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1 DESCRIPTION Method for Conversion of Ethylbenzene and Process
for Production of Para-xylene Technical Field [0001] 5 The present
invention relates to a process for convierting ethylbenzene and process
for producing p-xylene. More particularly, the present invention relates to a
process for converting ethylbenzene contained in C8 aromatic
hydrocarbons by hydrogenatiof pgedegtiylation, and to a process for
producing p-xylene by converting ethylbenzene contained in C8 aromatic

hyriasarbe i Rychygroganation R anshdeetiyation madyisepaBlingylene

p-xylene after isomerization of xylene. Background Art [0002] Among

Yytbneaddiekis, the most important one is p-xylene. At present, p- xylene
is used as a material for producing terephthalie acid, which is a monomer
[9¢&anstituting polyesters that are ranked with nylons as major polymers,
and its demand is high especially in Asia in recent years. [0003] Usually,
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aromatic hydrocarbons or to distillation. Although the composition of the

1RERMAL RYETASATRON MIDEHAR MG RIS FEI Bb F@EIRS plHeuRI I
lgiggﬁtams 10 to 40% bmight of ethy?benzene, ?2 to 25%}: l%eig t

afpveylene;Bdiens686 dynwieighioChaxyteneand:b2ababY%yhyy 2 weighin

of o-xylene. Since the C8 aromatic hydrocarbon mixture material usually

ewhtisiibigiebolihbycsirpeieis Hdin g ot ilsseetiat oncirsplyatoms,

the high boiling components are removed by distillation, and the resulting
bRt

[0002]

Among xylene isomers, the most important one is p-xylene. At present, p-
xylene is used as a material for producing terephthalic acid, which is a monomer
constituting polyesters that are ranked with nylons as major polymers, and its demand
is high especially in Asia in recent years.

[06003]

Usually, p-xylene is produced from the C8 aromatic hydrocarbon mixture
obtained by reforming of naphtha followed by extraction of aromatic hydrocarbons or
distillation, or obtained by subjecting the cracked gasoline produced in thermal
decomposition of naphtha as a byproduct to extraction of aromatic hydrocarbons or
to distillation.  Although the composition of the C8 aromatic hydrocarbon mixture
material largely varies, it usually contains 10 to 40% by weight of ethylbenzene, 12
to 25% by weight of p-xylene, 30 to 50% by weight of m-xylene and 12 to 25% by
weight of p-xylene. Since the C8 aromatic hydrocarbon mixture material usually
contains high boiling components having not less than 9 carbon atoms, the high

boiling components are removed by distillation, and the resulting C8 aromatic
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2 hydrocarbons are supplied to p-xylene-separating step to separate and
recover p- Xylene. However, since the boiling points ofp-xylene and
m-xylene are 138.4C and 139C, respéctively, and so the difference
therebetween is only about 1C, recovery ofp-xylene by distillation
separation is very ineffective in industrial 5 production. Therefore,
@&%‘%ﬁdﬁsﬁg alypgpaied by crysiallizingsepey atioRatilizingdhgr p-
ifference between the melting points, or by adsorbing separation utilizing

[heddifferepgea degreeeadserpigndezegirmdserhent diteate8 38.4°C

aromatic hydrocarbons after the separation step, which is poor in
AMKYRNE, iestransidsrechdosanhisdifferzatiohestbpiwebere théyxjlenes @re
isomerized to ap-xylene 10 concentration close to that in the )
resereRdnamiceybilidEiHreomposE AT Byc st cadarisel After
removing the low boiling byproducts by distillation separation, the |
SR hy drBE B ARTGRG 1S PRBAMYY SHRH THEdBoVe RIS et PNt s
romatic hydrocarbon material, and the resultant mixture is recycled to the
G e B T D R R o

AR LRAIGAE eV Ry AUstliation. JelRwes RS GRaAlRg. anfhe C8

recovering p-xylene again in the p-xylene-separation step. This series of
Ayeiaiis hprrivatichseiesrerto:paraisapaspioispmepsatiop-aytias, [0004]
Fig. 2 is a flow chart showing this "separation-isomerization cycle". This
{2hiepat atien isoneerzttionteycleliconhprisésnashighidsoilinged to a p-xylene
components-distillation separation step 1 in which the C8 aromatic
wypsrosmibond esritathad rirdhemmedsramie sardEaBGPMRasHion mainly by
feedstocks (hereinafter referred to as "fresh feedstocks") obtained.from a
%F’cﬂlﬁ‘w%%?Fﬁ?é |il<éﬁafﬁd%lﬂ¥élge&?3%‘€{ ﬁ?é@&fiaﬁ%?ﬁ%@ HEEgHe N
step_are recovered and the high boiling compaonents,are r ed 294 ed
SRl oo ey S L e RS IR TR FONER Ko

REES IS0 SeRatedarylensisomariaationstan? iniwhiendheycled to the
isomerization of Xylenes and conversion of ethylbenzene in the C8
arpmatisnhyedracanbanhipatesidint ereiafidraving not less than 9 carbon atoms
are removed by distillation, followed by separating and recovering p-xylene again in
the p-xylene-separation step.  This series of cycle is hereinafter referred to as
"separation-isomerization cycle”.

[0004}

Fig. 2 is a flow chart showing this "separation-isomerization cycle”.  This
"separation-isomerization cycle” comprises a high boiling components-distillation
separation step 1 in which the C8 aromatic hydrocarbons contained in the C8
aromatic hydrocarbon mixed feedstocks (hereinafter referred to as "fresh feedstocks™)
obtaiﬁed from a reformer or the like and in the recycled material from the
isomerization step are recovered and the high boiling components are removed
therefrom; a p-xylene-separation step 2 in which p-xylene as a final product is
separated; a xylene-isomerization step 3 in which the isomerization of xylenes and

conversion of ethylbenzene in the C8 aromatic hydrocarbon material (hereinafter
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3 referred to as "raffinate xylene") having a low p-xylene concentration is
carried out; and a low boiling products-distillation separation step 4 in
which low boiling components such as benzene and toluene, produced as
byproducts in the isomerization step are separated and recovered. First,
the C8 aromatic hydrocarbon 5 mixed feedstocks is transferred to the high
BRiling compenentsdistilation neparalinn ) stoRde ftomt dhesurRnly difged out;
denoted by stream 5, and the high boiling components are removed
dhdovighvtheiling gledoteddiytifreansFpar e € Stapaniatid hnydroedridin geed
from which the high boiling components have been removed is transferred
qontipeniy/fonk asdparanemaldpl RemrargHusrd d HREHsE Y Biteam 6,
and the p-xylene as a 10 final product is separated and recovered from

URAEATIAOTSE B SHEARFE “PAECE Ar0malit Ty lifoca o it Ky o

SR AR T LSy o B R A MR s geration
i : C L : - nents are

ST T S s R e e

in e raffinate xylene having a low p-xylene

cansenratian A misisemarized o attain ap-xylenesoneenttien asideed
that in the thermodynamic equilibrium composition. To the isomerization
ftep Whidrogenigh ddijidrogenpeaantainitvg besniscalsocsiipplied ftrrod gh teep-
line denoted by stream 10. The C8 aromatic hydrocarbons from the
isbeneriznioniatecd thamighythy hroddrnstis! brarstamed wdhbeavw Psihg 2

roducts-distillation separation step 4 through the line 20 denoted by .
gﬂ@aﬁ’r‘Pﬁ?‘iﬁﬁﬁﬂ%%%‘&ﬁﬁ@%&%&h‘éﬁ%e&?&qtﬁé Bensesa dngThe 8

R B R R SR T AR SRR e

s ﬂJgﬁgr&%@mg NighRalling GAMRABRRIS iStransferirduadhe high

g components-distillation™ separation step 1 through the line denoted
by gireamnd3s ks Bioh beling25r compenenis-distitation sapasationttin as
step 1, high boiling components are removed, and the restilting product is
heayialed agdindatitie gatyleneffeparatibmstey2gFHere isxatenopioadntration
which one distillation tower is incorporated in the "separation .
is isomerized to attain a p-xylene concentration close to that in the thermodynamic
equilibrium composition. To the isomerization step, hydrogen or a hydrogen-
containing gas is also supplied through the line denoted by stream 10.  The C8
aromatic hydrocarbons from the isomerization step, containing byproducts is
transferred to the low boiling products-distillation separation step 4 through the line
denoted by stream 11, in which the low boiling components such as benzene and
toluene produced as byproducts in the isomerization step are separated and removed
through the line denoted by stream 12.  The p-xylene-rich recycle feed containing
high boiling components is transferred to the high boiling components-distiliation
separation step 1 through the line denoted by stream 13, In this high boiling
components-distillation separation step 1, high boiling components are removed, and

the resulting product is recycled again to the p-xylene-separation step 2. There is an

option in which one distillation tower is incorporated in the "separation-
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4 isomerization cycle" to simultaneously produce o-xylene. [0005] As
described above, the C8 aromatic hydrocarbons feedstocks supplied to
the separation-isomerization cycle" cBntain a considerable amount of
ethylbenzene. 5 However, in the above-described
"separation-isomerization cycle”, the ethylbenzene is not removed and

iEemains g arcle seithaheibyibenzane aceuandlates. If the
ethylbenzene is removed by some way in order to prevent the

[@60dinulation thereof, ethylbenzene in an amount corresponding to the
degree of removal thereof circulates in the "separation-isomerization

cycle" Af thescametiabofatbair8uinting itduethytbdrsreciss ek reagpdicthie the
total amount of the circulating materials is also decreased, so that the

R AR AISTBAREY e SORRRE-SHpItsttestEs o abeHRYEs7SHRich

is greatly.adyvantageous from the economical view point. in,,o er w rds,
T e s RS B s e g e PR A LR e B s ene
ig "ogychion einxylensman e altaned ig 2 &%9[@&%8{&%%98&%'1@%9 He e

ecrease in 15 the concentration of ethylbenzene. [0006] There are two

HAYAMRINOAS ERIFRANBYIRGRINDSNZENS tOpR IS D rRISIMING DS thektof,

in which ethylbenzene is isomerized to xylene simultaneously with the
dspytietizatiomeivadenaindiesisamiriizatiba stgpcAriatheris! thercof circulates
dealkylation 20 method in which ethylbenzene is converted to benzene by
imydirorenatico i nesiiytatioe erebithe tradsoé thationispof

xylene, and then the benzene is separated by distillation in the

Usiaend tdsnatiordsianiabinaupt eldetierubying 8 ideiiabisalem

Method ihe depree gf conversion of efylapnzens isabout 20 o, 2% at
Gst'dtie 0 the equilibritm Detween ethylbeRZere an ene. 1R contrast,

8&%Qé‘e%}%Qﬁ%@#@&@a@%ﬁ%&&m%@E@%Hl@&ﬁ%{l}%&&H‘E‘ In other

reaction, the degree of conversion of ethylbenzene may be made high by

e dealkylatipnmeinad Hereiare:ai praseals etbuhenzepeisdisualy

removed by the dealkylation method.
production of p-xylene may be attained to a degree corresponding to the decrease in

the concentration of ethylbenzene.
f0006]

There are two usual methods for removing ethylbenzene. One is the
reforming method in which ethylbenzene is isomerized to xylene simultaneously with
the isomerization of xylene in the isomerization step.  Another is the dealkylation
method in which ethylbenzene is converted to benzene by hydrogenation and
dealkylation thereof in the isomerization step‘. of xylene, and then the benzene is
separated by distillation in the subsequent distillation separation step. However, by
the isomerization method, the degree of conversion of ethylbenzene is about 20 to
30% at most due to the equilibrium between ethylbenzene and xylene. In contrast,
since the dealkylation reaction is a substantiaily non-equilibrium reaction, the degree
of conversion of ethylbenzene may be made high by the dealkylation method.

Therefore, at present, ethylbenzene is usually removed by the dealkylation method.
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5 However, even if the system is operated at a very high degree of
conversion of ethylbenzene in the isomerization step and even if
ethylbenzene is removed at a level as high as possible, since the C8
aromatic hydrocarbon mixed feedstocks supplied to the
"separation-isomerization cycle" intrinsically contains ethylbenzene, the

aseuat 2. ofethibenaene ie ResupRligd R, heR-Fyieae -$eRaRHgnSieP

cannot be decreased to a level lower than the content of this intrinsically

SRMRineshethyihernzaneiARRR Gripaieatkierditisshtandel diselosal at a level
methods in which the amount of ethylbenzene supplied to the

d'shizhratipnsisbimetizatite €fclesisdebysaset tmyn 10 pré fnsitpitlzs supplied to
deethylating most of the ethylbenzene contained in the fresh feedstocks

ths Copivantipno ansEmeias eYrepat BSiFasp spatiipstee BRprEHE. flye amount
distjllation, in order to reduce the amount of the ethylbenzene supplied to
Ahetnalisaiono R HERDEHEN By e RIS 2498 SBARRA. B fsreased to
methods concretely described .therein,.it is necessar iminate high
g st T b S B on.
[r&ﬁpﬂon in order to decrease the concentration of the high boiling
components having carbon atoms of not less than 9 to prevent decrease

in catplyshatkivityieo08ikig d&isadioutishés ishdwdhgha madeithe
methods. A 20 deethylation/xylene-isomerization step 15 by which

ethythenzensujsppird imiharihpdetihyiatedeinzotierpatticd ifode rottiag boint
components-distillation separation step 16 by which the benzene
yehsrawd pyaribdrtinaynesbal Sheathibmzsne soriiave bl dnediacks
separation, and a high boiling components-distillation separation.step 14
Ry UHVER the DA B O SISk L SBrAmah s (8. 1
aromatic 25 hydrocarbon mixed, feg: ), wly ad hat is, to
O B B Ty B e S R il

£8MPRRRNS cantained it thecf argmatic: hvdircakpnimixae-tegddaeksed
supplied through the line denoted by stream 5, which

therein, it is necessary to eliminate high boiling components by distillation separation
before the dealkylation reaction in order to decrease the concentration of the high
boiling components having carbon atoms of not less than 9 to prevent decrease in
catalyst activity.

[0008]

Fig. 3 is a flow chart showing a mode of the methods. A
decthylation/xylene-isomerization step 15 by which ethylbenzene is preliminarily
deethylated in one path, a low boiling point components-distillation separation step
16 by which the benzene generated by the decthylation of ethylbenzene is recovered
by distillation separation, and a high boiling components-distiliation separation step
14 by which the high boiling components intrinsically contained in the C8 aromatic
hydrocarbon mixed feedstocks, are newly added.  That is, to protect the catalyst
used in the deethylation step, high boiling components contained in the C8 aromatic

hydrocarbon mixed feedstocks supplied through the line denoted by stream 5, which
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6 act as a catalyst poison, are separated by distillation through the line
denoted by stream 18, and the distillate fraction was transferred to the
deethylation/xylene- isomerization step 15 through the line denoted by
stream 17. To the deethylation step, hydrogen or a hydrogen-containing
gas is also transferred through the line 5 denoted by stream 19. The C8

a'mmat&ﬂa)é%&omgeﬁpapeimiﬁs&'%@sﬁiiamanﬁ{gwk%@@a%%méab&en

highly deethylated and which contains byproducts is” transferred to the

iewaboilneRPint camparRerisdistiliation sepaktiomsteR hlthraughtee
line denoted by stream 20. The low boiling components such as benzene

anchtatueiva byproduoed gh the ldeaibplatidhistepdmIehardtethadekthylation
eliminated 10 through the line denoted by stream 21, and the high boiling
HoPn pofmsenaren fradisiemerd inthin gbove-dssdriiederred through the line
"separation-isomerization';(gcle thr_ough the line denoted by stream 22.

draRisddy e ddse, SiRdeS Hemls BatingebargBhediecdiankgishwhich

ti 4 and th boili ' ts-distillatior.
R lER T R DRGSRt

y incorpora utifity

{neigased ’t§%ﬁm&ﬁﬁg§ﬂ§iﬁt QB%%%H%&%IB%@P&QH‘@@&@Q%&%@%‘?@t
introducing the steps is decreased. [0009] With the above-described

medehneediessdeaybingcastsifor grasswortsiiar dheiesthylatianstep

are additionally necessary. Thus, a process for producing p- 20 xylene is
olisclosechiniélatentiyipesdteed 4) ihavdeighydatiatalysp eadpg @addiantiefizionated
highly deethylate ethylbenzene in addition to the usual function to

seraghi deotile denidanhodiieast hitoatbthgleisd-fsolinericanpenstépare the
original "separation- isomerization" cycle. In this method, as shown in Fig.

HLSTRERH 1RdBSRRRE YEATIRE” b BHRHAT -1 IR it T arfHARE yhsrienc

from t -xylenesseparation step,,25 denoted hy stream 9,.and the
LTS W BHSH0 Lo ot s Lot ey B B AL s

siliaanzsDs. AL RIaBArarse ALIeRVEIRIAD. Jalpwed R gliminationish
the low bolling ecomponents containing benzene in the low boiling
SPNRAABRRLEP 16 are newly incorporated, the utility consumption is increased, so
that there is a problem in that the advantageous merit introducing the steps is
decreased.
[0009]

With the above-described mode, needless to say, the costs for grass roots for
the deethylation step are additionally necessary. Thus, a proces.s for producing p-
xylene is disclosed in Patent Literature 4, in which a catalyst having a function to
highly deethylate ethylbenzene in addition to the usual function to isomerize xylene
is introduced into the xylene-isomerization step in the original "separation-
isomerization" cycle. In this method, as shown in Fig. 4, a fresh feedstocks denoted
by stream 17 is mixed with raffinate xylene from the p-xylene-separation step,
denoted by stream 9, and the mixture is directly supplied to the isomerization step 3

to decthylate ethyibenzene at a high degree of conversion, followed by elimination of

the low boiling components containing benzene in the low boiling components-
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7 distillation separation step 4. Thereafter, the recycled material denoted
by stream 13, which has a very low ethylbenzene concentration and a
highp-xylene concentration is transferred to the high boiling
components-distillation separation step 1 and to the p-xylene-separation
step 2. This method is called direct feed 5 method. By this method,

406h %&ﬂ&h@%&% sl% r%g ;ﬁ%@é%%ﬁge%éfﬁﬁggﬁﬁ%rﬂit&eﬁc@@ g%%am

sma equ ent inve thod may be carried

& siniie medifieatieR.afirauinment kel asingl easing e cafadyet used in

the xylene-isomerization step or replacing the catalyst with a catalyst
dvavingracioighs @atbitysediih cut ingepeinice rilyripaitding diatd Guipment faion
the deethylation step. 10 However, it is described in Patent Literature 4
sm:atiumeageémmenéemew@mMrs@pcbmﬂanemstha@uﬁgﬁéﬁdidﬁehéﬁ@
carbon atoms are contained in the fresh feedstocks, the high boilin
wethpdneRtsthitstabogrénpiias ity Brratsdiny aﬁama B @%QP&%}%%W
order to flg)revent th@decrease in th cat gst activ tlr]%[y refore gven with
IS

IR ASALE AL AR RRE ﬁ‘éfi»? o ﬂia%f’ ¢ carried out
d
SERURIRNAR AR &ﬁ@ﬁ%ﬁgﬁ% 1 ta%a% RSNG4

creas llity con € Inco oratlon this step are

wiéaﬁlﬁnéqi&é@uhrgee%@pmm ¥ eanaMattetnyAR)NAoNe:Hia J eastian

temperature is raised or the material is brought into contact with a
satalystiiavingiadvigh aaiilitpuAdithen2Q degres 65 chrviisionatbn step.
ethylbenzene increases, the decrease in the yield of xylene is actualized.
Hhedossasiarswoibsitindthierdibijetyr) tbaosscasas xiflerralis Bsi/eetbae
to toluene by transallcylation reaction between benzene and xylene, which

sunpeRis haBnarneedrsyhie deathoratioms retsymalnsdha s folesdslocks.
ﬁ é e,loss that x Iene |s% Velﬁ%%r;[gl |lé 1?1%n%rt'd mﬁet benzene

@S?H %%05{18% éé% tioh 28 BEWEER % x eneVEAd % SS ?ﬁat

3@# 8 Gﬁ? %9 yﬁ?eogﬂ HOMAHCS SR A5 GHAPRAAANS, ThERBINSven
so para nuclear hydrogenation of xyfene. Fufther, since the

Qﬁﬂztﬁﬁen@?ﬁ%@ﬂﬁﬂs@mgtﬁiﬂl alian separatianisGapsastinatediltion separation

step 14 is necessary, so that the equipment investment and increase in the utility

consumption due to the incorporation of this step are inevitable.

[0010]

In general, to highly convert ethylbenzene, the reaction temperature is raised
or the material is brought into contact with a catalyst having a high activity.  As the
degree of conversion of ethylbenzene increases, the decrease in the yield of xylene is
actualized. The losses are constituted mainly by (1) the loss that xylene is converted
to toluene by transalkylation reaction between benzene and xylene, which benzene is
generated by the deethylation of ethylbenzene.  Other losses are (2) the loss that
xylene is converted to toluene and trimethylbenzene by disproportionation reaction
between xylene; and (3) the loss that xylene is converted to non-aromatics such as

cycloparaffins, n-paraffins and iso-paraffins by nuclear hydrogenation of xylene.

Further, since the benzene obtained by distillation separation is contaminated with
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8 the non-aromatics generated by the nuclear hydrogenation reaction, an
extraction treatment such as sulfolane unit is additionally necessary,
which brings about an economic disagvantage that the utility consumption
is increased due to the increase in the amount of treatment in the
extraction step. 5 [0011] Patent Literature 3 discloses to use a material

gRBININGEY aNd fethl-aTaMmadis yeroraRonS IIc hoate dHgAhaifiagtion

components and to convert ethylbenzene in the xylene-isomerization
stepnbut stdoes subiothiaelosi ioadsii ethijitalenens HWidEG Stiagoatatic an
hydrocarbons and to convert it. More particularly, 10 in an Example of
EamnnicdratyanBgit ibaddserbbty wratsvoarsion ol ettsdsbgdenibe wagease in
carried out using a feed containing C9+ aromatic hydrocarbons in an
B BEAEBE AEEs RN 0D 1hoFBABRINTCANd that as a result of this
tﬁﬁﬁﬁon reaction products containing C9+ aromatic hydrocarbons in an

nt of 0.1 % by weight and 0.2% by weight, respectively, were

obtaineg, AFe: {&H% ant% SXE’QQ?@H %ER%% 'éﬁeéﬁwﬁi%%éf E%'de

reactions in w ICh + aromatlc rocar ons are in

INGFRAREHINBABAY mmam@e%%ghwm@@owﬁ&ﬁgm&mﬁm

above-described reaction is thought to be caused by the side reactions
sthgtbaszhe geteratiocnwoisdimethythesizeiaiaitdicietinylbiénteradyshe
disproportionation reactions of xylene and ethylbenzene, and generation
ohyiathyiethy| BerZ8neandidirhsthigtethyliserzbivec20voyt the More particularly,
transalkylation reaction of ethylbenzene and xylene. Patent Literature 3

fuaneranplsdd HeahigHaBRa e A, dsSHERB AR GRKA TN OR &ty Ibenzene
intention % mixed s to reduce loss of x e du ;
e SOt OH AL 1SSt BENGG B SOEr Ungi g amount o
|ote Seﬁﬂé"@idﬁ %%‘1&?%%%&%’&&%‘%&%&%@ AHRRNRALLASIG MR AL s

use In many applications, that is, used as the base of 25 gasoline with a

B&&%@@W&n@ﬁ@ﬁ@%@@ﬁb@% apmataraliiendispraperienatiomdstens by

and so on, toluene is a component which is not desired to be added to the
weitgriataficallgossibie pifttiere. is Anathirgretiied:tpleedtioe thebliodgahture
gloirt]?ﬁe side reactions in which the C9+ aromatic hydrocarbons are involved, the
increase in the amount of the C9+ aromatic hydrocarbons in the above-described
reaction is thought to be caused by the side reactions such as the generation of
trimethylbenzene and diethylbenzene by the disproportionation reactions of xylene
and ethylbenzene, and generation of methylethylbenzene and dimethylethylbenzene
by the transalkylation reaction of ethylbenzene and xylene. Patent Literature 3
further discloses, as an optional case, a method in which toluene is intentionally
mixed so as to reduce the loss of xylene due to the disproportionation reaction
between xylene. However, since the intentionally mixed ‘éoluene is a valuable and
important basic material used in many applications, that is, used as the base of
gasoline with a high octane value, as a solvent, as a material for disproportionation

step, and so on, toluene is a component which is not desired to be added to the

material if at all possible, if there is another method to reduce the loss of xylene.
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9 [0012] Patent Literature 1: JP-A-1-56626 Patent Literature 2:
US-B-6,342,649 Patent Literature 3: US-B-5,977,429 5 Patent Literature
4: JP-A-8-143483 Disclosure of the Irfvention Problems Which the
Invention Tries to Solve [0013] An object of the present invention is to
provide a process for converting 10 ethylbenzene, by which ethylbenzene
ifca fpaterial containing C8 aromatic hydrocarbons is converted to
enzene at a high degree of conversion. [0014] Another object of the
preserpitreniemiado prpddel avegeonomically advantageous process by
which the degree of conversion of ethylbenzene is high and 15 loss of
xylenelsismalitwvhien:thelé8pHociizeddin the material containing C8
aromatic hydrocarbons is converted to benzene and simultaneously
xyleneligtigmirize Jo&B g} Sifli7drBther object of the present invention

is to provide a.method foy _recovering benzene with a high purity from the

reactiorP TS diTARER %J?'e%’d%&ﬁi%g%o converting ethylbenzene in the
aterial co inf'ng 8 romatic hydrocarbons and isomerizing xylene.

ﬁgﬁﬁg’ grogé \{;'in%; S[if11e?:%roblems [0016] The present inventors intensively

piudies dandisgongrithalihe abRuepeserbed 25 objects may be attained

by making the feedstocks contain ethyltoluene and by bringing the
feedsfocks into contact with a strong acid type catalyst highly resistant to
catalyst poisons, in the presence of Hz, thereby reaching the present
inventidm object of the present invention is to provide a process for converting

ethylbenzene, by which ethylbenzene in a material containing C8 aromatic

hydrocarbons is converted to benzene at a high degree of conversion.

[0014]

Another object of the present invention is to provide an economically
advantageous process by which the degree of conversion of ethylbenzene is high and
loss of xylene is small when the ethylbenzene in the material containing C8 aromatic
hydrocarbons is converted to benzene and simultaneously xylene is isomerized.
[0015]

Still another object of the present invention is to provide a method for
recovering benzene with a high purity from the reaction product after the reaction of
converting ethylbenzene in the material containing C8 aromatic hydrocarbons and
isomerizing xylene.

Means for Solving the Problems
{0016]

The present inventors intensively studied to discover that the above-described
objects may be attained by making the feedstocks contain ethyltoluene and by
bringing the feedstocks into contact with a strong acid type catalyst highly resistant to

catalyst poisons, in the presence of Ho, thereby reaching the present invention.
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10 [0017] That is, the present invention has the following constitution:
[0018] (1) A process for converting ethylbenzene, comprising the step of
bringing a C8 5 aromatic hydrocarbon“mixed feedstocks containing
ethylbenzene into contact with an acid type catalyst(s) containing at least
one metal selected from the group consisting of the metals belonging to
@up VIl and Group VIl in the presence of H2 to convert the
ethylbenzene to benzene, the feedstocks containing C9-C 10 aromatic

hydrocarboRstiRchieiog atbviiabans, theatbyialuensieing.converted to
toluene 10 together with the conversion of ethylbenzene. [0019] (2) The

[Pkdidgss according to the above-described (1), further comprising
separating, by distillation, the benzene produced by the reaction, and

Q@coveﬁﬁﬁ%s RIS HOE pliitheorest |@%@Wﬁl@@8%wmgmnﬁ@ C8

[0020].(3) A process for prodycing pxylene comprising the steps of:
@Qm@éﬁﬁg%grs?am&dr%% st SeRSTEGRtAiRfCt With an

to th cess a o he bove describ

a(ﬁ.}) OVQE)C?GMF We)r(cl}éga %ﬁte?ﬁ%%’g“&ﬁlef WI % cc%’é/og II‘I %ﬁ glOUp Conmsetmg
SMhRLERNeI0R Wﬁﬁp@@ﬂﬁ%’{?‘bﬂ%@ﬂf%&%??@@%@nveﬂ

reaction product. [0021] (4) A process for producing p-xylene, comprising:

adissh deethylatioxylene -isemenzatinn sieRiafsubieclingaG8taromatic
hydrocarbon mixed feedstocks containing ethylbenzene and xylene to the

Iy doesstRb saiccbrdiimg didittiel aboy ehd esicy b d«(8) boiigpmeriatctht xyloere
together with converting the ethylbenzene to benzene; a step of

wasHieriv pthe/ e fron ket rbgsABroduct obtained in the first
[0019]

2) The process according to the above-described (1), further comprising
separating, by distillation, the benzene produced by the reaction, and recovering the
bel;zene at a purity of not less than 99.8% by weight.

(0020}

(3) A process for producing p-xylene, comprising the steps of:

subjecting a C8 aromatic hydrocarbon mixed feedstocks containing
ethylbenzene and xylene to the process according to the above-described (1) or (2) to
isomerize the xylene together with converting the ethylbenzene to benzene; and

separating p-xylene from the obtained reaction product.
[0021}

(4 A process for producing p-xylene, comprising:

a first deethylation/xylene-isomerization step of subjecting a C8 aromatic
hydrocarbon mixed feedstocks containing ethylbenzene and xylene to the process
according to the above-described (3) to isomerize the xylene together with converting
the ethylbenzene to benzene;

a step of separating p-xylene from the reaction product obtained in the first
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11 deethylation!xylene-isomerization step; a step of subjecting xylene
contained in the residue after separation to a second
xylene-isomerization step to isomerizélthe xylene; and separating
p-xylene again from the reaction product of the second xylene- 5
isomerization step. [0022] (5) A process for producing p-xylene,

MQ{Q{%}@@&QQ&@&WM@%-'§omerization step of subjecting a C8

aromatic hydrocarbon mixed feedstocks containing ethylbenzene and

xyleneaterdpe PsasResnkOxate@r dingaladheémahevesdesciiRedy@idon to a
isomerize the xylene together with converting the ethylbenzene to

fenzeénglasiepnofrseparating pexyleneiromh¢he iemction product obtained

in the deethylation/xylene-isomerization step; and a step of recycling the

residuscafiai e parativn asbideiihnecseienarefustel e wyasubpieng

the residue to the deethylation/xylene-isomerization step. [0023] (6) A

B RBEGS8ucing p-xylene by using ap-xylene-producing equipment

[Ig)dﬁ%rrying out the first deethylation/xylene-isomerization step,
-Xylene-separation step and second xylene-isomerization step recited in

gye abavergeser @d[gg%%sp(@,@{éy@ag{?gga@ equipment comprises a
ypass line which does not pass through the first
deethylatietixideoeststmetivatian step, ans ovkeppioihe Q8 aromatic
hydrocarbon mixed feedstocks mixed with the C9-C10 aromatic
Inytiroedhbons sohfedditeclstbyiteinanedd diphiet toitheylene to the process
p-xylene-separation step, as required. Effects of the Invention 25 [0024]

GG EsHIR IROBFISHLIBAENS 5 BT B8 eatideredRgediay Hish sepeerting
may. . be highly hydrogenated and deethylated to be converted to benzene,
\E;e/ g’%ﬁ&ﬁ??%ﬁ% 13/ %eu ene;

a step of separating p-xylene {rom the reaction product obtained in the
deethylatién/xylene—isomeriza‘rion step; and

a step of recycling the residue; after separation obtained in the separation step
by supplying the residue to the deethylation/xylene-isomerization step.
[0023]
(6) A process for producing p-xylene by using a p-xylene-producing equipment
for carrying out the first deethylation/xylene-isomerization step, p-xylene-separation
step and second xylene-isomerization step recited in the above-described process (4),
wherein the equipment comprises a bypass line which does not pass through the first
deethylation/xylene-isomerization step, and wherein the C8 aromatic hydrocarbon
mixed feedstocks mixed with the C9-C10 aromatic hydrocarbons containing
ethyltolueﬁe is supplied to the p-xylene-separation step, as required.
Effects of the Invention
[0024]

By the present invention, xylene loss may be reduced and ethylbenzene may

be highly hydrogenated and deethylated to be converted to benzene, by carrying out
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12 the isomerization step converting ethylbenzene to benzene and
simultaneously isomerizing xylene, wherein C9, C10 aromatic
hydrocarbons containing ethyltoluenel 2are mixed with the C8 aromatic
hydrocarbon mixed feedstocks containing ethylbenzene, and wherein the
resulting feed are contacted with an acid type 5 catalyst(s) containing at

t%h%?igﬂﬁ[m Sk 86%94%?@ é%@&%lﬁqgsﬁwggn@fa%simﬁf?alﬁeously

belonging to Group VII and Group VIII in the presence of H2. Further, the
isthvitelianeinRihefpadsiaokUiscanyeirdiritsafubialuenribihg ethyltoluene

deethylation and the toluene may be recovered as a final by-product.
025} ed OvEbininef; oyrthe: résentdactemt oy dikfrzd me okt taignpurity
may be recovered from the reaction product generated by the conversion
Shepiyipettzand hernfdedsmikschshmnerasdomiichydideadons.
By virtue of this, benzene may be ob air{éaél s a final product after

BG&S) GRIHBIH Bn 3 Grataioneesy . ssisain deemdto s orheeBrathagY e
0026],Fig. Li | di i he flow wh lir
ritn R R R YR I O R e

ti ylene-isomerization

SIER AR Y I8RGAQIUERI LAVRPER (REFATYINGOY} WS fiahtion and the

deethylation/xylene-isomerization step, the p-xylene-separation step and
{hasrcand kyleperisemeyzatianbstepo &R -ig. 2 is a conceptual diagram
showing the flow of "separation-isomerization cycle" for usual p-xylene
[¥esfction, in which the deethylation step is not introduced. Fig. 3is a
conceptual diagram showing the flow of "separation-isomerization cycle"

for usUHEISIBR S SRHGRY HUPRIdIP e GeBtHyiatish BISM&miBtiuced.
Fig. 4 i tual di howing the fl f | direct feed :
T8 S NS BB or e Ol CO U Gear B e n
freAaatads et claiR HERs. agdle ehiained oed malei!

IS transterred to a xylene- isomerization step which has a function to

highi deethidate theRIRRREAREr recovery without an extraction step.
Brief Description of the Drawings
[0026]

Fig. 1 is a conceptual diagram showing the flow when a bypass line which
does not pass through the first deethylation/xylene-isomerization step, in a p-xylene-
producing equipment for carrying out the first deethylation/xylene-isomerization step,
the p-xylene-separation step and the second xylene-isomerization step.

Fig. 2 is a conceptual diagram showing the flow of "separation-isomerization
cycle” for usual p-xylene production, in which the deethylation step is not introduced.

Fig. 3 is a conceptual diagram showing the flow of "separation-isomerization
cycle” for usual p-xylene production, in which the deethylation step is introduced.

Fig. 4 is a conceptual diagram showing the flow of a usual direct feed method
in which a deethylation step is not introduced, the fresh feedstocks is mixed with
raffinate xylene, and the obtained mixed material is transferred to a xylene-

isomerization step which has a function to highly decthylate the ethylbenzene.
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13 Best Mode for Carrying out the Invention [0027] The present invention
is characterized in that when carrying out deethylation reaction of
ethylbenzene, the C8 aromatic hydroéérbon mixed feedstocks containing
5 ethylbenzene to be supplied contains ethyltoluene. Usually, ethyltoluene
is contained in the high boiling components in an amount of 5 to 15% by

MRINALIR e derdsiocks GeniaNing L8 aromatic hydrocarbons, which

feedstocks is supplied to the "separation-isomerization cycle". Therefore,
e distillation tower for separation of the high boiling components by
distillation when conducting the deethylation step 10 may be omitted. Fig.

1 showdapreteirayentoe isfcteationidet tathpingloutaireyippesgntecthylation
invention, and the high boiling components-distillation separation step 14

8RGO Y EIBELOS AT 1ge 4-8 e HORFBIRE B OY aFdRREk peontaining
itted. [0028] That s, di h invention, i
S e ey o S S O U e SRR
! . . o
SipRlied cgﬁl r@ﬁfg@@ﬁgg@{ﬁg% Bnegg%mﬁa&l%ﬁa&é'9@oq shegthlia gﬁ{*ﬁ]e

containe tocks containing C9 and C10 aromati
faydierathonsdssincianaausiisardesidsiovERAVREIHbRUO I RAEHIRE to the

ethyltoluene may be usefully utilized to obtain toluene. Thus, unlike the
'Beparatiore preserited dydyaient Literatore, §dtdsubitivecessaryotsfhration of
additionally mix useful toluene having many other uses. Further, since the
ispigpbribnatempeactic o fliglnecanthgiecpadsstiog A Acsidasan step
between benzene generated by deethylation of ethylbenzene and xylﬁge,

RN aERshs & htheutdd drtig ARVl BscHBEL S e s s UL
SRR s B SRR A e PR A e
Sylenelosg s fecraased s A0 be Satatrslystst HihaPrecasielthe
present invention is an acid type

[0028]

That is, according to the present invention, when carrying out the deethylation
reaction of ethylbenzene in the feedstocks supplied to the deethylation step,
deethylation reaction of the ethyltoluene contained in the supplied feedstocks
containing C9 and C10 aromatic hydrocarbons is simultaneously carried out to
convert it to toluene, the ethyltoluene may be usefully utilized to obtain toluene.
Thus, unlike the prior art represented by Patent Literature 3, it is not necessary to
additionally mix useful toluene having many other uses. Further, since the
disproportionation reaction of xylene and the tra;lsalkylation reaction between
benzene generated by deethylation of ethylbenzene and xylene, which reactions are
the causes of the above-described xylene loss, are equilibrium reactions, these side
reactions are reduced by the existence of toluene obtained in the deethylation of
ethyltoluene, so that the xylene loss is decreased.

[0029]

The catalyst used in the process of the present invention is an acid type
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14 catalyst obtained by doping a solid acid with a prescribed metal(s)
described below. As the solid acid, acid type zeolites are exemplified.
Among the acid type zeolites, those Which may be used in the present
invention include pentasil zeolites such as the pentasil (MFI type) zeolite
having pores of 10-membered oxygen ring (for example, 5 see Example 1

QhRROEE A @b IRBIAR B3R ad Example di8nuRaea s PR B clow.

10064). As the zeolite, either naturally occurring zeolites or synthetic

Zedlitesidayiheemplpyechiand syrthetisizhaliteaiengrefewdd tHuchdlites,
pentasil zeolite per se as well as its production process is well-known,

thnet arheclampidofithe syifithptisqmicossstiis codortentedcrivbicinstiod as the
Examples below. The catalytic performance of 10 zeolites varies
mwriﬁk@bwwé@@ﬂﬁﬁé@%ﬂ P@éﬁ%@f&lﬂz*@ﬁ”ﬂ‘?@%@%ﬁhﬁﬁ& HHY18KFaRE:

B B S s B R O S e
Strucf'”mg}ﬁé“‘éo%{réaé of R.FARIIR MAHES 9&%@1»[ 2 Pe0ERAING O RE may

re of the zeolité or example, in case’of a synthetic pentasil

geohis e predared SllcA/wR na m@ﬂarré@tlo sndi0 49 FRadNOte IEeierablys

20 to 55. This malar ratio maybe attained by controlling the ratio of the
sethponeptsdubimmsynthesizing tHenzeoliter Furthennple reiaviggthetic process
aluminum constituting the zeolite structure with an aqueous acid solution
isuchasthlydioshibeit Rokadikonplith efealumirhsraattzlsting fagaatsueh as
eth lenediaminetetraacetic acid (EDTA), the silica/alumina molar ratio

Al Viire AeRenBnoR e SO By LR ELTh G SBIE Sk itk it i alBtdna molar

9'&@@% 315 29uion, Adueou sodum aluminals; sqluion L e ke, i
3be INtro ed Iinto the ZEO e Stru ure ecrease

;él&@ﬁléaggﬂa@%qgﬁg tatia of the zeolite to attain the preferred 25

silica/alumina molar ratio. The silica/alumina molar ratio may be easily
mined by atomic absorption spectrometry, fluorescent X-ray
diffraction method, ICP (inductively coupled plasma) spectrometry or the
like. The preferred range of the silica/alumina molar ratio of the zeolite varies also
depending on the structure of the zeolite. For example, in case of a synthetic
pentasil zeolite, the preferred silica/alumina molar ratio is 10 to 70, more preferably
20to 55. This molar ratie may be attained by controlling the ratio of the
components when synthesizing the zeolite. Further, by removing aluminum
constituting the zeolite structure with an aqueous acid solution such as hydrochloric
acid or with an aluminum-chelating agent such as ethylenediaminetetraacetic acid
(EDTA), the silica/alumina molar ratio may be increased. Conversely, by treating
the zeolite with aqueous aluminum nitrate solution, aqueous sodium aluminate
solution or the like, aluminum may be introduced into the zeolite structure to
decrease the silica/alumina molar ratio of the zeolite to attain the preferred
silica/alumina molar ratio. The silica/alumina molar ratio may be easily determined

by atomic absorption spectrometry, fluorescent X-ray diffraction method, ICP

(inductively coupled plasma) spectrometry or the like.
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15 [0031] Since the synthetic zeolites are generally in the form of powder,
it is preferred to mold the zeolite. Examples of the molding methods
include compression molding method 3roll molding method and extrusion
method. Among these 5 molding methods, extrusion method is preferred.
In the extrusion method, a hinder(s) such as alumina sol, alumina gel,
tgnite and/or kaolin, as well as a surfactant(s) such as sodium
dodecylbenzene sulfonate, Span (trademark) and/or Tween (trademark),

is(are) sidelechasyiafeiiedeat @smaldingit(s) aaddaeateshwiih ithepreferred

powder. 10 [0032] As required, a machine such as a kneader is used.
Burbierfidepehdting brathplemefabis)td deguidd do thd witatystrasmietal
oxide(s) such as alumina, titania and/or the like is(are) added when
PG sEedoire raakidnedselng ardsurtsianarieal(s\axriedpiethe
catglyst and/or to promote digpersion. The kneaded prodyct is 15
ST gins S LB PSR CEBI RextlIdEF 1 G4 THRTGe dded
ro Xtru hr reen is in the form of noodle. The size of
B S PR S A S R R IS

fiERQhMNG) SereeR b Gl ke flameiain RLeigrably: sepioysdndhe

molded. product in the form of noodle extruded through the screen may
preferabhdbedreatetwitaaidarmalirzar2Q (reldemaik]do 1edRdatfdheith
edges. The thus prepared molded product is preferably dried at 50C to
#sQowAfter drying, the molded product is preferably baked at 250C to
600C, more preferably at 350C to 600C. [0033] The thus prepared molded
}ﬁjct is then subjected to ion-exchange 25 treatment for giving solid

ﬁ]‘:wmgoﬁ'ét’g%@n %%e%nﬁg%ﬂg%hu%ﬂ E%Tagliﬂa%ﬂesﬁg%?e‘%{di%u!{%ﬁf'%%d S 1}%9%1 the

Product’is subjected 1o ion-exchange tréatment i
%\I%nggg% '349 Q&&BQ@H@&&W&QM&M%%%&) NEAS JzuiMnln“zbl @nia and/or
the like is(are) added when molding the zeolite to increase the amount of the metal(s)
carried by the catalyst zénd/or to promote dispersion. The kneaded product is
extruded through a screen.  Industriaily, an extruder is used. The kneaded product
extruded through a screen is in the form of noodle. The size of the molded product
is determined by the pore size of the screen. A pore size of the screen of 0.2 to
1.5mm diameter is preferably employved. The molded product in the form of noodle
extruded through the screen may preferably be treated with a Marumelyzer
(trademark) to round off the edges. The thus prepared molded product is preferably
dried at 50°C to 250°C.  After drying, the molded product is preferably baked at
250°C to 600°C, more preferably at 350°C to 600°C.
[0033]

The thus prepared molded product is then subjected to 1on-exchange

treatment for giving solid acidity. Examples of the method for giving solid acidity

include a method in which the molded product is subjected to ion-exchange treatment

with a compound(s) containing ammonium ion (e.g., NH4CI, NHsNO3, (NH4)S0;4
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16 and the like) to introduce NH4 ions into the ion-exchange sites in the
zeolite, and then the NH4 ions are exchanged with hydrogen. ions by
drying and baking the zeolite; and a ffethod in which hydrogen ions are
directly introduced into the ion-exchange sites of zeolite by treating the
zeolite with a compound(s) containing an acid (e.g., HCI, 5 HNO3, H3PO4

andiHha;likels %%@JE@ME@BH&QWQ%@@M%RQ@ Zeql .ﬁli?tﬁg%g-l'ﬁ%; Aethen

former method is preferred, that is, the zeolite is preferably treated with an
A NHR ins la-eahiaipsdg-gantidungd(s)o i teynativel ywnddid agidity reslyfiend
added by introducing divalent and/or trivalent metal ions into the
fonasivethanydishdy dfogaolites Exaliptds oftthdudindilant inetahioxcimuigelsites
Mgt+, Ca3+, Sri+and Bat+, 10 Examples of the trivalent metal ion include

phrAs YHRB ISt AestRA s e B cUERUAAE He RS TR AT 67t dn HCL
ich ival ar triyal tal | introd d th

et s T e e 5 B rel T A oo,

dirasthy intadice g}gggﬁ@fm&@&%ﬂé%&qmp3}@@%&%@&9&%@%@{faaﬂon

may be more pre in some cases. The ion-exchange treatment Is
sRrHeH outibY-8ohbatet prgrasria) 2 flowemeiRed inoNbichidhe GRKFIBE added
such as zeolite is treated with a solution containing the ions, usually with
ayiagqudotiagdiutiont ditor edtaient niemiperatine ihe simbydhehyeeiaoam
temperature and 100C. [0034] After the ion-exchange treatment, at Ieg;st
oitdinetdivsisdes o fildmdinelgibsta 0ceonsisdadvbes themetdls BaibRging
to Group VIl and. Group VIl is carried, By making H2 exist in the catalytic,,

FeRBHdR S I e BY AR (S BEE ARG R TR 5 ARd-Sctive

m%}%‘éﬁ% deterjoration afiihe caia étd‘%’% eH{“%é‘Poa%{E’\%xé’ﬁl- }’%%f?-ns are
referred examples of the hydrogenating active metal include platinum,

pailadium shemiumeand thedisen Theddalerrad ameuntfther '&elt@lﬂfg é%% ions

carried '25 varies depending on the metal. For example, in case of
platiinlytherpieted etk abraumn sy 000030 D Yidy, weights cerBination may
preferably 0.01 to 0.3% by weight. In case of palladium, the preferred
heoors psede05dongipyoassiyht. Tihedaseepfhange treatment is carried out by a
batch process or a flow method in which the carrier such as zeolite is treated with a
solution containing the ions, usually with an aqueous solution. The treatment
temperature is usually between room temperature and 100°C.

[0034]

After the ion-exchange treatment, at least one metal selected from the group
consisting of the metals belonging to Group VII and Group VIII is carried. By
making H; exist in the catalytic reaction system and by making the catalyst carry a
hydrogenating active metal(s), deterioration of the catalyst with time may be
prevented. Preferred examples of the hydrogenating active metal include platinun,
palladium, rhenium and the like. The preferred amount of the metal to be carried
varies depending on the metal. For example, in case of platinum, the preferred

amount is 0.005 to 0.5% by weight, more preferably 0.01 to 0.3% by weight. In

case of palladium, the preferred amount is 0.05 to 1% by weight. In case of
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17 rhenium, the preferred amount is 0.01 to 5.0% by weight, more
preferably 0.1 to 2% by weight. A large amount of the carried
hydrogenating metal is not preferred Wecause aromatic hydrocarbons are
nuclear-hydrogenated. On the other hand, if the amount of the carried
hydrogenating metal is too small, the supply of hydrogen in the 5

Hesthvatien reasiandsonat auilieiants 34 t\ﬂ&%ﬁig&%@ nRisatalystiso 2%
brought about. Thus, the type of the metal(s) to be selected and
sowdhijnation thege aasdvell tiasciie ahounicehthiagnetad(s} sboptdibeed
appropriately adjusted depending on the target performance. The method
Heravaergingithie hydtal{@boosmprises rmnisrbimgetheedcat@lyshinoghsohuich if the
usually aq#eous_ solution, containing at least one of platinum, 10

AR O ha SarFIRE RO pRIHB T BIRIBb ISy CahtdiRitip Blamh (hflrogen in the
ent, chloroplatinic acid, ium chloroplati d/ar the |i

A R b e

a{%%L}l%d'uﬁnﬁc?ﬁ%%Qgﬁgﬁ%ﬁ%?%t%ag@@@%@d Qﬁﬁ%%%mm%iﬂ%reoﬂ as well

palladium nitrate dn ay be employed. As the compound(s)
LRI NS ERMPPORMINEY ERpRIG eisly b asn R Rdperhenate
and/or the like may be employed. [0035] The thus prepared catalyst is
targerabplyrdriadeat S0E toclbTdocnotitestd hanaBl)rinutescantigrsing the
preferably baked at 350C to 600C for not less than 30 minutes before
wsdy 200036 i thievsditaRitc O oy peosf eatsiysnmalieistipssd! platinum,
individually, or two or more_ types of catalyst may, be used in combination.

PeDAF P LA PR e a SRS AY B E SR B SR Y T ELRpB G
ahove (”
BIf

ay. be .25 carried out.hy various reaction ations whi %) e
Rl R o S A LR e, M

AxefsRedRIIGEES MNP RIAGES S AR IidiZath BReh RIQGRSS palladium

Among théese processes, fixed-bed process is especially
acetylacetonate, palladium chloride, patladium nitrate and/or the like may be

employed. As the compound(s) containing rhenium component, perrhenic acid,
ammonium perrhenate and/or the like may be employed.
[0035]

The thus prepared catalyst is preferably dried at 50°C to 250°C for not less
than 30 minutes, and is preferably baked at 350°C to 600°C for not less than 30
minutes before use.
{0036]

As the catalyst, one type of catalyst may be used individually, or two or more
types of catalyst may be used in combination.
[0037]

The catalytic reaction using the catalyst prepared as described above may be
carried out by various reaction operations which per se are well-known in the art.
The reaction may be carried out by any of fixed-bed process, moving bed process and

fluidized bed process. Among these processes, fixed-bed process is especially
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18 preferred because of ease of operation. In these reaction processes,

the catalyst may be used under the following reaction conditions: That is,
the reaction temperature is NOT to 508C, preferably 250C to 450C. The
reaction pressure is from atmospheric pressure to 10 MPa, preferably 0.3

to 2 MPa. The weight hourly 5 spatial velocity (WHSV) which expresses
therGoniaritme it ude o33k prefarably QA48:20:0RksT iR ©agiNnay

is carried out in the presence of H2, and the molar ratio of I-12 to the feed

Biliscd. Dileel G RiIvRinpreiRiall daBiteyhs0 Maldniel thtkremayhe-madettee is
exist in the reaction system by introducing hydrogen gas into the reaction
Byetenn THE Ceedebitanby266° D tihe Kidie of bithexrdiguigosyasi10{e038]

The ethyltoluene which is made to be contained in the feed oil may be any

ympseheyitoniessarnteibh i eriand pletigibiéne, dhmayiBB! AHkiure
of the isomers. The tota] amount of these ethyltoluenes. contained,in th
JRaR, Vﬁ%ﬁ&yiéwﬁg?@é{fh%%?&gsmﬁaef%n WRSHE %?%%? ‘réﬁﬁf%mbiy

8%%'5326&!1 ﬁfn‘.?’ %[‘RX yggégrg&.%‘r) aSI'E”Iye(Iin S iH&%‘:-:er?ebsl H00L eSS té@] ?g/%ag}/ar
weight. As for thé upper |mltt e amount is usually pre erfed to be not

MBS 0% RYWEIGRE SRreReieRAlYROkMBRe | han sl % hweight,

As mentioned above, since the C8 aromatic hydrocarbons obtained from
maphhahyerefeniing theatmenhoyiaationah distilatiohehoingas into the
ethyltoluene, this ethyltoluene may be used as it is. Therefore, installation
ol Oydistilatidhetdwed ibmanbovingbigiptd ofiieighephypdhenesiswhich
was necessary in the conventional processes, may be omitted. [0039]
ﬁqf\)é@thyltoluene may be made to be contained by adding ethyltoluene to

e oot SRl st et o et BRt o

, O a mixture o

%g%f%gb‘ﬁgﬁe?%% EB%%%%AQ BramAIu I acAhans.MaY Rk added to

d material. [004
isomers. The total amount of these ethyltoluenes contained in the feed material is

preferably not less than 1% by weight, more preferably not less than 3% by weight,
still more preferably not less than 5% by weight.  As for the upper limit, the amount
is usually preferred to be not more than 20% by weight, more preferably not more
than 15% by weight. As mentioned above, since the C8 aromatic hydrocarbons
obtained from naphtha by reforming treatment or fractional distillation contain
ethyltoluene, this ethyltoluene may be used as it is.  Therefore, installation of the
distillation tower for removing high boiling components, which was necessary in the
conventional processes, may be omitted.

{0039}

The ethyltoluene may be made to be contained by adding ethyltoluene to the
feedstocks. In cases where ethyltoluene is added to the feedstocks, the ethyltoluene
may be added individually, or a mixture of ethyltoluene and other C9-C10 aromatic
hydrocarbons may be added to the feed material.

[0040]
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19 By the process according to the present invention which uses the
above described acid type catalyst, since the ethyltoluene contained in the
feedstocks may be deethylated at a d8gree of conversion of not less than
50% by weight, in a more preferred mode, at not less than 70% by
weight, and in an especially preferred mode, 5 at not less than 80% by
weightp Mieh 1olenSHSRLTRY thegrduatianatnienadosse MRY ffve.
obtained even if a feedstocks having a low ethyltoluene concentration is
disedbd@adill] thpethen] e derzenehypoogiiceshhyiiel dealksytatitmcks may
reaction of ethylbenzene is usually purified by distillation separation and
pydexthatiion gfapdeatisrofochvasitd shilfotdnss shep SHtoverighicasesnore
where the above-described acid tgpe catalyst is used, since the

Rjefaredisrrde rdmeirsisdhaciinbbharigkiuendiy gpdeprstahepreferred mode,
methylcyclopentane, n-hexane and the like, which have boiling points
e e G R R e S B MR bRl g jos

B B D R BT v

[@qq@}ion for estimating the purity of the benzene as a final product
separated from the generated reaction product liquid composition by
distillatiartlisr, fae exarapdehgostudeddbintddAaBO0R: 604246 owhithlisibenzene
described below. In the 20 present invention, the term "purity of benzene"
iresnd thaplind bofdetiliaing catotdtitataby thisdepmiorstprrsvmatidyathe
purity of benzene as a final product. [0043] Estimated Purity of Final .
%@%8? B@ﬁzeﬁé@%fﬂﬁéﬂ?éﬁéewhwn%ﬁéﬁwa-ﬂsi%‘mé[ﬁgﬁimCa*»'aiyst is

concentaiin) - 100009). 25 wherefna o d epresert e folguing; -

G fh-Ce Paratiin concentraton] b= Wl fme%yicyclopesﬁtane ’
ﬁ%ﬂﬁﬁ@@é@éﬂtane, n-hexane and the like, which have boiling points relatively close
to that of benzene and so are difficult to be separated by distillation is small, benzene
with a hi:gh purity may be obtained only by distillation separation omitting the
extraction treatment.

[0042]

An equation for estimating the purity of the benzene as a final product
separated from the generated reaction product liquid composition by distillation is,
for example, described in JP-A-2002-504946, which is described below.  In the
present invention, the term "purity of benzene" means the purity of benzene
calculated by this equation for estimating the purity of benzene as a final product.
[0043]

Estimated Purity of Final product Benzene = ([benzene
concenfration]/a+b+c+d-+[benzene concentration]) * 100(%))
wherein a to d represent the following:

a=0.1* [»-C6 paraffin concentration]

b= 0.7 * [methylcyclopentane concentration|
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20 c =1.0 * [cyclohexane concentration] d = 1.0 * [C7 naphthene paraffin
concentration] [0044] In cases where rhenium is used as the metal to be
contained in the acid type 5 catalyst,?é]nce the hydrogenation ability
thereof is relatively mild and so the loss of aromatic compounds due to
the decomposition by nuclear hydrogenation is small, generation of the

@bqve-dpselhedimpuilieahaap the boiling points relatively close to
that of benzene is small. Asa result, the estimated purity of the final

Pprotlict pehzapktismopiesSitham@@dwy weight. Thus, the benzene is
obtained as 10 a product of chemical grade by the distillation separation.
WWithdlut a further purification such as extraction step. On the other hand,
the toluene generated by the dealkylation reaction of ethyltoluene is.

recovefeth sy dilillatioiopeiatsr ahdhiagabe Rsefaniisdd s atsibe bt
li I . ial f ing. b b

e T R R e TR Ry the o

&HNbR olﬁlﬁgﬁ\égr&?%godgg&ﬁﬁggt%m{ 89'%{@9&9%&?%9@%%%08 és small,

above-described conversion process of ethylbenzene usi

aimalin hydrecalendarxesk fepasineks kantaining.ethylbsmzere@ndely

xylene, but also xylene may be isomerized (the step of converting
athylhethzené tenhenz ermralid 20dsametizihg xylieneds pefarredte dsal
"deethylation/xylene-isomerization step" or "first
Riedusykensene/ie netiksmbaz ot stepvedhthis T v detibanpeodiepiiained as
which not E%y the degﬁe of conversion of ethylbenzene is high, but also

s ical grae s SHUAHER SERALEIR SHHYNSA SRS From this

rﬁr"’}ﬁ%%ﬁ‘oﬁ’{g& CLPXYISNR Y be b%ﬁ'er?&geir ads %r%?ffnné’f e Jﬁgﬁb the
rom the reaction product maybe 25 carried out by’the me ods whic per

SERIEWSH-HAEN, [PLaxamRIScaY the eragRnisaaRasatigR AtasSaIRtve,

separation utilizing the difference in degree of” adsorption by zeolite
rdsaiiRtused as a base of gasoline, a solvent or as a material for producing

benzene by disproportionation step.
[0045]

By the present invention, not only the ethylbenzene is converted to benzene
by carrying out the above-described conversion process of ethylbenzene using the C8§
aromatic hydrocarbon mixed feedstocks containing ethylbenzene and xylene, but also
xylene may be isomerized (the step of converting ethylbenzene to benzene and
isomerizing xylene is referred to as "deethylation/xylene-isomerization step” or "first
deethylation/xylene-isomerization step". By this, a reaction product in which not
only the degree of conversion of ethylbenzene is high, but also the xylenc loss is
small may be obtained. By separating p-xylene from this reaction product, p-xylene
may be obtained. The separation of p-xylene from the reaction product may be
carried out by the methods which per se are well-known, for example, by the
cryogenic separation or adsorptive separation utilizing the difference in degree of

adsorption by zeolite adsorbent.



W

10

15

20

25

21 [0046] Further, in the present invention, raffinate xylene which is a
separation residue after separation ofp-xylene as described above, which
has a lowp-xylene concentration mayzlbe subjected to isomerization of
xylene by providing a second 5 xylene-isomerization step. The method for
isomerization conducted in this second xylene-isomerization step is not
[esta¢ted, and the isomerization of xylene may be carried out by an
ordinary process, or may be carried out by a step similar to the
above-Beseribadtldgetiytioniteneaifomenzatianehed iFieapihgion
reaction product obtained in this second xylene-isomerization step,

il imayseasepattedy koagailssTHedebomd rekidubaaftdosepardtion
ofp-xylene maybe recycled by mixing it with the C8 aromatic hydrocarbon
ARG FAE B_ IR DS U BIRSEE b erEmSTiZaEEth ) by BRI kTSR A2 et
step, or may recycled by heing supplied to the .second L
A Shop GG BT AL Ao s bpcond
RN, (K00 B0 SERAPHONISAIEH AHIPD EXElf e 00 %ﬂé}%%é;ﬂ be
the present invention, p-xylene may be produced by conducting the
eleetyiaie xyleRensepritealion siepUn WhILR sthybentgneiisiaenyerted
and xylene is isomerized, using a C8 aromatic hydrocarbon mixed
ibedstdeksibedtainitiylethylkerensand xatenaaphichFrom the reaction
deethylation/xylene-isomerization step is similar to 20 the

BlseveL gbEErp infifes dewsthy ratlengxiplenetisuinenction slepe may be separated
separatingp-xylene from the obtained reaction product, and by recycling.
88 Pesid(le SHtePSEpatHa G By BARNORY e Y (R fgeycled by mixing it
above-described deethylation/xylene-isomerization step. This process
B R e R e

BXMISRE SNAY RESERA A I RIAR DL MR IBR GBI matic.Bydracarhen

- mixed 25 feedstocks containing e 'ﬁyltoluene obtained omitting the

sistiiatigncseparationafdhecpighhbiingitompanantsiihadhe Rifinaten,
xylene after separatingp-xylene, transferring the mixture to the :
syestye-feomiegizatiopasteprin swhichzthimabpve”.

[0047]

Further, in the present invention, p-xylene may be produced by conducting the
deethylation/xylene-isomerization step in which ethylbenzene is converted and
xylene is isomerized, using a C8 aromatic hydrocarbon mixed feedstocks containing
ethylbenzene and xylene, which deethylation/xylene-isomerization step is similar to
the above-described first deethylation/xylene-isomerization step, separating p-xylene
from the obtained reaction product, and by recycling the residue after separation by
supplying the residue to the above-described deethylation/xylene-isomerization step.
This process may also be utilized in the above-described direct feed process. That
is, p-xvlene may be separated again by mixing the C8 aromatic hydrocarbon mixed
feedstocks containing ethyltoluene obtained omitting the distillation separation of the

high boiling components with the raffinate xylene after separating p-xyiene,

transferring the mixture to the xylene-isomerization step in which the above-
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22 described acid type catalyst is introduced to deethylate the
ethylbenzene and to isomerize the xylene, and by separating p-xylene
again from the thus obtained reactio@$roduct. That is, in cases where the
above-described acid type catalyst is introduced in the isomerization step,
the high boiling components-distillation 5 separation step 14 may be
Quifiedd %&&g}ée%b‘?ﬂﬁ@&é‘iﬁ%ﬁﬁ@é&i% diagrami ot Laaballest i8ado
method. [0048] In cases where the above-described first
depthyatinaRieRe-se Mesaliam SeRy BnyAentr sepRadasieRandithe
second xylene-isomerizing step are carried out, 10 and in cases where
ttretisegardtion-isbimeriz atioms ey etelis thurthervadtted thet etad iyiscpreférsed
to provide a bypass line such as a bypass line 23 of deethylation/xylene-
isspsesediio heteprag wabWnSerigiehiathelhng fomprediscint Baidpment
for conducting these steps. [0049]. 15 This is because that even when the
SRR LA L ACHE 6 T dBdt for BRI R AL e
&g@gmgég%l&xos&utdown, it is not necessary to stop the entire subsequent
separation-isomerization cycle" by changing the supply route of the C8
fH@i}??tiC hydrocarbon mixed feedstocks to the route through the bypass
ine, so that the decrease in the production ofp-xylene may be reduced as

small ag 23 @oshiehk uibes,dascabes fivkedednel above dasciloattrization
deethylationlxylene- isomerization step is used as the

stytemexigonsestrativinstepp sintththeconverkioe-sbrethiylivgrsremare carried out,
contained in the C8 aromatic hydrocarbon mixed feedstocks is »
Fithinsiss ndis e dheUtRd 2Bty IBERSHRE RSB chrétietasdadfcto. itis
degree fgf con\zgrsi n in spite of the faelﬁg thatstlfle ﬁfgtof deethvlation/svlenc
HEHY At RARYIER & Teia riZsiion S8 1585 dritted, Arid oréover since
heensloss issuahand isamesiaatonofsdansamag e aairiad it

the influence by the omission of the first deethylation/xyléne- isomerization
steRunaLIBEedugad as small as possible.

[0049]

This is because that even when the deethylation reaction step is stopped for
periodic maintenance or stopped by emergency shutdown, it is not necessary to stop
the entire subsequent "separation-isomerization cycle" by changing the supply route
of the C8 aromatic hydrocarbon mixed feedstocks to the route through the bypass line,
so that the decrease in the production of p-xylene may be reduced as small as
possible. Further, in cases where the above-described deethylation/xylene-
isomerization step is used as the xylene-isomerization step, since the conversion of
ethylbenzene contained in the C8 aromatic hydrocarbon mixed feedstocks is
simultaneously conducted, ethylbenzene may be converted at a high degree of
conversion in spite of the fact that the first deethylation/xylene-isomerization step is
omitted, and morecover, since the xylene loss is small and isomerization of xylene

may be carried out, the influence by the omission of the first deethylation/xylene-

isomerization step may be reduced as small as possible.
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23 Examples [0050] 1. Synthesis of Pentasil Zeolite In 698.6 g of water,
54.2 g of aqueous sodium hydroxide sglution (NaOH 5 content: 48.0% by
weight, H20 content: 52.0% by Weigh%,3Toagosei Co., Ltd.) and 16.6 g of
tartaric acid powder (tartaric acid content: 99.7% by weight, H20 content:
0.3% by weight, CaHC Co., Ltd.) were dissolved. To this solution, 9.9 g of
Eqgitipiesaluminate solution (A1203 content: 13.4% by weight, Na20
content: 13.8% by weight, H20 content: 43.9% by weight, Sumitomo
©hrefjical Co., Ltd.) was added and the 10 mixture was made to be a

uniform solution. To this mixed solution, 111.5 g of hydrated silisic acid
Isio2 evtbeitsgd HogtasiisJHE A1203 content: 2.4% by weight, Na20

:1.6%Db ight, Ni VN-3, Nihan Silica Co., Ltd,) v lowl
o o %%rtes ' Sé'za&aa%%ﬁé?gﬁeﬁgﬁ AT ORAR
iform ,sl -.The. iti i tio), of thi i |
S R R e s B S, R W e
1%.54, (¥ daatcatidsaild: RRRIQE123400052} The m@@{g@w@emz

was placed in a 1000 ml-autoclave and the autoclave was sealed,
fotipsdviay callomap thie [gadtiancad ARACvERL, 72rbabrsswithi st onpeast 2@ um
rpm. After the reaction, washing of the reaction product with distilled water
anasutts equéentfiltvationwene répdatdy Svtirplis N0 theriesulting’ plodweight,
was dried 25 overnight at about 120C.§£0053] Analysis of the obtained
PreStieiee ith EhoXeraY UFRE IS &thertisiH] @ u L1d.) was added and the

mixture was made to be a uniform solution. To this mixed solution, 111.5 g of
hydrated silisic acid (810, content: 89.4% by weight, Al,O; content: 2.4% by weight,
Na,O content: 1.6% by weight, Nipseal VN-3, Nihon Silica Co., Ltd.) was slowly
added with stirring to prepare an aqueous reaction mixture in the forn: of uniform
slurry, The composition ratio (molar ratio) of this reaction mixture was as follows:
[0051]

S10:/ALOs: 77

OH/Si0; :0.3002

A/ALO; :5.14 (A: tartaric acid salt)

H,0/810,: 25

[0052]

The reaction mixture was placed in a 1000 ml-autoclave and the autoclave
was sealed, followed by allowing the reaction at 160°C for 72 hours with stirring at
250 rpm.  After the reaction, washing of the reaction product with distilled water
and subsequent filtration were repeated 5 times, and the resulting product was dried
overnight at about 120°C.

[0053]

Analysis of the obtained product with an X-ray diffraction apparatus using Cu
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24 vessel and Ka-ray revealed that the obtained product was a pentasil
zeolite. [0054] Fluorescent X-ray diffraction analysis of this pentasil
zeolite revealed that the silica/alumin@'molar ratio thereof was 49.0. 5
[0055] 2. Production of Catalyst (1) Production of Catalyst A (use of
Catalyst A is outside the scope of the present invention) To the thus

wHtesiz et pentasikzrRalle: iR MR O v teprsefithe 110

absolute dryness standard (calculated from the loss on ignition after
[kl at 500C for 20 minutes), hydrated alumina (produced by
Sumitomo Chemical Co., Ltd..) having pseudoboehmite structure in an

amourfti8PBOcg ThXeraisibfasd b avnlitals gy hes patasd ae9 ih wolg bthat the
alumjna sol (A1203 content: 10% by weight, produced by Nissan
sﬂlﬁc@rﬁ ‘H?d@é’%&gﬁaﬁ Five éfvﬁﬁlgérﬁ) and the mixture was sufficiently 15

@Wﬁ% , followed by drying the mixture in a dryer at 120C until the mixture
ecame a liquid in the form of clay. The obtained kneaded mixture was

extruded hiaugh.g (SgEggp having a pore diameter of 1.2 mm. The
extruded molded product was dried overnight at 120C. Thereafter, the

temperatutecvias glouyl vaiseduliont 8afiG 40 ASAQGsad ibe eduiCthy@sesent
baked at 540C for 2 hours. Twenty grams of this 20 molded product of
pentasihzeolite was placed in an aqueous solution containing 11 parts by
weight of NH4C1 and 5 parts by weight of CaCl2 per 1.00 parts by weight,

under fethp S8Is Y HRATESY satdldcol i serasrsditd mbidagns of the
t, and the_ sqlid-liquid rati djysted ta 2.0, kg/L with p o

Rl et SR SR HE IRhTe LBE KT RO g0
: 4 i ise- The,

R e AN D S s e s ey

RYEHIGRt @lh2ekm Belana using theapesuctin @ Catalylis deaetianothe

catalyst was treated with hydrogen sulfide gas flow at 250C for 2 hours,
dryness standard, and 60 g of alumina sol (Al,O3 content: 10% by weight, produced

by Nissan Chemical Industr{és, Ltd.) were added and the mixture was sufficiently
mixed, followed by drying the mixture in a dryer at 120°C until the mixture became a
liquid in the form of clay. The obtained kneaded mixture was extruded through a
screen having a pore diameter of 1.2 mm. The extruded molded product was dried
overnight at 120°C.  Thereafter, the temperature was slowly raised from 350°C to
540°C, and the product was baked at 540°C for 2 hours. Twenty grams of this
molded product of pentasil zeolite was placed in an aqueous solution containing 11
parts by weight of NHsCl and 5 parts by weight of CaCl; per 100 parts by weight,
under the absolute dryness standard, of the pentasil zeolite molded product, and the
solid-liquid ratio was adjusted to 2.0 kg/L with pure water, followed by incubating
the mixture at 80°C for 1 hour. The molded product was then washed 6 times with
pure water batchwise. The thus obtained ion-exchanged pentasil zeolite molded
product was dried overnight at 120°C.  Before using the product in a catalytic

reaction, the catalyst was treated with hydrogen sulfide gas flow at 250°C for 2 hours,
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25 and then baked at 540C for 2 hours in the air to obtain Catalyst A.
[0056] (2) Production of Catalyst B A molded product containing pentasil
(MFI) zeolite was produced and ion 5%8xchange with ammonium ions and
calcium ions was carried out in the same manner as in the production of
Catalyst A. Twenty grains of the ion-exchanged and dried pentasil zeolite

ANQ'GRd pLRAYGE MPTIRG FRRXENANAEIES JmaIfTERd AR Ml of an

agueous solution of perrhenic acid containing 80 mg of Re in terms of Re
[@osEgm temperature, and the resulting mixture was left to stand for 2

hours. The mixture 10 was stirred at intervals of every 30 minutes, and

@fter dFairingtioguid (el prioduct was dried overnight at 120C. Before

using the product in a catalytic reaction, the catalyst was treated with
hydrogtinslifd@gsssicnatinsaaesinihddis) aselilser privdacst sadaon-
for 2 hours in the air.to optain Catglyst B. Analysis of the Re carried in
SRR By FEP GBI BHEHR RVGAIRIat SR BIBUAP bR e dgenner

%51112 g%ogpf&ﬁgg%awg%g%‘gg?ws W%ﬁfyggg%] cl)':f)% QB;%elxbg%ggc?erﬁgvcﬁied

xampl ove cribed Cataly and B were pac n

PEAGUAN IHRESH SRRRERIVEN. AR RaRHON SRS W PEHRINEN Hd8n! of an

compositions of the 4 types of 20 feed materials used are shown in Table

dqbelawsdbhecandlysishehibatd mpasitions dhife feed meaterals ana e m
reaction products were carried out using 3 gas chromatography
apparatuse sehiip ped i mikipdeoyen!ffinvestiatb too g Ths sepacaniorture
columns were as follows: [0058] 25 (1) Gas components_ (components

frohiHRsthanS &3l Giaetin YRy WS aftih 2l fEK S g PRy product was
%'%)%]g?gf? eﬁqhﬁfﬂldgen rg% Oef@o&g)s}'%}% %%Spsrc? u%l; i!le A %gclalff"urg .tei:ggt%n, the
catalyst was treated with hydrogen sulfide gas flow at 250°C for 2 hours, and then
baked at 540°C for 2 hours in the air to obtain Catalyst B.  Analysis of the Re
carried in Catalyst B by ICP spectrometry revealed that the anioum of the Re was
2010 ppm by weight in terms of Re.
[0057]
Example 1, Comparative Example 1

The above-described Catalysts A and B were packed in reaction tubes,
respectively, and reaction tests were performed.  The compositions of the 4 types of
feed materials used are shown in Table 1 below. The analysis of the compositions
of the feed materials and the reaction products were carried out using 3 gas
chrorﬁatography apparatuses equipped with a hydrogen flame detector.  The
separation columns were as follows:
[0058]
(1) Gas components {components from methane to n-butane in gas):
Medium: Unipak S (trademark), 100-150 mesh

Column: made of stainless steel; length: 4 m; inner diameter: 3 mm
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26 N2: 1.65kg/cm2-G Temperature: 80C [0059] (2) Components in liquid,
with boiling points close to that of benzene (from 5 methane to n-butane
dissolved in the liquid and from 2-me#fyl-butane to benzene which are
liquid components): Medium: 25% polyethylene glycol 20M/carrier
"Shimalite” 60-80 mesh Column: made of stainless steel; length: 12 m;
nergdigingfers3 mm N2:2.25kg/em2-G 10 Temperature: from 68C to
180C at a raising rate of 2C/min [0060] (3) Components with higher
‘batingpeistgthan liquid benzene (from benzene to heavy end
components) Spelco wax fused silica capillary: length: 60 m; inner
[@id¥fgter: 0.32 mm; film 15 thickness: 0.5.tm He linear velocity: 23
cm/sec. Temperature; from 67C at a raising rate of 1C/min, and from 80C

(@ 200ECR OIS k&w%m@/hﬂﬂiq@%&rﬁ 2@818&9@@ clorpeia SR
%@H“gf S O P e Uy

hg 6@1 4q&ié‘§bdfn%%hle1ﬁ9)‘:8 51.5 0X 19,7 19.4 18.8 18.2 25.0 ET 0.0 LO

Medium: 25% polyethylene glycol 20M/carrier "Shimalite” 60-80 mesh

Column: made of stainless steel; length: 12 m; inner diameter: 3 mm

N:2.25kg/em*-G

Temperature: from 68°C to 180°C at a raising rate of 2°C/min

[0060]

(3} Components with higher boiling points than liquid benzene (from benzene to

heavy end components)

Spelco wax fused silica capillary: length: 60 m; inner diameter: 0.32 mm; film

thickness: 0.5 um

He lincar velocity: 23 cn/sec.

Temperature: from 67°C at a raising rate of 1°C/min, and from 80°C to 200°C at a

raising rate of 2°C/min.

[0061]
Table 1
Compositions of Feed Materials (Unit:% by weight)
Material A | Material B | Material C | Material D | Material E
EB 16.2 16.0 15.5 15.0 6.5
PX 20.0 19.7 19.1 18.5 | 4.8
MX 441 434 42.1 40.8 51.5
0X 19.7 19.4 18.8 18.2 25.0
ET 0.0 1.0 3.0 5.0 4.8
Other CO9+ 0.0 0.5 1.5 2.5 7.4
Total 100.0 100.0 100.0 100.0 100.0
[0062]

"ER" denotes ethylbenzene, "PX" denotes p-xylene, "MX" denotes m-xylene,
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Other C9+ 0.00.51.52.57.4 Total 100.0 100.0 100.0 100.0 0001,
[0062] "EB" denotes ethylbenzene, "PX" denotes p-xylene, "MX" denotes
m-xylene, 27 "OX" denotes o-xyleneZdnd "ET" denotes ethyltoluene.
"C9+" denotes compounds having not less than 9 carbon atoms.
Materials A to D are simulations of the feedstocks to he supplied to the

'deethidatien siepdeions the 'wRpaialianyIremaHZatien': cyrieyMatarablnds
is a simulation of C8 aromatic hydrocarbon mixed 5 feedstocks containing

letiylialuehkesahanch mparmashavindnetiesa thad Sreathaiktatoms fog the
direct feed process. [0063] In a reaction tube, 7.5 g of Catalyst A or
featsdhydtsBotas peidketiatis e b stendégr iibbuddad siigamémallowed to
react under the following conditions: 10 [0064] Reaction Conditions:

ioRISVAeN: 472 RealiBRrirE et AHORETEIR 405 Fearndh hwé&caraon mixed
(USR03 5 Er s oine) 300 T este e
atoms for the direct feed process.

[0063]

In a reaction tube, 7.5 g of Catalyst A or Catalyst B was packed and the
above-described feed oils were allowed to react under the following conditions:
[0064]

Reaction Conditions:
WHSV(hr''): 4.2

Reaction Temperature (°C): 405
Reaction Pressure (MPa): 0.9
Hy/Feed (mol/mol}): 3.5

[0065]

Test results are shown in Table 2.



Z —
o0 M
8O
D! O

@)
=5 w =
) )
o m S
Z yH ~
5zC
ooav
S "k 0 |
Z1+0
= . ) .
© > =i L6 696 896 0'96 886 pRIX (XO+XN+XJ)
%. ODoEk 018 808 ¢08 - - 14 JO UOISIOATIOD wo.oﬂcoﬂ

Q%U N 1upoxd uonoeal
M 02 % 1 4 £ 1'C | L0 Ur UOneNuaouod (MO L) Susn|o],
=) M w .w 01 90 0 10 00 10npoxd UOII0BAT UL UOTIRITUOU0D 13
30-k $'€C $'€T €T $€T §0T (XO+XW+Xd)/Xd
=< we 006 006 006 006 0°0$ (%) €I JO UOISI2AUOD JO 22X83(]
0bop  arEbERN 5 BN g [FHoEIN V PHoEN V eI PosTL [BLIaTR W Pas,]
S 3 U gsAer) ¢ 18A[e1BD g IsATEIR)) q 18A1e18) vV ISA[BIE)) pasn isATeIe)
0ol d g-1 opdwexy V-1 ajdurexy
3 m =~ H -1 odurexy -1 opdurexyg -1 ofdurexsy uﬁwmmmmﬁoo aanereduwon)
¢~u 5 w = ” 1 srdwexy I ojdwexy saneredwo))
> Z } qigem Aq 9, )
mVa >3 ¢ QlqeL
<°2 89 [9900]
S Ik
202 oI




10

15

20

25

BeiTfaati Betinaipr fteBs s Rirkg ety

29 [0067] From the results of Example 1, it can be seen that the yield of
xylene was increased by treating the feedstocks containing ethyltoluene
using the acid type zeolite catalyst ca%r?ying rhenium which is a
hydrogenating active metal. This is 5 thought to be because that toluene is
produced by dealkylation of ethyltoluene and this toluene inhibits the
[Pregdeding of the transalkylation reaction between xylene and benzene
(generated by deethylation of ethylbenzene), which is the side reaction
causinfrayidhe tessdisFurthemply dddicen BT tecththdedusyodi ik gleanvausnt
of 1 %, the yield was increased by 0.2% (comparison between
gy.hm%liﬁﬁwdb@ﬁfémﬁqhe

ield bri bout I ! ic effect in.the industrial Ctj
R 58 R e RS A R AL ool R tord B the
[ ' t aCli yoduct
B T A R B g anc

iighaencentiaianiefipruiens Jhuscihaanne 868N tbatihisnlRRICess S

very advantageous in the production ofp-xylene in the "separation-
isdrberizatigpéreyated ésprethlijaiivthef prthgeeswheraimatdontwde reaction
separation using a zeolite-based adsorbent is used in the

ey keedeation Stepefoaecafdingri tHe thedtsdsoConiparativeunt of 1%,
Example 1-A, when the catalyst (Catalyst A) 20 which did not carry a
RyarisEeNaHREeav Wl VESTBaUS IRt atioRaetiviy wriple 1-B

ethylbenzen d yltoluene was, low. [0069], Example 2 In the same
L R B B R S s
RagEIfRenias ZGRIIIG MR BYmeISe thin By BP{D%%&%?H? the

chloroplatinic acid. solution containing 4 mg of Pt in ferms of Pt at room
fernpecatyBat anddhemixtyiewas el te sland Jof grhursd TheHvixturgtiil

was stirred at intervals of

further, the reaction product obtained in Example | has a low concentration of
ethylbenzene and a high concentration of p—xyléhe. Thus, it can be seen that this
process is very advantageous in the production of p-xylene in the "separation-
isomerization" cycle, especially in the process wherein adsorptive separation using a
zeolite-based adsorbent is used in the p-xylene-separation step.

[0068]

From the results of Comparative Example 1-A, when the catalyst (Catalyst A)
which did not carry a hydrogenating active metal was used, the deethylation activity
of ethylbenzene and ethyltoluene was low.

[0069]
Example 2

In the same manner as in the production of Catalyst B, 20 g of the dried

molded product of pentasil zeolite was immersed in 40 ml of an aqueous

chloroplatinic acid solution containing 4 mg of Pt in terms of Pt at room temperature,

and the mixture was left to stand for 2 hours. The mixture was stirred at intervals of
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30 every 30 minutes, and after draining liquid, the product was dried
overnight at 120C. Before using the product in a catalytic reaction, the
catalyst was treated with hydrogen sélffide gas flow at 250C for 2 hours,
and then baked at 540C for 2 hours in the air to obtain Catalyst C.
Analysis of the Pt carried in Catalyst C by ICP 5 spectrometry revealed

thatsthe ameuat sfdheRtavasi 6% AR BY WeiEhtin 8RS o6 Bt 0 7Rl e,

a reaction tube, 7.5 g of Catalyst C was packed and the above-described.
Bidtesiakif Dhyvasdllawed dariBakt adesihe sammeconadliansad with
Example 1. 10 The results are shown in Table 3. [0071] Example 3 In 40
ImHofgn ajfide gs pAiiaditas ¢Klofide solutiomddheaihiigdiex (v o B thhours
terms of Pd, 20 g of the dried molded product of the pentasil zeolite which

Eoheainey asaerceidndigedAmahionivhhadd eardishinGadlymichbwHsP
dinth i t tB ' d.and th
s e B L Al e e B e By g o

every 30 minutes, and after draining liquid, the product was dried
overnight at 120C. Before using the product in a catalytic reaction, the
gﬁj@@jst was treated with hydrogen sulfide gas flow at 250C for 2 hours,

0 and then baked at 540C for 2 hours in the air to obtain Catalyst D.
Analysis ot¢haididutarries jnoCatalysit hyatGRckpéalidnhetapreyerltedibed
that the amount of the Pd was 1480 ppm by weight in terms of Pd. [0072]
Matcredotibh wirealinSefl 66 Cardlysd® thasapaekendithensas in xample 1.
above-described 25 Material oil D was allowed to react under the same
Lhraraplis s SRR iRP 3The results are shown in Table 3. [0073]

10071]
Exampie 3

In 40 ml of an aqueous palladium chloride solution containing 40 mg of Pd in
terms of Pd, 20 g of the dried molded product of the pentasil zeolite which contaihed
ion-exchanged ammonium and calcium ions, which was prepared in the same manner
as in Catalyst B was immersed and the mixture was left to stand for 2 hours. The
mixture was stirred at intervals of every 30 minutes, and after draining liquid, the
product was dried overnight at 120°C.  Before using the product in a catalytic
reaction, the catalyst was treated with hydrogen sulfide gas flow at 250°C for 2 hours,
and then baked at 540°C for 2 hours in the air to obtain Catalyst D.  Analysis of the
Pd carried in Catalyst D by ICP spectrometry revealed that the amount of the Pd was
1480 ppm by weight in terms of Pd.
[0072]

In a reaction tube, 7.5 g of Catalyst D was packed and the above-described
Material oil D was allowed to react under the same conditions as in Example 1.
The results are shown in Table 3.

f0073]
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31 Example 4 In 40 ml of an aqueous nickel nitrate solution containing 40
mg of Ni in terms of Ni, 20 g of the dried molded product of the pentasil
zeolite which contained ion- exchangéd ammonium and calcium ions,

which was prepared in the same manner as 5 in Catalyst B was immersed
and the mixture was left to stand for 2 hours. The mixture was stirred at
Mgﬁg@@f every 30 minutes, and after draining liquid, the product was
dried overnight at 120C. Before using the product in a catalytic reaction,
the catalys! whsftaeatadaitmirydrogensulideogas fiamiat 29060fof Ri in terms
hours, and. then baked at 540C for 2 hours in the air to obtain Catalyst E.
pialy2is b fibeiing caided pmodachiyishE yniGH spdttrovhsineeateaiddon-
that the amount of the Ni was 1680 ppm by weight in terms of Ni. [0074]
fdragRaR T I gyl Sp iR E WisTpuekducarg 4 the same mannier as

bave-d ibed. Material oi llowed t

PG LT LR £ 2B THE S e o RO oA s 007
TRlg:3 (o Hr;?{g&é(t‘{\ﬁ‘?%?s%ﬁ 1% %@W@J?aﬁ@%?éiﬂg’ﬂ%ﬁn&ﬁ@}’&tthe
used Catalyst C Catal st D Catalyst | Teed material used Material D

Mateiallsi dMatesial-R o Regrer @f Canversiasiff EB H8A8A088Q1ytic
PX/(PX+MX+0X) 23.5 23.5 23.5 Et concentration in reaction product 1.0
fefefich, Toluetndy (T OL) tencdntidtibnliogeastitinid ghdfod.8t pFOULIcor 2 hours,

Degree of Conversion of ET 80,2 80.0 78.5
and then baked at 540°C for 2 hours in the air to obtain Catalyst E.  Analysis of the
Ni carried in Catalyst E by ICP spectrometry revealed that the amount of the Ni was
1680 ppm by weight in terms of Ni.
[0074}]

In a reaction tube, 7.5 g of Catalyst E was packed and the above-described

Material oil D was allowed to react under the same conditions as in Example 1.

The results are shown in Table 3.

[0075]
Table 3
(Unit: % by weight)
Example 2 | Example 3 | Example 4

Catalyst used Catalyst C | Catalyst D | Catalyst E
Feed material used Material D | Material D | Material D
Degree of Conversion of EB 90.0 90.0 88.0
PX/(PX+MX+0OX) 23.5 23.5 23.5
Et concentration in reaction product 1.0 1.0 .1
Toluene (TOL) concentration in reaction 4.4 4.5 4.0
product
Degree of Conversion of ET 80.2 80.0 78.5
(PX+MX+0X) Yield 96.0 96.6 88.8

[0076]

Example 5

Tn 40 ml of an aqueous rhenium oxide solution containing 200 mg of Re in
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(PX+MX+0OX) Yield 96.0 96.6 88.8 [0076] Example 5 20 In 40 ml of an
aqueous rhenium oxide solution containing 200 mg of Re in 32 terms of
Re, 20 g of the dried molded product%ﬁthe pentasil zeolite which
contained ion-exchanged ammonium and calcium ions, which was
prepared. in the same manner as in Catalyst B was immersed and the

AR M@%iﬁ‘g d?tﬁ%@e%%tﬁ@&'bﬁoaﬁlﬁ o@*’zﬁ%@n‘ﬂ@ﬁ stibrrel whiptery@lgined
“of every 30 minutes, and after draining liquid, the 5 product was dried

ioverrifhhgtd 20 0Beiarend sinigithe iprodudti dh &capabyticedéaciomifiemanner
catalyst was treated with hydrogen sulfide gas flow at 250C for 2 hours,

anid fhealpikedvat Ba0o for b dbegticine aresddbtairiagatalystheurs.  The
Analysis of the Re carrled in Catalyst F by ICP spectrometry revealed that

Qﬁétai‘ﬁd’ﬁﬁfﬁ%’ﬁ{ﬁ% 3&8’%’3’3’1 Szx@%%vspfn% bipibetghiandeirsdstinies 15 moo 7h¢

reactlog tube, 7. 5 st %oirOCataJ st F was ckedca&c[i

1‘8038‘[ ‘8%% HB (ﬂﬁ WaS a OV%/% O%{eﬂé% {Jol'%i er ﬂ%e COﬂ ilOﬂS

IQSE:QWH Tt'ﬂ@ cﬁ%ﬁ%@?ﬁ? t%&?éﬁ%ﬂh 1%!%!% 410078 ]gésmg?%@% %tlle/nﬁours

eaction Temperatire (C): 390 Reéaction Pressure (MPa):

&h@ ulr&%/ Egeéi(m@lm@)fo% D K907 Ble Tableddinitabdpy weighthiGatadyshe
used Catalyst B Catalyst F

Re carried in Catalyst F by ICP spectrometry revealed that the amount of the Re was
4800 ppm by weight in terms of Re.
[0077]

In a reaction tube, 7.5 g of Catalyst B or Catalyst F was packed and the above-
described Material oil E was allowed to react under the conditions below. The
results are shown in Table 4.

{_0078}

Reaction Conditions:
WHSV(hr'): 5.3

Reaction Temperature (°C): 390
Reaction Pressure (MPa): 0.9

Hy/Feed(mol/mol): 2.5

[0079]
Table 4

(Unit: % by weight)
Catalyst used Catalyst B Catalyst I
Feed material used Material E | Material E
Degree of Conversion of EB 77.9 78.1
PX/(PX+MX+0X) 23.6 23.6
Et concentration in reaction product 1.0 0.8
Toluene (TOL) concentration in reaction 43 4.5
product
Degree of Conversion of ET 75.1 81.0
(PX+AMX+0X) Yield 96.4 97.2
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Feed material used Material E Material E Degree of Conversion of EB
77.9 78.1 PX/(PX+MX+0X) 23.6 23.6 Et concentration in reaction
product 0.8 Toluene (TOL) concentration in reaction 1 4.3 4.5 product
Degree of Conversion of ET 75.1. 81.0 (PX+MX+OX) Yield 96.4 97.2 33
[0080] From Table 4, it can be seen that the larger the amount of the

jum carried, the higher the recovery of xylene. Material oil E is a
simulation of the feedstocks used in the direct feed process omitting the
elimin&tiom G268+, lit can lxessaethiidic JailnerahtadyistuataifabtivRealsminarricd,
the direct feed process. Example 6 [0081] The concentrations of the
thehiahsnihtcsdnveis séaction-soMetmivlend Insastired dopnhy teativlytocks
solutions obtained by using Catalyst B and Catalyst D in 10 Example 3,

%&b@t&weqiy%yfﬁ?é RiefsstBy WAtk HerimePREMSALECS mdy B Qﬁérﬁe@iaﬁ
11[11 de{allgg 1 3¢ Sé?a E?fndltt%mﬁ"m’ r|b d mésts) in Example 1). As a
Shown InTa

result, as he cdncentrations of cyclohexane and
Jeyclopentane which were contaminated impurities having the
boiling points close to that of benzene were lower in Example 1 in which
[dhes Catalyst B was used, and the 15 estimated purity of the benzene final
product (benzene purity) calculated by the equation for estimating
benzei&gerityedescribedibbtovenvasasthighnabaiehiess: thdnti €9:894: by
weight in Example 1. [0082] Table 5
measured for the reaction solutions obtained by using Catalyst B and Catalyst D in
Example 3, respectively, by the method by which the non-aromatics may be analyzed
in detail (the analysis conditions described in (2) in Example 1). As a result, as
shown in Table 5 below, the concentrations of cyclohexane and methyleyclopentane
which were contaminated impurities having the boiling points close to that of
benzene were lower in Example 1”in which the Catalyst B was used, and the
estimated purity of the benzene final product (benzene purity) calculated by the
equation for estimating benzene purity described below was as high as not less than
99.8% by weight in Example 1.
[0082]

Table 5
(Unit: % by weight)

Example in which reaction solution was obtained | Example 1-E | BExample 3
Catalyst used Catalyst B Catalyst D
Feed material used Material D Material D
Benzene concentration in reaction solution 8.7 8.5
n-C6 paraffin concentration in reaction solution 0.001 0.002
Cyclohexane concentration in reaction solution 0.005 0.008
Methyleyclopentane concentration in reaction 0.008 0.019
solution _

C7 naphthene paraffin concentration in reaction 0.005 0.011
solution

Calculated benzene purity* 99.8 99.6

[0083]



(Unit: % by weight) Example in which reaction solution was obtained
Example 1-E Example 3 Catalyst used Catalyst B Catalyst D Feed
material used Material D MaterialD Bénzene concentration in reaction
solution 8.7 8.5 n-C6 paraffin concentration in reaction solution 0.001
0.002 Cyclohexane concentration in reaction solution 0.005 0.008
Mﬁﬁ%f@d’?‘&@%ﬁpﬁlmﬂ&aﬁ&&ﬁé&aﬁ%ﬁz@r@8 0.019 solution C7
naphthene paraffin concentration in reaction 0.005 0.011 solution
Cateutatadi)eniene PytityzQR. 8820 JADS3] 3% Estimated Purity of
Final Product Benzene = ([benzene concentration] /a+b+c+d+[benzene
EbepreantratidnpprcronYsy)falieiei a to d represent the following: a = 0.1. *
[n-C6 paraffin concentratlon 5 b = 0.7 * [methylcyclopentane
%or@clent[ tlonpaatin gongspliatiekhne concentratlon] d=1.0*[C7

%r%m-:-rf f;\ff Frrq concentration] 35, CLAIMS 1. A process for converting
ethy Y& %I‘r?%] é’?ﬁglls‘ie '8 %I? ging a C8 aromatic hydrocarbon

Jixed £ id %99@6?1@&%‘6 Ibenzene into contact with an aC|d. type

catalyst(s) containing at least oné metal selected from the group
Fensipting dipthadmeais ffelepgirgigiespup VIl and Group VIl in the
presence of lle to convert said ethylbenzene to benzene, said feedstocks
containing C9-C 10 aromatic
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hydrocarbons including ethyltoluene, said ethyltoluene being converted to
toluene together with said conversion of ethylbenzene. 2. The process
according to claim 1, wherein said etf}fitoluene in said feedstocks 10 has

a concentration of not less than 1% by weight. 3. The process according to
claim 2, wherein said ethyltoluene in said feedstocks has a concentration
of not less than 3% by weight. 4. The progess according to claim 3,

wherein said ethyltoluene in said feedstocks has a concentration of not
less tharphféeby foleightiedind <Thetproeas ScasEHEING 1R 3Ry enerafshains g
1 to 4, wherein said ethyltoluene in said feedstocks is converted at a
degraiec diydormasbsio mofadditelsootiran G09mig T iroress atcordingiteith an
any one of claims 1 to 5, wherein said acid type catalyst contains at least
%ﬁ% RStaRSAYS Kt GIRSMNIAS Yrisap eonsisirigdepkdifiam, hsatiagiuporaieing
rhenium. 207, The process according to claim 6, wherein said acid type

ehiyarhbeineememurow Ykaproceaat B ity e etanee 21 WhdpeiAnvert
' iumi tained.in_said.. acid tal tent of
S e A - SR R R A O,

NYeseIthRald FRRIINE df SRR O Sl 1 @ PLRRIAHMRE G RI AL Aoluene
content of 0. 1% by weight to 2% by weight. 10. The process according to

@aythaewdfichaithschterfiofusthahgbepesing separating, by distillation, the
benzene produced by the reaction, and recovering the 36 benzene at a
Durity dhaoriessstharn gy bipineighthdEiT kedrtodssmoedrding! toaisiocks
one of claims 1 to 10, wherein said acid type catalyst is a pentasil zeolite
hsarrgreemeianshing fesidbaadadrioesio. 12. A process for producing

B e CoTBIES U PSS Eeianch ATl bR
RECOMIING 104 WS ERIME S By iRight.

4. The process according to claim 3, wherein said ethyltoluene in said feedstocks
has a concentration of not less than 5% by weight.

5. The process according to any one 6f claims 1 to 4, wherein said efhyh‘oluene
in said feedstocks 1s converted at a degree of conversion of not less than 50%.

6. The process according to any one of claims 1 to 5, wherein said acid type
catalyst contains at least one metal selected from the group consisting of platinum,

palladium and rhenium.

7. The process according to claim 6, wherein said acid type catalyst contains
rhenium.
8. The process according to claim 7, wherein said rhenium is contained in said

acid type catalyst at a content of 0.01% by weight to 5% by weight.

9. The process according to claim &, wherein said rhenium is contained in said
acid type catalyst at a content of 0. 1% by weight to 2% by weight.

10.  The process according to any one of claims 1 to 9, further comprising

separating, by distillation, the benzene produced by the reaction, and recovering the
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iIsomerize said xylene together with converting said ethylbenzene to
benzene; and separating p-xylene from the obtained reaction product. 13.
A process for producingp-xylene, cor’rﬁ:ﬁising: 10 a first
deethylation/xylene-isomerization step of subjecting a C8 aromatic
hydrocarbon mixed feedstocks containing ethylbenzene and xylene to

Baig dROSESPuAGLErdind 49s¢lainod B9 hsaReeaizc said xylene together with
converting said ethylbenzene to benzene; a step of separating p-xylene

from thElxepeitoss produtibghtained:hio stwthfiist 115 10, wherein said acid type
deethylation/xylene-isomerization step; a step of subjecting xylene
etalEshiscrinamesibaraliéc dfsinsep sititidr o imassobmdatio of 10 to 70.
xg)l(ene-isomerization step to isomerize said xylene; and separating

béxylerie HGSRTHERPIREICRS Foty B SerBr ang seeskasdiene-

someriggion siopc 804, T piesssR Aceadin Q clim a3 ahrein

said seco ne-isomerizaton s comprises

afteI=aparatian iRie.contagtvith-an acid vn t%&%ly@é% fcagﬂali& Q34 ¢,

least one metal sélected from the group consisting of the metals

belapgirginiRyau \ians Gioteo Mt imihepreasmseoitdZo benfene; and

process for producing p-xylene, comprising: 25 a
deethylatiantiydgnssisomBrizaticrobtepaf subjeatipgduc8 aromatic
hydrocarbon mixed feedstocks containing ethylbenzenc and xylene to said
b%/ocesé RiCEsTHiNg PEOSRGZIR 1y wnromRs isaig:xylene together with

converting said 37, ethylbenzene to henzene; a step of separating )
p-xy|eﬁ§%%ﬂeﬂ%‘3éy}@% O Fr6dtr SRS lgFubiecting a L8 dromatic

c%%‘é@ﬁ}é%”;%&'%‘?'iﬁ‘s’{%cei{ézca&{g&n%eé)étﬁ\é &ﬁ%%%é’éc{ 5 &%i”%theciﬁ%%'gses
ration y ai

CC Sal
after separation obtamed Ih said Sep step supplying s

resiuR dq S Heethy REGRAIENSIIROME! AlLAN SiEkn L16nhERIaGaSS

according to claim 15, further comprising the step of recycling
ethylbenzene to benzene;

a step of separating p-xylene from the reaction product obtained in said first
deethylation/xylene-isomerization step;

a step of subjecting xylene contained in the residue after separation to a
second xylene-isomerization step to isomerize said xylene; and

separating p-xvlene again from the reaction product of said second xylene-
isomerization step.
14.  The process according to claim 13, wherein said second xylene-isomerization
step comprises bringing said residue after separation into contact with an acid type
catalyst(s) containing at least one metal selected from the group consisting of the
metals belonging to Group VII and Group VHI in the presence of Hy.
15. A process for producing p-xylene, comprising:

a deethylation/xylene-isomerization step of subjecting a C8 aromatic
hydrocarbon mixed feedstocks containing ethylbenzene and xylene to said process

according to claim 12 to isomerize said xylene together with converting said
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said residue after separation by mixing said residue with said C8 aromatic
hydrocarbon mixed feedstocks and subjecting the resulting mixture to said
deethylation/xylene-isomerization steg./10 17. A process for
producingp-xylene by using ap-xylene-producing equipment for carrying
out said first deethylation/xylene-isomerization step, p-xylene-separation

SieRd SRl pdRne-isomerization step recited in claim 13 or 14,
wherein said equipment comprises a bypass line which does not pass

through seisdirsipaaatipyiationhyiena-iserestzation step obnehwhareiid
said C8 aromatic hydrocarbon 15 mixed feedstocks mixed with said.
Geiiaromaticdryanocdratns entaiming ethyltoluene is supplied to said
p-xylene-separati on step, as required. ‘ o

a step of recycling the residue after separation obtained in said separation step
by supplying said residue to said deethylation/sylene-isomerization step.
16.  The process according to claim 15, further comprising the step of recycling
said residue after separation by mixing said residue with said C8 aromatic
hydrocarbon mixed feedstocks and subjecting the resulting mixture to said
deethylation/xylene-isomerization step.
17. A process for producing p-xylene by using a p-xylene-producing equipment
for carrying out said first deethylation/xylene-isomerization step, p-xylene-separation
step and second xylene-isomerization step recited in claim 13 or 14, wherein said
equipment comprises a bypass line which does not pass through said first
deethylation/xylene-isomerization step, and wherein said C8 aromatic hydrocarbon

mixed feedstocks mixed with said C9-C10 aromatic hydrocarbons containing

ethyltoluene is supplied to said p-xylene-separation step, as required.



