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1. Fleld of the Invention The present invention relates to a

process for producing a polycarbonate. Mre particularly, the present _
i nvention Jelatés to a process for producing a polycarbonate conprising the:
steps of converting a diaryl oxalate to a to+réspond|ng di aryl carbonate

and condensati on; pol yneri zing the dlaryl carbonate with a pol yhydric
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condensatlon-polymerxz1ng the diaryl carbonate with a
'polyhydric hydroxyl compound, with high efficiency.

Polycarbonate resins have excellent mechanical
strength, transparency and electric properties and thus
are extremely important materials useful for producing
various industrial material products, for example,
electric and electronic articles such as compact disks,
and organic glasses and lenses.

2. Description of the Related Art

It is known that a polycarbonate can be
produced by condensation-polymerizing a diaryl carbonate,
for example, diphenyl carbonate (DPC), which can be -
produced by various conventional methods, with a
polyhydroxyl compound, for example, a bisphenol compound.

Also, it is known that the diaryl carbonate,
which is usable as a starting material for the
polycarbonates, can be produced by a method in which a
dialkyl carbonate produced by a conventional synthetic
method is subjected to a transesterification reaction, or
a method in which the diaryl carbonate can be directly
produced from phosgene and a hydroxyaryl compound, for
example, a phenol compound. Also, other various methods
have been proposed to produce the diaryl carbonate.
However, the conventional methods are not always
satisfactory for industrial application.

For example, Japanese Examined Patent

Publication No. 58-50,977 discloses a process for



exanmpl e, a phenol conpound. Al so, other various methods have been proposed
to produce the diaryl carbonate. However, the conventional nethods are not

al ways satisfactory for industrial application. -For exanpl e,
Japanese Examined Patent Publication No. 58550,977 discloses a process for
- 2- produci ng a diaryl car bonat e by a phoggene met hod. This nethod is
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steps including a
carbonate are disclosed in Japanese Unexamined Patent
Publication No. 3-291,257 and No. 4-211,038 in which a
dialkyl carbonate and a phenol compound are subjected to
a transesterification reaction to provide diaryl
carbonate, or in Japanese Unexamined Patent Publication
No. 4-9,358, in which an alkylaryl carbonate is subjected
to a dispropdrtionation reaction to produce a dialkyl
carbonate and diaryl carbonate.

The method utilizing the transesterification
reaction of the dialkyl carbonate is disadvantageous in
that since the transesterification reaction is carried
out in two equilibrium reaction steps including a
formation step of an alkylaryl carbonate as an
intermediate and the reaction rate for producing the
diaryl carbonate is slow. To solve this problem, various
specific catalysts and complicated production processes
and apparatuses are provided by, for example, Japanese
Unexamined Patent Publication No. 4-235,951 and
No. 4-224,547.

Also, the above-mentioned disproportionation
method for the alkylaryl carbonate is not industrially
satisfactory in that the alkylaryl carbonate is an
intermediate in the above-mentioned transesterification
reaction and thus is very difficult to isolate it from
the transesterification reaction mixture which contains

non-reacted starting compounds and other reaction



formati on step of an al kylaryl carbonate as an internedi ate and the
reaction rate for producing the diaryl carbonate is slow. To solve this
probl em various specific catalysts and conplicated production processes
and apparatuses are provided by, for exanpl § _Japanese Unexanm ned Patent
Publ i cati on No. 4-235,951 and No. 4-224, 547. Al so, the
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Pat ent Publicati,on No. ,52-43,826 di scloses a nethod of producing a
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sol vent at a oxalate, Japanese Examined Patent Publication
No. 52-43,826 discloses a method of producing a
diarylester of oxalic acid by directly esterifying oxalic
acid with a phenol compound in the presence of an

- esterification catalyst in an organic solvent at a .
temperature of 100 to 130°C; Japanese Examined Patent
Publication No. 56-8,01% and Japanese Unexamined Patent
Publication No. 49-42,621 disclose methods of producing
aryl oxalate by reacting a dialkyl oxalate with a diaryl
carbonate; and Japanese Examined Patent Publication
No. 56-2,541 and Japanese Examined Patent Publication
No. 57-47,658 disclose methods of producing a diaryl -
oxalate by transesterifying a diaryl oxalate with an aryl
ester of a lower fatty acid.

The conventional method of producing a diaryl
oxalate by a direct esterification of oxalic acid with a
phenol compound is industrially unsatisfactory in that
the reaction rate is too slow and thus a long time is
necessary to complete the reaction.

Also, the conventional method of producing an
aryl oxalate by reacting a dialkyl oxalate with a diaryl
carbonate or an aryl ester of a lower fatty acid is not
always satisfactory in that since the resultant product
contains a large amount of by-products, a very
complicated refining procedure is necessary to isolate
the target aryl oxalate from the reaction product

mixture. Therefore, the diaryl carbonate per se is not



tenperature of 100 to 130C; Japanese Exam ned Patent Publication No.

56- 8,019 and Japanese Unexami ned Patent Publication No. 49-42,621 disclose
nmet hods of producing aryl oxalate by reacting a dialkyl oxalate with a
diaryl carbonate; and Japanese Examined Patgnt_ Publication No. 56-2,541 and
Japanese Exam ned Patent Publication No. 57-47,658 discl ose nethods of
producing a diaryl oxalate by transesterifying a diaryl oxalate with an
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diaryl oxalate by a transesterification reaction of a

dialkyl oxalate with a phenol compound.

U.S. Patent No. 4,544,507 discloses a method of
producing a.- carbonic acid diester by heating an oxalic
acid diester in the presence of a alcoholate catalyst in
a solvent at a temperature of 50 to 150°C. The U.S.
patent states that when diphenyl oxalate was used as an
oxalic acid diester for an embodiment of the method, the
main reaction product consisted of diphenyl oxalate.
Namely, in the U.S. patent, there is no statement that
diphenyl carbonate was produced from diphenyl oxalate.

Also, the U.S. patent includes no description
of a specific method of producing diaryl oxalate from a
dialkyl oxalate and no suggestion of a method of
producing diaryl oxalate by a transesterification
reaction of a dialkyl oxalate with a phenol compound.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
process for producing a polycarbonate with a high
efficiency by producing a diaryl carbonate, for example,
diphenyl carbonate, from a corresponding diaryl oxalate,
without using phosgene, and condensation-polymerizing the
diaryl carbonate with a polyhydroxyl compound.

Another object of the present invention is to
provide a process for producing a polycarbonate, which

process allows by-products produced during the process to



In this report, diphenyl oxalate was produced only by the nethod in which a
m xture of anhydrous oxalic acid, phenol and phosphorus oxychloride is
heated. This report, however, does not teach or suggest to produce diaryl
oxal ate by a transesterification reaction of a dialkyl oxalate with a
phenol conpound. U S. Patent No. %, 544,507 discloses a nethod of
produci ng a carbonic acid diester by heating an oxalic acid diester in the

presence of a abgoggggﬁgn?gggb¥§gd na sal. gh at a tenperature of 50 to

150[err]C. The es t henyl oxal ate was_used as an
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In the process of the present invention, the diaryl
oxalate for the decarbonylation step (A) may be produced
by transesterification of a dialkyl oxalate with a
hydroxyaryl compound.

In the process of the present invention, optionally,
(A-a) the diaryl carbonate mixture obtained by step (A)
is refined and then (A-b) the resultant refined diaryl
carbonate mixture having an increased degree of purity of
diaryl carbonate is collected, and the refined, collected
diaryl carbonate is supplied to step (B).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow sheet showing an embodiment of
the process of the present invention;

Fig. 2 is an explanatory diagram of an embodiment of
procedures for producing a diaryl oxalate usable for the
process of the present invention,

Fig. 3 is an explanatory diagram of another
embodiment of procedures for producing a diaryl oxalate
usable for the process of the present invention,

Fig. 4 is a flow sheet showing another embodiment of
the process of the present invention,

Fig. 5 is an explanatory diagram of an embodiment of
the diaryl carbonate mixture-refining step (A-a) of the
process of the present invention, and

Fig. 6 is an explanatory diagram of another



be easily recovered and re-used. The above-nenti oned objects can be
attained by the process of the present invention which conprises the steps
of : (A) subjecting a diaryl oxalate to a decarbonyl ation reaction in
t he presence of a decarbonyl afi on catal yst %o produce a diaryl carbonate
and a by-product conprising carbon nonoxi de;” and (B)

condensati on- pol yneri zi ng the resultant di aryl carbonate with a
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thereof with a polyhydroxyl compound to a polycarbonate
- and a by-product comprising a corresponding hydroxyaryl
compound, the diaryl_oxalate can be prepared by a
transesterification reaction of a dialkyl oxalate with a
hydroxyaryl compound, and the by-product coﬁprising
hydroxyaryl compound of the condensation-polymerization
reaction can be re-used for the preparation of diaryl
oxalate by the transesterification of the dialkyl oxalate
therewith. The process of the present invention is based
on the above-mentioned findings.
Namely, the process of the present invention
comprises:
step (A) 1in which a diaryl oxalate is
decarbonylated in the presence of a decarbonylation
catalyst to provide a diaryl carbonate and a by-product
comprising carbon monoxide; and
step (B) in which the resultant diaryl
carbonate is condensation-polymerized with a polyhydroxyl
compound to produce a polycarbonate, while separating and
collecting a by-product comprising a hydroxyaryl compound
from the resultant polycarbonate mixture.
The diaryl oxalate for step (A) is preferably
prepared by transesterifying a dialkyl oxalate with a
hydroxyaryl compound. The hydroxyaryl compound may be



-6- _ enbodi nent of the diaryl carbonate m xture-refining step (A-a) of the
process of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The inventors of the present invention have studied howto
provide a new process for producing a polycqrbonate whi ch process is free
from probl ens of the conventional processes ‘by which a polycarbonate is
produced froma diaryl carbonate produced by conventional phosgene nethod

or non- phosgene t regult it f.Qu i ar, cakrbonate
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findings. Nanel'y, 'the proce esent invention C ri ses:
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diaryl carbonate, for example, diphenyl carbonate, and a
by-product comprising carbon monoxide (CO). The diaryl
carbonate, for example, diphenyl carbonate, is subjected
together with a polyhydroxyl compound, for example,.
bisphenol A, to a condensation-polymerization step (B) to
produce a polycarbonate and a by-product comprising a
hydroxyaryl compound, for example, phenol.

In an embodiment of the process of the present
invention, a diaryl oxalate, for examélekzdiphenyl
oxalate, is produced by a transesterification of a
dialkyl oxalate, for example, dimethyl oxalate with a
hydroxyaryl compound, for example, phenol, in the
presence of a transesterification catalyst in liquid

~phase. The reaction product mixture comprises the
resultant diaryl oxalate (for example, diphenyl oxalate)
and a by-product comprising an alkyl alcohol (for
example, methyl alcohol) and the diaryl oxalate is
separated and recovered from the reaction product

.mixture, and refined. Also, the by-product is separated
and recovered from the reaction product mixture.

The diaryl oxalate is subjected to a decarbonylation
step (A) in the presence of a decarbonylation catalyst in
liquid phase, to provide the target diaryl carbonate and
& by-product comprising carbon monoxide. The diaryl
carbonate is separated and recovered, while removing the
by-product, carbon monoxide, in the state of a gas, from



conpound to produce a polycarbonate, while separating and collecting a

by- product conprising a hydroxyaryl conmpound fromthe resultant

pol ycar bonat e m xt ure. The diaryl oxalate for step (A) is preferably
prepared by transesterifying a dialkyl oxalgte wi th a hydroxyaryl conpound.
The hydroxyaryl compound may be - - -7-

one recovered, as a by-product of step (B), fromthe reaction product
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group has 1 to 6 carbon atoms, for example, dimethyl
oxalate, diethyl oxalate, dipropyl oxalates, dibutyl
oxalates, dipentyl oxalates and dihexyl oxalates.

The dialkyl oxalate can be prepared by reacting
carbon monoxide with an alkyl nitrite (RONO, wherein R
represents an alkyl group) for example, methyl nitrite in
the presence of a platinum group metal-containing
catalyst in gas phase in accordance with the following
reaction shown by the formula (1):. |

00
2C0 + 2RONO - ROC-C-OR + 2NO (1)
(a)

In this reaction (1), a dialkyl oxalate (a) is
produced together with a by-product comprising nitrogen
monoxide. Optionally, the nitrogen monoxide produced as
a by-product is preferably re-used for a synthesis of the
alkyl nitrite by a reaction of nitrogen monoxide with a
lower alkyl alcohol in the presence of molecular oxygen.
The alkyl nitrite is used for the synthesis of the
dialkyl oxalate by the above-mentioned reaction (1).

In the alkyl nitrites of the formula RONO usable for
the reaction (1), the alkyl group preferably has 1 to
6 carbon atoms, and is selected from for example, methyl,
ethyl, n-propyl, isopropyl, and n-butyl groups. The
alkyl nitrites preferably have 1 to 4 carbon atoms and
include, for example, methyl nitrite, ethyl nitrite, n-



presence of a transesterification catalyst in liquid phase. The reaction
product m xture conprises the resultant diaryl oxalate (for exanple,

di phenyl oxal ate) and a by-product conprising an al kyl al cohol (for

exanpl e, nethyl al cohol) and the diaryl oxalate is separated and recovered
fromthe reaction product mxture, and refined. Also, the by-product is
separated and recovered fromthe reaction product m xture. The di aryl

oxal ate i s subj tqQ. ar l.atign ) ! .esence of . a
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can be carried out in a batch type procedure or a
continuous procedure. The continuous synthesis is
industrially preferable, because the heat generated
during the reaction can be easily removed.

The alkyl nitrite is usually employed in an amount
of 2% by weight or more, preferably 5 to 60% by weight,
more preferably 10 to 50% by weight in the liquid phase
reaction or 1 to 30% by volume, preferably 5 to 20% by
volume, in the gas phase reaction, based on the total
amount of the reaction mixture.

Carbon monoxide usable for the reaction with the
alkyl nitrite may be pure or may be diluted with an inert
gas. In the diluted gas, carbon monoxide preferably has
a partial pressure of 5 to 200 atmospheres in the liquid
phase reaction. The carbon monoxide produced as a by-
product in the decarbonylation step (A) of the process of
the present invention can be utilized for the synthesis
of the dialkyl oxalate.

The platinum group metal catalyst usable for the
synthesis of the dialkyl oxalate preferably comprises at
least one member selected from platinum group metals, for
example, metallic platinﬁm and palladium, platinum group
metal salts including mineral acid salts, for example,
nitrates and phosphates, of palladium, halides, for
example, chlorides of palladium and organic acid salts,

for example, acetates, oxalates and benzoates, of



carbon nonoxide with an alkyl nitrite (RONO wherein R represents an alkyl
group) for exanpl e, nmethyl nitrite in the presence of a platinum group

nmet al - cont ai ni ng catal yst in gas phase in accordance with the follow ng
react-i on shown by the formula.(1):. - 10 - [err] In
this reaction (1), a dialkyl oxalate (a) is produced together with a

by- product conprising nitrogen nonoxide. Optionally, the nitrogen nonoxide
produced as a bpaprl@dimﬁn | |ar efonprlddes e fisdte frpratal mymtdesis wétadhe, al kyl

nitrite by a re%tlj %r;< 1QL_Jt %ﬁ%%oﬁlg@l‘%ﬁ Jowe‘_ro sé,iég’fe?' l%ml in
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met hyl nitrite, eth nitrite,
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56-12,624. In t car on nonoxi e |s r eact
more preferaoly 1 to 500 ppm in terms of platlnum group

metal, based on the total reaction mixture in the liquid
phase reaction, or 0.01 to 5% by weight, in terms of
platinum group metal, based on the weight of the carrier
in the gas phase reaction.

The synthesis of the dialkyl oxalate may be carried
out without using solvent or in a solvent non-reactive to
the synthesis reaction, for example, an aliphatic or
aromatic dicarboxylic acid diester, a dialkyl carbonate,
an ether compound or an aromatic or an aliphatic
hydrocarbon or a halide thereof.

The preparation of diaryl oxalate is carried out by
transesterification reactions in accordance with the

reaction formulae (2), (3) and (4) as shown below.

(,? %l) 0O O
: /I '
ROC-COR +ArOH =2 ROC-COAr +ROH (2)
(a) (b) (e—~1) (d)
0 0 o O
T . it , (3)
ROC—-COAr +ArOH T Ar0C-COAr +ROH
(c-1) (b) (c—-2) (d)
O O ' O 0 O O

T TR T ”
2 ROC-COAr —— Ar0OC-COAr +ROC-COR

(c—1) (c—2) (a)



in liquid or gas phase in the presence of a platinumgroup netal -containing
catalyst at a tenperature of 10 to 200[err]C, preferably 20 to 150[err]C,
under a pressure of 2 to 500 atnospheres in liquid phase reaction, or 2 to
200 atnospheres in a gas phase reaction. The synthesis can be carried out
in a batch type procedure or a continuous™ p*%cédure. The conti nuous
synthesis is industrially preferable, because the heat generated during the

reaction can be easi renoved trite is usually enpl oyed
in an anount of 2% b 8h918}k¥6r8xaBP§Fe éﬁl ng Poggﬁﬁ) akdight, nore
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oxal ates and bepzgaises. (0L2) and a dialkyl oxalate (a). The- 10 -
reactions (2) to (4) are preferably carried out in a
liquid phase. All of reactions (2) to (4) are
equilibrium reactions.

In reactions (2) to (4), R represents an alkyl group
having 1 to 6 carbon atoms, Ar represents a phenyl group
which may be substituted with at least one selected from
alkyl groups having 1 to 6 carbon atoms, alkoxy groups
having 1 to 6 carbon atoms, halogen atoms and others.

The alkyl groups having 1 to 6 carbon atoms for R and Ar
include methyl, ethyl, propyl and butyl groups. The"
alkoxy groups for Ar include methoxy, ethoxy, propoxy,
and butoxy groups. The halogen atoms include chlorine,
bromine, iodine and fluorine atoms.

In the preparation of the diaryl oxalate from the
dialkyl oxalate and the hydroxyaryl compound, all of
reactions (2) to (4) occur.

However, principally, the alkylaryl oxalate (C-1)
and the lower alkyl alcohol (d) are produced by the
transesterification reaction (2), and then the diaryl
oxalate (C-2) and the dialkyl oxalate (a) are produced by
the disproportionation reaction (4).

In the diaryl oxalate-preparation step, a dialkyl
oxalate, for example, dimethyl oxalate, and a hydroxyaryl
compound, for example, phenol, are subjected to a

transesterification reaction in the presence of a



pal | adi um and conpl exes of the platinumgroup netals, for exanple,

pal | adi um al kyl phosphi ne conpl exes and palladlunlarylphosphlne conpl exes.
The platinumgroup netal catalyst is preferably carried on an inert carrier
conpri sing, for exanple, actiyated carbon, um na (for exanple, y-alumna
and a-alumna), spinel, silica, dlatonaceous earth, pumce, zeolite and

nol ecul ar si eves. The above-nenti oned platlnun1group nmetal catalyst is
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When a di al kyl oxalate (a) and dr oxyar onpound (b) are reacted with
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catalyst, intermediate compounds such as alkylaryl
oxalate (for example, methylphenyl oxalate), a resultant
target diaryl oxalate and a resultant by-product
comprising a lower alkyl alcohol (for example, methyl
alcohol) and a dialkyl oxalate (for example, dimethyl
oxalate).

The by-products other than the above-mentioned
compounds are in very small amounts. Therefore, the
target diaryl oxalate can be separated and recovered from
the reaction product mixture by a conventional refining
means, for example, a distillation.

The preparation of the diaryl oxalate from the
dialkyl oxalate and the hydroxyaryl compound can be
carried out by the procedures, for example, as shown in
Figs. 2 and 3.

Referring to Figs. 2 and 3, a diaryl oxalate, a
hydroxyaryl compound (phenol compound) and a
transesterification catalyst are fed into a first
distillation reactor (reactive distillation column) 1
through a conduit 4. In the first distillation
reactor 1, the dialkyl oxalate is transesterified with
the hydroxyaryl compound in the presence of the catalyst,
a fraction comprising an alkyl alcohol as a by product is

~vaporized and withdrawn from the first reactor 1 through
a top of the reactor 1, and a liquid fraction accumulated
in the bottom 3 of the reactor 1 and containing a
resultant alkylaryl oxalate and the catalyst is withdrawn
and fed into a second distillation reactor (reactive



conpound (b) in accordance with reaction (2) to mainly produce an al kyl aryl
oxalate (C 1) and an al kyl alcohol (d), and then the al kylaryl oxal ate
(C1) is transesterified with the hydroxyaryl conmpound (b) in accordance

w th, reaction (3) to mainly produce a di arél oxalate (C2) and an al kyl

al cohol (d). Also, the al kyl aryI oxal ate ( I's disproportionated in
accordance with reaction (4) to mainly produce a diaryl oxal ate (C—2) and a
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reaction in th%ﬂ%&%ﬁ ﬁgi%Lm?the refined diaryl oxalate-containing
liquid fraction accumulated in the bottom 23 of the
column 20 is collected. Also, a vapor fraction generated
in the column 20 is withdrawn through the top of the
column 20. Alternatively, the liquid fraction withdrawn
from the first reactor 1 is fed into a precipitation
procedure in which the diaryl oxalate is reacted with a
phenol compound to form a crystalline adduct (for
example, a crystalline adduct of one mole of a diphenyl
oxalate with two moles of phenol), the crystalline adduct
is collected from the liquid fraction and subjected to an
evaporation treatment by which the phenol compound is
evaporated away from the crystalline adduct and thus a
refined diaryl oxalate is collected.

Alternatively, the liguid fraction recovered from
the bottom of the second reactor 10 can be refined by an
evaporator 30, a first distillation column 40 and a
second distillation column 20 as shown in Fig. 3.

In the evaporator 30, a vaporizable portion of the
liquid fraction is evaporated so as to keep the catalyst
in the bottom 33 of the evaporator 30. The evaporated
portion is withdrawn from the evaporator 30 through the
top thereof and fed into the first distillation
column 40. In the column 40, a resultant vapor fraction

containing the alkylaryl oxalate and the hydroxyaryl



- 12 - - transesterification catalyst in the liquid phase, while removing
the resul-tant by-product conprising a | ower alkyl alcohol to the outside of
the reaction system to provide a diaryl oxalate, for exanple, diphenyl
oxal ate. The resultant diaryl, oxalate is sepgrated and recovered fromthe
reaction product m xture and refi ned. e resultant reaction product
m xture for the diaryl oxal ate-preparing transesterification reaction
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shown in Figs. gopnef3the coleﬁheQOIagdteoEueatea &Rsod haadbahuh1QXQhate
a hydroxyaryl conpound gghenol co oun and 3 6nsester|f|cat|8n cataly
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1 and contalnlng
oxalate and the hydroxyaryl compound from a liguid

fraction comprising the diaryl oxalate and the catalyst.
The vapor fraction is withdrawn from the top of the first
distillation column and the liquid fraction accumulated
in the bottom of the first distillation column is
withdrawn and fed into the second distillation column.

In the second distillation column, the fed liquid
fraction is distilled to separate a vapor fraction
comprising, as a principal component, the diaryl oxalate,
from a liquid fraction containing the catalyst. The
vapor fraction comprising the diaryl oxalate is collected
through the top of the second distillation column and
recovered through a conduit. The liquid fraction is
discharged from the bottom of the second distillation
column.

Referring to Figs. 2 and 3, the_vapor fraction
withdrawn through the top of the first distillation
reactor 1 may be recovered or condensed by a cooler 5 and
returned to the top of the first distillation reactor 1,
and the liquid fraction accumulated in the bottom 3 of
the first distillation reactor 1 may be circulated
through a heater 6 to control the temperature of the
liquid fraction to a desired level.

In Figs. 2 and 3, a portion of the vapor fraction



resul tant al kyl aryl oxalate and the catalyst is withdrawn and fed into a

second distillation reactor (reactive
- 13- distillation colum) 10. In the second reactor 10, 'the al kyl aryl

oxalate is mainly disproportionated in the P%e§ence of the catalyst to
produce a diaryl oxalate while vaporizing and withdrawi ng a resultant
fraction containing the resultant and non-reacted dial kyl oxal ate and the

non-r eact ed_hy diaéaltert SHRONGH, WhEOWGD U ch2D oo 588919 S O 10

The liquid fraction accunul ated in the bottom 13 of the second reactor 10
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d:gg;l o;gfa{g?@é%t %nkﬁggﬁpéﬁgdgyrécFPB eibéénﬁPQtEﬁtPﬁ“F o thEMEEP of

the colum 20 i 9fctheeseedndAdietialasfon freactioenlgeaatiatee iliguiel col um
20 15 w thdrawn (-apeyel bReuhARaRba! IR ERLYEBEEBn As! BENEhGY Fike,l Ne |1 quid
Wwn t he t 17I's Ted Into &lﬁ

fraction withdrawn fromt I'rst reactor a pr ation
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condensed by a cooler 25 and returned into the top
portion of the column 20, and the liquid fraction
accumulated in the bottom 23 of the column 20 may be
circulated through a heater 26 to maintain the
temperature thereof at a desired level.

Referring to Fig. 3, the vapor fraction withdrawn
from the top portion of the evaporator 30 may be cooled
and condensed by a cooler 35 and then fed into the first
distillation column 40, a portion of vapor fraction
withdrawn from the top portion of the first distillation
column 40 may be condensed by a cooler 45 and returned to
the top portion of the column 40 and the remaining
portion of the vapor fraction may be recycled to a middle
portion of the second distillation reactor 10, the liqﬁid
fraction accumulated in the bottom 43 of the column 40
may be circulated through a heater 46 and heated to a
desired temperature, a portion the vapor fraction
withdrawn from the top portion of the second distillation
column 20 may be condensed by a cooler 25 and returned
into the top portion of the column 20 and the remaining
portion of the vapor fraction may be collected, and the
liquid fraction accumulated in the bottom 23 of the
column 20 may be circulated through a heater 26 and
heated to a desired temperature.

In Figs. 2 and 3, each of the first distillation

reactor 1 and the second distillation reactor 10 is



the bottom of the second reactor 10 can be refined by an evaporator 30, a
first distillation colum 40 and a second distillation colum 20 as shown
in Fig. 3. In the evaporator 30, a vaporizable portion of the liquid
fraction is evaporated so as to keep the caiﬁlyst in the bottom 33 of the
evaporator 30. The evaporated portion is W thdrawn fromthe evaporator 30
through the top thereof and fed into the first distillation colum 40. In

t he col um 40, nt _v L .Er .ion I i t I I | at e
and the hy droxygfgclal%se%atbaly a’ AR 111 3%E A" B ri'lang.nJ:'%Aﬁ)leg## 8
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and distilled to separate a vapor Traction conprisin >“al kyl'aryl dxal at e
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oxal ate and thecapt ak¥gt., Efiévéa’BQEKEr 8¢t ¥alves tWalBdbadn pheRTngheyipep of
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second distill| abkamptel,URAschig rings, lesching rings or poll rings, are
packed can be employed. The distillation reactors may
have both the trays and the packings.

In the preparation of the diaryl oxalate, preferably
a dialkyl oxalate, a hydroxyaryl compound and a
transesterification catalyst are fed separately ox
altogether into an upper portion of the first
distillation reactor 1 having a plurality of trays 2 (or
packings) to transesterify the diaryl oxalate with the
hydroxyaryl compound. Also, a liqﬁid fraction withdrawn
from the bottom portion 3 of the first reactor 1 is
preferably fed into an upper portion of the second
distillation reactor 2 having a plurality of trays 12 (or
packings) to disproportionate the alkylaryl oxalate
contained in the fed liquid fraction into a diaryl
oxalate and a dialkyl oxalate.

The transesterification catalyst usable for the
preparation of the diaryl oxalate from the dialkyl
oxalate and the hydroxyaryl compound preferably comprises
at least one transesterification-catalytic compound
selected from, for example, compounds and complexes of
alkali metals, compounds and complexes of cadmium and
zirconium, lead-containing compounds, iron-containing
compounds, copper-group metal compounds, zinc-containing
compounds, organic tin compounds, and Lewis acid

compounds of aluminum, titanium and vanadium.



In the second distillation colum, the fed liquid fraction is distilled to
separate a vapor fraction conprising, as a principal conponent, the diaryl
oxalate, froma liquid fraction containing the catalyst. The vapor fraction
conpr.i sing the diaryl oxalate is collected fﬁrough the top of the second
distillation colum and recovered t hrough & conduit. The liquid fraction is
di scharged fromthe bottom of the second distillation colum.

Referring to Figs. 2pp0dagoyubhg ¥2egh b 86hbBindk! BlaaLBnbliEgughoehe top of
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5 and returned abdkahd m@babﬁvtﬁédﬂiﬁﬁtaﬂﬁsFFFFQPFBﬁ iegdude 11tRAN™ he

liquid fractioncaepynutal egoaﬂuhheabebhaﬁé;% gﬁtbbglﬁmr ahrﬂbﬁhtbl ation
reactor 1 may be C|rcula ed_t heat er

t t t
of the liquid f?éEPFﬁﬁawbnalaEé+Pgd {iphiun dlaCFﬁY§3§§%°§a§§d gnggr%ogiﬁon

of the vapor freg@h@im diacetylacetonate chelate, zirconiuh5 -  withdrawn
t hrough the top,of the.sec I styl Lon_reaector. y be recycled into
a mddle portioﬂ 3fe H%a?? g?ag?s?b?#g%?oﬁngegg gén%ggn ‘the renmining
portion may be condefbedabgve-wentiened ieddrevntadding chmpoupdsf the :
second distilla agkon dn1fddebhelbhdlhfabbachben peGHBHLaLkedutR e
bottom 13 of thgh???ég %stl%?at?oﬁ feact or go may be c?rcu | at ed gﬁrouég a
heater 16 to coReteiumnelyehpteat Lpadorarhenftgsi anfr RRFLENSASLE desired

| evel . I N £héreds, BoPgahi®@nasidt bawap@f ieaat ke whtbenawe thnesgh

the top of the dls%ééigtégft lﬂggegg axkyf or aryl lead compounds, for

example, tetrabutyl lead, tetraphenyl lead, tributyl lead
halogens, triphenyl lead bromine and triphenyl lead, and
alkoxy or aryloxy lead compounds, for example,
dimethoxylead, methoxyphenoxylead and diphenoxylead.

The above-mentioned copper group metal compounds
include copper compounds including copper salts of
organic acids, for example, copper acetate, copper
diacetylacetonate chelate, and copper oleate, alkylcopper
compounds, for example, butyl copper, alkoxycopper
compounds, for example, dimethoxycbpper, and copper
halides, and silver compounds including silver nitrate,
silver bromide, and silver picrate. Also, the above-
mentioned iron-containing compounds include iron
hydroxides, iron carbonates, triacetoxyiron,
trimethoxyiron and triphenoxyiron. Further, the zinc-
containing compounds include zinc diacetylacetonate
chelate, diacetoxyzinc, dimethoxyzinc, diethoxyzinc and
diphenoxyzinc.

The above-mentioned organic tin compounds include,
for example, (Ph),Sn, Sn(OCOCH;),, (MeO),Sn, (EtO}),Sn,
(PhO),Sn, (Me);SnOCOCH,, (Et);Sn(OCOCH;), (Bu),Sn(OCOSH;),
(Et);Sn(OPh), (Me)3SnOCOPh, (Ph);Sn(OMe), (Ph),;SnOCOCH;,
(Bu),Sn(0OCOCH;),, (Bu),Sn(OMe),, (Bu),Sn(0OEt),,
(Bu),Sn(0OPh),, (Bu),SnCl,, (Ph),Sn(OMe),, (Bu),SnoO,
BuSnO(OH), (Et);SnOH and (Ph),SnOH.



condensed by a cooler 25 and returned into the top portion of the colum
20, tand the liquid fraction accunmulated in the bottom 23 of the colum 20
may be circul ated through a heater 26 to maintain the tenperature thereof
at a desired |evel. Referring to Fig. 3g the vapor fraction w thdrawn
fromthe top portion of the evaporator 30 nay be cool ed and condensed by a
cooler 35 and then fed into the first distillation colum 40, a portion of

vapor fraction withdggwn a%wha%t&%ea%@w% %fcﬂcf"%ofxdﬂo'i{ndy Y1 1d 13k i3Hum
colum 40 may be condensed by a cqol er 45 and he top portion

of the col um 49"&4&dﬁhefP§n§FﬁWﬁéepoP4K§dsofA%ﬁgcgﬁﬁdh fP&éPM@dsnay be

recycled to a mAde@tﬁortAP(b@&% @&qmbrgl sti iphat keBveeaehRiohed t he
liquid fraction accumifated in the bottom 43°0f the col um 40 may be

circul ated t hrollgiis Reddecomponndshedt &d tediamy daicladere e axamPley

portion the vapq&(&qutTppo@méﬁgr9mmltogaygherip@5@pﬁtqqqomm)ghe second
distillation colu be condensed 5 a cool er and returned _into

the top portionTdf OFhascot hifkh) @0 TP erat 1t PP bar HdPES) 4 h'gl('QBBN

fraction may beag@l Fg¢0eH;), andrideabdeeifleht f6HEQNLEHEH THE 8l €dohPohNgs
bottom 23 of the colum 20 may _be circul ated_through a heater 26 and heated

to a desired teRfpeVangddun lnClPﬁeFﬁ8§ exagpde3 VO{&hsof VO (RCOPTHSs !

distillation regg Bltel ec obrsti hhat ¥oR)[ eaciRrtHO dise 1
- 16- preferablyka glsilllgtlo&’cg?ﬁnnhﬁaV|n ﬁ:f 5ra lity of tré&%c% and

12 or a dlstllI£PIGH1é§buﬁﬁcﬁav¢¢EF%§%%k%|%ga¢%§ GEQ%PedM%trgpﬁﬁﬁéﬁts
portion-thereof ;apdiRg¢Kkglotbl NEt represents an ethyl group, Bu
’ represents a butyl group, Ph represents a phenyl group
and X represents a halogen atom.

Among the transesterification catalysts usable for
the preparation of the diaryl oxalate, the use of lithium
compounds and complexes thereof, zirconium complexes,
lead-containing compounds, organic tin compounds, and
titanium Lewis acid compounds are particularly preferred,
especially the use of the organic tin compounds, and
titanium Lewis acid compounds are more preferred.

When the transesterification reaction for the
preparation of the diaryl oxalate is carried out while a
reaction mixture in the state of a liquid flows downward
in the distillation reactor 1 or 10, the reaction
temperature is preferably equal to or higher than the
melting temperature of the reaction mixture containing
the starting compounds and the reaction products, and
lower than the thermal decomposition temperatures of the
reaction products, namely, a resultant alkylaryl oxalate
and diaryl oxalate. Usually, the transesterification
temperature for the preparation of the diaryl oxalate is
preferably about 50 to about 300°C, more preferably 100
to 250°C, still more preferably 120 to 230°C.

The transesterification reaction pressure for the
ﬁreparation of the diaryl oxalate may be any of a reduced

pressure, the ambient atmospheric pressure and an



a packing material. For exanple, the reactors 1 and 10 are nulti-step
distillation colums preferably having a theoretical nunber of plates of 2
or nore, nore preferably 5 to 100, still nore preferably 7 to 50. As a
multi-step distillation colum type reactor, nulti-tray type distillation
col utms provided with bubble cap trays, S|e$8 frays or valve trays and
packi ng type distillation colums in which various packings, for exanple,

Raschi [ | llp e C Y
The di oti 119t o Eaaered Bigslirdl®) padeiibny C L (HAAALAE IS, |
t he preparati on tempera tyng ;alndoPél&&tSélrepﬁél‘aé?lﬁoltﬁl&a Wﬂnqﬁlm&ml@ng

hydroxyaryl conmgoynrgean@i1kyllr aleehoar '(f 'rP%tHeD'Iﬁ%ttaHé%tctﬁﬁe lr?equﬁﬁl%ar ately
or altogether into _an _upper. portion of the first distillation reactor

having a pl ural idpIdyl oFpd are dinpddE FEOPTD T8O I 1P Bk di ar yI
oxal ate with th%\ﬂ&iﬁi’:@h}é@f yI %@@l(llyr)dwh@rﬁ(thea ﬂén@éﬁ&tﬁfz@ctﬂsorawdﬁﬁcymwb

fromthe bottom ort|§@ %ff first reactor |s efergpl d into an
upper portion of &I PEEEONET readt- 6%5#%P1 %y of
trays 12 (or padJ&On@g)/curﬁ,dmepeopnefena}alp tﬂeoml iuyngyb bﬁakglfemf:.ont ai ned-

_ pa e£eal ;
The. transest er 1| cat L0 CRPATYOP SRR ¥Tr B e SBPEBEAEA Ay P o

oxal ate fron1th@r@m@khyhomxaﬁatheaddambé hy@ﬂ@xﬁaKyh1c@np@um@smmeﬁhwaﬁiyi
conpri ses at ?%tsl‘&%%cter %gjnésbgr ltfth?Ea%‘h% tﬂ!{iécttlu_ct et9 T%%‘i’&d i$Elg ed

from for exanmple ounds an Xes 0 conpounds and
conpl exes of caé#ﬁﬁ#ﬂéﬁ&lfpr€6ﬁFﬁﬁF ﬂe&&-é@nﬁ@ﬁﬁlﬁ@ecéﬁﬁGGﬁé§tl°n

i ron-contai ni ng r@@&m@&n@&nsci@@aebfgaomlmteke@om%&daaﬁb%c%qw NisRky

compounds, orgage;bil CAepaAdny 307 che2at 9" 2RI AY, T %‘%{é‘

titani um and vaX&dig 9 r tYP
operational conditions of the distillation reactor.
Usually, when the reaction temperature is about 50 to
about 300°C, the reaction time is preferably about 0.01
to about 50 hours, more preferably 0.02 to 10 hours,
still more preferably 0.05 to 5 hours.

In the above mentioned transesterification reaction
for the preparation of the diaryl oxalate, the molar
ratio of the hydroxyaryl compound to the dialkyl oxalate
to be used is variable in response to the type and amount
of the catalyst and the reaction conditions. The molar
ratio of the hydroxyaryl compound to the dialkyl oxalate
contained in the feed materials is preferably 0.01:1 to
1000:1, more preferably 0.1:1 to 100:1, still more
preferably 0.5:1 to 20:1.

The amount of the catalyst to be used for the
transesterification reaction is variable depending on the
type of the catalyst, the type and the size of the
reaction apparatus, type of each material, composition of
the feed material, and reaction conditions of the
transesterification reaction. The transesterification
catalyst is used preferably in an amount of about 0.0001
to 50% by weight, more preferably 0.001 to 30% by weight,

still more preferably 0.005 to 10% by weight, based on



-17- The above-nenti oned conpounds and conpl exes of alkali netals,
cadm um and zirconiuminclude |ithium carbonate, sodi um carbonate,

pot assi um carbonate, dibutylam nolithium |ithiumdiacetyl-acetonate

chel ate, cadm um di acetyl acetonate chel ate,2@iLfconi um di acetyl acet onat e
chel ate and zirconocene. The above-nenti oned | ead- cont ai ni ng conpounds
i nclude | ead sulfides, |ead hydroxides, plunbates such as cal ci um pl unbat e,
| ead car bonat estleadtbisl cweaght thethef dialigghi oxatiedesahtstak | ead and

carbonate salts j eof, alkyl or aryl |ead conpounds, for
?g%fgﬁgggyfaééﬁggﬁﬁé.

exanple, tetrab tetr enyl lead, tributyl |ead hal ogens,
tri phenyl |ead bron Feeaddaryippsalftecngerangdabkokeopbarg-oepticoadd

conpounds, for sxeeDlec €harsboxyteadeatBbRoyyBbeaaxrseadsand
di phenoxyl ead. e ggﬁge-nentloned cggper tal conpounds

. .%ﬁ & groug e
i ncl ude copper THHPLLHTR | R gdRBFpRr OLaPPELEY BREafiPRtadrds? for
exanpl e, coppersiogeifiieanthppédeceaced ytanténnadv€ dhphatiey ehdcaomppgr

oleate, alkyl coppele £ OROUNLSeod 3bn SXLIBE Spo UKL s EQPPSE: 08! KRXYGPRRE
conpounds, for exanple, dinethoxycopper, and Toppér halides, "and Si Yér
conpounds i ncl (RBTRPRItSer Phereferesi therdbaoyl dearhpdatel peedpredaby.

Al so, the abovesidgen AP"!%’Sié%f}?”jﬁ@&”&é‘ﬂtéﬂ@&f‘”?ﬁgh?ﬁ de iron

hydr oxi des, iron carbonates, triacetoxyiron, trinmethoxyiron and

tri phenoxyiron. FurtHerthe nigteR ned) oht Bifi PEOE®FHodRdshe nerasenti nc
gg aﬁet yl acet onatrereei i £, 11li £6ed Lt € Cwi €h "B AOKYBh NES ) dsRbBAXYELHE, and
i phenoxyzi nc.

examl o, (Ph) 452 GO ({5 T8k r1° S0y pery | Shod (PEy PRnt Bt the'
(PhO) 4Sn, (Me) [prades8nGCQOH @ragdcadanyybatisn (GG et rig, prepare a
(P [ or 1] SHOCOTT e P T KPFTSH COBTEr 17 Tet 11 (B T2 TGRS or ).
(Bu) [ err] sn(CEthiTert]s qaBu)gras9)Sn(OPh)[err], (Bu)[err]Snd[err],
(Ph)[err]Sn(Owe)f[err], (I%”y)[??rr]SnO, o
ArOC-COAr —— A rC)—-g-()A r +.CO (5)
(c—-2) (e)

In reaction (5), R and Ar are the same as in
reaction (2) to (4) mentioned above. _

In step (A) of the process of the present invention,
preferably, a diaryl oxalate is subjected to a
decarbonylation reaction in the presence of a catalyst
comprising at least one organic phosphorus compound, to
produce a corresponding diaryl carbonate and carbon
monoxide, the diaryl carbonate is separated and recovered
from the reaction mixture and carbon monoxide in a gas
phase is discharged to the outside of the reaction

system.

The catalyst usable for the decarbonylation step (A)
is preferably selected from catalysts enabling the
decarbonylating reaction of the diaryl oxalate to be
carried out at a relatively low temperature of, for
example, about 100 to about 350°C, and the diaryl
carbonate to be obtained at a high selectivity of

60 molar % to 100 molar %. For example, the organic



BuSnQ(OH), (Et)3SnCH and (Ph)3SnCH. - 18-
The above-nentioned Lew s acid conpounds of alum numinclude, for exanple,
Al (X)[err], AI(OCCOCH err])[err], Al(Ow)[err], A (CEt)3, A (0OBu)3 and

Al (OPh)[err]. The above-nentjoned Lewi s acigd conpounds of titanium

i nclude, for exanple, Ti(X)[err], Ti(OCOCH3)3, Ti(Ow)[err], Ti(Oet)[err],
Ti(OBu)[err], Ti(OPh)[err], Ti(X)[err], Ti(OCOCH err])[err], Ti(QOw)4,

Ti (CEt) 4, Ti(CBhhdsphords (Ebihpdundsbehabong- aenleasedohewcarkond conpounds

of vanadi um i nc] [ e r V ' I
M(XXM@)[L?r]{ VQ#%%?&?E?%??gQéX%f%g%%%%?éaﬁa%v [err%?gﬁh&?%%l%ﬁén[ca
fornul ae, COCH3caeptestnt sTAiackype gfoQEQaNECrE§P§§éﬁF§5aCﬁ@Pﬁymdgﬂ@up, Et

represents an ephyfeBARUP. sBlekE8ECEEBMSoRgRHEY! pEHEBRINBN cORARLRHRAR! B 2
phenyl group and X repres n%érﬁggalogen

atom . Anmpng the.
transesterificati®Ond®3esfys Bl & ?or°Fﬁ8"bFeBBP§gﬁbﬁeonﬂﬁg di aryl
oxal ate, the useompohrddi ofn thapgendsabnfloennpbexes ,t begeafic phosphiime
conpl exes, | ead; L Qi I nds, gan| hn ngs, [ (A¥lgy
Cow's acid compbinaslas LonbGuREy 70, cAL00hech1 "sGBRRAN(S, AR, biroAadT,
organi c tin corpeesekoniwnl saltncompoenis aéi theogpoands dpsmudpe (2)-
preferred. When the transesterifjication reaction for the preparation
of the diaryl oxalat@zLQ\carried outRykil e a reactjon nixture in the state
of a liquid flows doRgwg?d®i twihe diBjit¥ RidrPr&&ktor 1 or 10, the
reaction tenperatureR S preferably-efual to or higher than the nelting
tenperature of the reaction m xture containing the starting conpounds and
t he reaction producta; and Iomyr t han t he Uﬁ%LQPI deconposition
tenperatures of the Rg\-i> P 1, (y) and RY = p® — R . x° (Z)

R P § Ru,/’

In the above general formulae (w), (x), (y) and (2),
R' to R" represent respectively and independently from
each other a member selected from the gréup consisting of
a hydrogen atom, alkyl groups having 1 to 16 carbon
atoms, aryl groups having 6 to 20 carbon atoms,
substituted aryl groups, aralkyl group having 7 to
25 carbon atoms, and substituted aralkyl groups, provided
that at least one of Rl, R® and R3, at least one of Rﬁ, R’

and R®, at least one of R, R° and_R9 and at least one of

RlO’ Rll

. . . 1 2
represents an anionic atom or atomic group, and Y and Y

, and R'? and R"” are not a hydrogen atom, X

represent respectively and independently from each other
a hélogen atom, for example, chlorine, bromine or iodine
atom. |

'The substituted aryl groups have at least one
substituent directly attached to a carbon atom located in
the aryl ring structure. Also, the substituted aralkyl
groups have at least one alkyl moiety and at least one
substituent, other than the alkyl group, directly
attached to a carbon atom located in the aryl ring
structure.

The substituent for the substituted aryl groups and



reaction products, nanely, a resultant al kylaryl oxal ate and di aryl

oxal ate. Usually, the transesterification tenperature for the preparation
of the diaryl oxalate is preferably about 50 to about 300[err]C, nore
preferably 100 to 250[err]C, still nore prepgrably 120 to 230[err]C

The transesterification reaction pressure for the preparation of the diaryl
oxal ate may be any of a reduced pressure, the anbient atnospheric pressure
and an the substituted aralkyl groub¥ is ipr&feassd WIRSH€di@d

Preferably, the terificatiaon tenper re and pressure enabl e the
by- pr oduc%/ corrprf%g%}%} Ieégj\?éllp %Iol?éllsé:ll @h&%t ?\aﬁqqf?é’ 1%1"‘P§15 i 8% EXPLGrd a
di al kyl oxal at e fliuextine ,s chdod ineaandr biOnine ltomsaper atiedo dyieaid,y, when
the t t ' b t 0 h [ erab

e temperat ur ¢ aiiydl Qtboup havahguh 39 [azglr )r?]ag-_bgix G.clinS5 S il II?SL /k%:ﬁg,f y

0.01 mtg to 100 kg/cijeri], nore prefer err].
The reaction ti r9§°g‘1p %é’lt"tgaﬁségt &P FACRONOAYOBE t he preparation of the

diaryl oxalate (whi clrweobEeRDoBSISRY,0 tavd & d€nes Rf e dAER™ QLR 08nd
m xture liquid hestillasion reactor 1 or 10 when the distillation

in th
reactor consi st I§"¥’]’6’f 03 | 5O & eftqY RS 19RNIUTLRDIUMBTISS vieinkad et@legrahi ng

on the reactionotbedi.ti ons, type and operational conditions of the
distillation reactorI Uggallﬁ, when the reaction tenperature is about 50 to
about 300[err]C, thelPekOFi BRIRNAE PROFPBPEHSHFPMRBBAES0OH1the about 50

hours, nore prefermblpe0(@3 to {8)houhe, askihl gFbupsprepecabhyed. 89 &k 5

hours. I'n %ﬁeR&b% -rl;rlent.l ongd trg sest I;)I |%at|orj\_ reaction for the

preparation of the"di GYAPGt &, TPhe OnGRIPOM ALaTST 1PRd uged Methay|

conpound to theedhglkyh-pxépal¢ isopropyl, n-butyl, isobutyl, n-pentyl,
n-hexyl, n-heptyl, and n-octyl groups, the aryl groups
represented by R' to R"® and having 6 to 20 carbon atoms
include phenyl and naphthyl, the substituted aryl groups
represented by R'- to R include methylphenyl,
ethylphenyl, propylphenyl, methoxyphenyl, ethoxyphenyl,
propoxyphenyl, chlorophenyl, fluorophenyl,
methylnaphthyl, methoxynaphthyl, nitronaphthyl and
chloronaphthyl groups, and the aralkyl groups represented
R' to R® and having 7 to 25 carbon atoms include benzyl,
phenethyl, p-methylbenzyl, p-methoxybenzyl and p-
methylphenethyl.

In the phosphine compounds of the formula (w),
preferably all of R' to R® are the aryl or substituted
aryl groups as defined above. However, in the phosphine
compounds, one or two, preferably two, of R' to R3nmy be
the aryl or substituted aryl groups and the remaining (s)
may be an alkyl, aralkyl or substituted aralkyl group.

The phosphine compounds of the formula (w) in which
all of R' to R’ are the aryl or substituted aryl groups
are preferably selected from triphenylphosphine, tris (4-
chlorophenyl) phosphine, tris (4-tolyl) phosphine, and a-
qaphthyl—(phenyl)—4—methoxyphenylphosphine.

The phosphine compounds of the formula (w) in which

1
one or two of R' to R’ are the aryl or substituted aryl



to be used is variable in response to the type and anbunt of the catal yst
and the reaction conditions. The nolar ratio of the hydroxyaryl conpound to
the dial kyl oxalate contained in the feed materials is preferably 0.01:1 to
1000;1, nore preferably 0.1:1,to 100:1, stibhhk nore preferably 0.5:1 to

20: 1. The anmount of the catalyst to be used for the
transesterification reaction is variabl e depending on the type of the

catal yst, the t @m éﬂhe t&i@&éﬁaﬂﬂl&gmctlé)raxama{ﬁ Usardge Ar each
material, conpos] n of materlal, and reaction, condlftlons of the

transesterificats lt YRy 859 iSEHEHPE s tE9% used
preferably in amxamphﬁ:<ﬁéuﬂymdlph 3 phos gii%heyy phmirgtif (p-ore preferably
0.001 to 30% byné@h%@!yph%%}l)rd‘e’%%l%ﬁx%}c haiti’uext %t‘?&ﬁt(;%ejno Pyoy, wei ght - based

on ht of the
di al kyl oxal at e PrePVRhospivicey and domqt@mi@henylphmlm@ yl oxal ate

prepared by the abovexTene pheesasel Ul dof REEAGIS O RIAREIGY has
a significantlyﬁﬁygh degr ee "of gﬁglty and cont ai ns g S|gnf?gcan QP(%&
decreased cont eftloPEi RoubPt§ A PERARTAGE ttheh amel or substituted

condensat i on- po tgarl gZolipan Ofokwedi abrle o3 ReRALE RTheseRbhfay the &&@ryl
car bonat e produce ste A) has a very |ow content of |npur|ty
the step (A) of 3fHé SFb@ Fuﬁﬁé BE¥de FrOuRFe #do e ﬁt&@ﬁbﬂﬁﬁh@é”mﬂﬁ1

reaction (5) sheay keeowlkglgi arrrallkgaab&t eubgta)turtédda%rlh@nygaﬁ%

t | th f | at t t t
Corr ospondi ng di ary1 T8, EBRAEBLPE) OkiAS EPRER RGRoRAdEe formuin (%)” in

which all of R' to R® are the aryl or substituted aryl

groups, are preferably selected from triphenyl-phosphine
oxide, tris.(4-chlorophenyl) phosphine oxide, tris (4-
tolyl) phosphine oxide and a-naphthyl(phenyl)-4-
methyoxyphenylphosphine oxide.

The phosphine oxide compounds of the formula (x),
having one or two aryl or substituted aryl groups and two
or one alkyl, aralkyl or substituted aralkyl group are
preferably selected from methyldiphenylphosphine oxide,
phenyl(p—methoxyphenyl)-methylphospline oxide,
ethyl (phenyl)-n-propylphosphine oxide, and phenyl(p- -
methyoxy-phenyl )methylphosphine oxide.

Among the phosphine dihalide compounds of the
formula (y), it is preferable that all of R’ to R’ are
the aryl or substituted aryl groups. However, one or two
of R’ and Rglnay be the aryl or substituted aryl groups
and the other two or one of R to R’ may be the alkyl,
aralkyl or substituted aralkyl group.

Also, in the formula (y), Y' and Y may be the same
as or different from each other and represent
respectively a chlorine, bromine or iodine atom.

The phosphine dihalide compounds of the formula (y)
in which all of R’ to R’ are the aryl or substituted aryl
groups as defined above are preferably selected from

triphenylphosphine dichloride, triphenylphosphine
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(in the gas phase). [err] In reaction (5), Rand Ar are the sane
as in reaction (2) to (4) nentioned above. In step (A of the process
of the present invention, preferably, a diaryl oxalate is -subjected to a
decarbonyl ation reaction in the presence of,a catalyst conprising at |east
one organi ¢ phosphorus conpound, to produce a correspondi ng diaryl
carbonat e and carbon nonoxi de, the dlaryl carbonate is separated and

recovered from ihedoRaed, orhq_l[p)h PR IMYHAe i n a gas phase is
di scharged to the outside of the reactlon system The catal yst usabl e

for the decarbonyl at ildn tHi€e Pheaphoaigme compoundse afc ttde fhiosmudar A1a)st st
enabl i ng the dedar peefleatable teatt lao.rlf @fff ®® b ailffla@écgﬂeé eatPl b@rcgrrlted
out at a relative gnperature o or. exa about to abou
350[err]C, and £} b%&lgP} Ao 27 n&FQ“Pﬁ'béngb@élﬂgdsﬁ%eﬁtﬁ?g%rgﬂlBE@PG?Py of
60 molar %to 1Q6nEQ|&Ql%hatEQrc%&@ﬁ&b&atbhﬁo@ﬁgémd3ﬁ%uoroﬁgraﬁ$ ;Lonb g

- 21 - phosphar.us conpoung vin ast__an rbon- p osphor. on
are usable for ?[ﬁ’eeggfdr B&n ?‘5 Afall §t’ Ohfsi gzot 5°8; LiY two
phosphor us conpoendhireeppdf 8 alth/ Rselmay eb:b frhoen anryhramed rmuss,)thimte:d)rrpounds

of aryl groups and the other one to three, especially one or
two, of RY to R" may be the alkyl, aralkyl or
substituted aralkyl groups, and X may be selected from
halogen ions,  aliphatic carboxylate ions and a
fluoroborate ion.

The phosphonium compounds of the formula (z) wherein
all of R to R® are the aryl or substituted aryl groups
‘mentioned above, and X°® is selected from halogen ions,
are preferably selected from tetraphenylphosphonium
chloride, tetraphenylphosphonium bromide,
tetraphenylphosphonium iodide, 4-
chiorophenyltriphenylphosphonium chloride, 4-
chlorophenyltriphenylphosphonium bromide, 4-
chlorophenyltriphenylphosphonium iodide, 4~
ethoxyphenyltriphenylphosphonium chloride, 4-
ethoxyphenyltriphenylphosphonium bromide, 4-
ethoxyphenyltriphenylphosphonium iodide, 4-
methylphenyltriphenylphosphonium chloride, 4-
methylphenyltriphenylphosphonium bromide, 4-~
methylphenyltriphenylphosphonium iodide, 9-
fluorenylphenyltriphenylphosphonium chloride, and 9-
fluorenylphenyltriphenylphosphonium bromide.

The phosphonium compounds of the formula (z) wherein
all of R to R® are the aryl or substituted aryl groups
mentioned above, and X° is selected from aliphatic
carboxylate ions, are prefeiably selected from
tetraphenylphosphonium acetate, 4-
chlorophenyltriphenylphosphonium acetate, 4-
ethoxyphenyltriphenylphosphonium acetate and 4-



the general fornula (w), organic phosphi ne oxi de conpounds of the general
fornmul a (x), organic phosphine dihalide compounds of the general fornula
(y) and organi ¢ phosphonium salt compounds of the general forrmula (z).

[err] In the above general 105$ulae (w, (x), (y) and (2z2),
Rlerr] to Rlerr] represent respectively and“fndependently from each other a
menber sel ected fromthe group consisting of a hydrogen atom al kyl groups

having 1 to 16 |+ carbon atons,
substigt ut ed arylﬁég:?lg} S, raﬁ%ﬁ?&‘%&gp hg\]/l‘?)\#d' %octe%f%%'dr bon at ons, and
substituted aral kyl éﬁ'&({y&%@mﬂl&w compounds @fsthendogiueer(4), whiesrerin
and Rlerr], at keasofomr’ afo Merate Hlerdlyl or Subddifitedtal$BSiroiss Of

, d. d at |east one of Rerr], Rerr],” and err]
g[ngr rR][ err F[ 2: re] H%gt;} st %ﬁ’g%eagé‘ﬁ}d %Sréir asthrerghokatentee apsrierabivni c

group, and Y[ er gplactdel erb%n Ft@ﬁfcﬁ@ﬂ%hy’l@ﬁ}%%‘p}bh@.hglr g&@gg@%ﬁgﬁg i,ggl.gt 1(‘) ' om
The subst t ut od SISFoRPBRNY thpEe Ry IEBRSENSRS B A0 EBRE G drt v ai t ached
to a carbon atoethoxgphényﬂtrhphenyuphbsgh&h&umt&aaorfbggftﬁﬂgnfﬂgit:Eﬂéﬁ?
ot herthan the APkiyipneaattstPRefyf¥hoRRnEbt )1 802pBER a5Bom i ocat ed in
the aryl ring structdinethe st&pe (3)befi thenprboesshefsthet preseataryl
groups and invention, the decarbonylation catalyst may comprise one

or more of the above-mentioned organic phosphorus

compounds. Also, the decarbonYlation catalyst may be

dissolved or suspended in the reaction mixture fed into

the step (4).

In the step (A), the decarbonylation catalyst is
preferably employed in an amount of 0.001 to 50 molar $%,
more preferably 0.01 to 20 molar %, based on the molar
amount of the diaryl oxalate supplied to the step (a).

The decarbonylation catalyst for the step (A)
containing at least one organic phosphorus compound may
be used together with a promoter comprising at least one
member selected from inorganic halogen compounds and °
organic halogen compounds. Usually, the promoter is used
preferably in an amount of 0.01 to 150 times, more
preferably 0.1 to 100 times, the total molar amount of
the organic phosphorus compound in the catalyst.

The inorganic halogen compounds usable as promoters
are preferably selected from, halogenated aluminum
compounds, for example, aluminum chloride and aluminum
bromide; halogenated platinum group metal compounds, for
example, chloroplatinic acid, ruthenium chloride, and
palladium chloride; halogenated phosphorus compounds, and
halogenated sulfur compoﬁnds.

The organic halogen compounds usable as promoters
are preferably selected from halogenated hydrocarbons,
for example, alkyl halides and aralkyl halides, and



-22- the substituted aral kyl groups is preferably selected fromthe

. group consisting of halogen atons, for exanple, fluorine, chlorine and
brom ne atons, a nitro group, alkyl groups having 1 to 20 carbon atons,
and al koxy group having 1 to,15 carbon ato?F._ Two of Rlerr] to
Rlerr], two of Rlerr] to Rlerr], two of Rleff] to Rlerr] and two of Rerr]

to Rlerr] may be connected or cross Iinked to each other. Iklr t he
or gani ¢ phosphon Q:ec(a"}f)bé adiie al kyl groups
represented by %#i % t er#ﬁ gﬁ%\nr1l 68% %%a r%%nm i ncl ude
methyl, ethyl, n-prdgy nywbdﬁrylstquwt Wi they@nodess whexyl ,

n-heptyl, and n+o@d wreweeiﬂoanvréam@rnyl pHeFeRabINE pr@feerae%ﬂ% %Mﬂoﬂo

Rlerr] and having 6 t.0 20 arbo ato Iude hen d naphth t he
substituted ar ylz% q’:g gr}llaégq'zzexﬁ[q@ J‘ts;ﬂi‘é?ﬁ% h)“e .

t hyl phenyl Piiesiemoen smeliftien ,calmdm ermyc,awlly@typ eny
pr opoxypheny %Lng;r%*l%ﬁ e 1 143 OB b garlTE! DHAIERIR
nethoxynaphthyl tronag%f% C t 085 SRP MR EFaPkyl
gr oups represenﬁ@@PexaturESOfR PGeRerahthé@ﬁng074ﬁ@ 2% owreopratfermbly
i ncl ude benzyl, 16@“%@»6%3()"’(: ps‘E&tﬂYhB%Z efléx%%tl ’ilé*be%f% I3 53a¢h p\‘;\\;}‘llle

nethylphenethyl I'n thé hi ne cOnpounds of the rmul a
preferably all &FURVENG the RFéPﬂFaaFebVHQIQQVFtoFO@@§9§ﬂmat@érbpml groups

as defined abov@onbgwaeeyasi, ntbhprabaseahhnalaeﬁmoaa%on%% Or iAo,
preferably two, substi futed aryl

groups and the F&ﬁﬁRhoﬁgLf?fsﬁgﬁ Sg gﬁ*&lﬁ§? é%ﬁlﬁ?ﬁ Be aupeducgted

aral kyl group. pressilme,ptbepbinbéentnpomndphefritherbgsmtleaowpni n whi ch al
of Rerr] to R ¢htke8t8al BReBE¥Le? BHRSLALYLRE ééxkr%58§82tion reaction
can be carried out under a pressure of 100 mmHg to
10 kg.cmz.

Preferably, the decarbonylation reaction is carried
out in liquid phase and, usually, no reaction medium is
necessary. Optionally, an aprotic solvent, for example,
N—methylpyrrolidone or sulfolane, is used as a reaction
medium for the decarbonylation reaction.

The reactor for the decarbonylation step (A) is not
limited to a specific type of reactor as long as the -
reactor enables the diaryl oxalate to be decarbonylated
into a corresponding diaryl carbonate and carbon
monoxide. Also, there is no limitation to the type of
materials for the reaction apparatus for the step (3).
Usually the reactor for the step (A) is made mainly from
a glass which may be used for lining, stainless
steel (SUS), an aluminum alloy, a nickel alloy, zirconium
or tantalum.

The reactor for the step (A) may be selected from
full-mixing type (or agitation type) reactors with single
or multible reaction vessels and tubular or column type
reactors with a multi-pipe type heat exchanger.

A liquid phase fraction delivered from the reactor

of the step (A) contains non-reacted diaryl oxalate and



are preferably selected fromtriphenyl phosphine, tris (4- chlorophenyl)
phosphine, tris (4-tolyl) phosphine, and a-

napht hyl - (phenyl ) - 4- net hoxyphenyl phosphi ne. The phosphi ne conmpounds of
the formula (W) in which one or two of R[erﬁbto Rlerr] are the aryl or
substituted aryl Substitute
sheet - 17/3/2000 -23- groups and the

remaini ng(s) is @é@érbcﬁi'ﬁa@il norcagttétl%;ts'tt lﬂrﬁ%tﬁfﬁ!l@ﬂ Q:lflqa tHfget
selected from for exanple, hyl di phenyl phosphi n yl (p-

met hoxyphenyl ) mSEA Y qﬁ’é‘teet hyiREp FERATA oMy Eﬁﬂ%@ﬂ)tﬂnﬁe and

di met hyl phenyl pmamucm,on of the diergh O%I&Elldﬁﬁlaﬂ)bé (ﬁidri:pf’m@”lq_%@d ?gﬁ e - od

formula (x), all err rr re fera e ar S

aryl groups. H5ﬁ€§§f ﬁ]no%eFkS E#e%[ %é? yl or

substituted arytegumumg-andlehelmghappawatms one nay t he algyl fa[alkyl or
bstituted aral kyl | Qnpaunds o

?grﬁu:au(i) in thchq%l Bepa tl;? Qggﬁer?% 5%@'gﬁéﬁa?3ﬂﬁﬁ-ﬁﬁﬁﬁﬁﬁ?ﬁiéﬁ

aryl groups, aréhﬁréﬂéﬁaﬂlya§ P@é&édcﬁnobetﬁﬁgweﬁﬁlOphobwhﬁﬁ@amaumng fanids -

(4- chlorophenylkeebeéahh@etaéla@ca&bba Qétlbﬁlﬁhkaﬁ9g%pﬁ&nﬁﬁ%§!d%fa%%

a- na hthyl(phen - methyox phosphi ne oxid phosphi ne
OX|d2 conpounds® PPPﬁétPErﬁﬁlégéﬁ)meWQFFﬁﬁ gNererates appd by §@b§?¢¢umgd

aryl groups andtheoresudgeng wborapahkél thc%EBﬁt kbubediatahil BaQYRAre

referably sele t ron1net e, oxi _
Bhenyl(p nethox%p ennynngPﬂg§ ﬁé gi g £0 58) of filler-packed

et hyl (phenyl ) - nlprepsl phosphyae balqgllenﬁ phzggﬁtg?ﬁedlﬁgglhFﬁgbg?ﬁgfide
gﬁ;ggaﬁésp2$n¥lglgﬁtgyhﬂgﬂsagbfgeoéf Purity. 9 phosp

In the step (B) of the process of the present
invention, the diaryl carbonate supplied from step (A) of
the process of the present invention is condensation-
polymerized with a polyhydroxyl compound, while
separating and recovering a by-product comprising a
hyroxyaryl compound, to produce a polycarbonate. In this
case, optionally, the recovered hydroxyaryl compound, for
example, phenol, is refined by a distillation refining
procedure to rémove high boiling temperature impurities,
and the refined hydroxyaryl compound is collected and re-
used for the transesterification of the dialkyl oxalate
to prepare a diaryl oxalate.

The polyhydroxyl compounds include mainly
polyhydroxyaryl compounds in which a plurality,
preférably two of hydroxyl groups are directly bonded to
an aryl ring structure. The polyhydroxyl compound
preferably consists of dihydroxyaryl compounds, or
comprises at least 60 molar % or more, more preferably
80 molar % or more, of dihydroxyaryl compound based on
the total molar amount of the polyhydroxyl compound. For
example, the polyhydric hydroxyl compound preferably
consists of 100 molar % of 2,2-bis(4-
hydroxyphenyl)propane or comprises 80 molar % or more,
more preferably 90 molar % or more, of 2,2-bis(4-



formula (y), it is preferable that all of Rerr]to Rerr] are the aryl or
substituted aryl groups. However, one or two of Rlerr] and R err] may be
the aryl or substituted aryl groups and the other two or one of Rerr] to
Rlerr] may be the al kyl, aral kyl or substituted aral kyl group.

Al'so,.in the formula (y), Y[eir] and Y[ert]2%may be the sane as or different
fromeach ot her and represent respectively a chlorine, bromne or iodine
atom The 8 g h|n al i de conpounds_ of the formula (y) in which al
of Rlerr] to R &¥ FEXXP PH )RFOPaBe - subBt the: BRLXPyArgrydpsoRPoyad nad
above are prefelehky sakealéghatoo polphegdybrhohphiroeagdbohl ebmggund dfor
tri phenyl phosphij - 24- ILbroni.de,
trlphenylphosphF%§ ||6deahylene glycoghe ﬁggéﬁgﬁig%VESiﬁoBHggnngkﬂg'
formula (z), itokshpranerdbpd,thay hel loclmedt énRaddatéonhsoatipk or

substituted aryboggﬁya§0xﬁggyf bémﬁghﬁated from hal ogen ions, aliphatic
carboxyl ate i ons and” fl uor oborate However, in the fornula (zﬁ one to

three, especial |y twBh8r PPRYBEIEPXRREYL] CPBPREBA LSnRyekerahbyapgleghad

substituted ar YErGﬁtQUﬁéraédaﬁbEth h@; BOE( h?dirbf:?&rg@?9$R?ESEYWHFEhFﬁa§m
stituted ar y

f to ar al k
grosggrrgnd XR[ %@gaﬁfﬁgtéa ??oﬁ¥ﬁBP%58L ¥8ﬂ8°u3 PphiPFce¥aMBoRyi at e i.ons
and a fIuoroborhle(4ehydroxypﬁhnyphmeﬁhaneunlgmnbmsnds of the formula (2z)

ment i oned abovelYahg P BebyEletudhd, dee Thin RardiERivtieR ol tupdrer o |

sel ected from t2tZ2aphehdt+hydepyphemylpbotade, 2e2+rhpsedyl phosphoni um

brom de, hydroxyphenyl)octane, bis(4-hydroxyphenyl)phenylmethane,
2,2-bis(4-hydroxy-2-methylphenyl)propane, 1,1-bis(4-
hydroxy-2-tert-butylphenyl)propane, and 2,2-bis(4-
hydroxy-3-bromophenyl)propane; (2) dihydroxyarylether
compounds, for example, 4,4’-dihydroxydiphenylether and
4,4’-dihydroxy-3,3’-dimethyldiphenylether;
(3) dihydroxyarylsulfide compounds, for example, 4,4’'-
dihydroxydiphenylsufide and 4,4’-dihydroxy-3,3’-
dimethyldiphenylsulfide; (4) dihydroxyarylsulfoxide
compounds, for example, 4,4’-dihydroxydiphenylsulfoxide
and 4,4’-dihydroxy-3,3’-dimethyldiphenylsulfoxide; and
(5) dihydroxyarylsulfone compounds, for example, 4,4'-~
dihydroxydiphenylsulfone and 4,4° -alhydroxy—S 37~
dimethyldiphenylsulfone.

The diaryl carbonates usable for the process of the
present invention include diphenyl carbonate, ditolyl
carbonate, bis{chlorophenyl)carbonate, bis(m-cresyl)
carbonate and dinaphthyl carbonate. Among them, the
diaryl carbonates having 13 to 20 carbon atoms are
preferably employed, and especially diphenyl carbonate is
more preferably used for the production of the
polycarbonate.

In step (B) of the process of the present invention,
the diaryl carbonate may be used together with at least
one dicarboxylic acid ester. The dicarboxylic acid ester

may be selected from aromatic dicarboxylic acid esters,



t et raphenyl phosphoni um i odi de, 4- chl orophenyl tri phenyl phosphoni um
chloride, 4- chlorophenyltriphenyl phosphoni um bron de, 4-

chl orophenyl tri phenyl phosphoni um i odi de, 4- :

et hoxyphenyl t ri phenyl phosphoni um chl ori de,

et hoxyphenyl t ri phenyl phosphoni um brom de, 4-

et hoxyphenyl tri phenyl phosphoni um i odi de, 4-

met hyl phenyl triﬁﬁﬁ“ﬁkaﬂpﬁéﬂoﬂiyﬁéﬁﬁi Otééﬂépﬁﬂhalate and diphenyl

met hyl phenyl tri phen sphoni rom - . .
nethzlphenyltri ﬁ%ﬂ%#ﬁﬁgggﬁbniﬁﬂ%ﬁoﬁ$1e&iggyl carbonate is used in

f I uor enyl phenyl ¢ombihrayiphospbtiona wachdéryl tle, acid ezter, for the |
fl uorenyl phenyl £ t] S | 1 de e, pho ' conpounds
of the ¥0Pnulg %é§&€§%¥%$€85ﬁ$gﬂ+g€%%é??agosff%rf?yérgﬂ hggggf#g§%
substituted aryPrefdecbsisrentPohres t@ovarbenats| erNamely sefrctre progess

al i phatic carboyyl ghé pPESener EnveRt £6RD! ¥nset£e§E€ p6PPRarbonates
t et raphenyl phosphopi cetate, 4- chl orophenyl tti phenyl phosphoni um

m
acetate, 4- et %%%y? ¢ i PPEYRT LS FHP2cetate and 4- _
- 25- met hyl phenyl 14 | phepy{ Bhosp heine uprdcesat €f the prdéiendhDsveRblem

o "Subst it ot ed 751 OF doRR SR Gt AR YR AEIT) TES S HREEF obor at &
are preferabl y_cslebcmza'eei is quwe £axraiplye nys e oisp hami amodntios HbDr GO B, td-
et hoxyphenyl £ 11 Dot Bree e (a1 HRehE £ 6! o 4.3 moles, pex mole of
met hyl phenyl t r iR Be umanpeusborparticularly dikydrexyX A) of the
process of the qumsitia,] MEHY It 181 LEGAT RO Bl BPa SR A dmbodRy. Conpri se
one Also, in step (B) of the process of the present
invention, the diaryl carbonate and the polyhydroxyl
compound may be added with an appropriate amount of a
polymerization regulator, a terminal modifier and/or a
monophenol compound.
In step (B) of the process of the present invention,
a diaryl carbonate and a polyhydroxyl compound are
subjected to a condensation-polymerization procedure in
the presence of a basic catalyst, éomprising at least. one
member selected from, for example, organic acid salts, '
inorganic acid salts, hydroxides, hydrogenated compounds
and alcolates of alkalic metals and alkaline earth metals
and nitrogen-containing basic compounds, at a temperature
of about 100 to 330°C, while evaporate-removing the
resultant by-product comprising a hydroxyaryl compound.
In this step B, the condensation-polymerization procedure
is preferably carried out in melt phase in a single step
or two or more steps while rising the reaction
temperature, to produce a polycarbonate.
The basic catalyst usable for step (B) preferably
comprises at least one member selected from:
(1) nitrogen-containing basic compounds including
ammonium hydroxide compounds having an alkyl, aryl or

arakyl group, for example, tetramethylammonium hydroxide,
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or nore of the above-nentioned organi c phosphorus conpounds. Also, the
decar bonyl ati on catal yst may be di ssol ved or suspended in the reaction

m xture fed into the step (A). In the step (A, the decarbonyl ation
catal yst is preferably enployed in an anounggofl 0.001 to 50 nolar % nore
preferably 0.01 to 20 nolar % based on the nolar anount of the diaryl

oxal ate supplied to the step (A). The decarbonyl ati on catal yst for the
step (A) contai met&a&ttﬂyaaainom&nommﬁo&Mmspiwmxmymm{mdmmg ]E)e used
together with a,pronot coprisin east, .one ecti e r

i nor gani ¢ hal ogé&d&? ?[Jn a%&lg‘ﬁglg iC beﬁlef'l &g""é“r‘%“%‘gﬁ‘g“gg’ﬁ’éfr% 1% %ﬁ?ery
pronoter is usedminef @m@lopndﬁ,aﬁmmnpdieromnmhmnmnms mor e

preferably 0.1 | el | aa td egﬁ;]lqn

phosphor us corrptggn%%wtl e t]]mte(yh%]lb@lz%e I nor’ gam c hal’oge corﬁ%adn ds
usabl e as promﬁ@F@néllaéYpP@P-@FaSPV‘P@élF’é@tred’rle‘@rﬁY REN G FOMPP uRAFii

conpounds, for gm@@@h@m &b&@h&d&h@&|@bm@©u®m% alfiyH @u@n@q de; halogenated

platlnun1group for.exa hIoro Iatl i c ac ruthenlum
hior i de. “and” pPAGRET TR AR50, kB GENEE S Rt ireBuddammiea s,

hal ogenat ed sul bon:odngmqmdeds The orgam C haI ogen corrpounds usabl e as
promoters are Preferasly saseet 2dbaon HahaaeRakad Y 253191y SYaiun

exanpl e, alkyl halid aral
- 26 - hal ogehyslurbmldteut pdtarssphatt hydeariidey| ild thdums hydroxiden sloelium
decar bonyl ati O“hirh Ebbhﬁt@r 068%28sq E’x%d%%%%”ka%‘éﬁ%%on’llthmm
preferably, the a I on

ydrogen carbonate, sodium carbonate, potassium
carbonate, lithium carbonate, sodium acetate, potassium
acetate, lithium acetate, sodium stearate, sodium boron
hydroxide, sodium benzoate, sodium dihydrogen phosphate,
potassium dihydrogen phosphate, lithium dihydrogen
phosphate, sodium dihydrogen phosphite, potasium
dihydrogen phosphite, disodium hydrogen phoshate,
dipotassium hydrogen phosphate, dilithium hydrogen
phosphate, and a sodium salt of phenol, and

(3) basic alkaline earth metal compounds including
calcium hydroxide, barium hydroxide, magnesium hydroxide,
strontium hydroxide, calcium hydrogen carbonate, barium
hydrogen carbonate, magnesium hydrogen carbonate, calcium
carbonate, barium carbonate, magnesium carbonate,
strontium carbonate, calcium acetate, barium acetate,
barium stearate and magnesium stearate.

The basic catalyst for step (B) may contain, in
addition to the above-mentioned basic compound, boric
acid or a boric acid ester. The boric acid ester may be
selected from trimethyl borate, triethyl borate, tributyl
borate, trihexyl borate, triphenyl borate, and tritolyl
borate.

In the step (B) of the process of the present
invention, the basic catalyst as mentioned above is
preferably employed in an amount of 10™° to 10™' molar %,



reaction of the diaryl oxalate is carried out in the presence of a specific
~decar bonyl ati on catal yst conprising at |east one organi c phosphorus
conpound at a tenperature of, preferably 100 to 450[err]C, nore preferably
160.to 400[err]C, still nore mehndﬂy]§%£q3aﬂew]q whi | e renovi ng
the resul tant by-product conprising carbon honoxi de gas, to prepare a
diaryl carbonate. The reaction pressure for the step (A) may be a reduced

pressure, the aph E nh ékgﬁﬁﬂﬁlgr hB- PRSI E 18N § NPHASRA PTEESHH L
Usual |y the decar yfatlon réaction can be carried out under a pressure of

100 mHg to 10 kglyhydrpkyl compppafler RBE§icupard¥cihBofyhydrenyreydtion is

carried out in LbfapgbdnBhaggeandorusHal khndeaskeashl-pB1YRdirtiFhtsonecessary.
Optionally, an aproti.c Sol vent, for exanpl e, N-met hyl pyrrolidone or

sul fol ane, is uS8ACkd°R-reaction nedi um for the decar bonyl ati on reacti on.
The reactor for the wﬁéa&bﬁagshahtmanspemy(né)uzatmoh keattednt anasspeci(bijc

type of reactor %t3héngogs rggg%olar %nga Ege d| él oxalatnﬁho be

decarbonylated rrespon carbonata-angd “carbon Sxi de.
Also, there is ﬁ@mhﬂnrtapndmtugnshEOtypecghvﬁatepnaﬂsCbodenhetueact|on

apparatus for tp ghmglééilohﬁyahbxléﬁefbﬁaEherpagycagsoﬁaee (A) is made

mainly froma be used for Linin Stainl ess steel (SUS), an
aluninun1alIoy,PérﬁiékéﬁréYbo?hezF?EQﬁPEﬁFéPnrRﬁaXWﬁﬁ#ZatlonTH€°F8§BFSr f or

the step (A ”abeQhéeb6§§ﬁ dibﬁynfabhpahﬁangphraecﬁmarag taki on type)
reactors with single or reagalon gegﬁ and_tu uhér or ¢olum
type reactors wit YQrHﬁY?FY EBMP938 ¥t LB ERGnGAATYL carROPALE; dSphase
fraction deliveeedrieanotbe iﬁaatﬁiret sbhagetf ept( 4) tempeaanaraonfr eacted

diaryl oxalate 9§9°c, preferably 100 to 230°C, more preferably 150 to
200°C, for 0.01 to 5 hours, preferably 0.1 to 4 hours,
more preferably 0.25 to 3 hours, under the ambient
atmospheric pressure or a reduced pressure and then, in a
second stage, at a temperature higher than that in the
first stage under a pressure lower than in the first
stage. In the second stage, preferably, the reaction
temperature is increased to a final level of 240 to 320°C
and the reaction pressure is reduced to a final level of
1 mmHg or less.

The condensation-polymerization procedure in
step (B) can be carried out continuously or in batch.

The reaction apparatus for the condensation-
polymerization procedure may be a vessel type reactor, a
pipe type reactor, or a column type reactor.
Particularly, for the second stage of the condensation-
polymerization procedure, a self-cleaning type reactor is
preferred.

In step (B) of the process of the present invention,
the by-product comprising a hydroxyaryl compound, for
example, phenol, produced by the condensation-
polymerization reaction is evaporated and separated from
the reaction mixture, and the separated hydroxyaryl

compound is refined by a refining apparatus, for example,



-27-. t he decarbonyl ation catalyst in addition to the target diaryl
carbonate. The separation, refining and collection of the diaryl
carbonate fromthe |iquid phase fraction can be carried out by using a
conventional refining-collecting apparatu 2 The separating, refining
and col l ecting procedure of the diaryl carbonate can be carried out by
separating and recovering the decarbonylation catalyst by neans of an

evaporator or tQhneGS?Bféﬂsreaﬁp@iéﬁﬁi1a€89 byospbbeehbng ré?%néﬁSU|tant
vapor phase fraction to distiller having a_certain nunb articularly

5 to 50) of fil PBArpE¥REY! Femeeundr (TFhgsrefined) hﬁéromeryérg@mpquadyl
car bonat e wthpaehegabﬂygnge &f contéhy. of an bﬁ%éﬁﬁcsiﬁﬁufﬂ yof the

f th ti t lied f t
() of the procbee Eroute 7 ettt Avanbf bipr e BRACHE P bRLIG o yrrer | 2od

with a poIyhydrb&wpen@hpnaﬂdhlghetethepathatngfanﬂerhy@rexyagyn by- pr oduct

conprising a hy, C %Pgﬁk u ly. this case,
optionally, theé g%%éedgﬂp roxyar H@%ﬁﬁgﬁngeggbrﬁ§§§n§?é§er%g%%l i's
refined by a d.%? | PR | OR %%ﬁmw'gl JeeERIrRreferaty el 0 ghom bt | hess .

tenmperature inpurities, tl@éldréflmi Iﬁ@bé&@f@xmfyth@qwﬁyéyfol | ect ed
and re- used for_the t ester flcatlo of the dialk oxalate to prepare
a diaryl oxal at%‘?mpoun m c‘b‘?fb%% PTR ‘&Ef’edn%* nf Py -

poIyhydroxyarylprmmnmmumﬁ thev&bﬁﬂéﬁsaﬁiﬁﬁﬂpélyméwfiiﬂiﬁhyréaﬁtiﬁnhﬂQFOXy|

groups are d|re strugctur e dr oxyl
conpound prefera“[b+% %%@ng?gt a&ﬁa&daarhly%ﬂ % u:g (fenfbl‘é‘;] %’? ‘?%F%rl ses at

| east 60 nol ar ®eRPowmdt f rami o1 i er%tbinECBbemémre\%pnraMJe oofa

di hydr oxyaryl C@f@@fmlbaé&darpréﬁégﬁ Qix?éd’l Cormo pre{@t zhgga gms

conmpound. For exanple, the po yhy
of 100 nol ar %SANLAENING &- JH':VHr 9@%@%&@#@%66@80 mglar %

or nore, - content is removed in an amount of about 5 to 20% by
weight, preferably 6 to 15% by weight based on the total
weight of the isolated hydroxyaryl compound fraction.
The resultant refined hydroxyaryl compound fraction is
returned to and reused in the diaryl oxalate-preparation
procedure by the transesterification of the dialkyl
oxalate.

The removed hydroxyaryl compound fraction containing
the high boiling temperature impurity may be refined to
further collect re-usable compounds.

The condensation-polymerization apparatus for
step (B) of the process of the present invention is
preferably provided with an apparatus, for example, a
distiller, for refining the isolated hydroxyaryl compound
fraction, and means for continuously or periodically
transporting the refined hydroxyaryl compound fraction
(for example, refined phenol fraction) to the
transesterification reactor (for example, the first
distillation reactor 1 of Figs. 2 and 3. The
transporting means comprises, for example, a transporting
pump, a storage tank for the refined hydroxyaryl compound
fraction and, connected to the pump, conduits for
connecting the pump and the storage tank to the refining



nore preferably 90 nolar % or nore, of 2,2-bis(4-

- 28 - hydr oxyphenyl ) propane. I n the pol yhydroxyl conpound, at |east one
al i phatic pol yhydroxy-hydrocarbon conpound, for exanple, ethylene glycol,
propyl ene glycol, butane diol, or hexane dig , _ay be included in addition
to the pol yhydroxyaryl comnpound. The™p Pyﬁydroxyaryl conpound is
preferably selected from for exanple (1) bis(hydroxyaryl)al kanes whi ch

may be referred j
bi Z(4 hydr oxypher&fﬁ%ane 1% q%c#%@p%ﬁﬁ)e% cafﬁc’er
2, 2- bi s(4- hydroxypherﬁﬂ)%(ﬁﬁ?ﬁé‘lm{em"— st 5 (theh\pirasegsh enfy | Yhrutpiress et 2- bi s( 4-

hydr oxyphenyl )Ocﬂrﬁf&tltﬁrﬁ(%@i(ﬂ'z@iyw é%@@%xi@ff@'lfellvered as a
2, 2- bi s(4- hydr oxy. nethy phenyl%g_opane
hydr oxy-2-tert- éub( oy (&Fep 2(}@, 31(54_subjected to a refining

hydr oxy- 3- brorrgmlemé@qﬂeaqﬁn%)l (?#éjlﬂéélifl&% WeatilRid NG ridtate
I 4, 4" -di eny.l et he
zxi'rmd?hydr oxy- ghé; 329’ tr?d é‘t%@r codde it BRRRaNTR AR - and

conmpounds, for é‘—)l@mﬂt?dleﬂ:wd- d:ﬁ oaptionadey Insixftiute daving aln |t oxi de
4, 4" - di hydr ox su Xi
corrpoulndg fo?/ g.){%rea@e@a r%'eﬁra%n?lﬁg' ?hgﬁyldgé)rﬁx%%’b% eY

4, 4" - di hydr oxy- §u@PL$eﬁe¢WyﬁGﬁﬁhéﬁ9lsuﬂh@ﬁlﬁabQﬂmmaﬂﬂ i shdwoxyiar yl sul f one
conmpounds, for m@rrpue, 4,4' - di hydr oxydi phenyl sul fone and

4, 4" - di hydroxy-3, 3" - thyI di phe, yI sul fon The di ar car bonat es
usabl e for the proced® gﬁgth & pPedd ﬁ éﬁﬁ@&ﬁ iLfc BY&P éﬁyﬁt@ﬁkd@ﬁate

ditolyl carbonaﬁe,wbusbchherdphegﬂlb&aﬂb&&ahe,dbb&&ﬁbﬁ&&&xbh in the
presence of a decarbonylation catalyst, while removing a
by-product comprising carbon monoxide from the reaction
system and the resultant diaryl carbonate mixture is fed
to a refining step (a-a), thé resultant refined diaryl
carbonate is collected in liquid phase in a step (A-b),
and then fed into step (B) in which the diaryl carbonate
is condensation-polymerized with a polyhydroxyl compound,
while separating a by-product comprising a hydroxyaryl
compound. A polycarbonate resin is obtained. 1In the
refining step (A-a), the diaryl carbonate mixture
delivered as a liquid fraction from step (A) is subjected
to an evaporation or distillation procedure, to provide a
refined diaryl carbonate mixture separated from the
catalyst for the decarbonylation step (A). The resultant
vapor phase fraction is delivered as a refined diaryl
carbonate mixture from the step (A-a) and fed into the
collecting step (A-b). The separated catalyst is
discharged from the refining step (A-a).

In the embodiment, the refining procedure (A-a) is
preferably effected to an extent such that the resultant
refined diaryl carbonate mixture has a content of the
diaryl oxalate of 2000 ppm or less more preferably
1000 ppm or less, still more preferably 500 pPpm or less,
and a content of the diaryl carbonate of 95% by weight or

more, more preferably 98% by weight or more, still more



carbonate and di napht hyl carbonate. Anong them the diaryl carbonates
having 13 to 20 carbon atons are preferably enpl oyed, and especially
di phenyl carbonate is nore preferably used for the production of the
pol ycar bonat e. In step (B) of the prgc§§s_of the present invention,
the diaryl carbonate nmay be used together wth at | east one dicarboxylic
acid ester. The dicarboxylic acid ester nmay be selected fromaronatic

di car boxyl i ¢ ac?gé%gfﬁﬂi 99% by weight or more. - 29 - for
exanpl e, di phenyl tereph?%alate and giphenyl i sopht hal at e. en the diaryl

2" a Vh .
carbonate is used i nIdofbenFELdMinG; §toPnhd Atiddar FE mes Wdiat e A8HLN9%r the
condensat i on- polqyeilZ darddnitePd mMiktureh dasss We dtgaied usdpursity

I t b te. ly, | t f t t i ti , h
Par et pol yoar boHEN e PRRE SrRE 3o o, PPN, e ciaty] WA afy'® ¢
the process of tlle&0pmpesenir iLlesant i20n af contleatprodd phienyl g~dhierobenzoate

ol ycar bonat e, ' - te_j ls dj f
200! e At 3 10030 npgh SRR S0 d LAY

1.001 to 1.5 nole érabl’ per nol e of the

pol yhydroxyl cosgexyd, opadeiteulodr 1LP0§i wppay &Yy [Lessnpdind aawtendaafi cul arl y,
di hydr oxyaryl Cg)_mawdp-em@»rob@n%%e( B 2foot %@n%chse%sqf Pt iknasant

I nvention, the diaryl Carbgnate and the pol yhydroxyl conpound nmay be added
with an appropr t80c PRIO@Ft 16FSa Pl PrEPREENtoR Y BenytloPenzastsy pad 4)
modi fi er and/ or aacoptepteod phempausdl icylatlen oft @00 Bpmolort Neser,ocess of

t he present inv%g&kg@ul%r ga&%b %%kbggaagsqu a pol yhydroxyl conpound are

In the refining step (A-a), the resultant refined
diaryl carbonate mixture having 1) a content of diaryl
oxalate of 200 ppm or less, particularly 100 ppm or less,
2) a content of phenyl p-chlorobenzoate of 50 ppm or
less, particularly 5 ppm or less, 3) a content of phenyl
benzoate of 50 ppm or less, particularly 5 ppm or less,
and 4) a content of phenyl salicylate of 50 ppm or less,
particularly 5 ppm or less, is most preferred for the
condensation-polymerization of step (B).

The collected diaryl carbonate mixture to be fed to
step (B) preferably contains substantially no inorganic
impurity. Namely, the collected diaryl carbonate mixture
having a total content of Group VIII metals (for example,
iron and nickel) and chromium, and a total content of
alkali metals, for example, sodium and potassium of
respectively 1 ppm or less, particularly 500 ppb or less,
is advantageously used for the condensation-
polymerization step (B).

The steps (A-a) and (A-b) of the process of the
present invention will be further explained by referring
to Figs. 5 and 6, as follows.

In Fig. 5, a diaryl carbonate mixture obtained by
step (A) (not shown in Fig. 5) and containing non-reacted
diaryl oxalate, diaryl carbonate, other organic substance
and the decarbonylation catalyst is fed into a middle

portion of the distillation column 60 having a plurality
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subj ected to a condensation-pol ynerization procedure in the presence of a
basic catal yst, conprising at |east one nenber selected from for exanple,
organic acid salts, inorganic acid salts, hydroxi des, hydrogenated
conmpounds and alcolates of alkalic netals and al kaline earth netals and

ni t rogen-contai ni ng basic conpounds at a~ téﬁperature of about 100 to
330[err]C, while evaporate renmovi ng the resultant by- product conprising a

hydr oxyaryl co In thig,ste B, the atlon ner|zat|on
procedure’is p?g er§ﬁﬂy ggﬂrigﬁo i © d%1§h§R§ B SPGB ¢ wo
or nore steps wirgtdos ngrnthéndegcttitxenrteémchmaerylt @amb@ulume mixture
pol ycarbonate. ;g ;R Aa3! ‘frB t%hﬁésg %%Q@.ll%tflgrn ?:%))qf&n&\tB)GOO R X:he »

conprises at |east one nember ecte rogen- comnt ai ni
basi ¢ conpoundstPﬁcP@&Fﬁ@na#ﬁﬁﬁPGﬁlﬁ?&réﬁlﬁénéﬁﬁﬁﬁﬁnéy ﬁavaéeahﬁélkyﬂhe

aryl or arakyl @bﬁdléns%ﬁr d&&&ﬁf&' earbeheeeﬁtnliy&t@m@&lsuebtm%%dd%hrough a
- 30 - tetraetgﬁ8 |un1 X|de t.et.rabut yl gnmoni um hydr oxi de and

tri met hyl benzyl SRAGHLGM ﬁydPB e FEPALRiRg, POXE LODmISuRETuTGE dearkhee,
trimet hyl am ne, tbpi pblryliani o€, tdenﬂﬁbyhb&azﬁb&nbbauman6otr|phenylantne

secondary ani ne conpggggé,lBrtﬂar&léthgﬁa%Qgﬁoﬁ mﬁ|§§1g§?%%§&gkagtand

bor ohydri de conpounds;, exa Fame
tetrabutylannonﬂmqubdr6h§dtnde Contalpiﬁgbabecd&bhabpny&atabncoamaugﬁx

| ncluding sodi ugnhygr exidgasag! ééﬁtéﬂ’«:higrgébq{?ml%ﬂthﬁ (LS laegf Bk Uy sodi um

hydr ogen carbonate, potasium g rogen carbona %
car bonat e, sodlaﬁFEaPBoﬁét@f b ?a§§#HﬁP 60. The temperature of the

accumulated liquid fraction is maintained at a desired
level by circulating it through a heater 67. The liquid
fraction is withdrawn from the bottom portion 61 through
a conduit 66 and is optionally returned to step (A):
through a conduit 65. The collected diaryl carbonate
mixture has an increased content of the diaryl carbonate
and a decreased content of impurity, and is fed into a
condensation-polymerization reactor (not shown in Fig. 5)
of step (B).

In Fig. 6, a diaryl carbonate mixture obtained by
step (A) (not shown in Fig. 6) is fed into a bottom
portion 71 of an evaporator 70 through the conduit 58.
In the evaporator 70, the fed liquid fraction is heated,
a resultant vapor fraction comprising a diaryl carbonate
mixture having an increased content of diaryl carbonate
is withdrawn from the evaporator 70 through a top portion
thereof and condensed by a cooler 73. The condensed
diaryl carbonate mixture is fed, through a conduit 74,
into a middle portion of a refining distillation
column 80 having a plurality of trays 82. Also, a
remaining liquid fraction in the evaporator 70 contains
the catalyst and is withdrawn from the bottem portion 71
through a conduit 72. Optionally, the withdrawn liquid
fraction is re-activated and returned into step (A)
through a conduit 75, and re-used as a decarbonylation
catalyst.



carbonate, lithium carbonate, sodium acetate, potassium acetate, |ithium
acetate, sodium stearate, sodi um boron hydroxi de, sodi um benzoate, sodi um
di hydrogen phosphate, potassium di hydrogen phosphate, Iithium dihydrogen
phosphat e, sodi um di hydrogen phosphite, pot§§ign1d|hydrogen phosphi te,

di sodi um hydrogen phoshate, dipotassi um hydrrogen phosphate, dilithium
hydr ogen phosphate, and a sodiumsalt of phenol, and (3) basic

al kal ine earth netal moumasmss,ddie |fﬂé@1&?'f§%f‘&’l@é?§f§fln@cﬂ”aﬁn%he

hydr oxi de, magne i um hydr oxi de,_ stronti um hydr oxi de clu ogen
carbonate, bari UftSk R FDHRR B0 rafheEh ke HEER fRjeaP %ﬁm’eﬂdcﬁ@num
carbonate, bari Lﬁﬁcﬂ@if@ft&ihmﬂmmlmuﬂ@ﬁlm;ﬁt@lsﬁiIHEié&m&ﬂMaﬁ&nn

cal cium acet ate,_ barium actg'{ at e bar ear a}ne and Oﬁanem um st ear at e.

The basic catal yatCFore%t & e(cg)étrfeﬁf WRR4 X SxHwple, S to
above-nent i oned Hhsiteponpourthe Eame xmnmémrasa orthe atisk Ekletiodhe boric

acid ester Pﬁhﬁﬁ*r@cé@dlr{ trj rretlpyfeéqpf%;!fbr ‘H}%Oej{ k% Lbé){c% e, tributyl

bor at e, trlhexy orate trlp y| borate In the
step (B) of the Gy hee dirazsehicarhanatons tWé:hshsavm claten ytshe as
menti oned above dgl rﬁfs&r aéliﬂb\ﬁjmlt%ectd @JB?WEhéi:f O A1, ] 6

nmol ar % o rﬁp’%ﬂ: - m)ere ecra %{err]

to 10[err] nol & A P HI84 of Thie Cﬁﬂ%ﬁﬂﬁﬂdoﬂﬂlardfdnmh?n% tm@mrma y
t he di hydroxyar yiavtmrg)wrﬂhrmmd ﬁrﬁré&b@&@tﬁﬁj&ﬁi ian-dHl WiR{dyzat i on

: nerization reaction in
reacti on. TSRNdeNsal W R ZA L L

content o éﬂé(fapurity
is collected through a conduit 83, and the remaining
portion is returned into the top portion of the

column 80. Also, a resultant liquid fraction is
accumulated in the bottom portion 81, circulated through
a heater 85 to control the temperature of the ligquid
fraction to a desired level and withdrawn through a
conduit 87. The condensed diaryl carbonate mixture is
fed into a condensation-polymerization reactor (not shown
in Fig. 6) of step (B). '

Since the refined and collected diaryl carbonate
mixture has a significantly increased content of diaryl
carbonate and a significantly decreased content of
impurity, the polycarbonate resin having high quality can
be obtained with a high efficiency. Namely, the
condensation-polymerization step (B) can be carried out
by a melt polymerization method with no difficulty.

Also, the resultant polycarbonate has a high
molecular weight, for example, 10,000 to 80,000 and good
physical and chemical properties.

Also, the polycarbonate resin produced by the
process of the present invention is substantially
colorless and thus is significantly useful in various
types of industries.

EXAMPLES

The present invention will be further explained by
the following examples.



of the present invention can be carried out under the simlar conditions to
i n conventional condensation- polynerization reaction for the

pol ycarbonate. Particularly, the condensation-polynerization procedure of

t he pol yhydroxyl conpound (particularly the39ibydroxyaryl conpound) wth
the diaryl carbonate is carried out, in a first stage, at a tenperature of
80 to 250[err]C, preferably 100 to 230[err]C, nore preferably 150 to

200[err] C, for 0.01 t1hed ¥ an¥ Heicdlloh Grodudt4 Qe d RIS Pr ef erabl y
0.25 to 3 hours,_ under S’S’anbl ent at nmospher,i c pressure or a reduced
(o

pressure and t héf2-%f GF MatQdTaRYimer at ure hi gher than that in
the first stage undeEzamplesdure |lower than in the first stage. In the

second stage, prefergbl r ti f. rature i s jncreased t.a a final
| evel of 240 to 320[%%&%%%%%2&&%5%5 5% s?{?rdeuclesfi ?’é’d& eddfto qa?“f’lnt?a!
| evel of 1 nmmHg Rxodeskges. The condensati on-pol ynerizati on procedure in

step (B) can be carriqd owr£RREMNWRUYY QPHIhAAAGA] 2 reaction
apparatus for the condensation- polymerrzatl on procedure nmay be a vessel

type reactor, a pipe type X@RePHL oFalateomas Rupparechdrom daetodl arly, -
for the second sixagetef ande phendanHy LSIngd Ve RIPpaFatas RMRAAUNE Fij. 3

sel f-cl eaning type.reactor_.is preferred. . In_.step (B) of the process of
the present invéﬁF#Hﬁ}nﬁhélE§*pPG@UéFCEGFpﬁ%ﬁﬁﬁ&%&tﬁﬁﬁr6%V§¥§P#%6ﬁﬁbﬁhdz
for exanple, pheedinipgodisedlhntiba coltmnsati on- pol yrre(rjl zation react :jon
I s evaporated and separ at from the reaction.m xture, and_the separate
hydr oxyaryl conpound is rée iﬁe%lﬁ%tadﬁ%%ﬁ%ﬁ%§l§5p§F§F&§F’fSrq F&Fte

- 32 - Oldershaw type-distiller ‘having an inner diameter of

32 mm and provided with a one liter bottom flask was
employed.

A mixed solution comprising 54.1% by weight of
phenol, 45.3% by weight of dimethyl oxalate and 0.5% by
weight of tetraphenoxytitanium was fed into the twelfth
step from the top of the first reactor at a flow rate of
600 ml/hr, while heating the bottom flask by a mantle
heater at a temperature of 190°C. 1In the first reactor,
dimethyl oxalate was subjected to a transesterification
with phenol in the presence of the catalyst
tetraphenoxytitanium, and the resultant vapor fraction
was continuously withdrawn from the top portion of the
first reactor and was condensed by a cooler at a reflux
ratio of 2. When the reaction in the first reactor was
stabilized, namely 5 hours after the start of the feeding
of the reaction material mixture, the liquid fraction in
the bottom flask had a composition of 6.23% by weight of
diphenyl oxalate, 29.95% by weight of methylphenvyl
oxalate, 23.88% by weight of dimethyl oxalate, and 29.41%
by weight of phenol, and withdrawn from the bottom flask
at a flow rate of about 603 g/hr. 1In this case, the
vapor fraction was withdrawn from the top portion of the
first reactor at a flow rate of about 44 g/hr and
condensed. The condensed fraction had a composition of
99.7% by weight of methyl alcohol and 0.3% by weight of



an evaporator or distillater, to provide a refined hydroxyaryl conpound.
The Tefined hydroxyaryl conmpound preferably has a content of an organic
impurity (particularly organi c substances having boiling tenperatures

hi gher than that of the hydroxyaryl conpoungd of about 500 ppm or |ess,
nore preferably 200 ppmor less, still nore preferably 100 ppm or | ess.

In the refining procedure for the hydroxyaryl conpound, the hydroxyaryl
conmpound produced ndthd1b¥xalaeeuct of the condensation-pol ynerization
reaction is isolated by ev por.ati Qn, the i,sol at.ed hydroxyaryl conpound
fraction is refined by anT a&&ﬂ&t’-&r tgpctigns i G £ OB thR PAFEPM hat
aliquid fracti&ﬂas&nb&imhﬁgfarbmghebetbmn@akeﬁpﬂram&betmﬁpumbﬂfﬁhns&e&igh

content is remoyed | [ %Eﬁg@t ofsﬁg\%gl%ﬁﬁskgﬁ%eél%o}é%tagg ref er %S}lny

to 15% by wei ght Rse et ot S
conpound fracti of. thheSameuDﬂdﬂISheWme@ehﬁdﬁ¢n}éew a@omp@@ndo&ranmuon is

returned to andgigdsedenRebhe aQ»casyhlwt&att% BRI IR LGRS DY L he

transesterification o oxal renove y droxyaryl
conpound fract|6ﬁd€6ﬁﬁapﬁﬁﬁ§“Fﬁe°ﬁlﬁﬁobﬂmﬁﬁngaP@nﬁ@PaP@Féomhﬁ Bistky Wagy be
refi :j ned to furt lhéatéal heéch témpé@btﬁré?ﬁﬁol009c by a iﬁﬁﬁtle heater.f Iﬁl
condensat i on- po nerlzatl ratus, for R t he process of the
present inventi 6A*fsSEFER rﬁﬁgggﬁFovFBEdfﬁﬁtﬁlgﬁlgp%§P5F&§% W8S example, a
distiller, for sebijechgdthe asdhapedpbxdﬁonﬁaﬁwh geapauod ,f wadlleona, and
means for conti r r|o l. tr or refined. h dr oxyaryl
.Q%ggikgng Vng grg klg %Ft%gggrpoﬁf tﬁﬁ o%

conpound fracti o |ne
transesterificapbﬁnlpeaoﬁothéfaecenéanQCcheWﬁmhgutdreﬁﬂhkangon reactor 1

of Figs. 2 and 3. The traﬁﬁ@ﬂr£h89 BRaPSoROFRI kA S BBdeéﬁgﬂhﬁuaﬁlon

transporting punp, a storage tank for the refine roxzary npound
fraction and, c&ERAEEPEJIWRS Fﬁébﬁéhﬁedtoﬁémﬁﬂ¥ ﬂohoéﬁﬁnéé ?ﬁgthﬁesﬁaﬁﬁ aid

the storage tankeéalhbeofeﬁh€|m9qu1d fraction of the first reactor, the
resultant liquid fraction in the bottom flask had a
composition of 65.25% by weight of diphenyl oxalate,
18.43% by weight of methylphenyl oxalate, 1.02% by weight
of dimethyl oxalate, and 13.93% by weight of phenol. The
1i§uid fraction was withdrawn at a flow rate of about
258 g/hr from the bottom flask of the second reactor.
Also, the vapor fraction was withdrawn from the top
portion of the second reactor and condensed. The
condensed fraction had a composition of 1.57% by weight
of methyl alcohol, 2.97% by weight of dimethyl oxalate,
48.51% by weight of phenol, 2.97% by weight of
methylphenyl oxalate and 0.42% by weight of diphenyl
oxalate and was collected at a flow rate of about
371 g/hr.

The liquid fraction recovered from the bottom
flask of the second reactor was fed into a rotating
membrane type evaporator, having a heat-transfer surface
area of 0.1 mz, under a reduced pressure of 15 mmHg and
at a flow rate of 200 ml/hr, while heating the
evaporator, with a heating medium, to a temperature of
200°C. In the evaporator, dimethyl oxalate, phenol,



-33- appar at us and the transesterification reactor. In an
enbodi nent of the process of the present invention, a diaryl carbonate

m xture delivered, as a liquid fraction, fron1step (A) is subjected to a
refining procedure (A-a), the resultant r § ned diaryl carbonate m xture
is subjected to a collecting procedure (AB)’, Tand the collected diaryl

carbonate m xture having an increased degree of purity of diaryl carbonate

5 PP o St Pl TS PO A RO L B, b g |1

Fig. 4, a dlarYT 0 supp ch the aryl
oxalate S decafb@nyianeueiﬁ @%@tpm@@@ﬁbﬁ %Yaaoﬁéﬁaﬁbonylatlon catal yst,

whlie rengviﬂg a bylfrO?ugﬁeCﬁaeﬁleiﬂg f&ﬁ@?nfﬂﬁﬁﬁibﬂewéé0W1th§r?ﬁﬁctt@ﬁt
system an e resul tant diar arbonate mxture i o arefining step
(A-a), the resuF?%n?V?B?FﬂEHrd?%ﬁ £e%a+BBﬂa?eg¥§S§o %E%e&efnhPYhﬂgda hase

in a step (A-b)inned dbeneted d>flt3)08ﬁuepaﬁd!3)al bembthhof hemdaadypackedionat e

is condensatlon y lze a oxyl c u eparating
a by- product co )i[{egl%a% %’a?@ &ﬁ‘gg ﬁ% Qgﬁfy@g? b%a{) ﬁ Pnis
obtained. In thenletlhmmgtede© ¢m¥b§lOWhehd|b¢9IOﬁatbendtetnileureto :

delivered as a [ 6HHiH% &§£§|&§g{{9f1§ﬁgpvéﬁg |§r§gpigﬁted to an evaporation

or distillation procedure rovide are di aryl carbonate m xture
separated fromthe cataly@hefE@S@h%a%%CQﬁh@ﬁyf§§¢Bh°§tEﬁs(W&thqﬁéwﬁegﬁP@ant

vapor phase fra@ﬁéoalgelﬂfétveﬁﬁ&u%§ €né etbpefodt 8b) | tEarbepaggaM xture
fromthe step ( and fed into the

coII step.(A-b). The separ ated
catal yst is d|s%%%%%%ﬂeﬂronT?%ec?%ﬂ??ﬁ%% iﬁt?9P gd ngOSlt Shof
3.05% by weight of dimethyl oxalate, 41.73% by weight of

phenol, and 55.21% by weight of methylphenyl oxalate, and
was recovered at a flow rate of about 63 ml/hr. Also,
the resultant liquid fraction was withdrawn from the
distiller through an outlet located 40 cm above the
bottom thereof at a flow rate of about 120 g/hr. The
liquid fraction comprised diphenyl oxalate in a degree of
purity of 99.7% by weight. Also, the withdrawn liquid
fraction had a content of phenol of 0.04% by weight and a
content of methylphenyl oxalate 0.05% by weight.

' Further, a liquid fraction containing about
2.5% by weight, in terms of titanium metal, of the
titanium containing catalyst was withdrawn from the

bottom of the distiller.

(2) Preparation of diphenyl carbonate

The diphenyl oxalate prepared in the above-
mentioned transesterification procedures was supplied to
the following diphenyl carbonate-preparation procedures.

The diphenyl oxalate was mixed with 1 molar %
of tetraphenylphosphonium chloride and heated to a
temperature of 150°C to provide a solution. The solution
was fed into an apparatus consisting of two glass
reactors connected in series to each other and each
équipped with a thermometer, a stirrer, and a overflow
pipe and having a capacity of one liter, by using a
constant delivery pump at a flow rate of 300 ml/hr, while



In the enbodi nent, the refining procedure (A-a) is preferably effected to
an extent such that the resultant refined diaryl carbonate m xture has a
content of the diaryl oxalate of 2000 ppmor |ess nore preferably 1000 ppm

or l.ess, still nore preferably 500 ppmor _| g§s, and a content of the diaryl
carbonate of 95% by wei ght or nore, nore preferably 98% by wei ght or nore,
still nore Substitute sheet -

17/ 3/ 2000 | thheatjfng_the t:Ewo reA:tcgrsgith a n?érﬁfé ?%éﬂ%&.gcyad@éav‘e' Ight or
nor e. n e refining step (A a), resu nt refjne i ary
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No inorganic  monoxide with a degree of purity of about 100%. The gas
fraction was recovered in a total amount of 25 liters/hr
under ambient atmospheric pressure and temperature.

_ The liquid fraction withdrawn from the
decarbonylation apparatus was fed into the same type of
rotating membrane type evaporator that was used in the
preparation of diaryl oxalate, under a reduced pressure
of 20 mmHg at a flow rate of 250 ml/hr, while heating the
evaporatbr with a heating medium to a temperature of
200°C, to collect tetraphenylphosphonium chloride. The
resultant vapor fraction was withdrawn from the
evaporator and condensed. The condensed fraction had a
composition of 92.2% by weight of diphenyl carbonate and
7.7% by weight of diphenyl oxalate.

The condensed fraction was continuously fed
into the same type of glass distiller as that used in the
preparation of diphenyl oxalate, and continuously
distilled under a column top pressure of 20 torr at a
reflux ratio of 5. A refined diphenyl carbonate having a
degree of purity of 99.9% was collected at a flow rate of
about 220 ml/hr.

(3) Production of polycarbonate
(Method A)

Bisphenol A in an amount of 400g was refined by
recrystallization from a mixed solvent consisting of



inmpurity. Nanely, the collected diaryl carbonate m xture having a total
content of Goup VIII netals (for exanple, iron and nickel) and chrom um
and a total content of alkali netals, for exanple, sodium and potassi um of
respectively 1 ppmor |ess, partlcularly 50f, ppb or less, is advantageously
used for the condensation- polynerization step (B). The steps (A-a)
and (A-b) of the process of the present invention will be further explained

by referring togbiodmi 2rakdi1fendsahal BeWml of mekhylti G1cdhod krarmkne
carbonate m xture thal d by ?5% nt ai_ni ng

Fig. 5
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a cool er 64. The condense carbonate mxture is collecte
condui t 63, andvﬁﬂéer€§aﬁnﬁﬁgWB§rPF8HaF§drPYUPHé8°QUlPHe°téﬁ EErPﬁoﬁ of the

distillation cobefB1¢8t considtsfig b beadss.hml dahyarogehUphoéPhate
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i ncreased cont efWiF8 8cEEARFS: 8§ PH fﬁX Bot t #8n°81™4f °Eh&°B51 urm 60.
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A stainless steel (SUS 316L) reactor with a

capacity of 100 ml was charged with 22.83g (0.1 mole) of
the refined bisphenol A, 22.71g (0.106 mole) of diphenyl
carbonate and 0.03 ml (5 ppm in terms of a potassium
based on the weight of bisphenol A) of the polymerization
catalyst solution with a catalyst concentration of
0.1 mole/liter. Air in the stainless steel reactor was
removed under vacuum at room temperature for 0.5 hour, a
nitrogen gas was filled in the reactor at the ambient
atmospheric pressure, and then the reactor was heated to
promote the condensation-polymerization reaction of
diaryl carbonate with bisphenol A. The reaction mixture
was heated at a temperature of 230°C under a pressure of
100 torr for one hour after the start of generation of
phenol, at 240°C under 100 torr for 0.5 hour, and at
255°C under 100 torr for 10 minutes, then the pressure in
the reactor was reduced from 100 torr to 50 torr in a
time of 15 minutes, and the reaction mixture was further
heated under these conditions for 15 minutes, and
finally, the pressure was reduced from 50 torr to
0.1 torr at a temperature of 270°C in the time of
30 minutes and the reaction mixture was further heated at
270°C under 0.1 torr for one hour to produce a
polycarbonate resin. The polycarbonate was obtained in
an amount of 25.44g with an yield of 100%.

In the above-mentioned condensation-



a conduit 66 and is optionally returned to step (A) through a conduit 65.
The col | ected diaryl carbonate mixture has an increased content of the

di aryl carbonate and a decreased content of inpurity, and is fed into a
condensat i on- pol yneri zation reactor (not shgyn_in Fig. 5) of step (B).
In Fig. 6, a diaryl carbonate m xture obtained by step (A) (not shown in
Fig. 6) is fed into a bottomportion 71 of an evaporator 70 through the

conduit 58. In b?&ym@ﬁ%ﬂ&ﬂﬂ&h ocbﬂ@r%%q H@#ddbkh%f&b@%ﬂg&é@ﬁﬁﬁ?%a a
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82. Also, a renﬁpnmngnumquhdghrb@nﬂengrnoun@ ATPuaTLEies Wascoer@iviesl time
catal yst and isay hhdhan ofe’ aBblise 18at bglmeqwcon Ghel gtm AeG@pdui t - 72.

tionally, the w_thdrawn |iquid fractlon s re-activate returned into
g?ep (A) througﬁe5188ﬁdﬁpﬁn? wagdCPelestfdas AhgecsiBBRf RhEselchrs wat .
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and multi-step grs FP&%WQAYCBPUREBﬁﬁvﬂWBu X?tahﬁmﬁ ¥6r§£FC§F%ﬁRﬁger of
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distillation colum 60 in 558-réfiﬁeﬁeﬁﬂkhéﬂtw%@pgétﬁiﬁéhi%B the
transesterification procedure for preparing diphenyl
oxalate from dialkyl oxalate and reused together with
fresh phenol. No problem occurred in the
- transesterification reaction. i
| The polycarbonate resin obtained by the above-
mentioned procedures had a logarithmic viscosity number
of 0.497 dl/g determined in a concentration of
0.5g/100 ml in CHCl, at a measurement temperature of 30°C
and a weight average molecular weight of 53,000
determined by a polystyrene—conversion method. Also,
when observed by naked eye, the polycarbonate resin was
substantially colorless.
Example 2
A polycarbonate resin was produced by the following
procedures.
(1) Preparation of diphenyl oxalate
By the same transesterification procedure for
the preparation of diphenyl oxalate as in Example 1,
about 120g/hr of diphenyl oxalate with a degree of purity
of 99.6% by weight obtained.
(2) Preparation of diphenyl carbonate
The above-mentioned diphenyl oxalate was
subjected to the same decarbonylation procedure as in
Example 1 for 24 hours. About 220 ml/hr of diphenyl

carbonate having a degree of purity of 99.9% was



containing the diaryl carbonate is wthdrawn fromthe colum 80 through the
top portion thereof and condensed by a cooler 84. The condensed di aryl
carbonate m xture having a further increased content of the diaryl
carhonate and a further decreased content_ofsthe inpurity is collected
through a conduit 83, and the remaining portion is returned into the top
portion of the colum 80. Also, a resultant liquid fraction is accunul ated
in the bottom pebktiaanedl, circulated through a heater 85 to control the

tenperature of the Iiggid fraction to_a dzsireg | evel and wit hdrawn t hrough
a conduit 87. The cofhddns&§2 20 a is fed into a
condensati on- pol yneri zat i gMethadt B) (not shown in Fig. 6) of step (B)
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stirred for one hour, then the temperature of the melt
was gradually increased to 270°C while gradually reducing
the pressure in the reactor to 1 torr, and finally, the
melt was stirred at 270°C under one torr for 4 hours,
while evaporating and recovering the resultant by-product
comprising phenol, to prepare a polycarbonate prepolymer.
Finally, the prepolymer was subjected to a polymerization
procedure in a vertical, biaxial self-cleaning type
reactor at a temperature of 270°C under a pressure of
0.1 torr for 50 minutes. A colorless, transparent
polycarbonate resin having a molecular weight of about
SS,QOO was obtained.
In the above-mentioned condensation-
polymerization procedures, phenol was recovered in a
total amount of 3760g from the polymerization system.
The recovered phenol was distillation-refined in a
distillation column, and a remaining liquid fraction
containing high boiling temperature purity was removed in
an amount of about 10% by weight. A refined phenol
having an increased degree of purity was obtained.
Namely, the refined phenol had a content of organic
impurity of 10 ppm or less and contained substantially no
other impurity.
When the refined phenol was returned to the
first distillation reactor for the preparation of
diphenyl oxalate and re—used'together with fresh phenoi,



The resultant reaction product m xtures were anal yzed by gas

chr omat ogr aphy. Exanple 1 A pol ycarbonate resin was produced by
the foll ow ng procedures. (1) Preparation of diphenyl oxal ate

Di phenyl oxal ate was prepared, from di nethyl, pxal ate and phenol by using the
apparatus shown in Fig. 3 |nclud|ng first” ahd second distillation reactors
and a refining distillation colum. As a first distillation

reactor, a f|ftxophggglghgg§sgé@hgygg distiller having an inner dianeter of
32 mm and provided with a ohe liter bottom flask was enplgyed A

ni xed sol ution conprisi ngIB4EX3FByefeil gRfdof r ph&EnYRS 59n§%FﬂfdméP6ﬁtt8?
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W t hdr awn fron1§ﬁ§1969nﬁﬁrt|on of the first reactor and was condensed by a
cooler at a reflux rakbh@p®Et 3. Wien the reaction in the first reactor was
stabilized, nanely 5 hours after the start of the feeding of the reaction
material nmixture, th® PPYUFATPPAREROReS ANt NaSHBEPBHFeAabY Khe A0ddRWaBHti on
of 6.23% by wei ghbcefiudephenyl oxal ate, 29.95% by wei ght of et hyl phenyl
oxal ate, 23.88% by &ii ht.of dlneth | | .nd 29 41% by wei ght of
phenol, and withdra Fr ot RV e of about 603
g/hr. In this case, the vappheﬁyhc¢anhomasemwahdpﬁepafednfrbm daphpoyii on
of the first gggfég tbg {hgmké igw9£ agggéeégrgéhr and condensed. The

condensed fraction MpoSI |on wei ght of nmethyl alcoho
and 0.3% by wei ght of The diphenyl oxalate was mixed with 1 molar %

of tetraphenylphosphonium chloride and heated to a
temperature of 150°C to provide a solution. The solution
was fed into an apparatus consisting of two glass
reactors connected in series to each other and each
equipped with a thermometer, a stirrer, and a overflow
pipe and having a capacity of one liter, by using a
constant delivery pump at a flow rate of 300 ml/hr, while
heating the two connected rectors by a mantle heater to a
temperature of 230°C, to decarbonylate diphenyl oxalate.
In each reactor, the overflow level was adjusted to a
level corresponding to 600 ml.

Twenty hours after the start of feeding of the
diphenyl oxalate solution, the resultant overflowed
liquid fraction of the second reactor, namely the
decarbonylated liquid fraction, had a composition of
14.6% by weight of diphenyl oxalate, 84.0% by weight of
diphenyl carbonate, and 0.08% by weight of phenol, and
was delivered at a flow rate of 270 ml/hr. Also, the gas
fraction generated in each reactor consisted of carbon
monoxide in a degree of purity of about 100%. The gas
fraction was recovered in a total amount of 25 liters/hr
under ambient atmospheric pressure and temperature.

(2) Refining of diphenyl carbonate



- 38 - di met hyl oxal at e. The liquid fraction withdrawn fromthe
bottom flask of the first reactor was fed into the twelfth step fromthe
top of a second distillation reactor consisting of the same O dershawtype
distiller as used for the first reactor, at,g flow rate of 600 ml/hr under
a reduced pressure of 200 mmHg, and the bottom flask was heated at a
tenperature of 200[err]C by a mantle heater. In this second reactor, the
fed liquid fracti on was sulleLaliefhild B-FHSIHPOREEHI R Frdeadid on, while a
resul tant vapor rag{%ﬁon s wthdrawmn fromthe to ortion of the second
reactor without 10N reactqg Mg ke h §he @R
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The condensed fraction was continuously fed

into a multi-step glass distiller, and continuously
distilled under a column top pressure of 20 torr at a
reflux ratio of 5. A refined diphenyl carbonate having a
degree of purity of 99.9% was collected at a flow rate of
about 220 ml/hr.

The refined diphenyl carbonate had a content of
diphenyl oxalate (DPO) of 10 ppm or less, a content of
phenyl parachlorobenzoate (PPCB) of 5 ppm or less, a
content of phenyl benzoate (PB) of 5 ppm or less and a
content of phenyl salicylate (PS) of 5 ppm or less.

Also, in the refined diphenyl carbonate, the
total content of Group VIII metals, for example, iron and
nickel, the total content of chromium, the total content
of alkali metals, for example, sodium and pdtassium, and
the total content of phosphorus compounds respectively do
not exceed one ppm.

(3) Production of polyvcarbonate
(Method A)

Bisphenol A in an amount of 400g was refined by
recrystallization thereof from a mixed solvent consisting
of 800 ml of toluene and 36 ml of methyl alcohol (volume
ratio = 22:1). The refined bisphenol A and the diphenyl
carbonate prepared by the above-mentioned procedures (1)
and (2) were used for the production of a polycarbonate

resin.



flask of the second reactor was fed into a rotating nenbrane type
evaporator, having a heat-transfer surface area of 0.1 nferr], under a
reduced pressure of 15 mtg and at a flow rate of 200 m/hr, while heating
t he .evaporator, with a heating nedi um to_a,genperature of 200[err]C In

t he evaporator, dinethyl oxal ate, phenol, _ _
- 39 - nmet hyl phenyl oxal ate and di phenyl oxalate in the fed fraction were
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catalyst solution with a catalyst concentration of
0.1 mole/liter. Air in the stainless steel reactor was
removed under vacuum at room temperature for 0.5 hour, a
- nitrogen gas was filled in the reactor under the ambient
atmospheric pressure, and then the reactor was heated to
promote the condensation-polymerization reaction of
diaryl carbonate with bisphenol A. The reaction mixture
was heated at a temperature of 230°C under a pressure of
100 torr for one hour after the start of distillation of
phenol, at 240°C under 100 torr for 0.5 hour, and at
255°C under 100 torr for 10 minutes, then the pressure in
the reactor was reduced from 160 torr to 50 torr in a
time of 15 minutes, and the reaction mixture was further
heated under these conditions for 15 minutes, and
finally, the pressure was reduced from 50 torr to
0.1 torr at a temperature of 270°C in the time of
30 minutes and the reaction mixture was further heated at
270°C undexr 0.1 torr for one hour to produce a
polycarbonate resin. The polycarbonate was obtained in
an amount of 25.44g with an yield of 100%.

In the above-mentioned condensation-
polymerization procedures, phenol was recovered in_a
total amount of 17.5 ml from the polymerization system.

The polycarbonate resin obtained by the above-
mentioned procedures had a logarithmic viscosity number
of 0.497 dl1/g determined in a concentration of



titani um containing catal yst was withdrawn fromthe bottom of the
distiller. (2) Preparation of diphenyl carbonate The

di phenyl oxal ate prepared in the above- nentioned transesterification
procedures was supplied to the fol I owi ng di phenyl carbonate-preparation

pr ocedur es. The di phenyl oxal at®e S mxed with 1 nolar % of

t et raphenyl phosphoni um chl ori de and heated to a tenperature of 150[err]Cto
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level was adj usglst&neidBVel censresponding to 600 m . Twent y

hours after the stari of feeding of the diphenyl oxal ate solution, the
resul tant overfl owe raction of the second reactor, nanely t he
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di phenyl oxal at roé%%ﬁ?@@y wei ght of di phenyl carbonate, and 0. 08% by
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degree of purity of aboutm d);lgos/gn,% %g@ﬁ&gﬁ&g& ‘{:g&lﬂlgrg i a total
I ent

anount of 25 liters/hr eric essure and tenperature.
Example 3 was applied to diphenyl oxalate for 24 hours,

‘and the resultant liquid reaction containing diphenyl
carbonate was subjected to the refining procedures as
shown in Fig. 5, using a multi-step distillation column,
to separate the catalyst and distil diphenyl carbonate.
The refined diphenyl carbonate fraction had a degree of
purity of 99.8% and was collected at a flow rate of about
220 ml/hr.

The refined diphenyl carbonate had a content of
diphenyl oxalate (DPO) of 20 ppm or less, a content of
phenyl parachlorobenzoate (PPCB) of 5 ppm or less, a
content of phenyl benzoate (PB) of 5 ppm or less, and a
content of phenyl salicylate (PS) of 5 ppm or less.

Also, it was confirmed that in the refined diphenyl
carbonate, the total content of Group VIII metals, for
example, iron, nickel and chrominium, the total content
of alkali metals, for example, sodium and potassium and
the total contents of phosphorus compounds respectively
do not exceed 1 ppmn.

(2) Production of polycarbonate
(Method (A)

To produce a polycarbonate resin, the same
procedures as in Example'3 were carried out except that
the above-mentioned refined diphenyl carbonate was used.

The resultant polycarbonate resin had a

logarithmic viscosity number of 0.497 dl/g determined in



The liquid fraction withdrawn fromthe decarbonyl ati on apparatus was fed
into the sane type of rotating nenbrane type evaporator that was used in
the preparation of diaryl oxalate, under a reduced pressure of 20 mHg at a
flow rate of 250 ml/hr, while heating the evaporator with a heating nmedi um
to a tenperature of 200[err]C, to collect” t®€traphenyl phosphoni um chl ori de.
The resul tant vapor fraction was withdrawn fromthe evaporator and

condensed. The condensed_fracti a Si;ti f 2% 'g@% of
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2bove-ment i oned pr ocRdbP SeCT EROnALS Sh¥nnr 2t BRb 5B BY PR chtcuipa,
pol ycar bonat e rpspaedures. A pol ynerization catal yst solution having a

pH val ue of 4.35 was p§epprefapy+ db5SQhy! PErPn8AIS8£08iBhenyl carbonate

The same decarbonylation procedure as in
Example 3 was applied to diphenyl oxalate for 24 hours,
and the resultant liquid fraction containing diphenyl
carbonate was subjected to the refining procedures as
shown in Fig. 6, using an evaporator and a multi-step
distillation column, to separate the catalyst and distil
diphenyl carbonate. The refined diphenyl carbonate
fraction had a degree of purity of 99.9% and was
collected at a flow rate of about 220 ml/hr.

The refined diphenyl carbonate had the similar

contents of impurities to Example 3.
(2) Production of polycarbonate
(Method B)

A vessel type reactor (lined with a nickel
containing alloy) was charged with 20 moles of 2,2-bis(4-
hydroxy-phenyl)propane, 21 moles of the diphenyl
carbonate prepared by the above-mentioned procedures and
6 ml of an aqueous solution of potassium dihydrogen
phosphate (degree of purity : 99.99%) in a concentration
of 0.1 mole/liter. The charged mixture was melted at a
temperature of 160°C in a nitrogen gas atmosphere and
stirred for one hour, then the temperature of the melt
was gradually rised to 270°C while gradually reducing the
pressure in the reactor to 1 torr, and finally, the melt
was stirred at 270°C under one torr for 4 hours, while

evaporating and recovering the resultant by-product



catal yst consisting of potassium di hydrogen phosphate (wth a degree of
purity of 99.999% in 50 m of ion- exchanged water. The catal yst sol ution
had a concentration of the catalyst of 0.1 nole/liter. A

stai.nl ess steel (SUS 316L) reactor with a cgﬁacity of 100 m was charged
with 22.83g (0.1 nole) of the refined blsph ol A 22.71g (0.106 nole) of
di phenyl carbonate and 0.03 ml (5 ppmin terns of a potassium based on the
wei ght of bi sph . | yaer | i at al i O

cat al yst concem‘é?‘&k’f?ﬁl%% BgnB3 LFP! pEbaRs, SRR ack it bollcc fher
reactor was renB¥Bal &MdeﬁhﬁaPﬁGEP&Ymﬁ6oWﬁ§eﬁﬁ@ﬂ&?@ﬁé tor a0 po liymerization

nitrogen gas wagrbtkh@#el Aint BevE@R§EAN, ablhasaQWqu&Lc§b393&@e&y@epressure,
and then the reactor was heated to ronntg 2%3 Jcondensation-pol yireri zati on
I

reaction of dlafﬁPcEQFbﬁﬁaFetﬁFPﬁrB YEReR *Ehander g BreFsES & fwas
heated at a tenPelatore 6br230[ minh€esnden eofibeissse @kah8pakremnt for one

hour after the ration of phenal t. 240 err nd Q0 .torr
for 0.5 hour, aﬁéﬁggagégﬁggg] uﬁﬁeﬁaYgﬁgtSrP°$8Fui hﬁ&? &h@#
pressure in the>befi€Povasagbtadoedd from 100 torr to 50 torr in a tlne of .
15 mnutes, and the reaCtkﬁ”tHbXSHBGe“ﬁénEE6hgﬁrcBﬁéEﬁgaHQG L these

conditions for 15 mnutes, and finally, pressure was re uced from 50
torr to 0.1 torPomeﬁx%éﬁBéPatHF@CB¢u2$§EePPFGPﬂnwﬁﬁer?FﬁEeﬁﬁdSQHWﬁnutes

and the reaCtlOﬂoﬁhxt&ﬁQuM@SofUB?beé bﬁ@heﬂhétpaz erik&trypdesyQedmtorr for
one hour to prog ce a_p grbonat resin. g ycarbonate mas obtalned
L A f sipea

in an anmount of %.Eﬂ% aRNSTRf W3F 18 a conygngignal
above- nent i oneddtshilkhstionnprocedure. The refined phenol had a- té2ai

content of organic impurity of 10 ppm or less and
contained substantially no other impurity.

In Examples 3 to 5, it was confirmed that the
refining procedure for the diaryl carbonate contributes

to enhancing the quality of the resultant polycarbonate
resin.



pol yneri zati on procedures, phenol was recovered in a tot amount of—474.-6_
m fromthe pol ynerization system The recovéred phenol y IM‘
distillation in a distillation colum and a residual Ii mg’ UL
cont.ai ni ng hi gh-boiling-point ,inpurities wagqs enoved in an anobint* of s

10% by wei ght. The distillati on- refined phénol” was col | ected. The refined
phenol had an organic inpurity content of 10 ppmor |ess and substantially

no other inpurity. Nanely, the refined pth a very high degree of
purity. The refined phenol was returned to the

transesterification p]focedhr%rqciﬁ‘sir%b’érﬁ’?%d‘éﬁb%‘én?lP%];(E‘F%{:%OIF?B% di al kyl
oxal ate and reumﬁﬁhﬂﬁmgiﬂgy with fresh phenol No problem occurred in the
transesterification reacti rbongte resin obtai ned by

the above- nentioned proce W%t*rb%aﬁlé)h#% VRS VP Autber of 0. 497
dl /g determ ned decammxmlmmﬁlc&a@lﬂmerpreseﬁacﬁﬁra] at a

measur ement te”ﬂfé@éd%%&g é%? £ddia S0 &Y cfhacgla{ﬁi e&ﬁvﬁéng‘@éght

of 53,000 determne ystyren -con ersion net
observed by nakendye, bxmqﬂnq;tcmmmsemgascrarbm mepetdet al |y col orl ess.

Exanpl e 2 A pol ycarb e d&sidh Geieaee Yz 14t €10l |ﬂ¥\_&,1£1;9tant

procedures. (1) Prepard t|on of d| en oXal ate y the sane

transesterifi catHpy st itie ﬁ)r QX TR CATRRHRG - di(fh} e as in
Exanpl e 1, aboutseig{timPfardi Ramdcmat ad%yuﬁfbeal@kegm@pﬁswlay of

e e e SSBA, copirin S0 g A R B S
decar bonyl ati onrgrrduesir e as in Exanple 1 for 24 hours. About 220 m/hr of
di phenyl carbonate having g, Ao Rl MY iddodlic Iy Bop¥Scarbonate as
claimed in claim 1, wherein the diaryl oxalate is
- produced by transesterifying a dialkyl oxalate with a
hydroxyaryl compound.

3. The process for producing a polycarbonate as
claimed in claim 2, wherein the transesterification of
the dialkyl oxalate with the hydroxyaryl compound is
carried out in the presence of a transesterification
catalyst, while removing a by-product comprising an alkyl
alcohol corresponding to the dialkyl oxalate to the
outside of the reaction system, to produce the diaryl
oxalate.

4. The process for producing a polycarbonate as
claimed in claim 2, whérein in the transesterification,
the dialkyl oxalate is transesterified with the
hydroxyaryl compound in the presence of a
transesterification catalyst, while removing a by-product
comprising an alkyl alcohol corresponding to the dialkyl
oxalate to the outside of the reaction system, to produce
an alkylaryl oxalate, and the resultant alkylaryl oxalate
is disproportionated in the presence of the above-
mentioned transesterification catalyst, while removing a
by-produce comprising a dialkyl oxalate to the outside of
the reaction system, to produce the diaryl oxalate.

5. The process for producing a polycarbonate as



-43-_  obt ai ned. (3) Production of polycarbonate ——— (MVethod

B) A vessel type reactor (lined wth a nickel ‘ nmt)
was charged with 20 nol es of 2, 2-bis(4- hydroxy-phenyl)prlmu"alnlmm 2RO f
t he .di phenyl carbonate prepared by the ahower nentioned procedurés &nd® 6 '
of an aqueous solution of potassium di hydrogen phosphate (degree of purity
99.99% in a concentration of 0.1 nole/liter. The charged m xture was

melted at a t enpaaamede iaf cl@@meBr, ] Ghiefednnitheogeangas takrigsipaeionand

stirred for one_h hen t he rature.of .the nelt_was gradually
I ncreased to ZYSFgEQ?E&MEPPBréFégggﬁl?rﬁgaﬁgiﬁétﬁﬁéuﬂrgggﬁﬁeaFﬁ%the react or
to 1 torr, and €pmabhupd.the nelt was stirred at 270[err] C under ong torr
for 4 hours, while egaporagiLn e epl he . es - t

gapor ghis 9r38§F§Cg?gongQuElﬁgoﬁy#%?§EErB$PP$g ast

conprising phenol, to prepare a p ohat e prepol I na ]
prepol ymer was Skpjimedednt 6laiBoftyn¥herainoinptbecdipprppogtienatian,

bi axi al sel f-cl gaptBEuk¥PEf AL QL kPladyleBREN ALYl ensh-24E6RA] @iH"J‘.Q?% a
pressure of 0.1t or agpghnutes. col orl ess, trapsparent polycarbonate

orr f
resin having a ﬂﬁ?iéﬁ?aﬁ“ FO¥YaLKouFOBBOBAE Ad thearREyltant I'n
t he above-nentidmeMkymndga$atéopro@atgdeaszatbynpﬁbdﬁeduaeé,rébeﬂékeﬂgﬁ
recovered in a fotal,anmount of 3760g fromt pol Lization system e
recover ed pheno%oagéhafs?Fl?EP?Bﬁg?g¥iﬁﬁﬂmiﬂﬁ5 ﬁFéEFFPQtﬁgﬁggﬂlﬁﬂﬁ,aﬁﬁd a
remai ni ng |i qui detnanedohocand are+ugedi fbrbbhéi hgahsepeteaifilieapionty was

renoved in an appypt;gh, about 10% by weight. A refined phenol having an

I ncreased degree of gur|t¥ was obtai ned. Nanely, the refined phenol had a
content of organic . he process for producing a polycarbonate as

claimed in claim 2, wherein the hydroxyaryl compound for
the transesterification reaction is selected from the
group consisting of phenol and substituted prhenols having
at least one substituent selected from the group
consisting of alkyl groups having 1 to 6 carbon atoms,
alkoxy group having 1 to 6 carbon atoms, and halogen
atoms.

8. The process for producing a polycarbonate as
claimed in claim 2, wherein the hydroxyaryl compound for
the transesterification reaction is one recovered, as. a
by-product of step (B), from the reaction product mixture .
of step (B).

9. The process for producing a polycarbonate as
claimed in claim 1, wherein, in the decarbonylation
step (A) of the diaryl oxalate, the by-product comprising
carbon monoxide is recovered in gas phase.

10. The process for producing a polycarbonate as
claimed in claim 1, wherein the decarbonylation reaction
in step (A) is carried out in liquid phase in the
presence of a decarbonylation catalyst comprising an
organic phosphorus compound.

11. The process for producing a polycarbonate as
claimed in claim 1, wherein the condensation-
polymerization reaction in step (B) is carried out in the
presence of a basic catalyst.



impurity of 10 ppmor |ess and contained substantially no other inpurity.

VWhen the refined phenol was returned to the first distill tor for
the preparation of diphenyl oxalate and re-used together m’mg ["SIiﬁUﬂ (1,"'
- 44 - no difficulty occurred. - g Exanples 1

confirmed that the diaryl carbonate produced from dial kyl oxalate and a

hydr oxyaryl conpound through the transesterification and decarbonyl ati on

procedures is useful 150r phedggbEEss aekypaéaaeahg Bapbmgcarsahaséaabory
quality with hlgh ef fi.cienc bonat e r§5|n was

produced by theSt3tPedi 48 5¥6&@dﬁ#e§ﬁeg€ln %&? ?P%§H§§F¥%§EO?OHP8HB for

garbﬁna;ell step [Bphesyketacbedaferomadibydpargdryloovdpphedsl oxalate
y the follow ng prog dur h o] X W th
file pracess £o1 NSOLROERY! 20881 PLE BB L EL

1 nol ar % of tetraphenylp onrum c e an 0 a_tenperature of
150[err] C to provatmed inloladm. 1ThewbBereinohh@adihgdroryaryh appRPENds

consi sting of (#o-okess {8 ?Ci9r§efQE€§&tEﬁohntﬁérQﬁéubOCBQQEsEEHﬁro@nﬂlgaCh
equi pped with a t er no a stirrer d a over ﬁg e and having a

capacity of one(hY@é?xYﬁythlﬂbkﬁnﬁﬁns@ahY gerysEyY{ehlifsSat a flow rate of

300 nl/hr, whi |&1 ai:iafsﬂ\@l@eapeaiwdfeﬁyarylbulaonaéheahaater to a
tenperature of %X r bonyl at e di phenyl oxal ate. In each

reactor, the ov 95¥fw%§£g8T5§ted to a

The process for producing a polycarbonate as
claimed in claim 1, wherein the condensation-
polymerization reaction in step (B) is carried out by a
melt polymerization procedure.

15. The process for producing a polycarbonate as
claimed in claim 1, further comprising steps of (A-a)
refining the diaryl carbonate mixture obtained by
step (A) and (A-b) collecting the resultant refined
diaryl carbonate mixture having an increased degree of
purity of diaryl carbonate, the collected refined diaryl
carbonate mixture being supplied to step (B).

16. The process for producing a polycarbonate as
claimed in claim 15, wherein the refining step (A-a) for
the diaryl carbonate mixture obtained by step (A) is
effected to an extent such that the resultant refined
diaryl carbonate mixture has a content of the diaryl
oxalate of 2000 ppm or less and a content of the diaryl
carbonate of 95% by weight or more.

17. The process for producing a polycarbonate as
claimed in claim 15, wherein the refining of the diaryl
carbonate mixture of step (A) is carried out by a
distillation procedure in which the resultant refined
diaryl carbonate mixture is delivered therefrom.

18. The process for producing a polycarbonate as
claimed in claim 16. wherein the refined diaryl carbonate
mixture contains the diaryl oxalate in a content of
1000 ppm or less and the diaryl carbonate in a content of

98% by weight or more.



| evel corresponding to 600 m . Twenty hours aft ““M‘\ \mm
feedi ng of the diphenyl oxalate solution, the resultant o

fraction of the second reactor, nanely t he decarbonylated |qh|d'fract|on
had .a conposition of 14.6% by, wei ght of di pggn oxal ate, 84.0% by wei ght

of di phenyl carbonate, and 0.08% by wei ght phenol, and was delivered at
a flowrate of 270 m/hr. Also, the gas fraction generated I n each reactor

consi sted of carbon oXi Segr i&ﬁ%/ o N&s gas
fracti on was re‘covergl?I .que OQ: armufra?? ?Fr 25# I ter s/pﬁh er antbl ent
at nospheri ¢ pr eSd@idesh d-"t &rﬁ?é-l"hthr &herein @)diggfl q ac?fe disohenyl

carbonate decarbonylated in the presencé“%f a decarbonyigﬁidﬂqU|d

fraction wthdra f.romthe decarbon Iatlon reactor .was refined
I oeeture ne on oty oS R B B e SR Samhund o bl e,

menbr ane type e\mpmxva.tng)ra me(&arltantedb;c-@tqmﬂssmmpﬁlszmgndﬂgrmm a flow

rate of 250 m/ i ea e hegat at a
t enper at ure of 9‘5’6‘["\3% eC toE)(?g%lutec%t \é@ enﬁ]mnosp dnﬁ%’% (rfl%éﬁ?d i The
resul tant vapor dieaati carhenatke: ndmref Aemsuig etgsortat @ refdrdavglensed.
The condensed f eaallian atade? prpRAN @5 @ Ve Xoubl UacDleril Pheny|

carbonate and 7. 7% hy wei ght ~of di phe oxal at e. he condensed
fraction was coRESHd&Aty rﬁédnieﬁ’t gig ﬁargoaet@ K tyrey |qqné:,a1n§nd

continuously di ﬁhh'rhr&dobtﬁd.@'tealﬁohuﬁi&ntt%tpb&'ssﬂ@m@ Ppr @t AlefssAtan@ 1 ef | ux
ratio of 5. A refine g carbonat e haln%%(le%ree of purity of 99.9%
was col | ect ed aPiRTy oﬁﬁg 5? in a conten 8 y weight or more;

and the refined diaryl carbonate mixture and a
polyhydroxyaryl compound are subjected to a melt
polymerization procedure in the presence of a
- condensation-polymerization catalyst comprising a basic
- compound, while removing a resultant by-product
comprising a hydroxyaryl compound, to produce-a
polycarbonate.

20. The process for producing a polycarbondte as
claimed in claim'19, wherein the refined diaryl carbonate
mixture contains the diaryl oxalate in a content of _
500 ppm or less and the diaryl carbonate in a content of
99% by weight or more.

21. The process for producing a polycarbonate as
claimed in claim 19, wherein the refined diaryl carbonate
mixture contains an impurity comprising 1000 ppm or less
of diaryl oxalate and 200 ppm or less of phenyl p-
chlorobenzoate.

22. The process for producing a polycarbonate as
claimed in claim 19, wherein the refined diaryl carbonate
mixture contains an impurity comprising 1000 ppm or less
of diaryl oxalate, 200 ppm or less of phenyl p-
chlorobenzoate, 200 ppm or less of phenyl benzoate and
200 ppm or less of phenyl salicylate.

23. The process for producing a polycarbonate as
claimed in claim 19, wherein the refined diaryl carbonate

mixture contains an impurity comprising 500 ppm or less



about 220 m / hr. The refined di phenyl car bonake/a/

d
di phenyl oxal ate (DPO) of 10 ppmor less, a content of ph %‘\)
par achl orobenzoate (PPCB) of 5 ppmor |ess, a content of en'Zoaste
(PB) of 5 ppmor less and a content of phenyl salicylate (F’S) of 5 ppm or

| ess. Al'so, in the refined di phenyF Carbonate, the total content
of Goup VIIl netals, for exanple, iron and nickel, the total content of
chrom um the tot@aly;caRhertxaA+d Kaldo |&% s & ggiun1and

pot assium and the to;}§'t cor?t eant o? Qr us cosrrpou;?gleq?es ectively do
not exceed one G@#PrObeHRREFePré@WtﬂRm1 lesisy of Rhenyd benzoate anight hod
A) Bi spteppim Or Ned3d 3OPHenyll 43040 cyaaterf§ i ned by

recrystallization thereof froma m xed sol vent consisting of 800 m of
toluene and 36 m of nethyl alcohol (volune ratio = 22:1). The refined

bi sphenol A and the di phenyl carbonate prepared by the above-nentioned
procedures (1) and (2) were used for the production of a polycarbonate
resin. - 46 - A

pol ymeri zati on catal yst solution having a pH value of 4.35 was prepared by
di ssolving 0.6815g of a catalyst consisting of potassium di hydrogen
phosphate (with a degree of purity of 99.99% in 50 m of ion- exchanged
wat er. The catal yst solution had a concentration of the catalyst of 0.1
nole/liter. A stainless steel (SUS 316L) reactor with a
capacity of 100 m was charged with 22.83g (0.1 nole) of



the refined bisphenol A 22.71g (0.106 nole) of diphenyl carbonate and
0.03 mM (5 ppmin terns of potassium based on the weight of bisphenol A
of the polynerization catalyst solution with a catal yst concentration of
0.1.nole/liter. Air in the stainless steel actor was renoved under
vacuum at room tenperature for 0.5 hour, a "Thitrogen gas was filled in the
reactor under the anbient atnospheric pressure, and then the reactor was
heated to pronote the co ol @OHRP S iTARd IR0 tﬂB@’NAqu diaryl
carbonate wi th bisphenol A e reactiron mxture was at a
tenperature of 230[err]C under a pressure of 100 torr for one hour after
the start of distillation of phenol, at 240[err] C under 100 torr for 0.5
hour, and at 255[err]C under 100 torr for 10 minutes, then the pressure in
the reactor was reduced from 100 torr to 50 torr in a tinme of 15 m nutes,
and the reaction mxture was further heated under these conditions for 15
m nutes, and finally, the pre g% $¥%§é§ orr to 0.1'torr
at a tenperature of 270[err]C ?%g%ﬂgﬂgﬁﬁéﬁgﬁﬁf 18 B and the reaction
m xture was further heated at 270[err]C under 0.1 torr for one hour to
produce a pol ycar bORaHQaE:9§I BarbbBaaeel XQabEQHﬁE%dV\’%% ektairBedy1atidy a
anount of 25. 44 E |eId OL 80@6 t he above- nentloned
condensat i on- Sﬁepr &6t e8n BﬁeHGFPﬁé§dr§¥overed in a total
anFunt gf 17.5 ﬂtahségtéhifgﬁgtﬂahléﬂthoﬂlalkyinbxaéate w1§hTEe had

pol ycar bonate resi.n_gbtai ne ment i one rocedures had a

| ogarithnic V|sgisF?ﬁyﬁﬁxgeF°8¥°Bn§97lﬂlfaedgfﬁﬁﬁpﬁgd fnd acéﬁﬁigﬁFration of

- 47 - while removing the resultant carbon monoxide as a by-

product, and then optionally refined by an evaporation
and/or distillation, and then the resultant diaryl
carbonate is condensation-polymerized with a polyhydroxyl
compound, while recovering a resultant hydroxyaryl
compound from the reaction system, to produce a
polycarbonate.

(Figure 1)



0.59-/ 100 M in CHC [err] at a neasurenent tenperature of 30[err]C and a
wei ght average nol ecul ar wei ght of 53,000 determ ned by a
pol ystyrene-conversi on net hod. Al so, when observed by naked eye, the

pol ycarbonate resin was substantially col orl ess. Exanpl e 4 A
pol ycarbonate resin was produced by the foll ow ng procedures. (1)
Preparation and refining of diphenyl carbgfiate The sane

decar bonyl ati on procedure as in Exanple s applied to di phenyl oxal ate

for 24 hours, and the resultant |iquid reaction containing di phenyl

carbonate was subjected to the refining edures as shown in Fig. 5,

using a nulti-step distillation colum, |t $eparate the catal yst and distil

di phenyl carbonate. The refined di phenyl bonate fraction had a degree of

purity of 99.8%and was collected at a fllgvjrate of about 220 m/hr.

The refined di phenyl carbonate had a coHth of di phenyl oxal ate (DPO) of
c

20 ppmor |less, a content of phenyl par3 robenzoate (PPCB) of 5 ppm or

| ess, a content of phenyl benzoate (PB) ppmor |ess, and a content of
phenyl salicylate (PS) of 5 ppmor less.| & ¢$o, it was confirmed that in the
refined di phenyl carbonate, the total cdnfept of Goup VIII netals, for
exanpl e, iron, nickel and chrom nium th tal content of alkali netals,
for exanple, sodium and potassium and t tal of phosphor us
pbduct i on of

a9l ycar bonat e

conpounds respectively d eed 1
pol ycar bonat e (Mathod A
resin, the sanme procedures i | Exanpl re c put ¢xcept that the
above-nentioned refined di yl] car bon S us The
resul tant pol ycarbonate rle hgc—a—t3 T nurber of 0. 497
dl /g determ ned in S ;| =
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- 48 - a concentration of 0.5¢9/100 M in CHCl[err] at a tenperature of
30[err] C and a wei ght average nol ecul ar wei ght of 53,000 determ ned by the
pol ystyrene conversion nethod. Al so, by naked eye observation, it was
confdi rmed that the resultant polycarbonate resin was substantially

col orl ess. Exanpl e 5 A pol ycarbonate resin was produced by the
foll ow ng procedures. (1) Preparatgr and refining of diphenyl
car bonat e The sanme decar bonyl { &n procedure as in Exanple 3 was

applied to di phenyl oxalate for 24 hours, and the resultant liquid fraction
cont ai ni ng di phenyl carbonate was subjected to the refining procedures as
shown in Fig. 6, using an evaporator and a nmulti-step distillation colum,
to separate the catalyst and distil di phenyl carbonate. The refined

di phenyl carbonate fraction had a degree of purity of 99.9% and was

collected at a flow rate of about 220 m/hr. The refined diphenyl
carbonate had the simlar contents of inpurities to Exanple 3. (2)
Producti on of polycarbonate (Met hod B) A vessel type

reactor (lined with a nickel containing alloy) was charged with 20 nol es of
2, 2-bi s(4- hydroxy-phenyl) propane, nol es of the di phenyl carbonate
prepared by the above-nentioned progéaﬂrgaoaié 6 mM of an aqueous sol ution
of potassi um di hydrogen phosphate (degreedof *purity : 99.99% in a
concentration of 0.1 nole/liter. The charged m xture was nelted at a
tenperature of 160[err]Cin a nitppgen_gas_aLnnsphege and stirred for one
hour, then the tenperature of thefnelt was gradually}rised to 270[err]C

whi | e gradual | y reduci hg




pressure in the reactor to 1 torr, and finally, the nelt was stirred at
270[ err] C under one torr for 4 hours, while evaporating and recovering the
resul-tant by- product - 49- conpri si ng
phenol, to prepare a pol ycarbonate prepolyner. Finally, the prepol yner was
subj ected to a polynerization procedure in vertical, biaxial

sel f-cleaning type reactor at a tenperat3r of 270[err] C under a pressure
of 0.1 torr for 50 m nutes. A colorless,/tRansparent polycarbonate resin
havi ng a nol ecul ar wei ght of about 55, 000 was obt ai ned. In the
above- mentioned condensation- pol #nerization procedures, phenol was
recovered in a total annuﬁ& of 37
recovered phenol was refi D&Y
refined phenol had a tot § of orgagjc inpgi
and cont ai ned substantlal Ano ot ler |npur¢¢y &
5, it was confirmed that the refiy




-50 z
a pol ycarbonate conpri sing:
decarbonyl ation reaction in the presence
produce a diaryl

(B) condensation-polynerizing the resultant diaryl

e

pol yhydr oxyl conpound, while separating

conprising a hydroxyaryl conpound from't
m xture. 2. The process for produci
claim1l1, wherein the diaryl oxalate is p
di al kyl oxalate with a hydroxyaryl conpo
produci ng a pol ycarbonate as clainmed in

transesterification of the dialkyl oxala
carried out in the presence of a transes
renovi ng a by-product conprising an al ky| égn
di al kyl- oxal ate to the outside of the re
di aryl oxal ate. 4. The process for
claimed in claim2, wherein in the trans
is transesterified with the hydroxyaryl

CLAI V5
(A) subjecting a diaryl
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-51-° claimed in claim3, wherein the transesterification catalyst
conprises an organic titaniumLewi s acid conpound. 6. The process for
produci ng a pol ycarbonate as clainmed in claim4, wherein in the

di sproportionation procedure of the al kylaryl oxal ate, non-reacted dial kyl
oxal ate and hydroxyaryl conpound and the resultant dial kyl oxal ate produced
as a by-product are recovered together of geparately fromthe reaction
systemand are returned to and re-used f@f B he transesterification
reaction. 7. The process for producing a polycarbonate as clainmed in
claim 2, wherein the hydroxyaryl conpound for the trarisesterification
reaction is selected fromthe group consisting of phenol and substituted
phenol s having at | east one substituent selected fromthe group consisting
of al kyl groups having 1 to 6 carbon atons, al koxy group having 1 to 6
carbon atons, and hal ogen atons. 8. The process for producing a

pol ycarbonate as clainmed in claim2, wherein the hydroxyaryl conpound for
the transesterification reaction i ne rec red, as a by-product of step
(B), fromthe reaction product nixﬂa?el step (B). 9. The process
for producing a polycarbonate as clained-fn claim1l, wherein, in the

decar bonyl ation step (A) of the diaryl oxal ate, the by-product conprising
carbon nonoxide is recovered in gas phase. 10. The process for
produci ng a pol ycarbonate as 64




claimed in claim1, wherein the decarbonylation reaction in step (A) is
carried out in liquid phase in the presence of a decarbonylation catalyst:
conpki sing an organi ¢ phosphorus conpound. 11. The process for
produci ng a pol ycarbonate as clainmed in claim1, wherein the condensation-
pol ymeri zation reaction in step (B) is carrjed out in the presence of a
basi ¢ catal yst. -52 - 12. The
process for producing a pol ycarbonate as C1&imed in claim 1, wherein the
pol yhydroxyl compound for step (B) is selected from di hydroxyaryl :
conpounds. 13. The process for producing a polycarbonate as clained in
claim 12, wherein the di hydroxyaryl conpound for step (B) is selected from
the group consisting of bis (hydroxyaryl) al kanes, dihydroxyaryl ethers,

di hydroxyaryl sul fides, di hydroxyaryl sul foxi des and di hydroxyaryl -sul f ones.
14. The process for producing a polycarbonate as clained in claiml,
wherei n the condensation- polynerization reaction in step (B) is carried
out by a nmelt polynerization procedge: 5. The process for producing
a polycarbonate as clained in cIaian,lf th conprising steps of (A-a)
refining the diaryl carbonate m xture obtdined by step (A and (A-b)
collecting the resultant refined diaryl carbonate g xture having an

i ncreased degree of purity of diaryl carbonatg 6Blkect ed refined

di aryl carbonate m xture being supplied to s 16. The process
for producing a polycarbonate as




clai.med in claim15, wherein the refini ng step (A-a) for the diaryl Q"oa"é@’#

carbonate m xture obtained by step (A is effected to an extent such th F\d

the resultant refined diaryl carbonate nixture hﬁi !a. cont eEt gf 12§E&®yl -
oxal ate of 2000 ppmor less and a content of th by

wei ght or nore. 17. The process for 5rodu0| ng a pol ycarbonate as
claimed in claim15, wherein the refining of the d| aryl carbonate m xture
of step (A) is carrled t b adlstlllatlon ure i ch the

resul tant refd PN libea St a8 (R urks 1% e’r e"ﬁ:at f$om 18.

The process fsaquﬁnmmmgnaalpqtymmae:@§eﬂleﬂm fypre] afigw 16. wherein
the refined 1&£ar 1ed ]‘fg'fﬁ’rl }‘B@;} s, t /1l oxalate in a

cont ent of 100’8‘{‘%&m ‘or Y 5 | a car b;{])ﬁearﬁ} a@n a content of 98% by
wei ght or rnnqgthoxyphenyl)methylphosphlne, ethyl (phenyl)-n- 19. The
process for Fﬁﬁ&b&gﬂ:@&@é’%&@lﬁeﬁ:r@&gﬂi@ymﬂtd@mlﬁm 1 wherein a

diaryl oxalate is rb%g_gﬁﬁat ed in thf presence, of ﬁ\hthf 1aat on

catal yst conpri si
resul t ant by qdrbd:tﬁ:tR c@npRl sarg peefmmiignotielsaryb qmrosmusatatwdtadyl

car bonat e; héﬁﬁtat iy, d'}gﬁ}Q Gar bopat g %}8 Lgfﬁ F{Aﬁg?u? he r su%taﬁ?

refining dist on “procedure Fd anexte suc _
refined diar yelr}darctmrmtktstmbuuﬁcb aoylt gymeipd &and  thealatther revwao contard  of

1000 ppm.or Less ad dary] £Ahgnate | cankan aqfaﬁ%%%%ght or
a

nore; and the carbonate m xture and aryl
conpound are subj @%@bﬁ%p&qﬂg tox:.de compounds of the formul xX) in

which all of R* to R® are the aryl or substituted aryl
groups, are preferably selected from triphenyl-phosphine
oxide, tris.(4—chlorophenyl) phosphine oxide, tris (4-
tolyl) phosphine oxide and a-naphthyl(phenyl)-4-
‘methyoxyphenylphosphine oxide.

The phosphine oxide compounds of the formula (x),
having one or two aryl or substituted aryl groups and two
or one alkyl, aralkyl or substituted aralkyl group are

preferably selected fromIﬁiﬁh¥¥91&$e%ylphosphlne oxide,
phenyl (p-methoxyphenyl) -methyiphespiine oxide,

th en -n-propylphosphine oxide, and phenyl(p- -
-methyoxy-phenylimethyliphosphine oxide.

Among the phosphine dihalide compounds of the
formula (y), it is preferable that all of R’ to R’ are
the aryl or substituted aryl groups. However, one or two
of R’ ‘and Rglnay be the aryl or substituted aryl'groups
‘and the other two or one of R to R’ may be the alkyl,
aralkyl or substituted aralkyl group.

Also, .in the formula (y), Y and Y’ may be the same
as or different from each other and represent
respectively a chlorine, bromine or iodine atom.

The phosphine dihalide compounds of the formula (y)
in which all of R’ to R’ are the aryl or substituted aryl

groups as defined above are preferably selected from

triphenylphosphine dichloride, triphenylphosptlﬁgnzﬁw




pol ymeri zati on procedure in the presence of a condensation-polynerization
cat'al yst conprising a basic conpound, while renoving a resultant by-product
conprising a hydroxyaryl conpound, to produce a polycarbonate _ 20.
The process for producing a pol ycarbonate as cl aipebsttyte SHea 71326
the refined diaryl carbonate nixture confdins the diaryl oxalate in a
content of 500 ppmor |ess and the diaryl carbonate In a content of 99% by

wei ght or rocess. for d CI al,ycarbonat e as
claimed in clf%rmeﬁmp@ne'relr?}f %Tel Bl c}iltg'lagLry Sl da r}’ Xt ure contains
an inpurity degmhtdialgtes00 d @ : 1 d:aenlqdnamalzaﬁt elamii iZ00 ppm or

| ess of phen%hd%lﬁgﬂfHHﬂ%i , %2 Iggigkggﬁ§sﬁgﬁgéﬁgdeC|ng a

pol ycar bonat e as al med cIa|n1L9 erein the refi car bonat e
M xt ure cont &ORSIEHF ALHANHRAL YEGHIZALIeR BOGP d@hlorth%@%?lttﬁfh‘-r yl oxal at e,
200 ppmor | md@fctpa@na gbly@at@rx@ta@bzmtt@ 2QfaniaRp 0rid agfe Prdyeyy|
benzoate and m_or s of % I ial a%Iate rﬁ: The process for
producing a P I3§§$Eﬁﬁﬁﬁ $TS i RHFATPIRES%f i ned

di aryl carbonmbdwdednhaegniﬂaﬁuarqmmhqn@nasy'conpr|5|ng 500 ppm or |ess

of diaryl oxal ate, 0 ]Qﬂﬁﬁﬁp pm or
| ess of phenyl benz%%’?ze anm(?cjlod Thd % I ess gg tﬁ@ 3{ sa |c;§1 aen]tci%rp

for the production o the polycarbonate, the diaryl

carbonate is preferably used in an amount of 1.001 to
1.5 moles, more preferably 1.01 to 1.3 moles, per mole of
the polyhydroxyl compound, particularly dihydroxyl
compound, more particularly, dihydroxyaryl compound.
Also, in step (B) of the process of the present
invention, the diaryl carbonate and the polyhydroxyl
compound may be added with an appropriate amount of a
polymerization regulator, a terminal modifier and/or a
monophenol compound.

In step (B) of the process of the present invention,
a diaryl carbonate and a Polyhydroxyl compound are
subjected to a condensation-polymerization procedure in
the presence of a basic catalyst, comprising at least. one
member selected from, for example, organic acid salts, '
inorganic acid salts, hydroxides, hydrogenated compounds
and alcolates of alkalic metals and alkaline earth metals
and nitrogen-containing basic compounds, at a temperature
of about 100 to 330°C, while evaporate-removing the
resultaht by-product comprising a hydroxyaryl compound.
In this step B, the condensation-polymerization procedure
is preferably carried out in melt phase' in a single stép
Oor two or more steps while rising the reaction
temperature, to produce a polycarbonate.

The basic catalyst usable for step. (B) preferably
comprises at least one member selected from:

(1) nitrogen-containing basic compounds including

ammonium hydroxide compounds having an alkyl, aryl or

arakyl group, for example, tetramothylammonluﬁ$g¥g5
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preferably 99% by weight or more.

In the refining step (A-a), the resultant refined
diaryl carbonate mixture has, as organic impurity
contents, preferably 1) a content of diaryl oxalate of
1000 ppm or less, 2) a content of phenyl p-chlorcobenzoate
of 200 ppm or less, more preferably 1) a content of
diaryl oxalate of 1000 ppm or less, 2) a content of
phenyl p-chlorobenzoate of 200 ppm or less, particularly

100 ppm or less, 3) a content of phenyl benzoateof 200 ppm
or less, particularly 100 ppm or less, and 4) a content of phenyl

salicylate of 200 ppm or less, particularly 100 ppm or less.

In the refining step (A-a), the resultant refined
diaryl carbonate mixture having 1) a content of diaryl
oxalate of 200 ppm or less, particularly 100 ppm or less,
2) a content of phenyl p~-chlorobenzoate of 50 ppm or
less, particularly 5 ppm or less, 3) a content of phenyl
benzoate of 50 ppm or less, particularly 5 ppm oxr less,
and 4) a content of phenyl salicylate of 50 ppm or less,
particularly 5 ppm or less, is most preferred for the
condensation-polymerization of step (B).

The collected diaryl carbonate mixture to be fed to
step (B) preferably contains substantially no inorganic
impurity. Namely, the collected diaryl carbonate mixture
having a total content of Group VIII metals (for example,
iron and nickel) and chromium, and a total content of
alkali metals, for'example, sodium and potassium of
respectively 1 ppm or less, particularly 500 ppb or less,
is advantagebusly used for the condensation-
polymerization step (B).

The steps (A-a) and (A-b) of the process of the
present invention will be further explained by referring
to Figs. 5 and 6, as follows.

In Fig. 5, a diaryl carbonate mixture obtained by
step (A) (not shown in Fig. 5) and containing non-reacted
diaryl oxalate, diaryl carbonate, other organic substance

and the decarbonylation catalyst is fed into a middle

portion of the distillation column 60 having| fpplarekity cHEET




