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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 of steamin a gas phase.
BACKGROUND ART Exanpl es of nethods for produci ng an

al cohol and/or a ket opesdropTraogor respondi ng

al kene(s) by a gas phase reaction in the presence of
st eam MECHOMe FOG PROGUCIIINGN AQICOMOE! G foroMETONEY | 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 ca

sTRFENRgh el €EkRl or a solvent. Conventiona

techni ques for the above- described reaction mainly

i ncl ude a VBRRePregpRet iedeRtbanusehygtasnbpl e wethpd for
catalgst such ai g%zo al | adi um conpound and a

rRERE PO Asthg? LC¥dPh ot E €0 oxi HRteREaf §9E 2ont ai ni ng
non-nobl e netal s. such, a nol ybdenu tungsten, tin,

A SOBAPRS % GRbRERS 4T { We- For HerOWedRer SEypast 1f the
r ' 2 =i e; th oduction of a carbonyl
c%ﬁ%%%ﬁ%ei%ftﬁéégﬁr%%e%c é%fp%?%?in, 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 cyclohexanone from cyclohexene, and
production of tert-butanol from iscbutene. Each of
these products is industrially an extremely impcrtant
chemical compound as a chemical starting material or a
solvent. |

Conventional techniques 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
melybdenum, tungsten, tin, and cobalt.

Examples of the former Wacker-type reaction
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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

coppendechher pdedareisHPBer heda®Bofibhi €8mpdAnkNin the
addi tion, exanples using a chloride-free "~ catal yst

| pebudecpr oduct eohnof caggeal dehydereamaukehgng ch¥alyst
subjecting an olefin to gas-phase oxidation with
oxygehionh paldayigen- endyarnkngaldsdiomt bempoesengadof
steamusing a catal yst having a palladiumsalt and a
16cyvpaadyhlealtiesappostipdopnedcbnve carbbar(seeheag.

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

t helegenpt aryueibadi Aeat e. ghePpredticPponment at et onBatent
from propyl ene using a catalyst in which palladium
stUpFarenand Ganaaybesul iat Bharexsuppery eembpdamentve the
20 cgrbon. However, these catalysts are obtained b

LRESTGSELOR RF GHE§hukpERay yekAbORe FIEK] STTaRdLT BNt pep
testing by th esent_inventors . showed. deteriorated

AT LOT LR eS2 LT T HOE h R al B § 81 B2 1 hot ot b1 pEr ABGPBA CopPes
t] On_t he ot he and, exanples of the latter
r%gg?fgﬁeu%{%gsgp%%ﬁ%%gi?% %&lﬂggtatalyst cont ai ni ng

non- nobl e ﬁaéédi@fbH96?£§§%18§C&£?H%°£ QLeL LNy Dg¥e%

oxygen in the presence’ o am enpl oyi ng”a catalys

C@@@é§§£Egiﬁél@d@PﬁYQ&QBHﬂbQX&geaéggafdgﬁ%ééC&faéekéfgne
oxide uniformy distributed on a carrier (see e.qg.

by subjecting an clefin 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 describkes, in
the exemplary embodiment, the production of acetcone
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 detericrated
activities of both catalysts in a short period of time.

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

non-noble metals include the reaction of olefin and

oxygen in the presenée of steam employing a catalyst
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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
addition, exanples using siqilar catalysts include
the reaction of a mxture of olefin and steam using a

cababystihg @Bi@hm6D¥N@QﬁﬂMan¥£Qean@iﬁ pxtdeculfrandin
a specified amount of an alkali netal and/or an

abkadié nen eas thl yed bt aLleuSePPOni t £dcOAr Begankseere( gee
e.g. Patent Docunent 4). Patent Docunent 4 descri bes,

i hatéet eReophany 2nbodPaeatt DoeumswdudtdeacoibdEK in
from trans-butene using a catalyst in which tin

dioxi eeempbany| rhitlediiment i o€ egpr @dglc s unf aseetone
supported on silica. Further, there is a nethod which
i hvonvesoryigheguaing nt | eeatahyat yin  whl cler hinefiyoxide
contacting the catalyst with a gas consisting of an
ofefi Aol ghdemyBner bor B ndr ¢ HwpRPEteR oXxygbhias- t he
reaction raw material and %ﬁg?s containing a | ar

amount of oXYyRILTsERN e, Fram %HfsE%%u%%%%l%§.C?%S%K§ts
Do t d ib [ th | di t
CRETTBh hT RCBT ONRK FF T ir el (H . ehRapyeen
i@sMc% CQ éépagl(%&(lﬂ’? :(chl%Smo l}:yé)éjelﬂh’”%t{clig)(i an al eide
suppor t ed on ica. However, Yeaction Has” been often~’

condugt &de O i & fdxsehoeds 1 4y, each of 1h€.1 and/or an

above-descri bed Patent Docunents, and satisfactory

r@skh 1 Sndayer N0indeen #re Chighnan 4 NeaFLRELT PBed S
carried out using a systemwherein a catalyst is

cé rgul pdeshbepyeenerd f4uj d Patent Document 4 describes,
in the exemplary embodiment, the producticn of MEK from
trans-butene using a catalyst in which tin dioxide,
molybdenum trioxide, and sodium are supported cn
silica.

Further, there is a method which involves,
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 emﬁodiment, 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 often 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-~2209 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 ON410 PROBLEMS TO BE SCLVED
BY THE | NVENTI ON An obj ect of the present invention is

t obtptineddehanmenhbodefotiprodectagrandabaehakiagdsor a
ketone from a correspondi ng al kene(s) using an oxide
cavatyst wharéhe preseatesof ist eapriihagcgabephase at fanid
15 extrenely high selectivity of the objective product
whietlerkeepthganteacaegkyeratacti vity constant. MEANS
FOR SOLVI NG THE PROBLEMS As the result of intensive
studi es forFakenvi hgcuhentbdve- dBskriBed2phBbl ens, the
present 20 inventors have found that, when (a) an

oxi de catal?%?enEoﬂ@QPﬁPﬁe ah oXPURtE9-b63ABPYbdenum
and/or tin is used to (b erformthe above-descri bed
reacti on whf2hels DearPrRe out vRaBr4a-86AHI tion where

gﬁ%f&”'na; cBdOFYs BealBant iF el e ok hat hee bz ot i d
pur pose. o 185 B U GETRTS Dt 1 FEpRr 1 9n the2way from

the regenerator to the fluid bed reactor. Based on
this finding, the present invention is acconplished.

ThuscLéderE nyentEeNI ekt esnt 0 a produci ng
PROBLEMS TO BE SOLVED BY THE INVENTION

An object of the present invention is to
provide a method for producing an alcchol 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 PROBLEMS

As the result of intensive studies for
solving the above-described problems, fhe 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 {c) 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

coupipses sattbiywag fh@mf@héoﬂéggnéﬁﬂﬂbfeﬁEnt§e efuid
(a) to (c): (a) the above-descri bed oxi de cat al yst
cload ai asctan. oxBaeéa) oof t nb ybdeauny angherpté8entd5 (b)
t he above-described reaction is carried out under a
condént bon wher ecoohetilthedoxygen is not fed and by
the use of a systemwherein the catalyst is

ci rcul at ed Betseenha fhventbed redstes amdz aproducing
regenerator; and 20 (c) a stripper is provided on the
WSO Fe DI dpeCrileg@nkeeh®dr to the fluid bed reactor.
(Zi The nmethod described in term (1) wherein a

st} pper i SrEpERRY PP HVPERIIGHY el Wl colhan amd/or a
&g@gtor to the, regenerator. 25 (3) The nethod

PRbed’ TRETER i (A5Y PR EDY L a et Ml R HeT Ak elrq sy 9re

Jéﬁyérfgeigndéor (.:2 bélten %4% T%e t hod descri _beé:l in
AR e e TS 1 SRTETR The) dorf i qars o s vEt
o e et b v ek i b Gl o Rguce an
o Th The O e At S0 e s e, TRLIBERH )
L &t ffimp i dde Oxt der el msd )rd B didderequirements
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 M is the nunber of 1@ nol ybdenum atons in the
oxi de catalyst and Sn is the nunber of tin atons in

t e @xhdangatdllysbknum tBnthenchange ok Qb@%e—%egchbed
0.24. EFFECT OF THE | NVENTI ON According to th

| Bwedkl earathere (gaB/hen 15Mplyoywhded ﬂop&@PQ§§ hQhber of
produci ng an aIcohoI and/ or ketone, wherein the

unpnégessany basmsofinr awenakedeakakslyeeduaadsandst hge
selectivity of the objective product is increased.
BRuEEeDESCREPTI &hlofte THEL BDRAVWKNGe2B8aERQyst)i $sain the
schemati ¢ di agram consisting of a fluid bed reactor,
arpagenetafor, XandOsbPi ppers. DESCRI PTI ON OF SYMBOLS
a catalyst taking-out line b catalyst recycling line
255BEST MODED FORE EARRYERIE: OUlFe RHEN | RYENTEORe¥ms TH&) to
Szent invention is described belowin detail. The
cé | YErELBACPR BREMpFoEREECOK Pﬁemoﬂﬁb@ﬁﬂpﬁntpstbe sum
ca a% st cgn l %8% an oxi de(s é 5. nmol ybdenum
aRd/ 67t FRY FHeXB R YeS Ra51B ué@dtﬁﬁoﬁ ovguflegreibed
Prgigcakl ¥afgglc°¥%ﬁo9?s% FeR87 ™ A8 e U8 YE0e 8L RSfBer o
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 OF 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 strippers.

DESCRIPTION OF SYMBOLS
a catalyst taking-out line

b catalyst recycling line

BEST MCLDE 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 theyselectivity of the

obj ective product, an oxide of another elenent may be
al so added. TfbBepekerBAt ih§enpieherabhksanigkaM®Rt oy in
bel onging to the fourth, fifth, 15 sixth, eighth,
ndethiltenth, eleventh, fourteenth, or fifteenth
group of the periodic table, and it is nore

preferably Thatchbelfeur ibegr onptakepebteks bift aRkUM
or zirconium the fifth group vanadi um or ni obi um

t hevestxth geoapchuaggsencontehnonyuan bhedeijght bf
group 20 iron; the ninth group cobalt; the tenth group
nirekgbdentneartidoenthngr oup copper; the fourteenth
group lead; and the fifteenth group bisnuth,

antimony, ofepRospheeasnaYheepertddaéongbl buteteer ed
to herein is the 18-group type periodic table
d@§%§?5@B1Yne@HéﬁY%ﬁlaESaSﬁ@?gﬁyléﬁlJﬁbﬁﬁPreKaéaRch
Binrgn Kigoheg | Fourth  Reyised Edition", Mar uzen,
CBFIOEE Ot (obpiepum 288 T gRdéerafotRTPERNEnCBk e

kal I_ et h, di ' :
B EEr T Bar R AP Pk S PR nCB bl A SUEHORLRD the
' ' bar i be. . | h 4
Prarerubly, SERELTy. M Phe S TRt iunh ot Ehg BB R e

OPr8agth t abker CRLFERE 5H§f$@{ﬁbEFPéscthFgéféggéyiéfty

I nNor _ganl C _OXI d_e SUC_h _as Sl ! | ca_, I ca- a
ah il ige ééI@@t@viﬁYlbﬁatﬁét@mjéatibéCQBbéuef, 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,
sixth, 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 niocbium; the
sixth 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
Revised Edition”, Maruzen Co., Ltd. (1993), P. I-56. 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 ybgenum ((M/ (Sn + M) where
Mo is the nunber of nolybdenum atons in the oxide

catabystuandaSnmagntBeunynbel cotim} | BrabaBumnNmkPebe
oxide 15 catalyst) is preferably in the range of 0 :!~
XtarOhBO afA=s®.neans that no oxide of My is
contained), nore preferably 0.01 :!~ X :~ 0.24, even
nore prefer8@bkfedabbyr tKes® Ox2desparei alkar byeq. B
i~ X :~ 0.15. The atomic ratio Xis O or nore, but 20
pFePePablyanoneat hahtoble cernteof chbel garciactimity.
In addition, it is preferably less than 0.50 to
pPé@éﬁfab%ﬁeaﬂeha@ﬁ@§né¢ axheeypdehuas ceysiah, toilica-
f |tate on, the outside of catalyst during the
cal erhati oft 6$1Pﬁe téBﬂ%%9stShhHC@ntbF@véﬁt gheconia or

reduced flUIdIt £he 25 catal A;nethod for
p?%ghF?nalfﬁ%ﬂb d%l 581 Y8tPAES LG AT REPTRVBREPMR - | <A

coRer's ?SQ%E?L%%&%%&% L oBeY d7e " ppEbar R e
COEaLY Lo BHLPBLEL! Bhe AOLHLALD. POGL AndllY 88 LDE{ONE.
materi a ution an cining a Ca yst “precursor

1) The Stepwﬁénp{ﬁ&aékfgeac&?éfy§§tc£§MéPR§eBb@% gld s
solution The chemcal formof a raw material providin
apf oxb UpbdEehri Andt in, tHee L REHHT OXFS€i o Shabk ﬁ&ﬁﬁbdenum
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 thaﬁ 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



10

15

20

25

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 1,000' C is used. Exanples thereof include
nitrates, sulfates, acetateg, oxalates, anmonium
salts, chlorides, and hydroxides. In addition, a

cemaekekepl! bf;avai babbe raxgde MRAYNe s¥sedAsdtlerdiSl 15
Typically, one or nore kinds of raw materials are

weblludiissokyied 2i) ndegtiely @hea raw Hakles 190 woNtitator?@nd

to 80'C. At this tinme, the pH of the solution may be
adplstednyoaacediat yet glkalirseri.n order to increase

the solubility of the raw material. In the case of

poor 20130l Gbel styp bydpogearpenoxi detar yishe rdawkmangyial
be added. The raw material solution may be directly
depedtipit is preferably mixed well with a powder, a
solution, a sol, or a gel containing a carrier

conmponent t &P§uppsricehefoxmdefon Fagumpslsiré adaprioariding
as 25.,described above. At this tine, when nitrates,

SBPf AP4SS  (BRFBAPAESST andNENECFIkAOHT Bolisaad Adwo
materials_for oxides, .they are preferably converted

o F) iR5xRaBemBS LS Sty uBatBote SMADALELLS Spsrdcs

t Lon_of . corrosiv s durin ubsequent

cg c?%gsﬁgéks 8ppo?opafu%gﬁg?gggnfﬁgFrgFgggsity and

t i he_.p e ] diusted to
acrdre or hrkarraer 8755 TREbUpEGTRERGRE R H"bRE b0 a

cabal yst 11 apormtey i@ed?°'ﬁ§én&5‘l@§‘%l’?@f&%f" MeBuce
catal yst precursor These steps consist of the step of
dnytpgtés, sulfates, acetates, oxalates, ammonium salts,
chlorides, and hydroxides. 1In 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. 1In 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,

chlorides, and the like are used as raw materials for

cxides, they are preferably converted to hydroxides by
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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 thejgtep of calcining the
precursor to convert into an oxide catalyst. A nethod
f adddnyi agukbescatmaloySta RWRRLY itdle gEReT@AIYHRORE S
not particularly restricted. Exanples  thereof include
acwetrbedvehigab idovdinves sef@eiqi@nithealsahwenionf se@t.he ro
catal yst raw material solution at 50 to 90' C under

r édutedrpressurd wdisegsdn yewagotateor. i kef, olchewpd Y the
drying at 50 to 150'C for 1 to 48 hours 20 enploying a
vagutmrer pey; be mefksdedhitoh aicivddleves adikgildget he

catal yst raw material solution by spraying on a hot

pl at e héat edhat stspst 913009¢nuhtbegkasanyzzl eaw andeaial
met hod , whi ch involves drying with a spray drier

( SprayIRBt 28FT callpéin)mm AdGatailasity prererdeyi ng with

25 the spra drier preferable. The spray drier
refers i hfige 5i ?parF8P368HSP§tFH§ éFea Gﬁyﬂﬁglng to
c : a er.i al Iut on s ortion,
noErare tgﬁtSEﬁﬁsn% G- 08: PhavpoReebReDelnaesaarst
DQ&Qe&aESEQXEVEBQ gg%hl He elgrggerre?gg;ggeggncagalyst

ryrng rnc e Ca

n?&ﬁrhgker§9ku5599t9¥na QEQE%:QHCEHEQ §H%@yE8gFggging a

solution into drying ¢ Vi a ary a

(@QBfiéfUQQﬁpénéh@F‘éﬁ&)toa PB@§§Qr§ 89%5&?5% A t¥0yrsor
fluid nozzle (gas atom zer or the e dropf t

OénﬁhéhépﬁﬁgﬁdofCahahyﬁinﬁaﬂhaa%Eébﬁks§9|H&'QBnbért into
countercurrently or concurrently contacted with hot
agn copdeotdealastan

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 sclution at 50
to 90°C 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). 1Industrially, 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
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inlet tenperature of 150 to SOOOC to evaporate the 10
sol vent, and recovered in the formof a dried powder.
A nethod for calcining the dried catal yst precursor
thus obtained is not particularly restricted.
Preferably, the calcinationhis carried out in an

el ectric furnace at 400 to 1, O000C for 0.5 to 48 hours

15cunderihbepbhewsefl an bherkrgas ?%%He@%r%ikﬁo%%}ay
and/ or an oxygen-containing gas. To inprove the

dugpengi Bhkityieel facti v& $PRCIASa1tkeataRNtnaWeth gt eam
may be further perfornmed at 150 to 5000C for 0.5 to 48

heuvlstbhehobe ar pafpeantheheal sbratiiah. t2@ Sonee ilhe into
reaction according to the nmethod of the invention is
car drgdnguthuasbeg aibl ai dohedyr eaemiear Jyshemidngal
descri bed below, a nethod is particularly preferable
watohizavol vespdegsnget hezedeal pstwpawl uddt ewizalle (gas
solution using a spray drier to provide a 25 shaped
catamygerpr eour 6k, lidech Thet Heppdetcodatbe sprayed

to BOOCfor 1 to 24 hours with flow ng an oxygen-
c6ataliphgrgdsratrEipéaspilvfiaacdpdiragnterene reathod or
of the 12 Envention for Eroducing,an al cohol. and/ or

KEPBREIWETE LYpEOPRBATBEsWAFReBOt TRE T EQBEEER 186 6iEdPRg
h thod of th ' ti f t t]
IIRLER A S R A
' Lni I I k ith id
LSk, CRRbAEEERegka LRoPheOREHA KEDS M BonBaRalts

under a Conﬂiﬁéeﬂoﬁgf6§ cIRLERYhAT «AXYEREhS 204 1{8d

to produce an alco
precursor thus obtained is not particularly restricted.

Preferakly, 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
system 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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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 steam generates an al cohol,

whi ch then causes an oxi datjwe dehydrogenation
reaction wiwth the lattice oxygen of the oxide catalyst
13ntrenpiedugerapketionengPaafl ankedoexampl/es abtbhe will
al kene contained in the raw material include
pbepyhenedeichtibene, 2-butene (cis and/or trans),
pentene, hexene, cyclohexene, heptene, octene, and
cycl ooct eneThPr opyteten ichboraneg +t30tBebutenRed( eifs the
and/or trans), and cycl ohexene are nore preferable;
ahdvénburenecfads2tbukeneattiisnantdioch itwadsksare
particularly preferable. These al kenes may bg qsed
sFAgt§ceinasandnrreaténgher eov. mAhproblgasesainény &b
the reaction such as 25 nitrogen, argon, carbon
di-8xPHeOn et hbpRs WikBnen opidpareraéysbuianéhsaprheence
m xed or entrained as a diluent or carrier gas in the
r%gc?Fﬁﬁmréﬂlﬂa@%?i@h?s?hénﬁﬁFaF FﬁﬂﬁétéPn¥H TEﬁDung .
of steamfed to 13, a reagtqr/the anount o ene fe
CROTRES T BRCPBYIPE 15 BPEr BBy LB, B Hior phorErms o
r Lon_r d. 10,0 or .less,in_ter of effect,
n%?gy%?e?e?% ?ﬁgo?arf%Spggﬁfn%aF?iEﬁ?agﬁ§ea?eferabl%
0.5 to 2.0. j . feed-0 oxygen
e R e
beutiserle a5r &s SR N: QXYYED - S OME G& ég&uesﬁgﬁh%- cHbe

ratio of the anmpbunt of al kene fed to t
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, l-butene,
Z2-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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anount of catal yst (weight hourly space velocity 10
(WHSV)) is not particularly restricted. It is
preferably 0.01 to 10 Hr-1, nore preferably 0.05 to 5
Hr-1, particularly preferably 0.1 to 2 H-1. The

wei ght hourly space velocit 3(VVEA0 is defined by the
follow ng equation. 15 WHSV (Hr-1) = the feed rate of

t he rakkene /tbkghkiblhthe ranauaheofrkhe ccatal Yok ) is

The preferable range of reaction tenperature varies

depetidiraglonot be bawmEakerhaksrmBULF $ebyRicRl INatel3Q g
to 500'C, nore preferably 200 to 450'C, particularly

200poeber abby 230tkem350tCerThet! eackcORrPFesSWI& i0S2 to
not particularly restricted, but preferably 0.01 to 5
MPa(, pertiprnébelgbbyel@=@ibile 0.5Pa8c even nore
preferably 0.03 to 0.5 MPa, particularly preferably
0.05 to O.3Wiwﬁaut25€$Heofemoﬂbonlaysbaggeaedoimhéhe

met hod of the invention is carried out by the use of
arsaceart edhecaphkyse ekveshapfohheysrénewheteilysthaay
following procedure is repeated: while carrying out

the P%ﬁ@t?%nalﬂalﬁyoéyﬂﬁﬂléoBéGeréﬁétF@ﬁC§y§ﬂen1 t he

cat al yst us?g for ,the_reaction is cantinuously or
internittent!§ rﬁFFHdPgmﬁhFrﬁﬁPHnFeaétéﬂkﬁﬁeséﬁﬁ Cht she

FhERer BhchEratkats Hararys %i?ﬁ?gﬁ%’?‘ﬁa%éﬁcgﬁyp”;
.
| DheEy) | Lent LY y§%9£98915 1yt SsﬁrgégggﬁinigaCtor €

anount ! bf “eats Crrcu 38 as to

?ggggégfbggguggghgg %?fHEGQC&b%% PRAFEAb1 yTRE 0BSY 5
Hr™', particularly preferably 0.1 to 2 Hr'l.

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

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 0.0l to 5 MPa,
more preferably 0.0l 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 c¢f 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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catalyst 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 catalyst is subjected to
regeneration in an oxygen-igontaini ng atnosphere at a
tenperature and a 15 residence tinme that are capable

fby bhéluegebedatkantibar egbrelhecnegenebatls@Nused for
tenperature is preferably 1n the range of 100 to

550&Crenot eopr ¢becahtyndd0slg b6b0ifrerpattieahagrly
preferably 270 to 5000C. The regeneration tinme is
prvefedabiwy fnocthe raageooftd sendnfinto 40r2Gehewtspr for
nore preferably 10 seconds to 10 hours, particularly
pre¢enabiyiennandt theowloheuer Fhetomygehe gegenerated
concentration is preferably in the range of 10 volune
pEﬁF@bY§GolﬁoF9ﬁ§@@uﬁﬁ$éYp@éf@ﬁb@t@lEDevbﬂMnﬁetppneﬂoto
21 volume% In the regeneration of catalyst, it 25 is
pFRFefaBie PBAsERREEOTf r oRR @ ORBPHAE | BhsCataLkst

cribed ranges, conditions of_ reoxidizing the

cﬁ?ggﬁggg?gdhﬁeﬁeBﬁ 1Heed e82t #OntP 1Rke ok RE FH@VEISlon
ty. th f [ t t
Shbhatebol Eonelinles WA uRral Baten ohother aRgete
ande o1 PLENtLOnBhLY LEAVID0, SELIBL P AIOURLS LT of o1 kene
Car b ceous Stances on FAF y2TOPRY Rhi BHE

“f‘@df%tbﬁé r8§8€6§ti9np §fé£ﬂ f@r%?n@ﬁsoyénggbékaa%sto

tOlnprOVESSe eCtIVIty or t ectlve sObstance
ACCOJ dhdge t Oréherdpvent i o8, 1@@y9§§r99§u1é91§ogygggrably

into the reactor fromthe regenerator can
decteased by providing a stripper on the may fromthe
The catalyst is subjected to regeneration in
an oxygen-containing 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




regenerator to the reactor to strip the catalyst 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 steamis passed through the
stripper and countercurrent{y or concurrently
contacted wth the catalyst carried fromthe

regeaehab@buboshbgtéacﬁgagkghmhu%h%do%%f%hbo%ah%lyst and
defined as "stripping" and the location at which™the

opetahtobnatliyr $ea@sng” sbkitRPEI ahouht shag %a&b&ﬂb&eous
beneficial effect in maintaining the selectivity of
t hebebpectsvenpthduectttdyspr avi dehtibe tsthiepgaktaert he
way fromthe regenerator to 20 the reactor because the
cgﬁnanﬁhaDhonfothexygebogasebus shesteacter tbndémeases
Eroducts due to excessive oxidation and reduces
5 tﬁ@ seré¥ityi €prothenhebobrtévieveubpteduet. A stripper
may be al so_provided on the way 25 fromthe reactor
to the regef€FareingpPEaviaEngnyRationsi pprgenngahi s
pl ace ecrease the raw material al kene which is
aagBFB§HC? ,1BFcehbparfeatey, TrAB that spgsperaspri egn be
erator, and |l ost due to 16 conbustlon or

e re reg g ovid t rom the
af §pB8AI PYFPEOVAdiRgue SCEERBREL PR EP&gram T
cgggéﬁgkggo ofoachLuld e, T actg§igrgﬁ ORDeLALOL: WARh

ers € case

10 M@Hef598$é &Q@cffﬂSQGEBEQE Qstggr£§g O%nghon the

fromthe reactor to the'reg enera
afé@@ﬁ@ﬂ@ﬁéraﬁg shaprge 9t the SAﬁIPR@Et §s QQ&h Las Nz,

particularly restricted. It may be inte
carbon dicxide gas, or steam is passed through the
stripper and countercurrently or concurrently contacted
with the catalyst carried from the regenerator to the
15 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 objective product to
provide the stripper on the way from the regenerator to
20 the reactor because the contamination of oxygen gas in
the reactor increases by-products due to excessive
oxidation and reduces the selectivity of the ocbjective
product.
A stripper may be also provided on the way
25 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 torthe regenerator, and lost due to
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the reactor vessel or regenerator vessel, or may be 10
provided in separate vessel therefrom In the case of
integration, it is preferable to provide a stripping
zone in a |lower extended portion of the reactor vesse
or regenerator vessel, to whch the above-described
inert gas is fed for stripping. 15 Conditions for
stpippisig car e rnbty pasiiogwharly restricted. The ratio
of the volunme of inert gas fed/the nass of catalyst
carried (voFune/ tassiowat a0schbhlsg) d siipgehber aRlisi@tling
to 1,000, nore preferably 1 to 500, particularly
ppéferéﬁhydlbed 28acttlre st rieppnega2drt, esper atuigpey s
preferably 0 to 500'C, nore preferably O to 300'C,
péﬁﬂlébﬁaﬁﬁ§epwéﬁéeabh¢y5ate @0vCdedhen shei ppiyndrom
time is preferably 0.1 second to 10 Hrs, nore
ptBEeF8BR)CIaEBEORE $695rﬂﬁ§t0§aﬁndc@hamh¢ pegf drabl yhe
30 seconds to 1 H. Preferably, the flow of the 25
caFaFyst Fs EBSnF@E@G?FéﬁPFQ-contacted with the flow
of the ine&g gas. Froma reaction m xture contai ning
an al cohol 'dfdP5F2RIRBEBReRAi ER2PE Bht AhAedtE}PPEE are
descr.i bed t he aJ cohol and/or

LR e o gai e above e sl conel ndlor,,
r€ﬁ8V§%éegorS§8$E?Pa?9 rgggne %lfyln%ﬁoggésglon Spgh

as cool 1 ng, I on racti

s§p@v§aé9nlﬁrQabgbstée@eggem Pnlk ékg uEﬁe@ﬁgegas? of

kene may be optionally recyc “using-as
Oint@@ré@ﬁ@ﬁloﬂtrﬁﬁ/ﬂﬁégékébleB¥03?¥09§dgxéngkfl?§@ﬁa
e

MEK is produced from 1-butene and/or 2-butene,
reactéi bn &1 Xbwee &8tended 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, more preferably 1 to
500, particularly preferably 1 to 200. The stripping
temperature is preferably 0 to 500°C, more preferably 0
te 300°C, particularly preferably 5 to éOO°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 alcochol

and/or a ketone which is obtained by the reaction as




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 water containing by-products
such as acetic acid is again recycled to be fed to
the reactor in the formof steam An uncondensed gas
phizseribeids abobkectad t0cbhell badebyi rcane tic@ROYeRi e
of MEK entrained by the gas phase through conpression
ameccveskdnghrandhuar &actved récbutenagandepa rathnienand
are optionally subjected to the separation of |ight
gased fydnghopsreaibonsdicbxiade candiagai disedydkedon or
whol Iy or 20 partially to be fed to the reactor.
<BX&KprLEdsnTheAfhesnceparas idesdiropetihbelrewcitn obur t her
detail, based on Exanpl es and Conparative Exanples.

5 HBMBTEES t KNESRAVEAL PAKENS MBY PAL eRGeENEd Lije reicyicled

2% to these exanEIes The anaE¥S|s equi pnent and
8Fy§?%”g06ﬁdp?'5n§ usB8 TR2EkARPI E3VaRatesiparati ve

Exanpl es be first describ Reacti on gas
anargsis) égg EﬁVoﬁgtsﬁﬁﬁs e’SHﬁﬁﬁd%ﬁKcﬁﬁl?ﬁo uced from

CaPbLEBhY  SRMUED R PR Brbenbbrat ir o BboR Rt B P
, 0
R o B P OO E0G
10 ﬁé§¢m1&§ﬂgxbgﬁakﬁtieﬁ Esaghi,efn QE eg@§erlng MEK from

romat ogr aph:  Shi madzu GC- 8A, pac col um:
panel tehdenkany. of APpEapPaEc&EO3nY @Eﬁi and 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
15 1is subjected to the liquefying and recovering of MEK
entrained by the gas phase through compression and
cooling, and unreacted l-butene and/or 2-butene are
opticnally subjected to the separation of light gases
such as carbon dioxide and again recycled wholly or
20 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
25> 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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10 M5-5A (03 x 3 m, injector tenperature: 700C, TCD
tenperature: 70'C, column tenperature: 70' C hel d.
(Anal ysis of chem cal conposition of catalyst) EPMA
(Scanning El ectron M croanal yzer) X-650 from Hitach
Ltd. 15 [Reference Exanple ;i (Preparation of catalyst
A) In 60 L of pure water was di ssolved 9,380 g of

stanni c chlgggd@hBSﬁbehﬁgégh@, bﬁiﬂ%ﬁ%ﬂ %CQQ?AQrSE

silica fine powder (Aerosil 200V (trade nane

NcpponlAeyosblufp:, bbd-) wa.gbeﬂmaégeﬁlgwi thy8ktbEi ng
20 at 500 rpm followed by adding 8 HHSS/Gaqueous
amempeaatupét | EBO°PH rERChE@fOSrdPurfet 0 PO & umn

white precipitate consisting of silica and tin
hyempzrdeurdhe WO ex dreaiim tat®owes rf.i IHeeredeand2pben x
wel | washed w th pure water. To this cake was added
660mgnef hebdammoni um nol ybdat e di ssolved in 12.7 L of
pure water to make a honogeneous slurry, to which
coheRRYFas edf nfarben dépyidasanfenaabdedmepoaddeoin the
provide a slurry pHof 2 to 4. This slurry was spray
dF PRETLSPNG2R) spray drier 19 to provide a spherical
nol di ng powder. The nolding powder obtai ned was

cal ci nat ed %S 6500 #bPIbREN houPNiAHER HA-8RnoBRRERE
of air in an_electrjic furnace When the ¢ osjition
o?o? $§'ca?a??§?f;§ya OgH%VyQEdP%IEE?ﬁthﬁ@ggbwh‘“) and
CREPOSI 140 yzer, . s, shown to consi 51
rrass%?o;é S%gfl 'n:lsnsl%%%%%‘?p%%acit_‘ﬁﬁe' rra?@%g’()‘o[f%i 02-
Catbysithrdad afedVd/ SNy I\@nﬁ%m&e!at'{d}@ofl’leq_d]:&
was in the formof ‘a snooth sphere ~suitable for a
fahsh peds cat abyahi cANd-bRsosLELLRT 8Pt 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, tc which 3,040 g of
silica fine powder (Aerosil 200V (trade name) from
Nippon Aerosil Co., Ltd.) was then added with stirring
at 300 rpm, followed by adding 8 mass$% aqueous 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 dissolved 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 mechani cal strength. [Reference Exanple 21
(Preparation of catalyst B) Catalyst B having a

di fferent conposition was prepared in about the sane
way as that in Reference Exanple 1. The conposition
of catalyst B consisted of 1§ 48 mass% of Sn02, 11
mass% O MDO03, and 41 mass% of Si 02- Catal yst B had

anoMplroSi ge Wbl pakedica 1l abilaigly pBwhdr Washd iy m
of a snmooth sphere suitable for a fluid bed catalyst,
apdwhad sbtbiceenwasechanitaktedstitengiohc 29r[ Retensnee
Exanpl e 3] (Preparation of catalyst C) Catalyst C
havideg andietfiesphereonfositi an was elpeepared urhaalequt
the same way as that in Reference Exanple 1. The
cHhposithicoromposatabystpfCtbénsicatadyst A6wasnss¥lghzed
Sn02, 5 mass% O MDO3, and 30 mass% O Si 02 25
cafangsthe hEMRanonpprEShienMenadyeric L&t wesoBhOwa7to
was in the formof a snooth sphere suitable for a

f FAPELSheBtcatalpses ahdSARe sUfMeesemet MbePaniagal 42
strength, eferencngxagEIe 41 (Preparation of

cﬂ?ﬁFystD)qu@' CAA VST B viad e e65R nt doutatemic
Saup, way -a %Eat in Ref [enge Exanple 1. The

coOnposi |o§' ' HQFaFQSg B gBﬁ@ig el BTt nERE6H Bf

S % d 3 % Si02- ..
CraF 32 D Rad® ab iR erc SP8e Ry R oRhd parh 56716180t
aﬂgcwgﬁiggiaggggpéghfor a fluid bed catal yst because

t he nol di ng powde ;hereof aggregated wi th each ot her
apde @dtAca0kx bgp uai § pr yre%%kgtféﬁegf dhts1500v8)
y

that Mo/ (Sn + Mo) is prefera
Catalyst B having 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 differenf composition was
prepared in about the same way as that in Reference
Example 1. The composition of catalyst C consisted of
65 mass% of SnCz, 5 mass% of MoQ;, and 30 mass% of 5i0;.
Catalyst C had an Mo/(Sn + Mo) atomic ratio 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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10 less than 0.50 for a fluid bed catalyst. [Reference
Exanpl e 5] (Preparation of catalyst E) Catalyst E
conprising oxides of Ti and Mo was prepared in
substantially the same way as that in Reference
Exanpl e 1 except for the usgof titanium 15
tetrachloride in place of stannic chloride

pent ahydr at €eatihgseompasist bedpafregatial ¥dout GORSIsHRA way
of 44 mass% of Ti 02, 17 mass% OF MD03, and 39 mass% of

Se@2thaCatial Retfelfchad EraMbleTi.+ Wbl ab@pios itdlodn0 oFf
0.18, was in the formof a snoboth sphere suitable for
ac20aflygitdDbedneasakbystf dhdmhadssuofff Saioent 30enbantcafk
strength. [Reference Exanple 61 (Preparation of
cHP@bys@n¢)39 a2 ysef it nFad adividtereritad apdd | Sm +
prepared in substantlally the sane way as that in
%Okeﬁép@héerskaﬁppé - SThean@npesi théavetrabdealfpst aF
%95|sted of 46_rmss% of Sn02, 16 mass% of MbO3, and
uﬁﬁs§@9cfa§ﬁézstcﬁﬁﬁﬁy§ﬁ BhRaBOAR NG/ PSHAeTMEhereof
tomc g 8 s in the formof a snooth
sﬁﬁgFggi edsUFg bFac oPmEeFIﬁPG bedldanalty e, Uand oragY
SHEE ghgg 4. mechani cal strength. [Exanple 1] Catalyst
packed into a reaction 5 apparatus conprising a

i”n”'pidgbe‘i PR owad B, Padf Bh1 Tt bR FHY B2 BBy

y carryi
[ 28sh1 onakShnGoarsat 2l yohi gl pey! akignyssystem wherein

the reaction and catal yst regeneratio
CORéFBueHstyEL@nguet ed Wiblepgtaeubat bROcgabal kst k)
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 F consisted
of 44 mass% of TiO;, 17 mass% of MoO;, and 39 mass$ of
S510;. Catalyst F had an Mo/ (Ti + Mo) atomic ratio of
0.18, was in the form of a smocth sphere suitable for a
fluid bed catalyst, and had sufficient mechanical
strength. |
[Reference Example 6] (Preparation of catalyst F)
Catalyst F having a different composition was
prepared in substantially the same way as that in
Reference Example 1. The composition of catalyst F
consisted of 46 mass$ of Sn0,, 16 mass$ of MoCOi;, and 38
mass% of SiC,. Catalyst B had an Mo/ (Sn + Mo) atomic

ratio of 0.29, was in the form of a smooth sphere
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10 A between the reactor and regenerator. At this
time, a stripper device (internal dianeter 020 x

| ength 60) was provided between the regenerator and
the reactor; N2 Was fed at a ratio of the vol une of
inert gas fed/the nass %ftalyst carried

(vol unme/ mass ratio: 1/kg) of " 67; 15 and the

r egerebated osatalst efRf & atahus, n%nfao H sUreaCtiUnt
was stripped at 150'C. A raw naterial having a ratio

ofnethbutien/ streamighih .of 20/ 50/ 30 (vol une ratio) was
fed to the reactor at a weight hourly space velocity
(\ESEnpde Q)2 Hr-1 based on the anpbunt of 20 catal yst
in the reactor. The anmount of 1-butene fed was 25.6
Nl /H. The Feaefliycn Bewper aphdkedwdst2500CeaAt iinxed
gas of air and N2 was fed to the regenerator. The
r éapeiretiuvsasooprdedngd af dlui@ bedr seatherr eact korwatalyst
results at 1 H and 3 H's are shown in Table 1. For
SEE?Dﬁﬁéﬁeét§5 ?héw§eﬁ@cfﬁ@itﬁfofOGEDWeﬁhéytcaawyﬁhg
CO given as a representative therefor.
Eaeﬁ afféHédpPSEeF?P€§l§ﬁo%ﬁlpﬁ FabRE21YRE cdetidedian
ased on . the anmount of 22 carbon.

TEESSSWvgﬁ%FsﬁH(&g of SPChiPBnand CREBINVRExXegEDeTRE 0N
PELFELLRLRCIELS, 2L SeRlaoUROORTL s BuELLESD) o6y 100,
LRI R e S
stripper device (internal diameter ¢20 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
ratio 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 l-butene fed
was 25.6 N1/Hr. The reaction temperatﬁre was 250°C. A
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 CO, (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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10 P: the anpunt (Cnol) of each conponent produced
2-Butene, the isonerization product of 1- butene, was
consi dered as an unreacted material because it can be
reused as a raw material. 15 By-products produced in
addition to MEK refer to, f0or exanple, €02, CO
acetone, acetic acid, butyl alcohol, and oligoners
hagirbgn5 or nore carbon atons. [Conparative Exanple
11 Afluid bed reaction was carried out using a 20
cat al yst ci foel abhosrsyshentinogboubutbgesanBr-1) /F x
conditions as those in Exanple 1 except for directly
réPlrning the catalyst fromthe regenerator to the
reactor w thout stripping. The reaction was conducted
for 10 hour§h6Thelﬁea¢VﬁbM reslbt solit edchr cangoB8eHits=
25 are shown in Table 1. For by-products, the

sBY éETTVi ¥Xy108f CO (the total OF C02 and CO is given
as a representatlve t her ef or le 21 23 Except
f or supplylﬁg athg @EPBHF ﬁ%mpii gEEbVEﬁﬁél £9d( VHSV)

f 0.4 Hr- d bstanti al |
?he sanerma9 as£#g Q%H“Exéﬁ% oaggnﬂhgeaEF%Sd?géggeng
d t t | t. 5
P A IR C 8 GhPlnBch  sanEPafhr o Pyt PreSdahy tne
ﬁggﬁ&£99§tlgyeofe Cﬂh?@ﬂ&ﬁ conducted for 10 hours.
r

reaction resul and 3 Hrs are shown in

Table 1. Fog. by 0 | g£t y t he
total O CD% an%H%I€M§E§E|$§ﬁOE§ fr%%%%3%§%%§§%%£

produced

Z2-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 MEK refer
to, for example, CO,, CO, acetone, acetic acid, butyl
alcohecl, 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
répresentative therefor.

[Example 2}



10

15

20

25

10 therefor. [Conparative Exanple 2] A fluid bed
reaction was carried out using a catalyst circulation
system under substantially the sane conditions as
those in Exanple 2 except for 15 directly returning
the catalyst fromthe regeneyfator to the reactor

W t hout stripping. The reaction was conducted for 10

hours. The Efaebtoficresubbsyahglakl a aBdgBtHh®UaNE space
shown in Table 1. For by-products, the selectivity of
Coelbtheyt gWHEVE o€0R. andrC)) dtxrigipieny ams 2 ormed in
representative therefor. Conparisons between Exanple 1
apdb&bapaiallyethExaapkewdyand betweén Exanplle 2 and a
Conpar ative Exanple 2 indicate that stripping nmay be
chlriddbedt reacthenwags fromieHeontgesengt er chvafllet
reactor to inprove the 25 selectivity of the objective
pFedtetatipexanprem3unger| ghbspadtiaadyi shewasme
condycted using a catalyst circulation system under
SEBENAREPAPty THe PAACEARE UBRAFENOHSTAS FRBSA0i Rours.

le 1 t f th f talyst B. Th
R F et h e  ehrauoE e Tol 15 SRBuBsATHnErPegborBnin
t H d 3. H h in Table 1, F
RSS! Fobt o0 Balk e S ROP LT TEN, Sespoleline
D2+ apd, of Spftl Y8} 3% &1+ p%%S%UE%%h%ge%EEJ%ﬁﬁg-
["ui be [ nducte

[ Exanpl e 4] A éaction was €O using a
cahalygbr-circul ation systemunder substantially the

[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 CO; (the total of CO; and CO) is given as
a representative therefor.

Comparisons between Example i 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
selectivity of the objective product.

[Example 3]
A fluid bed reaction was conducted using a

catalyst circulationrsystem under substantially the
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10 sane conditions as those in Exanple 1 except for
the use of catalyst C. The reaction was conducted for
10 hours. The reaction results at 1 H and 3 Hs are
shown in Table 1. For by-products, the selectivity of
CO (the total O Q02 and G is given as a 15
representative therefor. [Exanple 5] A fluid bed

r eanki contds 100Bduct ethodsl NG TxagRhal YSkxekpeulratd ehe
system under substantially the sane conditions as

t hesecifncExanplkse B.exaept rkactibe 2@ susendticeabalapst 10
E. The reaction was conducted for 10 hours. The

r bavrsen Fesulrescatioh Hesadds3alkr§& #treanshGwrrisn aFabl e
1. For by-products, the selectivity of COx (the total
oehepp andTeblei ¢ -gi Vem hy-arodeptesenhat seéethénefor of
25 [Exanple 6] A fluid bed reaction was conduct ed
uSPnglhe ctd{sef Ferandt Con dysuémennder a
substantially the sanme conditions as those in Exanple
1TEBREBPENFBFLVRetDS 688 -0f catal yst F. The reaction
m?g con Uﬁ%id for 10 hours. The reaction results at 1
H-~ERTP3€ are shown in Table 1. For by-products,

t he sel ecti i%X of C%l gthg.total 0] caz ans CO is
given as a 5 raptesBREaFFOE L RBr BRSr COFHBCEEPaPFRT 2
used,i hi$ a h % slightly incre seﬂ cont ent
o? nn??%genuﬁ$ mﬁ? ﬁnQ? Eg?aﬁageae F% gaPﬁl? &Y Ehe

| BYRBLEORY1 £98RET 8d tRosbhah ef.£3¢0 ¢alaly d {0
ot her Exanples; in this case, ?ﬁé se?ect|v§%y9§? Fh%
Obs8CHFVEaB4DGEANEEe MKe 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

10 was still excellent, but slightly decreased
conpared to that in each of other Exanples. In
addition, it was noted that a reaction simlar to
that in each Exanple, in which catalyst A was used
and the raw material al kenegas changed from 15
1-butene to propyl ene or cycl ohexene, could inprove

t hee o€l eatizviyy 6f t MBecokiaetive REQAUSHARERA for 10
stripping section was provided between the

r egemer.at Fheaméacheéonr easudt st atstir Hp Ghel Gatalsysire
being returned fromthe regenerator to the reactor.
26hown ip FeRlN M.m Forobm-products,. the. selectivity. of

UU OONCNOONNOCOO >1 4J Q4 . . . . . . . . . . Lnx
1€@. Sghe 1tayal 0of -CO4 andHCO) 0isE@imew msCe mx 0 Ln O
-Q 40~ -~CD, >r. r-

Tepresentative therefor. The catalyst used in this
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 still excellent, but slightly decreased compared to
that in each of other Examples.

In addition, it was noted that a reaction
similar to that in each Example, in which catalyst A
was used and the raw material alkene was changed from
l-butene to propylene or cyclohexene, could improve the
selectivity 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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| NDUSTRI AL APPLI CABI LI TY The producti on nethod of the
i nvention hase production method of the invention has
advantages that the selectivity of the objective
product 1s improved when the reaction for producing,
3 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 ocut using a
system wherein the catalyst is circulated between a

reactor and a regenerator. Thus, it is useful as an

10 industrial method for producing these compounds.




advant ages that the selectivity of the objective
product is inproved when the reaction for producing, 5
fromat |east one kind of al kene, a correspondi ng

al cohol and/or ketone using an oxide catalyst in the
presence of steamin a gas phase is carried out using
a systemwherein the catalyst is circul ated between a
reactor and a regeneratorgrpgfmes, it is useful as an 10
i ndustrial nethod for producing these conpounds. 28

CLAI M5 A nenhmdthed geedyebAdcangakaohokoand/ ahd2or
ketone, wherein a raw material containing at | east one

akkéneej swhentaat edrandmaeaetiad whhhaaniayi de cakakyshe
in the presence of steamin a gas phase to produce an
aktbhok amdtontacketiomedcoenespdnding ke s8giide catalyst
al kene(s), which conprises satisfying the follow ng
réQuthenenesente(af sbegn) in(a) gsai ghaxedeocprabyst an
contaj ns an oxide(s) of nolybdenum and/or tin; (b)
salgcheactndnorsackeEperd sarrengendangcondseidn where

nni cula% ox%ﬁen is not fed and_b¥ the use of a

s§ E%ﬁ? breVR1chi GoBREAF§St SpEicfvinpaths fpélweénga
fluid. bed rgactgr agd a regenerator; and (c) a
STFPPper Fetprovi 484 bA fRE‘way fromsaid regenerator
to sai ea . 2. . The hod according to claim1,
mhereigag é%?ﬁp%%%d?sc?ggiﬁﬁg PRLFURE 3R ?ﬁégﬁé§) of
fhOMBaLSun ' SR8V 9F {9y sai d regenerator. 3. The met hod
according to claim 1 of 2, wherein

(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 according to claim 1 or 2, wherein
said alkene (s} is l-butene and/or 2—bu£ene.

4. The method according to any one of claims 1
to 3, wherein the atomic ratio X of molybdenum to the
sum of tin and molybdenum contained in said oxide
catalyst ((Mo/(Sn + 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) i1s in the

range of 0 < X < 0.50.



said al kene(s) is 1-butene and/or 2-butene. 4. The

nmet hod according to any one of clains | t o 3,
wherein the atomic ratio X of nolybdenumto the sum
of tin and nol ybdenum contai ned in said oxide

catalyst ((M/(Sn + M) whey¢ M is the nunmber of

nmol ybdenum atons in said oxide catalyst and Sn is the
ngnber of tirpeaf BN ' [ c ) .S 0 st he
fange of 0 ¢ Eox ETpo 2t TR A B o drib T
agy opewpérsliai GBelatbRid, rWheEHEKN e ALRRAURALILO tXe
of nol ybdenumto the sumof tin and nol ybdenum
cennabfietdihnasai dodybdenupatahysinbGMoh( Sai4 Ma)qwhere
Mo is the nunber of nolybdenum atons in said oxide
cagbeygstandMsn (Bs +hHo) nuhbee @b tkntakoABmbBrsaisd
oxide catalyst) is in the range of 0.01 :~ X :!~
omehybdenum atoms in said oxide catalyst and Sn is the

number of tin atoms in said oxide catalyst) is in the

range of 0.01 € X £ 0.24.



