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SPECIFICATION

CATALYST AND PROCESS FOR THE PREPARATION OF AROMATIC
CARBONATES

Technical Field |

The present invention relates to specific catalysts and a process for
the preparation of aromatic carbonates by reacting an aromatic hydroxy
compound with carbon monoxide and oxygen in the presence of said

catalyst. ' S,

Background Art

The aromatic carbonate represented by dlphenyl carbonate is a
useful compound as the raw material for polycarbonate, or the like. "Asa
process. for preparmg an aromatic carbonate the process in which an
aromatic hydroxy compound is made to react with phosgene has been
conventlonally used. However, this process has many troubles as an

~ industrial production method since phosgene is strongly toxic, and further -

the process produces a large amount of byproducts consisting of inorganic

salts. In these circumstances, several methods which produce'aromatic

" carbonates without using phosgene have been proposed.

For example, JP-B 56-38144 (JP B means Japanese exammed
patent publication) describes a method in which phenol is m_ade to react

with carbon monoxide by using a compound containing a metal of the
groups of A, IVA, VA, VIA, 1B, IB, IVB, VB, VIB, VIB or VB in the

periodic table and a base in the presence of a paradium catalyst. Further,
JP-B 56-38145 discloses a method using a palladium compound, a

‘manganese complex or a cobalt complex, a base, and a drjing agent; JP-A

1-165551 (JP-A means Japanese unexamined patent pubhcatlon) discloses
a method using a palladlum compound, an iodine compound and zeohte,

JP-A 2-104565 discloses a method using a palladium compound, a

manganese compound, a tetraalkylammonium salt and a quinone; JP-A 5-
58961 discloses a method using a mixture consisting of a palladium

compound, an inorganic compound selected from cobalt, iron, cerium,
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' manganese, molybdenum, samarium, vanadium, chromium and copper, a

prometor selected from an aromatic ketone, an aliphatic ketone and an
aromatic polycyclic coal tar hydrocarbon, and a quaternary ammonium salt;
JP-A 6-9505 discloses a method nsing a palladium compound, a cerium.
compound, a quaternary- ammonium salt, etc.; JP-A 6-41020 discloses a
method using a palladlum compound, an inorganic promotor selected from
manganese, cobalt and copper, and a nitrile compound; JP-A 6-172268
discloses a method using a palladium compound, a penta coordinated
complex of cobalt, a qnaternary ammonium salt, etc.; JP-A 6-172269
dlscloses a method using a palladium compound, an inorganic promotor'
selected from cobalt, manganese and copper, and an organic cocatalyst such
as a quaternary ammonjum salt or terpyridine; JP-A 7-10812 discloses a

~method using a palladium compound, cerium compound and an alkali metal.

halide; JP-A 7-145107 discloses a method using a palladium compound, a
manganese compound and an alkali metal halide; JP-A 8- 92168 discloses a
method using a palladium: compound, an alkali metal halide and an
activated carbon; JP-A 8-99935 discloses a method using a palladinm
conipound, a lead compound, a quaternary ammonium halide salt and a
copper compound; JP-A 8-281108 discloses a method performing the
reaction using a catalyst consisting'of a platinum group metal compound.
carried on a support containing an oxide of a metal of Ti, V, Mn, Cr, Fe, Co,
N1 Cu, La, Nb, Mo or Pb, a rare earth metal or an actinide in the presence
of a cocatalyst such as a manganese salt or a cobalt salt, a quaternary
ammonium or phosphomum salt, and a base; JP-A 8- -281114 discloses a
method performing the reaction using a sup'ported catalyst carrying a
platinuxn group metal compound and a metal compound acting as a

‘cocatalyst on a known support in the presence of a quaternary ammonium

~ or phosphonium salt, and a base; and JP-A 8-283206 discloses a method
~ using a platinum group metal compound, a cocatalyst such as a manganese

salt or a cobalt salt, a quaternary salt 'and, a base, and further 'additionally

using an inhomogeneous promotor such as a metal oxide, a carbide, a

nitride or a boride, and so forth. _
As mentioned above, for a conventional catalyst system which
produces an aromatic carbonate by reacting an aromatic hydroxy cc_nnpound
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w1th carbon monoxide and molecular oxygen, it is essentlal to use an
expenswe compound of a platinum group metal such as palladium and a
redox agent such as a manganese, cobalt or cerium metal compound in the
presence of a promotor such as a quaternary ammonium salt, and further
an expensive additive such as a base, a ligand, hydroquinone or quinone is
used. Therefore; this not only makes the reaction system complicated and
the separation of the aromatic carbonate of the reaction product from the
catalyst components difficult, but also the selectivity of the reaction is not
always sufficiently high, and the purification is also difficult. In addition,
the yield is insufficient, and in order to increase the react1on rate the total
pressure is kept at relatively high level. An explosive ‘mixed gas being
poss1bly formed during operation, it is necessary to pay sufficient care on its

composition, and thus the conventional method has safety problems '

Problems to be Solved by the Invention

Heretofore, a supported catalyst enabling the economlcal efficient
production of an aromatic carbonate by reacting an aromatic hydroxy
compound with carbon monoxide and oxygen therefore has not been found.
The object of the present 1nvent1on is to find a supported catalyst capable of
exh1b1t1ng hlgh activity and selectivity which enables the economical
efficient production of an aromatic carbonate by reacting an aromatic
hydroxy compound with carbon monoxide and oxygen, and a method for
producing the aromatic carbonate by usmg the catalyst

Disclosure of the Invention

The inventors of the present invention had pursued studies
zealously to find the component of a support having said functions, and they
not1ced a perovskite-type composrte oxide, found a composition extremely
effective as the component of support of the present invention out of
compos1t10ns of perovskite-type. comp031te oxide and completed the present'
1nvent10n ,
 That is, the present invention proposes a catalyst carrying a
palladium metal or compound on a perovskite-type composite oxide

represented by the following formula (1) or (1’):
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MaoM:M Oy, -+ (1)
(wherein, M is a group B metal; x is a number of 0 to 1; M is a metal
havmg an ionic radius of 0.90 A or more; M?” is Mn, Cr, Co, Fe, Ni or Cu; y is
a nu,mber of 2.5 to 3.5), or '

Lo LxL”0Oy -+ (@)

(Wherem Lis agroup IAor IVA metal takmg a divalent state in the form

~ of an oxide; x is a number of 0 to 1; L is a metal having an ionic radius of
10.90 A or more; L” is a group IVA, IVB or IIB metal taking a tetravalent

state in the form of an oxide; y is a number of 2.5 to 3.5),
and a method which produces the: obJect1ve aromatic carbonate in high-yield

~ and high selectivity, and in an economical manner by reacting an aromatic

hydroxy compound with carbon monoxide and oxygen using said catalyst in
the presence of a quaternary ammonium or phosphonium salt and a redox

-agent.
15

Brief Description of Drawings
Figure 1 is a schematic drawing of a small-sized reaction apparatus

of a gas-passing type. ' | |
- Explanation of the marks. .

1. Reaction gas.
Reaction gas.
Valve.
Valve.
Pressure cdntro]ler
Pressure contro]ler _
Constant flow gas feedmg apparatus (mass flow controller).
Constant flow gas feeding apparatus (mass flow controller).

© W N DA W

_ Gas mixing and preheating device.
. 10. " Reactor. '
~11. Cold trap.

12. Pressure controller.

. Figure 2 is an X-ray diffraction chart of Lao.st.o.sMn_Os .(Exa'mple 1).
~ Figure 3is an X-ray diffraction chart of CeosPbosMnOs (Example 2). .
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Figure 4 is an X-ray diffraction' chart of Sro.sPbo.4CeOs (Example 3).
Figure 5 is an X-ray diffraction chart of LaosSr02MnOs (Example 4).
‘Figure 6 is an X-ray diffraction chart of LaosPbo.«CuOs (Example 7).
Figure 7 is an X-ray diffraction chart of Ndo.cPbo.sMnOs (Example
10). I - |
Figure 8 is an X-ray diffraction chart of BaPbOs (Example 12).
_'Figure 9is an X-ray diffraction chart of Sro.6Pbo.4Zr0Os (Example 13).
Figure 10 is an X-ray diffraction chart of PbZrOs (Example 15).

i

Best Mode for Carrying Out the Invention’

- Perovskite-type compos1te oxide

| The perovskite-type composite oxide, Whlch is used as a support of
the present invention, is not a simple mixture nor an amorphous solid
solution of metal oxides, but is a solid solutlon basma]ly having partially or

'Wholly a perovsklte-type crystal structure represented by the formula (2)

'AB()s (2)

- (wherein, A is a rnetal ion having a relatively large ionic radius such as a

lanthanide metal; Bis a metal ion having a relatively small ionic radius).

" In the formula (2), when A is a divalent metal ion, B is a tetra valent metal

ion; when A is a trivalent metal ion, B is a trivalent metal ion. The
structure is ideally a cubic system, but it takes a- distorted shape of a
rhomb1c system or a monochmc system dependmg on the combination of A
and B. .
In_a_certain combinat_ion. of metals, the perovskite-type composite
oxide can partially take a composite oxide represented by a K2NiF4 type of
the following formula (3), a scheelite type of the fo]lowing formula (4), a
pyrochlore type of the following formula (5) or a garnet type of the fo]lowmg :

| .'formula 6): : _ : _ —
A’2B’04 ceee (3), S '
A'B'O e (@),
AB207 teee - (5), and
'sB’5s012 ceee T (6) .

(wherein, A’ is a metal ion having a large ionic radius and a lower valence
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such as an alkali metal, an elka]ine earth metal or a rare earth metaI' B’is
a metal ion having a relatively small ionic radius and a higher valence such

as a transition metal), .
and these substances are also treated as a perovskite-type composite oxide

~ in the wide sense. The perovskite-type composite oxide can-be identified
by analytlca]ly comparing with each oxide by means of X-ray d1ffract10n or

the like. _ _ _ _

- It is well known that the perovskite-type composite oxide being
different from a simple mixture or an amorphous solid solution of metal
oxides, it has functions which are not expressed at all by the original metals,
and therefore it is Widely studied, for example, as a material having

- magnetism, piezoelectric effect, pyroelectric property, electro-optical-
properties or superconductivity. When used as a catalyst, the situation is

o same, and new properties that are not expressed by simple metal oxides or

15

their mixture are expressed Further as a catalyst, the perovsklte type
compos1te oxide often works more efficiently even in a case where it

partially has the perovskite-type.

| Among perovskite-type composite oxides represented by the above
general formula (2), the perovskite-type composite oxide which is especially

‘useful as a catalyst is the perovskite-type composite oxide whose site B
- contains a transition metal ion, that is, whose both the sites A and B contain

metals taking a trivalent state as oxides, or whose site A contains a metal

 taking a divalent state as oxide and whose site B contains a metal taking a

tetra-valent state as oxide. One of the large special features of perovskite-
type composite oxide is that parts or great parts of the A and B ions can be .
substituted and thereby the abnormal valence or mixed valences of the B

jon are stabilized or oxygen defect can be introduced. By these

modifications, an absorbing-desorption property of the compound or a
catalytic.activity for an oxidation reduction reaction accompanying charge
transfer or the like can be increased.

Perovskite-type composite oxide of the above formula (1)

- Group I m_etals-represented by M in the above formula (1) are

" especially rare earth metals of atomic numbers from 57 to 71 of the group
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B of the periodic table. Among these rare earth metals, La, Ce, Pr, Nd,
Sm, Eu and Gd are preferred and further La, Ce Pr, Nd and Sm are
espec1a]ly preferred because they have relatively large ionic radii and
thereby can easily form perovskite-type oxides. '

Further -in the above formula (1), M’ represents a metal hav1ng an
ionic radius of 0.90 A or more, more prefer_ably a metal having an ionic

. radius of 1.0 A or more. - Examples of the metal having an ionic radius of

09 A or more include metals belongmg to the groups I to V of the

o penodlc table and havmg an atomic number of 19 or more, and their specific
. examples include alkali metals such as K, Rb and Cs, alkaline earth metals =

such as Ca, Sr and Ba, rare earth metals of Sc and Y, and rare earth metals
of atomic numbers from 57 to 71, group II metals_suc-h asIn and Tl, group
IV metals such as Zr, Hf, Sn and Pb, and group V metals such as Bi.

Among these metals, K, Ca, Sr, Ba, Y, lanthanide metals of atomic numbers
* of from 57 to 71, Sn, Pb and Bi are especially preferable. '

~ The metal represented by M’ is used in order to substitute a part or
great part of a group IIB metal replresen_t_ed by M, and the ratio is shown by
x in the above formula (1). Thex takes a nurnber' from 0 to 1, but a value
preferable to form a perovskite-type structure and exhibit the catalytic
activity of the present invention differs every time depending on the
combination of the group IIB metal represented by M and the metal
represented by M’ (correspdnding to the metal at the site A in the formula

(2)), and the combination of the metal represented by M and the metal

represented by M” (the metal at the site B in the formula (2)). This seems
to be attributable to the difference of ionic radii or the difference of possible
valences of the metals which are combined. Generally speaking, when the
difference between both the ionic radii of the metal represented by M and

the substituting metal represented by M’ is small, or when the difference

between both the possible valences is not large, the substitution is allowed
in arelatively wide range. For example, also when both M and M are rare
earth metals, the substitution is allowed in such a manner that x takes a
number in the almost whole range from 0 to 1. Further, when M is Sr, Pb
or the like, which has an ionic radius close to that of a lanthanide metal, x
can take nearly in the whole range from 0 to 1_,' and the preferable range of x
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is ,i'elatively large, that is, from 0.05 t0 0.9. -

~ On the other hand, the metal represented by M” in the above
formula (1) is a transition metal which has a relatively small ionic radius
(not more than 0.51 A), can take plural valences and has redox function,
that is, Mn, Cr, Co, Fe, Ni or Cu, preferably Mn, Co or Cu, especially

' preferably Mn. Itis a matter of course that even in this case, a part of the
metal can be substituted with a metal of same kind and having a smaller

ionic radius. However, to take a pero’vskite-type structure, since M”
corresponds to the site B metal as shown in the above formula (2), the total
of the amounts by mole of the metals M and M’ corresponding to the site A

.metal must be equivalent to the amount of the metal M” by mole.

In the above formula (1), y can take exactly speakmg, a number
other than 3 because of oxygen deﬁc1ency or lattice deﬁmency of the catalyst, .
and y takes a number between 2.5 and 3.5, mostly in the range from 2. 7 to
3.2. '

Perovsklte-type composite oxide of the above formula (1) .

Examples of the site A metal represented by L in the above formula
(1)) include metals having a relatively large ionic radius and taking a

| dlvalent state in the form of an oxide, and specifically the examples include

alkaline earth metals of the group IIA such as Ca, Srand Ba, and group IV~
A metals of Sn and Pb. Among them, Sr, Ba, Sn and Pb, which belong to .

~ the groups IIA or IVA, and have an ionic radius of 1.2 A or more, are

especially preferred.
Further, I of the substltutmg metal at the site A in the above

formula (1’) represents metals having an ionic radius of 0.9 A or more, more
_preferably metals having an ionic radius of 1.0 A or more, and more

preferably metals having an ionic radius of 1.0 A or more and taking a
monovalent or divalent state.. Examples of the metal having an jonic
radius of 0.9 A or more include metals belonging to the groups from I to
IV of the periodic table and having an atomic number of 19 or more. The
speci.ﬁc examples include alkali metals such as K, Rb and Cs, alkaline earth
metals such as Ca, Sr and Ba, rare earth metals such as Sc, Y and rare
earth metals of atomic numbers of from 57 to 7 1_, group I[[ metals such as
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In and T, group IV metals such as Sb and Pb, and group V metals such
as Bi. Among 'these'metals, K, Ca, Sr, Ba, Y, lanthanide metals of atomic

“numbers of from 57 to 71, Sn and Pb are preferred.

 The metal represented by L’ is used in order to substitute a part of
the divalent metal represented by L, and the ratio is shown by x in the
above formula (I'). The x takes a number of 0 to 1, but a value preferable

~ to form a perovskite-type structure and exhibit the catalytic activity of the

present invention differs every time depending on the combination bf the
divalent metal represented by L and the metal represented by L.
(correspondmg to the metal at the site A in the formula (2)) and=the
combmatmn of the metal represented by L and the metal represented by L”
(the metal at the site B in the formula (2)). This seems to be attributable to
the difference of ionic radii or the difference of possible_vale"nces of the
metals which are combined. 'Geriera]ly speaking, when the difference

.between both the ionic radii of the metal represented by L and the

substituting metal .represented by L’ is small, or wh'en the difference
between both the possible valences is not large, the substitution is allowed
in a relatively wide range. For example, when both L and L’ are divalent
metals, the substitution is allowed in such a manner that x takes a number

in the almost whole range from 0 to 1, and the preferable range of x is

relatively large, that is, from 0.05 to 0.9.
On the other hand the metal represented by L” in the formula (1°)

'mamly takes a tetravalent state in the form of an ox1de but it can take

plural valences and has a relatively small ionic radius (not more than 0.80

A). Examples of such metal include group IVA metals such as Ti and Zr,

group IVB metals such as Sn and Pb, and lanthanides of the group II[B
metals such as Ce, Pr and Yb which can take a tetravalent state in the form

of an oxide. It is a matter of course that even in this case, a part of the

m_etal can be substituted with a similar metal, taking a tri- or more valent
state and having a relatively small ionic radius. However, to take a

perovskite-type structure, L” corresponding to the site B metal as shown in.

the above formula (2), the total of the amounts by mole of the metals L and

v correspondmg to the sﬂ:e A metal must be eqmvalent to the amount of L”

metal by mole.
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~ In the above formula (1), y can take, exactly speaking, a number
other than 3 because of oxygen deficiency or lattice deficiency of the catalyst,
and y takes a number between 2.5 and 3.5, mostly in the range from 2.7 and
3.2. ' '

Preparation of perovskite-type compos1te oxide _
In the present invention, a catalyst carrying pa]ladlum metal or its

compound on a perovskite-type composite oxide represented by the above
formula (1) or (1) is used. Regarding the perovskite-type oxide, the
structure and chemical reactivities including the catalytic activity ofsthe
oxide 1tse]f have been reported (Reference hterature Advances in Catalys1s
vol. 36, 237-328 (1989))

The perovskite-type compos1te ox1de of the above formula (1) can be
prepared, for example, according to the below-mentioned methods. The
final product is produced by baking an oxide having the composition ratio of
metals represented by the formula (1) at a relatively high temperature;

‘however, the precursor to be baked can be produced by several methods,
-and the baking conditions needed to produce the perovskite differs

depending on the state of the obtained precursor. Generally speaking, the
morée homogeneously dispersed in terms of oxides the precursor’s
composition is, the lower the baki_hgtemperature at which the perovskite

" can be produced is, and at the same time the larger the specific area of the

ﬁrodu'ct tends to be. The forming of the perovskite-type composite oxide
can be identified by analytically comparing with each oxide by means of an

| - X-ray dlﬂ'ractmn or the like.

Examples of a specific method for preparing the perovsklte -type

" composite oxide include following. Firstly, co-precipitation method: a

mixed aqueous solution of mineral -salts of metals is subjected to a co-

'- prec1p1tat10n process usmg an alkali, the obtamed precipitate is washed

with water and filtered, then it is baked preliminarily at a temperature of
300 to 500°C, and ﬁna]ly the material is baked at a high temperature of
700 °C or higher. This is a method which has been widely used -

-conventionally, but to use this method, the precipitate must be insoluble in

water. Secondly, hydroxycarboxylic acid addition method:' citric acid or
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malic acid is added to an aqueous solution of mixed nitric salts of the
composing meté.ls, the solvent ‘is removed, and the obtained precurSor is
subjected to heat decomposition. This method is easy in handling and
widely applicable, and further it is known that since the precursor obtained
by this method has high homogeneity, the perovskite can be formed by
baking at a relatively low temperature (550 to 7007C), and the obtained .
sintered body frequently has a high specific area of 10 m2/g or more.

Furthermore, there is a méthod called nitric salt decomposition process
(NIT process) in which an aqueous solution of mixed nitric salts of metals is

-diréct}y evaporated to dryness without adding malic acid or the like,and

subsequently the dried matter is baked. There is still another method in

‘which a homogeneous aqueous solution of mixed salts is freeze-dried, and.
the dried matter is baked to prepare the objective product.

‘The catalyst of the present invention is obtained by supporting a -
noble metal such as palladium on the so-obtained perovskite-tyﬁe composite
oxide. The supporting can be carried out by an ordinary method such as a
prec1p1tat10n method or an impregnation method. _

The precipitation method comprises suspendmg the perovsklte-type

‘composite oxide in an aqueous solution of a palladium salt, for example,
NagPdCls, KoPdCly, (NHg)2PdCly, (NH4)deCle, (NBug)2PdClsy, NagPdBra,

KoPdBry, (NBuy)2PdBr;4 or the like, subsequently adding an alkali aqueous

‘solution to neutralize the solution, and as a result, precipitating the

palladlum compound on the surface of the perovsklte-type compos1te oxide.
The 1mpregnat10n method comprises impregnating the perovskite-type
composite oxide with an aqueous solution or an organic solvent solution of a

‘palladium compound which can be converted into palladium metal or

palladium oxide by thermal decomposition and subsequently thermally
decomposing the deposited palladium compound. '

~ Furthermore, the 1mpregnat1on method compnses 1mpregnat1ng
the perovsklte oxide with an aqueous solution or an organic solvent solution
of a pé.lladium compound which can be converted into palladium metal or
palladium oxide by thermal decomposition, and subsequently thermally
decomposing the def)osited palladium compound. Examples of the soluble
palladium compound include tetrachloropalladium ammine complex:
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‘(NHg)2PdCly, tetraamminepalladium dichloride [Pd(NH3)4] Clg, PdCl2 in an

acidic aqueous solution of hydrochlonc acid, PdBr; in an acidic aqueous
solution of hydrobromlc acid, palladlum dinitro diamine -complex:

[Pd(NOg)2(NHs)z] in an ammoniac aqueous solution, (NBm)deBm in a

halogen-containing solvent such as methylene chloride or other volatile
organic solvent, olefin complexes such as 7 -allylpallad_lum chloride:
[(CsHs)PdCl]z and 7 -allylpalladium bromide: [(CaH5)PdBr]2, nitrile

~ complexes such as b1sbenzomtr11epa11ad1um dichloride: Pd(CsHsCN)2Clz,

tr1pheny1phosphme complexes such as PdClz(Phs)z, Pd(CO)(PPh3)3 and
Pd(CHzCHz)(PPhs)z, and the like. =
' Further, a process which uses a palladium compound soluble in a
reaction system but becoming insoluble and depos1t1ng by the reduction
during the reaction, and as a result, supports the palladium compound on
the surface of a perovskite-typ.e' composite oxide as a support is also
applicable to the preparation of the catalyst. Examples of the palladium
compound usable in this method include organic carboxylic acid salts such
as palladium formate palladium acetate and palladium benzoate, complex
salts such as palladium acetylacetonato, and salts soluble in the reaction
system such as palladium br_om_1de and palladium iodide. In addition,
the palladium to be used is not necessarily pure, but the noble metals
containing palladium as a main component are also usable in the same way.
Thus, a palladium compound is made to deposit on the surface of a -
perovskite-type compOsite oxide as a support, then ordinarily the solvent is
evaporated and the dried product is heated and baked in air, under vacuum
or in an inert gas. The temperature of the heatmg and bakmg is between -
100 to 700C, and the length of time for the heating and baking is in a
range of about 0.5 hour to 50 hours. This heating and baking makes the
catalyst system have a stable structure which is preferred in the present
invention,‘ but it is neoessary to pay care to operational conditions since the -

‘treatment at an extremely high temperature and for an extremely long time

sometimes causes sintering and so forth to damage catalytic-activity or
selectivity. The amount of the uee of palladium is in the rahge from 0. 01
to 15%, preferably from 0.05 to 10% by weight in terms of palladium metal
based on the perovskite-type composite oxide as a support.
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Production of an aromatic carbonate by using the above catalyst
' In the present invention, the objective aromatic carbonate can be

produced by reacting an aromatic hydroxy compound with carbon monoxide
and oxygen by further using the above catalyst in the presence of a
quaternary ammonium or phosphonium salt, in the presence of a redox
agent, and in the presence or absence of a base. '

The aromatic carbonate obtamed m the present invention is
represented by the following formula (7). |

RO-CO-OR* -+ - (1) : =
(wherein, R and R’ are identical to or different from each other, and are each
a substituted or unsubstituted aryl having carbon atoms of 6 to 10,
preferably a substituted or unsubstituted phenyl, especially preferably an

| unsubstituted phenyl).

The aromatic hydroxy cor_hpound usable to this reaction is an
aromatic monohydroxy compound or an aromatic polyhydroxy. compound,
and examples of the compound incl_ude phenol, substituted phenols such as
cresol, xylenol, -tri'methylphenol, tetramethylphenol, - ethylphenol,

: pi'opylphenol,. m'eth_o'xyphenol, - ethoxyphenol, chloi:ophenbl and

bromophenol, isomers of these phenols, naphthol, subét_ituted naphthols
such as methylnaphthol, chloronaphthol and brdmoh‘aplithol, isomers of
these naphthols, bisphenols such as bisphe'nol A, and s0 forth. Among
these compounds, phenol is especially preferred. o '

~ The quaternary ammonium salt and the quaternary phosphonium
salt used in the present invention are represented by the formulae:
RiR:RsR«NX and RiRz:RsR«PX, respectively. In the formulae, R: to R4 are

‘each an alkyl group having carbon atoms of 1 to 8 or an aryl group having

carbon atoms of 6 to 12, and they may be identical to or different from each
other; Xis an anion, and hydroxyl gio_up, an alkoxy group, a phenoxy group,

‘and halides such as chloride, bromide or iodide are preferred. Among the

compounds represented by 'the above formulae, a tetra-n-butylammonium
salltl and a tetraphenylphosphonium salt are especially preferred. The
amount of the quaternary ammonium salt or the quaternary phosphonium .-
salt to be used in the reaction is preferably in 'the range from 0.1 to 1000,

ThlS Sheet Has Been Replaced -
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' espec1a]ly preferably in the range from 1 to 100 in terms of the mole ratio to

pa]lad:lum or a palladium compound.
The reaction for producing the aromatic carbonate of the present'

. invention is carried out in the presence of a redox reagent. There is a case

where the components of the perovskite of the support for a palladium
compound of a catalyst of the present invention contain a redox metal, but
the aromatic carbonate is produced by further adding an appropriate redox
agent, if necessary.

Examples of the redox agent include compounds of metals of the
groups IIA, IVA, VA, VIA, IB, IB, VIB and VIB, the iron group—(the '
groux; VIII) and the rare earth group (the groub IIB) in the periodic table.
The compounds of these metals can be used in various oxidation states, for
example, as halides, oxides, hydrides, carbonic acid salts, organo carboxylic
acid salts, complex salts such as diketone salt, oxalic acid salts.and salicylic
acid salts, and further as complexes having carbon monoxide, an oieﬁn,_ an
amine, phosphine or the like as a ligand. Among these metal compounds,
which have redox activities, preferable ones are comp.ounds of manganese,
cobalt, copper, rare earth metals. such as lanthanum and cerium, and
especially preferred ones are compounds of metals of xnangan_ese', cobalt,

- copper and cerium. The amounts of these redox agentsto be used are not

specifically limited, but it is preferably in the range from 0. 1 to 1000,
especially preferably in the range from 0.1 to 100 in terms of the mole ratio
to the palladium compound |
The reactmn is carried gut in the presence or absence of a base.

The presence of the base sometimes 1mproves the speed of the reaction and
the durabﬂlty of the catalyst, and brings the improvement of yield, and
therefore the base is optionally used. However, since the base finally
reacts with  the quate_rnary salt to make the recycling. of palladium
impossible in some cases depending on the kind, amount or form of the base’
to be _used, the base is not necessarily used. When the base is used, an
alkali metal or an alkaline earth metal is used as hydroxide, carbonate,

- hydrogencarbonate, organic acid salt such as acetate, alkoxide and

phenoxide. Further, an organic tertiary amine or pyridine is also used as
another form . of a base. Examples of the organic base -include
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triethylamine, . tripropylamin.e,' | tributylamine, trioctylamine,
benzyldimethylamine pyridine piceline and bipyridine. When a base is |
used, the amount to be used is in the range from 0. 01 to 500 in texms of the
mole ratio to palladium. '

" The reaction for producing the aromatic carbonate in the present
inv_entlon is carried out by charging the above-mentioned aromatic hydroxy
compound, catalyst and promotor component into a reactor, and heating
them under pressure of carbon monoxide and oxygen. It is irnportant to

_take out the water formed by the reaction to the outside of the reaction

system as quickly and efficiently as possible in order to efficiently perform
the reaction. For this purpose, a method in which a dehydrating agent

-such as a molecular sieve is added to the reaction system, and so forth are

conventionally used, but a method which continuously takes out the formed
water to the outside of the reaction system with excess reaction gas by using
a gas flow-type reactor is also effective. '

Further, it is preferably effect1ve for safety to keep the rat10 of the
partial pressure of carbon monox1de to that of oxygen constant and also to
keep the total pressure constant The reactmn pressure is 1 to 300 atm,

‘preferably 1 to 150 atm, more preferably 2 to 100 atm in terms of the total _'

pressure. In add1t10n the partial pressure ratio of carbon monoxide to
oxygen is preferably kept constant, and the composition ratio is preferably
out of the explosion range from the view point of safety. The partial

pressure ratio of carbon monoxide to oxygen differs depending on the total

pressure and the ratio of the contained inert gas, but it is commonly selected .
from the range of (5:1) to (30:1). Thus, the composition ratio of the gasses
supplied during the reaction is kept constant, so that the gas composition is

" kept at the most suitable state for the reaction, and at the same time the

reaction can be carried out while the water formed during the reaction is
continuously removed. |

The- reaction temperature is in the range ‘from 30 to 200 C,
preferably in the range from 50 to 150°C. The reaction time differs
depending on the reaction cond1t10ns but it is commonly from several
m1nutes to several hours. '

For the reaction, various kinds of inert solvents can be used as the
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reaction solvent, but the solvent having a relatively h1gh vapor pressure is
gradually lost from the reaction system accompamed by the reaction gasses
when the reaction is carried out under the c__ond1t,10ns_ of the above-

' mentioned gas flow system. Therefore, the aromatic hydroxy compound of

a reactmg compound is usually used as the reaction solvent, and another
solvent is not specifically used in many cases. ' _

The production of an’ aromatic carbonate by using the catalyst
carrying a metal of the platinum gro_ﬁp on the perovskite-type composite
oxide of the present invention can be earrie'd out in various methods.
Besides the above-mentioned gas flow-type method; the reaction can be
carried out in a closed-reactor batch process by using a high'pressure
reactor. Further, when the reaction is carried out in a continuous system;.
the catalyst is placed in a fluidized bed or in a fixed bed, and the reaction -

~ can be carried out in a counter-current or cocurrent system.

Figure 1 shows the outline of a small-sized | gas flow-type reactor as

an example
. The reactor shown in Figure 1 enables the continuous feeding of a
mixed gas of carbori monoxide and oxygen (or air), whose molar ratio and
partial pressures are both kept constant, at a constant flow rate in the
range of about 10 to.. 800 ml/min. The reactor 10 has a volume of 100 ml,
and has the shapue of a cylinder of 30 mm in diameter. Itisprovided with a
gas feeding tube and a rotary stirring blade. When the reaction gas 1 is

carbon monoxide, and the reaction gas 2 is oxygen (or air), they are each
.adjusted to a pres'sure higher than the pressure of the pressure controller 12

which adjusts the specified reaction preSsure, by 1. to 5 atm with the

~ pressure controllers 5 and 6 via valves 3 and 4, respectively. According to.

this system, the gasses each having a specified flow rate are fed through
constant flow gas feedmg apparatuses (mass flow controller) 7 and 8, and

‘then fed to the reactor 10 through the gas mixing and preheatmg device 9.

The gas components which have passed through the reactor are made to
pass through the cold trap 11 and further the pressure controller 12, and
then discharged. The pressure of the reactor is adjusted by the pressure
controller 12. '
In the example of the reactor shown in Flgure 1, the gas w}uch has
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~ come out from the reactor is lead to the cold trap 11, parts-of the formed

water and the solvent are trap;bed'here, and the unreacted gases come
outside the system through the pressure controller 12, and they are

.recovered there. The recovered gasses can be recycled after their gas

composmon is adjusted if necessary.

" After the reaction is completed the reaction mlxture is taken out
from the reactor, and the catalyst of the present 1nvent10n can be separated
and recovered by filtration, centrifugal separation, magnetlsm apphed
separation or the like, and recycled In the case of the fixed bed, the
process of the separation is not needed. The objective aromatic carbonate
can be separated, purified and isolated by the methods of filtration,
distillation, cryste]_]ization, etc. |

Reactivation of the catalyst o
In the process for producing the aromatic carbonate by using the

catalyst of the present invention, the catalyst which has been used in the

- above-mentioned reaction and whose ‘activity has been lowered can be

reacnvated by treating it with water and/or a water-miscible organic
solvent Further, the regenerated solid catalyst can be used repeatedly in

‘the above-mentioned reaction. Furthermore, the solid catalyst also can be

regenerated in combmatlon with another act1vat1ng regenerating method
and the so-regenerated catalyst can be used repeatedly in the above-

mentioned reaction.

The method for regeneratihg- the solid catalyst in the present

"invention comprises washing treatments of the solid catalyst having
‘lowered activity with water and/or a water-miscible organic solvent. Each

of the two treatments can be carried out by a relatively simple operation,
and either method is effective by itself, but the combination of both the
methods exhibits larger effect. | _ ~ |
The regeneratlon treatment of the sohd catalyst with Water is
performed by washmg the catalyst having lowered activity with water.
The catalyst may be once separated from the reaction mixture and taken _
out from the reaction system, but in the ‘case of the .ﬁxe_d bed, the -

regeneration can be performed in a state where the catalyst is left filled in
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the reactor. The treatment is not necessarily carried out only with purlﬁed
water, but can be carried out with a mixture containing a small amount
(10% or less) of a water-miscible organic solvent. Examples of the organic
solvent include carbonyl compounds such as acetone, formalin and methyl
ethyl ketone, alcohols such as methanol, ethanol propanol and phenol

cyclic ethers such as tetrahydrofuran, nitriles such as acetomtnle amides
such as N, N dimethylformamide, N, N d1methy1acetamide ‘and N-
methylpyrrolidone, and polar solvents such as pyridine and dimethyl
sulfoxide; however, volatile ‘compounds such as acetone having a boiling
po1nt of 150C or less, preferably 100C or less are preferred because ofthe
little persistence after the cleaning. ' '

Regarding the temperature of the water treatment there 1s no
special limitation, but the treatment is carried out at a temperature in the -
range where water can be held in a hquld state, commonly rangmg from
normal temperature to slightly elevated temperature, that i is, in the range
of 20 to 100°C. The treatment at higher temperature needs_ special
operatmns such as pressurization and so forth.

For the regeneration of the catalyst of the present invention, a
treatment using a water-miscible organic solvent is preferably carried out
together with the treatment using water. The Washin"g treatment using
the organic solvent 'ma'y be carried out before or after 'the treatment using
water, but it is preferable to carry out it before the treatment usirlg water.
Naturally, the treatment using water and the treatment using the water-
miscible organic solvent can be carried out more than twice alternatively.

' As the water-miscible organic solvent used in the present invention,
ketones (carbonyl compounds) alcohols, ethers, esters, n1tr11es amides, or
the like whose mutual solubility with water is 5. 0% or more by weight at
room temperature are preferred. Examples of such organic solvents
include ketones (carbonyl compounds) such as acetone, formalin and methyl
ethyl ketone alcohols such as methanol, ethanol and propanol phenol
cyclic ethers such as tetrahydrofuran, nitriles such as acetonitrile, amides
such as N, N’ dimethylformamide, N, N dimethylaeetamide and N-
methylpyrrolidone, and polar solvents which are miscible with water in a
wide range such as _pyridine and dimethyl sulfoxide. Among them,
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solvents having a relatively high volati]ity.such_ as acetone, tetrahydrofuran
and acetonitrile are preferred because of little persistence on the catalyst.
These organic solvents can be used singly or as a mixture of two or more

Further, the mutual solubility with water of said organic solvent is
about 10% or more. Specifically, the mutual solubility of phenol is about
10% and that of methyl ethyl ketone is about 25% at room temperature,

_ The treatment with the water-miscible organic solvent is carried out
in almost same operation as the washing treatment with water. That is,

the tfeating temperature is in the range where the organic solvent to be

used can be held in a liquid s_tate; commonly ranging from normal

'température to slightly elevated temperature, that 1s, in the range of 20 to

60°C. The treatment at higher temperature needs special operations such
as pressurization and so forth.

Examples S o : :
The present invention will be explained specifically hereafter with

[Example 1] , .
[Preparation of perovskite-typebxide: Lao.sto.sMhOs]

A solution prepared by dissolving 4.14 g of lead nitrate: Pb(NOs)z,
5.41 g of lanthanum nitrate hekahydrate: La(NOs)s:6H20 and 7.18 g of
manganese nitrate h_exahyd'iate-: Mn(NOs)2:6H20 in a small amount of
water was combined with an aqueous solution prepared-by dissolving 10.5 g
of citric acid in about 50 cc of water to obtain a homdgeneous solution, and
this solution was heated to ex)apo"rate water. The foamed solid obtained by
the evapgxation to dryness was thermally decomposed, and further _bak_géd at
500°C for 3 hours. The obtained solid powder was again baked at 800°C
for 6 hours in an electric furnace. The X-ray diffraction- pattern of the
obtained sintered compact had strong peaks at 'djffi'acﬁoﬁ angles (2 6) of
22.8°, 32.5°, 40.12°, 46.66°, 52.6°,' 58.1°, 68.22°, 77.68° and the like as shown

in Figure 2, and thereby it was confirmed that the sintered compact had a



‘10

15

20

- 25

30

-20-

perovskite-type structure, and these data agreed' with the data in the
literature (J ournal of the Chemical Society of Japan 1988 (3) p.272-277).

| [Support of pall,adidm on .a.perovskite-typ‘e'oxide: LaosPbosMnOs]

~ To 50 ml of water was added 148 mg of disodium
tetrachloropalladate: Na:PdCl4 to dissolve it, and 5.0 g of the above-
obtained perovskite-type oxide was suspended in the solution. This "
suspens_ion was slowly neutralized with a 5%-caustic soda aquéous solution

j under stirring to pH=9. After standing for a while, the suspension was

filtered, and the matter on the filter was washed with water, the obtained.
supported catalyst was dried at 110°C for 16 hours, and it was further

~ baked at 250°C for 8 hours. Pa]lad1um content in the catalyst 1s about

0% by we1ght in terms of metal based on the perovskite ox1de

[Preparatlon of diphenyl carbonate by using the above mentioned

_ supported catalyst]

Into the 100-ml reactor shown in Figure 1 were charged 50.0 g of

" ‘phenol, 2000 mg of the above-mentioned catalyst and 986 mg of tetra-n-

butylammonium brom1de, and the gas inside the reactor was substituted
with carbon monoxide. The temperature of the reactor was elevated to
80°C, and at the same time the pressure was increased to 10 bar with carbon
monoxide. When the reaction temperature and pressure reached the
specified values, the reaction was started and continued for 5 hours under
reaction pressure of 10 bar at a reaction temperature of 80°C by passing
carbon monoxide at a flow rate of 500 ml/min (the standard state) and pure
oxygen at a flow rate of 25 ml/min (the standard state). After the reaction
finished, the reaction mixture in the reactor was taken out, and it was
analyzed by gas chromatography with the result that 10.18 g (17.9% yield)
of -diphenyl carbonate (DPC) was obtained. Byproducts were hardly
detected, and the reaction select1v1ty was 99% or more.

- [Example 2]
[Preparation of perovskite-type oxide: CeosPho. sMnOa]

Same as in Example 1, 5.42 g of cerium nitrate hexahydrate :
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Ce(NOs)s-6H:0, 4. 14 g of lead nitrate: Pb(NOs)z and 7.18 g of manganese |
nitrate hexahydrate: Mn(NOs)2:6H20 'Were'-_ dissolved in a small amount of
water, the obtained solution was combined with an aqueous solution
prepared by dissolving 10.5 g of citric acid in about 50 cc of water to obtain a

‘homogeneous solution, and this solution was heated to evaporate water.

The foamed solid obtained by the evaporation to dryness was thermally
decomposed, and further baked' at 500°C for 3 hours. The obtained solid
powder was again baked at 800°C over night in an electric furnace. It can
be identified with the X-ray diffraction chart (Cu-K o ray) of the powder

shown in Figure 3 that the obtained sintered compact has a perovsklte “type. |

structure

[Support of palladium on a perovskite-type oxide: Ceo sPbo sMnOs] ,

To 30 ml of water was added 294 mg of disodium
tetrachloropalladate: NasPdCls to dissolve it, and 5.0 g of the above-
obtained perovskite-type oxide was Suspended in the solution. This
suspénsion was slowly neutralized with a 5%-caustic soda aqueous solution
under stirring to pH=9. ‘After standing for a while, the suspension was
filtered, and the matter on the filter was washed with water, the obtained
supported catalyst was dried at 110°C over night, and it was further baked
at 250°C for 3 hours. Palladium content in the catalyst was about 2.0% by
weight in terms of metal based on the perovskite oxid{e. '

[Preparation of diphenyl carbonate by wusing the above-mentioned

- supported catalyst]

Into the same reactor as in Example 1 are charged 50.0 g of phenol
2000 mg of the above-mentloned catalyst 1000 mg of tetra-n-

~ butylammonium bromide and 80 mg of manganese acetylacetonato

dihydrate: Mn(acac)2-2Hz20, and the gas inside the reactor was substituted

~ with carbon monoxide. The temperature of the reactor was elevated to

80°C, and at the same time the pressure was increased to 10 bar w1th carbon
monoxide. When the reaction temperature and pressure reached the

-specified values, the reaction was conducted under reaction pressure of 10

bar at a reaction temperature of 80°C for 3 hours by passing carbon .
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‘monoxide at a flow rate of 500 ml/min (the standard stai:e) and pure oxygen |

at a flow rate of 25 ml/min (the standard state). After the reaction finished,
the reaction mixture in the reactor was taken out, and it was analyzed by
gas chromatography with the result that 8.33 g (14.6% yield) of diphenyl
carbonate (DPC) was obtained. Byproducts were hardly detected, and the
reaction selectivity was 99% or more. | |

[Example 3] _ o
[Preparation of perovskite-type oxide: SrosPbo.sCeOs]
A solution prepared by dissolving 6.34 g of strontium niteate:
Sr(N 63)2, 21.7 g of cerium nitrate hexahydrate : Ce(NOs)s-6H20 and 6.62¢g
of lead nitrate: Pb(NOs)z in a small amount of water was combined with an

-aqueous solution of 21.0 g of citric acid to obtain a homogeneous solution,

and this solution was heated to evaporate water. The foamed solid
obtained by the evaporation-.to dryness was thermally decomposed, and
further baked at 550°C for 3 hours. The obtained solid powder was again
baked at 750°C for 4 hours in an electric furnace. The X-ray diffraction
pattern of the obtained sintered compact shown in Figure 4 confirms that

- the sintered compact has a perovskite-type structure.

[Support of palladiu__m on a pérovskite-type oxide: SroePbo.«CeOs]

| To 50 ml of water was added 276 mg of disodium
tetrachloropalladate: Na2PdCls to d_iésolve it, and 5.0 g of the above-
obtained perovskite-type oxide was suspended in the solution. This
suspension was slowly neutralized with a 5%-caustic soda aqueous solution
under stirring to pH=9. After standing for a while, the suspension was
filtered, and the mattef on the filter was washed with water, the obtained
supported catalyst was dried at 110°C for 16 hours, and it was further
baked at 250°C for 3 hours. Palladium content in the catalyst was about
2.0% by weight in terms of metal based on the perovskite oxide.

[Preparation of diphenyl carbonate by using the above-mentioned
supported catalyst] - ' '
Into the 100-ml reactor shown in figure 1 were charged 50.0 g of



10

15

2

25

30

.923.

phenol, 1000 mg of the above-mentioned catalyst, 986 mg of tetra-n-
butylammonium bromide and 40 mg of manganese acetylacetonato
dihydrate, and the gas inside the reactor was substituted with carbon
monoxide. The temperature of the reactor was elevated to 80°C, and at the
same time the pressure was increased to 10 bar with carbon monoxide.
When the reaction température pressure reached the spéciﬁed Vailues, the
reaction was started and continued under reaction pressure of 10 bar at a

‘reaction temperature of 80°C for 2 hours by passing carbon monoxide at a

flow rate of 500 ml/min (the st.d_ndard state) and pure oxygen at a flow rate
of 25 ml/min (the standard state). After the reaction finished, the reaction
mixture in the reactor was taken out, and it was analyzed by gas
chromatography with the result that 8.85 g (15.5% yield) of diphenyl
carbonate (DPC) was obtained. Byproducts were hardly detected, and the
reaction selectivity was 99% or more.

[Example 4]
[Preparation of perovskite-type oxide: Lao.sSro.2MnOs]

A solution prepared by dissolvirig 8.66 g of lanthanum nitrate
hexahydrate: La(NOs)s-61:0, 1.06 g of strontium nitrate: Sr(NOs)2 and

718 g of manganese nitrate hexahydrate:' Mn(NOs)26H20 in a small

amount of water was combined with an aqueous solution prepared by

~dissolving 10.5 g of citric acid in about 50 cc of water to obtain a

homogeneous solution, and this solution was held at about 70°C under |

‘reduced pressure to evaporate water. The'foamed_ solid obtained by the

evaporation to dryness_was thermally decomposed, and further baked at
500°C for 3 hours. The obtained solid powder was again baked at 900°C

. for 4 hours in an electric furnace. The X-ray dJ:Efractlon pattern of the

obtained sintered compact shown in Figure 5 conﬁrms that the smtered

compac_t has a perovskite-type structure.

'[Support of palladiu;ﬁ on a.perovskit(_é-type oxide: L_é.o.sSro.zl\/In03]

To 50 ml _of' water was added 296 mg of disodium
tetrachloropalladate: Na:PdCls to dissolve it, and 5.0 g of the “above-
obtained perovskite-type oxide was suspended in the solution.- This’
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under stirring to pH=9. After standing for a 'while ‘the suspension was
filtered, and the matter on the filter was washed with water, the obtained
supported catalyst was dried at 110°C over night, and it was further baked
at 250°C for 3 hours. Palladium content in the catalyst was about 2.0% by

- weightin terms of metal based on the perovskite oxide.

[Preparation of diphenyl oarb_onate -by using the above-mentioned
supported catalyst] _, ' :
Into the 100-ml reactor shown in Figure 1-were charged 50. ng of '

3 phenol 1000 mg of the above mentioned catalyst, 1000 mg of tetra- n-_

butylammonium bromide and 220 mg of sodium phenolate, and the gas
inside the reactor was substituted with carbon monoxide.  The
temperature of the reactor was elevated to 80°C, and at the same time the
pressure was increased to 10 bar with carbon monoxide-.' When the
reaction temperature and pressure reached the specified values, the
reaction was started and continued under reaction pressure of 10 bar at a
reaction: tempei'ature of 80°C ‘for 3 hours by passing carbon monoxide at a_

. flow rate of 500 ml/min (the standard state) and pure oxygen at a flow rate
- of 25 ml/min (the standard state). After the reaction finished, the reaction
mixture in the reactor was taken out, and it was analyzed by gas

chromatog:r'aphy with the result that 7.65 g (.13'.4% yield) of diphenyl
carbonate (DPC) was detected. Byproducts were hardly detected, and the
reaction selectivity was 99% or more.

[Examples 5 through 16] _
Almost in the same way as in Example 1, various kmds of
perovskite-type oxides were prepared by using the nitrate salt of each metal

‘and citric acid, and diphenyl carbonate was prepared by using a catalyst

carrying palladium in an amount of 1 to 2.5% by weight in terms of metal as
shown in Table 1, with the same equlpment and under the same conditions
as in Example 1 as follows: 50.0 g.of phenol, 968 mg of tetrabutyl-
ammomum bromide and 80 mg of manganese acetylacetonato dihydrate
were charged; the reaction was carried out at a reaction temperature of 80°C,
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under a re'action pressure of 10 bar, at a flow rate of carbon monoxide of 500
ml/min, at a flow rate of oxygen of 25 ml/min and for a reaction time of 2
hours. The results are shown in Table 1. The presence or absence of the
manganese salt in the reaction is also shown in _theltable_._ |



2926

Table 1
Catalyst .comp.o.sition Amount DpPC DPC | Mnsalt
B o of .'  yield seleétiﬁt_y presence
catalyst . (rate .%) % |
Exﬁmple 5 2% Pd/Ceo6Pbo.4MnO3 1000 mg 8.53¢g C>99 present
| | | ' (15.0%) |
Egample 6 | 2% Pd/CecePbo4CoOs 1000 mg 8.53 ¢ >99 present
| . | 14T%) |
. Example 7 2% Pd/Lao.ePbo.4CuOs 1000 mg 9.03 ¢ >99 . presernit
' A (15.9%)
Example 8 | 2.0% Pd/LaosPbodMnOs | 1000 mg 8.07g >99 absent
| (42%) '
Example 9 | 2.0% Pd/L_ao.sto.sMhOa 1000 mg 857¢g ">99 absent
| asow |
" Example 10 2.0% Pd/NdosPbo.MnOs iqoo mg 8.11g >99 absent |
' _ (14.2%) -
- Example 11 2.5% Pd/Bao.ePbo.4ZrOs 1Q00 mg . 840¢g >99 present
' | (14.8%) '
Example 12 |- 2% Pd/BaPbOs _ 1000 mg | 8.40¢g ~99 " present -
1 | (14.8%) |
Example 13 2% Pd/Sro.ePbo.aZrOs 1000mg | 8.80g - >99 present
' _ (15.5%)
Example 14 2.0% PdfPr;).anu.anOa 1000 mg 783¢g >99 absent
' (13.8%)
Example 15 - 2%Pd/PbZrOs 1ooo"mg 952g >99 present
| | (16.7%) '

Fui'ther," Figures 6 to 10 show the X-ray diffraction charts of “some
5 perovskite-type oxides. |

. [Examples 16]
[Preparation of perovskite-type oxide PbZrOs]
Into 100 ml of isopropanol were added 9.5 g of 1eaid ‘acetate
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trihydrate: Ph(OCOCH:)z3H:O and 105 g of citeic acid, and the mixture

was heated to dissolve them. To the obtained solution was added 49.8 g of
Zirconium tetra-n-butoxi.de Zr(n:-CaHs0) ,. at once, a_nd they were mixed well
and heated to evaporate the solvent. The remqining solid was heated at
300°C or higher to decompose it, the decomposition product was pulverized
in a mortar, and the obtained powder was sintered at 650°C for 6 hours to
obtain a perovsklte-type compos1te ox1de PbZxOs.. The XRD analysis chart

of the ox1de showed the same pattern as that obtalned in Example 15. |

[Support of palladium on PbZrOs and preparation of diphenyl carbonate]

" In the same manner as in Example 2, a 2% Pd-suppbrted catalyst-
was prepared, and diphenyl carbonate was prepared by using 1000 mg of
the prepared catalyst in the same manner as in Example 1, with the same .

‘apparatus and under same conditions as in Example 1 as follows: 50.0 g of

phenol, 968 mg of tetrabutylammonium bromide and 80 mg of manganese
acetylacetonato dihydrate were charged; the reaction was carried out at a
reaction temperature of 80°C, under a reacﬁo’n'pressure'of 10 bar, at a flow
rate of carbon monoxide of 500 ml/min, at a flow rate of oxygeh of 25 ml/min,
and for a reaction time of 2.5 hours or 5 hours, separately. '

Resultingly, the yield of DPC was 9.82 g (17.2% yield) by 2.5-hour

_ reaction_, and 11.7 g (21.0% yield) by 5-hour reaction, respectively. In

either reaction, byproducts was hardly detected, and the reaction selectivity

was 99% or more.

[Reactivation of catalyst]

[Recovery of solid catalyst] |
The above reaction mixture was taken out from the reactor together

with the catalyst, the catalyst was separated by ﬁltz‘cation, the catalyst on

the filter paper was sufficiently washe(i with ethyl .'a'cet'ate, and the ca‘g_alyst

was dried. The Weight of the_'obtained solid catalyst was 1022 mg.

[Reactmn by using the above recovered catalyst]
* The reaction was carried out for 3 hr by addmg a new raw material
and promotor in the presence of the whole of the recovered catalyst in the
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same apparatus under the same conditions as in the above reaction, and as
a result, the amount of DPC obtained was 4.20 g (7.4% yield).

[Regeneration of catalyst]

The catalyst used in the above repeated reaction was again filtered
and recovered, the catalyst as-held on the filtration apparatus was washed
with about 30 ml of acetone under suction filtration. Subsequently, it was

~ washed with about 15 ml of water, and dried. The amount of the catalyst

was 975 mg, there being some process loss.
[Preparation of aromatic carbonate with the regehera,t_ed catalyst]

‘The reaction was carried out for 3 hr in the presence of the whole of
the regenerated catalyst in the same apparatus under the same conditions
as in the above-mentioned reaction, and as a result, it turned out that 7.40 g
(13.0%. yreld) of DPC had been obtalned and the original activity of the

_ ,sohd catalyst was almost regenerated

[Comparatrve Examples 1 through 3]

By using commercial titanium oxide (anatase) T102, CeOz or BizOs,
a2.0wt% pa]ladlum—supported catalyst was prepared, respectively, in the
same manner as in Example 1. Diphenyl carbonate was prepared by

‘using these catalysts with the same apparatus and under same conditions

as in Examples as follows: 50.0 g of phenol, 968 mg of tetrabutylammomum
bromide and 80 mg of manganese acetylacetonato dihydrate were charged;
the reaction was carried out at a reaction temperature of 80°C, under a
reaction pressu're of 10 bar, at a flow rate of carbon monoxide of 500 ml/min,
at a flow rate of oxygen of 25 ml/min, and for a reaction time of 2 hours.
The results are shown in Table 2. - '

[Comparative Examples 4 and 5]
To an aqueous - solution of cerium - nitrate lrexahydrate
Ce(NOs)s'6H20 was added equimolar citric acid, the obtained solution was
slowly evaporated to dryness followed by heat decomposition, and further -
the decomposed product was baked at 550°C for 12 hr. On the obtained
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| cerium oxide powder, 2% by weight of palladium was supported to prepare a

supported catalyst in the same manner as in Example 2. -

In Comparative Example 4, into the same apparatus as in Example
1 and followed examples were charged 50.0 g of phenol, 1000 mg of the
above-obtained catalyst, 1000 mg of tetra-n-butylammonium bromide and
80 mg of manganesé acetylacetonate dihydrate, and they were made to
react at a reaction temperature of 80°C, under a reaction pressure of 10 bar,
at a flow rate of carbon mohoxide of 500 ml/min, at a flow rate of oxygen of
25 ml/min and for 2 hr. Further, Comparative Example 5 was carried out .
under the same conditions as in Comparative Example 4 except that 220 mg

- of sodium _phenolate ‘was further added to the reaction conditions of

Comparative Example 4. The results are shown in the following Table 2.

[Comparative Examples 6 and 7]'

- [Preparation of manganese oxide powder]

To a solution prepared by dissolving 126 g (1 mdl) of manganese (II)
chloride in 500 ml of water was added dropwise a solution of 85 g (2.125
mol) sodium hydroxide dissolved in 200 ml of water. So-obtained
precipitate was filtered under reduced pressure, washed with water and
dried. Subseqﬁently., this was tr_eat_ed by heating at 300°C for 3 hr and at
500°C for 2 hr. | | o

" [Support of palladium on manganese oxide powder]

At room temperature, to the slurry contéining 58.5 g of the above- -
obtained manganese oxide powder in 300 ml of water was added 60 ml of a -
solution whose palladium content in water was 15% and which contained 10
g of sodium tetrachloropalladate (II), and subsequently the above slurry
was made alkaline with a 5%. sodiﬁm hydroxide aqueous solution. .The
suspended solid was separated by suction filtration and dried at 100°C.
The content of Pd, which was carried on the support consisting of the
manganese oxide powder, in the cat;a_lyst was about 2.5% by weight in terms
of metal. '

[Preparation. of diphenyl carbonate using the ébove-inentioned supported



10

16

20

. .30-

catalyst] .
Using the same 100-ml reactor as in Examples 1 to 14, the reaction

~ was carried out in the presence of 1000 mg of the above-mentioned

supf)orted' catalyst (2.5% Pd/Manganese oxide) under the same conditions
as in the examples, that is, in each case of the addition (C.omparatiVe
Example 6) or no addition (Comparativé Example 7) of disodium phenoxide,
50.0 g of phenol and 1000 mg of"tetra-n-butylammor'liﬁm bromide were
charged, and the reaction was carried out at a reaction temperature of 80°C,
under a reaction pressure of 10 bar, at a flow rate of carbon monoxide of 500
ml/min, at a ﬂow' rate of oxygen of 25 ml/min and for a reaction timeof 2
hours. The obtained results are shown in the foHoWing Table 2 together
with other comparative examples. ' |

-[Comparatlve Example 8]

Reaction was carried out by using 50.0 g of phenol, 2000 mg of a

| cominermal 1%-Pd on carbon (PD-KAB-02 supplied by N. E. CHEMCAT

Corporation), 80 mg of manganése (. I ) acetylacetonate dihydrate_:
Mn (acac)z-2H20, 968 mg of tetra-n-butylammonium bromide and 220 mg of
sodium phenolate under the same conditions as in the Examples for 2 hours.

_The results are shown in the following Table 2.
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Table 2
Catalyst cbmposition Amount | DPC ' DPC Base Mn s_alt
- of yield | selectivity | presence | presence
catalyst | (rate %) ,. %

" Comparative 2% PA/TiOq 1000mg | 2.43g 94 absent presenf
Example 1 _ (4.3%) .
-Comparative 2% Pd/CeOs2 1000mg | 2.32¢g 86 - | absent | present

. Example 2 . | waw
" Comparative 2% Pd/BisOs | 1000mg| 198¢g 90 | absent | present
Example 3 . (3.5%)
Combarative 2% Pd/CeOs ' _ 1000 mg | 2.23 g._ 90 absent’ | present’
Example4 | - G.9%) | |
Comparative. | 2% Pd/CeOs 1000 mg | 4.20 g 98 - PhONa | present
Example 5 ' | 4w | 220 mg
Comparative 2.5% Pd/MnOz " 1000 mg '4._76 g | - 98- absenf, | present
Example 6 , (8-4%) | .
Comparative 2.5% Pd/MnOsq 1000mg | 565¢g 99 PhONa | present
Example 7 : . (9.9%) 220 mg
Comparative 1% Pd/activated 2000mg | 591¢g 99 PhONa preéent
Example 8 " carbon 104%) | - 220 mg

Effect of Invention _ _

| The present invention can provide s_uppofted c'atalysts havihg high .
‘activity and selectivity enabling the pi'bduction of an aromatic carbonate in

- high yield and selectivity, and economically from an aromatic hydroxy
compound,.'carbon ‘monoxide and oxygen, and a method for the reaction

using said catalyst.
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.32. f |
CLAIMS

1. A catalyst in'which a pélladium ,_cempound is supported on the
perovskite-type composite oxide represented by the following formula (1):
- Moo MM’ Oy @ |
(wherein, M is a group IIB metal; x is a number of 0 to 1; M’ is a metal
having an ionic radius of 0.90 Aor more; M” is Mn, Cr, Co, Fe, Nior Cu; yis

_'a number of 2.5 to 3.5) and the palladium metal accounts for 0.01 to 15% of

the catalyst by weight. : _ | _
2. Acatalyst in which a palladium compound is supported on=the
perovskite-type composite oxide represented by the follos)ving formula (1°):
LagLxL”0Oy ---- (@) |
(wherein, Lis a group A or IVA metal taking a divalent state in the form
of an oxide; x is a number of 0to 1; L' is a metal having an ionic radius of
0.90 A or'more; L” is a group IVA, IVB or IIB metal taking a tetravalent
state in the form of an oxide; y is a number of 2.5 to 3.5) and the palladium
accounts for 0.01 to 15% of the catalyst by weight.. '
8. A catalyst described in Claim 1 wherein M is a lenthanide from

" La to Gd in the above-mentioned formula (1).

4. A catalyst described in Claim 1 or 3 wherein M is a metal
having an ionic radius of 1.0 A or more in the abo{re-mentioned formula (1).

5. A catalyst described in Claim 1, 3 or 4 wherein M’ is a metal
selected from K, Ca, Sr, Ba, Y, a lanthanide metal of atomic number of from
57 to 71, Sn, Pb and Bi in the above-mentioned formula (1).

6. A catalyst described in any of Claims 1, and 3 to 5 Wherem M” is
Mn, Co or Cu in the above-mentioned formula D).

7. A catalyst described in, Claim 2 wherein L is a metal selected
from Sr, Ba, Sn and Pb in the above-mentioned formula ).

8. A catalyst described in Claim 2 or 7 wherein L” is a metal
selected ﬁ'om T1 Zr, Sn, Pb, Ce, Pr and Yb in the above- mentloned formula
(1). ' .

9. A catalyst described in Claim 2, 7Tor8 wherein L’ is a metal .
having an ionic radius of 1.0 A or more in the above-mentioned formula ).

10. A catalyst described in any of Claims 2, and 7 to 9 wherein L is
R —

U
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a metal selected from K, Ca, Sr, Ba, Sn, Y and Pb in the above-mentioned

-33-

formula (1).

11. A catalyst descrlbed in any of Claims 2, and 7 to 10 wherein L’
is Pb in the above-mentioned formula (1°).

12. A catalyst for synthetic reactlon of an aromatic carbonate
described in any of Claims 1 to 11. . o

13. A process for preparmg an aromatic carbonate charactenzed
in that, in a method for preparing the aromatic carbonate from an aromatic
hydroxy compound carbon monoxide and oxygen in the presence of a

quaternary ammomum or phosphonium salt, and a redox reagent, and in

the presence or absence of a base, the reaction is carrled out by using a .
catalyst described in any of Claims 1 to 12.

14. A process for preparing an aromatic carbonate described in
Claim 13 wherein a compound containing a metal ion of cerium, cobalt_,
copper or manganese is used as the redox agent.

15.. A process for preparing an aromatic carbonate descrlbed in
claim 13 or 14 characterized in that the reaction is carried out under a gas |
flow capable of holding each of the partial pressures of carbon monoxide and
oxygen, and the total reaction pressure at constant.

16. A method for reactivatin_g a catalyst characterized in that the

_catalyst described in any of Claims 1 to 12 is treated with water and/or a

water- m1smble organic solvent.
17. A method for react1vat1ng a catalyst described in C1a1m 16

" characterized in that the water-miscible organic solvent is an organic
" solvent such as a ketone, an alcohol, an ether, an ester, an nitrile compound

~or an amide compound whose mutual solubility w1th water 1s 5.0% or more

by weight at room temperature. -
18. A method for reactivating a catalyst descrlbed 1n Claim 17

_, charactenzed in that acetone is used as the water-miscible organic solvent.

1?) " A process for preparmg an aromatic carbonate characterized
in that an aromatic hydroxy compound is made to react with carbon.
monoxide and oxygen by using the catalyst which has been reactivated by

 the method described in any of Claims 16 to 18 in the presence of a

quaternary ammonium or phosphomum salt in the presence or absence of a

| R B
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