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0,00 Propane 0.00 Butane 0,00 Naphtheng 0,50 Total of Aromatics 84.12 Total
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changed as shown in Table 3 bel ow ) .
For example, it is possible to use any materials selected from the group consisting of

oils derived from oil, such as raw pyrolysis gasoline (RPG), heavy raw pyrolysis
gasoline (heavy RPG), treated pyrolysis gasoline (TPG), reformate, heavy aromatics,
kerosene, jet oil, atmospheric 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, petroleum atmospheric distillation
bottom, petroleum vacuum distillation bottom, asphalt, bitumen, tar sand oil, shale oil,
liquid/solid products obtained by coal liquefaction or coal carbonation, such as coal tar,
tar oil, light oil, phenolic oil or carbolic oil, naphthalene oil, wash oil, anthracene oil,
light anthracene oil, heavy anthracene oil and pitch, products derived from wood car-
bonation, such as wood tar, hardwood tar, resinous tar, and combinations thereof.

[14] The schematic block flow diagram for the method according to the present invention
is shown in FIG. 1. With reference to FIG. 1, the oils are introduced into a hydro-
genation and reaction area. As the amount of aromatic components of the oils is
increased, valuable aromatics may be favorably produced.

[15] According to the present invention, polycyclic aromatic components may be partially
saturated and cracked in the hydrogenation and reaction area. The hydrogenation and
reaction area includes a hydroprocessing unit and a hydrocracking unit. As such, hy-
droprocessing and hydrocracking may be performed in any sequence whatsoever.
Specifically, the feed may be introduced into the hydroprocessing unit and then the hy-
drocracking unit, or into the hydrocracking unit and then the hydroprocessing unit.

[16] The hydroprocessing unit of the hydrogenation and reaction area is configured such
that hydrogen is supplied from the outside, and the oils are hydrotreated in the
presence of a hydroprocessing catalyst. The hydroprocessing reaction achieves the
partial saturation of aromatic components including two or more aromatic rings. Such
hydroprocessing must not saturate an aromatic component having one aromatic ring.
This is because the aromatic component having one aromatic ring is a valuable
aromatic component or may be converted into a valuable aromatic component by
transalkylation which will be described later.

[17] In the hydroprocessing unit, the aromatic components including two or more
aromatic rings are saturated in such a manner that the aromatic rings other than only

one aromatic ring are saturated. This is because it is not easy to perform the cracking



[57] Table 3 [Table 3] Conposition Feed ,Anmount After Hydroprocessing
Paraffin 4.68 5,38 Ethane 0.00 0,01 Propane 0.00 0,01 Butane 0.00 0,01
Napht henew0.262/53844 Total of Aromatics 84,12 80, 02 Tot alPCRfKRRoT1/00g852
Aromatics 39.02 71.33 1-ring Aromatic w thout naphthenic ring 26.95 27.28 B
0.02 0.00 T 0.34 0.10 X 1.72 0.84 C9 7,61 5.08 C10 11.55 10.39 1-ring
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napht heni ¢ r iimguding a reaction pressure of 20 ~ 100 kg/cr, a reaction temperature of 150 ~ 450°C,
and a liquid hourly space velocity (LHSV) of 0.1 ~ 4.5 hrl.

[19] Also a catalyst used in the hydrprocessing unit may comprise a carrier composed of
either or both of alumina and silica, and one or more metals selected from the group
consisting of metals of Groups 6, 9, and 10. Particularly useful are one or more metals
selected from the group consisting of cobalt, molybdenum, nickel and tungsten.

[20] Upon hydroprocessing, not only partial saturation of the aromatic rings but also
desulfurization, denitrogenation and deoxygenation that are conducted to remove im-
purities such as sulfides, nitrogen or oxygen compounds from the oils may be carried
out. For this process of producing aromatics, the removal of impurities is very
important, and all impurities like sulfur, nitrogen and oxygen should be removed
before being fed to the transalkylation process. Generally Oxygen level of oils from tar
and wood is very high. Hence, the impurities in the oils may be easily removed without
the need to also remove the impurities.

[21] Upon hydroprocessing, the partially saturated feed is fed to the hydrocracking unit. A
hydrocracking catalyst used in the hydrocracking unit may be composed of one or
more kinds of zeolite having a pore size of 4 A (Angstroms) or more, which may be
optionally modified with a binder and one or more metals selected from among metals
of Groups 6, 9 and 10. The zeolite may include but is not limited to, MOR, MEL,
FAU, BEA, etc., and the binder may include silica, alumina, clay, etc., which may be
used alone or in combinations thereof.

[22] Hydrocracking plays a role in breaking a naphthenic ring or a long branch with two
or more carbons attached to a 1-ring aromatic compound, in the presence of added
hydrogen. As such, hydrocracking does not produce olefins, unlike catalytic cracking.
According to the reaction mechanism, the cracked naphthenic ring is an unsaturated
hydrocarbon (i.e. an olefin), which is unstable and thus easily binds with the other hy-
drocarbons around it. This reaction hinders the production of a desired aromatic
component or may cause polymerization to produce coke thus undesirably deactivate
the catalyst. Thus, hydrogen is added to the unsaturated hydrocarbon, which is thus
converted into a saturated hydrocarbon that is stable. For this reason, hydrocracking
requires a supply of hydrogen unlike catalytic cracking. The purpose of hy-
droprocessing is, for the aromatic components having two or more aromatic rings,
partially saturating the aromatic rings other than the one aromatic ring, so that the
naphthenic ring may be broken thus forming valuable aromatic components or
materials that can be used to make aromatic components in subsequent procedures.

[23] To obtain the above results, the hydrocracking unit may operate under conditions



2.58 3.60 2-ring Aromatic with two naphthenic rings 0.00 0.13 Total of
3-ring Aromatics 4.12 0.66 Ot hers 10,70 13.63 [58]As is apparent from

Tabl e 3, weforxsegadr opr ocessi ng, the anmount of the conpenemxr0imolasdi ng two
or nore aromatic rings was consi derable but was drastically reduced after
hydr opr ocessi ng. Al so the amount of the 1-ring aromatic conponent was 11
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Napht hene 0, 30,174 1.51 Total of Aronatics 84.12 80.02 59,98 Total of

1-ring Aromatics 39.02 71.33 55.52 1-ring Aromatic w thout naphthenic
ring [25] Heavy oils having 11 or more carbons may be converted into valuable aromatic

components or valuable paraffin components, and are thus recirculated back to the hy-
drogenation and reaction area. Among the heavy oils obtained by the main separation
column, the amount of oils passing through the hydroprocessing unit and the hydro-
cracking unit may vary depending on the feed but is about 40% of the total of supplied
oils, and after recirculation, the amount of oils which should be further recirculated is
less than just 15% of the total.

[26] The hydrocarbonaceous components having 5 or fewer carbons that were separated
by the main separation column are further separated into off-gas and paraffin
components by light separation. The paraffin components include 2 or more carbons
such as ethane, propane, butane, etc.

[27] The hydrocarbonaceous components having 6 ~ 10 carbons that were separated by
the main separation column are fed to the aromatic separation process and the
transalkylation process. As such, among the hydrocarbonaceous components having 6
~ 10 carbons, saturated hydrocarbons including cyclohexane are fed to an additional
reformer. A portion of the oils reformed to be unsaturated using the reformer is fed to
the aromatic separation process and the transalkylation process, and the unconverted
oils may be fed to the main separation column or the light separation process. The
reformer functions to convert the saturated hydrocarbons into aromatic components at
about 400 ~ 600°C using a Pt/Al,Os, Pt-Re/Al,O; or Pt-Sn/Al,O; catalyst in a hydrogen
atmosphere. The products obtained by the reformer may include benzene, toluene and
xylene, and such unsaturated hydrocarbons are fed to the aromatic separation process
and the transalkylation process.

[28] The hydrocarbonaceous components having 6 ~ 10 carbons separated by the main
separation column (and the reformer) are transferred to the aromatic separation process
and the transalkylation process. As such, aromatic separation and transalkylation may

be performed in any sequence whatsoever. Specifically, (i) the hydrocarbonaceous



26,95 27.28 52.72 B 0,02 0.00 1.79 T 0,34 0.10 9.04 X 1.72 0,84 16,44 C9
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separation process, after which a portion of the separated oils is transferred to the
transalkylation process, thus obtaining a mixture comprising benzene, toluene, xylene,
and hydrocarbonaceous components having 9 or more carbons, after which this
mixture is further mixed with the remainder of the oils that were not transferred to the
transalkylation process, followed by feeding the resulting mixture to the aromatic
separation process, thereby recovering the desired aromatics, or (ii) the hydrocar-
bonaceous components having 6 ~ 10 carbons may be directly transferred to the
transalkylation process, thus obtaining a mixture comprising benzene, toluene, xylene,
and hydrocarbonaceous components having 9 or more carbons, after which this
mixture may be fed to the aromatic separation process, thus recovering the desired
aromatics.

[29] Upon the transalkylation, dealkylation of alkylaromatic compounds having 9 or more
carbons and the transalkylation between benzene and aromatic compounds having 9 or
more carbons occur simultaneously along with disproportionation of toluene in the
presence of a catalyst and transalkylation between toluene and aromatic compounds
having 9 or more carbons.

[30] Such dealkylation is an important reaction that produces toluene necessary for dis-
proportionation and transalkylation. Also, transalkylation between benzene and
aromatic compounds having 9 or more carbons is regarded as important because it
produces toluene and xylene.

[31] On the other hand, olefins including ethylene, propylene, etc., produced by
dealkylation, have to be rapidly hydrogenated. Unless such olefins are rapidly hy-
drogenated, they are re-alkylated to aromatic compounds, ultimately lowering the rate
of conversion of aromatic compounds having 9 or more carbons. Furthermore, olefins
themselves may cause polymerization or the like, undesirably facilitating the
production of coke that deactivates the catalyst.

[32] The catalyst used for transalkylation is not limited, but may include a catalyst
disclosed in US Patent No. 6,867,340 by the present applicant.

[33] Specifically transalkylation is performed using a catalyst comprising a carrier
composed of 10 ~ 95 wt% of beta-zeolite or modernite having a molar ratio of silica/
alumina adjusted to 20 ~ 200 based on alumina and 5 ~ 90 wt% of one or more
inorganic binders selected from the group consisting of gamma-alumina, silica, silica
alumina, bentonite, kaolin, clinoptilolite and montmorillonite, and a hydrogenation
metal composed of, based on 100 parts by weight of the carrier, 0.001 ~ 0.5 parts by
weight of one or more metals selected from the group consisting of platinum, tin,

indium and lead. The other properties of the catalyst are to be found in the above



feed after hydroprocessing, the anmount -of benzene and xyl ene which are

val uabl e aromati c conponents was increased by 2000% or nore. Also, the
anount ofwoab12arssg48C9/ C10 which are the material s used tProTmEee11/d0e852
benzene/ xyl ene by subsequent transal kyl ati on was i ncreased by about 109%
Upon hydrocracking, only paraffin, not olefin, was produced. [63] Anpong the
conmponents priggserd by hydrocracking, |ight paraffins were recovered, and

h fe he t | kyl at i :
R D o O R e A
conpri si ng 5@ons¥l @b nmomclenb neakk aviuablearomdtarcongionentefarsidcbvaddlandilea of 90

and 50 wt % of, M ﬁﬂﬁ%gﬁrogé&%%fl g@fﬁ]gu&?ar% S0, Den e O ueﬂ@ o’&&% oM and

0.5 parts by ereon e ‘conp 0si L)
products obt @Wd}@aanbyn& hayihed Rlyllnatel q@rbang pstsiyegd b}htrar&blkéflambmad\be fpéuya Tabl e

5 [Table 3] Q?%Q%fdcbé%r\v}ﬁ@l?@ﬂf@@bl&brlﬁéd Bter WQBQW&%é%éMatﬁJntﬁBcess In the
Hydr ocr acki ng ﬁfter Transal kyl ati on Paraffin 4.68 5. @;gOQ)O 8 Et hane

0.00 0,01 0. XYleBe PECPISoIFRARIDE FAragRybenedrop Xy §ne Bl ‘F?énRS’S 0-19. 25
20. 18 Napht hepenb, béta-kylkhe tindpa@-xqLndpirl is@herdingaikixgtn84nitRrd86th&2hmd. 98
53.76  Total_of 02.71.33 55.52 49.30 1-ring Aronmatic

ri.nga Aronatics 3
oCihout mapnPRBrele RS SELERERage BEtddi 3205 003 0. 00 1076

[35] Also, para-xylene (p-X) separation for separating only para-xylene from xylene
mixture may be performed using a technique known in the art, such as adsorption,
crystallization, etc.

[36] Because para-xylene is much more valuable than ortho-xylene or meta-xylene, the
separation and recovery of only para-xylene is favorable.

[37] The xylene components including ortho-xylene and meta-xylene, except for para-
xylene, may be transferred to the xylene isomerization process. Among the xylene
mixture produced by aromatic separation, para-xylene, meta-xylene, and ortho-xylene
are in a state of equilibrium. Because only para-xylene is separated by the above
separation, the xylene mixture other than para-xylene are equilibrated using a catalyst,
whereby para-xylene which is economically valuable may be additionally obtained.

[38] On the other hand, the method according to the present invention may include re-
covering at least a portion of aromatics, for example, benzene and xylene mixture,
from among aromatics resulting from transalkylation and xylene process, and recir-
culating the unconverted oils. Specifically, a portion of benzene and toluene among
aromatics resulting from transalkylation may be recirculated back to the aromatic
separation process and may thus be further fed to the transalkylation process, and also
may be recirculated back to the hydrogenation and reaction area from the aromatic
separation process. Moreover, in the xylene isomerization process, oils which were not
isomerized into para-xylene may be recirculated back to the aromatic separation
process, and thus may be fed to the transalkylation process or the xylene process.

[39] Accordingly, all of the oils obtained from the xylene isomerization process may be
recirculated back to the transalkylation process and the para-xylene separation process
via the aromatic separation process, thus additionally obtaining para-xylene.

[40] Specifically, the recirculation procedure from the transalkylation process and the
xylene isomerization process to the aromatic separation process may increase the yield
of para-xylene, and improvements in the yield of paraffins and valuable aromatics are
possible without performing additional treatment and without wasting any materials

thanks to the recirculation from the aromatic separation process to the hydrogenation



7.95 T 0,34 0.10 9,04 0.00 X 1.72 0.844l6.44 34.89 C9 7,61 5.08 15.14 0.00
Cl10 11.55 10.39 8.34 2.83 1-ring Aromatic with one naphthenic ring

12. 07 39.180 28123384874 1-ring Aromatic with two naphthemRrR20ri/00g$s20. 00
4.16 0.30 0.30 Total of 2-ring Aromatics 40.98 8.03 4,41 4.41 2-ring
Aromatic. w thout naphthenic ring 38,40 4,29 2.57 2,57 2-ring Aromatic
wi th one naphhdentGod ieg 2. 58 3,60 1,84 1 84 2 ring Aromatic vm'th tvvo
naphthe[égc rings 0,.00 0.13 0,00 0.00 Tot of .3 agfeébéf?d%'cs 66

0.06 0 O h cscordmg to embodirhents of the presen 1nvent10n Fas derive from 011
or coal tar derived from coal is introduced into the hydrogenation and reaction area that
performs hydroprocessing and hydrocracking. The oils cracked in the hydrogenation
and reaction area are fed to the main separation column so that they are separated into
(1) components having 6 ~ 10 carbons, (i1) light paraffin components, and (iii) hydro-
carbonaceous components having 11 or more carbons.

[42] After being separated by the main separation column, (iii) the oils having 11 or more
carbons are mixed with the above feed and then recirculated back to the hydrogenation
and reaction area.

[43] By such recirculation, aromatic components having two or more rings may be
cracked to a 1-ring aromatic component using hydroprocessing and hydrocracking
catalysts, and hydrocarbonaceous groups having two or more carbons or naphthenic
rings may also be cracked and converted into valuable aromatic components or
materials to make valuable aromatic components.

[44] When the recirculation is performed in this way, the amount of aromatic components
having two or more rings may be drastically reduced, compared to when recirculation
is not performed. Furthermore, the amount thereof which is converted into valuable
aromatics or materials to make valuable aromatics may be considerably increased.

[45] Also, because the composition of (i) the components having 6 ~ 10 carbons varies
depending on the feed used in examples, the aromatic separation process, the
transalkylation process, and the xylene process may be differently configured to suit
the properties of the components, and the unconverted oils are recirculated to the hy-
drogenation and reaction area.

[46] When the configuration of these processs is changed and the recirculation is addi-
tionally used as mentioned above, unnecessary components are prevented from accu-
mulating upon transalkylation and xylene process, and the components which are not
used as materials to make valuable aromatic components may be converted into
valuable aromatic components, thus increasing the yield of valuable aromatics. The re-
circulation effects are described in detail in the following Examples 1 and 2.

[47] In order to additionally explain the principle of the present invention, the examples
are described below, but the present examples are not supposed to limit the scope of

the present invention as envisioned by the present inventors.

[48]

[49] EXAMPLE

[50] [Example 1] Production of Valuable Aromatics and Light Paraffins from LCO
[51] Production of Valuable Aromatics and Light Paraffins from LLCO using Hydro-

genation Reaction, Aromatic Separation, and Transalkylation



10.70 13.63 1.99 1.99 13 WO 2012/ 053848PCT/ KR2011/ 007852 [65] As is
apparent from Table 5, conpared to the feed before transal kyl ati on, the
feed aftewotzoensad4kyl ati on had benzene as the val uabl e acoma2oci/wessponent ,
t he amount of which was increased by 345% and xyl ene which further

i ncreased in anount by 112% Because the transal kyl ati on was not a cracking
procedys®, thar@Owesl ia teiddikdrhPeadasicB@beRa®f cihckéBoidmesin®fromi fghd parrafins

not olefins. [66]. [6 P i on of .Val uabl e. Aromat i d Light..

Par af 1 ns. 1 SHAPRE B chedT £ S Hhe BRsre B B At Mg T Rghe oo e

Car bons [ 68JrommFCOenyyr ditfesdepehdipg od uled flegd wial odbhtengaroadiione 8), ant eC saite f eed
and reaction [.Ld I ti t t .
hydr ocar bonaégg{&?réggﬁg%ﬁ‘eqﬁ? eg Lmb%ﬁg%iﬂ%lﬁlﬁﬁ%ggn ggfﬁ%ng gébgs u tnlgntfg;‘”ei‘nr1 om

hydr opr ocessiteigltimgdron FEocyaciepriedvet somadh rlebledt kedowack to t he
hydrogessiti on g 1 eaction area. [69] The LCO feed (AOQ, the product (Al)
obt ai ned wi thgout recirculating hydrocarbons having 11 or nore carbons, and
t he product ([x%leé]ot ai ned by recirculating hydrocarbons having 11 or nore
carbons are shown in Table 6 below 11701Table 6 14 WO

igli/soggBSgP(E,tl Lﬁi’#ﬁ%”éﬁﬁiohpb%h gr 21\2;2”202%[ ] gn Am@imh/;z Paraffin 4.68
. . ' ; | ut ane 0. 00
20.18 22.97 N @gpiiichenc 0.50 0.02 0.02 Total of Aromatfics 84} 12 53.76 49.69
oAl ol 1 T RS 59,02 10, 300 o T T ARy v thout
?ropane 0.00
Butane 0,00
Naphthene 0.50
Total of Aromatics 84,12
Total of 1-ring Aromatics 39.02
1-ring Aromatic without naphthenic ring 26.99
B 0.02
T 0.34
X 172
CY 161
C10 11,95
1-ring Aromatic with one naphthenic ring 1207
1-ring Aromatic with two naphthenic rings 0.00
Total of 2-ring Aromatics 40.98
2-ring Aromatic without naphthenic ring 38.40
2-ring Aromatic with one naphthenic ring 2.58
2-ring Aromatic with two naphthenic rings 0.00
Total of 3-ring Aromatics 412
Others 10.70
[54] The above feed was introduced into a hydroprocessing unit. Hydroprocessing was

performed in a fixed-bed reactor in the presence of a nickel-molybdenum combined
catalyst. The hydroprocessing reaction conditions are shown in Table 2 below.
[55] Table 2



0.34 0,00 0.00 X 1.72 34,89 39.72 C9 7,61 0,00 0.00 C10 11.55 2.83 0.91
l1-ring Aromatic with one naphthenic ring 12.07 1.74 0,00 1-ring Aromatic

wi th two wephtdrsss4s rings 0.00 0.30 0.00 Total of 2-ringCAReatiw3ss40. 98
4.41 0.00 2-ring Aromatic wi thout naphthenic ring 38.40 2.57 0.00 2-ring
Aromatic with one naphthenic ring 2.58 1.84 0.00 2-ring Aromatic wth two
napht heni ¢ ringsge 0} 00 0,00 0,00 Total of 3-ring Aromatics 4.12 0,06 0, 00

QG hers 10.70 1.99 0,00 [71] As is apparent from Table 6, recirculation was
additional ly ifr&lsgrned, Whereby tHhe aronmati ¢ Conmpof LQ'Z‘ME) flaving two or nore
rings were ex Eal d and as the valuable aronatic com &énts| benzene was

i ncreased by 148atantindtiglsene was further increased by 14% The total of

i ght paraffil neased Dy about 14% Thereror hi gher yields of the
val uabl e ar onmmmmm—b%@ned%:ause of

recircul ati onjlHpW®]' [73] Production of Valuabl e Arobatics and Light

Paraf fins frol cul atiron of Unconvefted s after
Transal kvl ati ¢ RE&CWJ%&\&%QC process—of—produci-ng V%O{)}au. e—aronmati cs by
recircul ating the hydrocar bonaceous conponents having 11 or nore carbons to
t he hydf@proc eﬁsmérngdmp'mcpssﬁrhge tisarvenfositichn aved chagetl iao shayanhi Tabdn3 balewe

appl i ecﬂ Wi th xception that, anong val uable aromatic conponents

resul ti n from A ransal kyl ation, a portion of benzene, 15 WO

2012/ 053848PET#HEBD11/ 007852 t ol uene and xyl ene was recovered via the
aromati c separation process, and the remainder thereof was repetitively

recircul ated back to the transal kyl ation prcp@@ss and t he hydrogenation and
reaction areal [75] The Lowmoised (AO), the Apro r Hydmprpeessisg [ai ned wi t hout
recircul ating roduct (A2)
obt ai ned by réeiaficul ati ng hydr ocar bons havji d§8 11 or nre carbons, and the
product (A3) obtgj,ned by reci rTcuI at | ng uncor@:g@rp;t eg E ' v;_/’ oill s after
transal kyl ati ¢ ——Fable—+betov 6f—Fab 7
ropane 0.0 0,01
Butane 0.00 0.01
Naphthene 0.50 174
Total of Aromatics 84,12 80.02
Total of 1-ring Aromatics 39,02 71.33
1-ring Aromatic without naphthenic ring 26,95 27.28
B 0.02 0.00
T {.34 0.10
X 1.72 0.84
CY 161 5.08
C10 11.55 10.39
{-ring Aromatic with one naphthenic ring 12.07 39.89
1-ring Aromatic with two naphthenic rings 0,00 4.16
Total of 2-ring Aromatics 40,98 8,03
2-ring Aromatic without naphthenic ring 3840 4.29
2-ring Aromatic with one naphthenic ring 2.8 3.60
2-ring Aromalic with two naphthenic rings 0.00 0.13
Total of 3-ring Aromatics 112 (.06
Others 10.70 13.63
[58] As is apparent from Table 3, before hydroprocessing, the amount of the components

including two or more aromatic rings was considerable but was drastically reduced

after hydroprocessing. Also the amount of the 1-ring aromatic component was



[ Table 7] Conposition AO Al A2 A3 Paraffin 4.68 49,18 55,98 56.50 Ethane
0.00 5,08 5.78 5.83 Propane 0.00 10.95 12.47 12,51 Butane 0,00 20,18 22.97
23, 02 Naphoher®s88480 0. 02 0,02 0.02 Total of Aromatics @¢TKR2HB/0088549. 69
49,17 Total of 1-ring Aromatics 39.02 49,30 49,69 49.17 1-ring Aromatic

wi t hout naphthenic ring 26.95 47,26 49,69 49.17 B 0.02 7,95 9.05 9,14 T
0.34 0,00 0. GréhsBabbul 8%, and in particular, the amount of the 1-ring aromatic component

having the naphthenic ring was increased from about 12.07 to about 39.89, namely at
least 230%, based on a value of 100 for the feed. The 1-ring aromatic component
having the naphthenic ring may be formed into a valuable aromatic component or a
direct material to make the valuable aromatic component by breaking the naphthenic
ring in the hydrocracking unit.

[59] The products obtained from the hydroprocessing unit were supplied to a hydro-
cracking reactor, so that hydrocracking was carried out. The catalyst used herein was a
combination of cobalt and beta-zeolite, and the reaction temperature was 380°C, and

the reaction pressure was 1200 psig.

[60] After hydrocracking, the composition was changed as shown in Table 4 below.
[61] Table 4
[Table 4]
» Feed After T
Composition Amount|  Hydroprocessing After Hydrocracking

Paraffin 4,68 5.38 40.85

Bthane 0.00 0.01 041

Propane 0.00 0.01 3.20

Butane 009 0.01 19.25

Naphthene 0.50 1.74 1.5

Total of Aromatics 84.12 80.02 59.98

Total of 1~ring Aromatics 39.02 71,43 h5.52

l-rmg Aromatxc without %695 97 98 5970
naphthenic ring

B 0.02 0.00 1.79

T 0,34 0.10 9.04

X 172 0.84 16.44

C9 7.61 5.08 15.14

C10 11,55 10,39 8.34

l—rlgg A_romatxc with onc 19.07 39,89 250
naphthenic ring

1~rmlg A[‘omntm with two 0.00 416 090

naphthenic rings

Total of 2-ring Aromatics 40.98 8.03 441

2~rm'g A.romatlc without 38.40 499 957
naphthenic ring

2-rm'g Aromatm with one 258 260 15
naphthenic ring

2—rm'g Aronnat1c With two 000 03 000

naphthenic rings
Total of 3-ring Aromatics 4,12 0.66 0.06
Others 10.70 13.63 1.99

[62] As is apparent from Table 4, compared to the feed before hydrocracking, namely, the



34,89 39,72 40.02 CO 7.61 0.00 0,00 0.09 C10 11.55 2.83 0,91 0.00 1-ring
Aromatic with one naphthenic ring 12,07 1.74 0.00 0.00 1-ring Aromatic with
two naphtwenor/osssags 0. 00 0,30 0,00 0.00 Total of 2-ringcAnReati/w3ss40. 98
4.41 0,00 0.00 2-ring Aromati c w thout napht henic ring 38,40 2.57 0,00 0.00
2-ring Aromatic with one naphthenic ring 2.58 1.84 0,00 0.00 2-ring

ﬁr oma: iC vm'4t ?ezdd\(l)@tegﬁﬂﬁbﬁ%ﬂésfggf ch thﬁ%n&u?gof(beﬁﬂengéﬁg XQLngwggﬂladr% gziluﬁﬂél ng
romatics

apparent fr or?‘f%arﬂcec‘)‘?iPOP%W W&‘%}“&ﬁa?ﬁﬁi %%070@5’1 PR (M5 (6 afT}OE‘P@%Af \‘??ilé &by the
anount of belAOH) whthyayd énenamriathusad ¢o make dlelbenzamehmtene bg onipegemt s was

I ncreased b . f

pr opane andytt)}l%l ugla%)sna‘?%clbg%%g%g%gﬁ lz?b W@%Oﬁ%glﬁogfcﬁ? ﬁi/\jﬁh %%%g;ﬁ‘lh{r]?gfat i on
was per for ne@lecﬁnﬂe“’@ﬁ; pwdudqider ef ore, hi gher yields of the valuable aromatics
coul d bgzjobt ai YaehPihe eBRpYAHE Rdlucel®yWPdr ik IR3RARPElHR2Od L AQ(8R4,

and components having 6 ~ 10 carbons were fed to the transalkylation process. The
catalyst used in the transalkylation process was composed of a carrier comprising 50
wt% of mordenite having a molar ratio of silica/alumina of 90 and 50 wt% of gamma-
alumina binder and 0.05 parts by weight of platinum and 0.5 parts by weight of tin
supported thereon. The composition of the products obtained by transalkylation is
shown in Table 5 below.

[64] Table 5

[Table 5]
Compesition Feed After ‘ After ' After -
Amount| Hydroprocessing | Hydrocracking Transalkylation
Paraffin 4.68 5.38 40.85 49,18
Ethane 0.00 0.01 0.41 5,08
Propane 0.00 0.01 8.20 10.95
Butane 0.00 0.01 19.25 20.18
Naphthene 0.50 1.74 1.51 0,02
Total of Aromatics 84.12 80.02 59.98 53.76
Jotal of 1-ring 39.02 71.33 55.52 49.30
Aromatics
doring Aromatic g o 27.28 52.72 47.26
without naphthenic ring
B 0.02 0.00 1.7% 7.95
T 0.34 0.10 9.04 0.00
X 1.72 0.84 16.44 34,89
C9 7.61 503 15.14 0.00
C10 11.55 10.39 8.34 2.83
1-ring Aromatic
with one naphthenic 12.07 39.89 2.50 1.74
ring
1-ring Aromatic
with two naphthenic 0.00 4,16 0.30 0.30
rings
Total of Z-ring 40,98 8.03 441 441
Aromatics
_ drring Aromatic | 45 4 4.29 2,57 2.57
without naphthenic ring
2-ring Aromatic
with one naphthenic 2.58 3.60 1.84 1.84
ring
2-ring Aromatic
with two naphthenic 0.00 0.13 0.00 0.00
rings
Total of 3-ring 4.12 0.66 0.06 0.06
Aromatics
Others 10.70 13.63 1.99 1.99




recirculation two tines. [78] [79] Preguction of Valuable Aromatics and
Light Paraffins fromLCO by Xylene Process after Transal kylation [80] In
t he reci rwol2atosss48f unconverted oils after transal kyl aftCcomR2hieozsee f eed
and reaction conditions were applied, with the exception that the xylene
m xture obtained by transal kyl ation were treated with Xyl ene Process

conpri $6519 pal’@si&%ié@ﬁ@nt?fﬁmffalblieGnc@gphrwioﬁﬁefdeafb@ﬁfré #rahdakylatioB lhe Téeg LCO
feed (AO, th ro t ﬁAI%1 Qtai ne 't%g%tl recirculatin h[drocarb ns
havi ng 11 or “igrEapHan haflergpiringle yABIbIe BEMAIE SoRpoPL e tnaes

hydr ocar bons wiaeh wep ibdreasedriyrddS€anbdrglend waichriodhetindréd@pd obdraoune dy by
recirculatin C il S r i t.he product
(A4) obtai neg‘lg?/o' gg%/agl%éeﬁ}?é%ﬁgaﬁ%ﬁlgﬂnq‘ﬁ%a%og as%%gir{h}taérg%édg}reéﬁ{s%ﬁeo&mgsd? i HTabI e 8
bel ow. 11821 ¥éisingl igcrease intheguoynySEEgigpeTAiRROA DIGEF852 [ Tabl e 8]

Corrposi[gggs]on AO Al A2 A3 A4 Paraffin 4.68 49.18 55.98 56.50 57.02 Ethane

0. 00 5. 5.78 5.83, pane 0. 00 18.95 2. : 2. 63 Butane 0.00
20. 18 i7]97 2 ATHAUSIROTHOL K AIHADEC IO paties and d4glt ParaHinsdremd- © b ceur-

Aromati cs 84 cuktid.of (lvilRo&fibdfs Ravidd 160r hedrelCarbods ri ng Aronatics 39. 02
49. 30 188]69 4%h %h7e Iﬂrgée%gs of producing valuable aromatics, the same feed and reaction conditions

were applied, with the exception that the hydrocarbonaceous components having 11 or
more carbons resulting from hydroprocessing and hydrocracking were recirculated
back to the hydrogenation and reaction area.

[69] The LCO feed (A0), the product (A1) obtained without recirculating hydrocarbons
having 11 or more carbons, and the product (A2) obtained by recirculating hy-
drocarbons having 11 or more carbons are shown in Table 6 below.

[70] Table 6



1-ring Aromatic w thout naphthenic ring,26.95 47.26 49.69 49.17 48.66 B
0.02 7.95 9.05 9.14 9.86 T 0.34 0.00 0.00 0.00 0.00 M xed-X 1.45 34.07
39.72 39.W0288/B8848*) EB 0.27 0.82 0.94 0.98 0.00 C9 7. @CTXKK201100008520. 00
0,00 C10 11.55 2.83 0,91 0.00 0.00 1-ring Aromatic with one naphthenic ring
12.07 1.74 0.00 0.00 0,00 l1-ring Aromatic with two naphthenic rings 0.00
0.30 0.00 0. PPale @D Total of 2-ring Aromatics

[71]

[72]
[73]

[74]

Composition A0 Al A2
Paraffin 468 | 4918 | 55.98
Ethane 000 | 5.08 | 5.78
Propane 000 | 1095 | 1247
Butane 000 | 2018 | 22.97
Naphthene 000 | 002 | 0.02
Total of Aromatics 84.12 | 5376 | 49.69
Total of 1-ring Aromatics 39.02 | 49.30 | 49.69
1-ring Aromatic without naphthenic ring 209 | 47.26 | 49.69

B 002 | 795 | 905

T 034 | 000 | 0.00
X 172 | 3489 | 38.72

C9 761 1 000 | 0.00

C10 1155 | 283 | 041

1-ring Aromatic with one naphthenic ring 1207 | 174 | 0.00
1-ring Aromatic with two naphthenic rings 000 030 | 0.00
Total of 2-ring Aromatics 10.98 | 441 | 0.00
2-ring Aromatic without naphthenic ring 3840 | 257 | 0.00
2-ring Aromatic with one naphthenic ring 258 | 184 | 000
2-ring Aromatic with two naphthenic rings 000 | 000 | 0.00
Total of 3-ring Aromatics 412 1 006 | 0.00
Others 1070 | 199 | 000

As is apparent from Table 6, recirculation was additionally performed, whereby the
aromatic components having two or more rings were excluded and as the valuable
aromatic components, benzene was increased by 14% and xylene was further increased
by 14%. The total of light paraffins was increased by about 14%. Therefore, higher
yields of the valuable aromatics and light paraffins could be obtained because of recir-

culation.

Production of Valuable Aromatics and Light Paraffins from LCO by Recir-

culation of Unconverted Oils after Transalkylation
In the process of producing valuable aromatics by recirculating the hydrocar-

bonaceous components having 11 or more carbons to the hydroprocessing unit, the
same feed and reaction conditions were applied, with the exception that, among

valuable aromatic components resulting from transalkylation, a portion of benzene,



40.98 4.41 0.00 0.00 0.00 2-ring Aromaq%]c wi t hout naphthenic ring 38.40
2.57 0.00 0.00 0.00 2-ring Aromatic with one naphthenic ring 2.58 1.84 0.00
0.00 0. 00wWO20R2/05883§ Aronmatic with two napht henic rings @COXKK0OM008520 0. 00
0.00 Total of 3-ring Aromatics 4.12 0.06 0,00 0.00 0.00 O hers 10.70 1.99
0.00 0,00 0.00 (*) Para-Xylene [83] [84] As is apparent from Table 8,

al nost of t heoltdtleand xFlonk Wae réRubidd her e aMidiiR depariN@beesk neiee Which is a

Ey ez o b R BB T e R AR Al nd ™
conpl etel y r ¢noveldogendti@oandard@hniarda0 benzene. Therefore, the yield and

Car ryt i out sTedied FRATA0G Bl AT G A 16y AERERREE I Ftohy OO0 Y
Aronmatics andavingid opatoss e4rhenst hemrahigl (ARrobtamd oy seietlatng hytlrogarbeap| e

Aromatics an@a{inght oPaHaE EdrBsnst LRMhEBRIdulBrA 3 DbRhR BAF QRS g and
hydr ocr acki ng React i on, A%glgtae and ansal kyl ati on 18 WO

, tic Separation, T
2012/ 053848 PENYARSE 111007 {@@]wﬁéf?%%aﬁﬁr%hpgg%F{aﬁl@&ﬁf&w-tions of oils
deri vedq76)r om cladle used in this exanple may differ depending on the feed and
operating COTfibg?i:'?fs' In the present exanple, as oils resulting from coal

car bonati on, ¢ ar having a boiling point of 78 - 350C and havi ng the
conposi ti on shewr—na—Fable—9—belowwas propared. [ 89l Tahle 9 [Table 9]
Conposi tion Feed Anount P&FMiiPin 0, 77 Et hand 0, b0 |PAbpané D. 77
Paraffin 468 | 49.18 | 55.98 | 56.50
Ethane 000 | 508 | 578 | 583
Propane 0.00 1095 | 1247 | 1251
Butane 0.00 ] 20.18 | 2297 | 2302
Naphthene 0.50 | 0021002 | 002
Total of Aromatics B4.12 | 5376 | 49.69 | 49.17
Total of 1-ring Aromatics 39.02 | 49.30 | 4969 | 49.17
1-ring Aromatic without naphthenic ring 2695 | 47.26 | 49,69 | 49.17
B 002 1 795 | 905 | 9.4
T 0.34 | 000 | 0.00 | 000
X 172 | 34.89 | 39.72 | 40.02
Y 761 1 000 | 0.00 | 000
C10 1155 | 283 | 091 | 0.00
1-ring Aromatic with one naphthenic ring 1207 | 174 1 000 | 000
1-ring Aromatic with two naphthenic rings 0.00 | 0.30 | 000 | 0.00
Total of 2-ring Aromatics 1098 | 441 1 000 | 0.00
2-ring Aromatic without naphthenic ring 38.40 | 257 | 0.00 | 000
2-ring Aromatic with one naphthenic ring 258 | 184 1 000 | 000
2-ring Aromatic with two naphthenic rings 0.00 | 0.00 | 000 | 000
Total of 3-ring Aromatics 412 1 006 | 000 | 000
Others 10701 199 ] 000 | 0.00
[77] As is apparent from Table 7, recirculation was carried out two times, whereby the

amount of benzene and xylene which are valuable aromatic components was increased
by 0.4 wt%, and the amount of light paraffins such as ethane, propane and butane was
increased by 0.14 w%, compared to when recirculation was performed one time.

Therefore, higher yields of the valuable aromatics could be obtained by carrying out



But ane 0. 00 Napht hene 0,00 Total of Arggatics 99,23 Total of 1-ring
Aromatics 9,73 1-ring Aromati c w thout naphthenic ring 6.30 B 2,05 T 0,70 X
1,59 C9 w6201213383830 1-ring Aromati c with one napht heniPCTrR2g11204%21- r i ng
Aromatic with two naphthenic rings 0.00 Total of 2-ring Aromatics 89.50
2-ring Aromatic w thout naphthenic ring 66,92 2-ring Aromatic with one
napht heni ¢ rir@QrcdRtid8 two filmdg Aromatic with two naphthenic rings 0.00 Total
of 3- I‘IJ{"I% Aromatics 0,00 Gthers 0,00 [90]The coal tar having the above
corrp05|[ on was introduced into a hydr opr oces sing unit. Hydroprocessing
was per{VQﬂrrred ProdactionxefdV ledblecanng and d.ighti?axiaé omHdED )

cat al yst. %#Wmu on condl tions are shown in Tabl e 10
bel ow. 11911 53848PCT/ KR2011/ 007852 [ Tabl e 10]

Cat al y480lI\ i Nty poiscupemantivngorssred pilodter Reatalliydaions desame feqdgnd6o LHSV,

hr — Reacti on (JRHABLE&IdHichs Werd he[ig\%]t}?\ftﬁeeefxc ﬂanHz[tQE@ EROmixie obRIRASI tion

was changed as shown in Table 11 | ow.. [93] Table 1 abl e 1 Conposi tion
g %y transalkylation were treated Weith Xylene Pr]ocess Compl:lismg para-xy ene sepggt?on

and xylene isomerization.

[81] The LCO feed (A0), the product (A1) obtained without recirculating hydrocarbons
having 11 or more carbons, the product (A2) obtained by recirculating hydrocarbons
having 11 or more carbons, the product (A3) obtained by recirculating unconverted
heavy oils after transalkylation, and the product (A4) obtained by xylene isomerization
and separation are shown in Table 8 below.

[82] Table &



Feed Anmount After

Aromatic w t Tisegpapht henic rings 0.00 15,51 Tot al

Hydr opr ocessi ng Par af

in 0,77 O.
Propane 0.77 0.81 Butane 0.00 0,00 Napht hene 0.00
99, 23 104wonoatsad4sof 1-ring Aromatics 9.73 83.73
napht henic ring 6.30 6.63 B 2.05 2,16 T 0.70 0,74
C10 0,30 0.32 1-ring Aromatic wi th one naphthenic

81 Et hane 0.00 O, 00

0.00 Total of Aromatics
1-ri ngCAKReat /7882t hout
X 1,59 1,68 C9 1.65 1.73
ring 3.43 61,59 1-ring
of 2-ring Aronmatics

89,50 20.74 2-ring Aromatic without naphthenic ring 66.92 12,48 2-ring

Aromatic with

[83]
[84]

[85]
[86]

[87]

one napht @@ipbgtidni ng 22. 58] 8026a1 | A2 [ A3 | A4
Paraffin 4.68 149.18|55.98156.50(57.02
Ethane 0.00[5.08|57815.8316.10
Propane 0.00 110.,95(12.47112.51(12.63
Butane 0.00 |20,18122.97|23.02123.02
Naphthene 0.50 | 0.0210.02|0.02 | 0.02
Total of Aromatics 84.12(53.76149.69]49.17 |48.66
Total of 1-ring Aromalics 39.02149.30149.69149.17|48.66
1-ring A tic with aphtheni
ing ring fromatic without naphthenic o 05147 95149.69|49.17|48.66
B 0.02179519.0519.14 19.86
T 0.34 | 0.00 ] 0.00{0.00 | 0.00
Mixed-X 1.45134.07(39.72|39.04 3?;?0
EB 0.2710.8210.94 | 0.98 | 0.00
C9 7.6110.0010.00]0.0010.00
C10 11.5512.83 1 0.91 | 0.00 | 0.00
1-ring A t ith 1
o ring Aromatic with one naphthenic 12.07| 1.74 | 0.00 | 0.00 | 0.00
=% e wi ; -
‘ ring Aromatic with two naphthenic 0.0010.30 | 0.00 | 0.0010.00
rings
Total of 2-ring Aromatics 40.98( 4.4110.00 | 0.00 ] 0.00
9 — —
g ring Aromatic without naphthenic 38.40| 2.57 | 0.00 1 0.00 | 0.00
2-ring Aromatic with htheni
o ring Aromatic with one naphthenic 258 | 1.84 | 0.00 | 0.00 | 0.00
2-ring A tic with t htheni
g ring Aromatic with two naphthenic 0.00 | 0.00 | 0.001 0.00 1 0.00
Total of 3-ring Aromatics 4.1210.06 | 0.00 | 0.00 1 0.00
Others 10,701 1.99 |1 0.00 | 0.00 | 0.00

(%) Para-Xylene

As is apparent from Table 8, almost of the xylene mixture could be converted into

para-xylene which is a valuable product by para-xylene separation and xylene iso-

merization, and ethylbenzene (EB) which is an impurity in the xylene component was

completely removed and converted into benzene. Therefore, the yield and purity of

valuable aromatic, Para-xylene could be increased by additionally carrying out xylene

process.

[Example 2] Production of Valuable Aromatics and Light Paraffins from Coal

Tar

Production of Valuable Aromatics and Light Paraffins from Coal Tar using hy-
droprocessing and hydrocracking Reaction, Aromatic Separation, and

Transalkylation



2-ring Aromatic with two naphthenic rinpgs 0,00 0.00 Total of 3-ring

Aromatics 0.00 0.00 Others 0.00 0.00 [94]As is apparent from Table 11,

bef ore hywioaproosssisi ng, the anount of the conponents i n@CWOKRIGI/0NISSQr NOr €

aromatic rings was consi derable but was drastically reduced after

hydr opr ocessi ng. Al so the amount of the 1-ring aromatic conponent was 20

WO 2012485384 8ftfe ek lind @ 68D 3siti 06y fasie deal@lront .cOaltusb® & @ls di@lﬁlﬁlerﬁzﬁd in
the

particular, t mount of th -ri.ng ar.omati c.conponent havin .

Papht henic' r G TReT s e bt iR liRE Soni s, BB Prosdt s Aplinr gis: 7

ti mes, based renltmgvalmeodfcartbdfaticor, codl earfhaentg aTodir- paimgf §8enE0°PC asdnponent
havi ng the n i [-G: . I | e aromati c conponent
or a direct %g{;ﬁel?%&%n{(ﬁorgr%‘l?g%%{%\gﬁﬁa?%%?g%%mé(rgﬁ%g&)ﬁponent by breaki ng

t he napb?lheni clabiedy in the hydrocracking unit. [95] The products obtained

fromthe hydippy@gessing unit were supplied to a hydro-cracking reactor, so
t hat hydrocracking was carried out. The catal yst used herein was a

conbi nati on offcobal tamd 'Uil = ?.cui rte—and—the—t ag*ion tenperat ure was
370C, and the [reaction pressiP®¥as 1100 psig. rggqe /,kﬂlfot%nér l he cracking, the
conposi ti on wakrafhanged as shown in Table 12 bel ow. (fp7] Tpble 12 [Table
12] Conpositign Qﬁlﬁd Amount AfTer — HydroprocessTtng After dr ocr acki ng
Paraffin 0.77 021735 63 Ethane 0 00 0 00.0_30 Propgme 0.7 0.81 9.80
But ane 0. 00 0.{00Prdp41e51 Napht hene 0.00 0.00 0.90 Tot 47 of Aromatics 99.23
104. 47 70.70 Totgh,of 1-rTng Aromatics 933 83. (3 S0 R 1-ring Aromatic
w t hout napht hepre—++rg—6-—30—-6-63 '
Naphthene 0.00
Total of Aromatics 99.23
Total of 1-ring Aromatics 973
I-ring Aromatic without naphthenic ring 6.90
B 2.0
T 0.70
X 159
CY 169
C10 0.30
1-ring Aromatic with one naphthenic ring 343
1-ring Aromatic with two naphthenic rings 0.00
Total of 2-ring Aromatics 89,50
2-ring Aromatic without naphthenic ring 66,92
2-ting Aromatic with one naphthenic ring 2258
2-ring Aromatic with two naphthenic rings 0.00
Total of 3-ring Aromatics 0.00
Others 0.00
[90] The coal tar having the above composition was introduced into a hydroprocessing

unit. Hydroprocessing was performed in a fixed-bed reactor using a nickel-
molybdenum combined catalyst. The hydroprocessing reaction conditions are shown in
Table 10 below.

[91] Table 10



47.72 B 2.05 2.16 19.95 T 0.70 0,74 9,36 X 1.59 1.68 9.58 C9 1.65 1.73 5.51
C10 0.30 0.32 2.99 1-ring Aromatic wth one naphthenic ring 3.43 61, 59
2. 67 Iwoinp/0sssasat i ¢ Wit h two naphthenic rings 0.00 PETEKR201100788et al of
2-ring Aromatics 89,50 20.74 20.29 2-ring Aromati c w t hout naphthenic
ring 66,92 12.48 20.27 2-ring Aromatic with one naphthenic ring 22.58
8.26 0.02 [Ratilé @) Aromatic with two naphthenic rings 0.00 0,00 0.00 Tot al
of 3-ring Aromatics 0.00 0.00 0.02 O hers 0.00 0.00 0.56 21 WO

2012/ 053848PCT.KR2011/ 007852 feed after hydropracessing.  fhe anount of
benzene and xy@i*@hé whi ch are val uabl e aromati ¢ confi@ibit s was i ncreased by
about 670% or @g@r@ﬁgcmlﬁ)ﬁg the anmount of toI uene/ Co/ C10, Wm ch are the

a-th--a-at

materi al s usedrto—TEKRE thEe-benzemetxytene—by—Stbseat gt nsal kyl ati on,
was i ncreased “4800% I n the hydracracking unit Onl y paraffins, not
olefins, were h&diuced. 1.5

Reaction Temperature, C 300
[92] After hydroprocessing, the composition was changed as shown in Table 11 below.
[93] Table 11
[Table 11]
Composition Feed Aler .
Amount | Hydroprocessing
Paraffin 0.77 0.81
Ethane 0.00 0.00
Propane 077 0.81
Butane 0.00 0.00
Naphthene 0.00 0.00
Total of Aromatics 99,23 104.47
Total of 1-ring Aromatics 9.73 83,73
1-ring Aromatic without naphthenic ring 6.30 6.63
B 205 2,16
T (.70 0.74
X 1.59 1.68
CY 1.65 1.73
Cl0 0,30 0.32
1-ring Aromatic with one naphthenic ring 343 61.59
1-ring Aromatic with two naphthenic rings 0,00 1551
Total of 2-ring Aromatics §9.50 20.74
2-ring Aromatic without naphthenic ring 66.92 12,48
2-ring Aromatic with one naphthenic ring 22.58 8.26
2-ring Aromatic with two naphthenic rings 0.00 0.00
Total of 3-ring Aromatics 0.00 0.00
Others 0.00 0.00
[94] As is apparent from Table 11, before hydroprocessing, the amount of the components

including two or more aromatic rings was considerable but was drastically reduced

after hydroprocessing. Also the amount of the 1-ring aromatic component was



[99] Anong the conponents produced by Bydrocracking, the light paraffins
were recovered, and conponents having 6 - 10 carbons were fed to the
aronat i ¢ weparzaisBsa® process, so that benzene was separ aPreul/kRedl1/doess2

remai ni ng conponents were fed to the transal kyl ati on process. In Exanple 1,
because the ampbunt of the benzene conponent is not |arge, even when the

conponent s haydré&i@e®aboul 0. &ﬁﬁ&ﬁfi&n@é Eandiif @eitticMlaf, @b dBodMer tHealnﬁﬂé Kyphatikon
process without s nzene, a l.oad on the tr

eparat.i o
P ocess |'s ontipomangyin® el BORE MGk ah iRt rhRGehCOFR b e
exanpl e, becaumelyt ]Wetlraembaﬂed@h at aduebgripOer the fgedn€nd 1-rieg lasmgaic oohgontiie
conponents h I Lpgess
wi t hout the ?é‘%lgg ﬂ% naﬁﬁ%ﬁﬁ%er ﬁeeﬁ?hﬁg %RQFEQQE%%%IC%H&F?I@nP%rocess
is large, undés¢tmageyaliin malsaﬂlen@htah@ arwv@tsq PRERRONEBISY @ﬁ&l@@?hsanaahﬁlv@c y
decreasi ng t hggYh &leth focYéﬂ(H%tﬂn@t aromatics. [100] The catal yst used upon
transal kyl at i o vvas conposed carrier conprising 50 o of rdenite
havi ng 55/ ol arThearodic "%é%lmdcﬁ?%t%ﬁﬁwfﬁowcwnaﬁaltwww FC( @afmhangr&r um na
bi nder agd gc%kmgrréft&ysmagmdr@ﬁramg wm@aﬂod 0. fhd;@kdlﬁst hyedveirghtwasfa tin
supported the The osition roduct s._obt ai ne o
transal kyl at i° 8‘%1% “3“21?18%091 %Ftél i “Be?“ iefi%%‘;?%Freat‘Eéwaié7%’ and
2012/ 053848P@Wﬂém®)myré}%@17185@a8[11[§6Ip@1g13] Corrp05| tion Feed Anount After

dr oprrgge r I ,n 0.77
0”81 580E5° 30 "G e Lral AL B¢ BT ARIAE pIR AR T BIPES BT 01 70
But ane [87]00 omﬂeﬂcl2 51 15,06 Napht hene 0.00 0.00 0.90 0.01 Total of

Aromatics 99. [B1d 041 47 70.70 66. 77 Total of 1-ri ng Aromatics 9.73 83.73
50, 39 46. 46 1 ring Arorratlc . Wi thout naphthenic ring 6.30 6.63 47.72 44,82

. Feed After
C t I
omposition Amount| Hydroprocessing After Hydrocracking
Paraffin 0.77 0.81 35.63
Ethane 0.00 0.00 0.30
Propane 0.77 0.81 9.80
Butane 0.00 0.00 14.51
Naphthene 0.00 0.00 0.90
Total of Aromatics 99.23 10447 70.70
Total of 1-ring Aromatics 9.73 83.73 50.39
1-ring Aromatic without
naphthenic ring 6.50 6.63 47
B 2.05 2.16 19.95
T 0.70 0.74 9.36
X 1.59 1.68 9.58
C9 1.65 1.73 5.51
Cl10 0.30 0.32 2.99
1-ring Aromatic with one
naphthenic ring 343 6159 267
1-ring Aromatic with two
naphthenic rings 0.00 1551 0.00
Total of 2-ring Aromatics 89,50 20,74 20,29
2-ring Aromatic without
naphthenic ring 66,92 12.48 20,27
Z-ring Aromatic with one
naphthenic ring 2.8 826 0.02
2-ring Aromatic with two
naphthenic rings 0.00 0.00 0.00
Total of 3-ring Aromatics 0.00 0.00 0.02
Others 0.00 0.00 0.56

[98] As is apparent from Table 12, compared to the feed before the cracking, namely, the



820521619952820T0700749§{5000X1591689581501C9
1.65 1.73 5.51 0.00 C10 0.30 0.32 2.99 1.33 1r|ngAromat|cvmthone
napht heniwornmgs3k443 61. 59 2. 67 1. 64 1-ring Aromati @CRKR201MD7852

napht henic rings 0.00 15.51 0.00 0.00 Total of 2-ring Aromatics 89.50 20.74
20,29 20.29 2-ring Aromatic. w thout naphthenic ring 66.92 12,48 20. 27

20. 27 2- [FEARIRF ﬁy@bp@cwsin@ &B@H@@ﬁf@ﬂ&ﬂt&lel’ahﬂg 22 58ic. 26vAufe 0. 02
2-ring Aromatic wth t nr{a ta]g Ql%pelage 0u9 6'&9/0 (())r gl%req Aq eoaom(;ll-l% a% of

3-ring Aromaf{ ey, C@FPPOHC

toluene/C9/C10, which are the materlals used to make the benzene/xylene by
subsequent transalkylation, was increased by about 540%. In the hydrocracking unit,
only paraffins, not olefins, were produced.

[99] Among the components produced by hydrocracking, the light paraffins were
recovered, and components having 6 ~ 10 carbons were fed to the aromatic separation
process, so that benzene was separated and the remaining components were fed to the
transalkylation process. In Example 1, because the amount of the benzene component
is not large, even when the components having 6 ~ 10 carbons are directly fed to the
transalkylation process without separation of benzene, a load on the transalkylation
process is small and the process is simplified. However, in the present example,
because the amount of the benzene component is large, when the components having 6
~ 10 carbons are fed to the transalkylation process without the separation of benzene,
the load on the transalkylation process is large, undesirably increasing the investment
cost and comparatively decreasing the yield of valuable aromatics.

[100] The catalyst used upon transalkylation was composed of a carrier comprising 50 wt%
of mordenite having a molar ratio of silica/alumina of 90 and 50 wt% of gamma-
alumina binder and 0.05 parts by weight of platinum and 0.5 parts by weight of tin
supported thereon. The composition of the products obtained by transalkylation is
shown in Table 13 below.

[101] Table 13



0.00 0.02 0.02 O hers 0,00 0.00 0.56 0,56

13,

of which was increased by 41%

by 57%

conpared to the feed before transal kyl ati on,

[102] As is apparent from Table

the feed after
t ransal kywetzosksid benzene as the val uabl e aromati ¢ corpomeRe]1/dohss2anount
and xyl ene which further increased in anount

Because the transal kyl ati on was not a cracking procedure,

t here was

a additional [Tag&edse in the amount of |ight paraffins not olefins. [103]
[ 104] Production of Valuable Aromatics and Light Paraffins from Coal Tar by
Recircul ati on of Cg—r%gsgugncar boms |haviamg 11| or anere |Carbems [ 105] In the
process of prijoduci ng val uabloet drdomatessiys | Hidpeack Feedyldnd |reacti on
condi ti ons weF®(Epplied, WYh [t he 08kcepli aR>@hat| t hedydr adar bonaceous
conponent s hapi Eﬁianq 1 or myrP0dar bd§s resul t%fg fir om BYdr oprlocessi ng and
hydr ocr acki ng-wbPe% eci+ el dd badk tolt heShydrlogentlt! and reaction
area. 111061Tke w85l —tar—t el (AP helpr difilet A dBeaided wit hout
recircul ati ngﬁﬁ‘fm@cgmn\ - %c/‘fqgﬁ?gl°,' )53:(%?@9@' KRefA3604852 having 11 or
mor e car bons, g, A0, product (A2 obtained by recirctiatitg hydrocarbons
having 11 or [aRL&.Car Bons |78 |sho®3i n TabP&914 el ofli:46[ 107] Tabl e 14 [Tabl e
14] Conposi ti{on 1AL Abmb2 araffin U, 77 40.82 53. 21 Efhane Q. 00 3,07 4,03
Propane 0. 77 [kdhod 3apidni7deBut’ane 0.500 15) 06 *18. 76 Napfit’hene |0, 00 0. 01 0. 01
Total of Aronmtic$ 99.23 660774 57.248 Total 1©f5 1-ring28A&pomat|i cs 9, 73 46. 46
57,48 1-ring [Aromdtic withof napWt’heni ¢ ri%¥g 6,30 44082 571,48 B 2,05
X 1.59 1.68 9.58 15.01
C9 1.65 1.73 5.51 0.00
C10 0.30 0.32 2.99 1.33
1-ring Aromatic
with one naphthenic 3.43 61.59 2,67 1.64
ring
1-ring Aromatic
with two naphthenic 0.00 15.51 0.00 0.00
rings
ngi‘l:éi_““g 89.50 20.74 20.29 20.29
2-ring Aromatic
without naphthenic ring 66.92 12,48 2027 2021
2-ring Aromatic
with one naphthenic 22.58 8.26 0.02 0.02
ring
2-ring Aromatic
with two naphthenic 0.00 0.00 0.00 0.00
rings
ol of 97ring 0.00 0.00 0.02 0.02
romatics
Others 0.00 0.00 0.56 0.56
[102] As is apparent from Table 13, compared to the feed before transalkylation, the feed
after transalkylation had benzene as the valuable aromatic component, the amount of
which was increased by 41%, and xylene which further increased in amount by 57%.
Because the transalkylation was not a cracking procedure, there was a additional
increase in the amount of light paraffins not olefins.
[103]
[104] Production of Valuable Aromatics and Light Paraffins from Coal Tar by Recir-
culation of Hydrocarbons having 11 or more Carbons
[105] In the process of producing valuable aromatics, the same feed and reaction conditions
were applied, with the exception that the hydrocarbonaceous components having 11 or
more carbons resulting from hydroprocessing and hydrocracking were recirculated
back to the hydrogenation and reaction area.
[106] The coal tar feed (AQ), the product (A1) obtained without recirculating hydrocarbons



28.20 36,99 T 0.70 0.00 0.00 X 1,59 15,91 19,69 C9 1.65 0.00 0.00 CIO 0.30
1.33 0.79 1-ring Aromatic wth one naphthenic ring 3,43 1,64 0.00 1-ring
Aromat i ¢ wiDt2h1oses4eapht heni c rings 0.00 0.00 0.00 Tot al pofi/kKR20imy78520Mat i cs
89.50 20.29 0.00 2-ring Aromatic w thout naphthenic ring 66.92 20.27 0.00
2-ring Aromatic with one naphthenic ring 22.58 0,02 0,00 2-ring Aromatic
Wi th two napmmagu@ of hﬂ)@éczﬁb&& &qme@r&ﬁcﬂ(@mbb@ﬁnea HyerQro‘&[a(m thyes 0.00
0.02 0,00 O b 8 ﬁOOO % As 1S LfﬂMb omTaIe14
recircul atio r‘?/%% ORI A ALPT POFerd BBS}\W&I @;a? %tVfrati ¢ conponent s
havi ng [10 or Tmbieel4 i ngs were excluded and as the val uable aromatic
conponents, W?ﬂ g as I ncreased by 31% and xyl ene was further increased
by 31% Also e total of light paraffins was increased by about 30%

Ther ef ore, hi gher—yields—of the valuable aromatics—and-ti-ght paraffins
coul d be obtained hecause JP™P¥Eirculation. [1139] | ph1 1A2P oducti on of
Val uabl e Aronaffirdi® and Li ght Paraffins from Goll7 Tab8%y5Fedircul ation of
Unconverted Q| stafater Transal kylation [111]| bo the7pr agess of produci ng
val uabl e aromafi egpRy recirculating the hydrdcaybonagepysy,donmponents having
11 or nore car Dogadn 0 tne nyaropr OCESSI Mg Uy of 615&)6\ #+ged and reaction
condi ti ons wer Ftéﬁ Heth—wHth—the exeeption—th 0 d ‘O‘U dabl e aromatic
conmponent s r esgit{ Ay from-transal-kylation—a—p T benzene,
tol uene and xyll&#He A&y ecovered via the ar ondide séié??a 4t4%dn process, and
the 24 WO 2012/7088848PLTaKR2011/ 007852 0.73 | 4646 | 5748
1-ring Aromatic without naphthenic ring 6.30 | 44.82 | 57.48
B 205 | 28.20 | 36.99
T 070 | 000 | 000
X 159 | 1501 | 19.69
€9 165 | 000 | 000
Cl0 0.30 1.33 0.79
1-ring Aromatic with one naphthenic ring 3.43 1.64 0.00
1-ring Aromatic with two naphthenic rings 0.00 0.00 | 0.0
Total of 2-ring Aromatics 89.50 | 20.29 | 0.00
2-ring Aromatic without naphthenic ring 6692 | 20.27 | 0.00
2-ring Aromatic with one naphthenic ring 2258 | 002 | 0.00
2-ring Aromatic with two naphthenic rings 0.00 | 000 | 0.00
Total of 3-ring Aromatics 000 | 002 | 000
Others 0.00 [ 056 | 0.00

[108] As is apparent from Table 14, recirculation was additionally performed, whereby the
aromatic components having two or more rings were excluded and as the valuable
aromatic components, benzene was increased by 31% and xylene was further increased
by 31%. Also, the total of light paraffins was increased by about 30%. Therefore,
higher yields of the valuable aromatics and light paraffins could be obtained because of
recirculation.

[109]

[110] Production of Valuable Aromatics and Light Paraffins from Coal Tar by Recir-

culation of Unconverted Oils after Transalkylation
[111] In the process of producing valuable aromatics by recirculating the hydrocar-

bonaceous components having 11 or more carbons to the hydroprocessing unit, the
same feed and reaction conditions were applied, with the exception that among
valuable aromatic components resulting from transalkylation, a portion of the benzene,

toluene and xylene was recovered via the aromatic separation process, and the



remai nder thereof was repetitively recpjcul ated back to the transal kyl ation
process and the hydrogenati on and reaction area. [112] The coal tar feed
(AO, thewpnrotusss4§Al ) obtai ned without recircul ati ng hpdrareohansgsshavi ng
11 or nore carbons, the product (A2) obtained by recirculating hydrocarbons
having 11 or nore carbons, and the product (A3) obtained by recirculating
unconverted haayydaith&ediwIrepdtRNEBI fyik@ld@nbakeo eavsilRyliad frodéss gl ow.
[113] Table Jf%%lglabl e 1§ilﬁgony(gsition AO Al A2 A3 Paraffin 0,77 40,82 53.21
53. 66 Et hane ', 66" EH9Y H5 939" BfSpane 0.77 11,43 14.74 14,78 Butane 0, 00
15. 06 191216 19H8Qolaphiché n40)0He(prod@l (A1)abtOnallwifldue recdfculatingry drosarbBéns23
66, 77 57.48 - = [ { - : =ring
Aot o it ABULE ALk Flosprorbols, I8 gRBTELAG o ich s OBy find hRtogdbohs 4G
37.07 T 0,70 hgvipg 1 opmore carbons, and the product (A3) obtained by recirculating un-
converted heavy oils after transalkylation are shown in Table 15 below.

[113] Table 15

[Table 15]
Composition AO Al A2 A3
Paraffin 0.77 | 40.82 | 53.21 | 53.66
Ethane 000 | 307 | 403 | 407
Propane 077 | 1143 | 14.74 | 14.78
Butane 0.00 | 1506 | 19.76 | 19.80
Naphthene 0.00 | 001 | 001 | 0.01
Total of Aromatics 99.23 | 66,77 | 5748 | 57.02
Total of 1-ring Aromatics 973 | 46.46 | 57.48 | 57.02
1-ring Aromatic without naphthenic ring 6.30 | 44.82 | 57.48 | 57.02
B 205 | 28.20 | 36.99 | 37.07
T 0.70 1 0.00 { 0.00 | 0.00
X 159% | 1601 | 19.69 | 19.96
€9 165 | 0.00 | 0,00 | 0.00
C10 030 | L33 | 0.79 | 0.00
1-ring Aromatic with one naphthenic ring 343 | 164 | 0.00 | 0.00
1-ring Aromatic with two naphthenic rings 000 | 000 | 000 | 000
Total of 2-ring Aromatics 89,50 1 20.29 | 0.00 { 0.00
2-ring Aromatic without naphthenic ring 66.92 | 20.27 | 0.00 | 0.00
2-ring Aromatic with one naphthenic ring 2258 | 0.02 | 0.00 | 0.00
2-ring Aromatic with twe naphthenic rings 0.00 | 000 | 0.00 | 0.00
Total of 3-ring Aromatics 000 | 002 | 000 [ 0.00
Others 000 | 056 | 0.00 | 0.00
[114] As is apparent from Table 15, recirculation was carried out two times, whereby the

amount of benzene and xylene which are valuable aromatic components was increased
by 0.3 wt%, and the amount of light paraffins such as ethane, propane and butane was
increased by 0.12 w%, compared to the product (A2) when recirculation was
performed one time. Therefore, higher yields of the valuable aromatics could be
obtained by carrying out recirculation two times.

[115]

[116] Production of Valuable Aromatics and Light Paraffins from Coal Tar by Xvlene

Process after Transalkylation
[117] In the recirculation of unconverted oils after transalkylation, the same feed and



0.00 X 1,59 15.01 19.69 19,96 C9 1.65 G500 0.00 0.00 C10 0,30 1.33 0.79
0.00 1-ring Aromatic with one naphthenic ring 3,43 1.64 0.00 0.00 1-ring
Aromat i ¢ wiDt2zh1oses4eapht heni c rings 0.00 0.00 0.00 0, 00 Potratr20f1/@7852ng
Aromatics 89.50 20.29 0.00 0.00 2-ring Aromatic w t hout naphthenic ring
66.92 20.27 0,00 0.00 2-ring Aromatic wth one naphthenic ring 22,58 0.02
0, 00I 0. ?0 2- r¢RPoNcOHIRidrS Wiré Bpplina, Wap Hehsoéion tﬁﬁ&h@xﬁ@n&nﬁ@u@ oBfifed00
Total of 3-ring Ar tics 0,00 0.02.0,00 0.00 hers.0,00 0.56 0.00 0,00
[114] As 1o ASAREIE G RBRE ST P TPt I UL P

ti mes, wher ebyd khlenaiyometizaionbenzene and xyl ene which are val uabl e aromatic
conpon wasr 0 W | such
e ot nani! pr o dRRERERE PAO Pt pAbdtls PRE S p A itchlths REEBLLL AR,
product (A2) hanea Il eemasurabonsnthaasodyet fobmbiiendeby iepsculathgrietleicatbons gher

yi el ds of theayiahyall eioad SBEASC the (RO DE3)ABtAMLIES, RYir&Mtng MdoPKkted

recirculation two tines,
heavy oi{s after transalkylation, and the product (A4) obtained by xylene isomerization

and separation are shown in Table 16 below.
[119] Table 16

[Table 16]
Composition AQ | Al | A2 | A3 Ad

Paraffin 0,77 |40.82]53.21153.66| 54.30

Ethane 0001307403407 4.59

Propane 0.77 [11.43|14.74|14.781 14.84

Butane 0.00 [15.06119.76]19.80| 19.80

Naphthene 0.00;001(001(001| 0.01

Total of Aromatics 99.23|66.77(57.48(57.02 56.42

Total of 1-ring Aromatics 0.73 |46.46157.48|57.02| 56.42

ringl-rmg Aromatic without naphthenic 6.30 |44.82157 48|57 02| 56.42

B 2.05 (28.20136.99|37.07| 38.42

T 0.70 10.00{0.0010.00| 0.00
Mixed-X 0.97 |113.64119.69(18.11|18.00(x)

EB 0.63]1.38{1.811.85| 0.00

Co 1.65 10,00 [0.00]0.00| 0.00

C10 0301330791000 0.00

i 1-ring Aromatic with one naphthenic 3.43 | 1.64 | 0.0010.00| 0.00

1ﬂingsl*rlng Aromatic with two naphthenic 0.00 1 0.00 | 0.00 000! 0.00

Total of 2-ring Aromatics 89.50(20.29] 0.00 | 0.00F 0.00

ringZ-rmg Aromatic without naphthenic 66.92120.271 0.00 | 0.00 1 0.00

I‘ingZﬂ‘mg Aromatic with one naphthenic 99.58] 0.02 1 0.00 1 0.001 0.00

ringSZ-rmg Aromatic with two naphthenic 0.00 | 0.00 1 0.00 1 0.00| 0.00

Total of 3-ring Aromatics 0.00 100200010001 0.00

Others 0,0010,56|0.00]0.00} 0.00

(*) Para~Xylene

[120]
[121] As is apparent from Table 16, almost all of the xylene mixture could be converted
into para-xylene which is a valuable product by para-xylene separation and xylene iso-

merization, and ethylbenzene (EB) which is an impurity in the xylene component was



[115] [116] Production of Valuable Arggatics and Light Paraffins from Coal
Tar by Xylene Process after Transal kylation 111171In the recircul ation of
unconver two 20ids3@Bt er transal kyl ati on, the sanme feed ardT/K¥R01AD07852

2012/ 053848PCT/ KR2011/ 007852 reaction conditions were applied, with the
exception that the xylene m xture obtained by transal kyl ati on were treated

w th xyl ene @b@t j;fdimedf‘ahd‘llgorﬁ&rtad b ea&eﬁ@mafeaafb@ntharyﬁbldyﬁcemuy of

t t f duc d
oot 2o Rl ol £0 b SR b Aol cBR S Sdete eSS oduct

(A2) oltZAl]ned Aiyhaugh mheoamhla:tdumglmyﬂﬂle@wsbmnsvdmﬁon hgvelieeodisetosed traribons, t he

product (A3) &%ﬁbé‘@g})ﬁs}és tﬁ8§ s‘l%y ?2& ag{‘\g e%:?zge Hﬁﬁé( ¥ar94t{6§f et

transal kyl ati on ene 1 soneri zation and
separati on ameodafieaiians andrsalbﬁtetutl@lsm bwmbﬂelmqho pértm@ fropa Blescap) and

Corposi o il 02 S ebal s ol s ey e,

ropane ane
15.06 19.76 w%@cai@n%@%%m%% ailﬁ é’f‘@ﬁﬁiw@% &Zaghleglwnf Binghe ggope of
Aromatics 99 .tZ3pr6&entifhvbltich8 57. 02 56.42 Total of 1-ri ng Aromatics 9.73
46. 46 57.48 57.02 56. 42



1-ring Aromatic without naphthenic ring;6.30 44.82 57.48 57.02 56.42 B 2.05
28.20 36.99 37.07 38.42 T 0.70 0.00 0.00 0.00 0.00 M xed-X 0.97 13.64 19.69
18. 11 18.WO(20)2/0E58848. 63 1.38 1.81 1.85 0.00 C9 1.65 0. 00POTKR201100785200 C10
0.30 1.33 0.79 0.00 0.00 1-ring Aromatic with one naphthenic ring 3.43 1.64
0.00 0.00 0.00 l1-ring Aromatic with two naphthcnic rings 0.00 0.00 0.00
0.00 0.00 Total of 2-ring Arorratlcs(ﬁ%l'ﬁ)ls

[Claim 1] A method of producing aromatics and light paraffins, comprising:

(a) introducing oils derived from oil, coal or wood into a hydrogenation
and reaction area, so that polycyclic aromatic components are partially
saturated and cracked;

(b) separating components obtained in (a) into hydrocarbonaceous
components having 11 or more carbons, hydrocarbonaceous
components having 6 ~ 10 carbons, and hydrocarbonaceous
components having 5 or fewer carbons; and

(c) recirculating the hydrocarbonaceous components having 11 or more
carbons separated in (b) to (a), feeding the hydrocarbonaceous
components having 6 ~ 10 carbons to an aromatic separation process
and a transalkylation process so that at least a portion of aromatics is
recovered, and feeding the hydrocarbonaceous components having 5 or
fewer carbons to a light separation process thus obtaining paraffins.

[Claim 2] The method of claim 1, wherein the hydrocarbonaceous components
having 6 ~ 10 carbons separated in (b) are transferred to the aromatic
separation process so that they are separated into benzene, toluene,
xylene and hydrocarbonaceous components having 9 or more carbons,
and a portion of the hydrocarbonaceous components is then fed to the
transalkylation process to thus obtain a mixture comprising benzene,
toluene, xylene and hydrocarbonaceous components having 9 or more
carbons, which is then mixed with a remainder of the hydrocar-
bonaceous components which is not transferred to the transalkylation
process, so that at least a portion of aromatics is recovered, or
the hydrocarbonaceous components having 6 ~ 10 carbons separated in
(b) are transferred to the transalkylation process thus obtaining a
mixture comprising benzene, toluene, xylene and hydrocarbonaceous
components having 9 or more carbons, which is then fed to the
aromatic separation process.

[Claim 3] The method of claim 1, further comprising (d) feeding xylene mixture
separated in the aromatic separation process to a xylene process to
recover at least a portion of aromatics, and recirculating oils that are not
treated in the xylene process to the aromatic separation process.

[Claim 4] The method of claim 3, wherein in the xylene process, separating para-
xylene from the xylene mixture and isomerizing the xylene mixture

other than para-xylene into para-xylene are performed.



20.29 0.00 0.00 0.00 2-ring Aromatic whghout naphthenic ring 66.92 20.27
0.00 0.00 0.00 2-ring Aromatic with one naphthenic ring 22.58 0.02 0.00
0.00 0. 00wWO20R2/05883§ Aronmatic with two napht henic rings @COXKK0OM008520 0. 00
0,00 Total of 3-ring Aromatics 0.00 0.02 0.00 0.00 0.00 Gxhers 0.00 0.56
0.00 0.00 0.00 (*) Para-Xylene [120] [121] As is apparent from Table 16,
al nost [aldim@f] the Xyl eneehthod 6f 4QUIE JPR1aGANY &5 I ehdrbihGhPRYRoganheRanthi ch

is a valuabl e product by para-xylene separation and .xylene s rization,
and et hyl benzene (EB) wHIGR LA W pdPiey rhac Sy P Bk dHaH “vas 26
WO 2012/ 053848PCT/ KR20 Xt4dkiig8&t. conpl et el y renoved and converted into
benzen efore, th i kt . r. i e

i ncrea gil]_'ﬁ;?,{] addi ti onale{%(é Iﬁéﬁ?@?ﬁagﬁﬁ‘%ﬁ%@ﬁ?gg’% ngg lﬁ%ﬂﬁ?ﬂigﬁéﬂn? he
enbodi ments of the prese¥itis keylalysi g dedwniiagerrss ead pior o morejeielsat i ve
purposes, those skill e%eleeteahﬁ)n@aﬁmﬂ% Heta®PRTGOUBS € 9 atlﬁtl()as_u}éﬁéﬂt&itt}ie@f)n. _

di ffereg} .mpdi fications_and ﬁu(ﬁs}l tutLons are poai%l bl e,. V\fw out departing
from t heldBdde and spi rite BFhPhar ¢l Visiciag dlaat Bddn il hyeocs anyi ng
clainms. Accordingly, sughirachddiftalicolit @ndyssudhg bud dronsreshanls delatted be

d d as falli ithin th futh i ] .27 WO
2015/ 0598asPeTy Kr011/ 7889 MR iRe RBePRo BP OG0 Alcs ana

l'i ght paraffins, conpri%lppgiedtha)éom.nt roducing oils derived fromoil, coal
or V‘Dogcla%%ga hydrogenatd fonaige %Eﬁ?’?,‘ &ﬁkr&&‘?@e m%?ié%ﬁ%olﬂQl:é’t&lﬁSﬂdg%dﬁ{ omati ¢
conponents are partially saturated and cracked; 5 separ at | conponent s

obtained in (a) into hyHeBrHPHEHHESBUS ISCOrARENY SPRPHENE ABe enmere kagseof

car bons, hydrocar bonaceRystetRIRENGIHSsihav NA & mord Ovkieh RONSdifidddith a
hydr ocar bonaceous corrpg%rlllﬁts having 5 or fewer carbons; and (c)

recircul ating the hydr %Ponaceous conponents having 11 or nore carbons
separ at[€thim®] (b) to (a)Thefraetlbdgf ¢lhien Bydicocianixomadicied sedaapanigntisehavi ng 6
- 10 carbons to an aro { at | e n t I i

TP LSERRRL LR BARRES B A COLRBHA RRE.

process so that at |eas dp iCS I's recovered,
t he hydrocar bonaceous Mol FAldyvimBBAor fewer carbons to a |ight

separ agtgﬁ\m%ﬁ)cess t husTiRlh&hh BaRAsRIdr Iclems T4 ThReH R oifd @rifkd fropfrer ei n

t he hydrocarbonaceous conponents having 6 - 10 carbons separated in (b) are
transferred to the ar orfc‘imq%lt%ééra%%fﬁfg pt yematc sempepentsthisss ofr 2188 Phrhat ed
into benzene, toluene, wytLRshadstshsyRIPOLAIDANARBRUSHERIPARILISIOhayig. 9 or
nor e c?{sfong, and a port.ion tgfdt e h drgciir borfgc oulg c.orzﬁon ncg S. | fthen fed
to the ‘tI4Rdal kyl ation PIEJREEe OLIWHIRE ASEUTH T 40 % WRrD fb?r’%r eﬁvﬁ‘z "B€hzene,
t ol uene, xyl ene and hydmatanbarboacus 4@ ePPonédndSarhemiingorBp@rentydasedo@ar bons,
which is then mxed W tfy,a f RIBLOAHaout P&npé{&%%cé‘ﬂ&)ﬂaﬂ%%%ﬂ%%%t S

which is not transferre to t’he transal kylatton pfocess, so t t least a
portion of aromatics is f¥6vered, or the hydrocarbonaceous conponents

havi ng [61aim1@] car bons spRaha&h8dof thy(dhk ARRihS 2Rk SNESEntRe bilederived from
transal kyl ati on process .f hus obtainin ture corrﬁrl Si na benzjzne,
hgerg earomyp

. g.am
tol uene,  xyl ene and hydib&aH 196 M9CE GiFsSTlES RIS HER AROAZ Y car bons,
which is then fed to thacladiogeiw pysepdy @soldie (RPGHekawvy The ppmlsadoeblid ai m

1, further conprising ( f n l ene. . m xture s rated | he aromatic
separation procese to Skyates ] Redbe BUENT SR TPE FRImUR b o 0t
aromati cs, and recir cul aomagcsokdresenhgtt @it etmesphenegasedl, FOC (Hleidkgata e
rocess to the aromati [e? T t i rein
p Ccr%%@@%ﬁédﬂﬂe,pﬁém@ cked'HphtHa ﬁ%@xg{acﬁé@ﬁiﬁhﬁla, pee

in the xyl ene process, s 1 ng paraxyl ene omt ene m xture and
i someri zi ng the xyl ene decsited ail.orpaim graeil sakel-say PEneokehdigsgherokesmapBie. ar e
per f or med. heavy and reduced petroleum crude oil, petroleum atmospheric dis-
tillation bottom, petroleum vacuum distillation bottom, asphalt,
bitumen, tar sand oil, shale oil, oils derived from coal or wood
including coal tar, tar oil, light oil, phenolic oil or carbolic oil,
naphthalene oil, wash oil, anthracene oil, light anthracene oil, heavy an-
thracene oil, pitch, wood tar, hardwood tar, resinous tar, and mixtures

thereof.



28 WO 2012/ 053848PCT/ KR2011/ 007852 [ Cl g§m 5] The net hod of any one of clains
1 to 4, wherein the hydrogenation and reaction area in (a) includes a

hydr opr ocwe=nrgpsssI8st and a hydro-cracking unit. [d ai m @fTheroatdoosh2of
claim5, wherein a catalyst used in the hydroprocessing unit is a catal yst
conprising an alumna carrier and one or nore netals selected from anong
met al s [ofaika1GyUps 6, 9 arud rﬁ&hw@p@fyt@fé JfRRIEAOM to ft Guathén c?)}nBﬂﬁm@q&jw&uof
claimb, wherein acatalxarsIi ?Fﬁ hydr oc ackl?a? glnlt dified
zeolite catal yst havi nd™ lélgé)r‘ Yige t°£1 TS B RPN r%PélFF‘o?{S bup 6 (M,
W, Group 9 (Co) and GeparptidiDpiobésp ts@pport ed thereon. [C aim 8] The met hod
of claim erein th .t cki ng
unit i a cat | yst congrr}{%ﬁ%&b(gﬁfe&?%ﬂe of c&&%?(ﬁf{é%ﬁ‘di@% d|0 é)tﬂgﬁl\gwgfe%{ng
size of 4 A or nore, wtieiHatedhydsaearbens mltldinacmlﬂ@r@ﬂne frapeg ﬂ@d}Yﬂﬁ@Cﬂh‘et hod

O S v Al € al n

of claim38, wherein theJmeichi 8smpaRhistR ﬁ@t@l Y6 bar¥e gk b&k fehgn (wydb @cr acki ng
unit conprises one or %‘a} sel e te from (gr%[R El\érFa FAU, and BEA.

[ O ai m 10] The met hod of Cii{Pehifeing t;ft ofmecang! them Eeddp the Hamaiis s der i ved
fromoil contain 15 - %pémhﬁ/orolf)roaés@ﬁﬁﬂt}@: tmna:naylemrsmbaésed on a total of

hydr oc on ous co have, a ,boi 00C. [Caim
1 ThaCRRERGE or any” one rtnef Bl Py SvipRbip iRl Saetle s 88 f rom
coal or wood contain 4Cperat@19 of99 6f608r G met hyslrogmmpomespthsrebesrech BWABOL, oftal  of

hydr ocar bonaceous conp ing point of 70 - 700C. [Claim
12] The nethod of any 02[2‘9%;6 0919{151*9/@,\{‘%) %atggj\/\%er ein the oils derived from

oi |, cd&lai®rlohood are sﬁee@@téad pf@mﬁahn\ﬁlger@mtke Yeppiednf(eoianairise bergenei ng
raw pyrol ysis gasoline {6, x t&gwnﬁﬁmegyﬁe@édfm s gasoline (heavy RPG,

treat e si s gasol reformte, ayy aromatics rosene, |
ot el TS gae o T @%&0%3 b b By Brhads e gy tsdtind Kot ghe
cr acked napht ha, heavy mbmkschcmmjfdthanpﬁﬁ,ﬁ‘g deaaist esmpisked of &C v YN vg&so0i |
coker gas oil, coker dig e 0 t he rol eum
crude oil, pet rol eum atbrfr%asf Og?ei C % ?Llrﬁ% }ga%?n(%na %é%la{gér%ﬁ% ({of%ﬂ}ré%{aag{??n%%acuum
distillation bottom as%;dmmetd to BPt~uddrhasedaon glamdhagind 5 < HdMe%oiflone of ore
derived from coal or WQHS'r hﬁl@'bﬂﬁief&%efé@éh ff-d?ﬂ thetg% r}pédn’SIS{lfl QF Qﬂnlna pEenoI ic

oil or carbolic oil, napht hal ene oi |, hr acene 0| . i
ant hr acene oi | heavy aemingcalien silica alﬁml% be%e@ae faplin, KHpeRiBHe rag |

resinous tar, and mixt Uh&amoRi@bRied, and 2 8ydo, &&h&h@@%ﬁ%ﬁ%ﬁd&lﬂmw@ﬂ&@?
i

[Caim 131The nmet hod of one .of ai ns ther ¢ rising (e)
recir- culating oils hé{f%ﬁé %}1(’% ﬁ@zreecaghe'r ﬁ@l Btsfa[?aﬁté&’yl%elgﬂﬂg)fgp% tic
separation process to (ra<)re mdhlaseteddd fthm thephog cofisigting dipdatiofimctiaj ingiuin t o
4, further conprising (ggedseedi ng saturated hydrocarbons including

cycl ohexane among the hygrocarbonaceous conponents having 6 - 10 carbons
separated in (b) to a reforner so that they are refornmed and then fed to
the aromatic separation process and the transal kyl ation process. [Caim
151The nethod of claim 14, wherein the reforner is operated at a tem
perature of 400 - 600C in a hydrogen atnosphere using a Pt/ Al 203,

Pt Re/ Al 203 or Pt-Sn/ Al 203 catalyst. [Claim 161The nmethod of claiml1,
wherein the aromatics in (c) conprise benzene, toluene, xylene or m xtures
thereof. [Claim171The nethod of claim 1, wherein a catalyst used in the
transal kyl ation process is a catalyst conprising a carrier conposed of 10 -
95 wt % of beta-zeolite or nodernite having a nolar ratio of silical/alumna
adjusted to 20 - 200 based on alumna and 5 - 90 wt % of one or nore

i norgani ¢ binders selected fromthe group consisting of ganma-al um na,
silica, silica alumna, bentonite, kaolin, clinoptilolite and
nontnorillonite, and a hydrogenati on netal conposed of, based on 100 parts
by weight of the carrier, 0.001 - 0.5 parts by weight of one or nore netals
selected fromthe group consisting of platinum tin, indiumand |ead.



