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/TI TLE OF THE | NVENTI ON Process for Produci ng Lower O efins FIELD OF THE
IINVENTI ON This invention relates to a proce f raghe production of | ower
ol*efins from|ower alcohols having 2 to 4 sz oﬁs, %drati ng the
al cohol s using specified catal ysts. BACKGROUND OF THE | NVENT¥ON Vari ous
processes have been proposed for the productioﬂg@iQﬁng purity ol efins by
means ofydehyds atp@pack al cohols, for exanple, a process in which ethylene
i s produced by dehydrating ethanol in the presence of solid acid catal ysts
such as alumna, silica, silica-alumna, zeolites, solid phospholic acid
and the |ike (Japanese Patent Application Kokai No. 64-34929). Wen
dehydration is carried out using a solid acid as a catalyst, it is
necessary to keep the reaction tenperature at 250 to 300[err] C or higher
because of the great endotherm c al cohol dehydration reaction. In addition,
application of solid acid catalysts such as-silica alumna, zeolites, solid
phosphoric acid and the like is not desirable, because their strongly
aci dic nature causes decrea®Eilh Chb BiBIG BT A O Ms due to heavy
materials fornmed by polynerization of the fornmed ol efins, and the heavy
material thus fornmed - adheres to the catal yst surface and decreases
the catal ytic activity. FOR -
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2 In such an instance, [err]-alumna may be used advant ageously, because
-its weakly acidic nature does not entail polynerization and the |ike of
fornmed ol efins. However, the catalytic activity of y-alum na decreases
greatly for a prolonged period of tine. That is a significant drawback for
using [err]-alumna to produce olefins. It is knownigenerally that
y-alumna is transfornmed into [err] formunder high pressure or at a high
tenperature of 1000[err]C or nore and that such a transition can be
prevented by the addition of a netal oxide as a secondary conponent such as
[err], MO, [err] or the |ikeritoRwyErTHE tINVENIION cult to apply such a
prior art neans for the prevention of high tenperature crystal phase
transition to a react iFocepst doraPradhowngehpeent @kefH1s ar ound 300[err] C
under a | ow pressure, because nothing is known about the phenonenon or
mechani sm of crystal phase transition under such conditions. Though it is
possible to effect the hydration reaction wthout pressurization, such an
operation requires conpl ex hBRBFPnGF bERRUSEVENTERE necessity to set

addi ti onal process steps .and i s di sadvant ageous also fron1tQ§“§9QQpn1cal

poi nt of vi ew THHRIIENTHGM FeJaLE5uECURIBF OGRBT eht ™ t BHpeT A1 E

of lower olefins from lower alcohols having 2 to 4 carbon

atoms, by dehydrating the alcohols using specified catalysts.

BACKGROUND OF THE INVENTION

Various processes have been proposed for the production
of high purity olefins by means of dehydration of alcohols,
for example, a process in which ethylene is produced by
dehydrating ethanol in the presence of solid acid catalysts
such as alumina, silica, silica-alumina, zeolites, solid
phospholic acid and the like (Japanese Patent Application
Kokai No. 64-34829).

When dehydration is carried out using a solid acid as a
catalyst, it is necessary to keep the reaction temperature at
250 to 300°C or higher because of the great endothermic

~alcohol dehydration reaction. 1In addition, application of
solid acid catalysts such as silica alumina, zeolites, solid
phosphoric acid and the like is not desirable, because their
strongly acidic nature causes decreasé in the yield of
olefins due to heavy materials formed by polymerization of
the formed olefins, and the heavy material thus formed -
adheres to the catalyst surface and decreases the catalyt{b

activity. [P
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and ‘pressure, |ower olefins having 2 to 4 carbon atons forned by the
‘r.eaction nust be liquefied prior to their purification by distillation or
the |like which requires cooling using.a refrigerating nachi ne or

pressuri zation using a conpressor. 3 In view of the above, it therefore
beconmes a primary object of the present invention to provide a process by
whi ch [ ower ol efins can be produced froml ower alcohols wth high yield and
hi gh selectivity for a prolonged period of time using sinple equipnents.
SUMVARY OF THE_ | NVENTI ON According_to.the present invention, there is

provi ded a pro%%s%UQQwaﬂw%ﬂﬁRﬁqﬁf'lgﬁ%}uﬁ?%gim%ygvadﬁﬁ rating | ower

al cohol s having 2 to 4 carbon atqnms which | ses _usin %ern# al um na

) conpr, | a

cat al yst aBIRHIFIIRP TL3VARFARSEgHE SorepEd¥ ng?hﬁu‘??‘f‘i“é%g‘?%e ot%Al excl udi ng
Si2, the inpurities including 0.2% by i.gh r._less fur content

cal cul at €?P% %eﬁ?ﬁyqﬁrﬁﬁﬁgﬂonaﬁﬁdoé%%%}ggemg%gg?r%?gI%géf% sodi um cont ent
cal cul at i r f [ I3 t Rer yl&lindim Widdraisalgeeatalyi ch
cont ai nselg?%&t’%ﬁ%fr’?ﬁé; ?/\é/{e%%%t%?gfcgrlrv?@ I Eo, Yaccordi ng to the presen}tlw
'nvent'onfoéhgrﬁkéfbnged period of time. That is a significant

drawback for using y—alumiha to produce olefins.
It is known generally that Yy-alumina is transformed into

o form under high pressure or at a high temperature of 1000°C

or more and that such a transition can be prevented by the
addition of a metal oxide as a secondary component such as
Laz03, MgO, SiO2 or the like. However, it is diﬁficult to
apply such a prior art means for the prevention of high
temperature crystal phase transition to a reaction system at
a low temperature of around 300°C under a low pressure,
because nothing is known about the phenomenon or mechanism of
crystal phase transition under such conditions.

Though it is possible to effect the hydration reaction
without pressurization, such an operation requires complex
handling because of the necessity to set additional process
sfeps and is disadvantageous also from the economical point
of view. That is, being gaseous under ambient temperature
and pressure, lower olefins having 2 to 4 carbon atoms
formed by the reaction must be liquefaed prior to their
purification by distillation or the like which requires
cooling using a refrigerating machine or pressurizatioq

using a compressor. e
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provi ded a process for producing | ower olefins by dehydrating | ower
*alcohols having 2 to 4 carbon atons whizch conprises effecting the reaction
at a tenperature of from 150 to 500[err] C and under such a pressure
condition that fornmed olefins Iiquefy at ordinary tenperature. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The foll ow ng descri bes the present invention
in detail. Alcohols to be used as the starting material of the present
invention are | ower al cohols each having 2 to 4 4 carbon atons,

including primary, secondary and tertiary al cohols such as ethanol

n- propanol , i-propielof rthritahote aid ithsgeinoe b¢cgma§u¢esrtm@¥30f It was
found for the first time by the inventors of the present inventiaon that the
cat al yti cokitestief e [Ferr%sje-“é'-l dmveatdesr EaseEOytdatd yP’Efé%%t%%éDibfW‘Hfé‘

transition of a nojet i.its crystal phase fromJ[err err] form
when usedl¢¥e%H ‘?Je%t%’t‘?%rf:as‘}/%‘teerﬂmgﬂ“c&dl %ﬁﬁmp%?V%H tc?é“ﬁi %

pressuri ze lLow t e erat re of fro Q$ ééO[err]C
eveT

d nd
Si nce such %.$ ﬂ%%ﬁggfgge lvﬁﬁ%'?? aft P ?ﬂ%e% %Ehre I ncreases,

it is dlfféCH tsié&#ﬁﬁéééﬁﬂﬂeﬁ% qntna as a catalyst in an industrial process
under a pressuriz |

SUMMARY OF THE INVENTION

According to the present invention, there is provided a
process for producing lower olefins by dehydfating lower
alcohols having 2 to 4 carbon atoms which comprises using a Y-
alumina catalyst containing 0.3% by weight or less of
impurities in total excluding SiOz, the impurities including
0.2% by weight or less of sulfur content calculated in terms
of S04~ and 0.05% by weight or less of sodium content
calculated in terms of Na0, and/or another Y-alumina catalyst
which contains 0.5 to 5% by weight of SiO3.

- Also, according to the present invention, there is
provided a process for producing lower olefins by dehydrating
lower alcohols having 2 to 4 carbon atoms which comprises
effecting the reaction at a temperature of from 150 to 500°C
and under such a pressure condition that formed olefins

liquefy at ordinary temperature.

DETAILED DESCRIPTION OF THE INVENTION
The following describes the present invention in detail.
Alcohols to be used as the starting material of the

present invention are lower alcohols each having 2 to 4
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condi ti'on. The present invention is characterized by theuse—ef-a specified
cat'al yst in the dehydration reaction. The, nventive catg ¥sl

- S a
[err]-al umi na catal yst which contains 0.3&>by wei ght  or tet Heg B 84 es
in total excluding SiQ2, preferably 0.1% by wei ght or | i Eﬂ I t ent
in the inmpurities may be 0.2% by weight or less, preferd I ght

or less, nore preferably 0.06% by weight or less, calculated in terns of
[err] and sodiumcontent in the inpurities may be 0.05% by weight or |ess,
preferably 0.03%or |less, calculated in terms of Na20O Wen-the sumt ot al
of inpuritiesasihoh aisorda, ie;lydmg pardctatthe bekendang,amXctesh¥arsSi 2, and
sul fur and sodium contents of the inpurities in a [err]-alum na catal yst
are restrictatcohohs nsudie af crtdranutli,omeprrpages, ihereRardystniutanal y

5 converted into a-formand therefore its catalytic activity does not
decrease eveandfighutarol ser imixthewesepgrgPiton reaction for a prol onged

period of tinme at_a tenperature of from 150 to 500[e£r]c under a
pressurized condi TFotias| Fouedi feokbe Sirgtutiifg BXt LPGsEPRRCFR R e

Sodi um cont eg}o L BRE O¥ESe E5E lad N5eIEREdRILENAELIGLLGOF y-alumina

decreases greatly because of the transition of a moiety of
its crystal phase from ¥ form to O form when used in a
reaction system for a long period of time under a pressurized
condition even at a low-tgmperature of from 300 to 350°C.
Since such a tendency becomes significant as the pressure
level increases, it is difficult to use Y-alumina as a
catalyst in an industrial process under a pressurized
condition.

The present invention is characterized by the use of a
specified catalyst in the dehydration‘reaction. The
inventive catalyst is a Yy-alumina catalyst which contains 0.3%
by weight or less of impurities in total excluding SiOjz,
preferably 0.1% by weight or less. Sulfur content in the
impurities may ke 0.2% by weight or less, preferably 0.1 % by
weight or less, more preferably 0.06% by weight or less,

calculated in terms of SOy and sodium content in the

impurities may be 0.05% by weight or less, preferably 0.03%
or less, calculated in terms of'Nazo.'

When the sum total of impurities such as Na, Fe, S04 and
the like ions, excluding SiOz, and sulfur and sodium contents

of the impurities in a y-alumina catalyst are restricted

within the aforementioned ranges, the catalyst is hardly
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Anot her characteristic nature of the catalyst to be used in the present
invention is that it contains SiQ2 in ap anmount of frﬂmSheéiﬂascB

wei ght, preferably fromO0.5 to 3% by weight. When the it
restricted wwthin this range, crystal phase tranS|t|on t from
[err]-forminto a-formcan be prevented and therefore |ts catalytlc
activity does not decrease even after its use in the dehydration reaction
for a prolonged period of tine at a tenperature of from 150 to 500[err]C
under a pressurized condition. The two features of the catalyst descri bed
above may dsaveitect dation Cgfesmbirnddthanetere yiys (BatRl WihE BEtdvddyced by
any known nethod, provided that its inpurity and/or SiQ2 contents are

wi t hin t helasisometre deicarader eNgesaffer exampie, in ttheaypehordrasdeoed from an
acidic alumniumsalt by m xing alumniumsulfate with sodi um al um nate or
by mi xi ng reagtienufesulf relengRdcarEiom ehribmmat o temPaTagganicd

al um ni um conpound by itsg hydrolysis or froman al uymna hydrate by Bayer'

process. ASH ﬂrs@dl‘}&éoforﬁmlﬁﬂe’élﬁn?ﬁ?%ﬁﬁrs’aﬁd SONGEHO8n all@ni na hydrat e by
Bayer's pr Qﬁﬁ%ﬁbn, a'%—Q?ﬁﬁfﬁgrgeééﬁyggﬂbféﬂaredu@ed sodium content

improves yield of the dehydration reaction.

Another characteristic nature of the catalyst to be used
in the present invention is that it contains SiOz in an
amount of from 0.5 to 5% by weight, preferably from 0.5 to 3%
by weight. When the SiO3 content is restricted within this
range, crystal phase transition of the catalyst from Yy-form

into a~form can be prevented and therefore its catalytic

activity does not decrease even after its use in the
dehydration reaction for a prolonged period of time at a
temperature of from 150 to 500°C under a pressurized
condition.

The two features of the catalyst described above may be
effected in a combined manner.

Y-Alumina may be produced by any known method, provided
that its impurity and/or Si0Oz contents are within the
aforementioned ranges. For example, it may be produced from
an acidic aluminium salt by mixing aluminium sulfate with
sodium aluminate or by mixing aluminiem sulfate with calcium
carbonate, from an organic aluminium compound by its
hydrolysis or from an alumina hydrate by Bayer's process.

When produced from an aluminium salt or from an alumina

hydrate by Bayer's process, it is necessary to wash the



al um nium hydrate with a sufficient volunme of water at the time of its
filtration, in order to attain the aforenentioned_range of i npurities in
the resulting [err]-alumna to be used in the present inventign. In that
instance, it is desirable to add anmmonia to the waki#] Re °§p
concentration of 0.5 to 25% for the purpose of .ke orm of the
hydrate. Wen [err]-alumna is produced froman al bt ai ned by
Bayer's process, renpoval of sodiumcontents is not so easy. For this
reason, [err]-alum na_once optai ned gy baking of the_hydrate is washed with

dil ute aqabensnien BYSFRET Wi G AWGicigeFdvoleee i of &3 P orat i i ke and
then with water to reppve sodi umcontents. By catrying o i ng
steps, anbtfifsChfts ]rfi’fa_etsmé}’_e %ﬁfggﬁ £8 éf’gﬁé’?e l'ﬁﬁgnaedtgf%@ée:‘{]%?&?%iorder
to avoid £oRG@NLPAY & Of 1 d P I e e sl i Bigd@sd Tami i 1t QRenale’) diyi Ng and
baki ng steps”in an atnosphere of nitrogen, air (pure air not including

reactive gﬁéeg}es&@tifﬁ nich Of frhecﬂaitkgns%sas;a@tyis[@ééi:%véﬁw may be

produced By a process anounts of contamnated inpurities can be
reduced apghhgmhbA®a Ofotife SEAER Y wiled' kdl a EsReehethyiohtofsopseferabl e
to enploy a process in which y-alumna is prepared froman organic

al um ni unpsepPeYAdthdesaLSEss Ush Weadiald ictgstallefbain dboeshacbydoatain Na
and [err] ions. Exanples of organic alum nium conpounds to be used include
al uni ni unihepprobiina i wrasduaadetfron ae, akrpiRaikyfrate obtained by

Bayer's process, removal of sodium contents is not so easy.
For this reason, Y-alumina once obtained by baking of the
hydrate is washed with dilute aqueous solution 6f
hydrochloric acid, acetic acid or the like and then with
water to remove sodium contents. By carrying out such
handling steps, amounts of impurities are reduced to
predetermined levels. In order to avoid contamination of
impurities, it is desirable to operate drying and baking
steps in an atmosphere of nitrogen, air (pure air not
including reactive gaées), an inert gas or the like.

Preferably, Yy-alumina may be produced by a process in
which amounts of contaminated impuritiés can be reduced at
the time of the starting material. Especially, it is
preferable to employ a process in which Y-alumina is prepared
from an organic aluminium compound, because such a starting
material does not contain Na and S04 ions.

Examples of organic aluminium compounds to be used
include aluminium isopropoxide, aluminium ethoxide, alumin?um
tributoxide, triethyl aluminium, triisobutyl aluminium and

the like. Since trialkyl aluminium compounds are difficult



tributoxide, triethyl aluminium triisobutyl alunminiumand the like. Since
trial kyl alum nium conpounds are difficult t o handl'e and—dangerous

because of the necessity to carry out oxidation rea§ﬁggﬁa}k;3& R_réﬁﬁrab|e
to use an al um ni um al koxi de as the starting materi aqmﬁu @ﬂ

preferred is alum nium i sopropoxi de, because it can . ]
distillation easily due to its | ow boiling point and I | abl e.
When al um ni um i sopropoxide is used as the starting material, [err]-alumna
may be produced by hydrolyzing the starting material under a reflux

condi ti on afterhanddiengnd dangereyspPepanse ahdthRtRecetst P AR et i ng
precipitate w th agueous ammoni a and then supjecting the shed ,precipitate

to baking. DRHGGREIRYY WALt dd 4F BEEASRAPLHpE? afth &1 MIHA" t he
duct b [ - f f bl ithin t f f 550

Bs0Lor 1] C.  CRIRHELAR 135 HHendEoFsAnBr BB arpBte AoTHT ULy FThisIats fined

amount of [earxi\%xju‘&ﬂ‘j[\ln?.rirs]dp@o'ﬁgx'l eéSFQ%ah:% alggegaﬁj%é HC]%[% 3&‘“ | on

process of [er alum™na~or "at t ) s use as a . Addition

of Si G2 may @fsfﬂféﬁ%rptétaﬂliy A%eRY QRS $HEPHLOL1 SiERSo Nt tdiRy Production

process of [err[-alumna. For “exanple, an Si Q2 source may be added to

boehm te, psesdorPasiuiilabI1¥. When aluminium isopropoxide is used as the
starting material, Y-alumina may be produced by hydrolyzing
the starting material under a reflux condition after mixing
.it with isopropanol and water, washing the resulting
precipitate with aqueous ammonia and then subijecting the
washed precipitate to baking. Baking may be effected at such
a temperature level that the product becomes y-form,
preferably within the range of from 550 to 650°C.

On the other hand, for the purpose of including a
predetermined amount of S$iOy in y-alumina, SiOz is added

during the production process of y-alumina or at the time of
its use as a catalyst.

Addition of SiO2 may be carried out during any one step
or steps of the production process of Y-alumina. For example,
an S$i0Oz source may be added to boehmite, pseudo-boehmi;e oxr

the like which is a starting material of y-alumina, or to

aluninium sulfate, sodium aluminate or the like at the time

of material preparation. Also, it ma& be added to y-alumina

powder as a final product. In order to satisfy the effect of

its addition, it is necessary to disperse S$i0O; in Y-alumina to

a certain extent of uniformity. Any source of SiOz may b€

used, provided that it becomes the form of S$iOz finally. For
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t he I|ke which is a starting material of [err]-alum na, oThliﬁxeahum WF
[’ Er

Al'sot it may be added to [err]-al unina powder as a final
to satisfy the effect of its addition, it is necessary,to dISp
[err]-alumina to a certain extent of unlforn1ty Any source of [err] may be
used, provided that it beconmes the formof SiQ2 finally. For 8 exanpl e,
the Si 02 source may be added as hydrogel or hydrosol of Si2 or as an al kyl
conmpound such as et hyl silicat IS de rab . event ' m
contan1nat|cn?§ﬁﬁ‘§t Fiﬁe§é oﬁ?ﬁﬁgesﬂﬁ% 4§%ﬁ 3ﬁgayg geée ggaggééguse
the presence g onQpo d e S t hough
V% Lbﬁav% a8 Hgf E?@ ééﬂéven %\P&x%astaédﬁhsqli F |t¥

t hey -are kno € an € ransition-into [err] at a high

tenperature. Wth jegas sl r@i1r tBh).’ﬁ'eQ@btp?%erﬁs ffdhe cohtahifkBaon
t hough not particularly limted, it nmay preferably have a nmean pore size of

from 50 to 130 Adid %e%l@@.%&uaegurshaﬁeaarﬁaz@g Mg@mMaheOthe 3%RefPbgcadbe
catal yst may be nade into a powder formor a granular form or used as a

fl;<ed bed by ¢rKigikddndelo¥ RelchetohpblihbY HEEES8:iSfatad!aie BYtdIRGL Though
no

sul fate, sodiumalumnate or the like at thBe tine of mater g’gg

guickly though they are known to have an effect to prevent

transition into G-form at a high temperature.

With regard to other physical properties of Yy-alumina,

though not particularly limited, it may preferably have a
mean pore size of from 50 to 150 A and a séecific surface
area of from 100 to 350 m?/g.

The catalyst may be made into a powder form or a
granular form, or used as a fixed bed by making it into
pellet form by means of tablet molding. Though not
particularly required, the catalyst may be subjected to
pretreatment such as baking treatment.

Olefins to be produced by the process of the present
invention include ethylene, propylehe, l-butene, 2-butene and
isobutene, preferably ethylene, éropylene and isobutene.

Preferred dehydration reaction conditions according to
the process'of the present invention are as follows. The
reaction temperature may be in the range'of from 150 to
500°C, preferably from 256 to 400°C. The reaction progresses
with high yield within this temperature range, thus rendering
possible industrial scale production. The reaction may be’
carried out under reduced, normal or pressurized pressure”

condition. However, taking the aforementioned purification-



particul arly required the catal yst may be subjected tq.g ment. .su

as baking treatnent. Oefins to be produced %y the proce ﬂm o ﬁﬁ

i nvention include ethyl ene, propylene, 1-butene, 2- buten

preferably ethylene, propylene and. isobutene. Preferred

reaction conditions according to the process of the present I nvention are
as follows. The reaction tenperature nay be in the range of from 150 to
S00[err] C, preferably from250 to 400[err]C. The reaction progresses W th

hi gh | d thin this t f th

i Irrgus%“rleal ;McaFégﬁFﬁéﬁEFSB gé?’%‘?éﬁ{]%&?rﬁﬁggﬂeeg refrrf_gg 'gg 1?tiiaeert()r egduced,
| Ho

N of ement | bnedoptr FPEcRPRGRLON St il 4 ReaesnEiES Sontibion ther |\

preferabl e to S%h dr.% %he r f%ﬁe y égugﬁdfﬂﬁ%gtg EE?%HEké?d FROA {4 Q0 o

Hmtfowmdol i‘nary tenper e starting materia

Ty be ed 1N 0a3G8R51 180 NESPED Aled d ehRlLch! 8ol kP 20rdke lot trom

preferably from [err] In ternms of LH (l'iquid hourly space
velocity). Feedi Agtbab@ hi- srreﬂlleefrextamrg tRof D250€0WDYI K TIgS Ut tieRmEOWE

productivity, thus requiring a | arge equi pnent, and if larger than this

range LHSV (ligquid hourly space velocity). Feeding rate if smaller
than this range would result in low productivity, thus
requiring a large equipment, and if larger than this range
would result in low reaction yield, thus requiring additional
energy for separation and recovery of the resulting product.
Feeding rates outside this range, therefore are not
economical.

According to the process of the'present invention, a
gaseous material inert to the dehydration reaction may be
used in order to discharge olefins forhed by the reaction
qguickly from the reaction System._ Examples of such gaseous
materials include nitrogen, helium, argon, methane, ethane,
propane, butane and the like. 1In this instance, it is
preferable to avoid the presence of water becaﬁse of a
possibility of enhancing.crystal phase_transition due to the
presence of water. Also useful as the.éaseous materials are
those which are liquid before their feeding in a reactor but
become gaseous form undér reaction conditions inside the
reactor. Examples of such materials include: aliphatic
hydrocarbons such as_penfane, hexane, heptane, eyclopentane,

cyclohexane and the like; and aromatic hydrocarbons such as

benzene, toluene, xylene, ethylbenzene, cumene and the like.



-~

would result in |owreaction yield, thus requiring additional energy for
'separation and recovery of the resulting product. Feeding rates out side-
this range, therefore are not econom cal". Accordingwtémﬁ eetitapBes RegMced NE
present invention, a gaseous nmaterial inert to the dehi on may
be used in order to discharge olefins fornmed by the re ”I"Lfrom
the reaction system Exanples of such gaseous materials include gen,
hel i um argon, nethane, ethane, propane, butane and the like. 1In this
instance, it is preferable to avoid the presence of water because of a
possibility of yprhartkengaceythahapbasel tiansdd iloncdue deadtor yessedce of
wat er. Al so useful as the gaseous materials are those which are liquid

bef ore thejyl nfigedigngti wishr #Aca Deotbol, hiscowsy deseces! poeferalddy isadhi on
conditions inside the reactor. Exanpl es of such materials include: aliphatic
hydr ocar bersusiticbfasrpen0afs, tbek@meolépmemd mole ofetbgnélcoPelohexane
and the |ike; and aromatic hydrocarbons such as benzene, toluene, xylene,

et hyl benzéihen theegesgntst meterkel is ugedwieh %%egamtﬁaﬁéﬁPth%[Lé fed

into a reactor vessel by mxing it with an alcohol, it may he UiFd
preferablfﬁﬁgﬁanlt is necessary to recycle the gaseous material by

separating it from a mixture of an olefin with water as the
reaction products, thus entailing economical disadvantages
such as high production cost of olefins;

According to the process of the present invention, the
reaction may be carried out preferably in a continuoué
manner. As to the type of the reactor, it is preferable to
employ a fixed bed system in which a catalyst is used in

granular form.

EXAMPLES

The following inventive and comparative examples are
provided to further illustrate the present invention. It is
to be understood, however, that the examples are for purpose
of illustration only and are not intended as a definition of
the limits of the invention. In this instance, crystal phase
transition of Y-alumina catalyst was checked by the following
simple means.
(Steam Resistance Test of Catalyst)

A 1l to 50 g portion of a catalyst was wrapped in 200
mesh SUS 316 net and charged in a 2,000 cc capacity autoclave

together with a coil-shaped filler (HELIPAK industrially

available by TOKYO TOKUSHU KANAAMI K.K.) of SUS 316. 1In this



amotnt. of from0.05 to 10 nol es per 1 nole of the al cohol. “Wen-the- gaseous

‘material is used in |arger anmounts than this range, 'tTM§&Q§ ar_
Fecycl e the gaseous nmaterial by separaﬁﬁng it froma m in
with water as the reaction products, thus entailing eco ﬂ ,

di sadvant ages such as high production cost of ol efins. ke

process of the present invention, the reaction may be carrled out
preferably in a continuous manner. As to the type of the reactor, it is
preferable to enploy a fixed bed systemin which a catalyst is used in
granul ar fie/sPanfe¥AMRhESCARE1{ ot | Pk NGet NeNiHe & cditdaQ0MRRRIONE exanpl es
are provided to further illustrate the present invention. It is to be

under st oo fthaneear. inghab #00°E wsHie armrel darripufpasacel, wWaltest wasi on only

and are not

intended as a definition of the limts of the invention. In

t hi s i nst decke intoy shal aphastatveansing om ligh grrdssaingrmipvanpc @ndll yst was
checked by the follow ng sinple means. (Steam Resistance Test of Catalyst)
A1lto SOPQ'-'WI'Ieoﬁ-noﬂ'-hé vasaeysvanainoreasrdl i 800kassiCSUSASEernbt and

charged in a

000 cc capacity autocl ave together with a coil-shaped filler

( HELI PAK M?dl’&s*t Afalthe 5¥SPERBPE, byh e CRetR HIXRUNRF RAYLAVOUE RPE of SUS 316.

In this

subjected to X ray analysis to examine its crystal phase.

When required, the thus treated catalyst was checked for its

specific surface area and its activity as a catalyst for

olefin production.

(Preparation of Catalyst 1)

Commercially available reagent grade aluminium

isopropoxide was mixed with isopropanol and water and

subjected to hydrolysis under reflux condition. The

precipitate thus formed was suspended in agueous ammonia

which has been adjusted to pH 13, and the suspension was

stirred for a whole day and night. Thereafter, the thus

treated precipitate was filtered, washed with water and then

subjected to baking at 600°C for 5 hours in an electric

furnace. When the thus obtained alumina was analyzed, its.

Si0» content was found to be 0.1% by weight or less, its SO4™~

and Naz0 contents were both 0.01% by weight or less and its

purity (dry basis) was 99.9% by weight or more. When its

crystal was analyzed by X-ray diffraction (XRD), no peaks

other than a peak belonging to Y-form were observed. The thus

obtained alumina was molded into 3 mm x 3 mm tablets.

(Preparation of Catalyst 2)



i nstance, tHe catalyst was set in the central position: After heating to
"400[ err] C using an electric furnace, water was fed ‘i R shelitHa8BLeARk, usi ng
a high pressure punp and pressure in the vessel was i [err]
After 6 hours of the treatnent, the catal yst was take;ﬂmmnkm;u cted to
X ray analysis to examne its crystal phase. Wen requi ,

treated catal yst was checked for its specific surface area and its activity
as a catalyst for olefin production. (Preparation of Catalyst 1)

Commerci al ly avail abl e reagent grade al um ni um i sopropoxi de was nmi xed with

i sopropanol andmataecasd sedbitéonedft comyelr©iaisiy aneddiablef ngrgeatdi ti on.
The precipitate thus formed was suspended in aqueous amoni a whi ch has been
adj ust ed wgrasld a3vmipduphsudfispensd®nneratizadk Py Hiixdnghdfevdsy aRd
night. Thereafter, the thus treated precjpitate was filtered, washed with
wat er and aavePusuisiodetdant 8fpaRARY™ ot L Bbaks |1© AL IS RoRFEFRIEA 8 ect ri ¢

furnace. Wien the thus obtained um na was anal yzed, .its Si 2 content was
found to F&ePERBPIREEGHERYP FBE&?W?@ Y&t r"]asj}%iz[wéﬁh] 385GE8 Rt s were

2010 O L OB 1 8RS s BUA L3 5 Dol e iy v o
peaks the washing step 7 times, the precipitate was stirred for a
whole day and night in aqueous ammonia which has beén
adjusted to pH 13. Thereafter, the thus treated precipitate
was filtered, waéhed.with water and then subjected to baking
at 600°C for 5 hours in an electric furnace. When the thus
obtained alumina was analyzed, its SiO; content was found to
be 0.1% by weight or less, its S047~ content was 0.1% by
weight, its Naz0 contents was 0.04% by weight and its purity
(dry basis) was 99.8% by weight. When its crystal was
analyzed by X-ray diffraction (XRD), no peaks other than a
peak belonging to Y-form were obserﬁed. The thus obtained
alumina was molded into 3 mm x 3 mm tablets.

(Preparation of Catalyst 3)

Commercially available reagent grade aluminium
isopropoxide and 2.6% by weight of ethyl silicate as a source
of SiOz based on aluminium isopropoxide were dissolved in
isopropanol. The thus prepared isopropanol solution was
mixed with water and subjected to hyérolysis uﬂder reflux
condition. The precipitate thus formed was suspended in
aqueous ammonia which has been adjusted to pH 13, and Ehe_

suspension was stirred for a whole day and night.

Thereafter, the thus treated precipitate was filtered, washed



other -than a peak belonging to [err]-formwere observed. The thus obtai ned
‘alum na was nolded into 3 nmx 3 nmtabBets. (Prepmssdeti®as 8den RIRLY St 2)
12 An aqueous solution of commercially avail able r: { [Hl um ni um
sulfate was neutralized by mixing it with an aqu’eojﬂEBﬂ”ﬁm sodi um
alum nate to collect precipitate. The precipitate't I was washed

wi th aqueous ammoni a which has been adjusted to pH 13. After repeating the
washing step 7 tines, the precipitate was stirred for a whol e day and ni ght

i n aqueous_  anmoni a whi ch has beep adjuste Q _pH_13 rgafter t hus
Lrﬁat ed pWE%EpY’?’é?’é RS Fhrer e?‘étﬂ:!emé:@ %aﬁ‘ﬁ“\%a?ér Egﬁgetﬁ%\ %u%?&eg ed to
aki ng at err]C for hours 1 n_.an ctiLi mﬁﬂ us

obt ai ned af'u n?a_{%ﬁ%rjaﬁa AR tgqrﬁncghgo;ﬁbg%t I’%@%%ﬁnd tolrlt;)é;e‘(v)z.;%% by

wei ght Ora£§§§zeafSiégréé(Gp%Bﬁnhagﬁscéhégﬁég’égﬂ balstis Wez@ ®emhents was
0.04% by werght and its purity (dry basis) was 99.8% by wei ght. Wen its
crystal wgsoapabyzedibie Xof e s f f rad isan,( EBM entowpeaksurd s Bdiadhk a peak
bel onging to [err]-formwere observed. The thus obtained alum na was nol ded
into 3 Mypy Iehghtpbliets. o (s apardight ofr Cabal pst idpurities

excluding SiOz, and its purity (dry basis) was 96.9% by
weight. When its crystal was analyzed by X-ray diffraction
(XRD), no peaks other than a peak belonging to Y-form were
observed. The thus obtained alumina was molded into 3 mm x 3
mm tablets.

(Preparation of Comparative Catalyst 1)

An aqueous solution of commercially available reagent
grade aluminium sulfate was neutralized by mixing it with an
agueous solution of sodium aluminate to collect precipitate.
The precipitate thus collected was stirred for a whole day
and night in équeous ammonia which has been adjusted to pH
13. Thereafter, the thus treated precipitate was filtered,
washed with water and then subjected to baking at 600°C for 5
hours in an electric furnace. When the thus obtained alumina
was analyzed, its content of impurities excluding S$i0y was
found to be 0.9% by weight or less, with its SiO2, S047 and
Na,0O contents being 0.1% by weight or less, 0.6% by weight
and 0.2% by weight, respectively, and’ its purity (dry basis)
being 99.1% by weight or more. When its crystal was analyzed
by X-ray diffraction (XRD), no peaks other than a peak

belonging to y-form were observed. The thus obtained alumina

was molded into 3 mm x 3 mm tablets.



Commer-ci al 'y avail abl e reagent grade al um ni um i sopropoxi de and 2. 6% by
wei ght of ethyl silicate as a source of4Si Q2 based on al um-nium
Fsopropoxi de were dissolved in isopropanol. The 'mmsseeﬁnsﬁmerﬂd: lagapr opanol

: p.

solution was m xed wth water and subjected to hy - refl ux
condition-. The precipitate thus forned was suspe S anmoni a
whi ch has been adjusted to pH 13, and the suspension was stirred for a
whol e day and night. Thereafter, the thus treated precipitate was filtered,
washed 13 with water and then subjected to baking at 600[err]C for 5
hours in dRrepecetienfof ntealyferft he thus obtai ned al um na was anal yzed,
its [err] and Na20O contents_as, dry basis were B&th 0.,91golby wei h{: or |ess.
Its Si 2 cont e @A¥SPBENACLBLbR™ 394 PG YHE Wi #2689 Syrﬁéﬁgﬁ or less
of inpurities excluding [er and its purjty,cdr ?gi Ls\Wa \%gg%gy :
wei ght . WAEA9Rt ?lENEPg‘P Wégl%’ﬁ%d%sedmﬁ‘ye V%éc)g/l 3|¥'f raaf:??l on %3‘( o 0" peaks
other than 3,862k, Bk 00AL G0 8o] FILL SAUIIRG DO GEVEfle FhEciPYEaeL! al ned
al um na V\/ﬁggrlrg]f“dg(]iuﬁ!ﬁﬁ%gé ncT)n %3 hm tga%]r etég.:t Preparat i ongof nparative
Catal yst 1),AN-39480vSaSAbY 28036 BPRISi Al wravankakl eoneageate

name, Snowtex) based on the precipitate, and the resulting

mixture was stirred for a whole day and night in aqueous

ammonia which has been adjusted to pH 13. Thereafter, the

thus treated precipitate was filtered, washed with water and

then subjected to baking at 600°C for 5 hours in an electric

furnace. When the thus obtained alumina was analyzed, its

content of impurities excluding SiOz was found to be 0.2% by

weight or less, with its Si0Oz, SO47~ and a0 contents being

about 2% by weight, 0.09% by weight and 0.08% by weight,

respectively. The thus obtained alumina was molded into 3 mm

x 3 mm tablets.

(Preparation of Comparative Catalyst 2)

Comparative catalyst 2 was prepared by repeating the

procedure for the preparation of catalyst 4 except that

silica sol was not used. When the thus obtained alumina was

analyzed, its content of impurities excluding SiO2 was found

to be 0.2% by weight or less, with its Si0O2, S04~ and Nax0

contents being 0.1% by weight or less: 0.08% by weight and

0.10% by weight, respectively.

(Preparation of Comparative Catalyst 3) _

An aqueous solution of commercially available reagent

grade aluminium sulfate was mixed with an agueous solution of



grade al umi ni um sul fate was neutralized by m xi ng |t W|th an aqueous '

solution of sodiumalumnate to coIIect1§reC|p|tate eedt hus
collected was stirred for a whole day and night in aq M |ch
has been adjusted to pH 13. Thereafter, the thus trea

filtered, washed with water and then subj ected to baking at 600[err]C for
hours in an electric furnace. Wien the thus obtained al uni na was analyzed
its content of inpurities excluding Si2 was found to be 0.9% by weight or
less, with its [err], [err] and [err] contents being 0.1% by wei ght or

| ess, O. 6%Wum|agm1@ﬁ&eot2°/@b}lmtgnrec¥es’iw4 velg thengpriecd pdtaitey (dry
baS|s) being 99. 1% by weight or nore. Wien its crystal was anal yzed by
X-ray dif frhad icod Lexiey, was pedre &Pfiebyt Hadoht ﬁéékmﬂélc@n@ ‘tt(?afj@rr] form

wer e observed. The thus obtained al um na was, nol ded

tabl ets. Pa%fz GBR&F&E*At ?’Sﬁe& °éaF8FyBFeﬁ}P%’ha%?q'u&ﬂfL té’t?l d‘ﬁ &thdf’g
commer ci al il | e rea n rade umnlum qu te. ed with an
agueous 564 X;tt oﬂe i % %%ﬁgnat eh?oec%ﬂ’ec’? % Jtnataec[u o%t he

greC' Pi t ateod IS GAl; 'c%%%% ‘ﬁ@%nagg$95§e/ﬁb¥o‘é\§ﬁgm Of Aéa%e%e' thlef ade
ame, Snow ex) “based on the precipirtate t he resu ting
thus treated precipitate was filtered, washed with water and
then subjected to baking at 600°C for 5 hours in an electric
furnace. When the thus obtained alumina was analyzed, its
content of impurities excluding S$i0O; was found to be 0.2% by
weight or less, with its Si0Op, S04~ and Nas0 contents being
about 7% by weight, 0.10% by weight and 0.09%% by weight,
respectively. The thus obtained alumina was molded into 3 mm
x 3 mm tablets.
(Preparation of Catalyst 5)

A commercially available Yy-alumina catalyst (trade name,
KHO-24; manufactured by Sumitomo Chemical Co., Ltd.) was
pulverized and then mixed with 3% by weight of a commercially
available silica gel (Kanto Kagaku Co., Ltd.). By adding an
appropriate amount of water, the thus prepared mixture was
ground using a mortar and then molded into 3 mm x 3 mm
tablets. When the thus obtained alumina was analyzed, its
content of impurities excluding Si0Oz; was found to be 1.1% by
weight or less, with its SiOz, SO04™~ and Naz0 contents being
about 2% by weight, 0.70% by weight and 0.30% by weight,
respectively.

(Example 1)



mixture was stirred for a whole day and night in agueous anmoni a whi ch has
‘been adjusted to pH 13. Thereafter, the thus treatedhisrel s BahRe

filtered, washed with water and then sdffj ected to ba i| ]C for 5
hours in an electric furnace. Wen the thus obtai nedqmy ﬁmal yzed,
Its content of inpurities excluding SiO2 was found to . 290 I ght or
|l ess, with its [err]. [err] and [err] contents being about 2% by wei ght,

0.09% by wei ght and 0.08% by wei ght, respectively. The thus obtained
al umna was nolded into 3 mfmmx 3 mmtablets. (Preparation of Conparative

Catal yst 2) Conp@lglhis %10%&?13%&8&\@1% PhSPaRML e reRReationg ihkader ocedur e
for the preparation of catalyst 4 except that silica sol was not used. Wen

the thus ohtaiRed, abyTunameseagehyzsel cit Seqaiped wafthi Bpuekteesadxcl udi ng
Si 2 was %oun& to be 0.2%6y V\g?ght or less, with its SiQ2, [err] and Na20

contents RAiekdrQcl¥ubhavei gt packeaswith O8Yodyy afeitdiet catndl@st0% bandei ght,
respectively. (Preparation of Conparative Catalyst 3). An aqueous sol ution

of comer eedipeyavael alfl eheeagentrgrcaderadcei wasinnesdaaed vies 3AKEd with an
aqueous sol ution of 15
Isopropancl was fed from the top of the reaction tube at an

LHSV of 1 hr-l, and the reaction was effected by increasing
pressure in the reaction tube to 18 kg/cm?G. A gas/liquid
mixture discharged from the bottom of the reaction tube was
separated into gas and liquid phases. When examined 5 hours
after the commencement of the reaction, conversion of
isopropanocl was found to be 73 mole % and selectivity of
propylene was 92 mole %. Diisopropyl ether was found as a
byproduct.

Next, steam resistance of the catalyst 1 was evaluated
in accordance with the procedure described above. Results of
the X-ray analysis showed no transition into o-form. A 40 cc
portion of the catalyst 1 after its steam resistance test was
packed in the same type of the reaction tube as used in the
above experiment, and the reaction was carried out under the
same conditions as described above. A gas/liquid mixture
discharged from the bottom of the reaction tube was separated
into gas and liquid phases. When examined 5 hours after the
commencement of the reaction, conversion of isopropanol was
found to be 73 mole % and selectivity of propylene was 92
mole %, thus showing no changes in the catalytic activity by

the steam treatment. Diisopropyl ether was found as a

byproduct.



sodi um al uninate to collect precipitate. To the precipi atet hus™ col t-ect ed
was added 10% by wei ght of silica sol ({fade name, Sno celiins gl (&n the

precipitate, and the resulting mixture was stirred for
ni ght in agueous amni a whi ch has been adjusted to pH the
thus treated precipitate was filtered, washed with water an ected
to baking at 600[err]C for 5 hours in an electric furnace. V\hen the t hus
obt ai ned al um na was anal yzed, its content of inpurities excluding Si Q2 was
found to be 0.2% by weight or less, with its SiQ2, [err] and Na20 contents
bei ng aboutComfpanatuisiegBxandle0dd by wei ght and 0.09% by wei ght,

respectively. The thus obtained alum na was nolded into 3 nm x nmm

tabl ets. (Prepdthe ismeoft yost @ify seasFipncbrher @5 aP$gd ol Bty e1r r"‘]"isal um na
catal yst (trade name, KHO 24; nmanufactured, by Sum t ono Cheni cal , Ltd.)

was pul vernakedit thhéld rﬁcxé’§ ﬁPFhCSWBijaE\kY h?aﬁl%s%c?rn%‘?etﬁ%?‘%/ avai | abl e

| | Kant Lt d ddi { t of
wnter . ShERINY AR rﬁtaftaPa RS SPBEhee (rh o RREE S UM Ol e
into 3 m“é(oanlr@.

bl h & i
content of |rrpur|°t%esa%texc ad Stl t ui ?%ghgl? brhj{%%%\ﬁfllwel gr?‘éi‘t%%gr e

| ess, wt 6 q aht
0. 70% by vr:f/e]ilég t§§%°&[t%“{@]°§§rﬂ§g,’\'§%9,c9§ggpggttﬁelaSsgéﬁ s @POM + 0 1k Y

and liquid phases. When examined 5 hours after the
commencement of-the reaction, conversion of isopropancl was
found to be 73 mole % and selectivity of propylene was 88
mole %. Diisopropyl ether was found as a byproduct.

Next, steam resistance of the comparative catalyst 1 was
evaluated in accordance with the procedure described above.
Results of the X-ray analysis of the comparative catalyst
after its steam resistance test showed about 30% of
transition into o-form.

A 40 cc portion of the comparative catalyst 1 after its
steam resistance test was packed in the same type of reaction
tube as used in Example 1, and the reaction was carried out
under the same conditions as described in Example 1. A
gas/liquid mixture diecharged from the bottom of the reaction
tube was separated into gas and liQuid phases. When examined
5 hours after the commencement of the reaction, conversion of
isopropanol was found to be 48 mole é and selectivity of
propylene was 75 mole %, thus showing sharp decrease in the
catalytic activity by the steam treatment. Diisopropyl ether
was found as a byproduct. )

(ExamplePZ)



(Exanple 1) - 16 A vertical type reaction tube made of SUS 316 (i nside
dianeter, 25.4 mm length, 50 cnm) equipged with an external electric
frurnace was packed with 40 cc of the catalyst 1, and tenperature of the

el ectric furnace was increased to 320[er]C. |sopropanol was fed fromthe
top of the reaction tube at an LHSV of 1 [err] and the reaction was
effected by increasing pressure in the reaction tube to 18 kg/cn2G A
gas/liquid m xture discharged fromthe bottom of the reaction tube was
separated into gas and |liquid phases. \Wen examned 5 hours after the
conmmencenent of viesthicadt type reaveian drike ‘i‘%‘%ﬁor‘?ﬁpaﬁﬂﬁ 3tks Agsidet o be 73
nol e % and sel ectivity of propylene was 92 nol e Di so?’lrogyl et her was

found as sibpsteducB®-Newr; Ledsthr ebi DALY (ﬁq‘{llﬁ’é’egat“’éfc s was

eval uated i n accordance th the 0 |bed e, S, of the
X-ray analfy&esngdoRed HB%rEﬂ%i?‘F%ﬁeﬁ?n’f’o . ?q%‘rﬁ' K X (%gl\épgratgggﬁg%f f he
gatalyst 1 ftter AR ”krﬁﬁgséi‘gcﬁaéﬁ%a&’afn@@&&seé’d ﬂhtiﬁﬁa”‘? type of
t he reacti TBE A8 0E8q° ove experinent, and the reaction was

carr! ed Olilsoeﬂ%is nblewi8MBeGORHLAT RS BSp USSP et thn@ask! baui d

m Xt ur
LHSV of 1 hr~l, and the reaction was effected by increasing

pressure in the reaction tube to 18 kg/cm?G. A gas/liquid
mixture discharged from the bottom of the reaction tube was
separated into gas and liquid phases. When examined 10 hours
after the commencement of the reaction, conversion of
isopropanol was found to be 81 mole % and selectivity of
propvlene was 95 mole %. Diisopropyl ether was found as a
byproduct. In addition, when examined 3,000 hours after the
commencement of the reaction, conversion of isopropanol was
found to be 80 mole % and selectivity of propylene was 94
mole %. When the.catalyst after completion of the reaction

was examined by X-ray analysis, formation of o-form was found

in an amount of 1%. Thus, it was found that transition into
o-form and decrease in the catalytic activity were negligible
even after a prolonged period éf reaction time.

(Examples 3 and 4)

The procedure of Example 2 was repeated using the same
reaction tube under the same reactioﬁfconditions, except that
the catalyst 1 was replaced by the catalysts 2 and 3 in
Examples 3 and 4, respectively. The results are shownJin‘
Table 1.

(Comparative Example 2) ' Thls Sheet Has Been Reilaced




di scharged fromthe bottom of the reaction tube was separated i nto gas~and
Fiquid phases: Wien exam ned 5 hours afier the commn?g‘. et s BedWReplaced
reaction, conversion of isopropanol was found to be 73

selectivity of propylene was 92 nole % thus showi ng n ;’U e
catalytic activity by the steamtreatnent. Diisopropyl ether was d as a
bypr oduct . (Conpar ative Exanple 1) The sane type of reaction tube as
used in Exanple 1 was packed with 40 cc of the corrparative catalyst 1
prepared above, and the reaction was carried out under the sanme conditions

as |tn Exarrplbe 1T\ RERFEIVIR P IniBKATRd &dis ¥RSr FERSPTB%h PRE ot ior B t he
reacti on tube was separ at e d_| d
hour s afte?e?ﬁrel%rbrﬁf‘&%e%% (r){tfhet a%Fggg?l ggghc%(ﬁ%%?g}%%é%?&%nopanol was

found to bfn £‘Péf 2k anq, e'r%qatl'aggftgygg tago%ehggs 2 VBSe 88 ] Fs1%01 .

Di i sopropy wAs foun steam resi stance of the
conmparativ ga{,gélyﬁs L vasqfydl ugf edph® gccordance with the procedure
descri bed above. Results of the X-ray analysis of the conparative catal yst

?fte]r :cts sEgampiess st ance test showed about 30% of transition into
err orm

The reaction tube used in Example 1 was packed with 40
cc of the catalyst 2, and temperature of the electric furnace
was increased to 400°C. Ethanol was fed from the top of the
reaction tube at an LHSV of 0.5 hr~l, and the reaction was
effected by increasing pressure in the reaction tube to 18
xg/cm?G. A gas/liquid mixture discharged from the bottom of
the reaction tube was separated into gas and liquid phases.
When examined 5 hours after the commencement of the reaction,
conversion of ethanol was found to be 83 mole % and
selectivity of ethylene was 94 mole %. Diethyl ether was
found as a byproduct.

Next, steam resistance of the catalyst 2 was evaluated
in accordance with the procedure described above. Results of
the X-ray analysis of the thus treated catalyst showed about
5% transition into o-form.

A 40 cc portion of the catalyst 2 after its steam
resistance test was packed in the same type of reaction tube
as used in the above experiment, and the reaction was carried
out under the same conditions as described above. A
gas/liquid mixture discharged from the bottom of the reaction
tube was separated into gas and liquid phases. When examined

5 hours after the commencement of the reaction, conversion of



A 40°cc portion of the conmparative catalyst 1 after its steamresistance
test was packed in the sane type of reaéotion tube as used in Exanple 1, and
t-he reaction was carried out under the Tane conditions as described in
Exanple 1. A gas/liquid m xture discharged fromthe bottomof the reaction
tube was separated into gas-and liquid phases. Wien exam ned 5 hours after
the comencenent of the reaction, conversion of isopropanol was found to be
48 mol e % and selectivity of propylene was 75 nole % thus show ng sharp
decrease in the catalytic activity by the steamtreatnent. Diisopropyl

et her was dtianblawas Eopnddyet be( FTBaMPle L)and b Mrytlivdaly tofpethgdehnieon
tube nade of SUS 316 (inside dianeter, 38.1 nm length, 4,300 nm equipped
with an eweer el maille Bat h Dd@shgackedewn vdis 4£S50 e &f Mperogharcdl.yst 1, and
tenperature of the oil bath was increased to 315/ err]C. |sopropanol was fed
fromthe t@xasPlehéd)reaction tube at an LHSV of 1 [err] and the reaction

was effected by increasing pressure in the reactjon tube to 18'%”4/\@'6\
gas/|iquid ni xtthe HaSHayedrer Y8endnpbraBrt o1 tvas RakS O b has

By
separated Lto g and | au q phases.  Wen, exent ped, 10 fIours i gh e

was increased to 300°C. 1Isobutancl was fed from the top of
the reaction tube at an LHSV of 2 hr~l, and the reaction was
effected by increasing pressure in the reaction tube to 8
kg/cm2G. A gas/liquid mixture discharged from the bottom of
the reaction tube was separated into gas and liquid phases.
When examined 5 hours after the commencement of the reaction,
conversion of isobutanol was found to be 93 mole % and
selectivity of isobutene was 96 mole %. Diisobutyl ether was
found as a byproduct.

Next, steam resistance of the catalyst 3 was evaluated
in accordance with the procedure described above. Results of
the X-ray analysis showed no transition into O-form.

A 40 cc portion of the catalyst 3 éfter its steam
resistance test was packed in the same type of reaction tube
as used in the above experiment, and the reaction was carried
out under the same conditions as described above. A
gas/liquid mixture discharged from the bottom of the reaction
tube was separated into gas and liquia phases. When examined
5 hours after the commencement of the reaction, conversion of
isobutanol was found to be 93 mole% and selectivity of -_

isobutene was 96 mole %, thus showing no changes in the

as Been Replaced

i
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i sopropanol was found to be 81 nole % and sel ectivity of propyl ene was 95
mole % Diisopropyl ether was found as2a byproduct. In addition, when
exam ned 3,000 hours after the commencenent of the reaction, conversion of
i sopropanol was found to be 80 nole % and sel ectivity of propyl ene was 94
nole % Wen the catal yst after conpletion of the reaction was exam ned by
X-ray analysis, formation of a-formwas found in an anount of 1% Thus, it
was found that transition into [err]-formand decrease in the catalytic
activity were_negligible even after a prol onged period, of reaftr n tine.

( Exanpl esCatahyt 4§ 4$E9$%%%éﬁbﬁ@§ﬁs¥§%hﬁF§a m&AS - ﬁééf%%“h%.ﬁ% fe sane
reaction tube undgr t he sane ction conditions, except that the catal yst
1 was repFagefonydi e 2% 4?? and 3 in Exanples 3 and 4, respectively.

The resultg are S vezéQa 1 (Conparative Exanple 2) 19 The
procedure PER t epeated usi ng the sane reaction tube under the

same reaction QHFdEEEQE§onet¥§ﬁQtu§$@tlﬁ Whihal uokad paGKEAPUBERTabY the

conparative catalyst 1. The results are shown in Table
cc of the comparative catalyst 1, and temperature of the

electric furnace was increased to 300°C. Isobutanol was fed
from the top of the reaction tube at an LHSV of 2 hr-!, and
the reaction was effected by increasing pressure in the
reaction tube to 8 kg/cm2G. A“gas/liquid mixture discharged
from the bottom of the reaction tube was separated into gas
and liquid phases. When examined 5 hours after the
commencement of the reection, conversion of isobutanol was
found to be 74 mole % and selectivity of isobuten was 87 mole
%. Diisobutyl ether was found as a byproduct.

Next, steam resistance of the comparative catalyst 1 was
evaluated in accordance with the procedure described above.
Results of the X-ray analysis showed about 30% transition
into o-form.

A 40 cc portion of the comparative catalyst 1 after its
steam resistance test was packed in the same type of reaction
tube as used in the above experiment, énd the reaction was
carried out under the same conditions as described above. A
gas/liquid mixture discharged from the bottom of the reaction
tube was separated inﬁo gas and liquid phases. When examined
5 hours after the commencement of the reaction, conversion of

isobutanol was found to be 52 mole % and selectivity of ~

T
—_—
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(Exanpl e 5) The reaction tube used in Exanple 1 was packed with 40 cc of
the catalyst 2, and tenperature of the2& ectric furnace was increased to
400[err] C. Ethanol was fed.fromthe top of the reaction tube at an LHSV of
0.5 [err] and the reaction was effected by increasing pressure in the
reaction tube to 18 [err] A gas/liquid mxture di scharged fromthe bottom
of the reaction tube was separated into gas and |iquid phases. Wen

exam ned 5 hours after the comrencenent of the reaction, conversion of

et hanol was found to_be, 83 | e, % gnd. sel ecti yi of _et e 94 nol e
% Diet hyfsg{’ﬁg?nﬁa‘é’a?oﬁﬁ cgis)e g% by|ca)ﬂr.|lol @%u.%y%efﬁhggt ‘é'g'rgn ?élsllggt 3%\?% of the
cat al yst ﬁy$?8d§¥g[uated I n accordance with the procedure described above.
Results o e X-ray analysis of the thus treated catal yst showed about 5%
transitiongiphpikesy]l-form A 40 cc portion of-the-catalyst 2 after its
steam resi stance test was packed in the sanme type of reaction tube as used

in the above expeer@BBal 8ffet hEat€iSH | tAbe\aadealotl 8YsoBh eundasidet he sane
conditions as described above. A gas/liquid m xture discharged fromthe

bott om of dibmeteact 2bnétmbe I@sgsleplditaxd iemudppes anthl aguedtphasés. \Wien

exam ned 5 hours after the comencenent of the reaction, conversion of
electric furnace was packed with 40 cc of the catalyst 4, and
temperature of the electric furnace was increased to 320°C.
Isopropancl was fed from the top of the reaction tube at an
LHSV of 1 hr~l, and the reaction was effected by increasing
pressure in the reaction tube to 18 kg/cm2G. A gas/liquid
mixture discharged from the bottom of the reaction tube was
separated into gas and liquid phases. When examined 5 hours
after the commencement of the reaction, conversion of
isopropanol was found to be %0 mole % and selectivity of
propylene was 92 mole %. Diisopropyl ether was found as a
byproduct.

Next, steam resistance of the catalyst 4 was evaluated
in accordance with the procedure described above. Results of
the X-ray analysis showed no transition into oa-form. A 40 cc
portion of the catalyst 4 after its steam resistance test was
packed in the same type of reaction tube as used in the above
experiment, and the reaction was carried out under the same
conditions as described in Example 7. A gas/ligquid mixture
discharged from the bottom of the reaction tube was separated
into gas and liquid phases. When examined 5 hours after the

commencement of the reaction, conversion of isopropanol was
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20 ethanol was found to be 78 nole % and selectivity of ethylene was 92
nole % Diethyl ether was found as a by®r oduct. (Exanple 6) The reaction
t'ube used in Exanple 1 was packed with 40 cc of the catalyst 3, and
tenperature of the electric furnace was increased to 300[err]C. |sobutanol
was fed fromthe top of the reaction tube at an LHSV of 2 [err] and the
reaction was effected by increasing pressure in the reaction tube to 8
kg/cn2G A gas/liquid mxture dischargéd fromthe bottom of the reaction

t ube was separated in as and | iquid phases. en _exanined_5 urs after
t he commeh@ HﬂnF°oPetﬁ2 gﬁiﬁt o%ﬁég%ﬁV§$§P8ﬁybP i?588¥2ﬁ8? Waz P und to be
93 nmole % and selegtivit foi e 9 l.e, 9 L butyl ether was
found as %O%ﬁpEOdugf}sﬁgﬁ?gy%t%§%$%é@%%ﬁ%ﬁggpg thé%éggk§gf 3ywas

evaluated(bgaﬁgggrggnce wi th the procedure described above. Results of the
X-ray anal'ysis showed no transition into [err]-form A 40 cc portion of the

catalyst 3 aftar v@&%iég\gae}{b@%éaéeﬁsnt@ése Wi K eYs B1i6hq inadeet ype of
reaction tube as used in the above experinment, and the reaction was carried

out under dibaesant goNdi hinpNSeAGtHLSL) IME MA@ ippedawithqahd m xture

di scharged fromthe bottom of the reaction tube was separated into gas and

| i qui d phexeerndepidxpathedas packed with 4,550 cc of the catalyst 4,
and temperature of the oil bath was increased to 315°C.
Isopropanol was fed from the top of the reaction tube at an
LHSV of 1 hr~l, and the reaction was effected by increasing
pressure in the reaction tube to 18 kg/ész. A gas/liguid
mixture discharged from the bottom of the reaction tube was
separated into gas and liquid phases. When examined 10 hours
after the commencement of the reaction, conversion of
isopropanol was found to_be 89 mole % and selectivity of
propylene was 95 mole %. Diisopropyl ether was found as a
byproduct. In adaition, when examined 3,000 hours after the
commencement of the reaction, conversion of isopropanol was
found to be 85 mole % and selectivity of propylene was 92
mole $. When the catalyst after completion of the reaction
was examined by X-ray analysis, the catalyst was found
totally as y-form thus showing that transition of the catalyst
into o-form and decrease in the catalytic activity did not
occur even after prolonged period of the reaction time.
(Comparative Example 4)

The reaction of Example 7 was repeated except that 40 cc

of the comparative catalyst 2 was used. A gas/liquid mixture

discharged from the bottom of the reaction tube was separated
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5 hours after the commencenent of the reaction, conversion of isobutanol
was found to be 93 nol e% and sel ectivity of isobutene was 96 nole %- thus

showi ng no changes in the 21 catal ytic activit yTHzShéehBasHe higat ment .
Di i sobutyl ether was found as a byproduct. (Conpara

: _ _ - The
reaction tube used in Exanple 1 was packed with 40 Imgm arative
catalyst 1, and tenperature of the electric furnace was ‘to
300[err]C. Isobutanol was fed fromthe top of the reaction tube at an LHSV

of 2 [err] and the reaction was effected by increasin ressure_ip the
reaction tobe 88S8aRg/ &HEEiA APRASET qLWtF’?ﬁe)e"taﬂ\lé‘egi écﬁ8ﬁ§§da¥£8ﬁ1 ?lﬁ% bot t om
of the reacti on tube was separated,into gas and |i ui.g ng €8 1V\(3§Q

exani ned SORBEPSCSREPEr Of hEPR oRRRREENRNt ST Fird Fe&Et i*5R! c%nv8r5| on of

I sobut anol_ was, found be.74_.mol e % . ect Vi l,s0 eggwas 87
rr]PI eh% DifPEEBUES ggt hgrmﬁég Foth %%sf% %t dtﬁgcf;/btr@gl?hgt gg%n rggsi st ance
of the copparagivepGatabyshyl UPSeLV@hyatSthd hAGCHPaBaACH.LN the
procedu_rerrr"%gfcri'beg a%oée.ﬁﬁes%\?t% of the X-ray analy%?i S ghowed about 30%
transition intgd®rrktb@nMresistance of the comparative catalyst 2 was

evaluated in accqrdance with the procedure described above.
Results of the X-ray analysis showed about 30% transition
into o-form. Using the comparative catalyst 2 after its
steam resistance test, the reaction was carried out using the
same type of reaction tube and under the same reaction
conditions as described in Example 7. A gas/liquid mixture
discharged from the bottom of the reaction tube was separated
into gas and liquid phases. When examined 5 hours after the
commencement of the reaction, conversion of isopropanol was
found to be 48 mole % and selectivity of propylene was 75
mole %. Diisopropyl ether was found as a byproduct. Thus,
it was found that ﬁhe.comparative catalyst was transformed
into 0-form and its catalytic activity was reduced by the
steam resistance test.

(Comparative Example 5)

The reaction of Example 7 was repeated except that 40 cc
of the comparative catalyst 3 was used. A gas/liquid mixture
discharged from the bottom of the reaction tube was separated
into gas and liquid phases. When examined 5 hours after the
commencement of the reaction, conversion of isopropanol was
found to be 92 mole % and selectivity of'propylene was.65"

mole %. A heavy material was found as a byproduct. After



A 40°cc portion of the conparative catalyst 1 after its -St eam r-esi stance

test was packed in the same type of reeﬁﬁlon tube 19hsﬁ&%ﬁ appve
experinment, and the reaction was carried out under I ons as
descri bed above. A gas/liquid m xture discharged fr f the
reaction tube was separated into gas and |liquid phas ned 5
hours after the commencenent of the reaction, conversion of |sobutanol was
found to be 52 nole % and sel ectivity of 22 isobutene was 77 nole %

Dii sobutyl ether was found as a byproduct. (Exanple 7) A vertical type
reaction tlylosomice ref ocBUShalGeachiode domwvet£iqn 2F 4 supropengihwas0 cm)
equi pped with an external electric furnace was packed with 40 cc of the
cat al yst 4edumga arpdBamele &f. tﬁ‘eeetempai@ti*cﬁr reet@ lwed iaf¢edased to

320 C. fed f t h t t t LHSV
of 1]t ICHRFRHEN @icEPan “RAC PN CEFBHo By T UL Sig r BECL S TR ho

reaction tube to 18 [err] A gas/légald m xtuye dlschar d fronlt e bottom

of the red™th dfFs & YB5aFVEEeAnYLtRaR LARPT i A Piadss ©

exanm ned %dg%gé%a rE& %pign%encenent of the reacti on, converS|on of

A vertical type reaction tube made of SUS 316 (inside
diameter, 38.1 mm; length, 4,300 mm) equipped with an
external oil bath was packed with 4,500 cc of the comparative
catalyst 2, and temperature of the o0il bath was increased to
315°C. 1Isopropanol was fed from the top of the reaction tube
at an LHSV of 1 hr™1, and the reaction was effected by
increasing pressure in the reaction tube to 18 kg/cm?G. A
gas/liquid mixture discharged from the bottom of the reaction
tube was separated into gas and liquid phases. When examined
10 hours after the commencement of the reaction, conversion
of isopropanol was found to be 84 mole % and selectivity of
propylene was 90 mole %. Diisopropyl ether was found as a
byproduct. In addition, when examined 3,000 hours after the
commencement of the reaction, conversion of isopropanol was
found to be 54 mole % and selectivity of propylene was 84
mole %. When the comparative catalyst after completion of

the reaction was examined by X-ray analysis, about 20% of

,

transition into o-form was found.
(Example 9)

A 40 cc portion of the catalyst 5 wae packed in the
reaction tube used in Example 7, and temperature of the

electric furnace was increased to 400°C. Ethanol was fed



»

i sopropanol was found to be 90 nole % and sel ectivity of propyl ene was 92
nole % Diisopropyl ether was found as z byproduct. Next, steamresistance
of the catalyst 4 was evaluated in accordance with the procedure described
above. Results of the X-ray analysis showed no transition into [err]-form
A 40 cc portion of the catalyst 4 after its steamresistance test was
packed in the sane type of reaction tube as used in the above experi nent,
and the reaction was carried out under the sanme conditions as described in
Exanple 7.' A gas/liquid m xture discharged fromthe bottom of {he reaction
tube was &REr hed tert 8fghBeantart §or dYfasds 2anAEP Ve REniOnad RS hou?Rd af t er
the comencenent of, the reaction, conversion of isopropanql %gs 23 found
Fsopr

to be 87 % TP&HdO8eMaEt PYTEGToF BY ARSI RIGSRIE o pr opy!
CL e P I SRR Ch LRI e Aan SRLLYEC S aRRLLRR T e,
o0 out o el Bt BECKRY WAR T te l heaR B e B
fromthe tQp afidhie pRASELON HHPE &kafihed 5 hours after the
commencement of the reaction, conversion of ethanol was found
to be 82 mole % and selectivity of ethylene was 95 mole %.
Diethyl ether was found as a byproduct.
Next, steam resistance of the catalyst 5 was evaluated
in accordance with the procedure described above. Results of
the X-ray analysis showed no transition into a-form. A 40 cc
portion of the catalyst 5 after its steam resistance test was
packed in the same type of reaction tube as used in the above
experiment, and the reaction was carried out under the same
conditions as described above. A gas/liquid mixture
discharged from the bottom of the reaction tube was separated
into gas and liquid phases. When examined 5 hours after the
commencement of the reaction, conversion of ethanol was found
to be 79 mole % and selectivity of ethylene was 91 mole %.
Diethyl ether was found as a byproduct.
(Comparative Example 7)
A 40 cc portion of the comparative catalyst 2 was packed
in the reaction tube used in Example 5, and the reaction was
carried out under the same conditions as in Example 8. A
gas/liguid mixture discharged from the bottom of the reaction

tube was separated into gas and liguid phases. When examined

5 hours after the commencement of the reaction, conversion of
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LHSV of 1 [err] and the reaction was effected by ﬁPSﬁ fhsH@erRepEdre in the
reaction tube to 18 kg/cn2G A gas/liqggd m xture t he
e ﬁg ses. Wen

bottom of the reaction tube was separafed into gas
exam ned 10 hours after the commencenent of the re b ‘er si on of

i sopropanol was found to be 89 nole % and sel ectivity of propyl ene was 95
nole % Diisopropyl ether. was found as a byproduct. In addition, when
exam ned 3,000 hours after the commencenent of the reaction, conversion of
i sopropanol was found to be 85 nole % and selectivity of propyl ene was 92
mol e % VBeRahBE was akysid afd ave E2plcdtel Gnaokl skéecedvtitpnofiast exbemded by
X-ray analysis, the catalyst was found totally as [err]-formthus show ng
that tranwskbi 68 nblé he. cadidistl igtthe: ears] fownd asdadbypsaduectn the
catalytic activity dird not occur even after prolonged period of the
reaction time. NeQoupateahveesksinges HE The COIPETGT iVe CRARPYEL72vMES
repeated except that 40 cc of the comparative catalyst 2. used. A

gas/ | i qui 8vAilRated H?s%ﬁ%?fﬁ%P??(ﬂﬁqqu$hEbEF5ﬁFSPrﬁhﬁeﬁgﬁégggnaﬁﬁﬁg'mas

separ at ed 4 into_gas, and |iquid phases. X g e N rssafter the
corrrrencen@ﬁ?ugf'st ﬁ% F8%C¥T5?1¥ %%Pésrlgsi o1 oowfedyvs%%%rugpgggl S%Ergggaél&fl
into o~-form. A 40 cc portion of the comparative catalyst 2

after its steam resistance test was packed in the same type
of reaction tube as used in the above experiment, and the
reaction was carried out under the same conditions as
described above. A gas/liquid mixture discharged from the
bottom. of the reaction tube was separated into gas and liquid
phases. When examined 5 hours after the commencement of the
reaction, conversion of ethanol was found to be 50 mole % and
selectivity of ethylene was 79 mole %. Diethyl ether was
found as a byproduct.

Example 10)

A 40 cc portion of the catalyst 4 was packed in the
reaction tube used in Example 7, and temperature of the
electric furnace was increased to 300°C. Isobutanol was fed
from the top of the reaction tube at an LHSV of 2 hr-1l, and
the reaction waé effected by increasing pressure in the
reaction tube to 8 kg/cm?G. A gas/liquid mixture discharged
from the bottom of the reaction tube Qas separated into gas
and liquid phases. When examined 5 hours after the
commencement of the reaction, conversion of isobutanol was
found to be 86 mole % and selectivity of isobutene was 92~

mole %. Diisobutyl ether was found as a byproduct.



found to be 73 nole % and selectivity of propylene was 88 nole %

Di i sopropyl ether was found as a byprod@8t. Next, steamresistance of the
conparative catalyst 2 was evaluated in accordance with the procedure

descri bed above. Results of the X-ray anal ysis showed about 30%transition
into a-form Using the conparative catalyst 2 after its steamresistance
test, the reaction was carried out using the sane type of reaction tube and’
under the sane react ion conditions as described in Exanple 7. A gas/liquid

m xture di schar gn%% ebottomof t reac n.fupe vas_se arated into
gas and liquid p ases enreesxlasrﬁar?é:(f gfﬂgﬂlrescgg?g}'sﬁhg foo) ncjgn%ﬁgof t he

reaction, ﬁ?né/c%&fd)éfhég vllsc_qprt(;)%a:%gjocﬁgﬁrgoaggc}?bgg & e?\ﬁ%l e R@ﬂﬁ}usmffas a

selectivity of propyl ene was DI sopr opy! r was

bypr oduct . thdhXisray taneslsy S iU rthdweat nbheraﬁﬁﬁlﬁﬁahlilﬁtﬁaﬁafdﬁrﬁ. Was 40 cc
transforned into [err]-formand its catalytic activity was reduced by the

st eam r esi 56 Aen teStthe QAR e afxafPhiesSitdar Fearit dcoditdd@nple 7
was repeated except that 40 cc of the conparative catalyst 3 was used. A

gas/ | i qui dragkkedirin ditec lmamged vipeowft keabetibantobe t 1€ WsadtimneHaellboras
separated into gas and liquid phases. \Wen examned 5 hours after the
coMENCceneRHPYf inent r e itdhe reaprdosi Unsof:arsugdowatnohnm fheurgbne be 92

nol e % and sel ecti vi ty of propyl ene was 65 mol e. % A heavy material was
found as a.%ﬂ&ﬁ%ﬁﬂﬂﬁ: spfdescribed above. A gas/liquid mixture

discharged from the bottom of the reaction tube was separated
into gas and liguid phases. When examined 5 hours after the
commencement of the reaction, conversion of isobutanol was
found to be 83 mole % and selectivity of isobutene was 90
mole %. Diisobutyl ether was found as a byproduct.
(Comparative Example 8)

A 40 cc portion of the comparative catalyst 2 was packed
in the reaction tube used in Example 7, and temperature of
the electric furnace was increased to 300°C.. 1Isobutanol was
fed from the top of the reaction tube at an LESV of 2 hr-1,
and the reaction was effected by increasing pressure in the
reaction tube to 8 kg/cm?G. A gas/liquid mixture discharged
from the bottom of the reaction tube was separated into gas
and liquid phases. When examined 5 hours after the
commencement of the reaction, conversion of isobutanol was
found to be 74 mole % and selectivity’of isobutene was 87
mole %. Diisobutyl ether was found as a byproduct.

Next, steam resistance of the comparative catalyst 2 was
evaluated in accordance with the procedure described absveu

Results of the X- ray analy51s showed about 30% of transition
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25 1,000 hours of the reaction, conversion of isopropanol was reduced to 43
mol e % The conparative catal yst after 2@onpl eti on of the reacti on showed no
transition into [err]-form but its surface was covered with a large
gquantity of carbon. (Conparative Exanple 6) A vertical type reaction tube
made of SUS 316 (inside diameter, 38.1 nm I|ength, 4,300 M) equipped with
an external oil bath was packed with 4,500 cc of the conparative catal yst

2, and tenperature of the oil bath was increased to 315[err]C. |sopropanol

was fed fr9€5t9f5598 of At B 883§$£6454‘8¥3€% mFH§¥t9Le cE@%&%g@”Q the

reaction was e cted b i ncreasing pressure in e reaction t e to 18

Lerr] A gggé A4t glcéwgeglg@ AIILLY WL B Ol o Bl BnLepGhion tube

was separa as and hases exani ne ours ter the

commencemEat Lah kBT £36b 1 88 v QEVE S afoves BRLARANGhe WS bopAd (O be 84

nol e % an select|V|ty of propylene was 90 nol e D1 sopropyl ether was

found as zehwpheduwhs tAradditben uwiden ﬁ?@@a&%dc%nQQQlaﬁgrasafter the
commencenent of the reaction, conversion of isopropanol was found to be 54

ol e % andesekebblvabyvel pAOQaéﬁIEguEusﬁi&tm&bed%scwaegeaheramnanéatlve
catal yst after conpletion of
bottom of the reaction tube was separated into gas and liquid
prhases. When examined 5 hours after the commencement of the
reaction, conversion of isobutanol was found to be 52 mole %

and selectivity of isobutene was 77 mole %. Diisobutyl ether

was found as a byproduct.
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a-formwas found. (Exanple 9) A 40 cc pgrtion of the ah

the r'eacti on was exam ned by X-ray anal ysis, about 20%of transition i
in the reaction tube used in Exanple 7, W

and tenperatur

furnace was increased to 400[err] C. Ethanol
t he reaction tube at an LHSV of 0.5 [err] and the reaction was effected by

was

fed

i

|l

to
ﬁgked
i C

p of

i ncreasing pr . C—A—gagtH-quid
m xture di sch Lrom {he on tlube was deparjted into
gas and |i qui RSEE. en el thegcbm@nceffent of the
reaction, conyefgjog of eth 8 | e Yo and selfctivity
of ethylene W gole«fogDie‘g et gn s—a—pypraduet] Next,
st eam r esi st ahc® 5bf B} he ¢abpl ysS wholaccof dande wifh the
procedure desfrg gd@above. Resullt Sdf g ray |afial ys&s| si@ved2np
transition inf&[grr]-foim|A 4 £ of tth® clatal yst § aftpr its .
st eam r esi st apce—frest—wag—ppcke tygeofftreagtTotube as use
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di scharged fromthe bottomof the reaction tube was separated into gas and
'iquid phases. Wien exam ned 5 hours after the comren fIﬁetm{sBEéi&‘Re laced
reaction, conversion of ethanol was foupd to be 79 nol I WMW vVity
of ethylene was 91 nole % Diethyl ether was found as ' ’I
(Conparative Exanple 7). A 40 cc portion of the conparative C 2 was

packed in the reaction tube used in Exanple 7, and the reaction was carried

out under thg ,onautl A-gap U g Tur e
di scharged ff hrg} bot jom was| sgpar gt dgd i,nfo gas and
i quid phasep.- ap exam QONTeNC gent ob | he
. ES) ) 1)
reacti on, cohvergi gh of toolpe 8P nolle % pnd
. . ~ (@]
selectivity bfe &lhf] ent|vwa ; e®HBF wa$ Toynd ap a
byproduct. Nex@ %fsBpam eS| stafce hei conparlafi Y cafalyqdt 2 pas
eval uated inf &r@hnce|w fh the priogegur & desdrigbed abpve? |ReSul ts of the
X-ray anal ys{s showed alhou} 40% of HsY tiion ijnto ferr]-fodm A 40 cc
portion of the cénppr at ifvel cat 4l yst| 2 affef itd stepm r psi stlancef t est was
packed in thep eéafeof ype|of|reagti thBef ag ysqd>i n| t kel akee experi nent,
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descrii bed above. A gas/liquid mxture discharged fromt ottom of the
reacti on tube was separated into gas agg | i qui d phases. W eNREDIa0q
Hours after the comrencenent of the realtion, conversion / I
found to be 50 nole % and selectivity of ethylene was 79 w# I
ether was found as a byproduct. (Exanple 10) A 40 cc portion of the

catal yst 4 was_packed in the reaction tube used in Exanple 7. and
t enperature d gl ectfi i ncfreagsed tjo 300[erf] C. | | sobutanol
was fed from @) of T HS arr% and t he
reacti on was tgd byl N tsd i pn Tybe to 8
kg/ cn2G A g4 uid & \h/ﬁﬁ thejreaction
tube was sepsg aint o Meg) exgmnefl 5 Hours after
the comencer falt he -HS( & pagg flound to be
86 nol e % ang &livit E’Pe but yl} et her was
found as a by - st 4 was
eval uated in ddnce ribgd a : Its of the
X-ray anal ysi vgd no |ﬁt$)m[err]:~f9rm A K0Sce &2
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porti'on of the catalyst 4 after its steamresistance test was packed in the
sane type of reaction tube as used in tBg above experinent, and the
reaction was carried out under the same conditions as described above. A
gas/liquid m xture discharged fromthe bottom of the reaction tube was
separated into gas and |iquid phases. Wen exam ned 5 hours after the
commencenent of the reaction, conversion of isobutanol was found to be 83
nol e % and sel ectivity of isobutene was 90 nole % Diisobutyl ether was

found as a byprig1 ct. 25 rative Example 8) A 40 cc portion of the
conparative catarysis §% i hFeéEFFSﬂl’t‘%bea‘El%%’édP’r‘fJ Brgte 7,
and tenper f ctrl f.ur na incre to 300[.err]C

| sobut anolﬁi‘J>J<Is %cf)%rom eesteo lfnvteﬁglf)gac%?oﬁr <=e RS SRSV of 2 [err]

and the r f e eaction tube
to 8 kg/cﬁ%%a%%%“?%ﬁﬁe%dx?%ﬁ%% SATLAoRSRES ¥ fedd A0 AL e )

reaction tsbEedesy SO A eldmgfétro @23 cands! tﬂﬁlédnﬁ) V&‘tfr[‘
hours after the commencenent tp he reacti on, conversion i sobut anol vvas

found to beridr rette ;%ms%@l.ecumw b g phEOBY! BBRe 1851 & Bl Jhuced
Di i sobutyl ether was found as a byproguct Next, steam resistance of the

conpar at i Viey il irsterit inas prvalesat adei asagadr danssw whd the # 1¥61 PraGediye
descri bed above. Results of the X-ray anal yS| s showed about 30% of
transi ti onin the synthesis of various organic compounds and polymers.
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29'in16 [err]-form A 40 cc portion of the conparative catalyst 2 after its
q}ean1re5|stance test was packed in the same type of reaction tube as used
in the above experlnent and’ fhe Feaction was carried out undpr the-sane

conditions as d gas/liquid m xtuife 6 Beer it he
bottom of the r ' !ﬂe separ at ed into ga 3 5‘ ng\ ghases. When
tere

exam ned 5 hours+* ncenment the re: . -0f

i sobut anol was found to be 52 nol e Wband el ectivity of isobutene was 77

nmole % Diisobutyl ether was found as grRyggoduct. [err] [err] 31
1. A process for producing an olefin by the catalytic

dehydration of an alcohol having 2 to 4 carbon atoms
characterised by using a Y-alumina catalyst containing 0.3%
5 by weight or less of impurities in total excluding sioé,
said impurities including 0.2% by weight or less of sulfur
content calculated in terms of S0, and 0.05% by weight or
less of sodium content calculated in terms of Na,0, and/or
another ¥ -alumina catalyst which contains 0.5 to 5% by
10 weight of Sio0,.
2. A process according to claim 1 carried out at a
temperature of from 150 to 500°C and under such pressure
that the olefin produced liquifies at ambient temperature.
3. A process according to claim 1 or 2 wherein said
15 Y-alumina catalyst has been prepared from an organic
aluminium compound.
4. A process according to claim 1 or 2 wherein said
¥ ~alumina catalyst has been prepared by adding an SioO,
source which is then converted into Sio,.
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32 [éFr] 33 [err] As has been described in the foregoing, according to
the process of the present invention, |ower olefins can be produced from
Yower al cohols with higher yield and higher selectivity for |onger period
of time in conparison with the prior art processes. The high purity | ower
ol efins produced by the inventive process are useful as raw materials for
use in the synthesis of various organiyg conpounds and pol yners. CLAI V5
1. A process for producing an olefin by the catalytic dehydration of an
al cohol having 2 to 4 carbon atons ABSTRAQT Y- al um na catal yst, wherein: (a)
the dehydration is carried out at a tenperature of from 150 to 500 [err]C
and under such pressure that the olefin produced |iquifies at anbient
tenperature; and PROCESS FOR PRODUCING LOWER OLEFINS

A process for the production of lower olefins by

dehydrating lower alcohols having 2 to 4 carbon atoms which
comprises using a Y-alumina catalyst containing 0.3% by weight
or less of impurities in total excluding Si0Oy, the impurities
including 0.2% by weight or less of sulfur content calculated
in terms of S04~ and 0.05% by_weight or less of sodium
content calculated in terms of Naz0, and/or a process for the

-

production of lower olefins by dehydrating lower alcohols

having 2 to 4 ca;bon atoms that comprises using a 7Y-alumina
catalyst'whicﬁ;contains 0.5 to 5% by weight of SiOa.
According to the process of the present invention, lower
olefins can be.produced from lower alcohols with high yield
and high seleétivity for a prolonged period of time without

reducing the catalytic activity.
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(b) the, catalyst contains 0.3% by weight or |ess of |rrpur|t|es in total
excluding [err] said inpurities including 0.2 %b A - : sul fur
content calculated in terns of [err] and 0.05 @éb*{gf,wﬂf”’VJ &iFTJI sodi um
content calculated in terns of [err] and/or the y} atrur st |
contains 0.5 to 5 % by weight of [err]-234 -A prog
wherein said y- alum na catalyst has been prepareg

al um ni um conpound. 3. A process according to; cla|u
sai d y-al um gq,20648 yst has been prepared by addl
I's then converted Into Si Q2. 4. A process accor d=re ’
1 to 3 wherein the sodiumcontent of the cataly&gmgalculated in terns of

[err] is 0.03 %or |ess.
A process for producing an olefin by the catalytic

dehydration of an alcohol having 2 to 4 carbon atoms

using a y-alumina catalyst, wherein:

(a) the dehydration is carried out at a temperature
of from 150 to 500 °C and under such pressure
that the olefin produced liquifies at ambient
temperature; and

(b) the catalyst contains 0.3% by weight or less of
impurities in total excluding SiO,, said
impurities including 0.2 % by weight or less of
sulfur content calculated in terms of SO, and
0.05 % by weight or less of sodium content
calculated in terms of Na,0, and/or the vy-
alumina catalyst contains 0.5 to 5 % by weight

of Si0,.

2. A process according to claim 1 wherein said y-
alumina catalyst has been prepared from an organic

aluminium compound.

3. A process according to claim 1 or claim 2 wherein
said y-alumina catalyst has been prepared by adding

an Si0, source which is then converted into SiO,.

4. A process according to any one of claims 1 to 3
wherein the sodium content of the catalyst

calculated in terms of Na,0 is 0.03 % or less.



