1 METHOD FOR. PRODUCTI ON OF METHACRYLI C ACI D This invention
nmet hod for the production of nethacrylic acid. Mor e
it relates to a nmethod for producing nethacrylic acid
at | edst one conmpound selected fromthe group consisting of methacr
and isobutyl al dehyde or at |east one conpound selected from the group
consisting of isobutylene, t-butanol, and nethyl-t-butyl ether to
cat al yti c vapor-phase oxidati on using a nol ecul ar oxygen- contai ning gas.
Heretof ore, for the production of nmethacrylic acid by catal ytic vapor-phase
oxi dation of isobutylene, t- butanol, 3& met hyl -t-butyl ether, the
so-cal | ed two-stage oxidation reaction which conprises provisionally
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This invention relates to a method for the
production of methacrylic acid, More particularly, it
relates to a method for producing methacrylic acid by
subjecting at least one compound selected from the group
cohsisting of methacrolein and isobutyl aldehyde or at least
one compound selected from the group  consisting of
isobutylene, t-butanol, and methyl-t-butyl ether to
catalytie vapor-phase oxidation using a molecular oxygen-

- containing gas. '

Heretofore, . for the production of methaerylic acid .
by' catalytie vapor-phase oxidation of isobﬁtylene, t-
butanol, or"methyl -t-butyl ether, the so-called two-stage
- uxldabiva reastion which comprinca provisionally oonverting
isobutylene, t-bubanol, or methyl-~t-butyl ether into
methacrolein by catalytic vapor-phase oxidation in the
presence of a catalyst (this reaction and the catalyst used
therein will be éccasionally referred to hereinafter as
"former-stage reaction” and "former-stage ocatalyst"
- respeectively) and subsequently converting methacrolein into
methaerylic acid by catalytic vapor-phase oiidation in the
presence 'of a catalyst (this reaction and the cdtalyst used
therein will be occasionally referred to hereinafter as
"latter-stage reaction" and "latter-stage catalyst®
respectively) has been  generally adopted. The oxide
catalyst containing bismuth,. molybdenum, and iron has been
‘generally used as the former'Stage catalyst and the oxide
. catalyst containing molybdenum. and phosphorus as the latter-
stage catalyst respectively in the two-stage reaction.
The method of producing methacrylic acid by
subjécting isobutyl aldehyde to catalytic vapor-phase
-
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met hacrolein by catal ytic vapor-phase oxidation in the pres
catal yst (this reaction and the catal yst used therein wll Eﬁg%%§§F65HH&ﬁEE
referrgd to hereinafter as "former-stage reaction"” and "fi

respectively) and subsequently converting nmethacrolein into
met hacrylic acid by catalytic vapor-phase oxidation in the presence of a
catalyst (this reaction and t he catal yst used therein will

catalyst
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referred to hereinafter as "latter-stage 2reaction" and "latter-stage

catal yst"
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then ~ commer lf@ utllzzed as a raw material for the
production of an alkyl methacrylate by the reaction of
esterification with an aleohol of 1 to 12 carbon atoms, for
example. The alkyl mephacrylate which is thus produced is
commercially utilized as a raw material for the production
of a polyalkyl methacrylate by homopolymerization or
copolymerization with an other monomer.

The alkyl methacrylate produced by using as the raw
material the methacorylic acid obtained by the conventional

method described above, however, contains impurities in a .

minute amount. In all these impurities, the furan type
compounds are considered to form one cause for the
coloration of the polyalkyl methacrylate which is obtained
by the polymerization of the alkyl methacrylate.

Particularly in the case of polymethyl methacrylate
as a general-purpose polymer among other polyalkyl
methaerylates,' the coloration due to the presence of - the

~ furan compounds occurs to a large degree. By this reason,

various measures are taken to enhaﬁeeithe transparency of

the polymethyl methacrylate by removing such furan .

eompounds. .

" The furan compounds which are contained as
impurities in the  methyl methacrylate are considered to
originate from trace of impurities, particularly diketones,
contained in the methacrylic acid as the raw material. For
the .purpose of'deereasing the content of furan compounds in
the methyl methacrylate, therefore, not only the decrease of

the content of furan compounds .in methyl methacrylate by the

Purifying btreatment but also the decrease of the content of

" diketones in the methacrylié acid as the raw material is an
indispensable requirement. Heretofore, for the purpose of

decreasing the content of diketones in the aqueous

\

. This Sheet Hag

I

be occasionally



2 oxidativé dehydrogénation and oxidationm in the pfesénbe“o + -
| att er-stage catal yst has been al so adopted. The nethacryli ’mgéﬁﬁikgéigEEN

e———

produced as described above is generally subjected to a puftf

treat fent and then commercially utilized as a raw nateri al for the
production of an al kyl net.hacrylate by the reaction of esterification with
an al cohol of 1 to 12 carbon atons, for éxanple. The al kyl nethacrylate
which is thus. produced is oonnerC|aIIy utilized as.a raw material for the
production ahetlacypl ial kgid sl aboy |aitained fhomopbeymethaatydde acid
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extraction of diketones as by varying the .kind pf the
- solvent to be used in the step of solvent extractxon vhich
 is ‘'one of the steps for purification have been adopted. |

According to our knowledge, while the gas containing

methacrolein and/or methacrylie acid contains some ten to
- some hundred mol ppm, occasionally some thousand mol ppm, of
diketones, based on the amount of the -compound as raw
‘material, the aqueous methacrylic acid solution obtained
from the methacrylic acid absorption column still contains
some ten to some hundred mol ppm of diketones based on the
‘amount of methaecrylic acid even after extraction from the
solvent., As already described, the diketones form a cause
| for the formation of the furan type -compounds. For the
purpose of repressing the content of furan compounds in the
ester such as methyl methacrylate to some ten mol ppm, it is
necessary that the content of d;ketones in methaeryllc acid
- should be also repressed to some ten mol ppm. Under the
'present' condition, the relevant reaction products ‘are in
need of fuprther purifieation. _ '

Wheh the number of steps of purification is
increased, however, a serious economic disadvantage ‘arises
in respect that the loss of methacrylic acid is increased,
the utility involved in purification is increased, and the
cost of production of methacrylic acid or the ester thereof
is proportionately -boosted.

Further, in the production of methacrylic acid, when
the content of diketones in methacrylic acid is increased by
aging or by a change in the reaction condition of the step
of oxidation, for example, the sole operation of removing

_impurities in the step of purification does not deserve to
be called sufficient and, therefore, calls for an additional
measure to decrease the content of diketones. '

An objecp of this invention is to provide a novel
method for the production of methaerylic acid.
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material the nethacrylic acid obtained by the conventional [petHod—describeg—
above, however, contains inpurities in a mnute anount. I|p TH BHERESAS BEEN
inpurities, the furan type conpounds are considered to fqlm on®EPAASED or

the col oration of the polyal kyl ‘net hacryl ate which i s obtai ned by the
pol yneri zation of the al kyl nethacrylate. Particularly in the case of
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having an extremely small content of diketones and enjoying
high quality.

These objects are accomplished by a method for
producing methacrylic acid by simultanebusly introduéing at
least one compound selected from the group consisting of
methacrolein and isobutyl aldehyde and a molecular oxygen-
containing g.'is into a heat exchanger type shell-and-tube

.preaction vessel packed with an oxide catalyst containing

molybdenum and phosphorus thereby effecting catalytic vapor-
phase oxidation reaction and/or catalytic¢ vapor-phase
oxidative dehydrogenation reaction, whieh method 1is
characterized by having an empty gpace of a ‘gas outlet of
the reaction vessel packed with a solid packing, _

The objects. are further accomplished by a method for
producing methacrylic acid by simultaneously introducing at
least one compound selected from the group consisting of
isobutylene, t-butanol, and methyl-t-butyl  ether and a

‘molecular oxygen-containing gas into a first heat exchanger

type shell-and-tube reaction vessel packed with an oxide
catalyst containing bismuth, molybdenum, and iron thereby
effecting catalytic vapor-phase oxidation reaction and
consequent formation mainly of methacrolein and subsequently
simultaneously introducing the resultant methacrolein-
containing gasesus reaction product and o molccular oxygon=-
containing gas into a second heat exchanger type shell-and-
tube reaction vessel packed with an oxide catalyst
containing molybdenum and- phosphorus thereby effecting -
catalytic vapor-phase oxidation reaction and consequent
formation of methacrylic acid, which method is ¢haracterized
by having an empty ‘Space of a gas outlet of the second
reaction vessel packed with a solid packing.
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decreasing the content of furan conpounds in the nethyl HM%H&EB,HAS BEEN
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e have continued various studies in search-of a way
of attaining these objects. As a result, we have
experimentally confirmed the following fact and perfected
this invention. _ S ' _

- Specifically, for the purpose of decreasing the
content of diketones, it 1is. necessary that not"pnly the
aqueous methaerylic acid solution should be subjected to a
purifying treatment but also the diketones odcurring should
be decreased or the formation of the diketones should be
curved during the stage of production of a gas containing
methacirolein and/or methaorylic aeid. The method which
fulfills this requirement is highly -advantageoﬁs
economically because it obviates the nedessity for enhancing
the capacity for purification, o

| For the purpose of ‘elucidating the mechanisnm
responsible for the formation of diketones, we'conducted.an
experiment on passage through an empty cylinder kept at
temperatures above 310°C, the temperature for the formation
of methacrylic acid, of a methacrolein and methacrylic aeid .
qontainihg gas resulting from the catalytic vapor;phasé
oxidation reaction of -isobutylene, t~butanol, or methyl-t-
butyl ether and methacrylic acid containing gas resulting
from the catalytic vapor-phase oxidation reaction and/or the
catalytie vapor-phase oxidative ‘dehydrogenation reaction of
methacrolein or isobutyl aldehyde, to find that the gas
showed an increase in the content of diketones .and the
increase of this content tended to-grow in proportion as the
retention time of the gas within the empty cylinder
increased. These results of the experiment clearly indicate
that the diketones are not oniy formed in the catalyst bed
but alse formed sequentially in the empty space which
follows the gas outlet of the reaction vessel.

contained in the nethacrylic acid as the raw materi al . Fﬁa
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I's one of the steps for purlflcatlon have been adopted According to our
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unstable substances, for example aldehydes such as
methacrolein, acrolein, and acetaldehyde, and ketones
represented by acetone which occur in the gas containing
methacrolein and/or methaorylic_acid are converted probably
by thermal decomposition into diketones when the gas is
retained for some time in an empty space kept at
temperatures exceeding a certain level.

' In any event; the diketones are 3sequentially formed
from the gas containing methacrolein and/or mechacrylic acid
as the gas remains for some time within the empty space kept
at the temperatures exceeding the fixed level. We have
concluded that for the purpose of curbing the formation of
diketones, the inner volume of the empty space in the gas .
outlet of the reaction vessel must be decreased.

When a solid filler was placed to fill the "empty
. space in the gas outlet of the reaction vessel and tried to
decrease the inner volume of the empty space, it was.
confirmed to be highly effective 1n curbing the sequential
formation of diketones.
In accordance with the method of this invention for
‘the production of methacrylie_ acid, since a solid packing
placed to fill the empty space of the gas outlet of the
reaction vessel serves the purpose of decreésihg the inner
volume of the empty space and consequently repressing the
sequential formation of diketones in the empty space of the
gas outlet, the occurrence of diketones as by-products can
be curbad and tle preducticn of a methqopylio aoide=
eontaining gas having an extremely small content of
diketones can be attained by a very simple and inexpensive
broeedure. As a result, the loss of methacrylic acid during
the step for purification of methacrylie acid can be
decreased, the yield' of methacrylie¢ acid can be
Substantially increased, and the production of methacrylic



need of -further purification— Wen ‘the number of steps

- purification is increased, however, a serious econoni ¢ di sadyVariSI8REET HASBEEN

r .thereof is proportionately boosted. Further,
I n the produc nmet hacr'ylic acid, when the content of diketones in
methacrylic acid is increased by aging of by a change in the reaction
condition of the step of oxidation, for exanple,- the sole operation of
renoving inpurities in the step of purification does not deserve to be
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incapable of either causing conversion  of .the produced
methacrylic acid to any other compound or suffering
compounds formed from diketones by one treatment or other to
affect adversely the quality of the produced methaerylic

acid.
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The method of . this invention for the production of
methacrylic acid comprises simultaneously introducing at
least one compound selected from the group consisting of
methacrolein and isobutyl aldehyde and a molecular oxygen-
containing gas into a heat exchanger type shell-and-tube
reaction vessel packed with an oxide catalyst containing
molybdenum and phosphorus thereby effeeting catalytie vapor-
phase oxidation reaction and/or catalytiec vapor-phase
oxidative dehydrogenation reaction and consequently forming
'‘methacrylic acid, which method is characterized by having
the empty space in the gas -outlet of the reaction vessel
packed with a solid packing. |

' The method of this invention for the production of
methacrylic acid comprises simultaneously introducing at
least one compound selected from the group consgisting of
isobutylene, -f-butanol, and methyl-t-butyl ether zand a
molecular oxygen-containing gas into a first heat exchanger
type shell-and-tube reaction vessel packed with an oxide
catalyst containing bismuth, molybdenum, and iron thereby
effecting cadatalytic vapor-phase oxidation reaction and

" consequently forming methacrolein mainly and subsequently
simultaneously introducing the resultant methacrolein-
containing gaseous reaction product and a molecular oxygen-
_containing gas into a second heat exchanger type shell-and-.
tube type reaction vessel ﬁaéked with an oxide catalyst
containing molybdenum and phosphorus thereby effecting
catalytic vapor-phase uxidation reaction and consequently
forming methaerylic acid, which methéd is characterized by
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shel | -and-tube reaction vessel packed witf an oxide catalyst containing

ention is to provide a nethod fj Thﬁé kSIHBBEFEN
rLACED

having the empty spacé in the gas outlet of the second
reaction vessel packed with a solid packing.

'In the case of this method, the empty . space in the

' gas outlet of the first reaction vessel may be packed with a
solid packing when necessary.

' The empty space in the gas outlet of the reaction
. vessel which is packed with the so0lid packing as
contemplated by this invention embraces the empty space
which remains in the catalyst tube after the tube has been
packed with the catalyst, the empty space which occurs in
the crown part of the reaction vessel, and the empty space
in the vreaction gas outlet conduit connected to the crown
part. Though the idea of using a catalyst tube packed with
‘an inactive carrier of a ceramic¢ substance has been known to
the art, the method of this invention which has originated
in the special interest taken in the aforementioned behavior
of diketones manifested in the empty space of the outlet of
!the crown part of the reaction vessel and which resides in
paéking the empty space with a filler and consequently
decreasing the lnner volume of this empty space has never

existed to date. '

Though the solid filler to be used in this invention
is not specifically defined, the following materials (1) to
- (5) may be suitably used either singly or in the form of a
mixture of two or more members.

(1) Oxides containing bismuth and molybdenum elements as
essential components.
(2)  Oxides containing phosphorus and molybdenum elements

as essential components.

(3) Refractory inorganic materials such as- alpha~
alumina, 8ilica, silica-alumina, =zirdonia, magnésia,
_titania, silicon carbide, silicon nitride, and tin oxide.’

(4) Metallic materials such as stainless steel, iron,
aluminum, and titanium.
(5) Refractory inorganic materials or metallic material

having the surface treated with acidic compounds.
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heads, rings, honeycombs, .spheres, plates, spirals, fibers,
and meshes fit for demisters can be cited as examples of the
shape usable effectively for the solid filler of this
invention. ' ' '

As regards the shape of the solid packing for use in
this invention, the rodlike solid packing may be in the form
of a straight bar, a zigzag bar, a spiral bar, a polygonal
prism, or a circular column, for example, and the platelike
insert in the form of a ribbon, a zigzag plate, or a spiral
plate, for exaﬁple. The platelike insert need not be in the
form of a perfect plate but may be in the form of a
reticular plate. As regards the size of the insert, the
overall length is desired to be in the range of 200 to 1,000
mm, preferably 250 to 500 mm and the width is desired to be
'such that the void ratio may fall in the following range.
' Though the void ratio of the empty space of "the gas
outlet of the former-stage or latter-stage catalyst bed
packed with the solid packing is suitably selected depending
on the particular shape of the -filler to be used, it is
preferable to be in the range between 30 and 99.9% by
volume, preferably between 33 and 99.9 % by volume. The
reason for this range is that the formation of diketones in
the filler bed can be effectively curbed and the
decomposition of .diketones therein can be effectively
carried out when ‘the void ratio is adjusted within this
rangg. _ ' '

The term "void ratio" as used in this invention
refers to what is defined by the following formula.

Void ratio (%) = {(Inner volume of empty space -
volume of filler)/inner volume of empty spacé} x 100

' The effect which is manifested by the packing of the

solid packing in curbing .the formation of diketones as
contemplated by this invention is ~considered to be

lEI packed with a solid packing. The objects
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formation of neth ich nethod is characterized by having an
enpty space of a ‘of the second reaction vessel packed with a

sol i d packi ng. 5 1n the case of this nmethod, the enpty space in the gas

outlet of. the first reaction vessel nay be packed with a solid packing mhen
necessary. W have continued various studies in search of a way of
attaining these objects. -As a ré8ult, we have

ascribable, as a_lr'eady' described, to the decrease in the
inner volume of the empty space in the gas outlet of the
reaction vessel. In consideration of this fact. coupled with
the fact that, as specifically demonstrated in Example 8 to
be cited hereinbelow, such a packing as a'demister which is
not thought to be very effective in decreasing the inner
volume of the empty space exhibits a surprising effect in
durbing the formation of dikétones; it is safe to infer that
the curbing of the formation of diketones is additionally
ascribable to the extinction of radicals formed in the empty
cylinder due to c¢ollision thereof with the solid packing and
the local increase in linear velocity of the gas flow due to
disturbance thereof caused the solid packing.

Since the temperature of the filler bed is allowed
to remain in the range between 200° and 380°C, the gas
produced by the reaction can be introduced in its unaltered
form into the packing layer. The retention time for the gas
!in the empty space of the gas outlet packed with the filler
is preferable to be in the range between 0.1 and 30 éeconds,.
especially between 0.5 and 20 seconds.,

Though the method itself of producing methacrylice
acid aimed at by this invention is not specifically defined,
the production may be accomplished by immediately bringing
the raw material gas containing methacrolein and isobutyl
aldehyde into contact with the latter-stage oataiyst thereby
effecting vapor phase oxidation reaction and/or vapor-phase
oxidative dehydrogenation reaction, for example. To be
specific, the method is desired to be carried out as
follows, '

A raw material gas containing 1 to 10% by volume of
at least one compound selected from the group consisting of
isobutylene, t-butanol, and methyl-t-butyl ether, 3 to 20%
by volume of molecular oxygen, 0 to 609 by volume of steam,
and such inactive gases as nitrogen and carbon dioxide is
supplied at a temperature (catalyst temperature in the
reaction vessel) in the range between 250° and U50° C,
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mechani smresponsi ble for the formation of di ketones, we conducted an

exper i ment og,.p@g,sggg@é@#}%ﬁ%g%,}ﬁ %ﬂdt’ade&t k§p£p%et@é@@6f‘£§f”e§ ahgve

310[err], the tenper

ure f or mat n,
range between 300 and 5,000 h ) preperab1y between 500 and

4,000 hr~!, (STP) into a first heat exchanger type. shell-
and-tube reaction vessel packed with a bismﬂth—mol&bdenum-
iron-containing multi-component oxide catalyst (former-stage
catalyst) intended mainly for formation of methacrolein and
optionally having a solid-packing packed in the empty space
of the crown part of the outlet for the gaseous reaction
produet for the purpose of curbing the occurrence of
dlketones %S by=products tn effertf f‘nr‘mer‘ -afage reantiom and
produce a methacrolein-containing gas.

Then, a mixed gas prepared by adding secondery air,
secondary oxygen, or 3steam, when reguired, to the
methacrolein-containing gas obtained IiIn the former-stage
reaction is supplied at a temperature (catalyst temperature
in the reaction vessel) in the range between 100 and 380°C,

~ preferably between 150° and 350°C, at a space velocity in the
. range between 300 and 5,000 hr‘1, preferably between 500 and

4,000 hr~', (STP) into a second heat exchange type shell-
and~tube reaction vessel packed with an oxide catalyst
containing molybdenum and - phogphorus (latter-stage catalyst)
intended for formation of methacrylic acid and optionally
having a solid packing packed in the empty space of the
crown part of the outlet for the gaseous reaction product
for the purpose of curbing the occurrence of diketones as
by-products to effect latter-stage reaction and produce
methacrylic acid. ' _

- The catalyst to be used in the former-step reaction
is at least one oxide catalyst having bismuth;, iron, and
molybdenum as its main components. The catalyst of the
following composition proéves particularly preferable.

Moa Wb Big Feq Ae Bp Cg Dn Ox
wherein Mo stands for molybdenum, W for tunvsten, Bi for
bismuth, Fe for iron{ A for at least one element selected
from the group consisting of nickel and cobalt, B for at
least one element selected from the group consisting of

or the purpose of elucidating the



of methacrylic acid, of a neinacrolein and nethacrylic acid mwnq?=§as===:
resul ting frn{igShggagasge@,;ﬁg vapor - phase oxi dation react fSHEET HAS BEEN
C

|sobutyleﬁe t thyI-t- butyl ether and nethacr a%*%FACFD
cont ai-hi ng gasl‘l l!ﬂ!m m t he catal yti c vapor-phase oxi dation reaction
and/ or the cat ase oxi dative dehydrogenation reaction of

nmet hacrol ein or |sobutyl al dehyde, to find that the gas showed an
increase in the content of diketones and the increase of this content
tended to grow in proportion-as the retention time of the gas wthin
the enpty cylinder increased. These results of the experinment clearly

i ndicat€ that the di ketonés are not only forned in the catal yst bed but

al so forned SdGudntrieid s | ra)tmlem)taarspacrezt\ﬂli.,chahdl ltnad ltikner,g&s fourt [t of

the reactiongieSSehne element selected from the group consisting of
phosphorus, tellurium, antimony, tin, cerium, lead, niobium,
manganese, and zinc, D for at least one element selected
from the group consisting of silicon, aluminum, titaniun,
and zirconium, and O for oxygen. Then, a, b, ¢, d, e, £, g,
h, and x respectively stand for the numbers of atoms of the
elements of Mo, W, Bi, Fe, 4, B, C, D, and 0 such that,
where a is assumed to be 12, b is in the range of 0 to 10, ¢
in the range of 0.1 to 10, d in the range of 0.1 to 20, e in
the range of 2 to 20, f in the range of 0 to 10, g in the
range of O to 4, h in the range of 0 o 30, and x assumes a
nunerical value to be fixed by the states of oxidation of
the elements. _

The former-step catalyst may be in the form of
pellets produced by the use of a tableting machine or an
extrusion molder, for example, in the form of beadi, or in
‘the form of rings containing a through hole. It may be
effectively wused 3in the : form of a composite havzng a
catalytic substance deposited on a refractory carrier.

The latter-step catalyst is only required to be an
‘oxide catalyst containing molybdenum and phosphorus as main
components. It is preferable to contain a phosphomolybdic
acid type heteropolyacid or a metal salt thereof. The
catalyst of the following composition proves particularly
preferable.

- Moa Pp Ac Bd Ce Df Ox
wherein Mo stands for molybdenum, P for phcosphorus, A for at
least on element selected from the group consisting of
arsenice, antimony, germanium, bismuth, zircqniuﬁ, and
selenium, B for at least one element selected from the group
consisting of copper, iron, chromium, nickel, manganese,
cobalt, tin, silver, =zine, palladium, rhodium, and
‘teliurium, C for at least one element selected ‘from the
group consgisting of vanadium, tungsten, and niobium, D for
at least one element selected from the group consisting of



6 Though the experlnent has not conpletely eIu0|dated t he chag @ﬂnETHASBE
ﬁh

responS|bIe for the of diketones, it has yiel ded EN
-adm t t'i ng “anThis¥hed: SRCHKee hcvarlous unst abl e substances, oo Sﬁé%&ﬁgfg *_—]
al dehydes su ein, acrolein, and acetaldehyde and

ket ones repre H ,’g",ﬂ :IB@ one whi ch occur in the gas cont ai ni ng

met hacrol ein I|c acid are converted probably by thermal

deconposition into diketones when the gas is retained for some tine
in an enpty space kept at tenperatures exceeding a certain level. In
any event, the diketones are sequentiaJ*% formed fromthe gas containing

" nmet hacrol ein and/ or mechacrylic acid as the gas remains for sone tine

within the grpiyispeteallsgptaBialife t eAPERaBLESS, exeredinglihenf i ¥ad I@vel

W have for oxygen. Then, a, b, ¢, d, e, f, and x respectively

stand -for the atomic ratio.of Mo, P, A, B, C, D, and.0 such
i that, where a is assumed to be 12, b is in the range of 0.5
to U4, ¢ in the range of 0 to 5, d in the range of 0 to 3, e
in the range of 0 to 4, £ in the range of 0.01 to. 4, and x
assumes a numerical value to be fixed by the states of
oxidation of thé component elements. _

The form in which the catalyst is used is not
eritical. This catalyst may be in the form of c¢ylinders,
in the form of hollow spheres, or in the form of beads. O0Of
course, this catalyst may be used in the form of a composite
having a catalytic substance deposited on a refractory
carrier.

When methacrylic acid 1is produced using
isobutylaldehyde as a reaction raw material, a reaction may
be carried out under a similar reaction condition using a

isimilar reactor to one used in oxidation of methapfolein,
the latter-step catalyst and a solid packing.

Now, the present invention will be described more
specifieally hereinafter with reference to working examples,
but is not limited by these examples.

Examples 1=10
(Preparation of former-step catalyst)

Separately, 7.0 kg of cobalt nitrate was dissolved
in 2 liters of distilled water, 2.4 kg of ferric nitrate and
0.6 liter of concentrated nitriec acid in 2 liters of
distilled water, and 2.9 kg of bismuth nitrate in 3 liters
of 'distilled water acidified to prepare three nitrate
Selutions. Separately, 9.5 kg of ammonium paramolybdate and
4.9 kg of ammonium paratungstate were dissolved in 15 liters
of water under heating and stirring, and a ‘liquid obtained
by dissolving 2.4 kg of 20% silica sol and 76 g of sodium
nitrate in 1.5 liters of distilled water was added to the

'mixed_ aqueous solution obtained as described above. The
suspen;ion consequently produced was heated and Stirred for



concl uded that for the purpose of curbi ng the formation o ﬂa%%ﬁ-—@@?%Ast@@N
i nner "vol'umeof —the—enpty space in the gas outlet of the §eactigppvases!

nmust berhes-82688:en S solid filler was placed to fillilihe—eapty—aspace—
in the g € reaction vessel and tried to decrease the inner
vol unme oﬂMﬂg ce, it was confirnmed to be highly effective in .

curbing t formati on of di ketones. In accordance with the

met hod of this invention for the production of nmethacrylic acid, since a
solid packing placed tfo fill the enpty space of the gas outlet of the
reaction vessel serves the purpose of decreasing the inner volunme of the
enpty space and consequently repressing the sequential formation of

di ket ones i revdporaaqiion spacfhef trleeudazntut residide aft cwrvagoe tdfordi katones

as Dy-produgl (AP My P 1A Hed RaePTRUGAN & aft JEUGETY A
six hours to prepare a catalyst. The metal gomposition of
this catalyst in atomic ratio was as follows.

Coy Fe1 Bit W3 #og S8i1.25 Nag,1

(Preparation of latter-step catalyst)

In 40 liters of heated water, 17.7 kg of ammonium
paramolybdate and 1.9 kg of ammonium metavanadate were
stirred and dissolved. ‘To the resultant solution, Y4 kg of
pyridine and 1.25 kg of phosphoric acid (85% by weight) were
added and then a mixed solution obtained by dissolving 11 kg

" of nitric acid, 1.8 kg of strontium nitrate, 2.5 kg of
caleium nitrate, and 0.4 kg of copper nitrate in 220 liters
of water was added. The resultant mixture was stirred and
heated to be concentrated.  The clayish substance
consequently obtained was molded in a eylindrical form of 5

‘mm ¢ x 5 mm L (g1 diameter, L; long), dried at 250°C, and
calcined under a current of nitrogen at 450°C for fdur_hours
and under a current of air at 400°C for two hours,
Consequently, there was obtained -a catalyst oxide. The
composition of this catalyst except for oxygen in atomic
ratio was as follows. ' '

Pi.3 Moi2 V2 Sr1,0 Cat,5 Cup.2

(Method of reaction)
In a reactor formed of 24 stainless steel

reaction tubes 25.4 mm in inside diameter and 5,000 mm in
length and adapted to effect exchange of heat through
cireﬁlation of molten =alt, the aforementicned former-step
catalyst was packed in the form of a bed 1,700 mm.in height
and heated to 340°C, _ ST

' In a separate reactor formed of 24 stainless steel
'reaction tubes 25.0 mm in inside diameter and 4,000 mm in
length and adapted to effect exchange of heat through
circulation of molten =salt, the aforementioned latter-step



contai ning. gas having an extrenely smal |l content of dhhg%QL
attai ned by a very stnpte—and—inexpensive procedure. As a fesu ﬁlﬁb
of nethacr'yllcngscghget ‘QgRé euﬁtep for- purification of n‘*he"'“T'" “"'“
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can be decrease of nmethacrylic .acid can be
substantially i he production of nethacrylic 7 acid
havi ng an extre ent of di ketones and enjoying high quality
can be obtai ned. ThIS met hod is.incapable of either causing

conversion of the produced nethacrylias acid to any other conpound
or suffering conpounds.forned from di ketones by one treatnent or other to
af fect adversely the quality of the produced nethacrylic

catalyst was packed in the form of a bed 3,200 mm in heignt
and heated to 310°C.
The two reactors thus prepared were interconnected
with a conduit provided with nozzles for introduction of a
molecular oxygen-containing gas and steam and further
provided with a heat-exchanger, so as to permit introduction
of the gas formed by the reaction in the reactor containing
the former-step catalyst into the reactor containing the
latter-step catalyst. '
Through the gas inlet part of the former-step
catalyst bed, a mixed gas consisting of 6.0% by volume of
isobutylene, 13.2% by volume of oxygen, 10.0% by volume of
steam, and the balance of nitrogen gas was suppllea to the
former-step .catalyst at a space velocity of 1,600 hr~1
(STP) . - |
Then, at the inlet to the latter-step catalyst bed,
the feed gas was replenished with secondary air in such an
‘amount as to adjust the molar ratio of oxygen ﬁOg) to
methacrolein (MAL), Oz /MAL, to 2.5.

The empty space extending from the lower part of the
catalyst bed in the latter- stage reaction vessel (the outlet
for the reaction gas) to the crown part of the reaction
vessel was packed with a varying solid packing indicated in
Table 1 at a void ratio similarly indicated in the table,
The raw material gas was péssed with 2 retention time of T
seconds through the reaction vessel kept at 310°C.

| The reaction gas emanating from the reaction vessel
was collected as condensed and assayed for acetonylacetone,
one species of diketone. The results are shown in Table 1.

In a blank test having absolutely no solid filler
placed in the empty space of the gas outlet of the latter-
stable reaction vessel, the gas emanating from the outlet of
the catalyst bed was found to have 38 mol ppm of

. acetonylacetone formed based on the amount of isobutylene in
the feed gas. The gas emanating from the empty space of the
outlet of the latper;stage reaction vessel was found to



aci d. The net hod of—this—invention for the production of rretm ?'th%r:',‘ ?AS‘%E&N

conprises S|nutm@§] I i ntroducing at |east one conpoun

the group™consis al ei n and i sobutyl al dehyde akt=a ““'""“

oxygerfi- cont ai ni }H’ﬂéﬂ eat exchanger type shell-and-tube reaction
vessel packed w al yst cont ai ni ng nol ybdenum and phosphor us
thereby effecting catal ytic vapor- phase oxidation reaction and/or
catal ytic vapor-phase oxidative dehydrogenation reaction and consequently
form ng nethacrytlc acid, which met hod i s characterized by having the
enpty space in the gas outlet of the regaction vessel packed with a solid
packi ng. The nethod of this invention for the production of nmethacrylic

acid conprises sinmultaneously introducing at |east one conmpound sel ected
fromthe groupuemn529ﬁ|mpkﬁppm of acetonylacetone btased on the amount

‘of isobutylene in the feed gas. In the samples of the blank
test and the present test, the conversion of isobutylene was
99.0 mol% and the per-pass yield of methacrylic acid was
68.5 mol% invariably, indicating absence of any discernible
decrease in the yleld of methaerylic acid. This fact allows
a logical inference that the sequential reaction of
methacrylic acid in the solid filler bed can be disregarded.



i sobut yl ene, t-butanol, and nethyl-t-butyl ether and a nol egu

oxygen-ctontarmng gas tnto a first heat exchanger type shell iﬁ@ i@? HAS BEEN ”
react i gy ¢pase Bgen%eld ith an oxide catal yst containing bisouth ACED
nol ybden reby effecting catalytic vapor-phase oxi dation
reaction nt Iy form ng nethacrolein nainly and ‘subsequently

si mul tan cing the resul taﬂII met hacr ol ei n- cont ai ni ng gaseous
reaction product and a nol ecul ar oxyge cont ai ning gas into a second heat

exchanger type shell-and- tube type réa@#dn vessel packed with an oxide
cat al yst containi ng nol ybdenum and phosphorus thereby effecting catalytic
vapor - phase—oxrdation Teactiom arnd—TONSequent 'y 1 orm ng et nacryl I C_aci d

which nethod is chaq acterized by ' Amountaof
| | | ' i Void | acetonylacetone
Example Solid packing ratio | atoutlet of solid
(%e) packing bed
(mol ppm)*
Example 1 | Bismuth-molybdenum type oxide (rings 58 49
" 10 mm in outside diameter, 10 ;xmin
length, and 6 mm in through hole
diameter
Example 2 Phosphorus—molybdenum type oxide 35 47
(rings 10 mm in outside diameter, 10 mm
in length, and 6 mm in through hole
diameter
Example 3 Silicon carbide type (rings 10 mm in 59 51
outside diameter, 10 mm in length, and 6
mm in through hole diameter
Example 4 | Alpha-alumina (§ellets 10 mm in outside | 33 57
diameter and 10 mmin length)
Example 5 Silica-alumina (spheres 10 mm in outside | 34 49
' diameter)
Example 6 Porcelain Rasching rings (10 mm in 52 80
outside diameter, 8 mmin length ,and 7
mm in through hole diameter)
Example 7 | Rasching rings of stainless steel (10mm | 88 68 -
-| in outside diameter, 8 mm in length, and
9.2 msn in through hole diameter )
Example 8 | Demister of stainless steel (40 kg/m® of | 99.5 70
' density) '
Example 9 | Metal plate made of SUS 804 having 30 | 99.5 75
mm of length wherein tl_le plate having
0.4 mun of thickness and 17 mm of width is
folded in zigzag shapeat about 80°and 35
mm of pitch between top and top
Exainple 10 | Insert having structure at 17 mm of width | 99.5 75
and 45 mm of pitch of the same material
of Example 4.

* Amount formed, based on the amount of isobutylene supplied.



8 having tThe enpty space in the gas outlet of the second r
packed Wk sBecbhsiHde iedg. In the case of this method, the eﬁ'ﬂbws%%%cléA$EEEN

the gas ou rst reaction vessel nay be packed wi tih_a sBEPHACED
packi g whHmHHmHHﬂm !’The enpty space in the gas outlet of The reactron
vessel wh d with the solid packing as contenplated by
this invention enbraces the enpty space which remains in the catal yst tube
after the tube has been packed with the catalyst, the enpty space which
occurs in the crown part of the reactias vessel, and the enpty space in the
reaction gas outlet conduit connected to the crown part. Though the idea of
using a catal yst tube packed with an inactive carrier of a ceramc
subst ance has been known t.o the art, the method of this invention which has
ori gi nat ed Examples 11 to 20

Production of methacrylic acid was carried out by

repeatlng the procedures of Exawmples 1 to 10, except that
the same solid packings used in Examples 1 to 10 were placed
in the same vold ratios severally in the empty space
extending from the outlet of the catalyst bed in the former~
stage reaction vessel to the crown part of the reaction
vessel and the gaseous reaction product from the former-
stage reaction was passed with a retention time of 9 seconds
through the reaction vessel.
' In the blank test, the reaction gas emanating from
the former-stage reaction vessel was found to contain 472
mol ppm based on the amount of isobutylene fed to the
reaction. . '
- The results of the reaction are shown in Table 2.
In this table, the amount of acetonylagetone A represents
the value found of the gas which had passed the. solid
‘packing in the outlet of the former-stage reaction vessel
- and the amount of acetonylacone B the value found of the gas
“which had passed the solid packing in the lattef-stage
reaction vessel, ' '



in the sWn in the aforenentioned behavig grKetones_ — i
mani f est in the enpty space of the outlet of the crown p !TH@S{-I ET HAS BEEN l‘

reaction VAS mkameamﬁm esi des in packing the enpty spac t i 'Lﬁqq%r l

and cdnsequ g the inner volunme of this enpty space has never
existed to h-the solid filler to be used im this invention
i's not speC| efined, the followng materials (1) to (5) nay be
sui tably used elther singly or in the.formof a mxture of two or nore

menbers. (1) Oxi des contai ning bisnmuth and nol ybdenum el enents as
essential conponents. (2) Oxi des -cont ai ni ng phosphorus and nol ybdenum
el ements as essential conponents. (3) Refractory inorganic materials

such as alpha- alumna, silica,. silig8-alumna, zirconia, nagnesia,

Table 2
Ex'ample Amouni czi;sgf;rg)l:cetone : Am°un]§ r()if;cli)t;:;y)l*acebone
Example 11 : Vi3 ! 47
Example 12 74 : 47
Example 13 | 87. 50
Example 14 | 90 | ‘ a5
Exainple 15 79 ' 46
Example 16 92 ' 56
Example 17 ' 103 . 66
Example 18 ' 107 _ 70
Example 19| 110 76
' Example 20 | 110 76

* Amount formed, based on the amount of isobutylene supplied.



titania, SI|ICOﬂ car

—silicon nitride, and tin oxide. ; e
materials s Hds Bel 2SS . steel iron,- alumnum and titpiHieSHEST HAS BEEN
Refractory i ﬂmqm s or nmetallic material having|the REMAGED

ds.
e

treated with 9 The shape of the solid packing 15 not
speC|f|caIIy defin ~shapes which are generally adopted for
catal yst carriers and packing such as,2G or exanple, -pellets, beads, rings,
honeyconbs, spheres, plates, spirals, fibers, and neshes fit for dem sters

can be c¢ited as exanples of the shape usabl e effectlvely for the solid
filler of this invention. :

Example 21: |
Methacryllc ‘acid was produced in the presence of a

catalyst containing pnosphorus and molybdenum (latter ~-stage
.catalyst) by following the procedure of Example 1, “except
that the use of the former-stage re¢action vessel was omitted
and isobutyl aldéhyde was used as the raw material .for
reaction in the place of methacrolein and this raw material
was introduced to the inlet of the latter-stage reaction
vessel, In the blank test, the gas emanating from the
reaction vessel was found to -contain 253 mol ppm of
acetényl&éetone based on the amount of isobutyl aldehyde
used as the raw material. When a bismuth-molybdenum type
oxide was used instead as a solid packing, the gas emanating
from the solid filler bed was found to contain 42 mol ppm of
acetonylacetone based on the amount of isobutyl aldehyde fed
to the reaction.

Example 22 , .
' Methacrylic acid was produced by following the
procedure of Example 1, except that t-butanol was used as
the raw material in the place of isobutylene. In the blank -
test, the gas emanating from the reaction vessel was found
to contain 295 mol ppm of acetonylaceftone based -on the
amount of the raw material fed to the reaction. -When a
bismuth-molybdenum type oxide was used instead as the solid
filler, the amount of adetonylacetone contained in the
reaction gas emanating from the solid filler bed was 48 mol
ppm based on the. amount of the raw material. fed to the
reaction.

Example 23
' Methaerylic - acid was produced by following the
procedure of Example 1, except that methyl-t-butyl ether was
used as .the raw material in the place of isobutylene, In
the blank test, the gas from the reaction was found to
contain 283 mol ppm of acetonylacetone based on the amount
of the raw material fed to the reaction. When a bismuth--
molybdenum type Oxide was used instead as a solid packing,



Lo

As regards. the shape of the solid packlng for use in thIS [ =+
rodli ke solidg—packimg may be in the formof a straight bar )| B3 iy Hh$ BEEN

pl ate, for exa Ilke i nsert need not be in the formof a

spiral bar |§4&Qﬁ§|ge&{ medor a circular colum, for eXanpl eREBRACERe
pl at eti ke msewﬁwm m f a ribbon, a zigzag pI ate, Oor a spirar

perfect plate b e formof a reticular plate. As regards the
size of the insert, the overaII length is desired to be in the range of
200 to 1,000 mm preferably 250 to 500 ym and the width is desired to be
such that the void ratio may fall in the foll ow ng range. Though the void

ratio of the enpty space of the gas outlet of the forner-stage or

Iatter-stagaqecgteglcx% gﬁpar ?tW) hPPBﬁ 9(.(?1|e' ds PACKI BEck 8n$Uibleablyas

sel ected d endlng ar Shape of the filler to be used, It is
o .

preferabl e £@¥ndp PﬁNtﬁhé Waﬁ@é P@@tﬁ@éﬁegﬁ?nX%%? togegdasgd on 'the

amount of the raw material fed to the reaction.
Example 24 | ‘

Methaerylic acid 'was produced by following the '
procedure of Example 1, except that the same solid packing
as used in Example 1 was placed in a void ratio of 58% in
the empty space extending from the outlet of the catalyst
bed in the former-stage reaction vessel to the crown part of
the former-stage reaction vessel and t-butanol was used as
the raw material for the reaction in the place of
‘isobutylene.

-In the blank test, the gas emanating from the
former-stage reaction vessel was found &to contain 463 mol
ppm of acetonylacetone based on the amount of the raw
material fed to the reaction. When the solid filler was
placed in the outlet parts of both the former-stage and’
;latter-gtage reaction vessels, the gas emanating from the
outlet of the former-stage -reaction vessel was found to
contain 40 mol ppm of acetonylatetone and the gas from the

" outlet of the latter-stage reaction vessel 50 mol ppm,
respectively based on the amount of the raw material fed to
the reaction.

Example 25 _

Methacrylic acid was produced by following the
procedure of Example 1, except that the same solid packing
as used in Example 1 was placed in a void ratio of 58% in
the empty space exténding from the outlet of the eatalyst
bed . in the former-stage reaction vessel to the crown part of
fhe former-stage reaction vessel and methyl-t-butyl ether
was used instead as  the raw material in the place of
isobutylene.

In the blank test, the gas emanating from the outlet
of the former-stage reaction vessel was found to contain 44T
mol ppm of acetonylacetone based on the amount of the raw
material fed to the reaction. When the solid packing was



vol ure, * pFeLeLabL¥‘Q§Lﬂ§ggﬁ§§ and 99.9 % by vol une. The re ﬁ%ST JT .
range is thaf the fornmation of diketones inthe filler bed ﬂeL iﬁf HASBEEN

effect;vely as BeatiReplaly deconposition of di ketones oi nERLACED
be effective when the void ratio is adjusted within this
range. The t ' " as used in this invention refers to what
is defined by the fo formula. Void ratio (% = (lInner volune of
enpty space - volune of filler)/inner volune of enpty space} x 100 The

effect which is nmanifested by the packi g of the solid packing in curbing
the formation of. di ketones as contenplated by this invention is considered
to be
' placed in the outlet part of both the former-stage and
latter-stage - reaction vessels, the gas emanating from the
former-stage reaction vessel was found to contain 39 mol pph
of _acétonylacetone and the gas from the 'latte5¥stage
reaction vessel 45 mol ppm of acetonylacetone, respectively
based va the amount of the raw material fed to the reaction,
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, escr.ibed, to the decrease in th e OmE O
the enpty (Bas ﬁébqidbﬁesddout | et of the reaction vessel. It’q@o‘ % ggégﬁg
~of thisfa um\ wh the fact that, as specifically d n
Exanple 8 t ei hbel ow, such a packing as a dem ster which is
not thought to be very effective in deg3easing the inner volunme of the
enpty space exhibits a surprising effect in curbing the formation of

di ketones, it is safBTHQD |APReiPRAMAICTION OFr MERBACRYRHe EGkDmt i on of

di ketones is additionally ascribable to the extinction of radicals forned
in the emhyeytsneies gt to collision thereof with the solid packing and

ther eof calised ¢ hehsoh HiHac KTy, HoncE" o W eRper b PEL BT PHe S | Moar bed

i s al | owededwprieimg nthénstebs rehgel inetbanenus2POietrpdunting 380[ dedst t he

9as one compound selected from the group consisting of
methacrolein and isobutyl aldehyde and a molecular oxygen-
contalning gas into a heat exchanger type shell-and-tube
reaction vessel packed with an oxide catalyst containing
molybdenum and phosphorus thereby effecting catalytic vapor-
phase oxidation reaction and/or catalytie vapor-phase
oxidative dehydrogeﬁation reaction and consequently forming
methacrylic acid, which method is characterized by having
the empty space in the gas outlet part of said .reaction
vessel with a solid packing. _
2. A method according to claim 1, wherein the void
ratio in the empty space of the gas outlet part packed with
said solid filler is in the range between 30 and 99.9% by
volume.
3. A method according to claim 1 or claim 2, wherein

said solid packing consists of lumps of a metal oxide, a
r'efractor'y' inorganic material, or metallic material. '
4. A method according to claim 3, wherein said solid
filler 1s formed in the shape of pellets, beads, rings,
honeycombs, sheres, plates, spirals, fibers, or meshes.

5, A method for the production of methacrylic acid
comprising the steps of simultaneously introducing at least
one c¢ompound selected from the group consisting of
isobutylene, t-butanol, and methyl-t-butyl ether and a
molecular oxygen-containing gas into a first heat exchange
type shell-and-tube reaction vessel packed with an oxide
catalyst containing bismuth, wmolybdenum, and iron thereby
effecting catalytic vapor-phase oxidation reaction and
cons’equ'ently forming methacrolein mainly, then
simultaneously introducing the resultant methacrolein-
containing. gaseous reaction product and a molecular oxygen-
containing gas into a second heat exchange type ghell-and-~
tube reaction vessel thereby effecting catalytic vapor-phase

I




prodq;ggrgx,,he.Leaef+Uﬁ‘can be i ntroduced in its umaltered 7~‘_—TTETTTTF’““““"
packi ayer The retfntlon tinme e enpty %E%ﬂisﬁﬁEfﬂéSBEEN
gas ou ,gshept&tak he filler ”n"'mm'm] !nmpe inth EEF l
0.1 an ﬁi pecial 'y betweencO.b am sseconds. Though the

met hod i cing nethacrylic acid ained at by this invention is
not spec y defined, the production may be acconplished by imedi ately
bringi ng the raw materi al gas contai ning nethacrol ein and isobutyl al dehyde
into contact with the |atter-stage cataRy¢st thereby effecting vapor-phase
oxi dation reaction and/ or vapor-phase oxidative dehydrogenation reaction,
for exanple. To be specific, -the nethod is desired to be

carried outpxiamtfiadd OWseadk icaw mEmider icahsgaacadbhy ai Nomyidgt omd 086 byy Yot une

of at |east 285 CO{EB%W’ rﬁgt}%ﬁ eqsf rgﬂlxt'ggt&tpz%b CBQS' Y?atlbngg Ofthe empty
| space of the gas outlet of said second hegction vessel
packed with a s0lid packing. )

6. A. method according to claim 5,'wherein the empéy
Space in the gas outlet of said first reaction vessel is
packed with said solid packing. -

7. A method according to claim 5, wherein the void

ratio in the empty space of the gas outlet packed with said
solid packing is in the range between 30 and 99.9% by
volume. ' o

8. A method according to claim 5 or claim 7, wherein
said solid packing consists of lumps of a2 metal oxide, a
refractory inorganic material, or metallic material.

9. - A method according to claim 8, wherein said solid
filler is formed in the shape of pellets, beads, rings,
honeycombs, spheres, plates, spirals, fibers, or meshes.



nol ecul ar
nitro gen and
tenperature
450[ err},

|sobutylene t butanol and nethyl-t butyI ether, 3 to 20%)bv;¥grgﬁﬁfﬁ?f
ﬁeetﬁlml‘ﬁn‘m vol une of steam and such i nadf iV §456EHAS BEEN

[err],

vessel

| m——————— |

is supplied at a tenperature |.{cat AEFSACED

oxi de catal yst (forner-stage catalyst) 1 ntended malanly tor tormation of
met hacrol ein and optionally having a solid packing packed in the enpty

space

ABSTRACT

A method for the production of methacrylic acid
comprising the steps of simultaneously xntroduc'ng at least
one compound selected from the group consist1ng of
methacrolein and isobutyl éldehyde and a molecular oxygen-
containiﬁg gas into a heat exchanger type shell-and-tube
reaction vessel padked with an oxide catalyst containing
molybdenum and phosphorus thereby effecting catalytic vapor-
phase oxidation reaction and/or catalytic vapor-phase
oxidative dehydrogenation reaction and consequently forming
methacrylic acid, which method is characterized by having
the empty space in the. gas outlet part of said reaction
vessel with a solid filler.

vessel) in the range between 250 and—
11 preferably between 280 and 420[err], at a space velocity in
the range between 300 and 5,000 hr[err]as preferably between 500 and 4, 000
(STP) into a first heat exchanger type. shell- and-tube reaction
packed w t h 2EFESDUFDRNMBRYDUEHITION OFORMETBACRYDIOGACIDti - conponent



:__.01” the crown part of the outlet for the g'a'seous reaction product for the

“=parpose -of - cur-bi-pg-the=oceartence -of-~di ketones -as by-preducts=to-effect==—

former-stage reacti on and produce a nethacrol ei n-containing gas. Then, a

m xed gas prepared by adding secondary air, secondary oxygen, or steam
when required, to tRECONDRDSCHEDUIORtaphAsuedas obtained in the
former-stage reaction is supplied at a tenperature (catal yst tenperature in
t he r cRATENTYEORM )I3i n t he rangSINGARORELOO and 3800C Ryles4&amdbi9(3bet ween
150[err] and 350[err], at a FHERAYENTS ACT 994 e range between 300 and
5,000 hr[err], preferably bet wgagPe® @»d994000 [err], (STP) into a second
heat exchange type shell - amFtpgngergaﬁ ' sel packed wth an

oxi de catal yst containing nolybdenum ang['%soé%ﬁ)rus (latter-stage

cataly héé%ntﬁ_nded for formation of nethacrylic acid and optionally having

a sol i &P packed in the enpty space of the
istry o tents,
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cromn part of the outlet for the gaseous reaction product for the_purpose

t aorvbkpence of diketonesgas .. E. product 0 effect oy
gehﬁleaedzsa(manaad produce net I"nfef é{‘g aci d. Smbal yst dt,ﬁs, "23?3
nergs Eg@s Tedciion is at least one oxide catalyst havi ng bi smut h,
nt;lAy aaBas  its main  cofpomemtien?  THRgedoepteiesst 2 @ffect"tﬂlqe'efa'ei’

stands for m)l ybdenum Wfor tungsten, Bi for bisrmth, Fe for iron ~{-or
at l.east one elenent selected fromthe group consisting of nickel ande.
cobalt, B for at least one element selected fromthe group consistin

Rees, David Christopher :
Kilburn & Strode KILBURN & STRODE : .
London WC1N 2DD :
GRANDE BRETAGNE 47 NOV 1890 B |
™ 10 SEEN
Applicatiorn No.IPaunt No. - Rel. Date
92306710.2-2103 DCR/P16775EP 14 4 95

Apgplicant/Progpristar

NiIPPON SHOKUBAI CO., LTD.

o/

Communication under Rule 51(4) EPC
You are hereby informed that the Examining Division intends to grant a European patent on the basis
of the above application with the text and drawings as indicated below:
Designated state(s): DE FR GB
Description, page(s): : :
1,2,5-7,10-22 as originally filed _
3.3a,4,8,9 ’ received on 02.10.1985 with letter of 28.09.1935
Claim(s), No(s).: .
1-7 received on 02.10.1995 - with letter of 28.08.1995

U . With the following amendments to the above-mentioned documents

Proposed by the Examining Division

Deserlption. page(s) :4* .15
Claim(s), No(s). - o
Drawing(s), sheet(s)

Comments
* see: page 9 ongmally ﬁled _
* see [efter of 28-09-95

- _A °°Py of the relevant documents s-enclosed L

. .The title of the mventlon in the three official languages of the European Patent off ce, the mternatlonal '
patent classification, the designated Contractmg States and the reglstered name of the appllcant are
, shown on the attached EPO Form 2056 ' S

” You are requested to state your approval of the fext specified above within lour months of thls notlf' -
" -cation. Failure to do so will result in refusal of the application under Artlcle 97(1) EPC except as pro-
- vided by Rule 51(5) EPC second sentence ' - o '

R : .. Your attention is drawn 1o the nottce of the Presudent of the EPO of 24 12 1994 (OJ EPO 1-2/1995'.
L '_ 57-59) o




#2 alkali netals, alkaline earth netals, and thallium C for at |east one
~erenent_gel ected fromthe group consisting of phosphorus, tellurium

anti no tin, cerium lead, niobium manganese, and zinc, D for at |east

> el t sel echad fromth group apfnsi sting of sili conAppaAammurgzgosﬂoz
and zirconi dry, ‘Andl 0 for oxygen. Then, a, b, d, e, f, g, h,
ctively stand for the punhers of atons of 'rhp elenents of My, W
Bi, Fe, A, B, C, D, and O such that, where a is assuned to be 12, b is in
the range of 0 to 10, c in the range of 0.1 to 10, d in the range of 0.1 to
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,'pel\l ets produced by the use of a tableting machine or an extrusion nolder,
,\TT)I’ ex re’iZ] %Pstz%glofEQrm of beads, OrEulringéltsc %sform cEfurc'qr: ngs cont (’yﬁmaggo;?éen

t h[ou' ol e s My De ef fecti vel ypag in  ttend M) Of  48s brevets
conp h’ﬁv@j@’ catal ytic substance deposited on a refractory carrier.
The I‘-Sltz&mgﬂg::ﬁil&st I S only requbeneddeidotfe an Cosclochee Geaetahit y Direction générale 2
_C_Qn_t__a,l_n_i_n_g D hdenum . and. nhosphorus as nmain. conponent.s Lt LS prntprahlp
to contain a phosphonolybdic acid type heteropolyacid or a netal salt

t her eof . The catal yst of the follow ng conposition proves particularly
pref a5 bl §avid 8fdshophBer €in Mo stands for nol ybdenum P for phosphorus, A for
at | aaghirn &Btro@®d ement selected from the group consisting of arsenic,
.ant i ranwhn sgestmani um  bi snuth,  zirconi um and selenium B for at |east

~ one dlopdemWVCsR@Rt ed from t he group
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sil'ver, zinc, palladium rhodium and tellurium C for at ast one el
sel ected fromthe group consisting of vanadi um tungsten, darg n&egmugge‘%

consi sting of copper, iron, chromum nickel, nmanganese, c iafhd‘uu%LhTSHEET

fqr at | east one elenent selected fromthe group consisting F—atkad
metals, alkaline earth netals, and thallium and O for oxygen. Then, a,
b, c, d e, f, and x respectlvely stand for the atomc ratio of My, P, A

B, C, D, and 0 such MEZHOD\WEORePROPYCHEQN@H MBTHACRYLIG AGID n t he range of
0.5to 4, cinthe range of 0 to 5 din the range of 0 to 3, e in the
range of O to 4, f in the range of 0.01 to. 4, -and x assunmes a nuneri cal
value to be fixed Whihe iwépbioh relates to a method for the

‘production of methacrylic acid. More particularly, it
relates to ~a method for producing methacrylic acid by
subjecting at least one compound selected from the group
consisting of methacrolein and isobutyl aldehyde or at least
one compound selected from the group consisting of
isobutylene, t-butanol, and methyl-t-butyl ether to
catalytie vapor-phase oxidation using a molecular oxygen-

containing gas.

Heretofore, for the production of methaerylic aecid
by catalytic vapor-phase oxidation of isobutylene, t-
butanol, or methyl-t-butyl ether, the so-called two-stage
vxldalivg reastion which compriscs pnovxslonally gonverting
isobutylene, t-butanol, or methyl-t-butyl ether into
methacrolein by catalytic 'vapor—phase oxidation in the
presence of a catalyst (this reaction and the catalyst used
therein will be occasionally referred to hereinafter as
"former-stage reaction" and "former-stage ocatalyst"
respeetlvely) and subsequently converting methacrolein into
methacerylic acid by catalytic vapor-phase oxidation in the
presence ‘of a catalyst (this reaction and the catalyst used
. therein will be occasionally referred to hereinafter as
"jatter-stage reaction" and "latter-stage catalyst"
respectively) has been generally adopted. The oxide
catalyst containing bismuth,.moiybdenum, and iron has been
generally used as the former-stage catalyst and the oxide
- catalyst containing molybdenum.and phosphorus as the latter-
stage catalyst respectively in the two-stage reaction.
The method of producing methacrylic acid by
-subjécting isobutyl aldehyde to catalytic vapor-phase’



oxi dati on of the component elements. The form in which Iﬂ}?ﬂﬁ%ﬂ%ﬁﬂTSHggT
used is not critical. This catalyst nay be in the for of cygzgf EC 1896
in the formof hollow spheres, or in the formof beads. Riegr-eeeesee

catalyst may be used in the formof a conposite having a catalytlc
subst ance deposited on a refractory carzier. \Wen nethacrylic acid.is

produced LslR.}308ULEhdLIRNLAR (33,2 HAACL:A0 L EAN TR Rl e e L AT bAN MBY

be carried®3d PEion asi g% B r 8act or
to one use@hﬁnléktéétﬁbﬁgﬁfC%ﬁ@hﬁ%%dﬁ§1ﬁeeﬂhélP%I%%ﬁp%ﬂ%p catalyst and a

sol i df pa0|k: ng: NOWThthle&h%.%@'@tlilcn‘éQleI QRidhl ks b@rd@@@éd b@ﬂ 8BEEribed
SpeCI I Ca

P L e S, b e L EBE e 0 U R RIS LR
then commercially utilized as a raw material for the
production of an alkyl methacrylate by the reaction of
esterification with an aleohol of 1 to 12 carbon atoms, for
example. The alkyl methacrylate which is thus produced is
commerciglly utilized as a raw material for the production
of a polyalkyl methacrylate by homopolymerlzatlon or
copolymerization with an other monomer.

The alkyl methacrylate produced by using as the raw
material the methacrylic acid obtained by the conventional
method deséribed.'above, however, contains impurities in a
minute amount. In all these impurities, the furan %type
compounds are considered to form one cause for the
coloration of the polyalkyl methacrylate which is obtained
by the polymerization of the alkyl methacrylate.

Particularly in the case of polymethyl methacrylate
as a general-purpose polymer among other pqualkyl
methacrylates, the coloration due to the presence of  the
furan compounds occurs to a large degreé.' By this reason,
various measures are taken to enhance the transparency of -
the polymethyl methacrylate by removing such furan.
compounds.

'~ The furan compounds which are contained as
impurities in the methyl methacrylate are considered to
originate from trace of impurities, particularly diketones,
contained in the methacrylic acid as the raw material. For
the purpose of decreasing the content of furan .compounds in
the methyl methacrylate, therefore, not only the decrease of
the 6ontent of furan compounds .in mefhyl methacrylate by the
Purifying treatment but also the decrease of the content of

~diketones in the methacrylic acid as the raw material is an
indispensable requirement. Heretofore, for the purpose of
decreasing the content of diketones in the aqueous



(Preparation of former-step catalyst) Separately, 7.0 kg of | gg@g&jr@;ﬁfghgcf I
was’ dissolved in 2 liters of distilled water, 2.4 kg of ferfi egggqggﬁ
2.9 kg.of bisnuth nitrate in 3 liters of distilled water S —
prepare three nitrate solutions. Sepa;ptely,'g.S kg of amoni um
liters of water under heating and stirring, 3‘a | i d o tain
di ssol vi ng Zm&thg°6?129@§%+¢|%%l%%i°%ﬂﬁP94?QfQJ 395U| & clagid
2flgszgr;g$deg 9¥8t10nThe S%iae %A%% anﬁﬁﬂu%%gj&nﬁrOQHﬁede§§ Qﬁat%g and.
: ‘solvent to be used in the step of solvent extraetzon which
According to our knowledge, while the gas containing
methacrolein and/or methacrylic aQid -contains some ten to
diketones, based on the amount of the -compound as raw
material, the aqueous methacrylic acid solution obtained
some ten to some hundred mol ppm of diketones based on the
amount of methacrylic acid even after extraction from the
for the formation of the furan type compounds. For ‘the
purpose of repressing the content of furan compounds in the
necessary that the content of dzketones in methacryllc acid
should be also repressed to some ten mol ppm. Under the
need of further purifiecation.
Wheitn the number of steps of purification is
in respeet that the loss of methacrylie acid is increased,
the utility involved in purification is increased, and the-

0.6 liter of concentrated nitric acid in 2 liters of distil

par anol ybdate and 4.9 kg of anmmoni um par ungstate were di ssol ved in 15

liters of d|§ggbkpdlu@teéommﬁaﬁddﬁ@hﬁdué:h@fnlXadraqsdogs shbutrah:obtafhed
is one,of the steps for purzfxcatlon have been adopted.
some hundred mol ppm, occasionally some thousand mol ppm, of
from the methaerylie'aeid absorption column still contains
solvent. As already described, the diketones form a cause
ester such as methyl methacrylate to some ten mol ppm, it is
present condition, the relevant reaction products are in
increased, however, a serious economic disadvantage arises
cost of production of methacrylic acid or the ester thereof

is proportionately - -boosted.

Further, in the production of methacrylic acid, when
the content of diketones in methacrylic acid is increased by
aging or by a chadge in the reaction condition of the step
of oxidation, for example, the sole operation of removing

“impurities in the step of purification does not deserve to
be called sufficient and, therefore, calls for an additional
measure to decrease the content of diketones.

An object of this invention is to provide a novel
method for the production of methacrylic acid.



then a m xed sol ution obtai vmg nitric aci, %k
of stronti urgtned atkor 2 ¥eRy o?’“&aﬂél udndi t ‘é?'epelg?fd"?) @R%dﬁ?téeﬁpep
nitrate in gethdés d;enSc Oicval ewhlor adddd cthesrferhitidn noRt diketoses

. LRSI he%y product%e afd"< eﬂt&?é e%roduct% Sfa%eséhacst‘ﬁs't@ng.%id'

14 evaporatlon " The resultant residue of evaporation mﬁ-mtmwT
t heh cal ci ned under a current of air at 450[err] for six h
catal yst:
faoll ows..

rs to
The metal conposition of this catalyst in atom ci e o..
[err] (Preparation of latter-step catalyst) In 40

~17.7 kg of ammoni um paranol ybdate and 1.9 kg of ammonium
nmet avanadate were stirred and di ssol ved. ‘To the resultant sol ution,

drsso

having an extremely small ccntent of diketones and enjoying
high quallby.

These objects are accomplished by a method for’

producing methacrylic acid by simultaneously introducing at
least one compound selected from the group consisting of
methacrolein. and isobutyl aldehyde and a molecular oxygen-
containing gas into- a heat exchanger type shell-and-tube
reaction vessel packed with an oxide catalyst containing
" molybdenum and phosphorus thereby effecting catalytic vapor-
phase oxidation reaction and/or catalytie vapor-phase
oxidative dehydrogenation reaction, which method 1is
characterized by having an empty space of a gas outlet of
the reaction vessel packed with a solid packing.

The objects. are further accomplished by a method for
producing methacrylic acid by simultaneously introducing at
least one compound selected from the group consisting of
isobutylene, t-butanol, and methyl-t-butyl ether and a
molecular oxygen-containing gas into a first heat exchanger
type shell and-tube reaction vessel packed with an oxide
eatalyst containing bismuth, molybdenum, and iron thereby
effecting catalytic vapor-phase oxidation reaction and
consequent formation mainly of methacrolein and subsequently
simultaneously introducing the resultant methacrolein-
conbaining gaseous reasction product and o moleoculan oxygon=-
containing gas into a second heat exchanger type shell-and-
tube reaction vessel packed with an oxide catalyst

containing molybdenum and- phosphorus thereby effecting -

catalytic ~vapor-phase oxidation reaction and consequent
formation of methacrylic acid, which method is characterized
by having an empty sSpace of a gas outlet of the second
reaction véssel packed with a =solid packing.

4 kg
of pyridine and 1.2p,kowah Wrbg a'thg (ﬁﬁ,éhlgyowelggn Xk oVVes o dgjj@ a‘and




consequently obt'ai ned was nolded in a cylindrical formof 5
([€rr]; dianmeter, L; long), dried at 250[err], and cal ci ned

NERLAC BATMT SHEET

under
of nitrogen at 450[err] for four hours and under a current th@terzzflﬂEffg@

400[ err] -for two hours. Consequently, there was obtained
oxi de. The conposition of this catal ystS except for oxygen

a catal yst
in atomc ratio

was as follows. [err]_(Method of reaction) In a reactor formed of 24
stainl ess steel reacti®bntR&be359Y Wi §nekRede EthantPrEyassase000 shein

| elngt h ﬁnd ?@a&t Qﬁitftl@tefofffe(ﬂl'xeemhélﬂgﬁe@étflﬁrﬁtvéslﬁequgﬁgcic?re_cLHa%tr!fie‘a][‘w@f:h”fﬁ' ten
salt, the afqr nt i r-step catalyst was packed in the formof a
bed 1, 700 nnﬁfgqﬁegéﬁgigﬁdghggt%%é?%%%é&ﬂeHr]. In a separate reactor forned
of 24 stainless steelWe have continued various studies in Search of a way
of attaining these objects. As a result, we have
experimentally confirmed the following fact and perfected

this invention.

‘Specifically, for the purpose of decreasing the
content of diketones, it 1is. necessary that not only the
aqueous methacrylic acid solution should be subjected to é
purifying treatment but also the dikétones oéourring_should
be decreased or the formation of the diketones should be
curved during the stage of production of a gas coataining
methacrolein and/or methacrylic acid. The method which
fulfills this requirement is highly advantageohs
economically because it obviates the necessity for enhancing

the capacity for purification.

For the purpose of ‘elucidating the mechanism
responsible for the formation of diketones, we conducted an
experiment on passage through an empty cylinder kept at
temperatures above 310°C, the temperature for the formation
of methacrylic acid, of a methacrolein and methacrylic aeid .

containing gas resulting from the catalytic

vapor-phase

oxidation reaction of -isobutylene, t-butanol, or methyl-t-
butyl ether and methacrylic acid containing gas resulting
from the catalytic vapor-phase oxidation reaction and/or the

catalytic vapor-phase oxidative ‘dehydrogenation

reaction of

methacrolein or isobutyl aldehyde, to find that the gas
showed an increase in the content of diketones and the
increase of this content tended t;).-grow in proportion as the
retention time of the gas within the empty cylinder
increased. These results of the experiment clearly indicate
that the diketones are not oniy formed in the catalyst bed
but also formed sequentially in the empty space which

follows the gas outlet of the reaction vessel.




reaction tubes 25.0 nmin inside dianmeter and 4,000 nmin Iéhgrhfandumursq
adapted to effect exchange of heat through C|rculat|on of ten Salt‘HﬁﬂﬁEﬁ
aforenentioned latter-step 15 catal yst was packed in the f our-02,

3,200 mmin height and heated to 310[err]. The two reactors
were interconnected with a conduit provided with nozzles for introduction
of a nolecul ar oxygen-containing gas and steam and further provided
wi th a heat-exchanger, so as to permt gntroduction of the gas fornmed by
the reaction in the reactor containing the former-step catalyst into the

reactor containing fhugrt tRE - 84kpRreRLALY Bhs not completely elucidated
the mechanism responsible for the formation of diketones, it
has YLGldEd the results admitting an inference that varlous
unstable substances, for example aldehydes such as

methacrolein, acrolein, and acetaldehyde, and ketones
represented by acetone which occur in the gas containing
methacrolein and/or methacrylic acid are converted probably
by thermal decomposition ‘into diketones when the gas is

. retained for =some time in an empty sSpace kept at
temperatures exceeding a certain level,

In any event; the diketones are sequentially formed
from the gas containing methacrolein and/or mechacerylic acid
as the gas remains for some time within the empty space kept
at the temperatures exceeding the fixed level. We have
concluded that for the purpose of curbing the formation of
diketones, the inner volume of the empty sSpace in the gas
outlet of the reaction vessel must be decreased.

When a solid filler was placed to £i1l the empty
'space in the gas outlet of the reaction vessel and tried to
decrease the inner volume of the empty space, it was
confirmed to be highly effective in curbing the sequential
formation of diketones. :

In accordance with the method of this invention for
the production of methacrylic acid, since a solid packing
placed to fill the empty space of the gas outlet of the
reaction vessel serves the purpose of decreasing the inner
volume of the empty space and consequently r‘epressing the
sequential formation of diketones in the empty spacé of the
gas. outlet, the occurrence of diketones as by-products can
be curbsd and ehé preduction of a methaerylio noidu'
eontaining gas having an extremely small content of
dlketones can be attained by a_ very simple - and 1nexpensxve
proeedure. AS a result, the loss of methacrylxc acid during
the step for purification of methacrylie acid can be
decreased, the yield of wmethaeryliec ~aeid can be
substantially increased, and the production of methacrylic



Thr qugh t he gas inlet part of the forner-step catalyst bed, mﬂpgﬁLﬂmgNTSHEET
consi sting of 6.0% by vol ume of isobutylene, 13.2% by volune of oxy

10. 0% by vol une of steam and the bal ance of nitrogen gas wa§ sa®p).)
the fornmer-step catalyst at a space velocity of 1,600
Then, at the inlet to the latter-step catal yst bed, the feed gas was
repl eni shed with secondary air in such ap anount as to adjust the nolar
rati o of oxygen (02) to nethacrolein (MAL), [err] /MAL, to 2.5. The enpty
space extending fromthe | ower part of the catalyst bed in the latter-stage
reaction v §é?+ (Mkfarﬂyt 'a%t EQF]péLP&&e%%'ﬁ“ g t(o dde ¢ dIkBYOAR 1o g& the
reaction vesse a varyi ng sol | ing in |cate abl e
1 at a voi demwén& rﬁll%hl Wuaddityat eani pe hébtabhéd The Teig npeshpdl bas

was passed yhéApavietesti opithé® Hauvking conversion of .the produced
methaerylic acid to any other compound or suffering-

compounds foramed from diketones by one treatment or other to
affect adve”sely the quality of the produced methacrylic
acid.

The method of this invention for the production of
methacryliec acid c¢omprises simultaneously introducing at
least one compound selected from the ' group consisting of
methacrolein and isobutyl aldehyde and a molecular oxygen-
containing gas into a heat exchanger type shell-and-tube
reaction vessel packed with .an oxide c¢atalyst containing
molybdenum and phosphorus thereby effecting catalytie vapor-
phase oxidation reaction and/or catalytic vapor-phase
oxidative dehydrogenation reaction and consequently forming
‘'methacrylic acid, which wmethod is characterized by having
'the'empty space in the gas -outlet of the reaction vessel
packed with a solid Qacking. '

- The method of this invention for the production of
methacrylic acid comprises simultaneously introduecing at.
least one compound selected from the group consisting of
isobutylene, t-butanol, and methyl-t-butyl ether and a
molecular oxyged—containing gas into a first heat exchanger
type shell-and-tube reaction vessel packed with an oxide

' catalyst containing bismuth, molybdenum, and iron thereby
effecting catalytic vapor-phase oxidation reaction and
" consequently forming methacrolein mainly and subsequently
simultaneously introducing the resultant methacrolein-
containing gaseous reaction product and a molecular oxygen-
_containing gas into a second heat_eichanger type shell-and-
“tube type _beaction vessel packed. with -an oxide ecatalyst
- containing molybdenum and phdsphorus_ thereby effecting
‘catalytic vapor-phuse -uxidatlon reaction and consequently
forming methacrylic acid, which method is characterized by



_secpnds'fhrough the reaction vessel kebt at 310[err]. The r g@p@ﬂrgmgNTSHEzr

emanating fromthe reaction vessel was collected as condens and assa
for acetonyl acetone, one species of diketone. The results ar

ed
D&t@o\/\ﬂﬁcmﬁ
Table 1. In a blank test having absolutely no solid filler =5

enpty space of the gas outlet of the |latter- stable reaction vessel the _
gas emanating fromthe outlet of the catalyst bed was found to have
38 mol ppm of acetonyl acetone forned hased on the anpbunt of isobutylene
in the feed gas. The gas emanating-from tthe enpty space of the Qutlet of

t he Iatter-m;{@gfg maacté@ptyvemﬁie waa fldingast outldf eent ehd 2cdwd

ppm of acetoneyacat eto SbS edpaoc ;f’t@%ntsolid packin

In the case of this method, the empty_space in the
gas outlet of the first reaction vessel may be packed with a
solid packing when necessary.

The empty space in the gas outlet of the reaction-
vessel which 1is packed with the solid packing as
contemplated by this invention embraces the empty space
which remains in the catalyst tube after the tube has been
packed with the catalyst, the empty space which occurs in
the crown part of the reaction vessel, and the empty space
in the reaction gas outlet conduit connected to the crown
part. Though the idea of using a catalyst tube packed with
an inactive carrier of a ceramic substance has been known to
the art, the method of this invention which has originated

- in the special interest taken in the aforementioned behavior
of diketones manifested in the empty space of the outlet'of
! the crown part of the reaction vessel and which resides in’
paéking the empty space with a filler and conseguently
decreasing the inner volume of this empty space has never
existed to date. o _

Though the solid filler to be used in this invention
is not specifically defined, the following materials (1) to
(5) may be suitably used either singly or in the form of a
mixture of two or more members.

(1) Oxides contalnlng bzsmuth and molybdenum elements as
essential components.

(2) Oxides containing phosphorus and molybdenum elements
as essential components. | '
(3) Refractory inorganie materials such as alpha-
alumina, silica, siliga—alumina, zirconia, maghesia,-
_titania, silicon carbide, silicon nitride, and tin oxide. "

(4) -  Metallic materials such as .stainless steel, iron,
alumlnum, and -titanium, . :
(%) Refraotory inorganic mabterials or metallie material

having the surface treated with acidic compounds.
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of isobutylene in the feed gas. In the sanples of the bl ajkpt&esicanent BReE=T
present test, the conversion of isobutylene was 99.0 nol % #nd theéga -Eass
yield of nmethacrylic acid was 68.5 nol % i nvari ably, indica im@eapm”"gg _____ f 130
any discernible decrease in the yield of nethacrylic acid. '

a logical inference that the sequential reaction of nethacrylic acid in the
solid filler bed can be disregarded. 17 Amount of Void acetonyl acetone
Exanpl e Sol i d packing 2 ratio at outlet of solid

(% packi ng bed (mol ppm* " . ‘
The shape of the solid packing is8 not specifically

defined. The shapes which are generally adopted for
catalyst carriers and packing such as, for example, pellets,
heads, rings, honeycambs, spheres, plates, spibals, fibers,
and meshes fit for demisters can be cited as examples of the
shape usable effectively for the solid filler of this
invention.

As regards the shape of the solid packing for use in
tnis invention, the rodlike solid packing may be in the form
of a straight bar, a zigzag bar, a spiral bar, a polygonal
prism, or a circular column, for example, and the platelike
insert in the form of a ribbon, a zigzag plate, or a spiral
plate, for example. The platelike insert need not be in the
form of a perfect plate but may be in the form of a
reticular plate. As regards the size of the insert, the
overall length is desired to be in the range of 200 to 1,000
mm, preferably 250 to 500 mm and the width is desired to be
'such that the void ratio may fall in the following range.

' Though the void raftio of the empty space of ‘the gas
outlet of the former-stage or latter-stage catalyst bed
packed with the solid packing is suitably selected depending
on the particular shape of the filler to be used, it is
preferable to be in the range between 30 and 99.9% by
volume, preferably between 33 and 99.9 % by volume. The
reason for this range is that the formation of diketones in
the filler bed c¢an be effectively curbed and the
decomposition of .diketones therein c¢an be effectively
carried out when the void ratio is adjusted within this
range. _

The term "void ratio" as used 'in this invention
refers to what is defined by the following formula.

. Void ratio (%) = {(Inner volume of empty space -
‘volume of filler)/inner volume of empty space} x 100
' ' The effect which is manifested by the packing of the
solid packing in curbing the formation of diketones as
contemplated by this invention is considered to be



Exanpl e '1 Bi smut h- nol ybdenum t ype oxi de (rings 58

: AOEM ., E
outsi de dianeter, 10 mmin length, and 6 nmin through hol |g—%§g;§ff@l\ﬁs‘ﬁ5 T
Exanpl e 2 Phosphor us- nol ybdenum t ype oxi de 55 ateﬁf |2.$;DEEm

in outside dianeter, 10 nmin length, and 6 nun in through

Exanpl e 3 Silicon carbide type (rings 10 nmin 59 51 outsi de
diameter, 10 mmin length, and 6 mMmin through hol e di ameter Exanple 4
Al oha-al um na (pellets 10mmin outside 10 33 57 dianmeter and 10 mmin
| ength) Exanple 5 Silica-alumna.(spheres 10 mmin outside 34 49

di aneter) @Wiﬁ@le. g.%rcgllg.bgdﬁa%@iCQQb'éhogstJlgh@“derbr‘eésze in the60,
inner volume of the empty space in the gas outlet of the
reaction vessel. 1In consideration of this fact. coupled with
the fact that, as specifically demonstrated in Example 8 to
be cited hereinbelow, such a packing as a demister which is
not thought to be very effective in decreasing the inner
volune of the empty space exhibits a surprising effect in
curbing the formation of diketones, it is safe to infer that
the curbing of the formation of diketones is addit'ionally
ascribable to the extinction of radicals formed in the empty
cylinder due to collision thereof with the solid packing and
the local increase in linggr velooity of the gas flow due to
disturbance thereof causedpthe solid packing. _

Since the temperature of the filler bed is allowed’
to remain in the range between 200° and 380°C, the gas
produced by the reaction can be introduced in its unaltered
form into the packing layer. The retention time for the gas
fin- the empty space of the gas outlet packed with the filler
is preferable to be in the range between 0.1 and 30 seconds,
especially between 0.5 and 20 seconds., o

Though the method itself of producing methacrylic
acid aimed at by thils invention is not specifically defined,
the production may be accomplished by immediately bringing
the raw material gas containing methacrolein and isobutyl
aldehyde into contact with the latter-stage catalyst thereby
effecting vapor-phase oxidation reaction and/or vapor~phase

oxidative dehydrogenation reaction, for example. To be
specific, the method is desired to be carried out as
follows.’ ' '

A raw material gas containing 1 to 10% by volume of
at least one compound selected from the group consisting of
isobutylene, t«butanol., and - methyl-t-butyl ether, 3 to 20%
by volume of molecular oxygen, 0 to 60% by volume of steanm,
and such inactive gases as nitrogen and carbon dioxide is
supplied at a temperature (ecatalyst temperature in the
reaction vessel) in the range between 250° and U450° C,




outside'diaheter, 8 mmin length, and 7 mm in through hole

fror—— e

Exanpl e 7 Rasching rings of stainless steel (10 nm 86 68 i n_outsi

di aneter, 8
Dem ster of
Metal plate

the plate having 0.4 nm of thickness and 17 mmof width is folded in zigzag

mmin length, and 9.2 nmin through hol e di anet atD)atdExaz_Ia dEC 1996
stainl ess steel (40 kg/[err] of 99.5 70 densF

REFRESRIENT SHEET

J7 ™
made of SUS 304 having 30 99.5 75 mm of | ength wherein

shape at about 90 and 35 nmm of pitch betT@en top and top Exanple 10 Insert
havi ng structure at 17 mmof width 99.5 75 and 45 mm of pitch of the

sare mater | al.at PP Betucer IR 18T Bt P2EC 9BaLEC BTBYTE, %N the

| sobut yl ene

uppli
range between 300 and 5,000 heol, preferably between 500 and

4,000 hr~!, (STP) into a first heat exchanger type. shell-
and-tube reaction vessel packed with 2 bismuth-molybdenum-
iron-containing multi-component oxide catalyst ({former-stage
catalyst) intended mainly for formation of methacrolein and
optionally having a solid packing packed in the empty space
of the c¢rown part of the outlet for the gaseous reaction
product for the purpose of curbing the occurrence of
diketones zs by=products to effert farmer-atage reactinn and
produce a methacrolein-containing gas.

Then, a mixed gas prepared by adding secondary air,
secondary oxygen, or steam, when reguired, to the
methacrolein-containing gas obtained in the former-stage
reaction is supplied at a temperature (catalyst temperature
in the reaction vessel) in the range between 100 and 380°C,

" preferably between 150° and 350°C, at a space velocity in the
. range hetween 300 and 5,000 hr‘1, preferably between 500 and

4,000 hr—!, (STP) into a second heai exchange type shell-
and~tube reaction vessel packed with an oxide catalyst
containing molybdenum and- phosphorus (latter-stage catalyst)
intended for formation of methacrylic acid and optionally
having a solid packing packed in the empty space of the
crown part of the outlet for the gaseous reaction product
for the purpoée of c¢urbing the occurrence of diketones as
by-products to effect latter-stage reaction and produce
methacrylic acid. - o ' -

The catalyst to be used in the former-step reaction
is at least one oxide catalyst having bismuth, iron, and
molybdenum as its main components. The catalyst of the
following.compOSition proves particularly preferable.

. g Moa Wp 'B-J'.c_ Feq Ag Bf Cg Dh Ox
wherein Mo stands for rpolybdehum, W for tungsten, Bi for
bismuth, Fe for iron, A for at least one elemerit selected
from the group consisting of nickel and cobalt, B for at
least one element selected from the group consisting of



THI S SHEET HAS BEEN 18 Exanples 11 to 20 Production of neth ACTNT SHBET
carried out by repeating the procedures of Exanples 1 to 10 excepk éhﬂg

the sanme solid packings used in Exanples 1 to 10 were pl acef] Daiet.hé. 92 Cm
void ratios severally in the enpty space extending fromthe =

catal yst bed in the forner- stage reaction vessel to the crown part of the
reaction vessel and the gaseous reaction _product fromthe fornmer- stage
reaction was passed with a retention ti k€ of 9 seconds t hrough the reaction
vessel . In the blank test, the reaction gas emanating from

alkali metals, alkaline earth metals, and thallium, C for at
least one element selected from the group consisting of
phosphorus, tellurium, antimony, tin, cerium, lead, niobium,
manganese, and zinc, D for at least one element selected
from the group consisting of 'silicon, alumir;dm, titaniun,
and zirconium, and 0 for oxygen. Then, a, b, ¢, d, e, £, g,
h, and x respectively stand for the numbers of atoms of the
elements of Mo, W, Bi, Fe, A, B, C, D, and O such that,
where a is assumed to be 12, b_is in the range of 0 to 10, ¢
in the range of 0.1 to 10, d in the range of 0.1 to 20, e in
the range of 2 to 20, £ in the range of 0 to 10, g in the
range of 0 to 4, h in the range of 0 to 30, and x assumes a
numerical value to be fixed by the states of oxidation of
the elements.

The former-step catalyst may be in the form of
pellets produced by the use of a tableting machine or an
extrusion molder, for example, in the form of beads, or in
‘the form of rings containing a through hole, It may be
effectively used in the form of a composite having a
catalytic substance deposited on a refractory carrier.

The latter-step catalyst is only required to beée an
oxide catalyst containing molybdenum and phosphorus as main
componénts. It is preferable to contain a phosphomolybdic
acid type heteropolyacid or a metal salt thereof. tThe
catalyst of the following composition proves particularly
preferable. | ' | |

| - Moa Pp Ac Bd Ce Df Ox
wherein Mo stands for molybdenum, P for phosphorus, A for at
least on element selected from the group consisting of
arsenico, antimony, germanium, bismuth, zirconium, and
~ selenium, B for at least one element selected from the group
_congisting of copper, iron, chromium, nickel, manganese,
cobalt, tin, silver, zine, palladium, rhodium, and
tellurium, C for at least one element selected from the
group consisting of vanadium, tungsten, and niobium, D for
at least one element selected from the group consisting of



the forner-stage reaction vessel

n- the amount of isobutylene fed to the reaction. The
reaction are shown in Table 2. In this table, the amount of
A represents the value found of the gas which had passe
packing in the outlet of the former-stage reaction vessel

1§§§£L;?q% gon

was found to contain 472 noj Rﬁﬂ&mC”BE§BHSHE=T

acetonyl-acone B the value found of the gas which had passed the solid
packing in the latter-stage reaction vessel. TH'S SHEET HAS BEEN 19

Table 2

alkali metals, alkaline earth metals, and thallium, and O
for oxygen. Then, a, b, ¢, d, e, £, and x respectively
stand for the atomic ratio of Mo, P, A, B, C, D, and -0 such
that, where a is assumed to be 12, b is in the range of 0.5
to 4, ¢ in the range of 0 to 5, d in the range of 0 to 3, e
in the range of 0 to U4, f in the range of 0.01 to &, and x
assumes a numerical value to be fixed by the states of
oxidation of the component elements. _

The form in which the catalyst is used is not
eritical, This catalyst may be in the form of c¢ylinders,
in the form of hollow spheres, or in the form of beads. Of
course, this catalyst may be used in the form of a composite
having a catalytic =substance deposited on a refractory
carrier. '

When methacrylic acid is prodﬁced using
isobutylaldehyde as a reaction raw material, a reaction may

be carried out under a similar reaction condition using a

isimilar reactor to one used in oxidation of methacrolein,

the latter-step catalyst and a solid packing:

Now, the present invention will be desembed more

specifieally hereinafter with reference to working examples,
but is not limited by these examples.

Examples 1-10

(Preparation of former-step catalyst)

Separately, 7.0 kg of cobalt nitrate was dissolved

in 2 liters of distilled water, 2.4 kg of ferric nitrate and
0.6 liter of concentrated nitric acid in 2 liters of
distilled water, and 2.9 kg of bismuth nitrate in 3 liters
of distilled water adidified to prepare three nitrate
solutions. Separately, 9.5 kg of ammonium paramolybdate and
4.9 kg of ammonium paratungstate were dissolved in 15 liters
of water under heating and stirring, and a liquid obtained

'by dissolving 2.4 kg of 20% silica sol and 76 g of sodium

nitrate in 1.5 liters of distilled water was added to the

mixed aqueous solution obtained as describéd above. The

Suspension consequently produced was heated and stirred for

and the anmount of




Amount of acetonyl acet one Amount of acetonyl acetone A (nol qﬁghé%fﬁpkfngwr
B (nol ppm)* Exanple 11 77 _

Z 47 Bxaml ¢ 13 87 210
50 Exanple 14 ' 90 55 Exa

79 46 Exanple 16 92 .

56 Exanple 17 103 14 66 Exanple 18

107 70. Exanpl e 19 110

76 Exanple 20 110 ' 76 *

Amount fornEQVaBgﬁggi8H.the ?ﬂgunPeOBI Pu“ylenLufu%Ql evapora ion was

molded and then calcined under a current of air at 450°C for
six hours to prepare a catalyst. The metal composition of
this catalyst in atomic ratio was as follows. - .

Coy Feq Bit1 W3 M09 Si1, 25 Nag.

(Preparation of latter-step catalyst) '

In 40 liters of heated water, 17.7 kg of ammoniunm
paramolybdate and 1.9 kg of ammonium metavanadate were
stirred and dissolved. To the resultant solution, Y4 kg of
pyridine and 1.25 kg of phosphoric acid (85% by weight) were
added and then a mixed solution obtained by dissolving 11 kg
of nitric acid, 1.8 kg of strontium nitrate, 2.5 kg of
calcium nitrate, and 0.4 kg of copper nitrate in 220 liters
of water was added. The resultant mixture was stirred and
heated to be c¢oncentrated. The c¢layish substance
consequently obtained was molded in a e¢ylindrical form of 5

imm ¢ x 5 mm L (g: diameter, L; long), dried at 250°C, and
caleined under a current of nitrogen at 450°C for four hours
~and under a current of air at 400°C for two hours.
Consequently, there was obtained -a catalyst oxide. The
composition of this catalyst except for oxygen in atomic
ratio was as follows. '
P1.3 Mo12 V2 Sri,0 Ca1,5 Cug.2

(Method of reaction) :

-In a reactor formed of 24 stainless steel
reaction tubes 25.% mm in inside diameter and 5,000 mm in
length and adapted to effect exchange of heat through
circulation of molten salt, the aforementioned former- -step
catalyst was packed in the form of a bed 1,700 mm in hexvht

~and heated to 340°C,

In a separate reactor formed of 24 stainless steel
reaction tubes 25.0 mm in inside diameter .and 4,000 mm in
length and adapted to effeect exchange of heat through
Circulation of molten salt, the aforementioned lattef-step
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20 Exanple 21: Methacrylic acid was produced in the pre.eﬁgﬁi%?C%ENTSHEET
catal yst contai ning phosphorus and nol ybdenum (I atter-stag catalgf
following the procedure of Exanple 1, except that the usg| Bfetpdr ¥ om0

former-stage reaction vessel was omtted and isobutyl al yde was used
as the raw material for reaction in the place of nmethacrolein and this
raw material was introduced to the inl of the latter-stage reaction
vessel . In the blank test, the gas emanating from the reaction vessel

was found to contain 253 nol . ppm of acetonyl acetone based on the
'grgﬁﬂthognlﬁb%gztgktsége% d§8%a§§ Egééqﬁnafeaﬂgégb%?g %amgﬂkfﬂgpefhatgas
emanat i ng f rodh heatedl Ed BilP'&r bed was found to contain 42 nol ppm of
acetonyl acet one based on fhe,aqpuBl 5 0f 1oyt &l o il defy e fi_ﬂ@er'cop_-riected
with a conduit provided with nozzles for introduction of a
molecular oxygen-containing gas and steam 2and further
provided with a heat-exchanger, so as to permit introduction
of the gas formed by the reaction in the reactor containing
. the former-step catalyst into the reactor containing the
latter-step catalyst.

Through the gas inlet part of the former-step
catalyst bed, a mixed gas consisting of 6.0% by volume of
isobutylene, 13.2% by volume of oxygen, 10.0% by volume of
steam, and the balance of nltrogen gas was supplled to the
former-step catalyst at a space velocity of 1, 600 hr-1
(STP). _

Then, at the inlet to the latter-step catalyst bed,
the feed gas was replenished with secondary air in such an
‘amount as to adjust the molar ratio of oxygen _(02) to
methacrolein (MAL), 02 /MAL, to 2.5.

' The empty space extending from the lower part of the
catalyst bed in . the latter-stage reaction vessel (the outlet
for the reaction gds) to the crown part of the reaction
vessel was packed with a varying solid packing indiecated in
Table 1 at a void ratio similarly indicated in the table,
The raw material gas was péssed with a retention time of 7
seconds through the reaction vessel kept at 310°C.

‘The reaction gas emaﬁating from the reaction vessel
was collected as condensed and assayed for acetonylacetone,
one species of diketone. The results are shown in Table 1.

In a blank test having absolutely no solid filler
placed in the empty spaee of the gas outlet of the latter-
.8table reaction vessel, the gas emanating from the outlet of
the -eataiyst bed was found 'tO"have 38 mol ppm of
acetonylacetone formed based on the amount of isobutylene in
the feed gas. The gas emanating from the empty sSpace of the
outlet of the latter-stage reaction vessel was found to



CELACTSEER
to the reaction. Exanple 22 Methacrylic acid was produced b R i nN
procedure of Exanple 1, except that t-butanol was used as traﬂ

in the place of isobutylene. 1In the blank test, the gas em

reaction vessel was found to contain 295 nol ppm of acetonyl acetone based
on the anount of the raw nmaterial fed to the reaction. -Wen a

bi smut h- nol ybdenum type oxi de was used ijgstead as the solid filler, the
anount of acetonyl acetone contained in the reaction gas emanating fromthe
solid filler bed was 48 nol ppm based on the . anmount of the raw materi al

fed to theo@aatinomnrgEXRHD! E%.%Bowbtamrowl%c&%in@ eed PERAYREd arYint

Foll ow ng - the Bgeedlis O PATPLe A (X0 A BT Uyl Gyigy ves

e feed gas.
test and the present test, the conversion of isobutylene was
99.0 mol% and the per-pass yield of methacrylic acid was
68.5 mol% in&ariably, indicating absence of any discernible
decrease in the yield of methacrylic acid. This fact allous
a logical inference that the sequential reaction of

methacrylic acid in the solid filler bed can be disregarded.



used as the raw material in the place of isobutylene. I Nt heREFH A AENTT SHEET

the gas fromthe reaction was found to contain 283 nol ppmo
acetonyl acet one based on the anount of ,the raw nmaterial fed. } @atmeZBUEC .........
reaction. When a bi smut h- nol ybdenum type oxi de was used i} 3 '
sol i d packi ng, 21 the reaction gasﬂé‘_fﬁﬁn'ati ng fromthe solid packing bed

was found to contain 47 nol ppm of acetonyl acetone based on the anount of

the raw naterial 1ed to the reaction. Exanple 24 Methacryl1,c acid was
produced by folloying the procedure of Exanple 1, lexcept| t hatnodwe c§anme
solid packing as usgd in Exanple 1 was placed in a vagi ¥ofdtji:Qc0fnd886thAe
Fxample -~ Solid packing ratio | atoutletofsolid
' (%) packing bed
(rno.l. ppm)¥
Example 1 | Bismuth-molybdenum type oxide (rings 58 49
10 mm in outside diameter, 10 ;m in
length, and 6 mm in thkrough hole
diameter
Example 2 Phosphorus-molybdenum type oxide 55 47
(rings 10 mm in outside diameter, 10 mm
in length, and 6 mm in through hole
diameter
Example 3 Silicon carbide type (rings 10 mm in 59 51
outside diameter, 10 mm in length, and 6
mm in through hole diameter
Example 4 | Alpha-alumina (pellets 10 mm in outside | 83 57
diameter and 10 mm in length)
Example 5 | Silica-alumina (spheres 10 mm in outside | 34 49
' diameter)
_Exampie 6 Porcgla.ixi Ragching rings (10 mm in 52 60
outside diameter, 8 mm inlength ,and 7
mm in through hole diameter ) |
Example 7 | Rasching rings of stdinless steel (10 ram 86 68
in outside diameter, 8 mm in length, and
9.2 mm in through hole diameter )
Example 8 | Demister of stainless steel (40 kg/m3of | 89.5 70
' - density) :
Example 9 | Metal plate made of SUS 804 having 30 -| 99.5 75
mm of length wherein the plate having
0.4 mm of thickness and 17 mm of width is
folded in zigzag shape at about 20°and 85 |
_ mm of pitch between top and top |
Example 10 | Insert having structure'at 17 mm of width | 99.5 75
. " and 45 mm of pitch of the same material ' '
of Example 4.

* Amount formed, based on the amount of isobutylene supplied.



the enpty space extending fromthe outlet of the catalyst beﬁ'yﬁffﬁé??"ff_‘”““}
forrer-stage reaction vessel to the crown part of the former|] Jtagé  redett HHEET |
vessel and t-butanol was used as the raw material for the rgaction i?LH
place of isobutylene. In the blank test, the gas enman i9%F¥+go b RE
former-stage reaction vessel was found i® contain 463 nol ppm of '
acetonyl acetone based on the anopunt™ of the raw material fed to the
reaction. When the solid filler was placed in the outlet parts of both
the fornmer-stage and :latter-stage reaction vessels, the gas enmanating
fromthe outtehpl©f thetborger-stage reaction vessel was found to
contain 40 nmol ppm gf acetonyl acetone and the gas.fromthe outlet _of the
Praug i 5 e

| atter-stage reactio §88) %i5gte _qcp%ﬁﬁﬁ %%%eéffbe??rﬁég%dOB
anount of tiwepeawim@t hiealprfeegdusesheod eBxephes 1 to 10, except that

the same solid pagkings used in Examples 1 to 10 were placed
in the same vold ratios severally in the enmpty space
extending from the outlet of the catalyst bed in the former-~

stage reaction vessel to the crown part of the reaction
vessel and the gaseous reacticn product from the former-
stage reaction was passed with a2 retention time of 9 seconds
through the reaction vessel,
| In the blank test, the reaction gas emanating from
the former-stage reaction vessel was found to contain 472
mol ppm based on the amount of isobutylene fed to the
reaction. _

The results of the reaction are shown in Table 2.
In this table, the amounit of acetonylacetone A represents
the value found of the gas which had passed the  solid
ipacking in the outlet of the former-stage reaction vessel
and the amount of acetonylaebne B the value found of the gas
which had passed the solid packing in the latter-stage
reaction vessel.



Exanpl e 25 Methacrylic
of Exanpl e 1,

found to contain 447 nol

raw material fed to the reaction.

~acid was

in the place of

Table 2

produced by
except that the sanme solid packing as used jn
placed in a void ratio of 58%in the enpty space extending |
of. the catalyst bed in the forner-stage reaction vessel to

of the fornmer-stage reaction vessel and nethyl-t-butyl
instead as the raw materi al
the gas emanating fromthe outlet of the fornmer-stage reaction vessel was

ppm of acetonylacetone based on the amount of the
When the solid packing was

foll ow ng

i sobut yl ene.

et her was _
In the bl ank test,

tglxtg'm't‘g@?@lﬁf ?EET
mmnz he 3041&1995

used

Amount of acétonylacebone

Amount of acetonylacetone

E::mnplé A (mol ppm)* B (mol ppm)*
Exarmple 11 7 47
Example 12 74 &7
Example 13 87 50
Example 14 90 %5
Example 15 79 46
Example 16 92 26

i Example 17 103 66
Example 18 107 70
Example 19 110 76
‘Example 20 | - 110 6

* Amount formed, based on the amount of isobutylene supplied.



22 placed in the outlet .part of both the forner-stage % s prn
| atter-stage reaction vessels, the gas emanating fromthe qq%ﬁfua‘%ﬁgTQHEsT

reaction vessel was found to contain 39 nol ppmof acetony 31%31_9“2330@19%
the gas from the latter-stage reaction vessel 45 nol pppof® =M T

acetonyl acet one, respectively based on ide anmount of the raw nmaterial fed
to the reaction. 23 METHOD FOR - PRODUCTI ON OF METHACRYLI C ACI D WHAT IS
CLAI MED 1. A method for the production of nmethacrylic acid
conprising the steps of sinultaneously introducing at |east one conpound
sel ected fmemmptike21group consisting of

Methacrylic acid was produced in thé presence of a
catalyst containing phosphorus and molybdenum (latter-stage
catalyst) by following the procedure of Exanmple 1,:éxcept
that the use of the former-stage reaction vessel was omitted
and isobutyl aldehyde was used as the raw material .for
reaction in the place of methacrolein and this raw material
was introduced to the inlet of the latter-stage reaction
vessel. In the blank test, the gas emanating from the
reaction vessel was found to contain 253 mol ppm of
acetonylacetone based on the amount of isobutyl aldehyde
used as the raw material. When a bismuth-molybdenum type
oxide was used instead as a solid packing, the gas emanating
from the solid filler bed was found to contain 42 mol ppm of
acetonylacetone based on the amount of isobutyl aldehyde fed
to the reaction.

Example 22

‘Methacrylic acid was produced by following the
procedure of Example 1, except that t-butanol was used as
the raw material in the place of isobutylene. In the blank
test, the gas emanating from the reaction vessel was found
to contain 295 mol ppm of acetonylacetone based -on the
amount of the raw material fed to the reaction. -When a
bismuth-molybdenum type oxide was used instead as the solid

filler, the amount of acetonylacetone contained in the
reaction gas emanating from the solid filler bed was 48 mol
ppm based on the amount of the raw material fed to the
reaction. ' -

Example 23

Methacrylic acid was produced by following the
procedure of Example 1, except that methyl-t-butyl ether was
used as the raw material in the place of isobutylene., In
the blank test, the gas from the reaction was found to
contain 283 mol ppm of acetonylacetone based on the amount
of the raw material fed to the reaction. When a,bismuth—

‘molybdenum type oxide was used instead ashafsolid packing,



met hacrol ein and i sobutyl al dehyde and a nol ecul ar oxygen- bntatmanghgagﬁazT
i ntd a heat exchanger type shell-and-tube reaction vessel pdcked w
oxi de catal yst containi ng nol ybdenum and phosphorus thereby |ebiect.if@. XEY NI
catal ytic vapor- phase oxidation reaction and/or catalyth
oxi dative dehydrogenation reaction and consequently forming nethacrylic
acid, which method is characterized by,having the enpty space in the gas
out | et part of said reaction vessel with a solid packing. 2. - A net hod
according to claim 1, wherein the void ratio in the enpty space of the

gas outlet pgpt r%%e%nw thssahdng@ling frirdmertines h@ll@eg"g%kﬂmb%d@eﬂago
and 99. 9% bé vol umne. AI et hod accprdlolfq Q:H CA aim %b
wherei n sai °EBF|8°p§@ﬂ9ﬁjQxﬂuﬂ@9% RA™ | Yp€ O%Yiﬁﬁ ongRfsed gon the
refractory anouganbe ﬂBEEPBa|PaQErﬁBlatédCuﬂﬁﬁmﬂIQﬂaCt1Oﬂ._

Example 24 '

Methaerylic acid was produced by follawing --the
procedure of Example 1, except that the same solid packing
as used in Example 1 was placed in a void ratio of 58% in
the empty space extending from the outlet of the catalyst
bed in the former-stage reaction vessel to the crown part of
the former-stage reaction vessel and t-butanol was used as
the raw material for the reaction in the place of

isobutylene.

In the blank test, the gas emanating from the
former-stage reaction vessel was found to contain 463 mol
ppm of acetonylacetone based on the amount of the raw
material fed to the reaction. When the solid filler was
placed in the outlet parts of boﬁh the former-stage and
ilatter-stage reaction vessels; the gas emanating from the
outlet of the former-stage reaction vessel was found to
contain 40 mol ppm of acetonylacetone and the gas from the
outlet of the latter~stage reaction vessel 50 wol ppm,
respectively hased on the amount of the raw material fed to
the reaction.

Example 25 _

Methacrylic acid was produced by following the
procedure of Example 1, except that the same solid pagking
as used in Example. 1 was placed in a void ratio of 58% in
the empty space extending from the outlet of the ceatalyst
bed.in the former-stage reaction vessel to the crown part of
the former-stage reaction vessel and methyl-t-butyl ether
was used instead as - the raw material in the. place of

. isobutylene. ' : g

- In the blank test, the gas emanating from the outlet 
of the former-stage reaction vessel was found to contain Ju7
wol ppm of acetonylaéetone based on the amount of the raw
material fed to the reaction. When the solid packing was



4. A nmet hod according to claim3, wherein said solid fi 'i@!’éPiﬁ&?'a‘f?ﬁ SHEET |
in the shape-of pellets, beads, rings, honeyconbs, sheres, pljates, spir 6,
fibers, or neshes. 5. A nmethod for the production o ﬁﬁ&hﬁ.ﬂ.lg ______ gﬁﬁ.
aci-d conprising the steps of sinultaneously introducing at |

conpound sel ected fromthe group consisting of isobutylene, t-butanol,

and nethyl-t-butyl ether and a nolecular oxygen-containing gas into a
first heat exchange type shell-and-tube reaction vessel packed with an

oxi de catal yst containing bisnuth, nolybdenum and iron thereby

ef fecting Gzh&ﬁqﬁtitn viaper -pitaset  gairdat 06n batdacthen {arme rcontsegpiersddy
formng  mahaehals %'a%n FBLBLYon VdWRIY w&ﬁ@ngaysléﬁadatr%d%wg e

resul t ant gpthacro ei’n- contai ning gaseous Jeaction pro
nol ecul ar oXPIERT -SSRES RiSRG Wﬁ%?%%é@%bn&dﬁéaﬁ°e£8ﬁéﬁ@é 59p@°1 ppn
shel | -and- tofbe aceashiyoaceassed thwed ebyhef fgesi ngremt atyéi clyeper—phase

reaction vessel Y45 mol ppm of acetonylacetone, respectively

based un the amount of the raw material fed to the reaction.
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24 oxidation reaction and consequently formng met hacr

whi‘ch neth ' i|Wed by having the enpty space of §
outlet of 1mu‘um1lnﬂum|r| ction vessel packed with a sol
A. method actorditg "to®claim5, wherein thé enpty space i
of said first reaction vessel is packe#Bwith said solid packing. 7.

A nmethod according to claim5, wherein the void ratio in the enpty
space of the gas outMEREGEL AR REODCTIQNOFqMEHHAGR AghCIR
range between 30 and 99.9% by volune. 8.
claim5 or w¢er my,cwhaiEd n

1. ‘A method for the production of methacrylic acid
comprising the steps of simultaneously introducing at least
one compound selected from the group oonsistihg of
methacrolein and isobutyl aldehyde and a molecular oxygen-
containing gas into a heat exchanger type shell-and-tube
reaction vessel packed with an oxide catalyst c¢ontaining
molybdenum and phosphorus ther'eby effecting catalytic vapor-
phase oxidation reaction and/or catalytic vapor-phase
oxidative dehydrogenation reaction and consequently forming
methacrylic acid, which method is characterized by having
-the emogetay space in the gas' outlet part of said reaction
vessJ?Awith a solid packing.

2. A method according to claim 1, wherein the void
ratio in the empty space of the gas outlet part packed with
said solid filler is in the range between 30 and 99.9% by

B A0
A nmet hod according to

volume. ;

3. A method according to elaim 1 or claim 2, wherein
sald solid packing consists of lumps of a metal oxide, a
refractory inorganic material, or metallic material.

h, A method according to claim 3, wherein said solid
filler 1s formed in. the shape of pellets, beads, rings,
honeycombs, sheres, plates, spirals, fibers, or meshes,

5. A method for the production of methacrylic acid
comprising the steps of simultaneously introducing at least
one compound selected from the group consisting of
isobutylene, t-butanol, and methyl-t-butyl' ether and a
molecular oxygen-containing ga's into a first heat exchange
type shell-and-tube reaction vessel packed with an oxide
catalyst containing bismuth, molybdenum, and iron thereby
effecting catalytic vapor-phase oxidation reaction and
consequently forming methacrolein mainly, then
" simultanecusly introdueing the resultant methacrolein-
containing gaseous reaction product and a molecular oxygen-
containing gas into a second heat exchahge type shell-and-~
tube reaction vessel thereby effecting catalytic -vapor-phas.e :

L]



said solid pack s of Iunps of a netal oxide, a reFr%EPHﬁ%FMENTSHEET
i not gani ¢ mat er w@ﬂmwuuﬂ material . 9. A net hod Equq or di ?gat gEc J

claim 8, mherel is formed in the shape of g Bt

.................

beads, rings, honeyconbs, spheres pl ates, spirals, fibers, or neshes.
. : 2 4 -

oxidation reaction and conscquently forming methacrylic
acid. which method is characterized by having the empty
space of the gas outlet of said second reaction vessel
packed with a2 s0iid packing. : -

6. A method according to claim 5, wherein the empty
space in the gas outlet of said first reaction vessel is
packed with said solid packing. -

7. A method according to claim 5, wherein the void

ratio in the empty space of the gas outlet packed .with said
solid packing is in the range between 30 and 99.9% by
volume, . , _

8. A method according to claim 5 or c¢laim 7, wherein
said solid packing consists of lumps of a metal oxide, a
refractory inorganic material, or metallic material.

9. A method according to elaim 8, wherein said solid
filler is formed in the shape of pellets, beads, rings,
honeycombs, spheres, plates, spirals, fibers, or meshes.
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METHOD FOR PRODUCTION OF METHACRYLIC ACID

. ABSTRACT -

A méthod for the production of methacrylic acid
'oompr131ng the steps of simultaneously lntrodue‘ng ‘at’ least
one compound - selected from the group consistlng of
‘methacrolein and isobutyl aldehyde and. a molecular oxygen-
" containing gas into a heat exchanger type shell-and-tube
reaction vessel' packed with an oxide catalyst containing
molybdenun and phosphorus thereby effecting catalytic vapor-
phase oxidation reaction and/or catalytic vapor-phase
oxidative dehydvogenation reaction and consequently forming
methacrylic acid, which method is characterized by having
the empty space in the gas outlet part of said reaction
vessel with a solid filler.



