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STEAM CRACKING A HYDROCARBON FEED COMPRISING ARSENIC

CROSS-REFERENCE TORELATED APPLICATION

[6801] This application claims priority o and the benefit of U.S. Provisional Application No.
63/287,625 having a filing date of December 09, 2021, the disclosure of which is incorporated
herein by reference in ifs entirety.

FIELD

[6802] The present disclosure relates to processes for producing olefing from a hydrocarbon
feed comprising arsenic. In particular, this process selates to steam ¢racking heavy
hydrocarbon-containing and arsenic-containing feed, such as crude, for making hight olefins
such as ethylene and propyiene.

BACKGROUND

16863] Historically, steamn cracker liguid feedstocks used to produce olefins have come from
refinery process sirears such as naphtha, gas oil, resids and other cuts. The refining process
removes many of the contaminants that were present in the raw crude feedstocks rendering thus
produced steamn cracker Hguid feedstocks relatively low in arsenic particidarly suitable for
stearn cracking,

[8004] Over time, growth rates in demand for olefins have exceeded the growth rates in
demand for refinery fuels, and the growih trend for olefins is expected to continue into the
future. In recent vears, the size of steam crackers has greatly mcreased over the growth of fuel
refineries. It has become increasingly desirable to utilize heavy hydrocarbon-containing feeds
{e.g., crudes) as feed to steam crackers to produce olefing. The use of ¢rude oil in steam
cracking would remove dependency on the limited supply and relatively high costs of the
various refinery fuel cuts. The economics for processing the raw feedstocks directly i a steam
cracker can be advantaged over refinery process streams both in terms of improved operation
and jovestment cost efficiency.

{00051 Arsenic contained in crude oil can cause problems to the processes and systems for
producing olefing using steam cracking, particular in the product recovery section. The product
recovery section can include, e.g., an acetylene converter containing an acetylene converter
catalyst, a joethylacetylene/propadiene converter ("MAPID”) containing an MAPD catalyst, a
pygas first stage hvdroprocessing reactor containing a di-olefins hydrogenation catalyst, and a
pygas second stage hyvdroprocessing reactor containing a hyvdrodesulfurization catalyst.
Arsenic, if present in such streams, especially at elevated quantity, can degrade or poison the
respective catalysts.  Moreover, the olefins products, particularly propviene, can be
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contaminated by the arsenic present in the crude feed if not properly managed during the
production process.
[6806] There is a need for improved processes for producing olefins such as ethylene and
propvlene from an arsenic-containing hydrocarbon feed using steam cracking. This disclosure
5 satisfies this and other needs.
SUMMARY
16867]  In a first aspect. this disclosure provides a process for producing light olefins from a
hydrocarbon feed comprising arsenic at an mitial guantity. The process can comprise (I}
introducing the hydrocarbon feed to a desalter (o produce a desalted hydrocarbon feed having
10 a first quantily of arsenic, where the first quantity s preferably from 60% to 95% of the trutial
quantity. The process can further comprise (I} heating the desalted hydrocarbon feed
{preferably in a convection zone of a steam cracker) to form a preheated hydrocarbon feed. The
process can further comprise (11} mtroducing the preheated hydrocarbon feed to a flash
separation vessel to produce an overhead fraction having a second quantity of arsenic, and a
15 bottoms fraction having a third quantity of arsenic, wherein the second quantity is preferably
from 50% to 90% of the first quantity. The process can further comprise (IV) introducing the
overhead fraction and steam fo a radiant section of the steam cracker operated under steam
cracking conditions to produce a steam cracked effluent having the second quantity of arsenic.
The process can further comprise (V) separating the steam cracked effiuent to obtain a steam
20 cracker tar ("STC™), a steam cracker gas oil ("STGO™), a naphtha cut, and a process gas stream.

BRIEF DESCRIPTION OF THE DRAWINGS

[6808] So that the manner in which the above recited features of the disclosure can be
understood in detatl, a more particular description of the disclosure, briefly summarized above,

may be had by reference to implementations, some of which are illustrated in the appended

N
(o

drawings. It is to be noted, however, that the appended drawings illustrate only typical
implementations of this disclosure and are therefore not 1o be considered himuting of scope, for
the disclosure mav admut to other equally effective implementations.

[6009]  FIG. 1 schematically iflusirates a first portion of a process/system 90 for producing
light olefins by steam cracking including a desalter, a flash separation drurn, a steam cracker,
30 atar knock-out drum, and a primary fractiovator, according to one or more embodiroents.
[6018] FIG. 2 schematically illustrates a second portion of the process/system 90 for

separating a naphtha cut produced in FIG. 1.
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16613} FIG 3 schematically ilustrates a third portion of the process system 90 for recovering
various products such as ethvlene and propylene from a process gas stream produced in FIG.
I

[6012] To facilitate understanding, identical reference numerals have been used, where
possible, 1o designate identical elements that are conumon to the Drawings. It is contemplated
that elements and features of one implementation may be beneficially incorporated in other
implementations withowt further recitation.

DETAILED DESCRIPTION

[6813] The present disclosure relates to methods, apparatuses, and systems for producing
light oletins from an arsenic-coutaining hydrocarbon feed, preferably a heavy hvdrocarbon-
containing hydrocarbon feed such as crude, using steam cracking. As growth rates in demand
for light olefins increase and steam crackers grow in size, it has become increasingly desirable
to utilize heavy hydrocarbon feedstocks including various crude oil strearos as a feed for steam
cracker production of light olefins. Heavy hydrocarbon and crude oil feedstocks contain
arsenic contanunants that may affect the steam cracking process, such as by deactivating
catalvsts or reducing the value of the product olefing. The management of such contaminants
allows for more cost effective processing within the operating requirements of steam crackers
and products that meet siringent specifications.

Definitions

6614 The term “Cn hydrocarbon,” where n is a positive integer, means any hydrocarbon
comprising n carbon atom{s) per molecule, or any mixture thereof. The term “Cnt
hydrocarbon,” where nt g a positive integer, means any hydrocarbon having af least n carbon
atom(s) per molecule, and any muxture thereof. The term “Cn- hydrocarbon,” where n is a
positive integer, means any hvdrocarbon comprising no more than n number of carbon atom(s)
per molecule, and any mixture thereof, “CUm-Co bydrocarbon,” where m and n are positive
integers and n > m, means any hydrocarbon comprising K carbon atoms per molecule, where k
is a postlive integer and m < k <% n, and any mixture thereof.

[B815] The term “olefin” or “alkene™ nterchangeably means a hydrocarbon comprising at
least one carbon to carbon double bond in its molecule. Non-limiting examples of olefins
inchude ethyvlene, propyleng, 1-butene, 2-butene, styrene, and diolefins. “Diolefin” means a
hydrocarbou comprising two carbon to carbon double bonds. Nou-lirotling examples of
diolefins include propadiene. 1.2-butadiene, 1,3-butadiene, 1,2-pentadiene, 1,3-pentadiene,

2, 3-peniadiens, and 1,4-pentadiene.
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16816] The term “alkyne” means a hydrocarbon comprising at least one carbon fo carbon
triple bond m its molecule. Non-limiting examples of alkynes include acetyvlene (HC=CH,
ethyne), methylacetylene (HC=C-CH;, prop-1-yne), but-1-yne; but-2Z-yne, and bui-1,3~divne.
[6817] The term "steam cracker tar" or "SUT" means (a) a mixture of hvdrocarbons having
one or more aromatic components and optionally (b) non-aromatic and/or non-hydrocarbon
molecules, the mixture being derived from hvdrocarbon pyrolysis and having a Te of about
290°C or greater. The SCT can include about 50 wt% or greater {(e.g., 75 wi% or greater, such
as 90 wi% or greater), based on the weight of the SCT, of hvdrocarbon molecules (including
mixtures and aggregates thercof) having (i} one or more aromatic components and (ii} a
molecular weight of about C135 or greater. SCT generally has a metals content of about 103
ppmw or less, based on the weight of the SCT. The SCT metals content is generally far less
than that found in crude oil {or crude oil components) of the same average viscosity.

[6018] The term "tar heavies” means a product of hydrocarbon pyrolysis, the TH having an
atmospheric boiling pomnt of about 565°C or greater and includes about 5 wt% or more of
molecules having a plurality of aromatic cores based on the weight of the product. The TH are
typically solid at about 25°C and generally include the fraction of SCT that is not sohible ina
5:1 (v/v} ratio of n-pentane:SCT at 25°C. TH generally includes asphaltenes and other high
molecular weight molecules.

16019} The term "non-volatile components” are the fraction of a hydrocarbon stream with a
noroinal boiling point about 590°C or greater, as weasured by ASTM D-6352-98 or [3-2887.
Non-volatile components may be further limited {o components with a boiling point of about
760°C or greater. The boiling point distnbution of a hydrocarbon stream may be measured by
gas chromatograph distillation according to the methods described in ASTM D-6352-98 ar
D2887, extended by extrapolation for materials above 700°C. Non-volatile components may
include coke precursors, which are moderately heavy and/or reactive molecules, such as mulii-
ring aromatic compounds, which can condense froro the vapor phase and theo from coke under
the operating conditions encountered in the present process.

[6028] The term "Tso" means the temperature, determined according to the boiling point
distribution described above, at which 30 weight percent of a particular hydrocarbon sample
has reached 15 botling point. Likewise, "To", "Tos" and "Tee" mean the temperature at which
90, 95, or 98 weight percent of a particular sample has reached its boiling point. Nominal final
boiling point means the {emperature at which 99.5 weight percent of a particular sample has

reached 1ts boling point.
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16821} The term "steam cracker” is inferchangeable with "thermal pyrolvsis unit", "pyvrolvsis
furnace", or just "furnace.” Steam, although optional, may be added for a variety of reasons,
such as to reduce hydrocarbon partial pressure, to control residence time, and/or 1o decrease
coke formation. In at least one embodiment, the steam may be superheated, such as in the
convection section of the furnace, and/or the steam may be sour or treated process steam.
[6022] In this disclosure, “wppm,” “ppmw,” and “ppm by weight” interchangeably mean
parts per million by mass. Thus, an arsenic concentration of X wppm or X ppraw in a given
stream or material means a concentration of x parts per million by mass of arsenic atoms, based
on the total mass of the siream or material in guestion. In this disclosure, “wppb,” “ppbw,” and
“ppb by weight” joterchangeably mean parts per billlon by jwass.  Thus, an arsemc
concentration of X wppb or X ppbw in a given stream or material means a concentration of x
parts per billion by mass of arsenic atoms, based on the total mass of the stream or maierial in
question.

{08231 The addition of steam at various points in the process is not detailed in every
embodiment described. It is further noted that any of the steam added may include sour or
treated process stearn and that any of the steam added, whether sour or not, may be superheated.
Superheating is conwmon when the steam comes from sour water.

The Steam Cracker Feed

[6624] The hydrocarbon feed may include relatively high molecular weight hvdrocarbons
{heavy hydrocarbon), such as those which produce a relatively large arnount of steam cracker
naphtha (SCN}, steam cracker gas oil (SCG0), and steam cracker tar during steam cracking.
The heavy hydrocarbon typically includes C5+ hydrocarbon, which may include one or more
of SCGO and residues, gas oils

>

heating oil, jet fuel, fuel oil, diesel, kerosene, coker naphtha,
SCN, catabytically cracked naphtha, hydrocrackate, reformate, raffinate reformate, Fischer-
Tropsch hiquids, Fischer-Tropsch gases, distillate, crude oil, atmospheric pipestill bottoms,
vacuum pipestill streams including bottoms, gas ol condensates, heavy non-virgin
hydrocarbon streams from refineries, vacuum gas oils, heavy gas otl, naphtha contaminated
with crude, atmospheric residue, heavy residue, U4d/residue admixture, napliha residue
admixture, gas oil residue admixture, low sulfur waxy residue, atmospheric residue, and heavy
residue, It may be advantageous 1o use a heavy hydrocarbon feedstock meluding econonucally
advantaged, minimally processed heavy hydrocarbon streams containing non-volatile
components and coke precursors. The hvdrocarbon feed can have anominal final boiling point
of about 315°C or greater, such as about 400°C or greater, about 4507C or greater, or about

500°C or greater.
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16825] The hydrocarbon feed may include one or more relatively low molecular weight
hydrocarbon (light hvdrocarbon). Light hvdrocarbon typically includes substantially saturated
hyvdrocarbon molecules having fewer than five carbon atoms, e.g, ethane, propane, and
mixtures thereof. Although hvdrocarbon feeds of light hydrocarbon typically produce a greater
vield of C2 unsatwrates {ethylene and acetylene) than do hydrocarbon feeds comprising heavy
hydrocarbon, and the steam cracking of hight hvdrocarbon generally produces less SCN,
SCGO, and steam cracker tar, the use of heavy hvdrocarbon is of increasing interest due to
{ower costs and higher availability. The relative amounts of light hydrocarbon (tvpically in the
vapor phase) and heavy hvdrocarbon (typically in the liguid phase) in the hydrocarbon feed
can be from 100 wit% hght hvdrocarbon to 100 wi% heavy hydrocarbon, although typically
there is about 1 wi% or more heavy hydrocarbon present in a hvdrocarbon feed. For example,
the hydrocarbon feed can inchude about 1 wi% or more of heavy hydrocarbon, based on the
weight of the hydrocarbon feed, such as about 25 wit% or more, about 50 wit% or more, about
75 witS% or more, about 20 wi% or more, or about 99 wi% or more.

{00261 The hvdrocarbon feed also includes arsenic as a contaminant. Such arsenic mav be
present in the hydrocarbon feed in the form of elemental arsenic, inorganic arsenic compounds,
orgaric arsenic compounds, and mixtures and combinations thereof. The arsenic contaminants
can be or can include arsenic, arsine {AsH:), one or more aliphatic arsines, one or more
arseniies, one OF more arsenates, one or more arsenides, salts thereof, or any combination or
roxtures thereof. Non-lumitiog exeroplary alipbatic arsines jnclude R AsHpay, wherex s 1, 2,
or 3, and each R is independently an alkvl, an aryl (such as phenyl}, or other organic groups.
Non-limiting eexemplary arsenites include (RO}As and non-limiling exemplary arsenates
melude (RORAsQ, where each R is ndependently an alkyl an arvl (such as phenyl), or other
orgaruic groups. Thus, non-limiting exemplary organic arsenic compounds nclude ethylarsine
{C:HsAsHR), phenviarsing {(CeHsAsHn), ethyl  arsenite ({(C:HsOpAs), ethyl  arsenate
{{CoH50):A50), and any combination thereof. Exemplary arsenides include metal arsenides,
such as sodium arsenide, potassium arsenide. cobalt arsemide, iron arsenide, gallium arsenide,
or any combination thereof.

{6827} For the purpose of this disclosure, the quantity of arsenic in a feed, a stream, a
material, or a product 1s expressed as the guantity of the atoms of arsenic, regardless of the
form in which the atoms of arsenic are present therein, unless specified otherwise or the context
clearly indicates otherwise. The quantity of arsenic can be expressed in mass or in mole.
Ocecasionally in this disclosure, a concentration or arsemic n a feed, a stream, a material, or a
product may be described. For the purpose of this disclosure, any concentration of arsenic is
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expressed as the concentration of the atoms of arsenic in the feed, stream, material, or product
in question, regardless of the form and oxidation siate in which the atoms of arsenic are present
therein, unless specified otherwise of the context clearly indicates otherwise.

[6828] The hydrocarbon feed comprises arsenic at a non-negligible initial quantity, which
can be expressed in mass or in mole. The hydrocarbon feed can comprise arsenic at a
concentration from, e.g., .01, 0.02, 0.04, 0.05, 0.06, 0.08 wppm, 16 0.1, 0.2, 0.4, 0.5, 0.6, 0.8
wppm, 10 1.0, 1.2, 1.4, 1.5, 1.6, 1.8 2.0 wppm, based on the total mass of the hydrocarbon feed.
In a preferred embodiment, the hvdrocarbon feed can comprise or can be a crude. The initial
quantity of arsenic in the hyvdrocarbon feed, in mass, can be calculated by multiplying the
arsenic concentration and the total mass of the hydrocarbon feed.

Desalter

[6029] Because of the desirably low conceniration of arsenic and sodium in the radiant
section of steam crackers, one or more desalters mway be included to remove arsenic
contaminants, salts, and particulate matier from the hydrocarbon feed prior to steam cracking.
While acceptable arsenic contaminants, salt, and/or particulate matter concentrations vary with
fumace design, the addition of a desalter may be desired when arsenic contaminants and/or
sodium chloride is greater than a few ppm by weight of the hydrocarbon feed, and can further
depend on the operating conditions of a particular feed. Desalting removes a portion of the
arsenic contaminants, salts, and/or pasticulates to reduce catalyst poisoning, corrosion, fouling,
and countarmmination issues.

[6038] Inatypical desalting process, wash water (or fresh water, or deionized water) is mixed
with a heated hydrocarbon feed to produce a water-in-otl emulsion, which in turn extracts salt,
brine and particulates from the oil. The wash water used to treat the hydrocarbon feed may be
derived from various sources and the water ttself may be, for example. recycled refinery water,
recirculated process water, clarified water, purified process water, sour water stripper bottoms,
overhead condensate, boiler feed water, clarified river water or from other water sources or
combinations of water sources. Salts in water are measured 1n parts per thousand by weight
(ppt) and typically can include from fresh water (less than 0.5 ppt), brackish water (0.5-30 ppt),
saline water {greater than 30 ppt to 50 ppt) to brine (greater than 50 ppt). Although deionized
water may be used to favor exchange of salt from the crude mio the agueous solution, de-
ionized water is not normally required to desalt crude ol feedstocks although it may be mixed
with recirculated water from the desalter io achieve a specific tonic content in either the water
before emulsification or to achieve a specific ionic strength in the final emulsified product.
Wash water rates may be from about 5% and about 7% by volume of the total crude charge,

_7 .
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but may be higher or lower dependent upon the crude oil source and quality. A variety of water
sources may be combined as determined by cost requirements, supply, salt content of the water,
salt content of the hydrocarbon feed, and other factors specific to the desalting conditions such

as the size of the separator and the degree of desalting required.

W

[6831] In one or more embodiments, the hydrocarbon feed having an inifial guantity of
arsenic is introduced to or otherwise passed through the desalter to produce a desalied
hydrocarbon feed having a first quantity of arsenic, which is less than the imitial quantity. While
it may be desirable o remove in the desalier as much as possible of the arsenic from the initial
quantity to reduce pegative impact of arsenic on the downstream processes and equipment,
10 preferably the desaliing conditions at the desalter are selected such that the first quantity 18 i
a range from, e.z., 60%, 65%, 70%, 75%, 10 80%, 90%, or 95% (more preferably 80% to 90%)
of the initial quantily, to achieve a balance of cost and benefit. Where the first quantity is below
60% of the inutial quantity, the desalier can be inordinately large, consumes overly large amount
of wash water, thereby compromising the overall economy of the process. Where the first

v/

quantity is higher than 95% of the nitial quantity, overly large amount of arsenic can be fed

Pt
A

into the steam cracker, resulting in overly high arsenic foad in various steams in the downstream
processes, causing overly fast degrading and/or poisoming of the downstream catalystis)
exposed such As-containing streams. The desalted hydrocarbon feed can have an arsenic
concentration ranging from, e.g., 0.01, 0.02, 0.04, 0.05, 0.06, 0.08 wppm, 10 0.1, 0.2, 6.4, .5,
20 0.6, 0.8, 0.9 wppm, based on the total roass of the desalted hydrocarbon feed.
{00321 FIG 1 depicts a partial schematic view of a process svstem %8 which is used to
produce hight olefins while reducing or eliminating arsenic contaminants from a hydrocarbon
feed 101, according to one or more embodiments. The process system 94 contains a
hydrocarbon stean: cracking and fractionating systern 108, as depicted in FIG. 1, a Pygas and

water separation and purification system 200, depicted in FIG. 2, and a light hydrocarbon

B2
W

recovery system 300, depicted in FIG. 3.
{30331 In one or more embodiments, the process system 94 includes the hydrocarbon steam
cracking and fractionating system 1900, as depicted in FIG. 1. A salty enuulsion is produced by
combining the heavy hydrocarbon via the hydrocarbon feed 181 and wash water via line 103
30 within a desalter 108, The heavy hvdrocarbon and water are nmuxed and then separated
producing (1) process water that is transferred via line 187 and (2} desalted hydrocarbon feed
that is removed from the desalier 105 via line 189 During the separation phase of the desalting
process, an enulsion phase of varving composition and thickness mav form at the interface of
the oil and aqueous lavers. If unresolved, these emulsions may carry-over with the desalted
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crude oil or carry-under into the agueous laver. If carried-over, the emulsions may lead to
fouling of downstream equipment and disruption of the downstream fractionation process. If
carmied-under, the emulsions may disrupt the downsiream process water treatrment process.
Consequently, refiners typically desire to either control the formation/growth of these
emulsions or remove the emulsions from desalter units and, using an additional processing step,
resolve the emudsion info its constituent parts (e.g., otl, water and solids) to allow {or reuse
and/or disposal of the oil, water, and solids.

[6034] Methods for resolving emulsions may include gravitational or cenirifugal methods.
In a gravity method, the emulsion is allowed to stand in the separator and the denstiy difference
between the ol and the water causes the water o settle through and out of the o by gravity,
In the centrifugation method, the stable emulsion is moved from the de-salter unit to a
cenirifuge (not shown} which separates the emulsion into separate water, oil and solids. The
gravity method reguires the use of tirme-intensive, and thus imeflicient, settling tanks as well as
costly methods for disposing of the partially resolved emulsion, while the centrifugation
method requires large cenirifuiges that are costly to build and operate.

[0835]  Another method for resolving emulsions is the application of an eleciric field within
the desalter. The application of an electric field may force water droplets to coalesce. Large
electrocoalesced water droplets settle under gravity and penetrate through the oil/bulk-
resolved-water interface to immerse into the resolved bidk water phase at the botiom of the
desalter.

16036} Certain hydrocarbon feed contaminants, including arsenic contaminants and/or
natural surfactants (asphaltenes and resins) and finely divided solid particles {e.g., less than §
microns), stabilize the emulsion phase and cause the emulsion to persist in the desalter unit (the
emulsion laver in the desalter is conmmonly referred to as the rag layer). 'The persistent
emulsion problem is prevalent in the processing of a hydrocarbon feed including crude oil
because of high solids content. Hydrocarbon feeds with high solids contents are typically not
preferred since the presence of the solids, often with particle sizes under 5 microns, may act io
stabifize the emulsion and the oil/bulk-resolved-water interface, leading to a progressive
increase in the depth of the rag laver. The persistent existence of a rag laver may be due to the
nability of electrocoalesced droplets 1o break the oil/bulk-resolved-water interface. The rag
layer in the desalter typically contains a high concentration of oil, residual water, suspended
solids and salts which, in a typical example, might be about 70% v/v water, 30% v/v oil, with

5,000-8, 600 pounds per thousand barrels (PTB) (about 14 g/L to about 23 /L) solids, and 200~
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400 PTB (about 370 mg/L to about 1,100 mg/L) salis. The aqueous phase contains salts from
the hydrocarbon feed.

[6837] One method of decreasing the size and effect of the persistent emulsified laver (rag
layer) 1s the addition of demulsifiers. One suitable method for the addition of demulsifiers in
the desalting process is described in U.8. Pub. No. 2016/0208176, incorporated by reference.
Demudsifiers cormmonly used in the processing of hvdrocarbon feeds that include heavy
hydrocarbons may be useful in the desalting process although the desalting process may not be
reliant on the specific demulsifier chosen  Demulsifiers may be one or more of
polyethyleneimines, polvamines, succinated polvamines, polvols, ethoxviated alcohol sulfates,
{ong chan alcobol ethoxylates, long chain alkyl sulfate salts, e.g., sodium salis of lauryl
sulfates, epoxies, di-epoxides {(which may be ethoxylated and/or propoxylated). The addition
of demulsifiers may be useful in the desalting of hydrocarbon feeds containing high levels of
particulates or agphaltenes, which tend to stabilize the rag layer.

6638} The desalted oil phase forms a top layer, which is continuously removed as desalted
hydrocarbon feed via line 109 and the resoived bulk water accumudates in the bottom of the
desalter and is continuously removed as process water via line 187 (FIG. 1). The process water
may be sent for deionization and recycling or used with or without further processing in other
refinery procasses.

Steam Cracker

16039]  Steam cracking is carried out in at least one steam cracker (furnace), the steam cracker
includes a radiant section and a convection section {discussed in further detail below). The
steamn cracker may have a flash separation vessel integrated by fluid connection between the
convection section and the radiant section. The radiant section can include fired heaters, and
flue gas from combustion carried out with the fired heaters travels upward from the radiant
section through the convection section and then away as flue gas. As shown in FIG. 1, desalied
hydrocarbon feed via line 189 first enters a steam cracker 1171 inthe convection section {upper
portiony and through line 113 where it is preheated by exposwre to the flue gases in the
convection section to produce a preheated hydrocarbon feed. Preheated hydrocarbon feed via
line 115 enters a flash separation vessel 117 (also referred to as a separation pot or a K-Pot),
which beats and separates hiquid and vapor portions of the preheated hvdrocarbon feed o a
residual product stream that is transferred via line 119 Separation vessel also forms steam
cracking feed {(overhead fraction) that is transferred via ling 121 {0 the steam cracker 111 and

through one or more radiant section tubes 123 in the radiant section (ower portion) of the steam
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cracker 311 for pyrolysis (cracking) to produce steam: cracked effluent that is transferred fo line

125 for further processing,

Steam Cracker Convection Section

[0840] The desalted hvdrocarbon feed (via line 189} is first preheated, preferably (but not
requited) in the convection section line 113 within the convection section of the steam cracker
111 The heating of the desalted hydrocarbon feed may include indirect contact {within the
convection ling) of the feed 1n the convection section of the steam cracker with hot flue gases
from the radiant section of the furmmace. The preheating of the desalied hydrocarbon feed can
be accomplished. for example, by passing the desalted hydrocarbon feed through bank of heat
exchange tubes located within the convection section of the steam cracker. The preheated
hydrocarbon feed may bhave a temperature from about 130 °C to about 260 °C, such as about
160 °C to about 230 °C, or about 170 °C to abowt 220 °C.

{8041} The preheated desalted hvdrocarbon feed may be combined with additional amount
of steam and the resultant mixture may be subjected to additional preheating in the convection
section. In certain aspects, the weight ratio of the additional amount of steam to desalted
hydrocarbon feed can be from, e.g., about 0.1 to about 1, such as about 0.2 to about 0.6.

Flash Separation Vessel

[0042] The stream cracker 1131 may have integrated therewith one or roore flash separation
vessels 117, which is a vapor/liquid separation device {sometimes referred to as flash pot or
flash drum). Such flash separation vessels are suitable when the preheated hyvdrocarbon feed
includes about 0.1 wit% or more of asphaltenes based on the weight of the hydrocarbon
components of the convection product stream, e.g, abouwt 5 wt% or more. Upgrading the
preheated hvdrocarbon feed through vapor/liquid separation may be accomplished through
flash separation vessels or other suitable means. Examples of suitable flash separation vessels
include those disclosed in U.S. Pat. Nos. 6,632,351, 7.090,765; 7,097,758, 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;
7,488,459, and 7,578,929, and 7,820,035, which are incorporated by reference herein.

{60431 Where a flash separation vessel is integrated with the steam cracker, af least a portion
of the preheated hvdrocarbon feed is in the vapor phase. The preheated hydrocarbon feed (via
ling 118} is transferred 1o and flashed in one or more {lash separation vessel 117, in order to
separate the liquid phase and the vapor phase and at least a portion of the high molecular-
weight molecules, such as asphaltenes, remaining in the liquid phase. A bottoms fraction, from

the Hgquid phase, can be conducted away from the flash separation vessel 117 as a residual
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product stream via line 119 The bottoms fraction may include, for example, greater than about
13 wi% of the asphaltenes in the preheated hydrocarbon feed. The overhead fraction, from the
vapor phase, can be conducted o the steam cracker 111 as a steam cracking feed via line 121
In at least one embodiment, the overhead fraction (steam cracking feed) from the flash
5 separation vessel can be subjected to further heating in the convection section near convection
line 113, and 15 then introduced as steam cracking feed via crossover piping (not shown} into
the radiant section {e.g., the radiant line 123).
[6844] One advantages of having a flash separation vessel downsiream of the convection
section and upstream of the radiant section is an increased breadth of hydrocarbon types

10 avalable to be used divectly, without pretreatiment, as the hydrocarbon feed 1681, For exarople,
the addition of a flash separation vessel downstream of convection line 113 allows for
hydrocarbon feed 161 to contain about 54% or greater, such as about 75% or greater, or about
90% or greater, up to 95%, 98%, or even 100% of crude oils or heavy hydrocarbons.

[6645F The use of a flash separation vessel upstream of the radiant section of the steam

1§ cracker may allow operation with undesired contaminants in the hyvdrocarbon feed or desalted
hydrocarbon feed because contaminants in the vapor phase may be kept within desired limits.
The flash separaiion vessel may remove most or all of the remaining salt and particulate matier
in the liquid phase, for example when less than about 98% of the hydrocarbon s a vapor at the
inlet of the flash separation vessel.

20 [00467 The flash separation vessel may operaie at a temperature from about 315°C {o about
510°C and/or a pressure from about 275 kPa to about 1,400 kPa, such as, a temperature from
about 4307C to about 480°C, and/or a pressure from about 700 kPa to about 760 kPa,

6047} Tvpically, a vapor phase overhead fraction is separated from the hydrocarbon feed in
the flash separation vessel forming a steam cracking feed The steam cracking feed is

conducted away from the flash separation vessel to the radiant line in the radiant section of the
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steam cracker for pyvrolysis. The liquid-phase separated from the hvdrocarbon feed as the
bottoms fraction can be conducted awav from the flash separation vessel, e g., for storage
and/or further processing. The operation conditions in the flash separation vessel can be chosen
such that the overhead fraction comprises a second quantity of arsenic, and the bottoms fraction
30 comprises a third quantity of arsenic. The surn total of the second quantity and the third quaniity
of arsenic is equivalent to the second quantity of arsenic in the desalted hydrocarbon feed, if
the desalted hydrocarbon feed is the only hydrocarbon feed fad into the flash separation vessel.
While 1t may be desirable as much as possible of the arsenic in the first quantity makes its way
into the bottoms fraction, t.e., to form the third quantity of arsenic, preferably, however, the
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conditions in the flash separation vessel are chosen such that the second gquantity, i.e., the
guantity of arsenic in the overhead fraction, ranges from, e.g., 50%, 55%, 60%, 65%, 70%, {0
75%, 80%, 83%, 90% (preferably 70% to 90%), of the first quantity of arsenic present in the
desalted hvdrocarbon feed, to achieve a balance of cost and benefit.

[6048] In one or more embodiments, the preheated hydrocarbon feed via line 118 is
introduced into the flash separation vessel 117 to form the steam cracking feed via line 121
having an arsenic concentration preferably no greater than 500 wppm, based on the total mass
of the sieam cracking feed. Thus, preferably, the steam cracking feed in line 121 supplied fo
the steamn cracker radiant section can have arsenic at a concentration from, e.g., 30, 80, 100,
150, 200, 250, 10 300, 350, 400, 450, 500, wppm, based on the total mass of the stearn cracking
feed.

Steam Cracker Radiant Section

16849]  The steam cracking feed is transferred to the radiant section, where the steam cracking
feed is indirectly exposed {(in the radiant line) to the combustion carried out by the bumers. As
shown in FIG. 1, steam cracking feed via line 121 1s introduced into radiant line 123, where at
least a portion of the hydrocarbon in the steam cracking feed is pyrolysed to produce steam
cracked effluent, including C2+ olefins, which is transferred to line 125, The steam cracking
feed is typically in the vapor phase at the inlet of the radiant coils, e.g., about 90 wi% or greater
of the steam cracker feed s in the vapor phase, such as about 95 wi% or greater, or about 99
wi% or greater.

6050} Steam cracking conditions (pvrolysis conditions) may include exposing the steam
cracking feed in the radiant line 123 to a temperature (measured at the outlet of the radiant line}
of about 400°C or greater, such as, from about 400°C to about 1,100°C, and a pressure of about
10 kPa or greater, and a steam cracking residence time from about 0.01 second to 5 seconds.
For example, the steam cracking conditions can include one or more of (i} a temperature of
about 760°C or greater, such as from about 760°C to abowt 1,100°C, or from about 790°C 1o
about 880°C, or for hydrocarbon feeds contaiming hight hydrocarbon from about 760°C to about
950°C; {it) a pressure of about 50 kPa or greater, such from about 60 kPa to about 500 kPa, or
from about 90 kPa to about 240 kPa; and/or (i1i) a residence time from about 0.1 seconds to
about 2 seconds. The steam cracking conditions may be sufficient to convert at least a portion
of the steam cracking feed’s hydrocarbon mwolecules to C2+ olefins by pyrolysis.

{0851]  Asaresult of the pyrolysis reactions of hydrocarbons 1n the radiant section, the steam
cracked effluent generally includes molecular hydrogen, CHy, C2 hydrocarbons such as ethane,
ethvlene, and acetylene, C3 hydrocarbons such as propylene, propane, methviacetylene,
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propadiene, C4 hydrocarbons including alkanes, mono olefins, diolefins, and alkynes; (5-C10
hydrocarbons, and C11+ hydrocarbons. The high-temperature sicam cracked effluent exiting
the radiant section of the steam cracker is typically imunediately quenched, and separated to
produce a steam cracker tar, a steam cracker gas oil, a steam cracker naphtha cut, and a process
cas stream rich in C4- hydrocarbons and molecular hvdrogen. The process gas stream can be
separated to produce, among others, an ethylene product stream, and a propylene product
stream. Contaminants presend in the steam cracking feed may undergo various chemical
reactions in the radiant section, producing various contaminant molecules such as mercaptans,
Cn, FLS, COS, and the hike.

[0052] Arsenic-contatning contanunants m the steam cracking feed mway undergo chernical
reactions in the radian section, producing a series of arsenic-containing compounds in the steam
cracked efffuent, and upon separation, distributed at various quantities in the sieam cracker tar,
the steam cracker gas oil, the steam cracker naphtha cut, and the process gas stream. For
example, arsine {AsH;) mav be produced in the radiant section, present in the steam cracked
effluent, and upon separation of the quenched steam cracked effluent, be distributed
predominantly into the process gas stream. The steam cracking conditions in the radiant section
and separation process conditions can be selected, based at least partly on the second quantity
of arsenic in the steam cracking feed and overall composition of the steam cracking feed and
desired products, such that: (1) that the steam cracker tar and the steam cracker gas oil, in total,
comprise a fourth quantity of arsenic; (i) the process gas stream comprises a fifth guantity of
arsenic; and (iii} the naphtha cut comprises a sixth quantity of arsenic. Preferably, the fourth
quantily is from 60% to 85% {e.g., 60%, 62%, 64%, 65%, 66%, 68%, T0%, T2%, 74%. 75%,
76%, 8%, 80%, 82%, 84%, or 85%) of the second quantity. Preferably, the fifth quantity is
from 1% to 10% {e.g., 19, 2%, 3%, 4%, 5%, 6%, 7%, 8%. 9%, 10%:} of the second guantity.
Preferably, the sixth quantity is from 10% {0 30% (e.g., 10%, 12%, 14%, 15%, 16%, 18%,
20%, 22%, 24%, 23%, 26%, 28%, or 30%;) of the second quantity. We have found that the
fourth quantity. the fifth quantity, and the sixth quantity can be comntrolled by controtling the
steam cracking conditions (temperature, pressure, steamn/hydrocarbon ratio, and the residence
time in the radiant section, e.g.) in the steam cracker at a given second quaniity. The processes
of this disclosure are highly advantageous in that, by controlling the stearo cracking conditious
in the light of the second guantity, a significant portion of the arsenic present in the desalted
hydrocarbon {eed is converted into components in the steam cracker that are, upon separation,
distributed mio the steam cracker tar and steam cracker gas oil, where the presence of arsenic
at the combined fourth quantity would not pose an issue for downstream processing and/or use
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thereof. In addition, by controlling the steam cracking conditions in the light of the second
guantity, only a very small fraction of the arsenic present in the desalted hvdrocarbon feed is
converted into components in the steam cracker that are, upon separation, distributed into the
process gas stream, where the presence of arsenic at the fifth quantity can be predicted and
practically and conveniently managed as described below. Moreover, by controlling the steam
cracking conditions in the light of the second quantity, ounly a minor portion of the arsenic
present in the desalted hydrocarbon feed is convertad into components in the steam cracker that
are, upon separation, disiribuied into the naphtha cut, where the presence of arsenic at the
combined sixth quantity can be predicted and practically and conveniently managed as
described below.

Tar Knock Qut Drum

[6653] The steam cracking process produces molecules which tend to combine to form high
molecular weight materials known as steam cracked tar. The sieam cracked effluent s a
combination of desirable C1-C10 species, steam cracked gas ol (C10-C17), and steam cracked
tar. Steam cracked tar is a high-boiling point, viscous, reactive material that can foul equipment
under certain condittons. In general, feedstocks containing higher boiling materials {end {0
produce greater quantities of tar. The formation of steam cracked tar, after the steam cracked
effluent leaves the radiant line in the steam cracker, can be decreased by rapidly reducing the
temperature of the effluent (o alevel at which the tar-forming reactions are greatly slowed. The
rapid reduction w temperature of the steam cracked effluent roay be achieved in one or more
steps and using one or more methods and is referred to as quenching. The steam cracked
effluent can be quenched by various methods such as contacting with cooled hydrocarbon
{direct guench), or, altematively, the steam cracked effluent can be rapidly cooled in heat
exchangers.

[6054] Ags shown in FIG. 1, a tar knock-out dram 127, accepts stearn cracked effiuent (via
line 128) and separates the effluent mnto steam cracked tar (which i1s transferred to line 129) and
tar light products stream {which s transferred to line 139). The steamn cracked effluent may
wndergo cooling or quenching before being introduced to the tar knock-out drum or as it is
introduced to the tar knock-out drum.

[B0SS]  In at least one embodiment, the steam cracked effluent is quenched by rapid cooling
through one or more heat exchangers (not shown)., Generally, the effluent leaving the first heat
exchanger may remain at a temperature above the hydrocarbon dew point (the temperature at
which the first drop of ligwd condenses) of the steam cracked effiuent. For a typical
hydrocarbon feed containing heavy hydrocarbons under cracking conditions, the hydrocarbon
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dew point of the steam cracked effluent may be from about 375°C to about 650°C, such as
from about 480°C {o about 600°C. Above the hydrocarbon dew point, the fouling tendency is
relatively low, because vapor phase fouling is generally not severe, and there 1s little to no

liguid present that could cause fouling. The steam cracked effiuent may be further cooled by

W

an additional heat exchanger, direct quench before reaching the tar knock-out drum, or direct
quench within the tar knock-out drum,
{00561  In at least one embodimend, the steam cracked effluent is subjected to direct quenc
at a point between the radiant line 123 and the tar knock-out drum 127 The quench is
accomplished by contacting the steam cracked effluent with a liquid quench stream, in lieu of,
10 orin addition to the freatment with transfer line exchangers. Where erploved in conjunction
with at least one transfer line exchanger, the guench liquid may be introduced at a point
downsiream of the transfer line exchanger(s). Suitable quench hguids include liquid quench
oil, such as those obtaived by a downstream tar knock-out drum, clean fuels umi, or pnmary
fractionator, pyvrolysis fuel o1l and water, which can be obtained from varicus suitable sources,
IS e.g. the condensed dilution steam.
08871 After passage through the direct quench and/or transfer line heat exchanger(s), the
quenched steam cracked efftuent is fed to at least one tar knock-out drum (a separation vessel).
where the steam cracked tar is separated from the tar light product stream. The temperature of
the quenched steam cracked efffuent entering the tar knock-out drum should be at a sufficiently
20 low temperature that the tar separates. Tar separates rapadly at temperatures of about 350°C or
fess, such as from about 200°C to abowt 350°C or from about 240°C to about 320°C.
[6038] Thetar knockout drum 3127 can be a simple vessel, lacking distillation plates or stages.
It desived, multiple knock-out drums may be connected in parallel such that individual droms

can be taken out of service and cleaned while the plant is operating. The steam cracked tar
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removed in the tar knock-out drum typically has an initial botling point ranging from about
150°C to about 320°C, typically, about 200°C or greater.

60597 In at least one embodiment, a purge stream 1s introduced to the tar knock-out drum
127 to reduce liquid-vapor contact. Typically, the purge stream is selected from steam, inert
gas such as mirogen, and substantially non-condensable hydrocarbous, such as those obtained
30 from steam cracking, exaroples of which include cracked gas and tail gas.

[0060] Quenching of the steam cracked effluent may also be accomplished within the knock-
out drum. Quenching within the tar knock-out drum may be accomplished by feeding the steam
cracked effluent through a cool (fess than 350°C) guench fluid {(such as one or more of the

guench fluids described above) A cool quench fluid may be created by feeding a stream of
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steam cracked tar taken from the botiom of the tar knock-out drum through a suitable heat
exchanger (e g., a shell-and-tube exchanger, spiral wound exchanger, airfin, or double-pipe
exchanger) and recveling the cooled steam cracked tar strearo to the tar knock-out drum. Inat
least one embodiment, sufficient cooled steam cracked tar is recycled to reduce the temperature
of the tar recycle from about 280°C to about 150°C. The rate of asphaltene and tar formation
in the line 128 and the tar knock-out dnum 127 is greatly reduced at temperatures about 280°C
or less as compared to the higher temperatures of the steam cracker efffuent when leaving the
radiant line. In another embodiment, the recycling suffices to reduce viscosity of the tar
removed from the tar knock-out drum to an extent sufficient to meet viscosity specifications,
in the absence or reduction of an added externally sourced light blend stock otherwise necessary
in the absence of said recycling. In ancther embodiment, the cooled tar is iniroduced to the
separation vessel so as to provide an average temperature for tar within the separation vessel
of about 175°C or less, such as about 1530°C or less. Quenching methods may be adjusted to
prevent the formation of asphalienes. It may be possible to prevent formation of up to about
70 wit% of asphaltenes through quenching the steam cracked effluent via line 125 in the tar
knock-out drum 127

{6061} In one or more embodiments, the steam cracked effluent via line 128 is introduced
into the tar knock-out drem 127, and the steam cracked tar via line 129 is separated from the
tar light product stream via line 139.

Clean Fuels Unit

16062} The steam cracked tar from the tar knock-out drum can be further processed in a clean
fuels unit. The clean fuels unit may be a hydroprocessing unit in which steam cracked tar, a
utility fluid (optional), treat gas mcluding hydrogen, and catalyst are combined under
hydroprocessing conditions to produce clean fuels product (upgraded steam cracked tar) having
improved blending characteristics with other heavy hydrocarbons such as fuel oil. The clean
fuels unit may further remove sulfur and other impurities to provide a clean fuels product that
is compatible with fuel oils. Asshown in FIG. 1, a clean fuels unit 131 accepts a steam cracked
tar 129 from a tar knock-out drum 127 and a lean amine stream via line 133 After
hydroprocessing and removal of sulfurous and other impurities, the clean fuels unit 131
produces a rich amine stream via line 138 and a clean fuels product stream via boe 137
[06863] Steam cracked tar can be a highly aromatic product with a Tso botling point similar
1o a vacuum gas oif and/or a vacuum resid fraction. Steam cracked tar can be difficuli to process
using a fixed bed reactor because various molecules within the steam cracked tar are highly
reactive, leading to fouling and operability issues. Such processing difficulties can be further
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complicated, for example, by the high viscosity of the feed, the presence of coke fines, and/or
other properties related to the composition of steam cracked tar.
[0064}] The use of a uiility fluid in hydroprocessing steam cracked tar may lessen deposit

formation. The use of a uiility fluid mayv provide a clean fuels product with a decreased

W

viscosily, a decreased atmospheric Tso or Toe boiling point, and increased hydrogen content
over that of the SCT, resulting in improved compatibility with fuel oil blend-stocks.
Additionally, hydroprocessing the SCT in the presence of utility flmid may produce fewer
undesirable byproducts and the rate of increase in reacior pressure drop is lessened, which may
increase run-length during hydroprocessing of SCT. The utihity fluid may be a portion of the
10 clean fuels product that 1s recycled. Suitable processes for SCT hydroprocessing with a utility
fluid and recycling a portion of the product stream as a utility flwid are disclosed in U.S. Pat.
Nos. 9,777,227 and 9,809,756 and in International Patent Application Publication No, W0
2013/033590, which are incorporated herein by reference.

6865  The relative amounts of utility fluid and SCT during hydroprocessing are generally

from about 20 wit% to about 95 wi% of the SCT and from about 5 wi% to about 80 wit% of the

Pt
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wtitity fhuid, based on total weight of utility fhuid plus SCT. For example, the relative amounts
of utility fluid and SCT during hvdroprocessing can be (i) from about 20 wit% to about 90 wt%
of the SCT and from about 10 wt% to about 830 wt% of the utility fluid, or (11} from about 40
wil o about 90 wi% of the SCT and from about 10 wt% to about 60 wi% of the uiility fhad.
20 In an emboditoent, the utility fluid:SCT weight ratio can be about 0.01 or greater, e.g., from
about 0.05 1o abowt 4, such as from about 0.1 to about 3, or from about 0.3 to about 1.1
[0866] A utility fhad may include a solvent having significant aromatics content and
generally, the utility fluid may also include a muxture of multi-ring compounds. The rings can

be aromatic or non-aromatic and can contain a variety of substituents and/or hetercatoms. For
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example, the utility fluid can contain about 40 wt% or greater, about 45 wit% or greater, about
50 wi% or greater, about 35 wi% or greater, or about 60 wi% or greater, based on the fotal
weight of the utility fluwid, of aromatic and non-aromatic ring compounds. The utility fluid can
have an ASTM D&6 10% distillation point of about 60°C or greater and a 90% distillation point
of about 350°C or less. Optionally, the utility fluid {(which can be a solvent or mixture of
30 solvends) has an ASTM D86 10% distillation point of about 120°C or greater, 140°C or greater,
or about 150°C or greater and/or an ASTM D&6 90% distilfation point of about 300°C or less.
[609567] The hydroprocessing is carried out in the presence of hydrogen by (i} combining
molecular hvdrogen with the tar stream and/or utithty fluid upstream of the hydroprocessing
and/or (it} conducting molecular hydrogen to the hydroprocessing stage in one or more conduits
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or lines. Although relatively pure molecular hydrogen can be utilized for the hydroprocessing,

it is generally desirable io wtilize a "treat gas" which contains sufficient molecular hvdrogen

for the hivdroprocessing and optionally other species (e g., mitrogen and hight hydrocarbons such

as methane) which generally do not adversely interfere with or affect either the reactions or the

5 produocts. The treat gas may contain about 50 vol% or greater of molecular hydrogen, such as

about 75 vol% or greater, based on the total volume of treat gas conducted to the
hydroprocessing stage.

16068} The amount of molecular hydrogen supplied to the hydroprocessing stage can be from

about 300 SCF/B (standard cubic fest per barrel) (53 5 m¥/m’) 1o about 5,000 SCF/B (890 §

10 m¥/m?), in which B refers to barrel of feed to the hvdroprocessing stage {e.g., tar strearn plus

utility fluid). For example, the amowunt of molecular hydrogen can be from about 1,000 SCF/B

{about 178 8 m*/m°) to about 3,000 SCF/B (about 534 S wm’/m®). The amount of molecular

hydrogen required to hvdroprocess the SCT is less if the SCT contains higher amounts of C6+

olefin, for example, vinyl aromatics. Optionally, higher amounts of molecular hydrogen may
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be supplied, for example, when the tar stream contains relatively higher amounts of sulfur.

08687 Hydroprocessing catalysis can be utilized for hydroprocessing the SCT in the
presence of the utility fluid, such as those specified for use in resid and/or heavy oil
hydroprocessing.  Examples of suitable hydroprocessing catalysts include one or more of
KF360 available from Albemarle Catalysts Company LP, Houston TX: Nebula® Catalyst, such
20 as Nebula® 20, available from the same source; Centera® catalvst, available from Criterion
Catalysts and Technologies, Houston TX, such as one or more of DC-2618, DN-2630, DC-
2635, and DN-3636; Ascent® Catalyst, available from the same source, such as one or more of
DC-2532, DC-2534, and DN-3531; and FCC pre-treat catalyst, such as DN3651 and/or

DN3551, available from the same source.

]
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{60701 Other suitable hydroprocessing catalysts include those comprising {i} one or more
bulk ruetals and/or (4) one or wore metals on a support. The metals can be in elemental forro
or in the form of a compound. In one or more embodiments, the hydroprocessing catalyst
includes one or more metals from any of Groups 5 to 10 and/or 15 of the Periodic Table of the
Elements (tabulated as the Periodic Chart of the Elements, The Merck Index, Merck & Co,
30 Inc., 1996). Examples of such catalvtic metals include vanadiuro, chronuum, molybdenurn,
fungsten, manganese, technetium, rhenium, iron, cobalf, nickel, ruthenium, palladium,
rhodium, osmium, iridium, platinum, alloys thereof, or any combination thereof. In one or
more examples, each of the catalysts can be or include a ruckel sulfide catalyst, a nickel

molybdenum catalyst, a cobalt molybdenum catalyst, or any combination thereof.

- 19 .



WO 2023/107819 PCT/US2022/080241

16871} The metal may be incorporated into or deposited on a support including porous
materials. The support can include one or more refractory oxides, porous carbon-based
materials, zeolites, or combinations thereof suitable refractory oxides include, e.g., alumina,
silica, silica-alumina, titanium oxide, zirconium oxide, magnesium oxide, and mixtures thereof.
5  Suitable porous carbon-based materials include activated carbon and/or porgus graphite.
Examples of zeolites include, e.g., Y-zeoliles, beta zeolites, mordenite zeoliles, ZS8M-5
zeolites, and ferrierite zeolites. The support can be heat-treated at temperatures from about
400°C to about 1,200°C, such as from about 450°C to about 1,000°C, or from abowut 600°C to
about 900°C, prior to impregnation, incorporation, or deposition with the metals. In at least
10 one embodiment, the catalyst i1s heat treated after cornbining the support with one or more of
the metals, heat treating of the catalyst and support together may take place at a temperature
from about 150°C to about 750°C, such as from about 200°C to abowut 740°C, or from about
400°C to about 730°C. The heat treatment may take place in the presence of hot aiv and/or
oxygen-rich air at a temperature of about 400°C or greater in order to remove volatile matier,
15 and convert at least a portion of the metals to their corresponding metal oxide.
{08721 The hydroprocessing is generally accomplished under conditions for carrying out one
or more of hydrocracking (including selective hydrocracking), hvdrogenation, hvdrotreating,
hydrodesulfurization, hyvdrodenitrogenation, hydrodemetallation, hydrodearomatization,
hydroisomerization, or hydrodewaxing of the 8T, Hydroprocessing of the SCT in the
20 presence of the utihity fluid, treat gas, and catalyst can ocour in one or more hydroprocessing
stages, the stages comprising one or more hydroprocessing vessels or zones downstream of the
steamn cracker and optionally downstream of the tar knock-out drum.
[6873} The SCT generally contacts the hydroprocessing catalyst in the vessel or zone, in the

presence of the utihity fluid and molecular hydrogen. Catalvitic hydroprocessing conditions can
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inchade, e.g., exposing the combined utility fluid and SCT to a temperature from about 50°C to
about S00°C, such as from about 200°C to about 450°C, from about 220°C to about 430°C,
from about 300°C to about 500°C, from about 350°C to about 430°C, or from about 350°C to
about 420°C proximate to the molecular hydrogen and hvdroprocessing catalyst. Liguid hourly
space velocity (LHSV) of the combined utility fluid and SCT may be from about 0.1 h'! 0
30 about 30 !, or about 0.4 k! to sbout 25 b7!, or about 0.5 h'! {o about 20 h'!. In some
embodiments, LHSV is about 5 b 'or greater, or abowt 10 hlor greater, or about 15 h'er
greater. Molecular hydrogen partial pressure during the hydroprocessing ¢an be from aboui 0.1
MPa to about 8 MPa, or about 1 MPa to about 7 MPa, or about 2 MPa to about 6 MPa, or about
3 MPa to about 5 MPa. In some embodiments, the partial pressure of molecular hydrogen is
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about 7 MPa or less, about 6 MPa or less, about 3 MPa or less, about 4 MPa or less, about 3
MPa or less, about 2.5 MPa or less, or about 2 MPa or less. The hydroprocessing conditions
can include, a pressure from about 1.5 mPa to about 13.5 mPa, or from about 2 mPa to about

12 mPa, or from about 2 mPa to about 10 mPa. The hydroprocessing conditions may further

W

inchade a molecular hydrogen consumption rate of about 53 standard cubic meters/cubic meter
(8 m¥/m) to about 445 8 m¥/m? (300 SCF/B to 2500 SCF/B, where the denominator represents
barrels of the tar stream, e.g.. barrels of SCT).

{60747 When hydroprocessed SCT or clean fuels product has improved properties compared
to those of 8CT, the clean fuels product 137 can be suitable for use as a fuel oil blending
10 compouent. For example. the clean fuels product generally exhibits toproved viscosity,
solubility number, and insolubility number over the SCT and a lower sulfwr content than SCT.
Blending of the clean fuels product with other heavy hydrocarbons can be accomplished with
fittle or no asphaliene precipitation, even without further processing of the clean fuels product

prior to the blending.
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{00751 The clean fuels product may be separated into overhead, mid-cut, and bottoms by a
separation device, e.g., one or more of distilation towers, vapor-liquid separators, splifters,
fractionation towers, membranes. or absorbents. Describing the separated portions of the clean
fuels product as overhead, mid-cut, and bottoms is not intended to preclude separation methods
other than fractionating in a distillation tower. The overhead may inclode from about 0 wi%
20 to about 20 wi% of the clean fuels product. The rid-cut roay nclude from about 20 wt% to
about 70 wt% of the clean fuels product. The bottoms may include from about 20 wi% to about
70 wi% of the clean fuels product.

{80761 In certain aspects, at least a portion of the overhead mncludes unused treat gas and may

be recycled after removing undesirable impurities including HoS and NHs. A vapor portion of
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the overhead mav be directed through one or roore amine towers which recetve lean amine and
conduet away nich amine. The upgraded vapor product may be recycled as a portion of the
treat gas. Furthermore molecular hydrogen may be added to recvcled portion to maintain the
level of hydrogen entering the clean fuels unit as necessary for hvdroprocessing the steam
cracked tar.

30 Pumary Fraciionator

[8077] As mentioned above, the tar Hght product stream is separated in a primary
fractionator. Retuming to FIG. 1, tar light product stream, via line 139, includes liquid-phase
and gas-phase products and is conducted to a separation stage, e.g., a primary fractionator 141
and a quench tower 147, for separation into a plurality of hvdrocarbon product streams. The
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hydrocarbon product streams may nclude one or more of a (i) heavy hvdrocarbon recycle
stream, which is transferred to line 143, including about 90 wi% or greater of SCT, based on
the weight of the botioms (heavy hvdrocarbon recvele stream), the SCT having a boihing pomnt
of about 290°C or greater and contain molecules and mixtures thereof having a molecular
5 weight of about 212 g/mole or greater, (i1} steam cracked gas oil ("SCGG"), which is sent away
via line 145, the SCGQO including about 90 wt% or greater of C10-C17 species based on the
weight of the SCGO and having an T90 boiling point from about 2060°C to about 290°C, (i) a
naphtha cut {also known as pyrolysis gasoline (Pygas})) stream, which is transferred via line
149 and containg CS-C10 hydrocarbons, also referred to as steam cracked naphtha, and (iv) a
10 process gas stream, which is transferred via line 181,
[6678] Suitable primary fractionators and associated equipment are described in U.S. Pat.
No. 8,083,931 and U.S. Pub. No. 2016/0376511, which are incorporated by reference herein.
Additional stages for removing heat (such as one or more transfer line heat exchangers) and
removing tar (such as tar drums) can be located n or upstream of the primary fractionator, if
15 desirad.
66791 The tar light product stream via line 139 is introduced to the primary fractionator 141
in a way that decreases contact with the vapor n the fractionator. H the tar light product strearn
were sitnply spraved into the vapor space, the tar light product stream would tend to heat up as
a result of mixing with the large quantity of hot vapor present and would also absorb light
20 components from the vapor, which might not be desired. Instead, the tar light product stream
can be introduced near or preferably just below the liquid-vapor interface in the bottom of the
primary fractionator. Introducing the tar light product stream below the vapor liquid interface
ensures the stream is cooled {o the desired temperature and decreases the absorption of light
components. An optional baffle placed above the vapor-liguid interface can reduce contact of
25  the tar light product stream with hot vapor.
[6088] The Liquid portion of the primary fractionator is composed of heavy hyvdrocarbons
and tar which can be released from the bottom of the primary fractionator as a heavy
hydrocarbon recycle stream via line 143 The viscosity of the heavy hydrocarbon recycle
stream taken from the bottom of the primary fractionator can be controlied by the addition of
30 alight blend stock, which may be added direcily to the botiom of the primary fractionator and
provide cooling of the heavy hvdrocarbon recyele stream. Altemnately, the light blend may be
added downstream of the primary fractionator as part of the heavy hydrocarbon recvele stream.
Such light blends may include sieam cracked gas oil, distillate quench oif and cat cvele o1l and
are characterized by viscostty at a temperature of 93°C of about 1,000 centistokes (¢St} or less,
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such as about 500 ¢St or less, or about 100 ¢St or less. The heavy hydrocarbon recycle stream
may be recycled and combined with the steam cracked effluent before the steam cracked
effluent enters the tar knock-out drum {e.g., recycling the heavy hydrocarbon recycle stream to
line 128). The heavy hydrocarbon recvele stream can also be recycled to combine with the tar
light product stream. In either manner, the heavy hydrocarbon recycle stream can provids
liquid cooling in the separations that occur in the iar kpvock-out drum or the primary
fractionator.

[008%] The steam cracked gas o1l mayv be condensed out of the vapor phase within the
primary fractionator 141, The remaining vapor constituies a vapor phase efffuent.

[6882] The vapor phase effluent can be passed through the overhead of the primary
fractionator into a quench tower {such as the quench tower 147), where the vapor is rapidly
cooled {quenched) as the vapor passes through water {vapor or liquid). The water can be
obtained from a vanety of sources, for example, recyeled refinery water, recirculated process
water, clarified fresh water, purified process water, sour water stripper bottoms, overhead
condensate, boiler feed water, or from other water sources or combinations of water sources.
Water is commonly recycled from downstream oil water separators, sour waler separators, and
Pyeas strippers. The quench tower condenses at least a portion of Pygas present in the vapor-
phase effluent Condensed Pygas and heated quench water are withdrawn from a location
prosimate 1o the bottom of the quench tower as a naphtha cut.

{60831 The process gas stream {quench {ower gaseous overhead) is collected from the
overhead of the quench tower, such as from the overhead of the quench tower 147 via line 151
When utilizing the specified steam cracking feed and the specified steam cracker conditions,
the process stream can include, for example, about 10 wi% or greater of C2+ olefin, about 1
wit% or greater of C6+ aromatic hydrocarbon, about 0.1 wit% or greater of diolefin, saturated
hydrocarbon, molecular hydrogen, acetviene, CO», aldebvde, and C1+ mercapian. The process
gas stream may be direcied 1o a recovery train for recovering C2 to C4 olefins, among other
things.

[6084] In one or more embodiments, the tar light product stream via line 139 is iniroduced
into the primary fractionator 141 to produce at least the naphtha cut via line 149 and the process
gas stream via ling 151,

Light Hvdrocarbon Recovery Train

[6685] The process gas siream has a fifth quantity of arsenic, which can be preferably from
1% to 10%, more preferably from 1% to $%, such as 1%, 2%, 3%, 4%, or 5% of the second

quantity described above.
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16886] In one or more embodiments, the process system 94 includes the light hydrocarbon
recovery svstem 388, as depicted in FIG. 3. The process gas siream via line 151 (from FIG. 1)
from the overhead of the quench tower may be compressed in one or more stages of gas
compressors 301, A significant amount of the arsenic in the process gas stream may be in the
form of arsine {AsH;). The compressed process gas are transferred via line 383 to an anune
tower 338 where the compressed light hyvdrocarbons are purified. The amine tower may accept
a light amine stream 387 mcluding aqueous solutions of one or more of ethanolamine,
diethanoiamine, methyldiethanolamine, diisopropanclamine, diglycolamine, and other amines.
The amine tower removes acid gases, ¢.g., hvdrogen sulfide and carbon dioxide, within rich
amine strearo {in line 309). For further removal of acid gases, the anune-treated process gas
stream after exiting the amine tower may be passed through line 311 to a caustic tower 313,
which may include agueous hydroxide sohutions, ¢.g., agueous sodium hydroxide. The caustic
tower removes remaining acid gases including hvdrogen sulfide and carbon dioxide and also
some weak acid gases {e.g.. mercaptans). The removal of acid gases generates a low sulfur
process gas siream 315,

[0887] The low sulfur hydrocarbon stream, cormprising molecular hydrogen, methane,
ethane, ethvlene, acetylene, propane. propviene, methylacetviene, propadiene, C4
hydrocarbons and €5 hydrocarbons, can be separated by using distillation columns operated at
low temperatures to recover, among others, a tail gas stream rich in CHa, an ethylene product
siream, a propvlene product stream, and C4 product streams. Desirably the propvlene product
stream comprises arsenic af a concentration no greater than 0.05 wppb. Many different
configurations of the distillation columns may be used to recover the products. The recovering
process can include a step of passing a C3- hyvdrocarbon-containing stream comprising €3
alkynes/dienes through an arsine removal bed to produce a treated C3- hydrocarbon-containing
stream having an assine concentration no greater than 2 wppb, based on the total weight of the
treated C3-hydrocarbon-containing stream, followed by passing the treated C3- hydrocarbon-
containing stream through a first hydrogenation reactor to contact an alkyne/diene
hydrogenation catalyst in the presence of molecular hvdrogen to convert at least a portion of
the C3 alkyne/dienes to propylene. In certain embodiments, the first hydrogenation reactor is
a front-end acetylene converter including an acetvlene conversion catalyst therein, in which
case the {3- hvdrocarbon-containing siream can comprise My, {Ha, ethane, ethylene,
acetylene, propane, propylene, methylacetylene, and propadiene. Tn a front-end acetvlene
converter, acetylene is selectively hydrogenated to form ethyvlene as well. In certain other

embodiments, the first hydrogenation reactor is a methylacetylene/propadiene ("MAPD™)
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converter including a MAPD conversion catalyst therein, in which case the C3- hydrocarbon-
containing stream can consist essentially of propane, propylene, methylacetviens, and
propadiene, in addition to added Hs. Arsenic present in the {reated C3~ hydrocarbon-containing
siream can accumulate in the alkyne/diene hydrogenation catalyst m the first hydrogenation
5 reactor, leading to degrading and poisoning of the catalyst overtime. The arsine removal bed is
used to protect the alkyne and/or diene hydrogenation catalvst. In certain embodiments of the
processes of this disclosure, the process includes a step of determining a run-length of the arsine
removal bed al a given arsenic removal capacity or an arsenic removal capacity of the arsine
removal bed at a given run-length, based on at least one of the second quantity and the fifth
10 quantity. As described above, by controlling the stearo cracking conditions in the steam cracker,
the fifth quantity can be controlled and predicted at a given second quantity. One therefore can
calculate a run-fength of the arsine removal bed at a given arsenic removal capacity or an
arsenic removal capacity of the arsine removal bed at a given run-length, based on at least one
of the second quantity and the fifth quantity. The ability to predict the capacity and/or run-
15 length of the arsenic removal bed in order to protect the alkvne and/or diene hydrogenation
catalyvst allows one to oplimize the design and operation of the arsine removal bed and the first
hydrogenation reactor, which represents another significant advantage of such embodiments of

this disclosure.
[6688] In certain non-Himiting embodiments, the low sulfur hydrocarbon stream via line 318
20 may be separated in a fractionator 317 into C1-C2 hydrocarbouns {with some C3+) removed
through line 319 and {3+ hydrocarbons removed through line 321, For example, the process
gas stream via line 181 can be purified to the low sulfur hydrocarbon siream via line 318 which
is introduced to the {second) fractionator 317 to produce the C1-C2 hydrocarbon stream via

line 319 and the C3+ hydrocarbon stream via line 321, The C3+ hvdrocarbons are passed

N
(o

through line 321 to a fractionator 323 which separates €3 products into line 328 and C4+
products juto line 327 The C4+ products in line 327 are again fractionated in a fractionator
329 into C4 product stream via line 331 and U5+ hydrocarbons via line 333. The C5+ fractions
in line 207 {(from the primary fractionator} and from line 333 are combined and may be passed
through the gasoline hyvdrogenation umt 209 to produce various gasoline products that are
30 transferced via line 335

6089} The €3 products from the fractionator 323 are transferred through line 328 1o be
purified in columns that may include () a methanol/COS bed 337, then through line 339 o (i)
an arsine bed 341, and through line 343 to (i) an MAPD converter 348 for hvdrogenation. For
example, the {3+ hydrocarbon stream 321 is eventually passed through the arsine bed 341 to
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produce the reduced-arsine {3+ hyvdrocarbon stream via line 343, Thereafter, the reduced-
arsine {3+ hydrocarbon stream via line 343 through the MAPD converter 348 to produce the
purified C3 stream via line 347,

[6098] The reduced-arsine C3+ hydrocarbon stream via line 343 and/or the purified €3

W

stream via line 347 can have an arsenic concentration of less than 2 wppb, such as about 0.01
wppb, about 0.1 wppb, or about 0.5 wppb to about 0.8 wppb, about 1 wppb, about 1.2 wppb,
about 1.5 wppb, about 1.7 wppb. or about 1.8 wppb. For example, the reduced-arsine C3+
hydrocarbon stream via line 343 and/or the purified U3 stream via line 347 have an arsenic
concentration of about 0.01 wppb 1o about 1.8 wppb, about 0.01 wppb to about 1.5 wppb, about
10 ©.01 wppb to about 1 wppb, about 0.01 wppb to about 0.5 wppb, about 0.1 wpph to about 1.8
wppb, about 0.1 wppb to about 1.5 wppb, about 0.1 wppb to about 1 wppb, about 0.1 wppb to
about 0.5 wppb, about 0.5 wppb 1o about 1.8 wppb, about 0.5 wppb to about 1.5 wpphb, or about
0.5 wppb to about 1 wppb.

[08091] Subsequently, the purified C3 hydrocarbons pass through line 347 to enter a C3

Pt
A

splitter 349 {e.g., a fractionator) that separates propvlene (transferred via line 381} from
propane {fransferred via line 353). The propane of line 383 may be recveled for further
cracking or used in other refinery processes. The propylene stream via line 381 has an arsenic
concentration of less than 0.05 wppb.

66921 The C1-C2 portions from the {ractionator 317 are transferred through line 31% 0 a
20 compressor 358 and further compressed (ihas 1s downstrearn of coropressor 301} From the
compressor 385, the C1-C2 products pass through line 357 {0 a series of purification systems
which may include (i} a sulfur-compound removal bed 359 (c.g., a mercaptan and carbonyl
sutfide removal bed}, then through line 361 to (1) an arsine bed 363, and then through line 368
to (11} a C2 acetylene converter 367. For example, the C1-C2 hydrocarbon stream via line 319

is eventually passed through the arsine bed 363 from line 361 to produce a reduced-arsine C1-

B2
W

C2 hydrocarbon stream via line 365. Thereafter, the reduced-arsine C1-C2 hydrocarbon stream
via line 365 is passed through the acetylene converter 367 to produce the purified C1-C2 stream
via line 369.
{08931  The reduced-arsine C1-C2 hvdrocarbon stream via line 365 and/or the purified Ci-
30 C2 stream via line 369 have an arsemc concentration of less than 2 wppb, such as about 0.01
wppb, about 0.1 wppb. or about 0.5 wppb to about 0.8 wpph, about 1 wppb. about 1.2 wppb.
about 1.5 wppb, abowt 1.7 wppb, or about 1.8 wppb. For example, the reduced-arsine C1-C2
hydrocarbon stream via line 365 and/or the purified C1-CZ stream via line 369 have an arsenic
concentration of about 0.01 wppb to about 1.8 wppb, about 0.01 wppb to abowt 1.5 wppb, about
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(.01 wppb to about I wppb, about 0.01 wppb to about 0.5 wpph, about 0.1 wppb to about 1.8
wppb, about 0.1 wppb to about 1.5 wppb, about 0.1 wppb to about 1 wppb, about 0.1 wppb to
about 0.5 wppb, about 0.5 wppb to about 1.8 wppb, about 0.5 wppb to about 1.5 wpph, or about
0.5 wppb to about 1 wpph.

W

[60%94] Thereafter, the purified C1-C2 stream is passed through line 369 to a demethanizer
371 for further separation. The overhead of the demethanizer 371 includes methane which is
passed through line 373 to a cold box 378 in order to separate methane via line 377 from
residual hydrogen via line 378 The methane of line 377 may be usad as fuel gas and/or steam
cracked again for the production of syngas and hydrogen. Hydrogen of line 37% can be recycled
10 to the clean fuels unit as a bydrogen source i one or more hvdroprocessing wuts. The €2
strearn {the bottoms portion of the demethanizer) may be passed through line 381 into a
fractionator 383 which removes residaal C3+ and recyeles the C3+ hydrocarbons through line
385 to hine 328 which provides efftuent to a methanol/COS bed 337, The overhead fraction of
the fractionator 383 includes C2 hydrocarbons which are passed through line 387 to a C2
1§ splitter 38% to separate ethylene (transferred via line 3%1) from ethane {transferred via line
393). Ethane may be recycled for further cracking or used in other refinery processes. The
ethylene stream via line 391 can have a negligible concentration of arsenic.
[6095] Each of the arsine beds 341, 363 independently contains one or more materials for
removing arsine and/or other arsenic compounds, materials, or contaminants. For example,
20 each of the arsine beds 3431, 363 independently contains lead oxide which 1s used to remove
arsine and/or other arsenic contanunants from the process stream upstream of converiers
containing catalyst beds, such as the MAPD converter 348 and/or the acetylene converter 367.

Naphtha Cut Processing

6896} The naphtha cut has a sixth quantity of arsenic, which can be preferably from 20% to

N
(o

30%, such as 20%, 22%, 24%, 25%, 26%, 28%, or 30%, of the second guantity. In certain
embodiments, the processes of thus disclosure include: (VI recovenng a C5+ hydrocarbon
stream comprising {5+ dioclefins from the naphtha cut; and {(IX} contacting the 5+
hydrocarbon stream with molecular hydrogen in the presence of a 5+ diolefing hydrogenation
catalvst in a second hvdrogenation reacior to convert at least a portion of the C3+ diolefins mto
30 C5+ olefins and to produce a C5+ diolefius-abated C5+ hydrocarbou stream comprising €5+
olefins. Preferably, the conditions in the second hydrogenation reacior are selecied such that
the C5+ diolefins-abated €5+ hydrocarbon stream comprises a seventh guantity of arsenic, and
the seventh quantity 1s 50% 10 70% (e.g., 50%, 33%, 60%, 65%, or 70%) of the sixth quantity.
In preferred embodiments, the C5+ diolefins hydrogenation catalyst comprises ruckel sulphide
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which has desirable arsenic tolerance capable of removing a significant amount of arsenic
dwring its run-tength from the CS+ hydrocarbon stream.

[6897] In certan preferred embodiments, the processes of thus disclosure further comprise:
(X) deternuning a run-length of the second hydrogenation reactor at a given arsenic removal
capacity or an arsenic removal capacity of the second hvdrogenation reactor at a given run-
length based on at least one of the second guantity, the sixth quantity, and the seventh guantity.
As described above, by controliing the steam cracking conditions in the steam cracker, the sixth
guantity can be controlled and predicied at a given second quantity. Une therefore can calculate
a run-length of the second hydrogenation reactor at a given arsemic removal capacity of the
C5+ diolefing hydrogenation catalyst or an arsenic removal capacity of the C5+ diolefing
hydrogenation catalyst at a given run-length, based on at least one of the second quantity and
the sixth gquantity. The ability {o predict the capacity and/or ran-length of the C5+ diolefing
hydrogenation catalyst allows one to optimize the design and operation of the second
hydrogenation reactor, which represents another significant advantage of such embodiments of
this disclosure.

[6898] In certain preferred embodiments, the processes of this disclosure further comprise:
(X1} contacting the C5+ diolefins-abated C5+ hydrocarbon stream with molecular hydrogen in
the presence of a hvdrodesulfurization ¢atalyst in a third hydrogenation reactor io convert at
{east a portion of the C5+ olefing into C5+ paraffing and to produce a hydrodesulfurized O35+
hydrocarbon strearn. In certain preferred embodiments, the hvdrodesuiturization catalyst
comprises (i) nickel and molybdenum or {11} cobalt and molvbdenum, which has desirable
arsenic lolerance capable of removing a significant amount of arsenic during s run-length
from C5+ diolefins-abated C35+ hydrocarbon siream. In certain preferred embodiments, the
conditions in the third hydrogenation reactor are selected such that the hydrodesulfurized 3+
hydrocarbon stream comprises an eighth quantity of arsenic, and the eighth quantity is 0.1% to
10% (eg. (1%, 0.5%, 1%, 5%, or 10%) of the sixth guaniity. In certain preferred
embodimenis, the processes of this disclosure further comprises (X1} determining a run-tength
of the third hyvdrogenation reactor at a given arsenic removal capacity or an arsenic removal
capacity of the third hydrogenation reactor at a given nun-length based on at least one of the
second quantity, the sixth quantity, the seventh guantity, and the exghth gquantity. As described
above, by controlling the steam cracking conditions in the steam cracker, the sixth gquantity can
be conirolled and predicted at a given second quantity. Une therefore can calculate a run-length
of the thard hvdrogenation reactor at a given arsenic removal capacity of the
hydrodesulfurization catalvst or an arsenic removal capacity of the hydrodesulfurization
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catalvst at a given run-length, based on at least one of the second quantity the seventh quantity,
and the eighth quantity. The ability to predict the capacity and/or run-length of the
hydrodesulfurization catalyst allows one to optunize the design and operation of the thud
hydrogenation reactor, which represents another significant advantage of such embodiments of
this disclosure.

(60997 In one or more embodiments, the process sysiem 3¢ can include the Pygas and waier
separation and purification system 206, as depicted in FIG. 2. The naphtha cut via line 149
(also line 149 in FIG. 1) may be separated from water downstream in an oil and water separator
281 to form separated water and separated Pygas. The separated Pygas with some remaining
water roay be transterred via line 203 to a Pygas stripper 208 and further processed o the Pygas
stripper 2085. The Pygas may be taken from the bottoms portion of the Pygas siripper 283 and
may inclade CS-C10 hvdrocarbons and may be transferred via line 287 to a gasoline
hydrogenation unit 209 to produce various gasoline products via line 211 Water and hight
hydrocarbons can be removed from the top of the Pygas stripper 208 and recycled via line 213
to the primary fractionator. Water that is removed in the Pygas stripper 2858 may also be
transferred to downstream processes or 1o process waler {reatment,

{0108} In one or more embodiment, the gasoline hydrogenation unit 209 can include one,
two, three, or more stages for hydrogenating the diolefins to produce olefins.  Arsenic
contarminants can spend, poison, or otherwise reduce the reactivity of catalyst contained in the
various stages of the gasoline hydrogenation unit 209, A portiou of the arsenic countaruinants
have been removed from the hydrocarbon effluent (e.g., the Pygas via line 287} relative to the
hydrocarbon efffuent upstream from the Pygas and water separation and purification system
280, such as the hydrocarbon feed 181, or other hydrocarbon effluents in the hvdrocarbon steam
cracking and fractionating system 106,

[6181] In some embodiments, the gasoline hydrogenation umit 289 contains a first stage
Pygas hydrotreater reactor with a first catalyst and a second stage Pygas hydrotreater reactor
with a second catalyst. By using predetermined catalysts as the first and/or second stage
catalvsts, a tolerable level of catalyst poisoning by the arsenic contaminant (in the feed to the
reactors) can provide acceptable run-lengths of the hvdrogenation process. In one or more
examples, the first catalvst 15 or includes a nickel suifide catalyst 1o the first stage Pygas
hydrotreater reactor and the second catalyst is or inciudes a nickel molybdenum catalyst, a
cobalt molvbdenum catalyst, or any combination thereof in the second stage Pvgas hvdrotreater

reactor.
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16162} The separated water component from the oil water separator or the Pygas stripper
may be recveled via line 215 to the desalter, quench tower, or used as steam in other refining
processes. Alternatively, the separated water may be sent via hine 217 to a sour waler siripper
219 to remove hydrogen sulfide, ammonia, and other impurities.  Sowr water stripping
generally provides for degasification of sour water removing light hydrocarbons and remaining
hydrogen. The sour water stripper may be a steam-reboiled distillation column allowing for
the overhead stripping of hydrogen sulfide and anunonia via line 221, Once the acid gas and
ammonia have been removed, the clean water can be recycled (not shown) or transferred via
line 223 to a dilution sicam generator 2258 to provide steam via line 227 to the steam cracker.
The dilution stearn generator may also produce process water that can be rernoved via line 229
[6183] Overall, it has been found that removal of arsenic contaminants from hvdrocarbon
feeds including heavy hydrocarbons (which can be useful for steam cracking) can be
accornplished by one or more of: (i) desalting the hvdrocarbon feed, (i1} preheating the desalted
hydrocarbon feed in the convection section of the steam cracker, (it} vapor Hquid separation
int a flash separation vessel, (iv) pyrolysis in the radiant section of a steam cracker, (v) removal
of tar heavies and steam cracked tar in a tar knock-out drum, and {v) fractionation of product
feeds to separate a light hydrocarbon product stream. Some arsenic contaminants {(e.g., arsine)
may be carried through this process and can be removed in a downstream light hydrocarbon
recovery train, such as with arsine beds. The combination of desalter, flash separation vessel,
and tar knock-out drumn with a steam cracker removes or reduces the yoajonity of arsenic
contaminants that cause catalyst poisoning and contamination of products.

[3184] The phrases, unless otherwise specified, "consists essentially of" and "consisting
essentially of" do not exclude the presence of other steps, elements, or materials, whether or
not, specifically mentioned in this specification, so long as such steps, elements, or materials,
do not affect the basic and novel characteristics of this disclosure, additionally, they do not
exclude impurnities and variances normally associated with the elements and maierials used.
[6165]  For the sake of brevity, only certain ranges are explicitly disclosed herein. However,
ranges from anv lower limit mayv be combined with any upper limit to rectic a range not
explicitly recited, as well as, ranges from any lower limit may be combined with any other
tower limit to rectie a range not exphieitly recited, io the same way, ranges from any upper lot
may be combined with any other upper limit to recite a range not explicitly recited.
Additionally, within a range includes every point or individual value between its end points

even though not explicitly recited. Thus, every point or individual value may serve as its own
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lower or upper linut combined with any other point or individual value or any other lower or
upper limit, o recite a range not explicitly recited.

{81061 Al documents described herein are meorporated by reference heren, including any
pricrity documents and/or testing procedures to the extent they are not inconsistent with this
text.  As is apparent from the foregoing general description and the specific embodiments,
while forms of this disclosure have been illustrated and descntbed, vartous modifications can
be made withowt departing from the spinit and scope of thus disclosure. Accordingly, it 15 not
intended that this disclosure be limited thereby. Likewise, the term "comprising” is considered
synonymous with the term "including” for purposes of United States law. Likewise whenever
a composition, an element or a group of elements s preceded with the transitional phrase
"comprising,” it is understood that we also contemplate the same composition or group of
elements with transitional phrases "consisting essentially of” "consisting of," "selected from
the group of cousisting of." or "is" preceding the recitation of the composition, element, or
elements and vice versa.

{0107} Certain embodiments and featires have been described using a set of numerical upper
limits and a set of numerical tower limits. It should be appreciated that ranges including the
combination of any two values, e.g., the combination of any lower value with any upper value,
the combination of any two lower values, and/or the combination of any two upper values are
contemplated unless otherwise indicated. Certain lower limits, upper limits and ranges appear
in one or more claims below.

{01081 While this disclosure has been described with respect to a number of embodiments
and examples, those skilled in the ari, having benefit of this disclosure, will appreciate that
other embodiments can be devised which do not depart from the scope and spint of this

disclosure.
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CLAIMS

What is claimed is:

i A process for producing light olefins from a hydrocarbon feed comprising arsenic at an
mitial quantity, the process comprising:

(1) introducing the hvdrocarbon feed to a desalter to produce a desalted hyvdrocarbon
feed having a first quantity of arsenic, where the first quantity is from 60% 1o 95% of the initial
quantity;

{II} heating the desalted hydrocarbon feed to form a preheated hydrocarbon feed;

(111} introducing the preheated hydrocarbon feed to a flash separation vessel to produce
an overhead {raction having a second quantity of arsevic, and a bottoms fraction haviog a third
quantity of arsenic, wherein the second quantity is from 50% to 90% of the first quantity;

V) introducing the overhead fraction and steam 10 a radiant section of the steam
cracker operated under steam cracking conditions 1o produce a steam cracked effluent having
the second quantity of arsenic; and

{V) separating the steam cracked effluent to olitain a steam cracker tar, a steam cracker

gas oil, a naphtha cut, and a process gas stream.

2. The process of claim 1, wherein the steam cracked effiuent comprises arsenic at a
concentration of no greater than about 500 wpph, based on the total weight of the steam cracked

effluent.

3 The process of claim 1 or 2, wherein step (V} comprises:

{Va) separating the steam cracked effluent 1o a tar knock-out drum to obtain the steam
cracker tar and a drum upper eftluent; and

{(Vb) separating the drom upper effluent to obtain the steam cracker gas oil, the naphtha

cut, and the process gas stream.

4. The process of any of ¢laims 1 to 3, wherain:
steps (1V) and (V) are configured such that the steam cracker tar and the steam cracker
gas oil, in total, comprise a fourth quantity of arsenic, the fourth quantity is from 70% 1o 80%

of the second guantity.

5. The process of any of claims | o 4, wherein the process gas stream comprises a {ifth
quantity of arsenic, and the fifth quantity is from 1% to 5% of the second quantity.
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5. The process of any of the preceding claims, further comprising:
(VD recovenng an ethylene product stream and a propylene product stream from the
process gas stream, wherein the propylene product stream comprises arsenic at a concentragion

no greater than 0.05 wppb, based on the total weight of the propvlene product stream.

~3

The process of claim 6. wherein step (V1) comprises:

{Via} passing a {‘3-hydrocarbon-containing stream comprising {3 alkvne/dienes
through an arsine removal bed to produce a treated C3-hydrocarbon-containing stream having
an arsine concentration no greater than 2 wppb, based on the total weight of the treated C3-

hydrocarbon-containing stream.

8. The process of claxm 7, further compnsing:
{(Vib) passing the treated (3-hydrocarbon-coniaining stream through a first
hydrogenation reactor {0 contact an alkyne/diens hydrogenation catalvst in the presence of

molecualar hydrogen 1o convert at leasi a portion of the C3 alkyne/dienss o propylene,

9. The process of claim 8, wherein the first hydrogenation reactor is a front-end acetylene

converter or an MAPD convertor.

i The process of any of ¢claims 7 to 9, further comprising:
{VII) determining a run-length of the arsine removal bed at a given arsenic removal
capacity or an arsenic removal capacity of the arsine removal bed at a given run-length based

on at least one of the second quantity and the fifth quantty.

1. The process of any of claims | to 10, wherein the naphitha cut comprises a sixth quantity

of arsenic, and the sixth quantity 1s from 20% to 30% of the second guantity.

2. The process of any of claims 1 to 11, further comprising:

(VD) recovering a 5+ hvdrocarbon stream comprising C3+ dwlefins from the
naphtha cut; and

{IX} contacting the U3+ hydrocarbon stream with molecular hydrogen in the presence

of a C5+ diolefins hydrogenation catalyst 1 a second hydrogenation reactor to convert at least
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a portion of the U5+ diolefins into U5+ olefins and to produce a U5+ diolefins-abated C5+

hydrocarbon stream comprising C5+ olefins.

i3 The process of claim 12, wherein conditions in the second hydrogenation reactor are

W

selected such that the C5+ diolefins-abated C5+ hydrocarbon stream comprises a seventh

quantity of arsenic, and the seventh quantity 15 50% to 70% of the sixth quantity.

14 The process of claim 12 or claim 13, wherein the C5+ diolefins hydrogenation catalyst

comprises nickel sulfide.

10
15, The process of any of claims 12 to 14, further comprising;

(X} determining a ron-length of the second hydrogenation reactor at a given arsenic
removal capacity or an arseruc removal capacity of the second hydrogenation reactor at a given
run-length based on at least one of the second guantity, the sixth guantity, and the seventh

IS quantity.
6. The process of any of claims 12 1o 135, further comprising:

(X1) contacting the {5+ diolefins-abated €5+ hydrocarbon stream with molecular
hydrogen in the presence of a hydrodesulfurization catalyst in a third hydrogenation reactor o
20 coovert at least a portion of the C5+ olefins into C5+ paraffivs and to produce a

hydrodesulfurized C5+ hydrocarbon stream.

17, The process of claim 16, wherein the hyvdrodesulfunzation catalyst comprises (i) nickel

and molvbdenum or (i1} cobalt and molyhdenum.

25
18, The process of claim 16 or claim 17, wherein conditions in the thurd hydrogenation
reactor are selected such that the hydrodesulfurized C5+ hydrocarbon stream comprises an
eighth quantity of arsenic, and the eighth quantity is 0.1% to 10% of the sixth quantity.

30 19 The process of any of claims 16 to 18, further coroprising:

(X1} determining a run-length of the third hvdrogenation reactor at a given arsenic
removal capacity or an arsenic removal capacity of the hydrodesulfurization catalvst at a given
run-tength based on at least one of the second quantity, the sixth quantity, the seventh quantity,

and the eighth quantity.
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28, Aprocess for producing hight olefins from a hydrocarbon feed comprising arsenic at an
mitial quantity, the process comprnising:

(1) introducing the hydrocarbon feed to a desalter to produce a desalted hydrocarbon
feed having a first quantity of arsenic, where the first quantity is from 60% to 95% of the tnitial
quantity;

(I} heating the desalted hydrocarbon feed to form a preheated hyvdrocarbon feed;

{IH) mtroducing the preheated hydrocarbon feed (o a flash separation vessel to produce
an overhead fraction having a second quantity of arsenic, and a bottoms fraction having a third
quantity of arsenic, wherein the second quantity is from 50% to 90% of the first quantity;

(IV} introducing the overhead fraction and steam to a radiant section of the steam
cracker operated under steam cracking conditions {0 produce a steam cracked effluent having
the second quantity of arsenic, wherein the steam cracked effluent comprises arsenic at a
concentration of no greater than about 300 wppb, based on the total weight of the steam cracked
effluent;

{V) separating the steam cracked effluent to obtain a steam cracker tar, a steam cracker
gas oil, a naphtha cui, and a process gas stream; wherein steps (1Y) and (V) are configured such
that the steam cracker tar and the steam cracker gas oil, in total, comprise a fourth quantity of
arsenic, the fourth quantity 1s from 70% to 80% of the second guantity; and

(V1) recovering an ethvlene product strearn and a propylene product stream from the
process gas stream, wherein the propylene product stream comprises arsenic at a concentration

no greater than 0.05 wppb, based on the total weight of the propylene product stream.

2% The process of claim 20, wherein the process gas stream comprises a fifth quantity of

arsenic, and the fifth quantity is from 1% to 5% of the second quantity.

22. The process of claim 20 or claim 21, wherein step (V1) comprises:

{Via} passing a {3-hydrocarbon-containing stream comprising {3 alkvne/dienes
through an arsine removal bed to produce a treated C3-hydrocarbon-contaiming stream having
an arsine concentration no greater than 2 wppb, based on the total weight of the treated C3-
hydrocarbon-containing stream,;

{(Viby passing the treated C3-hydrocarbon-containing stream through a first
hydrogenation reactor to contact an alkyne/diene hyvdrogenation catalvst in the presence of
mwolecular hydrogen to convert at least a portion of the €3 alkyne/dienes to propylene.

-35 .
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23. The process of any of claims 20 to 22, further comprising:
(Vi) determuning a run-length of the arsine removal bed at a given arsenic removal
capacity or an arsenic removal capacity of the arsine removal bed at a given run-length, based

on at least one of the second quantity and the fifth quantty.

24, The process of any of claims 20 to 23, wherein the naphtha cut comprises a sixth

/

quantity of arsenic, and the sixth quaniity is from 20% to 30% of the second quantity.
25 The process of any of claums 20 to 24, further coroprising:

(Vi) recovering a 5+ hvdrocarbon stream comprising CS+ diolefins from the
naphtha cut; and

(IX) condacting the C3+ hydrocarbon stream with roolecular hydrogen in the presence
of a C3+ diolefins hydrogenation catalyst in a second hydrogenation reactor fo convert at least
a portion of the U3+ diolefing into {5+ olefins and to produce a €5+ diolefins-abated C5+
hydrocarbon stream comprising C5+ olefins;

wherein the C5+ diolefins hydrogenation catalyst comprises nickel sulfide, and
conditions in the second hydrogenation reactor are selected such that the C5+ diolefins-abated
CS+ hydrocarbon stream comprises a seventh quantity of arsenic, and the seventh quantily is
50% to 70% of the sixth quantity; and

{X) determining a run-length of the second hvdrogenation reactor at a given arsenic
removal capacity or an arsenic removal capacity of the second hvdrogenation reactor at a given
run-tength, based on at least one of the second quantity, the sixth quantity, and the seventh
quantity.

26, The process of claim 25, further comprising:

{X1) contacting the U5+ olefins in the C5+ diolefins-abated C5+ hydrocarbon stream
with molecular hydrogen in the presence of a hydrodesulfurization catalyst in a third
hydrogenation reactor to convert at least a portion of the U5+ olefins 1nto €5+ paraffins and to
produce a hydrodesulfurized C5+ hydrocarbon stream,

wherein conditions in the third hyvdrogenation reactor are selected such that the
hydrodesudfurized CS+ hydrocarbon stream comprises an eighth quantity of arsenic, and the

eighth quantity 1s 0.1% to 10% of the sixth quantity.

- 36 -



WO 2023/107819 PCT/US2022/080241

27. The process of claim 26, further comprising;

{X1I) determining a nm-length of the third hydrogenation reactor at a given arsenic
removal capacity or an arsenic remaoval capacity of the third hydrogenation reactor at a given
run-length based on at least one of the second quantity, the sixth quantity, the seventh quantity,

and the eighth quantity.



