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PROCESS FOR INCREASING XYLENE ISOMER TO BENZENE RATIO

PRIORITY CLAIM OF EARLIER APPLICATION

{0001} This application claims priority to U.S. Application No. 62/397,296 filed
Septernber 20, 2016, the contents of which cited application are hereby incorporated by

reference in ifs entirety.
FIELD

[0002] The present disclosure generally relates to processes for producing a selected
xylene isomer, and more particularly relates to processes for achieving a desired ration of a

selected xvlene isomer {0 benzene.

BACKGROUND
{6003} Xylenes are aromatic hydrocarbons that include a benzene ring and two methyl

substituents. Based on the structural position of the methyl substituents, three isomers of
xylene can be formed: paraxylene, metaxviene, and orthoxviene. Paraxylene is a feedstock
for terephthalic acid, which 1s used in the manufacture of svnthetic fibers and resins.
Metaxylene is used in the manufacture of certain plasticizers, azo dyes, and wood
preservatives. Orthoxviene 15 a feedstock for phthalic anhydride, which is used in the
manufacture of certain plasticizers, dyes, and pharmaceutical products.

[0004] For production of a desired xylene isomer, a nuxed stream of the three xvlene
isomers is typically produced before the desired xviene isomer is separated. In other words,
the desired xvlene is not selectively produced butf is selectively separated. A desired xylene
tsomer can be separated from mixed xylene streams by using an adsorbent selective {o the
desired isomer. Afier the desired 1somer is adsorbed from the muxed xylene stream, the
remaining isomers are discharged in a mixed raffinate stream. Typically, a desorbent desorbs
the desired xylene isomer from the adsorbent, and the desorbent and selected xylene isomer
are collected and separated by fractionation.

[0005] The market for petrochemical products dictates the ratio of a selected xylene
1somer 10 benzene 1o be achieved in an aromatics complex. To achieve a desired ratio of a

selected xylene 1somer to benzene, particular units in the complex must be made larger and



13

20

|\
W

WO 2018/057435 PCT/US2017/051940

run more severely to convert the feed {0 products vielding the desired ratio of a selected
xylene isomer {6 benzene resulting in large capital and operational expense.
[0006] Accordingly, it 1s desirable to provide processes for more easily achieving a ratio

of a selected xylene isomer to benzene, particularly in an aromatics complex.
SUMMARY

{0667} Feed to an aromatics complex which may comprise reformate 1s split into three
cuts it a splitter colunm. An overhead stream from the splitter column comprises
predominantly comprises C7- hydrocarbons. A side cut, intermediate stream coraprises
predominantly C7 hvdrocarbons and a bottoms steam from the splitter column comprises
predomuinantly C8+ hydrocarbons. Control of the benzene produced in the aromatics complex
may be performed by lirniting the benzene, toluene and ethylbenzene entering the aromatics
complex in the intermediate and bottoms streams. Hence, the relative proportion of
mtermediate and bottoms streams sent to the aromatics complex will determine the resulting
ratio of a selected xylene isomer to benzene produced by the aromatics complex. The
overhead stream and the portions of the intermediate and bottoms streams not sent to the
aromatics complex may be sent to the gasoline pool or elsewhere. Consequently, the raiio of
a selected xylene isomer 10 benzene is achieved based on the {eed to the aromatics complex,
rather than by severely operating the coraplex to dramatically change the structure of the

feed, helping in the muinimirzation of capital and operational expenditures.
BRIEF DESCRIPTION OF THE DRAWINGS

{0008] The present embodiment will hereinafter be described in conjunction with the
following drawing figures, wherein like numerals denote like elements, and wherein:

{18609} FIG. 1 15 a schematic diagram of an exemplary embodiment of a process disclosed
herein.

{0018} FIG. 2 is a schematic diagram of an embodiment alternate to FIG. 1.
DETAILED DESCRIPTION

{0011} The following detailed description is merely exemplary in nature and is not

miended to limit the application and uses of the embodiment described. Furthermore, there s
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no intention to be bound by anv theory presented in the preceding background or the
following detailed description.

{0012} The vartous embodiments described herein relate to apparatuses and processes for
achieving a high ratio of a selected xylene isomer 1o benzene. Embodiments disclosed can
achieve para-xylene to benzene ratios of as high as 90:10 which have heretofore not been
possible. The apparatuses and processes splitting feed to an aromatics complex o provide a
mtermediate or a C7 stream and a bottoms or a C&+ aromatics siream and then feeding some
or all of each stream to the aromatics complex and feeding the remainder of each stream not
sent to the aromatics complex elsewhere, such as to a gasoline pool. By adjusting the relative
proportions of each of these streams fed to the aromatics complex, the resulting ratio of a
selected xylene isomer {0 benzene can be achieved in the aromatics complex,

18013} Reference is now made (o an exemplary embodiment of a process and apparatus
10. A hvdrocarbon stream 12 which may comprise a full range naphtha may be fedto a
naphtha splitter colurmn 14 to separate a light naphtha stream in an overhead line 16 from a
heavy naphtha in a bottoms line 18. The full range naphtha may have T35 boiling pointin a
range of 0°C to 34°C and a 795 boiling point in a range of 140°C to 215°C. The cut pount
between the light naphtha stream and the heavy naphtha stream in the naphtha splitter column
may be between 74°C and 104°C.

{6614} As used herein, the term “boiling point temperature” means atmospheric
equivalent boiling pomt (AEBP) as calculated from the observed boiling temperature and the
distillation pressure, as calculated using the equations furnished in ASTM D1160 appendix
A7 entitled “Practice for Converting Observed Vapor Temperatures to Atmospheric
Equivalent Temperatures™. As used herein, the term “T57 or “T95” means the temperature at
which 5 volume percent or 95 volume percent, as the case may be, respectively, of the sarople
botils using ASTM D-86.

[8015] The term “columm” as used herein means a distillation column or colummns for
separating one or more components of different volatilities. Unless otherwise indicated, each
column includes a condenser on an overhead of the column to condense and reflux a portion
of an overhead siream back to the top of the column and a reboiler at a bottom of the column
to vaporize and send a portion of a botioms stream back to the botiom of the cohun. Feeds
to the columns may be preheated. Unless otherwise indicated, the top pressure is the pressure

of the overhead vapor at the vapor outlet of the column, and the bottom temperature is the
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liquid bottom outlet temperature. Unless otherwise indicated, overhead lines and bottoms
lings refer to the net hines from the column downstream of any reflux or reboil 1o the colurmn,
Stripping columms may omt a reboiler at a bottom of the column and instead provide heating
requirements and separation impetus from a fhudized inert vaporous media such as steam.
[0016] The heavy naphtha siream in the bottoms line 18 may be hydrotreated in a heavy
naphtha hydrotreating unit 20 to remove sulfur and nitrogen species as well as diolefins
perhaps with sensitive noble metal catalyst svstems. In an exemplary process, the heavy
naphtha stream in bottoms line 18 is brought into the naphtha hydrotreating unit 20, mixed
with hydrogen, and heated to a reaction temperature over a hydrotreating catalyst. Exemplary
hydrotreating catalysts include metals from CAS Group VIB, VHB, VI, and combinations
thereof. The heavy naphtha hydrotreating unit 20 may have multiple distinct stages with
different catalytic zones. For example, the first stage can be operated at low temperature {e.g.,
40°C to 250°C) for mamly diolefin removal, and the second stage can be operated at higher
temperature {e.g., up to 400°C) for olefin, suffur, and nitrogen content reduction. For a single
stage, exemplary reaction temperatures are from 250°C to 400°C. The main catalyiic
reactions in the naphtha hydrotreating unit 20 convert the contaminants of noble metal
catalvst systems, such as sulfur, nitrogen, and oxygenates, via hydrogenolvsis reactions to
hydrogen sulfide, ammonia, and water so that they can be removed from the naphtha stream.
Metals 1 the naphtha stream may be removed by adsorption onto the catalyst. As a result,
olefins and/or diolefins are also saturated.

{0017} The resulting hyvdrotreated heavy naphtha stream in hydrotreated effluent fine 22
contains paraffins, naphthenes and aromatics, and low levels of olefins and is fed to a
reforming zone 24 for conversion of paraffins and naphthenes inlo aromatics. An exemplary
reforming zone coraprises a catalviic reformer with a continuous catalyst regenerator (CCR).
The reformer may be operated at a temperature of from 450°C 10 560°C. A catalyst stream
from the botiom of the reformer is sent to a catalyst regenerator. The regeneraled catalystis
sent to the top of the reformer. Alternatively, the catalyst in the reforming zone can be
regenerated in cyclic fashion by taking one of multiple reactors off-line for in situ
regeneration in ¢ychical fashion or in semi-regenerative mode where all reactors are taken
offline for in situ regeneration at one time.

{0018} Compounds 1o the hydrotreated heavy naphtha stream are reformed to produce a

primary reformate stream in primary reformate line 26. Specifically, naphthenes are
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dehydrogenated to form aromatics, normal paraffing are isomerized to form isoparaffins, and
paraffins are dehydrocychized, 1.e., dehydrogenated and aromatized, to form aromatics.
{0015} An optional secondary heavy naphtha stream in line 28 having a similar boiling
point range as the heavy naphtha stream in the botioms line 18 may also be hydrotreated in an
optional secondary hydrotreating unit 30 and reformed in an optional secondary reforming
zone 32 to provide a secondary reformate in secondary reformate line 34. The primary
reformate and the optional secondary reformate may be combined in a reformate splitter feed
line 36.

[O020] The light naphtha stream i the overhead line 16 may also be hydrotreated in a
naphtha hydrotreater 38 to remove sultur and nitrogen species as well as diolefins and be fed
to an aliphatic 1somerization unit 40. The aliphatic 1somertzation unit 40 isomerizes the light
naphtha stream to increase the alky! branches on the naphtha hydrocarbons and may be fed in
isomerate line 42 1o a gasoline pool 44 in which gasoline is stored for distnibution as motor
fuel.

{0021} The reformate splitier feed naphtha stream in the splitter feed line 36 preferably
comprises a reformed naphtha feed stock comprising greater than 50 wt%, swtably greater
than 70 wi% or preferably greater than 90 wi%, of aromatic hydrocarbons. The reformate
splitter naphtha feed stream 36 1s fed to a reformate splitter column S0, Only one naphtha
feed stream need be processed and fed to the reformate splitier 50, but more naphtha feed
streams may be processed and used. The reformate splitter column 50 functions to separate or
“split” the naphtha stream by fractionation in the splitter feed line 36 into a lower boiling,
light C7- stream which may be taken in an overhead line 52, an intermediate boiling C7
strearn which may be taken from a side outlet 540 of the colurn, above the feed point and
suitably i an upper half of the column, by an intermediate line 54 and a hugher boiling,
heavy C8+ aromatics stream which may be from a bottom outilet 560 of the column by a C8+
aromatics, heavy ling 56, The reformate splitter may be a divided wall column with a
dividing wall spaced from the top and bottom of the column or it may be two separate
fractionation columns with the intermediate boiling €7 stream taken from an overhead of the
second fractionation column. The reformate splitter columm 30 may be configured and
operated such that, for example, the overhead stream 32 may include predominantly
hydrocarbons having seven or fewer carbon atoms. In an aspect, the predomunant portion of

€6 and C7 aliphatics fed to the reformate splitter column 50 in the reformat splitter naphtha
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feed stream exit in the overhead stream 32, The intermediate C7 stream should comprise no
more than 10000, suitably no more than 5000 and preferably no more than 1000 wppm C3+
aromatic hydrocarbons. The intermediate stream may comprise 1 to 20 volY%, preferably 2 to
20 vol%, of the reformate splitter naphtha feed stream fed to the column in the reformate
splitter feed line 36, In an aspect, at least 50 vol% and suitably at least 75 vol% of the
mtermediate stream cornprises toluene. The heavy C8+ aromatics strearn 56 may thus
comprise no more than 10000, suitably no more than 5000 and preferably no more than 1000
wppm C7- hydrocarbons. The overhead pressure in the reformate splitter column 50 is around
aimospheric and the boltoms temperature 15 177 1o 204°C.

{0022} As used herein, the term “predominant”, “predominantly” or “predonunate”
means at least 50 wi %, suitably at least 80 wt %, preferably at least 90 wt % and most
preferably at teast 95 wi%. The term “Cx” i3 to be understood to refer to molecules having
the mumber of carbon atoms represented by the subscript “x”. Similarly, the term “Cx-~” refers
to molecules that contain less than or equal to x and preferably x and less carbon atoms. The
term “Cx+"" refers to molecules with more than or equal to x and preferably x and more
carbon atoms.

{0023} The mtermediate C7 stream in the intermediate line 54 may be split into two
streams comprising a first C7 stream, which may be a first intermediate stream, in a first
mtermediate hine 38 taken from the intermediate C7 stream in the intermediate line 54 and an
optional second C7 stream, which may be a second intermediate stream, in a second
mtermediate line 60 may be taken from the intermediate {7 stream in the intermediate line
54, The relative flow rates of the first C7 stream through the first intermediate fine 58 and the
second C7 stream through the second imtermediate hine 60 are regulated by control valves on
each respective hine. The first C7 stream in the first intermediate line 38 may comprise all or
a portion of the intermediate C7 siream in the infermediate line 54, and the second €7 stream
in the second miermediate line 60 may comprise all or a portion of the imtermediate C7
stream in the intermediate line 54. Both of the first C7 stream in the first intermediate line 38
and the second C7 stream in the second intermediate line 60 may be aliquot portions of the
intermediate C7 stream in the intermediate line 54 or the first C7 stream in the first
miermediate line S8 and the second C7 siream in the second intermediate line 60 may be
taken or separated from the intermediate C7 stream in the intermediate line 54 1n a way that

gives each stream a different composition than the other such as by fractionation.
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[6024] The first C7 siream in the first intermediate line 58 taken from the C7 stream in
the intermediate hine 54 is fed 1o an aromatics complex 70 which has parameters indicated by
a dotted line in FIG. 1. The second 7 stream in the second intermediate line 60 if taken from
the C7 stream in the intermediate line 54 is not fed to the aromatics complex 70 but may be
fed 10 the gasoline pool 44 or elsewhere away from the aromatics complex 70.

[0025] The heavy, C8+ aromatics stream in the heavy, C8+ aromatics line 56 may be
split into two streams comprising a first €8+ aromatics stream, which may be a first heavy
stream, in a first heavy, U8+ aromatics line 62 taken from the heavy, C8+ aromatics stream in
the heavy, C&+ aromatics line 56 and an optional second C8+ aromatics stream, which may
be a second heavy stream, in a second heavy, U8+ aromatics line 64 taken from the heavy,
8+ aromatics stream in the heavy, C8+ aromatics line 56. The relative flow rates of the first
C8+ aromatics stream through the first C8+ aromatics line 62 and the second C8+ aromatics
stream through the second C8+ aromatics line 64 are regulated by control valves on each
respective line. The first U8+ aromatics stream in the first C8+ aromatics line 62 may
comprise all or a portion of the higher boiling C8+ aromatics stream in the C&+ aromatics
line 56, and the second C8+ aromatics stream in the second C8+ aromatics line 64 may
comprise all or a portion of the heavy C8+ aromatics stream in the C8+ aromatics line 56
Both of the first C8+ aromatics stream in the first C8+ aromatics line 62 and the second C8+
aromatics stream in the second C8+ aromatics Hine 64 may be aliquot portions of the heavy,
C8+ aromatics stream in the C8+ aromatics line 36 or the first C8+ aromatics stream n the
first {8+ aromatics line 62 and the second C8+ aromatics stream in the second C8+ aromatics
line 64 may be taken or separated from the heavy, C8-+ aromatics stream in the C8&+
aromalics line 56 in a way that gives each stream a different composition than the other such
as by fractionation.

{8026} The first T8+ aromatics stream in the first U8+ aromatics line 62 taken from the
heavy, C8&t+ aromatics stream in the C8+ aromatics line 56 1s fed to an aromatics complex 70.
The second C8+ aromatics stream in the second C8+ aromatics line 64 if taken from the
heavy, C8+ aromatics stream in the C8+ aromatics line 56 may not be fed to the aromatics
complex 70 but may be fed to the gasoline pool 44 for blending to make gasoline or
elsewhere away from the aromatics complex 70.

{0027} At least one of the second C7 or the second intermediate stream in the second C7

or mntermediate line 60 and the second €&+ aromatics or botioms stream in the second C8+
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aromatics or the second bottoms line 64 is bypassed around and not fed to the aromatics
complex 70,

[0028] The flow rate of the first C7 stream in the first intermediate line 38 and the flow
rate of the first C8+ aromatics stream in the first C8+ aromatics line 62 are metered in
proportions to achieve a desired ratio of a selected xvlene isomer to benzene in the aromatics
coraplex 70. By regulating the flow rates of each of these streams to the aromatics complex, a
surprisingly high ratio of a selected xviene isomer to benzene can be achieved. By the present
process and apparatus, suitably, a mass ratio of a selected xylene isomer to benzene of at least
8(::20 can be achieved; more suitably a mass ratio of a selected xylene 1somer to benzene of
at least 85:15 can be achieved; preferably a mass ratio of a selected xylene isomer to benzene
of at least 88:12 can be achieved; and more preferably, a mass ratio of a selected xylene
isomer to benzene of at teast 90:10 can be achieved. The selected xylene isomer 1s preferably
para~xylene.

{0029} The aromatics complex 70 in an embodiment may include one or more of the
following units, an aromatic extraction unit 66, a first clay ireater 74, a second clay treater 63,
a BTX fractionation zone 80, a transalkvlation unit 96, a xylene fractionation zone 90, an
xylene extraction unit, a heavy aromatics columm 100 and an isomerization unit 120,
Additional and fewer units in the aromatics complex 70 are contemplated as well as variants
of the aromatics complex 70 presented heremn.

-1
I
i

100306} The first C7 stream n the first mtermediate line 58 taken from the C7 stream is
fad to an aromatics exiraction unit 66 in the aromatics complex 70 to extract a C7 raffinate
stream from a toluene stream. The aromatics extraction process removes non-aromafic
compounds from the first C7 stream. Tn one particular ernbodimsent, an extractive distillation
unit may employ a sulfolane solvent to separate aromatic compounds from non-aromatic
compounds. Other extraction methods, such as liguid-liquid solvent exiraction are also well-
known and practiced for separation of non-aromatic compounds from aromatic compounds,
and their use m place of. or in addition to, extractive distillation unit is contemplated herein.
The aromatics extractive unit 66 produces a C7 raffinate stream in a C7 raffinate line 68 that
includes predominantly non-aromatic C7" hydrocarbons and a toluene stream 72 that inclades
predomuinantly benzene and toluene. The C7 raffinate stream in the C7 raffinate hine 68 may

be passed to the gasoline pool 44 perhaps via a gasoline pool line 69,
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{0031} It is contemplated that the toluene stream in the {oluene line 72 may be considered
a C7 stream from which a first C7 or first intermediate strearm is taken and fed to the
aromatics complex 70 such as in line 75 and a second €7 or second intermediate stream that
is not shown that is not be fed to the aromatics complex 70 such as to the gasoline pool 44 or
elsewhere away from the aromatics complex 70. In such an embodirent, line 60 may be
optional or dispensed.

[06032] The term, “fed to the aromatics complex” shall mean, herein, fed o a unit in the
aromatics complex 70 from a unit outside of the aromatics complex or from a wnit nside of
the aromatics complex 70 as opposed to being fed to a umit outside of the aromatics complex
70 such as to the gasoline pool 44. The termy, “fed away from the aromatics complex” shall
mean herein fed to a unit or other vessel or line that is not in the aromatics complex 70.
{06633} The toluene siream in foluene line 72 may further be passed to the first clay treater
74 for increasing the purity of the aromatic compounds in such stream, for exaraple by
removing any alkylates or olefins that may be present therein. The first clay treater 74 may be
configurad in any known manner suitable for this purpose. The treated toluene stream leaving
the first clay treater 74 in treated toluene line 75 may thus include predomunantly toluene and
benzene with alkvlate and olefin compounds substantialiy, such as at least 90 wi%. removed
therefrom.

180634} The treated toluene stream 75 may be mixed with a transalkylation effiuent stream
from a transalkvlation effluent line 76 and be thereafter passed to a BTX fractionation zone
9. The BTX fractionation zone 80 may comprise one or more columns to provide a benzene
stream in a benzene line 82, a concentrated toluene siream in a concentrated toluene line 84
and a xvlene siream in a xylene line 86. The BTX {ractionation zone 80 may comprise two
colurons with the benzene stream and the concentrated toluene stream in serial overhead lines
82 and 84, respectively, and the xylene stream in the second bottoms line. In an embodiment,
the BTX fractionation zone 80 comprises a spht shell distillation coluran 80 for the separation
of the benzene stream in a benzene line 82 from the concentrated toluene stream in the
concentrated toluene line 84 and the xylene stream in xylene line 86. The benzene stream,
having a lower boiling point than toluene, may be removed from the distillation column 80 as
an overhead product, and the toluene, having a higher boiling point than benzene, may be
removed from distillation column 80 as a sidedraw product 84. Also, a net bottoms hiquid

stream 86 including heavier aromatic hydrocarbons such as various xvlene isomers, is
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removed from the BTX fractionation zone 80 and thereafter fed to a xvlene fractionation zone
90,

[0035] The concentrated toluene stream in the concentrated toluene line 84 may be fed to
a transatkylation unit 96 to produce xylene and benzene. As shown, the transalkylation umit
96 also receives a heavy aromatics overhead stream in a heavy aromatics overhead hine 102
that comprises aromatic hydrocarbons having nine or fen carbon atoms, C9-C10 aromatics,
from the heavy aromatics column 100 in the aromatics complex 70.

[0036] The transalkylation unit 96 converts the foluene, {9 and C10 aromatics into
benzene and xvlenes in a toluene disproportionation process. Further, the transatkyliation unit
96 converts a mixture of toluene and aromatic hvdrocarbons having nine carbon atoms, C9,
mto xvlenes in a transalkylation process. A hydrogen stream in line 97 may be fed to the
iransalkylation unit 96, so that the disproportionation and transalkylation processes are
conducted m a hyvdrogen atmosphere to nuninuze coke formation. As shown, a
transatkyiation effluent stream in the transalkylation effluent line 76 including benzene and
toluene exits the transathylation unit 96 and may thereafter be passed to the BTX
fractionation zone 80 for fractionation with the treated toluene strear in the treated toluene
line 75 for the separation of toluene from the xylenes.

{06637} Turning back to the reformate splitter column 50, the first C8+ aromatics stream
in the first C8+ aromatics line 62 may be passed to the second clay treater 63 for the removal
of any alkvlates and olefins that mav be present in the first C8+ aromatics stream 62. The
second clay treater 63 may be configured in any known manner suitable for this purpose as
described above with regard to the first clay treater 74, thus producing a treated C8+
aromatics stream. The treated C8+ aromatics siream leaving the second clay treater 63 m a
treated C8+ aromatics hne may thus include predominantly C8+ aromatics with alkylate and
olefin compounds substantially, such as greater than 90 wi%, removed therefrom.

{16038} The treated €8+ aromatics stream 1n a treated aromatics line 65 may be combined
with the xviene stream in xylene hine 86 and an isoroerate stream in an 1somerate line 88 and
be fed i1 a xvlene feaed line 89 to the xvlene fractionation zone 90. The xylene fractionation
zone may comprise a xylene column operated at conditions suitable for forming a
concentrated xylene stream in an overhead concentrated xylene line 92. An exemplary
concentrated xylene stream 92 contains predomunantly and still preferably more than 98 wt%

mixed xylenes. The xylene fractionation zone 90 also produces a heavy bottom stream in a
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heavy bottoms line 94 perhaps from the xylene column comprising hvdrocarbons having nine
and more carbon atoms, C9+. An exemplary heavy boftom stream the heavy botioms hine 94
contains predomunantly hydrocarbons having nine and more carbon atoms. To provide
desired separation based on the relative botling points of the compounds present, the xylene
column in the xylene fractionation zone 90 may be operated from a pressure of 5 kPa (0.7
psia) to 1,800 kPa (260 psia) and a temperature from 35°C (65°F) to 360°C (680°F).
{0039] The heavy bottoms stream in the heavy bottoms line 94 containing C9+
hvdrocarbons is introduced 1o the heavy aromatics column 100. The heavy aromatics column
100 18 operated at conditions suitable for forming the heavy aromatics overhead stream in the
eavy aromatics overhead line 102 comprising U9 and C10 aromatics that 1s fed to the
transalkviation unit 96. The heavy aromatics column 100 also produces a heavy aromatics
stream in a heavy aromatics bottoms line 104 that contains hydrocarbons having eleven and
more carbon atoms, C11+ The heavy aromatics strearn may exit the arornatics complex 70
for further processing. To provide the desired separations in the heavy aromatics fractionation
columiy 100 based on the relative boiling points of the compounds present, the heavy
aromatics columm 100 can be operated from a pressure of 5 kPa (0.7 psia) to 1,800 kPa (260
psia} and a temperature from 100°C (212°F) to 360°C (680°F).
{8040} The concentrated xviene stream in the concentrated xylene line 92 is further
processed to 1solate a selected xylene isomer. Therefore, the concentrated xvlene stream in
the concentrated xvlene line 92 is introduced into a sylene extraction unit 110 that extracts a
selected xylene isomer from non-selected xvlene isomers that comprises a xviene raffinate
stream. An exemplary extraction unit 110 includes a selective adsorbent that preferentially
sorbs the selected xylene isomer relative 1o the other xylene tsomers. A desorbent is then used
to desorb the selected xylene isomer from the adsorbent, and the desorbent and selected
xylene isomer are collected and separated by distillation. In an exemplary embodiment, the
selective adsorbent is crystalline alomuno-sihicate, such as type X or type Y crystalhine
alununosilicate zeolites. The exemplary selective adsorbent contains exchangeable cationic
sites with one or more metal cations, where the metal cations can be one or more of lithium,
potassium, beryllium, magnesiom, calcium, strontium, barium, nickel, copper, silver,
manganese, and cadmium. Sorption conditions vary, but typically range from 35°C (100°F)
10 200°C (400°F) and from 100 kPa (14 psia) to 3,500 kPa (500 psia). A selected xvlene

isomer stream exits the xylene extraction unit in a selected xvlene isomer line 114
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{0041} Separation of the selected xylene isomer from the non-selected xylene isomers
results in the formation of a xylene raffinate stream in a xylene raffinate line 112 containing
the non-selected xylene isomers. In the exemplary aromatics complex 70, the xvlene raffinate
stream 112 is fed to an isomerization unit 120 where the non-selected xylene isomers are
isomerized to produce more of the selected xylene isomer. Specifically, the removal of the
selected xylene isomer in the separation unit 110 shifis the coraposition of the xvlene
raffinate siream 112 away from the equilibrium between isomer species. Because the xylene
raffinate siream 112 primarily includes the non-selected two of the three xylene isomers and
is relatively deficient in the selected xylene isomer, the selected xylene isomer ts produced in
the isomerization unit 120 to bring the xylene isomers closer to an equilibrium ratio. At
250°C, the equiltbrium ratio 1s 20 to 25 wit% orthoxviene, 20 to 30 wi% paraxviene, and 50 to
60 wi% metaxylene, though the equilibrium ratio varies with temperature and other
conditions.

{00421 In an exemplary embodiment, the isomernization unit 120 includes an
isomerization catalyst, and operates at suitable isomerization conditions. Swutable
isomerization conditions include a temperature from 100°C {(200°F) to S00°C (D00°F), or
from 200°C (400°F} to 400°C (800°F), and a pressure from 3500 kPa (70 psia) to 5,000 kPa
{700 psia}. The isomerization umi 50 includes a sufficient volume of isomerization catalvst to
provide a liquid hourly space velocity, with respect {o the xylene raffinate stream 112, from
0.5 10 50 hr!, or from 0.5 to 20 'l Hydrogen may be present at up to 15 moles of hvdrogen
per mole of xviene, but in some embodiments hyvdrogen is essentially absent from the
isomerization unit 120, The isomerization unit 120 mayv include one, two, or more reactors,
where sutlable means are employed to ensure a suitable 1somenzation temperature al the
entrance to each reactor. The xvlenes are contacted with the isomenzation catalvst in any
suitable manner, including upward flow, downward flow, or radial flow.

{6043] An exemplary tsomernization catalyst includes a zeolitic aluminosilicate with a

St Al ratio greater than 10/1, or greater than 20/1 in some embodiments, and a pore diameter
of 5 to ¥ angstroms. Some examples of suitable zeolites include, but are not limited to, MFL,
MEL, EUQ, FER, MFS, MTT, MTW, TON, MOR, and FAU, and gallium mayv be present as
a component of the crystal structure. In some embodiments, the $1:Gaz mole ratio is less than
300/, or less than 100/1 in other embodiments. The proportion of zeolite in the catalyst is

generally from 1 wt% to 99 wi%, or from 25 wi% to 75 wt%. In some embodiments, the
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isomerization catalyst inciudes 0.01 wi% to 2 wit% of one or more of ruthenium (Ru),
thodium {Rh), palladivm (Pd}, osmium (Og), nidium (Ir), and platinum (P1), but in other
embodiments the isomerization catalyst is substantially absent of anv metallic compound,
where substantial absence is less than 0.01 wt%. The balance of the isomerization catalyst is
an morganic oxide binder, such as alumuna, and a wide variety of catalyst shapes can be used,
mcluding spherical or cylindrical.

[0044] An 1somerate siream 88 with an equilibrium distribution of xylene isomers exits
the 1somerization unit 120 and is recycled to the xylene fractionation zone 90. The xylenes in
the isomerate strearm 838 continue recycling on to the xylene extraction unit 110 in the
concentrated xylene stream in the concentrated xylene line 92 from the xylene fractionation
zone 90. In the exemplary apparatus 10, the isomerate stream 88 is passed through the xylene
fractionation zone 90, so that C8 compounds that were changed {0 3 compound with a larger
number of carbon atoms in the isomerization unit 120 can be removed via heavy aromatics
fine 104. Newly generated C7- non-aromatics may be removed to the aromatics extraction
unit in removal line 122 for exit from the aromatics complex in the C7 raffinate line 68. The
isomerate stream 88 includes more of the selected xylene isomers than in the svlene raftinate
stream 112, so more of the selected xviene isomer 15 available for recovery in the xylene
extraction unit 110, As aresult, the amount of the recovered selected xviene isomer can
exceed its theoretical equilibrium value at the processing temperatures.

[0045] Separation of the selected xvlene 1somer from the non-selected xylene isomers in
the xylene extraction wnit 110 further resulis in the formation of an extract stream (not
tustrated) containing the selecied xylene isomer and the desorbent. Within the xylene
extraction unit 110, the desorbent is used to desorb the selected sylene isomer from the
adsorbent. The desorbent and the selected xvlene isomer will comprise an exiract stream,
which is fed to an extract column {not shown) in the xvlene extraction unit 110. The
desorbent is then separated from the selected xylene isomer by fractionation in an exiract
colunmm (not shown) in the xviene extraction unit 110, The selected xylene isomer exits the
extract column as a bottoms stream, which, if required can be sent to a finishing column (not
shown} in the xylene extraction unit 110 o further purify the selected xylene stream to mest
product quality specifications. The selected xylene isomer stream leaves the finishing colunm
as an overhead fraction and 1s discharged from the xvlene extraction unit 110 in the selected

xylene isomer line 114, The selected xylene isomer stream can be removed from the

-13 -



10

[
W

20

)
(V4

30

WO 2018/057435 PCT/US2017/051940

aromatics complex as the selected xylene product, e.g.. a paraxylene product, an orthoxylene
product, or a metaxylene product.

[0046] Several different embodiments of the xylene extraction unit 110 are possibie, such
as a single bed operated in baich fashion, where the xviene raffinate stream 112 is collected
before the selected xylene isomer is desorbed, and the extract stream is collected after
desorbing. In another embodiment, multiple adsorbent beds are used, and the introduction
point of the concentrated xviene stream in the concentrated xylene line 92 and the desorbent
are gradually moved through the different adsorbent beds. The discharge points of the extract
stream and the xviene raffinate siream 112 are also gradually moved through the different
adsorbent beds, so each individual adsorbent bed 15 used in a semi-batch mode and the
combination sirmuates a continuous operation.

186047} In a further aspect, a control scheme may be used {0 maintain the desired selected
xylene isomer to benzene ratio in the aromatics complex 70. The desired selected xyvlene
isomer to benzene ratio can be input as a set point in a computer 130. The computer 130
could include one or more processing devices and one or more memories for storing
mstructions and data used, generated, or coliected by the processing device(s). The computer
130 could also include at least one network interface, such as one or more ethernet interfaces
or wireless transceivers. A benzene flow rate indicator 132 in commmunication with the
benzene line 82 mav measure the flow rate of benzene in the benzene siream and sends a
corresponding signal to the computer 130. Likewise, a selected xylene isomer flow rate
mdicator 134 in communication with the selected xylene isomer line 114 may measure the
flow rate of selected xylene isomer in the selected xvlene isomer stream and send a
corresponding signal o the computer 130, The computer 130 recerves the signals and
calculates a ratio of selected xvlene 1somer to benzene and compares it to the set point for the
selected xvlene isomer 1o benzene ratio. If the calculated ratio 13 below the set point, the
compuier in response sends a signal 1o etther or both of the Jow rate controller 136
associated with the control valve on the second intermediate line 60 1o increase the flow rate
of the second C7 or intermediate strear therethrough or to the flow rate controller 138
associated with the control valve on the second C8+ aromatics or bottoms line 64 to increase
the flow raie of the second C8+ aromatics stream therethrough away from the aromatics
complex 70 to adnut less benzene generating benzene, toluene or ethvlbenzene to the

aromatics complex 70, If the ratio is above the set point, the computer in response sends a
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signal to either or both of the flow rate controller 136 associated with the control valve on the
second intermediate line 60 to decrease the flow rate of the second C7 or intermediate stream
therethrough or to the flow rate controller 138 associated with the control valve on the second
8+ aromatics or bottoms line 64 to decrease the flow rate of the second C8&+ aromatics
stream therethrough away from the aromatics complex 70 to admit more benzene generating
benzene, toluene or ethvlbenzene to the aromatics complex 70. If the calculated ratio is equal
to the set point, the computer need not send a signal to change a flow rate but may maintain
the current signal 1o the flow rate controllers. Signals from the computer 130 can alternatively
or additionally be sent to flow rate controllers on control valves in communication with the
first intermediate line 58 or the first heavy line 62 to govern the flow rates therethrough to
achieve the desired ratio.

[0043] In an embodiment of FIG. 2, a xylene fractionation zone 90° is utilized to separate
a first C8+ aromatics stream from a second C8+ aromatics streant. Many of the elerents in
FIG. 2 have the same configuration as in FIG. 1 and bear the same reference number.
Elements in FIG. 2 that correspond to elements in FIG. 1 but have a different configuration
bear the sare reference nurveral as in FIG. | but are marked with a prime symbol ().

[0049] A C&+ aromatics or a heavy stream in a C#+ aromatics or a heavy line 36° mayv be
saturated in a second clay treater 63 1o provide a treated C8+ aromatics stream in a freated
C8+ aromatics line 65. The treated C&+ aromatics stream in a treated aromatics line 65 may
be combined with the xylene stream n xvlene line 86 from the BTX fractionation zone 80
and an isomerate siream in an isomerate line 88 from the isomerization unit 120 and be fed n
a xvlene feed line 89 1o the xvlene fractionation zone 90°. The xviene fractionation 7one 90’
may comprise a series of coluruns, but in an embodiment includes a xylene column operated
at conditions suitable for fractionating the C8+ aromatics strearm in the C8+ aromatics line 56
to provide a first heavy stream or a first C8+ aromatics stream comprising CY aromatics in a
first C8+ aromatics or a first heavy line 627 and a second heavy siream or a second C8&+
aromatics comprising €9 aromatics in a second U8+ aromatics or a second heavy line 647,
[0050] Specificallv, a concentrated xvliene stream in the overhead, concentrated xylene
fine 92 is fed to the aromatics exiraction unit 110. The xviene fractionation zone 90° also
produces a CY aromatics stream in a C9 aromatics line 93 which may be taken {rom a side
outlet 930 from the xvlene fractionation zone 90°. The xylene fractionation zone 907 also

produces a heavy bottom stream in a heavy bottoms line 94" comprising hydrocarbons having
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10 and more carbon atoms, C10+. The C9 aromatics stream in the C9 aromatics line 93 may
be splhit between the fivst C8+ aromatics or the first heavy stream comprising C9 aromatics in
the first C8+ aromatics or the first heavy line 627 which is fed to the aromatics complex 707 at
a rate regulated by a control valve on the first C8+ aromatics line 627 and the second C8+
aromatics or the second heavy stream 1n the second C8+ aromatics or the second heavy line
64° which 15 not fed to the aromatics complex but perhaps to the gasoline pool 44 or
elsewhere away from the aromatics complex 70 at a rate regulated by a control valve on the
second C8+ aromatics line 64°. The first C8+ aromatics siream m the first C8+ aromatics line
62 reserves C9 aromatics for mixture with the heavy bottoms siream in the heavy bottoms
line 94° for passage back fo the aromatics complex 70" as a heavy aromatics columit feed in a
heavy aromatics feed line 97. Parameters of the aromatics complex 707 are indicated by a
dotted line in FIG. 2.

[6051] In this embodiment, the second C7 or the second intermediate stream 18 not
necessary in that all of the C7 or the intermediate stream may be fed to the aromatics
complex 707 in the second €7 or the second intermediate Hine 58. The relative ratio of the
selected xylene isomer to benzene 1s achieved by regulating the flow rate of €9 aromatics to
the aromatics complex 70°

{00652} The flow rate of the first C7 siream in the first intermediate line 58 and the flow
rate of the tirst C8+ aromatics stream in the first C8+ aromatics Hine 627 in addition to the C8
aromatics in the concentrated xvlene stream 92 are metered in proportions to achieve a
desired ratio of a selected xylene isomer to benzene in the aromatics complex 70°. By
regulaiing the flow rates of each of these sireams to the aromatics complex, a surpnsingly
high ratio of a selected xylene 1somer o benzene can be achieved.

[0053] The flow rate controller 1387 1n communication with the second C8+ aromatics or
the second heavy stream in the second C8+ aromatics or the second heavy line 647 receives a
signal from the compuier 130 to regulate the low rate thereof away from the aromatics
coraplex 707 at a rate regulated by a control valve on the second C8+ aromatics hine 647
[0054] The rest of the description for the embodiment of FIG. 2 is the same as described

for FIG. 1 except the control scheme is not shown in FIG. 2.
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SPECIFIC EMBODIMENTS

[085] While the following is described in conjunction with specific embodiments, 1t will
be understood that this description is intended to Ullustrate and not limit the scope of the
preceding description and the appended claims.

{0056] A first embodiment of the invention is a process for preparing a feed for an
aromatics complex comprising {ractionating a naphtha stream to provide a C7 stream and a
C8+ aromatics streany, feeding a first C7 stream taken from the C7 strear fo the aromatics
complex; feeding a first C8+ aromatics stream taken from the C8+ aromatics siream to the
aromaltics complex; and feeding a second C7 stream taken from the C7 stream away from the
aromatics complex; or feeding a second C8+ aromatics stream taken from the C8+ aromatics
stream away from the aromatics complex. An embodiment of the invention is one, any or all
of prior embodiments in this paragraph up through the first embodiment i this paragraph
comprising feeding the first C7 stream taken from the C7 stream to an aromatics extraction
unit in the aromatics complex to extract g C7 raffinate stream from a foluene stream. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first ernbodiment 1n this paragraph comprising feeding the C7 raffinate stream o
a gasoline pool. An embodiment of the invention is one, any or all of prior erabodirents in
this paragraph up through the first embodiment in this paragraph comprising calculating a
selected xylene isomer 1o benzene ratio and changing a flow rate of the second €7 siream
and/or the second C8+ aromatics stream in response 1o the calculated selected xvlene isomer
io benzene ratio. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the first embodiment in this paragraph comprising fractionating the
C8+ aromatics stream to provide the first siream of the C8+ aromatics stream comprising 8
aromatics and the second stream of the C8+ aromatics stream comprising CY aromatics. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph comprising fractionating the toluene stream to
separate a benzene stream from a concentrated toluene siream. An embodiment of the
mvention 1s one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph comprising feeding the concentrated toluene streamto a
transatkyiation unit to produce xylene and benzene. 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 fractionating a transalkylation effluent with the toluene stream.
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An embodiment of the inveniion is one, any or all of prior embodiments in this paragraph up
through the first embodiment 1n this paragraph comprising separating a xylene stream from
the benzene stream and the concentrated toluene stream and feeding the xylene streamio a
xylene columm in the aromatics complex io separate a concentrated xvlene stream. An
ermmbodiment of the invention is one, any or all of prior embodimenis in this paragraph up
through the first embodiment in this paragraph comprnising feeding the concentrated xylene
stream to a xylene extraction unit to exiract a selected xvlene isomer stream from a xyiene
raffinate siream. An embodiment of the imvention is one, any or all of prior embodiments in
this paragraph up through the {irst enbodiment in thus paragraph comprising isomerizing the
xylene raffinate stream in an isomerization unit to produce more selected xviene isomers and
recycling an isomerate stream to the xvlene extraction unit via the xviene column. An
ermmbodiment of the invention is one, any or all of prior embodimenis in this paragraph up
through the first embodiment in this paragraph comprising producing a mass ratio of
paraxviene to benzene of at least 85:15.

[O057] A second embodiment of the invention is a process for producing aromatics
comprising fractionating a naphtha stream to provide an intermediate strearn and a heavy
stream; feeding a first intermediate stream taken from the intermediate stream to an aromatics
extraction unit to extract a raffinate stream from a toluene stream; feeding all or a first portion
of the heavy stream to a xylene colummn; and feeding a second intermediate stream taken from
the intermediate stream to a gasoline pool; or feeding all or a second portion of the heavy
stream to a the gasoline pool. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the second embodiment in this paragraph
comprising feeding the raffinate stream to the gasoline pool. An embodiment of the invention
is one, any or all of prior embodiments in this paragraph up through the second ernbodiment
in this paragraph comprising feeding a second portion of the heavy stream to the gasoline
pool. An erabodiment of the mvention is one, any or all of prior embodiments n this
paragraph up through the second embodiment in this paragraph comprising fractionating the
heavy stream to provide the first portion of the heavy stream comprising €8 aromatics and a
second portion of the heavy stream comprising 9 aromatics. An embodiment of the
mvention is oneg, any or all of prior embodiments in this paragraph up through the second
embodiment in this paragraph comprising teeding the toluene stream to a benzene colunm to

separate a benzene stream from a concentrated toluene siream and a xylene stream;, feeding
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the concentrated toluene stream to a transalkylation reactor to produce xylense and benzene
and passing the xylene stream to a xvlene column to produce a concentrated xylene stream to
an xylene extraction unit.

{0058} A third embodiment of the invention is a process for producing aromatics
comprising fractionating a naphtha stream to provide a C7 stream and a C8+ aromalics
stream; feeding a first C7 stream taken from the C7 strearn to an aromatics cornplex; feeding
a second {7 stream taken from the C7 stream to a gasoline pool; feeding a first C8+
aromatics stream taken from the C8+ aromatics siream o an aromatics complex; and feeding
a second C8+ aromatics stream taken from the C8+ aromatics stream to the gasoline pool. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the third embodiment in this paragraph comprising feeding the first C7 stream to an
aromatics extraction unit in the aromatics complex to extract a C7 raffinate stream from a
ioluene stream and passing the C7 raffinate stream to the gasohine pool. An embodiment of
the invention is one, any or all of prior embodiments in this paragraph up through the third
embodiment in this paragraph comprising fractionating the C8+ aromatics stream to provide
the first C8+ aromatics stream taken from the C8+ aromatics stream comprising C8 aromatics
and a second C8+ aromatics stream taken from the C8+ aromatics stream comprising C9
aromatics.

[0059] 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 mervely iHustrative, 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.

{0060} 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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CLAIMS:

1. A process for preparing a feed for an aromatics complex comprising:

fractionating a naphtha stream to provide a C7 stream and a C8+ aromatics streany

feeding a first C7 stream taken from the €7 stream to the aromatics complex;

feeding a first C8+ aromatics stream taken from the C8+ aromatics stream to the
aromatics complex; and

feeding a second C7 stream taken trom the C7 stream away from the aromatics

complex; or

feeding a second C8&+ aromatics stream taken from the C8+ aromatics stream away

from the aromatics complex.

2. The process of claim 1 comprising feeding the first {7 stream taken from the 7
streaim to an aromafics extraction unit in the aromatics compliex to extract a C7 raffinate
stream from a toluene stream.

3. The process of claim 2 comprising feeding the C7 raffinate stream to a gasoline
pool.

4. The process of claim | comprising calculating a selected xylene isomer to benzene
ratio and changing a flow rate of the second C7 strearn and/or the second C8+ aromatics
streamn in response to the calculated selected xviene isomer to benzene ratio.

S. The process of claim 4 comprising fractionating said C8+ aromatics stream to
provide said first stream of the C8+ aromatics stream comprising C8 aromatics and said
second stream of the C8+ aromatics stream comprising C9 aromatics.

6. The process of claim 2 comprising fractionating the toluene stream o separate a
benzene stream from a concentrated toluene stream.

7. The process of claim 6 comprising feeding the concentrated toluene stream io a
transalkviation unit to produce xylene and benzene.

8. The process of claim 7 further comprising fractionating a transalkylation effluent
with the toluene stream.

9. The process of claim 6 comprising separating a xylene stream from the benzene
stream and the concentrated toluene stream and feeding the xylene stream to a xylene column

i the aromatics complex o separate a conceniraied Xyiene siream.
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10. The process of claim 9 comprising feeding the concentrated xviene streamto a
xylene extraction unit to extract a selected xvlene isomer stream {rom a xylene raffinate

stream.
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