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A0S X0 VPeI/RAN KAN DESCRI PTI ON  PROCESS FOR PRODUCI NG
PROPYLENE AND AROVATI C HYDROCARBONS, AND PRODUCI NG
APARATUS THEREFOR 5 Technical Field [0001] The present
invention relates to a process for produci ng propyl ene
and aromatic hydrocarbons by catal ytic conversi on and
‘catal ytic cyclization f D&BGRIRONCar bon feedst ock,
and to a produci ng apparatus therefor. Background Art

' PROCHS®$ZIR FRODUCING PRORY hENEDARD ARGMATIC /Y DROCARBONS,
obt ai ni ng propyl ene and aromatic hydrocarbons from

hydr ocar bon ARESIPRESHUCING RPARATYS THEREHDR t her nal

deconposition requires severe reaction conditions, and
a common by-product is nethane, which is difficult to
use as petrochem cal feedstock. Moreover, the product

e propyl ene and ot her ol efins and benzene,
Tec%@F%@ﬁgﬁLnd ot her aromatic 15 hydrocarbons as

rcent ages of the deconposition product are generally

1000t i ¢ ke RrRpent teventiendrelates do Sreaessotor firpAlieingremepylene and

f1 exi bl e anong ot her problens. [0003] Patent Docunent
aromatin Jpidsaerbanaeby oehtalvtic eFanwarsiper ang ecatalytisd cyalization from a

crystalline alumnosilicate zeolite in order to
hydrogprimrefesdstarki and yo fiprotoeing appefatas therafdrhough

propyl ene yield is inproved by this nethod, the yield
Backdgroandmati c 20 hydrocarbons is poor. Also, in nethods

for catalytic conversion of hydrocarbons using

[ooozgol | %erﬁ'%lfecréélﬁlvlﬂghé’é qsect WibBlyCatéd Yok @digingﬂqsﬁaégﬁylene and

frequently renoved by conbustion to regenerat

arorﬁéﬁ@'ﬁﬁto&a%%né ﬂ%nphggfafdé:ﬂgﬁén tfé‘@&st&%,étﬂﬂr@gﬁg Wy tf¥ure thermal

acid "z Ite descri ove, repe eneration
£ QN e r nt. degradation pf catal yst .
decbEHipf ek S Ced e eRlion SRt il SRR oy-produet is
ener at.es .25. st t hat hydro|yzes the zealite,
met ST SR 6 Ao b i op Heiebliiamy e edstog o Mergover, the product
. . crystals and elimnating protons that are active sites
:,mfelcilcq1 of heropyteaey and athies qiglies apd penzene, toluene and other aromatic

hydrocarbons as percentages of the decomposition product are generally limited, and
the yield structure is not sufficiently flexible among other problems.

[C003] Patent Document 1 discloses a method wherein silver is carried on
crystalline aluminosilicate zeolite in order to improve selectivity for lower olefins.
Although propylene yield is improved by this method, the vyield of aromatic
hydrocarbons is poor. Also, in methods for catalytic conversion of hydrocarbons
using zeolite, coke accumulates on the catalyst and must be frequently removed by
combustion to regenerate the catalyst, but the problem is that in the case of the acid
zeolite described above, repeated regeneration operations cause permanent
degradation of catalyst activity. This occurs because coke combustion generates
steam that hydrolyzes the zeadlite, causing aluminum to be released from the zeolite

crystals and eliminating protons that are active sites in the catalyst. This poses a
! 1
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A0SAPYPD1VPO TSN/ KAN serious probl emthat nust be sol ved

if proton-type zeolites are to be used in these Kkinds
of reactions. [0004] Patent Docunent 2 discloses a
proton-free zeolite catalyst along with a nmethod for
using this catalyst to convert hydrocarbon feedstock
seriaust probldmg | thae mush ber splyed ifepratoh-tppeozgalites ane dodne gsed in these
hydrocar bons. The catal yst used in this nethod has the
kinde ey psdcligasof being resistant to regeneration
degradation, but is still vulnerable to the problem
[OOOQ! Coha'ﬂﬁjtdﬂbétﬁmeﬁfi?' @8cloVbs AP YRstoniREAHESIE Nitalyst along with a
atorenentioned paraffin conversion reaction is an
ay act.l | ar t
met LI S (RE Ry & Bdty, ARGy [BEEUR inkS ethyiene,
thod 10 requjres a conplex and expensi reacti.on, .
propylciEcaind fanosyclic Sthrpatis frcrathinss P salalistiert B this method
flexibility of the propylene / aronmati ¢ hydrocarbon , ,
has \ing| @dyantageucé Paingoresittant tPnhEagenssaim gsraﬁﬁion, but is still
separate processes. However, the reaction
vulneeghte ol gihes prablenhatfe eaking udelgripaaticsach Mereoner,pecause the
need to be inproved in order to obtain both
aforemapbored paréffinc cenvéngicen deattinl ys atb ehdoth@ymikoreatton, a large
propyl ene production step, nethods of catalytic
amoGnh ot Heap miistose shpgliad a6 bhe reaetion eeksslonAgi nregult, this method
ol efins using catal ysts containing zeolite have been

requiréaR EsmpRIXEAdEXSerdive FEdtYioh&)8tdns. of et hods for

produci ng propylene from hydrocarbon feedstock _
nt aini , : by o . -
00531 0] Bl B8 3 B NS BKRIRY S i Rptone  aromat
-te I r { ] 0
oS AR E YR FruBhER SE BB its "o Bp ARG SPap( processes
conversi on usi a  cata cont ai ni n eolite i
HowgBY, b1 sartin [HpIsRmINGG AU8 sl LIgbF Fashdp e past need to
s an intermediate in reactions for_ converting ol efins
be impfevedipgifder o etainkathysmpenents efffriertiyrned sfebly.
zeolite catalyst, and is converted into aromatic _
[0008) dr odmardbespropyiene rrobselier sten, gnethiods. ofGeatalytio @envgrsion from
when attenpting 25 to produce propylene by catalytic
hydroeavtsors ifeedstbeik yabmtaiainigo oldfieed asingk catahtsts riomgining zeolite have
olefins using a catal yst containing zeolite, the
beef aicoipysd, @kl iheré wrénsaryeasporiyloCeeehddsons producing propylene from
hydrocarbon feedstock containing olefins by catalytic conversion using catalysts
containing zeolite. However, efficient, long-term and stable production of propylene
from hydrocarbon feedstock containing olefins by catalytic conversion using a
catalyst containing zeolite is difficult for the following reasons,
(0007] Propylene is an intermediate in reactions for converting olefins into
aromatic hydrocarbons in the presence of a zeolite catalyst, and is converted into
aromatic hydrocarbons by the subsequent reaction. Consequently, when attempting

to produce propylene by catalytic conversion of hydrocarbon feedstock containing

olefins using a catalyst containing zeolite, the catalyst activity and reaction conditions
2
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A05@ P9I vPRdaCT/ KAN need to be strictly controlled in
order to obtain the desired product with a high yield.

That is, if the catalyst is too active or the contact
time is too long, the resulting propylene will be
converted to aromati c hydrocarbons by the subsequent
need tabéishictly éantrdlesishyordef td bbtaimtise vetirés producatittva high yield.
enough or the contact time is too short, the 5

ThatPisO My RN @aidl@tdisWidd abfve @Prthe BesibSCtiPkels o wr@t, hthe resulting
e

hi ghly reactive, however, deposition of coke on

propgl‘aéﬁeﬁgﬁl. 0L dohGefidl ﬂby%{ﬂaiﬁgh@%a:tﬂbngg ?g@&ﬁbggﬂuent reaction.

a _t!C COHVETSIOH_O ocar e_stoc
conGR3, 1 PR KT L IR BrBRUT B AR too shon,
T e S e —

declines. Regeneration 10 operations are required as i
depqsdticnt phegka sy he supiageroft ther eafatyist ig dkelyetocagayrydyring catalytic
but after repeated regenerati on operations catalytic
convessipni of/ tbanhypdrdcaren feedatdekuaortiaining eslefing dusipgots catalyst
As di scussed above, coking is particularly likely in
contaimirad yéolite cdn\wemntinnous iceaversiorsrezictibhse, imedeatalysbdeteriorates due
feedst ock containing olefins using catal ysts '

to cokang adaking defdicFadn)t BndaatalyR aBRVIGE hWBKIJeichHes | Megeneration

is also extrenely |ikely because of the consequent

oper%ﬁSHs 06 rfeﬂﬁﬁé'@@s g@gﬁ Phb&Ve W%F@éri@?ea&ti@gféglhe catalyst, but

at ent Docdnment 3 di scloses a nethod for converting

. . _ _ i

atr oIl dh oBEIAEASE IO LM HE 1 be aseruatel
tmatal and having an SiQ2 / A1203 ratio of from 200 to

res %rﬁﬁo. When a zeolite 20 containing catalyst is used to

[OOO%? lt ﬁcg\%\éa{s%ggg 4 %%bﬁééﬁkiﬁ'gﬁ&é‘%ﬁ%&gﬁ&ﬁ | eri]rg'ga?allgtfié r(]:?:m\.rersion
reaction products in addition to ethylene and o

reacipopyf dhe hytrcarben firedaioek caataining migfins using|agtalysts containing
are dinmerized and deconposed by the catalyst,

zeolite,s @indi mggémeration| dégnadatiopois talen evitrenhely tikely hbecause of the
equi | i brium conposition under the reaction conditions.

condeepieet nead for, fréquert degeriaratidn ebbrationst | y convert the

raw material olefins into propylene, the C4. olefins
[000] t h®atent Document 3 discloses a method for converting Cai2 olefins into
ethylene and propylene using a proton-free ZSM-5 zeolite containing an 1B group
metal and having an SiO, / Al,O3 ratio of from 200 to 5000. When a zeolite-
containing catalyst is used to selectively convert C4.12 olefins to propylene, olefins
with about 4 to 8 carbon atoms are produced as reaction products in addition to
ethylene and propylene. This is because the raw material olefins are dimerized and
decomposed by the catalyst, resulting in an olefin composition similar to the

equilibrium composition under the reaction conditions. Consequently, in order to

efficiently convert the raw material olefins into propylene, the Cs. olefins in the
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AO50] @gqucy?%ﬁd/ KAN reaction product need to be
efficiently recycled back to the reaction container by

a sinple nethod, and converted to propylene. [0010]
Pat ent Docunent 3 describes a nethod for renoving the
heavy fraction wth a boiling point at or above that
reachon Phediear s be é’fﬂdéﬁﬂ?rrb?@ed bapk tb &he YekehdH icBAtainer by a
product and recycling the C45 ol efins back into the

simplEREHAN ARFSSHvertiidto! g§¥1€ﬁbh°d requires nultiple

Separators to obtain t aw material for recycling,
ere [ r-ati :
1001BcT PAtor B o 3udsefiopdH iR 38 gRFVRY' Fhedy raction
.. has not bee ossihle t chi eve both effigienc
with (EheiBlaAETt Sor Ahats Tt i Gr afafetin dh&iitamons fom the
)yroduction. Patent Docunent 3. al so nakes no 10, mention .
reactien prdugtians resycling the Caetleling Back INtgthe paactiqs) ¥esse!, but this
concentration in the hydrocarbon feedstock. The _
methgidyresuinesenditiplec separators darabtaisriberremamatgrial for recycling, thereby
hydr ocar bon feedstock, the nore activity deteriorates
complimting dek equipmect iand opReators, s tHerd e i asdémandt fog simpler
feedstock is highly unpractical on an industrial scale

methiRBABSE sbifaf ¢ObAS @Bt baah pdisible ed sopidvdiBothustfitieedy {gquipment,
pretreatnment such as separation 15 by distillation,

operBfifd icokt it @A PEEDle pRRIUCkS. HABALDoEGhehh'8 also makes no

aromati ¢ hydiocarbon produci ng step, however, many

menllBh "G9the %ﬁ%c{‘%ﬂ"‘@?&iﬂ{; @ét%gHFétB?l Bf WELdiSIANILAFHRYEBN in the
ysts. I'n the propylene

using zeolite cata

o BEGALT Fbiatk,,  Hhe BAPE g ARERTR celbbyRE I8 tion i the

v BERE SeShabeh o oA Bl SRS L procucton
control ling regeneration (pernanent) de%r adation_that

Remgswal, 0§ CW*@‘%"& e de: fepdstaek iehighivpapeartiegh anyan indystrial scale

renoved by conbustion to regenerate the catal yst. _
becqdua@liRTequires thabthesieiedstavkdcparnfiethby prefreatownt syeh@s separation
for preventing both kinds of deterioration.
by diEpidatidn, qerial, hydedgeriatidpcermteetiiké. reports t hat coke
precipitation 25 during the reaction and permanent
[001d§9r adirithE Sldtndte BEEoBBILHR bRIHUGHY BEEpC aidevadr, many methods
are known for producing aromatic hydrocarbons using zeolite catalysts. As in the
propylene producing step, the biggest problems with methods of producing aromatic
hydrocarbons by catalytic cyclization using a zeolite catalyst are controlling coking
deterioration during the reaction and conirolling regeneration (permanent)
degradation that occurs when the coke on the deteriorated catalyst is removed by
combustion to regenerate the catalyst.
[0012] Many proposals have been made in recent years for preventing both
kinds of deterioration. Specifically, Patent Document 4 reports that coke precipitation

during the reaction and permanent degradation due to deatumination during catalyst

regeneration can be simultaneously controlled by using a high-silica zeolite catalyst
4
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A05gr1qu@¢1paj1mwan be sinmultaneously controlled by using
hi gh-silica zeolite catalyst 4 A0501 VPO1l- PCT/ KAN

of a specific particle size that exhibits a specific
surface acid site / total acid site ratio and anounts
of pyridine adsorption before and after steam
of a $pevifiopaticleosize thatt iibits/@ sgecifipatrface adidsiges total adidGite ratio
site behavior. In this nethod, however, the preferred

and %Gﬁ% ef pWHHéeédgér%ﬂoh t‘t?eféﬁao|ah¥jeaf"t§r %W%é&ﬂn@nﬁ%‘jm other
slurry, which has low 5 productivity, and noreover

wordﬁ}s%@%:?ﬁgﬁg‘ég n%%:c @ﬁ%ggﬁ ?f/t) ﬁwsgrﬁg ﬁﬁ%tﬁ?gshé\%vé}wthe preferred
B i, 8 e, PR, sy s s o
prod%%hﬁQOSEa&hSPaa%%‘éééé%i%ﬁ% fsodaetian ehris of Q8IS zeolig is narrow,

relatively large, it does not appear that coki ng

limitigg the iOaf |Péan éatﬁuéa daatethge @6@@%%8&13'9%32%(%6‘0@10\/@@ tielatively
a 10 smaller primary particle size would be

largepr Ateordisiceto Paterdddenumens 4,0bdtht eakingdeterionationt andiregeneration
results in greater accunul ation of coke during the

degradstitin are cartebliea), but decduse dyeneokte partiCipesisaine rdiatively large, it
degradation. These are serious obstacles to the

doesl rﬁwtu%jpveaalthana@mﬁgcaeﬂé@orehoﬁn@@bqgafém CBARHIRRS A zeolite with a
[0013] An exanple using a proton-free zeolite is given

smalle? d:’@iﬁjff? é}ﬁger@% would %é R Sf’erﬁgfe?ggg%gﬁ%ﬁﬂnoqqu PBieht Document

ective at

4 m.gerggmisa i} OfediSr MBARL m .ns%@% &g@g i, RRRLET=RY more rapid

erlora on re
ration i drocarbo f eeds

regee‘arﬁ?lar‘396?@?@%@989@@0& I A8 S B TacR G ‘Rt
docunment nmakes npo nentioned of the effect of the

manlgfﬁ?ﬁf%@éar@w%cgv di9¢8rBRNst it e used in the catal ytic

clization reaction. 20 [Patent Docunent 1] Japanese

[001 @]gt enfinEmelat uging Lavindotepdreaiaeoclierisigiveasn Patentfocument 2.
Docunent 2] WD 1996/ 013331, panphl et [Patent Docunent

The Ghtalyst 2660/i0 19 48sthpdrp Ielffet;ti{r@at egdistibor regeneratjon degradation as
Japanese Patent Application Laid-open No. H10-052646

deschbed alndves Wig thé provknt iofrcoking deterioration remains.  Consequently,

coking deterioration is likely when the hydrocarbon feedstock contains large amounts
of olefins. Moreover, this document makes no mentioned of the effect of the particle
size of the zeolite used in the catalytic cyclization reaction.

[Patent Document 1] Japanese Patent Application Laid-open No. H02-184638
[Patent Document 2] WO 1996/013331, pamphiet

[Patent Document 3] WO 2000/010948, pamphlet

[Patent Document 4] Japanese Patent Application Laid-open No. H10-052646

Disclosure of Invention

Problems to be Solved by the Invention
5
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50N@PH§! Sol ved by the Invention 5 A0501
RSO T o

VPO1- 14] It is an object of the present
i nvention to provide a process for producing
propyl ene and aromati c hydrocarbons from hydrocar bon
feedstock containing 04-12 olefins, wherein the yield

[00143t r uclt Us enadbjédteoflihe resPaNALEStiaRtn peowdds agsrobgssifor producing
sinmple nethod, along with a produci ng apparatus. 5

propYBA8 Sar{dP BrorRbld ﬂ?dFJh%_rlE’ér@'fr%mS hpg%}bﬁ f@edR8&k toffaining Caz

exhaustive reseafch ainmed at solving the

. | . . _ _

olefirf, WRFERH el SRR b o SHERbAETs A B YBEERRY @ simple
the different ¢ Qnents i,n_separate processes using

me“‘QEe@ Qﬂgcw@kéaqr?@&ll)lag@gpg@)gﬁs in order to easily vary

the production ratios of the two target conponents,
propyl ene and aromati c hydrocarbons, and perfected the
present invention based on this finding. [0016] That
i s, tMeansdfer Sakpcthed?rabiemsr oduci ng process
according to the present invention provides: 15 (1 ]
[0018] pr oAesx résult pf ediogistiyeprasgplemeairned adrsokng dne aforementioned
hydr ocar bons, conprising: (1) a propyl ene production
problghed) theenheetods liry thie pasdant iheestidrockncladed ahat ingvad désirable to
by mass or nore of at |east one of C4 12 olefin is

prodBE® UBB! différenC @dh@sdnentd) in BEOANGENSTOBESSBIC tUsily specific zeolite
reactor with a nol ded catalyst A containing a first

catal?%t%lt iht Groef Yo feialfsg nr\r’]g?: gy Efddﬂ&ioﬁi ratibS P4 i\gb"t)arécétq: cg#ponents,

er eby per cat al ytic conversion rea

oo Reb A0, pRREs it ld 69 s b on

__Jnxture is separated into fraction C containing mainly
th'sﬁ]l?ﬁ’?%gen and Cl.3 hydrocarbons and fraction D
containing mainly at |east one of C41 hydrocarbon,
[001@hd pAbaYisetre fisstiaspeat eitherRIRAURIBIRTaER$DACRSrdNG) to the present
havi ng a nmedi um pore di aneter zeolite with a pore
inverfiometoyidest. from

[1] a process for producing propylene and aromatic hydrocarbons, comprising:

(1) a propylene production step wherein a hydrocarbon feedstock
containing 50 % by mass or more of at least one of C4.42 olefin ié brought into contact
in a propylene production reactor with a molded catalyst A containing a first zeolite
fulfilling conditions (i) through (iv) below to thereby perform a catalytic conversion
reaction on the at least one of C4.4; olefin, resulting in a reaction mixture containing
propylene, the reaction mixture is separated into fraction C containing mainly
hydrogen and Cy.3 hydrocarbons and fraction D containing mainly at least one of Ca4.
hydrocarbon, and propylene is isolated from the fraction C:

{i) having a medium pore diameter zeolite with a pore diameter of from
5t06.5A;

(i) containing substantially no protons;
6
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) containing substantially no protons;
AOSO%@@@%C@%@%GI KAN (iii) containing at |east one
netal selected fromthe group consisting of netals in
G oup IB of the periodic table; and (iv) having an
Si 02/ A1203 nolar ratio of at |east 800 but no nore

than 2;0Qnt@RfhgPat(I8asPond iititat s&ebtdriRsAthe Jroup consisting of
production step V\/nerel n araw material containing

meta%qﬁ'drﬁpﬁ IBronﬁé leYo? JtaBle: @ngart of the fraction Dis

into tac in ah aromatic hydrocarbon

produc reactor t
: seciwﬁrbaeansa o8 ikt ARl aE S e %’C@“%%JB hibre than
vii) below in a gaseous phase at 650C or |ess:
zooéﬂ‘dhaw ng a nedi um pore dianeter zeolite with a pore
di aneter of from5 to 6.5 A (vi) with a primary
par (2)cla@ @rgmﬂ@tu@rhytﬂrosamﬂg@raﬂu@mns@e@zwgerm 28 Y material
and (vii) containing at |east one netal el enent
contaiihg etndidel raprparthe al oo wppart of $iss fracticn D isdtrabigel isbesostact in an
in group 1B of the periodic table, 15 [2] the process
aromatic dnyirogarbeni produclibn mdzetai withhe moddet admlpst B containing a
feedstock containing 50 % by nass or nore of at | east

secoﬁcﬂ‘ezéaﬁlt&‘f&iﬂlhﬂbeéérﬁtjl%h§*M ﬂwr@&/@ﬁ ivill) tﬂ@oxpriﬁpéﬂ@é\sﬁeous phase at

production stép contains 2 by mass or |ess of at

ne of C3.12 diolefin conmpound, [3] the process
650" %ﬁg‘% I'ng to item[11 or [2], wherein the first

zeomy%ag{gﬁ)? rﬂ%gﬁ@ F? ¢ g Oa%?%;%ﬁ]z\?hhtr%e\famt%hé&}ea&%ﬁ{eqwgf from 5

6% olite is an zeolite, [5] the process according
to any one of |tems[1] to [4], wherein a val ue

obt ai ned by i viding an_anmount of conponent [0%
mas §7i) ofith ﬂ@rwré parisiadiamated inadapen$f from 0.02 t0°0.25 ym; and

(vii) containing at least one metal element selected from the group
consisting of metal elements in group IB of the periodic table,
2] the process according to item [1], wherein the hydroéarbon feedstock containing
50 % by mass or more of at least one of C442 olefin which is used in the propylene
production step contains 2.5 % by mass or less of at least one of Caqz diolefin
compound, |
[3] the process according to item [1] or [2], wherein the first zeolite contains silver,
[4] the process according to any one of items [1] to [3], wherein the first zeolite is an
MFI zeolite,
[5] the process according to any one of items [1] to [4], wherein a value obtained by
dividing an amount of component [% by mass] of the Cgs aromatic hyd'rocarbons
produced in the propylene production reactor by a hydrocarbon partial pressure

[MPa] is 13 or less,
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STARY e propyl ene production reactor by a
AOS%Q%@@:‘?%ZM&H al pressure 25 [MPa] is 13 or |ess,
7 A0501 VPO1l-PCT/KAN [6] the process according to any

one of itenms [1] to [5], wherein, in the propyl ene
production step, 10 % by mass to 95 % by mass of the
6] fHeAbtd@8sRdcordifgXs! A 8R6 loftiemd Mg B BRYWRSRIN, in the propylene
el progucti on react%r afﬁ’ used as papt1 of[gF)he hydrocar boFr)1 Py

prodlhﬁgﬁigfég 1 to[)%][%;{ &%ﬁgfte%% BE A iéﬂhéq@?:i't'ﬁang?s Ricycled back to

ereint action
the SRR PhRedBnL P e Gt Pafl S Rldiot i 8B ook
71 e plassparerand Ry 2o oiensifd) Sl e Biciod Bacton C is

thecﬁr_opyl ene production reactor and used as part of

separgtechyrirofractinm Grecastaiprg Majnly Haydspgee sand dysresasgons of 1-2
to any one of itens [1] to [7], wherein the propylene

carbbh giomdartd foacticeaCi oontagning malnlybydrecarberg obddarbon atoms, and
reactor, [9] the process according to any one of itens

at Idadl paft dBthe frbetion G4 ds reeydiéd back dortbegropygleherprotaction reactor
propyl ene production step is from500C to 580C, a

and R3EH izl parPbESRHyRIrétarbbA fhydktesiar bon feedstock is from
0.05 to 0.3 MPa,” and a weight hourly space velocity

t k [
18] thp GoBYE REBIFAR 1078E Lo IR, P 1O, Hherfh e propylene
. ' , it 1]t 9],
prodegpRREGREIsf B-Rle HRo g RT i e 2t i cast one
9] iRy SCHrOUpao BY (TSI IV 5} WORgin a reaction
tempRigaSs a5 cRer BramyIans FHeHEroptep Brgort POPeL Bopso°C, a partia
wherein the second zeolite 20 contains sil ver,mg 12]
presshice pf te bydrasadral fagdstockny fere LES ite &3 MA3, and paeight hourly
], wherein the second zeolite is an MFl zeolite, [13]

spatd eveiocitye 9§ the cloyadifoogrtion fesdstock biasedeos & Meigbt [af2the molded
wherein the aromatic

catalyst A is from 2 hr™' to 20 hr™,

[10] the process according to any one of items [1] to [9], wherein the molded catalyst
B contains at least one selected from the group consisting of the metals belonging to
groups B, 11B, 1B and VIl in the periodic table and compounds of these,

[11] the process according to any one of items [1] to [10], wherein the second zeolite
contains silver, |

[12] the process according to any one of items [1] to [11], wherein the second zeolite
is an MF1 zeolite,

[13] the process according to any one of items [1] to [12}, wherein the aromatic
hydrocarbon production reactor is an adiabatic fixed-bed reactor,

[14] the process according to any one of items [1] to [13], wherein the fraction C is

separated into fraction C4 containing mainly hydrogen and hydrocarbons of 1-2
8
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ca oduction reactor is an adiabatic
AOS&?/gjggubég%@tor, 25 [14] the process according to
any one of itens [1] to [13], wherein the fraction C

is separated into fraction C, containing mainly
hydr ogen and hydrocarbons of 1-2 8 A0501 VPO1- PCT/ KAN

caf AR s A ReCE{SFErANLPSHOR B corprpoms, o
o QBE s R h? ISR Bl MIE YRR ecston m e

step. [0017] A preferred node of the first aspect of
arorgtisg i‘%rﬁﬁa@%‘d@?guﬁmﬂﬁpng to the 5 present
i nvention provides a process for producing propylene
{0017hd aropeferred et ehinsoirst aspeat £f Ryedusing pErrcess according to the
f eedst ock, conprising the steps of: (1) producing '
presenb piyiventiohy poaiidds/t & c promeser $drorprodening heregyene aabdn aromatic
f eedst ock, wherein the hydrocarbon feedstock
hydi@eatsory figmOhjarorarirgledstockpesmpfisingtthé atsiis ofne of
Cal2 olefin is brought into contact in a propyl ene

pr oduqyy ORERRFAP PrédyIvhé by cERIRAc6Rerbiopt frdm the hydrocarbon

containing a first zeolite fulfilling conditions (i)
| , . e | :
roods5 00 Gl inefarbih RBasik Sonfithylsh 4619 MBS mare o

t0.6.5 i £ eol |t . i N anti .
at 1923t iy GGk ol i drkbaofPie DofREIE L BreplHle i llién reactor
.| east one netal selected from t ragp _consj.stin f .
withy & dnlgpd ot P daa TS 2rTiel et EltPgrrldins fh Hrouan (v
the first zeolite has an Si Q2/ Al 203 nol ar ratio of at
belgwsast 600 but no nore than 2,000, thereby perforning
a catalytic conversion reaction on the at |east one of )
C4- 12 ol efin, (ipothecfinst tZientts is a medicm parerdiareter zeolite with a
cont ai ni ng propyl ene, the reaction mxture is

pore ezanetee df from ®td 6&cAi on C contai ni ng mai nly hydrogen
and C, _3 hydrocarbons and fraction D containing

mainly at | eastjioffe firkt £62Iiy ebARMDLstaNGhIY P pIRoes

is isolated fromthe

' (i) the first zeolite contains at least one metal selected from
the group consisting of the metals in group IB of the periodic table, and |

(iv) the first zeolite has an SiO./AlL,Os molar ratio of at least

600 but no more than 2,000,
thereby performing a catalytic conversion reaction on the at least one of Ca.2 olefin,
resulting in a reaction mixture containing propylene, the reaction mixture is separated
into fraction C containing mainly hydrogen and C4.3 hydrocarbons and fraction D
containing mainly at least one of C4. hydrocarbon, and propylene is isolated from the

fraction C, wherein the propylene production process fulfills the following conditions

{v) and (vi):
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f.r iPcth erein the propyl ene production process
A0501f\l€¢{1 I fw,?ol | ow ng conditions (v) and (vi): 9
A0501 VPO1-PCT/KAN (v) a val ue obtained by dividing an

anmount of conponent [% by nass] of Cr-8 aromatic
hydr ocar bons produced in the propyl ene production

reactor by ;\,ﬂ%%@%@ﬁ%@&‘#&i&Ibidfj{%eﬁﬁtﬁrﬁom{!’@ﬂ compdient [%

or |less; (vi SS O e fraction Dis
[ ec ed_back. t r I . [ r

oy makgiip feener e ey B arbers SROH uEE R Gy B pRaicifon reactor

roduci ng aropati c hydrocarbaons by catal ytic

by a hg?@P?%%ﬂ’I Bﬂﬂ'ﬁrgﬁséur%%[? %ﬁ‘ﬁﬁ o If%%dst ock, wherein a
part of the fraction D, _as all or_part of the
hydr ocar bon f¢bdi® &2@5 Yosby hef thet feactian B repyelgd back to
aromati ¢ hydrocarbon production reactor with a nol ded

the promtleny srodiationtraactongnd used@sthedwidrecarbanfeedstagk; ansi
conditions (vii) through (ix) below in a gaseous phase
at 680Cproduohss : arowidtic hiydrooacborts Anoldatalyiis eydipaianmfrom a
pore diameter zeolite with a pore dianmeter of fromb5

hydfdtafbdn Aeedistotk,) wheeeifieg ot 2ot fablésn D pas ralr yr part of the
particle dianmeter in the range of from0.02 to 0.25

hydPBcafhéh %eg'g@gkt he #RO! EdRatONhabAS afdmhf@Shydrocarbon

one netal cted romthe group cansisting of the
profffiPn, fFERS i rSG48 cafaPn SR ehp EicEeepits fuifiling
nt ai ns .at_| t I t |l ect f h
conGRbRSYHEruE e T Gan AP HR BTSSP EE s
[1B, I11B d.VIIl in the perjodi .able. 2 0018] . :
The second ggﬁ@c‘heo?relcgﬁ‘g %og%llﬁpﬂlag @@eé%rea@@beg@rn%eohte with
to the present invention provides: [15] a process for
a porgpdiamneasengf ey ie®& And aromati c hydrocar bons,

conprising: (1) a propylene production step wherein a
hydr ocar bon f(egijl$heskcond zeolite has a primary particle diameter in the
range of from 0.02 to 0.25 yum; and
(ix) the second zeolite contains at least one metal selected
from the group consisting of the metal elements in group 18 of the periodic table,
wherein the zeolite-containing molded catalyst B also contains at least one element
selected from the group consisting of the elements belonging to groups IB, 118, lIB
and Vil in the periodic table.
[0018] The seconcI aspect of the producing process according to the present
invention provides:
[15] a process for producing propylene and aromatic hydrocarbons, comprising:
(1) a propylene production step wherein a hydrocarbon .feedstock
containing 50 % by mass or more of at least one of C442 olefin is brought into contact

in a propylene production reactor with a molded catalyst A containing a first zeolite

fulfilling conditions (i) through (iv) below to thereby perform a catalytic conversion
10
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IJH % by mass or nore of at |east one of
Aosmylgég'%Wi s brought into contact 25 in a
propyl ene production reactor with a nolded catal yst A

containing a first zeolite fulfilling conditions (i)
t hrough (iv) below to thereby performa catal ytic

reactic?ho 8 qﬁé I We?&% of E:,;_;/ %ﬂﬁ%é&%d ARG tre8BtEH mik@rétontaining

¢ one resulting 1n a reaction
m X e cont.aini p ngm s
ooy B B Wt AP A S A e
an ocar bons fraction cont ai ni |
hyarogam PBH S e BFaESRS ATHTBES ﬁowwe'ngr@%m%%gﬁ%%é%‘ of Csx
separated into fraction F1 contalmn 5 .
hydrogarepoc dheofiactian i riaceeraTales iRt yaﬁﬁﬂﬁaﬁnﬁi#@am mainly Cs
| east one of C4. hydrocarbon, and propylene is
hydrotarbbas emdf fractiorhe: enteining mamly(at)lea%twnﬂgOBCneBYfU gearbon, and
pore dianmeter zeolite with a pore dianmeter of from 5
propy®nieds fdbatéd fiom the frattiomFig ef f ectivel y no protons; 10

(iii) containing at |east one netal selected fromthe

group GPMEviig 8enadiumt psrerdbmeter zecie@withl Bpofe diaeneter of from
periodic table; and (iv) having an Si 02/ Al 203 nole

sAtorBﬁBI of at least 800 but no nore than 2,000; and (2)
arormtl ¢ hydrocar bon productl on step V\herel n araw

:Izif“g t%%ﬁ?ﬁﬁﬁf"s%@%' prabger bori Ly ell o 8
D B RSP R GOABO  Frf bsin o

conditions (v) through i) below in a gaseous phase
the mgtals 6‘5@@‘6}? B gtthe Q%Oqﬂé tﬂé di um pore di anet er
a

zeolite with pore dianmeter of from 20 5 6.5 A
(V1) wiivh having AerSiCndAlis ek salis oF ai aehB0D g mogmore than
from0.02 mto 0.25 m and

2,000; and

(2) an aromatic hydrocarbon production step wherein a raw material
containing entirely or partly all or a part of the fraction F2 is'brought into contact in an
aromatic hydrocarbon production reactor with a molded catalyst B containing a
second zeolite fulfilling conditions (v) through (vii) below in a gaseous phase at
650°C or less:

{v) having a medium pore diameter zeolite with a pore diameter of from
5AtoB6.5A;

(vi) with a primary particle diameter in the range of from 0.02 pm to
0.25 um; and |

(vii) containing at least one metal element selected from the group
consisting of metal elements in group IB of the periodic tabie,
[16] the process according to item [15], wherein the hydrocarbon feedstock

containing 50 % by mass or more of at least one of C412 olefin which is used in the
11
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v ing at | east one netal el enment sel ected
AOSO{ V&&'t‘ﬁgqb%ﬂ consisting of netal elenents in group
IB of the periodic table, 25 [16] the process

according to item[15], wherein the hydrocarbon
feedstock containing 50 % by nass or nore of at |east

propy@g%lﬁr{geﬁﬁ%p%cgés%di‘ﬁélﬁg 2.5 %'I?)S/qnéé‘s bPfessldr 40894t one of Cs.12

pr opyl ene producti 6n process contains 2.5
giolefi massdor |l ess of at |east one O C3-12 diolefin
'Oel’f‘o'?%ﬂ 1% 17] the process according to item[15] or

[17] t&wﬁ@rgpggéégéoggw@,fl%g i bﬂ%ﬁ W ntteﬁ ﬁbﬁ?s'ftllz\é%ﬁ:{e coritdins silver,
17], wherein the first zeolite is o
[18] thegirocass peoeing oaty ane §f ttamr{95bme[18ﬂ W?ﬂ%fﬁﬂ”' ﬁ@sﬁrs{ geolite is

[18], wherein a value obtained by dividing an anount
an Mef zeitponent [ % by mass] of the Csa aromatic
hydr ocar bons produced in the propyl ene, production

[19] ﬂ'féaprb@ésbkac@om ficanpone pdiitera [15] &3 f18)ewhpiviala valug ®btained
I ess, 10 [20] the process according to any one of

by dnhBﬁ*@BarE ja'?ﬂodrﬂ df E3lmpoiferit §laby niadsef e Bylsemematic hydrocarbons
production process, 10 % by nmass to 95 % by nass of

prodl}c{ré(;%l y urf: ?ff{% rﬁ%gg%pbs pr;cﬁ%\ﬁ%ﬁzrea*&ﬂﬁkb{r % 1R GERBYH SPdtial pressure

used as part of "'the hydrocarbon

to [ 21] the process according to any one of
[MP3, {sﬂior%l%s to [20], wherein at |least part of 15 the

fraction cled back .jnto.t .
[20] H?%am&ﬁsa@%&@@% S gt o it o PGP KLERn, in the propylene
ydrocar bon feedstock, [22 e process C
Pdeléﬁﬂbeﬂ@C@ﬁSa fer#% Py 5)assolq l2@]2 RS of e 8’@8@9‘95@ is recycled
production reactor is an adiabatic fixed-bed reacto
back[ 281the heropylenespragtstion negetas ang wird ¢ Paenaf [th%]hw%ocafbon
[22], wherein a reaction 20 tenperature for the
feedﬂbolp,yl ene production step is from500C to 580C, a
partial pressure of the hydrocarbon feedstock is from
[21] Q@ prdbEss Bcébrdingfto amyl opeViitimhs [15] to [20], wherein at least part of
the fraction E is recycled back into the propylene production reactor and used as part
of the hydrocarbon feedstock,
[22] the process according to any one of items [15] to [21], wherein the propylene
production reactor is an adiabatic fixed-bed reactor,
[23] the process according to a-ny one of items [15] to [22], wherein a reaction
temperature for the propylene production step is from 500°C to 580°C, a partial
pressure of the hydrocarbon feedstock is from 0.05 MPa to 0.3 MPa, and a weight
hourly space velocity of the hydrocarbon feedstock based on a weight of the molded
catalyst A is from 2 hr™' to 20 hr,
[24] the process according to any one of items [15] to [23], wherein molded the

catalyst B contains at least one selected from the group consisting of metals

belonging to groups IB, 1B, lIIB and VIII in the periodic table and compounds of these,
12
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h vel ocity of the hydrocarbon feedstock

AO5OB§§%gM8ﬁﬂgﬁ%§ ght of the noldeé catalyst Ais from?2
hr' to 20 hr', [24] the process according to any one
of itenms [15] to [23], wherein nolded the 25 catalyst
B contains at |east one selected fromthe group

[25] ﬂ?e]n En‘oz%gg %ﬁ%}:rqlﬁﬁ ?clﬁ %ng RSHeORSHhE $1 %ﬂo@%ﬁ RehdrBin iHeBsecond zeolite

eriodic table a compounds of
. tthes.v 12 A0501 VPO1- PCT/ KAN [ 25] the process
contalfiy. 3 rng to any one itens [15] to [24], wherein the
second zeolite  contains silver h QGesSS.
126] JBEanachss Ao e b Pren [4BP W) (93751 aii g, the second
the second zeolite is an MFl zeolite, 5 [27] the
zeolitsris @aMFhzeoitdli ng to any one of itens [15] to [26],
wherein the aromatic hydrocarbon production reactor _
[27] itbegroadsalaatoming tednyeene eddems [13dp 2Rk whewdr dhe aromatic
according to any one of itens [15] to [27], wherein at
hydrd&ason peaductibn rehetor isah iadiabatic fixeddsbcamaptary  of t he
hydr ocarbon feedstock in the aromatic hydrocarbon

[28] RREHiSEeHasdRBingld &P EAE of ikhed prajad [aPLeviafrelnhat least part of

second aspect of the producing process according to

the FrAGidH S5 EAt quHeQQi &t P60 thél eRydroBa @RS Sed ot 9HUtHE Garomatic
propyl ene an an aromati ¢ hydrocarbon from a

r e ock, "conprising: (1) producing
hydr%&?aﬂ’%%%ﬁg@@{o@aﬁ%byti c conversion fromthe hydrocarbon
eedstock, wherein, th dr ocar bon feedst.o .
[001%]0nt a nipﬁ%fegr@%%”?ﬂﬂ s ngo@sggcpfg ﬁ%aﬁmgH(émgf process
04-12 olefin is brought into contact in a %@%ene d
accoping detherPrEeaek BVeRTIem PEOYIEPE cHPIaGess, o PERUERG PRomEne an
a first-zeolite fulfilling conditions (i) through (iv)
an atarhatie hydqriopatties froms hydrecachon feedsiasli eempasiag.
diameter zeolite with a pore diameter of from5 to
6.5 A{1)(iprodubiegs propylereobit eatalytic aionyessios tfeomi thel fydrocarbon
no protons; 20 (iii) the first zeolite contains at
feedb®2R! whBEif i hydelcatidgtickdetock containing 50 % by mass or more of at
least one of C4.12 olefin is brought into contact in a propylene production reactor with
a molded catalyst A containing a first zeolite fulfilling conditions (i) through (iv) below:
(i} the first zeolite is a medium pore diameter zeolite with a

pore diameter of from 510 6.5 A,

(i) the first zeolite contains substantially no protons;

(i) the first zeolite contains at least one metal selected from
the group consisting of the metals in group IB of the periodic table; and

(iv) the first zeolite has an SiOz/ Al,03 mole ratio of at least

600 but no more than 2,000,
to thereby perform a catalytic conversion reaction on at least one of C442 oOlefin,

resulting in a reaction mixture containing propylene, the reaction mixture is separated

into fraction E containing mainly hydrogen and Ci.o hydrocarbons and fraction F

13
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A0501h’9P93Q1"(9Tmi sting of the netals in group IB of the
periodic table; and (iv) the first zeolite has an

Si 02/ Al2Q3 nole ratio of at |east 600 but no nore
than 2,000, to thereby performa catal ytic conversion
reaction on at | east one of C4-12 olefin, 25

contsiaiig riggyiat leasteand iofrC4n droearbon| dha ifragtion dpys eeparated into
the reaction m xture is separated into fraction E

fractiePNE AicBhRniRB Ak m{/@&:ﬂi‘ﬁcé\%nglar?d Meeios a.besitaimiig mainly at

fraction F 3 A0501 - PCT/ KAN cont ai ni ng mai nly at

0
least GRSbf §g+§h ro@rbfo%g%ﬁg %"r end [b?sﬁfa?@d frBfh ﬁt/ei f?c%ction F1, wherein

separa nto ,” contalning maln
hydr rbon nd.,fr ion F nt ai_ni p I Al

the FRSRUBRE RESET @ sab ATble st puSe et Sl N sy
i solated fromthe fraction F1, erein the propyl ene o
production st éﬁ{]ﬁu‘@m?|%b??'H8anM\AG'(¥%ﬁ’H% %ﬂmoﬂﬂgﬁg cpyponent [%
and (vi): 5 (v%@a val ue obtai ned by dividi ntrzj an anount

by masstehbenaramatis hygrogageqnsoprodyced 4 Hieapropylene production reactor
hydr ocar bons produced in the propyl ene production

by artrwdoaarbonparidh poessise PP ap e 13 ar lgssessdre [MPa] is 13
or less; and (vi) 10 to 95 % by mass of the fraction

F2 is recycl edvhaldkid B5 %itsy prassydfehe fraichicbmcE 4 snrecycled back to
reactor and used as the hydrocarbon feedstock, and 10

the dr%bylph@%@ﬂ@@ioﬁf Rtdrarydsed as BanBydiscaaionl fskdstock, and
cyclization fromthe hydrocarbon feedstock, wherein a

part a)rthgﬁOd;L{ecgthS ia?égpgﬁc rﬂﬁjré&érﬁteﬁsﬂﬂf"c:aPc‘fl¥tkh%y_clization from the

hydr o to I's “broug I nt’'o contact“in an

i ) t.icon. .1 . it | d
o BERER fodAE ShBlbin 26 JHE or el FRELSH % 7 TR Bkt of the
conditiaqns (Vvij) .throu (i.x). below. in a_gaseous..phas
nyarRaRaC TBrerbek) Sobraraht inte JBblA Tuoafl arpaye " Rydrocarbon
orodlEURToRE AT pBs rebebch forfubrers YR oo rtiin
primary particle diameter in the range of from 0.02
conditiors p&) girpugh xix) bRV iscad gaseeus phase ahbaiKsoalesbeast
one netal selected :
(vii) the second zeolite is a medium pore diameter zeolite with

a pore diameter of from 5 t0 6.5 A

(viii) the second zeolite has a primary particle diameter in the
range of from 0.02 to 0.25 pm;

(ix) the second zeolite contains at least one metal selected
from the group consisting of the metal elements in group (B of the periodic table,
wherein this zeolite-containing molded catalyst B also contains at least one selected
from the Qroup consisting of the metals belonging to groups |B, IIB, lIB and VIII in

the periodic table.

[0020] An aspect of a producing apparatus according to the present invention

provides:

14
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r.o roup consisting of the netal elenents in
Aosoﬁg/g %%&he periodic table, wherein this
zeol i te-contai ning nol ded catal yst B al so contains at

| east one selected fromthe group consisting of the
nmet al s bel ongi ng to groups IB, IIB, IlIBand VIIl in

¢ .
[29] %Ej acﬁﬁ%rhéggécor r rgaﬁﬁlwg?F%@gﬁnﬁéraﬁgear{tépﬁleq‘gﬂré&rbons from
de 0501 VPOl .PCT/ KAN [29] a producing
ahydgcbcf%t)%fgeqlsi? FOMRIISHY propyl ene and aromatic
hydrocar bons from a h roc n feeds

conf®i difHat reagtorathaf e Iy%sd yqlrﬁ)gtaq:} ﬁqe\;iggoc‘tkh%nd produces a

hydrocar bon feedstock and produces a reaction mxture
reacticormixturerapniRioing epylepe| b) a separator that receives
the reaction m xture and is connected to the first
r eajit)om; sepratator)that semsives thearsiastion onixbirecand is eornected to the
separator, wherein the aromatic hydrocarbons are
first rea@epcee@d [ 30] the producing apparatus according to
item[29], wherein the separator has a 10 conduit for

di r egt lay SEOHMGbhERr TARELtES 16 tREPeEpFHratbrpdibrein the aromatic
obtai'ned fromthe separator to the first reactor and

31] the produci ng apparatus according
hydrcft%?&?\’?smé rtoglbce%igo] wherein a part of a fraction

o0 sw'nae%@qeaaﬁ%aésﬁwg o R A e
o) e 3B B oA L b ke o

contained in the first and second reactors |s a
separataeta be feshieactarandessand rgaciBast one of 4,

hydr ocar bon, [33] the produci ng apparatus _according t
[31] athe presluging epperdtas]accordia@]to iwnar(@ch os [3phrwhereir a Part of a
fraction containing mainly hydrogen and Cl_2
fractiopbbtsiaet omthd bapanatorab redyotet ahd contaired epthediret reastor,
contained in the first reactor and the second reactor,
[32] the producing apparatus according to any one of items [29] to [31], wherein a
fraction that is obtained from the separator and contained in the first and second
reactors is a fraction containing mainly at least one of C4. hydrocarbon,
[33] the producing apparatus according to any one of items [29] to [32], wherein a
part of a fraction containing mainly hydrogen and C.2 hydrocarbons that is obtained
from the separator is contained in the first reactor and the second reactor,
[34] the producing apparatus according to any one of items [29] to [33], wherein the

separator is a distilling column or flash drum.

Advantageous Effects of the Invention

{0021} According to the producing process of the present invention, propylene

and aromatic hydrocarbons can be efficiently and stably produced from olefinic

15
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] oduci ng apparatus according to any one
Aosﬁfvibﬁgﬁ%bﬁ-%hto [33], wherein the separator is a
distilling colum or flash drum Advantageous Effects

of the Invention [0021] According to the producing
process of the present invention, propylene 25 and

[ C s ef fiuc] a, . i
nyarBEGRI. foedtHOdRC AR e PR 0B GGl i e kil varied as
h%drocar bon feedstock, and the production ratios
NeC/SY8MEof can be easily varied as necessary. [0022]

Furt her, the anpunt of_at | east one.of 2 diolefi .
10028 o bHitNEBrg: ABEUT A Bhleah Sne s GotelpIedBRgHI, contained

t he propyl ene production reactor (which is the raw, 5

in theet ercamponentRsoduenin bhenyrgpylenetrrdpelinntaacser whig) is the raw
is reduced bel ow the anpbunt of diolefin conpounds in

matéra ihytbe cramatic Hyesdsarbok praduction stephés reducad below the amount
in the propylene production step and contains 50 % by

of ditkstih esmpBusd®in the hedrstaron febdSWER (whief isithe rBacmatarial in the
they are highly reactive, diolefins are known to

propieiPpdeRlibh RisPAnd EBAtREHEOEBY mask 60iHond oPht fast one of Catz
catal yst surface, so by reducing the anount of 10

olefiﬂ>_°| éaﬂlsﬁqg@g%g%i%ﬁ\ trggctri\ﬂé/," dIBfhs Hre oW promote soiling of
aromat1 ¢ hydrocarbo Ero uctron step It Is posglble

¢ hi . | . ti B
ine SRR Sk 81 o Bt B8] P Bephgthe amount o
oG B 7 RShY B el 7 185 AR08 FRBRERO pRlcucton step
__hydrocarbons can be efficiently and st abl 15 . .
it iprperrilla e oRcRNE ﬁ"l'ftreh)%@tﬁ@aPBBW‘#%sQ%Q’QEO'By'WJSthﬁg aromatic

a sinple apparatus and especially a single separator.
hydeesrbdvbgeodustiodsteny.i ng Qut the | nvention [0024]

Enbodi nents of the present invention are expl ai ned
[002@]t h rRjrthermuee} caddoedingOtalr tnsl myedudihg fppaatusigof the present
enbodi nents are only exanples for explaining the

invettioBE NPropllRvien ndin arémetié Nieydrotamionss cant bio efficiértivt fd  stably
present 1nvention only to these
produced from olefinic hydrocarbon feedstocks by using a simple apparatus and

especially a single separator.

Best Mode for Carrying Out the Invention

[0024] Embodiments of the present invenﬁon are explained with reference to the
drawings. The following embodiments are only examples for explaining the present
invention, and the intent is not to limit the present invention only to these
embodiments. The present invention can be implemented in a variety of modes as
long as these do not depart from the spirits of the present invention.

[0025] Figure 1 shows a schematic view of a producing apparatus according to
one embodiment for implementing the producing process according to the present

invention. Producing apparatus 1 according to the present invention comprises
16
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A05q%nr®§8i@§¢t{k/\%he present invention can be inplenented

f nodes as long as these do not depart
fromthe spirits of the present invention. [0025]
Figure 1 shows a schematic view of a producing
apparatus according to 25 one enbodi nent for
propyBRe JFBALL M [BaBF 3; Shfith Recqies 196 HHibEn (badstogk and is
he present inventi.on cq I e -
used BHBHERS SeaRtien MRS SRR iEas ProRyIEHe B gRLE FRaSion from
hydr ocar bon feedstock and ist g ed to (ﬁrgduce a | ducti
the REBERRIPSAIRteSH A, SRPALABE dfy FeRBedsd R BrgRyiene production
conversion from the hydrocarbon feedstock, one .
reactasph? amdrich geseivas cthed atasemenoned cregctien dnpdyre and is used to
reactor 12, which receives the aforenentioned reaction
separatet theeremmtichsmixdure into Spedifiarfiactionsand:then iselate the msopylene,
into specific fractions and then isolate the
and BfamatieRgdrocarnsbrap@aaiiion rystitoc 48 behichrredeiges arpart of the specific
reactor 18, which receives a part of the specific

fractldrRCHESG b EE 8BbLEETs dBANEctelSto- 88p&R&rd 160as® pPaNAed to produce
16 and 1s used to produce aromatic hydrocarbons by

(RYAR i [ : r S [ i

arorfic NYPhdpEbans 3 o T URACHP | RPN CRRRIGH BN Soparator s
Specifi.ca . r.at s ownne A-a. . a ;

conrgfe Va ki S aRaR: Shofd S pRUECE D RteRyl separptor 16 is
i n_separat or 6 directly t ropyl en rodycti.on ..

conneried UfE 4 SORRHT IR EPRINISH BB SPRAFAER sladyst ptaified in separator
reactor 18. [0026] Propyl ene production reactor 1§P .

16 distly Vo $ORHCR ABAUHEHN GAtRIS] 6 AR AAMANE Ry EREABRgproduction
10, and a reaction m xture containing propylene is

reacht Hi.ned by 15 catal ytic conversion inside reactor 12
by nmeans of contact with the zeolite nol ded catal yst A .

[0028% s cr ifregyleekowodiNotian téadtot H2srebeivesdke Hymdgecarbondaadstock via
heat the hydrocarbon feedstock being supplied to

heaPleREbHahder appaindt asrdaciopomibitog: toontdiringppegsténe is obtained by
i nvention using the heating value of the hydrocarbon

catdiythtl onviTsidh RERIRYIRRr P2 BJURIEERE dreasitaét with thBezeolite molded

reacti on m xture containing propylene that is obtained

caté.rl])réké ég‘s g}[ega%t{)/eecg gorf%&rnggggﬁbt%z tgﬁg@ﬁigr hédt 'exchAGECS8e2aASheat the
hydrocarbon feedstock being supplied to producing apparatus 1 according to the
present invention using the heating value of the hydrocarbon fluid inside propylene
production reactor 12. The reaction mixture containing propylene that is obtained in
propylene production reactor 12 is compressed as necessary by compressor 14 and
sent to separator 16.

[0027] A part of the specific fractions separated in separator 16, and specifically
a part of the fractions D or F, described below, are preferably recycled back to
propylene production reactor 12, contained in this reactor 12 and subjected to

catalytic conversion. This recycling aspect is described below in the context of the

propylene production step.
17
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t tor 16. [0027] A part of the specific
Aosﬁfg%?mg%§$@§g§rated in separator 16, and specifically-
a part of the fractions D or F2 described bel ow, are
preferably recycled back to propylene production

react or contained in this reactor 12 and subj ected
25
oA 51 SO, o5 1588 i

e e t%ybwet«%fss) o

roducti on cto a _val obt a| ned by _di

Cos BORGHAVASPCEDRPRRINCLCE I T BTOmST, Srogitipn rsbtor by the
aromati c hydrocarbons produced in the propyle

hydrpeanee: patial pEaassFe WFfaies prgteraRivr bb AT pess, impre preferably 10 or
pressure [MPa] is preferably 13 or |less, nore

lesspreferably 10 or 5 less. [0029] In separator 16,
propyl ene is separated fromthe reaction mxture

[0026Dnt ailmi separatpy enepropglensads obsparatei ifromr they | reaetion mixture
production reactor 12. Mddes of separation may

cont'hﬁ‘ﬁﬂtg%l BeopyRre M= waRlodthietad ptr@pyiénérP&mmowtréabtot h@. Modes of

reaction'm xture is separated int raction C

sepﬁ%ﬂ?ﬁ"nﬁ‘éfﬁt bt Bye rn%@ﬁﬁué@obcé rﬁ?eag{y%ﬁ‘sbﬁgﬂé ré8&tion mixture

racti O c¢ont al ni ng nal nl one

is S%Yaqgﬁegla&@ﬁrggﬂgg % %Alﬁl g ljrnégt Eghla&rﬁ%%[ %Iﬁ(g '@1 ﬁf&rbearbons and

ate into fract cont in hydr
frac%mﬁaEE wpmgoezﬂ"a'ane i%%s fPa%t? ot hyBBos t‘ﬂn,ngn Bfopylene is
| east one drocarbon, fraction
lso@%érroat éf@CF'ﬂ‘t‘& fan;-l:a.raﬁde Py \tf'a'ﬁh AnAirRBCtAN MiXuiSsis separated into
hydr ocar bons and fraction F2 containing mainly at
fraclierasE ocaetaiingf manly hhydegenb@nd &na ;bwdpgqaéh@m sand fraction F
isolated fromfraction F1. Specific exanpl es of
contzirpag atainly 6 |east anecdfiCle hyddocarbbh| ingctom kinnsepariatadsimto fraction
drum (gas-liquid separator) and the Iike, and a

F1 cOhidimingi Mginko CdMydrscapbehs mnedradtidn3e] cotaimmtg enainly at least one
hydr ocar bon production reactor 18 is a reactor for

of CE{/ @??rzﬁgtﬁﬁ%%rﬁrégﬁéﬂgh%|§‘iﬁt§/|§?%§fg§%tofﬁ§ét§rr? |.cSpecific examples of
separator 16 may include a distilling column, a flash drum (gas-liquid separator) and
the like, and a distilling column is preferred.

[0030] Aromatic hydrocarbon production reactor 18 is a reactor for producing
aromatic hydrocarbons by catalytic cyclization, and aromatic hydrocarbons are
produced as described below by contact with zeolite-containing molded catalyst B
(described below) from all or a part of a specific fraction separated by this separator
16, specifically fraction D or fraction F,.

[0031] Note that a fixed-bed reactor, moving-bed reactor, fluidized-bed reactor or
stream transport sysiem can be used for propylene production reactor 12 and

aromatic hydrocarbon production reactor 18, and an adiabatic fixed-bed reactor is

preferred. Propylene production reactor 12 and aromatic hydrocarbon production
18
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0_pr s described bel ow by contact with
AO501§\488?3§1&%® ni ng nol ded catal yst B (descri bed bel ow)
fromall or a part of a specific fraction separated by
this separator 16, specifically fraction D or
fraction F2. [0031] Note that a fixed-bed reactor,
- : r
recctef 1 3 FEfarbBBChOe Sialy e s Ritkal BB s00h o SFR0h steel or
. .reactor 12 and 25 aromatic hydrocarbon production
Sta'”"?sé"a%?%lr 18, and an adi abatic fixed-bed reactor is
referred. Propyl ene productio eactor 12 and. . .
[0032f onBreddinaIABERraER HRERAIEING P ks Pl TS YioRds, bl for
reactor 18 are preferably made primarily of a netal _
implemantatical cfuthe aRroduEingn PFOeRES FHCCOsdIRY n¥%s§‘est@'§$.ent invention
[ 0032] Producing apparatus 1 according to the present _
discussedebelow) whichucombriees & propyeresproducton step land an aromatic
produci ng process according to the present invention
hydroBaosgsredestidreley. Sbpatationrafithe Cs+iraptiaphbemenventionally been
production step and an aromati c hydrocarbon production

necesShRP - witsP apradLieihgC bréf\Red +and Caroatatitahyarsneepon® fedmy olefinic
been necessary When produci ng propyl ene and aronatic

| hydropﬁrgagoﬂiczsl‘é%{iécli r 8t AhR 181 Sot t?¥&5i9é@riﬁopr5cﬁ%ﬁ§é OfdnarBls 1 for

réquired 1 n producing apparatus 1 for
. i e ting,t ' £55..8C ' the
mple{gPRUBHF R s 6 P SherL A dOREERTHREERISE Aylhibh® Therefore
apparatus 1 according to the presept invention .. .
becatsn pLUSNG pABRRIAMR br SREGEANEN'G die( BESER Jyention comprises
aromati ¢ hydrocar bon _production reactor 18 mﬂﬁg.onhy
propylane peprickionr reastafed aeand rematie fydsperIben; Bipdustien Jeactor 18
12 and aromatic hydrocarbon production reactor 18, it ]
with oy orei apparatgypif detweeapubpyene poductiaonteactand2 and aromatic
stably produci ng propyl ene and aronati c hydrocarbons

hydrdcarboraproduefibmireadtprn 8caidarsimpte appatstuscapdtoe 2 efficiently and
.the follow ng explanation, the propyl ene production

stably bRINLRIKY BFpYRineC ant Wb @@ EE iyarquzppoes from ahepefirfic hiydrocarbon
produci ng process according to the present invention

feedstid di scussed separately.

[0033] In the following explanation, the propylene production step and aromatic
hydrocarbon production step of the producing process according to the present
invention are discussed separately.

[0034] [Propylene production step]

A hydrocarbon feedstock containing 50 % by weight or more of at least
one of C442 olefin is used in the propylene production step.

In the propylene production step, the term “hydrocarbon feedstock” refers
to a raw material containing mainly at least one selected from the group consisting of
the Ci.12 hydrocarbons, such as for example the Cy.12 normal paraffins, isoparaffins,
olefins, cycloparaffins (naphthenes) and cycloparaffins having side chain alkyl groups.

The term "olefin” used in the producing process according to the present invention
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AOSO{ %@ﬁ%—%{?&?@%ﬁ' ene production step] 20 A hydrocarbon

taining 50 % by wei ght or nore of at
| east one of C4-12 olefin is used in the propyl ene
production step. In the propyl ene production step, the
term "hydrocarbon feedstock"” refers to a raw materia

refersCRONERI SR AR &84 )Fl]vgﬂtaé Sﬁéiﬁhﬂﬁﬁaiﬁ?bﬁéﬁ&%df ANCyOIRC BIeiBg. If the

consi sting of 't C 12 ydr?c_ar bons, such as for
olefini#%i‘?&ﬁtgi’st I%}%gﬁbgéf%q]?ff @ Y’%yprﬁ‘t LHgﬂégcsﬂygﬁ'?&%‘I& WAR be? hsufficient.
his GUFhSBALE ERISLR AR e AR A B S liggs of o

to the present invention 19 A0501 VPO1-PCT/KAN refers
butanol, restBbisst B pheramakanohand ol HYSER-AIABH S GrHigounds.
and cyclic olefins. If the olefin content is |ess ,
[0035] han T8 bydrpcadiagriecdstosk sapise Bred @sds in e prapylene production
insufficient. This hydrocarbon feedstock may al so o
step ifothsatatal @sntenpuofi pragmadiena| butgdemei tperdadieneeand other diolefin
but anol, nethyl tert-butyl ether, nethanol and ot her
(dien8X tofipotPdlaamd Teetbgeestisne anH00BE) ddutylbpdr campbamds is not
feedstock can be used as is in the propyl ene

moreghsﬂ UCkioRrby RiR. | WHeREroRS atatneprepylent mbapeitireisedesired, the

ut adi ene, ‘pent adi ene and other diolefin (diene)

mnté@@%%ﬁi@%eaﬁd%”pyh%hsé%ﬁt Dé'sg.negﬁg/g%%@&bﬁﬁcﬁrbfb&ﬁﬂis are highly

ounds 1S no nore than 2. by mass. \Wen nore
polyrlariite Hohbes BioRaces 5, bl 5 SRR GetehBlptchf " G bourse, itis
g 1S 5 e B8 BT 45 nRfrse BoB gLy featment

desirable to reduce diene co unds as

general |y i | 0 much :
suchaas g@@iaép@ partigl twearaanaionserc e dka; Eﬁt SHghi Ryg-treatment is of
partial hydrogenation or the |ike, but such
course extterselynepracticabfor industsal pwreeesl y i npractical for
i ndustrial purposes. [0036] Desirable exanples of
[003ély dr oDasibalsief @ednples ksf hyurbcamonbieedsttks thahean s used in the
propyl ene production step include the follow ng. (1)
prop§énapfodetionostep iguds tHefoiBwirigom product s of t her nal

cracki ng of naphtha and other petrol eum hydrocarbons,

(1) GNEhd 'BCHLOMIh L RMBE Grdii fBbLER! of WHErR@e 2R4eIGRY @F naphtha and
other petroleum hydrocarbons, and fractions obtained by partial hydrogenation of
diclefins into olefins in these C4 and Cs fractions;

(2) Fractions obtained by isolating and removing some or all of the butadiene and
isobutene from the aforementioned C4 fractions;

(3) Fractions obtained by isolating and removing some or all of the isoprene and
cyclopentadiene from the aforementioned Cs fractions;

(4) C4 fractions and gasoline fractions isolated from products obtained by fluidized

catalytic cracking (FCC) of vacuum gas oil and other petroleum hydrocarbons;

(5) C4 fractions and gasoline fractions isolated from cokers;
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[ f ' olefins in these C4 and Cs fractions;
AO%?%@FE@’WON ai ned by isolating and renovi ng sone

or all of the butadiene and 20 isobutene fromthe

af orenenti oned ¢4 fractions; (3) Fractions obtained by

i solating and renoving some or all of the isoprene and

¢ i ‘ HBRERy drachrRps Yhtiesized b
©) CPYRERINHAL) BBl HARPSoRRS rpRrrc /

( gasol I tions isolated from
s RS54 QBT ol b b Ge thoen

hydr gcar bons; 25 ). _fractiqns and gasoline .
{7 ac i PgRs mabpa Lebdindiidkalirar o RER TRyRT usd PRA e
(]6) C4 fractions and / or gasoline fractions isol ated
[0037]r om Iy theo Psemdere Sraduetion stemytherinydpsarbon, fegdstock such as
reaction (FT synthesis) from carbon nonoxi de and ]
thosehglesaiipen. abitwesis breyghtantaseentaaidnprapyieng produgtias reactor 12 with
nore may be used as a m xture. [0037] In the

a spadiftpydaine-cphixining insslded eptalysteo ierebyaydrfonm 2 edtalytickconversion
such as 5 those described above is brought into

reactfdoRCat IdhasPraiy IcBNE, Pr BRist contaimat ierthé2hydirotarbon feedstock,
specific zeolite-containing nol ded catal yst to thereby

prod!gcﬁréé % @&i@ﬁé&ﬁ@%r&%ﬂ%ﬁﬁﬁz%@bﬁl%rﬁzcéddoﬁro%leﬁe is@ASH separated

. . . hydr ocar bon .
rom LI5S B B PREBERAAN K e oM 21 10
00365° 1l e R6vens, Sikion So8o " soied ndfuf OB, dameter

ore dianeter _zeolite" with a pore,dj arret(gr of fromge.
in the

zeolite) with A pareygiamelsr (HefroBoPi {2 G- Anis Used st |25l
zeolite-containing nol ded catalyst A The_term "nedi um

aforqroentiontida zeolite-cantaining' maitded scatslyst Zbol i Thevierm amedium pore
range of pore dianmeters between the pore dianeters of

diameterl Zeqlita”erefersltotezedlity piittad Irgnde of pere didnmeatesy bafvween the pore
the pore dianmeters of 15 |large-pore zeolites

dian‘elék@idfaérhé{I_I—PBféjQékblttés yBicky Yptypangediités)rend el poresdiameters of
whi ch zeolite has an 10-nmenbered oxygen ring in the

aradpl P (it ragRe S185ckp AR0inpopstitcs) wich oot
has BRMRRemEt k! &&Fen Ml Peferystal structure. Examples of the medium
pore diameter zeolites may include ZSM-5 and so-called pentasil zeolites, which are
structurally similar to ZSM-5. These may include ZSM-5, ZSM-8, ZSM-11, ZSM-12,
ZSM-18, ZSM-23, ZSM-35 and ZSM-39. Of these zeolites, the most desirable types
of zeolites are those represented as MF! structures according to the IUPAC
nomenclature for zeolite frameworks, and ZSM-5 is particular desirable. A zeolite
similar to ZSM-5 or ZSM-11 as described in P.A. Jacobs and J. A. Martens, "Stud.
Surf. Sci. Catal.”, 33, p. 167 to 215 (1987, Netherlands) can also be used.

[0039] A zeolite containing substantially no protons can be used as the zeolite in

zeolite-containing molded catalyst A in the propylene production step. The term

“containing substantially no protons” in the producing process according to the
21
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u imlar to ZSM5. These may i ncl ude
AO5§£M@1'E§W%A§’ZSM1 1, ZSM 12, ZSM 18, ZSM 23, ZSM 35
and ZSM 39. O these zeolites, the nost desirable

types 20 of zeolites are those represented as Ml
structures accordi ng to the 1 UPAC nonencl ature for

pres%ﬁﬂﬁ\}e?ltiBﬁ |m W t@‘%@%ﬁgﬂ b?é@ﬁ‘_fllté CH g%%ﬁ%ﬂggﬂ:}ﬁthe zeolite

zeolite 1 as descri

s Oé’af 8P &3e8h P‘%e?él"é“@ﬂ%g{gﬁ*ssegfﬁgﬁ%??aﬁiﬁé B liquid phase ion
g A iaten Behd Slaineasgous Fefably, thg amguntof proton

25 zeoI i te-containi ngf nol ded cat al yst Ain the

is 0.9 dpifck RE §SSRAT QAP ﬁe@ﬁite The term "contai ni ng
substantially no protons” in the produci ng process

[0048¢ cor diheyiiqeidt please ibnAesdiangRo 1 ficGate Kirationesethod is described in
i nvention nmeans that the amount of proton (i.e.,

Intreezeolite Odferdisirg) “ACStHempe@art’e218,sp.0362 tonzd2 QII%C&SUSA) Nihon

- per gramof zeolite as neasured by the liquid phase

KaghRikaishiC(BAREn/ off thet CEemiddlt SadiegNofBabas), aXp. B1eto 527 (1988,
bel ow. Preferably, the anpunt of proton s 0.01 mol

Jap&h) é@égmgﬁég gr@?ﬁ?ﬁhlé‘?ﬂbiﬁo‘?} tRe [t o?gﬁo{dnqéér‘i’ b%hﬁéﬁsured as

1 on trate titratiaon met I's describ

follog\%g b?&g@é&?@%@ %@%I&é%&ﬁtalf&ﬁa%ﬁ(a alr (aé Peﬁ subjected to

on ef@%@ﬁggj“%%ﬁ%ngﬁgmﬁé  FiS a%&'ﬁﬁ'@%?ﬁ% whith the molded
t b d
catehi calksg e yritealon AL BATALE 1S AlsosoRIEngtnat s Follgated molded

and then subjected to 10 ion exchange treat nent using

catalyst Az washed NdtD pwel watiesnandhtheswhale anounieofithe desultant wash liquid
catalyst is collected by filtration, and a filtrate is

is cellenbedbndi mixed Wiﬂetrmalafcmen'edltiUDEdéldirateat'l&iwanmmt of proton of the
washed with pure water, and the whol e anpbunt of the

resulisgllrhixet  gelstioh iigundasinged @yl aetieslizatien nitksttbnM aMd ta&alue per
af orenentioned filtrate. The anount of proton of the

wel$tﬁ5r§f| thb%dm&ﬁ\dthé%édhtélﬁoht%lrﬂﬁ@%l@éd *?:.‘étélﬁévltlé i}jl\lfe?ﬁhs e amount
itration, and a value per 15 weight of the zeolite in

of p?@t%nZ@P(H Sa4iREt %rﬂtﬂ%@slg]uqﬂl tgﬁqﬁé‘tz%k}ﬂ%% & %L}fﬁvnc%léﬁt Ffal cation-

anount of proton o e zeol mmoni um i on

typeZ %86“&@5(33&9 a@Jlja?é %lrtﬂnﬁ'le@tc@atlo%?ﬁ/pg rEt—:ﬂohtes) are known to generate

protons by heating. Therefore, the zeolite-containing molded catalyst should be
calcined prior to measurement of the amount of proton by the aforementioned
method.

[0041] The zeolite of zeoclite-containing molded catalyst A in the propylene
production step contains at least one metal selected from the group consisting of
metals belonging to Group 1B of the period table (hereinafter referred to as “Group IB
metals”), or in other words from the group consisting of copper, silver and gold. Of
these metals, copper and silver are preferred, and silver is especially preferred. The

term “periodic table” in the present specification means the periadic table described
22 '
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A056¥Qﬁ3cf|‘?9 Hyean(such as rare earth nmetal cation-type
Zeol'ites) are known to generate protons by heating.

Therefore, the zeolite-containing nol ded catal yst
shoul d be calcined prior to nmeasurenent of the anmpunt
of proton by the aforenmentioned 20 nethod. [0041] The
on pefsi 1 % A% gefld ERC PRRAbOLI Bf DHARSr¢ U PEYsibs iP5 Mition) by

propyl ene production step contains at |east one netal

Davﬁ?gﬁig?gegtfdti.g(%g%p&[ @V?fmt? ﬁéﬁgeirr?g’d‘qgﬁﬁg?k:r ei nafter
005" 1 e afabie g B ok oeds Bl o croue 18

. 25 these_petals, copper and silver are preferred, ..
metghin 13 88 of euepResmiTarg Fargrs cHoweNg!. 7 Bfiion t6 cations of the
"periodic table"” in the present specification neans
GroupdBgaeiab dhe zeabneem@yé‘uﬂﬁsé@ont@m Hoss GrovpdB-mretel kpaangher form,
pages 1 to 15 of the CRC handbook of Chem stry and
suclPlagsixdde faren.h Exaimples of byethDds iod imcorporitingt thel Group IB metal into
(publ i shed by CRC Press Inc., 1994-1995). [0042] The
the teslite ngninegludenmethddsoofitrédtinyes abdlitermntaiciogt o Grogp 1B metal by
the Goup IB netal in the formof the correspondi ng

the @dhveRondloneNRYd, duthaadi fohoBxdrarkl | ifipvedhatidie or kneading, and
oup I B netal the zeolite may further contain the . :

G
0 . :
oo H T R ARt o\ MG R Ao i ueed
. . ¢ . el
e Fpile ¥ Brobi o 56k o Y a8 sEid Wiptiyp g merel must e
the. convent iqnal. net hod, such, as_ion_ exchange.. .
usefh iR 66 T8 CrAady Miptabiats Hak ARrHR gy iate, siver acetate,
. ion-exchange net hod. Wen the ion-exchan%e net %ﬁ IS .
silveisuifale) cApPEnEblopgratePRefes Al FoPRERBIA ARA 9l ghloride.
zeolite, a salt of the Goup IB netal nust _be used. . )
[0043]anp| Bie amount oGihsuGrow Hematakegntaingd\as GeoupB metal cations in
silver nitrate, silver acetate, silver sulfate,
the zepliterconitdiningdapldedpyatalystisfrat strictly dipsited)ibut &t preferably from 0.01
gold chloride. [0043] The anount of the G oup |IB netal

to scanbpimed, asorermreferbBlynedal 0.02tto 3% by made based on the weight of
zeol ite-contai ning nolded catalyst is not strictly

the IZeBlifeedif tHeGrbSp IBGhEIzRRbMidrt NdisGhan P01 % Dy’nBYs, the catalytic
mass, nore preferably fromO0.02 to 3 % by nass, based

acti9fy bPfhe"Gidifid-cBhtaining catalyst will be unsatisfactory, while addition of more
than 5 % by mass will generally result in no further improvement in the performance
of the zeolite-containing catalyst. The Group IB metal content of the zeolite can be
determined by the known method such as x-ray fluorescence analysis.

[0044] Because in a preferred embodiment as discussed above the zeolite of
zeolite-containing molded catalyst A in the propylene production step contains
substantially no protons, the ion-exchange sites remaining after exchange with the
Group 1B metal cations are preferably ion-exchanged with the cations of at least one

of the metal selected from the alkali metals and alkali earth metals. More preferably

they are ion-exchanged with the cations of at least one of the metal selected from the
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ol f the Goup IB netal content is |ess

AOS@ﬂS/ﬁ%&-%{Em mass, the catalytic activity of the

zeolite-containing catalyst will be unsatisfactory,
while addition of nore than 5 % by mass w |

generally result in no further inprovenent in the

a!ka%‘?ﬁét%fs”%?‘fbe?tllffnérgepréf“é?blf’)lﬁre\ﬁﬁt‘?'?ﬁé"cﬁhaﬁs Ot 'Ié‘éét ord'8f the metal

content o e zeollite can

sl T B, T 0 B %S% efipgg words, the

s _discussed gbove th Ilte
200l o the ZBoN PR T FRIGed Sty MADe P ORY %}eoggﬂdaﬁﬁon step is
production step contains substantially no protons
pref@na@m arzeolita dhafecantains beliethe frowr dBrmetal ipndyat igast one of the
the Goup IB netal cations are preferably
metalaelested froge thenslkali malalsandalkabh agh metats. one 25 of
the metal selected fromthe alkali netals and al kali
[004&3r t h Tinet alegshodusedptefimeapbate tdtelgast ensometaicbeiagied from the
wth the cations of at |east one of the netal selected
alkafi nfetalshand dkaf@pth MBRs fEd tifd\Mealitsdhay BBlaHesinfiaf to the method

still nore preferably with the cations of at |east one

usec‘]’forﬁﬁ@or?%f’éﬂn e GRWAIE MBILRG tﬂé?&hfeo N$h8 (doRgbritiof the at least

sodi um aSSI um I n other wor zeolite of

one tnklﬂa??&lebtte% chg'Httﬁé Ql'll{é% lﬂg{aﬁisegnﬁ %ﬁ@lly&{g’rﬂ Hleﬂélg qlff?rs depending on

ene pro uction ste

the ﬁyhgiqico R 3@93?@@?3@5‘ %ﬁ&ﬁ\%?i%ﬁ% QRN 83s, based

| kal i, ear h rreﬁals [ 0045] The nethod used to
on i gl ofttee Aeolitea gt thereasfeplatodiun et O 8% by mass, based
al kali nmetals and alkali earth netals into the zeolite
on the yeightsd dhe zapliterin e case pkpa@gsiugsed f or
incorporating the Goup IB netal into the zeolite. The
[0046)nt etVheh plepasingl easlite-acomdainirigaimaided ceaidlyst o fdreuse in the
al kali nmetals and alkali earth netals differs

proideren gratuctionlstephthdrg pereafio pattiularblithits ©rpthef pombky of times or
in the range of fromO0.01 to 0.4 % by mass, based on

ordérlig WPﬁd:fﬂMe ﬁfetﬁ&tﬁf@@ﬁéd SrétihthQe@ﬁSﬁ]eDﬁqeﬁé?@el}éﬁt@@ ffom the alkali
0.01 to 0.8 % by mass, based on the weight of

metZR%%Ad Ik éeﬂ‘ﬁl ﬁ‘?e?ﬁlsoiﬁt@ﬂ%éaiéblﬂ (?ocat ]'rle\m&ﬁ‘ or, incorporating the

preparing zeolite-containing m) al'yst for se
Grogygrlﬁh e-]tgl: 8{@'/ I%%P@rrﬁﬁat hir]i ﬁ’:ﬁ&béése ofhé\ip%ée?, 2&{3 dif%ussed above, the

zeolite must be made to contain the metal in such a way that it also contains
substantially no protons. For example, when preparing a silver / sodium cation
exchange-type catalyst as the zeolite-containing molded catalyst for the propylene
production step, because some of the silver cannot be carried as silver cations if an
alkali compoenent is present in the zeolite-containing molded catalyst, the zeolite is
preferably converted to a proton type during molding. Thus, the zeolite-containing
molded catalyst, which has been molded as a proton-type zeolite, is first exchanged

with sodium (preferably using an aqueous sodium nitrate solution) to convert it into a
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ich the method for incorporating at
AOSOJRQQ{)F?&-I-@\?@ selected fromthe alkali nmetals and
alkali earth nmetals into the zeolite and the nethod

for incorporating the Goup IB netal are perforned.
In any case, however, as discussed above, the zeolite

sodldHﬂ?éTotESn Wé% Pﬁe COH fidh bRehARIEH with §IH@P c@h&ﬁey (prafdrably using

SO con substant| no protons.
exa a silver / sodi mcat on 20
%9@1%@'3%9%@%&5&% as thevzeol [ fe- Icgnt ai n: ng
e t f th duct.i t .
[004ﬂ‘éca£e§€ciheyﬁﬁ¢oq Ruoler ot "G 2o °m“%e'gﬁi”eas nil%iwzg molded

cations if an alkali caonmponent is present in

catalystohi inetheoprasylaneg prasiugtion cdep iy preferakly z?édreaﬁteSPQ but no more
preferably converted to a proton type during nol di ng.

than THOBO. tIfidhe &iDkT AAlg@smciarl natio s lessdthear 80§ sthe weolgercontaining -
has been nolded as a proton-type zeolite, is first

molded Gatalgsidwildeatetidrat® doner gpidef duakd gokiag iy tiaen caneersios: reaction,
sodiumnitrate solution) to convert it into a 24

resu!ﬁﬂé@ﬂr é@%até’géﬁfé&érﬁéﬁﬂ feqleiet whehrthe)prbpplenegradubion step is

exChanged wth silver cat| ons (preferably using an

accomlgé tﬁ)a%\"fﬁ[ed‘bé& ?‘l‘:ea%%rué\h?i ) syt &R46k eﬁaﬁidp@; And therefore in

rati o of the zeoll eln zeolite talnlng

roof 5| oot SSRGS eA g s o

acceLeét it /EQ ZQ?II?M larhg 3' S@s&& S;'é](?n wq%?%lolefn compounds,
deterlorate m)reraldl due to cokin .

moregyRlcPeKBE AEOrAIoN IS Biey $ENFrPnand Sh%anee cement frequency is
repl acenment frequency when the propyl ene production

eversgrepters whicit sopn matked itgifficulti tesgniipde stabie epsration. nP avoid this,
system for exanple, and therefore in greater

it is meEgessayt tunrpré;tmqahdheydio@cﬁimseqnmenuhgis inetheneavatmaterial, which is
degradation is also 10 accel erated. \Wen the

imprayiti €8 ibd0striebpatppelscont ai ns di ol efi n conpounds,
nor eover, coking deterioration is nore severe and the

[oo4ﬁgpl ACHTRRS ofHP HEPRCIG BIOSVAROYTRIILEFaticoVBf ffbrs 888N 2,000, there
kes it difficult to continué stable operation. To

is a PYObIENt ﬂ‘o?n th stéﬁdm%% ll)}s? mégﬁfa‘iiﬁﬁt TB%QI'n?é.ﬁftha catalyst

onpounds he r i mpracti cal

au:twﬁt?irc:f'tl'r11 u%t [lt'eqcl;orﬁgm%%sﬁ%lded catalyst A with a high SiO»/Al.03 molar ratio,

the ion-exchange rate of the zeolite must be increased so as to adjust the silver
content to an equivalent amount. However, the ion-exchange rate declines as the
exchange rate increases when preparing the proton-free, IB metal-exchanged
catalyst by ion exchange of a zeolite-containing molded catalyst.

[0049] Te avoid this it is necessary to increase the metal concentration of the
exchange liquid. When the SiOz/ AlzOz molar ratio of the zeolite exceeds 2,d00, it
becomes more difficult to accomplish both ion exchange with the alkali metal and ion
exchange with the Group IB metal, and a long time and many steps are required for

catalyst preparation when the present invention is used industrially. An excess of
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he ot her hand, the Si 02/ A12G3 nol ar
A05031§#’a9%&1-|:®@t han 2,000, there is a problemfromthe
st andpoi nt of catal yst preparation. To maintain the

catalyst activity of the zeolite-containing nolded
catalyst Awth a high SiQ2/A 23 nolar ratio, the

cheﬁ&@é\ Il%f( J‘d@uglso I’%QSH’&? th8fetkAgreat| n‘iEféésiF\g thé‘érnﬁ’tﬁﬁﬁ%f%stewater

ver ten to an équil val ent
i on exchange rate declines as the

pmd'i??%?@?&ﬁgoﬁﬁ?'e?@b ‘%ﬁ?eases vvhen preparing the
005 5ok §e) TS, ahoBEBPLEh 4 HEME eaPpB] in the zoolte-

[ 0049] To avoid this it is necessary to increase

contgiping Melsirskaataktst /nused imdhe repiane Areddstien %tﬁeristmeferably at
Si 02/ A12G3 nolar ratio of the zeolite exceeds 2, 000,

ieasti 00 bet opesoretteardil f800c mharet preferablypai sash 31000 bt no more than
exchange with the alkali netal and ion 25 exchange

1,6004 t FWOh200D/0U o4 distiakes amkimilbo xgolifereataystrabowever, in this
steps are required for catalyst preparation when the

exaniis 8RB okl RNbh Alzddiita! WRf 4 SHOsE Al HolafnatRX 62880 0and reaction
5 A0501 VPO1-PCT/KAN chem cal liquid is also

resu&ggr% gw dlga%@@hgqg% hdursN A iééht‘égcétﬁlﬁsﬁﬁﬁ B Si@let Al,O3 molar

produ anong ot her proble

Y oA B P s W SRR s
oG A 48 s B S o i o

but no nore than 1,600. WO 2000/ 010948 di scl oses
'nduﬁtr@“}’rﬁpﬁhcaié%l ite catalyst. However, in this exanple
the focus is on a zeolite with a Si 02/_ A12C33 nol ar
[0051ht | o Toe Si0; / MeOs anelar gimtior ek dine szaglite eanybai Mepsywd by the
up to 24 hours. A zeolite catalyst with a Si02/ Al12Q3
conventtienal megthodofsudh08s foasexdmplebdes Method redvhibt the zeolite is
this was obtained by conpression 10 nol ding of zeolite

comp@fﬂﬁfdlséﬁldeﬁ higr ana&quetuse kgl eslutibnzeolagueoastialdrsfioric acid
that are industrially applicable. [0051] The SiQ2 /

sotuﬁ%@og’ncﬁnﬂn@?eétﬂﬁnqj s@futibh% ZflyAeRy E?'ﬁ:lé?sﬁnéﬂéﬂﬁéléléﬂ dpéctrometry or

conventi on nmet hod, such as Tor exanple t

the TR {A0%bAniHRIRD i Zeolite is

[0052] A metalloaluminosilicate in which some of the aluminum atoms in the
zeolite framework are replaced by atoms of Ga, Fe, B, Cr or the like, or a
metallosilicate in which all the aluminum atoms in the zeolite frameworks are
replaced by such atoms, can also be used as the zeolite of zeolite-containing molded
catalyst A in the propylene production step. In this case, the SiOz/ Al,O3 molar ratio
is calculated after converting the contents of the aforementioned elements in the
metalloaluminosilicate or metaliosilicate into moles of alumina.

[0053] If desired, at least one metal selected from the group consisting of the
metals in Groups lib, Ill, Vb, VIb, VlIb and Viil, such as V, Cr, Mo, W, Mn, Pt, Pd, Fe,

Ni, Zn, Ga or the like, may be included in zeolite-containing molded catalyst A in the
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t hssol ved in an aqueous al kali sol ution or
Aosgggggﬁéshﬁyggﬁluoric acid 15 solution, and the
resulting solution is analyzed by plasna en ssion

spectronetry or the like to determ ne the ratio.
(0052] A netalloalumnosilicate in which sone of the

propylaHa ﬁwﬁéfl&ﬁ"étéﬁ‘lﬁ B@er&@@u‘pbﬁesfsr MG diteticRati®P afBafhprove the
y atoms of (4, or the like, or a

I@% Ilcateln WhICh all the alum num atons in the
pro edﬁ‘(eﬁfrarremrks are 20 replaced by such atons, can

oo S8l A5y T LR W oo
o i e o S Ml oy ofstcam i

af orenentioned elenents in the netal

to contarct mithotbiel hydipearbenrieedstosi iniardeetq imerays ke sistance of the
alum na. [0053] If desired, at |east one netal

zeolitel tec telkdngr datetibmtignoud rmmattre@meﬁt i refebalplyt perdormed at a
i'n Goups Ilb, I'l'l, Vb, Vib, MIb and VIIIl, such as V,

temparative, oiWatMeasPt500PG, bhie.no MhoreZtharGB00°Ct bieder ke steam partial
may be included in zeolite-containing nolded catal yst

predurd of D91 2 APRREe VPO1- PCT/ KAN propyl ene production
step in order to suppress coking deterioration and

[OOSEJlgr OVIEhé E&%th IBRIf P1§ dﬁbﬂe@l ca{tglggt‘u\ i el E?éﬁaﬁ Hfductlon step

alning no d cat Ain't opy ene

ma;}o % ﬁ’%rc Egﬁﬂ gé&f@ @é&'ﬁ%}?ﬁ‘aﬁ G%e%f‘!;xeg?m { aﬁ?&r% r%'%ét%n' fbr a long
car b dsto er to inprov

peripd & it Sherdersiorates) FRaMey Senitit iy BoeEpH Pighing off e coke
This heat treatnent is preferabl perfornmed at

on thepatalyst atea temparaturaaf 480e Ml Lo asHahen anatroperhere of air or a
under a steampartial pressure of 0.01 atmor nore

gaspoas Bjixture of eaygere apdraminerhgasihiscdeatment ys hereinaftenesferred to
propyl ene production step 10 may suffer from coking

as “degerraratiat treatmdnttjsed i n the conversion reaction for a
long period of tine. The deteriorated catal yst can be

[00FB]geneFat @ B3oliteicBhizininlf mbliedcedtalysbA inhthecptapykste production
at a tenperature of 400 to 700C, usually in an

stefit AOSEIEE fRimetdsifant inorganic oxide such as alumina, silica, silica /
alumina, zirconia, titania, diatomacecus earth or clay is generally mixed as a binder
or molding diluent (matrix) with the aforementioned zeolite to obtain a mixture which
is then molded, and the resuiting molded body is used as the zeolite-containing
molded catalyst. When using the matrix or binder, the content thereof is preferably
from 10 to 90 % by mass, more preferably from 20 to 50 % by mass, based on the
total weight of the zeolite and the matrix or binder.

[0057] In the propylene production step, the reaction container is filled with the
zeolite-containing molded catalyst A such as that described above, and a catalytic

conversion reaction is performed with at least one Ca442 olefin.  The catalytic

conversion reaction of the Ca4q2 olefin is preferably effected under the reaction
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ADS0RSAUSPOTkaNe of oxygen and an inert gas (this
treatnent is hereinafter referred to as "regeneration

treatment"). 15 [0056] For the zeolite-containing
nol ded catalyst A in the propyl ene production step, a
porous, flanme-resistant, inorganic oxide such as

conditioms described belovsi Whemeby thel Qpjnalefias iic dine dydtodambom feedstock
di at onaceous earth or clay is generally mxed as a

are RoRdéted ab ppdicte dithupigh Semthivity), wWith ubBfantially no reaction of
af orenentioned zeolite to obtain a m xture which is

paréﬁn‘fé‘ c%?(gﬁﬁ ANthd W?ydi@éé%bbhn% g@id@%d by rd\e/actib??‘#elﬁgerature is

he zeol1te~contal ni ng 20 nol cat al yst. en usin

prefépa% ﬂ%m 308'to %dﬁd m&%%aré?é&%ﬁ&afr&neé(ﬁﬁo '5§Of%r a'l;)f?e pressure of

pre era froml nor e pre
to 50,% S ba ed on,the tot
the hyEsEghar coesiopk STRiLG b8 B, bdds oqsgalM o 3*3@1 % 1 mpa
ylL.ene productiogn ste the reaction contajner is

profhiabiLirom PIO4 b 0.5 SIPA( s eIt TR0 PoReP {aloaly V) of he

such as that descri bed above, and a catalytic )
hydigsatarsiesastaskashanid be ipha canaeiofdrom ‘ato 10Rsr olhr@ferably from 2
C4- 12 ol efin. The catalytic conversion reaction of the
to 2@ T 2based on the weigliterfdbé zeolitbemmntsiningomoldedecatalyst. i Dhe contact
27 A0501 VPO1-PCT/ KAN conditions described bel ow,

timenbéetwelay: theehdrotarbainefdeaistdok érﬁtﬁtﬂﬁldé@lﬂ@rmsﬁw@dmbttﬁd catalyst

are converted to propylene with high selectivity, with
A |s§jr'@r%frét5]y'58éédbnﬁi% dr§ésd, iInSrePrefd?8bRT  58SorsPEXleski Ng i N

t he hydrocarbon feedstock. The reaction terrperature IS

[Oog{ggefe 12@ m dro8a%8R ?é’ec&@@&t hrﬂ%ﬁebé’rﬁf ﬂB# H’”é%ﬁ’utaon gas.

580 pressure o rocar stoc

and Ll fr
By LB ARt uBy 70548 oA SR G aw%h ﬁ%E'P’F’Sane” methane,
steainﬁow &\éggocgzrnt%hlgy%@ygfogg%mqqtlcgrgfsiégp Hgswaﬁﬂe Qi:hls is because
preferably from2 to 20 hr', based on the weight of
aith@lh@h Fwaroden santes HEad taruprRiess cakipgt deteriaration: alcthe catalyst, it
ti me between the hydrocarbon feedstock and the

alsozeaugeasdhydbaganatioryreastioss of dhalrgsulting Prepyleng astidhadike, thereby
5 seconds or less, nore preferably 1 second or |ess.

detrbetgfiigi]fioﬁmahbyﬂmqmrhopufi@e@sbpﬂbnaw(ﬂn'epylemiexuwrepnheh. In the
projucir:g ;r;cc;r;sgaacst:;)rding to the present invention, hydrogen dilution is preferably
avoided because stable operation with minimal coking deterioration of the catalyst
can be achieved without diluting with hydrogen.

[0059] When the propylene production step is performed under the
aforementioned conditions under which there is substantially no reaction of paraffins,
the olefins in the hydrocarbon feedstock selectively undergo a conversion reaction
while paraffin conversion reactions are suppressed, and bi-products such as
methane, ethane, propane and the like that are produced by paraffin conversion are

controlled, facilitating separation and purification of propylene from the reaction

mixture.
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l.e e dilution gas may include an inactive
AoséﬁQEEUCQCj@K%Bdrogen, nmet hane, steam nitrogen or the
i ke, but hydrogen dilution is not desirable. This is
because al though hydrogen can be used to suppress
coking deterioration of the catalyst, it 15 also

[006%?“ S€%n 'ﬂiéj E%é ﬁﬁ(dé.l%ﬁ% ig?éelayaoﬁxﬁec{ﬁe& eSAktbt MHoving-bed reactor,

opylen racting fromthe

BN ol L hBS8P UBOEeh AR el RBR propyine

_ i nyention, hydrogen dilution .is preferabl ayoj ded .
prockgliancteadtarh best: aePlsH-artainanrlied orataly B °A %€ brougnt into

deterioration of the catalyst can be achi eved w thout
contart with dlge Wiydreaasben feerstock, [anga ptruakialinsimple aaiakatic fixed-bed

production step is perforned under the aforenentioned
reactamidipréfenedunder which there is substantially no

reaction of paraffins, the olefins in the hydrocarbon
[OOB\ﬁAEedStBEdauS@ thet zectite-conidiniog moldedvestalysh Ar esed irothe propylene

ile paraffin conversion reactions are suppressed,

prodifloRistdls Aslists deteifdlafion dméttbminge??@ﬁsﬂen@ capdrestably produced

the |i ke that are produced by paraf' in conversion are :

for azplﬁpﬁ?’dgrfda ofin fe@%h'dsﬁrg]fﬂégfix%%igt@%@%éﬁioﬁ_”ﬁhe'co_nversion reaction of

I catl on of propyl éhe fromthe reaction m xture.
50. - N -
pardifiat i Cienl SUapiioni Witk L chiferSioffeakiBy of olefins s siignty
reactor, flyidized:bed reactor or streamtranspoy, L
ende it br P Blieitiy SRPARIG PhPaRaCnn GRhElt.  When olefins in
react or wherein zeolite-caontaining m)lcged at %ZSt A .
the j Rydspeataan ifaedstogisnate t selpethvaly e aaFts c‘é‘?“g‘%fn aforementioned
feedstock, and a structurally sinple adiabatic,
condlitiens- weder whickasubstanyally etfoe reaction obegrafiesains éhe fydrocarbon
zeol i te-contai ning nol ded catal yst A used in the
feeqstogky beaurs, {hrepeinrs,iibis sotepecassapt © supmly ireactidroneatyand a simple

to coking, propylene can be stably produced for a

readtonSyef Qethohs tHamixerlBad Usingle-sthge bdiabatibedactencanbe used.
The conversion reaction of paraffins is highly

0OGP! Py BB 7.0 LA R roacion mixur
thudEAaMA0 OB pbRACAARACTH AReCARY! bidiess WReprdplyfdrd Sedration the
aforementioned reaction mixture is separated into fraction C containing mainly
hydrogen and C4.3 hydrocarbons and fraction D containing mainly at least one of Cs.
hydrbcarbon, and propylene is separated from fraction C. In the second process, the
reaction mixture is separated into fraction E containing hainly hydrogen and Cj_;
hydrocarbons and fraction F confaining mainly at least one of Cs. hydrocarbon,
fraction F is separated into fraction Fi containing mainly Cs hydrocarbons and
fraction F» containing mainly at least one of C4 hydrocarbon, and propylene is

isolated from fraction F4. These separation processes can be accomplished through

a combination of various known methods such as fractional distillation, extraction and

the like.

29



10

15

20

25

n feedstock are selectively reacted
AOSC&NBB){%@FWemnH oned conditions under which
substantially no reaction of paraffins in the

hydr ocar bon feedstock occurs, therefore, it is not
necessary to supply reaction heat, and a sinple

[006%]3 act ﬂ[s.cﬁé/ét}s%gbséb‘a@eaﬁbé&@tiéﬁ ’f@%r&[ﬂgené tHbRr&in@BBoned reaction

i abatic reactor cah be used. 15 062] Propylene is

i EERETRR, 1 TR ROPSGBHE GRREP BORE, GARRRy, o socalle
corleGESeey R SR R BIFRTLBAR o ar

cont ai ni ng mai nl hydr ogen and Cl, 3 hydrocar bons and
recyeledcbagh 1O Hlﬁwtfagﬁphga%?rﬁﬁ?teﬁ't agaifs{ CAih P& sed. o Increase the
hydr ocar bon, and propylene is separated fromfraction
propgleneryieltebasab oo theoreight of the bydrasachorpfeedsiedls eontaining 50 %
separated into fraction E containing mainly hydrogen
by maise oEIndre dfyatrieastrdrensf @pg diefic wihich IS therieedsipalgin this propylene
mai nly at | east one of C3. hydrocarbon, fraction Fis

prodBiefiar ateps théreBy iaiihg eibrélefRefivaiugend th@hpdocaibon feedstock.
hydr ocar bons. and fraction F2 containing nmainly at -

keast or \Y ' ; f
o0BkEeP L1 oiboctHRegs iorand B 0 pRart nyenter = part ©

v PR SRy SR Bt st
oso 3 R LT KT S STAS 60868 ey
o PR SRS S5 e PSSR SO B s o

recycling reaction system in which a part of the C4.
raw giatetialdor reayeling sdlboubanyrsfingeedr e recycl ed back to
the reactor and reacted again, can be used to increase
[coaShe 5 Iprardet émeffidietty bbed poopylere fesing e secyaliag process in the
hydr ocar bon feedstock containing 50 % by mass or nore

proplersd ptez@tioantefa Gdlud dbtdiebdbywdividing thet érmotrtostaagonent (%
in this propylene production step, thereby naking

by RIs8) eéff @Réi ¥, UsRnvatid Ny dhoekrBeas bprodueedsiroalse reactor by the
[0064] In the producing process according to the

RS0 pERUE RS et B 10 Trgt, e ety 10 o
Iessf e?ﬁfs%al%ﬂl%ted value means that it is desirable, in order to efficiently obtain
propylene, to minimize production of the Ces aromatic hydrocarbon component. A
decrease in catalytic activity is likely if the value is 13 or more or in other words if the
reaction conditions are such that aromatic hydrocarbons are easily produced. When
more of the Csg aromatic hydrocarbon component is produced in the reactor, not
only does the propylene yield decrease, but the ratio of Css aromatic hydrocarbon
components and Cg. aromatic hydrocarbon components in the recycled raw material

increases. As a result, accumutation and coking become a problem in the reactor.

The advantage of the calculated value of 13 or less is that the ratio of olefin

components increases in the Cgq. component, which converts relatively easily into an
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' C I?ﬂ‘ﬁt of the hydrocarbon feedstock. That is,
AOS(ﬁ])gF@ﬁ%?'ZIS possi bl e recycling process can be

constructed by using the aforenentioned fraction D or
F2 as is as a raw material for recycling wthout any
refinement. [0065] In order to efficiently obtain

aronfitRP K| &R aficRMcbponRAY ChhAGther Bthiferid yidlg cdif Gy irti@ased by
producti on step, a val ue obtained by dividing the

gsaqnent (% 15 by mass) of the Cs5 5 -
recyg!@@h g&ﬂedrocar bons produced in the reactor by the

drogarbon partia ressure ] . LS.p I :

10085 AR bidtycfoiaap ol B8 e EElFIFR, by ferdsing the

val ue peansg that it is desirable, .in qgrder t . .
recygling aridt | POBNEEE. HoYPRIAIC PETCAIRAT, eafein: raip can be
. of the C6-6 aromatic hydrocarbon conponent. A )
incregseddyseither dagreasing dhacesyding ratio in 1ha prapylengpregigiion step or

is 13 or nore or in other words if the 20 reaction
stoppimgdiecycdling and ssipplyind aorer ydrocarbieopdearopenents tarthe subsequent

easily produced. Wen nore of the C6-3 aromatic
aronttity lneiobarbon@rpanetivn steppr oduced in the reactor, not

only does the propylene yield decrease, but the ratio
[0067] CO-TheahiitRbd Co¥OpPRASIRN préQIRIRIAE BF SCaN GirBihatic hydrocarbon.

aromati ¢ hydrocarbon conponents in the recycled raw

' ' : iorestEbli ' ormal

comggﬁt?rﬁ]tg% thé :Er)gé;g)ﬂ%ﬁ% ﬁrﬁéurﬁloh iﬂéb is ridf g)r‘émﬂzl.gé%g‘mﬂ@@, but a norm

eco emin the react

e C f [
metfR G 8 eSoRBhctiRePl TaliS o e TuRhodibin Bestock. The
C9. conponent ich cgnverts relatively easjly into
olefif, CoRHAGROfEIOETPAF) RN AlF BTty el delpogrted bif butene as
conponent, and the propyl ene yield can be increased by
reprﬁé%ry@ﬂimghﬁﬁ@%owaaﬁgmlﬁ; [ 0066] A propyl ene
production ratio can be easily increased by increasing
t he Olefin yeanvessipat rajio (¥ver {8y olefie cangeatration in hydrocarbon
hydr ocar bon production ratio can be 5 increased by
ei t ieedsleck ebsactpriihlet Fdutehée cgncantratiaminthelrpearpgh@eenponents
production step or stopping recycling and supplying
mor et hiedict asbiist) JoQRPHdehirs dodickhieatiorbSeguwadrbcarbon feedstock at
aromati ¢ hydrocarbon production step. [0067] The

et hagdetef infetpRrERFI Ng production of Cs-a aromatic
hydr ocar bon

A desirable olefin conversion ratio is 40 fo 75 % by mass.

[0068] The method of reducing the olefin conversion ratio is not particularly
limited, but possible methods include raising the weight hourly space velocity of the
hydrocarbon feedstock, lowering the reaction temperature, or raising the SiO2/ Al,O3
molar ratio of the medium pore diameter zeolite in the medium pore diameter zeclite-
containing catalyst. Moreover, the zeolite of the present invention, which contains at
least one metal element selected from the group consisting of the metal elements in
group 1B of the periodic table and substantially no protons, produces few Ces

aromatic hydrocarbons in comparison with commonly used H-type zeolites, allowing
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j.n the propyl ene production step is not
ADSOEQP?&@Eﬂ%f&?ﬁyin1ted, but a normal 10 nmethod is to
reduce the olefin conversion ratio of the hydrocarbon
feedstock. The olefin conversion ratio here is the
ol efin conversion rati o based on butene as
: . . ) _ |
the G ESRGRIbE Yoty R ItYoded, pifth hashie bflect of inoreasing the
Qédroc?rbon feedstock at reactor inlet - butene
ProPYBAR¥R Y ati on in hydrocarbon conponents 15 at reactor
outl et) ol efin con entratigﬁein hydr oc

/| CA. r bo .
[0069ke dskbée RoPylgRe: BOAUHIER ) 58P 4o ASRUUING FRUS dif Frpgtion D or
conversion ratio is 40 to 75 % by mass. [0068% The 0
fractiontfos pEfareblycirony 1héo 9bc¥i by Mssse PQre PTRIarABlY; IEomolo to 90 %
particularly Ilimted, but possible nethods include .
by mass s ilfiet ieeyoliFiggtatiotis leds trepati® Y%y by owssy th prarylermyield will not
hydr ocar bon feedstock, |owering the reaction _ _
be dresMerifiproged.or If ahsi regythveg Siafid/ eXdaals 185l 46 byt masef paraffin
the nmedi um pore di aneter zeolite in the medi um pore

comBSbrisHs RonfRAbH e the PPHRAICAIDEh feddRtoti and T Qoammatidieydrocarbon
zeolite of the present invention, which contains at

compéistits %Sdﬂ%%&"in & TBA 0P %Piﬁ%tct%gmiﬂé{@ ihhﬁrglii EU‘EP”?%% increasing

consi st'l ng the netal elements I1n group
er,i odi . ntially no protons, produces
thetﬁﬁﬁ?%%bghéggéﬁﬁﬁE%?%ﬁﬁgg?ocarbons in conmparison with
nmo used yp eolites, allowng. 3 050 .
1007501 6%/ 1A Rt Brfpeethb STPTETY dn: §egior D or Fz in the
i ncreased, which has. the effect qj i ncreasi ng the ferabl
propylensy Prosiiclier IRfocessosopraferabhie 20,6 phy @F%Ssp%g‘%ﬁ?e i"gpre preferably
step, the recycling ratio of fraction D or fraction
15 %2 bys masef or dbp§. f ncgheocosditiony argssyuchdhat this ratio of Co.
preferably from1l5 to 90 % 5 by nmass. If the _
hydroeashon companeéntsiexceeds 20n%nbyt nagshihereatin of Beomatic hydrocarbon

propylene yield will not be greatly inproved. If the

compBA¥Stsi iRGthis T hdeaefitod Tovhpvnemesdll heagedaten and propylene will
conmponents contained in the hydrocarbon feedstock and '

not @bgta’?ﬁmfﬁicferﬁ drocarbon conponents produced in the
reactor will acCumulate in large quantities,

[00717°" €&Hd Propylene production step is explained in more detail using an
example in which the hydrocarbon feedstock is a C4 fraction (fraction containing
mainly C4 hydrocarbons such as butane, isobutane, butene, isobutene and the like)
obtained from a steam cracking product of petroleum hydrocarbons.

[0072] Figure 2 shows a preferred embodiment of the recycling reaction system
of a propylene production step using a Cs fraction as the hydrocarbon feedstock. A
reaction mixture (comprising hydrogen and Ci. hydrocarbons) is separated into a
fraction containing mainly hydrogen and Ci.3 hydrocarbons (hereinafter referred to as
“H,~ Cs fraction”) and a fraction containing mainly at least one Cy4. hydrocarbon

(hereinafter referred to as “Cgtraction”). Examples of the apparatus used for

separation (C; separator) may include a distiliation column, flash drum (gas-liquid
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t he bur on,the reaction apparatus. 10 [0070] The
A050ﬂaYﬁ’%¥‘g%?@5A%ydrocar bon conponents in fraction D or

F2 in the propylene production process is preferably
20 % by mass or |less, nore preferably 15 % by mass or
| ess. When the conditions are such that this ratio of

sepa%pp ocﬂ%{ﬁé %%r %@er%ﬁy’dg H%ﬁ‘lgtitﬁ%(ﬁglﬁ%. Zﬁrmné‘ﬁ%l leb2R from the

t1c ocar bon ~conponen n this C9.

drpocarbon conmpagnent ,wil| :
resuli§ 550 AP 8050k ot e s 8 ¥ SYbRRRback to te
propyl ene production step is explained in_nore, detail
reactgsi afiy! aiFedeRBNRAE GTnthEn PERPYSRP RAAYEHA, SAW RAIRITcK YWhen the
is a C4 fraction (fraction containin mainly C4 _
CHitagtioocisr himledxcm%télﬁalﬂ%ln@ntﬁmﬁulfh%&e bygregarbon feedstock is
I sobutene and the |ike) obtained froma steam .
concentratedin the @lfrtactiéon pSinaa butank foerefenebasesimudatesoerer the entire
Figure 2 shows a preferred enbodi nent of the recycling

C4+FRA6H 18 Tesysib@ Nbutahedaduuaibtore can dsk contoollext #thesamaount of the
a C4 fraction as the hydrocarbon feedstock. A

Cﬁfﬁﬁ%itﬁﬁ%@ RSEYEIBd eRRTG ithé PropiEle BrsdLidn Gdactor is limited to part

rocarbons)”is separated into a  fraction containing

il r nd Cl.3 hydrocarbons (hereinafter
ofthgébgérlﬁgg@%ﬂ%gﬂoﬁm_. C3 fraction") and a fraction

nt aLni n (N t S 0 ; ‘ C o
10073fior o far Her Geay Bt S e NG »epiEiat FHBEE estion containing
.of the apparatus used for eparatjon (C3 arapor) .. .
main pyeragavend Cdiidrosarbans dBFGRAN releiTaft fvae -Cfaction) and
(gas-liquid 32 A0501 VPOl-PCT/KAN separator) or th
a fraclien  coptainingamajnly haderGarpens withcdicaren p (Rgreinater referred
collected fromthe resulting H2-C3 fraction. At |east
to apdCh fodctivhy). CExamplas ohtheaapperatus ysed fobseraraiopH& 2 separator)
reactor and used as part of the propyl ene production

may' Bl e ididtillanbe ncdlbmn, Glashr dotmo (gassliquidysematatarheor the like,
but ane contained in the hydrocarbon feedstock is 5

prefEbRe Bt distifflioncsimrCA Etiyaehe @an S rofettetiainem the C-fraction, or
t herefore accunul ates when the entire C4+fraction is

ol SISy BRERFEHN 8L LOR2EePR D1 195 O o b royce
bacﬁ poeth%rro loer,”SnB 'ir?éj HWIéHé i"rﬁﬂgt@}friaétic;ri Bid B JsBdREY |Sart of the raw
material. Because the Co-fraction contains hydrogen, methane and ethane in
addition to ethylene, hydrogen, methane and ethane accumulate when the entire Co-
fraction is recycled. Therefore, accumulation of hydrogen, methane and ethane can
be controlled if the amount of the Co-fraction that is recycled back to the reactor is
limited to only part of the obtained Co-fraction.

[0074] The aromatic hydrocarbon yield can also be increased by using this Co-
fraction as a raw material in the subsequent aromatic hydrocarbon production step.
Moreover, propylene collected from th_e Cs fraction can be used as is as chemical

grade propylene if the reaction conditions and separation conditions are set

appropriately.
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f, .\ j CA+fraction. [0073] The H2-C3 fraction
AD yVIE§1%3$f/ separated into a fraction containing

10 mainly hydrogen and Cl_2 hydrocarbons (hereinafter
referred to as "C2-fraction") and a fraction
contai ning mai nly hydrocarbons wth 3 carbon atons

[OO'é#]er el Rt ﬁﬁ-fr?&ficﬁ'{ L& a#goooéq?,eﬁé%téa I?ﬁr% é;ffbatmnmb% mainly Cs

the appdratus used Tor separation separ at or
hyd%ﬁgﬁ% jﬁgregg%ffr;'{%tjpﬁte'g?pq cﬁgl WEJrgclt%ﬁgf gbgg%ayfr%ction containing
maig ngldlgl_agfi tlglggn pg 2:'59 gpdrfgé%ﬁp r'géq(:: igg{t%e,@%%rlrlsa E% %gi '{q:régfpaction”). The

propyl ene, at |east part of this C2-fraction can be
Ca feagjioneganphek separatrd rfeemt e Gerdragieneeitper fefore wafeafter the
C2-fraction can be used as part of the raw material.
CqtBeactioseist mecy@ded.r adbiaomplesnobithe Bpparafes, usest Hanesepadation (Cq
ethane in addition to ethyl ene, hydrogen, nethane and
sepafdteriemag dudutietdistiatidrneolantn, faskdrubt ggds-iguid Separator) or the
recycl ed. Therefore, accunul ati on of hydrogen, nethane

likefégﬁe@ragpeacaietiﬁéiiobﬁ cBRitiA Ol Papt bf théerealmivat Of fradton and / or

-fraction that is recycled back to the reactor is

AT BN, S S ar o
. 4951, L .
part BRIV RERHRIPEHBHE % hyar ocarbon production

p. -Moreaver, pro ene collected fromthe C3 . ,
10076ER: ; GlaES oo BRYLR reforsid aribadient & & recycing reaction
ropylene if the reaction conditions and separation )
SYSEQIHdPT"PGné Gn dragdion aspthshysreqasbonsferdsipek. A reaction mixture
VPO1- PCT/ KAN [ 0075] The CA+fraction can al so be _ .
(comyppising bydroged and Eac hydivcadrans) s sgpatatad ynigsa fraction containing
hydr ocar bons (hereinafter referred to as "C4

mainhyabydugen amtl Ca., fhyalcvdarhors (haremafigpr referned/toass 'éafraction”) and
one of Cs, hydrocarbon (hereinafter referred to as

a frachoh 'oaetdining) mailne at (st lohet 600 ;.CBydieeafeia(idrethaftep neferred to
the C4+fraction either before or after the 5

as @ﬁﬁévra]?:%h’qn Bx@anifeY of 8tk aFparahl£as&d i RPRRSRAICSseparator) may

use or separation (C4 separator) may include a

inc@u@éﬁélsﬂﬁét% EQLHT flabh FPEmAGUBYIGERP s patHtdY) BFRRS kL pheferably a

distillation column. Ethylene can also be collected from the Co-fraction. When

selectively broducing propylene, at least part of this Co-fraction can be recycled back
to the propylene reactor as discussed above, and the ethylene in the Co-fraction can
be used as part of the raw material. [t can also be used as the raw material in the
aromatic hydrocarbon production step in order_ to increase the aromatic hydrocarbon
yield.

[0077] Likewise, the Catfraction can be further separated into a fraction
containing mainly Cs hydrocarbons (hereinafter referred to as “C; fraction™) and a
fraction containing méinly at least one of C4. hydrocarbon (hereinafter referred to as

“Cqtfraction”). Examples of the apparatus used for separation (Cs separator) may
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[ y a distillation colum. Part of the

Aosbégﬁ?QﬁEZ{ action and / or GCh+fraction can be

recycl ed back to the propyl ene production reactor and

used as part of the hydrocarbon feedstock. 10 [0076]

Figure 3 shows another preferred embodi nent of a
. r . | . h
|ncl¥]é;efj¥o‘aiétplgtl5ﬁ%géddﬁ1? Jig¥ ip’% Lﬂd% Elté’i&l) (onghélﬁihé,i ;ﬁlaeferably a
distiﬂ%(@ro and c%r;épg drq%ﬁ?ﬁgﬁn%:aiagtgée %I’rqgheic Pragtign can be used

roc rbons (hereinafter referred tg as
eRk gradR Propyiene: ifhihe offagtinnngondtiang apd separation

I_east one of C3+ h?/drocar bon (hereinafter referred to
condions arecset appnopoately. Exanpl es of the apparatus used

for separation (C2 separator) may include a
[007#]st i |Ataleiash pad! afnthe €h-edctionucan dasreicydeddoaciptr tteordactor and

or the like, preferably a distillation colum.

usefft &y lpaneof &ite Prepylbae ?bbﬁ@ticﬂ’d rawormatétial C2yWHerC thed 1T 4 +raction is
When selectively producing propyl ene, at |east part

recy?led, hhé Bedahé @ohtdiRed 37 tRe HyBFXErSEn e&ds Aoéi@ Ieé ESn ntrated in the

propyl ene reactor as di scusSed above, ene

Cﬁercﬁtﬂ? @sr{c&aﬁbfaﬂ% fifd? I%pe b&gﬂg‘sﬁ.ﬂ?%‘i Rﬁ’\% 9{ Bﬂﬁré @'X+fraction is

can also € use

e G AR St%“%OtJBb%qe's

Li kew se,. the, ¢ raction can rther ar at

to i BAGOF fis JESIG ec{:&%t%’hpﬁljt A ygtﬁnﬁc}dfaa%acaeﬂs As explained
(hereinafter referred to as "C3 fraction") and a

aboye Jwith Jeferenea tai Riguiai 4 theaCarirastion ka@noplsgsbe separated into a
hydrocar bon (hereinafter referred to as

fractiga coniainingnmpiniEXaniydrocatbonse heppaafieurefased tbas “Cy4 fraction”)
separation (C3 separator) may 34 A0501 VPO1l- PCT/ KAN

andianfrbatitn aonfairing hedinlyratdedstnane 6f @shhydrosatwrsHersiniatier referred
separator) or the like, preferably a distillation

to agoiGyractibi'8OVERe GF RAMiGH G2l Bd g@p%téd qmnﬁ e @4+raction either
fraction can be used as is as chem cal grade

befdte0BY LRBE the &lErdceiBht 'solré eRg t 'E‘?@ﬁr%gg Sc]?elﬁ%r ?Eé%é’r{%tus used for

conditions are set appropr atefy

sepQﬂtﬁo{l {C Egp%ﬂﬁ by WGl PRidiASHEH SRS kflés?n ¥ (gas-liquid

separator) or the like, preferably a distillation column. At least part of the resulting Cy4
fraction and / or Cs+fraction can be recycled back to the reactor and used as part of
the hydrocarbon feedstock.

{0079] [Aromatic hydrocarbon production step]

The zeolite used in zeolite-containing molded catalyst B in the aromatic
hydrocarbon production step has a pore diameter of from 5 to 6.5 A. That is, the
‘medium pore diameter zeolite” is used. Examples of the medium pore diameter
zeolites are given above with reference to the propylene production step. Of these,

the most desirable. types of zeolites are those represented as MFI structures

35




10

15

20

25

AD _ the propyl ene production raw materi al .
E{mﬁptﬁﬁe +fraction is recycled, the butane

contai ned in the hydrocarbon feedstock is concentrated

in the CC4+fraction. Since butane therefore

accunmul ates when the entire C4+fraction is recycled,
acchiding P ok o d}qagorv s .

tha@&%cycl%tgﬁ%k 18‘9?]:0 t e“%eg%?‘gwqrggfaé‘g{?igg%és particular
des?rgbl‘émy part of the obtained C4+fraction. As explained

above with reference to Figure 2, the C4+fraction can

SO eparated jnto a, fragtion containing, mainl _
[00@ hygf%%afeg’gﬁes (ghg}eeizﬁgmteé?o’ﬁépg}q é’aolpgdagat%b;@t in the aromatic
h chfracti on"& nd a fraction containing mainly at |east

VAIRRBIBP EEOYEIHI Siah SANEE 8 et hng anetal séicctesl Fom the group
"Ch+fraction"). The C4 fraction can be separated from
congigingof mefals; kelorgingde GeupdBorfdhe rpesiodatabtengnereinafter referred to
CA+fraction is recycled. Exanples of the apparatus
as “GyedpflBrmetalg’ar at irotheCavardsara dhg grevpideeisistingacf copper, silver
distillation colum, flash drum (gas-Iliquid

andsggidr aDbthesermetits | cdispernark] eivaly! aredpréfaridd, | aHd Silver is especially
colum. At |east part of the resulting C4 fraction

prefefréd/ or C5+fraction can be recycled back to the
reactor and used as part of the hydrocarbon

oodnQedstpo ; [+C (RY ar. p i Qn
100 R ep] neoofS, bofetling s PERALS 18V RERT IF Whsf St Warocarcon
aly. ' r i drocarhon oducti.o
prodtiBhiep 3 b B aheEeomhb Bo G R Emeialp the form of the
snedium pore djaneter zeolite" i s used. Exanpl es _
°°"%?8?'P%”9r&&|ﬂﬂﬂgp I matelerationsarartied byrignfixgBangs sncthe zeolite
vvi.tﬂ‘@reference to the propyl ene production step. O
usedjip the armatichydsesabesi praghetion plep ase axealsa efcraciking activity.
t hose represented as M-l structures 35 A0501
[0087301 - AoEMRlRs 2 ceethbds feninchmoraititheoBGemug B metalfinto the zeolite
zeolite frameworks, and ZSM5 is particul ar

maydiesiudebinethddB0BOWhithea zealitd eostairifg no Group IB metal is treated by
zeol ite-contai ning nolded catalyst In the aromatic

the Itpdvestorizd mpthedlcduckn astioh etHatiges iﬁipré&r?a:ﬂorrP%? kneading, and
nmetal selected fromthe group 5 consistinhg o rreteﬂs k

pref?ﬁ(iﬂé’*] Eﬁétgéatlﬁoag B & forl-ExHarigeemBEd L I feliBASXAZREE method is
used to incorporate the Group IB metal into the zeolite, a salt of the Group IB metal
must be used. Examples of Group IB metal salts may include silver nitrate, silver
acetate, silver sulfate, copper chloride, copper sulfate, copper nitrate and gold
chloride. Silver nitrate or coppef nitrate is preferred, and silver nitrate is especially
preferred.

[0083] An amount of the Group IB metal contained in zeolite-containing molded
catalyst B is not strictly limited, but is preferably from 0.01 to 5 % by mass, more
preferably from 0.02 to 3 % by mass, based on the weight of the zeolite. If the Group

IB metal content is less than 0.01 % by mass, the cataiytic activity of the zeolite-

containing catalyst will be unsatisfactory, while addition of more than 5 % by mass
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e tals"), or in other words fromthe
A0SOF MRS -BEH i

ng of copper, silver and gold. O these
netal s, copper and silver are preferred, and silver is
especial ly preferred. [0081] A "zeolite containing a
Goup IB netal" in the aronatic hydr ocar bon

it G R T AR 1 et 5 o et
i il S BT, 0 3 o AHBIR ot
oA A S B R sy

IB netal into the zeolite may include nethods in

fluoragicenhe analysis.t e containing no Goup IB netal is
treated by 15 the conventional nethod, such as ion

[0084Ix chakg evelli ap bengaincludedrinkhe zeolity, ascdtions, dherGitsiup Bsmetal in
treated by an ion-exchange nethod. Wen the

zeolileOsbrR%iBiRN 9foloBE Nedalyst Busedhé arbhatitpoydrbearton Eradyztion step
IB netal 1nto the zeolite, a salt of the Goup IB

may EFéoabe |Hélgﬁe@‘?n USRm BiFRRhSSR &iroﬁ% QA4PdibEugiRIPbe tstich as an

I nclude silver nitrate, silver acet at e, si | ver

oxide® u{orﬁrt © ﬁnggcargg%@ h?@:}\h{ gg.%o eG,’tigJ f # emetAPRYIntributes  strong

rate and nitrate or copper

dehyf ddetfignSa lF[r) @J {h%ﬂcg%@&r%foq&% pids g@[rg/e}ngoﬁsgﬂﬁ' &lih¥iuded in

contained in zeolite- ont I ni ng | ded catalyst Bis
OFdGhWt'WPV%ﬂP%/aWrﬂWCeBV egarqan erably from0.01 to 5

% by nmass, nore preferablyfromo 02 to 3 %
[OOB@hsedTbn rpneem@agle gifes ffaatz aem incd. ethaﬂaederfﬂﬁpGQ@Jn BB metal
metal content is less than 0.01 % by mass, the
catiopatafl zedlite aontaineq infzeplite-certkinirg m;ddeduqata{gstcatlal et aromatic
will be unsatisfactory, while addition of nore than 5
hydréedrbongaedudion \SeplareRiF lcdoCsd kAbhanddd githqratldng eremetal cations,
in no further inprovenent in the performance of the

and é@b‘réf@ratﬂ?@x@hﬁh@@d At aNEl - met2e c@ﬂ"@ﬁ@br@rddilﬁll@f Gipup B or
contained in zeolite- containing nold

Grodga@/ﬁi ﬁﬁ%ﬁai% ¢8Rsbe determined by the known met hod such
fl'lorescence anal ysi s.

[0086] The Si0, / AlO3 molar ratio of the zeolite in zeolite-containing molded
catalyst B in the aromatic hydrocarbon production step is preferably at least 60 but
no more than 200. If the SiO2/ Al,Oz molar ratio is less than 60 the catalyst will be
somewhat less stable with respect to high-temperature steam and be less resistant to
regeneration degradation, which is undesirable because the activity is likely to
decline gradually in the course of repeated reaction and regeneration when the
present invention is applied industrially. If the SiO2/ Al03 molar ratic exceeds 200,
on the other hand, a sufficient amount of Group |B metal will not be carried by ion
exchange, detracting from cracking activity and from aromatic hydrocarbon yield.
Moreover, in order to maintain the catalytic activity of the zeolite-containing molded

catalyst with a high SiO;/ Al,O; molar ratio, the icn-exchange ratio of the zeolite
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| Il as being included in the zeolite as
A050} \BRECTIRANE :

G oup IB netal in zeolite-containing
nol ded catalyst B in the aromatic hydrocarbon
production step may also be included in a form ot her
than cations as discussed bel ow, such as an oxide

need$ % Be -@Erégs%‘au%%@ tl%eécﬂwstt e SroYP 1B Bnd@l dbntent to an equivalent

contlrl tes strong dehfiydrogenation ability to the
amodG i Bh-4hEARbE Al SR, ARSI Peroasin
e bR i BB ST B0 eBu0l B FRRRH M purposes

zeol ite-contai ning nol ded catalyst B in the aromgtic

[0087ly dr Gt 562 frélelde T saiay Of dbd et ¢epliErchaiaing molded
with protons or netal cations, and are preferabl)é

catalystdh imthedameimaticahydroranpenaprogduction stegr isaneigprefgably at least 80
Group 11113 or 15 Goup VIII netal cations. [0086]

but ndheoiS Ban/ 120.2DBeriCar Al#l§ motdr rakie ofdbé izeelitencan be determined
zeolite-containing nolded catalyst Bin the aromatic

by tHt dneesr hesthedoduehi a8 ot esxdrspler &f afethbd iat wihiasth€0zeolite is
but no nore than 200. If the Si G2/ A1203 nolar ratio

comdlétebf%ﬁséom #Q dhacedbak Yakaiiddiutsh oFoaqVdRls h9afofluoric acid

stable wth respect to high-tenperature steam and be
< . o . , N o .
solutcf? 3k Re TR ling et i 8RE by SR ion ShéGtrometry or
decl i,n tadyal | y. in the course of repeated reaction
the ]’gﬁgo P%%éﬁ‘@?%theorr?\(\ﬁhen the present invention is
applied industrially. Jf the SiQ2 / Al203 nplar ratjo .
100885 0 c chemsbloaghionlicatendt Whisth Soae G DE: SRETaHg.AIOMS in the
of Goup IB netal will not be carried by ion )
zeolitex dramepuorkd &re atanlapd rymaterask Phd>acthisvi By Ghers thsmlike, or a
aromati c hydrocarbon yield. 25 Moreover, in order to
metaltesilicatenin hehicht all yihiec amninuim yatomst ire the zeolite frameworks are
zeolite-containing nolded catalyst with a high Si Q2l

replat&d0By relohy aterhs 0 cahhalsbobe exsdthrage thieatzeolitef cohtained in zeolite-
zeolite 37 A0501 VPO1l-PCT/ KAN needs to be increased

cont&RindS rokef ictfdly$the i tRe farbhaiiet liydreeaibont priogiuation step. In this
equi val ent anount, but the ion-exchange ratio of the

cassGIRYLF) IO\ 87 Herls BEAT SNBFLOHeiA 41 Gotsof o
aforérﬁéntiicﬂge%sél%%nt? H HSfdtalloaluminosilicate or metallosilicate into moles of
alumina.

[0089] The primary particle diameter of the zeclite contained in zeolite-containing
molded catalyst B in the aromatic hydrocarbon production step is in the range of from
0.02 to 0.25 um. Preferably, the primary particle diameter is in the range of from 0.02
to 0.2 um, more preferably from 0.03 to 0.15 pm.

[0090] The primary particles of the zeolite contained in zeolite-containing molded
catalyst B in the aromatic hydrocarbon production step may be present as individual

particles or as secondary aggregates. In most cases the primary particles will

aggregate to form secondary particles, and since the primary particles assume
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T 2 [/ A1203 nolar ratio of the zeolite in
AOSOE'O@E%% &@Mm ng nolded 5 catalyst B in the aromatic
hydr ocar bon production step is nore preferably at
| east 80 but no nore than 120. The Si 02/ Al 203 nol ar
ratio of the zeolite can be determ ned by the known

var;oggt{zﬁl% W ehe@Bgf 8{ é‘ﬁé‘é’%m fﬂwé"g*é}@fj dlé\n%r‘:{}é&%e Society of

te’is conple in an aqueous

n or a ous dr of |

ChemW@Vr%gqm?rﬁgq PJ%% KEaall i5aRie Biprall #?hgﬂ%’%@ Bpaineering
spectronetry O the like to determne th

Hanqlssig) Ravied &1 Edlion PoRIdiTtal @ SSAING AISEoRs ImAge of zeolite
alum num atons in the zeolite franework are replaced

powdsr takenmatctO0R00Fmagrificatiopr cam be| adapted fopmeasuring the primary
netallosilicate in which all the alum numatons in the

particieotiiareetér anether presant invargionc e Priparyu partidlesrhavingn this particle
al so be used as the zeolite contained in zeolite 15

diam@®st sHdlild @ravel ity censtilisat 1BasNSO be bamasy, incore preferably at least
hydrocarbon production step. In this case, the Si02/

80 %y hadtdfaheltaiel. 0 is calculated after converting the
contents of the aforenentioned elenents in the '

[OOQTft al hpal Hmaﬂg 6tgg]cﬁéfrﬁcl‘ér siZR! ot AS! 2ddiiRd, egﬂé‘geﬂ?élretﬁe effective

ol alulmna e primry partlcle ter of
t
surtd oSO B ki SR A B2 A Aot el e coking

i th ff 0. 02

deteliREaSry miPg FAIEPCIES & eI s ﬁ%?‘ﬁt@dr 1geY b7 pHiie size of
0.02 t002m preferably fromO0.03 to O. .

secqroeop Parides feRad byaawr@léﬁ%foftmﬁn%op?ﬁ*'é'eé@W&H@e@'e particle

in zeolite-containing nolded catalyst B in the
size anfothet ipcintardrearticles nthat axtinc beodistinguisheg asel(.88@xtmagnification
i ndividual 25 particles or as secondary aggregates.

undémansnniras efediton micnoscypaar Consexpienitly| iraggobigacentaimed in the
form secondary particles, and since the primary

zeolﬁéfcbht‘éaﬁlﬁgaﬂém ca'iﬁlysi—uﬁﬂ‘ﬁ@éréé@ﬂhrﬂ/@ﬁh&ﬁl‘ﬂw drdretidiameter of the
forms, a nethod of neasuring the Feret dianmeter (see

prlm-'éﬁ‘? p§be‘Ié‘§ ¥s Rleasured by the scanning electron microscopy of zeolite powder

at 100,000x magnification is preferably in the range of from 0.02 to 0.25 um.

[0092] However, the crystal structure of this fine-particle zeolite is unstable, and

as described in Japanese Patent Application Laid-open No. H10-052646, the lattice

aluminum is easily detached by high-temperature treatment in the presence of steam,

‘and regeneration (permanent) degradation is likely due to this low hot water stability.

Surprisingly, however, with the zeolite-containing molded catalyst used in the present
invention hot water stability is much improved even in the case of a fine-particle
zeolite, and regeneration degradation can be greatly controlled, the amount of éoke
accumulation can be inhibited. According to the present invention, a zeolite-
containing molded catalyst is achieved which is resistant to both the conventional

problems of coking deterioration and regeneration degradation,
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eers, Japan Ed., Kagaku Kogaku Bi nran
Aosongﬁﬁﬁé{neerl ng Handbook) Revi sed 6th Edition,
p. 233) froma scanning m croscope i mage of zeolite

powder taken at 100, 000x magnification can be adopted
for neasuring the primary 5 particle dianmeter in the

01" 1PN Bpef Rk Bt BT SRR o v lmens

o0 B . VUL O 8 i o

con 3o S B L oo o on e

terns of both activity and coking 10 de oratll
catalysteim &ine i arpeaticzBydiocamon; BRJUCONs Sigps e mesalspgopper. zinc,
the particle size of secondary particles forned by
galliunggiredjami, aricks, palledivgn pnd iptatiwim mand xidase apdr ep@plex oxides
size of the primary particles that can be
theredf SiFe peeferedand zi0arDinc magwp dundstaremostrptefersed.
scanni ng el ectron mcroscope. Consequently, in zeolite
[0094]0 nt aldiﬁ‘b)dcﬁahﬁé o GlpréGn&RIN as Nh&geraly deskd adsalthiet method of
i'n the present “invention the Feret dianmeter of the 15

1ncor%5Clr i S(%’ AR mieditd %%ﬁ}@én@@@%b@ﬁd@bf Hﬁaﬁé’léﬁﬁa‘nﬁﬂ belopgiricPd Groups

opy o zeolite po at 100

IB, u[éaqgts%u%ﬁ]{f'nfgbg% Bﬁf)&ﬂé&é ¥ntPWhI3[h'ésc{|u?§1Q§rtmtguné{1%%|§?8%ata|yst B,
e R T EREN L T p—
hydragaRoRn PSR gk lfﬁﬁt%'eﬁ%”ﬁp el Blarpdnt 4 Bimpounds of

steam 20 and regeneration er man %H degradation, is
metahqlemntmbeb@\gmg (3] E@qpp@tlB Be.IIIB,t Vilt in the period table that is

Sur prisingly, however, with the zeolite-containing
incorpuiraied ioad queoluemntmnmgenpi@d&atalyshﬁieﬁtge@\eraib/t from 0.1 to 25
water stability is much inproved even in the case of a

by nidsienpprdferdidy froaobitd @0 %rsy megs ey elbments] e oadert toaconfer strong
can be greatly controlled, the anmount of coke

deh;ﬁﬁﬁggﬁéﬁﬂr\ aBilifRBNDMel iébllbé-béﬁtamﬁﬁg‘%dld@ﬂ &étatybEB in the aromatic

preSent |nvent|on a zeolite 25 containing nol ded

[ d which is resistant to both the
hyd@%ﬁ@;ﬁérg@ pro "ens of coking deterioration and

[009r5? gengh %{e Ofeoﬁi?&rc&%%mir?a 'm&%eéoéaq;!ygp %1 fnPFEE.{ Kfthhatic hydrocarbon

production step, a porous, flame-resistant, inorganic oxide such as alumina, silica,
silica / alumina, zirconia, titania, diatomaceous earth or clay can generally be used as
a binder or molding diluent (matrix). Alumina or silica is preferred, and alumina is
especially preferred. A mixture obtained by mixing this with the zeolite described
above is molded, and the resu_lting molded body is used as the zeolite-containing
molded catalyst. When using the matrix or binder, the content thereof is préferabty
from 5 to 50 % by mass, more preferably from 10 tcs 50 % by mass, based on the

total weight of the zeolite and the matrix or binder.
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A050100P8l-FCThemst one el enent sel ected fromthe group
consisting of the elenents belonging to G oups |B,

1B, Il1IBand VIIl in the period table is. included in
zeolite- containing nolded catalyst B in order to
confer strong dehydrogenation ability on the catalyst
[0026) t hZealiterznritainimgd rmoktelsb ncgialydticBi am  $heeparcihatic  hydrocarbon
netal s copper, zinc, 5 gallium indium nickel,
prodiétidridiepnazabe Bb@j‘ebféﬂ"ftcﬁﬁdatqma?tﬁ%n&ad 50070 log ¥narsi iflake presence
t hereof are preferred, and zinc and zi nc conpounds are

of stBB&t pﬁ?ﬁf@&bﬁl@ct WSt h@o@é%ﬁ%d@fodkrmftﬁQﬁétahﬁhnoﬂ Fnproving
generally used as the nethod of | ncorporating netal

rems%rgrfﬁgé c%ﬂ'?q ‘i%@fc?f?géan d}{%ﬂaﬂreﬁhﬁﬁgr‘%:?%?%;%%rfoﬁned at a
omehrs 15 98 BaF N B aPESHE R0y i yessre o

catalyst in the aromatic hydrocarbon production step.
0.01 8@ VAR of netal el enents and conpounds of et al
el ements belonging to Goups IB, I1IB, IIIBand VIII in
[0097he p¥Vhen zegliteecanainings mql%%ﬂ@éﬁ'ﬁtea inrhe angenatic hydrocarbon
zeolite-containing nolded catalyst B is generally from
prodoction ste}bcoitpinses snixureraff@rcaipl s fnedah-axchanged %epljite, zinc and a
mass as el enents, in order to confer strong 15

compehyd rthgrsvdt A ki Ywhith fee oz podfietredc erdraplte of the producing
nol ded catalyst B in the aromatic hydrocarbon

procBs§ d4Eddraifgs t@ Flhe[ BRIt | mvERSome HighemperatLie Ndeam treatment
nol ded cat al yst In the aromatic hydrocarbon

serv@é q ugttabﬁigesﬁ'n%p ne. é@'ﬁﬂgrﬁ?ﬁltigﬁﬁes :i:?fél?étaég Zifd %TLgﬁlPl'aFe thereby

e suc asaumna, ca/ alumn

ach'é\gﬂé?&e?;d@@nﬁ%eﬁb@?* 30 SRR sBn eI, oyl ¢ 2 n o

oD TR e oA T dppicaton
this with the zeolite described above is nolded, and

of thqqgre;«@ggm\fq%mﬁm R sy plunaingtein e prasent invention has an x-ray

zeolite-containing nolded catalyst. Wen using the
diffragtion patterniidentioa) te e caﬁerémwemm d6PDS 5&&&%‘?&% IGjire., 539, Vol.

from5 to 50 % by mass, nore preferably from 10 to 50
I, 38 1853jmass, based on the 25 total weight of the

zeolite and the matrix or binder. 40 A0501
[009¢P01- RCH fdferred example of the producing process according to the present
invention, in the aromatic hydrocarbon production step an aromatic hydrocarbon
production reactor is filled with a specific zeolite-containing molded catalyst B such
as that described above, which is then brought into contact with the hydrocarbon
feedstock (described below) to perform the catalytic cyclization reaction and obtain
aromatic hydrocarbons. The aromatic hydrocarbons are separated and collected
from the resulting reaction mixture by known methods.
[0099] For the hydrocarbon feedstock in the aromatic hydrocarbon production

step, a fraction containing at least one of C4. hydrocarbon produced in the propylene

production step described above is used as all or a part of the hydrocarbon feedstock.
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0096] Zeolite-contai ning nolded catalyst B in the
ADS03 \GTRY P@TH carbon production step can be subjected

to heat treatnent at 500C or nore in the presence of
steamprior to contact with the hydrocarbon feedstock
vviththe aimof i nproving resistance to coking

Simigh) 5 R e PR R B8 G o o
o S AT ity 3 B = o

the aromatic hydrocarbon production step contains a
matefﬂakture of Group IB netal -exchanged zeolite, zinc and
conmpound t hereof and alumna (which is a preferr

[0 O@]X anpTiee dight Heydrocarponnteeristonko dead sisabewhtiadgedoin Iﬁ*ée aromatic

present invention), high-tenperature steamtreatnent
hydré@irses predudtiabi $tepés ahight inydrasanom éerdsteck aenteitiag péieast one
as zinc alum nate, thereby achieving the additional

sele@Bl Qde Qhe WiEfthd aneopdratins, WheveR trer hpdrdeastsoref have@ or more
In the reaction atnosphere. This effect is extrenely

carb@Y RGNS B6T%! & @Qr_ﬂﬁétfdna{en%’éﬂahﬁét 6ONg0W drhess. Examples of

present 1 nvention. e zinc alumnate in the present
|nv S C
oo RS AE oot A" f 4 S BB FetpiRy gere hevan
rc., 539 5 r
et 5t Wit kg TP
present invention, in the aromatic h dro
buteaemaeﬁt%n@n hexeRe aReRiEpRnPFieNs af orgh %&6@‘?}@? nﬁycmpemene
reactor is filled with a specific zeollte cO 9
methyitysbepariane.y s cyslobexeneo ard ¢ hatnedesEYF B2 me cyclopentene,
which is then brought into contact with the
mettyciotoperitene, teadseéxarie @ddsothepayclnsiefins andpepf swalohexadiene,

the catalytic cyclization reaction and obtain

buta@ieHERt penthsidhes arveivpentadienar amhtotheh ydiemesa mhay soarigcluded. A
separated and collected fromthe resulting reaction

mixt g&fr HodpYEarBBhE ORay b809S3d Ry thderaby dnatesiahoor methane,
t in the aromati ¢ hydrocarbon production 25

hydl%égr oraaﬁ i I'ggguceﬁté’é Ritfigenl cbﬁ:ﬁ)ﬂ diRRRILTcaf¥on monoxide or the

ocar bon pro in theé propyl ene production step
descri be r a part of the
e RNt ARt ane Fulife o Bnledt

[0101] These diluents may constitute preferably 20% or less, more preferably
10% or less by volume. It is particularly desirable to use a mixture containing
saturated hydrocarbons and unsaturated hydrocarbons at a weight ratio of between 1
/033 and 1/ 2.33. The weight ratio of saturated hydrocarbons to unsaturated
hydrocarbons here means the weight ratio in the supplied mixture.

[0102] Desirable examples of light hydrocarbon components to be newly added
to a fraction containing mainly at least one of Cs hydrocarbon produced in the

propylene production step may include the following as above:
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A0SNA5PB o YRYT KAN Similarly, a C2-fraction produced
I'n the propylene production step can be used as a raw

material, or |ight hydrocarbon conponents nay be newy
added as a raw material. [0100] The |ight hydrocar bon
feedstock that is newy added in the aromatic

(1) 0y dneicRs hastichbBRite@fromi teringl debbiipos s Jﬂ@éﬁ@@rbf naphtha and
feedstock containing at | east one selected fromthe

othélJ BBtrBF%u?rF Iyﬂ?é@d‘rﬁbr‘i@ a &R @n%ﬁ 'Tg?tgbf%ﬁog?r&é?ﬂél R¢ddgénation of

nor e bon at ons and a still i'on

dlolgﬁﬁ@ﬁpébﬁfﬁs% tﬂg%cgéanbﬁfagn adfepLp! es of - such

e, propane, butane,
ent.ane, hexa e, ,ctane and nonan
(2) BRAGRER oEr R bxiSHERR ang Biied SOtk SpAlLab e, Butadiene and
but ane, Pentene hexene, heptene, octene and nonene.

isofLieng the afoyemeptieneshes fragtieRy| cycl opent ane,

cycl ohexene and ot her cycl oparaffins, cycl opentene,
3) %@ﬁp@y@b@u@d bieisolajiop otk aemosimg  somer ok all| afolhef isnprene and
and / or cycl ohexadi ene, butadi ene, pentadiene,
cycbpehtmﬁerhaﬁbﬂnmeeafdr&mentionﬁcbﬁgfranﬁqn;be i ncluded. A
m xture of such hydrocarbons nay be used as the raw

(4) ey érdctibns aEnd'Et BRnfasolife NysdtReeNisdiatad frofT prédscts Usttained by
as nitrogen, carbon dioxide, carbon nonoxi de or the

| d h t
TudEE, PN, | SSAREC FOC) e VBRSSO g e

&s_? re preferably 10% or |ess by vol une. It 'S
hydt-ar |CH$arIy desirable to use a mxture cont ai ni ng

a rocarhb and unsa droca ons at
© B2 Aeghee Paﬁ-‘?&f@?ss@maﬁ"%'aJﬂ%? SIS 8l
t|o of .saturated hydr arbons
(6) éﬁ?@gﬁpﬁﬁ end W&E@E’B’F% astions isolate aérqnh@ngqc&n@onsamshemzed by
in the supplied nmixture. [0102] Desirable exanpl es of
FlStPhaghTron%h &%ﬁt'@BdF&ﬁmﬂmﬁﬁkfr@rﬁ ggebereManaxifteeand hydrpgen.
fraction containing mainly at |east one of CA4.
[C1831dr oclar Boe prosoatice dryidnocarbon ppogeitiction  prepduthe dight themirocarbon
may i nclude the foll owi ng as above: 42 A0501
feedf0dk PGAY EIY contain, as impurities, terf-butyl alcohol, methyl tert-buty! ether,
methanol and other oxygen-containing compounds.
[0104] The reaction conditions for the aromatic hydrocarbon production step
differ according to the light hydrocarbon feedstock and particularly according to the
weight ratios of olefins and paraffins in the feedstock, but a temperature of from 300
to 850°C, a hydrocarbon partial pressure of betwéen atmospheric pressure and 30
atmospheres, and a weight hourly space velocity (WHSV) of from 0.1 to 50 hr™’
based on the weight of the zeolite-containing molded catalyst are preferred. More
preferably the reaction temperature is in the range of from 400 to 600°C.

[0105] A fixed-bed reactor, moving-bed reactor, fluidized-bed reactor or stream

transport system can be used for the aromatic hydrocarbon production reactor in the
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ractions isolated fromthernal
Aoséiyopﬁﬁdgﬁdﬁf@h{)roducts of naphtha and other petrol eum
hydr ocar bons, and fractions obtained by parti al

hydr ogenation of diolefins into olefins in these C4
and C5 fractions; (2) Fractions obtained by isolating

[ -2l f t adi . ) .
arorfil, hydicahthr? e stofl ahd BAAANCSifMe apigbatic fixed-bed
td tained by isol ati d -
reaciorE 8RR (o one and” cvel oueatad ene.from the

orenentioned C5 fraction; (4) CA4 fractjons and ./ or
101083 cor ZADHS-ERAENT | BIAIGRQChIbYAt o Bl (B8 oBY @Aa Bydrocarbon
fluidized catal ytic cracking (FCC) of vacuum gas oil _
produigiont lep ey slamiray egkingcdetebnrations)f aged riactheomonversion
and / or gasoline fractions isolated from cokers; and
reactioyn for af loagtpearitsl ahtime. of hg aletériorated aatalyshsandm etgaherated by
from hydrocarbons synt hesi zed by Fischer-Tropsch

burnirgoffithe doké cryihehesalyst &t 9 terbpelnire®heomdarRd700°C, usually in
hydr ogen. [0103] In the aromatic hydrocarbon

an dﬁh@gﬁlﬁéﬁeoﬂf &t 8Pa ddieolis %ikt_uﬁ;&@‘f%&?@éﬁ’ Bnd & ﬁ%ﬁdéésofﬂ'ﬁs treatment

may al so contain, as inpurities, tert-butyl alcoho

is héfeliafler F&RreUbYs €4 eragé'ﬁiljlé%%éﬁ\ﬂ}d ot her

oxygen- cont ai ni ng comnpoun he reaction

ndi ty org Lt h [ dr r.ho ugd i gn .
18770, BtRRsb ind oPefi T inist i ReHy apBLatLa " the aromatic
f eedst ock agnd. particularly according to tfhe_ weight )
hycHogara roRidhStam ds pia St Brn o | HERAe oy odk Kbking, aromatic
a tenperature of from300 20 to 650C, a hydrocarbon .
hydrogatians eanbeutablyproducrd Avar adend eeried sif die pueanging a fixed-
30 atnospheres, and a weight hourly space velocity
bed (regglgy. oSince dhe @eclitescdtaiming mdided ¢atalystho thei prioducihg process
the zeolite-containing nolded catalyst are preferred.

accovoimg topthef preseny inveatioeds tless liglsleterdealominiationnintthe presence of
range of from 400 to 600C. [0105] A fixed-bed reactor,

highrlevigigatied sesrhorit &lsol JegRes DESNiRRA OldegfaddtioParegeneration
25 transport systemcan be used for the aromatic

deg@%_@%@?})ﬁﬁ%ﬁéﬁmwﬁ tFeRANERE, Al EBfsedqterii§ X kers very little loss
of activity even after repeated reaction and regeneration. Therefore, an aromatic
hydrocarbon compound can be produced stably and with high yield over a long
period of time. These features are extremely useful for industrial application of the
present invention.
{0108] Examples

The present invention is explained in more detail below by means of
examples and comparative examples, but the present invention is in no way limited
by these examples. Measurements in the examples and comparative examples are
performed as follows.
[0109] (1) Measurement of the amount of proton by liquid phase ion exchange /

filtrate titration
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| arbon production step, and a
AOS@?%L’%#WWI e adi abatic fixed-bed reactor is
preferred. [0106] Zeolite-containing nolded catal yst B
in the aromatic hydrocarbon production step may
suffer fromcoking deterioration if used in the
conver4sgo 5 1 A [ Hal ;
>5 of %éé?gﬁ?gﬁfhlﬁlﬂb folddf cEFJWéggthgg h%a'd”ﬁeeg Neround in a

deteriorate can“be regenera arnrn
monfl b HBREE 1751 1, FENT 4 oo RS, AR 1 B ochanse

aseous m xture of oxygen and an inert S hi s

treaflfaE R0 TTBufRs With AP GOONBE A 221 T Prad & ol L ilaraNaGh aqueous
treatnment”). [0107] Because the zeolite-containing ]

solulignd ethe: Erspiting mixdiure was filteeashithe malded patalysirwam washed with 50
production step is resistant to deterioration from

ml eforurey waten rand whaly canoountboithe filirdbe isclading fheoskasadwater was
over a long period of tine even using a fixed- bed

recovemed .o IThisSkiltezte (inelutieg Washogaten) wias Ganal/zéeidhie abalriiting titration
in the producing process according to the present

with OMeNt NaOH aqliésss sbrfibA, i HRBUAIIORProRn Was Idefermined from the
presence of high-tenperature steam it also resists

neul8iPRMPN o AKIT AFGT IR dhG RN BF a]gr‘ éhléa@rcﬂf%édﬁfg weight was

duri ng regeneration treatnent, na conseque

oo 5883468 Sy R ol /AR e oty
SR R T e T R

features are extrenmely useful_ for industri al i .
appl | B SAT 3PotRvanAEdER 10150, i, NagH eggepus solution. This
Exanpl es The present invention is explained in nore
wasdigansferpditova Blainfeas stesl migseaylinder with ac baflen@tinner tube, and the
exanpl es, but the present invention is in no way _
mictdoylindel way sealesle ExiamasethenNbamtained ivrs15 to ¥8dnours in an oil bath
exanpl es and conparati ve exanples are perforned as

to cbnipistely. digSolly@ 108zeblite. Maas tEsRARIY z&dlitd BBILABEUMSs Bfiuted with ion-
proton by liquid phase ion exchange / filtrate
exchatdéd weferd4he silicon and aluminum concentrations in the diluted liquid were
measured with a plasma spectrometer (ICP unit), and the SiO,/ Al,O3 molar ratio of
the zeolite was calculated from the resuilts.
[CP unit and measurement conditions

Device : JOBIN YVON (JY138 ULTRACE), Rigaku Corp.

Measurement conditions:

Silicon measurement wavelength 251.60 nm
Aluminum measurement wavelength 396.152 nm
Plasma power 1.0 kw
Nebulizer gas 0.28 L/min

Sheath gas

Coolant gas
45
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ADSFOOPD1VPOTAEXN/ KAN 2.5 g of zeolite-containing nol ded
catal yst that had been ground in a nortar and baked
inair at from400 to 600C was subjected to
i on-exchange treatnment for 10 mnutes with ice
cooling in 25 m of 3.4 nol / liter NaC aqueous

[0114D] ut (3n. The Measuremant of zedlite primsaryigarticlediamiter
nol ded cat al yst was washed with 50 5 ml of pure water,

and wpokeokteopowdef sahdpléiwhs diatdi with ushrbon t ddhewhad tape on an
water was recovered. This filtrate (including wash

alunﬁﬂrﬁh&%ﬁ%@ dforre carlty suBjcted 181 PO debbki®bh ORith Var lon sputterer

aqueous sol ution, the anount of proton was

W“‘f‘%ﬁ%ﬁ%’{ﬂ@%fﬂ“@maﬁ‘Eon@?éghﬁtg' i zati on point, and the

_ proton base eolite wei ght was
ool | CENoITa0RT rfer ! BsERC Aty &1 FRGER FE SR ,(S-800), at an
f Lj Sj a2/ 203 ig. 0.2
accalgraapNPladRAEVE ahen Kb abaagnitcatons R BppaisbBagina foo.0o0.

solution. This was transferred to a stainless steel ) '
m cr oSgicPRdary warticles Tre| efien ) formadr by uaggregation Hef fine primary
m crocyl i nder was seal ed. This was then naintained for
partitiestio the Zeolitesused imthe prasenhinveoticnngd e Ferati digmietars of 20 or
the zeolite. The resulting zeolite solution was
moreliprimhay partibleisothal versciietegathedateebe priraasi bartimlesbdcause they
al um num concentrations in the diluted liquid were

appé@é&ubgdsiﬁgtlé? rAa$deds WRtHORE CéraeRELiAr tHd CROID0MA . scaiffing electron
the Si O2/ 203 nolar ratio of the zeolite was

micrb8bGgk i efoe“%ﬁ’%2’“;535%%%5{@&%9%%%@??“%{*‘%QE‘S primary

part{f¥ BiamdiBr, MR FHE Bl Habi a0 Biarmbte S0 SR ASHESIBN It couid not
396. 152. nm | ma power 1.0 kw .Nebulizer gas 0.28 .

be eyAtiAtGir 100 REREHINGQ gedtrdh miktascops dnalle: 4 3caning electron

L/mn
microscope image of a different magnification was selected appropriately for

purposes of comparison, and the primary particle diameter was determined in the
same way.
[0112] (4) Gas chromatography analysis of reaction products

Device:  Shimadzu GC-17A

Column: Supelce {U.S.) SPB-1 custom capillary column (inner diameter
0.25 mm, length 60 m, film thickness 3.0 um)

Sample gas volume: 1 mi (sampling line maintained at 200 to 300°C,
liquefaction prevented)

| Temperature program: Maintained for 12 minutes at 40°C, then raised to

200°C at 5°C / minute, then maintained for 22 minutes at 200°C

Split ratio; 200:1

Carrier gas (nitrogen) flow rate: 120 ml / minute
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45 A0501 VPO1l- PCT/ KAN [0111] (3) Measurenent of
A0503 87 9 1-B o/ y particle di amet)er A zeolite powder

sanpl e was held with carbon adhesive tape on an

al um num sanpl e platform and subjected to Pt

deposition with an ion sputterer (Htachi E-1030) to

LR L 5 PRSE A  R se
t ' ' .
v i el YO e 5879, g, 15,000 -

aggregation of fine primr articles in.the ,zeolit
used Maaswemardsdnetheay efit iyt'ag':m@o CoRguRiiy by Qﬁztﬁﬁtgfe CD) and
of 20 or nore primary particles that were determ ned
hydragerbBamei innizatipa detestes (FHB) were cannpecterbinag dagy Bydrpgen and Cy
singl e masses w thout cracks in the 100, 000x scannin
and €h ewidrotarbbns eesrepdeteckerewitartbe fEGBUdetéctainandHes. hyadrocarbons
average was given as the primary particle dianmeter.
were\WiBclcliow it itH@IFYD Ristettet e 10 Mirkitss aftes treostaat glandigsis, detector
it could not be evaluated in a 100, 000x scanning

outp® W44 SARCHEE HBRFPED {P@E, a scanning el ectron

m croscope I mage of a different magnification was

| ec ' . npari son,

[011§1§d IR ERAER artefitn tp Tea Pl RRE BepeaF R oG T

t he ne . 112 - Ghr oned L Sei. -

of r cL0ETeRELaE Fons B e Bhi s B RR R CHBYHE Btity, was

Supelco (U.S.) SPB-1 custom capillary colum (inner
detegnigggityt ei@”%ﬂ"'@@ fRfUl@ength 60 m filmthickness 3.0

gm) Sanple gas volunme: 1 m (sanpling |ine maintained

at 20Reagtigooae cqnséﬁréfiﬁEthl%\brém[é({ﬁe&)] Tenper at ur e

program Mintained for 12 mnutes at 40C, then raised _
[wherein 209 Benolefit dorwersior ratidgrebasad andiutere {(§rss2glefin concentration

m nutes at 200C 25 Split ratio: 200:1

in raw materials — butene concentration in product) / C4s olefin concentration in raw

materials}].
[0114] [Example 1]

An Na-type ZSM-5 extrudate with a SiOz/ Al;O3 molar ratio of 1200
(containing 30 % by mass of SiO; binder, 1.6 mm¢, purchased from Nikki Universal
Co., Ltd., Japah) was dispersed in an 0.02 N aqueous silver nitrate solution (10 cclg-
molded zecilite), and subjeded to ion-exchange treatment at 60°C for 1 hour, a
treatment that was repeated twice. This was then filtered, water-washed and dried to
prepare catalyst A-1. The Ag content of catalyst A-1 as measured by fluorescent x-
ray analysis was 0.22 % by mass.

A Hastelloy C reactor with an inner diameter of 27 mm was filied with
catalyst A-1, which was then steamed for 5 hours under conditions of temperature
650°C, steam flow rate 214 g / hr, nitrogen flow rate 400 NL / hr, and pressure 0.1

MPaG, After steaming treatment, the amount of proton of catalyst A-1 was 0.002
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Oﬁarg hen itrogen) flowrate: 120 M / mnute 46
ADS 0 %q?\?P%M/ KAN FI D detector: Air supply pressure
50 kPa (about 500 m / mnute), hydrogen supply

pressure 60 kPa (about 50 m / m nute) Measurenent
met hod: A thermal conductivity detector (TCD) and

mmohy g1 £ eietdrhinidd boniqdd ppasé ebreeketiaide Priltrge ditration. 60 g of the
connected in a line, hydrogen and C, 5 and Q2

stea@é@ rd%@/%?&"ﬂ—sl %Eepééﬁbagﬁ%d%fﬂlo&?ﬁ ra&&of itBCAP innettlameter of

ocarbons 'were detected w the FID detector.
27 milrp M nutes after the start of analysis, detector
out put was switched fromTCD to FID. [0113] (5)

Reaction conyersiqn. rati o, reactjon te constant \Th .
Foact 17 CelPHMEn e, GErQEa g fiotal e By Baff3ting She refoving the
catal ytjc activity, s . 10 determ ned by the )

butadigne snchigopyians fagm%%frw%%tmgm#eamﬂwﬁw of naphtha)
In[1/(1-X)] [wherein X is the olefin conversion ration_

showpaged able Juwaseused s bieefaw roaisciehmang: suppliedhat gnwCa raffinate-2
materials - butene concentration in product) / Cos

suppbl Edte rof GBacR gt / lart (MIHSVh=éain ™ rand ai steak sugy [ratela] 108 g / hr o

[Exanple 1 ] An Na-type ZSM5 extrudate with a Si 02 /

the réh2X08 fined withr edtalysoA-1L #Dtherélow pefbrm rgppytérieyproaisistiot reaction
Si 02 binder, 1.6 mm, purchased from N kki Uni versal

undefonditichs: of AditibnVRfnptiraies TBH°CN ralctibr prdbsaf €OV MPaG, and
silver nitrate solution (10 cc/g- nolded zeolite), and

the ré&%ﬁ@r}ga t@&l‘?}{&'}{??@%%@?g%%@?&e iétill%ﬁioﬁ%ﬁ}%ﬂr&g@d{%gﬁrated into

W Cce.

o LCSTgl R I, 160 DTGy obton s
flugrescent x- ray analysis was 0.22 % by nmass. A
COﬂt'nagaé‘Pﬁéﬁ%‘sf eactor with an inner diameter of 27 mm

was filled with catalyst A-1, which was then steaned
for 5TheuPECdustareldsndht Pyrivass) Pé?rp‘é'l%@r"é Table 1. The value

obtained by dividing the amount of component (% by mass) of the Ceg aromatic
hydrocarbons produced in the reactor by the hydrocarbon partial pressure [MPa] was
9.9.

The primary particle size of the zeolite was 0.06 um as measured by
scanning electron microscopy with a magnification of 100,000x. 72 parts by mass of
H-type ZSM-5 (SiO2/ Al:O3; molar ratio = 92), zinc nitrate hexahydrate (10 parts by
mass as zinc metal) and alumina sol (18 parts by mass as Al,O3) were kneaded and
extrusion molded to 1.6 mm in diameter, 4 to 6 mm in length. After being dried at
120°C for 4 hours, this was baked for 3 hours at 500°C to obtain a molded catalyst
containing zinc carried on zeolite. This catalyst was dispersed in a 1 N sodium
nitrate aqueous solution (10 cc/g-molded zeolite), and subjected fo ion-exchange
treatment three times at room temperature for 1 hour each time. This was then

filtered, water washed and dried. This was dispersed in a 0.1 N silver nitrate
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flowrate 214 g | hr, nitrogen flow
AOS@YEBR%C‘RWN, and pressure 0.1 MPaG After
steam ng treatnent, the anmount of proton of catal yst
A-1 was 0.002 47 A0501 VPOl-PCT/KAN mmol / g as
determined by |iquid phase ion exchange / filtrate

aquedus’ H|ith g@l_clacg?gf?lﬂaﬁ zeoliRINERY Sabjabied tohoA eX@Range for 2 hours

packed 1 n oy Creactor wth an inner dianeter
f e 1 [ Vi i
at rm 4EpRRRLG " T i Y Fiigre L XERT Jdish Bt to prepare
&sg@u{ ene froma C4 fraction obtained by steam
catalystlrl-ng of naphtha) shown in Table 1 was used as the
raw mat eri al and sup#olied at _a C4 raffinate:2 sulpglg
rate ohe36@. gogtent el calalyst=Bgsl ras 1measiied By cflworescence x-ray
supply rate of 108 g / hr to the reactor filled wth
analysis a¥asst. 886 by masser eby perform a propyl ene production
reaction under conditions of reaction tenperature
550C, A tlastslioy Orresstorewith arvita®r diachetér oh@7r msulwaslled with
reacti on product was supplied to a distillation colum .
catafifl Bs¢panadredasnthen stedfed3or rabbu@uadelr eonditions of temperature
+fraction. This propyl ene production reaction was

BSO‘QErgtéQHleﬁo&Qé%%?g)gil h%hr‘ﬂtrﬁgéﬁ Yotv vatel 4 NYo Obir, rrRSpressure 0.

are shown in he val-ue obtained by dividing :

t a£% ;
e i RTRORGHL 36 B BB 2 3 B il
he hyd b ti VP 9.9. Th
ol BB R, [Tl o2 3 I

nmeasured by .scanning electron m crosc wi t h :
magni 14589 15i5 EPaalB0, BB0RICMSIG, B EEOEDOR S ogHeton gagion was
ZSM5 (Si 02/ A1203 nolar ratio = 92), zinc pnitrate
contiruiesh ferr 2t days ovihathe Gatfrastignsebiained fondng) prayipus propylene
al um na sol (18 parts by mass as Al1203) were kneaded
production eeectien cuppieded a cate. of B g lon witht areagtien tgmpafature of
in length. After being dried at 120C for 4 hours,
515t1(i & agsrebalredof @5 MRaur That yielD 6f tOg.olaramatia hywlrdeatbons was
catalyst containing zinc carried on zeolite. This

47 4% BY Yihs8halirs Rees #5k istarbofl tHe fdtibMand 46.7 % by mass after 48

hours.

As calculated based on the C4 raffinate-2, the yield was 26.8 % by mass
fof propylene and 30.6 % by mass for Cs.¢ aromatic hydrocarbons.

As shown in Table 1, the raw material in the aromatic hydrocarbon
production reaction (the Cs+fraction obtained in the previous propylene production
reaction) contains fewer diene compounds than C, raffinate-2. Diene compounds are
highly polymerizable and not only promote soiling of the equipment but are also
known to be a cause of coking deterioration, so more stable operation can be
achieved in the aromatic hydrocarbon production step if the propylene production
step is performed first.

[0115] [Example 2]
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A050Y Ypat ep@pyeys solution (10 cc/g-nol ded zeolite), and
subjected to ion-exchange 25 treatnent three tines at

roomtenperature for 1 hour each tine. This was then
filtered, water washed and dried. This was di spersed
ina 0.1 Nsilver nitrate 48 A0501 VPO1l- PCT/ KAN

aqueo6s ¢sof oatatyst AL tieat lgadrbeda dtgarned t2g)in Bample 1 was packed
subjected to ion exchange for 2 hours at room

ina HQQﬂéﬂb?‘Uer%ctJrhMﬁn ¥AsnAdteiametdradfey, mp@t er washed and
dried to prepare catalyst B-1. The Ag content of

332?%%?2“%% ’?ﬁgﬁf‘%ugﬁn‘g‘é‘?““ f‘*ﬁfﬁﬂ Ie?F r‘ﬁ?éék”eﬁ‘é"‘ttz'f’a'wat propylene
prodfiRdr 1S A IS peblorfba WiHTE Hdaibl], Wrdbrafitbtt Bs0C, a .
raffinatey %' SURRY SR ADE o b snled e e SRl Fas 3.7 g

MPaG After steaming treatnent, of catalyst B-1

hr (WHSVphadkbr )i A séeamsatmnlbyat@ of 1198 Eég‘tfcﬁ”d/\? trﬁa%twn pressure of 0.1
di anmeter of 27 mm Using this reactor, an aronatic

MPagy, dihec aesiudting rreaotion qrodestc wasn supplied: 4ot & rdietillation zolumn and
days with the C4+fraction obtained fromthe previous

sepapatzglyintna Hpr Gd fretction andeae Ciy einastiqrp lanedatdut £6% 0é thed C4+fraction
98 g/ hr with a reaction tenperature of 515C at a

waspé Ba€K tdtHe BatorThe yield of C6.9 aromatic
rocarbons was 15 47.4 % by mass 8 hours after the

St art 1ak ISr'EJEPfTe%%%Ho Dol rédetibn By coRBsued ¥& Z%ys after which

hours. cul at ed based on the C4 raffi nate-?2,

the %%%é@]sg’?%aé(sﬁggﬁ@%té@s %lngtepr opéﬂo%g a'&gnaﬁ.}nﬁs /° E—%@éaneratlon

rocar bons sKkown eh
temralf S B Jﬁg%ﬁﬁft@%%&?éfggﬁf%ﬁ%gﬁ@?aﬁ? rg@rwf«'q Bgir flow rate
1008 hflek Fis aigeRreIptch 0P Yol Fegatessiigy hﬂesm hours. The

conmpounds are hi ghI% pol ynmeri zabl e and not on
yieldsr based @piG4 reffioterhd e prrsr) gt shpwnainsd: abe 1. The value

obtained by dividing the amount of component (% by mass) of the Css aromatic
hydrocarbons produced in the reactor by the hydrocarbon partial pressure [MPa] was
8.9. During regeneration treatment the regeneration gas was sampled periodically at
the reactor outlet, the CO, and CO concentrations were measured, and the amount
of coke was determined from these values. The coke yield was 72 ppm by mass as
determined by dividing the ‘amount of coke by the total amount of raw materials fed
into the reaction.

~ An aromatic hydrocarbon production reaction was continued for 2 days
under the same conditions as in Example 1 except that the raw material was the
C4traction obtained in this Example 2. The yield of Ce.g aromatic hydrocarbons was

44.7 % by mass 8 hours after the start of the reaction, and 43.9 % by mass after 48

hours.

50



10

16

20

25

to cause of coking deterioration, so nore
AO50§t\§BDé P&QMN on can be achieved in the aromatic

hydr ocar bon production step if the propyl ene
production 25 step is perforned first. [0115]
[ Exanpl e 2] 49 A0501 VPO1l- PCT/ KAN 60 g of catalyst A-1

LQSE egg%?bgeaggggg\gs@s%ﬁ Pfinet rAdars, RBrPBPyARR fled was

38.1 Hbunass 5 {16 oy EFRMANE DHCACRERPT el WAS 2 U by mass.

erformed with a reaction tenperature of 550C, a &4 5
[011£ laf f i fraep@leSlppl y rate of 220.3 g / hr, a recycled

CA+fraction supply rate of 139.7 g/ hr (WHSV = 6

hr'), Aa psopgensuppbguctimne rebcll@8 was Iperfonched rnwwleri dme same

pressure of 0.1 MPaG the resulting reaction product

conditithssaiipl Fethnpie @eﬂt@itlthhﬁmle@4 carffinkste -2 80pplg eaterwhe@79.1 g / hr,
into a H2-C3 fraction and a C4+fracti on, and about 56%

the r%Eyé1B8 @%#fréé‘ﬁéh @0pp Qﬁﬁa’té Qeas 8O brckr ‘{WI—‘IS‘V £ ARk by and about

he propy ene production reaction was conti nued

3%%fgﬁ\¥%4+ﬁ5{;ﬁ§n Wéhcrgc élag beiRk 3 Y58 rdBSor e968 s{reaaésased on the C4
unaer

itions: regenera 10

SRR ) A8, 5, B 2L B s on

tiashios i A gt e RO At bBntfoonang .95 %
are shown in Table 1. The val ue 15_obtai ned by

by mgissi 48 hguishaftemthenstagofdbrysaeian.(Fheyvatee optained fy dividing the

Cs-5 aromatic hydrocarbons produced in the reactor by
amouhtohgdmpeaebb(%phy tags) mfctheuCes armaptiodydracabons produced in
During regeneration treatnment the regenerati on gas was
the reaotor & the hydebazrbbry pattial phessuea (iPa) waks|48, the CO2
and CO concentrations were neasured, and the anount

of colag wREMAR! eldidRfbdr Prodinsim ) wabetdtmed under the
yi el d was 72 ppm by mass as 20 determ ned by dividing

samb %ﬁ% ?e CP & 063%4 hfe Erﬁcééa[g(: t?\'g’r(] FOYAN Mbtdrdl was the Ca+raction
obtained in this Example 3. The yield of Cs.9 aromatic hydrocarbons was 46.3 % by
mass 8 hours after the start of the reaction and 45.5 % by mass after 48 hours.

The yields based on C4 raffinate-2 were 32.4 % by mass for propylene
and 26.5 % by mass for Cs. aromatic hydrocarbons.

The results of Examples 1 to 3 show that the production rates of the
desired propylene and Ce.o aromatic hydrocarbons can be varied by means lof simple
changes in the operating conditions even using the same raw material.

[0117] [Comparative Example 1]

A molded catalyst containing H-type ZSM-5 with a SiO»/ Al203 molar ratio

of 407 (containing 30 % by mass of SiO; binder, 1.6 mm¢ * 5 to 10 mmL) was

dispersed in a 1 N agueous sodium nitrate solution (10 cc/g-molded zeolite), and was

subjected to ion-exchange treatment for 1 hour at room temperature, a treatment that
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i rocar bon production reaction was
AO@@n?FﬁHgﬁobfW'g days wunder the sanme conditions as in
Exanple 1 except that the raw nmaterial was the

CA+fraction obtained in this Exanple 2. The yield of
Ce_9 aromatic hydrocarbons was 25 44.7 % by nass 8

wab iy s 1 e 1B RRY, VBl it nd b o prepare
On\ée{}eﬁ\g %?gYQeﬁdgg Ffly%qby glfgfs %;t)e‘[:erﬁédd'g I11300145 N aqueous

mat i ¢ hydr ocar bons yleld
S"V[abl'”llb']ﬂte[ 591%&% (39 ACfsrfBB!ﬂeé’néeﬁllf@&iu@ﬂoﬁup@&@q da iRsexchange
per formed under the same 5 conditions as in Exanple 2
treaipes fon h hourshat roem temperatwe2 Fuppias thandilteead, men-\n@shed and
/ hr, the recycled C4. +fraction supply rate was 80.9
driegl fo ;bnep(aW—BMaWsﬁAhﬂ. ), and about 33% of the
CA+fraction was recycled back to the reactor. The

yi el dsThasag duntédteolChe eafdlystoAL- ds (edyurdBassy flabRescence x-ray
shown in Table 1. The propylene yield based on C4

ané‘l i WAL 8 084 WA DyIRaddt % by mass 2 hours after the
art of the reaction, and 31.35 % 10 by mass 48 hours

af ter hhﬁlta%fefl‘lbg €f rebll f&ﬁ‘ﬁtéerqu'kﬁ/aeﬁ% éi'eof)?t?ar%wﬂfﬂvea%y filled with

di vi di ng unt o conponen
tic . h ocar.bons in ,the reactor
catdfisl A5 BBl wAe bR S PaTEd éu%“ﬁ?%aﬁmwscan@ﬁ‘owf Remperature
tic _hydroc oductj on action f or med
65(@:‘&1@ egmdlo r&'ﬂ%%ﬂgrﬂj ri,omcf a@rqgﬁn te 2?%&@2;3{ t hat
the raw material was the C4+fraction 15 obtained in

thi s EXdgpsteaningieeaiment the apgpaun of peetos of \eatalystrAdnwas 0.0016
was 46.3 % by mass 8 hours after the start of the

mma A grieniitand détermiped pyrimsid piass iongtobange / Titeatgitignation.
based on C4 raffinate-2 were 32.4 % by mass for

pr opy| éneactiod eX@luatiynitgsiwmas peofiorioeéd hsainoB®dmple 3 except that the
hydr ocar bons. The results of Exanples 1 to 3 show t hat

ste&ﬁ%&%ﬁl&%? :Ath\K/éé esedl THE prgﬁ)élgﬁé')f iSle BESRY bANG, ?éfﬁnate—2 was
ydrocar bons can be varied by nmeans of

27 38 By mass 2 hours after the start of the reaction and 22.61 % by mass 48

hours after the start of the reaction, giving a somewhat high propylene vyield

differential of 4.7 % by mass.

An aromatic hydrocarb.on production reaction was performed under the
same conditions as in Example 1 except that the Ca+fraction obtained in this
Comparative Example 1 was used as the raw material. The yield of Ce.g aromatic
hydrocarbons was 47.9 % by mass 2 hours after the start of the reaction and 48.0 %
by mass after 48 hours.

As calculated from these results, the yields based on C, raffinate-2 were
24.8 % by mass for propylene and 30.8 % by mass for Cs.g aromatic hydrocarbons.

Comparing Example 3 with Comparative Example 1, not only did the

combined yield of propylene and Ceg arcmatic hydrocarbons drop from 58.9 % by
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operating conditions even using the
AOS@E%@G?&H% [0117] [Conparative Exanple 1] A
nol ded cat al yst cont aining Htype ZSM5 with a Si Q2/

Al12C8 nolar ratio of 407 (containing 30 % by mass of
SS2 binder, 1.6 md4 * 5 to 10 mmlL) was 25 di spersed

mas'»s @xe}mﬁ‘gggyggg 5?30?% lﬁg]n@faggafceorﬁﬁéﬁétﬁlgg lli%emple 1), but there was

Iexc e trea ment. r 1 hour at room tenperature,
gfe%effagwﬁﬂﬁ 7 REGPYITE MBKD1 VPOL: PCT/ KAN was T bpeat od
three tines, This was_ then filtered, vvater washed and

dri ed the frllaydng arg referensr exampte invsiving @eiyipEpPylene production

catalyst. This was dispersed in 0.00145 N aqueous
reaglianger nitrate sol ution (10 cc/g-nol ded zeolite), and

subjected to ion-exchange treatnent for 2 hours at
[0118Jom t[RefersmicerExariplesi]was then filtered, water-washed

and 5 dried to prepare catalyst A-2. The Ag content

of theACHUgpESESM-B astruBasuins®h By JiOYIr ABCRNAMIAr ralio of 1000
anal ysis was 0.094 % by mass. A Hastell oy C reactor

(cor’('{:’t’g{rgh@gto' ‘%nl;f rr\ﬂlj\.i1 r@r‘@foz%nnaér %"?ﬁﬁg PM&% SWatflom Nikki Universal

was then steane hour s under
oo SHB%, 404D San RIS 1 30 S3REn ARG g 10 o
oy 858 L8 J e B8 8t o

on exchange / filtrate titratiaqn.
hour e%iff% f}ﬁﬂf{l}a\t’@%ﬁe@%gd v limesr 1 Hhisewas dhem flﬁﬁ%ﬁﬁplv@tsr-washed

except that the steaned catalyst A-2 was used. The
andp@f@%}%%@éemrel Naﬁm@&M 54 Sz f iThég was digpersed ip7a 801 N silver
% by mass 2 hours after the start of the reaction and
nitrag. aquaoLsy snb,efsn481(]100/i§§mafcted zeblgept and subjedied to ion-exchange
reaction, giving a somewhat hi gh propyl ene yield

treatinéhefoer? halirsadt réof niperafiss. This waeaén Gitbed; ocaswashed and
production reaction was perforned under the sane

dnegggtg :pzeé;gér?naﬁtawst ExapImel AR eBRterit NGt chtafyst4ni3 astmeBsured by
fluorescence x-ray analysis was 0.15 % by mass.

A quartz glass reactor with an inner diameter of 16 mm was filled with
catalyst A-2, which was then steamed for 5 hours under conditions of temperature
650°C, steam flow rate 27.6 g / hr, and nitrogen flow raté 140 Ncc / min.  After
steaming treatment, the amount of proton of catalyst A-3 was 0.002 mmol / g-zeclite
as determined by liquid phase ion exchange / filtrate titration.

A Hastelloy C reactor with an inner diameter of 17 mm was filed with 10 g
of the steamed catalyst A-3.

Using this reactor and the C4 raffinate-2 shown in Table 2 as the raw
material, a propylene production reaction was performed with a C4 raffinate-2 supply

rate of 80 g / hr (weight hourly space velocity (WHSV) = 6 hr'), a reaction

temperature of 580°C and a pressure of 0.1 MPaG, the resulting reaction product
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Exanple 1 was used as the raw materi al .
A°5?ﬂ3 G@ﬁgﬁjﬁﬂ(\ﬁ@é 9 aromatic hydrocarbons was 47.9 % by
mass 2 hours after the start of the reaction and 48.0

% by mass after 48 hours. As calculated fromthese
results, the yields based on C4 raffinate-2 were 24.8

o 4

wasl NS SLRE SREC RN NIl Suifafiosh BY Wi RBel o iy %nd conveyed
Co ratlveEx le 1, not nI L nmbi. ned

to aofG'%a‘b%w PRy ik I e é@affrs%ﬂgonar asfﬁemrated and
58.9 ﬁ 52 AQ501 VPO1- PCT/ KAN

colleged. W%@@Sl@%%ﬁ}%@?ﬂ?@@gnﬂ@tw 'Stﬁh\PWtrh'é‘r %@
greater fluctuation in propylene yield. The foll ow ng
are r elextences txeayslingitestovas pgriormed foradyd heues under the following
production reactions. 5 [0118] [Reference Exanple 1]

test/Aorditions BN theeadllectizd € Wiradtion ShdL ,4/rafihaGB2 msl the raw materials:
ratio of 1000 (containing 30 % by nmass of Si Q2

bi nder RedctformempReattie sS§809G, 00 Nr&ffihatdi? venssty rte- 30 g / hr,
Ltd., Japan) was dispersed in a 1 N sodium nltrate

C4+ﬁﬁléﬁ@h‘%uﬁﬁlty%té’91 Q@z REOVHIPL L4 heep 'rééabon pre¥sure 0.1 MPaG.

subj ected fo i1on-exXchange treat nment at roo

t en‘per-ﬁtl )st r]es#ﬂ fHPHe rﬁ&r&ﬂaﬁrﬁpﬂ& Lf%u%’@éfter the sfart of the

repeated ere
esi e ST e%@%f Wb ol S s m o
ed zeollte and subj ected t
SUP% ﬁ’a«%‘éaal t e\gfen%rnﬂ SRR s ppllected Catfraction was
enper at ure. was then filtered, water-washed and

CO"aMeé%Fi t® b&r@baleéméaanﬂryﬁpmtf@ anofeatiey hydiacenzonst. The ratio of the
catal yst A-3 as neasured by 15 fluorescence x-ray

reactioal telecamstants 164%ay's raxsh 24 Aqusefter ghastart eédthereaction [K(24
with an inner dianeter of 16 mMmwas filled with
hrs /@ ys)] waf0.98hi ch was then steanmed for 5 hours under
- conditions of tenperature 650C, steamflow rate 27.6

[01) hriRaAs®RT@@eMefdjow rate 140 Ncc / mn. After

A propylene production reaction was performed with C4 raffinate-2 under
the same conditions as in Reference Example 1 except that only 60 g/ hr (WHSV =6
hr™') of C,4 raffinate-2 was supplied as the raw material to the reactor. The analysis
result for the reaction product 12 hours after the start of the reaction was a propylene
yield of 31.1 % by mass based on the C4s olefins in the suppli.ed raw material. The
ratio of the reaction rate constants K 4 hours and 24 hours after the start of the
reaction [K(24 hrs) / K{4 hrs)] was 0.87.

From comparing Reference Examples 1 and 2, it can be seen that there is
no ill effect on deterioration of the catalyst even if the Cy+fraction is used as is as a
recycled material without removing the heavy component. The rise in propylene yield

from 31.1 % by mass (Reference Example 2) to 32.1 % by mass (Reference

Example 1) is due to propylene production from the Cg. component.
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Aosoit\ga@q_%ﬁggy rrent t he anmbunt of proton of catal yst

/| g-zeolite 20 as determ ned by
liquid phase ion exchange /| filtrate titration. A
Hastell oy C reactor with an inner dianeter of 17 mm
was filled with 10 g of the steaned catal yst A-3.
[0120¥si ngEkAhplé apctor and the C4 raffinate-2 shown in
able 2 as the raw material, a propylene production

reacth of-t ZSM gr Eﬁ‘ﬁuﬂ&tbhmﬁth% S#h1 i NALEs 2P katio of 1220
25 rate of 60 g / hr (weight hourly space velocity

(contéW’@%O'%&J‘B?a’fsi?;a%@fztthﬂaert o rﬂgyﬁ%s lsﬁéggdqua 4 N sodium

ure rés reaction

niratR 2Ry SAUPTH 1 REor BRIKER) Z%%'atﬁ&grﬁ&“@ 5%@3%%3%“8"99
treat el of 400 MolryIRAISIEBaF 4t BEUS 4 ToaumPab wafnéepeated 3 times.

conmposition of the collected CA4+fraction is shown

This weasi then fikered, watemwasbeg anchgriedse W@@aﬁféN%FW@dZBM -5 / 80,
24 hours under the followng 5 test conditions using

This was dispeessckih 64810042t Nosilven dittater agieous: ecigtian (flAecc/g-molded
raw materials: Reaction tenperature 580C, 4

zeolitedf éh@&bj&twwlim-e%mrﬁé gebtrhent fof &f haots anrcomptémperature.
rate 31.2 g/ hr (WHSV = 6.1 hr'), reaction pressure

This Qs WaGiilterdte wWaRk-Yweshedeant tdrfed td ppep@ractatalyst A-4. The Ag
product 12 hours after the start of the reaction was

Y, b4 o,

cont t@f%él?%‘te@rﬁes%n%%}gﬁ f;%%fveE@é&mterePg%@aH mg%l?wgéf@ 095 % by

mass% 8 component in the coI | ected CA+fraction was

considered to be all oI eflns apart fromthe aromatic
hydro bon The
const ﬁyﬁglﬂeéc ﬁd"' aﬂoi?P§r ?'E? h%faéfz{PF‘ ypes filled with
t he reactlon [K(24 hrs) /| K(4 hrlé)] was 0. 90, f’LJ

catalysle et oMBiEN P @FINGN ﬁeq‘geg;\fgf gplgyp ﬁéJ oqqu s of temperature
reaction was performed with &4 raffinate-2 under the

850°Camtearn ftoiv ratas? bk gi nhReliteegan Bowxatgp MO0 INk X d¥pendHaessure 0.1
only 60 g/ hr (WHSV = 6 hr 1) of C4 raffinate-2 was

MPa&u p plfiee Gtesmirige treatnerst; ¢éne aimaountt dfeprodart odrcatdipst A-4 was 0.002
anal ysi s

~ mmol / g as determined by liquid phase ion exchange / filtrate titration. 60 g of the

steamed catalyst A-4 was packed in a Hastelloy C reactor with an inner diameter of
27 mm,
Using this reactor and the C4 raffinate-2 shown in Table 3 as the raw

material, a propylene production reaction was performed with a C, raffinate-2 supply

.rate of 268.7 g / hr, a recycled C4+fraction supply rate of 181.3 g/ hr (WHSV = 7.6

hr'), a reaction temperature of 550°C and a reaction pressure of 0.1 MPaG, the
resulting reaction product was supplied to a distillation column, the Hz~C3 fraction
and C4Hraction were separated, and about 58% of the Cs+fraction was recycled back

to the reactor. The propylene vield [% by mass] based on the Cy4 raffinate-2 was
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W reaction product 12 hours after the
RosSEGHET e

e reaction was a propylene yield of 31.1 %

by mass based on the C4-8 olefins in the supplied raw
material. The 20 ratio of the reaction rate constants
K 4 hours and 24 hours after the start of the

32 9'%asy hiias[Khddrdafier thelétérthsrsthe reastidh @rd 30.41% by mass after 48
conmpari ng Reference Exanples 1 and 2, it can be seen

hourshat there is no ill effect on deterioration of the
catalyst even if the C4+fraction is used as is as a

recycl,ed ' i £ r j g
compofiheroms fyacarbel siEiRicR)reg ol peripmea, pnder the
by mass (Reference Ex le 2) & 2.1 %b S .
sampteradione Sangramip s sxiiet Shalr s Gt abTR ebtained n this
fromthe C9+ conponent. 54 A0501 VF_’O‘]:]_- PC{F\U KAN I&Olﬁ%
Exampleaftpyas wped a3 thpoeaw anaterial ¢ 108 atield @i ee akgrpptiG hydrocarbons
A1203 nolar ratio of 1220 (containing 30 % by nmass of
was 5@ %bbydaass 2.oursmaftenthe ataspeltbederatien any ‘Yl mass after
nitrate aqueous solution (10 cc/g-nol ded zeolite), and
48 hwubg.ected to i on-exchange 5 treatnment at room

tenperature for 1 hour, a treatnent that was repeated

3 ti mggs caldhiafedVfront fHosel idsURs ethe yiBlderbawashed Gyndiffinate-2 were
dried to prepare Na-type ZSM5 / SI Q2. This was

31 .Td%stf}?ﬁ’%%g [b%p@g?lé?ﬁlgna\bﬂjd %Sy Makt dbardmERRUsydrocarbons.

solution (1 g-nol ded zeol’ite), and subjected to

I on- eﬁjﬁ?%ﬂgméfrtﬁg{ W?Btd%)ﬁg% ?c%}ﬁtf{u%ugtoﬁé?gffbn can be accomplished

t enpe ure. I'S Was ered, water-washed an

wite 0t 5y 5P REEPE SRR el 8 o B0 el o dice
anal ysis was 0.095 % bcy mass. A Hastelloy C reactor
COMRPHAIERNERAERLRN e rer’ Y PAS%m was filled with

catal yst A-4, which was then steaned for 5 hours under
[0124dndi tIEsa@plsE St enperat ure  650C, steam flow rate 214 g

I hr, nitrogen flowrate 400 NL / hr, and pressure 0.1 _

15 MPalGreattian vedse aeifognedeaandarnthe sameanonditions as the aromatic

proton of catalyst A-4 was 0.002 mol | g as

hydesiaeton nerddaytibn qreagtiphase Exempiec izangeept f ibat r at mixture of the
titration. 60 g of the

Castfraction (60 g / hr) obtained in Example 3 and the Cs fraction shown in Table 3
(38 g / hr) was supplied as the raw material. The Cso aromatic hydrocarbon yield
was 44.1 % by mass 8 .hours after the start of the reaction and 43.2 % by mass after
48 hours.

The ratio of the aromatic hydrocarbon component can be increased by
adding a fresh light hydrocarbon component as in Example 5. Specifically, when 60
g/ hr of the Cs+fraction obtained in Example 3 was used as the raw material the Cs.s
aromatic hydrocarbon yield 8 hours after the start of the reaction was 46.3 % by
mass, or 60 g/ hr x 0.463 = 27.8 g/ hr. By contrast, when the mixture of Example 5

was used as the raw material, the Ceg aromatic hydrocarbon yield 8 hours after the

start of the reaction was 44.1 % by mass, or (60 + 38)g/ hr x 0.441 =41.0¢g/ hr.
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st A-4 was packed in a Hastelloy C
AOS&@Q@E&%@ﬂ@%n i nner dianmeter of 27 mm Using this
reactor and the C4 raffinate-2 shown in Table 3 as the

raw 20 material, a propylene production reaction was
performed with a ¢4 raffinate-2 supply rate of 268.7

This?sté]orvp% w@w‘i@&%&bﬁsﬂ&’&f QHéié’anfa‘ﬂ&thdlro%ta?o&{ cb%#%é’ne&t can be

a reaction tenperature o
. 550C and reaction pre t he
increAsaey B Arind 2t sk R R REEAREn shimbeleRt: o -
distil]ation colum, t H2-C3 fraction and
[012éh+frLé?ﬁ"Bﬁr%B’leeéj’éaé'ﬁalle%ed, and about 58% of the
CA+fraction was recycl ed back 25 tqQ the reactor, Thg , .
pr opy Pe btypee Z8M-5 Boolitaswas sadtheszed iy the method described in
raffinate-2 was 55 A0501 VPO1l- PCT/ KAN 32.9 % by mass
Exapleodr of ife deschigtian of tJapanese Ratent Applicatiprabaid-gpgry No. H10-

mass after 48 hours. An aromatic hydrocarbon

052648 dutie @0k ¢akibDeMmaolas rpto fair tmedresultery zbeliteswas 42. A zeolite
conditions as in Exanple 1 except that the C4+fraction

pow@&# 8f fifi§l zeBlitehivas phio gﬁ@d 4t %%Q@Qﬂagﬁiﬁbﬁﬁom amder a scanning
material. The yield of s aromati ¢ hydrocarbons was

e|ec§f§ﬁf@@é%ﬁ%§%n% tﬂ@ﬁ?rﬁ‘néltyt ﬁ%rti%féesiié Htthefzddfe WadGhé&8ured and

Yy nass ter ours. As calculated from

t e ults, the yields based on C4 raffinate-2 were
foun?%%%%/j'g’a Lf‘f'ﬁss for propylene and 24.8 % by nmass for

t d . 10 .Thi h hat _t d .
Cont 1 i Rt eV Soatned led et o b podpially B2, wes
i Il effect on deterjoration even using a raw materi al

obtajpra By e saM@i rpetods asdgp@mRiecbncentration is 2.25 %

by mass. [0121] [Exanple 5] A reaction was perforned o
under A teactiore wasngerformned a3 thecsame way @s catalytic cyclization

hydr ocar bon production reacti on of Exanple 2 except
readtioat ofeExampler & eatepththat CatellysAB-Povag 66ed /Ther yield of Cse aromatic

obtained in Exanple 3 and the Cs fraction shown in
hydrovakisors was 45.1 % by mass 4 hours after the start of the reaction and 42.7 %
by mass after 45 hours.
[0123] From comparing Example 3 and Comparative Example 2, it is
demonstrated that with the conventional H-type zeolite, hot water stability is much
less than with the catalyst of the present invention even if the zeolite used is one
having the physical properties stipulated in the invention disclosed in Japanese
Patent Application Laid-open No. H10-052646. This is because even if the zeolite
has a lower SiO2/ Al,O3 molar ratio (has more reactivity sites), the yield of aromatic
hydrocarbons is low at the start of the reaction with an H-type zeolite. This means
that more permanent degradation (regeneration degradation) over time is likely in -
industrial use. In terms of particle size, moreover, the primary particle size of the

zeolite is greater than that of the zeolite used in the zeolite-containing molded

catalyst of the present invention, meaning that the speed of deterioration (coking
57
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A°5°(1f\?ﬁ§i'. QEMS supplied as the raw material. The O 9

carbon yield was 44.1 % by nass 8 hours
after the start of the reaction and 43.2 % by nass
after 48 hours. 20 The ratio of the aromatic
hydrocarbon conponent can be increased by adding a

detelgél%ﬁﬁm le Byg &HrE@lBltSl%ﬁ)O&lﬁ dRel FodelidAPise Much greater in

pecil hr of Tthe C4+fraction

comp?% %nr\gﬂta *@? E%SIL[E Oc%gg%{ﬁ@ H‘I&ﬁgf:lg:%ééiﬂgtuc?f?‘\’g é?éﬁt%véﬁlfbn
0

{01 2%]t, a;t Eﬂggélﬂ?corﬁg%}sé%?m %re‘é@o@%ﬁw@qs@ﬂi éw?:% Egghtg c/atalysts the
m xture of 25 was used as the raw

zeoliarBonianing GREPS CRIASAEEIING Lelfth Braselt EanTs o F‘?ﬁé‘*“d‘ better
start of the reaction was 44.1 % by mass, or (6

watesdiegt Istability @5 asine-particte geoliter . Comgeongndly, it is p055|ble to greatly
VPO1- PCT/ KAN Thi s shows that the proportion of the

contap] oriaé | cohyeintaoral b pnotemsonefntreganetadioni rirgradatiprbyand coking
adding a fresh light hydrocarbon conponent. [0122]

deteliGieMioRl airdv prdck@epandticAhytiosaebotSivbmpoaints tetablgsand with high
synt hesi zed by the nethod described in 5 Exanple 1 of

yleldé\ﬁer@%@ ngrldg{bquméapanese Pat ent Application

-open . H10 052646. The Si 02/ A1203 nolar ratio
t|
], PR 0 AR S it By s

nni eI ectron mcroscope, and the primry
prOplg%r}q%rogElg g%]the zeolite was neasured and = found

to be 1.54 m 10 A nol ded catal yst containing zinc
carried on zeolite, catalyst B-2, was obtained by the
same nethods as in Exanple 1. A reaction was perforned
in the sane way as the catalytic cyclization reaction
of Exanple 3 except that catalyst B-2 was used. The
yield of C69 aromatic hydrocarbons was 45.1 % by nass
4 hours after the start of the reaction and 42.7 % 15
by nmass after 45 hours.
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AOSO%X% PCARARPTT

conventi onal

aring Exanple 3 and Conparative

denonstrated that with the
hot water stability is

H type zeolite,

much less than with the catal yst of the present
|n\/pnt|nn even if the zeolite ysed. is-o© \,Fe)m élll na fhEc =3
si cal propert s t EcExamplee! | hJeramplg 2 | Example
QmBQBERﬁ n Jap a%@hﬁ%{?’; ent ARl cat i opilpi d- open(yield)
No. H10- 052646. This is becalse ver} the’ zeolite
Hydrogen a | ower Si 02f AlZ®@onol af ranio# (has noQ 95 0.04
reactiwvit Vi sites the vield of aronati hvdr ocarbons
Methaee| ow at the st art d3.0Phe r =act P8 wi th an0H& ype 0.22
zeott-te—Thtrsrmeans—thgt—1o et degradat i pn
Ethylfpggeneratl on de;radaqlbgn) 01er |4rrl';l is{likely in .72
Ethah@dustrial use. In tep oo of partpcis sige, omeover, 0.18
the primary particle size oflthe 25 zeolite is greater
CsHat han t hat of the zeoIQﬂ@ used inOtQQe 0.00 0.00
CUI | te—cont al ||| ||g 1 ot dal IIt: et
Propylﬁ-{)gml on, neaning th%p%t he mee%ggﬁ er i%grg?i on 32.36
Prop&REK! NY 57 A0501 VPO44BCT/ KAN dateer | or ht 1 on)3glue 1o 1.20
coke precipitatiqon during the¢ reaction {s mich gre
Butaﬁl@necon'parl son wilth tB&1zeol it e- O ai nf ng ﬂtQ%ed 0.03
—catatyst—of—the ffGS"“ et |_UJ._'-I-J T
ButeRSnpari son with previ gu%$y pI opo%%81 ‘&8 gl i te 23.90
Butafa@t al ysts, the Zeol ifigeqggont &i ni pg 570l d(ad c2t.4byst 21.00
according to thelpresent invention has guch better]5
Pentaaeer heat st abi i ty ad1a fine- p&309 cle zeobit&. 7.87
nnnnnnnnnnn + H naoaccorl
W||QCU|UC||L|y, =S Y | V) i v l.Iy
PentaGyent i onal protl ens regenerﬁ?@n degra:?a'%q,on hng 039
BenZepld Ng deteriorgtionggand produgeidr omati c Q.19 0.16
hydrocarbon conpaunds stablyland with high yield over
Cs nanfasompaper i od of |tinme, [0125] [Table 1] terial
hvdr Qsition and rjeact yi ellds [2}'9% rrtliss]\o(égi 1.95
y B?%ﬁ?f‘gne productli on step] 15 20 25 58
Toluene 0.00 0.44 0.63 0.53
C7 non-aromatic
0.00 1.35 0.85 1.08
hydrocarbons
Cs aromatic hydrocarbons 0.00 0.45 0.64 0.54
Cs non-aromatic
0.16 0.47 0.29 0.38
hydrocarbons
Co: hydrocarbons 0.00 0.37 0.52 0.45
Total 100.00 100.00 100.00 100.00
Diolefin compounds 1.01 0.03 0.02 0.03
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~ /| KAN Exanpl e 1 Exanple 2 Exanple 3
Aosoﬁéﬁggngﬁﬁ%%gﬁraffinate-2 (yield) (yield) (yield)
Hydr ogen 0.00 0.04 0.05 0.04 Nethane 0.00 0.18 0.26

0.22 Ethylene 0.00 6.41 9.08 7.72 Ethane 0.00 0.15
0.21 0.18 (C3H4 0.10 0.00 0.00 0.00 Propylene 0.06

[0126@6- 8 _T§§|e023 ggzﬁéﬁir%”t@m . ABadtidrcompessifio

ut adi ene 03 0._02

003 Butane 78

a5

'18. 31 Crangonerut ane 18. 4

Q1 QN o 1

8 2@ Taffinated 21,

00 Casfiagtien

n. U L . OU . J.S 7. 87 PCI
Methyarelyleney 00 0. 13 0. 19 0

t-arne gﬁ 6380
.16 ) gn- ar ons

tic 0.08%. 43

Propé‘diéﬁel- 95 hydrocarbons [Tol uenen 8200 0. 44 0. 63 0©.083
C/ _non-aromatic Q.00 1.35 0.85 1 08 hydrlocarbons C8
Propyleoemt i ¢ hydrocar bons 0./00 0.45.0864 0.54 c5 0.01
Propgnog aroratt+e—06-—316—6—4+0-—2910 3&04 0.00
Butadiene 1.69 0.02
Butene 78.73 7.89
Butane 17.94 4.06
Pentene 0.30 20.47
Pentane 0.53 217
Benzene 0.00 2.54
Cs non-aromatic hydrocarbons 0.00 16.15
Toluene C.00 6.29
C+ non-aromatic hydrocarbons 0.00 16.37
Cs aromatic hydrocarbons 0.00 9.52
Cs non-aromatic hydrocarbons 0.30 7.39
Co+ hydrocarbons 0.00 7.12
Total 100.00 100.00
Diolefin compounds 1.98 0.02

60

R (% by mass)]
28 91
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Tot al

C9+ hydrocarbons 0.00 0.37 0.52 0.45
100. 00 100.00 100.00 100.00 Diolefin conpounds

1.01 0.03 0.02 0.03 5 59 A0501 VPOQOL- PCT/ KAN [ 0126]
[Table 2] [C4 raffinate-2 and C4+fracti on conpositions

(% by mass) |

Conmponent C4 raffinate-2 C4+fraction

[0127Met hyTalslet3]| €ida erﬂBfété)Q(th Cs trpahh:mnemozmonsqwo by mass)]

Pr apnvilene

a) 1 Q n n1 anane [aV. N aNN aYa)

0 OBOMBANERL 7873 7. 80CL BATBRE47 o 4. 06 CobAHERo
Methﬂ%ﬁaglﬁgngtll cPﬁ%?gsd?bgﬁszg?dozo Tg.nigqugl. Sgn?_g%o%
e AR (e T LT
Propylga® ocar bons 0. 30 7.39 09008 dr ocar bons 0. 09012
Propg [al—T00- 00100700 DI of efj gy conmpounds 1.98 FgB~
Butadiene 212 0.00
Butene 76.46 0.67
Butane 20.57 0.04
Pentene 0.22 22.55
Pentane 0.20 76.74
Benzene 0.00 0.00
Ce non-aromatic hydrocarbons 0.01 0.00
Toluene 0.02 0.00
C7 non-aromatic hydrocarbons 0.15 0.00
Cs aromatic hydrocarbons 0.00 0.00
Cs non-aromatic hydrocarbons 0.01 0.00
Co: hydrocarbons 0.01 0.00
Total 100.00 100.00
Diolefin compounds 2.25 -

Industrial Applicability
[0128] The producing process according to the present invention is applicable in
5 the field of process for producing propylene and aromatic hydrocarbons because it
has the effects of allowing propylene and aromatic hydrocarbons to be efficiently and
stably produced and also allowing changes in the yield structure by easy methods in
the process for producing propylene and aromatic hydrocarbons from a hydrocarbon
feedstock containing olefins.

10

Brief Description of the Drawings

A0501 VPO1-PCT/KAN
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VPO1- PCT/ KAN [ 0127] [Table 3] [C4
AOSOﬁa\%IQ?ﬁ%CQP and C5 fraction conpositions (% by mass) |

Component C4 raffinate-2 C5 fraction Methylacetyl ene
0.02 0.00 Propadiene 0.12 0.00 Propylene 0.06 0.00
Propane 0.05 0.00 Butadiene 2.12 0.00 Butane 76.46

[012%- 67 F%Ul?é‘ﬂesr?&véé shHefatRevie@nef 8. prédd@ngapdaeatugnsccording to
0.20 76.74 Benzene 0.00 0.00 C6 non-aromatic

one DHBORFAERORS | ﬁ\ ém@n@rq)% &uc%n%or@c@% abfording to the present

non-aronati c droca C6 aromatic

inver]g%gltocar bons 0.00 0. 00 CG non-arormtl ¢ hydrocarbons
1 0.00 C9. hydrocarbons 0.01 0.00 Total 100.00

100. 0Q. Di | nd |
o | @m B8 BPeEe) Gl Rg %%%ﬁ@éf"@b%%ﬁégstem used
present invention is appljicable in %
in th@fPFBPYJ@@@éDFPGHCttQTbatﬂﬂ Algthsr BIRHUERS B'FRPeéPcﬁF&PF g tb thé present

_ hydr ocar bons because it
invention; and

Figure 3 shows a flow sheet illustrating another embodiment of a system
used in the ‘propylene production step of the producing process according to the
present invention.

The symbols used in Figure 1 are defined as follows.
1.+ -Producing apparatus according to the present invention, 10- - -Heat exchanger,
12- - -Propylene production reactor, 14+« -Compressor, 16- - - Separator,

18- - -aromatic hydrocarbon production reactor, 20- - - Conduit
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> of all ow ng propyl ene and aromatic
AOSQ@X%@‘:F%Q@PE be efficiently and stably produced

and al so all owi ng changes in the yield structure by
easy nmethods in the process for producing propyl ene
and aromati c hydrocarbons from a hydrocarbon

f eedst ock containing ol efippaIM§ Brief Description of
t he Drawi ngs A0501 VPO1l-PCT/ KAN A0501 VPO1- PCT/ KAN

|(ng&|%%' Figure 1 shows a schematic view of a producing

at us according to one enbodi nent for

or ostnt A (HIDSREF oftr YRG! Bfled F A, dfrhfud Miverocarbons.

illustrating one enbodi nent of a systemused 5 in the
COMBFIBIAZF ene production step of the producing process
accordl ng to the present invention; and Fig
showvid)aaf IRJ’WPKH‘?@@t Rrefuctianat piR anbersin énﬂb’éﬁfﬂ@fpoaf feedstock
a system used in the propylene production step of the
contairn@ S0y by vass or suarerefiatdeast anecof Qresdefin isrughbinto contact
10 The synbols used in Figure 1 are defined as
in afprbppleme Froducn desxitog withpa naslded axtalysti Agcdntaining a first zeolite
present invention, 10... Heat exchanger, 12

fulfilRh @ RAGr itz gﬂuﬁbugn (iuqab‘éléw tol therebp THRIRBHIOA , catllytic conversion
Separ at or, aromati c hydrocarbon production

readti%?ncér;?"the %@1east %@déf' € 41561 UM ég}mpﬁééﬁﬁl}& il contalnlng

clarm . A process or pro cing propyl ene and

prof QB e t}%gﬁf?gﬁrﬁ%&re i$ B drStedinto fraction C containing mainly

hydrogen and C4.3 hydrocarbons and fraction D containing mainly at least one of Ca.

~

hydrocarbon, and propylene is isolated from the fraction C:

(i) having a medium pore diameter zeolite with a pore diameter of from
5t0 6.5 A:

(ii) containing substantially no protons;

(i) containing at least one metal selected from the group consisting of
metals in Group IB of the pericdic table; and

(iv) having an SiO»/ AlO3 molar ratio of at least 800 but no more than
2,000; and

(2) an aromatic hydrocarbon production step wherein a raw maierial

containing entirely or partly all or a part of the fraction D is brought into contact in an
aromatic hydrocarbon production reactor with a molded catalyst B containing a
second zeolite fulfilling conditions (v) through (vii) below in a gaseous phase at
650°C or less:

(v) having a medium pore diameter zeolite with a pore diameter of from 5

to 6.5 A;
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A0591(PoR P ORYXINENE production step wherein a
hydr ocar bon feedstock containing 50 % by nass or nore

of at |least one of 04-12 olefin is brought into

contact in a propylene production reactor with a

nol ded catal yst A containing a first zeolite

ful f (Vi) with & pridigry pastidlé Hidnméter tha range bEfrom 0.02 to 0.25 pm; and
thereby performa catal ytic conversion reaction on

the afi) lcoatdiniAge aff Idddl 20 efrichal 'hsiHbht Nlédled from the group
reaction m xture contai ning 10 propyl ene, the reaction

A ' | r | : ining mainly
oo g S ke BT ERI ) A BLB (B Ehe P ERER, ")
containing mainly at |east one of C4+ hydrocarbon,
and propylene is isolated fromthe fraction C (i)
havi pg medi um pore djanmeter, zeqglite wth por e
di a teﬁ'hgfprp,cg agcgsgdl@ggoiz,lalﬂg%(wtl-)er%lgﬁpgﬂmqq@carbon feedstock
substantially no protons; (iii) containing at |east
contgigingeilale By ineassear masenaf i lgagugne 6hCinst Plefinoshich is used in the
nmetals in Goup IB of the periodic table; and (iv)
propdena greductiod2gétepi@nains! 25 Yaby onass ar lésmsf a8l@astudne of Caqz
no nore than 2,000; and 20 (2) an aromatic
dioléfyrdcompobpgd. production step wherein a raw materi al
containing entirely or partly all or a part of the
fraction Dis brought into contact in an aronatic
hydr ocar bon production reactor with a nol ded cat al yst
B cognt aipy e%,%w-o' F Uil [ d¢l ; :
(v) ?hrgﬁfgeﬂﬂuz%eis§ e oe&hsnidatg%étguy Hp‘%{gg‘eﬂ%%%%%ﬁ%? contains
silvérESS: 25 (v) having a nedium pore dianeter zeolite
wWith a pore dianeter of from5 to 6.5 A, 63 A0501
VPO1- PCT/KAN (vi) with a primary particle dianmeter in
a range of from0.02 to 0.25 m and (vii) containing
at | east_one netal elenment selected fromthe group .
consfst iThg BiCcRES Accerding de<Claimgl.omerain dre fired zeolite is an MFI
|teri odi c table.
zeolite.

5. The process according to Claim 1, wherein a value obtained by dividing
an amount of component [% by mass] of the Cs.s aromatic hydrocarbons produced in
the propylene production reactor by a hydrocarbon partial pressure [MPa] is 13 or

less.

6. The process according to Claim 1, wherein, in the propylene production
step, 10 % by mass to 95 % by mass of the fraction D is recycled back to the

propylene production reactor and used as part of the hydrocarbon feedstock.

7. The process according to Claim 1, wherein the fraction C is separated

into fraction C; containing mainly hydrogen and hydrocarbons of 1-2 carbon atoms
64
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- cess according to Caim1, wherein the
ADS01 ﬁﬁo%gﬂ)%ﬂf eedstock containing 50 % by mass or nore
of at |east one of C4-12 olefin which is used in the
propyl ene production step contains 2.5 % by mass or
| ess of at |east one O C3-12 diolefin conmpound. 10
and fragtior] 03 duresiei®) M2ty tydedapbéhsaofB barbbre atbms| Hed fat Iedst part
zeolite contains silver. 4. The process according to

' i ] ftor bhé i cE610hnhd @ised
o the FRALIM & HELRICY WS ik pOONEDE prbqseicogeiobnd sod as

j ,viding an anpbunt of conponent [%
partofg‘@é 't‘idsfgf‘)é@ﬁ‘?ggg%ﬁé’% aromati ¢ hydrocarbons produced in

t he propyl ene production reactor by a hydrocarbon
partial pressure [MPa] is 13 or |less, 20 6. The
process according to _Claim/l, erein, in the .
pribpy FBRPIPFRSRFFON m%ﬁ%@'amvﬁ%&efﬁmh% Preyleng production
mass of the fraction Dis recycled back to the

reactorgs @pyaciakatis bed-bedreadact or and used as part of the
hydr ocar bon feedstock. 25 7. The process according to
Caim1, wherein the fraction Cis separated into
fraction C, containing nmainly hydrogen and

hygir oThe hpoeesy atedrdiray o ClairomBwhefeiAGDbAdaction temperature for
VP0O1- PCT/ KAN and fraction C2 containing mainly

the prapyiEiRs Pré@ntic? s@pta hom TODE. trBE0eE, lepaktidbairbsste of the

the fraction C, is recycled back to the propyl ene

ryckocBRAHEEHERL G2 oL 3MEB, R OLnd Ry psce vlocty o
o b s . 4F AN FoPL AR BGAF A o 2

cording to Claim1, wherein a reaction tenperature
to 20 hi J w

10. The process according to Claim 1, wherein the molded catalyst B
contains at least one selected from the group consisting of the metals belonging to

groups (B, IIB, llIB and VIII in the periodic table and compounds of these.

11. The process according to Claim 1, wherein the second zeolite contains

silver.

12. The process according to Claim 1, wherein the second zeolite is an MFi

zeolite.

13. The process according to Claim 1, wherein the aromatic hydrocarbon

production reactor is an adiabatic fixed-bed reactor.
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Aosdeveoayteneamr oduction step is from500C to 580C, a
partial pressure of the 10 hydrocarbon feedstock is

fromO0.05 to 0.3 MPa, and a wei ght hourly space

vel ocity of the hydrocarbon feedstock based on a

wei ght of the nolded catalyst Ais from2 hr -1 to 20

hr-' 1410Thd peoqesscasording ao diaim 10 vifgren the fBelic C is separated
the nol ded catalyst B 15 contains at |east one

intcShERIre e, f schitain & i _
" bel ongi nd to 'gﬁr?uggé“}‘g’fﬁ@r@é? FP% fg{]débeﬁb:éﬁ%ﬁéfng carbon atoms

and LR EQt&?k%Pgﬁ%n%ng%a%%ﬁ§“8§§ catton Zpﬁngrmg?least part

according to rern € Second zeo

ot GIAHn Ly Shers o, BISoBLATE B35S0 iAo aromatic

The tErocess according to Caim1, wherein

h eoljte. 13.
ydfz'?]%arhperpé? W $t8Rar bon 25 production reactor is an
adi abatic fixed-bed reactor. 65 A0501 VPO1l- PCT/ KAN 14.
The process according to Caim1, wherein the fraction
Cis separated into fraction C, containing mainly
hydr d§erA apioeessr doar piodsicing Iprepylanborarat carematied hydrocarbons,
fraction C2 containing mainly hydrocarbons of 3 carbon
congiraimsg: and at |l east part of the fraction C, is used
as part of the hydrocarbon feedstock in the aromatic

5 hydtpcar prspysmsiuptddiietish € Rtepl SwhBr@ho e s hyd@carbon  feedstock
produci ng propyl ene and aromati c hydrocarbons,

corfFg 1 My 2t B VPGS 1 03,5 B BE o comec
i B hrd 888 LS B BB A Bplhg st ot
s O R T S ——
reaE:tPc?nr gﬁythg eartflgarlé? gne? g‘f: %',Eﬁ iolcieﬁ(r:'n?rr]gs?urltsiri'ng ri]n a reaction mixture containing
propylene, the reaction mixture is separated into fraction E containing mainly
hydrogen and Cy.;z hydrocarbons and fraction F containing mainly at least one of Cs.
hydrocarbon, the fraction F is separated into fraction F, containing mainly Cj
hydrocarbons and fraction F containing mainly at least one of C4. hydrocarbon, and
propylene is isolated from the fraction Fy:

(i) having a medium pore diameter zeolite with a pore diameter of from
5At065A;

(i} containing effectively no protons:

(iii) containing at least one metal selected from the group consisting of
the metals in Group IB of the periodic table; and

(iv} having an SiO2/ Al,03 mole ratio of at least 800 but no more than

2,000; and
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AD50HaVPDOFPOM/KAN at | east one of C412 olefin, resulting

in a reaction m xture containing propylene, the

reaction mxture is separated into fraction E

contai ning mai nly 15 hydrogen and Cl1.2 hydrocarbons

and fraction F containing mainly at |east one of C3.

hydr 6&arasoraromatict hdidcanodh | prodapioratstdpi wherdinast r&@ material

F, containing mainly C3 hydrocarbons and fraction F2
contoningi eritinglyrari perily ail or easdrt e thedfraétlon by &y Sv‘b&%@)h?wto @Bftact in an

' g

propyl ene is isolated fromthe fraction F1: avin
aromatte divydroparnd bR Iclibn ZRQ1d it i .
from yét{)ﬁ')SAt 06. gA; (i |bf)1 ?ﬁrﬁ%ﬁ%ﬁggem@%cﬁ%@%g CSF'ntalnmg a
t ita (0l AC i 0 t netal sel ected
sec?ﬁ@ ﬂé?:ﬁlte fLkillihg 86“&(@'5&?”3\/)3%1]0@@@ W@?gqeémmn(f oIFFq0s phase at

romthe group-consi Sti

6508 otrrpgs _gri odic table; and (iv) having an Si 02/ A12CG3

nmole ratio of at | east 800 but no nore than 25 2,000;

and 66 A0501 VPO1-PCT/ KAN (2) an aronmatic_hydrocarbon
pr oduct {z\}ﬂ)n K9 JMSHA Pé"“éé&?’ﬁﬁi%rﬁeﬁllte visheaparertiameter of from

ntirely or partly all or a part of the fraction F2 is
SAg‘?ééﬁt into contact in an aromatic hydrocarbon -

producti on reactor with a nolded catal yst B containing

a secord) zwithi a erimaryipartide dianditer imhe vandehbPHBIM 0.02 um to

(vii) below in a gaseous phase at 5 650C or less: (v)
0.25pmi agda nmedi um pore di aneter zeolite with a pore

diameter of from 5 Ato 6.5 A; (vi) with a primary

parti cl ¢vi)i asoritaihingNat Nsast as1ee nedtal b%&ntogelgbf&%eﬁgﬁfﬁne group

m and 10 (vii) containing at |east one neta

consisliey be thelts WehB g&igyﬁupﬁﬁ%‘iiﬁ% EEHR@E t%]g"' el enents

in group IB of t rodic tab process
according to Cl aim 15, wherein the hydrocarbon
f eedst ock

16. The process according to Claim 15, wherein the hydrocarbon feedstock
containing 50 % by mass or more of at least one of Ca42 olefin which is used in the
propylene production process contains 2.5 % by mass or less of at least one of Cays

diolefin compound.

17. The process according to Claim 15, wherein the first zeolite contains

silver.

18. The process according to Claim 15, wherein the first zeolite is an MFi

zeolite.

19. The process according to Claim 15, wherein a value obtained by

dividing an amount of component [% by mass] of the Cgs aromatic hydrocarbons
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AOSCONPRIOPQT/IANY by mass or nore of at | east one of

0412 olefin which is used in the 15 propyl ene

production process contains 2.5 % by mass or |ess of

at least one of C3.12 diolefin conpound. 17. The

process according to Claim15, wherein the first ,
prodreed i inetheo prepyiane girbdiection2 ped@or Thyeaphydresarbmec padiahgoressure

to Caim15, wherein the first zeolite is an M
[MPalaslMidter.led®. The process according to C aim 15,

wherein a val ue obtained by 25 dividing an anount of

conmponent [% by nass] of the C6_$ aromatic

hydrocarbons 67 A0501 VPO1l- PCT/ KAN produced in the

pro p [ %o hydr r gy al
preé%dusgﬁe[kgai %s%%lsor eg?s%'i‘gf‘ ¥§éo%ﬁ%'?£§'sqﬁ hé propylene
i to im1 ergi B, Nt 7 en. .
prodBEfigh Sroes 10 2 BY hasa 7 b 11gaE o HeEdBn 2. is recycled
the fraction F2 is recycled, 6 back to the propylepe
back, 6 dlie; PLAPYIRIE: B5AUE EEAEIRR ik LS % Doy B oBg: Bisirocarbon
f eedst ock. 21. The process according to C aim 15,
feedglpekei n at 1 east part of the fraction 10 Eis
recycl ed back into the propyl ene production reactor
and used as part of the hydrocarbon feedstock. 22.

The process according to Caim15, wherein the

pr o@. eike prockesst acoordingaot@aim J Sawhadeialatieast part of the fraction
fi xed-bed reactor. 15 23. The process according to

E isQ‘e@;Wlle@badmwft@itﬁeaprbﬁ?re‘hiepﬁrdcﬁﬁfﬂ@ﬁ aede®rfaid ubB8 as part of the
propyl ene production step is from500C to 580C, a

hydBa&idor feBHSREKr € of the hydrocarbon feedstock is from
.7 0.05 MPa to 0.3 MPa, and a wei ght hourly space

22. The process according to Claim 15, wherein the propylene production

reactor is an adiabatic fixed-bed reactor.

23. The process according to Claim 15, wherein a reaction temperature for
the propylene production step is from 500°C to 580°C, a partial pressure of the
hydrocarbon feedstock is from 0.05 MPa to 0.3 MPa, and a weight hourly space
velocity of the hydrocarbon feedstock based on a weight of the molded catalyst A is

from 2 hr™' to 20 hr™",

24. The process according to Claim 15, wherein molded the catalyst B
contains at least one selected from the group consisting of metals belonging to

groups IB, 1IB, 1IIB and VIl in the periodic table and compounds of these.
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A05vieV/PONIBCDIKAMe hydrocarbon feedstock based on a
wei ght of the nolded catalyst Ais 20 from2 hr -1 to
20 hr'. 24. The process according to Caim15, wherein
nol ded the catalyst B contains at | east one sel ected
fromthe group consisting of netals belonging to
gro@ps T proBess | a@ardiangvie | Claimt e, pehetgincthealdesond zeolite
and conpounds of these. 25 68 A0501 VPO1- PCT/ KAN 25.
contdihe sjijv@cess according to Caim15, wherein the second
zeolite <contains silver. 26. The process according to
G ai m 15, wherein the second zeolite is an 5 Ml
zeolite. 27. The process according to Cl aim 15,
whepgi ny r Nisp L
o 2R BT oy By o BIE SPYBREh iR SRR kcolite s an
MFI g&ﬁ%dl ng to Claim15, wherein at |east part of t he
raction E is used as part of the hydrocarbon
feedstock in the aromati c hydrocarbon production-
step. 29. A producing apparatus for producing
propyl ene and aromati ¢ 15 hydrocarbons from a )
hyd caT%ﬁW%&s@Q?@kd'nSdﬁrQ?@ A$: wWherel theraromatisciygrocarbon
that receives the hydrocarbon feedstock and produces a
produetien reacter is anr adisbaticfixdchgedreastoene; (b) a separator
that receives the reaction mxture and is connected to
the first reactor; and 20 (c) a second reactor
connected to the separator, wherein the aromatic

hy dr2@; aTthe poctise duceddingdo Gi8im TBewpepsiH cit Ngastiat of e fraction
according to Caim29, wherein t he separator has a

E isCQREY! bs T @hrt dbf @6 | Hyd}eﬂé%%h' R RN tin Ofhe? a¥6MALiAT Bfdrocarbon
product obtained fromth

production step.

29. A producing apparatus for producing propylene and aromatic
hydrocarbons from a hydrocarbon feedstock, comprising:

(a) a first reactor that receives the hydrocarbon feedstock and produces a
reaction mixture containing propylene;

(b) a separator that receives the reaction mixture and is connected to the

first reactor; and

(c) a second reactor connected to the separator, wherein the aromatic

hydrocarbons are produced.

30. The producing apparatus according to Claim 29, wherein the separator
has a conduit for directly conducting a part of a separated product obtained from the

separator to the first reactor and second reactor.
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AOS@bVPeaPaTakKANO the first reactor and second reactor.
69 A0501 VPO1-PCT/ KAN 31. The produci ng apparat us
according to Claim?29, wherein a part of a fraction
obtained in the separator is recycled and contained in
the first reactor. 32. The produci ng appar at us
acca¥ldi e trroduaing aparatusr aceordingr e Claim 2Rawhebeinsa part of a
obtai ned fromthe separator and contained in the first

fractamdolstemenlinrtee cGepasatosisaecyelad andrcontained m thee first réactor.
at | east one of C4. hydrocarbon. 33. The producing
apparatus according to Caim?29, wherein a part of a
fraction contai ning mainly hydrogen and Cl-2

hydrgcayhe E)SOC?LEGH% iaﬁpgpétaé BREodd; r%md faimlSh S\ﬁlgﬁrrgﬂ's 8'fraction that

is contaln Irst reactor the Se

is o%?@fé%oggrfﬁkee;gﬁ r‘%‘iﬁrggﬁa N3 Rgﬁ%l{ﬁeq‘ggg%ﬁ{i {Lﬁanc%)ﬂd reactors is a

separa i's a
fract?o%l c%ma%[mé l‘n%slrmy at ledst o?we of C4+ hydrocarbon.

33. The producing apparatus according to Claim 29, wherein a part of a
fraction containing mainly hydrogen and C1.2 hydrocarbons that is obtained from the

separator is contained in the first reactor and the second reactor.

34. The producing apparatus according to Claim 29, wherein the separator

is a distilling column or flash drum.
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