DESCRIPTION Method for Conversion of Ethylbenzene and Process for Production of Para-xylene
Technical Field [0001] 5The present invention relates to a process for converting 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 hydrogenation and deethylation,
and to a process for producing p-xylene by converting ethylbenzene contained in C8 aromatic
hydrocarbons by hydrogenation 10and deethyl#oRBIdMY separating p-xylene after isomerization of
xylene. Background Art [0002] ~ Among xylene isomers, the most important one is p-xylene. At
present, pxylehéebessEd senvmsetial fERpRsauasgrerBptemaliontiadvatien 95 Barondener
_ 3-5constituting polyesters, that are ranked with nylons as major polymers, and its demand is high
especially in ASFEH ?i?é‘ﬂ years. [0003]  Usually, p-xylene is produced from the C8 aromatic
hydrocarbon S[UB%‘% obtained by reforming of naphtha followed by extraction of aromatic
-~ hydrocarbons or 20distillation, or obtained by subjecting the cracked gasoline produced in thermal

decomposition of naphitha-as.a dypreductiaexiactionat %Q%wwg%?m&%&r inlistilation.

Although the composition of the C8 aromatic hydrocarbon mixture material largely varies, it usually

contains 10 te408esTyvpeight bfccthyihenzengot2-ia2b%: By weightafpryiane, 38 de:5Q% by weight

of m-xylene and 12 to 25% by 25weight of o-xylene. Since the C8 aromatic hydrocarbon mixture

material usuatiycontiinsdugtribodliigydomporentstdaving it dessdhiah@cadrbonatoms, the high

boiling components are removed by distillation, and the resulting C8 aromatic 2 hydrocarbons are
supplied to pixydeveerisaratif ety wisepirate antoeseoler prylenes Prawevelsince the boiling

points of p-xylene and m-xylene are 138.4C | , ,
converting ethvlbenzene contained in C8 aromatic hydrocarbons by hydrogenation

10 and deethylation and by separating p-xylene after isomerization of xylene.
Background Art
[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
15 constituting polyesters that are ranked with nylons as major polymers, and its demand
is high especially in Asia in recent years.
[0003]
Usually, p-xylene is produced from the C8 aromatic hydrocarbon mixture
obtained by reforming of naphtha followed by extraction of aromatic hydrocarbons or
20 distillation, or obtained by subjecting the cracked gasoline produced in thermal
decomposition of naphtha as a byproduct to extraction of aromatic hydrocarbons or
fo 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
25 weight of o-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



and 139C, respectively, and so the difference therebetween is only about 1C, recovery of p-xylene by
distillation separation is very ineffective in industrial-5production. Therefore,p-xylene is usually
separated by crystallizing separation utilizing the difference between the melting points, or by
adsorbing separation utilizing the difference in degree of adsorption to zeolite adsorbent. The C8
aromatic hydrocarbons after the separation step, which is poor in p-xylene, is transferred to an
isomerizationhstepcarbene dhesxyldresarexgomesizedatng pepylesepittonundntkationzelose to that in the
thermodynamic equilibrium composition mainly by a zeolite catalyst. After removing the low boiling
byproducts bisdrsiatidaseysarations, Hiseorbdugtipr) Hy doeatoert Mdura Ysehaiver k&gﬁ%ﬁe

. above-described fregh C8 aromatic hydrocarbon material, and the resultant mixtyre is recycled to the
. distillation towBf Whefe FighBBHiYG BROGACHE ﬁa@ma%aﬂ%&gggmgﬁe@ EGBB RS G5are removed by

distiation, followed by separating, and fpeovering boylenc againdn tne Roglene-agparation step. This
series of cycleis he eindftet referred 10 as separation-isomerization cycle". Fig. 2 is a flow

chart showing fhis, separafipndsamerization;cycle T s A0 sepatlionisqmetizatioprycle” comprises

a high boiling components-distillation separation step I in which the’C8 aromatic hydrocarbons
contained in thei&8 arematiclydracaiken mixadfeedsineksdhgrainafianseiaredito as "fresh
feedstocks") obtained from a reformer or the like and in the recycled material from the isomerization
step are recouéiethantetbiehighdadilidgeeanup aientsiaretsemditeck stfvenefroffiiea }8-xylene-separation
step 2 in which p-xylene as a final product is separated; a xylene-isomerization step 3 in which the
isomerizationaedpiénbsdapridmiarsio thefsepaiaben zéte ik E8u¥omatie iydrétarbon material
(hereinafter 3 referred to as "raffinate xylene") hav%gég low p-xylene concentration is carried out; and

a low boiling ProRISHiS SN SHEA SRS RPN F STHIH AR D IRG CORDEhEREEYGRR as benzene
and toluene, produced as byproducts in the isomerization step are separated. and recovered. First, the
C8 ar §1atic ﬁf&?gggl%iooﬁl r(#lQ):(%én’ Lé%%slpoc esdllswt?:g}n(5 efred %lltlﬁé% ngﬁ E%I [ %Slgc?rrrl}%lrll%?ﬁ[tﬁydistillation
separation step | iA.e sypP o= denoles by tieam . bigh baling cqmponents are

removed through the line denoted by stream 7. The C8 aromatic hydrocarbon feed from which the high

boiling compapgatsRave:been emoyachisiransierektn thepxylenarseparationstepd through the
line denoted by stream 6, and the p-xylene as a 10final product is separated and recovered from the

line denoted Biesitir€&mr8niklie IG8ararhaticrhayciaarubihfees: Havimg o grsoiend colicentration is
transferred to the xylene-isomerization step 3 through the line denoted by stream 9, in which

ethylbenzenedis éBaapEr e BdwrehielbProlip erediis dgRiosvaitidae DR A8Réreinbelow

described, and the raffinate eéyle&e .havi([i?l)g a Io#\r/]?g-x Ien? concentration 15is i meéiza?g 1o attain a
p-xylene concBRTEHBHEIGLE S IR 498 W& AATAIE'E 8nd TECOVEILIE P-XyIene ag

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
20 "separation-isomerization cycle" comprises a high boiling components-distillation
separation step I in which the C8 aromatic hydrocarbons contained in the C8
aromatic hydrocarbon mixed feedstocks (hereinafter referred fo 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
25 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



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 20denoted 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 stefarred 20 Thepixyaenerhick Tdoydhs fedarcontaienngdriginbeliing e oppohents is
transferred to the high boiling components-distillation separation step 1 through the line denoted by
stream 13. In¥sPHRIH Briling aMisHipsbHE Ridoaisanatitio R &lsar b Avateh 12 g B8iling components

. d, and th Iti duct i led in to the p-xylene-si ti tep 2. There i
aption I whidh DRSS B E O SHE T e AL 4 leq herization cyele" 0
simuaneousiygioghee-yene- (90081 s deagrined ahove b GA aromals ygiggarbons

ar
feedstocks supplied to the separation-isomerization cycle" contain a considerabte amount of

ethylbenzeney, g HOWRNES IR (D& ARAYE:FES AIDRY hIRPRAAUCSRMEBIZALIM QYGIEsethe fihylbenzene
is not removed and remains in the cycle, so that ethylbenzene accumulates. If the ethylbenzene is

removed by saeel Waysinmersento prevanbtbe acausulajondheeaobhaibyipgnzensiman amount
corresponding to the degree of removal thereof circulates in the "separation-isomerization cycle". If the
amount of theziroutattithgotgetivibenzenelid decteased, théhtotab amowticdfydheeirbutaiitnd materials is
also decreased, so that the utility consumption after the p-xylene-separation step is decreased, which

is greatly adv&inagERGE therhighe el BIRAATBEPIFEN PaSRSbIABRYST ST HsER B AfBdnts of the
circulating materials are equal, increase in the prodyction afp-xylene may he attained to a degree
corresponding¥ e?ﬁ?ﬁ@é?@ﬁ&éﬁ??étﬁ%r%é}hg}ﬁfﬁﬁoﬁ%?‘gﬁ%iﬁﬁ%ﬂg.’ fo00aT 7 ”queﬁ(éfg dre two usual
methads for remgving,ethylbenzepe. One. is t e[ 1Trmi net ' ich. ben IS isomerized
to xylé(g}i siml%{lééri]ggogiﬁﬁpv}\%tﬁgﬁg%%%gnzeg%%% %en%%rﬂ%;a ?%k%gﬁa%?o%&géb. ,é%lﬁger is the

dealkylation 2Qmathad, junbichgthudbenssne, i%@%?bl%%'f@fé tohenzanePy: hydragenationand

dealkylation thereof in the isomerization step of xylene, and then the benzene is separated by
distillation in theisubseauenhdistilaion dapaiatien siepetonavesibynte isonétization method, the
degree of conversion of ethylbenzene is about 20 to 30% at most due to the equilibrium between

ethylbenzene ehyl bgiens: incoontrast, 12 5sirsathe teatksitatibrorghdtidonaghabsubsrantiatiys
non-equilibrium reaction, the degree of conversion of eth?benzene may be made high by the

dealkylation nistRBRSIeFishsiehosk Bre<bR T EHIB eHZ e el iR IRLAN TmBla Ky tHE d8AMRY lation

methaod . . . : . .
15 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 1s
transferred to the low boiling products-distillation separation step 4 through the line

20 denoted by stream 11, in which the Jow 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 recycie feed containing
high boiling components is transferred to the high boiling components-distillation
separation step 1 through the line denoted by streanx 13, In this high boiling

25 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-



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 remqgyved at a level as high as possible, since the C8
aromatic hydrocarbon mixed feedstocks supplied to the "separation-isomerization cycle" intrinsically
contains ethylbenzene, the amount 50f ethylbenzene to be supplied to the p-xylene-separation step
cannot be decreased to a level lower than the content of this intrinsically contained ethylbenzene.
[0007] Patentddtecatates: Tanel 20distidsmenetiiopsiivehiekytheeamount of ethylbenzene supplied to
the "separation-isomerization cycle" is decreased by 10preliminarily deethylating most of the
ethylbenzenel 88tained in the fresh feedstocks to convert it to benzene in one path and separating the
. benzene by distillationaig‘orger to reduce the amount of the ethylbenzene supplied to the

"separationisomerizAfidtr EyH1ed ?&’%Yﬁ\é%@ LSBT I TR IR Ridsa Y donttarlinddadbfibed therein,

itis necessary, to eliminate high boilin fsqmcpc%nents b 'stil{ﬁxtion segar,_ti n.15 before the
. 65)&%&1:1011—180 161953&311 (zftz = Ch nidin a COEYSI cra ]@ %m Uil o e%}]flbenzene. .
dealkylation reaction in order to decrease the concentration of the high boiling components having

carborzatoms f natless tmm&r&mﬁd@sﬁmlmiﬁﬁ{%ma@&ﬁixgweﬁ?%@mgqb&ifgﬁeﬂow chart

showing a mode of the methods. A 2 Odeethylation/xylene-isomerization step 15 by which
ethylbenzeneiisprebinminatihndesthiaed f-eRelpaibdadewpniingRoipteampeaentsistillation
separation step 16 by which the benzene generated by the deethylation of ethylbenzene is recovered
by distillation etbphrationsg &ndradigh loslng: com porehtstdistiiatiorseparatidntste hd#diy which the
high boiling components intrinsically contained in the C8 aromatic 25hydrocarbon mixed feedstocks,
are newly addélrgens, o proteetthecaaysdusel thake deethykitiorastbprdeigitosiliing components
contained in the C8 aromatic hydrocarbon mixed fegdstocks supplied through the line denoted by
stream 5, whitht' aPALHoCaEIYSHHLER CoE sephrEe NI aISHIRG S EHBUER the line denoted by
stream, 18, and.the distillate fraction was transferred to.the deethylation/xyleneisomerization step 15
hrougi the AL GSBHR By CoCa o T et P S Bk S e frogen-containing
gas is also trapsfered QyauaRHbeing SIRRAEARY. LM L9y iEhe &R AaRatehxdrocarbon mixed

feedstocks in which
decreased, which is greatly advantageous from the economical view point.  In other

words, when the amounts of the circulating materials are equal, increase in the

production of p-xylene may be attained to a degree corresponding to the decrease in

-
(@3]

the concentration of ethylbenzene.
[0006]

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 isomerizgﬁon step.  Another is the dealkylation
20 method 1n which ethylbenzene 1s converted to benzene by hydrogenation and

dealkylation thereof in the isomerization step of xylene, and then the benzene 1s

separated by distillation in the subsequent distiliation separation step. However, by

the isomerization method, the degree of conversion of ethylbenzene is about 20 1o

30% at most due to the equilibrium between ethylbenzene and xylene. In contrast,
25 since the dealkylation reaction is a substantially 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.



ethylbenzene has been highly deethylated and which contains byproducts is transferred to the low
boiling point components-distillation separation steps 16 through the line denoted by stream 20. The
low boiling components such as benzene and toluehe byproduced in the deethylation step is
separated and eliminated 1 Othrough the line denoted by stream 21, and the high boiling components
are transferred to the above-described "separation-isotnerization” cycle through the line denoted by
stream 22. Holvexweryr thisi Cdsesseoe:thphighdomibing: comglodents- diStitation sepération step 14 and
~ the low boiling point components-distillation separation step 16 are newly incorporated, the utility
consumption ¢éhirlbraased iisid Swraetivete issiep ot eivein tisdnthenrgnantagesyshaesitévtloducing the
. steps is decreased. [0009] With the above-described mode, needless to say, the costs for grass

roots for the d&&EPIAtBASIRE a8%daRIGAMAELL S¥4r)CaheR M HRD e IR rownERy B- 20xylene is

disclosed in Patent Literature 4, in which a catalyst having a function tg highly deethylate ethylbenzene
i aciditon to 1 CERATHERSHS eutor e e T SO T e T i

isOmétization step in

the original "S&p&é?EWEER{E?J i%g\/%%[)ﬁ;%ﬁl%-tﬂéjbmﬁéﬁ%%aﬁa%ﬂ?@% ARG g @lieslLspdstocks

denoted by stream 17 is mixed ate xylene from the p-xylene-separation step, 25denoted by

stream 9, and; thedmixtuseds dicibsuprien ioiha.isometization-atepAia.deathylate ethylbenzene at
a high degree of conversion, followed by elimination of the low boiling components containing benzene

in the low boilipgngdmponents- 7 distillation separation step 4. Thereafter, the recycled material
denoted by stream 13, which has a very low ethylbenzene concentration and a high p-xylene
concentration is trandféméditortier¢tid rbdilinis conrpoadn distiftatiofheepuratiod step 1 and to the
p-xylene-separation step 2. This method is called direct feed 5Smethod. By this method, increase in the

production of PlRsHESHSBRUSHAMES Witk HaR VR sHatiPe Gl mdh ERTvRASEASN, because the
i e tene- R HRH G oA Siae T GRS 1 1 LA GE e o G o ARCATE & R Aekry, without.
Literatire 4 (e s g B Sort Do o haviig b ss i S adrhon atom
gh boiling components having notless than 9 carbon atoms are
contained in thgifashdegdstocksount of the ethylbenzene supplied to the "separation-
isomerization cycle" to almost zero. However, in the methods concretely described
therein, it is necessary to eliminate high boiling components by distillation separation
15 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
20 deethylation/xylene-isomerization step 15 by which ethylbenzene is preliminarily
decthylated in one path, a low boiling point components-distiliation separation step
16 by which the benzene generated by the deethylation of ethylbenzene 1s recovered
by distillation separation, and a high boiling components-distillation separation step
14 by which the high boiling components intrinsically contained in the C8 aromatic
25 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



the high boiling components must be preliminarily eliminated by distillation separation in order to
prevent the decrease in the catalyst activity. Therefgre, even with this method installation of the high
boiling components-distillation separation 15step 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 ethytbenzene, the reaction temperature is raised or the material is brought
into contact with zs eatadyisthanistg cattighpaciivityhyAdi thBa20degreebfico hvesiantef Bthylbenzene
increases, the decrease in the yield of xylene is actualized. The losses are constituted mainly by (I) the
loss that xylef&datedivened eioliistelmy tanvakiiaidrrehaite Beslebhivenzbne-and xylene,
. which benzene is generated by the deethylation of ethylbenzene. Other losses are (2) the loss that
xylene is conVEHRT G HERE éﬁ&?ﬁ%%ﬁﬁéﬁz@?@@ GispispBriidnaton re ety 888 ween xylene:
and (3) the loss that xylene is conyerted to nan-aromatics, such as cyclgparaffins, n-paraffins and
SCRUbK F e e

iso-paraffins byeﬁu ea?%?&d‘?roaeﬁa{f) of 9(%%1%3?%:%?‘311&?}%% ened &d by distillation

separaton Is geRiA BRI, S (e eR AAMALTR ARNSIRIRGRX 0 DUGIRAL Y Aipggnation

reaction, an extractiontreatment such as sulfolane unit is additionally necessary, which brings about

an economic gigagivantagathatihe tilitviconsumetion is. increaseddusfathedngrease in the amount
of treatment in the extraction step. 5[0011] Patent Literature 3 discloses to use a material

containing Candf€ i@ asahadtior ydiogardansantpoheare-tigh boding: campoeneatsi and to convert
ethylbenzene in the xylene-isomerization step, but it does not disclose to use ethyltoluene as the C9+
aromatic hydrbeavisbribedin: técooiedery tirpaore partihdday, 1oimanExeenpiésobFatent Literature 3, it is
described that conversion of ethylbenzene was carried out using a feed containing C9+ aromatic

hydrocarbonsifi&ra st viie Sy rrehies 6 10415, ARG EIQR TS 888 e ASF HHIRFE%R4ion, reaction

products contgining, C9+ aromatic hydrocarbons in an. amount of.0.1% by weight and 0.2% by weight,
R o TS TS 2 e e At

; 2notL are . . .
respectively, . Accordi € explanation u 8t the side reactions in

which the o, arorat iyalionarbona.arsJivaled. i ingieass i ine oot afie i aromati

hydrocarbons in the above-described reaction is thought to be caused by the side reactions such as

the generation @fdrinethyibenzene andsdiethylbenzene byiherdisproneitipnationxaasiions of xylene
and ethylbenzene, and generation of inethylethylbenzene and dimethylethylbenzene 20by the
transalkylatiortredttiom oéethylbenrzenet and thydéne: Raientoieratutpodents-distillation
separation step 16 are newly incorporated, the utility consumption is increased, so
15 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 process for producing p-
20 xvlene 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
15 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,
25 denoted by stream 9, and the mixture is directly supplied to the isomerization step 3

to deethylate ethylbenzene at a high degree of conversion, followed by elimination of

the low boiling components containing benzene in the low boiling components-



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 reactjon between xylene. However, since the
intentionally mixed toluene is a valuable and important basic material used in many applications, that
is, used as the base of 25gasoline with a high octane value, as a solvent, as a material for
disproportiortation step, and so on, toluene is a component which is not desired to be added to the
material if at &l piolssibiescbihgienisignotheripedtad theaduagdhe lnssOtxylene bO:[0h2] Patent
Literature 1: JP-A-1-56626 Patent Literature 2: US-B-6,342,649 Patent Literature 3: US-B-5,977,429
Patent Literatlibe whiiR-le8a 1484 88RisplbsurersfthachnistiiornRi ablerhg Whitle the Invention Tries to
Solve [0013] An object of the present invention is to provide a process for converting 10ethylbenzene,
by which ethyfS8RgHE R dsTaBS FaTEbItHisi AT Ao meta PR e BHE IR e silieHEd to benzene at

a high degree of conversion. [0014 Another object of the present inventign is fo provide an

~ economically $GRdriaged e r'é?%%ﬁ%%%ﬂ’tﬁtg% gre bsf%%}ﬁ?gréﬁc?ﬁybﬁlge Hyfbens n(;/ Iis high and
loss of xylene is Il when the ethylben in.the ial containin romatic hydr b [
comvertod 10 BB A e e B or e

present inven{ign, i {9 AroMide. & MEIIREHIOF investment, because the method may be carried out

by a simple modification of equipment such as increasing the catalyst used in the
xylene-isomerization step or replacing the catalyst with a catalyst having a high
activity, without independently building an equipment for the deethylation step.

10 However, it is described in Patent Literature 4 that in cases where the high boiling
components having not less than 9 carbon atoms are contained in the fresh feedstocks,
the high boiling components must be preliminarily eliminated by distillation
separation in order to prevent the decrease in the catalyst activity.  Therefore, even
with this method, installation of the high boiling components-distillation separaticn

15 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

20 degree of conversion of ethylbenzene increases, the decrease in the yield of xylene is
actualized. The losses are constitﬁted mainiy by (1) the loss that xylene is converted
to toluene by transalkylation reaction between benzene and xylene, which benzene is
generated by the deethyléﬁon of ethylbenzene. Other losses are (2) the loss that
xylene is converted to toluene and trimethylbenzene by disproportionation reaction

25 between xylene; and (3) the loss that xylene is converted to non-aromatics such as
cycloparaffins, n-paraffing and iso-paraffins by nuclear hydrogenation of xylene.

Further, since the benzene obtained by distillation separation is contaminated with



recovering benzene with a high purity from the reaction product after the reaction of 20converting
ethylbenzene in the material containing C8 aromaticghydrocarbons 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 presendbeofa-b2ythietyereathingytthe prekentintegtionich04O0LT] Thatisctienpresent
invention has the following constitution: [0018 (1) A process for converting ethylbenzene, comprising
the step of brifigitgaCedrentaliolpdrathibafditive feaerswers cdnedinmgethyBetizene into contact
., with an acid type cataly _t(s%ycontain'n at least one metal selected from the group, consisting of the
metals belonding BET6ip ﬁfﬁ%ﬂé\ﬂgéﬁe i TS BrEBEREd U FSAG CoHu T e iiilSeizene to

benzene, the J[‘ ggstol%s %thqirpl@g C?Eglgtrag i nagig hydrocarbons including ethyltoluene in an
amount of not 16S than 1 nd no

Yo ?/Welgllﬂ a more than 20% by weight, the ethyltoluene being
converted to t %QE together with the conversion of ethylbenzene. [0019] (2) The process according
to the above-described (1), further comprising separating, by distillation, the benzene produced by the

reaction, and recoveriggiheiRenzens dtaduEty afaehlasshanA8i8%e lywweioht.0020] (3) A
process for producingp-xylene, comprising the steps of: subjecting a C8 aromatic hydrocarbon
mixed feedstaoksnaontaydingetioytbehzrénaahgixylehe datheproscess:dccerdingto the
above-described (1) or (2) to isomerize the xylene together with converting the ethylbenzene to
benzene; andsipeagaecpndfiess pesristiacoBtiipdieeabtibil fretinet Joopsg to use

ethylfoluene as the C9+ aromatic hydrocarbons and to convert it.  More particularly,
10 in an Example of Patent Literature 3, it is described that conversion of ethylbenzene
was carried out using a feed containing C9+ aromatic hydrocarbons in an amount of
less than 0.01% by weight, and that as a result of this reaction, reaction products
containing C9+ aromatic hydrocarbons in an amount of 0.1% by weight and 0.2% by
weight, respectively, were obtained. According to the explanation in this literature ”
15 about the 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
20 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 foluene is a valuable and
important basic material used in many applications, that is, used as the base of
25 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 ioss of xylene.



(4) A process for producingp-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 separatingp-xyléne from the reaction product obtained in the first
11 deethylation/xylene-isomerization step; a step of subjecting xylene contained in the residue
after separation to a second xylene-isomerization step to isomerize the xylene; and separating
p-xylene again{ffdtiithe reaction product of the second xylene- 5isomerization step. [0022] (5) A
process for producing p-xylene, comprising: a deethylation/xylene-isomerization step of subjecting a
C8 aromatic hydrocaerhlikeatisedstdcks lcéftafing ethylbenzene and xylene to the process

10according to the a?gvg-_ scribed %BQ IS rize the xylene together with converting the
e ERRES & e e

ethylbenzene to ben p-xylene from the reaction product obtained in the

deethylation/xylene-isqmerization,stepi &nfl_s ¢77 42 step of recycling the residue after separation
obtained in the separation step 1 5by supplying the residue to the deethylation/xylene-isornerization

step. [0023] (6) A protessifDitpracidcingPpaxglen®by using a p-xylene-producing equipment for
carrying out the first deethylation/xylene-isomerization step; p-xylene-separation step and second
xylene-isomerizifigasse phéeteddntigie above-described process (4),

Problems Which the Invention Tries to Solve
[6013]
An object of the present invention 15 to provide a process for converting
10 ethylbenzene, by which ethylbenzene in a material containing C8 aromatic
hydrocarbouns is converted to benzene at a high degree of conversion.
10014]
Another object of the present invention is to provide an economically
advantageous process by which the degree of conversion of ethylbenzene is high and
15 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
20 converting ethyvlbenzene in the material containing C8 aromatic hydrocarbons and
isomerizing xylene.
Means for Solving the Problems
[C016]
The present inventors intensively studied to discover that the above-deseribed
25 objects may be attained by making the feedstooké contain ethyltoluene and by
bringing the feedstocks into contact with a strong acid type catalyst highly resistant 1o

catalyst poisons, in the presence of H,, thereby reaching the present invention.



20wherein 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 congining ethyltoluene is supplied to the
p-xylene-separation step, as required. Effects of the Invention 25[0024] 12 the isomerization step
converting ethgélgeﬁcz)ene to benzene and simultaneously isomerizing xylene, wherein C9, C10
aromatic hydr rbons containing ethyltoluene are mixed with the C8 aromatic hydrocarbon mixed

feedstocks containinghgnggl%?ﬁg&ﬁt 91@9“\6'&%%5‘{?%@%- &)ﬂgﬁﬁtﬁﬁ% contacted with an acid type

5catalyst(s) containing at least one metal selected from the group consisting of the metals belonging to .
Group VII and[@yogip VIII in the presence of H,. Further, the ethyltoluene in the feedstocks is converted
to useful toluene by deethylation and the toluene may be recovered as a final by-product. [0025] 1
OFurther, by t¥ presemrdassrtioeoberzehetwilisnzdigrpurinsinmipbeqeobbengthfrafithe reaction

product generated hy the conyersian qf ethylbenzene. in the feedstocks containing C8 aromatic
hydrocarbons?‘@?’@?%t?é’ ?W@%gﬁﬁ%gﬁ’?ﬂ %@W%%y BRSO RN L B ery without an

extraction stepfiGl ERRIRI0RhINED R D8RR biccic o 1 6RRGE! ﬁg@hﬂ" gram showing

the flow when a bypass line which does hot pass through the first deethyfati ene-fsomerization
step, in a p-xyi€rhenteichtpeguipm enrbiproaydrGrou 1E fiishdsethyltatihHxylang-isemerization
step, the p-xylene-segaration step and the second xylene-isomerization step. 20Fig. 2 is a conceptual

diagram showiicth fiovent te bpereriv hreserdektieniejre 5 GElatgmsiitene production, in which

ceparation SDBAPANEN By TP UL ISR AR BROULLAORC N S AR BTgon st is
introduced. Fign4{8a:fR0RauRl4iBorpaalandaa. GHaw sliasirbAlies faed.method

together with the conversion of ethylbenzene.

[0019]

(2) | The process according to the above-described (1), further comprising

separating, by distillation, the benzene produced by the reaction, and recovering the

benzene 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



25in which a deethylation step is not introduced, the fresh feedstocks is mixed with raffinate xylene,
and the obtained mixed material is transferred to a k¥leneisomerization step which has a function to
highly deethylate the ethylbenzene. 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 %d@f}%{gwxr?éxggm@ﬁg%%%% containing 5ethylbenzene to be supplied contains
ethyltoluene. Usually,

e ))f SiteRe s cohtamedin the high boiling components in an amount of 5 to
15% by weight in the [easlstogi.canialplg. C8 Aaleate vdaraibans: Whish faedstocks s supplied to
the "separation-isomerization cycle". Therefore, the distillation tower for separation of the high boiling

" components Ry-distiltation-whercanduciieg hesseeindation gteR. Hamay be omitted. Fig. 1 shows a
preferred mode of the flow for carrying out the present invention, and the high boiling

- components-distillatiepasetar atioyiesste pohén shomvihia figsiod andikigo Ztshevsingithadiew of the prior art
may be omitted. [0028] That is, according to the present invention, when carrying out the deethylat on-
15reaction of iegytbieaizensién-the feedstocks supplied to the deethylation step, deethylation reaction of
the ethyltoluene contained in the supplied feedstocks containing C9 and C10 aromatic hydrocarbons is
simultaneous[)?%%?r}ied out to convert it to toluene, the ethyltoluene may be usefully utilized to obtain

toluene Thus, #ﬂike thePpriorf%r_t re(%resented tpé Patent Literature 3, it is not necessary to
i

20additionall X us‘{}-:-?ﬁ 6 ﬁenieq%av]izr?én%ﬁi otlheércagi@sr.lsﬁﬁ'ther, since the disproportionation

reaction of xylene a%%%%ﬁ@@%ﬂ@ﬁ@&&%@ﬂi@ﬁ% egflggh%%ggg%gge_ggg%ﬁ@g%deethylation of

ethylbenzene and xylene, which reactions are the causes of t ylene loss, are

equilibrium repgliopsihess side-eactionsanereaucan pyctheexistencrof lolenssebiained in the
deethylation of 25ethyltoluene, so that the xylene loss is decreased. [0029] The catalyst used in the
process of thewqaresént inventionvisdsatiddypeto isomerize the xylene together with converting
the ethylbenzene to benzene;
a step of separating p-xylene from the reaction product obtained in the
deethylatiénfxylene-isomerization step; and
a step of recycling the residu; after separation obtained in the separation step
15 by supplying the residue to the deethylation/xylene-isomerization step.
{0(}23]
(6) A process for producing p-xylene by using a p-xyiene-producing equipfnent
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),
20 wherein the equipment comprises a bypass line which does not pass through the first
deethyiati6n/xyiene-isomerizatio11 step, and wherein the C8 aromatic hydrocarbon
mixed feedstocks mixed with the C9-C10 aromatic hydrocarbons containing
ethyltolueﬂe 1 supplied to the p-xylene-separation step, as required.
Effects of the Invention
25 [0024]
By the present invention, xylene loss may be reduced and ethylbenzene may

be highly hydrogenated and deethylated to be converted fo benzene, by carrying out



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 thelacid type zeolites, those which may be used in the
. present invention include pentasil zeolites such as the pentasil (MEI type) zeolite having pores of
10-membered oxygen ring (for example, see Example 1 on pages 4-5 of JP-B-60-35284 and Example
- 1 on page 7 of JP-B-46- 10064). As the eollt(%yﬁther natur%lll%éorfcurgngnz% Igeeguqr synthetic zeolites

may be empld %B"‘,Oghe&%%?ﬁéf%’zcggﬁte G & Bt AT & AT PSS T ZEGIE0Er Se as well as its

production PRSI, 8t A example. kg, a&%ﬂ&&rgm&iﬁg%9iﬁgﬂyngescribed in

the Examples | e catalytic performance of 10zeolites varies depending on the composition,

 especially on ghe silica/alumina malanatoKHIARIAIRASmelartatioh anckemkahersize of the crystallite

thereof, even when the zeolite structure is the same. [0030] The preferred range of the
silica/aluminactihlaetatie ofifh e zeelite variesidlsofdep endingrandheystruatucelofthe zeolite. For

- example, in case of a synthetic pentasit zeolite, the preferred silica/alumina molar ratio is 10 to 70,
more preferabiytdPste beHignpalderationnhayibssitsisé doy dbnguiling theisatip @ e components
when synthesizing the zeolite. Further %{ removing aluminum constituting the zeolite structure with an

aqueous acid™88} W@@Bé@&%&%ﬁf RISGHGEOY Wik S AsasRsne IdHelatig e fiSuch as
ethylenediamingtetraacetic aci DTA), the silica/alumin lar ratio may, be increased. Conversely,
by '?;.eating; thérgé%ﬁ%%ﬁ#&%éz%%gtgﬂ%ﬁﬁﬁ I‘ﬁm‘?ﬁé%ﬁ%éﬁ%éﬂ?ﬁﬁ%&é sdset‘%%)lﬁr%}‘ab%an%a E("—:-.soILYtion o>r/
the like, alumi um may.be.i &%%géecpa@gh%.g?%lﬂ%ﬁggcture to decrease the silica/alumina molar

ratio of the zeolite to attain the preferred 25silica/alumina molar ratio. The silica/alumina molar ratio
may be easilyﬁg@ggqmined by atomic absorption spectrometry, fluorescent X-ray diffraction method,
ICP (inductively coupled plasma) spectrometry or the like. 15 [0031] Since the synthetic zeolites are
generally in the formfafrpeyderhit isarefentechtiomdlenthewedlite. Higtamplesmitire molding methods
include compression molding method, roll molding method and extrusion method. Among these
5molding methodscexdriisiotmututisnrciieenarrtb axtha sion prgithoel etibilger@kdtch as
alumina sol, alumina gel, bentonite and/or kaolin, as well as a surfactant(s) such as sodium

dodecylbenzeths SRfSHStES SPERA G R N AIBIPGRERA Bra dBTYEIRY, F(HFS) Bdd&Fas required as

a molding ald@éy%‘ed olé?a?ggc? gsvg@ngﬁl%g)%\{lvc Fhter recovery without an extraction step.

Brief Description of the Drawings
15 [0026]

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

20 Fig. 2 is a conceptual diagram showing the flow of "separation-isomerization
cyele" 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
25 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 desthylate the ethylbenzene.



10[0032] As required, a machine such as a kneader is used. Further, depending on the metal(s) to
be added to the catalyst, a metal oxide(s) such as qumina, titania and/or the like is(are) added when
molding the zeolite to increase the amount of the metal(s) carried by the catalyst and/or to promote
dispersion. The kneaded product is 15extruded through a screen. Industrially, 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 biptheNlode §izé& efjiesuredn Invpaiiersize of the screen of 0.2 to 1.5mm diameter is
preferably employed. The molded product in the form of noodle extruded through the screen may
preferably be 84fdd with a Marumelyzcr 20(trademark) to round off the edges. The thus prepared
- molded product is preferably dried at.50C to 250C. After drying, the molded product is preferably
baked at 250C to GO0 POV HIRFHUBN, o HRBCE B0 B0 THE 10k e o RSfded product s

then sublecte e, afS¥cHaNe AReaUPank i Alvng seld addly. Bxamales ol mefod for iving

solid acidity include a method in ' which the mo product is su to 1on-exchange treatment with

a comppund(8)15IRAING:3MMAPHIRL IEsh (S Al GchNHANGS, (140RRA4 146 and the like) to

introduce NH4 ions into the ion-exchange sites in the zeolite, and then the NI-14 ions are exchanged
with hydrogeredains by diyinghagidtodking thepzeotite jand arnmethod dnowBichbyyedengentons are directly
introduced into the ion-exchange sites of zeolite by treating the zeol te with a compound(s) containing
an acid (e.g., Gk ERNORRIBROA andhite likdlo Sirvmshe hattefersisthot mayinéek thézeolite
structure, the fon er method is preferred, that is, the zeolite is preferably treated with an ammonium

t

ion-containing SOHBEARIFETRIFHARIANE solic SRS s e ek By ShESFEEMEL Alent and/or

trivalent metal,ions i L%t e ion-exchange sites,of zeolite. Exa Iesgo_ the divalent metal ion include
Vo2, Co e Sl R BT SRt B ey S e AR T SAr £HH YoBtal tom Suon

as Ceg, La3anaihs like.qT he:ethad.in which the divalenf andigrteyalent metaligns are introduced

and the method in which ammonium ions are introduced or hydrogen ions are directly introduced may
be employed prgembinatiensand thisicominatiotonay Remerei nketaegmeema-pases. The

ion-exchange treatment is carried out by a 1 5batch process or a flow method in which the carrier such
as zeolite is trémted withigs. 3 and Fig. 4 showing the flow of the prior art may be omitted.
[0028]
That is, according to the present invention, when carrying out the deethylation
15 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 foluene, the ethyltoluene may be usefuliy utilized to obtain toluene.
Thus, unlike the prior art represented by Patent Literature 3., it is not necessary to
20 additionally mix useful toluene having many other uses.  Further, since the
disproportionation reaction of xylene and the tra;malkyiation reaction between
benzene generated by deethylation of ethylbenzene and xylene, which reactions are
the causes of the above-described xylene Joss, are equilibrium reactions, these side
reactions are reduced by the existence of foluene obtained in the deethylation of
25 ethyltoluene, so that the xylene loss is decreased.

[0029]

The catalyst used in the process of the present invention is an acid type



solution containing the ions, usually with an aqueous solution. The treatment temperature is usually
between room temperature and 100C. [0034] After hg ion-exchange treatment, at least one metal
selected from the group 20consisting of the metals %elonging to Group VIl and Group VIl is carried.
By making H2 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 &etise shetiakihbiudiepplatirnshi] paliaditimg, phewntimdandtihe)likactbaeddrdierred amount of
the metal to be carried 25 varies depending on the metal. For example, in case of platinum, the
preferred amabintlis §:005401.0:159b! yevrediies roresprandizdsly 0/oncme0Ruch ysghelittsase of

_ palladium, the preferred amount is Q.05 to 1% by weight. In case of 17 rhenium, the preferred amount

is 0.01 to 5090 BSFWEIGHIIFORE Bretdraly RICEHR! 295 By HeigHid Rerges sttt ortrd Eafifed
hydrogenating metal i referred because aromatic. hydrocarbons are nuclear-hydrogenated. On
the other nandl RS IMELMC o (10 Kol yaHuna e UL o S Ll (8 SOPl of ycrogen i
the Sdeethylatignreaction;is,nohsufficient sohal deterioralion.qf atplystis Droyght ahapt. Thus, the
type of the metal(s) to be selected and combination thereof, as well as thé amount of the metal(s)

should be approgsiatelysadiysiediterendingemathedargetRerfonnancesJineguethogfongarrying the
metal(s) comprises immersing the catalyst in a solution, usually aqueous solution, containing at least

one of platinubs, &8pkiiadiumdasydthatnizmnli s dhepcofapedindfsicbentaiming ydatittumrcerponent,
chloroplatinic acid, ammoniurn chloroplatinate and/or the like may be employed. As the compound(s)
containing palteeliLah isopipditéien palisdiimratklate vpatadiune sepiadetonatethstiadnass chloride,
palladium nitrate and/or trg?elike may be employed. As the compound(s) containing rhenium

component, p&rAREAIE &¢I HRBIH FERHER AR Shd/or theriikE ina§ BEBfbfYed. [0035]  The
thus pr pared caﬁl@yst i%grgfe at 50C to. 250C for not les inutes (rjis

rably drie than.30
iedobs i T At S AR i e e
catalyst, one tyne, & eatalysh MayiRe 4Redpcividualiy Qfine QL mene WRes ofcaialvaEM@Y be used in

combination.
zeolite structure is the same.

[0030]
The preferred range of the silica/alumina molar ratio of the zeolite varies also
15 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 ratid may be attained by controlling the ratio of the
components when synthesizing the zeolite. Further, by removing aluminum
constituting the zeolite structure with an agueous acid selution such as hydrochloric
20 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 agueous 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 prefesred
25 silica/alumina molar ratio.  The silica/alumina molar ratio may be easily determined
by atomic absorption specirometry, fluorescent X-ray diffraction method, ICP

(inductively coupled plasma) spectrometry or the like.



[0037] The catalytic reaction using the catalyst prepared as described above may be 25carried 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 }uidized bed process. Among these processes,
fixed-bed process is especially 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 if)200IC to 500C, preferably 250C to 450C. The reaction pressure is from atmospheric
pressure to 10 MPa, preferably 0.3 to 2 MPa. The weight hourly 5spatial velocity (WHSV) which
expresses the contaetitimBissprhedisgaties preferapigly. itdredooh il rriveleadetioprigessadied out in

. the presence of H2, and the molar ratio oféljé%to the feed oil js 0.5 to 10 mol/mol, preferably 1.5 to 5.0

mot/mot. H2 MY HE Maderidexidt ARl dib My v irodtdng WRbgea Yas into the

reaction :sy:ste;lrlno.1 iﬁe ;‘g%go%,il m XEF?) iirﬁ thﬁe%%ﬁ%%%%%@ ]qululirq r gas. };LL]%[)OIQB%]E;Fhe ethyltoluene
which is madeé to becontamed in e(%eédl ol maybe any of p-e?hy(f Oluéne, nr-e ycitoluene and

o-ethyloluenc, o may.e,a AW ShthrsomerscRhe dotal moutalhese giioluenes contained
0

in the feed material i5 preferably not less than 1% by weight, more preferably not less than 3% by

weight, 15stillypaegpreferakynatilessothain by weighinAs fa0/tha upperimitiitheamount is usually
preferred to be not more than 20% by weight, more preferably not more than 15% by weight. As

mentioned abov&csinte thecT 8saxainaticdvmndbarbomssobtained Spom(aphthaldynéfarming treatment
or fractional distillation contain ethyltoluene, this ethyltoluene may be used as it is. Therefore,
installation of HéeeoDtesatE tdariciddahavisgRIgh Bollimg ldsra sshehendinieriothy Wecessary in
the conventional processes, may be omitted. [0039] The ethyttoluene may be made to be
contained by Hdifg Shyitoluene to the feedstocks. In cases where ethyltoluene is added to the
feedsi%?ks, t &t}j}lltoluene 25may he added individually, or a mixture of ethyltoluene and other
C9-C10 aromatic

As required, a machine such as a kneader is used.  Further, depending on the
metal(s) to be added fo the catalyst, a metal oxide(s) such as alumina, titania and/or
the like is(are) added when molding the zeolite to increase the amount of the metal(s)
carried by the catalyst ;md/or to promote dispersion. The kneaded product is

15 extruded through a screen. Industrially, 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 employed. The molded product in the form of noodle
extruded through the screen may preferably be treated with a Marumelyzer

20 (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 1o 600°C, more preferably at 356°C to 600°C.

[0033]

The thus prepared molded product is then subjected to ion-exchange

25 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., NH;Cl, NHNOs, (NH LS04



hydrocarbons may be added to the feed material. [0040] 19 By the process according to the
present invention which uses the above-described igid type catalyst, since the ethyltoluene contained
in the feedstocks may be deethylated at a degree 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, 5at not
less than 80% by weight, much toluene useful for the reduction of xylene loss may be obtained even if
a feedstocks hadiihg Bkiowicethiyitdivene-bontentration imtrsedaf@e4dfes in Furthelitthendehzene

byproduced by the dealkylation reaction of ethylbenzene is usually purified by distillation separation
and by extrac%%r{\géﬂplé’l‘agtifgﬁ S BE e OEiRIaINe e pLHBWEVEIS itnedukang M dapidizisdde-described

acid type catalyst is used, since the generation of nop-aromatic components such as cyclohexane,
ety clop AR b Ao BRI 1RS: S AR AT CTHG S OTHC Pa ey 1568 S ihat of
benzene and diffi Reise ed-hy distillation.is.small.. benzene iQa igh purity may be
obtained On|y§§f%§§%ﬁ|§é%%gégp%?%%%g%i{%}% E’Ef@%)?térgc%@% %Pﬁ%}r@r%ﬁb%ﬂ\g]& 'g'&%quaﬂon for -

estimating thepety19fithe hengena@as a dinal produet,sepalated from shegensrated feagtion product
liquid composition by distillation is, for example, described in JP-A-2002-504946, which is described

below. In the A@pfesentinventianpliferdednipusityheflerizenelraieans thewpdritytehbenzene calculated
by this equation for estimating the purity of benzene as a final product. [0043] Estimated Purity of Final
product Benzemerejarizerwe conusaeatipeladisyc+difonteeis.cohdeniditiomy*11£06(3)) 25wherein
atod reprgsent the follqwincg: a = 0.1 [n-C6 paraffin concentration] b :_0.7 [methylcyclopentane
ConcentratlonPYZGtmducmg ivalent and/or trivalent metal ions into the ion-exchange sites of
zeolite. Examples of the divalent metal ion include Mg”", Ca**, $+*" and Ba*".
10 Examples of the trivalent metal ion include rare earth metal tons such as Ce™*, La®"
and the like. The method in which the divalent and/or {rivalent metal ions are
introduced and the method in which ammonium ions are introduced or hydrogen ions
are directly introduced may be employed in combination, and this combination may
be more preferred in some cases.  The 1on-exchange tre:étment 1s carried out by a
15 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
20 consisting of the metals belonging to Group VII and Group VIII is carried. By
making H; exist in the cataiytic 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 platinum,
palladium, rhenium and the like. The preferred amount of the metal to be carried
25 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



¢ = 1.0 * [cyclohexane concentration] d = 1.0 * [C7 naphthene paraffin concentration] [0044] In cases
where rhenium is used as the metal to he containe(Hn the acid type 5catalyst, since 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 above-described impurities having the boiling points
relatively close to that of benzene is small. As a result, the estimated purity of the final product
benzene is nobdessithére 98:8%ddameightis THusidelbe hyene dstobtained s<bdalpradut of chemical
grade by the distillation separation without a further purification such as extraction step. On the other

hand, the tolUshegeheratedir tHeysakyibtisrrreddichiaremtiptondnd s pepsvisred by distillation

- operation, and may be usefully used as a base of gasoline, a solyent or as a material for producing
benzene by §ﬁ?8ﬁ%?ﬁ%‘i’?§ﬂiﬁrgﬁé?fai%%ﬁ]§] nuc{ﬁ/‘?ﬁ'ﬁﬁ%é’éﬁal{nvgﬂi@ﬁ,%@ﬁ%’fﬂﬁﬁg@%ylbenzene

is converted to benzene by carrying out the.above-described version process of ethylbenzene

i the 08 ST A R At et o

xylene qmay bg.isamerizee-dae,s18m6f SanveHing.ciny henzens;te berzangand.2liggmerizing xylene

is referred to as "deethylation/xylene-isomerization step” or "first deethylafion/xylené-isomerization
step”. By thisaboigactionpragugbinoviticmeni @nly thesdegreeaticenveiisiopraheibylibenzene is high,
but also the xylene loss is small may be obtained. By separating p-xylene from this reaction product,
p-xylene mayasehebtained. of ieesepatati choof ¢ betemecfroncinedpmttibdepeodingt enadlidbe 25carried out
by the methods which per se are well-known, for example, by the cryogenic separation or adsorptive
separation utiifzBsd PeE Gmarsace TheayiBadooadaBiptsAByLEY it CURIBRNENP e DT BY
Further,in the present invention, raffigl(f;}t{e x]ilene which is a separation residuesft I separation

44 8

ofp:xylene as GeeHaG SBB WHTH CIUH SO E e R RE AR RIRER to
omerion g e BN 5500 A TR FAMSISRIYRSA: A AR
chloroplatinic acid, ammonium chloroplatinate and/or the like may be employed.
As the compound(s) containing palladium component, paliadiam acetate, palladium
acetylacetonate, palladium chleride, palladium nitrate and/or the like may be
employed. As the compound(s) containing rhenium component, perrhenic acid,
15 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.
20 [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
25 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 1s especialiy



xylene-isomerization step is not restricted; and the isomerization of xylene may be carried out by an
ordinary process, or may be carried out by a step si@ilar to the above-described
"deethylation/xylene-isornerization step”. From the reaction product obtained in this second
xylene-isomerization step, p-xylene may be separated 10again. The second residue after separation of
p-xylene may be recycled by mixing it with the C8 aromatic hydrocarbon mixed feedstocks supplied to
the first deethytafiorddylenesisofrasizatiop=sieionor Maysecyeleibhyheingsupplieddothesecond
xylene-isomerization step together with the first residue after separation, thereby forming a
"separation-isbimseganon: chelllasjogagctioncandisip thé prasetieinvmtioricpwatdne may be

. produced by conducting the deethylatign/xylene-isgmerization step in which ethylbenzene is converted

and xylene is 1¥6htelf 8 Gsitty et atethhtie ﬁ?@?gcarggﬁ HAKBOTFEETSIBERS ¥BRtaining ethylbertzene

and xylene, which deethylationIxylene-isomerization step is i\r;rllrﬂart (%)the bpve-described first
- deethylation/x%/ gﬁs-llseglrﬁygﬁ?zsg |%3ntc§t1e8p)fj\%s%dp rrgz,fléﬁa% ITx(i/ e%oe%‘o‘ 'the Ot gt '%%rtli\én product, and by

recycling the %ﬁ%%&%@ﬁf?&%}f%ﬁ%&ﬁ%@é&%% L%ﬁi%ﬁ{)&yﬁ &93&%@?@%@@%@1\;

deethylation/xylene-isomerization step. This process may also be utilized in the above-described direct

feed process.(Tha{ ig). paylenameay:beseRarated agaln b mixipg:ther €8 arpnatis hiydrocarbon mixed
25feedstocks containing ethyltoluene obtained omitting the distillation separation of the high boiling

components witloth€ Haffinhtefxydenkiaficr sejfanatirig.q; xytenebisansfering thé/mokturélio the
xylene-isomerization step in which the above- 22 described acid type catalyst is introduced to
deethylate theethpibengete and to Borerenths kyidieinamd byrehateteg paxylenéiggain from the
thus obtained reaction product, That is, in cases where the ahove-described acid type catalyst is
introduced in fﬁ@%‘b‘?ﬁ%ﬁﬂfgﬁon@}%ﬁ?ﬁ%%@Pﬁ’&&ﬁl}ﬁé?@oﬁ%%ﬂ HbsaLAGH Heparation step 14 may
be on'ii%]ed ini/é%ﬁ;(showing a conceptual diagram of a usual direct feed method. [0048] In cases
where'the above-described first deethylation/xylene-isomerization step, p-xylene-separation step and

the second xylene-iseesizing SteR A8 GaLIad @, 10200036 IRELE Mnay be any of

"separation-isomerization cycle" is further added thereto, it is preferred to provide a bypass line such
as a bypass lipe-glefidaethylationxilencaisamerizasioarsien asshewmixfig.dithéhe

p-xylene-producing equipment for conducting these steps.
isomers. The total amount of these ethyltoluenes contained in the feed matenal is
preferably not less than 1% by weight, more preferably not iess than 3% by weight,
15 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
20 distillation tower for removing high boiling components, which was necessary in the
conventional processes, may be omitted.
10039]
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

25 may be added individually, or a mixture of ethyltoluene and other C9-C10 aromatic

hydrocarbons may be added to the feed material.

[0040]



[0049] 15This is because that even when the deethylation reaction step is stopped for periodic
maintenance or stopped by emergency shutdown, 'tle 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 20possible. Further, in cases where the above-described cleethylation/xylene-
isomerization step isRiséd amthesagendiigpm dizaticanstepesincethecogyversianefethylbenzene
contained in the C8 aromatic hydrocarbon mixed feedstocks is simultaneously conducted,
ethylbenzene $feyibelcil erpsdael Higinge gre ety tanversiontiinsgite betfsdsiotisanttie first

‘ deethylation/>%gle&egfygmeéizati n §tep%'s 25 omitted, and moreover, since the xylene loss is small and
isomerization 5t $STERERAF e CaFfR e ST 1HS filbeReklEy thatomiedisvsahe Hramore

deethylation/xylepeisomerization step ma duced.as small as possible. 23 Examples [0050]
1.Synthesis ofy Egﬁfgé)i}?ggliflé?ﬁ%5§.g; S%ﬁ%t% r,‘%ﬂ'. %gao alau oegges%%? M arr%aiiagd%olution

(NaOH Sconiagt, 3,00y wrighh LaORme: SR buwciohy Teagass) Go. Kl nd 166 g o

tartaric acid powder (tartaric acid content: 99.7% by weight, H20 content: 0.3% , CaHC Co.,
Ltd.) were disgolyed.cbenthis soltign, B geksodiuny aluminale solution(A203.entantik3.4% by
weight, Na20 content: 13.8% by weight, H20 content: 43.9% by weight, Sumitomo Chemical Co., Ltd.)
was added an@®é)10mixture was made to be a uniform solution. To this mixed solution, 111.5 g of
hydrated silisic acid (Si02 content: 89.4% by weight, Al203 content: 2.4% by weight, Na20 content:
1.6% by weight, Nips&aihoniBe Riraensinca cocertly) hadesiwigtiaadesrifthostitnnlpessrepare an
aqueous reaction mjxture jn the form_of uniform slurry. The composition ratiq (molar ratio) of this
reaction mixtdﬁeﬂi}ﬁ‘ll%\g%f%ﬁfg?’f%f 8155120 Ay by exiraction separation such as

10 sulfolane step. However, in cases where the above-~described acid type catalyst is
used, since the generation of non-aromatic components such as cyclohexane,
methylcyclopentane, n-hexane and the like, which have boiling points relatively close
to that of benzene and so are difficult to be separated by distiliation is small, benzene

with a high purity may be obtained only by distillation separation omitting the

15 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 distitlation 18,
for example, described in JP-A-2002-504946, which is described below.  In the
20 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
concentration]/a+b+c+d+[benzene concentration]) * 100(%))
25 wherein a to d represent the following:

a=0.1 * [n-C6 paraffin concentration]

b= (0.7 * [methyicyclopentane concentration]



01-1-/Si02 :0.3002 A/AI203 :5.14 (A: tartaric acid salt) H20/Si02: 25 20[0052] The reaction mixture was
placed in a 1000 mi.-autoclave and the autoclave sealed, followed by allowing the reaction at
160C 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 250vernight at about 120C. [0053] 24 vessel and Ka-ray revealed that the obtained product was
a pentasil zedlite! {0654} clohElaveasoeptirtiapldiffraction analysis of this pentasil zeolite revealed that
the silica/alumina molar ratio thereof was 49.0. 5[0055] 2.Production of Catalyst (1)Production of
Catalyst A (uéiemo]F -@3&%9@@%@%@@#@@ eeBpa BRtNEpresent invention) To the thus synthesized

. pentasil zeolgﬁ)mf@n amount of 10 g in terms of the 10absolute dryness standard (calculated from the
loss on ignition after baking at 500C for 20 minutes), hydrated alumina (produced by Sumitomo

Chemical Co., Ltd.) mgggs%ﬁa%qﬁaﬁﬁm@g@@&%@J{ﬁeiﬂl@ﬁﬁg@g%rﬂﬁg%ﬂtﬁf%@%@%g’nﬁ"ute

~ dryness standard, and 60 g of alumina sol (Al203 content: 10% by weight, produce

Chemical Indyatiigss, kif} wereasseshans thermixideovassifficientyid amixedntolipwed by drying the
mixture in a dryer at 120C until the mixture became a
aromatic compounds due to the decomposition by nuclear hydrogenation is small,
generation of the above-described impurities having the boiling points relatively
close to that of benzene is small.  As a result, the estimated purity of the fnal
product benzene is not less than 99.8% by weight. Thus, the benzene is obtained as
10 a product of chemical grade by the distillation separation without a further
purification such as extraction step.  On the other hand, the toluene generated by the
dealkylation reaction of ethyltoluene is recovered by distiliation operation, and may
. be usefully used as a base of gasoline, a solvent or as a material for producing
benzene by disproportionation step.
15 [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

20 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 ethytbenzene is high, but also the xylene loss 1s
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

25 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.



liquid in the Balm 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 120C. Thereafter, the
temperature was slowly raised from 350C to 540C, z;nd the product was baked at 540C for 2 hours.
Twenty grams of this 20 molded product of pentasil' zeolite was placed in an agueous solution
containing Il parts by weight of INFI4C1 and 5 parts by weight of CaC12 per 100 parts by weight,
under the absolute dryness standard, of the pentasil zeolite molded product, and the solid-liquid ratio
was adjusted té"249 kg/L with pure water, followed by incubating the mixture at 80C for 1 hour, The

molded product was ?e Wa_shﬁd 6 times with 25pure water batchwise. The thus obtained
ion-exchanged pentaSi &3t PR Prodthi a2 dnals svbmhghitisr F20EPB#fSFe using the product

in a catalytic reaction,.the ¢ treated witl d en s uvlglcll as flow at 250C for 2 hours, 25
and then bakeollfé gh%%%%ogr héé%%vol t%g%%?ré:agv g%%tg%l)”(&,oataﬁ)yg Ai [%l&%]g( %féé{%ﬁc@m of Catalyst B A

molded productcertaining peptasiMEizeslienwas.pradicedaad jonsaaxghangewith ammonium
ions and calcium ions was carried out in the same manner as in the production of Catalyst A. Twenty

grams ofithe ioxyexeharyedzaichdtied pEmtasitixebliteimnoldedroductaftet thehioneexahange was
immersed in 40 ml of an aquequs solution of perrhenic acid containing 80 mg of Re in terms of Re at
room temperatteESASIRE FRSGR RGNt AL adrid Siarpror Hiarel Trenmmeiree 10was stirred at

ntervals of every AQMINNIER, A1 Afsrdrann Iguid e a1 ) was s verpian: 0 120C

Before using the product | c reaction, catalyst was freated wi yd)rogen sulfide gas flow

at 250C for 2 hgwss-angd iben deked i pdblienidherrsdotRegir torabtain: Gatalyst B. Analysis of the
Re carried in Catalyst B by ICP spectrometry revealed that the amount of the Re was 2010 ppm by

weight in termspofdRet (0B ExnspladnComparsiiverExampler] fFhgaboveydeseribed:Catalysts A
and B were packed in reaction tubes, respectively, and reaction tests were %erormed. The

composditions ot$HE 4 e HBoREIHIABISIEEER Y- SHEAM NPT IR bW P HBS alysis of the
compositions of the, feed materials and NEIEATIWRIRIVSES WSIRATRd Ry using 3 gas
deethylation/xylene-isomerization step, or may recycled by being supplied to the
second xylene-isomerization step together with the first residue after separation,
thereby forming a "separation-isomerization cycle”. n
15 [6047]

Further, in the present invention, p-xylene may be produced by conducting the
deethylation/sylene-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

20 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 abﬁve-described deethylation/xylene-isomerization step.
This process may also be utilized in the above-described direct feed process. That
is, p-xylene may be separated again by mixing the C8 aromatic hydrocarbon mixed

25 feedstocks containing ethyltoluene obtained omifting the distiilation separation of the

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

transferring the mixture to the xylene-isomerization step in which the above-



chromatography apparatuses equipped with a hydrogen flame detector. The separation columns were
as follows: [0058] 25(1)Gas components (compon((ejﬁs from methane to n-butane in gas): Medium:
Unipak S (trademark), 100-150 mesh Column: madé of stainless steel; length: 4 m; inner diameter. 3
mm 26 N2: 1.65kg/cm2-G Temperature: 80C [0059] (2) Components in liquid, with boiling points
close to that of benzene (from methane to n-butane dissolved in the liquid and from 2-methyl-butane to
benzene whicleamibiiguidi ¢ tmp omehits)isNtedidnted 500dpeflydtiyldne ilylbeh20M atdier "Shimalite"
60-80 mesh Column: made of stainless steel; length: 12 m; inner diameter: 3 mm N2:2.25kg/cm2-G
10Temperatule HSHESC Yo a0 anatby ARSI REB-6F 2ehwifobe the Yies miereAts with higher

- boiling points than liquid benzene (from benzene to heavy end components) Spelcq wax fused silica
capillary: lendgtiB6 8P'di§ t@r:”@)@ﬁ%%gﬂ'ﬁ#}ﬁh%%gﬁ%%%ﬁ{w@?n@gﬁ\%ﬁ&ity: 23

 cmisec. Temperayre: from, 676 LA s R O R M2 iGM A0CH8 ARG At & raising rate of
2C/min. [0061] |
5 separation step 14 may be omitted in Fig. 4 showing a conceptual diagram of a usual
direct feed method.
[00481
In cases where the above-described first deethylation/xylene-isomerization
step, p-xylene-separation step and the second xylene-isomerizing step are carried out,

10 and in cases where the "separation-isomerization cycle" is further added thereto, 1t is
preferred to provide a bypass line such as a bypass line 23 of deethylation/xylene-
isomerization step as shown in Fig. 1 in the p-xylene-producing equipment for
conducting these steps.

[0049]

15 This is because that even when the decthylation reaction step is stopped for
periodic maintenance or stopped by emergency shutdown, it 1s 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 smali as

20 §ossible. 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

25 omitted, and moreover, 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.



20Table 1 Compositions of Feed Materials (Unit:% by weight) Material A Material B Material C
Material D | Material E EB 16.2 16.0 15.515.0 16.5 PX20.0 19.7 19.1 18.5 14.8 MXI44.1 43.4 42.1
40.851.5

Examples
[0050]
1. Synthesis of Pentasil Zeolite
In 698.6 g of water, 54.2 g_of aqueous sodium hydroxide solution (NaOH
5 content: 48.0% by weight, H,O content: 52.0% by weiglﬁ, Toagosei Co., Ltd.) and
16.6 g of tartaric acid powder (tartaric acid content: 99.7% by weight, H,O content:
0.3% by weight, CaHC Co., Ltd.) were dissolved. To this solution, 9.9 g of sodium
aluminate solution (AlO; content: 13.4% by weight, Na,O content: 13.8% by weight,
HyO content: 43.9% by weight, Sumitomo Chemical 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 (Si0; content: 89.4% by weight, Al;O5 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 form of uniform
slurry.  'The composition ratio (molar ratio) of this reaction mixture was as follows:
15 [0051] |
S102/ALO5: 77
OHY/Si0; :0.3002
A/ALO3 5,14 (A tartaric acid salt)
H,0/810,: 25
20 {0052]
The reaction mixture was placed in a 1000 mi-autoclave and the autoctave
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
25 overnight at about 120°C.,
[0053]

Analysis of the obtained product with an X-ray diffraction apparatus using Cu



0X 19.719.4 18.8 18.2 25.0 ET 0.0 1.0 3.0 5.0 4.8 Other C9+ 0.0 0.5 1.5 2.5 7.4 Total 100.0
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/alumina 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 synthesized pentasil zeolite in an amount of 10 g in terms of the

10 absolute dryness standard {calculated from the loss on ignition after baking at 500°C
for 20 minutes), hydrated alumina (produced by Sumitomo Chemical Co., T1d.)
having pseudoboehmite structure in an amount of 30 g in terms of the absolute
dryness standard, and 60 g of alumina sol (Al;O content: 10% by weight, produced
by Nissan Chemical Industr;és; Ltd.) were added and the mixture was sufficiently

15 mixed, followed by drying the mixture in a dryer at 120°C until the mixture became a
liguid in the form of clay. The obtairied kneaded mixture was extruded through a
screen having a pore diameter of 1.2 mm. The extruded moided 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

20 molded product of pentasil zeolite was placed in an aqueous solution containing 11
parts by weight of NH4Cl 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
soﬂd—iiquid 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

25 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,



100.0 100.0 100.0 100.0 [0062] 27 "OX" denotes o-xylene and "ET" denotes ethyltoluene. "C9)-"
denotes compounds having not less than 9 carbon .atoms. Materials A to D are simulations of the
feedstocks to be supplied to the deethylation step before the "separationisomerization” cycle. Material
E is a simulation of C8 aromatic hydrocarbon mixed 5feedstocks containing ethyltoluene and
compounds having not less than 9 carbon atoms for the direct feed process. [0063] In a reaction
tube, 7.5 g ofBatdlysbaked @Ayt Brilde packeticard thetahioveatidgeribed feed oils were allowed to
react under the following conditions: 10[0064] Reaction Conditions: WHSV/(hr-1): 4.2 Reaction
Temperature [@9)5.@105 Reaction Pressure (MPa): 0.9 H2/Feed (mol/mol): 3.5 [0065]

(2) Production of Catalyst B
A molded product containing pentasil (MFET) zeolite was produced and ion-

5 exchange with ammonium ions and calcium ions was carried out in the same manner
as in the production of Catalyst A. Twenty grams of the ion-exchanged and dried
pentasil zeolite molded product after the 1on-exchange was immersed in 40 ml of an
agueous solution of perrhenic acid containing 80 mg of Re in terms of Re at room
temperature, and the resuliing mixture was left fo stand for 2 hours. The mixture

10 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 B.  Analysis of the Re
carried in Catalyst B by ICP spectrometry revealed that the arr;ount of the Re was

15 2010 ppm by weight in terms of Re.

[0057]
Exampie 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

20 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
chromatography apparatuses equipped with a hydrogen flame detector. The
separation columns were as follows:

[0058]
25 {1 Gas components (components from methane to n-butane in gas):
Medium: Unipak § (trademark), 100-150 mesh

Column: made of stainless steel; length: 4 m; inner diameter: 3 mm



Test results are shown in Table 2. 29 [0067] From the results of Example 1, it can be seen that
the yield of xylene was increased by treating the feg stocks containing ethyltoluene using the acid
type zeolite catalyst carrying 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
proceeding of the transalkylation reaction between xylene and benzene (generated by deethylation of
ethylbenzenelavhichkis/thé-6ide reaction causing xylene loss. Further, by adding ET to the feedstocks
in an amount of 1%, the yield was increased by 0.2% (comparison between Comparative Example 1-B
10and Examﬂ@“@@)@tm'sgi%ﬁrovement in the yield brings about a very lame economic effect in the
. industrial pro%ﬂgﬁi in which a large amount of the feedstocks, that is, several tens tons of the
feedstocks is ssed per hour. Still further, the reaction product obtained in Example | has a low
- concentration,f ethylenzens ancha gh.seneenitaton,of Raens. This. lean s seen that this
 15process is very advantageous In the production p-xyfene In the “separation-isomerization” cycle,
especially in thepracess, wherginRdsomtinaIsenaralionusing M%@l}tﬁﬂﬁ@eﬁ@t@@éﬁ&@ﬁ@t is used in the
p-xylene-separation step. [0068] From the results of Comparative Example 1-A, when the
catalyst (CatahistAx2Owhiehdifpateanry 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 Hatailyst B} 20 ¢ i ititckiely 28 didldedrprodGoinfieh s eotite was immersed in 40 ml

of an aqueous . . _
Column: made of stainless steel; length: 12 m; inner diameter: 3 mm

N,:2.25kg/em?-G
10 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)
Speleo wax fused silica capillary: length: 60 m; inner diameter: (.32 mm; film
15 thickness: 0.5 pm
He linear velocity: 23 cm/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.

00611
20 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 43 .4 42.1 40.8 51.5
OX 19.7 19.4 18.8 18.2 25.0
ET 0.0 1.0 3.0 5.0 4.8
Other C9+ 0.0 0.5 1.5 2.5 7.4
Total 100.0 100.0 100.0 100.6 100.0
[0062]

"EB" denotes ethylbenzene, "PX" denotes p-xylene, "MX" denotes m-xylene,



~ was left to stan

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 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 sulfide 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
5spectrometryP&veiseeithattlersmodnbdt thanfieweibyieugpen byOleigitinteereasiop®™d{0070]  In
a reaction tube, 7.5 g of Catalyst C was packed and the above-described Material oil D was allowed to
react under tHE"SAMRPESRERBRS ASTRPERRte IMEBTRE fedRits Hre SRBIAHIMS PABIE 3. [0071] Example

3 In 40 ml.of equs palladjum chlpride solution containing 40 mg of Pd in terms of Pd, 20 g of
the dried molgﬂfga%%"(%%%%? ﬁ‘?gp[bee tg)sﬂl%gi)eﬁ Wv%%gﬁ Sc%ﬂt%‘?ﬁgerﬁ ioan%?%ﬁgﬂged ammonium and
caicium ions. i yas prepated indhe same manner A% Iy CaASLA RS ImMBrREd;ang the mixture

lyﬁorlgéﬁ%lgrsgﬁhé ni{/l}xturle was s%?s?rlegl at%nterv%a?s 0¥ e\&}ery 0 minutes, én after
draining liquidethepredusiwas dued yesnighhatdLPouReiRieinsing the praductimencatalytic
reaction, the catalyst was treated with hydrogen sulfide gas flow at 250C for 2 hours, 20 and then
baked at 540&idarsZhateslirthéeai pecoktain 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 W€} ¥.5 g of Catalyst D was packed and the above-described 25Material oil D was

allowed to react under the same conditions as in Example 1. The results are shown in Table 3. [0073]
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:
10 [0064]

Reaction Conditions:

WHSV(hr''): 4.2

Reaction Temperature ("C): 405

Reaction Pressure (MPa): 0.9
15 Ho/Feed (mol/mol}: 3.5

[0065]

Test results are shown in Table 2.



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 zeglite which contained ion-exchanged ammonium
and calcium ions, which was prepared in the same manner as 5in Catalyst B was immersed and the

mixture was left to stard for 2 hours. ixture was stirned at intervals of every 30 minutes, and after
draining liquid, the prf@luctag/as dried 0G. Before using the product in a catalytic
reaction, the catalyst glas_trgatecﬁ/v@ cci:e gas flow at 250C for 2 hours, and then baked
at 540C for 2 hours irgthe {ag. to Q@ alysis of the 10Ni carried in Catalyst E by ICP
spectrometry revealeg that&e argo 680 ppm by weight in terms of Ni. [0074]
. In a reaction tube, 7.5:¢ of atalys ked and thejabove-described Material oil D was allowed
to react under the sagie conditions|as i ./19The results are shown in Table 3. [0075] Table
3 (Unit: % by weight) TExampte;2-+& pte-4-Catalyst used Catalyst CCatalyst D , ,
" Catalyst E - )
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Feed material used Material D Material D : Material D Degree of Conversion of EBF90.0 90.088.0
PX/(PX+MX+0X)23.5, 23.5 23.5 Et concentration iggreaction product11.0 1.01.1 Toluene (TOL)
concentration in reaction product '4.4 4.5 4.0 Degree of Conversion of ET

ig

15

20

25

[0067]

From the results of Example I, it can be seen that the yield of xylene was

increased by treating the feedstocks containing ethyltoluene using the acid type

zeolite catalyst carrying rhenium which is a hydrogenating active metal. This is
thought to be because that toluene is prodliced by dealkylation of ethyltoluene and
this toluene inhibits the proceeding of the transalkylation reaction between xylene
and benzene (generated by deethylation of ethylbenzene), which is the side reaction
causing xylene loss. Further, by adding ET to the feedstocks in an amount of 1%,
the yield was increased by 0.2% (comparison between Comparative Example 1-B
and Example 1-C). This improvement in the yield brings about a very large
economic effect in the industrial production in which a large amount of the
feedstocks, that is, several tens tons of the feedstocks is processed per hour.  Still
further, the reaction product obtained in Example 1 has a low concentration of
ethylbenzene and a high concentration of p—xyle:ne. 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 uéed 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 ethyitoluene 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 aquecus
chioroplatinic 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



80.2 80.0 78.5 (PX+MX+0X) Yield96.0 96.6 88.8 [0076] Example 5 20In 40 int of an aqueous
rhenium oxide solution containing 200 mg of Re in g terms of Re, 20 g of the dried molded product of
the pentasil zeolite which contained ion-exchangedammonium 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 5product was dried
overnight at 126Cy Beforautsingntheltpradaicitia Aqathifticoredotiowashiricdtadystigiasatré2déd. with
hydrogen sulfide gas flow at 250C for 2 hours, and then baked at 540C for 2 hours in the air to obtain
Catalyst F. Ar2yis st iRetudvddns curbiistrasiiore hepaisiishispiraiedistithat the amount of

the Re was 480Q ppm by weight in terms of Re. 10[0077] In a reaction tube, 7.5 g of Catalyst B or
Catalyot 7 el R e SOVe e Ll TSR G e b (o AE L RET te

) conditions bell%w}he-:r Q§ ch()a % Etsmaﬁ%f%py%wa in A-r?a l}%écl? 81768[]% carried in Catalyst C by ICP
5 spectrometry revealed that the amount of the Pt was 169 ppm by weight in terms of
Pt.
(0070}
In a reaction tube, 7.5 g of Catalyst C was packed and the above-described
Material o1l D was allowed to react under the same conditions as in Example 1.
10 The results are shown in Table 3.
[0071]
Example 3
In 40 mi of an agueous paliadium chloride solution containing 40 mg of Pd in
terms of Pd, 20 g of the dried molded product of the pentasii zeolite which COntaé}led
15 ion-exchanged ammonium and calcium jons, 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 230°C for 2 hours,
20 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
25 Material oil D was allowed to react under the same conditions as in Example 1.

The results are shown in Table 3.

[0073]



15Reaction Conditions: WHSV(hr11): 5.3 Reaction Temperature (C): 390 Reaction Pressure (MPa):
0.9 HilFeed(mol/mol): 2.5 20[0079] Table 4 Unit: %y weight Catalyst usedCatalyst B Catalyst F Feed

material used Material E Material E - Degree of Conversion of EB 77.9 78.1 PX/(13X+MX+0X) 23.6
23.6 '

Example 4

In 40 ml of an aqueous nicke! nitrate soiution containing 40 mg of Ni in terms
of Ni, 20 g of the dried molded product of the pentasil zeolite which contained ion-
exchanged 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 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 340°C for 2 hours in the air to obtain Catalyst E.  Analysis of the
10 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.

15 The results are shown in Table 3.
f0075]
Table 3
(Unit: % by weight)
i Example 2 | Example 3 | Example 4

Catalyst used Catalyst C | Catalyst D | CatalystE
Feed material used Material D | Material D | Material D
Degree of Conversion of EB 90.0 90.0 88.0
PX/APXAMXAOX) 23.5 23.5 23.5
Et concentration in reaction product 1.0 1.0 1.1
Toluene (TOL) concentration in reaction 4.4 4.5 4.0
product
Degree of Conversion of ET 80.2 80.0 78.5
(PXAMX+0X) Yield 96.0 96.6 §8.8

[0076]

Example 5

20 In 40 ml of an aqueous rhenium oxide solution containing 200 mg of Re in



Et concentration in reaction product 0 0.8 Toluene (TOL) concentration in reaction product 4.3 4.5 De
ree of Conversion of ET 175,1 81.0 (PX+MX+0X) Yigld 96.4 97.2 33 [0080] From Table 4, it can
be seen that the larger the amount of the rhenium carried, the higher the recovery of xylene. Material
oil E is a simulation of the feedstocks used in the direct feed process omitting the elimination of C9+. It
can be seen that 5the catalyst is effective also in the direct feed process. Example 6 [0081] The
concentrationtewisiod Rond@pnidticslirethsoBadtivndolutiohasngasil zeolite which contained

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
5 product was dried overnight at 120°C.  Before using the prodﬁot 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 F.  Analysis of the
Re carried in Catalyst F by ICP spectrometry revealed that the amount of the Re was
4800 ppm by weight in terms of Re.

10 {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 betlow. The
results are shown in Table 4.
EOO?S]

15 Reaction Conditions:
WHSV(rh): 5.3
Reaction Temperature (°C): 39¢
Reaction Pressure (MPa): 0.9

Hy/Feed(mol/mol): 2.5

20 [0079]
Table 4
(Unit: % by weight)

Catalyst used Catalyst B Catalyst F
Feed material used Material E Material £
Degree of Conversion of EB 77.9 78.1
PX/(PX+MX+0X) 23.6 236
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+MX-+0X) Yield 96.4 97.2




measured for the reaction solutions obtained by using Catalyst B and Catalyst D in 10Example 3,
respectively, by the method by which the non-aromatjcs 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 methylcyclopentane 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
15estimated pi##Pbf 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 Y8 Betkefyit eRdim srstitvhies \egend sgiausholis shiaiverEisthple 1-E
- Catalyst B Exgmie 3 Catalyst,D Catalyst used, Feed mpferial ysed Material DMgterial D Benzene
used in the direct feed process omitting the elimination of C9+, It can be scen that
5 the catalyst is effective also in the direct feed process,
Example 6
10081]
The concentrations of the non-aromatics in the reaction solution were
measured for the reaction solutions obtained by using Catalyst B and Catalyst D in
10 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).  Asaresult, 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 11'111 which the Catalyst B was used, and the
15 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 §
(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 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
Methvicyclopentane concentration in reaction 0.008 G.019
solution

C7 naphthene paraffin concentration in reaction 0.005 0.011
solution

Calculated benzene purity® 99.8 99.6

20 [0083]



8.7 8.5 n-C6 paraffin concentration in reaction solution 0.001 0.002 Cyclohexane concentration in
reaction solutionF0.005 0.008 Methylcyclopentane g&)ncentration in reaction0.008 solution 0.019 C7
naphthene paraffin concentration in react on solution 0.005 0.011 Calculated benzene purity* 99.8
99.6 34 Estimated Purity of Final Product Benzene = ([benzene concentration]/a+b+c+d+[benzenc
concentration]) * 100(%)) wherein a to d represent the following: a = 0.1 * [n-C6 paraffin concentration]

Estimated Purity of Final Product Benzene = ([benzene

concentration}/at+b+c+d+{benzene concentration]} * 100(%))

wherein a to d represent the following:

a=0.1%* [n-C6 paraffin concentration]

5 b = 0.7 * [methylcyclopentane concentration}

c = 1.0 * [cyclohexane concentration]

d = 1.0 * [C7 naphthene paraffin concentration]



5b = 0.7 * [methylcyclopentane concentration] ¢ = 1.0 * [cyclohexane concentration}d = 1.0 [C7
naphthene paraffin concentration] 35 CLAIMS 1. A proggss for converting ethylbenzene, comprising
the step of bringing a C8 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 belonghgitesGroup VII and Group VIl in the presence of H2 to convert said ethylbenzene to
benzene, saiq feedsjocks containing C9-C10,aromatic, hydrocarbons including ethyltoluene in an
amount of no?lesst a%r(i%%s‘gjg v’\}gfg);%\gteagﬁr%? n%?%ggr%zﬁaeh%%’ %S)}nvget?'g%ﬁt%%iafibﬂﬁgﬁ@n baéﬁl{ﬁat’c
converted to fidresersgetidreditfesaiiossaveesiomobetibenzane Pid eopladevstaceordicig ttyotaim
1, wherein saigigffulolushaaimisgis: fradsterkshas asepnsentrationf Bridsssdhaiidodvineldblas-
The process %%cordl\r}ég to claim 16 iwh&rgln said ethyltoluene in said feedstocks has a concentration of
not less than %98 1Y Wiy 7O4P e b GE8Um ML (BilMP(BTERSRTS ol Re e F LB b sHsibgNReRS do
feedstocks hésmzevacsit desoihe clegsitian G4 weigtatic Shyidiecarboas snatetimdiBthitcumnere of
claims 1 10 4 aelmpalhtMOIHEN SN SPIREIBREIRAS: R SANYEHERa! 8,450 SbePOKSiRiRa

not less than 50%. 6. The process according to any one of claims 1 to 5, wherei acid type
catalyst cont@REAERNEI AN R Sieeedpivih PridFenpeERRisint dPBEEREm, palladium and

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

The process according tQ ¢laim 7,.wherein sajd. rhenium is. contained,jn said acid type catalyst at a
content of 0.01% bylf\:/}v%igh%%sgﬁbggrv&g?gh.daﬂ'ﬁé\ﬁth?gé%lgssgﬁg@#ahfg el ng% %9%&8 sgigas a
rhenium is coasatatosard rrlitespdbarnidtyby ataigbbntent 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 proguced hy the reaction, and recovering%the 36.benzene at a purity of not less than 99.8%

by weight. 1T The procBRCEs8FEHGRS ARy BIR or trarelr Seidihlielians Lisrid igsdsiodssidipsds a
pentasil zeolitetaviigtasiticadalassittamdlabyatieighil 0 to 70.

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 of claims 1 to 4, wherein said ethyltoluene in said

feedstocks is 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 8, 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 8, 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



12. A process for producing p-xylene, comprising the steps of: 5subjecting a 08 aromatic hydrocarbon
mixed feedstocks containing ethylbenzene and xy%e to said process according to any one of claims
1 to 11 to isomerize said xylene together with converting said ethylbenzene to benzene; and
separating p-xylene from the obtained reaction product. 13. A process for producing p-xylene,

comprising: %Qﬁz@ﬁ%té{%%ﬁyi‘@tm&/l@mﬂa?@E@é@?ﬂ?%&@ﬁtpf subjecting a C8 aromatic hydrocarbdn

-mixed feedstocks containingethylbenzene and xylene to said process according to claim 12 to

isomerize sajd xylemedogether Wil GRRVSHRGbARIGRIANRENZENE, IQISAZGAR] acid typed Step of
separating p-xylene from the reaction product obtained in said first

15deethylatioaiiytenedsemesir aticitshaping a dlkiekhsubjectingxydent] 0antained in the residue after
separation to a second xylene-isomerization step to isomerize said xylene; and separating
p-xylene agadlii- fronftheorsaetionpproduse pf sdid scoondrigiendissiemsridation step. 2014.The process
according to claim 13, wherein said second xylene-isomerization step comprises bringing said residue

after separation inté@ﬁ?ﬁ&g\ﬁiﬂ%ga?ﬁoé%ﬁaCt%@%ﬁ?é%@’é%fﬁ?ﬁﬁﬁ%%‘f feR81BHE metal selected from

th isti fth tals bel ing to G Il and G [l in th fH2. 15.A

prosese for BHORTERE BEATBS (RS 255 CRR SR EHE LSRR AIEH St of Subjecting a

C8 aromatic fiydroearhon mixed (5edsIocks confaining, elhyIs
%rto |sg%<%nze %au% ithc

0 said process
according to claim xylene togethéet wit @%%%ﬁ%ggg%é%eﬁhy enzene to
benzene;

separating p-xylene from the obtained reaction product.

13. © A process for producing p-xylene, comprising:

10 a first deethylation/xyiene-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
ethylbenzene to benzene,;

a step of separating p-xylene from the reaction product obtained in said first

15 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
:m'separating p-xylene again from the reaction product of said second xylene-
isomerization step.

20 14,  The process according to claim 13, wherein said second xylene-isomerization
step comprises bringing said residue after separation imé 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 VIII in the presence of Hs.

15. A process for producing p-xylene, comprising:

25 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



a step of separating p-xylene from the reaction product obtained in said
deethylation/xylene-isomerization step; and a stdp of recycling the residue after separation
obtained in said separation step by supplying said residue to said deethylation/xylene-isomerization
step. 16.The process according to claim 15, further comprising the step of recycling said residue after
separation b>é nt)(ﬁlniigng%saidtrebsidue with said C8 aromatic hydrocarbon mixed feedstocks and subjecting
the resulting NIRRT 38@?H§/1ation/xylene-isomerization step. 1017.A process for producing

p-xylene by using aps %@%é%%?ﬂﬁ%%gﬁf(éﬁg%ﬁi it &%Uﬁ&gggégﬁ%{%tﬁi in said

deethylation/xylene-isormerization sté ene-separation st second xylene-isomerization

step recited inelaihd 308 ddnabgRin-Aaichagipaignt comprises a bypass line which does not pass.
through said first deethylation/xylene-isomerization step, and wherein said 08 aromatic hydrocarbon

15mixed feedstocks:mmixediwitlydaid 09-240 asaifaticchyarbeacbonssddntainingrihyibalyane is supplied
to saidp-xylene-separation step, as required. 38 ABSTRACT A process for converting
ethylb&nzendysnpiiichethilbendent ise il feedsibtkenéon tainingn@8aromaticphydrocarbon is
converted to benzene at a high degree of conversion is disclosed. The process for converting
ethylbenzend Eomprhde PIRESSEERPEBEY R CB ArghTatiompaideabe APRIREERIEHES cks containing

ethylbenzene into contact with an acid type catalyst containing at least one metal selected from the
group consistfi W&%@@I?Baﬁ%@}%}) ; \?If%fh%% HT)SVF?IE&% H¥%dEence of H7 to convert

Sibencene (eI AR ISR RIS Hanale Acpagers i
ethylbenzengyeethylation/xylene-isomerization step. '
10 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
deethylationfxylenejiSGmerization step, and wherein said C8 aromatic hydrocarbon

15  mixed feedstocks mixed with said C9-C10 aromatic hydrocarbons containing

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

A process for converting ethylbenzene, by which ethylbenzene in a feedstocks
conta_ining C8 aromatic hydrocarbon is converted to benzene at a high degree of
conversion is disclosed. The process for converting ethyibenzene comprises the
step of bringing a C8 aromatic hydrocarbon mixed feedstocks containing
ethyibenzene into contact with an acid type catalyst containing at least one metal
selected from the group consisting of the metals belonging to Group VII and Group
VIII in the presence of Hs to convert ethylbenzene to benzene. The feedstocks
contains C9-C10 aromatic hydrocarbons including ethyltoluene, and the ethyltoluene

is converted to toluene together with the conversion of ethylbenzene.



