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PROCESS FOR REDUCI NG UNSATURATED HYDROCARBONS IN

AROVATI C FRACTI ON THROUGH SELECTI VE HYDROGENATI ON

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present disclosure relates to a process for reduci ng
unsaturated hydrocarbons in an aromatic fraction through
sel ective hydrogenation. Mre particularly, the present
di sclosure relates to a process and system that are capable
of performng selective hydrogenation on the aronmatic
fractions by configuring a catal yst bed t hrough staged | oadi ng
of a plurality of hydrogenation catalysts with different
catalytic properties, or configuring a catalyst system in
which a plurality of hydrogenation catalysts are arranged
using a plurality of reactors in such a way as to be equi val ent
with the staged loading, and as a result, are capable of
suppressing aromatic loss while inproving the selective
renmoval of unsaturated hydrocarbons in the aromatic fraction
and durability conpared to the case of wusing a single

catal yst.

Description of the Related Art
C6+ aromatic hydrocarbons, particularly benzene,
toluene, or m xed xylenes (or xylene isoners), account for a

| arge portion of sources for basic chemcals used in the
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petrochem cal field. Benzene or toluene is mainly used as a
solvent, fiber, disinfectant, pesticide, pharnaceutical
I nternedi ate, dye, pignent, or the Iike. M xed xyl enes
typically include neta-xylene (mxylene), para-xylene (p-
xyl ene), and ortho-xylene (o-xylene). Anmong them p-xylene
is a raw material for the synthesis of terephthalic acid,
which is used for manufacturing synthetic fabric fibers and
resins, and o-xylene serves as a raw material for producing
phthalic anhydride. Furt her, mxylene is used in
pl asticizers, azo dyes, etc. Simlar boiling points anpng
the xylene isoners nmake it difficult to separate a particul ar
xyl ene isoner from mxed xylenes by typical distillation.
I nst ead, adsorption separati on, crystallization, and
i sonerization are mainly enployed for the separation and
recovery of individual xylenes.

Comercial production of benzene, toluene or mxed
xyl enes is typically achi eved by separation and recovery from
aromati c- hydrocarbon-rich fractions or by synthesis through
reactions.

Representative of the separation and recovery, anong
t he nethods descri bed above, are the nethod in which m xed
xylenes are separated through distillation of reformates
obtai ned by catalytic reform ng of naphtha and the nethod in
whi ch m xed xyl enes are separated frompyrolysis oil generated

as byproducts upon thermal cracking of naphtha.
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In recent years, there has been growing interest in the
use of zeolite-based catalysts for converting aromatic
hydrocarbons (aromatic hydrocarbons including benzene,
tol uene, and/or C9+ aromatics) to C8 aronmatic hydrocarbons,
because only | im ted anounts of xylene can be produced through
t he conventional processes such as catalytic reform ng.

However, aromatic hydrocarbon fractions such as therma
cracking oils as well as reformates contain small anmounts of
unsat urated hydrocarbons, such as ol efins, acetylene, and/or
styrene or its derivatives. These unsaturated hydrocarbons
deteriorate the performance of the adsorption separation
process for separating products or lower the purity of the
product because they are difficult to separate using only
distillation, which belongs to the comobn separation
t echni que.

In an attenpt to solve the above-described problens,
the clay pretreatnent or hydrogenati on has been performed for
reduci ng the content of olefins in the aromatic hydrocarbon
fractions, which would serve as a feedstock of the downstream
process, in advance.

As for the clay treatnent, clay having acid
characteristics can be used as an alkylation catalyst to
i nduce di meri zation or trimerization, or aromatic
hydrocarbons are converted through alkylation to heavy

aromatics and are thus renoved as hi gh boiling point fractions
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that are easy to separate, and thus the net hod has been wi dely
comer ci al i zed. However, the clay is deactivated within a
relatively short tinme in the course of renoving olefins in
the aromatic fractions, and thus nay cause problens related
to the process inefficiencies and increased costs due to
frequent clay replacenent and the generation of solid wastes.

On the other hand, in the case of hydrogenation,
hydrogen is supplied in the presence of a catalyst to renove
unsat urated hydrocarbons (i.e., olefins, acetylenes, and/or
styrene (or its derivatives)) in the aromatic fraction by
converting the unsaturated hydrocarbons to saturated
hydrocarbons (i.e., paraffins), so that the problens of
frequent replacenment cycle caused by the clay treatnment can
be alleviated and the cost of clay and waste generation can
be reduced.

Recent |y, processes for removi ng unsat ur at ed
hydr ocar bons from an aromatic fraction have been
comercialized by mmjor conpanies. For exanple, olefin
reduction unit (ORU) technol ogy from UOP, O gone™ technol ogy
fromExxonMobi | and Axens, and Arofini ng technol ogy are known.
In particular, selective hydrogenation uses nickel-based
catal ysts, noble netal-based catalysts (Pt, Pd, etc.),
cobal t - nol ybdenum (Co-M), and nickel-nmolybdenum (Ni-M),
known in the art as the conventional hydrogenation catal ysts.

However, t he hydr ogenati on requires sel ective
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saturation of only unsaturated hydrocarbons (e.g., having at
| east one doubl e-bonded hydrocarbon or triple-bonded
hydr ocarbon) while mnimzing aromatic |oss. However, each
of the af orementi oned catal ysts causes great | oss of aromatics
(that is, aromatic rings as well as unsaturated hydrocarbon
are saturated), or, despite the desirable renmoval rate of
unsaturated hydrocarbons, exhibits Ilow durability (the
ability to maintain catalytic activity upon |ong-term
operation).

Accordingly, there is a need for inprovenents in the
removal rate of unsaturated hydrocarbons in aronmatic

fractions and durability while mnimzing aromatic | oss.

SUMMARY OF THE | NVENTI ON

The present disclosure provides a catal yst system for
renmovi ng unsaturated hydrocarbons present in an aromatic
hydr ocarbon fraction through sel ective hydrogenati on, which
I s capabl e of suppressing aromati c | oss and nai nt ai ni ng good
hydr ogenati on activity even during |ong-term operati on.

In accordance with a first aspect of the present
di sclosure, it is provided a nethod of renoving unsaturated
hydr ocarbons in an aromatic fraction, which conpri ses:

a) providing an aromatic hydrocarbon-contai ning
feedst ock having a brom ne index of at |east 30, and

b) bringing the feedstock into contact with a nulti-
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stage catal yst bed conprising at |east one first catalyst
bed and a second catal yst bed disposed downstream of the
first catal yst bed in a reactor and perform ng hydrogenati on
under supply of hydrogen to form an aronatic hydrocarbon-
cont ai ni ng product having a reduced brom ne index,

wher ei n,

the first catalyst bed conprises a support containing
i norgani c oxi de, and at | east one active netal selected from
the group consisting of Ni, Pd, Pt, Ru, Re, Co, M, Co-M,
Ni - Mo, and Ni-W in which, anong the active netals, each of
Re, Co, Mb, and Co-M> is a reduced or sulfide form and each
of Ni, Pd, Pt, Ru, Ni-Mb and Ni-Wis a sulfide form and

t he second catal yst bed conprises a support contai ning
i norgani c oxide, and Ni-M and/or Ni-Win a reduced form as
an active netal.

In accordance with a second aspect of the present
di scl osure, there is provided a nmethod of renoving
unsaturated hydrocarbons in an aromatic fraction, which
conpri ses:

a) providing an aromatic hydrocarbon-containing
feedst ock having a brom ne index of at |east 30, and

b) transferring the feedstock to a nmnulti-stage
hydr ogenation wunit conprising a first reaction unit
containing at | east one first catal yst and a second reaction

unit containing a second catal yst and conmuni cating with the
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first reaction unit at the downstream of the first reaction
unit and perform ng hydrogenation under supply of hydrogen
to forman aromati c hydrocarbon-contai ni ng product having a
reduced brom ne index,

wher ei n,

the first catalyst conprises a support containing
i norgani c oxi de, and at | east one active netal selected from
the group consisting of Ni, Pd, Pt, Ru, Re, Co, M, Co-M,
Ni -Mb, and Ni-W in which, anong the active netals, each of
Re, Co, Mb, and Co-M> is a reduced or sulfide form and each
of Ni, Pd, Pt, Ru, Ni-Mo and Ni-Wis a sulfide form and

the second catalyst conprises a support containing
i norgani c oxide, and Ni-Mb and/or Ni-Win a reduced form as
an active netal.

According to an exenplary enbodi nent, at | east 30% by
wei ght of unsaturated hydrocarbons in the aronatic
hydr ocar bon-contai ni ng feedstock nmay be renpved through
hydr ogenati on.

According to an exenplary enbodinment, the aromatic
loss in the aromati c hydrocarbon-containing product may be
| ess than 1% by weight relative to the aromati c- hydrocarbon-
cont ai ni ng feedstock.

According to an exenplary enbodinment, the aromatic
hydr ocar bon-cont ai ni ng feedstock may be a C5+ reformate.

In accordance with a third aspect of the present
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di scl osure, there is provided a system for separating and
purifying aromatic hydrocarbons, which conprises:

a feed line of an aromatic hydrocarbon-containing
feedstock having a brom ne index of at |east 30;

a hydrogen feed |ine;

a hydrogenati on reactor comruni cating with each of the
feed line of the feedstock and the hydrogen feed line, the
hydr ogenation reactor filled with a nulti-stage catalyst
bed, in which the nulti-stage catal yst bed conprises a first
catal yst bed conprising at | east one stage and at | east one
second cat al yst bed di sposed at the downstream of the first
catalyst bed, along a flow direction of the feedstock
transferred through the feed |ine; and

at least one separator communicating wth the
hydrogenation reactor, the separator separating a product
containing at |east one aromatic hydrocarbon sel ected from
the group consisting of C6 aromatics, C7 aromatics, C8
aromati cs and C9+ aromatics, anong products di scharged from
t he hydrogenati on reactor,

wher ei n,

the first catal yst bed conprises a support containing
i norgani c oxi de, and at | east one active netal selected from
the group consisting of Ni, Pd, Pt, Ru, Re, Co, M, Co-M,
Ni -Mb, and Ni-W in which, anong the active netals, each of

Re, Co, My, and Co-M> is a reduced or sulfide form and each
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of Ni, Pd, Pt, Ru, Ni-Mb and Ni-Wis a sulfide form and

t he second catal yst bed conprises a support contai ning
I norgani c oxide, and Ni-Mb and/or Ni-Win a reduced form as
an active netal .

In accordance with a fourth aspect of the present
di scl osure, there is provided a system for separating and
purifying aromatic hydrocarbons, which conprises:

a feed line of an aromatic hydrocarbon-containing
f eedst ock having a brom ne index of at |east 30;

a hydrogen feed |ine;

a nulti-stage hydrogenation unit conmunicating wth
each of the feed line of the feedstock and the hydrogen feed
line, in which the nulti-stage hydrogenation unit conprises
a first reaction unit containing at | east one first catalyst
and a second reaction unit comunicating with the first
reaction unit at the downstream of the first reaction unit
and containing a second catalyst, along a flow direction of
the feedstock transferred through the feed line; and

at | east one separator communicating with the multi-
st age hydrogenation unit, the separator separating a product
containing at | east one aromatic hydrocarbon selected from
the group consisting of C6 aromatics, C7 aronmatics, C8
aromati cs, and C9+ aromati cs, anong products di scharged from
the mul ti-stage hydrogenati on unit,

wher ei n,
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the first catalyst conprises a support containing
i norgani c oxi de, and at | east one active netal selected from
the group consisting of Ni, Pd, Pt, Ru, Re, Co, M, Co-M,
Ni - Mo, and Ni-W in which, anong the active netals, each of
Re, Co, Mb, and Co-M> is a reduced or sulfide form and each
of Ni, Pd, Pt, Ru, Ni-Mb and Ni-Wis a sulfide form and

the second catalyst conprises a support containing
i norgani c oxide, and Ni-M and/or Ni-Win a reduced form as
an active netal.

According to an exenplary enbodi nent, the system for
separating and purifying aromati c hydrocarbons may further
conprise a transal kylation unit for converting a fraction
containing C6 aromatics, C7 aromatics and/or C9+ aronmmti cs,
anong the aromati c hydrocarbon-contai ni ng product separated
fromthe at | east one separator, into C8 aromati cs.

According to an exenplary enbodi nent, the system for
separating and purifying aromati c hydrocarbons may further
conprise a recycling line for recycling unrecovered C8
aromatics after separating and recovering para-xylene from
the C8 aronmatic hydrocarbon-containi ng product.

According to an exenplary enbodi nent, the system for
separating and purifying aromati c hydrocarbons may further
conpri se:

a par a- xyl ene separation/recovery uni t for

separating/recovering para-xylene from the C8 aronatics

10
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anong the aromati c hydrocarbon-contai ni ng product separated
fromthe at | east one separator, and

a xyl ene I someri zation uni t for I someri zi ng
unsepar at ed/ unrecovered C8 aronmatics, other than the para-
xyl ene to form an increased content of para-xylene.

According to an exenplary enbodi nent, the system for
separating and purifying aromatic hydrocarbon nmay further
conprises a recycling line for recycling the renaining
xylene fraction after separating/recovering para-xylene
anong the aromatic fraction discharged from the xylene

i sonerization unit.

BRI EF DESCRI PTI ON OF THE DRAW NGS

The above and other objects, features and other
advant ages of the present disclosure will be nore clearly
understood fromthe follow ng detailed description taken in
conjunction with the acconpanyi ng draw ngs, in which:

FIG 1 is a schematic diagramillustrating a catal yst
systembased on a reactor filled with a plurality of catal yst
beds for selectively hydrogenating and renovi ng unsat ur at ed
hydrocarbons in an aromatic fraction according to an
exenpl ary enbodi nent ;

FIG 2 is a schematic diagramillustrating a catal yst
system for sel ectively hydr ogenati ng and renovi ng

unsaturated hydrocarbons in an aromatic fraction using a

11
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plurality of reactors connected in series according to an
exenpl ary enbodi nent, where hydrogen may be introduced only
into the first reactor, or into each reactor

FIG 3 is a schematic diagramillustrating a process
for producing xylenes using selective hydrogenation of
unsat ur at ed hydrocarbons in an aromati c-cont ai ni ng feedst ock
according to an exenplary enbodi nent; and

FIG 4 is a graph showing the change in the brom ne
index (BlI) of the product over reaction tinme during the

hydr ogenati on according to Conparative Exanple 7 and Exanpl e

1.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The present disclosure can be worked in its entirety
with reference to the follow ng description. It is to be
understood that the following description illustrates

preferabl e enbodinments of the present disclosure, but the
present disclosure is not necessarily limted thereto. It is
also to be understood that the acconpanying draw ngs are
included to provide a further understanding of the present
di scl osure, and are not intended to Ilimt the scope of the
present disclosure.

The terns used herein are defined as follows.

As wused herein, the term "heterogeneous catalyst"”

refers to a catalyst that is present in a different phase

12
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from a reactant in a catalytic reaction. For exanple, a
het er ogeneous catal yst may remain undissolved in a reaction
medi um Wien a het erogeneous catal yst is used, the reaction
begins with the diffusion and adsorption of reactants onto
the surface of the heterogeneous catalyst. After conpletion
of the reaction, the product needs to be desorbed from the
surface of the heterogeneous catal yst.

As used herein, the term*“support” refers to a materi al
(typically a solid-phase material) having a large specific
surface area, onto which a catalytically active conponent is
attached or deposited, and the support nay or my not be
involved in a catalytic reaction.

As used herein, the term “olefins” may be intended to
i ncl ude al kenes, cycl oal kenes, al kenyl benzenes and the |ike.

As used herein, the term*®“disproportionation” refers to
the transfer of alkyl radical fromone nolecule to the other
in order to formtwo different products between sane kind of
nol ecul es. For exanpl e, disproportionation of toluene nmay
result in the production of benzene and xyl ene.

In a narrow sense, the term*“transal kylation” refers to
a reaction in which at | east one al kyl radical (e.g., nethyl,
ethyl, propyl, butyl, or the like) is transferred from an
or gani ¢ compound to anot her.

As used herein, the term “deal kylation” refers to a

reaction in which at |east one alkyl group (e.g., nethyl

13
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ethyl, propyl, butyl, or the like) is elimnated from a
hydr ocar bon conmpound (specifically, an aromatic conpound).

As used herein, the term “xylene isonerization” refers
to i somerization of converting C8 aromati c hydrocarbons, nore
speci fically ortho-xyl ene and/ or neta-xyl ene, to para-xyl ene.

As used herein, the term “Cn+ aromatic” refers to an
aromati ¢ hydrocarbon having Cn or nore carbon atonms, and
simlarly, the term “Cn-aromatic” refers to an aromatic
hydr ocar bon having Cn or fewer carbon atons.

As used herein, the term “Cn+ hydrocarbon” refers to a
hydr ocar bon having Cn or nore carbon atoms, and simlarly,
the term “Cn-hydrocarbon” refers to a hydrocarbon having Cn
or fewer carbon atonmns.

As used herein, the term “C8 aromatics” refers to
aromati ¢ hydrocarbons including m xed xylene (ortho-xyl ene,
net a- xyl ene and par a-xyl ene) and/or et hyl benzene.

As used herein, the term“bromne index (Bl)” refers to
a neasured value (ng) of bromne consunmed by 100 g of a
hydrocarbon or hydrocarbon m xture, and may be used to
i ndi cate the percentage of unsaturated bonds present in the
hydr ocarbon. The brom ne i ndex may be neasured, for exanpl e,
according to ASTM D 2710-92.

As used herein, the term*“rich” means that a particul ar
conpound is present, for exanple, in an anount of at | east

about 50% specifically at least 70% nore specifically at

14
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| east about 80% particularly specifically, at |east about
90% on a predeterm ned basis (e.g., on a weight, volune or
nol ar basis), in a fraction or a stream

As used herein, the term “separator” may be construed
to broadly include any unit, apparatus, columm, stabilizer,
extractor, or the Iike, which involve physical separation.

Unl ess otherwise stated, an aronmatic ring itself is
excl uded fromthe scope of the unsaturated hydrocarbons, which
are to be renoved by sel ective hydrogenation, even though it

cont ai ns doubl e bonds therein.

A efin selective hydrogenation catal yst system

According to one enbodi ment of the present disclosure,
in order to renmove unsaturated hydrocarbon conpounds
(specifically, olefins, acetylenes, and/or styrene (or its
derivatives)) present intrace anounts in an aromatic fraction
(e.g., an alkyl aromatic fraction) through selective
hydr ogenation, a plurality of hydrogenation catal ysts having
different catalytic activities are disposed within a single
reactor in a staged | oading manner, or a plurality of reactors
are arranged in such a way as to be equivalent with the staged
| oadi ng.

In this regard, the catalysts are |oaded stepw se in
the hydrogenation reactor such that at |east one first

catalyst (or first catal yst bed) and the second catal yst (or

15
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second catal yst bed) are sequentially disposed along the flow
direction of the feedstock. At this time, notably, the first
catalyst bed is conposed of a catalyst that results in
relatively low aromatic loss in spite of having relatively
low durability during the selective hydrogenation of
unsat urated hydrocarbons in the aromatic fraction, while the
second catalyst is conposed of a catalyst that brings about
relatively high aromatic |oss during the hydrogenation, but
has excellent durability, thereby inproving the selective
removal rate of unsaturated hydrocarbons and durability while
suppressing aromatic loss in the overall reaction system

In an exenplary enbodi nent, the plurality of
hydrogenati on catalysts mnmay largely include the first
catal yst and the second catal yst, and the first catalyst and
the second catal yst are charged or filled by stacking in the
formof a bed (i.e., the first catalyst bed and the second
catal yst bed) into a single reactor for staged |oading. At
this time, the aromatic hydrocarbon-containing feedstock
introduced into the hydrogenation reactor is subjected to
hydrogenation while contacting the first catalyst (or
catalyst bed) and the second catalyst (or catalyst bed)
together with hydrogen in that order.

In addition, the first catalyst bed may be conposed of
a single catalyst, but may be provided in the form of a

catal yst bed in which two or nore types of catal ysts different

16
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from each other are staged or stacked. At this time, in the
hydr ogenati on regi on, the feedstock first cones into contact
with the first catalyst. As the hydrogen supplied into the
hydrogenation reactor is first consumed through the
hydrogenation by the first catalyst (or catalyst bed), the
| ess anbunt of hydrogen is contacted with the second cat al yst
(or catalyst bed) |ocated downstream conpared to the first
catal yst.

As descri bed above, because a relatively high partial
pressure of hydrogen is applied to the first catalyst, when
the saturation of aromatics (particularly, benzene ring) as
well as unsaturated hydrocarbons is strong during the
hydr ogenati on, the total aromatic yield is decreased. On the
other hand, in the region where the second catalyst is
| ocated, a considerabl e anount of hydrogen has already been
consunmed through the hydrogenation by the first catal yst at
t he upstream thereby creating an at nosphere i n which aromatic
|l oss due to hydrogenation is suppressed. Therefore, a
catal yst having good durability despite high aromatic |oss

can be di sposed as the second catal yst.

First catal yst

In consideration of the above, in this enbodi nent, the
first catalyst is conposed of materials capable of m nim zing

aromatic loss in spite of sonewhat |ow catalyst durability

17
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(that is, the property capable of maintaining hydrogenation
activity even upon long-term operation), and the second
catal yst i s conposed of materials having excellent durability
in spite of somewhat strong aromatic saturation
characteristics. In addition, in a specific enbodi nent, the
first catalyst may be conposed of nmaterials exhibiting high
hydrogenation activity to an unsaturated hydrocarbon (i.e.
the materials having a high Bl reduction ability) in addition
to the above-described characteristics.

According to one enbodinment, the first catalyst is a
supported catalyst which conprises a support containing
I norgani c oxide, and at |east one active netal selected from
the group consisting of Ni, Pd, Pt, Ru, Re, Co, M, Co-M,
Ni -Mb and Ni -W

In an exenpl ary enbodi nent, the content of the active
nmetal in the first catalyst is, for exanple, about 0.5 to 40%
by weight, specifically about 2 to 30% by weight, and nore
specifically about 4 to 25% based on the total weight of the
catalyst. These netal content ranges are provided only for
illustrative purposes, and may vary with the type of active
metal that is used, the hydrogenation activity thereof, the
formof the netal, and the |ike.

An enbodi ment of the first catalyst using a plurality
of netals anong the active netals exenplified above may be

conbi ned as bel ow

18
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In the case of Co-My, the atomic ratio of cobalt to
nol ybdenum nay be adjusted within a range of, for exanple, 1:
about 0.5 to 10, specifically 1. about 1 to 5, and nore
specifically 1: about 1.5 to 3. Further, in the case of N -
Mo, the atomic ratio of nickel to nol ybdenum may be adj usted
within a range of, for exanple, 1: about 0.5 to 10,
specifically 1: about 1 to 5, and nore specifically 1: about
1.5to0 3. In addition, in the case of Ni-W the atomic ratio
of nickel to tungsten may be adjusted within a range of, for
exanple, 1. about 0.5 to 10, specifically 1: about 1 to 5,
and nore specifically 1: about 1.5 to 3.

I n one enbodi nent, when the active netal in the first
catalyst is Re, Co, My, and/or Co-M, it nmay be a reduced
formor a sulfide form Wwen Ni, Pd, Pt, Ru, Re, Co, Mo, and
Co-Mo as active netals are sulfide forns, they exhibit an
excel l ent effect of suppressing aromatic |oss, but relatively
low ability to renbve wunsaturated hydrocarbons (e.qg.
ol efins, and/or styrene). 1In a specific enbodi nent, when the
active netal in the first catalyst is Re, Co, M, or Co-M,
it my be a reduced form and thus nmay have higher
hydrogenation activity than the sulfide form but |ower
durability than the second catal yst.

I n addi ti on, when the active netal inthe first catal yst
is Ni, Pd, Pt, Ru, Ni-Mo and/or N-W it my be a sulfide

form because t he r educed form exhi bits excel | ent
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hydrogenation and renoval efficiency of unsat ur at ed
hydr ocar bons but increased aromatic | oss.

According to an exenplary enbodinent, the inorganic
oxi de constituting the support nmay be selected frommaterials
having a |arge specific surface area, and may, for exanple,
i nclude at |east one selected from the group consisting of
al um na, silica, silica-al um na, al um num  phosphat e,
zirconia, titania, bentonite, kaolin, clinoptilolite, and
nmont nmorill onite.

According to a specific enbodinent, the inorganic
bi nder nay be anorphous, and in particular, my be at | east
one selected fromthe group consisting of alumna, silica and
silica-alumina, in particular, alumna and/or silica.

According to an exenplary enbodi nent, the support nay
be in a cylindrical shape, and nmay, for exanple, have a
di aneter of about 0.5 to 5 mm (specifically about 1 to 3 mm,

and a length of about 3 to 20 nmm (specifically about 5 to 15

nm . Al ternatively, the support may have a shape such as
granule, pellet, tablet or sphere, in addition to the
cylindrical shape. As described above, in order to

manuf acture a support having a specific shape, a nolding
nmet hod known in the art, such as extrusion, spray drying,
pelletizing or oil dropping, may be applied, but this is
provi ded for exenplary purpose.

According to an exenplary enbodi nent, the support nay

20
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have an apparent density within the range of about 0.3 to 1.2
cc/g, specifically about 0.4 to 1.1 <cc/g, and nore
specifically about 0.4 to 0.9 cc/g. In addition, the support
may have an average pore dianmeter, for exanple, within the
range of about 3 to 1,000 nm specifically about 5 to 800 nm
and nore specifically about 7 to 600 nm In addition, the
support may have a specific surface area (BET), for exanple,
wi thin the range of about 10 to 1,000 n?/g, specifically about
30 to 800 nt/g, and nore specifically about 50 to 600 n¥/ g.
The nuneri cal ranges of the above-described physical
properties may be provided for exenplary purposes.

In an exenplary enbodinent, with regard to the first
catal yst, the active netal nmay be | oaded onto the support by
known techniques in the art, for exanple, the inpregnation
(e.g., incipient wetness inpregnation, excess solution
I npregnati on and i nrersion), ion exchange, coprecipitation or
the Iike.

Typically, the inpregnation can be applied, for
exanple, by adding a soluble netal precursor or conmpound
(typically a water-soluble or sol vent-sol uble netal
conpound), particularly a netal salt, to a liquid medium
sel ected fromwater, an acid aqueous sol ution, a basi c aqueous
solution, etc., and filling the pores of the support with the
resulting m xture.

In an exenplary enbodinent, the applicable netal

21
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precursor may generally be a salt, conplex, or halide of an
active nmetal, and nay be illustrated as foll ows.

For exanpl e, nol ybdenum precursors may include at | east
one selected from the group consisting of nolybdenum (11)
acet at e, anmoni um  (VI) nol ybdat e, di ammonium  (I111)
di nol ybdate, anmmonium (VI) heptanol ybdate, ammonium (VI)
phosphonol ybdate and simlar sodium and potassium salts,
nol ybdenum (I111) brom de, nolybdenun(l11)-(V) chloride,
nol ybdenum (VI) fluoride, nolybdenum (VI) oxychloride,
nol ybdenum(1V)-(VlI) sulfide, nolybdic acid and anmonium
sodi um and potassium salts thereof, and nol ybdenum (I1-VI)
oxi de, but is not necessarily limted thereto.

The cobalt precursor may include at | east one sel ected
from the group consisting of nitrate, sulfate, carbonate
acetate, al koxide, and halide of cobalt. Specifically, the
cobalt precursor, for exanple, may include at |east one
selected fromcobalt nitrate, cobalt sulfate, cobalt acetate,
cobalt carbonate, cobalt hydroxi de, cobalt al koxide, cobalt
halide (e.g., <cobalt <chloride, <cobalt bromde, etc.),
hydrat es thereof and the |ike. Mre specifically, the cobalt
precursor may be cobalt nitrate and/or a hydrate thereof
(e.g., Co(NG):2-6H0) .

The ni ckel precursor may, for exanple, include at |east
one selected from nickel nitrate, nickel sulfate, nickel

phosphat e, ni ckel hal i de, ni ckel car boxyl at e, ni ckel
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hydr oxi de, nickel carbonate, an acetylacetonate nicke
conpl ex, nickel acetate, and hydrates thereof. Mor e
specifically, the nickel precursor may be nickel nitrate
and/ or a hydrate thereof (e.g., N (NG)2- 6HO0) .

The tungsten precursor may, for exanple, include at
| east one selected from ammoni um netatungstate, ammonium
tungst at e, sodi um tungstate, tungstic acid, t ungst en
chloride, and the |ike.

The palladium precursor nmay include at |east one
selected from palladium acetate, pal | adi um chl ori de,
pall adiumnitrate, palladiumsulfate, and the |ike.

The pl ati numprecursor may i ncl ude at | east one sel ected
from chloroplatinic aci d, anmoni um  chl oropl ati nate,
di ni trodi am nopl ati num t et rachr onodi am nopl ati num
hexachr onodi am nopl ati num di chl or odi am nopl ati num pl ati num
dichloride (11), platinumtetrachloride (I1V) and the |ike.

The ruthenium precursor my include at |east one
sel ected fromrutheniumchloride, rutheniumnitrosyl nitrate,
chl orohexaam no ruthenium and the Iike.

The rheni um precursor nmay include at | east one sel ected
from perrhenic acid, rhenium chloride, anmonium perrhenate,
pot assi um perrhenate, rhenium oxide and the |iKke.

According to an exenpl ary enbodi ment, the concentration
of the active netal in the inpregnation solution may range

from for exanple, about 0.005 to 5 M specifically about
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0.01 to 3 M and nore specifically about 0.015 to 2 M The
conditions of the inpregnation are not particularly Iimted,
and, for exanple, the inpregnation process nay be perfornmed
at about 1 to 100°C (specifically about 25 to 60°C) for about
0.1 to 48 hours (about 0.5 to 12 hours), but these conditions
are provided for exenplary purposes.

As descri bed above, the active netal may be i npregnated
onto the support and then subjected to a drying process. For
exanpl e, the drying nay be perfornmed in an oxygen-contai ni ng
at nrosphere (specifically, air), at a tenperature of, for
exanple, in the range of about 60 to 200°C, specifically in
the range of about 80 to 150°C. In addition, the drying tine
may be determ ned within a range of, for exanple, about 0.5
to 15 hours, specifically about 1 to 12 hours. The neta
precursor my be nore tightly attached onto the support
t hrough the drying process.

Then, the dried catalyst is calcined (or heat-treated),
and the calcination is performed in an oxygen-containing
at nosphere (e.g., air) or an inert gas (e.g., nitrogen, etc.)
at nosphere, nor e particularly an oxygen-cont ai ni ng
at nosphere. Further, the calcination tenperature nmay be
determined within the range of, for exanple, about 300 to
800°C, specifically about 400 to 650°C. In addition, the
calcination time may be adjusted within the range of, for

exanple, about 0.5 to 24 hours, specifically about 1 to 12
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hours. When the calcination is perforned in an oxygen-
cont ai ni ng at nosphere, the active nmetal nay be converted to
an oxide form for exanple, nolybdenum nay be converted to

MbO:; and nickel may be converted to N O

- Reduction treatnment

According to one enbodi nent, as described above, when
the first catal yst includes, as the active netal, Re, Co, M,
and/or Co-My, a reduction treatnent is perforned on the
calcined first catalyst for conversion into a fully/partially
reduced form

In this regard, the reduction treatnent nay be perforned
usi ng hydrogen alone or hydrogen diluted in an inert gas
(e.g., Np, He, Ar, etc.) at a tenperature of, for exanple,
about 25 to 800°C, specifically about 200 to 700°C, and nore
specifically about 300 to 550°C, and the reduction treatnent
time is not particularly |limted, and may be, for exanple,
adjusted within the range of about 0.5 to about 24 hours,
specifically about 1 to about 12 hours.

Through the above-described process, the active netal
may be present in a reduced form in the first catalyst.
[llustratively, the netal contained in the catal yst is present
in an elenental formor partially oxidized form(for exanple,
when the first netal is nolybdenum (M), M5 is partially

oxi di zed to Md4*) through reduction treatnent.
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- Sulfidation (sulfide treatnent)

In order to control excessive hydrogenation activity
t hat induces side reactions such as |oss of aromatics, or to
i npart a hydrogenation function depending on the supported
netal (particularly in the case of nolybdenum), the active
nmetal may be converted to a sulfide formrather than a reduced
formin an optional step

According to an exenplary enbodinent, the reduction-
treated catal yst nmay be sulfided. As described above, when
the active netal in the first catalyst is Ni, Pd, Pt, Ru, Re,
Co, Mp, Co-Mo, Ni-M> and Ni-W it may be present in the form
of a sul fide.

In this regard, netal conponents in the catalyst can be
converted into sulfides by nmethods known in the art, and such
sul fidation my be a gas-phase nethod (contacting hydrogen
sulfide or a mxture of an inert gas with hydrogen sulfide)
or a |iquid-phase nethod (contacting sulfur conpound-
cont ai ni ng sol ution). According to a specific enbodi nent,
the reduction-treated catalyst nay be treated with a sul fur
conpound- cont ai ni ng sol uti on.

According to an exenplary enbodinment, the sulfur
conpound useful for the sulfidation may include at |east one
sel ected from hydrogen sulfide, hydrogen disulfide, carbon

di sul fide, alkyl sulfide, and the I|ike. In particular, as
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the alkyl sulfide, for exanple, nmethyl sulfide, dinethyl
sul fide, dimethyl disulfide, diethyl sulfide, and/or dibutyl
sul fide may be used. In addition, hydrocarbon-based sol vents
such as benzene, toluene, xylene, C9+ aromatics, hexane, and
hept ane may be used as solvents for sulfidation. By way of
exanple, the anmpbunt of the sulfur conmpound in the solution
for sulfidation nay be appropriately determned to be an
anount greater than the equival ent anount required to convert
the netal in the catalyst to sulfide. For exanple, when
nol ybdenum i s used as the active nmetal, a sulfur conmpound in
equal or nore anount required for converting nol ybdenumi nto,
as a sulfide, McSz (which can be finally converted to MS)
may be mxed with a solution. In addition, nickel may be
converted to N 3S,.

In an exenplary enbodinent, the sulfidation may be
performed at a tenperature of, for exanple, roomtenperature
to about 500°C (specifically, about 100 to 450°C) for about
0.5 to about 100 hours (specifically, for about 1 to 48

hour s) .

Second cat al yst

According to one enbodi nent, the aromatic-containing
fraction that has undergone hydrogenation through the first
catalyst is subjected to an additional hydrogenation process

in the presence of the second catalyst. As described above,
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the additional hydrogenation process is designed such that
hydrogen introduced into a single reactor is consuned as the
hydr ogenation by the first catalyst proceeds, and on the
second catalyst (or catalyst bed) |ocated downstream of the
first catalyst, hydrogen (or hydrogen partial pressure) is
supplied in an anount |ower than in the case of the first
catal yst.

I n the above-descri bed reaction environnent, a catal yst
havi ng hi gh hydrogenation activity and excellent durability
in spite of causing aromatic |oss may be used as the second
catalyst. In this case, the effects of efficiently renoving
unsaturated hydrocarbons through selective hydrogenation,
mai ntaining long-termactivity and suppressing aromatic | oss
can be achieved at the sane tine. It is noteworthy that the
synergistic | nprovenents resul ting from this desi gn
remar kabl y exceed the | evel expected froma sinple conbination
of different first and second catal ysts.

In order to achieve the above advantages, according to
an enbodinment, the second catalyst my be a catalyst
supporting a reduced formof N -M and/or Ni-Was an active
metal on a support containing inorganic oxide. Mor e
specifically, the second catal yst may be a catal yst supporting
a reduced form of N -M.

In an exenplary enbodi nent, when the active netal in

the second catalyst is Ni-M, the atomc ratio of nickel to
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nol ybdenumis, for exanple, adjusted within the range of about
1. about 0.5 to 10, specifically 1. about 1 to 5, nore
specifically 1. about 1.5 to 3. Moreover, in the case of Ni -
W the atomic ratio of nickel to tungsten may be adjusted
within the range of, for exanple, 1: about 0.5 to 10,
specifically 1: about 1 to 5, and nore specifically 1: about
1.5 to 3.

In this regard, the support for the second catal yst may
be at |east one selected from the species as set forth
previously in connection with the first catalyst. I n
addi tion, the support for the first catalyst and the support
for the second catal yst may be the sane or different.

The content of the active netal in the second catal yst
may be determined in the range of, for exanple, about 2 to
about 40% by weight, specifically about 3 to about 30% by
wei ght, and nore specifically about 4 to about 25% by wei ght,
based on the total weight of the catalyst. These net al
content ranges are provided for exenplary purposes.

In addition, the netal precursor used for the
preparation of the second catalyst, the properties of the
support, the supporting nethod, and the drying/calcination
and reduction treatnments may be the sane as those descri bed
above in connection wth the first catalyst, wthout
particular limtation.

A catalyst system based on a reactor filled with a
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plurality of cat al yst beds for renobving unsaturated
hydrocarbons in an aromatic fraction through selective
hydr ogenati on according to an exenplary enbodi nent of the
present disclosure is shown in FIG 1.

Referring to FIG 1, a plurality of hydrogenation
catalysts is charged in a reactor 10 in the staged | oading
manner. In the enbodi ment shown, four types of catal yst beds
(A, B, Cand D) are charged or disposed along the introduction
direction of a feedstock 11, wherein the catal yst beds (A B
and C) correspond to the first catal ysts and the catal yst bed
D located in the l|ast stage corresponds to the second
catalyst. This arrangenent 1is provided for illustrative
pur poses. Thus, the first catalyst may be conposed of
mul tiple beds including a plurality of catal ysts or a catal yst
bed i ncluding a single catalyst.

According to an exenpl ary enbodi ment, the anount of the
first catalyst loaded in the reactor 10 may be changed
depending on the type of catalyst (active netal and/or
support), but is, for exanple, adjusted within the range of
about 10 to about 90% specifically about 20 to about 80%
and nore specifically about 30 to about 70% based on the
total volume of the first catal yst and the second catal yst.

As described above, the active netal in each of the
first catalyst beds (A, B and C) includes at |I|east one

selected fromthe group consisting of Ni, Pd, Pt, Ru, Re, Co,

30



10

15

20

25

Mo, Co-Mb, N -My, and N -W anong which each of Re, Co, M,
and Co-Mo is a reduced formor a sulfide formand each of Ni,
Pd, Pt, Ru, Ni-Mb, and NN-Wis a sulfide form |In addition,
each of the three types of catal yst beds corresponding to the
first catalyst may be the sanme as or different from one
another. Meanwhile, in the case of the second catal yst bed
D, the active netal includes a reduced form of N -M and/or
Ni - W

According to the illustrated enbodi nent, an aromatic-
cont ai ni ng f eedst ock, specifically an aromatic-rich
feedstock, is introduced through an upper inlet of the reactor
10, and hydrogen is also supplied onto the first catalyst to
provi de hydrogen necessary for the hydrogenati on when the
feedstock contacts the first catalyst. 1In this regard, FIG
1 shows introduci ng hydrogen conbined with the feedstock (or
at least part of hydrogen dissolved in the feedstock) into
the reactor 10 through the flow line of the feedstock 11
Al ternatively, hydrogen may be introduced into the reactor 10
t hrough a separate flow line.

The hydrogen thus supplied is consunmed through the
hydr ogenati on while sequentially passing through the first
catal yst beds A, B and C together with the feedstock, and
hydrogen is supplied to the second catalyst bed Din a | ower
anount than the anount of hydrogen supplied to the uppernost

catalyst bed A anong the first catalysts. As such, the
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hydr ogenati on product 12 that has passed through the first
catal yst and the second catal yst is discharged to a subsequent
process through the bottom of the reactor 10.

Meanwhi | e, according to another exenpl ary enbodi nent of
the present disclosure, a schematic catalyst system for
sel ectively hydr ogenat i ng and renovi ng unsat ur at ed
hydrocarbons in an aromatic fraction using a plurality of
reactors connected in series is shown in FIG 2.

The illustrated enbodi nent i s substantially the sane as
the catalyst configuration shown in FIG 1 except that a
plurality of reactors are used. As an exanple, each of the
first tothird reactors (A, B and C) is filled with a first
catal yst to construct a first reaction unit, while the fourth
reactor D is filled with a second catalyst to construct a
second reaction unit. The above-described reactor
arrangenent may be provided for exenplary purposes, and each
of the first and second reactors may be filled with the first
catal yst, and each of the third and fourth reactors may be
filled with the second catalyst. In addition, a reactor
arrangenent may be designed such that two reactors are used,
a reactor filled with a first catalyst is disposed at the
upstream and a reactor filled with a second catalyst is
di sposed (or connected) in series therewith at the downstream
t her eof .

Referring to FIG 2, an aronmatic-containing feedstock
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21 is introduced into a first reactor A' in the first reaction
unit, is subjected to hydrogenation by the first catalyst
under supply of hydrogen, and is then i ntroduced into a second
reactor B' through a line 22. 1In addition, an internediate
hydr ogenati on product discharged from the second reactor B
Is introduced into a third reactor C through a line 23 and
is discharged after additional hydrogenation. Then, the
i nt ernedi at e hydrogenati on product, which has passed through
the third reactor C, is introduced into a fourth reactor D
in the second reaction unit through a line 24, is subjected
to hydrogenation by the second catalyst, and is discharged
fromthe fourth reactor D through a line 25.

Referring again to FIG 2, hydrogen required for the
hydrogenation is supplied to the first reactor A' and consuned
during the hydrogenation, dissolved in the hydrocarbon
fraction, and then discharged. 1In this case, the aromatic-
containing fraction 24, which has been introduced from the
second reactor B' to the fourth reactor D via the third
reactor C, contains hydrogen, and is subjected to the final
hydr ogenati on under the condition in which a small anount of
hydrogen is supplied conpared to the upstream reactors
t her eof .

In this case, in the reactors connected to the
downstream of the first reactor A, in particular, in the

fourth reactor D, hydrogen may be supplied in a snmaller
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anmount than the level required for hydrogenati on. Therefore,
as shown in the drawi ng, any optional hydrogen feed line is
installed not only in the first reactor but also in each of
the second to fourth reactors, so that hydrogen can be further
supplied, and the appropriate anmount of hydrogen for
hydr ogenati on can be supplied by controlling the anount of
hydr ogen i n each hydrogen supply | ine through val ve operati on.

According to an alternative enbodi nent, a plurality of
reactors filled with the catalyst described above may be
di sposed using a stacking nethod. In this case, any conduit
connecting or communicating between the reactors my be
omtted, or the length thereof may be reduced. |In addition,
by dividing the hydrogen feed |ine, hydrogen can be supplied
bet ween the stacked reactors, and thus an optinum hydrogen
at nosphere can be forned.

According to an exenpl ary enbodi nent, the |oading ratio
of the first catal yst and the second catal yst used in each of
the reactors A to C filled with the first catalyst and the
reactor D filled with the second catalyst may be adjusted
within the range of, for exanple, about 10 to 90%
specifically about 20 to 80% and nore specifically about 30
to 70% based on the total volunme of the first catalyst and

the second catalyst, simlar to the above.

Process and system for purifying aromatic-containing
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hydr ocar bon fracti on

According to another enbodinent of the present
di sclosure, the purification of an aromatic-containing
hydr ocar bon fraction i's per f or med by sel ectively
hydrogenati ng an wunsaturated hydrocarbon present in the
aromati c-contai ning hydrocarbon fraction, specifically an
aromati c-rich hydrocarbon fraction, using the above-descri bed
mul tiple catalyst bed systemor a nulti-stage catal yst system
based on a plurality of reactors.

In this regard, the boiling point of the aronmatic-
cont ai ni ng hydrocarbon fraction (i.e., feedstock) may range
from for exanple, about 35 to 300°C, specifically about 40
to 250°C, and nore specifically about 50 to 220°C. According
to an exenplary enbodi nent, the aromatic-containing
hydrocarbon fraction nmay contain an alkyl aromatic
hydrocar bon. For exanple, the al kyl aromatic hydrocarbon may
be, for exanple, an about C6 to about C18 alkyl aromatic
hydr ocar bon, specifically an about C6 to about Cl6 alkyl
aromati ¢ hydrocar bon.

In this regard, the al kyl aromatics contain an aromatic
ring having at |east one alkyl radical attached thereto.
Exanpl es of the al kyl radical include nmethyl, ethyl, propyl,
and butyl. The alkyl aromatics may be exenplified by tol uene,
et hyl t ol uene, propyl benzene, t et ranet hyl benzene,

et hyl di met hyl benzene, diethyl benzene, nethyl propyl benzene,
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et hyl propyl benzene, triethyl benzene, diisopropyl benzene,
and a m xture thereof.

In addition, the feedstock may further contain
aromatics having no alkyl substituents thereon, such as
benzene as well as the above-described al kyl aromatics. 1In
an exenplary enbodi nent, the feedstock nmay contain benzene,
t ol uene, xylene, and/or C9+ aromati cs.

However, it should be noted that, in this enbodi ment,
the aromatic-containing feedstock may contain unsaturated
hydrocarbons that increase a bromne index (BlI), such as
hydr ocar bons having at |east one double bond and/or triple
bond, e.g., nono-olefins, di-olefins, acetylenes and styrene
(or its derivatives). Such unsaturated hydrocarbons are the
target for selective hydrogenation. 1In addition, the content
of unsaturated hydrocarbons in the aromatic-containing
feedstock can be quantified by the bromne index. In this
enbodi nent, the bromne index of the feedstock is, for
exanple, within the range of at |east about 30, specifically
40 to 15,000, nore specifically about 50 to about 10,000, in
particul ar, about 100 to about 8, 000.

According to an exenplary enbodinent, the aromatic-
contai ning feedstock is an aromatic-rich feedstock, and the
aromati c content ranges from for exanple, at |east about 50%
by weight, specifically at |east about 70% by weight, and

nore specifically about 80% by weight or nore. |In addition,
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the aromatic-containing feedstock may contain saturated
hydrocar bons, wherein the saturated hydrocarbons may be
present in an amount of, for exanple, about 50% by wei ght or
| ess, specifically about 30% by weight or less, and nore
specifically about 20% by wei ght or | ess.

According to an exenplary enbodinent, the aromatic-
containing feedstock nmay be derived from catal ytic
reformation of naphtha; thernmal cracking of naphtha,
distillates, or other hydrocarbons capabl e of producing |ight
ol efins and aromatic-rich fractions; and catal ytic or thermnal
cracki ng of heavy oil fractions capabl e of produci ng gasoline
boil i ng range hydrocarbons. Such sources may be used al one
or in conbination as a feedstock.

According to an exenpl ary enbodi mnent, the hydrogenati on
for renoving unsaturated hydrocarbons in the aromatic-
containing fraction is perforned at a tenperature selected
within the range of, for exanple, roomtenperature to 300°C,
specifically about 40 to 250°C, and nore specifically about
50 to 230°C.

In addition, the hydrogenati on systemenabl es a |i quid-
phase reaction or a three-phase reaction (trickle bed) using
an excessive anount of hydrogen. However, the |iquid-phase
reaction, which can reduce investnent costs and may not
requi re additi onal hydrogen separation due to the | owresi dual

amount of hydrogen after the reaction, nmy be nore
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advant ageous. The anmount of hydrogen supplied thereto may
be, for exanple, within the range of at |east about 0.5 nol,
specifically about 0.7 nmol to about 20 nol, and nore
specifically about 1 to 10 nol with respect to 1 nol of
unsat urat ed hydrocarbons contained in the feedstock. 1In the
case where the anmount of the hydrogen supply is excessively
small or large, the renoval rate of unsaturated hydrocarbons
is low, or hydrogenation of the aromatic ring occurs, thus
increasing the |l oss of aromatic hydrocarbons. However, the
amount of hydrogen supply nay be changed according to the
properties of the feedstock, and thus is not linmted to the
range descri bed above.

Meanwhi | e, according to exenplary enbodinments, the
pressure in the hydrogenation region nay be selected within
the range of, for exanple, about 3 to about 70 bar,
specifically about 5 to about 30 bar, and nore specifically
about 7 to about 20 Dbar. Wen the pressure in the
hydr ogenati on region is excessively |ow or high, the renoval
rate of unsaturated hydrocarbons is | ow, or hydrogenation of
aromatic ring occurs, thus causing a problem of increased
| oss of aromatic hydrocarbons. Therefore, it is advantageous
for the pressure in the hydrogenation region to be suitably
controlled within the above-described range.

In addition, the space velocity (LHSV) of the aromatic-

contai ning feedstock is controlled within the range of, for
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exanpl e, about 0.3 to about 30 hr-1, specifically about 0.5
to about 20 hr-1, and nore specifically about 0.5 to about 10
hr-1.

As descri bed above, t he f eedst ock cont ai ni ng
unsaturated hydrocarbons in the aromatic fraction is
sequentially brought in contact with the first catalyst (or
catal yst bed) and the second catalyst (or catalyst bed) in
the sel ective hydrogenation region to selectively renove only
unsat urated hydrocarbons, and then is transferred to
downstream processes, specifically, benzene, toluene or
xyl ene product separation, or transal kyl ati on, xyl ene
I sonerization, or the like, thereby vyielding benzene,
tol uene, and xyl ene as target conpounds. In this regard, the
hydr ogenati on product has a reduced content of wunsaturated
hydr ocar bons conpared to the feedstock, and at |east about
30% by weight, specifically at |east about 70% by weight,
nore specifically at |east about 80% by weight, even nore
specifically at |east about 90% by weight, particularly
specifically at |east about 95% by wei ght of the unsaturated
hydrocarbon in the feedstock may be renoved by hydrogenati on.
According to particular enbodinents, at |east about 97%
specifically at Ileast about 99% and nore specifically
substantially all of the unsaturated hydrocarbons in the
feedst ock nmay be renoved.

In addition, in this enbodinent, the |loss of aronmatic
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hydr ocar bons can be effectively suppressed whil e increasing
the renoval rate of unsaturated hydrocarbons by di sposing two
types of catalysts (i.e., the first catalyst and the second
catalyst) in a particular manner in the catalyst system |In
particular, as a result of disposing a reduced formof Ni-M
and/or N -W supported catalyst as the second catalyst,
durability can be enhanced so as to stably maintain catal ytic
activity even after |ong-term operation.

At this time, the aromatic loss in the aromatic
hydr ocar bon-contai ning product relative to the aromatic
hydr ocar bon-cont ai ni ng feedstock may be, for exanple, |ess
t han about 1% by wei ght, specifically |less than about 0. 3% by
wei ght, and nore specifically | ess than about 0.05%by wei ght.

A xylene preparation process 100 using a step of
sel ective hydrogenation of wunsaturated hydrocarbons in the
aromati c-containing feedstock according to an exenplary
enbodi nent of the present disclosure is schematically shown
in FIG 3.

According to the illustrated enbodi nent, first, a Co+
reformate is used as an arommtic-containing feedstock 121,
and is introduced into a splitter 101. In the splitter 101,
the aromatic-containing feedstock 121 is split into a C7-
hydr ocar bon (specifically a C7- aromatic)-containing fraction
122 as an overhead stream and a C8+ hydrocarbon (specifically

a C8+ aromatic)-containing fraction 123 as a bottom stream

40



10

15

20

25

At this time, the fraction 122 is transferred to a
benzene/ tol uene extraction unit 102 to obtain a C6 and/or C7
aromatic-containing extract stream 124. As such, non-
aromati ¢ hydrocarbons, for exanple, paraffins and napht henes
may be separated as raffinates (not shown).

The extract stream 124 may contain small anmpbunts of C8+
hydr ocar bons (or aromatics) as well as C6 and/or C7 aromatics,
and nay al so contain inpurities that have not been conpletely
renmoved during the extraction process. Myreover, the extract
stream 124 may further contain conmponents other than C6 and
C7 aromatics because it is conmbined with a fraction 132
recycled froma first stabilizer 108, as wll be described
| at er. In particular, the extract stream 124 may contain
unsat urated hydrocarbons to be renoved in this enbodi mnent as
an inpurity in the aromatic fraction 124.

Referring to FIG 3, the C6 and/or C7 aromatic-
containing fraction and the recycled fraction 132 are
I ntroduced into a first hydrogenation region 104 including a
catal yst system configured in the staged |oading manner
descri bed above or in a manner equivalent thereto, and the
unsaturated hydrocarbons contained therein are selectively
removed. As such, the C6/ C7 aromatic-containing fraction 125
from which unsaturated hydrocarbons have been reduced or
renoved is transferred to a benzene colum 105, where a C6

aromati c-containing fraction 126 is di scharged as an over head
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stream and a C7 aromatic-containing fraction 127 s
di scharged as a bottom stream At this time, as the C6
aromatic-containing fraction 126 split as the overhead stream
may be a benzene-rich fraction, benzene may be recovered
therefrom and benzene with high purity nay be recovered
through an additional purification neans or steps, |if
necessary.

Meanwhile, the C7 aromatic-containing fraction 127
di scharged as the bottom stream of the benzene colum 105 is
transferred to a toluene colum 106, where it is split into
a C7 aromatic-rich fraction 128 as the overhead stream and a
C8+ aromatic-rich fraction 129 as the bottomstream At this
time, the bottomstream 129 of the tol uene col utmm 106 cont ai ns
C8 aromatics (i.e., xylenes) and thus may be selectively
transferred to a xyl ene recovery process, as will be described
| ater. The overhead stream 128 of the toluene colum 106 is
introduced into a transalkylation reaction wunit 107,
optionally together with a C9 aromati c-containing stream 139,
as will be described bel ow.

The transal kylation unit 107 may invol ve conversion of
the C7 aromatic-rich fraction 128, or a streamcontaining the
C9 aromatic-containing stream 139 conbined therewith, into C8
aromati ¢ hydrocarbons. Specifically, in the transal kyl ation
unit 107, at | east one of di sproportionation,

transal kyl ati on, and deal kyl ati on, for exanpl e,
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di sproportionation of toluene, transal kyl ation of toluene/C9
aromati ¢ conpounds, deal kyl ation of al kyl aromatics, and the
li ke may be perfornmed, and C8 aromatics (specifically, m xed
xylenes) my be produced through the above-described
reaction. The reaction in the transal kylation unit 107 may be
perfornmed using known reaction conditions and catal ysts, and
thus detail ed descriptions thereof will be omtted.

The C8 aromati c-containing product stream 130 resulting
and discharged from the transalkylation is introduced into
the first stabilizer 108 and is split into |ight hydrocarbons
in the transal kylation product, for exanple, a Cb-
hydr ocar bon-containing fraction 131 and a C6+ hydrocarbon
(aromatic)-containing fraction 132. At this time, the
fraction 132 may be recycled as described above, combined
wth t he extract stream 124 di schar ged from the
benzene/ tol uene extraction unit 102, and introduced into the
first hydrogenation regi on 104.

Referring again to FIG 3, the C8+ aronmti c-contai ning
stream 123, which is the bottom stream of the splitter 101
may contain unsaturated hydrocarbons, and thus my be
i ntroduced into a second hydrogenation unit 103, where the
unsaturated hydrocarbons are selectively renoved through
hydrogenation. 1In this case, the second hydrogenation unit
103 may include the catal yst systemconfigured in the staged

| oadi ng manner descri bed above or a manner equi val ent thereto.
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In this regard, both the first hydrogenation unit 104 and the
second hydrogenation unit 103 may equally use the catal yst
system i npl enent ed in a st aged | oadi ng manner
Alternatively, one of the first hydrogenation unit 104 and
the second hydrogenation unit 103 may use the stage-|oading
typed catal yst system while the other may use a conventi onal
hydr ogenati on catal yst system In another exenplary
enbodi nent, one of the first hydrogenation unit 104 and the
second hydrogenation wunit 103 may be replaced with a
conventional clay treatnment unit, and the other may enploy
the stage-loading typed catal yst system In yet another
enbodi ment, the clay treatnment unit may be added to upstream
or downstreamof at |east one of the first hydrogenation unit
104 and the second hydrogenation unit 103.

The C8+ hydrocarbon-containing fraction 134, in which
unsaturated hydrocarbons have been reduced by the second
hydr ogenati on unit 103, may be conbi ned with the bottomstream
129 of the toluene colum 106 and/or the fraction 143 recycl ed
fromthe splitter 113 as described below, and nmay then be
transferred to the xylene colum 109. 1In the xylene colum
109, the fraction 134 may be split into a xylene-rich fraction
135 as an overhead streamand a C9+ aromati c-cont ai ni ng stream
136 as a bottom stream The split xylene-rich fraction 135
is transferred to a para-xylene recovery unit 110, where para-

xyl ene anong C8 aromatics (i.e., m xed xylenes) is selectively
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split into a para-xylene-rich stream 137, and para-xylene is
recovered therefrom In this regard, an additional
separation and/or purification nmeans may be further provided
in order to obtain high-purity para-xylene. Representative
exanpl es of such para-xylene recovery technology include
Parex from UOP, Eluxyl from |IFP, Aromax from Toray and the
li ke.

The C8 aromatic-rich fraction 138 renmmining after the
para-xylene is separated from the xylene recovery unit 110
may contain nostly ortho-xylene and/or neta-xylene. The
fraction 138 may be transferred to a xylene isonerization
unit 111. In this regard, the stream 138 contains m xed
xylenes in a non-equilibriumstate (a xylene m xture in which
at | east one isoner of C8 aronmatic conpounds is present in a
concentration different from the equilibrium concentration,
for exanple, in which the concentration of para-xylene is
| ower than in the equilibrium state), and thus the xylene
i sonmerization unit 111 perforns isonerization to convert the
xylenes in the non-equilibrium state to xylenes in the
equi libriumstate. The reaction in the xylene isonerization
unit 111 may be perfornmed using known reacti on conditions and
catal ysts, and thus detailed descriptions thereof wll be
om tted.

The product 141 discharged through the xylene

i sonerization as described above is transferred to the
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splitter 113 and split into a C7- hydrocarbon-contai ni ng
fraction 142 and a C8 aromatic-containing fraction 143. In
this case, the fraction 143 nmay be recycled and transferred
to the xylene colum 109 together with the fraction 134
di scharged fromthe second hydrogenation unit 103.

Meanwhi |l e, the C9+ hydrocarbon (aromatic)-containing
fraction 136, which is the bottomstreamof the xylene colum
109, is transferred to a C9+ columm 112 and split into the C9
aromati c-containing fraction 139 as the overhead stream and
a Cl0+ aromatic-containing fraction 140 as the bottom stream
At this tinme, the C9 aromatic-containing fraction 139 nay be
conbined wth the fraction 128 and introduced into the
transal kyl ati on unit 107 descri bed above.

The present disclosure wll be further clearly
understood wth reference to the followng exanples.
However, the following exanples are provided only for
illustration of the present disclosure and thus shoul d not be

construed as limting the scope of the present disclosure.

EXAMPLES

The materials used i n Exanpl es and Conpar ati ve Exanpl es
are as foll ows.

ACS reagent-grade metal conpounds were purchased from
Si gma- Al dri ch. The inorganic oxide was a comercially

avai |l abl e product from Signa-Aldrich. In addition, an
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aromati c-contai ning hydrocarbon fraction was obtained as a
feedstock obtained through a commercial process, and a C8+

aromatic fraction having a brom ne i ndex (BlI) of 655 was used.

Conpar ative Exanple 1

6 wt % Co supported catal yst (reduced form

Cobalt nitrate was dissolved in distilled water, and
the resulting solution was supported on an al um num support
by an incipient inpregnation technique. Then, the resulting
support was mai ntained at room tenperature for about 1 hour
and then dried at 150°C for 2 hours in an air atnosphere and
calcined at 500°C for 2 hours. At this tinme, the heating
rate was adjusted to 3°C/mn to prepare a Cod al um na cat al yst
having a Co content of 6% by wei ght.

40 cc of the CoQalumna catalyst (catalyst size
distribution: 20 to 40 nmesh) having a Co content of 6% by
wei ght was charged i nto a conti nuous fi xed-bed reactor. Then,
the atnosphere in the reactor was purged with nitrogen, and
the pressure was increased to 9 kgf/cnt. Thereafter, the
nitrogen was replaced with hydrogen, and the tenperature was
raised to 450°C while feeding hydrogen at 1,000 cc/mn,
foll owed by reduction treatnent for 2 hours.

Next, the tenperature in the reactor was lowered to

180°C, the flow rate of H. was adjusted to 12 cc/mn, and
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hydrogenati on was performed while feeding a C8+ aromatic
fraction (Bl: 655) at 1.3 cc/mn. The reaction was perforned
for 2 days, and each obtained sanple was subjected to BI
measurenment and gas chromatography to calculate olefin
conversion and aromatic | oss. The results are shown in Tabl es

1 and 2 bel ow.

Conpar ati ve Exanple 2

6 wt % Co supported catalyst (sulfide form

40 cc of the CoQalumna catalyst (catalyst size
distribution: 20 to 40 nesh) having a Co content of 6% by
wei ght was charged into a conti nuous fi xed-bed reactor. Then,
the atnosphere in the reactor was purged with nitrogen and
the pressure was increased to 9 kgf/cn?¥. Thereafter, nitrogen
was replaced with hydrogen, hydrogen was fed at a flow rate
of 500 cc/mn while toluene mxed with 2% by wei ght of DMDS
was continuously fed at 0.7 cc/mn and nai ntai ned for 5 hours,
and sul fidation was perfornmed at an el evated tenperature of
350°C for 6 hours.

Next, the tenperature in the reactor was lowered to
180°C, the flow rate of Hoh was adjusted to 12 cc/mn, and a
C8+ aromatic fraction (Bl: 655) was sanpled and subjected to
Bl neasurenent and gas chromatography to calculate olefin

conversion and aromatic loss. The results are shown in Tabl e
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1 bel ow.

Conpar ative Exanple 3

10 wt % Mo- supported catal yst (reduced form

Amoni um hept anol ybdate was dissolved in distilled
wat er and the resulting solution was supported on an al um num
support by an incipient inpregnation technique. Then, the
support was nmaintained at room tenperature for about 1 hour
and then dried at 150°C for 2 hours in an air atnosphere and
calcined at 500°C for 2 hours. At this tinme, the heating
rate was adjusted to 3°C/min to prepare a MG/ al um na
catal yst having a Mo content of 10% by wei ght.

40 cc of the MG/ alumna catalyst (catalyst size
distribution: 20 to 40 nesh) having a Mo content of 10% by
wei ght was charged into a conti nuous fi xed-bed reactor. Then,
the atnosphere in the reactor was purged with nitrogen, and
the pressure was increased to 9 kgf/cn® Thereafter, the
nitrogen was replaced with hydrogen, and the tenperature was
raised to 450°C while hydrogen was fed at 1,000 cc/mn,
foll owed by reduction treatnent for 2 hours.

Next, the tenperature in the reactor was lowered to
180°C, the flow rate of H. was adjusted to 12 cc/mn, and
hydr ogenati on was perfornmed while a C8+ aromatic fraction

(Bl: 655) was fed at 1.3 cc/mn. The reaction was perforned
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for 2 days, and each obtained sanple was subjected to BI
measurenment and gas chromatography to calculate olefin
conversion and aromatic |l oss. The results are shown in Tabl es

1 and 2 bel ow.

Conpar ati ve Exanple 4

10 wt % Mo supported catal yst (sulfide form

40 cc of the MG/ alumna catalyst (catalyst size
distribution: 20 to 40 nesh) having a Mo content of 10% by
wei ght was charged into a conti nuous fi xed-bed reactor. Then,
the atnosphere in the reactor was purged with nitrogen and
the pressure was increased to 9 kgf/cn?. Thereafter, nitrogen
was replaced with hydrogen, and hydrogen was fed at a flow
rate of 500 cc/mn, while toluene m xed with 2% by wei ght of
DMDS was continuously fed at 0.7 cc/mn, and maintai ned for
5 hours, and sulfidation was perforned at an elevated
tenperature of 350°C for 6 hours.

Next, the tenperature in the reactor was lowered to
180°C, the flow rate of H. was adjusted to 12 cc/mn, and
hydr ogenati on was perfornmed while a C8+ aromatic fraction
(Bl: 655) was fed at 1.3 cc/mn. The reaction was perforned
for 2 days, and each obtained sanple was subjected to BI
neasurenent and gas chromatography to <calculate olefin

conversion and aromatic loss. The results are shown in Tabl e
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1 bel ow.

Conpar ati ve Exanple 5

3 W% N - and 10 wt% Mo-supported catalyst (reduced

form

Ammoni um hept anol ybdate was dissolved in distilled
wat er, and the resulting sol ution was supported on an al um num
support by an incipient inpregnation technique. Then, the
resul ting support was mai ntai ned at roomtenperature for about
1 hour and then dried at 150°C for 2 hours in an air atnosphere
and cal cined at 500°C for 2 hours. Then, nickel nitrate was
di ssolved in distilled water, and ni ckel was further supported
on a ol ybdenum supported al um num support by an incipient
I npregnati on technique. Thereafter, the resulting product
was dried and cal ci ned under the sane conditions as above to
prepare a Ni O MbGs/ al um na catal yst having a Ni content of 3%
by wei ght and a Mo content of 10% by wei ght.

40 cc of the N O MG/ alum na catal yst (catal yst size
distribution: 20 to 40 nmesh) having a NI content of 3% by
wei ght and a Mo content of 10% by wei ght was charged into a
continuous fixed-bed reactor. Then, the atnosphere in the
reactor was purged with nitrogen, and the pressure was
increased to 9 kgf/cn?. Thereafter, nitrogen was replaced

wi th hydrogen, and the tenperature was raised to 450°C while
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hydrogen was fed at 1,000 cc/mn, followed by reduction
treatnent for 2 hours.

Next, the tenperature in the reactor was lowered to
180°C, the flow rate of H. was adjusted to 12 cc/mn, and
hydrogenati on was perfornmed while a C8+ aromatic fraction
(Bl: 655) was fed at 1.3 cc/mn. The reaction was perforned
for 2 days, and each obtained sanple was subjected to BI
measurenment and gas chromatography to calculate olefin
conversion and aromatic | oss. The results are shown in Table

1 bel ow.

Conpar ati ve Exanple 6

3 W% N - and 10 wt% M-supported catalyst (sulfide

form

40 cc of the N O MG/ alum na catal yst (catal yst size
distribution: 20 to 40 nmesh) having a NI content of 3% by
wei ght and a Mo content of 10% by wei ght was charged into a
continuous fixed-bed reactor. Then, the atnosphere in the
reactor was purged with nitrogen, and the pressure was
increased to 9 kgf/cn?. Thereafter, nitrogen was replaced
wi th hydrogen and the hydrogen was fed at a flow rate of 500
cc/mn while toluene mxed with 2% by weight of DVDS was
continuously fed at 0.7 cc/mn and maintained for 5 hours,

and sul fidation was perfornmed at an el evated tenperature of

52



10

15

20

25

350°C for 6 hours.

Next, the tenperature in the reactor was lowered to
180°C, the flow rate of H. was adjusted to 12 cc/mn, and
hydrogenati on was perfornmed while a C8+ aromatic fraction
(Bl: 655) was fed at 1.3 cc/mn. The reaction was perforned
for 2 days, and each obtained sanple was subjected to BI
measurenment and gas chromatography, to calculate olefin
conversion and aromatic |l oss. The results are shown in Table

1 bel ow.

Conpar ati ve Exanple 7

3 W% Co- and 10 wt % Mo-supported catalyst (reduced

form

Amoni um hept anol ybdate was dissolved in distilled
wat er, and the resulting sol ution was supported on an al um num
support by an incipient inpregnation technique. Then, the
resul ting support was nai ntai ned at roomtenperature for about
1 hour and then dried at 150°C for 2 hours in an air atnosphere
and cal cined at 500°C for 2 hours. Then, cobalt nitrate was
di ssolved in distilled water and cobalt was further supported
on a nol ybdenum supported al um num support by an incipient
i mpregnati on technique. Thereafter, the resulting product
was dried and cal ci ned under the sane conditions as above to

prepare a CoO MbGs/ al um na catal yst having a Co content of 3%
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by wei ght and a Mo content of 10% by wei ght.

40 cc of the CoO MoGs/ al umi na catal yst (catal yst size
distribution: 20 to 40 nesh) having a Co content of 3% by
wei ght and a Mo content of 10% by wei ght was charged into a
continuous fixed-bed reactor. Then, the atnosphere in the
reactor was purged with nitrogen and the pressure was
i ncreased to 9 kgf/cn?. Thereafter, the nitrogen was repl aced
wi th hydrogen, and the tenperature was raised to 450°C while
hydrogen was fed at 1,000 cc/mn, followed by reduction
treatment for 2 hours.

Next, the tenperature in the reactor was lowered to
180°C, the flow rate of H. was adjusted to 12 cc/mn, and
hydrogenati on was perfornmed while a C8+ aromatic fraction
(Bl: 655) was fed at 1.3 cc/mn. The reaction was perforned
for 2 days, 60 days and 120 days, and each obtai ned sanple
was subjected to Bl neasurenment and gas chromatography to
cal cul ate olefin conversion and aromatic |loss. The results

are shown in Tables 1 to 3 bel ow.

Conpar ative Exanple 8

3 W% Co- and 10 w % Mo-supported catalyst (sulfide

form

40 cc of the CoO Mb(Gs/ alum na catal yst (catal yst size

distribution: 20 to 40 nmesh) having a Co content of 3% by
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wei ght and a Mo content of 10% by wei ght was charged into a
continuous fixed-bed reactor. Then, the atnosphere in the
reactor was purged with nitrogen, and the pressure was
i ncreased to 9 kgf/cn?. Thereafter, the nitrogen was repl aced
wi th hydrogen, hydrogen was fed at a flow rate of 500 cc/mn
whil e tol uene m xed with 2% by wei ght of DVDS was conti nuously
fed at 0.7 cc/mn and maintained for 5 hours, and sulfidation
was performed at an el evated tenperature of 350°C for 6 hours.

Next, the tenperature in the reactor was lowered to
180°C, the flow rate of H. was adjusted to 12 cc/mn, and
hydrogenati on was perfornmed while a C8+ aromatic fraction
(Bl: 655) was fed at 1.3 cc/mn. The reaction was perforned
for 2 days, and each obtained sanple was subjected to BI
nmeasurenment and gas chromatography to calculate olefin
conversion and aromatic |l oss. The results are shown in Table

1 bel ow.

Conpar ati ve Exanple 9

6 W % Ni -supported catal yst (reduced form

Ni ckel nitrate was dissolved in distilled water, and
the resulting solution was supported on an al um num support
by an incipient inpregnation nethod. Then, the resulting
support was nmaintained at room tenperature for about 1 hour

and then dried at 150°C for 2 hours in an air atnosphere and
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calcined at 500°C for 2 hours. At this tinme, the heating
rate was adjusted to 3°C/ mn.

40 cc of the N Qalumna catalyst (catalyst size
distribution: 20 to 40 nmesh) having a Ni content of 6% by
wei ght was charged into a conti nuous fi xed-bed reactor. Then,
the atnosphere in the reactor was purged with nitrogen, and
the pressure was increased to 9 kgf/cnt. Thereafter, the
nitrogen was replaced with hydrogen, and the tenperature was
rai sed to 450°C whi |l e hydrogen was fed at 500 cc/mn, foll owed
by reduction treatnent for 2 hours.

Next, the tenperature in the reactor was lowered to
180°C, the flow rate of H. was adjusted to 12 cc/mn, and
hydrogenati on was perfornmed while a C8+ aromatic fraction
(Bl: 655) was fed at 1.3 cc/mn. The reaction was perforned
for 2 days, and each obtained sanple was subjected to BI
nmeasurenment and gas chromatography to calculate olefin
conversion and aromatic |l oss. The results are shown in Table

1 bel ow.

Conpar ati ve Exanple 10

6 W % Ni -supported catalyst (sulfide form

40 cc of the N Qalumna catalyst (catalyst size

distribution: 20 to 40 nesh) having a N content of 6% by

wei ght was charged into a conti nuous fi xed-bed reactor. Then,
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the atnosphere in the reactor was purged with nitrogen, and
the pressure was increased to 9 kgf/cnt. Thereafter, the
nitrogen was replaced with hydrogen, the hydrogen was fed at
a flow rate of 500 cc/mn, while toluene mxed with 2% by
wei ght of DMDS was continuously fed at 0.7 cc/mn and
mai ntai ned for 5 hours, and sulfidation was perforned at an
el evat ed tenperature of 350°C for 6 hours.

Next, the tenperature in the reactor was lowered to
180°C, the flow rate of H. was adjusted to 12 cc/mn, and
hydrogenati on was perfornmed while a C8+ aromatic fraction
(Bl: 655) was fed at 1.3 cc/mn. The reaction was perforned
for 2 days, and each obtained sanple was subjected to BI
measurenment and gas chromatography, to calculate olefin
conversion and aromatic |l oss. The results are shown in Table

1 bel ow.

Conpar ative Exanple 11

3 wt % Pd- supported catal yst (reduced form

Pal | adi um chloride was dissolved in distilled water,
and the resulting solution was supported on an alunm num
support by an incipient inpregnation technique. Then, the
resul ting support was mai ntai ned at roomtenperature for about
1 hour and then dried at 150°C for 2 hours in an air atnosphere

and cal cined at 500°C for 2 hours. At this tinme, the heating
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rate was adjusted to 3°C/mn to prepare a PdO al um na cat al yst
having a Pd content of 3% by wei ght.

40 cc of the PdO alumna catalyst (catalyst size
distribution: 20 to 40 nmesh) having a Pd content of 3% by
wei ght was charged into a conti nuous fi xed-bed reactor. Then,
the atnosphere in the reactor was purged with nitrogen, and
the pressure was increased to 9 kgf/cnt. Thereafter, the
nitrogen was replaced with hydrogen, and the tenperature was
raised to 450°C while hydrogen was fed at 1,000 cc/mn,
foll owed by reduction treatnent for 2 hours.

Next, the tenperature in the reactor was lowered to
180°C, the flow rate of H. was adjusted to 12 cc/mn, and
hydrogenati on was perfornmed while a C8+ aromatic fraction
(Bl: 655) was fed at 1.3 cc/mn. The reaction was perforned
for 2 days, and each obtained sanple was subjected to BI
nmeasurenment and gas chromatography to calculate olefin
conversion and aromatic | oss. The results are shown in Table

1 bel ow.

Conpar ati ve Exanple 12

Hydr ogenation was perfornmed in the sanme manner as in
Conparative Exanple 1, except that the hydrogenation was
performed for 30 days, and the results are shown in Table 2

bel ow.
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Conpar ati ve Exanple 13

Hydr ogenati on was perforned in the same nmanner as in
Conparative Exanple 3, except that the hydrogenation was
performed for 30 days, and the results are shown in Table 2

bel ow.

Conpar ati ve Exanple 14

Hydr ogenati on was perforned in the same nmanner as in
Conparative Exanple 7, except that the hydrogenation was
performed for 30 days and 60 days, and the results are shown

in Table 2 bel ow.

[ Tabl e 1]
Comparat
ive 1 2 3 4 5 6 7 8 9 10 | 1
Example
Co Co Mo Mo NiMo | NiMo | CoMo CoMo Ni Ni Pd
Catalyst | (reduc | (sulfid | (reduc | (sulfid | (reduce | (sulfide | (reduced (sulfide) (reduc | (sulfid | (reduc
ed) €) ed) €) d) ) ) ed) €) ed)
Olefin
Cor(‘)‘:]ers‘ 011 | 771 | 872 | 710 | 904 | 737 | 9.2 | 756 | 802 | 568 | 740
(%)
Aromatic| 5, | 003 | 003 | 003 | 123 | 004 | 004 | 004 | 137 | 003 | 134
Loss (%)
[ Tabl e 2]
Comparative 12 13 14
Example
Catalyst Co (reduced) Mo (reduced) CoMo (reduced)
DOS 2 30 2 30 2 30 60
Olefin 911 | 740 | 872 771 96.2 02.4 87.8
Conversion (%) ' ' ' ' ' ' '
Amm("i‘f/:))c Loss | 004 | 003 | 004 0.03 0.04 0.04 0.03

1. days on stream
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As can be seen fromTabl e 1, hydrogenati on was perforned
using each of the reduced-type N catalyst (Conparative
Exanple 9) and the reduced-type Pd catalyst (Conparative
Exanple 11) at a tenperature of 180°C. As a result, the
reduced-type N catalyst and the reduced-type Pd catal yst
exhi bited product-olefin conversion of 80.2% and 74.0%
respectively, but very high aromatic |oss higher than 1.34%
It is supposed that application of each of the reduced-type
Ni catal yst and the reduced-type Pd catalyst to a comrerci al
process, which involves the sane reaction and simlar
operating conditions, reduces the anmobunt of aromatic
production and thus results in econom c | oss.

The Co sulfide-type catalyst (Conparative Exanple 2),
Mo sulfide-type catalyst (Conparative Exanple 4), N M
sul fide-type catal yst (Conparative Exanple 6), CoM sulfide-
type catalyst (Conparative Exanple 8), and N sulfide-type
catal yst (Conparative Exanple 10) exhibited relatively |ow
olefin conversion, in other words, relatively low olefin
removal efficiency of 77.1% 71.0% 73.7% 75.6% and 56.8%
respectively, but effectively suppressed aronmatic |oss.

The reduced-type Co catalyst (Conparative Exanple 1),
reduced-type M catalyst (Conparative Exanple 3), reduced-
type Ni Mo catal yst (Conparative Exanple 5), and reduced-type

CoMb catal yst (Conparative Exanple 7) exhibited good ol efin
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conversion, i.e., olefin renoval efficiency, of 91.1% 87.2%
90.4% and 96.2% respectively, and suppressed aromatic | oss,
except for the reduced-type N M catal yst. In particular,
the reduced-type Ni Mo catal yst exhibited the high aromatic
| oss of 1.23%

Meanwhil e, as can be seen from Table 2, the reduced-
type Co catal yst (Conparative Exanple 12), reduced-type M
catal yst (Conparative Exanple 13), and reduced-type CoM
catal yst (Conparative Exanple 14) exhibited a sharp decrease
in olefin conversion as the reaction tinme increased. Upon
application to a comercial process, this tendency toward
decreased durability increases the cost of cat al yst
repl acenment and requires frequent catalyst replacenent, and

thus is expected to adversely affect process efficiency.

Conpar ati ve Exanple 15

20 cc of the N M-supported catalyst (reduced form
according to Conparative Exanple 5 and 20 cc of the CoMo-
supported catalyst (reduced form according to Conparative
Exanpl e 7 were sequentially charged into a continuous fixed-
bed reactor, hydrogenation was perforned in the sane nanner
as in Conparative Exanple 1, and the results are shown in

Tabl e 3 bel ow.

Conpar ati ve Exanple 16
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20 cc of the CoM-supported catalyst (reduced form
according to Conparative Exanple 7 and 20 cc of the N -
supported catalyst (reduced form according to Conparative
Exanpl e 9 were sequentially charged into a continuous fixed-
bed reactor, hydrogenation was perforned in the same manner
as in Conparative Exanple 1, and the results are shown in

Tabl e 3 bel ow.

Conpar ati ve Exanple 17

20 cc of the CoM-supported catalyst (reduced form
according to Conparative Exanple 7 and 20 cc of the Pd-
supported catalyst (reduced form according to Conparative
Exanpl e 11 were sequentially charged into a continuous fi xed-
bed reactor, hydrogenation was perforned in the same manner
as in Conparative Exanple 1, and the results are shown in

Tabl e 3 bel ow.

Exanple 1

20 cc of the CoM-supported catalyst (reduced form
according to Conparative Exanple 7 and 20 cc of the Ni M-
supported catalyst (reduced form according to Conparative
Exanpl e 5 were sequentially charged into a continuous fixed-
bed reactor, hydrogenation was perforned in the same manner
as in Conparative Exanple 1, and the results are shown in

Tabl e 3 bel ow.
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Exanpl e 2

20 cc of the M-supported catalyst (reduced form
according to Conparative Exanple 3 and 20 cc of the Ni M-
supported catalyst (reduced form according to Conparative
Exanpl e 5 were sequentially charged into a continuous fixed-
bed reactor, hydrogenation was perforned in the same manner
as in Conparative Exanple 1, and the results are shown in

Tabl e 3 bel ow.

Exanpl e 3

Two reactors were used, and in each of the reactors,
catal yst pretreatnent was i ndependently performed. 20 cc of
the N Md-supported catalyst was charged into the first
reactor, and then sulfidation was perforned in the sanme nanner
as in Conparative Exanple 6, and in the second reactor, 20 cc
of the N Mb-supported catal yst was charged, and t hen reducti on
treatnment was perforned in the sane manner as in Conparative
Exanple 5. The two reactors i ndependently pretreated in this
way were sequentially connected in series, hydrogenation was
perfornmed in the sane manner as in Conparative Exanple 1, and

the results are shown in Table 4 bel ow

[Tabl e 3]

Item

Comparati | Comparati | Comparati
ve ve ve

Example 1 Example 2
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Example | Example | Example
15 16 17
< NiMo CoMo CoMo
1% Bed (reduced) | (reduced) | (reduced) CoMo (reduced) |Mo (reduced)
nd CoMo Ni Pd , NiMo
2Bed | educed) | (reduced) | (reduced) | NIMo (reduced) | oy ceq)
DOS 2 2 2 2 30 60 2 30
Olefin
Con‘aers‘o 90.1 95.1 947 | 966 | 954|951 | 910 | 922
(%)
Aromatic | 4, 1.21 122 | 004 | 004 | 0.03 | 0.04 | 0.03
L oss (%)
[ Tabl e 4]
Item Example 3
1% Reactor NiMo (sulfide)
2" Reactor NiMo (reduced)
DOS 2 30
Olefin Conversion (%) 93.6 92.1
Aromatic Loss (%) 0.04 0.03

As can be seen from Table 3, when the N M-supported
catal yst (reduced form is charged in the first bed and the
CoMo- supported catalyst (reduced form is charged in the
second bed (Conparative Exanple 15), the ol efin conversion of
hydr ogenat ed product s and | oss of aromatics wer e
substantially simlar to those of Conparative Exanple 5 using
the Ni Mo supported catalyst (reduced form. On the other
hand, Exanple 1, in which the CoMb-supported catal yst (reduced
form was charged in the first bed and the N M- supported
catal yst (reduced form was charged in the second bed, showed
a very high ol efin conversion of the hydrogenated product and

remar kably reduced aromatic |oss conpared to Conparative
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Exanpl es 6 and 15.

Further, Exanple 2 exhibited an inproved olefin
reducti on, and in particular, significantly inproved
durability, conpared to Conparative Exanple 13

In addition, Exanple 3 showed an ol efin conversion of
93.6% which was greatly increased than the ol efin conversion
of 73.7% for Conparative Exanple 6, in which only the N M-
supported catalyst (sulfide form was charged. Even after
hydr ogenati on was perfornmed for 30 days, the ol efin conversion
slightly decreased to 92.1% which indicates that ol efin was
effectively decreased when conpared to 73.7% of the olefin
conversi on obtained through hydrogenation for 2 days in

Conpar ati ve Exanpl e 6.

Exanpl e 4

5 cc of the CoM-supported catalyst (reduced form
according to Conparative Exanple 7 and 35 cc of the Ni M-
supported catalyst (reduced form according to Conparative
Exanpl e 5 were sequentially charged into a continuous fixed-
bed reactor, hydrogenation was perforned in the same manner
as in Conparative Exanple 1, and the results are shown in

Tabl e 5 bel ow.

Exanpl e 5

10 cc of the CoMo-supported catalyst (reduced form
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according to Conparative Exanple 7 and 30 cc of the Ni M-
supported catalyst (reduced form according to Conparative
Exanpl e 5 were sequentially charged into a continuous fixed-
bed reactor, hydrogenation was perforned in the same manner
as in Conparative Exanple 1, and the results are shown in

Tabl e 5 bel ow.

Exanpl e 6

30 cc of the CoM-supported catalyst (reduced form
according to Conparative Exanple 7 and 10 cc of the Ni M-
supported catalyst (reduced form according to Conparative
Exanpl e 5 were sequentially charged into a continuous fi xed-
bed reactor, hydrogenation was perforned in the same manner
as in Conparative Exanple 1, and the results are shown in

Tabl e 5 bel ow.

Exanpl e 7

35 cc of the CoM-supported catalyst (reduced form
according to Conparative Exanple 7 and 5 cc of the N M-
supported catalyst (reduced form according to Conparative
Exanpl e 5 were sequentially charged into a continuous fixed-
bed reactor, hydrogenation was perforned in the same manner
as in Conparative Exanple 1, and the results are shown in

Tabl e 5 bel ow.
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[ Tabl e 5]

Example 4 5 3 6 7
CoMo

(reduced)(cd) 5 10 20 30 35
NiMo

(reduced)(cd) 35 30 20 10 5
DOS 2 2 2 2 2
Olefin

Conversion 96.2 96.9 96.6 95.9 95.6
(%)

Aromatic

L oss (%) 0.07 0.05 0.04 0.04 0.04

As can be seen from Table 5, as a result of the
experiment performed while changing the volunme ratio between
the reduced-type CoM catalyst and the reduced-type N M
catalyst, the aromatic loss slightly increased as the content
of the reduced-type N Mo catal yst increased, but the olefin
removal rate was renmarkably inproved, and the aromatic |oss
was al so | ow conpared to Conparative Exanple 6, in which the

reduced-type N Mo catal yst was used al one.

Conpar ati ve Exanple 18

In the same manner as in Conparative Exanple 5, 10 cc
of a Ni Mo supported catalyst (reduced form was charged into
the reactor, for hydrogenation, the pressure was adjusted to
15 bar, the tenperature was adjusted to 100°C, and an H; fl ow
rate was adjusted to 30 cc/mn, and hydrogenation was
performed while feeding a hydrocarbon fraction containing
13.6% by wei ght of benzene and 49.6% by wei ght of toluene,

and further containing 1.5% by weight of olefin at a flow
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rate of 1.3 cc/mn. The results are shown in Table 6 bel ow.

Exanpl e 8

Hydrogenati on was perforned in the same nmanner as in
Conpar ati ve Exanpl e 18, except that 8 cc of the CoMb-supported
catalyst (reduced form according to Conparative Exanple 7
(the upper portion of the reactor), and 2 cc of the N M-
supported catalyst (reduced fornm according to Conparative
Exanple 5 (the | ower portion of the reactor) were sequentially
charged into a continuous fixed-bed reactor, and the results

are shown in Table 6 bel ow

[ Tabl e 6]
Item Comparati ilge Example Example 8
CoMo(reduced)(cc) 0 8
NiMo(reduced)(cc) 10 2
DOS 2 2
Olefin Conversion (%) 99 99.2
Aromatic Loss (%) 15 0.05

As can be seen from Table 6, Exanple 8, in which
different types of catalysts having different active netals
were charged in a staged |oading manner, showed a simlar
ol efin conversion, but effectively suppressed aromatic | oss,
conpared to Conparative Exanple 18 using the N M supported
catal yst (reduced form al one.

In addition, the Bl of the products over time using the

CoMb supported catalyst (reduced forn) used in Conparative
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Exanpl e 7 al one, and a catal yst system in which two catal ysts
((CoMo-supported catalyst (reduced form and N M-supported
catalyst (reduced form) are charged in a staged | oading
manner, was neasured, and an ol efin conversi on was cal cul at ed.
The results are shown in FIG 4.

As can be seen from FIG 4, the durability of the
catal yst system was greatly inproved when the two catal ysts
were charged in a staged | oading manner in a specific order.

As is apparent from the above description, according
to an enbodi nent of the present disclosure, the unsaturated
hydr ocar bons contained in the aromatic hydrocarbon fraction
can be renoved t hrough sel ecti ve hydrogenati on, aromatic | oss
can be suppressed, and excellent selective hydrogenation
activity can be mai ntai ned even during | ong-termoperation by
enpl oyi ng cat al yst beds through staged | oading of a plurality
of hydrogenation catalysts having different catalytic
properties, or by enploying a catalyst system in which a
plurality of hydrogenation catalysts are arranged to be
equi valent to the staged |oading by use of a plurality of
reactors. As a result, the catalyst and catalyst system
according to the disclosure are capabl e of inproving process
efficiency, such as reducing aromatic | oss during selective
hydrogenation to realize stable operation, conpared to the
conventional catalysts or catalyst systens, and thus are

expected to be widely comrercialized in the future.
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Al t hough the preferred enbodinments of the present
di scl osure have been disclosed for illustrative purposes,
those skilled in the art wll appreciate that various
nodi fications, additions and substitutions are possible,
wi t hout departing fromthe scope and spirit of the disclosure

as disclosed in the acconpanying cl ai ns.
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WHAT IS CLAI MED | S:

1. A nethod of renoving unsaturated hydrocarbons in an
aromatic fraction, which conprises:

a) providing an aromatic hydrocarbon-containing
feedst ock having a brom ne index of at |east 30, and

b) bringing the feedstock into contact with a nulti-
stage catal yst bed conprising at |east one first catalyst
bed and a second catal yst bed disposed downstream of the
first catalyst bed in a reactor and perform ng hydrogenati on
under supply of hydrogen to form an aronatic hydrocarbon-
cont ai ni ng product having a reduced brom ne i ndex,

wher ei n,

the first catalyst bed conprises a support containing
I norgani c oxi de, and at | east one active netal selected from
the group consisting of Ni, Pd, Pt, Ru, Re, Co, M, Co-M,
Ni - Mo, and Ni-W in which, anong the active netals, each of
Re, Co, Mb, and Co-M is a reduced or sulfide form and each
of Ni, Pd, Pt, Ru, Ni-Mo and Ni-Wis a sulfide form and

t he second catal yst bed conprises a support contai ning
I norgani c oxide, and Ni-M> and/or Ni-Win a reduced form as

an active netal.

2. A nethod of renoving unsaturated hydrocarbons in an

aromatic fraction, which conprises:
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a) providing an aromatic hydrocarbon-containing
feedstock having a brom ne index of at |east 30, and

b) transferring the feedstock to a nulti-stage
hydrogenation wunit conprising a first reaction unit
contai ning at | east one first catal yst and a second reaction
unit containing a second catal yst and conmuni cating with the
first reaction unit at the downstream of the first reaction
unit and perform ng hydrogenation under supply of hydrogen
to forman aromati c hydrocarbon-contai ni ng product having a
reduced brom ne index,

wher ei n,

the first catalyst conprises a support containing
i norgani c oxi de, and at | east one active netal selected from
the group consisting of Ni, Pd, Pt, Ru, Re, Co, M, Co-M,
Ni - Mb, and Ni-W in which, anong the active netals, each of
Re, Co, Mb, and Co-M> is a reduced or sulfide form and each
of Ni, Pd, Pt, Ru, Ni-Mb and Ni-Wis a sulfide form and

the second catalyst conprises a support containing
i norgani c oxide, and Ni-M and/or Ni-Win a reduced form as

an active netal.

3. The nmethod according to claim 1 or 2, wherein at
| east 30% by weight of wunsaturated hydrocarbons in the
aromati ¢ hydrocarbon-containing feedstock is renoved by

hydr ogenat i on.
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4. The nmethod according to claim 1 or 2, wherein an
aromatic loss in the aromati ¢ hydrocarbon-cont ai ni ng product
is less than 1% by weight relative to the aromatic

hydr ocar bon- cont ai ni ng feedst ock.

5. The nethod according to claim2, wherein the first
reaction unit conprises a plurality of reactors connected in

seri es.

6. The nethod according to claimb5, wherein the first
reaction unit conprises a plurality of reactors connected in

series in a stacki ng manner.

7. The method according to claim 1l or 2, wherein an
anount of hydrogen supplied to the hydrogenation is within
a range of at least 0.5 nbles with respect to 1 nole of

unsat ur at ed hydrocarbons present in the feedstock.

8. The nethod according to claim 1 or 2, wherein a
tenperature of the hydrogenation is determned within a
range fromroomtenperature to 300°C, and

a pressure for the hydrogenation is determ ned within

a range of 3 to 70 bar.
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9. The nmethod according to claim 1 or 2, wherein the
i norgani ¢ oxide conprises at |east one selected from the
group consisting of al um na, silica, silica-al um na,
al um num phosphate, zirconia, titania, bentonite, kaolin,

clinoptilolite and nontnorillonite.

10. The nethod according to claim 1l or 2, wherein a
content of the active metal in the first catalyst ranges
from0.5 to 40% by wei ght, and

a content of the active netal in the second catal yst

ranges from2 to 40% by wei ght.

11. The nethod according to claim1 or 2, wherein the
aromati ¢ hydrocarbon-containing feedstock has a boiling

point in a range of 35 to 300°C.

12. The nethod according to claim 1, wherein the
aromatic hydr ocar bon-cont ai ni ng feedstock IS a Co+

r ef or mat e.

13. A system for separating and purifying aromatic
hydr ocar bons, which conpri ses:

a feed line of an aromatic hydrocarbon-containing
feedst ock having a brom ne index of at |east 30;

a hydrogen feed |ine;
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a hydrogenati on reactor communi cating with each of the
feed line of the feedstock and the hydrogen feed |line, the
hydr ogenation reactor filled with a nulti-stage catalyst
bed, in which the nulti-stage catal yst bed conprises a first
catal yst bed conprising at | east one stage and at | east one
second cat al yst bed di sposed at the downstream of the first
catalyst bed, along a flow direction of the feedstock
transferred through the feed |ine; and

at | east one separator communicating wth the
hydr ogenati on reactor, the separator separating a product
containing at | east one aromatic hydrocarbon selected from
the group consisting of C6 aromatics, C7 aromatics, C8
aromatics and C9+ aromatics, anpng products di scharged from
t he hydrogenati on reactor,

wher ei n,

the first catalyst bed conprises a support containing
i norgani c oxi de, and at | east one active netal selected from
the group consisting of Ni, Pd, Pt, Ru, Re, Co, M, Co-M,
Ni - Mo, and Ni-W in which, anong the active netals, each of
Re, Co, Mb, and Co-M> is a reduced or sulfide form and each
of Ni, Pd, Pt, Ru, Ni-Mb and Ni-Wis a sulfide form and

t he second catal yst bed conprises a support contai ning
i norgani c oxide, and Ni-M and/or Ni-Win a reduced form as

an acti ve netal.
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14. A system for separating and purifying aromatic
hydr ocar bons, which conpri ses:

a feed line of an aromatic hydrocarbon-containing
feedstock having a brom ne index of at |east 30;

a hydrogen feed |ine;

a nmulti-stage hydrogenation unit communicating wth
each of the feed Iine of the feedstock and the hydrogen feed
line, in which the nulti-stage hydrogenation unit conprises
a first reaction unit containing at | east one first catalyst
and a second reaction unit comunicating with the first
reaction unit at the downstream of the first reaction unit
and containing a second catalyst, along a flow direction of
the feedstock transferred through the feed Iine; and

at | east one separator communicating with the multi-
stage hydrogenation unit, the separator separating a product
containing at |east one aromatic hydrocarbon sel ected from
the group consisting of C6 aromatics, C7 aromatics, C8
aromati cs, and C9+ aromatics, anong products di scharged from
the multi-stage hydrogenation unit,

wher ei n,

the first catalyst conprises a support containing
i norgani c oxi de, and at | east one active netal selected from
the group consisting of Ni, Pd, Pt, Ru, Re, Co, M, Co-M,
Ni -Mb, and Ni-W in which, anong the active netals, each of

Re, Co, My, and Co-M> is a reduced or sulfide form and each
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of Ni, Pd, Pt, Ru, Ni-Mb and Ni-Wis a sulfide form and
the second catalyst conprises a support containing
I norgani c oxide, and Ni-Mb and/or Ni-Win a reduced form as

an active netal.

15. The system according to claim 13 or 14, further
conprising a transal kylation unit for converting a fraction
containing C6 aromatics, C7 aromatics and/or C9+ aronmati cs,
anong the aromati ¢ hydrocar bon-cont ai ni ng product separated

fromthe at | east one separator, into C8 aromati cs.

16. The system according to <claim 15, further
comprising a recycling line for recycling unrecovered C8
aromatics after separating and recovering para-xylene from

the C8 aromati ¢ hydrocarbon-cont ai ni ng product.

17. The system according to claim 13 or 14, further
conpri sing a para-xylene separation and/or recovery unit for
separating and/or recovering para-xylene from the C8
aromati cs anong the aronmatic hydrocarbon-containi ng product
separated fromthe at | east one separator; and

a xyl ene i someri zation unit for i someri zi ng
unsepar at ed/ unrecovered C8 aronmatics, other than the para-

xylene to forman increased content of para-xyl ene.
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18. The system according to <claim 17, further
conmprising a recycling line for recycling the remaining
xylene fraction after separating and/or recovering para-
xyl ene anong the aromatic fraction discharged from the

xyl ene isonerization unit.
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