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PROCESSES AND SYSTEMS FOR CO-PROCESSING A HYDROCARBON

FEED AND A HEAVY FEED CONTAINING A PEASTIC MATERIAL

CROSS-REFERENCE TORELATED APPLICATIONS

[600%] This application claims priority to and the benefit of U.S. Provisional Application No.
63/480,608 having a {ting date of January 19, 2023, the disclosure of which 1s incorporated
herein by reference in iis entirety.

FIELD

[6062] This disclosure relates to processes and sysiems for co-processing a hvdrocarbon feed
and a heavy feed containing a plastic material. More particularly, this disclosure relates 1o
processes and svstems for co-processing a mixiure that includes a bydrocarbon feed, steam,
and a vapor phase effluent by stearo cracking the mixture, where the vapor phase effluent i3
produced by cracking a plastic material under plastic pyrolysis conditions.

BACKGROUND

160663] Plastic matenals provide envirommental benefits, such as reducing the weight of
passenger vehicles, e.g , cars and airplanes, to improve fuel economy. Plastic materials have
become mvaluable in all aspects of life, {rom healthcare to {ood production. packaging, and
medical equipment. Post-use management of plastic matenials is exercised to widely varving
degrees throughout the world. One preferred management approach s to collect and recvcle
post-use plastic material to reduce the potential of such material to overburden fandfills and/or
1o enter the environment, e.g., river and/or ocean systams.

[0604] Various techniques have been employed to recvcle plastic materials. such as
mechanical recycling and advanced recycling. In advanced recveling, the plastics are broken
down to smaller hydrocarbon chains and monomers that can be processed to produce various
chemicals such as one or more light olefin monomers. The current advanced recveling
processes used to recyele plastic materials, however, tvpically require high energy usage, high
capital, and produce relatively fow vields of useful chemicals, e g, light olefin monomers,
which can be used to make new end products,

[6005] There is a need, therefore, for improved processes and systems for recychng plastic
materials. This disclosure satisfies this and other needs.

SUMMARY

[8006] Processes and systems for converting hvdrocarbons by pyrolysis are provided. In

some embodiments, the process can include heating a hydrocarbon feed within a convection
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seciion of a stearn cracking fumace and combining the hydrocarbon feed with an agueous fluid
to produce a heated mixture comprising hydrocarbons and steam. The heating can be carried
out before, during, and/or after the hydrocarbon feed is combined with the agueous fhiad. A
heavy feed that can juclude a plastic material can be mtroduced into a vessel. A portion of the
plastic material can be cracked n the vessel under plastic pyrolysis conditions. A liquid phase
effluent and a vapor phase effluent exiting the vessel can be obtained. At least a portion of the
liguid phase effluent can be heated to produce a heated fluid stream. The heated fluid stream
catr be recyeled to the vessel. The vapor phase effluent can be combined with the heated
mixiure to produce a combined mixiure. The combined mixture can be heated within the
convection section of the steam cracking furnace to produce a heated combined mixture. The
heated combined mixture can be steamn cracked within a radiant section of the steam cracking
furnace to produce a steam cracker effluent that can include olefins.

{06071 In other embodiments, the process for converting hydrocarbons by pyrolvsis, can
include heating a hvdrocarbon feed within a convection section of a steam cracking fumace
and combining the hvdrocarbon feed with an aquecus fluid to produce a heated mixture
comprising hydrocarbons and steam. The heating can be camried out before, during, and/or
after the hydrocarbon feed is combined with the aqueous fluid. The heated mixture canbe a
two-phase gas/liquid mixture. The heated nuxture and a heavy feed that can include a plastic
material can be miroduced in1o a vessel. A portion of the plastic material can be cracked within
the vessel under plastic pyrolysis conditions. A hiquid phase effluent and a vapor phase effluent
exiting the vessel can be obtained. At least a portion of the liquid phase effluent can be heated
to produce a heated fluid siream. The heated {luid stream can be recyeled to the vessel. The
vapor phase effhuent can be heated within the convection section of the steam cracking {urnace
to produce a heated vapor phase effluent. The heated vapor phase effluent can be steam cracked
within a radiant section of the steam cracking fumace 1o produce a steam cracker etfivent that
can include olefins.

[6068] In other emboduments, the process for converting hvdrocarbons by pvrolysis can
mchude heating a hvdrocarbon feed within a convection section of a steam cracking fumace
and combining the hydrocarbon feed with an agueous fluid to produce a heated mixture that
can include hydrocarbons and steam. The heating can be carried out before, during, and/or
after the hydrocarbon feed s combined with the agueous fluid. The heated mixture can be a
two-phase gas/liquid mixture. The heated nuxture and a heavy feed that can include a plastic
material can be introduced into a vessel. A portico of the plastic material can be cracked within

the vessel under plastic pyrolvsis conditions. A first lquid phase effluent, a second hquad
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phase effluent, and a vapor phase effluent exiting the vessel can be obtained. Atleast a porfion
of the first hiquid phase effluent can be heated to produce a heated first fluid stream. Theheated
first fhuad stream can be recyvcled to the vessel. The second liquid phase effluent can be heated
within the convection section of the steam cracking fumace to produce a heated second {uid
stream. The heated second fluid stream can be introduced mto a separation driim. A vapor
phase overhead and a liquid phase bottoms can be obtained {rom the separation drum. The
vapor phase overhead can be stearn cracked within a radiant section of the steam cracking
furnace to produce a steam cracker effluent that can include olefins.

BRIEF DESCRIPTION OF THE DRAWINGS

1866%]  The subject disclosure s further described in the detailed description that follows
reference to the drawings by wav of non-linuting embodiments, in which like reference
numerals represent similar parts throughout the several embodimenis shown in the drawings.
[0818] TFIG. | depicts an lustrative process/sysiem for steam cracking a mixture that
includes a hvdrocarbon feed/steam nuxture and a vapor phase efffuent derived from a heavv
feed that can include a plastic material, which utilizes heat from a convection section of a steam
cracking furnace to produce the vapor phase effluent, according to one or more embodiments
described.

[8011] FIG 2 depicts an illustrative process/system for steam cracking a mixture that
imncludes a heated mixture of hvdrocarbons and steam and a vapor phase effluent derived from
a heavy feed containing a plastic material, which utilizes heat from an external heat exchanger
to produce the vapor phase effluent, according to one or more embodiments described.

[8012] FIG 3 depicts an illustrative process/system for stears cracking a heated vapor phase
effluent recovered from a vessel, which utilizes heat from g convection section of a sieam
cracking furnace to pyvrolyze at least a portion of a plastic material in a heavy feed introduced
mto the vessel 1020, according to one or more embodiments described.

[0813] TIG. 4 deprcts an llustrative process/system for steam cracking a heated vapor phase
effluent recovered {rom a vessel, which uilizes heat from an external heat exchanger to
pyrolyze at least a portion of a plastic material in a heavy feed introduced into the vessel,
according to one or more embodiments described.

[6034] FIG 5 depicts an llustrative process/system for pyvrolyzing at least a poriion of a
heavy teed containing a plastic material to produce a vapor phase effluent that includes one or
more contaminant-containing compounds and removing at least a portion of the contaminant-

contairung compound(s) therefrom, according to one or more embodiments descnibed.
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[601S] FIG. 6 depicts another illustrative process/systern for pyrolyzing at least a portion of
a heavy feed containing a plastic material to produce a vapor phase effluent that inchides one
or more contaminani-containing compounds and removing at least a portion of the
contarninant-contaming compound(s) therefrom, according to one or more embodiments
described.

[6e16]  FIG. 7 depicts an iltustrative process/systemn for pyrolyvzing at least a portion of a
heavy feed containing a plastic material that produces a liquid phase effluent contaming char
and separating at least a portion of the char therefrom, according to one or more emboduments
described.

[66317] FIG. 8 depicts another illustrative process/system for pyrolyzing at least a portion of
a heavy feed containing a plastic material that produces a iguid phase effluent containing char
and separating at least a portion of the char therefrom, according to one or more embodiments
deseribed.

[B818] FIG. 9 depicts an illustrative process/svstem for the continuous ot batch processing
of @ heavy feed containing a plastic material in a steam cracking fumace, according to one or
more embodiments deseribed.

[66319]  FIG 10 depicts anillustrative process/sysiem for the baich processing of a heavy feed
containing a plastic material i a steam cracking fumace. which utilizes two or more plastic
pyrolysis vessels, according to one or more embodiments described.

DETAILED DESCRIPTION

[6628] Various specific embodimernds, versions and examples of the invention will now be
described, including preferred embodiments and definitions that are adopted herein for
purposes of understanding the clarmed mvention. While the following detailed descnption
gives specific preferred embodiments, those skilled in the art will appreciate that these
embodiments are exemplary only, and that the invention may be practiced in other ways. For
purposes of determining infringement, the scope of the invention will refer to any one or more
of the appended claims, including their equivalents. and elements or limitations that are
equivalent to those that are recited. Any reference to the “invention”™ may refer to onge or more,
but not necessarily all, of the inventions defined by the claims.

16021] Inthus disclosure, a process is descnbed as including at least one “step.” 1t should be
understood that each step is an action or operation that may be carried out once or multiple
times in the process, in a continuous or discontinuous fashion. Unless specified {0 the contrary
or the context clearly indicates otherwise, multiple steps in a process may be conductes
sequenitally in the order as they are listed, with or without overlapping with one or more other
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steps, or in any other order, as the case roay be. In addition, ovne or more or even all steps roay
be conducted simultanecusiy with regard o the same or different batch of material. For
example, in a continuous process, while a first step in a process is being conducted with respect
to a raw matenial just fod into the beginning of the process, a second step may be carred out
simultanecusly with respect to an intermediate material resulting from treating the raw
materials fed into the process at an earlier time in the first step.  Preferably, the steps are
conducted in the order described.

[6022] Unless otherwise indicated, all numbers indicating quantities in this disclosure are to
be understeod as being meodified by the term “abouwt” in all instances. ¥ should also be
understood that the precise numerical values used in the specification and claims constitute
specific embodiments. Efforis have been made to ensure the accuracy of the data in the
examples. However, it should be understood that anv measured data inherently contains a
certain level of error due to the lumitation of the technique and/or equipment used for making
the measurement.

[6023] Certain embodiments and features are described herein using a set of numerical upper
himits and a set of numerical lower Hmits. Tt should be appreciated that ranges including the
combination of anv two values, e.g., the combination of any lower value with any upper value,
the combination of any two lower values, and/or the combination of any two upper values are
contemplated unless otherwise indicated.

[00824]  As used herein, the indefirute article "2 or "an” shall mean “at least one” unless
specified to the contrary or the context clearly indicates otherwise. Thus, embodiments using
“a steam cracking furnace” include embodiments where one, two, or more steam cracking
fumaces are used, unless specified 10 the contrary or the context clearly indicates that only ong
steam cracking fumace is used.

{00251 The term “hydrocarbon” as used herein means (i) any compound consisting of
hydrogen and carbon atoms or (it} any mixture of two or more such compounds in (i). The
term “Cu hyvdrocarbon,” where n is a positive infeger, means (1) any hydrocarbon compound
comprising carbon atom{s) in its molecule at the total number of n, or (i1} anv mixture of two
or more such hydrocarbon compounds it (i). Thus, a C2 hydrocarbon can be ethane, ethvlene,
acetylens, or mistures of at least two of these compounds al any proportion. A “Cm to Cn
hydrocarbon” or “Cm-Cn hydrocarbon,” where m and u are posilive infegers and m <n, means
any of Cm, Cm+1, Cm+2, .. Cn-1, Cn hvdrocarbons. or any nuxtures of two or more thereof.
Thas, a “C2 to €3 hvdrocarbon™ or “C2-C3 hydrocarbon™ can be any of ethane, ethylene,

acetylene, propane, propene, propyne, propadiene, cvclopropane, and anv mixtures of two or
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meore thereof at any proporiion between and among the components. A “saturated C2-C3
hydrocarbon™ can be ethane, propane, cyclopropane, or any mixture thereof of two or more
thereof at any proportion. A “Cunt hydrocarbon™ means (i) any hydrocarbon compound
comprising carbon atoro{s) in its molecule at the total nurober of at least n, or (11} any maxture
of two or more such hydrocarbon compounds in (i), A “"Cn- hydrocarbon™ means (i) any
hydrocarbon compound comprising carbon atoms in its raolecule at the total number of at most
n, or (it} any mixture of two or more such hvdrocarbon compounds in (i} A “Cmhydrocarbon
stream” means a hydrocarbon stream consisting essentially of Cm hvdrocarbon(s). A “Cm-Cn
hydrocarbon siream™ means a hydrocarbon stream consisting essentially of Cm-Cn
hydrocarbon(s}.

[0826] The term “crude” means whole crude oil as it flows from a wellhead. a production
field factlity, a transportation facility, or other initial field processing facility, optionally
mncluding crude that has been processed by a step of desaliing, treating, and/or other steps a3
mav be necessary to render it acceptable for conventional distillation in a refinery. Crude is
presumed to contain resid. The term “crude fraction” means a hydrocarbon fraction obtained
via the fractionation of crude. Non-limiting examples of crudes can be or can include, but are
not inuted to, Tapis, Murban, Arab Light, Arab Mediurn, and/or Arab Heavy.

{30271 The term “resid” refers to a bottoms cut of a crude distillation process that contains
non-volatife components.  Resids are complex mixtwes of heavy petrolewm compounds
otherwise known in the art as residuwm or residual or prich. Atmospheric resid 1 the bottoms
product produced from atmospheric distillation of crude where a typical endpoint of the
heaviest distilled product is nominally 343°C, and is referred to as 343°C resid. The term
“nomivallv”, as used herein, means that reasonable experis may disagree on the exact cul point
for these terms, but by no mwore than +/- 535 6°C preferably no more than +/- 27 8°C. Vacuum
resid is the bottoms product from a distillation columm operated under vacuum where the
heaviest distilled product can be nominally 566°C, and is referred to as 566°C rasid.

[6028] The term “hydrocarbon feed” refers 10 a composition that includes one or wmore
hydrocarbons.  Hlustrative hvdrocarbon feeds can be or can include, but are not limited to.
crude, gas oils, heating oil, jet fuel, diesel, kerosene, gasoline, coker naphtha, steam cracked
naphtha, catalvtically cracked naphtha, hydrocrackate, reformate, raffinate reformate, Fischer-
Tropsch hquids and/or gases, natural gasoline, distitlate, virgin naphtha, atmosphenc pipestil
bottoms, vacuum pipestill streams such as vacuum pipestill bottoms and wide boiling range
vacm pipestill naphtha o gas ol condensates, non-virgin hyvdrocarbons from refineries,

vacuum gas oils, heavy gas o, naphtha contaminated with crude, atmospheric residue, heavy
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residue, a Cafresidue admaxture, naphtha/residue admixture, hvdrocarbon gases/residue
admixture, hydrogen/residue admixtures, waxy residues, gas oil/residue admixture, relatively
light alkanes, e.g., sthane, propane, butane, and/or peniane, recvele streams that can include
ethane, propane, ethylene. propyviene, butadiene, or a roixture thereof, one or more condensates,
fractions thereof, or any mixture thereof.

[3029] The term “non-volatile components™ as used herein vefers 1o the fraction of a
hydrocarbon-containing feed, e.g , a petreleum feed, having a nominal boiling point of at least
590°C, as measured by ASTM D6352-15 or D-2887-18. Non-volatile components include
coke precursors, which are large, condensable molecules that condense in the vapor and then
form coke during steam ¢racking of the hydrocarbon feed.

{08307  The term “coke” refers to the solid or semi-sohid product that can be produced during
the steam cracking of hydrocarbons that includes carbon and high carbon-content organic
molecules, whether produced within the convection section, radiant section, transfer lines
therebetween, or within transfer lines and other equipment, e.g., a transfer line heat exchanger,
downstream of the radiant section.

[6631] The term “asphaltene” refers to a material obtainable from crude oif or other sources
and having an initial boiling point above 630°C and which 15 nsoluble in a paraffinic solvent.
[6032] A "polvmer" has two or more of the same or different repeating units/mer units or
simply umits. A "homopolymer” is a polymer having repeating uniis that are the same. A
"copolymer” is a polvmer having two or more repeating units that are different from each other.
As such, the term “copolymer” includes terpolymers {2 polymer having three units that are
different from each other), tetrapolymers (a polvmer having four units that are different from
each other), and so on. The term "different” as used to refer o units ndicates that the onits
differ from each other by at least one atorn and/or are different isomencally.

[{3033] In some embodiments, the polvmer can be or can include, but is not linuted to, a
nitrogen-containing polvmer, a chlorine-containing polymer. a bromine-containing polymer, a
Huorine-containing polyymer, an oxvgen-containing polymer, a polvethyvlene polymer, a
polvpropvlene polymer, a polvstyrene polvmer, a butadiene polvmer, an isoprene polvmer, an
isobutylene polvmer, or anv mixture thereof. In some embodiments, the oxvgen-contaning
polymer can be or can include a polyvterephthalate polymer, an ethylene vinyl acetate polymer,
a polvearbonate polymer, a polylactic acid polymer, an acrvlate polymer, a polyosymethylene
polvmer, a polyester polvmer, a polyoxvbenzyvimethvlenglveolanhvdride polvmer. a
polvepoxide polvmer, or any mixture thereof. In some embodiments, the vitrogen-coutaining
polymer can be or can include one or more polvamide polymers, eg, nylon; one or more
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polymitrile polvmers, e.g, poly(acrvlonitle) and/or polv(methacrylonitriie}, one or more
aramids, one or more polvurethane polymerss, or any mixture thereof. [t is noted that
polvamides, among other nifrogen-containing polymers, also contain oxygen as pait of the
polymer structure. o this disclosure, a polymer that includes both oxygen and nitrogen as part
of the repeat unit for forming the polymer is defined as a nitrogen-containing polvmer for
purposes of characterizing the plastic feedstock. Tn some embodimeunts, the chiorine-
containing polvimers can be or can nclude, but are not limited fo. polyvinvl chioride (FV(Q)
and/or polyvinylidene chionde (FVDC) A polymer can be naturally occurring, modified
naturally occurring, and/or synihetic.

[6634] The term “plastic material” refers (o a composition that includes one or more
polymers. Preferablv, the plastic matenial comprises, consists essentially of. or consisis of a
synthetic polvmer.  Preferably, the plastic material comprises, consists essentially of, or
consists of a used polvimer. Preferably, the plastic material comprises, consists essentially of,
or comsists of one or more polvmers derived from one or more olefin monomers {e.g.,
polvethviene, polvpropvlene, polvethvienepropvlene, polystvrene, and the like)

[BG35] It 1s noted that some types of plastic material can also include bio-derived components.
For example, some types of plastic labels can include biogentic waste in the form of paper
compounds. In some embodiments, 1 wt% to 23 wt% of the plastic material can correspond to
bio-derived material. Such bis-derived material can also potentially coniribute to the nitrogen
content of a plastic material. The plastic material, i addition to the one or more polvmers, can
also include any additives, modifiers, packaging dyes, and/or other components typically added
to a polvmer during and/or after formulation. The plastic material can also further include any
components tvpically found in polvmer waste.

[6636]  The plastic material alove or the plastic matenial wixed, blended, or otherwise
combined with an optional carrier liquid is also referred to as a “heavy feed.” Although the
heavy feed may have a similar or identical compuosition as the hydrocarbon feed, preferably the
heavy feed differs from the hydrocarbon feed. Although the hydrocarbon feed may contain a
plastic material, e.g., the same or different plastic material contained i the heavy feed.
preferably the hydrocarbon feed is substantially free, or completely free of a plastic matertal.
Preferably, the hydrocarbon feed is denived from a petroleum source substantially free or
completely free of a plastic matenial.

160371 The optional “carrier liquid” disclosed herein that can be contacted with the plastic
material and/or a ligquid phase effiuent at least partially derived from the plastic material can be

or can include, but 15 not limited to, a wide range of petroleunn or petrochemical products or
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streams {e.g., hvdrocarbon products and/or intermediate streams produced from petroleum
processing such as distillation, steam cracking, catlvtic cracking, refining, and the like). For
example, some suttable carrier Hguids can correspond to, include, comprise, constst essentially
of, or consist of’

{i) naphtha, kerosene, diesel. light or heavy cvcle oils, catalvtic slurry oil, gas-oils,
whitte oils, derived from sources including but not lirnited to petroleur sources, e.g., from a
refinery, a steam cracker, and/or a coker;

(it} 1soparaffins;

(it11) metallocene-derived hydrocarbons:

(iv} hvdrocarbons preduced from biologicallv derived raw materials;

(V) hvdrocarbons derived from coal processing;

{vi) bislogically derived raw materials for producing hydrocarbons;

{vii} ethylene-propylene copolvmers; polvbutenes;

(viti) polvalphaolefing ("PAQs™), mcluding but not imited those described n or
obtainable bv using the processes described in U.S. Patent Nos. 2365788, 9,409,834,
4,827,064, and 5,264,642,

(ix} alkvlated benzenes;

{x) alkvlated naphthalenes (“ANs");

{xi} esters such as adipate esters, phthalate esters, trimellitate esters. polvol esters {e.g.,
trimethylolpropane ("TMP”) esters, pentaervtbritol ("PE”) esters, and blends thereofl and
esters suttable for jet oils);

{xii} polvethers/polyalkylene glveols;

{xii1} thermally stable hquids, e.g., DOWTHERM® A available {rom Dow Chemical
Company;

{xiv} naphthenic and/or aromatic solvents. such as toluene, benzene, methylnaphthalene,
cyclohexane, methvlcyclohexane, mineral oil, or any mixture thereof]

(xv} Group L 1L, I, TV, or V lubricant basestocks. description of which can be found
in EP2828367A1, which are incorporate herein by reference. including re-refined basestocks;

{xvi} lubricant formulations comprising any Group [, {1, HL IV, or V lubricant basestock;

{xvii) crudes, condensates, or any muxiure thereof]

{xviit} any formulation comprising one or more of the foregoing in one or more of
groups (1} to {xvil); and

{xix) any mixhire comprising two or more of the foregoing in one or more of groups (i}

to (xvil), e.g., PAO/AN blends.
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[B038]  In some ermnbodiments, the carvier liguid can be, can include, or can coroprise a heat-
soaked and/or hvdrotreated hydrocarbon stream having an initial boiling point of at least 300°C.
Baoiling point distributions (the distribution at atmospheric pressure) can be determined, e.g.,
by conventional methods such as ASTM D7500 — 13(2019) or ASTM-D386-20b. A suitable
heat-soaked hydrocarbon steam having an initial boiling point of at least 300°C can be
produced according o the processes disclosed in WO Publication No. WO2018/11157741. A
suttable hyvdrotreated hvdrocarbon stream having an inttial boiling point of at least 3060°C can
be produced according to the processes disclogsed in WO Publication No. WO2018/111577A1
A suitable heat-soaked and hydrotreated hydrocarbon stream having an initial boiling point of
300°C can be produced according 1o the processes disclosed in WO Publication No.
WOZO18/111577A%. In some embodimnents, when the heavy feed includes the plastic material
combined with the carrter liquid, the heavy feed can be in the form of a solution, shury,
suspension, dispersion, or other fluid-type phase. As such, in some embodiments, the carner
ligqund can act as a solvent.

[6639]  The term “aqueous fluid” refers to a composition that includes water in the hquid
phase, water in the vapor phase, or a mixture of water in the liquid phase and water in the vapor
phase.

[6040] The terms “char” and “ash” interchangeably refer 1o the solid or sohd/liguid mixture
produced dunng the pyrolvsis of an optionally contaminated piastic material and deposited on
the inner surface of a conduit or vessel, which can mclude organic molecules having long
carbon chains and/or high botling points such as asphaltenes, coke, organometallic compounds,
inorganic matertals such as metals, metallic oxides, and salts, and mixtures thereof. Char and
ash can be produced from the chemical reactions of the various components of a plastic malerial
and/or introduced directly from the plastic fesd material.

[{3041] An "olefin" is a linear, branched, or cyclic compound of carbon and hydrogen having
at least one double bond. The term “olefin product” as used herein means a product that
mncludes an olefin, preferably a product consisting essentially of or consisting of an olefin. An
olefin product in the meaning of this disclosure can be, e.g., an ethvlene stream, a propviene
streamn, a butvlene stream, an ethylene/propylens nuxture stream, and the iike.

[6042] The term “consisting essentially of” as used herein means the composition, feed,
effluent. product, or other stream comprises a given componeni at a concentration of at least
60 wi%, preferably at least 70 wi%. more preferably at least 80 wi%. more preferably at least
S0 wi%, stiil more preferably at least 93 wit%, based on the total weight of the composition,

feed, effluent, product, or other stream 1o question.
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[6043] The term “aromatic” as used herein s to be woderstood i accordance with its art-
recognized scope which inchudes alkyi substituted and unsubstinited mono- and poly-nuclear
compounds.

[6044] The term “rich” when used in phrases such as “X-rich” or “rich in X7 means, with
respect 1o an outgoing stream obtained from a device, that the siream comprises material X at
a concentration higher than in the feed material fed to the same device from which the stream
is derived.

[0045] The term “lean™ when used 1n phrases such as “X-lean” or “lean in X means, with
respect {0 an sulgoing stream obiained from a device, that the stream comprises material X at
4 concentration lower than in the feed material fed 1o the same device from which the stream
1s derived.

[0046] The terms “channel” and “hne” are used interchangeably and mean any conduit
configured or adapted for feeding, flowing, and/or discharging a vapor, a liquad, and/or a solid
into the condutt, through the conduit, and/or out of the condunt, respeciively. For example, a
composition can be fed into the conduit. flow through the conduit, and can be discharged from
the conduit to move the composition from a first location to a second focation.  Suitable
conduits can be or can include, but are not limited to, pipes, hoses, ducts, tubes, and the like.
{60471 As used herein, “wit%" means percentage by weight, “vol%™ means percentage by
volume, “mol%” means percentage by mole, “ppm™ means parts per nuilion, and “ppm wit”’
and “wppm” are used interchangeably to mean parts per mallion on a weight basis. Al
concentrations hereinr are expressed on the basis of the total amount of the composition in
question, unless specified otherwise. Al ranges expressed herein shouid include both end
points as two specific embodiments unless specified or indicated 1o the contrasy.

Processes/Svstems for Converting Hyvdrocarbons by Pvrolvsis

16048] A description of the processes/systems of this disclosure will now be made by
referencing the non-limiting drawings showing various preferred embodiments.

[0048] FIG. | depicts an Mustrative process/system 1000 for steam cracking a muxture in
line 1037 that includes a hydrocarbon feed/steam mixture in line 1015 and a vapor phase
eftluent in fine 1023 derived from a heavy feed in line 1001 that can include a plastic material,
which utilizes heat from a convection section 1005 of a stearn cracking furmace 1003 to produce
the vapor phase effluent in line 1023, according to one or more embodiments. In some
embodiments, the plastic material in the heavy feed in line 1001 can have been treated to
remove at least a portion of any contaminants therefrom.  In other embodiments, the plastic

material in the heavy feed inline 1001 can be used as recetved. If the plastic material 1s treated
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o remove at least a portion of any cortanunants therefrom, such treatment can include, but s
not Himited to, sortation, filtration, water washing, solvent extraction, contact with super-critical
water, contact with supercritical carbon dioxide, or any combination thereof. In some
embodiments, the plastic matenal in the heavy feed 1n line 1001 can have been subjected to
one or more physical processes such as chopping, grinding. shredding, or other suitable process
that can reduce the size of the plastic material. Tn some embodiments, the plastic material can
have a median particle size of 10 cm or less, 3 cm or less, 2.5 cm or less, 2 om or less, T emor
less, 0.1 cm or less, or 0.01 cm or fess.

[6650] The heavy feed in hine 1001, treated and/or subjecied to one or more physical
processes or as received, can be introduced into a vessel 1020, In some embodiments, the
process/svstem 1000 can include two or more vessels 1020 with each vessel 1020 configured
to recaive a portion of the heavy feed in line 1001 and/or separate heavy feeds having the same
or different compositions with respect to one ancther. In some embodiments, the heavy feed
i hne 1001 can be wuroduced wnto the vessel 1020 at ambient temperature.  In other
embodiments. the heavy feed in line 1001 can be pre-heated to a temperature in a range, e.g..
from SG°C, 75°C, 100°C, or 150°C 10 2006°C, 275°C, or 350°C. Atleast a portion of the plastic
material 10 the heavy feed introduced via line 1001 wto the vessel 1020 can be cracked in the
vessel 1020 under plastic pvrolysis conditions 1o produce the vapor phase effluent and a hgud
phase effluent that can be recovered or otherwise obtained vialines 1023 and 1021, respectively,
from the vessel 1020,

[6051] Insome embodiments, the plastic pyrolysis conditions in the vessel 1020 can include
an average temperature in the vessel 1020 in arange, e.g., from 275°C, 300°C, 325°C, 350°C,
or 375°C 16 400°C, 425°C, 450°C, 475°C, 300°C, 525°C, or $S0°C. Under such temperature,
the plastic material and some heavy hvdrocarbons undergo thermal pyrolvsis to produce
smaller, lighter molecules, eg. molecular hydrogen, C(-Cy hvdrocarbons, and Cse
hydrocarbons, in the vessel 1020, Thus, the vessel 1020 serves in part as a thermal pyrolysis
reactor. The thermal pyrolysis reactions can be generally endothermue. In some embodiments,
such desirable temperature in the vessel 1020 can be partly achieved and maintained bv
mechading an internal heater {e.g., a heat exchanger) in the vessel 1020, in addition o heating
via exchanger 1029 of the recycle fluid stream 1027 and/or pre-heating of stream 1001, Ina
preferred embodiment, however, no intemal heater is installed within vessel 1020 to reduce
fouling and simplify necessary cleaning inside vessel 1020, and the temperature in vessel 1020
is achieved and/or maintained by the suitable temperature and flow rate of streams in lines 1001

and 1031 as described below. In preferred embodiments, the heavy feed stream in line 1001
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has a temperature lower (e.g., 100°C, 120°C, 140°C, 150°C, 160°C. 180°C, 200°C, 220°C,
240°C, 250°C, 260°C, 280°C, 300°C lower) than that of the flwid stream in line 1031, Inside
vessel 1020, fluids {rom lines 1001 and 1031 can be mixed {e.g., by one or more agitating
cans such as a rotating mixer wside the vessel 1020, not shown) to achieve the desired
average temperature inside the vessel. In some embodiments, the plastic pyrolyvsis conditions
m the vessel 1020 can include a pressure in the vessel in a range, e.g., from 350 kPa-gauge,
500 kPa-gauge, 700 kPa-gauge, or 1,000 kPa-gauge to 1,250 kPa-gauge, 1,500 kPa-gauge, or
1,750 kPa-gauge. In some embodiments, the plastic pyrolysis conditions in the vessel 1020
can include a residence time in the vessel 1020 sulficient to crack at least a portion of the plastic
material. Depending, at least in past, on the composition and armount of the plastic material in
the heavy feed introduced via in line 1001 into the vessel 1020, the temperature within the
vessel 1020 and/or the amount of time required to crack a desired amount of the plastic material
can widely vary, Typically, increasing the temperature can reduce the amount of time required
for a given guantity of a given plastic moaterial to be cracked under the plastic pyrolysis
conditions to produce the vapor phase effluent and the liquid phase effluent.
[6652] In some embodiments, at least a portion of the plastic material in the bguid phase
effluent in hine 1021 can be at least partially melied. In some embodiments, at least a portion
of the plastic material in the liguid phase effluent in line 1021 can be at least partially cracked
such that at least a portion of the plastic material has been converied o one or more smaller
chain polvimers as compared to the plastic roaterial in the heavy feed in line 1001
[86653] The vapor phase effluent in line 1023 can be in the gas phase or can primarnly be in
the gas phase with a2 minor amount in the liquid phase. When a minor amount of the vapor
phase effiuent in line 1023 is in the Hquid phase, such minor amount can be up to about 5 wi%,
4 wit%, 3 wit%, 2 wit%, T wit%, 0.5 wit¥%. 0.1 wi%, or 0.01 wt%, bhased on the total weight of the
vapor phase effluent. The vapor phase effluent in line 1023 can be or can include, but is not
fimited to, one or more hydrocarbons produced by pyrolyzing the plastic matertal within the
vessel 1020, In some embodiments, the vapor phase effluent in line 1023 can also include one
or more hydrocarbons produced by vaporizing and/or pvrolvzing a carrier hquid or other
hydrocarbon-containing stream within the vessel 1020.
[6654] At least a portion of the hiquid phase effluent in line 1021 can be pumped via one or
more pumps 1025 into line 1027 that can be in fluid commmumication with an tnternal beat
exchanger 1029 disposad within the convection section 1005 of the steam cracking furnace
1003, In some embodiments, a portion of the Liquid phase effluent in line 1021 can be removed

vig line 1022 from the process/systern 1000. In addition to the hyvdrocarbons present m the
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liqund phase, the liguid phase efffuent in line 1021 can also include char. As such. reruoving a
portion of the liquid phase effluent via line 1022 can also remove at least portion of the char
from the process/svstem 1000, Tn some embodiments, the liquid phase effhuent in hine 1021
can be subjected to a separation process that can increase the amount of char and reduce the
amount of non-char components in the liquid phase effluent being removed via line 1022 from
the process/svstem 1000,

[G835]  In some embodiments, a liquid medium in line 1026, e.g, the carder liquid, can be
mixed, blended, combined, or otherwise contacted with the liquid phase effluent in line 1027
In some embodiments, when the heavy feed in ling 1001 includes a majority or only one or
mmore plastic materials, contacting the liquid phase effiuent in line 1027 with the hquid medium
can help facilitate the flow of the hquid phase efffuent within line 1027 by forming a nuxture
having a reduced viscosity or otherwise improving flow through dilution as compared {o the
liqund phase effluent before combining with the hquid medium. In other embodiments, at leasi
a portion of the liguid medium o line 1026 can be combined with the hiquid phase effluent in
line 1021 upsiream of the pump 1025, within the vessel 1020, and/or with a heated fluid stream
in hine 1031 (further described below)., In some smbodiments, the flow rate of the heavy feed
in line 1001 and, when present, the flow rate of the hquid mediumin line 1026 can be controlied
through level control on the vessel 1020 and through the flow rate of the purge stream removed
via line 122 from the process/system 1000.

[6056] The liquid phase effluent in line 1027 can be beated within the heat exchanger 1029
disposed within the convection section 1003 of the steam cracking furnace 1003 to produce a
heated fluid stream via line 1031 that can be recycled into the vessel 1020. The heal exchanger
1029 can include a single pass or nuilliple passes through the convection section 1005 of the
steam cracking fumace 1003, The heated fluid stream in line (031, upon exifing the convection
section 1005, can be at a temperature in a range, e.g., from 300°C, 325°C, 375°C, or 425°C 1o
450°C, 300°C, or 550°C. In some embodiments, the heated fhuid stream in ling 1031 can be in
the gas phase, the liquid phase, or a mixed gas/hquid phase. The heated fmid stream in Line
1031, upon introduction into the vessel 1020, can be at a temperature in a range, e.¢., from
300°C, 350°C, or 400°C 10 425°C, 475°C, 525°C, or $50°C. In some embodiments, the heated
fluid stream in Hine 1031 can provide sufficient heat to the vessel 1020 to facilitate the cracking
of the plastic matenal in the heavy feed introduced via line 1001 under the plastic pyrolysis
conditions.

[B0S7] A hydrocarbon feed in line 1607 can be heated within the convection section 10035 of

the steam cracking furnace 1003, For exaruple, the hvdrocarbon feed in line 1007 can be heatex

-14 -



WO 2024/155452 PCT/US2024/010395

L

10

15

20

30

wn an wiemal heat exchanger 1008 and/or an internal heat exchanger 1014 disposed wuihun the
convection section 1005 of the steam cracking fummace 1003, The heat exchanger 1008 and/or
1014 can include a single pass or multiple passes through the convection section 1005 of the
steam cracking furnace 1003, It should be understood that the convection section 1005 can be
configured m any desired manner. In some embodiments, the conveaction section 1005 can also
mnclude one or more additional heat exchangers {(not shown} that can be configured to heat
boiler feed water to produce beated botler feed water, steam, e.g.. superheated steam, etc. There
are many different configurations the convection section 1003 of the steam cracking furnace
1003 can be arranged in as will be appreciated by a person having ordinary shill in the art.
[6638] The hvdrocarbon feed in line 1007 can be combined with an agueous fluid i ling
1011 1o form amixture. nsome embodiments, the hvdrocarbon feed in hine 1007 can be heated
before, during, and/or after the hydrocarbon feed in line 1007 is combined with the agueous
fluid 1 line 1011 to produce a heated maxture in line 1015 that includes hydrocarbons and
steam. As shown in FIG. 1, the hvdrocarbon feed in line 1007 can be witially heated within
the intemnal heat exchanger 1008 disposed within the convection section 1005 to produce a
heated hyvdrocarbon feed in hine 1009, combined with the agueous fhud in line 1011 to produce
a mixture in line 1013, and the mixiure in line 1013 can be heated within the intemal heat
exchanger 1014 to produce the heated mixture in line 1015, In other embodiments, however,
a muxiure that includes the hydrocarbon feed and an aqueous fhud can be introduced into the
heat exchanger 1008 In still other embodiments. the agueous fluid w hine 1017 can be
combined with the heated hydrocarbon feed in line 1015 to produce the heated mixture. The
heated mixture in line 1015 can be at a temperature in a range, e.g., from 325°C, 375°C, or
4257C to 450°C, 300°C, or SS0°C. The heated mixture in line 1015 can be n the gas phase or
can primarily be in the gas phase with a nunor amount in the hiquid phase. When a minor
amount of the heated mixture in line 1615 is in the liquid phase, such minor amount can be up
1o about 5 wi%, 4 wi%, 3 wi%, 2 wite, T wi%, 0.5 wi%, 0.1 wit%, or 0.01 wt%, based on the
totad weight of the heated mixture.

[6059] The heated mixture in line 1015 and the vapor phase effluent in line 1023 can be
combined to produce a combined mixture in hne 1033, The combined mixture int ne 1033
can be heated within an internal heat exchanger 1035 disposed within the convection section
1003 1o produce a heated combined nuxture via line 1037, The heat exchanger 1035 can
include a single pass or multiple passes through the convection section 1003 of the steam
cracking {urnace 1003, The heated combined mixture in line 1037 can be introduced into one
or more radiant tubes 1039 disposed within a radiant section 1006 of the steam cracking fumace
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1003 and stearn cracked therein to produce a stream cracker effiuent via line 1041, The steam
cracker effivent in line 1041 can include, among other products, one or more olefins, steam
cracker naphtha, steam cracker gas oil, stearn cracker quench oil, steam cracker tar, or anv
maxiure thereof. In cerfain embodiments, the heat exchanger 1035 can be located above the
heat exchanger 1029 (as shown in FIG. 1) 1n the convection section 1005 to ensure that the
flutd strears in hine 1027 15 heated 1o heat exchanger 1029 to a desired high temperature {o
effect plastic pyrolysis in vessel 2020 under the desired pyrolysis conditions.  In other
embodiments, the heat exchanger 1035 can be located below the heat exchanger 1029 (not
shown} or at the same elevation as the heat exchanger 1029 (not shown) in the convection
section.

[6668]  The steam cracking conditions within the radiant section 1006 of the steam cracking
furnace 1003 can include, but are not limited fo, one or more of: exposing the heated combined
mixture to a temperature {as measured at a radiant outlet of the steam cracker) of > 400°C, e 2.,
a teroperature of about 700°C, about 800°C, or about 900°C 1o about 930°C, about 1,0006°C, or
about 1050°C, a pressure of about 100 kPa-absolute to about 600 kPa-absolute, and/or a steam
cracking residence time of about 0.01 seconds to about 5 seconds. In some embodiments, the
heated combined nmuxture can be sieam cracked according to the processes and sysiems
disclosed in U.S. Patent Nos. 6,419,883; 7,993 433; 9.637.694; and 9,777,227, U.S. Patent
Application Publication No. 2018/0170432; and International Patent Application Publication
No. WG 2018/111574  The steam cracker effluent in line 1041, at an outlet of the radiant
tube(s) 1039, can be at a temperature of > 400°C, e.g., a temperature of about 700°C, about
800°C, or about 900°C 1o about 250°C, abowt 1,000°C, or about 1050°C.

{00631 In some embodiments, the steam cracking fumace 1003 can include a plurality of
jntermal heat exchangers 1035 and a plwrality of radiant tubes 1039 Each internal heat
exchanger 1035 can be in fluid comnmunucation with a corresponding radiant tube 1039 or two
or more corresponding radiant tubes 1039 sach that a plurality of separate “passes™ through the
convection section 1035 and the radiant section 1006 can be present within the steam cracking
furnace 1003, One or more of the “passes” through the convection section 1035 can be
configured 10 receive the combined muxture in line 1033 such that only some of the “passes”
process the combined mixture in hne 1033, Each individual “pass” through the convection
section 1005 and the radiant section 1006 can be configured to process a unique feed that can
be controlled independently from one another. As such, in some embodiments. the steam
cracking fumace 1003 can process the combined mixture in hine 1033 that includes one or more

hydrocarbons produced by pyrolyzing the plastic matenal within the vessel 1020 i one or
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meore “passes” while sumultaneously processing one ot roore additional hydrocarbon feeds that
donot contain the one or more hydrocarbons produced by pyrolyzing the plastic matenal within
the vessel 102¢ in one or more other “passes”. For example, in some embodiments, a first
portion of the heated roixture 1o hoe 1015 can be combined with the vapor phase effiuent in
line 1023 and a second portion of the heated mixture in line 1015 can be routed through another
heat exchanger disposed within the convection section 1003 of the steam cracking furnace 1003
and then into one or more separate radiant tubes 1039 disposed within the radiant section 1066
of the steam cracking furnace 1003, In other examples, multiple hydrocarbon feeds having the
same or different compositions ¢an be heated with one or more hydrocarbon feeds being
combined with the vapor phase efffuent in ling 1023 and one or more hydrocarbon feeds being
processed separately, e, not combined with the vapor phase effluent in line 1023, within the
radiant section 1006 of the steam cracking furnace 1003. The process conditions, e.g., flow
rate, lemperature, and/or pressure, within each of the one or more “passes” can be the same or
different with respect to one another.
[6662] In some embodiments. during the start-up of the process/system 1000 {whether the
first time or after a shutdown), heat can be transferred into the vessel 1020 via aheat exchanger,
e.g., a steam jacket or internal heating tubes configured to carry steam or other heated medium
therethrough, heating elements, a flue gas recovered from the steam cracking fumace 1003,
and/or any other suitable heat source. In other embodiments, durning the start-up of the
process/system 1000, the heavy feed in line 1001 can have a sufficiently low viscosity that the
heavy feed can be obtained via hine 1021, transferred via line 1027 into and through the heat
exchanger 1029 for heating, and then reinfroduced via line 1031 into the vessel 1020, In stili
other emboduments, dunng the start-up of the process/system 1000, the heavy {eed in line 1001
can be first heated within the convection section 1005 to produce a heated heavy feed that can
be introduced into the vessel 1020. In still other embodiments, during the start-up of the
process/system 1000, a carrier liquid can be heated within the convection section 1005, e.g.,
within heat exchanger 1029 and introduced nto the vessel 1020, and the heavy hydrocarbon
eed that can be or can include the plastic material can be added after one or more process
conditions within the vessel 1020, e g, a temperature with the vessel 1020, have reached a
predeiermined value(s).
[6063] Inthe processes Hlustrated in FIG. 1, by pumping the plastic-contairung Hguid strear
1027 and heating the same in exchanger 1029 in the convection section, unweacted plastic
material and heavy molecules {such as heavy hydrocarbons) contained therein can be exposed
to pvrolysis condittons in vessel 1020 a second, or even multiple times, effectively extending
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the residence tume thereof 1o achieve the desired level of pyrolysis under the desired pyrolysis
conditions such as a temperature without causing excessive coking in vessel 1020 and
connected pump and condutt lines. The thermal energy entrained in the {lue gas exiting the
radiant section 1006 of the steam cracking furnace can be etfectively and efficiently used to
heat the fluid stream 1n exchanger 1029, Hydrocarbons such as Ci-Cs gases and those botling
m naphtha boiling ranges exiting vessel 1020 in the vapor phase effluent 1023, which are highly
suttable for steam cracking, can be combined with the heated mixture in hine 1615 that includes
hydrocarbons and steam, further heated, and then cracked in the radiant section 1606 of the
steam cracking furnace 1003.

[6664] Inthe embodiment shown in FIG. 1 and the embodiments of other drawings described
helow. the vessel 1020 1s shown to be cormected with a single stearn cracking fumace. Ttis
further contemplated that, in certain preferred embodiments, the vessel 1020 may be connected
with multiple sieam cracking furmaces. For example, 1n one embodiment (not shown), a sphit
streamn of the liquid strearn in hioe 1021 may be pumped and sent to a heat exchanger located
in the convection section of a second steam cracker (not shown), where it is heated. and then
retumed into vessel 1020 after optionally being combined with the heated fluid stream in ling
1031, or at g differing location on vessel 1020 than the entry point of line 1031, In another
embodiment (not showny), a split siream of the vapor phase effiuent in line 1023 may be fed
mnio a second steam cracking fumace, optionally after being mixed with another
hydrocarbon/steam stream, heated 1n the convection section of the second streaking fumace.
and then fed into the radiant section of the second cracking furmace. Thus, the vessel 1020 can
be configured to work simultaneously or aliernately with two or more steam cracking furnaces.
Such multiple stearn cracking fumace arrangement can ensure continued plastic pyrolysis and
steam cracking operation even if one steam cracking furnace stopped operation due to, e.g,
decoking or other needs.

[3865]  In the embodiment shown in FIG. 1 and the embodiments of other drawings described
below, a single vessel 1020 1s shown to be conuected with a single steam cracking fumace. 1t
is turther contemplated that, in certain preferred embodiments, multiple vessels 1020, of the
cracking fumaces. For example, in one embodiment (not shown), one vessel 1020 can be
designed and configured 1o accept a first type of heavy feed comprising a first plastic material,
and a second vessel 1020 can be designed to accept a second type of heavy feed comprising a
second plastic material which may be the same or different from the first plastic material

Where the first and second plastic matenials differ, the two vessels 1020 can be operated under
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differing pyrolysis conditions to suit the needs of the differing plastic matenials. The vapor
effluent streams in lines 1023 exiting the two vessels 1020 can be combined and then fed into
a steam cracking furnace optionally together with a hyvdrocarbon stream. The liquid effluent
streams 1021 exiting the two vessels 1020, if differing substantially in termos of teraperature
and/or composition. may be separately pumped into separate heat exchangers in the convection
section{s} of one or more steam cracking furnaces, and then retumed to the same or different
vessel 1024, Such embodiments including multiple vessels 1020 can have the advantage of
being capable of handling multiple differing plastic matenials requiring differing pyrolysis
conditions.

{08667 Tt should be anderstood that the steam cracking furnace 1003 can be operaied on ali
hydrocarbon feeds that can be processed in a sieam cracking fumace. For example, the
hiydrocarbon feed can be operated exclusively on one or more hydrocarbons that are gaseous
at room temperature, e.g., ethane, propane, and/or butane, one or more hvdrocarbons that are
igud at room temperature, e.g.. napbtha, one or more hydrocarbons that are solid at room
temperature, e.g., heavy fractions obtained from a crude oil, or anv combination or mixture
thereof. Tt should alfse be understood that the steam cracking fumace 1003 may be operated 1o
combusi any fuel suitable for a steam cracking fumace to generate the theomal energy required
for the pyrolysis of hydrocarbon molecules in the radiant section of the furnace. Such fuel can
include, e.g., methane, natural gas. hvdrogen, and mixtures thereof at any proportion.

[B067] FIG. 2 depicts an lustrative process/system 2000 for steam cracking a muxture in
line 1037 that includes a heated muixture of hydrocarbons and steam from line 1015 and a vapor
phase effiuent derived from a heavy feed containing a plastic material from line 1023, which
utthizes heat {rom an external heat exchanger 2029 to produce the vapor phase effluent
according to one or more embodiments.  The process/svstem 2000 s sumular to the
process/system 1000 described above with reference to FIG. 1. The main difference between
the process/svstem 1600 and the process/system 2000 is that the process/system 2000 includes
the one or more extemal heat exchangers 2029, as opposed {o the one or more heal exchangers
1029 disposed within the convection section 1003 of the steam cracking furnace 1003,

[0068] A heated fluid medium via hine 2027 can be introduced into the external heat
exchanger 2029 and heat can be indireetly transferred from the heated fhid mediom to the
liquid phase effluent introduced via line 1027 into the heat exchanger 2029, A cooled fluid
medium via line 2031 and the heated fluid stream via line 1031 can be recoverad or otherwise
obtained from the external heat exchanger 2029. In some embodiments, the heated fluid

medium n hine 2027 can be or can include, but 18 not linuted to, one or more heatec
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hydrocarbons, steam, a heated combustion or flue gas, a non-hvdrocarbon fluid, e.g. hquid
phase water, any combination thereof, or any mixture thereof. In some embodiments, the
heated fluid medium in line 2027 can be heat-integrated with the steam cracking furnace 1003
s a convection section pass or a transter line exchanger configured fo cool the steam cracker
effluent in line 1041, In some embodiments, the heated fluid medium in line 2027 can be or
can include at least a portion of the steam cracker effluent in hine 1041, which yay or may not
be subjected 1o one or more imtial cooling steps prior to indroduction via line 2027 into the
external heat exchanger 2029. It should be understood that multiple extemnal heat exchangers
2029 can be used and the heated fluid mediums in lines 2027 can have the same compostiion
or different compositions as well as the same or different temperatures with respect o one
another.

[6369] In other embodiments, the external heat exchanger 2029 can be heated via one or
more elecirical heating elements. For example, a radiant/conductive heal source can be
disposed within the external heat exchanger 2029 that can be or can include ove or more eleciric
heating elements that can heat the liquid phase effluent introduced via line 1027 nto the
external heat exchanger 2029,

[6676]  In sorme embodiments, in process/systerns 1000 and/or 2000, the vessel 1020 can be
taken offline while the steam cracking fumace 1003 continues procassing the hvdrocarbon feed
m fine 1007, For example, a valve can be closed to isolate line 1023 from line 1013, thereby
allowing the heated nuxture in hine 1015 to flow into line 1033 alone without being combined
with the vapor phase effluent in line 1023, Imtroduction of the heavy feed via line 1001 can
also be stopped to bring the vessel 1020 offline. Taking the vessel 1020 offline can allow
maintenance operations to be carned out while still continuing 1o process the hvdrocarbon feed
o Iine 1007, In other embodiments. the valve can be closed 1o 1solate line 1023 from line 1015
to allow the heated mixture in line 1015 to flow mto line 1033 alone, introduction of the heavy
feed via line 1001 can be slowed or stopped, and at least a portion of the liguid phase effiuent
mn iine 1021 can continue to circulate through line 1027, into the heal exchanger 1029 and/or
2029, and back into the vessel 1020 via line 1031 to allow additional time for the plastic
material to be cracked under the plastic pyrolysis conditions within the vessel 1020, As such,
in some embodiments, the heavy feed in line 1001 can be processed in a batch type process
rather than in a continuous type process. fo some embodiments, i the overhead in hine 1023
obtained from the vessel 1020 needs to be isolated from the fumace, the overhead in line 1023
a flare tower, a process gas Compressor, a recovery

can be routed to an alternate location, e.g.

>
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seciion, used as a {oel gas. ete., such that the heat exchanger 1029 and/or 2029 can remain
online.

[6671] Insomeembodiments, another process/system similar to processes/systems 1000 and
2000 can utihze both the one or more heat exchangers 1029 disposed within the convection
section 10035 of the steam cracking furnace 1003 and the one or more external heat exchangers
2029 10 provide heat to the to the vessel 1020 via transferting heat to the liqund phase effluent
in hine 1027, 1t should also be understood that a process/system that uiilizes both the heat
exchanger 1029 and the external heat exchanger 2029 can be configured to serially heat the
liquid phase effluent in line 1027 in either order or can be configured to heal separate sireams
of the hquid phase effluent.

{06721 With reference to FIGS. 1 and 2. the following components can also be referved to as
follows. The internal heat exchangers 1008 and 1014 can also be referred 1o as one or more
first heat exchangers. The heat exchangers 1029 and 2029 can also be referred to as one or
more second heat exchangers. The heat exchanger 1035 can also be referved (o as oue ot jore
third heat exchangers. Line 1021 can also be referred to as a first conduit and line 1023 can
also be referred to as a second condumt. Line 1031 can be referred to as arecyele conduit. Ling
1033 can also be referred to as a third condut.

[6073] FIG. 3 depicts an illustrative process/system 3000 for steam cracking a heated vapor
phase effluent m line 1037 recovered from the vessel 1020 that utilizes heat from the
convection section 1005 of the steam cracking furnace 1003 to pyrolyze at least a portion of
the plastic material in the heavy feed introduced via line 1001 into the vessel 1020, according
1o one or more embodiments. The process/system 3000 is similar to the process/system 1600
described above with reference to FIG. 1. The main difference between the process/systern
1000 and the process/systemy 3000 is that the process/svstem 3000 introduces the heated
mixture in line 1015 into the vessel 1020, In such embodiment. the heated mixture in line 1615
can be completely in the liquid phase, can be completely in the gas phase, or can be a two-
phase gas/liquid mixture. For example, a sufficienily beavy hydrocarbon feed in line 1007 can
be heated within the convection section 1003 of the steam cracking furnace 1003 and combined
with steam to produce the heated mixture in line 1015 that can be at least partially in the hqud
phase. In some embodiments, the beated mixture in line 1015 can be at a temperature in a
range, e.8., from 300°C, 325°C, 375°C, or 425°C to 430°C, 300°C, or 3530°C. In some
embodiments, the two-phase gas/hquid heated mixture i line 1015 can include 0.1 wit%, |
wi%s, 10 wi%, 35 wt%, or 50 wt% 1o 60 wit%, 80 wt%, 90 wi%, 95 wt%, 99 wit%, or 99.1 wit%

of hydrocarbons in the hquid phase, based on the total weight of the two-phase gas/liquid
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heated mixture. It should be understood that the addiion of stearn via hine 1011 15 optional.
Ag such, steam may or may not be present in the two-phase gas/liquid mixture in line 1015
[6674] Asshown in FIG. 3, the heated muixture via line 10135 and the heavy feed via line 1001
can be introduced separately into the vessel 1020, In sorne embodiments, the heavy feed via
{ine 1001 can be introduced into the vessel 1020 followed by the heated mixture via line 1015
Tn other esubodiumenis, the heated puxture via line 1015 can be introduced into the vessel 1020
followed by the heavy feed via line 1001, In other embodiments, the heavy feed via line 1001
and the heated mixture via line 1015 can be co-fed simultancously into the vessel 1020, Instili
other embodiments, the heated mixtwre in line 1015 and the heavy feed in line 1001 can be
combined with one another to produce a mixed or combined feed that can be introduced into
the vessel 1020

[¢075] The vapor phase effluent in line 1023 can include hvdrocarbons derived from both
the hydrocarbon feed in hine 1007 and the plastic material in the heavy feed in line 1001, In
some embodiments, introducing the heated two-phase gas/liquid mixture via hine 1015 into the
vessel 1020 can supplement or completely replace anv need for the heavy feed in line 1001 or
the hquid phase bottoms in Hine 1021 or 1027 to be mixed, blended, or otherwise contacted
with a iguid mediom such as the carrier iquad. The ligud phase component of the heated two-
phase gas/liquid mixture in Hine 1015 can reduce the viscosity or otherwise improve the flow
through ditution of the liquid phase sffluent in lines 1021, 1027, 1031 sufficiently such that an
additional igmd medium via line 1026 can be avoided The heated two-phase gas/hiquid
mixture in line 1015 can also provide additional heat to the vessel 1023, As such, in some
embodiments, the flow rate of the liguid phase effluent in line 1027 into the heat exchanger
1029 can be reduced as compared to the flow rate of the hqud phase effluent in line 1027 in
the process/systern 1000,

[6076] FIG. 4 depicts an illustrative process/system 4000 for stean: cracking a heated vapor
phase effluent in line 1023 recovered from the vessel 1020 that utilizes heat from an external
heat exchanger 2029 to pyrolyze al least a portion of the plastic material m the heavy feed
mtroduced via line 1001 into the vessel 1020, according to one or more embodiments, The
process/system 4000 is similar to the process/system 3000 described above with reference to
FIG. 3. The main differcnce between the process/sysiem 3000 and the process/system 4000 is
that the process/systemn 4000 includes the one or more external beat exchangers 2029, as
opposed to the one or more heat exchangers 1029 disposed within the convection section 10035
of the steam cracking fumace 1003, As such, the process/system 4000 is also similar to the

process/system 2000 described above with reference to FIG. 2 that alse includes the external
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heat exchanger 2029, The main difference is that the heated wixture in line 1015 s introduced
mto the vessel 1020 as in the process/system 3000,

(66777 Simlar to the process/system 3000, the heated muxture in line 1015 that can be
mtroduced mio the vessel 1020 can be a two-phase gas/hquid nmuxture. As such, a sufficiently
heavy hydrocarbon feed in line 1007 can be heated within the convection section 1003 of the
steam cracking furnace 1003 and combined with steam to produce the heated two-phase
gas/liquid mixture in line 1015, Simular to the process/svstem 2000, the heated fluid medium
via line 2027 can be introduced into the external heat exchanger 2029 and heat can be indirectly
transferred from the heated Huid medium {o the liquid phase effluent iniroduced via line 1027
into the heat exchanger 2029, Likewise the cooled fluid medium via line 2031 and the heated
fhaiid stream via line 1031 can be recovered or otherwise obtained from the external heat
exchanger 2029 and introduced into the vessel 1020

[6878]  Asshown in FIG. 4, the heated mixture via line 1015 and the heavy feed via line 1001
can be introduced separately into the vessel 1020, In some embodiments, the heavy feed via
line 1001 can be introduced into the vessel 1020 followed by the heated muxture via line 1015,
In other embodiments, the heated mixture via Hne 1015 can be introduced nio the vessel 1020
followed by the heavy feed via line 1001, In other embodiments, the heavy feed via line 1001
and the heated mixture via line 1015 can be co-fed simultaneously into the vesseal 1020, In still
other embodiments, the heated mixture in ine 1015 and the heavy feed in hne 1001 can be
combined with one another to produce a mixed or combined feed that can be intreduced into
the vessel 1020.

[6079] With reference to FIGS. 3 and 4, the following components can also be referred to as
follows. The internal heat exchangers 1008 and 1014 can also be referred (o as one or more
first heat exchangers. The heat exchangers 1029 and 2029 can also be referred fo as one or
more second heat exchangers. The heat exchanger 1035 can also be referred to as one or more
third heat exchangers. Line 1021 can also be referred 1o as a first conduit and line 1023 can
also be referred to as 4 second conduit. Line 1031 can also be relerred 1o as a recvele conduit.
[B080] FIG 5 depicts an illustrative process/system 5000 for pyrolyzing at least a portion of
a heavy feed containing a plastic material in line 1001 to produce a vapor phase effluent via
line 5023 that includes one or more contaminant-containing compounds and removing at least
a portion of the contaminani-containing compound(s) therefrom, according to one or more
embodiments. The process/system S0060 is similar to the process/system [000 described above
with reference to FIG. 1. The main difference is that the process/svstem S000 further includes

a contaminant rernoval urat 5025
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[6081] To somwe embodimoents, the plastic matenal and/or any carrier higuid combined
therewith that makes up the heavy feed in line 1001 can include one or more contaminanis
and/or include one or more compounds from which one or more contaminants can be produced
therefrom once introduced into the vessel 1020, The contaminant removal unit can remove at
{east a portion of the contantinant to produce a contaminant-lean vapor phase strearn. In some
embodiments, the plastic material and/or any carder Hquid combined therewith that makes ap
the heavy feed in hoe 1001 can include one or more compounds that include one or more
halogen atoms, e.g., chlonne, fluorine, bromune, or a nuxture thereof. For example, the plastic
material can be or can include one or more halide-containing polymers and/or the plastic
material can include one of more halide containing compounds disposed thereon. In such
embodiment, the vapor phase effiuent recovered via hne 5023 from the vessel 1020 can include
onte or more halide-containing compounds, &.g., HCL In some embodiments, it can be desirable
to remove ai least a portion of the one or more halide-containing compounds when such
compounds are present from the vapor phase effluent v line 3023. As such, in some
embodiments, the vapor phase effluent in line 5023 can be introduced into the contaminant
removal unit (in this example a halide removal unit) 5025 and contacted with one or more guard
beds 5027 disposed therein to rernove at least a portion of the halide-contamning cornpounds to
produce a halide-lean vapor phase stream via line 5029 Examples of suitable materials that
¢an be used to make-up the guard bed 3027 can be or can include, but are not limited to, alkaline
or basic oxides such as calcium oxide, magnesium oxide, zine oxide, or any mixture thereof
In some embodiments, suitable processes/systems for removing contanunants can inciude those
disclosed in U.S. Provisional Patent Application No. 63/301,079. The halide-lean vapor phase
stream in line 5029 can be combined with the heated mixture in hne 1015 (o produce the
combined mixture in hne 1033 that can be further heated 10 the heat exchanger 1035 and
mtroduced via line 1037 into the one or more radiant tubes 1039 to produce the steam cracker
affluent via line 1041,

[0082] TFIG. 6 depicts another iHlustrative process/svstem 6000 for pyrolyzing at least a
portion of a heavy feed containing a plastic material in line 1601 to produce a vapor phase
efttuent that includes one or more halide-containing compounds and removing at feast a portion
of the halide-containing compound(s) therefrom, according to one or more embodimenis. The
process/systen GOOO 1s similar to the process/system 35000, The main difference is that rather
than having the one or more guard beds 5027 disposed within a separate contaminant removal
unit 5025, the one or more guard beds 5027 can be disposed within the vessel 1020, As such,

the halide-lean vapor phase stream can be recovered via line 5029 from the vessel 1020,
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combined with the heated muxture in line 1015 to produce the combined mixture in line 1033
that can be further heated in the heat exchanger 1035 and introduced via ling 1037 into the one
or more radiant tubes 1039 to produce a steam cracker effluent via line 1041

[6083]  In other erubodiments, the vapor phase effluent can include amwnonia. In addition
1o nitrogen-contaming polvmers such as polvamines, various types of polvmer additives can
also include nitrogen. In the plastic pyrolysis conditions within the vessel 1020, at least a
portion of the nitrogen can be converted to ammaonia. As such, in other embodiments, another
type of guard bed 5027 can be a guard bed configured to remove at least a portion of any
ammonia that may be present in the vapor phase effluent in line S023 (FIG. S} and/or within
the vessel 1020 (FIG. 63 Various types of adsorbents are available for the removal of anunonia,
such as molecular sieve-based adsorbents.

60841  In still other embodiments, the vapor phase effluent can include mercury. The
plastic pyrolysis conditions within the vessel 1020 can converl at least a portion of any mercwy
present n the heavy feed and/or the hydrocarbon feed into elemental mercury if the heated
mixture in line 1015 is introduced into the vessel 1020, As such. in other embodiments, another

~
i
i

type of guard bed 5027 can be a guard bed configured to remove at least a portion of any

sreury that may be present in the vapor phase effluent in line 5023 (FIG. 5) and/or within the
vessal 1020 (FIG. 6). Such elemental mercury can be removed using a mercury removal guard
bed. H is noted that some guard beds sutable for mercury removal can also be suitable for
silicon removal. Examples of such guard beds can include, but are not limited fo, refractory
oxides with transition metals optionally supported on the surface, such as the oxides and metals
used in demetallization catalysts or a spent hydrotreating catalysts. Additionally, separate
guard beds can be used for sihicon and mercury removal, or separaie adsorbents for silicon
removal and mercury removal can be included i a single guard bed. Examples of suitable
mercury adsorbents and silicon adsorbents can be or can include, but are not hmited to,
molecular sieves that are suitable for adsorpiion of mercury and/or silicon. In some
embodiments, two or more separate guard beds SO27 can be used {or halide, ammonia, mercury,
and/or silicon removal or separate materials configured to remove one or more of a halide,
ammonta, mercury, and/or stlicon can be included m a single guard bed 5027, While the guard
bed 5207 has been described with reference to solid adsorbents, 1t should be understood that
one or more guard beds 3027 can be or can include one or more non-solid guard beds such as
a wash drum/vessel that can be configured for amine {reating, caustic {reating, and/or other
treating. In some embodiments, one or more guard beds 5027 can be incorporated inio one or

more of the processes/systems 2000, 3000, 4006, 7000, 8000, 9000, and 10000 described herein,
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[GB8S]  FIG. 7 depicts an iltustrative process/systent 7600 for pyrolyzing at least a portion of
a heavy feed containing a plastic matenial in line 1001 that produces a liquid phase effluent
containing char via line 1021 and separating at least a portion of the char therefrom, according
to one or more embodunents.  FIG. § depicts another illustrative process/system 8000 for
pyrolyzing at least a portion of a heavy feed containing a plastic material in ine 1001 that
produces a Hguid phase effluent via line 1021 containing char and separating at least a portion
of the char therefrom, according to one or more embodiments. Processes/systerns 7000 and
8000 are similar to process/system 1000, with the main difference being that the
processes/systems 7000 and 3000 further include one or more separation vessels 7003
configured 1o remove at least a portion of the char from the liquid phase effloent n line 1021
In some embodiments, the processes/systems 7000 and/or 8000 may be preferred embodiments
for plastic material that produces a significant amownt of ash/char.  Such high ash/char
producing plastics can inchude, for example, artificial turf that typically inclades non-plastic
filler materials such as sand, plastic bags, or feeds that contain a significant amount of surface
contanunation.

[6G686] Depending, at least in part, on the composition of the heavy feed in line 1001, e.g.,
the type and amount of plastic material contained in the heavy feed, a greater amount of char
can be produced within the vessel 1020 that can be present in the Hquid phase effluent in line
1021, As such. in some embodiments, the amownt of char present in the liguid phase effluent
n line 1021 in processes/systems 7000 and 8000 can be sufficiently high such that more char
thar 1s desired can remain in the Lquid phase effluent in line 1027 that is further heated and
reiniroduced via line 1031 into the vessel 1020 as compared to process/system 1000, In such
embodiment, one or more additional separation vessels 7003 can be used (o increase the amount
of the char separated from the liquid phase effluent in Jine 1021, At least a portion of the Hauwd
phase effluent in line 1021 can be introduced into the separation vessel{s) 7003 to produce a
char-rich stream via line 7005 and a char-lean stream via line 7607.

[B087]  As shown in FIGS. 7 and 8, the char-rich stream via line 7003 can be removed and at
least a portion of the char-lean stream in Hine 7007 can be introduced into line 1027 and heated
wrthin the heat exchanger 1029 disposed within the convection section 1005 of the steam
cracking furnace 1003 to produce the heated fluid siream in line 1031 that can be introduced
into the vessel 1020, As shown in FIG. 7, the separation vessel 7003 can be located between
the vessel 1020 and the pump 1025, As shown tn FIG. &, the separation vessel 7003 can be
focated between the pump 1025 and the heat exchanger 1029 disposed within the convection

section 1005 of the steam cracking fumace 1020, It should be understood that one or more
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separation vessels 7003 can be disposed upstream of the pump 10235 and/or one or more
separation vessels 7003 can be disposed downstream of the pump 1025

[6088] The separation vessel 7003 can be or can include any separation device configured to
remove at least a portion of any char and, if present, at least a portion of any other solid(s) from
the liquid phase effiuent in line 1021, Hlustrative separation vessels 7003 can include, but are
not limited to, centrifuge(s), filter(s), setlling drum(s), flash drum(s}) ballistic separation,
cyclone(s) or any combinaiion thereof Suitable separation vessels 7003 can include those
described in U.S. Patent Nos.: 6,376,732; 7,311,746, 7,427,381, 7.767,008; and 7,481 ¢71. In
some embodiments, one or more ¢f the separation vessels 7603 can also be incorporaled into
any one of the processes/sysiems 2000, 3000, 4000, 5000, 60040, 9000, and/or 10000 described
herein,

[6089]  With reference to FIGS. 5-8, the following components can also be referred to as
follows. The internal heat exchangers 1008 and 1014 can also be referred o as one or more
first heat exchangers. The heat exchangers 1029 and 2029 can also be referred o as one or
more second heat exchangers. The heat exchanger 1035 can also be referred {0 as one or more
third heat exchangers. Line [021 can also be referred to as a first conduit and hine 1023 can
also be referred to as a second condwi. Line 1031 can be referred to as areevele conduit, Line
1033 can also be referred to as a third conduit.

[60690] FIG 9 depicis an tllustrative process/system 9000 for the continuous or baich
processing of a heavy feed containing a plastic matenial in line 1001 in a steam cracking fumace
1003, according to one or more embodiments. The process/system 2000 is similar to the
process/system 4000 with a few main differences. As in the process/system 4000, the heated
mixiure ip line 10135 can be {ully in the lguid phase or can be a two-phase gas/liquid mixture
and at least a portion of the heated mixture in hine 1015 can be introduced into the vessel 1020
[6691] The first main difference is that the process/svsterm 9000 can be configured to obtain
a first ligpad phase efffuent via 1027 and a second liguid phase effiuent via line 9005, 9007,
effluent in line 1027 and the second liquid phase effluent inline 9005 can be obtained as
separate streams from the vessel 1020, As such, in some embodiments, the first liquid phase
effluent in line 1027 and the second liquid phase effluent in line 9008 can have the same or
different composttion.  For example. n some embodiments, the first liquid phase effiuent in
fine 1027 can include a greater amouni of char than the second liquud phase effiuent in line
9005, As also shown, in some embodiments, the first liquid phase effhuent in line 1027 and the
second lquid phase effiuent n line 9007 and/or 9009 can be obtained from a single stream n
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line 1021 obtained from the vessel 1020, As such, in other embodiments, the first Hqud phase
effluent in line 1027 and the second liquud phase efftuent in line 9007 and/or 9009 can have
substantially the same composition as compared to one another.

[6092] The first iquid phase efffuent in line 1027 can be heated within the extemal heat
exchanger 2029 to produce the heated first fluid stream via line 1031 that can be recvcled to
the vessel 1020, The second Higuid phase effluent 1o line 9003, 3007, and/or 9009 can be heated
within the heat exchanger 1035 disposed within the convection section 1005 of the steam
cracking fumace 1003 to produce a heated second fluid stream via hine 1037,

[66%83] The heated second fluid stream in line 1037 can be a gas/liquid phase mixture. As
such, a second difference is that the process/sysiem 9000 can be configured to obtain a vapor
phase overhead via line 9037 and a hquid phase bottoms via tivie 9039 by introducing the heated
second fluid stream in line 1037 into a separation drum 2033, The separation drum 9035 can
also be referred to as a vapor-liqud separator, vaporization drum, or flash drum. In some
embodiments. the hiquid phase bottoms in line 9039 can have a cutoff point of from 300°C to
700°C, e.g.. 310°C 10 550°C, as measured according to ASTM D1160-18, ASTM D-86-20b.
or ASTM D2887-1%ae2. Conventional separation drums can be wilizad to do this, though the
mvention is not hmited thercto. Examples of such conventional separation drums can include
those disclosed in U.S. Patent Nos. 7,097.758; 7.138,047; 7,220.887; 7,235.705; 7,244 871,
7247765, 7.297.833; 7311746, 7.312.371; 7351872 7.427.381, 7.488.459; 7,578,929,
7.674.366; 7,767,008, 7 820,035, 7.993.435; 8,105,479, and 9,777,227

[6694] The vapor phase overhead via line 9037 can be introduced into the radiant tube(s)
1029 disposed within the radiant section 1006 of the steam cracking furnace 1003 and steam
cracked therein to produce the steam cracker effluent via line 1041, In some embodiments, at
least portion of the iquid phase bottoms via hine 9039 can be recveled to the vessel 1020 and
further subjected to the plastic pyvrolysis conditions therein. In other embodiments, at least a
portion of the liquid phase botioms via line 9039 can be recycled to the hydrocarbon feed in
line 1007 such that the Hquid phase bottoms can make up at least a portion of the hydrocarbon
feed in line 1007. In other embodiments, at least a portion of the liquid phase bottoms in line
9039 can be used as the carrier iquid that can be present in the heavy feed in line 1001 and/or
added combined with the liguid bottoms recovered from the vessel 1020, In other embodiments,
at least a portion of the liqgud phase bottons in line 9039 can be removed from the
process/svstem 9000 and further processad in one or more other refinery, chenucal. or other

petrochemical operations and/ot separated out into two or wore products.
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[6095]  ¥o sorpe ernbodiments, the vapor phase effluent in line 1023 recovered from the vessel
1020 can be recycled via line 9013 to make up a portion of the hvdrocarbon feed in line 1007,
ntroduced via Hine 90135 into a gas recovery unit 9016, iniroduced via line 9017 into a primary
fracuonator 9018 that can be configured to also recerve at least a portion of the sicam: cracker
effluent in Hine 1041, introduced via line 9019 into a process gas CoMpressor systen, or any
combination thereof.

[00896]  Tn some embodiments, the heavy feed in line 1001 can include a halide element such
as fluoring, chlorine, bromine, and combinations thercof. Such halide (e.g., chiorine) can be
miroduced into the heavy feed as an additive or conlaminant lo the plaslic material
Alternatively, the plastic mwaterial {e.g., polyvinyl ¢hionde} may be produced from a halide-
containing monomer {e.g., vinyl chloride} In such embodiments, the plastic pyrolysis
conditions within the vessel 1020 can be chosen such that at least a portion, preferably a

-~

majority, preferably > 60 wi%, preferably > 80 wi%, preferably > 90 wi%, preferably
substantially all, of the halide (e g, chlonine} contained 1 the plastic material, based on the
total weight of the halide therein, is converted o halide-containing compounds in the vapor
phase effluent that exits the vessal 1020 in ling 1023, Likewise, nitrogen, mercury, and/or
silicon maybe present in the heavy feed in certain embodiments, which can be parily or wholly
converted into ammonia, other n-containing compounds, mercury-containing compounds, and
silicon-containing comypounds in the vapor phase effluent that exits the vessel 1020in line 1023
Thus, preferably, in these emboduments, the vapor phase effluent in line 1023 can be contacted
with one or more guard beds as desciibed above with reference to FIGS. 5 and 6 to abate the
halide-containing compounds, ammonia or other nitrogen-containing compounds, mercury-
containing compounds. and silicon-containing compounds.

{66971  In some embodiments, the heavy feed in hne 1001 can be processed batchwise as
opposed o a continuous process. In such embodiment, the introduction of the heavy feed in
line 1001 and the introduction of the heated mixture via line 1015 into the vessel 1020 can be
periodically stopped and recovery of the second portion of the liquid phase etffluent via line
9003, 9007, and/or 2009 from the vessel 1020 can be periodically stopped. The heated muxiure
i line 1015 can be re-routed via line 9021 mnto the heat exchanger 10335 disposed within the
convection section 1005 of the steam eracking furnace 1003 such that the heated mixture in
line 10135 alove 1s steam cracked within the radiant section 1006 of the steam cracking furnace
1003, In some embodiments, the heated mixture in line 9021 can be used to dilute the hguid
phase efftuent in ling 9003, 9007, or 9009, In some embodiments, during the periodic stopping

of the troduction of the heavy feed via hine 1001 and the heated mixture via ling 1015 mto
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the vessel 1020 and the recovery of the second portion of the liquid phase effluent via line 9005,
9007, and/or 9009, the heavy feed present within the vessel 1020 can continue to undergo
cracking within the vessel 1020 under the plastic pyrolysis conditions. In other embodiments,
during the periodic stopping of the introduction of the heavy feed via Iine 1001 and the heated
mixiure via line 1013 into the vessel 1020 and the recovery of the second portion of the liquid
phase effluent via line 9005, 9007, and/or 9009, the vessel 1020 can be subjected to any
required cleaning and/or maintenance, e.g., removal of char that may bwld-up from within the
vessel 1020,

[6098] Insome embodiments, the heavy feed via line 1001 can be introduced info the vessel
1020 {ollowed by the heated mixture via line 1015, In other ewvbodiments, the heated mixture
via tine 1015 can be intreduced into the vessel 1020 followed by the heavy feed via line 1001,
In still other embodiments, the heavy feed in line 1001 and the heated mixture in line 1015 can
be combed with one another and introduced as a mixture into the vessel 1020, In vet other
embodiments. the heavy feed via line 1001 and the heated muxtwre via line 1013 can be
separately co-fed simultaneously into the vessel 1020,

(06997 FIG 10 depicts an illustrative process/system 10000 for the batch processing of the
heavy feed contaning the plastic matertal i line 1001 mn a steam cracking furnace 10603 that
utihizes two or more plastic pyrolysis vessels 1020, according to one or more embodiments.
The process/system 10000 is similar to process/system 9000, with the main difference being
the inclusion of at least two vessels 1020, One of the vessels 1020 can feed the steam cracking
furnace 1003 with the second lgud phase effluent via line 9007 while the other vessel 1020
subjects the heavy feed in line 1001 to pyrolysis conditions. In other embodiments, the second
liguid phase effluent can include the second hiquid phase effluent via line 9005 and/or SG0Y
ostead of or 1o addition to the second hquid phase effluent via line 9003, The vessels 1020
can cvcle between feeding the steam cracking fumace 1003 and pyrolyzing the plastic material
in the heavy feed.

[08100] In some embodiments, when one or both of the vessels 1020 need io undergo
maintenance the process/svstem 10000 can continue to operate with one of the vessels 1020
offline or both of the vessels 1020 offline as described above with reference to FIG. 9. Assuch,
when both vessels 1020 are taken offline for cleaning and/or maintenance the heated mixture
1o line 1013 can be directed via line 9021 to the steam cracking {umace 1003 such that the
heated nuxture alone is steam cracked within the radiant section 1006 of the steam cracking

furnace 1003
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[60101] Yo sorpe ernbodiments, the vapor phase effluent in line 1023 recovered from the vessel
1020 can be recycled to make up a portion of the hydrocarbon feed in ling 1007, introduced
into a gas recovery unit and/or a primary fractionator that can be configured to also receive at
least a portion of the steam cracker effluent in line 1041, other disposition such as a vent gas
system or flare, can be used as fuel for the steam cracking furnace 1003, or any combination
thergof. 1t should be understood, that in some embodiments, the separation drum 9035 and/or
multiple vessels 1020 can be incorporated 1nto any one or more of processes/systerns 1000,
2000, 3000, 4000, 5000, 6000, 7000, 8000, D000 described herein.

[00102] With reference o FIGS. 2 and 10, the following components can also be referred to
as follows. The internal heat exchangers 1008 and 1014 can also be referred 1o as one or more
first heat exchangers. The heat exchangers 1029 and 2029 can also be referred {o as one or
more second heat exchangers. The heat exchanger 1035 can also be referred to as one or more
third heat exchangers. Line 1021 can be referred {o as a first conduit, any one or more of lines
9003, 9007, and 2009 can also be referred to as a second conduit, and line 1023 can be referred
to as a third conduit. Line 1031 can also be referred to as a recycle conduit. Line 9039 can
also be referred to as a liquid phase bottoms recycie conduit,

Lasting of Embodinments

1001031  This disclosure may further include the following non-limiting embodiments.
106104} Al A svsiem for converting hvdrocarbons by pyrolvsis, comprising: ong or more
fust heat exchangers disposed within a convection section of a steam cracking fumace
configured to heat a hvdrocarbon feed or a hydrocarbon feed combined with an aquesus fluid
to produce a heated mixture comprising hydrocarbons and steam, whersin the heating is
contigured to be camried out before, during, and/or after the hyvdrocarbon feed is combined with
the aqueous flud; a vessel configured to receive a heavy feed comprising a plastic material and
to crack a portion of the plastic material therein wnder plastic pyrolysis conditions; a first
conduit configured to obtain a hiquid phase effluent and a second conduit configured to obtain
a vapor phase effluent exiting the vessel; one or mwore second heat exchangers configured 1o
heat at least a portion of the liguid phase effluent in the first conduit to produce a heated fluid
streamn; a recycle conduit in thad comumunication with the one or more second heat exchangers
configured to recycle at teast a portion of the heated fluid stream to the vessel, a third conduit
configured 1o receive the vapor phase effluent and the heated muxture 1o produce a combined
mixture: one or more third heat exchangers disposed within the convection section of the steam
cracking furnace configured to heat the combined mixture to produce a heated combined
mixture; and one or more radiant tubes disposed witlun a radiant section of the stearn cracking
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futnace configured 1o recetve and stearn crack at Jeast a porfion of the heated corabined mixture
therein to produce a steam cracker effluent comprising olefins.

{63057 AZ  The system of Al, wherein at lsast one of the one or more second heat
exchangers is disposed within the convection section of the steam cracking fumace.

1601061 A3, The svstem of Al or AZ, wherein at least one of the one or more second heat
exchangers 1s an external heat exchanger located outside of the steam cracking fumace.
(03107} A4 The system of A3, wherein the external heat exchanger 1s configured to: transfer
heat from a heated hydrocarbon, a heated aqueous medium, or a combmnation thercof, or
transfer heat from one or more electrical healing elements, or a combination thergo{ 1o the at
least a portion of the aud phase efftuent in the first condut to produce the heated fhid stream.
661081  AS. The system of anv one of Al to Ad. further compnsing a carrier biquid conduit
configured to combine a carrier Hquid with at least a portion of the liguid phase effluent in the
first conduit to produce a combined liquid phase mixture,

[B0189] A6 The system of any one of Al to A3, further comprising a guard bed configured
to contact the vapor phase effluent to remove at least a portion of any halide-containing
compounds, at least a portion of any armsmonia or other nitrogen-~-containing compounds, at feast
a portion of any mercury of mercury-containing compounds, at least a portion of any silicon or
silicon-containing compounds, or any combination thereof to produce a contaminant-lean
vapor phase stream.

[0G118] A7 The system of A6, wherein the guard bed is located within the vessel.

[60133] A8 The system of A6, wherein the guard bed is located within a contaminant
removal unit in fluid commmmicaiion with the second conduit, the contaminant removal unit
contigured 10 receive the vapor phase effluent.

663127 A9 The syvstem of anv one of Al to A8, further comprising a separation vessel in
flutd communication with the first conduit configured to receive at least a portion of the hiquud
phase effluent and 1o separale at least a portion of any char therefrom to produce a char-lean
Lguid phase effluent.

[B0113}] AIQ. The system of A9, wherein the one or more second heat exchangers are
configured to recetve and heat at least a portion of the char-lean liquid phase effluent to produce
the heated fluid stream.

66134 Al The svstem of A9 or Al0, wherein the separation vessel is located between
the vessel and a pump, and wherein the pump is configured to convey the char-lean liquid phase

effluent into the ove or more second heat exchangers.
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[B0135] A2 The system of A9 or A0, wherein the separation vessel is located between a
pump and the second heat exchanger, and wherein the pump is configured to convey the hiquid
phase effluent inio the separation vessel.

[606136] Bl A system for converfing hyvdrocarbons by pyrolysis, comprising: one or more
first heat exchangers disposed within a convection section of a steam cracking fumace
configured to heat a hvdrocarbon feed or a hydrocarbon feed combined with an aqueouns fluid
to produce a beated mixture compnsing hvdrocarbons and stearmn, wherein the heating 1s
configured to be carried out before, during, and/or after the hydrocarbon feed 1s combined with
the agueous [luid, and wherein the heated mixture is configured o be a two-phase gas/liquid
mixture: a vessel configured 1o receive the heated mixture and aheavy feed comprising a plastic
material and to crack a portion of the plastic matenial therein under plastic pyrolysis conditions;
a first conduit configured to obtain a liquid phase effluent and a second conduit configured to
obtain a vapor phase effluent exiting the vessel; one or more second heat exchangers configured
o heat at least a portion of the liquid phase effluent in the first condutt to produce a heated
fluid stream; a recvele condurt in fluid commumnication with the one or more second heat
exchangers configured to recycle at least a portion of the heated fluid stream to the vessel; one
or roore third heat exchangers disposed within the convection section of the stearn cracking
fumace configured to heat the vapor phase effluent to produce a heatad vapor phase effluent;
and one or more radiant tubes dispossd within a radiant section of the steam cracking {umace
configured to receive and steam crack at feast a portion of the heated vapor phase effluent to
produce a steam cracker effluent comprising olefins.

[60117] B2 The system of BI, wherein at least one of the one or more second heat
exchangers is disposed within the convection section of the steam cracking fumace.

661187 B3 The svstem of Bl or B2, wherein at least one of the one or more second beat
exchangers is an extemal heat exchanger located outside of the steam cracking fumace.
[60119] B4 The system of B3, wherein the external heat exchanger is configured to transler
heat from a heated bydrocarbon, a beated aqueous flaid. or a combination thereof, or transter
heat from one or more elecirical heating elements. or a combination thereof {o the at least a
portion of the liguid phase efftuent in the first condwit to produce the heated flmd stream.
(601287 BS. The system of any one of Bl 1o B4, further comprising a camier liquid conduit
configured to combine a carrier iquid with at least a portion of the liquid phase effluent in the
first conduit to produce a combined liguid phase mixture.

[60121] B6. The system of any one of Bl to BS, further comprising a guard bed configured
to contact the vapor phase effluent to remove at least a portion of any halide-countaining
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compounds. at least a portion of any ammonia or other nitrogen-containing compounds, at least
a portion of any mercuy or mercwy-containing compounds, at least a portion of any silicon or
silicon-containing compounds, or any combination thereof to produce a contaminant-fean
vapor phase stream.

604221 B7. The sysiem of B6, wherein the guard bed is located within the vessel.

601231 B8 The system of BG, wherein the guard bed s located within a contaminant
removal unit i Juid commurucation with the second condwit, the contanunant removal umt
configured to receive the vapor phase effluent.

[66124] BS The system of any one of Bl 1o BE, further comprising a separation vessel in
fhad communication with the frst conduit configured to receive at least a portion of the Hguid
phase effluent and to separate at least a portion of any char therefrom to produce a char-lean
iquid phase effluent.

[60125] B10. The system of BY, wherein the one or more second heat exchangers are
configured 1o receive and heat at least a portion of the char-lean liquid phase effluent to produce
the heated fluid stream.

[66126] Bl Thesystem of B or B10, wherein the separation vessel is located between the
vessel and a pump, and wherein the purap is configured to convey the char-lean iqud phase
effluent into the one or more second heat exchangers.

{36127} B12. The system of BY or B10, wherein the separation vessel is focated between a
pump and the second heat exchanger, and wherein the pump is configured to convey the hiquid
phase effluent into the separation vessel.

[60128] C1. A system for converting hydrocarbons by pyvrolysis, comprising: one or more
first beat exchangers disposed within a copvection section of a steam cracking fumace
configured to heat a hydrocarbon feed or a hvdrocarbon feed combined with an agueous {Iwd
to produce a heated nuxture comprising hvdrocarbons and steam, wherein the heating 15
configured io be carried out before, during, and/or after the hvdrocarbon feed is combined with
the agueous fluid. and wherein the heated roixture is configured to be a two-phase gas/hquid
mixture; a vessel configured to receive the heated mixture and a heavy feed comprising a plastic
material and to crack a portion of the plastic material therein under plastic pyrolysis conditions;
a first conduit configured to obtain a first liquid phase effluent, a second condust configured to
obtain a second liquid phase effluent, and a third conduit configured to obtain a vapor phase
effhuent extting the vessel: one or more second heat exchangers configured to heat at least a
portion of the first liquid phase effluent in the first conduit 1o produce a heated first fluid stream:

a recycle conduit in fluid communication with the one or more second heat exchangers
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configured 1o recvcle at least a portion of the heated first fhud stream to the vessel: one or oore
third heat exchangers disposed within the convection section of the steam cracking furnace
configured to heat the second liquid phase effluent to produce a heated second fluid stream; a
separation drum configured to receive and fo separate a vapor phase overhead and a Hquid
phase bottoms from the heated second fluid stream; one or more radiant tubes disposed within
aradiant section of the steam cracking furnace configured 1o recetve and steam crack at least a
portion of the vapor phase overhead to produce a steam cracker effluent comprising olefins.
[00129] C2. The system of Cl, wherein the third condwt configured to obtain the vapor
phase ef{luent exiting the vessel is configured to iniroduce at least a portion of the vapor phase
effluent to the first heat exchanger as a portion of the hydrocarbon feed, introduce at least a
portion of the vapor phase effluent inte a gas recovery unit and/or a primary fractionator
configured o receive at Jeast a portion of the steam cracker effluent, a vent gas system or flare,
or a combination thereof.

[03138] C3. The svstem of C1 or CZ, wherein the first conduit configured to obtain the first
liquid phase effluent and the second conduit configured to obtain the second liquid phase
effluent are in fluid commumication with the vessel such that a composition of the first Hiquid
phase effluent obtamned via the first conduit 1s configured to be different than a composition of
the second liguid phase effluent obtained via the second conduit.

{36131} 4. Thesystem of C3, wherein the first liquid phase effluent obtained via the first
conduit is configured to have a greater concentration of a char as compared to the second hquid
phase effiuent.

[60132] C5. The system of any one of {1 to €4, wherein: the system is configured to
pertodically stop imtroduction of the heated mixture and the heavy feed into the vessel, the
system 1s configured to pertodically stop recovery of the second liguid phase effluent from the
vessel, and the system is configured to heat the heated mixture within the third heat exchanger
to produce the heated second fhud siream such that the heated miniure alone is heated within
the third heat exchanger, introduced 1nto the separation drurn, and a vapor phase denved from
the heated nuxture alone is steam cracked within the one or more radiant tubes to produce the
steam cracker effluent.

[66133] C6. The system of C5, wherein, during the periodic stopping of the introduction of
the heated mixture and the heavy feed into the vessel and recovery of the second liquid phase
efftuent. the plastic material in the heavy feed is configured to continue o undergo pyrolvsis

within the vassel.
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[60134] C7. The svstemof any one of C1 to €3, further comprising a liquid phase bottoms
recycle conduit configured to recycle at least a portion of the liquud phase bottoms from the
separation drum to the vessel, the one or more first heat exchangers, or a combination thereof.
[60135) C8 The sysiem of any one of C1 to C7, wherein at least one of the one or more
second heat exchangers is disposed within the convection section of the steam cracking fumace.
601361 (9 The system of any one of C1 1o U8, wherein at least one of the one or more
second heat exchangers is an external heat exchanger located outside of the steam cracking
fumace.

[6¢137] C10. Thesystem of €9, wherein the exiernal heat exchanger is configured to transfer
heat from a heated hydrocarbon, steam, or a combination thereof, or transfer heat from one or
more electrical heating elements, or a cornbination thereof to the at least a portion of the Hguwd
phase effluent in the first conduit to produce the heated thid stream.

[60138] C11. The sysiem of any one of Cl io C10, further comprising a separation vessel in
fluid commumication with the first conduit configured to receive at least a portion of the hquid
phase effluent and to separate at least a portion of anv char therefrom to produce a char-lean
hquid phase effluent.

160139 Cl2. The systern of C11, wherein the one or more second heat exchangers are
configured to receive and heat at least a portion of the char-lean liquid phase effluent to produce
the heated first fluid stream.

[0G3148] C13. The system of C11 or C12, wherein the separation vessel is located between
the vessel and a pump, and wherein the pump is configured to convey the char-lean liguid phase
effluent into the one or more second heat exchangers.

66141} Cl4. The system of CH or C12, wherein the separation vessel is located between a
purnp and the second heat exchanger, and wherein the pump s configured to convey the liqud
phase effluent into the separation vessel.

[00142] 15 Thesystemof any one of C1 1o C14, further comprising a guard bed configured
to contact the vapor phase effluent to remove at least a portion of any contaminant-containing
compound. mercury, ammonta, of a combination thereof therefrom to produce a contaminant-
lean vapor phase stream.

(601437 Cl16. The system of C15 wherein the guard bed is located within the vessel
[66144] (17 The system of C135, wherein the guard bed is located within a halide removal
wnit in flud communication with the third conduit, the halide removal wnit configured to

receive the vapor phase effluent.
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[60145] C18. Thesystemofany one of Cl to C13, wherein the vessel comprises a first vessel
and a second vessel, and wherein the heated mixture and the heavy feed are batch processed in
the first vessel and the second vessel

6031461 Varnous terms have been delined above. To the extent a tetm used m a claim s not
defined above, it should be given the broadest definition persons in the pertinent art have given
that term as reflected in at least one printed publication or issued palent. Furthermore, all
patents, test procedures. and other documents ciled 1n this application are fully mcorporated by

reference to the extent such disclosure is not inconsistent with this application and for ali

jurisdictions in which such incorporalion is permitied.

(601477 While the foregoing is directed 1o embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic scope

thereof, and the scope thergof ts determined by the claims that follow.
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CLAIMS:
What is claimed is:
i A process for converting hydrocarbons by pyrolysis, comprising:

heating a hydrocarbon feed within a convection section of a steam cracking fumace
and combining the hvdrocarbon feed with an aqueous {luid to produce a heated mixture
comprising hydrocarbons and steam, wherein the heating 15 carried out before, during, and/or
after the hydrocarbon feed 1s combined with the aqueous fluid;

introducing a heavy feed comprising a plastic material into a vessel;

cracking a portion of the plastic material in the vessel under plastic pyrolysis
conditions;

obtaining a liguid phase effluent and a vapor phase effluent exiting the vessel;

heating at least a portion of the liquid phase effluent to produce a heated fhud stream;

recycling at least a portion of the heated fhuid stream to the vessel:

combining the vapor phase effluent with the heated mixture to produce a combined
mixture;

heating the combined mixture within the convection section of the steam cracking
furnace to produce a heated combined mixture; and

steam cracking at least a portion of the heated combined mixture within a radiant

section of the steam cracking fimace to produce a steam cracker effluent comprising olefins.

2 The process of claim 1, wherein the liquid phase effluent is heated in an internal heat

exchanger disposed within the convection section of the steam cracking fumace.

3 The process of claim 1 or claim 2, wherein the hiquid phase effiuent is heated within

an external heat exchanger located outside of the steam cracking fumace.

4, The process of claira 3, wherein the Hguid phase efflnent is heated within the external
heat exchanger by transferring heat from a heated hydrocarbon, a heated aqueous fluid, ora
combination thereof, or by transferring heal from one or more electrical heating elements, or
g combination thereof, and wherein, if present, the heated hydrocarbon corprises the stream
cracker effiuent, a cooled steam cracker effluent. a refinery hydrocarbon-containing stream,

or a combination thereof
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5. The process of any one of claims 1 to 4, further coraprising reruoving a portion of the

liquid phase effluent from the process.

6. The process of any oue of claims 1 to 5, wherein the heavy feed further comprises a

carrier liquid nuxed with the plastic material.

7. The process of any one of claims 1 to 5, further coroprising nuxing a carnter liqud
with at least a portion of the liguid phase effluent to produce a combined liquid phase
mixiure, wherein the combined liquid phase mixture is heated to produce the heated fluid

stream.

8. The process of anv one of claims 1 to 4, wherein the liquid phase effluent comprises a
char, and the process further compnses:
mtroducing at least a portion of the Hguid phase effluent into a separation vessel; and
separating at least a portion of the char from the at least a portion of the hiquid phase
effluent to produce a char-lean liquid phase efffuent, whergin at least a portion of the char-

lean liquad phase effluent 1s heated to produce the heated fluid stream.

9. The process of clatm 8, wherein the heavy feed further comprises a carrier hiquid

mixed with the plastic matenal

i0. The process of claim &, further comprising mixing a carrier hiquid with at least a
portion of the char-fean liquid phase effluent to produce a combined liquid phase mixture,

wherein the combined liguid phase mixture ts heated to produce the heated fluid stream.

it The process of any one of claims 6, 7, 9, or 1{}, wherein the carrier liquid comprises a
heat-soaked and/or hydrotreated hydrocarbon stream having an initial boiling point of at least

300°C.

12, The process of any one of claims 1 to 11, wherein the plastic material comprises a
contaminant-containing polyroer and/or the beavy feed further comprises a compound
comprising a contaminant, and wherein the vapor phase effluent further comprises one or

more contaminant-containing compounds, the process further comprising
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coutacting the vapor phase effluent with a guard bed to reroove at least a portion of
the one or more contaminant-containing compounds to produce a contaminant-lean vapor
phase siream, wherein the contaminant-fean vapor phase stream is combined with the heated

mixiure to produce the combined mixture.

13, The process of claira 12, wherein the plastic material comprises the contamnant~
containing polymer, and wherein the contaminant-containing polymer comprises polvvinyl

chloride, polyvinvlidene chioride, chlornnated polyvinvl chloride, or a mixture thereof.

14, The process of any one of claims 1 to 13, wherein the plastic pyrolvsis conditions in

the vessel comprises a temperature in a range {rom 300°C to 850°C.

£5. The process of any one of claims 1 to 14, wherein the plastic material comprises a
nitrogen-containing polyiver, a chlorine-containing polymer, an oxygen-containing polvimer,
a polvethviene polvmer, a polvpropylene polvmer, a polvstyrene polymer, a polvamide
polvmer, polyethylene terephthalate, ethylene vinvl acetate, a butadiene polymer, an isoprene

polymer, an isobulylene polvmer, or a muxture thereof.

16 The process of any one of claims 1 to 15, wherein the hydrocarbon feed comprises

crude o1l or a {raction thereof.

7. A process for converting hydrocarbons by pyrolysis, comprising:

heating a hydrocarbon feed within a convection section of a steam cracking furnace
and combining the hydrocarbon feed with an agueous fluid to produce a heated mixture
comprising hydrocarbong and steam, wherein the heating is carried out before, during, and/or
after the hydrocarbon feed is combined with the aqueous fluid, and wherein the heated
mixture is a two-phase gas/liquid mixtore;

introducing the heated mixture and a heavy feed comprising a plastic material into a
vessel.

cracking a poriion of the plastic material within the vessel under plastic pyrolysis
conditions;

obtaining a liquid phase effluent and a vapor phase effiuent exiting the vessel;

heating at teast a portion of the Liquid phase effluent to produce a heated fhid stream;

recycling at least a portion of the heated fluid stream to the vessel;
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heating the vapor phase effluent within the convection section of the steam cracking
furnace to produce a heated vapor phase effluent: and
stearn cracking the heated vapor phase efflaent within a radiant section of the steam

cracking furnace to produce a steam cracker effluent comprising oleling.

18, The process of claira 17, wherein the liquid phase effluent is heated in an internal heat

exchanger disposed withun the convection section of the steam cracking furnace.

i9. The process of claim 17 or claim 18, wherein the liquid phase effluent 1s heated

within an external heat exchanger outside of the steaw cracking fumace.

20 The process of claim 19, wherein the liquid phase effluent is heated within the
external heat exchanger by transferring heat from a heated hydrocarbon, a heated aqueous
fluid, or a combination thereof. or by transferring heat from one or more electrical heating
elements, or a combination thereof, and wherem. if present. the heated hvdrocarbon
comprises the stream cracker effluent, a cooled steam cracker effluent, a refinery

hydrocarbon-containing siream, or a combination thereof,

21 The process of any one of claims 17 to 20, further comprising removing a portion of

the hquid phase effluent from the process.

22. The process of any one of claims 17 1o 21, wherein the heavy feed further comprises a

carrier liguid mixed with the plastic material.

23. The process of anv one of claims 17 to 21, further comprising mixing a carrier liquid
with at least a portion of the hiquid phase effiuent to produce a combined hquid phase
mixture, wherein the combined iquid phase misture is heated to produce the heated fluid
streatn.

24.  The process of any one of claims 17 {0 20, wherein the liquid phase effluent
comprises a char, and the process further comprises:

introducing at least a portion of the liquid phase effluent into a separation vessel; and
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separating at teast a portion of the char from the at least a portion of the liquid phase
effluent to produce a char-fean liquid phase effluent, wherein at least a portion of the char-

lean liquid phase effluent is beated to produce the heated fluid stream.

25. The process of claim 24, wherein the heavy feed further comprises a carrier liguid

wixed with the plastic material.

26, The process of claim 24, further comprising muxing a carrier hquid with at least a
portion of the char-lean liquid phase effluent to produce a combined liquid phase mixivre,

wherein the combined liguid phase mixture is heated 1o produce the heated fhad stream.

27. The process of any one of claims 22, 23, 25, or 26, wherein the carrier liqud
comprises a heat-soaked and/or hydrotreated hydrocarbon stream having an inttial boiling

point of at least 300°C.

28. The process of any one of claims 17 to 27, wherein the plastic material comprises a
contaminant-containing polyrmer and/or the heavy feed further comprises a compound
comprising contaminant, and wherein the vapor phase effluent further comprises one or more
contaminani-contaming compounds, the process further comprising:

contacting the vapor phase effluent with a guard bed to remove at least a portion of
the one or more contaminant-containing compounds to produce a contaminant-tean vapor
phase stream, wherein the contaminant-fean vapor phase stream is combined with the heated

mixiure to produce the combined mixture.

29. The process of claim 28, wherein the plastic material comprises the contaminant-
containing polymer, and wherein the contaminant-containing polymer comprises polyvinyl

chloride, polyvinvlidene chloride, chlorinated poly vinvt chlonide, or a muxture thereof.

30, The process of any one of claims 17 to 29, wherein the plastic pyrolvsis conditions in
the vessel comprises a temperature in a range from 3060°C to 550°C.

31 The process of anv one of claims 17 to 30, wherein the plastic material comprises a
nitrogen-containing polvmer, a chlorine~-containing polymer, an oxygen-containing polymer,
a polyethylene polymer, a polypropylene polymer, a polvstyrene polymer, a polvaride
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polymer, polvethviene terephthalate, ethviene vinyl acetate, a butadiene polymer, an isoprene

polvimer, an ischutylene polvmer, or a mixture thereof.

32, The process of any one of claims 17 1o 31, wherein the hydrocarbon feed comprises

crude ol or a fraction thersof

33 A process for converting hydrocarbons by pyrolysis, comprising:

heating a hydrocarbon feed within a convection section of a steam cracking furnace
and combining the hydrocarbon feed with an agueous [Tuid 1o produce a heated mixture
comprising hvdrocarbons and steam, wherein the heating is carried out before, doring, and/or
after the hvdrocarbon feed 1s combined with the agueous fluid. and wherein the heated
mixture is a two-phase gas/diquid minture;

introducing the heated mixture and a heavy feed comprising a plastic maierial into a
vesssl;

cracking a portion of the plastic matenial within the vessel under plastic pyrolvsis
conditions;

obtaining a first liguid phase effluent, a second liquid phase effluent, and a vapor
phase effluent exiting the vessel;

heating at teast a portion of the first liquid phase effluent to produce a heated first
fluid streamy;

recycling at least a portion of the heated first fluid stream to the vessel;

heating the second liquid phase effluent within the convection section of the steam
cracking furnace to produce a beated second fhaid streamy;

mitroducing the heated second fluid stream into a separation drum;

obtaining a vapor phase overhead and a liquid phase bottoms from the separation
drum; and

steam cracking the vapor phase overhead within a radiant section of the steam

cracking fumnace to produce a steam cracker effluent comprising olefins,

34, The process of claim 33, further comprising:
ecycling at least a porhion of the vapor phase effluent as a portion of the hydrocarbon
feed:

mtroducing at least a portion of the vapor phase effluent into 2 gas recovery uni;
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mtroducing at least a portion of the vapor phase effluent into a primary fractionator
that recetves the steam cracker effluent;

miroducing at least a portion of the vapor phase effluent into a process gas
COMPressor systeny, or

a combunation thereof

35 The process of clairn 33 or claim 34, wherein a composition of the first hquid phase

effluent is ditferent than a composition of the second liquid phase efftuent.

36. The process of claim 35, wherein the first liquid phase effiuent comprises a greater

concentration of a char as compared to the second liquid phase effluent,

™~

The process of any one of claims 33 to 36, further comprising:
penodically stopping introduction of the heated mixture and the heavy feed into the
vessel:
periodically stopping recovery of the second liquid phase effluent from the vessel, and
heating the heated mixture within the convection section of the steam cracking
furnace to produce the heated second fluid stream such that the heated mixture alone is
heated within the conveciion section of the sieam cracking furmace, introduced nto the
separation drum, and a vapor phase derived from the heated mixture alone 1s steam cracked

within the radiant sectton of the steam cracking fumace to produce the steam cracker effluent.

38. The process of claim 37, wherein, during the periodic stopping of the introduction of
the heated mixture and the heavy feed into the vessel and the periodic stopping of the
recovery of the second liquid phase effluent from the vessel, the plastic material in the heavy

feed continues to undergo pyrolysis within the vessel.
39. The process of any one of claims 33 {0 34, further comprising carrving out one or
more maintenance operations on the vessel when introduction of the heated mixture and the

heavy feed into the vessel is stopped.

40, The process of claim 39, wherein the maintenance operation comprises removing at

feast a portion of any accumulated char disposed within the vessel.
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41 The process of any one of claims 33 to 40, whereio at least a portion of the Hguid
phase bottoms recovered from the separation drum is recveled to the vessel, recveled to make
up at least a portion of the hydrocarbon feed heated within the convection section of the

steam cracking fumace, or a combination thereof,

42 The process of any one of claims 33 1o 41, wherein:
the heavy feed 18 introduced into the vessel followed by the heated mixture,
the heated mixture 15 introduced into the vessel followed by the heavy feed,
the heavy feed and the heated mixture are miroduced into the vessel as a mixture, or
the heavy feed and the heated mixture are separately co-fed simttaneously into the

vessel

43, The process of any one of claims 33 to 42, wherein the first liquid phase effluent is
heated in an intemal heat exchanger disposed within the convection section of the steam

cracking fumace.

44, The process of any one of claims 33 {o 43, wherein the first liquad phase efffuent is

heated within an external heat exchanger outside of the steam cracking furnace.

45 The process of claim 44, wherein the first iguid phase effluent is heated within the
external heat exchanger by transferring heat from a heated hvdrocarbon, a heated aqueous
fluid, or a combination thereof, or transfer heat from one or more electrical heating elements,
or a combination thereof, and wherein, if present, the heated hydrocarbon comprises the
stream cracker efftuent, a cooled steam cracker effluent, a refinery hvdrocarbon-contairing

stream, or & combination thereof.

46. The process of any one of claims 33 1o 45, further comprising removing a poriion of

the first hiquid phase effluent from the process.

47. The process of any one of claims 33 1o 46, wherein the first liquid phase efffuent
comprises a char, and the process further comprises:
introducing at least a portion of the first liguid phase effluent into a separation vessel.

and
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separating at least a portion ol the char from the at least a portion of the fivst hquid
phase effluent to produce a char-lean fiquid phase effluent, wherein at least a portion of the

char-lean liguid phase effluent is heated to produce the heated fluid stream.

48.  The process of any one of claims 33 to 47, wherein the plastic material comprises a
contaminant-containing polvimer and/or the heavy feed further comprises a compound
comprising a contaminant, and wherein the vapor phase effluent further comprises one or
more contaminant-containing compounds, the process further comprising:

contacting the vapor phase elfluent with a guard bed to remove at least a portion of
the one or more contaminant-containing compounds to produce a contaminant-lean vapor

phase stream.

49, The process of claim 48, further comprising:

recycling at least a portion of the contaminant-lean vapor phase efftuent as a portion
of the hydrocarbon feed:

iroducing at least a portion of the contaminani-lean vapor phase efflaent nto a gas
recovery urnit;

mtroducing at least a portion of the contaminant-lean vapor phase effluent info a
primary fractionator that recetves the steam cracker effiuent;

introducing at least a portion of the contamuinant-lean vapor phase effluent into a
Process gas compressor systent, o1

a combination thereof

50. The process of claim 48 or claim 49, wherein the plastic material comprises the
contaminant-contaming polymer, and wherein the contaminant-containing polymer comprises
polyvinyl chloride, polyvinviidene chloride, chlorinated polyvinvl chloride, or a mixture

thereof

51. The process of any one of claims 33 to 50, wherein the plastic pyrolvsis conditions in

the vessel comprises a temperature in a range from 360°C to 500°C.

52. The process of anv one of claims 33 o0 51, wheremn the plastic material comprises a
nitrogen-containing polymer, a chlorine-containing polymer, an oxy gen-containing polymer,
a polyethylene polymer, a polvpropylene polymer, a polvsiyrene polymer, a polyvamide
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polymer, polvethviene terephthalate, ethviene vinyl acetate, a butadiene polymer, an 1soprene
polvmer, an ischutylene polvmer, or a mixture thereof.
53. The process of any one of claims 33 {o 52, wherein the hydrocarbon feed comprises

crude oil or a fraction thereof.

34 The process of anv one of claims 33 1o 53, wherein the vessel comprises a first vessel
and a second vessel, and wherein the heated mixture and the heavy feed are batch processed

in the first vessel and the second vessel.



