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(57) Abstract: Processes for removing deposits from a pump-around loop or simply loop. The process can include isolating a first and a
second end of the loop influid communication with a vessel to provide an isolated section. The isolated section can include a first conduit
disposed within a convection section of a steam cracking furnace or a heat exchanger that is external to the steam cracking furnace that
can include char therein. The first end can be connected to an aqueous fluid/ oxidant source. The second end can be connected, to a
second, conduit disposed within the convection section. An aqueous fluid/oxidant mixture can be introduced into the first, end that can
be heated by flowing through the isolated section. The heated mixture can flow through the second conduit to produce a second heated
mixture that can be introduced into a radiant section of the steam cracking furnace.
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PROCESSES FOR REMOVING DEPOSITS FROM AN INTEGRATED PLASTIC
PYROLYSIS VESSEL AND A STEAM CRACKING FURNACE

S CROSS-REFERENCETOBRELATED APPLICATIONS

[6001]  This application claums priovity 10 and the benefit of U.S. Provisional Application No.
63/480,614 having a {ihng date of Januarv 19, 2023, the disclosure of which s incorporated
herein by reference in ifs entirety
FIELD

10 j8692] This disclosure relates to processes for removing deposiis, e g, char, asphaltenes,
and/or coke, from an mntegrated plastic pyrolysis vessel and a steam cracking furnace. More
particularty, such embodimenis relate to online and offline processes for removing char,
asphaltenes, and/or coke deposits from an integraied plastic pyrolysis vessel and a steam
cracking fumace.

15 BACKGROUND

[6063F  Coke 15 an undesirable byproduct of sicam cracking hydrocarbons that forms on
internal surfaces of the steam cracking firnace, e.g., on the internal surface of radiant tubes
disposed within a radiani section of the steam cracking fiunace. Char is an undesirable
byproduct of cracking plastic material under plastic pyrolysis conditions, which forms on
20 imternal surfaces of equipment, e.g.. a plastic pyvrolysis vessel,
[6G04]  The presence of char and/or coke on the intemal surfaces reduces heat transter to the
stream passing therethrough, which reduces the amount of cracking of the plastic material and
reduces the amount of cracking of the hyvdrocarbons. The presence of char and/or coke can

also lead to undesirable changes in the composition of the internal surfaces, e g.. as a result of

)
i

carburization, leading to deterioration of the equipment. Furthermore, the presence of char,
asphaltenes, and/or coke can restrict the flow of materials through components of the svstem
such as heat exchangers and transfer lines that can eventually cause sufficient plugging that the
process needs to be shut down for maintenance.

[6065]  Thereis aneed, therefore, for iroproved processes for removing char and/or coke from
30 animntegrated plastic pyrolysis vessel and steam cracking furnace. This disclosure satisties this

and other neads.
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SUMMARY

[B086] Processes and systems for removing deposits, e.g., char, asphaltenes, and/or coke,
from an ntegrated plastic pyrolysis vessel and a steam cracking {umace are provided. In some
embodiments, a process for removing deposits from a pump-around loop in a pyrolysis process,
where the pump-arcund foop 1s in fluid commumication with a vessel for cracking plastic, can
mclude fhadly isolating a first end of the pump-arcund loop that is i fhud communication
with the vessel and a second end of the pump-around loop that 15 in fluid cornmunication with
the vessel 1o provide a fluidly 1solated section of the pump-around loop. The fwdly isolaied
section can inchude a first conduit disposed within a convection section of a steamn cracking
fumace or a heat exchanger that is external to the steam cracking furnace. The fhindly 1solated
section of the pump-around loop can include char deposited on an inner surface of the first
conduit. The first end of the isolated section of the pump-arcund loop can be fluidly connected
to an agueous fhuid and oxidant source. The second end of the isolated section of the pump-
around loop can be fluidly connected with a second conduit disposed within the convection
section of the steam cracking fumnace. An aqueous flnid and an oxidant from the aqueous fluid
and oxidant source can be infroduced into the first end of the isolated section of the pump-
around loop. The aqueous Auid and oxidant can be heated by flowing the agueous fuid and
oxidant through the Huidly isolated section of the pump-around loop to produce a first heated
mixture that can include steam and at least one of char, any wnreacted oxidant, and a
combusiion product produced by combusting al least a portion of the char. The {irst heatec
mixture can flow through the second conduit to produce a second heated nuxtire. The second
heaied mixture can be introduced into a radiant section of the steam cracking fumace.

[B007]  In other embodiments, a process for removing deposits from a pump-around foop
a pyrolysis process, where the pump-around loop is in fluid communication with a vessel for
cracking plastic, can include heating a hydrocarbon feed within a convection section of a steam
cracking {umace and combining the hydrocarbon feed with an agueous Juid to produce a first
heated maxiure that can include hvdrocarbons and steam. The heating can be carvied out before,

during

P2

and/or after the hvdrocarbon feed is combined with the agueous fluid. A first end of
the purap-arcund loop that is in fluid commnunication with the vessel and a second end of the
purop-around loop that is in flurd commuucation with the vessel can be fluidly 1solated to
provide a fluidly isolated section of the pump-around loop. The fluidly i1solated section can
mclude a {irst conduii disposed within the convection section of the sieam cracking fumace or
a heat exchanger that 1s external to the steam cracking fumace. The fhudly isolated section of

the pump-around loop can include char deposited on an mner surface of the first conduwif. The
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tirst end of the isolated section of the pump-around loop can be fhadly connected 1o an agueous
fluid source. The second end of the isolated section of the pump-arcund Joop can be fhudly
connected fo a second condut disposed within the convection section of the steamn cracking
fummace. Aun agueous {lwid from the agueous flud source can be imtroduced mto the first end
of the isolated section of the pump-around loop. The agueous fluid can be heated by flowing
the agueous fluid through the Hwdly 1solated section of the pump-around loop 1o produce 3
second heated maxture comprising steam and char. The second heated muxiure can be
combined with the first heated mixture to produce a third mixture. The third mixture can flow
through the second conduit o produce a heated third mixture. The heated third mixiure can be
mtroduced nto a radiant section of the steam cracking fumace.

[6068]  In other embodiments, a process for removing deposits from a pump-around loop 1n
a pyrolysis process, where the pump-around loop is in fluid comimunication with a vessel for
cracking plastic, can include fhadly 1solating a {irst end of the pump-around loop that is in fluid
comrmunication with the vessel. The pump-around loop can include a conduit disposed within
a convection section of a steam cracking furnace or a heat exchanger that 15 external to the
steam cracking firnace and can have a second end 10 fluid commumication with the vessel. The
pump-around foop can include char deposited on an imer swrface of the conduit disposed
within the convection section or the heat exchanger. The first end of the pump-around loop
can be fluidly connected to an aqueous fluid and/or oxidant source. An agueous fluid and/or
an oxidant can be introduced from the agqueous fhad and/or oxidant source juto the first end of
the pump-around loop. The aqueous fluid and/or oxidant can be heated by flowing the aqueous
fhuid and/or oxidant through the pump-around loop to produce a first heated mixture that can
inchude steam, at least ong of char and if the oxidant is present, anv unreacted oxidant and a
combusiion product produced hy combusting af least a portion of the char The first heated
mixture can be infroduced into the plastic pyrolysis vessel. A vapor phase overhead and a
solid-containing bottoms material can be obtamed from the vessel. The vapor phase overhead
can be introduced into a radiani section of the steam cracking furnace.

[6089] In other embodiments, a process for removing deposiis from a pump-around foop in
a pyrolvsis process, where the pump-around loop is in fhud communication with a vessel for
cracking plastic, caniinchude heating a hydrocarbon feed within a conveciion section of a steam
cracking furnace and combining the hydrocarbon feed with an agueous fluid to produce a
heated first muxture that can inchude hvdrocarbons and steam. The heating can be carned out
hefore, during, and/or after the hydrocarbon feed is combined with the aqueous fluid. A first

end of the pump-around loop that 15 in fluid communication the vessel can be fluidly isolated.
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The pump-around loop can include a conduit disposed within the convection section of the
steam cracking furnace or a heat exchanger that is exiernal {0 the steam cracking furnace and
can have a second end in fhad communication with the vessel. The pump-arcund loop can
mclude char deposited on an inner surface of the conduit disposed within the convection section
or the heat exchanger. The first end of the pump-arcund icop can be fluidly connected to an
aqueous fHuid source. An agueocuns fhud from the agoeous fluid source can be mtroduced o
the first end of the pump-around loop. The aqueous fluid can be heated by flowing the agueous
fluid through the pump-around loop to produce a heated second mixture that can include steam
and atleast a portion of the char. The heated second mixture can be introduced into the vessegl.
A vapor phase overhead and a solid-containing bottoms material can be obtained from the
vessel. The vapor phase overhead can be combined with the heated first mixture to produce a
third muxtare. The third mixture can be introduced into a radiant section of the steam cracking
furnace.

BRIEK BESCRIPTION OF THE DRAWINGS

[6G410] The subject disclosure is further described in the detailed description that follows in

reference to the drawings by way of non-limiting embodiments, in which ke reference
numerals represent simular parts throughout the several embodiments shown in the drawings.
[6011]  FIG 1 depicts an tlustrative process/system for removing char from a pump-around
loop integrated with a plastic pvrolysis vessel and a stream cracking fumace and for removing
coke deposited within a radiant section of the steam cracking fumace, in which the char
removed from the pump-around loop is passed through the radiant section of the sieam cracking
furnace, according io one or more embodiments described.

{66321 FIG 2 depicts an lustrative process/svstem for removing char from a pump-around
loop integrated with a plastic pyrolvsis vessel and a steam cracking fumace and for removing
coke deposited within a radiant section of the steam cracking furnace, in which the char
removed from the pump-around toop is imtroduced into the plastic pyrolysis vessel, according
0 one or mote embodiments described.

[B013] FIG 3 depicts an illustrative process/svstem for removing char from a pump-around
loop integrated with a plastic pyrolysis vessel and a steam cracking furnace while maintaining
steam cracking of a hvdrocarbon feed within a radiant section of the steam cracking furace,
according to one or more embodiments described.

DBETAILED BDESCRIPTION

[0014] Vanous specific embodimnents, versions and examples of the invention will now be

described, including preferred embodimenis and definitions that are adopted herein for
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purposes of understanding the claimed mvention. While the following detaled description
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 nfringement, the scope of the mventicn will refer to any one or more
of the appended claims, including their equivalents, and elements or limitations that are
equivalent o those that are recited.  Any reference to the “invention” may refer to one or more,
but not necessarily all, of the inventions defined by the claims.

[6618] In this disclosure, a process is described as including at ieast one “siep.” It should be
understood that each step is an action or ¢peration thal may be carried out once or mudtiple
times in the process, in a continuous or discontirnious fashion. Unless specified to the contrary
or the coniext clearly indicates otherwise, multiple sieps in a process may be conducied
sequentially in the order as they are listed, with or without overlapping with one or more other
steps, or in any other order, as the case may be. In addition, one or more or even all steps may
be conducted simultancously with regard to the same or different batch of material.  For
example. i a continuous process, while a first step in a process is being conducted with respect
to a raw matenal just fed into the beginning of the process, a second step may be carried out
simultaneously with respect {o an intermediate watenal resulting from treating the raw
materials fed mto the process at an earlier ume in the first step. Preferably, the steps are
conducted m the order described.

[B816] Unless otherwise indicated, all numbers indicating quantities in this disclosure are {o
be understood as being moditied by the term “about” in all instances. It should also be
understood that the precise numerical values used in the specification and claims constituie
specific embodiments.  Efforts have been made to ensure the accuracy of the data in the
examples. However, it should be undersiood that anv measured data inherently contamns a
certain level of error due to the limitation of the technique and/or equipment used for making
the measurerment,

[6017} Certain ernbodivoents and features are described herein using a set of numerical upper
limits and a set of numerical lower limits. It should be appreciated that ranges mncluding the
combination of anv two values, e.g, the combination of anv lower value with any upper value,
the combination of any two lower values, and/or the combination of any iwo upper values are
contemplated unless otherwise indicated.

[3618] As used herein. the mdefinite article “a” 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 stearn cracking
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furnaces are used, undess specified to the contrary or the context clearly indicates that only one
steam cracking fumace is used.

[6619] The term “hvdrocarbon™ as used herein means (1) any compound consisting of
hydrogen and carboun atoms or (it} any nuxture of two or more such compounds 1o (1), The
term “Cn hvdrocarbon,” where n 15 a positive integer. means {i} any hydrocarbon compound
comprising carbon atom{s) in 1ts molecule at the total number of n, or (i1} any mixiure of two
or more such hydrocarbon compounds in (3). Thus, a C2 bvdrocarbon can be ethane, ethylene,
acetylene, or muxtures of at least two of these compounds at any proportion. A “Cm to Cn
hydrocarbon™ or “CUm-Cn hydrocarbon.” where m and n are posilive inlegers and m << n, means
any of Cm, Co+ 1, Cro+2, L On-1, Cn hydrocarbons, or any muxiares of two or more thereof,
Thus, a “C2 to €3 hydrocarbon” or “C2-C3 hydrocarbon™ can be anv of ethane, ethyvlene,
acetylene, propane, propene, propyne, propadiene, cvclopropane, and any mixtures of two or
more thereof at any proportion between and among the components. A “satwated {2-C3
hyvdrocarbon”™ can be ethane, propane, cyvclopropane, or any nuxture thereol of two or more
thereof at any proportion. A “Cn+ hvdrocarbon™ means (i) any hvdrocarbon compound
comprising carbon atom{s} in s molecule at the total number of at least n, or (1} any mixture
of two or more such hydrocarbon compounds in ). A “Cn- hydrocarbon” means (1) any
hydrocarbon compound comprising carbon atoms in its molecule at the total number of at most
i, or (it} anv puxture of two or more such hvdrocarbon compounds in {13, A "Um hvdrocarbon
stream” means a hvdrocarbon strearn consisting essentially of Cm hvdrocarbon{s). A “Cm-Cn
hydrocarbon stream™ means a hydrocarbon siream consisting essentially of Cm-Cn
hydrocarbon(s).

[6G2¢] The term “orude” means whole erude oif as it fows from a wellhead, 2 production
field factlity, a transportation facility, or other wmitial {ield processing facility, oplionallyv
mncluding crude that has been processed by a step of desalting, treating, and/or other steps as
may be necessary to render i acceptable for conventional distllation in a refinery. Crude 13
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 limited io, Tapis, Murban, Arab Light, Arab Medium, and/or Arab Heavy.

[6021] The term “resid” refers to a botloms cut of a crude distillation process that contains
non-volatile components.  Resids are complex muxtures of heavy petroleum compounds
otherwise known in the art as residuwm or residual or prich. Atmospheric resid is the botioms
product produced from atmospheric distilation of crude where a typical endpoint of the

heaviest distilled product is nonunally 343°C. and s referred to as 343°C resid. The tetm
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“nomunally”, as used herein, means that reasonable experts may disagree on the exact cut point
for these terms, but by no more than +/- 55.6°C preferably no more than +/- 27 8°C. Vacuum
resid is the bottoms product from a distillation columm operated under vacwum where the
heaviest distilled product can be nomunally 566°C, and 1s refered to as 566°C resid,

[6022] The term “hydrocarbon feed” refers to a composition that includes one or more
hvdrocarbons.  IHustrative hvdrocarbon feeds can be or can include, but are not himited to,
crude, gas oils, heating oil, jet fuel, diesel, kerosene, gascline, coker naphtha, steam cracked
naphtha, catalviically cracked naphtha, hydrocrackate, reformate, raffinate reformate, Fischer-
Tropsch Hquids and/or gases, natural gasoline, distillate, virgin naphtha, atinospheric pipestill
bottoms, vacwam pipestill streams such as vacuum pipestill bottoms and wide botling range
vacuum pipestill naphtha to gas ol condensates, non-virgin hvdrocarbons from refineries,
vacuum gas oifs, heavy gas oil, naphtha contaminated with crude, atmospheric residue, heavy
residue, a Cd/residue admixture, naphtha/residue admixture, hydrocarbon gases/residue
admuxiure, hyvdrogen/residue admixtures. waxy residues, gas oil/residue adimuxiure. relatively
light alkanes, e, ethane, propane, butane, and/or pentane, recvele sireams that can nclude
ethane, propane, ethylene, propylene, butadiens, or a mixture thereof, oue or more condensates,
fractions thereof, or any mixture thereof.

[6023] The term “non-volatile components™ as used herein refers to the fraction of a
hydrocarbon-containing feed, e.g., a petroleum feed, having a nominal botling point of at lgast
390°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 cohe during steam cracking of the hydrocarbon feed.

(66241 The term “coke” refers 10 the solid or semi-solid product that can be produced during
the steam cracking of hvdrocarbons that wcludes carbon and high carbon-content organic
molecules, whether produced within the convection section, radiant section, transfer lines
theregbetween, or within transfer lines and other equipment, e.g., a transfer line heat exchanger,
dowustrearn of the radiant section.

[0025] The term “asphaliene” refers to a material obtainable from crude oil or other sources
and having an nitial boiling point above 650°C and which is insoluble in a paraffinic solvent.
[6026] A "polymer™ has two or more of the same or different repeating units/mer units or
simply wis. A "homopolvmer” 1s a polvmer having repeating units that are the same. A
"copolymer” 1 a polymer having two or more repeating units that are different from each other.
As such, the term “copolymer” includes terpolymers (a polymer having thres unite that are

different from each other), tetrapolymers (a polymer having four uruts that are different from
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cach other). and so on. The term "different” as used to refer to units indicates that the uniis
differ from each other by ai least one aiom and/or are different isomerically.

[60627] In some embodiments, the polvmer can be or can include, but is not limited to, a
nitrogen-containing polymer, a chlonine-containing polvmer. a bromine-countaining polymer, a
fluorine-containing polymer. an oxygen-containing polymer, a polvethviene polvmer, a
polypropviene polyvmer, a polystyrene polymer, a butadiene polyimer, an 1soprene polvimer, an
isobutylene polymer, or any mixture thereof. In some embodiments. the oxvgen-contaming
polymer can be of can include a polvierephthalate polymer. an ethyvlene vinyvl acetate polymer,
a polvearbonate polymer, a polylactic acid polvmer, an acrylale polvmer, a polyosymethylene
polymer, a polvester polvimer, a polvoxvbenzyvhmethvlenglveolanhvdride polvmer, a
polyvepoxide polymer, or any mixture thereof  In some embodiments, the nitrogen-containing
polymer can be or can include one or more polyamide polymers, e.g.. nvion; one or more
polynitrife polymers, e.g., polviacrvionitiile) and/or polv{methacrylonitriie), one or more
aramids, one or more polvurcthane polyvmers, or any mixture thereof. H is noted that
polvamides, among other nitrogen-containing polvmers. aiso contain oxvgen as part of the
polymer structure. In this disclosure, a polymer that mncludes both oxygen and nitrogen as part
of the repeat wnit for forming the polvmer is defined as a nitrogen-containing polymer for
purposes of characierizing the plastic feedstock. In some embodiments, the chiorine-
containing polymers can be or can include, but are not limited to, polyvinyl chionde (PVC)
and/or polyvinyhdens chionide (BPVDC) A polymer can be naturally occurring, modified
naturally occurring, and/or synthetic.

18028} The term “plastic material” refers {0 a composition that includes one or more
polymers. Preferablv, the plastic material comprises, consists essentially of. or consists of a
svithetic polvmer.  Preferably, the plastic material comprises, consists essentially of, or
consists of a used polyvmer. Preferably, the plastic material comprises, consists essentially of,
or consists of one or more polymers denved from one or more olefin monomers {e.g.,
polyethvlene, polvpropviene, polvethylenepropyliene, polystyrene, and the like).

[G029] 1tis noted that some tvpes of plastic material can also include bio-denived components.
For example, some types of plastic labels can incinde biogenic waste in the form of paper
compounds. In some embodimenis, 1 wi% to 235 wi%s of the plastic material can correspond to
bio-derived material. Such bio-derived material can also potentially contribute to the nitrogen
content of a plastic material. The plastic matenial, in addition to the one or more polvmers, ¢can

also include any additives, modifiers, packaging dyves, and/or other components tvpically added
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to a polymer during and/or afier formulation. The plastic material can also further include anv
components tvpicallv found in polymer waste.

[863¢]  The plastic material alove or the plastic material mixed, blended, or otherwise
combined with an optional camier hquid 1s also referred to as a “heavy feed”. Alithough the
heavy feed may have a sinmular or identical composition as the hydrocarbon feed, preferably the
heavy feed difters from the hvdrocarbon feed. Although the hydrocarbon feed may contain a
plastic material, e.g, the sare or different plashic material contained in the heavv feed,
preferably the hydrocarbon feed is substaniially free, or completely free of a plastic material
Preferably, the hydrocarbon feed is derived [rom a petroleum source sobstantially free or
complelely free of a plastic material.

166311  The optional “carrier liquid”™ disclosed herein that can be contacted with the plastic
material and/or a liquid phase effuent at least partially derived from the plastic material can be
or can include, but is not limited to, a wide range of petroleurn or petrochemical products or
strearns {e.g.. hvdrocarbon products and/or intermediate streams produced from petroleum
processing such as distillation, steam cracking, catalvtic cracking, refining, and the like). For
example, some suiable carrier Hiquids can correspond to, include, comprise, consist essentially
of, or consist of

{1} naphtha, kerosene, digsel. hight or heavy cvele oils, catalvtic slurry oil, gas-oils,
white oils, derived from sources including but not limited to petroleum sources, eg.. from a
refinery, a steam cracker, and/or a coker;

{i1} isoparaffins;

(i} metallocene-derived hydrocarbons:

{iv} hvdrocarbons produced from biologically derived raw materials,

(v} hvdrocarbons derived from coal processing;

{vi) biclogically derived raw materials for producing hyvdrocarbons;

{vi1) ethylene-propylene copolymers; polybutenes;

{viti} polvalphaolefins ("PAGs™), including but not Hmited those described n or
obtainable by using the processes described m U.S. Patent Nos. 9,365,788, 9,409,834,
4,827,064, and 5,264,642:

(ix) alkvlated benzenes;

{x} alkylated naphthalenes {"ANS);

{x1) esters such as adipate esters, phthalate esters, trimellitate esters. polvol esters {e.g,
trimethylolpropane ("TMP™) esters, pentaerythriiol ("PE”} esters, and blends thereofl and

eslers suttable for jet oils);
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{xit) polvethers/polvalkylene glveols:

(xi11} thermally stable hquids, e.g.. DOWTHERM® A available from Dow Chemical
Company.

(v naphthenic and/or aromatic solvents, such as toluene, benzene, methvilnaphthalene,
cyclohexane, methylcyciohexane, mineral oil, or any mixture thereof;

(xvy Group L L T TV, or V lubricant basestocks, description of which can be found
in EP2828367A1, which are meorporate herein by reference. including re-vefined basestocks;

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

{xvii} crudes, condensates, or any mixiure thereof,

{xviny any formulation comprising ong or more of the foregoing n one or morg of
groups {1} to (oviny; and

{xix} any mixture comprising two or more of the foregoing in one or more of groups {1}
to (xvil}, e.g., PA(YVAN blends.
[60632]  in some emnbodunents, the carrier higuid can be, can include, or can coroprise a heat-
soaked and/or hvdrotreated hvdrocarbon stream having an iutial boiling pomt of at least 300°C.
Boiling point disiributions (the distribution at atmospheric pressure} can be determined, e.g.,
by conventional methods such as ASTM D7500 — 15(2019) or ASTM-D386-20b. A suitable
heat-soaked hydrocarbon steam having an initial boiling poind of at least 300°C can be
produced according to the processeas disclosed in WO Publication No. WO2018/111577A1. A
sutiable hydrotreated hvdrocarbon siream having an imitial boiling point of at least 300°C can
be produced according to the processes disclosed 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 io the processes disclosed i WO Publication No.
WOI0I8/111577A1. In some embodiments, when the heavy feed includes the plastic matenal
combined with the carrier liquid, the heavy feed can be n the form of a solution, shurry,
suspension, dispersion, or gther fluid-type phase. As such, in some embodiments, the carner
Liqund can act as a solvent.
[6033]  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.
[6034] The terms “char” and “ash™ mterchangeably refer to the solid or sohd/liguid muxiure
produced during the pyrolysis of an optionally contaminated plastic material and deposited on
the joner surface of a conduit or vessel, which can inchide organic molecules having long

carbon chains and/or high boiling points such as asphaltenes, coke, organometallic compounds,
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morganic matenals such as metals, metallic oxides, and salis, and nmuxtures thereof. Char and
ash can be produced from the chemical reactions of the various components of a plasiic maierial
and/or introduced directly from the plastic feed matertal.

60351  An "olefin" 1s a linear, branched, or cvclic compound of carbon and hydrogen having
at least one double bond. The term “olefin product” as used herein means a product that
wncludes an olefin, preferably a product consisting essentially of or consisting of an olefin. An
olefin product n the meaming of this disclosure can be, e g, an ethvlene stream, a propvlene
sireaim, a butylene stream, an ethvlene/propylene nmuxture stream, and the like.

[8036] The term “consisting essentially of” as used herein means the composition, feed,
etfluent, product, or other stream comprises a given component al a concentration of at least
60 wi%, preferably at least 70 wi%. more preferably at teast 80 wi%, maore preferably at teast
S0 wi%, still more preferably af least 95 wi%., based on the total weight of the composition,
feed, effluent, product, or other stream in question.

[0037]  The term “aromatic” as used herein 15 to be undersiood 10 accordance with it ari-
recognized scope which mncludes alkyi substituted and unsubstituted mono- and polv-nuclear
compounds,

[0038] The term “rich” when used in phrases such as “X-rich” or “rich in X means, with
respect to an outgoing stream obiained from a device, that the stream comprises material X at
a conceniration higher than in the feed material fed to the same device from which the stream
is derived.

[0039] The term “lean”™ when used in phrases such as “X-lean” or “lean in X7 means, with
respect 1o an ouigoing stream oblained from a device, that the stream comprises material X at
a concentration lower than in the feed material fed 1o the same device from which the stream
is derved.

{0046] The terms “channel” and “hine” are used interchangeably and mean any conduit
configured or adapted for feeding, flowing, and/or discharging a vapor, a liquad, and/or a solid
o the conduit, through the conduit, and/or out of the condwit, respecitvely. For example, a
composition can be fed into the condwit, flow through the conduit. and can be discharged from
the conduit t0 move the composition from a first location to a second location. Suitable
conduits can be or can include, but are not limited (o, pipes, hoses, ducts, tubes, and the like,
60431  As used herein, “wt%" means percentage bv weight, “vol%” means percentage by
volume, “mol%” means percentage by mole, “ppm”™ means parts per nuilion, and “ppm wt”
and “wppm” are wsed interchangeably to mean parts per mullion on a weight basis. Al

concentrations herein are expressed on the basis of the total amount of the composition in
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question, unless specified otherwise, Al ranges expressed herein should include both end
points as two specific embodimenis uniess specified or indicated to the contrary,

Processes/Svstems for Removing Char and Coke

60421 A description of the processes/systerns of this disclosure will now be made by
referencing the non-limiting drawings showing varnious preferred embodiments.

FIG. 1

[G043] FIG | depicts an illustrative process/systern 1000 for removing char from a pump-
around loop 1024 integrated with a plastic pyrodysis vessel 1020 and a stream cracking fumace
1003 and for removing coke deposited within a radiant section 1006 of the steam cracking
fumace 1003, in which the char removed from the pump-around loop 1024 is passed through
the radiant section 1006 of the sieam cracking fumace 1003, according to one or more
embodiments. The pump-around loop 1024 can include the vessel 1020, Line 1021, one or
more pumps 10285, ine 1027, line 1029, and line 1031, During normal pyrolysis operation the
process/svsiem 1000 can be configured for steam cracking a muxture in line 1037 that includes
a hvdrocarbon feed/steam mixture from line 1015 and a vapor phase effluent from line 1023
dertved from a heavy feed i line 10¢1. The heavy {eed in hine 1001 can melude a plastic
material At least a pottion of the plastic material m the heavy feed introduced via hne 1001
into the vessel 1020 can be cracked in the vessel 1020 under plastic pyrolysis conditions o
produce the vapor phase effluent and a higud phase effluent that can be recovered or otherwise
obtaned via hnes 1023 and 1021, respectivelv, from the vessel {026, Heat energy 1o the flue
gas in a convection section 1005 of the steam cracking furnace 1003 can be utilized to heat a
plastic-containing stream or hquid phase effluent supplied in line 1027 via line 1029 o
enable/maintain plastic pyrolysis conditions in the vessel 1020, thereby producing the vapor
phase eftfluent 1o line 1023 exiting the top of vessel 1020, which containg among others, hight
hydrocarbons produced from plastic pvrolysis. As shown, line 1029 can be disposed within
the convection section 1003 of the steam cracking fumace 1003, As such, in some
embodiments. line 1029 can aiso be referred to as a first conduit disposed within the convection
section 1003 of the steam cracking fumace 1003,

[6044] The vapor phase effluent in line 1023 can be in the gas phase or can primarily be in
the gas phase with a minor amount in the liquid phase. When a minor amount of the vapor
phase effiuent in line 1023 is 1n the hiquid phase, such minor amount can be up to about 5 wi%,
4 wi%, 3 wilo, 2 wit%, 1 wi%, 0.5 wi%, 4.1 wi%, or 0.01 wi%e, based on the total weight of the
vapor phase effluent. The vapor phase effluent in Hoe 1023 can be or can include, but is not

limited to, one or more hydrocarbons produced by pyrolyzing the plastic material within the
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vessel 1020, In some embodiments, the vapor phase effluent 1o line 1023 can also include one
or more hydrocarbons produced by vaponzing and/or pyvrolyzing a carrier liquid or other
hydrocarbon-containing siream within the vessel 1020,

[6045] In some embodiments, al least a portion of the plastic material in the hiquid phase
effluent in Hine 1021 can be at least partially melied and/or solubilized. In some embodiments,
at least a portion of the plastic material in the liguid phase effluent ju line 1021 can be at least
partially cracked such that at least a portion of the plastic maierial has been converied to one
or more smaller chain polymers as cormpared to the plastic material n the heavy feed in line
1001, In some embodimenis, a portion of the liquid phase effiuent in line 1021 can be purged
vialing 1022 by opening valve 1059,

[6046]  Atleasta portion of the iguid phase effluent in hne 1021 can be pumped via the pump
1025 inio line 1027 of the pump-around loop 1024 that includes line 1029 disposed within the
convection section 1005 of the stearn cracking {fumace 1003 {or with a heat exchanger external
to the convection section 10058} The liguid phase effluent in lue 1027 can be heated within
line 1029 1o produce g heated fluid stream via line 1031 that can be recvcled into the vessel
1020, Line 1029 can include a single pass ot muliiple passes through the convection section
1005 of the steam cracking fumace 1003 (or a heat exchanger extemnal to the convection section
1003}, The heated fhwid stream in line 1031, upon exiting line 1029, can be at a temperature in
a range, e.g., from 300°C, 325°C, 375°C, or 425°C to 430°C, 500°C, or 350°C. In some
smbodiments, the heated fluid stream in Hine 1031 can be in the gas phase, the liguid phase, or
a muxed gas/liquid phase The heated fluid stream in line 1931, upon introduction into the
vessel 1020, can be at a temperature 10 a range, e.g., from 300°C, 350°C, or 400°C to 450°C,
S00°C, 525°C, or S530°C. In some embodiments, the heated fhud stream in hine 1031 can
provide sufficient heat to the materials in vessel 1020 1o achieve and mainiain the plastic
pyrolysis conditions, under which the plastic material and heavy hydrocarbons in the vessel
1020, including those 1n the heavy feed mtrodoced via line 1001 and the residual plastic
material retumed via line 1031, undergo pyrolysis reactions. The pyrolysis reactions can
mvolve the breakage of long carbon chains and/or carbon rnings to form smaller, lighter organic
compounds such as {-{y hvdrocarbons, naphtha-boiling range compounds, gas oil boiling
range compounds, and hydrogen. As the liquid phase effluent flows through the pump-around
loop 1024 char can form present in the heavy feed in line 1001 can deposit on the inner surfaces
of vessel 1020, ling 1021, line 1027, ling 1029, and/or line 1031,

[3647} A hydrocarbon feed in line 1007 can be heated within the convection section 1005 of

the steam cracking fumace 1003, For example, the hydrocarbon feed in Hine 1067 can be heated
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w one or more internal heat exchangers 1008 and/or one or more internal heat exchangers 1014
disposed within the convection section 1003 of the steam cracking furnace 1003, The heat
exchanger 1008 and/or 1014 can include a single pass or muttiple passes through the convection
section 1005 of the stearn cracking furnace 1003, 1t should be understood that the convection
section 1005 can be configured in any desired marner. I some embodiments, the convection
section 1005 can also include ove or more additional heat exchangers (not shown) that can be
configured to heat boiler feed waler to produce heated boiler feed water, steam, eg.
superheated steam, etc. There are many different configurations the convection section 1605
of the steam cracking [urnace 1003 can be arranged in as will be appreciaied by a person having
ordinary skall in the art.

[6648] The hvdrocarbon feed in Bine 1007 can be combined with an aqueocus uid (e g, liquid
water, steam, or mixture thereof} in line 1011, In some embodiments, the hvdrocarbon feed in
line 1007 can be heated before, duning, and/or after the hydrocarbon feed in line 1007 13
combined with the aqueous fluid i line 1011 to produce a beated mixture 1n line 1013 that
mchudes hvdrocarbons and steam. As shown m FIG. 1, the hvdrocarbon feed in hine 1007 can
be mitially heated within the internal heat exchanger 1008 to produce a heated hydrocarbon
feed 10 line 1009, combined with ithe agueous {lud in line 1011 to produce a muxiure in line
1013, and the mixture n ling 1013 can be heated within the internal heat exchanger 1014 1o
produce the heated mixture in hine 1015, In other embodiments, however, a mixture that
includes the hvdrocarbon feed and an aqueous fhud can be infroduced into the heat exchanger
1008, 1o still other embodiments, the aquecus fluid in line 101} can be combined with the
heated hvdrocarbon feed in line 1015 o produce the heated mixiure.

[6049] The beated mixture in line 1015 and the vapor phase effluent in ling 1023 {or a portion
thereof) can be combined to produce a combined mixture i hine 1033, The combined nuxture
in line 1033 can be heated within one or more lines 1035 disposed within the convection section
L0035 to produce the heated combined mixiure via line 1037, Line 1035 can also be referred (o
as a second conduit disposed within the convection section 1003 of the steam cracking fumace
1003, Line 1035 can include a single pass or multiple passes through the convection section
1005 of the sieam cracking furnace 1003, The heated combined mixture in line 1037 can be
ntroduced mio one or more radiant tubes or condunts 1039 disposed within the radiant section
1006 of the steam cracking furnace 1003 and steam cracked therein {o produce a steam cracker
effluent exiting the steam cracking furnace 1003 via line 1041, in certain embodiments. line
1033 can be located above hine 1029 (as shown in FIG. 1) in the convection section 1003 to

ensure that the flmd stream 1o hne 1027 is heated 1 line 1029 (o a desired hugh temperature to
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effect plastic pyrolysis 1 vessel 1020 under the desired pyrolysis conditions. In other
embodiments, line 1035 can he located below line 1029 (not shown)} or at the same elevation
as e 1029 {not chown} in the convection section. The steam cracker effiuent in hine 1041
can include, among other products, hydrogen, C:-Cs hydrocarbons which can include one or
more olefing, steam cracker naphtha, steam cracker gas o, steam cracker quench oil, steam
cracker tar, or any muxiure thergof.

[G856]  As the combined nuxture flows through line 1033 and/or as the heated combined
mixture flows through line 1037 and/or the radiant tube{s) 1039, coke can form and deposit on
the internal surfaces thereol. When an undesirable amount of char has depostted on the inner
surfaces of the pump-around loop 1024, a process for removing char can be desirably carried
out 1o remove at least a portion of the char from at least a part of the purop-around loop 1024,
gspecially paris thereof subjected to high temperature and prone to char deposition, e.g., line
1029 and hine 1031, When an undesirable amount of coke, asphaltenes, and/or char has
deposited on the inner surfaces of ling 1033, line 1037, the radiant tube(s) 1039, line 1041,
and/or optional downsiream conduits, a process for removing coke, asphaltenes, and/or char
can be desirably camied out {o remove at least a portion ot the coke, asphalienes, and/or char.
In certain embodiments, the process for removing char frovs the purnp-around loop 1204 and/or
the process for removing coke, asphaitenes, and/or char from the inmer surfaces of line 1035,
ine 1037, the radiant tube{s) 1039, line 1041, and/or optional downstream conduits may be
carried out separately while the part of the pump-around loop 1024 subjected to char removal
is tsolated from the radiant tubes 1039 in the stean cracking furnace 1003, In other
embodiments. which can be preferred, the process for removing char and the process for
removing coke, asphalienes, and/or char may be integrated as itlustrated in FIGs 1-3 and
described below. In some embodiments, the process for removing char and the process for
removing coke, asphaltenes, and/or char can be carried out 1n an “offline” mode that includes
stopping introduction of the heavy feed in line 1001 nto the vessel 1020 and stopping
miroduction of the hydrocarbon feed in hine 1007, such that steam cracking of hydrocarbons is
stopped i the radiant tubes 1039 of the steam cracking fiwnace 1003, In other embodiments,
which can be preferred, the process for removing char can be carried out in an “onling” mode
that includes stopping intreduction of the heavy feed in line 1001 mio the vessel 1020, but
continuing irdroduction of the hydrocarbon feed via line 1007, such that steam cracking of
hvdrocarbons continues in the radiant tubes 1039,

Offline Mode
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[6051] When the offline mode decharring/decoking operation s desired o be camied out,
introduction of the heayy feed in line 1001 and introduction of the hvdrocarbon feed i line
1007 can be stopped. For example, valves 1002 and 1004 can be closed to stop iniroduction
of the heavy feed 1o line 1001 and the hydrocarbon feed m line 1007, respectively. The
overhead line 1023 can aiso be isolated from line 1033 by closing valve 1054, In some
emboduments, the pump 1025 can also be at least partially Hudly isolated from the pump-
around loop 1024 by closing valves 1028 and/or 1030

[8052] The offline mode can also include fluidly isolating a first end 1040 of the pump-
around loop 1024 that is in fluid communication with the vessel 1020 and a second end 1042
of the pump-around loop 1024 that s in [hud communication with the vessel 1020 o provide
a fhndly isolated section of the pump-around loop 1024, For example, valves 1044 and 1046
can be closed to fluidly isolate the first end 1040 and the second end 1042, respectively, from
the vessel 1020, The {irst end 1040 of the 1solated section of the pump-around loop 1024 can
be Jwdly connected to an aqueous flutd and/or oxadand source. For example, a valve 1048 can
be openad and an agueous fluid and/or an oxidant {e.g.. oxvgen, such as oxvgen in air} in hine
1050 can be introduced into the first end 1040 of the isolated section of the pump-arcund loop
1024, The fluid in line 1050 preterably comprises steam and molecular oxygen as an oxidant.
The fluid in line 1050 can be, 2. 2., steam, air, a steanyair mixture, a mixture of nxygen and an
inert gas, a nuxture of air and an inert gas, a nuxtwe of steam, air, and an inert gas, and the
like. Preferably, the flud in line 1030 i3 a stearm/air mixture. The second end 1042 of the
isolated section of the pump-arcund loop 1024 can be fluidly connected to hine 1033, For
example, a valve 1052 can be opened and the aqueouns fhud and/or oxidant introduced to the
first end 1040 of the pump-around loop 1024 can flow therethrough and into ting 1033 via line
1032, Ii should be undersiood that the first end 1040 of the pump-around loop 1024 and valve
1044 can be located at any desired position along the pump-around loop 1024 from between
the vessel 1020 and mtroduction into ling 1029, I the first end 1040 and the valve 1044 are
located between the pump 1025 and the vessel 1020, a bypass line can be used 1o so that the
pump 1023 can be bypassed, as described below with reference to FIGs. 2 and 3.

[B053] As the aqueous fluid and/or oxidant introduced via line 1050 inio the pump-around
loop 1024 flows therethrough, the agueous fluid and/or oxidant can be heated within ling 1029
to produce a heated or first heated mixture that can be recovered via ling 1031, The first heated
mixture in line 1031, upon exiting the convection section 1005, can be at a temperature in a
range, e.g., from 300°C, 325°C, 350°C, 375°C, or 425°C 10 450°C, 500°C, or 550°C. The

aqueous fluid and/or oxadant can remove at least a portion of the char deposited within the
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pump-around loop 1024 vig spalling and/or other phevsical mechanismds). When the oxadant is
present at feast a portion of the char can be combusted 1o produce a combustion product. As
such, the firet heated mixiure introduced via line 1032 from the pump-around loop 1024 into
hne 1033 can mclude steam, if the oxadant 15 present, any unreacied oxidant, and at least one
of (1) at least a portion of any char and, if the oxidant is present, (i1} the combustion producis.
[3054] The fivst healed mixture in line 1033 can flow through line 1035 to produce a second
heated muxture in line 1037 that can be mitroduced into the radiant tube(s) 1039 disposed within
the radiant section 1006 of the seam cracking furnace 1003, The second heated mixture it line
1037 can be at a lemperature in a range, e.g.. from 300°C, 325°C, 350°C, 375°C, or 425°C 10
450°C, 500°C, or 330°C. The steam mtrodoced via line 1011 can be contivued or can be
stopped by closing valve 1057 Ag such, 1n some embodiments, the first heated maxture m line
1033 can include only the contents from line 1032 or can include a combined heated mixture
of the contenis 1 line 1032 and steam from hine 1015,

[B033] 1o some embodimenis, the oftline mode can also include introducing an oxidant {e.g.,
oxvgen, such as oxygen in air) via line 1056, e g, by opening valve 1034, and mtroduction of
the aqueous fluid via line 1011 can be continued such that a heated oxidant and steam mixiure
can be provided in line 1015 that can be combined with the first heated mivture from the punip-
around foop 1024 {o produce a combined heated nuxture int line 1033, Ii should be understood
that the oxidant and steam can be combined at anv point in the convection section 1005 ghead
of the radiant section 1006 In other embodiments, the offline mode can melude introducing
an oxidant via line 1056, e g, by opening valve 1058, and mtroduction of the aqueous fluid via
line 1011 can be stopped by closing valve 1057 such that a heated oxidant can be provided in
Iine 10135 that can be combined with the first heated mixture from the pump-around loop 1024
1o produce the combined heated mixture in line 1033, The flutd n line 1056 preferably
comprises molecular oxygen as an oxidant. The fluid in line 1056 can be, e.g, steam, air, a
stearn/ailr mixture, a muxture of oxygen and an nert gas, a mixture of air and an inert gas, a
mixture of steam, air, and an inert gas, and the like. Preferably, the fluid 1o line 1086 15 air,
The steam, heated oxidant, or mixture thereof in line 1013, upon extiing the convection section
1005, can be at a temperature in a range, e.g., from 300°C, 325°C, 350°C, 375°C, or 425°( 1o
4506°C, 500°C, $50°C, 600°C, 650°C, 700°C, 725°C, or 750°C. The combined heated muxiure
in line 1033 can be heated in the heat exchanger or second conduit 1035 disposed within the
convection section 1003 of the steam cracking furnace 1003 to produce the second heated

~
I
H

mixture in line 103
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[B056]  As the first heated mixture or the combined heated mixiure flows through line 1035
and as the second heated mixture flows through line 1037, the radiant tube(s) 1039, line 1041
and optional downstream condwit(s), at least a portion of any coke, asphaltenes, and/or char
deposiied therein can be removed via spalling and/or other phyvsical mechanism{s). When the
oxidant is present in the first heated mixture or the combined heated muxhure in line 1033, at
least a portion of any cole, asphaltenes, and/or char deposited within ling 1035, line 1037, the
radiant tube(s) 1039, line 1041, and optional downstream conduwit{s} can be combusted o
produce a combustion product that can be further treated by, e g, by further combustion,
separation, other processes, or any combination thereol. The combustion productl can be
produced by combusting at least a portion of any coke, any asphaltenes, and/or any char present
1o the tirst heated mixture or the combined heated nuxture and/or at least a portion of any coke,
asphaltenes, and/or char disposad on the inner surface of the heat exchanger or second conduit
£33, hine 1037, and/or the radiant tube(s) 1039,

{0037 The offfine mode can also nclude purging at least a porfion of any ligud phase
effluent present in the vassel 1020, For example, with valve 1028 closed to isolate the pump

1025 from the vessel 1020, at least a portion of any hquid phase efffuent present within the

vessel 1020 can be removed via lines 1021 and 1022 by opeming valve 1059 while the section
of the pump-around loop 1024 1s fluidly 1solated from the vessel 1020, In some embodiments,
the liquid phase effluent removed via lings 1021 and 1022 can inchude, in addition to melted
and/or solubilized plastic and, optionally, other hydrocarbons, and/or char. As such, char can
also be removed from the system 1000 via lines 1021 and 1022 during the oftline mode.
[0058] Once the offline mode has been carried oul for a sufficient duration, introduction of
the aqueous fluid and/or oxidant via line 1050 into the pump-around loop 1024 and wiroduction
of the oxtdant via hine 1036, 1f used, info line 1007 can be stopped, e.g., by closing vaives 1048
and 1058, respectively. The pump-around loop 1024 can be flmdly reconnected to the vagsel
(020, e.g., by opening valves 1028, 1030, 1044, and 1046 and closing valves 1052 and 1059,
Introduction of the heavy feed via hne 1001, the hydrocarbou feed via line 1007, and. if stopped,
the aqueous fluid vialine 1011, can be restarted, e.g., bv opening valves 1002, 1004, and 1057,
respectively. The overhead line 1023 can be fluidly reconnected to line 1033 by opening valve
1054.

Onling Mode

[3659] When the online decharring/decoking operation 18 desired to be camried out,
miroduction of the heavy feed in line 1001 can be stopped, but the mtroduction of the

hydrocarbon feed via line 1007 can continue. For example, valve 1002 can be closed to slop
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wiroduction of the heavy tfeed iu Jine 1001 and valves 1004 and 1057 can remain open to allow
continued introduction of the hvdrocarbon feed and the agueous fhud, respectively. The
hydrocarbon feed introduced via line 1007 can be heated within the conveciion section 1005
of the steam cracking furmace and combined with the agusous fluid 10 hine 1011 to produce a
first heated mixture in Hine 1015, Heating the hydrocarbon feed can be carried out before,
during, and/or after the hvdrocarbon feed is combined with the aqueous fluid.

[0060] The overhead line 1023 can also be 1solated from line 1033 by closing valve 1054
The pump 1025 can also be fluidly isolated bv closing valves 1028 and 1039, The first end
1040 of the pump-around loop 1024 that is in flnd commumication with the vessel 1020 and
the second end 1042 of the pump-around loop 1024 that is 1 Hwd commaonication with the
vessel 1020 can be fluidly solated to provide the fludly 1solated section of the pump-around
foop 1024, For example, valves 1044 and 1046 can be closed to fludly isolate the first end
1040 and the second end 1042 of the pump-around loop 1024, respectively, from the vessel
{020, The first end 1040 of the isolated section of the pump-arocund loop 1024 can be fuidly
connected to the aqueous fhuid source by opening valve 1048 and the aquecus fluid in Line 1050
can be introduced into the first end 1040 of the isolated section of the pump-around loop 1024
It should be undersicod that during the online mode the intentional introduction of an oxidant
via line 1030 is geperally avoided due to the presence of the hvdrocarbon feed in line 10135
The second end 1042 of the isolated section of the pump-around loop 1024 can be fludly
connected fo line 1033, For example, valve 1052 can be opened and the aquecus flind
introduced to the first end 1040 of the pump-around loop 1024 can flow therethrough and into
tine 1033 via hine 1032.

[6063] As the aqueous fluid introduced via ling 1050 1nte the pump-arcund foop 1624 Hows
therethrough the aqueous fluid can be heated within line 1029 fo produce a heated or second
heated mixture. If the agueous fluid includes liquid water, at least a portion of the hquid water
can be heated sufficiently to produce sieam. The sieam can remove at least a portion of the
char deposited within the purop-around loop 1024 wia spalling and/or other physical
mechamusm{s). As such, the second heated mixture introduced from the pump-around loop
1024 into fine 1033 via line 1032 can include steam and at least a portion of any char. The first
heated mixture in line 1015 and the second heated muxture in line 1432 can be combined to
produce a third mixture in line 1033, The third mixture can flow through the heat exchanger
or second conduit 1035, through line 1037, and into the radiant tube{s) 1039 disposed within
the radiant section 1006 of the seam cracking fumace 1003, and exits the steamn cracking

furnace via line 1041
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[6062}  As the third mixture flows through hine 1033, line 1037, the radiant tube(s) 1039, hine
1041, and optional downstream conduit{s), at least a portion of any coke, asphaltenes, and/or
char disposed on the inner surfaces thereof can be removed via spalling and/or other physical
mechanismds). In some embodiments, as the third mixture flows through the radiant tube(s)
1039, at least a portion of the hydrocarbon feed in the first heated mixture from line 1015 can
be cracked under steam cracking conditions to produce a steam cracked hyvdrocarbons. As such,
the effluent existing the steam cracking fumace 1003 via line 1041 from the steam cracking
fumace 1003 can include hvdrogen, steam cracked hydrocarbons such as desirable olefins,
naphthas, gas oil, steam cracker tar, uncracked hvdrocarbon feed, coke, asphaltenes, steam,
char, or any mixture thergof. In some embodiments, the effluent in line 1041 can include one

or more olefing, sieam, and at least one of char, asphaltenes, and coke. In other embodiments,

as the third nuxture Hlows through the radiant fubeds) 1039, the third muxture can be free of the
hydrocarbon feed  Said another way, during the online mode, the third mixture may or may
not include the hydrocarbon feed

[6063] The online mode can also include purging at least a portion of anv liquid phase
effluent present in the vessel 1020, For example, with valve 1028 closed 1o 1sclate the pump
1025 from the vessel 1020, at least a portion of any hiquid phase effluent present withun the
vessel 1020 can be removed via lines 1021 and 1022 by opening valve 1059 while the section
of the pump-around {oop 1024 is thudiy isolated from the vessel 102¢. In some embodiments,
the ligumd phase effluent reroved via hwes 1021 and 1022 can include, in addition to
melted/solubilized plastic and, optionally, other hyvdrocarbons, and/or char. As such, char can
also be removed from the system 1000 via lines 1021 and 1022 dwing the online mode.
[B664] Once the online mode has been carried out for a sutfictent duration, introduction of
the aqueous fluid wia Ine 1050 mto the pump-arcund loop 1024 can be stopped by closing
valve 1048, The pump-around loop 1024 can be fhuidiy reconnected to the vessel 1020 by
opening valves 1028, 1030, 1044, and 1046 and closing valves 1052 and 1059 Introduction
of the heavy feed vialing 1001 can be restarted, e.g., by opening valve 1002, Once a sufficient
amount of heavy teed from line 1001 has been imiroduced nto the vessel 1020 the overhead
line 1023 can be reconnected 1o line 1033 by opening valve 1054,

FIG. 2

[6065] FIG. 2 depicts another illusirative process/system 2000 for removing char from the
pump-around loop 1024 integrated with the plastic pyvrolysis vessel 1020 and the steam
cracking {urnace 1003 and for removing coke deposited within the radiant section 1006 of the

steam cracking furnace 1003, in which the char removed {rom the pump-around loop 1024 13
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miroduced into the plastic pyrolysis vessel 1020, according to one or more embodiments,
During normal pyrolvsis operation, the process/system 2000 can be configured for steam
cracking the mixture i line 1037 that includes the hydrocarbon feed/steam mixture from line
1015 and the vapor phase effluent from line 1023, When a sufficient amount of char has bult
up in the pump-around loop 1024 and/or a sufficient amount of coke, asphalienes, and/or char

~
i
/

has built up m line 1035, hine 1037, the radiant tube(s) 1039, hoe 1041, and optional
downstream conduit(s}, the process for removing coke, asphaltenes, and/or char can be mitiated
and carried out in an oftline mode.

[86066] Prior to wnitiating the decharring/decoking operation, introduction of the heavy fesd
via line 1001 into the vessel 1020 and introduction of the hvdrocarbon feed via ting 1007 into
the convection section 10035 of the steam cracking fumnace can be stopped bv closing valves
1002 and 1004, respectivelv. The pump 1025 can also be fluidly isolated from the vessel 1626
and the pump-around loop 1024 by closing valves 1028 and 1030. At least a portion of the
contenis disposed within the vessel 1020 can be purged therefrom. The contenis disposed
within the vessel 1020 can be or can inciude, but is not himited to, melied and/or solubilized
plastic material, pyrolyzed plastic material, liquid hydrocarbons such as an optional carrier
hiquid, char, or any mixture thereol. In one embodiment, valve 1059 can be opened and the
contents from the vessel 1020 can flow via line 1021 into purge line 1022 and be removed from
the process/svstem 2000, as described above with reference to FIG. 1. In another embodiment,
valve 2018 can be opened and the contents {rom the vessel 1020 can flow via ine 1021 nto
purge line 2022, If purge line 1022 is used to remove the contents of the vessel 1020, valve
1059 can be closed once the vessel 1020 has been purged to fhudly isolate the purge line 1022
from ling 1021, The vessel 1020 can also be fluidly isolaied from the first end 1040 of the
pump-around loop 1024 bv closing valve 1044, If purge hine 2022 1s used to remove the
contents of the vessel 1020, valve 2018 can remnain open to allow for a solid-containing bottoms
materials to exit vessel 1020 during the decharring operation.

[G067]  With the first end 1040 of the pump-around loop 1024 fluidly 1solated from the vessel
1020 and the pump 1025 fluidly isolated from the pump-around loop 1024, an aqueous fluid
and/or oxidant via line 1050 can be introduced o line 1021 by opening valve 1048, The
aqgueous fluid and/or oxidant can flow via hine 2010 bypassing purnp 1025, For example, a
valve 2012 can be opened to aliow the agueous fluid and/or oxidant to flow therethrough and
into line 1027 of the pump-arcund loop 1024,

[3068]  As the aqueous fhud and/or oxidant introduced via hne 1050 mio the pump-around

loop 1024 flows therethrough the agueous flid and/or oxidant can be heated within line 1029
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to produce a heated or first heated mixture. As noted asbove, iu some embodiments, line 1029
can be disposed within a heat exchanger that is external to the convection section 1003 of the
steam cracking furnace 1003, The agueous Awd and/or oxidant can remove 4t feast a portion
of the char deposited within the purmnp-around loop 1024 via spalling and/or other physical
mechanisms). When the oxidant is present at least a portion of the char can be combusied 1o
produce a combustion product. As such, the first heated muxture in line 1031 can include steam,
if the oxidant is present, anv unreacted oxidant, and ai least one of (1} at Teast a portion of any
char, and, if the oxidant is present, (it} the combustion product. The first heated mixture in line
1031 can flow into the vessel 1020,

[6069] A vapor phase overbead via line 1023 and a solid-containing maierial via hne 1021
can be obtained from the vessel 1028, The vapor phase overhead can be in the gas phase or
can primarily be in the gas phase with a minor amount in the liguid phase. When a minor
amount of the vapor phase overhead in line 1023 is in the liquid phase, such minor amount can
be up to about 5 wit%. 4 wit%e. 3 wibo, 2 wit¥e, 1 wi, 0.3 wi%s, 0.1 wi%, or 0.01 wi%, based on
the total weight of the vapor phase overhead. The vapor phase overhead in line 1023 can
primanly include steam and, if present, oxidant and the combustion product and potentially
minor amounts of endrained char and/or hydrocarbons that may be present in the pump-around
foop 1024, The sohid-containing material in line 1021 can include char. The solid-containing
bottoms material 1n line 1021 can also include liqud, e g, residual hvdrocarbons and/or plastic
material. The schd-contaiming botfoms material in line 1021 can be removed via line 2022 by
opening, if not already open, valve 2018, In some embodiments, line 2022 can be close coupled
1o the vessel 1020 to reduce the hikelihood of line 1021 becoming plugged with the char.
(66707 With valve 1004 closed such that the hydrocarbon feed in line 1007 i3 no longer
mtroduced into the process/system 2000, the offhine mode can also mclude introducing an
oxidant vig line 1056, e.g.. bv opening valve 1058, and introduction of the agueous flmd via
ling 1011 can be continued such that a heated oxidant and steam mixture can be provided in
tine 1015 that can be combined with the vapor phase overhead 1o line 1023 1o produce a
combined mixture 1n line 1033, The combined mixture in line 1033 can be heated in line 1035
disposed within the convection section 1005 of the steam cracking fwrnace 1003 and then
mitroduced via line 1037 nio the radiant tube(s) 10392 disposed within the radiant section 1006
of the steam cracking fuimace 1003,

[3678]  Asthe combined muxture in ling 1033 flows through line 1033, line 1037, the radiant
tabe(s} 1039, hine 1041, and optional downstream condini(s), at least a portion of any coke,

asphaltenes, and/or char deposited therein can be removed via spalling and/or other physical
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mecharism(s) At least a portion of any coke, asphalienes, and/or char deposited within hine

1035, line 1037, the radiant tube(s) 1039, line 1041, and optional downstream conduit(s) can

alse be combusted (o produce 3 combustion product. The combustion produgt can be produced

by combusting at least a portton of any entrained char present in the vapor phase overhead

and/or at least a portion of any coke, asphaltenes, and/or char disposed on the inner surfaces of
line 1033, line 1037, the radiant tube(s) 1039, hine 1041, and/or optional downstream conduit{s}.
[G872] In some embodiments, imtroduction of the oxidant via hine 1056 can be avoided and

introduction of the steam via ling 1011 can be stopped such that only the vapor phase overhead

m hine 1023 fows through line 1033, the heat exchanger 1035, line 1037, into the radiant tubs{(s}
1039, and line 1041, In such embodiment, the level or degree of fouling within the pump-

around loop 1024 and/or the plastic pvrolvsis vessel 1020 can be sufficient to require removing

at least a portion of the char from the pump-arcund loop 1024 and/or the plastic pyrolysis vessel

1020, whereas the level or degree of fouling within line 1035, line 1037, the radiant tube(s)

1039, Hoe 1041, and/or optional downsiream conduit{s} did not warrant intliating a process (o

remove coke, asphalienes, and/or char therefrom.  In such embodiment, however. 1t should be

understood that at least some removal of ¢oke, asphalienes, and/or char from hine 1035 ling

1037, the radiant tube(s) 1039, hine 1041, and/or optional downsiream conduil{s) can occur as

the vapor phase overhiead flows therethrough.  In other embodiments, introduction of the

oxidant via line 1056 can be avoided and introduction of the steam via line 1011 can be

continued such that a combined nuxture of the vapor phase overhead in hine 1023 and steam in

line 1015 flows through line 1033, line 1033 line 1037, the radiant tube(s) 1039, line 1041,

and optional downstream condwit(s).

[6073] Once the offline wode of removing char from the pump-around loop 1024 and of
removing coke, asphalienes, and/or char from bine 1035, line 1037, the radiant tube{s} 1039,

fine 1041, and/or optional downstream conduit{s) has been carried out for a sufficient duration,

mtroduction of the aqueous hnd and/or oxidant via ine 1050 mto the pump-around loop 1024

and, if used, itroduction of the oxadant via ine 1056 into line 1007 can be stopped by closing

valves 1048 and 1058, respectively. The pump-around loop 1024 can be flmdly reconnected

1o the vessel 1020 by opening valves 1028, 1030, and 1044 and closing valves 2018 and 2012

Introduction of the heavy feed via Hne 1001 and the hydrocarbon feed via Hine 1007 can be

restarted by opening valves 1002 and 1004, respectively.

F1G. 3

[3674] FIG. 3 depicts an illustrative process/system 3000 for removing char from the pump-

around loop 1024 mtegrated with the plastic pyrolvsis vessel 1020 and the stearn cracking
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furnace 1003 while maintaining sieam cracking of the hvdrocarbon feed within the radiant
section 1006 of the steam cracking furnace 1003, according to one or more embodiments.
During normal pvrolysis operation the process/systern 3000 can be configured for steam
cracking the mixture wn line 1037 that includes the hydrocarbon feed/steam mixture from line
1015 and the vapor phase effiuent from line 1023, When a sufficient amount of char has built
up in the pump-around lfoop 1024, the process for removing char can be initiated and carried
out in an online mode,

[0078] The process/system 3000 is similar to the process/system 2000 descnibed above with
reference to FIG. 2. The main difference is that only an aqueous {luid via hine 1050 is
introduced into the pump-arcund foop 1024 1o carry out the decharring operation of the pump-
around loop 1024 while the hydrocarbon feed via line 1007 continues to he miroduced and
combined with the aqueous fhud in line 1011 {o produce the first heated mixture in line 1015,
As such, steam cracking of the hydrocarbon feed in line 1007 can continue simultaneously with
the decharring of the pump-around loop 1024,

[8676] The decharring of the pump-around loop 1024 can be wnitiated in a stmular manner as
described above with reference {o FIG. 2. Prior to inifiating the decharring operation,
mitroduction of the heavy foed via line 1001 into the vessel 1020 can be stopped by closing
valve 1002, Imtroduction of the hvdrocarbon feed via line 1007 into the convection section
1003 of the steam cracking furnace can be maintained. The pumyp 1025 can be fluidly 1solated
from the vessel 1020 and the puwmp-around loop 1024 by closing valves 1028 and 1030, Ag
least a portion of the contents disposed within the vessel 1020 can be purged therefrom. The
contents disposed within the vessgl 1020 can be or can melude, buwt is not hmiied o,
melted/solubilized plastic material, pyrolyzed plastic material, Baudd hydrocarbons such as an
optional carrier hguid, char, or any ruxiure thereof fn one embodiment. valve 1059 can be
opened and the contents from the vessel 1020 can flow via line 1021 into purge Hne 1022 and
be removed from the process/system 2000, as described above with reference o FIG. 1. In
another embodument, valve 2018 can be opened and the contents from the vessel 1020 can flow
vig line 1021 into purge line 2022, if purge line 1022 is used o remove the contents of the
vessel 1020, valve 1059 can be closed once the vessel 1020 has been purged to fluidly isolate
the purge line 1022 from line 1021, The vessel 1020 can also be fluidly isolated from the first
end 1040 of the pump-around loop 1024 by closing valve 1044, I purge line 2022 1s used to
remove the confents of the vessel 1020, valve 2018 can remain open 1o allow for a solid-

containing bottoms material (o exit vessel 1020 dwring the decharning operation.
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[6077]  In some embodiments, duning stopping indroduction of the heavy feed 1o line 1001
and purging of the vessel 1020, the overhead line 1023 can be fhudly isolated from line 1415
by closing valve 1054, Closing valve 1054 can prevent the heated maxture of the hydrocarbon
feed and steamin line 1013 from Howing into the vessel 1020 via the overhead Iine 1023, With
the first end 1040 of the pump-around loop 1024 flmdly isolated from the vessel 1020 and the
pump 1025 fludly tsolated from the pump-around loop 1024, an aqueous fluid via line 1050
can be introduced into line 1021 by opening valve 1048, The agueous flwd can flow around
the pump 1025 via the bypass line 2010, For example. valve 2012 can be openead to allow the
agueous [Tuid and/or oxidant 1o fow therethrough and nio line 1027 of the pump-around loop
1024, 1f valve 1054 is closed, valve 1054 can be opened once a sufficient amount of the
aqueous fluid has been introduced via ling 1030 into the pump-around loop 1024

[3078] Asthe agueous fhuid introduced via line 1050 1nto the pump-around foop 1024 flows
therethrough the aqueous fhind can be heated in line 1029 to produce a heated mixture in hine
1031 that can include steam and char that was disposed within the pump-around loop 1024,
The aqueous fluid can remove at feast a portion of the char deposited within the pump-around
loop 1024 via spalling and/or other physical mechanism(s}. The first heated mixture in line
1031 can flow into the vessel 1020,

[607%] A vapor phase overhead via line 1023 and 3 solid-containing bottoms maierial via
fing 1021 can be obtained from the vessel 1020. The vapor phase overhead can be in the gas
phase or can primnanly be in the gas phase with a minor amount in the liquid phase. When a
minor amount of the vapor phase overhead in line 1023 is in the liquid phase, such minor
amount can be up to about 3 wit%, 4 wi%, 3 wi%, 2 wil, 1 wi%, 0.5 wi%, .1 wi%, or 0.01
wi%, based on the total weight of the vapor phase overhead. The vapor phase overhead i ling
1023 can pnimarily include steam and potenhaily mivor amounis of entrained char and/or
hydrocarbons that mayv be present in the pump-around loop 1024, The solid-containing
boitoms malerial in hne 1021 can include char. The sohd-containing botioms material in hine
1021 can aiso include hiquid, e.g., residual hydrocarbons, plastic material, condensed steam. or
a mixture thereof. The solid-contaming bottoms material in line 1021 can be removed via hine
2022 by opening, if not alreadv open, valve 2018, In some embodiments, fine 2022 can be
close coupled to the vessel 1020 1o reduce the likelihood of line 1021 becoming plugged with
the char.

[3680] The heated mixture of hydrocarbon fead and steam in line 1015 can be combined with
the vapor phase overhead in line 1023 (with valve 1054 open} to produce a combined mixture

m line 1033, The combined mixture in hne 1033 can be heated in line 1033 disposed within
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the convection section 1003 of the stears cracking fumace 1003 and then introduced via hine
1037 mio the radiant tubef(s) 1039 disposed within the radiant section 1006 of the steam
cracking furnace 1003 As the combined mixture in lineg 1033 flows through line 1035, line
1037, the radiant tube{s) 1039, ine 1041, and optional downstream conduii{s), at least a portion
of any coke, asphaltenes. and/or char deposited therein can be removed via spalling and/or
other physical mechanismis) and exut the steam cracking furnace 1003, As such, the effluent
in hne 1041 can mclude cracked hvdrocarbon, eg, ethvlene, propviene, and/or butene,
uncracked hvdrocarbon feed, coke, asphaltenes, stcam, and/or char.

[0083] The efftueni exiling via line 1041 from the stream cracking fumace 1003 can be
introduced into a heat exchanger 3002 to produce a cooled effluent via line 3041, In some
embodiments, a quench fluid via line 3004 can be introduced into the heat exchanger 3002 and
contacted with the effluent to produce the cooled effluent in line 3041, In other embodiments,
a heat transfer fluid can be introduced nto the heat exchanger 3002 and heat can be indirectly
transferred from the elfluent to the heat transfer fluid to produce the cooled effluend n hine
1041 and heated heat transfer fhuid.  In still other embodiments, both direct contact with the
quench fluid in line 3004 and indirect heat exchange with a heat transfer fluid can be used to
produce the cooled effluent viatine 3041, It should be understood that the heat exchanger 3002
can be present in the embodiments described above with reference 1o FIGs. | and 2.

[3682] In some embodiments, the solid-confaining bottoms matenal in line 2022 can be
combined with the effluent m hne 1041 via hine 3008 to produce a combmed mixture n hine
1041, In other embodiments, the solid-containing bottoms material in line 2022 can be
combined with the cooled effluent in line 3041 via Hine 3010 to produce a combined mixture
inline 3041, In still other embodiments, a first portion of the solid-containing bottoms malerial
1 hine 2022 can be combined with the effluent in hine 1041 via line 3008 and a second portion
of the solid-containing bottoms material in line 2022 can be combined with the cooled effluent
in fine 3041 via line 3010, In stll other embodiments, the solid-containing botloms material
can be directed to a processing unit configured to process the solid-contaireng bottoms material
without combining the solid-containing bottoms material with the effluent in line 1041 or the
cooled efffuent in line 3041,

[B083] Once the online mode removal of char from the pump-around loop 1024 llustrated
in FI{3 3 has been carried out for a sufficient duration, introduction of the agueous fluid via
{ing 1050 into the pump-around loop 1024 can be stopped by closing valve 104% The pump-
around loop 1024 can be fluidly reconnected to the vessel 1020 by opening valves 1028, 1030,

and 1044 and closing valves 2018 and 2012, Introduction of the heavy feed via hine 1001 can
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be restaried by opening valve 1002, In somoe embodiments. valve 1054 can be closed durning
the transition from the online mode decharring operation back to normal operation wnti a
sufficient amount of heavy hydrocarbon feed via line 1001 has been introduced into the vessel
1020,

[6084] In an altemative embodiment, line 1029, in any one of the processes/sysiems 1000,
2000, and 3000 described above with reference to FIGs. 1-3, can be disposed within an external
heat exchanger, 1.e, not localed within the convection section 1005 of the stearn cracking
fumace 10603, either during normal pyvrolysis operation or during the removal of char from the
pump-around loop and/or the removal of coke, asphalienes, and/or char {rom line 1033, line
1037, the radiant tubefs) 1039, ling 1041, and/or optional downstream conduit{s). In one such
alternative embodiment, a heated fluid medium can be mtroduced into the external heat
exchenger and heat can be indirectly transferred from the heated fluid medium to the fluid in
ine 1027 into the esternal heat exchanger. A cooled fluid medium and the heated ymixture via
tine 1031 can be oblained frovo the external beat exchanger. In some erbodiments, the heated
fluid medium that can be introduced into the extemal heat exchanger can be or can include, but
is not Himited to, one or more heated hydrocarbons, steam, a heated combustion or flue gas, a
non-hvdrocarbon flud, e.g, liquid phase water, any combiation thereof, or any nuxture
thereof. It should be understood that multiple heat exchangers external to the convection
section 1003 can be used and the heated thud mediums can have the same composition or
different compositions as well as the same or different temperatures with respect to one another.
In another such alternative embodiment, ong or more electrical heating elements can be used
1o provide the heat to the exteral heatl exchanger 1029 For example, a radiant/conductive
heat source can be disposed within the external heat exchanger that can be or can include ong
or more electnic heating elements that can heat the aqueous fluid and/or oxidant introduced via
line 1027 mio the external heat exchanger. In sull other embodiments, a heated fluid medium
and one or more electrical heating elements can be used o heat the agueous flud and/or oxidant
miroduced via line 1027 o the external heat exchanger.

Plastic Pyvrolvsis Conditions

[6685] 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 in line 1001 can be used as received. If the plastic material
is treated to remove at least a portion of any contaminants therefrom, such treatiment can include,
bt is not limited to, sortation, filtration, water washing, solvent extraction, contact with super-

critical water, contact with supercritical carbon dioxide, or any combination thereoll In some
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embodiments. the plastic roatenial in the beavy feed in line 1001 can have been subjected to
one or more physical processeas such as chopping, grinding, shredding, or other suiiable process
that can reduce the size of the plastic material. In some embodiments, the plastic material can
have a median particle size of 10 cm ot less, 3 cm orless, 2.5 cmoor less, 2 em or less, 1 cmor
less, 0.1 cmor less, or 0.01 cm or less. The median particle size is the diameier of the smallest
bounding sphere that contains the plastic particle.

[0086] The beavy feed in line 1001, treated and/or subjected to one or more physical
processes or as received, can be introduced into a vessel 1020, In some embodiments, the
process/system 1000 can include two or more vessels 1020 with each vessel 1020 configured
10 receive a portion of the heavy feed in hine 1001 and/or separate heavy feeds having the same
or different compositions with respect to one another. In some embodiments, the heavy feed
i hne 1001 can be introduced into the vessel 1020 at ambient iemperature. In other
embodiments, the heavy feed in line 1001 can be pre-healed to a temperature in a range, e.2.,
from 30°C, 75°C, 100°C, or 150°C 10 200°C, 275°C, or 330°C. At least a portion of the plastic
material in the heavy feed introduced via hine 1001 into the vessel 1020 can be cracked in the
vessel 1020 under plastic pyrolysis conditions to produce the vapor phase effiuent and a hiquid
phase effluent that can be recovered or otherwise obtained vialines 1023 and 1021, respectively,
from the vessel 1020

{B087] Insome embodiments, the plastic pyvrolysis conditions in the vessel 1020 can include
an average temperature in the vessel 1020 m a range, e g., from 275°C, 3006°C, 325°C, 350°C,
or 375°C 1o 400°C, 423°C, 450°C, 473°C, 500°C, 525°C, or 350°C. Under such temperature,
the plastic material and some heavy hydrocarbons undergo thermal pyvrolysis to produce
smaller, lighter molecules, e.g., molecular hydrogen, €1-C4 hvdrocarbons, and €5+
hydrocarbons, in the vessel 1020, Thus, the vessel 1020 serves in part as a thermal pyrolysis
reactor. The thermal pyrolysis reactions can be generally endothermic. In some embodiments,
such desirable temperature in the vessel 1020 can be partly achieved and maintained by
including an inlemnal heater (2.g.. a heat exchanger} in the vessel 1020, in addition to heating
via exchanger 1029 of the recycle fluid stream 1027 and/or pre-heating of siream 1001, Ina
preferred embodimeni, however, no intemal heater is installed within vessel 1020 1o reduce
fouling and simplify necessary cleaning tnside vessel 1020, and the temperature in vessel 1020
18 achieved and/or maintained by the suitable temperature and flow rate of strears in lines 1001
and 1031 as described below. In preferred embodiments, the heavy feed stream m hne 1601
has a temperature lower {g.g., 100°C, 120°C, 140°C, 156°C, 160°C, 180°C, 204°C, 220°C,
240°C, 250°C, 260°C, 280°C, 300°C lower) than that of the fluid stream n line 1031, Inuide
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vessel 1020, fluids from lines 1001 and 1031 can be mixed (e.g., by one or more agitating
means such as a rotating mixer inside the vessel 1020, not shown) to achieve the desired
average temperature mnside the vessel. In some embodiments, the plasiic pyrolysis conditions
m the vessel 1020 can mnclude a pressure in the vessel in arange, e.g., from 350 kKPa-gauge,
500 kPa-gauge, 700 kPa-gauge, or 1.0600 kPa-gauge to 1,250 kPa-gauge, 1,506 kPa-gauge, or
1,750 kPa-gauge. Iu some embodiments, the plastic pyrolvsis conditions in the vessel 1020
caninclude a residence time i the vessel 1020 sufficient to crack at least a portion of the plastic
material. Depending, at least in part, on the composition and amount of the plastic material in
the heavy feed introduced via in hine 10601 inio the vessel 1020, the temperature within the
vessel 1020 and/or the amount of ime required to crack a desired amount of the plastic material
can widely vary. Typically, increasing the teroperature can reduce the amount of time required
for a given quantity of a given plasiic material to be cracked under the plastic pyrolysis
conditions to produce the vapor phase effluent and the hiquid phase effluent,

[G088] Duning pyrolvsis operation in the processes/sysiems illustrated in F1Gs. 1-3, by
pumping the plasiic-containing hiquid stream 1027 and heating the same in the heat exchanger
1029 in the convection section 1003, unreacted plastic material and heavy molecules {such as
heavy hydrocarbons) contained theren can be exposed to pyrolvsis conditions in vessel 1020
a second, or even roultiple nmes, effectively extending the residence time thereof to achieve
the desired level of pyrolyvsis under the desired pyrolysis conditions such as a temperature
without causing excessive coking in vessel 1020 and connected pump and conduit hines. The
thermal energy entrained in the flue gas exiting the radiand section 1006 of the steam cracking
furnace can be effectively and efficienily used to heat the fhud stream in exchanger 1028
Hydrocarbons such as €-C4 gases and those bothing in naphtha boling ranges exiting vessel
1020 n the vapor phase effluent 1023, which are highlv suntable for steam cracking, can be
combined with the heated mixture in line 1015 that includes hydrocarbons and steam. further
heated, and then cracked in the radiant section 1006 of the steam cracking fumace 1003,
[B089]  To some embodiments, a iguid medium, e.g.. a carrier liguid, can be mixed, blended,
combined, or otherwise contacted with the liqud phase effluent in the pump-around loop 1024
In some embodiments, when the heavy fead in ling 1007 includes a majonity or only one or
more plastic materiale, contacting the hquid phase effluent in the pump-around loop 1024 with
the hiquid medium can help facilitate the flow of the liquid phase effluent within the pump-
around loop 1024 by forming a mixture having a reduced viscosity or otherwise improving
flow through ditution as compared to the Haquid phase effiuent before combining with the hquid

medium. In other embodiments, at least a portion of the hquid mediom can be combinad with
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and be a part of the heavy hvdrocarbon feed 1o lime 1001 and/or combined within the vessel
1020, In some embodiments, the flow rate of the heavy feed in line 1001 and, when used, the
flow rate of the liquid mediom can be controlled through level control on the vessel 1020 and

through the flow rate of the purge stream removed via line 1022 from the process/system 1006,
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Stearn Cracking Condiuons

[66%0] The steam cracking conditions within the radiant section 1006 of the steam cracking
fumace 1003 can include, but are not limied to, one or more of exposing the heated combined
mixiure to a lemperature (as measured at a radiant outlet of the steam cracker) of > 400°C, e g,
atemperature of about 700°C, about 800°C, or abowt 900°C to about 950°C, abowt 1,000°C, or
about 1050°C, a pressure of about 100 kPa-absolute 1o about 600 kPa~-absohite, and/or a steam
cracking residence time of about 0.01 seconds to about 5 seconds. o some embodiments, the
heated combined mixture can be steam cracked according to the processes and svsiems
disclosed tn U.S. Patent Nos. 6.419.885; 7,993,435, 9.637.694; and 9.777.227; U.S. Patent
Application Publication No. 2018/0170832; and International Patent Apphication Publication
No. WG 2018/111574. The steam cracker effluent in e 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
S00°C, or abowt 900°C to about 9530°C, about 1,004°C, or about 1056°C. 1t should also be
understood that the steam cracking furnace 1003 may be operated to combust any fuel suitable
for a steam cracking furnace to generate the thermal energy required for the pyrolysis of
hydrocarbon molecules in the radiant section of the fuinnace. Such fuel can mclude, eg,
methane, natural gas, hvdrogen, and mixtures thereol at any proportion.

[6091]  In some embodiments, the steam cracking fumace 1003 can include a phuality of
internal heat exchangers 1035 and a phwality of radiant tubes 1039 Each internal heat
exchanger 1035 can be in flnd communication with a corresponding radiant tube 1039 or two
ot more corresponding radiant tubes 1039 such that a plurality of separate “passes” through the
convection section 1035 and the radiant section 1006 can be present within the sieam cracking
farnace 1003, Ong or more of the “passes” through the convection section 1035 can be
configured to receive the combined maxiure in hine 1033 such that only some of the “passes”
process the combined mixture in line 1033, Fach mdividual “pass™ through the convection
section 1005 and the radiant section 1606 can be configured to process a unique feed that can
be condrolled independently from one another. As such, n some erobodimenis, the steam
cracking fumace 1003 can process the combined mixture in line 1033 that includes one or more
hydrocarbons produced by pyrolvzing the plastic material within the vessel 1020 i one or
mote “passes” while simultancously processing one or more addittional hydrocarbon feeds that
do not contain the one or more hydrocarbons produced by pyrolyzing the plastic material within

>

the vessel 1020 in one or more other “passes”. For example, in some embodiments, a first
portion of the heated mixture in line 1013 can be combined with the vapor phase effiuent in

tivie 1423 and a second portion of the heated maxture in line 1015 can be routed through another
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heat exchanger disposed within the convection section 1005 of the steam cracking furnace 1003
and then into one or more separate radiant tubes 1039 disposed within the radiant section 1006
of the steam cracking fumace 1003, In other examples, multiple hydrocarbon feeds having the
same ot different compositions can be heated with one or more hydrocarbon feeds being
combined with the vapor phase effiuent in line 1023 and one or more hydrocarbon feeds being
processed separately, 1.e., not combined with the vapor phase effluent in hine 1023, within the
radiant section 1006 of the stearn cracking fumace 1003, The process conditions, e.g, flow
rate, temperature. and/or pressure, within each of the one or more “passes”™ can be the same or
different with respect 1o ong another.

[66%2] In some embodiments, the heated mixture in hine 1037 can be a gas/hiquid phase
mixture. {n such embodiment, the processes/systems 1000, 2000, and 3000 can he configured
to obiain a vapor phase overhead and a liquid phase bottoms by introducing the mixture in bine
1037 into a separation dram. The vapor phase overhead can be heated {e.g., in the convection
section 1003 of the steam cracking furmace 1003) and then introduced into the radiant tube(s)
1039 disposed within the radiant section of the steam cracking furnace 1003, The separation
drum can also be referred to as 2 vapor-liquid separator, vaporization drum, or flash drum. In
some emboditoents, the hquid phase bottoms recovered from the separation drum can have a
cutoff point of from 300°C to 700°C, e.g., 310°C 1o 530°C, as measured according o ASTM
D1160-18, ASTM D-86-20b, or ASTM D2887-19ae2. Conventional separation drums can be
utilized to do this, though the invention 1s not himited thereto. Examples of such conventional
separation drums can include those disclosed m US. Patent Nos. 7,097,758, 7,138,047,
7.220,887. 7.235,705, 7244871, 7,247,765, 7,297,833, 7,311,746, 7,312,371, 7,351.872,
7427 381, 7 488,459, 7 878,929, 7,674,366, 7767008, 7,820,035, 7,993,435 §,105 479, and
9,777.227.

[6093]  In some embodimenis, at least portion of the liquid phase bottoms recovered from the
separation drum can be recycled to the vessel 1020 and farther subjected to the plastic pyrolysis
conditions therein. o other embodiments, at least a portion ol the hquid phase bottoms
recovered from the separation drum can be recveled to the hydrocarbon feed in line 1007 such
that the liquid phase bottoms can make up at least a portion of the hydrocarbon feed in line
1007, In other ermnbodiments, al least a portion of the hiquid phase bottoms recovered from the
separation drum can be used as a carrier liquid that can be present in the heavy feed in line
1001 and/or added to the vessel 1020, and/or combined with the liquid bottoms within the
pump-around loop 1024 recoverad from the vessel 1020, In other embodiments, at least a

portion of the liquid phase bottoms recovered from the separation drum can be removed from
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the processes/systerns 1000, 2000, and 3000 and further processed in one or roore other refinery,
chemical, or other petrochemical operations and/or separated out into two or more products.
[6094] It should be understood that the steam cracking {umace 1603 can be operated on all
hydrocarbon feeds that can be processed in a steam cracking fumace. For example, the
hydrocarbon feed can be operated exclusively on one or more hydrocarbons that are gaseous
at room ternperature, ¢.2., ethane, propane, and/or butane, ong or more hvdrocarbons that are
ligud at room temperature, ¢.g., napbtha, one or more hydrocarbons that are solid at room
temaperature, ¢.2., heavy fractions obtained from a crude oil, or any combination or mixiure
thereof.

(66951  In some embodiments, during the start-up of the process/evstems 1600, 2000, and
3000 {whether the first fime or after a shutdown), heat can be transferred into the vessel 1020
via a heat exchanger, e g, a steam jacket or internal heating tubes configured to carry steam or
other healed medium therethrough, heating elements, a flue gas recovered from the steam
cracking furnace 1603, and/or any other suilable heat source. {n other embodiments, during
the start-up of the process/svstem 1000, the heavy feed in line 1001 can have a sufficientlv low
viscosity or otherwise improved flow characteristics 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 reintroduced via line 1031 info the vessel 1020, In still other embodiments, dunag the
start-up of the process/system 1000, the heavy feed in line 1001 can be first heated within the
convection seciion 1005 1o produce a heated heavy feed that can be introduced into the vessel
1020, In still other embodiments, durning the start-up of the process/system 1000, a camier
liquid can be heated within the convection section 1005, e.g., within heat exchanger 1029 and
introduced into 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, eg
a temperature with the vessel 1020, have reached a predetermined value(s).

[3696] In the embodiments shown m FIGs. 1-3, the vessel 1020 is shown to be connected
with a single steam cracking fumace. It s further conteruplated that, 1 certain preferred
embodiments. the vessel 1020 mayv be connected with multiple steam cracking furnaces. For
example, in one embodiment (not shown}, a split stream of the Hquid stream in fine 1021 may
be pumped and seni o a8 heat exchanger located in the convection section of a second steam
cracker (not shown)}, where it 15 heated, and then retumed mto vessel 1020 after optionally
being cominned with the heated {luid stream in line 1031, or at a differing location on vessel
1020 than the entry point of ling 1031, In another embodiment {not shown), a split stream of

the vapor phase effluent in line 1023 may be {ed inio a second steam cracking furnace,
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opticnaliy alter being mixed with another bydrocarbon/steam stream, heated in the convection
section of the second streaking furnace, and then fed into the radiant section of the second
cracking fumace. Thus, the vessel 1020 can be configired to work simultaneously or
altemately with two or more stearn cracking furnaces. Such nultiple steam cracking furnace
arrangerment can ensure continued plastic pyrolysis and steam cracking operation even if one
stearn cracking fiunace stopped operation due 1o, &g, decoking, mamienance, or other needs.
[G897]  In the embodiments shown in FIGs. 1-3, asingle vessel 1020 is shown to be connected
with a single steam cracking fumace. It 5 further contemplated that, in certain preferred
embodiments, mulliple vessels 1020, of the same, simular, of differing sizes and/or designs,
jmay be connected with one or multiple steam cracking fumaces. For example, in one
embodiment (not shown}, one vessel 1020 can be designed and configured to accept a first type
of heavy feed comprising a first plastic matenal, and a second vessel 1020 can be designed o
accept a second tvpe of heavy feed comprising a second plastic matenial which may be the
same or different frovo the first plastic matertal. Where the first and second plastic matenals
differ, the two vessels 1020 can be operated under differing pyvrolysis conditions o sutt the
needs of the differing plastic materials. The vapor effluent streams in lines 1023 exiting the
two vessels 1020 can be combined and then fed into a stearn cracking fumace optionally
together with a hvdrocarbon stream. The liguid effluent streams 1021 exiting the two vessels
1020, if differing substantially in terms of temperature and/or composition, mayv be separately
pumped into separate heat exchangers 1 the convection section{s) of one or more steam
cracking fumaces, and then returned to the same or different vessel 1020, Such embodiments
including mudtiple vessels 10620 can have the advaniage of being capable of handling multiple
differing plastic materials requiring differing pyrolveis conditions.

6098  Various ferms have been defined above. To the extent a term used i a claim is not
defined above, 1t 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 patent. Furthermore, ali
patenis, test procedures. and other documents ciled in this apphcation are fullv 1ocorporated by

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

jurisdictions in which such incorporation is permitted.

[6099]  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 thereof 1s determined by the claims that follow,
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CLAIMS;
What is claimed is.
i A process for removing deposits formed in a pyvrolysis process using a pump-around

foop, whergin the pump-around loop 15 in fluid comumunication with a vessel for cracking
plastic, comprising:

fludly 1solating a first end of the purmmp-arcund loop that is 1o fluid conwnunication
with the vessel and a second end of the pump-around loop that is in fuild commumication with
the vessel to provide a fhadly 1solated section of the pump-arcund loop, whereim the fhudly
isolated section comprises a first conduit disposed within a convection section of a sieam
cracking furnace or a heat exchanger that is external {o the steam cracking fumace, and
wherein the fluidly 1solated section of the pump-around loop comprises char deposited on an
wmer surface of the first conduit;

fluidly connecting the first end of the isolated section of the pump-around loop to an
agueous fhud and oxidani sourge;

flurdly connecting the second end of the isolated section of the pump-around foop
with a second conduit disposed within the convection section of the stearn cracking fumace;

mitroducing an agueous fluid and an oxidant from the aqueous fluid and oxidant source
o the first end of the isolated section of the pump-arcund loop;

heating the agueous fluid and oxidant by flowing the aqueous fluid and oxidant through
the fludly isolated section of the pump-around loop to produce a first heated mixture
comprising steam and at least one of char, any wnreacted oxidant, and a combustion product
produced by combusting at least a portion of the char;

flowing the first heated mixture through the second conduit to produce a second heated
mixture; and

miroducing the second heated mixture into a radiant section of the steam cracking

turnhace.

2. The process of claum 1, further compnsing:

eating an oxidant within the convection section of the steam cracking furnace and
combining the oxidant with an aqueous fluid to produce a heated oxidant and steam mixture
comprising the oxidant and steam, wherein the heating is carried out before, during, and/or

afier the oxadant is combmed with the aqueous fluid; and
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combiring the heated oxidant and steam mixture with the first heaied mixture
upstream of the second conduit to produce a combined heated mixture, whearein the combined

heated mixture flows through the second conduit to produce the second heated mixiure.

3. The process of claim 2, wherein:
the second heated mixture flows through a conduit disposed within the radiant section
of the stearn cracking fumace that comprises coke disposed on an inner surface thereof, and
flowing the second heated nuxture through the condwit disposed within the radiant
section of the steam cracking furnace produces an effluent comprising al least a portion of the
coke, a combustion product produced by combusting at Teast a posrtion of the coke, ora

mxture thereof

4 The process of any one of claims 1 1o 3, wherein a hquid phase effluent compnising
melled and/or solubilized plastic, pyrolvzed plasiic, or a mixture thereof is disposed wiilun the
vessel, the process further comprsing purging at least a portion of the liquid phase etfluent
from the vessel while the first and second ends of the pump-around loop are fluidly izolated

frora the vessel

5. The process of any one of claims 1 to 4, wherein the first end of the isolated section of
the pump-around loop into which the agueouns fhud and the oxidant are infroduced is located

between the first conduit and a pump or between the pump and the vessel.

&. The process of any one of claims 1 1o 5, wherein the char deposited on the inner surface
of the first conduit 1s produced by subjecting a heavyv feed comprising a plastic material to

plastic pyrolysis conditions.

7. The process of claim 6, wherein the plastic material covoprises a nitrogen-containing
polvmer, a chlonine-contatning polymer, a bromine-containing polvimer, a fluonne-containing
polvmer, an oxygen-containing polymer, a polvethvlene polvmer, a polypropylene polymer, a
polystyrene polymer, a polvamide polymer, polyethylene terephthalate, ethylene vinvl acetate,

a butadiene polymer, an isoprene polvmer, an isobutylene polvmer, or a mixture thereof

g The process of any one of clatms | to 7, wherein the hydrocarbon feed comprises crude

oil or a fraction thersof
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o A process for removing deposits formed in a pyrolvsis process using a pump-arovnd
loop, wherein the pump-around foop is in fluid communication with a vessel for cracking
plastic, compusing:

heating a hydrocarbon feed within a convection section of a steam cracking furnace
and combining the hvdrocarbon feed with an agueous fluid 1o produce a first heated mixture
comprising hyvdrocarbons and sieam, wherein the heating 1s carried out before, duning, and/or
after the hyvdrocarbon feed is combined with the aquecus fluid;

{luidly isolating a first end of the pump-around loop that is in Juid communication
with the vessel and a second end of the pump-around loop that 1s in flind communication with
the vessel to provide a fluidly 1solated section of the pump-around loop, wherein the flidly
isoiated section comprises a first conduit disposed within the convection section of the steam
cracking {umace or a heat exchanger that 1s extemal to the steam cracking fumace, and
wherein the fluidly 1solated section of the purap-arcund loop comprises char deposited on an
mner surface of the first conduit;

fluidly connecting the first end of the tsolated section of the pump-around loop to an
aqueous flud source;

fhurdly connecting the second end of the isolated section of the pump-arcund loop to a
second conduit disposed within the convection section of the steam cracking furnace;

mitroducing an agueous fluid froro the aqueous fhad source wito the first end of the
isolated section of the pump-around loop;

heating the aqueous fluid by flowing the agueous fluid through the fludly isolated
section of the pump-around Ioop to produce a second heated mixture comprising steam and
char;

combining the second heated mixture with the first heated mixture o produce a third
mixture;

flowing the third misture through the second conduit to produce a heated third mixture;
and

miroducing the heated third mixture into a radiant section of the steam cracking

fumace.

10, The process of claim 9. wherein:
the third heated mixture flows through a conduit disposed within the radiant section of

the steam cracking fumace that comprises coke disposed on an foner surface thereof, and
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flowing the third heated mixture through the condut disposed within the radiant

section of the steam cracking furmace produces an effiuent comprising one or more olefing,

i1, The process of claim 9 or claim 10, wherein a iqud phase elffluent comprising melied
and/or solubtlized plastic, pyrolyvzed plastic, or a mixture thereof is disposed within the vessel,
the process turther comprising pusging at least a portion of the liquid phase effluent from the
vessel while the first and second ends of the purap~-around loop are flwdly isolated from the

vessel.

i2, The process of any one of claims 9 10 11, wherein the char deposited on an nner surface
of the first conduit 1s produced by subjecting a heavy feed comprising a plastic material to

plastic pyrolvsis conditions.

13 The process of claum 12, wherein the plastic material comprises a nlirogen-contaioing
polvmer, a chlorine-containing polymer, an oxvgen-contmining polvmer, a polvethviene
polymer, a polvpropylene polyvmer, a polysiyrene polymer, a polyamide polymer, polvethviene
ierephthalate, ethvlene vinyl acetate, a butadiene polymer, an 1soprene polvmer, an isobutylene

polymer, or a mixture thereof

{4 The process of any one of claims 9 to 13, wherein the hvdrocarbon feed comprises

crude o1l or a fraction thereof

i5. A process for removing deposits formed in a pyrolysis process ustng a pump-around
loop, wherein the pump-around toop 18 in fluid conununication with a vessel for cracking
plastic, comprising:

fhuidly 1solating a first end of the pamp-around loop that is in fluid communication
with the vessel, wherein the pump-around loop comprises a conduit disposed within a
convection section of a steam cracking furnace or a heat exchanger that is external 1o the
steam cracking furnace and has a second end in flmd commumication with the vessel, and
wherein the pump-aroond loop comprises char deposited on an inner swface of the conduit
disposed within the convection section or the heat exchanger:

fhuidly connecting the first end of the pump-around loop to an aquecus fluid and/or

oxidant source;
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mitroducing an aqueous {hnd and/or an oxidant from the aqueous fluid and/or oxidant
source inio the first end of the pump-arcund loop;

heating the aqueocus fluid and/or oxidant by flowing the agueous fhad and/or oxidant
through the pump-around loop to produce a tirst heated mixiure comprising stear, at least one
of char and if the oxidant is present, any unreacted oxidant and a combustion product produced
by combusting ai least a portion of the char:

miroducing the first heated nmuxture into the vessel;

obtaining a vapor phase overhead and a sohid-coniaiing bottoms material from the
vessel: and

miroducing the vapor phase overhead into a radiant section of the sieam cracking

furnmace.

16, The process of claim 15, wherein:
the vapor phase overhead flows through a conduit disposed within the radiant section
of the steam cracking fumace that comprises coke disposed on an inner surface thereof, and
flowing the vapor phase overhead through the conduit disposed within the radiant
section produces an eftluent comprising at least one of coke and, if the oxidant 18 present, any
wireacted oxidant and a combustion product produced by combusting at least a portion of the
coke disposed on the mner surface of the condchut disposed within the radiant section of the

steam cracking furnace.

i7. The process of claim 16, further comprising;
heating an oxidant within the convection section of the steam cracking furnace and
combimng the oxidant with an agueous flind to produce a heated oxidant and steam mixture

N { ey
g, ang/ofr

p=2]

comprising the oxidant and steam, wherein the heating 1s carnied out before, dunn
after the onidant 1s combined with the aqueous fluid; and

cornbirung the vapor phase overhead with the heated oxidant and steam mixture to
produce a combined mixiure, wherein the combined mixture is introduced into the radiant
section of the steam cracking fumace, and wherein the effiuent comprisss the combustion

product,

18 The process of any one of claims 15 to 17, wheremn a ligind phase effluent comprising
melted and/or solubilized plastic, pyvrolvzed plastic, or a mixtare thereof 1z disposed within the

vessel, the process further comprising purging at least a portion of the liguid phase effiuent
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from the vessel after ludly solating the first end of the pump-around loop and belore fhuidlv

connecting the first end of the pump-around loop to the steamv/oxidant source.

i9. The process of any one of ¢laims 15 {0 18, wherem the pump-around loop comprises a
pump located between the first and second ends of the pump-arcund loop, the process further
COMprising;

fhadly 1so0lating the pump from the pump-arcund loop; and

flurdly connecting a bypass conduit that bypasses the pump, wherein the agueous fluid
and/or the oxidani is introduced into the first end of the pump-around loop upstream of the
purnp, and wherein the agueous fluid and/or the oxidant bypasses the pump via the bypass

counduit.

28, The process of any one of claims 15 to 19, wherein the vessel comprises char disposed
therein, and wherein the solid-containing bottoms material obtained frov the vessel comprises

at feast a portion of the char that was disposed within the vessal.

Z1. A process for removing deposits formed 1o a pyrolvsis process using a pump-around
foop. wherein the pump-around loop is in fluid communication with a vessel for cracking
plastic, comprising:

heating a hydrocarbon feed within a convection section of a steam cracking {umace
and combining the hydrocarbon feed with an aqueous fluid to produce a heated first muxtiye
comprising hydrocarbons and steam, wherein the heating is carried out before, during, and/or
atter the hyvdrocarbon feed 1s combined with the agueous fhud;

fluidly 1solating a first end of the pump-around loop that is in Huid commumication the
vessel, wheremn the pump-around loop comprises a conduit disposed within the convection
section of the steam cracking furnace or a heat exchanger that is external {o the sieam
cracking Tumace and has a second end n fluid commurucation with the vessel, and wherein
the pump-around loop comprises char deposited on an inner surface of the conduit disposed
within the convection section or the heat exchanger;

flurdly comnecting the first end of the pump-around foop to an aqueocus flud source,

miroducing an agueous fluid from the aqueous fluid source into the first end of the
pump-around foop;

heating the aqueous fluid by {lowing the agueous fluid through the pump-arcund loop

to produce a healed second mixture comprising steamn and at least a portion of the char;
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mitroducing the heated second nuxture ioto the vessel;

obtaining a vapor phase overhead and a solid-containing bottoms material from the
vessel:

combining the vapor phase overhead with the heated first myxiure to produce a third
mixture: and

mtroducing the third muxture into a radiant section of the steam cracking fumace.

22 The process of claim 21, wherein:

the third minture flows through a conduit disposed within the radiant section of the
steam cracking furmace, and

flowing the third wixture through the conduit disposed within the radiant section of

the steam cracking fumace produces an effluent comprising ong or more olefins.

-2
Lod

The process of claim 22, further comprising:
cooling the effluent produced in the radiant section of the steam cracking furnace to
produce a cooled effuent; and

combining at least a portion of the solid-containing bottors matenal with the effluent,
the cooled effluent, or a combination thereof
24 The process of any one of claims 21 to 23, wherein a liquid phase effluent comprising
meited and/or solubilized plastic, pyvrolyzed plastic, or a mixture thereof is disposed within the
vessef, the process further comprising purging at least a portion of the liquid phase effiuent
from the vessel after fhudly isolating the first end of the pump-around loop and before fluidly

connecting the first end of the puop-around loop to the stea/oxidant source.

25 The process of any one of claims 21 1o 24, wherein the pump-around loop comprises a
pump located between the first and second ends of the pump-arcund loop, the process further
comprising;

fluidly 1solating the pump from the pump-arcund loop; and

fluidly conmecting a bypass conduit that bypasses the pumnp, wherein the steam from
the steam source is introduced indo the first end of the pump-around loop upstream of the pump,
and wherein the agueous thud from the aqueous fhiud source byvpasses the pump via the bvpass

conduit.
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