(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
10 February 2022 (10.02.2022)

(10) International Publication Number

WO 2022/032270 Al

WIPO I PCT

(51) International Patent Classification:
C10G 45/00 (2006.01) B0OID 57/00 (2006.01)
CI10L 1/00 (2006.01)

(21) International Application Number:

Carolina 28202 (US). WHYMAN, William J.; HONEY-
WELL INTERNATIONAL INC., Intellectual Property Ser-
vices Group, 300 S. Tryon Street, Suite 600, Charlotte,
North Carolina 28202 (US).

PCT/US2021/071071  (74) Agent: BENINATI, John F. et al;, HONEYWELL

. - INTERNATIONAL INC., Intellectual Property Services

(22) International Filing Date: Group, 300 S. Tryon Street, Suite 600, Charlotte, North Car-

30 July 2021 (30.07.2021) olina 28202 (US).

(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every

(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,

" AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(30) Priority Data: CA. CH, CL. CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

63/060,803 04 August 2020 (04.08.2020) US DZ. EC, EE, EG, ES, FL. GB, GD, GE, GII, GM, GT. IIN,

(71) Applicant: HONEYWELL INTERNATIONAL INC. HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,

[US/US]; Intellectual Property Services Group, 300 S. Try- KP, KR, KW, KZ LA, LC,LK, LR, LS, LU, LY, MA, MD,

on Street, Suite 600, Charlotte, North Carolina 28202 (US). ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,

(72) Inventors: KHAMIDULIN, Eldar, HONEYWELL 'IN- SA. SC. SD, SE, SG. SK. SL. ST, SV, SY, TH, TJ, TM, TN

TERNATIONAL INC,, Inte'llectual Property Services TR, TT, TZ. UA, UG, US, UZ, VC, VN, WS, ZA, ZM. ZW.
Group, 300 S. Tryon Street, Suite 600, Charlotte, North Car-

olina 28202 (US). DE REN, Jan; HONEYWELL INTER- (84) Designated States (unless otherwise indicated, for every

NATIONAL INC., Intellectual Property Services Group,
300 S. Tryon Street, Suite 600, Charlotte, North Caroli-
na 28202 (US). CHAN, Raymond S., HONEYWELL
INTERNATIONAL INC., Intellectual Property Services
Group, 300 S. Tryon Street, Suite 600, Charlotte, North

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, [E, IS, IT, LT, LU, LV,

(54) Title: NAPHTHA COMPLEX WITH THERMAL OXIDATION SYSTEM

405
205 345 &
270 466
195 320 415 485 425 430
440 450 460 475 480
} ] - L) me

412

]
410 447
446 455 470 480
413

FIG. 3

w0 2022/032270 A1 |0 00D KO0 0 0 0

(57) Abstract: A process for treating effluent streams in a naphtha complex is described. One or more of the sour water stripping unit
for the NHT sour water from the NHT, the amine treatment unit and the caustic treatment unit for the NHT stripper off-gas, the caustic
scrubber unit or other chloride treatment unit for the off-gas from the Cs-C¢ isomerization zone and the C, isomerization zone, and the
caustic scrubber unit or other chloride treatment unit for the regenerator off-gas are replaced with a thermal oxidation system.

[Continued on next page]



WO 2022/032270 A | [I 0]} 00 000 OO 0 0O

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



10

15

20

25

H219798-WO
WO 2022/032270 PCT/US2021/071071

NAPHTHA COMPLEX WITH THERMAL OXIDATION SYSTEM

STATEMET OF PRIORITY

This application claims the benefit of U.S. Provisional Patent Application Ser. No.
63/060,803 filed on August 4, 2020, the entirety of which is incorporated herein by reference.

BACKGROUND

A traditional naphtha complex may include a naphtha hydrotreater (NHT) zone, a Cs-
Cs isomerization zone, a catalytic reforming zone, and in some cases a C4 isomerization zone.
There are several effluent streams produced in the naphtha complex having these zones that
require treatment. NHT sour water from the NHT is sent to a sour water stripping unit. The
NHT stripper off-gas stream is typically sent to an amine treating unit to remove H,S. Off-gas
from the Cs-Cs isomerization zone and the C4 isomerization zone is typically sent to a caustic
scrubber to remove chlorine-containing species or to another chloride treatment unit for
removing chlorine-containing species from a hydrocarbon-containing vapor stream with a fluid
hydrocarbon sorbent of the Cs-Cs isomerization zone and the C,4 isomerization zone.
Regenerator off-gas from the regeneration of the reforming catalyst can either be sent to a
caustic scrubber to remove chlorine-containing species or can be recycled to the catalyst
regeneration zone for the catalyst to sorb the chlorine-containing species from the gas before
being released to the atmosphere.

Treatment of these effluent streams requires chemicals, as well as additional capital and
operating costs for the amine treating unit, the caustic scrubber units or the chloride treatment
equipment. In addition, in some situations, the treatment and circulation of the off-gases can
result in corrosion problems in the naphtha complex.

Chloride treatment may also require vent gas chloride treating units in order to meet
environmental regulations. This may result in solid waste from the sorbent used in the vent
gas chloride treating units which must be disposed of.

Moreover, these treatments may not be sufficient to meet increasingly stringent

environmental regulations.
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Therefore, there is a need for an improved process for treating effluent streams in a

naphtha complex.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an illustration of one embodiment of a naphtha complex.

Fig. 2 is an illustration of one embodiment of a naphtha complex according to the
present invention.

Fig. 3 is an illustration of one embodiment of a thermal oxidation system according to
the present invention.

Fig. 4 is an illustration of another embodiment of a thermal oxidation system according

to the present invention.

DESCRIPTION OF THE INVENTION

The present invention relates to a process for treating effluent streams in a naphtha
complex. One or more of the sour water stripping unit for the NHT sour water from the NHT,
the amine treatment unit or the caustic treatment unit for the NHT stripper off-gas, the caustic
scrubber unit or other chloride treatment unit for the off-gas from the Cs-Cs isomerization zone
and the C4 isomerization zone, and the caustic scrubber unit or other chloride treatment unit for
the regenerator off-gas can be replaced with a thermal oxidation system. The elimination of
several process units with their associated equipment decreases the capital costs. The operating
costs are reduced as a result of decreasing or eliminating the corrosion problems and
environmental issues.

By eliminating the need for an amine treatment unit, the need to treat the amine unit
regenerator acid gas stream is also avoided. Currently, the amine unit regenerator acid gas
stream is typically sent to a sulfur recovery unit or a thermal oxidizer and in some cases, a
caustic scrubber. This avoids the potential for the sulfur treatment to be a bottleneck for the
naphtha complex. For example, product specifications might require a higher level of
hydrotreating, which would generate additional H,S, increasing the load on the sulfur
treatment. This problem may be reduced or avoided altogether with the present process.

Additionally, energy costs are reduced as a result of optional waste heat recovery.
Waste heat can be recovered in the form of steam, hot oil, electricity, or combinations thereof.

The steam and/or hot oil and/or electricity can be used to supply heat requirements in various
2
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pieces of equipment in the naphtha/C4 isomerization complex or elsewhere. This includes, but
is not limited to, preheating to gas in the continuous catalyst regeneration zone, or reboiler duty
requirements. Reboilers which could utilize the recovered waste heat in the form of steam or
hot oil include, but are not limited to, the naphtha hydrotreater (NHT) stripper column, the de-
isopentanizer column, the naphtha splitter column, the Cs-Cs isomerization stabilizer column,
the de-isohexanizer column, and the Cs isomerization stabilizer column. Waste heat recovered
in the form of electricity can be used in the electrical heaters of the continuous catalyst
regeneration zone for gas preheating, for example.

One aspect of the invention is a process for treating off-gas and water effluent streams
in a naphtha complex. In one embodiment, the process comprises: thermally oxidizing at least
one of a NHT stripper off-gas stream from a NHT stripper column, a Cs-Cs isomerization
stabilizer off-gas stream from a Cs-Ce isomerization stabilizer column, a regenerator off-gas
stream from a catalyst regenerator zone of a reforming zone, a C4 isomerization stabilizer oft-
gas stream from a Cj isomerization stabilizer column, and a NHT sour water stream from a
NHT product separator in a thermal oxidation system. This comprises: thermally oxidizing the
at least one of the NHT stripper off-gas stream, the Cs-Cs isomerization stabilizer off-gas
stream, the regenerator off-gas stream, the C4 isomerization stabilizer off-gas stream, and the
NHT sour water stream in a thermal oxidizing section forming flue gas consisting essentially
of at least one of H>O, CO2, N», O, SOx, NOx, HCI, Cl», dioxins, and furans. Optionally waste
heat is recovered from the flue gas in an optional waste heat recovery section. At least one of
SOx, HCI, and Cl; is removed from the flue gas in a SOx removal section to form a de-SOx
outlet flue gas consisting essentially of at least one of H>O, CO», N, O,, NOx, dioxins, and
furans. The removal of at least one of SOx, HCI, and Cl» comprises: quenching the flue gas in
a quench section to form quenched flue gas after recovering the waste heat; and contacting a
caustic solution or an NH3 based solution with the quenched flue gas in scrubbing section to
form the de-SOx outlet flue gas and a liquid stream comprising at least one of H>O, NaxSOs,
Na»S04, NaHSOs3, Na,COs, NaCl, (NH4),SO4, and NH4Cl; or reacting the flue gas with a
reactant in an SOxX reaction section to form a reaction section flue gas consisting essentially of
at least one of H,O, CO3, N>, Oz, NaCl, Na,COs, Na,SO4, NaNOs3, CaCl,, CaSO4, CaCOs,
Ca(NOs)2, MgCla, MgCOs3, MgSOs, Mg(NOs),, Clz, NOx, dioxins, and furans, wherein the
reactant comprises at least one of NaHCOs3, NaHCO;3-Na;CO;3-2(H20), CaCOs, Ca(OH),, and

Mg(OH),; and filtering the reaction section flue gas in a filtration section to remove NaCl,
3
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Na>COs3, NaxS0O4, NaNOs, CaCly, CaSO4, CaCOs, Ca(NOs3)2, MgCl,, MgCOs, MgSOs, and
Mg(NOs): to form the de-SOx outlet flue gas. NOx can be optionally removed from the de-
SOx outlet flue gas in a NOx removal section to form a de-NOx outlet flue gas consisting
essentially of at least one of H,O, CO», N», O,, dioxins, and furans. Dioxin, furan, or both can
be optionally removed from the de-SOx outlet flue gas or the de-NOx outlet flue gas in a
dioxin-furan removal section to form a treated outlet flue gas consisting essentially of at least
one of H>O, CO2, N2, O, HCI, and Cl,.

In some embodiments, the thermal oxidizing section comprises an adiabatic thermal
oxidizer chamber or a non-adiabatic direct fired boiler.

In some embodiments, removing the dioxin, furan, or both comprises removing the
dioxin, furan, or both using a catalyst or by co-injecting activated carbon with dry sorbent.

In some embodiments, the process further comprises: providing the recovered waste
heat to at least one piece of equipment in the naphtha complex.

In some embodiments, the NOx removal section and the dioxin-furan removal section
are present. In some embodiments, the NOx removal section is present and the dioxin-furan
removal section is not present. In some embodiments, the dioxin-furan removal section is
present and the NOx removal section is not present. In some embodiments, the NOx removal
section and the dioxin-furan removal section are not present.

The naphtha complex can include one of more of the following connected to the thermal
oxidation system: an NHT zone, a Cs-Cs isomerization zone, a Cs isomerization zone, a
reforming zone.

In some embodiments, there is a Cs-Cs isomerization zone, and the process further
comprises: separating the naphtha stream comprising molecules having 1 to 12 carbon atoms
in a NHT stripper column into at least a NHT stripper oft-gas stream consisting essentially of
at least one of Hz, H2S, NH3 and molecules having 5 carbon atoms or less, and a NHT stripper
bottoms stream comprising molecules having five carbon atoms or more; separating the NHT
stripper bottoms stream in a naphtha splitter column into a naphtha splitter overhead stream
comprising molecules having 5-6 carbon atoms and a naphtha splitter bottoms stream
comprising molecules having 6-12 carbon atoms; isomerizing at least a portion of the naphtha
splitter overhead stream in a Cs-Cs isomerization zone in the presence of a Cs- Cs isomerization
catalyst under Cs-Cs isomerization conditions to convert n-pentane to isopentane and n-hexane

to isohexane and form an Cs-Cs isomerization outlet stream; separating the Cs-Cs isomerization
4
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outlet stream in a Cs-Cs isomerization stabilizer column into the Cs-Cs isomerization stabilizer
off-gas stream consisting essentially of at least one of Hz, and HCI and molecules having 4
carbon atoms or less, and a Cs-Cs isomerization stabilizer bottoms stream comprising
molecules having 4 carbon atoms or more; and thermally oxidizing the NHT stripper off-gas
stream, the Cs-Ce isomerization stabilizer off-gas stream, or both in the thermal oxidation
system.

In some embodiments, there is a Cs-Cs 1somerization zone and a reforming zone, and
the process further comprises: reforming the naphtha splitter bottoms stream in a catalytic
reforming zone in the presence of a reforming catalyst to form reformate product comprising a
mixture of paraffin, naphthene, and aromatic molecules having 5 carbon atoms or more;
regenerating spent reforming catalyst in the continuous catalyst regeneration zone forming
regenerated reforming catalyst and the regenerator off-gas stream consisting essentially of at
least one of N», HO, CO,, HCI, O», and Cl»; recycling the regenerated reforming catalyst to
the catalytic reforming zone; and thermally oxidizing the regenerator off-gas stream in the
thermal oxidation system.

In some embodiments, there is a Cs-Cs isomerization zone, a reforming zone, and a Cs4
isomerization zone, and the process further comprises: isomerizing a Cs feed stream in a Cy4
isomerization zone in the presence of an C4 isomerization catalyst under C4 isomerization
conditions to convert n-butane to isobutane and form an C4 isomerization outlet stream
comprising isomerized C4 molecules; separating the C4 isomerization outlet stream in the Cy4
isomerization stabilizer column into the C4 isomerization stabilizer off-gas stream consisting
essentially of Ha, N>, HCI, and molecules having 4 carbon atoms or less, and a Csisomerization
stabilizer bottoms stream comprising molecules having 4 carbon atoms or more; and thermally
oxidizing the C4 isomerization stabilizer off-gas stream in the thermal oxidation system.

In some embodiments, there is Cs-Cs isomerization zone, a reforming zone, and a C4
isomerization zone, and an NHT zone, and the process further comprises: before separating the
naphtha stream in the NHT stripper column: hydrotreating a naphtha feed stream comprising
molecules having 5 to 12 carbon atoms in a naphtha hydrotreating zone to form a hydrotreated
naphtha stream; separating the NHT sour water stream comprising Hz, NH3 and HzS from the
hydrotreated naphtha stream in the NHT product separator to form a dewatered hydrotreated
naphtha stream, and wherein the dewatered hydrotreated naphtha stream comprises the naphtha

stream; and thermally oxidizing the NHT sour water stream in the thermal oxidation system.
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In some embodiments, there is a reforming zone, and the process further comprises:
reforming a naphtha splitter bottoms stream in a catalytic reforming zone in the presence of a
reforming catalyst to form reformate product comprising a mixture of paraffin, naphthene, and
aromatic molecules having 5 carbon atoms or more; regenerating spent reforming catalyst in
the continuous catalyst regeneration zone forming regenerated reforming catalyst and the
regenerator off-gas stream consisting essentially of at least one of N», H,O, CO», HCI, O, and
Cly; and recycling the regenerated reforming catalyst to the catalytic reforming zone; and
thermally oxidizing the regenerator off-gas stream in the thermal oxidation system.

In some embodiments, there is a reforming zone and C4 isomerization zone, and the
process further comprises: isomerizing a C4 feed stream in a C4 isomerization zone in the
presence of an C4 isomerization catalyst under C4 isomerization conditions to convert n-butane
to isobutane and form an Cs isomerization outlet stream comprising isomerized C4 molecules;
separating the C4isomerization outlet stream in the C4 isomerization stabilizer column into the
C4 1somerization stabilizer off-gas stream consisting essentially of Ha, N>, HCI, and molecules
having 4 carbon atoms or less, and a C4 isomerization stabilizer bottoms stream comprising
molecules having 4 carbon atoms or more; and thermally oxidizing the Ci isomerization
stabilizer off-gas stream in the thermal oxidation system.

In some embodiments, there is a Cs4 isomerization zone, and the process further
comprises: isomerizing a Cs feed stream in a C4 isomerization zone in the presence of an Cy4
isomerization catalyst under C4 isomerization conditions to convert n-butane to isobutane and
form an C4isomerization outlet stream comprising isomerized C4 molecules; separating the C4
isomerization outlet stream in the C4 isomerization stabilizer column into the C4 isomerization
stabilizer off-gas stream consisting essentially of H, N>, HCI, and molecules having 4 carbon
atoms or less, and a C, isomerization stabilizer bottoms stream comprising molecules having 4
carbon atoms or more; and thermally oxidizing the C4 isomerization stabilizer off-gas stream
in the thermal oxidation system.

In some embodiments, there is a C4 isomerization zone, an NHT zone, and a Cs-Ce
isomerization zone, and the process further comprises: hydrotreating a naphtha feed stream
comprising molecules having 5 to 12 carbon atoms in a naphtha hydrotreating zone to form a
hydrotreated naphtha stream; separating the NHT sour water stream comprising H», NH3, and
H»S from the hydrotreated naphtha stream in the NHT product separator to form a dewatered

hydrotreated naphtha stream, and wherein the dewatered hydrotreated naphtha stream
6
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comprises the naphtha stream; separating the naphtha stream comprising molecules having 1
to 12 carbon atoms in a NHT stripper column into at least a NHT stripper off-gas stream
consisting essentially of at least one of H», H>S, NH3 and molecules having 5 carbon atoms or
less, and a NHT stripper bottoms stream comprising molecules having five carbon atoms or
more; separating the NHT stripper bottoms stream in a naphtha splitter column into a naphtha
splitter overhead stream comprising molecules having 5-6 carbon atoms and a naphtha splitter
bottoms stream comprising molecules having 6-12 carbon atoms; isomerizing at least a portion
of the naphtha splitter overhead stream in a Cs-Cs isomerization zone in the presence of a Cs-
Cs i1somerization catalyst under Cs-Cs isomerization conditions to convert n-pentane to
isopentane and n-hexane to isohexane and form an Cs-Cs isomerization outlet stream;
separating the Cs-Cs isomerization outlet stream in a Cs-Cs isomerization stabilizer column
into the Cs-Cs isomerization stabilizer off-gas stream consisting essentially of at least one of
H», HCI, and molecules having 4 carbon atoms or less, and a Cs-Ce isomerization stabilizer
bottoms stream comprising molecules having 4 carbon atoms or more; and thermally oxidizing
at least one of the NHT stripper off-gas stream, the Cs-Cs isomerization stabilizer off-gas
stream, and the NHT sour water stream in the thermal oxidation system.

In some embodiments, there is a NHT zone, and the process further comprises:
hydrotreating a naphtha feed stream comprising molecules having 5 to 12 carbon atoms in a
naphtha hydrotreating zone to form a hydrotreated naphtha stream; separating the NHT sour
water stream comprising Hz, HN3and H»S from the hydrotreated naphtha stream in the NHT
product separator to form a naphtha stream; and thermally oxidizing the NHT sour water stream
in the thermal oxidation system.

In some embodiments, there is an NHT zone and a Cs-Cs isomerization zone, and the
process further comprises: separating the naphtha stream comprising molecules having 1 to 12
carbon atoms in a NHT stripper column into at least a NHT stripper off-gas stream consisting
essentially of at least one of Hz, H>S, NH3 and molecules having 5 carbon atoms or less, and a
NHT stripper bottoms stream comprising molecules having five carbon atoms or more;
separating the NHT stripper bottoms stream in a naphtha splitter column into a naphtha splitter
overhead stream comprising molecules having 5-6 carbon atoms and a naphtha splitter bottoms
stream comprising molecules having 6-12 carbon atoms; isomerizing at least a portion of the
naphtha splitter overhead stream in a Cs-Cs isomerization zone in the presence of a Cs- Ce

isomerization catalyst under Cs-Ces isomerization conditions to convert n-pentane to isopentane
7
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and n-hexane to isohexane and form an Cs-Cg isomerization outlet stream; separating the Cs-
Cs isomerization outlet stream in a Cs-Cs isomerization stabilizer column into the Cs-Cs
isomerization stabilizer off-gas stream consisting essentially of at least one of H,, HCI, and
molecules having 4 carbon atoms or less, and a Cs-Cs isomerization stabilizer bottoms stream
comprising molecules having 4 carbon atoms or more; and thermally oxidizing the NHT
stripper off-gas stream, the Cs-Cs isomerization stabilizer off-gas stream, or both in the thermal
oxidation system.

In some embodiments, there is an NHT zone, a Cs-Cs isomerization zone, and a
reforming zone, and the process further comprises: reforming the naphtha splitter bottoms
stream in a catalytic reforming zone in the presence of a reforming catalyst to form reformate
product comprising a mixture of paraffin, naphthene, and aromatic molecules having 5 carbon
atoms or more; regenerating spent reforming catalyst in the continuous catalyst regeneration
zone forming regenerated reforming catalyst and the regenerator off-gas stream consisting
essentially of at least one of N, H,O, CO», HCI, O», and Cl,; and recycling the regenerated
reforming catalyst to the catalytic reforming zone; and thermally oxidizing the regenerator off-
gas stream in the thermal oxidation system.

In some embodiments, there is an NHT zone and a reforming zone, and the process
further comprises: separating the naphtha stream comprising molecules having 1 to 12 carbon
atoms in a NHT stripper column into at least a NHT stripper off-gas stream consisting
essentially of at least one of Hz, H>S, NH3 and molecules having 5 carbon atoms or less, and a
NHT stripper bottoms stream comprising molecules having five carbon atoms or more;
separating the NHT stripper bottoms stream in a naphtha splitter column into a naphtha splitter
overhead stream comprising molecules having 5-6 carbon atoms and a naphtha splitter bottoms
stream comprising molecules having 6-12 carbon atoms; reforming the naphtha splitter bottoms
stream in a catalytic reforming zone in the presence of a reforming catalyst to form reformate
product comprising a mixture of paraffin, naphthene, and aromatic molecules having 5 carbon
atoms or more; regenerating spent reforming catalyst in the continuous catalyst regeneration
zone forming regenerated reforming catalyst and the regenerator off-gas stream consisting
essentially of at least one of N, H,O, CO», HCI, O», and Cl,; and recycling the regenerated
reforming catalyst to the catalytic reforming zone; and thermally oxidizing the NHT stripper

off-gas stream, the regenerator off-gas stream, or both in the thermal oxidation system.
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As used herein, the term “stream” can include various hydrocarbon molecules, such as
straight-chain, branched, or cyclic alkanes, alkenes, alkadienes, and alkynes, and optionally
other substances, such as gases, e.g., hydrogen, or impurities, such as metals, and sulfur and
nitrogen compounds. The stream can also include aromatic and non-aromatic hydrocarbons.
Moreover, the hydrocarbon molecules may be abbreviated Ci, C2, C3 . . . Cy where “n”
represents the number of carbon atoms in the one or more hydrocarbon molecules.

[l

Furthermore, a superscript “+” or may be used with an abbreviated one or more
hydrocarbons notation, e.g., Cs+ or Cs-, which is inclusive of the abbreviated one or more
hydrocarbons. As an example, the abbreviation “Cs+” means one or more hydrocarbon
molecules of three and/or more carbon atoms.

As used herein, the term “zone” can refer to an area including one or more equipment
items and/or one or more sub-zones. Equipment items can include one or more reactors or
reactor vessels, heaters, exchangers, pipes, pumps, compressors, and controllers. Additionally,
an equipment item, such as a reactor, dryer, or vessel, can further include one or more zones or
sub-zones.

Fig. 1 illustrates an example of a typical naphtha complex 100. The process starts with
a naphtha feed stream 105. Naphtha feedstocks comprise paraffins, naphthenes, and aromatics,
and may comprise small amounts of olefins, boiling within the gasoline range. Feedstocks
which may be utilized include straight-run naphthas, catalytically cracked gasoline, partially
reformed naphthas or raffinates from extraction of aromatics. The feedstock typically
comprises molecules having predominantly 5 to 12 carbon atoms, with a small amount (e.g.,
less than 1 mol%) of molecules having 4 carbon atoms and less or having 13 carbon atoms and
more. The feedstock is generally encompassed by the range of a full-range naphtha, having an
initial boiling point of 30°C to 35°C, and a final boiling point up to 210°C (ASTM D86).

The naphtha feed stream 105 is sent to a naphtha hydrotreater (NHT) reaction
section110 (which may include a feed preparation section). In the hydrotreating process,
hydrogen gas is contacted with a hydrocarbon stream in the presence of suitable catalysts which
are primarily active for the removal of heteroatoms, such as sulfur, nitrogen, and metals from
the hydrocarbon feedstock. In hydrotreating, hydrocarbons with double and triple bonds may
be saturated. Aromatics may also be saturated. Typical naphtha hydrotreating reaction
conditions include a temperature of 290°C (550°F) to 343°C (650°F), a pressure of 2.4 MPa

(350 psig) to 5.2 MPa (750 psig), a liquid hourly space velocity of 8 hr'!, and a hydrogen rate
9
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of 59 to 168 Nm*/m? oil (350-1,000 scf/bbl). Typical hydrotreating catalysts include at least
one Group 8 metal, preferably iron, cobalt and nickel, and at least one Group 6 metal, preferably
molybdenum and tungsten, on a high surface area support material, preferably alumina. Other
typical hydrotreating catalysts include zeolitic catalysts, as well as noble metal catalysts where
the noble metal is selected from palladium and platinum.

The hydrotreated naphtha stream 111 is separated in a NHT product separator 112 into
a dewatered hydrotreated naphtha feed stream 115 and a NHT sour water stream 345
comprising H>O, NH3 and H>S. The NHT sour water stream 345 is sent to sour water stripping
unit 350 for treatment and removal of the NH3 and H»S to form stripped sour water stream 355
that is sent for further water treatment or re-used as wash water within the refinery.

The dewatered hydrotreated naphtha feed stream 115 is the naphtha stream sent to the
NHT stripper column 120 where it is separated into a NHT stripper off-gas stream 125 and a
NHT stripper bottoms stream 130.

The NHT stripper oft-gas stream 125 comprises one or more of Hz, H>S, NH3 and
molecules having 5 carbon atoms or less. The NHT stripper off-gas stream 125 is sent to an
NHT stripper off-gas treating unit 135 to remove sulfur. The NHT stripper off-gas treating
unit 135 could be an amine contactor, an amine contactor with a regeneration unit, or a
scrubbing unit, such as a caustic scrubbing unit, for example.

The sweetened gas (i.e., a gas free of hydrogen sulfide and carbon dioxide) 140 is
typically sent to the refinery fuel gas system. The acid gas stream 145 containing the sulfur
compounds (e.g., the acid gas stream may comprise H»S, H,O, CO», and trace amounts of
hydrocarbons, such as Ci-Cs) is sent to a NHT stripper off-gas sulfur treatment unit 150 to
remove sulfur compounds. The NHT stripper off-gas sulfur treatment unit 150 could be a
sulfur recovery unit, e.g., one based on the Claus process, or a thermal oxidizer with a caustic
scrubber, for example.

The off-gas 155 from the NHT stripper off-gas sulfur treatment unit 150 is sent to the
tail gas treating unit (not shown). When the NHT stripper off-gas sulfur treatment unit 150 is
based on the Claus process, the off-gas 155 includes H»S, Hz, CO, CO,, N3, Oz, SO3, SOs,
CS,,COS, S6, and S8. In this case, the off-gas 155 would be sent to a thermal oxidizer. There
may also be a caustic scrubber as well in some cases. When the NHT stripper off-gas sulfur
treatment unit 150 is a thermal oxidizer and a caustic scrubber, the off-gas 155, which would

primarily be H>O, CO3, N», O, can be emitted directly to the atmosphere.
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The NHT stripper bottoms stream 130 comprises molecules having five carbon atoms
or more. It is sent to the naphtha splitter column 160 where it is separated into a naphtha splitter
overhead stream 165 and a naphtha splitter bottoms stream 170.

The naphtha splitter overhead stream 165 comprises molecules having 5-6 carbon
atoms. It may be sent to an optional de-isopentanizer column 175 where it is separated into a
de-isopentanizer overhead stream 180 and a de-isopentanizer bottoms stream 185.

The de-isopentanizer overhead stream 180 comprises molecules having 5 carbon atoms
or less. It is sent to gasoline storage tank (not shown) for blending with other gasoline blending
components.

The de-isopentanizer bottoms stream 185 comprises molecules having 5-12 carbon
atoms. It is sent to the Cs-Cs isomerization zone 190.

Alternatively, the naphtha splitter overhead stream 165 can be sent to the Cs-Cs
isomerization zone 190.

The Cs-Cs 1somerization zone 190 can be any type of isomerization zone that takes a
stream of Cs-Cs straight-chain hydrocarbons or a mixture of straight-chain, branched-chain,
and cyclic hydrocarbons and converts straight-chain hydrocarbons in the feed mixture to
branched-chain hydrocarbons and branched hydrocarbons to more highly branched
hydrocarbons, thereby producing an effluent having branched-chain and straight-chain
hydrocarbons. In some embodiments, the isomerization zone can include one or more reactors.

The de-isopentanizer bottoms stream 185 (or the naphtha splitter overhead stream 165)
and hydrogen are contacted in the Cs-Cs isomerization zone 190 with an isomerization catalyst
forming Cs-Cs isomerization outlet stream 195. The catalyst composites that can be used in the
Cs-Cs 1somerization zone 190 include traditional isomerization catalysts including chlorided
platinum alumina, crystalline aluminosilicates or zeolites, and other solid strong acid catalysts
such as sulfated zirconia and modified sulfated zirconia. Suitable catalyst compositions of this
type will exhibit selective and substantial isomerization activity under the operating conditions
of the process.

Operating conditions within the Cs-Cs isomerization zone 190 are selected to maximize
the production of isoalkane product from the feed components. Temperatures within the
isomerization zone will usually range from 40° to 235°C (100° to 455°F). Lower reaction
temperatures usually favor equilibrium mixtures of isoalkanes versus normal alkanes. Lower

temperatures are particularly useful in processing feeds composed of Cs and Cs alkanes where
11



10

15

20

25

30

H219798-WO
WO 2022/032270 PCT/US2021/071071

the lower temperatures favor equilibrium mixtures having the highest concentration of the most
branched isoalkanes. When the feed mixture is primarily Cs and Cs alkanes, temperatures in
the range of from 60° to 160°C are suitable. The isomerization zone may be maintained over a
wide range of pressures. Pressure conditions in the isomerization of C4-Cg paraffins range from
600 KPa(g) to 6900 KPa(g). In other embodiments, pressures for this process are in the range
of from 2000 kPa(g) to 5000 kPa(g). The feed rate to the reaction zone can also vary over a
wide range. These conditions include liquid hourly space velocities ranging from 0.5 to 12 hr”
! however, with some embodiments having space velocities between 1 and 6 hr'!.

The Cs-Cs isomerization outlet stream 195 is sent to the Cs-Cg 1somerization stabilizer
column 200 where it is separated into Cs-Cs isomerization stabilizer off-gas stream 205, and
Cs-Cs 1somerization stabilizer bottoms stream 210.

The Cs-Cs isomerization stabilizer off-gas stream 205 comprises H», HCIl, and
molecules having 4 carbon atoms or less. It is sent to a Cs-Cs off-gas chloride treatment unit
215 to remove chloride. The Cs-Cs off-gas chloride treatment unit 215 could be an off-gas
scrubber or other chloride treating unit, such as the ReChlor™ process unit available from UOP
LLC. The ReChlor™ process is a process for removing chorine-containing species from a
hydrocarbon containing vapor stream by contacting the vapor stream with a fluid hydrocarbon
sorbent at conditions effective for sorption of the chorine-containing species with the fluid
hydrocarbon sorbent.

The oft-gas 220 from the Cs-Cs off-gas chloride treatment unit 215 (which comprises
molecules having 4 carbon atoms or less) is sent to the refinery gas fractionation zone.

The Cs-Cs isomerization stabilizer bottoms stream 210 comprises hydrocarbons having
4 carbon atoms or more. It is sent to the de-isohexanizer column 225 where it is separated into
a de-isohexanizer overhead stream 230, de-isohexanizer side cut stream 235, and a
deisohexanizer bottoms stream 240.

The de-isohexanizer overhead stream 230 comprises molecules having 6 carbon atoms
or less. It is sent to the gasoline storage tank (not shown) for blending with other gasoline
blending components.

The de-isohexanizer side cut stream 210 comprises methylpentane and n-hexane. It is

recycled to the Cs-Cs isomerization zone 190.
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The deisohexanizer bottoms stream 240 comprises molecules having 6 carbon atoms or
more. It is sent to the gasoline storage tank for blending with other gasoline blending
components.

The naphtha splitter bottoms stream 170 comprises molecules having 6-12 carbon
atoms. It is sent to the catalytic reforming zone 245. In a common form, the reforming process
can employ the catalyst particles in several reaction zones interconnected in a series flow
arrangement. There may be any number of reaction zones, but usually the number of reaction
zones is 3, 4 or 5. Because reforming reactions occur generally at an elevated temperature and
are generally endothermic, each reaction zone usually has associated with it one or more
heating zones, which heat the reactants to the desired reaction temperature.

The catalyst particles are typically comprised of one or more Group VIII (IUPAC 8-
10) noble metals (e.g., platinum, iridium, rhodium, and palladium) and a halogen combined
with a porous carrier, such as a refractory inorganic oxide. Typical feed inlet temperature for
the reformers are between 480 and 580 °C (824 and 1076 °F). The reformers may have
different operating temperatures, for example, with a first reforming reactor having a
temperature between 500 to 540 °C (932 to 1004 °F) and a second, subsequent reforming
reactor having a temperature greater than 540 °C (1004 °F). The reformers can be operated at
a range of pressures generally from atmospheric pressure of 0 to 6,895 kPa(g) (0 psi(g) to 1,000
psi(g)). The reaction conditions also include a liquid hour space velocity (LHSV) in the range
from 0.6 hr' to 10 hr''. Shorter residence time is desirable when utilizing the higher
temperatures. The catalyst also has a residence time in the reformers of between 0.5 hours and
36 hours.

The reformer effluent 250 comprises a mixture of paraffin, naphthene, and aromatic
molecules having 5 carbon atoms or more. It is sent to the gasoline storage tank (not shown)
for either use as a high-octane blend stock for making gasoline or as a source of aromatics for
the petrochemicals industry.

Spent reforming catalyst 255 is sent to the continuous catalyst regenerator zone 260.
Over time, coke accumulates on the catalytic reforming catalyst. Carbon is burned off the spent
(partially deactivated) catalyst in the continuous catalyst regenerator zone 260. The
regenerated catalyst 265 is returned to the catalytic reforming zone 245.

The regenerator off-gas stream 270 comprises one or more of N», H>O, CO», HCI, O,

and Cl. It is sent to the regenerator off-gas chloride treatment unit 275 to remove chloride
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species. The regenerator off-gas chloride treatment unit 275 could be an off-gas scrubber or
other chloride treatment process, such as the Chlorsorb™ process from UOP LLC. The
Chlorsorb™ process is a process for recovering a chlorine-containing species from a
hydrocarbon conversion process gas stream by contacting the gas stream with an aluminum-
containing solid sorbent under conditions effective to adsorb the chorine-containing species
with the solid sorbent.

In some cases, the vent gas 280 from the regenerator off-gas chloride treatment unit
275 is sent to the regenerator off-gas dioxin-furan removal unit 285 where dioxin and/or furan
is removed from the vent gas 280. The treated gas 290, which contains one or more of Na,
H>0, CO, HCI, O3, and Cl,. is vented to the atmosphere.

In some naphtha complexes, there is a C4 isomerization unit 295. A C4 feed stream 300
comprises molecules having 4 carbon atoms. It is sent to the C4 isomerization zone 305 where
n-butane is converted to iso-butane. The reaction conditions for the C4 isomerization unit 295
typically include temperatures in the range of 93°F to 204°C (200°F to 400°F), pressures in the
range of 1.5-2.0 MPa, a LHSV of 2 hr'!, and an Ho/HC mole ratio of 0.5-2.

The C4 isomerization outlet stream 310 is sent to C4 isomerization stabilizer column
315 where it is separated into C4 isomerization stabilizer off-gas stream 320, and C4
isomerization stabilizer bottoms stream 325.

The C4 isomerization stabilizer off-gas stream 320 comprises hydrogen, nitrogen, HCI,
and molecules having 4 carbon atoms or less. It is sent to a C4 off-gas chloride treatment unit
330 to remove chloride. The Cs off-gas chloride treatment unit 330 could be an off-gas
scrubber, for example.

The off-gas 335 from the C4 off-gas chloride treatment unit 330 (which comprises
molecules having 4 carbon atoms or less, i.e., a gas free of chloride-containing species) is sent
to refinery gas fractionation zone. The spent caustic 340 from the C4 scrubber unit 330 (which
comprises mainly H2O, NaHS, and Na,S) is sent to refinery spent caustic system.

The C4 isomerization stabilizer bottoms stream 325 comprises molecules having 4
carbon atoms or more. It can be blended directly into gasoline or sent to an alkylation unit.

Fig. 2 illustrates an example of a naphtha complex 400 embodying the claimed process.

The various parts of the naphtha complex, including the NHT reactor section 110, NHT
product separator 112, the NHT stripper column 120, the naphtha splitter column 160, the de-

isopentanizer column 175 (if present), the Cs-Cs isomerization zone 190, the Cs-Cs
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isomerization stabilizer column 200, the de-isohexanizer column 225, the catalytic reforming
zone 245, the continuous catalyst regenerator zone 260, the C4 isomerization zone 305, and the
C,4 1somerization stabilizer column 315, are as described above.

However, in this embodiment, at least one of the NHT stripper off-gas stream 125, the
Cs-Cs 1somerization stabilizer off-gas stream 205, the regenerator off-gas stream 270, the C4
isomerization stabilizer off-gas stream 320, and the NHT sour water stream 345 are thermally
oxidized in a thermal oxidation system 405.

Depending on the process units in the naphtha complex, this allows one or more of the
following process units to be eliminated: the NHT stripper off-gas treating unit 135, the NHT
stripper off-gas sulfur treatment unit 150, the Cs-Cs off-gas chloride treatment unit 215, the
regenerator oftf-gas chloride treatment unit 275, the regenerator off-gas dioxin-furan removal
unit 285, the C4 off-gas chloride treatment unit 330, and the sour water stripping unit 350. The
reduction in process units may result in significantly lower capital and operating costs.

One embodiment of a thermal oxidation system 405 is illustrated in Fig. 3. The thermal
oxidation system 405 comprises a thermal oxidizing section 410, an optional waste heat
recovery section 415, a quench section 420, a scrubbing section 425, an optional NOx removal
430, and an optional dioxin-furan removal section 435.

At least one of the NHT stripper off-gas stream 125, the Cs-Cs isomerization stabilizer
oft-gas stream 205, the regenerator off-gas stream 270, the C4 isomerization stabilizer off-gas
stream 320, and the NHT sour water stream 345, along with a combustion air stream 411, make-
up natural gas or fuel gas stream 412 (as needed), and quench stream 413 (as needed) are
introduced into the thermal oxidizing section 410. The inlet temperature of the thermal
oxidizing section 410 is typically in the range of -30-500°C with a pressure of -1 kPa(g) to
3000 kPa(g). The outlet temperature is typically in the range of 650-1300°C with a pressure
of -1 kPa(g) to 50 kPa(g). The residence time in the thermal oxidizing section 410 is between
0.5 and 2 seconds. When a direct fired boiler is used, the temperature may be much higher, for
example, 2100°C. Any suitable thermal oxidizing section 410 could be used, including, but
not limited to, an adiabatic thermal oxidizer chamber or a non-adiabatic direct fired boiler. The
thermal oxidizing section 410 can be forced draft, induced draft, or a combination of both. An
optional selective non-catalytic reduction (SNCR) section may be present in some cases. The
inlet temperature of the SNCR section is typically in the range of 650-1300°C (2100°C with a

direct fired boiler) with a pressure of -1 kPa(g) to 50 kPa(g). The outlet temperature is typically
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in the range of 650-1040°C with a pressure of -1 kPa(g) to 50 kPa(g). The residence time in
the SNCR section is between 0.2 and 1 seconds. The thermal oxidation step would be separated
from the SNCR step via a choke wall in the vessel. The hydrocarbons are converted to H,O
and CO;. The sulfides from the sulfur species (e.g., H2S) present in feed are converted to
oxidized sulfur particulate SOx including, but not limited to, SO» and SOs, and H,O. The
nitrogen from the nitrogen bound molecules (e.g. NH3) present in the feed are converted to
Nitrogen (N2) and NOx, including but not limited to NO, NO,. The HCI and Cl, (if any)
remain.

The flue gas stream 440 from the thermal oxidizing section 410 consists essentially of
one or more of H,O, CO3, Nz, Oz, SOx (i.e., SOz and SO3), NOx (i.e., NO and NO), HCI, Cl,
dioxins, and furans. “Consisting essentially of” means that one of more of the gases or vapors
are present and there are no other gases or vapors present which require treatment before being
released to the atmosphere, The flue gas stream 440 is sent to the optional waste heat recovery
section 415. The inlet temperature of the optional waste heat recovery section 415 is typically
in the range of 650-1300°C with a pressure of -2 kPa(g) to 50 kPa(g). The outlet temperature
is typically in the range of 200-400°C with a pressure of -2 kPa(g) to 50 kPa(g). Suitable
waste heat recovery apparatus and methods include, but are not limited to, a waste heat
recovery boiler, including, but not limited to, a firetube boiler or a watertube boiler. Boiler
feed water or oil stream 446 enters the waste heat recovery section 415 where a portion is
converted to steam or hot oil stream 445, with the remainder exiting as blowdown water or oil
stream 447. In some cases, the steam can be converted to electricity, for example using a steam
turbine, if desired.

The recovered waste heat in steam or hot oil stream 445 can be in the form of low (e.g.,
less than 350 kPa(g)), medium (e.g., 350 kPa(g) to 1750kPa(g)), or high (e.g., greater than 1750
kPa(g)) pressure saturated or superheated steam, hot oil, and/or electricity. The recovered heat
can be used to provide heat to one or more pieces of equipment or process streams in the
naphtha complex or to other parts of the plant. For example, the recovered waste heat in steam
or hot oil steam stream 445 can be used to preheat gas in the catalytic reforming zone 245, in
the reboilers of various columns in the naphtha complex or other areas of the plant, or for other
heat requirements.

The flue gas stream 450 from the optional waste heat recovery section 415 flows to the

quench section 420 where the temperature of the flue gas is reduced to the saturation
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temperature using quench stream 455. The inlet temperature of the quench section 420 is
typically in the range of 200-400°C with a pressure of -3 kPa(g) to 50 kPa(g). The inlet
temperature could be up to 1300°C if no waste heat reboiler is present. The outlet temperature
is typically in the range of 45-150°C with a pressure of -3 kPa(g) to 50 kPa(g). Quench stream
455 includes, but is not limited to, water, air, recycle flue gas, or combinations thereof.

The quenched flue gas stream 460 from the quench section 420 is sent to the SOx
removal section 425 for removal of at least one of the SOx, HCI and Cl,. The inlet temperature
of the SOx removal section 425 is typically in the range of 45-150°C with a pressure of -4
kPa(g) to 50 kPa(g). The outlet temperature is typically in the range of 45-150°C with a
pressure of -4 kPa(g) to 50 kPa(g). For example, the SOx removal section may be a scrubbing
section in which a caustic stream 465 comprising aqueous NaOH is introduced into the
scrubbing section where it reacts with the at least one of SOx, HCI, and Cl; in the flue gas. An
aqueous stream 470 containing aqueous Na;SOs Na»SO4, and NaCl exits the scrubbing section
425. If desired, a reducing agent such as NaHSO4 or H>O», can be included to react with the
Cl5 to form HCI which reacts to form NaCl. Alternatively, stream 465 could be an NH3 based
solution. The NHj3 reacts with the SOx to form (NH4)>SO4. The NHj3 reacts with the Cl» to
form N, and HCIl, followed by the reaction of the HC] with the NH3 forming NH4Cl. A separate
reducing agent is not needed when NH3 is used. In this case, the aqueous stream 470 would
include H,O, NaCl, (NH4)SO4 and NH4Cl.

The de-SOx outlet flue gas stream 475 from the scrubbing section 425 has a reduced
level of SOx compared to the incoming quenched flue gas stream 460. The de-SOx outlet flue
gas stream 475 comprises one or more of H,O, CO», N, O, NOx, dioxins, and furans.

If NOx is present in the de-SOx outlet flue gas stream 475, the de-SOx outlet flue gas
stream 475 is sent to the optional NOx removal section 430 to remove NOx. The inlet
temperature of the NOx removal section 430 is typically in the range of 150-300°C with a
pressure of -5 kPa(g) to 50 kPa(g). The outlet temperature is typically in the range of 200-
350°C with a pressure of -5 kPa(g) to 50 kPa(g). The de-SOx outlet flue gas stream 475 may
need to be heated to obtain the desired inlet temperature for the NOx removal section 430. For
example, the NOx removal section 430 can be a selective catalytic reduction (SCR) section in
which an ammonia and/or urea stream 480 are introduced into the SCR section 430 where it
reacts with the NOx and forms N> and H2O. Any suitable SCR catalyst could be used, including

but not limited to, ceramic carrier materials such as titanium oxide with active catalytic
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components such as oxides of base metals including TiO,, WO; and V»0s,, or an activated
carbon based catalyst. The de-NOx outlet flue gas stream 490 comprises one or more of H>O,
CO2, N, O», dioxins, and furans.

If there are any halogens present in the feed, this may result in the formation of dioxin
and/or furans. These compounds must be removed before the gases can be vented to the
atmosphere. If dioxins and/or furans are present in the de-SOx outlet flue gas stream 475 or
the de-NOx outlet flue gas 490, the de-SOx outlet flue gas 475 or the de-NOx outlet flue gas
stream 490 is sent to the optional dioxin-furan removal section 435 for removal of the dioxin
and/or furan. The dioxin and furans can be removed using a catalyst. The inlet temperature of
the dioxin-furan removal section 435 is typically in the range of 150-250°C with a pressure of
-6 kPa(g) to 50 kPa(g). The outlet temperature is typically in the range of 150-250°C with a
pressure of -6 kPa(g) to 50 kPa(g). The treated outlet flue gas stream 495, consisting
essentially of one or more of H>O, CO», N, O», HCI, and Cl», can be vented to the atmosphere.

If there levels of NOx and dioxins and/or furans in the de-SOx outlet flue gas stream
475 exceed environmental regulations, the system will probably contain both the NOx removal
section 430 and dioxin-furan removal section 435. In this case, deSOx outlet flue gas stream
475 will have a slightly higher temperature than de-NOx outlet flue gas stream 490. There may
be a need for quenching the de-NOx outlet flue gas stream 490 before it enters the dioxin —
furan removal section 430.

If the de-SOx outlet flue gas stream 475 does not contain NOx, dioxin, or furans, the
optional NOx removal section 430 and optional dioxin-furan removal section 435 are not
present. The de-SOX outlet flue gas stream 466, consisting essentially of one or more of H>O,
CO3, Ny, and O», can be vented to the atmosphere.

If the de-SOx outlet flue gas stream 475 contains NOx, but no dioxin or furans, the
optional dioxin-furan removal section 435 is not present. The de-NOx outlet flue gas stream
485, consisting essentially of one or more of H>O, CO», N3, and O», can be vented to the
atmosphere.

If the de-SOx outlet flue gas stream 475 contains dioxin or furans, but not NOx, the
optional NOx removal section 430 is not present. The de-SOx outlet flue gas stream 475 is
sent to the optional dioxin-furan removal section 435. The treated outlet flue gas stream 495,
consisting essentially of one or more of H>O, CO», N>, Oz, HCI, and Cl;, can be vented to the

atmosphere.
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Another embodiment of the thermal oxidation system 405 is illustrated in Fig. 4. The
thermal oxidation system 405 comprises a thermal oxidizing section 500, an optional waste
heat recovery section 505, a SOx removal section comprising an SOX reaction section 510 and
a filtration section 515, an optional NOx removal section 520, and an optional dioxin-furan
removal section 525.

At least one of the NHT stripper off-gas stream 125, the Cs-Cs isomerization stabilizer
off-gas stream 205, the regenerator off-gas stream 270, the C4 isomerization stabilizer off-gas
stream 320, and the NHT sour water stream 345 are introduced into the thermal oxidizing
section 500, as described above. In some cases, one or more of a combustion air stream 501,
make-up natural gas stream 502, and quench stream 503 are also introduced into the thermal
oxidizing section 410.

The inlet temperature of the thermal oxidizing section 500 is typically in the range of -
30-500°C with a pressure of -1 kPa(g) to 3000 kPa(g). The outlet temperature is typically in
the range of 650-1300°C (2100°C with a direct fired boiler) with a pressure of -1 kPa(g) to 50
kPa(g). The residence time in the thermal oxidizing section 500 is between 0.5 and 2 seconds.
Any suitable thermal oxidizing section 500 could be used, including, but not limited to, an
adiabatic thermal oxidizer chamber or a non-adiabatic direct fired boiler. The thermal
oxidizing section 500 can be forced draft, induced draft, or a combination of both. The inlet
temperature of the optional SNCR section is typically in the range of 650-1300°C (2100°C
with a direct fired boiler) with a pressure of -1 kPa(g) to 50 kPa(g). The outlet temperature is
typically in the range of 650-1040°C with a pressure of -1 kPa(g) to 50 kPa(g). The residence
time in the SNCR section is between 0.2 and 1 seconds. The thermal oxidation step would be
separated from the SNCR step via a choke wall in the vessel.

The flue gas stream 530 from the thermal oxidizing section 500 comprises one or more
of H>O, CO, N2, O, SOx, NOx, HCI, Cl,, dioxins, and furans. The flue gas stream 530 is sent
to the optional waste heat recovery section 505. Boiler feed water or oil stream 534 enters the
optional waste heat recovery section 505 where a portion is converted to steam or hot oil stream
535, with the remainder exiting as blowdown water or oil 536. The inlet temperature of the
optional waste heat recovery section 505 is typically in the range of 650-1300°C with a pressure
of -2 kPa(g) to 50 kPa(g). The outlet temperature is typically in the range of 200-400°C with
a pressure of -2 kPa(g) to 50 kPa(g). Suitable waste heat recovery apparatus and methods are

described above. The recovered waste heat in steam or hot oil stream 535 can be in the form
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of low, medium, or high pressure saturated or superheated steam, hot oil, and/or electricity.
The recovered waste heat in steam or hot oil stream 535 can be used to preheat gas in the
catalytic reforming zone 245, in the reboilers of various columns in the naphtha complex, or
elsewhere in the plant, or for other heat requirements.

The flue gas stream 540 from the optional waste heat recovery section 505 is sent to the
SOx removal section comprising an SOx reaction section 510 to convert at least one of SOx,
HCI, and Cl, and a filtration section 515. The inlet temperature of the SOx reaction section
510 is typically in the range of 200-400°C with a pressure of -3 kPa(g) to 50 kPa(g). The outlet
temperature is typically in the range of 200-400°C with a pressure of -3 kPa(g) to 50 kPa(g).
Fresh sorbent 541 and optionally recycled sorbent 545, (comprising a mixture of one or more
NaCl, NaxCOs3, Na;SQ4, CaCly, CaSQ4, CaCOs;, MgCl,, MgCO3, MgS0O4, and MgCO;3,
depending on the compounds used in the reactant used, as discussed below) can be added to
the flue gas stream 540. For example, the SOx reaction section 510 may contain a reactant,
such as NaHCOs3, NaHCOs3-Na;COs3-2(H20), CaCOs, Ca(OH),, and Mg(OH),, which reacts
with the SOx, NOx and HCI to form NaCl, Na>COs3, Na,SOs4, NaNQOs, CaCl,, CaSO4, CaCOs,
MgCly, MgCO3, MgSO4 and Mg(NOs),, dioxins and furans. The reaction section flue gas
stream 550 has a less HCI, SOx, and NOx compared to the incoming flue gas stream 540. The
reaction section flue gas 550 comprises one or more of H>O, CO3, N, Oz, NaCl, NayCOs,
Na>S04, NaNQOs, CaCly, CaSQ4, CaCOs, Ca(NO3)2, MgClz, MgCOs3, MgSO4, Mg(NO3),, Cl,
NOx, dioxins, and furans.

The de-SOx outlet flue gas stream 550 is combined with a quench stream 555
comprising air, and/or water, and/or quenched flue gas. The temperature of the de-SOx outlet
flue gas stream 510 is typically reduced from 200-400°C with a pressure of -4 kPa(g) to 50
kPa(g) to 150-250°C with a pressure of -4 kPa(g) to 50 kPa(g). The quenched de-SOx outlet
flue gas stream 550 is sent to the filtration section 515 for removal of the NaxCO3 NaxSOsq,
NaCl, NaNOs, CaCl,, CaSQ4, CaCOs3, Ca(NO3)2, MgCly, MgCO3, MgSO4, Mg(NO3)».

The inlet temperature of the filtration section 515 is typically in the range of 150-
350°C with a pressure of -5 kPa(g) to 50 kPa(g). The outlet temperature is typically in the
range of 150-350°C with a pressure of -5 kPa(g) to 50 kPa(g). The filtration section 515
comprises a bag filter, and/or a ceramic filter, and/or an electrostatic precipitator. An
instrument air purge or high voltage DC 560 is introduced into the filtration section 515. In

the case of the instrument air purge, it purges the retained material from the filter. In the case
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of the high voltage stream, it charges the cathodes of the ESP. The particulate is removed
from the ESP by vibration. Dry residue stream 565 comprising one or more of NaCl,
Na>COs3, NaS04, NaNOs, CaCl,, CaS0Os, CaxCOs3, Ca(NOs3), MgCl,, MgCOs3, MgSOs, and
Mg(NOs); exits the filtration section 515. The filtered flue gas 570 comprises one or more of
H>0, CO», N, O, NOx, dioxins, and furans.

If NOx is present in the filtered flue gas stream 570, the filtered flue gas stream 570 is
sent to the optional NOx removal section 520 to remove NOx as discussed above. The inlet
temperature of the NOx removal section 520 is typically in the range of 150-300°C with a
pressure of -6 kPa(g) to 50 kPa(g). The outlet temperature is typically in the range of 200-
350°C with a pressure of -6 kPa(g) to 50 kPa(g). For example, the NOx removal section 520
can be a selective catalytic reduction (SCR) section in which an ammonia and/or urea stream
575 1s introduced into the SCR section where it reacts with the NOx and forms Nz and H>O.
Any suitable SCR catalyst could be used, including but not limited to, ceramic carrier materials
such as titanium oxide with active catalytic components such as oxides of base metals including
Ti0,, WOs and V»0s, or an activated carbon based catalyst. The de-NOx outlet flue gas stream
585 consists essentially of one or more of H>O, CO., N», O», dioxins, and furans.

If there are any halogens present in the feed, this may result in the formation of dioxin
and/or furans. These compounds must be removed before the gases can be vented to the
atmosphere. If dioxins and/or furans are present in the filtered flue gas stream 570 or the de-
NOx outlet flue gas stream 585, the filtered flue gas stream 570 or the de-NOx outlet flue gas
stream 585 is sent to the optional dioxin-furan removal section 525 for removal of the dioxin
and/or furan. The dioxin and furans can be removed using a catalyst, or by co-injecting
activated carbon. With the catalyst, the dioxin and furans react the catalyst, such as a catalyst
containing e.g., Ti02, WO3 and V,0s, to form trace amounts of CO», H,O, HCI, and Cl,. In
the case of the activated carbon, it would be co-injected with the dry sorbent 541 upstream of
the SOx removal section 510. The dioxins and/or furan would be adsorbed on the carbon, and
removed from via dry residue stream 565. The inlet temperature of the dioxin-furan removal
section 525 is typically in the range of 150-250°C with a pressure of -7 kPa(g) to 50 kPa(g).
The outlet temperature is typically in the range of 150-250°C with a pressure of -7 kPa(g) to
50 kPa(g). The treated outlet flue gas stream 590, consisting essentially of one or more of

H>0, CO», N3, Oz, HCI, and CL,, can be vented to the atmosphere.
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If the filtered flue gas stream 570 does not contain NOx, dioxin, or furans, the optional
NOx removal or selective catalytic reduction section 520 and optional dioxin-furan removal
section 525 are not present. The filtered flue gas stream 559, consisting essentially of one or
more of HO, CO», N, and O», can be vented to the atmosphere.

If the filtered flue gas stream 570 contains NOx, but no dioxin or furans, the optional
dioxin-furan removal section 525 is not present. The de-NOx outlet flue gas stream 580,
consisting essentially of one or more of H>O, CO», N, and O, can be vented to the atmosphere.

If the filtered flue gas stream 570 contains dioxin or furans, but not NOx, the optional
NOx removal section 520 is not present. The filtered flue gas 570 stream is sent to the optional
—dioxin-furan removal section 525. The treated outlet flue gas stream 590, consisting
essentially of one or more of H,O, CO», N, O», and traces of HCI, and Cl», can be vented to

the atmosphere.

EXAMPLE

Table 1 shows a partial heat and mass balance for the naphtha complex of Figs. 2-3.

The streams identified in Table 1 are the following:

Targeted effluents naphtha complex send to TO:
NHT stripper column oft-gas - NHT stripper column off-gas stream 125
Regenerator off-gas stream - Regenerator off-gas stream 270
C5/C6 stabilizer off-gas - Cs-Cs isomerization stabilizer off-gas stream 205
C4 isomerization stabilizer off-gas - C4 isomerization stabilizer off-gas stream 320

NHT sour water — NHT sour water stream 345

TO section streams — Thermal oxidizing section 410 streams:
Combustion air - combustion air stream 411
Quench air — quench air stream not 413
Make-up natural gas — make-up natural gas stream 412

Fuel gas outlet TO section — flue gas stream 440

WHB section — Waste heat recovery section 415 stream:
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Flue gas outlet WHB section — flue gas stream 450

BFW in — boiler feed water or oil stream 446

Steam out — steam or hot oil stream 445

Condensate - blowdown water or oil stream 447

As Table 1 demonstrates, the thermal oxidation system can be used to treat streams
which are normally treated by other treatment units, such as the sour water stripping unit for
the NHT sour water, the amine treatment unit or the caustic treatment unit for the NHT stripper
oft-gas, the caustic scrubber unit or other chloride treatment unit for the off-gas from the Cs-
Cs isomerization zone and the C4 isomerization zone, and the caustic scrubber unit or other
chloride treatment unit for the regenerator off-gas. Furthermore, this example demonstrates that
energy can be recovered in the form of steam, which subsequently can be used in the naphtha
complex to offset steam requirements from sources outside the battery limit. Given the high
efficiency SOx removal, NOx removal, and dioxin-furan destruction sections (not included in
Table 1), corrosion of equipment in naphtha complex will be eliminated, as well as
environmental concerns pertaining to emissions. (A complete heat and mass balance is not

shown given that the thermal oxidizer flue gas treatment is known and proven technology.)

Table 1
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Any of the above lines, conduits, units, devices, vessels, surrounding environments,
zones or similar may be equipped with one or more monitoring components including sensors,
measurement devices, data capture devices or data transmission devices. Signals, process or
status measurements, and data from monitoring components may be used to monitor conditions
in, around, and on process equipment. Signals, measurements, and/or data generated or
recorded by monitoring components may be collected, processed, and/or transmitted through
one or more networks or connections that may be private or public, general or specific, direct
or indirect, wired or wireless, encrypted or not encrypted, and/or combination(s) thereof, the
specification is not intended to be limiting in this respect.

Signals, measurements, and/or data generated or recorded by monitoring components
may be transmitted to one or more computing devices or systems. Computing devices or
systems may include at least one processor and memory storing computer-readable instructions
that, when executed by the at least one processor, cause the one or more computing devices to
perform a process that may include one or more steps. For example, the one or more computing
devices may be configured to receive, from one or more monitoring component, data related
to at least one piece of equipment associated with the process. The one or more computing
devices or systems may be configured to analyze the data. Based on analyzing the data, the one
or more computing devices or systems may be configured to determine one or more
recommended adjustments to one or more parameters of one or more processes described
herein. The one or more computing devices or systems may be configured to transmit encrypted
or unencrypted data that includes the one or more recommended adjustments to the one or more
parameters of the one or more processes described herein.

It should be appreciated and understood by those of ordinary skill in the art that various
other components such as valves, pumps, filters, coolers, etc., were not shown in the drawings
as it is believed that the specifics of same are well within the knowledge of those of ordinary
skill in the art and a description of same is not necessary for practicing or understanding the
embodiments of the present invention.

While at least one exemplary embodiment has been presented in the foregoing detailed
description of the invention, it should be appreciated that a vast number of variations exist. It
should also be appreciated that the exemplary embodiment or exemplary embodiments are only
examples, and are not intended to limit the scope, applicability, or configuration of the

invention in any way. Rather, the foregoing detailed description will provide those skilled in
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the art with a convenient road map for implementing an exemplary embodiment of the
invention, it being understood that various changes may be made in the function and
arrangement of elements described in an exemplary embodiment without departing from the

scope of the invention as set forth in the appended claims and their legal equivalents.

2%

As used herein, the terms “unit,” “zone,” and “section” can refer to an area including
one or more equipment items as appropriate for the type of unit, zone, or section and/or one or
more sub-zones or sub-sections. Equipment items can include, but are not limited to, one or
more reactors or reactor vessels, separation vessels, adsorbent chamber or chambers,
distillation towers, heaters, exchangers, pipes, pumps, compressors, and controllers.
Additionally, an equipment item, such as a reactor, dryer, adsorbent chamber or vessel, can

further include one or more sections, sub-sections, zones, or sub-zones .

SPECIFIC EMBODIMENTS

While the following is described in conjunction with specific embodiments, it will be
understood that this description is intended to illustrate and not limit the scope of the preceding
description and the appended claims.

A first embodiment of the invention is a process for treating off-gas and water effluent
streams in a naphtha complex comprising thermally oxidizing at least one of a NHT stripper
off-gas stream from a NHT stripper, a Cs-Cs 1somerization stabilizer off-gas stream from a Cs-
Cs isomerization stabilizer column, a regenerator off-gas stream from a catalyst regenerator
zone of reforming zone, a C4 isomerization stabilizer off-gas stream from a C4 isomerization
stabilizer column, and a NHT sour water stream from a NHT product separator in a thermal
oxidation system, comprising thermally oxidizing the at least one of the NHT stripper off-gas
stream, the Cs-Ce 1somerization stabilizer off-gas stream, the regenerator off-gas stream, the
C4 isomerization stabilizer off-gas stream, and the NHT sour water stream in a thermal
oxidizing section forming flue gas consisting essentially of at least one of H,O, CO3, Na, O,
SOx, NOx, HCI, Cl», dioxins, and furans; optionally recovering waste heat from the flue gas
in an optional waste heat recovery section; removing at least one of SOx, HCI, and Cl, from
the flue gas in a SOx removal section to form a de-SOx outlet flue gas consisting essentially of
at least one of H,O, CO», N, O, NOx, dioxins, and furans, wherein removing the at least one
of SOx, HCI, and CI, from the flue gas comprises quenching the flue gas in a quench section

to form quenched flue gas after recovering the waste heat; and contacting a caustic solution or
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an NHj3 based solution with the quenched flue gas in a scrubbing section to form the de-SOx
outlet flue gas and a liquid stream comprising at least one of H,O, Na»SO3, NaxSO4, NayHSOs,
NaxCOs3, NaCl, (NH4),SO4, and NH4Cl; or reacting the flue gas with a reactant in an SOx
reaction section to form a reaction section flue gas consisting essentially of at least one of H>O,
CO2, Nz, O2, NaCl, NaCOs, NaxSO4, NaNO;, CaClz, CaSOs, CaCOs, Ca(NOs)2, MgCly,
MgCOs3, MgSO4, Mg(NOs),, Cl12, NOx, dioxins, and furans, wherein the reactant comprises at
least one of NaHCOs3;, NaHCO3'Na,COs32(H,0), CaCOs, Ca(OH),, and Mg(OH),; and
filtering the reaction section flue gas in a filtration section to remove NaCl, Na,COs3, NaxSOs,
NaNQs, CaCl,, CaS0O4, CaCOs, Ca(NOs3)2, MgCly, MgCOs3, MgSO4, and Mg(NOs3), to form the
de-SOx outlet flue gas; optionally removing NOx from the de-SOx outlet flue gas in a NOx
removal section to form a de-NOx outlet flue gas consisting essentially of at least one of H»O,
CO3, N, O, dioxins, and furans; and optionally removing dioxin, furan, or both from the de-
SOx outlet flue gas or the de-NOx outlet flue gas in a dioxin-furan removal section to form a
treated outlet flue gas consisting essentially of at least one of H,O, CO», N, O, HCI, and Cl,.
An embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the thermal oxidizing section comprises
an adiabatic thermal oxidizer chamber or a non-adiabatic direct fired boiler. An embodiment
of the invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein removing the dioxin, furan, or both comprises removing
the dioxin, furan, or both using a catalyst or by co-injecting activated carbon with dry sorbent.
An embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph further comprising providing the recovered
waste heat to at least one piece of equipment in the naphtha complex. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the NOx removal section and the dioxin-furan removal
section are present. An embodiment of the invention is one, any or all of prior embodiments
in this paragraph up through the first embodiment in this paragraph wherein the NOx removal
section is present and the dioxin-furan removal section is not present. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the dioxin-furan removal section is present and the NOx
removal section is not present. An embodiment of the invention is one, any or all of prior

embodiments in this paragraph up through the first embodiment in this paragraph wherein the
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NOx removal section and the dioxin-furan removal section are not present. An embodiment
of the invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph further comprising separating the naphtha stream comprising
molecules having 1 to 12 carbon atoms in a NHT stripper column into at least a NHT stripper
off-gas stream consisting essentially of at least one of H», H»S, NH; and molecules having 5
carbon atoms or less, and a NHT stripper bottoms stream comprising molecules having five
carbon atoms or more; separating the NHT stripper bottoms stream in a naphtha splitter column
into a naphtha splitter overhead stream comprising molecules having 5-6 carbon atoms and a
naphtha splitter bottoms stream comprising molecules having 6-12 carbon atoms; isomerizing
at least a portion of the naphtha splitter overhead stream in a Cs-Ce isomerization zone in the
presence of a Cs- Cs isomerization catalyst under Cs-Cs isomerization conditions to convert n-
pentane to isopentane and n-hexane to isohexane and form an Cs-Ce isomerization outlet
stream; separating the Cs-Cs isomerization outlet stream in a Cs-Cs isomerization stabilizer
column into the Cs-Cs isomerization stabilizer off-gas stream consisting essentially of at least
one of H,, HCI, and molecules having 4 carbon atoms or less, and a Cs-Cs isomerization
stabilizer bottoms stream comprising molecules having 4 carbon atoms or more; and thermally
oxidizing the NHT stripper off-gas stream, the Cs-Cs 1somerization stabilizer off-gas stream,
or both in the thermal oxidation system. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment in this paragraph further
comprising reforming the naphtha splitter bottoms stream in a catalytic reforming zone in the
presence of a reforming catalyst to form reformate product comprising a mixture of paraffin,
naphthene, and aromatic molecules having 5 carbon atoms or more; regenerating spent
reforming catalyst in the continuous catalyst regeneration zone forming regenerated reforming
catalyst and the regenerator off-gas stream consisting essentially of at least one of N>, H»O,
CO3, HCI, O3, and Cly; and recycling the regenerated reforming catalyst to the catalytic
reforming zone; and thermally oxidizing the regenerator off-gas stream in the thermal oxidation
system. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph further comprising isomerizing a
C4 feed stream in a C4 isomerization zone in the presence of an C4 isomerization catalyst under
C4 1somerization conditions to convert n-butane to isobutane and form an C4 isomerization
outlet stream comprising isomerized C4 molecules; separating the Cy4 isomerization outlet

stream in the C4 isomerization stabilizer column into the Cs isomerization stabilizer off-gas
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stream consisting essentially of Ha, N, HCI, and molecules having 4 carbon atoms or less, and
a Cyisomerization stabilizer bottoms stream comprising molecules having 4 carbon atoms or
more; and thermally oxidizing the C, isomerization stabilizer off-gas stream in the thermal
oxidation system. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the first embodiment in this paragraph further comprising before
separating the naphtha stream in the NHT stripper column hydrotreating a naphtha feed stream
comprising molecules having 5 to 12 carbon atoms in a naphtha hydrotreating zone to form a
hydrotreated naphtha stream; separating the NHT sour water stream comprising H>, NH3 and
H»S from the hydrotreated naphtha stream in the NHT product separator to form a dewatered
hydrotreated naphtha stream, and wherein the dewatered hydrotreated naphtha stream
comprises the naphtha stream; and thermally oxidizing the NHT sour water stream in the
thermal oxidation system. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph further
comprising reforming a naphtha splitter bottoms stream in a catalytic reforming zone in the
presence of a reforming catalyst to form reformate product comprising a mixture of paraffin,
naphthene, and aromatic molecules having 5 carbon atoms or more; regenerating spent
reforming catalyst in the continuous catalyst regeneration zone forming regenerated reforming
catalyst and the regenerator off-gas stream consisting essentially of at least one of N>, H»O,
CO3, HCI, O3, and Cly; and recycling the regenerated reforming catalyst to the catalytic
reforming zone; and thermally oxidizing the regenerator off-gas stream in the thermal oxidation
system. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph further comprising isomerizing a
C4 feed stream in a C4 isomerization zone in the presence of an C4 isomerization catalyst under
C4 1somerization conditions to convert n-butane to isobutane and form an C4 isomerization
outlet stream comprising isomerized C4 molecules; separating the Cy4 isomerization outlet
stream in the C4 isomerization stabilizer column into the Cs isomerization stabilizer off-gas
stream consisting essentially of Ha, N, HCI, and molecules having 4 carbon atoms or less, and
a Csisomerization stabilizer bottoms stream comprising molecules having 4 carbon atoms or
more; and thermally oxidizing the Cs isomerization stabilizer off-gas stream in the thermal
oxidation system. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the first embodiment in this paragraph further comprising

isomerizing a C4 feed stream in a C4 isomerization zone in the presence of an C4 isomerization
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catalyst under C4 isomerization conditions to convert n-butane to isobutane and form an C4
isomerization outlet stream comprising isomerized Ci; molecules, separating the Cy
isomerization outlet stream in the C4 isomerization stabilizer column into the C4 isomerization
stabilizer off-gas stream consisting essentially of H, N>, HCI, and molecules having 4 carbon
atoms or less, and a C, isomerization stabilizer bottoms stream comprising molecules having 4
carbon atoms or more; and thermally oxidizing the C4 isomerization stabilizer off-gas stream
in the thermal oxidation system. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph further
comprising hydrotreating a naphtha feed stream comprising molecules having 5 to 12 carbon
atoms in a naphtha hydrotreating zone to form a hydrotreated naphtha stream; separating the
NHT sour water stream comprising H», NH3, and H>S from the hydrotreated naphtha stream in
the NHT product separator to form a dewatered hydrotreated naphtha stream, and wherein the
dewatered hydrotreated naphtha stream comprises the naphtha stream; separating the naphtha
stream comprising molecules having 1 to 12 carbon atoms in a NHT stripper column into at
least a NHT stripper off-gas stream consisting essentially of at least one of H», H>S, NH3 and
molecules having 5 carbon atoms or less, and a NHT stripper bottoms stream comprising
molecules having five carbon atoms or more; separating the NHT stripper bottoms stream in a
naphtha splitter column into a naphtha splitter overhead stream comprising molecules having
5-6 carbon atoms and a naphtha splitter bottoms stream comprising molecules having 6-12
carbon atoms; isomerizing at least a portion of the naphtha splitter overhead stream in a Cs-Cs
isomerization zone in the presence of a Cs- Cs isomerization catalyst under Cs-Cs isomerization
conditions to convert n-pentane to isopentane and n-hexane to isohexane and form an Cs-Cs
isomerization outlet stream; separating the Cs-Cs isomerization outlet stream in a Cs-Cs
isomerization stabilizer column into the Cs-Cs isomerization stabilizer off-gas stream
consisting essentially of at least one of H», HCI, Cl,, and molecules having 4 carbon atoms or
less, and a Cs-Cs isomerization stabilizer bottoms stream comprising molecules having 4
carbon atoms or more; and thermally oxidizing at least one of the NHT stripper off-gas stream,
the Cs-Cs isomerization stabilizer off-gas stream, and the NHT sour water stream in the thermal
oxidation system. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the first embodiment in this paragraph further comprising
hydrotreating a naphtha feed stream comprising molecules having 5 to 12 carbon atoms in a

naphtha hydrotreating zone to form a hydrotreated naphtha stream; separating the NHT sour
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water stream comprising Hz, HN3and H»S from the hydrotreated naphtha stream in the NHT
product separator to form a naphtha stream; and thermally oxidizing the NHT sour water
stream in the thermal oxidation system. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment in this paragraph further
comprising separating the naphtha stream comprising molecules having 1 to 12 carbon atoms
in a NHT stripper column into at least a NHT stripper oft-gas stream consisting essentially of
at least one of Hz, H2S, NH3 and molecules having 5 carbon atoms or less, and a NHT stripper
bottoms stream comprising molecules having five carbon atoms or more; separating the NHT
stripper bottoms stream in a naphtha splitter column into a naphtha splitter overhead stream
comprising molecules having 5-6 carbon atoms and a naphtha splitter bottoms stream
comprising molecules having 6-12 carbon atoms; isomerizing at least a portion of the naphtha
splitter overhead stream in a Cs-Cs isomerization zone in the presence of a Cs- Cs isomerization
catalyst under Cs-Cs isomerization conditions to convert n-pentane to isopentane and n-hexane
to isohexane and form an Cs-Cs isomerization outlet stream; separating the Cs-Cg
isomerization outlet stream in a Cs-Cs isomerization stabilizer column into the Cs-Ce
isomerization stabilizer off-gas stream consisting essentially of at least one of H,, HCI, Cl»,
and molecules having 4 carbon atoms or less, and a Cs-Cs isomerization stabilizer bottoms
stream comprising molecules having 4 carbon atoms or more; and thermally oxidizing the NHT
stripper off-gas stream, the Cs-Cs isomerization stabilizer off-gas stream, or both in the thermal
oxidation system. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the first embodiment in this paragraph further comprising reforming
the naphtha splitter bottoms stream in a catalytic reforming zone in the presence of a reforming
catalyst to form reformate product comprising a mixture of paraffin, naphthene, and aromatic
molecules having 5 carbon atoms or more; regenerating spent reforming catalyst in the
continuous catalyst regeneration zone forming regenerated reforming catalyst and the
regenerator off-gas stream consisting essentially of at least one of N», H,O, CO», HCI, O, and
Cly; and recycling the regenerated reforming catalyst to the catalytic reforming zone; and
thermally oxidizing the regenerator off-gas stream in the thermal oxidation system. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph further comprising separating the naphtha
stream comprising molecules having 1 to 12 carbon atoms in a NHT stripper column into at

least a NHT stripper off-gas stream consisting essentially of at least one of H», H>S, NH3 and
34



10

15

20

H219798-WO
WO 2022/032270 PCT/US2021/071071

molecules having 5 carbon atoms or less, and a NHT stripper bottoms stream comprising
molecules having five carbon atoms or more; separating the NHT stripper bottoms stream in a
naphtha splitter column into a naphtha splitter overhead stream comprising molecules having
5-6 carbon atoms and a naphtha splitter bottoms stream comprising molecules having 6-12
carbon atoms; reforming the naphtha splitter bottoms stream in a catalytic reforming zone in
the presence of a reforming catalyst to form reformate product comprising a mixture of paraffin,
naphthene, and aromatic molecules having 5 carbon atoms or more; regenerating spent
reforming catalyst in the continuous catalyst regeneration zone forming regenerated reforming
catalyst and the regenerator off-gas stream consisting essentially of at least one of N>, H»O,
CO3, HCI, O3, and Cly; and recycling the regenerated reforming catalyst to the catalytic
reforming zone; and thermally oxidizing the NHT stripper off-gas stream, the regenerator off-
gas stream, or both in the thermal oxidation system.

Without further elaboration, it is believed that using the preceding description that one
skilled in the art can utilize the present invention to its fullest extent and easily ascertain the
essential characteristics of this invention, without departing from the spirit and scope thereof,
to make various changes and modifications of the invention and to adapt it to various usages
and conditions. The preceding preferred specific embodiments are, therefore, to be construed
as merely illustrative, and not limiting the remainder of the disclosure in any way whatsoever,
and that it is intended to cover various modifications and equivalent arrangements included
within the scope of the appended claims.

In the foregoing, all temperatures are set forth in degrees Celsius and, all parts and

percentages are by weight, unless otherwise indicated.
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What is claimed is:

1. A process for treating off-gas and water effluent streams in a naphtha complex

comprising:

thermally oxidizing at least one of a NHT stripper off-gas stream (125) from a NHT
stripper column (120), a Cs-Ces isomerization stabilizer off-gas stream (205) from a Cs-Cs
isomerization stabilizer column (200), a regenerator off-gas stream (270) from a continuous
catalyst regeneration zone (260) of a reforming zone (245), a C4 isomerization stabilizer off-
gas stream (320) from a C4 isomerization stabilizer column (315), and a NHT sour water stream

(345) from a NHT product separator (112) in a thermal oxidation system (405), comprising:

thermally oxidizing the at least one of the NHT stripper oft-gas stream (125),
the Cs-Cs 1somerization stabilizer off-gas stream (205), the regenerator off-gas stream
(270), the C4 isomerization stabilizer off-gas stream (320), and the NHT sour water
stream (345) in a thermal oxidizing section forming flue gas (440) consisting essentially

of at least one of H,O, CO», N>, 02, SOx, NOx, HCI, Cl,, dioxins, and furans;

optionally recovering waste heat from the flue gas (440) in a waste heat recovery

section (415);

removing at least one of SOx, HCI, and Cl; from the flue gas in a SOx removal
section to form a de-SOx outlet flue gas consisting essentially of at least one of H>O,
CO3, N, Oz, NOx, dioxins, and furans, wherein removing the at least one of SOx, HCI,

and Cl, from the flue gas comprises:

quenching the flue gas in a quench section (420) to form quenched flue

gas (460) after recovering the waste heat; and

contacting a caustic solution or an NHs based solution with the quenched
flue gas in scrubbing section (425) to form the de-SOx outlet flue gas (475) and
a liquid stream (470) comprising at least one of H»O, Na»SOs3, Na»SOs,
Na;HSOs3, NaCOs, NaCl, (NH4)2SO4, and NH4Cl,
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or

reacting the flue gas (540) with a reactant in an SOx reaction section
(510) to form a reaction section flue gas (550) consisting essentially of at least
one of H,O, COz, Nz, Oz, NaCl, Na;COs, NaxSO4, NaNQOs;, CaCla, CaSOs,
CaCO0s, Ca(NO3)2, MgCl,, MgCOs3, MgSO4, Mg(NO3),, Clz, NOx, dioxins, and
furans, wherein the reactant comprises at least one of NaHCO;,

NaHCO3-Na,COs3-2(H20), CaCOs3, Ca(OH),, and Mg(OH),; and

filtering the reaction section flue gas (550) in a filtration section (515)
to remove NaCl. Na,COs, Na;SO4, NaNOs3, CaCl,, CaSO4, CaCOs3, Ca(NO3),
MgClaz, MgCOs, MgSO4, and Mg(NOs)2 to form the de-SOx outlet flue gas
(570),

optionally removing NOx from the de-SOx outlet flue gas (475, 570) in an NOx

removal section (430, 520) to form a de-NOx outlet flue gas (490, 585) consisting

essentially of at least one of H>O, CO, N», O», dioxins, and furans; and

optionally removing dioxin, furan, or both from the de-SOx outlet flue gas (475,

570) or the de-NOx outlet flue gas (490, 585) in a dioxin-furan removal section (435,

525) to form a treated outlet flue gas (495, 590) consisting essentially of at least one of
H>0, CO», N, O2, HCI, and Cl,.

2.

The process of claim 1 further comprising:

separating a naphtha stream comprising molecules having 1 to 12 carbon atoms in the

NHT stripper column (120) into at least the NHT stripper oft-gas stream (125) consisting

essentially of at least one of H», H>S, NH3 and molecules having 5 carbon atoms or less, and a

NHT stripper bottoms stream (310) comprising molecules having five carbon atoms or more;

separating the NHT stripper bottoms stream (130) in a naphtha splitter column (160)

into a naphtha splitter overhead stream (165) comprising molecules having 5-6 carbon atoms

and a naphtha splitter bottoms stream (170) comprising molecules having 6-12 carbon atoms;

isomerizing at least a portion of the naphtha splitter overhead stream (165) in a Cs-Cs

isomerization zone (190) in the presence of a Cs- C¢ isomerization catalyst under Cs-Cs
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isomerization conditions to convert n-pentane to isopentane and n-hexane to isohexane to form

an Cs-Cg isomerization outlet stream (195),

separating the Cs-Cs isomerization outlet stream (195) in the Cs-Cs isomerization
stabilizer column (200) into the Cs-Cs isomerization stabilizer off-gas stream (205) consisting
essentially of at least one of H,, HCI, and molecules having 4 carbon atoms or less, and a Cs-
Cs isomerization stabilizer bottoms stream (210) comprising molecules having 4 carbon atoms

Or more;

thermally oxidizing the NHT stripper off-gas stream (125), the Cs-Cs isomerization
stabilizer off-gas stream (205), or both in the thermal oxidation system (405).

3. The process of claim 2 further comprising:

reforming a naphtha splitter bottoms stream (170) in a catalytic reforming zone (245)
in the presence of a reforming catalyst to form reformate product (250) comprising a mixture

of paraffin, naphthene, and aromatic molecules having 5 carbon atoms or more;

regenerating spent reforming catalyst (255) in the continuous catalyst regeneration zone
(260) forming regenerated reforming catalyst (265) and the regenerator off-gas stream (270)
consisting essentially of at least one of N, H>O, CO,, HCI, O3, and Cl,; and

recycling the regenerated reforming catalyst (265) to the catalytic reforming zone (245);,

and

thermally oxidizing the regenerator off-gas stream (270) in the thermal oxidation

system (405).

4. The process of claim 3 further comprising:

isomerizing a C4 feed stream (300) in a C4 isomerization zone (305) in the presence of
an C4 isomerization catalyst under Cs isomerization conditions to convert n-butane to isobutane

to form a C4isomerization outlet stream (310) comprising isomerized C4 molecules;
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separating the C4isomerization outlet stream (310) in the C4 isomerization stabilizer
column (315) into the C4 isomerization stabilizer off-gas stream (320) consisting essentially of
H», N>, HCI, and molecules having 4 carbon atoms or less, and a C4 isomerization stabilizer

bottoms stream (325) comprising molecules having 4 carbon atoms or more; and

thermally oxidizing the C4 isomerization stabilizer off-gas stream (320) in the thermal

oxidation system (405).

5. The process of any one of claims 1-4 further comprising:

isomerizing a C4 feed stream (300) in a C4 isomerization zone (305) in the presence of
a C4 isomerization catalyst under C4 isomerization conditions to convert n-butane to isobutane

and form a C4 isomerization outlet stream (310) comprising isomerized C4 molecules;

separating the C4isomerization outlet stream (310) in the C4 isomerization stabilizer
column (315) into the C4 isomerization stabilizer off-gas stream (320) consisting essentially of
H», N>, HCI, and molecules having 4 carbon atoms or less, and a C4 isomerization stabilizer

bottoms stream (325) comprising molecules having 4 carbon atoms or more; and

thermally oxidizing the C4 isomerization stabilizer off-gas stream (320) in the thermal

oxidation system (405).

6. The process of claim 5 further comprising:

hydrotreating a naphtha feed stream (105) comprising molecules having 5 to 12 carbon

atoms in a naphtha hydrotreating zone (110) to form a hydrotreated naphtha stream (111);

separating the NHT sour water stream (345) comprising H», NH3, and H,S from the
hydrotreated naphtha stream (111) in the NHT product separator (1120) to form a dewatered
hydrotreated naphtha stream (115), and wherein the dewatered hydrotreated naphtha stream

(115) comprises the naphtha stream;

separating the naphtha stream comprising molecules having 1 to 12 carbon atoms in a

NHT stripper column (120) into at least a NHT stripper oftf-gas stream (125) consisting
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essentially of at least one of Hz, H>S, NH3 and molecules having 5 carbon atoms or less, and a

NHT stripper bottoms stream (130) comprising molecules having five carbon atoms or more;

separating the NHT stripper bottoms stream (130) in a naphtha splitter column (160)
into a naphtha splitter overhead stream (165) comprising molecules having 5-6 carbon atoms

and a naphtha splitter bottoms stream (170) comprising molecules having 6-12 carbon atoms;

isomerizing at least a portion of the naphtha splitter overhead stream (165) in a Cs-Cs
isomerization zone (190) in the presence of a Cs- C¢ isomerization catalyst under Cs-Cs
isomerization conditions to convert n-pentane to isopentane and n-hexane to isohexane and

form an Cs-C¢ 1somerization outlet stream (195);

separating the Cs-Cs isomerization outlet stream (195) in the Cs-Cs isomerization
stabilizer column (200) into the Cs-Cs isomerization stabilizer off-gas stream (205) consisting
essentially of at least one of H,, HCI, and molecules having 4 carbon atoms or less, and a Cs-
Cs isomerization stabilizer bottoms stream (210) comprising molecules having 4 carbon atoms

or more; and

thermally oxidizing at least one of the NHT stripper off-gas stream (125), the Cs-Cs
isomerization stabilizer off-gas stream 205), and the NHT sour water stream (345) in the

thermal oxidation system (405).

7. The process of any one of claims 1-4 further comprising:

hydrotreating a naphtha feed stream (105) comprising molecules having 5 to 12 carbon

atoms in a naphtha hydrotreating zone (110) to form a hydrotreated naphtha stream (111);

separating the NHT sour water stream (345) comprising H, HN3, and H,S from the
hydrotreated naphtha stream (111) in the NHT product separator (112) to form a naphtha

stream; and

thermally oxidizing the NHT sour water stream (345) in the thermal oxidation system

(405).

8. The process of claim 7 further comprising:
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separating the naphtha stream comprising molecules having 1 to 12 carbon atoms in a
NHT stripper column (120) into at least a NHT stripper oftf-gas stream (125) consisting
essentially of at least one of Hz, H>S, NH3 and molecules having 5 carbon atoms or less, and a

NHT stripper bottoms stream (130) comprising molecules having five carbon atoms or more;

separating the NHT stripper bottoms stream (130) in a naphtha splitter column (160)
into a naphtha splitter overhead stream (165) comprising molecules having 5-6 carbon atoms

and a naphtha splitter bottoms stream (170) comprising molecules having 6-12 carbon atoms;

isomerizing at least a portion of the naphtha splitter overhead stream (165) in a Cs-Cs
isomerization zone (190) in the presence of a Cs- C¢ isomerization catalyst under Cs-Cs
isomerization conditions to convert n-pentane to isopentane and n-hexane to isohexane and

form an Cs-C¢ 1somerization outlet stream (195);

separating the Cs-Cs isomerization outlet stream (195) in the Cs-Cs isomerization
stabilizer column (200) into the Cs-Cs isomerization stabilizer off-gas stream (205) consisting
essentially of at least one of H,, HCI, and molecules having 4 carbon atoms or less, and a Cs-
Cs isomerization stabilizer bottoms stream (210) comprising molecules having 4 carbon atoms

or more; and

thermally oxidizing the NHT stripper off-gas stream (125), the Cs-Cs isomerization
stabilizer off-gas stream (205), or both in the thermal oxidation system (405).

9. The process of claim 8 further comprising:

reforming the naphtha splitter bottoms stream (170) in a catalytic reforming zone (245)
in the presence of a reforming catalyst to form reformate product (250) comprising a mixture

of paraffin, naphthene, and aromatic molecules having 5 carbon atoms or more;

regenerating spent reforming catalyst (255) in the continuous catalyst regeneration zone
(260) forming regenerated reforming catalyst (265) and the regenerator off-gas stream (270)
consisting essentially of at least one of N, H>O, CO,, HCI, O3, and Cl,; and

recycling the regenerated reforming catalyst (265) to the catalytic reforming zone (245);,

and
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thermally oxidizing the regenerator off-gas stream (270) in the thermal oxidation

system (405).

10. The process of claim 7 further comprising:

separating the naphtha stream comprising molecules having 1 to 12 carbon atoms in a
NHT stripper column (120) into at least a NHT stripper off-gas stream (125) consisting
essentially of at least one of Hz, H>S, NH3 and molecules having 5 carbon atoms or less, and a

NHT stripper bottoms stream (130) comprising molecules having five carbon atoms or more;

separating the NHT stripper bottoms stream (130) in a naphtha splitter column (160)
into a naphtha splitter overhead stream (165) comprising molecules having 5-6 carbon atoms

and a naphtha splitter bottoms stream (170) comprising molecules having 6-12 carbon atoms;

reforming the naphtha splitter bottoms stream (170) in a catalytic reforming zone (245)
in the presence of a reforming catalyst to form reformate product (250) comprising a mixture

of paraffin, naphthene, and aromatic molecules having 5 carbon atoms or more;

regenerating spent reforming catalyst (255) in the continuous catalyst regeneration zone
(160) forming regenerated reforming catalyst (265) and the regenerator off-gas stream (270)
consisting essentially of at least one of N, H>O, CO,, HCI, O3, and Cl,; and

recycling the regenerated reforming catalyst (265) to the catalytic reforming zone (245);,

and

thermally oxidizing the NHT stripper off-gas stream (125), the regenerator off-gas
stream (270), or both in the thermal oxidation system (405).
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