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PROCESS FOR PRODUCING POLYCARBONATE 

FIELD.OF THE INVENTION 

The present invention relates to a.process for pre­
·paring a polycarbopate from a dialkyl oxalate and a phe­
nolic compound. 

10 BACKGROUND OF THE INVENTION 

A process for preparing a polycarbonate from a 
dialkyl oxalate and a phenolic compound which comprises a 
first step of transesterifying the. starting compounds to 

15 produce a diaryl oxalate, a second step.of decarbonylat­
ing the resulting diaryl oxalate to produce a diaryl 
carbonate, and a third step of subjecting the dia:r:yl 

.carbonate to.condensation-polymerization reaction_with a 
polyvalent hydroxyl compound to produce a polycarbonate 

.20 is.described in Japanese Patent Provisional· Publication 
No. 10-152552. The Publication 10-152552 further de­
scribes such procedure that a phenolic by-product pro­
duced in the condensation-polymerization reaction is 
recovered and reeyclE7d to.employ as the phenolic compound 

25 in the first step. 
In the above-mentioned process~ the diaryl carbonate 

of a high purity-can be produced using no troublesome 
phosgene. Therefore, the diaryl carbonate produced from 
a dialkyl oxalate and·a phenolic compound is favorably 

30 enployed to react with a polyvalent hydroxyl compound to 
give a poly-Carbonate having high quality such as high 
transparency through condensation-polymerization reac­
tion. 

It is also known ~hat a catalyst containing tetra-
35 methylarnmoniumhydroxide, tetrabutylarnmonium hydroxide, 

or tributylamine is employed as a catalyst for performing 
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a condensation-polymerization reaction for the prepara­
tion of a polycarbonate from a diaryl carbonate such as 
diphenyl carbonate and a polyvalent hydroxyl compound 
such as bisphenol A. 

It has been discovered that a portion of the above­
tnentioned condensation-polymerization catalyst decomposes 
.at an elevated ten;>erature to produce an amine compound 

(by-product} such a_s trimethylamine or tributylamine. 
The amine by-product is migrated into the recovered phe-

10 nolic by-product. 
· According , to the further study of the inventors, in 

the case -that the phenol,ic by-product is en;>loyed as the · 
phenolic con;>ound in the preparation of the dia:r.yl o.xa- · 
late, the ~mirie by:...product in the phenolic by-product 

15 gives adverse effects (e.g., deactivation of the catalyst 
. employed) to the reactions in the steps of transesterifi­
cation and decarbonylation·if.the amount of the amine by­
product in the phenolic by-product increases. 

. It has been further discovered that the phenolic by-
20 product recovered in the condensation polymerization 

reaction is sometimes contaminated with an ethereal by­
product. The ethereal by-pro¢uct in the phenolic by­
product sometimes gives such disadvantageous effects as 
to disturb recovery of reactants and/or reaction product 

25 from the reaction system, if the amount of the ethereal 
by-product in the phenolic by-product increases. 

SUMMARY OF. THE INVENTION 

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

subjecting a dialkyl oxalate and a phenolic compound 
to transesterif ication to give a dia:r.yl oxalate; 

subjecting the dia:r.yl oxalate to decarbonylation to 
35 give a diar.yl carbonate; 

reacting the diar.yl carbonate with a polyvalent hy-



:; 

-3-

droxyl coritpound in the presence of a catalyst containing 
an amine compound or an arrmoriium compound to give the 
polycarbonate, removing a miXt:ure c9ntaining.a phenolic 
by-product and an amine by-product; 

5 collecting the mixture; 
purifying the mixture so that the amount of the 

··amine by~·product in the mixture is reduced to give a 
phenolic by-product mixture not containing the.amine by­
product in an amount of more than 600 ppm; 

10 and 

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

In the above-mentioned process, if the collected 
15 mixture further contains an ethereal by-product, the mix­

ture is preferably purified to reduce its ethereal by­
product content to a level of not more than 600 ppm. 

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

20 subjecting a dialk:yl oxalate and a phenolic by-prod-
uct mixture not containing an a1!11-ne by-product in an 
amount of more than 600 ppm to transesterif ication to 
give a diaryl o;xalate, said phenolic by-product mixture· 
having been obtained by·purifying a mixture containing a 

25 phenolic by-product and an amine by-product which was 
collected in a condensation polymerization reaction for 
preparing polycarbonate frotri a di~lk:yl oxalate and a 
.Phenolic compouri.d; 

subjecting the diaryl oxalate to decarbonylation to 
30 give a diaryl carbonate; and 

reacting the diaryl carbonate with a polyvalent hy­
droxyl corrpoµnd in the· presence of a catalyst containing 
an amine compound or an ammonium compound to give the 
polycarbonate. 

35 In the above-mentioned process, if the phenolic by-
product mixture further contains an ethereal by-product, 



=· 

.J:. 

5 

10 

_4.:.. 

the mixture is preferably purified in advance to reduce 
its ethereal by-product content to a level of not more 
than 600 ppm. 

BRIEF DESCRIPTION OF THE DRAWING 

-· 
Figure is a schematic flow chart to show a process 

for preparing a polycarbonate according to the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The process of the invention is further described by 
referring to the attached drawing. 

15 The steps of the process of the invention are per-
f or:med continuously in the.apparatuses which are connect­
ed with lines, as illustrated in the.flow chart of the 
figure in the drawing~ 

The transesterification.perfo:aned in the process of 
20 the invention includes any reactions in which. an alkoxy 

moiety of the este~ conpound (i.e., dialkyl oxalate) is 
exchanged with an phenoxy moiety of the phenolic com­
pound. For instance, the transesterification includes an 
ordinary transesterification.reaction fo:t converting a 

25 dialkyl oxalate into an alkyl aryl oxa,late and a dispro­
portionation reaction converting the alkyl aryl oxalate 
'into a diaryl oxalate an.d a dialkyl oxalate. 

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

30 or its analogues, particularly, phenol) are subjected to 
transesterification (includi~g ordinary transesterifi­
cation reaction and disproportionation reaction) in a 
liquid ~hase in the presence of a transesterif ication 
catalyst, to give a mixture of reaction products.includ-

35 ing a diaryl oxalate (particularly, diphenyl oxalate) and 
a by-produced lower alcohol (particularly, methanol) . 
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The diaryl oxalate is separated from the reaction prod­

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

alcohol is also separated and recovered. 

The dia:r:yl oxalate is then subjected to a decarbon-

5 ylation reaction in a liquid phase in, the presence of a 

decarbonylation catalyst, to give a dia:r:yl carbonate 

(particularly, diphenyl carbonate: DPC) arid a by-produced 

carbon monoxide. The dia:r:yl carbonate is recovered, 

removing the gaseous'carbon monoxide, and purified. 

10 The dia:r:yl carbonate and a polyvalent hydroxyl com-

pOund are then subjected to conderisation-'polymerizatibn 

reaction in the presence of an appropriate cond.ensation­

polymerization catalyst such a~ an amine coopound or an 

arnnonium compound, removing a mixture of by.:products such 

15 as a phenolic by-product, an amine by-product, and ~ 

ethereal by-product, to give polycarbonate . 

. The mixture of by-products are collec;::ted and puri­

fied to give a pU.rified phenolic by-product, .namely, ~ 

pure phenolic conpound,. which is then etf!Ployed as a por-

20 tion or a whole of the phenolic compound in the step for 

the preparatiqn'of a dia:r:yl oxalate. 
Examples of the dialkyl oxalates include di-lower­

alkyl ester of oxalic acid such as dimethyl oxalate, 

diethyl oxalate, dipropyl oxalate, dibutyl oxalate, 

25 dipentyl oxalate·, and dihexyl oxalate. The lower-alkyl 

preferahly contains a straight chain or branched chain 

alkyl having 1 to 6 carbon atoms, more preferably having. 

1 to 4 carbon atoms. The two aikyl moieties of the 

-dialkyl oxalate may be the same or different from each 

30 other. 
The dialkyl ester can be produced· by a known method. 

For instance, . carbon monoxide. (CO) and an alky 1 nitrite 

(represented by the f orrnlila of RONO wherein R is a lower 

alkyl group) are reacted in a gaseous or liquid phase in 

35 the presence of a catalyst at a temperature of 10 to 200°c 

(particularly 20 to 150°C) and at a pressure of 2 to 200 
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atm. (particularly 2 to 100 atm.),.to give a dialkyl 
oxalate (e.g., dimethyl oxalate) and a by-produced nitro­
gen monoxide (NO). The catalyst comprises a carrier 
(e.g., active carbon, alumina, spinel, silica, diatomace-

5 ous earth, or zeolite) ·and a platinum metal group cata­
lyst component, ~uch as, a platinum group metal (e.g., 
p~atinum metal or palladium metal), or a salt or complex 
compound of a platinum group metal, in an amount of 0.01 
to 5 wt.% based on the carrier. The alkyl group repre-

10 sented by R in the above-mentiQil.ed formula preferably has 
1 to 4 carbon atoms, such as methyl, ethyl,·n-propyl, 
isopropyl, n-butyl, or isobutyl. Most preferred is meth­
yl. 

The by:-produced nitrogen monoxide is, if necessary, 
15 reacted with a lower alcohol in the presence of molecular 

oxygen to produce an alkyl nitrate, which is then uti­
lized in the reaction for preparing a dialkyl oxalate. 

As the carbon monoxide to be used for the dialkyl 
oxalate, a carbon morioxide produced in the decarbonyla-

20 tion step of the process of the invention can be em­
ployed. 

The phenolic compound to be employed in the first 
step of the process of the invention ·is.phenol or its 
analogous compmi.nd. The· analogous compound is meant to 

25 indicate a_corrpound comprising a benzene ring and a hy­
droxyl group attached to the benzene ring, provided that 
the hydroxyl group behaves in the same manner as the 
hydroxyl group of phenol. Therefore, the ·benzene ring 
can have one or tnore substituents. Examples of the 

30 substituents include a alkyl group having 1 to 6 carbon 
atoms (particularly, 1 to 4 carbon atoms), an alkoxy 
group having 1 to 6 carbon atoms (particularly 1 to 4), 
ana.·a halogen atom. Preferred phenolic compounds are 
phenol, a lower alkyl-substituted phenol (e.g., 4-

35 methylphenol, 4-ethylphenol,_ or 3,4-dimethylphenol). 
Most preferred is· phenol. 
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In-the first step for transesterification, a dialkyl 
oxalate and a phenolic ·compound are reacted in a liquid 
phase at a terrperature of approximately 50 to 300°C (par­
ticularly 100 to 250°C) in the presence of a transesteri-

5 fication catalyst. In this step, a by-produced lower 
-alcohol is continuously removed from the reaction mix­
ture. Thus produced diary 1 oxalate is separated from the 

. reaction mixture and purified. 
In the first step, an alkyl aryl oxalate is once 

10 produced by ordinary transesterification, which is .then 
converted into diaryl oxalate and dialkyl oxalate by a 
disproportionation reaction. In the step, the dialkyl 
oxalate is removed to give a diaryl oxalate in an in­
creased yield. The ordinary transesterification is pre-

15 f erably perfo:r:med at an ordinary or elevated pressure to 
accelerate the reaction rate, while the disproportion~ 
ation reaction is preferably perfo:r:med at a reduced pres­
sure so as to keeping prdduction of by-products low." 
However, such pressure arrangement may be not necessary. 

20 The first step is preferably performed using a com-
.· 

bination of a first reactive distillation column and a 
second reactive distillation column connected to each 
other, so that the ordinary transesterification reaction 
and the disproportionation reaction can be carried out in 

25 series. The reactive distillation column preferably has 
a distillation column having a certain number of column 
plates (or trays) or packing means. For instance, a 
reactive distillation column having a theoretical plate 
number of two or more, particularly 5 to 100·, more par-

30 ticularly, 7 to 50, is preferred. Exarrples of the column· 
plates include a bubble cap tray, a sieve tray,.and a 
bulb tray. The reactive distillation column can be that 
having a variety of packing means such as Rachig rings, 
Lessing rings, and pole rings.· The reactive distillation 

35 column having not only column plates but also packing 
means can be also employed. 



-8-

In more detail, the: first step can be perfo:rmed in 
the following manner. 

A dialkyl oxalate, a phenolic comp°';llld and a trans­
esterification catalyst are supplied to the first reac-

5 tive distillation column in which the ordinary trans­
esterification reaction proceeds to mainly yield an alkyi 
aryl oxalate, while distilling a by-produced gaseous 
lower.alcohol out from the top of the column. ·The reac­
tion product containing mainly the alkyl aryl oxalate is 

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

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

15 oxalate and a mixture containing an amine by-product, and 
possibly an ethereal by-product, in addition to a pheno­
·1ic by-product, out of the top of the column. The reac.., 
tion product mainly corrprising a diaryl oxalate is taken 
out from the bottom of the column. The reaction product 

20 is then distilled. to recover the target dia:ryl oxalate, 
possibly after removing the transesterification catalyst~ 

The transesterif ication catalyst preferably is a 
catalyst soluble in the reaction mixture, such as cadmium 
compounds, zirconium corrpounds, lead corrpounds, iron 

25 compounds, corrpounds of copper or its related metals, 
zinc compounds, organic tin compounds, Lewis acid com­
pounds of aluminum, Lewis acid compounds of titanium, and 
Lewis acid compounds of vanadium. More preferred are 
zirconium corrpounds, organic tin compounds, and Lewis 

30 acid corrpounds of 'titanium. . Most preferred are organic 
tin compounds, and Lewis acid compounds of. titanium. · 

The ratio of an amount of a dialkyl oxalate and an 
amount of a phenolic compound is chosen depending upon 
the nature of the catalyst and reaction conditions. 

35 Generally, the phenolic compourid is employed in an amount 
of 0.01 to .. 1,000 moles, preferably 0.1 to 100 moles, m6re 
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preferably 0.5 to 20 moles, based on one mole of the 
dialkyl oxalate. The amount of the· transesteri:fication 
catalyst employed in _the first step also depends on its 
nature and the reaction conditions. Generally, the cata-. 

5 lyst is employed in.an amount of approximately 0.0001 to 
50 wt.%, preferably approx. 0.001 to 30 Wt.%, based on 
the total.amount of dialkyl oxalate and phenolic com­
pound~. 

In the second step, the dia:ryl oxalate produced in 
10 the first step is subjected to decarbonylation reaction 

in the presence of a phosphonis compound catalyst such as 
an organic phosphonis corrg;:>OUlld catalyst, to give a reac­
tion ~reduct mainly comprising a dia:ryl carbonate and a 
by-produced-carbon monoxide .. The dia:ryl carbonate is 

15 then separated from the reaction product and purified. 
The gaseous carbon monoxide is removed from the reaction 
product in the progress of the reaction. 

Examples of the phosphonis corrg;:>OUlld catalysts in­
clude phosphine compounds [P (R1 ) (R2) (R3 )], phosphine oxide 

20 compounds [O=P (R4
) (R5

) (R6
) ] , phosphine dihalide ccinpouD.ds 

[ (Y1) (Y2) P (R7 ) {R8 ) (R9)] , and phosphoni.um salt COIT!POUflds 
[ (Rlo) (Rll) (Rl2) p (Rl3) ·X-] • 

In the above-mentioned fo:rmulas, each of R1
. through 

R13 represents ·a substituent group such as a hydrogen 
25 atom, an alkyl group having 1 to 16 carbon atoms, an a:ryl 

group having 6 to 20 carbon atoms, an aralkyl group hav­
ing 7 to 25-carbon atoms; x represents an ion or ionic 
atom group which is capable of fanning a counter ion; and 
each of Y1 and Y2 is a halogen atom (e.g. , chlorine, 

30 bromine, or iodine) . 
The organic phosphonis compounds of the above-men­

tioned formulas should have at least one substituent 
groups other than a hydrogen atom. Preferred are phos-

· phonis compounds in which all of the substituent groups 
35 are aryl groups, pa:r::ticularly, phenyl groupE;. Also pre­

ferred are phosphorus compouD.ds in which one or two of 
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the substituent groups are a:ryl groups (particularly, 
phenyl) and other substituent.groups are alkyl groups or 
aralkyl groups. 

The organic phospho:rus corrpound can be employed in 
5 ccx.nbination with other compounds to form the decarbonyla­

tion catalyst. 
In the second step, the dia:ryl oxalate and the or­

ganic phosphorus compound catalyst, if appropriate, are 
supplied to a decarbonylation vessel, in which' the 

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

·3so°C) and a pressure of 10 mmHg to 10 kg/cm2, while a by­

produced gaseous carbon monoxide is removed, give a 
dia:ryl carbonate. 

15 There are no specific limitations with respect to 
the types of decarbonylation vessel for the second step, 
provided that the above-ment_ioned decarbonylation reac­
tion can proceed in the vessel. For instance, a complete 
mixing reactor (or stirring vessel}, a tube reactor com-

20 prising heat-exchangeable multiple. pipes, and a column or 
tower.type reactor can be employed. 

·The reaction mixture produced by the decarbonylation 
reaction contains an unreacted dia:ryl oxalate and the de­
carbonylation catalyst in addition to the desired dia:ryl 

25 car:bonate. Then, the dia:ryl ca_rbonate is preferably re­
covered from the reaction mixture by, first, separating 
the catalyst out in a distilling apparatus such as a con­
densation vessel or a thin-layer distilling apparatus, 
and then distilling the reaction mixture· containing no 

30 catalyst using an ordinary distilling apparatus such as a 
packed column or a tray column. The combinatiort of ·such 
procedures are favorably employed for obtaining a diaryl 
carbonate of high purity. · 

The organic phosphorus compounds can be enployed 
35 singly or in combination to give an appropriate catalyst. 

The catalyst can be homogeneously dissolved and/or sus-
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pended in the reaction solution. In the second step, the 
organic phosphoru~ compound catalyst is preferably em""'. 
ployed in the range· of O. och to 50 mol. % , particularly 
0.01 to 20 mol.%, based on the molar amount of the diaryl 

5 oxalate. 
In the third step, the diaryl carbonate obtained in 

. the second step and a polyvalent hydroxyl contxrund are 
subjected to condensation-polymerization reaction, remov­
ing a mixture of a phenolic by-product and other by-prod-

· 10 ucts, to give the desired polycarbonate. The polyvalent 
hydroxyl conpound preferably is an aromatic polyvalent 
hydroxyl compound in which plural number {particularly, 
two) of hydroxyl groups a~e directly attached to an aro­
matic ring of an aromatic compound. Preferred are diva-

15 lent aromatic hydroxyl compounds or mixture containing a 
divalent aromatic hydroxyl corrponndin an amount of 60 
mol.% or more, particularly 80 mol.% or.more. 

Examples of the polyvalent hydroxyl compounds in­
clude bis(hydroxyaryl)alkanes such as bis(4-hydroxy-

20 phenyl)metharie, 1,l-bis(4-hydroxyphenyl)ethane, 2,2- · 
bis (4-bydroxyphenyl)propane, 2~2_-bis (4-hydroxyphenyl) -
butane, and 2,2-bis{4-hydroxy-2-~thylphenyl)piopane, and 
dihydroxydiaryl ethers such as 4,4'-dihydroxydiphenyl 
ether and 4,4'""'.dihydroxy-3,3 1 -dimethyldiphenyl ether. 

25 Preferred is 2,2-bis(4~hydroxyphenyl)propane or a mixture 
containing 2 ·, 2-bis (4-hydroxyphenyl) propane in an amount 
of not less than 80 mol. % . 

Examples of the diaryl carbonates include diphenyl 
carbonate, ditolyl carbonate, di(p-chlorophenyl) carbon-

30 ate, and di (m-cresyl) carbonate. Preferred are diaryl 
carbonate containing 13 to 20 car:Qon atoms. Most pre­
ferred is diphenyl carbonate. 

In the third step, the diaryl carbonate is prefera­
bly ·employed in an amount of_l.001to1.5 moles, particu-

35 larly 1.01 to 1.3 moles, per one mole of the polyvalent 
hydroxyl compound (particularly, a divalent aromatic 

I 
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hydroxyl compound). In the reaction of the third step, 
an appropriate polymerization-regulating agent, a termi­
nal group..:.modifying agent, and/or a monophenol compound 
can be utilized in addition to the combination of a 

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

a .dia:ryl carbonate and a polyvalent hydroxyl compound in 
the presence of a condensation-polymerization catalyst·· 
containing an appropriate amine compound or ammonium 

10 c~ at a temperature of approximately 80 to 350°C, 

·removing a by-product mixture mainly comprising a pheno­
lic by-product. It is preferred that the reaction tem­
perature is increased and the reaction pressure is re­
duced, as the reaction advances, so as to produce the 

15 desired polycarbonate by one step or pl'l.lral steps. 
The condensation-polymerization catalyst preferably 

is a base catalyst containing an ammonium compound such 
as a tetra-substituted ammonium hydroxide having alkyl, 
aryl or aralkyl substituents, or an amine compound having 

20 an alkyl, aryl oraralkyl substituent. Examples of the 
condensation-polymerization catalysts include those com­
prising an organic acid salt, inorganic acid.salt, hy­
droxide, hydride, or alcoholate of an alkali metal or 
.alkaline earth metal and a amine or ammonium compound in 

25 combination. Preferr~d are a combination of an alkali 
metal catalyst component (an inorganic acid salt, an 
organic acid·salt, hydroxide, hydride, or ~lcoholate of 
an alkali metal) and an amine or anunonium compound. 

The catalyst. is preferably employed in an amoµnt of 
30 10-5 to 10-4 mol., per one mole of the polyval~t hydroxyl 

compound. The alkali metal or alkaline ·earth metal cata­
lyst component is preferably employed in an amount of 10-1 

to 10-4 mol., per one mole of the polyvalent hydroxyl 
compound, while the amine or anunonium compound is pref er-

35 ably employed in an amount 0~ 10-S to 10-4 rnol. I per one 
mole of the polyvalent hydroxyl compound. 

ii 
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The condensation polymerization reaction of the 
. third step can be performed in the same manner (particu­
larly a melted condensation-polymerization reaction) as 
that conventionally employed in ~he known process for the 

5 preparation of polycarbonate. For instance, the conden­
sation-polymerization .reaction is initially carried.out 
at a temperature of 80 to 240°C, at ~ atmospheric pres­
sure or reduced.pressure for 0.01 to 5 hours, and then 
the reaction is carried out at an increased temperature 

10 (e.g., 240 to 320°C) and a more reduced pressure (so as to 
finally reach a pressure of 1 mnHg or less) . 

Examples of the amine compounds include tertiary 
amines such as trimethylamine, triethylamine,· dimethyl­
benzylamine, methyldiphenylamine, and triphenylamine; 

. 15 secondary amines such as dimethylamine, diethylamine, 
methylbenzy lamine; and primary amines such as methy 1-
amine, ethy lamine, benzylamine, and phenylamine. Pre-
_ ferred are tertiary amines having 1 to 3 (.particularly 1. 
to 2)_ carbon atoms, such as trialkylamine. 

20 Examples of the ammonium corrpounds include arrmonium 
hydroxides having alkyl,. aryl, and/or aralkyl group 
(e.g., tetra substituted ammonium hydroxides such as tet­
ramethylammonium hydroxide, tetraethylarrinonium hydroxide, 
tetrabutylammonium hydroxide, and trimethylphenylammonium 

' . 25 hydroxide} .and tetra-substituted ammonium oorohydrides 
(e.g. , tetramethy lammnonium borohydride, and tetrabutyl­
ammonium borohydride). Preferred are tetra-N-alkyl sub­
stituted ammonium hydroxide having 1 to 3 · (particularly 1 
to 2) carbon atoms. 

30 In the condensation-polymerization catalyst, the 
amine or ammonium compound is preferably employed in com~ 
bination with an alkali metal or alkaline earth metal 
catalyst component. 

Examples of the alkali metal catalyst components 
35 include alkali metal hydroxides such as sodium hydroxide, 

potassium hydroxide, and lithium hydroxide; alkali metal 

ii 
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inorganic acid salts such as sodium hydrogen carbonate, 
sodium hydrogen potassium, lithium hydrogen carbonate, 
sodium carbonate, potassium carbonate, lithium carbonate, 
sodium dihydrogen phosphate, potassium dihydrogen phos-

5 phate, lithium dihydrogen phosphate, sodium dihydrogen 
phosphite, potassium dihydrogen phosphite, dipotassium 
hydrogen phosphate, and dilithium hydrogen phosphate; and, 
alkali -metal organic acid salts such as sodium acetate, 
potassium acetate, lithium acetate, sodium stearate, and 

10. sodium benzoate. 
Examples of the alkaline earth metal catalyst compo­

nents are salts of magnesium, calciUm, and barium and 
hydroxides, such as those mentioned above. 

The condensation~polymerization reaction can be 
15 carried out continuously or by a batch system. ·The reac­

tion apparatus can be a vessel-type reactor or a tube 
reactor {a.self-cleaning reactor is preferred, particu­
larly for performing the second high-telr!Perature, re­
duced-pressure reaction) . A colunm-type reactor can be 

20 also errployed. 
The by-product mixture comprising an amine compound 

{by-product) in addition to the phenolic compouri.d {by­
product) which is removed in- the third step is collected. 
The by-product mixture is then purified until· the content 

25 of the amine by-product is decreased to a level of 600 
:PPm. or less {preferably SOO ppm or less, particularly 100 
pPm or less, generally not less than 0.02 ppm). It is 
not practically advantageous to reduce the amount of 
amine by-product to a level of 0. 02 ppm· or less. The 

30 amount of .the amine by-product is calculated on the basis 
of the·amount of purified phenolic by-product. 

If the by-product mixture further contains an ethe­
real by-product, the by""'.product mixture is preferably 
purified until the content of the ethereal by-product is 

35 also decreased to a level of 600 ppm or. less {preferably 
500 ppm or less, particularly 100 ppm or less, generally 

ii 
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not less than 0.02 ppm). It is not practically advanta­
geous to reduce the amount of .ethereal by-product to a 
level of O. 02 ppm or less. The amount of the ethereal 
by-product is calculated on the basis of the amount of 

5 purified phenolic by-product. 
The purification is preferably perfonned using a 

conventionally errployed distilling apparatus such_ as a 
distilling apparatus using packing means or a distilla­
tion column using column plates (or trays) . Particular-

10 ly, if the by-prodµct mixture ~ssentially corrprises a 
phenolic by~product and other by-products having a boil­
ing point lower than the that of the phenolic by-product, 
the lower boiling point by-products are removed from the 
top of the distilling apparatus, .while the purified phe-

15 · nolic by-product of high purity is taken out from the 
bottom or the side position (namely, side-cut) .. If the 
by-product mixture essentially corrprises a_ phenolic by-

. ' . 

product and other by-products having a boiling point 
higher than the that of the phenolic by-product, the 

20 phenolic by-product is taken out from the top of the 
distilling apparatus, while the higher boiling point by­
products are removed from the.bottom of the distilling 
apparatus at an appropriate time. If a lower boiling 

. ·. 

point by-product and a higher boiling point by-product is 
25 contained in the phenolic by:-product mixture, the former 

by-product is removed from th,e top and the latter by­
prod~ct is removed·from the bottom, and the purified 
phenolic by-product is preferably taken out from the side 
portion of the distilling apparatus, particularly·in the 

30 case that the reaction is conducted continuously. 
_The amine bY-products may be tri-substituted ter­

tiary amines having the formula of R3N (R is alkyl, aryl, 
or aralkyl), such· as trimethylamine, triethylamine, di~ 
methylphenylamine, triphenylamine, dimethy lbenzy lamine, 

35 and trimethylbenzylamine. If the condensation-polymer­
ization catalyst contains trialkylamine or tetra-N-alkyl 
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substituted ammonium hydroxide, the amine by-product 
generally conprises a tri-substituted amine conpound 
having a boiling point lower than that of the phenolic 
by-::product (such as phenol) . 

5 ·In the condensation-polymerization reaction, the 
phenolic by-product mixture may further contain ethereal 
by-products such as anisole and phenyl ether. Such ethe­
r~l by-products are preferably removed.. The ethereal 
by-products per se are considered_ generally not to.dis-

10 tnrb the first transesterif ication reaction when the 
purified phenolic by-product is erqployed in the reaction. 
However, if the ethereal by-products are accumulated in 
the reaction system of the first step, the'transesterifi-. 
cation may be disturbed, particularly in the case that 

15 dimethyl oxalate is errployed as the starting dialkyl 
oxalate. 

For instance, anisole and dimethyl oxalate have a 
boiling point similar to each other. Accordingly, when 
the dimethyl oxalate.is r~peatedly errployed in the trans-

20 esterif ication reaction by means of a recycling system, 
the separation of dimethyl oxalate from anisole is not 
easily carried out, and the recycling system is not 
smoothly operated. 

If the ethereal by-products corqprise diphenyl ether, 
25 phenyl butyl ether and/or phenethol which may be by-pro­

duced in the condensation-polymerization reaction, they 
may be accumulated in the transesterification reaction. 
system, because these ethereal by-products have a boiling 
-point between that of the start.;i.ng dialkyl oxalate and 

30 that of the produced dia:ryl oxalate and therefore it is 
not easy to sharply separate the ethereal by-products 
from the transesterif ication reaction system. 

Representative ethereal by-products are phenyl ether 
corqpounds having the formula of ArQR (Ar is an a:ryl 

35 ' group,. typically phenyl group, possibly having a substi­
tuent group, and R is-alkyl, _a:ryl or aralkyl) such as 

I 



.. 
-17-

alkyl phenyl ethers (e.g., an1sole, ethyl phenyl ether, 
propy 1 pheny 1 ether, and· buty 1 phenyl ether) ; dia:r:y 1 
ethers {e.g.'· diphenyl ether, methylphenyl phenyl ether, 
and phenoxyphenol) i benzyl phenyl ether; and dimethyl-

5 benzyl ether. 
. . 

The ethereal by-products are removed simultaneously 
when the amine by...:products are removed to purify the 
phenolic by-product mixture. 

The purified phenolic by-product can be errployed as 
10 . a whole or a portion {approximately 20 wt.% or more, 

particularly 50 to 90 wt.%) of the phenolic cotl'!Pound for· 
the first step, namely, the step for transesterification. 
The purified phenolic by-product can be supplied.to the 
first step using appropriate supplying systems. The sup-

15 ply system can cotl'!Prise a storage tank, a pumping system, 
and a tube line conne~ted to the apparatus for perfonning 
the transesterification reaction. It is pref~rred that 
the purified phenolic by-product is intennittently or 
continuously supplied to the reactor for the transesteri-

20 fication reaction (e.g., reactive distillation colunm), 
so that the purified phenolic by-product is etl'!Ployed in 
the recycling system. 

The process for the preparat~on of polycarbonate 
according to the present invention is capable of.produc-

25 ing almost colorless polycarbonate having a high molecu­
lar weight such as in.the range of approximately 10,000 
to 80,000, particularly 15,000 to 60,000~ 

[Exanple 1] 

30 (1) Transesterication {preparation of diphenyl oxalate) 
Diphenyl oxalate {DPO: diphenyl oxalate) was pro­

duced from dimethyl oxalate (DMO: dimethyl oxalate). and 
phenol (PhOH) bythe following procedures. 

Into a first reactive distillation column (inner 
35 diameter: 32 nm, 50 column plates, named "Oldershaw col­

umn") equipped with a 1-L volume bottom flask was intro-
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duced a mixture of 54.1 wt.% of phenol, 45.3 wt.% of 
dimethyl oxalate, and 0.5 ~.% of tetraphenoxytitanium 
(TPr) at the 12th (from the top) column plate at a feed 
rate of 600 mL/h. Simultaneously, the bottom flask was 

5 heated on a maritle heater to 190°C.· The ordinary trans-· 
esterif ication reaction was carried out at a reflux ratio 
of 2, taking a produced vapor out from the top. The 
reflux was conducted with condensing a portion of the 
produced vapor using a condenser. 

10 When the conditions in the first reactive distilla-

15 

tion column became stable (approximately.at a lapse of 4 
hours from the, beginning of the supply of the reactant 
·mixture), the reaction mixture at the bottom had the 
following composition: 

diphenyl oxalate. 
methyl phenyl oxalate (MPO) 

dimethyl oxalate 
phenol 

6.23 wt.% 
29.95 wt.% 
23.88 wt.% 
39.4i wt.%. 

20 The vapor taken out from the top at that time had 

25 

the following composition: 
methanol 
dii:nethyl oxalate 
amount (taking-out rate) 

99.7 wt.% 
0.3 wt.% 

approx. 44 g/h 

The reaction mixture taken out from the bottom of 
the first reactive distillation ·column was then intro­
duced into a·second reactive distillation column (Older­
shaw column) of the same structure at the 12th· (from the 

30 top) column plate at a reduced pressure (200 mmHg) at a 
feed rate of 600 mL/h. Sirrultaneously, the bottom flask 
was heated on a mantle heater to 200°C. ·The dispro­
portionation reaction was carried out with no refluxing, 
taking a produced vapor out from the top using a condens-

35 er. 

.I 
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When the conditions in the second reactive distilla­
tion column became stable (approximately at a lapse of 4 
hours from the beginning of the supply of the reactant), 
the reaction mixture taken out from the bottom (at a rate 

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

10 

15 

diphenyl oxalate· 65.27 wt.% 
methyl phenyl oxalate (MPO) 
dimethyl oxalate ·. 
phenol 

18.43 wt.% 
1.02 wt.% 

13.93 wt.%. 

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

methanol 
dimethyl oxalate 
phenol 
methyl phenyl oxalate 
diphenyl oxalate 
amount (taking-out rate) 

1.57 wt.% 
46.53 wt.% 
48.51 wt.% 
2.97 wt.% 
0.42 wt.% 

approx. 371 g/h 

20 The reaction mixture taken out from the bottom was 
placed in a rotary thin-layer distillation aJ?paratus 
(heat conductive area: 0.1 m2) at a feed rate of 200 mL/h. 
The inner pressure of the apparatus was reduced to 15 

ramHg, and the apparatus .was heated to 200°C by means of a 
2S heat medium, so that dimethyl oxalate, phenol, and methyl 

phenyl oxalate were continu6usly evaporated. The vapor. 
was then fed to a distillation column (inner diameter: 30 
mm, length: 2 ln) at the position of 80 Cffi (from the top) I 

and distillation was carried out continuously. 
30 From the top of the distillation column, a condensed· 

liquid comprising 3.05 wt.·% of dimethyl oxalate, 41. 73 

wt.% of phenol, and 55.21 wt.% of methyl phenyl oXalate 
was taken out .at approximately 68 mL/h. Simultaneously, 
the reaction mixture Wa.s taken out from the bottom at a 

35 rate of approximately 120 g/h. The reaction mixture was 
then distilled in a distillation apparatus of the same 
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type (glass column, 30 rrmf>·x ·2 m, 5 x 5 mm Helipack) to 
· obtain diphenyl oxalate of 99.95% purity containing 0.02 

wt.% of phenol and 0.·01 wt.% of methyl phenyl oxalate at 
a yield of approximately 120 g/h. From the bottom of the 

5 distillation apparatus, a reaction liqUid conta"ining 
approx. 1.1 wt.% (as a titanium metal) of .titanium com­
pound was taken out _at a rate of approx. 23 g/h. 

(2) Decarbonylation. (preparation of diphenyl carbonate) 
10 The diphenyl oxalate obtained in the above-mentioned 

reaction was processed in the below-mentioned manner to 
give diphenyl carbonate (DPC}. 

To the diphenyl carbonate was added 1 mol.% of 
tetraphenylphosphonium chloride, and the mixture was 

15 heated to 150°C whereby a solution was obtained. The 
resulting solution was fed into one of ·two 1-L volume 
glass reactors connected in series at a·feed rate of 300 

. . . 

mL/h using a quantitatively supplying pllIT!P. The reactors 
were equipped with a the:rmometer, a stirrer, and an over~ 

20 flow pipe. Simultaneously, the reactors were heated on 
mantle heaters to keep a tetr'!Perature_of 230°C, whereby 
proceeding decarbonylation of· diphenyl.oxalate. 

The over-flow position for each reactor was set at 
600 mL. The over-flown reaction mixture taken out {at a · 

25 rate of approx. 270 mL/h} at a lapse of 20 hours from the 
beginning of the supply of the reactant had the. following 
COTr!POSition: 

diphenyl oxalate 
. diphenyl carbonate 
phenol 

14.6 wt.% 
84.0 wt.% 
0.08 wt.%. 

A gaseous product taken out from each reactor com­
prised approx. 100 % of carbon monoxide. The total 
amount of the collected carbon monoxide was 25 liters 

j5 {standard condition)/h. 
The reaction liquid.obtained after the decarbonyla-

ii 
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tion reaction was fed onto a rotary thin-layer distilla~ 
tion apparatus of the aforementioned stnicture (made of 
glass, moving part: made of Hastelloy CR) at a feed rate 
of 250 mL/h at a reduced pressure of 20 mmHg. Simulta-

5 neously, the distillation apparatus was heated to 200°C 
using a heat medium, whereby tetraphenylphosphonium chlo­
ride was separated out. The distillate taken out from 
the apparatus (92.2 wt.% of diphenyl carbonate and 7.7 
wt.% of diphenyl oxalate) was continuously introduced 

10 · into a glass-made distillation column· (same as that used 
for separation and purification in the transesterif ica­
tion step} , whereby continuous distillation was carried 
out (pressure at the top: 20 torr, reflux ratio: 5),.to 
obtain diphenyl carbonate of 99.9 % purity at a rate of 

15 approximately 220 mL/h. 

(3) Condensation-polymerization 
(preparation of polycarbonate) 
From a mixture of 800 mI:i of toluene.and 36 mL of 

20 . ethanol (volume ratio: 22/1) was recrystallized 400 g of 
bisphenol .A to give a bisphenol·A of high purity. 

In a 100 mL-volume reactor (made of stainless steel 
SUS 316L} were placed 22. 85 g (1 mol.) of the 'purified 
bisphenol A, 22.68 g (0.106 mol.) of diphenyl carbonate 

25 obtainedabOve, and a catalyst (20 rrg of sodium dihydro­
gen phosphate and 5 rrg of tetramethylammonium hydroxide) . 
The inner space of the reactor Wa.s made to vacuum at room 
tenperature for 0.5 hour, and into the inner space was 
supplied a nitrogen gas to reach an atmospheric ·pressure 

30 in the inner space. The reactor Wa.s then heated for con­
ducting the condensation-polymerization reaction. 

· In the procedure of condensation-polymerization 
reaction, the reaction inixture.was heated at 200°C for 10 

minutes and then at 2306C for 10 minutes. sUbsequently, 
35 the pressure of the inner space was reduced gradually at 

230°C. When the pressure reached 200 mmHg at 230°C, 
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phenol began to be taken out, and the condition was kept 
. for one hour. The reaction. mixture in the reactor was 
further heated at 240°C and at 100 mmHg for 0. 5 hour. The 
re(3.ction mixture was further heated at 255°C and at 100 

5 mmHg for 10 minutes. Subsequently, the pressure of the 
.inner space was reduced from 100 mmHg to 50 mmHg for a 
period of 15 minutes. Under such conditions, the reac­
t±on was continued for 15 minutes. Subsequently, the 
pressure of the inner space was reduced from 50 mmHg to 

10 0.1 mmHg at 270°C for a period of 30 minutes. Under such 
conditions, the reaction was continued for. 1 hour. 

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

The obtained poiycarbonate had a logarithmic viscos-
15 ity (measured at 0.5 g/100 mL (30°C), solvent: chlorofonn) 

of 0.497 dl/g and a weight ~verage mean molecular weight 
(calculated as that. of polystyrene) of 53,000. The poly­
carbonate was almost non-colorless and transparent by 
visual obseryation) . 

20 After the condensation-polymerization reaction, 17.6 . . . 

mL (total amount) of a phenolic by-product mixture· was 
collected. The mixture was analyzed by gas chromatogra- · 
phy; and confi:aned that 150 ppm of trimethylamine and 280 
ppm of anisole were contained~ 

25 The phenolic by.,-product mixture was distilled in the 
glass distillation apparatus (the same as that us~d in 
the decarbonylation reaction)· at a reduced pressure of 
200 mmHg and at .a refl~ ratio of·2. The initial 3% of 
the distillate taken out at the top was removed. ' Thus, a 

30 purified phenolic by-product containing 2 ppm of trieth­
. ylamine and 5 ppm of anisole was obtained. 

Thus purified phenolic by-product was supplied to 
the first reactive distillation colurrm for the trans­
esterification reaction and errployed in place of fresh 

35 phenol for carrying out the.same transesterification 
reaction. The result was the same as that obtained in 
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the use of fresh phenol as the starting compound. 

[Example 2] 
A feed liquid containing 54.1 wt.% of phenol, 45.3 

5 wt.% of DMO, 0.5 wt.% of TPT and 270 ppm of trimethyl­
aml.ne was employed for perfonning transesterif ication 
reaction to produce diphenyl oxalate in the same manner 
as in Example 1. The content of · 2 70 ppm of triethylamine 
corresponded to 55? wm on the phenol content base. 

10 When the conditions of the first reactive distilla-

15. 

tion column became stable {at a lapse of 4 hours starting 
from the supply of the starting compounds}, the reaction 
mixture taken from the bottom (taking-out rate: approx. 
608 g/h) had the following composition: 

diphenyl oxalate 
methyl phenyl oxalate 
dimethyl oxalate 
.phenol 

6.05 wt.% 
27 .21 wt.% 
25.07 wt.% 
41.13 wt.%. 

20 The vapor taken out from the top at that time had 

25 

the following composition: 
methanol. 
dimethyl oxal~te 
amount (taking-out rate) 

99.7 wt.% 
0.3 wt.% 

approx. 39 g/h 

[Examples 3 to 6] 
The procedures of .Example 2 were repeated except 

that the nature and amount of the irrpurity (amine com­
pound) was varied as indicated below. In the case that 

30 triethylamine was employed as the amine impurity, the 
decarbonylation reaction was carried out using tetraeth­
ylanmonium hydroxide in place of tetramethylanmonium 
hydroxide. 

The results are set forth below. 
35 
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(Example 3) 

Amine compound: trimethylamine 

Amine concentration in phenol: 100 ppm 

Composition of' reaction mixture at oottom 

5 . DMO: 24.12 wt.%, PhOH: 40.28 wt.%, 
MPO: 28.93 wt.%, DPO: 6.11 wt.% 

Taking-out rate (from bottom): 605 g/h 
Composition of vapor taken out from top 

MeOH: 99.7 wt.%, DMO: 0.3 wt.% 
10 Taking-out rate (from top) : 42 g/h 

(Example 4) 

Amine compound: ·trimethylamine 
Amine concentration in phenol: 5 ppm 

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

Taking-out rate (from bottom) : 603 g/h 
Composition of ~par taken out from top 

20 MeOH: 99.7 wt.%, DMO: 0.3 wt.% 
Taking-out rate (from top): 44 g/h 

(Example 5) 

Amine c~und: triethylamine 
25 Amine concentration in phenol:· 500 ppm 

Composition-of reaction mixture at bottom 

DMO: 25.10 wt.%, PhOH: 41.09 wt.%, 
MPO: 27.18 Wt.%, DPO: 6.02 wt.% 

Taking-out rate (from bottom) : 608 g/h 
30 Composition of vapor taken out from top 

MeOH: 99_7 wt.%, DMO: 0.3 wt.% 
Taking-out rate (from top) : 39 g/h 

(Example 6) 

35 Amine compound: triphenylamine 
Amine concentration in phenol: 500 ppm 

ii 
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Composition of.reaction mixture at· bottom 
DMO: 24.98 wt.%, PhOH: 40.76 wt.%, 
MPO: 27.64 wt.%, DPO: 6.08 wt.% 

Taking-out rate {from bottom) : 607 g/h 
5 Composition of vapor taken out from top 

MeOH: 99.7 wt.%, DMO: 0.3 wt.% 
Taking-out rate (from top} : 40 g/h. 

[CQtr!Parison ·Example 1] 

10 . A feed liquid containing 54.1 wt.% of phenol, 45.3 
. -

wt.% of DMO, 0.5 wt.% of TPT and 1,000 ppm of trimethyl:-
amine was employed for performing transesterif ication 
reaction to produce diphenyl-oxalate in the same manner 
as in.Example 1. The content of 1,000 ppm of triethyl-

15 amine corresponded to 2,000 ppm on the phenol content 
base. 

When the conditions of the first reactive distilla­
tion column became stable {at a lapse of 4 hours starting 
from the supply of the starting compounds), the reaction 

20 mixture taken frOm the bottom (taking-out rate: approx. 
613 g/h) had the following composition: 

25. 

30 

diphenyl oxalate .4 . 21 wt.% 
-methyl phenyl oxalate 23.42 wt.% 
dimethyl oxalate 28.43 wt.% 
phenol 43.39 wt.%. 

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

methanol 99.7 wt.% 
dimethyl.oxalate 0.3 wt.% 
amount (taking-out rate) approx. 34 g/h. 

[Comparison Example 2] 
A feed liquid containing 54.1 wt.% of phenol, 45.3 

35 wt~% of DMO, 0.5 wt.% of TPT and 350 ppm of trimethyl.:._ 
amine was employed for perf o:r:ming transesterif ication 
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reaction to produce diphenyl oxalate in the same manner 
as in Example 1. The content of 350 ppm of triethylamine 
corresponded to 700 ppm on the phenol content base. 

When the conditions of the first reactive distilla-
· 5 tion column became stable (at a lapse of 4 hours starting 

from the supply of the starting compounds); the reaction 
.mixture taken from the bottom (taking-out rate: approx. 
612 g/h) had the following cotTiposition: 

10 

15 

20 

25 

diphenyl oxalate 
methyl phenyl_oxalate 
dimethyl.o:Xalate 
phenol 

4.21 wt.% 
23.82 wt.% 
28.30 wt.%· 
43.10 wt.%. 

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

methanol 
dimethyl oxalate 
amount (taking-out rate) 

[Example 7] 

99.7 wt.% 
·o.3 wt.% 

approx. 35 g/h. 

The procedures of Example 1 were repeated except 
that the first reactive distillation column and the sec-
ond reactive.distillation column were connected in series 
for fo:r:ming continuous recycling system. 

Into the first reactive distillation column (inner 
diameter: 32 mm, 50 column plates, named "Oldershaw col­
umn") equipped with·a 1-L volume bottom flask was intro­
duced a mixture of 54.1 wt.%.of phenol, 45.3 wt~% of 
dimethyl o:Xalate, and 0.5 wt.% of t~traphenoxytitanium 

30 (TPT)· at the 12th (from the top) coiumn plate ·at a feed 
rate of 600 mL/h. Sitrnlltaneously, the bottom flask was 
heated on a mantle heater to 190°C. · The ordinary trans­
esterif ication reaction was carried out at a reflux ratio 
of 2, ta.king a produced vapor out from the top. The 

35 reflux was conducted with condensing a portion of the 
produced vapor using a cond~nser. 
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When the conditions in the first reactive distilla­
tion column became stable (approximately at a lapse of 4 

. hours from the beginning of the supply of the reactant . 
mixture}, the reactiOf;l mixtur~ takeri out from the bottom 

5 (taking-out rate: approx. 603 g/h} had the following com­

10 

15 

position: 
diphenyl oxalate 
methyl phenyl oxalate (MPO) 
dimethyl oxalate 
phenol · 

6.19wt.% 
30.02 wt.% 
25.74 wt.% 
37.38 wt:.%. 

The vapor taken ·out from the top at that time ·had 
the following corrposition: 

methanol 
dimethyl oxalate 
amount (taking-out rate} 

99.7 wt.% 
0.3 wt.% 

approx. 44 g/h 

The reaction mixture taken-out from the bottom of 
the first reactive distillation column was then intro- · 

20 duced. into the second reactive distillation column 
(Oldershaw column) at the 12th (from the top) column 
plate at a reduced pressure (200 mmHg) at a feed rate of 
603 mL/h. Simultaneously, the bottom flask was heated on 

a mantle heater to 200°C. The disproportionation reaction 
25 was carried out with no refluxing, taking a -.produced· 

_vapor out from the top using_ a condenser. 
When the conditions in the second reactive distilla­

tion column became stable (approximately at a lapse of 4 
hours from the beginning of the supply of the reactant} , 

30 the reaction miXture taken out from the bottom (at a rate 
of approx. 213 g/h) had the following corrposition: 

35 

diphenyl oxalate 65.13 wt.% 
methyl phenyl oxalate 18. 39 wt.% 
dimethyl oxalate· 
phenol 

1.21 wt.% 
13.18 wt.%. 
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The vapor taken out from the top at that time had 
the following composition: 

methanol 
dimethyl oxalate 

1.57 wt.% 
41.81 wt.% 

5 phenol 53.23 Wt.% 
2.95 wt.% 
0.43 wt.% 

approx_. 390 g/h 

10 

methyl phenyl oxalate 
diphenyl oxalate 
amount (taking-out rate} 

The vaper taken out from the top of the second reac­
tive distillation column and condensed was once placed in 
a 3-L volume glass vessel. Subsequently, the condensed 
vapor was fed into the first reactive distillation column 
at arate corresponding to that taken out from the second 

15 column (approx. 390 g/h) at the same 12th column plate. · 
Thus, a recycling system· was formed. 

When the recycling system was initiated, the amounts 
of the fresh starting compounds errg:;>loyed in the case 
adopting no recycling system were reduced so that the · 

20 total amount of the recycled starting corrg:;>ounds and the 
fresh starting corrg:;>ounds c6uld correspond to the initial­
ly set amount, that is, DMO 45.3 wt.%, phenol 54.1 wt.%, 

and TPT 0.5 wt.%, feed rate: approximately 600 mL/h. 
The reaction mixture taken out from the bottom of 

. 25 the second reactive distillation column was_ placed in a 
rotary thin-iayer distillation apparatus (heat conductive 
area: 0.1 m2) at a feed rate .of 200 mL/h. The inner pres­
sure of the apparatus was reduced to 15 mmHg, and the 
apparatus was heated to 200°C by means of a heat medium, 

30 so that dimethyl oxalate, phenol, and methyl phenyl oxa­
late were continuously evaporated. The vapor was then 
fed to a distillation apparatus _(inner diameter: 30 mm, 
length: 2 m, packing means: 5x5 mm Helipack, MPO recover­
ing column) at the position of 80 cm (from the top) , and 

35 distillation was carried out continuously. · 
From the top of t.J:ie distillation column, a condensed 



-29-

liquid conprising 3.05 wt.% of dimethyl oxalate, 41.73 
wt.% of .phenol, and 55.21 wt.% of methyl phenyl oxalate 

. ' 

was taken out at approximately 68 mL/h. Sinmltaneously, 
the reaction mixture was taken out from the bottom at a 

5 rate of approximately 120 g/h. 'Ihe reaction mixture was 
once placed in a 3L-v6lume giass vessel .. Subsequently, 
the reaction mixture was continuously fed into the second 
reactive distillation column at a rate corresponding to 
that taken out from the.second column at the 30th column 

10 . plate (from the top) . 
'Ihe reaction mixture taken out from the bottom was 

distilled in a distillation.apparatus (same as the MPO 
recovering column), to give diphenyl oxalate of 99.95 
wt.% purity containing 0.02 wt.% of ·phenol and 0.01 wt.% 

15 · of met?-yl phenyl ~xalate at a rate of approx .. 120 g/h. 
From the bottom of the distillation apparatus, a 

reaction liquid containing approx. 1.1 wt.%· (as a titani­
um metal) .of titanium conpound was taken out at a rate of 
approx. 23 g/h., and·recycled into the first reactive 

20 distillation colurrm at the starting conpound feeding 
position. 

'Ihe decarbonylation reaction and the condensation­
polymerization reaction were then performed. The col­
lected phenolic by-product mixture was purified to give a 

25 ·phenolic by-product mixture containing 2 ppm of trimeth­
ylamine and 5 ppm of anisole) and fed to the first reac­
tive distillation column of the first step. 

In the course of transesterif ication reaction and 
disproportionation reaction, a small amount of h~gh boil-

30 ing point by-products were produced._ A portion of the 
recovered catalyst-containing liquid was ·removed so that 
the amount of irrpurities in the liquid could not exceed 
50 wt.%. When a portio of the liquid was removed, a 
fresh catalyst was added in such an amount to compensate 

35 the removed amount. 
The above-des?ribed recycling system was operated 
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continuously for 100 hdurs. The reaction rate and the 
COOl>Ositions·of the reaction mixtures.taken out at vari­
ous positions were kept constant, to give the.target 
dipheny 1 oxalate.' 

[Comparison Example 2] 
The procedures of Example 7 were repeated using a 

feed liquid containing 1,000 ppm of anisole, to produce 
diphenyl oxalate .. 

10 In the first reactive distillation colU.mn, anisole 
was deposited at the upper portion of the column when the 
reaction was performed under the same conditions as those 
of Exanple 7. Therefore, the reflux condition was 
changed to retrieve all anisole together with methanol. 

15 The methanol recovered from the top contained 0.25 wt.% 
·of anisole and 0.63 wt.% of dimethyl oxalate. 

[Comparison Example 31 
The procedures of Example ·7 were repeated using a 

20 feed liquid containing 1,000 ppm of diphenyl ether, to 
produce diphenyl oxalate. 

In the recycling system using the abqve feed liquid, 
the amount of diphenyl .oxalate in the vapor {phenol/DMO) 
recovered from the top of MPO recovering column increased 

25 gradually to reach 2. 7 wt.% at a lapse bf 100 hours. The 
recycling system was fu,rther continued for 100 hours, and 
the content of diphenyl oxalate reached 5.4 wt.%. 

Irt the course of increasing the amount of diphenyl 
oxalate in the vapor, the reaction rate in the first 

30 reactive distillation column decreased. Further, the 
operating conditions varied not only in the first reac­
tive distillation column but also in the second reactive 
distillation column, the evaporator, and the ~ recover­
ing column. 

35 
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WHAT IS CI.AIMED IS: 
, 1111111111111 11111 1111111 1111 · 

* C L M S * 

1. A process for 'preparing polycarbonate which 
5 corrprises the steps of: 

subjecting a dialkyl oxalate and a phenolic corrpound 
to transesterification to give a diaryl oxalate; 

subjecting.the diaryl o:Xalate to decar:bonylation to 
give a diaryl carbonate; · 

10 reacting the diaryl carbonate with a polyvalent hy-
droxyl COIT!Pound in the presence of a catalyst containing 
an amine COtr!POund or an ammonium corrpound to give the 
polycarbonate, removing a mixture containing a phenolic 
by.:.product and an amine by-product; 

15 collecting the. mixture; 
purifying the mixture so that the amount of the 

amine by-product in the mixture is reduced to give a 
phenolic by-product mixture not containing the amine by- . 
. product in an amount of more thaii 600 ppm; 

20 and 

.utilizing thus purified phenolic by-product mixture 
as a whole or a part of the phenolic corrpound in the 
first step. 

25 2.. The process of claim 1, wherein the amine com-
pound or ammonium CO'IT!POund in the catalyst is in the.form 
of an N-alkylated or N-arylated corrpound. 

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

metal. 

4. The process of claim 1, wherein the amine by­
product has a boiling point lower than that of the pheno-

35 lie by-product. 
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5. The process of cl~im 1, wherein each of the 
phenolic compound and. the phenolic by-·product consists 
essentially of phenol. 

5 6. The process of claim 1, wherein the step of 
purifying the mixture is performed by distillation. 

7. The process of claim 1, wherein the step of 
purifying the mixture is performed in such manner that' 

10 the amount of the amine by-product in the mixture is 
r~duced to give a phenolic by-product mixture not con­
taining the amine by-product in an amount of more than 
100 ppm. 

15 8 . A process for preparing polycarbonate which . 
comprises the step~ of: 

subjecting a dialkyl Ox.a.late and a phenolic by-prod­
uct mixture not containing an amine by-product in an 
amount of more than 600.ppm to transesterification to 

·20 give a diaryl oxalate, said phenolic by-product mixture 
having been obtained by purifying a mixture containing a 
phenolic by-product and an arrtj.ne by-product which·was 
collected in a condensation polymerization reaction for 
preparing polycarbonate from a dialkyl oxalate and a 

25 phenolic cotppound; 
subjecting the diaryl oxalate to decarbonylation to 

give a diaryl carbonate; and 
reacting the diaryl carbonate with a polyvalent hy­

droxyl compound in the presehce of.a catalyst containing 
30 an amine compound or an anmonium compound to give the 

polycarbonate. 

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

35 in an amount of more than 100 ppm. 
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10. · A process for preparing polycarbonate which 
corrprises the steps of: 

subjecting a dialkyl Oxa.late and a phenolic compound 
to transesterification to give a d~aryl oxalate; 

5 subjecting the.diaryl oxalate to decarbonylation to 
· give a diaryl carbonate; 

reacting the diaryl carbonate with a polyvalent hy­
droxyl compound in the.presence of a catalyst containing 
an amine compound or an·arnmonium corrpound to give the 

10 polycarbonate, removing a mixture containing a phenolic 
by-product, an. amine by-product1 .and an ethereal by-prod­
uct; 

collecting the mixt':ll"e; 
purifyip.g the mixture so that the amounts of the 

15 amine by-product and ethereal by-product in the mixture 
are reduced to give a phenolic by-product mixture not 
containing the amine by-product in an amount of more than 

600 ppm and the ethereal by-product in an·amount of more 
than 600 ppm; . and 

20 utilizing thus purified phenolic by-product mixture 
as a whole or a part of the pheno~ic compound in the 
first step. 

11. The process of claim 10, wherein the· amine com-
25 pound or ammonium compound in the catalyst is in the fonn 

of an N~alkylated or N-arylated corrpound. 

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

30 metal. 

35 

13 . The process of. claim 10, Wherein the amine by­
product has a boiling point lower than that of the pheno­
lic by-product. 

·1 
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14. The process of claim 10, wherein each of the 
phenolic compoUnd and the phenolic by-product consists 

essentially of phenol. · 

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

16. The process of claim 10, wherein the step of 
purifyirig the mixture is performed in such manner that 

10 the alriount of the amine by-product in the mixture is 
reduced to give a pheµ.olic mixture not containing the 
amine by-product in an amount of more than 100 ppm. 

17. A process-for preparing polycarbonate which 
15 corrprises the steps of: 

subjecting a dialkyl oxalate and a :phenolic by-prod­
uct mixture riot containing each of an amine by-product 
arid an ethereal by-product in an amount .of more than 600 

ppm to transesterification to give a diaryl oxalate, said 
20 purified' phenolic by-product.having been obtained by 

purifying a mixture containing the phenolic by-product, 
the amine by-product and the ethereal by-product which 
was collected in a conderisatioh polymerization reaction 
for preparing polycarbonate; 

25 subjecting the diaryl oxalate to decarbonylation to 
give a diaryl carbonate; 

and 
reacting the diaryl carbonate with a polyvalent hy­

.droxyl compound in the presence of a catalyst containing 
30 an amine compound or an anmonium compound to give the 

polycarbonate. 

18 . The process of claim 17, wherein the purified 
phenolic by-product does not contain the amine by~product 

35 in an amount of more than 100 ppm. 

:I 


