| DESCRI PTI ON PROCESS FOR PRODUCI NG PROPYLENE s TECHNI CAL FI ELD The present
invention relates to a process for producing propyl ene fromethyl ene and
met hanol and/or dinmethyl ether. 10 BACKGROUND ART Wth respect to processes
for the production of paraffins, olefins and aromati c hydrocarbons, various
studi es have been made not only on processes by cracking of petroleum but

al so on processes using, as rawis materials, nmethanol and di nethyl ether
obtained froma hydrogen/ CO m xed gas obtai nabl e by nodi fyi ng natural gas
as production processes wherein a new energy source is enployed.

Especially, in the latter processespmgrieafegr €d W th ones obtained by the
former processes, the 20 products contain substantially no sul fur conpound
and are thus expected to be prospective as environnmentally- friendly
petrochem cal raw materials. Such processes for producing paraffins, olefins

and aromatic hydrocar bonprbyrdes rorRMeRop0INGNGRODYRIENE 25 et her as raw
materials, are usually named depending upon the types of the main products,

i.e. a process to obtain gasoline as the nain conponent is referred to as
MIG 2 process, a process to obtain lower olefins as the main conponents is
referred 1 0 FIECNNOCRLOEEEED and a process to obtain particularly propyl ene
anong the lower olefins, as the main conponent, is referred to as MIP
process. s Howev@he ipreserdsd nMeartd oy omiladies it ebtraiawsk o ricw

producing propylene from ethylene and methanol and/or

dimethyl ether.

10 BACKGROUND ART
With respect to processes for the production of
paraffins, olefins and aromatic hydrocarbons, wvarious
studies have been made not only on processes by cracking
of petroleum but also on processes using, as raw
15 materials, methanol and dimethyl ether obtained from a
hydrogen/CO mixed gas obtainable by modifying natural gas
as production processes wherein a new energy source is
employed. Especially, in the latter processes, as
compared with ones obtained by the former processes, the
20 products contain substantially no sulfur compound and are
thus expected to be prospective as environmentally-
friendly petrochemical raw materials.
Such processes for producing paraffins, olefins and
aromatic hydrocarbons by using methanol and dimethyl
25 ether as raw materials, are usually named depending upon
the types of the main products, i.e. a process to obtain

gasoline as the main component is referred to as MTG



met hanol (see e.g. Patent Docunents 1 to 3), theoretically, one nolecul e of
propylene will be formed fromthree nol ecul es of nethanol, whereby the
yield based on the nolar anmount of the raw material nmethanol will be 10
only 33% at the maxi num Besides, the weight of water to be forned as a
by-product will be substantial. Accordingly, such a process can not be
regarded to be preferable as an industrial process fromthe viewoint of
e.g. the efficiency of the installation cgsts. 15 On the other hand, as an
enbodi nent of MIP process, a process is also known wherein propylene is

obt ai ned frgoeklyl, ene piad @Rt hanebrEnen-1Ran b IaGHEMs bhe ddPMever, also
by this process, the yield of propylene based on the raw naterial nethanol

did not exceedmponeph® 20 rafdriasl tthusds madegiisPatpit Dastomids 1:

JP- A-59-222329 Patent Docunent 2: JP-A-4-217928 Patent Docunent 3:

US- A- 2003- 13963bbNai nPakentt cidanigniprbpyAepld esthdta alhesilowsr Glnefials, 25 218
(2001), 241-250 3 DI SCLOSURE OF THE | NVENTI ON OBJECT TO BE ACCOWPLI SHED BY
THE | NVENTI Chisl theheapni gomgonenthe iys eled eofr gt dppy laandMTagedaess £ he nunber
of noles of the raw material nmethanol was |ow 5 and inadequate as an

i ndustria$ produdldwsvey.odesst dase yvhareomwanylgne hes prlesained nfeemion to
provide a process for producing propylene in a yield higher than the
convent i onal mgtbeaed |(Feehe -GasFaksdrte DocawEndse i £ produced from et hyl ene

and net hanol . 10 ) )
theoretically, one molecule of propylene will be formed

from three molecules of methanol, whereby the yield based
on the molar amount of the raw material methanol will be
10 only 33% at the maximum. Besides, the weight of water to
be formed as a by-product will be substantial.
Accordingly, such a process can not be regarded to be
preferable as an industrial process from the viewpoint of
e.g. the efficiency of the installation costs.
15 On the other hand, as an embodiment of MTP process,
a process is also known wherein propylene is obtained
from ethylene and methanol (non-Patent Document 1).
However, also by this process, the yield of propylene
based on the raw material methanol did not exceed 40 mol%
20 and was thus inadequate.
Patent Document 1: JP-A-59-222329
Patent Document 2: JP-A-4-217928
Patent Document 3: US-A-2003-139635
Non-Patent Document 1: Applied Catalysis A: General

25 218 (2001), 241-250



MEANS TO ACCOVPLI SH THE OBJECT The present inventors have conducted an
extensive study to acconplish the above object and as a result, have found
t hat propyl ene can be obtained in high yield 15 when ethylene is reacted

w th nmet hanol and/or dinet hyl et her under reaction conditions of specific
ranges and have acconplished the present invention. Nanely, the gist of
the present invention resides in a process for producing propyl ene which
conprises bringing ethylene in 20 contact 3wi th net hanol and/or di nethyl

ether in the presence of a catalyst and which is characterized in that the

anount of etpykenesthREaoreegk oNvENYTUNe being discharged fromthe reaction
systemis reduced as conpared with the anount of ethylene being fed to the

25 reaction epstem Tanget AatoppopgHene Bys Talgt anvedTIoNa Yyiel d of at | east
40 mol % based on the sum of the nunber of noles of nethanol and two tines

t he nunber of nolestak dridrmatdtyl téeherielld of aredydiers ftekdd drhe reaction
system In the process of the present invention, in order to increase the
yi el d of prophikenembygrreficmbhgsedbliyktbrerawt mabeirs agr eedhaed 1t hats tlloe
reaction pressure is adjusted within a range of at |least 0.1 kPa and | ess
than 2 MPa, amnddinadegnstnt asf aot hpdessrbeilngrbductdonhenosasisi.on systemis
adjusted within a range of at least 1 and at nost 20 by nolar ratio based
on the sum of thétndsban ebjiedtmefeshsf Presieatoli vt tHarexr THedenunber of
nol es of dinethyl ether which are being fed to the reaction_  system
Further, it PSPEPﬁﬁﬁﬁrgartBEPdPﬁénﬂePgﬁPYHSHPI9n sp¥deldePdahey fdrrnei ght

of a catal tlcaII active
y gnventgonal process in the case where propylene is

produced from ethylene and methanol.
10
MEANS TO ACCOMPLISH THE OBJECT
The present inventors have conducted an extensive
study to accomplish the above object and as a result,
have found that propylene can be obtained in high yield
15 when ethylene is reacted with methanol and/or dimethyl
ether under reaction conditions of specific ranges and
have accomplished the present invention. Namely, the
gist of the present invention resides in a process for
producing propylene which comprises bringing ethylene in
20 contact with methanol and/or dimethyl ether in the
presence of a catalyst and which is characterized in that
the amount of ethylene in a reaction mixture being
discharged from the reaction system is reduced as
compared with the amount of ethylene being fed to the
25 reaction system, and that propylene is obtained in a
yield of at least 40 mol% based on the sum of the number

of moles of methanol and two times the number of moles of



conponent, of the sum of nethanol and dinmethyl ether is calculated as

nmet hanol , which are being fed to the reaction system is adjusted within a
range of at least 0.01 hr-1 and at nost 70 hr-1. EFFECTS OF THE | NVENTI ON
20 According to the present invention, using ethylene and nethanol and/or
di rethyl ether as raw materials, propylene can be produced in a yield

hi gher than by the conventional processes. 25 BEST MODE FOR CARRYI NG OQUT
THE |1 NVENTI ON Now, a typical enbodinment te carry out the present invention
will be described in detail. 5 (1) REACTI ON SUBSTRATE ( RAW MATERI AL) The
process of themptRgEnethavenhtieh takebeanbofedoto @as plaseilgacti on, and

the raw material of the present invention is conposed of a m xed gas
conprising eshyteme s and net hanol and/or dinethyl ether. This m xed gas may
optionally contain, in addition to ethylene and nethanol and/or dinethyl
ether in a gas sflat ¢heapgaseisserctit ttdnet Ipe-esegac tiimventsiesh d@sn ketdemtar gon,
nitrogen, carbon nonoxide, carbon dioxide, hydrogen, water, a paraffin, a
10 hydrocar bbncsagheashaeyhand, odnparpyaene bynpeacd iog &thyilenere itther eof ,
for exanple, in an _amount of from1 nol% to 99 nol % as the concentration in
the m xed gass BHeAgrreHefihast theaseaghion pireésugeed®) a3 usiteler ably co-
existent. 15 Further, the mxed gas is not particularly limted wth
respect to tKétharnhi BaREPcREi ati 4eBstng -LedfPrnesd sy &8éror ¥¥3ong as it
is mxed at th the of the reaﬁt'on. Eth | ene and net hanol and/or dinethyl
et her and the amount of ethylene being fed to the reaction

system is adjusted within a range of at least 1 and at

most 20 by molar ratio based on the sum of the number of

10 moles of methanol and two times the number of moles of

dimethyl ether which are being fed to the reaction

system. Further, it is preferred that the weight hourly

space velocity per weight of a catalytically active

component, of the sum of methanol and dimethyl ether

15 calculated as methanol, which are being fed to the

reaction system, is adjusted within a range of at least

0.01 hr'! and at most 70 hr™*.

EFFECTS OF THE INVENTION

20 According to the present invention, using ethylene
and methanol and/or dimethyl ether as raw materials,
propylene can be produced in a yield higher than by the

conventional processes.

25 BEST MODE FOR CARRYING OUT THE INVENTION
Now, a typical embodiment to carry out the present

invention will be described in detail.



and further, if necessary, other gases inert to the 20 reaction, nay,
respectively, be fed into the reactor, or they nmay prelimnarily be nade
into a m xed gas, which my be fed into the reactor. (1)-a ETHYLENE The
éthylene to be used in the present invention is 25 not particularly
limted, and one obtainable by various known nethods nmay optionally be
used, such as one produced froma petrol eumbase material by e.g. a 6

catal ytic cracking nethod or a steam cracki ng nmethod, one obtainable by
carrying out a FT (Fi scher-Tropsch) reaction using as a raw material a
hydr ogen/ Co (i xeRENGSIONbSUBATRABEDYROWSMATERIADN of coal, one obtainable by
a 5 dehydrogenation nethod or an oxidati on dehydrogenation nethod of

et hane, one obt aThabbegobgsa it hhehesesentr eaventn cand akewolsodatrimomfr eact i on
of propyl ene, one obtainable froman oxygenated material of e.g. nethanol
and/ or di net&§s ephasepyeactaenl yand tbhacrponmatenhiallofsshiedpaeisgntat al yst,
or one obtainable by a dehydration reaction of the correspondi al cohol

(et hanol ) . ¥%V§DEh°nal€a§@mP@ﬁédh9§|ﬂgmaxéénﬁéﬁnﬁowPﬁéﬁ1P§aﬁt@WaFP€ne
attributable to the res ectlve production nethod, m xed, nay be used as it
is, or purif®ed @?E?P%ﬂg AR/ BE diwgthyd arbRy- tHE%%SOMExﬁglﬁQS BaYa raw
naterlal et hyl ene roduced.from a petrol eum base nateri al

catalytlc cr%ERFﬂ@aHEYhSBnB?lﬁ's?@aﬁgéFE&RPnﬁonﬁFﬁBaenFsanﬁr@FEPF@&I Nor e

Ravi ng at | G380/ FhoasBobhy boRt AP EniRaRa9a DBERF Ry BOPAE OP4h F6 S0BOC and
having a sul fur.£onfent, LRAYCele PYuleSULEUR! 2841 285e8YCRarbon
monoxide, carbon dioxide, hydrogen, water, a paraffin, a

10 hydrocarbon such as methane, an aromatic compound or a
mixture thereof, for example, in an amount of from 1 mol%
to 99 mol% as the concentration in the mixed gas. Among
them, at least water (i.e. steam) is preferably co-
existent.

15 Further, the mixed gas is not particularly limited
with respect to the form in which it is being fed into
the reactor so long as it is mixed at the time of the
reaction. Ethylene and methanol and/or dimethyl ether,
and further, if necessary, other gases inert to the

20 reaction, may, respectively, be fed into the reactor, or
they may preliminarily be made into a mixed gas, which
may be fed into the reactor.

(1) -a ETHYLENE
The ethylene to be used in the present invention is

25 not particularly limited, and one obtainable by various

known methods may optionally be used, such as one

produced from a petroleum-base material by e.g. a



as et hane, propane, a butane/butylene m xture, naphtha, |ight NG, heavy
NG or kerosene light oil by catalytic cracking or steam cracking under
such a condition that 25 the outlet tenperature of the cracking furnace
would be from 760 to 9000C. It is preferred to enploy, as the ethylene,
ethylene 7 obtained by an olefin production facility by thernmal

deconposi tion of naphtha, whereby in the olefin production facility, the

yi el d bal ance of ethylene and propyl ene an be changed to substantially
increase the 5 propylene/ethylene ratio. Further, it is preferred to use

et hyl ene obt aatellybyc arhoewengomethbBdpbeducikieant atiakckling memhaet,hamel

and/or dinethyl ether, whereby in the lower olefin production facility,
the yi el d babbehaétnablet hyl eaergndgppopybefd® d&histheérb&ropaaied to
substantially increase the propylene/ethylene ratio. Still further, it is
preferred toresetéohyhensg ebtai med hyptamiellhpl bydrpgedu€O ovixfesidaisty by
steam cracking of ethane, whereby propyl ene can be produced by 15 using

et hane separ@béélﬁﬁbheybYrGﬁﬁhﬁﬂGﬁéﬂogan aoailhe oneawbiatizabdle. bgher eas,

ol efins obtainable by a method of thermal deconposition of naphtha which is
comonl y usedeh¥drogpBahdant BEtBrEdoEi Ay erafpsdonudshysdregepadienand 20
propyl ene, usually contajn about 28 w % of _ethyl ene, _about 17 w % of

propyl ene anﬂeéﬁeétoileﬁb@ﬁﬁf OBGtQHEPBGPQAFeﬁﬁ 8nmgrbasbesifher eby there is

alimt in changin el d bal ance of | ene and pro Iene dependi n
oon the reqtPaBtiBt aRdchBrotREatann varrEaeh oi pRep Tty €t depending

obtainable from an oxygenated material of e.g. methanol
and/or dimethyl ether by a catalytic reaction with a

10 solid acid catalyst, or one obtainable by a dehydration
reaction of the corresponding alcohol (ethanol). In such
a case, one having a compound other than ethylene,
attributable to the respective production method, mixed,
may be used as it is, or purified ethylene may be used.

15 Among them, one using, as a raw material, ethylene
produced from a petroleum-base material by e.g. a
catalytic cracking method or a steam cracking method, is
preferred. More preferred is ethylene obtained by using
as a raw material a hydrocarbon having at least two

20 carbon atoms and a boiling point of up to 300°C and
having a sulfur content reduced by desulfurization, such
as ethane, propane, a butane/butylene mixture, naphtha,
light NGL, heavy NGL or kerosene light oil by catalytic
cracking or steam cracking under such a condition that

25 the outlet temperature of the cracking furnace would be
from 760 to 900°C.

It is preferred to employ, as the ethylene, ethylene



25 thermal deconposition nethods, etc. have been studied in this respect,
but in either one of them it is difficult to substantially change the
yield balance. In the 8 process for producing a | ower ol efin such as

et hyl ene, propyl ene or butene from nethanol and/or dinethyl ether, as

di scl osed in the above nmentioned Patent Document 3 or 4, for exanple, in
Pat ent Docunent 3, a perfornmance of 5 about 50 wt % of propyl ene and about 20
wt % of but ene, based on about 10 wt % of 7et hyl ene, is shown, and attention
has been drawn as a process for selectively producing a |ower ol efin, but

it is still dbthiaeldt bi0anshstrant | c%h@&%atdle_jstgﬁlbiz haleaz@. Also in a
10 process for producing ethylene by an ethyl ene production facility by

st eam cr acki agcofmpekhanen alft haphht hiahe whearpgsiiti @heofoleifliyl ene- cont ai ni ng
products may differ depending upon the raw material conposition, ethylene
is mainly optradnedioandaictlitydi thiec ylite lido balilamice prfomtgrienel marddnder these
circunstances, the present invention provides a process which is useful for
efficiently ppppgdenagcpnopygl ehangedmtet IspbetentNatdlyy indregseoddss for
produci ng propyl ene of the present invention is an inportant technique

whi ch nakes propwdshpl/ethylengngetiloe 20 yiel d bal ance of ethyl ene and
propylene in the above nentioned olefin production facility. Now, olefin
production faci| FurEde,) it iis puafeungd ta Useetelans rdbaingd facility
for the production of _olefins by thermal 25 deconposition of naphtha As a
facility forat heWEFoldetion PEPIMICElions thF 1 ikt FalomI EESHFEsI, i31/6F napht ha

in the preseggmethyl ether, whereby in the lower olefin production

facility, the yield balance of ethylene and propylene can
10 be changed to substantially increasge the
propylene/ethylene ratio.

Still further, it is preferred to use ethylene
obtained by an ethylene production facility by steam
cracking of ethane, whereby propylene can be produced by

15 using ethane separated mainly from natural gas, as the
raw material.

Whereas, olefins obtainable by a method of thermal
decomposition of naphtha which is commonly used as a
method for producing olefins such as ethylene and

20 propylene, usually contain about 28 wt% of ethylene,
about 17 wt% of propylene and about 11 wt% of
butene/butadiene on average, whereby there is a limit in
changing the yield balance of ethylene and propylene
depending upon the required balance of the two. Various

25 thermal decomposition methods, etc. have been studied in
this respect, but in either one of them, it is difficult

to substantially change the yield balance. 1In the



9 invention, a steamcracking nethod will be described with reference to
the flow of its outline. A steamcracking nethod is commonly used as a
facility to produce clefins such as et hyl ene, propylene, etc. Its typical
exanple is S a tubular heating furnace process. In a front end

met hane-renoval process as one nethod thereof, naphtha is introduced
together with steaminto a thermal deconposition furnace and thermally
deconposed at a tenperature of from aboug 760 to 9000C, whereupon 10

hydr ocar bons t hereby obtained are quenched and then led to a fractionating

col um, whergbycéas Fsroptabiedngr amotvbe botkem glichhascekWyenad, gas oil is
obtained fromthe side of the colum and hydrocarbons are obtained fromthe

top fracti onprdpglbydr oecabhoesecagrbhemtopahbachhdfoar €ime thyaneheed f,or
separation into hydrocarbons having mainly at nost 5 carbon atons and a

m xture of wasedidelbwed ifhr ohestbaneandnhydnedaPboeathavicagens 3l wrat | east
6 carbon atons. The m xture of water and hydrocarbons having mainly at

| east 6 car bén BbomexaminplebeisepakantdDBumpht Rat er pamd omydngeacifons havi ng
mainly 6 carbon atons. Further, the water separated here will be re-used
via a steanrbener afovtisoft paarvdebe andrsbioued20nws 3t bé bultenea

deconposi tion furnace. However, the separated water contains non-volatile
hydr ocar bonsbaafd anpabeubf 195wEfkeohatEhYWERE  béSdsspysedand rempve such
non-vol atile hydrocarbons, and fresh water will be supplied to_ suppl enent
the di sposed®®aEREIonohashBeRPdABEaNPHBRSs 2hRYPRESHRERKY SEESFEdVe3 Year bon

at oms ObtainSQoBXc%HSnghigge}hglgggntr%ﬁgi9@ %glgtgﬁl difficult to

substantially change the yield balance. Also in a
10 process for producing ethylene by an ethylene production
facility by steam cracking of ethane, although the
composition of ethylene-containing products may differ
depending upon the raw material composition, ethylene is
mainly obtained, and it is difficult to obtain propylene.
15 Under these circumstances, the present invention
provides a process which is useful for efficiently
producing propylene from ethylene. Namely, the process
for producing propylene of the present invention is an
important technique which makes it possible to change the
20 vyield balance of ethylene and propylene in the above
mentioned olefin production facility. Now, olefin
production facilities (i), (ii) and (iii) will be
described.
(i) Facility for the production of olefins by thermal
25 decomposition of naphtha
As a facility for the production of olefins by

thermal decomposition of naphtha in the present



conpressed by a conpressor, and then, a sulfur conpound w | be renoved at
an al kali-cleaning section, and after 5 passing through a drying section,
t he deconposition product is |led to a nethane-renoving colum, whereby
met hane and hydrogen will be recovered as the top fraction. At the sane
time, the bottomfraction will be Iled to an ethane-renoving col um, whereby
acetylene in 10 the ethane-ethylene m xture as the top fraction wll be
converted by a hydrogenation reactor to ethane/ethylene which will be sent
to an ethylene fractionating colum, and at the sane tine, the bottom
fraction wil inbentédnt oa atpampapacktiagowiendodowinm. bieidrvcaGeisd eierand 15
propadi ene in the propane/propylene mxture as the top fraction are
converted byrafbydnogenat tha fdaet of tes poepane/.prAapyteas, cwhtkRbings sent to
a propylene fractionating colum, and at the sane tinme, the bottom
fracti on w | mebboledst commbulgnesednesi agfaclidimy ko phred2deetllyfams
fractionating colum, ethylene product is recovered fromthe side of the
col um, and evphnasasthiiéenpot PuaPYAgoei ortwi-1 | Ibe Fepychbdexamphe is
deconposition furnace, and in _the propylene fractionating col um,
propyl enés pr 8dtubuilarr BeatargdinrBarehpToCgssof Ihea2breptunnd and at the
sane tinme, propane as the pbottom fraction will he recycled to_the .
deconposi t i oRSFRRRECESMOBE Lt RFQCSFSt 8/ CBEhYRERS D hgrsR TouriaPfthe 49 evel
of 11 99.95% and _propylene of high purity at a lev of 99.0% wll he
gBeraa =oRaFBREr WIrh

|
separ ated and™F&g COoRGFPREr W §EPABNETERd 3pFBF&REYr enovi ng process as
anot her neth

anot her o o ckSgUESRIPERLLASD BETB BTy BRRSHBRach Ly quoh the

temperature of from about 760 to 900°C, whereupon

10 hydrocarbons thereby obtained are quenched and then led
to a fractionating column, whereby tar is obtained from
the bottom of the column, a gas o0il is obtained from the
side of the column and hydrocarbons are obtained from the
top fraction. The hydrocarbons as the top fraction are

15 quenched for separation into hydrocarbons having mainly
at most 5 carbon atoms and a mixture of water derived
from steam and hydrocarbons having mainly at least 6
carbon atoms. The mixture of water and hydrocarbons
having mainly at least 6 carbon atoms will be separated

20 1into water and hydrocarbons having mainly 6 carbon atoms.
Further, the water separated here will be re-used via a
steam generator as steam to be introduced into the
thermal decomposition furnace. However, the separated
water contains non-volatile hydrocarbons, and a part of

25 the water will be disposed to remove such non-volatile
hydrocarbons, and fresh water will be supplied to

supplement the disposed water.



a propane-renovi ng col unm, whereby acetyl ene, nethyl acetyl ene and propadi ene
in the ethane/ethyl ene and propane/ propylene m xtures as the top fraction
are converted by a hydrogenation reactor to ethane/ethylene 10 and

propane/ propyl ene, which will be led to a nethane- renoving columm, and at
the sane time, the bottom fraction will be led to a butane renoving col um.
In the nethane renoving columm, nethane and hydrogen will be recovered as
the top fraction, and at the sane tine, the 15 bottomfraction will be |ed
to an et hane-renovi ng colum, whereby ethane/ethylene as the top fraction
of the ethane-remevhpgreehuons havieigsaalinly an @idyd eneaddact i onating
colum, and at the sane tine, the bottom fraction will be led to a

propyl ene fratbtmsenabtadnedl bynquefichinghehet hypbedeaktdon emddtli kg col um,

et hyl ene product w |l be recovered fromthe side of the colum, and at the
sane tinme, etbapeeasethbybat tompieasbronand ithea,r ecpullddr tcompoand
deconposi tion furnace. Further, in the propylene fractionating columm,
propyl ene predlitbei Fempeedeatvenedlkadif cdmanhiogsis¢etdon, hencolafer and at
the sane tinme, propane as the bottomfraction will be recycled to the
deconposik i opasaiRdcehrepghrar dr¥ingaseshdrner thgr dacioswosti tilsa above

nmenti oned front _end propane-renoving process, there_is a nethod wherein the
top fracti onP6PAbRE pFopBAetPefoTrRGaBS HRRCVIET £81U8Nan "EERERY- r emovi Ng

colum i.e. not,to the. 5 t hane- . ing colum._ In the top fraction of
t he propanem?Eﬁﬁv?n@n@obgﬁﬁPQSEeWﬁﬁgg ea%SCHEFﬁfﬁaéétf n&°P are cont ai ned,

and |0 2 CaSEUnELs, U APEILEDC LR, CORL ADECoh e BabBISS ATREME, 1T MY

led to an ethane-removing column, whereby acetylene in

10 the ethane-ethylene mixture as the top fraction will be
converted by a hydrogenation reactor to ethane/ethylene
which will be sent to an ethylene fractionating column,
and at the same time, the bottom fraction will be led to
a propane-removing column. Methylacetylene and

15 propadiene in the propane/propylene mixture as the top
fraction are converted by a hydrogenation reactor to
propane/propylene, which is sent to a propylene
fractionating column, and at the same time, the bottom
fraction will be led to a butane-removing column. In the

20 ethylene fractionating column, ethylene product is
recovered from the side of the column, and ethane as the
bottom fraction will be recycled to the decomposition
furnace, and in the propylene fractionating column,
propylene product is recovered from the side of the

25 column, and at the same time, propane as the bottom

fraction will be recycled to the decomposition furnace.

By this system, ethylene of high purity at a level of



hydr ogenation reactor in the same manner as nentioned 10 above and then may
he led to the ethane-renoving colum. Further, in a case where the

nmet hyl acetyl ene content is snmall, it may he led to the ethane-renoving
¢colum wi thout passing it through the hydrogenation reactor, whereupon
acetyl ene in nethane, hydrogen and an 15 et hane/ethylene m xture as the top
fraction of the ethane-renoving colum may be passed through the

hydr ogenati on reactor and converted to ethane/ ethylene. The top fraction of
t he et hane-renovi ng colum may be passed through a hydrogen separat or

fol I owl ng thes26shydhagprabl0eneeast @ighnpualited ads ot hevease f egliges and
then may be sent to the nethane-renoving colum, and at the sane tine, the
bottom fract wadlwbkl skpagzanedt and rpkeofyghede fractionating colum. In the
met hane - renoving columm, nethane as the top fraction will be recovered,
25 and at the sammrthes,, dbhandreitylene mogane hettonnd actdess vad | be | ed
to an ethylene fractionating colum. |In the propylene fractionating col um,
propyl ene pr edothet3metbodecbbher deciompmstiftd ogi e ogfuctthe fdeumpassdmdy at t he
sane tinme, propane as the bottomfraction will be recycled to the
deconposii i ohhtgrghcshe| driyAndesiytdnn msadeiserdbiedy absoleuni,s digsytene
product wll be recovered fromthe side 5 of the colum, and at the sane

ti me, et hane2a®rPRENBOFERRYiNLacOlemini Whefebye @feltyd et he deconposition

furnace. Further, as still another nethod, .a front end ethane-renoving
process is aME5NY}ACPEBILENGhEPS RPTORadigaCoAPoshE G hensd echvamng angdsi ng

t hrough the dryin 10 se&tion as nentione% above,fis led to an
ethane-rennvpﬁépagSVBERPY ene mixtures as the top fraction are

converted by a hydrogenation reactor to ethane/ethylene
10 and propane/propylene, which will be led to a methane-
removing column, and at the same time, the bottom
fraction will be led to a butane removing column. In the
methane removing column, methane and hydrogen will be
recovered as the top fraction, and at the same time, the
15 bottom fraction will be led to an ethane-removing column,
whereby ethane/ethylene as the top fraction of the
ethane-removing column will be sent to an ethylene
fractionating column, and at the same time, the bottom
fraction will be led to a propylene fractionating column.
20 In the ethylene fractionating column, ethylene product
will be recovered from the side of the column, and at the
same time, ethane as the bottom fraction will be recycled
to the decomposition furnace. Further, in the propylene
fractionating column, propylene product will be recovered
25 from the side of the column, and at the same time,
propane as the bottom fraction will be recycled to the

decomposition furnace.



In the present invention, it is preferred to produce propylene by reacting
et hyl ene obtained by the above facility for the production of ol efins by
thermal is deconposition of naphtha, with a gas containing nethanol and/or
di ret hyl ether and to use water fornmed as a by- product, as a

steam generating source in the thermal deconposition of naphtha. It is

t hereby possible to reduce the cost for steamin the thermal deconposition
of 20 naphtha at the tine of producing olefins by the thernal deconposition
of naphtha. As nentioned above, the heat deconposition furnace in the

process for ther felrtdRGONMRESIdHHhedf iabhithidon &Pays IR msndi shddit i ng
gas for naphtha, but a part 25 of the recovered water is required to be

di sposed at Ehentt ef8 frobanéseembutinke broderedithg Aeparn: thenaprid@at i on
conditions of the heat deconposition furnace, water may 14 he deficient.

Wher eas, at wherkttlnetbk popddciargiopr ety ltére piiopanet-mdmend randdirinianol
and/ or di net hyl ether, 1 nol of water will be produced as a by-product
per nol e of nethadotocand/ ethdneetreyiovenigeicolameh by esuctotS twattdre f orned as a
by-product, it is possible to supplement water corresponding to the anpunt
defi ci ents i nmethenstgemoyangr goilmgnsouiseth®utohefrartips pbsshble to
utilize, for exanple, a part of water. forned as a by-product at the tine of
10 produci ngbpPpppeeemoydng deluming aggeml eher agchyedy lanet vi ages
conprising nethanol and/or dinmethyl ether in the reaction for producing
propyl ene an@reocapspingd. upnd 18t PoFaset OGS ety lagaiinlians tife remai ni ng
water to the stean}%gnerating apparatus i.n the thernal
contained in a large amount, it may be passed through the
hydrogenation reactor in the same manner as mentioned
10 above and then may be led to the ethane-removing column.
Further, in a case where the methylacetylene content is
small, it may be led to the ethane-removing column
without passing it through the hydrogenation reactor,
whereupon acetylene in methane, hydrogen and an
15 ethane/ethylene mixture as the top fraction of the
ethane-removing column may be passed through the
hydrogenation reactor and converted to ethane/ethylene.
The top fraction of the ethane-removing column may be
passed through a hydrogen separator following the
20 hydrogenation reactor installed as the case requires and
then may be sent to the methane-removing column, and at
the same time, the bottom fraction will be sent to a
propylene fractionating column. In the methane-removing
column, methane as the top fraction will be recovered,
25 and at the same time, ethane/ethylene as the bottom

fraction will be led to an ethylene fractionating column.

In the propylene fractionating column, propylene product



15 deconposition of naphtha. Further, a part of water recovered from steam
enployed for the thermal deconposition of naphtha may be utilized as a
diluting agent for ethylene and a gas conprising nmethanol and/or dinethyl
ether in the reaction of ethylene with nethanol 20 and/or dinethyl ether.
Here, ethylene obtained by a facility for the production of olefins by

t hermal deconposition of naphtha is nmeant to include not only ethyl ene
obtained via an ethylene fractionating copdum in the above front end 25
met hane-r enovi ng process, front end propane-renoving process and front end

et hane-renovi BgrBEEGEEEd B¥bmatse s3BeChRARBLELBYLARE Bndl Wie t3fd Qame
converting acetylene in 15 an ethane/ethylene m xture as the top fraction

of the ethaggmeenp¥bpaneohdmihenbbRecabgvactiont wand met hakecllmy ng
process to ethane/ethyl ene by a hydrogenation reactor, an ethane/ethyl ene

m xture as tbhet @pcbhpebieiioh 6hirhheeet hanethensvhiileno! Bfact iohheiagove
front end propane renoving process, the m xture containing ethylene after
converting acellwhmaneethyllbaenptrbanet kyidilopen raadveeickdateoat Heernd da xt ure
as the top fraction of the ethane-renoving colum in the above nmentioned
anot her 10 vefi dheonodtimhheahdoat ¢heé propatemeenmethageprasceds fottom

et hane/ et hyl ene by a hydrogenation reactor as the case requires, and the

m xture cont karhgost Wylénbeateeyclednter thregdacemposid liome [fvdedden t he

met hane, hydrogen and et hane/ethylene m xture as the top fraction of the is

et hane-renovi ng EYEGREYI n ashEtdBdvanater aedhechare fyasypEngy process to

et hane/ et hyl ene by a hydrogenation reactor. Further, the m xture contai ning
ethyl ene in gghane-removing process 1s also available wherein the

decomposition product after passing through the drying
10 section as mentioned above, is led to an ethane-removing
column.

In the present invention, it is preferred to produce
propylene by reacting ethylene obtained by the above
facility for the production of olefins by thermal

15 decomposition of naphtha, with a gas containing methanol
and/or dimethyl ether and to use water formed as a by-
product, as a steam-generating source in the thermal
decomposition of naphtha. It is thereby possible to
reduce the cost for steam in the thermal decomposition of

20 naphtha at the time of producing olefins by the thermal
decomposition of naphtha.

As mentioned above, the heat decomposgsition furnace
in the process for thermal decomposition of naphtha
employs water as a diluting gas for naphtha, but a part

25 of the recovered water is required to be disposed at the
time of re-use. Further, depending upon the operation

conditions of the heat decomposition furnace, water may



above nentioned another variation of the front end propane-renoving process
and the above nentioned front 20 end et hane-renoving process nay al so be one
having at |east a part of hydrogen and/or ethane contained in such a

m xture is separated as the case requires. Anong them it is preferred to
enpl oy an ethane/ ethyl ene m xed gas obtainable fromthe top 25 fraction of
t he above et hane-renoving colum as the ethylene obtained by a facility for
the production of olefins by thermal decpgrposition of naphtha. It is 16

t hereby possible to reduce the load in the ethylene fractionating columm as

conpared w theade@seivhere weéhyheneapr epect iheceyepedaficeayt he side of the
ethylene fractionating columm is used as a raw material ethylene 5 to be
reacted w t hppephaeak @mdmoettiylenkykhnet hethafibl Ghe/SaMelitathylet hane
contained in an amount of from about 10 to 20% in the ethane/ethyl ene m xed
gas will fuatheen asmalcafr waternwtifid beaptriodmoeid lasmet kanr@rodared/ or

di met hyl ether, whereby it will be unnecessary to 10 supply a carrier

subst ance frperompdedef mmtthahelr eact/icondiskthlyd ethnglronend tdy metdhanol

and/ or dinmethyl ether can be carried out very efficiently. Here, the

et hane/ etthyl waseni fedmgds agbrabyabredictém ithé st peskhikds & of the

et hane-renoving colum is nmeant is for one after converting acetylene in

t he et hane/ eEHPP&RBCHLX WaEETa§ Crpe SPeRfingc ttico i hien ameandb Ged ifqiemt any

met hane-renovi ng process to ethane/ethylene by a hydrogenation reactor, for
et hane/ et hy| ER€ §6SPRcIEBFTLARGt SONTCR -t he above front end propane-renoving

rocess, 20 for qne after .convertin cetyl ene .i.n the nethane,
P Further, it QS posé%gie o utilize, for example, a

part of water formed as a by-product at the time of

10 producing propylene, as a diluting agent for ethylene and
a gas comprising methanol and/or dimethyl ether in the
reaction for producing propylene and to adopt a
utilization method of e.g. supplying the remaining water
to the steam-generating apparatus in the thermal

15 decomposition of naphtha. Further, a part of water
recovered from steam employed for the thermal
decomposition of naphtha may be utilized as a diluting
agent for ethylene and a gas comprising methanol and/or
dimethyl ether in the reaction of ethylene with methanol

20 and/or dimethyl ether.

Here, ethylene obtained by a facility for the
production of olefins by thermal decomposition of naphtha
is meant to include not only ethylene obtained via an
ethylene fractionating column in the above front end

25 methane-removing process, front end propane-removing
process and front end ethane-removing process, but also

an ethane/ethylene mixture after converting acetylene in



hydrogen and et hane/ ethyl ene mixture as the top fraction in the above
mentioned another variation in the front end propane-renoving process, to
et hane/ et hyl ene by a hydrogenation reactor as the case requires, or for one
25 after converting acetylene included in the nmethane, hydrogen and
et hane/ et hyl ene m xture as the top fraction in the above front end
et hane-renovi ng process to 17 ethane/ eth¥bene by a hydrogenati on reactor.
Further, in the case of the m xture containing ethylene in the above
ment i oned anetrherthsard /atilgnl eafe tmhiskt Yreonts ertte prapahsceiovi of) iocess and
in the above 5 nentioned front end ethane-renoving process, at least a part
of hydrogen a&tdiagre meamvariane omlaimedin thehebive UFrontegndenselpanat ed as t he
case requires. For exanple, in order to separate at |east a part of nethane
after separ atieFiPVEMhRISIREE & mahmge Mmihwenehy ondydregenatiam it is
wi thdrawn fromthe side of the pethane-renpving colum in such a process.
Here, at the B93fFBh AppibansFHY I migthe a7 e neer, TRCTERi ng a
part of nethane, it is possible not anly to reduce the |oad in _the
et hyl ene Pra&l Jiist it TR HAPAS MBS HhFe [RROVS SFRE 19 educe the
| oad in the nethane-renoving columm. At the Sane tinme, not onl%:wﬁ hane but
al so met hane PEERRS AT Th P TRG65 Y iy IBHE 1 S etPER W 1Y ¢ % as a
carrier in tk}:1 1:reactc; q’rélyg.th rgateqiarioel ean.d/QCr edier%%h | .ether éand i1l thus
help to effi AWt y THTy I8 6t ehe teadt i9YiF Jt ?‘fi/l‘?’enléy 9" et hanol
and/ or di rretﬁh: I her, 1"%{-@5&_5 Jore oduct.i on of ¢l oyer ol efins
from nethano >ﬁé—iﬁ%//}(ger hc}f (réer{ y % eef S ﬁé]etcpé &t £ J)
ethane-removing column in the above mentioned another
10 variation of the front end propane-removing process to
ethane/ethylene by a hydrogenation reactor as the case
requires, and the mixture containing ethylene after
converting acetylene included in the methane, hydrogen
and ethane/ethylene mixture as the top fraction of the
15 ethane-removing column in the above front end ethane-
removing process to ethane/ethylene by a hydrogenation
reactor. Further, the mixture containing ethylene in the
above mentioned another variation of the front end
propane-removing process and the above mentioned front
20 end ethane-removing process may also be one having at
least a part of hydrogen and/or ethane contained in such
a mixture is separated as the case requires.
Among them, it is preferred to employ an
ethane/ethylene mixed gas obtainable from the top
25 fraction of the above ethane-removing column as the

ethylene obtained by a facility for the production of

olefins by thermal decomposition of naphtha. It is



A process for the production of |ower olefins from 25 nethanol and/or
dinmethyl ether is a conventional process known by e.g. the above Patent
Docunents 1 to 4, and it is, for exanple, one to produce |ower olefins such
as 18 ethylene, propylene, butylene, etc., by reacting nethanol and/or

di rethyl ether at a tenperature of from200 to 6000C under a pressure of
from1l0 to 600 kPa in the presence of a solid acid catalyst or the like, if
5 necessary, in the presence of water. Here, the ratio of nethanol and/or
dimrethyl ether to water is preferably 1.0 to 2. The solid acid catal yst as

the catal yst therelsf @oallibla Hd ireRrcEOHIR NidkH GHMUN G thyldhe
silicon-containing conpound nmay, for exanple, be ID silicon dioxide, but is
mor e pref er alfinaca ichyustiald iced unal WE Residdeat e th etaddeosildeate or a
crystalline alum num phosphate, particularly preferably a zeolite.

Further, theetaiyiens predus tprefcevaed firmm 300 tnl G theaand: HyFlberps essur e
is preferably from20 kPa to 1 MPa. is And, for exanple, nethanol and/or

di net hyl et Heradtd oneddotedalnder itsheisssb\ess deserw etk exoiredl tétdmslerand t he
reaction gas is cooled, partially condensed and separated into three phases
by a sepa$at ¢1©. bEheeacadd guiitdr preadeancdommnd/simglimeiierl feftthgr acidds and
aromatic conpounds is 20 taken out, and the rest being an aqueous phase and
a gas phase thes spmehddmgi t Iebhane qonta igeshiify amblamaintamt fF5/m its top, a
gas m xture containing C2-C4 olefins is taken out and separated into C2, C3
and C4 by a RHGWRY et AGU 20% M SREd SRR/ TERE S ticesbtgas Bthy i ene
product, 25 opyl.ene product and hutyl ene product on.the qther. hand, from
t he bottom ?N#&&é’@u?spﬁasc@rfdﬁraiw ﬁ:&le repactlon with methanol

and/or dimethyl ether, whereby it will be unnecessary to
10 supply a carrier substance from outside, and the reaction
of the ethylene with methanol and/or dimethyl ether can
be carried out very efficiently.
Here, the ethane/ethylene mixed gas obtainable from
the top fraction of the ethane-removing column is meant
15 for one after converting acetylene in the ethane/ethylene
mixture as the top fraction in the above front end
methane-removing process to ethane/ethylene by a
hydrogenation reactor, for ethane/ethylene as the top
fraction in the above front end propane-removing process,
20 for one after converting acetylene in the methane,
hydrogen and ethane/ethylene mixture as the top fraction
in the above mentioned another variation in the front end
propane-removing process, to ethane/ethylene by a
hydrogenation reactor as the case requires, or for one
25 after converting acetylene included in the methane,
hydrogen and ethane/ethylene mixture as the top fraction

in the above front end ethane-removing process to



unreact ed net hanol and di nethyl ether as an unreacted and 19 internediate
product, is taken out, and fromthe aqueous phase, nethanol and di nethyl
ether are separated and recycled to the reactor, while water is renoved. As
tthe separation/purification systemfor the gas 5 m xture containing C2_C4
olefins, for exanple, the gas mxture is passed through sequentially in the
order of e.g. an ethylene/ethane-renoving columm, a nethanol- renoving
colum, a propyl ene/ propane-renovi ng col ugm and a butyl ene/ but ane-renovi ng
columm, and the 10 ethyl ene/ethane m xture as the top fraction of the

et hyl ene/ et hakh@nkg@R%yN1@neOlyM hydridgctREasifmeactdidj ected to such
treatnent that acetylene in the mxture is converted to ethylene/etharie

by a hydrogenati gurtmeact dn tHeradde o meitttursedortta B ed hyl ene 15
fractionating colum via a nethanol -renoving colum, and at the same tine,
t he bottom f eatlilemel 9n ethet @abavepmepyt ieme/d raapartiea- narmdtigrc @firhe and t he
propyl ene/ propane m xture as the top fraction of the

propyl ene/ pr dpané- raaD pnogate!-umemoving fprmeeess ang 120 tdubjadeiwed t o such
treatnment that nethylacetylene and propadiene in the m xture are converted
t o propyl enemepitdpaed fyonthpeadogéha@miconremeating privEss t ke Idadgturae is sent
to a propylene fractionating colum, and at the sane tine, the bottom
fraction is bpedtt @fahysiriegen emnd/ruteidanc mertagnast dm then migcuney| ene
fractionating colum, ethylene product is recovered from the_top of the

col um, and Bgiake iSePsEFacs éF hemaase XFIWdiaom 8Pt BEaBBL&m 10Fur t her

in the propyl ene
P pyorlgier to separate at least a part of methane after

separation of hydrogen, a method may be mentioned wherein
10 it is withdrawn from the side of the methane-removing
column in such a process. Here, at the time of
separating at least a part of methane, by leaving a part
of methane, it is possible not only to reduce the load in
the ethylene fractionating column as mentioned above but
15 also to reduce the load in the methane-removing column.
At the same time, not only ethane but also methane
contained in the ethane/ethylene mixed gas will function
as a carrier in the reaction with methanol and/or
dimethyl ether and will thus help to efficiently carry
20 out the reaction of ethylene with methanol and/or
dimethyl ether.
(ii) Process for the production of lower olefins from
methanol and/or dimethyl ether
A process for the production of lower olefins from
25 methanol and/or dimethyl ether is a conventional process
known by e.g. the above Patent Documents 1 to 4, and it

is, for example, one to produce lower olefins such as



fractionating colum, propylene product is recovered from the top of the
colum, and propane is separated fromthe bottomof the colum. 5 Here,

et hyl ene obtained fromthe above nentioned facility for the production of
I'ower ol efins from nethanol and/or dinmethyl ether may, for exanple, be not
only ethyl ene product recovered fromthe top of the ethylene fractionating
colum by subjecting an 10 et hyl ene/ ethane m xture as the top fraction of
the ethyl ene/ethane-renmoving columm to sugh treatnent that acetylene in
the m xture is converted to ethyl ene/ ethane by a hydrogenation reactor, as

the case reqethg3caed phepylserdi muthllehe ! ke et hyeneddaald QRAH b c0l UM
via a 15 net hanol -renovi ng col um, but al so an ethylene/ethane m xture as

the top fractnhadfoef dtlhléteﬁyfly|eQ&h%/reTaftalaeteﬁ1©léﬁ\dtﬁg:eCQJﬂHﬂronOr2 dheo

et hyl ene/ et hane m xture after converting acetylene in the mxture to

et hyl ene/ et hane°dbyundée hydregeaati ofi feaat b0, tasébbekpaseénr epei res. 20
(iii1) Facility for the production of ethylene by steam cracking of ethane
St eam cr acki pgeskneehatie ai sod ideactiidocanadrysitn car  tiextlurkee ,ofi fal kanes
containing mainly ethane is dehydrogenated, for exanple, at from500 to
9000C under 2&cgsshayst iat whspbacisengeesfum@terher eby mainly al kanes and
partially dienes or alkynes, are obtainable. As_a separation/purification
system for the oBicdienedheea@tiion ofl merbanale andfordmg vy eBhey o
fraction heavier than C3 is separated in a front_end type ethane-renoving
col um, andWétﬁydﬂéchﬁéﬁrﬁPQﬂUﬂe0|§‘¥ébov$PGdSPﬂéﬁ1PﬁédtSﬁtéﬂYSFhéScolunn.

Then, acetylene in the mxture is r
y ﬁe catalyst ﬁs prefer %qg a silicon-containing compound.

The silicon-containing compound may, for example, be

10 silicon dioxide, but is more preferably a crystalline
aluminosilicate, a metallosilicate or a crystalline
aluminum phosphate, particularly preferably a zeolite.
Further, the temperature is preferably from 300 to 600°C,
and the pressure is preferably from 20 kPa to 1 MPa.

15 And, for example, methanol and/or dimethyl ether is
reacted under the above described conditions, and the
reaction gas is cooled, partially condensed and separated
into three phases by a separator. Then, a liquid phase
comprising higher fatty acids and aromatic compounds is

20 taken out, and the rest being an aqueous phase and a gas
phase, is washed with water in a washing column, and from
its top, a gas mixture containing C,-C, olefins is taken
out and separated into C;, C; and C; by a known method,
followed by purification to obtain ethylene product,

25 propylene product and butylene product. On the other
hand, from the bottom, an agueous phase containing

unreacted methanol and dimethyl ether as an unreacted and



5 and converted to ethyl ene/ ethane by a hydrogenation reactor, as the case
requtres. Thereafter, the mxture 1is sent to an ethylene fractionating
colum via a nethane-renoving colum, and ethylene is recovered from the
ttop of the colum. Here, ethylene obtained by the 10 facility for the
production of ethylene by steamcracking of ethane to be used for the
reaction of the present invention may be not only ethyl ene product
recovered from the ethylene fractionatingocolum, but also an

et hyl ene/ et hane/ met hane/ hydrogen m xture as the top 15 fraction of the

met hane-r enoyhhgreeliele Piodukickt Wise takkihtloutybjseet ifidn Re1eC Aldibdop

m xture of the front end ethane-renoving colum to such treatnent that
acetyl ene i phtbe, nmethaaocls andnddnieethytlo eehiey ane/ eldpanadad and

hydr ogenati on reactor as the case requires. 20 (I)-b METHANOL AND DI METHYL
ETHER The pr odogriled Soutbesrkectwet, hahdlleame téinmetshyremovetcher as raw
materials are not particularly limted and may, for exanple, be coal or
natural gas. O, Aehegnmpa@@mmmm:eﬁm@mwwmrMM¢ aeg eacti on of
a mxed 25 gas of hydr ogen/ CO derived from a product in iron industry,
ones obt a¥ naBLEtB¥eacrpdpiping ﬁéa@t|Qﬁﬁﬁﬁnsaj%é#mﬁ%ﬁ@@#¢ve@h¢r%®$plants
ones obtai nable by a 22 fernentation nethod, or ones obtainable from
organi c sub§ﬂ§ﬁ8€§ éﬁcEa§§eﬁe§96P@@hpF§§PF@§1@ﬁ1&?Héh‘#%%f%%9e§Aﬁﬁhg them a
met hod of obtainin bove t hanol and di net hyl ether by a
hydrogenatioﬁ'Beaégi ¥reneqek €5 LGES VA ShyGt /G M hﬁFEﬂerred (2)

CATALYST The cataI%st t be used in Ehe present inventi,on
remov column, a propylene/propane-removing column and

a butylene/butane-removing column, and the

10 ethylene/ethane mixture as the top fraction of the
ethylene/ethane-removing column is, if necessary,
subjected to such treatment that acetylene in the mixture
is converted to ethylene/ethane by a hydrogenation
reactor. Then, the mixture is sent to an ethylene

15 fractionating column via a methanol-removing column, and
at the same time, the bottom fraction is led to a
propylene/propane-removing column, and the
propylene/propane mixture as the top fraction of the
propylene/propane-removing column is, if necessary,

20 subjected to such treatment that methylacetylene and
propadiene in the mixture are converted to
propylene/propane by a hydrogenation reactor. Then, the
mixture is sent to a propylene fractionating column, and
at the same time, the bottom fraction is led to a

25 butylene/butane-removing column. In the ethylene
fractionating column, ethylene product is recovered from

the top of the column, and ethane is separated from the



not particularly limted so long as it is a solid one having Bronsted acid
sites. For exanple, a known 10 catal yst may optionally be used such as a
solid acid catalyst of e.g. a clay mneral such as kaolin; one having an
acid such as sulfuric acid or phosphoric acid inpregnated or supported on a
carrier of e.g. clay mneral; an acid type ion exchange resin; an alum num
15 phosphate; a nesoporous silica alum na such as Al - MCMA1, a zeolite; or
a lanellar zeolite such as ITQ 2. As the2golid acid catalyst, one having a
| arge surface area is preferred, and one having many acid sites is
preferred. ThettdmTogpetief icolamif.acEuatrarpf ia 2Reppebpiyabhy enpl oyed solid
acid catalyst is usually at |east 100 M2/ g, preferably at |east 200 M/ g,
nore preferé@bhytdbnaedsny 300 un/,g pahylend [proatudtosits ke@dredd ¢ rom
preferably at nost 800 M2/g, nore preferably at nost 700 n2/g. Further, the
pore vol une tbeusopl bf &he2Sdleast, GNEl rovpgneprief erealdnatatd |feamt thed5 cc/ g,
nore preferably at least 0.1 cc/g and usually at nost 0.8 <cc/g, preferably
at nost 0.6 botgomnofe tpreefcodaing at 23 nost 0.5 cc/g. Anong such solid
acid catalysts, one with acid strength being not so high is preferred. For
exanpl e, 5 nesopoHie¥e sigtihvdensesitadingd |faam |tde AkIve anenfiiPred 5

mentioned. (i) ZEOLITE The structure of the zeolite may, for exanple, be,
as represent E8CBy ithe fogdédes Prpdustd®@m il dsiatatqiafdns Z&am t e Associ ati on

| ZA), AEl, AET., AEL, AFl, AFQ AFS, 10 AST, ATN, BEA, CAN, %HA, DDR, EMI
ERI )EUO FABethERo and/or &?methyl egﬁer may, for example, be not

only ethylene product recovered from the top of the
ethylene fractionating column by subjecting an

10 ethylene/ethane mixture as the top fraction of the
ethylene/ethane-removing column to such treatment that
acetylene in the mixture is converted to ethylene/ethane
by a hydrogenation reactor, as the case requires and then
sending it to the ethylene fractionating column via a

15 methanol-removing column, but also an ethylene/ethane
mixture as the top fraction of the ethylene/ethane-
removing column, or the ethylene/ethane mixture after
converting acetylene in the mixture to ethylene/ethane by
the hydrogenation reactor, as the case requires.

20 (iii) Facility for the production of ethylene by steam
cracking of ethane

Steam cracking of ethane is a reaction wherein a

mixture of alkanes containing mainly ethane is
dehydrogenated, for example, at from 500 to 900°C under

25 at least atmospheric pressure, whereby mainly alkanes and
partially dienes or alkynes, are obtainable. As a

separation/purification system for the obtained reaction



LEV, LTL, MAZ, MEL, M, MOR, MIT, MW MW OFF, PAU, RHO, STT, TON, etc.
Anmony them one having m cropores having a pore dianeter of from3 to 9 A
is preferred. is Anong zeolites, a crystalline porous silicate or a

crystal line porous al um nophosphate is preferred, and a crystalline porous
silicate nodified with a netal elenent of Goup 1 to 14 of the Periodic
Tabl e other than silicon and alum num el enents, or a crystalline porous 20
al um nophosphate simlarly nodified is nope preferred. (i)-a CRYSTALLINE
POROUS SI LI CATE The crystalline porous silicate nmay, for exanple, be a

crystalline pax@usesSi |ficiateXkanlWl MOSHdtiI6AtL, fradc iBH NARhesPhoshdh cad e,
borosilicate, alum noborosilicate 25 having a part of silicon el enents
substituted Hg arpaatadum el drnit &l dype EYSHTOtEn@F A ndo bl or a
boron elenent, or a netal silicate having a part of 24 silicon elenents
substitut ed bydarothyelrocdaaiient miAtong idemcavextdd daten tde atapnobsi | i cat e,
an al um nophosphosilicate, a crystalline alumnosilicate substituted by an
al um nobor osithiecatod,umyy. t beaf t aces ydenei dnedheodiifkited ec s tramavesl por ous
silicate, is preferred. Further, the alumnosilicate is preferably one
havi ng a Bol and sonyesites) &g Atiod ans fafhangdry tehdry diGeg et Bon uct ure of
such a crystalline porous silicate 10 may, for exanple, be, as represented
by the codes fFe@CtRao| iafedhst iIRARAHI B 951t eFhgreeddierZehiet @1AL36E ati on
(1zZzA), AEl, AET, AEl, AFl, AFO_ AFS, AST, ATN, BEA, CAN, CHA, DDR, EM

ERI, EUO, FAWS FE@F Egvgq;ﬂghﬁ@gae|ﬁg§ctlonat1ng column via a

methane-removing column, and ethylene is recovered from
the top of the column. Here, ethylene obtained by the

10 facility for the production of ethylene by steam cracking
of ethane to be used for the reaction of the present
invention may be not only ethylene product recovered from
the ethylene fractionating column, but also an
ethylene/ethane/methane/hydrogen mixture as the top

15 fraction of the methane-removing column, or a mixture
after subjecting the column top mixture of the front end
ethane-removing column to such treatment that acetylene
in the mixture is converted to ethylene/ethane by a
hydrogenation reactor as the case requires.

20 (1) -b METHANOL AND DIMETHYL ETHER

The production sources for methanol and dimethyl

ether as raw materials are not particularly limited and
may, for example, be coal or natural gas. Or, they may
be ones obtainable by a hydrogenation reaction of a mixed

25 gas of hydrogen/CO derived from a by-product in iron
industry, ones obtainable by a modifying reaction of

alcohols derived from plants, ones obtainable by a



MFI, MOR, MIT, MTW MMV OFF, PAU, RHO, STT, TON, etc. 15 And AFl, BEA, CAN,
CHA, * DDR, EMI, ERI, EUO, FAU, FER, LEV, LTL, MAZ, MEL, M, MOR, MIT, MIW
MAW OFF, PAU, RHO, STT and TON are preferred. Specifically, SSz-24, etc.
having a AFl structure, R etc. having a BEA structure, Cancrinite, etc.
having a CAN structure, 20 Chabazite, SSZ-13, etc. having a CHA structure,
sigma-1, etc. having a DDR structure, EMC-2, etc. having a EMI structure,
Erionite, etc. having an ERl structure, Ekp1l, etc. having an EUO structure,
USY, etc. having a FAU structure, Ferrierite, ZSMB5, etc. having a FER 25

structure, Lewrhent@tGonNaeithdd Y oHdsiEdHAndblley) Bonf @ddiic et c. having
a LTL structure, Mazzite, etc. having a MAZ structure, ZSMb, etc. having a

MFI 25 struglbic@ anéSMlbuctl s Ravhidd el MalasHlildéCtdy eurddy demdes . etc.
having a MOR structure, ZSM23, etc. having a MIT structure, ZSML2, etc.

having a MIW st r ugidiie, tdal\P 2 metticd JR\Gbth ih MV iHe Widare  méEHdtdl t e,

etc. having an 5 OFF structure, ECR18, etc. having a PAU structure, Rho,

etc. havi ng anBHQistethgtlurceheISHR3a étyelrdagriatg cn SERctSiarucifure ,miaretl ZSM22,
etc. having a TON structure, may be nentioned. Anong them preferred are
ones havi fig gasABf hydrogem/€0 d sBpkefteruwtdure, a CHA structure and a MFI 10
structure, and particularly preferred are ones having a BEA structure and a
MFl structurd2)SEAGRALYER |y, R and ZSMS may, for exanple, be mentioned.

They may be various commercial products., Oherw se, those synthesized by a
known net hod di sdsseRtFlast $xkampiaed (i "the igyesprdy nihesieon FRolitic

Material s" (2nd Revised Edition 2001 El sevier) published hy |ZA may
not particularly limited so long as it is a solid one

having Bronsted acid sites. For example, a known

10 catalyst may optionally be used such as a solid acid
catalyst of e.g. a clay mineral such as kaolin; one
having an acid such as sulfuric acid or phosphoric acid
impregnated or supported on a carrier of e.g. clay
mineral; an acid type ion exchange resin; an aluminum

15 phosphate; a mesoporous silica alumina such as A1-MCM41;
a zeolite; or a lamellar zeolite such as ITQ-2.

As the solid acid catalyst, one having a large

surface area is preferred, and one having many acid sites
is preferred. The BET specific surface area of a

20 preferably employed solid acid catalyst is usually at
least 100 m®/g, preferably at least 200 m?’/g, more
preferably at least 300 m®/g and usually at most 1,000
m?/g, preferably at most 800 m?/g, more preferably at
most 700 m?/g. Further, the pore volume is usually at

25 least 0.01 cc/g, preferably at least 0.05 cc/g, more
preferably at least 0.1 cc/g and usually at most 0.8

cc/g, preferably at most 0.6 cc/g, more preferably at



be enpl oyed. Further, anong the above crystalline porous silicates, a
crystalline porous alum nosilicate having an 20 alum num el enent may be one
wherein a part of alum num atons constituting the crystalline porous
silicate containing an alum numelenent is subjected to renoval of

alum num by e.g. steamng or acid treatnent to have a high silica/alumna
ratio. It is particularly preferably 25 one having a nolar ratio of

Si 2/ Al 203 being at least 30, nore prefepgbly at |east 50, further
preferably at |east 100, particularly preferably at | east 200. On the other
26 hand, aspls¢ WRBeld/gnt, the Si02/A 203 molar ratio is wusually at nost
1,000, nore preferably at nost 750, particularly preferably at nost 500.

Wth ZSWb, etc., andiy AudondETid Cadh decadi 1sdies, nohe ol yh bycide above 5
nmet hod but also by controlling the Al anmbunt at the time of its synthesis.

The crystal | iseeetlgth mesing erite dcs HirgH eirsalne fanerediavireg axBmplepeci fic
surface area of from200 M/g to 700 M /g and a pore volunme of fromO.1
cc/g to 0.5 oesgporthis( igi-lb daRYZRAILINNE FXORGE 1AlIM 2PHASPHWERE bd he
crystalline porous al um nophosphate nay be one having al um num el enents and
phosphor us ehemsdioniedconstituting it are partly substituted by silicon

el enents and/or boron elenents, such as a crystalline 15 porous

al um nophospHat e ZESILITEal uni nophosphat e or  bor oal uni nophosphate, and it
may further be one substituted by other netal atons or the after-nentioned
nodi fi ed crystal IThfe SFoTEIES RF Mdphosehbles Mahe 5P¥ ueXafelef Bech

crystalline porous . .
as represented by the codes stipulated by International

Zeolite Association (IZA), AEI, AET, AEL, AFI, AFO, AFS,

10 AST, ATN, BEA, CAN, CHA, DDR, EMT, ERI, EUO, FAU, FER,
LEV, LTL, MAZ, MEL, MFI, MOR, MTT, MTW, MWW, OFF, PAU,
RHO, STT, TON, etc.

Among them, one having micropores having a pore
diameter of from 3 to 9 A is preferred.

15 Among zeolites, a crystalline porous silicate or a
crystalline porous aluminophosphate is preferred, and a
crystalline porous silicate modified with a metal element
of Group 1 to 14 of the Periodic Table other than silicon
and aluminum elements, or a crystalline porous

20 aluminophosphate similarly modified is more preferred.

(i) -a CRYSTALLINE POROUS SILICATE

The crystalline porous silicate may, for example, be
a crystalline porous silicate, aluminosilicate,
aluminophosphosilicate, borosilicate, aluminoborosilicate

25 having a part of silicon elements substituted by an
aluminum element and/or a phosphorus element and/or a

boron element, or a metal silicate having a part of



20 al um nophosphates may, for exanple, be, as represented by codes for
zeolites stipulated by the above nentioned | ZA AEl , AEL, AFI, AFO AST,
CHA, ERI or FAU. Preferred is CHA. The above crystalline porous

al um nophosphate is 25 preferably a crystalline porous

si | i coal um nophosphate. Specifically, SAP018, etc. having an AEl structure,
SAPCS, etc. having an AFl structure, SAP041, etc. having 27 an AFO
structure, SAPOll, etc. having an AEL straxgcture, SAPOL6, etc. having an AST
structure, SAPQ34, SAPO44, etc. having a CHA structure, SAPOL7, etc. having

an ERl  strugfii€oRre BARERYs StbstDeMt8d ByFAkbBheUCLUERCHRY bgm§n§ent|oned
Preferred is one having a CHA structure, and particularly preferred is

SAP(B4. Theyhemy ResvaitQue, canmelahahopidduats, en it is possible to use
ones synt hesi zed by a known method di scl osed in e.g. "Verified Synthesis of
Zeolitic 10 dmeinapbdspRodi Revased &dcryshalldheEhtemiavgipdkhitehed by the
above |1 ZA. MODI FI ED SCLI D ACI D CATALYST Anong solid acid catalysts in the
present invesubonitutéd hpose akuninokedrosydfiabteneopotbasaskkeircate and the
15 above nentioned crystalline porous al um nophosphate are preferably ones
nmodi fi ed 5wi thempi@hed| vaahf sedf cystipslinet porguef sihacrReei odisc Tabl e ot her
than the silicon and alum numelenents. The netal elenments of Goups 1 to
14 of the Pep¥obftredo Bt hdiha maminosilieae abe Rteferipd €l enent s,
to be wused for nodifying the crystalline 8orous S|I|cate and the
crystalline %%?o@%vbPﬁn?n%%%%EpﬁéFéolﬁftﬁé piAkdnt being larger than

10.
The structure of such a crystalline porous silicate

10 may, for example, be, as represented by the codes for
zeolites stipulated by International Zeolite Association
(I1ZA), AEI, AET, AEl, AFI, AFO, AFS, AST, ATN, BEA, CAN,
CHA, DDR, EMT, ERI, EUO, FAU, FER, LEV, LTL, MAZ, MEL,
MFI, MOR, MTT, MTW, MWW, OFF, PAU, RHO, STT, TON, etc.

15 And AFI, BEA, CAN, CHA, DDR, EMT, ERI, EUO, FAU, FER,
LEV, LTL, MAZ, MEL, MFI, MOR, MTT, MTW, MWW, OFF, PAU,
RHO, STT and TON are preferred. Specifically, SSZ-24,
etc. having a AFI structure, B, etc. having a BEA
structure, Cancrinite, etc. having a CAN structure,

20 Chabazite, SS8Z-13, etc. having a CHA structure, sigma-1,
etc. having a DDR structure, EMC-2, etc. having a EMT
structure, Erionite, etc. having an ERI structure, EU-1,
etc. having an EUO structure, USY, etc. having a FAU
structure, Ferrierite, ZSM35, etc. having a FER

25 structure, Levyne, etc. having a LEV structure, L-type
zeolite, etc. having a LTL structure, Mazzite, etc.

having a MAZ structure, ZSM5, etc. having a MFI



invention, are preferably netal elenments of Goups 1 to 4 and Goups 7 to
13. Anong the netal elenents of Goups 1 25 to 4, netal elenents of Goups 1
to 3 are preferred, and netal elenents of Goups 1 and 2 are nore
preferred. Further, anong the netal elenents of Goups 7 to 13, 28 netal

el ements of Goup 7 are preferred. Further, anong the netal el enents of
Goups 1 to 14 of the Periodic Table, with respect to Goups 1 and 2,

nmetal elenents in the third to fifth peripds of the 5 Periodic Table are
preferred, netal elenents in the fourth and fifth periods are nore
preferred, ardreitalre,elzsynt,s dut .t haviolw th MEI | othwrteapay tNerdetl e,
preferred. Further, with respect to Goups 3 to 14, netal elenents 1in the
fourth and fieftich peniogs d MOGRestRerdtodiec, THM23 aretd0 horeimy redITRANd net al
elenments in the fourth period are nore preferred. Specific exanples of such
preferred netauctleeentZsSMiey, dtor. deanpie,a MIWNst1GeRre, GCMAL, Ca, Sr,
Ba, Sc, Y, lanthancid elenents, M and Ni. Anong them netal elenents to
nmodi fy a crysta.| e igg cudWib sfinyataiee, R tel et ofhayriupsan to 4,
specifically, Na, K Rb, Cs, My, Ca, Sr and Ba, are preferred, and Na,

K, My, Cas SPFIn®tBace ottt @lied havlimtha PAL stiialiues enili®s to

nodi fy a crystalline porous__ al um nophosphate, netal elenents in Goups 7 to

13, 20 speci ftCal MRV RO shaiGreter rett23nEivh iR Whe @ piEf err ed.
Further, a zeglite of a siruy re represented by the above BEA, ERI, FAU,
VEL, R, MARRSH Gy S ARt 5] P (e e PATS 5 TS abl y
one modified 25 WilLf "Rh3hg®RERN p2ErE0U8 2.2 e REVied G
structure, a BEA structure, a CHA structure and a MFI
10 structure, and particularly preferred are ones having a
BEA structure and a MFI structure. Specifically, B and
ZSM5 may, for example, be mentioned.
They may be various commercial products. Otherwise,
those synthesized by a known method disclosed, for
15 example, in “Verified Syntheses Of Zeolitic Materials”
(2" Revised Edition 2001 Elsevier) published by IZA, may
be employed.
Further, among the above crystalline porous
silicates, a crystalline porous aluminosilicate having an
20 aluminum element may be one wherein a part of aluminum
atoms constituting the crystalline porous silicate
containing an aluminum element is subjected to removal of
aluminum by e.g. steaming or acid treatment to have a
high silica/alumina ratio. It is particularly preferably
25 one having a molar ratio of Si0,/Al,0; being at least 30,

more preferably at least 50, further preferably at least

100, particularly preferably at least 200. On the other



MODI FYI NG METHOD I n the present invention, as a nethod for nodifying 29 the
above crystalline porous silicate or the above «crystalline porous

al um nophosphate with the above netal elenments of Goups 1 to 14, it is
possi ble to enpl oy any one of (A) a method wherein the crystalline porous 5
silicate or the crystalline porous al um nophosphate is produced in the
presence of a conpound having the above netal elenment of Goups | to 14 of
the Periodic Table in the process for prpducing the crystalline porous
silicate or the crystalline porous alum nophosphate, (B) a nethod 10
wherein the gayst alds n& spepPes Jiinitat ey diltg /anys! aldide RIS s

al um nophosphate is treated with a conpound of the above netal el enent of
Goups 1 to 4uaflllyt ke Resitodi,©oDgbheyreandef areidiod af msstngzgy) and (B) in
conmbi nation. 15 As the conpound of the above netal element of Goups 1 to
14 of the Pephatiiculablly prefernaddd fadr nder 500di f Weahi @SM5a s&lct.,, oxi de or
hydr oxi de of the nmetal of Goups 1 to 14 of the Periodic Table is, for
exanpl e, enpheydd. cantend sant beardinstgahinetsanl ysdgh tdse @alX@veani trat e,
phosphate or chloride, or an organic salt such as a carboxylate such as an
acetate, or Zegdosobatte alwey by fcontadadiping tie dvplasyait Al tte tike a

met hod for producing the crystalline porous silicate or the crystalline
porous 25 al @f Aésh&ypr&esiisn the presence of a conpound of the above netal

el ement of Groups.1 to 14 qof the Periodic _ Table jn the process for
produci ng the Cr§@¥%ﬂqqxﬁ§ 8% &pminosilicate is preferably one

having a BET specific surface area of from 200 m?/g to
700 m*/g and a pore volume of from 0.1 cc/g to 0.5 cc/g.
10 (i) -b CRYSTALLINE PORQOUS ALUMINOPHOSPHATE
The crystalline porous aluminophosphate may be one
having aluminum elements and phosphorus elements
constituting it are partly substituted by silicon
elements and/or boron elements, such as a crystalline
15 porous aluminophosphate, silicoaluminophosphate or
boroaluminophosphate, and it may further be one
substituted by other metal atoms or the after-mentioned
modified crystalline porous aluminophosphate.
The structure of such crystalline porous
20 aluminophosphates may, for example, be, as represented by
codes for zeolites stipulated by the above mentioned IZA,
AEI, AEL, AFI, AFO, AST, CHA, ERI or FAU. Preferred is
CHA.
The above crystalline porous aluminophosphate is
25 preferably a crystalline porous silicoaluminophosphate.
Specifically, SAP0O18, etc. having an AEI structure,

SAPO5, etc. having an AFI structure, SAPO41, etc. having



silicate or the crystalline porous al um nophosphate according to the above
(A),*specifically, in accordance wth nethod disclosed, for exanple, in

JP- A-59-97S23 and JP-A-3-101628, the conpound of the netal elenent of 5
Goups 1 to 14 of the Periodic Table is permtted to be present in the raw
material for the production of the crystalline porous silicate or the
crystalline porous alum nophosphate to have the netal elenent introduced
into the crystal lattice thereby to obtaip7a crystalline 10 porous silicate
nodified with such a netal elenment, a so- called crystalline nmetal silicate

such as net abnsAFC atrguctii@iedl |spaloan nesid i epsiirf£ alre AEL structure,

nmet al | oal um nophosphosilicate, netaborosilicate or

met al | oal um solPonEsi leteat davima sy WETldime i US ARG 4] WBAFE®Phosphat e
simlarly nodified, a so-called crystalline netall oal um nophosphate such as
met al | oal um eaphodalvaing ameHi |saxiddtonsd UrGARANOS Etad € lmving an ERI

net al | obor oal um nophosphate. Further, as the nmethod for treating the above
20 crystalli s¢rpotoos S iSARO8 Tor dthe disorara ray RAAT |stvictporeousy be

al um nophosphate with a conpound of the above netal element of Goups 1 to
14 of thes Pemepdilontsabl ePraéesrdiingst enehbayboge a( BHA spatictiugsl | wnd he
following nmethod (B-1), (B-2) or (B-3) may, for exanple, be used. 25 (B-1):
The above cr Pafaiiciderdsr s isintechtie ARG - above crystal | ine porous

al um nophosphate _is subjected to ion exchange by peans of a, so| ution
contai ni ng the 3TNORBURE SR IRMSIFRENGRT 1F L REPRHELDf 2F otipsie to 14 of

the Periodic Tabl.% in accordance with.a usuac.l met hqg to introcguce t he net al
el ement of GPOEFSPLS FOLA%t Fife Synthesized by a known metho

disclosed in e.g. “Verified Synthesis of Zeolitic
10 Materials” (2™ Revised Edition 2001 Elsevier) published
by the above IZA.
MODIFIED SOLID ACID CATALYST
Among solid acid catalysts in the present invention,
the above mentioned crystalline porous silicate and the
15 above mentioned crystalline porous aluminophosphate are
preferably ones modified with metal elements of Groups 1
to 14 of the Periodic Table other than the silicon and
aluminum elements.
The metal elements of Groups 1 to 14 of the Periodic
20 Table other than the silicon and aluminum elements, to be
used for modifying the crystalline porous silicate and
the crystalline porous aluminophosphate in the present
invention, are preferably metal elements of Groups 1 to 4
and Groups 7 to 13. Among the metal elements of Groups 1
25 to 4, metal elements of Groups 1 to 3 are preferred, and
metal elements of Groups 1 and 2 are more preferred.

Further, among the metal elements of Groups 7 to 13,



Periodic Table into the crystal lattice thereby to obtain 5 a crystalline

porous silicate nodified with such a netal elenent, i.e. the above
mentioned crystalline netallosilicate, or a crystalline porous
al um nophosphat e | i kew se nodified i.e. the above nentioned crystalline

met al | oal um nophosphate. 10 (B-2): The above crystalline porous silicate or
the above crystalline porous alum nophosphate is surface- treated by e.g. a
di ppi ng nethod wherein it is dipped in a2solution containing the conpound
of the above netal elenent of Goups 1 to 14 of the Periodic Table in is

accordance Wmkltad é9éalntst bFdcrouy owedebyprdfldrraid.on and separation by
e.g. centrifugal separation, or by an inpregnation nethod wherein it is

i mersed in a solfutnthier ,cantaigivige e dorgleuechtaf dhesahgye netal 1€l enent
foll owed by evaporation of the solvent to dryness, 20 thereby to obtain a
crystal line pdraohe Pelicatie dablerystiahl imespeatous @noipwpheepha e,
nodified with the netal elenment of Goups 1 to 14 of the Periodic Table.
In such a casetatlhelsolengst ifiothehé&hdaiduttioof iddit siqrimgds tef ddpound of the
above netal element is not 25 particularly limted, but usually, water or
an al coho$ i Perdpgiicydablan@rmabsiefiernadef Mated. slamandys ithehsncentrati on
of the solution is usually at least.  0.01 32 w % and at_nost_the saturated
concent r at i ofOUrE REA diiFin Peredsd ana Moy endeedenned o avhdtet t he wat er
absorption of .the crystalline porous silicate or the crystalli neﬁgeorous

al uni nophospRAERENEG 1t the Foddt 8815 A% afp PGyt Lo b PIRAS @S hi gh
concentratiog, Whereby; hNe ML ¢ LBULERT e &) SNt Y il Qduced.
in the fourth and fifth periods in the Periodic Table are
10 preferred, and metal elements in the fourth period are
more preferred. Specific examples of such preferred
metal elements may, for example, be Na, K, Rb, Cs, Mg,
Ca, Sr, Ba, Sc, Y, lanthanoid elements, Mn and Ni. Among
them, metal elements to modify a crystalline porous
15 silicate, metal elements of Groups 1 to 4, specifically,
Na, K, Rb, Cs, Mg, Ca, Sr and Ba, are preferred, and Na,
K, Mg, Ca, Sr and Ba are more preferred. Further, as
metal elements to modify a crystalline porous
aluminophogphate, metal elements in Groups 7 to 13,
20 specifically Mn and Ni, are preferred, and Mn is more
preferred.

Further, a zeolite of a structure represented by the
above BEA, ERI, FAU, MFI, MOR, MWW or OFF by a code
stipulated by the above IZA, is preferably one modified

25 with a metal element of Group 2 of the Periodic Table.
MODIFYING METHOD

In the present invention, as a method for modifying



Further, the treatnent is carried out so that the anount of the conpound of
the hetal elenment of Goups 1 to 14 of the Periodic Table in the nodified
crystalline porous 10 silicate or crystalline porous al um nophosphate will
Be wusually at least 0.001, preferably at |east 0.01, nore preferably at

| east 0.1 and usually at nost 1,000, preferably at nost 100, nore
preferably at nost 10, by weight ratio of the netal conpound to the
silicate or 15 alum nophosphate. (B-3):23he above crystalline porous
silicate or the above crystalline porous alum nophosphate is physically

m xed with tBaecappOendrotthie iakoyeridrisals idliearert of tHe @as/el to 14 of the
Periodic Table in accordance with a 20 usual nethod, whereby it is possible
to obtain a ceygstillineeppebass adiumicaphosphateswdlth thepabaie metal

al um nophosphate, nodified with the netal elenent of Goups 1 to 14 of the
Peri odi c Tabkéementsuoli pirpspeall tioxildg, i&n iexpdesdbla dar leopdicy iy 25
preferred fromthe viewpoint of the stability under the mxing condition of
t he conpoundoof tfie (At al metbgdnwhereiq ¢inss crvistaid igfe e d®er i odi ¢ Tabl e.
Further, the above 33 crystalline_porous silicate or the above crystalline
porous aluni AéphESERaPE, tﬁﬁdcwgt@éﬁaﬁ@@n@oap%@lmwophasaw dfS Groups 1
to 14 of the Periodic Table, are in the formof particles having a particle
si ze of usuaPFPdgcsd fBasteoPIeEsARCEn®Lal FEFPOSmhayRg dhe Bhotene

m xi ng treatnent .to_be carried out efficiently,

he smal]er the particle
size of the BENAIUREBEENEINEERMPSellefdht!? torfet%’ﬁtP@rr.loFJr% rﬁa)h%ﬁg Yhatio of

the crystallipe jparous sili ate %o yoLalliie Aqgus Ay nopiasphat e to

or the crystalline porous aluminophosphate, (B) a method

10 wherein the crystalline porous silicate or the
crystalline porous aluminophosphate is treated with a
compound of the above metal element of Groups 1 to 14 of
the Periodic Table, and a method of using (A) and (B) in
combination.

15 As the compound of the above metal element of Groups
1 to 14 of the Periodic Table to be used for the
modification, a salt, oxide or hydroxide of the metal of
Groups 1 to 14 of the Periodic Table is, for example,
employed. As the salt, an inorganic salt such as a

20 nitrate, phosphate or chloride, or an organic salt such
as a carboxylate such as an acetate, or a carbonate, may,
for example, be employed.

Further, as a method for producing the crystalline
porous silicate or the crystalline porous

25 aluminophosphate in the presence of a compound of the
above metal element of Groups 1 to 14 of the Periodic

Table in the process for producing the crystalline porous



10 the conpound of the netal elenment of Goups 1 to 14 of the Periodic
Table is usually at |east 0.001, preferably at least 0.01, nore preferably
at least 0.1 and usually at nost 100, preferably at nost 10, nore
preferably at nost 5, by weight ratio as the nmetal atonms of the netal is
element to the crystalline porous silicate or alum nophosphate. Further, the
m xi ng apparatus at that tinme is not particularly limted, and m xi ng can
be <carried out by means of a usual stirrBog apparatus. However, fromthe
vi ewpoi nt of efficiency, it is 20 preferred to enploy an apparatus whereby
pul veri zati omilardtd ¥rEHear et IMildangausly Lamiifshisdphathe m xi ng

time may change dependi ng upon the anmpbunt to be treated, but is usually at

| east 1 secordcopiddhnes ald hat deasd (B) Mopde fairdh Lspalidy @dcdmddndd hours,
preferably at nost 1 25 hour, nore preferably at nost 30 m nutes. Anong the
above nodi f yiwighmetehdwdsl diree laixtead ndfldre dyamples niet IR A /99 1 €183 tande a
solid acid catalyst having a 34 high initial performance, specifically a

hi gh propyl ed®-Asél-adtli6Rd,y thes compatialdy/sif thred mete bt emeaist eofby t he

nmethod (B) tends to be a solid acid catalyst excellent in each of the

sel ectiviby &aoupive lcdwcally iaf |bhfee Pegriadic (TaVEld AR ZEAM IRt edrHeo Ikarel | ar
zeolite in the present invention is a zeolite in a state where a |layer of a
| anel | ar pr ePFESSRt i F&& éfd*W Fetaidlodar thea reqdytteion P Sdience and

Engi neering of Zeolite" p. (puhlished by Kodansha 10 Ltd., 2000) The

| amel | ar zeolqrﬂfétasllall%npﬁ&ﬁq% c‘ga‘tlelcatl*?a\ﬂ%gt% %%%%%tﬁ?%l to

zeolite. It q_ ructural re uI ari havi nlg slhort tper|0d| 3’ and no
a umlnop osp ate to ave the meta ement introduced

into the crystal lattice thereby to obtain a crystalline

10 porous silicate modified with such a metal element, a so-
called crystalline metal silicate such as metal silicate,
metalloaluminosilicosilicate,
metalloaluminophosphosilicate, metaborosilicate or
metalloaluminoborosilicate, or a crystalline porous

15 aluminophosphate similarly modified, a so-called
crystalline metalloaluminophosphate such as
metalloaluminophosphate, metallosilicoaluminophosphate or
metalloboroaluminophosphate.

Further, as the method for treating the above

20 crystalline porous silicate or the above crystalline
porous aluminophosphate with a compound of the above
metal element of Groups 1 to 14 of the Periodic Table
according to the above (B), specifically, the following
method (B-1), (B-2) or (B-3) may, for example, be used.

25 (B-1): The above crystalline porous silicate or the
above crystalline porous aluminophosphate is subjected to

ion exchange by means of a solution containing the



| ong periodicity. The lamellar zeolite is usually alumnosilicate, 15
wherein the Si/Al nolar ratiois at least 5, preferably at least 7.5, nore
preferably at |east 10 and at nost 10,000, preferably at nobst 5,000,
frurther preferably at nost 1,000. It may be one having a part or all of Al
substituted by an atomfrom2 to 14 in the Periodic 20 Table. The atom for
substitution may preferably be B, Ti, V, Fe, Zn, G, Ce, Zr or Sn. The

| anel | ar zeolite has a BET specific surfage area of usually at |east 300
M2/ g, preferably at |east 400 m2/g, nore preferably at |least 500 M /g and

usual ly at  29mRind 0@ I/ o &frAbl) ed® Yt br s M/ 1WPrés
preferably at nost 1,500 M2/g . Further, the proportion of the specific

surface areatdfe perasdifc fa®lel ih MBI EMcSAiHA i Yt emdiodBRlo specific
surface area is usually at least 0.4, preferably at |least 0.5, nore

preferably atinthedticel.the hetdRDelwhmtTess grefhdy 1ICtdad idesshét shows no
maxi mum peak at a spacing d of lattice planes 5 being at |east 17 A and
shows a peak Patrifoddm Fatd ed.imtolhepaney stalurimtitsi ass udld ekt teasbtHi8d cc/ g,
preferably at least 0.5 cc/g and usually at npost 3 cc/g, preferably at
nost 2 cctg. a Asystepddine eamaargls lofcative Mgt dlead wdgd igwsh | retidl 2,
YNU-1 or ITQ 6 may, for exanple, be nentioned, and 1TQ 2 is preferred.
METHOD FOR PROBUGING ILANELtAR ZEQVeT Memsi cneashmuistedtiiow: f or preparing a
| anel | ar zeolite, one prepared by a known nethod disclosed, for exanple,
in 15 Jour n&@etal losidiigsite 188, sTFwFtylidew rarqus Rrlyganophosphate
likewise modified i.e. the above mentioned crystalline
metalloaluminophosphate.
10 (B-2): The above crystalline porous silicate or the
above crystalline porous aluminophosphate is surface-
treated by e.g. a dipping method wherein it is dipped in
a solution containing the compound of the above metal
element of Groups 1 to 14 of the Periodic Table in
15 accordance with a usual method, followed by filtration
and separation by e.g. centrifugal separation, or by an
impregnation method wherein it is immersed in a solution
containing the compound of the above metal element,
followed by evaporation of the solvent to dryness,
20 thereby to obtain a crystalline porous silicate or
crystalline porous aluminophosphate, modified with the
metal element of Groups 1 to 14 of the Periodic Table.
In such a case, the solvent for the solution
containing'the compound of the above metal element is not
25 particularly limited, but usually, water or an alcohol is

employed, and water is preferred. Further, the

concentration of the solution is usually at least 0.01
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122, 2804-2809, (2000) may he enployed. The nethod wll be

desctibed in detail, but it should be understood that the nethod for

producing a lanellar zeolite to be used as the catal yst of the presen
i‘nvention is by no nmeans restricted thereto. Firstly, a silica source,
al um na source, water and a tenplate, and, if necessary, a mneralize
m xed, and the m xture is subjected to hydrothernal synthesis. As th
silica source, water glass, silica 25 sol 32fi ne powder silica or an al
silicate such as ethyl silicate may be used. As the al um num source,

i norgani ¢ sakd:sSUell a% ditt el sl Forfddrdife &f. 3@n @hdm num an

organic salt such as an acetate, a hydroxide, an oxide, a pseudoboehmte,
an al koxi de @ippSedj Watalday nat g SMacdFargX aplndiRidisathe Amtde

tenpl ate,

a quaternary al kyl ammoni um salt, an alkylamne, 5 a diam ne

al cohol am ne abapratdenlof aheetdisfst AN imNipgtasowe sl kidaty efir athe
cyanoal kane may, for exanple, be used, and a quaternary al kyl ammoni um sal t
or an am ne cryspadfldmeegorasis l#d urinepddapdrates, yudr adi dies wrdfetrogdn 10

carbonate or carbonate of an alkali nmetal or an alkaline earth netal
for exanp$e, tive empddy W tsto lugsipecthawinche ruitdly asinddnt sitiiags stewsbyo the
al um num source, Si02/A1203 is usually at least 1, preferably at |eas
nmore preferalfihe smetiadastl er@rdndrars hes e fififyriantiipstintopdicet ef erabl y at nost

500, nore
source is
10
15
20
25

of the compound of the metal element of Groups 1 to 14 of
the Periodic Table in the modified crystalline porous
silicate or crystalline porous aluminophosphate will be
usually at least 0.001, preferably at least 0.01, more
preferably at least 0.1 and usually at most 1,000,
preferably at most 100, more preferably at most 10, by
weight ratio of the metal compound to the silicate or
aluminophosphate.
(B-3): The above crystalline porous silicate or the
above crystalline porous aluminophosphate is physically
mixed with the compound of the above metal element of
Groups 1 to 14 of the Periodic Table in accordance with a
usual method, whereby it is possible to obtain a
crystalline porous silicate or crystalline porous
aluminophosphate, modified with the metal element of
Groups 1 to 14 of the Periodic Table.

In such physical mixing, an oxide or a carbonate is
preferred from the viewpoint of the stability under the
mixing condition of the compound of the metal element of

Groups 1 to 14 of the Periodic Table. Further, the above

t 20
an

r, are

e

kyl

an

, an

nmay,

t 5,

preferably at nost 300. The nolar ratio of water to the silica

sHeR thieqt, 1y SiveRbnents ddf [GpEriqheait 1o giletertds angunt



| east 2, nore preferably at least 3 and usually at nost 20 200, preferably
at nmbst 150, nore preferably at nost 120. The ratio of the mneralizer to
the silica source is such that the nolar ratio of the netal atons of the
mneralizer to Si02 is usually at |least 0.0001, preferably at |east 0.001,
nore preferably at least 0.01 25 and usually at nost 20, preferably at nost
10, nore preferably at nost 8. The ratio of the tenplate to the silica
source is 37 such that the nolar ratio ogsthe tenplate to Si02 is wusually
at least 0.01, preferably at least 0.02, nore preferably at |east 0.05 and

usual Iy at 52311 1RY ega‘”d'r%gis}’ s%tll@asct K TR U] erahly Oa];f‘fn{’@“ 6. 5 The

aqueous m xturé thus prepa IS heate to a tenperature usual Iy at

| east 800C, puebeialilnmihdddphaiQ Can dataldipRindmst 2000 et o1 ef erably

at nost 2200 and subjected to hydrot hermal synthesis with or w thout

stirring undenefeht’ Jf RRYUPH & Ao adighethedrmssiddic Bhghe, tdre fequired
for the hydrothermal synthesis is wusually at |east one hour, preferably at

| east S hour sheafdris i lparati olesd WO iday s pEie ideldiate psESHY 1 hus
formed is obtained by separating it by e.g. filtration after the

hydr ot her sral at 1Basgntohedi sim feord athingdstsid e z Holietver ,afoar ghe ¢ subst ance
comonly called a tenplate is used during the hydrothermal synthesis,
firstly a predwisgr tasammeat dconted miawy itdre dunE Htiecientshint higse zed, and t he
precursor 20 is fired, whereby interlayer dehydrati on condensation takes

pl ace to formrmalies ithe partsigtle #izpldft €heomompound of the metal

element, the better. The mixing ratio of the crystalline
porous silicate or crystalline porous aluminophosphate to
10 the compound of the metal element of Groups 1 to 14 of
the Periodic Table is usually at least 0.001, preferably
at least 0.01, more preferably at least 0.1 and usually
at most 100, preferably at most 10, more preferably at
most 5, by weight ratio as the metal atoms of the metal
15 element to the crystalline porous silicate or
aluminophosphate. Further, the mixing apparatus at that
time is not particularly limited, and mixing can be
carried out by means of a usual stirring apparatus.
However, from the viewpoint of efficiency, it is
20 preferred to employ an apparatus whereby pulverization
and mixing can be simultaneously carried out. The mixing
time may change depending upon the amount to be treated,
but is usually at least 1 second, preferably at least 1
minute and usually at most 10 hours, preferably at most 1
25 hour, more preferably at most 30 minutes.
Among the above modifying methods, one obtainable by

the method (A) tends to be a solid acid catalyst having a



obt ai nabl e by the hydrothermal synthesis may be one which is a lanellar
prectursor. As an index to determ ne whether or not the product is a

| anel | ar precursor, the 25 state as made is different fromthe structure
after renoval of the tenplate by calcination. This is evident, for

exanple, by the XRD analysis. 38 The lanellar precursor may, for exanple,
be a precursor for a MWW zeolite which becones e.g. MCM22, SSz25, | TQL,
ERB1 or PSH3 by cal cination, a precursor s$9€- called PREFER whi ch beconmes FER
by calcination, or a s lanellar silicate such as PLS-1, RUB-15 or RUB-18. In

a case wherepaghafelikakiz ?@'ribemia%c@:bt @F@%@l fhilami vt Re Hikeldrdpyareafdr sor,
usual ly, the interlayer of such a |lanellar precursor is broadened by neans

of e.g. a sdeflactant ryf ohlkowedalylefyVvandobnan cptagdmaklsulkst amee 10
thereby to peel a layer to obtain a lamellar zeolite. To broaden the
interlayer, tmbehbdanegBl)artepdectosbre ias solheabed dnidalt adrysaquemiesl 1saitutiron
containing a surfactant and a quaternary ammonium salt. As the surfactant,
a water-sol ebkd bdnghehasedectgamity eodpdailved casadytdld wife .enpl oyed, and a
hydr oxi de or halide of octyltrinethyl amonium dodecyltrimethyl ammonium
or cetylt¥indthyl LANERDARUFEORMITEAS the halide, a chloride or a bronmide is
preferred. As the quaternary amoniumsalt, it is possible to 20 enploy an
al kyl anmoni um hd¥end ame ldiaky 1zepldde om dtherpsteseqtedrbsntat@nsis such as
tetrapropyl ammonium The blend ratio of the quaternary _ammoniumsalt to
the surfact aREOiLd t8udR PhELatRe WhE&Ee PnarY eAmadnituhanElErs RHSSUEART i s

usual ly at least 0.1, preferably at
y ?s peeled,pas %1scl%sed, for example, in “Science and

Engineering of Zeolite” p. 10 (published by Kodansha

10 Ltd., 2000). The lamellar zeolite is aluminosilicate
having an acid strength equal to zeolite. It has a
structural regularity having short periodicity and no
long periodicity.

The lamellar zeolite is usually aluminosilicate,

15 wherein the Si/Al molar ratio is at least 5, preferably
at least 7.5, more preferably at least 10 and at most
10,000, preferably at most 5,000, further preferably at
most 1,000. It may be one having a part or all of Al
substituted by an atom from 2 to 14 in the Periodic

20 Table. The atom for substitution may preferably be B,
Ti, V, Fe, Zn, Ga, Ge, Zr or Sn.

The lamellar zeolite has a BET specific surface area
of usually at least 300 m?/g, preferably at least 400
m?/g, more preferably at least 500 m?/g and usually at

25 most 2,000 m?/g, preferably at most 1,800 m?/g, more

preferably at most 1,500 m?’/g. Further, the proportion

of the specific surface area of pores of from 1.7 nm to



25 least 0.2, nore preferably at least 0.3 and usually at nost 10,
preférably at nost 5, nore preferably at nost 3. The concentration of the
aqueous solution is such 39 that the sumof the nunber of noles of the
surfactant and the nunber of noles of the quaternary ammoniumsalt, is
usually at least 0.1 nol/|, preferably at least 0.2 nol/l, nore preferably
at least 0.3 nol/1 and usually at 5 nost 10 nol/|, preferably at nost 5

nol /1, nore preferably at nost 3 nol/I. 3Ibe anmpbunt of the aqueous sol ution
is such that the weight proportion of the lanellar precursor to the

aqueous sol utiomnl S lehtilrd Bt shediifeferabtfadd dfed enstudualdye
preferably at least 10 and usually at nost 200, preferably at nost 100,
nore preferakblty latagtmst. 60.prefrerdblaatdamdldagmper a8 Urtors psefdtaybhy deast
20" C, preferably at |east 400C, nore preferably at |east 80'C and usually
at nost 120' Qegwmtefteréabl Y¥nakRpswheh0mEasmreel byS Qu &oerlables atitnost 1000C.
The treating tinme is usually at least 1 hour, preferably at |east 7 hours
and usual |y sdtowrgto 4@stionns perlefal ablgpatimmsd @5 hout sce Ablamnes he
treatnment, the product is, as it is or after once subjected to filtration
and washi hg WeinP@Etwdieast flor fedndyghrvist readt wt yEvgmmB W@ et ;5 ad t hen

| ayer peeling is carried out. The layer peeling is wusually carried out by a
known peel i ng netTR REh WRIunet bhsised Lty rat nbeastt P aofFéItr eat nent or
spray drying. In the case of intensive stirring or_ ultrasonic_25 treatnent,
t he peeling tR’??efq]%akﬁ%aﬂq yeast st A R USHR bherabiest :fe%%igi hour

and usual ly %tre esllab Oyoaoanosgt 2orcecf/agg'abl y at nost 20 hours.

As a specific example of the lamellar zeolite, ITQ-
10 2, YNU-1 or ITQ-6 may, for example, be mentioned, and
ITQ-2 is preferred.
METHCOD FOR PRODUCING LAMELLAR ZEOLITE
As a common method for preparing a lamellar zeolite,
one prepared by a known method disclosed, for example, in
15 Journal of Catalysis 186, 57-63, (1999) or in J. Am.
Chem. Soc. 122, 2804-2809, (2000) may be employed. The
method will be described in detail, but it should be
understood that the method for producing a lamellar
zeolite to be used as the catalyst of the present
20 invention is by no means restricted thereto.

Firstly, a silica source, an alumina source, water
and a template, and, if necessary, a mineralizer, are
mixed, and the mixture is subjected to hydrothermal
synthesis. As the silica source, water glass, silica

25 sol, fine powder silica or an alkyl silicate such as
ethyl silicate may be used. As the aluminum source, an

inorganic salt such as a nitrate, sulfate or chloride of



40 After the layer peeling, the lanellar zeolite will be separated. The
sepafation nmay be carried out by filtration or by centrifugal separation.
However, in a case where the size of the lanellar zeolite is small, an 5
dacid such as hydrochloric acid or sulfuric acid may wusually be added for
flocculation in order to increase the recovery efficiency. Thus, a |lanellar
zeclite containing a tenplate will be obtained. However, in order to renove
the tenplate, 10 drying and calcination ase carried out to obtain a

| anel |l ar zeolite. The drying tenperature is usually at |east 800C and at
most 1500C, andmfiftndr Wnn@rgamiar [daad aliicH s uglialdatatad, least 10 mi nutes,
preferably at least 30 mnutes and 15 usually at nost 24 hours, preferably
at nost 12 haydsoxitlee eal oxiald, NG tpameicdiadleniite usimld katideast 3000C,
preferably at |east 4000C and usually at nost 800'C, preferably at nost
6000C, and t seddalciadatmiomties mear,r ifed: eotatmdler, Usualded at Alse&dte 10 m nut es,
preferably at |least 20 30 m nutes and usually at nost 24 hours, preferably
at nost 12 kempdaths whauadesinaay zddyitammyrinesiaddd an deldoyldmihe above,
I TQ2 froma MWtype zeolite precursor or ITQ 6 fromYNU-1 or PREFER nay,
for exanp$e, apdiggvimiconéd aisohed amims | @n Adsiqhal + s giiriuceah has a short
periodical structural regularity and thus has active sites such as acid
sites |ike usliidilezedt £dRaild Wéte ioF 41 CYRF SRR Vs BT Z2ATREE wher eby

t he outer sugace i S I%r%e. By virtue Qlf uch characteristics, in the
present e used, an quaternary alkylammonium salt or an amine

is preferred.
As the mineralizer, a hydroxide, a hydrogen
10 carbonate or carbonate of an alkali metal or an alkaline
earth metal may, for example, be used.

With respect to the ratio of the silica source to
the aluminum source, Si0,/Al,0; is usually at least 1,
preferably at least 5, more preferably at least 10 and

15 usually at most 1,000, preferably at most 500, more
preferably at most 300.

The molar ratio of water to the silica source is
such that H;0/Si0, is usually at least 1, preferably at
least 2, more preferably at least 3 and usually at most

20 200, preferably at most 150, more preferably at most 120.

The ratio of the mineralizer to the silica source is
such that the molar ratio of the metal atoms of the
mineralizer to SiO; is usually at least 0.0001,
preferably at least 0.001, more preferably at least 0.01

25 and usually at most 20, preferably at most 10, more
preferably at most 8.

The ratio of the template to the silica source is



invention, it is advantageous for e.g. dispersion and beconmes a catal yst
exceflent in selectivity and 5 durability. The above catal yst nay be used
for the reaction as it is, or may be granul ated or nol ded by neans of a

bi nder or substance inert to the reaction and then used for the reaction.
As the binder or substance inert to 10 the reaction, alumna or alum na sol,
silica, silica gel, quartz, or a mxture thereof may, for exanple, be
mentioned. Mxing with such a substance i37effective for reduction of the
cost of the entire catalyst or for a function as a heat sink for assisting
heat insul at istiehatthk® the moTarofrategerdr alieot enfplidte aad st isand it is
also effective for high densification of the catalyst and for increasing

t he cat al yst ustuadigt at (3asREACDIION peEferBbINS atN THds tPRESENT rdWENTI ON The
reaction node in the process of the present 20 invention is not particularly
limted so | prgfasabily faded eamdt @r.icl sainconstualitye st gasstplase in the
reaction zone, and a known gas phase reaction process using a fluidized

bed reactor, raeferably leéd mosdctldr, oore Piredeusddy redadctart émy be enpl oyed.
Further, the reaction may be 25 carried out in any formof a batch system a
seni cont i iuous syStemBreiT dHE IS s tegPanad | is ikeatgdfteprad to carry
it out by a continuous system Such a 42 nethqd nmay be a nethod _enpl oying a
si ngl e react GE"BETALYRS RSd USRI ldyi R 453k 9°Fy Brefexebdis adi 4568&d i n
series or in parallel. Accordipng to the present_invention, in a_process for
s produci ng ﬁrooﬁy?’éﬁeuﬁﬂﬁgﬁycﬁﬁﬂ‘?%szﬁpi%gi?lﬁe%‘?ﬁ??gﬁ‘nea? nmost 2207°C

and subjected to hydrothermal synthesis with or without
stirring under natural pressure or a higher pressure.

10 The time required for the hydrothermal synthesis is
usually at least one hour, preferably at least 5 hours
and usually at most 30 days.

The lamellar precursor thus formed is obtained by
separating it by e.g. filtration after the hydrothermal

15 synthesis.

For a high silica zeolite, an organic substance
commonly called a template is used during the
hydrothermal synthesis, firstly a precursor as made
containing the template is synthesized, and the precursor

20 is fired, whereby interlayer dehydration condensation
takes place to form a zeolite. In such a zeolite, one
obtainable by the hydrothermal synthesis may be one which
is a lamellar precursor. As an index to determine
whether or not the product is a lamellar precursor, the

25 state as made is different from the structure after
removal of the template by calcination. This is evident,

for example, by the XRD analysis.



contact with nethanol and/or dinmethyl ether, the reaction conditions are
adj usted so that the anmobunt of ethylene in a reaction m xture being

di scharged fromthe reaction systemis reduced as conpared with the anount
of ethylene 10 being fed to the reaction system and propylene is obtained
in ayield of at |east 40 nol % based on the sum of the nunber of noles of
nmet hanol and two tinmes the nunber of noles of dinmethyl ether which are
being fed to the reaction system 15 As Beaction conditions to be adjusted
for this purpose, the pressure and the raw material conposition, and
further, in a casmheviemeller ReeduEbl A ricd odmplid, eo€oat i nuous
system the rate for feeding the raw materials, are particularly inportant.
20 The react parouressurfern s 0Blaldepligss wHiath bddRmes ey r ee@MiDdON pressure
is preferably at nost 1 MPa, nore preferably at nost 0.7 MPa, inclusive of
a natural piS&Zs,e ITRINt BRB1 tdie HBifebyt iqalicimmtniain pax tprdwardgr dom t ed,
but is usually at least 0.1 kPa, preferably at 25 |least 7 kPa, nore
preferably atcaldgst PRERERy whith dagsmsid FER Hy alsohairgidj et s, o e reacti on
pressure is adjusted within a range of at least 0.1 kPa 43 and |ess than 2
MPa. | n stchlameddar widd e iah PLgtdss FB 1P iqicRaERelB - et hyl ene as
the reaction raw_material qr propylene as the desired product is likely to
pol ynerize with am ¢t S35F prieht® | 1Pkl 3o #8997 b2 yEt erRt &1 0@ BByt he

yield of proppene LaNds Lo decenee, and, e (o feaction Bressite i
adj usted t aiiiarr]n% 1i1r<]sttr0 psrue%rﬂlrtseonrdelnscibersoa{d}atnoeé: %@;S imdeea{nast iOOéﬁ ‘e.g. a
surfactant, followed by removal of an organic substance
10 thereby to peel a layer to obtain a lamellar zeolite.

To broaden the interlayer, the lamellar precursor is
treated with an agqueous solution containing a surfactant
and a quaternary ammonium salt. As the surfactant, a
water-soluble long chain organic compound is usually

15 employed, and a hydroxide or halide of octyltrimethyl
ammonium, dodecyltrimethyl ammonium or cetyltrimethyl
ammonium, and as the halide, a chloride or a bromide is
preferred.

As the guaternary ammonium salt, it is possible to

20 employ an alkyl ammonium having an alkyl group of at most
8 carbon atoms, such as tetrapropyl ammonium.

The blend ratio of the quaternary ammonium salt to
the surfactant is such that the quaternary ammonium
salt/surfactant is usually at least 0.1, preferably at

25 least 0.2, more preferably at least 0.3 and usually at

most 10, preferably at most 5, more preferably at most 3.

The concentration of the aqueous solution is such



Wth respect to the raw material conposition, the 1.0 anmount of ethyl ene
beiny fed to the reaction systemis an excessive anmount to the nethanol and
di rethyl ether being fed to the reaction system i.e. the anmount of
€thylene being fed to the reaction systemis usually at |east 1,

preferably at least 1.8, nore preferably at least 3, by is nolar ratio to
the sum of the nunber of noles of nethanol and two tines the nunber of

nol es of dinmethyl ether. On the other hamg, if ethylene is too excessive,
there will be a problemw th respect to the cost, the anount of by-

products to baatotkedsamdofutber SOMRRES Dl MolReY Alfl @he FhrdatARCATH Nl Yy,
as the upper Iimt, the anount of ethylene being fed to the reaction system
i s usual |l y athemastb2®, offomelpsebdr abley qata teasiarl0 amartieulsmllty, ipreferably
at nost 6 by nolar ratio to the sumof the nunber of noles of nethanol and
two tinmes thesnadber asf 1leastnol. s mofl /di, mptrieyfle refier atTd ematorfplad sh t he above
obj ects, the anount of ethylene being fed to the reaction systemis

adj ust ed 44 malthi nmareapgefetrabilyl @ésstlebsdnd -3t medstl 20dbysuwldy atatio to
the sum of the nunber of noles of nmethanol and two tines the nunber of

nol es of i nBPEYI 18t Red /khi Preieaabidyi a§ restt § tied /Headd®sn system In such
a case, when 5 the anount of ethylene_is increased, a reaction of ethylene
itself is |iREPFeraPlykatpMesE, 3wherlddy the anount of by-products tends to
i ncrease, and when the anount of ethylene is | owered, a reaction of

met hanol  and/ or 1HEERP LetHfert e SIHEUS 19908154 1t dRAT 18 Swher eby

ethylene, et tond to form ACcordingl i tie TN, st ed taking

agueous solution is usually at least 2, preferably at
10 least 4, more preferably at least 10 and usually at most
200, preferably at most 100, more preferably at most 50.
The treating temperature is usually at least 20°C,
preferably at least 40°C, more preferably at least 80°C
and usually at most 120°C, preferably at most 110°C, more
15 preferably at most 100°C. The treating time is usually
at least 1 hour, preferably at least 7 hours and usually
at most 40 hours, preferably at most 25 hours.
After the treatment, the product is, as it is or
after once subjected to filtration and washing with
20 water, formed again into a slurry with water, and then
layer peeling is carried out. The layer peeling is
usually carried out by a known peeling method such as
intensive stirring, ultrasonic treatment or spray drying.
In the case of intensive stirring or ultrasonic
25 treatment, the peeling time is usually at least 0.5 hour,
preferably at least 1 hour and usually at most 100 hours,

preferably at most 20 hours.



consideration. Further, adjusting the anmount of ethylene being fed to the
reacti on systemwithin a range of at least 1 and 15 at nost 20 by nol ar
ratio to the sum of the nunber of noles of methanol and two times the nunber
of moles of dinmethyl ether which are being fed to the reaction system
does not nean adjustnment of only the anmobunt of ethylene. One or both of the
anount of ethylene and the 20 anmount of nethanol and/or dinmethyl ether may
be adjusted so that consequently, the ameont of ethylene being fed to the
reaction systemis adjusted within a range of at least 1 and at nost 20 by
nolar ratio to timfsam ttie theyenusdel i10d, nEhesl aheTEdhanedl avd &iwnlti mes the
nunber of 25 noles of dinethyl ether. As the raw material feeding rate to
carry out théde regetiagred.n Theostparatsonyshgnbet harwdieghtoutoly y space 45
velocity (WHSV) per the weight of a catalytically active conponent, of the
sum of net harfdll tared idinvetthydy etererr 1 fordadlul setrede atsi gret h&iooieverhi dm @& e bei ng
fed to the reaction system is usually at nost about 70 hr-1, 5 preferably
at nost 50 hrcasp whasie Yrefsirzeh|of fthedamedblan zgol Hre 1is fgmahbr an
preferably at nmost 20 hr-1. Here, if, WHSV. is too small, the yield of the
desired pPod@id $ugh |8 hvidy delaise afiid (F FPlfitrkasac ¥ B pr oduct s,
and separation tends to be cunbersone. Accordingly, it is 10 usually at

| east about OSFRIHY. Pe RAdest Ry HoJBHATIMN GF ILdET o el EFRFSbI v at

| east 0.1 hr-Jh, further preferably at least 0.5 hr-1. To acconplish the
above obj ect £ HE it qun‘}é’p'ace vel ocity (WHSV) per the weight of a

catal ytically Thus, a lamellar zeolite containing a template will

be obtained. However, in order to remove the template,
10 drying and calcination are carried out to obtain a
lamellar zeolite.

The drying temperature is usually at least 80°C and
at most 150°C, and the drying is carried out for usually
at least 10 minutes, preferably at least 30 minutes and

15 usually at most 24 hours, preferably at most 12 hours.
The calcinating temperature is usually at least 300°C,
preferably at least 400°C and usually at most 800°C,
preferably at most 600°C, and the calcination is carried
out for usually at least 10 minutes, preferably at least

20 30 minutes and usually at most 24 hours, preferably at
most 12 hours.

As the lamellar zeolite synthesized as described
above, ITQ-2 from a MWW type zeolite precursor or ITQ-6
from YNU-1 or PREFER, may, for example, be mentioned.

25 The lamellar zeolite thus produced has a short
periodical structural regularity and thus has active

sites such as acid sites like usual zeolite and yet is



15 active conponent, of the sum of nethanol and dinethyl ether cal cul ated as
nmet hanol , which are being fed to the reaction system is adjusted within a
range of at least 0.01 hr-1 and at nost 70 hr-1. If WHSV is small, a
consecutive reaction is likely to take place as nentioned 20 above, whereby
by-products tend to increase, and the forned propylene tends to be
consuned. Accordingly, it is adjusted taking such tendencies into
consideration. In a case where the reacti®sn is carried out in a batch
systemor in a sem continuous system the reaction 25 tinme nmay suitably be

set dependi ngayReRd hdadesisiad We1d tOf wHaRHLRthe Rt I dutii@act£d
nmet hanol and unreacted dinmethyl 46 ether are present in a large anount in
t he di schar gedrgeanpeypenirtuenctheuchachh@acSgsti gl ckhe iut ithiez giriegrntat i 0
of nmet hanol and di met hyl ether decreases, and no cost nerits wll be

obt ai ned. Notinwehy ithgt itt e ladadntadesepdcat ieary f rdmgeapydrenmds t he
desired product and in the process for purification of propylene wll be
| arge, suchbeeiomgsurdesitadlylse. exoeliemt tim seleaotivaty sarah exot herm ¢
reaction, and if a |large amount of nmethanol wll react all at once, the
t enper at us e cowiakdllittands to 10 be difficult due to the heat of reaction
generated, and further influence such as a decrease in the yield of the
desired product dhssHRENITRF Y dthanaaths yaged ifer whg reacgtuien as
Accordi ngly, nmethanol and dinethyl ether are fed _preferably in a divided
fashi on. 15 Ffe 1fet REd "PYr PPeddimyliated W Mpddahd sieans ik 2 dependi ng

upon the design of the reaction systemas to e.g.,mhethg; q{ not a.single
reactor is e &d O&r Su stance inert to the reaction and then used

for the reaction. As the binder or substance inert to
10 the reaction, alumina or alumina sol, silica, silica gel,
quartz, or a mixture thereof may, for example, be
mentioned. Mixing with such a substance is effective for
reduction of the cost of the entire catalyst or for a
function as a heat sink for assisting heat insulation at
15 the time of regeneration of the catalyst, and it is also
effective for high densification of the catalyst and for
increasing the catalyst strength.
(3) REACTION CONDITIONS IN THE PRESENT INVENTION
The reaction mode in the process of the present
20 invention is not particularly limited so long as the feed
materials constitute a gas phase in the reaction zone,
and a known gas phase reaction process using a fluidized
bed reactor, a movable bed reactor or a fixed bed
reactor, may be employed. Further, the reaction may be
25 carried out in any form of a batch system, a
semicontinuous system or a continuous system, but it is

preferred to carry it out by a continuous system. Such a



whether a plurality of reactors are disposed in series or in parallel. For
exanple, there may be a nethod wherein 20 in a single reactor, a plurality
of net hanol and di net hyl ether inlets are provided to carry out feeding in
& divided fashion, or a nethod wherein in each of a plurality of reactors,
met hanol and di methyl ether inlets are provided to carry out feeding in a
di vided fashion. 25 Here, feeding in a divided fashion is preferably carried
out in such a manner that upon consunptioazof at |east 90% of the nethanol
and dinmethyl ether previously fed, 47 the additional nethanol and di nethyl

ether will beadedd T RAG it Hed dnfd I8 i & Pishdie FeaxtdOnor tgnperature
in the process of the present invention nay optionally be set in accordance

with a knownmpreess emplioy rdn e aahact Ieih aol rett diy eBicdRsk&t |t hyl et her
are present in a large anount in the discharged conmponent fromthe
reacti on systsemiesherutiin ipgatdldrlr.ati o of nmethanol and di nethyl ether will
decrease, and no cost nerit will be obtainable. Not only that, the load in
10 separation frdmgouobyiens ashd heralesit ethypemodion, aiml a npprodespufofi cati on
process of propylene will increase, such being undesirable. Accordingly, as
t he aboves vapirogsic ingh @ramy legved ivihi isns ,canp 1 is g dfwimasidia cetdmpl @ye comdi ti ons
whereby the raw material methanol and dinethyl ether will is be conpletely
converted. Heatace widde Medhatsipansd/\ate dige tdepermthsar + Hére txgrctofon he
catal yst to be used, but is usually at |east _about 2000C, preferably at

| east  about ZSOGET ipmse ans AEIed &o |tk Hipwanagtoet #tdhyirnepher

limt is 20 usually at npst about 7000C, preferably at nobst about
a reaction mixture being discharged from the reaction

system is reduced as compared with the amount of ethylene

10 being fed to the reaction system, and propylene is
obtained in a yield of at least 40 mol% based on the sum
of the number of moles of methanol and two times the
number of moles of dimethyl ether which are being fed to
the reaction system.

15 As reaction conditions to be adjusted for this
purpose, the pressure and the raw material composition,
and further, in a case where the reaction is carried out
in a continuous system, the rate for feeding the raw
materials, are particularly important.

20 The reaction pressure is usually less than 2 MPa.
The reaction pressure is preferably at most 1 MPa, more
preferably at most 0.7 MPa, inclusive of a natural
pressure. Further, the lower limit is not particularly
limited, but is usually at least 0.1 kPa, preferably at

25 least 7 kPa, more preferably at least 50 kPa.

To accomplish the above objects, the reaction

pressure is adjusted within a range of at least 0.1 kPa



600' C, nore preferably at nost about 5000C. If the reaction tenperature is
too tow, the reaction rate tends to be small, the rate for formation of the
desired product tends to be remarkably slow, and unreacted raw 25 naterial s
tend to remain in a large amount. On the other hand, if the reaction
tenperature is too high, the yield of the desired product tends to be | ow.
48 Further, as the reaction continues, the catalyst is |ikely to undergo
coking in the reactor, whereby the react4®dn activities will decrease. In
such a case, the catalyst nmay be withdrawn fromthe reactor, and all or a 5

part of the afkelessrenaved, Mbar. exanphéh Aycoxedi vheg thbBerasedhvhat ed coke
i n an oxygen-containing atnosphere, thereby to regenerate the catal yst.
Such a regenprakedrecatalystreasydhe ettiylithedagedhientre aidtd oreaawor . From t he
vi ewpoi nt of such w thdrawal and reintroduction of the 10 catalyst, it is
preferred t omenpkoglaopr prepylesiengsathendablieelde ¢ riodaettor sorl ik efliyita zed
bed reactor rather than a fixed bed, since the operation is thereby sinple.
I n the procepslypherheepwaesbnen plefitinopresansr in the heafcdrimed systaem,
by-product in the reaction systemas the 1is reaction proceeds. However, it
i s preferyedwhorshppthewsiied dt oft beropydeneotienyst &m Wecaemstchodsuch as
adding water to the reaction raw material to let water (i.e. stean) be
coexi st ent i WheRetheakER6H1SYs PERSELER e loMaredal theageastt iwe rad&ct i on.
By letting water, be 20 present in thg,sg tem_ there will be a function to
suppr ess f or hERASNtBf PEoRE OWhi cheEatdin ﬁ%ac?h?aPFﬁﬁsHFe tRe2darsF§dt, and

[ 15 Doseible,to obtain 2, lLes 0. P10k8 e he ARl 11 Te and to

With respect to the raw material composition, the

10 amount of ethylene being fed to the reaction system is an
excessive amount to the methanol and dimethyl ether being
fed to the reaction system, i.e. the amount of ethylene
being fed to the reaction system is usually at least 1,
preferably at least 1.8, more preferably at least 3, by

15 molar ratio to the sum of the number of moles of methanol
and two times the number of moles of dimethyl ether. On
the other hand, if ethylene is too excessive, there will
be a problem with respect to the cost, the amount of by-
products to be formed and cumbersomeness in operation,

20 etc. Accordingly, as the upper limit, the amount of
ethylene being fed to the reaction system is usually at
most 20, more preferably at most 10, particularly
preferably at most 6 by molar ratio to the sum of the
number of moles of methanol and two times the number of

25 moles of dimethyl ether.

To accomplish the above objects, the amount of

ethylene being fed to the reaction system is adjusted



paraffins or oligonerization of the fornmed olefin thereby 25 to increase the
selettivity of the desired propyl ene. The anount of water to be supplied to
the reaction system nay depend on the type of the solid acid catalyst to be
49 wused or other reaction conditions, but is usually at |east 0.025,
preferably at least 0.1, nore preferably at least 0.5, by nolar ratio to
the sum of the nunber of noles of nethanol and two tines the nunber of

nol es of 5 dinethyl ether which are beinggsupplied to the reaction system

If water is too nuch, the reacti on rate_mﬁll decrease, and there will be a
probl em such tikati it Re PeirRfed o fOfatt NR LAaSiT ehPrAdydsMdd wecierse or the
catalyst itself will react with water and undergoes nodification. 10

Accordi ngly, rat iics téstdld wuad oHhel hunbef bl dPSie t Hbho IT041€d
preferably at nost 5, by such nolar ratio. The reaction product m xture

obt ai nabl e bywiche iadeey e he eamibiean dfS nwylee L @h al imatthyr e ean ewladsc i hergmai n
conponent and et hyl ene as unreacted raw nmaterial, and 15 ol efi ns having at

| east 4 car bbeizmigofedarte dalso rea@ttizimer stimwe afoustichf abyapeodudien such as
the above paraffins, olefins and aromati c hydrocarbons is such that the
mol ar congentthat iaoeunt tdfe ephdrleoe bion comprrsed, & redution et of the
reactor is at nost 30% preferably at 20 nost 15% Further, it contains
ethyl ene in &thardeme itsedlfl dis thdehdarfimka faca hyhereheithefed to the
reacti on system and contains propylene_in an anount of at |east 40 noli,
preferably agmasdst oo yplrwe tERdsheo s sTagthe aithydrenfth®l es of

nmet hanol and two tines the 25 nunber of nples of dinethyl ether which are
bei ng fed toamFWEmréébﬁ9&¥¥5ﬁﬁ(%ﬁ lowered, a reaction of methanol

and/or dimethyl ether itself is likely to take place,

10 whereby ethylene, etc. tend to form. Accordingly, the
amount is adjusted taking such tendencies into
consideration.

Further, adjusting the amount of ethylene being fed
to the reaction system within a range of at least 1 and

15 at most 20 by molar ratio to the sum of the number of
moles of methanol and two times the number of moles of
dimethyl ether which are being fed to the reaction
system, does not mean adjustment of only the amount of
ethylene. One or both of the amount of ethylene and the

20 amount of methanol and/or dimethyl ether may be adjusted
so that conseguently, the amount of ethylene being fed to
the reaction system is adjusted within a range of at
least 1 and at most 20 by molar ratio to the sum of the
number of moles of methanol and two times the number of

25 moles of dimethyl ether.

As the raw material feeding rate to carry out the

reaction in a continuous system, the weight hourly space



(4) METHOD FOR SEPARATI NG THE PRODUCT so In a case where the desired
propylene is to be isolated fromthe above reaction product m xture, the

m xture may he introduced to a known separation/purification facility as in
dn ethylene 5 cracker process, whereby dependi ng upon the respective
conponents, recovery, purification, recycling or discharge treatnent may be
applied. In the present invention, the reaction product by the reaction of
et hyl ene wi th net hanol and/or di nethyl 49 et her contains ol efins having at
| east 4 carbon atons forned as by-products in addition to the forned

propyl ene arélokriegct@isthyeanahamaidiaim ond daeilidieilier  aande furt her
contains a carrier such as ethane, etc. For purification of propylene, a
met hane- r enoviompotenitnm ofarchkd setharfe nregrharialg ol whime tehydr ceEnee: r enovi ng
columm, etc. should basically be provided as propyl ene production
facilities. Hedlewvdmtedy asemedihanylt, hevhiedc tamn heioducied tto tttee above
mentioned facility for the production of olefins by thernmal deconposition
of naphtha, EeachdopO syatian t i sf sysuaid Yprdd mss torpksfuti Gierhwl ef i ns from

met hanol and/or dinethyl ether, or to ,the separation/purification systemin
the facil¥tyPrefermblypeddmastor bhtet hytere ByeSerakl¥raeknagt opbevhane, a
part of equipnents, which shoul d basically be provided . for 25 the_propyl ene
production fa& FittiestWayhere RrgteerPlamt BRetf28i ¥t i-esHeBR  befni ni mi zed.
o aﬁﬁ,ggp'bg ’ Whgwa&%aftlwer 12 OB 21 ¥ W el SRR NG et hyl ene

likely to decrease due to an increase of by-products, and
separation tends to be cumbersome. Accordingly, it is

10 usually at least about 0.01 hr™!, preferably at least

0.05 hr', more preferably at least 0.1 hr?, further
preferably at least 0.5 hr*.
To accomplish the above objects, the weight hourly
space velocity (WHSV) per the weight of a catalytically
15 active component, of the sum of methanol and dimethyl
ether calculated as methanol, which are being fed to the
reaction system, is adjusted within a range of at least
0.01 hr! and at most 70 hr'. If WHSV is small, a
consecutive reaction is likely to take place as mentioned
20 above, whereby by-products tend to increase, and the
formed propylene tends to be consumed. Accordingly, it
is adjusted taking such tendencies into consideration.
In a case where the reaction is carried out in a
batch system or in a semicontinuous system, the reaction
25 time may suitably be set depending upon the desired yield

of propylene.

Here, if unreacted methanol and unreacted dimethyl



production of olefins by thermal deconposition of naphtha, with a gas
cont ai ni ng net hanol and/or di net hyl ether, it is preferred to introduce
the reaction product 5 to the nethane-renoving colum and/or the

€t hane-renoving columm and/or the propane-renoving columm in the facility
for the production of olefins. It is thereby possible to substantially
change the yield bal ance of ethylene and propylene to increase the
propyl ene/ et hyl ene amobunt ratio 10 in thesa@roduction of olefins by thernal
deconposition of naphtha, and it is also possible to inprove the

efficiency iBsthhe aper pirieeantf inha flagidd taydueit tife they edudiprged ol ef i ns
by the thermal deconposition of naphtha and at the sane tinme to mnim ze
the facilitycbapohbnthé rpmodhet iremcefiopr epdtens fohemeatinyzreionfheatrigact i on
product contains olefins having at | east four carbon atons forned as

by- product s bifi addhtanod and dheetdyiee tpreopdeenre aaed ,urarehateedetthyl ene, and
further, in a case where the top fraction in the above 20 front end

met hane- r enoenrg tgr ¥ddds bandbtias ngidoveNotreanl ynebatr ohheeAddagr dpane- r enovi ng
process is used as the ethylene raw material, ethane will also be

contai ned® 6fPRHah1eRs & rffe P& OPYd e6p afsr &dvs Gle Siiy echerashiat farshtin end

et hane-renovi ng process i s used as the ethylene raw 25 material, ethane,

net hane and KY&r 8BgeReqsy foropugidhrad 1on O fc pxcmyisde Adddr dighdtIsn the
purification of ropyl ene, the qropyleneggroduction facilities for the 52

process of tRU°Pr 8§EAY PROERITER e’ PREFBPEDI YBFoVPREG ORI £F Fhe _

et hane- oMoy, 18 PRI, LG eihancet S 19, 2oL b5, St oo no

the will react all at once, the temperature control tends to

10 be difficult due to the heat of reaction generated, and
further influence such as a decrease in the yield of the
desired product or shortening of the catalyst life, may
result. Accordingly, methanol and dimethyl ether are fed
preferably in a divided fashion.

15 The method for feeding in a divided fashion varies
depending upon the design of the reaction system as to
e.g. whether or not a single reactor is employed or
whether a plurality of reactors are disposed in series or
in parallel. For example, there may be a method wherein

20 in a single reactor, a plurality of methanol and dimethyl
ether inlets are provided to carry out feeding in a
divided fashion, or a method wherein in each of a
plurality of reactors, methanol and dimethyl ether inlets
are provided to carry out feeding in a divided fashion.

25 Here, feeding in a divided fashion is preferably carried

out in such a manner that upon consumption of at least

90% of the methanol and dimethyl ether previously fed,



5 production of olefins, at |least a part of the reaction product may be

i ntrbduced to the nethane-renoving colum and/or the ethane-renoving colum
and/ or the propane- renoving colum in that facility, whereby it is possible
t'o inprove the efficiency in the operation of the 10 facility for the
production of olefins by thermal deconposition of naphtha and at the sane
time to mnimze the nunber of equipnents to be provided for the facility
for the production of propylene and/or to4m nimze the capacity of the

equi pnent installed. is In a case where a net hane-renovi ng col utm and/ or an

et hane-renovithg @A cad/ @fe thapiclP ARt IEMBHHE GHEW widlle bsted ] ed in
the facility for the production of propylene, dependi ng upon the operation
states of the famd iteadtaron heompiindimis asucH a8 efharsreaccide facility 20
for the production of propylene, it will he possible to introduce the
product fromtempeiradidriet yinf ahet peroqersad wdt itdre gfredeafti nitentin may

nmet hane-renovi ng columm and/or the ethane-renoving colum and/or the
propane- renmeptigredilympeofsethd if asidandarfay witd @ dehatri rafe . prAdpyl ene,
whereby the allowable range of the facility for the production of olefins
can be broademdgached meshamedr AndomrgEdditisbisinefihe eigteomtie y changed to
53 maximze the efficiency of the overall process including the facility
for the prod®&EseRtofiplfefiafgeasale adheg Al sdrudrd FIRIITYN of

propyl ene. In a case where as the ethylene, ethylene obtained 5 by the
facility for fER® FEAGH B¥ q%ﬁﬁ%“«ﬂ&%ﬁrﬂ¥%¥92%§ﬁﬂ%wﬁﬁﬁlqt°ﬁs preferred

to recycle the Qolanned ; ALY RGMC, SR IR N £, pr gy ene to a

merit will be obtainable. Not only that, the load in
10 separation from propylene as the desired product and in
the purification process of propylene will increase, such
being undesirable. Accordingly, as the above various
reaction conditions, it is preferred to employ conditions
whereby the raw material methanol and dimethyl ether will
15 be completely converted.
Here, the reaction temperature may depend on the
type of the catalyst to be used, but is usually at least
about 200°C, preferably at least about 250°C, more
preferably at least about 300°C, and the upper limit is
20 usually at most about 700°C, preferably at most about
600°C, more preferably at most about 500°C. If the
reaction temperature is too low, the reaction rate tends
to be small, the rate for formation of the desired
product tends to be remarkably slow, and unreacted raw
25 materials tend to remain in a large amount. On the other
hand, if the reaction temperature is too high, the yield

of the desired product tends to be low.



separation/purification systemof the facility for the production of |ower
olefins. 10 In such a case, the separation/purification system of the
facility for the production of lower olefins to which the reaction product
i's to be recycled, may, for exanple, be a cleaning colum or a piping
thereto, or the ethylene/ethane-renoving colum or a piping thereto, in 15
the facility. Here, the ethylene-containing fraction is preferably recycled
as the raw material for the reaction. Fur&Ber, in the above reaction, water
is also formed as a by-product. Accordingly, it is also preferred that 20

a part of water frurfRkd n ddhanHLacddlicydaiimuaddethd acdthelyaw @t eri al
and recycled in the reaction system EXAMPLES Specific enbodi nents of the
present inventikedywitld uibereycs mMing irhe Heoldeawd ity Exdigateas, tHowever, it
should be understood that the present invention is by no neans restricted
to such Exampkeest ibh BXANRLE iks]l whHdrl tdeenesesst.i ofin ancat eosplser,i ¢her essure
fixed bed flow reaction apparatus was used, and a m xture conprising 0.1 g
of a catal ystagndy&tsmgyofoea wiithgeawrs fongar tthes arech oty paskkdalin @ react i on
tube made of PYREX (registered trademark) and having an outer diameter of 6
mm As the caeatyst, tSaPEIXepishareamPviad adesr dxrew b t Py Uscimbitzing 4, 440, 871
was used, and the reaction was carried out under the follow ng reaction
conditions. Fhe agcvamlated [qaker dat o PNy 1O ISR tRRRPhpke .

chronatograph% was used for the analysis of the product.
thereby to regenerate the catalyst. Such a regenerated

catalyst may be reintroduced into the reactor. From the
viewpoint of such withdrawal and reintroduction of the

10 catalyst, it is preferred to employ a process using a
movable bed reactor or a fluidized bed reactor rather
than a fixed bed, since the operation is thereby simple.

In the process of the present invention, water will

be formed as a by-product in the reaction system as the

15 reaction proceeds. However, it is preferred to supply
water to the reaction system by a method such as adding
water to the reaction raw material to let water (i.e.
steam) be coexistent in the reaction system from the
initial stage of the reaction. By letting water be

20 present in the system, there will be a function to
suppress formation of coke which causes deactivation of
the catalyst, and it is possible to obtain an effect to
prolong the catalyst life and to suppress formation of
paraffins or oligomerization of the formed olefin thereby

25 to increase the selectivity of the desired propylene.
The amount of water to be supplied to the reaction system

may depend on the type of the solid acid catalyst to be



The met hanol conversion, the hydrocarbon conposition and the propyl ene
yield represent the values upon expiration of 70 minutes after setting the
reaction conditions. 15 REACTI ON CONDI TI ONS Reaction tenperature: 4000C

Met hanol : 6.5 nol % Et hyl ene/ met hanol (nolar ratio) = 5 Water/nethano
(molar ratio) = 4 20 Methanol WHSV = 0.5 hr-1 EXAMPLE 1-2 The reaction was
carried out in the sane manner as in Exanple 1-1 except that as the

catal yst, ZSMb (Si 02/ A 2038 = 300) prepared in accordance with the nethod 25
disclosed in the journal of Institute of Petroleum 24, (5), 275-280

(1981), was ufRé JFOGARATING FOWVPldorldB5i onldie Baactd asweBlgagf i ed out in
the same manner as in Exanple 1-1 except that as the catal yst, SAPO 34 was
used, and et hydaane/mmdsgnarfadably aft d)eadts chiaghgetkd pHESrabTABME 1 Ex.
1- 1Ex. 1-2Conp. Ex. Catal yst SAPO 34 ZSM5 SAPO 34 ETY/ MeOH (nolar ratio) 5
50.5 least 0.5, by molar ratio to the sum of the number of
moles of methanol and two times the number of moles of
5 dimethyl ether which are being supplied to the reaction
system. If water is too much, the reaction rate will
decrease, and there will be a problem such that the yield
of the desired product will decrease or the catalyst
itself will react with water and undergoes modification.
10 Accordingly, it is usually at most 15, preferably at most
10, more preferably at most 5, by such molar ratio.
The reaction product mixture obtainable by the above
reaction is one containing propylene as the main
component and ethylene as unreacted raw material, and
15 olefins having at least 4 carbon atoms are also
contained. The amount of by-products such as the above
paraffins, olefins and aromatic hydrocarbons is such that
the molar concentration in the hydrocarbon component at
the outlet of the reactor is at most 30%, preferably at
20 most 15%. Further, it contains ethylene in an amount
smaller than the amount of ethylene being fed to the
reaction system and contains propylene in an amount of at
least 40 mol%, preferably at least 50 mol%, based on the
sum of the number of moles of methanol and two times the
25 number of moles of dimethyl ether which are being fed to

the reaction system.

(4) METHOD FOR SEPARATING THE PRODUCT



H20/ MeOH (nol ar rati o) 444 MeOH conversion (% 100100100 Hydrocarbon
conpoOsition in the discharged conponent fromthe reactor (% Ethylene
61. 160. 173. 3 Propyl ene 28.214.218.2 Butene 3.010.85.1 Propylene yield (nol%
based 56.615.7 on McOH fed 120.4 (ETY=et hyl ene, McOH=net hanol) EXAMPLES 2 TO
14 PREPARATI ON OF SCOLI D ACI D CATALYST 10 PREPARATI ON EXAMPLE 1 Crystalline
porous alum nosilicate Htype ZSMb (Si 2/ Al 203 = 300) having a IVFI
structure was obtained in accordance w thothe nethod disclosed in journal
of Institute of Petroleum 24, (5) , 275-280 (1981) The 15 comnposition of
this crystalline porousasd Uihasitheadesived v yZede bys atio Xo& ay
fluorescence analysis, and the 'results are shown in Table 2. PREPARATI ON
EXAMPLE 2 56 isblgit@fd tfhrenc st alHavee yearatiomiprodost Imicatwerebttehared in
Preparation Exanple 1 was mxed with 0.36 g of cal cium carbonate obtai ned
by cal ci nati mxtalre may deetiatter@udsiDEd @ Kibwiour s and t hen at 550C for 6
5 hours, in a nortar in a solid state, to obtain a calcium_ m xed
crystal |l i ne peperatdlamimesifiiicdtion facility as in an ethylene
5 cracker process, whereby depending upon the respective
components, recovery, purification, recycling or
discharge treatment may be applied.
In the present invention, the reaction product by
the reaction of ethylene with methanol and/or dimethyl
10 ether contains olefins having at least 4 carbon atoms
formed as by-products in addition to the formed propylene
and unreacted ethylene, methanol and dimethyl ether, and
further contains a carrier such as ethane, etc. For
purification of propylene, a methane-removing column, an
15 ethane-removing column, a propane-removing column, etc.
should basically be provided as propylene production
facilities. However, by recycling the reaction product
to the above mentioned facility for the production of
olefins by thermal decomposition of naphtha, to the
20 facility for the production of lower olefins from
methanol and/or dimethyl ether, or to the
separation/purification system in the facility for the
production of ethylene by steam cracking of ethane, a
part of equipments which should basically be provided for
25 the propylene production facilities may be omitted, and

the facilities can be minimized.

For example, in a case where propylene is produced



PREPARATI ON EXAMPLE 3 1 g of the crystalline porous alum nosilicate

obtatned in Preparation Exanple 1 was mxed with 0.36 of 10 strontium
carbonat e obtained by calcinating strontium acetate at 500C for 18 hours, in
a nortar in a solid state, to obtain a strontiumm xed crystalline porous
al um nosilicate. PREPARATI ON EXAMPLE 4 15 Crystalline porous alumnosilicate
Htype ZSMb (Si02/Al 203 = 50) having a MFl structure was obtained in
accordance with the method disclosed in jeurnal of Institute of Petrol eum
24, (5), 275-280 (1981). 2 g of this crystalline porous alumnosilicate was

m xed Wi th apy2@ecadtaods exohildrn dbditedl 48 ttheOff Ll 16 i mset et e
nonohydrate dissolved in 20 Ml of water, and the mxture was stirred at

about 80C f opradugt 126 lducd edrichd Men thRvaRd aeebrmdryimssomt from 100 to
120C, followed by calcination at 200C for two hours and then at 500C for 25

18 hours in aaphttha,obtizihn aa geal dantasivppey et hattgistaald o dionestlsyl

alum nosilicate. The conposition of this alumnosilicate was anal yzed by
X-ray fluorestdrse, 157 isapdefleer mess d s rarmdB@mMtlen fEaddtei h pRRERARATI ON
EXAMPLE 5 Crystalline porous al um noborosilicate as a zeolite havi ng a
MFl st r ucs ur éonddieo bediheae -inemeosiral @vdainvi tamd/Bon Hdansttotheti menesiad i n
journal of Institute of Petroleum 24, (5), 275-280 (1981) by using boric
acid furthecoddmy aag/eat déhicaPr ORI SCEHRRSSI D F Jfunrhi i "t sfag 13 He por ous

al um noborosilicate was analyzed by a _chem cal analysis and X-ray
fIuorescencefgﬁawp§i?rQQMEtlon of 'olefins. It is thereby possible to

substantially change the yield balance of ethylene and
propylene to increase the propylene/ethylene amount ratio
10 in the production of olefins by thermal decomposition of
naphtha, and it is also possible to improve the
efficiency in the operation of the facility for the
production of olefins by the thermal decomposition of
naphtha and at the same time to minimize the facility for
15 the production of propylene from ethylene.
The reaction product contains olefins having at
least four carbon atoms formed as by-products in addition
to the formed propylene and unreacted ethylene, and
further, in a case where the top fraction in the above
20 front end methane-removing process and the above
mentioned front end propane-removing process is used as
the ethylene raw material, ethane will also be contained,
or in a case where the top fraction in the above front
end ethane-removing process is used as the ethylene raw
25 material, ethane, methane and hydrogen may, for example,
be contained. Accordingly, in the purification of

propylene, the propylene production facilities for the



10 the results are shown in Table 2. 1 g of this «crystalline porous

al uni noborosilicate was nixed with an aqueous solution having 0.4 g of

cal cium acetate nonohydrate dissolved in 10 nl of water, and the m xture
was stirred at about 800C for about 20 hours and then is evaporated to
dryness at from 100 to 120'C, followed by calcination at 200'C for two
hours and then at 5000C for 18 hours in air, to obtain a cal ci um supported
crystalline porous al um noborosilicate. PREPARATI ON EXAMPLE 6 20 To an
aqueous sol ution having 0.38 g of alum num nitrate nonahydrate and 0.45 g

of calci um agelaleds M ANH RS Sotwat idh Hrd e @t &1y & ed

colloidal silica containing 30 wt% of silica (manufactured by Catalysts &

Chemi cal s | ndusty it@% GRthaded. Nemdd nbd @ lafm?5 i et Wiiee- ke ivg t h
stirring, and an aqueous solution having 0.42 g of sodi um hydroxi de

di ssol ved i ncelamrg afhe waigranevasenaddedy tdudneiro, &t t hdsut adepsudnus
solution 58 having 2.7 g of tetra-n-butylammoni um brom de di ssolved in 10
g of water, wpeonadded opgnchttilte: mbate dmashe iiggoirloiust et ithieed for two
hours. The charged nolar ratio at that tinme was such that Si 02/ A 203 = 200,
and 5 CaG Si produ@t@zs: ofhics efdinayi xaturleasds xirarfedf rthe areactukaer| ave
having an internal capacity of 100 m _ and subjected to hydrothernal

treat ment at PERQIUCTH Fravddenhdimtsrodunes beattirea Meflanan ke manidg r@eidin was
collected by filtration, washed with water, dried at 1200C overnight 10 and
cal ci nat ed afSEEOCHST ShOR-FIMPEng Pyt ad oprtdiRI AT WA i xed with

15 M of 0.8 N hydrochlqric acid, sufba{' e,clt,ed to. stirring treatnent. at room
t enper at ur e gsmoving column 1in that cility, whereby it is possible

to improve the efficiency in the operation of the

10 facility for the production of olefins by thermal
decomposition of naphtha and at the same time to minimize
the number of equipments to be provided for the facility
for the production of propylene and/or to minimize the
capacity of the equipment installed.

15 In a case where a methane-removing column and/or an
ethane-removing column and/or a propane-removing column
are installed in the facility for the production of
propylene, depending upon the operation states of the
facility for the production of olefins and the facility

20 for the production of propylene, it will be possible to
introduce the product from the facility for the
production of olefins to the methane-removing column
and/or the ethane-removing column and/or the propane-
removing column of the facility for the production of

25 propylene, whereby the allowable range of the facility
for the production of olefins can be broadened, and the

operation conditions can be optionally changed to



24 hours, then thoroughly washed with water, then dried at 1200C over ni ght
and ctalcinated at 550'C for 6 hours inis air, to obtain a Htype

cal ciumcontaining crystalline porous alumnosilicate. The conposition of
this calcium containing crystalline porous aluminosilicate was analyzed by
X-ray fluorescence, and the results are shown in Table 2. This cal cium
containing crystalline porous 20 alum nosilicate was mxed with 0.36 g of

cal cium carbonate obtained by cal cinating3cal ciumacetate at 500'C for 10
hours and then at 5500C for 6 hours, in a nortar in a solid state, to
obtain a cal eantimizxedhE- ffdciealcsi Wi ¢hrt aviirad 1c pricddd nediaidilisy

al um nosi licate. 25 PREPAPATI ON EXAMPLE 7 1 g of the cal ci umcontaining
crystalline pbeofiacidityi fosi itheate odicaiined dfn Rredparsatamh theanpl e 6 was 59
mxed with 0.36 g of strontium carbonate obtained by calcinating strontium
acetate at 5608€iflatyl&owotrhe, prodactmomnt af propydened state, to obtain a
strontiumm xed H type cal ciumcontaining crystalline porous s

al umi nosi | i cat e. INPRERARAT [WhI¢ XEXAPItHhe8 etdvarereuediy snaitotainad ng 0. 38 ¢
of alum num nitrate nonahydrate and 0.45 g of nagnesium acetate

t et r ahydrat ePdi §861 Fagiild t30 fgrofthfadaiodued igrofof1 d sy silediing |dca
containing 30 wt% of_ sillica (manufactured by Catalysts & Chem cals

| ndustri es C8MPLloyed.) 14nds1Rrgiornmst & Wy dGdddeniddtradisd i ng, and an

aqueous sol ution havin %f42 of sodj um.hydroxide dissolved in 6.67 g of

water, was adG8HCHRE BEGUT BEMBREET IR Rie s RARNLBI Hvihg 2.7 g of

tetra-n- separation/purification system of the facility for the
production of lower olefins.

10 In such a case, the separation/purification system
of the facility for the production of lower olefins to
which the reaction product is to be recycled, may, for
example, be a cleaning column or a piping thereto, or the
ethylene/ethane-removing column or a piping thereto, in

15 the facility.

Here, the ethylene-containing fraction is preferably
recycled as the raw material for the reaction.

Further, in the above reaction, water is also formed
as a by-product. Accordingly, it is also preferred that

20 a part of water formed in the reaction system is added to

the raw material and recycled in the reaction system.

EXAMPLES
Specific embodiments of the present invention will
25 be shown in the following Examples. However, it should
be understood that the present invention is by no means

restricted to such Examples.



but yl ammoni um brom de di ssolved in 10 g of water, was added, and the

m xtre was vigorously stirred for two hours. The charged nolar ratio at
that time was such that Si 2/ Al 203 = 200, and CaQ Si2 = 0.025. This gel 20
m xture was charged into an autoclave having an internal capacity of 100 m
and subjected to hydrothermal treatnent at 180C for 48 hours under natural
pressure. The product was collected by filtration, washed with water,
dried at 120C overni ght and cal cinated ats%50C 25 for 6 hours in air. 1 g of
the product was mxed with 15 m of 0.8 N hydrochloric acid, subjected to
stirring trextaviE at-1r oomtenperature for 24 hours and then 60 thoroughly
washed with water, then dried at 120C overnight and cal ci nated at 550C for
6 hours in air, tRor ditfaireasctidrypearnregiesspine ciont@tasagrer fikadl be@ por ous
alum nosilicate. The conposition of this nagnesium5 containing crystalline
por ous al um MdswW irestcs iwes appralazed WRs Xegeg, fdndbreesciertoe;e and the results
are shown in Table 2. PREPARATI ON EXAMPLE 9 1 g of the nagnesi um cont ai ni ng
crystalline pompyssing & .dmonedi la c@tte lusttaiaretl 4.5 Rr effaratdolndxanpl e 8 was
m xed with 0.36 g of cal cium carbonate obtained by calcinating calcium
acetate at 5@9@%& SEQh ¢i@ss PaTdRed Héh satr SB0G ot Wendtads of YR tar in a
solid state, to obtain a calciummxed Htype magnesiuntcontaining is
crystal line peeQisStared fdddemedtd. 2 PREPAHAE G¢ YL EliRIater #f the

magnesi um cont ai nj ng er yst al &i ne pga%us al um noai l.i cat e ohtained ,in
Prepar ati on E%hnpﬁﬁ § ﬁagata vyst, 034 prepared 1n accordance wit

US Patent 4,440,871 was used, and the reaction was
carried out under the following reaction conditions. In
10 Table 1, the reaction results are shown, and gas
chromatography was used for the analysis of the product.
The methanol conversion, the hydrocarbon composition and
the propylene yield represent the values upon expiration
of 70 minutes after setting the reaction conditions.
15 REACTION CONDITIONS
Reaction temperature: 400°C

Methanol: 6.5 mol%

Ethylene/methanol (molar ratio) = 5
Water/methanol (molar ratio) = 4
20 Methanol WHSV = 0.5 hr™*

EXAMPLE 1-2
The reaction was carried out in the same manner as
in Example 1-1 except that as the catalyst, ZSM5
(S10,/A1,0; = 300) prepared in accordance with the method
25 disclosed in the journal of Institute of Petroleum, 24,
(5), 275-280 (1981), was used.

COMPARATIVE EXAMPLE 1



m xed with 0.36 g of magnesi um oxi de obtai ned by 20 cal ci nati ng nagnesi um
acetate at 500C for 18 hours, in a nortar in a solid state, to obtain a
magnesi um m xed H type nagnesi um contai ning crystalline porous

al umi nosi | i cate. PREPARATI ON EXAMPLE 11 25 1 g of the magnesi um contai ni ng
crystalline porous alumnosilicate obtained in Preparation Exanple 8 was

m xed with 0.36 g of nanganese oxi de (M203) obtained by 61 calcinating
manganese oxal ate at 500C for 18 hours, ih5a nortar in a solid state, to
obtain a manganese-m xed H type magnesi um contai ning crystalline porous

al um nosi | i cat e. ThePRERARATIIONEXANMAIE €@ dut ain acjue ossms chamnen &avi ng 0. 38
g of alum num nitrate nonahydrate and 0.65 g of barium acetate nonohydrate
di ssol ved i n i30 Exaop lsatlerl, e2@qptofthed] lag ddle sitldalsttoZAR0 3y B0s wt % of
silica (manufactured by 10 Catal ysts & Chem cals Industries Co., Ltd.) and
14 g of wat &seger angd@tdydiane/dtdthang), @adan miicusiadl changed Hawi ng
0.42 g of sodium hydroxi de dissolved in 6.67 g of water, was added thereto.
Further, an &g®eous solution having 2.7 g of tetra-n-butyl anmoni um broni de
dissolved 15.in_10 g of water, was added, and the m xture was vi gorously
stirred for tHeHfod he ar ged_nol a atio a ha e we iIch that
Si 2/ Al203 = 200, and BaQ' Si2 = 0.025. Thes. get1m Ekur e-2as cCoapged i nto
an autoclave having an internal capacity of 100 ml and 20 subjegted to

hydr ot her nal TR 180C for 48 hour nder naL Y T ES ST €

product was SEIPeded l[)ny ,
ETY/MeOH (nmolar ratio) 5 5 0.5
H,0/MeOH (molar ratio) 4 4 4
MeOH conversion (%) 100 100 100

Hydrocarbon composition in
the discharged component
from the reactor (%)

Ethylene 61.1 60.1 73.3
Propylene 28.2 14.2 18.2
Butene 3.0 10.8 5.1
Propylene yield (mol%) based
on MeOH fed 120.4 56.6 15.7

(ETY=ethylene, MeOH=methanol)

EXAMPLES 2 TO 14
PREPARATION OF SOLID ACID CATALYST

10 PREPARATION EXAMPLE 1

Crystalline porous aluminosilicate H-type ZSMS5S

(S1i0,/A1,0; = 300) having a MFI structure was obtained in
accordance with the method disclosed in journal of
Institute of Petroleum, 24, (5), 275-280 (1981). The

15 composition of this crystalline porous aluminosilicate
was analyzed by an X-ray fluorescence analysis, and the
results are shown in Table 2.

PREPARATION EXAMPLE 2



filtration, washed with water, dried at 120C overni ght and cal cinated at
550C"for 6 hours inair. 1 g of the product was mxed with 15 m of 0.8 N
hydrochl oric acid, 25 subjected to stirring treatnment at roomtenperature
for 24 hours, then thoroughly washed with water, dried at 120C over ni ght
and cal cinated at 550C for 6 hours in 62 air, to obtain a Htype
bariumcontaining crystalline porous alumnosilicate. The conposition of
this barium containing crystalline porouseéalum nosilicate was analyzed by
X-ray fluorescence, and the results are shown 5 in Table 2. 1 g of this

bari um cont ai ni ng ccrofsttld idrystadrlduse gdorour0 s luntiaies Maiscatexed with 0.36 g
of cal cium carbonate obtained by calcinating calciumacetate at 500" C for
10 hours and ddtexirstd 550'B2 dpmrad dwourBssanplen 1 mad arixed awstdh i @l. 3¢ age, to
obtain a cal ciumm xed Htype 10 barium containing crystalline porous

al um nosi | i catfe calRRERAREHIONAAMIER IBdr drarcalqtienising| eal@iumavi ng 0. 09
g of alum num phosphate and 0.34 g of calcium acetate m)nchydrate

di ssol ved i na®Bt@tst atmtx0°C1fog a0 beursi gad shencat155066t &PKi Ag 30 wt % of
silica (manufactured by Catalysts Chemicals Industries Co., Ltd.) was added
with stirbindioutdEnd dh aqiRheE ddt @t ish hETRED. 49 @?t%btamn%wlam de
dissolved in 7.5 of water, was added thereto._ Further, an aqueous

sol uti on havifig §6:Y99t(ﬁ1]t3é7cer B[ P bﬂt‘?‘?%‘fﬁﬁ)’rﬁ%ﬁﬁﬁfﬁom de dissolved in 10 g
of water, ture was vigorously stirred for two hours.
The char ged %&E}%%ﬁoy%?&pﬁsﬁﬁm was such that Si02/A1203 =2 0 0, and

%t@(’)fi ave 0. 025’1 %n%tSIt%Z/ %Zrystgl%.Q.%e E@rso&elalnatﬁ(fﬁgselllca charged into an

obtained in Preparation Example 1 was mixed with 0.36 of
10 strontium carbonate obtained by calcinating strontium
acetate at 500°C for 18 hours, in a mortar in a solid
state, to obtain a strontium-mixed crystalline porous
aluminosilicate.
PREPARATION EXAMPLE 4
15 Crystalline porous aluminosilicate H-type ZSM5
(S1i0,/A1,0; = 50) having a MFI structure was obtained in
accordance with the method disclosed in journal of
Institute of Petroleum, 24, (5), 275-280 (1981). 2 g of
this crystalline porous aluminosilicate was mixed with an
20 aqueous solution having i.23 g of calcium acetate
monohydrate dissolved in 20 ml of water, and the mixture
was stirred at about 80°C for about 20 hours and then
evaporated to dryness at from 100 to 120°C, followed by
calcination at 200°C for two hours and then at 500°C for
25 18 hours in air, to obtain a calcium-supported
crystalline porous aluminosilicate. The composition of

this aluminosilicate was analyzed by X-ray fluorescence,



25 having an internal capacity of 100 ml and subjected to hydrother mal
treatnent at 1800C for 48 hours under natural pressure. The product was
collected by 63 filtration, washed with water, dried at 120C overni ght and
calcinated at 550C for 6 hours in air. 1 g of the product was m xed with 15
m of 0.8 N hydrochloric acid, subjected to stirring treatnment at room
tenperature for 5 24 hours, then thoroughly washed with water, then dried
at 120C overni ght and cal cinated at 550C §wr 6 hours in air to obtain a
H type cal ciumcontaining crystalline porous alum nophosphosilicate. The
conposi tion ahd khe reahditdmagentsdhiodnd rcrmasdlal |2.ne porous 10
al um nophosphosilicate was anal yzed by X-ray fluorescence, and the results
are shown i nPREFPARAZTION EXAMPIEhISS cal ci um containing crystalline porous
al um nophosphosilicate was m xed with 0.36 g of calcium carbonate obtained
by cal ci nati ng cé&hystimlddeeaperausi s 1500@dcor okl lhaatse aw a hEplattS50C f or
6 hours, ina nortar in a solid state, to obtain a calciumm xed Htype
cal ci um cont AeNiimg er YEHalsttimwe tpaeowas ahrdlngshogplessidnideatae wtth 0 a4 ~4
0 ~40z
5 the method disclosed in journal of Institute of
Petroleum, 24, (5), 275-280 (1981) by using boric acid
further as a raw material. The composition of this
crystalline porous aluminoborosilicate was analyzed by a
chemical analysis and X-ray fluorescence analysis, and
10 the results are shown in Table 2. 1 g of this
crystalline porous aluminoborosilicate was mixed with an
aqueous solution having 0.4 g of calcium acetate
monohydrate dissolved in 10 ml of water, and the mixture
was stirred at about 80°C for about 20 hours and then
15 evaporated to dryness at from 100 to 120°C, followed by
calcination at 200°C for two hours and then at 500°C for
18 hours in air, to obtain a calcium-supported
crystalline porous aluminoborosilicate.
PREPARATION EXAMPLE 6
20 To an agueous solutioﬁ having 0.38 g of aluminum
nitrate nonahydrate and 0.45 g of calcium acetate
monohydrate dissolved in 30 g of water, 20 g of colloidal
silica containing 30 wt% of silica (manufactured by
Catalysts & Chemicals Industries Co., Ltd.) and 14 g of
25 water were added with stirring, and an aqueous solution

having 0.42 g of sodium hydroxide dissolved in 6.67 g of

water, was added thereto. Further, an aqueous solution
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having 2.7 g of tetra-n-butylammonium bromide dissolved
in 10 g of water, was added, and the mixture was
vigorously stirred for two hours. The charged molar
ratio at that time was such that Si0,/Al,0; = 200, and
Ca0/S8i0, = 0.025. This gel mixture was charged into an
autoclave having an internal capacity of 100 ml and
subjected to hydrothermal treatment at 180°C for 48 hours
under natural pressure. The product was collected by
filtration, washed with water, dried at 120°C overnight
and calcinated at 550°C for 6 hours in air. 1 g of the
product was mixed with 15 ml of 0.8 N hydrochloric acid,
subjected to stirring treatment at room temperature for
24 hours, then thoroughly washed with water, then dried
at 120°C overnight and calcinated at 550°C for 6 hours in
air, to obtain a H-type calcium-containing crystalline
porous aluminosilicate. The composition of this calcium-
containing crystalline porous aluminosilicate was
analyzed by X-ray fluorescence, and the results are shown
in Table 2. This calcium-containing crystalline porous
aluminosilicate was mixed with 0.36 g of calcium
carbonate obtained by calcinating calcium acetate at
500°C for 10 hours and then at 550°C for 6 hours, in a
mortar in a solid state, to obtain a calcium-mixed H-type
calcium-containing crystalline porous aluminosilicate.
PREPARATION EXAMPLE 7

1 g of the calcium-containing crystalline porous

aluminosilicate obtained in Preparation Example 6 was
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mixed with 0.36 g of strontium carbonate obtained by
calcinating strontium acetate at 500°C for 18 hours, in a
mortar in a solid state, to obtain a strontium-mixed H-
type calcium-containing crystalline porous

5 aluminosilicate.

PREPARATION EXAMPLE 8

To an aqueous solution having 0.38 g of aluminum
nitrate nonahydrate and 0.45 g of magnesium acetate
tetrahydrate dissolved in 30 g of water, 20 g of

10 colloidal silica containing 30 wt% of silica
(manufactured by Catalysts & Chemicals Industries Co.,
Ltd.) and 14 g of water were added with stirring, and an
aqueous solution having 0.42 g of sodium hydroxide
dissolved in 6.67 g of water, was added thereto.

15 Further, an aqueous solution having 2.7 g of tetra-n-
butylammonium bromide dissolved in 10 g of water, was
added, and the mixture was vigorously stirred for two
hours. The charged molar ratio at that time was such
that Si0,/Al,0; = 200, and Ca0/Si0O, = 0.025. This gel

20 mixture was charged into an autoclave having an internal
capacity of 100 ml and subjected to hydrothermal
treatment at 180°C for 48 hours under natural pressure.
The product was collected by filtration, washed with
water, dried at 120°C overnight and calcinated at 550°C

25 for 6 hours in air. 1 g of the product was mixed with 15
ml of 0.8 N hydrochloric acid, subjected to stirring

treatment at room temperature for 24 hours and then



REACTION  For the reaction, an atnospheric pressure fixed bed flow reaction
apparatus was used, and a m xture conprising 0.1 g of the crystalline
porous s aluninosilicate obtained in Preparation Exanple 1 (Exanple 2), or
0.136 g of the crystalline porous alumnosilicate or crystalline porous
al um noborosilicate nodified with nmetal elenments, obtained in one of
Preparation Exanples 2 to 13 (Exanples 3 to 14), as a 10 solid acid
catalyst, and 0.5 g of quartz sand as a @Dluent, was packed in a reaction
tube made of PYREX (registered trademark) and having an outer dianeter of 6
nm and a reatidroughds, carghiest] wiiltth wedesr t thareatitied atcabd ons as shown
in Table 3. The reaction results is were anal yzed by neans of gas
chr omat ogr aplyermmdghthend eslldinaed ot 1°¢ Tall € Joude AnCEACCCEECCCCC r |
NH3-1-r1 k-ri ~irl }i-r1l 3-1-ri -1-ri ~Ir1 }i-ri 3-1-ri k-H}irl 4-HK
EEE10E~E4EEE okt a3EF a~ E-P ) Magngsiym-goiie goigdvc s 0 k0@ i e@& NO MO
a00 aDO 0)O0 0). )d'dld1d4l Td. [Md' d' dvd' [M;1, N _ 0 -)
aluminosilicate. The composition of this magnesium-
5 containing crystalline porous aluminosilicate was
analyzed by X-ray fluorescence, and the results are shown
in Table 2.
PREPARATION EXAMPLE 9
1 g of the magnesium-containing crystalline porous
10 aluminosilicate obtained in Preparation Example 8 was
mixed with 0.36 g of calcium carbonate obtained by
calcinating calcium acetate at 500°C for 10 hours and
then at 550°C for 6 hours, in a mortar in a solid state,
to obtain a calcium-mixed H-type magnesium-containing
15 crystalline porous aluminosilicate.
PREPARATION EXAMPLE 10
1 g of the magnesium-containing crystalline porous
aluminosilicate obtained in Preparation Example 8 was
mixed with 0.36 g of magnesium oxide obtained by
20 calcinating magnesium acetate at 500°C for 18 hours, in a
mortar in a solid state, to obtain a magnesium-mixed H-
type magnesium-containing crystalline porous
aluminosilicate.
PREPARATION EXAMPLE 11
25 1 g of the magnesium-containing crystalline porous

aluminosilicate obtained in Preparation Example 8 was

mixed with 0.36 g of manganese oxide (Mn;0;) obtained by
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calcinating manganese oxalate at 500°C for 18 hours, in a
mortar in a solid state, to obtain a manganese-mixed H-
type magnesium-containing crystalline porous
aluminosilicate.
PREPARATION EXAMPLE 12

To an aqueous solution having 0.38 g of aluminum
nitrate nonahydrate and 0.65 g of barium acetate
monohydrate dissolved in 30 g of water, 20 g of colloidal
silica containing 30 wt% of silica (manufactured by
Catalysts & Chemicals Industries Co., Ltd.) and 14 g of
water were added with stirring, and an aqueous solution
having 0.42 g of sodium hydroxide dissolved in 6.67 g of
water, was added thereto. Further, an agueous solution
having 2.7 g of tetra-n-butylammonium bromide dissolved
in 10 g of water, was added, and the mixture was
vigorously stirred for two hours. The charged molar
ratio at that time was such that Si0,/21,0; = 200, and
Ba0/Si0; = 0.025. This gel mixture was charged into an
autoclave having an internal capacity of 100 ml and
subjected to hydrothermal treatment at 180°C for 48 hours
under natural pressure. The product was collected by
filtration, washed with water, dried at 120°C overnight
and calcinated at 550°C for 6 hours in air. 1 g of the
product was mixed with 15 ml of 0.8 N hydrochloric acid,
subjected to stirring treatment at room temperature for
24 hours, then thoroughly washed with water, dried at

120°C overnight and calcinated at 550°C for 6 hours in
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air, to obtain a H-type barium-containing crystalline
porous aluminosilicate. The composition of this barium-
containing crystalline porous aluminosilicate was
analyzed by X-ray fluorescence, and the results are shown
5 in Table 2. 1 g of this barium-containing crystalline
porous aluminosilicate was mixed with 0.36 g of calcium
carbonate obtained by calcinating calcium-acetate at
500°C for 10 hours and then at 550°C for 6 hours, in a
mortar in a solid state, to obtain a calcium-mixed H-type

10 barium-containing crystalline porous aluminosilicate.
PREPARATION EXAMPLE 13

To an aqueous solution having 0.09 g of aluminum
phosphate and 0.34 g of calcium acetate monohydrate
dissolved in 25 g of water, 15 g of colloidal silica

15 containing 30 wt% of silica (manufactured by Catalysts &
Chemicals Industries Co., Ltd.) was added with stirring,
and an aqueous solution having 0.4 g of sodium hydroxide
dissolved in 7.5 g of water, was added thereto. Further,
an aqueous solution having 1.96 g of tetra-n-

20 butylammonium bromide dissolved in 10 g of water, was
added, and the mixture was vigorously stirred for two
hours. The charged molar ratio at that time was such
that Si0,/Al,0; = 200, and MgO0/SiO, = 0.025, and Si0,/P,0s
= 200. This gel mixture was charged into an autoclave

25 having an internal capacity of 100 ml and subjected to
hydrothermal treatment at 180°C for 48 hours under

natural pressure. The product was collected by



r-i Si riSi HSi HSI HSIi r-1}i H-1 r-iS Hl4 ri-i -i Si-l}i)-1 ri 4
ronrororortroronm(9ro(a ) . P, Pl EPIEP, 04[] 1PEEPI ELL EP, aCL EPI E ro UN<XroO
NN Xi a) a)N XO X XkXX i4S Si 14NS s4 iiii Q4Q Uawawaw0o4 wo4 wawawawawaw
Ori NmiL Nrdl L) 2ONWONri Hri Hri rl Xr yxkxxKKxKSC WANWYNNANNAYNYYY 67 0 4]~ ow

63

filtration, washed with water, dried at 120°C overnight
and calcinated at 550°C for 6 hours in air. 1 g of the
product was mixed with 15 ml of 0.8 N hydrochloric acid,
subjected to stirring treatment at room temperature for

5 24 hours, then thoroughly washed with water, then dried
at 120°C overnight and calcinated at 550°C for 6 hours in
air to obtain a H-type calcium-containing crystalline
porous aluminophosphosilicate. The composition of this
calcium-containing crystalline porous

10 aluminophosphosilicate was analyzed by X-ray
fluorescence, and the results are shown in Table 2. 1 g
of this calcium-containing crystalline porous
aluminophosphosilicate was mixed with 0.36 g of calcium
carbonate obtained by calcinating calcium-acetate at

15 500°C for 10 hours and then at 550°C for 6 hours, in a
mortar in a solid state, to obtain a calcium-mixed H-type
calcium-containing crystalline porous

aluminophosphosilicate.
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REACTION
For the reaction, an atmospheric pressure fixed bed

flow reaction apparatus was used, and a mixture
comprising 0.1 g of the crystalline porous

5 aluminosilicate obtained in Preparation Example 1
(Example 2), or 0.136 g of the crystalline porous
aluminosilicate or crystalline porous aluminoborosilicate
modified with metal elements, obtained in one of
Preparation Examples 2 to 13 (Examples 3 to 14), as a

10 solid acid catalyst, and 0.5 g of quartz sand as a
diluent, was packed in a reaction tube made of PYREX
(registered trademark) and having an outer diameter of 6
mm, and a reaction was carried out under the reaction
conditions as shown in Table 3. The reaction results

15 were analyzed by means of gas chromatography, and the

results are shown in Table 3.
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VANV M W 68 As is evident fromthe results shown in Table 3, as
conpared with the case of Exanple 2 wherein a non- nodified crystalline
porous silicate was used as a solid acid catalyst, in the case of Exanple 3
or 4 wherein a s crystalline porous silicate nodified with cal ci um or
strontiumwas used, the yield of propylene to nmethanol fed shows a high
yield even after 8 hours of the reaction fi’me agai nst after 40 m nutes of
the reaction tine, and the difference in yield between the two reaction
times is to -4.9%or +4.6% respectively, while in Exanple 2, the yield is
| ow and decreased by -24.4% between the two reaction tines. Nanely, it is
evident that according to the process of the present invention, a high

yield can be acgonplished,+andat the san a-decrease in yield 1s for
an operation for |a [long i can be suUppresse ghown in

Exanples 5 to 12,/ i ;s evident; that |al sp i in acrystalline
porous silicate ([nmodihied wilth |other netal el g a polid acid

catal yst, a high yiﬁg can Ibe accofmpl ijshed, 2 mg tipe, [a

decrease in yield of]propyl éne jin Fn operati i e can Be
suppressed. EXAMPLH g_é PREBARAT N Lk | CAS - ¥ Alin BlB 9 Of 70%
NaAlC2 and 1.4 g|of/s w5 Nagware di s3ol VB o 640t o

dei oni zed water. V| alut mansyar et caguepus s </9.9 g

of hexamet hyl eneilmjte8and 12 g |of 5ili{ca [ AE

[
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Hydrocarbon composition in the component
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69 200, by NI PPON AERCSIL CO., LTD.) were added, followed by stirring for
two hours. The obtained slurry was divided into tw 100 ml autocl aves and
subjected to tunbling at 1500C for 7 days. The autocl aves were cool ed and
then, 5 the contents were collected by filtration, washed with water and
dried at 1200C to obtain MCM22 precursor. [TQ2: 4.5 g of MCMR22 precursor
was added to an aqueous solution having 5.1 g of hexadecyltri nmethyl ammoni um
brom de and 5.5 g of 40% of 10 tetrapropgbBanmoni um hydroxi de di ssol ved in
12.4 g of water, followed by refluxing at 800C for 16 hours. The obtai ned

slurry was treated figr eoneeh®urt i R hd thedSARC shresn Thaile & 0.225 M
hydrochl oric acid solution was dropw se added to bring the pHto at nost 2,
foll owed by Tomparedatiiam, tleskiawg wi Exsatpdre X Warexbit g rasyd-  cal ci nation
at 5500C for 24 hours, to obtain a I TQ 2, whi ch was used as a catal yst.
REACTI ON A meddffiie@d waystarlliiew querdus tshd ismate memersad ds a 2pbEdnpl e 2
except that 0.1 g of I TQ 2 obtained in the above nmethod was used as the
cat al yst. Gagcichrceratlygtaphiyn wie afsicoydd Bxample el ysivherfeimmea product.
The reaction results after 40 mnutes and after 8 hours fromthe initiation
of the react icaysird ISHEWPALPLUD 5 THdisiad & mory iRt Wit iEcaiGm o
Catal yst1 TQ 2ZSM 5 Reaction tinme (m n)4048040480
strontium was used, the yield of propylene to methanol
fed shows a high yield even after 8 hours of the reaction
time against after 40 minutes of the reaction time, and
the difference in yield between the two reaction times is
10 -4.9% or +4.6%, respectively, while in Example 2, the
yield is low and decreased by -24.4% between the two
reaction times. Namely, it is evident that according to
the process of the present invention, a high yield can be
accomplished, and at the same time a decrease in yield
15 for an operation for a long time can be suppressed.
Further, as shown in Examples 5 to 12, it is evident that
also in the case wherein a crystalline porous silicate
modified with other metal elements is used as a solid
acid catalyst, a high yield can be accomplished, and at
20 the same time, a decrease in yield of propylene in an
operation for a long time can be suppressed.
EXAMPLE 15
PREPARATION OF CATALYST
MCM22 precursor: 0.8 g of 70% NaAlO, and 1.4 g of
25 NaOH were dissolved and stirred in 162 g of deionized

water. When a transparent aqueous solution was obtained,

9.9 g of hexamethyleneimine and 12 g of silica (AEROSIL



Met hanol conversion (% 100100100100 Hydr ocar bonEt hyl enel8. 619. 366. 388. 3
conmposi tion in thePropyl ene9. 61512.86.1 reacti on product (% Butene
9.115.58.72.6 Yield of propylene to methanol 29.348.754.830.4 fed (% Change
inyield of propylene 2.7-3.3 (% hr) As is evident fromthe results shown in
Tale 4, when |1TQ 2 being lanellar zeolite, is enployed, the change in s
yield of propylene fromafter 40 mnutes to after 8 hours is 2.7, and thus,
even in a reaction for a long tine, bothebhe conversion of nethanol as the
reaction substrate and the yield of propylene can be maintained at high

| evel s. \Wer eas,, HeNI1ZSWd ArRoeM| eyed, HTe )change ddied), yisl xbwdd mwpy! ene
fromafter 40 mnutes to after 8 hours, is -3.3, and the yield of propyl ene

decr eases as sttite itign® orasses hoalrishougheabbeaiA8dnslutrey, whet Aitvtided
conversion and the yield of propyl ene show high levels. Nanely, it is

evi dent that intoBEtarplle® 02 mldeetice lldve s Esrdd enriejaser ddh tdhecwddlaing iat
activities, it was not possible to use the catalyst for a |ong period of
tinme, while i130°Exéopl 8 d8yst heTlye edut oflpvepywene doekedostndethense, and
propyl ene can be obtained constantly. The entire disclosures of Japanese
Pat ent Appl i ¢&E eentzgtio we2e0 341534 ES iMve d 1t mddanberwaghe @ 0gith Japanese
71 Patent Application No. 2004-45917 filed on February 23, 2004, Japanese
Pat ent Appl i #atiedn aRel dxd@4 &91@ 0 C| @ shtain MCM22 precursor.

ITQ-2: 4.5 g of MCM22 precursor was added to an
aqueous solution having 5.1 g of
hexadecyltrimethylammonium bromide and 5.5 g of 40% of

10 tetrapropylammonium hydroxide dissolved in 12.4 g of
water, followed by refluxing at 80°C for 16 hours. The
obtained slurry was treated for one hour with ultrasonic
waves. Then, a 0.25 M hydrochloric acid solution was
dropwise added to bring the pH to at most 2, followed by

15 filtration, washing with water, then drying and
calcination at 550°C for 24 hours, to obtain a ITQ-2,
which was used as a catalyst.

REACTION

A reaction was carried out in the same manner as in

20 Example 2 except that 0.1 g of ITQ-2 obtained in the
above method was used as the catalyst. Gas
chromatography was employed for the analysis of the
product. The reaction results after 40 minutes and after
8 hours from the initiation of the reaction are shown in

25 Table 4.



Febrﬁary 23, 2004, Japanese Patent Application No. 2004- 45919 filed on
February 23, 2004, Japanese Patent s Application No. 2004-101075 filed on

March 30, 2004,

Japanese Patent Application No. 2004-134145 filed on

Apri |

28, 2004 and Japanese Patent Application No. 2004- 153547 filed on May 24,

2004 i ncl udi

by reference
propyl ene whi ch conpri ses

ng specifications, clainms and sunmaries are incorporated
13 in their entireties. 72 ®AIMS 1. A process for produ
bri ngi ng ethylene in contact with nethanol

herei n
ci ng
and/ or

di mret hyl et h&ABLE #he presence of a catalyst and which is 5 characterized in
that the ampunt of etﬁylene In a reaction n1X|ur%mpeHQg di scharged frjomthe
reaction systemts cet—as—conpa w re—anfot 6 el ng
fed to the feaction qvqtpﬁﬁtQAHSFhatAnronvLene,'q IB f%lnp Myt el d of at
| east 40 nol % based Readthieorsuninkd ofirhe nunbel afo mpl €800 mathan@o nd two
tinmes the nunberjgtl{g}lcgs Kl SRy ! (St her whi g?ar e, 86 No1 §&4] tyo the
reacti on system B ess—torproducing ulgé:yl ee—actordrng—to—C aim
1, charactetized |Hy§ﬁ8f Fﬁg react i qnEpF¥<ENFe iJustéld 3w BRi-d a
range of at |l eZSMRPSEGIRP oYy 'i‘lé%s t| oy MRee $09as {0 Isediiae .tehe @mount of
et hyl ene i n|a r9aHctI PR el bei g ghggggr geﬂdgt Fomihe feachipm System
as conpar ed|w %hg'egnmgt gL _Et ?5 g 2‘ ed—t Lnt;7 ggctipIr _syst em
and to bring the §$e? BF°BY 8P8p§ efi& P8n8 %%%% mpP%-Baséd -8n t he
sum of the |nunber of nol et hanol _and t times the punber!l of nples
of di net hyl eth@hangéchnayeehdln@ pedptrdetke 2.7 -3.3
(%/hr)
As is evident from the results shown in Tale 4, when
ITQ-2 being lamellar zeolite, is employed, the change in
5 yield of propylene from after 40 minutes to after 8 hours
is 2.7, and thus, even in a reaction for a long time,
both the conversion of methanol as the reaction substrate
and the yield of propylene can be maintained at high
levels. Whereas, when ZSM-5 is employed, the change in
10 vyield of propylene from after 40 minutes to after 8
hours, is -3.3, and the yield of propylene decreases as
the time passes, although after 40 minutes, both the
conversion and the yield of propylene show high levels.
Namely, it is evident that in Example 2, due to the
15 decrease in the catalytic activities, it was not possible
to use the catalyst for a long period of time, while in
Example 15, the yield of propylene does not decrease, and
propylene can be obtained constantly.
The entire disclosures of Japanese Patent Application
20 No. 2003-415367 filed on December 12, 2003, Japanese



reaction system and that the anobunt of ethylene being fed to the reaction
systémis adjusted within a range of 25 at |least 1 and at nost 20 by nol ar
ratio based on the sum of the nunber of noles of nethanol and two tinmes the
nunber of noles of dinethyl ether which are being fed to r 73 the reaction
system 3. The process for produci ng propyl ene according to Caiml,
characterized in that the weight hourly space velocity per weight of a
catal ytically active conponent, s of the sum of nethanol and di nmet hyl ether
cal cul ated as nethanol, which are being fed to the reaction system is

adj usted wit baReatr appe iehtabnl st 200QL a1y @ided oW Hebriady 231, so as to
reduce the amount of ethylene in a reaction m xture being discharged from
the reacti on20045yshpanaseC Papahed Applh daltd camment 2afo4etdmdiene e ed to
the reaction systemand to bring the yield of propylene to be at |east 40
nol % based oFeblreazyR6f, L4 ,nukipenesfe Paltestorppdtikatdlorantd t vadd4-1es t he
nunber of noles of dinmethyl ether which are being fed to the is reaction
system 4. THé&9%PLofededf on pebdueityy 2pr,0RPl0dne JapaaedienPaterdny one of
Claims 1 to 3, characterized in that the anobunt of ethylene being fed to

t he react$ onAppdtigationaiNol.e28041 19105y Hilled om Matsdsed .02a0fe sum of the
nunber of noles of 20 methanol and two tinmes the nunber of noles of dinethyl
et her whi ch dP@apesfgPREGNT0APRE 1Ce&d Mol Oy 208~ 1534 ke ol f or

produci ng propyl.ene according to any one of Clains 1 tg 4, characterized in
that the cat &Pydtl 283 20841 pidadp@arses yatent Application No. 2004-

153547 filed on May 24, 2004 including specifications,
claims and summaries are incorporated herein by reference

10 in their entireties.



25 6. The process for produci ng propyl ene according to C aimb5,
char4cterized in that the solid acid catalyst is a zeolite. 74 7. The
process for produci ng propyl ene according to Cl aim®6, characterized in that
the zeolite is a crystallizable porous silicate nodified with a neta

el ement of Groups 1 to 14 of the Periodic Table other s than a silicon

el enrent and an alum num el enent, or a crystallizable porous

al um nophosphate |ikew se nodified. 8. The process for producing propyl ene
according to Claimb5, wherein the solid acid catalyst is a |anellar
zeolite. 10 9. The process for producicmgropyl ene according to any one of
Claims 1 to 8, characterized in that water is fed to the reaction system
10. The procéss PoPrpregEcfRy Propyréng REEBYAERS wWHighy coppeisesd aims 1 to
9, wherein the ethylene is ethylene is obtained by a facility for the
product i on oPTéReipdsebrYlener Bl caBEsRbo¥itiomeshangdnema/orl. The process
for producing.pro ene_accordi to an one of Clains 1 to 9, wherein the
ethylene is g%ﬁ?FBKflé e5BE; ﬁ@dtB% RIPSERCRt PIf 6r ARG LSEdGeS Shish 1idher 20
ol ef i ns usi ng, net hanol, and/ or ginetgyl et her a rag#,natenials. 12. The
process for gPSHEEFﬁﬁlﬁF pyPef8akc EGRIRRGURS &by StoYd €0 @it 1 to 9,

wherein the ethylene is_ethylene obtained b facility for .the production
of et hyl ene BHALhE08: BIHERF R PEAGI0R BFRaRgEE ron the eadtidh

system is reduced as compared with the amount of ethylene
being fed to the reaction system, and that propylene is
obtained in a yield of at least 40 mol% based on the sum
10 of the number of moles of methanol and two times the
number of moles of dimethyl ether which are being fed to
the reaction system.
2. The process for producing propylene according to
Claim 1, characterized in that the reaction pressure is
15 adjusted within a range of at least 0.1 kPa and less than
2 MPa so as to reduce the amount of ethylene in a
reaction mixture being discharged from the reaction
system as compared with the amount of ethylene being fed
to the reaction system and to bring the yield of
20 propylene to be at least 40 mol% based on the sum of the
number of moles of methanol and two times the number of
moles of dimethyl ether which are being fed to the
reaction system, and that the amount of ethylene being
fed to the reaction system is adjusted within a range of
25 at least 1 and at most 20 by molar ratio based on the sum
of the number of moles of methanol and two times the

number of moles of dimethyl ether which are being fed to
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the reaction system.

3. The process for producing propylene according to
Claim 1, characterized in that the weight hourly space
velocity per weight of a catalytically active component,
of the sum of methanol and dimethyl ether calculated as
methanol, which are being fed to the reaction system, is

> and at most

adjusted within a range of at least 0.01 hr-
70 hr'' so as to reduce the amount of ethylene in a
reaction mixture being discharged from the reaction
system as compared with the amount of ethylene being fed
to the reaction system and to bring the yield of
propylene to be at least 40 mol% based on the sum of the
number of moles of methanol and two times the number of
moles of dimethyl ether which are being fed to the
reaction system.

4. The process for producing propylene according to any
one of Claims 1 to 3, characterized in that the amount of
ethylene being fed to the reaction system is at least 1.8
by molar ratio based on the sum of the number of moles of
methanol and two times the number of moles of dimethyl
ether which are being fed to the reaction system.

5. The process for producing propylene according to any
one of Claims 1 to 4, characterized in that the catalyst
is a solid acid catalyst.

6. The process for producing propylene according to

Claim 5, characterized in that the solid acid catalyst is

a zeolite.
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7. The process for producing propylene according to
Claim 6, characterized in that the zeolite is a
crystallizable porous silicate modified with a metal
element of Groups 1 to 14 of the Periodic Table other
than a silicon element and an aluminum element, or a
crystallizable porous aluminophosphate likewise modified.
8. The process for producing propylene according to
Claim 5, wherein the solid acid catalyst is a lamellar
zeolite.

9. The process for producing propylene according to any
one of Claims 1 to 8, characterized in that water is fed
to the reaction system.

10. The process for producing propylene according to any
one of Claims 1 to 9, wherein the ethylene is ethylene
obtained by a facility for the production of olefins by
thermal decomposition of naphtha.

11. The process for producing propylene according to any
one of Claims 1 to 9, wherein the ethylene is ethylene
obtained by a facility for the production of lower
olefins using methanol and/or dimethyl ether as raw
materials.

12. The process for producing propylene according to any
one of Claims 1 to 9, wherein the ethylene is ethylene
obtained by a facility for the production of ethylene by

steam cracking of ethane.



