1 DESCRI PTION A METHOD FOR PRODUCI NG METHACROLEI N AND/ OR  METHACRYLI C ACI D
Technical Field [0001] The present invention relates to a nethod for
produci ng nmet hacrol ein and/or nethacrylic acid Background of the Invention
[ 0002] As a nethod for producing net hacrol ei n and/or met hacrylic acid using
i sobutylene or tertiary butylal cohol (hereinafter, referred to as tertiary
butanol) as a raw material by fixed-bed catalytic gas phase oxidation
reaction is already well known, viaEi IPC-BQ[NGX oxi de catal ysts for it
have been proposed. Anobng them a nmethod using tertiary butanol
(hereinafter, also referred to as t-butanol), which is in a liquid state
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frequently used as a raw nat er'r@gT%@qu&tAerb process of methacrolein
and/or methacrylic acid using t tanol raw material will be

illustrated as follows. (1) First of all, t-butanol is heated to no | ower
than its boiling point for vaporization, which is then m xed with a gas
cont ai ni nPeghinicapFlei®@xygen to obtain a raw material m xed gas, otherw se
t-butanol in aliquid state is, for exanple, atom zed and then m xed with
a gas cont[@00itpg at | east oxygen, and then said mxture is heated to no

| ower than the boiling point of t-butanol for wvaporization of the

t - but anol to obthaemreseahinvendicinaleatesdd gasethpd)fobyhsdgciagt mpethadrelein

resulting mxed gas (a raw material gas) is passed 2
and/or methacrylic acid

Background of the Invention
[0002]

As a method for producing methacrolein and/or methacrylic acid using

isobutylene or tertiary butylalcohol (hereinafter, referred to as tertiary butanol)
as a raw material by fixed-bed catalytic gas phase oxidation reaction is
already well known, various complex oxide catalysts for it have been
proposed. Among them, a method using tertiary butanol (hereinafter, also
referred to as t-butanol), which is in a liquid state at ordinary temperatures, as
a raw material costs lower than using iscbutylene which is in a gas state at
ordinary temperatures, and is frequently used as a raw material. A production
process of methacrolein and/or methacrylic acid using t-butancl as a raw
material will be illustrated as follows.
(1)  First of all, t-butanaol is heated to no lower than its beiling point for
vaporization, which is then mixed with a gas containing at least oxygen to
obtain a raw material mixed gas, otherwise t-butanol in a liquid state is, for
example, atomized and then mixed with a gas containing at least oxygen, and
then said mixture is heated to no lower than the boiling point of t-butanol for
vaporization of the t-butancl to obtain a raw material mixed gas.

(2) Subsequently, the resulting mixed gas (a raw material gas) is passed



through a dehydration catalyst to deconpose part of t-butanol into

i sobutyl ene and water by dehydration reaction and then supplied; otherw se
the resulting mxed gas is not sent through said dehydration catal yst and
directly supplied; to an oxidation cat%lyst | ayer maintained at a
predeterm ned tenperature to obtain nmethacrolein and/or nmethacrylic acid
by catalytlc gas &gase oxi dation reaction. As described above, ut anol
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descri bed a nethod to obtain nethacrolelin and acrylic acid in a

good vyi el ghacna@are no | ower than 50% of t-butanol is deconposed into

i sobutyl ene and water by dehydration reaction with oxidation catalyst in
advance and suppkiéesdribexh adoiveatibutacal abystizédyer in hranysaade®atsad in
Literature, it is specifically described that ganma-al um na-silica

(y-al uni ndre SwE way asdsobotyent islehgdr ation catal yst is charged into a gas
m xer and_inert a-alumna-silica is charged as a preheating layer in a
reaction [0098¢, at a | ength of 80cm (V\/nol e Iength of the reacti on t ube:
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using isobutylene as a raw material.

On the other hand, it is known that a dehydration reaction of t-butanol
with a dehydration catalyst is an endothermic reaction, and because said
endothermic reaction has adverse effects on the following oxidation reaction,
several methods to avoid it have been proposed. For example, in Patent
Literature 1, there is described a method to obtain methacrolein and /or
methacrylic acid in a good vield, where no lower than 50% of t-butanol is
decomposed into isobutylene and water by dehydration reaction with
oxidation catalyst in advance and supplied to an oxidation catalyst layer. In
said Patent Literature, it is specifically described that gamma-alumina-silica
(y-alumina: 90%, silica: 10%) of dehydration catalyst is charged into a gas
mixer and inert g-alumina-silica is charged as a preheating layer in a reaction
tube, at a length of 80cm (whole length of the reaction tube: 2m), to dehydrate
t-butanol to isobutylene, and then the isobutylene is then turned to
methacrolein and methacrylic acid by oxidation reaction.

Also in Examples 16 and 17 of Patent Literature 2, there is described
an example where 20 ml of silicon carbide or a-alumina based on 3 ml of a

catalyst is charged for dehydration of t-butanol to turn it to methacrolein and



catalyst is charged for dehydration of t-butanol to turn it to nethacrolein
and 3 nethacrylic acid by catalytic gas phase oxidation reaction. [0004]
Patent Literature 1 : JP 63-216835 A P%tent Literature 2 : JP 51-12605 A
Di scl osure of the Invention Problens to“Be Solved by the Invention [0005]
The net hod for producing nmethacrolein and nethacrylic acid fromt-butanol
is established industrially and the yield and the |ike are relatively close
to the |imatBacryiewsieby eatalylicngas phape oxédatinn eFagtiaf. d, decrease of
reaction te rature and the |ike can nmake big difference industrially
because of0G hi gh production volune of nethacrolein and nethacrylic

acid. Therefore,. further i V. t. of yield, decrease of reaction

t enper at uéét%ﬁ"{q{éhr@kg‘éﬂ:ﬁéég'@é@&g In the above net hod of Patent
Literatur t Yo be _Sfﬂs what of a problemin ternms of the
cat al yst Flageent ngeztrghds}g%héjﬁéic |oo?g§th tenperature is high although the
yield is relatively good, and in the above nethod of Patent Literature2,
there is a problemin ternms of industrial inplenentation because the

reaction pHeIgIssdeUstnieSirhvewtiah 350 to 360C but the yield is also | ow
Therefore, devel opment of a nethod to provide a high yield even when the

reacti on pasthletrMReEBatIGIRcdhy the Irfvengigni red. Means of Sol ving the Probl ens
[ 0006] The inventors of the present invention intensively studied under the

situation[00d have found that in the nmethod for producing nmethacrol ein
and/or nmethacrylic acid fromt-butanol using a fixed-bed nultitubular
reactor, a speciTheedetred dobprediecingimethagroleiytancomeihaenvligAaiéArwattapyianol
| ayer and the filling |length of catalyst in'a dehydratjon cat F\I yst !aeyFr ,
can i npr obeestaBlighed dnevetrialiifand Hie yieid @rghtheciive eae Jpiatively close to the limits,

however, even small improvement of yield, decrease of reaction temperature and the
like can make big difference industrially because of the high preduction volume of
methacrolein and methacrylic acid. Therefore, further improvement of yield, decrease
of reaction temperature and the like are required. In the above method of Patent
Literature 1, there may be caused somewhat of a problem in terms of the catalyst life
because the reaction bath temperature is high although the yield is relatively good,
and in the above method of Patent Literature2, there is a problem in terms of
industrial implementation because the reaction temperature is low at 350 to 360°C
but the vield is also low. Therefore, development of a method to provide a high yield

even when the reaction bath temperature is low is required.

Means of Sclving the Problems
[00086]

The inventors of the present invention intensively studied under the situation
and have found that in the method for producing methacrolein and/or methacrylic
acid from t-butano! using a fixed-bed multitubular reactor, a specified ratio of the
filling length of an oxidation catalyst layer and the filling length of catalyst in a
dehydration catalyst layer can improve the yield even when the reaction temperature

is low, and completed the present invention.



is low, and conpleted the present invention. 4 [0007] That is, the present
invention relates to: (1) A nethod for producing nethacrol ein and/or
methacrylic acid, wherein t-butanol, a raw material, is supplied to a

fi xed-bed nultitubular reactor haV|ng 4 dehydration catal yst |ayer and an
oxi dation catalyst layer for dehydration to obtain water and isobutylene
and the isobutylene is oxidized to produce nethacrolein and/or nethacrylic
acid, andl®®dacterized in that the filling length of catalyst in the
dehydratlon cat IS con cted by t-butanol before

whi
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is of a conplex net e conpri si enum bismuth, 1'on and cobalt

as consti ohydadbnabesmairtwaté) aﬁ@@sdﬁﬂt?%e@ﬁ@ﬂ% %H@y&eh@ iglavEze4 o
wherein the oxidation catalyst is a catalyst having a conpl ex oxide

repr esent prbduycet hesthattaeimand/or mibihachaBideldc @ndXelhEtte(zé@r dénnthatb,

Bi, Fe and Co represent nolybdenum bisnuth, ion, and cobalt respectively.
X repr esetites fidliveg olengbln eokl aatelysé iseltbet ddhydrﬂhcan caikbist isweal Whtﬂh 'IFS and
Y represents one or nore elenents selected fromN, Sn, Zn, W Cr Mh,

My, Sb orcantactekbyddiutroahbetaarsauidyiggdhet thieutgsel mm @Pitdadrort %%tai@} nbol s

of the elenents _are atom tios of the el enents, 0,
Iayertls 3to ZOa% ft%e féhmg ?ength of cataie st in the oxsda‘uon cata}yst layer

(2) The method according to the above (1), wherein a dehydration catalyst
is alumina or alumina-silica,

(3) The method according to the above (1) or the above (2), wherein a
temperature of the dehydration catalyst layer is 250 to 400°C,

(4) The method according to the above (1), wherein an oxidation catalyst
is of a complex metal oxide comprising molybdenum, bismuth, jon and cobalt
as constitutional elements,

(5) The method according to the above (4), wherein the oxidation
catalyst is a catalyst having a complex oxide represented by the following
formula,

MoaBisFec.CoaXeY:On

(wherein, Mo, Bi, Fe and Co represent molybdenum, bismuth, ion, and cobalt
respectively. X represents one or more elements selected from an alkali metal
or Tl, and Y represents one or more elements selected from Ni, Sn, Zn, W, Cr,
Ce, Mn, Mg, Sb or Ti. The additional characters on the bottom-right of the
symbols of the elements are atomic ratios of the elements, b = 0.1 to 10, ¢ =
0.1t010,d=11010,e=001to 2, andf=0to 2whena=13,andhis a
numeric number determined according to an oxidation state of each element),

as a catalyst active component.



0.1to 10, d =1to 10, e = 0.01to 2, and f = 0to 2 when a = 13, and h is
a nuneric nunber determ ned according to an oxidation state of each

el enent), as a catalyst active conponeg;. 5 Effect of the Invention

[ 0008] According to the present inventi the yield of nethacrol ein and/or
met hacrylic acid fromt-butanol can be inproved in an easy process even
when the reaction bath tenperature is |ow. Therefore, the production

met hod of the present invention is extremely useful industrially. Best
Mbde for rving ouinth .invention [0009] The present invention inproves
the yield '‘Ahd/ or nethacrylic acid by a specified | ength
rati o of 6ﬁq§illing | ayers of a dehydration catalyst filling |ayer and an
oxi dation‘Ta Alyst filling layer, that is, the length of said dehydration
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catal yst hidthhpglicayad f(cﬁhst%&t%%'l rc@ﬁ bo nﬂ?r%cﬂﬂ% bANe £ ?Wé’éssf bVéh Rehen the
| ength), preferably 5 to 17% further preferably 6 to 1I7% 1n
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by catal ytic gas phase oxidation in a fixed-bed nultitubular reactor. And

opt i onal | ynventiende lexdreat €lgrusefat aldustridliy.l ing | ength is nost preferably
approximately 5 to 15% of the length of oxidation catalyst filling |ayer.
In the present invention, it is usually preferred that a dehydration
catalyst is charged into a reaction tube filled with an oxidation catal yst,
on the eRephddedeifae Garyingnvorhttbei HKIVEgA®Ni n front of the oxidation

catal yst. [@Ogﬁrw se, the dehydration catalyst may be charged i nto anot her
t ube havi e sane inside dianeter as the reaction tube filled with the

oxidation catal ¥k p\PQéé:nq invention improves the yield of methacrolein and/or

methacrylic acid by a specified {ength ratio of the filling layers of a dehydration
catalyst filling layer and an oxidation catalyst filling layer, that is, the length of
said dehydration catalyst filling layer (hereinafter, also referred to as
dehydration catalyst filling length) is 3 to 20% of the length of the oxidation
catalyst filling layer (also referred t{c as oxidation catalyst filling length),
preferably 5 to 17%, further preferably 6 to 17%, in the production method of
methacrolein and/or methacrylic acid from t-butanol by catalytic gas phase
oxidation in a fixed-bed multitubular reactor. And optionally, the dehydration
catalyst filling length is most preferably approximately 5 to 15% of the length
of oxidation catalyst filling layer.

In the present invention, it is usually preferred that a dehydration
catalyst is charged into a reaction tube filled with an oxidation catalyst, on the
entrance side for raw material gas in front of the oxidation catalyst. Otherwise,
the dehydration catalyst may be charged into another tube having the same
inside diameter as the reaction tube filled with the oxidation catalyst, which
tube is connected to the reaction tube filied with the oxidation catalyst so that
reaction gas coming out of the tube can be supplied to the reaction tube.

in this connection, in the present invention, a filling length of catalyst



tube is connected to the reaction tube filled with the oxidation catal yst
so that reaction gas com ng out of the tube can be supplied to the
reaction tube. In this connection, in the present invention, a filling

| ength of catalyst 6 neans a |length of6catalyst filled into a reaction
tube fromthe entrance toward the exit for reaction gas. In a fixed-bed
mul titubul ar reactor to be used for production of nethacrolein and/or

net hacr yl meaasi @ langtbofiraialysy filleddntoaa reacticniuhafem thagntigngadoward nsi de
dianeter of 15 to 50 nm preferably approximately 15 to 40 mm further

pr ef er abl {he18Xit Hr3@HONHRE-a | ength of Imto 5m preferably approxi mately

2 4 wh Xi dat i .al is filled. | h j i on,
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to the catalyst filling length to be used for oxidation reaction in

accor dancgppidximeesigidrhaas4ef Wwisrer at @ xedatiqedaadiysi xefll@disin tenppademg
t-butanol, the tenperature of the dehydration catalyst |ayer, the type of

cat al yst , invhatidnhapetedrydobtiontcatyiyst Bngrefbeably lobarged iistousaidl lepciasytubad
preferable in terms of operating manipulation that the bath tenperature of
t he dehydicgistiosr adthalarstoxidatéon icatalyst,sand bs suicht @ oasehéhexdelutdration
catal yst | ayer, however optionally, the bath tenperatures of the ,
dehydr at | exabat dayat 19 pyevidadclener bxikrsidn of dhalstranesg der ray material
controlled differently Even when the bath tenperatures are usually the
sane, th@3% Stk 8?‘@%‘9”&@%@?%& | ayer tends to decrease due to

endotherm ¢ - CRRL Sl oIS FEBH) SRRt BLiLRYst BYBE Ah IDBriRH by
determined accordingly in the range of satisfying the above ratio of the
present invention relative to the catalyst filling length to be used for oxidation
reaction in accordance with conditions of the rate of feed of mixed gas
containing t-butanol, the temperature of the dehydration catalyst layer, the
type of catalyst, the diameter of catalyst and the like.

It is usually easy and preferable in terms of operating manipulation
that the bath temperature of the dehydration catalyst layer is the same as that
of the oxidation catalyst layer, however optionally, the bath temperatures of
the dehydration catalyst layer and the oxidation catalyst layer may be
controlled differently. Even when the bath temperatures are usually the same,
the temperature of the catalyst layer tends to decrease due fo endothermic
reaction in the dehydration catalyst layer and the bath temperature of the
oxidation catalyst layer tends to increase because an oxidation reaction is an
exothermic reaction.

[0010]

When the method of the present invention is carried out industrially,

it is usually preferred that operation is performed in order that the residual



oxidation catalyst layer tends to increase because an oxidation reaction is
an exothermc reaction. [0010] Wen the nethod of the present invention is
carried out industrially, it is usuall¥ preferred that operation is
performed in order that the residual 7 f‘isobutylene in the gas at the exit
of the above reactor is nmaintained constant. Therefore, the reaction is
preferably carried out at a |ower tenperature of the oxidation catalyst

| ayer at tdobuddeng istthgaasf at the exhof tiom abbea reaétwasah%‘ttam&@tmn&t@n?
usual ly high and at an increased tenperature of the oxidation  cat I%
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in the sange eac I on e present I nvention, erature of

the dehydgafdrpiafdt @y Sto lbﬁéerusbs BRI ahey abdse, 2%@0595@% PR RioRr @fhabl y
300 to 370C, further preferably approximately 330 to 370C. [0011] The

shape of g regéidined ii@n isaitcdiskst disngowitharddtetibadtion | b thed, caaalyst,shhpes
such as col ummar shape, spherical shape, Raschig ring shape and the |Iike

can be uswmnpdiuss zs itlse ndehypdmtiooulcatdlysy ilaysreds batsopiirfiesraedddy by shei | ar

size as an oxidation catalyst, and a dianmeter of 3 to 10 mmis preferable

when t akinsgeass phéhé cabciton byl temperatuaepyiren poth 2he Tampesaideataf she

catalyst éghy?cfra%%%dcaltgl;/ts?leaypcarreasnedn%htel gglgggllogr};a;tasiygﬁayer are confrolied in the
same reaction bath.

In the present invention, the temperature of the dehydration catalyst
layer is preferably 250 to 400°C, more preferably 300 to 370°C, further
preferably approximately 330 to 370°C.

[0011]

The shape of a dehydration catalyst is not particularly limited, and
shapes such as columnar shape, spherical shape, Raschig ring shape and the
like can be used. The size is not particularly limited but preferably a similar
size as an oxidation catalyst, and a diameter of 3 to 10 mm is preferable when
taking a spherical catalyst for example.

[0012]

The dehydration catalyst to be used in the present invention is not
particularly limited as long as it is capable of converting t-butanol to
isobutylene by dehydration reaction. For example, solid acids such as boric
acid and solid phosphoric acid; a silicon compound such as silicon carbide; a
metal oxide such as alumina and alumina-silica; an alumina silicate
compound such as natural or synthetic zeolite; and the like are included.

Among them, alumina or a metal oxide containing alumina is preferable, and

above all, a metal oxide containing a-alumina is more preferable. A metal



particularly limted as long as it is capable of converting t-butanol to

i sobutyl ene by dehydration reaction. For exanple, solid acids such as boric
acid and solid phosphoric acid; a silicon conpound such as silicon carbide;
a netal oxide such as alumina and al unfna-silica; an alumina silicate
conmpound such as natural or synthetic zeolite; and the like are included.
Anmong them alumna or a netal oxide containing alumna is preferable, and
above al | pxidemebatainixigdet-alumiaanisngemeabliyi kreows asrz @orepeuad| withAlowst al 8
oxi de containing a-alumna is generally known as a conpound with |ow

dehydr at i dahydraitiont pctivity -afut-butanolhdwevever, azewrrding teothenstesdudyy et he
inventors of the present invention, a netal oxide containing a-alumna is
easi er aniveptarsppbrtBeaprasent inyanfiant e Mpias drtide RRAIHAIMAS t AR BB ound

wi th high dehydration activity, for ex l e, such as y-al,um na. A conpound
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nmol % of silica, nore preferably approximately 5 to 30 nol % fturther

pr ef er abl ypdrico t80d§®h Ye HiaBegontents of alum na and silica can be
determined wwth a commercially avail able anal ytical instrunent. For

exanpl e, fluorefcend ietahycanpbysd ssconkaindyg phatwreirect it de prefercedoocopg

analysis and the like are included. In addition, said a-alumna-silica

pr ef er abl gluisaesibpach Mistwertitle eilmae preferapyr oxinpaset ywf @pproximatenDg,
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vol ume Oftoag%atn?cl)lx/ftarl]gygé ro?(lcimgfewtgntool A}OO i’%gﬁfo of silica, more preferably
approximately 5 to 30 mol%, further preferably 10 to 30 mol%. The contents of
alumina and silica can be determined with a commercially available analytical
instrument. For example, fluorescent X-ray analysis, X-ray photoelectron
spectroscopy analysis and the like are included. In addition, said
a-alumina-silica preferably has a specific surface area of approximately 0.02
to 1 m2/g, more preferably, approximately 0.05 to 0.5 m?/g.

The rate of feed (space velocity; an amount of gas feed (volume) per
hour unit divided by the volume of a catalyst layer) of t-butano! to the
dehydration layer may be typically 1000 to 100000 h-1, preferably
approximately 3000 to 50000 h-1, and optionally 5000 to 100000 h-1,

[0013]

In the present invention, a raw material gas containing t-butanol and
molecular oxygen (for example, raw material gas composed of 1 to 10 mol%
of t-butanol, 2 to 40 mol% of molecular oxygen, and inert gas for the rest) are
passed into the dehydration catalyst layer and then the oxidation catalyst
layer, in this sequence, of the reaction tube filled with a dehydration catalyst

and an oxidation catalyst at the above length ratio of the filling layers, to



‘dehydration | ayer may be typically 1000 to 100000 h-1, preferably
approxi mately 3000 to 50000 h-1, and optionally 5000 to 100000 h-1. [0013)
In the present invention, a raw material gas containing t-butanol and
mol ecul ar oxygen (for exanple, raw matefial gas conmposed of 1 to 10 nol %
of t-butanol, 2 to 40 nol % of nol ecul ar oxygen, and inert gas for the rest)
are passed into the dehydration catalyst |ayer and then the oxidation
catal yst siigiget ,td nighidsasequrrtionofaricheoxidation oredailmen fard el wiroHuae
dehydration catalyst and an oxidation catalyst at the above length ratio
of the fiisthaciodsierand/oo methaohyjliscacido ldéhigdeenneniionedaeiahpvantneskpagt i on
reaction and to produce nethacrolein and/or methacrylic acid, In thi %
connect i omcludes sovcaseeus waser padl thfedikgl wHigdhdsediactive & hRdPIERENt ke
which is inactive in the present reactiop, .other than nitrogen n and
the |ike. rqastigdaiothemthag G’E’QS?PoﬁrQ%éngdﬂefi\%@dﬁﬂ ﬁggg'{%\y@ e %Rﬁttgbggp gas
may be separated jnto two reaction tubes for [ ayer
and an Oqu?ﬁr@na%g\(%r@\gtm?%;@ ,gaﬁomé‘ygqt? Sgpa;agggﬁ%ﬁ{ﬁt%ﬁt@f g'l(}:y (-"V%Y'/lt f[drq t he
both cataly I fi . | titubul at t i ‘%’%IHQJ'B( REGEEr gbl e.
The _aboveépg%@{l%%t%ﬁ' ﬁéfﬂg‘gte\?\ﬂ% %‘@He% g?‘r\c_{eag%?r]o%étési %tci cal I?/. _ ’
Tertiary- RUARN bRl With AL RALARBEOK ARLELbkOmAMGLUBRI eRictlitis? of
water) as a raw material and usually air as nol ecul ar oxygen and inert gas,
and if regaisigdprardeatiieonal inert gas such as nitrogen or argon, are passed
through a mxi'ng bath to obtain a raw material mxed gas. The raw nateri al
m xed gas pref ealkl ybeost pigthkiction, masttotlf wiltdis reaglainddi micoaaspedibeallygas,
usually at a ratio of 10 to 40 nols of air and approximately 0 to 40 nols
of addi ti Gaslaryimeanotéssbekedontainingoappfoximate/xnd anthmone weeiobht’h ¢fs
typically charged with inert RaSChlLé rings or the Iike which do not
parti ci pavatén afehy@vamaerighandoysurity 8k aeaeelpeniar oxygen and inert gas,

and if required, additional inert gas such as nitrogen or argon, are passed

through a mixing bath to obtain a raw material mixed gas. The raw material

mixed gas preferably contains air, and if required, additional inert gas, usually

at a ratio of 10 to 40 mols of air and approximately 0 to 40 mols of additional

inert gas based on 1 mol of t-butano!. The mixed bath is typically charged with

inert Raschig rings or the like which do not participate in dehydration and

oxidation reactions.

Subsequently, the resulting raw material mixed gas is introduced into

an oxidation reactor at a space velocity (per unit volume of an oxidation

catalyst) in the range of typically 700 to 3000 h-', preferably 1000 to 3000 h-1.

In the present invention, the oxidation reactor is typically filled with a

dehydration catalyst of alumina, alumina-silica or the like and an oxidation

catalyst in this sequence, from the entrance for raw material gas toward the

exit, at the above ratio of the filling length of catalyst layers (the filling length

of the dehydration catalyst layer is 3 to 20% of the filling length of the

oxidation catalyst layer). The raw material gas introduced into the oxidation

reactor is turned into objective methacrolein and/or methacrylic acid through

dehydration reaction and oxidation reaction in the dehydration catalyst layer



‘Subsequently, the resulting raw material mxed gas is introduced into an
oxi dation reactor at a space velocity (per unit volunme of an oxidation
catalyst) in the range of typically 700 to 3000 h-1, preferably 1000 to
3000 h-1. In the present invention, thé&Joxidation reactor is typically
filled wth a dehydration catalyst of alumna, alumna-silica or the |like
and an oxidation catalyst in this sequence, fromthe entrance for raw

mat eri al gad thevaxidatidve catdy$t, lagert he above ratio of the filling | ength of
catalyst layers (the filling length of the dehydration catalyst |ayer is 3
to 20% of the fillhe exjdeénytreactiontia thexiréaenbinveatianyisttypwpdy)carmad aiw
material gas introduced into the oxidation reactor is turned into

obj ect i veahB2Rder V& Th RiatH8p BER4er38G°E. epe PrTBIRIMY aripdimatiesn 340

ti idati act in the dehydrati tal yst 10 d
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a reactioh tube | n an oxidation reactor- is usual’Fy Th a reaction bath or
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reaction tenperature of the de n cat al yst | ower than said

bat h t enpripdritgaResatSBath dehysiatu@n veeackbon HehqdratRyrdothetion cisr @action
and practical reaction tenperature of the oxidation catalyst |ayer is

slightly bhdb#terthanresatidnbani peapérait teartionn téfmiperaiumaeot itha, oxiatadiopt i ¢
oxi dation reaction can be carried out under added pressure or under
reduced pcakdystdayboisesigrhtiyisighlelr thanistadbgth tardperatupg.essure in the
vicinity of atnospheric pressure. In addition, the raw material gas to be
fed into the oximRdhiosonagetion, iqatalytie prisedion reRetian giepber saaheq out

contains t-hutanol, nolecular oxygen, and inert gas for the rest an
subst ant i HFB?" REdpdobEeyHER O %%ero'iﬁq%%l PLESSHEE: Rowever, (Susfy SuRBly

under a pressure in the vicinity of atmospheric pressure.

In addition, the raw material gas to be fed into the oxidation reactor in
the present invention preferably contains t-butanol, molecular oxygen, and
inert gas for the rest and substantially no isobutylene, and optionally the
above raw material gas may be passed through a dehydration reactor
provided separately from the oxidation reactor to decompose part of t-butanol
into isobutylene and water, and then fed into the oxidation reactor. In such a
case, a dehydration catalyst to be usually used may be used in a dehydration
reactor provided separately.

[0014]

Any oxidation catalyst can be used in the present invention as long as
it can be used to obtain methacrolein (and methacrylic acid) by catalytic gas
phase oxidation of t-butanol or iscbutylene.

Typically, a catalyst called complex oxidation catalyst is used,
preferably a complex metal oxide containing molybdenum, bismuth, iron and
cobalt as component elements

More preferable catalyst includes catalysts comprising a complex



above raw material gas may be passed through a dehydration reactor

provi ded separately fromthe oxidation reactor to deconpose part of
t-butanol into isobutylene and water, and then fed into the oxidation
reactor. In such a case, a dehydrationlkatalyst to be usually used may be
used in a dehydration reactor provided separately. [0014] Any oxidation
catal yst can be used in the present invention as long as it can be used to
obt ai n netkiderrepeeserftadd it tadloping gemedp! fyrmudeal ytic gas phase

oxi dation of t-butanol or isobutylene. Typically, a catalyst called conpl ex
oxi dat i onMeaBalFgsCouXXi$2d, preferably a conplex netal oxide containing

nmol ybdenum bisnuth, iron and cobalt as conponent el enents Mre preferable
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nuneric nu ferm ned according to an oxi dation state of each el enent),

as a cat af st 1aet 1¢.ed compenete = et abkaldnde:d td 2 wiieh erablldy ags daX is
al so especially preferably Cs. Y preferably contains one or two of the

above netalimesic monmbet detearimiakl.actordimgetopac oaldaticr stfaée alflerpchi elahmemt),
conprised. The preparation nethod and raw materials for the oxidation
cat al yst &9 a catalyst active component.

The alkali metal is preferably Cs and X is also especially preferably
Cs. Y preferably contains one or two of the above metals or no metal at all. Y
is especially preferably Ni when comprised.

The preparation method and raw materials for the oxidation catalyst to
be used in the present invention are not particularly limited, and any method
and raw materials to be generally used to prepare this type of catalyst can be
used for the preparation.

[0015]

The shape of the oxidation catalyst is not particularly limited. For
example, shapes such as columnar shape, tablet, spherical shape and ring
shape can be selected in view of operating conditions (the space velocity of
raw material gas, the temperature of oxidation reactor, and the diameter and
the length of oxidation reactor). Typically preferable is a supported catalyst
having a grain size of 3 to 8 mm, more preferably 3 to 5 mm, which supports a
catalyst active component on a spherical carrier, especially an inert carrier
such as silica or alumina. Said catalyst can be obtained in a conventional
manner where precalcined powder containing elements corresponding to the
catalyst composition is supported on an inert carrier having a grain size of 2 to

5 mm, more preferably3 to 4 mm, to obtain a shaped catalyst, which catalyst



be used in the present invention are not particularly limted, and any
nmethod and raw materials to be generally used to prepare this type of
catal yst can be wused for the preparation. [0015] The shape of the

oxi dation catalyst is not particularly ¥ nited. For exanple, shapes such
as columar shape, tablet, spherical shape and ring shape can be selected
in view of operating conditions (the space velocity of raw material gas,

t he t enpejsatisre cafcivxd dat & otoriveatiopal raatnéhel rdikiset@nneotibn, trechboigedh of
oxidation reactor). Typically preferable is a supported catalyst having a
grai n si zeowtleBcho e obtainedenyppefaaicibhliod, b astemmpensthichot 3pPsptABAC,
catal yst active conponent on a spherical carrier, especially an inert
carrier eleowder sbtaigad by sprayidryingal an eaugopst SAHHOPOT GhEYS RANPIPH OF
conventional nmanner where precal ci ned powder contg{nin el enent s

corres pon@iqszgnwrﬁ%@on&%iﬂmgj§tem@ﬁi§o§¢&rew$§in§gﬁ|&p & 569%)48%0@1598?'&*50% rier
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o st is
cont ai ni ng~ el ement’s®corresp he catal yst conposition. Aﬁ{j t he

suppor t ed, & foRiReahChngdo Prymer JrBférapgX afatdamaaatalygtol 600°C,
appr oxi malfigf ngép?oo 70 weiyght %%ased ondra shag)gdggat al yst ,yahrmre preferably

30 to 50 feitehtdefdraglywsecab@smei on tenperature for the shaped catalyst is
usual |y approximately 400 to 700C, preferably approxinmately 450 to 600C,

further preferabhg &fations&ElysThanoke didledom aasiakyes iayesn boé ihidrided tbn a
single layer, but in order to prevent the highest peak tenperature of the
oxi dat i onprexeat yise highest fpeak tempesaisiragof at;lmawéagow eatabist flayentraTnds
of activity can be filled in multi

tiple . .
increasing, catalysts with differgnt kinds of activity can be filled in multiple
layers from the entrance for raw material toward the exit in such combinations

as to increase the activity.

Examples
[0016]

Hereinafter, the present invention will be explained specifically by
Examples. In Examples, the conversion and the yield are calculated according
to the following formulas.

T-butanol conversion (%) = (number of mols of reacted t-butanol) / (number of
mols of supplied t-butanol) x 100

Methacrolein vield (%) = (number of mols of produced methacrolein) /
(number of mols of supplied {-butanol) x 100

Methacrylic acid yield (%) = (number of mols of produced methacrylic acid) /
(number of mols of supplied t-butanol) x 160

Isobutylene vyield (%) = (number of mols of isobutylene contained in product
after reaction) / (number of mols of supplied t-butanol) x 100

[0017]



layers fromthe entrance for raw material toward the exit in such
conbinations as to increase the activity. Exanples [0016] Hereinafter,
the present invention will be explained specifically by Exanples. In
Exanpl es, the conversion and the yield &% e cal cul ated according to the
follow ng formul as. T-butanol conversion (%9 = (nunber of nols of reacted
t-butanol) / (nunmber of nols of supplied t-butanol) X 100 Methacrolein
yield (9% Exafmpletler of nols of produced nethacrolein) / (nunmber of nols of
supplied t-butanol) x 100 Methacrylic acid yield (%9 = (nunber of nols of
produced ﬂ%ﬁﬁéﬁayonaﬁaéﬂdwsﬂ (nunber of nols of supplied t-butanol) x 100
| sobutyl ene yield é/@ nber of nols_of isobutyl ene contalned I n product
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sol ution , ecti ve The above aqueous solutions (B) and (C) are
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an aqueous solution (C), respectively. The above aqueous solutions (B) and -

(C) are mixed with the above solution (A) in this sequence while strongly
stirring, and the formed suspension was dried using a spray dryer to obtain

dry powder, which dry powder was then calcined at 460°C for 5 hours to obtain
precalcined powder (D). At this time, the relative proportions of the catalyst
active components except oxygen were Mo = 13, Bi = 2.0, Fe = 3.0, Co = 8.0,

and Cs = 0.4 in atomic ratio.

Then, precalcined powder (D) was supporied on an inert carrier
(alumina, grain size: 4.0 mm) at a ratic of 35 weight% based on a catalyst
after shaping. The shaped product thus obtained was calcined at 520°C for 5
hours to obtain an oxidation catalyst (grain size: 4.3 mm).

[0018]
(Test of oxidation reaction)

Spherical alumina-silica granules as dehydration catalyst (a-alumina:
80 mol% - silica: 20 mol%, diameter: 5 mm, specific surface area: 0.1 m?)
were filed as a upper layer of 20cm length and the above supported
oxidation catalyst was filled as the lower layer of 265cm length in  a
stainless-steel reactor having an average inside diameter of 21.4 mm ( whole
length: 4m) and equipping with a jacket to circulate molten salt as a heating

medium and a thermocouple to measure the temperature of the catalyst

layer were set on the tube axial, and the temperature of the reaction bath



dry powder, which dry powder was then cal cined at 460C for 5 hours to
obtain precal cined powder (D). At this tinme, the relative proportions of
the catal yst active corrponents except oxygen were Mo = 13, Bi = 2.0, Fe =
3.0, Co = 8.0, and Cs = 0.4 in atomc ¥atio. Then, precalcined powder (D)
was supported on an |nert carrier (alumna, grain size: 4.0 m) at a ratio
of 35 wei ght % based on a catalyst after shaping. The shaped product thus
obt ai ned waas cialaditagechtat5288°CF. o hBoudlowr mixingtiathn 242 gdhdatfi bhutanal yst
(grain size: 4.3 mm. [0018 Test of oxidation reaction) Spherical

al um na- suaqo@aalgrrwmﬁewe@t ge\raéer)orﬁwai-mry@& a(raaariu%%ér/hr 9 niBposn

silica: 20 nmol % di aneter: rrm specific surface area: O. 6&? ng
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L/'hr of nitrogen were passed, and the resulting raw material mxed gas was

i ntroducedyist p9.3%e tAxi ¢Rild OBf rR8THaAUTYRE &cidpaee T UGi aydothe 0geidh-of (per
oxi dation catalyst) and reaction was carried out. The reaction

t enper at uriesbofyléhe wdshy@%ti on catal yst |ayer and the oxidation catalyst
| ayer were 355C. As a result of the reaction, the conversion of t-butanol
was 100%|[00H®}yi el d of nethacrolein was 79.5% the yield of nmethacrylic
aci d was Ezk;ri?plg%d the yield of isobutylene was 1.2%
In the same manner as in Example 1 except that the length of the
dehydration catalyst layer was changed to 40 cm, reaction was carried out.
As a result, the conversion of t-butanol was 100%, the yield of methacrolein
was 79.7%, the yield of methacrylic acid was 2.8%, and the yield of
isobutylene was 1.1%.
[0020]
Comparative example 1
In the same manner as in Example 1 except that the length of the
dehydration catalyst layer was changed to 70 ¢cm, reaction was carried out.
As a result, the conversion of t-butanol was 100%, the vield of methacrolein
was 78.4%, the yield of methacrylic acid was 2.3%, and the yield of
isobutylene was 1.1%.
[0021]
Comparative example 2
In the same manner as in Example 1 except that the dehydration
catalyst layer was lost, a raw material gas was directly introduced into the

oxidation catalyst layer to carry out the reaction. As a result, the conversion

of t-butanol was 100%, the yield of methacrolein was 79.4%, the yield of



[0019] Exanple 2 In the sane manner as in Exanple 1 except that the length
of the dehydration catalyst |ayer was changed to 40 cm reaction was
carried out. As a result, the conversion of t-butanol was 100% the yield
of nethacrolein was 79.7% the yield of®nethacrylic acid was 2.8% and the
yield of isobutylene was 1.1 % [0020] Conparative exanple I In the sane
manner as in Exanple | except that the | ength of the dehydration catalyst
| ayer was uotedhgewlicacid wasg 198 candrihesseldafriseduiylrne was h6fesult, the
conversion of t-butanol was 100% the yield of nethacrolein was 78.4% the
yield of f4%&crylic acid was 2.3% and the yield of isobutylene was 1.1
% [0021] . Conparative exanple 2 In the sanme manner as in Exanple 1 except
that the EERPME on catal yst layer was lost, a raw material gas was
directly iatroduged inta? it h@ oxi dation catalyst layer to carry out the
reaction. (ACRATAHAEY Cai#¥SBonversion of t-butanol was 100% the yiel d of

et ol oL VRSVl HhatiE 40 EiBlnd gL PRCHY, HpuTBl R Ly 20 the
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aqueous sghitih@h 4eoREBBNATR (A), £20rafelyUBdd oNLbhak @itrae 458958Y of
ferric nitrate were dissolved in 500 ml of distilled water to prepare an agueous
solution (B), and 190g of bismuth nitrate was dissolved in 200 mi of distilled
water turned acidic by addition of 48 ml of concentrated nitric acid to prepare
an aqueous solution (C), respectively. The above aqueous solutions (B) and
(C) were mixed with the above solution (A) in this sequence while strongly
stirring, and the formed suspension was dried using a spray dryer and then
calcined at 460°C for 5 hours to obtain precalcined powder (D). At this time,
the relative proportions of the catalyst active components except oxygen were
Mo =13, Bi = 2.0, Fe = 2.0, Co = 8.0, and Cs = 0.1in atomic ratio.
Then, precalcined powder (D) was supported on an inert carrier
(alumina, grain size: 4.0 mm) at a ratio of 40 weight% based on a catalyst
after shaping. The shaped object thus obtained was calcined at 520°C for &
hours to obtain a supported oxidation catalyst.
[0023]
(Test of oxidation reaction)
Spherical alumina-silica granules as dehydration catalyst (a-alumina:
80 mol% - silica: 20 moi%, diameter: 5 mm, specific surface area: 0.1 m%/g)
were filled as the upper layer of 20cm length and the above supported
oxidation catalyst was filled as the lower layer of 265cm length in a
stainless-steel reactor having an average inside diameter of 21.4 mm (whole
length: 4m) and equipping with a jacket to circulate molten salt as a heating

medium and a thermocouple on the tube axis to measure the temperature of



ferric nitrate were dissolved in 500 mM of distilled water to prepare an
aqueous solution (B), and 190g of bisnuth nitrate was di ssolved in 200 mi
of distilled water turned acidic by addition of 48 m of concentrated
nitric acid to prepare an aqueous sol utf on (C, respectively. The above
aqueous solutions (B) and (C) were mxed with the above solution (A) in
this sequence while strongly stirring, and the fornmed suspension was dried
usi ng a sprayatilysirlagad, ahdiihe dainpienatdratof 466 G dctiorsbatuwastoavibaiaied at
precal cined powder (D). At this time, the relative proportions of the
catal yst 36Pive conponents except oxygen were M = 13, Bi = 2.0, Fe = 2.0,

= 8.0, d = Mn i io. Then, p | ci ned
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| ayer of-ZOCm ength and the above supporte oxl dat1on cat st illed

as the | ongss haxemteid Z&CMtb @REIXiddtich réd@bPbeesSspd @elelRAGIAT1 ATV HAY an
average inside dianmeter of 21.4 mm (whole Ilength: 4m and equipping with a

j acket to andcehetion welst @arried dutaand fearesdt, thedidfimersidnaoftthartamobuplse on
the tube axis to neasure the tenperature of 16 the catalyst |ayer , and

t he tenper 40Uve thé vidid afenethizamoledt wasad 0ds nhai yied at medsaayliBekut was
introduction of a raw material gas conposed of 202 g/hr of t-butanol
(cont ai ni ng.608. aed jhe WeIH aldsebytylgogwasi.086. air, and 234 L/ hr of

ni trogen {On&Z%]the reactor, 57% of the t-butanol was deconposed into

Comparative example 3
In the same manner as in Example 3 except that the dehydration
catalyst layer was changed to 70 cm length, reaction was carried out. As a
result, the conversion of t-butanol was 100%, the yield of methacrolein was
78.1%, the yield of methacrylic acid was 2.2%, and the yield of isobutylene
was 1.0%.
[0025]
As described above, the effective yield decreases when the filling
length of the dehydration catalyst layer is too long, and the residual

isobutylene increases with no dehydration catalyst layer.

Industrial Applicability
[0026]

According to the method of the present invention, the total yield of
methacrolein and methacrylic acid from t-butanol, which is approximately
80% by a conventional method, increases by 1 to 2% to totally approximately
81 to 82% at a relatively lower reaction temperature being a reaction bath

temperature of 355°C, so that its usefulness in industrial production is



i sobutyl ene and water in a dehydration apparatus provided separately. The
gas was introduced into the oxidation reactor at a space velocity of 1000
h-1 and reaction was carried out, and ?f a result, the conversion of
t-butanol was 100% the yield of nethactolein was 79.0% the yield of

met hacrylic acid was 2.6% and the yield of isobutylene was 1.0% [0024]
Conparative exanple 3 In the sane nmanner as in Exanple 3 except that the
dehydr at i ofxtregneay ygh.| ayer was changed to 70 cmlength, reaction was
carried out. As a result, the conversion of t-butanol was 100% the yield
of nmethacrolein was 78.1 % the yield of nmethacrylic acid was 2.2% and
the yield of isobutylene was 1.0% [0025] As described above, the
effective yield decreases when the filling Ilength of the dehydration
catal yst layer is too long, and the residual isobutylene increases with no
dehydration catalyst |layer. Industrial Applicability [0026] According to
the nmethod of the present invention, the total yield of nethacrolein and
met hacrylic acid fromt-butanol, which is approximtely 80% by a
conventional nethod, increases by 1 to 2%to totally approximately 81 to
82% at a relatively |l ower reaction tenperature being a reaction bath
tenperature of 355C, so that its usefulness in industrial production is 17
extrenely high. 18 Cdainms 1 A nmethod for produci ng nethacrol ein and/ or
met hacrylic acid,



wherein tertiary butanol, a raw material, is supplied to a fixed-bed

mul titubular reactor with a dehydration catal yst | ayer and an oxi dation
catalyst layer for dehydration to obta% wat er and i sobutyl ene and the

i sobutylene is oxidized to produce nethacrol ein and/ or nethacrylic acid,
and characterized in that the filling length of catalyst in the
dehydratiE?.catalyst | ayer which is contacted by tertiary butanol before
suppl yi ng ertiary butanol to the oxidation catalyst layer is 3 to 20%
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oxi de conprising nol ybdenum bi snut ifon, and cobalt as rrpos tional

el enent s. dehithe: tiwet taoshtane azdéngnd @sc%@ymnfb aMbien&iisbBNglct idadiigedabal yst
is a catalyst having a conplex oxide represented by the follow ng formul a,

MoaBi bFecQouke Grethabereinnanifor Bethdaryincolh aepreseattaneybidetanthe

bi smuth, ion, and cobalt, r_esgecti vely. X represents one or nore elenents
sel ect ed filisglangt R%cataﬁmtah t erdehlydramh \Zatedpstelgear svhicke iDcontmote@byment s
sel ected fragm N Sb or Ti, the additional

n
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alumina or alumina-silica.
3 The method according to Claim 1 or Claim 2, wherein a temperature of
the dehydration catalyst layer is 250 to 400°C.
4 The method according to Claim 1, wherein an oxidation catalyst is a
complex metal oxide comprising molybdenum, bismuth, iron, and cobalt as
compositional elements.
5 The method according to Claim 4, wherein the oxidation catalyst is a
catalyst having a complex oxide represented by the following formula,
MoaBinFe:CodXeYiOn
(wherein, Mo, Bi, Fe and Co represent molybdenum, bismuth, ion, and cobalt,
respectively. X represents one or more elements selected from an alkali metal
or Tl, and Y represents one or more elements selected from Ni, Sn, Zn, W, Cr,
Ce, Mn, Mg, Sb or Ti, the additional characters on the bottom-right of the
symbols of the elements are atomic ratios of the elements, b = 0.1 to 10, ¢ =
011010, d=11010,e=001tco 2, andf=0toc 2whena=13,andhis a
numeric number determined according to an oxidation state of each element),

as a catalyst active component.



