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[Invention Title] Process of preparing aromatic

hydr ocar bons and |i quefied petrol eum gas from

hydrocarbon m xture 5 [ Technical Field] The present
wovenjosuags rel ates, in general, to a processp@iKR2006/004476
preparing aromatic hydrocarbons and |iquefied
petrol eum gas (LPG from a hydrocarbon m xture. More
particularly, the present invention relates to a

process of converting a non-aromatic conpound in a

hy drioessdrorrioegdst ock m xture into a gaseous nateri al

whi ch is 10 abundant in LPG through hydrocracking, and
conVétiviehtigh HileJar omati ¢ conpound therein into an oil
conmponent includi ng benzene, toluene, xylene, etc.,

t hr ough ®embds\lf preparing aasraldtierhytifoamnsalskatl akjhadiad petfoléde gas from
presence of a platinum bi smuth supported zeolite-based

c atlgidystrbor( Bastegr ound Art] 15 Generally, aromatic

hydr ocar bons are obtai ned by separating feedstocks,
haviligchnicat Fjeldhnount s of aromati ¢ conpounds, such as

ref ormate produced through a catalytic reformng

process ahe pppyemd liyvshiongrglatsk inezeperald te e gradassoafgiteraring aromatic
napht ha cracki ng process, fromnon-aromatic

hy divdeostibenssand fidbefigh psaeloum gasettPa dtomon hydregarben owiture  More
hydrocar bon m xture thus separated is typically _
sepReFtisubey; the presem Zayration sildiesnts, a pyacess 0T xoneardngcy non-aromatic
aromati ¢ conpounds depending on differences in boiling
poi §PMPoBtey 1 Julydrasarbgy efaeda@gla DENERa O 130 BASReS empigrialj which is

Ay e BB S5l Aol OO L1 LS o
TR 0 G IER BRI S S L 365 o
Sl YO0 MR, G5 & PR RGAPhLBRRRY ot
wiﬁg%hgtincluding 1

[Background Art]

15 Generally, aromatic hydrocarbons are obtained by separating feedstocks, having
large amounts of aromatic compounds, such as reformate produced through a catalytic
reforming process and pyrolysis gasoline produced through a naphtha cracking process,
from mnon-aromatic hydrocarbons through solvent extraction. The aromatic
hydrocarbon mixture thus separated is typically separated into benzene, toluene, xylene

20 and C9+ aromatic compounds depending on differences in boiling point, and thus is
used as a fundamental material in the field of the petrochemical industry. On the other
hand, the non-aromatic hydrocarbons are used as raw material or fuel of the naphtha
cracking process.

In this regard, US Patent No. 4,058,454 discloses a solvent extraction process for

25 separating and recovering polar hydrocarbons from a hydrocarbon mixture including

1
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and nonpol ar hydrocarbons. In the solvent extraction
process known in the art including the above patent,
the nature in which the aromatic hydrocarbons are
wol28g7/0ksassconmon i s used. That is, when a sopviRKR2006/004476
capabl e of dissolving a polar material, such as
sul f ol ane, contacts the hydrocarbon m xture, polar 5
aromati ¢ hydrocarbons are sel ectively dissol ved and

t hus separated fromthe nonpolar non-aromatic

hy dp&-afyaeitarbords bifd ABIPRRE HydroBfNaR! ,agleﬁiésso%ﬁta%&?acﬁon process
e

hi ghly pure aromatic hydrocarbon m xture can

obt oh@din Bt arf UhdI@TiSe BRC abLE Skt iheNdhurs Gh WPRIEL the aromatic
extraction equi pnent 1s required and the sol vent

S hohsldebchr®omOBle | k@ Uis | domSttdP]si ©dd. dUTHangs, Wike DESI6ES8Scapable of
Thus, the devel opnent of nethods of separately

obt diksolvirg spasrahaterial, Gubty sy tfalahg REntadisl the GRdBEDHERL thikture, polar
hydr ocar bons from feedstock even w thout an
addartmaivalydsmhrbemst are x¢lectietly dissqgvaices shizaspdyated from the nonpolar
required. In order to separate the aromati c conpound

f r ompntdemaiisnhyrantivisc  dbspowindd is ativatageas Navasbeehighly pure
made using a reaction system other than the sol vent

ext e eticiydrqsayore sxturieen he ebtainedrdiut suffonprsausd additismsd solvent
with the aromatic conpound, is 15 converted into
gasegadionpawipaent borduited eudtie Retvent shoakkierrgntimioeshesupplied during
presence of a catal yst and the aromatic m xture and _
t hethpdracassondhvss the Keyslapmante ok aysiodt of senastsle 2bteiningh eromatic
using a %as-li uid separator positioned at an end of a

1P o bteearbeic e ROFAERPALICh RXdrpeaghons (fégmm| Bdtpckneygg without an

Pat ent . . .3,729,409. Further, US P t Nos.
5 2 S g sobyint etadips proc g HSBEEBIR. ai m s o be a
t hod of i hi gh- it | j t

oy 50 h oREP b ate B s RS R TR ppound

v i g |
Bl ﬂ%ﬁ?@%‘%ﬂ%ﬁ‘?ﬁﬁﬁ%?ﬁ o5 R IE 3R Bef T R gyrction
t h%myntfr of 2L ARk Gofi3 anent . Tuifh ka4 gnratic compound, is
co onent. UCPI a Concep as’ been evel Opeg or a

th I 0GRSHe@fntd ?%Ecﬁ@ﬁ&&gcam&ch%ﬁ%]%gﬁqagﬁﬂg BNl érgelg#@en& a catalyst,

hrough a reform ng process b I Nng~ part

C Ol RAOMSmERAR RIS afhPihe Boh SRl RxtROFE &?a&{ea Brofh cach other
zeolite catal yst, as 25 disclosed in US Patent No.

: g_, %?}g%ggﬁs-ligxﬁd Sédeiatr 9Bsitidded Hen@Al oNPreato 0 Budfalconcept has been
| Sc;:ev:Iipeefl in US Patent No. 3,729,409. Further, US Patent Nos. 3,729,409, 2,849,290,
and 3,950,241, aim to be a method of producing a high-quality gasoline component by

20 converting a linear hydrocarbon component mixed with an aromatic compound into a
gaseous component through hydrocracking using ZSM-5 zeolite to increase the amount

of aromatic component in a liquid component. Such a concept has been developed for

a process of increasing production of benzene/toluene through a reforming process by

filling parts of continuous reactors for a reforming process with a zeolite catalyst, as

- 25 disclosed 1n US Patent No. 5,865,986. In addition, US Patent No. 6,001,241 discloses
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increasing a yield of aromatic conponent by filling
parts of reactors for a reformng process with a
zeolite catal yst having simlar reaction properties.
wiouB@ss4s8 t he above concept has not yet beercrapghésadias
as an i ndependent process separate froma reformng
process for producing an aromatic conponent. In the
case where the 5 feedstock including reformate and
pyrolysis gasoline is treated as an i ndependent

pr oL@shod bRmcieRingeyibldof BRnalE esthisRentalyan gng/\f)att’@ of R&ctors for a

aromatic conponent. In particular, in‘regions where
al nemtmi lprobss i d Rbte ARRSHhaGiNg bIRRRF feadtiofPropRfies.N However,
Korea, if LPG were produced as a by-product, it may
subié hiovt @orfcapt ias st Beshalpblbedaday Hhdepéndent PR tse@pdrRESfrom a
10 However, the conmercially avail able application of
t haefahoie wosese fidr producigesn aratayic resipoment.i dAsthe Icse where the
particul ar, the deposition of coke on a catal yst may
be feaisoeld iimjudirg sifdmateeactt pyrolysis masolinbds themied gs taneindependent
lifetime of the catal yst. Hence, techniques for
ovenressss AP miay by Gbthempandecadeglong exdth Teeardmpias compmment.  In
of coke may be suppressed by supporti a net al
corpeBiselat ih E?SFOF?@WRWQ hlnm;mlb@féhfau’@hd@@mcg &t} importafinphasglg Korea,
netals 15 corresponding to a Goup VIII of the
perif bBH vargproduced g¢ @ by-pradyrt ftanay-gubgtipge foridxpasidarable ameunt of
hi gh hydrogenation activity of the netal conponent
entiappigedd I’gide reaction converting the aromatic

omatj ¢ conpound

P orSatAiR AT AT Y o i
o S A LD Bl R A s
whi ch et a t f

B L

0@?1%&;181]: t%? n%o%%l{?ll z'rr? getfé/mgd E%{[?xg 0|51n18n gﬁ gffcﬁtniﬁfrlr% sgPpressed by

co |

[ Dlr% ‘?ﬁH : g]qﬁ‘et%]_r&) ﬁfl?{:ﬁglhgﬁﬁg%l %1 rrﬁﬁggééﬁgtﬁ)g d:thl&' tsuc as metals

g{ grggﬁpﬁﬂéﬁﬂ 13td Gfdup WV B8P Rk HErid SRRk Cdhtd RLOITIELRRLS Q-fowever
the high hydrogenation activity of the metal component entails a side reaction

converting the aromatic compound info the non-aromatic compound through a
hydrogenation reaction. Thus, there is need for controlling the hydrogenation function
by the metal component. In US Patent No. 5,865,986, the content in which metal
20 activity is controlled using a sulfur compound is incorporated. Accordingly, research
into methods of controlling the hydrogenation activity of a metal of a Group VIII by
introducing another metal component has been continuously conducted.
[Disclosure}
[Technical Problem]

25 . Leading to the present invention, intensive research into methods of preparing
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hydr ocarbons and LPG from a hydrocarbon m xture,
conducted by the present inventors, led to the

devel opment of a nethod of sinultaneously obtaining a
Woahl7ssasgr € aromati c hydrocarbon m xture awelkiBondiviaTs
converting a hydrocarbon feedstock i ncluding
reformate, pyrolysis gasoline, etc., into a liquid
aromati ¢ hydrocarbon m xture 5 and a gaseous

non- aromati c hydrocarbon m xture in the presence of a

Z eOdrbh@id15aRMarb &R taal YOG Ry b Rgdridadon MiRtusd) Gorldbh&Ba /b ihe present
even W thout an additional sol vent extraction

pr o@esnsors, Tdieb efeQleelopnient 5f PfetBd EGimHanddisly Rb@RIRta highly pure
invention to provide a nethod of obtaining a highly

pur gomatiumaydrocafyodlr edaiid omdnLRGUbE nekriifdGal fcarbon feedstock
hydrocarbon 10 feedstock by replacing a sol vent

ext maloding refmeeessolyit fasalineedtct intre ludtasmaticl Hydtogarbon mixture
anot her object of the present invention to provide a
hetdndce gdse@wmoeratdnmgic hydrocabammiixtere iy dhop@sdnon of a zeolite-based
conpounds in a hydrocarbon feedstock into a gaseous

pr oehtrdist hawingnplatinung ek bisnin evesf witlR@t whraddigipnal solvent extraction
hydrocracking in the presence of a catalyst. 15

( TeR¥®€al Sol ution] According to an enbodi ment of the
present invention, in order to achieve the above and

ot her odjpergfose, ihipabobisst of ther MpwRAG yerliosnt@t previde a method of
hydr ocarbons and LPG froma hydrocarbon m xture is

pr oRhtuEe athﬁ@hb PYE @xunatig rﬂ)f ?ﬁ"é@ﬂz@ Fofgure gpd Wn@o% tagliygrocarbon

SRR B LR R SRS B
38 PG IR T ol o
ISR BRSO

co o : e
oy | BRI R ok, AR eSS et Bk B o lence o o
Wi t bt he reaction zone; and (c) recovering the LPG

and aromati c hydrocarbon conpound, 25 respectively

15r okl BN Products of step (b) through
gas-liquid separation and 4

According to an embodiment of the present invention, in order to achieve the

above and other objects, a process of preparing aromatic hydrocarbons and LPG from a

._ hydrocarbon mixture is provided, the process comprising the following steps of (a)
introducing a hydrocarbon feedstock mixture and hydrogen into at least one reaction

20 zone; (b) converting the hydrocarbon feedstock mixture in the presence of a catalyst to
(i) a non-aromatic hydrocarbon compound which is abundant in LPG through

- hydrocracking and to (ii) an aromatic hydrocarbon compound which is abundant in
benzene, toluene and xylene (BTX) through dealkylation/transalkylation within the
reaction zone; and (c) recovering the LPG and aromatic hydrocarbon compound,

25  respectively from the reaction products of step (b) through gas-liquid separation and
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wherein the catalyst is prepared by supporting 0.010.5
parts by weight of platinum(Pt) and 0.013.0 parts by
wei ght of bismuth (Bi) onto 100 parts by weight of a

WoXbidlossaggupport conprising 10-95 wt % of zeopdiierAAMoGs
a nmolar ratio of silica/alumna of 200 or |ess,

selected fromthe group consisting of nordenite,
(3-zeolite, 5 ZSM5 zeolite and conbi nati ons thereof,
and 5-90 wt % of an inorganic binder. The process of

t hedipiIRE6) twHeRUEIRE ARy FBY plepdrt By sippbRhE 891SEP %rﬁtﬂyn\gelght of
the aromatic hydrocar bon compound recovered in step

( C) platiiun (PONEAE 0D.1~3.0 baS, wei%ﬂt SnBisAiE (BGtoA00 R l§y welght of
conmpounds, respectively. Preferably, in step (a),

mol armixakd Quedorthyehp@ary anchshydy.0oaraelie f Reigt @ClhﬁolaﬁQatlo- of
. mxture is 0.510, and the hydrocarbon feedstock

m xtilicaéumiha cf200r lesd, selettralefthn the @rdub @onsistiag bi MordeRES-zeolite,
has a wei ght hourly space velocity of 0.510 hr'.

Br eZ8Ylefdeylite aibcoptbapti¢is tharef,cod dutt el oftan 2606 RM@der.

under a pressure of 5-50 atm The hydrocarbon

f eedst ocRheriprecasseofnty mesetelneottion thaso frthhe cgnpisp separating the
consisting 15 of reformate, pyrolysis gasoline, a C9+

ar ofremptis hydipgubenicommatned rm:qvgremmtm ©) lntOriEptmb.aoluawdxylene and
conmbi nations thereof. Further, the m xture support

pr €% EBRgtidreBPaindavesPeRiEelvor e di amet er of 50- 200 A

a pore volune of 0.1-1 cc, a specific surface area
200400 rré’f Praity %ﬁt%&aa%ﬁtolar %lowfélé%sfwmefhwérosz@ﬂionofeedstock

I{.}ﬁ g,l l%agl{]ykl?ocgr AR gqqgisltcgﬁé n%%g{sﬂ? | ﬁ@h 15 1ntrod%ced into the
:: :4}% A l%ﬁlﬁk%éba%%ﬁ% R
" Por gani ERBHAGRE SPRI e BRashERin-C e ropeeig of -50

the,pi xture. 25 According to an aspect of the present
invention, the catalyst may be prepared 5

‘The hydrocarbon feedstock mixture may be selected from the group consisting
15 of reformate, pyrolysis gasoline, a C9+ aromatic compound-containing mixture,
naphtha, and combinations thereof.
Further, the mixture support preferably has an average pore diameter of 50~200
&, a pore volume of 0.1~1 cc, a specific surface area of 200~400 m*g and an apparent
bulk density of 0.4~1.0 cc/g.
-20 The inorganic binder may be selected from the group consisting of bentonite,
kaoline, clinoptilolite, montmorillonite, y-alumina, silica, silica-alumina, and
- combinations thereof.
The catalyst may be 'prepared by mixing zeolite, the inorganic binder, platinum
and bismuth; and molding the mixture.

25 - ‘According to an aspect of the present invention, the catalyst may be prepared
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the inorganic binder, followed by nolding the m xture;
supporting bisnmuth onto the nol ded m xture support;
and supporting platinumonto the bisnuth- supported
Wbabbsaggupport. According to anot her aspecici@rb&Ro4476
present invention, the catalyst may be 5 prepared by
m xi ng zeolite and the inorganic binder; supporting an
adm xture conprising platinumand bisnuth onto the
m'xture support; and nolding the supported m xture

S UPROhixingAEEIRE Sld8e fn@rgﬁmf: anﬁé}efolléﬁ&?@ m&bink AR BkRAES E\Ipportmg
invention, the catalyst may be prepared by suppor ti ng

pl aikmtiinonidtfe aRMeH Gktufd sbp@t; tthe sippditing libmuﬁ&tﬂ Rafot 18l bismuth-
zeolite 10 and the inorganic binder, followed by

mol shbpgtet Aextadextpgost; and supporting bi srruth onto the

pl ati num supported m xture support. According to still

a furt heAceaspiagtto ahothbreagpes sefnthe iprese tingention, ftke catalyst may be
catal yst may be prepared by m xing zeolite and the
bnaprgerade bbi moeng, zéaitd ome dthbyinomghide nigindele suppwtting ean  admixture
support, while supporting either platinumor bisnuth

ont @mprsingrplatioume asdipipronth ontertble fctere pEmotti mg mdiding thesnpported
metal, which is not supported in a previous step, onto

t hemixfue TApROTt. -support. According to another enbodi nment

of the present invention, a process of preparing

ar omat i ¢ ARgidiog de polgharmspepet theopresanthipdensionr e atalyst may be

m xture i s provided, the rocess conprising steps of

( a) PreReed by SUpPPRjiBg GlairpB Pnidezedieo BHXIRg seletmypgsupported zeolite
ydr n 20 i.nt,o at_ ] east on cti.on zone;

18 orﬂ?gglﬁ lﬂﬂg%rﬁ%btﬁéﬁasrfsﬁ%ﬂ&dw o %%%&XW&W@PHOWW@M& onto
e ce of a catalyst to (i) a non-aromatic
&?‘%@3?’5‘8}15“@8?1%61&?%%“3?? 's abundant in ° LPG through

Egﬁ{)gﬁgg%ﬁﬁf glﬂga Qodstﬁl a lém.h% élﬁqecﬁa %ﬁ%&lﬁeﬂ{] %tdedﬁ tge catalyst may be

@éke%tﬂry Iﬁ(x‘inr&az{éﬁl?tl %X& %{e or}gélr\flct hl tflc}ﬁ‘ we%‘% c?lgl)né Qhe mlxture

(c) separa reaction pro

et ha éWL%&B ng. g&gy? {aﬁ%@*?&%%%@ncﬁﬁﬁg%g support; and

18" %Bﬁdrﬁngt%g LBEARPAN whth is not supported in a previous step, onto the mixture
support.

According to another embodiment of the present invention, a process of
preparing aromatic hydrocarbons and LPG from a hydrocarbon mixture is provided, the
process comprising steps of (a) feeding a hydrocarbon feedstock mixture and hydrogen

20 into af least one reaction zone; (b) converting the hydrocarbon feedstock mixture in the
presence of a c.atalyst to (i) a non-aromatic hydrocarbon compound which is abundant in
LPG through hydrocracking and to (ii) an aromatic hydrocarbon compound which is.
abundant in BTX through dealkylation/transalkylation within the reaction zone; (c)
scparating the reaction products of step (b) into an overhead stream including hydrogen,

. 25 -methane, ethane and LPG, and a bottom stream including the aromatic hydrocarbon
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resi dual hydrogen and non-aromati c hydrocarbon
conmpound, through gas-liquid separation; (d)
recovering the LPG fromthe overhead stream and (e)
woeQaressissg t he aromati ¢ hydrocar bon conpoungbifkpcidnsrs
bottom stream wherein the catalyst is prepared by
supporting 0.010.5 parts by wei ght of platinum (Pt)

and 5 0.01-3.0 parts by weight of bismuth (Bi) onto
100 parts by weight of a m xture support conprising

109@ Mot fand 8ldubich e An @ nfREBmati@hyPo@fb d, thr
SI li g&éﬁ;}al ur?lnna of 28‘3’%‘% I(lesg1 seaect%dof rgrrhc?rﬁpoun ough

B-1igiA Sdephratig; qf) Eﬁ_%&@@iﬁgttﬁe 1% 706l kHeCoveloM Btrcam; and ()
zeo ite and conbinations thereof, and 5-90 wt % of an

I Noteg@dting thie ekdiiatic ASG0Eatbai0cdnipodnd Bbinhi@é boteoiD eeliai® therein the
of the present invention, a process of 10 preparing

ar ocatlyst ihyrkpared rbyosuppa@ting 0RG-§.5 qraxrta Hyydeigitastoplatinum (Pt) and
m xture is provided, the process conprising the

Bol 0.@Wi3rfgpasts bpsveight ¢fismutl (Riglomto M0 pdres bigyabight eff dmixture support
feedstock m xture and hydrogen into at |east one

r ea@tripoising d0re)S Wiy oCwealiehiaving atmivdarhigitr dfcdichelmina of 200 or less,
feedstock m xture in the presence of a catalyst to (i)

a nwhm@dohmni@emydmocamﬁﬁhg efo mpodenide, whizedlitd, sZ3Min denlite and
in LPG throu hydrocracking and to (ii) an aromatic

15 W@a@wﬁ%ﬁeqf@ﬁﬂéu%m%p ingggainineient i n BTX

through deal kyl ation/transal kyl ati on wthin the

react i on#FeHding (tE)a Bthet sPPofiner o tha PISSHH IPYestRRe s PrgfFess of

1y casehe AT OGR4 PO e the
Zﬁﬁ?@é% 5@%&%@3‘%3@ ViRt U BRI g6 PRURRGH feedstock
" ccBarT iyt PHEOER BT opiet SR ko f%fg’srdfmg e dyocatbon
e citost PRAR, T fhe lEschid B °%{gah8ﬂ"‘°s {1 SRRty yarbon

secon OVGI‘ ea m i nc

and, L BEuRORnRE Bl Gant 1Y %g& Roh 15QBAGE Qﬁ%((’n ko fromasi

Seco ttomstream i nclu e"aronmat |

1BY GLRERERBEN cSRTRAY &@hmﬁb&ﬁ%ﬁ@dﬁt & 8% ilraddn Qﬁa]léﬁ%nﬁtfa}xsalkylatlon

recovering the LPG fromthe second overhead stream
an Gy 186 ML Fa&Bnt R8e; AP Sphiabin I MR REABR ?Ebdﬁ&%? sl aﬁ)r i‘ﬁf@ a first

the 25 second bottom stream wherein the catal yst
pr epared Bieasl pREAN NgydEbe@d,- MetharRAakthindd¥nd ZPG and a ﬁrst bottom
stream including the aromatic hydrocarbon compound, and residual hydrogen and non-
aromatic hydrocarbon compound, through gas-liquid separation; (d) recovering the LPG
20 from the first overhead stream; and (e) separating the first bottom stream into (i) a
second ovethead stream including the residual hydrogen and the non-aromatic
. hydrocarbon compound and (ii) a second botiom stream including the aromatic
hydrocarbon compound, through distillation; and (f) recovering the LPG from the

second overhead stream and recovering the aromatic hydrocarbon compound from the

25- second bottom stream, wherein the catalyst is prepared by supporting 0.01~0.5 parts by
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(Pt) and 0.013.0 parts by weight of bismuth (Bi) onto

100 parts by weight of a m xture support conprising

1095 wt % of zeolite having a nolar ratio of

wbl20watsassuni na of 200 or |ess, selected froromkeog0uds
consi sting of nordenite, (3-zeol ite, ZSM5 zeolite

and conbi nati ons thereof, .and 5-90 w % of an inorganic

bi nder. 5 [Advantageous Effects] As previously

descri bed herein, the present invention provides a

pr oweigkk oFplatiflh APNANIN. -G 10l partP by FedBOSTRIGINGETY QR BTOFhrts by

m xtures and, as a by-product, non- aromatic

hy dweigizrds (mnﬁmf@mppds comigrisit 10995 R dfizedht@having a molar ratio of
hydr ocar bon feedstock m xture using a

pl atilicatainnidhs o200 of iepy eeléctad freothe tgerupassubtiag bihydtnite, p-zeolite,
According to the 10 process of the present invention,

onl Z8MiSszeplitk and eombinatiensshearod, ang SeP0mwhalian indngnivdirdier. or

addi ti onal sol vent_extraction equi pnrent, whereby the
Aon-ldydyruageeusdiffegohent s and aromati c conponents can

be easily separated from each other. Further, the non-

ar omat i ¢ Asdpoenstsdeseriher hgroin Wheupratsint invpntisrameyiddser process of
hydrocar bon feedstock m xture, are converted into

L PCRDIAIDE TASOAY FRKe AQmato AUIoeabRanBITtiISs apdr &5 & Byappguct, non-
t he aronah 15 conpounds, ~which are high val ue-added

mat BPPcs ! Yf@'a 998 mpé%%d ingtudipg ghRE: Higpy gyhydrocarbon feedstock

R L e

1Y SR § ?ﬁ?‘ﬁ%ﬁ{efe R Fabiol Sb 1S5 Ffeet e i gt the need for

o Bl A6fyEks B oo, Q‘m%e'ﬂaﬁﬁeﬁm%%iﬁﬁwonents and
Theur B 8 M UGN LB REHALDSLLD Rnb 8R! runer, the non-

preparing an aroma on m X

fr %ﬁa’cl&%%?r%%ﬁfd@ %v{ngqsié tu9£b‘fmg; fd% Bre. h;gu@hag%n RX Rk $Rxture,

of the hydrocarbon edst ock

r ef 9 B&Biverted AR I, Pk BibiRS ‘Ejsdnﬁﬁmc @ﬁt@r of‘ﬁmduférly, the aromatic
conmpound- cont ai ni ng m xt ures, napht ha,

15 compounds, which are high value-added materials, can be obtalned at higher purity.

[ Description of Drawings])
FIG. 1 illustrates a process of preparing aromatic hydrocarbons and LPG from
a hydrocarbon feedstock mixture, according to the present invention.
[Best Mode]
20 - Hereinafter, a detailed description will be given of the present invention, with
reference to the appended drawing.
The present invention pertains to a process of preparing an aromatic
hydrocarbon mixture and LPG from a hydrocarbon feedstock mixture.
Typical examples of the hydrocarbon feedstock mixture include reformate,

25 pyrolysis gasoline; - C9+ aromatic compound-containing mixtures, naphtha, and
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thereof. In order to mainly recover an aronatic

compound, a feedstock having a |arge anmount of

aromati ¢ conponent, such as reformate or pyrolysis
wolehissss 1S preferably used. I n addition,pdKioepbaare

to mainly produce LPG a feedstock having a |arge

anount of non-aromatic conponent, such as naphtha, is
preferably used. 5 In the presence of a catal yst

according to the present invention, hydrocracking of
NoncodtbQiaebschdtyedr Oedrie o ﬁﬂﬁﬂ’j@éﬁ&&r ameroghafd K3thRuhd®n feedstock
and transal kyl ati on of aronmatic conmpounds are

si rhavingndays hytowo ofisroinaitc cobipoatigutihasefontae bi HRslysis gasoline,
main aromatic internediates used in the field of the

petis pofreshlcededi ndudtitiyy, is oclr wandieln peniece LRG| aleeBtock having a
xyl ene, etc., are obtained, and the non-aronatic

c onipige Ardouns atipnagondRiG coiponent)sush aonapkidia, aspraferably used.

by- product. Anong the reactions, in particular, the

Peact i onlf e presengept & n@alwt qmocidlmgm thexprosent mtv:ewomﬂrydwmmkmg
into a gaseous material through hydrocracking is nost

i mpr Rraromatiy hydyecappgr @ﬁm snand dealgilationt andx trenselkylation of
process of aromatic hydrocarbon conmpounds need not be

c orfegiRtis gcompgungs eargy émtﬂtwawlb r?oamlsteti r aHselgk these resstigns, main

aromat i ¢ .conpaunds upgr.ad ro conmpounds. That
i s, ar@%aﬂcawtslﬁfha&es eéﬁﬁldg offelda WFHPP%’F‘E’%I dpstiys sigh g% benzene,
fuel oil, are converted in benzene, . t ol uene,
xy|*81hl%ﬂe &lgne; eichraﬁ%alﬁma%’aﬁﬁ ROgrroTRASic; GOBPBYRS; sl as LPG, is
rti.es h of The transalkylatlon bet ween t he
43ty & upgrades the aromatic hydrocarbon
n1xture en be zepe LS..re wi.t h.a.
cor 120" AFGhe ?‘?% g'e‘%o%n%ﬂﬁdpa*‘%" GelE b e ige id non-

obt rﬁ‘fﬁfé ‘O éoﬁnﬁs 5 | g?ée?tétlﬁat%%r ?ﬁ%ﬂ&ﬁro@l%&yg%{s most impottant.

rea Ions usSing a ze aving a rong

aci h toel

%r fht Eﬁ;&&?ﬁ%ﬁk{a‘{& di@ SaC%re%?{e ér)&ﬁ%tﬁ)@gp%%é a%r&ﬂgpfbﬁgﬁqrb%‘t,l compounds
pasﬁagﬁngggmﬁ@§&;|on of C5-Cl12 hydrocarbon nnlecules
havi ng a boiling point of 30250C. In addition, the

1¢at al yst Theddag§htibadd@ankMyMiRh of ardmalid Mn'rﬂoﬁnd%%%@ﬂﬂé aromatic

obt ai ned by mxing at |east one selected fromt
gr Qdthp6@ids. StHah@, O+ arBmatic compounds, which are mainly used as fuel oil, are

converted into benzene, toluene, xylene, etc., through dealkylation, to improve the
properties thereof. The transalkylation between the aromatic compounds upgrades the
aromatic hydrocarbon mixture. For example, when benzene is reacted with a C9+
20 aromatic compound, toluene and xylene may be obtained.

It is possible to conduct the above reactions using a zeolite catalyst having a

strong acid function. The zeolite catalyst is composed of pores, having a diameter
{about 5~7 A) suitable for passage and reaction of C5~CI12 hydrocarbon molecules
having a boiling point of 30~250°C. In addition, the catalyst is used in the form of a

25 . mixture support obtained by mixing at least one selected from the group consisting of



WD 2007/ 055488 PCT/ KR2006/ 004476 nordenite,
(3-zeolite and ZSM5 zeolite with an inorganic binder.
Upon the hydrocracki ng and deal kyl ati on, ol efins, such
as ethylene, propylene, etc., may be produced. In
Wwhiz6070838, such ol efins should be rapidly pcT/KR2006/004476
hydr ogenated. The reason is that the produced ol efin
conmponents are al kylated again to the aromatic 5
conpound, thus deteriorating the properties of the
aromati ¢ conpound, formng liquid non-aromatic
CONREIBER, §-REHHOdhd TSI FBE iFA kO in@Bank 13AGRE.I NJ
formation of a coke that causes deactivation of the
cat al yst Upble feehydidefieitiay addicdshiRatons ble i) sty Gk eRiPeRd, b@Pylene,
function nust be incorporated into the zeolite.
Genate.alday ,bei grodueed. c ds ahiefcadep qudhr slefthst sheuld Her@pigly hydrogenated.
hydr ogenati on function, nickel (N ), palladium(Pd),
pl athenaasofh B dhat the produsedioddiinl@mameentsetrahblkylbied agagn togtht @aromatic
a Goup VII'l in the periodic table, are used. Anbng
£ hecompbunds thve ricietorethgaibt ipropemied aff the apimatic nempduag farming liquid
strongest hydrogenation function. In the present
i nviemtargmaticicnmpewhds thrangh polyinetizatibie os pramotiegiotthaion of a coke that
platinum as a vep% preferable netal, is incorporated
i ntegusen elceddivaiopsef. thp| catelysfu mengsi etmetal havingor pieagriydegenation
co onent having the strongest 15 hydrogenati on

ftign myssbygerneraigd e fhp zgelée tféﬁnﬁ@blwz éherfafﬁ %f requiring the

h d f | ef d
Y Rt B oyt %chtﬁﬁ{o?%eﬁé @ﬁééabﬁw'aﬂf’waﬁ

Dt st BHORaIER 0 &, Cro S{ﬁﬁmﬁeﬁﬁ%@o’ 1" Gbig] s st among the

o Rt f"fs 3%3%%& t“““i*?fﬁf ik or"f‘are%r%t&%ﬂ%er? P el m

iﬂithél GEBC TR angaf% G PRR a5k i apsgerabl
grh&gla{sk?r?c% o}ati.]e,rdq tahe%aﬁw ernat' on, and the

éne ¢ npoun are t her hydrocracked and thus

conver PR, 9ARGOYS P e afadd 'Iﬂetmy%gﬁ gcg vm%ht'hé strongest

reaction is not prefera Interns o ctio

15heyydf ehAER! fuRdBRN s Qcivaﬁ’tﬁéh'aﬁgljr Gus &P P QeHTide r&']ﬁ(@ G drokBBition of
act|V|ty of platinum should be appropriately

Condléfmis| Rguited if MbSRedeRSnveAboseb astd M@)t{f%dﬁ@ﬁk@ﬁéﬁés% aGbaction

olefins. I'n the present i nvention, bisnuth (Br)
t husrodigeghd rddhce a deactivation rate of the catalyst. However, platmum causes a side

jpury (Pt) etc., which

reaction, such as conversion of the aromatic compound into a naphthene compound.

That is, in addition to the hydrocracking, dealkylation and transalkylation, the aromatic

20 compounds are converted into naphthene hydrocarbons through a hydrogenation, and

the naphthene compounds are further hydrocracked and thus converted into gaseous

paraffin hydrocarbons. This reaction is not preferable in terms of reduction in the
residual amount of aromatic compound.

Hence, the activity of platinum should be appropriately controlled to cause the

25 selective hydrogenation of olefins. In the present invention, bismuth. (Bi) is thus used

10



WD 2007/ 055488 PCT/ KR2006/ 004476 as a second netal
conponent to confer the sel ective hydrogenation
function on platinum Bisnuth, which is introduced as
a second netal conponent to control the activity of
Wbabd7jokkaas | nteracts with platinumto inhibigcti@essidSizs
reacti on caused by the 5 strong hydrogenation
function of platinum In particular, when bisnuth (Bi)
is introduced as the second netal conponent, bisnuth
can exhibit increased inhibitory effects on the
actlVh tc ol REAE AHMRY: ¥ Chits: e %ﬁécﬁ@ﬁ?drogenation function on
interactions wmth platinum therefore nore

ef fagddel y controlling the function of platinumas an
active netal, conpared to when tin (Sn) or |ead (Pb)

I's introgugagh el ebiirolicsdns ik GashdemBRaNesmpdedth® control the
sel ective hydrogenation function of platinum and thus

I Nhidgiity bh§latvde ifteaas kvah pfBumite ittt B GRS Seaction caused by the
hydr ogenation function. In addition, while bisnuth

st r aRgk Ynyditigedatied Fundtibh of Ppladiniufl M I8 Spaicude! wten bty (Bi) is .
it mnimzes a negative effect on the acid function of

t heintroductd) ke the Uspgudd tmetsthaieloyer, Nissohyibl rcor edtdbit ingreafedtihigbitory
non-aromati ¢ conpound and the deal kyl ati on and

t r aefeatskonl theeiaotivinf oft pletiramo bptvirtecaingoogre ictamactizas with platinum,
efficiently conducted. 15 In particul ar, hydrocracking

per thenefopn o@reo bifedizeln contaolbng thecfungippovfeplatinum pyrpn @oting, metal,
resul'ting in increased LPG yield and production of

ar oveatparsdHy sitborc tin KM ot doap 6RMds intraducady Hiihgtsby, biamuth gan enhance
The nordenite, P-zeolite and ZSM5 zeolite are )

18r ethapdertive hydyegenaiom fnction of piinugp gad thy dghifit the side reaction due
synthesis, and are ion-exchanged w th anmmoni um . .
chl Brifgesess brrerrtion lupgion; Iraddion. vt banpth-srronghidNrass with
form The zeolite in an ammpniumformjs ca cinﬁ%{‘ ion of th
t heP BH OB & HHHGM @b PRITIRES? ASRATGRRCE 3Y e 251 TyqHon of the
present invention, rdenite, . .(3- .zeolite and ZSM 5
D o fitise SBRROM, e T IDracTreihe AT B GFibgind and the
hydr ogen .f or m e used. The nordenite, -zegol |t
or 5805 BeLhA o Rusion PR arfpls ERRSOTRY b SR Gl brfocted

av r Q. k.l oW 0 i’

177 B RRg o028y pSEAReBCAR R R £V BpalefE Fimproved
200 e [eact bt 4 AW Jabe d
te n%glrlglﬁj rneﬂ&%¥g@ 136 §1¥1d 2hd p?ocfél@t%n @fsﬁgmgcﬁdh arbon compoun

having higher purity. R

The mordenite, B-zeolite and ZSM-5 zeolite are prepared in the form of sodium

upon initial synthlesis, and are ion-exchanged with ammeonium chloride or ammonium

20 nitrate to obtain an ammonium form. The zeolite in an ammonium form is calcined,
thereby obtaining ieolite in a hydrogen form. - In the present invention, mordenite, 3-
zeolite and ZSM-5 zeolite, each of ‘which is in an ammonium form or a hydrogen form,

may be used. The mordenite, B-zeolite or ZSM-5 zeolite used in the present invention
should have a molar ratio of silica/alumina‘ of 200 or less. If the molar ratio of

25 silica/alumina is larger than 200, the reaction activity is decreased and the temperature

11



WD 2007/ 055488 PCT/ KR2006/ 004476 required for the

reaction is undesirably drastically increased. The

zeolite is used in the formof a m xture support m xed

with at | east one inorganic binder. As such, the

woasgmssugs bi nder i ncludes at | east one sel estekiRF 6603476

the group consisting of bentonite, kaoline,

clinoptilolite, nontnorillonite, y-alumna, silica, 5

and silica-alum na. Preferably, at |east one sel ected

fromthe group consisting of anorphous i norganic

OXi @GSired Fr tWe @hdtidh Rund&irkblg aragidlilySintremad.al um na is

used, and nore preferably, y-alum na and/or silica

are used ThyVegtité Beused fr gafore & Hahdtture Sugorthised with tah least one

zeolite, 1095 wt % of zeolite and 5-90 wt % of the

i Noimg@miic bhidadeAs auch, ik ketzaandimipt delddésrat Basi one selected from the

cylindrical shape or a 10 spherical shape. As such,

i f groep emwistiig affbemionitd, kaling, clli&mildlitmmom@nonﬂl%ﬁitet r@lumina, silica,

required reaction tenperature is extrenely increased.

6n dridesilidakeduminan dBrefefablyhet kossvaneasstegiad feoue dleed grou® Fonsisting of
wt % nmechanical strength of the catal yst becones poor.

I n theplooas énongreiceoxtides, ofinalumion, silispond siliea-shumie ds nied.oand more

cylindrical shape, it is 15 preferably nolded to have

a dprafersblys y-alminazngfer wlitg ate Usethgt h of 5-30 n”m In

addition,_ in the case where the Xt ure_ supp S i
mol ded | Wepngheiareanic Emd%rﬁ%\ﬁ%“b“iletd i zeplites Kr §%W§/° of zeolite and

nol ded to hayve a di aneter of 1- )
supw@tw%a%?ﬁﬁ ST BORNET Eamaed PO BRRFE A e ghepe o o
gol d P eferably has an average pore di anmeter of

150 shgp ore volume of 0.1-1 cc, a 20 specific

surface ar e% lgfll ¢ 5100400 {mgngoﬁte | fi‘ess 8159‘%/0 Q{fg t%ﬁulred reaction

density rese - nvén
bj
zeof g@ég‘ e is, g%ﬂlgpi? Iifg?e%%e% blbg ?ilug ?}HE%&@ elfrghé gagov%%dpunt exceeds

t he§§3\9%,9necf1€1l1'c%}r§fe§ ﬁ‘Bf {18 cffal sltgégomeﬁgéo?l yst.

Al ternat’ive conponent s may be supported onto

zeolite, 'ﬁf@ Jaglaeﬂhermﬁéqgixi%é & f)&%ﬁrs'lﬂﬁﬂé}lalﬂfoca @llﬁﬁi‘?d'al §ape, it is
mold a final catalyst. ﬁ hi s way,

@Fgg&leegga%fﬁm%wé@cﬂi 3 gk QQflé?lﬂe@eroéf Ilf?)t fim Eﬁtﬁa"[&ig‘ﬁi Bﬂ 5~30 mm. In
i addition, in the case where the mixture support is molded into a spherical shape, it is
preferably molded to have a diameter of 1~5 mm..
The mixture support comprising zeolite and inorganic binder thus molded
preferably has an average pore diameter of 50~200 A, a pore volume of 0.1~1 cc; a
20 specific surface area of 200~400 m*/g and an apparent bulk density of 0.4~1.0 cc/g.
- In the present invention; zeolite and the inorganic binder may be mixed and
molded, and then platinum/bismuth may be supported thereonto, thus preparing a final -
catalyst. Alternatively, metal components may be supported onto zeolite, and then

mixed with the inorganic binder to mold a final catalyst.

25 . : . Inthis way, when the metals are supported before or after the molding process,

12
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order of the two netals to be supported does not
matter, so that any one netal thereof may be first

i ntroduced, or the two netals may be simultaneously
wotwodsagd. Further, upon nol di ng the suppopdykkdnes/ooas7s
support may be mxed with an adm xture conprising the
two netals and then nol ded. Furthernore, upon nol ding,
5 the support and any one of the two netals nmay be

m xed and nol ded, and then the other netal may be

S U PR irtr@dudibe bR fPhe thid 4ot BRshpldriad fdeB abt AR sy Hat any one
Plati num which is an active conponent of the

Cat @btylS therdot nfyehee fiadh | idtr SMBRIO ok @Bt rddlald MNbe Qfmultaneously
0.010.5 parts by weight relative to 100 parts by

vei igttdduoéd. t Fartherxipone maldipg thet suppui) theSduppor? @AY bk eniggtwith an
i norgani ¢ binder. As such, if the amount of platinum

i s dithixtersscohiprising 13 wp anidtals by then ghlded.el Birihvendr€ uwpO® molding,
‘parts by weight of the m xture support, the reaction

b at the supporh yrat ey wac ki thegtvanedetale alak bt atixedandmelded\ad €@n the other
and thus the reaction tenperature should be

i ncnetalgeay.be Alpported thereoidq ¢itus wephiing afatabeateflyst. he cat al yst

is wundesirably increased. On the other hand, if the
amount oflagnue. whieh is e eeiirs componsairafshe datalyakiisgireferably supported
relative to 100 parts by weight of the mxture _
suppEr amowR &f R bT PABIOY Fight reiaive vl 0P nete by weightofithremixture
aromati ¢ conpounds are _considerably converted into

napHPIREHROmPE SRR stAktrand organis bitden u rfissuplp drthe grgount of platinum is
LA N AR AR T N R ——
P R S BRI LR R
L B, 1OMaHE 1R ARG BR eact AR08 ot ke catatyst i

Si mnhgs%gtl?%cpe%gédat bﬂ%ﬁ” (%tﬁerlﬁﬁl? iARe SmBlof Sf élg’t?{lﬁlma?\q)é@geﬁs 0.5 parts

[atinumis 1 ntroduce roug I hpregnati o

2&%% aq].ef:iﬁ{.reo{é Rlo Gk %gqgéi@{tio?itﬂ’e Aflntte %ﬁqg@ﬁrﬁ-@irh%ocrackmg

tinate 1Ss.” used as a precursor.

151D ORI §dcGRlanfth RnatR lcl)m?rtgu;lﬁg %’e Egﬁe’sgﬁ@gp{oﬁfﬁ{gﬁ @to naphthene

sol uti ons nentioned above
r eawldp@ihdef the present invention, bisnuth, which is a
nmet al conmponent 13

As a platinum supporting process, ion exchange, impregnation, and physical
mixing may be applied. Such a supporting process may be easily conducted by those
having general knowledge in the art. In the case where platinum is supported through

20 -ion exchange, - an aqueous - solution of ammonium chloroplatinate or
dinitrodiaminoplatinum is used as a precursor. When platinum is introduced through
impregnation, an aqueous solution of chioroplatinic acid or ammonium chloroplatinate
is.used as a precursor. Further, upon physical mixing, all of the aqueous precursor
solutions mentioned above may be used.

- 25 - In the reaction of the present invention, bismuth, which is a metal component

13



WO 2007/ 055488 PCT/ KR2006/ 004476 supported along with

pl ati numonto the m xture support, is preferably

i ntroduced in an amount of 0.01-3.0 parts by weight
relative to 100 parts by weight of the m xture
WORMZoEs4g0NPri si ng zeolite and i norgani c bi pekekr20608%004476
such, when the anmount of bisnuth exceeds 3.0 parts by

wei ght relative to 100 parts by weight of the m xture

5 support, the function of platinumis extrenely
inhibited, and thus the reactivity is decreased and

t hesugpsteet iabal ivaih plainemntd e nGah@lsMsdort, & perehably idbddYced in an
increased. On the other hand, if the above ambunt is

| esgindufabf 0.0013.p@kks bP weikit edMtive tth1€ 06 tpa@ Gy weight of the mixture
hydr ogenati on function of platinumis not

appsupprt @biepiysingopéalied hed incfgalel bindg. | As dubicr ehse theSarleint of
reactions. 10 Bismuth is preferably supported onto the

m xbistmeh sw@Eeds 8.0tdarto by hweaght relagpeagndtiparts by ocdshs oftheamixture
m xi ng process. The precursor of bisnmuth is

&x esupparf, i teel floytiorbio platitung 1i$ lextrepiely dnbigied barghthinh tifd teldtivity is
oxychloride, bisnuth nitrate, and bisnmuth acetate. In

t hedepreassd rand jthey deactivation e ef the rretapistaisi undesirobly ruarénsed: e On the
supported onto the m xture support, the supported

m xatharehandppfothe plovpraaaaphiy yessrthand 04t BOS2B0@eight, the strong
15 time period from30 min to 12 hours in an air o
at niyspnsepation Tiyaetiont ple plftinwe isabd| grpronrigtel spyolipd,yresulting in
cal ci ned at 300-600C for 112 hours in an air

at nB¥HIES HDFaKOon t r ogen  at mosphere. As nenti oned

bove, en the netal components such as,
B2t nun PR B GBRORTD Poh (R (R SpRRog trough an

B SRS 584 b R0C DRSS M BIE Bt
sucHmytE o eyl S (7 P BRSPSy gt
state of hpﬁ{en esefif %ﬁ%n%ﬁél] tﬁ@@ﬂﬁ; IstmuthMare su]eporte? onto the
particul ar, eén platinumis present in the state o

bei : , S ¢ .

o i BT R U, O, SRR OALL g

15 Neyn@p&icRl st 50 ﬁl?rlbio}’u%qrs% e Alnhobpihd. e athes Y arRAHratyst is

ot her, I nstead of being 25 i ndependently present in

t hepreRtadlyYsiloine et 8bb-850bocC & al-Y5 hol€id % ARNEBos¥BY¢e RE a nitrogen
expected. - 14

- atmosphere.

As mentioned above, when the metal components such as platinum/bismuth are

“supported onto the mixture support comprising zeolite and inorganic binder, they may

20 be sequentially introduced, regardless of the introduction order, or simultaneously
introduced. As such, it is preferred that the metals be present.in a state of being
coupled with each other. In particular, when platinum is present in the state of being
coupled with bismuth or is spaced apart from bismuth by an adjacent interval to the
extent that they are electrically and chemically affected by each other, instead of being

25 independently present in the catalyst, excellent catalyst performance may be expected.

14



WD 2007/ 055488 PCT/ KR2006/ 004476 That is, in the case
where platinumis present alone, the above-nenti oned
side reactions may occur due to the high hydrogenation
activity of platinum However, in the case where
Wo200loksasss coupl ed with platinumor is spacgeRabdoosa7s
fromplatinumby a sufficiently adjacent interval,

pl ati num exhi bits the sel ective hydrogenation function
5 thanks to the interaction of nmetals, which may be
expl ai ned by an ensenble effect or a |igand effect,

and thus m%ig,wmerc%ée%ﬁ&@geﬁw [THROECR JTBRY, tﬂ@a%?-?z‘ée%ﬁaled side

FIG | illustrates a process o repari ng aroma

hy df-08R30PRBP oaNf b e the BB hAdrbYRhQmARAR, (gfegﬂﬁ%slﬁg Eglmever, in

m xture, according to the present invention.

I N thBicsse GitdW tidnuth RRoGFEEWHE blafitiHe bi BRBack® afe®Usfn blBnum by a
deal kyl ati on, 10 tradgalkylgtion and ﬁ;drocrackigg of Y

t hesufyiendg aidRodht firea sl PGlinith XekbibRs ke RlecliRABYdrépeBation function
reactor in a reaction zone. The feedstock including an

.. ar ofratkis ¢o the e vh of idtals, RARH nedyB¥RKplained BY o &idkmbls effect or 2
m xed wi th hydrogen before being fed into the reactor.
As Bgeod efféch endibhsoptinami wawibn bsrthrmaen ntag bt eqasitedick i s
0.510. When the nolar ratio is less than 0.5, the
deact i vatfi@nl difisttalee agatcabsyof tprépsrinpr @smatcaiyidyocarbons and LPG from
progressed. On the 15 other hand, if the nolar ratio
i s 4 bydgearboin feadsi@k ntixiureaacoording ¢o the mpsmemyenitionconvert ed
into a saturated cyclic hydrocarbon, thus decreasin
t he yi el dsofhogr drdhis cravong dhe patalysh fhyationsc tor prvee the dealkylation, -
- _feedstock mxture stream 111 to be fed into the
16r otwskylation agdBydradackingrpf shenpdresgdan &eddegnmiztiraindt teast one
hi ghl y pure hydrogen stream 112. A hydrogen/feedst ock
11 4epLOTIR @ I§AREQR 2905 o e Sreddtodk Weludingan YRm2OIAMPPRE) afder non-
velocity 20 (WHSV) .of Q,5-10 hr4 _and .thus.reacted at
S ORI ABIEH S BRI A6 hEH b9 5 s B dpoctor
i ncrease ,t he .tenperat ure of hydrogen/feedst to, th
wbove. . r A1t eRser il ke Barodos U g1l | héd e motar
addj_t.] I i ded. . Bef ore. bei i.ntroduced 1 nt
 he o BEs e 2 SR M S P frog e On the

18X HRARERY I Baf SRS BREACHE s RRERETb Ry s o
a h@ﬁ%uratzécy@%&mg%o& Qs d@Jréa%%%iy&'% dttardratik @b dhER.

the heater "1027in a warm state
A hydrocarbon feedstock mixture stream 111 to be fed into the process is

combined with a hydrogen stream 121 and a highly pure hydrogen stream 112. A
hydrogen/feedstock 114 is fed into a reactor 103 at a weight hourly space velocity

20 {WHSV) of 0.5~10 hr'' and thus reacted at 250~600°C under pressure of 5~50 atm.
- In order to increase the temperature of hydrogen/feedstock to the above
* reaction temperature, a heater 102 is additionally provided. Before being introduced
into the heater 102, the hydrogen/feedstock is heat exchanged with a reaction product
stream- 115, which is discharged from the reactor 103 and circulated iﬁto a heat

25 exchanger 101, after which it is fed into the heater 102 in a warm state 113.

15
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i ncl udi ng the hydrogen/feedstock 114, the deal kyl ati on
and transal kyl ation of the aromatic conmponent and the
hydr ocracki ng of the non-aromatic conponent are
WwOnslYeised under the above reaction conditi ofRg/kiRcR64476
presence of the catalyst. 5 After conpletion of the
reactions, the product 115 is present in a gas product
at a relatively high tenperature, which is then
circulated into the heat exchanger 101 before being

fed int oh?t]ﬁa?eaétgrqﬂfcﬁildﬁg%é Ay BogdedsRcR M1k, hﬁaﬁeaﬁﬁlatlon and

t he hydrogen/feedst ock and théreafter passed through

a fildhsdiyReh &F ﬂljeoa'iemﬁcmoﬁ%kh@ént sid @8 Rydrbéracli@s §fMle non-aromatic

through “the first cooler is fed into the gas- 10

| cldlrhome@P aeadoRfiuclddAmalr 85 Abdve3acibiccondtidie i ERFiraesd of the
into a gaseous conmponent 119 and a |iquid conmponent

11&atafge gaseous conponent 119 is discharged fromthe

gas- liquid separator 104 as a first overhead stream

and t he Qifigtidothplaniop ofnbe teadtioBs,ithe prdiluwe DEY ig @rbsans infa das padduct at
bottom stream The gaseous conponent 119 conpri ses

abaoutel 607y high Ynpkrahye] rvddenisatheh citél@éd #fo el BéaDExchanger 101
hydr ocar bons, in which the hydrocarbon conponent is
corefse teind fedried hapneligrd sdphatve 1hto gt hantodhs hehegen/feedstock,
LPG, etc. The hydrogen conponent is conpressed in a

cord desefterpged thoovigh adickt vaolds 10hi ghl y pure hydrogen

112 to control the purity of hydrogen, and then fed

i nto theA predust stesAmzIdhepassed ﬁlgowrt the {iFsé cookes 96 .0ig ifed intp the gas-
I'n addjtion, the Iiquid conponent 118 is 20 conposed

1frmi lisuid ssparaier 104 @rﬁawté Ocfvpolnchit ssparaied fnte w&eowgent 119
of residual hydrog and |ight non-arong

‘corfB8ridispl comppaent { Ke ITP%&?SEO‘J@ SAPBIRSA | Wi dﬁS@lﬂfﬁ&% &g the gas-

agai n,fhrough the separati nd uri fj
or oMk sepagEpr 104 s%p%l%gﬁtéﬁ’eﬂ’ o5 Spamp o S Sy R ceqmponent 118 35

R B L ARBRARPE and a second bot tom st r eam

ﬁg? ezg £ ¢ Eﬁvl s%&fsgceo%lr gl?%% 1?9o CONPREE Qbo‘ct'lt EG‘ \95%019/9({{9 1%rdrogen and

15 25~40 mol% of hydrocarbons, in which the hydrocarbon component is composed of
methane or ethane having low carbons, LPG, etc.

The hydrogen component is compressed in a compressor 106, combined with
highly pure hydrogen 112 to control the purity of hydrogen, and then fed into the
-reaction zone along with the feedstock 111. In addition, the liquid component 118 is

20 composed mainly of the aromatic components, with small amounts of residual hydrogen
.and light non-aromatic components.

Thus, the liquid component 118 is:passed again through the separation and

purification process, and is separated into a second overhead stream 122 comprising

residual hydrogen and non-aromatic components-and a second bottom stream 128

.25 comprising aromatic components having 99% -or more of purity, depending on - -

16



WD 2007/ 055488 PCT/ KR2006/ 004476 differences in

boiling point in a first distillation tower 107. The
second bottom stream 128 is recovered and then

separated into benzene, toluene, xylene, C9+ aromatic
wWOpusEdss, etc., in a second distillation tpywekr20863004476
the ot her hand, the second overhead stream 122 is

cooled in a second cooler 5 108 and then recovered as

a third overhead stream 129 as a gaseous m xture
conprising residual hydrogen, nmethane and et hane

USi fiefe@n@e fir Boilfhgipdin® RRemiral IR taéké 10hus nay be used

as fuel. Athird bottomstream 126 in a |iquid phase

i S Circultht geboa@abtton B¥dant 1B is décdtrdrbd atd @En tpwied IRtd benzene,
part of which is recovered as a stream 127 i ncl udi ng
penicakfs, xylbeex ane aronbiiz GMPReRBNS, in@kecond Bistiletioponent s,
circulated into the distillation tower, 10 undergo

t he separGatthooth@rhand sie sataud@vevhéad stréuen 122ris todbat it @second cooler
stream Thereby, the aromatic m xture nmay be separated

B0 Hevead phenirtopvaréd £0081nd ovwhaad straand] ke algR@oeonipowesnmprising
is obtained as a stream 120, in which hydrogen is

r erssidunl hydrogent hethrierasd etharerisingd ges-Higridreparstor A0fckng thus may be
stream . 127. As such, the stream 120 includes an

aroused ag ek esﬂpﬁwduhqgom Giredyo 426 o pud pirase ﬁecm@i@taql agginto the
conponent. 15 [Mbde for Invention] A bette

undéistdiagen igr 387.taee qivdienis RevERe 2o A Sﬁﬁaa;m Bé7 eﬂﬂuélir&senfntane
in light of the follow ng exanples which are

f or h¥AR LPG) QEPPHLE, etErutT lﬁr@HW%enfSocwlaéf’&rfgﬁorﬂeﬁe@ﬂtllﬁmn tower,
limt 51 pr esent |nve tion ARATI VE EXAMPLE 1 20

LR midenge dresERAFEion Pracein %Wﬁbf gmtéo'z% FER- havi ng a

| f I / al f 30 |
2" bf”nder Ho§iely. e i o é‘ﬁ?lﬂ%ﬁgﬁ%&f@%ﬂftﬁ@&%ﬂ%‘@ S9%or more,
sol tion of hat the

ot e RS S e, el b WﬁFﬁ i & ¥noved
excaphi g0 gl BEAHADURANTIS | BanPsuckny W57 L LI A8t 120

i N anou

andm&uéesraﬁ%ﬁu&xoeﬁ&b&mng th BIRRE J9U‘%lo\fthe%§airﬁkﬁéolm\56%néﬂ9

100 parts by wei he total amounts of

1%€0l [Msaeq&otnmaoﬂ nder. 17

A better understanding of the present invention may be obtained in light of the
. following examples which are set forth to illustrate, but.are not to be construed to limit

the present invention.

COMPARATIVE EXAMPLE 1

20 A mixture support, comprising ZSM-5 zeolite having a molar ratio of
silica/alumina of 30 and y-alumina as a binder, was mixed with an aqueous solution of
H;PtCls and an aquecus solution of SnCl, such that the amount of ZSM-3 zeolite in the
support with the exception of platinum and tin was 75 wi%. Platinum and tin were

- supported in amounts of 0.03 parts by weight and 0.5 parts by weight, respectively,

25 relative to 100 parts by weight as the total amounts of ZSM-5 zeolite and the binder.

17



WD 2007/ 055488 PCT/ KR2006/ 004476 The m xture support
t hus supported was nol ded to have a dianeter of 2 mm
and a length of 10 mm dried at 120C for 3 hours, and
then cal cined at 500C for 3 hours, thus preparing a

wob@hpssss Usi ng the catal yst thus prepared, p@rkr2006/004476
hydr ocarbon m xture was reacted. The reaction

conditions and the reaction results are given in Table
1 below. 5 EXAMPLE 1 A m xture support, conprising
ZSM5 zeolite having a nolar ratio of silical/alumna

of BR ARery s@peAtha EE@eHIM%@mwaﬁ, K% QUiMhdtdt GFR mm and a
aqueous sol ution of Pt Cl 6 and an aqueous sol ution

of 1BidiNGB) BmsH @Ried Biaf20bd Gordd ROLN, a0 t1SWhIBInEE R J00€C Kd? 3 hours,
the support with the exception of pl ati num and bi snuth

wasthsprifabing PeablyiunUgngiht QathliySiihiisthropared, Shidpbbetmixture was

anmounts of 0.03 parts by weight and 0.5 parts by

weirgldted. ThsRegioh valditions eldahé reection rékQls gpagivan ibTabiei ghibw.

as the total amounts of ZSM5 zeolite and the binder.

The m xt BXAMRIgODrt thus supported was nol ded to have

a dianeter of 2 mmand a length of 10 mm dried at

120C f or A3 nhigtures suppod, threprisice ZiSived zoliSOBRifgor Molar ratio of

hours, thus preparing a catalyst. Using the catal yst

t husliqefabypenael, 30ankyyerlweine bombmdernivas wiked Wath an egesopyisolution of

The reaction conditions and the reaction results are

gi VERtGln andrabiqaeons gelidng of BiAR):Fsugh hatihg egpent @ﬁ%%Mrfc zeolite in

conprising ZSM5 zeolite having a nolar ratio

si | the syRpPtl i ifethe exesptiomef lglataquamlﬁiablaguth Y55 ewt% wégtinum and
th an aqueous sol ution

g d@%@l SFUTIBRES T eme!t@s gaem tpﬁai 53 WeTeb i @Pﬂsagy weight,
20 b P RS A D SR P e e
e
PRt ety 105 et R SR I S g Bub o ors

L A SO S T
@t mBPre TRAE réhctedd The reaction conditions and the reaction results are given in
Table 1 below.
EXAMPLE 2
A mixture support, comprising ZSM-5 zeolite having a molar ratio of
silica/alumina of 30 and y-alumina as a binder, was mixed with an aqueous solution of
20 THPtCls and an aqueous solution of BiCl; such that the amount of ZSM-5 zeolite in the
support.with the exception of platinum and bismuth was 75 wt%. Platinum and
- ~bismuth were supported in amounts of 0.03 parts by weight and 0.25 parts by weight,
respectively, relative to 100 parts by weight as the total amounts of ZSM-5 zeolite and

- the binder. The mixture support thus supported was molded to have a diameter of 2

25 mm and a length of 10 mm, dried at 120°C for 3 hours, and then calcined at 500°C for 3

18



WD 2007/ 055488 PCT/ KR2006/ 004476 hours, thus

preparing a catalyst. Using the catal yst thus

prepared, a hydrocarbon mxture was reacted. The
reaction conditions and the reaction results are given
w0 20078 1 bel ow. EXAMPLE 3 5 A m Xxture sUp@okik2006/004476
conprising ZSM5 zeolite having a nolar ratio of
silicalalum na of 30, nordenite having a nolar ratio

of silca/alumna of 20 and y- alum na as a bi nder, was
m xed with an aqueous solution of H2PtC 6 and an

AQUERKS thigOpreiparilR OFatdiy&l3USHE e badlydk rlﬁusaﬁ‘@fsﬁﬁ&ﬁ aoﬁydrocarbon

ZSM5 zeolite and nordenite in the support

eX CARKir® WwadfreRleal | ThiMeafttbnPdonmMbRs WRI e 5@&(:’%19/%@&1@ @'5 given in
W % respectively. 10 Platinumand bisnuth were

supp4dld ekléivn anounts of 0.03 parts by weight and 0. 25
parts by weight, respectively, relative to 100 parts

by wei ghExagMpItie3t ot al anmounts of ZSM5 zeolite,
nordenite and the binder. The m xture support thus

sSuppor t edh wasture kagdrtf @omhasiey ZSHM-Anmedoite bdviy mmahe ratio of
length of 10 mm dried at 120C for 3 hours, and then

cal glicagthngiba 500C fmordeBitehbanming, a timiz ptie pdrileaphanina of 20 and y-
catal yst. Using the catalyst thus 15 prepared, a

hy dalwmige Boa bidgr, (fras nized wiher edueoTheolytioncaf {FBR(Cls and an agueous
conditions and the reaction results are given in

Tabsodutipn |98 Bisehs suelxthaPiE amopntiok £8MeS seofifsong madnmise insthe gupport
(3-zeolite hawng a nolar ratio of silical/alumna of
25 Wity the-cxreptipm 8T Rlatinnip japd Sismuiiayersi et a2 Htoe, respectively.
| Ut f H2Pt Cl1 d _
1301 EibA 0 BT PROHE RG0S B 8 i 25 pars
b1 SHUPHE Eesé%ﬂ%"el%ﬂ%ﬁ?ﬁﬁﬁ?ghﬁwbweg {a"ﬁ“mx&%‘té'f s of Z5M-5
L d rts b
par by gl Mot AR e B BB s o
by I\IM%I g%ﬁ%ne’?er OIP? Iﬁxgtagc!! "i"?]gh'][”tﬁo 3drlze:%(:)alt ;li(ﬁ'c%r% Bg ] a.ladthen

thus 5U ed "was

dn% aafgi&@@or ?ngﬁsf @Hs?}gpagﬁéﬁn%gﬁ%l ne%%%o %lySt thus

1501 pl@péi‘&fﬂﬁ BydrbAtson RERRRT WilGedted1 OThe reaction conditions and the reaction
results are given in Table 1 below.
EXAMPLE 4
A mixture support, comprising B-zeolite having a molar ratio of silica/alumina
of 25 and y-alumina as a binder, was mixed with an aqueous solution of HyPtCls and an
20 ...aqueous solution of BiCls such that the amount of B-zeolite in the support with the
exception of platimim and bismuth was 75 wt%. Platinum and bismuth were supported
in amounis of 0.03 parts by weight and 0.25 parts by weight, respectively, relative to
100 parts by weight as the total amounts of B-zeolite and the binder. The mixture
support thus supported was molded to have a diameter of 2 mm and a length of 10 mm,

.25 dried at 120°C for 3-hours, and then calcined at 500°C for 3 -hours, thus preparing a
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WO
cat

2007/ 055488 PCT/ KR2006/ 004476 catal yst. Using the
al yst thus prepared, a hydrocarbon m xture was

reacted. The reaction conditions and the reaction
results are given in Table 1 below. [Table 11 C Ex.|
Wwo-2d07%s488 EX. 3 EX. 4 Reaction Conditions Temmﬁﬁ&%oMm
Pressure: 30kg/cnR, WHSV=l. 3hf' Mol ar ratio of H2/
drocarbon=4 Reactant (w% Non- aromatics: 39. 01, C6- C8
Aromati cs: 45. 60, C9+ Aromatics: 15.39 Cl1-C2 9.81 9.47

10.18 8.24 7.87 Product LPG 29.93 33.07 31.98 34.54
35. ddalydt. /Gdind it cNARstARRTRENA eﬁﬂh@réarﬂo%rﬁ'%ﬂ- asRacted. Th
1,68 Chcs S)AI}ormtcu aljst i Preidl 28012 Yy ié sgace ©

CO+An QR ehiStidhs 2f e EactBn @@su% é@ﬁ@en’f_’lﬁ Ta@le Avelo®.

apparent from Table 1, hydrocrac

i ng performance of

non- praerAafi c corrponents according to the process of

th\. nrocont |n\lonf| faVallaX-Tal ha SR fa) ho mlr‘h

[ ¥ :Vcd froma—result gfﬁx,}:* v 9d,EX kfnrzlx')&v g\? C I EXA
corpounBstionCanditonpr odyct , emFrﬁ Sureg S At Ve
Exgnpre 1 USlt v%a COTIVETTL T OTRgh arl%a&l@se@%i célUs% R3]

i mar ovenBFpcant § hydr odgracki ng perf asnaaeass: 5he

non- aronati c corA@onent arkkil0 |ar @ant i|c to®poneldtd can  7.87
be leaSity |sepatBed fromP®&ch ot B elvedl S8 t|hodkss 35.11
addi taema Coehnpapmaticay t r A% on_edidf P ntl 11 addt.tilon 168
the ar omap-SHAPEIS: hon ‘28mduntine bt ¥ithed a>83
a h ghci' 3"i’c%9+ymméltﬁsft='C| 6\32(3:; ek ?lﬁg tO {Bﬁg e gL}t 9.51
i nvention, the LPG can be produced in an increased

anount t hrough conversion of the non-aronmatic
Ry dr ocar Boniscapppeninfien Tblg InbydoarackingApploirsaoé |of tnph-aromatic

As

previously described herein, the present invention

pr osdnmhegenss preodagdo dife protssaphibe @redng i vgntpnraen &e o¢eattd be much
hydr ocarbon m xtures and, as a by-product, non-

10

15

20

improved, from a result of wi% of C5+ non-aromatic compounds in the product,
compared to Comparative Example 1 using a conventional process. Through such
improvements in hydrocracking performance, the non-aromatic component and
aromatic component can be easily separated frbm each other even without additional
solvent extraction equipment. In addition, the aromatic hydrocarbon compounds can
be obtained at a higher purity. Further; according to the present invention, the LPG
can be produced in an increased amount through conversion of the non-aromatic
hrydrocarbon compounds.
[Industrial Al-)plicability]

As previously described herein, the present invention provides a process of
obtaining highly pure aromatic hydrocarbon mixture:s”and, as a by-product, non-
aromatic hydrocarbon compounds including LPG, from a hydrocarbon feedstock
mixture us1ng a platmumfbmmuth supported zeohte—based catalyst. Accordmg to the

process of the present invention, only distillation towers are used without the need for

20




aromati ¢ hydrocarbon conpounds including LPG froma
hydr ocarbon feedstock m xture using a

pl ati num bi smut h supported zeolite-based catal yst.
According to the 20 process of the present invention,
wolwdssags | | ati on towers are used w thout tweyKeRehbare
20 WD 2007/ 055488 PCT/ KR2006/ 004476 additiona

sol vent extraction equi prment, whereby the non-aronatic
conmponents and aromatic conponents can be easily
separated from each other. Further, the non- aromatic

: egg%b sIGoht RGirdcAYh léﬁlﬂgﬂnl:dtt ¥h ngetd?ga%@ CREBOnts and

m Xt ur e, are C verte I'nto

exXhiRirati® Qoﬁﬁ&{éﬁt@ &nbgn E‘f:fslli(I SepafRE 56k &1ch Yother h eFurther the non-
aromati c 5 conpounds, which are high val ue-added

mat efoindti® cortPinéle hRh@iokethaBlit AR th WdrbMdrbon Abddft0dIRixture,

the preferred enbodi ments of the present invention

hav grehegverted e DS ethut thibitihgisdohdthic \bendditd, P P@Sularty) @&Sromatic
skilled in the art will appreciate that various

o didrhgabdsoWhich addidh vais-adddd nsdidvilsi dadtbe OR@ined £ higher purity.
possi bl e, without departing fromthe scope and spirit

of the i Midnbglonheaprefired| asledimantst b tiec prsgaryvention have been
claims. 10 21 WD 2007/ 055488 PCT/ KR2006/ 004476

[ CLAKNSed [f@ dlustrafiye punpetehablosefskilee pathie rag witlcapptetiate that various
hydr ocar bons and |i quefied petroleumgas (LPG froma

hy dmediicisions, ailditionsend substittienisage toswblé,ovithow departitefoem dfe scope
5 (a) introducing a hydrocarbon feedstock m xture and

hy dpesieiit iofthe inyentionas diselpsed i thasecoupanygelainih)

converting the hydrocarbon feedstock m xture in the

18r esence of a catalyst to (i) a non-aromatic

hydr ocar bon conpound which is abundant in LPG through

hydr ocracking and to (ii) an aromatic hydrocarbon

conpound which is abundant in 10 benzene, tol uene and

xyl ene (BTX) through deal kyl ati on/transal kyl ati on

within the

21



reaction zone; and (c) recovering the LPG and aromatic
hydr ocar bon conpound, respectively fromthe reaction
products of step (b) through gas-liquid separation and
distillation, wherein the catalyst is prepared by
wop@onsisssy 0. 010.5 parts by wei ght of 15 pladimredvsiobiays
and 0.01-3.0 parts by weight of bismuth (Bi) onto 100
parts by weight of a m xture support, the mxture
support including 10-95 wt % of zeolite having a nol ar
ratio of silical/alumna of 200 or |less, selected from
t he [@ioupisdonsi sting of nordenite, (3- zeolite, ZSM5
zeolite and conbi nati ons thereof, and 5-90 wt % of an

i norigAsimci]bi nder. [Claim 2] 20 The net hod according
to claim1, further conprising separating the aromatic
hydr ocar Bomethodpd ymebarieg axoaratic hydrosdriegs (a0) lignéfed petroleum gas
benzene, tol uene, xylene and C9+ aronmatic conmpounds,

r esE6D from|ahydieGirbonrmBjurd kemprisirpche faticwingstags dfo cl ai m
1, wherein a nolar ratio of hydrogen and 25

Aydr ocar bBnintfadueag » dkdredagionfesdbtnckstipirg @d Hydro@erbintb(at least one
and the hydrocarbon feedstock 22 W) 2007/055488
PCTEMRODBBID04476 i xture, which is introduced into
the reaction zone, has a space velocity of 0.5-10

h
hr-' . [ EPdeRyeatingthe hypgeqseen decdeipel ikt indhe prgsence of a catalyst
wherejn step (b).is conducted at 250600C _under a
pr etgsdb)r & Tpp-asonsgic Jhygdrocarbpir comppiyd WRiSh i hglaric o ERE rigrough
toclaiml, wherein the hydrocarbaon feedstock m xture o
o Sdfostrine RO ey ORI BHEPSFIoH o SBIPOYSEY B fpabundaat in
rol ysi s gasoline, C9+ ti c und- caont.ai ni ng, .
B entede, Rspnend e @TkbiHatehopeohipmsa it By the
10 r‘gg‘bﬁog%ngoaqjdaccor ding to claim1l1, wherein the
m Xture support has an average

(c} recovering the LPG and aromatic hydrocarbon compound, respectively
from the reaction products of step (b) through gas-liquid separation and distillation,
wherein the catalyst is prepared by supporting 0.01~0.5 parts by weight of

15 platinum (Pt) and 0.01~3.0 parts by weight of bismuth (Bi) onto 100 parts by weight of
a mixture support, the mixture support iricluding 10~95 wt% of zeolite having a molar
ratio of silica/alumina of 200 or less, selected from the group consisting of mordenite, -
zeolite, ZSM-5 zeolite and combinations thereof, and 5~90 wt% of an inorganic binder.

[Claim 2]

20 The method according to claim 1, further comprising separating the aromatic
hydrocarbon compound recovered in step (c) info benzene, toluene, xylene and C9+
aromatic lcompounds, respectively.

[Claim 3]
The method according to claim 1, wherein a molar ratio of hydrogen and

25 hydrocarbon feedstock mixture in step (a) is 0.5~10, and the hydrocarbon feedstock

22



pore di ameter of 50-200 A, a pore volume of 0.1-1 cc,

a specific surface area of 200-400 nR2/g and an

apparent bul k density of 0.4-1.0 cc/g. [Caim7] The

met hod according to claim 1, wherein the inorganic
wondsnsissm sel ected from 15 the group consisti/KeRoeH 004476
bentonite, kaoline, clinoptilolite, nontnorillonite,
y-alumna, silica, silica-alumna, and conbinations
thereof. [Claim8] The method according to claim1,
wherein the catalyst is prepared by m xing zeolite,

t hemixnee, GadhCs Birdgi@ed inkd @b toattibnabek, RisSP4dR ve B of 0.5~10 hr'.
nol ding the m xture. 20 [Caim9] The nethod according

to clGiim4ll, wherein the catalyst is prepared by m xing
zeolite and the inorganic binder, followed by nolding

t he m xt dhe methop posotdimgtolilamut, Wheroimtsept(beis aoldeleed at 250~600°C
m xture support; and supporting platinumonto the

bi sundeie megsweof 2650 amxt ure support. 25 23 WO

2007/ 055488 PCT/ KR2006/ 004476 (Cl ai m 10] The met hod
sccdiCdiim$lt o claim 1, wherein the catalyst is prepared

by m xi n% zeolite and the inor %zmi ¢ bi nder;

suppor t i Age methed arserdingtocdapr i, stharginpthe hydrorertan deedstock mixture
bismuth onto the m xture support; and nolding the
suppdeleded fpstthe erovppeptiting ®f reforats, PyrolyshhgasetinghGot aromatic
according to claim1l, wherein the catalyst is prepared

by COBWPRPST IR ing MEfURSRaphbhe and spmbigations theteef. t he

pl atmm@upport ed zeolite and the inorganic binder,

foll ¥y nolding the mixture; and supporting

1 ?IOS Enét gi %%ehlgg acd%lr 1rt1gI t%uc?ginsl%? e.r%rtei%dthemén)igu% (seup%gg %gsréri average
pore diameter of 50~200 A, a pore volume of 0.1~1 cc, a specific surface area of
200~400 m*/g and an apparent butk density of 0.4~1.0 cc/g.

[Claim 7]

The method according to claim 1, wherein the inorganic binder is selected from

15 the group consisting of bentonite, kaoline, clinoptilolite, montmorillonite, y-alumina,
silica, silica-alumina, and combinations thereof.

[Claim 8]

The method according to claim 1, wherein the catalyst is prepared by mixing
zeolite, the inorganic binder, platinum and bismuth; and molding the mixture.

20 [Claim 9]

The method according to claim [, wherein the catalyst is prepared by mixing
zeolite and the inorganic binder, followed by melding the mixture; supporting bismuth
onto the molded mixture support; and supporting platinum onto the bismuth-supported
mixture support. - |

25

23



The nmet hod according to claim1, wherein the catalyst

is prepared by m xing zeolite and the inorganic

bi nder, followed by nolding the m xture support, while
supporting either platinumor bismth onto the m xture
WoRpPEMsssend supporting the other netal, wWaingkRrAossofbs
supported in a previous step, onto the m xture

support. 15 (Caim 13] A nethod of preparing aromatic

hydr ocar bons and LPG from a hydrocarbon m xture,
conprising the followi ng steps of: (a) introducing a
hydr@aafbe) feedstock m xture and hydrogen into at

| east one reaction zone; 20 (b) converting the

hydr ocar ae nfefiRd seasingtoé ke, whebdhe tha B8R BRGE pRbardd by mixing
catalyst to (i) a non-aromatic hydrocarbon conpound

wWhi glifeSand bt audganicnbihiRis Sipportigh an dohixeare ackpAgnAptiion and
(ii) an aromatic hydrocarbon conpound which is

abulristanth ontio tiRIXxturdwuppkgt) ankb@bldingaliel sopyortedumbanirk ydppoit.on

w thin the reaction zone; (c) separating the reaction

pr odif4im 1dl step (b) into an overhead stream 25

i ncl udi ng hydrogen, nethane, ethane and LPG and a

bot t om sthheanethot laodirding ttheclai®4 | \Oh2OD7 HB5848%:t is prepared by
PCT/ KR2006/ 004476 aromati c hydrocar bon conpound, and

r esfugpRiting \piatioye nowa dzepliin- mivingitthe piajigwoceppoded zeolite and the
conpound, through gas-liquid separation; (d).

r ecidiertin Gindpre folo@ed oy rime!Aias dheemiidne 2 rsepnertingnkisopel onto the
recovering the aromatic hydrocarbon conpound fromthe

bot RI#AUEY FU8BeHed SURHESEPRY™ he catal yst is prepared by

sup t.ing,0.01-0.5 parts by weight of platinum (Pt)

18n4 10 gmaZy parts by weight of bismith (Bi) onto 100

RS MR A MU BT A

L858 oS Re pRRRly b5, B FELS BT v

iZ ﬁgslrui é\cﬁ‘ltir?gn g;lﬂﬁeg g)?ai.tiﬂgrti Id)? F)San%aupl'r?}]roﬁt%_the ?nqgtu%_ s%gp 894; Oé)n&) fsup%r(])rting the
other metal, which is not supported in a previous step, onto the mixture support.

15 [Claim 13]

A method of preparing aromatic hydrocarbons and LPG from a hydrocarbon
mixture, comprising the following steps of:

(a) introducing a hydrocarbon feedstock mixture and hydrogen into at least one
reaction zone;

20 (b) converting the hydrocarbon feedstock mixture in the presence of a catalyst
to (i) a non-aromatic hydrocarbon compound which is abundant in LPG through
hydrocracking and to (ii:) an aromatic hydrocarbon compound which is abundant in BTX
through dealkylation/transalkylation within the reaction zone;

(c) separating the reaction products of step (b) into an overhead stream

25 including hydrogen, methane, ethane and LPG and a bottom stream including the
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The met hod according to claim 13, further conprising
separating the aromatic hydrocarbon conpound

recovered in step (e) into benzene, toluene, xylene

and C9+ aromatic conpounds, respectively. [Caim 151

Wb 2 elisod of preparing aronatic hydr ocar banskoskbRGs
froma hydrocarbon m xture, conprising the follow ng
steps of: (a) introducing the hydrocarbon feedstock

m xture and hydrogen into at | east one reaction zone;

(b) converting the hydrocarbon feedstock m xture in

t her@hekaydecaboracoambaldy atid re@Budl bydrbgen andoom-apmatit hiydrocarbon
hydr ocar bon conpound which is abundant in LPG through

hy dooppackihnggh pa-liquid sepdratin; ar omati ¢ hydr ocar bon

conpound whi ch is abundant in BTX through

deal kyl atd)osrovariag sheel IRG tiorh the omgrhéadistredrs ankact i on zone;

(c) separating the reaction products of step (b) into
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[Claim 151
15 A method of preparing aromatic hydrocarbons and LPG from a hydrocarbon
mixture, comprising the following steps of:
() introducing the hydrocarbon feedstock mixture and hydrogen into at least
one reaction zone;
(b) converting the hydrocarbon feedstock mixture in the presence of a catalyst
20 to (i) a non-aromatic hydrocarbon compound which is abundant in LPG through
hydrocracking and to (ii) an aromatic hydrocarbon compound which is abundant in BTX
through dealkylation/transalkylation within the reaction zone;
(c) separating the reaction products of step (b) into a first overhead stream

including hydrogen, methane, ethane and LPG and a first bottom stream including the

25 aromatic hydrocarbon compound, and residual hydrogen and non-aromatic hydrocarbon

25



a m xture support, the m xture support conprising 1095
wt % of zeolite having a nolar ratio of silical/alumna
of 200 or less, selected fromthe group consisting of
nordenite, |- zeolite, ZSM5 zeolite and conbi nations
Wwoebeebsssand 5-90 wt % of an inorgani ¢ bi ndeger/kkfbdiodzs
161 15 The nethod according to claim15, further
conprising separating the aromatic hydrocarbon
compound recovered in step (f) into benzene, tol uene,
xyl ene and C9+ aromatic conpounds, respectively. 26
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compound, through gas-liquid separation;

(d) recovering the LPG from the first overhead stream; and

(e) separating the first bottom stream into (i) a second overhead stream
including the residual hydrogen and the non-aromatic hydrocarbon compound and (ii) a
second bottom stream including the aromatic hydrocarbon compound, through
distillation; and

(f) recovering the LPG from the second overhead stream and recovering the
aromatic hydrocarbon compound from the second bottom sﬁeam,

wherein the catalyst is prepared by supporting 0.01~0.5 parts by weight of
platinum (Pt) and 0.01~3.0 parts by weight of bismuth (Bi) onto 100 parts by weight of
a mixture suppoﬁ:, the mixture support comprising 10~95 wt% of zeolite having a molar
ratio of silica/alumina of 200 or less, selected from the group consisting of mordenite, B-
zeolite, ZSM-5 zeolite and combinations thereof, and 5~90 wt% of an inorganic binder.

[Claim 16] |

The method according to claim 15, further comprising separating the aromatic

hydrocarbon compound recovered in step (f) into benzene, toluene, xylene and C9+

aromatic compounds, respectively.
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