TI TLE OF THE | NVENTI ON Process of Producing Carbonic D ester
BACKGROUND OF THE | NVENTI ON This invention relates to a process
for the production of -a carbonic diester. A carbonic diester such
as dinmethyl carbonate is useful as a raw material for pharmaceuticals,
agricultural chemnicals and additives for gasoline (octane boosters) and as
a raw material for the production of erganic glasses which is a S 1APSts thoryp
for phosgene. One conventional nethod of preparing a carb; _
di ester includes reacting phosgene with an alcohol. In addition to @9@@?%%34
caused by the use of highly toxic phosgene, the conventional method has
probl ens because highly corros ydr.0 0 | s produced as a by-
product. As a nethodhéﬁLgrggaﬁggg&geﬁgﬁﬁgplcarbonate wi t hout
usi ng phosgene, a procé&pngﬂcgﬁrRrQﬂqunq\Qﬁtk@%%MyDa$$©ﬁ f nmet hanol

usi ng cuprous chloride as a catalyst is known (Quad. Ind. im Ital. vol.
21, No. 1 (1985)). Wile this nethod does not use ho ene, hydrochloric
acid is formed as a by- pr od RACHSRAND It HEE BV s chloride and

water. Thus, it is ”9ﬁ§§§aiﬁ{véﬂtid>ﬂeréi‘&téélstéeaV\@kbéeQE tBe keactor and
associ at ed eQU|Fnents with a glass and, therefore, a |arge-sized reaction

appar at us CHPM19F | F TP tovetestehee the

A carbonic diester such as dimethyl carbonate is
useful as a raw material for pharmaceuticals, agricultural
chemicals and additives for gascline (octane boosters) and
as a raw material for the production of organic glasses
which is a substitute for phosgene.

One conventional method of preparing a carbonic
diester include; reacting phosgene with an alcohol. 1In
addition to problems caused by the use of highly toxic
phosgene, the conventional method has problems because
highly corrosive hydrochloric acid is produced as a by-
product.

As a method of preparing dimethyl carbonate
without using phosgene, a process employing oxidative
carbonylation of methanol using cuprous chloride as a
catalyst is known (Quad. Ind. Chim. Ital. wvol. 21, No. 1
(1985)). While this method does not use phosgene,
hydrochloric acid is formed as a by-product by the contact
of cuprous chloride and water. Thus, it is necessary to
line the inside walls of the reactor and associated
equipments with a glass and, therefore, a large—sizea
reaction apparatus cannot be utilized. Moreover, since the
cuprous chloride catalyst must be used in a large amount in
order to obtain a satisfactory reaction rate, the reaction
mixture is in the form of a slurry. Therefore, it is
hecessary to use a specific solid-liquid separation device
such as a membrane or a centrifuge in order to recover the
ester product from the slurry. This requires significant
costs because the device must withstand heat, pressure and

hydrochloric acid. To avoid the use of such a specific



cuprous chloride catal yst nust be used in a |l arge anobunt in order to obtain
a satisfactory reaction rate, the reaction mxture is in the formof a
slurry. Therefore, it is necessary to use a specific solid-liquid
separation device such as a nenbrane or a centrifuge in order to recover
the ester product fromthe slurry. This requires significant costs because
t he device nust w thstand heat, presstr2 and hydrochloric acid. To avoid

t he use of such a specific - - 2-
solid-liquid separation device, a nethod is proposed in which a dinethyl
carbonate product is discharged fromthe reactor as a gas phase together

with a |argg)3euntyQfa Wikadehd vt el | &l ndases. i dhpsopekladinhovever,
requires the recycling of the | arge anount of the unreacteg raw mat eri al
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US- A- 4604242 (Dow Chemical) s t the _of a bis(2,4-
B e ey

pentadianafgfbgﬁﬁﬁﬁﬁﬁ foki e-pyrirl% nobgeneous cat al yst system This
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very slow y13nq J Ne COPRGT SAI@YSta iRet¥0dd 8BS b Yop¥aEhaRhewhich an
alcohol is carbonylated using a homogeneous catalyst of
copper chloride-nitrogen compound (USQRe—29,338 of Snam
Progetti). Because of poor solubility of copper chloride,
however, this method is not put into practice. US-A-4604242
(Dow Chemical) Suggest the use of a bis(2,4- '
pentadianato)copper(II)methoxide-pyridine homogeneous
catalyst system. This method, however, is not put into
practice because the reaction proceeds very slowly and the
copper catalyst is not easily available.

As a method of producing a carbonic diester
without using a slurry system, a method is also known in
which a homogeneous catalyst of CuCl,/PdCl; is used (JP-A-5-
320098). Because of the use of PdCl3, however, oxalic acid
and insoluble copper oxalate are unavoidably formed so that
the catalytic activity and selectivity are lowered.
Fu:ther, a method is-proposed in which the oxidative
carbonylation is performed in a gas phase using a catalyst
having supported thereon a copper salt or a copper complexX.
For example, US-A-2625044 (Dow Chemical) discloses the use
of a catalyst containing copper chloride or copper-pyridine
complex supported on activated carbon. This method,
however, has a problem because the selectivity to the
carbonic diester is low and the catalyst life is not long.

JP-A-6-210181 proposes a method of producing a
carbonic diester by oxidative carbonylation of an alcohol in
the presence of a catalyst including activated carbon

supported thereon a copper-triphenylphosphine complex and a



As a nethod of producing a carbonic diester wthout using a slurry system.
a nethod is also known in which a honogeneous catal yst of
CuCl[err]/Pdd[err] is used (JP-A-5- 320098). Because of the use of

PdCl [err], however, oxalic acid and insol uble copper oxalate are

unavoi dably formed so that the catalytic activity and selectivity are

| owered. Further, a nmethod is proposed Bn-which the oxidative carbonyl ation
is perforned in a gas phase using a catal yst having supported thereon a
copper salt or a copper conplex. For exanple, US-A-2625044 (Dow Chem cal)

di scl oses the use of a catalyst containing copper chloride or
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SUMMARY OF THE INVENTION

It is, therefore, an object of the present
invention to provide a process which permits the use of a
homogeneous catalyst system.-

Another object of the present invention is to
provide a process which can produce a carbonic diester at a
high selectivity and a high reaction rate.

It is a further object of the present invention to
provide a process which does not cause corrosion of the
apparatus with which the process is performed.

' It is yét a further object of the present
invention to provide a process in which catalyst
inactivation is suppressed.

It is yet a further object of the present
invention to provide a homogeneous catalytic composition
useful for the production of carbonic diester by oxidative
carbonylation of an alcohol.

In accomplishing the foregoing objects, there is
provided in accordance with the present invention a process
for the production of a carbonic diester, comprising
reacting, in a reaction zone, an alcohol with carbon
monoxide and oxygen in the presence of ingredient (a) which
is metallic copper or a copper compound, ingredient (b)
which is a heterocyclic compound containing one or more
nitrogen atoms in the cyclic skeleton thereof and ingredient

(c) which is a glycol ether represented by the following



pr oduct . SUWMMARY OF THE | NVENTI ON It is,
therefore, an object of the present invention to provide a process which
permts the use of a honpbgeneous catal yst system Anot her obj ect
of the present invention is to provide a process which can produce a
carbonic diester at a high selectivity and a high reaction rate.

It is a further object of the present-indvention to provide a process which
does not cause corrosion of the apparatus with which the process is

per f or med. It is yet a further object of the present invention to
provi de a process in which catalyst inactivation is suppressed.

It is yet g fuh herjgb )j ect of the present invention to provide a
honbgeneou °cat yt| ‘conposition useful for the production of carbonic
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In another aspect, the present invention provides
a catalyst composition in the form of a solution, comprising
ingredient (a) which is metallic copper or a copper
compound, ingredient (b) which is a heterocyclic compound
containing one or more nitrogen atoms in the cyclic skeleton
thereof and ing;edient (¢) which is a glycol ether
represented by the following formula (I)

RO - (CHR? - CH,0),- R® (1)

wherein R! stands for an alkyl group having from 1 to 6
carbon atoms, R? stands for a hydrogen atom or an alkyl.
group having 1 or 2 carbon atoms, R?® stands for a hydrogen
atom or an alkyl group having from 1 to 6 carbon atoms and n

is an integer of from 1 to 12.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the
present invention will become apparent from the detailed
description of the invention which follows, when considered
in light of the accompanying drawings, in which:

Fig. 1 is a diagrammatic illustration of one
embodiment of an apparatus for carrying out the process
according to the present invention;

Fig. 2 is a diagrammatic illustration of another
embodiment of an apparatus for cerrying out the process
according to the present invention;

Fig. 3 is a diagrammatic illustration of a further
embodiment of an apparatus for carrying out the process

according to the present invention;



formul a (J)oussmmmmmm sl CHR CHerr]l]OJferr]- Rerr]
(1) wherein R[err] stands for an aI kyI group haV| ng from1l1l to 6 carbon
atons, Rlerr] stands for a hydrogen atomor an al kyl group having 1 or 2
car bon atonms, R err] stands for a hydrogen atom or an al kyl group having
froml to 6 carbon atons and n is an integer of from1l to 12. In
anot her aspect, the present invention pgovides a catalyst conposition in
the formof a solution, conprising ingredient (a) which is netallic copper
or a copper conpound, ingredient (b) which is a heterocyclic conpound
containing one or nore nitrogen atons in the cyclic skeleton thereof and

i ngredient (c) which is a glycol ether represented by the fo Io ng fornul a
(1): Fii%er 14 33 o td—ﬁfe’rn]r]]‘@f[%??Pn T(YI

(1) wher ei apBheathss ayedts frorEfmmlkyd; giroup having from 1 to 6 carbon
atonms, R err]| stands f.or hydr ogen atom or. an, k 9 vipg 1 or
carbon atons, R3 staﬁrdsg‘f gfagqe%ng?aotfﬁ lfz;:ll'nua %’ g’?ogg hgw ng from 1
to 6 car boapphaesguesndised slmrExmrélgﬁrli)i from1l to 12. - BRI EF
DESCRI PTI ON OF THE DRAW NGS O her objects, features and

advant ages of the present invention will become apparent fromthe detailed
description of the i nv&HTAGAEDESCRARTRE khifiic FTHRFGFREL i n |ight of the

acconpanyi ng draw ngs, in wWBifgbpIiMENTS oF THEIINVEN®IANI agrarmat ic
illustration of one enbodi nent, of an aerer at.us for car ryégg ut, EQ‘E Bhocess

according to the preddift F$REMIHIPT cohokwith ox Brafmar
i |1 ustrati eenekiarothelcleniiMENtinftion Sppeeics é0racaaryongcout the

process acgorm ng t.0 therFooffent i nvention; Fig. 3is a
di agr ammat P& P Tstrtattd %Surther enbodi ment of an apparatus f.or
carrying out the (Rastless smcor dicnglt o -the pRESBARCLAV éNnEON (oxidation)
2 (CuoORCl) + CO —> (RO),CO + 2CuCl (carbonylation)
2(ROH) + CO + %0, —> (RO),CO + H,0 (overall)
In the present invention the above oxidative

carbonylation reaction is carried out in the presence of
ingredient (a) which is metallic copper or a copper
compound, ingredient (b) which is a heterocyclic compound
containing one or more nitrogen atoms in the cyclic skeleton
thereof and ingredient (c) which is a glycol ether
represented by the following formula (I):

R'0O - (CHR? - CH,0),- R® (I)
wherein R! stands for an alkyl group having from 1 to 6
carbon atoms, R? stands for a hydrogen atom or an alkyl
group having 1 or 2 carbon atoms, R’ stands for a hydrogen
atom or an alkyl group having from 1 to 6 carbon atoms and n
is an integer of from 1 to 12.

The ingredient (a) serves to function as a
catalyst. The copper compound may be, for example, a halide
such as a chloride, a bromide or an iodide, e.g. CuCl,
CuCl,, CuBr, CuBr,, Cul or Cul,; an inorganic acid salt such
as a nitrate, carbonate, borate or phosphate, e.g. Cu(NO3);,
CuB,40;, CuCO;+Cu(OH),*H,0 or CuPO,; an organic salt such as a
formate, an acetate or an oxalate, e.g. Cu(HCOO),, Cu(CzH,)
or Cu(CH3CO0),; an oxide such as Cu,0 and CuO; a hydroxide

such as Cu(OH),; a complex of the above copper compound with



- 5- ' Fig. 4 is a diagrammatic illustration of an apparatus

used-in Exanple 2; and Fig. 5is a diagranmatic illustration of
an apparatus used in Exanple 15. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS OF THE | NVENTI ON The
reaction of an al cohol w th oxygen and carbon nonoxi de which results in the
formation of a carboni.c diester is as-f®l+ows: 2 (ROH) + [err]Jerr] +
2Cud  [err] 2(CuORCl) + Herr]O (oxidation) 2(CuORCl) + CO

[err] (ROJ[err]Co + 2CuC (carbonyl ation) 2 (ROH) + CO+ [err]derr]
(RO [err]CO + H20 (overall) - In the present invention the above
oxi dat i ve Qai?a\,\%‘dat'%erq_ gﬁzﬂi‘ x&a}%“ﬁﬂr C&Qan{ﬂlé he P SReNCes9h as

i ngredient (a Ic C a copper compound, i ngredient

(b) which Fsimekbydpadpeli @W%ﬁ@%%@%?ﬁyw‘é FORPOYR at ons
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for a hydroggre E%%EOQagn nggeasons of catalytic activity and

selectivity.

The heterocyclic compound containing one or more
nitrogen atoms in the cyclic skeleton thereof used as the
ingredient (b) may be, for example, a pyridine compound such
as pyridine or a substituted pyridine having an inert
substituent such as an alkyl group, a hydroxyl group, an
alkoxy group or-é halogen atom. Illustrative of suitable
substituted pyridines are 2-hydroxypyridine, 2-
methylpyridine, 2-ethylpyridine, 2,4-dimethylpyridine, 2-
methyl-4-hydroxypyridine, 2-hydroxy-4-methoxypyridine and 2-
hydroxy-6-chloropyridine. Other examples of the ingredient
(b) include phenanthroline compounds, imidazole compounds
and dipyridyl compounds. Above all, the use of a pyridine
compound, a 2-hydroxypyridine compound, a 2-methylpyridine
compound, 1,l10-phenanthroline or dipyridyl is particularly
preferred. The ingredient (b) and the ingredient (a) form a
complex capable of being dissolved in the ingredient (c).

The ingredieht (c) is used as a solvent. In the
ingredient (c) of the formula (I) above, R! is an alkyl
group having from 1 to 6, preferably 1 to 4, more preferably
1 to 2 carbon atoms, R? is a hydrogen atom or an alkyl group
having 1 or 2 carbon atoms, preferably a hydrogen atom or a
methyl group, R?® is a hydrogen atom or an alkyl group having
from 1 to 6, preferably 1 to 4, more preferably 1 or 2

-carbon atoms and n is an integer of from 1 to 12, preferably
1 to 6, more preferably 2 to 4. When the number of carbon
atoms of R! exceeds 6, when the number of carbon atoms of R?
exceeds 2 or when the number of carbon atoms of R® exceeds

6, the solubility of the ingredient (a) in the glycocl ether



group having 1 or 2 carbon atons, R err] stands for a hydrogen atom or an
al kyk group having from1 to 6 carbon atons and n is an integer of from1l
to 12. The ingredient (a) serves to function as a catalyst. The
copper compound nmay be, for exanple, a halide such as a chloride, a brom de
or ah iodide, e.g. Qud, CuC[err], CuBr, CuBr[err], Cul or Cul[err]; an
I norganic acid salt such as a nitrate; tarbonate, borate or phosphate, e.g.
Cu(NgJ err])[err], CuB[err]derr], CUCJerr] CYOH[err] Herr]O or
CuP(J err]; an organic salt such as a fornate, an acetate or an oxal ate,
e.g. CQu(HCOO) [err], Cu(Cerr]Herr]) or Cu(CHerr]COO[err]; an oxide such
as Qulerr] Q.and, Q. hydraxisle e, A QUGN o8 £8Mpex of the above

n
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low vapor pressure and can dissolve oxygen, carbon monoxide

and the ingredients (a) and (b) therein.

It is preferred that the ingredient (c) be a
monoalkyl ether of a glycol obtained by adding 2 to 12 moles
of ethylene oxiae and/or propylene oxide to 1 mole of
methanol, ethanol, propanol and/or butanol or a dialkyl
ether of a glycol obtained by substituting the hydrogen atom
of the terminal OH group of the above glycol monoalkyl ether
with an alkyl group such as methyl, ethyl, propyl or butyl.
These glycol ethers can well dissolve carbon monoxide,
oxygen and a complex of the ingredients (a) and (b), so that
the oxidative carbonylation reaction can proceed in a
homogeneous phase without formation of precipitates.

Any alcohol can be used as a raw matérial for the
formation of carbonic diester. Examples of alcohols include
saturated or unsaturated aliphatic alcohols having from 1 to
20 carbon atoms such as méthanol, ethanol, l-propancl, 2-
propanol, l-butanol, 1—pentanol, l-hexanol, .l1-octanol, 1-
decanol, l-octadecanol, allyl alcohol, 2-butene-1-o0l and 2_.
hexene-1l-0l; alicyclic alcohols having from 3 to 7 carbon
atoms such as cyclohexanol and cyclopentanol; aromatic
alcohols such as benzyl alcohol and phenethyl alcohol;
polvalcohols such as dialcohols, e.g. ethylene glycol,
diethylene glycol, triethylene glycdl, pelyethylene glycol
and propylene glycol, and glycerin. Above all, the use of
methaneol or ethanol is preferred for reasons of a demand for

the resulting carbonic diester product.



substituted pyridines are 2-hydroxypyridine, 2- nethyl pyridine,

2-et hyl pyri di ne, 2,4-dinethyl pyridine, 2- nethyl-4-hydroxypyri dine,

2- hydr oxy- 4- met hoxypyri di ne and 2- hydroxy-6-chl oropyridine. O her exanpl es
of the ingredient (b) include phenanthroline conpounds, im dazole conpounds
and di pyridyl conmpounds. Above all, the use of a pyridine conpound, a

2- hydr oxypyri di ne conpound, a 2-net hylpgr+di ne conpound,

1, 10- phenant hroline or dipyridyl is particularly preferred. The ingredient
(b) and the ingredient (a) forma conpl ex capabl e of being dissolved in the
i ngredient (c). The ingredient (c) is used as a solvent. In the
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ingredient (a) is preferably in the range of 1:10 to 100:1,
more preferably 152 to 50:1, most preferably 1:1 to 10:1. A
molar ratio of the ingredient (b) to the ingredient (a)
below 1:10 is disadvantageous because the homogenous
catalyst system_is not easily obtainable. Too high a ratio
in excess of 100:1 is also disadvantageous because the
selectivify of carbonic diester based on CO is lowered and
the catalyst tends to form precipitates in the presence of
the raw material alcohol.

The molar ratio of the ingredient (c) to the
ingredient (a) is preferably in the range of 1:2 to 200:1,
more preferably 1:1 to 100:1, most preferably 3:1 to 50:1.

A molar ratio of the ingredient (c) to the ingredient (a)
below 1:2 is disadvantageous because the homogenous catalyst
system is not easily obtainable. Too high a ratio in excess
of 200:1 is also disadvantageous because the oxidative
carbonylation reaction fails to proceed at a satisfactory
reaction rate.

The molar ratio of the raw material alcohol to the
ingredient (a) is preferably in the range of 3:1 to 700:1,
more preferably 30:1 to 500:1, most preferably 50:1 to
300:1. A molar ratio of the alcohoi to the ingredient (a)
below 3:1 is disadvantageous because the oxidative
carbonylation reaction fails to proceed at a satisfactory
reaction rate. Too high a ratio in excess of 700:1 is also
disadvantageous because the catalyst tends to form

precipitates and oxidative carbonylation reaction fails to



ether is high. The glycol ethers of the fornula (1) may be used singly or
as a‘mxture thereof. The glycol ether of the formula (1) is chemcally
inert and thermally stable, is not corrosive, does not form precipitates or
i nsol uble matters during the oxidative carbonylation reaction, has a | ow
vapof pressure and can di ssol ve oxygen, carbon nonoxi de and the ingredients
(a) and (b) therein. It is preferred that the ingredient (c) be a
nonoal kyl ether of a glycol obtained by adding 2 to 12 nol es of ethyl ene
oxi de and/ or propylene oxide to 1 nole of nmethanol, ethanol, propanol

and/ or butanol or a dialkyl ether of a glycol obtained by substituting the
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other hand, causes the production of by-products and the
decomposition of glycol ether. A carbon monoxide partial
pressure below 0.1 kg/cm? is insufficient to perform the
reaction at a satisfactory rate. No additional merits are
obtainable when the carbon monoxide partial pressure is
higher than 50 kg/cm?. Rather, since it is necessary to use
a pressure-resisting reactor, the use of excessively high
pressure is disadvantageous from the economic point of view.
An oxygen partial pressure below 0.001 kg/cm? is
insufficient to perform the reaction at a satisfactory rate.
When the oxygen partial pressure is greater than 10 kg/cm?,
on the other hand, glycol ether tends to be oxidized and
decomposed and the selectivity of carbonic diester based on
CO is lowered.

The process according to the present invention may
be carried out in a batch system or in a continuous system.

In a batch system, a raw material alcohol is
charged in a reactor together with the above-described
ingredients (a), (b) and (c¢) and, thereaftexr, carbon
monoxide and oxygen are fed to the reactor while maintaining
the temperature and the carbon monoxide and oxygen partial
pressures at predetermined ranges. The reactor may be, for
example, of a stirring-type or of a bubbling-~type which can

provide sufficient gas-liquid contact. The carbon monoxide



- 8- It is not necessary that carbon nonoxi de and oxygen used
for the oxidative carbonylation reaction have high purity. The carbon
nonoxi de feed and oxygen feed may contain an inert gas such as nitrogen,
argon or carbon dioxide. Rather, for the prevention.- of explosion, it is
preféerred that the oxygen be diluted with the inert gas, i.e. air can be
used as the oxygen feed. The I®lar ratio of the ingredient (b) to
the ingredient (a) is preferably in the range of 1:10 to 100:1, nore
preferably 1:2 to 50:1, nost preferably 1:1 to 10:1. A nolar ratio of the
ingredient (b) to the ingredient (a) below 1:10 is disadvantageous because
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after terminatiéh of the reaction is discharged from the
reactor and is introduced into a distillation tower to
recover the carbonic diester product. The residual fraction
containing the ingredients (a), (b) and (c) is recyclgd to

"the reactor, to which the raw material alcohol is again
added together with make-up components such as the
ingredient (b) and (c). The process is again started by
feeding the carbon monoxide and oxygen to the reactor. The
latter method is more efficient than the former, gas phase
recovery method.

In the above embodiment, the oxidation and
carbonylation reactions are carried out simultaneously.

- However, the carbonylation can be preceded by the oxidation,
if desired. In this case, the raw material alcohol is
charged in the reactor together with ingredients (a), (b)
and (c). Then, oxygen is fed to the reactor to provide an
oxygen partial pressure of 0.001-10 kg/cm? and the oxidation
is performed at a temperature of 30-150°C. Thereafter, the
remaining oxygen is discharged and carbon monoxide is fed to
the reactor to provide a carbon monoxide partial pressure of
0.1-50 kg/cm?. The carbonylation is performed at a
temperature of 30-200°C.

In the continuous-type system, the reactor is



preci pitates and oxidative carbonyl ation reaction fails to

-9- - proceed at a satisfactory reaction rate. The oxidative
carbonyl ation reaction is preferably perforned at a tenperature in the
range of 30 to 200[err]C, nore preferably 50-150[err]C, nost preferably

80- 140[ err] C, under a carbon nonoxi de partial pressure of in the range of
0.1 to 50 kg/cnferr], nore preferably-1130-kg/cnierr], nost preferably 1-25
kg/ cn2 and an oxygen partial pressure of in the range of 0.001 to 10
kg/cnierr], nore preferably 0.005-5 kg/cniferr], nost preferably 0.01-3

kg/ cn2. When the reaction tenperature is below 30[err]C, the reaction fails
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200[err] C, on the other hand,_ causes” the production o y-products and the
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and the seléectivity carboni c di ester bDase n
reaction mixture may be discharged as a gas phase or liquid
phase. In the liquid phase-discharging method, the
reaction mixture discharged from the reactor is introduced
into a separation zone such as a flusher or a distiliation
tower to recover the carbonic diester product. The residual
fraction containing the ingredients (a), (b) and (c) is
continuously recycled to the reactor. The liquid phase-
discharging method is more efficient than the gas phase
recovery method.

In the continuous process, too, the oxidation and
carbonylation can be carried out separately without
difficulty, since the catalyst system used in the present
invention is stable and homogenous. In such a case, two
reactors for use in oxidation and carbonylation,
respectively, are connected in series and oxygen and carbon
monoxide are respectively supplied to the two reactors. The
reaction conditions in the two reactors are similar to those
described above in .connection with the batch system. The
method in which the oxidation and carbonylation are carried
out in separate zones has a merit that the formation of an
explosive gas mixture containing carbon monoxide and oxygen
can be avoided and a loss of carbon monoxide due to
combustion with oxygen is minimized.

In the above batch and continuous processes, at
least a portion of the reaction mixture comprising the
catalyst (ingredient (a)) is discharged from the reactor and

introduced into a treatment zone to treat the discharged



COis | owered. The process according to the present invention may
be carried out in a batch systemor in a continuous system In a
batch system a raw naterial alcohol is charged in a reactor together with
t he above-described ingredients (a), (b) and (c) and, thereafter, carbon
nonoXi de and oxygen are fed to the reactor while nmaintaining the
tenperature and the carbon nonoxi de anrdipxygen partial pressures at
predet erm ned ranges. The reactor may be, for exanple, of a stirring-type
or of a bubbling-type which can provide sufficient gas-liquid contact. The
car bon nonoxi de - 10 - and oxygen

are fed to._t ch-t r.d f oL .e -2
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pressure of less than 0.1 kg/cm? is insufficient to
regenerate the catalyst. No additional merits are
obtainable by using a carbon monoxide pressure in excess of
50 kg/cm?. Rather, the use of a high pressure requires the
use of a pressufe-resisting reactor and is ecéﬁomically
disadvantageous. A treatment temperature below 50°C is
insufficient to regenerate the catalyst. When the
temperature is higher than 200°C, the glycol ether
(ingredient (c)) tends to be decomposed.

The process according to the present invention
will now be described with reference to the drawings which
schematically show apparatuses useful for carrying out the
process. Referring first to Fig. 1, designated as 5 is a
reaction zone which is a stirring-type reactor having a
lower portion to which feed lines for a raw material:
alcohol, carbon monoxide and oxygen are connected. The
reactor 5 is adapted to contain the above-described
ingredients (a), (b) and (c) such that the raw material
alcohol is reacted with carbon monoxide and oxygen in the
presence of the ingredients (a), (k) and (c). Connected to
the reactor 5 by a line 5a is a separation zone 6, such as a
flusher, for ieceiving a portion of the reaction mixture in
the reactor 5 and for separating a carbonic diester product
from the reaction mixture. In a case where methanol is used
as the raw material alcohol, the product contains an
azeotropic mixture of dimethyl carbonate with methanol, an

azeotropic mixture of dimethyl carbonate with water and



containing the ingredients (a), (b) and (c) is recycled to the reactor, to
which the raw material al cohol is again added together w th nake-up
conponents such as the ingredient (b) and (c). The process is again started
by feeding the carbon nonoxi de and oxygen to the reactor. The latter
method is nore efficient than the former, gas phase recovery nethod.

In the above enbodi ment, the oxidati on Bhd carbonyl ation reactions are
carried out sinultaneously. However, the carbonylation can be preceded by
the oxidation, if desired. In this case, the raw material alcohol is
charged in the reactor together with ingredients (a), (b) and (c). Then,

oxygen is € 1l o | BN A PFESIeH
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m xture fo&ebgﬁerated catalyst and excess carbon monoxide are
introduced into the reactor 5 through lines 9a and 9%b,
respectively. If desired, the raw material alcohol may be
fed to the treatment zone 9 rather than to the reactor 5;
The above process is suitably carried out in a continuous
manner. It is éiso possible to use a single device.for-
carrying out both the separation of the product and the
regeneration of the catalyst.

Fig. 2 shows another embodiment of an apparatﬁs
for carrying out the prbcess according to the present
invention. The apparatus is of a bubbling reactor type and
includes first and second, juxtaposed, vertically extending
cylindrical vessels 21 and 25, respectively, which are
connected at both top portions and bottom portions by pipes
2la and Zlb} respectively to form a loop.

The first vessel 21 has a lower portion to which
feed lines for a raw material alcohol, carbon monoxide and
oxygen are connected. The amount of the carbon monoxide fed
from .the lower end portion of the first cylindrical vessel
21 is stoichiometrically in excess. The first and second
vessels 21 and 25 are adapted to contain a reaction mixture
containing the above-described ingredients (a), (b) and (c).
By feeding CO and 02 to the bottom of the first vessel 21, a
stream which flows upward through the first cylindrical
vessel 21 and downward through the second cylindrical vessel
25 is occurred due to the difference in density between the
liquid in the first vessel 21 and the liquid in the second

vessel 25.



recovery of the carbonic diester product. The reactor may be, for exanple,
of a-stirring-type or of a bubbling-type which can provide sufficient
gas-liquid contact. The reaction m xture may be discharged as a gas phase
or liquid phase. In the liquid phase-dischargi ng nmethod, the reaction

m xture di scharged fromthe reactor is introduced into a separation zone
such as a flusher or a distillation tewk4 t+o recover the carbonic diester
product. The residual fraction containing the ingredients ((a), (b) and (c)
is continuously recycled to the reactor. The |iquid phase- discharging
method is nore efficient than the gas phase recovery nethod. In

the continuous proceﬁﬁ1 (%hér¥% S|nce 2 Cé§@§fof¥|ﬁé599e&aﬁlgﬁ carried
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into a trealiBRh aYHoLiud @t iddeckhd 50958988 of the reaction mixture
through the second wvessel 25. Namely, a treatment zone for
regenerating the catalyst is formed in the second vessel 25.

The régenerated.catalyst—containing mixture is
then recycled through the lower pipe 21b to the first vessel
21. If desired, a small amount of carbon monoxide may be
fed to an upper portion of the second vessel 25 to
facilitate the catalyst regeneration. The above process is
carried out in a continuous manner. )

Fig. 3 shows a further embodiment of an apparatus,
so called draft tube type reactor, for carrying out the
process according to the present invention. The apparatus
is of a bubbling reactor type and includes an outer
vertlcally extendlng cyllndrlcal vessel 31 closed in both
top and bottom thereof. An inner, vertically extending
cylindrical member 35 is coaxially disposed within the
outer vessel 31 to define an annular space 3la therebetween.
The inner cylindrical member (draft tube) 35 is open in both
top 35a and bottom 35b thereof so that the inside space
thereof is in fluid communication with the annular space
3la.

The inner cylindrical member 35 has a lower
portion to which feed lines for a raw material alcohol,
carbon monoxide and oxygen aie connected. The amount of the
carbon monoxide fed from the lower end portion of the inner

cylindrical member 35 is stoichiometrically in excess. The



- 12 - reaction mxture with carbon nonoxide and to regenerate the
catatyst. The treated m xture containing the thus regenerated catalyst is
recycled to the reactor. The treatnment of the discharged reaction
m xture with carbon nonoxide is preferably perfornmed under a carbon
nonoXi de partial pressure of at least 0.1 kg/cn2, nore preferably 0.5-50
kg/cnR2 at a tenperature in the range of 150-to 200[err]C, nore preferably 70
to 150[err]C. A carbon nonoxi de pressure of less than 0.1 kg/cnferr] is
insufficient to regenerate the catalyst. No additional nerits are

obt ai nabl e by using a carbon nonoxi de pressure in excess of 50 kg/cnferr].
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di et hyl car%onate w th nmethanol, an azeotropic m xture_ of dinmethyl
carbonat e wrRowghethgngeaction zone is then streamed. through the upper

opening 35a into the annular space 3la. Since the reaction
mixture still contains carbon monoxide though oxygen has
been consumed in the reaction zone, the catalyst (ingredient
(a)) is regenerated by the carbon monoxide during the
passage of the reaction mixture through the annular space
3la. Namely, a treatment zone for regenerating the catalyst
is formed in the annular space 3la.

The regenerated catalyst-containing mixture is
then recycled through the lower opening 35b to the inner
cylindrical member 35. If desired, carbon monoxide may be
fed to an upper portion of the annular space 3la to
facilitate the catalyst regeneration. The above process is
carried out in a continuous manner. The apparatuses shown
in Figs. 2 and 3 do not require a stirrer and are simple in
structure and, therefore, are.advantageous from the
standpoint of economy. Further, the apparatuses which are
columnar can be easily construcfed into a large-sized
structure.

The following examples will further illustrate the

present invention.

Example 1



- 13 - unreacted net hanol. The product is discharged overhead fromthe
separation zone 6 through a line 6b. Designated as 9 is a treatnent zone
connected to a bottomof the flusher 6 through a |ine 6a for receiving a
portion of the residue containing the catalyst system (ingredient (a)
conplexed with ingredient (b)). Carbon nonoxide is fed to the treatnent
zone 9 to regenerate the catal yst. The Pdgénerated catal yst and excess
carbon nonoxi de are introduced into the reactor 5 through |ines 9a and 9b,
respectively. If desired, the raw material al cohol nay be fed to the
treatment zone 9 rather than to the reactor 5. The above process is
suitably cagféesr&iohnod Hembgan@u&srr&amauystl sytss-_e&i SO pOSSI ble to use a
single deviTe Tor carr I ng ﬁgt 90 lthe parg %n of th%ﬁg ct_and the
regeneration of the chfafyé erlenmeyes oRIIRRSTe ¥ Hith i HERY of
an appar at usappr3tasdryi ag pytlahaepwemesshamgeddlngh&m t el it esteintring

I nvention. The ap bbli,n e t chy n first
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of precipitates were formed, the mixture within the flask

was heated to about 50°C with stirring to form a homogenous
catalyst solution. Then, 57.1 g of methanol were added to
the flask to obtain a raw material mixture in the form of a
dark green homo&eneous solution.

Preparation of Dimethyl Carbonate in Batch System:

The raw material mixture obtained above was
charged in a 300 ml autoclave {made of Hastelloy C) and the
atmosphere within the autoclave was purged with a CO gas.
The autoclave was then pressurized with a CO gas to 25 '
kg/cm?. With stirring at agitation speed of 1,000 r.p.m., the
solution was heated to 130°C and, thereafter, a CO gas and
an O, gas were fed to the autoclave at feed rates of '1.25
mol/hour and 0.1 mol/hour, respectively, while maintaining
the autoclave at 130°C. The reaction was continued for 5
hours. The gas chromatographic analysis.revealed that
dimethyl carbonate was produced in an amount of 30.9 g. The
copper utilization rate UC was found to be 561 %, the
methanol-based selectivity SM to be 80 % and the CO-based
selectivity SC to be 60 % (2 hours after start of the
reaction) and 40 % (4 hours after start of the reaction).
The copper utilization rate UC, methanol-based selectivity
SM and CO-based selectivity SC are as defined below:

UC = Y x 2/W x 100 (%)
where Y represents the yield (mol) of dimethyl carbonate and
W represents the amount (mol) of CuCl used;

SM = Y x 2/M x 100 (%)



21 is stoichionetrically in excess. The first and second vessels 21 and 25
are adapted to contain a reaction m xture containing the above-descri bed
ingredients (a), (b) and (c). By feeding Co and 02 to the bottom of the
first vessel 21, a streamwhich flows upward through the first cylindrical
vessel 21 and downward through the second cylindrical vessel 25 is occurred
due to the difference in density betweeh7the liquid in the first vessel 21
and the liquid in the second vessel 25. :

- 14 - Thus, the raw nmaterial alcohol is reacted with carbon
nmonoxi de and oxygen in the presence of the ingredients (a), (b) and (c) in
the first yveesel Yls My Rlefrimed e38vOaddNe +epfos8RTsi Bhkhambuhst vessel
21. The reaction mxture after passage through the reaction zone is then
streamed t HFGddh Ah@SHFRChi S ET it 0 the second vessel 25. Since the
reaction m.xture stildc cort/a ns &0 bon nonoxi de t hough oxygen has been
consuned in,the reaction zone h t~ (] | ) i gener at ed
by the car B err?or?ﬂgxllsdeasducfelPn:bn?%eaepp%%%éo? Jf%g£§§e%§?lgo%ﬂ%n R E’Pé%through

t he second (meggeloR2%0 Namsdymed. treat nent zone for regenerating the
catalyst is fornmed in the second vessel 25. The regenerated

catal yst-containing mxture is then recycled through the |ower pipe 21b to
the first Feparative Expapied a small anmount of carbon nonoxi de may be

fed to an ypRYYa RAHdPHLOFs e §asorh yessel 25 to

In a 300 ml erlenmeyer flask equipped with a screw

cap, 134 g of methanol were charged. Then, with stirring
using a magnetic stirrer,'26.8 g of CuCl were gradually
added into the flask. The mixture in the flask was further
stirred with heating up to about 50°C using a far infrared
heater. The CuCl failed to be dissolved in methanol so that
a slurry was formed.

Preparation of Dimethyl Carbonate:

The slurry obtained above was charged in a 300 ml
autoclave (made of Hastelloy C) and the atmosphefe within
the autoclave was purged with a CO gas. The autoclave was
then pressurized with a CO gas to 25 kg/cm?G. With stirring
at agitation speed of 1,000 r.p.m., the solution was heated
to 130°C and, thereafter, a CO gas and an O, gas were fed to
the autoclave at feed rates of 1.25 mol/hour and 0.1
mol/hour, respectively, while maintaining the autoclave at
130°C. The reaction was continued for 5 hours. The gas
chromatographic analysis revealed that dimethyl carbonate
was produced in an amount of 31.3 g. The copper utilization
rate UC was found to be 257 %, the methanol-based
selectivity SM to be 90 % and the CO-based selectivity SC to
be 90 % (2 hours after start of the reaction) and 55 % (4
hours after start of the reaction). The inside wall of the
reactor after reaction was found to lost the gloss and to be

corroded by contact with the reaction mixture.



facilitate the catal yst regeneration. The above process is carried out in a
cont i nuous nmanner. Fig. 3 shows a further enbodi nent of an
apparatus, so called draft tube type reactor, for carrying out the process
according to the present invention. The apparatus is of a bubbling reactor
type and includes an outer vertically extending cylindrical vessel 31
closed in both top and bottom thereof- M tnner, vertically extending
cylindrical nenber 35 is coaxially disposed within the outer vessel 31 to
define an annul ar space 3la therebetween. The inner cylindrical nenber
(draft tube) 35 is open in both top 35a and bottom 35b thereof so that the
i nsi de spaggafiaredf is in fluid comunication with the annular space 3la.
The inner cylindrical_menmher. 35 has a | ower portion to which feed lines for
a raw material al con@imeh b FariRRa e i edr BSLBANBR: BEPAFRLYS
amount of thawadayedminox@ide. f&d fx amaw heaterkdl ehilgpbdt i(@000fnl) he i nner

cylindrical nenher 35|€§st0|cm(N§§é£cxgléhén EXCESS, %?e

- 15 - p\’fgé)siaé:leg 3 eadsaaﬁl%eednafo Tont ai AT rEAcE T o x%u?gdcont ai ni ng

the above- desdriidthg rigred do sigght (df Curil(c)- 9By Prewenghtarifon
monoxi de agﬁ:&&%@ Ly 148 hoy tom ol the éf\f@ﬁhfyéﬁ@g{ﬂgeblnam@@;ﬁ there
e X OWs

is establi a chcuIatln%?strea of the reaction ure that
I

upwar d t hr eldpert kg ifer2 & 1bndre it efijes thanghdwaswaharaeghisugh
reacteor 51 (made of Hastelloy C). With stirring at 1,000

r.p.m., the liquid in the reactor 51 was heated to 100°C
while feeding a CO gas at a rate of 1.25 mol/hour. The
reactor 51 was then pressurized with a CO gas to 25 kg/cm?.
An O, gas was fed at a rate 0.1 mol/hour and methanol
containing 0.5 % by weight of pyridine was fed at a rate so
that the liquid level in the reactor was maintained at a
predetermined level. A vapor phase containing dimethyl
carbonate, methanol, water and pyridine was emitted overhead
from the reactor 51 and introduced into a cocler 52
maintained at 10°C and 1 kg/cm?G to recover these components
as liquid. The recovered liquid was collected in a
reservoir 53. A non-condensed gas was discharged from the
cooler 52 and introduced into a condenser 54 to separate the
non-condensed gas into liquid and gas phases. The liquid
phase was collected in the reservoir 53 while the gas phase
was passed through an O, meter 55 and a gas meter 56 and
discharged as an exhaust gas. After 0.5, 1, 2, 3 and 4
hours from the commencement of the reaction, the exhaust gas
was analyzed by gas chromatography to measure the
concentrations of CO,, CO, dimethyl carbonate, methanol and
O;. Also measured at the above points in time were the
amounts of methanol, pyridine, triethylene glycol dimethyl
ether and dimethyl carbonate by gas chromatography and the
amount of water by the Karl Fischer's method in the liquid
prhase recovered in the reservoir 53. From the results of
the measurement, CO-based selectivity (SC2) and methanol-

based selectivity (SM) were calculated as follows:



t he annul ar space 31la. Thus, the raw material al cohol is reacted
W t h- carbon nonoxi de and oxygen in the presence of the ingredients (a), (b)
and (c) in the inner cylindrical menber 35. Nanely, a reaction zone is
formed in the inner cylindrical nmenber 35. The reaction mxture after
passage through the reaction zone is then streaned through the upper
openi ng 35a into the annul ar space 3la.18i nce the reaction mxture stil
cont ai ns carbon nonoxi de t hough oxygen has been consuned in the reaction
zone, the catalyst (ingredient (a)) is regenerated by the carbon nonoxide
during the passage of the reaction mxture through the annul ar space 3la.
Nanely, a treatngnt =zone for Q@gmratvmg]meloat alyst is forned in the
annul ar space 3la. The re 6%% atagg % cogtalg gvn1xture is
then recycM@®LHThR? tHRPTSIER D pERT g B¢ FRAdE tey1®dri'cal menber
35. If dESIﬂeQﬁ:ei‘e%{‘dB)rtml’wmdenﬂﬁa{tbenfe%l by woluppéer offoc,oninf thae
annul ar spa to fa itate the y o] e

process is 8%??16&1?ﬁﬁ (W# a cont ?%ﬁ%%2£ﬁ%n§é?£ggﬁng§%gr3?u§§svgﬁ§&%)

Fi gs. 2 ancef3 ajo imotthree gpaiw enast estiialk efeechcard émsmegp:eesﬁnswubeure and,
therefore, At %PA\EP&?O{? {, &g ?té‘?dBO'm Ofc CEPAQAY: WGl heRa the
apparatuses are col umatr can be easil y constructed into a | arge-si zed
structure. = Yhe 200 3WL 09 exanples will further illustrate the

present i”%ﬁHHféMh SME%%§¥%§bﬂts the methanol-based selectivity (%), Y
represents the yield (mol) of dimethyl carbonate and M

represents the amount (mol) of methanol consumed. The
results are summarized in Table 1. The yield of dimethyl
carbonate throughout 4 hours reaction was found to be 0.58
mol/hour-liter.—.No other by-products than CO, were
detected.



16 - Preparati on of Honpbgeneous Catal yst System In a 200 m
erl enneyer flask equi pped with a screw cap, 31.4 g of pyridine were
charged. Then, with stirring using a magnetic stirrer, 13.5 g of Cud were
gradual ly added into the flask. Imediately after conpletion of the
addition of CuCl, 77.3 g of triethylene glycol dinethyl ether (H SOCLVE MIM
manuf actured by Toho Chem cal Industry BAc-) were further added to the
flask. Since a small anmount of precipitates were forned, the m xture within
the flask was heated to about 50[err]Cwith stirring to form a honbgenous
catal yst solution. Then, 57.1 g of nethanol were added to the flask to
obtain a raw material mxture in the fgiuyof1a dark green honpbgeneous
solution. Preparation of Dinethyl Carbonate in Batch System The
raw material ni xt ur€hapga; AedSebeFEINAEYCHE GedPh SH 303 th Tif%cl ave (nmade
of Hastelloy C) and the atnosphere within the autoclave was purged with a

CO gas. The autoctavewas—thempressurizgd—w th COgas_to szgT‘CTﬂ err].
Wth stirring atT:‘afEﬁthtE?%) QpPdeh 1‘ﬂﬂg r.p m,g the in3||finr3 was--heat ed
to 130[err]C ansca hggeafter, a €O gas and an  @8r] gas7eere fedsto the

autocl ave at feed rates of 1.25 | / hour ognd O. | / ho res ively,
whi | e mai nt ai ni n’%‘rﬁ%’ alit ocl ave 1qn{£?r§] c Tiga? 1 hoylg I eSPaQl ! Y.
for 5 hours. The gas chromat ographi c anal ysis reveal ed that dinethyl

car bonat e \%’g@a,‘g:;_ﬁg ed in an anount of 30.9 g. The copper utilization rate
UC was found t e 561 % the nethanol -based selectivity SMto be 80 % and
t he CO basdirepdeaticoniof Jimethil c@ashenaksin Bafeh SWATEMSf the

reaction) and 40 % (4rhou s abkampséarthef okhaateaat aad) cab>ngQRAgon

utilization rate , _mef hanol - band selectivi té?SM agg a\%ﬁ(sed selectivity
SC are as d@&f§ RRFHeIBe Separately gn_thlg 9rik- 10878 o9& S¢ 1
represents ddiautiet dolft@inedf ini tké hyhmeamhnnareaanthWtr dpr Esemted « He
anmount (rnﬂdaéﬁcégggegsfg;é 300 ml aug%@faxex(%éy£xo%ogag%£lloy C) and

the atmosphere within the autoclave was purged with an O,

gas. With stirring at agitation speed of 1,400 r.p.m., the
solution was heated to 70°C. The autoclave was then

2 to start the oxidation

pressurized with an O, gas to 4 kg/cm
of methanol while maintaining the temperature at 70°C.

After two hours reaction, the heating was stopped to permit
the temperature to be lowered to 40°C. The pressure within
the autoclave was then released and the atmosphere within
the autoclave was purged with a CO gas. With stirring at
agitation speed of 1,400 r.p.m., the solution was heated to
120°Cc. Thereafter, a CO gas was fed to the autoclave so
that the pressure in the autoclave was increased to 25
kg/cm?. The carbonylation was thus performed for 2 hours,
while maintaining the autoclave at 120°C. The heating was
then stopped to permit the temperature to be lowered to
40°C. The reaction mixture in the autoclave was sampléd and
measured for the yield of dimethyl carbonate. 3.8 Grams of
dimethyl carbonate were produced. The selectivity of
dimethyl carbonate based on CO (produced dimethyl carbonate
{(mol) /consumed CO (mol) was 76 %. No corrosion of the

inside wall of the reactor was observed.



- 17 - where Y is as defined above and Mrepresents the anount (nol) of

met hanol consuned; SC = Y/C x 100 where Y is as defined above and
C represents the anount (nol) of CO consuned. Conpar ative Exanple 1
Preparation of Slurry Catalyst: In a 300 M erlenneyer flask

equi pped with a screw cap, 134 g of nethanol were charged. Then, with
stirring using a magnetic stirrer, 26-82¢ of CuC were gradually added into
the flask. The mixture in the flask was further stirred with heating up to
about 50[err]C using a far infrared heater. The CuC failed to be dissol ved
in methanol so that a slurry was fornmed. Preparation of Dinethyl Carbonate:
The sl urry ceiiprinad wabaneamsse charged in a 300 nl autocl ave (nade of

Hast el | oy and the at npsp ere W|th| t he autocl ave was purged with a CO
gas. The ad eh : 2hith a CO gas to 25 kg/cnerr] G
Wth stirring at ag| tmla)rﬁ&‘@a&]:i @flémﬁ)@jber Plask édeippedt whnhwas skeatved
to 130[err] C._an ther after S a r ed to the
aut ocl ave ]é:t f’eg‘é3 ates p rjldlz%e %)?119%051?@9 g& ﬂéﬁ]‘l %glfjtr:ﬂergé%ecpl Pvel Y,
whi | e mai nusiimion@ tegrmitioc| svbreer, 24 g of CuCl were gradually added

into the flask. After dissolution of CuCl in pyridine, 120

g of methanol was added so that a slurry was formed. The
mixture in the flask was further stirred with heating up to
about 50°C using a far infrared heater but the solid matters
were not dissolved.

Preparation of Dimethyl Carbonate:

The slurry obtained above was charged in a 300 ml
autoclave (made_bf Hastelloy C) and the atmosphere within
the autoclave was purged with an O, gas. With stirring at
agitation speed of 1,400 r.p.m., the slurry was heated to
70°C. The autoclave was then pressurized with an O, gas to
4 kg/cm? to start the oxidation of methanol while
maintaining the temperature at 70°C. After 45 minutes
reaction, the heating was stopped to permit the temperature
to be lowered to 40°C. The pressure within the autoclave
was then released and the atmosphere within the autoclave
was purged with a CO gas. With stirring at agitation speed
of 1,400 r.p.m., the solution was heated to 120°C.
Thereafter, a CO gas was fed to the autoclave so that the
pressure in the autoclave was increased to 25 kg/cm?. The
carbonylation was thus performed for 45 minutes, while
maintaining the autoclave at 120°C. The heating was then
stopped to permit the temperature to be lowered to 40°C.

The analysis of the reaction mixture revealed the production
of dimethyl carbonate. However, about 80 % of the reaction
mixture is in the form of a gel and, therefore, this process

is ill-suited for industrial applications.

Examples 4 to 8

Example 1 was repeated in the same manner as



130[err]C. The reaction was continued for 5 hours. The gas chromat ographic
anal ysis reveal ed that di nethyl carbonate was produced in an anpount of 31.3
g. The copper utilization rate UC was:found to be 257 % the nethanol - based
selectivity SMto be 90 % and the CO based selectivity SCto be 90 % (2
hours after start of the reaction) and 55 % (4 hours after start of the
reaction). The inside wall of the reaetpe after reaction was found to | ost
the gloss and to be corroded by contact with the reaction m xture.

- 18 - Exanpl e 2 D net hyl carbonate was prepared using an
appar at us iIIustrated in Fig. 4. Araw material liquid (200 m) prepared in
t he sane nner..as 0 i ght of
cud, 2.9 SfrV\lfebl g t= é‘gtyn I ne 916‘%9 ﬁ%@éﬂ@i %l% trﬁ/l thﬁV\Fene gl ycol

di met hyl etdwmpmd:m 251%‘401}' mﬂ@ml@fzrret%ﬁolfl@\h@ @ﬁaﬁg@ﬁthﬁla reactor 51
(rmade of ) [ 0 p.m, the liquid in the
react or 5?%\%@&?&%%&1}(%@)&(%&%%1}6&&9 ﬂe'i?}ggdliﬁg a CO gas at a rate of 1.25
nmol / hour. The reactor 51 was then pressurl zed with a CO gas to 25 kg/cn®.
An (Jerr] gas was fed at a rate 0.1 nupdgmairz and nethanol containing 0.5 %
by wei ght of pyridine was fed at a rate so that the l'iquid Ievel in the
react or : ,
di et hyl ca:ndammﬂtee met hanol wat er 4&nd pyr5d| ne Wés emttied oveBhead

Composition (g)

CuCl 3.38 3.38 3.38 3.38 3.38
TGDE*1 o 77.3 77.3 77.3 77.3 77.3
Methanol 57.1 57.1 57.1 57.1 57.1
Pyridine 7.9 - - - -
2-Hydroxypyridine - 9.4 -~ - -
2-Methylpyridine - - 9.4 - -
2,2'-Dipyridyl | - - - 8.0 -
1,10-Phenanthroline - - - - 9.2
Yield of DMC (g) 28.0 6.0 20.0 23.0 19.9

*1: Triethylene glycol dimethyl ether

Examples 9 to 13

Example 1 was repeated in the same manner as
described except that the raw material mixture had a
composition shown in Table 3. The yield of dimethyl
carbonate (DMC) was shown in Table 3 together with the

results in Example 4.



fromthe reactor 51 and introduced into a cooler 52 maintained at 10[err]C
and 1 kg/cnR2G to recover these conponents as liquid. The recovered |iquid
was collected in a reservoir 53. A non-condensed gas was di scharged from
the cooler 52 and introduced into a condenser 54 to separate the
non-condensed gas into liquid and gas phases. The |liquid phase was
collected in the reservoir 53 while the2fas phase was passed through an
Jerr] neter 55 and a gas neter 56 and di scharged as an exhaust gas. After
0.5, 1, 2, 3 and 4 hours fromthe comencenent of the reaction, the exhaust
gas was anal yzed by gas chromatography to neasure the concentrations of
Cderr], CO dinethyl carbonate, nmethanol and err]. Al so neasured at the
above points in tinme were the amounts of nethanol, pyridine, triethylene

gl ycol dimethyl ether and di nethyl carB8Rd®e3by gas chronatography and the:
anount. of water by the Karl Fischer's nmethod in the |iquid phase recovered
i n the reservorr—53S—Fromtheresutts—of—tt nedbifenen[, CO-hasey

Se|eCtiVityE¥&¥9%eand net hanal - 2haseddsel ectOuity &QN} w&é% ca!ét at-ed- as

fol | ows: Composition (g) - 19 - SC2= 1

2VI (WF - ViE) ]%éc%oo wher ei n SC2 rggr es?;r_\%% th?_% gﬁ%qqissel eftiqity; (34, -V

represents t oncentration (aﬁ y volume) o I'n t He "exhaust™ gas,
WF representBythdinencentrati oi-% by7v8l uney-8f g érB intie rawmateria

feed and V\E»ﬁsp%gﬁgfts the comgeqtraghog (%shyvol wae) of (Jerr] 40 1he
an

exhaust gas;
TGDE*1 77.3

EGPE*2 77.3

TGME*3 - 77.3

PGME*4 77.3

DGBE*5 77.3

TEGL*6 77.3
Yield of DMC (g) 28.0 20.1 22.1 28.0 22.4 15.6

*1: Triethylene glycol dimethyl ether
*2: Ethylene glycol monophenyl ether
*3: Triethylene glycol monomethyl ether
*4: Propylene glycol monomethyl ether
*¥5: Diefhylene glycol monobutyl ether
*6: Triethylene glycol

Example 14

In a 500 ml vessel, 114.2 g of methanol, 7.85 g of
pyridine, 77.3 g of triethylene glycol dimethyl ether were
placed, to which 3.85 g of CuCl were gradually added. With
stirring at 50°C the mixture in the vessel was stirred to
obtain a raw material solution; The raw material solution
was then charged in a 300 ml autoclave (made of titanium)
and the atmosphere within the autoclave was purged with a CO
gas. The autoclave was then pressurized with a CO gas to 25
kg/cm?. With stirring at agitation speed of 1,000 r.p.m.,
the solution was heated to 100°C and, thereafter, a CO gas

and an O, gas were continuously fed to the autoclave at feed



SM=Y x 2/Mx 100 wherein SMrepresents the nethanol -based sel ectivity
(9%, Y represents the yield (nmol) of dinmethyl carbonate and M represents
the amount (nol) of nethanol consuned. The results are summari zed in Table
1. The yield of dinmethyl carbonate throughout 4 hours reaction was found to
be 0.59 nol/hour liter. No other by-products than CJ err] were detected.

- 20 - ~Téble 1 Change in Selectivity
(SC2 and SM with Tine Ti me (hour) 0.5 1 2 3

4 SC2 (% 83 77 78 72 59 SM (%

92 99 100 100 100 Exanpl e 3 Preparati on of Dinethyl

Carbonat e iatBat JF Jy.3FMol/hour and |®. 1 sl Axamp) erespecoxiréay| onhand
col Ut | on oBeamTEd TG S EESame 36 AT n BEmratEitic eRarged in o
300 nl aut eshaveueindrof3 Hasied | OyTHS aewaktien alivpspdeaftert Bi hothe
o 0ohose, e h S LAY Jag oML 21147108 $'nBAELEEGR 2RES
commencement of the reaction were analyzed by gas _
chromatography for the measurement of the amount of dimethyl
carbonate in the reaction mixture and the concentrations of
oxygen and carbon dioxide (by-product) in the exhaust gas.
Dimethyl carbonate was produced in an amount of 44 g. The
methanol-based selectivity SM was found to be 98 % and the
CO-based selectivity SC to be 78 % (1 hour after start of
the reaction) and 68 % (3 hours after start of the
reaction). :
The reaction liquid remaining after 3 hours
reaction was placed in a rotary evaporator for removing the
residual methanol, dimethyl carbonated produced, water and a
portion of pyridine to obtain a residual solution containing
the copper catalyst. The residual solution was mixed with
fresh methanol and pyridine to obtain a mixture having a
composition similar to the above raw material solution.
This mixture was charged in the 300 ml autoclave and the
atmosphere within the autoclave was purged with a CO gas.
The autoclave was then pressurized with a CO gas to 25
kg/cm?. With stirring at agitation speed of 1,000 r.p.m., the
solution was heated to 100°C and maintained at that
temperature for 30 minutes to regenerate the catalyst.
Thereafter, a CO gas and an O, gas were continuously fed to
the autoclave at feed rates of 1.25 mol/hour and 0.1
mol/hour, respectively, while maintaining the autoclave at
100°C and 25 kg/cm?. The reaction was continued for 3
hours. The reaction liquid after 3 hours reaction and the
exhaust gas after 1, 2 and 3 hours from the commencement of
the reaction were analyzed by gas chromatography for the
measurement of the amount of dimethyl carbonate in the

reaction mixture and the concentrations of oxygen and carbon



solution was heated to 70[err]C. The autoclave was then pressurized with
an Ckerr] gas to 4 kg/cnferr] to start the oxidation of nethanol while

mai ntai ning the tenperature at 70[err]C. After two hours reaction, the
heati ng was stopped to pernmt the tenperature to be |owered to 40[err]C
The pressure within the autoclave was then rel eased and the atnosphere
within the autoclave was purged with a €6 gas. Wth stirring at agitation
speed of 1,400 r.p.m, the solution was heated to 120[err]C. Thereafter, a
CO gas was fed to the autoclave so that the pressure in the autoclave was

i ncreased to 25 kg/cnferr]. The carbonyl ation was thus perforned for 2
hours, while maintaini rigetehx allljégcléié/e at 120[err]C. The heating was then
st opped tocﬁ‘eot)ﬁ etlfﬁertenpera ute 9" be | owered to 40[err]C. The reaction
m xture in the autoclve fiwsegaipd cireres sedsatedihgr thiee rpigeng reft idnnet hyl
carbonate. _3. : ' | d el eghjvity
of di nmet hyla%égrqbolra]&z;gtstel %géeﬁﬁw%%%%gdyg?%?ﬁgl Hggrgﬁo%gﬁ §§' Tie

(ol ) / cons ied OO T ibine thigl 7earnhonpte orrdstonbasedheelasitdifal ISCEf athe
reactor wag QRR€'¥4fburs reaction at respective first throughZihird
Conparative Exanple 2 Preparatiogn, of S uer Cat al %st: In a 200 m
erl enmeyer SMESE &fF pHERF 1Fed R rEWPEap? - 190TRTBRIBPMEITERE were char ged.
Then, Wi th cgdradtitthdlSing ForB@sdh CoBt thé eins2d4egwall 1Co€l thver eegicadual |y
added i ntowtahe f.l ask edb\fter di ssolution of Cud in pyridine, 120

s  observw

Table 4

Repeated Cycle First Second Third
Yield of Dimethyl | |
Carbonate (g) 44 .3 44 .8 42.5

Selectivity SC2 (%)
After 1 hour 78 80 74
After 3 hour 68 60 59

Example 15
' Dimethyl carbonate wés continuously prepared using
an apparatus illustrated in Fig. 5. A raw material liquid
(300 ml) prepared in the same manner as that in Example 1
and containing 1.7 % by weight of CuCl, 3.9 % by weight of
pyridine, 38.1 % by weight of triethylene glycol dimethyl
ether and 56.3 % by weight of methanol was charged in a
reactor 61 (made of Hastelloy C) and a flusher 62. With
stirring at 1,000 r.p.m., the liquid in the reactor 61 and
flusher 62 was heated to 100°C while feeding a CO gas at a
rate of 1.25 mol/hour. The reactor 61 was then pressurized
with a CO gas to 25 kg/cm?G. The flusher 62 was maintained
at 0.8 kg/cm?. An 0, gas was fed at a rate 0.1 mol/hour and
methanol containing 0.75 % by weight of pyridine was fed at
a rate so that the liguid level in the flusher 62 was
maintained at a predetermined level (in the range of 1.5 to

2.5 mol/minute). The reaction mixture in a mixed gas and



g of nethanol was added so that a slurry was fornmed. The m xture in the
flask was further stirred with heating up to about 50[err]C using a far
infrared heater but the solid matters were not dissolved. Preparation of
D net hyl Car bonat e: The slurry obtained above was charged in a
300 mM autoclave (nmade of Hastelloy C) and the atnosphere within the
autocl ave was purged with an Qerr] gasggWth stirring at agitation speed
of 1,400 r.p.m, the slurry was heated to 70[err]C. The autoclave was then
pressurized with an Jerr] gas to 4 kg/cn2 to start the oxidation of

met hanol whil e maintaining the terrperature at 70[err]C. After 45 m nutes

t t.he heat t d t t t tq be | d
o 0] or 1] ALt miEad ef LRt Fe cEF ot 08 1B ERBnoherbised and t he
at mosphere mttﬂ‘dctuctehia iatutt@cttm'ef]zmh@nrgﬁdwknerél Bh€rgastiowW mhxsuireri ng at
agitation %pee%ogarlaégg :';n%t O,?%Qe%ﬁ%gtéggtg@ﬁlﬂgaagﬂe&ﬁ j20[err] C

Thereafter as Was oclave so t essure in the
aut ocl ave \mhmieea,semetbaw kgmcnﬂdlnérhewé‘a?bomﬁatrbﬁthﬂéepﬁuglﬁépﬂor med

for 45 m n"gﬁ‘t?etwlgtﬁr@i n&ﬁa N N §ea aph Q64 averpL ize{&ar bﬁaszheqageatl ng

was then stoppe ermt the tenperature to be_ | owered 40[err] C. The
anal ysi s ofret%@lf%%c‘%? OB X uF kOF e@%aﬂ’%datﬁ%‘:?}b?%ﬂuﬁﬁ%nsef ad Ret/pe of
carbonat e. gHEMRInuBdOUtTIREY Jaofp M@erﬁa@tf@ﬂ ﬂbxauwonarl B4t ke formof a
gel and, thereforetrtihlgxgroces 'Sb'”E (g in ustrlalt appl i_cati ons.
Exanpl es 4 {&f@/er the di %%I%a’i ?e?)’é t ?ﬁ FREPRBB “Fafffef as _

condensed liquid in a reservoir 63. The non-condensed vapor

phase was passed through an O, meter 65 and a gas meter 66

and discharged as an exhaust gas. Since most of the 0O, fed

to the reactor 61 was consumed therein, the atmosphere

within the flusher 62 consisted essentially of CO, so that

the catalyst was effectively regenerated in the flusher 62.

During the continuous operation, the exhaust gas and the

recovered condensed liquid were occasionally analyzed for

the calculation of selectivity and yield in the same manner

as that in Example 2. The results are summarized in Table

5.
Table 5
Time Selectivity (%) Yield of DMC O, in Exhaust
(hour) SC2 SM (mol/liter-hour) Gas (mol %)
1 88 103 - 0.48
2 79 100 - 0.20
4 - 75 100 0.67 0.11
6 73 102 0.77 0.09
8 76 99.5 0.75 0.14
12 77 97.3 0.79 0.45
16 78 98.9 0.70 0.18
22 78 102 0.73 0.18
23 79 101 0.70 0.25

The invention may be embodied in other specific



- 22 - descri bed except that the raw material m xture had a conposition
showa in Table 2. The yield of dinethyl carbonate (DMC) was shown in Table

2. _ Tabl e 2 Exanpl e 4

5 6 7 8 Conposition (g) Cud . 3. 38 3. 38
3.38° 3.38 3.38 TCDE*1 77.3 77.3 77.3 77.3 77.3
Met hanol 57.1 57.1 57.34 _57.1 57.1 Pyridine

7.9 - - 2- FNdroxypyrldlne - 9.4 -

- - 2- thhylpyrldlne 9.4 - 2,2'-D pyri dyl

- - 1, 10 Phenanthrollne - -

- 9. 2 Yield of DNC 4ﬂﬁ 20.0 23.0 19.9

*1: Tri et hfP&ERS Fijdaiutdi ?ﬁﬁlqﬁrﬁ#0m E&%n%?b%lﬁ ¢p ¢asential Exanpl e

1 was r epeaha&aldtetﬂiestslafm HFSHES £ AS ﬂeécprbednex@:&}pbdmahttsharéaw mat eri al
m xture hag 05|t| n_shown, %n g%h Th%@% d o; d; th¥ltg%£bonate
(DVD) was o THERRG 1R The FESPES: Ao chdmprets

and not restrlctlve, the scope of the invention being

indicated by the appended claims rather than by the

foregoing description, and all the changes which come within

the meaning and range of equivalency of the claims are

therefore intended to be embraced therein.



- 23- Table 3 Exanpl e 4 9

10 - 11 12 13 Conposition (g) Cud 3.38 3.38

3.38 3.38 3.38 3.38 Pyridine : 7.8 7.8 7.8 7.8 7.8
7.8 Met hanol 57.1 57.1 57.1 57.1 57.1 57.1 TGDE*1

77.3 EGPE*2 77.3 TGQVE*3 77.3
PGVE* 4 - 28/-3 DGBE*5

77.3 TEGL*6 77.3 Yield of DMC
(g) 28.0 20.1 22.1 28.0 22. 4 15.6 *1: Triethyl ene glycol
di met hyl eVRaf Is Clajmeg: IS:ene gl ycol nonophenyl et her *3:
Triethylene glyeol nanpietbyls @doterhe protdicticapyene chytsabiaononet hyl

et her *5:. Diet h\él ene g_l ycal m%nobut vl _ether . *6: Trieth Jaen 1
glycol  ESEROFEE14ctmbrising Featafieiitn, & dHactiop ZPor Mot Ranerol7. 85

g of pyridiwheh Z¢ZrBog mbnbxiielchpnenexylgecoliditiet ptesties o€re placed, to

whi ch 3'85igg92dggg% WEBeWQE%%”qgl%E%@¥Tic\ggﬂber or a copper
compound, ingredient (b) which is a heterocyclic compound
containing one or more nitrogen atoms in the cyclic skeleton
thereof and ingredient (c) which is a glycol ether
represented by the following formula (I):

R0 - (CHR? - CH,0),~ R® (1)

wherein R! stands for an alkyl group having from 1 to 6
carbon atoms, R? stands for a hydrogen atom or an alkyl
group having 1 6? 2 carbon atoms, R? stands for a hydrogen
atom or an alkyl group having from 1 to 6 carbon atoms and n

is an integer of from 1 to 12.

2. A process as claimed in claim 1, wherein said
ingredient (b) is selected from the group consisting of

pyridine, 2,2'-dipyridyl and 1,10-phenanthroline.

3. A process as claimed in claim 1, wherein the molar
ratio of said ingredient (b) to said ingredient (a) is in
the range of 1:10 to 100:1.

4. A process as claimed in claim 1, wherein the molar
ratio of said ingredient (c) to said ingredient (a) is in
the range of 1:2 to 200:1.

5. A process as claimed in claim 1, wherein said
reaction is performed under an oxygen partial pressure of in
the range of 0.001 to 10 kg/cm?.

6. A process as claimed in claim 1, wherein said
reaction is performed under a carbon monoxide partial

pressure of in the range of 0.1 to 50 kg/cm?.

* c L M s *



stirring at 50[err]C the mxture in the vessel was stirred to obtain a raw
mat eri al solution. The raw material solution was then charged in a 300 ni
autocl ave (made of titanium and the atnosphere within the autoclave was
purged with a CO gas. The autoclave was then pressurized with a CO gas to
25 kg/cnferr]. Wth stirring at agitation speed he
solution was heated to 100[err] C and, thereafteroﬁ-”§ Es”@]ﬁ%hh gerr]
gas were continuously fed to the autocl Jve at f LACED

- 24 - rates of 1.25 nol/hour and @°1~ rml/hour, respectively, “whi |l e

mai nt ai ni ng the autoclave at 100[err]C. The reaction was continued for 3
hours. The reacyion AI Hbéeaét g5 31homes haaelhon andwhkeeddhaisid gas after
1, 2 and 3 hours fro he co ncenent of the reacti Were anal Z.sﬁdj (}/ gas
chr omat ogr&phGt+or %ﬁepﬁﬁggﬁ}“ At Bf t?ﬁ‘BeﬁﬁgHﬁF of* % % At

the reactipmofa xture and the concentrati ons of oxygen and car bon di oxi de
(by-product) in the exhaust gas. D nethyl carbonate was produced in an
anount of 44 g. The nethanol -based selectivity SMwas found to be 98 % and
t he CO based seBecti xi pyoSétssoabecISi%a(ilihoaftaalfnt ér, Suartheyf the reaction)
and 68 % (3, }:’£§1 %t eh s% s0f gt he reaction). The reaction
l'iquid renal 3 S reactlon was placed in a rotary evaporator
for removing the resﬁélaahaﬁﬁtlnanélt lgpgit By PoEkipon £fe Fhfr FRATH Oat er and

a portion pfxpYrbdiBRpL9sohbaksaia Kagkdudkbnsol(Hli EroaORdINifhction

zone;

introducing said discharged reaction mixture into
a treatment zone to treat said discharged reaction mixture
with carbon monékide and to regenerate said ingredient (a),
thereby obtaining a treated mixture containing said
regenerated ingredient (a); and

recycling at least a portion of said treated

mixture to said reaction zone.

9. A process as claimed in claim 8, wherein said
treatment of said discharged reaction mixture with carbon
monoxide is performed under a carbon monoxide partial

pressure of at least 1.0 kg/cm?.

10. A process as claimed in claim 8, wherein said
treatment of said discharged reaction mixture with carbon
monoxide is performed at a temperature in the range of 50 to
200°c.

11. A process as claimed in claim 8, further
comprising separating said discharged reaction mixture into
a carbonic ester—containing portion and an ingredient (a)-
containing portion, and introducing said ingredient (a)-

containing portion to said treatment zone.

12. A process as claimed in claim 8, wherein said

_____________‘_____.

Sheet Has Been Replaced
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the copper catal yst. The residual solution was m xed with fresh nethanol
and pyridine to obtain a m xture having a conposition simlar to the above
raw material solution. This m xture was charged in the 300 m autoclave and
the -at nrosphere within the autoclave was purged with a CO gas. The autocl ave
was then pressurized with a COgas to 25 kg/cnR2. Wth stirring at agitation
speed of 1,000 r.p.m, the solution was heated to 100[err] C and nui nt ai ned
at that tenperature for 30 m nutes to‘r3é)génerate the catal yst. Thereafter,

a COgas and an Jerr] gas were continuously fed to the autocl ave at feed
rates of 1re&chbbhhsareannd) spifoltmeahing EOhec GLRIREORHTTE W MR ni ng

the autocl pygsat 4180EeELLE, arj%x%%ﬂéﬂl&m QidrdticEha y eactddings continued
for 3 hours. The reaction liquid after . urs Jeactio nd the (gxhaust gas

after 1, 2c¥h¥ndrihsarts Versm he%’&rﬂ‘?&*f&é’ r SEHHhEF RS TR W2 anal yzed
by gas chregabagraphyntiet chlle vasasilise mmningfcdrine cnolinit diodh meshy |

carbonate Ln Lhe Leaghi 98 Tox! Weg At 16 SRISETL RS0S4 giyden, and
exhaust gasaid carbon m$hexh@ee@mdwg>mﬁmwedwdlmcﬁ¢17gitr@a¢'eg@mezm¢ on and

oxi dative g@ébg%&bas b a“@%n{e%p%@fdegéﬂ’c’l% tdﬂ%%zldﬂﬁys@l gy pindi 14Dy

carbonate an selectivit and hours reactijon at

respectiveveppsit eRfoddsechiedd Ué?’(ﬂré% ta eess’iﬁﬁ%&rﬁ}kéﬁ Ghraubreing THFMhout
the operat ;8N§a1iA0re@eteSNOMiG e Witgiide spld 1Fod Nehd€ati®hs upward

through said first cylindrical vessel and downward through

said second cylindrical vessel.

13. A proéess as claimed in claim 12, wherein the
amount of said carbon monoxide fed from said lower end
portion of said first cylindrical vessel is

stoichiometrically in excess.

14. A process as claimed in claim 12, wherein a carbon
monoxide gas is fed from an upper end portion of said second
cylindrical vessel and directed downward for use in said

treatment zone.

15. A process as claimed in claim 8, wherein said
reaction zone is provided within a first vertically
extending cylindrical vessel and said treatment zone is
provided within an annular space defined between said first
cylindrical vessel and a second vertically extending
cylindrical vessel coaxially disposed outside said first
cylindrical vessel; and wherein said carbon monoxide and
oxygen used in said reaction zone are fed from a lower end
portion of said first cylindrical vessel and directed upward
to establish such a circulating stream of said reaction
mixture that flows upward through said first cylindrical

vessel and downward through said annular space.

e



was observed. Tabl e 4 Repeated Cycle

First Second Third Yield of D nethyl Carbonate (Q) 44. 3
44. 8 42.5 Selectivity SC2 (%9 After 1 hour 78 80
74 After 3 hour 68 60 59 Exanpl e 15

Di net hyl carbonate was continuously prepared using an apparatus illustrated

in Fig. 5. Araw material liquid (300 ) prepared in the sane nmanner as
that in Exanple 1 and containing 1.7 %rgdy"wei ght of Cud, 3.9 % by weight
of pyridine, 38.1 %by weight of triethylene glycol di met hyl ether and 56.3
% by wei ght of h&t hahobremesghasgedaimed ﬂ@a@t%érlnﬁ]l? mathe xFindgshel | oy C)

and a flus 5u@@ OW;Q étbaibﬂﬂ Abndx90Q FepR: mmn; e ild qWwkd neddpe reactor

61 and fl us 62 was eate to 100[err]C while feeding a CO gas at a rate
of 1.25 nﬁP?lh%Jcﬁn ThespbdcfdEsticKadndrdRags éf§§l§rellzé‘cF with a COgas to 25

kg/ cn2G Toheofdnsbeet f2cumdsymahneacaed.at 0.8 kg/cnferr]. An Jerr] gas was
fed at a rate 0.1 nol/hour and nethanol containing 0.75 % by wei ght of

pyridine was fed at a rate so that the liquid level in the flusher 62 was
mai nt ai ned at alpredetproatasd hevelafmedt ie rcdmdgem Af5,1 whdwein 5 carbon:

nDl/m'“ﬂeﬁénohfdéeggg £o Egétgggmlgn ugbé%de%%Sﬁ%yilon of said
annular space and directed downward for use in said

treatment zone.

18. A catalyst composition in the form of a solution,
comprising ingredient (a) which is metallic copper or a
copper compound; ingredient (b) which is a heterocyclic
compound containing one or more nitrogen atoms in the cyclic
skeleton thereof and ingredient (c) which is a glycol ether
represented by the following formula (I):

R0 - (CHR? - CH,0),~- R® (I)
wherein R! stands for an alkyl group having from 1 to 6
carbon atoms, R? stands for a hydrogen atom or an alkyl
group havihg 1 or 2 carbon atoms, R® stands for a hydrogen
atom or an alkyl group having from 1 to 6 carbon atoms and n

is an integer of from 1 to 12.

| RAD O



- 26 - i quid phase was di scharged fromthe reactor 61 and introduced
into-the flusher 62 where the reaction m xture was separated into a gas
phase cont ai ni ng di met hyl carbonate, nethanol, pyridine, water and
triethylene glycol dinethyl ether and a I|qU|d phase. The |iquid phase was
recycled to the reactor 61 by a recycle punp 60 at a rate of 8 m/mnute.
The gas phase was fed to a cooler 64 to recover the dinethyl carbonate and
ot her conponents as a condensed liquid in a reservoir 63. The non-condensed
vapor phase was passed through an Jerry meter 65 and a gas neter 66 and

di scharged as an exhaust gas. Since nost of the JQerr] fed to the reactor

cssenti al 1y of o, soPPRGESEnEcaraPEr e ERBPPNEE: DS P Egener ated 1 n the
flusher 62. During the continuous operation, the exhaust gas and the

recovered condensed |iquid were occasionally anal yzed for the cal cul ation
of selectivity and yield in the sane manner as that in Exanple 2. The

results are summari zed in Table 5. Table 5

Ti me Selectivity (% Yield of DMC Jerr] in Exhaust (hour)
SC2 SM (nnl/llter ( 103
TR 06 A Ractr (R D9scrosure 0 20 A 25
100 0,67 0.11 6 73 102 0.77
0. 09 8 76 99.5 0.75 0.14 12 77
97.3 0.79 0. 45 16 78 98.9 0.70

0. 18 22 78 102 0.73 0. 18
' A process for the production of a carbonic

diester, wherein an alcohol is reacted in a reaction zone
with carbon monoxide and oxygen in the presence of
ingredient (a) which is metallic copper or a copper
compound, ingredient (b) which is a heterocyclic compound
containing one or more nitrogen atoms in the cyclic skeleton
thereof and ingredient (c) which is a glycol ether
represented by the following formula (I):

R'0 - (CHR? - CH,0),- R3 (1)
wherein R! stands for an alkyl group having from 1 to 6
carbon atoms, R? stands for a hydrogen atom or an alkyl
group having 1 or 2 carbon atoms, R?® stands for a hydrogen
atom or an alkyl group having from 1 to 6 carbon atoms and n

is an integer of from 1 to 12.

Fig. 1



23 79 101 0.70 . . 0.25 The
i nvention may be enbodied in other specific

- 27 - forms without departing fromthe spirit or essenti al
characteristics thereof. The present enbodi nents are therefore to be
considered in all respects as illustrative and not restrictive, the scope

of the invention being indicated by the appended clains rather than by the
foregoi ng description, and all the changes which conme within the neaning
and range of equivalency of the clains _are therefore intended to be

enmbr aced t herein. 1/5 - 28 -
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VWhat |Is Cainmed Is: 1. A process for the production of a carbonic

di ester, conprising reacting, in a reaction zone, an alcohol w th carbon
nonoxi de and oxygen in the presence of ingredient (a) which is netallic
copper or a copper conpound, ingredient (b) which is a heterocyclic
conpound cont ai ni ng one or nore nitrogen atoms in the cyclic skeleton
thereof and ingredient (c) which is a glycol ether represented by the
following forrmula (I): Rlerr]O-(CHR[err] - CHerr]O [err]-
R err] (1) wherein R err] stands for an al kyl group having from
1 to 6 carbon atons, Rlerr] stands foraashydrogen atomor an al kyl group
having 1 or 2 carbon atons, R3 stands for a hydrogen atom or an al kyl group
having from1 to 6 carbon atons and n is an integer of from1l to 12.

2. A process as clainmed in claim1, wherein said ingredient (b) is
selected fromthe group consisting of pyridine, 2,2'-dipyridyl and

1, 10- phenant hrol i ne. 3. A process as clained in claiml1, wherein
the nolar ratio of said ingredient (b) to said ingredient (a) is in the
range of 1:10 to 100: 1. Frb P (Ei laimed in claim1l, whefein
the nmolar ratio of said |ngred|ent isd gredient (a) is in the.
range of 1:2 to 200: 1. . A process as clainmed i'n claim1l, wherein
said reaction is perforned under an oxygen partial pressure of in the range
of 0.001 to 10 kg/cn®. 6. A process as clainmed in claiml1, wherein
said reaction is perforned under a carbon nonoxide partial pressure of in
the range of 0.1 to 50 kg/cnferr]. GAS
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- 29 - 7. A process as clainmed in claim1, wherein said reaction is
perfermed at a tenperature in the range of 30 to 200C 8. A process
as claimed in claim1, further conprising the steps of:

di scharging at |least a portion of the reaction m xture conprising said
ingredient (a) fromsaid reaction zone; introduci ng said

di scharged reaction mxture into a treatnent zone to treat said di scharged
reaction m xture with carbon nonoxi de and to regenerate said ingredient

(a), thereby obtaining a treated m xture containing said regenerated

i ngredient (a); and recycling/at least a portion of 'said treated
m xture to said reaction zone. 9. A process as clained in claimS8,
wherein said treatnment of said discharged reaction mxture with carbon
nonoxi de i s perfornmed under a carbon nonoxi de partial pressure of at |east
0.1 kg/cnR. 10. A process as clained in claim8, wherein said
treatnent of said discharged reaction mxture with carbon

GAS

/. | \—=PRODUCT

T 31
CO--- A A" 0{0)
E l o /’Ff—ss
|7+ | —-TREATMENT ZONE
3la] * T

—REACTION ZONE

ALCOHOL |
OZ/CO \

—35b




nonoxide is perforned at a tenperature in the range of 50 to 200C.
11. A process as clained in claim8, further conprising separating said
di scharged reaction m xture into a carbonic ester-containing portion and an
ingredient (a)- containing portion, and introducing said ingredient (a)-
containing portion to said treatnent zone. - 12. A process as clained
in claim8, wherein said ' - 30 -
reaction zone and said treating zone are provided within first and second,
j uxt aposed, vertically extending cylin@/Pcal vessels, respectively, wth
said first and second cyli i cal vessels being connected at both top
portions and bottom portio to forma | oop; and wherein said carbon
monoxi de and oxygen used in said reaction zone are fed froma | ower end
portion of said first cyli i cal vessel and directed upward to establish a
circulating streamof said action mxture within said | oop that flows
upward through said first o¥ indrical vessel and dowward through said
second cylindrical vessel. I 13. A process as claimed in claim12,
wherein the anmount of sm(jﬂ%ubofﬁnnnoxide fed fromsaid | oner end
2]

A
-] £

55 56
54 CONDEN

1 e
)
X 92
x
L
(].V.X @‘] 0
|
o
b~ %
x KN)_J
O O
o 8
-
GVX O ul
) &
M
:Il 0
' 0]
< n
© Yy &8
— o
L o
>—
o
~
T
o)
Q
=



portion of said first cylindrical vessel is stoichionetrically in excess.
14. A process as clained in claim12, wherein a carbon nonoxide gas is fed
frontan upper end portion of said second cylindrical vessel and directed
downward for use in said treatnent zone. 15.. A process as clained in
claim8, wherein said reaction zone is provided within a first vertically
extending cylindrical vessel and said treatnment zone is provided within an
annul ar space defined between said first cylindrical vessel and a second
vertically extending cylindrical vessebsgoaxially di sposed outside said
first cylindrical vessel; gjd wherein said carbon nonoxide and oxygen used
in said reaction zone are kgd froma | ower end portion of said first
cylindrical vessel and dir&Rted upward to establish such a circulating
stream of said reaction mxture that flows upward through said first
cylindrical vessel and dowggard through said annul ar space.
- 31 - 16. A process-gs clained in claim15, wherein the anount of
sai d carbon nonoxide fed fiom said | ower end portion of said first
cylindrical vessel is stoi®@ionmetrically in excess.
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17. A process as clained in claim15, wherein a carbon nonoxide gas is fed
froman upper end portion of said annul ar space and directed downward for
use in said treatnent zone. 18. A catal yst conposition in the form
of a solution, conprising ingredient (a) which is netallic copper or a
copper conpound, ingredient (b) which is a heterocyclic conpound contai ni ng
one or nore nitrogen atons in the cyQJ'g skel eton thereof and ingredient
(c) which is a glycol ether represented”by the following fornula (1):
Rlerr]O-(CHR[err] - CHerr]O [err]- Rerr] (1) wherein

R er(rj] fst ands flar am aldodesy cup dbaimgdfinnclaim €, cahbeaiat @add Rl err]
stands for

hyd | k havi ¢ b ,
Rlorr) stARBSROR AT AOmted ohe of  SRABPKDFUEFobf) KBS: RETBRoALL o

carbon at@@®°and n is an integer of from1 to 12.

8. A process as claimed in claim 1, further

comprising the steps of:

discharging at least a portion of the reaction
mixture comprising said ingredient (a) from said reaction
zone;

introducing said discharged reaction mixture into
a treatment zone to treat said discharged reaction mixture
with carbon monoxide and to regenerate said ingredient (a),
thereby obtaining a treated mixture containing said
regenerated ingredient (a); and

recycling at least a portion of said treated

mixture to said reaction zone.

9. A process as claimed in claim 8, wherein said
treatment of said discharged reaction mixture with carbon
monoxide is performed under a carbon monoxide partial

pressure of at least 0.1 kg/cm?.

10. A process as claimed in claim 8, wherein said
treatment of said discharged reaction mixture with carbon
monoxide is performed at a temperature in the range of 50 to
200°c.

11. A process as claimed in claim 8, further
comprising separating said discharged reaction mixture into
a carbonic ester-containing portion and an ingredient (a)-
containing portion, and introducing said ingredient (a)-

containing portion to said treatment zone.

12. A process as claimed in claim 8, wherein said
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