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PROCESS FOR PRODUCING POLYCARBONATE
FIEID OF THE INVENTION

The present invention relates to a. process for pre-

paring a polycarbonate from a dlalkyl oxalate and a phe—
~ nolic compound.

BACKGROUND OF THE INVENTION

Afprocess'fcr preparing a polycarbonate from a
dialkyl oxalate and a phenolic compound which comprises a
first step of transesterifying the starting compounds to

-produce a diaryl oxalate, a second step. of decarbonylat—

1ng the resulting diaryl oxalate to produce a diaryl
carbdnate, and a third step of subjecting the diaryl

.carbonate to condensation-polymerization reaction with a

polyvalent hydroxyl compound to produce a polycarbonate
is described in Japanese Patent Provisional Publication
No. 10-152552. The Publication 10-152552 further de-
scribes such procedure that a phenolic by- product pro-
duced in the condensation-polymerization reaction is
recovered and recycled to. employ as the phenolic compound
in the first step. | . |

In the above-mentloned process, the diaryl carbonate
of a high purity can be produced using no troublesome

- phosgene. Therefore, the diaryl carbonate produced from

a dialkyl oxalate and a phenolic compound is favorably
employed'to react with a polyvalent hydroxyl compound to

'give a polycarbonate having high quality such as high

transparency through condensatlon—polymerlzat1on reac-
tion.

It is also known that a catalyst contalnlng tetra-
methylammonium. hydrox1de, tetrabutylammonlum hydroxide,
or tributylamine is employed as a catalyst for performing
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a condensation-polymerization reaction for the prepara-
tion of a polycarbonate froma diaryl carbonate such as
diphenyl carbonate and a polyvalent hydroxyl c_ompouhd
such as bisphenol A. |

It has been discovered that a portion of the above-

‘mentioned condensatlon_-polymerlzatlon catalyst decomposes
‘at an elevated temperature to produce an amine compound

(by-product) such as trimethylamine or tributylamine.
The amine by-product is migrated into the recovered phe-
nollc by-product.

Accordlng to the further study of the 1nventors, in
the case that the phenolic by-product is employed as the
phenolic compound in the preparation of the diaryl oxa--
late, the amine by-product in the phenolic by-product
gives adverse effects (e.g., deactivation of the catalyst .

. employed) to the reactions in the steps of transesterifi-

cation and decarbonylation if the amount of the amine by-
product in the phenolic by-product increases.

It has been further discovered that the phenolic by-
product recovered in the condensation polymerization
reaction is sometimes contaninated with an ethereal by-

product. The ethereal by-product in the phenolic by¥ _

product sometimes gives such disadvantageous effects as
to disturb recovery of reactants and/or reaction product
from the reaction system, if the amount of the ethereal
_by—product in the phenolic by-product increases.

SUMMARY OF THE INVENTTON

~ The present invention resides in a process for pre- .
paring polycarbonate which comprises the steps of:
subjecting a dialkyl oxalate and a phenolic compound
to tramsesterification to give a diaryl oxalate; :
' subjecting the diaryl oxalate to decarbonylatlon to |

‘give a diaryl carbonate;

reacting the diaryl carbonate with a polyvalent hy-
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droxyl compound in the presence of a catalyst containing

an amine compound or an ammonium compound to give the
polycarbonate, remov:Lng a mixture containing a phenolic _

- by- product and an amine by-product;

collectlng the mixture;
purifying the mixture so that the amount of the

‘amine by-product in the mixture is reduced to g1ve a

phenolic by-product mixture. not containing the. amine by—
product in an amount of more than 600 ppm

and .
utilizing thus purified phenolic by-product ‘mixture
as a whole or a part of the. phenollc compound in the
first step _ '

In the above-menticned process, if the collected
mixture further contains an ethereal by-product, the mix-
ture is preferably purified to reduce its ethereal by-

- product content to a level of not more than 600 ppm.

The invention further resides in a process for pre-
paring polycarbonate which comprises the steps of: :

subjecting a dialkyl oxalate and a phenolic by-prod-
uct mixture not containing an amine by-product in an
amount of more than 600 ppm to transesterification to:
give a diaryl oxalate, said phenolic by-product mixture'

having been obtained by purifying a mixture containing a

phenolic by-product and an amine by-product which was
collected in a condensation polymerization reaction for

preparing polycarbonate from a dialkyl oxalate and a
phenolic compound;

subjecting the diaryl oxalate to decarbonylation to
give a diaryl carbonate, and ' :
reacting the diaryl carbonate with a polyvalent hy—

~ droxyl compound in the presence of a catalyst containing

an amine compound or an ammonium compound to give the
polycarbonate.

In the above- mentioned process, if the phenol:«.c by—
product mixture further contains an ethereal by-product,
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tﬁe mixture is preferably purified in advance to reduce

its ethereal by-product content to a level of not more

than 600 ppm.

BRIEF DESCRIPTION OF THE DRAWING

Figure is a échematic flow chart to show a proceés
for preparlng a polycarbonate accordlng to the present
invention.

DETATII.ED DESCRIPTION OF THE INVENTION

The process of the invention is further described by

referring to the attached drawing.

The steps'of the process of the invention are per-

 formed continuously in the. apparatuses which are connect-

ed with lines, as illustrated in the flow chart of the
figure in the drawing. .
The transesterlflcatlon performed in the process of

~the 1nventlon includes any reactions in whlch an alkoxy

_ m01ety of the ester compound (i.e., dialkyl oxalate) is

- exchanged with an phenoxy_m01ety of the phenolic com-
pound. For instance, the transesterification includes an

ordinary transesterification reaction for converting a
dialkyl oxalate into an alkyl aryl oxalate and a dispro-
portionation reaction converting the alkyl aryl oxalate

into a diaryl oxalate and a dialkyl oxalate.

In the first step, a dialkyl oxalate (particularly,
dimethyl oxalate) and a phenolic compound (i.e., phenol

or its analogues, particularly, phenol) are subjected to

txansesterification'(including ordinary transesterifi-
cation reaction and disproportionation reaction) in a

- liquid phase in the presence of a transesterification
‘catalyst, to give a mixture of reaction products. includ-
ing a diaryl oxalate (particularly, diphenyl oxalate) and

a by-produced lower alcohol (particularly, methanol).
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The dlaryl oxalate is separated from the reaction prod-

" ucts, purified, and recovered. The by- produced lower

alcohol is also separated and recovered. |
The diaryl oxalate is then subjected to a decarbon-

ylation reaction in a liquid phase in the presence of a

decarbonylation catalyst, to give a diaryl carbonate
(particularly, diphenyl carbonate: DEC) and a by-produced
carbon monoxide. The diaryl carbonate is recovered,

' removing the gaseous carbon monoxide, and purified.

The diaryl'carbonate and a polyvalent hydroxyl com-
pound are then subjected to condensation-polymerization

- reaction in the presence of an appropriate condensation-

polymerization catalyst such as an amine compound or an
ammonium compound, removing a mixture of by'products such
as a phenolic by-product, an amine by-product, and an

ethereal by-product, to give polycarbonate.

The mixture of by-products are collected and.purl—
fied to give a purified phenolic by-product, namely, a
pure phenolic compound, which is then employed as a.por-
tion or a whole of the phenolic compound in the step for

_the preparation of a diaryl oxalate.

Examples of the dialkyl oxalates include di-lower-
alkyl ester of oxalic acid such as dimethyl oxalate, |
diethyl oxalate, dipropyl oxalate, dibutyl oxalate, .
dipentyl oxalate, and diheXyl oxalate. The lower-alkyl
preferably contains a Straight chain or branched chain
alkyl having 1 to é carbon atoms, more preferably having -
1 to 4 carbon atoms. The two alkyl moieties of the

-dlalkyl oxalate may be the same or dlfferent from each
other. '

The dialkyl ester can be produced by a known method.

For instance, carbon monoxide (CO) and an alkyl nitrite

(represented by the formila of RONO wherein R is a lower

‘alkyl group) are reacted in a gasedus or liquid phase in |

the presence of a catalyst at a temperature of 10 to 200°C
(particularly 20 to 150°C) and at a pressure of 2 to 200
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~ atm. (particularly 2 to 100 atm.),. to give a dialkyl
oxalate (e.g., dimethyl oxalate) and a by-produced nitro-

gen monoxide (NO). The catalyst comprises a carrier
(e.g., active carbon, alumina, spinel, silica, diatomace-
ous earth, or zeolite) and a platinum metal group cata-
lyst component, such as, a platinum group metal (e.g. .
platinum metal or palladium metal), or a salt or complex
compound of a platinum group metal, in an amount of 0.01
to 5 wt.% based on the carrier. The alkyl group repre-
sented by R in the above-menticned formula preferably has

1to 4 carbon'atoms, such'as_methyl, ethyl, n-propyl,
isopropyl, n-butyl, or isobutyl. Most preferred is meth-

yl. - _ . - _
The by-produced nitrogen monoxide is, if necessary,
reacted with a lower alcohol in the presence of molecular
oxygen to produce an alkyl nitrate, which is then uti-

. lized in the reaction for preparing a dialkyl oxalate.

As the carbon monoxide to be used for the dialkyl
oxalate, a carbon monoxide produced in the decarbonyla-
tion step of the process of the 1nventlon can be em-

- ployed.

The phenolic compound to be employed in the first
step of the process of the invention is phenol or its
analogous compound. The analogous compound is meant to
indicate a compound comprising a benzene'ring and a hy-
droxyl group attached to the benzene_ring, provided that
the hydroxyl group behaves in the same manner as the

‘hydroxyl group of phenol. Therefore, the benzene ring

can have one or more substituents. Examples of the

 substituents include a alkyl group having 1 to 6 carbon

atoms (particularly, 1 to 4 carbon atoms), an alkoxy

~group having 1 to 6 carbon atoms (particularly 1 to 4),

and a halogen atom. - Preferred phenolic compounds are
phenol, a lower'alkyl substituted phenol (e.g., 4-
methylphenol, 4-ethylphenol, .or 3,4- dlmethylphenol)
Most preferred is phenol
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In the first step for transesterification, a dialkyl
oxalate and a phenolic compound are reacted in a liquid
phase at a temperature of approximately 50 to 300°C (par-
ticularly 100 to 250°C) in the presence of a transesteri- -
fication catalyst. In this step, a by-produced lower

-alcohol is continuously removed from the reaction mix-

ture. Thus produced diaryl oxalate is separated from the

' reaction mixture and purified.

In the first step, an alkyl aryl oxalate is once
produced by ordinary transesterification, which is then

converted into diaryl oxalate_and dialkyl oxalate by'a
disproportionation reaction. In the step, the dialkyl

.20malate_is removed to give a diaryl oxalate in an in-
creased yield. The ordinary transesterification is pre-

ferably performed at an ordinary or elevated pressure to
accelerate the reaction rate, while the disproportion-
ation reaction is preferably performed at a reduced pres-
sure so as to keeping production of by;products low.
However, such pressure érrangément may be not necessary.
The first step is preferably performed using a com-
bination of a first reactive distillation colum and a
second reactive distillation column conmnected to each

 other, so that the ordinary transesterification reaction

and the disproportionation reaction can be carried out in
series. The reactive distillation colum preferably has
a distillation colum having a certain number of column
plates (or trays) or packing means. For instance, a
reactive distillation column having a theoretical plate
number of two or more, particularly 5 to 100, more.par—
ticularly, 7 to 50, is preferred. Examples of the columni'
plates include a bubble cap tray, a sieve tray,.and a
bulb tray. The reactive distillation column can be that

“having a variety of packing means such as Rachig rings,

Lessing rings, and pole rings.  The reactive distillation
column having not only colum plates but also packing

- means can be also;employed;
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In more detail' the. first step can be performed in

"~ the following manner.

A dialkyl oxalate, a phenollc compound and a trans-
esterification catalyst are supplied to the first reac-
tive distillation column in which the ordinary trans-
esterification reactlon proceeds to mainly yield an alkyl
aryl oxalate, while distilling a by-produced gaseous '

. lower alcohol out from the top of the colum. ' The reac-
- tion product cont'a:i.ning mainly the alkyl aryl oxalate is

taken out from the bottom of the column, and then sup—
plied to the second reactive distillation columm.

In the second. column, the dlspropor_tlonatlon reac-
tion proceeds in the presence of the ‘catalyst to produce
a diaryl oxalate, while distilling a by-produced dialkyl

oxalate and a mixture oon_taining an amine by-product, and

posgibly an ethereal by-product, in addition to a pheno-

-lic by-product, ocut of the top of the colurm. The reac-

tion product mainly comprising a diaryl oxalate is taken
out from the bottom of the column. The reaction product
is then distilled to recover the target dlaryl oxalate,

poss:.bly after removing the transesterification catalyst.‘

The transesterlflcatlon catalyst preferably is a
catalyst soluble in the reaction mixture, such as cadmium
compounds, z1rcon1w_n compounds, lead compounds, iron
compounds, compounds of copper or its related metals,
zinc compounds, organ:.c tin compounds, Lewis acid com-
pounds of aluminum, Lewis acid compounds of titanium, and
Lewis acid compounds of vanadium. More preferred are
zirconium compounds, organic tin compoundé,’ and Lewis
acid compounds of titanium.  Most preferred are organic
tin compounds, and Lewis acid compounds of. titanium.

The ratio of an amount of a dialkyl oxalate and an
amount of a phenolic conrpound is chosen depending upon
the nature of the catalyst and reaction conditions.
Generally, the phenolic coupound is employed in an amount
of 0.01 to.1,000 moles, preferably 0.1 to 100 moles, more
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preferably 0.5 to 20 moles, based on one mole of the

dialkyl oxalate. The amount of the: transesterification
catalyst employed in the first step also depends on its
nature and the reaction conditions. Generally, the cata-
lyst is employed in an amount of approximately 0.0001 to
50 wt.%, preferably approx. 0.001 to 30 wt.%, based on
the total amount of dialkyl oxalate and phenolic com-
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In the second step, the dlaryl oxalate produced in
the first step is subjected to decarbonylatlon reaction
1n the presence of a phosphorus compound catalyst such as
an organic phosphorus compound catalyst, to give a reac-
tion product mainly comprising a diaryl carbonate and a
by-produced - carbon monoxide. _The diaryl carbonate is
then separated from the reaction product and purified.
The gaseous carbon monoxide is removed from the reaction
product in the progress of the reaction.

Examples of the phosphorus compound catalysts in-
clude phosphine compounds [P(R?) (R?) (R®)], phosphine oxide

~compounds [O=P'(R*) (R°) (R°)], phosphine dihalide compounds

[(¥)) (Y?)P(R?) (R®) (R°)], and phosphonium salt compounds
[(R*) (R™) (R?)P(R™) -XT] ..
' In the above-mentioned formulas, each of R' through

 R® represents a substituent group such as a hydrogen

atom, an alkyl group having 1 to 16 carbon atoms, an aryl
group having 6 to 20 carbon atoms, an aralkyl group hav-
ing 7 to 25 carbon atoms; X represents an ion or ionic
atom group which is capable of forming a counter ion; and
each of Y! and Y, is a halogen atom (e.qg., chlorlne,
bromine, or iodine). ,

‘'The organic phosphorus compounds of the above-men-

‘tioned formulas should have at least one substituent

groups other than a hydrogen atom. Preferr'e'_d are phos-

‘phorus compounds in which all of the substituent groups

are aryl groups, particularly, phenyl groups. Also pre-
ferred are phosphorus compounds in which one or two of
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the substituent groups are aryl groups (particularly,

| phenyl) and other substituent groups are alkyl groups or .
~aralkyl groups.

The organic phosphorus compound can be employed in
combination w1th other compounds to form the decarbonyla—
tion catalyst '

In the second step, the diaryl oxalate and the or-
ganlc phosphorus compound catalyst, if appropriate, are

supplied to a decarbonylation vessel, in which' the

decarbonylation reaction proceeds at a temperature of 100
to 450°C (preferably 160 to 400°C, more preferably 180 to

' *350°C) and a pressure of 10 mmHg to 10 kg/cm?, while a by-

produced gaseous carbon monoxide is removed, give a
diaryl carbonate. i o

There are no specific limitations with respect to
the types of decarbonylation vessel for the second step,
provided that the above-mentioned decarbomylation reac-
tion can proceed in the vessel. For instance, a complete
mixing reactor (or stirring vessel), a tube reactor com-
prising heat-exchangeable multiple pipes, and a columm or
tower type reactor can be employed.

‘The reaction mixture produced'by the decarbonylation
reaction contains an unreacted diaryl oxalate and the de-
carbonylation catalyst in addition to the desired diaryl
carbonate. Then, the diaryl carbonate is preferably re-

. covered from the reaction mixture by, first, separating

the catalyst out in a distilling apparatus such as a con-
densation vessel or a thin- layer distilling apparatus,
and then distilling the reaction mixture containing no
catalyst using an ordlnary'dlstllllng apparatus such as a
packed colum or a tray column. The combinatiori of such
procedures are favorably employed for obtaining a dlaryl
carbonate of high purity.

- The organic phosphorus compounds can be employed
singly or in combination to give an apprqprlate catalyst.
The catalyst can be homogeneously dissolved and/or sus-
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pended in the reaction solution. In the'second step, the

_drganic_phosphorus compound catalyst is preferably em-

ployed in the range of 0.001 to 50 mol.%, particularly

- 0.01 to 20 mol. s, based on the molar amount of the diaryl

oxalate.
In the third step, the dlaryl carbonate obtalned in

_the second step and a polyvalent hydroxyl compound are

subjected to condensation-polymerization reaction, remov-
ing a mixture of a phenolic-byaproduct and other by-prod-
ucts, to give the desired polycarbonate. The polyvalent
hydroxyl compound preferably is an aromatic polyvalent
hydroxyl ¢ompound in which plural number (particularly,
two) of hydroxyl groups are directly attached to an aro-
matic ring of an aromatic compound. Preferred are diva-
lent aromatic hydroxyl compounds or mixture containing a
divalent aromatic hydiokylacompound_in an amount of 60
mol.% or more, particularly 80 mol.% or more.

Examples of the polyvalent hydroxyl compounds in-
clude bis (hydroxyaryl)alkanes such as bis(4-hydroxy-
phenyl)metharie, 1,1-bis(4-hydroxyphenyl)ethane, 2,2--

' bis(4—hydroxypheny1)propane{ 2;27bis(4—hydr02ypheny1)-
- butane, and 2,2-bis (4-hydroxy-2-methylphenyl)propane, and

dihydroxydiaryl ethers such as 4,4'-dihydroxydiphenyl

‘ether and 4,4'-dihydroxy-3,3'-dimethyldiphenyl ether.

Preferred is 2,2-bis(4-hydroxyphenyl)propane or a mixture
containing 2'2-bis(4—hydroxyphenY1)prdpane_in an amount
of not less than 80 mol.%

Examples of the dlaryl carbonates include dxphenyl
carbonate, ditolyl carbonate, di(p-chlorophenyl) carbon-
ate, and di (m-cresyl) carbonate. Preferred are diaryl
carbonate containing 13 to 20 carbon atoms. Most pre;
ferred is diphenyl carbonate. 2 '

In the third step, the diaryl carbonate is prefera-

_ bly employed in an amount of 1.001 to 1.5 moles, particu-

larly 1.01 to 1.3 moles, per one mole of the polyvalent

‘hydroxyl compound (pafticularly, a divalent aromatic
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hydroxyl compound). In the reaction of the third step,
an apprqpriate polymerization-regulating agent, a termi-

nal group—modlfylng agent, and/or a monophenol compound

can be utilized in addition to the combination of a
diaryl carbonate and a polyvalent hydroxyl compound.

The third step is preferably carried out by reacting
a diaryl carbonate and a polyvalent hydroxyl compound in

the presence of a condensation-polymerization catalyst-

containing an appropriate amine compound or ammonium
compound at a temperature of approximately 80 to 350°C,
removing a by-product mixture mainly comprising a pheno-
lic by-product. It is préferred that the reaction tem-
perature is increased and the reaction pressuré'is re-
duced, as the reaction advances, so as to produce the
desired polycarbonate by one step or plural steps.

_ The condensation-polymerization catalyst preferably
is a base catalyst containing an ammonium compound such

as a tetra-substituted ammonium hydroxide having alkyl,

aryl or aralkyl substituents, or an amine compound having
an alkyl, aryl or: aralkyl substituent. Examples of the
condensatlon—polymerlzatlon catalysts include those com—
prising an organic acid salt, inorganic acid salt, hy-
droxide, hydride, or alcoholate of an alkali metal or
alkaline earth metal and a amine or ammonium compound in
conbination. Preferred are a combination of an alkali
metal catalyst component (an inorganic acid salt, an

- organic acid salt, hydroxide, hydride, or alcoholate of

an alkali metal) and an amine or ammonium compound.

The catalyst is preferably employed in an amount of
10 to 10™ mol., per one mole of the polyvalent hydrOXY1
compound. The alkali metal or alkaline earth metal cata-
lyst component is preferably employed in an amount of 1077

'tq 10 mol., per one mole of the polyvalent hydroxyl

compound, while the amine or ammonium compound is prefer-
ably employed in an amount of 107 to 10™* mol., per cne
mole of the polyvalent hydroxyl compound.
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The condensation polymerlzatlon reactlon of the

-thlrd step can be performed in the same manner (particu-

larly a melted condensatlonjpolymerlzatlon reaction) as
that conventionally employed in the known process for the

- preparation of polycarbonate. For instance, the conden-

sation-polymerization reaction is initially carried out

‘at a temperature of 80 to 240°C, at an atmospheric pres-

sure or reduced. pressure for 0.01 to 5 hours, and then
the reaction is carried out at an increased temperature

(e.g., 240 to 320W3) and a more reduced pressure (so as to

finally reach a pressure of 1 mmHg or less)
Examples of the amine compounds include tertiary

| amines such as trimethylamine, triethylamine, dimethyl-

benzylamine, methyldiphenylamine, and triphenylamine;
secdndary amines such as dimethylamine, diethylamine,
methylbenzylamine; and primary amines such'as methyl-
amine, ethylamine, benzylamine, and phenylamine. Pre-

ferred are tertiary amines having 1 to 3 (partlcularly 1

to 2) carbon atoms, such as trlalkylamlne _
Examples of the ammonium compounds include anmmonium
hydroxides having alkyl, aryl, and/or aralkyl group
(e.g., tetra substituted ammonium hydroxides such as tet- '
ramethylammonium hydroxide, tetraethylammonium hydroxide,
tetrabutylammonium hydroxide, and trimethylphenylammonium
hydroxide) and tetra-substituted ammonium borohydrides |
(e.g., tetramethylammnonium borohydride, ahd tetrabutyl— :

- ammonium borohydride). Preferred are tetra- -N-alkyl sub-

stituted ammonium hydroxide hav1ng 1 to 3 (partlcularly 1
to 2) carbon atoms. - :

In the condensationspolymerization catalyst,-the
amine or ammonium compound is preferably employed in com-

bination with an alkali metal or alkallne earth metal

catalyst component _

Examples of the alkali metal catalyst components
include_alkali'metal hydroxides such as sodium hydroxide,
potassium hydroxide, and lithium hydroxide; alkali metal
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. inorganic acid salts such as sodium hydrogen carbonate,

sodium hydrogen potassium, lithium hydrogen carbonate,
sodium carbonate, potassium carbonate, .'lithium carbonate,
sodium dihydrogen phosphate, potassium dihydrogen phos-
phate, lithium dihydrogen phosphate, sodium dihydrogen
phosphite, potassium dihydrogen phosphite, dipotassium
hydrogen phosphate, and dilithium hydrogen phosphate; and
alkali metal organic. acid salts such as sodium acetate,
potassium acetate, lithium acetate, sodium stearate, and
sodium benzoate. . ' , _

Examples of the alkaline earth metal catalyst compo-
nents are salts of magnesium, calcium, and barium and
hydroxides, such as those mentioned above.

The condensation-polymerization reaction can be
carrled out continuously or by a batch system. The reac-
tion apparatus can be a vessel-type reactor or a tube
reactor (a self-cleaning reactor is preferred, particu-
larly for performing the second high-temperature, re-
duced—pressure reaction). A colum-type reactor can be
also employed. _

The by—product mixture conprlslng an amine compound
(by-product) in addition to the phenolic compound  (by-
product) which is removed in the third step is collected.
The by-product mixture is then purified until the content
of the amine by-product is decreased to a level of 600"
ppm or less (preferably 500 ppm or less, particularly 100
ppm or less, generally not less than 0.02 ppm). It is
not practically advantageous to reduce the amount of
amine by-product to a level of 0.02 ppm or less. The
amount of the amine by-product is calculated on the basis

of the amount of purified phenolic by-product.

If the by-product mixture further contains an ethe-
real by-product, the by-product mixture is preferably
purified until the content of the ethereal by-product ‘is
also decreased to a level of 600 ppm or less (preferably
500 ppm or less, partlcularly 100 ppm or 1ess, generally
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not less than 0.02 ppm) . It is not practically advanta-
geous to reduce the amount of ethereéal by-product to a
level of 0.02 ppm or less. The amount of the ethereal
by-product is calculated on the basis of the amount of
purified phenolic by-product. | |

The purification is preferably performed using a

- conventionally erﬁploy_ed distilling apparatus such as a

distilling apparatus using packing means or a distilla-
tion columm using column plates (or trays). Particular-
ly, if the by-product mixture essentially comprises a

phenolic by-product and other by-products having a boil-

ing point lower than the that of the phenolic by-product,
the lower boiling point by-products ‘are removed from the
top.of the distilling apparatus, while the purified phe-
nolic by-product of high purity is taken out from the

‘bottom or the side position (namely, gside-cut). .If the

by-product mixture essentially comprises a phenolic by-
product and other by-products having a boiling point

‘higher than the that of the phenolic by-product, the
phenolic by-product is taken out from the top of the

distilling apparatus, while the higher boiling point by-
products are removed from the bottom of the distilling .
apparatus at an appropriate time. If a lower boiling
point by-product and a higher boiling poiht by-product is
contained in the phenolic by-product mixture, the former
by-product is removed from the top and the latter by-
product is removed from the bottom, and the purified
phenolic by-product is preferably taken out from the side
portion of the distilling apparatus, pérticularly -in the
case that the reaction is conducted continuously.

The amine by—products may be tri—substi_tuted ter-

'tiary amines having the formula of RN (R is alkyl, aryl,

or aralkyl), such as trimethylamine, triethylamine, di-
methylphenylamine, triphenylamine, dim'ethylbénzylamine '
and trimethylbenzylamine. If the condensation-polymer-
ization catalyst contains trialkylamine or tetra-N-alkyl
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substituted ammonium hydroxide, the amine by-product
generally comprises a tri-substituted amine compound

 having a boiling point lower than that of the phenolic
- by-product (such as phenol)_ .

'In the condensation-polymerization reaction, the
phenolic by-product mixture may further contain ethereal

by-products such as anisole and phenyl ether. Such ethe-

real by—products are preferably removed. The ethereal

- by-products per se are considered generally not to .dis-

turb the first transesterification reaction when the
purified phenolic by-product is employed in the reaction.

" However, if the ethereal by-products are accumulated in

the reaction system of the first step, the transesterifi-

-cation may be disturbed, particularly in the case that

dimethyl oxalate is employed as the starting dlalkyl
oxalate.

For instance, anisole and dimethyl oxalate have a
boiling point similar to each other. Accordingly, when

the dimethyl oxalate is repeatedly employed in the trans-
- esterification reaction by means of a recycling system,

the separation of dimethyl oxalate from anisole is not
easily carried out, and the recycllng system is not
smoothly operated.

If the ethereal by-products comprlse dlphenyl ether,

| phenyl butyl ether and/or phenethol which may be by—pro-

duced in the condensation-polymerization re_actlon, they
may be accumulated in the transesterification reaction.
system, because these ethereal by-products have a boiling

' point between that of the starting dialkyl oxalate and

that of the produced diaryl oxalate and therefore it is
not easy to sharply separate the ethereal by-products
from the transesterification reaction system. .
Representative ethereal by-products are phenyl ether
compounds having the formuila of ArOR (Ar is an aryl
group, typically phenyl group, possibly having a substi-
tuent group, and R is-alkyl, aryl or aralkyl) such as
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alkyl phenyl ethers (e.g., anisole, ethyl phenyl ether,
propyl phenyl ether, and butyl phenyl ether); diaryl
ethers (e.g., diphenyl ether, methylphenyl phenyl ether,
and pherioxyphenol) ; benzyl phenyl éther; and dimethyl-
benzyl ether. | | | |

The ethereal by—products'are_removedfsimultaneously
when the amine by-products are removed to purify the
phenolic by-product mixture. |

The purified phenolic by-product can be employed as

-a whole or a portion (approximately 20 wt.% or more,

particularly 50 to 90 wt.%) of the phenolic compound for =
the first step, namely, the step for transesterification.
The purified phenolic by-product can be supplied to the
first step using appropriate supplying systems. The sup-
ply system can comprise a storage tank, a pumping system,
and a tube line connected'to the apparatus for performing
the transesterification reaction. It is preferred that
the purified phenolic by-product is 1nterm1ttently or
contlnuously supplled to the reactor for the transesteri-
fication reaction (e. g , reactive distillation column),
so that the purified phenolic by- product is employed in
the recycling system.

The process for the preparatlon of polycarbonate
according to the present invention is capable of produc-
ing almost colorless polycarbonate having a hlgh molecu-
lar weight such as in the range of approx1mate1y 10,000
to 80,000, particularly 15,000 to 60, 000.

[Example 1]
(1) Transesterlcatlon (preparation of diphenyl oxalate)
Diphenyl oxalate (DPO: diphenyl oxalate) was pro-

‘duced from dimethyl oxalate (DMO: dimethyl oxalate). and

phenol (PhOH) by. the follow1ng procedures.
Into a first reactive distillation column (inner

- diameter: 32 mm, 50 columm plates, named "Oldershaw col-

umn") equipped with a 1-L volume bottom flask was intro-
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duced a mixture of 54.1 wt.% of phenol, 45.3 wt.% of
dimethyl oxalate, and 0.5 wt.% of tetraphenoxytitanium
(TPT) at the 12th (from the top) column plate at a feed

 rate of 600 mL/h. Simultaneously, the bottom flask was
‘heated on a mantle heater to 190°C.” The ordinary trans--

esterification reaction was carried out at a reflux ratio
of 2, taking a produced vapor out from the top. The
reflux was conducted with condensing a portlon of the
produced vapor using a condenser. .

When the conditions in the first reactive distilla-
tion colurm became stable (approximately at a lapse of 4
hours from the begimming of the supply of the reactant

mixture), the reactlon mixture at the bottom had the

following composition:

- diphenyl oxalate o 6.23 wt.%
methyl phenyl oxalate (MPO) ~29.95 wt. %
dimethyl oxalate ' 23.88 wt.

phenol _ . 39.41 wt.%

The vapor taken out from ‘the top at that tIme had

- the following composition:

methanol : o 99.7 wt.%

dimethyl oxalate _ _ 0.3 wt.%

amount-(taking—out-rate) approx. 44 g/h

The reaction mixture taken out from the bottom of
the first reactive distillation columm was then intro-
duced into a second reactive distillation column (Older-
shaw column) of the same structure at the 12th (from the-
top) colum plate at a reduced pressure (200 mmHg) at a

- feed rate of 600_mL/h.' Simultaneocusly, the bottom flask

was heated on a mantle heater to 200°C. "The dispro-
portlonatlon reactlon was carried out with no reflux1ng,
taklng a produced vapor out from the top us1ng a condens-

er.
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When the conditions in the second reactive distilla-
tion column became stable (approximately at a lapse of 4
hours from the beginning of the supply of the reactant),

the reaction mixture taken out from the bottom (at a rate

of approx. 268 g/h) had the following composition:

dlphenyl ‘oxalate _ 65.27 wt.%
'methyl phenyl oxalate (MPO) 18.43 wt.%
dimethyl oxalate" _ ' 1.02 wt.%
phenol S . 13.93 wt.%.

The vapor taken out from the top at that time had

| the following comp031tlon :

methanol _ L o 1.57

wt.%
dimethyl oxalate =~ . 46.53 wt.%
phenol o | 48.51 wt.%
methyl phenyl oxalate = 2.97 wt.%
diphenyl oxalate ' 0.42 wt.%
amount (taking-out rate) approx. 371 g/h :

The reaction mixture taken out from the bottom was
placed in a rotary thin-layer distillation apparatus
(heat conductive area: 0.1 m?) at a feed rate of 200 mL/h.
The inner pressure of the apparatus was reduced to 15
mnHg, and the apparatus was heated to 200°C by means of a
heat medium, so that dimethyl oxalate, phenol, and methyl

phenyl oxalate were continuously evaporated. The vapor

was then fed to a distillation column (inner diameter: 30
mm, length: 2 m) at the position of 80 c¢m (from the top),
and distillation was carried out éontinuously.'

From the top of the distillation column, a condensed

- liquid comprising 3.05 wt.% of dimethyl oxalate, 41.73 .

wt.% of phenol, and 55.21 wt.% of methyl phenyl oxalate
was taken out at approximately 68 mL/h.  Simultaneously,

' the reaction mixture was taken out from the bottom at a

rate of approximately 120 g/h The reaction mixture was
then distilled in a dlstlllatlon apparatus of the same
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type (glass colum, 30 mmp - x 2 m, 5 x 5 mm Helipack) to
- obtain diphenyl oxalate of 99.95% purity containing 0.02

wt.% of phenol and 0.01 wt.% of methyl phenyl'OXalate-at
a yield of approximately 120 g/h. From the bottom of the
distillation apparatus, a reaction liquid containing
approx. 1.1 wt.% (as a titanium metal) of titanium com-
pound was taken out at a rate of approx. 23 g/h.

(2) Decarbonylation (preparation of diphenyl carbonate)
The diphenyl oxalate obtained in the above-mentioned
reaction was processed in the below-mentloned manner to .

give diphenyl carbonate (DEC).

To the diphenyl carbonate was added 1 mol.% of
tetraphenylphosphonium chloride, and the mixture was
heated to 150°C whereby a solution was obtained. The

'resulting solution was fed into one of two 1-L volume

glass reactors connected in series at a ‘feed rate of 300
mL/h using a quantltatlvely supplylng pump. The reactors
were equipped with a thermometer, a stirrer, and an over-

- flow pipe. Simultaneously, the reactors were heated on

mantle heaters to keep a temperature of 230°C, whereby.'
proceeding'decarbonylation of diphenyl oxalate.

' The over-flow position'for each reactor was set at
600 mL. The over-flown reaction mixture taken out (at a -
rate of approx. 270 mL/h) at a lapse of 20 hours from the -
begiming of the sqpply of the reactant had the follow1ng

" composition: _
diphenyl oxalate ' 14.6 wt.%
diphenyl carbonate - . . 84.0 wt.%
phenol - | 0.08 wt.%.

_ A gaseous product taken out from each reactor com-
prised approx. 100 % of carbon monoxide. The total
amount of the collected carbon monoxide was 25 11ters
(standard condition) /h.

The reaction 11qu1d obtained after the decarbonyla—
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tion reaction was fed onto a rotary thin- layer distilla-

~ tion apparatus of the aforementioned structure (made of

glass, moving part: made of Hastelloy CR) at a feed rate
of 250 mL/h at a reduced pressure of 20 mmHg. Simulta-
neously, the distillation apparatus was heated to 200°C
using a heat medium, whereby tetraphenylphosphonium chlo-
ride was separated out. The distillate taken out from
the apparatus (92.2 wt.% of diphenyl carbonate and 7.7

wt.% of diphenyl oxalate) was contimuously introduced
. into a glass-made distillation colum (same as that used

for separation and purification in the transesterifica-
tion step), whereby continuous distillation was carrled
out (pressure at the top: 20 torr, reflux ratio: 5),.
obtain diphenyl carbonate of 99.9 % purlty at a rate of
approximately 220 mL/h.

(3) Condensation-polymerization
(preparation of polycarbonate) _
From a mixture of 800 mL of toluene and 36 mL of

. ethanol (volume ratlo 22/1) was recrystallized 400 g of

bisphenol A to give a blsphenol A of high purity.

In a 100 mL-volume reactor (made of stainless steel
SUS 316L) were placed 22.85 g (1 mol.) of the purified
bisphenol A, 22.68 g (0.106 mol.) of diphenyl carbonate
obtained above, and a catalyst (20 mg of sodium -dihydro—
gen phosphé.te and 5 mg of tetramethylammoniwn hydroxide) .
The inner space of the reactor was made to vacuum at room
temperature for 0.5 hour, and into the immer space was
supplied a nitrogen gas to reach an atmospheric pressure
in the inner spac'e The reactor was then heated for con-
ductlng the condensation-polymerization reaction.

In the procedure of condensation-polymerization
reaction, the reaction mixture was heated at 200°C for 10
minutes and then at 230°C for 10 minutes. Subsequently,
the pressure of the inner space was reduced gradually at
230°C. When the pressure reached 200 mmHg at 230°C,
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phénol began to be taken out, and _the‘ condition was | kept

- for one hour. The reaction mixture in the reactor was .
further heated at 240°C and at 100 mmHg for 0.5 hour. The

reaction mixture was further heated at 255°C and at 100

mmHg for 10 mimutes. Subsequently, the pressure of the
- . inner space was reduced from 100 mmHg to 50 mmHg for a

period of 15 minutes. Under such condltlons, the reac-
tion was continued for 15 mlnutes Subsequently, the

pressure of the inner space was reduced from 50 mmHg to

0.1 mmHg at 270°C for a period of 30 minutes. Under such
conditions, the reaction was continued for 1 hour.

Thus, 25.43 g (yield: 100 —s) of polycarbonate was
obtained.

The obtained :polycarbonate had a 1ogarithmid viscos-

ity (measured at 0.5 g/100 mL (30°C), solvent: chloroform)

of 0.497 dl/g and a weight average mean molecular weight
(calculated as that. of pblysty__rene) of 53,000. The poly-
carbonate was almost non-colorless and transparent by
visual observation). |

After the condensatlon—polymerlzatlon reaction, 17.6 -
mL (total amount) of a phenolic by-product mixture was
collected. The mixture was analyzed by gas chromatogra- -
phy, and confirmed that 150 ppm of trimethylamine and 280
ppm of anisole were contained:

The phenolic by-product mixture was dlStllled in the
glass distillation apparatus (the same as that used in
the decarbonylation reaction) at a reduced pressure of
200 mmHg and at a reflux ratio of 2. The initial 3% of
the distillate taken out at the top was removed. ' Thus, a
purified phenolic by-product cbntaining 2 ppm of trieth-

“ylamine and 5 ppm of anisole was obtained.

Thus purified phenolic by-product was supplied to
the first reactive distillation colum for the trans-
esterification reaction and employed in place of fresh
phenol for carrying out the’ same transesterification
reaction. The result was the same as that obtained in
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the use of fresh phenol'as the starting compound.

[Example 2] . :
A.feed 11qu1d containing 54.1 wt.% of phenol, 45.3
wt.% of DMO, 0.5 wt.% of TPT and 270 ppm of trimethyl-
amine was employed for performing transesterification
reaction to produce dxphenyl oxalate 1n the same manner

- as in Example 1. The content of 270 ppm of triethylamine .
corresponded to 555 ppm on the phenol content base.

When the conditions of the first reactive distilla-
tion colum became stable (at a lapse of 4 hours starting
from the supply of the starting compounds) , the reaction
mixture taken from the bottom (taking- -out rate: approx.
608 g/h) had the following composition: _ :

~ diphenyl oxalate - 6.05 wt.

%
methyl phenyl oxalate -~ 27.21 wt.$
dimethyl oxalate . 25.07 wt.%

Z.

phenol : ' ©41.13 wt.

The vapor taken out from the top at that time had
the following composition: | '

methanol R C 99.7 wt.%
dimethyl oxalate . - 0.3 wt.%

~amount. (taking-out rate) approx..39 g/h

. [Examples 3 to 6]

The procedures of Example 2 were repeated except
that the nature and amount of the impurity (amine com-
pound) was varied as indicated below. In the case that
triethylamine was employed as the amine impurity, the

- decarbonylation reaction was carried out using tetraeth-

ylammonium hydroxide in place of tetramethylammonium
hydroxide. |
The results are set forth below.
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(Example 3) - o
"~ Amine compound: N trimethylamine
Amine concentration in phenol: 100 ppm

‘Composition of reaction mixture at bottom
' DMO: 24.12 wt.%, PhOH: 40.28 wt.%,

MPO: 28.93 wt.%, DPO: 6.11 wt.% |

Taking-out rate (from bottom) : 605 g/h

~ Composition of vapor taken out from top

MeOH: 99.7 wt.%, DMO: 0.3 wt.%

Taking-out rate (from top): 42 g/h
(Example 4) | | |

Amine compound: ' trimethylamine

Amine concentration in phenol: 5 ppm

Composition of ‘reaction mixture at bottom
DMO: 23.89 wt.%, PhOH: 39.48 wt.%,
MPO: 29.93 wt.%, DPO: 6.21 wt.%

Taking-out rate (from bottom) : 603 g/h

Composition of vapor taken out from top
MeOH: 99.7 wt.%, DMO: 0.3 wt.%

. Taking-out rate (from top): '_ 44 g/h
' (Example 5). o
Amine compound: - - triethylamine
~ Amine concentration in phenol:. 500 ppm

Composition-of reaction mixture at bottom
DMO: 25.10 wt.%, PhOH: 41.09 wt.$%,
MPO: 27.18 wt.%, DPO: 6.02 wt.%

Taking-out rate (from bottom) : 608 g/h

_Compositioi'l of vapor taken out from top
MeOH: 99.7 wt.%, DMO: 0.3 wt.%

Taking-out rate (from top): 39 g/h
(Example 6) o
' Amine compound: _ triphenylamine

Amine concentration in phenol: 500 ppm
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Composition of reaction mixture at bottom -
DMO: 24.98 wt.%, PhOH: 40.76 wt.$%,
~ MPO: 27.64 wt.%, DPO: 6.08 wt.%
Taking-out rate (from bottom) : 607 g/h
Composition of wvapor taken out from top_
MeOH: 99.7 wt.%, DMO: 0.3 wt.
Taklng—out rate (from top): . 40 g/h.

[CompariSoanxample'l]
A feed liquid containing 54.1 wt.% of phenol, 45.3

wt.% of DMO, 0.5 wt.% of TPT and 1,000 ppm of trimethyl-
amine was employed for performing transesterification
reaction to produce diphenyl oxalate in the same manner
as 1n_Example 1. The content of 1,000 ppm of trlethyl-
amine corresponded to 2,000 ppm on the phenol content
base. : . ' .

. When the conditions of the first reactive distilla-
tion column became stable (at a lapse of 4 hours startlng
from the supply of the startlng compounds), the reaction
mixture taken from the bottom (taking- -out rate approx.
613 g/h) had the following composition: -

diphenyl oxalate o 4.21

wt.%
-methyl phenyl oxalate .. 23.42 wt.%
dimethyl oxalate . - 28.43 wt.%

wt

phenol : S 43.39

The vapor taken out from the top at that time had

the following comp031t10n-

methanol | o . 99.7 wt.%
dimethyl oxalate | | 0.3 wt.%

amount (taking—out rate) approx. 34 g/h.

[Comparlson Example 2]
A feed liquid containing 54.1 wt.% of phenol 45.3
wt.% of DMO, 0.5 wt.% of TPT and 350 ppm of trimethyl-
amine was employed for performing transesterification
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reaction to produce diphenyl oxalate in the same manner

as in Example 1. The content of 350 ppm of triethylamine

corresponded to 700 ppm on the phenol content base.
When the conditions of the first reactive distilla-
tion column became stable (at a lapse of 4 hours starting

- from the supply of the starting compouhds),'the reaction .
mixture taken from the bottom. (taking-out rate: approx.

612 g/h) had the following comp051tlon' | _
diphenyl oxalate . ' 4.21 wt.%

methyl phenyl oxalate - | 23.82 wt.%
dimethyl oxalate 28.30 wt.%-
phenol R o . 43.10 wt.%.

The vapor taken out from the tQp at that time had
the following comp031tlon

methanol S o 99.7 wt.%

dimethyl oxalate - 0.3 wt.%

amount (taking-out rate) - approx. 35 g/h.
- [Example 7]

The procedures of Example 1 were repeated except
that the first reactive d1st111at10n column and the sec-
ond reactive distillation colum were connected in series
for forming continuous recycling system. _

Into the first reactive distillation column (inner
diameter: 32 mm, 50 column plates, named'“Oldershaw col-
um") equipped with a 1-L volume bottom flask was intro-
duced a mixture of 54.1 wt.% of phenol, 45.3 wt.% of
dimethyl’oXalate, and 0.5 wt.% of tetraphenoxytltanlum
(TPT) at the 12th (from the top) column plate at a feed
rate of 600 mL/h. Simultaneously, the bottom flask was
heated on a mantle heater to 19OQZT' The ordinary trans-
esterification reaction was carried out at a reflux ratio
of 2, taking a produced vapor out from the top. The
reflux was conducted with condensing a portion of the
produced vapor using a condenser.
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.Wheh_the conditions in the first reactive distilla-
tion column became stable (approximately at a lapse of 4

_hours from the beginning of the supply of the reactant.

mixture), the reaction mixture'taken out from the bottom
(taking- -out rate: approx 603 g/h) had the follow1ng com-
position: _

diphenyl oxalate ' . 6.19'wt.%

methyl phenyl oxalate (MPO) 30.02 wt.%

dimethyl oxalate .~ 25.74 wt.%

phenol , | _ 37.38 wt.%.

‘The vapor taken out from the top at that time had
the following composition:

methanol | -:_ 99.7 wt.%
dimethyl oxalate - 0.3 wt.%
amount (taking-out rate) =~  approx. 44 g/h

The reaction mixture taken out from the bottom of
the first reactive distillation colum was then intro-
duced into the second reactive distillation columm
(Oldershaw column) at the 12th (from the top) columm
plate at a reduced pressure (200 mmg) at a feed rate of
603 mL/h. Simultaneously, the bottom flask was heated on
a mantle heater to 200°C. The disproportiomation reaction
was carried out with no refluxing, taking a.produced

vapor out from the top using a condenser.

When the conditions in the second reactive dlstllla—
tion columm became stable (approximately at a lapse of 4

' hours from the begimming of the supply of the reactant),
- the reaction mixture taken out from the bottom (at a rate

of approx. 213 g/h) had the following composition:

diphenyl oxalate o 65.13 wt.%
methyl phenyl oxalate o 18.39 wt.%
dimethyl oxalate : 1.21 wt.%

phenol - | ' . '13.18 wt.%.



10

15

20

. 25

30

35

-28-

The vapor taken outrfrom the top at that time had

the following composition:

methanol I ~ 1.57 wt.%
dimethyl oxalate : 41.81 wt.%
‘phenol o ' 53.23 wt.%
methyl phenyl oxalate “ | 2.95 wt.%
diphenyl oxalate . 0.43 wt.%
amount (taking-out rate) approx. 390 g/h

The vaper taken out from the top of the second reac-
tive distillation column and condensed was once placed in
a 3-L volume glass vessel. Subsequently, the condensed

. vapor was fed into the first reactive distillation columm

at a rate corresponding to that taken out from the second
colum (approx. 390 g/h) at the same 12th columm plate.

_Thus, a recycling system was formed.

When the recycllng system was 1n1t1ated the amounts
of the fresh starting compounds employed in the case '
adopting no recycling system were reduced so that the
total amount of the recycled starting compounds and the

fresh starting compounds could correspond to the 1n1t1a1—

ly set amount, that is, DMO 45.3 wt.%, phenol 54.1 wt.%,
and TPT 0.5 wt.%, feed rate: approximately 600 mL/h.

The reaction mixture taken out from the bottom of
the second reactive distillation column was placed in a
rotary thin-layer distillation apparatus (heat conductive
area: 0.1 m?*) at a feed rate .of 200 mL/h. The inner pres-
sure of the apparatus was reduced to 15 mHg, and the
apparatus was heated to 200°C by means of a heat medium,
so that dimethyl oxalate, phenol, and methyl phenyl oxa-
late were continuocusly evapbrated. The vapor was then
fed to a distillaticn apparatus_(inner'diameter: 30 mm, .
length: 2 m, packing means: 5x5 mm Helipack, MPO recover-
ing column) at the position of 80 cm (from the top), and

distillation was carried out continuously. -

From the top of the distillation colum, a condensed
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- liquid edmprising 3.05 wt.% of dimethyl oxalate, 41.73
~wt.% of phenol, and 55.21 wt.% of methyl phenyl oxalate
' 'was taken out at approximately 68 mL/h, -Simultaneously,

the reaction mixture was taken out from the bottom at a
rate of approximately 120 g/h. The reaction mixture was
once placed in a 3L-volume glass vessel. Subsequently,
the reaction mixture was continuously fed into the second

reactive distillation column at a rate correspondlng to

that taken out from the second columm at the 30th column
plate (from the top).

The reaction mixture taken out from the. bottom was
distilled in a distillation apparatus (same as the MPO
_recovering column), to give diphenyl oxalate of 99.95

% purity containing 0.02 wt.% of phenol and 0.01 wt.%

' of methyl phenyl oxalate at a rate of approx. 120 g/h.

From the bottom of the distillation apparatus, a
reaction llquld containing approx. 1.1 wt.% (as a titani-
um metal) of titanium compound was taken out at a rate of
approx. 23 g/h., and: recycled into the first reactive
distillation column at the startlng ccmpound feedlng
position. : :

The decarbonylation reactlon and the condensatlon—

'polymerlzatlon reaction were then performed The col—

lected phenolic by'product mixture was purified to give a

jphenollc by-product mixture contalnlng 2 ppm of trimeth-

ylamine and ‘5 ppm of anisole) and fed to the first reac-
tive distillation colum of the first step.

In the course of transesterlflcatlon reaction and
disproportionation reaction, a small amount of hlgh boil-
ing point by-products were produced. A portion of the
recovered catalyst-containing 1iquid was removed so that
the amount of impurities in the liquid could not exceed
50 wt.%. When a portio of the liquid was removed, a
fresh catalyst was added in such an amount. to compensate

- the removed amount.

‘The above—deserlbed recycling SYStem was operated
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continuously for 100 hours. The reaction rate and the
compositions of the reaction mixtures taken out at vari-
ous positions were kept constant, to give the target
diphenyl oxalate. | '

[Comparison Example 2]
The procedures of Example'7 were repeated using a
feed liquid containing 1, 000 ppm of anisole, to produce

- diphenyl oxalate.

- In the first reactive distillation column, anisole
was deposited at the upper portion of the column when the
reaction was performed under the same conditions as those
of Example 7. Therefore, the reflux condition was

- changed to remove all anisole together with methanol.

The methanol recovered from the top contained 0.25 wt.%

‘of anisole and 0 63 wt.% of dlmethyl oxalate.

[Cbmpafison Example 3]

The proceduree of Example 7 were repeated using a
feed liquid containing 1,000 ppm of dlphenyl ether, to
produce diphenyl oxalate.

In the recycling system u51ng the above feed liquid,
the amount of diphenyl oxalate in the vapor (phenol/DMO)
recovered from the top of MPO recovering column increased
gradually to reach 2.7 wt.% at a lapse of 100 hours. The
recycling system was further contlnued for 100 hours, and
the content of dxphenyl oxalate reached 5.4 wt.

In the course of increasing the amount of dlphenyl
okalate in the vapor, the reaction rate in the first
reactive distillation column decreased. Further, the
operating conditions varied not only in the first reac-

 tive distillation column.but.also in the second reactive
~ distillation columm, the evaporator, and the MPO recover-

ing column.
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1. A process for preparing polycarbonate Wthh
comprises ‘the steps of:

subjecting a d1a1ky1 oxalate and a phenolic compound
to transesterification to give a diaryl oxalate;

. subjecting .the diaryl oxalate to decarbonylatlon to

give a diaryl carbonate;: :

reacting the diaryl carbonate with a polyvalent hy—
droxyl compound in the presence of a catalyst containing
an amine compound or an ammonium compound to give the
polycarbonate, removing a mixture containing a phenolic
by-product and an amine by- product

collecting the mixture;

purifying the mixture so that the amount of the
amine by-product in the mixture is reduced to give a
phenolic by-product mixture not containing the amine by- -

product in an amount of more than 600 ppm;

‘utilizing thus purified phenolic by-product mixture

-as a whole or a part of the phenollc compound in the
first step. '

2. ‘The procéss of claim 1, wherein the amine com-
pound or ammonium compound in the catalyst is in the form
of an N-alkylated or N-arylated compound.

3. The process of claim 1, wherein the catalyst '
further contains an alkali metal or an alkallne earth
metal. '

4. The process of claim 1, wherein the amine by-
product has a b0111ng point lower than that of the pheno—
lic by-product. -
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5. The process of claim 1, wherein each of the
phenolic compound and the phenolic by-product consists
essentially of phenol.

6. The process of claim 1, wherein the step of

- purifying the mixture is performed. by'distillation.

7. The process of claim 1, wherein the step of

' purifying the mixture is performed in such manner that’

the amount of the amine by-product in the mixture is
reduced to give a phenolic by-product mixture not' con-
taining the amine by-product in an amount of more than
100 ppm.

8. A process for preparing polycarbonate which .
comprises the steps of:

subjecting a dialkyl oxalate and a phenollc by prod-
uct mixture not containing an amine by-product in an
amount of more than 600 ppm to transesterification to
give a diaryl oxalate, said phenolic by product mixture

“having been obtained by purifying a mixture containing a

phenolic by-product and an amine by-product which was
collected in a condensation polymerization reaction for
preparing polycarbonate from a dlalkyl oxalate and a
phenolic compound;

subj ecting the diaryl oxalate to decarbonylatlon to
give a diaryl carbonate; and .

reacting the diaryl carbonate with a polyvalent hy-
droxyl compound in the presence of.a catalyst containing

‘an amine compound or an ammonium compound to give the

polycarbonate

9. The process of claim 8, wherein the purified
phenolic by-product does not contain. the ‘amine by-product

in an amount of more than 100 ppm.
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10. A.process for preparlng polycarbonate whldh

'comprlses the steps of:

subjecting a d1alkyl oxalate and a phenollc compound
to transesterification to give a diaryl oxalate;
subjecting the dlaryl oxalate to decarbonylation to

" give a diaryl carbonate,

reactlng the diaryl carbonate with a polyvalent hy—
droxyl compound in the presence of a catalyst containing
an amine compound or an ammonium compound to give the
polycarbonate, removing a'mixture"containing a phenolic
by- product an amine by-product, and an ‘ethereal by—prod—

.uct°

collecting the mlxture,

purifying the mixture so that the amounts of the
amine by-product and ethereal by-product in the mixture
are reduced to give a phenolic by-product mixture niot
containing the amine by-product in an amount of more than
600 ppm and the ethereal by—product in an amount of more
than 600 ppm; - and |

utilizing thus purified phenolic by-product mixture
as a whole or a part of the phenollc compound in the
flrst step.

11. The process of claim 10, wherein the amine com-
pound or ammonium compound in the catalyst is in the form
of an N-alkylated or N-arylated compound.

12. The process of claim 10, wherein the catalyst
further contains an- alka11 metal or an alkallne earth
metal.

13. The process of claim 10, wherein the amire by-
product has a boiling point lower than that. of the pheno—
lic by-product.
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14. The process of clai'm 10, ‘wherein each of the |
phenolic compound and the phenollc by product cons:.sts

' essentlally of phenol

15. The process of claim 10, wherein the step of
purifying the mixture is performed by distillation.

16.  The process of claim 10, wherein the step of
purlfylng the mixture is performed 1n such mammer that

‘the amount of the amine by- product in the mlxture is

reduced to give a phenolic mlxture not conta1n1ng the

‘amine by-product in an amount of more than 100 ppm.

17. A process -for preparing polycarbonate Wthh
comprises the steps of:

subj ecting a dialkyl oxalate and a phenollc by-prod-
uct mixture not containing each of an amine by-product
and an ethereal by-product in an amount of more than 600

- ppm to transesterification to give a diaryl oxalate, said

purified phenolic by-product having been obtained by

purifying a mixture containing the phenolic by-product,

the amine by-product and the ethéreal by-product which
was collected in a condensation polymeriz-ation reaction
for preparing polycarbonate; :

- subjecting the diaryl oxalate to decarbonylation to

‘give a diaryl carbonate;

and - : , .
reacting the diaryl carbonate with a polyvalent hy-

droxyl compound in the presence of a catalyst containing

an amine compound or an ammonium compound to give the
polycarbonate.

18. The process of claim 17, wherein the purified
phenolic by-product does not contaln the amine by- product
in an amount of more than 100 ppm.



