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1 DESCRI PTI ON METHOD FOR PRODUCI NG ALCOHOL AND/ OR
KETONE TECHNI CAL FI ELD The present invention rel ates
to a method for producing an al cohol and/or a ketone
froma correspondi ng al kene(s) using an oxide
catalyst in the 5 presence qf steamin a gas phase.
BACKGROUND ART Exanpl es of nethods for produci ng an

al cohol and/or a ket opg:ddomB# pr r espondi ng
al kene(s) by a gas phase reaction in the presence of

st eam imgtuce 2OrPPROVOLING Af.cemet.0ARDYbaKeTORY ene,
production of nethyl ethyl ketone (MEK) from 1-butene

or 2-butene, production of cycl ohexanone from

cycl ohexene, and production of tert-butanol from

I sobut ene. Each of these products is industrially an
extrenely inportant 15 chem cal conpound as a chem cal
saCHNIGgATatRIHIgl or a sol vent. Conventi onal

techni ques for the above- described reacti on nainl

i ncl ude a Wikieemusgsat rigaeanorPiust sikp B hobP e nidgiod for
cat glld'ySt‘ such as a 20 pall adi um conpound and a

r ®XOAVEHNesiaty 3 CRPo Y 0103 dee i@l 5™ cdnt ai ni ng

non- nobl e netal s _such nol ybdenum , tungsten, tin
AR TSR R Ao | HE 175 1t RRRISqypLYst 1h the
reaction 2 4% | ude the production of a carbonyl

e

cETPETATS IF 3 bt Bt BITITn, oxygen, and steam

usi ng a catal yst

BACKGROUND ART

Examples of methods for producing an alcohol
and/or a ketone from a corresponding alkene(s) by a gas
phase reaction in the presence of steam include
production of acetone from propylene, production of
methyl ethyl ketone (MEK) from l-butene or 2-butene,
production of cyclohexancone from cyclohexene, and
production of tert-butancl from iscobutene. Each of
these products ig industrially an extremely important
chemical compound as a chemical starting material or a
golwvent.

Conventional technigues for the above-
described reaction mainly include a Wacker-type
reaction using a noble metal catalyst such as a
palladium compound and a reaction using a composite
oxide catalyst containing non-noble metals such as
molybdenum, tungsten, tin, and cobalt.

Examples of the former Wacker-type reaction



10

15

20

25

i n which palladiumand/or a palladi um conpound and
copper chloride are supported on a carrier such as 5
silica or alumna (see e.g. Patent Docunent 1). Patent
Docunment 1 describes, in the exenplary enbodi nent, the
production of nethyl ethyl ketone (MEK) from 1-butene
using a catalyst in which palladiumchloride and

gg RE,deC iy %ﬁa@f&ﬂpwtaﬁ%%&m Comgdudd in the

ition, exa es using a chloride-free "catalyst

| peletde or QAUGHIaN 1Of A6RIaA] Jehdiestdam ketnea dytalyst

subj ecting an ol efin to gas-phase oxidation wth
OXYORMi@h Al GOt /aiNigpgdsdiun heoms@sed cendf
steamusing a catal yst having a palladiumsalt and a

1 opaeradyh lsalitdes wEordugbant eat tarv e caatoief seeck. gs

Pat ent Docunent 2). Patent Docunent 2 describes, in

t v lexenpiraml veninedi (ass e tche EatmhdctDorngntackt onePatent
from propyl ene using a catalyst in which palladium
shccarendnd darmpibesyl figt & he exapatechrdEteye, the
20 carbon. However, these catalysts are obtai ned by

t RECAYSE I6m Kifg Sk tesdpétdiXie keoiane nBlB)s Txem Fubthere
testing by th resent i nyvent riﬁfhomeqldete i or at ed or
alFIAR iPe§ 25156 IWhrdh Rt P31 A HO P e oa B coPP
tig‘?i 25 On the otherteh nod exay a{es of the latter

r E&cti TS y RGOS B! Bt e tatal yst contai ni ng
non'nOb!e "%H?E%df%%éﬂ#féigééfégﬁd§ﬁh fac%ﬁiéPi gfree
oxygen in the preserice 'of steam enploying a catalyst 3
ConglSLNg 1of 1&11%&3';3&%@1%&%'&@ 2L 2 A F AL UbAt g kbPone
oxi de nlforﬁiy Istributed on a carrier ('see e.qg.

by subjecting an olefin to gas-phase oxidation with
oxygen or an oxygen-containing gas in the presence of
steam using a catalyst having a palladium salt and a
vanadyl salt supported on active carbon (see e.g.
Patent Document 2}. Patent Document 2 describes, in
the exemplary embodiment, the production of acetone
from propylene using a catalyst in which palladium
sulfate and vanadyl sulfate are supported on active
carbon.

However, these catalysts are obtained by the
use of highly expensive noble metals, and further
testing by the present inventors showed deteriorated
activities of both catalysts in a short period of time.

On the other hand, examples of the latter
reaction using a composite oxide catalyst containing

non-noble metals include the reaction of olefin and

oxygen in the presence of steam employing a catalyst



10

15

20

25

Pat ent Docunent 3). Patent Docunent 3 describes, in

t he exenpl ary enbodi nent, the production of acetone 5
from propyl ene using a catalyst in which tin dioxide
and nol ybdenum tri oxi de are supported on silica. In
addi ti on, exanpl es using si@ | ar catal ysts include
the reaction of a m xture of olefin and steam using a

| ; \ | Cde. i sar dein
C%%%éﬁgtﬂ#%\gﬁ(§1d3196§?%3ﬁ23%9dgaaﬁdQ% /éf@hc&@a@@ ti

a specifired anount of" a net al or an

alkaldeN @ rEadrih NP LAl o W o BURP Ut & Q31 2T (48 & S§€
e.g. Patent Docunent 4). Patent Docunent 4 descri bes,

| palthe terRmininte @Tbodip@idnt thesadtics | dssof iDEK, in
from trans-butene using a catalyst in which tin

dittoel dexendf amt yhittesdimdnt oxilde, pranihisodtbune fir@cetone
supported on silica. Further, there is a nethod which

i fvehv ggopylsing e isigrid aratoeledty sin which naiel gioxide
contacting the catalyst with a gas consisting_of an
oleafd molethsamuan d 2ol devei e sFHRRRT A 0Ny gohl 882t he
reaction raw material and a gas containing a |arge
amount of oxyyeridifeion, g?xa‘ﬂ%t%%tu@d%n%ﬁf‘l%?? patahysts
Docunment 5 describes, in_ the exenplary enpodine

t
t REFHEEU S F e VR 1ot MAFHEN LTy Janc%\]il‘gl yEgam
i which ti i i d d 25 | vb tri i de.
L el By b dh AR, O YRS SRS i ] Sxiae,
duct ed - i d d J .t
LD G, Bl e gngyor an

R T e

Cigf el atrdRetyeaneénd |44 d patent Document 4 describes,
in the exemplary embodiment, the producfion of MEK from
trans-butene using a catalyst in which tin dioxide,
molybdenum trioxide, and sodium are supported on
gilica.

Further, there is a method which invelves,
using a similar catalyst, alternately contacting the
catalyst with a gas consisting of an olefin, steam and
a small amount of oxygen as the reaction raw material
and a gas containing a large amount of oxygen (see e.g.
Patent Document 5). Patent Document 5 describes, in
the exemplary embodiment, the production of MEK from n-
butene using a catalyst in which tin dioxide and
molybdenum trioxide are supported on silica.

However, reaction has been cften conducted on
a fixed bed in each of the above-described Patent

Documents, and satisfactory results have not been
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bed reactor and a regenerator. Patent Docunent 1:
JP-A-49-72209 5 Patent Docunent 2: JP-A-59-163335

Pat ent Docunent 3: JP-B-47-8046 Patent Docunent 4.
JP-A-49-61112 Patent Docunent 5: JP-B-49-34652

DI SCLOSURE OF THE | NVENTI ON ,10 PROBLEMS TO BE SOLVED
BY THE | NVENTI ON An obj ect gT the present invention is

t pRiAWd G HR ATREROD-JL1: R PAUCi G-aedl Gahals angl/ or a
ketone from a correspondi ng al kene(s) using an oxide

Cataltyst whe ridie: B esanas A i eaMdul S gRodhasen ad fluid
15 extrenely high selectivity of the objective product
whiclkde riceeniong arfte « atejatidatanti vity constant. MEANS
FOR SOLVI NG THE PROBLEMS As the result of intensive
studi es for Paz@nd npdurerabdve- dBSGr145ed’ 42 ©bl ens, the
present 20 inventors have found that, when (a) an
oxi de cat al ysttendomcaivmiarny: ay oxdRIe<=)2 of 6 hpd ybdenum
and/or tinis used to (b) performthe above-described
reacti on whiFgtvand: Rt ot o -4/ Tt ti on where
nol ecul ar oxygen is not fed and by using a system
REE 1 Ui d

wherein a catdsidt Daeweeny oyl atfed vkt

bed reactor _and a _regenerator, |j an. syj he

pur pose to f@FﬁﬂHMHQ§i@fQ§ éﬁriiﬁﬁgiégf#4é§%@y from
the regenerator to the fluid bed reactor. Based on
this finding, the present invention is acconplished.

ThHScTJRRRE NN Affsie®onN © @ produci ng
PROBLEMS TO BE SQLVED BY THE INVENTION
An object of the present invention is to
provide a method for producing an alcohol and/or a
ketone from a corresponding alkene(s) using an oxide
catalyst in the presence of steam in a gas phase at an
extremely high selectivity of the objective product

while keeping the catalytic activity constant.

MEANS FOR SOLVING THE PRORBRLEMS

As the result of intensive studies for
solving the above-described problems, the present
inventors have found that, when (a) an oxide catalyst
containing an oxide(s) of molybdenum and/or tin is used
to (b) perform the above-described reaction which is
carried out under a condition where molecular oxygen is
not fed and by using a system wherein a catalyst is
circulated between a fluid bed reactor and a

regenerator, it can suit the purpose to (¢) provide a
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5 process described below. (1) A nethod for producing
an al cohol and/or a ketone, wherein a raw materi al
containing at | east one alkene is contacted and
reacted with an oxide catalyst 1in the presence of
steamin a gas phase to proguce an 10 al cohol and/or a
ket one corresponding to the™al kene(s), which

QEBELE@%% 2 't%fey hiag teienf AIHOWRE I8 d RN e Of luid
(a) t (a) thée above-descri'bed oxi de catal yst

Ceeaah:eact%& oXipdees) o vy FaerumAndiey grdkedd (b)
t he above-described reaction is carried out under a

ceAgdehiepnwher e d@hgdulsdtedaxygen is not fed and by
the use of a systemwherein the catalyst is

circul at ed hetiseenh# filnvieththied redctters drd @ producing
regenerator; and 20 (c) a stripper is provided on the
wayotess teecridgendredioor. to the fluid bed reactor.
(2) The method described in term (1) wherein a

st(&) pper |sAfUEEMQd;ﬂQ§nRﬁﬂﬁuﬂiqgu§ﬂMﬁﬁqq bk tared/or a
reactor to the regenerator. 25 (3) The net hod

dBSEPPSed WHF HEdrmA FRYomA(THT 1adh 181 iR T %I Kenkq 33t | 40e
ut ene ,and/ or 2- butene The method descri bed
aﬁﬁ KSRer AEMECPERGESS CIY RAGHTH (I O B a8 17 56 Yot
R SR A e o
%g%é%SQ g9%XI eﬁ%gkg}y§¥)andﬁ%§ﬂﬁan#) nunber 0 ()
UL 2RO 2 110 drde ALY %3 féilé%fﬂﬁarequlrements
of (a) to (c):

(a) the above-described oxide catalyst contains
an oxide(s) of molybdenum and/or tin;

(b) the above-described reaction is carried out
under a condition where molecular oxygen is not fed and
by the use of a system wherein the catalyst is
circulated between a fluid bed reactor and a
regenerator; and

(c) a stripper is provided on the way from the
regenerator to the fluid bed reactor.

(2) The method described in term (1) wherein a
stripper is further provided on the way from the
reactor to the regenerator.

(3) The method described in term (1) or (2}
wherein the alkene(s) is l-butene and/or 2-butene.

(4) The method described in any of terms (1) to

(3} wherein the atomic ratio X of molybdenum to the sum
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5 range of 0 < X < 0.50. (5) The nethod described in
any of terns (1) to (3) wherein the atomc ratio X of
nol ybdenumto the sum of tin and nol ybdenum cont ai ned
in the above-descri bed oxide catalyst ((M/(Sn + M)
where Mo is the nunber of 1Q nol ybdenum atons in the
oxi de catalyst and Sn is the nunber of tin atoms in

the exide LAtRINHIerlSn idbddie ndange ¥ie Oalggvé-_dé(sémbed
0. 24. EFFECT OF "THE I NVENTI ON According to the

| Byarlsl Qv dliane ca besn 15 My )ovitdat: MPrigesise fotimber of
produci ng an al cohol and/or ketone, wherein the

URRQGesEai ladssnofin amaraderdal cdtsalyseduned smdis hehe
selectivity of the objective product is increased.
BRukERESERItRTH G\ dtis THE DRAWNGLdiglydti sia in the
schemati ¢ di agram consisting of a fluid bed reactor,
areegenerfatiors Xand OstSli.ppers. DESCRI PTI ON OF SYMBOLS
a catalyst taking-out line b catalyst recycling I|ne
25 SBEST  MODH FrROmSGARRY |G @UPerHE 1 NVERNTR ON-¢rmShél) to

present invention is described below in etail The

cdeal ydengday Ghe @HOBrocAst i the ¢ YR FQ Ghe sum

A 50 ST 25 Bl i AR oo
x1 eabclgtaeirg)sltoy(e&[oafs fn ”P%‘c%”' ere éurg &flebx%nnber of

molybdenum atoms in the oxide catalyst and Sn is the
number of tin atoms in the oxide catalyst) is in the
range of 0.01 £ X £ 0.24.
EFFECT QOF THE INVENTION

According to the invention, there can be
provided a process for producing an alcohol and/or
ketone, wherein the unnecessary loss of raw material is
reduced and the selectivity of the objective product is

increased.

BRIEF DESCRIPTICN OF THE DRAWING
Fig. 1 is a schematic diagram consisting of a

fluid bed reactor, a regenerator, and sStrippers.

DESCRIPTICN OF SYMBOLS
a catalyst taking-out line

b catalyst recycling line

BEST MODE FOR CARRYING OUT THE INVENTION
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oxi des of nol ybdenum and tin and/or a conpound oxi de

t hereof because there is the effect of inproving the
10 catalytic activity and the selectivity of the
objective product. For further inproving the
catalytic activity and the.selectivity of the

obj ective product, an oxide of another elenent may be

al so added. THe #slammnt i et ierablde iy BB low in
bel onging to thé fourth, fifth, 15 sixth, eighth,

nWekRi1t.enth, eleventh, fourteenth, or fifteenth
group of the periodic table, and it is nore
preferably tial date ey tdsegt Qip emprdcdss tof artem
or zirconium the fifth group vanadi um or ni obi um

t hevesitiom greowp dargstssn emtehmoimgqmn tdrel @ ht hot
group 20 iron; the ninth group cobalt; the tenth group
nimoR glbdenuire agid\ventttirgr oup copper; the fourteenth
group lead; and the fifteenth group bisnuth,

anti nony, oThesifosprsias Maphderiastid bl L iHef2FF ed
to herein.is the 18-group type periodic table
dBEELIEEEPLivn rHAYSs a5 asd‘%ﬁ‘ﬁ"ﬁf”d:fa% APRFE UK YRR R

Al b N S P S ol B
GG GeCA s A e aait o R oS e che
g?:%fﬂ.%ié(g'l‘c GHGLMHD, A CPQLrHé'”Q c@le\rirf)}”cgﬁefh@dgﬁfje%tive

eferably, these oxides are also used by supportin

OB 3 Rt ablee, Cayiiler Tifﬁ?plﬁafirﬂgertﬂé Satd Bfe1 @bl ¥y ity

i norgani c oxide such as silica, silica- alumna

abpd Rde 1R vitly iFR-HHd W8 PecZiFE PrEEIREL, an oxide

silica-zirconia; silicais particularly preferable. A
of another element may be also added. The element is
preferably an element belonging to the fourth, fifth,
gixth, eighth, ninth, tenth, eleventh, fourteenth, or
fifteenth group of the periodic table, and it is more
preferably that the fourth group element is titanium or
zirconium; the fifth group vanadium or niobium; the
gixth group tungsten or chromium; the eighth group
iron; the ninth group cobalt; the tenth group nickel;
the eleventh group copper; the fourteenth group lead;
and the fifteenth group bismuth, antimony, or
phosphorus. The periodic table referred to herein is
the 18-group type periodic table described in Chemical
Society of Japan, "Kagaku Binran Kisohen I Fourth
Reviged Edition", Maruzen Co., Ltd. (1993}, P. I-E&. A

trace amount of an oxide of an alkali metal such as

sodium, potassium, or rubidium or an alkaline earth
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clay such as kaolin or talc may be further added in
order to increase the nechanical strength of catal yst.
10 When the oxide catal yst contains both oxides of
nol ybdenum and tin, the atomc ratio X of nolybdenum
to the sumof tin and nol ybdenum ((M/(Sn + M) where
Mo is the nunber of nolybdenum atons in the oxide

CallYSts M 23N nlayrdis MRa1 Gfurd | HALKHE b hd}e be

oxi de 15 catalyst) is preferably in the range of 0 <_
Xfar@h2@ 3% .nmeans that no oxide of Mo is

contained), nore preferably 0.01 < X <_ 0.24, even
nore prefera@rafddadiy X thed: 2kidemy tdalafdy D=8 &y

X < 0.15. The atomic ratio Xis 0 or nore, but 20
psebpoattlingrare & fan thhile temsief . cdils yaxrberivity.

In addition, it is preferably less than 0.50 to ,
peeedetrabillye areridemgprgic @¥isley FivHumergstiigat gsilica-
precipitate on the outside of catalyst during the
calerdas o lomitve tddtadipst SHrid G% tprfever/ therconia or
reduced fluidity of the 25 catal yst.. A nethod_for
pPégareng 1rerda idS idatca yist PR F HATHe RrRvemtidhe s 2

described bel ow in detail. . The catalyst ti
OISR ELCHRiA YA 16 T Hre BbEe BT TS 1

t al terial | utio ' t
BBt A e SR iy e iR

oot SRR N0 SIS SBLIBLTA, Syigos

ap roXicdSHAReh &l MR d &in t Red &ItBmXiHei $haldf ahdPybdenum
to the sum of tin and molybdenum ({(Mo/(Sn + Mo) where
Mo is the number of molybdenum atoms in the oxide
catalyst and Sn is the number of tin atoms in the oxide
catalyst) is preferably in the range of 0 < X <« 0.50
(X=0 means that no oxide of Mo is contained), more
preferably 0.01 £ X £ 0.24, even more preferably 0.05 =
X £ 0.24, particularly 0.08 £ X < 0.15.

The atomic ratio X is 0 or more, but
preferably more than 0 in terms of catalytic activity.
In addition, it is preferably less than 0.50 to prevent
the tendency of a molybdenum crystal to precipitate on
the outside of catalyst during the calcination of the
catalyst and to prevent the reduced fluidity of the
catalyst.

A method for preparing the oxide catalyst

used in the invention is described below in detail.

The catalyst preparation consists mainly of
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i ncl ude a conpound oxi de) which is the active species
of catalyst is not particularly restricted. 10
Preferably, a salt or a conpound form ng an oxi de at
200 to 1,000C is used. Exanples thereof include
nitrates, sulfates, acetate oxal at es, anmmoni um
salts, chlorides, and hydroxides. In addition, a

COMERIGiR)d Y f Ava 'gﬁ@p%ﬂ&géjea et DB, 445 8hdSmat e £ Sal 15
Typically, one or nore kinds of raw materials are

Welbl1 udii$solared 4)n daatielg Ahed 15 tradd e 501 VestutioR0and

to 80C. At this tinme, the pH of the solution may be
adjaustied rico saatiaivart Pdahirsdn order to increase

the solubility of the raw material. In the case of

poor 20 1390l uiid isttep Ryidoggeperdxd detaltse TaRenapgrial
be added. The raw material solution may be directly
deicdgitilour is preferably mixed well with a powder, a
solution, a sol, or a gel containing a carrier L
conponent t@%;ﬂi‘eﬁﬁllqa%]e e o &anitalfetehrPreyiding
as 25 described above. At this tinme, en n

. . at es
sAFf ardse  UMISITRd e Tnd- ihd §5ke' FF s P ast 1 3w
material s for oxides, they are preferably converted.
S A COTRPES, STy RO ST B avoraies
th eneration of .cqrraqgsiyv [.ng: bsequent
cAto RS b of B S M &8y and

t I@%{%ée@%bl&ﬁﬁaﬁo.@a@t téﬂg)a 8&&1}:6&&'%’?9@1@&1 At 6L 80 at

aci dic or ine. e steps of drying the
Calodl ¥ 17, J¥8t 85l AlsedSOl Elda@R12Rd t¢RIXEJH NhA ude

catal yst precursor These steps consist of the step of
depitRihte®, sulfates, acetates, oxalates, ammonium salts,
chlorides, and hydroxides. In addition, a commercially
available oxide may be used as it is.
Typically, one or more kinds of raw materials
are well dissolved in water or a suitable solvent at 20
to 80°C. At this time, the pH of the solution may be
adjusted to acidic or alkaline in order to increase the
solubility of the raw material. In the case of poor
solubility, hydrogen peroxide or the like may be added.
The raw material solution may be directly
dried, but is preferably mixed well with a powder, a
solution, a sol, or a gel containing a carrier
component to support the oxide on a suitable carrier as
described above.
At this time, when nitrates, sulfates,
chloridesg, and the like are used as raw materials for

oxides, they are preferably converted to hydroxides by



renmove the solvent fromthe above-described catal yst
raw material solution (hereinafter, the term"catal yst
10 raw material solution"” shall include that
containing a carrier conponent) and to provide a
catal yst precursor and the ﬁtep of cal cining the
precursor to convert into 5 oxi de catal yst. A nethod

fad! '%Q;Lﬁequscmc}ﬂa Ny SR 1dle JonSPAMLbRNGES

not particularly restricted. Exanples ™ thereof include
a JRtrbed wehigey IdMalne s ramdeedthe-a 5ol vatioh romephe To

catal yst raw material” solution at 50 to 90C under

I SEe Presticl usidip s evapbridorl ikd ol tlosmesH byf the
drying at 50 to 150C for 1 to 48 hours 20 enploying a
vadtatmredy yery, e netjhoctedhitch donvdilovese alrkyahign he

catal yst raw material solution by spraying on a hot

pl at e hedt el st BT iy digh catlzzdte; rawnmaberial
met hod which involves drying wwth a spray drier

( serlay et aaid airlieiming rdusahd sty PESRIERYT ng with

25 the spray drier is preferable. The spray drier |
refers to Fheste Sters imsioisiak it ofteP Py dgying to

hanber, terjal | uti [ ti
NGETRNE SR S8 I Hnd S (TP OIS ST DER S Byt
PRt SO , PO L L Lt BRI B
n@a%r !m%lter %!lms!o N t%yorﬁ' p%‘i‘[%ﬁﬂ%él‘lﬂ‘e S&%fﬁ’ ' &gntt_gf"ning a
solutioninto adlrylngca er via a rotary atom zer

(eg iigxu%%mp%m Z8ld £ & ﬁc?\r%’l{]ea NoZZ fys@ PMPcursor

fluid nozzle“(gas ‘atom zer), the |ike. "The ‘dropl et
ofy i@ PR o atal disti dAW HBtSrd Alr SOF W OfohSert into

countercurrently or
an oxide catalyst.

A method for drying the catalyst raw material
solution is not particularly restricted. Examples
thereof include a method which involves removing the
solvent from the catalyst raw material solution at 50
to 905C under reduced pressure using an evaporator,
followed by drying at 50 to 150°C for 1 to 48 hours
employing a vacuum dryer; a method which involves
drying the catalyst raw material solution by spraying
on a hot plate heated at 150 to 300°C through a nozzle;
and a method which involves drying with a spray drier
(spray hot air drier). Industrially, the drying with
the spray drier is preferable. The spray drier refers
to a hot air drier consisting of a drying chamber, a
raw material solution spraying portion, hot air

intaking and exhausting portions, and a dry powder



10

15

20

25

concurrently contacted with hot air controlled at an
inlet tenperature of 150 to 500C to evaporate the 10
solvent, and recovered in the formof a dried powder.
A nethod for calcining the dried catal yst precursor
t hus obtained is not particg#arly restricted.
Preferably, the calcination s carried out in an

CLeEleG sy 126 12y 400, (e 000 ot 48 fosy

naer an inert gas as nitrogen

apghAhg A QNRRN Y AMidkE $asallfsd RIPURatdRial
dispersibility of active species, treatnent with steam

may 10 ifowr thera R 3Rl el Hpr, HAPEHOrs L dr idn 48nto
hours before or after the calcination. 20 Since the
I @aglirydmoaceRintidig Wik thergmihohtaimidde (cwentibngas
carried out using a fluid bed reaction system as
desomilred ) heleowres svetehawbd =l para itowd aflyid prefzlableas
whi ch involves drying the catalyst raw materi al
setwrmiigenlsi my &hepriaykadr i dfhe dynmlgtdeca 5 spppryed
catal yst precursor, which is then calcinated at 500
t §a8E0EStoray e A Ivdurse W RIPT | i SRPFE seeRt 1y or

. The reaction accordjn t hod

cont ai ni ng gas g to the
oFOPﬁélrf?ntI%ﬂVé?rﬂf{ttﬁthe& wridhdahgan %%ﬁfg}l%&d‘?‘&am
ketone will be then describe e _reaction accqrding
CSIRE RS AL habritd P Tt Fs g PR bR (I
whi gh i nvolves .5 contacti.n nd reactj

TR Ry e | Ao O iehe Y PoseE:

catal yst ing '?r?et@{ﬁ% cf o BN 1Kk 81,9853 PH2SE1 vst

under a condi tion ere
precursor thus obtained is not particularly restricted.
Preferably, the calcination is carried out in an
electric furnace at 400 to 1,000°C for 0.5 to 48 hours
under the flow of an inert gas such as nitrogen and/or
an oxygen-containing gas. To improve the
dispersibility of active species, treatment with steam
may be further performed at 150 to 500°C for 0.5 to 48
hours before or after the calcination.

Since the reaction according to the method of
the invention is carried out using a fluid bed reaction
gystem as described below, a method is particularly
preferable which involves drying the catalyst raw
material solution using a spray drier to provide a
shaped catalyst precursor, which is then calcinated at
500 to B00°C for 1 to 24 hours with flowing an oxygen-
containing gas.

The reaction according to the method of the
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nol ecul ar oxygen is not fed to produce an al coho
and/ or a ketone corresponding to the al kene. 10 The
mechani sm of the reaction is uncertain, but the
present inventors have deduced that the hydration
reacti on of al kene and st eam,generates an al cohol ,
whi ch then causes an oxi dative dehydrogenati on

QAR oY tey L %dcﬁl}éiir% AXVHed1 t4e o deccah@l wsil

;
15 to produce aketone referred exanples of the

alkkene LoRididedhddny the raw material include
propyl ene, 1-butene, 2-butene (cis and/or trans),

pent ene, hexene,r<] ihexenerdiapt ene, tloctmarehodndf the
cycl ooct ene. Propyl ene, 1-butene, 20 2-butene (cis
angventtircan e fearsd wyd ateaniesrarvh i einypeEFes abl e;

and 1-butene and 2-butene (cis and/or trans) are

pacitay targy sprdefreaaati iong Fhegey aldkesweka hugonprinted at
singly or as a m xture thereof. Any of gases inert to

t Reasgacticorr ldivTie asitipmmiakisiercatajort tarblen presence
di oxi de, net hane, ethane, propane, or, butane may be

niofe #tERRATY & 5P &Nase HIdRE FORA IV YBETEn the

reaction raw material. The.nplar ratio of_the, appunt

oA e P L % TUackot /P THIETT. B BHRENEL1 ed

 Seb{R Lo S INNG 0 Ohe RgeAg, o of

oL, ST S A kgt S R guarsy by ctareblsn

46, 2o WIS |8 000 ol caiide calelvet Ty
hydration reaction of alkene and steam generates an
alcohol, which then causes an oxidative dehydrogenation
reaction with the lattice oxygen of the oxide catalyst
to produce a ketone.

Preferred examples of the alkene contained in
the raw material include propylene, l-butene, 2-butene
(cis and/or trans), pentene, hexene, cyclohexene,
heptene, octene, and cyclooctene. Propylene, 1l-butene,
2-butene {(cis and/or trans}, and cyclohexene are more
preferable; and l-butene and 2-butene (cis and/or
trans) are particularly preferable. These alkenes may
be used singly or as a mixture thereof.

Any of gases inert to the reaction such as
nitrogen, argon, carbon dioxide, methane, ethane,
propane, or butane may be mixed or entrained as a

diluent or carrier gas in the reaction raw material.

The molar ratio of the amount of steam fed to
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The ratio of the anount of al kene fed to the anount
of catal yst (weight hourly space velocity 10 (VWHSV))
is not particularly restricted. It is preferably 0.01
to 10 H-1, nore preferably 0.05 to 5 Hr-1,
particularly preferably 0.1 10 2 H-1. The wei ght
hourly space velocity (VVEW& is defined by the

fa chwc%r%y% 0Runkd MR ddle Wed ddaHeadbd @ s of s

t

e al kene g/ Hr)/the anount of the catal yst (kg)
Theepeetenagbloe osarge mfrd 3¢ tdedind VWSl fon Vedt €Sand
depending on the raw materials, but is typically 130
t 005006r Meke Areferady WR2QE far450erpaptd fataisly @02 to
preferably 230 to 350C. The reaction pressure is not
p&r. vi, c phatliyulestin giredferalil ypreefrertably. ®. 01 to 5 MPa,
nore preferably 0.01 to 1 MPa, even nore preferably
0.03 to 0.5Wirhoutarfsieculcdr I Isefleamaxy BT ocle 3
MPa. 25 The reaction systemused in the nethod of the
i meestican ithecdmtitddogxvigen i dde axide al@ ey may
catal yst_ circul ati on system wherein the fol| ow ng
pPEcE86Fe 3Ss o EFdat SXYIMI ISOWES ViHg TRACHIR 1 eact i on

14 b fluid bed, ' t t tal yst d
for %/h: reﬁ%‘ﬁ E%Q%eg’g{wlﬁ%%%@%roéj?ﬁgﬁ?%/ it ;J?/g the
TR I SR

t | t. ] t. - .
{ﬁ%%%%5§ i% %§&?§%£€i2¥§%ﬁﬁ¢ﬁ%ﬂ#ﬁﬁ%g%%ﬂr It is

ermtteéntl turne _ eq reactor. The
ﬁgg@%ﬁ%lgatoaloﬁstco Gig Gil-at efois gdeLeephped §008stbos
e the cdnversion

Hr™', particularly preferably 0.1 to 2 Hr™'.

The weight hourly space velocity (WHSV) is
defined by the following egquation.

WHSV (Hr™') = the feed rate of the alkene
(kg/Hr) /the amount of the catalyst (kg)

The preferable range of reaction temperature
varies depending on the raw materials, but is typically
130 to 500°C, more preferably 200 to 450°C, particularly
preferably 230 to 350°C. The reaction pressure is not
particularly restricted, but preferably 0.01 to 5 MPa,
more preferably 0.01 to 1 MPa, even more preferably
0.03 to 0.5 MPa, particularly preferably 0.05 to 0.3
MPa.

The reaction system used in the method of the
invention is carried out by the use of a so-called
catalyst circulation system wherein the following

procedure is repeated: while carrying out the reaction
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of reaction constant. The nmass ratio of the anmount of
catal yst returned to the reactor/the anount of al kene
10 fed to the reactor is preferably in the range of
0.5 to 100, nore preferably 5 to 100, particularly
preferably 5 to 70. The cg%glyst IS subjected to
regeneration in an oxygen-containing atnosphere at a

]Eggpgr 2548 2RY Feal®ilpSidenes ik alaBf& Gaad! for

the regeneration thereof. The regeneration

t eRReRaLBEE oS iR ebeabhibusl v 1d¥e iraRgeniaft k0¥ 0
550C, nore preferably 270 to 550C, particularly

phetadably 240n @ 2@RCrothe J egeReriaiicon ddgendator for
preferably in the range of 1 second to 10 20 hours,

neegepeetenabl ywnlio thec amdd e @rl@draurs, thEartearieardted
preferably 1 mnute to 1 hour. The oxygen gas
coatentsat ien contpnebasdlyl yri dntlke midtgeatdfy fetwoiedeto
ppmto 100 volunme% nore preferably 10 volunme ppmto
2theofdne% bed tikectegenedds amosinte sifalgadalyst 25 is
preferable to select, from conbinations of the ,
apdvevdased Bed dessFedneco i@ Bisort® ke SRR ARE THen
ca%alyst rreduced by the reaction to recover .the £
abfi VPRGLEREr E61558 el | TAS AGE S Iifi& QY T 1 s°
car bonaceous subst.ances.accunul ated,on the catal yst

R C ST REE RS RAPRY Foa by TERACaY iR RSty oF lkene
carhopaceoqus ybst ance h t.al yst. ta _jnhihit
tﬁ%efggtﬁgF r&%ﬁ@?&iﬁ%n%E%%F%EE%§?6%h§%E%d%“%ﬁ%g?%ﬁ%é% ke

t Qobmp keabiy Y lon dohe LAkl 1SHIM NS 01
Agggfdﬁ%égtgrgﬁg%%%&g%Fygﬁ,lS?jgé%Egggﬁh%%tﬁg uced o
I gt gt hg reactor fromthe regenerator can be

The catalyst is subjected to regeneration in
an oxygen-centaining atmosphere at a temperature and a
residence time that are capable for the regeneration
thereof. The regeneration temperature is preferably in
the range of 100 to 550°C, more preferably 270 to 550°C,
particularly preferably 270 to 500°C. The regeneration
time is preferably in the range of 1 second to 10
hours, more preferably 10 seconds to 10 hours,
particularly preferably 1 minute to 1 hour. The oxygen
gas concentration is preferably in the range of 10
volume ppm to 100 volume%, more preferably 10 volume
ppm to 21 volume%. In the regeneration of catalyst, it
is preferable to select, from combinations of the
above-described ranges, conditions of reoxidizing the
catalyst reduced by the reaction to recover the

activity thereof as well as not completely removing



10

15

20

25

decreased by providing a stripper on the way fromthe
regenerator to the reactor to strip the catal yst which
10 the above-described inert gas carries fromthe
regenerator to the reactor. An inert gas such as N2,
carbon di oxi de gas, or ste i s passed through the
stripper and countercurrent or concurrently

CQQEBBESQeoﬂEtgpﬁgﬁfgﬁgﬁl%?Eu MRS 0P € atalyst and

regenerator to reactor (this operation is

deft BRA 188213 1RRLAGG @Rt alike 4 =0 falc it ddrus
operation occurs, as “"stripper"). It has a highly

bgngttahaksebheehel RatiBiRkaiR AGHIRE tSellrctiuddheof
the objective product to provide the stripper on the
wa¥néraf bhe ofeg@ee catrbioniae edhst Reibseatices he aingerdhe
contam nati on of oxygen gas in the reactor increases
bgepeoduetsyddert ahex obgsiard veoxiudtattiagrceand r educes
the selectivity of the objective product. A stripper
may be al soAgcovidded &9 the wayyenks oy, oMYEeTy ¢3RS or

to the regenerator. Providing the stripper in this
piatsodunedednsgs & hehaep@horataama it hey Hegensyatay i@n be
adsorbed to, or entrained by, the catalyst, carried

t BeFRBaPEEeRET REGVICARE oSt TdRE a0 O H1e itk thi i drie

by di sposal. Fig.. 1l shows a schemat.ic di agram .
c%ﬁgﬁgleFﬁﬁoroftog SR AER T S8 5P ':nq'?g g:r‘?g:raa]tyo%t i
SLL rs in th ase where th r ' on the
oo BERYs B crafett iRt i e RREaR B e

V‘@nghg@atc%% trge%%xteorre ttol?:e r%\gIerﬁlre"‘}ttO@as mﬁzh as Nz,

arrangenent and shap€ of the stripper are
carbon dioxide gas, or steam is passed through the

stripper and countercurrently or concurrently contacted
with the catalyst carried from the regenerator to the
reactor {this operation is defined as "stripping" and
the location at which the operation occurs, as
"stripper”). It has a highly beneficial effect in
maintaining the selectivity of the cbjective product to
provide the stripper on the way from the regenerator to
the reactor because the contamination of oxygen gas in
the reactor increases by-products due to excessive
oxidation and reduces the selectivity of the objective
product.

A stripper may be also provided on the way
from the reactor to the regenerator. Providing the
stripper in this place can decrease the raw material
alkene which is adsorbed to, or entrained by, the

catalyst, carried to the regenerator, and lost due to
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not particularly restricted. It may be integral wth
the reactor vessel or regenerator vessel, or may be 10
provi ded in separate vessel therefrom In the case of
integration, it is preferable to provide a stripping
zone in a | ower extended pag%ion of the reactor vesse
or regenerator vessel, to ch the above-descri bed

i nert 9as Jds 24 A3 Jéafipi ng. 15 Conditions for

stTipping are not particu arly restricted. The ratio
of the vol ug pf 1 N§IdwHas sdiRMHddNe,; PSSy dm CadRbYsting

carried (volune/mass ratio: 1/kg) is preferably 0.1

t @£1, 06y Prefaadt Y &l tdyerddthrpay tagdl @t tippers
preferably 1 to 200. The stripping 20 tenperature is
prigtrerald yabd aEIRC tHef eany e aidad Con tth300653, from
particularly preferably 5 to 200C. The stripping tine

i $her efegyeatinathr teddrel tendi®irand nor echereder fbby ghe
second to 5 Hrs, particularly preferably 30 seconds

t rebddor Rreftdrabiggendratfdow of the 25 catalyst is
countercurrently contacted with the flow of the, inert
gas. From a Theac@imanganant enbritans et aihal gohopper are
and/ or a ketaone which is obtained by the reaction_as,

1 7ot @9t isat A e Tt W eDhol LadtFHroe ERkedbat raph

e ARG G BT SHRTPHG Tocl TR L o1 8t | FF& Por

e et o AL LA 1596840 o

(SR SR P O SIALERHS O, T eTAET Sher B Ry
zone in a lower extended portion of the reactor vessel
or regenerator vessel, to which the above-described
inert gas is fed for stripping.

Conditions for stripping are not particularly
restricted. The ratio of the volume of inert gas
fed/the mass of catalyst carried (volume/mass ratio:
1/kg) is preferably 0.1 to 1,000, mere preferably 1 to
500, particularly preferably 1 to 200. The stripping
temperature is preferably 0 to 500°C, more preferably 0
to 300°C, particularly preferably 5 to 200°C. The
stripping time is preferably 0.1 second to 10 Hrs, more
preferably 1 second to 5 Hrs, particularly preferably
30 seconds to 1 Hr. Preferably, the flow of the
catalyst is countercurrently contacted with the flow of
the inert gas.

From a reaction mixture containing an alcohol

and/or a ketone which is obtained by the reaction as
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1- butene and/or 2-butene, the reaction mxture is

cool ed to condense MEK and steam This is subjected to
10 gas/liquid separation, followed by recovering MEK
from the condensate. After recovering MEK, the whole
or part of the recovered Mf er containing by-products
such as acetic acid is aga recycled to be fed to

Lﬁggé: il%% orabiob.et h%l%orarf holl 8318 /AN éﬂl&gﬂéﬁﬁéﬁ%gﬁ%e

I's Subj€cted to the Tiquefying a recovering

Okg%l%x%at ﬁ:@ﬁ%%%hmé 5L WHRS RIARS- 1Y OUh LOIPI RS 51 HRd
an an

cool i ng, unr eact ed 1-butene and/ or 2-butene

ape r iRt NNt aSURIrE Ghed ta tds1seRar ati st Wfat ightor

gases "suCh as carbon dioxi de and again recycl ed
wael g cerio20 payfidedd lgedardia Sred tam tdtee ressd oion

<Exanpl es> The invention is described below in further
deti &ithyreh a sed-eait teda nyll kesiea mch yCAngp ant i area IExamp &gc Led
However, this invention is not intended to be limted
25otro ushiese aex ampiteof Tie aredgision ataw pragrr bnd-

anal ysis conditions used in Exanpl es and Conparative
Exanpl es wiBY wee fdfy stxageslad bewen MBacks grrgdisced from
anal ysis) 18 _ Gas chromat ograph: Shimadzu GC- 17A,
capbltene eaIdfr 2SHBLEENS0.U8 HecsT-19R Thfetiorts

t ture: 250C, FID { ture: 250C, col umm.
t ERBAra b6 CATETELdEH 10 SYTh (b0 DHOLESEeS 0

ﬁgggzl&t}g%:ldﬁ ¢ 'é_\)naq:l t;.iccf’r},gﬁfo& ;c;%)end q:l’yo Xlgéjceoxgg i&grm from
the condensate. After recovering MEK, the whole or
part of the recovered water containing by-products such
as acetic acid is again recycled to be fed to the
reactor in the form of steam. An uncondensed gas phase
is subjected to the liquefying and recovering of MEK
entrained by the gas phase through compression and
cooling, and unreacted 1l-butene and/or 2-butene are
optionally subjected to the separation of light gases
such as carbon dioxide and again recycled wholly or
partially to be fed to the reactor.
<Examples>

The invention is described below in further

detail, based on Examples and Comparative Examples.
However, this invention is not intended to be limited
to these examples. The analysis equipment and analysis
conditions used in Examples and Comparative Examples
will Be first described.

(Reaction gas analysis)
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Gas chromat ograph: Shimadzu GC-8A, packed colum: a
paral l el columm of Porapac Q ($3 x 2 m and 10 Ms5-5A
($3 x 3 m, injector tenperature: 70C, TCD

tenperature: 70C, colum tenperature: 70C held.

(Anal ysis of chem cal conposjtion of catalyst) EPMA
(Scanni ng El ectron M croanalyzer) X-650 from Hitach
Ltd. 15 [RelgrepeemadiRh@phl (RiSRaIal At of7cat al yst
A In 60 L of pure water was dissolved 9,380 g of
stapaitach ebidanpentsarydr aige,. 250 mikisoh m3,, 0461 5@ c@for
silica fine powder (Aerosil 200V (trade nane) from
N:ppparaenesi:l GooccltdIp waspbhenuadded2wiofh, stdblumng
20 at 500 rpm followed by adding 8 nass% aqueous
amsmpezatumei:l #OECPH Leanhes, 55/ Wit o tpo XOYE ,a 200°C x
white precipitate consisting of silica and tin
hgdmoxi.dbeldhe white precipitate was filtered and then
wel | washed with pure water. To this cake was added
668nglyeiss odmearbom Elopide endl sseihasy manopgide |ifthe
pure water to_ make a honobgeneous slurry, to which
cBREEREPRL 8@SAitric acid was then added so as to
provide a slurry pH of

dr:ed usinaﬁ@ssﬁpﬁywﬁFféFat ‘4f§ g ;%g?%¥§%§:ﬁ%§g%¥j
1oL 9LA8 PO TS OVIET OB 3L ES 1) s
S&S?E?‘sl( ;ap ¢l fr’\?fb\r \&A%;EHEB?C%H@%\QEQuE@ C@'Sfégmﬁ"bﬁn

atal ys anal'yze using the
c LLi analyzer , i s GONgins 1
TReLOE o eaD, 7 onakstt o oba P ana 45 maetas o &l02.

CahahYshiA BEd cRRmYRAISR oMY t3lRMEE catalyst)

EPMA (Scanning Electron Microanalyzer) X-650
from Hitachi Ltd.

[Reference Example 1] (Preparation of catalyst A)

In 60 L of pure water was dissolved 9,380 g
of stannic chloride pentahydrate, to which 3,040 g of
gilica fine powder ({(Aerosil 200V (trade name) from
Nippon Aerosil Co., Ltd.) was then added with stirring
at 500 rpm, followed by adding 8 mass% agueous ammonia
until the pH reaches 5 to 7 to provide a white
precipitate consisting of silica and tin hydroxide.

The white precipitate was filtered and then well washed
with pure water. To this cake was added 660 g of
ammonium molybdate dissclved in 12.7 L of pure water to
make a homogeneous slurry, to which concentrated nitric
acid was then added so as to provide a slurry pH of 2

to 4. This slurry was spray dried using a spray drier



10

15

20

25

ratio of 0.13, was in the formof a snooth sphere
suitable for a fluid bed catal yst, and had sufficient
10 nechanical strength. [Reference Exanple 2]
(Preparation of catalyst B) Catalyst B having a

di fferent conposition was Eggepared i n about the sane
way as that in Reference nple 1. The conposition

j.st 9% of ﬁﬂgﬁ% in
%5823/%%%%0% gng r}f%&iai%}o%ndgs I Q2. fC'gt al yst OBﬂ%adg
g?)ow/e(rs%btawedawg Gdidimatfd & 1B5o%agd drke Haarm

a snooth sphere suitable for a fluid bed catal yst,
angdead ssufsfint e re R GAlin S efigdder2P flRedietence
Exanpl e 3] (Preparation of catalyst C) Catalyst C
havieng taediddnmgreanitt iecanpdsidhion wes lyEtefareds | anabpzed
the sane way as that in Reference Exanple 1. The
compasi ttihen BFVMAC atcaipesti tG agonmisteaenf it65vamssieowh to
Sn02, 5 mass% of Mb(A3, and 30 mass% of Si 02. 25
Cavalsjist ©théd arsa¥ (Sh Snvb) 7arewisé rdt Mot engdr 22
was in the formof a snooth sphere suitable for a ,
f PGS % I9€d Sddkal yERLadngthad hagr AncMert Siechdin)c@tomic
strength. [Reference Exanple 4] (Preparation of
car&lps DY 33 . asisiths ﬁa%r%r%’gaﬁ T AR T Fie
sang as that in Reference anple 1. .Th _
OB = A HoD T G 1 FeReh L ient
S”Q%ha?’c:{ SSS%I_Oefn a3, and 39 mass% of Si Q2.
caral ysl?t Bhdd angl% (Sn + 5 Mb) atomc ratio of 0.50,

e R S, R oo B e Th GRER ofher

i gregat e eac
and coul d nei;he Wi TOHHYing a different composition was

prepared in about the same way as that in Reference
Example 1. The composition of catalyst B consisted of
48 mass% of Sn0,, 11 mass% of MoO;, and 41 mass% of
Si0,. Catalyst B had an Mo/ (Sn + Mo) atomic ratio of
0.19, was in the form of a smooth sphere suitable for a
fluid bed catalyst, and had sufficient mechanical
strength.
[Reference Example 3] {Preparation of catalyst C)
Catalyst C having a different composition was
prepared in about the same way as that in Reference
Example 1. The composition of catalyst C consisted of
65 mass% of Sn0,, 5 mass% of MoQO;, and 30 mass% of Si0;.
Catalyst C had an Mo/ (Sn + Mo) atomic ratioc of 0.07,
was in the form of a smooth sphere suitable for a fluid
bed catalyst, and had sufficient mechanical strength.

[Reference Example 4] (Preparation of catalyst D)
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calcinated. This shows that Mo/ (Sn + Md) is preferably
10 less than 0.50 for a fluid bed catal yst. [Reference
Exanpl e 5] (Preparation of catalyst E) Catalyst E
conprising oxides of Ti and Mo was prepared in
substantially the sanme way 25 that in Reference
Exanpl e 1 except for the use of titanium 15

tetrachl ori detin Jl-aee Rfs $hapieLhlPrdifut the same way
pent ahydrate. Thé conposition of catalyst E consisted

Ohs44naRSSY @l fEr@hcel EXmEI% & MIOD WibAd s % of
Si2. Catalyst F had an Mo/ (Ti + Md) atomic ratio of

OciBalvwas D e ifs@e® off &1smmeidy shar®,.suBballassfont

a 20 fluid bed catal yst, and had sufficient mechanica
sMpergt ind [ Ref easngeoExanpl e 6Jatffreparnthad ah Mo/ (Sn +
catalyst F) Catalyst F having a different conposition
wie) preparcedaitd oswifstlarktli,alangd tves sarfeverakils their 4an
25 Reference Exanple 1. The conposition of catalyst F
cEAgiist Bgdorase lywss RrshusKO L hel atetigug EoWdros, thaweor
38 mass%of Si 2. Catalyst F had an Mo/ (Sn + M)

aPERFEI3CEE Yi6H 6209, 5 RAhERPEBIE P& ot Frrmly

sghire 21 d;uitable for a fluid bed catal yst, and had
stfFFEP8hE% nechani cal strength. [Exanple 1] Catal yst

A\ 1R Packeul 9, el oRey GAPR SEU° COTIARL IR,
e e R
[Reference Example 5] (Preparation of catalyst E)
Catalyst E comprising oxides of Ti and Mo was
prepared in substantially the same way as that in
Reference Example 1 except for the use of titanium
tetrachloride in place of stannic chloride
pentahydrate. The composition of catalyst E consisted
of 44 mass% of TiO;, 17 mass% of MoO;, and 3% mass% of
81i0;. Catalyst F had an Mo/ (Ti + Mo) atomic ratio of
0.18, was in the form of a smooth sphere suitable for a
fluid bed catalyst, and had sufficient mechanical
strength.
[Reference Example &] (Preparation of catalyst F)
Catalyst F having a different composition was
prepared in substantially the same way as that in
Reference Example 1. The compeosition of catalyst F
congisted of 46 mass% of Sn0;, 16 mass% of MoO;, and 38

mass% of 8i0,. Catalyst F had an Mo/ (Sn + Mo) atomic

ratio of 0.29, was in the form of a smocth sphere
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system wherein the reaction and catal yst regeneration
wer e continuously conducted while circul ating catal yst
10 A between the reactor and regenerator. At this
time, a stripper device (internal dianmeter $20 x

| ength 60) was provided be&geen t he regenerator and
the reactor; N2 was fed at rati o of the vol unme of

i e f t - I [ L

(o S, o TR st R FR R surficient

r egengated calal sl before returning to the reactor

was stripped at 150C. A raw material having a ratio
of[Ek=htpiena/jst eam’ N2 of 20/50/30 (volume ratio) was

fed to the reactor at a weight hourly space velocity
(VWHSV) of O.catdnkthasethoopddiednimd ofre&dctchdmal yst

in the reactor. The anmpunt of 1-butene fed was 25.6
Nepigiarathes roeentn ienirteerpeflatint doanhsre@EOOr Aandn xedagasyst
of air and N2 was fed to the regenerator. The

r gggErEr avey eondutvad ifrorF i HourfslIdwed dact¢prying
results at 1 Hr and 3 H's are shown in Table 1. For
25Uy apF3dict Ped readliant iUAINE 6f @ alye FHfarlation
CO2 and CO is given as a representatjve therefor. .
E&YF M M@@rﬁrlabgm EEAHOAN TP TS THRITAEY B8P
follows. Al are.based on th ount of car bon.
TRE™CoR RSB Y GO R o (-1 Rllat 1y qrealyst
sel ecti vit nol_d f__each; co nent., = 5 (&= ,
B0 PR R S et R e A Pt bime @

(gqghbp%& ﬁ@%%%gE%iﬁ%é%ﬁé¥“ﬁiameter 020 x length 60} was
provided between the regenerator and the reactor; N, was
fed at a ratio of the volume of inert gas fed/the mass
of catalyst carried (volume/mass ratio: 1/kg) of 67;
and the regenerated catalyst before returning to the
reactor was stripped at 150°C. A raw material having a
ratioc of l-butene/steam/N, of 20/50/30 {(volume ratio)
was fed to the reactor at a weight hourly space
velocity (WHSV) of 0.2 Hr ! based on the amount of
catalyst in the reactor. The amount of 1-butene fed
was 25.6 N1/Hr. The reaction temperature was 250°C. 2
mixed gas of air and N; was fed to the regenerator. The
reaction was conducted for 10 hours. The reaction
results at 1 Hr and 3 Hrs are shown in Table 1. For
by-products, the selectivity of COx (the total of CO;
and CO) is given as a representative therefor.

Each of the properties shown in Table 1 is

defined as follows. All are based on the amount of
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(i ncluding the anbunt of 2-butene generated by the

i sonerization of 1-butene) 10 P: the anmount (Cnol) of
each conponent produced 2-Butene, the isonerization
product of 1- butene, was considered as an unreacted
material because it can be2£eused as a raw material .
15 By-products produced in addition to MEK refer to,
fg@rﬁ%gnple, C®2, CO acetone, acetic acid, butyl

al cohol, and oligoners having 5 or nore carbon atons.

[ Conpar at i verfexaiveerdich f ) G oed gieagid on wasL) /F x
carried out using a 20 catalyst circulation systemin
aheut the sane conditions as those in Exanple 1
except for directly returning the catalyst fromthe
regener at or The tdeel edteiacior {mdlfoutoSteaqipi apmpdihent =
reacti on was conducted for 10 hours. The reaction
résulr-g.)atk 1ok and 3 Hrs 25 are shown in Table 1. For
by- products, the selectivit of CO, (the total of CO2
and CO) is diverthss @ﬂow@pré’é{@?ﬂt)at‘?ﬁ/elt%@ﬁ%rfed

[ Exanpl e 2] 23 Except for suppl%ihg at a wei ght
hourly spacével3 3WHBCTHL 0. of pnreageed phr hgtene

forned i bstantially th t hat
e ere i AT O PR | SRR LR, Y o Bur

usi ng a .catal yst ci,rcul ati on system under
sdﬁﬁ%ﬁﬁﬁ%ﬂq T §&ﬁ§t?ﬁﬁhitions: The reaction was
conducted f CE: 1Ot1‘peouarrﬁduntThFCrE(?f)CtéPneégﬁ ué(glﬁpgltleljft Hr

and 3 Hrs are shown 1
produced

2-Butene, the isomerization product of 1-
butene, was considered as an unreacted material because
it can be reused as a raw material.

By-products produced in addition to MEX refer
to, for example, CO,, CO, acetone, acetic acid, butyl
alcohol, and oligomers having 5 or more carbon atoms.
[Comparative Example 1]

A fluid bed reaction was carried out using a
catalyst circulation system in about the same
conditions as those in Example 1 except for directly
returning the catalyst from the regenerator to the
reactor without stripping. The reaction was conducted
for 10 hours. The reaction results at 1 Hr and 3 Hrs
are shown in Table 1. For by-products, the selectivity
of COx (the total of CO; and CO) is given as a
representative therefor.

[Example 2]
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Table 1. For by-products, the selectivity of COx (the
total of CO2 and CO is given as a representative 10
therefor. [Conparative Exanple 2] A fluid bed reaction
was carried out using a catalyst circulation system
under substantially the s conditions as those in
Exanpl e 2 except for 15 directly returning the

catal yst fremihe rf%g:eré‘%f\%ﬁriﬂgo atl e yeEapOmMmtNPWpace

stripping. The reaction conducted for 10 hours.

Theireaell ausesuldss ;aly bid¥, avdiSpths wae §80¥BriBd in
Tabl e 1. "For by-products, the selectivity of COx (the

t eligkteht@e8 13nd HOsdne GaemAThAY ar eageld af iaed a
t herefor. Conparisons between Exanple 1 and

Cenpadabievde rebxaiplre vk sarch theitetk erutExeipie £ cathlyst
Conparative Exanple 2 indicate that stripping may be
cairiced attbromystemayndenr gmbdiantegdiar dtloy gane he
reactor to inprove the 25 selectivity of the objective
peegddtt ionskx arbice r3acA W HetPrBEEisd it st hours.
conducted using a _catalyst circulation system under
stbst FfecHicy RS DL S sdivd dBh ARG ohdlEs s 10
Exampl e 1 except for the use of catalyst, B. T?e
 S2EKFo nad Hb RITETREHS 161 R IEC e reatt | G (£he
resulgs tg% Hr qg 3 Hs are shown_in Tabl . For
oy ShPddEE SO IR S b o9 TYoRr S8 DORePFRECT bR VEr
CE%e%% ag) is given as a representative therefor
[ Exanpl e 4]

[Comparative Example 2]

A fluid bed reaction was carried out using a
catalyst circulation system under substantially the
same conditions as those in Example 2 except for
directly returning the catalyst from the regenerator to
the reactor without stripping. The reaction was
conducted for 10 hours. The reaction results at 1 Hr
and 3 Hrs are shown in Table 1. For by-products, the
selectivity of COx (the total of CO; and CO} is given as
a representative therefor.

Comparisons between Example 1 and Comparative
Example 1 and between Example 2 and Comparative Example
2 indicate that stripping may be carried out on the way
from the regenerator to the reactor to improve the
gelectivity of the objective product.

[Example 3]

A fluid bed reaction was conducted using a

catalyst circulation system under substantially the
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A fluid bed reaction was conducted using a catalyst
circulation systemunder substantially the 10 sane
conditions as those in Exanple 1 except for the use of
catal yst C. The reaction was conducted for 10 hours.
The reaction results at 1 @% and 3 H's are shown in
Table 1. For by-products, the selectivity of CO (the

t e&ale eBng@% i8nd QQ) thS e VN Ea@n%l@ 1 RSNt} e

therefor. [Exanple 5] Afluid b reacti on was

copdugkedabsinpatrap.Catidley Hea@ithieH MasORcTyRIABUNGESF 10
substantially the sanme conditions as those in Exanple

lhexespt fae thacZQousee@fileat alkydt Hr aHie ¥ encd iaxe

was conducted for 10 hours. The reaction results at 1
Hehawd 3nHTsbaeel.shéwr by -Fabldects,Fahebysedraouictisy of
the selectivity of COx (the total of CO2 and CO is
gfoen{tElse atotrapref edPakinde Clheref el verb dsbdanpl e 6] A
fluid bed reaction was conducted using a catal yst
CF?EH?E?pEﬁtQV§t§ﬁﬁgﬁ§@F substantially the sane
conditions as those in Exanple 1 except for the 25
udB*8FPcst 4lyst F. The reaction mas conduct ed for 10
hours. The regi ults at H and 3 Hrs

shown in Tabl FE?F %eﬁ‘rc&&l%‘t Y35 oGS \Hst’;ﬁ%fa
b LB BB 2hs PR AR ke KR AR By e
T A e R A
tQse of catalyst C. The reaction was conducted for 10
hours. The reaction results at 1 Hr and 3 Hrs are
shown in Table 1. For by-products, the selectivity of
COx (the total of CO; and CO) is given as a
representative therefor.

[Example 5]

A fluid bed reaction was conducted using a
catalyst circulation system under substantially the
same conditions as those in Example 1 except for the
use of catalyst E. The reaction was conducted for 10
hours. The reaction results at 1 Hr and 3 Hrs are
shown in Table 1. For by-products, the selectivity of
COx (the total of CO; and CO) is given as a
representative therefor.

[Example 6]
A fluid bed reaction was conducted using a

catalyst circulation system under substantially the

same conditions as those in Example 1 except for the
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15

that of each catal yst used in other Exanples; in this
case, the selectivity of the objective substance MEK
10 was still excellent, but slightly decreased
conpared to that in each of other Exanples. In
addition, it was noted that reaction simlar to
that in each Exanple, in mh?gh catal yst A was used

and .t he rc%\‘efariﬁ}secr il ahkeng i shanpgedhdiamededd for 10

1-butene to propylene or cycl ohexene, could I nprove

t ey rsel eatieVidah @fidrhe-Qhird ime prpdugis Whelra are

stripping section was provi ded between the

I ggeRer akoITadld tihe Foawppidisddd p e seladystity of
being returned fromthe regenerator to the reactor.

260,>1thé tutali o @O, NrddD dd)Mis QwerlasndCO O 0 0 O
O" NOONNOOOO N U) a ro~0~f] OQI N
Nréprmsenl at i~ld therWwiby ~OTHe dtat@l Wi udd/ O Glis
o~mmmrnrnmmrn~rn Om-~ r1l {J O
Example had a slightly increased content of molybdenum
{within the range defined in the invention) compared to
that of each catalyst used in other Examples; in this
case, the selectivity of the objective substance MEK
was gtill excellent, but slightly decreased compared to
that in each of other Examples.
In addition, it was noted that a reaction
gimilar to that in each Example, in which catalyst A
was used and the raw material alkene was changed from
1-butene to propylene or cyclohexene, could improve the
gselectivity of the objective product when a stripping
section was provided between the regenerator and the

reactor to strip the catalyst being returned from the

regenerator to the reactor.
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The production method of the invention has
advantages that the selectivity of the objective
product is improved when the reaction for producing,
from at least one kind of alkene, a corresponding
alcohol and/or ketone using an oxide catalyst in the
presence of steam in a gas phase is carried out using a
system wherein the catalyst is circulated between a
reactor and a regenerator. Thus, it is useful as an

industrial method for producing these compounds.



N WOWWOWX x WWWWEO0 0 -K -k 27 | NDUSTRI AL
APPLI CABI LI TY The production nethod of the invention
has advantages that the selectivity of the objective
product is inproved when the reaction for producing, 5
fromat |east one kind of alkene, a corresponding

al cohol and/or ketone using an oxide catalyst in the
presence of steamin a gasypbmse is carried out using
a systemwherein the catalyst is circul ated between a

react or and pa r{eRGRRE RO Hrodiltsing tard S UseiM  #5d Adir 18
i ndustrial method for produ0|ng these conpounds. 28

CkAkMbel. wheatetihpe freiw priaadicialy contad inohed andileds@a one
ket one, wherein a raw naterial containing at |east one
abRé&eae s scantactartdarrhd eaatatdivitrammxoxdede atat ybyst
in the presence of steamin a gas phase to produce an
alicohdle ardlsence ket ateagpritesp@rl mpase sw doroduce an
al kene(s), which conprises satisfying the fol] ow ng

r edgohereRns/ofr @akatene ConresraEdi i tde LB @l yst
contains an oxide(s) of . nol ybdenum and/qr t (b)
s&liengderi- o Hish fed iRt Safdett %%nﬁxﬁhﬁt¢%h99%%9%

nDIecuIar ox{%ega_gﬂnot f@% and by the wuse of a

ﬁﬂ@?%% cdtal YSt' is circulated between a

fl ui d b(eq r%%%td)rox%r&je L4 enq:r acto%rt’alar{]sd an oxide (s} of
molybdenum and/or tin;

(b} said reaction is carried out under a
condition where molecular oxygen is not fed and by the
use of a system wherein said catalyst is circulated
between a fluid bed reactor and a regenerator; and

(c) a stripper is provided on the way from said
regenerator to said reactor.

2. The method according to claim 1, wherein a
stripper is further provided on the way from said
reactor to said regenerator.

3. The method accordiﬁg to claim 1 or 2, wherein
said alkene(s) is 1-butene and/or 2-butene.

4, The method according to any one of claims 1
to 3, wherein the atomic ratioc X of molybdenum to the
gum of tin and molybdenum contained in said oxide
catalyst ({(Mo/(8n + Mo) where Mo is the number of
molybdenum atoms in said oxide catalyst and Sn is the
number of tin atoms in said oxide catalyst) is in the

range of 0 £ X < 0.50.



(c) a stripper is provided on the way fromsaid
regenerator to said reactor. 2. The nethod according
to claiml1, wherein a stripper is further provided on
the way fromsaid reactor to said regenerator. 3. The
nmet hod according to claim J2§>r 2, wherein said

al kene(s) is 1l-butene and/or” 2-butene. 4. The net hod

agcordi ng t@h@%fe%%dofac@oaidﬁgl td Q¥ Mherg neiddns 1

atomc ratio X of nolybdenumto the Sumof tin and
nmpbyBdepuaregnt ainRed tighisaird tad ¢e off alAlpkde{ddMd d She
+ Mb) where Mo is the nunber of nolybdenum atons in
saif eXi dencahadl yol ydaénSm icdrite naalinhersanfd totided ons
in said oxide catalyst) is in the range of 0 < X <
OchBal®et 5.(Mbhdsmethor)aedenrd vy tie ahe onenkgsdr chlai s
1 to 3, wherein the atomc ratio X of nolybdenumto

t melybdemofn bitwrand nmslaiidd emides eattai st iand &l oxi tdee
catalyst ((Md/(Sn + Md) where Mo is the nunber of,
nohybganem ationgtiomss dind seiidd @xdgtealdpstalart )sii § sl Hee
nunber of tin atons in said oxide catalyst) is in the
r 5aggeoPf000P1<S X £ 09224,



