; e3eLF6NThsk WO | 12/ -4. 13U( PCTLKROL/ (11977 PROCESS FOR PRODUCI NG AROVAT
HYDROCARBON COVPOUNDS AND LI QUEFI ED PETROLEUM GAS FROM HYDROCARBON
FEEDSTOCRVO PBR/¢43d6 of the I nvention The present invention PETKRMHIIITN
general, to a process for producing aromatic hydrocarbon conpounds of

| i qui d phase and non-aromati c hydrocarbon conpounds of gas phase, for

i nstance, |iquefied petroleumgas (LPG, 10 from hydrocarbon feedst ock,
a catal yst useful therefor. Mre specifically, the present invention

pertains to aprROCEESS HOR TGRODIRIING GuRMAEL G G OORGCREBEN | NG s en

f eedst ock having boiling points of 30-250 C to oi

(benzene, tol uené TN FIBDOAEHOLERY dufith KRAT Y BROCARBONI/ FEDSTOCK
.transal kyl ati on, and for converting non-aromatic conpounds to LPGrich

gaseous conpone H l m ydrocracki ng; and a catal yst used

pr ocess 20 Bacim mmmm e lpwend i oh Ganerald Yo omatic hi]mimﬂmuﬂ

.are separated fr nmatic h drocarbonsrﬁ§ sdﬁ?gctlng fe mmmmm
abundantlyicontalnlﬁa &ronatlc conpounds such as 25 refornate proeaoed

through a reform ng process and pyrolysis gasoline obtained froma naphtha

cracki ng process,

as above is segarated

ammmiccmmB

t hus used as
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and

component s includi ng BTX

t?h%opﬁéﬁ?néxt¥%ﬁﬁm%mpnTﬁ@réﬁéﬁﬁbldUhyGﬁﬁééﬁBonst@bﬁalned

Lugdapeiisdabanl Adon-of rdhie: fet hoaherbebnl conffd@ds 43F1G

gas phase, for instance, liquefied petroleum gas (LPG),
from hydrocarbon feedstock, and a catalyst useful
therefor. More specifically, 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
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.
Background of the Invention

Generally, aromatic hydrocarbons are separated from
non-aromatic hydrocarbons by subjecting feedstocks
abundantly containing aromatic  compounds, such as
reformate produced through a reforming process and
pyrolysis gasoline obtained from a naphtha cracking
p}ocess, to solvent extraction. The aromatic
hyd;ocarbons obtained as above is separated as benzene,
toluene, xylene, and Cg or higher aromatic compounds,
according to their different boiling points, and thus

used as fundamental materials of the petrochemical
' 1

)
yd



PCT/ KROL/ 111977 industry. Non-aromatic hydrocarbons are used as
rawmaterials or fuel of the naphtha cracking process.In this regard, U S
Pat. No. MO0%843964 refers to a.solvent extraction process PCarKkmamaszat i ng
and recoveri ng5pol ar hydrocarbons from hydrocarbon m xture includi ngpol ar
hydr ocar bons and non- pol ar hydrocarbons. Suchsol vent extraction process
uses polarity of aromatichydrocarbons to achi eve separation. That is, when
pol armat eri al s-di ssol vi ng sol vents, such as sul fol ane, arelOcontacted with
hydr ocar bon miixiduse,r yRol an i -erminciyelr ogarenswas bareel gskhvely raw

di ssol ved and thusseparated from non-pol ar non-aronmatic hydrocarbons.

Sai dprocess i §edgramtlagesusual o mheomaghthaionpdkghpuptoyess omat i ¢

-hydr ocarbon m xture \/\1;1 l e isl5di sagvant ageous in requiring additional

sol vent - ext racti on ®Qu iﬂﬁ@nfggaﬁﬁ' contr nagus| YoreddiOng ' o1& &iftiedif iRy @

operation of eguiRpRNe tIhehefQ eprgé%sgefggdggggrgggﬁéav\h%ﬁ rarcoor{;ca?t !j’fqgonal

-hydr ocar bons and non-aromati chydrocarbons fromraw oi out a

sol vent 20ext r acflean hydeesarbave beeomdawy@escd FoPar i @Fe NMHA JLIRAT Ch
into reaction S)istems,instead of solvent extraction processes, for

separ at i ngar oRRLRE cBiEeRaSPPREM ABA- aReREPPéasonhydndsarhassheencarati ed
out. Non-ar orr%t()il(‘:re%%rrpoggds m.xed W th aromati c25conpounds are converted to
gaseous hydr oCarBEhS | K theFraSBncBY8FeaS cat afy stPe -+ ohigh Fﬂﬂér@ﬁ%%,
andaromati ¢ COYRRBRASLHEARB RS SERA&F&Ldsd o, PP ar OFRL L cganpoynds Lé%'af}g a
gas-liquid separator at the rear endof a reactor. Such conéept ad béen
advanced fronmgt8r3ePat-diNeoldi729, 862vefinsadditican, ad). SuPaslames. Sre849,
290 and 3, 950, 241 refer to a nethod for producing2 WO 112/ ~~30G

PCT/ KR(1 1}D19P1F8CAEA e iR coRPERERREDER gabidgiEa i t yPBYaEonwaramiatgld near

hydr ocar bon c¢ ixe ith aro i CCO unds.to gaseous co nent s
in the pr esenggggggagﬁogtsypec?\ﬁze%felte“? ?%Eb%ﬁ%dr%&?ﬁt? ivﬁg, taﬁ‘ﬁisnR us
i ncreasi ng t hebpamthert Fhol AR dr nldrid KhrMMONAM So c A W £de el ;oped
concept, U S. Pat. No. 5, 865, 986p§i)iiscl oses aprocess for u%gr%%l5 ng a *

pet r ol eum naphthgetsactisonadivamtiagectlse pmoduetimen off bentarielig uereh S
increased byfilling zeolite-based catalyst in the parts of a serieslOof
reactors duri ﬁljrﬂlﬁgr adi TP oesseBYIAPSRTPONS. PHiXINF e 6, 001h24% refisrs to

a met hod r QA [ i el d. of j onp . illin
zeolite- bgfedgggglesggl@?#e{aﬁ)eé pagtns ofafr ac%%%‘g dugﬁﬁgﬁﬁgéﬁgdi ngs|5D 0cesSes.
However, nowhexerace ibaurshpimeessesahakicuptbaduaniagerobdstgh scarespls as
an i ndependent process fronreform ng reactors aimng exclusively to the
product i onof ER&AREI CRIMOLLTYS CLBYEIHERRHees s Thedeformdont the ometdtiods
reformng rea r,.lLiquefied petrol eum gas,can heproduced, along wth
aromatic conpgé%ds?ééglf%%bﬁgt HE20% eht ATFCIROT | S1Ec RORS SEEFGTrHEt e
and pyrolysi spgaebtaeboh® COUBHT i8S, SHEh sas, KekEa: 'a{mﬁréi&gaﬁ‘)% lvent

of i quefied petroleum gas (LPG ., considerabl e anounts ofi nported energy
may be reff) acedtwithibnqpebicedspeiavel berpasigwieduted as by- products of the
reaction. 25However,_said techpi ques have many limtations totheir

commerci al use. |n ParRitutGrliatheMieli reneatrBnénteokeass ivhe systampst
causes a side; pon,¢ t t egi e life n of the catal yst..
Hence, t echni qﬁég'@%F o%vfer%%;fné%g{t%?gggg%gﬁgmpé:roecse%gsqeusl’re o sCparsting
The30sedi ment atbnatot eok@ ot sber Has tric -Netblwt SePeehpbAEABt ahacomRAeNt S
wi th high hydrogenation activity, such3 WO 112/ -t-130G PCT/ KROL/ 01977 as
metal s of groGprYLeR omtt-he Nodriaggima tigbleompanndy eni ked. wibheweomasticong
hydr ogenatd on_activity '_attributed to such netal conponents causes another
side r ea?fél onc8¥1p8889értaﬁ1eg S?Bﬁﬁ{:gﬁdccyﬁpo%‘ﬂﬁ@?ﬁ FHHSHRO™S cHhpéisds

t hr ough hydr ogepathes. ref or hy ti L op. met_al
conponent s negdsg%oebe ygﬁtﬁ)l IgﬁFéyaiQ%i Uqé%%g?l %&&%@g%%ggﬁg%ef 1-ear%g to
control | i ng neramaacti vienppbdyndise cafn shkf usesarposddsr Afdinbhe@albohy it 1icn

U S. Pat. No. 6,001,241, the degree of 10 hydrogenation is controlled using
. lead or bi smuERTPOHAEE I cRr OBFsLAAEES FRRBREIN f 8E ddt roEar ngnd

hydr ogenati on_ acti vi VTI o] I y.introducin econd al
conponent s hagébtge\r?ef:%:rtﬁre'd oéulfcg{ lggg(ggnﬁg‘rgr g?}a%f 5 19 ‘é&?ﬁ‘?%i %@8‘& ﬁgtst'o t he
present i3venbaen, WNbhe i ®,ensiveand ther ouglyiessar chyog, pregduct i gpsof
aromati ¢ hydrocarbons and |iquefied petroleum gas, carried out 20 by the
present invenBef4%arAPngndo Q) 247e pebbrers enomittied eflor nptrbeuptingr
arts, resulted in the finding that a hydrgcarbon feedstock such as
reformate, pyrolysis gasoline and the |like can be converted to aronmatic
hydr ocar bon conpounds of |iquid phase and '



25 gaseous non-aromati c hydrocarbon conpounds in the presence of
tin-platinumor |ead-platinum supported zeolite-based catal yst, w thout
addi t i onavogaHwent extracti on process, thus obtaining arorpativKrdypdscar bon
m xture 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

hydr ocar bons 4 WO 02/ ~~3(1 G PCT/ KRU1/ 01977 of high purity and |iquefied
petrol eum gas (LPG as by-product froma hydrocarbon feedstock w thout

sol vent ext r acyboatht el soanotdipeRires 6f tdwpdr Qﬁ%@titiynvl@%t ic%'?lvteq_%rn%i de
a process for upgrading aromatic hydrocarbons i na hydrocarbon feed such as
ref ormate, pyhdhgsirsgaspiirpeasipont heednigomdrtts s fudkeHer wbilect aafortalte ¢
.present invention toprovide a process for convertin

non- ar onat i c 16RYRPEEE P mt%o‘i‘wne?rh%r%ﬁh%np@é&é@@cI@f ZSM-5
o o e dypeacats Al dh W AEEPENERGT RAALA 1KLL AU e

+hydr ocr acki ng. i's sti r” object o i nventi onto provi de

a zeol i t e-basedneahal ysif, subhablesfoinuseifynifsateémprrenss. | n accaigdance
with the present invention, theprocess for producing aronatic hydrocarbon
conmpoundsand PrygdPred pean@trlum Has-(LHE)- fNom & 1B, ddr bdhsetdsescla

conprising the foll ow steps_qf:20a) introduci ng hydrogen and, a ,

hydr ocar bonf eBESEGER vf%ﬁ BBBFFa@)ngoi tgetbfoﬂe‘é@- %@@%%kiao g’ta‘FE%@’flonén
reaction zonewﬁ)ic@prt\f?éEjg:f&dw@wﬂ%@cq;e%%réﬁe%%ﬁ%' st hRpLesenge yf the
catal yst to aromatic hydrocarbon25conpounds whi ch are abundant 1 n benzene,

t ol uene andxylfené iEBT)9edhirturdia dudr caleal kyt at honhanddortt § ass akk weatiiean,
and to non-aromati c hydrocar bonconpounds which are abundant in LPG
t hr oughhy#f ocPéc Kigd§ Bk tshi H 4 HY re@¥adg oneoCcandsee) Reéeoveli-fg Haa .

aromati ¢ hydrgcar bgn ndsand LPG _respectively_fromthe resultin
products of5 ﬁ%\7\0 gZQSEgg?TP%ﬂ%i/ %ﬂQ?? Iggf'ldogt e{)ojf)) ,lrfc?ﬁeoélfglﬁl%agﬂ% qui d
separation angidigti blFatippmather etdmSahsk £ata} ¥t 100MY | $e% 1Rkatiawdd i n
or platinunilead and a m xture support consisting of 10-95 5 wt % of zeolite
havi ng a nol acatatliystof isi | itba/ alamitisa off 2@@acrtolress dand o Qpatr¥difng

i norgani c binder, said zeolite being selected fromthe group consisting of

nordeni te, bePEOCYFESFeol W VAW sNPYRRTS ebiret & U aPRPREEFRSt Kekdd in

L o 5 BLVRATRGS RS Sl AL 00O pALE Dk o
lead is preseftfatrmanoanmuadt@fs 02 0Ribhg0eRan s ve vt heo bagks ﬁqfodll%iw ts
by wei ght of said m xture support. 15 Brief Description of the Drawi ngs The
above and ot hef cHjcaatsic feempee’dand Bvhéheadvernegesivfiephrdpnisdon
Invention w | lsul%% rarlorr%forming reactor, liquefied petroleum gas can be
produced, along with aromatic compounds, through the

20 treatment of raw oils such as reformate and pyrolysis
gasoline. 1In 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 techniques have many limitations to
their commercial use. 1In particular, the sedimentation
of coke on the catalyst causes a side reaction, thus
shortening the 1life span of the catalyst. Hence,
techniques for overcoming this problem are required. The

30 sedimentation of coke can be restrained by supporting

metal components with high hydrogenation activity, such
3



20 clearly understood fromthe follow ng detail ed description taken in
conjunction with the acconpanying drawing, in which: FIG 1 shows a
schemat i owoivemsné one enbodi ment of a process for produci PETERITAIIT

hydr ocarbons and 25 |iquefied petrol eum gas from hydrocarbon feedstock
according to the present invention. Description of the Preferred Enbodi nent
30 The present invention is directed to a process for producing aromatic
hydr ocar bon conpounds and ZPG from 6 WO (12/i-13UG PCT/ KRU1/ 01977

hydr ocar bon f egdsheekl§avding gl NgTpei NS %eBOE&%@o@icam%@lé,at Byt
used in said process. Exanples of ' said hydrocarbon feedstock include

ref ormat e, pyreojdits.gasol iHmye®dr or Higherg ar dnplicgegeiponent sctantiaiyni ng
.5 m xture, naphtha, and a m xture thereof. For obtaining a high yi el d of
aromatics, it JEIFPELER deP t FAEh aMEEBds ICHEPRYH Shi GRUESHt BRPTBRRT aSdgt i ¢

Forobtai i ng LAGRENIS B anst Bk SR S Y £ 80 BB MR

for obtaining mainly, a anounts o n-aromati c

conponent s5  sé@mpasindiaPht BRrolBY benydedesmdt Yonised. Hywh 0ef ReK] N s@fch
non-aronati c hydrocarbon conponents, and hydrodeal kyl ati on and/ or
t ransal kyl at i dydgloggnerrdoorne cenpohent byarmeetsd hucpanevasty cwmatlcted e t he

presence of a catal yst 15 according to the present_i ntion. Through said
reactions, befP&&° SFUenef%ﬁﬁgx§réhe %B%X),Sﬂhic%'%%foﬁégtd: ShTti P&
aromati ¢ i nt erygRdi,ahas fOrnlHg1 PELLIGHS C%L LU T ¥ £8R benpbidifed. At
that tine, non-aronatiéICJ%pounds inclugzn LPG are y%g}ded g%“@@ %g%
products. O said trieaetlilgns,imydrocr aaki.n@d.s 0331, 29Dy t 8hé begawse of
non-aromati c cog&pnents of liquid phase in the hydrocarbon feedstock are

convert ed1 nt $Y§EOESHS TGN droraeiite Cofsb widisig wheash af aButidant UnglerpG
wher eby the present invention does not uire 25 solyvent extracti.qn to

refine and redoVEr aroﬁ&ﬁqymﬁﬁﬁnﬁﬁfﬂbonr% PS6Tds fr &%t he FORUFEIAGRI

products of thgalemmriAtdoned keagtionsecFurypernmrerothe netals by
hydr odeal kyl atirfon and/ or transal kyl ati on upgrades the aronmatic conmponénts

i n the hydrocamiondueddst aEcorfbmahl nsémpoeent® bashbgber caratet out.
conponents useful as fuel oil may be converted into benzene, toluene and 7

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 hydrocarbon feedstock such as reformate,
pyrolysis gasoline and the 1like can be converted to
aromatic hydrocarbon compounds of liguid 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



WO 02/ .4~3(1 G PCT/ KR111 /01977 xyl ene (BTX) through hydrodeal kyl ati on, and
the transal kyl ati on between benzene and C9 or hi gher aronatic conpounds

yi el ds t ovaewe+md xyl ene. I n accordance with the present POTMCRILII0®977 said 5
reactions can be carried out by use of zeolite-based catal yst having strong
acidic function. Such zeolitebased catal yst has pores of about 5-7 A

t hrough whi ch the nol ecul es of CS-Cl2 hydrocarbons having boiling points of
30-250 C can be passed and reacted. A 10 support of the catalyst is used in
the form of aof xtiyhe SUPPOF tand N1WRuEH i2e0lpdteciRhgct &gk f (oPE T hasgup
consisting of nordenite, beta type zeolite, ZSM5 -type zeolite, and a

m xture thereptrodgchi xédowi té& i modreed codi nderedB Gur iwig-itcheg: hypdrlommdcki ng
«and hydr odeal k Iati%n as above, olefins such as ethyl ene, propylene and so
on may be pro&é&é&f’ afd ‘shoul d be rapidly hydrogenated. Otherw se, the
olefins wll be re-pl kylatggho. ar BH?E%:% PcPf.”p‘BHénﬁets%r{fsﬂHeﬁﬂion tQ

20 a ents.

deteriorating the properties o 0 omati c conpo n addition, the

ol efi ns t henmsekvesdany hardqelygrefdzeadb@ra@l hgoaeomzedy hgdirecarponsarigmati c
conpounds of liquid phase or to facilitate the formati on of cokes which
give rise to @eakYdvacashonf ferdebeakystuchicésr dirgdloymarst,al BYWCLY sst ong
25 hydrogenation function s ould be contained in the catal yst. Commonly, in
t he case of rgaﬁlo ilr?& saf)rdOng“%fuﬂr %énati on, use is made of nickel (N),

pal I adium (Pd), plaiinym (RidtRed LS ddkeomhigh an,6 Jmial gn%nBEBHP 41

in the periodic table. O the active ™ netals 30 as ‘nentioned, platinum has

t he strongest phipdridgenatd on puncksen, < hatcohvestpnef er abny aconizaiired i n
the 8 WO 02/.13(16_PCT/1tR01/ 01977 catal yst, thereby restraining such

si de react? ondYoFEEARKRIONe, CPRPPRENSEestAt # nVBYF R rhPat i iRAASATws to
olefins to rapi@l_ en ~ Lthus i QVvi_ng .properties of reaction

pr oduct s, andalgg;p%Pgégﬁ%g t%é%§o 5’acﬁr\%ulc\é’ns of 't hg%ceat arfsstené:aeusé%ob)? t he
ol ef i ns. HoweveraltRer e aeridhs RRldteladidgyreaction, in which aromatic
conponents are converted to naphthenic hydrocarbons by hydrogenati on and/ or
transal kyl ati on, anitthenstibseguehhby obieett ed tbegaseses tpanafhitisonl0

t hrough addi ti onal hydrocracking. Such side reactions are_undesirable
because the afBuRodt M?Q;Jgﬁﬁrﬂ%?ﬁ%@ tRtpeYFBcodBLEaPLS decr #8Sedn
Ther ef or e;_l%actsia\iidt 2kRlatinumis appropriately adjusted to cause

sel ective hydrogenation of olefins. In order to confer 15 selective
hydrogenati on functigon facptashsem wikthA othkeagrisensed iasveatsesgnd umes al

conponent . )
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 tTo 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



Mordenite, beta and ZSM5, which are useful zeolite in the present

i nvention, are synthesized in sodiumforns at first. The sodiumforns are
subj ect edv@02/84306 on- exchange wi t h amoni um chl ori de or anPORIKRNIMILTate to
gi ve ammoni um fornms thereof. These ammonium forns may readily be converted
into the formof hydrogen through calcination. In the present invention,
used are nordenite, beta type zeolite and ZSM5 type 25 zeolite in the form
of amoni um or hydrogen. In accordance with the present invention, the
nordenite, bekaitypeszgp!l ity andtEsihight yea2edl fhedhavepu it Bén r atain@l of
silica/alumna of 200 or less. If the nolar ratio exceeds 200, the reaction
activity 30 bdiseted lsdiweak that tenperature required for the above
.reactions is significant|ly increased. 9 WO 112/ -430C PCT/ KR01/01977
According to the prEd®FeiRnvdid o' ¥ ZedTRISISET FIRGIREAG Y &F

| east one ino L [ (o ' ' o f cQRrSiHSLI of
.ganma aIunina?gg?ﬁﬁgg/ﬂg%l|é§?%%€ﬁ?%§?8 gn%@%ﬁﬁ§¥qéé§%%%{%ggl?%o&?if%%ite,
mont nori | l®ni wee aifl aeBilite endrenigol. mykfer ahkyo andr phoiisai/aoigamizc

oxi des of gamm alum na, silica, silica/alumna, and a m xture thereof nay
be enpl oyed. WHst2Qft eper disispg, rdmB-80umtia ahdisorganica hiedased s@sd

i norgani ¢ binder. .10 en said inorgani ¢ _binder is conbined wth the

seol P16, 10- O8RS DEAFR eSPASRIREd WER 5-00 WIS (OVge DI fder
and then nol dgd ijatQ de sbapet9hbed L1 NUSr 98MSBherp M idoPiefergace In
the case of a cylindrical form it is preferred that "Said m xture is 15

nol ded in a dmasetere ofhabedf, 1-i%h nwhaod @&sdiengbhadinalhodls 5588sent at
Further, in the case of sphere form the mixture is preferably nolded in a
di ameter & aBurrTRBEMPLAS -8dch - 5 fPares ahbuneishntzedd es2sd| €48 tifan 20
W% the reaction tenperature is drasti.cally. 2 | evat.ed. . On t he of her
hand, if the EFSGTthe eo?neﬁg‘géldlst 9§fwt A)éhmach nipcaﬁtsstpgng‘%%l%ﬁ%cﬁral yst
becones poor. sEhe MilLed; & XEHEEnSUBROLN QinAgAl 142 @nd2LBobdpRire hi nder as
above has follow ng physical 25 properties: an apparent bul k density of
0.4-1.0 cc/g, tae abersdge pdr e 1dilanmpteert sof 50- @0 At a gfor eaddl ume xdfurt: 1- 1
cc, and a specific surface area of 200-400 nR/g. In the present invention,
after nDIding%HHPQH91ure of zeolite and inorganic binder platinumtin or
30 platinypllead may be supported thereonto.

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



Al ternatively, netal conponents may be supported onto 10 WO 112/-1-t301
PCT/ KRO1/ 01977 the zeolites and then m xed with the inorganic binder to

nol d a fiwap2gsval yst. O all the netals, zeolites and i n®CFasrRw@/op¥Tider may
be m xed before nolding. Wen netals are supported before or after nol ding,
5 one of two netal conponents and then the other netal may be introduced,
regardl ess of introduction order of two netals to be supported.
Alternatively, two netals may be sinmultaneously introduced. For exanple,

sai d two net ahydreeahe@ontiered twickh héeisgpporil gt ppenard dO t3ver? 3ml ded
together. Alternatively, one of two netals nmay be conbined with the support
m xture and mofdednd ok | eRE@ NP Y nesedudimgsahe euirseset al Exaepéen, afo

.gi ve a catal yst.. Pl.at i ich_i active conmponent of said 15 .
catalyst, is %%elfj er@%‘#€g€%€%@}ét ?Sﬁﬁg’tr%ﬁ’r]l{t lor?ClaLbo%{TP %Eaﬁrpﬁgg’pgytrs?]lﬁffls

wei ght, on thegakasiinedf &0 Par hs gheehgbhna®h o heoRpshehe sSeRPR@lining
‘consisting of zeolite and inorganic binder. If the anmount of platinumis

| ess than 9. Ohigamnrs ,bynawliighé, &hd reeattitorre atbsrebf20 Fgpdr obritadkiingy and
hydr odeal kyl ation,are | owered and thus reaction tenperature shoul d be

el evated, andadeRefPva¥iBhdof Ofatar§8etisSinctbased. RIFIHerd hdrhafand i f

t he anount ex par. by :wgi g ocracki LS Vi I
conduct ed and%%%gis%t%fﬁ(coﬁélﬁergﬁ@ a%%’l?r?{@sﬁde(’)f %af?oég{&?@t?ocnp%%@ !tézje\ahrtes’
converted to paph heni eccompatrdand pytoupsis igaldaduced ByyaBe used.

i on-exchange, inpregnation, or physical mxing, which can-be easily
performed by #hdilgar yfeki pbédipdngordsPG nmehelyel evditedotack. wilian holgdt i num
is introduced by iqgn-exchange, aqueous sol utions, of anmoni um

chl or opl a?{fnata@?éuﬁc? 1f% 9\%’0@?~m§%if PEIFRROEFOP97754ch as naphtha,

di ni trodi am ngplatiaum.ar& poef.er ahl .uslgg ASca4pP I SOf . the case. of

i npregnati on, agﬁeous@sol ut:r"lq';(()ns}(?o?1 gﬁ oro ?a??n?ckgggd,&fangbgm% um o

chl or opl at i natwdrarea fseaf eradihponsetls as anfr enyEsotead kWhen iphy siserl /38 Xi ng

is taken, any aqueous solutions of all of said platinum precursors may be
used. 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
256 solvent extraction 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, Co or higher aromatic components useful as

fuel o0il may be converted into benzene, toluene and
7



In the present invention, tin, playing an inportant role in controlling the
activity of platinum is preferably added at an anount of about 0.01-5.0 10
parts by WeIi0gH#30hased on 100 parts by wei ght of the m xtur€TsKRpome77
consisting of zeolite and inorganic binder. If the used anmount of tin
exceeds 5.0 parts by weight, performance 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 weight, strong hydrogenation function of
plati numis netylapger opriBaikel y eambughl edhytifeneby kiynerdasi,Ng cover $hen of
aromati ¢ conmponents to naphthenic conpounds. 20 In accordance with the
present i nventirémsaldéad atayobe hsbdepnst dwhafng | nandnd Grer for ns hitgbegane

functions as tin. |Ln the case of el ing,lead, it is.preferred that about
0.02-5.0 parté‘j‘rB’)I/né\Xé_ icgrﬁomé?oqréogsd ¥Jrsgicg%/r5‘gjtl‘&%ﬂeoﬁnfih§y5§§% of 100 parts by
wei ght of the 25 m ¥t Urf-SaHRokte CQNSHIST itMe Oﬁré%%ln'tteiﬁ%n-t'i’lﬂ{,ga%'a(ld
‘binder. If the amount of | ead deviates fromthe above range, the sane

probl ens a5 stratediioms heanases ofarirtedricet Byefesablof, teolotelbadeids
introduced in the 30 m xture support by the inpr e%nati on or physical

m xi ng. As prE@GPIYP T HeRebrd F&ro8gart ¥ ¢ nfeartEenusedueh 12e0lie-
02/1-1311G PCTLKRL (}1%7 h ormof ti ichloride, tin tetrachl oride,
tin acetate, aﬁggtdl rjldasu %?%,ﬁ%tﬁd éad ionpp%k%o‘fl _I‘I?‘I-gf Rred rogggt gh"é,c_ ead
nitrate, and kead suif@hified N die QLeSSNthJdweEd £98ns af bt iRbAt LBYMLLi or
5 platinunmlead is introduced onto said mxture support, it is preferred

t hat drying i podartsi edfouB0ak560- 200 caruniber passed aknasphesetédar 30A
m nut es t?(? 12 hours. Th%reafter, the dried catalyst is calcined at 300-600

C under atl ofYRPPrégeftat MBSphe? B2l ¥FRET et 8bI YS8Sr 40 e ndpdr &E a
aforement i onedy;,&pal I soboaetal eamRaneDls Alo plali nuIlddner i ayg | ead
are supported onto the Relré support= consi St ng of Zeolites and i norganic
bi nder, regardiresp forigitgtougtbonmerdenither eefta ko ddsteadithl zSMLEry
inportant to make the netals associated suitably with each other. In
particul ar, plt&Penuaeldidssocipadedawi mixtiumeor theg¢ofor iiss priesent wadhacent
totin or |lead _to be.capable of electrically and chemcally affecting each
ot her, rather "TRAF2F9 rp? ently existing in the catal yst, thereby

provi di ngyexcel | entpga ahytihe REFdQIBHCE ndhahdl %g%&e)%ﬁ%ir?fbﬁﬂa%t S

i ndependently in the catal yst, t’he side reactions as arlier
attributabl e wboliegh dydfdgenaticin ast ieiliyl @he pl atriopyMermmy abe casvised. 25
However, when platinumis associated with tin or lead, or sufficiently

adj acent to tPRYorPfeRFodEradt i pechydhededationrapigilat i Ruarpseaakiedved

e ! LB 3508 SN, % PR, 1 TS COPARYS BB BT
schemati c vi ewodlpoare tentodi rest1of 18 pe@eesSrhendy aduei PPogeerRELC %3
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. Accordingly, metals with strong
25 hydrogenation function should be contained in the
catalyst. Commonly, in the case of requiring 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 1is preferably contained in the
8



WO 02/1i.1301 PCT/KROL/ 111977 hydr ocar bon conpounds and LPG from a

hydr ocarbon feedstock. h . 8. In said figure, the catalyst in accordance
wi th the woezesse i nventi on brings about hydrodeal kyl ati on,PC3/KR01/01977
transal kyl ati on and hydrocracki ng of the hydrocarbon feedstock in at | east
one reaction zone. The feedstock containing aromatic and non-aromatic
conponents is mxed with hydrogen before introduction to said reaction
zone. At that tinme, a nolar ratio of hydrogen 10 and the feedstock is
0.5-10. The neharlkati,o dessedharet bal €ttt Suth baped rdaadtiornat.i on of
catal yst, whereas the ratio exceeding 10 results in conversion of aromatic

components to saturtdgaewieyéeic Bydr barEsaus $oVieRthgni he Pyip&id vt
-aromati c conp

ounds. Th 5 _hydrocarbon.feedstock stream 11 introduci.ng into
The process | STTGHS: HRUEARER. Hydr DGBA LT CASTOBRALRT grE U | PRy oTen
stream 12. Fupthep +3aid beedstock;shr eamddctbows it @ updrRacd 0lg 3 tate a
wei ght hourly space velocity (WHSV) of 0.5-10 hr-1 and réacted at™ 250 _20
600 C undes adpeesswiagiain 5030 ahm ¢atatgstdaremesadt by herenbodiefamis,. an
additional heater 2 is nounted to increase the tenperature of ,

hydr ogen/ f eedSPWER St r eBAETEN QEFHEEE arehBfFerside sgra chy@rogehn f &dstock

streamis heat-%xchg%geddMﬁt1§é 5 rea%%gon r%%y%%ﬁftr%an115awﬁk %Hf%
di schar ged f r BACPRE YeacCSMPY AT T he R 58 r c TPAYVEE 155" t hé “heal'2B%E anger 1

Thereafter, tRgasb@MBk: Ot heyhemenaluld | BeHgdTedt ansaMR ya@x%ican,f | ows
in the heater 2. Wthin the reacfor, into which the heated 30

hydr ogen/ f eedsihdcktiidn, fsobseahpdtdgeatdyrarted am tgesaesalkypathadd igfs
aromati c %(()mp?:rﬂ%gﬁl%h aggd%ﬁion\a/l\? 0h23£d-rLc;c4r3§'c::L}I;ing.CT/ léﬁ(c 1/gze'3e77reactions
are undesirable because the amount of aromatic
compounds to be recovered is decreased. Therefore,
activity of platinum is appropriately adjusted to cause
selective hydrogenation of olefins. 1In order to confer
15 selective hydrogenation function on platinum, tin or
lead is used as a second metal component.

Mordenite, beta and Z8M-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. 1In 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

30 becomes so weak that temperature required for the above

reactions is significantly increased.
9



hydr ocracki ng of non-aromati c conponents are conductE:d in the presence of
the catal yst under the above reaction conditions. After the conpletion of
reacti onayowlre43p6 oduct 15 5 is present in gaseous phase ofPCA&RXIN®TYy hi gh
tenperature. Before introduction to a first gas-liquid separator 4, the
product is circulated and flows in the heat exchanger 1, in which the
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 coohetobdiaggitee thdrpdesknst riearnt/iodhespt aduedolstyegam 17
of 30-50 C flows through the first cooler 5 and into the first gas-liquid
15 separat or &ret mensepad avihg géséb%%stoﬁp@nénﬁgxﬁﬁui¢ih@ndeﬁmnp%ﬁégts.
.The gaseous cqnponents are_di scharged fromthe first s-liquid.separator 4
as a first overhead Xrehni 18T WAPIGXCHE ATt G- BotpOheAPtEard i etiar ged

as a first bottgmstream 184 1A tAat 2G4, me, the gaseous first jqwarhead
stream 19 conpriae about 60-75 nol % of hydrogen and about 25-40 nol o of
hydr ocar boh cafipenrgrniisl diei e, coaposedidf omettkgnegndt hanéyxtdrBGtard ddie

|'i ke, which have relatively | ow nunbers of carbon atons. Said hydrogen
conponent : i s Prsigedrlaf edeBABPRABA doRECESLE] R AT oRpr 83882 Glamdna,

combi ned wi th hi.gh purity.hydrqgen 12 which .is .i.ntroduced tao_control_the
purity of hde&dgﬁFQfoFFéﬁé%q %WHbeduéPﬁoﬁit8”?%%“?%a§§?5 Ofgh%%ytéﬁ%ther
with the feedgipolokly. FUid ber pr&PE-a8IRONQREEnd Naliheihhr 8§hd3@rovanhead

stream 19 are séparated and recovered uSing the conventional nethods. O
course, each efreretdwmh-as Iborgdi¢12irde3lI | PCT/KROL/ 111977 et hane, and
the like may be separated for use such as fuel. Meanwhile, the |iquid first

bot t om st Feam 18 nal'AFY cHpii SESTAOHE | BSPERE coht &OHLSRA | WaRBurt¥E 5 of
the remaini ng fydrqgen f(?%é'%ﬁ% N@N-ALQURL] CSs HERCS. i DG 5Ly ¢ &#
bottom stream passes t hfough a Separating-refining operation, In ich a
second over heagcrdaare 281 60ep!, | iy thenr emAidedgiAydr agen shfpe of a
non-aromatics and a second bottom stream 28 10 conprising aromatics with
the purity of @9 ihdwr hpghephare sephhatas fasnes ng Lo tiha rcasel odg a

points within a first distillatiqon tower 7. The second bottom.,stream28 is
wi t hdr awn andQMﬁ%Pé%&F%i $8pRy at'dd L3 BEﬁf@ﬁE?dt5ﬁU% eSa%Y| BAETUESd ‘@ or

hi gher ar gt iig, GAIPOYATS, . 48aKEsRRCld/ehyoLEr QUEN Liir Lher Sepangking:

operation, for 1 nstance using distillation towers (not shown). Said second
over head streamx i S-Goolmwml. i nFarséeand taolete 8caand dthesphkews fiowm, a
second gasliquid separator 9 to@give a gaseous third overhead 20 stream 29
and a |iquid tHia dibotesen §6r PARLEEa2DHe M deA oler Redd aBEte€amefo about

o119, ST L A ARGt TRLIIEANS SE0A0E TR, T, U
distillation tignerwfg,andepart @adtierst r eafipeyature 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 invention, after molding the
mixture of zeoclite and inorganic binder platinum/tin or

30 platinum/lead may be supported thereonto.

Alternatively, metal components may be supported onto
10



25 wi thdrawn as a stream 27 contai ni ng pentane, hexane and LPG The
conponents circulated to the distillation tower 7 again pass through the
separati mgoopes3aé i on, along with the first bottom stream PTHKRGNIYAI d
processes, aromati c hydrocarbon 30 conpounds can be recovered at the purity
of 99 0 or nore, and LPG is obtained as the hydrogen-deprived 16 WO
02/1-43(1(i PCT/KRO1l /t11977 stream 20 of the first overhead stream 19 and
the stream 27. As such, approximtely 70-90 0 of the total r.. LPC

conponent s reg@yerad, Bl € §08hal "Gtk Nnt heastweam thé0.1i dReAidEE binder
under standi ng of the present invention 5 may be obtained in |ight, of the

fol | owi ng exatpl e hi zhfanelsetatfadntdt t o Ot | adfr athey nritabs e meblidelse
-construed to limt the present invention. EXAMPLE 1 10 Mordenite with a
nol ar ratio ofN& FHreHRNA i e 2ongmsPi Re¥edi PREGEARMECE A dRGna as an

i ar ratio of : aOHi R dfitha as
amountof mor deni 6VPSN PSREYS P AUERE b CetA s 05 Agiebut DL Eron of

H2Pt Cl 6 angl agueousrsehid imetof Seelpdneaiias addad i@l ethe AStidmat meitkE, on
a basis of 100 parts by weight of the m xture support consisting of

nor deni t e andmaiynde® , 10t 06dpaets egmeidliesf ofl dtnitmadumdi @ 5opder's ofy
wei ght of tin were introduced onto the 20 m xture support. After | di ng
into a di anet &P"’Oofmei?%l%mtang’ea ?%‘fﬁ?%&' 10Aﬁr:’¢|er NG Y% caYPi 518@5315 at
200 Cfor 12 %%37 S}]pef al{ #?é(oﬁ@ig' rh'rﬂ%r@&ué%gc f@%r"’é?% he [0 W@l d a
catal yst. By use of the catalyst prepared as above, the 25 reaction test

was conduct edtwanthdthel £ angly t bensdomandnkelde wiasililse t hepeott anexguyren aral
Table 1, below. EXAMPLE 2 30 ZSM 5 type zeolite with a nolar ratio of
si | i cal al 4 n&hein 3o l@ed ntredtbrh gahrerapidivied vas aire of two metals

may be combined with the support mixture and molded,
followed by introducing the other metal thereon, to
give a catalyst.

Platinum, which is the active component of said

15 catalyst, 1s preferably used at an amount of about
0.01-0.5 parts by weight, on the basis of 100 parts by
welght 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 1is increased. On the other
hand, if the amount exceeds 0.5 parts by weight,
hydrocracking is vigorously conducted and thus

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

Platinum 1is 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



17 WO 02/-t~3(1 C PCT/ KRO1/ 01977 i norgani c binder and then nolded to give
a mxture support in which the anount of ZSM5 type zeolite is 75 wo.
During t veopr/éseedur e, aqueous sol ution of HZPtC 6 and aqu®CT&Ralog2i7on of
SnCl 2 were added thereto. At 5 that tinme, on a basis of 100 parts by wei ght
of the m xture support consisting of ZSM5 type zeolite and binder, 0.05
parts by weight of platinumand 0.5 parts by weight of tin were introduced
onto the m xture support. After nolding into a dianmeter of 1.5 mmand a 10

length of 10 pHhLi€drBdIGrihdArddatiRut Bte 20Q K fOFadd, houfssg f oldpwed by
calcining at 500 C for 4 hours, to yield a catalyst. By use of the catalyst
prepared as aboeeurshe .r eactliron tlest wasecomductiethregmht hencondotkeons and
-the 15 results thereof are given_.n Table 1, below, EXAMPLE 3 ZSM 5 type
zeolite with &odditdensati @fof FRIGIIREA I IR na 83F190 wadlRi xe8TRHPPH YJanma

al um na as an_jiRar i.G shj_nder t I t Lve 1 X ort in
‘whi ch the ann&h?gggégg%fgk}yde %3%1i?ggfgg?gﬁ&&ogsgﬁTi%g't e£%%§83§3?6,
aqueous soj Ut wBenOpHYAtGE 16 mnei Rgluesus akelnyt izofy dqitbdiNo3331wenenadded
thereto. At 25 that tinme, on a basis of 100 parts by weight of the m xture
support consi stlilngfofsaZSvits atyiguie ot ¢ terandsbinagebe 0s@8.parts by wei ght
of platinumand 0.15 pah%f by mei%ht of .| ead were introduc&%_onlo t he

m xture support. Aft®r i nGEPAFOTta g BHEPELCHr 1. B Am aft A 9 | efgt h of

10 7T YL RGO 8 SR Cok e et sl o
catal yst. is preferably added at an amount 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 is 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 performs 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 1in the

30 mixture support by the impregnation or physical mixing.

As precursor thereof, for example tin can be used in
12



By use of the catal yst prepared as above, the reaction test was conducted,
and the conditions and the results thereof are given in Table 1, below. 5
EXAVPLE MvBeL/atlgpe zeolite with a nolar ratio of silical ®CAKRE/N097725 was
m xed with ganma alum na as an 10 i norgani c binder and then nolded to give
a mxture support in which the anount of ZSM5 type zeolite is 75 Wt %
During the procedure, aqueous solution of H2Ptd 6 and aqueous sol ution of
SnCl ~ were added thereto. At that tine, on a basis of 100 parts by wei ght
of the 15 m xtuee Soppor bfconsnst dhghobrhetsy t ype zeelkirbehdrd iiaderti®. 05

parts by weight of platinumand 0.5 parts rl;% weli ght. of tin were introduced
onto the m xt @cetadsporand Afpeswidiadieng 3nd olaadi dmettdre oforn Sfpmheafl a

dength of 10 mm .drying is,carried out_at. 200 C far 12 20 hours, followed
by cal ci ni ng 5‘tce§§‘§ye(€ 59D r%%‘?%,etoég}geﬂaag égﬁg V. By use of the
catal yst prepared aﬁnaQQ%ﬁ,FE%%e&&aCEhQEnEQ%h,“ﬂéfﬁéﬂd 8 n@hfc 1A or

conditions and the results thereof are given in Table 1, below 25 TABLE 1

CATALYST PERFORMANGCERESUAT Ex. ihthod@dek. o8tex.sadReactikbnre support,
conditionsPressure: 27 kg/cm, WHSV=2. 7hr-~", Ml ar Ratio of .
Hz/ hydr ocar boA£3ReacRTSFETERP. thets 2y viren| b5 00r10iedwout1 zh -4B0A00 °C

PCT/ kRUI / ' - i.c:34.
CB_Cg(mﬂWg;?gég?ﬁ%fg&ggw%gngggﬁgéﬁgggearPg?t“ﬁ)3%1%utes to 12 hours.

aromati c: 14. SRIRGUC! {102 13146 Ik Bdd 0 80 1. y6d( W 9) IBERA N33 4a 232D B, 63C5
- Cb non- 1. 050. 820. 441. 45ar onat i c49. 0454. 6553. 9946. 68C6- C3

aromati c6. 135°048nat 6210 oar anetragen 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, it 1s wvery important to make the metals
associated suitably with each other. In particular,
platinum is associated with tin or lead, or is present
adjacent to tin or 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 piatinum exists independently in the catalyst, the
side reactions as stated earlier attributable to high
hydrogenation activity of platinum, may Dbe caused.

25 However, when platinum is associated with tin or lead,
or sufficiently adjacent to tin or 1lead, 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 aromatic
13



From said table, it can be seen that, when the catalyst of platinumtin or
pl ati num | ead i ntroduced onto the m xture support consisting of zeolite and
5 i norgarw@opissder i s used, C7 or higher non-aromatic comPEAasRE/OEHT be
effectively converted i nto gaseous hydrocarbon conpounds, such as C, C2,
and LPG and thus separated fromliquid aromatic conpounds. Thus, the
process of the present invention using 10 the catal yst as above has

advant age of ease of separation of aromatic conponents and non-aromatic
conponent s fr agdadapditacar besmpeeadssockrhy usP@g diloy a gashldgwicdrbon
separator and distillation tower wthout installing additional solvent
extracti on eqdep@Etcck.n 15 additi on, non-aromatic conpounds havi ng. | ow,

-utility in the feedstock .can_be converted t PG, thereby creating econonic
benefit. Aromatic ci?rp(iﬂftfg RAYPAG hi e utG|a1%i8t %ctanlBe ao%l A PR W H i gh

purifies. The tlﬁfeesg%sieﬂ‘éeniﬁ@é‘nb%nb%r%%%% | By@PodBah khusteraii ve
‘manner, and it 1s to be understood that the term nology used i$§ intended to

be i n the mat wranefaldesicat pbm orarrdht grdidmaradiing mdf@at ithe. Myayocarbon
nodi fications and variations of the present invention axe BOSSi ble in |ight

of the above fES6HIRFE YT FhelefSite ONIG 1RREHIPR @ABErst 668 TRACSHAIK n
th 20 02/.~~311G PCT[KRO 1 _/11I_177 of i .. th
€ scope &ﬂgaf% Q%eda%?%%%nge%pd non—af%m%{féapggggggeﬁk%hhﬁfi e

i nvention naycbe praét _ _ han "as specitically scribe
WO (12/-130C WAxded s gliahnethy@rodéd/ 1LY D197 At rodluchiprocess f @aid

produci ng aromati ¢ hydrocarbon conpounds and |iquefied petrol eum gas (LPQ
froma reaction zone. At that time, a molar ratio of hydrogen
10 and the feedstock is 0.5-10. The molar ratio less than
0.5 results in rapid deactivation of catalyst, whereas
the ratio exceeding 10 results in conversion of
aromatic components to saturated cyclic hydrocarbons,
thus lowering the yield of aromatic compounds. The
15 hydrocarbon feedstock stream 11 introducing into the
process 1s combined with hydrogen stream 21 and high
purity hydrogen stream 12. Further, said 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 1s mounted to increase the temperature of
hydrogen/feedstock stream. In a heat exchanger 1, said
hydrogen/feedstock stream 1is 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 Theated

30 hydrogen/feedstock 14 flows, hydrodealkylation and

transalkylation of aromatic components, and
14



5 hydrocarbon feedstock, conprising the follow ng steps of: a) introducing
hydr ogen and a hydrocarbon feedstock with boiling points of 30-250 C to at
| east onavoeA¢L3e&Nn zone; 10 b) converting the hydrocar bonPCEARINOEK7i n t he
presence of the catalyst to aromatic hydrocarbon conpounds which are
abundant in benzene, toluene and xyl ene (BTX) through hydrodeal kyl ati on
and/ or transal kyl ation, and to non-aromati c hydrocarbon 15 conpounds whi ch
are abundant in LPG through hydrocracking within the reaction zone; and c)
recovering thayarerakickiiwdr 0€ anor a¢emaaunrdscandohBar sr espectbraliythydom
the resulting products of said step b), through gas-liquid separation and
20 distillatidn: whereinrssguceataf ystheonppitedy il atunded t i kher above
platinunf | ead_and _a m xturge support consisting of 10-95 wt % of zeolite
havi ng a nnlaFeF§FP8n0F954%§%§ﬁ§un1na of 200 or less and 5-90 wto of

i norgani ¢ binder, s@fde25¢7@0lddng,1RaiNG, sef epbgd+fibom t he OreHpPaGepshsti ng
-of nordenite, beta type zeolite, "ZSM5 type zeolite and a m xture thereof,
in which sai dipl atpresents priesenjas¢oan ampharste of 0f. Olrdl B jparly bhriwdi ght,
and said tin is present at an amount of 0.01-5.0 parts by weight _or 30 said
lead is presehEMRErat UdfountBoioe 020 Erodpakian &® thef bast s98f-100Up&rt s

by wei ght of said g‘t)&%u:’z]ref (2:1,[2%? ﬁ?g%f~§wcg%%ﬂ§1tte¥%4<ﬂ%i%gI 19772

The process as “§&f e erein sSpace velocCity
of the hydrocaehen axznheemst ogk inhroguHeed tenthetkapelriadnzongf s thed- 10
hr-1, and hydrogen/ hydrocarbon feedstock is 0.5-10 on the nolar basis
during said sheprapgerd.feiisprocess rasmdef s nedaneade ntd, swesr eextsaitd 10
step b) is perfornmed at 250-600 C under .a_pressure of 5-50 atm 4. The
process asd defifedt? n tdi%ai Rredugheret ndgitd HSBPEERIHGS f eedBEEERTET

| ected f 5 ISty f gt : [ Lne, C9
o i gher ar OFEE) CATALTT o RABR NP B REUrE (FOrLer . na fF ogbss

as defined i npglogiustl,stwhedrei 17 sai d m xture support consisting of zeolite
and inorganic
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
liguid 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 1low
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 is
introduced to control the purity of hydrogen, followed
by introduction to the reaction zone, together with the
feedstock 11. Further, LPG components in the first
30 overhead stream 19 are separated and recovered using

the conventional methods. O0Of course, each of methane,
15



20 bi nder has an apparent bul k density of 0.4-1.0 cc/g, an average pore

di aneter of 50-200 A, a pore volune of 0.1-1 cc and a specific surface area
of 200-4WO0on#43g6 6. The process as defined in claiml1l, WRETSHRI184297 25

i norgani c binder is selected fromthe group consisting of ganma al um na,
silica, silica-alumna, bentonite, kaolin, clinoptilolite, nontnorillonite
and a m xture thereof. 30 7. The process as defined in claiml1l, wherein
said catalyst is prepared by mxing zeolite with inorganic 23 WO

021. 1- 4301 PCILKRYY, ULy bhaderKdeo mwy dba rsegar£rsdipport ussuppochi ag tin
or |lead onto said nolded m xture support; and supporting platinumonto said
tin or |ead-sf@ippdrted mixture support. 5 8. The process as defined in claim

.1, wherein said catal yst. is prepared_by m xing zeolite wth ipargani

bi nder; supporti ng @e%ﬁ"%}?ﬁiﬁ’ of ggfaat ilr]rér‘r\lgﬁd %rns%r Y REHBnt B¢ %mm' 3t8ure
support; and golidhrg ﬁ&hgr%Qegl ald I 14D o Pl 8bhpEIhLeadnSUPPanbedts

‘m xture support. 9. The process as defined in claiml, wherein said

catal yst i poeparded byesgipdrig nhydmigewmamd o Zeohtt enont-arngasdios .

pl ati num supported zeolite with 15 inorganic binder, followed by nolding a
pl at i nunsuppoFeagen xaha el kdipbdr £1rahdLoGEHEBY tSTHEA™ nl BrPF 8885 oftd O3iTd

mol ded pl atinum supported m xture support. 10, The,progc as _def in
claim1, wheré&i nsgg)ladc%r@atraﬁ 1% pr %’é‘?‘éﬁ"%y mlgi n‘@qﬁgégl i fe vs\je{&%%d

i norgani ¢ bi ndelerHcdld owedeln Mb di s & XhyTr ec1sdPR@ifai nitd e hydRiRed ng
one of platinumand tin or |ead onto said m Xture support; and supporting
t he ot her netahd notorstppondedcsat atnlde preveeasnst epotdo satdeanl ded 25

m xture support. 11. The process as defined in claiml, efein sai
catal yst 14 pCOPRESIRE it XPRYCLESI e TR gBRFEtHi A erg\,,g]pT a?FnE’lhg%frﬂ tin

or lead; and molding 1he. 39 TLxb¥lngl%o TRRERLOGRSS @% dsiined WlHial m 1,

further
a first distillation tower 7. The second bottom stream

28 is withdrawn and then can be separated as benzene,
toluene, xylene, and Cg or higher aromatic compounds,

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

Said second overhead stream 22 1is cooled in a
second cooler 8, and then flows into a second gas-
liquid separator 92 to give a gaseous third overhead

20 stream 29 and a liquid third bottom stream 26. The
third overhead stream 29 comprising the remaining
hydrogen, methane and ethane may 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

25 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

oP

30 compounds can be recovered at the purity of 99 or

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



24 WO U2/.4~30G PCT/ KRUL1/ 111977 conprises separating the aromatic

hydr ocar bon conpounds of the step ¢) into benzene, toluene, xylene, and C9
or hi gherwavownsé c conpounds, respectively according to b®CATIKRP1HITt S
thereof. 5 13. A process for producing aromatic hydrocarbon conpounds and
| i quefied petroleumgas from a hydrocarbon feedstock, conprising the
follow ng steps of: a) introducing hydrogen and a hydrocarbon feedstock 10
with boiling points of 30-250 C, to at | east one reaction zone; b)

hydr odeal kyl atsiti@aandhor biransakbkyFarkdy ereARkha hydresar bpm compongds in
t he feedstock, while hydrocracking non-aronatic hydrocarbon conponents in
the 15 feedst stkeasnt H'h. t Hes reachi oarpors iR tadty otled hgs ppddibes total

.di scharged fromthe reaction zone to as-|iqui d, separ at to. provide-a
first ogerhea&aﬁrqgﬂﬁQRﬁRﬁ?sFﬁ§°N§5F§g FIﬁégtﬁﬁﬁegthﬁngkgnﬁtgﬁém(gﬁ'

conponents, and a fhrsl.olL omrs{deam 28 CONRYE SERE FAABAE ARILREAdPN

-conmponents and a snmall anount of hydrogen and non-aromati ¢ hydrocarbon
conponent s5 dmawi t ber agbagihBG fram sagacfisst dwer fedd dwiact | exani e
introducing said first bottomstreamto a_distillation tower to provide a
second over headristhy eahecHFT | 5PAGNt He r ehBRAICAHG tRy dridgen 2&/d HOh- &PorRR i ¢

hydr ocar bon conponents, .and. a second bottom st.ream.conpri sing aromatic
hydr ocar bon c %9 Eﬁmﬂ%@l¥)gaftRafﬁﬁpﬁglfﬁénﬁﬁéﬁgsaid second

over head~stream and aromati c hydrocarbon conmponents from said second 25

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 1is 75 wt%. During the procedure,
15 agueous solution of H,PtClg and aqueous solution 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 7ZSM-5 type zeolite with a molar ratio of

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

17



WO 02/.1-4300 PCT/1VRO1 /0l")77 bottom stream wherein said catalyst
conprises platinunmitin or platinum|ead and a m xture support consisting of
10-95 wt ovoM2/2806i t e having a nolar ratio of silicalal unm PETKRK/O200 or

| ess and 5-90 wto of inorganic binder, said 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 anmpbunt of 0.01-0.5
parts by weight, and said tin is 10 present at an anount of 0.01-5.0 parts
by wei ght or sabgghead i pipHesenhnat eReAMLELdOd Otd2-Fite part swixaurdhe
basis of 100 parts by weight of said m xture support. 15 14. The process as
defined in cl suppd3t vierwiich Weeghnonotr lof JFAES vieYerei egobitehds 75

.hydrocarbon feedstock introduced to the reaction zone.is.0.5-1 r-1,. and
hydr ogen/ hydr B’ES%rborP‘freje%%tggE R QPSS 1o  EREO HI 5P HEOD cﬁf{) i H@ngquj

step a). 20 1854The,pEgess Andel] ned ishcalaljBAS. uagtel tmoaldySteni) is

-perforned at C under a pressure of 5-50 atm 25 16. The process as
defined inscl aihatl3timber em saihdiydr ocarbdh peedst dsk weisgltecd £d Hhreom
the group consisting of reformate, pyrolysis gasoline, C9 or higher
aromatic ni xt CAELUTEphSHARPAAE aCPRSEEEENE heteofSM3E 1%yPFhezgnbEless ansd

defined in claim13, fur %er conprises: . 26 f@ 2/1.-430G (%T K?IIIJ{O 977
g) separating efr’or’r@té 895?80 rybo%ej_cqz)}ﬁﬁ)oﬂ nt aéz_flnlshé[} darg eg' ) 5 to4
benzene, tol ugne, Weilgne, Aand &Y Okerdi GhBIr RLIER | GrRYTPAHIS mixture
respectively according to boiling points thereof. 5
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, followed 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 }thCls

and aqueous solution of Pb(NO3), were added thereto. At

25 that time, on a basis of 100 parts by weight 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 onto 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
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| . AFl . AF9. Al & AY&l . A9Y. A& AY. A& A& A&Y. A&l . A& As. A& A. Al & A& A&l . A9l . A A. A&
. A&l . An&. WO AR/MIRW PCT/KR01/01977
I'M AB{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c
a] ca] cLa] ca] cRa] ca] ca] ca] cal] ca] caU] ca] ca! ~Ucst Qap(Dt _" | } ST[ hi wxB"N'~"""{v(q
| f [ VI gb] X] ca] caU] caU] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] cal] ca] ca] ca] cal] ca] ca] cal] caU] ca] ca
" ####Y#Z###$$%45%§L8(&&Nc§ta195|t P (-

% & {vpj e [V]ca]ca]ca] cal] caU] ca]ca] ca] ca] ca] ca] ca] cal cagggoca] cajcalc
a] ca] ca] ca] ca] ca] cal]kca]m calficatba] cadtal gat & Wrapayed ( 09)50Y OUsb4s4f 69

a] ca] cal] cal cakcah¢al cakeabeakeal cakeal qal qalkqal aa! sEitw>>>>$7"?, @ @ @@aD

Al AEEEEEE4F5FQC " vl gb] W U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] cal] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca](c cal ca] ca] ca! *"Grov GMGGGHHHHL ] Mk MVMI
NSNTNr OO00000F RgRFSGSSSSTT{ vql f * [ V] caf éM}DéEU]‘lca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] calca]ca]ca]ca]calcalcal TTTTTUTvTTTT
TTTUUWYZZ#Z* Z+Z[ [ "\ __Q " p ~zupkf zZU] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] caU] ca] ca] calga] £a] aalsal cakealieal caleahcal sa] atd£al catdigal cabbbf f f
ff#g' g’ h1h4h8h9hThUhhhhhhh] zkkkkkkkkkk{vqgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] caj ca
] ca] ca] ca] ca] sdlcebdalloalica] cd] ¢} cadsahdakpdawdalhc ajaoand callhrealzahsapra) cal

kkl ooxoqgqgqrrr s)uuuyvv/vyvvvvv$x}

11)}- 11} %R nhé®orgBrire] Peares) caw}icatl]l%%] c%%%?%a]%] GH&] Ga] BPA¥FEEFca] ca

calJcalca]ca al.ca
%}}%ngE{/\M}] %ﬁhé%ftn]hlc wﬁ%%ch‘]‘f %ﬁﬂcﬁ t—a’]%ea] %:% ca ]ca]lca] cal ca]
cal] ca] cal] cal¢a].ca]matGaj cahea C%@]Lﬁ&:lﬂ cajeadea] eallaaibga of H,PtClg
RUI L- 3AHQ~yt nhc”YIl gb] X] c] ] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] caU] cal] ca] cahca] @fal]@tal]s:a]sod]xta]oma@ﬁa@]n@d]:ca]@ai] catdey thereto. At
0% & 'Fs109% f & () - M@ 0%
&10%&(%) &1692& (¥ l'zﬁaofﬂil& 2) b&{W 26 ( 1 sPRF PSRV 0¥ELOP N 1692 & ()

1B}f1°‘i/“§iyé?()“9fz’c%f% gF)"%S}%_ﬁ %f%}“fé!yégl( o yz‘;éés(l%o%}é - & 10%

& ()- @. 2( F3( Ha%#ielr),- @H3R 1ﬁ%&’cé) b@&&l{_ﬂ%& 6f- platinum and 0.5 parts
<>wxzu] C1F3( 109 () - @. 2(F3(10%& ()- @F3(109%& () - %? 2(F3(10% () - @F3(10%&
) - Bz by welght tin ‘were introduce onto the mixture

(
P 090 (1 A0, e B 2SSO 2 CRIALE U . 2GR 18- @

WX'Y

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

25
TABLE 1
CATALYST PERFORMANCE RESULT

Ex. 1 |Ex. 2 |Ex. 3 |Ex. 4
Reaction conditions Pressure: 27 kg/cm®, WHSV=2.7hr,

Molar Ratio of H,/hydrocarbon=3
Reaction Temp. (°C) 420 | 410 [ 410 [ 500

19



}AFL. 2( F3(10%&' () - @F3(10%&' () - @. 2( F3(10%&' () - @®F3(10%&' () - @. 2(

u] CLF3( 10%&' () - @. 2( &F3(109%& ()- @) F3(10%& ()- @®. 2( &3(10%& () - @) F3( 10%& (
)- @ WO 02/44306 PCT/KR01/01977
6(7;3k|@rrx/\?1|:3( 1098 () - @F3(10%& ()- @. 2( F3(10%& () - @F3(10%& () - @. 2( F3(10%&
}JAFL 2(F3(109%& () - @F3(109&' () - @. 2( F3(109&' () - @F3( 10%&' () @. 2(BCDz{| u] C1
F3(10%& ()- @.2(&F3(10%&' () - @) F3(10%&' - @

Reaction components | Non- aromatlc 3 3 C6 Cg
X"?1F3( 109 { YwBF3( 1098 () - @. 2( F3( 1@%#&@#3?100/& ()- 2( F3(10%& () - @®
L MN Cy OFT gher aromatic:14
Product | C,-C; 13.46 14,37 10. 90 12.62
(wt%) LPG 30.33 24,23 25.99 31.63
C5~-Cs non- 1.05 0.82 0.44 1.45
aromatic 49.04 54.65 53.99 46.68
Cs—Cg aromatic 6.13 5.94 B.68 7.62
Cy. aromatic

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
compeonents can be effectively converted into gaseous
hydrocarbon compounds, such as C;, Cz, 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
separation of aromatic components and non-aromatic
components from a hydrocarbon feedstock by using only a
gas-liquid separator and distillation tower without
installing additional solvent extraction equipment. In

15 addition, non-aromatic compounds having low utility in
the feedstock can be converted to LPG, thereby creating
economic 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 terminology 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 light of the above teachings.

25 Therefore, it is to be understood that within the scope

20



}AFL. 2( F3(109%& () - @F3(10%& () - @. 2( F3(10%& () - @F3(10%& () - @. 2(
u] CLF3( 10%&' () - @. 2( &F3(10%& () - @) F3(10%& ()- @. 2( &F3(10%& () - @) F3( 10%& (
)- @ WO 02/44306 PCT/KR01/01977
012hi j x*?1F3(10%& () - @F3(10%& ()- @. 2( F3(10%& () - @F3(10%& ()- @. 2( F3( 10%&
"()- @} F1. 2( F3(10%&' () - @F3(10%& ()- @. 2( F3(109%&' () - @BF3(10%&' ()- @. 2( LM\P
QRSu] D9
10F3(10%& () - @. 2( &F3(10%& () - @) F3(10%& ()- @. 2( &F3(10%& () - @) F3(10%& () -
@STUcst KSTF@ELANS. {ppyhdEFA@BELONS,& fHe yERFEBOHEAUNE TRy Yibe FRLELR%MR A ) -
F910% & ()- 10 o ,
10TsW 7F@( 109 ey iypsF @aron X' §9e§5koeEidy 18968 i PefsF@(10% & () - y5<2( F@
3(10% & () - ySTUMX@<2( F@(10% & () -y5F@(10% & () -y5<2( F@(10% & () - y5F@(
10% & () -y5<2(567pX<7F@B(10% & ()-y5<2( F@(10% & ()-y5F@(10% & ()-y5<2( F@®
(10% & ()-y5F@(10% & ()-y570pssW7F@B(10% & () -y5F@B(10% & () -y5<2( F@(10%
" & ()-y5F@B(10% & ()-y5<2( F@(10% & () - y5MXX@<2( F@(10% & () - y5F@(10% &
()-y5<2(F@B(10% & ()-y5F@(10% & () -y5<2( NOpX<7F@(10% & () - y5<2( F@(10% &
()-y5F@(10% & ()-y5<2( F@(10% & ()-y5F@(10% & () -y5678qsW7F@(10% & () -y
SF@(10% & () -y5<2( F@(10% & ()-y5F@B(10% & ()-y5<2( F@(10% & () - y5qr sxX@<
2(F@B(10% & ()-y5F@(10% & () -y5<2( F@(10% & ()-y5F@B(10% & () - y5<2( VWKpX<7
F@(10% & ()-y5<2(F@(10% & ()-y5F@(10% & ()-y5<2( F@(10% & ()-y5F@3(10% &
'() - yS5XsWI7F@B(10% & () - y5F@B(10% & ()-y5<2( F@(10% & () - y5F@(10% & () - y5<
2(F@(10% & ()-y5/ 01f gxX@<2( F@(10% & () - y5F@(10% & ()-y5<2( F@(10% & () -
y5F@(10% & () -y5<2(ghpX<7F@(10% & ()-y5<2( F@(10% & ()-y5F@(10% & () -y5<
2(F@(10% & ()-y5F@(10% & ()-y5H JLsW7F@B(10% & () - y5F@(10% & () - y5<2( F@
3(10% & ()-y5F@(10% & ()-y5<2( F@(10% & () - yS5LMNOPQapdCF@, 3(10% & ()-t F
"910% & ()- F&L0% & ()-10' 10' 10' F@(10% & ()-y5<2(| W(Dt|[:dC Bl T%
(10% & ()- F#10% & ()- F, 10% & ()- ,3(10% & ()-t ,3(10% & ()-t

1,3(10% & ()-tXYZ[hwU4 F "910% & ()- F&L0% & ()-10' 10" 10' Q T% (10% & () -
1 T% (10% & ()- 91 T% (10% & () - wxpX<4 FY, (10% & ()--5<(Y, (10% & ()--5Y
(10% & ()--5<(>Y, (10% & ()--5Y, (10% & ()--5()+dsW4 Y, (10% & ()--5Y,
(10% & ()--5<(Y, (10% & ()--5Y, (10% & ()--5<(Y, (10% & ()-- 5def xX@ <(Y,
(10% & ()--5Y, (10% & ()--5<(Y, (10% & ()--5Y, (10% & ()--5<(pX<4 Y,
(10% & ()--5<(Y, (10% & ()--5Y, (10% & ()--5<(Y, (10% & ()--5Y,
(10% & ()--5KLMsWI4 Y, (10% & ()--5Y, (10% & ()--5<(Y, (10% & ()--5Y,
(10% & ()--5<(Y, (10% & ()--5xX@ <(Y, (10% & ()--5Y, (10% & ()--5<(Y,
(10% & ()--5Y, (10% & ()--5<(%& UWpX<4 Y, (10% & ()--5<(Y, (10% & ()--5Y
(10% & ()--5<(Y, (10% & ()--5Y, (10% & ()--5WW4 Y, (10% & ()--5Y,
(10% & ()--5<(Y, (10% & ()--5Y, (10% & ()--5<(Y, (10% & ()--5! " # \ ] xX@
<(Y, (10% & ()--5Y, (10% & ()--5<(Y, (10% & ()--5Y, (10% & ()--5<(] ~ qr s
pX<4 Y, (10%& ()--5<(Y, (10% & ()--5Y, (10% & ()--5<(Y, (10% & ()--5Y

(10% & () - 111> sW4 Y, (10% & ()--5Y, (10% & ()--5<(Y, (10% & ()--5Y
(10% & () - 5<(Y (10% & ()--5>121@q!r!s! ! IxX@ <(Y, (10% & ()--5Y

(10% & ()--5<(Y, (10% & ()--5Y, (10% & ()--5<(!!111"""pX<4 Y,

(109% & ()--5<(Y, (10% & ()--5Y, (10%& ()--5<(Y, (10%& ()--5Y,

(10%& ()--5"9" STT@A'SXK> 10'10'Y, (10% & ()--5<(Y, (10% & ()--5Y
(10% & () - 5<(Y (10% & () -- 5A"B' N' A" " 2#$30N-> @ 10% & ()-. 1 @ 10% & () -,

)@10% & ()-, @10% & ()-, Y'910% & ()- Y910% & ()-10' $$UKY W& [ : - >
Y("10% & ()- ("10%':& ()- Yi' 10% & ()- YY40% & ()- Y' 10% & ()- YS

10% & ()-&&&N P QR S a' | obU4 Y&109% & ()-10//10//10// 0 9"10% /& ()-
9"10%': & ()- :L6@10% & ()- ("10%1& ()-a'p''([) *k+/[:bUs Y '10% & ()-5
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one reaction zone;
10 b) converting the hydrocarbon feedstock in the
presence of the 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
salid step b)), through gas-liquid 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, 72SM-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
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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 1is selected from the group
15 consisting of reformate, pyrolysis gasoline, Cgq or

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.

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

catalyst is prepared by mixing zeolite with inorganic
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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 1s 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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compounds and liquefied petroleum gas from a hydrocarbon
feedstock, comprising the following steps of:

a) introducing hydrogen and a hydrocarbon feedstock

10 with boiling 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 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,
ethane and LPG components, and a first bottom stream

20 comprising aromatic hydrocarbon components and a small
amount of hydrogen and non-aromatic hydrocarbon
components;

d) withdrawing LPG from said first overhead
fraction;

25 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 bottom stream
comprising aromatic hydrocarbon components; and

30 f) withdrawing LPG from said second overhead stream,

and aromatic hydrocarbon components from said second
25
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' platinum/lead and a mixture support consisting of 10-95
wt% of zeolite having a molar ratio of silica/alumina
5 of 200 or less and 5-90 wt% of inorganic binder, said
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
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 salid mixture
support.

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, wherein said
step b) is performed at 250-600 °C under a pressure of

5-50 atm.

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

higher aromatic mixture, naphtha and a mixture thereof.

30 17. The process as defined in claim 13, further
comprises:
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g) separating the aromatic hydrocarbon components
of said step f) into benzene, toluene, =xylene, and Cy or
higher aromatic compounds, respectively according to

boiling points thereof.
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