salt and/or particulate matter, can optionally be further
heated by retum to the convection section via line 35, before being mixed with
primary dilution steam and, optionaily, a fluid which can be a hydrocarbon,
preferably liquid, but optionally vapor, water, steam, or a mixtore thereéf. The

temperature of the fluid can be below, equal to, or above the temperature of the
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heated feedstock. In one possible embodiment, the fluid Ilatent heat of

vaporization can be used to control the hydrocarbon feedstock containing sah

and/or particulate matter temperature entering the flash/separation vessel.

PCT/US2006/025208

[6053] The mixing of the heated hydrocarbon feedstock containing salt

and/or particulate matter, primary dilution steam, and the optional fluid can occur
inside or outside the pyrolysis furnace 22, but preferably it occurs outside the
furnace. lThe mixing can be accomplished using any mixing device known within
the art. Fc;r example, it is possible to use a first sparger 36 of a double sparger
assembly 38 for the mixing. The first sparger 36 can avoid or reduce hammering,
caused by sudden vaporization of the fluid, upon introduction of the fluid into the
heated hydrocarbon feedstock.

{0054] . The use of steam and or flmd mixed with the hydrocarbon
feedstock containing salt and/or particulate matter is optional for high volatility
feedstocks, It is possible that such feedstocks can be heated in any manner known
in the industry, for example in heat exchange tubes 26 located within the
convection section 28 of the furnace. The hydrocarbon feedstock containing salt
and/or particulate matter could be conveyed to the flash/separation vessel with
little or no added steam or fluid. _

[0055] The primary dilution steam 40 can have a temperature greater,
lower or about the same as hydrocarbon feedstock containing salt and/or
particulate matter mixture but preferably the ternperature is about the same as that
of the mixture, which is preferably about 350°F. The primary dilution steam 40
may be superheated before being injected into the second sparger 42.

[0056] The mixture stream comprising the heated hydrocarbon feedstock
containing salt and/or particulate matter, the fluid, and the optional primary
dilution steam stream leaving the second sparger 42 is optionally heated further in
the convection section 26 of the pyrolysis furnace 22 before the flash. The heating
can be accomplished, by way of non-limiting example, by passing the mixture

stream through @ bank of heat exchange tubes 26 located within the convection
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section, usually as a lower part 44 of the first convection section tube bank, o;t" the
furnace and thus heated by the hot flue gas from the radiant section 24 of the
furmace. The thus-heated hydrocarbon feedstock containing sait and/or particulate
matter leaves the convection section as part of a mixture streamm 46 to optionally
be further mixed with an additional steam stream 48.
{00571 Optionally, the secondary dilution steam stream 48 can be further
- split into a flash steam stream 50 which is mixed with the hydrocarbon mixture 46
before the flash and a bypass steam stream 52 which either is injected into the
upper section of the flash or bypasses the flash of the hydrocarbon mixture and,
instead is mixed with the vapor phase 57 from the flash before the vapor phase is
further heated in the lower convection section and then cracked in the radiant
section of the furnace. The present invention can operate with all secondéry
dilution steamn 48 used as flash steam 50 with no bypass steam 52. Altemaﬁvely,
the present invention can be operated with secondary dilution steam 48 directed to
bypass steam 52 with no flash steam 50. In a preferred embodiment in accordance
with the present invention, the ratio of the flash steam stream 50 to bypass steam
stream 52 should be preferably 1:20 to 20:1, and most preferably 1:2 to 2:1. In
this embodiment, the flash steam 50 is mixed with the hydrocarbon mixture
stream 46 to form a flash stream 54 before the flash in flash/separation vessel 56.
Preferably, the secondary dilution steam stream is superheated in a superheater
section 58 in the furnace convection section 26 before splitting and mixing with
the hydrocarbon mixture. The addition of the flash steam stream 50 to the
hydrocarbon mixture stream 46 aids the vaporization of less volatile components
of the mixture before the flash stream 54 enters the flash/separation vessel 56.
[0058] A second optional fhud can be added to the mixture stream before
flashing the mixture stream, the second fluid being a hydrocarbon vapor.
[0039] The mixture stream 46 or the flash stream 54 is then ﬂas_hed, for
example in a flash/separation vessel 56, for separation into two phases: a vapor

phase comprising predominantly steam and volatile hydrocarbons from the
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hydrocarbon feedstock containing salt and/or particulate matter and a liquid phase
comprising less-volatile hydrocarbons along with the vast majority of the non-
volatile components and/or coke precursors and the vast majority of the salt and/or
particulate matter. It is understood that vapor-liguid equilibrium at the operating |
conditions described herein would result in very small guantities of non-volatile
components and/or coke precursors present in the vapor phase. Additionally, and
varying with the design of the flash/separation vessel, minute quantities of liquid
containing .non-volatile components and/or salt and/or particulate matter could be
entrained in the vapor phase. In the process of this invention, these quantities are
sufficiently small to allow decoking downstream of the flash/separation vessel on
the same schedule as for decoking in the radiant section of the furnace. The vapor-
phase can be considered to have substantially no non-volatile components or ceke
precursors whenA coke buildup m the convection section between the
flash/separation vessel is at a sufficiently low rate that decoking is not required
any more frequently than typical decoking required for the radiant section is
required.

[0060] For ease of description herein, the term flash/separation vessel will
be used to mean any vessel or vessels used to separate the hydrocarbon feedstock
containing salt and/or particulate matter into a lvapor phase and at least one liquid
phase. H is intended to include fractionation and any other method of separation,
for example, but not limited to, drums, distillation towers, and centrifugal
separators.-

[0061] The mixture stream 46 is preferably introduced tangentially to the
flash/separation vessel 56 through at least one side inlet located in the side of said
vessel. The vapor phase is preferably removed from the flash/separation vessel as
an overhead vapor stream 57. The vapor phase, preferably, is fed back to a
convection section tube bank 60 of the fumnace, preferably located nearest the
rachant section 24 of the fumace 22, for optional heating and is then conveyed
through crossover pipes 62 to the radiant section 24 of the pyrolysis fumace for

cracking. The liquid phase of the flashed mixture stream is removed from the
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flash/separation vessel 56, preferably as a bottoms stream 64. The bottoms stream
which may contain a portion of salts and/or particulates can be used as fuel, e.g.,
bunker C fuel oil, feed to a refinery cat cracker or coker unit, without additional
desalting,

[0062] It 15 preferred to maintain a predetermined constant ratio of vapor
to liquid in the flash/separation vessel 56, but such ratio is difficult to measure and
control. As an alternative, the temperature of the mixture stream 46 or, optionally,
stream 54 before the flash/separation vessel 56 can be used as an indirect
parameter to measure, control, and maintain an approximately constant vapor to
liquid ratio in the flash/separation vessel 56. Ideally, when the mixture stream
temperature is higher, more volatile hydrocarbons will be vaporized and become
available, as part of the vapor phase, for cracking. However, when the mixfure
stream temperature is too high, more hea{fy hydrocarbons, - including  coke
precursors, will be present in the vapor phase and carried over to the con\}ection
furnace tubes, eventually coking the tubes. I the mixture stream 46 temperature is
too low, resulting in a low ratio of vapor to liquid in the flash/separation vessel 56,
more volatile hydrocarbons will remain in liquid phase and thus will not be
available for cracking.

[0063] The muxture stréarﬁ temperature is controlled to maximize recovery
or vaporization of volatiles in the feedstock while avoiding excessive deposition
of salt and/or particulate matter or coking in the furnace tubes or in piping and
vessels conveying the mixture from the flash/separation vessel 56 to the furnace
22 via line 57. The pressure drop across the piping 57 conveying the mixture to
the lower convection section 60, and the crossover piping 62, and the temperature
rise across the lower convection section 60 may be monitored to detect the onset
of coking problems. For instance, if the crossover pressure and process inlet
pressure to the lower convection section 60 begin to increase gradually due to
coking, the temperature in the flash/separation vessel 56 and the mixture stream

46 should be reduced. If coking occurs in the lower convection section 60, the
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temperature of the flue gas increases to the sections above, such as the optional
superheater 58. If a superheater 58 is present, the increased flue gas temperature
can be offset in part by adding more desuperheater water 66.
[0064] The selection of the mixfure stream 46 temperature is also
determined by the composition of the feedstock materials. When the feedstock ©
contains higher amounts of lighter hydrocarbons, the temperature of the mixture
stream 4.6 can be set lower. When the feedstock contains a higher amount of less-
or nonuvoléltile- hydrocarbons, thé temperature of the mixture stream 46 should be
set higher. .
[0065] Typically, the temperature of the mixture stream 46 can be set and
controlled at between about 315 and about 540°C (about 600 and about 1000°F), .
such as between about 370 and about 510°C (about 700 and about 950°F), "for
example between about 400 and about 480°C (about 750 and about 900°F), and
often between about 430 and about 475°C (about 810 and about 890°F). These
values will change with the volatility of the feedstock as discussed above.
[0066} Considerations in determining the temperature include the desire to
maintain a liquid phase to reduce or eliminate the likelihood of solids deposition
or coke formation in the flash/separation vessel 56 and associated piping and on
convection tubes upstream of the flash/separation vessel 56. Typically, at least
about 2%, more preferably about 5%, of the total hydrocarbons are in the liquid
phase aﬁer.being flashed.
[06067] It is desirable to maintain a constant temperature for the mixture
stream 46 mixing with flash steam 50 and entering the flash/separation vessel to
achieve a constant ratio of vapor to liquid in the flash/separation vessel 56, and to
avoid substantial temperature and flash vapor to liquid ratio variations. One
possible control arrangement is the nse of a control system 68 to antomatically
control the flunid valve 70 and primary dilution steam valve 72 on the two spargers
to maintain a set temperature for the mixture stream 46 before the ﬂashfseparatilon

vessel 56. When the control system 68 detects a drop of temperature of the
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mixture stream, it will cause the finid valve 70 to reduce the injection of the flnid
into the first sparger 36. If the temperature of the mixture stream starts to nise, the
fluid valve will be opened wider to increase the injection of the fluid into the first
sparger 36. It is preferred in the process of this invention that injected water be
minimized. ' '
[0068] When the primary dilution steam stream 40 is injected to the
. second sparger 42, the temperature conirol system 68 can also be used 'to control
the primary dilution steam valve 72 to adjust the amount of primary dilution steam.
stream injected to the second sparger 42. This further reduces the sharp variation
of temperature changes in the flash 56. When the control system 68 detects a drop
of temperature of the mixture stream 46, it will instruct the primary dilution steam
valve 72 to increasc the injection of the primary dilution steam stream into the
second sparger 42 while valve 70 is closed more. If the temperature starts to rise,
the primﬁry dilution steam valve will automatically close more to reduce the
primary dilution steam stream injected into the second sparger 42 while valve 70
1s opened wider. In addition to, or instead of sparger steam/water, flue gas excess
air (O) can be used to control the temperature of stream 46.
[0069] In an example embodiment, the amount of fluid and primary
dilution steam vary to maintain a constant mixture stream 46 temperature, while
preferably maintaining a constant ratio of H>O to feedstock in the mixture 74.
However, while water is a preferred fluid for use in this invention, it is generally
feasible to operate with no added fluid other than steam. To further avoid sharp
variation of the flash temperature, the present invention also preferably utilizes an
intermediate desuperheater 76 in the superheating section of the secondary dilution
stcam I the furnace. This allows the superheater 58 outlet temperature to be
controlled at a constant value, independent of furnace load changes, coking extent
changes, excess oxygen level changes, and other variables. Nommally, this
desuperheater 76 maintains the temperature of the secondary dilution steam

between about 425 and about 590°C (about 800 and about 1100°F), for example
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between about 455 and about 540°C {about 850 and about 1000°F), such as

between about 455 and about 510°C (about 850 and about 950°F). The

desuperheater 76 can be a control valve and water atomizer nozzle. After partial

preheating, the secondary dilution steam exits the convection section and a fine

mist of desuperheater water 66 can be added which rapidly vaporizes and reduces '
the temperature. The steam is preferably then further heated in the convection

section. The amount of water added to the superheater can contro) the temperature

of the steam, which is mixed with mixture stream 46.

- [0070].  In addition to maintaining a constant temperature of the mixture

stream 46 entering the flash/separation vessel 56, it is generally also desirable to
maintain a constant hydrocarbon partial pressure of the flash stream 54 in order to
maintain a constant ratio of vapor to liquid in the flash/separation vessel 56. By
way of examples, the constant hydrocarbon partial ?ressure can be maintained by
maintaining constant flash/separation vessel pressure through the use of control
valves 78 on the vapor phase line 57, and by controlling the ratio of steam to
hydrocarbon feedstock containing salt and/or particulate matter in stream 54.
[0071] Typically, the hydrocarbon partial pressure of the flash stream in
the present invention is set and controlled at between about 25 and about 175 kPa
(about 4 and about 25 psia), such as between about 35 and about 100 kPa (about 5
and about 15 psia), for example between about 40 and about 75 kPa (about 6 and
about 11 psia).

[0072} | In one embodiment, the flash is conducted in at least one
flash/separation vessel 56. Typically the flash is a one-stage process with or
without reflux. The flash/separation vessel 56 is normally operated at about 275 -
to about 1400 kPa (about 40 io about 200 psia) pressure and its temperature is
usnally the same or slightly lower than the temperature of the flash stream 54
before entering the flash/separation vessel 56. Typically, the pressure at which the
flash/separation vessel 56 operates is about 275 to about 1400 kPa (about 40 to
about 200 psia), for example about 600 to about 1100 kPa (about 85 to about 155
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psia), as a further example about 700 to about 1000 kPa (about 105 to about‘ 145
psia), and in yet another example, the pressure of the flash/separation vessel 56
can be about 700 to about 760 kPa (about 105 to about 125 psia). The temperature
at which the flash/separation vessel 56 operates, or the temperafure of the inlet
stream to the flash/separation vessel, is about 315 to about 560°C (about 600 to
about 1040°F), such as about 370 to about 490°C (about 700 to about 920°F), for
example about 400 to about 480°C (about 750 to about 900°F). Dependiig on the
temperature of the mixfure stream 46, generally about 50 to about 98% of the
mixture stream being flashed is in the vapor phase, such as about 70 to about 95%.
[0073] The flash/separation vessel 56 is generally operated, in one aspect,
to minimize the temperature of the liquid phase at the bottom of the vessel 56
because too much heat may cause coking of any non-volatiles present in the ﬁqﬁid
phase. Use of the secbndary dilution steam stream 48 in the flash stream entering
the flash/separation 56 vessel lowers the vaporization temperature because it
reduces the partial pressure of the hydrocarbons (i.e., a larger mole fraction of the
vapor is steam) and thus lowers the required liquid phase temperature. It may also
be helpful to recycle a portion of the extemally cooled flash/separation vessel 56
bottoms liqmid 80 back to the flash/separator vessel to help cool the newly
separated liquid phase at the botfom of the flash/separation vessel 56. Stream 64
can be conveyed from the bottom of the flash/separation vessel 56 to the cooler §2
via pump 84. The cooled stream 86 can then be split into recycle stream 80 and
export stream 88. The temperature of the recycled stream 80 would typically be
about 260 to about 315°C (about 500 to about 600°F), for example about 270 to
about 250°C (about 520 to about 550°F). The amount of recycled streamn 80 can
be about 80 to about 250% of the amount of the newly separated bottom liguid
inside the flash/separation vessel 56, such as 90 to 225%, for example 100 to
200%.

[0074} The flash is generally also operated, in another aspect, to minimize

the liquid retention/hoiding time in the flash/separation vessel 56. In one example
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embodiment, the liquid phase is discharged from the vessel 56 through a small
diameter “boot” or cylinder 90 on the bottom of the flash/separation vesset 56.
Typically, the liquid phase retention time in the flasl/separation vessel 56 is less
than 75 seconds, for example less than 60 seconds, such as less than 30 seconds,
and often less than 15 seconds. The shorter the liquid phase retention/holding
time in the flash/separation vessel 56, the less coking occurs in the bottom of the
ﬂash/sepﬁratién vessel 56.

[0075] | The vapor phasé leaving the flash/separation vessel 56 may
contain, for example, about 55 to about 70% 'hydrocarbons and about 30 to about
45% steam. The nominal boiling end point of the vapor phase is normally below
about 760°C (about 1400°F), such as below about 675°C (about 1250°F), for
example below about 590°C (about 1100°F), as a further example below about
565°C (about 1050°F), and often below about 540°C (about 10006°F). The vapor
phase is continuously removed from the flash/separation vessel 56 through an
overhead pipe 57, which optionally conveys the vapor to a mamfold that
distributes the flow to the lower convection section 60 or the radiant section 24 of
the. furnace 22.

[0076] The vapor phase stream 57 continuously removed from the
flash/separation vessel 56 is preferably superheated in the pyrolysis furnace 22
lower convection section 60 to a temperature‘of, for example, about 425 to about
705°C (about 800 to about 1300°F) by the flue gas from the radiant section of the
furnace. The vapor phase is then conveyed by the crossover piping 62 to the
radiant section 24 of the pyrolysis furnace 22 to be cracked to produce an effluent
comprising olefins, including ethylene and other desired light olefins, and
byproducts.

{0077] The vapor phase stream 57 removed from the flash/separation
vessel can optionally be mixed with a bypass steam stream 52 before being

mtroduced into the furnace lower convection section 60.
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[0078] Because the . process of this mvention can result in signiﬁcaﬁt
removal (in the liquid phase 69 leaving the flash/separation vessel 56) of the coke-
and tar-producing heavier hydrocarbon species, it may be possible to utilize a
transfer line exchanger fof quenching the effluent from the radiant section 24 of
the pyrolysis furnace 22. Among other benefits, this will allow more cost-
effective retrofitting of crécking facilities initially designed for lighter

. (uncontaminated) feeds, such as naphthas, or other liquid feedstocks: with end

boiling points generally below about 315°C (about 600°F), which have transfer
line exchanger quench systems already in place. Co-pending Provisional'
Application Serial No. 60/555,282, filed March 22, 2004, the disclosure of which
is fully incorporated herein, details a design for maximizing the beneﬁts
associated with use of a transfer line exchanger in conjunction with a process for
cracking hydrocarbon feedstocks comprising non-volatile components.

[0079] The location and operating temperature of the flash/separation
vessel 56 is selected to provide the maximum possible vapor feed which can be
processed without excessive fouling/coking concemns. If the ratio of liquid is too
high, valuable feed will be lost and the economics of the operation will be
detrimentally affected. If the ratio of liquid is too low, deposition of salt and/or
particulate matter in the convection tubes and the flash/separation vessel 56 may
become a problem.

[0080] The percentage of given hydrocarbon feed discharged from the
flash/separation vessel 56 as a vapor is a function of the hydrocarbon partial
pressure in the flash/separation vessel 56 and of the temperature entering the
vessel 56. The temperature of the hydrocarbon feedstock containing salt and/or
particulate matter entering the flash/separation vessel 56 is highly dependent on
the flue-gas temperature at that point in the convection section 28. This
temperature will vary as the furnace load is changed, being higher when the
furnace is at full load, and lower when the furnace 22 is at partial load. The flue-

gas temperature in the convection section tube banks 26 and 44 are also functions
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of the extent of coking that has occurred in the furnace 22. When the furnace 22 1s
clean or hightly coked, heat transfer is 1improved and the flue-gas temperature at
that point is correspondingly cooler than when the furnace 22 is heavily coked.
The flue-gas temperature at any point is also a function of the combustion comntrol
exercised on the burners of the firrnace 22.

[0081] While the present invention has been described and illustrated by
referencé to particular embodiments, those of ordinary skill in the art will
appreciate ‘that- the invention lends itself to variations not necessarily illustrated
kherein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.
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L. A process for cracking an undesalted hydrocarbon feedstock containing salt and

particulate matter, said process performed in sequence comprising:

a.

heating said undesalted hydrocarbon feedstock containing salt and
particulate matter to provide a heated hydrocarbon feedstock containing salt
and particulate matter to a temperature between about 100°C and about
340°C mn a first convection section tube bank of a pyrolysis furnace;
partially desalting by a centrifugal separator said heated hydrocarbon
feedstock containing salt and particulate matter to an extent sufficient to
avoid accumulation of salt and particulate matter in said liquid phase at
levels which interfere with the subsequent intended use of said liquid phase;
and further wherein said centrifugal separator is a cyclone separator
congisting essentially of a tangential inlet, an upper outlet for removing a
partially desalted hydrocarbon stream and a lower outlet for removing
bottoms containing water, salt, and/or particulate matter, bottoms and
wherein said partially desalted hydrocarbon feedstock contains particulate
matter, non-volatiles and about 0.01 wt% to about 0.8 wt% salt;

adding to said partially desalted hydrocarbon feedstock (i) steam and
optionally water and (ii} a heavy hydrocarbon having a Tsg boiling point
greater than that of the partially desalted hydrocarbon feedstock to produce
a hydrocarbon blend having a Tyg boiling point that is at least about 28°C
greater than that of the undesalted hydrocarbon feedstock, the heavy
hydrocarbon being about 10.0 wt% to about 50.0 wt% of the weight of the
hydrocarbon blend;

feeding the hydrocarbon blend to a flash/separation vessel, about 5 wt%, to
about 30 wt% of the hydrocarbon blend being liquid at the flash/separation

vessel’s inlet;

e. separating the hydrocarbon blend into a vapor phase and a liquid phase in the

flash/separation vessel, wherein vapor liquid split is controlled by i) varying
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the amount of added steam and/or water added to the partially desalted
hydrocarbon feedstock, and/or ii) the amount of heavy hydrocarbon
combined with the partially desalted hydrocarbon feedstock, such that the
vapor phase is less than 98% by weight of the hydrocarbon blend, said
liquid phase comprising a sufficient portion of the hydrocarbon blend to
maintain salt and particulate matter in suspension;

f. removing the vapor phase from the flash/separation vessel; and

g. cracking the vapor phase to produce an effluent comprising olefins.

The process of claim 1, wherein said partial desalting is carried out in the absence

of an electrostatic charge.

The process of claim 1, wherein said bottoms are removed to a dewatering tank to

separate particulate matter from said water and salt.

The process of claim 3, wherein said particulate matter is treated to at least partially

remove hydrocarbons.

The process of claim 1, wherein said partial desalting removes greater than about 25

w1% of said salt and/or particulate matter.

The process of claim 1, wherein said partial desalting removes between 25 wt% and

90 wt% of said salt and/or particulate matter.

The process of claim 1, which further comprises mixing wash water with said

hydrocarbon feedstock prior to said partial desalting.

The process of claim 7, wherein said mixing is accomplished by adding said wash

water through a nozzle.

The process of claim 7, wherein said mixing is accomplished by a mixing valve.
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The process of claim 1, wherein steam is added at any step or steps prior to step (D).

The process of claim 1, wherein after separation of said hydrocarbon feedstock into
a vapor phase and a liquid phase, at least 2% of said hydrocarbon blend is in the

liquid phase.

The process of claim 10, wherein the steam comprises sour or treated process

steam.

The process of claim 10, wherein the steam is superheated in the convection section

of the pyrolysis furnace.

The process of claim 10, wherein said partially desalted hydrocarbon feedstock is

mixed with a fluid in addition to steam prior to step (f).

The process of claim 1, wherein the partially desalted hydrocarbon feedstock is
heated by indirect contact with flue gas in the first convection section tube bank of

the pyrolysis furnace before adding steam in step (c).

The process of claim IS5, wherein the partially desalted hydrocarbon feedstock is
heated by indirect contact with flue gas in a second convection section tube bank of

the pyrolysis furace before step (d).

The process of claim [, wherein the temperature of the partially desalted
hydrocarbon feedstock during step (d) is from about 315 to about 560°C (about 600
to about 1040°F).

The process of claim 1, wherein the vapor phase temperature entering the radiant
section of the pyrolysis furmace is from about 425 to about 705°C (about 800 to
about 1300°F).
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19. A process for cracking a hydrocarbon feedstock containing salt, said process

comprising:

a.

heating said hydrocarbon feedstock containing salt to a first temperature to a
temperature between about 100°C and about 340°C in a first convection
section tube bank of a pyrolysis furnace;

partially desalting the heated hydrocarbon feedstock to produce a partially
desalted hydrocarbon and then (i) adding steam and/or water to the partially
desalted hydrocarbon feedstock and (if) adding a heavy hydrocarbon having
a Tso boiling point greater than that of the partially desalted hydrocarbon
feedstock to produce a hydrocarbon blend having a Tog boiling point that is
at least about 28°C greater than that of the hydrocarbon feedstock, the heavy
hydrocarbon being about 10.0wt% to about 50.0 wt% of the weight of the
hydrocarbon blend;

further heating the hydrocarbon blend to a second temperature greater than
the first temperature, said second temperature being such that a sufficient
portion of the hydrocarbon blend remains in the liquid phase to maintain salt
in suspension;

feeding the hydrocarbon blend to a flash/separation vessel, about 5 wt% to
about 30 wt% of the hydrocarbon blend being liquid at the flash/separation
vessel’s inlet;

separating the hydrocarbon blend into a vapor phase and a liquid phase in
the flash/separation vessel, wherein vapor liquid split is controlled by 1)
varying the amount of steam and/or water added to the partially desalted
hydrocarbon feedstock, and/or ii) the amount of the heavy hydrocarbon
combined with the partially desalted hydrocarbon feedstock, such that 2% to
5% of the hydrocarbon blend is in the liquid phase after separation said
liquid phase being rich in salt and said vapor phase being substantially
depleted of salt;

removing the vapor phase from the flash/separation vessel;

adding steam to the vapor phase;
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h. cracking the vapor phase in a radiant section of a pyrolysis furnace to
produce an effluent comprising olefins, said pyrolysis furnace comprising a
radiant section and a convection section; wherein
the partial desalting of step b) is of an extent sufficient to avoid
accumulation of salt in said liquid phase at levels which interfere with the
subsequent intended use of said liquid phase, wherein said partial desalting
is carried out by a centrifugal separator which is a cyclone separator
consisting essentially of a tangential inlet, an upper outlet for removing the
partially desalted hydrocarbon feedstock and a lower outlet for removing
bottoms containing water, salt and/or particulate matter bottoms; wherein
said partially desalted hydrocarbon feedstock contains from about 0.01 to
about 0.8 wt% salt.

The process of claim 19, which further comprises mixing wash water with said

hydrocarbon feedstock prior to said partial desalting.

The process of claim 1, wherein partially desalting of step (b) of said hydrocarbon
feedstock containing salt and particulate matter is to an extent sufficient to avoid
deposition of salt and particulate matter, by the feed upstream of the flash

separation vessel.

The process of claim 19, wherein partially desalting comprises partially desalting to
an extent sufficient to avoid deposition of salt and particulate matter, by the feed

upstream of the flash separation vessel.

The process of claim 19, further comprising partially desalting said hydrocarbon
feedstock prior to step (a).

The process of claim 23, wherein said hydrocarbon feed is an undesalted

hydrocarbon feedstock.
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25.  The process of claim 19, wherein said hydrocarbon feedstock containing salt and
particulate matter is heated in step (a) by indirect contact with flue gas in a first

convection section tube bank of the pyrolysis furnace.





