WO 2024/155458 PCT/US2024/010507
1

PROCESSES FOR REMOVING DEPOSITS FROM AN INTEGRATED PLASTIC
PYROLYSIS VESSEL AND A STEAM CRACKING FURNACE

N

CROSS-REFVERENCE TORELATED APPLICATIONS

{G0601]  This application claims priovity {o and the beoefit of U.S. Provisional Application No.
63/480,614 having a filing date of January 19, 2023, the disclosure of which is incorporated
herein by reference in its entirety.
FIELD

10 [8662] Ths disclosure relates to processes for removing deposits, e g, char, asphaltenes,
and/or coke, from an integrated plastic pyrolysis vessel and a steam cracking furnace. More
particularly, such embodimenis relate to online and offline processes for removing char,
asphaltenes, and/or coke deposits from an integrated plastic pyrolvsis vessel and a steam
cracking fumace.

15 BACKGROUND
160663]  Coke 15 an undesirable byproduct of sieam cracking hvdrocarbons that forms on
internal surfaces of the steam cracking finmace, e.g., on the intemnal surface of radiant tubes
disposed within a radiant section of the steam cracking fuiwnace. Char is an undesirable
byproduct of cracking plastic material under plastic pyrolysis conditions, which forms on

20 internal surfaces of equipment, e.g., a plasiic pyvrolysis vessel.
{8604]  The presence of char and/or coke on the intemal surfaces reduces heat transfer {o the
stream passing therethrough, which reduces the amount of cracking of the plastic material and
reduces the amount of cracking of the bydrocarbons. 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

fov)
N

carburization, leading o deterioration of the equipment. Furthermore, the presence of char,
asphaltenes, and/or coke can restrict the flow of materials through components of the system
such as heat exchangers and transfer lines that can eventually cause sufficient plugging that the
process needs 1o be shut down for maintenance.

[6605]  Thereis aneed, therefore, for improved processes for removing char and/or coke from
30 anintegrated plastic pyrolysis vessel and steam cracking furnace. This disclosure satisfies this

and other neads.
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SUMMARY

[6006] Processes and systems for removing deposits, e.g., char, asphaltenes, and/or coke,
from an integrated plastic pyrolysis vessel and a steam cracking fumace are provided. Tn some
embaodiments, a process for removing deposits from a pump-around loop in a pyrolysis process,
where the pump-around foop is in fluid commumication with a vessel for cracking plastic, can
include fhadlv isolating a fust end of the pump-around loop that is in fhid communication
with the vessel and a second end of the pump-around loop that 15 1 fluid communication with
the vessel 1o provide a [uidly 1solated section of the pump-around loop. The flwdly isolated
section can include a first conduit disposed within a convection section of a steam cracking
fumace or a heat exchanger that is external to the steam cracking furnace. The fluidly 1solated
section of the pump-around loop can include char deposited on an inner swrface of the first
conduit. The first end of the isolated section of the pump-around 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 commected with a second conduit disposed within the convection
section of the steam cracking furnace. An aqueous fluid and an oxidant from the aqueous fluid
and oxidant source can be introduced into the first end of the isolated section of the pump-
around loop. The aqueous fluid and oxidant can be heated by flowing the aqueous fluid and
oxidant through the fluidly isolated section of the pump-around loop to produce a first heated
mixture that can inchide steam and at least one of char, any wunreacted oxidant, and a
combustion product produced by comnbusting at least a porfion of the char. The {irst heated
mixture can flow through the second conduit to produce a second heated nuxture. The second
heated mixture can be introduced into a radiant section of the steam cracking furnace.

[6067]  In other embodiments, a process for removing deposits from a pump-around loop
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 furnace and combining the hydrocarbon feed with an aqueous fluid to produce a first
heated naxture that can include hvdrocarbons and steam. The heating can be carvied out before,

during

=24

and/or after the hvdrocarbon feed is combined with the aqueous fluid. A first end of
the purp-around loop that is in fhid communication with the vessel and a second end of the
purnp-around loop that is in fluid communication with the vessel can be fluidly isolated to
provide a fludly isolated section of the pump-around loop. The fluidly 1solated section can
mclude a first conduit disposed within the convection section of the sieam cracking fumace or
a heat exchanger that 1s external to the steam cracking fumace. The fludly isolated section of

the pump-around {oop can include char deposited on an inner surface of the first conduit. The
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tirst end of the isolated section of the pump-around loop can be fhadly conuected to an agueous
fluid source. The second end of the isolated section of the pump-arcund loop can be fhudiy
connected 1o a second conduit disposed within the convection section of the steam cracking
fumace. An aqueous fluid from the agueous fluid source can be introduced into the first end
of the isolated section of the pump-around loop. The agueous fluid can be heated by flowing
the aqueous fhuld through the fuidly 1solated section of the pump-around loop to produce a
second heated nuxture comprising steam and char.  The second heated muxture can be
combined with the first heated mixture to produce a third mixture. The third mixture can flow
through the second conduit 1o produce a heated third mixture. The heated third mixiure can be
introduced nto a radiant section of the steam cracking fumace.

16608]  In other embodiments, a process for removing deposits from a pump-around loop
a pyrolysis process, where the pump-around loop is in fluid communication with a vessel for
cracking plastic, can include fluidly isolating a {irst end of the pump-arcund loop that is in fluid
comrunication 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 is external to the
steam cracking furnace and can have a second end in fluid communication with the vessel. The
pump-around loop can include char deposited on an imner surface 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 agueous fhud and/or oxidant source juto the first end of
the pumap-arcund loop. The aqueous fluid and/or oxidant can be heated by flowing the agueous
fhaid and/or oxidant through the pump-around loop to produce a first heated mixture that can
include steam, at least one of c¢har and if the oxidant is present, anv unreacted oxidant and a
combustion product produced by combusting at least a portion of the char The first heated
mixture can be introduced into the plastic pyrolysis vessel. A vapor phase overhead and a
solid-containing bottoms material can be obtained from the vessel. The vapor phase overhead
can be introduced into a radiant section of the steam cracking fumace.

[6609] In other embodiments, a process for removing deposiis from a pump-around loop in
a pyrolysis process, where the pump-around loop is in fhud cormmunication with a vessel for
cracking plastie, can include heating a hydrocarbon feed within a convection section of a steam
cracking furnace and combining the hydrocarbon feed with an agueous fluid to produce a
heated first mixture that can inchide hvdrocarbons and steam. The heating can be carried out
before, during, and/or after the hvdrocarbon feed is combined with the agueous fluid. A first

end of the pump-around loop that 15 n fluid communication the vessel can be fludly 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 external {0 the steam cracking furnace and
can have a second end i fluid communication with the vessel. The pump-around loop can
mclude char deposited on an inuer surface of the conduit disposed within the convection section
or the heat exchanger. The first end of the pump-arcund loop can be fluidly connected to an
agueous Quid source. An agueous fluid from the aqueous uid source can be introduced nio
the first end of the purop-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 mnclude steam
and at least a portion of the char. The heated second mixture can be introduced into the vessel.
A vapor phase overhead and a solid-containing bottoms material can be obtained from the
vessel  The vapor phase overhead can be cornbined with the heated first mixture to produce a
third mixture. The third mixture can be introduced inte a radiant section of the steam cracking
furnace.

BRIEF DESCRIPTION OF THE DRAYWINGS

[0018] The subject disclosure is further described in the detailed description that follows in

referenice to the drawings by way of non-limiting embodiments, in which like reference
nurerals represent simdlar parts throughout the several embodiments shown in the drawings.
[6013] FIG 1 depicts an illustrative process/system for removing char from a pump-around
loop mmtegrated with a plastic pvrolvsis vessel and a stream cracking fumace and for removing
coke deposited withan a radiant section of the steam cracking fumace, m which the char
removed from the pump-around loop is passed through the radiant section of the steam cracking
furnace, according to one or more embodiments described.

[6012] FIG. 2 depicts an illustrative process/evstem for removing char from a pump-around
loop integrated with a plastic pyrolvsis vessel and a sieam cracking furnace and for removing
coke deposited within a radiant section of the steam cracking furnace, i which the char
removed from the pump-around toop is introduced inlo the plastic pyrolysis vessel, according
10 one ot yuore embodiments described.

[6013] FIG 3 depicts an illustrative process/system for removing char from a pump-around
loop integrated with a plastic pyrolysis vessel and a steam cracking furnace while maintaining
steam eracking of a hydrocarbon feed within a radiant section of the steam cracking fumace,

according to one or more embodiments described.

[6014] Various specific embodiments, versions and examples of the tinvention will now be

described, ncluding prefemred embodiments and definitions that are adopted herein for
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purposes of understanding the claimed invention. While the following detailed 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 invention 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 (o the “invention” may refer {0 one or more,
but not necessarily all, of the inventions defined by the claims.

[66158] In this disclosure, a process is described as including at least one “step.” 1t should be
understood that each step is an action or operation that may be carried oul once or mudtiple
times in the process, n a continuous or discontinuous fashion. Unless specified to the contrary
or the confext clearlv indicates otherwise, multiple steps in a process may be conducted
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 sumultaneously with regard to the same or different batch of maierial. For
example. ity a continuous process, while a first step in a process is being conducted with respact
to a raw material just fed into the beginning of the process, a second step may be carried out
simultaneously with respect to an intermediate material resulting from treating the raw
materials fed into the process at an earlier ime in the first step. Preferably, the steps are
conducted 1 the order described.

[B016] Unless otherwise indicated, all numbers indicating quantities in this disclosure are to
be understood as being modified by the term “about™ in all instances. It should also be
understood that the precise numerical values used in the specification and claims constitute
specific embodiments.  Efforts have been made 1o ensure the accuracy of the data in the
examples. However, it should be understood that any measured data inherently contains a
certain level of error due to the limitation of the technigue and/or equipment used for making
the measurerent.

[B017] Certain ernbodiments and features are described hevein using a set of numerical upper
limits and a set of numerical lower limits. It should be appreciated that ranges including 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 {wo upper values arg
contemplated unless otherwise indicated.

{3018] As used herein. the indefinite article “2” or “an” shall mean “at least one” unless
specified to the contrary or the context clearly indicates otherwise. Thus, embodiments using

“a steam cracking furnace” include embodiments where one, two. or more stearn cracking
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furnaces are used. undess specified to the contrary or the contest clearly indicates that only one
steain cracking fumace is used.

[6619] The term “hyvdrocarbon™ as used herein means (1) any compound consisting of
hydrogen and carbon atoms or {it) any mixture of two or more such compounds 1o (1), The
term “Cn hvdrocarbon,” where n 15 a positive integer. means {ij any hyvdrocarbon compound
comprising carbon atom{s} in its molecule at the total number of n, or (i1} any mixiure of two
or more such hydrocarbon compounds in (). Thus, a C2 hyvdrocarbon can be ethane, ethyvlene,
acetylene, or mixtures of at least two of these compounds at any proportion. A “Cm to Cn
hydrocarbon™ or “Cm-Cn hydrocarbon.” where m and n are posilive integers and m < n, means
any of Um, Cot |, Omt2, L Cn-1, Cn hydrocarbons, oy any mixiures of two or more thereof.
Thus, a “C2 to €3 hydrocarbon” or “C2-C3 hvdrocarbon™ can be any of ethane. ethvlene,
acetylene, propane, propene, propyne, propadiene, cyclopropane, and any mixtures of two or
more thereof at any proportion between and among the components. A “saturated C2-C3
hydrocarbon™ can be ethane, propane, cvclopropane, or any mixture thereof of two or more
thereof at any proportion. A “Cnt hydrocarbon™ means (i} anv hydrocarbon compound
comprising carbon atom(s) in ifs molecule at the total namber of at least n, or (i1} anyv mixture
of two or more such hydrocarbon compounds in (1), A “Cn- hydrocarbon” means (i) aoy
hydrocarbon compowund comprising carbon atoms in its molecule at the total number of at most
n, or (it} anv muxture of two or more such hydrocarbon compounds in (13, A “Um hydrocarbon
strearn” means a hydrocarbon stream consisting essentially of Cm hvdrocarbon(s). A “Cm-Cn
hydrocarbon stremm™ means a hvdrocarbon stream consisting essentially of Cm-Cn
hydrocarbon(s}.

[6620] The term “crude” means whole crude oil as it flows from a wellthead, a production
field facility, a transportation facility, or other witial field processing facility, optionally
mcluding crude that has been processed by a step of desalting, treating. and/or other steps as
may be necessary to render it acceptable for conventional distillation in a refinery. Crude i3
presumed to contain resid. The term “crude fraction” means a hydrocarbon fraction obtained
via the fractionation of crude. Non-limiting exarples of crudes can be or can include, but are
not limited to, Tapis, Murban, Arab Light, Arab Medium, and/or Arab Heavy.

[6621] The term “resid” refers {0 a8 botioms 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 residuum or residual or ptich. Afmospheric resid is the botloms
product prodaced from atmospheric distillation of crude where a typical endpoint of the

heaviest distilled product is nomunally 343°C. and s referred to as 343°C resid. The term
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“nominally”, 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 +/- 27.83°C. Vacuum
resid is the botioms product from a distillation column operated wnder vacuum where the
heaviest distilled product can be nonunally 566°C, and s referred to as 566°C resid.

66221 The term “hydrocarbon feed” refers to a composition that includes one or more
hydrocarbons. Hustrative hvdrocarbon feeds can be or can include, but are not himited to,
crude, gas oils, heating oil, jet fusl, diesel, kerosene, gasoline, coker naphtha, steam cracked
naphtha, catalytically cracked naphtha, hydrocrackate, reformate, raffinate reformate, Fischer-
Tropsch liquids and/or gases, natural gasoline, distillate. virgin naphtha, atmospheric pipestill
bottoms, vacuum pipestill siveams such as vacuum pipestill bottoms and wide botling range
vacuum pipestill naphtha to gas oil condensates, non-virgin hvdrocarbons from refinevies,
vacuum gas oils, heavy gas oil, naphtha contaminated with crude, atmospheric residue, heavy
residae, a Cd/residue admixture, naphtha/residue admixture, hydrocarbon gases/residue
admixture, hydrogen/residue admixtures. waxy residues. gas oil/residue admixiure. relatively
light alkanes, e g, ethane, propane, butane, and/or pentane, recvele streams that can include
ethane, propane, ethylene, propylene, buladiene, or a mixture thereof, one or more condensates,
fractions thereof, or any mixture thereof

{60231 The term “non-volatile components™ as used herein refers to the fraction of a
hiydrocarbon-containing feed, e.g., a petroleum feed, having a nominal botling point of at least
590°C, as measured by ASTM D6352-15 or D-2887-18 Non-volatile components include
coke precursors, which are large, condensable molecules that condense in the vapor and then
form coke during steam cracking of the hydrocarbon feed.

[6024] The terra “coke” refers to the solid or semi-solid product that can be produced during
the stearo cracking of hyvdrocarbons that includes carbon and high carbon-content organic
molecules, whether produced within the convection section, radiant section, transfer lines
therebetween, or within transfer lines and other equipment, e.g., a transfer line heat exchanger,
dowustrearn of the radiant section.

[6025] The term “asphaltene™ refers to a material obtainable from crude oil or other sources
and having an initial boiling point above 630°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 ot
simply units. A "homopolymer" is a polvmer having repeating units that are the same. A
“copolymer” is a polymer having two or more repeating units that are different from each other.
As such, the term “copolvmer” inclades terpolvmers {a polymer having three units that are

different from each other), tetrapolymers (a polymer having four uruts that are different from
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cach other). and 50 on. The term "different” as wsed to refer {0 units indicates that the units
differ from each other by at least one atom and/or are different isomerically.

[6627] In some embodiments, the polvmer can be or can include, but is not limited to, a
nitrogen-containing polymer, a chlorine-containing polymer. a bronune-containing polymer, a
fluorine-containing polymer. an oxygen-containing polymer, a polvethviene polymer, a
polvpropylene polvmer, a polvsiyrene polvmer, a butadiene polymer, an isoprene polymer, an
isobutylene polymer, or any mixture thereof. In some embodiments. the ovvgen-contaming
polvmer can be or can include a polvierephthalate polymer, an ethylene vinyl acetate polymer,
a polvcarbonate polymer, a polylactic acid polvmer, an acrylaie polvmer, a polyoxymethviene
polvmer, a polyester polvmer, a polvoxybenzylmethvienglveolanhydride polvimer, a
polyepoxide polymer. or any mixture thereof In some embodiments, the nitrogen-containing
polymer can be or can include one or more polvamide polymers, e.g., nvion; one or more
polynitrife polvmers, e.g, polv(acrvionitile) and/or polv(methacrvionitrile}, one or more
aragrmids, one or more polyvurethane polymers, or any wmixture thereof. It is noted that
polvamides, among other nitrogen-containing polvmers. also contain oxygen as part of the
polvmer structure. Tn this disclosure, a polymer that inchudes both oxy gen and nitrogen as part
of the repeat unit for forming the polvmer is defined as a nitrogen-containming polymer for
purposes of characterizing the plastic feedstock. In some embodiments, the chlorine-
containing polvmers can be or can include, but are not Himited 1o, polyvinyi chioride (PV(C}
and/or polyvinylidene chionde (PVDC). A polymer can be naturally occurring, modified
naturally occurring, and/or synthetic.

[6028] The term “plastic material” refers fo a compuosition that includes one or more
polvmers. Preferablv, the plastic material coraprises, consists essentially of. or consists of a
synthetic polvmer.  Preferably, the plastic material comprises, consists essentially of, or
consists of a used polviner. Preferably, the plastic material comprises, consists essentially of,
or consists of one or more polymers derived from one or more olefin monomers {eg.,
polvethvlene, polvpropvlene, polvethylenepropylene, polystyrene, and the like)

[6029] Itis noted that some types of plastic maternial can also include bio-denived components.
For example, some types of plastic labels can include biogenic waste in the form of paper
compounds. In some embodimenis, T wi% to 25 wt% 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 material, in addition to the one or more polvmers, can

also include any additives, modifiers, packaging dves, 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 polvmer waste.

66387  The plastic material alone or the plastic material mixed, blended, or otherwise
combined with an optional carrier hquid s also referred to as a “heavy feed”. Although the
heavy feed may have a sinular or identical composition as the hydrocarbon feed, preferably the
heavy feed difters from the hvdrocarbon feed. Although the hydrocarbon feed may confain a
plastic material, e.g., the same or different plastic material contained in the heavy feed,
preferably the hydrocarbon feed is substantially free, or completely free of a plastic material.
Preferably, the hydrocarbon f{eed is derived [rom a petroleum source substantially free or
compleiely free of a plastic material.

66311 The optional “carrier liquid” disclosed herein that can he contacted with the plastic
material and/or a liquid phase effiuent at least partially derived from the plastic material can be
or can include, but is not limited to, a wide range of petroleam or petrochemical products or
strearns {e.g., hvdrocarbon products and/or intermediate streams produced from petroleum
processing such as distillation, steam cracking, catalytic cracking, refining, and the like). For
example, some suttable carrier hiquids can correspond to, include, comprise, consist essentially
of, or consist of;

{1) naphtha, kerosene, diesel. hight or heavy cvcle oils, catalvtic slurry oil, gas-oils,
white oils, derived from sources including but not fimited 1o petroleum sources, eg., from a
refinery, a steam cracker, and/or a coker;

(it} 1soparaffins;

(i11) metallocene-derived hydrocarbons:

{iv} hvdrocarbons produced from biclogically derived raw materials;

(v} hyvdrocarbons derived from coal processing;

{vi} biclogically denved raw materials for producing hvdrocarbons;

{vii) ethylene-propylens copolymers; polvbutenes;

{viii} polvalphaolefing {"PAQs™), including but not limited those described in or
obtainable bv using the processes described in U.S. Patent Nos. 9365788, 9,409,834,
4,827,064, and 5,264,642

(ix) atkyiated benzenes;

(x) alkylated naphthalenes {“ANs™);

{xi} esters such as adipate esters, phthalate esters, trimellitate esters. polvol esters {e.g |
trimethylolpropane ("TMP”) esters, pentaerythritol ("PE”) esters, and blends thereof: and

esters suntable for jet oils);
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{(xit) polyethers/polvalkylene glveols:

{xi1} thermally stable hiquids, e g, DOWTHERM® A available from Dow Chemical
Company;

{(xiv} naphthenic and/or aromatic solvents, such as toluene, benzene, methyinaphthalene,
cyclohexane, methylcyclohexane, mineral oil, or any mixture thereof,

{xvy Group U LTI TV, or V lubricant basestocks, description of which can be found
in EP2828367 A1, which are incorporate hevein by reference, including re-refined basestocks;

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

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

{(xviity any formulation coraprising one or more of the foregoing in one or more of
groups {1} to (ovid); and

{xix) any mixture comprising two or more of the foregoing in one or more of groups (i}
to (xvil), e.g., PAO/AN blends.
[6832]  In some ernbodiments, the carrier liguid can be, can include, or can corprise a heat-
soaked and/or hvdrotreated hvdrocarbon stream having an imtial boiling point of at feast 300°C.
Boiling point distributions (the distribution at atmospheric pressure} can be determined, e.g.,
by conventional methods such as ASTM D7500 — 15(2019) or ASTM-D8&G-20b. A suitable
heat-soaked hydrocarbon steam having an initial botling point of at least 300°C can be
produced according to the processes disclosed in WO Publication No. WO2018/111577A1. A
suitable hydrotreated hvdrocarbon siream having an inttial boiling point of at teast 300°C can
be produced according to the processes disclosed in WO Publication No. WOZ01R/111577AL
A suitable heat-soaked and hydrotreated hydrocarbon stream having an initial boiling point of
3007C can be produced according 1o the processes disclosed in WG Publication No.
WOZOI8/111577A1. In some emnbodiments, when the heavy feed includes the plasfic material
combined with the carder liquid, the heavy feed can be in the form of a solution, shurry,
suspension, dispersion, or other flund-iype phase. As such, in some embodiments, the carrier
Higuid 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 termus “char” and “ash”™ mterchangeably refer to the solid or sohd/liquid nuxture
produced during the pyrolysis of an optionally contaminated plastic material and deposited on
the joner surface of a conduit or vessel, which can include organic molecules having long

carbon chaing and/or high boiling points such as asphaltenes, coke, organometatlic compounds,
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morganic matenals such as metals, moetallic oxides, and salis, and muixtures theveof. Char and
ash can be produced from the chemical reactions of the various components of a plastic material
and/or introduced directly from the plastic feed material.

[6038]  An "olelin" 15 a linear, branched, ot cyclic compound of carbon and hydrogen having
at least one double bond. The term “olefin product” as used herein means a product that
wnchudes an olefin, preferably a product consisting essentially of or consisting of an olefin. An
olefin product i the mearing of this disclosure can be, e.g., an ethvlene stream, a propviene
strearn, a butylene stream, an ethvlene/propylene nuxture stream, and the like,

[6036] The term “consisting essentially of " as used herein means the composition, feed,
effluent, product, or other stream comprises a given component at a concentration of ai least
60 wt%, preferably at least 70 wi%. more preferably at feast 80 wi%, more preferably at least
90 wi%, still more preferably at least 95 wit%, based on the total weight of the composition,
feed, effluent, product, or other stream in question.

[06037]  The term “gromatic” as used herein is to be undersiood in accordance with its arl-
recognized scope which includes alkyl substituted and unsubstituted mono- and polyv-nuclear
compounds,

[6038] The term “rich” when used in phrases such ag “X-rich” or “rich in X means, with
respect 1o an outgoing stream obtained from a device, that the stream comprises material X at
a concentration higher than in the feed material fed 1o the same device from which the stream
is derived.

[603%9] The term “lean™ when used in phrases such as “X-lean” or “lean in X7 means, with
respect {0 an culgoing stream obiained from a device, that the stream comprises material X at
a concentration lower than ip the feed material fed 1o the same device from which the stream
is derived.

[6040] The terms “channel” and “line” are used interchangeably and mean any conduit
configured or adapted for feeding, Howing, and/or discharging a vapor, a liquad, and/or a solid
into the condutt, through the conduit, and/or out of the condwt, respectively. For example, a
composition can be fed into the conduit, flow through the conduit, and can be discharged from
the conduit to move the composition from a first location 10 a second location.  Suitable
condudts can be or can include, but are not limited to, pipes, hoses, ducts, tubes, and the like.
60411  As used herein, “wit%~ means percentage bv weight, “vol%’ means percentage by
volume, “mol%” means perceniage by mole, “ppm”™ means parts per million, and “ppm wt”’
and “wppm” are used interchangeably to mean parts per million ou a weight basie. 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 embodiments uniess specified or indicated to the contrary.

Processes/Svstems for Removing Char and Coke

6042 A description of the processes/systerns of this disclosure will now be made by
referencing the non-limiting drawings showing various preferred ermbodiments.

FIG. 1

[G043] FIG. 1 depicts an illustrative process/systern 1000 for removing char from a pump-
around loop 1024 integrated with a plastic pyrolysis 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 {rom the pump-around loop 1024 s passed through
the radiant section 1006 of the steam cracking fumace 1003, according to one or more
embodiments. The pump-around loop 1024 can include the vessel 1020, line 1021, one or
more punps 1025, Hine 1027, line 1029, and line 1031, During normal pyrolvsis operation the
process/sysiem 1000 can be configured for steam cracking a mixture in line 1037 that inclades
a hvdrocarbon feed/steam mixture from line 1015 and a vapor phase effiuent from line 1023
derived from a heavy feed in line 1001, The heavy feed in hine 1001 can inclade a plastic
material. 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 wnder plastic pyrolysis conditions to
produce the vapor phase effluent and a lignaid phase effluent that can be recovered or otherwise
obtained via hnes 1023 and 1021, respectively. from the vessel 1020, Heat energy in the flue
gas in a convection section 1005 of the steam cracking furnace 1003 can be utilized to heat a
plastic-containing stream or liguid phase effluent supplied in line 1027 via line 1029 o
enable/maintain plastic pyvrolysis conditions in the vessel 1020, thereby producing the vapor
phase effluent in line 1023 exiting the top of vessel 1020, which contains among others, tight
hiydrocarbons produced from plastic pyvrolysis. As shown, line 1029 can be disposed within
the convection section 1005 of the steam cracking fumace 1003, As such, in some
embodiments. line 1029 can also be referred 1o as a first conduit disposed within the convection
section 1005 of the steam cracking furnace 1003,

[0044] The vapor phase effluent in hine 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 1s in the liquid phase, such minor amount can be up to about 3 wi%,
4 wi%, 3 wi%, 2 wi%, 1 wi%, 0.5 wi%, (1.1 wt%, or 0.01 wi%, based on the total weight of the
vapor phase effluent. The vapor phase effluent in line 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 embodimentis, the vapor phase effiuent in line 1023 can also include one
or more hydrocarbons produced by vaporizing and/or pvrolvzing a casrier liquid or other
hydrocarbon-containing stream within the vessel 1020,

[60458] In some embodiments, ai least a potiion of the plastic matenial in the hiquid phase
effluent i Hine 1021 can be at least partially melied and/or solubilized. In some embodiments,
at least a portion of the plastic material in the Jiquid phase effluent in line 1021 can be at least
partially cracked such that at least a portion of the plastic material has been converted to one
or more smaller chain polymers as compared to the plastic material in the heavy feed in line
1001. In some embodiments, a portion of the liguid phase effluent in Hine 1021 can be purged
vialine 1022 by opening valve 1059,

[6046]  Atleasta portion of the liguid phase effluent in ine 1021 can be pumiped via the pump
1025 invto line 1027 of the pump-around loop 1024 that includes line 1029 disposed within the
convection section 1005 of the stearn cracking {wmace 1003 (or with a heat exchanger external
to the convection section 1005). The liqund phase effluent in ue 1027 can be heated within
line 1029 fo produce a heated fluid stream via line 1031 that can be recyclaed into the vessel
1020, Line 1029 can include a single pass or multiple passes through the convection section
1008 of the steam cracking furnace 1003 {(or a heat exchanger extemnal to the convection section
1005). The heated fhuid 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 450°C, 500°C, or 350°C. In some
embodiments, the heated fluid stream in line 1031 can be in the gas phase, the iqund phase, or
a nuxed gas/liquid phase. The heated fluid stream in line 1031, upon introduction into the
vessel 1020, can be at a temperature in a range, e.g., from 300°C, 356°C, or 400°C to 450°C,
S00°C, 325°C, or S30°C. In some embodiments, the heated fhud stream in bine 1031 can
provide sufficient heat to the materials in vessel 1020 to achieve and mantain the plastic
pyrolysis conditions, under which the plastic material and heavy hydrocarbons in the vessel
1020, including those n the heavy feed introduced via hine 1001 and the residual plastic
material retumed via ine 1031, undergo pyrolysis reactions. The pyrolvsis reactions can
mvolve the breakage of long carbon chains and/or carbon rings to form smaller, lighter organic
compounds such as €-C4 hydrocarbons, naphtha-boiling range compounds, gas oil botling
range compounds, and hvdrogen. As the liguid phase effluent flows through the purmp-arcund
loop 1024 char can form present in the heavy feed in line 1001 can deposit on the inner surtaces
of vessel 1020, line 1021, line 1027, line 1029, and/or line 1031,

[6047] A hydrocarbon feed in line 1007 can be heated within the convection section 1005 of

the steam cracking fumace 1003, For example, the hvdrocarbon feed in line 1007 can be heated
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n one or more tiernal heat exchangers 1008 and/or one ot mwore internal heat exchangers 1014
disposed within the convection section 1005 of the steam cracking furnace 1003, The heat
exchanger 1008 and/or 1014 can include a single pass or multiple passes through the convection
section 1005 of the steam cracking furnace 1003, 1 should be understood that the convection
section 1005 can be configured in any desired manner. In some embodiments, the convection
sechion 10035 can also include one or more additional heat exchangers (not shown) that can be
configured to heat boiler feed water to produce heated boiler feed water, steam, eg.,
superheated steam, eic. There are many different configurations the convection section 1005
of the steam cracking furnace 1003 can be arranged in as will be appreciated by a person having
ordinary skill in the art.

[6648] The hvdrocarbon feed n line 1007 can be combined with an aqueocus fuid (e g, ligud
water, steam, or mixture thereof} in line 1011, In some embodiments, the hvdrocarbon feed in
ling 1007 can be heated before, during, and/or after the hydrocarbon feed in line 1007 is
combined with the aqueous fluid w line 1011 to produce a beated mixture in line 10135 that
mncludes hydrocarbons and steam. As shown in FIG. 1, the hvdrocarbon feed in line 1007 can
be initially heated within the internal heat exchanger 1008 to produce a heated hydrocarbon
feed 10 line 1009, combined with the agueous flurd in line 1611 fo produce a nuxture in line
1013, and the mixture in line 1013 can be heated within the internal heat exchanger 1014 to
produce the heated muxture in fine 1015, In other embodiments, however, a mixture that
ncludes the hydrocarbon feed and an aqueous fhnd can be introduced into the heat exchanger
1008, In still other embodiments, the aqueous fluid in line 1011 can be combined with the
heated hydrocarbon feed in line 1015 to produce the heated mixture.

[6049] The heated mixture in line 1015 and the vapor phase effluent in line 1023 (or a portion
thereof) can be combined to produce a combined muxture in line 1033, The combined nuxture
in line 1033 can be heated within one or more lines 1035 disposed within the convection section
£003 to produce the heated combined mixture vialine 1037, Line 1035 can also be referred to
as a second conduit disposed within the convection section 1003 of the steam cracking {umace
1003, Line 1035 can include a single pass or multiple passes through the convection section
1005 of the steam cracking furnace 1003, The heated combined mixture in line 1037 can be
introduced into one or more radiant tubes or conduits 1039 disposed within the radiant section
1006 of the steam cracking fumace 1003 and steam cracked therein 1o produce a steam cracker
efftuent exiting the steam cracking furnace 1003 via line 1041, In certain embodiments. line
1035 can be located above line 1029 (as shown in FIG. 1) in the convection section 1003 {o

ensure that the fluid stream jo hine 1027 is heated 1n line 1029 to a desired hugh temperature to
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cffect plastic pyrolysis w vessel 1020 onder the desired pyrolysis counditions.  In other
embodiments, line 1035 can be located below line 1029 (not shown} or at the same elevation
as line 1029 {not shown} in the convection section. The stearn cracker effluent in line 1041
can include, among other products, hydrogen, Ci-Cs hydrocarbors which can include one or
more olefing, steam cracker naphtha, steam cracker gas oil, steam cracker quench oil, steam
cracker tar, or any mixiure thergol

[G0S8]  As the combined muxture flows through line 1035 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 thereof. When an undesirable amount of char has deposited on the inner
surfaces of the pump-around toop 1024, a process for removing char can be desirably carried
out 1o remove at least a portion of the char from at teast a part of the pump-around loop 1024,
especially parts thereof subjected to high temperature and prone {o char deposition, e.g., line
1029 and Hine 1031, When an undesivable amount of coke, asphaltenes, and/or char has
deposited on the inner surfaces of ling 1033, line 1037, the radiant {ube(s) 1039, line 1041,
and/or optional downstrearn conduits, a process for removing coke, asphaltenes, and/or char
can be desirably carried out to remove at least a portion of the coke, asphaltenes, and/or char.
In certan embodiments, the process for removing char from the pump-around loop 1204 and/or
the process for removing coke, asphaltenes, and/or char from the inner surfaces of Hne 1035,
fing 1037, the radiant tube{s) 1039, ling 1041, and/or optional downstream conduiis may be
carried oui separately while the part of the pump-around loop 1024 subjected to char removal
is isolated from the radiant tubes 1039 in the stearn cracking furnace 1003. In other
embodiments. which can be preferred, the process for removing char and the process for
removing coke, asphaltenes, and/or char may be integrated as illustrated 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 “offiine” mode that includes
stopping introduction of the heavy feed in line 1001 into the vessel 1020 and stopping
mtroduction of the hydrocarbon feed in hine 1007, such that steam cracking of hydrocarbons is
siopped in the radiant tubes 1039 of the steam cracking finnace 1003, In other embodiments,
which can be preferred, the process for removing char can be carried out in an “online” mode
that includes stopping introduction of the heavy feed in hine 1001 mnio the vessel 1020, but
continuing irdroduction of the hydrocarbon feed via line 1007, such that steam cracking of
hydrocarbons continues in the radiant tubes 1039,

(ffline Mode
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[6051} When the offiine mode decharring/decoking operation 15 desired to be camed out,
introduction of the heavy feed in line 1001 and introduction of the hvdrocarbon feed in 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 n ling 1007, respectively. The
overhead line 1023 can aiso be isolated from line 1033 by closing valve 1054, In some
embodiments, the pump 1025 can also be at least parhally fuidly solated from the pump-
around loop 1024 by closing valves 1028 and/or 1030,

[6052] The offiine mode can also inciude fluidly isolating a first end 1040 of the pump-
arpund loop 1024 that is in fluid communication with the vessel 1020 and a second end 1042
of the pump-around loop 1024 that is in lutd communication with the vessel 1020 o provide
a fhadly isolated section of the pump-around loop 1024, For example, valves 1044 and 1046
can be closed to fluidly 1solate the first end 1040 and the second end 1042, respectively, from
the vessel 1020, The first end 1040 of the 1solated section of the pump-around loop 1024 can
be fluidly connected to an aqueous flutd and/or oxidant source. For example, a valve 1048 can
be opened and an aqueous fluid and/or an oxidant (e.g.. axvgen. such as oxvgen in air} in line
1050 can be infroduced into the first end 1040 of the isolated section of the pump-around loop
1024, The fluid in line 1030 preferably comprises steam and molecular oxygen as an oxidant.
The fluid in line 1050 can be, 2.2.. steam, air, a steany/air mixture, a mixture of oxygen and an
inert gas, a mixtwre of air and an inert gas. a muxture of steam, air, and an inert gas, and the
like. Preferably, the fluid in line 1050 i3 a steam/air mixture. The second end 1042 of the
isolated section of the pump-around loop 1024 can be fluidly connected to hine 1033, For
example, a valve 1052 can be opened and the agueous thuid and/or oxidant introduced to the
first end 1040 of the purnp-around Joop 1024 can flow thersthrough and into line 1033 vialine
1032, B should be understood 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 introduction into ine 1029, If the first end 1040 and the valve 1044 are
located between the pump 1025 and the vessel 1020, a bypass line can be used 10 so that the
pumyp 1023 can be bypassed, as described below with reference to FIGs. 2 and 3.

[6083] As the aqueous fluid and/or oxidant introduced via line 105¢ into the pump-around
loop 1024 flows therethrough, the aqueous fluid and/or oxidant can be heated within line 1029
to produce a heated or first heated mixture that can be recovered via line 1031, The first heated
mixture in line 1031, upon exiting the conveclion section 1005, can be at a temperature in a
350°C, 375°C, or 425°C 1o 450°C, 500°C, or 550°C. The

range, e.g., from 300°C, 325°C

>

aqueous fluid and/or oxidant can remove at least a portion of the char deposited within the
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pump-around loop 1024 via spalling and/or other phvsical mechanism(s). When the oxidant is
present at feast a portion of the char can be combusted to produce a combustion product. As
such, the first heated mixtore introduced via line 1032 from the pump-around loop 1024 into
hine 1033 can include steam, if the oxadant is present, any unreacted oxidant, and at least one
of (1) at least a portion of any char and, if the oxidant is present, {it) the combustion products.
[3054] The {irst heated mixture in line 1033 can flow through line 1035 to produce a second
heated nuxture m ling 1037 that can be introduced into the radiant tube(s) 1039 disposed within
the radiant section 1006 of the seam cracking furnace 1003, The second heated mixture in line
1037 can be at a lemperaiure in a range, e.g.. from 300°C, 325°C, 356°C, 375°C, or 425°C to
4507C, S60°C, or S50°C. The steam introduced via Hne 1011 can be continued or can be
stopped by closing valve 1037, As such, in some embodiments, the first heated maxture in line
1033 can include only the contents from line 1032 or can include a combined heated mixture
of the contents 1o line 1032 and steam from line 1015,

[G83S]  ¥n some embodiments, the offline mode can also include introducing an oxidant {e.g.,
oxvgen, such as oxygen in air) via line 1056, e g, by opening valve 1038, and introduction of
the aqueous fluid via line 1011 can be continued such that a heated oxidant and steam mixtare
can be provided inline 10135 that can be combined with the first heated mixture from the pump-
around loop 1024 {o produce a combined heated mixture in line 1033, 1t should be understood
that the oxidant and steam can be combined at any point in the convection section 1005 ahead
of the radiant section 1006, In other embodiments, the offline mode can include introducing
an oxidant via line 1036, e.g., by opening valve 1038, 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
hine 1015 that can be combined with the first heated mixture from the pump-around toop 1024
to produce the combined heated wixture in line 1033, The fluid n line 1056 preferably
comprises molecular oxygen as an oxidant. The fluid in line 1056 can be, e.g, steam, air, a
steamn/atr mixture, a mixture of oxygen and an inert gas, a mixture of air and an inert gas, a
misture of steam, air, and an inert gas, and the like. Preferably, the fluid jo line 1056 15 air.
The steam, heated oxidant, or mixture thereof in line 1013, upon exiting the convection section
10053, can be at a temperature in a range, e.¢., from 300°C, 325°C, 350°C, 375°C, or 425°C to
4507C, S00°C, 350°C, 600°C, 656°C, T00°C, 725°C, or 750°C. The combined heated mixture
in line 1033 can be heated in the heat exchanger or second conduit 1035 disposed within the
convection section 1005 of the steam cracking furnace 1003 1o produce the second heated

~
Ji
!

mixture in lins 1037,
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[B056]  As the first heated mixture or the corabined heated mixiure flows through line 1035
and as the second heated mixiuvre 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
deposited therein can be removed via spalling and/or other phyvsical mechanism{s). When the
oxidant 15 present in the first heated mixture or the combined heated nuxture in line 1033, at
least a portion of any coke, asphaltenes, and/or char deposited within line 1035, line 1037, the
radiant tube(s) 1039, line 1041, and optional downstream condwit(s) can be combusted to
produce a combustion product that can be further treated by, ¢ g, by further combustion,
separation, other processes, or any combination theresf. The combustion product can be
produced by combusting at least a portion of any coke, apy asphaltenes, and/or any char present
1o the first heated mixture or the combined heated muxture and/or at least a portion of anv coke,
asphaltenes, and/or char disposed on the inner surface of the heat exchanger or second condut
10353, line 1037, and/or the radiant tube(s) 1039,

{6057] The offline mode can also include purging at least a portion of any liquid phase
efffuent present in the vessel 1020, For example, with valve 1028 closed to isolate the pump
1025 from the vessel 1020, at least a portion of any hquid phase efftuent present within the
vessel 1020 can be removed via lines 1021 and 1022 by opening valve 1059 while the section
of the pump-around loop 1024 is fluidly isolated from the vessel 1020, In some embodiments,
the liguid phase effluent removed via lings 1021 and 1022 can include, in addition to melted
and/or solubilized plastic and, opfionally, other hydrocarbons, and/or char. Ag such, char can
also be removed from the system 1000 via lines 1021 and 1022 during the oftline mode.
[6058] Once the offline mode has been carried out for a sufficient duration, introduction of
the agqueous fluid and/or oxidant vialine 1050 into the pump~-arcund loop 1024 and introduction
of the oxidant via hne 1036, if used, info line 1007 can be stopped, e.g., by closing valves 1048
and 1058, respectively. The pump-around loop 1024 can be fluidly recormected to the vessel
(020, e.g., by opening valves 1028, 1030, 1044, and 1046 and closing valves 1032 and 1059
Introduction of the heavy feed via hine 1001, the hvdrocarbon feed via line 1007, and. if stopped,
the agueous fluid via line 1011, can be restarted, e.g.. by opening valves 1002, 1004, and 1057,
respectively. The overhead line 1023 can be fluidly reconnected to line 1033 by opening valve
1054,

Onhine Mode

{36597 When the online decharring/decoking operation is desired to be carried out,
introduction of the heavy feed in line 1001 can be stopped, but the introduction of the

hydrocarbon feed via line 1007 can continue. For example, valve 1002 can be closed to stop
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wiiroduction of the heavy feed in line 1001 and valves 1004 and 1057 can remain open to allow
continued introduction of the hvdrocarbon feed and the aqueous fluid, respectively. The
hydrocarbon feed introduced via line 1007 can be heated within the convection section 1005
of the steam cracking furnace and combined with the agueous fluid i hine 1011 fo produce a
first heated mixture in line 1015, Heating the hvdrocarbon feed can be carried out before,
during, and/or affer the hydrocarbon feed is combined with the aqueous fluid.

0068} The overhead line 1023 can also be isolated from bue 1033 by closing valve 10534
The pump 1025 can also be fluidly isolated bv closing valves 1028 and 1030, The first end
10490 of the pump-around loop 1024 that is in fhid commumication with the vessel 1020 and
the second end 1042 of the pump-around loop 1024 that is in fuid communication with the
vessel 1020 can be fluidly 1solated to provide the fluidly 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 of the puwmp-around foop 1024, respectively, from the vessel
1020, The first end 1040 of the isolated section of the pump-around loop 1024 can be Duidly
connected to the aqueous fluid source by opening valve 1048 and the aqueous 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 undersiood that during the online mode the intentional introduction of an oxidant
via line 10350 is generally avoided due to the presence of the hydrocarbon feed in line 1015
The second end 1042 of the isolated section of the pump-around loop 1024 can be fhudly
connected to line 1033, For example, valve 1052 can be opened and the aquecus flud
introduced to the first end 1040 of the pump-around loop 1024 can flow therethrough and mto
line 1033 via line 1032.

66631 Ags the aqueous fluid introduced via line 1050 1uto the pump-around loop 1024 flows
therethrough the aqueous fluid can be heated within fine 1029 1o produce a heated or second
heated mixture. If the agueous fluid includes liquid water, at least a portion of the hiquid water
can be heated sufficiently to produce steam. The steam can remove at least a portion of the
char deposited within the pump-around loop 1024 wia spalhing and/or other physical
mechamsm{s) As such, the second heated nuxture introduced from the pump-around loop
1024 into line 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 hine 1032 can be combined to
produce a third mixture in line 1033, The third mixture can flow through the heat exchanger
or second condwt 1035, through line 1037, and into the radiant tube(s) 1039 disposed within
the radiant section 1006 of the seam cracking furnace 1003, and exits the steam cracking

furnace via hine 1041,
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[6062]  As the third mixture flows through Hine 1033, Tine 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 1013 can
be cracked under steam cracking conditions to produce a sieam cracked hyvdrocarbons. As such,
the effluent existing the steam cracking farnace 1003 via line 1041 from the steam cracking
furnace 1003 can include hvdrogen, steam cracked hydrocarbons such as desirable olefins,
naphthas, gas oil, sleam cracker {ar, uncracked hvdrocarbon feed, coke, asphalienes, steam,
char, or any mixture thereof. In some embodiments, the efffuent in line 1041 can include one
or more olefing, steam, and at least one of char, asphaltenes, and coke. In other embodiments,
as the third mixture flows through the radiant tubeds) 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 onhne 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 1solate the pamp
1025 from the vessel 1020, at least a portion of any hquid phase effluent present within the
vessel 1020 can be removed via lines 1021 and 1022 by opening valve 1059 while the section
of the pump-around loop 1024 is fhuidly isolated from the vessel 1020, In some embodiments,
the liqgmd phase effluent rerooved via hmes 1021 and 1022 can nclude, in addition to
melted/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 online mode.
{60647 Once the online mode has been carried out for a suffictent duration, introduction of
the agueous fluid via Tine 1050 mto the pump-arcund loop 1024 can be stopped by closing
valve 1048, The pump-around loop 1024 can be fluidly reconnected to the vessel 1020 by
opening valves 1028, 1030, 1044, and 1046 and closing valves 1052 and 1059, Introduction
of the heavy feed via line 1001 can be restarted, e.g., by opening valve 1002, Once a sufficient
amount of heavy feed from line 1001 has been imiroduced into the vessel 1020 the overhead
line 1023 can be reconnected to line 1033 by opening valve 1054,

FIG 2

[6065] FIG. 2 depicts another illustrative process/system 2000 for removing char from the
pump-around loop 1024 integrated with the plastic pvrolysis vessel 1020 and the steam
cracking fumace 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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wiroduced into the plastic pyrolysis vessel 1020, according to one or more embodiments,
During normal pyrolysis operation, the process/systemy 2000 can be configured for steam
cracking the mixture in 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 built
up in the pump-around loop 1024 and/or a sufficient amount of coke, asphaltenes, and/or char
has built up in line 1033, line 1037, the radiant tube(s) 1039, hne 1041, and optional
downstream conduit(s), the process for removing coke, asphaltenes, and/or char can be initiated
and carried out in an offline mode.

[8066] Prior to initiating the decharring/decoking operation, introduction of the heavy {eed
via line 1001 into the vessel 1020 and introduction of the hvdrocarbon feed via ling 1007 into
the convection section 10035 of the steam cracking furnace can be stopped bv closing valves
1002 and 1004, respectively. The pump 1025 can also be fluidly isolated from the vessel 1620
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 include, but is not imited to, melted and/or solubilized
plastic material, pyrolyzed plastic material, iqud hydrocarbons such as an optional carrier
hquid, 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 from the vessel 1020 can flow via line 1021 mwio
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 fhuidly isolate the purge line 1022
from line 1021, The vessel 1020 can also be flaidly isolated from the first end 1040 of the
purnp-around foop 1024 by closing valve 1044, If purge hine 2022 is used to remove the
contents of the vesse] 1020, valve 201¥ can rerain open to allow for a solid-containing bottoms
materials to exit vessel 1020 during the decharring operation.

{6067}  With the first end 1040 of the pump-around loop 1024 fluidly isolated from the vessel
1020 and the pump 1025 flutdly isolated from the pump-around loop 1024, an aquecus fluid
and/or oxidant via line 1050 can be introduced into line 1021 by opening valve 1048, The
agueous fluid and/or oxidani can flow via line 2010 bypassing pump 1025, For example, a
valve 2012 can be opened to allow the agueous fluid and/or oxidant to flow therethrough and
into line 1027 of the pump-arcund foop 1024,

[B068]  As the aqueous fhad and/or oxidant introduced via line 1050 into the pump-around

loop 1024 flows therethrough the agueous fluid and/or oxidant can be heated within line 1029
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to produce 4 heated or first heated mixture. As noted above, in some embodiments, line 1029
can be disposed within a heat exchanger that is extemal to the convection section 10035 of the
steam cracking furnace 1003, The agueous fluid and/or oxidant can remove at least a portion
of the char deposited within the purnp-around loop 1024 via spalling and/or other physical
mechanismis). When the oxidant is present at least a portion of the char can be combusted to
produce acombustion product. As such, the first heated muxture inline 1031 can include steam,
if the oxidant is present, anv anreacted oxidant, and at least one of {1} at least a portion of any
char, and, if the oxidant is present, (it} the combustion product. The first heated mixture in line
1031 can low into the vessel 1020.

[666%] A vapor phase overhead via line 1023 and a solid-containing malerial via hine 1021
can be obtained from the vessel 1020 The vapor phase overhead 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 overhead in line 1023 is in the liquid phase, such minor amount can
be up to about 5 wi%%. 4 wit%. 3 wt%, 2 wit%, T wi%, 0.3 wi%, 0.1 wi%, or .01 wids, based on
the total weight of the vapor phase overhead. The vapor phase overhead in line 1023 can
primarily include steam and, if present, oxidant and the combustion product and potentially
minor amounts of entrained char and/or hydrocarbons that may be present in the pump-around
loop 1024, The solid-containing material in line 1021 can include char. The solid-containing
bottoms material in line 1021 can also include ligud, e g., residual hvdrocarbons and/or plastic
material. The sehd-contaiming bottoms raterial in line 1021 can be removed via line 2022 by
opening, if not already open, valve 2018, In some embodiments, hine 2022 can be close coupled
o the vessel 1020 to reduce the ikelihood of line 1021 becoming plugged with the char.
[6076]  With valve 1004 closed such that the hyvdrocarbon feed in line 10067 is no longer
wtroduced into the process/system 2000, the offline mode can also jnchude introducing an
oxidant via line 1056, e.g.. bv opening valve 1058, and introduction of the agueous flmd via
live 1011 can be continued such that a heated oxidant and steam mixiure can be provided in
ling 1015 that can be combined with the vapor phase ovethead 1 Hne 1023 1o produce a
combined nixture in line 1033, The combined mixture in line 1033 can be heated in line 1035
disposed within the convection section 1005 of the steam cracking fiwnace 1003 and then
mtrodaced via line 1037 into the radiant tube(s) 1039 disposed within the radiant section 1006
of the steam cracking fumace 1003,

[367%]  As the combined muxture in line 1033 flows through hne 1035, line 1037, the radiant
tube(s} 1039, line 1041, and optional downstream conduri{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 porfion of any coke, asphalienes, and/or char depostted within hine

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

also be combusted to produce a combustion product. The combustion product can be produced

by combusting at least a porttion 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
fing 1033, line 1037, the radiant tubeds) 1039, hine 1041, and/or optional downstream conduit(s).
[G072]  In some embodiments, introduction of the oxidant via hine 1056 can be avorded and

introduction of the steam via line 1011 can be stopped such that cnly the vapor phase overhead

in ling 1023 flows through line 1033, the heat exchanger 1033, line 1037, into the radiant tube(s)
1039, and line 104f. In such embodiment, the level or degree of fouling within the pump-

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

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

(020, whereas the level or degree of fouling within line 1033, line 1037, the radiant tube(s}

1039, line 1041, and/or optional downsiream conduit(s) did not warrant initiating a process {o

remove coke, asphaltenes, and/or char therefrom. In such embodiment, however, it should be

anderstood that at least some removal of coke, asphaltenes, and/or char from line 1033, ling

1037, the radiant tube(s) 1039, line 1041, and/or optional downstrearn conduit(s) can occur as

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

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

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

line 1015 flows through line 1033, line 1035, line 1037, the radiant tubefs) 1039, line 1041,

and optional downstream conduit(s).

[6073] Once the offline mode of yemoving char from the pump-around loop 1024 and of
removing coke. asphaltenes, and/or char from line 1035, hne 1037, the radiant tube(s) 1039,

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

mntroduction of the aqueous flud and/or oxidant via line 1050 info the pump-around loop 1024

and, if used, wmtroduction of the oxadant via line 1056 iuto line 1007 can be stopped by closing

valves 1048 and 1058, respectively. The pump-around foop 1024 can be fludly reconnected

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

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

restarted by opening valves 1002 and 1004, respectively.

FIG. 3

[3074] FIG. 3 depicts an illustrative process/system 3000 for removing char from the pump-

around loop 1024 nlegrated with the plastic pyrolysis vessel 1020 and the stearn cracking
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fumace 1003 while mamtaining steam cracking of the hvdrocarboun feed within the radiant
section 1006 of the steam cracking fumace 1003, according to one or more embodiments.
During normal pyrolysis operation the process/system 3000 can be configured for steam
cracking the mixture in Hine 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 loop 1024, the process for removing char can be initiated and carried
out in an online mode.

8075} The process/system 3000 is similar to the process/system 2000 described above with
reference to FIG. 2. The main difference is that only an aqueous {uid via line 1050 is
introduced into the pump-around foop 1024 1o carry out the decharring operation of the pump-
around loop 1024 while the hydrocarbon feed via Hoe 1007 continues to be mtroduced and
combined with the aqueous fhud in line 1011 fo produce the first heated mixture in line 1015.
As such, steam cracking of the hydrocarbon feed in line 1007 can continue simultaneousty with
the dechaming of the pump-around loop 1024,

[8876] The decharming of the pump-around loop 1024 can be initiated in a sinalar manner as
described above with reference to FIG. 2. Prior to iniiiating the decharring operation,
mtroduction of the heavy foed via line 1001 into the vessel 1020 can be stopped by closing
valve 1002, Introduction of the hvdrocarbon feed via line 1007 into the convection section
1005 of the steam cracking fumace can be maintained. The pumyp 1025 can be fluidly isolated
from the vessel 1020 and the pump-around loop 1024 by closing valves 1028 and 1030, At
least a portion of the contents disposed within the vessel 1020 can be purged therefrom. The
contents disposed within the vessel 1020 can be or can include, bwt is not limited to,
melted/solubilized plastic material, pyrolyzed plastic material, liguid hydrocarbons such as an
optional carrier iquad, char, or any mixfure thereof In one embodiment, valve 1059 can be
opened and the contents from the vessel 1020 can flow via hine 1021 into purge line 1022 and
be removed from the process/system 2000, as described above with reference (o FIG. 1. In
another embodiment, valve 2018 can be opened and the coutents from the vessel 1020 can flow
vig line 1021 into 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 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, If purge line 2022 is used to
remove the contents of the vessel 1020, valve 201€ can rematn open o allow for a sohid-

containing bottoms material 1o exit vessel 1020 dwing the decharring operation.
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[B077]  In some embodiments, duning stopping introduction of the heavy feed in line 1001
and purging of the vessel 1020, the overhead line 1023 can be fluidly isolated from line 1015
by closing valve 1054, Closing valve 1054 can prevent the heated mixture of the hydrocarbon
feed and steam in line 1018 from flowing into the vessel 1020 via the overhead Iine 1023, With
the first end 1040 of the pump-around loop 1024 fluidly isolated from the vessel 1020 and the
pump 10625 fludly tsolated from the pump-around loop 1024, an aqueous fluid via line 1030
can be introduced into Hne 1021 by opening valve 1048, The aqueous fluid can flow around
the pump 1025 via the bypass line 2010, For example. valve 2012 can be opened to allow the
agueous {Tud and/or oxidant 1o flow therethrough and inio line 1027 of the pump-around loop
1024, 1f valve 1054 is closed, valve 1054 can be opened once a safficient amount of the
agqueous fluid has been introduced via line 1050 into the pump-around loop 1024,

{00781 As the aqueous fluid introduced via line 1050 into the pump-around [oop 1024 flows
therethrough the aqueous flutd can be heated in line 1029 to produce a heated mixture in line
1031 that can include steam and char that was disposed within the pump-around loop 1024,
The aqueous fluid can remove at least 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 mto the vessel 1020.

{60791 A vapor phase overhead via line 1023 and a solid-containing bottoms material via
ling 1021 can be obtained from the vessel 1020. The vapor phase overhead can be in the gas
phase or can primanly be in the gas phase with a minor arnount in the liquid phase. When a
minor amountt of the vapor phase overhead in line 1023 1s in the liguid phase, such minor
amount can be up to about 5 wi%, 4 wi%, 3 wi%, 2 wibe, 1 wi%, 0.5 wi%, .1 wi%, or 0.01
wi%, based on the total weight of the vapor phase overthead. The vapor phase overhead i line
1023 can pnmanly include steam and potenfially minor amounts of entrained char and/or
hydrocarbons that may be present in the pump-around loop 1024, The solid-containing
boitoms material in hine 1021 can include char. The sohd-containing botioms material in line
1021 can also foclude iquid, e.g., residual hydrocarbons. plastic material, condensed steam, or
a mixture thereof. The solid-containing bottoms material in line 1021 can be removed via line
2022 by opening, if not already open, valve 2018, In some embodiments, Hine 2022 can be
close coupled to the vessel 1020 1o reduce the likelihood of line 1021 becoming plugged with
the char.

[3088] The heated mixture of hydrocarbon feed and steam in line 1015 can be combined with
the vapor phase overhead in Hoe 1023 (with valve 1054 open) to produce a combined mixture

in ling 1033, The combined mixiure in hine 1033 can be heated in line 1035 disposed within
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the convection section 1003 of the stearn cracking fumace 1003 and then introduced via hine
1037 into the radiant tube(s) 1039 disposed within the radiant section 1006 of the steam
cracking furnace 1003, As the combined mixture in ling 1033 flows through line 1035, line
1037, the radiant tube{s) 1039, line 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 mechanisin(s) and exit the stearn cracking fumace 1003, As such, the elfluent
i hne 1041 can wnclude cracked hydrocarbon, eg, ethyvlene, propviene, and/or butens,
uncracked hvdrocarbon feed, coke, asphaltenes, steam. and/or char.

[6081] The efflueni exiting via line 1041 [rom the stream cracking {urnace 1003 can be
jntroduced into a heat exchanger 3002 to produce a cooled elffluent 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 info the heat exchanger 3002 and heat can be indirectly
transferred from the effluent to the heat transfer fluid to produce the cooled effluerd in hine
1041 and heated heat transfer fluid. In still other embodiments, both direct contact with the
quench fluid in Hine 3004 and indirect heat exchange with a heat transfer fluid can be used to
produce the cooled effluent vialine 3041, It should be understood that the heat exchanger 3002
can be present inn the embodiments described above with reference to FIGs. 1 and 2.

[#082] In some embodiments, the solid-confaining bottoms matenial in line 2022 can be
combined with the efffuent in hine 1041 via line 3008 to produce a combined mixture 1 line
1041, In other embodiments, the solid-containing bottoms material in line 2022 can be
combined with the cooled effluent in line 3041 via line 3010 to produce a combined mixture
inting 3041, In still other embodiments, a first portion of the solid-containing bottoms material
1o line 2022 can be combined with the effluent in hine 1041 via hine 3008 and a second portion
of the solid~-containing bottoms material in line 2022 can be combined with the cooled effluent
in dine 3041 wvia line 3010, In still other embodiments, the solid-containing bottoms material
can be directed fo a processing untt configured to process the solid-contaiming bottoms material
withowt combining the solid-containing bottoms material with the effluent in line 1041 or the
cooled effluent in line 3041

{60831 Once the online mode removal of char from the pump-around loop 1024 illustraied
in FIG. 3 has been carried out for a sufficient duration, introduction of the aqueous fhwid via
ling 1050 into the pump-around loop 1024 can be stopped by closing valve 10#4& The pump-
around loop 1024 can be fluidly recomnected to the vessel 1020 by opening valves 1028, 1030,

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

[6684]  In an altermative embodiment, line 1029, in any one of the processes/systems 1600,
2000, and 3000 deseribed above with reference to FIGs. 1-3, can be disposed within an external
heat exchanger, 1.¢, not located within the convection section 10035 of the steam cracking
furnace 1003, 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 10335, line
1037, the radiant tubeds) 1039, line 1041, and/or optional downstream conduit{s). In one such
slternative embodiment, a heated fluid medium can be introduced into the external heat
exchanger and heat can be indirectly iransferred from the heated fluid medium to the fluid in
ling 1027 into the external heat exchanger. A cooled fluid medium and the heated mixiure via
line 1031 can be obtained from the external beat exchanger. In some ernbodiments, the heated
fluid medium that can be introduced into the external heat exchanger can be or can include, but
is not Hmtted to, one or more heated hydrocarbons, steam, a heated combustion or flue gas, a
non-hvdrocarbon flud, e.g, liquid phase water, any combination thereof, or any nuxture
thereof. It should be understood that multiple heat exchangers external to the convection
section 1005 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 altemative embodiment, one or more electrical heating elements can be used
1o provide the heat to the external heat exchanger 1029, For example, a radiant/conductive
heat source can be disposed within the exiernal heat exchanger that can be or can include one
or more electnic heating elements that can heat the aqueous fluid and/or oxidant introduced via
hne 1027 mto the external heat exchanger. In still other embodiments, a heated fluid medium
and one or more electiical heating elements can be used to heat the aqueous fluid and/or oxidant
mtroduced via line 1027 into the external heat exchanger.

Plastic Pyrolvsis Conditions

[0085] 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 100! can be used as received. If the plastic material
is treated to remove at least a portion of any contaminants therefrom, such treatment can include,
but is not limited to, sortation, filtration, water washing, solvent extraction, contact with super-

critical water, contact with supercritical carbon dioxide, or any combination thereof. In some
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embodiments, the plastic material in the heavy feed in Iine 1001 can have been subjected o
one or more physical processes such as chopping, grinding, shredding, or other suitable 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 or less, 2.5 emoor less, 2 cm or less, 1 emor
less, 0.1 cmorless, or 0.01 cm or less. The median particle size is the diameter of the smallest
bounding sphere thai contains the plastic particie.

[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/svstem 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

in line 1001 can be introduced imto the vessel 1020 at ambient temperature. In other
embodiments, the heavy feed in line 1001 can be pre-heated {0 a temperature in a range, e.g.,
from 30°C, 75°C, 1007C, or 150°C 0 200°C, 275°C, 0r 350°C. At least a portion of the plastic
material in the heavy feed introduced via line 100! into the vessel 1020 can be cracked in the
vessel 1020 ander plastic pyrolysis conditions to produce the vapor phase effluent and a liquid

phase offluent that can be recovered or otherwise obtained vialines 1023 and 1021, respectively,
from the vessel 1020.

[B087] Insome embodiments, the plastic pvrolysis conditions in the vessel 1020 can include
an average temperature 1n the vessel 10201 arange, e.g., from 275°C, 300°C, 323°C, 350°C,
or 375°C 1o 400°C, 423°C, 450°C, 473°C, 500°C, 523°C, or 530°C. Under such temperature,
the plastic maderial and some heavy hydrocarbons undergo thermal pyrolysis 1o produce
smaller, lighter molecules, e.g., molecular hydrogen, C1-C4 hydrocarbons, and C5+

hydrocarbons, in the vessel 1020, Thus, the vessel 1620 serves in part as a thermal pyrolysis
reactor. The thermal pyrolysis reactions can be generally endothermic. In some embodiments,
such desirable temperature n the vessel 1020 can be partly achieved and maintained by

ncluding an internal heater {e.g.. a heat exchanger) o the vessel 1620, in addition {0 heating
via exchanger 1029 of the recycle fluid siream 1027 and/or pre-heating of stream 1001, Ina
preferred embodiment, however, no intemal heater is installed within vessel 1020 to reduce
fouling and simplify necessary cleaning inside vessel 1020, and the temperature in vessel 1020
is achieved and/or maintained by the suitable temperature and flow rate of streams in lines 1001

and 1031 as described below. In preferred embodiments, the heavy feed siream n hine 1601

has a temperature lower (g.g., 100°C, 120°C, 140°C, 150°C, 160°C, 180°(C, 204°C, 220°C,

240°C, 250°C, 260°C, 2807C, 300°C lower) than that of the fluid stream in line 1031, Inside
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vessel 1020, fluids from lives 1001 and 1031 can be moixed (e g, by one or more agitating
means such as a rotating mixer inside the vessel 1020, not shown) to achieve the desived
average temperature inside the vessel. In some embodiments, the plastic pyvrolysis conditions
m the vessel 1020 can include a pressure in the vessel i a range, e.g., from 350 KPa-gauge,
500 kPa-gauge, 700 kPa-gauge, or 1.000 kPa-gauge to 1,250 kPa-gauge, 1,500 kPa-gauge, or
1,750 kPa-gauge. Tu sorue embodiments, the plastic pyrolvsis conditions in the vessel 1020
caninclude a residence time inthe vessel 1020 safficient to crack at least a porfion of the plastic
material. Depending, at least in part, on the composition and amount of the plastic material in
the heavy [eed introduced via in line 1001 into the vessel 1020, the temperature within the
vessel 1020 and/or the arvount of time required to crack a desired amount of the plastic malerial
can widely vary. Typically, increasing the teroperature can reduce the amount of time required
for a given quantity of a given plastic material to be cracked under the plastic pyrolysis
conditions to produce the vapor phase effluent and the liguid phase effluent,

{G088] Durning pyrolysis operation in the processes/systerns dlustrated in FIGs. 1-3, by
pumping the plastic-containing hiquid stream 1027 and heating the same in the heat exchanger
1029 in the convection section 1003, unreacted plastic malerial and heavy molecules {such as
heavy hydrocarbons) contained therein can be exposed to pyrolyvsis conditions in vessel 1020
a second, or even multiple times, effectively extending the residence time thereof to achieve
the desired level of pyrolysis under the desired pyrolysis conditions such as a temperanwe
without causing excessive coking in vessel 1020 and connected pump and conduit lines. The
thermal energy entrained i the flue gas exiting the radiant section 1006 of the steam cracking
furnace can be effectively and efficiently used to heat the fluid stream in exchanger 1029,
Hyvdrocarbons such as €1-C4 gases and those bolling in naphtha boiling ranges exiting vessel
1020 in the vapor phase effluent 1023, which are bighlv suttable for stearn cracking. can be
combined with the heated mixture in line 1015 that includes hydrocarbouns and steam, further
heated, and then cracked in the radiant section 1006 of the steam cracking fumace 1003,
[G089]  To some embodiments, a iguid medium, e.g., a carrier hiquid, can be nuxed, blended,
combined, or otherwise contacted with the liquid phase effluent in the pump-around loop 1024,
In some embodiments, when the heavy feed in line 1001 includes a majonity or only one or
more plastic materials, contacting the hquid phase efflaent in the pump-around loop 1024 with
the liquid 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 dilution as compared to the liquid phase effluent before combining with the Hquid

medium. In other embodiments, at least a portion of the hiquid mediom can be combined with
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and be 4 part of the heavy hvdrocarbon feed 1u line 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 medium 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 1000



WO 2024/155458 PCT/US2024/010507

h

15

20

[N
Py

30

31

Steam Cracking Conditions

[6098] The steam cracking conditions within the radiant section 1006 of the steam cracking
furnace 1003 can include, but are not lumited to, one or more of: exposing the heated combined
mixiure to a temperature {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 930°C, about 1,000°C, or
about 1050°C, a pressure of about 100 kPa-absolute to about 600 kPa~absohite, and/or a steam
cracking residence time of about 0.01 seconds to about 5 seconds. In some embodiments, the
heated combined mixture can be steam cracked according to the processes and svsiems
disclosed in U.S. Patent Nos. 6,419,885; 7,993 435; 9.637.6%4; and 9,777,227, U.S. Patent
Application Publication No. 2018/0170832; and International Patent Application Publication
No. WO 2018/111574. The steam cracker effluent in hine 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
B00°C, or about 900°C {0 about 930°C, about 1,0600°C, or about 10506°C. Tt should also be
undersiood that the steam cracking furnace 1003 roay 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 fwrnace. Such fuel can mnclude, eg,
methane, natural gas, hyvdrogen, and mixtures thereof at any proportion.

[6091] In some embodiments, the steam cracking fumace 1003 can include a plurality of
mternal heat exchangers 1035 and a phwality of radiant tubes 1039, Each intemnal heat
axchanger 1035 can be in fluid communication with a corresponding radiant tube 1039 or two
or 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
furmace 1003, One or more of the “passes” through the convection section 1035 can be
configured 1o receive the combined mixiure in Hoe 1033 such that only some of the “passes”
process the combined mixture in line 1033, Each individual “pass™ through the convection
section 1005 and the radiant section 1006 can be configured to process a unigue feed that can
be controlled independently from one another.  As such, i sorse erobodiments, the steam
cracking fumace 1003 can process the combined mixture in line 1033 that includes one or more
hydrocarbons produced by pyrolyzing the plastic material within the vessel 1020 in one or
more “passes” while simaltaneously processing one or more additional hyvdrocarbon feeds that
do not contain the one or more hvdrocarbons 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 fine 1015 can be combined with the vapor phase effluent in

line 1023 and a second portion of the heated maixture n line 1013 can be routed through another
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heat exchanger disposed within the convection section 1003 of the steam cracking furmnace 1003
and then into one or more separate radiant fubes 1039 disposed within the radiant section 1006
of the steam cracking furnace 1003, In other examples, multiple hydrocarbon feeds having the
same or different compositions can be heated with one or more hydrocarbon feeds being
combined with the vapor phase efffuent in line 1023 and one or more hydrocarbon feeds being
processed separadely, 1.e., pot combined with the vapor phase effluent 1in Hine 1023, within the
radiant section 1006 of the steam cracking furnace 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 one another.

(66921 In some embodiments, the heated mixture in hine 1037 can bg a gas/hquid phase
nuxture T such embodiment, the processes/svstems 1000, 2000, and 3000 can be configured
to obiain a vapor phase overhead and a liquid phase bottoms by introducing the mixture in line
1037 o a separation drum. The vapor phase overhead can be heated (e.g.. in the convection
section 1005 of the steam cracking furnace 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 1o as a vapor-liquid separaior, vaporization drum, or flash drum. In
some embodiments, the liquid phase bottoms recovered from the separation drurn can have a
cutoff point of from 300°C to 700°C, e.g., 310°C to 550°C, as measured according to ASTM
D160-18, ASTM DB-86-20b, or ASTM D28%7-19a3e2. 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 in US. Patent Nos. 7.097,738; 7,138,047;
7.220,887; 7,235,705, 7.244.871, 7.247.765, 7,297,833, 7,311,746, 7,312,371, 7,351.872,
7,427,381, 7,488,459, 7,578,929 7,674,366 7.767.008; 7,820,035, 7,993,435 §,105 479, and
9777227,

[0693]  In some embodiments, at least portion of the hquid phase bottoms recovered from the
separation drum can be recycled to the vessel 1020 and further subjecied to the plastic pyrolysis
conditions therein. To other embodiments. at least a portion of the liguid 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 embodiments, al least a portion of the liguid 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 recovered 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 refivery,
chemical, or other petrochemical operations and/or separated out into two or more products.
[6694] Tt should be understood that the steam cracking fumace 1003 can be operated on all
hydrocarbon feeds that can be processed i a sieam cracking fumace. For example, the
hiydrocarbon feed can be operated exclusively on one or more hydrocarbons that are gaseous
at room ternperature, ¢.2., ethane, propane, and/or butane, one or more hyvdrocarbons that are
liguid at room temperature. ¢.g.. napbtha, one or more hydrocarbons that are solid at room
temperature, 2.2, heavy fractions obtained from a crude oil, or any combination or mixture
thereof.

[8095]  In some embodiments, dunng the start-up of the process/systems 1000, 2000, and
30060 (whether the first time 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 heated medium therethrough, heating elements, a flue gas recovered from the steam
cracking fumace 1003, and/or any other suilable heat source. In other embodiments, during
the start-up of the process/system 1000, the heavy feed in line 1001 can have asufficiently low
viscosily or otherwise improved flow characteristics that the heavy feed can be obtained via
hine 1021, transferred via line 1027 nito and through the heat exchanger 1029 for heating, and
then reintroduced via line 1031 info the vessel 1020, In still other embodiments, duning the
start-up of the process/system 100(, the heavy feed in line 1001 can be first heated within the
convection section 1005 {o produce 4 heated heavy feed that can be infroduced info the vessel
1020, In still other embodiments, during the start-up of the process/systern 1000, a carrier
liquid can be heated within the convection section 1005, e g., within heat exchanger 1029 and
introdaced into the vessel 1020, and the heavy hvdrocarbon feed that can be or can include the
plastic material can be added after one or more process conditions within the vessel 1020, e.g.,
a temperature with the vessel 1020, have reached a predetermined value(s).

{00961 In the embodimenis shown i FIGs. 1-3, the vessel 1020 i3 shown (o be connected
with a single sieam crackang furmace. Tt 15 further conteraplated that, 1o certain preferred
embodiments. the vessel 1020 may be connected with multiple steam cracking furnaces. For
example, in one embodiment (not shown), a split siream of the liquid stream in line 1021 may
be pumped and sent 1o a heat exchanger located in the convection section of a second steam
cracker (not shown), where it 1s heated, and then retumed into vessel 1020 afier optionally
being combined 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 showny, a split stream of

the vapor phase effluent in line 1023 may be fed into a second steamn cracking furnace,
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optionaliy after being mived 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 configured to work simultaneously or
aliernately with two or more steam cracking furnaces. Such multiple steam cracking furnace
arrangement can ensure continued plastic pyrolysis and steam cracking operation even if one
steam cracking furnace stopped operation due to, e.g., decoking, mainienance, or other needs.
[G097]  In the embodiments shown in FIGs. 1-3, asingle vessel 1020 is shown to be connected
with a single steam cracking fumace. It is further cortemplated that, in certain preferred
embodiments. muitiple vessels 1020, of the same, similar, of differing sizes and/or designs,
smay be connected with one or multiple steam cracking furnaces. 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 material, and a second vessel 1020 can be designed to
accept a second type of heavy feed comprising a second plastic material which may be the
same or different frora the first plastic matenal. Where the first and second plastic materials
differ, the two vessels 1020 can be operated under differing pyrolysis conditions to suit the
nexds 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 hydrocarbon stream.  The liquid effluent streams 1021 exiting the two vessels
1020, if differing substantially in terms of temperanwe and/or composition, may be separately
pumped into separate heat exchangers 1o the convection section{s) of one or more steam
cracking furnaces. and then returned to the same or different vessel 1620, Such embodiments
including multiple vessels 1020 can have the advantage of being capable of handling multiple
[6098]  Vanous ferms have been defined above. To the extent a term used tn 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 pablication or issued palent. Furthermore, all
patents, test procedures. and other documents cited in this apphication are fully 1ncorporated by

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

jurisdictions in which such incorporation is permitted.

[6099]  While the foregoing is directed o 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 thereofl ts determined by the claims that follow.
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CLARMS:
What is claimed is:
i A process for removing deposits formed in a pvrolysis process using a pump-around

foop. wherein the pump-around foop is in fluid communication with a vessel for cracking
plastic, compnising:

fludly isolating a first end of the pump-around loop that is 1o fluid conununication
with the vessel and a second end of the pump-around locp that is in ffuid compumicalion with
the vessel to provide a fhadly isolated section of the pump-asound loop, wherein the fluidly
isolated section comprises a first condut disposed within a convection section of a steam
cracking furnace or a heat exchanger that is external to the steam cracking furnace, and
wherein the fuidly isolated section of the pump-around loop comprises char deposited on an
tnmner surface of the first conduit;

fluidly comnecting the first end of the isolated section of the pump-around loop to an
agueous fluid and oxidant source;

fluidly connecting the second end of the tsolated section of the pump-around loop
with a second conduit disposed withwn the convection section of the steam cracking furnace;

miroducing an aqueous flwmd and an oxidant from the aqueous fluid and oxidant source

heating the agueous fluid and oxidant by flowing the aqueous fluid and oxidant through
the fluidly isolated section of the pump-around loop to produce a first heated mixture
comprising steam and at least one of char, anv unreacted 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

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

fumace.

2. The process of claim 1, further comprising:

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

after the oxidant s combined with the aqueous fluid; and
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combirung the heated oxidant and steam misture with the first heated yixture
upstream of the second conduit to produce a combined heated mixture, wherein the combined

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

3. The process of claim 2, wherein:
ihe second heated mixture lows through a conduit disposed within the radiant section
of the stearn cracking furnace that comprises coke disposed on an inner surface thereof] and
flowing the second heated muxture through the conduit disposed within the radiant
section of the steam cracking furnace produces an effluent comprising at least a portion of the
coke, a combustion product produced by combusting at feast a postion of the coke, ora

mixture thereof

4. The process of any one of claims | 1o 3, wherein a hquid phase effluent comprising
melied and/or solubilized plastic, pyrolyzed plastic, or a muxture thereof is disposed within the
vessel, the process further comprising purging at feast a portion of the ligmd phase etfluent
from the vessel while the first and second ends of the pump-around loop are fluidly isolated

from the vessel.

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

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

G. The process of any one of claims 110 5, wherein the char deposited on the inner surface
of the first conduit is produced by subjecting a heavv feed comprising a plastic material fo

plastic pyrolysis conditions.

7. The process of claim 6, wherein the plastic material comaprises a nitrogen-containing
polvmmer, a chlorine-containing polymer. a bromine-containing polvimer, a fluorine-containing
polymer, an oxygen-containing polvmer, a polvethviene polvimer, a polypropylene polymer, a
polystyrene polvimer, a polvamide polymer, polyethylene terephthalate, ethylene vinvl acetate,

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

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

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

heating a hydrocarbon feed within a convection section of a steam cracking furnace
and combining the hvdrocarbon feed with an aqueous (uid 1o produce a first heated muxture
comprising hydrocarbons and steam, wherein the heating s carried out before, during, and/or
after the hydrocarbon feed is combined with the aqueous fluid;

{tutdly isolating a first end of the pump-around loop that is in Huid communication
with the vessel and a second end of the pump-around loop that 1s in fluid communication with
the vessel to provide a fluidly isolated section of the pump-around loop, wherein the flmdly
isolated section comprises a first conduit disposed within the convection section of the steam
cracking fumace or a heat exchanger that is extemal to the steam cracking fumace, and
wherein the Huidly solated section of the purap-around loop comprises char deposited on an
inner surface of the first conduit;

fluidly connecting the fivst end of the isolated section of the pump-around loop o an
aqueous fluid source;

fluidly connecting the second end of the isolated section of the pump-around loop to a
second conduit disposed within the convection section of the steam cracking fumace;

mtroducing an aqueous fluid from the aqueous fluid source nto the first end of the
isolated section of the pump-around loop;

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

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

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

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

furmnace.

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

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

section of the steam cracking fumace produces an effluent comprising one or more olefins.

1}, The process of claim ¥ or claim 10, wherein a liqud phase effluent comprising melied
and/or solubilized plastic, pyrolyzed plastic, or a mixture thereof is disposed within the vessel,
the process further comprising purging at least a portion of the liquid phase effluent from the
vessel while the first and second ends of the purop-around leoop are fluidly isolated from the

vessel.

12, The process of anv one of ¢laims 9 1o 11, wherein the char deposited on an imner surface
of the first conduit is produced by subjecting a heavy feed comprising a plastic material to

plastic pyrolvsis conditions.

i3 The process of claim 12, wherein the plastic maierial comprises a nlirogen-containing
polvmer, a chlorine-containing polymer, an oxygen-containing polvmer, a polvethviene
polymer, a polvpropylene polymer, a polysiyrene polymer, a polyamide polymer, polvethvlene
terephithalate, ethylene vinvl acetate, a butadiene polymer, an isoprene polymer, an isobutviene

polymer, or a mixture thereof.

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

crude oil or a fraction thereof.

is. A process for removing depostis formed in a pyrolvsis process using a pump-around
loop, wherein the pump-around loop ts in fluid conununication with a vessel for cracking
plastic, comprising:

fluidly isolating a first end of the pump-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 fumace or a heat exchanger that is external 10 the
steam cracking furnace and has a second end in fluid commumicaiion with the vessel, and
wherein the pump-around foop comprises char deposited on an inner surface of the conduit
disposed within the convection section or the heat exchanger;

fhuidly comnecting the first end of the pump-around loop {0 an aquecus fluid and/or

oxidant source;
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itroducing an aqueous fluid and/or an oxidant from the aqueous fluid and/or oxidant
source into the first end of the pump-~around loop;

heating the aqueous fluid and/or oxidant by flowing the aqueocus fluid and/or oxidant
through the pump-around Ioop to produce a first heated muxiure comprising steam, at least one
of char and if the oxidant 1s present, any unreacted oxidant and a combustion product produced
by combusting ai least a portion of the char;

introducing the first heated mixture into the vessel,

obtaining a vapor phase overhead and a solid-comiaining bottoms material from the
vessel; and

wiroducing the vapor phase overhead jnto a radiant section of the sieam cracking

fumace.

i6. The process of claim 15, wherein:
ihe 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 efflucnt comprising at least one of coke and, if the oxidant 1¢ present, any
wnreacted oxidant and a combustion product produced by combusting at least a portion of the
coke disposed on the inner surface of the conduit disposed within the radiant section of the

steam cracking fumace.

i7. The process of claim 16, further comprising;

heating an oxidant within the convection section of the steam cracking furnace and
combiming the oxidant with an aqueous flind to produce a heated oxidant and steam mixture
comprising the oxidant and steam, wherein the heating is carried out before, during, and/or
after the oxidant is combined with the agueous fhnd; and

corobirung the vapor phase overhead with the heated oxadant and stears mxture to
produce a combined mixture, wherein the combined mixture is introduced into the radiant
section of the steam cracking fumace, and wherein the effiuent comprises the combustion

product.

18 The process of any one of claims 15 to 17, wherein a liquid phase effluent comprising
melted and/or solubilized plastic, pvrolvzed plastic, or a mixture thereof is disposed within the

vessel, the process further comprising purging at least a portion of the liquid phase effluent
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from the vessel after fluidly isolating the first end of the pump-around loop and before fuidly

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

19, The process of any one of claims 15 o 18, wheren the pump-around loop comprises a
pump located between the first and second ends of the pump-arcund loop. the process further
comprising;

fludly isolating the purop from the pump-arcund loop; and

fluidly commecting a bypass conduit that bypasses the pump, wherein the aqueous fluid
and/or the oxidant is introduced into the firsi end of the pump-around loop upstream of the
pump. and wherein the agueous flaid and/or the oxidant bypasses the pump via the bypass

condunt.

24, The process of any one of claims 15 to 19, wherein the vessel comprises char disposed
therein, and wherein the solid-countatning bottoms matenial obtained from the vessel comprises

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

Z21 A process for removing deposits formed in a pyrelvsis process using a pump-around
{oop, wherein the pump-around loop is in fluid conmimunication with a vessel for cracking
plastic, comprising:

heating a hydrocarbon feed within a convection section of a steam cracking fumace
and combining the hydrocarbon feed with an agueous tluid to produce a heated first nuxture
comprising hydrocarbons and steam, wherein the heating is carried out before, during, and/or
after the hvdrocarbon feed is combined with the agaeous fnd;

fluidly 1solating a first end of the pump-around loop that is in fluid communication the
vessel, wherein 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 steam
cracking fumace and has a second end in flwd communication with the vessel, and wherein
the pump-arcund ioop comprises char deposited on an inner surface of the conduit disposed
within the convection section or the heat exchanger,

fluidly connecting the first end of the pump-around {oop to an aquecus fluid source,

mntroducing an agueous fluid from the aqueous fluid source into the first end of the
pump-around loop;

heating the aqueous fluid by flowing the aqueous fluid through the pump-around loop

to produce a heated second mixture comprising stearn and at least a portion of the char;
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introducing the heated second nuxture into the vessel;

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

combining the vapor phase overhead with the heated first nuxture to produce a third
mixfure: and

introducing the third maxture into a radiant section of the stearn cracking fumace.

22 The process of claim 21, wherein:

the third mixture flows through a conduit disposed within the radiant section of the
steam cracking furnace, and

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

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

23 The process of claiva 22, further comprising:

cooling the effluent produced in the radiant section of the steam cracking furnace to
produce a cooled efffuent; and

combining at least a portion of the solid-containing bottoros maternal with the effluent,

the cooled effluent, or a combination thereof

24, The process of anv one of claimgs 21 to 23, wherein a liquid phase efffuent comprising
melted and/or solubilized plastic, pvrolvzed plastic, or a nuxture thereof is disposed within the
vessel, the process further comprising purging at least a portion of the liguid phase effluent
from the vessel after fhuidly isolating the first end of the purmp-around loop and before fluidly

connecting the first end of the purop-around loop to the stearo/oxidant source.

25. The process of any one of ¢laims 21 to 24, wherein the pump-around loop comprises a
pump located between the {irst and second ends of the pump-around loop, the process further
comprising;

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

fluidly connecting a bypass conduit that bypasses the pump, wherein the steam from
the steam source is introduced into the first end of the pump-around loop upstream of the pump,
and wherein the aqueous fhad from the aqueous fluid source bypasses the pump via the byvpass

conduit,



