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DESCR PTI ON

METHCD FCR PRODUCI NG H GH ADDED- VALUE AROVATI C PRCDUCTS AND
CLEFI N C PRCDUCTS FROM AN AROVATI G- COMPOUND- CONTAI NING A L
FRACTI ON

Technical Field

The present invention relates to a nmethod of producing
valuable aromatic products (benzene/tol uene/ xyl ene) and
olefinic products from hydrocarbonaceous oils conprising

aronat i ¢ conpounds

Background Art

A obally, demand for aromatics, such as benezene, tol uene
and xylene, is increasing by an annual average of 4 to 6%
That is, demand for aromatic products is rapidly increasing to
such a degree that the increase rate of the denand for
aronmatics approxinmates two times of the increase rate of P
and three times of the increase rate of denand for petrol eum
products. Particularly, such an increase of demand is caused
by the increase of demand for aromatics in China.

Conventional | y, aronatic product s
(benzene/ t ol uene/ xyl ene) have been produced by hydrotreating
and extracting pyrolysis gasoline produced together with main

basic oil fraction products such as ethylene, propylene and
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the like in a naphtha cracking center using naphtha as a raw
material, or by the refornmate from a catalytic naphtha
reformng process and separati ng.

However, due to the rapid increase in denmand for
aronmatics, the supply of naphtha in the world narket,
including in China, have becone increasingly tight since 2007.
Further, conventional technologies for producing aronatic
products cannot keep up with the increase in aronmatic denand
because they use only naphtha, which is an oil fraction having
only a narrow boiling range of crude oil. Therefore, the
feedstock for aromatic products, which can replace naphtha,
are required.

Meanwhi l e, fluidized catalytic cracking (FCO is a
typical process for producing gasoline from heavy oil.
Recently, a lot of FOCs has greatly been construct ed.

Typi cal products obtained by FCC may include propyl ene
MIBE, alkylate, LON (light cracked naphtha), HCON (heavy
cracked naphtha), LCO (light cycle oil), SLO (slurry oil), and
the Iike. These products are respectively used as raw
materials of synthetic resins, an oxygen-containing fraction
for gasoline, a high-octane fraction for gasoline, a
conpoundi ng agent for gasoline, a conpoundi ng agent for diesel
oil/heavy oil, a conpounding agent for heavy oil, and the
li ke.

However, all over the world, quality standards for
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gasoline and diesel are becomng stricter. As the regulation
of the content of aromatics in diesel becones stricter,

addi tional treatnent of the above-nentioned FCC sem - processed
products is required. However, anong these FCC sem - processed
products, LCO (light cycle oil) includes a |large amount (70%
or nore) of aromatic conponents having one or nore rings, SO
addi ti onal t r eat ment of LCO requires hi gh  hydrogen
consunption, thereby greatly increasing utility cost.

Further, LCO is not suitable as a raw material in a
conventional aromatic production process using naphtha because
heavy aromatics of two or nore rings nust be converted into
one ring aromatics, and catal yst poi soning conponents such as
sul fur and nitrogen nmust be renoved, although it may be
possible to use LCO for producing aromati ¢ products instead of
napht ha.

However, as nentioned above, considering the rapid
i ncrease of demand for aromatics and the failure in supply of
naphtha, it is expected that pressing problens in oil refining
and aromatic producing industries wll be sinultaneously
solved by inducing the production of aromatics using an oil
fraction including aromati ¢ conpounds such as LCO and the |ike
produced in the FCC process.

U S Patent No. 4,585,545 discloses a nethod of producing
hi gh-octane gasoline containing a l|arge anmount of aromatic

conponents wusing LCO (light cycle oil) obtained from FCC
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However, the gasoline from this nethod doesn’'t have a high
val ue- added product because it includes a | arge amount of | ow
value aromatics Further, this nmethod is ineffective one as a
fuel reformng technol ogy because the issue of environnental
regulation has lately attracted nore considerable attention
conpared to the issue of an increase in octane nunber of
gasol i ne.

Further, U S Patent No. 6,565,739 discloses a nethod of
produci ng naphtha and light olefin using LOO obtained from
FCC. However, naphtha produced by this nmethod includes a very
smal | amount of aromatic conponents, because aronatic
conponents are conpletely saturated in an internediate
hydr ogenati on process. Therefore, this nethod is not suitable

for solving the above-nentioned probl ens.

D scl osure
Techni cal Probl em

Under such circunstances, the present inventors found
that it is required to separate aromati c conponents such as
benzene, toluene and xylene from various oil fractions
i ncluding aromati ¢ conpounds such as LCO and the like, and it
IS possible to separate high value-added ol efins therefrom
Based on these purposes, the present invention was devi sed.

An object of the present invention is to provide a novel

nmethod of producing high-concentration high val ue-added
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aromatic products using various oil fractions including LCO
containing a large amount of high-aromaticity conpounds as
alternative raw materials to naphtha (conventional raw

material of aromatic products) and obtai ned from FCC

Techni cal Sol ution

In order to acconplish the above object, an aspect of the
present invention provides a nmethod of producing aromatic
products and olefinic product from an aromatic conpound-
containing oil fraction, including the steps of: (a)
hydr oprocessing an aromati ¢ conpound-containing oil fraction
in the presence of a catalyst to partially saturate
conponents; (b) catalytic cracking the conponents partially
saturated in step (a) in the presence of a cracking catalyst;
(c) separating the conponents catalytically cracked in step
(b) into (i) benzene, toluene, xylene and aromatic conponents
of 9 or nore carbon atons, (ii) olefin conponents and (iii) a
residual oil fraction; and (d) transal kyl ati on of the benzene,
toluene, and aromatic conponents of 9 or nore carbon atons
separated in step (c).

In an enbodi ment of the present invention, in step (a)
the catalyst nmay include at |east one carrier selected from
among alumna and silica, and nay include at |east nmetal
selected from anong group 6 netals, group 9 netals and group

10 netal s.
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In an enbodi ment of the present invention, the netal may
be at |east one selected from anong cobal t, nol ybdenum ni ckel
and tungsten.

In an enbodi ment of the present invention, the aromatic
conpound-containing oil fraction may include 5 w% or nore of
aromati cs.

In an enbodi nent of the present invention, in step (b),
the catalyst for catalytic cracking nay be a spherical
catal yst conprising an anorphous solid acid including silica
and/or alumna or conprising a crystalline zeolite nol ecul ar
sieve having a Silica/ Aumna nolar ratio of 300 or less and a
pore size of 4 ~ 10 A (Angstron)

In an enbodi ment of the present invention, the catalyst
for catalytic cracking may be prepared by mxing 10 ~ 95 w %
of at least one zeolite nolecular sieve selected from the
group consisting of faujasite (FAU, nordenite (MR and
zeolite beta (BEA) with 5 ~ 90 wt% of an inorganic binder
selected from anong alumna, silica-alumna and clay and then
spray drying the mxture to have a particle size of 10 ~ 300
um.

In an enbodi nent of the present invention, in step (c),
the residual oil fraction may include i) aromatic conponents
of 2-ring or nore, ii) 1-ring aromatic conponents having a
hydrocarbon group of two or nore carbons, and iii) 1-ring

aronati ¢ conponents havi ng a napht henic ring.
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In an enbodi ment of the present invention, the method may
further include the step of recirculating the residual oil
fraction separated in step (c) to step (a).

In an enbodi ment of the present invention, in step (d),
there may be used a catalyst conprising: a carrier including
10 ~ 95 w% of nordenite or beta zeolite having a
silca/alumna nmolar ratio of 20 ~ 200 and 5 ~ 90 wt % of at
| east one inorganic binder selected fromthe group consisting
of gamma alumna, silica, silica-alumna, bentonite, kaolin,
clinoptilolite and nontnorilonite; and 0.001 ~ 0.5 parts by
wei ght of mxed netals, as a hydrogenation netal, of platinum
and a netal selected fromthe group consisting of tin, indium
and |lead, based on 100 parts by weight of the carrier, the
hydr ogenati on netal bei ng supported on the carrier.

In an enbodi ment of the present invention, the method may
further include the step of recirculating the aronatic
conponents having 11 or nore carbon atons produced in step (d)
to step (b).

In an enbodi ment of the present invention, the method may
further include the step of separating ethyl ene, propylene and
butylene from the olefin conponents and then refining and
producti zi ng each of them

In an enbodi ment of the present invention, the method may
further include the step of separating para-xylene from m xed

xyl ene produced by the transalkylation, after the step of
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transal kyl ati on.

In an enbodi ment of the present invention, the method nmay
further include the steps of: isonerizing the mxed xylene
havi ng passed through the step of separating the para-xyl ene;
and recirculating the isonerized mxed xylene to the step of
transal kyl ati on.

In an enbodi ment of the present invention, the aromatic
products and olefinic products may include ethylene,

propyl ene, butyl ene, napht hal enes, benzene and xyl ene.

Advant ageous Effects

According to the present invention, high-concentrated
aromati c products such as benzene, toluene and xylene can be
produced using an aromatic conpound-containing oil fraction
such as LCO from FCC i nstead of naphtha that is a conventiona
feedstock of aromatic products, thus renarkably increasing the
production of aromatic products.

Particularly, anong various aromatic/olefinic products,
xyl ene (hi gh val ue-added aromatic product) and propyl ene (high
val ue-added olefinic product) are selectively produced, and
relatively |low value-added products are recovered and
reprocessed to increase their values, thereby maximzing the

added val ue of a final product.

Description of Draw ngs
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FIG 1 is a schematic flow diagram showing a nethod
produci ng aronmati c products and ol efinic products according to
an enbodi nent of the present invention.

FIG 2 is a schematic flow diagram showi ng a nethod
produci ng aromatic products and ol efinic products according to
an enbodinment of the present invention, the nethod further
including a recircul ati on process.

FIG 3 is a schematic flow diagram showing a nethod
produci ng aromatic products and ol efinic products according to
an enbodinment of the present invention, the nethod further
including a recircul ati on process.

FIG 4 is a schematic flow diagram showing a nethod
produci ng aromatic products and ol efinic products according to
an enbodinment of the present invention, the nethod further
including the steps of: separating and refining ethylene
propyl ene and but yl ene; separating par a- xyl ene; and

i sorreri zi ng xyl ene.

Best Mode

The objects, features and advantages of the present
invention will be nore clearly understood from the follow ng
detailed description of the preferred enbodinments taken in
conjunction with the acconpanying draw ngs. Thr oughout the
acconpanyi ng drawi ngs, the sane reference nunerals are used to

designate the same or simlar conponents, and redundant
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descriptions thereof are omtted. Further, in the description
of the present invention, when it is determned that the
detail ed description of the related art woul d obscure the gist
of the present invention, the description thereof wll be
omtted.

The present invention provides a mnmethod of producing
aromatic products and olefinic product from an aromatic
conpound-containing oil fraction, including the steps of: (a)
hydr oprocessing an aromati c conpound-containing oil fraction
including light cycle oil (LG in the presence of a catalyst
to partially saturate conponents in the oil fraction; (b)
catal ytic cracking the conponents partially saturated in step
(a) in the presence of a cracking catalyst; (c) separating the
conponents catalytically cracked in step (b) into (i) benzene,
tol uene, xylene and aromatic conponents of 9 or nore carbon
atons, (ii) olefin conponents and (iii) a residual oil
fraction; and (d) transal kyl ation of the benzene, toluene, and
aronmatic conponents of 9 or nore carbon atons separated in
step (c).

As the light cycle oil used as a raw nmaterial, |I|ight
cycle oil produced froma fluidized catal ytic cracking process
is generally used, but is not limted thereto. Al aromatic
conponent-containing  oil fractions produced from oil
refini ng/ petrochem cal processes nmay be used as raw nateri al s.

The aromatic conponent-containing oil fraction nmay include 5

10
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W% or nore of aromatic conponents, and preferably 15 wt % or
nore of aronatic conponents.

For exanple, the aromatic conponent-containing oil
fraction may be any one selected from anong raw pyrolysis
gasoline (RPG, heavy raw pyrolysis gasoline (heavy RPG,
treated pyrolysis gasoline (TPG, refornate, heavy aromatics,
kerosine, jet oil, atnospheric gas oil, FOC gasoline, |ight
cracked naphtha, heavy cracked naphtha, FOC decanted oil,
vacuum gas oil, coker gas oil, coker diesel, coker naphtha,
heavy and reduced petroleum crude oil, petroleum atnospheric
distillation bottom oil, petroleum vacuum distillation bottom
oil, pitch, asphalt, bitunmen, tar sand oil, shale oil, liquid
products derived from coal |iquefaction processes, heavy
hydr ocar bon resi dues, and conbi nati ons t hereof.

However, hereinafter, for conveni ence, enbodi ments of the
present invention wll be described based on the assunption
that light cycle oil is used as a raw material. However, the
scope of the present inventionis not limted thereto.

FIG 1 is a schematic flow diagram showing a nethod
produci ng aromati c products and ol efinic products according to
an enbodi nent of the present invention. Referring to FIG 1,
light cycle oil (1) is introduced into a hydroprocessing step
(2).

As a raw material of a fluidized catalytic cracking

process for obtaining suitable light cycle oil, an ol

11
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fraction (gas oil) having a boiling point of 480 to 565 T
and/or an oil fraction having a boiling point of 565 C or
hi gher may be used.

Here, light cycle oil generally includes 70 to 80% of
aronmati c conponents, and is a hydrocarbon conpound having a
boiling point of 170 to 360 T. As the anount of aromatic
conponents in light cycle oil increases, it becones nore
advant ageous to produce hi gh val ue-added aronati ¢ products.

In the hydroprocessing step (2), the light cycle oil is
hydr oprocessed in the presence of a catalyst. An aronatic
mxture having two or nore aromatic rings is partially
saturated by the hydroprocessing. In this hydroprocessing
step, aromati c conponents having one aromatic ring nust not be
saturated because they are high value-added aromatic
conponents or can be converted into high val ue-added aromatic
conponents by followi ng steps |ike transal kyl ati on process.

In the hydroprocessing step, it is preferred that all the
aronmatic conponents having two or nore aronatic rings be
saturated except for one aromatic ring. The reason for this
is that it is not easy to deconpose unnecessary aronatic rings
in the subsequent steps.

The catal yst used in the hydroprocessing step nmay i ncl ude
at least one carrier selected from anong alumna and silica.
Further, the catalyst may include at |east one netal selected

fromanong group 6 netals, group 9 netals and group 10 netal s.

12
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Preferably, the metal may be at |east one selected from anong
cobal t, nol ybdenum nickel and tungsten.

In the hydroprocessing step, denitrification and
desul furization reactions for renoving inpurities such as
sul fur conpounds, nitrogen conpounds and the like from an oi
fraction, as well as the partial saturation reaction of
aronmatic rings, occur, so inpurities can be easily renoved
from the oil fraction without additional inpurities renova
pr ocesses.

The feed introduced into the hydroprocessing step, that
is, light cycle oil, includes aromatics of 2 rings or nore in
an anount of 45 to 65 w% Here, 60 to 75 w% of aromatics
having 2 rings or nore are nostly converted into high val ue-
added aronatic conponents or 1l-ring aronati c conponents.

The feed (3) partially saturated in the hydroprocessing
step is introduced into a catalytic cracking step (4). Here,
as a cracking catalyst, a shaped solid catal yst including one
or nore kinds of porous solid acids may be used. The solid
acid may be an anorphous solid represented as silica, alumna
or silica-alumna, or nmay be a crystalline zeolite nol ecul ar
sieve having a silica/alumna nolar ratio of 300 or less and a
pore size of 4 ~ 10 A (Angstron).

Preferably, the crystalline zeolite nolecular sieve may
be used in a conbination of one |arge-pore zeolite nol ecul ar

sieve having a pore size of 6.5 A or nore selected from anong

13
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FAU, MR and BEA and one nedium pore zeolite nol ecul ar sieve
having a pore size of 5to 6.5 A selected fromanong M, MEL
and FER in order that aromatic conponents may be reacted in
pores. Here, the weight ratio of |arge-pore zeolite nol ecul ar
sieve to medium pore zeolite nolecular sieve may be 5/95 to
95/5, and preferably 50/50 to 95/5.

The catalyst for catalytic cracking may be prepared by
mxing 10 ~ 95 w% of at |east one zeolite nolecul ar sieve
selected from the group consisting of faujasite (FAU
nordenite (MOR) and zeolite beta (BEA) with 5 ~ 90 wt % of an
i norgani ¢ bi nder selected fromanong alumna and clay and then
spray drying the mxture to have a particle size of 10 ~ 300
um.

The catalytic cracking process using cracking catalyst
serves to crack a long chain of two or nore carbon atons
bonded with a 1-ring aromatic or a naphthenic ring. In the
hydr oprocessing step, aromatic rings of aromatic conponents
having two or nore aronatic rings, except one aromatic ring
are saturated to be converted into a naphthenic ring. 1In the
catal ytic cracking process, this naphthenic ring is cracked,
thus converting the aronmatic conponents into high val ue-added
aromati c conponents or raw nmaterials thereof.

In the catalytic cracking step, when cracking ability is
excessi vely high, short chains having one carbon atom as wel

as long chains having two or nore carbon atons or a naphthenic

14
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ring are cracked, so high val ue-added aromati c conponents are
converted into cheap aromatic conponents, and 1l-ring aronmatic
conponents are converted into coke, thereby |osing the val ues
t her eof . Therefore, in order for wundesired portions of
aronatic conponents not to be deconposed, cracking ability
must be properly adjusted by controlling reaction tenperature
in the range of 349TC to 749T and controlling a catal yst/oi
ratio in the range of 3 ~ 15.

The armount of 1-ring aromatics of 10 or nore carbon atons
in the feed introduced into the catalytic cracking step after
the hydroprocessing step is about 15.7 w%  About 66.6% of
these 1-ring aromatics are deconposed in step (b) to be
converted into different conponents. Mst of the 1-ring
aromatics are converted into high value-added aronatic
conponents or raw materials thereof.

Further, about 46.3 w%of the introduced feed is 1 -ring
aronmatics having a naphthenic ring and about 92% of these 1-
ring aromatics are converted into high value-added aronmatic
conponents or raw materials thereof.

Since aromatic rings can be lost inevitably during the
catal ytic cracking step, reaction conditions nust be suitably
adjusted in order to decrease the | oss thereof.

The feed having passed through the catalytic cracking
step wusing the «cracking catalyst is introduced into a

separation step (4) for separating the feed into (i) benzene,

15
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tol uene, xlyene and aromatic conponents of 9 or nore carbon
atons, (ii) olefin conponents and (iii) a residual oi
fraction.

Hgh value-added Ilight olefins such as ethylene,
propyl ene, butylene and the like are directly recovered as
products in the separation step. Further, the feed having
passed through the cracking step includes a |arge amount of
napht hal enes. The napht hal enes include nethyl naphthal ene,
di et hyl napht hal ene, and the Ii ke.

Such  napht hal enes, as described bel ow, can be
recirculated into the hydroprocdessing step together wth
residual oil fraction, or can also be separated and then
additionally treated to be used for other purposes.

H gh value aromatic conponents, such as benzene, xylene
and the like, and raw materials thereof, such as toluene,
aronmati c conponents of 9 or nore carbon atons and the |like are
sent to the following transalkylation step to be converted
into high val ue-added aromati c conponents.

The residual oil fraction is separately recovered. The
residual oil fraction includes, as undesired conponents, i)
aronmatic conponents of 2 rings or nore, ii) 1-ring aromatics
that cannot be converted into raw materials of high val ue-
added aronmatic products because they have a hydrocarbon group
of two or nore carbon atons, iii) 1-ring aromatics that are

not hi gh val ue-added aromatic products and cannot be converted

16
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into raw mnmaterials of high value-added aronmatic products
because they have a naphthenic ring, and iv) other conponents
that are not high val ue-added aromatic products and cannot be
converted into raw materials of high value-added aronatic
product s.

The high value-added aromatic conponents and raw
materials thereof separated in the separation step (4) are
introduced into a transal kylation step (5).

In the transal kylation step (5), a disproportionation
reaction of toluene, a transal kylation reaction of toluene and
a @ aronmatic conpound, a dealkylation reaction of alkyl
aromatic conpounds of G or nore and a transalkylation
reacti on of benzene and aromatic conpounds of CO or nore are
si mul t aneousl y conduct ed.

Such a deal kyl ation reaction is an inportant reaction for
pr oduci ng t ol uene necessary for
di sportionation/transal kyl ati on reactions. Further, such a
transal kyl ati on reacti on of benzene and aronatic conpounds of
C9 or nore is also inportant reaction for producing toluene
and m xed xyl ene.

Meanwhile, it is very inportant to rapidly hydrogenate
ol efins such as ethylene, propylene and the |Iike produced by a
deal kyl ati on reacti on. Wen these olefins are not rapidly
hydrogenated, they are re-alkylated into aromatic conpounds,

thus causing decreasing the conversion rate of aromatic

17
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conpounds of C9 or nore. Further, olefins thenselves are
pol ynerized, so the inactivation of a catalyst is caused,
t hereby causi ng accel erating the catal yst inactivation.

The catalyst used in the transalkylation step is not
particularly limted, but it is preferred that a catalyst
disclosed in US. Patent No. 6,867,340 filed by the present
appl i cant be used.

That is, in the transalkylation step, there may be
used a catalyst including: a carrier including 10 ~ 95 wt % of
nordenite or beta zeolite having a silca/alumna nolar ratio
of 20 ~ 200 and 5 ~ 90 w% of at |east one inorganic binder
selected from the group consisting of gamma alumna, silica
silica-al um na, bent oni t e, kaol i n, clinoptilolite and
nmontnorilonite; and 0.001 ~ 0.5 parts by weight of mxed
netals, as a hydrogenation netal, of platinum and a netal
selected from the group consisting of tin, indium and |ead,
based on 100 parts by weight of the carrier, the hydrogenation
nmetal being supported on the carrier. Q her characteristics
of the catalyst refer to the above patent docunent.

The hi gh val ue-added aronmatic conponents produced in the
transal kyl ation step, that is, benzene/xylene are recovered
and producti zed.

FIG 2 is a schematic flow diagram showing a nethod
producing aromatic products and olefinic products, further

including the steps of: recirculating a residual oil fraction
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i.e., i) aromatic conponents of 2 rings or nore, ii) 1l-ring
aronmatics that cannot be converted into raw materials of high
val ue- added aromatic products because they have a hydrocarbon
group of two or nore carbon atons, iii) 1-ring aromatics that
are not high value-added aromatic products and cannot be
converted into raw materials of high value-added aronatic
products because they have a naphthenic ring and iv) other
conponents that are not high val ue-added aromatic products and
cannot be converted into raw materials of high value-added
aromati c products, which has been separated in the separation
step (4); and recirculating the aromatic conponents that
cannot be converted into raw materials of high val ue-added
aronmatic products after the transal kylation step (5).

Referring to FIG 2, light cycle oil (1) is introduced
into a hydroprocessing step (2), in the same manner as in FI G
1. The light cycle oil partially saturated in the
hydr oprocessing step (2) passes through a catalytic cracking
process (3), and is then introduced into a separation step (4)
for separating the feed into (i) benzene, toluene, xylene and
aromatic conponents of 9 or nore carbon atons, (ii) olefin
conponents and (iii) a residual oil fraction.

The residual oil fraction (6) separated in the separation
step is recirculated and mxed with the light cycle oil (1),
and then introduced into the hydroprocessing step (2).

Due to this recirculation, aronatic conponents of 2 rings

19
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or nmore pass through a hydroprocessing step and a catalytic
cracking step using a cracking catalyst to be deconposed into
l1-ring aromatic conponents. Furt her, due to this
recircul ation, a hydrocarbon group having two or nore carbon
atons or a naphthenic ring is converted into high val ue-added
aromati c conponents or raw nmaterials thereof.

Wen the recirculation step is not carried out, about
23.2 w% of the feed introduced into the hydroprocessing step
is converted into high val ue-added aromati c conponents or raw
materials thereof. However, when the recirculation is carried
out, about 34.5 w% of the feed introduced into the
hydr oprocessing step is converted into high value-added
aronatic conponents or raw naterials thereof, thus obtaining
an increase effect of about 49.2 ww% Due to the increase in
conversion rate of high val ue-added aromati ¢ conponents or raw
materials thereof, the vyield of final high value-added
aromati c products can be increased by about 38 wt %

That is, the production of aromatic products according to
the nmethod of the present invention can be maxi mzed by the
introduction of the recirculation step. Therefore, it is
preferred that this recirculation step be additionally
perforned, but the present invention is not limted thereto.

FIG 3 is a schematic flow diagram showing a nethod
produci ng aromati c products and ol efinic products according to

an enbodiment of the present invention, further including

20
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anot her recircul ati on step.

As shown in FIG 3, the residual oil fraction (6) is
recirculated and mxed wth the partially-saturated feed
introduced into the catalytic cracking step (3), and then
introduced into the catal ytic cracking step (3).

Due to this recirculation, the naphthenic ring or a
hydr ocarbon group of two or nore carbon atons of the 1-ring
aromati c conponents having a naphthenic ring or a hydrocarbon
group of two or nore carbon atons, which is present in the
residual oil fraction (6), is deconposed and converted into
hi gh val ue-added aromati c conponents or raw naterials thereof
during the catal ytic cracki ng step.

Further, anong the conponents separated in the separation
step (4), benzene, toluene, xylene and conponents of 9 or nore
carbon atons are introduced into a transal kyl ation step (5).

After the transalkylation step (5), aromatic conponents
of 11 or nore carbon atons that cannot be converted into raw
material of high value-added aromatic conponents nay be
recovered and then recirculated and introduced into the
catal ytic cracking step (3) using the cracking catalyst. That
is, aronmatic conponents of 11 or nore carbon atons are m xed
wth the light <cycle oil partially saturated by the
hydr oprocessing step, and then introduced into the catalytic
cracking step (3) using the cracking catal yst.

The conponents that cannot be converted into raw nateri al

21
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of high value-added aromatic conponents produced in the
transal kylation step or inevitably introduced into the
transal kyl ation step from the separation step, that is, i)
aronmatic conponents of 2 rings or nore, ii) 1-ring aromatics
that cannot be converted into raw materials of high val ue-
added aromati c products because they have a hydrocarbon group
of two or nmore carbon atons, iii) 1-ring aromatics that are
not hi gh val ue-added aromatic products and cannot be converted
into raw mnmaterials of high value-added aronmatic products
because they have a naphthenic ring and iv) other conponents
that are not high val ue-added aromatic products and cannot be
converted into raw materials of high value-added aronatic
products are required to be re-deconposed.

Therefore, in order to re-deconpose the above conponents,
these conponents can be recirculated into the catalytic
cracking step (3) using the cracking catalyst. Due to this
recirculation step, it is possible to prevent unnecessary
conponents from being accunulated in the transal kylation step
and to convert the conponents that cannot be converted into
raw material of high val ue-added aromati c conponents into high

val ue- added aromatic conponents, thus increasing the yield of

hi gh val ue-added aromatics. The effects due to the
recirculation are described in nmore detail in the follow ng
enbodi nent .

In an enbodi ment, the yield of benzene and xyl ene, which
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are high val ue-added aronati c conponents, is increased due to
the recircul ation.

FIG 4 is a schematic flow diagram showing a nethod
produci ng aromati c products and ol efinic products according to
an enbodi ment of the present invention. As shown in FIG 4,
the nmethod may further include the step (8) of: respectively
separating and refining ethylene, propylene and butyl ene and
then productizing each of them at the rear end of a main
separation col um.

Further, the method may further include the step (9) of
separating para-xylene from the mxed xylene produced in the
transal kylation step (5). Convent i onal techniques |ike
adsorption or crystallization can used to separate para-
xyl ene.

Since para-xylene is high val ue-added conpared to ort ho-
xylene or neta-xylene, it is advantageous to separate and
obtai n only para-xyl ene.

O tho-xyl ene and m xed xyl ene, except para-xylene, may be
introduced into a xylene isonerization step (10). Para-xyl ene,
nmet a- xyl ene and ortho-xylene of m xed xylene produced in the
transal kyl ation step (5) forma equilibrium mxture of xylene
isoners. Here, since only para-xylene has been separated from
m xed xylene in the separation step, when the mxed xylene,
from which para-xylene was separated, forns a equilibrium

m xture again, high economc val ue-added para-xylene can be
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addi tional | y added.

In this process, benzene and toluene are produced, and
these conmpounds (11) are recirculated into a transal kyl ation
st ep. In the transal kyl ation step, the recircul ated benzene
and toluene can be converted into xylene. Consequently, al
fractions discharged from the xylene isonerization step are
recirculated into the transal kylation step, and thus para-
xyl ene can be additionally obtai ned.

That is, when the para-xylene separation step and the
xyl ene isonerization step were not added, only mxed xylene
was produced. However, when these steps are added, neta-
xyl ene and ortho-xyl ene are not produced, and only high val ue-

added par a-xyl ene can be obt ai ned.

Mode for Invention
Hereinafter, the present invention will be described in

nore detail with reference to the foll owi ng Exanpl es.

Exanpl e 1

As the light cycle oil used in the nethod of present
invention, as shown in Table 1 below, light cycle oil, which
is an oil fraction produced by a fluidized catal ytic cracking

process and having a boiling point range of 170 to 360 C, was

provi ded.
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[ Tabl e 1]

Feed
Paraffin + Qefin 4. 680
Et hyl ene -
Pr opyl ene -
But yl ene -
Napht hene 0. 502
Total anmount of aromatics 84.121
1-ring aromatics 39. 024
1-ring aronatics not havi ng 26. 951
napht heni c ring
BTX + @ 9.431
B+ X 1.473
T+ 7.958
B 0. 024
T 0. 344
X 1. 449
(6 7.614
1-ring aromatics havi ng one 12. 072
napht heni ¢ ri ng
1-ring aromatics havi ng two -
napht heni ¢ ri ngs
2-ring aronatics 40. 975
2-ring aromatics not having 38. 398
napht heni ¢ ri ng
2-ring aromatics having one 2.577
napht heni ¢ ri ng
2-ring aromatics having two -
napht heni ¢ ri ngs
3-ring aromatics 4,123
Q hers 10. 697

In Exanple 1, since feed is light cycle oil of FCC
process, the physical properties, conposition and yield of the
oil fraction may be changed depending on the kind of raw
material used and the operation conditions of the fluidized
catal yti c cracki ng process.

The raw feed was introduced into a hydroprocessing step.
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The hydroprocessing was perforned in a fixed-bed reactor using
a nickel -nol ybdenum conbi ned catal yst. The reaction

conditions of the hydroprocessing step are shown in Table 2

bel ow.
[ Tabl e 2]
Kind of catal yst and anount N Mo/ Al ,Qf 75cc
per ati on conditions
Pressure, kg/cnt 60
Gas/Q |, Nkl 500
LHSV, hrt 1.5
Temperature, [J 300

The consunption of hydrogen in the hydroprocessing step
was 1.186 based on feed 100 wei ght.
The conpositions before and after the hydroprocessing are

shown in Tabl e 3 bel ow

[ Tabl e 3]
Feed After
hydr opr ocessi ng
H consunpti on 1.186
Coke -
HS 0.417
|—|2 -
Paraffin + Qefin 4. 680 5. 376
Et hyl ene - -
Pr opyl ene - -
But yl ene - -
Napht hene 0. 502 1.744
Total anmount of aromatics 84.121 80. 020
1-ring aronatics 39. 024 71. 331
1-ring aromatics not havi ng 26. 951 27. 281
napht heni ¢ ri ng
BTX + @ 9.431 5. 904
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B+ X 1. 473 0.723
T+ QO 7. 958 5. 180
B 0. 024 -
T 0. 344 0. 097
X 1. 449 0.723
(6°) 7.614 5. 084
1-ring aromatics havi ng one 12. 072 39. 892
napht heni ¢ ri ng
1-ring aromatics having two - 4. 157
napht heni ¢ ri ngs
2-ring aronatics 40. 975 8. 027
2-ring aronatics not having 38. 398 4. 295
napht heni ¢ ri ng
2-ring aronatics having one 2.577 3. 599
napht heni ¢ ri ng
2-ring aronatics having two - 0.134
napht heni ¢ ri ngs
3-ring aromatics 4.123 0. 662
Q hers 10. 697 13. 630

As shown in Table 3 above, it can be ascertained that
aromatic conponents of 2 rings or nore existed in large
anmount s, rapidly decreases after the  hydroprocessing.
Further, it can be ascertained that 1-ring aronatic conponents
i ncreases about two times after the hydroprocessing, and that,
anong the 1-ring aromatic conponents, 1-ring aromatic
conponents having a naphthenic ring increase from about 12wt %
to 40wt % after the hydroprocessing. The 1-ring aromatic
conponents having a naphthenic ring would be converted into
hi gh val ue-added aronatic conponents or raw naterial thereof
because their naphthenic rings are cracked during a fluidized
catal yti c cracking reaction.

The feed produced by the hydroprocessing was introduced
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into a fluidized catalytic cracking reactor. Here, a
coommercially available silica-alumna catalyst containing Y-
type zeolite (the catalyst including 49% of alumna, 33% of
silica, 2% of rare earth and a residue of inorganic binder)
was used. Further, reaction tenperature was 549 C, reaction
pressure was 25.3 psig, a catalyst/oil ratio is 8, and WSV
was 27.2 hrl Further, the fluidized catalytic cracking
reaction of the feed was perforned wusing a catalyst
circulation fluidized-bed reactor capable of continuously
regenerating an inactivated catal yst.

The results of conparing the feed conpositions before and
after the fluidized catalytic cracking reaction are shown in

Tabl e 4 bel ow.

[ Tabl e 4]
Feed Hydr opr ocessi n| Fl ui di zed
g catal ytic
cracki ng
H consunpti on 1.186 -
Coke - 11. 027
HS 0. 417 0. 420
H - 0. 065
Paraffin + Qefin 4. 680 5. 376 24.745
Et hyl ene - - 1.766
Pr opyl ene - - 4.119
But yl ene - - 2.124
Napht hene 0. 502 1.744 0. 493
Total anmount of aromatics 84.121 80. 020 56. 661
1-ring aronatics 39. 024 71. 331 28. 561
1-ring aronatics not having 26. 951 27. 281 25. 404
napht heni ¢ ri ng
BTX + 9.431 5. 904 18. 428
B+ X 1.473 0.723 6. 941
T+ QO 7.958 5.180 11. 487
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B 0. 024 - 0. 686
T 0. 344 0. 097 3. 557
X 1.449 0.723 6. 255
(0°) 7.614 5.084 7.930
1-ring aromatics having one 12.072 39. 892 3.157
napht heni ¢ ri ng
1-ring aromatics having - 4. 157 -
two napht heni c rings
2-ring aronatics 40. 975 8. 027 25. 123
2-ring aromatics not having 38. 398 4,295 23.590
napht heni ¢ ri ng
2-ring aromatics having 2.577 3.599 1. 533
one naphthenic ring
2-ring aronatics having - 0.134 -
two napht heni c rings
3-ring aronatics 4.123 0. 662 2.977
Q hers 10. 697 13. 630 1.890

As shown in Table 4 above, it can be ascertained that the
amount of benzene/ xyl ene, which are high val ue-added aromatic
conponents, was increased by 371.2% =6.941/1.473) conpared to
that of the initial feed. Further, it can be ascertained that
the anmount of toluene and C9, which would be converted into
raw materials of benzene/xylene by transalkylation, is
i ncreased by about 44.3% =11.487/1.958) conpared to that of
the initial feed.

Conparing the feed (that is, the feed after the
hydr oprocessing) before and after the fluidized catalytic
cracking reaction, it can be ascertained that the anount of
benzene/ xyl ene, whi ch are hi gh val ue- added aronatic
conponents, was increased by 859.9% =6.941/0.723). Furt her,

it can be ascertai ned that the anmount of toluene and C9, which
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woul d be converted

transal kyl ati on,

into

raw nmaterials of

benzene/ xyl ene by

was i ncreased by about 121.7%(=11.487/5. 180) .

Here, additionally, light olefins, which were not
cont ai ned in t he i ntroduced f eed, wer e pr oduced.
Specifically, ethylene was produced in an anount of 1.766,

propyl ene was 4.119, and butyl ene was 2. 124.

Anong the conponents produced by the fluidized catal ytic

cracki ng reaction,

the |ight

olefins are recovered,

and ot her

conponents are introduced into a transal kyl ation step.

The

results of

conpari ng

transal kyl ati on are shown in Table 5 bel ow

the yields before and after

[ Tabl e 5]
Feed Hydroprocessi | Fluidized | Transal kyl ati on
ng catal ytic
cracki ng
H consunption 1.186 - 0. 224
Coke - 11. 027 11. 027
HS 0. 417 0.420 0. 420
H - 0. 065 0. 065
Paraffin + AQefin 4. 680 5.376 24. 745 27.575
Et hyl ene - - 1.766 1. 766
Pr opyl ene - - 4.119 4.119
But yl ene - - 2.124 2.124
Napht hene 0. 502 1.744 0. 493 0.179
Tot al anount of | 84.121 80. 020 56. 661 54. 360
aronati cs
1-ring aromatics 39. 024 71.331 28. 561 26. 260
1-ring aronatics| 26.951 27.281 25. 404 24,031
not having naphthenic
ring
BTX + 9. 431 5. 904 18. 428 20. 070
B+ X 1.473 0.723 6.941 20. 070
T+ Q@ 7.958 5. 180 11. 487 -
B 0. 024 - 0. 686 2. 649
T 0. 344 0. 097 3. 557 -
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X 1. 449 0.723 6. 255 17. 421
6°] 7.614 5. 084 7. 930 -
1-ring aromatics| 12.072 39. 892 3. 157 2.228
having one naphthenic
ring
1-ring aromatics - 4,157 - -
having two naphthenic
rings
2-ring aronatics 40. 975 8. 027 25.123 25.123
2-ring aronatics| 38.398 4. 295 23.590 23.590
not having naphthenic
ring
2-ring aromatics| 2.577 3. 599 1.533 1.533
having one naphthenic
ring
2-ring aromatics - 0.134 - -
having two naphthenic
rings
3-ring aronatics 4.123 0. 662 2.977 2.977
Q hers 10. 697 13. 630 1.890 1. 890

As shown in Table 5 above, it can be ascertained that,
after the transal kyl ation, benzene was increased by 285.5%
and xylene, is increased by 178.5% conpared to the
transal kyl ati on feed. Further, it can be ascertained that,
after the transal kylation, the sum of benzene and xyl ene was
i ncreased by about 189. 1%

Since the transal kylation is not a deconposition process,

the anmount of ol efins was not additionally increased.

Exanpl e 2

Exanple 2 was carried out using the sane feed and
reaction conditions as in Exanple 1.
Further, Exanple 2 was carried out in the sane nmanner as

in Exanple 1, except that i) aromatic conponents of 2 rings or
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nore, ii) 1l-ring aromatics that cannot be converted into raw
materials of high value-added aromatic products because they
have a hydrocarbon group of two or nore carbon atons, iii) 1-
ring aromatics that are not high val ue-added aronatic products
and cannot be converted into raw materials of high val ue-added
aromati c products because they have a naphthenic ring and iv)
ot her conponents that are not high value-added aromatic
products and cannot be converted into raw materials of high
val ue-added aromatic products, the conponents i), ii), iii)

and iv) having been produced by the fluidized catalytic

cracking step after the hydroprocessing step, wer e
recircul ated such that these conponents i), ii), i1ii) and iv)
were mxed with the light cycle oil introduced into the

hydr opr ocessi ng step.
The conpositions of light cycle oil, Exanple 1 and

Exanpl e 2 used as raw materials are shown in Table 6 bel ow

[ Tabl e 6]
Feed Exanpl e 1 Exanpl e 2

H consunption 1.410 2.159
Coke 11. 027 18. 806
H,S 0. 420 0. 420
H 0. 065 0. 110
Paraffin + Qefin 4. 680 27.575 39. 791
Et hyl ene - 1.766 2. 852
Pr opyl ene - 4.119 6. 840
But yl ene - 2.124 2. 556
Napht hene 0. 502 0.179 0. 296
Total amount of aronatics 84. 121 54. 360 33. 044
1-ring aromatics 39. 024 26. 260 33.044
1-ring aronatics not havi ng 26. 951 24. 031 33.044

napht heni c ring
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BTX + O 9.431 20. 070
B+ X 1. 473 20. 070
T+ 7.958 -
B 0. 024 2. 649 4. 209
T 0. 344 - -
X 1. 449 17. 421 25. 978
(6°) 7.614 -
1-ring aronatics havi ng one 12. 072 2.228 -
napht heni c ring
1-ring aronatics having two - - -
napht heni ¢ rings
2-ring aronatics 40. 975 25.123 -
2-ring aronatics not havi ng 38. 398 23.590 -
napht heni c ring
2-ring aronatics having one 2.577 1.533 -
napht heni c ring
2-ring aromatics having two - - -
napht heni ¢ rings
3-ring aronatics 4,123 2.977 -
QG hers 10. 697 1.890 -

As shown in Table 6 above, it can be ascertained that, in
Exanple 2, the recirculation step was additionally perforned,
so aromatic conponents of 2 rings or nore were scarcely
included, and the vyield of olefins such as ethylene,
propyl ene, butylene and the Ilike was greatly increased.
Further, it can be ascertained that the yield of aromatics
such as benzene and xylene was al so greatly increased conpared
to that of Exanple 1 in which the recirculation step was not
i ncl uded.

Consequently, there is an advantage in that high val ue-
added aromatics and ol efins can be obtained in a high yield by

the recircul ation step

Exanpl e 3
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Exanple 3 was carried out using the sane raw naterials
and reaction conditions as in Exanple 1.

Further, Exanple 3 was carried out in the sane nmanner as
in Exanple 1, except that a step of recirculating i) aromatic
conponents of 2 rings or nore, ii) 1-ring aronatics that
cannot be converted into raw materials of high val ue-added
aronati c products because they have a hydrocarbon group of two
or nore carbon atons, iii) 1-ring aromatics that are not high
val ue- added aromatic products and cannot be converted into raw
materials of high value-added aromatic products because they
have a naphthenic ring and iv) other conponents that are not
hi gh val ue-added aromatic products and cannot be converted
into raw naterials of high val ue-added aromatic products, the
conponents i), ii), iii) and iv) having been produced by the
fluidized catal ytic cracking process after the hydroprocessing
step, and thus mxing the conponents i), ii), 1ii) and iv)
with the light cycle oil introduced into the hydroprocessing
step; and a step of recirculating the conponents havi ng passed
through the transalkylation step and required to be re-
deconposed, and thus mxing these conponents wth the
partially-saturated light cycle oil introduced into the
fluidized catalytic <cracking process were additionally
per f or ned.

The conpositions of light cycle oil, Exanple 1, Exanple 2

and Exanple 3 used as raw naterials are shown in Table 7



bel ow.

[ Tabl e 7]
Feed Exanmple 1 Exanpl e 2 Exanpl e 3
H consunption 1. 410 2.159 2.163
Coke 11. 027 18. 806 18. 806
HS 0. 420 0. 420 0. 420
H 0. 065 0. 110 0.110
Paraffin + Aefin 4. 680 27.575 39. 791 39. 855
Et hyl ene - 1. 766 2. 852 2.852
Pr opyl ene - 4.119 6. 840 6. 840
But yl ene - 2.124 2. 556 2.556
Napht hene 0. 502 0.179 0. 296 0. 296
Total anmount of aromatics| 84.121 54. 360 33.044 32.981
1-ring aromatics 39. 024 26. 260 33.044 32.981
1-ring aromatics not 26. 951 24.031 33.044 32.981
havi ng napht heni c ring
BTX + O 9.431 20. 070 30. 187 30. 366
B+ X 1.473 20. 070 30. 187 30. 366
T+ Q@ 7.958 - - -
B 0. 024 2. 649 4. 209 4.217
T 0. 344 - - -
X 1. 449 17. 421 25. 978 26. 148
(6°) 7.614 - - -
1-ring aromatics having| 12.072 2.228 - -
one naphthenic ring
1-ring aronatics - - - -
havi ng two napht heni ¢ ri ngs
2-ring aronatics 40. 975 25.123 - -
2-ring aromatics not 38. 398 23.590 - -
havi ng napht heni c ring
2-ring aronatics 2.577 1.533 - -
havi ng one napht heni ¢ ring
2-ring aronatics - - - -
havi ng two napht heni ¢ ri ngs
3-ring aronatics 4.123 2.977 - -
Q hers 10. 697 1.890 - -

As shown in Table 7 above, it can be ascertained that,
since the two recirculation steps were additionally perforned
t he anount

in Exanple 3, of ethylene was increased by 61.5%

the anount of propylene was increased by 66.1%(=6.840/4.119)
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and the anmount of butyl ene was increased by 20.3% conpared to
those of Exanple 1. Further, it can be ascertained that, in
Exanpl e 3, the amounts of benzene and xyl ene, which are high
val ue-added aronatic conponents, were greatly increased by
about 599% =4. 217/ 2. 649) and about 509 =26. 148/ 17. 421) ,

respectively.

Conpar ative Exanple 1

In Conparative Exanple 1, the same feed as in Exanple 1
was used, and this feed was passed through a hydroprocessing
step, a fluidized catalytic cracking step and a separation
st ep.

Here, the conditions applied to each of the steps were

the sane as those of Exanple 1.

Conpar ati ve Exanple 2

Conparative Exanple 2 was carried out in the same manner
as in Conparative Exanple 1, except that, in the separation
step, i) aronatic conponents of 2 rings or nore, ii) 1-ring
aronmatics that cannot be converted into raw materials of high
val ue- added aromatic products because they have a hydrocarbon
group of two or nore carbon atons, iii) 1-ring aromatics that
are not high value-added aromatic products and cannot be
converted into raw materials of high value-added aronatic

products because they have a naphthenic ring and iv) other
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conponents that are not high val ue-added aromati ¢ products and
cannot be converted into raw materials of high val ue-added
aronmatic products were recirculated into the hydroprocessing
st ep.

The results of conparing Conparative Exanples 1 and 2

with Exanples 1 to 3 are shown in Table 8 bel ow

[ Tabl e 8]
Feed Exanpl e | Exanpl e | Exanpl e | Conp. Conp.
1 2 3 Exanpl e| Exanpl
1 2
H consunption 1. 410 2.159 2.163 1.186 1.830
Coke 11. 027 18. 806 18.806 | 11.076 | 18.806
H,S 0. 420 0. 420 0.420 0.004 | 0.420
H 0. 065 0. 110 0.110 0.066 | 0.110
Paraffin + Aefin 4. 680 27.575 39. 791 39.855 |24.824 | 35.573
Et hyl ene - 1.766 2. 852 2.852 1.773 | 2.852
Pr opyl ene - 4,119 6. 840 6. 840 4,137 | 6.840
But yl ene - 2.124 2. 556 2.556 2.134 | 2.556
Napht hene 0. 502 0.179 0. 296 0. 296 0.495 | 0.841
Tot al anount of | 84.121 | 54. 360 33. 044 32.981 |56.913 | 36.387
aronati cs
1-ring aromatics 39.024 | 26.260 33. 044 32.981 | 28.688 | 36.387

1-ring aronatics| 26.951 | 24.031 33. 044 32.981 |25.517 | 34.755
not having naphthenic

ring
BTX + O 0. 024 20. 070 30. 187 30.366 | 18.510| 27.908
B + X 0.344 20. 070 30. 187 30.366 | 6.972 | 10.768
T+ 1. 449 11.538 | 17. 140

12.072 2. 649 4. 209 4,217 0.689 | 1.164

- - - - 3.573 | 6.116

40.975 | 17.421 25. 978 26.148 | 6.282 | 9.604

8><—|CD

38. 398 - - 7.966 | 11.024

1-ring 2.577 2.228 - - 3.171 | 1.632
aromatics having one
napht heni c ring

1-ring aromatics - - - - - _
having two naphthenic

rings
2-ring aronatics 4,123 25.123 - - 25.234 -
2-ring aronatics| 10.697 | 23.590 - - 23. 695 -
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not having naphthenic

ring

2-ring aronatics 1.533 - - 1.539 -
having one naphthenic
ring

2-ring aronatics - - - - _
having two naphthenic

rings
3-ring aronatics 2.977 - - 2.991 -
Q hers 1.890 - - 1.898 -

As shown in Table 8 above, it can be ascertained that the
yi el ds of benzene and xylene of Exanples 1 to 3 in each which
l'ight cycle oil was treated according to the present invention
were greatly increased conpared to those of Conparative
Exanpl es 1 and 2.

Particularly, it can be ascertained that, in the case of
Exanple 3 including the two recirculation steps, aronatic
conponents of 2 rings or nore scarcely existed, and that the
yields of high value-added olefins and high value-added
aronmatics of Exanple 3 were greatly high conpared to those of

Conparative Exanples 1 and 2

Accordingly, any and all nodifications, variations or
equi val ent arrangenents should be considered to be within the
scope of the invention, and the detailed scope of the

invention wll be disclosed by the acconpanying clains.
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CLAI M5

1. A method of producing aromatic products and ol efinic
products from an aromatic conpound-containing oil fraction,
conprising the steps of:

(a) hydroprocessing an aromati c conpound-containing oil
fraction in the presence of a catalyst to partially saturate
conponents in the oil fraction;

(b) catalytic cracking the conponents partially saturated
in step (a) in the presence of a cracking catalyst which is a
spherical catal yst conprising an anorphous solid acid including
silica and alumna or conprising a crystalline zeolite
nol ecul ar sieve having a silica/alumna nolar ratio of 300 or
| ess and a pore size of 4 ~10 A (Angstrom;

(c) separating the conponents cracked in step (b) into
(i) benzene, toluene, xylene and aronatic conponents of 9 or
nore carbon atons, (ii) olefin conponents and (iii) a residual
oil fraction; and

(d) carrying out transal kyl ati on of benzene, toluene and
aronmatic conponents of 9 or nore carbon atons separated in

step (c).
2. The method of claim 1, wherein, in step (a), the

catalyst includes at |least one carrier selected from anong

alumna and silica, and includes at |east one netal selected
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fromanong group 6 netals, group 9 netals and group 10 netal s.

3. The nethod of claim 2, wherein the netal is at |east
one selected from anong cobalt, nolybdenum nickel and

t ungst en.

4. The method of claim 1, wherein the aromatic conpound-

containing oil fraction includes 5 w%or nore of aromati cs.

5. The nethod of claim 1, wherein the aromatic conpound-
containing oil fraction is any one selected from anmong raw
pyrol ysis gasoline (RPG, heavy raw pyrolysis gasoline (heavy
RPG, treated pyrolysis gasoline (TPG, reformate, heavy
aromatics, kerosine, jet oil, atnospheric gas oil, FCC
gasoline, light cracked naphtha, heavy cracked naphtha, FCC
decanted oil, vacuum gas oil, coker gas oil, coker diesel,

coker naphtha, heavy and reduced petroleum crude oil,

petrol eum atnospheric distillation bottom oil, petroleum
vacuum distillation bottom oil, pitch, asphalt, bitunen, tar
sand oil, shale oil, liquid products derived from coal

i quefaction processes, heavy hydrocarbon residues), and

conbi nati ons t her eof .

6. The nmethod of claim 1, wherein the catalyst for

catalytic cracking is prepared by mxing 10 ~ 95 w% of at
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| east one zeolite nolecular sieve selected from the group
consisting of faujasite (FAU), nordenite (MR and zeolite
beta (BEA) with 5 ~ 90 w% of an inorganic binder selected
from anong alumna and clay and then spray drying the mxture

to have a particle size of 10 ~ 300 um.

7. The method of claim 1, wherein, in step (c), the
residual oil fraction includes i) aronmatic conponents of 2
rings or nore, i) 1-ring aronmatic conponents having a
hydrocarbon group of two or nore carbons, and iii) 1-ring

aronati ¢ conponents havi ng a napht heni c ring.

8. The nethod of claiml1, further conprising the step of
recirculating the residual oil fraction separated in step (c)

to step (a).

9. The nmethod of claim 1 or 8, further conprising the
step of separating naphthalenes from the residual oil
fraction.

10. The nethod of claim 1, further conprising the step of
recirculating the residual oil fraction separated in step (c)

to step (b).

11. The nethod of any one of clains 1, 8 and 10, further
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conprising the step of recirculating the aromati c conponents

of 11 or nore carbon atons produced in step (d) to step (b).

12. The nethod of any one of clains 1, 8 and 10, further
conprising the step of separating ethylene, propylene and
butylene from the olefine conponents and then refining and

producti zi ng each of them

13. The nethod of any one of clains 1, 8 and 10, further
conprising the step of separating para-xylene from mxed
xyl ene produced by the transalkylation, after the step of

transal kyl ati on.

14. The nethod of claim 14, further conprising the step
of separating para-xylene from m xed xylene produced by the

transal kyl ati on, after the step of transal kyl ati on.

15. The nethod of claim 13, further conprising the steps
of: isonerizing the mxed xylene having passed through the
step of separating the para-xylene; and recirculating the

i sorreri zed m xed xylene to the step of transal kyl ati on.

16. The nethod of claim 14, further conprising the steps

of: isonerizing the mxed xylene having passed through the

step of separating the para-xylene; and recirculating the
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i soreri zed m xed xylene to the step of transal kyl ati on.

17. The nmethod of claim 1, wherein the aromatic products

and olefinic products include ethylene, propylene, butylene,

5 napht hal enes, benzene and xyl ene.

43



