1 WO 2012/ 036484PCT/ KR2011/ 006813 Descrjiption Title of Invention: METHCD CF
PRODUCI NG VALUABLE AROVATI CS AND OLEFI NS FROM HYDROCARBONACEQUS A LS

DERI VED RROXD2@3648OR WOOD Techni cal Field [11The presentcCirkrentivossisel at es
to a method of producing aromatics and ol efins from hydrocarbonaceous oils
derived fromcoal or wood. Background Art [2] The demand for aromatics, for

exanpl e, benzene/tol uene/ xyl ene, s, J ing at a yearly average of 4 -
6% all over the world, which is Jbéﬁggﬁiﬁﬁiﬂireasing trend that is two

LR DY AT PR O Ve
s RO ANPOTEHIN ¥ RO R TIRORNRMON oS
o1 pLoducts el WNBSBRTVEPRONICOLT, OR WOIOD, Pyrolvsi

reformer. [4]INolmieal Fheddause of the drastic increase in the demand for

aronat i as t ed above, Shortage of naphtha supply are intepsifying in
the worll Bwi de TSR MG g Eh A TETRET PEHCIESHURHG SRAP IS BE HRMues
usi ng napht haydmoadbnareeis dikelerined frasidogl @rvosat | ¢ demand because napht ha
can be obtai&fd b atqféﬁgeric distillation of crude oil only. Hence, there
is a need fo %ﬁk O feed for aromatics, which is usable as a

repl acgpent f orherizpiahd) for aatielatiddl fop exdrmple, beazéiRAdlubRe/kyleled asSi@clehdnyhed d of

aromatics and olefins is receiyin ttentjon. .Disclosure of. | nvent,ion
Teohni car proBrOERG A Chal o BanErhn fhient RE SRS RS ing PERE B thave
aspertained tWaﬁngsdnﬂﬁDEan@ﬂpeﬂémmsﬂsubhmaéﬂbgnnenbmﬁtmhmmpgﬁoa&xykhne of
whi ch the derlﬁ%réa%e ENRL&RSH (1D dq@ﬁ tQﬁllgE&P@a@ﬁg dfeﬁﬂ & rhﬁorﬂfﬂd Vi @h a0Mm coal
or wood and also that 1t Is possi et prepafe val uable o efins avi ng

hi gh appl i cabiGanvgnticpabaronaties Geezeppiéolpensseiane) hapsrherd aradieedfeen pyelyssed so

as to be adaph&flintobtatfea ek HithRhkShedtQbiltfR6dRBOMELRG RRyIMIRS -
[ 6] Accor di ngly, ?n obj ect of the present inventio ovi de a novel

1§ to
met hod of pr SEWSTHG ﬂ?'gW-%ﬁ@éWF ¥§1%Bla’ét€8ﬁlﬁgiaé’§‘P€tHﬂ?%’lde‘Pljio furﬁ‘émﬁ%ff)ﬁﬁa%?fi s
derived fromcembfticaapmboctfeomirai ni ng a | arge anount of conponents havi ng

hi gh ar, tici instead of using a conventianal ht ha feed. Solutjon to
o ob1 ol 3 o it D TGRS Bk FrbaRy S PR AR MBS B norEP e
above obj ect Shotiegepfewphtha suppdnaicantepyipvigiegshawrddwalt mdrkgtrinduding§hina
aromati cs ang; i il L I e jsing (a)

i nt roduci ng ? ngl: g??@%ﬁ{@\%ﬁﬂ;@gﬂ}ﬁ@%ﬁﬁ% ﬁ%@%ﬁh?ﬁ %&ﬁ% rlg&g%%‘% on &
reaction ar edronadicidestand besrass Barbditron ba 8 amedityRtapTbelic dishllaipg of caude
partial ly saburclyeHeans tedraakesbed (6) al@aR@katdeddoCAORANGN Whicdlt aidbedasian ()

i nto hydrocarbgnaceous co nen aving 11 or nore carbans, .

yclr ocar bonaCBUHETEShis ARG Ry HEeEnoLy et pascsE B ol od seaitis b eous
conmponent s halkifing ibreceivingagteitambons; and (c) recircul ating the
hydro-carboniﬁeoEf co en%&.having 11 or nore carbons separated in (b)
back to (a), 186 SHﬁet nH? ¥4 bonaceous conponents having 6 - 10 carbons
to an aromat iTedRfidaPProBldi t and a transal kyl ation unit so that at |east
a portion of aromatics is recovered, and feedi ng the hydrocarbonaceous
conponédt s haWil§r suchcicagstapess b rasentanygngs haveraeeitaingd thfiaromaiss

obt ai ni ng ol @bmPsnenkShichdy BEHR8E dlGerfel draGiche OF whithahé i@Rarklif IdeRingahdyod of
pr oduci ng argnatlcs d oHeflns ﬁccordln todthg @r sent | nve tion,
hi gh- concent PEPTPA A BRI LCBTEHTRE ol 97 wirad apdilya HRT 4 AHPSIPLHE PLehi e
produced usi gluable ldfims hadinp 4ighceplplitabilitgy ardi thérefané therpessght inngntiondiay beml
car bonati on . i ! YSLS,

car bonat | on, CHAr kG L FERRATRE g b ikl RAERRPIERIIE,
conventlfbnal negshrdiagly cadbbjesh df thepsesenidnyasntioods waeoyide agovd mdteodfesent

i nvention Ca@HQM@&%QH@}&&ﬁfﬁﬁﬂkﬁ@&&ﬁﬂk@En@BE@HQHQHE09§&%BQH@RE?&M&B@O] I'n
particular, anong a variety of aromatics/ol efins, Vvaluable aromatics, for

exanpl e, ben2¥9d CORGINRG dIfESe ARePn of tRBPEBisdRYINg haghcHomatighoprted et can be
sel ectively priaducedventiodalnapradeds which are rel atively val uel ess can be
recovered anggée roq&gﬁedbﬁggthat their values are increased, thereby
greatly incr PHE, 7\ | eness of final products. Brief Description of
Drawings [11] FIG 1 is a schematic block flow di agram showi ng a process
according to an enbodi nent of the present invention; and [12] FIG 2 is a
schematic bl ock flow di agram showi ng a process according to anot her

enbodi nent of the present invention, including aromatic separation,
transal kyl ati on, xylene process and then the recirculation of unconverted
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[54] The properties and conpositions ofgthe oils derived fromcoal used in
this Exanple may differ depending on the kind of feed and operating
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havi ng the conposition shown in Table 1 bel ow was prepared. 11551Table 1
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wi th one napht'henic ri Ar omat enic ri
carbolic oil, nap thalene oil, Wash oil, anthracene 011 light anthracene oil, heavy an-

thracene oil and pitch, products derived from wood carbonation, such as wood tar,
hardwood tar, resinous tar, and combinations thereof.

[15] 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 derived from coal or wood are in-
troduced into a hydrogenation & reaction area. The oils derived from coal or wood are
hydrocarbonaceous compounds consisting 40 ~ 99.9% of aromatic components based
on the total of hydrocarbonaceous components and having a boiling point of 70 ~
700°C. As the amount of aromatic components of the oils is increased, valuable
aromatics may be favorably produced.

[16] According to the present invention, aromatic components having aromatic rings may
be partially saturated and cracked in the hydrogenation & reaction area. The hydro-
genation & reaction area includes a hydroprocessing unit and a catalytic cracking unit.
As such, hydroprocessing and catalytic cracking may be performed in any sequence
whatsoever. Specifically, the feed may be introduced into the hydroprocessing unit and
then the catalytic cracking unit, or into the catalytic cracking unit and then the hy-
droprocessing unit.

[17] The hydroprocessing unit of the hydrogenation & reaction area is configured such
that hydrogen is supplied from the outside, in which the oils derived from coal and
wood are hydrotreated in the presence of a hydrotreating catalyst. By the hy-
droprocessing reaction, aromatic components having two or more aromatic rings may
be partially saturated. Upon such hydroprocessing, an aromatic component having one
aromatic ring must not be saturated. 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.

[18] In the hydroprocessing process, the aromatic components having 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
of the unnecessary aromatic rings in the downstream catalytic cracking unit.

[19] To obtain the above results, the hydroprocessing unit may operate under conditions
including a reaction pressure of 20 ~ 100 kg/cm, a reaction temperature of 150 ~ 450°C,
and a liquid hourly space velocity (LHSV) of 0.1 ~ 4.5 hrl.

[20] Also a catalyst used in the hydroprocessing unit may comprise a carrier composed of

one or more selected from the group consisting of alumina, silica, zirconia, titania and
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Hence, the impurities in the oils may be easily removed without the need to addi-
tionally perform removing impurities.

[22] Upon hydroprocessing, the partially saturated feed is fed to the catalytic cracking
unit. A catalytic cracking catalyst used in the catalytic cracking unit may include a
solid forming catalyst including one or more porous solid acids. The solid acid may
include an amorphous solid acid such as silica, alumina or silica-alumina, or a
crystalline zeolite molecular sieve having a molar ratio of Si/Al of 300 or less and a
pore size of 3 ~ 8A (Angstrom).

[23] The crystalline zeolite molecular sieve may be a combination of one zeolite
molecular sieve selected from among FAU, MOR and BEA which are large zeolite
molecular sieves having a pore size of 5.6 ~ 7.7 A so that the aromatic components
may react in the pores and one zeolite selected from among MFI, MEL and FER which
are medium zeolite molecular sieves having a pore size of 5 ~ 6.5 A. The weight ratio
of the large zeolite molecular sieve to the medium zeolite molecular sieve is in the
range of 5/95 ~ 95/5, and particularly 50/50 ~ 95/5.

[24] The catalytic cracking catalyst may be prepared by mixing 10 ~ 95 wt% of one or
more zeolite molecular sieves selected from the group consisting of FAU, MOR, BEA,
MFI, MEL and FER, and 5 ~ 90 wt% of an inorganic binder selected from the group
consisting of alumina and clay so that they are sprayed and dried to a particle size of
10 ~ 300 microns.

[25] Catalytic cracking plays a role in breaking a naphthenic ring or a long branch with
two or more carbons attached to a 1-ring aromatic compound. The purpose of hy-
droprocessing is, in 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 raw
feed for making aromatic components in the downstream units.

[26] To obtain the above results, the catalytic cracking unit may operate under conditions
including a reaction pressure of 10 ~ 60 psig, a reaction temperature of 400 ~ 600°C,
and a ratio of catalyst/oil of 4 ~ 10.

[27] The products obtained from the hydrogenation & reaction area are separated into 1)
hydrocarbonaceous components having 11 or more carbons, ii) hydrocarbonaceous

components having 6 ~ 10 carbons and iii) hydrocarbonaceous components having 5 or
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[28]

[29]

[30]

[31]

having 11 or more carbons thus separated are recirculated back to the hydrogenation &
reaction area, and the hydrocarbonaceous components having 6 ~ 10 carbons are fed to
an aromatic separation process and a transalkylation process, and the hydrocar-
bonaceous components having 5 or less carbons are continuously fed to a light
separation unit.

Heavy oils having 11 or more carbons may be converted into valuable aromatic
components or valuable olefin components, and are thus recirculated back to the hy-
drogenation & reaction area. recycled oils recovered by the separation column is about
30% of fresh feed oils, but after recirculation, the amount of oils which should be
further recirculated is less than just 3% of the total.

The hydrocarbonaceous components having 5 or less carbons that were separated by
the separation column are further separated into off-gas and olefin components by light
separation process. The olefin components include 2 or more carbons such as ethylene,
propylene, butylene, etc.

The hydrocarbonaceous components having 6 ~ 10 carbons that were separated by
the 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 reformated in the reformer is fed to the aromatic
separation process and the transalkylation process, and the unconverted oils may be fed
to the separation column or the light separation unit. The reformer functions to convert
the saturated hydrocarbons into aromatic components at about 400 ~ 600°C using a Pt/
Al,O; or Pt-Re/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.

The hydrocarbonaceous components having 6 ~ 10 carbons separated by the
separation column (and passed through 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 hy-
drocarbonaceous components having 6 ~ 10 carbons may be separated into benzene,
toluene, xylene, and hydrocarbonaceous components having 9 or more carbons in the
aromatic 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-
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rapidly hydrogenated, they are re-alkylated to aromatic compounds, ultimately

lowering the rate of conversion of aromatic compounds having 9 and more carbons.

Furthermore, olefin itself may cause polymerization or the like, undesirably facilitating

the production of coke that inactivates the catalyst.

[35] 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.

[36] 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
literature. The valuable aromatic components thus produced, namely, benzene and
xylene may be recovered and made into products.

[37] After transalkylation, the aromatic components having 11 or more carbons, which are
not used as materials to make valuable aromatic components, are recovered, and then
may be fed to the hydrogenation reaction area. Also, toluene, xylene and hydrocarbons
having 9 or more carbons produced by transalkylation may be fed to a xylene process
which will be described later via the aromatic separation process. In the xyleneprocess,
separating para-xylene from xylene mixture(composed of ortho-xylene, meta-xylene

and para-xylene) and isomerizing the xylene mixture not having para-xylene into para-



0.00 0.00 Paraffin + Aefin 0.77 0.79 33.55 Ethylene 0.00 0.00 0. 43

Propyl ene 0.00 0.00 0.92 Butylene 0.00 0.00 1.58 Naphthene 0.00 0.00 0.20
Total of woanmeri3es499. 23 101. 30 85. 97 Total of 1-ring APOFER208/@®6813 81. 19
37.62 1-ring Aromatic w thout naphthenic ring 6.30 6.43 27.51 ETX+C9,
Cl0 6.30 6.43 27.43 BTX 4.35 4.44 21.27 E+X 3.64 3.72 13.50 T+C9+C10 2. 65
2. 71 13. 93 Bx#leddmdy®? perf8hned.

[38] Also, para-xylene separation for separating only para-xylene from xylene
components may be performed using a technique known in the art, such as adsorption,
crystallization, etc.

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

[40] The xylene mixture 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 not having para-xylene are equilibrated using a catalyst, whereby
para-xylene which is economically valuable may be additionally obtained.

[41] 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 components,
from the transalkylation process and the xylene process, and recirculating the un-
converted oils back to the aromatic separation unit. Specifically, a portion of benzene
and toluene which are not recovered from the transalkylation process are 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 &
reaction area from the aromatic separation process. Upon transalkylation, benzene and
toluene may be converted into xylene. Moreover, in the xylene isomerization unit, oils
which are 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.

[42] Accordingly, all the oils obtained from the xylene isomerization process may be re-
circulated back to the transalkylation process and the para-xylene separation process
via the aromatic cracking process, thus additionally obtaining para-xylene.

[43] 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 olefins and valuable aromatics are
possible without additional treatment and without wasting materials due to the recir-
culation from the aromatic separation unit to the hydrogenation & reaction area.

[44] According to an embodiment of the present invention, coal tar is introduced into the
hydrogenation & reaction area that performs hydrotreating and hydrocracking. Coal tar
cracked in the hydrogenation & reaction area is fed to the separation column so that it
is separated into (1) components having 6 ~ 10 carbons, (ii) olefin components, and (iii)
hydrocarbonaceous components having 11 or more carbons.

[45] After being separated by the separation column, (iii) the oils having 11 or more



T0.700.72 7.77 X 1.59 1.63 6.66 C9 1.465 1.68 4.33 C10 0.30 0.31 1.84
1-ring Aromatic with one naphthenic ring 3.43 59.73 10.11 1-ring
Aromat i ¢ woth1zossaapht heni c rings 0.00 15.04 0.00 Tot alPCOfKR2011/006813
Aromatics 89.50 20.11 47.90 2-ring Aromatic wi thout naphthenic ring
66.92 12. 10 39.63 2-ring Aromatic with one naphthenic ring 22.58 8.01

8. 27 2- 1| RErbAADMBIhiIReIMVith fitewD chtad Plitahe thed redinUsatél Bk Go (1 @dﬂigef[moaﬂ of
3-ring Aromahcs 0.00 0.00 0.44 O hers 0.00 0.00 2.29 [64] i s apparent
from Tabl e 4% EBFUIYUE t o the feed before catal ytic cracki ng, namely, the
feed aflé@r hyd3§osplch¢mu}agpn ttheammuntompommmgam oryh@neinghinai bar e

val uabl e aro%gatc' dﬁ)Qa.”PBH foindtRTohdd g%%%g?&%@ n%iocataﬁlg}y e% of

t ol uene/ C9/ C I ch are e mat er| a t he benzene
subsequent t 8%k hmmyarh@na@wmoum&awgéwowHmﬁﬁrbwwmaplﬂqucrﬁégqom@ﬂuct s

obt ai ned by %@fc?dckéd Endd ARG K Wint NG BRIarbin@it chFdeRB of AN Has @Gndked3 W %
of ethyl ene, wt % of propyl ene and 1.58 wt % of butyl ene, which were

absent from t"ﬁ@a iBHRYIC CHHPBE i on. [66] Anpng the conponents produced by
cat al yt#z] cr acWh&rgthe tréwgrchiagbh isopeefoirmsd weths wac theenashnt ahgtomatiy ceapmensnt s

having 6 - 1‘[% GRrhons were.f esdmztl Od B8 1 aAD P EY]. A LB R L OGRES the TG CaL al yst
used in the transalkyl ation eSs s dconposed “Of PA car el "Corpri si ng 50

wt % of nor denulaaomasmqngeléommdaFurrdmrmoreothesalrnquanavhate@ﬁw&mhmﬁ c@Uegndind® wt % of

%gmm al um n%aﬁhﬂg%orﬂﬁf&s gr Qrite?ﬁfst@ npa)f(e‘eﬁfugﬂts a%mﬁic@ﬂa@%&ﬂgd&aﬁypar ts by
increased. For example, in the case where recirculation is performed, benzene which is

the valuable aromatic component is increased by 15 ~ 25%, and xylene may be
increased by 160 ~ 197%.

[48] Also, (1) the components having 6 ~ 10 carbons are fed to the aromatic separation
unit, thus obtaining benzene, toluene, xylene and hydrocarbonaceous components
having 9 or more carbons, which are then fed to the transalkylationprocess, after which
the components including benzene, toluene and xylene produced by the transalkylation
processare recirculated back to the aromatic separation unit, the transalkylation unit,
the xylene treatment unit and the hydrogenation reaction area, via the aromatic
separation unit, whereby the total yield of benzene and para-xylene is increased by
about 75 ~ 85%.

[49] Thus, when the above recirculation step is added, accumulation of unnecessary
components upon transalkylation and xylene treatment is prevented, 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 recirculation effects are described in detail in the following
example.

[50] In order to additionally explain the principle of the present invention, the example is
described below, but the present example is not supposed to limit the scope of the

present invention as envisioned by the present inventors.

[51]

[52] Example

[53] Production of Valuable Aromatics and Olefins from Coal Tar using Hydro-
genation Reaction, Aromatic Separation, and Transalkylation

[54] The properties and compositions of the oils derived from coal used in this Example

may differ depending on the kind of feed and operating conditions. In the present

example, as oils derived from coal, coal tar having a boiling point of 78 ~ 350°C and



WO 2012/ 036484PCT/ KR2011/ 006813 wei ght of tin supported thereon. The
conposition of the products obtained by transal kylation is shown in Table 5
bel ow. [ 6¥DTRaldws6434] Tabl e 5] Conponents Feed Anpunt Aft @CTH§RMOIMEeHBI Ng
After Catalytic Cracking After Transal kyl ation Flow rate 100.00 102. 09

102. 09 102.54 Coke 0.00 0.00 0.08 0.08 H2S 0.00 0.00 0.00 0.00 H2 0.00 0.00

0. 00 0. 00 Pamafihp fhetcoahpakition @hdwn th T1d 3 belowlRaddrefirby| ene 0. 00 0.00 0. 43
0. 43 Pr[gﬂyl e”era‘%1e010 0.00 0.92 0.92 Butylene 0.00 0.00 1.58 1.58

[Table 1]
Components Feed Amount
Flow rate 100,00
Coke 0.00
0,5 0.00
1, 0.00
Paraffin + Olefin 0.77
Ethylene 0,00
Propylene 0.00
Butylene 0.00
Naphthene 0.00
Total of Aromatics 99.23
Total of l-ring Aromatics 9.73
1-ring Aromatic without naphthenic ring 6.30
BT¥+C9, CL0 6.30
BTX 4,35
BHX 3.64
T+CI+C10 2,65
B 2,05
T 0,70
X 1.59
9 1,65
Cl0 0.30
1-ring Arcmatic with one naphthenic ring 3.43
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-ring Aromatic with one naphthenic ring 22,58
2-ring Aromatic with two naphthenic rings 0.00
Total of 3-ring Aromatics 0.00
QOthers 0.00
[56] The coal tar having the above composition was fed to ahydroprocessing process. Hy-

drotreating was performed in a fixed-bed reactor in the presence of a catalyst
comprising an alumina/silica carrier and nickel/molybdenum metals. The hydrotreating
reaction conditions are shown in Table 2 below.

[57] Table 2



Napht hene 0.00 0.00 0.20 0.04 Total of {fromatics 99.23 101.30 85.97 81.10
Total of 1-ring Aromatics 9.73 81.19 37.62 32.75 1-ring Aromatic

wi t hout msiploIPass484ri ng 6. 30 6. 43 27.51 26. 30 BTX+C9, CPOTKR201180048327. 43
25.53 BTX 4.35 4.44 21.27 25.44 13+X 3.64 3.72 13.50 25.44 T+C9+Cl0 2.65
2.71 13.93 0.09 0 2.05 2.09 6.84 16.05 T 0.70 0.72 7.77 0.00 X 1.59 1.63
6. 66 [Table 2]

Catalyst I
Operating Conditions
Reaction Pressure, kg/af 0
THSV, hr 15
Reaction Temperature, C 30
[58] Afterhydroprocessing, the composition was changed as shown in Table 3 below.
[59] Table 3
[Table 3]
Components A;g:gt After Hydrotreating
Flow rate 100,00 102,09
Coke 0,00 0,00
BS 0,00 0,00
i 0.00 0.00
Paraffin + Olefin 0,77 0.79
Ethylene 0,00 0,00
Propylene (.00 0.00
Butylene 0.00 0,00
Naphthene 0.00 0.00
Total of Aromatics 99,23 101.30
Total of l-ring Aromatics 9,73 81.19
1-ring Aromatic without naphthenic ring | 6.30 6.43
BIX+C9, C10 6.30 6.43
BTX 4,35 4,44
B+ 3.64 3.72
T+9+C10 2,65 2,71
B 2,05 2.09
T 0.70 0,72
X 1,59 1.63
C9 1.65 1.68
Cl0 0,30 0.31
l-ring Aromatic with one naphthenic ring | 3.43 59.73
l-ring Aromatic with two naphthenic rings | 0.00 15.04
Total of 2-ring Aromatics 89,50 20,11
2-ring Aromatic without naphthenic ring | 66,92 12.10
2-ring Aromatic with one naphthenic ring | 22,58 8.01
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
[60] As is apparent from Table 3, beforehydroprocessing, the amount of the aromatic

components having two or more aromatic rings was considerable but was drastically

reduced afterhydroprocessing. Also the amount of the 1-ring aromatic component was



9.39 C9 1.65 1.68 4.33 0.00 C10 0.30 0481 1.84 0.09 1-ring Aromatic

wi th one naphthenic ring 3.43 59.73 10.11 6.45 1-ring Aromatic with two
napht heniwororgs643400 15.04 0.00 0.00 Total of 2-ring APOoRER2081/B68150 20. 11
47.90 47.90 2-ring Aromati c w thout naphthenic ring 66.92 12.10 39. 63
39. 63 2-ring Aromatic with one naphthenic ring 22.58 8.01 8.27 8. 27
2-1ring Aromatin@eased Bbdued tingds ki e, Gnd i gtiOulR0 (e Hibidt 60t .10GhgTabaktiof
3-ring Aromatics O. Qg 0. 0%0'44th0”44' O hers 0. ch 0. 0% 2 %? 2. 29t %6}8] As is
appar ent f roffFRBIE! BaVIRg s dPBRMEYC ring WS JarEErO e PORHESM Y 1oAY &k t he
feed after tmamshldtydaatllommbsadatedmvazenducas 00dontht texdl €hat-omgtar@nganponent ,
t he amount of | L Qcr Dy: 9 ] i her

i ncreased i ncg%hﬁ{h ﬁ%ﬁﬂ%&% n%?@ggm? %‘g;"’?n gatfp aqquﬂﬂ%glﬁgd;%g%%%gil& gtrtllg was

i ncreased by cappoirenggns dpet mpieial empkehs aplepblgar@patigeeoninenent byrbaedkiingg

procedure, t@%&pﬁ@ﬁni&%@qﬂkﬁémst&ikﬁhﬁtﬁgfﬁcicfhckﬁ%gm@m of olefins. [69]
Productlgﬁ]n of Valuable Aramatics and O efins from Coal Tar by Recirculation

of Hydr[ ar bon<eH ‘W& opfalgy dheiydugprocessing process were supplied to a

fluidized-bed catalytic cracking reactor that enables the continuous regeneration of a
catalyst, so that catalytic cracking was carried out. The catalyst used herein was an
easily commercially available FAU zeolite-containing silica/alumina catalyst (alumina
49%, silica 33%, rare-earth metal 2% and the other inorganic binder). Also, the
catalytic cracking operating conditions were a reaction temperature of 549°C, a
reaction pressure of 25.3 psig and a catalyst/oil ratio of 8.

[62] After catalytic cracking, the composition was changed as shown in Table 4 below.

[63] Table 4



[70] In the process of producing val uabbe aromatics and ol efins, the sane
feed and reaction conditions were applied, wth the exception that the
hydr ocar bwoaeenss4s414 WO 2012/ 036484PCT/ KR2011/ 006813 cecparentigokssi ng 11
or nore carbons resulting from hydroprocessi ngand catal ytic cracking were
recircul ated back to the hydrogenation & reaction area. [71]C tar feed
(AQ, the prodagé4{A) obtained without recirculating hydrocarbons having
11 or nore carbons, and the product (A2) obtained by recirculating
hydrocar bons havi ng-1l or nore carbans ar shown | Tabl e 6 bel ow.

[ 72] Tabl e 6 [ Tabl e &jn@snpone j@ﬁé@é}ﬁegﬁz réw\ﬁt?l%e 100. 00 102.54 105, 55
Coke 0.00 0. 085788 H2S 000 et U 1005 1120 ML{,Q 0 0.13 Paraffin + Oefin
0.77 19.04 50.@2 Ethylene 0.000.8.[43 w21 -'ropy.bgene 0.00 0.92 8.02 Butyl ene
0.00 1.58 4. 31%:sNapht hene 0. 00] €004 00.08 Tot al o.@f Arjomati cs 99. 23 81. 10

47,54 Total offel-ring Aronmatic®® 0.00 0.00
Paraffin + Olefin 0.77 0.79 13.55
Ethylene 0.00 0.00 0.43
Propylene 0.00 0.00 0.92
Butylene 0.00 0.00 1,58
Naphthene 0.00 0.00 0.20
Total of Aromatics 99,23 101.30 85.97
Total of 1-ring Aromatics 9.73 81,19 37.62
1-ring Aromatic without
naphtheni(.gc ring 6.30 6.43 2751
BTX+C9, €10 6.30 6.43 27.43
BTX 4,35 4.44 21,27
B+X 3.64 3.72 13,50
T+HC9+C10 2.65 2.71 13.93
B 2,05 2.09 6.84
T 0.70 0.72 1.71
X 1.59 1.63 6.66
o] 1.65 1.68 4,33
€10 0.30 0.31 1.84
1-ring Aromatic with one
naphthengc ring 3.43 5973 10.11
1-ring Aromatic with two 0.00 15.04 0.00

naphthenic rings
Total of 2-ring Aromatics 89.50 20,11 47.90
2-ring Aromatic without

naphthenic ring 66.92 12.10 3.63
2-ring Aromatic with one
naphthenic ring 22.58 8.01 8.2
2-ring Aromatic with two
naphthenic rings 0.00 0.00 0.00
Total of 3-ring Aromatics 0.00 0,00 0.44
Others 0.00 0.00 2,29
[64] As is apparent from Table 4, compared to the feed before catalytic cracking, namely,

the feed after hydroprocessing, the amount of benzene and xylene which are valuable
aromatic components was increased by 262%. Also, the amount of toluene/C9/C10
which are the materials to make the benzene/xylene by subsequent transalkylation was
increased by about 410%.

[65] The products obtained by catalytic cracking included light olefins comprising 0.43
wt% of ethylene, 0.92 wt% of propylene and 1.58 wt% of butylene, which were absent
from the original composition.

[66] Among the components produced by catalytic cracking, the light olefins were
recovered, and only 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



9.73 32.75 47.54 1-ring Aromatic w thoys naphthenic ring 6.30 26.30 47,54
BTX+C9, Cl10 6.30 25,53 46.30 BTX 4.35 25,44 46. 30 B+X 3. 64 25,44 46. 30
T+C9+C10 w0@b12n36340. 00 B 2. 05 16.05 19.30 T 0,70 0.00 @COKRLOL/B8813. 39
27.00 C 1.65 0.00 0.00 C10 0.30 0.09 0.00 1-ring Aromatic with one
naphthenic ring 3.43 6.45 0.00 1-ring Aromatic with two naphthenic rings
0.00 0.00 0, Meigbatinehippdried MEr&HOTAE tEEp&Rido4ife Pdducts obtained by

transalkylation is shown in Table 5 below.
[67] Table 5

[Table 5]
Feed After After‘ After
Components Amount| Hydrotreating Catalxtlc Transalkylation
Cracking
Flow rate 100.00 102.09 102.09 102.54
Coke 0.00 0.00 0.08 0.08
H,5 0.00 0.00 0.00 0.00
H, 0.00 0.00 0.00 0.00
Paraffin + Olefin 0.77 0.79 13.55 19,04
Ethylene 0.00 0.00 0.43 0.43
Propylene 0.00 0.00 0.92 0.92
Butylene 0.00 0.00 1.58 1.58
Naphthene 0.00 0.00 0.20 0.04
Total of Arcmatics | 99.23 101.30 85.97 81.10
Total of l-rin
Aromatios 9 | 9.73 81.19 37.62 32.75
1-ring Aromatic
without naphthenic | 6.30 6.43 27.51 26.30
ring
BTX+C9, C10 6.30 6.43 27.43 25.53
BTX 4.35 4.44 21,27 25.44
B+X 3.64 3.72 13,50 25.44
T+CY+C10 2.65 2.71 13.93 0.09
B 2.05 2,09 6.84 16.05
T 0.70 0.72 7.77 0.00
X 1.59 1.63 6.66 9.39
Cc9 1.65 1.68 4.33 0.00
C10 0.30 0.31 1.84 0.09
l-ring Aromatic
with one naphthenic| 3,43 59.73 10.11 6.45
ring
1-ring Aromatic
with two naphthenic| 0.00 15.04 0.00 0.00
rings
Total of 2-rin
Aromat tos gl 89.50 20.11 47.90 47.90
2-ring Aromatic
without naphthenic | 66.92 12.10 39.63 39.63
ring
2~ring Aromatic
with one naphthenic| 22.58 8.01 8.27 8.27
ring
2-ring Arcmatic
with two naphthenic| 0.00 0.00 0.00 0.00
rings
Total of 3-rin
oatics 2 0.00 0.00 0.44 0.44
Others 0.00 0.00 2.29 2.29
[68] As is apparent from Table 5, compared to the feed before transalkylation, the feed

after transalkylation had benezene as the valuable aromatic component, the amount of
which was increased by 134%, and xylene which further increased in amount by 41%.
Also, the total of benzene and xylene was increased by about 88%. Because the
transalkylation was not a cracking procedure, there was no additional increase in the

amount of olefins.

[69] Production of Valuable Aromatics and Olefins from Coal Tar by Recirculation
of Hydrocarbons having 11 or more Carbons

[70] In the process of producing valuable aromatics and olefins, the same feed and

reaction conditions were applied, with the exception that the hydrocarbonaceous



0.00 2-ring Aromatic w thout naphthenig,ring 66.92 39.63 0,00 2-ring
Aromatic with one naphthenic ring 22.58 8,27 0.00 2-ring Aromatic with two
napht heniworzorygse3400 0. 00 0,00 Total of 3-ring Aronmati @STHKR2011M043130. 00
O hers 0.00 2.29 0.00 [73]As is apparent from Table 6, recircul ati on was
additionally perfornmed, whereby the aromatic conponents having two or nore
rings were exempo@shtangigs] I siemyielcufbheratbiip fiot BRIPHDERLHgakRZIANE: Was

i ncreased by 21% and xyl en further increased by 187% The total of
bonzene. and’ SPTEIE Vet enalRa bl BE b O ERoRARe i aRa ot of 1 ght
ol ef i nd71]i ncl Wdiandeedt(AP),emeproguna gl polstaimnd withoyl reciecwemgihydreeadeds kbaong 5

ti mes. Ther efor u Rt | lef I i ned at

hi gher yieldéqﬁggg%§§M§@£F%%%€% Fatlo%?ﬁ(?ESV@ﬂgﬁ%gﬁﬁ%%ﬁgigggf%%%%%1/006813
[74] [75] Phawagtlilonmere saipenstreshamanitlable @bddo® efi ns from Coal Tar by
Reci rcybat i on ofidsconverted G ls after Transal kylation [76] In the

process of prggﬂciﬁg val uabl e aromatics and olefins by recirculating the
hydrocarbonaé g6 onponents having 11 or nore carbons to

t hehydr oprocessing process, the sane feed and reaction conditions were
applied, with the exceptfmentshat a port|i & jofl bexdzene, tol uene, xylene and
conponent s havffligat® or nore carbons resull| iy v t ransal kyl ati on was
repetitively ri@ircul ated back to the tiremgalikyliat | on process and the
hydr ogenati on |& reacti on area via the aromdatooe |9sparation unit. [77] Coal
tar feed (AO,|ut he product (Al) obtai nédy.omtohout, 7 ecircul ati ng hydrocarbons
havi ng 11 or Feincatbpons, the product [(82) 1 0hTamed by recircul ating
hydr ocar bons haviugige IT or nore carbons,| g@d (e, pr pduct (A3) obtai ned by
recircul ati ng Unegmyerted neavy ol I's aftep [Liemggl Kyl ation are shown in
Tabl e 7 bel ow. "h/glTabl e 716 WO 20T /ﬁﬁ’ﬁg&Pgﬁi’R2011/006813 [ Tabl e 7]
Conponent s AC)@%Q@€AA§AFiUW rate— 16610 &Hzﬁﬁﬁ 391 55 105.76 Coke 0.00 0.08
6.88 6.88 H23 R Y00 99,03 | 8110 | 4754
Total of 1-ring Aromatics 9.73 | 32,75 | 47.54
l-ring Aromatic without naphthenic ring 6,30 | 26,30 | 47.54
BTX+CY, CL0 6.30 | 25,53 | 46,30
BTX 4,35 | 25.44 | 46,30
BHX 3.64 | 25,44 | 46,30
THC94CL0 265 | 0,09 | 0.00
B 2,05 | 16,05 | 19.30
T 0,70 | 0.00 | 0.00
X 159 | 9.39 | 27.00
09 1.65 | 0.00 | 0.00
C10 0.30 | 0.09 | 0.00
1-ring Aromatic with one naphthenic ring 3.43 | 6.45 | 0,00
1-ring Aromatic with two naphthenic rings 0,00 | 0.00 | 0,00
Total of 2-ring Aromatics 89.50 | 47.90 | 0.00
2-ring Aromatic without naphthenic ring 66,92 | 39.63 | 0,00
2-ring Aromatic with one naphthenic ring 258 | 8,27 | 0.00
2-ring Aromatic with two naphthenic rings 0,00 | 0.00 | 0,00
Total of 3-ring Aromatics 0,00 | 0.44 | 0.00
Others 0.00 | 2.29 | 0.00
[73] 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 21% and xylene was further increased
by 187%. The total of benzene and xylene was increased by about 82%. Also, the total
of light olefins, including ethylene, propylene and butylene was increased about 5
times. Therefore, the valuable aromatics and olefins could be obtained at higher yields

because of recirculation.



0,00 0.00 H2 0.00 0.00 0.13 0.13 Paraffgn + Aefin 0,77 19.04 50.92 51.11
Et hyl ene 0,00 0.43 2.21 2.35 Propylene 0.00 0.92 8,02 8.20 Butylene 0.00
1.58 4. 31w0.24rp/03%43ht hene 0,00 0,04 0.08 0.09 Total of ArowWaiR2081/@88133 81, 10
47.54 47,56 Total of 1-ring Aromatics 9.73 32,75 47,54 47.56 1-ring
Aromatic w thout naphthenic ring 6.30 26,30 47.54 47.56 BTX+C9, C10 6. 30
25. 53 4%4)30 47.56 BTX 4. 35

[75] Production of Valuable Aromatics and Olefins from Coal Tar by Recirculation
of Unconverted QOils after Transalkylation
[76] In the process of producing valuable aromatics and olefins by recirculating the hy-

drocarbonaceous components having 11 or more carbons to thehydroprocessing
process, the same feed and reaction conditions were applied, with the exception that a
portion of benzene, toluene, xylene and components having 9 or more carbons
resulting from transalkylation was repetitively recirculated back to the transalkylation
process and the hydrogenation & reaction area via the aromatic separation unit.

[77] Coal tar 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, and the product (A3) obtained by recirculating un-
converted heavy oils after transalkylation are shown in Table 7 below.

[78] Table 7



25,44 46.30 47,56 Bq 3.64 25.44 46.30 44.56 T+C9+Cl0 2.65 0.09 0.00 0.00 B
2.05 16.05 19.30 19.26 T 0.70 0.00 0.00 0.00 X 1.59 9.39 27.00 28.30
1,65 0. 00WO0.202/@3643@ C10 0.30 0.09 0,00 0.00 1-ring AroneCIrKRA1IN06818

napht henic ring 3.43 6.45 0,00 0.00 1-ring Aromatic with two naphthenic
rings 0,00 0.00 0.00 0.00 Total of 2-ring Aromatics 89.50 47.90 0.00 0, 00
2-ring AromafTgvleif hout naphthenic ring

Components A) | Al | & | N

Flow rate 100,00]102,54]105,55{105.76

Coke 0,00 | 0,08 | 6.88 | 6.98

H,S 0.00 | 0,00 | 0,00 | 0.00

H, 0.00 | 0.00 | 0.13 | 0,13

Paraffin + Olefin 0.77 | 19.04 [ 50,92 { 51.11

Ethylene 0,00 [ 0,43 | 2.21 ] 2,3

Propylene 0.00 | 0.92 | 8,02 | 8.20

Butylene 0,00 | 1,58 | 4,31 | 4.44

Naphthene 0.00 | 0.04 | 0,08 | 0.0

Total of Aromatics 99.23 | 81,10 | 47.54 | 47,56

Total of 1-ring Aromatics 9,73 | 32,75 { 47,54 | 47.56

1-ring Aromatic without naphthenic ring | 6.30 | 26,30 | 47.54 | 47.5

BTZ+C9, C10 6,30 | 25.53 | 46,30 | 47.56

BIX 4,35 | 25.44 | 46,30 | 47,56

B+X 3.64 125.44| 46,30 | 47.56

T+CI+C10 2,65 1 0,09 | 0,00 | 0,00

B 2,05 | 16,05 119,30 | 19.26

T 0.70 | 0,00 | 0.00 | 0.00

X 1,59 | 9.39 |27.00 | 28.30

c9 1,65 | 0,00 | 0.00 | 0.00

C10 0,301 0.09 4 0,00 | 0.00

l-ring Aromatic with one naphthenic ring | 3.43 | 6,45 | 0.00 { 0.00

l-ring Aromatic with two naphthenic rings | 0,00 | 0,00 | 0.00 | 0.00

Total of 2-ring Aromatics 89.50 | 47.90 | 0.00 | 0.00

2-ring Aromatic without naphthenic ring | 66.92 39,63 | 0.00 | 0.00

2-ring Aromatic with one naphthenic ring | 22,58 | 8.27 | 0.00 | 0.00

2-ring Aromatic with two naphthenic rings | 0.00 | 0,00 | 0.00 | 0.00

Total of 3-ring Arcmatics 0,00 | 0.44 | 0,00 | 0.00

QOthers 0.00 | 2,29 | 0.00 | 0,00
[79] 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 1.2 wt%, and the amount of light olefins such as ethylene, propylene and butylene
was increased by 0.46 w%, compared to when recirculation was performed one time.
Therefore, the valuable aromatics and olefins could be obtained at higher yields by
carrying out recirculation two times.

[80]

[81] Production of Valuable Aromatics and Olefins from Coal Tar by Xylene process

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

reaction conditions were applied, with the exception that the xylene components
obtained by transalkylation were treated with xylene process comprising para-xylene

separation and para-xylene isomerization.



66.92 39,63 0,00 0.00 2-ring Aromatic wWth one naphthenic ring 22,58 8.27
0.00 0.00 2-ring Aromatic with two naphthenic rings 0.00 0.00 0.00 0,00
Tot al of worznreg3sesenatics 0. 00 0.44 0,00 0.00 O hers 0. @OTKR29110006€8130. 00
[79] As is apparent from Table 7, recirculation was carried out two tines,
wher eby the amount of benzene and xyl ene which are val uabl e aromatic
conponggyis wasCdah €l e@ﬁe{@tob),yhelpr%dwo(maamamh@ “atmiﬁumc@duldtinghiydﬂiceﬂbbm such

as et hyl ene, ,pro ene_and buty|.ene as ared to
Shen 1 oci 1 culBrned ! A RErF BT e rRtEr (A SRSy Rl vy SERRAS
aromati cs andaviheflil s mpoaitatbdyes, tietpaodved (483) dbtagplr@rbmeeﬂrdﬂatmg waomverted out
recirculatio P nd
A efins fromlill&o@poltls a%ﬁtraigﬁ%latlkﬁadggedslg&% %léetﬁ g%ts%gﬁp&ﬁ 1%%%%5%& dr?il t he
recircul ati oﬁn@ﬁemrﬁé@ﬁm&l@wndm ablgr& kalowr ansal kyl ation, the sane feed and
reacti ggqiconditip@e were applied, with the exception that t he xyl ene
conponents Oi&%’l n by transal kyI ation were treated with xyl ene process
conprising p g ene separation and para-xyl ene isonerization. 17 WO
2012/ 036484PCT/ KR2011/ 006813 [83] Coal tar feed (AO, the product (Al)

obt ai ned wi thaut redciweut ati ng| hydrocarbpnas  hawing 11 or nore carbons, the
product (A2) gBtaithed by recir ¢80 WHs By Hons having 11 or nore

carbons, the p‘;"}i‘iduct (A3} obtai B8d U SSEEB LI | A9 unconverted heavy oils

after transal K ati-on—and—the %ggc@ﬁg{: = Of‘%; Elbgfog' Aed by xyl ene

i someri zati on RRELSERET atiomTa 7S OG0, 9 b s 0 |bel ow. [84] Table 8
[ Tabl e 8] Conponrep&s AD Al AZ ABoAd.H1:.0W I.ale 50000 102. 54 105.55 105. 76
105. 77 Coke 0./00fl68 6.88 6. 880.6. 88 [HI5] D000 5.20

Q)

Butylene 0,00 [ 1.58 { 4.31 | 4.44 4,44
Naphthene 0,00 | 0.04 | 0,08 | 0.09 0.09
Total of Aromatics 99.23 (81,10 47.54| 47,56 47,13

Total of 1-ring Aromatics 9,73 132,75 47,54 | 47,56 47.13

l-ring Aromatic without

naphthenic ring 6.30 | 26.30 | 47,54 | 47.56 47.13

BTX+C9, C10 6.30 | 25.53 | 47,16 | 47.56 47.13
BTX 4.35 | 25.44 | 47.16 | 47.56 47.13
B+ 3.64 | 25,44 47.16| 47.56 47.13
T+C9+C10 2.65 | 0.09 | 0.00 | 0,00 0.00
B 2.05 116.05]19.30| 19.26 19.95
T 0,70 | 0.00 | 0.00 | 0,00 0.00
Mixed-X 0.97 | 8.83 127,00 27.37 27.18
EB 0.63 [ 0.56 | 0.86 | 0,92 0.00
C9 1.65 1 0,00 [ 0.00 | 0.00 0.00
Cl0 0.30 [ 0.09 | 0,00 | 0.00 0.00

1-ring Aromatic with one
naphthenic ring

l-ring Aromatic with two
naphthenic rings
Total of 2-ring Aromatics 89.50 | 47,90 0,00 | 0.00 0.00

2-ring Aromatic without
naphthenic ring

2-ring Aromatic with one
naphthenic ring

2-ring Aromatic with two
naphthenic rings

3.43 [ 6,45 [ 0.00 | 0.00 0.00

0.00 [ 0,00 [ 0.00 | 0,00 0.00

66.9239.63| 0.00 | 0,00 0.00

22.58 8.27 | 0.00 | 0,00 0.00

0.00 | 0,00 | 0,00 | 0.00 0.00

Total of 3-ring Aromatics 0.00 | 0.44 | 0.00 | 0,00 0,00
Others 0.00 [ 2.29 [ 0.00 [ 0.00 ] 0.00
[85] 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 para-xylene iso-
merization, and ethylbenzene (EB) which is an impurity in the xylene component was
completely removed and converted into benzene. Therefore, the yield of valuable
aromatics could be increased by additionally carrying out xylene treatment.

[86] Although the embodiments of the present invention have been disclosed for il-

lustrative purposes, those skilled in the art will appreciate that a variety of different



0.00 0,00 0.00 0.00 H2 0.00 0.00 0.13 Qg13 0.13 Paraffin + Aefin 0.77
19.04 50.92 51,11 51.54 Ethylene 0.00 0.43 2.21 2.35 2.35 Propylene 0.00
0,92 8.02wB.2802/B648@ Butyl ene 0.00 1,58 4.31 4.44 4. 44 Naphikroa/@6810 0. 04
0.08 0.09 0.09 Total of Aromatics 99.23 81.10 47.54 47.56 47.13 Total of
1-ring Aromatics 9.73 32.75 47.54 47.56 47.13 1-ring Aromatic w thout
napht heni ¢ r in@lifcadOns, additions and substitutions are possible, without departing from the

scope and spirit of the invention as disclosed in the accompanying claims. Ac-
cordingly, such modifications, additions and substitutions should also be understood as

falling within the scope of the present invention.



26.30 47.54 47.56 47.13 BTX+C9, Cl0 6.3¢ 25.53 47.16 47.56 47.13 BTX 4.35
25.44 47.16 47,56 47.13 B+X 3.64 25.44 47.16 47.56 47.13 T+C9+Cl0 2.65 0. 09
0. 00 0. OOWO0.2002/Bo48405 16. 05 19.30 19.26 19.95 T 0. 70 0, POTKK20110006€130. 00

M xed- X 0.97 8.83 27.00 27.37 27.18 EB 0.63 0,56 0.86 0.92 0.00 C9 1.65

Claims

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

(a) introducing oils derived from coal or wood into a hydrogenation &
reaction area, so that aromatic components having aromatic rings 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 less 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
less carbons to a light separation process thus obtaining olefins.

[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
converted in the xylene process to the aromatic separation unit.

[Claim 4] The method of claim 3, wherein in the xylene process, separating para-
xylene from the xylene mixture and isomerizing the xylene mixture not

having para-xylene into para-xylene are performed.



0.00 0.00 0.00 0.00 C10 0.30 0,09 0.0050.00 0.00 1-ring Aromatic with one
napht henic ring 3.43 6.45 0.00 0.00 0.00 l1-ring Aromatic with two

napht heniworznregs643400 0. 00 0. 00 0.00 0.00 Total of 2-ri RGTARNELG068389. 50
47.90 0.00 0.00 0.00 2-ring Aromati c w thout naphthenic ring 66.92 39.63
0.00 0.00 0.00 2-ring Aromatic with one naphthenic ring 22.58 8.27 0.00
0. 00 0.[0fim 52-ring ArorBie ethbd Bf dryonRapkianani co 4, wiggeid.tkOhirOndtiG&0. 00

0.00 Total of 3-ring Arrg%oin%%a(%h 929) igélﬁcéiles% hoy%r(g)tfe%gng pr(g)(():escsxa?lg rascaglly(%l%
cracking process.

[Claim 6] The method of claim 5, wherein a catalyst used in the hydrotreating
unit comprises a carrier composed of one or more selected from the
group consisting of alumina, silica, zirconia, titania, and activated
carbon and one or more metals selected from the group consisting of
Groups 6, 8,9 and 10 metals.

[Claim 7] The method of claim 5, wherein a catalyst used in the catalytic cracking
unit is obtained by mixing one zeolite selected from the group
consisting of FAU, MOR, BEA, MFI, MEL and FER, or combinations
thereof, and an inorganic binder selected from the group consisting of
alumina and clay.

[Claim 8] The method of any one of claims 1 to 4, wherein the oils derived from
coal or wood contain 40 ~ 99.9 wt% of aromatic components based on
a total of hydrocarbonaceous components, and have a boiling point of
70 ~ 700°C.

[Claim 9] The method of any one of claims 1 to 4, wherein the oils derived from
coal or wood are 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 or mixtures
thereof.

[Claim 10] The method of any one of claims 1 to 4, further comprising (e) recir-
culating oils having 11 or more carbons obtained in the aromatic
separation process to (a).

[Claim 11] The method of any one of claims 1 to 4, further comprising (c ) feeding
saturated hydrocarbons including cyclohexane among the hydrocar-
bonaceous components having 6 ~ 10 carbons separated in (b) to a
reformer so that they are reformed to be unsaturated and then fed to the
aromatic separation process and the transalkylation process.

[Claim 12] The method of claim 10, wherein the reformer is operated at a tem-
perature of 400 ~ 600°C in a hydrogen atmosphere using a Pt/AL,O; or
Pt-Re/Al,O; catalyst.

[Claim 13] The method of claim 1, wherein the aromatics in (c) comprise benzene,
toluene, xylene or mixtures thereof.

[Claim 14] The method of claim 1, wherein a catalyst used in the transalkylation
unit comprises a carrier composed of 10 ~ 95 wt% of beta-zeolite or

modernite having a molar ratio of silica/alumina adjusted to 20 ~ 200



2,29 0.00 0.00 0.00 [85] As is apparep} from Table 8, alnost of the xylene
m xture could be converted into para-xylene which is a val uabl e product by
par a- xyl ene 20ep864tti on and par a- xyl ene i sonerization, amdTa&Ril®smene ( EB)
which is an inpurity in the xylene conponent was conpletely renoved and
converted into benzene. Therefore, the yield of valuable aromatics could be
increased by additi onaldayedc@t ﬁlﬁfnﬁl@. adt5 X90 ang dfr(ﬁab[’fﬁﬁ'te mbi?gahlo%ﬁdwygh t he
enbodi ments of the prese vent.ion have b scl os tratlve
pur poses, those skilled® eﬁteflﬁlé)né © SWTH CO&ﬁﬁS aém{l?‘.&“n&“%/eﬂl}c&%}

different 18 WO 2012/ (36484 P&RtdGRR2 01008 BbBtilvbith fnidoadntovesi]logitkdiatd ernts/-and
substitutions are possi rhl Jit of
the invention as discl ocglé%nlaﬁ&% ﬁg&gga{é &gﬁ O?ﬁ)ag a(lj(g}l fndg)% i%%g%dﬁ%ml(ﬁ?{ such
nodi fi cations, additi oregriagido. QQﬂbs@rStmﬂrisMgv@gmmf@napwoweiﬁbéﬁ@@'@é@roas
falling within the SCORﬁegﬁmbQ@nﬁhﬁ@ﬁﬂbhﬁﬂMﬁﬂhhQHmumM%&M%d

2012/ 036484PCT/ KR2011/ 006813 C ai ms A net hod of produci ng aromatics and

ol efins, conmprising: (a) introducing oils derived fromcoal or wood into a
hydr ogenati on & reaction area, so that aromatic conmponents having aronatic
rings are partially saturated and cracked; (b) separating conponents
obtained in (a) into hydrocarbonaceous conponents having 11 or nore
carbons, hydrocarbonaceous conponents having 6 - 10 carbons, and

hydr ocar bonaceous conponents having 5 or |ess carbons; and (c)

recircul ating the hydrocarbonaceous conponents having 11 or nore carbons
separated in (b) to (a), feeding the hydrocarbonaceous conponents having 6
- 10 carbons to an aromatic separation process and a transal kyl ati on
process so that at |least a portion of aromatics is recovered, and feeding

t he hydrocar bonaceous conponents having 5 or |ess carbons to a |ight
separation process thus obtaining olefins. The nethod of claim1, wherein

t he hydrocar bonaceous conponents having 6 - 10 carbons separated in (b) are
transferred to the aromati c separati on process so that they are separated
into benzene, toluene, xylene, and hydrocarbonaceous conponents having 9 or
nore carbons, and a portion of the hydrocarbonaceous conponents is then fed
to the transal kyl ati on process to thus obtain a m xture conprising benzene,
t ol uene, xyl ene and hydrocarbonaceous conponents having 9 or nore carbons,
which is then m xed with a remai nder of the hydrocarbonaceous conponents
which is not transferred to the transal kyl ati on process, so that at |east a
portion of aromatics is recovered, or the hydrocarbonaceous conponents
having 6 - 10 carbons separated in (b) are transferred to the
transal kyl ati on process thus obtaining a m xture conprising benzene,

tol uene, xyl ene and hydrocar bonaceous conponents having 9 or nore carbons,
which is then fed to the aromati c separation process. The nmethod of claim
1, further conprising (d) feeding xylene m xture separated in the aronmatic
separation process to a xylene process to recover at |east a portion of
aromatics, and recirculating oils that are not converted in the xyl ene
process to the aromatic separation unit. The nmethod of claim3, wherein in
t he xyl ene process, separating paraxylene fromthe xylene m xture and

i sonerizing the xylene m xture not having para-xylene into para-xylene are
performed. 20 WD 2012/ 036484PCT/ KR2011/ 006813 [C ai m 5] The nmet hod of any
one of clainms 1 to 4, wherein the hydrogenation & reaction area in (a)

i ncludes a hydrotreating process and a catal ytic cracking process. [ aim
6] The nmethod of claim5, wherein a catalyst used in the hydrotreating unit
conprises a carrier conposed of one or nore selected fromthe group
consisting of alumna, silica, zirconia, titania, and activated carbon and
one or nore netals selected fromthe group consisting of Goups 6, 8 9 and
10 netals. [Claim7] The nethod of claim5, wherein a catalyst used in the
catalytic cracking unit is obtained by m xing one zeolite selected fromthe
group consisting of FAU MOR BEA, M-I, MEL and FER, or conbi nations

t hereof, and an inorganic binder selected fromthe group consisting of

alum na and clay. [C aim8] The nmethod of any one of clains 1 to 4, wherein
the oils derived fromcoal or wood contain 40 - 99.9 w % of aromatic
conponents based on a total of hydrocarbonaceous conponents, and have a
boiling point of 70 - 700C. [Cl aim9] The nethod of any one of clains 1 to

4, wherein the oils derived fromcoal or wood are coal tar, tar oil, |ight
oil, phenolic oil or carbolic oil, naphthalene oil, wash oil, anthracene
oil, light anthracene oil, heavy anthracene oil, pitch, wod tar, hardwood

tar, resinous tar or mxtures thereof. [Caim 10] The nmethod of any one of
clalns 1 to 4, further conpr|5|ng (e) reC|r- culatlng oils having 11 or
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