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TITLE OF THE INVENTION

Catalyst for use in producing carboxylic esters

BACKGROUND OF THE INVENTION

Technical Field

The present invention relates to a catalyst for
use in producing a carboxylic ester from an aldehyde,
an alcohol and moleculaf oxygen, a method for producing
the catalyst, and a me;hod'for the production of a |
carboxylic ester by'using the'catalysf; More particu-
larly, the present invention is concerned with a novel
catalyst which comprises a carrier having supported
thereon.pélladium and lead in a specific atomic ratio,
and which exhibits a maximum intensity peak at a dif-
fraction angle (28) in a specifié range in a bowder X-
ray diffractién pattern thereof. The present invention’
is also concerned with a method for producing the.
catalyst and a-method for the continuous production of
a carboxylic ester from an aldehyde, an alcohoi and
molecular oxygen by using the catalyst. In the produc-
tion of a carboxylic ester using the catalyst of the
present invention, the desired carboxylic ester can be
obtained with high selectivity even when the reaction;
is conducted under high temperature and high aldehyde

concentration conditions. Further, the catalyst of the
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present invention exhibits high mechanical strength and
high corrosion resistance. In the continuous method
for producing a carboxylic ester using the catalyst of
the present invention,.the desired carboxylic ester can
be produced with high efficiency and in high yield for
a prolonged period of time.
Prior Art

Methods for producing methyl methacrylate or
methyl acrjlate, which is commercially useful, have
already been practiced on a commercial scale. For
example, a method for producing ﬁethyl methacrylate has
been commercially practiced in which methacrolein is
oxidized with moleculaf oxygen to produce methadrylic
acid and then, the methacrylic acid produced is reacted
with methanol to produce methyl mefhacrylate. As a’
result of various attempts for improving catalysts.over )
many years, the yield of methacrjlic acid in the above-
mentioned step of oxidizing methacrolein has been
improved to some extent, namély to a value in the range
of from 80 % to 85 %, which is, however, still unsatis-
factory from the commercial viewpoint. Therefpre, with
respect to the yield_of methacrylic acid in the above
step, a further improvement has been desired. .Further,
heteropolyacid catélysts, which are conventionally used

in the above reaction for oxidizing methacrolein to
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produce methacrylic acid, have problems in that they
have poor thermal stability, so that the heteropolyacid -
catalysts are gradually decomposed at the reaction
temperatures. It has been reported that improvementé
havé been made in the thermal stability of heteropolya-
cids. However, it is generally considered that even
such improved éatalysts are still unsatisfactory in
catalytic life when used in commercial practice for the
production of methacrjlic acid from methacrolein.

On the other hand, a new process for producing
methyl methacrylate or methyl acrylate has been at-
tracfing attention, in which methacrolein or acrolein
is ieacted with methanol and molecular oxygen to there-
by produce methyl methacrylate or methyl acrylate by a
single-step process {hereinafter, methacrolein and
acrolein are frequently collectively referred to as
"(meth)acrolein", and methyl methacrylate and methyl
acrylate are frequentiy collectively referred to as
"methyl (meth)acrylate"}. In this process of reacting
(meth)acrolein with methanol and molecular oxygen, it
is essential to use a catalyst containing palladium. |

Conventionally, the above-mentioned single-step
process has a problem in that an aldehyde decomposition
reaction occurs as a side reaction fo thereby by-pro-

duce a hydrocarbon and ‘carbon dioxide gas, so that the
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yield of a carboxylic ester as the desired product is
low. This method is also disadvantégeous in that the
alcohol undergoes oxidation as a side reaction to by-
produce an aldehyde which is different from the alde-
hyde used as a starting material, and the by-produced
aldehyde causes formation of an undesired carboxylic
ester which is different from the desired carboxylic
ester, so that the selectivity based on the alcohol is
also poor (for example, when the alcohol is methanol,
methyl formate is by—p;oduced as an undesired carboxy-
lic ester, and when the alcohol is ethanol, methyl
acetate is by-produced as an undesired carboxylic
ester)._ Further, fhere is also a disadvantage.that the
conventional catalyst cannot maintain its activity for
a long period of time. . Especiaily when a commerciélly
valuable process for producing a carboxylic ester from
an a-B—unsaturated aldehyde {such as (meth)acrolein} as
a starting material, is practiced, a large amount of
decomposition products is produced, such as carbon
dioxide gas and an olefin (which is propylene when
methacrolein is used as a starting material). Thus,
this brocess-has not been successfully practiced.

In Examined Japanese Patent Application Publica-
tion (Japanese Kokoku) Nos. 57-035856, 57-035857, and

57-035859, the présent inventors proposed a catalyst
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gontaining palladium and lead, and showed that, in the
production of a carbdxylic ester using thié catalyst,
the selectivity for methyl (meth)acryléte based on
(meth)acrolein can be largely improved to a level as
high as more than 90 %. However, with this cafalyst,
the seleétivity for methyl (meth)acrylate is low when
the reaction témperatﬁre is 50 °C or more, so that it
is difficult to produce methyl (meth)acrylate with high
economical efficiency.

Subsequently, in Examined Japanese Patent Applica-
tion Publication (Japanese Kokoku) No. 62-007902, the
present inventors proposed a catalyst comprising an
intermetallic compound in which palladium and iead are
bonded to each other in a simple integral ratio. In
this Japanese patent document, the present inventors
showed that, in the pfoduction of a.carboxylic'estér'
using this catalyst, the decomposition of (mefh)acro-
lein is almost completely suppressed, and the catalyst
activity can be maintained for a'prolongéd period of
time.

The new single-step process using these new types
of catalysts has also an advantage in that the process
can be perfofmed in one step, as compared to the con-
ventional two-step process in which a desired carboxy-

lic ester is prodﬁced via (meth)acrylic acid and in
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which the yield of the desired carboxylic ester and the
life of the catalyst are still unsatisfactory. There-
foré, it has been desired that the new single-step
process be commercialized as a new method for producing
commercially useful raw materials for various valuable
polymers.

However, when the production of, for example,
methyl methacrylate (MMA) is conducted, using the
above-mentioned new catalysts;_under economically
advantageoué reaction conditions necessary for commer-
cially practicing fhe new method, i.e., under.reaction
conditions such that the reaction temperature is as
high as 50 °C or more and the methacrolein condentra-
tion of the reaction system is as high as 20 % or more,
not only does the selectivity for MMA become low, but
also the by—productioh of methyl formate due to the

oxidation of methanol is sharply increased. For exam-

ple, Examined Japanese Patent Application Publication

(Japanese Kokoku) No. 62-007902 shows that not only can
an MMA selectivity exceeding 90 % be achieved, but also
the by-production of methyl formate is suppressed to a
level as low as 0.03 to 0.06 mole/mole of MMA. Howev-
er, these favorable results can be obtained only when
the reaction is conducted under moderate reaction

conditions such that the methacrolein concentration of
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the reaction system is as low as 10 % or less and the
reaction temperature is as low as 40 to 60 °C. When
the reaction is conducted under such moderate reaction
conditions, the MMA concentration of the resultant
reaction mixture is low and, hence, the recycling of a
large amount of unreacted methanol inevitably becomes
necessary, so that a large amount of vapor becomes
necessary for recycling the unreacted methanol. In
addition, in this case, since the productivity of the
method is low, it is necessary to use a reactor having
a large volume. Therefore, this proposal is economi-
cally disadvantageous.:'For obviating the above econom-
ical disadvantages of_the reaction, it is desired to
increase the methacrolein concentration of tﬁe reaction
system as much as possible and elevate the reaction
temperature to a level as highras possible. Examined
Japanese Patent AppliCation Publication (Japanese
Kokoku) No. 5-069813 shows a reaction example in which
the methacrolein concentration of the reaction system
is 20 % and the reaction temperature is 80 °C. Howev-
er, in this reaction cdnducted under such high metha-

crolein concentration and high reaction temperature

-conditions, it is impossible to obtain a MMA selectivi-

ty, based on methacrolein, as high as more than 90 %.

Further, in this reaction conducted under the above
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severe reaction conditions, a marked by-production of
methyl formate occurs in an amount as large as 0.0923
mole/mole of MMA, which is about 2 times the amount of
methyl formate by-produced in the reaction conducted
under the above-mentioned moderate reaction conditions.
Moreover, when this reaction is conducted under more
severe reaction conditions such that the methacrolein
concentration is incréased up to 30 %, a decomposition
reaction of methacrolein is likely to occur, so that
the MMA selectivity based on methacrolein becomes
further lowered. |

Palladium is a precious metal and expensive and,
hence, when palladium is used as a component for a

catalyst, palladium is usually used in the form of a

'composition comprising‘a carrier having palladium which

is dispersedly supported on the carrier. The selectidn
of an appropriate carfier is extiemely_important. In
Unexamined Japanese Patent Application Laid-Open Speci-
fication (Japanese Kokai) Nos. 57-35856, 57-35857,'57—
35858, 57-35859 and 57-35860, activated carbon, siiica,
alumina, calcium carbonate and the like are mentioned
as examples of carriers in conpection wifh the method
for producing a carboxylic ester by reacting an alde-
hyde, an alcohol and oxygen in the presence of a pal—'

1adium-containing'catalyst. In order to examine wheth-
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er or not catalysts emﬁloying these carriers can be
used for a éommercial production process, the present
inventors made intgnsive_studies on palladium catalysts
employing these carriers. As a result, they found that
these catalysts are not completely satisfactory with
respect to the catalyst life under the reaction condi-
tions. Specifically, it was found that when the reac-
tion is conducted using an activated carbon-carried
palladium catalyst in a slurry form in an agitation
type reactor or a bubbie column reactor (which is fre-
quently employed in a commercial production process),
the activated carbon carrier is unsatisfactory in
mechaniqal strength. Further, it was found that
although an alumina carrier has high mechanical
strength, an alumina carrier has an inherent disadvan-
tage in that if is corroded with an acidic substance,
such as methacrylic acid or acrylic acid, which acidic
substance is a typical by-product of the reaction, so
that the expensive paliadium supported on the alumina
carrier is likely to come-off from the carrier. It was
also found that a calcium carbonate carrier is more
likely to be corroded with an acidic substance than an
alumina carrier and, hence, is unsuitable fdr use in a
commercial production process. With respect to a

silica carrier, an unfavorable phenomenon was observed
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such that the silica carrier is gradually corroded with
water present in the reaction system, causing the
silica to be dissolved out in the reaction system.
Thus, this suggests that a silica carrier cannot be
stably used for a long period of time. Further, it was
found that a silica cérrier has poor mechanical
strength, as compared to an alumina carrier. As appar-:
ent from the above, a catalyst carrier which has not
only high mechanical étrength and high physical stabil-
ity, but also high chemical stability such that it is
not susceptible to corrosion with water, an acidic sub-
stance and an alkaline substance, has not yet been
proposeq.' |

It has been reported that, in an éttempt to im-
prove the mechanical sfrength and hydrolysis resistance
of a silica carrier, a silica gel is modified by, for.
example, changing the production method of a silica gel
or subjecting a silica gel to éintering. However,
there is no report fhat both of the mechanical strength
and hydrolysis resistance of a silica carrier can be
improved simultaneously without impairing the desired
properties of the catalyst using the silica carrier.
For example, it is known that quartz, which is one type
of silica, is hard and has both high mechanical

strength and high hydrolysis resistance. However,
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quartz has a small specific surface area (1 mz/g or
less). Therefore, quartz cannot support a metal there-
on in the form of well dispersed fine particles, so
that a catalyst using quartz as a carrier has extremely
low reaction activity per unit weight. For this rea-
son, it is difficult to use quartz as a carrier in a
catalyst.

As described hereinabove, a material for a carrier
to be used in a catalyst is required to have properties
suCh that it not only maintains a large specific sur-
face area for a satisfactorily long period of time, but
also has both high mechanical strength and high corro-
sion resistance to a liquid corrosive substance inher-
ent in the reaction for producing a carboxylic ester.
Conventionally, a carrier satisfying all of these |
requirements has not been known. Therefore, for-
achieving the economic.improvement of the reaction, it
has been desired to develop a catalyst which nét only
can be used for producing a desired carboxylic'ester

(e.g., MMA) with a selectivity as high as more than

90 % even when the reaction is conducted under high

temperature and high aldehyde concentration conditions,
while suppressing the production of by-products (such

as methyl formate), but also has both high mechanical

'strength and high corrosion resistance.
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SUMMARY OF THE INVENTION

In these situations, the present inventors have
made extensive and intensive studies on catalyst sys-
tems containing palladium and lead, with a view toward

developing a catalyst which can be used for producing a

desired carboxylic ester with high selectivity even

when the reaction is conducted under high temperature
and high aldehyde concentration conditions, while
suppressing the production of an alcohol-derived by-
product (such as methyl formate). Specifically, the
present inventors focused their attention on a specific
Pd-Pb intermetallic compound having a Pd/Pb atomic
ratio of 3/1, i.e., PdgPb;, among the intermetéllic
compounds (comprising palladium and lead bonded to each
other in a simple integral ratio) which compounds had
been proposed by the present inventors in Examined
Japanese Patent Application Publication (Japanese
Kokoku) No. 62-007902, and the.present inventors have
made intensive studies on the atomic ratio, catalyst
properties and the likg of the specific intermetallic
compound. As a result; the present inventors have
unexpectedly found that, in a method for producing a
carboxylic ester from an aldehyde, an alcohol and
molecular oxygeh,'when use is made of a catalyst which

comprises a carrier having supported thereon palladium
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and lead in a Pd/Pb atomic ratio of from 3/0.7 to

3/1.3, and which exhibits a maximum intensity peak at a

diffraction angle (26) in the range of from 38.55° to

38.70° in a powder X-ray diffraction pattern thereof,
wherein the peak is asqribed to the (11l1]) crystal face
diffraction of a Pd—Pb-intermetallic compound, not only
can a carboxylic ester be produced with high selectivi-
ty even when the reaction is conducted under high
temperature and high aldehyde concentration conditions
(high temperature and high aldehyde concentration
conditions are effective for improving the productivity
of a desired carboxylic ester), but also the production
of an a;cohol-derived by-product, such as methyl for-
mate, is effectively sqppressed. The present inventors
have also found a method for producing the novel cata-
lyst with certainty and with high efficiency. The
present invention has been completed, based on these
findings.

Accordingly, a primary object of the present

invention is to provide a catalyst for use in a carbox-

ylic ester production method comprising reaéting an
aldehyde, an alcohol and molecular oxygen, wherein the.
catalyst comprises a specific catalyst containing
palladium and lead, and enables not only a desired

carboxylic ester to be produced with high selectivity
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even when the reaction is conducted at high temperature
and high aldehyde cohdentration conditions (high tem-
perature and high aldehyde concentration conditions are
effecfive for improving the productivity of a desired
carboxylic ester), but also the production of an alco-
hol-derived by-product, such as methyl formate, to be
effectively suppressed.

It is another object of the present invention to
provide a method for producing the above-mentioned
catalyst.

It is a further object of fhe present invéntion to
provide a method for the production of a carboxylic
ester by using the above-mentioned catalyst, especially
a qontinuous method for the production of a carboxylic
ester wherein deterioration of the catalyst is sup-
pressed.

The foregoing and other objects, features and
advantages of the presént inveption will be apparent
from the following detailed description and claims,

taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
FIG. 1 shows a spectrum obtained from metallic

palladium by X-ray photoelectron spectroscopy, showing
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peaks ascribed to the Pd(3d) electrons of metallic

palladium; and

FIG. 2 shows spectra obtained from metallic lead
by X-ray photoelectron-spectroscopy, showing peaks
ascribed to the Pb(4f) electrons of metallic lead,
together with the results of the curve fitting the

peaks and the resolution of overlapping peaks.

DETAILED DESCRIPTION OF THE INVENTION

In one aspect of the present invention, there is
provided a catalyst for use in producing a carboxylic
ester from an aldehyde, an alcohol and molecular oxy-
gen, whigh comprises a carrier having supported thereon
palladium and lead in a Pd/Pb atomic ratio (S) of 3/0.7
g (s8) g 3/1.3,

the catalyst exhibiting a maximum intensity peak
at a diffraction angle (20) in the range of from 38.55°
to 38.70°'in a-poﬁder X-ray diffraction pattern there-
of, wherein the peak is ascribed to the (111) crystal
face difffaction'of a Pd-Pb intermetallic compound.

-For an easy undergtanding of the present inven-
tion, the essential features and various preferred
embodiments of the present invention are enumerated
below.

1. A catalyst for use in producing a carboxylic ester
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from an aldehyde,.an alcohol and molecular oxygen,
which comprises a carrier having supported thereon
palladium and lead in a Pd/Pb atomic ratio (S) of 3/0.7
< S g 3/1.3,

the catalyst exhibiting a maximum intensity peak .
at a diffraction angle (26) in the range of from 38.55°
to 38.70° in a powder X-ray diffraction pattern there-
of, wherein the peak is ascribed to the (111) crystal

face diffraction of a.Pdbe intermetallic compound.

2. The catalyst according to item 1 above, exhibit-
ing, in a spectrum obtained from the catalyst by X-ray
photoelectron spectroscopy, a ratio of from 1/0.2 fo
1/0.7 in terms of the
{Pd3d(3/2)+Pd3d(5/2)}/{Pb4f(7/2)x1.75} ratio of the sum
of respective intensities of two peaks respectively
ascribed to the 3d(3/2) electron and the 34(5/2) elec—'
tron of metallic pallédium to the intensity of a peak
ascribed to the 4f(7/2) electron of metallic leﬁd which

is multiplied by 1.75.

3. The catalyst according to item 1 or 2 above,
wherein the carrier is an aluminum-containing silica
composition comprising silica and alumina, which has an

aluminum proportion of from 1 to 30 mol.%, based on the
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+total molar amount of silicon and aluminum in the

qomposition.

4. The catalyst according to item 1 or 2 above,
wherein the carrier comprises a,éilica—alumina-magnesia
composition having silicon, aluminuﬁ and magnesium
proportions of from 42 to 90 mol.%, from 5.5 to

38 mol.%, and from 4 to 38 mol.%, respectively, based
on the total molar amount of the silicon, the aluminum

and the magnesium.

5. The catalyst accordiné to item 1 or 2 above,
whgrein.the carrier comprises a crystalline metallosi-
licate which, in the anhydride state and on a molar
basis, has a composition ;epresented by the following

formula (1):;
XM,,0 -y SiO, - Ry, 0 (1)

wherein:
M represents at least one cation having
the valence of n;
R represents at least one metal having
the valence of w, which is selected from

metals belonging to Grodps IB, IIB,
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IIIA, IIIB, IVA, 1IVB, VA, VB, VIB, VIIB
and VIII of the short-form Periodic
Table;

n is 1 or 2;

w is an integer of from 1 to 4;

= 0.3 + 0.1; and

0.5 g ¥ &g 560.

6. A method for producing a catalyst of item 1 above,
which comprises subjecting a catalyst precursor com-
prising a.carrier having supported thereon a reducible
palladium compound or a mixture of a reducible palladi-
um compopnd and a reducible lead compoﬁnd to é reduc-
tion treatment with a reducing agent in a solvent in
the presence of lead ions and at least one-compdund :
selected from the group consisting_df a C1-Cg fatty 
acid, an alkali metal salt and an alkaline earth metal

salt.

7. The method according to item 6 above, wherein the
reducible palladium compound is at least one salt
selected from palladium salts of organic acids and
inorganic acids, and the reducible lead compound is at
least one salt selected from lead salts of organic

acids and inorganic acids.
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8. The method according to item 6 or 7 above, wherein
the alkali metal salt is an alkali metal salt of a C;-
Cs fatty acid, and the alkaline earth metal salt is an

alkaline earth metal salt of a C;-Cg fatty acid.

9. The method according to any one of items 6 to 8
above, wherein the reducing agent comprises at least
one member selected from the group consisting of for-
maldehyde, formic acid, hydrazine, methanol and molecu-

lar hydrogen.

10. The method according to any one of items 6 to 9
above, wherein the solvent comprises'af least one
member selected from the group consisting of water and

an alcohol.

11. A method for producing a catalyst of item 1 above,
which comprises subjecting a'catalyst intermediate
comprising a carrier having supported thereon palladium
or a mixture of palladium and lead in a P4d/Pb atomic
ratio (S) of 3/0 ¢ S £ 3/10 to a reduction treatment
with a reducing agent .in the presence of lead ions in a

solvent.

12. The method accdrding to item 11 above, wherein the
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reduction treatment is conducted in the presence of at
least one compound selected from the group consisting
of a C;-Cg fatty acid, -an alkali metal salt of a Cl-Cs
fatty acid and an alkaline earth metal salt of a C1-Cs

fatty acid.

13. The method according to item 11 or 12 above,
wherein tﬁe reducing agent comprises at least one
member selected from the group consisting 6f formalde-
hyde, formic acid, hydrazine, methanol and molecular

hydrogen.

14. The method according to any one of items 11 to 13
above, wherein the solvent comprises at least one
member selected from the group consisting of water and

an alcohol.

15. A method for producing a catalyst of item' 1 above,

which comprises oxidizing a catalyst intermediate

comprising a carrier having supported thereon palladium

and lead in a Pd/Pb atomic ratio (S) of 3/0.7 £ S g

3/1.3 with a gaseous oxidizing agent and subsequently

reducing the resultant oxidized catalyst intermediate
with a gaseous reducing agent, wherein a sequence of

the oxidation and the reduction is conducted at least
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once.

16. The method according to item 15 above, wherein the

gaseous oxidizing agent comprises molecular oxygen.

17. The method according to item 15 or 16 above,
wherein the gaseous reducing agent comprises at least
one member selected from methanol gas, molecular hydro-

gen and C,-C, olefin gas.

18. A method for producing a catalyst of item 1 above,
which comprises oxidizing a catalyst intermediate
comprising a carrier having supported thereon palladium

and lead in a Pd/Pb atomic ratio (S) of 3/1.3 < S ¢

.3/10 with a gaseous oxidizing agent and subsequently.

reducing the oxidized éatalyst intermediate with a
gaseous reducing agent, wherein a Sequence.of the
6xidation and the reduction is conducted at least once;
and, subsequent to the sequence of the oxidation and
the reduction which sequence is conducted at least
once, treating the resultant catalyst intermediate with
a solution of at least one compound selected from the
group consisting of a C;-Cg fatty acid, an alkali metal
salt of a C;-Cg fatty acid and an alkaline earth metal

salt of a Cy-Cg fatty acid in a solvent.



10

15

20

25

22

19. The method according to item 18 above, wherein the

gaseous oxidizing agent comprises molecular oxygen.

20. The method according to item 18 or 19 above,
wherein the gaseous reducing agent comprises at least -
one member selected from methanol gas, molecular hydro-

gen and C,-C4 olefin gas.

21. The method according to any one of items 18 to 20
above, wherein the solvent comprises at least one
member selected from the group consisting of water and

an alcohol.

22. A method for producing a catalyst of item 1 above,
which comprises treating.a catalyst intermediate com-
prising a carrier having supported thereon palladium.
and lead ip a Pd/Pb atomic ratio (S) of 3/2.5 £ S ¢
3/10 with a solution of at least one compound selected
from the group consisting of a C;-Cg fatty aéid, an
alkali metal salt of a C,-Cg fatty acid and an alkaline

earth metal salt of a C;-Cg fatty acid in a solvent.

23. The method according to item 22 above, wherein the
solvent comprises at least one member selected from the

group consisting of water and an alcohol.
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24. A method for producing the catalyst of item 1
above, which comprises.reacting, in a reactor,'a cata-
lyst intermediate comprising a carrier having supported
thereon palladium or a mixture of palladium and lead in
a Pd/Pb atomic ratio (S) of 3/0 ¢ S £ 3/10 with an
alcohol or a mixture.of an alcohol and an aldehyde in
the presence of lead ions, wherein the reaction is
conducted under conditions such that the partial pres-
sure of oxygen at the outlet of the reactor is from Q

to Q.8.kg/cm2.

25. A mgthod for producing the catalyst of item 2

above, which comprises reacting, in a reactor, a cata-

'lyst intermediate comprising a carrier having sﬁpported

thereon palladium or a mixture of palladium and lead in '
a P4/Pb atomic ratio (S) of 3/0 ¢ S g 3/10 with an .
alcohol or a mixture of an alcohol and an éldehyde in
the presence of lead ions, wherein the réaction is
conducted under conditions such that the partial pres-
sure of oxygen at the qutlet of the reactor is frdm 0

to 0.4 kg/cmz.

26. A method for producing the catalyst of item 2

above, which comprises reacting, in a reactor, the
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catalyst of item 1 above with an alcohol or a mixture
of an alcohol and an aldehyde in the presence of lead

ions, wherein the reaction is conducted under condi-

" tions such that the partial pressure of oxygen at the

outlet of the reactor is from 0 to 0.8 kg/cmz.

27. A method for continuously producing a carboxylic
ester, which comprises continuously reacting an alde-~
hyde, an alcohol and mélecular oxygen in a reactor in
the presence of the cétalyst of any one of items 1 to 5
above, while adding to the reactor a substance capable
of forming lead ions in a reaction system'comprising

the aldehYde, the alcohol and the molecular oxygen.

28. The method according to item 27 above, Whéreinﬁthe f;:

continuous reaction is conducted under conditidns.such.
that the'partial pressure of oxygen at the outlet of

2

the reactor is 0.8 kg/cm“ or less.

29. The method according to item 27 or 28 above,

wherein the molecular oxygen is in the.form of air.

30. A method according to any one of items 27 to 29
above, wherein the aldehyde is selected from the group

consisting of methacrolein, acrolein and a mixture
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thereof, and the alcohol is methénol.

The preseﬁt invention is described below in de-
tail.

In the present invention, the term "catalyst
precursor" means a combosition comprising a carrier
having supported thereon a reducible palladium compound
or a mixtﬁre of a reducible palladium compound and a
reducible lead compound, which composition is used as a
starting material in one mode of the method for produc-
ing the catalysf of the present invention.

In the present invention, the term "catalyst
intermediate" means a catalyst composition comprising a
carrier.having supported thereon palladium or é mixture
of palladium and 1ead'in a Pd/Pb atomic ratio (S) of
3/0 to 3/10, which.does not satisfy all or part of the
essential requirements of the catalyst of the presenf
invention, and which is subjected to an activation
treatment to thereby produce the catalyst of the
present invention. Exémples of catalyst intermediates
include a convenfional catalyst prepared by a known
method, and a spent catalyst which originally satisfied
the essential requirements of the catalyst of the
present invention, buf has become deteriorated as a
result of use in the reaction of producing a desired

carboxylic ester,'so that it no longer satisfies a part
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or all of the requirements of the catalyst of the
present invention.

In the present invention, the term "activation“
means any of various processes for modifying or alter-
ing the above-mentioned "catalyst intermediate” so as
to obtain a catalyst satisfying all of the essential
requirements of the cafalyst'of the present invention.

In the present invention, the term "high quality"
is used for identifying a catalyst containing a palla-
dipm/lead intermetallic compound (Pd3Pb1) which has a
substantially ideal crystal lattice having no or only
few lattice defects. The term "low quality" is used
for identifying a catalyst containing a palladium/lead
intermetallic compound which has many defects in the -
crystal lattice. o .

In the present in%ention, the term "high puritfﬁi
is used for identifying a catalyst which has an ex;
tremely small content of impurity lead vaiues-which.are
lead values other than those of é palladium/lead inter-
metallic compound (Pdstl) contained in.the catalyst, -
such as a lead oxide and metallic lead, and in which
catalyst éﬁbstantially all of the metal values are
thése of the palladium/lead intermetallic compound.
The term "low purity" ;s used for identifying a cata-

lyst having a large content of the above-mentioned
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impurity lead values.
When a catalyst has a "low quality" or a "low

purity”, such a catalyst exhibits very poor catalytic

_ performance, such as very low selectivity for a desired

carboxylic ester (e.g., MMA), as compared to the cata-
lyst of the present invention.

When the catalysts disclosed in Examined Japanése
Patent Application Publication (Japanese Kokoku) No.
62—007902 are used for the production of a carboxylic
ester wherein the reacéion is conducted under severe
reaction conditions, namely, under high reaction tem-
perature and high aldehyde concentration conditions,
the selgctivity for a desired carboxylic ester, such as
MMA, becomes poor. The present inventors have made
intensive researches on the reason for the poor selec-
tivity-e#hibited in the feaction using the catalysts of
the above-mentioned Japanese Patent document. As a
result, the §resent inventors have found that the
reason for the poor seiectivity resides in that the
catalysts of the above-mentioned Japanese patent doqu-
ment contain a large amount of impurities, such as a
lead compound (e.g. lead oxide) and/or metallic 1ead;
and have a very low purity with respect to PdgPb;. For
example, the catalyst of Example 1 of the above-men-

tioned Examined Japanese Patent Application Publication
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No. 62-007902 has been prepared in such a manner as

gives a Pd/Pb atomic ratio 6f 3/1;5. It is presumed
that, in this catalyst, 0.5 lead atom per molecule of
the intermetallic compound is supported on the carrier
in the form of a lead compound (such as lead oxide)
and/or metallic lead, and that the presence of the lead
compound and/or metallic lead as impurities largely
lowers the purity of Pd;Pb;. Further, the catalyst of
ﬁxample 4 of the above-mentioned Japanese patent docu-
ment has been prepared in such a manner as gives a
Pd/Pb atomic ratio of 3/3, and contains 2 lead atoms in
the form of impuritieé per-molecule of the intermetal-
lic compound and, hence, the purity of PdzPb; is even
lower than the catalyst of Example 1 of the same Japa-
nese patent document. ' In other words, the catalysts. of
the above-mentioned Japanese patent document have o
extremely low purity, that is, these catalysts contain
lead values not participating in the formation. of
Pd3Pb; in an amount as large as 50 to 200 %, based on
the number of the lead atoms participating in the
formation of PdgPb;. The present inventors have found
that the presence of such lead-containing impurities is
the main reason why the selectivity for a desired
carboxylic ester is low when the reaction for producing

the carboxylic ester is conducted using the catalysts
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of Examined Japanese Patent Application Publicatidn no.
62-007902 under severe reactién conditions, namely,
under high reaction temperature and high aldehyde
concentration conditions. '

The present inventors have made further studies
and made various attempts to produce a catalyst con-
taining palladium and lead in a P4d/Pb atomic ratio
which is as close to 3/1 as possible and to reduce the
amount of 1ead-contaiqing impurities in the catalyst to
a level as small as poésible. However, thé présent
inventors-have found that even when a catalyst is
produced in a manner such that the Pd/Pb atomic ratio
becomes_3/1 by the conventional production method of a
Pd/Pb-supporting catalyst, only a low quality Pd/Pb-
supporting catalyst having many lattice defectS-can“be
obtained, and that when the reaction for producing a
carboxylic ester is coﬁducted uging such a low quality
Pd/Pb-supporting catalyst, the selectivity for- the
desired carboxylic ester becomes largely lower rather
than the selectivity achieved in the reaction conducted
using the catalysts of Examined Japanese Patent Appli-
cation Publication No. 62-007902. In other words,
conventionally, an ideal catalyst has not been obtained
which not only carries, as a catalyst active species, a

high quality Pd3Pb1 having no or only few lattice
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defects, but also has an advantage such that the amount
of lead-containing impqrities is very small.

The present invenfors have made still further
studies on how to form, on a carrier, a high gquality
intermetallic compound Pd3Pb; having the stoichiometric.
atomic ratio, without using aﬁ excess amount of 1ead..
As a result, they have found that the step of reducing
a reducible palladium compound is important for attain-
ing the objective. . Specifically, the present inventors
have found that, és described in detail below, a PdgPb;
crystal having no.or oply few lattice defects can be
almost stoichiometrically produced by subjecting a
catalyst precursor comprising a carrier having support-
ed thereon a reducible palladium compound or a mixture
of a reducible palladium compound and a reducible lead
compound to a reduction treatment in a solvent in the
presence of lead.ions and at least one member selected
from a lower fatty acid, alkali metal ions and-alkaline
earth metal ions, with a reducing agent, such as for-
maldehyde, formic acidﬁ hydrazine, methanol or molecu-
lar hydrogen. The mechanism for this result has not
yet been elucidated. However, it is presumed that a
reducible pailadium compound is successively reduced to
form metallic Pd having activated hydrogen formed

thereon and, then, the activated hydrogen reduces a Fb
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ion to form metallic Pb, thereby successively forming
PdgPb;, enabling the stable growth of a PdgPb; crystal.
It is also presumed that the presence of at least one
member selected from a.lower fatty acid, alkali metal
ions and alkaline earth metal ions improves the selec-
tivity for the.formation of Pd3zPb; in the reaction
between Pd and Pb. Thus, the present inventors have
succeeded in productidn of a catalyst which contains a
Pd-Pb intermetallic compound of a PdgPb; structure

having no or only few lattice defects, without using an

excess amount of_lead.

Accordingly, in one mode of the method of the
present'ihvention fdr_produding the catalyst of the
present invention, a catalyst precursor comprising a
carrier having supported thereon a reducible palladium’f:
compdund or a mixture of a reducible palladium compoﬁn&'
and a reducible lead dompound is subjected to a reduc-
tion treatment in a solvent system composed of water
and/or alcohol in the presence of lead ions and at
least one compound selected from the group consisting
of a C;-Cg fatty acid, an alkali metal salt and an
alkaline earth metal salt, thereby obtaining a catalyst
containing, with high purity, a high-quality PdgPb;
intermetallic compound ‘having no or only few lattice

defects. As described above, the obtained catalyst has
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advantages such that, in the production of a carboxylic
ester using this catalysf, the desired carboxylic ester
can be obtained with high selectivity even when the
reaction is conducted under severe réaction conditions,
namely, under high reaction temperature and high alde-
hyde concentration conditions. As described above,
herein, the term "catalyst precursor" means a composi-
tion comprising a carrier having supported thereon
reducible compound(s) of metal(s) which provides cata-
lyst active sites, thaf is, the term means a composi-
tion which becomes a metallic catalyst upon being
subjected to reduction.

Further, the présent inventors have also found
that an ideal catalyst comprising a carrier having
supported thereon PdzPb; having no or only few lattice
defects, in which the amount of lead-containing impuri-
ties is suppressed to a very low level, can also be
obtained by subjectinguto the below-described activa-
tion treatment a Pd-Pb.intermetallic compound-contain-
ing cataiyst which does not satisfy a part or all of
the essential requirements of the catalyst of the
present invention, i.e., the requirement of having high
purity and the requirement of having high quality. As
described in detaillbelow, by conducting the below-

described activation treatment, lattice defects of a
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Pd4qPb; can be easily decreased without inéreasing the
amount of lead-containing impurities, such as an unde-
sired lead compound (e.g. lead oxide) and/or metallic
lead, so that a high quality PdgPb; can be obtained.
That is, it has become possible to obtain a cafalyst
comprising a carrier héving supported thereon a high
quality PdgPb; with high purity. Further, it has been
found that, in the production of a carboxylic ester
using this catalyst, the desired carboxylic éster can
be  obtained with high selectivity even when the reac-
tion is conducted under severe reaction conditions.

It is also requisite that the catalyst of the
presentlinventibn comprise a carrier havihg suppofted
thereon palladium and léad in a Pd/Pb atomic ratio (S)
of 3/0.7 £ S ¥ 3/1.3. -It is preferred that the Pd/Pb
atomic ratio (S) be in the range of 3/0.9 £ S g
3/1.1. wWhen the proportion of lead in the above-men-
tioned P4d/Pb atomic ratio ekceeds 1.3, there is a
problem such that, in the reaction using the catalyst,
the production of by-products, such as methyl formate,
is largely increased. When the proportion of lead in
the above-mentioned Pd/Pb atomic ratio is less than
0.7, there is a problem such that, in the reaction
using the catalyst, tﬁe decomposition of aldehyde is

increased, so that the selectivity for the desired
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carboxylic ester, such as MMA, becomes largely lowered.
It is desired that the Pd/Pb atomic ratio be as close
to 3/1 as possible.

It is requisite that the catalyst of the present
invention exhibif a maximum intensity péak at a dif-
fraction angle (26) in the range of from 38.55° to-

38.70° in a powder X-ray diffraction pattern thereof,

-wherein the peak is ascribed to the (11l1l) crystal face

diffraction of a Pd-Pb intermetallic compound.' When
the maximum intensity peak is exhibited'at a diffrac-
tion angle (26) smaller than 38.55°, there is a problem
such that, in the carboxylic ester production reaction
using the catalyst, the production of by-products, such
as methyl formate, is largely increased. When the
maximum intensity peak is exhibited at a diffraction
angle (20) larger than_38.70°,.the decomposition of
aldehyde is increased,”so that the selectivity for the
desired carboxylic ester, such as MMA, becomes largely
lowered.

When the catalyst of the present invention, which
satisfies both of the above-mentioned Pd/Pb atomic |
ratio requirement and diffraction angle (26) require-
ment, is used foi the-production of a carboxylic ester,
the selectivity for the desired carboxyliclester, such

as MMA, can be improved to a level és high as more than
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90 %. This effect is important especially when the
reaction is conducted ﬁnder commercially advantageous
reaction conditions, namely, under high reaction tem-
perature and high aldehyde concentratien conditions.
Among catalysts of the present invention which
comprise a carrier haviqg supported thereon a high-
quality PdgPb; with high purity, especially preferred
is a catalyst having a surface structure and a surface
composition, both of which are precisely controlled so
as to exhibit, in a spectrum oﬁtained from the catalyst
by X-ray photoelectronﬁspectroscopy, a ratio of from
1/0.2 to 1/0.7 in terms of the
{Pd3d(3[2)+Pd3d(5/2)}/{Pb4f(7/2)x1.75} ratio of the sum
of respective intensities 6f two peaks respectively
ascribed to the 3d(3/2) electron and the 3d(5/2)-elec—:
tron of metallic palladium to the intensity of a peak
ascribed to the 4f(7/2) electron of metallic lead which
is multiplied by 1.75. It has been found that-such a
catalyst having a surface structure and a surface
composition, both of wﬂich are precisely controlled so
as to exhibit the above-mentioned X-ray photoelectron
spectroseopic characteristics, is advantageous not only
in that, in the reactioh_using the catalyet, even when
the reaction is'conducted under severe reaction condi-

tions, namely, under high reaction temperature and high.
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aldehyde concentratidn conditions, the production of

by-products, such as methyl formate, can be suppressed

to a low level and the selectivity for a desired car-
boxylic ester is high, but also in that the conversion
of aldehyde is high even when the reaction is conducted.
under severe reaction conditions.

The analysis of the catalyst by X-ray photoelec-

tron spectroscopy is effective for investigating the

surface portion of the catalyst (a surface portion
having a depth of about 10A), and the ratio of metallic
pailadium to metallic lead can be calculated from the

ratio of the total intensity (area) of two peaks for

metallic palladium to the intensity (area) of a peak

for metallic lead. When the above peak intensity ratio
of metallic palladium to metallic lead is within the
abbve-mentioned range, the catalyst of the present
invention exhibits further improved catalyst properties
as mentioned above.

Specifically, it has unexpectedly been found that,
when the surface structure and surface composition of
the catalyst containing PdgPb; as a catalyst active
species are precisely-controlled so as to exhibit the
above-menfioned specific characteristics in the X-ray
photoelectron spectrum, the selectivity for the desired

carboxylic ester is improved not only on an aldehyde
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basis, but also on an alcohol basis. When use is made
of the catalyst of thé present invention having its
surface structure and surface composition precisely
controlled so as to exhibit, in a spectrum obtained
from the catalyst by X-ray photoelectron spectroscopy,
a ratio of from 1/0.2 to 1/0.7 in terms of the
{Pd3d(3/2)+PA3d(5/2)}/{Pb4£(7/2)x1.75} ratio of the sum
of respective intensities of two peaks respectively
ascribed to the 3d(3/2) electron and the 3d(5/2) elec-
tron of metallic palladium to the intensity of a peak
ascribed to the 4f(7/2) electron of metallic lead which
is multiplied by 1.75, not only is there the advantage
that thg desired carboxylic ester can be obtained with
high selectivity and the production of by-products,
such as methyl formate, can be suppfessed to a low
level even when the reaction is conducted under seVére
reaction conditions, namely, under high reaction tem-
perature and high aldeﬁyde COncentrafion conditions,
but also there is the advantage that the conversion of
aldehyde is high even when the reaction is conducted
under severe reactionlconditions.

The reason why, by the use of the catalyst exhib-
iting the above-mentioned specific X-ray photoelectron
spectroscopic characteristics, the above-mentioned

advantages that the production of by-products, such as
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methyl formate, can be suppressed to a low level, that
the selectivitylfor a desired carboxylic ester is high,'
and further that the conversion of aldehyde is high

even under severe reaction conditions can be achieved,

has not yet been elucidated. However, the following

presumption has been made. Lead has a low oxidation-

reduction potential and hence is susceptible to oxida-
tion-reduction. However, when the surface structure
and surface composition of the catalyst are precisely
controlled so as to exhibit the above-mentioned specif-
ic X-ray photoelectron spectroscopic characteristics,
the lead atoms in PdgPh; are stabilized, so thét the
excellent.properties of PdgPb; as a catalyst active
species are fully exerted.

Further;.when the catalyst of the present inﬁen-.
tion exhibits, in a spectrum obtained frpﬁ the 6atalyst
by X-ray photoelectron spectroscopy, a ratio of from
1/0 to 1/0.2 in terms of the {Pd3d(3/2)+Pd3d(57/2)}/
{electrically charged lead} ratio of the sum of respec-
tive intensities of two peaks respectively ascribed to
the 34(3/2) electrdn and the 3d(5/2) electron of metal-
lic palladium to the intensity of a peak ascribed to
electrically charged lead, there is an advantage that,
in the reaction using the catalyst, the production of

by-products, such as methyl formate, can be further
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suppressed. It is desired that the above-mentioned
{Pd3d(3/2)+Pd3d(5/2)}/{electrically charged lead} ratio

be as close to 1/0 as possible.

I. Carrier

[I-A] Preferred carrier

With respect to a carrier to be used in the cata-
lyst of the present invention, there is no particular
limitation. However,.it is preferred to use an alumi-
num-containing silica type carrier, a silica-alumina-
magnesia type carrier or a crystalline aluminosilicate
type carrier, because each of these three types of'
carriers has advantageously high medhénical strength.

Hereinbelow, an explanation is made on the mechan-
ism of the achievement of such a high mechanical .
strength of each of the above-mentioned three types of
carriefs, which mechanical strength contributes to the
prolonged life of the catalyst of the present inven-
tion. The reason why'these carriers have such a high
mechanical strength is believed to be as follows. With
resbect to the aluminum-containing silica type carrier,
it is beiieved that this type of carrier has a high
mechanical strength due to the following reasons. When
aluminum (Al) is added té a non-crosslinked silica (Si-

0) chain present in a silica gel, to thereby form an
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Si-0-Al1-0-Si bond, it is advantageous not only in (i)

that the stability to acidic substances which is inher-

ent in the Si-~0 chain is not impaired, but also in (ii)

that the Si-O chains are strongly bonded together due

to the formation of an Al-crosslinked structure, so
that the hydrolysis resistance (hereinafter, frequent-
ly, simply referred to as "water resistance") of the
silica gel is greatly improved. Further, the formation

of the Si-0-Al-0-Si crosslink structure is advantageous

.in-(iii) that the amount of the non-crosslinked Si-0

chains becomes smaller than in the case of a simple
silica gel having no Al-crosslinked structure, so that
the mechénical strength of the Al-crosslinked silica
gel is greatly improved. That is, it is believed that
the increase in the amount of the Si-0-A1-0-Si bonds
formed contributes to the improvement in the mechanicél
strength and the water resistance of the alumina-con-
taining silica type carrier.

With respect to t@e silica-alumina~-magnesia type
carrier, it is believed that this type of carrier has
a high mechanical strength due to the following rea-
sons. When magnesium is present together with the
above-mentioned Si-0-Al1-0-Si structure, it is advanta-

geous in (iv) that the electric charge formed in the

Si-0-Al-0-8i structure due to the differencé in wvalence
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between Si (which is tetravalent) and Al (which is
trivalent) is compensated and neutralized by the pres-
ence of magnesium (which is divalent). Therefore, the
silica—alumine—magnesia type carrier has a good balance
in electric charge due*to the presence of the above
three components, so that it is advantageous in (v)
that this type of carrier has a further improved
stability in structure. That is, the silica-alumina-
magnesia type carrier exhibits substantially neutral
properties, contrary to the silica-alumina carrier
which exhibits acidic properties. Therefore, it can be
presumed that when this silica-alumina-magnesia type
carrier is used in a catalyst, the formation of a by-
produced acetal, whichqvigorously occurs under acidic
conditions, can be'advantageously suppressed due tb-fhei.
neutral properties of the silica4alumina-magnesia prer
carrier.

Another type of carrier which can be preferably
used in the present invention is a carrier comprising a
crystalline'metallosilicate which, in the anhydride
state and on a molar basis, has a composition repre-

sented by the following formula (1);
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wherein:
M represents at least one cation having
the valence of n;
R represents at least one metal having
the vélence of w, which is selected from
metals belonging to Groups IB, IIB,
IIIA, I1IIB, IVA, IVB, VA, VB, VIB, VIIB
and VIII of the short-form Periodic
Table; |
n is 1 or 2;:
w is an integer of from 1 to 4;
x = 0.3 £ 0.1; and

0.5 g ¥y g 500.

With respect to the above-mentioned crystalline
metallosilicate which comprises a regulafly constructed
chain structure, it is considered that when, for exam-
ple, R in formulé (1) ;bovejis Al, a crystalline struc-
ture compfising a regularly constructed chain struc-
ture: Si-0-Al-0-Si is formed, so that the amount of
non-crosslinked sites in the crystalline metallosi-
licate is small. For this reason, it is considered
that the crystalline metallosilicate type carrier has a

markedly improved resistance to hydrolysis.

Further, as mentioned above, it is considered that
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a carrier having the Si-O-Al-O-Si crosslink structure
has improved mechanical strength as compared to the
carrier compfising a simple silica gel. Therefore, it
is considered that the crystalline metallosilicate type
carrier has improved ﬁechanical strength and water
resistance due to the formation of the Si-0-Al-0-Si
crosslink structure and crystalline structure compris-
ing the above crosslink structure.

With respect to the cation M, it is conside:ed
that the electric charge formed in the Si~0-Al-0-Si
structure due to the difference in valence between Si
(which is tetravalent) ‘and Al (which is trivalent) is
compensated and neuttalized by the presence of the
cation M. Therefore,'this crystalline metallosilicate
type carrier has a good balaﬁce in electric charge due
to the presence.of the above three components, so that
this type of carrier has a further improved stability
in crystal structure.

On the other hand, as mentioned above, a conven-
tional silica-alumina carrier is a substance having a
strong acidity. Therefore, it will be easily under-
stood that the silica-alumina type carrier is likely to
by-produce an acetal from an aldehyde and an alcohol,
both of which are feedstock materials used in the

method of the preéent invention for'producing a carbox-
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vlic ester. For this reason, this type of carrier was
considered to be inappropriate for use as a carrier in
the method of the present invention for producing a
carboxylic ester, so that no ihtensive studies have
been made with respect to this type of carrier. Howev-
er, the present inventors have unexpectedly found that
wheu catalysts containing a carrier selected from the
above-mentioned three types of carriers are used, not
only can the by-production of acetal be suppressed to
an- extremely low level, but alSq a high productivity of
the desired carboxylic ester can be achieved. Further,
it has been found that a catalyst comprising such a
carrier exhibits not only high.reactivity, but also
excellent mechanical strength and water resistance. 1In
the present invention, it is preferred that the reac-
tion for producing a cerboxylic ester using the cata-
lyst of the present invention be conducted'while main—
taining the pH of the reaction system at 6 to 9. It is
considered that under this pH condition, unfavorable
phenomena caused by the acidity of the silica-alumina
structure can be effectively suppressed.

Hereinbelow, an explanation is made on the above-
mentioned three specific types of carriers, i.e., an

aluminum-containing silica composition,_a_silica—alumi-

. na~-magnesia compositiou and a crystalline metallosi-
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licate, which can be preferably used in the catalyst of
the present invention for improving the life of the
catalyst.

With respect to a carrier of an aluminum-contain-_
ing silica composition comprising silica and alumina,
it is preferred that the composition have an aluminum
proportion of from 1 to 30 mol.%, baoed on the total
molar amount of silicon and aluminum in the composi-
tion. That is, it is preferred that the composition
have an Al/(Al+Si) proportion of from 1 to 30 mol.% In
the present invention, it is more preferred that the
composition have an aluminum proportion of from 5 to 30
mol.%. When the aluminum proportion of the coﬁposition
is less than 1 mol.%, the composition cannot achieve a
satisfactory improvement in mechanical strength'ond R
hydrolysis resistance of the carrier. On the other
hand, when the aluminum proportion of the composition

exceeds 30 mol.%, a mérked lowerihg of acid resistance

‘and mechanical strength of the carrier is observed.-

The reason for this is considered to reside in that
when the aluminum propOrtion of the composition exceeds
30 mol.%, the excess amount of Al atoms'which cannot be
incorporated‘in the silica (Si-0) chain are separated
from the composition and deposited on the composition.

With respect'to a carrier comprising the silica-
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alumina-magnesia composition, it is preferred that the
composition have silicon, aluminum and magnesium pro-
portions of from 42 to 90 mol.%, from 5.5 to 38 mol.%
and from 4 to 38 mol.$%, respectively, based on the
total molar amount of the silicon, the aluminum and the
mégnesium. In the present invention, it is more pre-
ferred to use, as a cérrier, a composition having
silicon, aluminum and magnesium proportions of from 75
to 90 mol.%, from 5.5 to 15 mol.% and from 4 to 10
mol.%, respectively, based on the total molar amount of
the silicon, the aluminum and the magnesium. When the
silicon, aluminum and magnesium proportions are outside
the abovg—mentioned respective ranges, the composition
cannot achieve a satisfactory improvement in mechanical
strength and hydrolysis resistance of the carrier;--The[
reason for this is coﬁsidered to reside in that only:
when the composition.has silicon, aluminum and magnesi;
um proportions-within.the above-mentioned respective
ranges, these three components can form a specific
structure in which the components are sfably bonded
together.

With respect to a carrier comprising the crystal-
line metallosilicate, it is preferred that the crystal-
line metallosilicate has, in the anhydride state and on

a molar basis, a compoéition represented by formula (1)
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above. The carrier comprising the crystalline metallo-
silicate having a composifion fepresented by formula
(1) above not only has excellent mechanical strength
but also is advantageous from a viewpoint of easé in

preparation of a catalyst containing such a carrier.
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[I-B] Preparation of a carrier to be preferably used
in the présent inventioh

Heréinbelow, an explanation is made on a method
for preparing the abové—mentioned three types of carri-
ers to be preferably used in the present invention.
(I-B-1) An explanation is provided on a method for
preparing a carrier of a silica-alumina composition as
a representati#e example of an aluminum-containing
silica composition. The following five representative
modes of the method cén-be'mentioned below.

(1) From commercially available compositions
comprising silica and alumina, a domposition satisfying
the requifements of the composition of the silica-
alumina carrier defined in the present invention is
chosen;

(2) A silica sol is added to a solution of an
aluminum compound, and a reaction is conducted. -

(3) A silica.sol is reacted with a water-insoluble
aluminum compound.

(4) A silica.gel'is added to an aqueous solution
of a water-soluble aluminum compouhd, and a'reaction is
conducted.

(5) A silica gel is reacted in the solid phase
with an aluminum compound. |

Of course, methods for preparing the silica-
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alumina carrier to be used in the present invention are.
not restricted to the above-mentioned methods. The
resultant aluminum-containing silica composition is
calcined under conditions as described below, to there-
by obtain a silica-alumina-composition to be used as a
carrier in the present invention.

Methods (2) to (5) above aré explained below in
detail. Exambles of silica materials include a silica
sol, water glass (sodiﬁm silicate) and a silica gel. -
There is no particular limitation with respect to the
length of the Si-0 chain in the silica gél as long as
the silica gel contains non-crosslinked Si atoms. With
respect_to the above aluminum compound, it is breferred
to use a water-soluble compound, such as sodium alu-
minate, aluminum chloride hexahydrate, aluminum perchl-
orate hexahydrate, aluminum sulfate, aluminum nitrate

nonahydrate, aluminum diacetate and the like. However,

~a water-insoluble compbund,'such as aluminum hydroxide

or aluminum oxide, may also be used as long as the
compound is capable of reacting with a non-crosslinked
Si atom which is present in the silica material, such
as a gilica sol or a silica gel.

In each of methods (2) and (3) above, in which a
silica sol is used as a starting material, the silica

sol is mized with an aluminum compound to obtain a
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mixture sol, and the obtained mixture sol is subjected
to a hydrothermal reacfion_at a temperature of 20 to
100 °C for 1 to 48 hours. The resultant product is
dried and then calcined under conditions (temperatures,
time and atmosphere) as described below, to thereby
obtain a carrier having a silica-alumina composition.
Alternatively, an alkaline aqueous solution is added to
a mixed sol of a silica sol and an aluminum compound,
so that the silica and aluminum compound are coprecipi-
tated, and the precipitate is separated and dried to
obtain a gel. Then, the obtained gel is calcined under
conditions as described below, to thereby obtain a
carrier having a silica-alumina composition. Further,
a carrier of a silica-alumina composition having a
predetermined particle diameter can be prepared. For
example, a particulate composition can be prepared by
spray drying the above-mentioned mixed soi, or a granu-
lar composition can bé obtained oy granulating the
dried gel obtained from the above-mentioned'mixed sol. .
In_method (3) above, a silica sol is reacted with =~
a water-insoluble aluminum'compound. The aluminum
compound may be preliminarily pulverized so as to be
provided in a particulate form having a predetermined
particle diameter, or in a coarsely pulverized form. A

silica sol is mixed with the water-insoluble aluminum
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compound, which has preliminarily béen pulverized, and
a reaction is conducted at a temperature of 20 to 100
°C for 1 to 48 hours. The resultant product is dried
and then calcined under conditions as described below,
to thereby obtain a carrier having a silica-alumina
composition. Instead of employing the preliminarily
pulverized'form of aluminum compound, a silica-alumina
composition obtained after calcination may be pulver-
ized so as to have a predetermined particle diameter.
Iﬁ method (4) above, in which a silica gél is used
as a starting material, a silica gel is reacted with a
water-soluble aluminum compound. The silica gel may be
prelimiqarily pulverized so as to be provided in a
particulate form haviné a predetermined particle dia-
méter, or in a coarsely pulverized'form. The preliﬁi—
narily pulverized silica gel is mixed With fhe wéfer-':
soluble aluminum compound, and a reactioh is conducted
at a temperature of 20 to 100 °C fbr 1 to 48 hours.
The resultant product is dried and then calcined under
conditions as described below, to thereby obtain a
carrier having a silica-alumina composition. Instead
of employing the preliminarily pulverized form of
silica gel, a silica-aiumina'composition obtained after
calcination may be pulverized to have a predetermined

particle diameter.
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In method (5) above, in which a silica gel is used
as a starting material as in method (4) above, a silica
gel is reacted in the solid phase with an aluminum com-
pound. In this method, Al is caused to react, in the
solid phase, with non-crossliked Si atoms in the silica
gel. Each of the silica gel and the aluminum compound
may be preliminarily pulverized so as to be provided in
a particulate form having a predetermined particle
diameter, or in a coarsely pulverized form. In this
case, these two'compoﬁents may be individually pulver-
ized, or these two components may be mixed together and
the resultant mixture may be subjected to pulveriza-
tion. ;nstead of employing the preliminary pulverized
forms of two components, the silica-alumina composition
obtained by reaction and calcination may be pulverized
so as to have a predetermined particle diameter. |
(I-B~2) Hereinbelow, an explanation is made on a
method for preparing a carrier of a silica-alumina-
magnesia composition.- The following five representa-
tive modes of the method can be mentioned below.

(1) A silica-alumina gel is prepared, and then,
magnesia is added thereto, to thereby effect a reaction
therebetween. |

(2) A silica sol is reacted with an aluminum

compound and a magnesium compound.
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(3) A silica sol is reacted with a water-insoluble
aluminum compound and g'water-insoluble magnesium
compound .

(4) A silica gel is added to an agueous solution
of a water-soluble aluminum compound and a water-solu-
ble magnesium compound, and a reaction is conducted.

(5) A silica gel is reacted in the solid phase
with an aluminum compound and a magnesium compound, and
the resultant composition containing silica, aluminum,
and magnesium- is calcined under conditions (tempera-
ture, time'ahd atmosphgre) as described below, to
thereby obtain a silica-alumina-magnesia composition to
be used_aé a carrier in the present invention.

Methods (1) to (5) above are explained below in
detail. Examples of silica materials include a silica
sol, watei glass (sodium silicate) and a silica gel.
There is no particular limitation with respeqt to the
length of the Si-0 chain in the silica gel as long as
the silica gel contaiﬁs non-crosslinked Si atoms. With
respect to the above aluminum compound, it is preferred
to use a water-soluble compound, such as sodium alu-
minate, aluminum chloride hexahydrate, aluminum perchl-
orate hexahydrate, aluminum sulfate, aluminum nitrate
nonahydrate, aluminum diacetate and the like. However,

a Water-inSOIuble‘compound, such as'aluminum hydroxide
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or aluminum oxide, may also be used as loﬁg as the
cdmpound is capable of reacting with a non-crosslinked
Si atom which is present in the silica material, sudh
as a silica sol or a silica gel. Examples of magnesium
materials include magnesium oxide, magnesium hydroxide,
magnesium acetate, magriesium nitrate, magnesium chlo-
ride and maénesium sulfate.

In method (1) abdve, in which a silica-alumina gel
is used as a starting méterial, sulfuric acid is added
to-water glass (sodium silicate), to thereby obtain a
silica hydrogei having a pH of 8 to 10.5, and a solu-
tion of Alz(so4)3 is added to the hydrogel, to thereby
obtain a_mixture‘having a pH of 2 or less. Then,
sodium aluminate is added to the obtained mixture, to
thereby obtain a silica-alumina hydrogel.ﬁaving a pH 6£'~'
5 to 5.5: The water content of the obtained hydrogél
is adjusted'to 10 to 40 % by, fbr example; spray dry;
ing. After magnesia is addéd to the hydrogel, - the
resultant mixture is subjected to hydrothérmal reaction
at a temperature of 50 to 90 °C for 1 to 5 hours. The
resultant product is dried and then calcined under
conditions as described below, to thereby obtain a
silica-alumina-magnesia composition.

In each of methods (2) and (3) above, in which a

silica sol is used as a starting material, the silica
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sol is mixed with an aiuminum compouhd and a magnesium
compound to obtain a mixture sol, and the obtained
mixture sol is subjected to a hydrothermal reaction at
a temperature of 20 to.loo °C for 1 to 48 hours. The
resultant product is dried and then-calcined under
conditions as described below, to thereby obtain a
carfier of a silica-alumina-magnesia composition.
Alternatively, an alkaline aqueous solution is added to
a mixed sol of a silica sol, an aluminum compound and a
magnesium compound, so“that the silica, aluminum com-
pound and magnesium compound are coprecipitated, and
the precipitate is separated and dried to obtain a gel.
Then, the'obtained gel is calcined under conditions as
described below, to thereby obtain a carrier of a

silica-alumina-magnesia composition. Further, a_cafri—

er having a silica-alumina-magnesia composition having

a ﬁredetermined particle diameter can be prepared; For
example, a particulate“compbsition can be prepared by
spray drying the above;mentioned mixed sol, or a granu-
lar composition can be obtained by granulating the
dried gel obtained from the above-mentioned mixed sol.
In method (3) above, a silica sol is reacted with
a water—insolﬁble aluminum compound and a water-insol-
uble magnesium compound. Each of the aluminum compound -

and the magnesium compound may be pfeliminarily pulver- '
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ized so as to be provided in a particulate form having
a predetermined particle diameter, or in a coarsely
pulverized form. A silica sol is mixed with the water-
insoluble aluminum compound and water-insolublé magnes-
ium compound, each of which has preliminarily been
pulvérized, and a rea&tion is conducted at a tempera-
ture of 20 to 100 °C for 1 to 48 hours. The resultant
product is dried and then calcined under conditions as
described below, to thereby obtain a carrier of a
silica-alumina-magnesia composition. Instead of em-
ploying the preliminarily pulverized form of aluminum
compound and magnesium.compound, a silica-alumina-

magnesia composition obtained after calcination may be

. pulverized so as to have a predetermined particle

diameter.

In method (4)_above, in which a silica gel is used
as a starting material, a silica gel is reacted with a
water-soluble aluminum compound and a water-soluble
magnesium compound. The silica gel may be preliminari-

ly pulverized so as to be provided in a particulate

‘form having a predetermined particle diameter, or in a

coarsely pulverized form. The preliminarily pulverized
silica gel is mixed with the water-soluble aluminum
compound and water-soluble magnesium compound, and a

reaction is conducted at a temperatﬁre of 20 to 100 °C
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for 1 to 48 hours.' The resultant product is dried and
then calcined under conditions as described below, to
thereby obtain a carrier having a silica-alumina-magne-
sia composition. Instead of employing the preliminafi-
ly pulverized form of silica gel, a silica-alumina-
magnesia composition obtained after calcination may be
pulverized to have a predetermined particle diameter.
In method (5) above, in which a silica gel is used
as a starting material as in method (4) above, a silica
gel is reacted in the so0lid phase with an aluminum com-
pound and a magnesium compound. In this method, Al and
Mg are caused to react, in the solid phase, with'non—
crossliked Si atoms in the silica gel. Each of.the
silica gel, the aluminum compound and the magnesium
compound may be preliminarily pulverized so as to be
provided in a particulate form having a predetermined
particle diameter, or in a coarsely pulverized form.
In this case, these three components may be individual-
ly pulverized, or these three components may be mixed
together and the resultant mixture may.be subjected to
pulverization. Instead of employing the preliminarily
pulverized forms of the three components, the silica-
alumina-magnesia composition obtained by reaction and
calcination may be pulverized so as to have a predeter-

mined particle diameter.
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(I-B-3) An explanation will now be made on the carrier
comprising the crystaliine metallosilicate of formula
(1).

In formula (1), M represents a cation having a
valence of 1 or 2. The cation is.Selected from a
proton and cations 6f metals belonging to Groups Ié,
IIA, IIB, IIIA, IIIB, IVA, IVB, VB, VIB, VIIB and VIII
of the short-form Periodic Table.

R in formula (1) represents at least one metal
having a valence of 1 to 4, which is selected from
metals belonging to GrSups IB, IIB, IIIA, IIIB, IVA,
IVB, VA, VB, VIB, VIIB and VIII of the short-form
Periodic Table. Examples of such metals usablé as R
include aluminum, boron, gallium, titanium, chromium
and iron.

It is preferred that the crystalline métallosi—
licate be a crystalline aluminometallosilicate in which
aluminum is incorporated as at least one metal repre-
sented by R. It is more preferred that the crystalline
metallosilicate-be a cfystalline aluminosilicate.

The silica/RZ/wo molar ratio of the crystalline
metallosilicate is represented by y in formula (1), and
y is in the range of from 0.5 to 500, preferably from
0.5 to 200, more preferably from 0.5 to 100. When the

silica/Rz/WO molar ratio is outside the above-mentioned
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range, the effects of improving mechanical properties
and water resistance are small. The reason for this is
presumed to reside in that a stable crystalline metal-
losilicate structure is formed only when the
silica/Ry /0 molar ratio is within the above-mentioned
range.

X in formula (1) iepresents the amount of cation
necessary for neutralizing a negafive charge which is
generated by the bonding between silica and Rz/wo,

wherein the amount of cation is expressed in terms of

- the molar ratio of Mz/nO to R2/w°' and X in formula (1)

lis in the range of 0.3 * 0.1, independently of the

value of y.

There are a wide variety of types of crystalline
metallosilicates. Specific examples Qf structurally
different crystalline metallosilicates include zeolites
of the nalcime family, the.faujasite family, the chaf
bazite family, the natrolite family, the phillipsite
family, the mordenite family, the ZSM-5 family, the
ZSM-5-1ike family and the ZSM-11 family.

Examples of zeolites of the ZSM-5-like family
include ZSM-8 (see German Patent No. 2,049,755), ZETA-1
(see German Patent No. °2,548,697), ZETA-3 (see British
Patent No. 1,553,209), UN-4 (see German Patent No. -

3,268,503), UN-5 (see German Patent No. 3,169,606), TZ-
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01 (see U.S. Patent No. 4,581,216), crystalline alumi-
nosilicate (see U.S. Patent No. 4,954,326), TRS (see
German Patent No. 1,924,870), MB-28 (see European
Patent No. 21,445), TSZ {see Unexamined Japanese Patent
Appiication Laid-Open Specification (Japanese Kokai)
No. 58-45111} and AZ-1 (see European Patent No.
113,116).

The crystalline mgtaliosilicate to be used in the
present invention.can be synthesized by a hydrothermal
reaction wherein the reaction is conducted usually at
20 to 100 °C for 1 to 48 hours.

With respect to the source of silica, there is no

'particu;ar limitation. Water glass, a silica sol, a

silica gel or the like can be used as the source of
silica. |

As the source of metals, inorganic metal.compoﬁnds
and organometal compounds can be used. Examples of
inorganic metal compounds include metal salts, such as
a metal sulfate, a metai nitrate and the like, metal
halides, such as a metal chloride, a metal bromide and
the like, and a metal oxide ahd the like. |

If desired, the synthesis of the crystalline
metallosilicate to be used in the present invention may
be conducted in the presence of an organic template.

Preferred examples of organic templates include a urea °
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compound, such as dimethyl urea or the like, a quater-
nary ammonium salt, suqh as tetrapropyl ammonium salt
or the like, a diaminef such as hexamethylehe diamine,
and an alcohol.

When an organic template is employed for the
synthesis of a microcrystalline metallosilicate, it is
necessary that, after the hydrothermal reaction, organ-
ic matters be removed from the crystals of the synthe-
sized crystalline metallosilicate. Examples of methods
for removing organic matters include a method in which
a caléination is conducted at 400 to 800 °C for 1 to 48
hours in air, and a li&uid phase oxidation method using
an oxidizing agent, such as hydrogen peroxide.

(I-B-4) The specific surface area of each of the
above-mentioned compositions, which are preferably |
employable as a carrier foi the catalyst of the presenf
invention,'is generally from 10 to 700 m2/g,.preferably
from 20 to 350-m2/g, more preferably from 50 to

300 mz/g, as measured by the BET nitrogen adsorption
method. When the specific surface area is less thah

10 mz/g, there are dis;dvantages such that it is diffi-
cult to support a palladium coﬁponent on the carrier,
that a palladium component, even if supported on the
carrier, is likely to come-off from the carrier, and

that the catalyst'activity is low._'A large specific
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surface area of the carrier_does not pose a particular
problem on the activity of the catalyst. However, when
the specific surfece area of the carrier is large, the
mechanical strength and water resistance of the cata-
lyst tend to be low. Therefore, it is most preferred
that the specific surface area be eelected from the
range of from 50 to 200 mz/g.

The above-mentioned various compositions, which
are preferably employable as a carrier for the catalyst
of- the present invention, are calcined at an appro-
priate temperature so as to provide a desired specific
surface area within the range mentioned above. Gener-
ally, the calcination temperature is selected from the
range of from 200 to 800 °C. When the calcination
temperature is more than 800 °C, a marked lowering in
specific surfece area of the carrier disadvantageouely
occurs. With respect to the atmosphere to be used for
the calcination, there is nb particular limitation.
However, the calcination is generally conducted in air
or nitrogen gas. The calcination time is chosen,
taking into consideration the desired specific surface
area. However, the calcination is generally conducted
for 1 to 48 hours.

Ii. Production of Catalyst

Wwith respect to the production of the catalyst of
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the present invention, ‘a detailed explanation is given

below.

[II~-A] Production of the catalyst of the present

invention from a catalyst precursor

Hereinbelow, an explanation is made on a method
for producing the catalyst of the present invention,
which comprises subjecting a catalyst precursor com-
prising a carrier having supported thereon a reducible
palladium compound or a mixture of a reducible palladi-
um.coﬁpound and a reducdible lead compound to a reduc-
tion treatment with a reducing agent in a solvent in
the presence of lead ions and at least one compound
selecteq from the group consisting of a Cl—C5 fatty
acid, an alkali metal salt and an alkaline earth metal
salt.

The catalyst precursor comprising a carrier having
supported thereon a reducible palladium compound (which
is hereinafter, frequently referred to simply as
"palladium compound") can be prepared by a conventional
method. In a representative method for preparing the
catalyst precursor, a carrier is added to an aqueous
solution of a soluble palladium salt, such as palladium
chloride and, the resultant mixture is heated at 20 to
100 °C for 1 to 24 hours so that the carrier is well

impregnated with the agqueous palladium salt solution.
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Thus, a catalyst precursor comprising the carrier
having a palladium salt supported thereon can be ob-
tained.

With respect to aﬁcatalyst precursor comprising a
carrier having a mixture of a reducible palladium
compound and a reducible lead cdmpound, the preparation
of the catalyst precursor can be conducted in the same.
manner as mentioned above. That is, a carrier is well
impregnated with an agueous solution of a soluble
palladium compound, such as palladium chloride; and a
soluble lead compound, such as lead acetate by heating
a mixture of the carrier and the aqueous solution at 20
to 100 °C for 1 to 24 gours. The palladium compound

and lead compound can be applied to the carrier simul-

taneously, or either of the palladium cbmpqund'and'lead _.uf

compound is first applied to the carrier and then, the
remaining one can be applied to the carrief.

The metallic species of the catalyst precufsor may
contain, in.additibn to the essential palladium or the
essential mixture of palladium and lead, other metallic
elements, for example, mercury, thallium, bismuth,
tellurium, nickell chrgmium, cobalt, indium, tantalum,
copper, zinc,.zirconium, hafnium, tungsten, manganese,
silver, rhenium, antimony, tin, rhodium, ruthenium,

iridium, platinum, gold, titanium, aluminum, boron and
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silicon. Compounds of the above metallic elements
other than palladium and lead can be employed in an
amount of 5 % by weight or less, preferably not mbre
than 1 % by weight (in terms of metal), based on the
weight of the final catalyst containing all metallic
species in reduced form.

Further, at least_one metallic species selected
from alkali metals anduélkaline earth metals can be
incorporated in the catalyst precursor. Such an incor-
poration of at least oné compound selected from an
alkali metal Salt_and an alkaline earth metal salt in
the catalyst precursor is preferred beéause the cata-
lyst coqtéining such a compound exhibits high:reactivi—
ty. The alkali metal salt and/or alkaline earth metal
salt can be employed in an amount of 0.01 to 30 % by
weight, prefefabiy 0.01 to 5 % by weight (ih terms of
metal), based on the wéight of thé final catalyst
containing all metallic species in reduced form. A
small amount of at least one of the above metallic
species (including alkali metals and alkaline earth
metals) other than palladium and lead may be intruded
between the crystal lattices and/or may be substituted
for the pallédium and/or iead in the crystal lattice.
In practice, at least one of the salts of these metal-

lic species (including alkali metals and alkaline earth
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metals) other than Pd and Pb can be added to the aque-
ous solution of a Pd compound or a mixture of a Pd
compound and a Pb compound so.as to be adsorbed on or
attached to the carriér, or can be originally supported
on a carrier. Alternatively, at least one of these
other metallic species can be added to a reduction
reaction system used for producing a final catalyst by
reducing the catalyst precursor.

The palladium compounds and lead compounds to be
used for preparing catalyst precursors include palladi-
um salts and lead salts of, for example, organic acids,
such as formic acid and acetic acid; and inorganic
acids, sudh as sulfuric acid, hydrochloric.acid and
nitric acid, and also include, for example, organic
complexes of palladium and lead, such as ammine com-
plexes ‘and benzonitrile complexes; oxides of palladium
and lead; and hydroxides of palladium. Preferred
exampies of palladium compounds include palladiﬁm
chloride and palladium acetate, and preferred examples
of lead compounds inclide lead nitrate and lead ace-
tate. Preferred examples of alkali metal compounds and
alkaline earth metal compounds include organic acid
salts, inorganic acid salts and hydroxides of alkali
metals and alkaline earth metals, and, among them, Cq-

Cg fatty acid salts are most preferred.
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Examples of carriers include silica, alumina,
silica-alumina, zeolite, magnesia, magnesium hydroxide,
titania, calcium carbonate, activated carbon and the
like. However, the above-mentioned three specific
types of carriers are most preferred.

In the catalyst oflthe present invention, the
amount of palladium supported on the carrier is not

specifically limited, however, is generally in an

.ambunt of from 0.1 to 20 % by weight, preferably from 1

to 10 % by weight, based on the weight of the carrier.
The amount of lead supported on the carrier is also not
specifically limited, however, is generally in an
amount of from 0.1 to 20 % by weight, preferabiy from 1
to 10 % by weight, basgd on the weight of the carrier.
In this connection, it”should be noted that the P4d/Pb
atomic ratio is important rather than the respective
amounts of paliadium and lead supported bn_the carrier.
The ratio of the palladium'éompound to the lead com-
pound is selected within the range of from 3/0 to
3/1.3, preferably from 3/0 to 3/0.7 in terms of the
P4d/Pb atomic ratio.

Thus, the catalyst of the present invention can be
produced by éubjecting_the above-mentioned catalyst
precursor to a reductiAn treatment with a reducing

agent in a solvent in the presence of lead ions in an
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amount necessary for obtaining a final catalyst com-
prising a carrier having supported thereon palladium
and lead in an atomic ratio (S) of 3/0.7 £ S g 3/1.3,
wherein the solvent is at least one member selected
from the group consisting of water and an ‘alcohol, such
as methanol, and the reducing agent is at least one
member selected from the group consisting of formalde-
hyde, formic acid, hydrazine, methanol and molecular
hydrogen.

‘An illustrative explanation is made below on the
production of the catélyst of the present invention
from the catalyst precursor comprising a carrier having
supported thereon a palladium compound or a mixture of
a palladium compound and a lead compound.

As mentioned abové, the catalyst precursor is -
dispersed in a solvent selected from the gtoup_cdnsiét-”
ing of water and an alcohol (such as methanol), and
subjected to a reduction treatment with a reducing
agent, under heating at 20 to 200 °C, preferably 40 to
160 °C, in the presende of lead values in an amount
necessary for obtaining a catalyst of the present
invention. |

Solvents than water and an alcohol (such as metha-
nol) can also be used as a solvent for the reduction

treatment as long-as the solvents used are inert to the

This Sheet Has Been Replaced
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reduction system under the reduction treatment condi-
tions. However, the use of water or methanol is
preferred from a practical point of view.

As the reducing aéént, there can be mentioned
formaldehyde, formic acid, hydrazine, methanol, molecu-
lar hydrogen and a mixture thereof. In the case of the
reduction treatment using fofmaldehyde, formic acid,'
hydrazine or a mixture thereof, it can be used in such
a manner that it is simpiy added, in the form of a
solution thereof in water and/or methanol, to the
catalyst precursor dispersion. In the case of the
reduction treatment us;ng methanol, the reduction

treatment.becomes more simple. That is, the reduction

treatment can be effected by only dispersing the cata-

lyst intermediate in methanol. In the case of the
reduction treatment using moiecular hydrogen;.pure'
hydrogen gas, or a gaseous mixture of hydrogen gas and
an inert'gas (such as nitrogen gas or methane gas) in
which the hydrogen concentration of the gaseous mixture-
is 0.1 % or more by volume, is blown into the catalyst
precursor dispersion uqder from 1 to several tens atm,

preferably from 1 to several atm. Formaldehyde, formic

"acid, hydrazine, methanol or molecular hydrogen is used -

in a molar amount of from 0.1 to 100 times, preferably

from 0.5 to 10 times as large as the molar amount of
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the palladium compound contained in the catalyst pre-
cursor.l The use of a reducing agent in excess of the
above range poses no problems. Addition of an alkali
(such as sodium hydroxide) to the reduction system is
preferred because the reduction reaction can easily
proceed. The alkali is usually used in a 1/100 to
eqﬁimolar amount relative to the molar amount of the
reducing agent.

In the reduction freatment, it is requisite that
lead ions be present'in the reduction system. For this
purpose a lead-containing substance is usually added to
a dispersion of the catalyst precursor in water, metha-
nol or a mixture thereof. The type of the'leéd-con-
taining substance is not specifically limited as long
as it can be dissolved in the dispersion in the form of .
lead ions. Examples of lead-containing substances . |
include lead salts of organic acids, such as formic
acid and écetic acid:'and lead salts of inorganic
acids, such as sulfuric acid, hydrochloric acid and
nitric acid, and also include lead oxide; and lead
hydroxide. Among them, lead nitrate and lead acetate
are preferred because these lead salts have high so-
lubility. Ih this connection, it should be noted that
it is not always necessary to add a lead-containing

substance from the outside of the reduction system, but
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lead ions dissolved-out from the catalyst precursor are
sometimes sufficient far the purpose.

The amount of a léad-containing substance to be
added may be varied depending on the type of the cata-
lyst precursor used; However, it is essential that a
lead-containing substance be added. to the reduction
system in an amount necéssary for obtaining a final
catalyst of the présent invention comprising a_carrier
having supported éhereon palladium and lead in a Pd/Pb
atomic ratio (S) of 3/0.7 ¢ S ¢ 3/1.3. That is, in
order that the_catalysf having.such a Pd/Pb atomic
ratio can be obtainedh an appropriate amount of the
lead-containing substance is chosen from the rénge of
from 3/0 to 3/1.3 in terms of the Pd/Pb atomic ratio-of
the Pd contained in the pailadium-compound of the
catalyst precursor to the Pb contained in the lead-
containing substance, and the lead-containing substance
is added to the catalyst precursor dispersion in an
amount satisfying the above-mentioned P3d/Pb atdmic
ratio, followed by red&ctidn treatment.

The lead-containing substance can be continuously
or intermittently added prior to or during the reduc-
tion treatmeht.

In the reduction treatment of the catalyst precur-

sor, even when the catalyst precursor already has a



10

15

20

25

72

Pd/Pb atomic ratio (S) in the range of 3/0.7 £ S g
3/1.3, it may be subjected to a reduction treatment
while adding a lead-containing substance to the reduc-

tion reaction system, as long as the final catalyst has

'a Pd/Pb atomic ratio not exceeding 3/1.3. Alternative-

ly, the reduction treatment may be conducted without
adding any lead—containing substance (in this case, Fb
ions dissolved out from the catalyst precursor serve as
Pb ions necessary in the reduction process).

As mentioned above, the catalyst of the present
invention can be obtained by subjecting the catalyst
precursor to a reduction treatmenf in the presence of
Pb ions and at least one compound selected froﬁ the
group consisting of a Iower (Cl—c5) fatty acid, an
alkali metal salt and an alkaline metal salt.

Examples of lower (C1-Cg) fatty acids include
propionic acid, écetic acid and maleic acid. A most
preferred lower fatty acid is acetic acid from-a prac-
tical viewpoint; The lower fatty acid can be used in
a molar amount of from 0.1 to 30 times, preferably from
1 to 15 times as large as the molar amount of palladium
salt (in terms of Pd) contained in the catalyst precur-
sor. The lower fatty acid can be added simultaneously
with or prior to the addition of the reducing agent,

wherein the latter is preferred from a viewpoint of
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effects achieved. Thg addition of a lower fatty acid
is effective especially when the catalyst precursor
contains both a palladium compound and.a lead compound.
In the'reduction treatment, it is preferred to use
an alkali metal salt and/or an alkaline earth metal
salt, each of a lower (C1-Cs) fatty acid. The present

inventors have found that the use of such an alkali

metal salt and/or an alkaline earth metal salt in the

reduction treatment isﬁvery effective for obtaining a
catalyst of the present invention which comprises a
carrier having supported thereon palladium and lead in
the form of a high quality PbgPb; intermetallic com-
pound having no or only few lattice defects. This
effect can be achieved with respect to not only a
catalfst containing only a palladium compound but also: -
a catalyst pfecursor containing both a palladium-cqm—
pound and a lead compound. The-alkali metal salt
and/or alkaline earth ﬁetal'salt, each of a lower fatty
acid, can be used in a molar amount of from 0.1 to 30
times, preferably from 1 to 15 times as large as the
molar amount of the palladium compound (in terms of
Pd). Preferred examples of alkali metal salts ahd
alkaline earth metal salts include sodium acetate and

magnesium acetate. The reason why the reduction treat-

‘ment conducted in the presence of lead ions and at
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least one compound selected from a lower fatty acid, an
alkali metal salt and.an alkaline earth metal salt
gives a high quality PdgzPb, intermetallic compound
having no or only few lattice defects has not yet been
elucidated, however, it is believed that, by virtue of
the presence of protons, alkali metal cations and/or

alkaline earth metal cations, the lead ions are caused

.to easily, selectively interact with the defective

portions of the crystal lattice of the Pd-Pb interme-

tallic compound, thereby facilitating the lead ions to

be introduced into the crystal lattice.

The reduction treatment of the catalyst precursor
can be cpﬁduéted at room temperature to 200 °C under a
pressure necessary for maintaining the reduction treat-
ment system in a liquid state, preferably at 40 fo 160
°Cc under atmospheric pressure to sevefal atom. The
reduction treatment time varies depending on the type
of the catalyst active species and the reduction treat-
ment conditions, but is generally in the range of from
several minutes to 100 hours. It is preferred to
choose the reduction treatment conditions so that the
reduction can be completed within several hours. Com-
pletion of the reduction can be easily confirmed by
measuring the diffraction angle (8) for a maximum

intensity peak ascribed to the (111) crystal face
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diffraction with respecf to the powder X-ray diffrac-~
tion pattern of the catalyst obtained by the reduction
treatment. |

The type of the reactor used in the reduction
treatment is not specifically limited, and a conven-
tional agitation vesse; type reactor can generally be
used. |

By subjecting the catalyst precursor to a reduc-
tion treatment in such a manner as mentioned above, a
high quality, high purity catalyst having no or only.
few lattice defects can be obtained, wherein the cata-
lyst comprises a carrier having supported thereon
palladium and lead in a P4d/Pb atomic ratio (S) of 3/0.7

< 8 g 3/1.3, and wherein the catalyst exhibits a

. maximum intensity peak at a diffraction angle (20) in

the range of from 38.55° to 38.70° in ;.powder X-ray
diffraction pattern thereof, wherein the peak is
ascribed to the (111) crystal fade diffraction of a
Pd-Pb intermetallic compound. In a more preferred
aspect of the present invention, the catalyst exhibits,
in a spectrum obtained from the catalyst by X-ray
photoelectron spectroscopy, a ratio of from 1/0.2 to
1/0.7 in terms of the
{Pd3d(3/2)+Pd3d(5/2)}/{Pb4£(7/2)x1.75} ratio of the sum

of respective intensities of two peaks respectively
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ascribed to the 3d(3/25 electron and the 34(5/2) elec-
tron of metallic palladium to the intensity of a peak
ascribed to the 4£f(7/2) electron of metallic lead which
is multiplied by 1.75.

When the diffraction angle (20) for a maximum
intensity peak ascribed to the (11l1) crystal face
diffraction of a Pd-Pb intermetallic compound in the
powder X-ray diffraction pattern of the catalyst is
less than 38.55°, the yield of a desired carboxylic
ester, based 6n the alébhol used,  is extremely lowered,
leading to én increase in unfavorable by-production of,
for example, methyl formate. When the diffraction
angle (29) is larger than 38.70°, an aldehyde decompo—
sition reaction is likely to occur markedly, so that
the yiéld of a desired carboxylic ester, bésed on the
aldehyde, is lowered. On the other hand, wheh the -
amount of lead in the catalyst is lafger than the
amount corresponding to the Pd/Pb rétio of 3/1.3, a
reaction of by-producigg, for éxample, methyl formate,
is likely to occur markedly. Whereas, when the amount
of lead in the cafalyst is smaller than the amount
corresponding to the Pd/Pb atomic ratio of 3/0.7, the
selectivity for a desired carboxylic ester, for exam-
ple, MMA, is markedly lowered. In contrast, by the use

of the catalyst of the present invention, the yield of
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a desired carboxylic ester is improved not only on an
aldehyde basis but also on an alcohol basis.

By the above-mentioned preparation method of the
present invention, it has become possible to obtain a
catalyst having a Pd/Pb atomic ratio of from 3/0.7 to
3/1.3, namely, close to 3/1, containing no or only very
little excess lead as lead impurities, and having no or
only few lattice defects. It may seem to be possible
to obtain a catalyst having a Pd/Pb atomic ratio close
to 3/1. However, when a catalyst having a Pd/Pb atomic

ratio close to 3/1, which is produced by the conven-

~tional preparation method, is used, it results in a

poor selectivity for a.-desired carboxylic ester. The
above-mentioned preparation method of the p;eéent
invention has rendered it possible to obtain_a-highf'
quality, high purity catalyst haviﬁg not only'a'Pd/Pb
atomic ratio close to 3/1 but also having no or only .
few lattice defects. Thus, not only can an improved
selectivity for.a desired carboxylic ester, such as
MMA, be achieved, whereby the formation of a by—prbduct
derived from the alcohol, for example, methyl formate,-
is greatly suppressed,ﬂbut also the smaller content of
lead impurities in the catalyst contributes to a de-
crease in dissolution-out of lead values into the waste

water from the prbcess for the production of carboxylic
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esters, thereby enabling the treatment cost for detoxi-
fying the lead values contained in the waste water to
be obviated. Therefore, various significant practical
advantages can be brought about by the present inven-.
tion.

As mentioned above, the catalyst preparation
method of the present 1nvention is simple, wherein the
catalyst precursor comprlsing a carrier having support-
ed thereon a palladium compound or a mixture of a
palladium aompound and a lead compound is subjectéd to
a reduction treatment with a reducing agent in a sol-
vent in the presence of lead ions and at least one
compound selected from the group consisting of-a C1-Cs
fatty acid, an alkali metal salt and an alkaline earth
metal salt. The reasons why a catalyst contalning,
with high purity, a high quality PdsPb; 1ntermetalllc
compound having no or only few lattice defects can be
obtained by the method of the present inventioa have
not yet been elucidated. Howevef, it is presumed that,
in one aspect, activated hydrogen, which is formed on a
catalyst under the above-mentioned reduction condi-
tions, plays an important role in the formation of a
defect-free lattice of a high quality, high purity Pd-
Pb intermetallic compoﬁnd,-that is, such activated

hydrogen and the lead ions together serve . to facilitate
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change of the lattice structure of a once formed Pd4d-FPb
intermetallic compound ‘to a defect-free lattice struc-
ture, and that, in another aspect, the alkali metal
cations and/or the alﬁaline earth metal cations play an
important role in facilitating the lead ions to selec-
tively interact with defective portions of the lattice
of the Pd-Pb intermetallic compound.

The palladium-lead catalyst obtained by the
above-mentioned preparation process of the present
invention can be advantageously used in a process for
producing é carboxylic”ester from an aldehyde, an
alcohol and molecular oxygen. The amount of catalyst
is not spécifically 1iﬁited, but largely varies depend-
ing on the types of raw materials, the composition and
preparation method of the catalyst, the reaction condi—
tions, the reaction modes and the like. For example,-
when the catalyst is used in-a slurry form, it is
preferred to use the catalyst in an amount of from 0.04
to 0.5 kg per liter of a reaction system_comprising the

aldehyde, the alcohol and molecular oxygen.

[II-B] Production of the catalyst of the present

invention by activation of a catalyst intermediate
(II-B-1) Preparation of a catalyst intermediate

Hereinbelow, an explanation is made on another
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method for obtaining a catalyst of the present inven-
tion. This metﬁod comprises activating catalyst compo-
sitions, each comprising a carrier having supported
thereon palladium or a mixture of palladium and lead,
wherein the catalyst compositions have various P4d/Pb
atomic ratios and do not satisfy all or part of the
requirements of the high quality, high purity catalyét
of the present invention (each of such catalyst compo-

sitions is, hereinafter, frequently referred to as a

"catalyst intermediate").

In the present inventidn, as already mentioned
above,.the term "activation" means various processeé
for modiinng or altering the above-mentioned catalyst
intermediate, so as to .obtain a catalyst satisfying all
of the requirements of the catalyst of the-present.
invention. |

Examples of catalyst intermediates include a

‘conventional catalyst prepared by a known method, and a

spent catalyét which originally'satisfied the essential
requirements of the catalyst of the present invention,
but has become deteriorated as a result of use in the
reaction of producing a desired carboxylic ester, so
that it no longer satisfies a part or all of the re-
quirements of the catalyst of the present invention.

In a representative method for preparing a cata-
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lyst intermediate, a qarrier is added to an aqueous
solution of a soluble palladium compound, such as
palladium chloride, or an aqueous solution of a mixture
of a soluble palladium compound, such as palladium
chloride, and a soluble lead compound, such as lead
acetate; the resultant mixture is heated at 20 to

100 °C for 1 to 24 hours so that the carrier is well
impregnated with the aqueous solution of the palladium
compound or the aqueoug solution of the mixture of the
palladium compound and the lead compoﬁnd; and the
reduction of the Pd or the mixture of the Pd and the Pb
supported on the carrier is conducted uéing formalde-

hyde, fqrmic_acid, hydrazine, methanol, hydrogen gas or

-the like. For preparing a catalyst intermediate com-

 prising a carrier having supported thereon a mixture of

pélladium and lead, the palladium compound and lead
compound_can be applied to the carrier simultaneously,
or either of the palla&ium compound and lead compound
is_fifst applied to the carrier and then, the remaining
one can be applied to the carrier. Alternatively, a
carrier having a palladium compound supported thereon -
may Ee subjected to reduction in the presence of the
lead compound.

- The metallic species of the catalyst intermediate

may contain, in addition to the esséntia} palladium or
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the essential mixture of palladium and lead, other
metallic eléments, for example, mercury, thallium,
bismuth, tellurium, nickel, chromium, cobalt, indium,
tantalum, copper, zihc, zirconium, hafnium, tungsten,
manganese, silver, rhénium, antimony, tin, rhodium,
ruthenium, iridium, platinum, gold, titanium, aluminum,
boron and silicon. Coﬁpounds of the above metallic
elements other thaﬁ a palladium salt and a lead salt
can be employed in an amount of 5 % by weight or less,
preferably not more than 1 % by weight (in terms of
metal), based on the weight of all of the metallic
species in reduced:forﬁ.

Further, at least one metallic species selected

from alkali metals and alkaline earth metals can be

incorporafed in the catalyst intermediate by the:useAQf' - '

at least one compound selected from én alkali metél,"
salt and an alkaline earth metal salt. Such an incof;
poration of at least one metallic species selected from
alkali metals and alkaline earth metals is preferred
because the catalyst haﬁing such a metallic species
supported on the carrier exhibits high reactivity. The
alkali metal salt and/or alkaline earth metal salt can
be employed in an amoﬁnt of 0.01 to 30 % by weight,
preferably 0.0l to 5 % by weight (in terms of metai),

based on the weight of all metallic species in reduced
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form. A small amount of at least one of the above
metallic species (including alkali metals and alkaline
earth metals) other than palladium and lead may be
intruded between the crystal lattices and/or may be
substitﬁted for the palladium and/or lead in the crys-
tal lattice. 1In practice, at least one of salts of
these metallic speciesﬁ(including alkali metals and
alkaline earth metals) other than Pd and Pb can be
added to the aqueous solution of Pd or a mixture of Pd
and Pb so as to be adsorbed on or attached to the
carrier, or can be originally supported on a carrier.
Alternatively, at least one of these other metailic
species can be added to a reduction reaction system
used for preparing a catalyst intermediate.

_ The.palladium compounds and lead compouﬁds td'be
uSed for preparing catglyst intefmediates include |
palladium salts and lead salts of, for example, organic '
acids, such as formic acid.énd adetic acid; and inor-
ganic acids, such as sulfuric acid, hydrdchloric acid
and nitric acid, and also include, for example, organic
complexes of palladium and lead, such as ammine com-
plexes and benzonitrile complexes; oxides of palladium
and lead; and hydroxides of palladium and lead. Pre-
ferred examples of palladium compounds include palladi-

um chloride and pélladium acetate, and preferred exam-
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ples of lead compounds ‘include lead nitrate and lead
acetate. Preferred examples of alkali metal compounds
and alkaline earth mefal compounds include organic acid
salts, ‘inorganic acid salts and hydroxides of alkali
metals and alkaline earth metals.

Examples of carriers include silica, alumina,
silica-alumina, crystalline metallosilicate, silica-
alumina-magnesia, magnesium hydroxide, titania, calcium
carbonate, activated carbon and the like. From a
viewpoint of mechanical strength, silica-alumina,
gsilica-alumina-magnesia and crystalline metallosilicate
are preferred. Furthér, the above-mentioned specific
types of Silica-alumina, silica-alumina-magnesia and
crystalline metallosilicate are most preferred.

In the.catalyst-of.the present invention, the
amount of palladium supported on the carrier is nbf
specifically limited, however, is generally in an
amount of from 0.1 to 20 % by weight, preferably from 1
to 10 % by weight, based on the weight of the carrier.
The amount of lead supported on the carrier is also not

specifically limited, however, is generally in an

amount of from 0 to 20 % by weight, preferébly from 1

to 10 % by weight, based on the weight of the carrier.
In this connection, it should be noted that the P4/Pb

atomic ratio is important rather than the respective
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amounts of palladium and lead supported on the carrier.

The catalyst intermediate used in the present invention -

has a Pd/pPb atomic ratio (S) of 3/0 ¢ S ¢ 3/1.3,
preferably 3/0.1 ¢ S ¢ 3/3. However, the preferred
range of the Pd/Pb atomic ratio (S) of the catalyst
intermediate varies dependihg on which activation
method is selected from the first to fourth activation

methods described below.

(IX-B~-2) Activation of a catalyst intermediate

~ A detailed explanation is given below with respect
to a method for producing the catalyst of the present
inveﬁtiqn'by activating a catalyst intermediaté com-
prising a carrier having supportéd thereon palladium,
or a mixture of pallédium and lead. | |

As alréady mentidhed.above, the term "activation"”

used herein means a process for obtaining the catalyst
of the present invention from a catalyst intermediate
comprising a carrier having supported thereon palladium
or a mixture of palladium and lead. In the present
invention, the following four methods (namely, first to
fourth methods) are disclosed for effecting such an

activation.

(IZI-B-2-i) The first activation method comprises
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reducing the above-mentioned catalyst intermediate in
the presence of lead ions in a solvent selected from
water, an alcohol (such as methanol) and a mixture
thereof, under heating at 20 to 100 °C. Other solvents
than water and an alcohol (such as methanol) can also
be used as a solvent for the activation treatment as
long as the solvents used are inert to the activation
reaction system under the activation treatment condi-
tions. However, the uee of water is preferred from a
practical point of view.

As the reducing agent which serves as an activat-
ing agent for the catalyst intermediate, there can be
mentioned formaldehyde, formic acid, hydrazine; methaf
nol, molecular hydrogen and a mixture thereof. 1In the
case of the activation treatment using formaldehﬁde}f“n
formic acid, hydrazine or a mixture thereof, it'can'ne
used in such a manner that it is simply added, in the
form-of a solution.thereof in water and/or methanol, to
a dispersion of the catalyst intermediate. In the case
of the activation treatment using methanol, the activa-
tion process is more simple. That is, the activation
can be performed by only dispersing the catalyst in-
termediate in methanol. In the case of the activation
treatment using molecular hydrogen, pure hydrogen gas,

or a gaseous mixture of hydrogen gas and an inert gas
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(such as nitrogen gas or methane gas), wherein the
hydrogen concentration of the gaseous mixture is 0.1 %
or more by volume, is blown into the catalyst interme-
diate dispersion under 1 to seﬁeral tens atm, prefera-
bly from 1 to several étm. Formaldehyde, formic acid,
hydrazine, methanol or molecular hydrogen can be used
in a molar amount of from 0.1 to 100 times, preferably
from 0.5 to 10 times as large as the molar amount of
the palladium contained in the catalyst intermediate.
The use of an activating agent in excess of the above
range poses no problems. Addition of an alkali (such
as sodium hydroxide) to the activation reaction system
is preferred because the activation can easily proceed;
The alkali is usually used in a 1/100 to equimolar
amount relative to the molar amount of the activating
agent.

In the first method of activation treatment, it is
requisite that lead ions are present in the reaction
system'for the activation. For this purpose, a lead-
containing substance is usually added to a dispefsion
of the catalyst intermédiate in water, methanol or a
mixture thereof. The type of the lead-containing
substance is not specifically limited as long as it can
be dissolved in the dispersion in the form of lead

ions. Examples of lead-containing substances include
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lead salts of organic acids, such as formic acid and
acetic acid; and lead salts of inorganic acids, such as
sulfuric acid, hydrochloric acid and nitric acid, and
also include lead oxide; and lead hydroxide; Among. .
them, lead nitrate and lead acetate are preferred
because these lead salts have high solubility. Gener-

ally, a lead-containing éubstance is added to a disper-

sion of the catalyst intermediate in a'solveht selected

from water, methanol and a mixture thereof, and the
activation operation is conducted.

The amount of a lead-containing substance to be
added may be varied depending on the type of the cataf
lyst intermediate used. Generally, an appropriate

amount of lead-containing substance is chosen within

the range of from 3/0.01 to 3/2 in terms of the atomic =~ -

ratio of the Pd contained in the catalyst intermediate
to the Pb contained in the lead-containing substance,
and the catalyst intermediate is dispersed in a solu-
tion of the lead—conﬁaining substance in water and/or
methanol, and the activation operation is conducted.

In the above-mentionéd activation method, it is
preferred that the catalyst intermediate uéed have a
Pd/Pb atomic ratio (S) of 3/0 ¢ S g 3/1.3.

In the above-mentioned activation method, for

obtaining a catalyst comprising a carrier having sup-
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ported thereon palladiﬂm énd 1ead in a Pd/Pb atomic
ratio of 3/0.7 to 3/1.3, preferably in a Pd/Pb atomic
ratio as close to 3/1 as possible, it is preferred that
the amount of lead-containing substance added to the
activation reaction system be in the rahge of from
3/0.03 to 3/0.6 in terms of the Pd/Pb atomic ratio of
the Pd contained in the catalyst intermédiate to the Pb
contained in the lead-containing substance. The lead-
containing substance can be continuously or intermit-
tently added prior to Sr during the activation treat-
ment. |

As mentioned above, for providing lead ions in the
activation reaction system, a lead-containing éubstance
is generally used. However, when the catalyst interme-
diate to be subjected to activation is of_iow purity,"  T
such a cafalyst intermediate has a large amounf’éf lead
impurities. These lead impurities can be utilized és a
source of iead ions, that is, the lead component con-
tained in the catalystﬂintermediate as impurities is
dissolved out in an ionized form thereof into the
reaction system, thus providing lead ions in the reac-
tion system even without addition of a lead-containing
substance from the outside. In tﬁis case, for facili-
tating the lead component to be dissolved out into the

reaction system, it is preferred that a lower (C1-Cs)
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fatty acid, such as.propionic acid, acetic acid, butyr-
ic acid or maleic acid, be added to the activation
reaction system. Wheﬁ the amount of lower fatty acid
added to the reaction system is too large, the amount
of lead dissolved out into the reaction system becomes
too large, so that the final catalyst is likeiy to be
deteriorated. Theréfore, the lower fatty acid can be
used in a molar amount of from 0.1 to 30 times, prefer—
ably from 1 to 15 times as large as the molar amount of
the palladium contained in the catalyst intermediate.
From a practical point of view, it is preferred to use
acetic acid which is éasily available.

Thg above-mentioned fatty acid may be addéd to the
solvent simultaneously with the addition of a reducing
agent which serves as an actiVatiﬁg agent. However, |
when the fatty acid is added to the solvent pribr'tb
the addition of the reducing agent, the necessary
amount of lead ions can be aissglved out into the
reaction system more efficiently. Further, even when a
lead-containing substahce is used, it is preferred to
use a fatty acid, because the necessary amount of the
lead-containing substance tb be added to the reaction
system can bé decreased.

In the above-mentioned first activation method, it

is preferred to use an alkali metal salt and/or an
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alkaline earth metal salt, each of a lower (C;-Cg)
fatty acid. The present inventors have found that the
use of such an alkali metal salt and/or an alkaline |
earth metal salt in the activation treatment is. very
effective for obtaining a catalyst of the present
invention which comprises a carrier having supported
thereon palladium and lead in the form of a high quali-
ty Pb3Pb1 intermetallic compound having no or only few
lattice defects. The alkali metal salt and/or alkaline
earth metal salt, each of a lower fatty acid, can be
used in a molar amount of from 0.1 to 30 times, prefer-
ably from 1 to 15 times as large as the molar amount of
the pal;adium confained in the catalyst intermédiate.
Preferred examples of alkali metal salts and alkaline
earth metal salts include sodium acetate and maghesium
acetate. The reason w@y the activation treétment'
conducted in the presegce of lead ions and at least oné
compound selected from an alkali metal salt and an
alkaline earth metal salt gives a high quality PdgPb;
intermetallic compound having no or only few lattice

defects has not yet been elucidated, however, it is

" believed that, by virtue of the presence of alkali

metal cations and/or alkaline earth metal cations, the
lead ions are caused to easily, selectively interact

with defective portiong of the crystal lattice of the
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Pd-Pb intermetallic compound, thereby facilitating the
lead ions to be introduced into the crystal lattiée.

The alkali metal salts and/or the alkaline earth
metal salts can bé used instead of the abové—mentioned
lower fatty acid, so as to achieve the effect of dis-
solving out the lead impurities from the catalyst -
intermediate.

When the activation treatment of the catalyst
intermediate is conducted using the above-mentioned

lower fatty acid, and/or the aboﬁe-mentioned alkali

_metal salt and/or alkaline earth metal salt, it is

preferred to use a catalyst intermediate having a P4A/Pb
atomic ratio of from 3/0.1 to 3/10.

The activatipn treatment of the catalyst interme;
diate can be conducted at room temperature to 200 °C
under a pressure necessary for maintaining the reduc-
tion treatment system in a liquid state, preferably at
40 to 160 °C.under atmospheric pressure to several atm.

The activation treatment time varies depending on
the type of the catalyst active species and the activa-
tion treatment conditions, but is generally in the
range of from several ﬁinutes to 100 hours. It is
preferred to choose the activation treatment conditions
so that the activation can be complefed within several

hours. Completioh of the activation can be easily
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confirmed by measuring the diffraction angle (20) for a
maximum intensity peak asdribed to the (111) crystal
face diffraction with respect to the powder X-ray
diffraction pattern of the catalyst obtained by the
activation treatment.

Tﬁe type of reactor used in the activafion treat-
ment is not specifically limited, and a conventional

agitation vessel type reactor can generally be used.
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(II-B-2-ii) With respect to the second method for

activation of the catalyst intermediate, a detailed
explanation is given below.

The second method for activation of the cétalyst_
intermediate comprises oxidizing a catalyst intermedi-
ate and subsequently reducing the resultant oxidized
catalyst intermediate, wherein:

(1) the oxidation-is conducted using a gaseous oxidiz-
ing agent comprising molecular oxygen;

(2) the reduction is conducted using a gaseous reducing
agent comprising at least one member selected from
methanol gas, molecular hydrogen and C,-C, olefin gas;
and

(3) optionally, a sequencelof the oxidation as in item
(1) above and the reduction as in item (2) above is |
repeated. |

In the case of the oxidation treatment using

molecular oxygen, the catalyst intermediate is heated

at a temperature of 200 °C or more, preferably from 200
to 600 °C, for about 30 minutes or more, generally from
1 fo 10 hours, whilé flowing pure oxygen gas or a gase-
ous mixture of oxygen gas and an inert gas (such as
nitrogen gas or carbon dioxide gas) in which the oxygen
concentration of the gaseous mixture is 0.1 % or more

by volume.
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In the case of the reduction treatment using
methanol gas, the catalyst intermediate is heated at a
temperature of from 300 to 500 °C, generally, fof 1 to
10 hours under 1 to seferal atm, while flowing pure
methanol gas or a gaseous mixture of methanol gas and
an inert gas (such as nitrogen gas or methane gas) in
which the methanol concentratioﬁ of the gaseous mixture
is 0.1 % or more by vo;ume. When the temperature of
the reduction system is lower than 300 °C, the activa-
tion operation cannot be conducted efficiently, and
when the temperature of the system is higher than
500 °C, a lowering of the activity of the catalyst is
observed, which is believed to be ascribed to é sinter-

ing of metal particles.

In the case of the reduction treatmenf;us;ng AR

molecular hydrogen (a hydrogen gas), the'cafalyéf
intermediate is heated at a temperature of from 200 to
500 °C for 1 to 10 hours under 1 to several tens atm,
while flowing hydrogen gas; As in the éase of the
reduction treatment usihg.methanol gas, when fhe tem-
perature of the reduction system is lower than 200 °C,
the activation operafién cannot be conducted efficient-
ly, and when the temperature of the reduction system is
higher than 500 °C, a lowering of the activity of the

catalyst is obserVed.
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As mentioned above, the reduction of the oxidized
catalyst intermediate is conducted using a gaseous
reducing agent compfising at least one member selected
from methanol gas, molecular hydrogen and C,-C4 olefin
gas. In the last reduction treatment, it is preferred
to use molecular hydrogen, rather than to use methanol
gas-and Co-C4 olefin gas. |

For obtaining a catalyst having excellent proper-
ties, it is preferred'to repeat a sequence of the
oxidation treatment and reduction treatment, rather
than to conduct the above-mentibnedlsequence only once.
When the above-mentioned sequence ié repeated, each
sequence of the oxidation treatment (using é géseoﬁs
oxidizing agent comprising molecular oxygen) and the
reduction treatment (using a gaseous reducing agent
compriéing at least one member selected ffom methanol
gas, molecular hydrogen and C,-C, olefin gas) can be
conducted under subst&ntially the same respective_
conditions as mentioned above. With respect to the
times of repetition of the sequence, there is no particu-
lar limitation, as long as the catalyst of the present
invention can be obtained, which comprises a carrier
having supported thereon palladium and lead in a Pd/Pb
atomic ratio (S) of 3/0.7 ¢ S g 3/1.3, and exhibits a

maximum intensity-peak"at a diffraction angle (26) in
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the range of from 38.55° to 38.70° in the powder X-ray
diffraction pattern thereof, wherein the peak is
ascribed to the (111) crystal face diffraction of a
Pd-Pb intermetallic compound. In practice, the times
of repetition may vary depending on the type of the
catalyst intermediate to be subjected to activation. .
Howevér, the above-mentioned sequence is génerally
repeated 2 to 10 times.

The second activation method is especially advan-
tageous for activatihgea catalyst intermediate which
comprises a carrier having supported thereon palladium
and lead in a Pd/Pb atomic ratio (S) of 3/0.7 £ S g
3/1.3, but does not satisfy the requirement of-the
catalyst of the present invention with respect to the
X-ray diffraction'pattern therebf. On the other hahd; .
when a low purity catalyst intermediate which, fbr'
example, has a Pd/Pb atomic ratio (S) of 3/1.3 <_S 4
3/10 is subjected to activation by the second activa-
tion mefhod, even after thé above-mentioned sequence of
oxidation and reduction freatments is repeatedly con-~
ducted, a large amount of lead-containing impurities
remains in the resultant catalyst intermediate. 1In
this case, sﬁch a low purity catalyst intermediaté can
be supplementarily treated with a lower (C;-Cg) fatty.

acid, such as formic acid, acetic acid, propionic acid,
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bntyric acid, maleic acid and methacrylic acid so as to
obtain a high purity catalyst having a Pd/Pb atomic
ratio (S) of 3/0.7 g S ¢ 3/1.3.

Such a supplementary treatment with a lower (C;-Cg)
fatty acid is conducted by heating a dispersion. of the
above-mentioned low purity catalyst intermediate ob-
tained by the second activation method in a solvent
selected from watet, an clcohcl (such as methanol) and
a mixture thereof. Other solvents.than water and an
alecohol (such as methanol) can also be used as a sol-
vent for the treatment with a lower fatty acid as long
as the solvents used are inert to the catalyst interme-
diate. ncwever, the use of water is preferredlfrom a
practical point of vien. The content of the lower
fatty acid in the reaction system for the supplementary
treatment is from 0.1 to 20 % by weight. The supple-
mentary treatment with a lower fatty acid is conducted
at room temperature to 200 °*C, preferably at 40 to
160 °C.

| Instead of conducting the above supplementary
treatment for converting the low purity catalyst inter-
mediate obtained by the second activation method to a
high purity catalyst'of the present invention, the
removal of the lead-containing impurities can be

achieved, during the reaction for producing a carboxy- .
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lic ester using the 16w pﬁrity catalyst intermediate
obtained by the second activation méthod, by utilizing
a carboxylic acid, such as methacrylic acid, which is
by-produded during the reaction.

In the oxidation treatment, it is preferred to use
an alkali metal salt and/or an alkaline earth metal
salt, each of a Cy-Cg fatty acid. The alkali metal
salt and/or the alkaline earth metal salt is used in a
molar amount of from 0.1 to 39 times, preferably from 1
to- 15 timés, as large és the molar amount of the pal-
ladium contained in the catalyst intermediate. The
content of the alkali metal salt and/or the alkaline
earth metal salt in the oxidation reaction sysfem is
from 0.1 to 20 % Ey weight. Preferred examples Qf the
alkali metal salt and the alkaline earth mefél.salt~';-
include sodium acetate and magnesium acetate." (The_:
alkali metal salt and/or the alkaline earfh metal salt, 
each of a lower fatty acid,'cah bé used instead of the
above-mentioned 1ower.fatty acid in the above-mentioned
supplementary treatment.) Thé alkali metal and/or the
alkalinelearth metal can be used in the form of an
oxide, a hydroxide or a carbonate. In this case, each
of the alkali metal compounds and each of the alkaline
earth metal compoundé can be used individually or in

combination.
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(IXI-B~2~1iii) Hereinbelow, an explanation is provided

on the third activation method. 1In the third activa-
tion method, a catalyst intermediate (which has been
prepared: by a conventional method) comprising a carrier
having supported thereon palladium and lead, but having
a large amount of lead (i.e., a PA/Pb atomic ratio (S)
of 3/2.5 ¢ S g 3/10) is treated with a lower (C;-Cg)
fatty acid in a solvent selected from water, an alcohol
(such as ﬁéthanol) and a mixture thereof. By this
method; a higﬁ purity‘catalyst comprising a high quali-
ty PdgPb; intermetallic compound having no or only few
lattice defects can be obtained. |

As mentioned above, the catalyst intermediate to

‘be used in the third activation method is a catalyst

(which-has been prepared by a conventional method)

comprising a carrier having supported thereon palladium'

and lead in a Pd/Pb atomic ratio (s) of 3/2.5 < S <

'3/10, preferably, 3/2.5 ¢ S ¢ 3/5. Such a catalyst

intermediate is of low purity, containing a large
amount of lead impurities.

The third activation method comprises a simple
operation of treating a catalet intermediate compris-
ing a carrier having supported thereon palladium and
lead, but having a large amount of lead (i.e., a Pd/Pb

atomic ratio (s) of 3/2.5 < S < 3/10) with a lower (Cq1-
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Cg) fatty acid. Illustratively stated, for example, as
in Example 35 below, the third activation method can be
conducted by dispersing the catalyst intermediate in an
aqueous 0.1 to 20 % by weight solution of, for example,
5 acetic. acid, and heating the resultant dispersion while
stirring. | |
The lower (C;-Cg) fatty acid to be used in the
third activation method is selected from formic acid,
acetic acid, propionic acid, butyric acid, maleic acid
10 and.methacrylic acid. From a commercial viewpoint, if
is most preferred to use acetic acid which is easily |
available. It is preferred that the lower fatty acid
be used in the form of a solution thereof in a.solvent

selected from water, an alcohol (suqh as methanol) and

15 a mixture thereof, Whe;ein the content of theflowér~
| fatty acid in the solvent is from 0.1 to 20 % by

weight, more preferably from 1.to 15 % by wéight.
Other solvents than water and alcohol (such as metha-
nol) can be used in the activation treatment as long as

20 the solvents used are stable and inert to the catalyst
intermediate. However, it is preferred to use an
aqueous solution of a lower fatty acid from a viewpoint
of ease in pfeparation and handling thereof. When an -
inorganic acid, such aé hydrochloric acid or sulfuric

25 ‘acid; an organic acid, such as paratoluenesulfonate; or
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the like is used for the activation instead of the
lowér'fattylacid, a desired catalyst having excellent
properties cannot be obtained. Therefore, in the third
activation method, it is requisite to use a solution of
the above-mentioned fatty acid in a solvent selected .
from water, an alcohol (such as methanol) and a mixture
thereof, wherein the content of the fatty acid in the
solvent does not exceed 20 % by weight.

The lower fatty acid can be continuously added to
a reactor during the activation treatment, or can be

charged in a reactor together with the catalyst inter-

mediate prior to the start of the activation treatment.

Therefo:e;'the amount of the lower fatty acid to be
uséd for the activation treatment varies depending on
the manner of activation treatment. However, the:fatty_
acid can generally be used in a molar amount of from 10 -
to 1,000 times as large as the molar amount of the
palladium contained in -the catalyst intermediate.
Further, in the third activation method, it is
preferred to use an alkali metal salt and/or an alka-
line earth metal salt, each of a lower (C;-Cg) fatty
acid. The alkali metai salt and/or the alkaline earth
metal salt, each of a lower fatty acid, can be used in
a molar amount of ffom 0.1 to 30 times, preferably from

1 to 15 times, as large-as the molar amount of the
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palladium contained in the catalyst intermediate. The
content of the alkali metal salt and/or the alkaline
earth metal salt in the activation reaction system is
from 0.1 to 20 % by weight. Preferred examples of
alkali metal salts and alkaline earth metal salts
include sodium acetate and magnesium acetéte.

(The alkali metal salt and/or the alkaline eérth metal
salt can be used instead of the above-mentioned lower
fatty acids.)

The alkali metal and/or the alkaline earth metal
can be used in the form-of.a oxide thereof, a hydroxide
thereof or a carbonate.thereof. In this case, each of
the alkali metal compoﬁnds and each of the alkéline
earth metal compounds can be used individually or_in
combination. o

The activation treatment of the'catalyst'interme-
diate can be conducted at room temperature to 200 °C,
preferably at 40 to 160 °C.’ |

The activation treatment time varies depending on
the manner of the activation treatment, the tréatment
temperature and the type of-the catalyst intermediate.
However, when the acti%ation treatment time is too
long, a lowering of thé performance of the catalyst is
likely to occur. The treatment time is generally in

the range of from 0.1 to 100 hours, preferably from 0.5
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to 20 hours.

In the third activation method, the activation
treatment can be conducted using an agitation vessel
type reactor, a bubble column reactor or the ;ike, in
which the catalyst intermediate is used in the form of
a slurry obtained by dispersing the catalyst interme-
diate in the above-mentioned solvent. In this case,
the content of the catalyst intermediate in the slurry
is generally from 0.04 to 0.5 kg/liter of the reaction_
system. Alternati#ely, the activation can be condudted
by charging the cafalyst intermediaté in a fizxed-bed
reactor, and flowing a solution containing a lower
fatty acid through the reactor.

(II-B-2-iv) A detailed explanation will be given on

the fourth activation method in the present invention.
The fourth activation-method is a simple method in
which the acfivation of a catalyst intermediate is
conducted simply by réacting the catalyst intermediate
with an alcohol or a mixture of an alcohol and an
aldehyde in the presence of lead ions and under a
specific oxygen partial pressure, to thereby obtain a
catalyst of the present invention.
Examples of aldehydes usable for the activation

include formaldehyde; C,-C;g aliphatic saturated alde-

hydes, such as acetoaldehyde, propidnaldehyde, isobuty-
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‘laldehyde and glyoxal; C3-C10 aliphatic a+p-unsaturated

aldehydes, such as acrolein, methacrolein and croto-
naldehyde; Cg-Cyo aromatic aldehydes, such as benzalde-
hyde, tolylaldehyde, benzylaldehyde and phthalaldehyde,
and derivatives of these aldehydes. The above-men-
tioned aldehydes may be used alone or as a mixture of
two or more aldehydes.

Examples of alcohols include C;-Cjg aliphatic
saturated alcohols, such as methanol, ethanol, isoprop-
anol and octanol; C,y-Cjig diols, such as ethylene glycbl
and butanediol; C3—Clo*aliphatic unsaturated alcohols,
such as allyl alcohol.ahd methallyl alcohol; and Cg-Cyq -
aromatic aléohols, such as benzyl alcohol. The above-
mentioned alcohols may be used alone or as a mixﬁure of
two or.-more alcohols. | N

There is no particular limitation with'respect'fb;”
the ratio of an aldehyde to an aldohol in the mixture |
of an aldehyde and an .alcohol tq be used in the reac-
tion. For example, the molar ratio of an aldehyde to
an alcohol may be chosén within the wide range of from
1/1,000 to 10/1. Gengrally, the molar ratio of an
aldehyde to an alcohol may be in the range from 1/2 to
1/50. Alterhatively, an alcohol may be used alone for
the reaction.

In the fourth activation method, the activation of
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the catalyst intermediate can be conducted simultane-
ously with production of a carboxylic ester in a single -
reaction system and, hence, the fourth activation
method has great practical significance. For example,
when the activation of a catalyst intermediate is
conducted to produce a catalyst for MMA production
while conducting the production of MMA simultaneously,
methacrolein and méthanol can be advantageously used as
an aldehyde and an alcohol, respectively.

The amount of the catalyst intermediate fo be used
in the fourth activation method is not specifically
limifed, and may largely vary depending on the types of
the aldéhfde and alcohol to be used, the typelof the

catalyst intermediate, .and the reaction conditions and

the like. However, for example; when the catalyst-;

intermediate is activated in a slurry form, it is
preferred to use the catalyst intermediate in an amount
of from 0.04 to 0.5 kg per liter of the slurry.

Ih the fourth activation method, as in the first
to the third activation methods, it is requisite that
lead ions be present in-the'reaction system. For this
purpose a lead-containing substance is usually addéd to
the reaction system. The type of the lead-containing
substance is not specifically limited as long as it can

be dissolved in the reaction system to produce lead
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ions. Examples of lead-containing substances include
lead salts of organic acids, such as formic acid and
acetic acid; and lead salts of inorganic acids, such as
sulfuric:acid, hydrochloric acid and nitric acid, and
also include lead oxide; lead hydroxide; and lead
powder. Among them, lead nitrate and lead acetate ére
preferred because these lead salts have high solubili-
ty. |

The amount of the-lead—conta;ning substance to be
added may be varied depending on the type of the cata-
lyst intermediate ﬁsed. An appropriate amount of the
lead-containing substance is chosen from the range of
3/0.01 to 3/2 in terms of the (Pd/Pb) atomic rétio of
the Pd present on the catalyst intermediate to the Pb

contained in the lead-containing substance, and the

lead-containing éubstance is dissolved or dispersed in

an alcohol or a mixture of an aldehyde and an alcohol.
The 1ead-containing-sﬁbstance can be continuously or
intermittently added pridr to or during the activation
treatment. The lead concentration in the alcohol or in
the mixture of the alcohol and the aldehyde is not
specifically limited. However, the lead concentration
of the reaction system is generally 0.1 to 2,000 ppm;
usually from 1 to 200 ppm. When it is desired to

shorten the time for the activation treatment, it is
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preferred to increase the lead concentration.

In the fourth acfivation method, for obtaining a
catalyst comprising a carrier having supported thereon
palladium and lead in a Pd/Pb atomic ratio (S) in the
range of 3/0.7 ¢ S ¢ 3/1.3, and for achieving a Pd/Pb
atomic ratio as close to 3/1 as possible, it is pre-
ferred that the amount of the lead-containing substance
be chosen from the range of 3/0.03 to 3/0.6 in terms of
the (Pd/Pb) atomic ratio of the Pd present on the
intermediate tb the Pb contained in the lead-containing
substance. |

As mentioned above, for providing lead ions in the
reaction system for the activation tréatment, a lead-
containing substance is generally added to the reaction
system. However, when the catalyst intermediate'to-be
subjected to éctivation is of low purity, for.exampié

when the catalyst intermediate has a Pd/Pb atomic ratio

of from 3/1.3 to 3/3, such a catalyst intermediate has

a large amount of léad—containing impurities, such as
lead oxides and metallic lead. In such a case, instead
of adding a séparate lead-~containing substance, these
lead-containing impurities contained in the catalyst
intermediate can be utilized as the source of lead
ions, that is, the lead component is dissolved out £r§m.

the catalyst compbsition in an ionized form into the
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reaction system. In this case, foi facilitating the
dissolution-out of the leéd component from the lead-
containing impurities into the reactioq system, it is
preferred~£hat a lower (C;-Cg) fatty acid, such as

propionic acid, acetic acid, butyric acid, maleic acid

or methacrylic acid, be added tb the reaction system.

Among these lower fattj acids, acetic acid is most
preferred because it is easily available. The lower
fatty acid can be used in a molar amount of frgm 0.1 to
30 times, preferably from 1 to 15 times as large as the
molar amount of the palladium present on fhe catalyst
intermediate. When the activation of the catalyst
intermediate is conducted while continuously féeding an
alcohol or a mixture of an aldehyde and an alcohol, the
concentration of the lower fatty acid in the réacfionﬁ :f
system is chosen from éhe range of from 0.1 to 20
weight %. |

When a iower fatty ac;d, such as methacrylic acid
or the like islby—produced from the aldehyde and the

alcohol during the activation reaction, the amount of a

-lower fatty acid to be added to the reaction system may

be decreased or the addition of a lower fatty acid may
be omitted.
The lower fatty acid may be added to the reaction

system simultaneously'with the start of the activation
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reaction. However, it ‘is preferred to add the lower
fatty acid to the reaction systém prior to the start of
the activation readti&n, since é sufficient amount of
lead to conduct the activation can be dissolved out
from the catalyst intermediate. Even when a lead-
containing substance is added to provide iead ions in
the reaction system, the addition of a lower fatty acid
is preferable since the amount of allead—containing
substance to be added to the reaction system can be
decreased.

In the fourth activafion methdd, it is important
that the oxygen partial pressure at the outlet of the

2

reactor.bé 0.8 kg/cm“ or lower. The oxygen partial

pressure is preferably 0.4 kg/cm2 or lower. The oxygen

partial pressure at the outlet of the reactor may be 0

kg/cmz;

The oxygen to be used in the activation of the_
catalyst intermediate is molecular oxygen, which may be
in the form of oxygen éas'or a gas mixfuré.of an oxygen
gas and an inert diluent gas, such as nitrdgen gas and
carbon dioxide gas. Molecular oxygen may be provided
in the form of air. In any case, it is important to
control the amount of oxygen to be introduced to the
reactor so as to give an oxygen partial pressuré of 0.8

kg/cm? or less as measured at the outlet of the reac-
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tor. The lower the oxygen partial pressure at the
outlet of the reactor, the smaller the necessary lead
doncentration for the activation of the catalyst in-
termediate. Thereforeﬁ a lowering of the oxygen par-
tial pressure at the outlet of the reactor contributes
to a decrease in amount of lead values dissolved-out
into the waéte water from the process for the produc-
tion of carboxylic esters, thereby enabling the cost
for detoxifying the lead contained in the waste water
to be decreased.. Thus, in practice, a minimum necés-
sary amount of lead is chosen from the range of from 1
to 200 ppm, and it is'preferable that the oxygen par-
tial prgséure at the outlet of the reactor be 6.4_
km/cm2 or less. _
The catalyst intermediate which can be preferably"
used in the fourth activation method is a catalystu
intermediate having a Pd/Pb atomic ratio (S) of 3/0 ¢
S < 3/10. However, for example, when the catalyst
intermediate comprises a carrier having supported
thereon palladium and lead in a Pd/Pb atomic ratio (8)
of 3/1.3 ¢ S g 3/10, practically 3/1.3 < S g 3/3,
such a catalyst intermediate contains a large amount of
lead-containing impurities. In the activation of such
a 1ow'purity catalyst intermediate, it is desired to

make an effective use of lead-containing impurities as
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a source of lead ions. In such a case, the oxygen
partial pressure at the outlet of the reactor is set at
a rélatively high value. Thus, it is necessary that
the oxygen partial pressure and the lead concentration
in the reaction system be varied within the ranges
mentioned above, depending on the properties of the
catalyst intermediate to be used.

The activation of*the catalyst intermediate may be
performed under pressure in a wide range,'i.e., from
reduced pressure to superatmospheric pressure. Gener-
ally, the activation reaction is conducted under a
pressure of from 0.5 to 20 kg/cmz, in terms of the
total of the pressure of molecular oxygen, the‘pressure
of an inert gas, if any, and the vapor. pressure of a
solvent. The total pressure should be chosen-so-that_[
the oxygen concentration of a gas flowing out from-théi'
reactor does not exceea the explosion limit.(B %).

The fourth activation method may be performed at
room temperature to 200 °C under a pressure necessary
for maintaining the reaction system in a 1iquid state.
It is preferred that the reaction be conducted at 40_to
160 °C under atmospheric pressure to several atm. The
adtivatién reaction time in the fourth activation
method varies depending on the type of the catalyst

intermediate and the activation reaction conditions,
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but is generally in the range of from several hours to
500 hours. It is preferred to choose the activation
reaction conditions so.that the reactioh can be com-~
pleted within 100 hours.

(II-B-2-v) The type of reactor to be used in the

activation treatment is not specifically limited, and a
conventional agitation vessel type reactor can be used.
" By subjecting a catalyst intermediate to an acti-
vation treatment by using one of the first to fourth
activation methods described abové, a catélyst of the
present invention containing, with high purity, a high
quality PdgPb; intermetallic compound having no or only
few léttice defects can be obtained, wherein the Cata-

lyst comprises a carrier having supported thereon

palladium and lead in a Pd/Pb atomic ratio (S) of 3/0 7{;;??

£ S g 3/1.3, and exhibits a maximum 1ntensity peak at1a f;:155

diffraction angle (26) in the range of from 38.55° to

38.70° in a powder X-ray diffraction pattern thereof,

wherein thé peak is ascribed to the (111l) crystal face
diffraction of a Pd-Pb”intermetallic compound.

By these activation methods, a high gquality cata-
lyst having a Pd/Pb atomic ratio as close to 3/1 as
possible can be produced. For example, by sﬁbjecting,
to an appropriately selected acti&ation method, a low

purity catalyst intermediate containing lead in an
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excess amount such that the amount of lead in the
catalyst is larger than the amount corresponding to the
Pb/Pd atomic ratio of 3/2.5, a high purity catalyst
having a Pd/Pb atomic ratio as close to 3/1 as possible
can be produced. As described above, with respect to a
conventional catalyst obtained using a conventional
catalyst preparation method, even if the catalyst has a
Pb/Pd atomic ratio cldse to 3/1, it is inevitably a low
purity, low quality catalyst having many lattice de-
fects and containing a large amount of impurities, such
as lead oxides and metallic lead. Such a conventional.
catalyst results in a poor selectivity for a desired
carboxy;ié ester. The above-mentioned preparétion
method of the present invention has rendered if possi- -
ble to obtain a catalyst which has cohvenfionally beeﬂ'
impossible to produce, namely; a high quélity, high
purity catalyst haviné:not only a Pd/Pb atomic ratio
close to 3/1 but also having no or only few lattice
defects, wherein the catalyst exhibits specific X-ray
diffraction characteristics. Thus, not only can an
improved selectivity fbr'a'desired carboxylic ester,
such és MMA, be achieved, whereby the formation of a
by-product dérived from the alcohol, for example,
methyl forﬁate is greafly suppressed, but.als0;the

small content of lead impurities in the catalyst con-
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tributes to a decrease in dissolution-out of lead
values into the waste water from the process for the

production of carboxylic esters, thereby enabling the

 treatment cost for detoxifying the lead values con-

tained in the waste water to be obviated. Therefore,
various significant practical advantages can be brought
about by the present invention.

IXX. Control of the surface structure of the catalyst

Hereinbelow, an egplanation is madé on a catalyst
comprising a carrier hgving supported thereon palladium
and lead, which catalyst has a controlled surface
structure, and which catalyst is one of the preferred
embodiments of the present invention, and on é method
for obtaining such a catalyst having a cqntrolled
surface structure.

The surface structure-controlled catalyst compris-
ing a carrier having supported thereon palladium and
lead is a catélyst.whiqh exhibits, in a spectrum ob-
tained from the catalyét by X-ray photoeléctron spec~
troscopy, a ratio of from 1/0.2 to 1/0.7 in terms of
the {Pd3d(3/2)+Pd3d(5/2)}/{Pb4£(7/2)x1.75} ratio of the -
sum of respective intensities of two peaks respectively
ascribed to the 3d(3/2) electron and the 3d(5/2) elec-
tron of metallic palladium to the intensity of a peak

ascribed to the 4£f(7/2) electron of metallic lead which
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'is multiplied by 1.75. Such a surface structure-con-

trolled catalyst may be simultaneously formed at the
time that a catalyst intermédiate is subjected to any
one of the above four activation methods (i.e., the
first to fourth activation methods) depending on the
conditions employed. ﬁowever, such a surface struc-
ture-controlled catalyst can be pqsitively, surely
obtained by employing the following methods.

In the above-mentioned foﬁrth activation method,
the activation treatment is conducted, wherein:

1) the range of partial pressure of oxygen is
further limited; or

2)_ihstead of a cétalyst intermediaté, a'catalyst

of the present invention, which comprises a carrier

having supported thereon palladium and lead in -a Pd/Pb

atomic, ratio (S) of 3/0.7 < § g 3/1.3, is subjected to
activation treatment. o

In the surface structure-controlling method 1)
above, there is no particular limitation with respect
to the catalyst intermediate to be employed. On the

other hand, in the surface structure-controlling method -

"2) above, instead of aﬁcatalyst intermediate, use is

made of a catalyst which comprises a carrier having
supported thereon palladium and lead in a Pd/Pb atomic

ratio (S) of 3/0{7 £ S g 3/1.3, exhibiting a maximum
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intensity peak at a diffraction angle (26) in the range

‘of from 38.55° to 38.70° in a powder X-ray diffraction

pattern thereof, wherein thé peak is ascribed to the
(111) crystal face diffraction of a Pd-Pb intermetallic
comppund.

In each of the above surface structure-controlling
methods, an alcohol or a mixture of an alcohol and an
aldehyde is used as ithhe above fourth activation
method. Tﬁe type of.each of an alcohol and an aldehyde
and  the ratio amount of an aldehyde to an alcohol in
the mixture of an aldehyde and an alcohol are the same
as in the fourth activation method.

In each of the surface—controlling methodé, it is
requisite that lead ions be present in the reaction
system for the surface.controllihg treatment. Fbr this -
purposé, a 1ead-contaiping substance is.usuallyladded
to a dispersion of a séarting-catalyst to be subjected
tOISurface—controlling treatment (i.e., the catalyst
intermediate, or the catalyst of the present invention)
in water, methanol or a.mixture thereof. The type of
lead-containing substance is not specifically limited
as long as it can be dissoived in the form of lead
ions. Examples of lead-containing substances include
lead salts of organic.acids, such as fofmic acid and

acetic acid; and lead salﬁs of inorganic acids, such as
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sulfuric acid, hydrochloric acid and nitriq acid, and
also include lead oxide; and lead hydroxide. Among
them, lead nitrate and lead acetate are preferred
because these lead salts have high solubility.

In each df the surface-controlling methods, the
amount of a lead-containing substance to be added may .
be varied depending on the type of the starting cata-
lyst to be subjected to surface structure-controlling
treatment. Generally, an appropriate amount of lead-
containing substance is chosen within the range of from
3/0.01 to 3/2 in terms -.of the atomic ratio of the Pd

contained in the starting catalyst to the Pb contained

in the ;eéd—containing substance, and the starting

catalyst is dispersed in a solution of the lead-cbn-f
taining substance in water and/or methanol,'and,thé fjJ
surface strudture-controlling.operation isr¢6hdu¢ted:;
The lead-containing substance can be continuously
or intermittently added prior to or during.the-surface
strﬁdture—contrplling'treatment. The lead concentra-
tidn in an alcohol or a mixture of an alcohol and an
aldehyde varies depending upon the manner of addition
of the lead-containing substance into the activatiog
reaction'sysfem, but the lead concentration is general-
ly from 0.1 to 2,000 ppm, preferably from 1 to ZOO ppm.'

When it is desired to shorten the period of time re-
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quired for the surface structure-dontrolling treatment,
it is recommended to employ a high concentration of
lead.

For obtaining a catalyst comprising a carrier
having supported thereqn palladium and lead in a Pd/Pb
atomic ratio of 3/0.7 fo 3/1.3 in method 1) above,
preferably in a P4d/Pb atomic ratio as close to 3/1 as
possible in each of methods 1) and 2) above, it is

pfeferred that the amount of the lead-containing sub-

 stance added to the reaction system for surface struc-

ture-controlling treatment be in the range of from
3/0.03 to 3/0.6 in:terms of the Pd/Pb atomic ratio of
Pd contained in the starting catalyst to Pb contained.
in the lead-containing substance. |

- As mentioned—-above, for providing lead ionsvin-the.~;

‘reaction system for surface structure—contfolling o

treatment, a lead-containing substance is generally

"used. However, in method 1) above, when the catalyst

intermediate to be subjected to surface structure-
contro;ling treatment is of low purity (which, for
example, has a Pd/Pb ratio (S) of 371.3 ¢ S g 3/3),
such a catalyst intermediate has a large amount of lead
impurities. :

In this case, for“facilitating the dissolution-out

of lead component'from the_lead-confaining impurities
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into the reaction system, it is preferred that a lower
(Cl-Cs) fafty acid, such as propionic acid, acetic
acid, butyriq acid, maleic aéid or methacrylic acid, be
added to the surface structure-controlling reaction:
system. Among these lower fatty acids, acetic acid is
most preferred because it is easily available. The
lowe: fatty acid can be used in a molar amount of ffom
0.1 to 30 times, preferably from 1 to 15 times, as
large as the molar amount of the palladium-present on
the_catalyst intermediate. When the surface.structure—
controliing treatment is conducted while continuously
feeding an alcohol or a mixture of an alcohol and an
aldehydg, it is preferred that the.concentration of the
iowerifatty acid in the reaction system be selected
from the range of from 0.1 to 20 % by weight.

When a lower fatty acid, such as methacrylic,adid K
or the like, is by-produced from the aldehyde or the -
alcohol in the reaction system during the surface
structure-coﬂtrolling treatment, the amount of a lower
fatty acid.to be added in the reaction system may be
reduced or the addition of a lower fattf acid may be
omitted. |

. The 1owér fatty acid may be added to the reacfion
system during fhe surface structure-controlling treat-

ment. However, it is preferred to add the lower fatty
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acid to the reaction'system prior to the start of the
surface structure-controlling treatment, because a
sufficient amount of lead to conduct the surface struc-
ture-controlling treatﬁeqt can be dissolved out from
the catalyst intermediate. Further, even when a lead-
containing substance is added to provide lead ions in
the reaction system, it is advantageous to use a lower
fatty acid since, for example, the amount of a lead-
containing substance to be added to the reaction system
can be reduced. - |
In the surface structure-controlling treatment, it
is preferred to-use an alkali metal salt and/or an
alkaline earth-metal-selt, each of a lower (C;-Cg)

fatty acid. Spegifically, it is preferred that an

alkali metal salt:-and/or an alkaline earth metal salt,

each of a lower -fatty acid be used in a molar amount of

from 0.1 to 30 times, more preferably from 1 to 15

~times as large as the molar amount of the palladium

contained in the. catalyst intermediate. When the
surface structure-controlling treatment is conducted
while continuously feeding an alcohol or a mixture of
an alcohol and an aldehyde, it is preferred that the
concentration of the lower fatty acid in the reaction
systemlbe selected. from the range of from 0.1 to 20 %

by weight. Preferred eiemples of alkali metal salts :
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and alkaline earth metal salts include sodium acetate
and magnesium acetate. (These alkali metal salts and
alkaline earth metal salts can be uéed as a substitute
for the above-mentioned lower fatty acid.)

The alkali metal and/or the alkaline eaith metal
may be used in the form of an oxide, a hydroxide or a
carbonate. In this caée, each of the alkali metal
compounds and each of the alkaline earth metal com-
pounds may be used individually'or in combination.

In the surface structure controlling treatment
method 1) above, there is no particular limitation with
respect to the type of a'catalyst intermediéte to be
employeq,-which comprises a carrier having pailadium
and lead supported thereon. However, it is requisite
that the reéction of the catalyst intermediate with the
alcohol or the mixtureﬁof an alcohol and an aldéhyde be
conducted under the copditions such that the partial
pressure of oxygen is O to 0.4 kg/cmz, preferably 0 to
0.2 kg/cm?, at the outlet of the reactor.

Oxygen is used in the form of molecular oxygen
(i.e., oxygen gas) or a gaséous mixture of oxygen gas
and an inert gas (such és_nitrogen gas or carbon diox¥.
ide gas). Air also can be used. ‘Irrespective of the
form of oxygen employed, it is requisite that the

partial pressure of ox§gen be 0.4 kg/cm2 or less at the
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outlet of the reactor.
In method 1) above, the lower the partial pressure
of oxygen at the outlet of the'reactor, the smaller the

amount of lead necessary for the surface structure-

‘controlling treatment. However, when the catalyst

intermediate to be subjected to surface structure-

controlling treatment is of low purity (which, for

example, has a Pd/Pb atomic ratio (S) of 3/1.34S¢3/3),

such a catalyst intermediate has a large amount of lead
impurities. In this'c;se, it is preferred to utilize
the lead component confained as impurities. In this
instance, a relatively high partial pressure of oxygen
is chosen'within the above-mentioned range. According-
ly, the partial pressure of oxygen and the amouht of
lead to be added should be appropriately chosen within. "
the respective fanges as mentioned abové, depending oh-
the type of the catalyst intérmediate to be used.

The sﬁrface structure-controlling treatment 2)
mentioned above is exp;ained in detail below.

It is important that the catalyst to be subjected
to the surface structure-controlling treatment 2) be
the specific catalyst mentioned above. The oxygen
partial pressure at the outlet of the reactbr is in the N
range of from O to 0.8 kg/cmz, preferably from O to-0.4.

kg/cmz.
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The oxygen to be used is molecular oxygen, which
may be in the form of oxygen gas or a gas mixture of an
oxygen gas and an inert diluent gas, such as nitrogen
gas and carbon dibxide gas. Molecular oxygen may be
providedsin the form of air. In any case; it is impor-
tant to control the amount of oxygen to be introduced
to the reactor sb as to give an oxyéen partial pressure
of 0.8 kg/cm2 or less as measured at the outlet of the
reactor. The 1owgr the oxygen partial pressure at the
outlet of the reactor, the smaller the necessary lead
concentration for the surface structure¥controlling
treatment.

Thg surface structure-controlling treatment can be
conducted under pressure in a wide range,'from reduced
pressure to superétmospheric pressure. Generally;?the
treatment is cénducted under a pteésure of from 0;5 fo
20 kg/cmz. The pressure should be chosen so that the
oxygen concentration of gas’ flowing ouf from the reac-
tor does not exceed the explosion limit (8 %).

The surface structure-controlling treatment can be
conducted at room temperature to 200 °C under a pres-
sure necessary for maintaining the reaction system in a
liquid state. It is preferred thét the reaction be
conducted at 40 to 160 °C under atmospheric pressure to

several atm.
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The time required for the surface structure con-

trolling-treatment varies depending on the type of the

- catalyst and the treatment reaction conditions. Howev-

er, generally, the treatment time is in the range of
from several hours to 500 hours. .It is favorable to. .
choose the treatment reaction conditions so that thé
treatment may be completed within 100 hours.

The type of reactgr to be used in the surface
structure-controlling £reatment is not specifically
limited, and a conventional agitation vessel type
reactor can be used.

By conducting the surface structure-controlling
treatment as explained above with reference to the
above-menticﬁed treatments 1) and 2), it is possible to
obtain the most preferable form of the catalyst of the
present invention, i.e., a catalyst comprising a darri--
er having supported fhgreon palladium and.lead in a
PA/Pb atomic ratio (S) of 370.7 < S < 3/1.3, which
catalyst exhibits a maximum intensity peak at a dif-
fraction angle (28) in the range of from 38.55° to
38.70° in a powder X-ray diffraction thereof, the peak
being ascribed to the (111) crystal face diffraction of
a Pd-Pb intermetallic compound, and which catalyst
exhibits, in a spectrum obtaiﬁed from the catalyst by

X-ray photoelectron spectroscopy, a ratio of from 1/0.2
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to 1/0.7 in terms of the
{Pd3d4(3/2)+Pd3d(5/2)}/{PA4£(7/2)x1.75} ratio of the sum
of respective intensities of two peaks respectively
ascribed to the 3d(3/2) electron and the 3d(5/2) elec-
tron of metallic pallédium to the intensity of a peak
ascribed to fhe 4£(7/2) electron of metallic lead which

is multiplied by 1.75.

IV. Production of a carboxylic ester

The catalyst of the present iﬁvention can be
suitably used for reacting an aldehyde, an alcohol and-
molecular oxygen to produce a carboxylic ester. The
amount of the catalyst ‘is not specifically limited, and
may be greatly varied, depending on the types of the
starting materials fof the reaction, the composition
and preparation method of the catalyst, the reaction"ﬁ,
conditions and the mode of the reaction procesé.
However, when the reaction is conducted using the
catalyst in a slurry form, it is preferred to use the
catalyst in an aﬁount_of 0.04 to 0.5 kg per liter of
the reaction system.

Examples of aldehydes to be used in the ﬁethod of.
the present invention for the production of a carboxy-
lic ester include forﬁaldehyde; C1-C1g aliphatic satu-
rated aldehydes, such as acetoaldehyde, propionalde-

hyde, isobutylaldehyde and glyoxal;'cs-clo aliphatic
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a+B-unsaturated aldehydes, such as acrolein, methacro-

lein and crotonaldehyde; Cg-Cpg aromatic aldehydes,

such as benzaldehyde, tolylaldehyde, benzylaldehyde and

phthalaldehyde; and derivativeslof these aldehydes.
These aldehydes may be used alone or as a mixture of
two or more aldehydes.ﬁ

Examples of alcohols to be used in the method of
the present invention for the production of a carboxy-
lic ester include C;-Cqg aliphatic saturated alcohols,
such as methanol, ethanol, isopropanol and octanol; C,-
Cip diols, such as ethylene glycol and butanediol; Cj-
C;ip aliphatic unsaturated alcohols, such as allyl alco-
hol and methallyl alcohol; ahd Cg-C20 aromatié alco-
hols, such as benzyl alcohol. These alcohols may be
used alone or as a mixpure of two or more alcohols. -

In the method of the present invention for the .
production of a carboxylic ester, there is no particu-
lar limitation with respect to the ratio of an aldehyde
to an alcohol in the feaction system. For example, the
molar ratio of an aldehyde to an alcohol may be chosen
within the wide rahgé of from 1/1,000 to 10/1. Gener-
élly, the molar ratio of an aldehyde to an alcohol may
be in the range from 1/2 to 1/50.

In the method of Ehe present invention for the

production of a cérboxylic ester, any conventional
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reaction process, suchﬁas gas phase reaction, liquid
phase reaction and tr;ckle bed reaction may be em-
ployed. For example; when the method of the present
invention is conducted by liquid phase reaction; any
known reactor, such as a bubble column reactor, a draft
tube reactor or an agitation type reactor, may be
employed.

The oxygen to be-ﬁséd in the method of the present
invention for the production of a carboxylic ester is
molecular oxygen, whicﬁ may be in the form of oxygen
gas or a gas mixture of an oxygen gas and an inert
diluent gas, such as nitrogen gas and carbon dioxide
gas. Mqlécular oxygen may be provided in the form of
air.

The reaction may be performed under pressure;inﬁa-fh;
wide range from reduced pressure to supefatmoSpherié |
pressure. Generally, the reaction is conducted under a
pressure of from 0.5 to 20 kg/cmz. . The préssure should
be chosen so that the gxygen concentration of gas
flowing out from the reactor does not exceed the explo-
sion limit (8 %).

In the method of the présent invention .for the
production of a carboxylic ester, it is preferred that
an alkali metal compound or an alkaline earth metal

compound (for example, an oxide, a hydroxide, a car-
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bonate or a carboxylate) be added so as to maintain the
reaction system at a pH of 6 to 9. By maintaining a
pH of 6 or more, the dissolution-out of a lead compon-
ent from the catalyst can be effectively prevented.
Alkali metal compounds and alkaiine earth metal com-
pounds may be.used alone or in combination of two or
more compounds.

When the concentration of the aldehyde in the
reaction system is high, the reaction can be carried
out even at a temperature higher than 100 °C. However,
a reactién temperature of from 30 to 100 °C is pre-
ferred, and a'readtioﬁ temperature of from 60 to 90 °C
is more pfeferred. The reaction time varies depending
on the reaction conditions, but is geﬁerally in the .
range of from 1 hour to 20 hours. ﬁ

V. Continuous production of a carboxylic ester by using

a catalyst and stabilization of the catalyst

In a method for producing a carboxylic ester from
an aldehyde, an alcohol and molecular oxygen, also a
stabilization of the catalyst is achieved s;multaneous-
ly with the reaction for producing a carboxylic ester
(the simultaneous stabilization of the catalyst has
become possible for the first time by the use oflthe
catalyst of the present invention), and a desired

carboxylic ester can be produced continuously and
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efficiently.

Hereinbelow, an explanation is made on an advanta- -
geous method for continuously producing a carboxylic
ester by using a catalyst of the present invention,
wherein the reaction is performed while effecting a
stabilization of the catalyst.

In a method for producing a carboxylic ester from
an aldehyde, an alcohol and molecular oxygen by using a
catalyst comprising a carrier having palladium and lead
supported fhereon; the performance of the catalyst is
iikely to be lowered with the lapse of production
operation time. The present inventors have analyzed
the cata;yst which has deteriorated during thé reac-
tion, and have made investigations with a view toward
finding a cause for the lowering of the performance of
the catalyst. As a result, it has been'fdund'fhat the
leaa content of the deferiorated catalyst has bécome
lowered and, accordingly, the reaction system has been
éaﬁsed to contain lead ions in a cbncentration_of from
about 0.1 to several ppm. On the other hand, in Exam-
ple 10 of Examined Japanese Patent Application Publica-
tion No. 62~007902, a reaction for producing a carboxy-
lic ester is conducted in a trickle bed reactor. 1In
this Example, it is disclosed that no change is ob-

served with respect to the results of the reaction even
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at a point in time of 2,000 hours after the start of
the reactioh. The present inventors have examined the
catalyst used in this ;eaction, and found that the lead
content of the catalyst was stably maintained at an
almost satisfactory level. The above-mentioned two
facts suggest that, as explained below in detail, the
degrees of dissolution-out of lead from the catalyst
and lowering of the performance of the catalyst largely
vafy depending on the reaction conditions and the mode
of reaction. In these situations, the present inven-
tors have made intensive studies on the mechanism of
the dissolution-out ofnlead from the catalyst (which
leads to a lowering of the performance of the-
catalyst). As a result, it has been found that, when
the reaction is conducted in a reaétor wﬁilé adding.td_t"
the reactor a lead-containing substanceJin a 35511".
amount, without withdrawing the catalyst from fhe
reactor, the lead values of the lead-containing sub-
stance, which are present in the reaction system in the
form of lead ions, areutaken into the catalyst so that
deterioration of the c;talyst can be suppressed. The
reason why the lead values of the lead-containing
substance are taken into the catalyst resides in that
even under reaction conditions such that the iead in.

the catalyst is likely to dissolve out in the form of
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lead ions, the lead ions of the lead-containing sub-

- stance are reduced and taken into the catalyst. This

is unexpected and surprising. Although it is conceiv-
able that when the lead-containing substance is con-
tained in the reaction system in the form of lead ions,
the dissolution equiliﬁrium of lead in the reaction
system shifts to the side of noh-dissdlution, a phenom-
enon that a part of the lead lons in the reaction
system is reduced to metallic lead and taken into the
catalyst is unexpected and cannot be explained simply,
based on the dissolution equilibrium. The present
inventors have also found that when the oxygen concen-
tration of the reaction system is within a spedific |
range, the deterioration of the catalyst during-the
reaction can be suppreésed even when the amount of lead
added és the lead-containing substance to the reactor
is small.

The lead concentration of the reaction system,
which is employable for stabilizing the catalyst, is
not specifically limited, but generally'in the range of
from 1 to 2,000 ppm by weight. However, it is general-
ly preferred thét the lead concentration of the reac-
tion system be low. As mentioned below, the lead
concentration can be lowered to a level as low as 200

ppm or less, preferably 100 ppm or less, by controlling
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the o#ygen"boncentratiAn of the reaction system.

As mentioned above, in the method of the present
invention for continuously producing a carboxylic
ester, which comprises continuously reacting an alde-
hyde, an:alcohol and molecular oxygen in a reactor in
the presence of the catalystlcomﬁfising a carrier
having supported thereon palladium and lead,.wherein
the reaction is performed while adding a lead-contain-
ing substance to the rgactor, the deterioration of the
catalyst can be suppreésed, so that a desired carboxyl-
ic ester can be continuously and stably produced. - By
maintaining the partial pressure of oxygen at the
outlet qf.the reactor at 0.8 kg/cm2 or less, the dete-
rioration of the catalyst can be suppressed even when
the lead concentration of the reaction syétém is-fﬁr-'f
ther lowered. |

It can be said that ﬁhe above;mentioned effect of
suppression of - the deteriorétion of the catalyst during
the reaction has been gchieved, based on the'following-
fwo findings: (1) a lowering of the performance of the
catalyst can be suppressed when the reaction is con-
ducted while adding a lead-containiﬁg substance to the
reaction system; and (2) the aﬁount of lead-containing
substance necessary for stabilizing the catalyst can be

reduced when the bxygen concentration of the reaction



10

15

20

25

134

system is maintained at a certain.level. The mechanism
of suppression of the deterioration of the catalyst is
explained below in more detail.

In the present inwvention, when the reaction for
producing a carboxylic ester is conducted at a high
aldehyde concentration and at a high reaction tempera-
ture, the oxidation of the aldehyde is likely to occur.
markedly, so that the by-production of water is sharply
increased and the formation of an undesired carboxylic
acid, such as methacrylic acid, is likely to occur
rather than the formation of a desired carboxylic
este;, such as_methyl'methacrylate ({MMA). In_addition,
it is believed that the dissolution-out of lead from
the catalyst is accelerated by the presence of such an
undesired carboxylic 5cid that is formed, énd'that;3 ¥
therefore, the deterioration of the catalyst éccurs
vigorously at high aldehydé concentration and high
reaction temperature conditions. However, accordipg to
the above-mentioned preferred mode of the method of the
present invention, the deterioration of the catalyst
can be effectively suppressed even without selecting
special reaction modes ‘or reaction conditions for
suppressing fhe formation of a carboxylic acid as a by-
product, so that the ﬁethod for continuously producing

a carboxylic estei can be advantagebusly practiced.
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In the above-mentioned method for suppressing the
deterioration of the catalyst used while producing a
carboxylic ester, wherein the reaction is conducted in
a reactor while adding to the reactor a lead-containing
substance in a small amount, even under reaction condi-
tions such that the dissolution-out of lead from the
catalyst is likely to occur, the lead values of the
lead-containing substance are effectively taken into
the catalyst, thereby stabilizing the catalyst. Howev-
er, the mechanism of this has not yet been elucidated.
It is presumed that, under the reaction conditions for
producing a carboxylic ester, activated hydrogen which
is formed'on the catalyst containing palladium serves
to reduce lead ions to metallic lead, which in turn is
taken inte the catalyet. | |

As mentioned above, according to this preferred
mode of the method of the present invention, it hes for
the first time been realized to produce a desired
carboxylic ester continuously and efficiently without
suffering from deterioration of the catalyst by a
simple method, i.e., by adding a lead-containing sub-
etance to feedstocks fed to the reactor.

Further, with a view that, in the method of pro-
ducing a carboxylic ester while stabilizing the ceta-

lyst, activated hydrogen formed on the catalyst con-



10

15

20

25

136

taining palladium plays an important role in stabiliza-
tion of the catalyst, the present inﬁentors have at-
tempted to control the amount of oxygen fed to the
reactor so that the oxygen partial pressure at the

outlet of the reactor does not exceed a certain level.

.As a result, the present inventors have succeeded in

enhancing the activity of the activated hydrogen, so
that the lead of the lead-containing substance can be
effectively taken into the catalyst, even when the
lead-containing.substance is added to the réactor in a
small amount.

When the oxygen partial pressure at the outlet of
the feaqtér is 0.8 kg/cm2 or less, the amount of lead-
chtaining substance added to the reactor can be re-
duced. When the oxygen partial pressure at the outlet*?”
of the reactor is 0.4 kg/cm2 or less, the lead concen-
tration of the reaction system can be advantageously
lowered to 1 to 200 ppm.

The type of lead-containing substance to be added
to the reaction system :according to the above-mentioned
stabilization of the catalet is not specifically
limited as ;ong as it éan be dissolved in the reaction
system in the form of lead ions.

Examples of lead-containing substances include

lead salts of orgénic acids, such as formic acid and
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acetic acid; lead salts of inofganic acids, such as
sulfuric acid, hydrochloric acid and nitric acid, and
also include lead oxide and lead hydroxide. Among
them, lead nitrate and lead acetate are preferred
because these lead salts have high soiubility. When
the amount of 1ead—con£aining substance added is large,
there are disadvantages such that the treatment cost
for detoxifying the lead contained in the waste water
from the process for production of carboxylic esters
becomes high and the by-production of methyl fofmate is
increased. For obviating such disadvantéges, it is
preferred to reduce the amount of lead-containing
substanqelby lowering the oxygen partial pressure at
the outlet of the reactor to 0.4 kg/cm? or less, more
preferablf 0.2 kg/cm2 gr'less. However, it is pie-

ferred fo choose an oxygen partial pressure such that

 the amount of oxygen'necessary fbr conducting the

carboxylic.ester-formihg reaction can be secured. When-
the amount of oxygen is too small, there are adverse
effects, such as low conversion of an aldehyde as a
starting material and formation of an undesired by-
product. Thereforé, it is preferred to choose an |
oxygen partial pressure from the range such that the
above-mentioned adversé effects due to lack of oxygen

can be avoided.
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By stabilizing the.catalyst of the present inven-
tion comprising a carfier having palladium and lead
supporfed thereon in such a manner as mentioned above,
the catalyst can be maintained at a state which is
essential to the catalyst of the present invention,
i.ef, a staté satisfying requirements such that the .
catalysf has a Pd/Pb atomic ratio of 3/0.7 to 3/1.3 and
exhibits a maximum intensity peak at a diffraction
angle (26) in the range of from 38.55° to 38.70° in a
powder X-ray diffraction pattern thereof, wherein the
peak is aséribed to thé (111) crystal face diffraction
of a Pd-Pb intermetallic compound. Further, by stabi-
lizing thé catalyst of the present invention in such a
manner as mentioned-above, the catalyst cén be main-
tained at a staté which is more preferable for theﬁf.
catalyst of the present invention, i.e., a state satis-
fying requirements such that the {Pd3d(3/2)+Pd3d(5/2)})
{Pb4£(7/2)x1.75} ratio ‘of the sum of respéctive inten-
sities of two peaks respectively ascribed to the
3d(3/2) electron and fhe 3d(5/2)'e1ectr0n of metallic
palladium to the intensity of a peak ascribed to the
4£(7/2) electron.of metallic lead which is multiplied
by 1.75 is 1/0.2 to 1/0.7. Thus, the method for con-
tinuously producing the carboxylic ester by using a

catalyst of the present invention can be carried out
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BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will now be further il-
lustrated in more detail with reference to the follow-
ing Referential Examples, Comparative Referential
Examples, Examples and Comparative Examples, which
should not be construed as limiting the scope of the
present invention.

In the following Referential Examples, Comparative .
Referential Examples, Examples and Comparative Exam-
ples, catalysts and cétalyst intermediates were meas-
ured with respéct to the P4/Pb atomic ratio, the dif-
fraction angle (20) in the powder X-ray diffraction
pattern and the X-ray photoelectron spectrum. Also,
carriers for cata;ysts (or catalyst intermediates)-were
evaluated with respect to the water reéistance, and _'1'
measured with respect to the specific surface area.

The above measurements ‘and evaluations were conducted

by the following methods:

[Measurement of the Pd/Pb atomic ratio of a catalyst]
The Pd/Pb atomic ratio of a catalyst was measured
by inductively coupled plasma emission spectrometry
(ICP), using JY-38P2 (manufactured and sold by Seiko
Instruments Inc., Japan) as an ICP emission spectrome-

ter.
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[Measurement of the diffraction angle (260) for a maxi-
mum intensity peak in the powder X-ray diffraction
pattern of a catalyst, wherein tﬁe peak is ascribed to
the (111) crystal facé diffraction of a Pd-Pb interme-
tallic compound]

The diffraction angle (28) for a maximum intensity
peak in the powder X-ray diffraction pattern of the
catalyst, wherein the peak is ascribed to the (111)
crystal fade diffraction of a Pd-Pb intermetallic
compoﬁnd; was. determined as follows. The catalyst was
subjected to heat-treatment at 160 °C for 3 hours under
evacuation, thereby removing low molecular weight
componenté-(mainly hydrogen) adsorbed on and oécluded
in the catalyst. The heat-tréated catalyst was sub-
jected to powder X-ray diffraction using CuKallray
(1.5405981 A) by a conventional method. RAD-RA (manﬁ;ﬂ'
factured and sdld by Rigaku Corporation, Japan) was
used as an X-ray diffractoméeter. In the following
Referential Examples, Examples and Comparative Exam-
ples, the "diffraction :angle (20) for a maximum intens- .
ity peak in the powder X-ray diffraction pattern of the
catalyst, wheréin the beak is ascribed to the (111)
crystal face-diffraction of a Pd-Pb intermetallic
compound, " is frequently referred to simply as "dif-

fraction angle (Zé) for a maximum ihtensity_peak in the
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powder X-ray diffractibﬁ pattern", "diffraction angle
(20) in the powder X-ray diffraction at which a maximum
intensity peak was exhibited" or the like.

The above-mentioned measurement needs to be done
with high precision. For example, using a LaBg com- -
pound, which is defined as a standard reference materi-
al 660 by the National Institute of Standards & Tech-
nology, U.S.A., standardization is conducted so that
the diffraction angles (28) for ﬁaximum intensity peaks
which are ascribed to the (111) crystal face diffrac-
tion and (200) crystal face difffaction of LaBg com-
pound become 37.441° and 43.506°, respectively. By
virtue qf such standardization, a measurement of the
diffraction angle (20) for a maximum intensity peak in
the powéer.x—ray diffraction-pattern-can be conducted
precisely, so that repfoducible results can be ob-

tained.

[Measurement of the X-ray photoelectfon spectrum of a
catalyst]

The measurement of the X-ray photoelectron spec-
trum of a catalyst is conducted using a photoelectric
spectrophotometer LAB-200-X (manufactured and sold by
Vacuum Generator Scieﬁqe, England). As shown in Fig. 1

and Fig. 2, with respect to the obtained spectrum, a
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curve fitting of peaks ‘is effected and, in the case of
the measurement for obtaining peaks ascribed to lead
electrons (see Fig. Zf, resolution of overlapping peaks
is effected, te'obtain peaks. Then, the areas defined
by the respective peaks were determined, and the ratio
of the total of.the areas defined by two peaks ascribed
to metallic palladium {(34(3/2) + 34d(5/2)} electrons to
the area defined by a peak ascribed to metallic lead
{4£(7/2) x 1.75} electron was obtained. . Also, the
ratio of the total of the areas defined by two peaks
ascribed to metallic palladium {3d(3/2) + 34(5/2)}
electrons to the totai of tﬁe areas defined by twe
peaks aecfibed.to ionic lead {4£(7/2) + 4£(5/2)} elec-

trons was obtained. The above-obtained area ratios are

. defined as the ratios of the intensities of the peaks:

(hereinafter, the ratio of the total intensity of two
peaks ascribed to metallic palladium {(34(3/2) +
3d(5/2))} electrons to the intensity of a peak ascribed
to metall;c lead {4£(7/2) x 1.75} electrohs and the -
ratio of the total intensity of two peaks ascribed to
metallic palladium {3&(3/2) + 3d(5/2)} electrons to the
total intensity of two peaks ascribed to ionic lead
{4£(7/2) + 4£(5/2)} electrons are, respectively, re-
ferred to simply as "the ratio of the total intensity

of two peaks ascribed to metallic palladium 3d elec-
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trons to the intensity of a peak ascribed to metallic

lead 4£(7/2) electron which is multiplied by 1.75" and
"the ratio of the total intensity of two peaks ascribed
to metallic palladium 3d_electrons to the total intens-
ity of two peaks ascribed to ionic lead 4f electrons").
A spectrum of palladium (3d) electrons and a spectrum
of lead (4f) electrons are shown in Fig. 1 and Fig. 2,

respectively.

[Evaluation of the hydrolysis resistance of the carrier
for a catalyst]

The hydrolysis resistance (hereinbelow, referred
to simp;y.as "water registance") of the carrier for a
Catalyét.was evaluated in accordance with the following
accelerated test: A concentration of Si_ions_meésﬁredf
as menfioned below wés used.as a criterion of ﬁater:.
resisfance of the carrier. 0.2 g of the carrier was
weighed out and charged in a 100-ml stainless contain-
er. 20 g of water was added to the carrier to thereby
obtain a mixture. The container was sealed and heated
at 180 °C for 1 hour, to thereby effect hydrolysis of
the carrier. Si ions are dissolved out from the cata-
lyst into the water. The concentration of Si ions -
dissolved out in the water was measured by ICP emission.

spectrometry, using the above-mentioned ICP emission
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spectrometer.
[Measurement of the specific surface area of the carri-
er for a catalyst]

The specific surface area of the carrier was

measured by the BET nitrogen adsorption method.

Referential Example 1 -

Aluminum nitrate and magnesium nitrate were dis-
solved in an aqueous éilica sol {Snowtex N-30 (SiO,
content: 30 % by weight), manufactured and sold by
Nissan Chemical Industries, Ltd., Japan} so that the
Al/(Si+Al) proportion became 10 mol% and the_ﬁg/(Si+Mg)

proportion became 10 mol%. The resultant solution-was

subjected to spray drying by means of a spraY]deQiiagg;;,v_

130 °C,. thereby obtaining pafticles_having ah avefééé
particle diameter of 60 um. The obtained'particles
were calcined in air at 300 °C for 2 hours and  subse-
quently at 600 °c for'3 hours, thereby obtaining a
carrier for a catalyst. To the obtained carrier_were
added an aqueous solution of pélladium chloride (15 %
by weight) and sodium chloride (10 %'by_weight)'and-an
aqueous solution of lead nitrate (13 % by weight) so
that the amounts of the palladium chloride and lead

nitrate contained in the resultant mixture became 5
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parts by weight in terms of Pd and 6.5 parfs by weight
in terms of Pb, respectively, relative to 100 parts by
weight of the carrier. The resultant mixture was
stirred at room temperature for 1 hour, thereby obtain--
ing a ca:rier adsorbing almost all amounts of the pal-
1adium chloride and lead nitrate thereon. Thereafter,
to the obtained carrier adsorbing the palladium chlo-
ride and lead nitrate thereon was dropwise added, while
stir:ing, an agqueous solution coﬁtaining hydrazine in a
molar amount which was 3 times as large as the totalh
molar amount of the Pd and Pb adsorbed on the carrier,
thereby reducing the palladium chloride and lead ni-
trate adsorbed on the carrier. Thus, a composition
Pa®-Opb®-5/510,~A1,05-Mg0, wherein the superscript
numeréls at'the.right-hand of Pd and Pb, :espectively,
represent parts by weight of Pd and Pb, relative to 100
éarts by weight of thé carrier, was obtained (herei-
nafter, the obtained composition was frequentiy re-
ferred to simply as "catalyst intefmediate"). The
catalyst intermediate was analyzed with respect to the
atomic ratio of palladium to lead (Pd/Pb atomic ratio),

and to the diffraction angle (26) in the powder X-ray

diffraction pattern thereof at which the maximum in-

tensity peak was exhibited, by the methods as mentioned

above. As a result, it was found that the catalyst
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intermediate had a Pd/Pb atomic ratio of 3/1.95, and
exhibited a maximum intensity peak at a diffraction
angle (20) of 38.745° in the powder X-ray diffraction
patfern thereof and that the ratio of the total intens-
ity of two peaks ascribed to metallic palladium 34 |
electrons to the intensity of a peak ascribed to metal-
lic lead 4f(7/2) electrons which is multiplied by 1.75
in the X-ray phbtoeleétron spectrum of thé catalyst

intermediate was 1/1.24.

Example 1

A stainless, external circulation type bubble
column reactor, which was equipped with a separator for

a catalyst and has a volume of 1.2 liters for a liquid

phase, was charged with 300 g of the catalyst interme- - °

diate prepared in Referential-Example 1. Then,_fhe'
charged catalysf intefmediate was activated as follows.
A 36.7 % by weight solution of methacrolein in methanol
and a 2 to 4 % by weight solution of NaOH in methanol
were continuously fed to the reactor at 0.54 liter/hr
and at 0.06 liter/hr, réspectively (fhe methacrolein
concentration in the reaction system consisting of the
above-mentioned fwo different solutions was about 33 %
by weight), while introducing air to the feactor g0

that the oxygen concentration at the outlet of the
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reactor became 3.0 % by volume (which is equivalent to
the oxygen partial pressure of 0.15 kg/cmz), to effect
an activation of the catalyst intermediate. The acti-

vation was conducted at a temperature of 80 °C under a

- pressure of 5 kg/cm2 while conducting a reaction for

producing MMA. The concentration of NaOH in the above-

.mentioned methanol solution of NaOH was controlled so

that the reaction system had a pH of 7.1. The reaction
mixture obtained by the above reaction was continuously
withdrawn from the outiet of the reactor at a rate of
0.6 1iter/hr. The activation of the catalyst interme-
diate was completed after 50 hours from the start of
the reaqtion. During the reaction, the reaction mix-
ture fractions continuously withdrawn from the outlet
of the reactof contained about 2?0 ppm of lead on the-
average. It is assumed thaf the-reason for this is
that the lead contained in the cétalyst is dissolved

out in an ionized form thereof into the reaction system

. by the action of methacrylic acid produced during the

above reaction (the reaction mixture fractions continu-
ously withdrawn from the outlet of the reactor con-
tained 1.1 % by weight of methacrylic acid on the
average), and the fofmed lead ions are reduced with'
active hydrogen which is génerated in the reaction

between methacroléin and methanol.
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After completion of the activation, the resultant
activated catalyst was analyzed with respect to the
Pd/Pb atomic ratio and to the diffraction angle (29} in
the powder X-ray diffraction pattern thereof at which a
maximum intensity peak was exhibited, by the methods as
mentioned above. As é_result, it was found that the
catalyst had a P4d/Pb afomic ratio of 3/1.24, and exhib-.
ited a maximum intensity peak at a diffraction angle

(20) of 38.652° in the powder X-ray diffraction pattern

' thereof.

240 g of the above-obtained activated catalyst was
charged in the bubble column reactor of the same type
as mentioned abbve, and a reaction for producing methyl

methacrylate (MMA) was carried out as follows. A 36.7

% by weight solution of methacrolein in methanol and a ...

2.to 4 % by weight solution of NaOH in methanol were -
continuously fed to the reactor at 0.54 liter/hr and at
0.06 liter/hr, respecti&ely'(the mefhacrolein concen-~
tration in the reaction system consisting qf the above-
mentioned two different solutiohs was about 33 % by
weight), while introducing air to the reactor so that
the oxygen concentration af the outlet of the reactor
became 4.0 %.by volume (which is equivalent_to the
oxygen partial pressufe of 0.20 kg/cmz), thereby ef-

fecting a reaction for producing MMA. The reaction was
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éonducted at a temperature of 80 °C under a pfessure of
5 kg/cmz. The concentration of NaOH in the above-
mentioned methanol solution qf NaOH was controlled so
that the reacfion system had a pH of 7.1. The reaction
mixture obtained by the above reaction was continuously
withdrawn by overflowing from the outlet of the reac-
tor. Analysis was made with respect to the reaction
mixture which was withdrawn from the outlet of the
reactor 10 hours after the start of the reaction. As a
result, it was found that the conVersion of methacro-
lein was 57.3 %, the selecfivity for MMA was 90.7 %,
and the'selectivity for propylene as a by—product was
1.7 %, ana that methyl formate was by-produced in an
amount of 0.085 mol/mol of MMA. It was_also found that
the productivity of MMA was 0.49 {MMA(g)/g 6f

catalyst-hr}.

Comparative Example 1-1

A catalyst was prepared in substantially the same
manner as described in Example 1 of Examined Japanese
Patent Application Publication No. 62-7902. Illustra-
tively stated, 176 g of magnesium acetate tetrahydrate
and 92 g of lead acetate trihydrate were dissolved iﬁ
4,000 ml of water. To the resultant solution was1added 

1,000 g of a silica gel (Cariact 10; manufactured and
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sold by Fuji Silysia Chemical, Ltd., Japan), and the
silica gel was impregnated with the aqueous solution of -
magnesium_acetate tetrahydrate and lead acetate trihy-
drate on a boiling water bath with stirring, followed
by drying. The dried substance was calcined at 500 °C
for 3 hours, and the resultant substance was added to
10 liters of an agqueous diluted hydrochtolic acid
solution containing 83 g of palladium chloride, which
had been heated to 60 °C, so that the substance was
impregnated with the palladium chloride-containing
aqueous diluted hydrochloric acid solution. Then, to
the resultant substance were added 200 ml of a 35 % by
weight aqueous formaldehyde solution and 200 mi of an

aqueous 1N sodium hydroxide solution. The resultant

mixture was subjected to filtration topthereby obtainﬂalf;'

filter cake, and the filter cake was washed and'dried;..
thereby obtaining a composition Pd5'0Pb5'0/Sioz heving
a Pd/Pb atomic ratib'of 3/1.54 (hereinafter, the ob-
tained composition was frequently referred to simply as
"catalyst intermediate"). {The thus obtained_catalyst
intermediate as such.was subjected to X-ray diffraction
as described in the ebove-mentioned Examined Japanese
Patent Application Publication No. 62-7902. As a
result, it was found that the catalyst intermediate

exhibited a maximum intensity peak at a diffraction
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angle (20) of 38.631° in the powder X-ray diffraction
pattern thereof, as described in fhe above-mentioned
Examined Japanese Patent Application Publication.}
With respect to the above-obtained catalyst inter-
meéiate, a heat-treatment was conducted and then, an X-
ray diffraction measurement was conducted according to
the method specified above.' That is, the above-
obtained catalyst intermediate was heat-treated at

160 °C for 3 hours under evacuation, thereby removing

low molecular weight components adsorbed on and occlud-

ed in the catalyst intermediate, and the heat-treated
catalyst intermediate was subjected to X-ray diffrac—
tion. As'a result, it was foqnd that the heaf—treated
catalyst intermediate exhibited a maximum intensity
peak at a diffraction éngle (28) of 38.7_86° in the
powder X-ray diffract;on pattern thereof.

A stainless, external circulation type bubble

- column reactor, which was equipped with a separator for

a catalyst and has a volume of 1.2 liters for a liquid
phase, was charged with 240 g of the heat-treated
catalyst intermediate. A reaction for producing MMA
was carried out in substantially the same manner as in
Example 1. Illustratively stated, a 36.7_% by weight
solution of methacrolein in methanol and a 2 to 4 % by

weight solution of NaOH in methanol were continuously
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fed at 0.54 liter/hr and at 0.06 liter/hr, respectively
(the methacrolein concentration of the reaction system
consisting of the above-mentioned two different solu-
tions was about 33 % by'weight), while introducing air
to the reactor so that the oxygen concentration at the
outlet of the reactor became 4.0 % by vplume (which is
equivalent to the oxygen partial pressﬁre of 0.20
kg/cmz), thereby effecting a reaction for producing MMA
at a temperature of 80‘°C under a pressure of 5 kg/cmz.
The concentration of NAOH in the abovefmentioned metha-
nol solution of the NaOH was controlléd so that the
reaction system had a pH of 7.1. The reaction mixture
obtained by the above reaction was continuouély with-
drawgfby overflowing from the outlet of the reactor.
Analysis was:made with respecf to the reaction mixture -

which was withdrawn from the outlet of the reactor 10'

~ hours after the start of the reaction. Aé a result, it

was found that the conyersiOn of methacrolein was 56.3
%; the selectivity forHMMA was 82.6 %, and the selec-
tivity for propylene as a by-product was 6.16 %, and
that methyl formate was by-produced in an amount of
0.163 mol/mol of MMA. It was also found that the

productivity of MMA was 0.44 {MMA(g)/g of catalyst-hr}.

Comparative Exampie 1-2
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Substantially the same procedure as iﬁ Comparative
Example 1-1 was repeated, except that the reaction for
producing MMA was conducted at a methacrolein concen-
tration in the reaction system of 10 % by weight, and
at a reaction temperature of 40 °C. 10 Hours after the
start of the reaction, the reaction mixture withdrawn
from the outlet of the reactor was analyzed. As a
result, it was found thaf the conversion-of methacro-
lein was 38.6 %, the selectivity for MMA was 92.0 %,
and the selectivity for propylene as a by-product was
0.92 %, and that methyl formate was by-produced in an
amount of 0.038 mol/mol of MMA. It was also found that
the productivity of MMA was 0.11 {MMA(g)/g of

catalyst-hr}.

Comparative Example 2

Substantially the same procedure as in Example 1
was repeated, except that the reaction for producing
MMA was conducted using the catalyst prepared in Refer-
ential Example 1 as such. 10 Hours after the start of
the reaction, thé reaction mixture withdrawn from the
outlet of the reactor was analyzed. As a-result; it
was found that the conversion of methacrolein was 55.2
%, the selecfivity fof MMA was 84.1 %, and the selec-

tivity for propylene as a by-product was 7.9 %, and
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that methyl formate was by-produced in an amount of

0.242 mol/mol of MMA.

Examples 2 to 6, and Comparative Examples 3-1, 3-2,

4-1, 4-2, 5 and 6

In each of Examples 2 to 6 and Comparative Exam-
ples 3-1, 3-2, 4-1, 4-2, 5 and 6, substantially the
same procedure as in Egample 1 was repeated using a
catalyst intermediate shown in Table 1 below. The
catalyst intermediates used in Examples 2 to 6 had been
individually subjected to activation treatment in
substantially the same manner as in Example 1, whereas
the catalyst intermediates used in Comparative Examples
3-1('4-1, 5 and 6 had not been subjected to activatién
treatment. In Comparative Examples 3-2 and 4-2, sub-
stantially the same procedures as in Comparative Exam-
ples 3-1 and 4-1, respéctively, were repeated,.except
that eacﬁ of the reactions'for producing MMA was con-
ducted at a methacrolein concentration of the reaction
system of 10 ¥ by weight, and at a reaction temperature
of 50 °C.

The composition of the catalyst intermediate, the
Pd/Pb atomic ratio of each of the activated catalyst
and catalyst intermediate, and the diffraction angle

(20) for a maximum intensity peak in the powder X-ray
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diffraction pattern of each of the activated catalyst
and catalyst intermedigte in each of Examples 2 to 6;
and Comparative Examples 3-1, 3-2, 4-1, 4-2, 5 and 6
are shown in Table 1, together with the respective
results of the analyses of the reaction mixtures ob-
tained 10 hours after the start of the MMA-producing

reactions.



Table 1

Examples and |Composition of catalyst inter- [Activated catalyst(*4)|Conversion|Selec- |[Selec- Amount of
Comparative |mediate Lcatalysg active . - of metha- |tivity |[tivity methyl
Examples(*3) |species(*l) carrier) Pd/Pb |Diffraction crolein for for pro- |formate
atomic|angle (26) for (2) (Z) |pylene produced
ratio |maximum inten- (2) {(mol /mol
sity peak of MMA)
Example 2 Pd5'°Pb3'°3/sio2 3/0.95 38.621° 55.8 89.7 2.34 0.025
Example 3 pd”-Opb3 - 28g7-0/510, 3/1.01 38.608° 56.8 90.3 | “1.93 |’ 0.078
Example 4 pa”-Opb3-21x2-0/41 0, 3/0.99 38.595° 66.9 90.9 1.12 0.124
Example 5 Pd5'°Pb3'§9T1°-11/3102-A1203(*2) 3/1.20 38.562° 58.8 91.3 0.58 0.129
Example 6  |Pd>-Opb®-%810-23/s40,-A1,0,(*2){3/0.81 38.649° 57.3 89.9 2.57 0.026
Comparative |pd”*%pb*-93/si0, 3/1.52 38.753° 56.9 82.5 6.32 0.15
Example 3-1
Comparative [Pd>-%pb*-%3/si0, 3/1.52 38.753° 63.2 91.5 | 1.21 0.042
Example 3-2 :
Comparative |Pd>-%pb%-87/a1,0, 3/2.98 38.673° 54.1 86.4 2.85 0.92
Example 4-1
Comparative |[pd”*%pb%-8//a1,0, 3/2.98 38.673° 58.3 | 92.7 0.65 0.10
Example 4-2
Comparative |[Pd”*Opb-®%Mg>-0/a1,0, 3/0.52 38.912° 58.3 78.2 | 12.8 0.056
Example S . .
Comparative [pd”-Opb+31/a1,0, . 3/1.08 38.790° 62.3 86.8 4.72 0.052
Example 6
Note: *1) The superscript numerals indicated at the right-hand of the elements of each of the catalgst active
species of the respective catalyst intermediates represent parts by weight, relative to 100 parts by
weight of the carrier.
*2) In the carrier SiOZ-A1203, the ALl/(Al4Si) proportion is 30 molZ.
*3) 1In each of Examples 2 to 6 and Comparative Examples 3-1, 4-1, 5 and 6, the reaction for producing MMA
was conducted at a methacrolein concentration of the reaction system of about 33 7 by welght and at a
temperature of 80 °C. In each of Comparative Examples 3-2 and 4-2, the.reaction was conducted at a
methacrolein concentration of the regction_systgm of 10 Z by weight and at a temperature of 50 °C.
*4) In each of the Comparative Examples, the data of the Pd/Pb atomic ratio and the diffraction angle (20)

for maximum intensity peak are those which are obtained with respect to the catalyst intermediate.

LST




10

15

20

25

158

Referential Example 2

176 g of magnesium acetate tetrahydrate was dis-
solved in 1000 ml of water, and to the resultant aque-
ous magnesium acetate solution was added 1000 g of a
silica gel (Cariact 10, manufactured and sold by Fuji
Silysia Chemical, Ltd., Japan), followed by stirring on
a boiling water bath to thereby impregnate the silica
gel with the aqueous magnesium acetate solution. The
resultant impregnated substance wés evaporéted and .
dried. The dried_subséance was calcined ét 500 °C for
3 hours to thereby obtain a carrier. The obtained
carrier was mixed with an aqueoué solution obtained by
dissolving 83 g of palladium chloride and 28 g of
sodium chloride in 500 ml of water, and an aqueous
solution obtained by dissolving 52.1 g of lead nitrate
in 500: ml of water. To tﬁe resultant mixture was-added'
Water so that the total volume became 10 liters, and
the resultant mixture was allowed to stand for 1 houi
to thereby adsorb pallédium chloride and lead nitrate
on the carrier. Then, a supernatent was removed and
decantation was conducted several times, and to the
resultant residue was added water so that the total
volume of the resultant mixture became 10 liters. An
aqueous 10 % by weight solution of hydraziné was added

to the above-obtained mixture in an amount such that
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the molar amount of hydrazine was 3 times as large as
the total molar amount of palladium and lead, thereby
reducing the palladium adsorbed on the carrier, fol-
lowed by washing with water until no chlorine ions were
detected in the-washingé. Thus, a composition contain-
ing the carrier having adsorbed thereon 5.0 parts by
weight of pallédium and 3.18 parts by ﬁeight of lead,
relative to 100 parts by weight of the carrier was ob-
tained (hereinafter, the obtained composition was
frequently reférred to simply as "catalyst interme-
diate"). The obtained catalyst intermediate was ana-
lyzed with respect to the Pd/Pb atomic ratio, the
diffraction angle (26) :in the powder X-ray diffraction
pattern thereof at which a maximum intensity peak was
exhibited and the ratio of the total intensity of two
peaks aSGribed to metallic palladium 34 elecfronS'to
the intensity of a peak ascribed to metallic lead
4£(7/2) electron which is multiplied by 1.75 in the X-
ray photoelectron spectrum thereof, by the methods as
mentioned above. As a result, it was found that the
catalyét had a Pd/Pb atomic ratio of 3/0.98 and exhib-
ited a maximum intensity peak at a diffraétion angle
(20) of 38.927°, and that the ratio of the total in-
tensity of two peaks éscribed to metallic palladium 3d

electrons to the intensity of a peak ascribed to metal-
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lic lead 4f(7/2) electron which was multiplied by 1.75

was 1/0.15.

Example 7

An agitation type reactor; which had a volume of 6
liters for a liquid phase, was charged with 1 kg of the
catalyst intermediate prepared in Referential Example
2, and 5 liters of a sélution of 20.9'g of lead acetate
trihydrate in methano;, in which the amount of lead
acetate corresponds to a supplementary lead amount
necessary for changing the Pd/Pb atomic ratio (3/0.98)
of the catalyst intermediate prepared in Referential
Example'z to 3/1.3. The charged catalyst intermediate
was subjected to activation treatment at a temperature
of 90 °C under a pressure of'5 kg/cm2 for 20 hours,
while introduciﬁg air to the reactor so that the oxygeh
concentration at the oﬁtlet of the reactor became 2.0 %
by volﬁme (which is equivalént to the oxygen partial
pressure of 0.10 kg/cmz). The resultant activated
catalyst was analyzed with respect to the Pd/Pb atomic
ratio and the diffraction angle (26) in thé powder X-
ray diffractioﬁ pattern thereof at which the maximum
intensity peak was exhibited, by the methods as men-
tioned above. As a result, it was found that the

catalyst had a Pd/Pb atomic ratio of 3/1.27, and exhib-
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ited a maximum intensity peak at a diffraction angle
(20) of 38.691° in the powder X-ray diffraction pattern
thereof.

200g of the above-obtained catalyst was charged in
an agitation type reaétor having the same volume for a
liquid phése as that of the external circulation type
bubble column reactor used in Example 1, and a reaction
for producing MMA was carried out as follows. A 36.7 %
by weight solution of methacrolein in methanol and a 2
to-4 % by weight solution of NaOH in methanol was
continuouslf fed to thq reactor at 0.54 liter/hr and at
0.06 liter/hr, respecfively (the methacrolein concen-
tration pf the reactidn system consisting of fhe above-
mentioned two different solutions was about 33 % by
weight), while introducing air to the readtor-so.thaf
the oxygen conéentratiop at the outlet of the reactér'
became 4.0 % by volumé (which is equivalent to the
oxygen partial pressure of 0.20 kg/cmz), thereby ef-
fecting a reaction for producing MMA. The reaction was
conducted at a temperature of 80 °C under pressure of 5
kg/cmz. The concentration of NaOH in the above-
mentioned methanol solution of NaOH was controlled so
that the reaction system had a pH of 7.1. The reaction

mixture obtained by the above reaction was continuously

withdrawn by qverflowing from the outlet of the reac-
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tor. Analysis was made with respect to the reaction
mixture which was withdrawn from the outlet of the
reactor 10 hours after the start of the reaction. As a
result, it was found that the conversion of methacro-
lein was 57.8%, the selectivity for MMA was 89.9 %, and
the selectivity for prodpylene as a by—éroduct was 2.12
%, and that methyl formate was by-produced in an amount

of 0.103 mol/mol of MMA.

Comparative Examplé 7

Substantially the same procedure as in.Example 7
was repeated, except that the reaction for producing
MMA was.conducted using the catalyst prepared-in Refer-
ential Example 2 as such. 10 Hours after the start of
the reaction, the reaction mixture withdrawn frbmithef
outlet of the reactor was analyzed. As a result, it.'
was found that the coﬂversion of methacrolein was 63.2
%, the selectivity for MMA was 84.1 %, and the selec-
tivity for propylenehas a by-product was 7.9 %, and
that methyl formate was by-produced in an amount of

0.092 mol/mol of MMA.

Example 8
An agitation type ‘reactor was charged with 1 kg of

the catalyst intermediate prepared in Referential
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Example 2 and 5 1itersuof an aqueous solution of 20.9 g
of lead acetate trihydrate, in which the amount of lead
acetate corresponds to a supplementary lead amount
necessary for changing the Pd/Pb atomic ratio (3/0.98)
of the catalyst intermediate prepared in Referential
Example 2 to 3/1.3. The resultant mixture was heéted
to 90 °C, and to the thus heated mixture was added an
aqueous formaldehyde (formaldehyde content: 37 % by
weight) so that the molar ratioc of the formaldehyde to
the palladium of the c;talyst intermediate became 10/1.
The resultant mixture was stirred at 90 °C for 1 hour,
to thereby effect an activation of the catalyst inter-~
mediateﬂ The activated catalyst was analyzed by the
methods as mentioned above. As a result, it was found
that the catalyst had a Pd/Pb atomic ratio of 3/1.27,
and exhibited a maximum intensity peak at a diffraction’
angle (20) of 38.642° in the powder X-ray diffraction
pattern thereof. '

Two stainless, exéernal circulation type bubble
column reactors as used in Example 1, each of which was
equipped with a separator for a catalyst and had a
volume of 1.2 liters for a liquid phase, were connected
to provide a first stage reactor and a second stage
reactor which were connected in series. Each of the

first stage reactor and the second stage reactor was
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charged with 240 g of the ébove—obtained catalyst, and
a series of reactions for the production of MMA was
conducted as follows. A 36.7 %lby weight solution of
methacrolein in methanqi and a 2 to 4 ¥ by weight
solution of NaOH in methanol were continuously fed to
thé first stage reactor at 0.54 liter/hr and at 0.06
liter/hr, respectively (the methacrolein concentration
of the reaction system consisting of the above-men-
tioned two different solutions was about 33 % by
weight), while introducing air to the first stage
reactor so the oxygen concentration at the outlet of
the first stage reactor became 4.0 % by volume (which
is equivalent to the oxygen partial pressure of 0.20
kg/cm?), to effect a reaction for producing MMA. The
reaction was conducted at a temperature of 80 °C under
a pressure of 5 kg/cmz. The resultant reaction mixture
containing the catalyst was continuously withdrawn by
overflowing from the outlet of the first stage reactor
and transferred to a liquid phase-solid phase separa-
tion zone, where a separation between the catalyst and
the reaction mixture was effected. The separated
datalyst was returned to the first stage reactor. The
separated reaction mixture and a 2 to 4 $ by weight
solution of NaOH in methanol was fed to the second

stage reactor at 0.6 liter/hr and 0.06 liter/hr, re-
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spectively. A gaseoué phase withdrawn from the first
stage reactor was fed to the second stage reactor while
introducing fresh air.to the second stage reactor so
that the oxygen concentration at the outlet of the
second stage reactor became 2.2 %.by volume (which is
equivalent to the oxygen partial pressure of 0.1l
kg/cmz) to effeét a reaction for producing MMA. The
reaction was conducted at a temperature of 80 °C under
a pressure of 5 kg/cmz. The concentration of NaOH in
the methanol solution fed to each of the first stage

and second stage reactors was controlled so that the

reaction system in each reactor had a pH of 7.1. The

reaction mixture obtained in the second stage reactor
was continuously withdrawn by overflowing from the |
outlet of the second stage reactor. Analysié was méde:
with respect to the reaction mixture whiéh was with-.
drawn from the outlet of the second stage reactor 10
hours after the start of the reaction. As a result, it
was found that the conversion of methacrolein was 80.2
%, the selectivity for MMA was 91.1 %, and the selec-
tivity for propylene as a by-product was 1.2 %, and
that methyl formate was by-produced in an amount of

0.114 mol/mol of MMA.

Example 9
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Substantially the same procedure as in Example 7
was repeated, except that the activated catalyst pre-
pared in Example 3 was used, and that acrolein was used
instead of the methacrolein, to thereby effect a reac-
tion for producing methyl aérylate. Analysis was made
with respect to the reaction mixture which was with-
drawn from the outlet of the reactor 10 hours after the
start of the reaction. As a result, it was found that
the conversion of acrolein was 58.2 %, the selectivity
for MA was 91.3 %, and the selectivity for ethylene as
a by-product was 1.2 %ﬁ and that mefﬁyl formate was by-

produced in an amount of 0.055 mol/mol of MA.

Example 10

Substantially the same procedure as in Example 7
was repeated,.except that the activated catalyst pre-
pared in Example 4 was used, that benzaldehyde was used
instead of the methacrolein, and that ethanol was used
instead of the methanol, to thereby effect a reaction
for producing methyl bgnzoate; Analysis was méde with
respect to the reaction mixture which was withdrawn
from the outlet of the reactor 10 hours after the start
of the reaction. As a result, it was found that the
cohveréion of benzaldehyde was 76.2 %, and the selec-

tivity for methyl'benzoate was 93.2 $.
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Example 11

A stainless, external circulation type bubble

column reactor, which was equipped with a separator for

‘a catalyst and had a volume of 1.2 liters for a liquid

phase, was charged with 300 g of the catalyst interme-

diate prepared in Referential Example 1. A 36.7 % by

weight solution of mgfhacrolein in methanol and a 2 to
4 % by weight solution of NaOH in methanol were contin-
uously fed to the reactor at 0.54 liter/hr and at 0.06
liter/hr, respectively (the methacrolein concentration
of the reaction system consisting of the above men-
tioned two different solutions was about 33 % by
weight), while introducing fresh air to the reactor so
that the oxygen concentration at the outlét of the
readtor became 3.0 % by volume (which is equivalent to
the oxygen partial préssure of 0.15 kg/cmz), to effect
an activation of the catalyst. The activation of the
catalyst intermediaté was conducted at a temperature of
80 °C under a pressure of 5 kg/cmz. The above reaction
was continued for 50 hours.

Subsequently, the oxygen concentration at the
outlet of the reactor was changed to 4.0 % by volume
(which is equivalent to the oxygen partiai‘pressure of

0.20 kg/cmz), and lead acetate was added to a 36.7 % by
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weight solution of metﬂacrolein in methanol to be fed
to the reactor, so that thellead concentration of the
feaction system became 20 ppm, to thereby effect a |
surface structure-controlling treétment of fhe_activat-
ed catalyst. Analysis was made with respect to the
reaction mixture which was withdrawn from the outlet of
the reactor 100 hours after the start of the activation

treatment, with respect to the P4d/Pb atomic ratio and

the diffraction angle (20) for a maximum intensity peak

in. the powder X-ray diffraction_pattern thereof, and
the ratio of the total intenéity of two peaks ascribea
to metallic_palladium 3d electrons to the intensity of
a peak'ascribed to metallic lead 4£(7/2) electfon_which
is multiplied by 1.75 in the X-ray photoelectron spec-
trum thereof, by the methods as mentioned above. As a
result, it was found that the catalyst had a Pd/Pb
atomic ratio of 3/1.08 and exhibited the ma#imum in-.
tensity peék at a diffraction angle (260) of 38.612°,
and that the ratio of %he total intensity of two peaks
ascribed to metallic palladium 3d electrons to the
intensity of a peak ascribed to metallic lead 4f(7/2)
electron which is multiplied by 1.75 was 1/0.49.

A stainless, external circulation type bubble
column reactor, which wés equipped with a separator for

a catalyst and had a volume of 1.2 liters for a liquid
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phase, was charged with 240g of the catalyst obtained
by the above-mentidned surface structure-controlling-'
treatment,'and a reaction for the production of MMA was
performed as follows. -A 36.7 % by weight solution of
methacrolein in methanol and a 2 to 4 $ by weight
solution of NaOH in methanol were continuously fed to.
the reactor at 0.54 liter/hr and at 0.06 liter/hr,
respectively (the methacrolein concentration of the
reaction system consisting of the above mentioned two
different solutions was about 33 % by weight), while
introducing air to tﬁe reactor so that the oxygen
concentration at the outlet of the reactor became 4.0 %
by volume (which is equivalent to the oxygen partial
pressure of 0.20 kg/cmz), thereby effecting a reaction
for producing MMA. The reaction was conducted at a
temperature of 80 °C under a pressure of 5 kg/cmz. The
concentration of NaOH in the above-mentioned methanol
solution of NaOH was dontrolled so that the reaction
system had a pH of 7.1. The reaction mixture was
continuously withdrawn by overflowing from the outlet
of the reactor. Analysis was made with respect to the
reaction mixture which :was withdrawn from the outlet of
the reactor 10 hours after the start of the reaction.
As a result, it was found that the conversion of metha-'

crolein was 61.8 %, the selectivity for MMA was 91.6 %,
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and the selectivity for propylene as a by-product was
1.23 %, and that methyl formate was by-produced in an

amount of 0.045 mol/mol of MMA.

Example 12

Substantially the same procedure for the activa-
tion treatment of a catalyst intermediate as in Example
11 was repeated, to thereby obtain an activated cata-
lyst. The obtained activated catalyst was analyzed
with respect to the Pd/Pb atomic ratio, the diffraction
angle (20) for a maximum intensity peak in the powder
X-ray diffraction pattern thereof, aﬁd the ratio of the
total intensity of two peaks ascribed to metaliic
palladium 3d electrons to the intensity of a peak_
ascribed to metallic lead 4f(7/2) electron which is
multiplied by 1.75 in the X-ray photoelectron spectrum
thereof, by the methods as mentioned above. As a
result, it was found that the catalyst had a P4d/Pb
atomic ratio of 3/1.24 and exhibited the maximum in-
tensity peak at a diffraction angle (20) of 38.652°,
and that the ratio of the total intensity of two peaks
ascribed to metallic palladium 3d electrons to the
intensity of a peak ascribed to metallic lead 4£(7/2)
electron which is multiplied by 1.75 was 1/0.89 there-

of.
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Using fhe activated catalyst, substantially the
same procedure for producing MMA as in Example 1 was
repeated, and analysisdwas made with respect to the
reaction mixture which was withdrawn from the outlet of
the reactor 10 hours after the start of the reaction.
As a result, it was found that the conversion of metha-_-
crolein was 57.3 %, the selectivity for MMA was 90.7 %,
and the selectivity for propylene as a by-product was
1.72 %, and that methyl formate was by-produced in an

amount of 0.085 mol/mol of MMA.

Examples 13 to 19 and éomparative Examples 8 to 10

In gach of Examp;es 13 to 19 and Comparative
Examples 8 to 10, substantially the same procedure as
in Example 11 was repeated using a catalyst interme-
diate shown in Table 2 below. The catalyst interme-
diates used in Examples 13 to 19 had been individually
subjected fo activation treatment and surface struc-
ture-controlling treatment in substantially the same
manner as in Example 11, whereas the catalyst interme-
diates used in Comparafive Examples 8 to 10 had not
been subjected to an activation treatment or surface
structure-controlling treatment. The_composition of
the catalyst intermediate, the Pd/Pb atomic ratio of

each of the activated catalyst and catalyst
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intermediate, the diffraction angle (26) for a maximum
intensity peak in the powder X-ray diffraction pattern
of.each of the activated catalyst and catalyst interme-
diate, and the ratio of the total intensity of two
peaks ascribed to metallic palladium 3d electrons to
the intensity of a peak ascribed to metallic lead
4£(7/2) electron which is multiplied by 1.75 in the.x-
ray photoelectron spectrum of each of the activated
catalyst and catalyst intermediates in each of Examples
13- to 19 and Comparative Examples 8 to 10 are shown in
Table 2, together with the respective results of the
analyses of the reaction mixtures obtained 10 hours

after the start of the MMA-producing reactions.

. This Sheet Has Been Rei

laced '
Il ' THIS SHEET HAS BEEN
REPLACED
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Table 2

Examples Composition of catalyst inter- " Activated catalyst(*3) Conver-{Selec- |Selec- {Amount of
and . |mediate icatalys; active sion of {tivity [tivity [methyl
Comparative|species(*1)/carrier) Pd/Pb |Diffraction{Intensity|metha- |for for pro-{formate
Examples atomic|angle (20) [ratio of |crolein| (Z) [pylene roduced
ratio |[for maximum|peaks (%) (%) mol /mol
intensity |(metallic of MMA)
peak Pd/metal-
lic Pb)*4 1.
’ N ".{; L
Example 13 |pd”-Opb3-2}/si0, 3/0.99]| 38.602° | 1/0.21 62.7 | 89.8 [ 2.13 0.038
Example 14 Pd5-°Pb3-41Mg5°67§ioz 3/1,05] 38.611° | 1/0.43 63.8 | 91.1 | 1.21 0.043
Example 15 pd5'°Pb3~23K2-°1A1203 3/1.01] 38,598° | 1/0.65 70,7 | ‘91.s | 1.11. 0.073
Example 16 |Pd>-Opp3-9710-13/510,-41,0,(*2)[3/1.23] 38.583° | 1/0.62 64.3 [ 91.6 | 0.62 0.089
Example 17 Pds'°Pb2‘56Bi°'23/SiOZ-A1203(*2) 3/0.79| 38.656° | 1/0.38 63.9 | 90.0 | 2.38 0.031
Comparative [Pa>-Opp®-91/a1,0, 3/2,13] 38.753° | 1/0.64 56.9 | 85.3 | 6.32 0.15
Example 8 . : .
Comparative|Pd>*Opb’-®ug>-0/a1,0, {3f0.52] 38.912° | 1/0.32 58.3 | 78.2 | 12.8 0.056
Example 9 ‘ '
Comparative|pd>-Opb3->1/41,0, 3/1.08| 38.790° | 1/0.53 62.3 | 86.8 | 4.72 0.052
Example. 10 .
Example 18 [Pd>-Opb3:60/a1,0, 3/1.11] 38,603° | 1/0.12 54.2 | 89.8 | 2.37 0.028
Example 19 [Pd>-Opb3-18/a1 0, 3/0.98( 38,587° | 1/1.32 52.1 [ 90.7 | o.05 0.45
Note: *1) The superscript numerals indicated éé-the right-hand of the elements of each of the catalyst active
species of the respective catalyst intermediates represent parts by weight, relative to 100 parts by
weight of the carrier, . o .
*2) 1In the carrier SiOZ-Alzoa, the Al/(Al+Si)-proportion.is 30 molZ.
*3) 1In each of the Comparative'Examples,_the data of the Pd/Pb atomic ratio and the diffraction angle (28)
for maximum intensity peak are those which are obtained with respect to the catalyst intermediate..
*4)

Ratio of the total intensity of two féékéléscribed to metallic palladium 3d electrons to the,
intensity of a peak ascribed to metallic lead 4f (7/2) electron which is multiplied by 1.75 in the
X-ray photoelectron spectrum, RSt o

€LT
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Example 20

Two stainless, external circulation type bubble
column reactors, each of which was equipped with a
separator for a catalyst and had a volume of 1.2 liters
for a liquid phase, weée connected to provide a first
stage reactor and a second stage reactor which were
connected in series. Each of the first stage and
second stage reactors was charged with 240 g of a
catalyst which had been obtained by subjecting the
catalyst intermediate prepared in Referential Example 1
to an activation treatmeht and subseqﬁently subjecting
the activated catalyst to a surface structure-control-
ling tfgatment in the same manner as in Examplé 11.
Then, a series of reac%ions for producing MMA was
conducted as follows. A 36.7 % by weight solution of
methacrolein in methanol, in which lead acetate had
been dissolved so that the lead concentration of the
resultant reaction system bécame 20 ppm by weight, and
a 2 fo 4 % by weight solutibn of NaOH in methanol were
continuously fed to the first stage reactor at 0.54
liter/hr and at 0.06 liter/hr, respectively (the metha-
crolein concentration of the reaction system consisting
of the above-mentionedﬁtwo different solutions was
about 33 % by weight), while introducing air to the

first stage reactor so that the oxygen concentration at
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the outlet of the firsf stage reactor became 4.0 % by
volume (which is equivalent to the oxygen partial
pressure of 0.20 kg/cmz), to effect a reaction for
producing MMA. The reaction was conducted at a temper-
ature of 80 °C under a pressure of 5 kg/cmz. The
resultant reaction mixture containing the catalyst was
continuously withdrawn by overflowing from the outlet
of the first stage reactor and transferred to a liquid
phase-solid phase separation zone, whére a separation
between the catalyst and the reaction mixture was
effected. The separated catalyst was returned to the
first stage reactor. The seporated reaction mixture
and a 2 to 4 % by weight solution of NaOH in méthanol
were fed to the second stage reactor at 0.6 liter/hr.
and at 0.06 1iter/hr,-respectively; A gaseous phase
withdrawn from the first stage reactor was fed to the
second stage reactor while introducing freéesh air to the
second stage reactor so that the oxygen concentration
at the_outlet of the second stage reactor became 2.2 %
by volume (which is equivalent to the oxygen partial
pressure of 0.11 kg/cmz), to effect a reaction for
producing MMA. The reaction was conducted at a temper-
ature of 80 °C under a pressure of 4.6-kg/om2. The
concentration of NaOH in the methanol solution fed to

each of the first stage and second stage reactors was
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controlled so that the reaction system in each reactor
had a pH of 7.1. The reaction mixture obtained in the
second stage reactor wés continuouély withdrawn by
overflowing from the qutlet of the second stage reac-
tor. 'Analysis was made with réspect to the reaction
mixture which was withdrawn from the outlet of the
second stage reactor 500 hours after the start of the
two-stage reaction. As a result, it was found that the
conversion of methacrolein was 81.6 %, the selectivity
for MMA was 91.5 %, and the selectivity for propylene
as a by-product was 1.36 %, and that methyl formate was
by-produced in an amouﬁt of 0.049 mol/mol of MMA.

Also, a portion of each of the catalysts contained in
the first stage reactor and the second stage reactor
was taken out from the respectlve reactors, and ana-
lyzed with respect to the Pd/Pb atomic ratio. thereof
the diffraction angle (26) in the powder X-ray diffrac-
tion pattern thereof at which a maximum intensity peak
was exhibited, and the ratio of the total intensity of

two peaks ascribed to metallic palladium 3d electrons

- to the intensity of a ﬁeak ascribed to metallic lead

4£(7/2) electron which is multiplied by 1.75 in the X-
ray photoelectron spectrum thereof, by the methods as
mentioned above. As a result, it was found that the

catalyst taken out from the first stage reactor had a-
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Pd/Pb atomic ratio of 3/1.05 and exhibited a maximum
intensity peak at a diffraction angle (286) of 38.602°,
and that the ratio of the total intensity of two peaks
ascribed to metallic palladium 3d electrons to the
intensity of a peak ascribed to metallic lead 4£(7/2)
electron which is mult%plied by 1.75 was 1/0.45. 1t
was also found that thé_catalyst taken out from the
second stage reactor had a P4d/Pb atomic ratio of 3/0.98
and exhibited a maximum intensity peak at a diffraction
angle (20) of 38.612°, and that the ratio of the total
intensity of two peaks ascribed to metallic palladium
3d electrons to the intensity of a peak ascribed to
metalliq lead 4£f(7/2) electron which is multiplied by
1.75 was 1/0.45. |

Thereafter, the two-stage reaction for producing
MMA was further‘condﬁﬁfed for 500 hours under the same
reaction conditions as described above (That is, the
reaction for producing MMA was conducted for 1000 hours
in total). After that period of time, analyses were
made with respect to the reaction mixture withdrawn
from the outlet of the second stage reactor and to the
catalyst contained in each of the first stage and
second stage reactors, and the results of the analyses
were compared with theﬁresults of the analyses of the

reaction mixture and the catalysts, which were obtained
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500 hours after the start of the two-stage reaction.

As a result, it was found that no significant change
was observed with resﬁect to the results of the MMA-
producing reaction, except that the amount of the by-
produced methyl formate was réduced to 0.039 mol/mollof
MMA. Also, there was no significant change in the
catalyst contained in each of the first stage and
second stage reactors by the further 500-hour reaction,
with respect to the Pd/Pb atomic ratio, the diffraction
angle (20) for a maximum intensity peak in the'powdér
X-ray diffraction pattern, and the ratio of the total
intensity of two peaké ascribed to metallic palladium
3d electrons to the intensity of a peak ascribéd to
metallic lead 4f£(7/2) electron which is multiplied by

1.75 in the X-ray photoelectron spectrum.

Example 21

An agitation type reactor, which had a volume of 6
1itérs for a liquid phase, was charged with i kg of the
catalyst intermediate prepared in Referential Example
2, and 5 liters of a solution of 20.9 g of lead acetate
trihydrate in methanol, in which the amount of lead
acetate corresponds to a supplementar& lead amount
necessary for changing the P4/Pb atomic ratio (3/0.98)

of the catalyst intermediate prepared in Referential
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ﬁxample 2 to 3/1.3. An activation of the catalyst
intermediate was effected at a temperature of 90 °C
under a pressure of 5-kg/cm2 for 20 hours, while intro-
ducing air to the reactor so that the oxygen concentra-
tion at the outlet of éhe reactor became 2.0 % by
volume (which is equivalent to the oxygen partial
pressure of'0.10 kg/cmz). 200 g of the resultant
activated catalyst was charged in an agitation type
reactor having the same volume for a liquid phase as
that of the reactor uséd in Example 11, ana a reaction
for controlling the surface structure of the activated
catalyst was carried out as follows. A 36.7 % by
weight solution of methacrolein in methanol, in which
lead acetate had been éissoived so that the lead con-
centration of the reéultant reaction s&stem became 20
ppm by -weight, and a 2 to 4 % by'weight solution'qf
NaOH in mgthanol were fed to the reactor at 0.54 .
liter/hr and 0.06 liter/hr, respectively (the methacro-
lein concentration of the reaction system consisting of
the above-mentioned two different solutions was about
33 % by weight), while introducing air to the reactor
so that the oxygen concentration at the outlet of the
reactor became 4.0 % b} volume (which is equivalent to
the oxygen partial pressure of 0.20 kg/cmz), thereby

effecting a reaction for controlling the surface struc-
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ture of the catalyst. - The reaction was-conducted at a
temperature of 80 °C under a pressure of 5 kg/cmz. The
concentration of NaOH was controlled so that the reac-
tion system had a pH of 7.1. The reaction mixture
obtained by the above reaction was continuously with-
drawn by overflowing from the outlet of the reactor.
The reaction for controlling the surface structure of
the catalyst was cdnduqted for 50 hours. After that
period of time, analysis was made with respect to a
portion of the catalyst taken out from the outlet of
the reactor. As a result, it was found that the cata-
lyst had a Pd/Pb atomic ratio of 3/1.10 and exhibited a
maximum intensity peak at a diffraction angle (20) of
38. 611° in the powder X-ray diffraction pattern there-
of, and that the ratio of the total intensity of two
peaks ascribed to metallic palladium 3d electrons-to
the intensity of a peag aécribed to metallic lead
4f(7/2) electron which is multiplied by 1.75 in the X-
ray photoelectron spectrum was 1/0.428. The reaction
for controlling the surface structure of the catalyst
was further conducted for 10 hours under the same
conditions as described above. After that period of
time, analysis was made with respect to the reaction
mixture withdrawn from the outlet of the reactor. As a

result, it was foﬁnd that the conversion of methacro-
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lein was 63.2 %, the selectivity for MMA was 91.3 %,
and the selectivity for propylene as a by-product was
1.1 %, and that methyl ‘formate was by-produced in an

amount. of 0.052 mol/mol of MMA.

Example 22

The catalyst intermediate prepared in Referential
Example 2 was subjected to activation treatment in
substantially the same manner as in Example 21. The
resultant activated catalyst was analyzed by the meth-
ods as mentioned above. As a result, it was found that
the catalyst had a Pd/Pb atomic ratio of 3/1.27 and
exhibitgd'a maximum intensity peak-at a diffradtion
angle (20) of 38.691°.in the powder X-ray diffraction
pattern thereof, and that the ratio of the total in-
tensity of two peaks ascribed to metallic palladium 34
electrons to a peak ascribed to metallic lead 4£(7/2)
electron which is multiplied by 1.75 in the X-ray

photoelectron spectrum was 1/0.763. 200 g of the

activated catalyst was charged in an agitation type

reactor having the same volume for a liquid phase as.
that of the bubble column reactorfused in Example 1. A
36.7 % by weight solufion of methacrolein in methanol,
in which lead acetate had been dissolved so that the

lead concentration of the resultant reaction system
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became 20 ppm by weight, and a 2 to 4 % by weight
solution of NaOH in methanol were fed to the reactor at
0.54 liter/hr and 0.06 liter/hr, respectively (the
methacrolein concentration of the reaction system
consisting of the above-mentioned two different solu-
tions was about 33 % by weight), while introducing air
to the reactor so thatdthe oxygen concentration at the
outlet of the reactor became 4.0 % by volume (which is
equivalent to the oxygen partial pressure of 0.20
kg/cmz), thereby effecting a reaction for producing
MMA. The reaction was conducted at a temperature of 80
°C. under a pressuré of 5§ kg/cmz. The concentration of
NaOH was controlled so that the reaction system had a
pH of 7.1. The reaction mixture obtained by_the above
reaction was continuously withdrawn by overflowing from
the outlet of the reacéor. 10 Hours after the starf of
the reaction, analysis was made with respect to the
reaction mixture withdrawn from the outlet of the
reactor. As a result, it was found that the conversion
of methacrolein was 57.2 %, the selectivity for MMA was
89.3 %, and the selectivity for prgpylene as a by-
product was 2.03 %, and that methyl formate was by-

produced in an amount of 0.152 mol/mol of MMA.

Example 23
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An agitation type ‘reactor, which had a volume of 6
liters for a liquid phase,.was charged with 1 kg of the -
catalyst intermediate brepared in Referentiai Example
2, and 5 liters of an aqueous solution of 20.9 g of
lead acetate trihydrate, in which the amount of lead
acetate corresponds to a supplementary lead amount
necessary for changing the Pd/Pb atomic ratio (3/0.98)
of the catalyst intermediate prepared in Referential
Example 2 to 3/1.3. The resultant mixture was heated
to- 90 °C. To the heated mixture was added an aqueous
3 % by weight solution of formaldehyde in an amount
such that the molar rétio of the formaldehyde to the
palladiqm'of-the cétalyst intermediate became 10/1.

The resultant mixture was stirred for 1.hour while
maintaining the temperature of the mixture at 90 °C, to
thereby effect an activation of the catalyst interme-
diate. The resultant activated catalyst was analyzed
by the methods as mentioned above. As a result, it was
found that the catalyst had a Pd/Pb atomic ratio of
3/1.27 énd exhibited a maximum intensity peak at a
diffraction angle (29’ of 38.642° in the powder X-ray
diffraction pattern thereof, and that the ratio of the
total intensity of two peaks ascribed to metallic
palladium 3d electrons to the intensity of a peak

ascribed to metallic lead 4£(7/2) electron which is
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multiplied by 1.75 in the. X-ray photoelectrqn spectrum
was 1/0.953.

240 g of the activated catalyst was charged in a
stainless, external circulation type bubble column
reactor, which was equfpped with a separator for a
catalyst and had a volpme of 1.2 liters for a liquid
phase. Then, a 36.7 % by weight solution of methacro-
lein in methanol, in which lead acetate had been dis-
solved so that the lead concentration of the resultant
reaction system became 20 ppm by weight, and a 2 to 4 %
by weight solution of NaOH in methanol were fed to the
reactor at 0.54 liter/hr and 0.06 liter/hr, respective-
ly (the methacrolein concentration of the reaction
system consisting of tﬁe above-mentioned two diffefent
solutions was about 33 % by weight), while int;oducing.
air to the reactor so that the oxygen concentratioh at
the outlet of the reactor became 4.0 % by volume (which
is equivalent to the oxygen partial pressure of 0.20

2y,

kg/cm thereby effecting a reaction for producing

MMA. The reaction was conducted at a temperature of 80
°C under a pressure of 5 kg/cmz. The concentration of
NaOH was controlled so that the reaction system had a

PH of 7.1. The reactisn mixture obtained by the above

reaction was continuously withdrawn by overflowing from

the outlet of the reactor. The reaction was conducted
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for 10 hours. After that period of time, analysis was
made with respect to the reaction mixture withdrawn
from the outlet of the reactor. As a result, it was
found that the conversion of methacrolein was 56.8 %,
the selectivity for MMA was 91.2 %, and the selectivity
for propylene as a by-product was 1.03 %, and that
methyl'formate was by-produced in an amount of 0.178

mol/mol of MMA.

Example 24

The reaction for producing MMA conducted in Exam-
ple 11 was further continued. 500 Hours after the
start of the reaction, analysis was made with respect
to the reaction mixture withdrawn from the outlet of
the reactor, and the resulfs of fhe analysis were
compared with the results of the analysis_of the reac-
tion mixture which was obtained 100 hours after the :
start of the reaction. As a result, it was found that
no significant change was observed with respect to the

results of the MMA-producing reaction, except that the

amount of the by-produced methyl formate was reduced

from 0.045 mol/mol of MMA to 0.032 mol/mol of MMA.
Analysis was also made with respect to a portion of the
catalyst taken out from the outlet of the reactor, and

the results of the analysis were compared with the
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results of the analysis coﬁducted with respect to the
catalysts at the time of 100 hours after the start of
the reaction. As a result, it was found that no sig-
nificant change was observed in the catalyst with
respect to.the Pd/Pb étomic ratio, the diffraction
angle (26) for a maximum intensity peak in the powder
X-ray diffraction pattern, and the ratio of the total
intensity of two peaks ascribed to metallic palladium
3d electrons to the intensity of a peak ascribed to
metallic lead 4f(7/2) electron which is multiplied by
1.75 in the X-ray photoelectron spectrum. However, the
ratio of the total intensity of two peaks ascribed to
metalliq palladium 3d electrons to the total ihtensity
of two peaks ascribed'to ionic lead 4f electrons in the
X-ray photoelectron'spectrum of the catalyst was re-
duced from 1/0.11 to 1/0. {With respect to the cata-
lySt intermediate used in Example 11, which had been
prepared'in Referential Example'l, the ratio of the
total intensity of two peaks ascribed to metallic
palladium 3d electrons to the total intensity of two
peaks ascribed to ionic lead 4f electrons.in the X-ray

photoelectron spectrum thereof was 1/0.35.}

Example 25

A reaction for producing methyl acrylate (MA) was
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conducted in substantially the same manner as in Exam-
ple 21, except that the catalyst which was obtained in
Example 14 was used and that acrolein was used instead
of the methacrolein. The reaction mixture withdrawn
from the outlet of the reactor 10 hours after the start
of the reaction was analyzed. As a result, it was
found.that the conversion of acrolein was 61.2 %, the
selectivity for MA was 91.3 %, and the selectivity for
ethylene as a by-product was 1.2 %, and that methyl
formate was by-produced in an amount of 0.055 mol/mol

of MA.

Referential Example 3

Aluminum nitrate and ﬁagnesium nitrate were dis-
solved in an aqueous silica sol {Snbwtek.N-SO (Sin
content: 30 % by weigh£),-manufactured and sold by
Nissan Chemical Industries, Ltd., Japan} so that the
Al/(si+Al) proportion became 10 mol% and the Mg/(Si+Mg)
proportion became 10 mol%. Tﬁe resultant solution was
subjected to spray drying by means of a spray dryer at
130 °C, thereby obtaining particles having an average
particle diameter of 60 um. The obtained particles
were calcined in air at 300 °C for 2 hours and subse-
quently at 600 °C for 3 hours, thereby obtaining a

carrier for a catalyst. To the obtained carrier were
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added an aqueous solution of palladium chloride (15 %
by weight) and sodium chloride (10 % by weight) and an
aqueous solution of 1ead nitrate (13 % by weight) so
that the amounts of the palladium chloride and lead
nitrate contained in the resultant mixture became 5.0
parts by'weight in terms of Pd and 3.2 parts by weight

in terms of Pb, respectively, relative to 100 parts by

weight of the carrier. The resultant mixture was

stirred at room temperature for 1 hour, thereby obtain-
ing a carrier which adsorbs almost all of the palladium
chloride and lead nitrate thereon. Thereafter, to the
obtained carrier haviﬁg adsorbed thereon the palladium
chloride and lead nitrate was dropwise added, while .
stirring, an aqueous solution containing hydrezine in a
molar amount which was 3 times as large as the total
molar amount of the Pd and Pb adso?bed on the carrier,
fhereby reducing the palladium chloride and lead ni-
trate adsorbed on the carrier. Thus, a composition
Pd5'on2°3/Si02—A1203—MgO was obtained (hereinafter,
the obtained composition is referred to as "catalyst
intermediate"). The eatalyst intermediate was analyzed
with respect to the Pd/Pb atomic ratio, to the diffrac-
tion angle (20) in the powder X-ray diffrectioq'pattern
thereof at which the maximum intensity peak was exhib-

ited, and to the ratio of the total intensity of two
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peaks ascribed to metallic palladium 3d electrons to
the intensity of a peak ascribed to metallic lead
4£(7/2) electron which is multiplied by 1.75 in the X-
ray photoelectron spectrum thereof, by the méthods as
mentioned above. As a*result, it was found that the
catalyst intermediate had a Pd/Pb atomic ratio of
3/0.70, and exhibited a maximum intensity peak at a
difffaction angle (26) of 39.102° in the,powder X-ray
diffraction pattern thereof, and that the ratio of the
total intensities of two peaks ascribed to metallic
palladium 3d electrons to the intensity of a peak
ascribed to metallic lead 4£f(7/2) electron which is

multiplied by 1.75 was 1/0.19.

Example 26

- An autéciave, which had a volume of 30 liters.for
a liquid phase, was charged with 2 kg of the catalfst
intermediate prepared in Referential Example 3, 20
liters of an aqueous 6 % by weight solution of sodium
acetate monohydrate, 500 ml of an aqueous solution |
containing 55.8 g of lead acetate (this amount of lead
acetate corresponds to a lead amount satisfying the

Pd/Pb atomic ratio of 3/0.4 in terms of the ratio of

the amount of palladium in the catalyst intermediate to

the amount of lead charged above as the lead acetate),
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and an aqueous formaldehyde in an amount such that the
molar ratio of the formaldehyde to the palladium of the -
catalyét intermediate became 10/1. The resultant
mixture was stirred at 90 °C for 1 hour, to thereby
effect an activation of the catalyst intermediate. The
resultant activated catalyst was analyzed by the meth-

ods as mentioned above. As a result, it was found that

the catalyst had a Pd/Pb atomic ratio of 3/1.07 and

exhibited a maximum intensity peak at a diffraction
angle (20) of 38.582° in the powder X-ray diffraction
pattern thereof, and that the ratio of the total in-
tensity of two peaks ascribed to metallic palladium 3d
electrons to the intensity of a peak ascribed fo metal-~
lic lead 4£(7/2) electron which is mﬁltiplied by 1.75
in the X-ray photoeiectron spectrum was 1/0.48.

240 g of the activated catalyst was.charged in a
stainless, external circulation type bubble column

reacfor, which was equipped with a separator for a

. catalyst and had a volume of 1.2 liters for a liquid

phase. Then, a 36.7 ¥ by weight solution of methacro-
lein in methanol, in which lead acetate had been dis-
solved so that the lead céncentration of the resultant
reaction system became 20 ppm by weight, and a 20 to 48
$ by weight aqueous NaOH solution were fed to the

reactor at 0.54 liter/hr and 0.006 liter/hr, respec-
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tively (the methacrolein concentration of the reaction
system consisting of the above-mentioned two different
solutions was about 36 % by weight), while introducing
air to the reactor so that the oxygen concentration at
the ouflet of the reactor became 4.0 ¥ by volume (which
is equivalent to the oxygenh partial pressure of 0.20
kg/cmz), thereby effecting a reaction for produéing
MMA. The reaction was conducted at a temperature of 80
2

°C under ‘a pressure of 5 kg/cm“. The concentration of

NaOH was controlled so that the reaction system had a

“pH of 7.1. The reaction mixture obtained by the above

reaction was continuouély withdrawn by overflowing from
the out;et of the reactor. The reaction was conducted
fof 10 hours. After that period of time, analysis.was
made with respect to the reaction mixture Withdfawn
from the outlet of the reactor. As a result, it was
found that the conversion of methacrolein was 61.8 %,
the selectivity for MMA was 91.9 %, and the selectivity
for propylene as a by-product was 1.1 %, and that
methyl formate was by-produced in an amount of 0.045

mol/mbl of MMA.

Example 27

An autoclave, which had a volume of 30 liters for

a liquid phase, was charged with 2 kg of the catalyst
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intermediate prepared in Referential Example 3 and 20
liters of an aqueous solution containing 57.3 g of lead
nitrate (fhis amount of lead nitrate corresponds to a
lead amount satisfying the Pd/Pb atomic ratio of 3/0.60
in terms of the ratio of the amouht of palladium in the
catalyst intermediate ?o the amount of lead charged
above as the lead nitréte). The resultant mixture was
stirred at 90 °C for 1 hour, while introducing a nitro-
gen gas containing 2 % by volume of hydrogen to fhe
autoclave at 5N'liters/min, to thereby effect an acti-
vation of the catalyst intermediate. The resultant
activated catalyst was analyzed by the methods as
mentiongd above. As a result, it was found thét the
catalyst had a Pd/Pb atomic ratio of 3/1.26 and exhib-
ited a. maximum intensiyy peak at a diffraction angle
(26) of 38.698° in the powder X-ray diffraction patfern
thereof, and that the.ratio of the total intensity.of
two péaks ascribed to metallic palladium 34 electrons
to the intensity of a peak ascribed to metallic lead
4£(7/2) electron which is multiplied by 1.75 in the X-
ray photoelectron spectrum was 1/0.73. Using the
activated catalyst, a reaction for producing MMA was
conducted in substantially the same manner as in Exam-
ple 26. The reaction mixture withdrawn from the outlet

of the reactor was analyzed. As a result, it was found
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that the conversioh of ‘methacrolein was 57.2 %, the
selectivity for MMA was 88.7 %, and the selectivity for
propylene as a by—product was 2.2 %, and that methyl
formate was by-produced in an amount of 0.115 mol/mol

of MMA.

Example 28

An autoclave, which had a volume of 30 liters for
a liquid phase, was charged with 20 liters of methanol.
28.1 g of lead acetate ‘trihydrate (this amount of lead
acetate trihydrate corresponds to a lead amount satis-
fying the P4d/Pb atomié ratio of 3/0.30 in terms of the
ratio of the amount of palladium in the catalyst_inter—
mediate prepared in Referential Example 3 to the amount
of lead charged above as the lead acetate trihydratei"

was dissolved in the methanol to thereby obtain a

" solution. To the obtained solution was added 2 kg of

the catalyst intermediate prepared in Referential
Example 3. To the resultant mixture ﬁas aropwise added
an aqueous 10 $ by weight solution of formaldehyde in
an amount such that tﬁe molar ratio of the formaldehyde
to the palladium of the catalyst intermediate became
10/1. The addition of the aqueous solution of formal-
dehyde was conducted for 1 hour. The resultant mixture

was stirred at 90 °C for 3 hours, to thereby effect an
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activation of the catalyst intermediate. The resultant
activated catalyst was analyzed by the methods as
mentioned above. As a result, it was found that the
catalyst had a Pd/Pb atomic ratio of 3/0.97 and exhib-
ited a maximum intensiéy peak at a diffraction angle
(20) of 38.676° in the powder X-ray diffraction pattern
thereof, and that the ratio of the total intehsity of
two peaks ascribed to metallic palladium 3d electrons
to the intensity of a peak ascribed to metallic lead
4f(7/2) electron which is multiplied by 1.75 in the X-
ray photoelectron spectrum was 1/0.36. Using the
activated catalyst, a reaction for producing MMA was
conducted in substantially the same manner as in Exam-
ple 26. The réaction ﬁixture withdrawn from the outlet
of the reactor 10 hours after the start of the reaction- 
was analyzed. As a result, it was found that the_
conversion of methacrolein was 61.0 %, the selectivity
for MMA was 89.6 %, and the’seledtivity for propylene
as a by-product was 2.3 %, and that methyl formate was

by-produced in an amount of 0.043 mol/mol of MMA.

Comparative Example 11

A reaction for producing MMA was conducted in
substantially the same manner as in Example 1, except

that the catalyst.intermediate prepared in Referential



10

15

20

25

195

Example 3 was used as such. The reaction mixture
withdrawn from the outlet of the reactor 10 hours after
the_start of the reacfion was analyzed. As a result,
it was found ‘that the conversion of methacrolein was
57.8 %,'the_selectivity for MMA was 84.3 %, and the
selectivity for propylene as a by-product was 7.3 %,
and that methyl formate was by-produced in an amount of

0.039 mol/mol of MMA. .

Referential Example 4 °

Substantially the'same procedure as in Referential
Example 2 was repeated, except that 50.1 g of potassium
acetate was used instead of the magnesium acetéte, and
that the amount of lead nitrate was changed to 37.9 g.
As a result, a catalyst intermediate compfising a
carrier having supported thereon 5.0 parts by weight of
palladium, 2.37 parts by weight of lead and 2.0 parts:
by weight of potassium, relative to 100 parts by weight
of the carrier, was obtaihed; The obtained catalyst
intermediate was analyzed by the methods .as mentioned
above. As a result, it was found that the catalyst
intermediate had a Pd/Pb atomic ratio of 3/0.73 and
exhibited a maximum intensity peak at a diffraction
angle (20) of 39.112° in the powder X-ray diffraction

pattern thereof, and that the ratio of the total in-
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tensity of two peaks ascribed to metallic palladium 34
electrons to the intensity of a peak ascribed to metal-
lic lead 4£(7/2) electron which is multiplied by 1.75

in the X-ray photoelectron spectrum was 1/0.18.

Examples 29 to 33

In Examples 29 to 33, catalyst intermediates which
were prepared in the same manner as in Referential
Example 4 wére individually subjected to activation
treatment in substantially the same maﬁner as in Exam-
ple 26, except that the acfivation conditions were
changed as indicated in Table 3. The resultant acti-
vated cgtalysts were analyzed by the methods as men-
tioned above. Using the activated catalysts, reactions
for producing MMA were individually conducted in sub-.
Stantially the same manner as in Example 26. .Thé_Pd/Pb
atomic ratio of the activated catélyst, the diffracfion
angle (20) for a maximum intensity peak in the powder
X-ray diffraction pattern of the-activated catalyst,
and the ratio of the total intensity of two peaks
ascribed to metallic pélladium 34 electrons to the
intensity of a peak ascribed to metallic lead 4£(7/2)
electron which is multiplied by 1.75 in the X-ray -
photoelectron spectrum of the activated catalyst in

each of Examples 29 to 33 are shown in Table 3, togeth-
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er with the respective results of the analyses of the
reaction mixtures obtained 10 hours after the start of

the MMA-producing reactions.



Table 3

*2)

spectrum.

peak ascribed to metallic lead 4f (7/2) electron which is multlplled by 1.75 in the X

Examples Conditions for activation Activated catalyst Conver-|Selec- [Selec- |Amount of
sion of |tivity |tivity |methyl
Reduc- |Reduc- |Pd/Pb Tem- |Pe- Fatty acid |Pd/Pb |Diffrac- |Intensity|metha- [for for pro-|formate
ing ing (lead pera-|riod atomic|tion angle ratio of |crolein| (Z) |{pylene |produced
agent gent added) ture {(hr)| Type Amount ratio [(20) £ peaks 2) (2) {mol /mol
sol- atomic (°c) K maxlmum “{(metallic| - of MMA)
vent molar ratio(*1) weig t) intensity [Pd/metal-|’
ratio peak lic Pb)*2
Example |hydra- 3.0 3/1.18 60 5 - - 3/1.90 38.659° | 1/0.65 60.9 90.8 1.4 0.053
29 zine . -
[water
Example |sodium 5.0 3/0.49 90 1 - - 3/1.21 38.582° 1/0.51 61.1 91.3 1.1 0.044
30 formate ]
[water
Example laqueous| 2.1 3/0.43 90 } 2 |propi- 5 3/1.14] 38.621° | 1/0.42 62.3 90.9 1.3 0.038
31 formal- onic
dehyde acid
Jwater
Example |aqueous| 1.0 3/0.36 160 | 0.5]acetic} & 3/1.09] 38.614° | 1/0.39 61.8 91.5 0.82 0.039
32 formal- . acid
dehyde
/metha-
nol
Example |aqueous| 10.0 3/0.51 90 | 1 |magne- 4 3/1.22] 38.592° { 1/0.41 62.9 91.0 1.0 0.031
33 formal- : sium
dehyde ace-
Jwater tate
Note: *1) The Pd/Pb atomic ratio represents an atomic ratlo of the palladium of the catalyst intermediate to the lead of
the lead acetate monohydrate added to the reaction system.
Ratio of the total intemsity of two eaks ascribed to metallic palladium 3d electrons to the intensity of a

-ray photoelectron

86T
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Example 34

An agitation type reactor, which had a volume of 6 -
liters for a liquid phase, was charged with 1 kg of the
catalyst intermediate prepared in Referential Example 3
and 5 liters of an aqueous solution containing 41.8 g
of lead acetate trihydrate (this amount of lead acetate
trihydrate corresponds to a supplementary lead amount
necessary for changing the Pd/Pb atomic ratio of the
catalyst to 3/1.3). The resultant solution was heated
to- 90 °C, and to the ﬁeated solution was added an
aqueous formaldehyde.(formaldehyde content: 37 % by
weight) in an amount such that the molar ratio of the
formaldghYde to the palladium of the cataljst interme-
diate became 10/1. The resultant mixture was stirred
for 1 hour while maintaining the temperature oflfhe-
mixture at 90 °C, to thereby effect an activation of
the catalyst intermediate. The resultant activated
catalyst had a Pd/Pb atomic ratio of 3/1.27 and exhib-
ited a maximum intensity peak at a diffraction angle
(20) of 38.642° in the:powder X-ray diffractibn pattern
thereof, and the ratiq of the total intensity of two '
peaks ascribed to metallic palladium 3d electrons to
the intensity of a peak ascribed to metallic lead
4£(7/2) electron which is multiplied by 1.75 in the X-

ray photoelectron'spectrum of the activated catalyst
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was 1/0.753.

Using 240 g of the activated catalyst, a reaction
for producing MMA was conducted in subétantially the
same manner as in Example 26. Analysis was made with
respect to fhe reaction migture. As a result, it was
found that the conversion of methacrolein was 56.8 %,
the selectivity for MMA was 91.2 %, and the selectivity
for propylene as a by-product was 1.43 %, and that
methyl formate was by-produced in an amount of 0.138

mol/mol of MMA.

Example 35

Substantially the same procedure as in Réferentiél
Example 3 was repeated, except that the amount of thé
aqueous solution of leadznitrate-added to the carrier
was changed so thaf-fﬁe amount of the lead.nitfate.”
contained in the resultant mixture became 4.2 parts by
weight in terms of Pb; relative.fo 100 parts by weight
of the carrier, to thereby obtain a composition
(Pd5‘on4'2/SiOZ—A1203—MgO) (hereinafter, frequently
referred to as "cata;yst'intermediate“). The catalyst
intermediate had a P3d/Pb atomic ratio of 3/1.29 and
exhibited a ﬁagimum intensity peak at a diffractibn
angle (20) of 38.913° in the powder X-ray diffraction

pattern théreof, and the ratio of the total intensity
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of two peaks ascribed to metallic palladium 3d elec-
trons to the intensity of a peak ascribed to metallic
lead 4£(7/2) electron which is multiplied by 1.75 in
the X-ray photoelectron spectrum of the catalyst inter-
mediate was 1/0.18.

2 kg of the above-obtained catalyst intermediate

‘and 3 liters of an aqueous 10 % by weight solution of

acetic acid were charged in an autoclave, which had a
volume of 30 liters fo¥ a liquid phase, and was stirred
at 90 °C for 1 hour. The resultant mixture WAS ana-
lyzed, and found to contain lead ions in a concentra-
tion of 750 ppm by weight. Thereafter, an aqueous
formaldehyde was added to the above-obtained mixture in
an amount such that the molar ratio 6f the formaldehyde
to the palladium of the catalyst intermediate became
5/1. The resultant ﬁixture was stirred at 90 °C for 1
hour to thereby effect_an activation of the catalyst
intermediate. The resﬁltant activated catalyst had a
P4d/Pb atomic ratio of 3/1.28 and exhibitgd é maximum
intensity peak at a diffraction angle (20) of 38.611°
in the powder X-ray diffraction pattern thereof, and
the ratio of the total intensity of two peaks ascribed
to metallic palladium 3d electrons to the intensity of
a peak ascribed to metallic lead 4£f(7/2) electron which

is multiplied by 1.75 in the X-ray photoelectron spec-
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trum of the éctivated catalyst was 1/0.38.

Two stainless, external circulation type bubble
column reactors as used in Examble 26, each of which
was equipped with a separator for a catalyst and had a
volume of 1.2 liters for a liquid phase, were connected
to provide a first stage reactor and a second stage
reactof which were connected in series. Each of the
first stage and second stage reactors was charged with
240 g of the activated catalyst. Then, a series of
reactions for producing MMA was conducted as follows.
A 36.7 % by weight solution of.methacrolein in metha-
nol, in which lead acefate had been dissolved so that
the lead concentfation of the resultant reaction system
became 20 ppm by weight, and a 2 to 4 % by weight
solution of NaOH.in methanol were continuously fedfto
the first stage reactor at 0.54 liter/hr and at 0.06
liter/hr, respectively (the methacrolein concentration
of the reaction system consisting of the above-men-
tioned two different solutions was about 33 % by
weight), while introducing air to the first stage
reactor so that the oxjgen concentration at the outlet
of the first stage reactor became 4.0 % by volume
(which is equivalent to the oxygen partial pressure of
0.20 kg/cmz), to effect a reaction for producing MMA.

The reaction was donducted at a femperature of 80 °C
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under a pressure of 5 kg/cmz. The resultant reaction
mixture containing the catalyst.was continuously with-
drawn by overflowing from the outlet of the first stage
reactor and transferred to a liquid phase-solid phase
separation zone, where a separation between the cata-
lyst and the reaction niixture was effected. The sepa-
rated catalyst was returned to the first stage reactor.
The separated reactioﬁ mixture and a 2 to 4 % by weight
solution 6f NaOH in methanol were fed to the second
stage reactor at 0.6 liter/hr and at 0.06 liter/hr,
respectively. A gaseous phase withdrawn from the first
stage reactor was fed to the second stage reactor while
introduqihg fresh air to fhe second stage reactor so
that the oxygen concentration at the outlet of the
second stage reacfor became 2.2 % by volume (which is
equivalent to the oxygen partial pressure of 0.11
kg/cmz), to effect a feaction for producing MMA. The
reaction was conducted at a temperature of 80 °C under
a pressure of 4.6 kg/cmz. The concentration of NaOH in
the methanol solution fed to each of the first stage

and second stage reactors was controlled so that the

‘reaction system in each reactor had a pH of 7.1. The

reaction mixture obtained in the second stage reactor
was confinuously withdrawn by overflowing from the

outlet of the second stage reactor. Analysis was made
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with respect to the reaction mixture which was with-
drawn from the outlet of the second stage reactor 10
hours after the start of the two-stage reaction. As a
result, it was found that the conversion of methacro-
lein was 85.9 %, the selectivity-for MMA was 91.5 %,
and the selectivity for propylene as a by-product was
1.0 %, and that methyl formate was by-produced in an

amount of 0.046 mol/mol of MMA.

Example 36

100 parts by'weight of a silica gel (Cariact 10,
manufactured and sold by Fuji Sylysia Chemical, Ltd.,
Japan) was impregnated with 1000 parts by weight of an
aqueous 0.1 N ammonia, and allowed to stand for 2 days;
After fhat period of time, the resultant mixture was
subjected to filtration to thereby obtain a carrier in
the form of a filter cake. 1000 parts by weight of
water was added to the obtained carrier. 'To the re-
sultanf mixture was added an aqueous 0.01 M solution of
{Pd(NH3)4}C12 in an amount of 5 parts by weight in
terms of P4, while stirring at 60 °C. The resultant
mixture was allowed to stand overnight to thereby
adsorb the {Pd(NH3)4}012 on the carrier. The resultant
carrier adsorbing the {Pd(NH3)4}Clz thereon was dried

at 80 °C for 6 hoﬁrs in vacuo. The dried substance was
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impregnated, with stirring, with an aqueous solution of
3.96 parts by ﬁeight of lead acetate and 0.11 parts by
weight of thallium acetate, felative to 100 parts by
weight of water, followed by drying on a boiling water
bath, to thereby obtain a carrier adsorbing
{PA(NHgz3),1}Cl,, lead adetate and thallium acetate there-
on. -The obtained carrier was added to 1000 parts by
weight of an aqueous formaldehyde (which had been
heated at 60 °C) so that the molar ratio of the formal-
dehyde to the {Pd(NH3)4}Cl, (in terms of palladium)
adsorbed on the carrier became 3/1. The resultant
mixture was allowed to stand at 60 °C for 3 hours to
thereby reduce the {Pd(NH3)4}Clz,.1ead acétate and

thallium acetate adsorbed on the carrier, followed by

washing with water. Thus, a composition

(Pds'on3'96Ti°?11/Sioz) (hereinafter, the obtained
composition is referred to as "catalyst intermediate")
was obtained. The catalyst intermediate was subjécted
to activation treatment in substantially the same

manner as in Example 26. The activated catalyst had a

'Pd/Pb atomic ratio of 3/1.22 and exhibited a maximum

intensity peak at a diffraction angle (26) of 38.621°
in the powder X-ray diffraction pattern thereof, and
the ratio of the total intensity of two peaks ascribed

to metallic palladium 3d electrons to the intensity of
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a peak ascribed to metallic lead 4f(7/2) electron which
is multiplied by 1.75 in the X-ray photoelectron spec-
trum of the activated catalyst was 1/0.49.

An agitation type reactor, which had the same
volume for a liquid phase as that of the bubble column
reactor as used in Ekample 26, was charged with 200 g
of the activated catalyst. A reaction for producing
MMA was conducted in substantially the samelmanner as
in Example 35, except that the amount of the lead
acetate added to the 36.7 % by weight solution of
methacrolein in methanol was changed so that the lead
concentration of the reaction system was 10 ppm by
weight. Analysis was made with respect to the reaction
mixture withdrahn from the outlet of the reactor 10
hours after the sfart of the feaction. As a result, it
was found that the conversion of methacrolein was 62.1
%, the selectivity for MMA was 91.4 %, and the selec-
tivity for propylene as a by-product was 1.1 %, and
that methyl formate was by-produced in an amount of

0.044 mol/mol of MMA.

Example 37

100 Parts by weight of an alumina carrier {AF
(particle diameter: 10-150 pm), manufactured and sold

by Sumitomo Co., Ltd.,dJapan} was added to 200 parts by
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weight of an aqueous solution containing lead nitrate,
bismuth nitrate and magnesium nitrate in amounts of
4.02 parts by weight (in terms of lead), 0.23 parts by |
weight (in terms of bismuth) and 2.0 parts by weight
(in terms of magnesium), respectively, to thereby
impregnate the alumina with the aqueous solution. The
impregnation was effected on a boiling water bath to
thereby adsorb the lead nitrate, bismuth nitrate and
magnesium nitrate on the carrier, followed by drying.
The resultant dried substande was calcined in air at
500 °C for 3 hours and:then, added to an aqueous solu-
tion of palladium chloride (15 % by weight) and sodium
chloride (10 % by weight) being employed in an amount
such that the amount of the palladium chloride became 5
parts by weight, relative to iOO parts by weight of the
carrier. The resultant mixture was stirred at roém
temperature for 1 hour, thereby adsorbing the palladium
chloride on the carrief. Thereafter, to the resultant
carrier adsorbing palladium chloride, lead nitrate,
bismuth nitrate and maénesium nitrate thereon was
dropwise added, while stirring, an aqueous solution of
hydrazine in an amount which was 3 times as large-as
the molar amount of the palladium chloride, thereby
reducing the palladium chloride, lead nitrate, bismuth

nitrate and magnesium nitrate adsorbed on the carrier.
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Thus, a composition Pd5°°Pb4'02Bi°'22Mg2'°/A1203 was
obtained (hereinafter, the obtained composition is
referred to as "catalyst intermediate").

'.The catalyst intermediate was subjected to activa-
tion treatment in substantially the same manner as in
Example 26, to thereby-obtain an activated catalyst.
The obtained activated catalyst had a Pd/Pb atomic
ratio of 3/1.24 and exhibited a maximum intensity peak
at a diffraction angle (26) of 38.611° in the powder X-
ray diffraction pattern thereof, and the ratio of the
total intensity of two peaks ascribed to metallic
palladium 3d electrons to the intensity of a peak
ascribed to metailic lead 4f(7/2) electron which is

multiplied by 1.75 in the X ray photoelectron spectrum
of the catalyst intermedlate was 1/0.51.

Using the above-obtained actlvated catalyst, a
reaction for producing MMA was conducted in substan- .
tially the same manner as in Example 36 obtained 10
hours after the start of the reaction. Analysis was
made with respect to the reaction mixture. As a re-
sult, it was found that the conversion of methacrolein
was 61.3 %, the selectivity for MMA was 90.8 %, and the
selectivity for propylene as a by-product was 1.3 %,
and that methyl formate was by- produced in an amount of

0.052 mol/mol of MMA.
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Example 38

'Usiﬁg the activated catalyst obtained in Example
37, a reaction for producing methyl acrylate (MA) was
conducted in substantially the same manner as in Exam-
ple 36, except that adrolein was used instead of the
methacrolein.

‘Analysis was made with respect to the obtained
reaction mixture obtained 10 hours after the start of
the reaction. As a result, it was found that the
conversion of. acrolein was 57.8 %, the selectivity for
MA was 92.1 %, and the selectivity for ethylene as a
by-product was 1.1 %, and that'methyl formate was by-

produceq in an amount of 0.039 mol/mol of MA.

Referential'Example 5

Aluminum nitrate and magnesium nitrate were dis-
solved in an aqueous silica sol {Snowtex N-30 (SiO,
content: 30 % by weight), manufactured and sold by
Nissan Chemical Industries, Ltd., Japan} so that the
Al/(Si+A1) proportion became 10 mol% and the Mg/(Si+Mg)
proportion became 10 mol%. The resultant solution was
subjected to spray drying by means of a spray dryer at
130 °C, thefeby obtaining particles having an average
particle diameter of 60 pm. The obtained particles

were calcined in air at 300 °C for 2 hours and subse-
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quently at 600 °C for 3 hours, thereby obtaining a
carrier for a catalyst. To the obtained carrier were
added an aqueous solution of palladium chloride (15 %
by weight) and sodium chloride (10 % by weight) and an
aqueous solution of lead nitrate (13 % by weight) so

that the amounts of the palladium chloride and lead

‘nitrate contained in the resultant mixture became 5

parts by weight in terms of Pd and 4.2 parts by weight
in terms of Pb, respectively, relative to 100 parts by
weight of the carrier. The resultant mixture was
stirred at room temperéture for 1 hour, thereby obtain-
ing a carrier adsorbing almost all of the palladium
chloride énd-lead nitrate thereon. Thereafter, to the
obtained cairier whicﬁ adsorbed the paliadium chloride
and lead nitrate thereon was dropwise added, while.f
stifring, an aqueous solution containing hydraiine in a
molar amount which was 3 times as large as the total
molar amount of the Pd and Pb adsorbed on the carrier,
thereby reducing the palladium chloride and lead ni-
trate adsorbed on the carrier. Thus, a composition
(Pd5'°Pb4'2/SiOZ—A12034M90) was obtained (hereinafter,
the obtained composition is frequently referred to

simply as "catalyst iﬂtermediate"). The catalyst

~intermediate was analyzed by the methods as mentioned

above. As a result, it was found that the catalyst
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intermediate had a Pd/Pb atomic ratio-of 3/1.29 and
exhibited a maximum intensity peak at a diffraction
angle (260) of 38.913° in the powder X-ray diffraction
pattern thereof, and that the ratio of the total in-
tensity of two peaks ascribed to metallic palladium 34
electrons to the intensity of a peak ascribed to metal-
lic lead 4£(7/2) electfon which is multiplied by 1.75
in the X-ray photoelectron spectrum of the catalyst

intermediate was 1/0.187.

Example 39

The catalyst intermediate prepared in Referential
Example 5 was subjected to activation treatment as
follows. 500 g of the-éatalyét intermediate prepared
in Referential Example 5 was dharged inal0cmgx1m
quartz glass cylindrical reactor. A nitrogen gas:
containing 2 % by volume of oxygen was flowed through
the reactor at 650 N liters/hr. While flowing  the
oxygen-containing nitrogen gas, the temperature of the
reactor was elevated at a rate of 50 °C/hr until the
temperature reached 400 °C and then, the temperature of
the reactor was maintained at 400 °C for 5 hours to
thereby effect oxidation of the catalyst intermediate,
followed by cooling tojroom temperature under flowing

of a nitrogen gas. Subsequently, a nitrogen gas con-
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taining 8 % by volume of methanol gas was flowed .
through the reactor at 650 N liters/hr instead of the
above-mentioned oxygen-containing nitrogen gas. While
flowing the methanol gas-containing-nitrogen gas, the
temperature of the reactor was elévated at a rate of 50
°c/hr until the temperature reached 400 °C, an@ the
temperature of the reactor was maintained at 400 °C for
4 hours' to thereby effect reduction of the catalyst
intermediate, followed by cooling to room temperature
under flowing of a nitrogen gas. Thereafter, while
flowing a hydrogen gas through the reactor at 50 N
liters/hr instead of the nitrogen gas, the temperature
of the reactor was elevated at a rate of 50 °C/hr until
the temperature reached 300 °C, and maintained at 300
°C for 5 hours to theréby effeét a further reduction of
the catalyst intermediate. Then, the reactor was
cooled under flowing of a nitrogen gas. Thus, an
activation of the catalyst intermediate was completed.
Analysis was made with :respect to the resultant acti-
vated éatalyst. As a result, it was found that the
activated catalyst had a Pd/Fb atomic ratio of 3/1.28°
and exhibited a maximum intensity peak at a diffraction
angle (26) of 38.621° in the powder X-ray diffraction
pattern thereof, and that the ratio of the total in-

tensity of two peaks ascribed to metallic palladium 3d
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electrons to the intensity of a peak ascribed to metal-
lic lead 4£(7/2) electron which is multiplied by 1.75
in the X-ray photoelectron spectrum of the activated
catalyst was 1/0.354. .

240 g of the actiéated catalyst was charged ih an
external circulation type bubble column reactor, which
was equipped with a separator for a catalyst and had a
volume of 1.2 liters for a liquid phase, and a reaction
for producing MMA was carried out as follows. A 36.7 %
by weight solution of methacrolein in methanol, in
which lead acetate had been dissolved so that the lead
concentration of the resultant reaction system became
20 ppm by weight, and a 2 to 4 % by weight solution of
NaOH in methanol Were éontinuously fed td the reaﬁtor
at 0.54 liter/hr and at 0.06 liter/hr, reépecfively'
(the methacrolein concentration of the reaction system-
consisting of the above-mentioned two different solu-
tions was about 33 % by weight), while introducing air
to the'reactor so that the oxygen concentration at the
outlet of the reactor became 4.0 % by volume (which is
equivalent to the oxygen partial pressure of 0.20
kg/cmz), to effect a reaction for producing MMA. The
reaction was conductedJat a temperature of 80 °C under
a pressure of 5 kg/cmz. The concentration of NaOH in

the above—mentionéd methanol solution of NaOH was
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controlled so that the reaction system had a pH of 7.1.
The reaction mixture obtained by the above reaction was
continuously withdrawn by overflowing from the outlet

of the reactor. Analysis was made with respect to the

reaction mixture which was withdrawn from the outlet of

the reactor 10 hours after the start of. the reaction.
As a result, it was found that the qonversion of metha-
crolein was 61.3 %, the selectivity for MMA was 90.8 %,
and the selectivity for propylene as a by-product was
1.3 %, and that methyl formate was by-produced in an

amount of 0.051 mol/mol of MMA.

Comparative Example 12

Substantially the same procedure as conducted for
activating the catalyst intermédiate in'Example.39 was
repeated, except that the oxidation With the oxygen-
containing nitrogen gas was not conducted.

- The resultant catalyst'intermediate had a P4d/Pb
atomic ratio of 3/1.23 and exhibited a maximum intensi-
ty peak at a diffraction angle (20) of 38.832° in the
powder X-ray diffraction pattern thereof, and the ratio
of the total intensity of two peaks ascribed to metal-
lic palladium 3d electrons to the intensity of a-peak
ascribed to metallic lead 4£(7/2) electron which is

multiplied by 1.75 in the X-ray photoelectron specfrum
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of the catalyst intermediate was 1/0.261.

Using the catalyst intermediafe, a reaction for
producing MMA waé conducted in substantially the same
manner as in Example 39. Analysis was made with re-.
spect to the reaction ﬁixture withdrawn from the outlet.
of the reactor 10 hours after the start of the reac-
tion. As a result, it was found that the conversion of
methacrolein was 59.1 %, the selectivity for MMA was
85.2 %, and the selectivity for propylenelas a by-
product was 5.7 %, and that methyl formate was by-

produced in an amount of 0.132 mol/mol of MMA.

Example 40

Substantially the same procedure as conducted for

activating the catalyst intermediate in Example 39 was

repeated with respect to the catalyst intermediate
prepared in ﬁeferential Example 5, except that a se-
quence of the oxidation with the oxygen-containing
nitrogen gas and the reduction with the methanol gas-
containing nitrogen gas was conducted twice, followed
by reduction with a hydrogen gas, to theréby obtain an
activated catalyst. The obtained activated catalyst
had a pPd/Pb atomié ratio of 3/1.28 and exhibited a
maximum intensity peak at a diffraction angle (20) of

38.605° in the poWder X-ray diffraction pattern there-
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of, and the ratio of the total intensity of two peaks
ascribed to metallic palladium 3d electrons to the
intensity of a peak ascfibed to metallic lead 4£(7/2)
electron which is multiplied by 1.75 in the X-ray
photéelectron spectrum of the activated catalyst was
1/0.412.

Using the activated catalyst, a reaction for
producing MMA was conducted in substantially the same
manner as in Example 39. Analysis was made with re-
spect to the reaction mixfure withdrawn from the outlet
of the reactor 10 hours after thé start of the reac-
tion. As a result, it was found that the conversion of
methacrqléin was 61.8 %, the seléctivity for_MMA was
91.8 %, and the selectivity for propylene as a by;
product was 1.1 %, and :that methyl formate was by-

produced in an amount of 0.043 mol/mol of MMA.

Example 41

Substantially the same procedure as conducted fdr
activating the catalyst intermediate in Example 39 was
repeated with respect to the catalyst intermediate
prepared in Referential Example 5, except that the
reduction wifh the methanol gas-containing nitrogen gas
was not conducted. Analysis was made with respect to

the resultant activated catalyst. As a result, it was
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found that the adtivatéd catalyst had a Pd/Pb atomic
ratio of 3/1.28 and exhibited a maximum intensity peék
at a diffraction angle (20) of 38.685° in the powder X-
ray diffraction pattern thereof, and that the ratio of
the total intensity of two peaks ascribed to metallic
palladium 3d electrons to the intensity of a peak
ascribed to metallic lead 4f(7/2) electron which is
multiplied by 1.75 in the X-ray photoelectron spectrum
of the activated catalyst was 1/0.378.

Using the activated catalyst, a reaction for
producing MMA was conducted in substantially the same
manner as in Example 39. Analysis was made with re-
spect to the reaction mixture withdrawn from the outlet

of the reactor 10 hours after the start of the reac-

tion. As a result, it was found that the”convérsionﬁof,.'

methacrolein was 61.4 %, the selectivity for MMA was
89.9 %, and the selectivity for propylene as a by-
product was 1.9 %, and that methyl formate was- by-

produced in an amount af 0.053 mol/mol of MMA.

Example 42

Substantially the same procedure as conducted for
activating the catalyst intermediate in Example 39 was
repeated, except that the catalyst intermediate pre-

pared in Referential Example 2 was used.
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The resultant activated catalyst had a Pd/Pb_
atomic ratio of 3/0.98 and exhibited a maximum intensi-
ty peak at a diffraction anglé (20) of 38,697° in the
powder X-ray diffractign pattern thereof, and the ratio.
of the total intensity of two peaks ascribed to metal-
lic palladium 3d electrons to the intensity of a peak
ascribed to metallic lead 4f(7/2) electron which is
multiplied by 1.75 in the X-ray photoelectron spectrum
of the activated catalyst was 1/0.245. |

200 g of the activated catalyst was charged in an
agitation type reactor which had the same volume for a
liquid phase as that of the bubble column reactor as
used in'Example 39, and a reaction for producing MMA
was carried out as follows. A 36.7 % by weight solu-
tion of methacrolein in methanol, in which lead acetate
had been dissolved so that the lead concentration of
the resultant reaction system became 50 ppm by weight,
and a 2 to 4 % by weight solution of NaOH in methanol
were cpnfinuously fed to the reactor at 0.54 liter/hr
and at 0.06 liter/hr, respectively (the methacrolein
concentration of the reaction system consisting of the
above-mentioned two different solutions.was about 33 %
by weight), while introducing air to the reactor so
that the oxygen concentration at the outlet of the

reactor became 4.0 % by volume (which is equiwvalent to
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the oxygen partial pgéssure of 0.20 kg/cmz), thereby
effecting a reaction for producing MMA. The reaction
was conducted at a temperature of 80 °C under a pfes-
sure of 5 kg/cmz. The concentration of NaOH in the
above-mentioned methanol solution of NaOH was con-
trolled so that the reaction system had a pH of 7.1.
The reaction mixture obtained by the above reaction was
continuously withdrawn*by overflowing froﬁ the outlet
of the reactor. Anélysis was made with respect to the
reaction mixture whicﬂ was withdrawn from the outlet of
the reactor 10 hours after the start of the reaction.
As a result, it was found that the conversion of metha-
crolein was 59.8 %, the selectivity for MMA waé 89.7 %,
and the selectivity for propylene as a by-product was
2.08 %, and that methyl formate was by-produced in an

amount of 0.071 mol/mol of MMA.

Example 43

Substantially the same procedure as in.Referential
Example 5 was repeated, except that the amount of the
aqueous solution of lead nitrate added to the carrier
was changed so'that the amount of the lead nitrate
contained in the resultant mixture became 6.5 parts by
weight in terms of Pb, relative to 100 parts by weight

of the carrier, to thereby obtain a catalyst interme-.
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diate (PaS:-Opb6-5/510,~A1,03-Mg0). The obtained cata-
lyst intermediate had a Pd/Pb atomic ratio of 3/1.95
and exhibited a maximug intensity peak at a diffraction
angle (20) of 38.745°.in the powder X-ray diffraction

pattern thereof, and the ratio of the total intensity

~of two peaks ascribed to metallic palladium 3d elec-

trons to the intensity of a peak ascribed to metallic
lead 4£(7/2) electron which is multiplied by 1.75 in
the X-ray photoelectron spectrum of the catalyst inter-
mediate was 1/1.24. |

The above-obtained catalyst intermediate was
subjected to activatioﬁ treatmenf in substantially the
same manner as in Example 39. 300 g of the activated
catalyst and 3 liters of an aqueous 10 % by weight
acetic acid solution were charged in an autoclave’ which
had a volume of 30 liters for a liquid phase. An
aqueous 10 % by weight acetic acid solution was contin-
uouély fed to the autoclave at 1 liter/hr while stir-
ring, fo thereby effect an activation of the catalyst
intermediate. The agtivation was conducted at 90 °C
for 10 hours. The resﬁltant activated catalyst had a
Pd/Pb atomic ratio of 3/1.25 and éxhibited a maximum
intensity peék at a diffraction anglé (20) of 38.611°
in the powder X-ray diffraction pattern thereof, and

the ratio of the total intensity of two peaks ascribed
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to metallic palladium 3d electrons to the intensity of
a peak ascribed to metalic lead 4£(7/2) electron which
is multiplied by 1.75 in the X-ray photoelectron sped—
trum of the activated catalyst was 1/0.212.

A reaction for producing MMA was carried out in
substantially the samekmanner as in Example 42. Analy-
sis was made with respect to the reaction mixture
withdrawn from the ouflet qf the reactor 10 hours after
the start of the reaction. As a result, it was found
that the conversion of methacrolein was 62.3 %, the

selectivity for MMA was 90.2 %, and the selectivity for

propylene as a by-product was 1.3 %, and that methyl

formate was by-produced in an amount of 0.049 mol/mol

of MMAf

Examples 44 to 47

In each of Exampies 44 to 47, a catalyst interme-
diate shown in Table 4 was subjected to activation
treatment in substantially the same manner as in Exam-
ple 39, and a réaction for producing MMA was carried
out in substantially the same manner as in Example 42.
The composition of the catalyst intermediate, the P4d/Pb
atomic ratio.of the activated catalyst, the diffraction
angle (20) for.a maximum intensity peak in the powder

X-ray diffraction'pattern of the activated catalyst,
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and the ratio of the tgtal intensity of two peaks
ascribed to metallic palladium 3d electrons to the
intensity of a peak ascribed to metallic lead 4£(7/2)
electron which is multiplied by 1.75 in the X-ray
photoelectron spectrum of the activated catalyst in
each of Examples 44 to 47 are shown in Tablé 4, togeth-
er with the respective results of the analyses of the
reaction mixtures obtained by fhe MMA-producing reac-

tions.



Table 4

Examples |Composition of catalyst inter- Activated catalyst Conver-|Selec- |Selec-. |[Amount of
mediate lcatalysg active sion of|tivity jtivity {methyl
species(*1)/carrier] Pd/Pb |Diffraction|Intensity|metha- |for for pro-|{formate

atomiciangle (20) |ratio of |crolein| (Z) |pylene [produced
ratio. |for maximum|peaks (2) (2) {mol/mol
intensity (metallic of MMA)

peak Pd/metal-

lic Pb)*3

Example 44 Pds'°1>bﬂ§9Mg5-"/s:to2 3/0.89] 38.679° | 1/0.23 62.4 | 89.4 | 2.12 0.044

Example 45|Pd”*Opp>-®3k2-0/a1,0, {3/1.12]| 38.656° | 1/0.44 69.4 | 90.3 | 1.65 0.065

Example 46|Pd>-Opp%-00710-13/550, 41,0, (*2)[3/1.25] 38.633° | 1/0.45 63.5 | 91.2 | 1.24 0.074

Example 47|Pd”*Opb3-318i0-23/540,-41,0,(%2)[3/1.02] 38.655° | 1/0.34 64.3 | 90.7 | 1.87 0.061

Note: *1) The superscript numerals indicated at the right-hand of the elements of each of the catalyst active

species of the respective catalyst intermediates represent parts by weight, relative to 100 parts
by weight of the carrier.

*2) In the carrier Sioz-Alzos, the Al/(Al+Si) proportion is 30 molZ.

*3) Ratio of the total intensity of two 'peaks ascribed to metallic palladium 3d electrons to the

intensity of a peak ascribed to metallic lead 4f (7/2) electron which is multiplied by 1.75 in the

X-ray photoelectron spectrum.

gece
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Example 48

Using the activated catalyst obtained in Example
43, a reaction for producing methyl acrylate (MA) was
conducted in substantially the same mahner as in Exam-
ple 47, except that acrolein was used instead of the
methacrolein. Analysis was made with respect to the
reaction mixture obtained 10 hours after the start of
the reaction. As a reéult, it was found that the
conversion of acrolein was 61.9 %, the selectivity for
MA was 90.5 %, and the selectivity for propylene as a
by-product was 1.45 %, and that methyl formate was by-

produced in an amount of 0.065'mol/mol of MA.

Referential Example 6

Aluminum nitrate and magnesium nitrate'were:dis-'
solved in an aquéous siiica sol {Snowtéx N-30 (SiO, .
content: 30 % by weighé), manufactured and sold by
Nissan Chemical Industries, Ltd., Japan} so that the
Al/(Si+Al) proportion became 10 mol% and the Mg/(Si+Mg)
proportion became.lo mol%. The resultant solution was
subjected to spray drying by means of a spray dryer at
130 °C, thereby obtaining particles having an average
particle diameter of 60 pm. The obtained particles
were calcined in air at 300 °C for 2 hours and subse-

quently at 600 °C.for 3 hours, thereby obtaining a
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carrier for a catalyst. To the obtained carrier were
added an aquéous solut;on of palladium chloride.(15 %
bj weight) and sodium chloride (10 % by weight) and an
aqueous solution of lead nitrate (13 % by weight) so
that the amounts of the palladium chloride and lead
nitrate contained in the resultant mixture became 5
parts by weight in terms of Pd and 9.7 parts by weight
in terms of Pb, respectively, relative to 100 parts by
weight of the carrier. The resultant mixture was
stirred at room temperature for 1 hour, thereby obtain-
ing a carrier adsorbing almost all of the palladium
chloride and iead nitrate thereon. Thereafter, to the
obtained carrier which adsorbed the palladium éhloride
and lead nitrate thereon was dropwise added, while
stirring, an aqueous solution containing hydrazine in'a
molar amount which was 3 times as large as the tdtal
molar amount of the Pd and Pb adéorbed on the carrier,
thereby reducing the palladium chloride and lead ni-
trate adsorbed on the carrier. Thus, a composition
PdS‘OPbg'7/Si02—A1203—Mgo was obtained (hereinafter,
the obtained composition is frequently referred to
simply as "catalyst intermediate"). The obtained
catalyst intermediate was analyzed with fespect tb the
Pd/Pb atomic ratio, to the maximum intensity peak at a

diffraction angle (26) in the powder X-ray diffraction
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pattern thereof, and to the ratio of the total intensi-
ty of two peaks ascribed to metallic palladium 34’
electrons to the intensity of a peak ascribed to metal-
lic lead 4f(7/2) electron which is multiplied by 1.75
in the X-ray photoelectron spectrum thereof, by the
methods as mentioned aﬂove. As a result, it was found
that the catalyst had_a Pd/Pb atomic ratio of 3/2.98
and exhibited a maximum intensity peak'at a diffraction
angle (20) of 38.685° in the powder X-ray diffraction
pattern thereof, and that the ratio of the total in-
tensity of two peaks ascribed to metallic palladium 3d
electrons to the intensity of a peak ascribed to metal-
lic 1ead 4£(7/2) electron which is multiplied by 1.75

was 1/1.94.

Example 49

A 30-liter autoclave was charged with 2 kg of the
catalyst intermediate prepared in Referential Example
6. An activation treatment of the catalyst interme-
diate was conducted af 80 °C for 15 hours, while con-
tinuously feeding an aqueous 10 % by Wéight solution bf
acetic acid to the reactor at 10 liters/hr. The re-
sultant activated catalyst had a Pd/Pb atomic ratio of
3/1.03 and exhibited aimaximum intensity peak at a

diffraction angle'(ze) of 38.678° in the powder X-ray
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diffraction pattern théreof, and the ratio of the total
intensity of two peaks ascribed to metallic palladiqm
3d eledtrons to the intensity of a peak ascribed to
metallic lead 4£(7/2) electron which is multiplied by
1.75 in the X-ray photoelectron spectrum of the acti- _
vated catalyst was 1/0.234.

240 g of the activated catalyst was charged in a

'stainless, external circulation type bubble column

reactor which was equigped with a separator for a
catalyst and had a volume of 1.2 liters for a liquid .
phase, and a reaction for producing MMA was carried out
as follows. A 36.7 % by weight solution of methacro-
lein in methanol, in which lead acetate had been dis-
solved so that the lead concentration of the resultant

reaction system became 50 ppm by weight, and a 2 to 4 %

by weight solution of NaOH in methanol were continuous-.

ly fed to the reactor at 0.54 liter/hr and at 0.06

_liter/hr, respectively“(the'methacrolein concentration

of the ;eaction system consisting of the above-men-
tioned two different solutions was about 33 % by
weight),'while introducing air to the reactor so that
the oxygen concentration at the outlet of the reactor
became 4.0 % by volume (which is equivalent to the
oxygen partial pressure of 0.20 kg/cmz), thereby gf-

fecting a reaction for producing MMA. The reaction was
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conducted at a tempeiature of 80 °C under'a pressure of
5 kg/cmz. The COncenfration of NaOH in the above-
mentioned methanol solution of NaOH was controlled so
that the reaction system had a pH of 7.1. The reaction
mixture obtained by the above :eaction was continuously
withdrawn by overflowing from the outiet of the reac-
tor. Analysis was made with respect to the reaqtion

mixture which was withdrawn from the outlet of the

. reactor 10 hours after the start of the reaction. As a

result, it was found that the conversion of methacro-
lein was 61.1 %, the selectivity for MMA was 89.7 %,
and the éelectivity for propylene as a by-product was
2.5 %, and that methyl :formate was by—produced in an

amount of'0.032 mol/mol of MMA.

Comparative Example 13

The catalyst intermediate prepared'in.Referential
Example 6 was subjected to acfivation treatment in
substantially the same manner as in Example 49, except
that an aqueous 5 % by weight solution of hydrochioric
acid was used instead of the aqueous solution of acetic
acid. The resuitant acdtivated catalyst was analyzed by
the methods as mentioned above. As a result, it was
found that the activafed catalyst had a Pd/Pb atomic

ratio of 3/0.74 and exhibited a maximum intensity peak
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at a diffraction angle (20) of 38.743° in the powder X-
ray diffraction pattern thereof, and the ratio of the
total intensity of'two peaks ascribed to metallic
palladium 3d eléctrons to the intensity of a peak
ascribed to metallic lead 4£(7/2) electron which is
multiplied by 1.75 in the X-ray photoelectron spectrum
of the activated catalyst was 1/0.185.

Usinglthe activatéd catalyst, substantially the
same procedure for producing MMA as in Example 49 was
repeated. Analysis was made with respect to the reac-
tion mixture which was withdrawn from the outlet of the
reactor 10 hours after the start of the feaction. As a
result, it was found that the conversion of methacro-
lein was 56.8 %,'the selectivity for MMA was 86.4 %,
and the selectivity for propylene as a by-product was
4.8 %, and that ﬁethylﬁformate was by-produced in an

amount of_0.043 mol/mol of MMA.

Referential Example 7

Substantially the same procedure for preparing the .
catalyst intermediate as in Example 36 was reﬁeated,
except that the lead acétate was used in an amount of
11.5 parts by weight, relative to 100 parts by weight
of the carrier, to thereby obtain a.catalyst interme-

diate (PaS-Opbll-5710-11/5i0,). The obtained catalyst
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intermediate had a Pd/Pb atomic ratio of 3/3.54 apd_
exhibited a maximum intensity peak at a diffraction
angle (20) of 38.688° in the powder X-ray diffraction
pattern thereof, and the ratio of the total intensity
of two peaks ascribed to metallic palladium 3d elec-
trons to a peak ascribed toxhetallic lead 4£(7/2)
electron which is multiplied by 1.75 in the X-ray
photoelectron spectrum of the catalyst intermediate was

1/1.21.

Examples 50 to 54

| In each of Examples 50 to 54, substantially the
same prqcedure as in Example 49 ﬁas repeated, except
that the catalyst intermediate prepared in Referential
Example 7 was used instead of the catalyst intermediate

prepared in Referential Example 6 and that a fatty acid

shown in Table 5 was used for activating the catalyst

intermediate instead of the acetic acid. The Pd/Pb
atomic ratio of the activated cafalyst, the diffraction
angle (20) for a maximum intensity peak in the powder
X-ray diffraction pattern of the activated catalyst and
the ratio of the total intensity of two peaks ascribed -
to metallic palladium 3d.electrons to the intensity of
a peak ascribed to metallic lead 4f(7/2) electron which ’

is multiplied by 1.75 in the X-ray photoelectron spec-
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trum of the activated catalyst are shown in Table 5,
together with the respective results of the analyses of

the reaction mixtures obtained 10 hours after the start

of the reactions.



Table 5

Examples |Lower fatty.acid Activated catalyst Conver-|Selec- |Selec- [Amount of
- sion of |tivity {tivity [methyl
Type Amount |Pd/Pb |DiffractionjIntensity|metha- |for for pro-|formate
(2 bg atomic|angle (20) |ratio of |crolein| (Z) |pylene [produced
weight)|{ratio |{for maximum|peaks (2) (Z) |{(mol/mol
: intensity |(metallic of MMA)
peak Pd/metal-
) lic Pb)*1
Example 50 foggic 10.0 3/1.02 38.679° 1/0.26 61.9 89.3 2.34 0.045
aci
Example 51 acg&ic 5.0 [3/1.13] 38.691° 1/0.42 62.2 89.1 2.43 0.058
aci , .
Example 52 pro ionic| 10.0 3/1.04 38.682° 1/0.28 63.2 90.1 2.11 0.044
aci :
Example 53 |methacry-| 10.0 3/0.98 38.677° 1/0.25 64.3 89.5 2.36 0.039
lic acid -
Example 54 ma}gic 5.0 3/0.89 38.691° 1/0.17 58.1 88.6 3.11 0.035
aci
Note: *1) Ratio of the total intensity of two peaks ascribed to metalli

electrons to the intensity of a
electron which is multiplied by

eak ascribed to metallic lea
.75 in the X-ray photoelectron spectrum.

c zalladium 3d
d

£ (7/2)

(AN A
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Example 55

Substantially the same procedure as in Example
37 was repeated, except that potassium nitrate was used
instead of the magnesiﬁm nitrate, to thereby obtain a
catalyst intermediate having a composition of
pd5-°pb8-GBi°~23K2-°/Al_203 (the PA/Pb atomic ratio:
3/2.65). The obtained catalyst intermediate was sub-
jected to activation treatment in substantially the
same manner as in Example 1. The resultant activated
cétalyst had a Pd/Pb atomic ratio of 3/0.98 and exhib-
ited a maximum intensity peak at a diffraction angle
(20) of 38.691° in the powder X-ray diffraction pattern
thereof, and the ratic of the total intensity of two
peaks ascribed to metallic palladium 34 electrons to
the intensity of a peak ascribed to metallic.lead
Af(7/2) electron which is multiplied by 1.75 in the.X-
ray photoelectron spectrum of the activated catalyst
was 1/0.232.

200 g of the activated catalyst was charged in an
agitation type reactor which had the same volume for a
liquid phase as that of the bubble column reactor as
used in Example 49. A '36.7 % by weight solution of
acrolein in methanol, in which lead acetate had been
dissolved so that fhe lead concentration of the result- |

ant reaction systém became 50 ppm by weight, and a 2 to
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4 ¥ by weight solution of NaOH in methanol were contin-
uously fed to the reactor at 0.54 liter/hr and at 0.06
liter/hr, respectively (the acrolein concentrétion of
the reaction system consisting of the above-mentioned
two different so;utions was about 33 % by weight),
while introducing air to the reactor so that the oxygen
concentration at the outlet of the reactor became 4.0 %
by volume (which is equivalent to the oxygen partial
pressure of 0.20 kg/cmz); to thereby effect a reaction
for producing methyl acrylate (MA). The reaction was
conducted at a temperature of 80 °C under a pressure of
5 kg/cmz. The concentration of NaOH in the above-
mentioned methanol solution of NaOH was controiled so

that the reaction system had a pH of 7.1. . The reaction

mixture obtained by the above reaction was contlnuouslyf-:..

w1thdrawn by overflowing from the outlet of the reac-
tor. Analysis was made with respect to the reaction
mixture which was withdrawn from the outlet of- the
reactor 10 hours after the start of the reaction. As a
result{ it was found that the conversion of acroiein
was 58.3 %, the selectivity for MA was 88.8 %, and the
selectivity for ethylene as a by-product . was 2.6 %, and
that methyl formate was by-produced in an amount of

0.035 mol/mol of MA.
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Example 56

Substantially thedsame procedure for activating

the catalyst intermediate as in Example 49 was repeat-

- ed,. except that the activation was conducted for 30

hours.. The resultant activated catalyst had a Pd/Pb
atomic ratio of 3/0.95 and exhibited a maximum inténsi;
ty peak at a diffraction.angle (20) of 38.682° in the
powder X-ray diffraction pattern thereof, and fhe ratio
of the total intensity of two peaks ascribed to metal-
lic palladium 3d electrons to the intensity of é peak
ascribed to metallic léad 4f(7/2) electron which is
multiplied by 1;75 in the X-ray photoelectron spectrum'
of the activated catalyst was 1/0.183.

Using 240 g of the activated catalyst, a reaction
for producing MMA was conducted in substantially the
same manner as in Example 49. Analysis was madé with
respect to the reaction mixture which was withdrawn
from the outlet of the reactor 10 hours after the start
of the reaction. As a result, it was found that the .
conversion of methacroiein was 57.3 %, the selectivitf
for MMA was 87.9 %, and the selectivity for propylene

as a by-product was 3.1 %, and that methyl formate was

by-produced in an amount of 0.031 mol/mol of MMA.

Example 57
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300 g of the catalyst intermediate prepared in
Referential Example 1 was charged in a stainless,
external circulation type bubble column reactor, which
was equipped with a separator for a catalyst and had a
volume of 1.2 liters for a liquid phase. An activation.
treatment of the cata;yst intermediate was conducted as
follows. A 36.7 % by weight solﬁtion of methacrolein
in methanol, in which lead acetate had been dissolved
so that the lead concentration of the resultant reac-
tion system became 100 ppm by weight, and a 2 to 4 % by
weight solution of NaOH in methanol were continuously
fed to the reactor at 0.54 liter/hr and at 0.06
liter/hr, respectivély (the methacrolein concentration
of the reaction system :consisting of the above-men-~
tioned. two different solutions was about 33 % by
weight), while introdﬁcing air to the reactor so that
the oxygen concentration at the outlet'of the reactor
became 3.5 % by volume (which is equivalent to the
oxygen partial pressure of 0.175 kg/cmz), thereby
effecting an activation of the catalyst intermediate.
The reaction was conducted at a temperature of 80 °C
under a.pressure of 5 kg/cmz. The concentration of
NaOH in the above—mgntioﬁed methanol solution of NaOH
was controlled so that the reaction system ﬁad a pH of

7.1. The reaction miiture obtained by the above reac-
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tion was continuously withdrawn by overflowing from the
outlet of the reactor. The reaction was conducted for
50 hours. The resultant activated catalyst had a Pd/Pb

atomic ratio of 3/1.09 and exhibited a maximum intensi-

ty peak at a diffraction angle (26) of 38.634° in the

powder X-ray diffraction pattern thereof, and the ratio
of the total intensity of two peaks ascribed to metal-
lic palladium 3d electrons to the intensity of a peak
ascribed to metallic 1éad 4f(7/2) electron which is
multiplied by 1.75 in the X-ray photoelectron spectrum
of the activated catalyst was 1/0.597.

240 g of the §ctivated catalyst was chargéd in a
stainless, external circulation type bubble coiumn
reactor, which was equipped with a separator for a

catalyst and had a volume of 1.2 liters for a liquid .-

- phase. A 36.7 % by weight solution of methacroiein in

methanol and a 2 to 4 % by'weight solution of NaOH in
methanol were continuo&sly fed to the reactor at 0.54
liter/hr and at 0.06 liter/hr, respectively (the metha-
crolein concentration of the reaction system consisting
of the above-mentioned.two different solutions was
about 33 % by weight),'while introducing air to the
reactor so that the oxygen concentration at the outlet
of the reactor became 4.0 % by volume (which is equiv-

alent to the oxygén partial pressure of 0.20 kg/cmz),
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to thereby effect a reaction for producing MMA.

The reaction was conducted at 80 °C under a pressure of
5 kg/cmz. The concentration of NaOH in the above-
mentioned methanol solution of NaOH was dontrolled SO
that the reaction system had a pH of 7.1. The reaction
mixture obtained by the above reaction was continuously
withdrawn by overflowing from the outlet of the reac-
tor. Analysis was made with respect to the reaction

mixture which was withdrawn from the outlet of the

~ reactor 10 hours after the start of the reaction. As a

result, it was found that the conversion of methacro-
lein was 60.8 %, the selectivity for MMA was 91.2 %,

and the selectivity for propylene as a by-product was

1.4 %, and that methyl formate was by-produced in an

amount of 0.062 mol/mol of MMA.

_Comparative Example 14

The catalyst intermediate prepared in Referential
Example 1 wés subjected to-treatment for activating a
catalyst intermediate in substantially the same manner
as iq_Example 1, except that the activation treatment
was conducted under a pressure of 8.3 kg/cm2 and that

the oxygen concentration at the outlet of the reactor

~was increased to 6.0 $¥ by volume (which is equivalent

to the oxygen partial pressure of 0.50 kg/cmz), so that
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activation of the catalyst intermediate was not sgffi—
ciently effécted. After that period of time, the
resultant catalyst intermediate was analyzed by the
methods as mentioned above. As a result, it was found.
that the catalyst'intermediaté had a Pd/Pb atomic ratio
of 3/1.03 and exhibited a maximum intensity peak at a
diffraction angle (Ze)Jof 38.739° in the powder X-ray

diffraction pattern thereof, and that the ratio of the

‘total intensity of two peaks ascribed to metallic

palladium 34 electrons to the intensity of a peak
ascribed to metallic lead 4£(7/2) electron which is
multiplied by 1.75 in the X-ray photoelectron spectrum
of the catalyst intermediate was 1/0.453.

Using the catalyst intermediate, a reaction for

producing MMA was conducted in substantially-the séme,*- -

manner as in Example 55. 10 Hours after the start of _
the reaction, the reaction mixture withdrawn from the
outlet of the reactor was analyzed. As a result, it
was found that the conversion of methacrolein was 60.2
%, the selectivity for MMA was 87.4 %, and the selec-
tivity for propylene as a by-product was 4.3 %, and
that methyl formate was by-produced in an amount of

0.072 mol/mol of MMA.

Example 58
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An agitation type@reactor which had a volume_of 6
liters for a liquid phase was charged with 1 kg of the
catalyst intermediate prepared in Referential Example 2
aﬁd 5 liters of a solution of 20.9 g of lead acetate . .
trihydrate in methanol, in which the amount of .lead
acetate corresponds to a supplementary lead amount
necessary for changing the Pd/Pb atomic ratio (3/0.98)
of the catalyst intermediafe to 3/1.3. An activatidn
of the catalyst intermediate was conducted at a temper-

2 while

ature of 90 °C under a pressure of 5 kg/cm
introducing air to the reactor so that the oxygen
concentration at the outlet of the reactor became 2.0 %
by volume (which is equivalent to the oxygen pértial
pressure of 0,10 kg/cmz). 20 Hours after the start of

fhe reaction, the resultant activated catalystrwas“j-'

| analyzed by the methods as mentioned above. As a

result, it was found that the activated catalyst had a
Pd/Pb atomic ratio of 3/1.27 and exhibited a maximum
intensity peak at a diffraction angle (26) of 38.691°
in the powder X-ray diffraction pattern thereof, and
that the ratio of the'total intensity of two peaks
ascribed to metallic palladium 3d electrons to the
intensity of.a peak ascribed to metallic 1ead 4£(7/2)
electron which is multiplied by 1.75 in the X-ray

photoelectron spectrum of the activated catalyst was
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1/0.763.. |

200 g of the activated catalyst was charged in an
agitation type reactor which had the same volume for a .
liquid phase as that of the bubble column reactor as
used in Example 57. Aﬁ36.7 % by weight solution of

methacrolein in methanol and a 2 to 4 % by weight

‘solution of NaOH in methanol were continuously fed to

the reactor at 0.54 liter/hr and at 0.06 liter/hr,
respectively (the methacrolein concentration of the
reaction system consisting of the above-mentioned two

different solutions was about 33 % by weight), while

. introducing air to the reactor so that the oxygen

cdncentration at the outlet of the reactor became 4.0 %
by volume (which is equivalent to the oxygen partial

pressure of 0.20 kg/cmz), thereby effecting a reaction

- for producing MMA. The reaction was conducted at a

temperature of 80 °C under a pressure of 5 kg/cmz. The
concentration of NaOH in the above-mentioned methanol
solﬁtion of NaOH was controlled so that the reaction
system had a pH of 7.1. The reaction mixture obtained
by the above reaction was withdrawn by overflowing-from
the outlet of the reactor. Analysis was made with
respect to tﬁe reactioﬂ mixture which was withdrawn
from the outlet of the reactor 10 hours after the start ‘

of the reaction. As a result, it was found that the
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conversion of methacrolein was 57.8 %, the selectivity
for MMA was 89.9 %, and the selectivity for propylene
as a by-product was'2.12 %, and that methyl formate was

by-produced in an amount of 0.103 mol/mol of MMA.

Example 59

Substantially the same procedure as in Referential
Example 1 was repeated, except that the amount of the
aqueous solution of lead nitrate added to the carrier
was changed so that the amount of lead nitrate con-
tained in the resultant mixture became 4.2 parts by
weight, relative to 100 parts by weight of the carrier,

to theréby'obtain a composition

. (Pd5'°Pb4'2/SiOZ—A1203—MgO) (hereinafter, frequently

referred to as "catalyst intermediate”"). The obtéinedf
catalet intermediate had a Pd/Pb atomic ratio .of
3/1.29 and exhibited a -maximum intensity peak at a
diffraction angle (26) of 38.913° in the'powder X-ray
diffragtion pattern thereof, and the ratio of the total
intensity of two peaks ascribed to metallic palladium

3d electrons to the intensity of a peak ascribed to

metallic lead 4f(7/2) electron which is multiplied by

1.75 in the X-ray photoelectron spectrum of the cata-
lyst intermediate was 1/0.187.

2 kg of the datalyst intermediate and an acetic
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acid solution in methanol, which had been obtained by
dissolving 2.5 kg of acetic acid in 25 kg of methanol,
were charged in a 30-liter autoclave, and stirred at 90
°c for 1 hour. The resultant mixture was analyzed, and
found to contain lead ions in a concentration of
720 ppm by weight. Thereafter, an activation of the
catalyst intermediate was effected, while introducing
air to the reactor so that the oxygen concentration at
the outlet of the reactor became 2.0 % by volume (which
is'equivalent to the oxygen partial pressure of
0.10 kg/qmz). The activation was conducted at a tem-
perature of 90 °C undeg a pressure of 5 kg/cm2 for 50
hours. The resultant activated catalyst had a.Pd/Pb
atomic ratio of 3/1.27 and exhibited a maximum intensi-
ty peak at a diffraction angle (20) of 38.685° in the -
powder X-ray diffraction pattern theieof, and the ratio-
of the total intensity of two peaks ascribed to metal-
lic palladium 34 elactrons to the intensity of a peak
aécribed to metallic lead 4£(7/2) electron which is
maltiplied By 1.75 in the X-ray photoelectron spectrum
was 1/0.65.

Two stainless, external circulation type bubble
column reactors as used in Examplé 57; each of which
was equipped with a separator for a catalyst and had a

volume of 1.2 liters for a liquid phase, were connected
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to provide a first stage reactor and a second stage
reactor which were connected in series. Each of the
first stage and second stage reactors was charged with
240 g of the activated catalyst. Then, a series of
reactions for producing MMA was conducted as follows.
A 36.7 % by weight solution of methadrolein in metha-
nol, in which lead acetate had been dissolved so that
the lead concentratioﬁ of the resultant reaction system
became 20 ppm by weight, and a 2 to 4 % by weight
solution of NaOH in methanol were continuously fed to
the first stage reactor at 0.54 liter/hr and at 0.06
liter/hr, respectively (the methacrolein concentration
of the reaction system consisting of the above;men—
tioned two different solutions was about 33 % by
weight), while introducing air to the first étége:.
reactor so that the oxygen concentration at the outlet
of the first stage reéctor became 4.0 % by volume
(which is equivalent to the oxygen partial pressure of
0.20 kg/cmz), to effect a reaction for producing MMA.
The reaction was conducted at a temperature of 80 °C
under a pressure of 5 kg/cmz. The resultant reaction
mixture containing the catalyst was continuously with-
drawn by overflowing from the outlet of the first stage
reactor and transferred to a ligquid phase-solid phase

separation zone, where a separation between the cata-
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lyst and the reaction ;ixture was effected. The sepa-
rated catalyst was returned to the first stage reactor. -
The separated reaction mixture and a 2 to 4 % by weight
solution of NaOH in methanol were fed to the second
stage reactor at 0.6 liter/hr and at 0.06 liter/hr, -
respectively. A gaseous phase withdrawn from the first
stage reactor was fed to the second stage reactor while
introducing fresh air to the second stage reactor so
that the oxygen concentration at the outlet of the
second stage reactor bécame 2.2 % by volume (which is
equivalent to the oxygen partial pressure of 0.11
kg/cmz),-to effect a reaction for producing MMA. The
reaction was conducted at a temperature of 80 ?C under
a pressure of 4.6 kg/cmz. The concentration of NaOH in
the mefhanol solution fed to each of the first stage -
and second stage reactors was controlled so that the
reaction system in each reactor had a pH of 7.1. The
feaction mixture obtained in the second stage reactor
was continuously withdgawn by overflowing from the
outlet of the second stage reactor. Anaiysis was made
with respect to the reaction mixture which was with-
drawn from the outlet of the second stage reactor 10
hours after the start of the two-stage reaction. As a
result, it was found that the conversion of methacro-

lein was 84.7 %, the selectivity for MMA was 90.1 %,
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and the selectivity for propylene as a by-product was
2.4 %, and that methyl formate was by-produced in an

amount of 0.073 mol/mol of MMA.

Example 60

1 kg of the catalyst intermediate prepared in
Referential Example 1 was charged in an agitation type
reactor which had a volume of 6 liters for a liquid
phase. An activation of the catalyst intermediate was
conducted as follows. A 36.7 % by weight solution of
methacrolein in methanol and a 30 % by weight solution
of sodium acetate trihydrate in methanol were continu-
ously fed to the reactor at 0.54 liter/hr and at 0.06
liter/hf, respectively (the methacrglein concentration
and the concentration 6f sodium acetate trihydraté in_
the reaction system consisting of the above-mentioned
two different solutions were about 33 % by weight and
about 3 % by weight, respectively), while introducing
air to the reactor so that the oxygen_concentration-at
the outlet of the reactor became 2.0 % by volume (which -
is equivalent to the oxygen partial pressure of 0.10
kg/cmz), to effect an activation of the catalyst inter-
mediate. The activation was conducted at'a temperature
of 90 °C under a presgure of 5 kg/cm2 for 50 hours.

The resultant activated catalyst was analyzed, and it
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was found that the activated catalyst had a P4d/Pb .
atomic ratio of 3/1.10, and exhibited a maximum intens- -
ity peak at a diffraction angle (20) of 38.632° in the
powder X-ray diffraction pattern theréof, and that the
ratio of the total intensity of two peaks ascribed to
metallic palladium 3d electrons to the intensity of a
peak ascribed to metallic lead 4£(7/2) electron which
is multiplied by 1.75 in the X-ray photoelectron spec-
trum was 1/0.614. '
Using the activated catalyst, a reaction for

producing MMA was conducted in substantially the same

manner as in Example 57. Analysis was made with re-

‘spect to the reaction mixture which was withdrawn from

the outlet of the reactor 10 hours after the start of

the reaction. As a result, it was found that the .

" conversion of methacrolein was 59.8 %, the selectivity

for MMA was 90.9 %, and the selectivity for propylene'
as a by-product was 1.4 %, and that methyl formate was

by-produced in an amount of 0.053 mol/mol of MMA.

Examples 61 to 63

In Examples 61 to 63, the catalyst intermediates
prepared in Referential Example 1 were individually
subjected to activation treatment and, using the re-

sultant activated catalysts, MMA-producing reactions
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were individually conducted in substantially the same
manner as in Example 66, except that the conditions for -
the activation were changed as indicated in Table 6.

The Pd/Pb atomic ratio of the activated catalyst, the

diffraction angle (26) for a maximum intensity peak in

the powder X-ray diffraction pattern of the activated
catalyst, and the ratio of the total intensity of two
peaks ascribed to metallic palladium 3d electrons to
the intensity of a peak ascribed to metallic lead
4£(7/2) electroh which is multiplied by 1.75 in the X-
raylphotoelectron specfrum of the activatéd catalyst in
each of Examples 61 to 63 are shown in Table 6, togeth-
er with the respective results of the analyses of the
reaction mixtures obtained 10 hours after the start of

the MMA producing reactions.



Table 6

Examples Conditions for activation Activated catalyst- Conver-|Selec-|Selec~ |Amount
- : . sion of |tivity|tivity |of
Aldehyde JAlde- [Addi- [Oxygen Fatty acid Tem- (Pd/Pb |Diffrac- Intensityfalde- for for methyl
jalco- |hyde tional|partial |- pera-latomic|tion angle|ratio of |hyde carbo-|by- formate
hol ( bK lead |[pre- Type |Amount [ture |ratio |(28) for |peaks (2) jxylic |product]produce
weight) (pgm) ssure , (2 bz (°C) maximum (metallic ester (Z) {(mol/mol
(*1) ] (kg/cm®) weight) intensity |Pd/metal- (2} of MMA)
(*1) (*2) %*l) ' peak -{lic Pb)
Example [benzal- 33 - 0.15 acetic 3 90 3/1.19 38.662° 1/0.54 60.7 90.5 1.7 0.071
61 dehyde acid (for (for
{metha- methyl|ben-
nol benzo-|zene)
' ) ate)
Example |acrolein 33 50 0.20 |magne- 3 90 [3/1.08]| 38.673° | 1/0.43 59.5 | 90.9 1.6 0.043
62 {metha- sium ' (for |(for
nol acetate methyl|{ethy-
acry- |lene)
late)
Example |isobutyl 33 50 0.15 sodium 3 90 {3/1.21 38.654° 1/0.56 6.9 89.7 1.6 0.063
63 aldehyde - ace- (for (for
{metha- tate methyl | pro-
nol iso- pane)
buty
rate)

Note:

*1) The amounts of aldehyde, additional lead and. fatty acid are expressed in terms of the concentrations
in the reaction system. '

*2)

Lead acetate trihydrate was used as the source of the additional lead.

6v¢
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Example 64

A catalyst intermediate (PaS-Opb3-96r10-11/s10,)
was obtained in the same manner as Example 36. The
obtained catalyst intermediate was subjected to activa-
tion treatment in substantially the same manner as in
Example 58, except that air was introduced to the
reactor so that the oxfgen concentration at the outlet'
of the reactor became 3.0 % by volume (which is equiv-
alent to the oxygen partial pfessure of 0.15 kg/cmz).
The resultant activated catalyst had a Pd/Pb atomic
ratio of 3/1.20, and e#hibited a maximum intensity peak
at a diffraction angle (20) of 38.682° in the powder X~
ray diffraction pattern thereof, and the ratio-éf the
total intensity of two peaks ascribed to metallic
palladium 3d electrons to the intensity of a peak
ascribed fo metallic lead 4£(7/2) electron which is
multiplied by 1.75 in the X-ray photoelectron spectrum
of the activated catalyst was 1/0.643. |

200 g of the activated catalyst was charged in an

agitation type reactor which had the same volume for a

‘liquid phase as that of the bubble column reactor as

used in Example 57, and a reaction for producing MMA
was performed in substantially the same manner as in
Example 57, except that lead acetate was dissolved in

the solution of méthacrolein in methanol so that the
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lead concentratipn of the reaction sYstém became

100 ppm by weight. Analysis was made with respect to
the reaction mixture which was withdrawn from the
outlet of the reactor 10 hours afterlthe start of the
reaction. As a résult, it was found that the conver-
sion of methacrolein was 62.1 %, the selectivity for
MMA was 90.42 %, and the selectivity for propylene as a
by-produdt was 1.77 %, and that methyl formate was by-

produced in an amount of 0.085 mol/mol of MMA.
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Example 65

With reSpecf to the catalyst intermediate prepared
in Example 37, an activation treatment was conducted in
substantially the same manner as described in.Example
64. The resultant activated catalyst was analyzeé witﬁ
respect to the Pd/Pb atomic ratio thereof, the diffrac~
tion angle (20) in the powder X-ray diffraction pattern
thereof at which the maximum intensity peak was exhib-
ited, and the ratio of the total intensitf of two peaks
ascribed to metallic palladium 3d electrons to the in-
tensity of a peak ascribed to metallic lead 4£(7/2)
electron which is muitiplied by 1.75'in the X-ray

photoelectron spectrum thereof, by the methods as

mentioned above. As a result, it was found that the

catalyst had a Pd/Pb atomic ratio of 3/1.24 and exhib-~
ited a maximum intensity peak at a diffraction angle
(206) of 38.673°, and that the_ratio of the total in-
tensity of two peaks ascribed to metallic palladium 3d
electrons to the intensity of a peak ascribed to metal-
lic lead 4f(7/2) electron which is multiplied by 1.75
was 1/0.595.

Substantially the same procedure for producing MMA
as in Example 64 was repeated, and the reaction mixture
obtained 10 hours after the start of the reaction was

analyzed. As a result, it was found that the conver-
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sion of methacrolein was 60.4 %, the selectivity for
MMA was 90.5 %, and the selectivity for propylene as a
by-product was 1.96 % and that methyl formate was by-

produced in an amount of 0.075 mol/mol of MMA.

Example 66

Substantially the same procedure for producing MMA
as described in Example 64 was repeated, except that
the activated catalyst obtained in Exampie 62 was used,
and that acrolein was used instead of the methacrolein.
The reaction mixture obtained 10 hours after the start
of the reaction was analyzed. As a result, it was
found that the conversion of'acrolein was 59.3-%, the
selectivity for methyi acrylate (MA) was 90.1 %, and
the selectivity for ethylene as a by-product was 1.83
%, and. that methyl formate was by-produced in an amount

of 0.086 mol/mol of MA.

Example 67

The catalyst intermediate prepared in Referential
Example 1 was adtivated in substantially the same
manner as described in Example 60, except that air was
not fed to the reactor, to thereby obtain an activated
catalyst. The activated catalyst was analyzed by the

methods as mentiohed above. As a result, it was found
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that the activated catalyst had a Pd/Pb atomic ratio of

3/1.28 and exhibited a maximum intensity peak at a

diffraction angle (20) of 38.675° in the powder X-ray

diffraction pattern thereof, and that the ratio of the
total intensity of two peaks ascribed to metallic
palladium 3d electrons to the intensity of a peak

ascribed to metallic lead 4£(7/2) electron which is

multiplied by 1.75 in the X-ray photoelectron spectrum

of the activated catalyst was 1/0.914.

Substanfially the same procedure for producing MMA
as in Example 58 was repeated, except that the above-
obtained activated catalyst was used. The reaction
mixture obtained 10 héurs after the start of the reac-
tion was analyzed. As a result, it was found that the
conversion of methacro;ein was 56.3 %, the seiectiﬁity
for MMA was 90.2 %. and the selectivity for propylene
as a by-product was 1.95 %, and that methyl formate was

by-produced in an amount of 0.132 mol/mol of MMA.

Referential Example 8

A stainless container which had a volume of 40
liters was charged with.lo kg of an aqueous silica sol
{Snowtex N-30 (SiO, content: 30 % by weight), manufac-
tured and sold by Nissan Chemical Industries, Ltd.,

Japan}} The siliba sol was stirred, and 2.05 kg of
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aluminum nitrate nonahfdrafe was gradually added to the
silica sol with stirring, to'completely dissolve the
aluminum'nitrate nonahydrate in the silica sol. The
resultant solution was subjected to spray drying by
means of a spray dryer at 130 °C, thereby obtaining a
solid substance. The obtained solid substance was
spread over the bottom of a stainless container (having
its top opened) in a thickness of about 1 cm. The
container was pléced in an electric furnace. The
temperature of the con%ainer was elevated to 300 °C
over 2 hours and maintained at 300 °C fbr 3.hpurs and
then, further elevated to 600 °C over 2 hours and
maintaiged at 600 °C for 3 hours to effect a calcina-

tion of the solid substance. Thereafter, the container

.was gradually cooled to thereby obtain a carrier. ‘The

Al/(Al+Si) proportion of the obtained carrier was 10
mol%, and the specific surface area of the carrier was
145 mz/g as measured by the BET nitrogen adsorption
method. The carrier wés observed by means of a micro-
scope. As a result, it was found that the carrier was
almost spherical, and had an average particle diameter
of 60 um. From the results of the grindability test of
the carrier as evaluated using a mortar, it was found
that the obtained carrier was harder than a commercial-

ly available silica gel.
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The water resistance of the carrier was evalgated
in accordance with the accelerated test as mentioned
above. As a result, the.carrier was found to have a
water resistance such that the concentration of Si ions

dissolved out in water by hydrolysis was only 40 ppm.

Comparative Referential Example 1

Substantially the same procedure as in Referential
Example 8 was repeéted, except that the aluminum ni-
trate was not added to the silica sol, thereby obtain-
ing a carrier having a specific surface area of 1838
mz/g. The water resistance of the obtained carrie; was
eValuath in accordance with the accelerated test as
méntioned above. As a résult, the carrier was found to
have a water resistance such that the concentration of

Si ions dissolved out in water by hydrolysis was 210

ppm.

Comparative Referential Example 2

A commercially available silica gel (Cariact 10,
manufactured and sold by Fuji Silysia Chemical, Ltd.,
Japan) was calcined at 600 °C for 3 hours. The specif-
ic surface area of the obtained silica was 300 m2/g.as
measured by the BET ﬁitrogen adsorption method. ' The

water resistance bf the obtained silica was evaluated
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in accordance with the accelerated test as mentioped
above. As a result, the carrier was found to have a
water resistance such that the concentration of Si ions

dissolved out in water by hydrolysis was 244 ppm.

Referential Example 9

Substantially the same procedufe as in Referential
Example 8 was repeated; except that the aluminum ni-
trate nonahydrate was added to the silica sol so that
the aluminum proportioh became 5 mol%, baéed on the
total molar amount of silicon and aluminum, and that
the temperafure for calcination was changed to 750 °C,
to thereby obtaining a carrier having a specific sur-

face area of 53 mz/g. The water resistance of the

obtained carrier was evaluated in accordance with the

accelerated test as mentioned above. As a result, the -
carrier was found to have a water resistance such that
the concentration of Si ions dissolved out in water by

hydrolysis was only 90 ppm.

Referential Example 10

Substantially the same procedure as in Referential
Example 8 was repeated, except that the aluminum ni-
trate and magnesium nitrate were added to the silica

sol so that the aluminum proportion and the magnésium
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proportion became 20 mol% and 5 moly, respectively,
based on the total molar amount of silicon, aluminum
and magnesium. Thus, a carrier having a specific
surface area of 123 mz/g was obtained. The water
resistance of the obtained carrier was evaluated in
accordance with the accelerated test as mentioned
above. As a result, the carrier was found to have a
water resistance such that the concentratien of Si ions

dissolved out in water by hydrolysis was only 35 ppm.

Referential Example 11 :

Substantially the same procedure as in Referential

'Example_s was repeated, except that aluminum nitrate

and sodium acetate were added to the silica sol so that
the aluminum proportion and the sodium proportion
became 30 mol% and 1 mol%, respectively; based on the
total molar amount of silicon, aluminum and sodium.
Thus, a carrier having a specifie surface area of 98
mz/g was obtained. The obtained water resistance of
the carrier was evaluated in accordance with the accel-
erated test as mentioned above. As a result, the
carrier was found to have a water resistance such that
the concentration of Si ions dissolved out in water by

hydrolysis was only 43 ppm.
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Referential Example 12

A commercially available silica-alumina composi-
tion {N631HN, wherein thé Al/(Al+Si) proportion wasllo
mol%, manufactured and sold by NIKKI Chemical Co.,
Ltd., Japan} was spread over the bottom of a stainless
container (having its top opened) in a.thickness of |
about 1 cm. The container was placed in an electric
furnace. The temperature of the container was'elevated
to 300 °C over 2 hours and maintained at 300 °C for 3
hours and then, further elevated to 800 °C ovér 2 hours
and maintained at 800 °C for 3 hours to effect a calci-
nation of the silica alumina compound. Thereafter, the
containgr was gradually cooled to thereby obtain a
carrier. The specific surface area of the carrier was

348 m2/g as measured by the BET nitrogen adsorption'

method. The water registance of the obtained carrier

was evaluated in accordance with the accelerated test
as menfioned above. As a result, the carrier was found
to have a water resistance such that the concentration
of Si ions dissolved out in water by hydrolysis was

only 87 ppm.

Referential Example 13 .

Substantially the same procedurg as in Referential

Example 12 was repeated, except that another commer-
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cially available siliqa—aluﬁina composition {N631HN,
wherein the Al/(Ai+Si) proportion was 15 mol%, manufac-
tﬁred and sold by NIKKI Chemical Co., Ltd., Japan} was
used, thereby obtaining a carrier. The specific sur-
face area of the obtained carrier was 346 mz/g as
measured by the BET nitrogen adsorption method. The
water resistance of the obtained carrier was evaluated
in accordance with the accelerated test as mentioned
above. As a result, tﬁe carrier was found to have a
water resistance such that the concentration of Si ions

dissolved out in water by hydrolysis was only 98 ppm.

Referential Example 14

A beaker having a volume of 2 liters was charged..
with 150 g of a commercially available silica gel
(Cariact 10, manufactured and sold by Fuji Silysia
Chemical, Ltd., Japan) and 200 ml of distilled water,
thereby obtaining an a&ueous silica sol. 97.1.g of
aluminum nitrate nonahydrate was gradually dissolved in
the obtained aqueous silica sol. The resultant solu-
tion was evaporated on a boiling water bath. The
resultant solid substance was spread over the bottom of
a stainless container (having its top opened) in a
thickness of about 1 cm. The container was placed in

an electric furnace. The temperature of the container
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was elevated to 300 °C over 2 hours, and maintained at

300 °C for 3 hours and then, further elevated to 600 °C -

over 2 hours and maintained at 600 °C for 3 hours to
effect a calcination of the solid substance. Thereaft-
er, the container was gradually cooled. The cooled
substance was washed 3 times with hot water (60 °C),
and dried at 110 °C for 12 hours, thereby ebtaining a
carrier. The Al/(Al+Si) proportion of the obtained
carrier was 4.5 mol%, and the specific eurface area of
the obtained carrier was 183 mz/g as measured by the
BET nitrogen adsorption method. The water resistance
of the carrier was evaluated in accordance with the
accelerated test as mentioned above. As a resﬁlt, the
carrier was found to.have a water resistance such that
the concentration of Si ions dissolved out in water by
hydrolysis was only 82 ppm.

The Al/(Al + Si) proportions, the specific surface
areas, and the concentrations of Si ions dissolved out
in water by hydrolysis measured in Referential Examples
8 to 14 and Compa:ative Referential Examplee 1 and 2
are shown in Table 7, tegether with the materials for
the respective carriers and the temperatures for calci-

nation.



Iable 7

Specific

Referential [Materials for carrier [Tempera-|[Al Water resistance:
Examples - ture for| /(Al+Si)|surface |[concentration of
and Source of Source of}calci- pro- area, i ion (ppm)]
Comparative|silica - alumina, |ation portion (m“/g) '
Referential other (°C) {molZ)
Examples materials
Referential|silica sol [aluminum 600 10 145 © 740
Example 8 nitrate .
Comparative|silica sol - 600 0 188 210
Referential
Example 1
Comparative|silica gel - 600 0 300 244
Referentialj(Cariact 10) '
Example 2 _
Referential|silica sol |aluminum 750 5 53 90
Example 9 ' nitrate
Referential|silica sol aluminum 600 20(Al), 123 35
Example 10 nitrate,
magnesium 5(Mg)*1
nitrate
Referential|silica sol aluminum 600 30(A1f, 98 43
Example 11 nitrate, :
sodium 1(Na)*2 -
acetate
Referential |commercially 800 30 348 87
Example 12 |available
silica-alumina N631HN
Referential |commercially 800 15 346 98
Example 13 javailable
silica-alumina N632L
Referential{silica gel aluminum 600 4.5 183 82
Example 14 |(Cariact 10)|nitrate
Note: *1) Mg/(Mg + Si) proportion (mol Z)

*2)

Na/(Na + Si) proportion (mol Z)

292
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Example 68

Substantially the same pfodedure for producing MMA
as in Example 20 (in which use was made of an activated
catalyst containing an Si0,—Al,03-Mg0 carrier) was
conducted, except that the reaction for'produding MMA
was performed for 1000 hours.

Analysis was made with respect to the reaction
mixtures which were withdrawn from the outlet of the
first stage and second stage reactors 500 hours and
1000 hours after the start of the reaction. Each of
the reaction mixtures was analyzed by ICP. As a re-
sult, it was found that no Pd ions were detected (that
is, the_concentration of Pd ions were below thé detec-
tion limit) in each of the reaction mixtures, and that
each of the concentrations of Si ions and Al ions was 1
ppm or..less. Affer completion of the 1000~hour reac-
tion, a portion of the catalyst was taken out from each
of the first stage and second stage reactors, and
observed under a scanning electron microscope (SEM).

As a result, either cracking or chipping was hardly ob-
served in each of the”catalysts taken out from both of

the first stage and second stage reactors.

Comparative Example 15

Substantially the same procedure for producing MMA
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as in Example 20 was conducted, except that the same
catalyst (which contains an Si0p carrier) as used in
Example 2 was used. Analysis was made with respect to
the reaction mixture which was withdrawn from the outlet
of the first stage reactor 1000 hours after the start of
the reaction. As a result, it was found that the con-
version of methacrolein was 55.1 %, the selectivity for
MMA was 90.2 %, and the selectivity for propylene as a
by-product was 1.51 % and that methyl formate was by-
produced in an amount of 0.046 mol/mol of MMA. Also,
each of the reaction mixtufes which were withdrawn from
the outlet of the first stage and second stage reactors
1000 hours after the start of the reaction was analyzed
by ICP. As a result, it was fouﬁd that Pd ions were
detected in the reaction mixtures from the first stage
and second stage reactors in concentrations of 0.3 ppm
and 0.5 ppm, respectively, and Si ions were detected in
the reaction mixtures from the first stage and second
stage reactors in concentratidns of 8 ppm and 12 ppm,
respectively. After completion of the 1000-hour reac-
tion, a portion of the catalyst was taken out from each
of the first stage and$second stage reaétbrs, and ob-
served under SEM. As a result, cracking and chipping
were observed in some portions of both of the catalysts

obtained from the first stage and second stage reactors.
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Comparative Example 16

Substantially the same procedure for producing MMA-
as in Example 20 was conducted, except that the same
catalyst (which contains an Al,03 carrier) as used in
Example 4 was used. Analysis was made with respect to
the reaction mizxture which was withdrawn from the outlet-
of the first stage reaétor 1000 hours after the start of
the reaction. As a result, it'was found that the con-
version of methacrolein was 65.2 %, the selectivity for
MMA was 90.7 %, and the selectivity for propylene as a
by-product was 1.31 % and that methyl formate was by-
produced in an amount of 0.053 mol/mol of MMA. Also,
each of the reaction mixtures which were withdrawn from
the outlet of the first stage and second stage reactors
1000 hours after the start of the reaction was ahalyzed'
by ICP. As a result, it was found that Pd ions were
detected in the reaction mixtures from the first stage
and second stage reactors in concentrations of 0.5 ppm
and 0.8 ppm, respecfively, and Al ions were detected in
the reaction mixturés from the first stage and second

stage reactors in concentrations of 12 ppm and 18 ppm,

'respectively. After completion of the 1000-hour reac-

tion, a portion of the catalyst was taken out from each
of the first stage and second stage reactors, and ob-

served under SEM. As a result, cracking and chipping
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were observed in some portions of both of the catalysts

obtained from the first stage and second stage reactors.

Example 69

Substantially the same procedure for preparing a
catalyst intermediate as in Example 36 was repeated,
except that the type of the carrier was changed to
Al,03—Si0,, to thereby obtain a catalyst intermediate
(PaS-Opp2-76110-11 /a1 ,0,-510,).

The obtained catalyst intermediate was subjected to
activation treatment in substantially the same manner as
in Example 26. The resultant activated catalyst had a
Pd/Pb atomic ratio of.3/1.20 and exhibited a méximum
intensity peak at a diffraction angle (20) of 38.626°,
and the ratio of the total intensity.of two peaké
ascribed to metallic palladium 3d electrons to the
intensity of a peak ascribed to metallic lead 4£(7/2)
electron which is multiplied by 1.75.was 1/0.46.

Substantially the same procedure for producing MMA
as in Example 42 was repeated using the above-obtained

activated catalyst. Analysis was made with respect to

the reaction mixture which was withdrawn from the outlet -

of the reéctor 1000 hours after the start of the reac-
tion. As a result, it was found that the conversion of

methacrolein was 61.5 %, the selectivity for MMA was
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90.9 %, and the selectivity for propylene as a byfpro-

duct was 1.16 %, and that methyl formate was by-produced
in an.amount of 0.045 mol/mol of MMA. The reaction
mixture was also analyzed by ICP. As a result, it was
found that no Pd ions were detected (that is, the con-
centration of P4d ions ﬁas below the detection limit),'
and that each of the concentrations of Si ion and Al ion
was 1 ppm or less. After completion of the 1000-hour
reaction, a portion of the catalyst was taken out from
the reactor, and observed under SEM. As a result, there

was almost no change in the catalyst.

Referential Example 15

3.5 kg of aluminum nitrate nonahydrate, 2.56 kg of
magnesium nitrate hexaﬂydrate, 540g of 60 % nitric acid
and 4.67 kg of water were charged in a stainless con- |
tainer which had a volume of 50 liters, and mixed with
each other. To the resultant mixture was gradually
added 20.0 kg of an aqueous silica sol {Spowtex N—30
(Si0, content: 30 % by weight), manufactured and sold by
Nissan Chemical Industries, Ltd., Japan} with stirring.
After mixing well, the resultant mixture was subjected
to spray drying by means of a spray dryer at 130 °C,
thereby obtaining a soiid substance. The obtained solid

substance was spread over the bottom of a stainless
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container (having its top opened) in a thickness of
about 1 cm. The container waé placed in an electric.
furnaqe. The temperature of the container was elevated
to 300 °C over 2 hours, and maintained at 300 °C for 3
hours and then, further elevated td 600 °C over 2 hours
and maintained at 600 °C for 3 hours. Thereafter, the
container was gradually cooled to thereby obtain a
carrier. The obtained carrier contained a silica-alumi-
na-magnesia composition having silicon, aluminum and
magnesium proportions of 83.3 mol%, 8.4 mol% and

8.3 mol% respectively; based on the total molar amount
of silicon, aluminum and magnesium. The specific sur-

2 as measured by the

face area of the carrier was 148 m
BET nitrogen adsorption method. The carrier was ob-
served by means of a microscope. As a result, it was
found that the carrier was almost spherical, and had an
average particle_diameter'of about 60 pm. From the
results of the grindability test of the-pérrier as
evaluated using a mortar, it was found that the obtainéd
carrier was harder thén a commercially available silica
gel.

The water resistance of the obtained carrier was
evaluated in accordance with the accelerated test as

mentioned above. As a result, the carrier was found to

have a water resistance such that the concentration of
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Si ions dissolved out in water by hydrolysis was qnly 42

ppm.

Referentiél Example 16

Substantially the same procedure as in Referential
Example 15 was repeated, except that magnesium nitrate
and aluminum nitrate weré added to the aqueous silica
sol so that the magnesium and aluminum proportions
became 4.3 mol% and 13.6.ﬁol%, respectively,'based on
the total molar amount of the silicon, the aluminum and
the magnesium, and that the temperature for calcination
was changed to 700°C, to thereby obtain a carrier. The
obtained carrier had a specific surface area of 155
m2/g. The water resistance of the obtained carrier was
evaluated in accordance with the accelerated test-és.-
mentioned above. As a result, the carrier was found to
have a water resistance such that the concentration of

Si ions dissolved out in water by hydrolysis was only 39

ppn.

Referential Example 17 .

Substantially the same procedures as in Referential
Example 15 was repeated, except that magnesium nitrate
and aluminum nitrate were added to the aqueous silica

sol so that the magnesium and aluminum proportions
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became 5.6 mol% and 22.3 mol%, respectively, baseq on
the total moiar amount of silicon; aluminum and magnesi-
um, and that the temperature for calcination was changed
to 800°C, to thereby obtain a carrier. The obtained
carrier had a specific surface area of 138 mz/g. The
water resistance of the obtained carrier was evaluated
in accordance with the ‘accelerated test as mentioned
above. As a result, the carrier was found have a water
resistance such that fhe concentration of Si ions dis-

solved out in water by hydrolysis was only 40 ppm.

Referential Example 18

Substahtially the same procedure as in Example'ls
was rebeated, except that magnesium nitrate and aluminum
nitrate were—addeq to the aqueous silica sol so that.thg
magnesium and aluminum ‘proportions became 17.2 mol% and
36.6 mol%, respectively, based on the total molar amount
of silicon, aluminum énd magnesium, and that the temper-
ature for calcination was changed to 800°C, to thereby
obtain a carrier. The obtained carrier had a specific
surface area of 123 mz/g., The water resistance of the
obtained carrier was evaluated in accordance with the
accelerated test as mentioned above. As a result, the
carrier was found fo have a water resistance such that

the concentration of Si ions dissolved out in water by
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hydrolysis was only 45 ppm.

Referential Example 19

Sulfuric acid was added to 10 kg of a water glass
(sodium silicate) {JIS K1408, No. 3 (8102 content: 28 to
30 wt$%, Na50 content: 9 to 10 wt%)} until the pH of the
resultant mixture became 9. Then, to the resuitant
mixture was added Alz(SO4)3 until the pH became 2.
Further, to the resultant mixture was added sodium
aluminate until the pH became 5 to 5.5. The resultant
mixture was partially dehydrated to thereby obtain a -
hydrogel containing about 10 % by weight of silica-
alumina. The obtained hydrogel was subjected fo spray
drying by means of a spray dryer at 130 °C to thereby

obtain a solid substance. The obtained solid substéﬁcéf

. was washed with water until the NaO, content and S04

content of the resultant slurry became 0.02 % or less
and 0.5 ¥ or less, reépectiVely. The resultant slurry
was mixed with 200 g og magnesium oxide, and heated at
80 °C for 3 hours, followed by filtration to obtain a
filter cake. The obtained filter cake was dried at 110
°C for 6 hours. The resultant dried substance was
heated to a temperature of 700 °C over 3 hours and
maintained at 70d °C for 3 hours t6 thereby calcine the

dried substance. The calcined substance was gradually
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cooled to thereby obtain a carrier. The obtained_carri-
er had the magnesium and aluminum proportions of 6.3
mol% and 14.6 mol%, respectively, based on the total
molar amount of silicon, aluminum ahd'magnesium. The
specific surface area 6f the carrier was 223 mz/g as
measured by the BET nitrogen adsorption method. The
water resistance of the carrier was evaluated in accér-
dance with the accelerated test as mentioned above; As
a result, the carrier was found to have a water resist-
ance such that the concentration of Si ions dissolved

out in water by hydrolysis was only 88 ppm.

Referential Example 20

Substantially thedsame procedure as in Referential
Example 15 was repeated, except thaf magnesium hydroxide
and aluminum nitrate were added to the aqheous silicé
sol so that the magnesium and aluminum proportions
became 7.2 mol% and 10.2 mol%, respectively, based on
the total molar amount of silicon, aluminum and magnesi-
um, and that the temperature for calcination was changed
to 600°C, to thereby obtain a carrier. The obtained
carrier had a specific surface area of 123 m2/g. The
water resistance of thé obtained carrier was evaluated
in accordance with the accelerated test as mentioned

above. As a result, the carrier was found to have a
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water resistance such that the concentration of Si ions

dissolved out in water by hydrolysis was only 48 ppm.

Referential Example 21

Substantially the same procedure as in Referential
Example 15 was repeated, except that magnesium nitrate
and aluminum nitrate were added to the aqueous silica
sol so that the magnesium and aluminum proportions
became 38.1 mol% and 15 mol%, respectively, based on the
total mola; amount bf'silicon, aluminum and'magnesium,'
and that the temperature for calcination was changed to
800°C, to thereby obtain a carrier. The obtained carri-
er had a specific surface area of 134 mZ/g. The water

resistance of the obtained carrier was evaluated in .

accordance with the accelerated test as.mentibned'ab6Ve;a-'

As a result, the carrier was found to have a water
resistance such that the concentration of Si ions dis-
solved out in water by hydrolysis was only 43 ppm.

The composition and specific surface area of the
carrier, the temperature for calcination, and the con-
centration of Si ions dissolved out from the carrier in
water by hydrolysis in each of Referential Examples 15

to 21 are shown in Table 8.



Table 8

Materials for carrier

Alumi-

Referential Tempera-|Sili- Magne-|Specific|Water
Examples ture for|con num sium |surface |resistance:
Source |Source Source calci- (molZ) | (molZ)|(molZ)|area, [concent-
of of of nation (m“/g)|ration of Si
silica Jalumina |[magnesia (°C) ion (ppm)]
Referential|silica |aluminum magnésium 600 83.3 8.4 8.3 148 42
Example 15 |sol nitrate [nitrate '
Referential|silica |aluminum |magnesium| 700 82.1 | 13.6 4.3 155 39
Example 16 |sol nitrate |nitrate '
Referentialisilica [aluminum |magnesium| 800 72.1 | 22.3 5.6 138 40
Example 17 |soi nitrate |nitrate .
Referential|silica [aluminum |[magnesium] 800 46.2 | 36.6 | 17.2 123 45
Example 18 |sol nitrate |nitrate
Referential|water- |aluminum |magnesium| 700 79.1 | 14.6 6.3 223 88
Example 19 |glass sulfate, |oxide :
sodium
aluminate .
Referential|silica |aluminum |{magnesium| 600 82.6 | 10.2 7.2 123 48
Example 20 |sol nitrate |[hydroxide :
Referential|silica |aluminum |magnesium| 650 46.9 | 15 38.1 134 43
Example 21 |sol nitrate |nitrate

vLic
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Referential Example 22

128 g of a water glass (sodium silicate) {JIS
K1408, No. 3 (Si0O, content: 28 to 30 % by weight, Naj0
content: 9 to 10 % by weight)} was dissolved in 120 g of
water to thereby obtain a solution (this solution is
referred to as "solution A"). 3.9 g of aluminum sulfate’
octadecahydrate and 4 g of sulfuric acid were dissolved
in 40 g of water to thereby obtain a solution (this
solution is referred to as "solution B"). 20 g of 1,3~
dimethyl urea was dissolved in 80 g of water to thereby
obtain a solution (this solution is referred to as
"solution C"). Solutions B and C were mixed with solu-
tion A while vigorously agitating solution A uéing a
homogenizer, and the agitation was conducted for 1 hour
to théreby obtain a gel. The obtained gel was heateq:at-
150 °C for 40 hours while agitating at a circumferential
speed of 2 m/sec, to fhereby crystallize the gel..

The resultant crystallized substance was subjected
to filtration, followed by washing with water. The
washed substance was dried at 120 °C for 5 hours, and
calcined in air at 500 °C for 5 hours to thereby remove
organic substances. Subsequently, the calcined éub-
stance was subjected to ion exchange in én agqueous 1N_
nitric acid solution for 8 hours, and subjected tb

filtration, followed by washing with water. The washed
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substance was dried atn120 °C for 6 hours to thereby
obtain a crystélline aluminosilicate in a proton form.
The obtained crystalline aluminosilicate was ana-
iyzed with respect to the X-ray diffraction pattern
thereof and, as a result, it was identified as ZSM-5
zeolite. Also, the drystalline aluminosilicate was
subjected to X~-ray fluorescence analysis, and the acid
content thereof was measured by the pyridine adsorption
method. From the results of the X-ray fluorescence
analysis and. the measu;ed acid content, it was found
that the crystalline aluminosilicate in an oxidized form
thereof had a composition represented by the following
formula: 0.32H,0-10810,+Al, /30. o

The water resistance of the crystalline alumindsie.

licate was evaluated in accordance with the accelerated - . -

test as mentioned above. As a result, the-cryStalline.J~'
aluminosilicate was found to have a water resistance
such that the concentration of Si ions dissolved out in

water by hydrolysis was only 38 ppm.

Réferential Example 23

128 g of water glass (sodium silicate) {JIS K1408,
No. 3 (Si0, content: 28 to 30 % by weight, Naj0 cdntent:_
9 to 10 ¥ by weight)} was dissolved in 120 g of water to

thereby'obtain a solution (this solution is referred to
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as "solution A").' 3.9 g of aluminum sulfate octadecahy-
drate and 4 g of sulfuric acid were dissolQed in 40 g of
water to thereby obtain a solution (this solution is
referred to as "solution B"). 20 g of 1,3-dimethylurea
was dissolQed in 80 g of water to thereby obtain a
solution (this solution is referred to as "solufion c").
1.2 mmol.of boron trioxide was dissolved in 20 g of
water to thereby obfain é solution (this solution is
referred to as "solution D"). Solutions B, C and D were
mixed with solution A while vigorously agitating solu;
tion A using a homogenizer, and the agitation was con-
ducted for 1 hour to thereby obtain a gel. The obtained
gel was heated at 150 °C for 40 hours while agitating at
a circumferential speed of 2 m/sec, to thereby crystal-
lize the gel.

The resultant crystallized substancé was subjected
to filtration, followed by washing with water. The
washed substance was dried ét 120 °C for 5 hours, and
calcined in air at 500 °C for 5 hours to thereby remove
organic substances. Subsequently, the calcined sub-
stance was subjected to ion exchange in an aqueous 1N
nitri¢ acid solution for 8 hours, and subjected to
filtration, followed by washing with water. The washed
substance was dried af 120 °C for 6 hours to thereby

obtain a crystalline aluminoborosilicate in a proton
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form.

The obtained crystalline aluminoborosilicate was
analyzed with respect to the X-ray diffraction pattern
thereof and, as a result, it was identified as a ZSM-5
zeolite analogue. Also, the crystalline aluminoborosi-
licate was subjected to X-ray fluorescence analysis, and
the acid content thereof was measured by the piridine
adsorption method. Fram the results of the X-ray fluo-
rescence analysis and.the measured acid content, it was
founq that the crystalline éluminoborosilicate in a
oxidized form thereof has a composition represented by
the following formula: |

. 0.32H50+108105+Al, ,30+0.16B, /30.

The water resistance of crystalline aluminoborosi-
licate was evaluated in accordance with the accelerated
test as mentioned above. As a result, the crystalline
aiuminoborosiiicate was found to have a water resistance
such that the concentration of Si ions dissolved out in

water by hydrolysis was only 32 ppm.

Referential Example 24

AZ-1 zeblite in a proton form was obtained in
substantially the same manner as described in Unexamined
Japanese Patent Application Laid-Open Specification No.

59-128210 (composition formula: 0.3H0-10S10,-Al; /307
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and specific surface area: 331 mz/g). The water resist-
ance of the resultant AZ-1 zeolite was evaluated in
accordance with the accelerated test as mentioned above;
As a result, the zeolite was found to have a-water
resistance such that the concentration of Si ions dis-

solved out in water by hydrolysis was only 40 ppm.

Referential Example 25

The water resistance of Y type zeolite (HSZ-320HOA;
manufactu:ed and sold by Tosoh Corp., Japan;'composition
formula: 0.32Na20~1.68i02-A12/30; and specific surface
area: 613 mz/g) was evaluated in accordance with the-
accelgrated test as mentioned above. As a result, the Y
type zeolite was found to have a water resistance such
that the concentration of Si ions dissolved out in water

by hydrolysis was only 43 ppm.

Referential Example 26

ZSM-11 zeolite in a profon form was obtained in
substantially the same manner as described in U.S.
Patent No. 3,709,979 (composition formula:
0.3H20-7Si02-A12/3O; and specific surface area:
325 mz/g). The water resistance of the resultant ZSM-11
Zeolite was evaluated in accordance with the acceleréted

test as mentioned above. As a result, the zeolite was
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found to have a water resistance such that the concen-
tration of Si ions dissolved out in water by hydrolysis

was only 87 ppm.

Referential Example 27

B zeolite (C-BOGB; manufactured and sold by PQ
Corporation, U.S.A.) was subjected to ion exchange to
thereby obtain a zeolite in a proton form (composition
formulas 0.3H20-105i02-A12/30; and specific surface
area: 515 mz/g). The water resistance of the resultant
B zeolite was evaluated in accordance with the acceler-
ated test as mentioned above. Asla result, the zeolite
was found'to have a water resistance such that the
concentration ef Si ions_dissolved out in water by

hydrolysis was only 48 ppm.

Referential Example 28

The water resistance of mordenite type zeolite
(HSZ-630HOA; manufactured and sold by Tosoh Corp.,
Japan; composition formula: 0.3H20-58102-A12/307.and
specific surface area: 613 mz/g) was evaluated in accor-
dance with the accelerated test as mentioned above. As
a result, the zeolite was found to have a water resist-
ance such that the conéentration of Si ions dissolved

out in water by hydrolysis was only 43 ppm.
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Example 70

Substantially the same procedufe for preparing a
catalyst intermediate as in Example 36 was repeated,
except that ZSM-S zeolite was used as a carrier, that
bismuth nitrate pentahydrate was used instead of the
thallium acetate, and that the lead nitrate was used in
an amount of 4.09 parts by weight (i.e., 2.56 parts by
weight in terms of lead) and the bismuth nitrate penta-
hydrate was used in an amount of 0.53 parts by weight
(i.e., 0.23 parts by wéight in terms of lead), to there-
by obtain a catalyst intermediate-PdS'OPbZ'SGBiO'ZS/ZSM—
5. The obtained catalyst intermediate was subjected to
activation treatment and a treatment for controlling the
surface structure in substantially the same manner as in
Example 11. The resultan; catalyst was analyzed with
respect to the Pd/Pb atomic ratio thereof, the diffrac-
tion angle (20) in the powder X-ray diffraction pattern
thereof at which the maximum intensity peak was exhibit-
ed, and the ratio of tﬂe total intensity of two peaks
ascribed to metallic palladium 3d electrons to the
intensity of a peak ascribed to metallic lead 4£(7/2)
électron which is multiplied by 1.75 in the X-ray photo—
electron spectrum thereof, by the methods as mentioned
above. As a result, it was found that the catalyst_had.

a Pd/Pb atomic_rafio of 3/1.03 and exhibited a maximum
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-intensity peak at a diffraction angle (26) of 38.613°,

and that the ratio of the total intensity of two peaks
ascribed to metallic palladium 3d electrons to the
intensity of é peak ascribed to metallic lead 4£(7/2)
electron which is multiplied by 1.75 of the catalyst was
1/0.51. o

Substantially the same procedure for producing MMA
as in Example 11 was repeated except that the above-

obtained catalyst was used, and analysis was made with

respect to the reaction mixture which was withdrawn from

the outlet of the reactor 1,000 hours after the start of
the reaction. As a result, it was found that the con-
version‘of methacrolein was 62.6 %, the selectivity for
MMA was 90.9 %, aﬁd the selectivity for propylene as a
by-product was 1.16 %; and that methyl formate was by-
produced in an amount of 0.038 mol/mol of MMA. The
reaction mixture was also analyzed by ICP and, as a
result, it was found that no Pd ions were detected (that
is, the concentration of Pd ijions wés below the detection
limit) and each of the concentrations of Si ions and Al
ions was 1 ppm or less. After completion of the 1,000-

hour reaction, a portién of the catalyst was taken out

_ from the reactor, and observed under SEM. As a result,

almost no change in the catalyst was observed.
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Example 71

A reaction for producing MMA was continuously

conducted for 1,000 hours in substantially the same

" manner as in Example 11 using the catalyst obtained in

Example 11 {the Pd/Pb atomic ratio: 3/1.08; the diffrac-
tion angle (20) for the maximum intensity peak: 38.612°;
and the ratio of the total intensity of two peaks
ascribed to metallic pélladium 34 electrons to the
intensity of a peak ascribed to metallic lead 4£(7/2)
electron which is multiplied by 1.75: 1/0.49}, except
that the lead acetate was added to the reactipn system
so that the lead concentration of the reaction system
became 20.ppml After a 1,000-hour reaction, analysis
was made with respect to the reaction mixture withdrawn
from the outlet of the reactor, and the results of the
analysis were compared with the results of the analysis
of the reaction mixture which was obtained 200 hours
after the start of the reaction. As a result, it was
found that thére was no significant change with respect
to the results of the MMA-producing reaction. With
respect to the reaction mixture which was obtained ;,OQO
hqurs after the start of the reaction, fhe conversion of
methacrolein was 61.7 %, the selectivity for MMA was
91.5 %, and the selectivity for propylene as a by-pro-

duct was 1.31 %, and that methyl formate was by-produced
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in an amount of 0.043 mol/mol of MMA. The reaction
mixture obtained 1,000 ‘hours after the start of the
reaction was also analyzed by ICP and, as a result, it
was found that no P4 ions were detected (that is, the
concentration of Pd ions was below the detection limit)
and each of the concentrations of Si ions and Al ions
was 1 ppm or less. Further, after completion of the
1,000-hour reaction, a portion of the catalyst was taken
out from the reactor, and observed under SEM. As a

result, almost no change in the catalyst was observed.

Comparative Example 17

Substantially the same procedure as in Egample 71 
was repéated, except that the lead acetate was not added
to the reaction system. After a 1,000-hour reactioh,
analysis was made with respect to the reaction mixture
withdrawn from the outlet of the readtor, and the re-
sults of the analysis were compared with the results of
the analysis of the reaction mixture which was obtaihed
200 hours after the start of the reaction; As a result,.
it was found that, with respect to the reaction mixture
which was obtained 206 hours after the start of the
reaction, the coﬁversion of methacrolein was 60.3 %, the
selectivity for MMA was 88.6 %, and the selectivity for

propylene as a by-product was 3.15 %, and that methyl
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formate was by—produced.in an amount of 0.038 mol/mol of
MMA. It was also found that, with respect to the reac-
tion mixture which was obtained 1,000 hours after the
start of the reaction, the conversion of methacrolein
was 54.8 %, the selectivity for MMA was.83.2 %, and the
selectivity for propyléne as a by-product was 7.80 %,
and that methyl formate was by-produced in an amount of
0.029 mol/mol of MMA. The reaction mixture obtained
1,000 hours after the start of the reaction was also
analyzed by ICP and, as a result, it was found that no
Pd ions were detected (that is; the concentration of Pd
ions was below the detection limit) and each of the .
concentrations of Si ion and Al ion was 1 ppm or less.
Further; after completion of the 1,000-houf reaction, a
portion of the catalys%'was taken out from the reactor, -
and observed under SEM. As a.result, almost no change

in the catalyst was observed.

Examples 72 to 76

.In Examples 72 to 76, reactions for producing MMA
were individually conducted in substantially the same
manner as in Example 71, wherein the catalysts shown in
Table 9, and conditions for achieving the oxygen partial
pressures at the outleés of the reactors and Pb concen-

trations of the reaction system shown in Table 9, were
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individually employed. Results of the MMA-producing

reactions are also shown in Table 9.



Table 9

Conver-

Examples|Catalyst|Carrier|Oxygen |[Pb Reac~ Selec- Selec-{Amount |Pd ion |Si ion (Al ion [Result
partial |concen- tion {sion ofjtivity |[tivity|of concen-|{concen- |concen-|of the
pres- tration |peri-|metha- {for for methyl |tration{tration |tration|obser-
sure of. the od crolein|MMA pro- |formate |of re- |of re~- |of re- |vation
(kg/cm2)|reaction | (hr) (%) (2) pylene|produced|action jaction ' jaction |by SEM

system (2)] (mol /mol {mixture|mixture |mixture
(ppm) of MMA) | (ppm) | (ppm) (ppm)
Example [Catalyst]SiO, 0.38 100 1,000| 63.5 91.6 0.96 0.077 |[0.1 or |1 or 1l or excel-
72 obtained less - |less less lent
in —Al,04
" | Example
16
Example |Catalyst|5iO, 0.1 2 2,000 63.9 91.2 .| 1.29 0.044 0.1 or 6 partial
73 - |obtained less crack-
in ing and
Example chipp-
14 ing
Example |Catalyst A1203 0.77 200 500| 70.8 90.6 1.76 0.066 0.6 5 partial
obtained v crack-
in ing and
Example chipp-
15 ing
Catalyst|Carrier|Oxygen |Pb . JReac-|Conver-|Selec- Amount |Pd ion [Si ion |Al ion |Result
partial ]Jconcent- |tion {sion of|tivity of concen-|concen- {concen-|of the
pres- ration peri-{benz- |for methyl tration|tration [trationfobser-
sure , |of the od alde- [methyl formate {of re- |of re- of re- |vation
(kg/cm©) |reaction (hr) jhyde benzo- produced|action |action }action |by SEM
. system (2) ate (1) (mol/mol|mixture|mixture j{mixture
(ppm) of MMA) (ppm) | (ppm) (ppm)
Example |Catalyst|SiO, 0.3 40 1,000} 62.8 91.4 0.051 {0.1 or |1 or l or excel-
75 obtained less less less lent
n ~Al,04
Example
7 ~MgO
CatalystjCarrier{Oxygen |Pb Reac-|Conver-{Selec- |Selec~|Amount |Pd ion |S5i ion |Al ion [Result
" |partial |concen- |tion |sion of{tivity |tivity|of concen-jconcen- |concen-|of the
pres- tration |peri-jacro- or: for methyl .|tration)tration |tration|obser-
sure , |of the od lein methyl (ethy~- |formate [of re- |of re- [of re- [vation
{kg/cm®)|reaction | (hr) (2) |acry- lene |produced|action laction {action |by SEM
system late (X) (2) ]| (mol /mol |mixture|mixture |mixture
(ppm) of MMA). | (ppm) | (ppm) (ppm)
Example [Catalyst|5i0, 0.9 350 100| 68.3, 90.7 1.88 0.11 0.1 or {0.1 or |l or excel-
176 obtained . less - |less less lent
in Exam-; -Al,04
ple 8
. -MgO

L8Z
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Example 77

Substantially the same procedure for effecting the
activation treatment and surface structure-controlling
treatment of the catalyst intermediate as in Example 1
was repeated, except that the reaction for producing MMA
was conducted at a methacrolein concentration of the
reaction system of 10 % by weight, and at a reaction
temperature of 40 °C. 10 Hours after the start of the
reaction, the reaction mixture withdrawn from the outlet
of. the reactor was analyzed. As a result, it was found
that the conversion of methacfolein was 44f8 %, the
selectivity for MMA was 93.8 %, and the selectivity for
propylene as a by-product was 0.31 %, and that methyl
formate ﬁas by-produced in an amoﬁnt of 0;012 mol/mol of
MMA. It was also found that the productivity of MMA was

0.132 {MMA(g)/g of catalyst-hr}.

Example 78

Substantially the same procedure for effecting the

‘activation treatment and surface structure-controlling

treatment of the catalyst intermediate as in Example 11
was repeated, except that the catalyst intermediate

obtained in Referential Example 1 was used, and that, in .
the surface structure-controlling treatment (which was

conducted for a period .of from 50 hours to 100 hours
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after the stért of the activation treatment), the-lead
concentration of the reaction syétem was changed to

10 ppm. After completion of the activation treatment
and surface structure¥controlling treatment (i.e., 100
hours after the start of the activation of the catalyst
intermediate), the resultant catalyst was taken out from
the outlet of the reactor and analyzed by the methods as
mentioned above. As a result, it was found that the
catalyst had a Pd/Pb atomic ratio of 3/1.02 and exhibit-
ed. a maximum intensity peak at a diffraction angle (20)
of 38.609° in the powdér X-ray diffraction pattern
thereof, and that the ratio of the total intensity of
two peaks ascribed to hetallic palladium 3d electrons to
the intensity of a peak ascribed to metallic lead
4€£(7/2) electron which is multipliea by 1.75 in the X-
ray photoelectron spectrum of.the catalyst was 1/0.32.
Using the catalyst, a reaction for producing MMA was
conducted in substantially the same manner as in Example
11. 10 Hours after the start of the reaction, the

resultant reaction mixture withdrawn from the outlet of

+the reactor was analyzed. As a result, it was found

that the conversion of methacrolein was 60.9 %, the
selectivity for MMA was 90.2 %, and the selectivity for
propylene as a by-product was 1.93 %, and that methyl

formate was by—prbduced in an amount of 0.032 mol/mol of
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Referential Example 29

Aluminum nitrate and magnesium nitrate were dis—
solved in an aqueoﬁs silica sol {Snowte# N-30 (Si02
content: 30 % by weight), manufactured and sold by
Nissan Chemical Industries, Ltd., Japan} so that the
Al/(Si+Al) proportion became 10 mol% and the Mg/(Si+Mg)
proportion became 10 mol%. The resultant solution was
subjected to spray drying by means of a spray dryer at
130 °C, thereby obtaining barticles having an average
particle diameter of 60 pym. The obtained particles were
calcined in air at 300 °C.for 2 hours and subseqﬁently
ét 600 °C for 3-hours,¢thereby obtaining a carrier for a
catalyst. To the obtained carrier were added an aqueous
solution of palladium chloride (15 % by weight) and
sodium chloride (10 % by weight) so that the amount of
palladium chloride contained in the_resultant mixture
became 5 parts by weight in terms of P4, relative to 100
parts by weight of the carrier. The resultant mixture
was stirred at 60 °C for 1 hour, thereby obtaining a
carrier which adsorbed almost all of the palladium
chloride thereon. Thus, a composition Pds'o/SiOZ-Alzoa—
MgoO (hereinafter} frequently referred to as "catalyst

precursor") was obtained.
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Example 79

A 30-liter autoclave was charged with 2 kg of the
catalyst precursor prepared in Referential Example 29,

20 liters of an aqueoué 6 % by weight solution of sodium

"acetate trihydrate, lead acetate in an amount which

corresponds to a lead amount satisfying the Pd/Pb atomic
ratio of 3/1.27 in terms of the ratio of the amount of
palladium in the catalyst precursor to the amount of
lead charged above as the lead acetate, and an aqueous
formaldehyde in an amount such that the.molar ratio of
the formaldehyde to the palladium of the catalyst pre-
cursor became 10/1. The resultant mixture was'stirred
at 90 °C for 1 houf, tﬁereby effecting a reduction |
treatment.of the catalyst precursor under the above
éonditions. The resultant catalyst was analyzed by the:
methods as mentioned above. As a result, it was found
that the catalysf had a Pd/Pb atomic ratio of 3/1.25 and
exhibited a maximum intensity peak at a diffraction
angle (26) of 38.601° in the powder X-ray diffraction
pattern thereof, and that the ratio of the total intens-
ity of two peaks ascribed to metallic palladium 3d
electrons to the intenéity of a peak ascribed to'metal—
lic lead 4£(7/2) electron which is multiplied by 1.75 in
the X-ray photoelectron spectrum of the catalyst was

1/0.49.
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A stainless, external circulation fype bubble
column reactor, which was equipped with a separator for
a catalyst and had a volume of 1.2 liters for a liquid
phase, was charged with 240 g of the catalyst.' A reac-
tion for producing MMA was conducted as folloﬁs. A
36.7 % by weight solution of methacrolein in methanol,
in which lead acetate had been dissolved in an amount
such that the lead concentration of the resultant reac-
tion systemlbecame 20 ppm by weight, and a 2 to 4 % by

weight solution of NaOH in methanol were continuously .

'fed to the reactor at 0.54 liter/hr and at 0.06

liter/hr, respectively (the methacrolein concentration
of the reaction system consisting of the above-mentioned
two different solutions was about 33 % by weight), while
introducing air to fhé reactor so that;the oxygeﬁ'con-
centration at the outlet of the reactor became 4.0 % by
volume (which is equivalent to the oxygen partial pres-
sure of 0.20 kg/cmz), to effect a reaction for producing
MMA. The reactioﬁ ﬁas conducted at a temperature of

2 for 10 hours. The

80 °C under a pressure of 5 kg/cm
concentration of NaOH in the above-mentioned methanol

solution was_controlled so that the reaction system had
a pH of 7.1. The reaction mixture obtained by the above -
reaction was continuously withdrawn by 6verflowing.from '

the outlet of the reactor. Analysis was made with
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respect to the reaction mixture which was withdrawn from
the outlet of the reactor 10 hours after the start of-
the reaction. As a result, it was found that the con-
version of methacrolein was 61.8 %, the seléctivity for
MMA was 91.8 %, and the selectivity for propylene as a
by-product was 1.2 %, and that methyl formate was by-

produced in an amount of 0.046 mol/mol of MMA.

Comparative Example 18

To the carrier obtained in Referential Example 29
were added an aqueous solution of palladium chloride
(15 % by weight) and sodium chloride (10 % by weight)
and an aqueous solution of lead nitrate (13 % by weight)
so that the amounts of palladium chlorideland lead
nitrate contained in the resultant mixture became 5.0
parts by ﬁeight in terms of Pd and 4.2 parts by weight
in terms of PD, resbectively, relative to 100 parts by
weight of the carrier. The'resﬁltant mixture was |
stirred at room'temperature for 1 hour, thereby obtain-
ing a carrier having almost all of the palladium chlo-
ride and lead nitrate adsorbed thereon. Thus, a compo-
sition Pd%-Opb#-2/510,~A1,03-Mg0 (hereinafter, .
frequently referred to as "catalyst precursor") was
obtained. -

A 30-liter autoclave was charged with 2 kg of the
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obtained catalyst precuréor, and an aqueous.formaldehyde
in an amount such that the molar ratio of the formalde-
hydé to the palladium pf the catalyst precursor became
10/1. The resultant mixture was stirred at 90 °C for 1
hour, thereby reducing the palladium chloride and lead
acetate contained in the catalyst precursor.

The resultant catalyst was analyzed by the methods
as mentioned above. As a result, it was found that the
catalyst had a Pd/Pb atomic ratio of 3/1.25 and exhibit-
ed. a maximum intenéity peak at a diffraction angle (20)
of 38.891° in the powdér X-ray diffraction pattern
fhereof, and that the ratio of the total intensity of
two peaks ascribed to metallic palladium 3d electrons to
the intensity of a peak ascribed to metallic lead |
4f(7/2) electron which is multiplied by 1.75 in the Xe
ray photoelectron spectrum of the catalyst precursbr was-
1/0.49.

Using this catalyst, a'reactiqn for producing MMA
was conducted in substantially the same manner as in
Example 79. 10 Hours éfter the start of the reaction,
the reaction mixture withdrawn from the outlet of the
reactor was analyzed. As a result, it was found that
the conversion of methacrolein waé'58.2 %, the selectiv-
ity for MMA was 84.6 %, and the selectivity for propy-

lene as a by-prodﬁct was 6.3 %, and that methyl formate
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was by-produced in an amount of 0.178 mol/mol of MMA.

Comparative Example 19

A catalyst was obtained from the catalyst precursor
prepared in Referential Example 29, in substantially the
same manner as in Examﬁle 79, except that the léad
acetate was used in an amount whiqh corresponds to a
lead émount satisfying the Pd/Pb atomic ratio of 3/1.95
in terms of palladium in the catalyst precursor to the
amount of lead charged as the lead acetate. The ob-
tained catalyst was analyzed by the methods as mentioned
above. As a result, it was found that thé catalyst had
a Pd/Pb atomic ratio of 3/1.92 and exhibited a maximum
intensity peak at a diffraction angle (20) of 38.623° in
the powder X-ray diffr;ction pattern thereof, and that
the ratio of the total intensity of two peaks ascribed.
to metallic palladium 34 electrons to the intensity of a
peak ascribed to metallic lead 4f(7/2) electron which is
multiplied by 1.75 in the X-ray photoelectron spectrum
of the catalyst was 1/1.23.

Using this catalyst, a reaction for producing MMh
was conducted in substantially the same manner as in
Example 79. '10 Hours §fter the start of the reaction,
the reaction mixture withdrawn from the outlet of the

reactor was analyied.- As a result, it was found that
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'the conversion of methacrolein was 57.8 %, the se;ectiv-

ity for MMA was 87.3 % and the selectivity for propylene
as a by-product was 1.9 %, and that methyl formate was

by-produced in an amount of 0.213 mol/mol of MMA.

Comparative Example 20

A catalyst was obtained from the catalyst precursor
prepared in Referential Example 29, in substantially the
same manner as in Example 79, except that the lead
acetate was used in an amount which corresponds to a
lead amount satisfyiné the Pd/Pb atomic ratio of 3/1.55
in terms of the ratib of the amount of palladium in the
catalyst precursor to the amount of lead charged as the
lead acetate, and that the sodium acetate trihydrate was
not used. The obtained catalyst was analyzed by the
methods as mentioned above. As a result, it was-foﬁnd
that the catalyst had a P4d/Pb atomic ratio of 3/1.58 and
exhibited a maximum infensity peak at a diffraction
angle (206) of 38.750° in the powder X-ray diffraction
pattern thereof, and that. the ratio of.the total intens-
ity of two peaks ascribed to metallic palladium 3d
electrons to the intensity of a peak ascribed to metal-
lic lead 4£f(7/2) electron which is multiplied by 1.75 in
the X-ray photoelectfon spectrum of the catalyst was

1/0.75.
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Using this catalyst, a reaction for producing MMA
was coﬁducted in substantially the same manner as in
Example 79. 10 Hours after the start of the reaction,
the reaction mixture withdrawn from the outlet of the
reactor was analyzed. As a result, it was found that
the'conversion of methacrolein was 57.8 %, the selectiv-
ity for MMA was 85.3 % and fhe selectivity for propylene
as a by-product was 5.1 %, and that methyl férmate was

by-produced in an amount of 0.129 mol/mol of MMA.

Example 80

A 30-liter autoclave was charged with 2 kg of the
catalyst precursor prepared in Referential Example 29,
20 liters of an aqueous 6 % by weight solution of sodium
acetate trihydrate and lead nitrate in an amount which
corresponds to a lead amount satisfying the Pd/Pb atomic
ratio of 3/1;19 in terms of palladium in the catalyst
precursor to the amount of lead charged above as the
lead acetate. The resultant mixture was stirred at
200 °C for 1 hour, while feeding a nitrogen gas contain-
ing 2 % by volume of hydrogen to the reactor at 5 N
liters/min, thereby effecting a reduction treatment of
the catalyst precursor under these conditions. The
resultant catalyst was analyzed by the methods as men-

tioned above. As a result, it was found that the cata-

This Sheet Has Been Reﬂlaced

REPLACED

THIS SHEET HAS BEEN |




10

15

20

25

298

lyst had a Pd/Pb atomic ratio of 3/1.18 and exhibited a
maximum intensity peak at a diffraction angle (28) of
38.697° in the powder X-ray diffraction pattern thereof,
and that the ratio of the total intensity of two peaks
ascribed to metallic palladium 3d electrons to the
intensity of a peak ascribed to metallic lead 4£(7/2)
electron which is multiplied by 1.75 in the X-ray photo-
electron spectrum of the catalyst was 1/0.72.

Using this catalyst, a reaction for'producing MMA
was conducted in substantially the same manner as in
Example 79. 10 Hours after the start pf the reaction,
the reaction mixture withdrawn from the outlet'of the
reactor was analyzed. As a result, it was found that
the conversion of methacrolein was 55.2 %- the selectiv-
ity for MMA was 88.6 % and the selectivity for- propylene
as a by~ product was 2. 3 %, and that methyl formate was

by-produced in an amount of 0.104 mol/mol of MMA.

Referential Example 30

1,000 g of a silica gel (Cariact 10, manufactured

and sold by Fuji Silysia Chemical, Ltd., Japan) was

added to 2,000 ml of an aqueous solution containing

50.3 g of potassium acetate, and the resultant mixture
was stirred on a boiling water bath to thereby impreg-

nate the silica gel with the aqueous potassium acetate
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solution, followed by drying. The resultant dried
substance was calcined at 500 °C for 3 hours to thereby
obtain a calcined substance. On the other hand, 500 ml
of an aqueous'solution containing 83 g of palladium
chloride and 28 g of sodium chloride was added to an
agqueous solution containing 34 g of lead nitrate, and to
the resultant mixture was added water in an amount such
that the total volume became 10 liters. To the resuit-
ant mixture was added the above-obtained calcined sub-
sténce; and the resultant mixture was stirred at room
temperature for 2 hours, thereby obtaining a catalyst
precursor having suppdrted thereon palladium chloride,
lead nitrate and potassium acetate in amounts of 5.0
parts by weight in terms of Pd, 2.13 parts by weight in
terms of Pb and 2.0 parts by weight in terms of K,
respectively, relative to 100 parts by weight of the
silica gel. The obtained catalyst precursor was ana-
lyzed by the method as mentioned above. As a result, it
was found that the'catalyst precursof had a P4/Pb atomic

ratio of 3/0.66.

Examples 81 to 85

Catalysts, which were individually obtained by
subjecting the catalyst precursor prépared in Referen-

tial Example 30 to reduction treatment under reduction
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conditions indicated in Table 10. The obtained cata-
lysts were analyzed by the methods as mentioned above.
Further, using the obtained catalysts, reactions for
producing MMA were individually conducted in substan-
tially the same manner”as in Example 79; The P4d/Pb
atomic ratio each of the catalysts, the diffraction
angle (28) for a maximuﬁ intensity peak in the powder X~
ray diffraction pattern of each of the catalysts, and
the ratio of the total intensity of two peaks ascribed
to-metailic palladium 3d electrons to the intensity of a
peak ascribed to metallic lead 4f(7/2) electron which is
multiplied by 1.75 in the X-ray photoelectron spectrum
of each:of the catalysts are shown in Table 10 below,
together with the respéctive results of analyses of the
reaction mixtures obtained 10 hours after tﬁe start of

the MMA-producing reactions.
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Iable 10 -

a peak ascribed to metallic lead 4f (7/2) electron which is multiplied by 1.75 in the X-ray photoe

spectrum.

Examples Conditions for activation- Activated catalyst Conver-iSelec~ [Selec- |Amount of
- sion of Jtivity |[tivity [methyl
Reduc- |Reduc- [Pd/Pb Tem- |Pe- Fatty acid |[Pd/Pb |Diffrac- |Intensity|metha- |for for pro-|formate
tant tant/Pd| (added pera-jriod atomicftion angle|ratio of |crolein (2) pylene [|produced
/sol- |molar lead) ture ((hr)| Type JAmount |ratio |(28) for eaks (2) (2) (mol /mol
vent |ratio atomic (°C) (2 bK maximum - |(metallic of MMA)
: ratio(*1) weight) intensity |Pd/metal-
) ) peak lic Pb)*2
Example hydra- 3.0 3/0.20 80 4 - - 3/0.86 38.697° 1/0.66 57.6 89.6 2.4 0.053
81 zine
[water
Example |sodium 5.0 3/0.49 90 1 sodium| 10° 3/1.15 38.591° 1/0.53 61.1 91.3 1.2 0.062 -
L formate ace- i 1
Jwater tate
Example [aqueous| 2.1 3/0.53 90 | 2 {propi- 5 3/1.19] 38.633° | 1/0.44 62.3 90.1 1.1 0.042
83 formal- onic
dehyde acid . ’
[water tate
Example [aqueous| 1.0 3/0.46 160 | 0.5]acetic 4 3/1.12} 38.621° | 1/0.37 61.8 91.1 0.9 0.044
84 formal- ) acid _
dehyde
/metha-
nol
Example |agqueous| 10.0 3/0.61 90 1 |magne- 4 3/1.27 38.591° 1/0.42 62.9 91.2 1.1 0.051
85 formal-| - sium ]
dehyde ace-
Jwater tate
Note: *1) The Pd/Pb atomic ratio represents an atomic ratio of the palladium of the catalyst intermediate to the lead
of the lead acetate monohydrate added to the reaction system. '
*2) Ratio of the total intensity of two peaks ascribed to metallic palladium 3d electrons to the intensity of

lectron
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Example 86

A 30-liter autoclave was charged with 2 kg of the'-
catalyst precursor prepared in Referential Example 30
and 20 liters of an aqﬁeous 10 % by weight solution of
sodium acetate trihydrate. The resultant mixture was
stirred at 90 °C for 1 hour. The resultant mixture was
analyzed, and found to contain lead ions in a concentra-
tion of 750 ppm by weight. Subsequently, to the mixture
were further added lead acetate in the amount which
corresponds to a supplementary lead amount necessary for
dhanging the P4d/Pb atomic ratio (3/0.66) of the catalyst
precursor to 3/1.28 and an aqueous formaldehyde in an
amount such'that the mélar ratio of the formaldehyde to
the palladium of the catalyst precursor became 5/1. -The
resultant mixture was stirred at 90 °C for 1 hour, to
thereby effect a reduction treatment of the catalyst
precursor under the above conditions. The resultant
catalyst was analyzed'by the methods as mentioned above.
As a result, it was found that the'catalyst had a P4/Pb
atomic ratio of 3/1.27 and exhibited a maximum intenSity
peak at a diffraction angle (26) of 38.610° in the
powder X-ray diffractian pattern thereof, and that the
ratio of the total intensity of two peaks ascribed to
metallic palladium 3d electrons to the intensity of a

peak ascribed to metallic lead 4£(7/2) electron which is
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multiplied by 1.75 in the X-ray photoelectron spectrum
of the catalyst was 1/0.39.

_Two stainless, external circulation type bubble
column reactors each as used in Example 79 (each of
which reactors was equipped with a separator for a
catalyst and had a volume of 1.2 liters for.a liquid
phase), were connected :to provide a first stage reactor
and a second stage reactor which were connected in
series. Each of the first stage and second stage reac-
tors was charged with 240 g of the above-obtained cata-
lyst. Then, a series of reactions for producing MMA was
conducted as follows. A 36.7 % by weight solution of
methacro;ein'in methanol, in which lead acetate had been
dissolved so that the lead concentration of the result-
ant reaction system became 20 ppm by weight, and a 2 fo
4 % by weight solution :of NaOH in methanol were continué-
ously fed to the first stage reactoi at 0.54 liter/hr
and at 0.06 liter/hr, fespeétively (the methacrolein
concentration of the reaction system consisting of the
above-mentioned two different solutions was about 33 %
by weight), while introducing air to the first stage
reactor so that the oxygen concentration at the outlet
of the first.stage reactor became 4.0 % by volume (which
is equivalent to the oxygen partial pressure of

0.20 kg/cmz), to effect a reaction for producing MMA.
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The reaction was conducted at a tempefature of 80.°C
under a pressure of 5 Eg/cmz. The resultant reaction
mixture containing the catalyst was continuously with-
drawn by overflowing from the outlet of the first stage
reactor and transferred to a liquid phase-solid phase
separation zone, where a separation between the gétalyst-
and the reaction mixture was effected. The separéted
catalyst was returned to the first stage reactor. The
separated reaction mixture and a 2 to 4 % by weight
solution of NaOH in methanol were fed to the second
stage feactor at 0.6 1iter/hr and at 0.06 liter/hr,
respectively. A gaseous phase withdrawn from the first
stage reactor was fed to the second stage reactor while
introducing fresh air to the second sfage reactor so
fhat the oxygen concentration at the outlet of the
second stage reactor became 2.2 % by volume (ﬁhich is
equivalent to the oxygen-partial pressure of

0.11 kg/cmz), to effect a reaction for producing MMA.
The reaction was conducted at a temperature of 80 °C
under a pressure of 4.6 kg/cmz. The concentration of
NaOH in the methanol solution fed to each of the first
stage and second stage reactors was controlled so that
the reaction system in each reactor had a pH of 7.1.
The reaction mixture obtained in the second stage reac-

tor was continuouély withdrawn by overflowing from the
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outlet of the second stage reactor. Analysis was.made
with respedt to the reaction mixture which was withdrawn
from the outlet of the second stage reactor 10 hoﬁrs
after the start of the two-stage reaction. Aé a result,
it was found that the qonversion of methacrolein was
84.9 %, the selectivitj for.MMA was 91.4 %, and the
selectivity for propylene as a by-product was 1.1 %, and
that methyl formate was by—producéd in an amount of

0.045 mol/mol of MMA.

Example 87

A composition comprising a silica gel (Cariact 10,
manufactured and sold by Fuji Silysia Chemical, Ltd.
Japan) having supporteq thereon {PAd(NH3)41}Cly in an
amount of 5.0 parts by-weight in terms of palladium,
relative to 100 parts by weight of the silica gel, was
obtained in substantially the same mahner as in Example
36 (hereinafter, the obtained composition is frequently
referred to simply as "catalyst precursor"). The cata-
lyst precursor was subjected to reduction treatment in
substantially the same manner as in Example 79, except
that the reduction treatment was conducted under condi-
tions such that lead.aqetate and thallium acetate were
present in amounts of 3.96 parts by weight in terms of

lead and 0.11 parts by weight in terms of thallium,
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respectively, based on 105 parts by weight of the-cata-
lyst precursor, insteéd of the lead acetate employed'in
the amount as described in Example 79. The resultant
catalyst (Pds'OPb3'96Tlo'11/SiOZ) was analyzed by the
methods as mentioned above. As a result, it was found
that the catalyst obtained had a Pd/Pb atomic ratio of
3/1.21 and exhibited a maximum intensity peak at a
diffraction angle (26) of 38.620° in the powder X-ray
diffraction pattern thereof, and that the ratio of the
total intensity of two peaks ascribed to metallic pal-
ladium 3d electrons ta the intensity of a peak ascribed
to metallic lead 4£(7/2) electron which is multiplied by
1.75 in the X-ray photoelectron spectrum of the catalyst
was 1/0.47.

Using 200 g of the catalyst, a reaction for prdduc-'
ing MMA was conducted in substantially the same manner
as in Example 79, except thét lead acetate was added to
the solution of methacrolein in methanol so that the
lead concentration of the resultant feaction system
became 10 ppm by weight. Analysis was made with respect
to the reaction mixture which was withdrawn from the
outlet of the reactor 10 hours after the start of the
reaction. As a result, it was found that the conversion
of methacrolein was 62.4 %, the selectivity for MMA was

91.2 %, and the selectivity for propylene as a by-pro-
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duct was 1.2 %, and that methyl formate was by-produced

in an amount of 0.042 mol/mol of MMA.

Example 88

A composition (Pd5-°Mg2*°/A1203) was prepared in
substantially the same manner as in Example 37, except
that the lead nifrate and the bismuth nitrate were not
used (hereinafter, the obtained composition is frequent-
ly referred to simply as "catalyst precursor"). The
obtained catalyst precursor was subjected to reduction
treatment in substantially the same manner as in Example
79, except that lead nitrate and bismuth nitrafe wére
used in amounts which éespectively cérreépond to a léad
amount and a bismuth amount which satisfy the Pd/Pb/Bi
atomic ratio of 3/2.7/0.23 in terms 6f the ratio of the
amount -of palladium in the catalyst precu:sof to the
amounts of lead and bismuth charged as the lead nitrate -
and bismuth nitrate, respectiﬁely, instead of only the
lead acetate emplo&ed in the amount as described in
Example'79. The resultant catalyst had a composition of
Pd5°°Pb2'7Bi°'23Mg2'o/A1203. The catalystIWas analyzed
by the methods as mentioned above. As a result, it was
found-that the catalyst had a Pd/Pb atomic ratio of
3/1.24 and exhibited a maximum intensity peak at a

diffraction angle-(ze) of 38.612° in the powder X-ray
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diffraction pattern thereof, and that the ratio of the
total intensity of two peaks ascribed to metallic pal-
ladium 3d electrons to the intensity of a peak ascribed
to metallic lead 4£(7/2) electron which is multiplied by
1.75 in the X-ray photoelectron spectrum of the catalyst
was 1/0.52.

ﬁsing this catalyst, a reaction for producing MMA
was conducted in substantially the same manner as in
Example 87. Analysis was made with respect to the
reaction mixture which was withdrawn from the reactdr 10
hours after the start of the reaction. As a result, it
was found that the conversion of methacrolein was
60.3 %, the selectivity for MMA was 90.5 %, and the
selectivity for propylene as a by-product was 1.2 %, and
that'methyl formate was by-produced in an amount of

0.052 mol/mol of MMA.

Example 89

A reaction for producing methyl acrylate (MA) was
conducted in substantially the same manner as described
in Example.88, except that the catalyst obtained in
Example 86 was used and that acrolein was used instead
of the methacrolein. Analysis was made with respedt to
the reaction mixtﬁre which was withdrawn from the outlet

of the reactor 10 hours after the start of the reaction.
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As a result, it was found that the conversion of acro-

lein was 58.4 %, the sélectivity for MA was 92.4 %, and
the selectivity for ethylene as a by-product was 1.0 %,
and that methyl formate was by-produced in an amount of

0.042 mol/mol of MA.

Example 90

Substantially the same procedure as conducted for
activating the catalyst intermediate (which had been
prepared in Referéntial Example'S) in Example 39 was
repeated, except that 5 nitrogen gas containing 8 % by
volume of isobutene gés was used instead of the nitrogen
gas containing 8 ¥ by volume of methanol gés, and that
the reduction treatment under flowing of the isobutene
gas-containing nifrogen gas was conducted at 300 °C, to -
thereby obtain an activated Catalyst. The obtained
activated catalyst had a P4d/Pb atomic ratio of 3/1.28
and eghibited a maximum inténsify peak at a diffraction
angle (286) of 38.618° in the powder X-ray diffraction
pattern thereof, and tﬂe ratio of the total intensity of
two peaks ascribed to metallic palladium 34 electrons to
the intensity of a peak ascribed to metallic lead
4£(7/2) electron which is multiplied by 1.75 in the X-
ray photoelectron spectrum of thé activated cétalyst was

1/0.351.
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Using the activated catalyst, a reaction for pro-
ducing MMA was conducted in substantially the same
manner as in Example 39. Analysis was made with respeét
to the reaction mixture withdrawn from the outlet of the
reactor 10 hours-after_the start of the reaction. As a
result, it was found tﬁat the conversion of methacrolein
was 61.0 %, the selectivity for MMA was 91.1 %, and the
selectivity for propylene as a by-product was 1.1 %, and
that methyl formate was by-produced in an amount of

0.050 mol/mol of MMA.

Example 91

Substantially the same procedure as conducted for
preparing a catalyst intermediate and activating'the
prepared catalyst intermediate in Examplé 43 was:reﬁeat—
ed, except that a nitrogen gas containing 8 % by volume
of isobutene gas was used instead of the nitrogen gas
containing 8 % by volume of methanol gas, and that the
reduction treatment under flowing of the isobutene gas-
containing nitrogen gas was conducted at 300 °C, to
thereby obtain an activated catalyst. Analysis was made
with respect to the obtained activated catalyst. As a
result, it wés found tpat the activated catalyst had a
Pd/Pb atomic ratio of 3/1.31 and exhibited a maximum

intensity peak at a diffraction angle (20) of 38.623° in
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the powder X-ray diffraction pattern thereof, and-that
the ratio of the total intensity of two peaks ascribed
to metallic palladium 3d electrons to the intensity of a
peak ascribedlto metallic lead 4£f(7/2) electron which is
multiplied by 1.75 in the X~-ray photoelectron spectrum:
of the activated catalyst was 1/0.308.

Using the activated catalyst, a reaction for pro-
ducing MMA was conducted in substantially the same
manner as in Example 45. Analysis was made with respéct
to- the reaction mixture withdrawn from the outlet of the
reactor 10 hours after the start of the reaction. As a
result, it was found that the conversion of methacrolein
was 61.8 %, the selectivity for MMA was 90.1 %, and the
selectivity for propylene as a by-product was 1.1 %, and
thaf methyl formate was by-produced in an amount of

0.051 mol/mol of MMA.

Example 92

Substantially the.same procedure as in Referential
Example 2 was repeated, except that the aqueous solution
of lead nitrate was not used, to thereby obtain a cata-
lyst intermediate containing the carrier having adsorbed
thereon 5.0 parts by weight of palladium, relative to
100 parts by weight of the carrier. Thereafter, sub-

stantially the saﬁe procedure for the activation treat-
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ment of the obtained catalyst intermediate as in Example
7 was repeated, except that the amount of the lead
acetate trihydrate used was changed to 90.5 g, and that
the period for the acti&ation treatment was changed to
100 hours, to thereby obtain an activated catalyst. The

obtained activated catalyst had a Pd/Pb atomic ratio of

- 3/0.96 and exhibited the maximum intensity peak at a

diffraction angle (28) of 38.688° in the powder X-ray
diffraction pattern thereof.
Using the activated catalyst, substantially the

same procedure for producing MMA as in Example 7 was

' - repeated, and analysis was made with respect to the

reaction mixture which was withdrawn from the outlet of
the reactor 10 hours after the start of the reaction.
As a result, it was found that the conversion of metha-
crolein.was 58.2 %, the .selectivity for MMA was 90.1 %,
and the selectivity for propylene as a by-product was
2.03 %, and that methyl formate was by-produced in an

amount of 0.058 mol/mol of MMA.

Example 93 -

Substantially the same procedure for the activation
treatment of the catalyst intermediate as in Example 1
was repeated, except that the lead acetate was added to

the reaction system for effecting the activation treat-
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‘ment so that the lead concentration of the reactiqn

system became 200 ppm, and that the period for the
activation treatment was changed to 200 hours, to there-
by obtain an activated catalyst. The obtained activated
catalyst had a P4d/Pb atomic ratio of 3/0.94 and exhibit-
ed the maximum intensity peak at a diffraction angle
(20) of 38.693° in the ‘powder X-ray diffraction pattern
thereof.-

Using the activafed catalyst, substantially the
same procedure for producing MMA as in Example 7 was
repeated, and analysis was made with respect to the
reaction mixture which was withdrawn from tﬁe outlet of
the reactor 10 hours after the start of the reaction.
As a result, it was fognd that the conversion of metha-
crolein was 57.8 %, the selectivity for MMA was 89.7 %,
and the selectivity for propylene as a by—prodﬁct ﬁas
2.35 %, and that methyl formate was by-produced in an

amount of 0.054 mol/mol of MMA.
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INDUSTRIAL APPLICABILITY

When a process for producing a carboxylic ester.
from an aldehyde, an alcohol and molecular oxygen is
conducted in the preéénce of a catalyst which comprises
a carrier having supported thereon palladium and lead
in a Pd/Pb atomic ratio (S) of 3/0.7 < S < 3/1.3,
exhibiting a maximum intensity peak at a diffractioﬁ
angle (20) in the range of from 38.55° to 38.70° in a
powder X-ray diffraction pattern thereof, wherein the
peak is ascribed to the (111) crystal face diffraction
of a Pd-Pb intermetallic compound, a desired carboxylic
ester can be produced with high selectivity, while
suppressihg the formation of by-products, even when the
production is conducted under economically advanta-
geous but severe reaction conditions, namely, under
high reaction temperature'and high aldehyde concentra-

tion conditions. Further, the catalyst of the present-

" invention exhibits high mechanical strength and high

water resistance. Furthermore, in the continuous
production of a cafboxylic ester using the catalyst of
the present invention, stabilization of the catalyst
can be effectively pefformed to'thereby achieve a
prolonged cafalytic life, so that a desired carboxylic
ester can be produced with_high efficiency and in high

yield for a prolonged period of time. The commercial
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value of the catalyst of the present invention is-very

high.
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CLAIMS

1. | A catalyst for use in producing a carboxylic ester
from an aldehyde, an alcohol and molecular oxygen,
which comprises a carrier having supported thereon
palladium and lead in a P4d/Pb atomic'rafio (S) of 3/0.7
< S g 3/1.3, |

said catalyst exhibiting a maximuﬁ intensity peak
at a diffraction anglé (206) in the range.of from 38.55°
to 38.70° in a powder X-ray diffracfion pattern there-
of; wherein said peak is ascribed to the (1l1l1l) crystal

face diffraction of a Pd-Pb intermetallic compound.

2. The catalyst according to claim 1, exhibiting, in
a spectrum obtained from said catalyst by X-ray photo-
electron spectroscopy, a ratio of from 1/0.2 to 1/0.7
in terms of the {Pde(3/2)+Pd3d(5/2)}/{Pb4f(7/2)x1.75}-
ratio of the sum of respective intensities of two'peaks
respectiveiy asdribed to the 34(3/2) electron and the
3d(5/2) electron of metallic palladium to the intensity
of a peak ascribed to the 4f(7/2) electron of metallic

lead which is multiplied by 1.75.

3. The catalyst according to claim 1 or 2, wherein
said carrier is an aluminum-containing silica composi-

tion comprising silica and alumina, which has an alumi-
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num proportion of from 1 to 30 mol.%, based on the
total molar amount of silicon and aluminum in said

composition.

4. The catalyst according to claim 1 or 2, wherein
said carrier comprises a silica-alumina-magnesia dompo-
gition having silicon, aluminum and magnesium propor-
tions of from 42 to 90 mol.%, from 5.5 to 38 mol.%, and
from 4 foi38 mol.%, respectively, based on the total
mdlar amount of said silicon, said aluminum and said .

magnesium.

5. The catalyst according to claim 1 or 2, wherein
said carrier comprises a crystalline metallosilicate
which, in the anhydride state and on'a molar basis, has

a composition represenfed'by the following formula (1);
XM2/n0 ¢ y Si02 ¢ Rz/wo ) (1)

wherein:
M represents at least one cation having
the valence of n;
R represents at least one metal having
the valence of w, which is selected.from

metals belonging to Groups IB, IIB,
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IIIA, II1IB, iVA, IvB, VA, VB, VIB, VIIB_
and VIII of the short-form Periodic
Table;

n is 1 or 2;

w is an integer of from 1 to 4;

x = 0.3 # 0.1; and

0.5 g ¥y g 500.

6. A method for producing a catalyst Qf claim 1,
which comprises subjecfing a catalyst precursor com-
prising a carrier having supported thereon a reducible
palladium compound or a mixture of a reducible palladi-
um compqund and a reducible lead compound to a reduc-
tion treatment with a reducing agent in a solvent in
the presence of lead ions and at least one compouhd
selected from the group consisting-of a C1-Cg fatty
acid, an alkali metal salt and an alkaline earth metal

salt.

7. The method according to claim 6, wherein said
reducible palladium compound is at least one salt
selected froh palladium salts of organic acids and
inorganic acids, and said reducible lead compound is at
least one salt selected from lead salts of organic

acids and inorganic acids.



10

15

20

25

%* [ L M 1] *

319

8. The method according to claim 6 or 7, wherein said
alkali metal salt is an alkali metal salt of a C;-Cjy
fatty acid, and said alkaline earth metal salt is an

alkaline earth metal salt of a Cy-Cg fatty acid.

9. The method according to any one of claims 6 to 8,
wherein said feducing-agent comprises at least one
member selected from the group consisting of formalde-
hyde, formic acid, hydrazine, methanol and molecular

hydrogen.

10. The method according to any one of claims 6 to 9,
wherein said solvent comprises at least one member
selected from the group consisting of water and an

alcohol.

11. A mefhod for producing a catalyst of claim.l,
which comprises subjecting a catalyst intermediate
comprising a cé:rier having supported thereon palladium
or a mixture of palladium and lead in a P4/Pb étomic
ratio (S) of 3/0 £ S ¢ 3/10 to a reduction treatment
with a reducing agent in the presence of lead ions in a

solvent.

12. The method according to claim 11, wherein said
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reduction treatment is conducted in the presence of at
least one compound selected from the group consisting
of a C,-Cy fatty acid, an alkali metal salt of a C{-Cg
fatty acid and an alkaline earth metal salt of a C;-Cjy

fatty acid.

13. The method according to claim 11 or 12, wherein

said reducing agent comprises at least one member

selected from the group consisting of formaldehyde,

formic acid, hydrazine, methanol and molecular hydro-

gen.

14. The method according to any one of claims 11 to

13, wherein said solvent comprises at least one member

. selected from the group.consisting of water and an

alcohol.

15. A method for producing a catalyst of claim 1,
which comprises oxidizing a dafalyst intermediate
comprising a carrier having supported thereon palladium
and lead in a Pd/Pb atomic ratio (S) of 3/0.7 £ S g
3/1.3 with a gaseous oxidizing agent and subsequently
reducing the resultant_oxidized catalyst intermediate
with a gaseous reduciné agent, whérein a sequence of

the oxidation and'the reduction is conducted at least
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once.

16. The method according to claim 15, wherein said

gaseous oxidizing agent comprises molecular oxygen.

17. The method according to claim 15 or 16, wherein
said gaseous reducing agent comprises at least one
member selected from methanol gas, molecular hydrogen

and C,-C, olefin gas.

18. A method for producing a catalyst of claim 1,
which comprises oxidizing a catalyst intermediate -
comprising a carrier having supported théreon palladium
and lead in a Pd/Pb atomic ratio (S) of 3/1.3 < S g
3/10 with a gaseous oxidizing agent and subsequently

reducing the oxidized catalyst intermediate with a

'gaseous reducing agent, wherein a sequence of the

oxidation and the reduction is conducted at least once;
and, subsequent to said sequence of the oxidation and
the reduction which séquence is conducted at least
once, treating the resultant catalyst intermediate with
a solution of at least one compound selected from the
group consisting of a C;-Cg fatty acid, an alkali metal
salt of a C;-Cg fatty acid and an alkaline earth metal

salt of a C1-Cg fétty acid in a solvent.
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19. The method according to claim 18, wherein said

gaseous oxidizing agent comprises molecular oxygen.

20. The method according to claim 18 or 19, wherein
said gaseous reducing agent comprises at least one
member selected from methanol gas, molecular hydrogen

and C,-C4 olefin gas.

21. The method according to any one of claims 18 to
20, wherein said_sblvent comprises at least one member
selected from the group consisting of water and an

alcohol.

22. A method for producing a catalyst of claim 1,
which comprises tréating a catalyst intermediate com-
prising a carrier having supported thereon palladium
and lead in a Pd/Pb atomic ratio (S) of 3/2.5 ¢ S g
3/10 with a solution of at least one compound selected
from the group consisting of a C;-Cg fatty acid, an
alkali mefal salt of a C;-Cg fatty acid and an alkaline

earth metal salt of a C,1-Cs fatty acid in a solvent.

23. The method according to claim 22, wherein said
solvent comprises at least one member selected from the

group consisting of water and an alcohol.
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24. A method for producing the catalyst of claim 1,
which comprises réacting;'in a reactor, a catalyst
intermediate comprising a carrier having supported
thereon palladium or a mixture of palladium and lead in
a Pd/Pb atomic rafio (S) of 3/0 ¢ S ¢ 3/10 with an
alcohol or a mixture of an alcohol and an aldehyde in
the presence of lead ions, wherein said reaction is
conducted under conditions such that the partial pres-
sure of oxygen at the outlet of the reactor is from O

to 0.8 kg/cm?.

25. A method for'producing the catalyst of claim 2,

- which comprises reacting, in a reactor, a catalyst

intermediate comprising a carrier having supported
thereon palladium or a ﬁixture of palladium and léad in
a Pd/Pb atomic ratio (S) of 3/0 ¢ S g 3/10 with én
alcohol or a mixture of an alcohol and an aldehyde in
the presence of lead ions, wherein said reaction_is
éonductéd'under conditions such that the partial pres-
sure of oxygen at the outlet of the reactor is from O

to 0.4 kg/cm?.

26. A method for producing the catalyst of claim 2,

which comprises réacting, in a reactor, the catalyst of
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claim 1 with an alcohol or a mixture of an alcohol and
an aldehyde in the preéence of lead ions, wherein said
reaction is conducted under conditions such that the
partial pressure of oxygen at the outlet of the reactor

is from O to 0.8 kg/cmz.

27. A method for continuously producing a carboxylic
ester,.which comprises cbntinuoﬁsly reacting an alde-
hyde, an alcohol and nmiolecular oxygen in a reactor in
the presence of the catalyst of any one of claims 1 to
5, while adding to the'reactor a substance capable of
forming lead ions in a reaction system comprising said

aldehydg,.said alcohol and said molecular oxygen.

28. The method according to claim 27, wherein said
continuous reaction is conducted under conditions such
that fhe partial pressure of oxygen at the outlet of

the reactor is-C.B kg/cm2 or less.

29. The method according to claim 27 or 28, wherein

said molecular oxygen is in the form of air.

30. A method according to any one of claims 27 to 29,

wherein said aldehyde is selected from fhe group con-

sisting of methacfolein, acrolein and a mixture there-
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of, and said alcohol is methanol.

T .-



