18 April 2005 WO 02/ 44306 PCT/ KRO1/ 01977 PROCESS FOR PRODUCI NG AROVATI C
HYDROCARBON COMPOUNDS AND LI QUEFI ED PETROLEUM GAS FROM HYDROCARBON
FEEDSTOCK Field of the Invention 5 The present inventiaqn per;% ns,

general , t@ @ gj gcess for producing aronatic hydrocar Bél%%f‘l }dfﬂ? of
l'iquid phase and non-aromati c hydrocarbon conmpounds of gas phase, for.

i nstance, |iquefied petroleumgas (LPG, 10 from hydrocarbon feedstock, and
a catal yst useful therefor. More specifically, the present invention
pertains to a process for converting aromatic conmpounds in hydrocarbon

f eedst ock havi p (ﬁéﬁ i ng
BTX (benzene, [%Td&féﬁngg g%’cl} %56 gﬁ%?ﬁ% rou (ﬁﬂggagbhﬁgteﬁgﬁ&gn ﬁg“}h\}ﬂj
transal kyl ati on, &HIQUETEGEDCGETROLEM ¢32931] mmocnmomnmmsmom rich
gaseous conponents through hydrocracking; and a catalyst wused in said
process. 20 Background of the Invention Generally, aromatic hydrocarbons
are separated from non-aronati @lgy&lr@@aﬁr}{pqﬁh‘,@gtgggj ecting feedstocks
abundant |y contai ning aromatic conpounds, such as 25 reformate produced
through a réform ng process and pyrolysis gasoline obt ai ned from a napht ha
cracking process, tSTcigezol vent extractjion. The aromatic hydrocar

obt ai ned as above i PRF S adPBERLEME, PeFbRtitire, 1Ry I96RE 3 dnd "i‘)r

hi gher aromati ¢, ceERAURS, p%@:d%%&’.ﬁ&d'a%m&@l& hﬁy&rgbﬂl%r?n&or%dﬂc{w ppints,
and thus wused as fundanental materials of the petrochem cal™ 1 WO 02/ 44306

liquid phase and non-aromatic hydrocarbon compounds of

gas phase, for instance, liquefied petroleum gas (LPG),
10 from hydrocarbon <feedstock, and a catalyst wuseful
therefor. More specificaliy, the present invention
pertains to a process for converting aromatic compounds
in hydrocarbon feedstock having boiling points of 30-250
°C to o0il components  including BTX (benzene, toluene and
15 xylene) through dealkylation and/or transalkylation, and
for converting non-aromatic compounds to LPG-rich
gaseous components through hydrocracking; and a catalyst

used in said process.
20 Background of the Invention

Generally, aromatic hydrocarbons are separated from
non—aromatic hydrocarbons by subjecting feedstocks
abundantly containing aromatic compounds, such as

25 reformate produced through a reforming process and
pyrolysis gasoline obtained from a naphtha cracking
p}ocess, to solvent extraction. The arcmatic
hyd;ocarbons obtained as above 1s separated as benzene,
toluene, =xylene, and Cy or higher aromatic compounds,

30 according to their different beoiling points, and thus

used as fundamental materiale of the petrochemical
) 1




18 A81 2005 PCT/KR01/01977 industry. Non-aromatic hydrocarbons are used as
raw materials or fuel of the naphtha cracking process. In this regard,

U S Pat. No. 4,058,454 refers to a solvent extraction process for
separatingvﬁ?gmﬁ overing 5 polar hydrocarbons fron1hﬁ§r Rigph Xt ure
including p ydr ocar bons and non-pol ar hydrocarbons. Suc sol vent
extraction process uses polarity of aromatic hydrocarbons to achieve
separation. That is, when polar material s-dissolving solvents, such as

sul fol ane; are 10 contacted wi th hydrocarbon m xture, polar aromatic

hydrocarbons capdigesg).ect ey dnaeoly oy AlabBdns SERA Bkl T4OM oy

non- pol ar non-aromati ¢ hydrocarbons process i s advantageous in terns
of obt ai ni ng hlr@ﬁtemuaﬂlst yrarfordt of hiyel rrogartien cma>cﬂaing, pwhikssis 15

di sadvant ageous in r ng addi tiqonal sol vent - ction equipnents and
continuously feedi ng ’E}eﬁtﬁ i g Sopéfari BR- o# éé%l%%n’fe CLFF?ErtLQf Gre,

the methods fofosRRAS aetgﬂlec%&eﬁa%ah:eceweserera%rmd\%@rfg@weem
hydr ocarbons fromraw oils wi thout additional solvent =20 extraction

process haveé beenlaievhyddochinbpmas t |fmmarhydmmﬂﬁrkexeamhtuneo iredetdioy
systems, instea of ol vent xtractkpn §rocezses r se aratlngS omatic
conpounds fromd PEE RZE7BR H8mat i c

conpounds i xec!sdwéhtar esfat:aetzén cq.imeeds @6 &s C%\le&tleg tefgaa&e%?uc
hydrocarbons in the presence of a catalyst through hydrocracking, and

aromat i ¢ conpoundiraaarheassdgaegshigver sapavat ewnatihat dmpmhﬁd!s nediagg a
gas-liquid separ tor t the rear_end reactq§ Such ggn t has been

advanced from U%; lsﬁS véngIZQSOME?n%Fh addt

10 contacted with hydrocarbon mixture, polar aromatlc
hydrocarbons c¢an be selectively dissolved and thus
separated from non-polar non—aromatic hydrocarbons. Said
process 1is advantageous in terms of obtaining high
purity aromatic hydrocarbon =~ mixture, while is

15 disadvantageous in requiring additional solvent-
extraction equipments and continuously feeding solvents
during operation of equipment. Therefore, the methods
for separating aromatic hydrocarbons and non-aromatic
hydrocarbons from raw oils without additional solvent

20 extraction process have been devised.

In particular, much research into reaction systems,
instead of solvent extraction processes, for separating
arcomatic compounds from non-aromatic compounds, has been
carried out. Non-aromatic compounds mixed with aromatic

25 compounds are converted to gaseous hydrocarbons in the
presence of a catalyst through hydrocracking, and
aromatic compounds can be separated from non-aromatic
compounds using a gas-liquid separator at the rear end
of a reactor. Such concept has been advanced from U.S.

30 Pat. No. 3,729,409. In addition, U.S. Pat. Nos.

3,849,290 and 3,950,241 refer teo a method for producing
2




3,849,290 and 3,950, 241 refer to a nethod for producing 2 WD 02/ 44306 18
April 2005 PCT/ KROL/ 01977 vol atile "oil conmponents of good quality by
converting |inear hydrocarbon conmponents m xed with aromatic conpounds to

gaseous COW&%{Q@% in the presence of ZSM5 typed zeolligt%‘i%{%gg?}dgg

hydr ocr acki ng, us increasing the 5 content of aromatics 1 QUla
conponents. A nore devel oped concept, U S. Pat. No. 5, 865,986 discloses a
process for upgrading a petrol eum naphtha fraction, in which the
production of benzene/toluene is increased by filling zeolite-based

catalyst in th rt.s .of seLl f ke rs ri gradi ;
processes. Al sgr,oq%.tgiePa?.ﬁ ﬁ%hﬁ%n%‘gclsozﬁﬁ ?’g gr sqﬁilaﬂwm#gog%?grgg?:ﬁ%?easi ng
the vyield of drimesir c lopdpeuandenby ddardonegtzeolnmixedasetth catabyatien t he

parts of reactors during upgréadi ng Eprocesses., However, nowhere are found
u

processes taki MPTPSIRGFaRPag@sEPUS L RIATEGH 18 the PrESsER8eRE pridcess

from reform ng:fp%@ictz@bii%:bmcﬂgoﬁéﬁlI&’f&ﬁ’c?éryaéﬁﬁgne dhRdUGHe8s:Qh aroMaLiC
conpounds. By thé process independent” from such a reform ng reactor,

li quefied pétr cloadmmngasofanabenatpgrasduced, 1 xwiny wicnpoaeomat i ¢ donpouads,
t hrough the 20 freatnent of raw oi suych as_refor e and rolysis
gasoline. In cé]{?ﬁ'teiloé’ggsﬁ?cgg\gl‘(oﬂezg; rbr?gor t[\]?rg ﬁbgggb?ggl?ig%%f?%‘zf a
petrol eum gas (JRBEkssCOR dgp ﬁ@f@nﬁétﬁélednﬂpﬁé%@ﬂu?n@fg&tm, ben

replaced with I'i quefied petrol eum "gas produced as by-products of the
reaction. 25 Howewdr theaipradchicgues heneemadoliene alsonscreasedeby

conmer ci al use. ) PAr Lieylar. L0 SSLIRLA ] 0Ny o p80Ke QP Lhg.gaLal vst

10 of reactors during upgrading processes. Also, U.S. Pat.
No. 6,001,241 refers to a method for increasing the
yield of aromatic compounds by filling zeolite-based
catalyst in the parts of reactors during upgrading
processes. However, nowhere are found processes taking

15 advantage of such concept as an independent proceés from
reforming reactors aiming exclusively to the production
of aromatic compounds. By the process independent from
such a reforming reactor, liquefied petroleum gas can be
produced, along with aromatic compounds, through the

20 treatment of raw oils such as reformate and pyrolysis
gascline. In countries such as Korea, importing most of
liquefied petroleum gas (LPG), considerable amounts of
imported energy may be replaced with liquefied petroleum
gas produced as by-products of the reaction.

25 ' However, said technigues have many limitations to '
their commercial use. In particular, the sedimentation
of coke on the catalyst causes a side reaction, thus
shortening the 1life span of the catalyst. Hence,
technigues for overcoming this problem are required. The

30 sedimentation of coke can be restrained by supporting

métal components with high hydrogenation activity, such
3




shortening the life span of the catal yst. Hence, techniques for overcon ng
this problemare required. The 30 sedi nentation of coke can be restrained
by supporting metal conponents with high hydrogenation_actjvity, such 3 WO
02/ 44306 1&@%&062005 Pt T/ KROL/ 01977 as metals of gr dé@gqj,ﬁ%%f;}u{bﬁhe
periodic table, onto zeolite. However, strong hydrogenation activity
attributed to such netal conponents causes another side reaction of
converting aronmatic conmpounds to naphthenic 5 conpounds through

hydr ogenati on. Therefore, such hydrogenation function by netal conponents

needs to be corgbigds @ dgbbs Hatr N& Pn86%e3864i8f & Hid onto

controlling netal activity by use of sulfur conpounds. Additionally, in
U S. Pat. No. G€glt24]l, théodeyeee ofsthdrgydr bydnagematisn coatkbdvied using

| ead bi th. U t i , arch f N
e300 0 ST e S UGS S RISyt ALCh ot oMol a9

conmponents has Refitiear ldfetbdittertingSreRREY i6f cohBoliN¥ENtbORabREAER-t O the
present invention, the intensive and thorough research on production of

aromati c  hydr cemdsomsisandthfapesf | eblygreagatiadidngas, cikefetbrant 26udly t he
present inventqrs,aimng.to avoid.the. praoble encountered in the prior
B ot esul tod RRAB A EAB ng CE AP a oy AR Ear SRR ot o Bt
reformate, pyralomire1daso!l i ngagad d he | bke, camn besgepyessed deFerar of@t i c
hydrocarbon conpounds of |iquid phase and 25 gaseous non-aromatic

hydr ocar bon corgsodiveslitnat metagr esdiad tyf by g aef newmlépnr| eaaprpiads num

support ed Additionally, in U.S. Pat. No. 6,001,241, the degree of
10 hydrogenation is controlled using lead or bismuth. Under

these circumstances, research for controlling:

hydrogenation activity of VIII group metals by

introducing second metal components has been carried out.
15 Summary of the Invention

Leading to the present invention, the intensive
and thorough research on production of aromatic
hydrocarbons and liquefied petroleum gas, carried out

20 by the present inventors aiming to avoid the problems
encountered in the prior arts, resulted in the finding
that a hfdrocarbon feedstock such as reformate,
pyrolysis gasoline and the 1like can be converted to
aromatic hydrocarbon compounds of ligquid phase and

25 gaseous non-aromatic hydrocarbon compounds in the
presence of tin-platinum or lead-platinum supported
zeolite-based catalyst, without additional solvent
extraction process, thus obtaining aromatic hydrocarbon
mixture of high purity and LPG as by-product.

30 Therefore, it is an object of the present invention

to provide a process for producing aromatic hydrocarbons
4




zeol ite-based catalyst, wthout additional solvent extraction process,
t hus obtaining aromatic hydrocarbon m xture of high purity and LPG as
by-product. 30 Therefore, it is an object of the present invention to

provi de a for producing aromatic hydrocarbons 48 ng? 18
Apri | 2005RIB%E%§§C&/01977 of high purity and liquefied g%?ro(%éﬁﬁgas (LPG
as by- product from a hydrocarbon feedstock w thout solvent extraction. It

i s anot her object of the present invention to 5 provide a process for
upgradi ng aromati ¢ hydrocarbons in a hydrocarbon feedstock such as

reformte, pyrqlysissy, §asaldnesand idechbicpel bollauh Ve 0oL Y egd 81t e

present inventiont a process converting non-aronatic
hydr ocar bon conpederts from hydhgdasbarbdreedskedskotk LFGrenrd chedlvgaseous
products in the presence of a catalyst through hydrocracking. It is stil
anot her obj ect Bf-eRELBPesent invention to provide a zeolite-based

catal yst, suitable fpr useJnBind? SWEcBr QEeSthe | Pro&&or dangenidd the
present invention, the process for producing aronmatic hydrocarbon

conpounds  &nd drcyueki ed ppeteebelior gapgtd®@y fammad oy drydeachohons esust ock,
CODT ol e Lokl S50, 4730y 30, o) B 00U, ng, Iy o0, 20 81,
reaction zone;d@gdygggeghhnghgh@ih¥9rocarbon feedstock in the

It is further object of the present invention to
provide a process for converting non-arcmatic

10 hydrocarbon components in a hydrocarbon feedstock to
LPG—enrichéd gaseous products in the presence of a
catalyst through hydrocracking.

It is still another object of the present invention
to provide a zeolite-based catalyst, suitable for use in

15 saild process.

In accordance with the present invention, the
process for producing aromatic hydrocarbon compounds
and liquefied petroleum gas (LPG) from a hydrocarbon
feedstock, comprising the following steps of:

20 a) introducing hydrogen .and a hydrocarbon
feedstock with boiling points of 30-250 °C to at least
one reaction zone;

b) converting the hydrocarbon feedstock in the
presence of +the catalyst to aromatic hydrocarbon

25 compounds which are abundant in benzene, toluene and
xylene (BTX) through hydrodealkylation and/or
transalkylation, and to non-aromatic hydrocarbon
compounds which are abundant in LPG through
hydrocracking within the reaction zone; and

30 c) recovering the aromatic hydrocarbon compounds

and LPG, respectively from the resulting products of
5




presence of the catalyst to aromatic hydrocarbon 25 conpounds which are
abundant in benzene, toluene and xylene (BTX) through hydrodeal kyl ati on
and/or transal kylation, and to non-aromatic hydrocarbon co ounds whi ch
are abundagfo jhedePG thr ough hydrocracking within the né4pl Bl zane; and 30
C) recovering the aromati ¢ hydrocarbon conpounds and LPG respectively
fromthe resulting products of 5 WD 02/44306 18 April 2005 PCT/KR0O1/01977
said step b), through gas-liquid separation and distillation; wherein said
catal yst conprises platinumtin or platinunilead and a m xture support

consi sting of ]E'%Eizo 5.4 % g, ze Hzio% avi ng. & ) Féé%é’ré’.flon and

silicalalumna o 0 or | ess an wt % of 1 norgani ¢ bl nder, said
zeolite bei ng sHlsdtlddtfirtam t he group consisting of nordenite, beta type

zeolite, ZSM5 type zeolite anda m xture thereof, in i C i.d platlnum
is present at 10 an WEEF" of3gdp1°8" %{%%Ft§05‘§’r\9@re§htp%"§'ﬁ

present at an gﬁla{%uﬂﬂ‘/lgaalaédoapﬁ&kﬁu% ‘é’ﬁbﬂBEtOEon§§bglh%agf| sopggsent
at an anount o 0 parts, on the basis of 100 parts by wei ght of

said mixturé supfporf.zeslBtéehabesgr iaptiamnfratio Dpév\ﬁn@scwielam@ve and
ot her objects es. of the inventi

d oth [
be more 20 cl e;ﬁf?%ﬁ%’fﬁ?%% P?lgm‘c’t‘%éaf oﬁ oW nYPeRY R ﬁgz lr&%%ﬁh ?i“gn i
taken in conjungddianer HbBihhe ACCHRAYEREM the group consisting of

mordenite, beta type zeolite, ZSM-5 type zeolite and a
mixture thereof, in which said platinum is present at

10 an amount of 0.01-0.5 parts by weight, and said tin is
present at an amount of 0.01-5.0 parts by weight or
said lead is present at an amount of 0.02-5.0 parts, on
the basis of 100 parts by weight of said mixture
support.

15

Brief Description of the Drawings

The above and other objects, features and_other

advantages of the present invention will be more

20 clearly " understood from the following detailed

description taken in conjunction with the accompanying
drawing, in which:

FIG. 1 shows a schematic view of one embodiment of

a process for producing aromatic hydrocarbons and

25 liquefied petroleum gas from hydrocarbon feedstock

according to the present invention.
Description of the Preferred Embodiment

30 The present invention is directed to a process for

producing aromatic hydrocarbon compounds and LPG from
6




drawing, in which: FIG 1 shows a schematic view of one enbodi nent of a
process for producing aromati c hydrocarbons and 25 |iquefied petrol eum gas
from hydrocarbon feedstock according to the present invention. Description

of the Prefgshflsfgnbodi ment 30 The present invention i§8ﬁ Bido a
process for producing aromatic hydrocarbon conmpounds an rome6 18

April 2005 WD 02/44306 PCT/ KROL/ 01977 hydrocarbon feedstock having boiling
points of 30-250 C, and a catalyst used in said process. Exanples of said
hydr ocar bon feedstock include refornmate, pyrolysis gasoline, C9 or higher

aromati ¢ compongfSs&rBG NEBGdSt HE Kt Ha@infaRinangdsh et Xber gothepeof .
For obtaining a high yield of aromatics, it is preferred that a feedstock
wi t h hi gh cont €itt, cindir anebitelyetpasent sin said psocessr maEramptles pyifol ysi s

gasoline, may be used. . Wiil.e for t ai.ni,ng .LPG mainl a feedstock with
hi gh 10 anount ss%:'fgﬁ%q%?%an‘%fc?% fgeoer%gcnoéﬂ‘t s slﬂllccg f?%&éﬁtﬁa, PYrF&@YEéS
preferably usedgaddymiracr acki i@ Ohidodr abeBRbtEc RGN CMReReALS, and
hydr odeal kyl ati on and/or transal kyl ati on of aromatic conponents are

si mul t aneousl y ReHdiRGedPImn e mIEkendelgfune ddietensdt- 15cac obtdilngngo t he
present "1 nvent 'Q”hiyﬂ{ gk}gg%ﬁggogfal %%%ﬁ%‘t?@ﬁ’,. bgnzgne, g%gggfggda%gg' ghe

(BTX), which belon aronmatrc’internedi or 't he

petrochem cal ifektdtiotk caithe ROy neshtoMt t BAL 4idMRatidoRoRpRmahts,
conpounds including LPG are yielded as by 20 products. O said reactions,
hydr ocr acki ng i¥'%bs?s Fapertart deeab¥EChvhlar 6AEPiEtneonPadreRres W6rAi qui d

While, for obtaining LPG mainly, a feedstock with high
10 amounts of non-aromatic components, such as naphtha,
may be preferably used. Hydrocracking of non-aromatic
hydrocarbon components, and hydrodealkylation and/oxr
transalkylation of aromatic components are
simultaneously conducted in the presence of a catalyst
15 according to the present invention. Through said
reactions, benzene, toluene and =xylene (BTX), which
belong to principal aromatic intermediates for the
petrochemical industry, can be obtained. At that time,
non—-aromatic compounds including LPG are yielded as by-
20 products. Of said reactions, hydrocracking is most
important because non-aromatic components of liquid
phase in the hydrocarbon feedstock are converted into
gaseous non-aromatic compounds, which are abundant in
LPG, whereby the present invention does not require
25 solvent extractién to refine and recover aromatic
hydrocarbon compounds from the resulting products of
the aforementioned reactions. Furthermore, the
hydrodealkylation and/or transalkylation upgrades the
aromatic components in the hydrocarbon feedstock. For
30 instance, Cs or higher afomatic components useful as

fuel o0il may be converted into benzene, toluene and
7




phase in the hydrocarbon feedstock are converted into gaseous non-aromatic
conpounds, which are abundant in LPG whereby the present invention does
not require 25 solvent extraction to refine and recover _aragonmatic

hydr ocar bog,spnRradnds fromthe resulting products of tlﬁ%%‘%f oé}ﬁ'ﬁﬁ%i oned
reactions. ur{her nore, the hydrodeal kyl ation and/or transal kyl ati on
upgrades the aromatic conponents in the hydrocarbon feedstock. For 30

i nstance, C9 or higher aromatic conponents useful as fuel oil may be
converted into benzene, toluene and 7 WD 02/ 44306 18 April 2005

PCT/ Y, RO1/ 0197 % podrgne (BFX) thnoughyphydnodeshkyl gfi oho@nd he  the

transal kyl ati on "bet ween benzene and "C9 or ™ hi gher “aronmatic conpounds yi el ds
tol uene and xylwrmsalkydeddogandestwicehn t lenmeesentarichve®d | oo shighesd
reactions can be carried out b f, zeolite-bas catal yst having

- t uéusefd ncgd ene.
strong acidic fARPHRGT “STPRVLES| VERIBaRtH TRt s hasor es of about 5-7

A, through which thenmieudRNS #DLClZnRY dpeeaeRons attien)oi badg
points of 30-250 'C can be passed and reacted. A 10 support _of the catal yst
is used in tbhe TeRghismsa cam xbar eaqupeer toul nPHhivse | zeeliepebaaddfrom

the group consisti.ng of r denj ef a. type i te, Z%Iyé - _
zeolite, and a ?ﬁsaxatla’%é: t%é(?r@leng%e %%&nﬁl e%&vé%g fﬁ%%‘%ﬁi c Di nkgerzéo%ﬁgﬁuri ng
t he hydrocr ackiggseanddndinagealdeyy | pinan oS awhoyes~pl &f | BBrsugh ®Rich

et hyl ene, propylene and so on nmay be produced, and should be rapidly
hydr ogenat ed. thehemfilseulese ofef Farsini INYdrogagbamey| &eddngo BPohaRY c

points of 30-250 °C can be passed and reacted. A

10 support of the catalyst is used in the form of a
mixture support, in which zeolite selected from the
group consisting of mordenite, beta type zeolite, Z8M-5
“type zeolite, and a mixture thereof is mixed with
inorganic binder.

15 During the hydrocracking and hydrodealkylation as
above, olefins such as ethylene, propylene and so on
may be produced, and should be rapidly hydrogenated.
Otherwise, the olefins will be re-alkylated to arocmatic
components to result in deteriorating the properties of

20 aromatic components. in addition, the olefins
themselves may be polymerized' (or oligomerized) to form
non-aromatic compounds of liquid phase or to facilitate
the formation of cokes which give rise to deactivation
of the catalyst. Accofdingly, metals with strong

25 hydrogenation function should be contained in the
catalyst. Commonly, in the case of reguiring strong
hydrogenation, use is made of nickel (Ni), palladium
(Pd), platinum (Pt) and the like which are metals of
group VIII in the periodic table. Of the active metals

30 as mentioned, platinum has the strongest hydrogenation

function, so that it is preferably contained in the
8




conponents to result in deterlorating the properties of 20 aromatic
conponents. | n addition, the olefins thensel ves may be pol yneri zed- (or
oligonerized) to form non-aromatic conpounds of |iquid phase or to
facilitategwdhe gdermation of cokes which give rise to dé %'{0 , of the
catal yst. X{:coral ngly, metals with strong 25 hydrogenati on RROFSh shoul d
be contained in the catalyst. Commonly, in the case of requiring strong
hydr ogenati on, use is nade of nickel (N ), palladium (Pd), platinum(Pt)
and the like which are netals of group VIII in the periodic table. of the
active netals t i 9nRed ENUYE 2 Q%& : ogenati on
function, so t%taa}itggﬁg prefeP%F%ggg%%?ﬁ%dg?%?t%&% 01:21?%4{1 306 18 April
2005 PCT/ KRO1/ 0197 Meatwhise, tier ethe r gstas@nt ndnyealtisnde peacthams.

Meanwhil e, in t resent _jnvention, .platinumallows olefins to rapidly
hydrogenate, t rﬁﬁiﬁ%ﬁpr%@?%ﬂs pt8perh Yofhﬁf‘g‘]&%r@rjfepr ot s ,lmaﬁavgng
suppr essi ng t hgropIa3ed Vaki %a@‘tifo*ﬁe ﬁf&cﬁld‘é&, C@Haeds@pfés%iq{gef the-
However, there occurs another side reaction, in ich aromatic “‘conponents
are convert & tdeasagivaiidivine oflydiecarbbaty by lnadisegenayi drheandlefins.

t | kyl ati dth b tl ted t fi 10
through addi t i OIS Rdr oL 5% i M- Stc AT BET r GIEET e Tl rurdsPPaife

because the anmiiina@fiAr 0BBinbEneROHIPOURES t BoRGetrEEQVENRe | BafiREhEASET.
Therefore, activity of platinumis appropriately adjusted to cause

sel ective hydr dyssiveciagiponfs obgf ihkiragenstden tandbrd etrabssékpistyen,

hydrogenat i on Eﬂ&ftkggno% lég&dgﬂplflébﬁgerted to gaseous paraffins

10 through additional hydrocracking. Such side reactions
are undesirable Dbecause the amount of aromatic
compounds to be recovered is decreased. Therefore,
activity of platinum is appropriately adjusted to cause
selective hydrogenation of olefins. In order to confer

15 selective hydrogenation function on platinum, tin or
lead is used as a seccnd metal component.

Mordenite, beta and 28M-5, which are useful
zeolite in the present invention, are synthesized in
sodium forms at first. The sodium forms are subjected

20 to ion-exchange with ammonium chloride or ammonium
nitrate to give ammonium forms thereof. These ammonium
forms may readily be converted into the form of
hydrogen through calcination. In the present invention,
used are mordenite, beta type =zeolite and ZSM-5 type

25 zeolite in the form of ammonium or hydrogen.

In accordance with the present invention, the
mordenite, beta type zeolite and ZSM-5 type zeolite
have a molar ratio of silica/alumina of 200 or less.
If the molar ratio exceeds 200, the reaction activity

Bd becomes so weak that temperature required for the above

reactions is significantly increased.
9




| ead is used as a second netal conponent. Mrdenite, beta and ZSM5, which
are useful zeolite in the present invention, are synthesized in sodium
forms at first. The sodiumforns are subjected 20 to ion-exchange with
annnniun1cgkghhg$mor amoni um nitrate to give annnniuﬁ?ﬁﬁﬂ%gﬁamﬁﬁgof.
These amonium Ttornms may readily be converted into the formo hydr ogen
through calcination. In the present invention, used are nordenite, beta
type zeolite and ZSM5 type 25 zeolite in the form of anmoni um or
hydrogen. In accordance with the present invention, the nordenite, beta

type zeolite and ZSMyo-byREngeobi tRe Ra¥BeAt Mhabntabho Qhigl lkeaiakum na
of 200 or less. |If the nolar ratio exceeds 200, the reaction activity 30

becones so wealanehatonlsinpst avitle aeqleasd éne therdbove brsderi owbich

i ifi tl i ) 02/44306 18 A ri,l ,2005 _PtT/KRO1/.01977
oot e Y HE e A i ek SBuesa Roaps GOMBReEd R at

| east one inorganiicaAi nder, s &dyalnishl ect ed HeRpbADEe group &aBsigfing of
gamma alum na, silica, silica/alumna, bentonite, kaolin, 5
clinoptil ol it e,ckiowpiorlidiidsi -t @ongneralapritice ehdr aofuixtpref shabkof.

anor phous inorqgni Q hges of e algnina. siLE%a, ilica/algnina and a
m xture thereofﬁ%ﬁ%ﬁ? %ﬂﬁ?% Ol dt 598P%Fa8ﬁ§, Sa EE R uﬁﬁﬂ?br
silica are usefiidsd,Nosgante/dlitheda, 1Ondhen SakeuidOrBRRes binder ves

conbined with the =zeolite, 10-95 W% of zeolite is mxed with 5-90 wt % of
i norgani ¢ bi ndeampPloed-heMontl eefeneblyhegshapeadpmina and/or silica

are used as inorganic binder.

10 When said inorganlic binder is combined with the
zeolite, 10-95 wt% of zeolite is mixed with 5-90 wt% of
inorgan}c binder, and then molded into the shape of a
cylinder or sphere with preference. In the case of a
cylindrical form, it is preferred that said mixture is

15 molded in a diameter of about 1-3 mm and a length of

-a_bout 5-30 mm. Further, in the case of sphere form,
the mixture is preferably molded in a diameter of about
1-5 mm. As such,, if the amount of zeclite is less than
10 wtg, the reaction temperature is drastically

20 elevated. On the other hand, if the amount thereof
exceeds 95 wt%, mechanical strength of catalyst becomes
poor.

The molded mixture support of =zeolite and
inorganic binder as above has following physical

25 properties: an apparent bulk density of 0.4-1.0 cc/g,
an average pore diameter of 50-200 A, a pore volume of
0.1-1 cc, and a specific surface area of 200-400 m*/g.

In the present i1nvention, after molding the
mixture of zeollte and inorganic binder platinum/tin or

30 platinum/lead may be supported thereonto.

Alternatively, metal components may be supported onto
10




cylinder or sphere with preference. In the case of a cylindrical form it
is preferred that said mxture is 15 nolded in a dianeter of about 1-3 mm
and a length of about 5-30 mm Further, in the case of sphere form the

mxture i Syf@hgioabl y mol ded in a dianeter of about 1-'BoRHZRS mech,, if
the ampunt of Zzeolite is less than 10 W% the reaction tenperature is

drastically 20 el evated. On the other hand, if the amount thereof exceeds
95 wt % nechani cal strength of catal yst becomes poor. The nol ded m xture
support of zeolite and inorganic binder as above has foll ow ng physical

25 properties: - PBESL Fke PHAK €RBA! LB Qitnl- &eccmor%ahlaa/%ﬁgﬁepore

di aneter of 50- pore vol une o and a specific surface
area of 200-40GaoiMagld 4 nfitee) pd:&'saa‘nystnv&]rmm Bli¢ emeh@l gli ngedhites xt ure

of zeolite and inorganic hinder platinumtin o 3 I ati nurrl | ead may be
support ed ther&ﬂﬂ&noﬂg%ﬁlﬁapwg% mABRt e "E’c?hﬁft{)r‘hﬁﬁo 1dgupport ed onto

10 WO 02/ 44306 18 Apghdn %9%1?%&%@#&&%& b@?o%%obkt §§té£‘dméi‘§£hé“ xed

with the inorganic binder to nold nal catalyst. O all the netals,
zeolites and iowwm gafi twbi m@é?alnazyomrrar»t@d axedotherroltdhlengathﬂrermen’eahl s are

supported before or aft ding, 5 one of t net a onen and t hen
the other metal™a¥%ygRe Jﬁ‘ﬁ) edregrae'ijgreoﬁses%g\o:f JFﬁ"% r’a)r} ot ‘?’ﬂe‘? of
two metals to %&mﬂ&dto %éeéﬁﬁbw@é&’; AP SBL A Sve TRY DR metals
si mul t aneously i ntroduced. ' For exanple, said two netals may be conbi ned
with the suppomayn kéurssmridaneously 1ntroduced " For example, said

two metals may be combined with the support mixture and

10 then molded together. Alternatively, one of two metals

may be combined with the support mixture and molded,'

followed by introducing the other metal thefeon, to

give a catalyst.

Platinum, which is the active component of said

15 catalyst, is preferably used at an amount of about
0.01-0.5 parts by weight, on.the basis of 100 parts by
weight of the mixture support consisting of zeolite and
inorganic binder. If the amount of platinum is less
than 0.01 parts by weight, the reaction rates of

20 hydrocracking and hydrodealkylation are lowered and
thus reaction temperature should be elevated, and
deactivation of catalyst 1s increased. On the other
hand, if the amount exceeds 0.5 parts by weight,
hydrocracking is vigorously conducted and thus

25 considerable amounté of aromatic components are
converted to naphthenic compounds.

Platinum is introduced by an ion-exchange,
impregnation, or physical mixing, which can be easily
performed by ordinary skilled persons in the relevant

30 art. When platinum is introduced by ion-exchange,

aqueous solutions of ammonium chloroplatinate, and
11




10 then nol ded together. Alternatively, one of two netals nay be conbined
with the support mxture and nolded, followed by introducing the other
netal thereon, to give a catalyst. Platinum which is the actlve conponent
of said 1% ,ﬂzg alst., is preferably used at an amount df B o791-0

parts by weight, on the basis of 100 parts by weight of the mxture
support conS|sting of zeolite and inorganic binder. If the anount of
platinumis less than 0.01 parts by weight, the reaction rates of 20
hydr ocr acki ng and hydr odeal kyl ati on are | owered and thus reaction

tenperature ShO&H 91-&%@1 ‘i%toﬁgatﬁﬂ% de%lc |v e%rg{) gat a":l%;%% i%?’i ncgeased.

On the other hant unt exce

hydr ocr acki ng igratwgeicaus! y candgated case tlmfs Zﬁp(regsadebabl eaqoednss of
aromati c conponents are converted to naphthenic conpounds. Platinumis

i ntroduced by a¥PiWroB&chafde, CPABFERAAEIBHC ora$itfrsi c&Rhi xPREO M ch can

be easily perfgy ;ﬁﬁ&tqrglt%arya%' b&%%&%igmsugéatag r£l gyaphr30rart.

When platinumis | nt uced by ion-exchange, ~aqueous solutions of ammoni um
chl or opl at i mat éfheanbhlyl \MBI0 144306 158 tAen,| a2@0BquBslsl EROLEDGOF 7ot
di ni trodi am nopl at| num are@ﬂiagf erably used as a recursor. In the case of

i npregnat i on, A8 PERFBFBPF 2t THY P "and amoni um

chl or opl at i nat e ar eIIQreft@lléablﬁ( éjs'iﬁ.g: aslﬁvgﬁgggﬁsor ¢in, Wem phvsd cabnm xi ng
i s taken, any aqueous sol utions of |l of said pI atinum precursors nmay be

used. In the pr:ea:en;ttantvemheon,n tqqm,trplldymggtan activity of platinum,
is preferably added at an amocunt of about 0.01-5.0

10 -parts by weight based on 100 parts by weight of the
mixture support consisting of zeolite and inorganic
binder. If the used amount of tin exceeds 5.0 parts by
weight, performance of platinum becomes so poor that
the deactivation of the catalyst 1is promoted. ©On the

15 other hand, if the amount is less than 0.0l parts by
weight, strong hydrogenation function of platinum is
not appropriately controlled, thereby increasing
conversion of aromatic components to  naphthenic
compounds.

20 In accordance with the present invention, lead may
be used instead of tin, and berforms the same functions
as tin. In the case of employing lead, it is preferred
that about 0.02-5.0 parts by weight of lead 1is
introduced on the basis of 100 parts by weight of the

25 mixture support consisting of zeolite and .inorganic
binder. If the amount of lead deviates from the above
range, the same problems as stated in the case of tin
arise.

Preferably, tin or lead is introduced in the

.30 mixture support by the impregnation or physical mixing.

As precursor thereof, for example tin can be used in
i2




inportant role in controlling the activity of platinum is preferably
added at an anount of about 0.01-5.0 10 parts by wei ght based on 100 parts
by wei ght of the mi xture support consisting of zeolite and, | grgani C

bi nder. 1f gdhe/Msed amount of tin exceeds 5.0 parts by ISW%IIOWI;TN mance
of platinum becones so poor that the deactivation of the catalyst is
pronoted. On the 15 other hand, if the anount is |less than 0.01 parts by
wei ght, strong hydrogenation function of platinumis not appropriately
controlled, thereby increasing conversion of aromatic conponents to

napht henic conpuNgrm20okn accordanae Mideh then priasemicHvamd,ontihead
may be used instead of tin, and perforns the same functions as tin. In

the case of enpiaptiaie, ead] tinisubfafer rantl ld4md dbbobkeofopms5cf parels by

wei ght of lead is  intraqduced.on the basis of 10 arts by weight of the 25
m xture suppor t*Eoi%t iqr?&dgfnlgggfclefeaﬁadf?ﬁ%r%%% “Cpinder. If the anount

of lead deviates fromt heecabgveser@ndavehBeof pMe MeRb| ST%: Bsustetedokn t he
case of tin arise. Preferab y, tin or lead is introduced in the .30

m xt ure suppor tpiptirhm/lesdegrait 1 DRrofugaty st ARIEnBLIXtASepEEPRPSEY
thereof, for exgnple tin.can be used,in 12,18 ri,l. 200 06

PCT/ KRO1/ 01977 The S FHitt-1%h WdEh Grde 45 r?%%éilre ctﬂ“%r }/a\‘geo‘%{'%b% acetat e,
and tin sul fat eanddy heaslaln dihedpHeneof fbeado atbivtes keadidi hoate,. and

| ead sulfate. In the present invention, after platinumtin

pl atinum | ead iBhegaa edtimt griafd catriyFéE dgppericined 2t 380-600
°C under air or nitrogen atmosphere, preferably for 1-
10 12 hours.

As aforementioned, a pair of metal components of
platinum/tin or platinum/lead are supported onto the
mixture support consisting of =zeolites and inorganic
binder, regardless of introduction order thereof.

15 Instead, 1t 1is very importaht to make the metals
associated suitably with each other. In particular,
platinum is associated with tin or lead, or is present
adjacent to tin ox lead to be capable of electrically
and chemically affecting each other, rather than

20 independently existing in the catalyst, thereby
providing excgllent catalytic performance. That is,
when platinum exists independently in the catalyst, the
side reactions as stated earlier attributable to high
hydrogenation activity of platinum, may be caused.

25 However, when platinum is associated with tin or lead,
or sufficiently adjacent to tin or lead, selective
hydrogenation of platinum is achieved due to
interactions between a pair of metal components (Pt/Sn
or Pt/Pb)} such as ensemble effect or ligand effect.

30 In Fig. 1, there is shown a schematic view of one

embodiment of a process for producing arcmatic
13




it is preferred that drying is carried out at 60-200 C under nornal

at nosphere for 30 mnutes to 12 hours. Thereafter, the dried catalyst is
calcined at 300-600 C under air or nitrogen atm)sphergﬁ pnenﬁgably for 1-
10 12 hour forenentioned, a pair of metal conpon I inumtin
or platinu§v1@%ﬁﬁgre supported onto the m xture supportq§gﬁ§$%@#ﬁ% of
zeolites and inorganic binder, regardless of introduction order thereof.
15 Instead, it is-very inportant to make the nmetal s associated suitably
with each other. In particular, platinumis associated with tin or |ead,

or is present i 0 t] | ead b p of _el Laal and
chemcally affégg#ﬁggggg ofﬁ%gg&wgshefgghaﬁjgg ?ﬁ%@%en%en??ékgggs%gﬁg in
the catal yst, tfedsityckoroviding excellent catalytic perfornmance. That is,

when pl atinum exi sts_independently in the catal the side reactioris-as

t,.
stated earlier attribut&Bre toMi _%r&@@ﬁéyggn RetFFRRATICDI Wt Fhum
may be caused. 3p HOWeVErs %%nﬁh@fn' rtg:@risg% A5G ah&f@é‘%{%glkklmagioé?ad’
ead, sel ect y

or sufficiently adjacent to tin or Ive rogenation o
pl ati num i s 5acHirenechldyd attd oni nded adtydorsrbekiegn af paitre ohydebabkrbon

conponents (Pt/Sn _or Pt/ Pb) such as ensenbl e effect or "l|jgand effect. 30
In Fig. 1, ther&®Sstordnimak Y ONF dw3GE16hRe ZOBﬁbothgn?eﬁgsgof)lf ocess

for produci ng a¥pERLiG RS MRk 2808 V@oﬁ%ﬂéﬁ@@igﬁé&ﬁgéﬂgﬁ% 7 is
hydr ocar bon conpounds and LPG from a hydrocarbon feedstock. vy
mixed with Thydrogen before introduction to said
reaction zone. At that time, a molar ratio of hydrogen
10 and the feedstock is 0.5-10. The molar ratic less than
0.5 results in rapid deactivation of catalyst, whereas
the ratio exceeding 10 results in conversion of
aromatic components to saturated cyclic hydrccarbons,
thus lowering the yield of aromatic compounds. The
15 hydrocarbon feedstock stream 11 introducing into the
process is combined with hydrogen stream 21 and high
purity hydrogen stream 12. Further, sald feedstock
stream 11 flows into a reactor 3 at a weight hourly
space velocity (WHSV) of 0.5-10 hr™* and reacted at 250-
.20 600 °C under a pressure of 5-50 atm.

In ‘accordance with the embodiment, an additional
heater 2 4is mounted to increase the temperature of
hydrogen/feedstock stream. In a heat exchanger 1, saild
hydrogen/feedstock stream is heat-exchanged with a

25 reaction product stream 15 which is discharged from the
reactor 3 and then circulated to the heat exchanger 1.
Thereafter, the stream 13 of the temperature increased
to some extent flows in the heater 2.

Within +the reactor, into which the heated

30 hydrogen/feedstock 14 flows, hydrodealkylation and

transalkylation of arocmatic components, and
14




In said figure, the catalyst in accordance with the present invention
brings about hydrodeal kyl ati on, 5 transal kylation and hydrocracki ng of the

hydr ocarbon feedstock in at | east one reaction zone. The feedsgock

cont ai ni ngaf anati.c and non-aromatic conponents is ni%é@%ﬂ%%%ﬂnﬁgogen

before introduction to said reaction zone. At that tinme, a nolar ratio of
hydr ogen 10 and the feedstock is 0.5-10. The nolar ratio less than 0.5
results in rapid deactivation of catalyst, whereas the ratio exceeding 10
results in conversion of aromatic conponents to saturated cyclic

hydrocarbons, s, d. 008k dhenyheh thdft 87 0OBBhbSn SOFPOLPES cofBBctad

hydr ocar bon feedstock stream 11 introducing into the process is conbined
wi th hydrogen sitmearhe?] mrebdricgh ofur ithye hydtedestst nederl2thfur ghere sai d
feedstock stream 1l flows jnto a reactor 3 at a weight hourly space

vel ocity (VWHSV)F&ACTHLR PO ti8RE react ed at 250- 20 600 C under a pressure

of 5-50 atm In accopggacerhet BohPeebRdbFERLacB oA EheNBkoahigat €5 2 1S
nounted to increase the tenperature of hydrogen/feedstock stream In a

heat exchanger ils spiesehydr dgen/desedssociphsisecamf s hedaterehnanghdghith a
25 reaction prgguct sggean1lg§%pich.i% di;sg argeg from.the reactor.3 and
t hen circul at ed T8 e Heat Rangdrf -1 TherRatter, “the sfréam £376f the
tenperature i ncdgasetod o, SR edRlctl hewsikaullBecheahar f2owdV Lhi Bhéhe
reactor, into which the heated 30 hydrogen/feedstock 14 fl ows,

hydr odeal kyl at itgetang¢xaheagsal k¥t atiton woiL.chr ohei ctempporahis, ofndthe 18

April 2005 VD%34<§11:403g0e6n f%gci(s%gjé/koj'sgt?r?eam is increased to some extent

10 due to the product of high temperature. Thereafter,
the product passes through a first cooler 5 to give a
product stream 17.

The product stream 17 of 30-50 °C flows through
the first cooler 5 and into the first gas-liquid

15 separator 4, thus separating gaseous components and
ligquid components. The gaseous ' components are
discharged from the first gas-liquid separator 4 as a
first overhead stream 19, while the liquid components
are discharged as a first bottom stream 18. At that

20 time, the gaseous first overhead stream 19 comprise
about 60-75 mol% of hydrogen and about 25-40 mol% of
hydrocarbon components being composed of methane,
ethane, LPG and the like, which have relatively low
numbers of carbon atoms. Said hydrogen component is

25 separated and then compressed in a compressor 6 and
combined with high purity hydrogen 12 which 1is
introduced to control the purity of hydrogen, followed
by introduction to the reaction zone, together with the
feedstock 1l. Further, LPG components in the first

30 overhead stream 19 are separated and recovered using

the conventional methods. Of course, each of methane,
15




hydr ocracki ng of non-aromati c conponents are conducted in the presence of
the catal yst under the above reaction conditions. After the conpletion of
reactions, the product 15 5 is present in gaseous pha%% of relatively high
t enper at ur fare introduction to a first gas-liquid ﬁ%ﬁ%ﬁﬁﬁ , the

pr oduct is%grﬁﬁﬁ Rted and flows in the heat exchanger 1, 1n mh@gﬂﬁthe
tenperature of the hydrogen/ feedstock streamis increased to sone extent
10 due to the product of high tenperature. Thereafter, the product passes
through a first cooler 5 to give a product stream 17. The product stream

17 of 30-50 C flqus d hrauohend hesfhr iy Ceel Qeparafddl Hod i fddet as
gas-liquid 15 separator 4, thus separating gaseous conponents and |iquid
conponent s. Thefwdseous conponents are discharged fromthe first

gas-liquid separator_4 as first overhead stream 19, while _the liguid
conponents are di scHa?FE LY a #15 st ¥ Fgan#fgtoﬂt FREF=Y0 ?#ne,

the gaseous fi rﬁiﬂéﬁr@ 534 £0Y AR €00DT bS8 AN rE0- FRa D! dmefinbydr ogen
and about 25-40 nol % of ydrocar bon conponents bei ng conposed of methane,

et hane, LPGSand#f hehe keematindhghavedregen i asidy [lgwhtnupbarsrenataeden

atons. Sai d hydrogen nent, js.25.s rated,and then e N a
conpr essor 6 aﬂ{]‘ﬂ%tedn%g%gl'w %ilgﬁtpggi%ﬁ:ﬁmh?gfgagntﬂ?zp\%%lgg% ?g%gubﬂ
introduced to GONtIRartlQ nduiklrY n@hghysis@gem of ol liowedihiky i at r eduehdon to
the reaction zone, together with the feedstock 11. Further, LPG conponents

in the first 30wemrdeshdssreaam2L0 aemePEEpHiat EdcantEREebviss eBYHEPAG t he

convent i onal neatrpfdsﬁorgar%)rrllja{tsieds eaacnfgi Ofa neé@@@r?d 11§ottom

stream 28

10 comprising aromatics with the purity of 99 % oxr higher
are separated according to their boiling points within
a first distillation tower 7. The second bottom stream
28 is withdrawn and then can be separated as benzene,
toluene, xylene, and Cs or higher aromatic compounds,

15 respectively through further separating operation, for
instance using distillation towers (not shown).

Said second overhead stream 22 is cooled 1in a
second cooler 8, and then flows into a second gas-
liguid separator 9 to give a gaseous third overhead

20 stream 29 and a liguid third bottom stream 26. The
third overhead stream 29 comprising the remaining
hydrogen, methane and ethane ma? be used as fuel. The
third bottom stream 26 of liquid phase is re-circulated
to the distillation tower 7, and part of the stream is

295 withdrawn as a stream 27 containing pentane, hexane and
LPG. The components circulated to the distillation
tower 7 again pass through the separating operation,
along with the first bottom stream.

Through said processes, aromatic hydrocarbon

30 compounds can be recovered at the purity of 99 % or

more, and LPG is obtained as the hydrogen-deprived
16




WD 02/ 44306 18 April 2005 PCT/KRA /01977 ethane, and the |ike may be
separated for use such as f uel. Meanwhile, the liquid first bottom stream
18 mainly conprises aromatics and contains smal | am)u gs t he

3 of
remai ni ng Qydrogen and |ight non-aromatics. Hence, Iﬁpcﬂllf%ﬂ) fO!lJ'fﬁt bottom
a

stream 18 passes through a separating-refining operat| on, 1 n whic
second overhead stream 22 conprising the remaining hydrogen and
non-aromati cs and a second bottom stream 28 10 conprising aronmatics with
the purity of 99 % or higher are separated according to their boiling

points within sg;féh dipt 2@ S%f' l{a]d 0% ;L-Q¥er ofe rHdi&d S§ERRBEAMDOT §OMarRi I eam 28
is wthdrawn an en can be separated as benzene, toluene, xylene, and C9
or hi gher aroneimeaorpounds, sifh,esppoiokiakyelfr Gﬂgﬁof&rpﬁel’chsepartaﬂ-l ng

operation, for _instance u5| n distillation towers not second
overhead streart®2 FERGFIUSF es':@c‘?@r?d: cé’(ﬂné"ralé‘e and t%Elt?n %FS ?Rt’o a
second gas- liquid sgpyALQYyr uﬁ@eﬂw@n@ugfseeuscﬂéﬂﬁﬂega@the.@e}eaelahr eam
29 and a liquid third bottomstream 26. The third overhead stream 29

conpri sing the mamaibm ngbtahylde@gem ﬁmghan@ﬁndh@t héekl ereinde ea@é@l% fuel .

The third bott tream 26 of uid ph S.L&€-cil uI ate
distillation td 28Rd " <1;'(rtfo tq"[ he® s f’ﬁléf'nl: %£ rawn as a s Feam 27

cont ai ni ng penté’é}?stﬂﬁé@% ANGhi tL e ’p’ﬂeséﬁﬁpeﬂe@ﬁﬁl@mr culated to the
distillation tower 7 again pass through the separating operation, along

with the first bottomstream Through said processes, aromatic hydrocar bon
EXAMPLE 1

10
Mordenite with a molar ratio of silica/alumina of
20 was mixed with gamma alumina as an inorganic binder
and then molded to give a mixture support in which the
amount of mordenite is 75 wt%. During the procedure,
15 agueous solution of H;PtClg and agueous sclution of SnCl»
were added thereto. At that time, on a basis of 100
parts by weight of the mixture support consisting of
mordenite and binder, 0.05 parts by welght of platinum
and 0.5 parts by weight of tin were introduced onto the
20 mixture support. After molding into a diameter of 1.5 mm
and a length of 10 mm, drying is carried out at 200 °C
for 12 hours, followed by calcining at 500 °C for 4 hours,
to yield a catalyst.
By use of the catalyst prepared as above, the
25 reaction test was conducted, and the conditions and the

results thereof are given in Table 1, below.

EXAMPLE 2

30 ZSM-5 type zeolite with a molar ratio of

silica/alumina of 30 was mixed with gamma alumina as an

17




30 conpounds can be recovered at the purity of 99 %or nore, and LPGis
obt ai ned as the hydrogen-deprived 16 18 April 2005 WO 02/ 44306
PCT/ KRO1/ 01977 stream 20 of the first overhead stream 19 and the stream

27. As suc ximately 70-90 % of the total n LPG!E ecovered
are cont ai ﬂ’od‘ﬁﬁw?he stream 20. A better understanding o emﬁlr%eient
invention 5 may be obtained in light, of the follow ng exanples which are
set forth to illustrate, but are not to be construed to limt the present
i nvention. EXAMPLE 1 10 I\/brdenite with a nolar ratio of silical/alumna of
20 was m xed with %ﬁ&&ﬁ %%da”thé‘ﬁr gLl pdergifhd ot hgnyppided to
give a m xture suppo | anount of m)rdenl%e Is 75 W% During

t he procedure, sl@p@ormeomns whd lchit rthla afnon‘(E’t ef6zaMdSagupeusesbitei 6m 8% SnCl2

wer e added thereto. At that tlrre basi s of 100 parts b of the
m xture suppor t""onsi'¥HiRg dite rﬁﬁ W€ Y5 i Fe rs O 1 S rﬁ/ﬁ V\Eﬁ%l ght

of platinum ang 0. 2,pa8ds BY1 08I St o8f shich W%teeel @d&@ucﬁ%ﬁﬂ& t hgt 20

m xture support. After nmolding into a diameter of 1.5 mm and a length of
10 mm dryi g Hﬂqad:artlrwl, ooh & ROGLC oforl0D2 prohss, bffomedwbst byf cthei ni ng

at 500 C for 4 hours, to yield a cata e. of the cat,lyst prepared
as above, the ™WEEt HPEst CRRST %BJr%Qlcf’(g %ﬁcﬁtﬁgp&,ﬁﬁ%% 3& ltohe

resul ts thereofyqjR Qi \EDS Hakah Q:)lyWQ%kﬁ‘W-Oﬁ@ﬁ@&—:ﬁllﬁﬂ and 0.5 parts
by weight of tin were introduced onto the mixture
support. After molding into a diameter of 1.5 mm and a
10 length of 10 mm, drying is carried out at 200 °C for 12
hours, followéd by calcining at 500 °C for 4 hours, to
yield a catalyst.
By use of the catalyst prepared as above, the
reaction test was conducted, and the conditions and the

15 results thereof are given in Table 1, below.
EXAMPLE 3

ZSM~5 type zeolite with a molar ratio of

20 silica/alumina of 30 was mixed with gamma alumina as an
inorganic binder and then molded to give a mixture
support in which the amount of ZSM-5 type zeolite is 75
wt%. During the procedure, aqueous solution of }hPfcls

and agueous sclution of Pb(NO3)2 were added thereto. At

25 that time, on a basis of 100 parts by welght of the
mixture support consisting of ZSM-5 type zeolite and
binder, 0.05 parts by weight of platinum and 0.15 parts

by weight of lead were introduced onte the mixture
support. After molding into a diameter of 1.5 mm and a

30 length of 10 mm, drying is carried out at 200 °C for 12

hours, followed by calcining at 500 °C for 4 hours, to
18




30 ZSM5 type zeolite with a nolar ratio of silica/alumna of 30 was m xed
wth gamma alumna as an 17 18 April 2005 WO 02/ 44306 PCT/ KRO1/ 01977
i norgani ¢ binder and then nolded to give a mxture support in which the

amount of ZSM pe zeolite is 75 w% During the prodé Fizl%(‘){)é us

sol ution o?‘%—&%ﬁ'@f{G and aqueous solution of SnCl2 were a qlﬁgﬁgto. At 5
that time, on a basis of 100 parts by weight of the m xture support
consisting of ZSM5 type zeolite and binder, 0.05 parts by wei ght of
platinumand 0.5 parts by weight of tin were introduced onto the m xture
support. After nol.ding_int dianeter of 1.5 mmand a 10 length of 10 mm
drying is carr e lgiuf" g?gigﬁgrcfor 12 hours, followed by calcining at 500

C for 4 hours, to yagl chsa catalotsd . cByaugst ofprichareat aby stabprepar €k as
above, the reaction test was conducted, and the conditions and the 15
resul ts ther eofte@cdigny &fsitn wagbiIconguched onaneEXRVPL ECBAFEATES 130 Tl ite

with a nolar rat] f LLi i 0 S m w th gamma al um na
as an inorgani cetﬁs"l%r%ggr tggaé%ﬁeﬁﬁéﬁlﬁépﬁg g?gge\é@fﬁ%%ﬁg’ support in which
the amount ef ZSM5 type zeolite is 75 W% During the procedure, aqueous
solution of H2PtCl16 and aqueous sol ution of Pb(NO3)2 were added thereto.
At 25 that time, on a basis of 100 paft8MBYEwki ght of the mixture support
consisting of ZSM5 type zeolite and binder, 0.05 parts by wei ght of

pl ati num and 0.15 parts by weight of |ead were introduced onto the m xture
support. After nol diBgta nt ayaedi armsildrteof @ibhmmaandmalar ratio of

silica/alumina of 25 was mixed with gamma alumina as an

10 inorganic binder and then molded to give a mixture

support in which the amount of ZSM-5 type zeolite is 75

wt%. During the procedure, agueous solution of HPtClg

and aqueous solution of SnCl; were added thereto. At

that time, on a basis of 100 parts by weight of the

15 mixture support consisting of beta type zeolite and

binder, 0.05 parts by welght of platinum and 0.5 parts

by weight of tin were introduced onto the mixture

support. After molding into a diameter of 1.5 mm and a

length of 10 mm, drying is carried out at 200 °C for 12

20 hours, followed by calcining at 500 °C for 4 hours, to
yield a catalyst. |

By use of the catalyst prepared as above, the

reaction tesf was conducted, and the conditions and the
results thereof are given in Table 1, below.

25

TARLE 1
CATALYST PERFORMANCE RESULT

Ex. 1 |Ex. 2 |[Ex. 3 Ex. 4

Reaction conditions Pressure: 27 kg/cm®, WHSV=2.T7hr ™,
. Molar Ratio of H./hydrocarbon=3
Reaction Temp. (°C) 420 | 410 | 410 ‘500
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30 length of 10 mm drying is carried out at 200 C for 12 hours, followed
by calcining at 500 C for 4 hours, to 18 18 April 2005 WD 02144306

PCT/ RR01/ 01977 yield a catalyst. By use of the catal yst prepared as above,
the reactiq tess Was conducted, and the conditions ard 00 el t s
thereof are given in Table 1, below. 5 EXAMPLE 4 Beta type zeolite with a
molar ratio of silica/alumna of 25 was m xed with gamma alum na as an 10
i norgani ¢ bi nder and then nolded to give a m xture support in which the
anount of ZSM5 type zeolite is 75 wt% During the procedure, agueous

sol uti on of HJMReGZ6iomnd aqueposesid [HomrarohaBhdl3 \Ber e added t heCet@d.| At
that tinme, on |awbasis of 100 parts blyawemaghc:6%.2he 15 mi xture supporf
consi sting of |beta type zeolite and | ®i rdehiglErosrpmetic:d¢.bej ght of
pl ati num and J.Bxogact $Ci18% wei ght of | 13 rd6ner ¢ 1#RBY oducldd 98nt o| thebni xtiure
support. After| (wbkdi ngLPAt o a di amet pP0o¥3 1. 52AwPand |&25:P€ngt h3bf6310 m
drying is carrli ed out |8~C200 C f8¢r1p 26%ours, 948 | owel- Y cal di-APng|at
500 C for 4 hqurs, to ZF%‘F%% catal ys#2- us}er?4 B3t he 5@?@ éys.tlﬁfr argd as
above, the rdaction {E§tCev@EC™a5A8uct ed: *dnd [t s ¥ondi t PoR apd -

resul ts theredi—are gilign2FW3EdBl o 1 bel ow 125 TABLE 1 CATALYST
PERFORMANCE RESULT Ex. 1 Ex. 2 Ex. 3 Ex. 4 :

From said table, it can be seen that, when the

catalyst of platinum/tin or platinum/lead introduced
onto the mixture support consisting of zeolite and
5 inorganic binder is used, C; or higher non-aromatic
components can be effectively converted into gaseous
hydrocarbon compounds, such as Ci, C;, and LPG, and thus
separated from liquid aromatic compounds.
Thus, the process of the present invention using
10 the catalyst as above has advantage of ease of
separatiop of arcmatic components and non—aromatic
components from a hydrocarbon feedstock by using only a
gas-liquid separator and distillation tower without
installing additional solvent extraction eguipment. In
15 addition, non-aromatic compounds having low utility in
the feedstock can be converted to LPG, thereby creating
econcmic benefit. Aromatic compounds having high
utility can be obtained with high purities.
The present invention has been described in an
20 illustrative manner, and it is to be understood that
the terminoleogy used is intended to be in the nature of
description rather than of limitation. Many
modifications and variations of the present invention
are possible in 1light of the above teachings.

25 Therefore, it is to be understood that within the scope
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Reaction conditionsPressure: 27 kg/cm, WHSV=2.7hr , Ml ar Ratio of

H2/ hydr ocar bon=3 Reaction Tenp. (C) 420 410 410 500 19 WD 02/44306 18 Apri
2005 PCT/ KROL/ 01977 Reacti on conponentshbn-aronatic:S%Bij_EﬁbgB

(W 99 ar omat €, , C9 or higher aromatic:14.5 %F

b odnar o1 afondut, 2.0 0019 6, (Wt % LPG30. 3324. 2325. 9931 63 L& b

non- 1. 050. 820. 441. 45 aromati c49. 0454. 6553. 9946. 68 C6- CB
aromatic6.135.948.687.62 C9_ aromatic Fromsaid table, it can be seen that,
when the catalyst of platinunmtin or platinunlead introduced onto the
m xture support,£qnsi s{ine oy 280l ids, auk S ANAGATH Cnd) NPET phacHseda C 7
or higher non-aromatic ~conponents can be effectively conver?ed into
gaseous hydr ocaheawicentbandas spehifiscdllly CsandddRG and t hus
separated fromliquid aromati c conpounds. Thus, the process of the present
invention using 10 the catal yst as above has advantage of ease of
separation of aromatic conponents and non-aromatic conponents froma

hydr ocar bon feedstock by using only a gas-liquid separator and
distillation tower without installing additional solvent extraction

equi pnent. In 15 addition, non-aromatic conmpounds having low utility in
the feedstock can be converted to LPG thereby creating econom c benefit.
Aromati ¢ conpounds havi ng high
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utility can be obtained with high purities. The present invention has been
described in an 20 illustrative manner, and it is to be understood that
the term nology used is intended to be in the nature of description rather
than of 1imtgtipn,;Many nodifications and variations 'BeREREIDFasent
invention are possible in light of the above teachings. 25 Therefore, it
is to be understood that within the scope 20 WO 02/ 44306 18 April 2005

PUT/ KRO1/ 01974, Qf ihe-appghgdeds clains, the invention may be practiced

ot herwi se than as specifically described. 21 18 April 2005 WO 02/ 44306

PCT/ KROL/ 01977 What is clainmed is: 1. A process for producing aromatic
hydrocarbon conpounds andtaocped i £6r peirbaliedbigyas d=RG)c fipdracadrbon

hydr ocar bon feedstock, conprising the follow ng steps of: a) introducing
Ihydr ogen and corpoirstar oyl fléapsifded woelrigdisimg9psi nt5P&) 36r2B0 € to at
east one reaction zone; .10 b) converting,the hydrocarbon f,eedstock in the
presence of &¥SHrRARCR o LRRIFECT 'hyﬂ?%ﬁg+5bﬂg ogﬁg oW eh arers
abundant in Qﬁ?zene, toluene and xylene (BTX) through hydrodeal kyl ati on
and/ or transal’kyl ation, and to non-aromatic hydrocarbon 15 conpounds which
are abundant in LPgthrogghoahygdngcer agkanggsht hi anfihe &eachy@noZansenand

feedstock with boiling points of 30-250 °C to at least
one reaction zone;

10 b) converting the hydrocarbon feedstock in the
presence of a catalyst to aromatic hydrocarbon

compounds which are abundant in benzene, toluene and

xylene (BTX) through hydrodealkylation and/or
transalkylation, and to non-aromatic hydrocarbon
15 compounds which are abundant in LPG through

hydrocracking within the reaction zone; and
c) recovering the aromatic hydrocarbon compounds
and LPG, respectively from the resulting products of
said step b}, through gas-ligquid separation and
20 distillation;
wherein said catalyst comprises platinum/tin or
platinum/lead and a mixture support consisting of 10-95
wt% of zeolite having a molar ratio of silica/alumina
of 200 or less and 5-90 wt% of inorganic binder, said
25 =zeolite being selected from the group consisting of
mordenite, beta type zeolite, ZSM-5 type zeolite and a
mixture thereof, in which said platinum is present at
an amount of 0.01-0.5 parts by weight, and said tin is
present at an amount of 0.01-5.0 parts by weight or
30 said lead is present at an amount of 0.02-5.0 parts, on

the basis of 100 parts by weight of said mixture
22




c) recovering the aromati c hydrocarbon conpounds and LPG respectively
fromthe resulting products of said step b), through gas-liquid separation
and 20 distillation; wherein said catal yst conprises platinumtin or

pl atinun | gad a mxture support consisting of 10- 95“?}%%%%0@;@ ite
havi ng a nol arza?%?i o of silica/alumna of 200 or |ess arl; Y w % of

i norgani ¢ binder, said 25 zeolite being selected fromthe group consisting
of nordenite, beta type zeolite, ZSM5 type zeolite and a m xture
thereof, in which said platinumis present at an anount of 0.01-0.5 parts
by wei ght, andszﬁ%'bgrq:i nis present at an anmount of 0.01-5.0 parts by

wei ght or 30 said lead is present at an anount of 0.02-5.0 parts, on the
basis of 100 parts by weight of said mxture 22 WO 02/ 44306 support. 18

April 2005 PCT/KROL/ 01977 2. The process as defined.in.claiml, .wherein a
wei ght hourly <pace & o&FPfFesE t"ﬁg rﬂ?diﬁé boh SCnf%Je‘HstldckaﬁF%ﬂucaéd to

the reaction zqigght O-rﬁa,'u]xQ.ahrfé]:_'aace ange y&y pgen oehy dirpcar Rpardegelsdock is

0.5-10 on thes nolfar basis during said step a). 3. The process as deIi ned

in claim 1, swhefeeids toakd int@odtepdbyo i sShperdarinienh aoms0b60D C Uhder “a
pressure of 5-50 agfm,_4. The process as_defined in,clag ml, wierein said
hydr ocar bon f e&dSt OE}Kngg‘gléMCF%%Cﬁr?’&ﬂ t ﬁg88?g85k151%0?1ds'{gs#10ng°§f tie
reformate, pyreoisiSpdasal HiRin§9sid ghe) aronmatic mxture, naphtha and
a mxture thereof.

3. The process as defined in claim 1, wherein said

10 step b) is performed at 250-600 °C under a pressure of
5-50 atm.

4. The process as defined in claim 1, wherein said
hydrocarbon feedstock 1s selected from the group
15 consisting of reformate, pyrolysis gascline, Cgs oOr

higher aromatic mixture, naphtha and a mixture thereof.

5. The process as defined in claim 1, wherein said
mixture support consisting of =zeolite and inorganic
20 binder has an apparent bulk density of 0.4-1.0 cc/g, an
average pore diameter of 50-200 A, a pore volume of

0.1-1 cc and a specific surface area of 200-400 m?/g.

6. The process as defined in claim 1, wherein said
25 inorganic binder is selected from the group consisting
of gamma alumina, silica, silica-alumina, bentonite,
kaolin, clinoptilolite, montmorillonite and a mixture

thereof.

ao 7. The process as defined in claim 1, wherein said

catalyst is prepared by mixing zeolite with inorganic
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5. The process as defined in claim1, wherein said mxture support
consisting of zeolite and inorganic 20 bi nder has an apparent bul k density
of 0.4-1.0 cc/g, an average pore dianmeter of 50-200 A, a pore vol une of

0.1-1 cc cific surface area of 200-400 n2/g. ésAw{%%%? s as
defined in'C 021'4?#5 wherein said 25 inorganic binder isPse ec '@ ﬁsr om t he

group consisting of gamma alumna, silica, silica-alumna, bentonite,
kaolin, clinoptilolite, nontnorillonite and a m xture thereof. 30 7. The
process as defined in claim1, wherein said catalyst is prepared by m xing

zeolite with ingreanic, .23 M@ 02144306,18 éq‘pgglgclgrtzroogu BEH IRPLAQL974 - bi nder

to nold a m xture support; supporting tin or ead onto said nolded m xture
support; and suppaartéomg hadi noidedt misdiudet | suppodteadersdippoppedt mxt ur e
support. 5 8. The process as defined in clai mi, Xi\herei n said catalyst is
prepared by ni BLAGIPEE i QRN ¢ B3ifhbr gt ¢ ©Bi ndBRIEURRAFtThg BHHTXtTUre of
pl ati num and tiJ, ?)rortl_ead onto the m xture support; and nolding said 10
platinunitin or Eati nuni | ead- supported m xture support. 9. The process as
defined in 6élaim1, wherein said catalyst is prepared by supporting

platinumonto zeolite; mxing said platinunmsu or.teg zeqlite with, 15
i nor gani ¢ bi ndér, f ofPouBHCEF FroPdi rfgeénﬁgtf%uﬁgaéﬂp drt“%berrﬁj)& u?%l&
S,Upfort; and Sib%%wsw {d npPEphfad pYNLA SRgd FRided phath NUAbsyRROE t ed
m xt ure support.
binder; supporting a mixture of platinum and tin or
lead onto the mixture support; and molding said

10 platinum/tin or platinum/lead-supported mixture support.

9. The process as defined in claim 1, wherein said
catalyst 1is ©prepared by supporting platinum onto
zeolite; mixing said platinum-supported =zeolite with
15 inorganic binder, followed by molding a platinum-
supported mixture support; and supporting tin or lead

onto said molded platinum-supported mixture support.

10. The process as defined in claim 1, wherein said
20 catalyst is prepared by mixing zeolite with inorganic
binder, followed by molding a mixture support, while
supporting one of platinum and tin or lead onto said
mixture support; and supporting the other metal, not
supported’ at the ' previous step, onto said molded

25 mixture support.

11. The process as defined in claim 1, wherein said

catalyst is prepared by mixing =zeolite, inorganic

'binder, platinum, and tin or lead; and molding the
30 mixture.

12, The process as defined in claim 1, further
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10. The process as defined in claim1, wherein said 20 catalyst is
prepared by m xing zeolite with inorganic binder, followed by nolding a

m xture support, while supporting one of platinumand tin or |lead onto

sai d m xturggoSgRessé and supporting the other netal, 'R AAppansed’ at
the previous step, onto said nolded 25 m xture support. 11. The process as
defined in claiml, wherein said catalyst is prepared by m xing zeolite,

i norgani c bi nder .Sol atinu and t;ﬁﬁ or. | ead;. and | di the 30 maxture.
12. The proc&SWRS SEs | FRAPTR-H1%i P, FoFPied” G AR08 TR NS
ACCTTI CRO1/ OLF e kO NPE &S €E) SepRbaldet iR afPINRdriL, hydl &6ar bandacegpernds

of the step c) into benzene, toluene, xylene, and C9 or higher aromatic

conpounds, r ésipden velnpmaddsr dicegroondsei | krgrpetavelyhepeeprdsngs, ta
process for %ro uci ng ar Qcmatti C p?ydf; ocarbon conpounds and |iquefied

petrol eum ga o HRFd ot Fi?& “feedst ock, conprising the foll ow ng steps
of : a) ingroduci ng hydrogen and a hydrocarbon feedstock 10 with boiling
points of 30-250 C, to at |east one reaction zone; b) hydrodeal kyl ating
and/ or transdlikyl aki ngrosesitat | £0hydpPsearBéRIc orfIgHEHC | nhyfsoeaElsRock,

IO, oY) OO RGO UL Y LAAA, CHIORPRNS! BykiScdPon
i ntroduci ng Fedictkdi srprded iy amd f1lowing steps of:
a) introducing hydrogen and a hydrocarbon feedstock
10 with Dboiling points of 30-250 °C, to at least one
reaction zone;

b) hydrodealkylating and/or transalkylating
aromatic hydrocarbon components in the feedstock, while
hydrocracking non-aromatic hydrocarbon components in the

15 feedstock in the presence of a catalyst within the
reaction zone;

c) introducing products discharged from the
reaction zone to a gas-liquid separator to provide a
first overhead stream comprising hydrogen, methane,

20 ethane and LPG components, and a first bottom stream
comprising aromatic hydrocarbon components and a small
amount of hydrogen and non-aromatic hydrocarbon
components;

d) withdrawing LPG from said £first overhead

26 fraction;

e) introducing said first bottom stream to a
distillation tower to provide a second overhead stream
comprising the remaining hydrogen and non-aromatic
hydrocarbon components, and a second Dbottom stream

30 comprising aromatic hydrocarbon components; and

f) withdrawing LPG from said second overhead stream,

and aromatic hydrocarbon components from said second
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reaction zone to a gas-liquid separator to provide a first overhead stream
conpri sing hydrogen, nethane, 20 ethane and LPG conponents, and a first

bottom stream conprising aronmatic hydrocarbon conponeﬁg aﬂ% snal

amount of {yfkAgRe and non-aromatic hydrocarbon conpo &%ﬂ(@igwi hdr awi ng
LPG fromsaid first overhead 25 fraction; e) introducing said first bottom
streamto a distillation tower to provide a second overhead stream
conprising the remai ni ng hydrogen and non-aronatic hydrocarbon conponents,
and a second bottom stream 30 conprising aromatic hydrocarbon conponents;
and f) w thdrawdidoPSrheam: sai d second overhead stream and aromatic

hydr ocar bon conponents from said second 25 WO 02/ 44306 18 April 2005

PCT/ KRO1/ 01977 bot t owheteigamsaiker exrekvfitd €omaryses c aphsviguEs/Biat i Atin tin

or platinumlead_ and m xture support_consisting 10- % piqzeolite
havi ng a nol ar pﬁfﬁ‘l@uﬂ?l?? i ara u{r?‘ngﬁguggoga]!}%%{%rc‘?ess%Q%%gg S%O(igvt 9% of
i norgani ¢ bi ndefsy S&f dze8B0tét Babehigaselaetred-firiam shesgloop/adasisai ng of

nordenite, beta tﬁ%e zeolite, ZSM5 type zeolite and a mixture thereof, in
whi ch said Bl atafui#R 9 sopr éseRt 288 SalamfdntoofitrIr® S hpder pySdefght ,

Said read o prtaite: Pakr s D, 65 5 e R SRR 8 0o
parts by wei ghtmetdeiditd,Mbdiy ecysupgeyliite, ZSM-5 type zeolite and a
mixture thereof, in which said platinum is present at
an amount of 0.01-0.5 parts by weight, and said tin is
10 present at an amount of 0.01-5.0 parts by weight or
said lead is present at an amount of 0.02-5.0 parts, on

the basis of 100 parts by weight of said mixture
suppoecrt.

15 14, The process as defined in claim 13, wherein a
weight hourly space velocity of +the hydrocarbon
feedstock introduced to the reaction zone is 0.5-10 hr™,
and hydrogen/hydrocarbon feedstock is 0.5-10 on the
molar basis during said step a).

20
15. The process as defined in claim 13, whereln said
step b) is performed at 250—600 °C under a pressure of

5-50 atm.

25 16. The process as defined in claim 13, wherein said
hydrocarbon feedstock 1is selected from the group
consisting of reformate, pyrolysis gasoline, Cs oOr

higher aromatic mixture, naphtha and a mixture thereof.

30 17. The process as defined 1in c¢laim 13, <further
comprises:
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15 14. The process as defined in claim 13, wherein a weight hourly space
vel ocity of the hydrocarbon feedstock introduced to the reaction zone is
0.5-10 hr-1, and hydrogen/ hydrocarbon feedstock is Oéggﬁqﬁéﬁﬁthe nol ar
basi s duri id step a). 20 15. The process as defin } 3,

wher ei n sai é@?%% b) is perfornmed at 250-600 C under a pﬁggsur@ﬂ%% 5-50
atm 25 16. The process as defined in claim 13, wherein said hydrocarbon
feedstock is selected fromthe group consisting of reformate, pyrolysis
gasoline, C9 or higher aromatic m xture, naphtha and a m xture thereof. 30
17. The process as defi ' [ 3, el 1 RORRLLEES: 2friR-0RL44306
18 April 2005 PCT/K§b1?§§55$t§§&sg%%r§fﬁﬁé£?ﬁe rgna%kc Eyé%bgargon
conponents of cFaisthist efteb) fijntiatbebazenene | ot vl e X ytydrene  amthdCTo00r

hi gher aromati ¢ conpounds, respectively according fo boilin% poi nts
thereof. 5 27 higher aromatic compounds, respe tively according to

boiling points thereof.
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