1 DESCRI PTI ON PROCESS FOR PRCDUCI NG AROVATI C
“CARBONATE TECHNI CAL FI ELD The present invention
relates to a nethod for producing an aromatic
carbonate. More specifically, the present invention
relates to a nmethod capable of 5 producing a high
purity aromatic carbonate in stable nanner for a

| ong period, which conprb§§?bef9 ng to react a
starting material selected fromthe group consisting

of a di al krbcegsbenat erodICaNEY MROMAT ICAIRGEINAT@Nd a
m xture thereof and a reactant selected 10 fromthe

group consi sting of an aromati c nonohydroxy conpound,
an al kyl aryl carbonate and a m xture thereof in the
pr eBETHOEL QAL af' TRl - cont ai ni ng catal yst which has a
nmol ecul ar wei ght of 450 or nore and which is in the
formof |iquitherpxkssot vedvémt bohi geldtphase anmébhod for
the reaction system wth distilling off by-product
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consisting cf a dialkyl carbonate, an alkylaryl
carbonate and a mixture thereof and a reactant selected
10 from the group consisting of an aromatic monohydroxy
compound, an alkylaryl carbonate and a mixture thereof
in the presence of a metal-containing catalyst which
has a molecular weight of 450 or more and which is in
the form of liquid or dissoclved in a liquid phase in

15 the reaction system, with distilling off by-product
alcohol and/or by-product dialkyl carbonate to the

outside of the reaction system,

BACKGROUND ART

20 Aromatic carbonate is useful as a raw

material for producing aromatic polycarbonate which is
recently becoming more and more important as an

engineering plastic, without using poisonous phosgene,
or as a raw material for producing isocyanate without

25 using poisonous phosgene. Referring to the method of



~whi ch conprises subjecting dial kyl carbonate,

atkyl aryl = carbonate or a m xture thereof which is a
starting material and an aromati c nonohydr oxy
conmpound, an 5 al kylaryl carbonate or a m xture
thereof which is a reactant o an transesterification
to produce a corresponding aromatic carbonate or an
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ication are an equl I T brrum reaction,

angyite, tQdihe; £eacd eé@m{; ediatoi | ERFhomaead diRylaryl
| ow reaction rate, industrial production of aromatic

carpnaieathy dhi s methete haserdeewivesly dsfdisvhtting

Several approaches have been .proposed in order to
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- In a nethod for producing alkylaryl carbonate, diaryl
cartsardtantort @ an xiuarsestirrsbicaylen reaceredueet aveen
di al kyl carbonate and an 20 aromatic hydroxy conpound,
t hEFE18 ATHYL TRt A YR 5l Are TR mhleR oir a0 sieppatic
catal ysts: Lewi s acid such as transition netal halide
or9?%&9ﬂﬁﬁﬁuﬂ%ﬁﬁ%§?produces Lewi s aci d (Patent
Docunent 1, Iﬁ’_?t ent Doc nt Pat ent, Docunent . 3
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been very difficult. Several apprcaches have been
proposed in order to make this method improvements, and

15 most of them relate to catalysts for increasing the
reaction rate and a number of metal-containing
catalysts are known. In a method for producing
alkylaryl carbonate, diaryl carbonate or a mixture
thereof by a reaction between dialkyl carbonate and an

20 aromatic hydroxy compound, the following catalysts are
proposed as such catalysts: Lewis acid such as
transition metal halide or a compound which produces
Lewis acid (Patent Document 1, Patent Document 2,
Patent Document 3 (which is corresponding to Patent

25 Documents 4 to 6)), tin compounds such as organic tin
alkoxide and organic tin oxide {Patent Document 7
(which is corresponding to Patent Document B))}, Patent

Document 9, Patent Document 10 (which is corresponding



.correspondi ng to Patent Docunent 13), Patent Docunent
14, and Patent Docunent 15), salts and al koxi des of
al kali nmetal or alkaline earth netal (Patent Docunent
5 16), |ead conpounds (Patent Docunent 16), conpl exes
of netal such as copper, iron or zirconium (Patent
Docunent 17), titanates (Patent Docunent 18 which is
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of prloduci ng di aryl carbonate by di sproportionation
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Lewi s acid (Patent Docunment 24 which is 20

corfammmi ng' )t.o Rtamtebcfrre st 2Bogwdens) 18 gwhich is
pol ymeric tin conpound (Patent Docunent 27 which is
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In addition, in a method of producing diaryl

carbonate by disproportionation of diaryl carbonate and

15 diaryl carbonate by an transesterification between the
same kind of molecules of alkylaryl carbonate, the
following catalysts are proposed as such catalysts:
Lewis acid and a transition metal compound which can
produce Lewis acid (Patent Document 24 which is

20 corresponding to Patent Documents 25 and 26), a
polymeric tin compound (Patent Document 27 which is
corresponding to Patent Document 2B), a compound
represented by the formula R-X(=0)OH (in which X is
selected form Sn and Ti and R is selected from

25 monovalent hydrocarbon groups) (Patent Document 29
which is corresponding to Patent Document 30), a
mixture of Lewis acid and protonic acid (Patent

Document 31 which is corresponding to Patent Document



or zirconium conpound (Patent Docunent 34), a tin
-conpound (Patent Docunent 35) and a conpound of Sc,

Mo, WMh, Bi, Te (Patent Docunent 36). 5 On the other
hand, it is also attenpted to inprove the yield of
aromati c carbonate by shifting the equilibriumto the
product side as nuch .as possible by designing a
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Docunents 38 and 39, Patent Docunment 40) and a met hod

I n MM L bYEPr crledntebdhanednt S3genoved by adsorption

15 using nol ecul ar sieve (Patent Docunent 41 which is
fcorrespondi ngort aclRatettie DacameNt 1 82) s asibsPpraposedted to
Further, a nethod in which al cohol produced by the
abovyep e idred/ et téDreionai st i ¢detbndfe frpnshifting the
reacti on m xture using an apparatus having a 20

di $19uildith e dlunherieducppeidpars mick aeapedssibse by
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i ngldde @t hdhddht Document 37 and corresponding Patent
Pocuments 38 and 39, Patent Document 40) and a method
in which by-product methanol is removed by adsorption
15 using molecular sieve (Patent Document 41 which is
corresponding to Patent Document 42) are proposed.
Further, a method in which alcohol produced
by the above-mentioned reaction is distilled off from a
reaction mixture using an apparatus having a
20 distillation column on the upper part of a reactor is
also known (Examples of Patent Document 43 which is
corresponding to Patent Document 44, Examples of Patent
Document 45, Examples of Patent Document 46 and
corresponding Patent Document 47, Examplés of Patent
25 Document 48 which is corresponding Patent Document 49,
Examples of Patent Document 50 which is corresponding

Patent Document 51), Examples of Patent Documents 52,

53 and 54).



whi ch di al kyl carbonate and an aromati c hydr oxy
s conpound are continuously supplied to a nulti-stage
di stillation colum and continuously reacted in the 5
col um whil e continuously renoving produced | ow
boi ling point conponents ingluding al cohol by
distillation and extracting generated products
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col um ( Pat ent cunment 55 a method i n I ch
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mul ti-stage di'stillation columm and conti nuously
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boi I i ng poi nt conponents including dial kyl carbonate

by ddisdtiillllaatiicon carldimrexirdaciontg rgenesiat etk prtoslicis the
containing diaryl 15 carbonate fromthe bottom of the
5colagrimm@Pathenite cooduimertustl) .refivesiengrgt hodisced elehdooiling
first disclosures of efficient and continuous

pr Bedarti gwrgongndratinelushinsorfdieehad) iy aisohtiatuous and
producti on nethods have been thereafter filed, such
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including dialkyl carbonate by distillation and
extracting generated products containing diaryl
15 carbonate from the bottom of the column (Patent
Document 56). These methods are the first disclosures
of efficient and continuous production of aromatic
carbonate. Similar continuous production methods have
been thereafter filed, such as a method in which
20 materials are brought into contact in a column type
reactor to perform transesterification (Patent
Documents 57, 58 and 5%), a method in which a plurality
of reaction vessels are connected in series (Patent
Documents 60 and 61), a method in which a bubble column
25 reactor is used (Patent Document 62) and a method in
which a vertical reaction vessel is used (Patent

Document 63).

Regarding industrial production of aromatic



| ong-term operati on have al so been proposed. Patent
*Docunent 64 discloses a nethod in which aliphatic

al cohol is renmoved froma distillation colum
connected 5 to a reactor so that the concentration of
the aliphatic alcohol in the.reactor is 2% by wei ght
or |l ess upon production of a?onatlc carbonate from
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directed to avoid problens of precipitation of

cat@dyishent dheddésibsdatd onet 8O0 UIR. wiTlER NI i pRat est
Docunent 65 discloses a nethod which enables

| ongtd@tan si@btemoped aftan HydSsppressiong column connected
precipitation of catalyst by controlling the weight 15

Y atto afreactronsb i thabl yiy dcongenonpoion afidtbe aliphatic
residue thereof to 2 or less relative to the netal
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system contai ning the catalyst. On the other_ hand, the
(ﬁﬂ&ﬂ%@ﬂcﬁﬁﬂﬁi¢f14¥@@@t2@ @%%kﬁn%#ﬁs@é@@n¢%%lbxha¢@9b°nate
dissolved in a reaction mxture under reactjo

corﬁﬁq | Th< TR Hash P HRGACFOTBRI I et o 1 Rafescribed
o OB o CBPRTEY S TR LB P LR Lo S0
GO B R 4 Bl SR o B GTDHrem
roek FmRpeRlm s cETBISlEE e, sl iop, o
Cat&i]){ﬁﬁn WW&&H@EO%%@%&%@@ 65 @ideDhsds a method
boi I i ng poi nt conponent in that case, and deactlvated
which enables long-term stable operation by suppressing
v precipitation of catalyst by controlling the weight
15 ratio of an aromatic polyhydroxy compound and/cr a
residue thereof to 2 or less relative to the metal
component of the catalyst in a ligquid matter in the
system containing the catalyst.
On the other hand, the catalyst used in this
20 reaction system is usually dissolved in a reaction
mixture under reaction conditions, and has a higher
boiling point than aromatic carbonate. Therefore, to
obtain high purity aromatic carbonate from the reaction
mixture, low boiling point components are first removed
25 from the mixture and then diaryl carbonate of the high
beoiling point components is separated from the catalyst

so as to purify the diaryl carbonate. It is known that

the catalyst may be recovered and reused as a high



conponents may be renoved. Exanples of such nethod of

* separating catalyst are described in Patent Docunent
66. 5 Titani um conpounds are known to be an excellent
catal yst (e.g., Patent Docunents 67 and 68). However,
when titanium based catal ysts, for exanple, titanium
phenoxi de: Ti (OPh)4 or titani'um al koxide: Ti(OR4, is
used. there i.s.a _probl that .di_aryl__10 carpopate .
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phenoxi de typically used has a boiling point 15 of

abggt 250C at about 27 Pa (No patent Docunent 1),

they are also distilled off in a proportion
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of diaryl carbonate by distillation and therefore not
suékcelénhtycseparyatedef.gom Pla¢eprtodoctumeirst €& araks 68) .
20 described in Patent Docunent 70, degradation of
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because, since titanium butoxide: Ti(OBu), typically
used has a boiling point of 206°C at 1.3 KPa and
titanium phenoxide typically used has a boiling point
15 of about 250°C at about 27 Pa (No patent Document 1),
they are also distilled off in a proportion
corresponding to their vapor pressure upon separation
of diaryl carbonate by distillation and therefore not
sufficiently separated from the product. Further, as
20 described in Patent Document 70, degradation of
catalyst and deterioration of diaryl carbonate due to
high temperature in separation of titanium phenoxide
have been reported. Also, Patent Document 71 describes
a problem that when Ti(OPh),; is used and a mixture of
25 starting materials and a catalyst is supplied to a
continuous multi-stage distillation column to continue

the reacticon, the distillation column may be clogged.

Thus, the well-known titanium based catalysts have



_reaction conditions, separation of produced diaryl

carbonate is difficult, and the fraction at high
tenperature for a long period causes degradation of 5
catal yst, clogging of the distillation colum and
deterioration of diaryl carbgnate. [Patent Docunent 1]
JP- A-51- 105032 [Patent Docuftent 2] JP-A-56-123948
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DISCLCSURE QOF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

An object of the present invention is to



carbonate in which a catal yst can be easily separated
“wi thout the above-descri bed probl ens, when producing

an aronmatic carbonate by allowing to react a starting

5 material selected fromthe group consisting of a

di al kyl carbonate, an al kyl | carbonate and a

m xture thereof and a reactant selected fromthe
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an  al kylaryl carbonat r eof
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distilling off by-product al cohol and/or by-product

di alikypbutathenabevies deae rdilesi gaodfldnfts ne@ae! ipdbducing an
system 15 MEANS FOR SOLVI NG THE PLOBLEMS As a result

of arpmensicveasbutiaes bygndldioed gy td heguteserdtarting
inventors to solve the aforenenti oned problens, the
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by using a specific netal -containing 20 catal yst as a
cafapykylnwmanbpnedeci g ad kalematli carbansdsatdchy mixture
allowing to react a startln naterlal sel ected from
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present invention has been conpleted. Surprisingly,
th@ialkyl carbonate to the outside of the reaction

system.

15 MEANS FOR SOLVING THE PLOBLEMS
As a result of intensive studies conducted by

the present inventors to solve the aforementioned
problems, the inventors have found that the object can
be achieved by using a specific metal-containing

20 catalyst as a catalyst when producing an aromatic
carbonate by allowing to react a starting material
selected from the group consisting of a dialkyl
carbonate, an alkylaryl carbonate and a mixture thereof
with a reactant selected from the group consisting of

25 an aromatic monchydroxy compound, an alkylaryl
carbonate and a mixture thereof in the presence of a
metal-containing catalyst, with distilling off by-

product alcohol and/or by-product dialkyl carbonate to




. present invention can solve the probl em of

* conventional nethod that clogging and bl ocki ng of
distillation 5 colum frequently occur when reactants
and a catalyst are supplied to the mddle plate of
the distillation columm, and the present invention
al so nmakes it easier to seg ate produced di aryl

ﬁ?%lﬁé’%?siéé’%?t ﬁﬁ% Orgggg%ﬁ ”E?s@@x&hf %ﬂat %gga%gggﬁﬁ

_ purity diary onate’in _
M %ok 0f 1 Gn "L 8l LEOAPOYRG e del ! vedutpeisangalal YL 1S
extrenely small. Accordingly, the present "I nvention

| passed®l 1¥ent {dl Aaneibodef Ohe PpREULERJCBNCOHOERLEENal
15 carbonate, which conprises allowing to react a

Stresttha) theet et ledgbed esh@dbisorihfeogr aipt 0Dat $bhng
of a dialkyl carbonate represented by the foll ow ng

S f araiuiren  {dgquemt By kgt any| whan boeat eanepr esénbedabylyst
the following formula (2) and a m xture thereof with
a 2k rerpbird st ethedniddhe thbage oop thasdisthylatian
aromat i ¢ nonohydroxy conpound represented by the .
f 1 Bhy 3o nthe PBIsenp hpkshei9r ahpponakes it easier
rﬁg;esented by the follow ng formnula §4) and a m xture
t
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Accordingly, the present invention is as
follows.
[1] A method for preducing an arcmatic
15 carbonate, which comprises allowing to react a starting
material selected from the group consisting of a
dialkyl carbonate represented by the following formula
(1), an alkylaryl carbonate represented by the
following formula (2} and a mixture thereof with a
20 reactant selected from the group consisting of an
aromatic monohydroxy compound represented by the
following formula (3), an alkylaryl carbonate
represented by the following formula (4) and a mixture
therecof in the presence of a metal-containing catalyst,
25 with distilling off by-product alcohols and/or by-
product dialkyl carbonates to the outside of the

reaction system, thereby producing an arocmatic

carbonate represented by the following formula (5)



contai ni ng catal yst has a nol ecul ar wei ght of 450 or
‘nmore and is dissolved in a liquid phase in the

reaction 5 systemor present in the formof |iquid
during the reaction, R'-' OYO\~- RL O (1) R2/0 J(

Ate 0 (2) Art OH (3) RS '~'§NON~-Ar3 O (4

(wherein R, R2 and R3 in th& formulas (1) to (4)

I ndgpe LKyl 0 j 0+10
R A R G R L o Gt P

10 ALY Rt &F Bd KYAn@ 0@ PEYEPEN S, 1PhdPe AT BRE metal-
atons, 14 "and Arl, Ar 2 and Ar 3 independently

I epraseiiniay ARl ySt PEOUP MelVédglHr t we B§h€asbons0 or
atons), and OO~ RY A O (5 A mOYOY%Ar O (6)
more and is dissolved in a liquid phase in the reaction

5 system or present in the form of liquid during the

reaction,

R1//O\\H/JD\\R1
0O

(1)

O 0
R2” \\”// S
0

(2)

Ar'OH

{3)

O ')
0O

(4)

(wherein R!, R? and R’ in the formulas (1) to (4)
independently represent an alkyl group having 1 to 10
carbon atoms, an alicyclic group having 3 to 10 carbon

10 atoms or an aralkyl group having 6 to 10 carbon atoms,



(wherein Rand Ar in the formulas (5) and (6) are each
selected fromRl, R2, R3, Arl, Ar2 and Ar3 of the 5
corresponding starting material and reactant). [2] The
nmet hod according to [1], wherein the netal-containing
catalyst is a nol ecul ar MEIquhOf 480 or nDre [ 3]
The met hod according to [1] erein the

el 3 - £ont ?u{" %ﬁdcﬂa' i’ﬁ&e%én&eﬁ’ci ”k&%?%&g' Qi’lngrOﬁlath

conpound net hod cording to

?ﬁﬁﬁ RSP G 509 §@”@9§BQn'§téﬁs$rg§HaC
ytitanoxane conposition. 15 [5 he met hod

accordlng to [4], wherein the organic polytitanoxane
conposition contains at |east one al koxy group and/or
aryl oxy group as an organi grogp. 15 [6] The nethod
according to [4], wherejpr” ganig pol ytitanoxane
conmposition is obtained by a ||pol ycondensati on
reaction of at |east one raw ppterial selected from
the group consisting of 5 tetraal koxytitani um

tetrahal otitanium (Ti X4: X belng sel ected fromd and
Br) and titanium hydroxide. [(?) The method according
to [6], wherein the organic polytitanoxane
conposition is obtained by ~sequentially or

si mul t aneously perform ?\ ps 10 of: 1)
preparing a partially hydrol yZed product by partially
hydrol yzi ng tetraal koxytitani and

(6)

(wherein R and Ar in the formulas (5) and (6) are each
selected from R', R* R®, Ar', Ar? and Ar® of the
corresponding starting material and reactant).

[2] The method according to [1l}, wherein the
metal-containing catalyst is a molecular weight of 480
or more.

[3] The method according to (1], wherein the
metal-containing catalyst is a titanium containing
compound.

{4] The method according to {3], wherein the
titanium containing compound is an organic
polytitanoxane composition.

[5] The method according to [4], wherein the
organic polytitanoxane composition contains at least
one alkoxy group and/or aryloxy group as an organic

group.



-2) distilling off a generated |ow boiling point
“conponent including alcohol fromthe partially 15

hydrol yzed product and subjecting the product to

pol ycondensation. [8] The nmethod according to [6],
‘Wwherein the organic polytitggoxane conposition is
obt ai ned by subjecting tetraal koxytitaniumto

heating, 20 degfhewd fhcatd@nadPdraphycendensat |RBrelifl the
The nmet hod according to [6], wherein"the organic

POl ¥t g 4 RO XEH By EDIROS KA O Necbifp &L @i $8di ®Yobtained by a
sequentially or sinmultaneously performng the three

st gpsl pfon@ndat prrepesadigi en paf taal lyadydone yzed material
product by partially hydrolyzing tetrahal otitani um

2) shltdtdd njroh ftlee | guoloi ¢omgi poimg oLonmponent from
the partially hydrolyzed product and 16 subjecting

1 h prrideo % ot P vicond st donl et 3 ivmatTihg théeing
resultant with al cohol renmovi ng HX t herefrom and

al IGBAAGHTH L 1o Ghrand [BY] and Hetaiun ey aeride o

any one of [4 5 to [9], wherein, the polytitanoxane
conposition i b sty ‘La%ék?%d cﬁ'c%ﬁ-‘f%\'n%l%xt//eb'r offerein the

exchange. by ctin osition wt

th ,
xS O At FORRS ST h st Sl (o

carbehi e L R RO pe iR A jeyg steps

1anysane of [4] to [10], wherein the titanium
cont ai ni ng conmpound contains at least two Ti atons in

one nol ecul e.]) preparing a partially hydrolyzed product
by partially hydrolyzing tetraalkoxytitanium and
2) distilling off a generated low boiling
point component including alcohol from the partially
15 hydrelyzed product and subjecting the product to
polycondensation.

[8] The method according to [6], wherein the
organic polytitanoxane composition is obtained by
subjecting tetraalkoxytitanium to heating,

20 deetherification and polycondensation.

[9] The method according to (6], wherein the
organic polytitanoxane composition is obtained by
sequentially or simultaneously performing the three
steps of:

25 l) preparing a partially hydrolyzed préduct
by partially hydrolyzing tetrahalotitanium,

2) distilling off a low beoiling point

component from the partially hydrolyzed product and
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[12] The nethod according to [11], wherein the
titanium containing conpound contains 2 to 6 Ti 15
atons in one nolecule. [13] The nethod according to
[11], wherein the titanium containing conmpound
contains at |east one Ti-CﬁEi bond in a nol ecul e.
[14] The nethod according to (1], wherein the 20

- i nd 230C
ggé@oj Lot g SAL@L é%@%ﬁﬁ#éﬁ&én@é@féfi@n&t

Pa or” | ower. (15 od according to any

one of [1] 3o fdddtinhesed nrédelaBhel vLORt 31 BbRG],
catalyst is used in a proportion of 0.0001 to 30% by

Wert et v 1P 6 Ofhd hef 25m t @l a Web gl a©ind hehst aahé ng
material and the reactant. [16] The method accordi ng
to any one ofl(1]The ang¢tlindd adesedindgheo aimyadne of [4]
hydr oxy conpound is phenol. 17 [17] Di phenyl

cdrcholfilt e wrexkicedi iy pdky et ek ane oraipgsivifrnels used
containing 1 ppmor less of a netal conponent derived

f regm itshe0 fivet Tl e 1o gk I Y rigro vt ¥ yRangs pygreacting the
Pol ycar bonate conpri sing the di phenyl carbonate
PIGIRRASTHE Pt HEL et FEPERDE | §Fy SN FABILNE ot al PR Ay Ane
ppm or | ess of a netal conponent derived ,fromthe

mAFR oSSR AT y3tC AT PREN G pAERYY

CaCtO%l Sisy hanvae claOrbeXA:JJ_e(I: Iaenltci cgst, ac_lnyti c action including
a go 0 reaction fate an&:seled%lvity as descri bed

above, it wag  dififd Gllind® SERHRM Gy SUE A LS WE [4]
catal yst or a
to [10], wherein the titanium containing compound
contains at least two Ti atoms in one molecule.

{12] The method according to [11l], wherein
the titanium containing compound contains 2 to 6 Ti
atoms in one molecule. |

[13] The method according to [11l], wherein
the titanium containing compound contains at least one
Ti-O~-Ti bond in a molecule.

[14] The method according to [1l], wherein the
metal-containing catalyst has a vapor pressure at 230°C
of 10 Pa or lower.

[15] The method according to any one of [1]
to [14], wherein the metal-containing catalyst is used
in a proportion of 0.0001 to 30% by weight based on the
total weight of the starting material and the reactant.

[16] The method according to any one of [1]

to [15], wherein the aromatic hydroxy compound is

phenol.



ti-tani um cont ai ni ng conpound derived fromthe titani um
“catal yst from produced diaryl carbonate in the
reaction 15 mxture after the reaction and to obtain

di aryl carbonate whose titaniumcontent is small. A
novel finding that use of a;gpecific titanium
catalyst facilitates separafion has nade it possible

for the first11]neipRedPt abargbrayt SA68QPaEEHYNERE
titanium 20 content is small w thout difficulty.

Acapstth oty d®cd iy esent 16 nvenit &1n ify al yppmcarbdasseot a
whose titaniumcontent is small can be easily

pr ankutcell adrighand n i adst Trge g r Hibdre nshs uedt ak-cohbaingngdue

to titanium 25 In the follow ng, the present

i neattalystis  described in detail. The dial kyl

carbonate used in the present invention is .

Y epresent ed bil&hePdbygarlzonate agnpRiz@-Heipagnyl
wherein RL represents an al kyl group having 1 to

carGP A, PERAUFELIRY i ey retiph oGy figo 3189 moci?é&n

o L A LU D e R H e

i nclude di met hyl. carbonate, diethyl carbonate,

di p%r%cﬁ'/lt eaf%%‘fyw?alt'éc‘i%% TEEer3-3 et eof ), di but enyl

TR o e e

10 SUESS L 1dlerepfdny i haxv i SR POPRI @i A@NS §SO8BESaction
thereof), 10 di heptyl carbonate (and iSoners thereof),

di agdpdd and selectivity as described above, it was
difficult to separate such titanium catalyst or a
titanium containing compound derived from the titanium
catalyst from produced diaryl carbonate in the reaction

15 mixture after the reaction and to obtain diaryl
carbonate whose titanium content is small. A novel
finding that use of a specific titanium catalyst
facilitates separation has made it possible for the
first time to obtain diaryl carbonate whose titanium

20 content is small without difficulty.

According to the present invention, diaryl
carbonate whose titanium content is small can be easily
produced without causing problems such as coloring due
to titanium.

25 In the following, the present invention is

described in detail. The dialkyl carbonate used in the

present invention is represented by the formula (1}):



carbonate (and isoners thereof), dinonyl carbonate

5
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(and isoners thereof), didecyl carbonate (and isoners
thereof), dicyclopentyl carbonate, dicycl ohexyl
carbonat e, dicycl oheptyl carbonate, dibenzyl

carbonate, 15 di phenetyl caﬁgpnate (and isomers
thereof), di (phenyl propyl) "carbonate (and isoners
thereof), di(phenyl butyl) carbonate (and isoners
thereof), di(chl orobenzyl) carbonate (and isoners

t hereof), di (nmethoxybenzylg_ carlgpnate (and isoners
thereof), 20 di (nethoxy hy car at e,

di (net hoxyet hyl) carbonate (ghd isoners thereof),

di (chl oroethyl) carbonate (an i somers thereof) and
di (cyanoet hyl ) carbonate (and 19 isoners thereof). O
t hese di al kyl carbonates, those in which Rl contains
an al kyl group having 1 to 6 (darbon atons are
preferably used in the present invention. RL is nore
preferably an n-butyl group, an isobutyl group 5 and

an al ky] qgroup having 5 or 6 carbon atons, and
di‘HPWl%gﬁ' bdfr%&r@%%%t%iam i kYl i9reHP g imghchée 10
el S LD SR U0 1 o
LT WK el ) S P dtoqp atons.
he br esent T RUBAToN | 511 CHRLE T ed B The. 1ot T 28

(Bucha~ ihAude dAméthyd) cavrRiRite Raimhhe dhe sk,
as or different from Rl and
dipropyl carbonate (and isomers thereof), dibutenyl
carbonate (and isomers thereof), dibutyl carbonate (and
isomers thereof), dipentyl carbonate (and isomers
thereof), dihexyl carbonate (and iscomers thereof),
diheptyl carbonate (and isomers thereof), dioctyl
carbonate (and isomers thereof), dinonyl carbonate (and
isomers thereof), didecyl carbonate {(and isomers
thereof), dicyclopentyl carbonate, dicyclchexyl
carbonate, dicycloheptyl carbonate, dibenzyl carbonate,
diphenetyl carbonate (and isomers thereof},
di (phenylpropyl} carbonate (and isomers thereof},
di (phenylbutyl) carbonate (and isomers thereof),
di (chlorobenzyl) carbonate (and isomers thereof),
di (methoxybenzyl) carbonate (and isomers thereof),
di (methoxymethyl) carbonate, di(methoxyethyl) carbonate

(and isomers thereof), di{(chloroethyl) carbonate (and

isomers thereof) and di(cyanoethyl) carbonate (and



- 15 represents an al kyl group having 1 to 10 carbon
- atons, an alicyclic group having 3 to 10 carbon atons

or an aral kyl group having 6 to 10 carbon atons, and

Ar 2 represents an aromatic group having 5 to 30

carbon atonms. 20 Exanpl es q% such R2 are groups

listed above as Rl. Exanpl é&s of Ar 2 include phenyl,

to j ther a i
ié/émﬁs’r]d%ﬁ%ﬁﬁ HETERbie aygxhyi BYrb8AABES, those

t hereo enyls groups such”as trinethyl phenyl
(and JispaRre theieoins A0 aligfr afeddy lidhenyvd {agl 6 carbon
i soners thereof), ethylphenyl” (‘and i soners thereof),
propyhphery | pfepgralspyensedt Der ené) proseyt phaoghtfand R!

i sonmers thereof), diethylphenyl (and isomners

t hies andpe et Pytah hyl ghenybubylagtdousprmensisbbnegl) group
pentyl phenyl (and isoners thereof), hexyl phenyl (and

51 somran takkebfJramp haythohexyt phengkbéandtbmaneasnd

thereof); al koxyphenyl groups such as met hoxyphenyl

( el i epherarhorreof fontat hbrg phehynepandri boaprhed alkyl
t hereof ) and but hoxyphenyl 10 (and isoners thereof);

had BRjEh ak e Wbk h g r eupRer uekomadt  Fier 8pResy F1PEnat

i somers thereof),  chl orophenyl and j soners thereof),
SRR TSI StarEoThat sofy). 18 Prafesfed!

A G Pt Care e Re oS HEREeY ) Cefhepe Pl and pie

pheny. P by the follow ng formula
10 (752:1 ét(‘% av%léfe(%%ég\&rrlgg?ésents a bond, a dival ent

15

20

group such aghe -ricy12ryl -EFbOhatS02sed ds ahK¥L8PRing
group or a su stltutedyalkylene group represented by

t i Oh LM 1Y the present invention is represented by the

@) Q
R2/’ \:E/’ \ﬁwg
{2)

formula (2):

wherein R® may be the same as or different from R} and
represents an alkyl group having 1 to 10 carbon atoms,
an alicyclic group having 3 to 10 carbon atoms or an
aralkyl group having 6 to 10 carbon atoms, and Ar?
represents an aromatic group having 5 to 30 carbon
atoms.

Examples of such R? are groups listed above as
R'. Examples of Ar? include phenyl, tolyl (and isomers
thereof), xylyl (and isomers thereof}, alkylphenyls

groups such as trimethylphenyl (and isomers thereof),



. (8) or a cycloal kyl ene group represented by the 20
~followng (9), and an aromatic ring nay be substituted

by a | ower al kyl group, a | ower al koxy group, an ester
group, a hydroxy group, a nitro group, a hal ogen or a
cyano group), 21 R4 R4 R6 R5 R7 (8) wherein R4,

R5, R6 and R7 are each independently a hydrogen atom

a k@ﬂ@éméthyhpaéaym (anenggab%ﬁltaégﬁaf% a%t%@ﬂbhenyl
group or an” aral group, which optionally

subshit Ut ede by @hB@b@@?n @E@ﬁ&@bh@ﬁy@'&ﬁﬁﬂ igaeRs and
HA (9) (wherein k is an integer of 3 to 11 and a
hythegeaf pf obut gphphbayiuhahtt dkemeby @hleewerf)al kyl

group, an aryl group or a hal ogen aton); 10 napht hyl
(atiletphphsnyherenfl) isembsti theedofaphimeyhylethyiphenyl
such as net hyl napht hyl (and isoners thereof),

> di heedyl aaparaytheandii somensyibbeoyt) (aokl dsomepist hyl

10

15

20

(and isoners thereof), methoxynaphthyl (and isoners
t Heh@BeGL hndheyubBREpHLhyRfaREOTSEfeEBEREOES0RNT and
15 su stltuied or unsu stituted heteroaronatlc gr oups

SUTHC %Eeby PRPRE: (éﬁﬂ |§EH@?§StHB?€GPf / cahEPyYPhgRY L

i soners

LTRSS U 88 Lna bR iukent folabt) TobReb o hRrRoL)

(aggh$§§8§é§ygz(and isomers thereof) and buthoxyphenyl
(and isomers thereof); halogenated phenyl groups such
as fluorophenyl (and isomers thereof), chlorophenyl
{(and isomers thereof), bromophenyl (and isomers
thereof), chloro(methyl)phenyl (and isomers thereof)
and dichlorophenyl (and isomers thereof); substituted

phenyl groups represented by the following formula (7):

O—&x

(7)

(wherein A represents a bond, a divalent group such as
~0-, =-8-, -CO~ or -80;-, an alkylene group or a
substituted alkylene group represented by the following
(8) or a cycleocalkylene group represented by the
following (9), and an aromatic ring may be substituted
by a lower alkyl group, a lower alkoxy group, an ester
group, a hydroxy group, a nitro group, a halogen or a

cyano group),



thereof), nethylcumaryl (and isoners thereof) and
“met hyl qui nolyl (and isoners thereof). Exanples of

al kyl aryl carbonates containing such R2 and Ar 2

i ncl ude net hyl phenyl carbonate, ethyl 5 phenyl

car bonate, propyl phenyl cargqnate (and isomers
thereof), allyl phenyl carbofnate, butyl phenyl
carbonate (and isoners thereof), pentyl phenyl
carbonate (and isoners ghereof), hexgé¢ phRényl
carbonate (and isoners|thereof), hegtyl |phenyl
carbonate (and 10 i her eof yl
carbonate (and isoners | thereof), nonyl ({ethyl phenyl)
carbonate (and isoners g hereof), degﬁl but yl phenyl)
carbonate (and isoners thereof), nethyl tolyl
carbonate (and isoners thereof), ethyl tolyl
carbonate (and isoners thereof(B) propyl 15 tolyl
carbonate (and isoners thereof), butyl tolyl
carbonate (and isoners thereof), allyl tolyl carbonate
(and isoners, thereof), thyl xylyl carbonate (and

i SO thet eof) 7 Ret Rt anfetadAhndidapendgiHonat®

s p A L SR R
Codiain 4 SO SRR Aol Which may . be

tW I | h f t
e, BN ROE LY & TG EET oA, plkony

(Pyrdhd, &af bonate (and 25 isomers thereof), ethyl
cunyl carbonate (and isonmers thereof), nethyl
(benzoyl phenyl) carbonate (and isoners thereof),

et hyl xylyl carbonate (@and_i-sone t hereof) and
benzyl xylyl carbonate. (CHa)

~

(9)

{wherein k is an integer of 3 to 11 and a hydrogen atom
may be substituted by a lower alkyl group, an aryl
group or a halogen atom);

10 naphthyl {and isomers thereof), substituted naphthyl
groups such as methylnaphthyl (and isomers thereof),
dimethylnaphthyl (and isomers thereof), chloronaphthyl
{and isomers thereof), methoxynaphthyl (and isomers
thereof) and cyanonaphthyl (and isomers thereof); and
15 substituted or unsubstituted hetercaromatic groups such
as pyridine (and isomers thereof), cumaryl (and isomers
therecf), quinolyl (and isomers therecf), methylpyridyl

(and isomers thereof), chloropyridyl (and isomers



‘O these al kylaryl carbonates, those in which R2 is an
“al'kyl group having 1 to 6 carbon atons, and nore
preferably RL is n-butyl, isobutyl or an al kyl group
having 5 to 6 carbon atonms and Ar 2 is an aromatic 5
group having 6 to 10 carbon ons are nore preferably
used. Particularly preferred are butyl phenyl

cardypnad of )andmé@hﬂmrh@flwl zaﬁaenybmgeg beRat o £ Thend

startlng materi al” used in the pr esent invention is

selaoliof UM IYE 0504Pi S6RSESt tRErebrp. dial kyl 10
carbonate represented by the above-described formul a

(1), an al kylExamhpTas bohas Bkyepresentedohytébecbnt aithang
(2) and a n1xture t hereof. The aromati c nonohydr oxy
conpormRused dx’aincéadeanethylt bhepyds eatrbiomadst,i ethyl
is represented by the 15 followng fornula (3), and
anyegnpburarbene e, useeprs Phemgl a@aab@ydt@xyangrbapmers
is directly bonded to the aromati c grou Ar 1CH

| n thr 9okl 3l 1 | PRy beca Heorake, al@,ugyl dpheevént
fromAr 2 and represents an aromatic group 20 haying 5

t 0 FFRAGh & %&%ﬁ%l%%e%?nghchP%$FygrB CEK se

B, ol B BT SR Rhe ! HBHAE BRBRIYOC8onare
T U o] Rl AT Py IEREL) o
1c( ag?sedgf%’ﬂ? éﬁ%@%@)"f Joct$ FLEETFE hé’ém&'?é’{e ( @Qﬁd' $OBRESs
thereof), nonyl (ethylphenyl) carbonate (and isomers
thereof), decyl (butylphenyl) carbonate (and isomers
thereof), methyl tolyl carbonate (and isomers thereof),
ethyl tolyl carbonate (and isomers thereof), propyl
15 tolyl carbonate (and iscomers thereof), butyl tolyl
carbonate (and isomers thereof), allyl tolyl carbonate
(and isomers thereof), methyl xylyl carbonate (and
isomers thereof), methyl (trimethylphenyl) carbonate
(and isomers thereof), methyl (chlorophenyl) carbonate
20 {and isomers thereof), methyl (nitrophenyl) carbonate
{and isomers thereof), methyl (methoxyphenyl) carbonate
(and isomers thereof), methyl cumyl carbonate (and
isomers thereof), methyl (naphthyl) carbonate (and
isomers thereof), methyl (pyridyl) carbonate (and
25 isomers thereof), ethyl cumyl carbonate (and isomers
thereof), methyl (benzoyl phenyl) carbonate (and

isomers therecf), ethyl xylyl carbonate (and isomers

thereof) and benzyl xylyl carbonate.



(and isonmers thereof), propyl phenol (and isoners

" thereof), butyl phenol (and isoners thereof), 5

di et hyl phenol (and isonmers thereof), methylethyl pheno
(and isomers thereof), nethyl propyl phenol (and isoners

t hereof ), dipropyl phenol (a i soners thereof),

nmet hyl but yl phenol (and isonmers thereof), pentyl pheno
(and 'Soneraofh@ﬁ@@é)alQﬁ%ik?D689kb&ﬁ99eéSoﬂﬁbéelgn which
t hereof) and cycl ohexyl pheno and i soners thereof);

al Ko ¥phen el Suet Ap nﬁﬂm@/mhecrwls (GH¥Ebdrs YiBs, and

t hereof) and et hoxyphenol (and isoners thereof);

sulsiteé tpitefl pdiehp| B riepreserted biysdhe foroml@n (ARy1
aA-&H (10) (wherein Ais a group as defined above);

15y maghtiwtigant teofrecarhdmr 2odhs aadd shbStig Hredaromatic
napht hol s; and nonohydroxy heteroaromati c conpounds

SR s hwdirrw(y@yw dt hecdxpen | opms sarhenent) preferably
hydroxycounarln (and isoners thereof) and

hytesky qui et § Giel 9k Peofersed naFeoputybrpherkd 20
acﬁ%&”’ Rt W X{gﬁ&gm@gﬁ ShoRaRA e 6 Tas)
RO, CRAAL ol S cha rRTRr | SUPRB iPPels
Trkeelaéc%‘tyéc?‘ré’é r‘m‘atrlpeongﬁ!&; S&Sjn e%%&?‘%ﬁ Qlk%be

presen |nven IoNn 1S represen

10 T UM GhdAD) - r et By Rhe above-described formula
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(1), an alkylaryl carbonate represented by the formula
(2} and a mixture thereof.

The aromatic monchydroxy compound used as a
reactant in the present invention is represented by the
following formula (3), and any compound may be used as
long as a hydroxyl group is directly bonded to the

aromatic group.

Ar'OH

(3)

In the formula, Ar' may be the same as or
different from Ar?’ and represents an aromatic group
having 5 to 30 carbon atoms. Examples of such Ar' are
those listed above as Ar°.

Examples of aromatic monohydroxy compounds
having such Ar' include phenol, alkylphenols such as

cresol (and isomers thereof), xylenol (and isomers




(4) 51n the fornula, R3 may be the sanme as or
‘different fromRL and R2, and represents an al kyl
group having 1 to 10 carbon atons, an alicyclic group
having 3 to 10 carbon atons or an aral kyl group
having 6 to 10 carbon atons,,and Ar 3 nay be the sane
as or different 10 from Arl and Are, and represents an

ar ofRé & Eo Bf OUPr i MaVh PPpRe£81 30akar POBmeL 9 MBhe EXBEP!, €5
of such R3 are groups |listed above as Rl, and

exappt esm@fh NI phefiel t 1988 ibbméed eheveoas, AetBylphenol
Exanpl es of al kylaryl carbonates containing 15 such

R3 fatd Al sorases ttloseedf 51 epirappyghasol n(adhe iscnuka

(2). O these alkylaryl carbonates, those whose R3 has

an EhémoHr ouputplpmendl t fatd chstroarat teraofl) Ar 3 is

an aromatic group having 6 to 10 carbon atons are

pr gty ipherel Rnd sisenerpreferadfly, anebhpleyhylphenol

gro§§ihan isobuﬂég qéggg or €.Iinearmﬁé@bragc?edga[kyl

gro VTP IS t B 0 QT YR F PP PP hel@BEpdACIIELS

at om at tPe a.fositi%§qof oxrgen | S seconqgry car bon

(- @Fﬁfb -?9 Pard EZ:‘ERI%\Y% b?f?%’jfe ﬁ“ﬁ% JaT%m%EyT- ?ﬁ%ﬂ%r 26

car a n - ethy] buty enyl. car ate.
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carbonat'e m xture, which conprises allowing to react a
thereof) and ethoxyphenol (and isomers thereof):;

substituted phenols represented by the formula (10):

(10)

(wherein A is a group as defined above);

15 naphthol {and isomers thereof) and substituted
naphthols; and monohydroxy heterocaromatic compounds
such as hydroxypyridine {(and iscomers thereof),
hydroxycoumarin (and isomers therecf) and
hydroxyquinoline (and isomers thereof). Of these

20 aromatic mono hydroxy compounds, aromatic mono hydroxy
compounds whose Ar! is an aromatic group having 6 to 10

carbon atoms are preferred in the present invention,



- starting material and a reactant in the presence of a
10 netal -containing catal yst typically involves the

10

15

20

reactions of the fornmulas (E1), (E2), (E3) and (E4).

RIOCIORL + Ar'OH R1IGi Ar' + RIOH (E1l) O R2000Arz +
Ar10H Ar1011 QArz + RZOH (E2), A O (E3) RIOCORL + R30
Il Ara ROIl Ara + ROl 0000 RzOCOAr2 + R30

||aﬁﬁaphenolA&ggEBEEicE?EQBXEEgkfegEQHT O (In the

fornul as, Ri, and Ara are as

defined abovehei B1kPeak9actheBohatBULBelE4)l, aAreactant in
i ndependently represents Ar 2 or Ara and R

i ntlepepdenthy ihbenepoasent gepBZeeenB3d WhehhB2EB3 1andng
Are=Ar3 in the reaction formula (E4), the reaction is
anfotrmahgesterificati on between the sane kind of

nol ecul es, 27 which nmay al so be generally referred to
as a disproportionation reaction.) Wen carrying out

reactions of the fornulas _QEl ), dE2), (E3) and (E4)
according to the met hod R3F™ E;rﬁé\ﬁﬂé%ent i nvention,
one or at |east two dialkyl cdfbonates and al kyl aryl
carbonates may be used as stdfting materials.
Further, one or at |east two romati ¢ nonohydr oxy

conmpounds and al kyl aryl carbondtes may be used as
react ants.

In the formula, R® may be the same as or
different from R' and R?, and represents an alkyl group
having 1 to 10 carbon atoms, an alicyclic group having
3 to 10 carbon atoms or an aralkyl group having 6 to 10
carbon atoms, and Ar® may be the same as or different
from Ar' and Ar?, and represents an aromatic group
having 5 to 30 carbon atoms. Examples of such R® are
groups listed above as R!', and examples of Ar® are those
listed above as Ar?.

Examples of alkylaryl carbonates containing
such R’ and Ar® are those listed above as in the formula
(2). Of these alkylaryl carbonates, those whose R’ has
an alkyl group having 1 to 6 carbon atoms and Ar® is an
aromatic group having 6 to 10 carbon atoms are
preferably used. R® is more preferably an n-butyl
group, an isobutyl group or a linear or branched alkyl
group having 5 to 6 carbon atoms in which the carbon
atom at the a position of oxygen is secondary carbon (-

CHz-). Particularly preferred are butyl phenyl



10 A case in which R2=R3=R and Are=Ara=Ar in the

- transesterification represented by the reaction

10

15

formula (E4) is preferred because diaryl carbonate
and di al kyl carbonate are obtained by an
transesterification of the 2 ame ki nd of nol ecul es of
one al kyl aryl carbonate. urther, when R =R2=R3=R

and, Agd ﬁ@ M@= @% é{hﬁ\&ut%g gﬁsﬁg y;O&gyﬁeﬁ?E@) and

(E4), carbonate 1Is rom di

carbonate a%@&@a@@a«m Co £ MPRO Y AL 9yt CPH*PQHBgon is
t hrough al kyl aryl carbonate as ‘described in the

f ald lewt g reast | e fProu asof £b3t 2P 4ECGirb¥atic
conmbi ning the reaction represented by the reaction
f orondraydid 3y asshpdiend et eserniepd dsentied dyrmbibe (3), an
reaction formula (E4), and this is a particularly
praélﬂwlrae:dﬂerrtmcnmtte ofepihesenesdity i fvenfoomulf28(4P2 and
ROCOR + 2 ArOH .~ 2 ROCOAr i Ar + 2 ROH (E5) | 0 0 2
RECOHX tANE |t(baare|om ' (Eshhodd & SR rpe3gky| invention
car bonat e produced as a by product in the reaction
r e SHRBE T tafe %réfﬁ%%t"f% CHRIRALE (T6)a) AFBRHC as
ara naterlal of t he action re rese ted by the
é:&‘vt‘\% B % r“‘rﬁﬁ H&z5)Wh l1" Cfﬁi‘i‘l%“o? j;ﬁPW%‘é? bonat@act a

2.0l es allphatdaae al cohol are roduced from
t

ﬁartfl“cﬁért i CoH S o s %e%?%%%t?

for rru C?%a%qﬁﬁ%ta!l@ssér@ﬁb%vﬁg ut y? rgaction

| SRR A %@'f&i‘mﬁﬁc B0 hawg, 5 (B9 Garkdr hody |

atons and Ar by-pro

R'OCOAr

1 1
R oﬁOR + AllOH T———= i + R'OH E1)
o
2 1
R OC|0Ar2 + AlOH —— Ar O(I'T‘OAr2 + R2OH (E2)
s)

R'OCOR' , R%0COAP ———» R'0COA® | R'OCOR?
I | I €3)

0

R?0COA” , RPOCOA® ———  ArOCOAr , ROCOR

™ S

(In the formulas, R!, R?, R3 Ar', Ar? and Ar®
are as defined above; in the reaction formula (E4), Ar
independently reﬁresents Ar? or Ar® and R independently
represents R®> or R’; when R*<R’® and Ar’=Ar® in the
reaction formula (E4), the reaction is an

transesterification between the same kind of molecules,



al cohol has the | owest boiling point in the reaction
“system and forns no azeotrope with dial kyl carbonate
which is a reactant. This case is particularly

advant ageous because the reaction proceeds efficiently
15 and easily produces dipheaﬁl carbonate which is an
i nportant raw material of polycarbonate and

| SOpY ARt Ray Jrgon@éa&éﬁ@%ﬁw!ggfgfq:éhyés ysed in the

present invention neahs a specific netal-contal ning

cat@d yistopbi €fohaci bht AL st 1 8, af orenenti oned
reactions 20 of the reaction fornulas (El) to (E4),

has a nol eculwiienetght y Diig 4650t Ofe 8Bt €on8D6E Phef epaRhiYas
a nol ecular weight of 480 or nore, and is in the form
of (Elgui d(EZundeE3 )t hendbome) descsrdety reacthemmethod of
conditions) or 29 dissolved in the Iiquid phase of

T hehreaurespnisysteentidhe ome abx cont beasngteat di gdkyls
preferably a titanium _ containing conpound contai ni ng

ti tERAna e a by larel epadebnateminay coat asedngs

cogggynds in the formof_5 liquid under the
abRFEdetT iMEETFeRtt i onf oM T4 dPRe ?Y ¥F skerFldtya

he |iquid ph he - [ i nel
o GHBIET 1 RN B fOar T oae i aky aryE “earbonates
pol t.hot jtanate and condensed orthotitanate. It is
pr é‘?a r rbged L{sr%{] EﬁwereoarCgtaanrllrkcs pol ytitanoxane has at | east

1010 one al ko%%a%o Jﬁp%ﬂc@rﬂwaggﬁap{;@&ﬁm@% G he
t a yst 1s a

group. Wen the netal-containing cata

e tead an G R P MG RATGH WSp U dU NG tE @ SR 20 OF o Anula

net al - cont ai ni ng catal yst having a vapor pressure at

15 230Cief phk@ A rayd IHaeiu S i GoRER dH b d E @M d i Bk y 1
carbonate are obtained by an transesterification of the
same kind of molecules of one alkylaryl carbonate.

15 Further, when R'=R®=R’=R and Ar'=Ar?=Ar’=Ar in the
reaction formulas (El) and (E4), diaryl carbonate is
obtained from dialkyl carbonate and an aromatic
monohydroxy compound through alkylaryl carbcnate as
described in the following reaction formulas (E5) and

20 (E6) by combining the reaction represented by the
reaction formula (El} and the reaction represented by

the reaction formula (E4), and this is a particularly

preferred embodiment of the present invention.
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catal yst preferably contains at least two Ti atonms in
one nol ecule, nore preferably 2 to 6 Ti atons in one
nol ecul e. When the netal -contai ni ng catal yst contains
2 or nore Ti atons in one nolecule, the conmpound 20
contains at |east one Ti-C>E? bond i n one nol ecul e.
When the netal -containing caral yst contains Sn, it
contains at |least 3 Sn atonms. Exanpl es of such

conmpoun | ude netal -_contai ni ng EBEBAYSt S

repr e%eﬁ{t%)ée by # R&r®B| | ow-rg—25 for nufjas (112 RPEb) (ES)
and (13), gitanate oligoners containin@® at | east one

ti tanoxane structure (Ti-OTi bond) (e.g., titanium

compoun resented by the follow r mul )
in one %@Qf ul e and tir12§§::§6ﬁ$bunggagg%fesenﬁg é%% (E6)

the followng fornmula (15). Since thepabove-desgri bed
net al -contai ning catalysts are easily associ at ed,
they may be in the formof a nononer, in an

associ at ed fran draldiy adehidiomitacBodseeRi a8 e BT m
with al cohol or an aromatic hydroxy conpound. These

c@radratc dbidvheiraciiln FeeRE $enird Pvfthe reeretbon
W th an organi c. conmpoun resent in the, reactjion
L B8) G TS AL ey et efialop i
monohydr oxy conpounds, .al kyl aryl_carbonat es, . di

TR ARG Y SRS SR SR L Y [F

t e fordp Q{rihag){lﬁv&m&{aitaé aHd ? Hﬁ&ﬁé‘&tofr%%@ﬁﬁ%@e

reacti on. tani um conpound represente

f gy 1 e 3NHBlcdder g MUl (D £ (&5 1 ky e Bddate

to R6l in the forrmula (14) are aromatic groups (e.g.,

12mRNeNYlo 1O WY Jard im0 d QIR Yy RElshie te @b dibedl] ariry
the above-described reaction formula (E5), when R is
selected from n-butyl, isco-butyl and an alkyl group
having 5 to 6 carbon atoms and Ar=C¢Hs, by-product
alcohol has the lowest boiling point in the reaction
system and forms no azeotrope with dialkyl carbonate
which is a reactant. This case is particularly
advantageous because the reaction proceeds efficiently
and easily produces diphenyl carbonate which is an
important raw material of polycarbonate and isocyanate.

The metal-containing catalyst used in the

present invention means a specific metal-containing
catalyst which facilitates the aforementioned reactions
of the reaction formulas (El) to (E4), has a molecular
weight of 450 or more, more preferably a molecular

weight of 480 or more, and is in the form of liquid

(under the above-described reaction conditions) or



wW.th an aromatic hydroxy conpound. The structure of

“t he adduct is unknown by the present anal ytica

nmet hods, but the structure represented by the
following fornmula has a nol ecul ar wei ght of 450 or
nore, nore 20 preferably alnggmular wei ght of 480 or
nore, excluding the nolecul a weight of the nolecules

I NVl yegh v&athe chor g 04 ?Ea@@ 8edugL. r84ERion system.
nol ecul es involved in the ormation of an adduct iy

be'TEE”&&E&E%E$Wt§iﬁEﬁ@Ogatéyﬁﬁta§s“%f%f@kabﬂ? a titanium
aromati ¢ hydroxy conpound involved 25 in the formation

of conteldtiog eympbeunendyetia byi Agkbowan i ot hoHxeRAples of
recrystallization using solvent described in J.

| ndreat e 1Ghesdin £ SpanjuWoton38inNog Sompdidnds52in( tB61fprm of
31 RIORa R Xt R8 1 Rie R35 i0 RR6 R27 O R13 R14

R34 irpgid REBI¢r GiTe - RIG-deResibed praRiom2GomiRLYons or
Rie R R22 R18 R32 0\ R30. R21 R19 0 Rat R20 X2 (11)
(191s3qlvakd ¥orihg al iaudd msaswoof Aige react Ry, sriBem
R14, 5 R16, R17, R18, R19, R20, R21 Reg, R23, R24,
stl,m%bde NI FBEPI bt i 1§ FYpresthton sYakogeén

at%Bly%}:thotitanate and condensed orthotitanate. It is

preferred that the organic pelytitanoxane has at least
10 one alkoxy group and/or aryloxy group as an organic
group.

When the metal-containing catalyst is a
metal-containing catalyst containing titanium and/or a
metal-containing catalyst having a vapor pressure at
15 230°C of 10 Pa or lower and containing titanium, the
catalyst preferably contains at least two Ti atoms in
one molecule, more preferably 2 to 6 Ti atoms in one
molecule. When the metal-containing catalyst contains

2 or more Ti atoms in one molecule, the compound

20 contains at least one Ti-0-Ti bond in one molecule.

When the metal-containing catalyst contains Sn, it
contains at least 3 Sn atoms.

Examples of such compounds include metal-
containing catalysts represented by the following
25 formulas (11), (12) and (13), titanate oligomers
containing at least one titanoxane structure (Ti-0-Ti
bond) (e.g., titanium compounds represented by the

following formula (i4)) in one molecule and tin
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al kyl group, an aral kyl group or an aryl group, X1 and
5 X2 represent an al kyl group, an aral kyl group or an
aryl group; R8, R9, R10, R11, R12, R13, R19, R15,

R16, R17, R 8, R19, R20, R21, R22, R23, R24, R25, R26
and R27 are not S|nultaneo%%Iy a hydrogen atom and
at | east four of then1are an al kyl group, an aral kyl

r
T X s

r aaa-d hate tik?of@lcﬁéékﬁﬁibea\ﬁhéﬁélLéoﬁ@@l@iﬂ@é&ta@?ﬁts

nore preferably 480 or nore) (In the fornmula (12).

Rafre Rsi RBGsdBdiafE?, ISy, m&Pdb@ntdnRBhe form of a

i ndependently represent a hydrogen atom 15 an al kyl
gmoarpmmenn), airal &y laggrouiatoed afioamy | ogr enpad&icandr Xan
represent an al kyl group, an aral kyl group and an
aradsqgricuimed afofreastth wol ©@bh@RR8or R29, aRI0at R31hyRBORY
R33, 32 R34, R35, X1 and X2 are an aral kyl group or
arcQaBAuUndyr oJﬁi@;S@@@mtzl%scomp@e@maRobe pa Rapoduct
R38 R39 (13) (In the formula ( R36, R37, R38,

RIS RAFACHPN W%ﬁpzﬂﬂi¢¥9EP%%d%$%ﬁ@%%@lQI?%%PEséﬂttBe
hydro en aton1 5 an al kyl rough%an arali rou

T G 1ot R rehahS ar &P KgFotatic
gggu odl%\cﬁhiaonnxyg;c%mpc% O&JEP aa.'[]lg farl]ref caz?bcgnates,3 @erf
carbonates or dialkyl carbecnates, or may be heated in
the form of a raw material cor a product prior to the
reaction. The titanium compound represented by the
formula (11) and/or the formula (14) (e.g., when R* to
R® in the formula (14) are aromatic groups (e.qg.,
phenyl group)) tends to form an adduct particularly
with an aromatic hydroxy compound. The structure of
the adduct is unknown by the present analytical
methods, but the structure represented by the following
formula has a molecular weight of 450 or more, more
preferably a molecular weight of 480 or more, excluding
the molecular weight of the molecules involved in the
formation of an adduct. Such molecules involved in the
formation of an adduct may be identified by a method
such as NMR, or the aromatic hydroxy compound involved
in the formation of an adduct may be removed by a known
method (e.g., recrystallization using solvent described

in J. Indian. Chem. Soc., Vol. 38, No. 3, 147-152

(1961)).



other.) OR56 OR59 R550 ' OR6O0 -Ti OR57 RS8O0 T Rya Tf

Td OR61 OR 44 1 RHOTIi-O{ Ti O Ti-O---tTi-O-Ti-0R45

e a OR52 OR51 0 CR47 OR 46 R500-Ti-OR48 b OR49

(14) (In the fornula (14), R44, R4A5, R46, R47, R48, 1
0 R99, R50, R51, R52, R53, R39, R55, R56, R57, R58,
R59, R60 and 33 R61 independéntly represent a
hydrogen atom an al kyl group, an aral kyl group, an
aryl group or an_gcyl group, a, b, c, d, e and f

I ndependent |y ge res‘%pt an integer of 0 to 4, and
R44, R45, R4&R 48, R49, R50, 5 R51, 3&52 R53,

R59, R55, R56 R56, R59, R60 and 1 i the
fornmula (14) Raac )% be C?Pal ently boRdedQ R62 R62
670 | gR34R66 > | OR64R2s
862 is an gr@up,
T!/B R29
A
R16 R33 '
R32 Ox R30
R2! R19 ? R
R20 X2
(1) (12)

In the formula (11), R®, R®, R'?, R!'!, R'?, R'?,
R14, R].S’ RIG’ Rl'?’ RIB’ R19, R20, R21’ R22, R23’ R24, st, R25
and R*’ independently represent a hydrogen atom, an

alkyl group, an aralkyl group or an aryl group, X: and

5 X; represent an alkyl group, an aralkyl group or an aryl

group; R®, R®, R, B!, R!2, R!3, R4, R!S, m!S, R!7, RIS,
R!%, R, R?, R¥, R®, R¥, R?, R?® and R? are not
simultaneously a hydrogen atom, and at least four of

them are an alkyl group, an aralkyl group or an aryl

10 group; R®*®, R*?, R*, R, RrR*, R*, R* and R®® may be

15

covalently bonded within the range that the molecular
- weight is 450 or more, and more preferably 480 or more)
(In the formula (12), R®*®, rR®®, rR¥, R3, R%,
R*¥, R*™ and R*® independently represent a hydrogen atom,
an alkyl group, an aralkyl group or an aryl group; X
and X; represent an alkyl group, an aralkyl group and an

aryl group; at least two of R*®, R?°, R%°, R3, R%, R%,



an aral kyl group or an aryl group having 4 or nore

-carbon atons, R63, R64, R65, R66 and R67 i ndependently

10 represent a hydrogen atom an al kyl group, an
aral kyl group, an aryl group or an acyl group, ¢
represents an integer of 1 g%%nnre, and R63, R64,
R65, R66 and R67 in the for a (15) each may be
covdsentby n : s y u
red?tée%téd lyg%g ?8Eé%gpég1a?%%?85eBF?Ega?§o?nc§gV}c
al kyto@popps having 1 to 10 carbon atoms, such as a
met hyl group, an ethyl group, a propyl group (and

i sonmers thereof), a butyl group (and isoners

t hereof), a pentyl group nd i sonmers thereof), a
hexyl group (and isoners eredf), a heptyl group 20
(and isomers thereofgs anloctyl group (q@g i soners

t hereof), a nonyl group i sogers thgreof), a decyl
34 group (and isoners gof ), \a.@ycl R¥gr oup, a
cyclopentyl group (gad | >, AHer eof l a
cycl ohexyl group (and isopers theyeof pse

contai ning an ether bond Rffe al so ugeéf
5 thereof include a“nethoxyethyl gripup d i somers
thereof ), an ethoxyethyl group (an&)iso rs thereof),

a nmet hoxypropyl group (and ifggfrs thereof), an

et hoxypropyl group (and isone hereof), a

nmet hoxybutyl group (and isoners thereof) and an 10

et hoxybutyl group (and isonmers thereof). Exanples of

aral kyl group S y t @36R6 %317 nGisadepse 40
aral kyl gr oup(sslig@?(%gﬁgﬁtﬁglﬁz(?g)rbo% 'ati{orfs%v\hf Ki r'ra;l;{ ’
haW91F YDA BNt n$eISdh @Sn Bl PergytesEhOUR BPdrégen atom,
phenyl et hyl group.

5 an alkyl group, an aralkyl group or an aryl group, at

10

least two of them are an aralkyl group or an aryl
group, and these R*® to R*® may be bonded with each

other.)

ORSS OR59
A~ A~
R%50—Ti—ORY R5%80O-Ti-OR%
PP a R
R830— Ti—O~LTi~——01 ’Té-—-o)—(ﬂ—o Ti—OR?%
| ‘Ll lo ) | - |

OR%2  OR¥ 0 ORY  OR%®

(In the formula (14), R*, R*®, RrR*S, R'’, R'S,

RQQ’ RSO, RSI, R52, R53, R54, R55, RSG, R57, RSB, ng, RGO and
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15 Exanpl es of aryl groups represented by R8 to R61

i ncl ude phenyl or al kyl phenyl groups such as phenyl,
tolyl (and isomers thereof), xylyl (and isoners
thereof), trinethyl phenyl (and isomers thereof),
t et ranet hyl phenyl (and isonﬁgs t hereof), ethyl phenyl
20 (and i soners thereof) pyl phenyl (and isoners

t
oot sl SFERT BN ?éﬂ%ﬁﬁ?@gér%@ﬁe%%b@f oA
(Qﬁ%d O'H-‘r{ %EJ@{}ELO‘C rmﬁ?nté/ﬂ bSOLRT Scyl

thereof) hexyl pheny (and I SONEers %hereof) and 2
cyplahexy pheny, (Bnd isares slﬁd\?@octe)ntajz kesgpypbsayt an

groups such as nethoxyphenyl and i sonmers thereof),
etitmemehremyd ( and 4,saret sa‘*l‘heR‘%—:f‘of RiIGNR Yyt a%%/pméﬁyl R,
(and isoners thereof hal ogenat ed phenyl groups s such
3591asR?Lu6P%pH€hylR%andéﬂsdﬁ%rsRi%eﬁépf)R and R®' in the
chl orophenyl (and isomers thereof), bronmophenyl (and

i Somansta tHevleach atdorks mmgqﬁﬂehwﬂf(m i somers
thereof) and di chl orophenyl (and isoners thereof);
substituted 5 phenyI groups represented by the

followi ng formul a 50 (16 (mher B represents
a bond, a dival ent g up suchlkg2 ?"\"@ , -CO and
-S02-, an aIkerne gr pup or a bstlthted aIkerne
group represeREQbY (3)-4r‘5>Shl-7-)t'JR6
cycl oal kyl ene group r pr sent follomnng
(18), and an aronatlc be sub ted by a
| oner al kyl group, aCD r aI gr o@R n ester
group, a hydroxy group, a nitro group, a halogen or a
(15)

(In the formula (15), R®* is an alkyl group,
an aralkyl group or an aryl group having 4 or more
carbon atoms, R%, R%*, R%®, R®® and R® independently
represent a hydrogen atom, an alkyl group, an aralkyl
group, an aryl group or an acyl group, g represents an
integer of 1 or more, and R%®, R®*, R®, R®® and R¥ in the
formula (15) each may be covalently bonded.)

Examples of alkyl groups represented by R® to
R®! include linear or cyclic alkyl groups having 1 to 10
carbon atoms, such as a methyl group, an ethyl group, a
propyl group (and isomers thereof}, a butyl group (and
isomers thereof), a pentyl group (and isomers thereof),
a hexyl group (and isomers thereof), a heptyl group
(and isomers therecf), an octyl group (and isomers

thereof), a nonyl group (and isomers thereof), a decyl



cyano group), R68 R68 Ro R69 R69 R71 (17) 15

* (wherein R68, R69, R70 and R71 are each independently

a hydrogen atom a |ower al kyl group, a cycl oal kyl
group, an aryl group or an aral kyl group, which may
be 36 optionally substitutg& by a hal ogen atom or an
al koxy group), and HOm (1 (wherein mis an integer
Of?§059 1&nangsem@¥9rea@9eeg9 ”E¥c98b§ﬂ9%thBh§g by

ower al kyl group, an ary group or
at e 1o éﬁhymybréaﬁd(hﬁ@neggmbbgrea&keo§wb§hutated
napht hy groups such as net hyl napht hyl (and isoners
t heyeodhexyli gebliyl napht hgbméasdtheeaBEs .t henest) ,
chl oronapht hyl (and isoners thereof), nethoxynaphthyl
(anontsoneng 40 &hkeeobdpndndreyahenapbelivl, (and examples
i soners thereof); and substituted or unsubstituted

5 hetlee vae b tude oapsesbokyetbypygirdipe (@addissnaEss

10

15

20

25

thereof), cumaryl (and isonmers thereof), quinolyl
(ahETeohbr sakhekboryethui hgrpypi dgnd iapwersokhpsect) , a
thereof), chloropyridyl (and isoners 15 thereof),
né?%?h%%$%¥9PY%aﬁHOPEoﬁ%F§ %ﬁ@@%éﬁ)tBﬁHeOf)r an

e
fgﬁgéﬁé%gg L rr Ot Patl! ok rs" ERLESEE] °dnlYahhe
ethoxybutyl group (and isomers thereof).

Examples of aralkyl groups represented by R®
to R® include aralkyl groups having 7 to 12 carbon
atoms which may have a substituent, such as a benzyl
group and a phenylethyl group.

Examples of aryl groups represented by R?® to
R®" include phenyl or alkylphenyl groups such as phenyl,
tolyl (and iscmers therecf), xylyl (and isomers
thereof), trimethylphenyl (and isomers thereof),
tetramethylphenyl (and isomers thereof), ethylphenyl
(and isomers thereof), propylphenyl (and isomers
therecf), butylphenyl (and isomers thereof),
diethylphenyl {(and isomers thereof), methylethylphen&l
(and isomers thereof), pentylphenyl (and isomers
thereof), hexylphenyl (and isomers thereof) and
cyclohexylphenyl (and isomers thereof); alkoxyphenyl
groups such as methoxyphenyl (and isomers thereof},
ethoxyphenyl (and isomers thereof) and butoxyphenyl

(and isomers thereof); halogenated phenyl groups such



- Ar4-(OH)n (19) 20 (wherein Ar4 represent an aromatic

*group having a 37 valence of n, nis an integer of 2
or nore, and each - OH group nay be bonded to any
position of Ard4). The residue of the aromatic

pol yhydroxy conpound is repggsented by the foll ow ng
formula (20) 5 and is chem Cally bonded to at | east
0N SRR o3#le@G18 A P M e 1 QUR: SIS St o B @
of nmetal - contai'ning catal yst, an al koxycarbonyl group
derfiavied i sbemsditddado fOar addbin Al Ky Y somers
carbonate, an aryl oxycarbonyl group derived from

al kjreaeylf ) ¢ achdratog mE@ harl Jditemyl caarbnad@nsar tthereof)
carbonyl group derived from dial kyl carbonate,

al kyldadylchd erophaing lor( adidariydomesar bdreatesy £)-( Qubstituted
Ar4d-(OH)n-p (20) (wherein Ar4 and n are as descri bed
Sabphenyp ggoaps irepggsendied] o tihe dvd lavwirH fpmupla
and_an -0- group 15 may be bonded to any position of
thél& ématic ring of Ar4) . Exanples of Ar4 in the
formula (19) and (20) include aromatic groups
represented by the following fornulas (21), (22),
(23), (24) and (25): -<D \ / (22) 38
(wherein QL is a singI,/ ! gnt al kyl ene
group having 1 to 30 ¢arbop atons a dival ent group
selected from-0-, -CO , -SAZ%”-SO and -COO);

-0-, -S-, -CO- and -50;-, an alkylene group or a
substituted alkylene group represented by the following
10 (17) or a cycloalkylene group represented by the
following (18), and an aromatic ring may be substituted
by a lower alkyl group, a lower alkoxy group, an ester
group, a hydroxy group, a nitro group, a halogen or a

cyano group),

RBB RGB R70

' L

R69 AGQ l’”
(17)

15 (wherein R®®, R®®, R’ and R"* are each independently a
hydrogen atom, a lower alkyl group, a cycloalkyl group,

an aryl group or an aralkyl group, which may be



(23) (wherein QL is as defined above and each QL may
"be the 5 sane or different); and P2 (24) (wherein
Q@ represents a tri-valent group such as a tri val ent
al kanetriyl group having 1 to 30 carbon atons or a
tri-valent aromatic group; ag | east one hydrogen atom
on an aromatic ring may be sugstituted by anot her 10

Sulgiditdent B UG AS @t e aloMgdD A &RXYr QUL koxy

having 1 to 30 carbon atons, a phenyl group, a phenoxy
or @udupd ,Viand group, a cyano group, an ester group

an amde group or a nitro group). | \ \ (25) 39
Exanpl es of such hydroxy substituted aryl groups
i ncl ude hydroxyphenyl (and.+sS0 t hereof),

di hydr oxyphenyl (and is rs there@p

tri hydroxyphenyl (and’ré rs th e&?T, hydr oxyt ol yl
(and isomers 5 thereof), Eggroxyigr;l (and isomers
thereof), [1- (hydroxyphenyl)-1-nethyl-ethyl]-phenyl
(and isoners thereof), [4-(HédHoxybenzyl)]-phenyl

(and isonmers thereof), (hydroxy-phenoxy)-phenyl (and
i soners thereof), hydroxybenzoyl -phenyl (and isoners

SRR TS DY SRS U e o
SRR I b SIS S an w2
5 group or a halogen atom);
naphthyl (and isomers thereof), substituted naphthyl
groups such as methylnaphthyl (and isomers thereof),
dimethylnaphthyl (and iscmers thereof), chloronaphthyl
{and isomers thereof), methoxynaphthyl (and isomers
10 therecf) and cyanonaphthyl (and isomers thereof); and
substituted or unsubstituted heterocaromatic groups such
as pyridine (and isomers thereof), cumaryl (and isomers
thereof), quinolyl (and isomers thereof), methylpyridyl
(and isomers thereof), chloropyridyl (and isomers
15 thereof), methylcumaryl (and isomers thereof) and
methylquinolyl (and isomers thereof).
The aryl group represented by R® to R® may
also be a hydroxy substituted aryl group which is

represented by the following formula (19):

Ar*—(OH), (19)

20 (wherein Ar® represent an aromatic group having a



- trihydroxynapht hyl (and isonmers thereof). 15 Exanples
- of acyl groups include acyl groups represented by the
following formula (26): Ar5-11 (26) O (wherein Ar5
represents an aromatic group). Exanples of aromatic
group represented by Ar5 iqﬁ}ude phenyl or
al kyl phenyl groups such as. phenyl, 20 tolyl (and
| SQARE thSEeﬂp) aﬁﬁlﬁh &ﬂ%@gb%og%g?)c&hﬂﬂﬁﬁg)'and each —

tri met hyl pheny I somers "t here

t epagebiyl ﬁagﬂ}g%ebaa@ehS%seg%ﬁﬁ ReIse@fion @y phenyl

(and isoners of ), propyl phenyl (and isoners

thereof), butykphesydueand itsenBiomratace@ilymiroxy
di et hyl phenyl (and isoners thereof), nethylethyl phenyl

(andmpsandr sst kepeekpntpeantyl phenyol(lawd nigs@oatsila (20)
t hereof), hexyl phenyl (and isoners thereof) and
Scyghdhégythphénylllabhdndedmeps atthédeeasft) onal kempeireny|

5 groups such as net hoxyphenyl (and isoners thereof),

et Bokgphedyfrpanghesarery chasdstingnebmedalplednyietal -
(and isoners thereof); hal ogenated phenyl groups such
asCPRLBLBpRENFRERAHETY sBReRS KPKEFASPPNYehIErEPh el ved

AR LR RS RS
and_di chl or ophenyl and i,soner her eof nd
SURET LRV EAPBRERY) obPRE LB IRER, Eabhy A kvEREYL carbonate

1051 8L TRILL 065, KSRRbLegr (D) BT, ) o Brom S

PhiDai ¥l 85PHBnafe! CLERDINALOYEAIFBHRte or diaryl

carbonate,
—(O)~A*—(OH)pp  (20)

(wherein Ar® and n are as described above, p is an
integer of 1 to m, and an ~OH group and an -0- group
15 may be bonded to any position of the aromatic ring of
ar'y.

Examples of Ar? in the formula (19) and {20)
include aromatic groups represented by the following

formulas (21), (22), (23), (24) and (25):

—~{ e
<i;j> d“*<::>>“* (22)




and a salicyl group. The sane kinds of groups as those

* selected fromRl, R2, R3, Arl, Ar 2 and Ar3 of the

10

starting nmaterial and/or the reactant are preferred
as the 20 groups of R44 - R61 because kinds of

products can be reduced. Igscase of the conmpound
represented by fornula (11), they are Re - R27 when
th lagr ; | ghit Of o t onpaoyng, § I e
an?%%wp?efleér,\gdb%{}%%oe o%wnnc%r L:g.) I'n c%%éég% %)%leé@é group
CopPigl 25t & epp esePbEeA BYohor 8¥l 2 G1dhiehbeggbapgps of
R94 - R61 are selected so that the nol ecul ar wel ght

of sd hectcadpprisel -0s, 45000f ABF L, ~80g- MOFROPrafer-atdy-) ;
480 or nore. Exanpl es of al kyl groups represented by
R62 in 41 the forrmula (15) include a Iinear or cyclic

al kyl group ha 4 to 10_carbon atong.such as a

butyl group (ag oner,s | group
(and i somer Q'3 ers
thereof), a hepis gr ou ), an(23)

octyl group (and 1isoners thereof), a nonyl group (and

i soners thereof), a decyl group (and isoners

t hereof), cycl obutyl_. group, a cyc|opentyl, grou
(artt's's ?% tlﬁeraeq‘of%’fa‘ﬁ%dg d%ﬂ)’cﬁ o%léLﬁpach c&bp é’ng)e the
IS rglgnfffpfgéngppsgnéo contai ning an ether bond

are al so usefu and exanpl es thereof include a
met hoxyet hyl group (and isoners thereof), an

et hoxyet hyl group (and isongL, thereof), a
met hoxypropyl group (and i s thereof), an

et hoxypropyl group (and isope | hereof), a 15
met hoxybutyl group (and i somms

(wherein Q° represents a tri-valent group such as a tri-
valent alkanetriyl group having 1 to 30 carbon atoms or
a tri-valent aromatic group; at least one hydrogen atom
on an arcmatic ring may be substituted by another
substituent such as a halogen atom, an alkoxy group
having 1 to 30 carbon atoms, a phenyl group, a phenoxy
group, a vinyl group, a cyano group, an ester group, an

amide group or a nitro group).

N S (25)



et hoxybutyl group (and isoners thereof). Exanples of

= aral kyl groups represented by R62 include aral kyl
groups having 7 to 12 carbon atons which nmay have a
substituent, such as a benzyl group 20 and a
phenyl et hyl group. Exanpl es aryl groups represented
by R62 include phenyl or alkyl phenyl groups such as

phenyl,  tol Ekﬁ@ﬂ@s' %‘E LR R gﬁﬁ?%%ér g)ﬁﬂéﬁllt(@c% aryl

|soners t hereo trimethyl ph I'sonmers

hgteabk. 12e1hL8tr ayRtbBYL,pReAYN (@Rd semR:S Hheeefn),
yl phenyl (and isoneis théreof), propyl phenyl (an

|S§ﬂﬁ§§rokb§h§ﬁ§l (AHHY L pbRBYk CaBeebFINERS itheesdyphenyl
di et hyl phenyl (and isoners thereof), nethylethyl phenyl

42 (afdndsomerer shekev€of ) hypebkyltphenyl( ahand soserer s
t hereof), hexyl phenyl (and isoners thereof) and
5cythehexy) phbpgkokgrglydonend tikemeafs) thalireoyphdriy
groups such as net hoxyphenyl (and isoners thereof), 5
et hbxgpherphenahd-isoathylrrehydl rparavButlengbhaepers
(and isoners thereof); hal ogenated phenyl groups such
asthPHGPSbheﬁﬁr(bﬁﬁéoﬁxbﬁéﬁglﬁﬁépééﬁyl dﬁP@rd&ﬁ&%ﬂ

i soners thereof), brono &agd i sQmers
thE‘F%SF?f chlBYG(ﬁt‘éYﬁ?P?Bﬂéﬁsjrp SRyl daRer %Wéof)

o TRE o0& RoPVARCEHESPoPHAr B E Gy (et e”@*ﬂa PR,
109@23?0}*?%25%%5&??%H%?Q%%ﬂ‘%‘fééﬁé%%é’g S;?&SS"XE
of 915%?-?%2?{1?%15L5h§595k§{br05§1-5ﬁen§1}’ térl—z and Ar3
(hydroxyphenyl) -phenyl {and isomers thereof),
hydroxynaphthyl (and isomers thereof) and
trihydroxynaphthyl (and isomers thereof).
15 Examples of acyl groups include acyl groups

represented by the following formula (26):

I
o!

(wherein Ar® represents an aromatic group).
Examples of aromatic group represented by Ar’
include phenyl or alkyliphenyl groups such as.phenyl,

20 tolyl (and isomers thereof)}, xylyl (and isomers
therecf), trimethylphenyl (and isomers thereof),
tetramethylphenyl (and isomers thereof), ethylphenyl
(and isomers thereof), propylphenyl (and isomers

thereof), butylphenyl (and isomers thereof),
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material and/or the reactant are preferred because

ki nds of products can be reduced. Exanpl es of
compounds represented by the formula (11) include
titani um et hyl phenoxi de: 20 Ti (OPhMe)4 and titani um
di met hyl phenoxi de:  Ti (OPh( 2)4. The conpound
represented by the fornul a 2) has a val ence of Ti

Ofdfetﬁpgpﬁ@ﬁ%gﬁ?Qﬁ&ngfaﬂ¥r§°€ﬁ§£ﬁgf?lCﬁ@?%yg%thylphenyl

aromatic al co as a lrgand Int ormo

al cohQ! 8t EndF s PRROPLSE R, ﬁi‘ﬁﬂi’iﬁeﬁgé cggil@?un%meist he

formula (12) include conpounds of t oW ng

fothett€of{ 2 Mex#BphényD 502 PhéhetsOtBerédf) Exanpl es
of conpounds represented by the fornmula (13) include

t it wricmedy s agpheyyht eand i {1 amhenz bhef@e fiet hyl koxyphenyl
salicylate) and titaniumbis(3-nethyl 5 salicylate).
Ognders | $werh urns coet ladxypigecphpoamdisi sameror gaareof) ,
pol yti tanoxane conposition produced by a known nethod
rre@/tfbéxst@@w%ub&nrgnﬁowmw hioisre ] uaied sbuhexpiennl

whi ch tjtaniumal koxide is i;gti ally 10 hydrol yzed and
sulfrEt ety HotBriRiehs e respated phenyl ngrapeshsuch

e.g... Journal of Polyner Science,
( aé’fluoroghenyl ang isomers therecf), chlorophenyl

(and isomers thereof), bromophenyl (and isomers
thereof), chloro(methyl)phenyl (and isomers thereof)
and dichlorophenyl (and isomers thereof) and
substituted phenyl groups represented by the
aforementioned formulas (16), (19) and (20).

Examples of such acyl groups include a
benzoyl group, a phthaloyl group, a terephthaloyl group
and a salicyl group.

The same kinds of groups as those selected
from R}, R?, R®, Ar!, Ar? and Ar® of the starting
material and/or the reactant are preferred as the
groups of R* ~ R®! because kinds of products can be
reduced. In case of the compound represented by
formula (11), they are R® ~ R?®’ when the molecular
weight of the compound is 450 or more, and more
preferably 480 or more. In case of the compound
represented by formula (14), the groups of R!* ~ R® are
selected so that the molecular weight of the compound
is 450 or more, and more preferably 480 or more.

Examples of alkyl groups represented by R* in



vol. VIl, No. 6, 591-602). Exanples of such

= pol ytitanoxane conpositions also include | adder
pol yti tanoxane obtai ned by the nethod described in JP
15 A-1-129031 and cyclic titanoxane obtai ned by the
met hod described in JP-A—11§§793, JP- A-1-52786 and
JP- A-64- 52786. 44 Further, a copolyner wth anot her

metgk abkmyide (9Bt aipedulx kheiprbhod deseniiked iyl group
JP-B-5- 31900 nay be al so used. Polytitanoxane or

copglyhht anexane BaybBe dtGmsMBhen Bsehebakhy grib@pb.(and
5 nore preferably 4 to 6 Ti atons in a nolecule is

pr efenabbythaedorTheaeppaknlilt gRoxpne aadd i somers
copol yti tanoxane may contain at |east one Ti-OTi bond
I nthenebErpl 8. hékyhoggbupndhkyisi s sofneTis- Oh&rebdnds ai heptyl
extrenely difficult, researchers in this field now 10
Scopsdder (#hdt igoMer® Thebend) i sahoprtd lwherupi tlandum
al koxi de described above is partially hydrolyzed and
subferees theperftondensaiiloaraiPh (ABADVERGedschsrect),
and the present invention also follows this argument.
Sﬁ%c@??%glg??uas{§ﬂ6mhsPﬁeFﬁetF8FP6ﬁPngafGVﬁ&P utya)
15 one Ti-O-Ti, bond ii f or ned bﬁ partially Bgdrol zin
t i SENRim ? eTYSAPRORFHL) 9BGURAAPRY oR8™REFetlrEegf! and a
wa, lecules.of titapiun(tetraal.koxide)
e vk B P Re “ElbE s Pantr a2 PhF EbEbno TARRPL her
[ of . a o z 0 on
10 oyt STt nan e Ehe BOBBRATAEL SRS [88EhA Tang examples
o} |24 & Coc PEAODS ahBeHo Ry 8HY NG ¥BEE T ahl 28oABRYN

suitable for the oligomerization gegree and renovi ng
thereof), an ethoxyethyl group (and isomers thereof), a
methoxypropyl group (and isomers thereof), an
ethoxypropyl group (and isomers thereof}, a
15 methoxybutyl group {and isomers thereof) and an
ethoxybutyl group (and isomers thereof).

Examples of aralkyl groups represented by R%
include aralkyl groups having 7 to 12 carbon atoms
which may have a substituent, such as a benzyl group

20 and a phenylethyl group.

Examples of aryl groups represented by R®
include phenyl or alkylphenyl grcups such as phenyl,
tolyl (and isomers thereof), xylyl (and iscmers
thereof), trimethylphenyl (and isomers thereof),

25 tetramethylphenyl (and isomers thereof), ethylphenyl
(dnd isomers thereof), propylphenyl (and isomers
thereof), butylphenyl (and isomers thereof),

diethylphenyl (and isomers thereof), methylethylphenyl



produced al cohol. In order to obtain a titanium

" ¢onpound containing 2 to 6 Ti atons in a nolecule, 25
tetraal koxytitaniumis partially hydrolyzed by water
of not nore than 0.1 to 2-fold nole in a nolar ratio
relative to Ti atons, prefegﬁply by water of not nore
than 0.3 to 1.5-fold nole, nore preferably by water of

45319t 1 SB%ErL henegeéfs 0 geatp%ﬁegghe (Eﬁdoggggletr%

avoid generation of solid cohponents cause

exgRssey L) , PREL | BbhaNdI ok ¥aHSi s8RdrEheReeaB e and
obt ai ned by the pol ycondensati on which renoves | ow

bat ¢ Neh@ey phén gdNpeReni somdhe aRBUBLIPE wakekypsedyl
for partial hydrolysis described above is based on
t herdupal sacouns methdryphahikdbxybhtiabsunensedhkoror),
produci ng an organic polytitanoxane conposition. Al

5 ofetvireyrhnenelsbaydf bsompast theérayfly ohydi butrayybbengéd
for partial hydrolysis 10 of part of the
t et3ndhl k@oqers aphemeotby hatopendtedi phenyindreups sHeh
rest of the tetraal koxytitaniumis added thereto to
petd or R oRIRRY bn(and iprReEaskhesfot by gaRlerophenyl

PR FESEES CRTERRE] nai- SROp R b nhonand soners

t dur, tjial dr ol [ b db
PRI, Al e iy HEER L andhY apBe 8 TEHER8Y)
t j ' [ ' [ hol I t
10 SHEFUNAILIAUA | roth sEobiERs! tapeglpoho] sol vent

5C or | over kg 24 GOROKSICRB! AFNI Y IRl Rl ATPLEY

20 of water is added thereto dFOPMAse over 1 to
haWH S udider ksl | §Fduss, tmﬁgwtw@uﬁgn@ﬁa ahHye §Boups

adjusted to 30C to 150C, and the | ow boiling point
cdnparehtab@re as examples of R® to RS,

The same kinds of groups as those selected

15 from Rl, R?, R®, ar!, Ar? and Ar® of the starting
material and/or the reactant are preferred because
kinds of products can be reduced.

Examples of compounds represented by the
formula (11} include titanium methylphenoxide:

20 Ti(OCPhMe), and titanium dimethylphenoxide:
Ti{OPh(Me)2}q.

The compound represented by the formula (12)
has a valence of Ti of 4, and the compound may contain
alcohol or aromatic alcohol as a ligand in the form of

25 alcoholate or phenclate. Examples of compounds of the

formula (12) include compounds of the following formula

(27) .



- renoved by distillation. The reaction may be
* term nated when al cohol is no |onger extracted. A 25

10

15

known reactor may be used, and preferred is a stirring
vessel in which cooling and heating can be perforned.
Thus, in the nmethod of prodgﬁing or ganic

pol ytitanoxane of the presént invention, organic

pol yti tanoxane can be 46 obtained by sequentially or
simul taneously performng the two steps of: 1)
preparing a partially hydrolyzed product by partially
hydr ol yzi ng tetraal koxyti jym and 2) renoving the
generated | ow boiling poi component i ncl udi ng

al cohol fromthe partially ydrol yzed product and
subj ecting the product to Jpolycondensati on.
Alternatively, an organic p'

ol ytitanoxane conposition
may be obtai ned by partd.al hydr eRyhGig 10

tetrahal otitanium (T

t herefrom and subj ec

O Br), renoving -HX
pol ycondensati on reacttn, @r .

titani um hydroxi de and tetrah¥ apium and
subjecting the resultant to a gol ycondensati on
reaction. Also 15 preferred is &h organic

ned by sequentially
hree steps of: 1)

pol ytitanoxane conposition obtgj
or sinultaneously performng
preparing a partially hydrol yz product by partially
hydrol yzi ng tetrahal otitani um renoving a | ow
boi I'i ng point conponent fromgfe 20 partially

hydrol yzed product and subjecting the product to

pol ycondensati on and 3) reacting the resultant with

al cohol , renoving HX therefrom and al koxyl ati ng the

Examples of compcounds represented by the
formula (13) include titanium-disalicylate, titanium~
bis{2-methyl salicylate) and titanium-bis(3-methyl
salicylate).

Of the titanium containing compounds, an
organic polytitanoxane composition produced by a known
method may be used. Such known methods.include a
method in which titanium alkoxide is partially
hydrolyzed and subjected to polycondensation while
removing alcohol (e.g., Journal of Polymer Science,
vol. VII, No. 6, 591-602). Examples of such
polytitanoxane compositions also include ladder
polytitanoxane obtained by the method described in JP-
A-1-129031 and cyclic titanoxane obtained by the method
described in JP-A-1-31793, JP-A-1-52786 and JP-A-64-

52786.



same. It is also possible to deal coholize titanium 25

* hydroxi de and tetraal koxytitani um and subject the

resultant to pol ycondensati on. Another well-known
met hod for producing an organic titanoxane
conposition conprises subject |ng 47

tetraal koxytitaniumto heatﬁng deet herification and

pol ycondensap), ppy e P egeééﬁbigﬂéfdw £hadngtyay! ﬁLetalo 1

pol ytitanoxane conpositi o ta ne after renmoving

t 0 PRl de ObLaiRELT By aBhY ReBnbQ dedzhkobddmphegprBLe_
5 preferably 0.5 to 1.2-fold nole of ether based on
ti3BP0MMay ops sD8bahsed. | npbeytashkexyhkt api um at a
deet herification tenperature of 100C to 300C,
prades bpt it db0ate REOChgverot mordP0phedesabIheseto 6,
known organi ¢ pol ytitanoxanes obtained 10 by a

5 pohgod rpembat alohy réate i 6nT of andmbehst aomeleaule is

10

15

20

25

material selected fromtetraal koxytitani um

t gtreiriaRiy ansedh (TTh@se Xookyphtaepyanedandom O and

Br) and tltanlun1hydrOX|de can be used in the present
HRFé?ﬂ]tHnl AMONFRE dPRY RSP boll begahi ene Ti-O-Ti bond

ti tanoxane and tal-contalnlng cat al yst may be
aaé“c?]s ‘g]r af‘zf‘Je‘? aﬁ‘@‘%l ¥Fidrghnte- érgﬁpgonds is

Eiiﬁérﬁegﬂéesf SPLe SIFP £ Lo oy be Used BLLEL o
Sgﬁg%fie déx?”tr?a?’rf‘té" | g A @@née tfgﬁﬁ%&"ﬂi%’ﬂeﬁtanaum

rom al cohol, @n ar oms conpoun

a%@%ﬁﬂf&H“dééE%fbéﬁ“éﬁovérhé“%§%?ﬁ%?ﬁgshyaP§YyE@d B84

used after m xing or reacting
subjected to polycondensation with removing alcohol,
and the present invention also follows this argument.
Specifically, as shown in the following formula (28),
one Ti-O0-Ti bond is formed by partially hydrolyzing
titanium(tetraalkoxide) by adding one molecule of water
per two molecules of titanium({tetraalkoxide) and then
removing two molecules of alcohol.

Further, in the case of a cligomerization
reaction, polytitanoxane having a few Ti-0-Ti bonds in
a molecule can be obtained by adding water in an amount
suitable for the oligomerization degree and removing
produced alcohol. 1In order to obtain a titanium
compound containing 2 to 6 Ti atoms in a molecule,
tetraalkoxytitanium is partialiy hydrolyzed by water of
not more than 0.1 to 2-fold mole in a molar ratio
relative to Ti atoms, preferably by water of not more

than 0.3 to 1.5-fold mole, more preferably by water of



~starting material, a reactant or a by-product of an
" transesterification or a disproportionation reaction
in 25 the present invention. Wen a conventiona
organic titanate is used, nore specifically when
di met hyl carbonate is used a8 a starting material,
phenol is used as a reactant "and 48 phenyl titanate

[ Ph6OPhy 4L £RbaNe! saddugt cakgequzahlke) B%d%%e%oaévoid

organic titanate to produce an aromatic carbonat

spgehéigai by, o FeEBYL apRERYbnEAERBORE G ed EﬁtQ&Eessive
titanate [Ti (OWe)4] nmay be generated in the 5

dipdrtialiepdesl ysnst nahBetBaHi bhAr beMobeaghkean bgue hio
al koxy exchange. Since nethyl titanate is hardly
sopabyecndenbet i eacvhbohntrahoresandwi BosUbhignoBanti t
may adhere to the wall of the distillation colum to
S catepehenys ng. Tisar anpenngb ¥, whvteevesedi fobhapaleénll10
found that the organic polytitanoxane conposition
(thydwrtes by | goneribed cahoveedsi hashd pretbat total amount
ig%éntion hardlé,causes such Eoor sol ubility or )
adbest P33l kpxysitapbur cuged| Fant PeAdupkBghap arganic
Ti-QTi, bond is present, or not naX 15 be sinply
c AUt 1 ¥ P Iy SRR SEhkPysi shbt PheWataFalysesapgy for
N the structure aof an organic ou Fo ded or
cgggr%tm% el_ély %Ofr 513 r&er‘}%\(/)\%e Tﬁ%daﬁ%ﬁnPaggfégr éﬁgf'ﬂgysm
10 O/ derdy et d ro T d d -
g TR s S At i O A
L R PIORH it s f 1O (e ELERRAE Phyy ANELYELA V8! HEded
The nunber of bridgi ng oxygen 1 nvol ve rn Tr-OTi
bantsreitdl tdpaiities Hfrddier honds RYtREs case, an
organic¢ polytitanoxane composition containing many
branched structures can be obtained. Solid components
15 generated during partial hydrolysis may be removed by
filtration. Referring to the partial hydrolysis,
tetraalkoxytitanium is dissolved in an alcohol solvent
and the solution is cooled to 80°C or lower, preferably
5°C or lower, then alcohol containing a desired amount
20 of water is added thereto dropwise over 1 to 5 hours
under stirring, the solution temperature is adjusted to
30°C to 150°C, and the low boiling point components are
removed by distillation. The reaction may be
terminated when alcohol is no longer extracted. A
25 known reactor may be used, and preferred is a stirring
vessel in which cooling and heating can be performed.

Thus, in the method of producing organic polytitanoxane

of the present invention, organic polytitanoxane can be



determned fromthe ratio of the anbunt of Ti atons to
“the anmount of bridging oxygen. In addition, the 25

val ence of Ti and the nunber of oxygen atons involved
in Ti-OTi may be determ ned by known X-ray

crystal | ographic analysis (e,g., JP-A-2004-256719),
assum ng that a Ti -O bond i s present when the atomc

49 ol Sane MR PI(F,O' O i S1RMBLARLLERP bORrSHM
(25%7 A) of he I onic ? of %1 atonw%ndf%xége g

t Te
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ad@ddditt JUE paad J 1 TANOXBREL Wi indg opot yia 1 ledoyxei€anium
obt ai ned by a known nethod nay be 5 al koxy-substituted
by aread)i ngemetinqaltdehalersratred arowredo 1 txyglrpadnt
conpound by a known nethod (e.g., J. inorg. nucl.
Chermmporsnt 28 c 24y kgg8)hol). fiomli @re et aby. |

Vol . 38, No. 3, pl47-152 (1961)). These catalytic
co@&mﬁﬁ%;@wl@tprmcﬁuwecawr@&herpmdwt ht@an
organi ¢ conpound present in the reaction system

e. @OlXSQQQﬁﬁ§QF¥9QxﬂKNS aromat i ¢ nonohydr oxy

conmpounds, al kyl ar I carbonates di aryl carbonates or
di al kyl carb 'bé‘rh<—f*3a‘?t€’e3d1 iRft 3t'fo”%f"rﬂ’e""ane
reaction.i.n the forntof terl
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polycondensation reaction, or by removing —-HX from
titanium hydroxide and tetrahalotitanium and subjecting
the resultant to a polycondensation reaction. Also

15 preferred is an organic polytitanoxane composition
obtained by sequentially or simultaneously performing
the three steps of: 1) preparing a partially hydrolyzed
product by partially hydrolyzing tetrahalotitanium, 2)
removing a low boiling point compdnent from the

20 partially hydrolyzed product and subjecting the product
to polycondensation and 3) reacting the resultant with
alcohol, removing HX therefrom and alkoxylating the
same.

It is also possible to dealcoholize titanium
.25 hydroxide and tetraalkoxytitanium and subject the
resultant to polycondensation. |

Another well-known method for producing an

organic titanoxane compositiocon comprises subjecting



- The structure of polytitanoxane obtained by 20 the
" above-nentioned nethod is shown in the above-

5

10

15

20

25

descri bed formula (14). Exanples of such titanium
conmpounds include 50 1) linear polytitanate
represented by the follow ng,,fornula (29) and cyclic
pol ytitanate represented by e following fornula

(30 SRR 1L B, T G L

haybngcdnbignddrganbon p%%&abqg_ @@k yls, 28N Wrg@hidcy!
group, R72 may be the sane or different from each

ot peLyel t ARy xhachenapd st Bneadh aohker afaeed heh®vahg 0.1

integer of 1 to 5). OR73 OR73 OR73 R730- Ti-O

| To-Dyfeoltd- QRI8, ORY8fOrabOy Ti.3 RE30/ 5-ER1I3A me3e) (ore

the fornmula (30), R73 represents an al kyl 10 group

hawrafetabdyl0.atboh.dtdrmid awler alfkgithear based oacyl

groyg, R73 may be the sane or different from each

ot hekantunegtpashendtdinedhinathtorndkoxyhd tenismgat a

integer of 1 to 4, L is an integer of 0 to 4, and
deétherification temperature of 100°C to 300°C,
preferably 150°C to 250°C over 1 tc 300 hours.

These known organic polytitanoxanes obtained
by & polycondensation reaction of at least one raw
material selected from tetraalkoxytitanium,
tetrahalotitanium (TiX4: X being selected from Cl and
Br) and titanium hydroxide can be used in the present
invention.

The above-described organic polytitanoxane
and metal-containing catalyst may be used as is, or
after exchange of organic groups before use. For
example, they may be used after exchange of alkoxy
groups by reacting with a composition containing at
least cne component selected from alcohol, an aromatic
hydroxy compound and carbonic acid ester. In other
words, they may be used after mixing or reacting with a
starting material, a reactant or a by-product of an
transesterification or a dispropcrtionation reaction in
the present invention.

When a conventional organic titanate is used,

more specifically when dimethyl carbonate is used as a

starting material, phenol is used as a reactant and



I+ =4.) 51 Wen R72 in the formula (29) and R73 in
‘the formula (30) have a small nunber of carbon atons,
the catalyst itself may not be in the formof |iquid,
or may not be in the formof liquid in the reaction
system 5 because it has extrggely | ow solubility in
the liquid phase of the reacCtion system Thus,

Pr efiRidAd Examles (8 dﬂ%ﬁ”qgﬁéﬁo@%a@ﬂc@' kofls O QR 1 ¢

having 3 to 10 carbon atons s as a propyl group

(and i SQRElS theyLaf0 + & ariitly It IR AN G ] SO St c
thereof), a pentyl group (and 10 isoners thereof), a

hexyalr igmete ,( ¥k diSaRNS ,heleaofyl, preraptad rishite,
(and isomers thereof), an octyl group (and isoners

t hevetofy)l, td taoate JTAUDMeaN]G magneesgehbereel) inathe
decyl group (and isoners thereof), a cyclobutyl

gr eujst 1d leyrdlomp extlydnng riou k hgaredu iddrierisin & dadwarient )Jdue to
and a cycl ohexyl group (and isoners thereof). Those
contlioxkiyn gxahmagdser Fdmdeametdiydo tuidemate diid hardly
exampl es thereof include al kyl groups such as a

netSﬁéWétehwn FOGuF St Ons BB e @b fi)s %\aipllmlng. it

etho group and |soners thereof)
lqﬂ]column to
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such enzyé group and a pheny e?h group.
Pr ﬁE%Ei‘l?d ca%)é@@p lseeht Rebeoscak$ 1R @Qe a@h\@s iGOURS walls

e.g. phenyl
due to sublimation.

Whether a Ti-0~Ti bond is present or not may
15 be simply confirmed by elemental analysis of the
catalyst and NMR. When the structure of an organic
group bonded or coordinated to Ti is known, the amount
of bridging oxygen derived from Ti-O~Ti can be
determined by subtracting the amount of oxygen atoms
20 derived from the organic group from the elemental
analysis value. The number of bridging oxygen involved
in Ti-O0-Ti bonds and the number of the bonds may be
determined from the ratio of the amount of Ti atoms to
the amount of bridging oxygen. 1In addition, the
25 valence of Ti and the number of oxygen atoms involved
in Ti-0-Ti may be determined by known X-ray
crystallographic analysis (e.g., JP-A-2004-256719),

assuming that a Ti-O bond is present when the atomic



or al kyl phenyl groups such as phenyl, tolyl (and 52

“i'somers thereof), xylyl (and isoners thereof),

trimet hyl phenyl (and isoners thereof),

tetranet hyl phenyl (and isoners thereof), ethyl phenyl

(and i sonmers thereof), propy&yhenyl (and isonmers 5

t hereof), butyl phenyl (and isSoners thereof),

di gt Byhpbenyktiaed T&oaﬁaSotH%rgﬁghae@egﬂéhekﬂél@%ﬁnwb.sv
(and isomers thereof), pentylphenyl (and iIsoners

t hay eef) thbexyhpbepybifand irsoaRbs bher @i hedndtom.

cycl ohexyl phenyl (and isoners thereof); alkoxyphenyl

10 groups such as net hoxyphenyl (and isoners thereof),

et hoxyphenyl (and isomers thereof) and butoxyphenyl

(and isonggrs thereof);, halpgenat ed,phenyl \groups SPgh oR
as fg%nggﬂﬁn¥%0(and igqg¢L§ tﬁepgbfé %QAqggEheny[ [
(and *i"Sorter® tW&r eof )7\ “Br omopHeRYT T RRd "PYomer sF4B} o~ —or
t her eof ) ®Rchl or o( net hyl ) pRenyl (an®R i somers thereofy OR
and di chl orophenyl (and isoners thereof). Exanples of
such conpounds include conpounds whose structura
formula is as described beIoﬁ?Bé.g., but oxy titanate

di mer, phenoxy titanate oligoners such 20 as phenoxy
titanate dinmer, phenoxy titanate trinmer and phenoxy
titanate tet i SQ s_t hereof hengxy

sal i cyl tita%§?§&%§?g%%ér§usﬁcﬁcg £%ﬁ%ﬁ8§§ge or

saldey] yi | { ANg% endi Qf{af("lggd PBg”QXTéﬁéQh' ﬁ%k{a&ht @Qgt Be

t an 5
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and bi sphenol A). Conpounds containing 2 to 6 Ti atoms
| naonent £ U pd 26y PEehesied by &ekASwATmbbRbSE (e.g., J.

inorg. nucl. Chem., Vol. 28, 2410 (1966), J. Indian
Chem. Soc., Vol. 38, No. 3, pl47-152 (1961)). These
catalytic components may be a product of a reaction
with an organic compound present in the reaction
system, e.g., aliphatic alcochols, aromatic monohydroxy
compounds, alkylaryl carbonates, diaryl carbonates or
dialkyl carbonates or may be heated prior to the
reaction in the form of a raw material or a product, or
low boiling point components may be removed therefrom
upon heating. The catalyst may be an adduct or an
associated form with alcohol or an aromatic hydroxy
compound present in the reaction system.

The structure of polytitanoxane obtained by
the above-menticned method is shown in the above-
described formula (14).

Examples of such titanium compounds include



solubility. Titanate oligonmers have nol ecul ar wei ght
"53 distribution, and they may contain a conponent

whi ch does not satisfy the nolecul ar weight of 450 or
nore defined in the present invention, or contain a
conmponent whose vapor pressurg at 2300C is 10 Pa or 5
hlgher Such titanate ollgoners may be used as is, but

'Eﬁhég%LEEE&E&E&HaE@”P&ﬁF@s Mé@oby'ﬂﬂep9bﬂiow1ng

conponents or | ow nol ecul ar ‘wel ght conponents b

di stddnbetd ofr 9 )0/ aRu Buc 1?3&&5%& ~F 591& d by th
BuO-Ti -O ~Ti(]2- O)QT?-CB%JC %y OBu CB?,I Ze%ﬁu “Ove Y ©

Bu@o V1Bt mHB@rmiQ4 T{30)Q BuO / OBu MeO f CH2) - o |
i-OCHzi-OMe Ti Ti 343 BuQ O/ ~OBu 0 ~TiiO (cH)
3 BuO' \OBu OMe x(PhOH) CPh | OPh OPh OPh

PhO-Ti -O-Ti-OPh  PhO-Ti- O i ty@Ph OPpyhh

R"Z'o—{-TIi—-—o)—TIi—OR72
OR™  OR™
(29)

(In the formula {29), R’ represents an alkyl
S5 group having 1 to 10 carbon atoms, an aralkyl, aryl or
acyl group, R’ may be the same or different from each
other or may be bonded with each other, and h is an

integer of 1 to 5).

R73 O R73 0O R73

|
R73O-€-T|-——O){—T|--O)—'II'|-—OR73
I
73
OR \ /o
R73 / OR73

(30)

(In the formula (30), R’ represents an alkyl
group having 1 to 10 carbon atoms, an aralkyl, aryl or
acyl group, R’ may be the same or different from each
other or may be bonded with each other, and 1 is an
integer of 1 to 4, j is an integer of 0 to 4, and

i+3=4.)



OPh OPh OPh OPh OPh 10OPh OPh | OPh
PhOii-0O-1i-01li-OPh PhO T-A41i-O Ti-OPh OPh OPh 2
OPh OPh OPh OPh 54 OPh O Ph O Ph . x(PhOH)
PhOTi-OTi-OTi-OPh OPh OPh OPh OPh OCPh PhOTi-0O
tii-0O-ii-0Ph Phu- 1i-0Ph h OPh 2 OPh OPh PhO / OPh
x(PhOH) PhO / \ /OPh /f\lL OTi Tr Ti i\d b

1 PhO OPh 0 Bhi H
( H2)2 (~ H2 T R hin! ORe B8pia (D) Eﬁa ot the
Pr£dffiPa 2030 -IQAFERIRE11 lfbe £ b@'@%%h&%tém@f the

6Pr These catalytic conponents may be a product of
I eactd Dys iV 1 Hs @&DF OhgAnh 6t COIPOHNEhEr esent oEN1ERBid, or

reaction system e.g., aliphatic alcohol, an aronmatic
may not be in the form of liguid in the reaction system
because it has extremely low solubility in the liquid
phase of the reaction system. Thus, preferred examples
of R’ and R’ are an alkyl group having 3 to 10 carben
atoms such as a preopyl group (and isomers thereof), a
butyl group (and isomers thereof), a pentyl group (and
isomers thereof), a hexyl group (and isomers thereof),
a heptyl group (and isomers thereof), an octyl group
(and isomers thereof), a nonyl group (and isomers
thereof}, a decyl group (and isomers thereof), a
cyclobutyl group, a cyclopentyl group (and isomers
thereof) and a cyclohexyl group (and isomers thereof).
Those containing an ether bond are also useful, and
examples thereof include alkyl groups such as a
methoxyethyl group (and isomers thereof), an
ethoxyethyl group (and isomers thereof), a
methoxypropyl group {(and isomers thereof), an
ethoxypropyl group (and isomers thereof), a
methoxybutyl group (and isomers thereof) and an
ethoxybutyl group (and isomers thereof). Preferred
examples thereof also include aralkyl groups having 7
to 12 carbon atoms which may have a substituent, such
as a benzyl group and a phenylethyl group. Preferred
examples thereof also include aryl groups, e.g. phenyl

or alkylphenyl groups such as phenyl, tolyl (and



55 nonohydroxy conpound, al kylaryl carbonate, diaryl
“carbonate or dial kyl carbonate or may be heated prior
to the reaction in the formof a raw material or a
product, or |ow boiling point conponents may be
renmoved 5 therefrom upon hegbing. Exanpl es of
conpounds represented by the ™ fornula (15) include

NGRS 104130 Rl KRN g OxhdIe: o orPRO: EDeos)

scientists € resear concer ned, It S a

Corgmimdd Ml a8, 1 hadnd ol S sloubd e bend is 10

general ly present and nonoal kyltin (1V) al koxi de oxi de

| s st pylgsemyl n(dhe foimeof e pddO0TRELIF 1 phenyl
bonded nol ecul es. Exanpl es of such conpounds i ncl ude
but §drtd nisdneds Mmitameand Jde mromwiel pterdyl t (and | Mori@rs

et hyl but yl oxi de) oxide, butyltin (1V) (3 15
Trettimaguiopy loxi deyhan lde(arlityd amer | the fef) ,

met hoxyet hoxi de) oxide, butyltin (|\2 (2-
et FhefdH®adw)l obdngk 1 anmet s  thgueag ph aipid vike Uxy behenyl
(2-

octyltin (1V) butyl oxi de oxide, octyltin (1V)
et ATSUCL AR e )t T ERE) o R 1PRang1 (G Lsomers

met hoxypropyl.oxi de) oxide, octyltin (I 2-

o (ARG Hox FURSY T ofanft 3Py Qﬂﬁr(eoﬂ and

et et hoxi.d oxi de _and octyl ti I phenoxi de
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nventional reaction vessel such as a stirring
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istillation“colum or a conbination of these ray be
(and isomers thereof); halogenated phenyl groups such
as fluorophenyl (and isomers theréof), chlorophenyl
(and isomers thereof), bromophenyl (and isomers

15 thereof), chloro{methyl)phenyl (and isomers thereof)
‘and dichlorophenyl (and isomers thereof).

Examples of such compounds include compounds

whose structural formula is as described below, e.g.,
butoxy titanate dimer, phenoxy titanate oligomers such

20 as phenoxy titanate dimer, phenoxy titanate trimer and
phenoxy titanate tetramer (and isomers thereof),
phenoxy salicyl titanate oligomers such as phencxy-
salicyl-titanate dimer and phenoxy-salicyl-titanate
trimer, titanate dimer (derived from phenol and

25 bisphenol A) and titanate trimer (derived from phenol
and bisphenol A). Compounds containing 2 to 6 Ti atoms

in a molecule are preferred in terms of their

solubility. Titanate oligomers have molecular weight



56 used. These reaction vessels may be used for
*eéither a batchwi se reaction or a continuous reaction.
In order to efficiently shift the equilibriumof the
reaction in the direction of the product system a
process using a 5 nulti-sta distillation colum is
preferred, and a continuous process using a

m’&iétﬂ%@l&‘hs%ﬂiaﬁh% m&9! HHchEn”Qr @oﬁbSB‘éth@hlch

Multi-stage distillafion colums have two or
t hegs etheal st ss5¢ | ke ORo168£a08S, walghany st Y6 BRYmbBee
used as long as it is 10 capable of performng
cafdf Teedisi 6li she | paésont Psvenehon, okt bostagn a
di stillation colum, any generally used nul ti-stage
distnpdragnonwitateinmmapay pbesssed, aand3e%ans es0 t hereof
i nclude plate type columms using a tray such as a
3 bublgleetap 3wely, thtahave dbigongrsamgwl be tsag 8 as, but
counterflow tray, and packed type colums packed with
arfney WAl iRfisu Rk Figer stehov aBg al Raseai gingngeiat
Lessing ring, a Pall ring, a Berl _saddle, an Interl ox
sé&ﬂ@?n%Pﬁﬁx%ﬁ %ﬁ%%?ﬁbecﬁ %ENﬁﬁb%hthE%Pﬂ@enﬁskﬁyl
Sul zer packing and Mel | apak. 20 Further, a
%?{k&%ﬁ%P Ttol um conbined type having both a plate
colunn section and a packed colum section wth
packi ngs nay algg be preferably used. Wen a
conti nuous ﬁqusing a nulti-stage distillation
colum is 'sfb o the production of ar t|c
car bonaves, g emterials and reactaq
suppl i ed a cgﬁf*huous mul ti-stage BMOHATPF mﬁ—o ﬂ——OBu
col um and %hése materials are all owed tolrea
each other t™h thé"presence of a netal - conO8¢ n|n OB”
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57 catalyst in a liquid phase or in a gas-liquid

" phase in the distillation colum while sinultaneously
extracting the produced high boiling point reaction

m xture containing aromatic carbonate or an aronatic
carbonate 5 mxture in a liqud formfromthe bottom

of the colum, while continuously distilling off the
produced | ow boiling point reaction mxture

containing a by-product in the formof gas fromthe
upper paf hof #R d?%hillation col um by e x(PhOH)
di stgld.atli op. 10 Thel.ca yst in the present_jinvenijion

i's Jgg% Tin a pro%or'igﬁﬂtf usual |y 026’01 t IBO@@??“

wei ght, oOphefegably OPKWO1l to 10% bjﬂél.gjai L& i—OPh
preferably 0.01 to 5% by weight based on the to éy

wei ght of ARe~TizwPPhat eri al' s, al t houglpphhe  @RIPORt OPR
depends on theokénd 15 of the catal yst used, the kind
and the anount of raw materials and reaction

conditions such as reaction tenperature and reaction

pressure, The react) time (residence tpRg | Nofk
continu pfoceszgifﬂ the present inventioyds not® *PrOH)

particu | | and is usually 200500 108D

hours, prief@rabty 0\05 to 10 hours, norex prefer&bFVh
0.05 to 5°tHows. T VTE@jiion i's perfornﬁa at a }L\oph
reacti on venp ur sually 50 t B"S5am, 0
preferably 223 t 0,~480C dependi ng on the ki pd“of raw
material compdunds~#25 used. The reacti onP!S p&Ahor med
under reduced pressure, atnospheric pressure or

i ncreased pressure, wusually at 0.1 to 2.0x107 Pa
depending on the kind of the raw material conpounds
used and the reacti
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These catalytic compcnents may be a product
of a reaction with an organic compound present in the

reaction system, e.g., aliphatic alcohol, an aromatic



58 tenperature. In the present invention, it is not

~al ways necessary to use a reaction solvent, but an
appropriate inert solvent such as ether, aliphatic
hydr ocar bon, aromati c hydrocarbon or hal ogenated 5
aromati ¢ hydrocarbon may be gged as a reaction sol vent
in order to facilitate the reaction procedure. The

Pr &2eidnydBRL I Qfk & featyrerfhats 53&B%ézidiaryl

contai ni-ng hi'gh boiling point naterials an

MelRlreeiitadl N iGala) Y Hatbod R f40Bd hedteastpOfor
10 system and produced aromatic carbonate is

tr anspolt edadtidmeardf aie dfogasaf and-dhendtelidl or a
containing the netal-containing catalyst is recycled

I npirbelusytst em law tduidl iprpgesint pamtpafertte dd e removed
containing a netal -containing catal yst may be bl own

515 thewe faweh airforedteaddtrad.yst may be added to the

liquid. Also, the liquid my be reacted with an active
subst ance t o Bxesupdes @& emmpcymdd aanre sginted dhsttdree
derived _froma high boiling point material and a

suBSEHRLE dari)vedTHIsR AaRsaIkYIditai (i Hg Aldioatifs oxide.
MG UM Wi e
boi.l.i n int I al d t .
POkl 16, 80 ol Sl B0 3, SOOI SOROSEng 4

1 O(r:r:?%b¥§ta’l lg:1 g:ir'é@%nstu g]ﬁda?r\%%%ﬁr@é%g nf r&y)aa l&ccix nlclen eox ide

conft ng catal'ys e recycle
sygtsemsu'g!iggt 05 eh®aGt @heS Hlra Mo f & ilRnfd} of bonded

space i nsi he reactor, piping and equi prient

SUmboeRdlBeg .t NExEepdled ofeGIdNMRBnpMhIY Rindd udy Yt/ 1tin
(IV) butyloxide oxide, butyltin (IV) (2-
ethylbutyloxide) oxide, butyltin (IV) (3~

15 methoxypropyloxide) oxide, butyltin (IV) (2-
methoxyethoxide) oxide, butyltin (IV) (2-
ethoxyethoxide) oxide, butyltin (IV) phenoxide oxide,
octyltin (IV}) butyloxide oxide, oétyltin (IV) (2-
ethylbutyloxide) oxide, octyltin {(IV) (3-

20 methoxypropyloxide) oxide, octyltin (IV) (2-
methoxyethoxide) oxide, octyltin (IV) (2-
ethoxyethoxide) oxide and octyltin (IV) phenoxide
oxide.

The types of the reaction vessel used in the

25 present invention are not particular limited, and any
conventional reaction vessel such as a stirring vessel,
a multi-stage stirring vessel, a multi-stage

distillation column or a combination of these may be



. 59 catal yst recovery system The "liquid containing a
= high boiling point material and a netal - containi ng
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catalyst” in the present invention refers to liquid
contai ning a catalyst and a high boiling point

material 5 supplied to the reactor, a reaction mxture
containing a catalyst and & high boiling point

ey g& i al Pﬁ§§§nke%8tlﬁﬁev5§§§59rmag @aﬁ%bﬁnfg&XEEEﬁer a
containing a catalyst and a high boiling point

e £f £1RY i 8k S8k 8ednf 60Mut BenthRa6LAr radtdon. In order
concentrated |iquid having increased 10 concentration

ofta effatyshtapdshibtgbhbokbunyipetan ofatdei akabyion in
evaporation of part of the reaction mxture. The

catlad ydireayibe cHnphet pkypddesselgedm, na plrecksguudiog a
present in the formof slurry. In the case of slurry,
urrdi Bsbt vealgpodi sbhslahiohecglumnyiar prefeared, and a
included in the "liquid containing a high boiling
poFPRtHpleys aprapesa waiag- @oﬁuéthrﬁ‘ga@'at §n§§fvllath@n
"high boiling point material" int resen

i rﬁ/%:h‘t‘%nl? SNeHe oPJ@%ﬁ?’ér%bst’ﬂH%El\AﬁB%eb@FPFﬁélaﬁépﬁt
t h th th f t

e thute T iR ke ﬁ%ﬁep?gﬁgﬁgg%%eéﬁéggﬁli%QﬁﬁBPes

t@;{gof |n%Igde?9r natlcagoggh% Loxy _conmp unds @n

r esi ther eo car oxyI coirpotn g and~

Sggﬂﬂﬁﬁg% B! 60k and: XanLBROPS o AIOLIEL s PXATBLE. Of

|ng p0|n Faterial Ts a ecul ar

25 wei ght bMAQrQQHﬁtaPﬁ@ﬁHﬁEthMea&légﬂllhgﬂéh column,
reaction of the above-describ aromat i ¢ pol yhydr oxy

CQﬁﬁyﬂﬁﬁﬁéﬁEEhyr&§éﬁtﬁﬁlthe§€@ e aignRligteanbesybmn may

conmpounds and residues thereor and xant hones.
be used, and examples thereof include plate type
columns using a tray such as a bubble-cap tray, a sieve
tray, a valve tray or a'counterflow tray, and packed
type columns packed with any of various packings such
as a Raschig ring, a Lessing ring, a Pall ring, a Berl
saddle, an Interlox saddle, a Dixon packing, a McMahon
packing, a Heli pack, a Sulzer packing and Mellapak.
Further, a plate-packed column combined type having
both a plate column section and a packed column section
with packings may also be preferably used. When a
continuous process using a multi-stage distillation
column is applied to the production of aromatic
carbonates, starting materials and reactants are
supplied to a continuous multi-stage distillation

column and these materials are allowed to react with

each other in the presence of a metal-containing




.60 The aromatic pol yhydroxy conpound is represented
by the followwng fornmula (31): Ar6-(OH )qg (31)
(wherein Ar6 is an aronmatic group having a val ence of
g, g is an integer of 2 or nore, and each -COH group
may be 5 bonded to any posi%%on of Ar6 group). The
residue of the aromatic pol yhydroxy conpound IS

' eRipeented Dy dNheibol bophageOF M &a (5241200 hSphase in

y bonded t0 at 1east one nenb

fr amd hel S OURs €08$ | && 1 Wdh Ofh IBE aél@ul@aﬂgéé!sl}oextractlng
containing catal yst, an al koxycarbonyl group derived

f r ameali@tdcanrigtatieo D1 i g kyd afiy | réas boOAt RixBAre

aryl oxycar bonyl group derived from al kyl aryl carbonate

or atirdrajlnicey onatat b decarcatdoaybr gaoupraest vedchrbonate

di al kyl carbonate, al kylaryl carbonate or diaryl 15

Tambotfatre -{roay JNCBAJ(M@J}EW {3 f(lwhdmethom\r@fankje gqcolumn,

are as defined above, v is an inte of 1 tom and

egmmwwwlyodl@%bblmw tlm@n@e@dme@nyow
|t|on of the aromatjc ring of Ar6 group). 20

IdQDPUAE: 5P FHl I MAFEET] 2NNy a bycpreduct

aronat res nted by the follomnn f or mul as
N £ ) UPRAE (BRFT {345
(V"'?ﬁ il 1%t ich %oslun%a ebgpoci‘mtﬁfj palent alkylene

10 The catalyst in the present invention is used
in a proportion of usually 0.0001 to 30% by weight,
preferably 0.001 to 10% by weight, more preferably 0.01
to 5% by weight based on the total weight of the raw
materials, although the proportion depends on the kind

15 of the catalyst used, the kind and the amount of raw
materials and reaction conditions such as reaction
temperature and reaction pressure. The reaction time
(residence time in a continuous process) in the present
invention is not particular limited, and is usually

20 0.001 to 50 hours, preferably 0.01 to 10 hours, more
preferably 0.05 to 5 hours.

The reaction is performed at a reaction
temperature of usually 50 to 350°C, preferably 100 to
280°C depending on the kind of raw material compounds

25 used. The reaction is performed under reduced
pressure, atmospheric pressure or increased pressure,
usually at 0.1 to 2.0x10’ Pa depending on the kind of

the raw material compounds used and the reaction



having 1 to 30 carbon atons or a dival ent group

- selected from-0-, -CO, -S-, -S2-, -SO and -COO);

yt \ / yl1 \ / (35) (wherein Y1l is as defined above
and each Y may be the 5 sane or different); and (36)
(wherein Z represents a tri%%lent group such as a
trival ent al kanetriyl group-tfraving 1 to 30 carbon

at Ol ADA, Ao L1 YA eRL @EQ?@Btclﬂ(rlQHPlo@é it g% ROE

hydrogen "atom on an ar ng may

by, AROf hefe Ods s SHPSLL L HEDT 5 3i:'85‘cé‘§oﬁ bah ogge, %8\’;“ aﬁn

al koxy group having 1 to 30 carbon atoms, a’phenyl

Ir QotPr oftr PREN OXYe r O S8Pvedt VENYh SE0HPhed, CYANBhEEOHP
an ester group, an amde group or a nitro group). | \
\ Hpocarispec 4 tsmexbaphgSrofaabonabr Chadbybydtany
conpounds descri bed above include hydroqui none,

5 r esonea i ¢ daydohcd rbon | hydrioxybsedeae §andacsbomr solvent

t hereof), bis-(hydroxyphenyl)-propane (and isomners

t her epfder bis-{aydl bxgphetlye ) reatbaor pandedgoeers 10
thereof), bis-(hydroxyphenyl)-ether (and isoners
thereof), biB1§ hykRr XY phimyeyt ket opes (anfeatener shat
t her eof bIS (hydroxyphenylg sul fone (and isoners

t NerBbFS  CHIAYMRE JkYFhROT § 129 PPt (BREEFSaherand a

et R A bR LR e

10 (Iyydg éﬁ/p{' J;)OJ'I}I LPXYPS n%)t}_/lc aJ[Jbor’ia\‘Ej hi/grg anported
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in the form of gas, and the liquid containing the
metal-containing catalyst is recycled in the system.

In this process, part cof the liquid
containing a metal-containing catalyst may be‘blown
down and a fresh catalyst may be added to the liquid.
Also, the liquid may be reacted with an active
substance to produce a reaction mixture of a substance
derived from a high boiling point material and a
substance derived from a metal-containing catalyst, and
the mixture is separated intoc a component composed
mainly of a substance derived from a high boiling point
material and a component composed mainly of a substance
derived from a metal-containing catalyst, and the
substance derived from a metal-containing catalyst may
be recycled in the system.

The term “reaction system” refers to the
space inside the reactor, piping and equipment

surrounding the reactor, equipment and piping for the



(hydr oxyphenyl di phenyl ) (and isonmers thereof), tri-
* (hydroxyphenyl) ethane (and isoners thereof), tri-
(hydr oxyphenyl ) - benzene (and isomers thereof), 20
di hydr oxynapht hal ene (and i sonmers thereof) and
tri hydr oxynapht hal ene (and iggners thereof). O these
aromati ¢ pol yhydr oxy conpoun and residues thereof,

COMmAUNYS ¢ Naloddt P14 LPUNGhA (I Y 06555 (g

pro ar bonat e of the 25 present

in%%@H'%&ﬂr%ﬁ%i?d%ﬁﬂﬂﬂﬁtéﬂﬂéﬁﬂéﬂﬁhaE%%ﬂﬁ&fébﬁ%%iﬁﬁng
aromati ¢ pol yhydr oxy conpounds often found in the

Pr eduGlliven priecass igid deder tiherdrad d i Rgrd ), td Bliquntd

(©. (A oxidation product of aromatic nonohydroxy
cornpoitad nimgMa clatad vt eaet anthidh) hidired poidtuaesicerial
by Fries rearrangenent of diaryl carbonate obtained

Shy stupe ljees et theaatdamtcaand a e adstien minoduct ¢detaoiing
(C aromatic di hydroxy conpound derived from phenol

10 awiiadia liysta angact dvitgh hapirldgen treitgy ndtee fiold qeerent in
formula (38) and oxidation product thereof: HO OH (38)
(WhEfeitRaPLoly &@s I@AGtHED FHoe)re B esingg a catalyst

oxi dation ,products (A) of an aromatic, mnoh ngéy
coRPEuRd PR & A AT TR Yeprdds chtsd'anss om the

; o'e:'eglvc\:ﬁﬁ% {a%EﬂTél) %%n(c%?'x)traanc%é ﬁ@duima{vi\ngoiécsrggase@

10 concentration of a catalyst and a high boiling point
material by evaporation of part of the reaction
mixture. The catalyst may be completely dissolved in
the liquid or present in the form of slurry. In the
case of slurry, undissoclved portionsrin the slurry are
15 also included in the “liquid containing a high beoiling
point material and a metal-containing catalyst?”.

The “high boiling point material” in the
present invention is an organic substance whose boiling
peint is the same as or higher than that of aromatic
20 carbonate produced ih the present invention. Examples
thereof include aromatic polyhydroxy compounds and
residues thereof, aromatic carboxyl compounds and
residues thereof and xanthones. Another example of
such high boiling point material is a high molecular
25 weight by-product produced by an additional reaction of
the above-described aromatic polyhydroxy compounds and
residues therecof, aromatic carboxyl compounds and

residues thereof and xanthones.



1~1i HOH Exanples of products (B) produced by

" Fries 64 rearrangenent of diaryl carbonate include
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compounds represented by the follow ng fornulas (41),
(42) and (43). --O-OHOH (41) HO\ / 11 C OHO HO
\' / \ /] (42) OOCHHO- (43).,\ / \ A Exanples of

oxi dati on products of the conpound represented by

the formul a t4d) . oehyse %égyﬁﬁaﬂéﬁgf eeﬁgésﬂae%by the

formul as (44) and (45). npl es of oxidation

presibied Se @t ed Niey CORPOEHUSowE 89T esentied byijhe fornul as
(42) and (43) include conpounds represented by the
formulas (46) and (47). OH a-01-- (44) 65 HO/ CH

Ar®—(OH), (31)

(wherein Ar® is an aromatic group having a valence of q,
g is an integer of 2 or more, and each -OH group may be
bonded to any position of Ar® group).

The residue of the aromatic polyhydroxy
compound is represented by the following formula (32)
and is chemically bonded to at least one member
selected from the group consisting of metal of a metal-
containing catalyst, an alkoxycarbonyl group derived
from dialkyl carbonate or alkylafyl carbonate, an
aryloxycarbonyl group derived from alkylaryl carbonate
or diaryl carbonate and a carbonyl group derived from
dialkyl carbonate, alkylaryl carbonate or diaryl

carbonate
—(O)—ArP—(OH)qy  (32)

(wherein Ar® and q are as defined above, v is an integer
of 1 to m, and an -OH group and an -0~ group may be
bonded to any position of the aromatic ring of Ar®
group) .

Examples of Ar® in the formulas (23) and (24)
include aromatic groups represented by the following

formulas (33), (34), (35), (36) and {37):



U \ (45 1/ HOH HO Ho- f 0 (46) OH HO (47)

* Exanpl es of aromatic di hydroxy conpounds (QC
represented by the fornmula (38) include conpounds
represented by the fornula (48). CH3 HO H (48) H3
Exanpl es of oxidation produq;s of the 5 conpound
represented by the fornul a £8) i ncl ude 66 conpounds
represented by the fornulas (49) and (50). OH CH3

(49) HO\ ~ OH 1H3 HO Y1 O Q) HO H (wherein Y1
is as defined above). An a -@ pol yhydr oxy (ggypound
of type (A

(wherein Y' is a single bond, a divalent alkylene group
having 1 to 30 carbon atoms or a divaient group

selected from -0-, -C0O-, -S-~, =-80;-, -50- and -CQOO-);

(wherein Y' is as defined above and each Y!' may be the

same or different); and

pianUa

(wherein Z represents a trivalent group such as a
trivalent alkanetriyl group having 1 to 30 carbon atoms
and a trivalent aromatic group; at least one hydrogen

atom on an aromatic ring may be substituted by another



is present in the production process because it is 5

* produced by oxidation of an aromatic nonohydroxy
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compound due to mixing of a trace anobunt of oxygen to
the system when produci ng aromati c carbonate, or

because it is incorporated iégo t he reaction system as
inpurities contained in the tTaw material aromatic 10

no ; 0 n YR X s .of

S RS AR v A S S LN

| sRaRi gt hergoh) éﬁébghhﬁ‘ﬁbﬁé}/dhpﬁﬁ@h'yl( %&@ubsoﬁebﬁenoxy
thereof? A product produced by Fries rearrangenent
15gdbapyl acaihonageoap,t ypeyaBp tebdp, t@nb%smreadg&@@p, an
by a side reaction upon producing dlaryl car bonat e.
Exampiesgobupobyhydnoxyocgepapnds (B) include 2,2' 67

di hydr oxybenzophenone, 2, 4'-di hydr oxybenzophenone and

4, 4" -di hydr oxybenzophenone mat i ¢ di hydr oxy
conmpound of type (O is general ly used as

a nmonomer for producing | ycar B8rat e.
Aromati c pol ycarbonate ca uced by an
transesterification of such aromatic dihydroxy

conmpound and_di ar carbonate, and in th
transesterif%%%??ghc aR/agpP ﬁﬁtPg ﬁﬁﬂ8ﬁ§aFoQQl¥BH668ﬁ§

T OHeEE ﬁﬁﬁgr%%sg.% 4881 19°TraRaRRa=PRELEPBR0ct i on
prf@@@f%FQ QP HalPrQPHﬁngBQggéhgeﬂgn?EMQrQéXme

COﬁ'pOUﬂ i's tO e used resen

| et OFy | THPé£ﬂH£§%§H?ﬂ;§%4?%yd¢JEB Q !ayh%(giaoxﬁxomers

compounds 1 ncl ude oxypheny pr opane.
thereof), bis-(hydroxyphenyl)-methane (and isomers

thereof), bis~-(hydroxyphenyl)}-ether (and iscmers
thereof), bis-(hydroxyphenyl)-ketone (and isomers
thereof), bis~(hydroxyphenyl)-sulfone (and isomers
thereof}, bis-{hydroxyphenyl)~-sulfide (and iscmers
thereof), dihydroxydiphenyl (and isomers thereof), bis-
(dihydroxyphenyl) methane (and isomers thereof), 2-
(hydroxyphenyl)-hydroxypropyl-phenol, dihydroxy-
(hydroxyphenyldiphenyl) (and isomers thereof), tri-
(hydroxyphenyl) ethane (and iscmers thereof}, tri-
(hydroxyphenyl)~-benzene (and isomers thereof),
dihydroxynaphthalene (and isomers thereof) and
trihydroxynaphthalene (and isomers thereof).

Of these aromatic polyhydroxy compounds and
residues thereof, compounds that are often found in the
process for producing the aromatic carbonate of the

present invention need a careful attention. Examples



15 The aromatic pol yhydroxy conmpounds in the present

“tnvention also include an aromatic pol yhydr oxy
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conmpound descri bed bel ow, which is generally

coexi stent wth 2,2-bis-(4-hydroxyphenyl)-propane: OH
H3C CH3 HO/ H3 HH3 H3 6&3 _ CH3 HOCH3 - ICH3 CH3
HO\ / C57 HH3C~-L3/CH3¥ HOH H3C CH3 HO\ 1H3

3 & &rbhatHB HBEyhVBF-XhecanpBRhHS 6@EE9XYBu§9”E".ﬁU'%e
categorized as a high boiling point material in the

presedtct hyenproBesksinepudseshed by 1bhenbormyl a (851 hnd

(HOs -Ar7 -(COH)r-s (51) O (wherein Ar7 is an

aré@mti c group having a valence of r, 5 r is an

integer of 1 or nore, s is an integer of O to r-1,

antA baehid@Hi groppodndt - ¢ CODEpmgr dapmmayghpdrbspdedmpound
which is a reactant
(B) product produced by Fries rearrangement of diaryl
carbonate obtained by the present reaction and
oxidation product thereof
(C) aromatic dihydroxy compound derived from phencl

which is a reactant, represented by the following

formula (38) and oxidation product thereof:

HO—Q—Y‘—@-OH (38)

(wherein Y' is as defined above).
Examples of oxidation products {(A) of an
aromatic monohydroxy compound include compounds

represented by the following formulas (3%) and (40):

(39)

(40)

Examples of products (B) produced by Fries



.to any position of Ar7 group). The residue of the
~aromati c carboxyl conpound is represented by the
formula (52) and is chemcally 10 bonded to at | east
one nmenber selected fromthe group consisting of

metal of a netal -containing g?talyst, an

al koxycar bonyl group derived fromdi al kyl carbonate or
al kK33 n feddinai e, d B vl Y Ooysrad the Ny c Dl sl d wiedls
from al kylaryl carbonate or diaryl carbonate and a 69
care@pnys gt werined d e thal fotmebabondte, (42) and
al kyl'aryl carbonate or diaryl carbonate. | (Ot
(MY3)t. r7 (Il OH)r-s-u O=C 0 (52) O Tu (wherein
Ar7, r and s are as defined above, t is an integer of
Otos, uis an integer Otor-s,_and -CH 5 group
-(COOH) group, -0- grouyp § - (COO) QuUP may be
bonded to any posih®or TR ) reithr exahbl e
of such aromatic carbo —aud its residues
i nclude: aromatic carbonic acids such as benzoic
acid, terephthalic acid, 10 isophthalic acid, phthalic
acid or the like; aromatic carb tes, such as nethyl
benzoat e, phenyl benzoate, dinmethyl terephtharate or

the like; hydroxyl arongts=, carbonie=3ci ds such as

salicylic acid, p-fAydrQ 0j 42

m hydr oxybenzoi c ac?d, \@) ox|ybe aci d (42)
0

OH  HOQ
- (43)
C
CQC

Examples of oxidation products of the

5 compound represented by the formula (41) include
compounds represented by the formulas (44) and (45).
Examples of oxidation products of the compounds
represented by the formulas (42) and (43) include

compounds represented by the formulas (46) and (47).

o Q \/:(j (44)
§



15 (i soners thereof), carboxy diphenol (isoners

" thereof), 2-(4-hydroxyphenyl)- 2-(3'-carboxy-4'-
hydr oxyphenyl ) propane or the |ike; aryl oxycarbonyl -
(hydroxyl)-arenes such as phenyl salicylate, phenyl p-
hydr oxybenzoate, tolyl saIiQ%gate, tolyl p 20
hydr oxybenzoat e, phenyl di hydroxybenzoate (isoners 70
thereof), tolyl dihydroxybenzoate (isomers thereof),
phenoxycar bonyl di phenol (isoners thereof), 2-(4-
hydr oxyphenyl )- 2-(3'- 4' -
hydr oxyphenyl ) pr opane
(hydroxyl)-arenes suc 3
hydr oxybenzoat e, et hyl x . D-
hydr oxybenzoat e, nethyI™i hydr oxybenzoat e g soners
t hereof), nmethoxycarbonyl diphenol (isoners thereof),
2- (4- hydr oxyphenyl ) -2- (3" - met hoxycar bonyl -4' 10
hydr oxyphenyl ) propane or the |ike; aryl oxycarbonyl -
(al koxy) -arenes such as phenyl ngihoxybenzoate
(isoners thereof), tolyl nethoxybgnzoate (isoners
thereof), phenyl ethoxybghzdate (A
tolyl ethoxybenzoate (1s@ he , phenyl
hydroxyl 15 net hoxybenzoate (is8mers %hereof),
hydr oxyl - met hoxy- (phenoxycar bonyl) - dnyI (i SQUghS
t hereof), 2-(4-
met hoxyphenyl ) - 2- (3" - phenoxycar bonyl - 47~
hydr oxyphenyl ) pr opane, 2-(4-hydroxyphenyl9t2-(3"-
phenoxycar bonyl - 4' - net hoxyphenyl ) propane or the |ike;
20 aryl oxycarbonyl - (aryl oxy) -arenes such as phenyl
phenoxybenzoate (isoners thereof), tolyl
phenoxybenzoate (isoners thereof), tolyl

DH HO

at=e
s

Examples of aromatic dihydroxy compounds (C)
represented by the formula (38} include compounds

represented by the formula (48).

CH3 ’

Hs
Examples of oxidation products of the

5 compound represented by the formula (48) include



t ol yl oxybenzoate (i soners thereof), phenyl hydroxyl

" phenoxy-benzoate (isoners thereof), hydroxyl -phenoxy-

10

15

25 (phenoxycar bonyl) -di phenyl (isoners thereof), 2-(4-
phenoxyphenyl ) - 2- (3" - phenoxycar bonyl -

hydr oxyphenyl') propane, 2-(4-gydroxyphenyl)-2-(3'-
phenoxycar bonyl - 4' - phenoxyphenyl ) propane or the |ike;
71conpkaxyearbpmrlsenlekory) t@{eerf%%nﬁu% agdvetd (s0).
met hoxybenzoate (isonmers thereof), ethyl
met hoxybenzoate (isoners thereof), netif
et hoxybenzoate (isoners thereof), ™ et hoxybenzoat e
5 (isomers thereof), nethyl hydrox/ Bt hoxybenzoat e
(i somers thereof), hydroxyl - met hoxy\Lnet hoxycar bonyl ) -
di phenyl (|soners thereof) ot (4- ngt hoxyphenyl ) - 248" -
nmet hoxycar bonyl - opane, 2-(4

hydr oxyphenyl ) - 2- | —#H. 10

met hoxyphenyl ) pr opane théHLi' =/ al koxycar bonyl -
(aryl oxy)-arenes such as nethyl phenoxybenzoate

(i soners thereof), ethyl phenoxybenzoate (i soners
thereof), nethyl to}s=axybenzogte (|soners t hereof),

et hyl tolyl oxyRen eol) . phenyl 15
hydr oxyl - met hox - bé) t hereof), hydroxyl -
nmet hoxy- (pheng 3 -rs therqg%%
2- (4- met hoxyph -
hydr oxyphenyl )R
phenoxycar bqoiy! -
20 aryl oxycar bonyl - (aryl oxycar bonyl oxy) - arenes such as
phenyl phenoxycarbonyl oxybenzoate (i soners thereof),
tol yl phenoxycarbonyl oxybenzoate (isonmers thereof),

(D

bonyl) di pheny
)-2 (3' phenoxyCA

(wherein Y' is as defined above).

An aromatic polyhydroxy compound of type (A)
is present in the precduction process because it is
produced by oxidation of an aromatic monchydroxy
compound due to mixing of a trace amount of oxygen to
the system when producing aromatic carbonate, or
because it is incorporated into the reaction system as
impurities contained in the raw material aromatic
monohydroxy compound. Typical examples of aromatic
polyhydroxy compound (A) include dihydroxybenzene (and
isomers thereof) and dihydroxydiphenyl (and isomers
thereof).

A product produced by Fries rearrangement of
diaryl carbcnate of type (B) tends to be produced by a
side reaction upon producing diaryl carbonate.

Examples of polyhydroxy compounds (B) include 2,2'~-



tolyl tolyl oxycarbonyl oxybenzoate (isoners thereof);

" phenyl hydroxyl - phenoxycar bonyl oxy-benzoate (isoners

25 thereof), hydroxyl - phenoxycar bonyl oxy
(phenoxycar bonyl ) - di phenyl (i soners thereof), 2-[4-
(phenoxycar bonyl oxy) phenyl - 2.4 3" - phenoxycar bonyl - 4" -
hydr oxyphenyl ) pr opane, 2-(4-ﬁydroxyphenyl)-2-[3‘ 72
DhQ{in%MzoﬁhWOW@rhﬂﬂwwméﬂ%m €and
or e |like;

ar yil, axyedamyaimdxyviairieonreaidieny | oxy) -arenes such as

phenyl net hoxycarbonyl oxybenzoate (i soners thereof),

tol yl met hoxycarramatdxy meEnmxeatos W icompermdeb dhergns ) (C) is

phenyl et hoxycarbonyl oxybenzoate (isomers thereof),

t olky Icoapieoyyc grelbemalldyy beezbatse & imsomerey ficre peofdycing
phenyl hydroxyl - net hoxycar bonyl oxy- benzoate (i soners

St hereBRY1 ch perlaeprbeastiexy c risomtisxypolycarbonate can be

(phenoxycar bonyl ) - di phenyl (isonmers thereof), 2-[4 10 -
( TBEREXFESr BIno ¥ PREERHET-LELCT e mfx kit GriAmat 1o

%ggg&é?ﬁ%np%g;g, A s e RS Y i iR

o E%%ﬁ%%%%%ﬁyiﬁf.i{s%yi%?y 28 BERIPGAP) MePehyErogiy [poppound
, t i .15 ..

neaeygf§pagg§§gagggn ;@é&@@%&?a %h%'% [% i ihydroxy

d
t here arbonyl oxybenzoate (1 so

1ot hebﬁgehndweﬁshxyptgflymh O&gcaango@%%%n%%at& (i U, Scscion

15

t hereof), ethyl | oxycar bony ybenzoate (i1so

thpreetys WaEAYkhBY8KopybapbenaryhaahBomhenylerigat e
(i somers thereof), hydroxyl - phenoxycar bonyl oxy 20

( mebhpzyadr benyb) bdi peedyhbs( bsesacsahiteigothe Priedent
(phenoxycar bonyl oxy) phenyl ] - 2- (3" - net hoxycar bonyl - 4" -
hyénwvgypphenyl ) fyppaad, eRafglbrdofx gpkanpblyhyd¥oxy
compounds include 2,2-bis-{4-hydroxyphenyl)-propane.
The aromatic polyhydroxy compounds in the
present invention also include an aromatic polyhydroxy

compound described below, which is generally coexistent

with 2,2-bis-(4-hydroxyphenyl)-propane:

- gye
OLTO~ K

Hj



met hoxycar bonyl - 4' (phenoxycar bonyl oxy) phenyl ] propane

or the like;

5

10

al koxycar bonyl - (al koxycar bonyl oxy) - arenes 25 such as
nmet hyl net hoxycar bonyl oxybenzoate (isoners thereof),
et hyl nethoxycarbonyloxybenz&Qte (isomers thereof),
nmet hyl et hoxycar bonyl oxybenzoate (isoners thereof),
et hyl et hoxycarbonyl oxybenzoate (i soners 73 thereof),
nmet hyl hydr oxyl - net hoxycar bonyl oxy- benzoate (i soners
t hereof), A et1oxycar bonyl oxy-

( met hamy enyl (isonmers thereof), 2-[4-

(et hoxyc y!ga nx%)-Z-(S‘-netho e, boiy| 5

hydr oxyphenyl ) pr og&ne, 4- hydr oxypRe 2= H
met hoxycar bonyl - 4" - gsoet Roxycar bonyl oxy) Rr € on
or the |Iike. Anbng thesrmti c carboxyl conpdund” "

and the residues there% he special attentiong®

shoul d be 0 péhs bose~tand to exist in the
produads : '3c carbonates of the

present i Rve/ tigp. ' car boxyl conpounds t hat H
tend to exist may,

bel ow. (D) incl udesuf

). and (E) descri bed
oducts of Fries rearrangenent
15 of aromatic carbona ich are obtained by the
transesterification of present invention, and
hydrol ysis products thereof. (E) includes products of
Fries rearrangenent of the®fransesterification
products of the aromatic pol yval ent hydroxyl

conpounds an@'h_goa%ﬂée.ltﬁsl:éngQg%’dPEEmbBﬁhﬁogagféﬁori zed as

described earlier, In the produttion "netho
ar@nei e K8iboRgt 86iAt hheepPiB3ICNh tA¥EPYe@Bnt invention

is represented by the formula (51):

(HO)S—ArT-(ﬁ:OH)r.s (51)

(wherein Ar’ is an aromatic group having a valence of r,
r is an integer of 1 or more, s is an integer of 0 to
r~1l, and each -OH group and ~(COOH) group may be bonded
to any position of Ar’ group).

The residue of the aromatic carboxyl compound
is represented by the formula (52) and is chemically
bonded to at least one member selected from the group
consisting of metal of a metal-containing catalyst, an
alkoxycarbonyl group derived from dialkyl carbonate or
alkylaryl carbonate, an aryloxycarbonyl group derived

from alkylaryl carbonate or diaryl carbonate and a



the reactions to obtain butyl phenyl carbonate and

*di phenyl carbonate from di butyl carbonate and pheno

are 25 particularly inportant, and therefore, aronatic
car boxyl conpounds and residues thereof of (D) and (E)
descri bed above are shown bEEQMIaS exanpl es. Exanpl e
of (D) may include: salicylic acid; 74

p-Q%QQ%Man j e X i t & s -
hydr oxybenz%&e{ﬁbgu%ylldgstgwﬂcoﬁglef%% )e/cfa p- ﬂeP

hy dnaomkenz0 &b RRaYY lo O W iRpe RZp dh {t SOMEr s

t hereof); phenyl phenoxybenzoate (isonmers thereof); 5
phenyl phenoxycarbonyl oxybenzoate (i soners thereof);
butyl phenoxycar bonyl oxybenzoate (i somers thereof);
but yl butoxycarbonyloxybengoate (i somers thereof) or
the like. Exanple of (E) i ncl ude 10 :

di hydr oxybenzoic acid (iso ts t hereof); phenyl

di hydr oxybenzoate (i rs at.he ;  phenoxycar bonyl

di phenol (isoners tm%) ,Aer‘( 2 hy'dybxyphenyl ) - 2-(3' -
phenoxycarbonyl-4'-hydr8x enyl ) propane or the |iKke.
Xant hones that are inc i n~t he high 15 boiIiQ&?)
point materials of the predent invention include

xant hone and the xanthone Raving at |east one
substituent on the aromati §“wi ng sel ected from
foll owi ng various substituent group consisting of:

al kyl groups such as a nethyl group, ethyl group, 20
propyl group, isopropyl group, butyl group, and

I sQhybykiar aud; PYShQxy! aBEOHR: q@kkAXY gpavRS su¢h as
a met hoxy group, ethoxy group, propoxy group,

i sppEegexyof 0 to s, u is an integer of 0 to r-s, and -OH

5 group, -(COCH) group, -0- group and -(COQ)- group may

10

15

20

be bonded to any position of Ar7).

The particular example of such aromatic.
carboxyl compounds and its residues include: aromatic
carbonic acids such as benzoic acid, terephthalic'acid,
isophthalic acid, phthalic acid or the like; aromatic
carbonates, such as methyl benzoate, phenyl benzoate,
dimethyl terephtharate or the like; hydroxyl aromatic
carbonic acids such as salicylic acid, p~hydroxybenzoic
acid, m-hydroxybenzoic acid, dihydroxybenzoic acid
{isomers thereof), carboxy diphencl (isomers thereof),
2-(4-hydroxyphenyl) - 2-(3’~carboxy-4'-
hydroxyphenyl)propane or the like; aryloxycarbonyl-
(hydroxyl)~arenes such as phenyl salicylate, phenyl p-
hydroxybenzoate, tolyl salicylate, tolyl p-

hydroxybenzoate, phenyl dihydroxybenzoate (isomers



group, and butoxy group; aryloxy groups such as a
"phenoxy group, tolyloxy group; al koxycarbonyl oxy
groups 25 such as a net hoxycar bonyl oxy group,

et hoxycar bonyl oxy group, propoxycarbonyl oxy group,
and but hoxycarbonyl oxy groupy aryl oxycarbonyl oxy
groups such as a phenoxycarbonyl oxy group,

t ol tHepersay boryl PX Yd O PiPo x Pod Rz 0 £8E POXYIm@E QUPhereos) ,
al koxycar bonyl dgroups such as a nethoxycarbonyl group

angradrgyearhanyl gishenol al ysOnYEQr bigaydo gy oups (such

as a phenoxycarbonyl group and tolyl oxycarbonyl

gr dyd r ey rerryt dar Bony3d ‘oxyh g expsa Bostugh- 85—~ a

benzoi | oxy group and tol yl carbonyl oxy group. An

actvarositmdtenicle propdree presem Iikentabkoxysazbonyl-

substance that reacts with a high boiling point

Jrat @Yo xaHd/Hrenafetsick o dietngl csa bl gstateandietlyyl p-
st ance m@g be used as |ong as a separable reaction

su
10 OGP SR SR iGru & s skt sekafier grthine Peacti on.
For xanmpl e, the active substapce includes an,
oxiha’id%orﬁ‘g)%eégzaﬁ Cra i %E@C&ﬂ%yl%erﬁ%ﬁepi tHet oy S
agent, agdsqrption ent., reactj ve solvent_or th

| | %2] rle%qf)ﬁa?rte?cgﬁ E Et%enyolxicgiipﬂ?bojag&ﬁc,’mers thereof),
pr ecl Qi ' 15 react | the |ike

O SRR AR Lo T onclid SRl L | Tke
10US @ra o phe 1 ) igt odEif1atd N qu],he% ‘%lf;Fd‘LSo:&R%xf)dHﬁ o
simul taneously or Sequentially. The product” deriv

fr qenkbayhi-glteeisl isteh 26 RMHIHyISURIIAGSH AL (isomers

present invention is the reaction proddcts and/ or
untheaebé( , hitgh Yo imeithg xydietiz oatwb stianers & e rersul t s

fromthe reaction between the
phenyl ethoxybenzoate (isomers thereof), tolyl
ethoxybenzoate (isomers thereof), phenyl hydroxyl-
methoxybenzoate (isomers thereof), hydroxyl-methoxy-
(phenoxycarbonyl)-diphenyl (isomers thereof), 2-{4-
methoxyphenyl) -2~ (3’ -phenoxycarbonyl-4’ -
hydroxyphenyl)propane, 2-(4-hydroxyphenyl)-2-(3’-
phenoxycarbonyl-4’ -methoxyphenyl)propane or the like;
aryloxycarbonyl-(aryloxy)~arenes such as phenyl
phenoxybenzoate (isomers thereof), tolyl
phenoxybenzoate (isomers thereof), tolyl
tolyloxybenzoate (isomers thereof), phenyl hydroxyl-
phenoxy-benzoate (isomers thereof), hydroxyl-phenoxy-
(phenoxycarbonyl)-diphenyl (isomers thereof), 2-(4-
phenoxyphenyl) -2- (3’ -phenoxycarbonyl-4’ -
hydroxyphenyl)propane, 2-(4-hydroxyphenyl)-2-(3f-~

phenoxycarbonyl-4' -phenoxyphenyl)propane or the like;




hi gh boiling point substance and the active substance.
"Also the product derived fromthe netal 25 contai ning
catalyst is the reaction products and/or un- reacted
net al - contai ning catalyst that results fromthe
reaction between the netal -coptaining catalyst and the
active substance. 76 The separation of the reaction

M 4 Yok ye/HRINY 1Y, dihé hadicdnderdvad 44 opadbg hi gh

boiling” point substance and the product derived from

t heeteioalybegeiiaaiani (g caaird Wife FBVE DE aafyl ed out by
any 5 separation nethod as long as the nethod is able

t omesbpaybics zoaite rdachieas rahenece )i ,Ninge tHADL

conponents, one that mainly contains the product

depitheavbeomciie Hiiglomes [thegeudiint eyl artdeosayiteridmate

other that mainly contains the product derived from

St hé 1gengrsc sheaienifng medhydt dypsoxyHomedhanpthenzoate

gas-condensati on phase separation nmethods such as

gas iPPREIrE $8§ERRL) on hY§EexYdomed hawyar @etdipxycarbonyl) -

gas:splid I'iquid phase separation or the |ike nethod; .

soailEngPéf&i dLSEp&rat tBeTaRHodd ddcmetioxypheny ) -2 - (37 -

sedi pent ati g centrifugation, filtration or the 15

R RB R Bande i sy St sy L B RARSon Arckiod:

ad ' dp_ 0k, t [ used, and

prgggggggehgggg; gt iqgn ﬁl%tthg%gcsué?%g’sl ?edi nment ati on,
10di gskhbatba PLLOR KAl § sused. géggr se

separatigg ﬁ§¥%2§§@%§§gbgru§2 gﬁ%%fy?lgg I'n fg&ﬁyi

conRipabikon-akehBe LWehORsNREehRR! POds oxhBeni-aReeuUs! y

or sequentially. The conbination of this active
subssemeesabHereof}, ethyl phenoxybenzoate (isomers
thereof), methyl tolyloxybenzoate (isomers thereof),
ethyl tolyloxybenzoate (isomers thereof), phenyl
15 hydroxyl-methoxy-benzoate (isomers thereof), hydroxyl-
methoxy- (phenoxycarbonyl)-diphenyl (isomers thereof),
2-(4-methoxyphenyl)-2- (3’ -phenoxycarbonyl-4’' -
hydroxyphenyl}propane, 2-{4-hydroxyphenyl)-2-(3-
phenoxycarbonyl—-4' -methoxyphenyl)propane or the like;
20 aryloxycarbonyl- (aryloxycarbonyloxy)-arenes such as
phenyl phenoxycarbonyloxybenzoate (isomers thereof),
tolyl phenoxycarbonyloxybenzoate (isomers thereof),
tolyl tolyloxycarbonyloxybenzcate (isomers thereof),
phenyl hydroxyl-phenoxycarbonyloxy-benzoate (isomers
25 thereof), hydroxyl-phenoxycarbonyloxy~
(phenoxycarbonyl)~diphenyl (isomers thereof), 2-[4-
(phenoxycarbonyloxy) phenyl-2- (3’ -phenoxycarbonyl-4' -

hydroxyphenyl) propane, 2-(4~hydroxyphenyl)-2-[3'-




the separation nethod is not limted in particular,
“but the preferred nmethods for carrying out the
present 25 invention includes as follows. (1) The
gas-condensati on phase separation nmet hod, wherein the
active substance is an OXIdI b agent, the reaction
|s an OX|d|2|ng reaction, 77 product derived from

G N R

nEEﬁJT%@“ﬁiﬂ@'th?ﬂ&ﬂ&@grﬁéhyimﬂéﬁk éfﬁbnfﬁ&iy -arenes

The solid-liquid separation neth ereln

actsued SPHIGA Inﬁeiﬂadﬁy&%ﬂﬁr@;}l@@y@&@i&atet NEsomers
reaction is the precipitating reaction, and the

pr adheate cdar,i vexd fIr @mﬁmmmommzaymmm al ysdmé Bs
the nmetal containing solid substance which presents in
510 thieerercgd Gt ipdrenyilx taiteax dd torfno Kyisdn i dat ¢ ofi somers
separation nmethod, wherein the active substance is a

r eAdeTE@ ol erty ] tetdoxeeasthany J o tien 2 b | {ssaneahd
the product derived fromhigh boiling point materi al

| s To5& 6 ) v h@hes Ydo Ihpsi Bpsi vl wia thaxie s an P it rgnz aat e

ing the aforenentioned nethod of (1),  the oxidizing
éﬁ%%rﬁetu F LS t K R stdhe il A oty ey =

‘2§lf'a>a g"%:a”a%&&?{y“aa ST ks ST ot
L ARSE BA a  F TR TEo
pr HQ*H‘HJX%HeYl?/q)fprr%@a%e, 'E&t@'-h%?o%aﬁﬂ&fﬂtﬁi Y-

phenoxycarbonyl-4’ - (methoxyccarbonyloxy)phenyl]propane

O

or the like; alkoxycarbonyl-{aryloxycarbonyloxy)-arenes
such as methyl phenoxycarbonyloxybenzoate (isomers

15 thereof), ethyl phenoxycarbonyloxybenzoate (isomers
thereof), methyl tolyloxycarbonyloxybenzoate (isomers
thereof), ethyl tolyloxycarbonyloxybenzoate (isomers
thereof), methyl hydroxyl-phenoxylcarbonyloxybenzoate
{isomers thereof), hydroxyl-phenoxycarbonyloxy-

20 (methoxycarbonyl)-diphenyl (isomers thereocf), 2-[4-
(phenoxycarbonyloxy)phenyl] -2- (3’ -methoxycarbonyl-4' -
hydroxyphenyl)propane, 2-(4-hydorxyphenyl)-2-{37-
methoxycarbonyl-4’ (phenoxycarbonyloxy)phenyllpropane or
the like; alkoxycarbonyl-(alkoxycarbonyloxy)-arenes

25 such as methyl methoxycarbonyloxybenzoate (isomers
thereof), ethyl methoxycarbonyloxybenzoate (isomers
thereof), methyl ethoxycarbonyloxybenzoate {isomers

thereof), ethyl ethoxycarbonyloxybenzoate (isomers



Exanpl es of those oxidizing agents include: air,

* nmol ecul ar oxygen, ozone, hydrogen peroxide, silver 25
oxi de; organi c peroxides such as peracetic acid,
per benzoi ¢ acid, benzoyl peroxide, tert-
but yl hydr oper oxi de, cunyl hygyoperoxide or the |ike;
oxo0-acids such as nitrous acid, nitric acid, chloric

Zﬁghefbgg)92ﬁehﬁ990h&@F%%§1aﬁé%wyyydgyaahgﬂaﬂyﬂﬂédybate

[ r, nol eCul ar "oxygen, 0zone, hydraogen
peroxbfiers Bhkieus)achydrary 1rnethe x3ad b Loxy -
preferably used, and nore preferably air and
nolmethakyexypgenyal edipednyd Theomeact ithwe rzetfweernr t{le
liquid and an oxidizing agent is carried out in a
phésetsekgcaebofirdoxyl bbegydlp 2edB3s i-stes hofk yiairdpoing/ L -4 ~
phase, gas-liquid m xed phase and gas-liquid solid

Sni kedrphspbensli hooghnehe 2 ~rdabyidooxdeopendd ) oR 13 -
ki nd of the oxidizing agent and 10 the reaction
coREFpPEHSarPRBY L s4L ri(BRLNEMYERELGNY 1 oxy] PhehYE P opayne
be varj ed. dependi ng on the kind of oxidizing agent
us@H, tRe %ngally -30- 2000C, preferably 0-1200C and

T ey b vakFERSAERERA AGCBRCLReRERE S 89%%%21%%%“ and
o b1 588 AER. ARPebEr bE 5PERs51 Es chei PR Ehokia be

10re§§1&08h8§§5§8ﬁﬁy£8 aeioRl ky EﬁErb%gdﬁHEiBBd?Eo%Qé%ozf

Pa, and prefera 102-3 x 106 Pa. This reaction may

bearsmatidc@bohBtasbatChneeaebk8AL0hnvBNESBH. NUAYSmatic
20 reaction. In the nmethod of the aforenentioned (1),

t hearisepal atbpoafids hehataebhantBi ¥kiise maycahtiladeoyD)
.byand (E}) described below.
(D) includes products of Fries rearrangement
15 of aromatic carbonates which are obtained by the
transesterification of the present invention, and
hydrolysis products thereof. (E) includes products of
Fries rearrangement of the transesterification products
of the aromatic polyvalent hydroxyl compounds and
20 hydrolysis products thereof.

As described earlier, in the production
method of aromatic carbonates of the present invention,
the reactions to obtain butyl phenyl carbonate and
diphenyl carbonate from dibutylcarbonate and phencol are

25 particularly important, and therefore, aromatic
carboxyl compounds and residues thereof of (D) and (E)

described above are shown below as examples.

Example of (D) may include: salicylic acid;



gas-condensati on phase separation. The condensati on

" phase neans |iquid phase, solid phase or m xed phase
of 25 solid and liquid. If the reaction m xture of the
af orenenti oned oxidizing reaction is in liquid phase
at the end of the oxidizing feaction, gas liquid
m xed phase or gas liquid solid n1xed phase, the

O?dH9§SQy58n28EéS§c98”pBH%B&§ €213t hRS ; ObnER

oxi de be “obf al ned carfying out p ase

Se@?ﬁﬁbk?ﬁeﬁﬁohh@ baaGhi sa1At &HE% | pu@ytihg.gas phase
conponents consisting of mainly | ow b0|F|ng poi nt

prioddedsybénboaxedi paehod Badokbhbetondeasqtiisemephase
contai ning netal oxides; and by distilling or
evaperatfhg pbbenpdi bhagoxpbentoaxeddtisonepsodhetrsoffr)om
t he obt ai ned condensati on phase conponents. [f the

S mepladngbnphénprgcsabahyioxivhenheate I(igomeriss theirdiofed
to netal oxide formng solid phase during the
privgt s spaaneryeasbanygl ekghensnateoXiiganess thezeriton,
the solid liquid mxture may be obtained while the

re%%’f%nb%owc@FB@P@%@XY?@PF%FE {hEOBRF datnBect) or
ction mxture may 15 be converted into solid phase
q§ § %%aporatlng t he Iom1b0|I|ng poi nt oxi dati on
pr oduct Mhlﬁh gro ?Eg the éldatlon of the
|

hi gh boi i ng p0| 688 Rer with the

BE e S IS,
0 £hh 7 Al @@r@ibé’ﬁe wgoﬁgkgdtﬁsaésm'ﬁﬁensﬁyewbonyl
consi'sts of netal oxide is separated fromthe gas
pPhapsh&@dt ai DAt Herhovedo) | i pg (POhPHrOXyPRERQD) -2~ (37 ~
phenoxycarbonyl-4’ -hydroxyphenyl)propane or the like.
Xanthones that are included in the high

15 boiling point materials of the present invention
include xanthone and the xanthone having at least one
substituent on the aromatic ring selected from
following various substituent group consisting of:
alkyl groups such as a methyl group, ethyl group,

20 propyl group, isopropyl group, butyl group, and
isobutyl group; hydroxyl group; alkoxy groups such as a
methoxy group, ethoxy group, propoxy group, isopropoxy
group, and butoxy group; aryloxy groups such as a
phenoxy group, tolyloxy group; alkoxycarbonyloxy groups

25 such as a methoxycarbonyloxy group, ethoxycarbonyloxy
group, propoxycarbonyloxy group, and buthoxycarbonyloxy
group; aryloxycarbonyloxy groups such as a

phenoxycarbonyloxy group, tolyroxycarbonyloxy group; a



product. The | ow boiling point oxidation product is a
" 25 conpound that is produced by the oxidation of a

high boiling point nmaterial by the oxidizing agent,

having a |ower boiling point than that of the high

boiling point material. Thegexanples of the |ow

boi ling point 80 oxidation product include carbon

di extHexyvagesupsabPRBxyBRPBYhYE, gPbURRI GuepMRaURds
cont ai ni ng oxygen, unsaturated orfganic conpounds, the
hi gbt hoktaghpaynt groapeshal sthokhcheduvagd gacvhens or
the like, although 5 they nay be varied dependi hg on
t herkiogyoédrbbeyl ogrdupsnguaheat anghknghybkarbongl group
point material used. The netal oxide is the oxide of
t hendetal vioxyberhengl - gootpi nand eavakcgysbongidxy groups
includes TiQ Ti2@3, TiQ2 or the like. Wen a
S meafh cant ai hengothonvysroup aadi hglalphubahvilpxgf group.

metals is used, a mxture of the corresponding netal
oxi des and/ ottt HEttBApFeRShePaP iBxFBe Pxespn&i Asyention
case the nethod of. af orementiopned (I is. used, this
met &2 cOMAF#RG ShBSt BRRE Frayfi bR %nb}ﬂbt QPl-sLirég point
cont.ai ni ng substance as_|on S.it _exists,as, the solid
LT AT a el SR BB b cRh AL TR afndRaRy
e&gﬂp Lt 4 ncl : t ydr oxi de; a .
cha 6%5%%¢%éh§%cﬁgg§%%§t§F gé?gegéaénEgg?gggﬁ%i%gagFlon

10 U heistd e f%‘ﬁfﬁﬁ&@@ﬁCagctﬁeSﬁéé?fﬁcgfaﬁhgekéécggon. For
carbonate, netal sulfate or the [ike; netal organic
acdthigld, tHd AceOrP SXpsPBiad deubhgesahh 8kiliNging

i ke. Metal carbonates, netal hydroxides, netal
agent, a reducing agent, a precipitating agent, an
adsorption agent, a reactive solvent or the like. 1In
particular, the oxidizing agent, precipitating agent,
15 reactive solvent or the like are preferably used.
These active substances may be used singly, or in
combination of 2 kinds and further simultaneously or
sequentially.
The product derived from the high boiling
20 point substance in the present invention is the
reaction products and/or un-reacted high boiling point
substances that results from the reaction between the
high boiling point substance and the active substance.
Also the product derived from the metal-
25 containing catalyst is the reaction products and/or un-
reacted metal-containing catalyst that results from the

reaction between the metal-containing catalyst and the

active substance.



oxi des, netal sulfides and netal sulfates are

* preferable because their solubility in this reaction
25 mxture is low. The reactive substance, starting
material or the |like may coordinate with these netal -
cont ai ni ng substances. Any p§§0|p|tat|ng agent may be
used that 81 reacts with the metal-containing

catal yst progyei Bgphhat 18! elf ¢RRt 3eRiRg cHU 9&&%&%
descri bed above. For exanple, to precipitate these

metahthydipyl das, profoc@anie ikdr @xbahe s heUeh gs palikalhg
nmet al hydroxides, 5 alkali earth netal hydroxide or

t hpolihkesubsdawaterandr eheupeddukbh dedereHo FRARCPict fle@ al-
these netal oxides, inorganic oxides such as alkal
nmetahtexndeg, cakkalkst mayt benetakied des by bhe | i ke,

and oxi di zers such as hydrogen peroxide or the like
Sarecpsedtibn medbrdt esl0opgeeispihat methede imephlle to

sul fides, inorganic sulfides such as alkali netal
suﬁﬁpaéatalkhﬂﬁ sarchisnl migeuse inke FiWRecomm@nents, one

éogen sulfide are used. In order to, precipitate
thE atnBealPLl¥aFBBhates FH%r@EHﬂECEa?66ﬁ§F€ f§8Wt§h§u@th

| kal h
P Bbh et BSPRL oS P AR B R anAnGaF BEnPERRE] HNSEaPBRALY
dlgéﬁgglﬁgdtﬂgtEE augtuagglvea grgﬁgF SaF?ChEIta alnlng

t hésSe ne I norgani ¢ Su S SUC

1oa!§§£é al pyifa ggmgf%ka hs€abhl HEL@goﬁthaQE the

uric aci trIOXI e an er are 20
Caﬁg?aﬁy€1éﬁaﬁét98d§egwﬁﬁnaEhSagﬁlﬂhuEQnE@kaﬁglon, gas-—

yst and the precipitating agent, although it may

solid separation, gas-solid liquid phase separation or
the like method; solid-liguid separation methods such
as sedimentation, centrifugation, filtration or the

15 1like method; distillation method; extraction method;
adsorption method; or the like may be used, and
preferably, separation methods such as sedimentation,
distillation, and adsorption are used. Further, these
separation methods may be used singly, or in

20 combination of the two or more methods simultaneocusly
or sequentially.

The combination of this active substance and
the separation method is not limited in particular, but
the preferred methods for carrying out the present

25 invention includes as follows.
(I) The gas-condensation phase separation

method, wherein the active substance is an oxidizing

agent, the reaction is an oxidizing reaction, the



- be varied dependi ng on the kinds of the catal yst and
‘the precipitating agent, and the reaction condition 25
used, is normally carried out in the one phase
condition selected fromthe group consisting of liquid
phase, gas liquid mxed phase, gas liquid solid m xed
phase and solid liquid m xed phase. The reaction 82
t eppeHatYr Berahbloygla tHBY, i will%gdga%eﬁpe Mt UYial
the Kkind of the precipitating agent used, 1s normally
- 78re6006, pphiefiagablby n304A0G ze e RhRfter,akld the
-10-250C. The reaction tine, although it may be varied
5 gdepdndtndeetvehe fkiond thk tae spreenpidiatiniy cagellysand s
the reaction tenperature, is normally 0.001-100 hour,
preeeaabbyo@idie20 hours. The reaction is usually
carried out under the pressure of 10-107 Pa. This
Sreaction may (B&)c@hei eglédt lagutibe sepacta tdronc owitibmgous
10 reaction. In the precipitating reaction, it is the
preheFgabnethtt REE1VE sHRSR38GEsHENEe PrECAHPRGatdyt algent,
nuc) ei . Further, although the netal containing
sub8BaRBBCEXPBt $5a8NEPFECER1IEBHAPS LRG CERPE 1 8REL thF
15 niétu e, it dge? not geces arily need.to exist as .
soPFa%uGhi H8T KB pf BEIpiD&t MRG e SONtaA N e9pFatadyShg s
ang, [t AL . r h,the operations_such .
asthegupPRE BOnfRihthh Sred SHARraHECRRAEY BARARHEY 1o

10CagRe PEstbesaf ioned (Il), the separation of
t he %O r%act?onﬂ%$§§8%e is the solid-liquid

separati on, @ﬁﬂl)tﬁﬁeﬁhigH??lhEi%ﬁp§é§5§gtﬁen§m§ﬁhb@,

phase mainly consisting of the nmetal containing

sublsé LR BPhE &ctive substance is a reactive solvent, the
reaction is the solvolysis, and the product derived
from high boiling point material is one of the
15 solvolysis with low boiling point.

On using the aforementioned method of (I),
the oxidizing agent to be used is the one that oxidizes
high boiling point material producing low boiling point
oxidation preducts as the derivatives of the high

20 boiling point material, and that oxidizes the metal-
containing catalyst producing metalic oxide as the
product derived from the metal-containing catalyst.
Examples of those oxidizing agents include: air,
molecular oxygen, ozone, hydrogen peroxide, silver

25 oxide; organic peroxides such as peracetic acid,
perbenzoic acid, benzoyl peroxide, tert-
butylhydroperoxide, cumyl hydroperoxide or the like;

oxo-acids such as nitrous acid, nitric acid, chloric



l'iquid phase mainly consisting of the product derived

“fromthe high boiling point material. For this solid

10

15

20

25

25 liquid separation, nornally sedi mentation,
centrifugation, filtration or the |ike separation

met hod are used. Further in-garrying out the nethod of
(I'1), 83 the high boiling point material containing

i nathe, hhgUhgpBBM16€38GE QEiHR¥nAOkal €a8CthiReblfecr the
preC|p|tat|ng reaction. In case the nmethod of the

af bi eaent Ronedmblétluilari sxyged, bheneeahiytvegeal pemrbxide,
to be used nay be any reactive solvent as long as it
reattsowst Acitie Andhniboiti agigoane pmeéerablandsed, and
produces conpounds with the boiling point |ower than

t maerof pragehplghybeiti agdpophecubarepkspenrFareexsspl-e,
mater | ower al cohol s such as 10 net hanol, ethano

5pr opanol (i sBherseankienf petraeanshe Liguigr gnd an

t here f or the Iike; |ower carboxylic, acids _such %

f PFTEL 5ERY, a%%%?ubsaﬁ?arlﬁﬁoBPBn%E 3cPhasfF PR&SCFPReIrom

b t h di t b t
ca %%ﬂ%f%ﬁpi?”%ﬁ%ﬁt%a? Dt uS 3 BRASLY: ﬁ@ﬁﬁﬁé%%éed

adii e andiadB e 0 90 a FREPUCERRS S, AFEbLER, Fne
car Q@@%ﬁm %H y'oﬁaéﬁgnﬁiﬁ °6ft ﬁe|b§§d§%§ng aggnt and
y used and

prerera nore preferably, water 1s useée

ThensokyRL Y568 é@n&bsl@ﬁgsenthény@a&tganneaﬁ§eraeukag
reacti on between the reactive solvent and the high

baoiltmguglei Nt mE} ebe abarbdd dEpes@ingl ¥8i sher vihdt 61

may undergo further reactions such as the

demai dbxihatagent used, is normally -30-2000°C, preferably
0-1200°C and more preferably 0-900°C. The reaction
time, although it may be varied depending on the kind
of the oxidizing agent and the reaction time, is
nermally 0.001-100 hours, preferably 0.1-20 hours. The
reaction pressure is normally carried out under 10-107
Pa, and preferably 10°-3 x 10°® Pa. This reaction may be
‘carried out in a batch reaction or in continuous
reaction.

In the method of the aforementioned (I), the
separation of the reaction mixture is carried out by
gas-condensation phase separation. The condensation
phase means liquid phase, solid phase or mixed phase of
solid and liquid. If the reaction mixture of the
aforementioned oxidizing reaction is in liquid phase at

the end of the oxidizing reaction, gas ligquid mixed

phase or gas liquid solid mixed phase, the condensed




- reaction that is different fromthe solvolysis
“reaction. This |ow boiling point product of the 25

sol volysis may be a product with a |lower boiling point
than the high boiling point material and its variety
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or

structure nmay be varied flgependi ng upon the

reactive solvent and the kind of the high boiling

PObAks84cofBbREhak. c$hglgehﬁglﬁil&aﬁh@@uab%aWIb&lh@Wmay
boiling pornt are explained particularly in follow ng

(i

be ébthlnewhepyt Barkiyghgbouki pgapei BepaRkh@hibal oifS the

phenyl salicylate that is one of aromatic carboxyl
conpaohilsn digkilhrknihthe theegebepbhatkechapohienes

solvent is water: phenol and salicylic acid are
produsedtbyg hfdmalinsiys landbbhildngabpdpki pradiudts of
further undergoes decarboxylation reaction producing
Sphewbiantiiear pod throgpudensetipn) phasehecnsgéningr metal
the reactive solvent  is alcohol: alkyl salicylate_and
ph%%bﬁeﬁreaB?oEMCQHSBylléPEOHEI?§ﬁ§°rFFFPF ﬂﬁWtH@lé&§€

wher e t he rgactlve solvent _is caE
sa??%?Flgx RyP

fH-SRdPPRENGFS 157 €% b F318§9eF°898n5at1°n

gcedCOM éhg transesterlflcatlon and this
i COHRTY ?u?ther under goes decar boxyl ati on

reactlon conyeripd 019 - gggﬂgkﬁggg EQEPQQS?igéggﬁe

Above expl anation is base

10phﬁﬂq&léaiécakﬁéfzéﬁaﬁo'ﬁeEShaBkYSEYfékHPhS sbiyat Brhede

aromati c carboxylic conmpound but simlar réactions
| nnek ¥ih O B Br6§PPL €X6H 8FONBEI 86 2EREX Y bAe80BROHAESoN

reaction, the solid liquid mixture may be obtained
while the reaction is in progress.

Further, the oxidation reaction mixture may
be converted into solid phase only by evaporating the
low boiling point oxidation product, which is produced
by the oxidation of the high boiling point material,
together with the volatile components in the liquid.
This is the preferred method because, simultaneously
with the oxidizing reaction, the solid phase which
mainly consists of metal oxide is separated from the
gas phase containing the low boiling point oxidation
product.

The low boiling point oxidation product is a
compound that is produced by the oxidation of a high
beiling point material by the oxidizing agent, having a
lower beoiling point than that of the high boiling point

material. The examples of the low boiling point



- may al so generate correspondi ng sol vol ysis products

" such as aromati c nonohydroxy conpound, ester of |ower
25 carboxylic acid and aromati c nono hydr oxyl
conmpound, ester of aromatic carboxyl conpound and a
| ower al cohol, carbon dioxhﬁ§ or the like. In
particular, aromatic nonohydroxy conpounds are

prekenabl 8napr8aucsoh el uses cRrBeuC S REGRYS ialthey, ¥fbon
the reactive substances of the present i nvention and

cafiohexliadsedrgshneecbiigouhdsi dogtatiaiing e geetal -
containing catal yst which normally functions as a 5

catabystirboedt begank vokbympsundact the, high $oidting point
necessary to use a catalyst for the solvolysis
remateohalenwphht redbaed Hewbves, orhéheatldlkest addmhovgh
used for the purpose of inproving the rate of

Sr eleey omapr beheariededependhagr eacthen kbatdwedn thiee
high boiling point material and the reactive solvent
i SORbRARLNG éﬁ?PFeéndobighaPPHéaﬁﬁ PPlﬁﬁymﬁéeﬁéﬁﬂeﬂsed
dependi ng on_the reaction condit| [ ggse

o Pdu

condltlon ei LR&rmefaluPYigRads & esGFF engt@le 10
. Th t t l,.t h ,
P e G RRbn AP PG o SReCRERAVEF - | RBCr dheRre8 s, BiPant 10,
L . 0 C,
U5, b3, BTG R 00l L

102l fAeugh 4ty ﬂ@yapftyasfeﬁeE§95d§96a§eag QN Be kN Ok he

the reatcti ve sol ven reacti on tenper ature,
NogdBté ¥pOn8Pdg 1O HPUEx 1 dBEehBHABEY tHe lodfiphaur metihe

reaction is usually
oxide is obtained.

In case the method of aforementioned (II) is

used, this metal containing substance may be any metal

15 c¢ontaining substance as long as it exists as the solid
in this reaction mixture and contains this metal. For
example, it includes: a metal hydroxide; a metal
chalcbgenide such as metal oxide, a metal sulfide or
the like; an inorganic acid salt such as metal

20 carbonate, metal sulfate or the like; metal organic
acid salt; metal complex; metal double salt or the
like. Metal carbonates, metal hydroxides, metal
oxides, metal sulfides and metal sulfates are
preferable because their solubility in this reaction

25 mixture is low. The reactive substance, starting
material or the like may coordinate with these metal-
containing substances.

Any precipitating agent may be used that



. carried out under the pressure of 10-107 Pa. This
reaction may be carried out as the batch or conti nuous
25 reaction. The netal -containing catal yst may or may
not catalyze the solvolysis reaction. In case of
reacting water or alcohols B% the reactive solvent to

the liquid 86 containing an aromatic carboxylic

co & thhéhe gietadoidaiigoing eatakyst  predboing the
di oxi d |s enerated as = one of the derlvatlons from

t h&'Sk@ 310G 50 SO S HRt< i 3RS HRiPeD akrve.  For

?ﬁ%§pr§ﬁ¥kfiéfg%sggﬁiﬁazﬁq sk fehah mydrpiidds
tal d t
Aieges %%%w@%%%ﬁ&%mﬁk%ﬂ%ﬁ”@%@%k&
5°bb§'kﬁ§q. bl 30l ke jam d%;ﬁ%i(él ){ el g_t]ta){]es and! \,H}:er are

met hod of the aforenentione d reactl

M ¥kBHE | $nSeRpded ed E&é@fﬂﬂﬂ|€§'ﬂﬂésé“%%t§f“%§f&%s,

boi I i ng points solvol ysis products that are the

. pr odoegander bxedekr elichha shiaghkshai |n1eﬁﬁ]P‘HﬂtderBat i1
are mainly obtained as distillates. The netal -

coabathi mgteat akysksr eraiche i1ikehe anesickiali Adx@lighd as

15 the distillation still. This distillation

sehidaepgen pesosadei ed tbe atikehereempedat urle rarded Ibo

10-300C, preferably 50-250C, represented as the
10teﬂﬁ%¢apatét@fthﬁﬁ@ megaild sua fidesdi snioigariion sstliflides

The reaction is, usually carried out under the
pr%%%ﬁr%soﬁlbaillmétilléelﬁedpa agkafldr goiryFhl sgpliigiex or
Pa, . The dla hllatlon ma e carried out
0

bt i B oA ohv e RaERE: JOL6AER SRE BRsdact dndedeed to
frﬁP&éPﬁlE&E@'these metal carbonate, inorganic carbonate

salts such as alkali metal carbonates, alkali earth

15 metal carbonates or the like, and carbonic acid, carbon
dioxide and water are used. In order to precipitate
these metal sulfate, inorganic sulfate salts such as
alkali metal sulfate, alkali earth metal salt or the
like, sulfuric acid, sulfur trioxide and water are

20 used.

The reaction between the metal-containing
catalyst and the precipitating agent, although it may
be varied depending on the kinds of the catalyst and
the precipitating agent, and the reaction condition

25 used, is normally carried out in the one phase
condition selected from the group consisting of liquid
phase, gas liquid mixed phase, gas liquid solid mixed

phase and solid liquid mixed phase. The reaction



. containing catalyst, which are obtained by separating

5

the reaction m xture of the liquid fromthe active 25

substance, are to be recycled in the system the

conmposition containing the products derived fromthe

nmet al - cont ai ni ng catal yst, véd ch are obtai ned by

separation of the reaction mxture, in liquid, solid

ortgmpergfurd, saltbdongked tphaye beny alvd ede cdpplead iingt ®n  the

the systemas they are, or if this conposition

cohtBfng! bhRePresiBohahindt REIRNthESELoddst aodawilded ~70-
nmet al - contaji ni ng catal yst, a part_ or the

f h

RS B R ors Pra R YA HC
Surry, it Hei EEBESPHeh By " r SaLPORgRL RS BRduRE garied
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b . _Thij d i
bechecyelediomhtand0eTeLbad 15 Ligndig)ehr SIS HIORcus,
e e T B DELACkiOH! T bege11y

et £ri 8é& @ bendepoved presxtbe systemothese Ipnis
concentrations which may be varied depending on the

Kirmebhof iomtesy abs, careiedt opt eker thd batbr beéptontinuous
extrenely | ow because the volune of the Iiquid, which

10j sreafeaed to the renoval, becones too |arge. Also,
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if the concentration of the high boiling point
material 20 Iz the prebiphbatinagreacbies, ditf isuthe

due to the increase of the boiling point and the
ViRt E3ble TRtedree 2¢d 2onekateAceoROBRingecKYgRal

kﬂ%défgafuﬁg%rther, although the metal containing
substance exists as solid on separating this reaction
mixture, it does not necessarily need to exist as solid
while the precipitating reaction is proceeding, and it
may be solidified through the operations such as
cooling or the like after this reaction. 1In the case
of the aforementioned (II), the separation of the
reaction mixture is the solid-liquid separation, and
the mixture is separated to a solid phase mainly
consisting of the metal containing substance and a
liquid phase mainly consisting of the product derived
from the high beiling point material. For this solid
liquid separation, normally sedimentation,
centrifugation, filtration or the like separation
method are used.

Further in carrying out the method of (II),



.material in the liquid, which is subjected to the
removal, is nornmally 0.01-99% by wei ght, preferably 25
0. 1-95% by wei ght and nore preferably 1-90% by wei ght.
Furt her, when the high boiling point material 1is an
aromati c pol yval ent hydroxylgzxonpound, the wei ght
rati o of aromatic pol yval ent hydroxyl conpound to the
ggthgehaphoboti héngaralipst materhall cgnita ing ngorimalthe
kept at 2 or below to prevent deposition and
at tAgHAEnRaYf LERET e&t BBYshoknIeRetr dactde ar¢cipdtating
lines. By using the netal -containing catal yst of the
5 pFESEAP rnvention, factors that rendered the

d [ bl e j h h I [ f

Phe i sti 1 b; GASEoF iAMMeRBBGPE: biSoR IRETER ARper
t [ iSi [ d.
SRV PREF e B e EBpctRSaRErotbEvERY phoBant Seinay be
. : : ¢ i ’ ‘
ooy £ 85 Mo SeEyRaE P Rn8 pl R eRBERT KR £pe nion
af@@?liﬁgpﬁb¥ﬁﬁrﬁgﬂéfﬁafrQQHEﬁFQHuQ%StEgmpo nds with the
hod 0 on mﬂlcﬁ 'S

transesterification metho - y_car ate _
prissiicedy byot e tsrasesheni £heat bontABt Aogh %@@ﬁgbnaomt

15 on the polynerization nethod, tends to showre
can@réngaliue Fortdeamplal wovéent lbRWetheleahal¥skuthr as
di phenyl carbonate which is used as the naterial,
10 egpetchaney, whehandk, Tpropaheht (isomgerat ehetbaf) 1 pptancl
However, the aromatic carbonate, particularly
i npotegits Zoherehehy| oxatlvenbi ke whoedri sapboryted bgids
the method_of the present invention contains Ti at 1
pp?'H%‘? %%I%‘@\leqbo?%'/%%:r bRFPREEC | aCEdsi Pyoptealeedchg ohethe
like; carbonates such as dimethyl carbonate, diethyl
carbonate, dibutyl carbonate or the like may be used.
15 Water, methanol, ethanol, acetic acid, methyl acetate,
ethyl acetate, dimethyl carbonate, diethyl carbonate,
dibutyl carbonate or the like are preferably used and
more preferably, water is used.
The solvolysis in the present invention means
20 the reaction between the reactive solvent and the high
boiling point material, and the solvolysis products may
undergo further reactions such as the decarboxylation
reaction that is different from the solvolysis
reaction. This low boiling point product of the
25 solvolysis may be a product with a lower boiling point
than the high boiling point material and its variety or

structure may be varied depending upon the reactive

solvent and the kind of the high boiling point



_transesterification polynerization wth bisphenol A
" Thus pol ycarbonate produce in the present invention is

5

25 high quality because it contains |ess Ti which
causes coloring of polycarbonate. Further, in
produci ng aromati c pol ycarbongte by the
transesterification nethod, the polynerization 89 at
highteatielnay The aohiveledissipigduke sdwdtyl loar bendtieg
produced by the nethod of the present invention. Stil

f upohet, ageormpile ipekly partdratle riyoduc de 1ipwting (i) -
transesterification nethod, which is obtained using 5
ar Okhii e Uhhydﬁb%yhéghpbgﬁdlaﬁdP@ﬂ-altyma@&ﬂfbﬁdatl@ phenyl
pr oduced
PSS LEFuinke Bhat SSnPGR UaRroyatERrEaThORYHEoTpOuNdS .
I NVENTI ON Ac%oidlng g

purity diarylf*éatBoh ?ecﬁﬁﬁtWp§r@a§hﬁyr§éﬁ§ﬁ§ﬁe§°ﬁﬁ@ﬁF is

t he nethod of the present invention, has
o the present |nvention, high 10

pro startin

seV§§%§EVP$8HQ%hEn§rsagiemﬁg.sePﬁ sgeapaP§P§§ﬁeE
tﬁ%f&@?i? agh ¥h Eyga9§%§?ggtgc§8 f@gghé%uﬁngﬁgoes

a reac Ive Su ancesel e rom

9r@&@aﬂ§o£9f§t§?ﬁn?g BnaEQHBEESnQSBBQMgﬁO§Xd carbon

compound,
t herepi{qare reacted |n the presence of a
net al -contai ning catalyst to produce aromatic

carbonate a a m xt

10carbonates Wpii g by-prhedugte nheebotBe a2Bdtervei abhvknt
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carbonates are distilled out of the 20 system BRI EF
DESCRA RIoItbll OFa Tkiirl DRAWL disbafegand pReachr acesprbiowed by
chart related to the

alcoholysis.

(iii}) In the case where the reactive solvent
is calboxylic acid: salicylic acid and phenyl
carboxylate ester are produced by the
transesterification and this salicylic acid further
undergoes decarboxylation reaction converted into
phenol and carbon dioxide.

Above explanation is based on the example of
phenyl salicylate that is relatively simple structured
aromatic carboxylic compound but similar reactions
involving more complexed aromatic carboxylic compounds
may also generate corresponding solvolysis products
such as aromatic monohydroxy compound, ester of lower
carboxylic acid and aromatic mono hydroxyl compound,
ester of aromatic carboxyl compound and a lower
alcohol, carbon dioxide or the like. In particular,

aromatic monohydroxy compounds are preferable as



. production of aromatic carbonate in the present
invention; and 25 Fig. 2 is a process flow chart
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related to the purification of diaryl carbonate in
the present 90 invention. Fig. 3 is a process flow
chart related to the structage of aromatic carbonic
acid ester. Fig. 4 is a process flow chart related to
t heolgodysist predottar beaniieecthbgnaceatche eswertive
DESCRI PTI ON OF symBOLS 1, 4, 7, 10, 13, 16, 19, 22,
255ubgtanges3gf ghe peeseny, ipgensionsandsgansPe Inemsed.
50, 56: inlet line 10 2, 14, 26, 38, 51. preheater 3,
15 27 39 ﬁgncgohb?nééﬂglﬁuPpnt§@agetaﬁsmﬁ¢5&r|on

: | er ondenser, 15 6, 18,
3oF0%Ealﬁé§g|?aE?hY§Ep3P5?BrnO£Ta 133 ty5ctapnsses

or,age Eank

5o 08ua Plsb 8¢ E&%siﬁ?%oiBﬁ%FoFeégF%SnszlEt66 8P he

O 07 S B T BTV BO8 oncson

W Pfr fEplar NCGuloPBEL T EHLALaLY1LRE ﬁégﬂﬂkeaseBUEor

present invention 1s not limted by these

exeh®| ®Srpose of improving the rate of reaction or the
like.

The reaction between the high boiling point
material and the reactive solvent is normally carried
out, although it may be varied depending on the
reaction condition, in one phase condition either
liquid phase or solid liquid mixture phase.

The reaction temperature, although it may be
varied depending on the kind of the reactive solvent
used, is normally -30 to 400°C, preferably -10 to 300°C,
more preferably -0 to 250°C.

The reaction time, although it may be varied
depending on the kind of the reactive solvent and the
reaction temperature, normally 0.001-100 hour,
preferably 0.1-20 hours. The reaction is usually
carried out under the pressure of 10-10’' Pa. This
reaction may be carried out as the batch or continuous
reaction.

The metal-containing catalyst may or may not

catalyze the solvolysis reaction. In case of reacting

water or alcohols as the reactive solvent to the liquid



25 Further, the nmeasurenents for the concentration of
~the catalyst and the concentration of the netal

derived 91 fromthe netal -containing catalyst in

aromati c carbonate were carried out using an | CP/ AES

(I nductively Coupl ed Pl asma/gig om ¢ Em ssi on

Spectroscopy: Detection limt of 0.1 ppm. The 5

concehiiatngnanofrbhetdrgaarboggipenenmpound ae ihguind.gh

were neasured by Gas Chromat ography. (1) Conditions

f opoghsnghpoirat oyetiphiie lanahybirs. diGaliden:isDBehefd t&dNas

Scientific% Li qui d phase: 100% di net hyl pol ysi | oxane

10°1engf hthgodariveeiaap Hramethe: hdghsbeml ifgl point

thi ckness; 1 gm Col um tenperature: 50C (increased by

108 W F)a 308 150 | BlecleeArPenyerkiane: 3boe thésesgdioon
300C  Detection, nethod: Fi

5@213?“( ¢ f%%tan%?yghg Rﬁ%%ﬁmgftggsaﬁﬁpé §%)‘FIUFF58ﬁ’§S with

10

15

20

25

t|ta |vel ana ed. base e st ndard
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subtracting therRxyeerhyal ¥e €réi ¥edrbh8Ationed (III),
the reaction mixture is separated by distillation, and
the low boiling points scolvolysis products that are the
products derived from the high boiling point material
are mainly obtained as distillates. The metal-
containing catalyst remains in the residual liquid in
the distillation still. This distillation separation
is carried out at the temperature normally 10-300°C,
preferably 50-250°C, represented as the temperature of
the liquid in the distillation still. The reaction is
usually carried out under the pressure of 0.1-1.0 x 10°
Pa, preferably 1.0-1.0 x 10° Pa. The distillation may
be carried out batch-wise or continuously.

When the products derived from the metal-
containing catalyst, which are obtained by separating
the reaction mixture of the liquid from the active
substance, are to be recycled in the system, the
composition containing the products derived from the

metal-containing catalyst, which are obtained by

separation of the reaction mixture, in liquid, solid or



. this substituent (or ligand) fromthe result of the
el emrent analysis (C, H O, Ti) and by assumng this 92

5

oxygen val ue as the cross |inkage oxygen derived from
Ti-OTi. (4) Conditions for NVR anal ysis Devi ce:

JNM A400 FT-NWMR system made gy JECL 5 Ltd.
(Preparation of sanples for 'H NMR 13C NMR anal ysi s)
Theigeidl scbntlamhkad phtakystywas wecghédd dntle thange
of 0.1 g-1 g and m xed honobgeneously w th deuterated
chps bemras (Bheyi sheCoor99f8thier compbentiietr achitarninge
10 that weighed in the range of 0.05 3-037 gto
prebape ceERpNestsokhanet WRPBAGRYEEsdeTiBed from the
(tetramethyl silane) was used as the interna
stBRbRAt aCOEKanpLRE TRk pYESent PAVENPFOARRI FPOBE
descri bed

TS abS oFou B ot PRe R B RO Ehan s PEY L od, dRathe
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ot ayous el Ao 4g Slasbu 388 BLSCcLLBNA oo
Olies HEYALCBRONA fng DISHOLYEE droenk 1erafRiAYYRbcerial

O-di -t(@%ﬁé’xﬁé’é&ivér@@@éta@ée,elxﬁggnbeaﬁab E18d. This
C=67.2, 25 H=4.93, 0=16.77, Ti=11.1; result of 1H NMR

10 amadtytso s is R puslf P2 @ rmepisoe xivién athé hproatibbsof
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2:6. In one
derived from the metal-containing catalyst are in a

solid or a solid liquid mixed phase.

Concerning the high boiling point liquid
materials to be removed from the system, those
concentrations which may be varied depending on the
kind of materials, are not preferred to be kept
extremely low because the volume of the liquid, which
is subjected to the removal, becomes too large. Also,
if the concentration of the high boiling point material
is too high, handling becomes difficult due to the
increase of the boiling point and the viscosity.
Therefore, the concentration of the high boiling point
material in the liquid, which is subjected to the
removal, is normally 0.01-99% by weight, preferably
0.1-95% by weight and more preferably‘l-QO% by weight.

Further, when the high boiling point material
is an aromatic polyvalent hydroxyl compound, the weight

ratio of aromatic polyvalent hydroxyl compound to the



. molecule, two Ti atons and one oxygen atomthat is not
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derived from PhCH and PhO groups exist, that is, one

93 Ti-OTi bond exists; nolecular weight wthout the
adduct PhOH. 670; vapor pressure: 1 Pa or bel ow at

230C) (the m xed solution imgvhich that the ratio by

wei ght of dibutyl carbonate to phenol was adjusted to

5 mbbal 65/ 8B andalysésiat ohe Wagudd) ust edrimaldlyolkept at
10, 000 ppm of the whole liquid) fromthe m ddl e stage

of ZackohelAWots mukvenst dgpodistiphl andoattecbmeng, of the
whi ch was conposed of a condensation part, which was 2

i neRtpAYERelnnEBEnEPaGLaNefBA, the51ANEE -t he col um 10
length and filled with 10 stages of sieve trays, and a
recovery par?YmHFéHgmégezmﬁﬁéﬁ‘FﬁnFﬁénFﬁEePﬁéﬁlYSt of the

d in.the col | h fFill i th .
giﬁgﬁégésk%ﬂgibgiﬁﬂi)?gﬁﬁggé?ﬁﬁgﬁsagﬁ ﬁrbﬂrggﬁE%EOductlon
' N, 15

I IPERERLLN B " Eat UELLPRLER O ot BTOSURAS, K Retver

Paiio ) 4L 900601 in! BLHBREE 184" be ThE HEdb(equlred

for t reaction di s I'on was supplie

Ci ¢ &bk &R erhEOayL ey | h ) ol um
i o oPP, HOoBe ML BchoFuPEYRiRgly Phothges

tenperature phrth@rpothe@npeéréheeAUbkimplagef the E;esent
distillation colum was controlled to be about 230C.

Thimveaict dwnihe Yudds wele cosdgauofistiyar ghovgdbbnatet he

bottom of the continuous nulti-stage distillation

c gpuphf Bed Hppughe amé tihed 16£t tha presege imwént2on; 90

25 g/ Hr. The catal yst was dissolved in the reaction

| iggereatic polycarbonate production by the
transesterification method. Peolycarbonate which is
produced by the transesterification method, depending
on the polymerization method, tends to show red
coloring due to the metal content in the catalyst for
diphenyl carbonate which is used as the material,
especially when the Ti content is greater than 1 ppm.
However, the aromatic carbonate, particularly important
diphenyl carbonate, which is produced by the method of
the present invention contains Ti at 1 ppm or below.
Polycarbonate is easily produced by the
transesterification polymerization with bisphenol A.
Thus polycarbonate produce in the present invention is
high quality because it contains less Ti which causes
coloring of polycarbonate.

Further, in producing aromatic polycarbonate

by the transesterification method, the polymerization



. After the low boiling point [iquid mxture containing
~ 1-butanol as a by-product was renmoved from94 the top
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of the colum through a line 4, and then it was

liquefied by a cooler 5, and a part of it was renoved

continuously to a storage ta¥k 8 at 19 g/H and the

rest was refluxed to the distillation colum (ref |ux

5 anthogll. 9pteTneyl bgquadhierededstiogt thestidpayd tanrbonate

12 was conposed of about 23% by wei ght of phenol,

ab@a@d%@@l by teeghetbirBubyl thar bosaeat abyentiv. by Still

ght. of butyl phenyl carbonate, about 0.2%

wef-@ﬁ‘fh%%r d@bﬁr@ﬁych1190é5peéhaﬂétea969@ueesh/aoyy t%@. ght
-butanol apnd the catalyst. The quid renoved to

t h‘ér %%?%5%17 %ghﬁaél%sme‘%ﬁﬁos wh1igh éﬁo Bptéé%eﬁ'y using

of about

ht 1 but h
5t alBhtC ot S0 50k GRECOR T RBt P SEH Lo GAAPERaTE
Af reac n op{Ln I

Ao 0Ea BILRTL LB EODh LGS LugoBEI9R, pa o
us n uous t di stillation colum
1558%%@1&%n%#§ugﬁshggbt?9§¥gg “distillation colum 15,
as in the case of the continuous nmulti-stage 20
distillation colum 3, was conposed of a condensation
paEFFE@hi oh TBE 2INVERTIONt he internal dianeter, 0.5 m
in the colum length and filled with 10 stages of
sieve trayshcantdingecovehy paetsenhbi chveat2ohpchigh
the internal dianeter, 1 min the colum |ength and
fipustcp5dimnl Bexopopacki hgat 6isamBasiapdseharated from a
condensation part was disposed in the |ower part of
trga@q%@@tmh%rg¢@¢mped wherein a starting material

selected from the group consisting of a dialkyl
carbonate, an alkylaryl carbonate and a mixture thereof
and a reactive substance selected from the group
consisting of an aromatic monohydroxy compound, an
alkylaryl carbonate and a mixture therecf are reacted
in the presence of a metal-containing catalyst to
produce aromatic carbonates while by-products alcochols
and/or dialkyl carbonates are distilled out of the

system.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a process flow chart related to the
production of aromatic carbonate in the present
invention; and

Fig. 2 is a process flow chart related to the

purification of diaryl carbonate in the present



_reaction liquid containing the catal yst was supplied
“continuously fromthe storage tank 12 to this 95
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distillation colum 15, and the recovery part was

di sposed in the upper part. The reaction was carried

out by supplying continuougyy through a Iine 13 the
reaction liquid, 5 which was renoved fromthe bottom
ofimbhentboni nuous nulti-stage distillation colum 3
through the line 10 to the storage tank 12, to the

conti nuous nilLgi - 8t agea dretebbafiorn cbhutnrélaskedl@® the
g/H after preheating wth a preheater 14. The heat

r egfifeegureorof heramatdacehshonhd drsti eBaeiren was
supplied by circulating the liquid in the |ower part

of the col unil@hrbugh & Prpaeso2fany ahaéﬁorﬁéatgﬁ to the
and the tenperature at the . bot ton1of the nmulti-stage

di $tTYFEEFone o?ﬁ%aFéccﬁﬁFPBPiLEdan b&S5BBut 220C. 15
The reaction liquid was continuously removed fromthe
bott om of the continuous mul ti-stage distillation

C ne 22 to a storage tank 24 at
13&H¥§$f§&#§ﬁ ﬁgOL 0|Iing point liquid mxture
cont aj ni bui ¥yl cag bopgt e, as by, pr oduct S+20
rggnsgd ?go%ch%ytoﬁéoffghezgol%%ﬁ %ﬁroggh %walﬁg 189’

angs t heg, |54m@§7llgyef5@d byné& cooler 17, and a part
of it was renoved contlnuously to a storage tank 20

ats5B3 5@ Hnped Iheerest was refluxed to the
distillation colum (reflux ratio=4). 25 The liquid

r ehovied, t2%6 4 h#8 stol agerélaeakt@4 was conposed of about
5% by wei ght of dibutyl carbonate,
3, 15, 27, 39, 49: continuous multi-stage distillation
column
5, 17, 29, 41: cooler
55: condenser
6, 18, 30, 42: gas liquid separator
11, 23, 35, 47, 59: reboiler
8, 12, 20, 24, 33, 36, 44, 48: storage tank
8, 21, 32, 45: pressure control valve

52: top of the column

53: bottom of the column

BEST MODE FOR CARRYING OUT THE INVENTION

Next, the present invention will be
explained in particular by the examples, but the
present invention is not limited by these examples.
Further, the measurements for the concentration of the

catalyst and the concentration of the metal derived



. about 74% by wei ght of butyl phenyl carbonate, about

- 10% by wei ght of di phenyl carbonate, and the catal yst.
96 The liquid renoved to the storage tank 20 was
conposed of about 0.3% by wei ght of 1-butanol, about
18% by wei ght of phenol, amgh about 81% by wei ght of
di butyl carbonate. No deposit or the |like were found
i nfrbe Shdi mekklatbobadoingn catailysgedin aromatic
[Purification of diaryl carbonate] Purification of
di agyboratrborare wasréedr ped usdnogwanh IEPd@EHSce shown
in Fig. 2. The distillation separation was carried
out IBJUEBAVEhtioGeIplreeHil aAgmaHAtoBiki EUilgsimmi ch was
regnved to the stora%e,tank,24 t hrough a Iine 25
pasBPRbraSprRKeaPeFesbian AbBHt 96204/ FPWo afé® 0.1

b h 1 ddl f a, [ [ ti - ,
5 i SUTT At Ohi BBPuRG B0 GRPERLCWESTROBaPEAN I hed | iauid
! ! ! A s |
o SO R Gl RS " et
by o) ol S 56 ThetPrqrg PACopREBREabhas M IPUR,
col unm throughigmhi ngp3f ahdsay éé?@hk?%i§§’ and the

tenperature at the bottom of the 20 nmulti-stage

di stillationLcghidMphss€oni0ok! gdimbenpepoabatl o2486E.

The bottom liquid was continuously renoved fromthe
10 bottom of thkerotitt NBOWs nulti-stage distillation

colum 27 through the line 34 to the storage tank 36

at about 90 Dpiternaltdiamebeving.2bomm25 the top of

the colum through the line 28, the distillate was

| i quefied byFblmoohbeke®sanhdl v renoved

Column temperature: 50°C (increased by
10°C/min) 300°C
15 Injection temperature: 300°C
Detector temperature: 300°C
Detection method: FID
{2) Quantitative analysis
The analysis sample solutions are
20 quantitatively analyzed based on the standard curves
prepared by carrying out the analyses on the
calibration samples of each standard substance.
(3) Confirmation of Ti-0-Ti bond.
The presence of Ti-0~-Ti bond is estimated by
25 identifying Ti substituent (or ligand) from the result
of 'H-NMR, and subtracting the oxygen value derived from
this substituent (or ligand) from the result of the

element analysis (C, H, 0, Ti) and by assuming this



. continuously to a storage tank 33 at about 102 g/ Hr.
The liquid renoved to the storage tank 33 is conposed
97 of dibutyl carbonate: about 0.6% by wei ght, butyl
phenyl carbonate: about 73% by wei ght, di phenyl
carbonat e: about 26% by weig®. The distillation
separation was carried out 5 by continuously feeding
t hexygeui dalwhi gb ths crosbi hinksgy oeyperddepitrtbd from
storage tank 33, through a Iline 37 passing a
prehe@t®r. 38 at about 101 g/H to the niddl e stage of
a continuous multi-stage distillation colum 39,
whi th viesndiedremier| V¥ anahy®igon packing 10 (6

mmt) with an_internal dianeter of 2 inch and a | ength
of 2 m The Re%tc®eqtietidPOr FTHEMRI sypremt ede by JEOL

SSﬁggﬁation was supplied by circulating the liquid in
t ower part of the colum through a line 46 and a

T T R TR LS e e SRR N
1 | Col' i
oS e e T S T or o e Sl ERts PR, £anoe

digtid! ?U%-’OI‘ & OAMIMn BPed NGOG A 86U 1 Py ABn  Befterated
st or age ank™ 48 at about 19 g/ Hr. 20 After renoving

fremdéherdar A1dhecKotemoot e push Satbde ¥tribRloride
distillate was liquefied by a cooler 41 and was

10 r ertvte dveeingiti e dh uDu St bye t Barg St Of a@e0 s t ghk. A4dg at o appeiba B2
g/H. The liquid renoved to the storage tank 44 is
cagrugslexts of odi tthe WMR aaohips Bs . abiidg 2GetOrametblyyl silane)
wei ght, butyl phenyl carbonate: about 90% by weight,
diferiget aahorhe etntdyonal o9k aydawd ght .

Examples
The present invention will be described based
15 on the examples.
Example 1
[Production of aromatic carbonic acid ester]
Aromatic carbonate was produced using a
device shown in Fig. 1. The reaction was carried out
20 by supplying continuocusly at a rate of about 109 g/Hr,
through a preheater 2 and a line 1, a mixed solution
consisting of dibutyl carbonate, phencl and, as the
catalyst, phenyl titanate dimer-2PhOH adduct [ (PhO);-Ti-
O-Ti~ (OPh)3-2PhCH] (result of element analysis: C=67.2,
25 H=4.93, 0=16.77, Ti=11l.1; result of 'H~NMR analysis:
PhOH and PhC groups exist at the ratio of 2:6. In one

molecule, two Ti atoms and one oxygen atom that is not

derived from PhOH and PhO groups exist, that is, one
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VWite liquid that was solidified at anbi ent

tenperature was continuously renoved to a storage tank
98 48 and cont ai ned di phenyl carbonate: about 100% by
wei ght, and butyl phenyl carbonate was bel ow t he
detection limt. The anal ysigg of the liquid indicated
that Ti was below the detection limt. Inspection of 5
t iBidD<sTil bahdoaxtstammpéeealed wnetighdepesithoat the

i ke. Conparative Exanple 1 [Production of aromatic
caddnat efh@iiondiPe vapbonpreswasepr ddBeedri hellhw at
device 10 shown in Fig. 1. The reaction was carried

o 3B} s yiied o P Hus | in athich atkabftheotat 1oy
g/H, through a preheater 2 and a transport line 1, a
mi %@t s oP bt bRV EBhsFREPAGAEE BPLBR§NCLaFBEnatdusted to

PRl Pt B AR R
LS Ul 80880 AR AFRORLCTIRN
D104 il 041l o8 bRl s B EDoby e AL

10,100 P& of oyhEs ¥hok £ %?f&ﬁ&&hgétiéﬂnb%F@ MHILR was 2

stage of a continuous nu - stage distillTafion colum

&iﬁ%ﬂCihi@h@oﬂﬁﬂéﬁﬂapfdﬂaméﬁéﬁﬁnﬁasiﬁniﬁafhe Wi GRni S
2 inch in the internal dianeter, 0.5 min the columm
| engridtranghd i £1kesM wht AO10 S agges ObrSEtyeet t Ay s, addd a

a recovery part which is 2 25 inch in the interna

dirzemdwrny Ipart rwhhheh codsind ieohtin the fntéedali th

Di xon packing (6 nmm). The condensation
diameter, 1 m in the column length and filled with
Dixon packing (6 mm¢). The condensation part was
disposed in the lower part of the stage where the
mixture was supplied continuously, and the recovery
part was disposed in the upper part. The heat required
for the reaction and distillation was supplied by
circulating the liquid in the lower part of the column
through a line 10 and a reboiler 11, and the
temperature at the bottom of the multi-stage
distillation column was controlled to be about 230°C.
The reaction liquid was continuocusly removed from the
bottom of the continuous multi-stage distillation
column 3 through a line 10 to a storage tank 12 at 90
g/Hr. The catalyst was dissolved in the reaction
liquid.

After the low boiling point liquid mixture

containing i-butancl as a by-product was removed from



. part was disposed in the |lower part of the stage where
the m xture was supplied continuously, and the
recovery 99 part was disposed in the upper part. The
heat required for the reaction and distillation was
supplied by circulating thedgquid in the | ower part
of the colum through a line 10 and a 5 reboiler 11,
anthe heopeapetheurelamnnt hbrboghom dfinehd, amit itheage was
distillation colum is controlled to be about 230C
TheigeaEiednbyi quirdonas eenthAusubkyt pémdtedabr semoved

bott om of the continuous nulti-stage distillation
co?%%ﬁl@u?ﬁﬁbﬁgﬁotﬁeSFPﬁ@gﬁotﬁﬁkaSSﬁﬁrééeg/ﬁg fafk the

at g/ Hr. er t ow boi lin ol nt uid m xt

coﬁ?%FnVﬁﬁ ﬁe%gFéﬁgltﬁstﬁeb lﬁFbg&gFlﬁﬁscPiHHVedrﬁfg

thleat op_ ff Fhe columm through a line 4, and then it
+|q ed by the cooler 5, and a part of it was

reaned 15 c é fngiéyré eat gaggetQPF ?ggttgﬁkg LB vas

and t he res uxe I Sti Fon "¢ol um

(r&mpded 8t o5dud) 234Ngy! %nggtrsgoﬁﬁgpgabogtgogg W33 bY

storage tank 12 was conp

@ﬂ]mt dibuiityl SAFBONALE; RBOUE 5@%/0 B%f w@aem; o?%ﬁlcyl
enyl carbonate: 20 about 12% by wei gh di phenyl

caslbangl ecadibondtd, 290byr 0e2ghby vebyhanek: dapadhyl
0. 3% by wei ght . The liquid renoved to the storage
10 t amkri@onatse c oatposed0 03% by bwe dgbt : oAbbubu®8febyand the
wei ght, phenol: about 0.5% by weight, and di butyl
cadonarst . abithe Di@vidyremdydd. t5tiMeét etorhger bavki Bnwas
in the continuous nmulti- stage distillation colum 3,
t FOmREEed ot vakowa 99y weight of l-butanol, about

0.5% by weight of phenol, and about 0.2% by weight of
dibutyl carbonate.

15 After the reaction in the continuous multi-
stage distillation column 3, the reaction was carried
out using a continuous multi-stage distillation column
15. The continuous multi-stage distillation column 15,
as in the case of the continuous multi-stage

20 distillation column 3, was composed of a ccndensation
part, which is 2 inch in the internal diameter, 0.5 m
in the column length and filled with 10 stages of sieve
trays, and é recovery part which is 2 inch in the
internal diameter, 1 m in the column length and filled

25 with Dixon packing (6 mm¢), and the condensation part
was disposed in the lower part of the stage where the
reaction liquid containing the catalyst was supplied

continuously from the storage tank 12 to this



out using a continuous nulti-stage distillation colum

" 15. The conti nuous mul ti-stage distillation colum 15,

10

15

20

25

100 Ilike the continuous nulti-stage distillation
colum 3, is conposed of a condensation part, which
is 2inchin the internal disaneter, 0.5 min the
colum length and filled with 10 stages of sieve
traystibdbhdtaonecovemy 5SpashdwbhehriegoZeirpchart wae
internal diameter, 1 min the colum |ength and
fidigposedhimi kba pppREngagé.MmB), and the
condensation part was disposed in the lower part of
the stage wheRre reactéaetven raguiedcentabli Agppilény
catal yst was_supplied continuously fromthe storage 10
{0 AT hY sCAFQYFR| &t £6RE coPURhe158aARORheL U1,

SRRy ARTREE B ol
RIS PRI DAY Pl fhgiitioe 1
4 St | ot 09, CBLUER,SCLIERHOR.ATG LBc 185

digtdd 1 atd t,d400n8/ f r '
Gt orog i o 0000 beal o0 S i

r agicdH QN pwshahisds 114f thé\/at$e§t|p9édt;§ﬂr@& gbrcHhating
20 the liquid in the |lower part of the colum through

a rddatel &2 arndl di steboldetoRdvaansupbei éenppr ai veelating
the bottomof the nulti-stage distillation colum is
cdite dlilgatid oirbettebolnwe2 QEa rThef relaet cobuhh qthdowals a
continuously renmoved 25 fromthe bottom of the
cdritfienfcusantila irehaiger ff 44 i andtthe tohpematlsre habughe

the line 22 to a storage o
bottom of the multi~stage distillation column is

controlled to be about 220°C.

The reaction liquid was continuously removed
from the bottom of the continﬁous multi-stage
distillation column 15 through the line 22 to a storage
tank 24 at 17 g/Hr. After the low boiling point liquid
mixture containing dibutylcarbonate as a by-product was
removed from the top of the column through a line 16,
and then it was liquefied by a cooler 17, and a part of
it was removed continuously to a storage tank 20 at 83
g/Hr and the rest was refluxed to the distillation
column (reflux ra£i0=4).

The liquid removed to the storage tank 24 was
composed of about 5% by weight of dibutyl carbonate,
about 74% by weight of butyl phenyl carbonate, about

10% by weight of diphenyl carbonate, and the catalyst.



_tank 24 at 17 g/Hr. After the |low boiling point |iquid
- m xture containing dibutyl carbonate as a by-product
was 101 renoved fromthe top of the columm through a
line 16, and then it was liquefied by a cooler 17,
and a part of it was renovegkcontinuously to a
storage tank 20 at 83 g/ H and the rest was refl uxed
t oThhe ldigstdl ratoeredS toolkhen stoetilgex taatki @94 was cBagosed
liquid renbved to the storage tank 24 was conposed of
di Biit gbovkr BoRst by: wabgbt 5% Bybwsiaghtl, abotytl Lfite do
carbonate: about 74% by wei ght, di phenyl carbonate:
abbeighbopbyPienght . aTHeabpati & 1bekyy e iobt1@f Kébutyl
storage tank 20 was conposed of about 1-butanol: 0.3%
bycaégaﬁﬁtepheﬁeldeasﬁ sw&ﬁﬁ wakghtrergnd ougidh ity ithe
arbo ai about 1@bb Purification of
dlgiﬁg E?Béﬁﬁtgf EBP|¥PCéPgﬁﬁCBF Biraryl carbonate was

G LERFES %g‘ﬁ% B5r 3 FRNE VRS TRArRLRE out by
conti nuous! yef egdnge B okl gbidy WIbERoNgRe! BARYEd A0 eq

t he storage passing a

pr@ﬁﬁa&ﬁthQ éév@@@ughégg 19/?E tOZabO?heodls€E§§3¥§on

the m ddle stage of a 20 contindous multr-

di sé¢phtatien ¢8kUAAr2Ted WiEhp w@énalﬁgbugm fEEEQQng the
wi th Di xon packing (6 m) MAtﬁ i nternal dianetér

10 of 1 2quhd) whilch d«s@gm:n@»ﬁed to. tHbesheaIagéeaahkeQ4tor
the distillation separation was supplied by
cithxbagh ng limel 2upalssing2d phehéater Paratokbbhe 192
colum through a line 34 and a reboiler 35, and the
t HPRF st durabagt t hel bot albovefthdeniddle stage of a

continuous multi-stage distillation column 27, which
was a column filled with Dixon packing (6 mm¢) with an
15 internal diameter of 2 inch and a length of 1 m.
The heat required for the distillation
separation was supplied by circulating the liquid in
the lower part of the column through a line 34 and a
reboiler 35, and the temperature at the bottom of the
20 multi-stage distillation column is controlled to be
about 210°C. The bottom liquid was continuously removed
from the bottom of the continuocus multi-stage
distillation column 27 through the line 34 to the
storage tank 36 at about 90 g/Hr. After removing from
25 the top of the column through the line 28, the
distillate was liquefied by a cooler 29 and was removed
continuously to a storage tank 33 at about 102 g/Hr.

The liquid removed to the storage tank 33 is composed



. hulti-stage distillation colum was controlled to be

~about 210C. The bottomliquid was continuously renoved
102 fromthe bottom of the continuous multi-stage
distillation colum 27 through the line 34 to the
storage tank 36 at about 20 @/ Hr. After renoving from
the top of the colum 5 through the line 28, the
di eti tibttyhasakbqueteedabyputt Ne 68oblyewe2§hand boas 1
renmoved continuously to a storage tank 33 at about 80
g/ Phenyhechrgondteensbedtt 33thbysterghe,t dikhd8yils
conposed of dibutyl carbonate: about 6% by weight, 10
buty¥oPRRRGF 2BPBBNaPE: PEbBELIBEY by wei ght, di phenyl
car bonat e: about 7. 5@6b wei ght. The distillation
separatlon whae cadipr gl 6E%°nb§eEéﬁPFﬁ96u§P§ Fa&gipg out

5 oY 4 %hﬁaﬁogﬁsfnﬁa %ﬁ@ﬁgg%&guﬁﬁ{é : ﬁﬁ_&gdn{ggat e

2?@%@?%%‘3%1 FER8LRa E0 et P i Frrdf cabRune, 36A28u8h a
A ﬁ%ﬁ%%&ﬁga 3|Qn§ﬁn BESE' 16, pRHIGRD the

rnmﬂaﬁi@e§Ea§§Q&fr§dcéﬁflﬁ98ug'ﬁ%lkhagtgﬁezﬁlstl lation

separation was supplied by circulating the I'iquidin
t heo 1 @iver 3 PArdh DR tgs COl d8MukAT pUONeENR1ithNB146n a?ﬁcking
e

reboiler 47, and the tenperature at the bottom of
10 mul & immsf)agel i Sdn lireié e Callidmet&r cont2 olheld 49dbg length
about 230C. 25 The bottomliquid was continuously
r erbvddn. f rime theabotéeqm oédt fier coné | diistsl hattonst age
separation was supplied by circulating the liquid in
the lower part of the column through a line 46 and a
reboiler 47, and the temperature at the bottom of the

15 multi-stage distillation column was controlled to be
about 200°C. The bottom liquid was continuously removed
from the bottom of the continuous multi-stage
distillation column 39 through the line 46 to a storage
tank 48 at about 19 g/Hr.

20 After removing from the top of the column
through a line 40, the distillate was liquefied by a
cooler 41 and was removed continuously to a storage
tank 44 at about 82 g/Hr. The liquid removed to the
storage tank 44 is composed of dibutyl carbonate: about

25 0.7% by weight, butyl phenyl carbonate: about 90% by
weight, diphenyl carbonate: about 9% by weight.

White liquid that was solidified at ambient

temperature was continuously removed to a storage tank



distillation colum 39 through a line 46 to a storage

" tank 48 at about 8 g/Hr. After rempving fromthe top
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103 of the colum through the line 40, the distillate
was |iquefied by a cooler 41 and was renoved
continuously to a storage t@ank 44 at about 92 g/ Hr.
The liquid renoved to the storage tank 44 is 5
cofposed obnthbneyl deéphbagat earbbadte6%abyuneilghls, by
butyl phenyl carbonate: about 94% by wei ght. The

| igeight enev@dotibyh shenmyechabknd8ewass bellbd ahe
anmbi ent tenperature but had a coloring of red. The
ardg¢yersion iheiti quThei adatmsed phath¥i léguidnindficated
10 about 5 ppm Exanple 2 [Production of aromatic
catﬂb%a%]wwo%lw hebdpheethas piBdtcedlnsppgtaon of
deV|ce shown. i Fig. 1. The reactlon was carried out

S 1500y %%H&%bl%n?%%asmva@ 8drBPE 8EPaBAGt °F0fhe
g/firk t hrough the preheater 2 and the transport |ine

®hi xed sol ution consi sting of dibutyl carbonate,

al yst, di henyl salicylate
nﬁﬁﬁ%?edlp eno?%?éf%n%Yecular(aelg%t 660,yvapoz 20
F§§ﬂﬁ t aoprapgggyigt % g% gége m xed sol ution
I C 0 |

e rati o by wei ght utyl carbonate an
phenol mas qgféﬁé@ﬂct@aﬁﬁgﬂété5k§§1?ﬁagugéda§naﬁﬁgsdev1ce
was adjusted to about 10,000 ppm of the whole Iiquid)

f regwit hin nirtigl] €1 St agiee Of e Ac€OBH | MYSUSa FHL bH- 6089By25
distillation colum 3, which is conposed of the
caumrisatin@nc@atinussTh as 2 racéd of sbeutnidpnglHr,

through a preheater 2 and a transport line 1, a mixed
solution consisting of dibutyl carbonate, phenol, and
phenyl titanate [Ti(OPh),;] (this phenyl titanate: adduct
with phenol; molecular weight without the adduct
phenol: 420; vapor pressure: about 15 Pa at 230°C) (the
mixed solution in which the ratioc by weight of dibutyl
carbonate to phenol was adjusted to about 65/35, and Ti
as atoms was adjusted to about 10,000 ppm of the whole
liquid) from the middle stage of a continuous multi-
stage distillation column 3, which is composed of a
condensation part, which is 2 inch in the internal
diameter, 0.5 m in the column length and filled with 10
stages of sieve trays, and a recovery part which is 2
inch in the internal diameter, 1 m in the column length
and filled with Dixon packing (6 mm$¢}. The condensation
part was disposed in the lower part of the stage where

the mixture was supplied continuously, and the recovery



cdianeter, 0.5 min the colum length and filled with

10 stages of sieve trays, and the recovery part which
is 2 104 inch in the internal dianeter, 1 min the
colum length and filled with D xon packing (6 nm).
The condensation part was digposed in the |ower part
of the stage where the mxture liquid was 5 supplied
copéihuwasl giispndetihénr eheveppepaprwas di sposed in
the upper part. The heat required for the reaction
and distill aThenheat seppliired Bprcitheulkatictndont kaed
liquid in the |ower part of the colum through a 1line
109amEt hlabbon| eas13upphdethbyt capendatisgathehdiqudd in
bottomof the nulti-stage distillation colum is
cortf of PRt B2BE @botihe2gptummnhthrenshi anlinguild was a

5continu usly.renoved, fromthe bottom of the
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and the rest was refluxed to the distillation colum

10 (riednk e a@t$®=¢)JHrThe liquid renoved to the storage
tank 12 was 25 conposed of phenol: about 26% by
wei ght, di blAftter cthdobas ebobbbug BOYabYL NGuHHt mikutyk
phenyl carbonat e:
containing l-butanol as a by-product was removed from
the top of the column through a line 4, and then it was
liquefied by the cooler 5,'and a part of it was removed
15 continuously to a storage tank 8 at 19 g/Hr and the
rest was refluxed to the distillation column (reflux
ratio=1.9). The liquid removed to the storage tank 12
was composed of: phenol: about 23% by weight, dibutyl
carbonate: about 56% by weight, butyl phenyl carbonate:
20 about 12% by weight, diphenyl carbonate: about 0.2% by
weight, l-butanol: about 0.3% by weight. The liquid
removed to the storage tank 8 was composed of 1-
butanol: about 99% by weight, phenol: about 0.5% by
weight, and dibutyl carbonate: about 0.2% by weight.
25 After the reaction in the continucus multi-
stage distillation column 3, the reaction was carried

out using a continuous multi-stage distillation column

15. The continuous multi-stage distillation column 185,



_ about 12% by wei ght, di phenyl carbonate: about 0.2% by
~wei ght, 1-butanol: about 0.6% by wei ght and the 105
catalyst. The liquid renoved to the storage tank 8 was
conposed of 1-butanol: about 90% by wei ght, phenol:
about 7% by wei ght, and di bupgl carbonate: about 3% by
weight. 5 After the reaction in the continuous nmulti-
st dgkedtbei tbationous| noht3-sthger dastidiandonc aodivach 3,
out using a continuous nulti-stage distillation colum
SlSTﬁ@mE@ﬁ@ﬁngéué rohdensasgendpstril | ahiieh del gminth, in
in the case of the continuous multi-stage 10
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cat al yst was supp onti nuous rom rage
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recovery part was 20 disposed in the upper part. The
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through a I'ine 13 the reaction liquid, which wa
10 r eraxviedl Z rioon thies bt 4o Dt ide cODdmmudDS anulthestage
distillation colum 3 through the line 10 25 to the
stepeie kel vas dispeoed | iwiotise nuppér spage.
distillation colum 15 at 95 g/ H after preheating
with The reaction was carried out by supplying
continuously through a line 13 the reaction liquid,
which was removed from the bottom of the continuous
15 multi-stage distillation column 3 through the line 10
to the storage tank 12, to the continuous multi-stage
distillation column 15 at 100 g/Hr after preheating
with a preheater 14. The heat required for the
reaction and distillation was supplied by circulating
20 the liquid in the lower part of the column through a
line 22 and a reboiler 24, and the temperature at the
bottom of the multi-stage distillation column is
controlled to be about 220°C.
The reaction liquid was continuously removed
25 from the bottom of the continuous multi-stage
distillation column 15 through the line 22 to a storage

tank 24 at 17 g/Hr. After the low boiling point liquid

mixture containing dibutylcarbonate as a by-product was



_a preheater 14. The heat required for the reaction and
~distillation was supplied by circulating the liquid in
106 the |lower part of the columm through a |ine 22
and a reboiler 24, and the tenperature at the bottom
of the nmulti-stage distillaphon colum was controll ed
to be about 220C. 5 The reaction liquid was
conemnueds Eyomenheedopf bdmthbe choumamtbirolg® a line 16,
continuous nulti-stage distillation colum 15 through
t handli hhef2itowassfiongagéietiabk 34cablaboldf’, 1ang/ br part of
After the low boiling point [liquid m xture containing
di bht yrearpwadeed aendipyonelpr baust stasagentead LOomt 83
the top of the colum through a line 16, and_then it
ma%/ﬂFqﬁégiEaebyeﬁtcﬁéﬁeFeigpxeﬂngoatbarﬂléﬁlﬂﬂaﬁa§n
5ren0¥ed cZntiagousl .to a storage tank 20 at 76 g/ Hr
anTCt ey E5¢ThHE FaFLEX&d-to the distillation col um
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and di butyl carbonate: about 55% by wei ght, uty
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the like were found in the distillation colum on

i Bpethoweldh§ Puphénchi i ainowt tBaryy waibhbat ahd
Purification of diaryl carbonate was carried
dibutyl carbonate: about 81% by weight.
[Purification of diaryl carbonate]
Purification of diaryl carbonate was carried
15 out with a device shown in Fig. 2. The distillation
separation was carried out by continuocusly feeding the
liquid, which was removed to the storage tank 24,
through a line 25 passing a preheater 26 at about 100
g/Hr to about 0.1 m above the middle stage of a
20 continuous multi-stage distillation column 27, which
was a column filled with Dixon packing (6 mm¢) with an
internal diameter of 2 inch and a length of 1 m.
The heat required for the distillation
separation was supplied by circulating the liquid in
25 the lower part of the column through a line 34 and a
reboiler 35, and the temperature at the bottom of the

multi-stage distillation column was controlled to be

about 210°C. The bottom liguid was continuously removed



. out with a device shown in Fig. 2. The distillation
separation was carried out by continuously feeding the
107 liquid, which was renoved to the storage tank 24,
through a |ine 25 passing a preheater 26 at about 192
g/H to about 0.1 m above thezm ddl e stage of a
continuous nulti-stage distillation colum 27, which 5
wakremcbhanphottbihedfwchk Bbrbhnpacki mglE-smajgewi t h an
internal dianeter of 2 inch and a length of 1 m The
hedistbhlarbanforlume disthrbughohheséparaBihonondbe
supplied by circulating the liquid in the [ower part
of SEPEAED| ﬁﬂktﬁﬁoGEhagoPanosﬁ/Hﬁd a 10 reboiler 35,
and the tenﬁﬁﬁature at the bottomof the multi-stage
di stillation*tbPErh®ReVLbAt F5PTedPotBR CAbbHE SPdEIN
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t hey gl M, + t g ough @hs/%kpe 28, the distillate was
liquefied by a coo?er 29 and was renoved continuously

to a storagerhd apkgdid ated®osl 402t 84H it o FhEe ! {éngdw is

removed to the 20 storage tank 33 is conposéed
diduntipyds ir o n@d wut Ab ot rodn Sl byaweughes Byt ybigheny!

carbonat e: about 73% by wei ght, diphenyl carbonate:

10 abioutty 2 6Shdryy Wet gttbondthe: diisdut | @64 opy Sepibght | otdiphenyl
carried out by continuously feeding the liquid, which
weR porsasre i mioust v7 r Bhovedvebglihe st orage tank 33,
through a |line 37 passing a preheater 38 at about 101
g/ H to the The distillation separation was carried out

by continuously feeding the liquid, which was
continuously removed to the storage tank 33, through a

15 1line 37 passing a preheater 38 at about 100 g/Hr to the
middle stage of a continuous multi-stage distillation
column 39, which was a column filled with Dixon packing
(6 mm¢) with an internal diameter of 2 inch and a length
of 2 m. The heat required for the distillation

20 separation was supplied by circulating the liquid in

the lower part of the column through the line 46 and
reboiler 47, and the temperature at the bottom of the
multi-stage distillation column is controlled to be
about 230°C.

25 The bottom liquid was continuously removed

from the bottom of the continuocus multi-stage

distillation column 39 through a line 46 to a storage

tank 48 at about 8 g/Hr. After removing from the top _



. mddle stage of a continuous nulti-stage distillation
“colum 39, which was a colum filled with D xon
packing 108 (6 mm+t) with an internal dianmeter of 2
inch and a length of 2 m The heat required for the
distillation separation wagggupplied by circulating
the liquid in the |lower part of the colum through a
| iof dbeandlamb tRboubkr tié, 1and #be teepdisturndazte was
the bottomof the nulti-stage distillation colum was
cohiwoetfeedtibybe cabdar 200&@ndTResbotmonedi gond inasusly
continuously renoved fromthe bottom of the
cof® i dudteraget Faskage apb dbsutl Pat gdHrecol um 39
through the line 46 to a storage tank 48 at about 19
g/ H. After Fedobidagidrsameredt 6p the ﬁﬁ@regreuﬁrﬁnk 44 is

through a |t e distill|late was uefled b
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tenperature was conti nuous O renoved to a sto
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by wei ght,” and butyl phenyl carbonate was bel ow t
10 detlenit o pgmi t. The analysis of the liquid |nd|cated
that Ti content was about 0.8 ppm |Inspection of the
diBstarplat i2n col um reveal ed no 25 deposit or the
i ke. Exanple 3
{Production of aromatic carbonate]
Aromatic carbonate was produced using a
device shown in Fig. 1. The reaction was carried out
15 by supplying continuously at a rate of about 100 g/Hr,
through the preheater 2 and the transport line 1, a
mixed solution consisting of dibutyl carbonate, phenol
and, as a catalyst, di(phenyl salicylate)
titanate-diphenolate (molecular weight: 660, vapor
20 pressure: 1 Pa or below at 230°C) (the mixed solution in
which the ratio by weight of dibutyl carbonate an
phencl was adjusted to about 65/35, and Ti as atoms was
adjusted to about 10,000 ppm of the whole liquid) from
the middle stage of a continuous multi-stage
25 distillation column 3, which is composed of the
condensation part, which is 2 inch in the internal

diameter, 0.5 m in the column length and filled with 10

stages of sieve trays, and the recovery part which is 2
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[.Production of aromatic carbonate] Aromatic carbonate
was produced using a 109 device shown in Fig. 1. The
reaction was carried out by supplying continuously at
a rate of about 109 g/H, through the preheater 2 and
the line 1, a mxed solutiepgconsisting of dibutyl
carbonate, phenol and, 5 as a catalyst, butyl titanate
trineh [(Bulp3inteondil- diGBer2+0- Ti m( QBUXBE Codsuint l1@hgth
el enent anal ysis: C=50.5, H=9.5, 0=21.1, Ti=18.9;

si acd Oxyged dethvBdxbnopaBuOngi 616m@) .t he nunber of
bri dging oxygen is 2, that is, there are two Ti-OTi
bonds; nol ectharcapiighsatien; paotvaper ddsposedeinl the
or_below at 230C) (the mi xed solution in which the
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ad'ustﬁd éo about 65/%5, anahTL "as atons was adj usted
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filled with D xon packing (6 mmt). The condensati on
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where the m xture liquid was supplied continuously,
anzbrittieo ¥ b vies Yoo aslbowrrs2 26°¢l sposed in the upper

part. The heat required for the reaction and

di stillatiorfhveasreapplérmdl byuitdreas atonginuously removed

from the bottom of the continuous multi-stage
distillation column 3 through the line 10 to a storage
tank 12 at 95 g/Hr. The catalyst was dissolved in the
reaction liquid.

After the low boiling point liquid mixture
containing l-butanol as a by-product was removed from
the top of the column through a line 4, and then it was
ligquefied by the cooler 5, and a part of it was removed
continucusly to a storage tank 8 at 5 g/Hr and the rest
was refluxed to the distillation column (reflux
ratio=2).

The liquid removed to the storage tank 12 was
composed of phenol: about 26% by weight, dibutyl
carbonate: about 50% by weight, butyl phenyl carbonate:
about 12% by weight, diphenyl carbonate: about 0.2% by

weight, l-butanol: about 0.6% by weight and the



the liquid in the lower part of the columm through a
line 10 and a reboiler 11, and the tenperature at the
110 bottomof the multi-stage distillation colum was
controlled to be about 230C. The reaction liquid was
conti nuously renoved fromthe bottom of the

continuous nulti-stage 5 distillation colum 3 through
theatahgst0 tBha 3tgnaderemanmkedl2oath@0sgbobageThank 8 was
catal yst was dissolved in the reaction liquid. After

t heompaspdi PEng-poranoli gabduli 20&r by wenghitni phpenol:
1-butanol as a by-product was renoved from 10 the top
of 2PRRL cHF uRH T’ﬁFGBEh anfdj gébutvangarhenate :nabout 3% by
liquefjed by the cooler 5, and a part of it was

re %%%t'continuously to the storage tank 8 at 19 g/ Hr

fluxed to the djstillation colu
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renmoved to the storage tank 8 was 20 conposed of

1-put pmothe abosé 89% Wy ¥ehohhuonbenalti-gbage 0. 5% by
wei ght, and di butyl carbonate: about 0.2% by weight.
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distillation colum 3, the reaction was carried 25
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15. The continuous multi-stage distillation colum 15,
in the celumn length and filled with 10 stages of sieve
trays, and the recovery part which is 2 inch in the
internal diameter, 1 m in the column length and filled
with Dixon packing (6 mm¢), and the condensation part
was disposed in the lower part of the stage where the
reaction liquid containing the catalyst was supplied
continuously from the storage tank 12 to this
distillation column 15, and the recovery part was
disposed in the upper part.

The reaction was carried out by supplying
.continuously through a line 13 the reaction liquid,
which was removed from the bottom of the continuocus
multi-stage distillation column 3 through the line 10
to the storage tank 12, to the continucus multi-stage
distillation column 15 at 95 g/Hr after preheating with

a preheater 14. The heat required for the reaction and

distillation was supplied by circulating the ligquid in



as in the case of the continuous nmulti-stage

“distillation colum 3, was conposed of a condensation

111 part, which is 2 inch in the internal dianeter,

0.5 m in the colum length and filled with 10 stages

of sieve trays, and a recoyggy part which is 2 inch

inthe internal dianmeter, 1 min the colum |ength

andhéi LbedrSpatrthobi xae padkimag th@omiph, aandnkhe? and a

condensation part was disposed in the |ower part of

t heeboagerwddr eahbe theesietpemaltiugei dtcahkeaboitngnt b&€ the

catal yst was supplied continuously fromthe storage

t akli2-sbaghi didtdtlrrarnonodumanwass coatndolled to be

recovery part was 10 disposed in the upper part. The

r ede?ibn gﬁéccarrled out by continuously supplying

through a line 13 the reaction liquid, which was
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the bottomof the nulti-stage distillation colum Wwas

10 coptddhidedwd® bemabodt £23AChdhecpeaet tRA bbﬂtﬂnﬁl ¥ASough
continuously renoved fromthe bottom of the
cantlimmuk6 rudnd - shegei25was slighafied byl anbodber 17,
through the line 22 to a storage tank 24 at 17 g/ Hr.
Afaret a eatow Dol t i wgs poemovéd goenttinuously to a storage
tank 20 at 76 g/Hr and the rest was refluxed to the
distillation column (reflux ratio=4).

15 The liquid remo#ed to the storage tank 24 was
composed of dibutyl carbonate: about 0.3% by weight,
butyl phenyl carbonate: about 38% by weight, diphenyl
carbonate: about 14% by weight and also the catalyst.
The liquid removed to the storage tank 20 was composed

20 of l-butanol: about 0.7% by weight, phenol: about 33%
by weight, and dibutyl carbonate: about 65% by weight,
butyl phenyl carbonate: about 1% by weight. No deposit
or the like were found in the distillation column on
inspection.

25 [Purification of diaryl carbonate]

Purification of diaryl carbonate was carried

out with a device shown in Fig. 2. The distillation

separation was carried out by continuously feeding the



~m xture containing dibutylcarbonate as a by-product

“was renoved fromthe top of the columm through a |ine
16, 112 and then it was liquefied by a cooler 17, and
a part of it was renpved continuously to a storage
tank 20 at 83 g/ H and thejpest was refluxed to the
distillation colum (ref lux ratio=4). 5 The liquid

r ebbyedd} owhhehswasagembaal 24 was seorpesedaofk 24,

di butyl carbonate: about 5% by wei ght, butyl phenyl
cathooagk: aabdoe Z8%physwagght prdhpheryl 26catbanate: 192
about 10% by wei ght and al so the catalyst. The liquid

r egdedte oabhet sbol ageabamk 2bewasdddrpesedeld fok
1-butanol : about 0.3% by weight, phenol: about 18% by
me@%%@ln%ﬂﬂsdmﬁétyrséagﬁoﬁaﬁél1ébéapn8@%§bmnm@7ghwhlch
hb deposit_or the like were found in the distillation
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distillation colum 27
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of 2 inch and a length of 1 m The heat required f

t ealdi iststdgpd | dinstsEPRd el b NcybSm2 51 s Upeht 261 b¥d to be
circulating the liquid in the lower part of the
cahgut t2r@Pigh The betIdbrmaid quirdebaid erordS nwenk Itheremoved
from the bottom of the continuous multi-stage
distillation column 27 through the line 34 to the
15 storage tank 36 at about 90 g/Hr.
After removing from the top of the column
through the line 28, the distillate was liquefied by a
cooler 29 and was removed continuously to a storage
tank 33 at about 102 g/Hr. The liquid removed to the
20 storage tank 33 is composed of dibutyl carbonate: about
0.6% by weight, butyl phenyl carbonate: about 73% by
weight, diphenyl carbonate: about 26% by weight.
The distillation separation was carried out
by continuously feeding the liquid, which was
25 continuously removed to the storage tank 33, through a
line 37 passing a preheater 38 at about 101 g/Hr to the
middle stage of a continuous multi-stage distillation

column 39, which was a column filled with Dixon packing



~ tenperature at the bottomof the nulti-stage
"distillation colum is controlled to be about 210C.
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113 The bottom|liquid was continuously renoved from
the bottom of the continuous nulti-stage distillation
colum 27 through the line 34gto the storage tank 36
at about 90 g/H. After renoving fromthe top of the
5 ¢6lmng) tintthigin t het &ngl 28i akbeedi 6Ei bl @hehWafid a length
liquefied by a cooler 29 and was renoved conti nuously
t oof Stror ageh¢ ankaB3rajuabedt £202theHdistThe lbikdond
renmoved to the storage tank 33 is conposed of dibutyl
caftivhaaeionbout SuLpd bgdwelght rculetbogykhphénghid in
car bonat e: about 73% by wei ght, di phenyl carbonate:
albddif Le9E Byt gbf . tirhecalgin| thrpughsepainei 47 and a
carried out _by continuously feeding the |liquid, which

q
WSO Lokt Y nhibus?yd r EnBveanperaheret sk agket RAkte, of the
thr h 15 the, |ine 37 passing a preheater 38 at about
AR age s L P8R Sl PReS o Fraduee 207k
m%géd§t ‘C distillation colum 39, which was a
colum fil11ed with Dixon packing (6 nmd') with an
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of the colum through the line 46 and reboiléer 47,
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distillation columm is controlled to be about 200C.

2% dfie 4tatombowi IO vpsH £ontAHitet stamsetmy eflrohir e top
the bottom of the continuous multi-stage
of the column through a line 40, the distillate was
liquefied by a cooler 41 and was remcved continuouély
to the storage tank 44 at about 82 g/Hr.

The liquid removed to the storage tank 44 is
composed of dibutyl carbonate: about 0.7% by weight,
butyl phenyl carbonate: about 9%0% by weight, diphenyl
carbonate: about 9% by weight. White liquid that was
solidified at ambient temperature was continuously
removed to a storage tank 48 and contained diphenyl
carbonate: about 100% by weight, and butyl phenyl
carbonate was below the detection limit. The analysis
of the liquid indicated that Ti content was about 0.8
ppm. Inspection of the distillation column revealed no
deposit or the like.

Example 3
[Production of aromatic carbonate]

Aromatic carbonate was produced using a



distillation colum 39 through the line 46 to the
storage tank 48 at about 19 g/Hr. 114 After renoving
fromthe top of the colum through the |ine 40, the
distillate was liquefied by the cooler 41 and was
removed continuously to the 1gborage tank 44 at about

82 g/H. The liquid renoved 5 to the storage tank 44

i s deviposeshodndibuFyy. tar bbhat ecaabboh @ag%chyried out
wei ght, butyl phenyl carbonate: about 90% by wei ght,
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that was solidified at anbient 10 tenperature was
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t hrough t he preheater 2 and the transport I1ne 1,
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and, as a catalyst, an organic polytitanoxan 25

1konposit ipreddbtsunbdt®e ToadbeDowoat L2 B0 gathes nixed
TA-22) containing butyl titanate di ner
(( BOBikn GrTiwiicBu)t}e ratio by weight of dibutyl
carbonate to phenol was adjusted to about 65/35, and Ti
as atoms was adjusted to about 10,000 ppm of the whole
liquid, and this catalyst was dissolved in this
15 mixture) from the middle stage of a continuous multi-
stage distillation column 3, which was composed of a
condensation part, which was 2 inch in the internal
diameter, 0.5 m in the column length and filled with 10
stages of sieve trays, and a recovery part which was 2
20 inch in the internal diameter, 1 m in the column length
and filled with Dixon packing (6 mmé¢).

The condensation part was disposed in the
lower part of the stage where the mixture liquid was
supplied continuously, and the recovery part was

25 disposed in the upper part. The heat required for the
reaction and distillation was supplied by circulating

the liquid in the lower part of the column through a

line 10 and a reboiler 11, and the temperature at the



(ol ecul ar wei ght: 550; vapor pressure: 1 Pa or bel ow
‘at 230C) (the m xed solution in which the ratio by 115

wei ght of dibutyl carbonate and phenol was adjusted to
65/ 35, and Ti as atonms was adjusted to about 10, 000

ppm of the whole liquid, andighis catal yst was

dissolved in this mxture) fromthe m ddl e stage of

t hé>aomin mubushd nmulti~-stage distillation colunm Bdas

whi ch was conposed of a condensation part, which was

2 iqw il kdve to meratabudiad®ECer, 0.5 min the col um
length and filled with 10 stages of sieve trays, and
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the bottom of the continuous nulti-stage distillation
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90 g/H. After the low boiling point liquid mxture
contigiueifngdl byuttheolcoas exr 15y- amidodugtanas fr ertowers fredmved
the top of the columm through 25 a line 4, and then it
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renmoved continuously to the .
rest was refluxed to the distillation column (reflux

ratio=1.9). The liquid removed to the storage tank 12

15 was composed of phenol: about 23% by weight, dibutyl

carbonate: about 56% by weight, butyl phenyl carbonate:
about 12% by weight, diphenyl carbonate: about 0.2% by
weight, 1-butanol: about 0.3% by weight and also the

catalyst. The liquid removed to the storage tank 8 was

20 composed of l-butanol: about 99% by weight, phenol:

25

about 0.5% by weight, and dibutyl carbonate: about 0.2%
by weight.

After the reaction in the continuous multi-
stage distillation column 3, the reaction was carried
out using a continuous multi-stage distillation column
15. The continuous multi-stage distillation column 15,
as in the case of the continuous multi-stage

distillation column 3, was composed of a condensation



‘storage tank 8 at 19 g/H and the rest was refluxed to
‘the distillation colum (reflux ratio=1.9). 116 The
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liquid renoved to the storage tank 12 was conposed of
phenol : about 23% by wei ght, dibutyl carbonate: about
56% by wei ght, butyl phenyl cgrbonate: about 12% by

wei ght, di phenyl carbonate: about 0.2% by 5 weight,

1- peremolwhiadiouts 2 adly weighé bmtdeahsd dbemeter, 0.5 m
catalyst. The liquid renoved to the storage tank 8 was
coniposaw: afolnbutlerodth adoodit £ OORedbyw inelh ghd , s phgas| of sieve
about 0.5% by wei ght, and di butyl carbonate: about
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distillation colum 3, the reaction was_ carried out
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of the stage where the reaction liquid containing the

l0ocatdlsysisedns s Wil hgghbercyrmuously fromthe storage

tank 12 to this distillation colum 15, and the
recovery par tTheasedrtdigpoesad dariiiwl upperbypardnt iheously
reaction was carried out by supplying continuously

t heopgh viing threug® tthdine 13 the reaction liquid, which

was removed from the bottom of the'continuous multi-

stage distillation column 3 through the line 10 to the

15 storage tank 12, to the continuous multi-stage

distillation column 15 at 100 g/Hr after preheating
with a preheater 14. The heat required for the
reaction and distillation was supplied by circulating

the liquid in the lower part of the column through a

20 1line 22 and a reboiler 24, and the temperature at the

25

bottom of the multi-stage distillation column was
controlled to be about 220°C.

The reaction liquid was continuously removed
from the bottom of the continuous multi-stage
distillation column 15 through the line 22 to a storage
tank 24 at 17 g/Hr. After the low boiling point liquid
mixture containing dibutylcarbonate as a by-product was

removed from the top of the column through a line 16,



reaction |liquid, which was renoved fromthe bottom of

“the continuous multi-stage distillation colum 3 117
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through the line 10 to the storage tank 12, to the
continuous multi-stage distillation columm 15 at 100

g/ Hr after preheating with apreheater 14. The heat
required for the reaction and 5 distillation was
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distillation colum was controlled to be about 220C.
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the bottom of the continuous nulti-stage distillation
coFGRNMS (efdigh natd a5i4le 22 to a storage tank 24 at

17 g/ H. After the laow boiling point liquid mxture
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column on inspection.

[Purification of diaryl carbonate]

Purification of diaryl carbonate was carried
out with the device shown in Fig. 2. The distillation
separation was carried out by continuocusly feeding the
liquid, which was removed to the storage tank 24,
through a line 25 passing a preheater 26 at about 192
g/Hr to about 0.1 m above the middle stage of a
continuous multi-stage distillation column 27, which
was a column filled with Dixon packing (6 mm¢) with an
internal diameter of 2 inch and a length of 1 m. The
heat required for the distillation separation was
supplied by circulating the liquid in the lower part of
the column through a line 34 and a reboiler 35, and the

temperature at the bottom of the multi-stage

distillation column is controlled to be about 210°C.



[Purification of diaryl carbonate] Purification of
‘diaryl carbonate was carried 118 out with the device
shown in Fig. 2. The distillation separation was
carried out by continuously feeding the [liquid, which
was renoved to the storage tjamk 24, through the line
25 passing a preheater 26 at about 100 5 g/H to about
0. T'ha dloavent Ne guiddiwe sstage iofuddeEl y aosmio e uSrom the
mul ti-stage distillation colum 27, which was a
cobwitofn lifedthei tderbiioemuysaeluilng (6 ager)dvéthl ation
internal dianeter of 2 inch and a length of 1 m The
hegelueguidred biroriabh& hdi dtiine atd dre ddparsieruaasanlp 36 at
sup%Lied by circulating the liquid in the | ower part
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The liquid renmoved fo the storage tank 33 is conposed

100f bdtbut pheagnbeaabenatequiabod® B giyOhtaidht,yldiphenyl
phenyl carbonate: about 86% by weight, diphenyl
cachobahateababbul. 2@kbpywweiedlhit .The 25 distillation
separation was carried out by continuously feeding
the liquid, ®hecHintsldentionusepayratdmmyems carried out
by continuously feeding the liquid, which was
continuously removed to the storage tank 33, through
15 the line 37 passing a preheater 38 at about 101 g/Hr to
the middle stage of the continuous multi-stage
distillation column 39, which was a column filled with
Dixon packing (6 mm$¢) with an internal diameter of 2
inch and a length of 2 m. The heat required for the
20 distillation separation was supplied by circulating the
liquid in the lower part of the column through the line
46 and reboiler 47, and the temperature at the bottom
of the multi-stage distillation column is controlled to
be about 200°C.
25 The bottom liquid was continuously remcved
from the bottom of the continuous multi-stage

distillation column 39 through the line 46 to the

storage tank 48 at about 19 g/Hr.




.continuously to the storage tank 33, through the Iine
‘37 passing a preheater 38 at about 100 g/H to the 119
m ddl e stage of the continuous nulti-stage
distillation colum 39, which was a colum filled
with Di xon packing (6 mm®) mi4 h an internal dianeter
of 2 inch and 2 m l|length. 5 The heat required for the
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the line 46 to th torage tank 48 at abouyt 8 g/ Hr.
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by wei ght . ite 20 liquid that was solidified at
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storage tank 48 and contai ned di phenyl carbonate:
10abtetmpe@a¥ure weaisghiontdmtoultyy Irepasmd teardhen atte nerse
bel ow the detection limt. The analysis of the liquid
i ndro&t 48 angt cPntedmechdiphenyd kelrbwnate :detbestt dr00% by
limt. No deposit or the like were found in the
di ¥eiBh4ri erdchugnd Phenydpeerbonate was below the

detection limit. The analysis of the liquid indicated

o

that Ti content was below the detection limit. No

15 deposit or the like were found in the distillation
column on inspection.
Example 4
[Production of aromatic carbonate]

Aromatic carbonate was produced using a

26 device shown in Fig. 1. The reaction was carried out
by supplying continuously at a rate of about 109 g/Hr,
through the preheater 2 and the transport line 1, a
mixed solution consisting of dibutyl carbonate, phenol
and, as a catalyst, an organic polytitanoxan

25 composition (Matsumoto Trading Co. Ltd. Orgatics TA-22)
containing butyl titanate dimer [ (BuQ);-Ti-0-Ti- (OBu);]
(molecular weight: 550; vapor pressure: 1 Pa or below

at 230°C) (the mixed solution in which the ratio by



- Exanple 5 [Production of aromatic carbonic acid ester]
120 Aromatic carbonate was produced using a device

shown in Fig. 1. The reaction was carried out by

suppl ying continuously at a rate of about 109 g/ Hr,

t hrough a preheater 2 and a itrrsansport line 1, a m xed

5 solution consisting of dibutyl carbonate, pheno
antelghs ®fcatidutstl, qdntamiaime reetdypherivenovd dea Ak to
Co. Ltd. Ti-A KT881) (nolecular weight: 476; vapor
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in the solution). 20 The condensation part was

di ppesedhight kas Rowekhpamnt téle tihde¥inage dbgieddhe 1l m in
m xed sol ution was supplied continuously, and the

heat required for the reaction and distillation was
suppl i ed by Zhecgbatengazionhparitqwiag idd spleseldovier the
part of the colum through a Iline 10 and a reboiler
11104f8 PRETt efipEhat §tadgt whgge the mixture liquid was

supplied continucusly, and the recovery part was
disposed in the upper part. The heat required for the
reaction and distillation was supplied by circulating
the liguid in the lower part of the column through the
line 10 and reboiler 11, and the temperature at the
bottom of the multi-stage distillation column was
controlled to be about 230°C. The reaction liquid was
continuously removed from the bottom of the continuous
multi-stage distillation column 3 through the line 10
to a storage tank 12 at 90 g/Hr. After the low boiling
point liquid mixture containing 1l-butanocl as a by-
product was removed from the top of the column through
a line 4, and then it was liquefied by the cooler 5,
and a part of it was removed continuously to the
storage tank 8 at 19 g/Hr and the rest was refluxed to

the distillation column (reflux ratio=1.9).



_bottomof the nulti-stage distillation colum was
“controlled to be about 230C. The reaction liquid was
121 continuously renoved fromthe bottom of the
continuous nulti-stage distillation colum 3 through
the line 10 to a storage tank 12 at 90 g/ H. After
the low boiling point [iquid m xture containing
1- but anol as Taebyl iSuydrcbdestoveas treerithee s fomage hemrlopl2 was
of the colum through - a line 4, and then it was
i &Q@Pioé@dbypft p& leabput FEd dpareiditi tdieetyl
continuously to a storage tank 8 at 19 g/ Hr
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the reaction in the continuous multi- 20 st age

di byi Weatghen colum 3, the reaction was carried out

using a continuous multi-stage distillation colum
1015. The cont Aiteusthel tontstiageudi stilltliatsitayec aisni 115 tion

as in the case of the continuous nmulti-stage

di seinmat Bentbel urac8ionayasorpasdeédobud vendenddie on

25 part, which is 2 inch in the internal dianeter, 0.5
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si ev
contlnuous multi-stage distillation column 15, as in
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the case of the continuous multi-stage distillation

15 column 3, was composed of the condensation part, which
is 2 inch in the internal diameter, 0.5 m in the column
length and filled with 10 stages of sieve trays, and
the recovery part which is 2 inch in the internal
diameter, 1 m in the column length and filled with

20 Dixon packing (6 mm$), and the condensation part was
disposed in the lower part of the stage where the
reaction liquid containing the catalyst was supplied
continuously from the storage tank 12 to this
distillation column 15, and the recovery part was

25 disposed in the upper part. The reaction was carried
out by supplying continuously through the line 13 the
reaction liquid, which was removed from the bottom of

the continuous multi-stage distillation column 3



.trays, and a recovery part which is 2 inch in the
internal dianeter, 1 min the colum length and fill ed
122 with Dixon packing (6 mm), and the condensati on
part was disposed in the ower part of the stage
where the reaction liquid ddntaining the catal yst was
supplied continuously fromthe storage tank 12 to
t htgrsughsthel atiinen IoltemihEs s tarh gehd arge dvior yEartte
was di sposed in the upper part. The reaction was
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mul ti-stage distillation colum was controlled to be

abault228€agdhaiseaciadiohl ¢uildmpasagoridntdeusled to be
renmoved fromthe bottom of the continuous nulti-stage
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storage tank 24 at 17 g/Hr. After the | ow boiling
10poremoveduEdomnikeubettont aifnithg dichdtiylucash owdite -as age
by-product was renoved fromthe top of the colum
thioBghliatine ¢elumandSt kbmonghwabel ildnef 2@d tipy aa storage
cooler 17, and_a part of 25 it was renoved _ o
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h istil i on
r%ﬁixgﬁgerggh é?giRS &igug§iggr g%g%e as a by-product was
removed from the top ¢of the column through a line 16,

15 and then it was liquefied by the cooler 17, and a part
of it was removed continuously to a storage tank 20 at
83 g/Hr and the rest was refluxed to the distillation
cclumn (reflux ratio=4). The liquid removed to the
storage tank 24 was composed of dibutyl carbonate:

20 about 5% by weight, butyl phenyl carbonate: about 74%
by weight, diphenyl carbonate: about 10% by weight and
also the catalyst. The liquid removed to the storage
tank 20 was composed of l-butanol: about 0.3% by
weight, phenol: about 18% by weight, and dibutyl

25 carbonate: about 81% by weight. No deposit or the like
were found in the distillation column on inspection.

[Purification of diaryl carbonate]

Purification of diaryl carbonate was carried



_colum (reflux ratio=4). The liquid renoved to the
storage tank 24 was conposed of di butyl carbonate: 123
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about 5% by wei ght, butyl phenyl carbonate: about 74%

by wei ght, di phenyl carbonate: about 10% by wei ght and
the catalyst. The liquid remoged to the storage tank

20 was conposed of 1-butanol: about 0.3% by weight, 5
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The bottom Iiquid was continuously renoved fromthe
bothentolumhetbontghubbs Aihei 34t apd debriilleat 3dn 2&d the
colum 27 through the line 34 to the storage tank 36

at tempegategegakr the bottom of the multi-stage
distillation column is controlled to be about 210°C.

The bottom liquid was continuously removed from the

15 bottom of the continuous multi~stage distillation

column 27 through the line 34 to the storage tank 36 at
about 20 g/Hr.
After removing from the top of the column

through the line 28, the distillate was ligquefied by

20 the cooler 29 and was removed continuously to a storage

25

tank 33 at about 80 g/Hr. The liquid removed to the
storage tank 33 is composed of dibutyl carbonate: about
6% by weight, butyl phenyl carbonate: about 86% by
weight, diphenyl carbonate: about 7.5% by weight. The
distillation separation was carried out by continuously
feeding the liquid, which was continuously removed
continuously to the storage tank 33, through the line

37 passing a preheater 38 at about 100 g/Hr to the
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After renoving fromthe top of the colum through the
line 28, the distillate was liquefied by a 124 cool er

29 and was renoved continuously to a storage tank 33

at about 80 g/Hr. The liquid renoved to the storage

tank 33 is conposed of dibutiyls carbonate: about 6% by

wei ght, butyl phenyl carbonate: about 86% by 5 wei ght,
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colum through a line 40, the distillate was

| i §oeri shebbpositonobér the andtiavonsnowddicstaigruous! y

to the storage tank 44 at about 92 g/Hr. The liquid 25

r efbsB1L8t 408t spayant Ak thyonghc shpodéacof bditbutie

C2LPOraLS’ £aRRhs Lt PYnlut I /R Y ARPEDY ket gt om
the top of the column through the line 40, the
distillate was liquefied by the cooler 41 and was
removed continuously to the storage tank 44 at about 92
g/Hr. The liquid removed to the storage tank 44 is
composed of dibutyl carbonate: about 6% by weight,
butyl phenyl carbonate: about 94% by weight. White
liquid that was solidified at ambient temperature was
continuously removed to the storage tank 48 and
contained diphenyl carbonate: about 100% by weight, and
butyl phenyl carbonate was below the detection limit.
The analysis of the liquid indicated that Ti content
was below the detection limit. No deposit or the like
were found in the distillation column on inspection.

Example 5

[Production of aromatic carbonic acid ester]




. about 94% by weight. Wiite liquid that was solidified
at anbi ent tenperature was continuously renoved to a
125 storage tank 48 and contai ned di phenyl carbonate:
about 100% by wei ght, and butyl phenyl carbonate was
bel ow the detection |imt. 1Bge analysis of the liquid
indicated that Ti content was 0.8 ppm No deposit or 5
the |ike wer@&rogatdd warhenditst iMdsapimdussdimsiog a
i nspection. Exanple 6 [Production of aromatic
cafB¥hgePhANEMiN &idar Bonaff@engsasitddic et susiafy igdiput
devi ce shgmn in Fig. 1. The reaction was carried out
byb§u§BP9 ¥ggoftr &6‘&1‘9”3?1& 3y Patt@tsr oébahoufoéogg/ 9/ He
u reheat e nsport a m xed
sofzﬁf:gBH% B EFEPERG 5 Sarnth i eanaeRe ql&?e&m A xed
a | I ti.t anaQ onpo tign_15
818@&% ggagﬁgtgég % FE%@% &I%§%§ %§9 gnd
te a ul t s RS S R
55 BeTour st 2350 THEERASH neRfoy, BRRSl Xﬁﬁ%ﬁ%&%ﬂ# 2.
raLtQ.bY1mﬁ'Q@EBQ§ gh@@%&hlﬁ%rQ%H%h% tq7@hegglcmas
adj usted to about as atoms was adjusted

20ptesshedt 10pR08rppENGl, hike2nbete iRy fixdAdsbhition in
catal yst was dissolved in this solution) fromthe

m ddiehsthgeratia bgnwedghts ofuldibust/dgeativehialtleattioon
colum 3, which was conposed of a condensation part,
10whpbénedswasi adhushetihtoi A6EBhal addafet as, atohsnwias
the 25 colum length and filled with 10 stages of
si@fddustagsto ahguh 1LEeB08rprpart ®hiechhade 2ikwdhkl)i from
the interna
the middle stage of a continuous multi-stage
distillation column 3, which was composed of a
condensation part, which was 2 inch in the internal
15 diameter, 0.5 m in the column length and filled with 10
stages of sieve trays, and a recovery part which was 2
inch in the internal diameter, 1 m in the column length
and filled with Dixon packing (6 mm¢) (at the time of
supplying, the catalyst was dissolved in the solution).
20 The condensation part was disposed in the
lower part of the stage where the mixed solution was
supplied continuously, and the recovery part was
disposed in the upper part. The heat required for the
reaction and distillation was supplied by circulating
25 the liquid in the lower part of the column through a
line 10 and a reboiler 11, and the temperature at the

bottom of the multi-stage distillation column was

controlled to be about 230°C. The reaction liquid was



.diameter, 1 min the colum length and filled wth
Di xon packing (6 mmt). 126 The condensation part was
di sposed in the |ower part of the stage where the
m xture was supplied continuously, and the recovery
part was disposed in the upgpar part. The heat
required for the reaction and 5 distillation was
supphitédulpy sdiyr e@retvieny fireen [Hhguikebtitrom tdfe tloenerompainucus
of the colum through a line 10 and a reboiler 11,
anfuiiié —séaper atlgtd dattilpn sotliusm of thrughultthe shages 10
distillation colum was controlled to be about 230C

Thé&Cr 8adtréRdei daind vas atorfl M/dls! y M afeifired a% drriling
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was reno cont i nuousl y to a storage tank

9/ Hanand hbe196%V3Wa§nHeEh%X%@sE0w%@ef@fﬂdéédﬂﬂdﬂthe
colum (reflux ratio=1.9). 20 The |liquid renoved

t haistolageibankolamnay reFamRogae igk10lvgnol : about 23%
by wei ght, dibutyl carbonate: about 56% by wei ght,

10butyl phenyl Ther hanatiel reabeatd t2%thy weioghige digpkeyd was
carbonate: about 0.2%by weight, 1-butanol: about
0. gombysedi gfit phedotheabutaldky bly. wEhghiti,quiiduterioved
to the storage tank 8 was conposed of 1-butanol:
abG&¥rbonat gy @bPght 56phbroweight, butyl phenyl carbonate:

about 12% by weight, diphenyl carbonate: about 0.2% by
weight, 1l-butanol: about 0.3% by weight and the

15 catalyst. The liquid removed to the storage tank 8 was
composed of l-butanol: about 99%% by weight, phenol:
about 0.5% by weight, and dibutyl carbonate: about 0.2%
by weight. |

After the reaction in the continuous multi-

20 stage distillation column 3, the reaction was carried
out using a continuous multi-stage distillation column
15. The continuous multi-stage distillation column 15,
as in the case of the continuocus multi-~stage
distillation column 3, was composed of a condensation

25 part, which is 2 inch in the internal diameter, 0.5 m
in the column length and filled with 10 stages of sieve
trays, and a recovery part which is 2 inch in the

internal diameter, 1 m in the column length and filled



_about 0.5% by wei ght, and di butyl carbonate: about
0.2% by weight. 127 After the reaction in the
continuous multi stage distillation colum 3, the
reaction was carried out using a continuous
mul ti-stage distillation coligen 15. The conti nuous
multi-stage distillation colum 15, 5 as in the case
of withé Sdmonnpegskimy t(i6- sdye dnst ithleatdomaermainm3,part
was conposed of a condensation part, which is 2 inch
i nWeRedigPesral i8i alet dowe. Bamnt of ttihe cdlagm whans Hhe
and filled wth 10 stages of sieve trays, and a .
r e€BFEFY OFartt WA FOPS 23 Niikgh tihe Ge¢ aly Sthidshaupplied
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t he conti nuous nuftl-stage di stillation colum

t hthagbohbénhbne hllta-Ehagst diage 1lamk oh? collaninhs
continuous multi-stage distillation colunm 15 at 100
10g/ thratger theehénei b wot hhe ptelregtetahs 1TZhe tlheahe
required for the reaction and distillation was
supphtedupyschuttiiastaget Héstidlatiion c23umhe liSower 100
part of the colum through a line 22 and a reboiler
249/%ﬁdafﬁ@rtﬁﬁﬁ€?aihﬁé Withha pseheater fHe

The heat required for the reaction and
distillation was supplied by circulating the liquid in
15 the lower part of the column through a line 22 and a
reboiler 24, and the temperature at the bottoﬁ of the
multi-stage distillation column was controlled to be
about 220°C. The reaction liquid was continuocusly

removed from the bottom of the continuous multi-stage

20

25

distillation column 15 through the line 22 to a storage
tank 24 at 17 g/Hr. After the low boiling point liquid
mixture containing dibutylcarbonate as a by-product was
removed from the top of the column through a line 16,
and then it was liquefied by a cooler 17, and a part of
it was removed continuously to a storage tank 20 at 83
g/Hr and the rest was refluxed to the distillation
column (reflux ratio=4). The liquid removed to the

storage tank 24 was composed of dibutyl carbonate:
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nmul ti-stage distillation colum was controlled to be
about 220C. The reaction |iquid was continuously 128
renoved fromthe bottom of the continuous nulti-stage
distillation colum 15 through the line 22 to a
storage tank 24 at 17 g/Hr12Bfter the | ow boiling
point liquid mxture containing dibutylcarbonate as a

by apovductt Wa's we Ligéyrov dat thrlo phiemy It g rifontates :calomt 74%
through a line 16, and then it was liquefied by a
cobleielightandiphsaml crhrbonakses rdemied 0ok mededlty and
to storage tank 20 at 83 g/ H and the rest was

r efPExEQtEG Yhe dTEE HIAUIGh TeEVEHh tOr dfreusd tosigas=Jank
The . liquid removed to.the 10 storage tank 24 was ,
Corfolaa GPTERBGLy Lo BATEL : ABUGE Sootly Ao raHEDE

but .yl en car ate: abg 74%, by i.ght,__di phenyl
caPhsnBrEr Ehellt 19000%, Ratlk, A BLplRAT GarBhRRE:

[T guRdyer Y . stgra 0 S
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utanol: a _ by weil g phenol :
by ; weight ¢;ard 19LRYLY c%@ﬁﬁﬁnsfﬁe:j.ns%@@t{tio?ll.% by

wei ght. [Purification of diar car bonat e

Pumbﬁkﬁﬁib@ﬁigﬁ_dkaﬂihrg@féaﬁﬁbﬁaﬂﬂﬁ carried out wth
a device shown in Fig. 2. The distillation 20

separation wasrdédichedoaubtbyiaentli aaebshytkeedisngatrid ed
liquid, which was renoved to the storage tank 24,

t heotighiahl ende25cpasbbrg anpFebeater 2Beatiizbdifatd@én
g/ H to about 0.1 m above the middle stage of a
cofepPabatisonuvap- saayéedi sukl bat contdouonsly7 ferbiiog the
25 was. a colum filled with D xon packing (6 mmt) wth
anlifnidy nyhighanaserewpvedi kehtBadshoraggt kabk 24m

The
through a line 25 passing a preheater 26 at about 100
g/Hr to about 0.1 m above the middle stage of a
continuous multi-stage distillation column 27, which
was a column filled with Dixon packing (6 mm¢} with an
internal diameter of 2 inch and a length of 1 m. The
heat required for the distillation separation was
supplied by circulating the liquid in the lower part of
the column through a line 34 and a reboiler 35, and the
temperature at the bottom of the multi-stage
distillation column was controlled to be about 210°C.
The bottom liquid was continuously removed from the
bottom of the continuous multi-stage distillation
column 27 through the line 34 to the storage tank 36 at
about 20 g/Hr.

After removing from the top of the column

through the line 28, the distillate was liquefied by a



‘heat required for the distillation separation was
‘supplied by circulating the liquid in the | ower part

on

of 129 the columm through a Iine 34 and a reboiler

35, and the tenperature at the bottom of the

mul ti-stage distillation coaym was controlled to be
about 210C. The bottom i quid was conti nuously

r emaodd f Pemdrite wa hatdnaved ddret Domdusiupuse a storage
mul ti-stage distillation colum 27 through the line
34 tlamkt 138 sttorsdgeitt &tk BGimt Touli @i dy/td¥moviéd ero the
removing fromthe top of the columm through the |ine
28 stowaddi $Enk gt iwasdnirpasfd exf Wikut vl codiaratz®: about
and was renoved continuously to a storage tank 33 at
ab&dt b0 vweAght TRy lg iRt EmsAP A tave abawr £fR teihk
33 1is %pnpose of _di butyl carbonate: _about 6% by

we" G, Cyu P Hylcad%?r%iﬂ%:e:abé’dgu_t? B0y Weieiht , The

i SR A B PR o Ao Ao T S50y BY cone inuously
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coREERtBE e, dnfudl, oM il bty nemoxagh to

a khae glgé:@tg%s'tﬁgﬂ@ 330" %I?l%.tu?h 38 l‘%]ea*%gﬁtpa]s%qrﬂf H to

the m tage of a’ continuous ti-stage

di pirehledle@n 360l4MaAR3%t Wicch 23 wWas ihLlilMd iddRfe of a
with Di xon packing (6 mm) with an internal dianeter

100f c3nthehoasdmallanrgtaqef d snillhke iratcdiest r33d fWefich

the distillation separation was supplied by

ci wasl at cpodutmhe flilqeidd wiinh tUiexdrowarckiarg (& ninpe with an
colum through a line 46 and a 25 reboiler 47, and the

t eipteanaledaameterbottt @mioicht ked mulltengdthagd 2 m.

distillation columm is controlled to be
The heat required for the distillaticon

separation was supplied by circulating the liquid in

15 the lower part of the column through a line 46 and a

20

25

reboiler 47, and the temperature at the bottom of the
multi-stage distiilation column was contrelled to be
about 230°C. The bottom liquid was continuously removed
from the bottom of the continuous multi-stage
distillation column 39 through the line 46 to a storage
tank 48 at about 8 g/Hr. After removing from the top
of the column through a line 40, the distillate was
liquefied by a cooler 41 and was removed continuously
to the storage tank 44 at about 92 g/Hr. The liquid
removed to a storage tank 44 is composed of dibutyl
carbonate: about 6% by weight, butyl phenyl carbonate:
about 94% by weight. White ligquid that was sclidified

at ambient temperature was continuously removed to a



- about 230C. The bottom i quid was continuously renoved
“fromthe bottom of the continuous nulti-stage 130
distillation colum 39 through the line 46 to a
storage tank 48 at about 8 g/Hr. After renoving from
the top of the columm throuagly the Iine 40, the
distillate was |iquefied by the cooler 41 and was
r esboedgeontinkudsskhyds contbiaest eriatenydnlcadbaiatahoutbout
92 g/Hr. The liquid renoved to the storage tank 44 is
coirf8%eblyotvedigbtt y Bndchulbgiaphenatlo uta ré¥niat ensiaghthe low
butyl phenyl carbonate: about 94% by wei ght. Wite
Iiégﬁddﬁhﬁptﬁeﬁ domigi-fi e anadwbiientoft émgerldtawiel was
continuously renoved to a 10 storage tank 48 and
conb@tFddedi phahylic&PpSAaLte "agbOul PPOBY BP WeRgRLt or
5and bu&¥k phen¥I car bonat e. was bel Qqw the detection
|i WPE. L¥KE YRAPySPUNGr 1PhEPFi ddrdt liAdioR &0 lma of
conﬁgnt vas bel ow the detection Ilimt. No deposit or
t he"PPRE"W8Fe found in the 15 distillation col um on
in hQn Exanpl e 7 [Production of aromatic
ca?ggﬁé%gagid ester] Aromatic carbonate was produced

US[ﬁgoéucéfM%CSESQ98ﬂaE@cFEgrb$naIE? reaction was

carried out 20 by supplying continuously at a rate of

about 109 9/ KkomathEOBERLEAGLE GR8ApRbAAcRR ukhRg a
transport line 1, a mxed solution consisting o

10di devyte canbonain, Fpgenol @Ad, rasceabal wek, carried out
nmonobutyl tin butyl oxi de oxide (nolecular weight: 660
orbpbswpplyapor cpnessucesly Ba 25ratebelfowbaut2308) g/Hr,
(the m xed solution in which the ratio by weight of
di blurgugkag bpnaheaterpheantl aatransport line 1, a mixed

solution consisting of dibutyl carbonate, phencl and,
as a catalyst, an organic polytitanoxan composition

15 (Nippon Soda Co. Ltd. B-4) containing butyl titanate
tetramer (molecular weight: 970; vapor pressure: 1 Pa
or below at 230°C), (the mixed solution in which the
ratio by weight of dibutyl carbonate to phenocl was
adjusted to about 65/35, and Ti as atoms was adjusted

20 to about 10,000 ppm of the whole liquid, and this
catalyst was dissolved in this solution) from the
middle stage of a continuous multi—stage'distillation
column 3, which was composed of a condensation part,
which was 2 inch in the internal diameter, 0.5 m in the

25 column length and filled with 10 stages of sieve trays,
and a recovery part which was 2 inch in the internal
diameter, 1 m in the column length and filled with

Dixon packing (6 mmé).



~adjusted to about 65/35, and Tin as atons was adj usted

5

to about 10,000 ppm of the whole liquid, and this 131
catal yst was dissolved in this solution) fromthe

m ddl e stage of a continuous nulti-stage distillation
colum 3, which was conposeggf a condensation part,
which was 2 inch in the internal dianmeter, 0.5 min

the 5 col umThengbhdangatiibhepawtt vak0 ditspgesdfirsitewe
trays, and a recovery part which was 2 inch in the

i ntevaal padiamét ehe $tagienwheeec ahenmilkemyteh warsd supplied
filled wwth Dixon packing (6 mmt). The condensati on
pafePniwasudispysednidinthre réGovewsr ppartt waks ispsisage in the
where the m xture was supplied continuously, and the

r eBBReF yPPphEt whBedNepbs&gauArede fogpde paact ipme and
heat regfired for the reaction and distillation was
suébf Byienr ¥aFaPPRE-LRE PrgGilgciiating thged igarid in
of, the,colum_through a line 10 and a, 15 reboiler 1
e hhSPehBR L PE he: AETHBR: SRTGHOMNS tie: i Osplgh

di st J.oh, co S ntrolled t bout 23QC,
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reaction liquid. After the low boiling point liquid

10 M xémibeed 0Nt G Nt NG BobtbaneF 8ReachitRPhAdUst miAsi-stage
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renmoved fromthe top of the colum through a line 4,

andiisthehlatiowmscdl guef B ethbyutthetheolene510and a pébtrage

25 of it was renoved continuously to a storage tank 8

attarllo I Hit a%@ ghidrr esTheasatalyskedasodibeolved in the

dlsg;ééfgéofiquid. After the low boiling point liquid
mixture containing l-butanol as a by-product was
removed from the top of the column through a line 4,
and then it was liquefied by the cocler 5, and a part
of it was removed continuously to a storage tank 8 at
19 g/Hr and the rest was refluxed to the distillation
column (reflux ratio=1l.9).

The liguid removed to the storage tank 12 was
composed of phenol: about 23% by weight, dibutyl
carbonate: about 56% by weight, butyl phenyl carbonate:
about 12% by weight, diphenyl carbonate: about 0.2% by
weight, l-butanol: about 0.3% by weight and the
catalyst. The liquid removed to the storage tank 8 was
composed of 1-butancl: about 99% by weight, phenol:
about 0.5% by weight, and dibutyl carbonate: about 0.2%

by weight.



_colum (reflux ratio=1.9). The liquid renoved to the

storage tank 12 was 132 conposed of phenol: about 23%

by wei ght, dibutyl carbonate: about 56% by wei ght,

butyl phenyl carbonate: about 12% by wei ght, di phenyl

carbonate: about 0.2% by wgbght, 1-butanol: about

0. 3% by weight and the 5 catalyst. The liquid renoved

to the storag€teankhd wesctdemasednef cbrButaAls multi-

about 99% by wei ght, phenol: about 0.5% by wei ght,

angtdobutistédibonanecodbont 30. 2¢e hpawriight wahf irried

the reaction in the continuous nmulti- 10 stage

d|§PFIPé#n@nac@puﬁmHBOUEhQUﬂ@acBmagewdss¢aﬂﬂa¢donoumdumn
|gg a_continuous nulti-stage distillation colum
15TheTRBNEPRESNECREI MPlstagagesdibtatilenioonl emiuts, 15,

as in.the case of the conti nuous multi-stage
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condensation part
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catalyst was supplied ~ continuous rom-t rage

10 t ankedehd D didmetat 5tilhaih OPh& Ok HNA 51eR5EN! Qﬁd  filled
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recovery part was disposed in the upper part.
r seicith diixwas parkiceg 26 mng) byarwnﬂiylmmwm%art

through a Iine 13 the reaction Iiquid, which was

r & bl Spard hien bdie olowdr part of the stage where the
reaction liquid containing the catalyst was supplied
continuously from the storage tank 12 to this
distillation column 15, and the recovery part was
disposed in the upper part. The reaction was carried
out by supplying continuously through a line 13 the
reaction liquid, which was removed from the bottom of
the continuous multi-stage distillation column 3
through the line 10 to the storage tank 12, to the
continuous multi~stage distillation column 15 at 100
g/Hr after preheating with a preheater 14.

The heat required for the reaction and
distillation was supplied by circulating the liquid in
the lower part of the column through a line 22 and a
reboiler 24, and the temperature at the bottom of the

multi-stage distillation column was controlled to be

about 220°C. The reaction liquid was continuously



Sthe continuous nulti-stage distillation colum 3

"through the line 10 to the storage tank 12, to the 133
continuous nulti-stage distillation colum 15 at 100
g/ Hr after preheating with a preheater 14. The heat
required for the reaction angg distillation was
supplied by circulating the liquid in 5 the |ower
paremofrethd roal whe Uotaegh of [thee htanthcny ebdidierstage
24, and the tenperature at the bottom of the
nmubtistdtldge idins tidlllvati drb cdinemghwahecdritreoldZed ¢ @ borage
about 220C. The reaction |iquid was continuously
r eff80Kd 2fir 8 fLHe gWdlirt- omASTt etrthd heo down s imgl Hicigttadd quid
10 distillation colum 15 through the line 22 to a
st@ﬂﬁ&éret5ﬁ9t24népg1¢l@PHﬂ cambenatife dsow HyiHnaguct was

poi nt ui m xt ure contai ni ng dlbut | car bonate as _a
5byrEF‘SHﬁgt ERAE ChEms 6B O ikt K lugp SProMehe sl dame 16,
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was conpose but'y onate: out 5% b

wetghtimnbytik 1 phep¥k ieauhonatrge @Q%ﬁ&d?%éh%QeQYto the
wei ght, di phenyl carbonate: about 10% by wei ght. The

10l i gubdagenouall Lo vhe sbapagedt afikd2Butes eawpenade:of
1- butanol : about 0.3% by wei ght, phenol: about 18% by

weagbut afdbgi Betghtcabbogat pheablutadbdmbyevweapbit 74%
No deposit or the like were found in the distillation
2cb¥ovekahbn dhphesylonarpPorikicabbul dD%dbgr yeight and
Caéggngggglyst. The liquid removed to the storage tank
20 was composed of l-butanol: about 0.3% by weight,
15 phenol: about 18% by weight, and dibutyl carbonate:
about 81% by weight.
[Purification ¢f diaryl carbonate]
Purification of diaryl carbonate was carried
out with a device shown in Fig. 2. The distillation
20 separation was carried out by continuously feeding the
liquid, which was removed to the storage tank 24,
through a line 25 passing a preheater 26 at about 100
g/Hr to about 0.1 m above the middle stage of a
continuous multi-stage distillation column 27, which
25 was a column filled with Dixon packing (6 mm$) with an
internal diameter of 2 inch and a length of 1 m. The

heat required for the distillation separation was

supplied by circulating the liquid in the lower part of



_Purification of diaryl carbonate was carried out wth
" the device shown in Fig. 2. The distillation 134
separation was carried out by continuously feeding the
liquid, which was renoved to the storage tank 24,
through a line 25 passing ajpkeheater 26 at about 100
g/H to about 0.1 m above the mddle stage of a 5
conhengolamAukhirosiyage diidlel [34ataneh aC el 124 38)i ¢hd the
was a colum filled with D xon packing (6 m#d) with an
I ntempekaduaretér tbk Rotmolm arfd thel ewdtth -aftabem The
heat required for the distillation separation was
suppbBrédlpyienr calamnnyashechitgeild eidn tichdve @ipsrutp&1tG°C.
of 10 the columm through a |line 34 and a reboiler 35,
anfhehBotEgRpéiguifevas cRAtBOUCHMLYT renevieg Hros ide
distillation colum is controlled to be about 210C.
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carbonate: about 6% by wei ght, butyl phenyl

10 cacbonat €29kt w88 % bMovuai gbht idupheny teanberatrage
about 7.5% by weight. The distillation separation was

catanlked3®duat byboant 80ugBky 2%htetdigngdt kembived do the
whi ch was conti nuously renoved to the storage tank
33stohaoaghank| Bhei87cpmpesad af dibutyl carbonate: about
6% by weight, butyl phenyl carbonate: abcout 86% by
weight, diphenyl carbonate: about 7.5% by weight. The
15 distillation separation was carried out by continuously
feeding the liquid, which was continuously removed to
the storage tank 33, through a line 37 passing a
preheater 38 at about 100 g/Hr to the middle stage of a
continuous multi-stage distillation column 39, which
20 was a column filled with Dixon packing (6 mm¢) with an
internal diameter of 2 inch and a length of 2 m.
The heat required for the distillation
separation was supplied by circulating the liquid in
the lower part of the column through a line 46 and a
25 reboiler 47, and the temperature at the bottom of the
multi-stage distillation column is controlled to be

about 230°C. The bottom liquid was continuously removed

from the bottom of the continuous multi-stage



. preheater 38 at about 100 g/H to the m ddl e stage of
‘a continuous nmulti-stage distillation colum 39,
which 135 was a colum filled with D xon packing (6
m) with an internal diameter of 2 inch and a | ength
of 2 in. The heat required figggthe distillation
separation was supplied by circulating the liquid in
5 thietidvert ipar tcadfunirhe3 T dthumudhhridughl ind | 4@ 46 anstarage
reboiler 47, and the tenperature at the bottom of the
mult@inks tddg e tdiadtdutl f i mol (At ava st e yrod | Sdom otibe top

about 230C. The bottom liquid was continuously renoved
fr&h tthe selusm dhanwhe dite ndows 4 tihstdigt iblate was
di stillation colum 39 through the line 46 to a
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the t of the colu through a line 4 t he .
di <61 st & SRS 99 %&ﬁ@i%ﬂ %ngaz}m&?m% ‘W%%nd The liguid
re onti nuaus| to storage tank 44 a out, 92
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and butyl phenyl carbonate was bel ow the detection
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content was 0.9 ppm No deposit or the like were
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Exanpl e 8 [Production of aromatic carbonic acid ester]
the detection limit. The analysis of the liquid

5

indicated that Ti content was below the detection
limit. ©No deposit or the like were found in the
15 distillation column on inspection.
Example 7
[Production of aromatic carbonic acid ester]
Aromatic carbonate was produced using a
device shown in Fig. 1. The reaction was carried out
20 by supplying continuously at a rate of about 109 g/Hr,
through the preheater 2 and the transport line 1, a
mixed solution consisting of dibutyl carbonate, phenol
and, as catalyst, monobutyltin butyloxide oxide
(molecular weight: 660 or above; vapor pressure: 1 Pa
25 or below at 230°C) (the mixed solution in which the
ratio by weight of dibutyl carbonate to phenol was
adjusted to about 65/35, and Tin as atoms was adjusted

to about 10,000 ppm of the whole liquid, and this



~Aromatic carbonate was produced using a device shown

“in Fig. 1. The reaction was carried out 136 by

suppl ying continuously at a rate of about 109 g/ Hr,
through a preheater 2 and a line 1, a m xed solution
consi sting of dibutyl carbopagte, phenol and, as a
catal yst, titanate contalnlng butyl titanate hexaner 5
[ (BahByFt- QabTiibEBuyd0) 4- Ehieosuha]tlemswrbnpfthe
el ement analysis: C=48.3, H=9.1, 0=21.9, Ti=
S|mc@dbxy59agedef|aedoﬁtmnuBuﬁ)maliﬁ %ta@bedm@&baanﬁon
bridging oxygen is 5, that is, there are 5 Ti-OTi
borasymnoB ecuhieh wesghompd868; ofaporopdeasateonl pBat,
or below at 230C) 10 (the m xed solution in which the
raW?bC%ywﬁﬁléh%n@h igi bheyintarhshatdametphendl. Swas in the
usted to about 65/35, and Ti as atons was adj usted
‘Jie henebp dpth fbﬂ@ﬁewwam 80| pyapes afidsikvs trays,
catalyst was di ssol ved this solution) fromthe
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con ensé%loﬂ églfnnﬁﬁ?cﬁg ) m??ﬂgggp%gghglfﬁﬁaeWﬁﬁp
kil SR S E R LT ané 2 recovery part which
was 2 inch 'Thér@b¢é%fed MAt Sas 1g %Bs%g Eﬁefhe

colum | ength and Xxon pac
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of the stage where the m xture was supplied

cargritnimialgly arghd hehed ecay@ForPasd rvvasasli 8POSE8edNin the
the wupper part. The heat required for the reaction

anbrEy disstti | | Sttiorhamts seppl fedl hyr ctlie ut @d¢tPok hend

liquid in the |lower part of the colum through a |ine

1@0igtd ldation was supplied by circulating the liquid in
the lower part of the column through a line 10 and a
rebeiler 11, and the temperature at the bottom of the
multi-stage distillation column was controlled to be
about 230°C. The reaction liquid was continuously
removed from the bottom of the continuous multi-stage
distillation column 3 through the line 10 to a storage
tank 12 at 90 g/Hr. The catalyst was dissolved in the
reaction liquid. After the low boiling point liquid
mixture containing l~butanocl as a by-product was
removed from the top of the column through a line 4,
and then it was liquefied by the cooler 5, and a part
of it was removed continuously to a storage tank 8 at
19 g/Hr and the rest was refluxed to the distillation

column (reflux ratio=1.9).

The liquid removed to the storage tank 12 was



‘reboiler 11, and the tenperature at the bottom of the
‘rmul ti-stage distillation colum was controlled to be
137 about 230C. The reaction liquid was continuously
renmoved fromthe bottom of the continuous nulti-stage
distillation colum 3 througigthe line 10 to a storage
tank 12 at 90 g/ H. The catal yst was dissolved in the
5 raxagiéssd | o fjupltendd { eabdle 2w bpiwé hghppi dibht@ui d
m xture containing 1-butanol as a by-product was
r emdbiatom tdtoutopb of hhewebihion it plgbhenyl neadbonate:
and then it was liquefied by the cooler 5, and a part
of doutasl F%erki ateicBhti ridestyyt ccarkemrtee alekt 80 a2% by
10 19 g/H and the rest was refluxed to the
di {9490 o PG (FRFUtux f%ﬁikb\élw@l)ghm@qii‘éﬁﬁd
ennve to the storage tank 12 was conpose
% Aout z‘@/olbl;f?waeai g‘?ﬂmo‘b‘?%ﬁ%lth%ﬁm% tapp g was
56% t enyl ate: 15 bout 12@6
e &%%@ cﬁhefny% bl o i it R greno Y
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copRosed ffr 1-butanol : about 99% by wei ght, phenol :
about 0.5% by wei ght, and di butyl carbonate: about

0.2% 20 by virit@ht .trAf heSa ddied eaf i) ddhdifious multi-
continuous multi- stage distillation colum 3, the

10r eatligen Ades iQdradiesh cAlhun#sidg the FHddHIBS was carried
mul ti-stage distillation colum 15. The conti nuous
mulotut- stsagey i stanitliaviows eallumnin-stage 26 sasi 1 e tiilvn caskumn
of the continuous nulti-stage distillation colum 3,
wad 56 onfbee ¢ ooft imucersdenddtii-mitage distillation column 15,
as in the case of the continuous multi-stage
distillation column 3, was composed of a condensation
15 part, which is 2 inch in the internal diameter, 0.5 m
in the column length and filled with 10 stages of sieve
trays, and a recovery part which is 2 inch in the
internal diameter, 1 m in the column length and filled
with Dixon packing (6 mm¢), and the condensation part
20 was disposed in the lower part of the stage where the
reaction liquid containing the catalyst was supplied
continuously from the storage tank 12 to this
distillation column 15, and the recovery part was
disposed in the upper part. The reaction was carried
25 out by supplying continuously through a line 13 the
reaction liquid, which was removed from the bottom of

the continuous multi-stage distillation column 3

through the line 10 to the storage tank 12, to the



“part, which is 2 inch in the internal dianeter, 0.5 m

“in the colum length and filled with 10 st ages of
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sieve 138 trays, and a recovery part which is 2 inch
inthe internal dianeter, 1 min the colum |ength
and filled wth D xon packihhg (6 nmm), and the
condensation part was disposed in the | ower part of

t heost agaoubenglthesbafeadicenllagibs e@nt@innilig athe 00
catal yst was supplied continuously fromthe storage

t apkH# 2afberhpsehdastinkl atktbnacplreberat®r add t he
recovery part was disposed in the upper part. The
reacti on wasTbarhtet reguibpdsdppl $hrgreantivnoasky
through a line 13 the 10 reaction |liquid, which was
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distillation colum 3 through the line 10 to the
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was continuously renoved fromthe bottom of
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the line 22 to a storage tank 24 at 17 g/Hr. After

t heahlove boat i 1Y poHnt | Afued thexLowebodbiagnpognt liquid
di butyl carbonate as a by-product was 25 renoved from
t el opreofceiea tolngndibubypbarbbnate18s aabhg-pheduct was
was |iquefied by a cooler 17, and a part of
removed from the top of the column through a line 186,
and then it was liquefied by a cooler 17, and a part of
it was removed continuously to a storage tank 20 at 83
g/Hr and the rest was refluxed to the distillation
column (reflux ratio=4). The liquid removed to the
storage tank 24 was composed of dibutyl carbonate:
about 5% by weight, butyl phenyl carbonate: about 74%
by weight, diphenyl carbonate: about 10% by weight.
The ligquid removed to the storage tank 20 was composed
of 1-butanol: about 0.3% by weight, phenol: about 18%
by weight, and dibutyl carbonate: about 81% by weight.
No deposit or the like were found in the distillation
column on inspection.
[Purification of diaryl carbonate]

Purification of diaryl carbonate was carried

out with the device shown in Fig. 2. The distillation



it was renoved continuously to a storage tank 20 at 83

“g/H and the rest was refluxed to the distillation 139

(€3]

colum (ref lux ratio=4). The liquid renoved to the
storage tank 24 was conposed of dibutyl carbonate:

about 5% by wei ght, butyl phetwl carbonate: about 74%

by wei ght, diphenyl carbonate: about 10% by wei ght and

5 tdepanattalotstwa sThea 44 gt doute by esbi ©i hleu sl pr pgedingkthe
20 was conposed of 1-butanol: about 0.3% by weight,
phdngiuidbouti F8%dry wenghid tandclt bt gtagarbaniat 24,

about 81% by wei ght. No deposit or the |Iike were found

i nthreuwdtsta 11iae db coamimore ipspestteon. 240t about 100
[Purjfication of diaryl carbonate] Purification of
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tenperature at the bottomof the nulti-stage

di sempeatitarecaltunhel Hotamin @fl athe eule idrdge210C.

25 The bottom | iquid was continuously renoved fromthe

bottistidf athenc cutlivrmous muinttircdtlage tai $tel ldkatuitor210°C.
The bottom liguid was continuously removed from the
bottom of the continuous multi-stage distillation
column 27 through the line 34 to the storage tank 36 at
about 20 g/Hr.

After removing from the top of the column
through the line 28, the distillate was liquefied byla
cooler 29 and was removed continuously to a storage
tank 33 at about 80 g/Hr. The liquid removed to the
storage tank 33 is composed of dibutyl carbonate: about
6% by weight, butyl phenyl carbonate: about 86% by
weight, diphenyl carbonate: about 7.5% by weight. The
distillation separation was carried out by continuously
feeding the liquid, which was continuously removed to
the storage tank 33, through a line 37 passing a
preheater 38 at about 100 g/Hr to the middle stage of a

continuous multi-stage distillation column 39, which



. colum 27 through the line 34 to the storage tank 36
at about 20 g/H. 140 After renoving fromthe top of
the columm through the Iine 28, the distillate was
liquefied by a cooler 29 and was renoved conti nuously
to a storage tank 33 at abegt 80 g/Hr. The liquid
renmoved to the 5 storage tank 33 is conposed of
di basyk calbonafeéllebowt th6¥ikynweiaghtngbutey mmphendkh an
carbonat e: about 86% by weight, diphenyl carbonate: -
abb@?eﬂﬂéibﬁyaM@tghtOfTEelnahsanHIatﬁeng$bpaﬁaalnn was
carried out by continuously feeding the Iiquid, which
was conti nuob ?yh?éﬁDV@ﬁuﬁée@OfPMetQEodagélﬂénklaa
through a line 37 paSS|ng preheater 38 at about 100
g/%FP bathel n¥asl URPAge oPYaméeﬁtlaﬁaagsthm figyidgdn
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distillation colum is contr ed to be

ThEr ot diem bo s YeStEONESRUONSbYs M RFDY st hgem t he
bottom of the continuous nmulti-stage distillation

10 calimmi B tivoughlime 39 nehASudle the 18461 agetbagksé8rage
at about 8 g/Hr. After renoving from the top of the
chIaJﬁh 4thragugtbaudte 8 i, AfeePSremstlihgafeomashe top

ok s TIATD WO ge na0 ddthe GbettlDEte vas
liquefied by a cooler 41 and was removed continuously
to a storage tank 44 at about 92 g/Hr. The liquid

15 removed to the storage tank 44 is composed of dibutyl

carbonate: about 6% by weight, butyl phenyl carbonate:
about 94% by weight. White liquid that was solidified
at ambient temperature was continuously removed to a
storage tank 48 and contained diphenyl carbonate: about

20 100% by weight, and butyl phenyl carbonate was below

the detection limit. The analysis of the liquid
indicated that Sn content was 0.9 ppm. No deposit or
the like were found in the distillation column on
inspection.

25 Example 8

[Production of aromatic carbonic acid ester]

Aromatic carbonate was produced using a

device shown in Fig. 1. The reaction was carried out



~g/Hr. The liquid renoved to a storage tank 44 is
~conposed of di butyl carbonate: about 6% by weight, 141

o

butyl phenyl carbonate: about 94% by wei ght. Wite
liquid that was solidified at ambient tenperature was
continuously renoved to the ;s§gprage tank 48 and
cont ai ned di phenyl carbonate: about 100% by wei ght,
antyb suppllyipheydncianbonsle anss bedow dheasiecti §9ng/Hr,
limt. The analysis of the liquid indicated that Ti
cortttermtughwas doedheam tidre Aetrettd dnide Mt .a NoideposéIution
the like were found in the distillation colum on

i nsigectiisdning Blardilbertyy 11 cdiragdhint i phefolarambt ixs a
carbonic acid ester] Aromatic carbonate was produced
usiai§ 3 Ysdevitdd adidith qantEigring bier ) daidiamat avdexamer
carried out b ing continuously at a rate of
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oxygen atons is 3, and therefore 3 Ti-OTi bonds

exdidbutyil eaubanave gt phichidQuivatshadgdditeld plrerd®cut

1170; vapor pressure: 25 1 Pa or below at 2300). (the

mi %8d 3$el andoffii aswaitomst wes majustey wei gitoudf 10, 000 ppm

di butyl carbonate to phenol was
of the whole liguid, and this catalyst was dissolved in
this solution) from the middle stage of the continuous
multi-stage distillation column 3, which was composed
of a condensation part, which was 2 inch in the
internal diameter, 0.5 m in the column length and
filled with 10 stages of sieve trays, and a recovery
part which was 2 inch in the internal diameter, 1 m in
the column length and filled with Dixon packing (6 mmé).

The condensation part was disposed in the

lower part of the stage where the mixture was supplied
continuously, and the recovery part was disposed in the
upper part. The heat required for the reaction and
distillation was supplied by circulating the liquid in
the lower part of the column through a line 10 and a

reboiler 11, and the temperature at the bottom of the

multi-stage distillation column was controlled to be



- adjusted to about 65/35, and Ti as atons was adj usted
" to about 10,000 ppm of the whole liquid) consisting of

142 di butyl carbonate, phenol and, as a catal yst, an
adduct wi th phenol of phenyl titanate tetraner |

(PhQ 3-Ti-0- (Ti (OPh) 2-0)32-Ti- (OPh) 31 (result of

el ement analysis: C=65.2, H=4.8, 0=17.6, Ti=12.4;
Acepbding3vec. H MR beabsliysi $iqPh@HvapdcPhbigueupsy
exist at a ratio of 4:10. 1In one nolecule, there are

4 Femetens fard Bhexypgenomatdnt heototeiinved sf rarhtRPr@tage
and PhO groups, that is, the nunber of bridging
oxgigehidt et oinsc@luand 3t ibwrelighe the Tiin® Tl honds storage
exi st; nol ecul ar weight w thout the 10 adduct phenol:
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distillation was supplied by circulating the liquid in

t heclawer (paflurf rabgosal9mm through a line-10 and a

reboiler 11, and the tenperature at the bottom of the

25 nul ti - st ageedisguitarennvedl tomthasstombgel tedkt 32 was

be about 230C. The reaction |liquid was continuously
composed of phenol: about 23% by weight, dibutyl
carbonate: about 56% by weight, butyl phenyl carbonate:
about 12% by weight, diphenyl carbonate: about 0.2% by
weight, l-butanol: about 0.3% by weight and also the
catalyst. The liquid removed to the storage tank 8 was
composed of l-butanol: about 99% by weight, phenol:
about 0.5% by weight, and dibutyl carbonate: about 0.2%
by weight.

After the reaction in the continuous multi-
stage distillation column 3, the reaction was carried
out using a continucus multi-stage distillation column
15. The continuous multi-stage distillation column 15,
as in the case of the continuous multi-stage
distillation column 3, was composed of a condensation

part, which is 2 inch in the internal diameter, 0.5 m

in the column length and filled with 10 stages of sieve



crenmoved fromthe bottomof the continuous multi-stage

distillation colum 3 through the line 10 to a storage
143 tank 12 at 90 g/H. After the | ow boiling point
liquid mxture containing 1-butanol as a by-product

was renoved fromthe top ofjzghe colum through a |ine
4, and then it was |liquefied by the cooler 5, and a
patka$sof ahtl waseremersd paomt whu@isliy 20 ik dragshe
tank 8 at 19 g/H and the rest was refluxed to the

di s$tkkratilodiameltemn (r ef iux that icodlu®) .1 ehye catral y&itl 1ed
was dissolved in the liquid phase. The liquid renoved

t owihb Bispagpariikgllowasd) 10avdnpbsedontieplsendlon part
about 23% by wei ght, dibutyl carbonate: about 56% by
wel@fit d1puegrdphanyhec Apysmapart Qlfo@ﬁlel%@;e wdieglet the

d| henyl carbonate: about 0.2% by ight, 1-butano
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part, which is 2 inch in the internal dianmeter, 0.5 m

25the ¢det tohou® hebgihsdadef dibedidathohOcslagas 30f

sieve trays, and a recovery part which is 2 inch in

t iehrough the line 10 to the storage tank 12, to the
continuous multi-stage distillation column 15 at 100
g/Hr after preheating with a preheater 14.

The heat required for the reaction and
distillation was supplied by circulating the liquid in
the lower part of the column through a line 22 and a
reboiler 24, and the temperature at the bottom of the
multi-stage distillation column was controlled to be
about 220°C. The reaction liquid was continuously
removed from the bottom of the continuous multi-stage
distillation column 15 through the line 22 to a storage
tank 24 at 17 g/Hr. After the low boiling point liquid
mixture containing dibutylcarbonate as a by-product was
removed from the top of the column through a line 16,
and then it was liquefied by a cooler 17, and a part of

it was removed continuously to a storage tank 20 at 83

g/Hr and the rest was refluxed to the distillation



.internal diameter, 1 min the colum length and filled

with D xon packing (6 mmt+), and the condensation part
144 was disposed in the |lower part of the stage where
the reaction liquid containing the catal yst was
supplied continuously fromthe storage tank 12 to

this distillation colum 15, and the recovery part
wasobudnsposéduknrahéosdper [raet 1ithed eaeaioved WaSs the -
carried out by supplying continuously through a |ine
13stpBageehankonrdl ivgai domphisell wds diemyed chrbonthe :
bottomof the continuous nulti-stage distillation
coPRARt 39%t R otighabke PRAwliphesyiheagcbonage:t ablout274%
to the 10 conti nuous_nulti-stage distillation colum
15PRt Vb8t g/ BtPARDEL pREREREFRG #PPHLalBRehwaweight. and

The heat,  requjred_for_the.reaction and distillation
5 P GpHF B by PR

% uppt eutafiiig tREOVEdUER the Eherpggetank
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di stillation colum 15 throug
stior agee 20i $189K] 264 Gt é(?llﬁiﬁﬂf'ronAiﬁ§%eE9§oﬂ19W boi |'i ng

point liquid mxture containing di

utyl carbonate as a

10 by-Burmidiictatasn ¢ £nbvedy f rearibhieato®p of the col um

through a Iine 16, and then it was liquefied by a
cooler 17, éwrifipemtiai of tdiwmsyl erareshL£O8t wasIOtsEYied
to a storage tank 20 at 83 25 g/H and the rest was

r tudEdh @ ey idiestshaven iion Fiopl Bm (Thed [ diks t b1 l@cddn
The liquid renpoved to the

separation was carried out by continuously feeding the

liquid, which was removed to the storage tank 24,

15 through a line 25 passing a preheater 26 at about 100

20

25

g/Hr to about 0.1 m above the middle stage of a
continuous multi-stage distillation column 27, which
was a column filled with Dixon packing (6 mm¢) with an
internal diameter of 2 inch and a length of 1 m. The
heat required for the distillation separation was
supplied by circulating the liquid in the lower part of
the column through the line 34 and reboiler 35, and the
temperature at the bottom of the multi-stage
distillation column is controlled to be about 210°C.
The bottom liquid was continuously removed from the
bottom of the continuous multi-stage distillation
column 27 through the line 34 to the storage tank 36 at
about 20 g/Hr.



. storage tank 24 was conposed of di butyl carbonate:
about 5% by wei ght, butyl phenyl carbonate: about 74%
145 by wei ght, diphenyl carbonate: about 10% by
wei ght and the catalyst. The liquid renoved to the
storage tank 20 was conposegdgof 1-butanol: about 0.3%
by wei ght, phenol: about 18% by wei ght, and di butyl
car bonat e: 5AZbent remrevhpondirgit thiso teepodi tther ddimmn
like were found in the distillation colum on
i ntpeergBnthEPLinei éBri bheofligitadybteamasndtiguefied by a
Purificatigon of diaryl carbonate was carried out wth
a 8891&%@ ¢RofRdi Kapi gemovedngonitdppprgiyofo g0 Storage

M R e U R
5/ tESPRu8nbafR073 PEanelRofrl RradrBusvigensPogatet about
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T A P Rl ST PP, Ton Tonbar atPhE - vadhe
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of the colum through a |line 34 and a reboil er ,
anfle¢din@ Ot henpbgaidly ewiaich heabotbeuighotiBey removed to
multi-stage distillation colum was controlled to be

10 abithe PUdage Thenkodd onthrougld aesinensl?npassliyg a
renmoved fromthe bottom of the continuous nmulti-stage
dirteheate 38 cat oy 16Q omdghr tbe theemdddle shage of a
storage tank 36 at 25 about 20 g/ Hr. After renoving
frqﬁﬁQ}ﬂyqqﬁ)qﬁlq#ﬂgQﬁgQ”ﬁﬂstillation column 39, which

was a column filled with Dixon packing (6 mm$) with an

internal diameter of 2 inch and a length of 2 m.

15 The heat required for the distillation
separation was supplied by circulating the liquid in
the lower part of the column through a line 46 and a
reboiler 47, and the temperature at the bottom of the
multi-stage distillation column is controlled to be

20 about 230°C. The bottom liquid was continuously removed
from the bottom of the continuous multi-stage
distillation column 39 through the line 46 to the
storage tank 48 at about 8 g/Hr. After removing from
the top of the column through the line 40, the

25 distillate was liquefied by the cooler 41 and was
removed bontinuously to the storage tank 44 at about 92
g/Hr. The liquid removed to a storage tank 44 is

composed of dibutyl carbonate: about 6% by weight,



tthrough the line 28, the distillate was |liquefied by a

- cool er 29 and was renoved continuously to a storage

5

146 tank 33 at about 80 g/Hr. The liquid renoved to
the storage tank 33 is conposed of dibutyl carbonate:
about 6% by wei ght, butyl phenyl carbonate: about 86%
by weight, diphenyl carbonate: about 7.5% by wei ght.
TheuSydi phiehlyat carbsepakeat abbuta94sabli @eight .by White
continuously feeding the liquid, which was
coht-gnddushytr erevedlitidiftied storapeéehankedPerthuaegvas
a line 37 passing a preheater 38 at about 100 g/Hr to
t hecht dareustsgseppvad tonthrustioragkt taskadé and
distillation colum_ 39, which 10 was a colum filled

wi EANBRXBRApdERNBEY L 6CArRPNALEl aRoutniBPhabydwadehsr and
of. 2 inch and.a |lepgth of 2 m The heat required for
th%uBYQtPPFQY%oHarggﬁaFﬁtWaﬁ Redo¥uppri dgtggtion limit.

[ lati h iguid.in .the | f_th
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Cotxmp B9 yhrough the line 46 to the 20 storage tank
48 at about 8 g/H. After renoving from the top of

10 t hEP codluueti dlr 08 0hrdhet L& NCadPoni Beacdiistitbal e was

15

20

25

liquefied by a cooler 41 and was renoved continuously

to a storageAtemktild eirbboste MRag/ pkoddbed| uging a

removed to a storage tank 44 is conposed of 25

didriide cshdomaim: Fapoul - 6%y meaghion budy| caphehgd out

carbonate: about 94% by weight. Wite [iquid that was
by supplying continuocusly at a rate of about 109 g/Hr,
through a preheater 2 and a line 1, a mixed solution
consisting of dibutyl carbonate, phenol and, as a
catalyst, an adduct with phenol of phenyl titanate
tetramer [(PhO);3~Ti~0-(Ti(OPh),-0),~Ti~(0OPh)3s] (result of
element analysis: C=65.2, H=4.8, 0=17.6, Ti=12.4;
According to 'H-NMR analysis, PhOH and PhO groups exist
at a ratio of 4:10. 1In one molecule, there are 4 Ti
atoms and 3 oxygen atoms not derived from PhOH and PhO
groups, that is, the number of bridging oxygen atoms is
3, and therefore 3 Ti-0-Ti bonds exist; molecular
weight without the adduct phenol: 1170; vapor pressure:
1 Pa or below at 230°C) (the mixed solution in which the
ratio by weight of dibutyl carbonate to phenol was

adjusted to about 65/35, and Ti as atoms was adjusted

to about 10,000 ppm of the whole liquid) consisting of



.solidified at anmbient tenperature was continuously
renoved to a storage tank 48 and contai ned di phenyl

147 carbonate: about 100% by wei ght, and butyl phenyl
carbonate was below the detection limt. The analysis

of the liquid indicated thati42 content was bel ow t he
detection limt. No deposit or the like were found in

5 tdigowli gt i ¢debomatepl pnenoh andpeesi ancat&Xgapl eatOadduct
(Preparation of the catalyst) To a reaction flask
equibpedelvindl ao8tpheryl tataheteobheteamea héBhOhgTind-
cooling device and a 10 refl ux condenser, 3400g (10
ol YT bfORIB &5 n= THat 6RPY 1 akF 8RN ERGO1 76058 BF Shalysis:

n- but anol were added, and the liquid was cool ed
teeref?‘%t%n ¢t - e Gt 1 e b@ﬁjgzn’ﬂxe%c%Fﬂilng\hFPeI iR

OF B G 5O S 230 %Peraéﬁ%%bsaé 3 A BAhRoPE ¢:10.
o

ho t%msT%é'c?eS}& V&P £00 @19 40a 3pnd @ §Va£’ﬁ£@t L,

eqU|pped w th a vacuum controller, vac

oi It haturfdr heatd Mt o ﬂrﬁk6%§m1§03thgnﬁ'ﬂHéPefore
to roomtenperature (about ). The Tow boiling

POINT iC@IBN eFrRd Ve €1 £k Strhd 1 & Dyr Negilghfowifigout the
pressure to about 25K Pa while nmaintaining the liquid

10 eruhattupheatoB0Q 1 Mewvapod preddutde HiBdidt dbebow at
canme out, the tenperature was raised slowy to 230C
an@328CH ufrber thiee mpdddeuse agas ofedbhecctond ihuRays and ti-
after confirmng that there were no distillate,
ni tt@gen diegillation column 3, which was composed of a

condensation part, which was 2 inch in the internal
diameter, 0.5 m in the column length and filled with 10
15 stages of sieve trays, and a recovery part which was 2
inch in the internal diameter, 1 m in the column length
and filled with Dixon packing (6 mm¢).
The condensation part was disposed in the
lower part of the stage where the mixture was supplied

20 continuously, and the recovery part was disposed in the

upper part. The heat required for the reaction and
distillation was supplied by circulating the liquid in
the lower part of the column through a line 10 and a
reboiler 11, and the temperature at the bottom of the

25 multi-stage distillation column was controlled to be

about 230°C. The reaction liquid was continuocusly

removed from the bottom of the continuous multi-stage

distillation column 3 through the line 10 to a storage



.added to return to nornal pressure and the tenperature
was returned to roomtenperature (about 20C) to obtain

L8y

148 about 2750 g of a pale yellow viscous |iquid.

This liquid is a catalyst A The result of el enent

anal ysis showed that the compwpsition is C 52.3% H

9.9% 0: 20.4% Ti: 17.4% and there is one Ti-OT

bortthrei rice & tHe quiiber Aftexyges hownBokkieptpbdbntt bégquid
oxygen derived fromBuO was 1 against Ti atom 2. Thus

t henixdatns yainta deisry | bdehbbook 43 @riestpeddiot beas

m xture containing butyl titanate diner

[ (Bfsed -foon YoBw @ ofisthe e huenporengh doline 4,

[ Production of aronmmtic carbonic acid ester Aromati c

carBhdthe el praotiucetielsi o By e i eeosdbwnr | R . part
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the ratio by weig tyl ‘carbona
adjiysted 119 RRQULHRR/S5, and Ti as atoms was adj ust ed
to about 10,000 ppm of the whole liquid, and this 20

catal yst was ThesSIGl(EH irertdied SU WHOMtdF e thghk 12 was

m ddl e stage of a continuous nulti-stage distillation

10colwmpo3ediifc phwam lcogtasad I5% i andisgtsnt | dibypeyl

which was 2 inch in the internal dianmeter, 0.5 min

t hearbonaroe ;| aebgiut &6k fhy Ivedightt,h Bk it ggenyof cadwenate:
trays, 25 and a recovery part which was 2 inch in the

i neeondl 128 Mvetweright mdiphdany lcstapheratmy mkout 0.2% by

filled wth
weight, l-butanol: about 0.3% by weight and the

catalyst. The liquid removed to the storage tank B8 was

15 composed of l-butanol: about 99% by weight, phenol:

20

25

about 0.5% by weight, and dibutyl cérbonate: about 0.2%
by weight.

After the reaction in the continuous multi-
stage distillation column 3, the reaction was carried
out using a continucus multi-stage distillation column
15. The continuous multi-stage distillation column 15,
as in the case of the continuous multi-stage
distillation column 3, was composed of a condensation
part, which is 2 inch in the internal diameter, 0.5 m
in the column length and filled with 10 stages of sieve
trays, and a recovery part which is 2 inch in the
internal diameter, 1 m in the column length and filled

with Dixon packing (6 mm¢), andlthe condensation part



‘Di xon packing (6 m®). The condensation part was

di sposed in the 149 I|ower part of the stage where the

m xture was supplied continuously, and the recovery

part was disposed in the upper part. The heat

required for the reaction anggqdistillation was

supplied by circulating the liquid in 5 the | ower part

of wae dbhépowed hioughe aldbweae plrandfatheebobber whdre the

and the tenperature at the bottomof the nulti-stage

di st¢d¢tidémnl ot idncoaba tobtgothedcababest akeat s@PCied

The reaction liquid was continuously renoved fromthe

bot3UHr BTUemRl ¥ off PALEe AuPragst bgek1b2dbetthiati on

coluym 3 through the line 10 to a storage tank 12 at

00 Y3 ilidel bt it whd deRd ot RRJITEROYREY PRBEL VOA

gi id. After tqg IOM/boiIing point liquid mxture |

Cont SR HY 1HbuthofPRET PBHYE pr ottt FRASE I PREIRACRF BHPD

the t.0 f_the colum through line 4, 15 and then it

we T R I oo S Py ka2 Bite Daghe
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tank 12 was 20 conposed of” phenol:

vweitgitoudh titey |1 iraripnad echabodd r P06 Oyn el Pht o bty |

phenyl carbonate: about 12% by weight, di phenyl
1Ccardeordtraiowb emil . -2odye s gl a thi bt @& 0hnn ab®udt 100

0.3% by weight and also the catalyst. The liquid

r ergoAed afit erh g rethmadgieng anike 18 avgsr e atonposed of

1- but anol : about 99% by wei ght, phenol: about 0.5% by

wei ght, and dihsuthgatcardspriatesl fxbouthed. 284ction and

distillation was supplied by circulating the liquid in
the lower part of the column through a line 22 and a
15 reboiler 24, and the temperature at the bottom of the
multi-stage distillation column was controlled to be
about 220°C. The reaction liquid was continuously
removed from the bottom of the continuous multi-stage
distillation column 15 through the line 22 to a storage
20 tank 24 at 17 g/Hr. After the low boiling point ligquid
mixture containing dibutylcarbonate as a by-product was
removed from the top of the column through a line 16,
and then it was liquefied by a cooler 17, and a part of
it was removed continuously to a storage tank 20 at 83
25 g/Hr and the rest was refluxed to the distillation
column (reflux ratio=4). The iiquid removed to the
storage tank 24 was composed of dibutyl carbonate:

about 5% by weight, butyl phenyl carbonate: about 74%



by weight. After the reaction in the continuous multi

150 stage distillation colum 3, the reaction was

carried out using a continuous nulti-stage

distillation colum 15. The continuous nulti-stage

distillation colum 15, as j4s5the case of the

continuous nulti-stage 5 distillation colum 3, was

cornppsedigiit o d¢iopldemght carbopats; aboab 18%2bynebight and

the internal dianmeter, 0.5 m in the colum |ength and

filtledd gdtdl 1ot st difes bigsi@veemovaysio ande astecager yank

part which is 2 inch in the internal dianmeter, 1 min

t he2 @ HamreepRRed a0 IThuanab: wipeubi kod® paxkvagals,
nmmd), and the condensation part was disposed in the

| oditeTiak 1 AOUthel &% e Wikt « rand @bt vh FeFpeate:
ont,ai ni the catalyst was suppljed contipuousl

T oﬁmtﬂfer%t%:%éﬂﬁlaﬂit 12 §Q St <27 1138 bhieorémm found
15,. and t he r.ecovery part,was 15 di sposed in the upper
part. rl-‘Clirhee Cflesatclt%ﬁoagt ]\}//%rg LR P LB SLP vi ng

condd nuaLLs 1 Ine eaction |iquid,
mhi?h%ofsjlclf%trrlo%w%%‘%*ﬁe B0 %r{rﬁketo f t he conti nuous

mul vl -stage Bl dialiamh oot Wik LML ED8,34 ea i ed

to the storage tank 12, to the 20 conti nuous
nuldut stiade dicddddatdmincoldmmids Al 100 W dFiafi€fon
preheating with a preheater 14. The heat required for

10 hesepeacitiom amgk dHrtiidd alutpwasorsiipldedll pyfeeding the
circulating the liquid in the [ower part of the
collurmu itchr odgilcha Wasneedd et o e ebdoitage 2gnlarizd t he
tenperature at the bottomof the nmulti-stage
di &hirdugthi en ldgleudd s et roljrsthaat dye 26 at about 100

g/Hr to about 0.1 m above the middle stage of a
continuous multi-stagé distillation column 27, which

15 was a column filled with Dixon packing (6 mm¢) with an
internal diameter of 2 inch and a length of 1 m. The
heat required for the distillation separation was‘
supplied by circulating the liquid in the lower part of
the column through a line 34 and a reboiler 35, and the

20 temperature at the bottom of the multi-stage
distillation column was controlled to be about 210°C.
The bottom liquid was continuously removed from the
bottom of the continuous multi-stage distillation
column 27 through the line 34 to the storage tank 36 at

25 about 20 g/Hr.

After removing from the top of the column

through the line 28, the distillate was liquefied by a

cooler 29 and was removed continuously to a storage




~about 220C. The reaction liquid was continuously

‘renoved fromthe bottom of the continuous nulti-stage

151 distillation columm 15 through the line 22 to a
storage tank 24 at 17 g/Hr. After the | ow boiling

point liquid mxture contaijydg di butyl carbonate as a

by- product was renoved fromthe top of the columm

t hrargh 38 lathealddiit S8@angl/Hhen The wabqghlquedhededyt@ the
cooler 17, and a part of it was renoved continuously

t 0 st estagraagmrilani 20s atoi@3osed H £ aditbutiel restbawste: about
refluxed to the distillation colum (reflux ratio=4).
Theé¥ iljuiwe @by daittol tieenst oragfeonalik: 2abowls 86% by
conposed of di butyl carbonate: 10 about 5% by wei ght,
butdfi PHenyd i REETBEnfaE oAb ¢ 7RAUDYT wet iy | Well Pheny| The
carponate: about 10% by, wei ght and , the catal yst. The
i &Gi%%lém tSPRIA I U MRS 1R 9D s Ronpslenigpusly

1- hut | : bout. 0..3% by wei ght h | : t 18%
Seitdetlife Uil Ml Sy e NN nSRR R PRaT o
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ect or 1 PUFT T
CapiRlte s d A Hod B CRIBN LIS stage of a
di $Hontliatdus Iﬁﬁtﬁe@fﬁé %ép@ﬂf@ffér?%&lwﬁﬁ}, which

conti nuously feeding the |liquid, which was renoved to
10t hevast @r a@a unanke i24.ed WU sfor ipc M Passindgh)a with an

preheater 26 at about 100 g/Hr to about 0.1 m above
t hentieddlad stiagetelr f conifridruaml il tengttagef 2 m.
distillation colum 27, which 25 was a colum filled
w th D xon pddie mgats meet)inad Hamn thentdsrstal 1 ldi st er
of 2 inch and a length of 1 in. The
separation was supplied by circulating the ligquid in
the lower part of the column through a line 46 and a
15 reboiler 47, and the temperature at the bottom of the
multi-stage distillation column was controlled to be
about 230°C. The bottom liquid was continuously removed
from the bottom of the continuous multi-stage
distillation column 39 through the line 46 to the
20 storage tank 48 at about 8 g/Hr. After removing from
the top of the column through the line 40, the
distillate was liquefied by a cooler 41 and was removed
continuously to a storage tank 44 at about 92 g/Hr.
The liquid removed to a storage tank 44 is composed of
25 dibutyl carbonate: about 6% by weight, butyl phenyl
carbonate: about 94% by weight. White liquid that was

solidified at ambient temperature was continuously

removed to a storage tank 48 and contained diphenyl



‘heat required for the distillation separation was
‘supplied by circulating the liquid in the | ower part
of 152 the columm through a Iine 34 and a reboiler
35, and the tenperature at the bottom of the
multi-stage distillation cofgmm is controlled to be
about 210C. The bottom i quid was conti nuously
r encadsofidten t Kisont bot 0 ®nbef weébghtpnhhdupusyl phenyl
multi-stage distillation colum 27 through the line .
34 tarbdmatse ovagebtbhok Bbeatietabbiion2Digitk. Ahtemnalysis
removing fromthe top of the columm through the |7 ne
28,0% hteheli Biqeidt endmsatequehdedTbyconbesborvas Rolandthe
was renoved continuously to a storage tank 33 at about
80 FHectiere 1imitd riEPodemesblipe theotdle varR 83upd in
%o osed, of  dj butyl carbonate:, K about L6 6% by wei ght,

lﬁ%ﬁe[ékﬁﬁ&l%%ﬁb aFRUBB PR BBIFBGTIRR! ght, di phenyl
cagggnate: g@out 7.5% by weight. The 15 distillation

B s carried out by continuously feeding
t he, J 1 qui e C ' ly renoved to the
B e e A TR

stola hr'oug ne’' 37 passing a

preheater 38 @} tEQQCg{ghg%tgs$ﬁgéﬁg%gggd&§tﬁtggthErer,

a continuous nulti-stage disti colum 3

Whi £ POriiige e £0] 4MMed t1ASani tEoEL X095 B86KEBTakE &
nmmt) with an internal dianmeter of 2 inch and a | ength

10f ZefMuxheoh@adss 4@y f 010 tihel di 6t i téathon-
separation was supplied by circulating the liquid in
t héodtoweyrt paardiwi drie THOQMN dHrotight andl meedé added and
25 reboiler 47, and the tenperature at the bottom of
t hechamul iquist agpes dicried atd on erhpema tiase cofit 0] 1w 1o
bebeing mixed well. While maintaining the liquid
temperature at 0°C, a mixture of 90 g (5 mol) of water
15 and 2000 g of n-butanol was added slowly for 1 hour.
After the addition the temperature was raised to 80°C
and stirred for 5 hours. The flask was connected to a
rotary evaporator equipped with a vacuum contreller,
vacuum pump and oil bath for heating after cooling down
20 the liquid to room temperature (about 20°C). The low
boiling point components were distilled by reducing the
pressure to about 25K Pa while maintaining the liquid
temperature at 80°C. When almost all the distillates
came out, the temperature was raised slowly to 230°C and
25 further the pressure was reduced to 1 Pa, and after
confirming that there were no distillate, nitrogen was

added to return to normal pressure and the temperature

was returned to room temperature (about 20°C) to obtain



_about 230C. The bottomliquid was continuously renoved
‘fromthe bottomof the continuous nmulti-stage 153

wn

distillation colum 39 through the line 46 to a
storage tank 48 at about 8 g/Hr. After renoving from
the top of the colum througiga |ine 40, the
distillate was |iquefied by a cooler 41 and was
rembed GOl nuaSly mlo veklow agesd¢ank UdkpaidaboThis
92 g/Hr. The liquid renoved to the storage tank 44 is
corpesed dfs di matdlystarkbondthee wdwult 696 bylewmeghtanalysis
butyl phenyl carbonate: about 94% by weight. Wite

| i @%ﬁ%%&haﬁast%lqcmﬁqwlm It en?? t Frp i at Ur 28 ma@:
continuously renoved to a 10 storage tank 48 and |
cotPaitted TdipHemA? Srbdhare hare Toddshy hepgneince
an%lbut I heg&i car bonate was bel ow _the detection
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bubexyt ihad il wemptheheQ0 g of n-butanol were added and
the liquid was cooled to a tenperature of 0C while

10bei[Pgodinced cneblf. aWhirat imRidairdion g ddiel |dHa

tenperature at 0C, a mxture of 216 g (12 nol) of
wat er 25 andA2©06@ td cofcarbomadreo lwasap radiletds luaing faor
1 hour. After the addition the tenperature was raised

t odg¥gtce shown in Fig. 1. The reaction was carried out
by supplying continuocusly at a rate of about 109 g/Hr,

through a preheater 2 and a line 1, a mixed solution

15 consisting of dibutyl éarbonate, phenol and, as a

catalyst, the catalyst A (the mixed solution in which
the ratio by weight of dibutyl carbonate to phenol was
adjusted to about 65/35, and Ti as atoms was adjusted

to about 10,000 ppm of the whole liquid, and this

20 catalyst was dissolved in this solution) from the

25

middle stage of a continuous multi-stage distillation
column 3, which was composed of a condensation part,
which was 2 inch in the internal diameter, 0.5 m in the
column length and filled with 10 stages of sieve trays,
and a recovery part which was 2 inch in the internal
diameter, 1 m in the column length and filled with
Dixon packing (6 mméd).

The condensation part was disposed in the



and stirred for 5 hours. The flask was connected to a
rotary evaporator equi pped with a vacuum controller,
154 vacuum punp and oil bath for heating after
cooling down the liquid to roomtenperature (about
20C). The low boiling pointigenponents were distilled

by reducing the pressure to about 25K Pa while

mai hdeéeni pgrt hef | thei st dgé ennerat the ALx80€e Waensupplied
alnmost all the distillates canme out, the tenperature
wascomt srgost byl yand 2B&Crendvefurpaet whe giepssed in the
was reduced to 1 Pa, and after confirmng that there
wer¥Pper dvart | | aflee heatogeguivaed &ddetheoreacbiont and
normal pressure and the tenperature 10 was returned to
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that .the co sition.is C 48.3% H 9.1% 0: . 21.9%
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| ess at 230C. Thus the catalyst desc ‘above 1%
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hexamer [(BuO) 3-Ti-0-(Ti(0OBu)2-0)4-Ti-(0Bu)3] as a

10maidi s toioipoiiest . cd Rirgd Ut ipro@dh af1srel i e CBO bedi £ sebdage
ester] Aromatic carbonate was produced using a
dewiayek shtibvat 90 G Hr 1. ThHe ceteclyon wes dbgsdbdeduin the
25 by supplying continuously at a rate of about 109
g/ mea_cttimrodgimteicpx elfefttenr theankbwa boikidg poimtkebiquid
Smﬁgééﬁ}e containing l-butanol as a by-product was
removed from the top of the column through a line 4,
15 and then it was liquefied by the cooler 5, and a part
of it was removed continuously to a storage tank 8 at
19 g/Hr and the rest was refluxed to the distillation
column (reflux ratio=1.9).
The liquid removed to the storage tank 12 was
20 composed of phenol: about 23% by weight, dibutyl
carbonate: about 56% by weight, butyl phenyl carbonate:
about 12% by weight, diphenyl carbonate: about 0.2% by
weight, 1-butanol: about 0.3% by weight and also the
catalyst. The liquid removed to the storage tank 8 was
25 composed of l-butanol: about 99% by weight, phenol:
about 0.5% by weight, and dibutyl carbonate: about 0.2%
by weight.

After the reaction in the continuous multi-




-consi sting of dibutyl carbonate, phenol and, as a
‘catalyst, the catalyst B (in which the ratio by wei ght
155 of dibutyl carbonate to phenol was adjusted to

about 65/35, and Ti as atons was adjusted to about

10, 000 ppm of the whole liquggd, and this catal yst was
dissolved in this solution) fromthe m ddl e stage of

a comagaudist bl hationstagemdi 3§ i that reacebbumas, carried
whi ch was conposed of a condensation part, which was

2 iveh ipingea ¢oneimadbusimnbterstgd dishilbettohunnlumn
length and filled with 10 stages of sieve trays, and

a retoveffe ¢entingeen waktP-shediei dishellateenatolumn 15,
diameter, 1 min 10 the colum length and filled with

Di x&h YackKihLI®e i) the Thenkbhdens sribhl pakadeas

i sSp. ' h I f th wh h
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distillation colum was contro ut

Thei riteagtd 101 i dntit & Was 16 OfH | 1RO USd MurdD T&pMEadd O 11ed
the bottom of the continuous nmulti-stage distillation

10colwirgh Ditdvroygivititey | (e} ! ardl YHY agmhddrvdcibh dPart
90 g/Hr. The catal yst was dissolved in the reaction
| i qaisd . disfptcered hism [tve Howe Mgt rdf 1dhopi shage xihgre the
contai ni ng 1-butanol as a by-product was 25 renoved
f r amadid arpd igfuitthecagdi aimintchrithe lcat d Iyeet 49as asupp diesd
it was |iquefied by the cooler 5 and a part
continuously from the storage tank 12 to this
distillation column 15, and the recovery part was
15 disposed in the upper part. The reaction was carried
out by supplying continuocusly through a line 13 the
reaction liquid, which was removed from the bottom of
the continuous multi-stage distillation column 3
through the line 10 to the storage tank 12, to the
20 continuous multi-stage distillation column 15 at 100
g/Hr after preheating with a preheater 14.
The heat required for the reaction and
distillation was supplied by circulating the liquid in
the lower part of the column through a line 22 and a
25 reboiler 24, and the temperature at the bottom of the
multi-stage distillation column was controlled to be

about 220°C. The réactiqn liquid was continuously

removed from the bottom of the continuous multi-stage



;of it was renoved continuously to a storage tank 8 at

19 g/H and the rest was refluxed to the distillation

156 columm (reflux ratio=1.9). The liquid renoved to

the storage tank 12 was conposed of phenol: about 23%

by wei ght, dibutyl carbonategqabout 56% by wei ght,

butyl phenyl carbonate: 5 about 12% by wei ght,

di phiestyd 1 Latr bomatelumbols Oh 280y tMel Ubhe d2bbbanoktorage
about 0.3% by wei ght and al so the catalyst. The

| i duink réhoted T ogfie. stafiage tlaekldwwasiliogppsedt of iquid
1- but anol : about 99% by wei ght, phenol: about 0.5% by
et t Ut E Rk nAng ad donay kcasibonat @, 29 a 9y byroduct was
wei ght. After the reaction in the continuous nulti-
sﬂzé%?Qﬁ

&t ifyom it dARimT Lhe neokwmetiorovak eakinedls,
ut_ usi a .conti nuous Iti-stage distillation colum
Sis.anﬁiswet 55 65 ‘{?r%]lsﬁdad%yoqsﬂwﬂ%ﬁ i biv ctdind R&rt of
15.Ii§%'the cont'nuo%§ mul ti-stage distillation colum
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di sposed in the lower part of the stage where the

10r eabbiutn 5ki By tedhitgi Hutyl Phermal Ao Suited 45

continuously fromthe storage tank 12 to this

di byi Wedghtn diphenyl5 caabdnidte :2abREOVEsy Hane MAR and

disgosed in the upper part. The reaction was carried

out chggp@Wytng Gort ldgodsl yemoved to the storage tank
20 was composed of l-butanol: about 0.3% by weight,
phenol: about 18% by weight, and dibutyl carbonate:

15 about 81% by weight. No deposit or the like were found
in the distillation column on inspection.
[Purification of diaryl carbonate]

Purification of diaryl carbonate was carried
out with a device shown in Fig. 2. The distillation

20 separation was carried out by continuously feeding the
liquid, which was removed to the storage tank 24,
through a line 25 passing a preheater 26 at about 100
g/Hr to about 0.1 m above the middle stage of a
continuous multi-stage distillation column 27, which

25 was a column filled with Dixon packing (6 mm$) with an
internal diameter of 2 inch and a length of 1 m. The

heat required for the distillation separation was

supplied by circulating the liquid in the lower part of



.through a Iine 13 the reaction |iquid, which was

renoved fromthe bottom of the continuous nulti-stage
157 distillation colum 3 through the line 10 to the
storage tank 12, to the continuous nulti-stage
distillation colum 15 at 100sg/ Hr after preheating
wWth a preheater 14. 5 The heat required for the

r edcte orchneh thstudh ad i bbneas4 sapgl aedebyiterc@bat Bng the
the liquid in the |ower part of the colum through a

| i feempemmicdize aeboh¢ dpoRdomantl the mehperatage at the
bottomof the nulti-stage distillation colum was
cort¥ti et rhecabumbold o@utroThed reacke orbpiyur d0°C.
was_continuous]y renoved fromthe bottom of the
contishdrtet Gl tiawtdgeas grat inapyshy chphaved 5T Eamoban

he line 22t t tank 24 at 17 g/ H, . Aft
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was, Hd guefq e%d/l_[:ky a cooler 17, and a part of it was

t

renmoved continuously to a storage tank 20 at 83 g/ Hr
and the rest p@sf efdibethd eddie distidl a%feoéz‘%e COL Hin

(reflux ratio=4). The liquid renoved to t stor age

t andhrighp reonpieRe @ ©f hd W ddt Cardanaies 1 #iedoby
by wei ght., butyl phenyl carbonate: about 74% by

loveicghtlerdidthemd wear homsivesd absit ik iy Wb ghtstedthge

the catalyst. The liquid renoved to the storage tank

20 heak Gonpdsed it Blhw/Ahol | Tmoutidui3Yoinowedhte e
phenol : about 18% by wei ght, and di butyl carbonate:
ab&HOTRD® Hankeidghtls Nombsssl tofordithet v kea s fourbout

6% by weight, butyl phenyl carbonate: about 86% by

weight, diphenyl carbonate: about 7.5% by weight. The

15 distillation separation was carried out by continuously

20

25

feeding the liquid, which was continuously removed to
the storage tank 33, through a line 37 passing a
preheater 38 at about 100 g/Hr to the middle stage of a
continuous multi-stage distillation column 39, which
was a column filled with Dixon packing (6 mm$) with an
internal diameter of 2 inch and a length of 2 m.

The heat required for the distillation
separation was supplied by circulating the liquid in
the lower part of the column through a line 46 and a
reboiler 47, and the temperature at the bottom of the
multi-stage distillation éolumn was controlled to be
about 230°C. The bottom liquid was continuously removed

from the bottom of the continuous multi-stage



in the distillation colum on inspection.

[Purification of diaryl carbonate] 158 Purification

of diaryl carbonate was carried out with the device

shown in Fig. 2. The distillation separation was

carried out by continuously fgeding the |iquid, which

was renoved to the storage tank 24, 5 through a |line

25 Giastsi Ingp tal o etelatrer 3% Etrabgut tHO0L ige HE 6t bo abostorage

0.1 m above the m ddle stage of a continuous

multankstéyeatdiaqutl & ioficol vhftey, remdehng whsom the top

colum filled with D xon packing (6 mm*) w th an

i ntSdr e @Gk rtigfoush enl el 404 g b3t 1l hatgheas
ired for the distillation separation, was

10 heat re
sup}d'lq"@otr &Y QIRIIRF the 39GUT3F | FPRteed ovept bapeusly

f_ the col h line 34 and boj,| 5, .
ond < o SRR e Gt AR o 61/ Hhe. At LR
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colum 27 through the I'1"ne to
at arRReUl0 420 1/ ke i oMt er _Wkﬁ@"l"ﬁ%ﬂ@mﬂa{@ P 14deried
colum 20 through the Iine 28, the distillate was

| i qiefaimed it & enpRalatfurdd vyl o i G FRIPUSH Ya
to a storage tank 33 at about 80 g/H. The liquid

10r estrwed gieo tialmd: 48t ana e crarald ndl ich phasmds eth Miorth tuit ydbout

car bonat e: about 6% by wei ght, butyl phenyl

callb8faby: wedgitt 863ty 2% Ingitgntyl digxttemdt e ardso s low
about 7.5% by weight. The distillation separation was
catheedesgctbpncdamifuoudhe analysis of the liquid

indicated that Ti content was below the detection

limit. No deposit or the like were found in the

15 distillation column on inspection,

20

25

Example 11
{Preparation of the catalyst)

To a reaction flask equipped with a stirrer,
a thermometer, a heating and cooling device and a
reflux condenser, 3400g (10 mol) of tetra-n-
butoxytitanium and 1700 g of n-butanocl were added and
the liquid was cooled to a temperature of 0°C while
being mixed well. While maintaining the liquid
temperature at 0°C, a mixture of 216 g (12 mol) of water
and 2000 g of n-butanol was added slowly for 1 hour.
After the addition the temperature was raised to 80°C
and stirred for 5 hours. The flask was connected to a

rotary evaporator equipped with a vacuum controller,



.feeding the liquid, which was continuously renoved to

the storage tank 33, through a line 37 passing a 159

preheater 38 at about 100 g/H to the m ddl e stage of

a continuous nulti-stage distillation colum 39,

which was a colum filled wiséq D xon packing (6 nm)

wth an internal dianeter of 2 inch and a length of 2

m GaHEN heunp raedi ol Hath ther disatihqtadper cooling down

separatlon was supplied by circulating the liquid in

thet %v&equtpva# ttofrege tMpers throutPeut i He°U6 arfthey low
Q{ller and the tenperature at the bottom of the
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ORI R (AR ot P :’ d?fﬁf?ﬁf%{é%%g shiggeld
9 a, .
& ﬁégléear‘%t%‘:%st A0 Fnoul 8 O Sk fdr ARGt e
0] o
P S, R ST S TS0 BIE, <o oa0vc anc

MO O %G SLAAPEJ anko 44 ﬁ{i"’%’fﬂ% 3

92 g/Hr. The liquid renoved to t storag€ ta

cormpesadnaingidnity It haay Ranad 6io abiaiti 16%4y, "iﬁ%gen was
butyl phenyl carbonate: about 94% by MEIght Wi t

| i quidebct hat reasirsoltcdind ch 12 rads Ade edid tﬂi{HJGie’:Mpé’:.&ature

was continuously renoved to a storage tank 48 and
10comesi wed udinseryd moamboreatperaahome (20006 B0°GRI gbt pbtain

and butyl phenyl carbonate was bel ow the detection

| | RPPULtTRS Zé4nal wifi Padfe tved Ugwyuiigscausdildagudd t hdthil

content, was bel ow the detection 25 Iimt. No deposit

or LiRRiG KE RecatRIVRE Br t Hhe diesuly &f o emsinimanadysis

|ns ection
owed that the composition is C: 48.3%, H; 9.1%, O:

21.9%, Ti: 20.7%, and the number of bridging oxygen

15 atoms was 5 since the oxygen atom derived from BuQ was
16.1, and there were 5 Ti-O-Ti bonds. The molecular
weight was 1390 and the vapor pressure was 1 Pa or less
at 230°C. Thus the catalyst B described above is
presumed to be a mixture containing butyl titanate

20 hexamer [(BuQ);-Ti-O-(Ti(0OBu),-0),-Ti-(OBu)3;] as a main
component.
[Production of aromatic carbonic acid ester]

Aromatic carbonate was produced using a

device shown in Fig. 1. The reaction was carried out

25 Dby supplying continuously at a rate of about 109 g/Hr,
through a preheater 2 and a line 1, a mixed solution
consisting of dibutyl carbonate, phenol and, as a

catalyst, the catalyst B (in which the ratio by weight



.Exanpl e 12 (Preparation of the catalyst) 160 To a

‘reaction flask equipped with a stirrer, a thernoneter,

a heating and cooling device and a reflux condenser,
3400g (10 nol) of tetra-n- butoxytitaniumand 1700 g

of n-butanol were added and fsthe |iquid was cooled to

a tenperature of OC while being mxed well. Wile

maiaft adibhuigyt heatbopuade tenplesad Ureadt a@Gistedi Kb UsBout

of 90 g (5 nol) of water and 2000 g of n-butanol was
addetf Bt ownd fBr ds hotems Wit exdihetaddiei ainottel0, 000 ppm
tenperature was raised to 80C 10 and stirred for 5

hottls thmerhe ke Kl ifisi donredtiehil 3 ccatalvstiryasvdposatved in

equi pped with a vacuum controller, vacuum punp and

oi |”Ea% FHIEIREL: i Prarkhe wddiagtren of e Forfilirbews
oom.te rature (ahaut, 20C). The [ ow boiling point
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to ut, 25K Pa while i ntaini.ng the, Ijquid,
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ca s atqur S. r.aj sed Wy tqg,230C
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nitrogen was 20 added to return to norral pressure an

t hgarenp@iahui@s MRS i@l Wihathd G JHRIALIEMPMIEE 1 m in
(about 20C) to obtain about 2750 g of pale yellow

10vi steusdlugm denghits anld qild gcs v teatmlyE phckit (6 mmé) .
result of elenment analysis showed that the

conposi ti on TheCconed¥atiorO pRdt Mas2hlizhot¥d Hin the
17.4% and there is one Ti-OTi bond since the numnber

of leX¥pgeraatons &kheepttaisr whereotygemixture was supplied

continuously, and the recovery part was disposed in the
. upper part. The heat required for the reaction and
15 distillation was supplied by circulating the liquid in
the lower part of the column through a line 10 and a
reboiler 11, and the temperature at the bottom of the
muiti-stage distillation column was controlled to be
about 230°C. The reaction liquid was centinuously
20 removed from the bottom of the continuous multi-stage
distillation coiumn 3 through the line 10 to a storage
tank 12 at 90 g/Hr. The catalyst was dissolved in the
reaction liquid. After the low boiling point liquid
mixture containing l-butanol as a by-product was
25 removed from the top of the column through a line 4,
and then it was liquefied by the cooler 5, and a part
of it was removed continuously to a storage tank 8 at

19 g/Hr and the rest was refluxed to the distillation



~derived fromBuO was 1 against Ti atom 2. Thus the
~catal yst A described above is presuned to be a m xture

Ya

161 containing butyl titanate diner [(BuO3-Ti-OT
(OBu)3] as a main conmponent. To this flask, the

stirrer, thernoneter, heatiywgand cooling device and
reflux condenser were 5 reattached and the liquid was
heatceidiriro &F Wit | :eatsid+1);y. Wil e keeping the liquid
tenperature at 80C, 4700 g (50 nol) of distilled and
dehydr at ed pHersllivasid adetesved ovd ythéfsevrdde tank 12 was
addition, the liquid was heated to 180C and | ow

boiddmip sest mi cgrponentabowt 239 ey apoiehed. difenyl

there was alnost no distillate, the tenperature of

t hEanRARaT S BRI 5% DB atetahpadityl plemyk carbonate

distillates further. The flask was connected to
@%ﬁm c}r?t%r &m éfe%bt:v Walflh%n%‘?%ss‘%ﬁ’%u%va% “2% by

reducéﬁl ]ang dtL %d‘:‘ﬂ"ﬁ% re%r‘ra nhapilseo the
bout C dth d
o essﬁrl;%gf f °?¢H SR LA, O G 8 o
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or ange coloring was tal ne

C. abemitr @swat kif v?eq_bgﬁl tSMRIHG aalMs) 8 ﬁ%t@é‘ataﬁaﬁ 0.2%
conmposition is C H 4.5% 0: 16.7% Ti:

1014 b3¥welk@tcat al yst C descrlbed above is presuned to

be a m xture containing phenol adduct of phenyl
titanate di nAftePtBe3rBadBiol (1@PHH: 2RIrHnwsus ol ti-
conmponent. 25 [Production of aromatic carbonic acid
essgepeAdiisttidle tdoms icstliumn &, diheetriwdctoiarboret esarried

out using a continuous multi-stage distillation column

15. The continuous multi-~stage distillation column 15,

15 1like the continuous multi-stage distillation column 3,

was composed of a condensation part, which is 2 inch in
the internal diameter, 0.5 m in the column length and
filled with 10 stages of sieve trays, and a recovery

part which is 2 inch in the internal diameter, 1 m in

20 the column length and filled with Dixon packing (6 mmd),

25

and the condensation part was disposed in the lower
part of the stage where the reaction liquid containing
the catalyst was supplied continuously from the storage
tank 12 teo this distillation column 15, and the
recovery part was disposed in the upper part. The
reaction was carried out by supplying continucusly
through a line 13 the reaction liquid, which was

removed from the bottom of the continuous multi-stage



_phenol and, as a catalyst, the catalyst C was
“continuously supplied as a liquid froman inlet line
50 162 through a preheater 51 to the location at 1 m
fromthe top of a nulti-stage distillation colum 49
as shown in Fig. 3, which wag; conposed of a packed
colum with 4 m tall and 3 inch internal dianeter
fi 1d ek 1 ot $drx oo Burpacki tigr &igimiie NBikge 010 stai thess
steel. The heat required for the reaction and
di sttdraate drantasl Suppd i ge dgnthiaidouwg nibhkti+sguagei n
the bottom of the colum by the reboiler (the |iquid
supldist ifllahitdre dollwn | iheats0t 00 JHkgi frer conplosatiog
of the liquid supply: DMC=about 10 68. 3% by wei ght,
Phe®HEdbsutPrshemhdsy MWei ght, catal yst C=13.5 mmol / Kg).
The tenperature at the bottomof the colum, was about
$01C, the preéd€urtiealt FFHIRA 0% Hehe cof i WasdBBout

800, .KPa,. .t he refl rati.o, about As the result .
of e chdhwai'lsnxesqg%%? t%}rul}ﬁ QEng Hhe lf&JUId in

CarRen A PR o RN ST CEARER Sarig 2 and 2

re [ uct q:bé%g eq_e% 3, pf

t hg%tglglqgr?g:rt r'omfgkd Yt??lees 5 an %&%gﬁé}%?%ﬁr?l?gt?e

framiaisie R4 HisHiased idh 18 P wids BodthS LdMb be

was 20 condensed by a condenser 55. A part of the
locop@ensed20°Cqui ghwagehethiuxedibnid @ast conttinedusly

colum 49 through an inlet line 56, and the rest was

r emeweded dnc Itihee bditonfFraadmtitid cartnidansed nulii-tsttage

| ow boiling point product, methanol, was obtai ned.

Theisrdddatdion ioplivthr2d & eroveedy ridme tlhiend 2 60 a storage

(average |liquid conposition: nethyl phenyl

catBokaitd=85¢ §//KGHAHT .di gifdmn the low boiling point liquid

mixture containing dibutylcarbonate as a by-product was

15 removed from the top of the column through a line 16,
and then it was liquefied by a cooler 17, and a part of
it was removed continuously to a storage tank 20 at 83
g/Hr and the rest was refluxed to the distillation
column (reflux ratio=4), The liquid removed to the

20 storage tank 24 was composed of dibutyl carbonate:
about 5% by weight, butyl phenyl carbonate: about 74%
by weight, diphenyl carbonate: about 10% by weight and
the catalyst. The liquid removed to the storage tank
20 was composed of l-butanol: about 0.3% by weight,

25 phenol: about 18% by weight, and dibutyl carbcnate:
about 81% by weight. No deposit or the like were found
in the distillation column on inspection.

[Purification of diaryl carbonate]



_carbonate=0.4 g/ Kg/ H) was about 2.3 Kg/Hr. No deposit
‘or the like were found in the distillation colum on
163 inspection. [Purification of aromatic carbonat e]
Aromatic carbonate was purified using a device shown
in Fig. 2. The device was a-a@gntinuous 5 nulti-stage
distillation colum which was conposed of a columm

with 2 inch inf:ermiadatdiaieiferdand, il sahehdde wdsldgfried
with Di xon packing (6 nmd)). Distillation separation
wasuwanited thd deyw ifeeedinger hien 1Figpl &2 . r eTfiovedli $t oM ation
the af orenentioned |line 60, continuously 10 at a rate

of sxipautatiGh Ve carmicdyowr hne @i anhwsl pridwdiey the
26, to a continuous nmulti-stage distillation colum

27 laguide Iwhdath o sabmmovedl e dfey esttdwngn duinek 24,
stage. The heat required for the distillation

35 e FAAUIS andsi eyl RS Yk ia aneigatE s Hd 13 guakpyth 100
15 the lower part of the colum through a Iine 34 and

a ¥ePoiirPsit fhd Mhéhodifdhs dHddde He Bt of
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storage tank 33. Distillation separation was carried
25 s 1hed egdidigcuhe tlinguitthe iR dvas n@i@vesver part of

continuously fromthe storage tank 33, continuously at
the column through a line 34 and a reboiler 35, and the
temperature at the bottom of the multi-stage
distillation column is controlled to be about 210°C.

15 The bottom liquid was continuously removed from the
bottom of the continuous multi-stage distillation
column 27 through the line 34 to the storage tank 36 at
about 20 g/Hr.

After removing from the top of the column

20 through the line 28, the distillate was liquefied by a
cooler 29 and was removed continuously to a storage
tank 33 at about 80 g/Hr. The liquid removed to the
storage tank 33 is composed of dibutyl carbonate: about
6% by weight, butyl phenyl carbonate: about 86% by

25 weight, diphenyl carbonate: about 7.5% by weight. The
distillation separation was carried out by continuocusly

feeding the liquid, which was continuously removed to

the storage tank 33, through a line 37 passing a



ca.rate of about 100 g/Hr, through a line 37 and the
‘preheater 38, to the nmiddle stage of a continuous 164

mul ti-stage distillation colum 39, which was conposed

of a colum with 2 inch internal dianmeter and 2 m

height, filled with Di xon packéng (6 mt). The heat
required for the distillation separation was supplied

5 praddigaidmatihgt odutgui @O i g/ Hhetd ovies mphddlefstége of a
colum through a line 46 and a reboiler 47, and the

t ergsEYtEnaI sty Hel titaggm disthblatd on -cegen 39, which
distillation colum was controlled to be about 230C

Th& 350t 1A YU Mead doith Misten ypaerved( § riam )t el tip an
bot,t om of the continuous nulti-stage distillation
CONTRT Y FEGTAFSF 19e 4641 < r spd ikt 4.1

fter being renoved fromthe top of, .the, cal) t hr ough
a line 40, t DRGA Y | ER R | '%etfffeeodwlgﬁz%}%? 41

o A A 8 AR A 0, T,

rguid renoved e storage

ana s MR A (ol (o ant g el g T -

bel-awotiner det,eGHOR Hd Mdmpd¥ 48RO L He R ddkSf the
were found in the distillation columm on inspection.

20l afslaigee dPsmmlietd oY Bhinh GRIDUWRHGIA®d to be
purified as in Exanple 12 except that the catal yst

10wasbolanged°tt onThbebotabal ystjufdt eaphebaxyntiblidangt eemoved
[Ti (OPh)4] (nol ecular weight: 420, vapor pressure:
abéupml Shea batt t2800)fF. tHee c2Fitdmunts afulttie-dtiaps d
(average conposition: nmethyl phenyl carbonate=50
g/QQQF}lépﬁn@nypo@gm@oﬁgt@hyqngh the line 46 to a storage

tank 48 at about 8 g/Hr. After removing from the top
of the column through a line 40, the distillate was

15 liquefiéd by a cooler 41 and was removed continuously
to the storage tank 44 at about 92 g/Hr. The liquid
removed to the storage tank 44 is composed of dibutyl
carbcnate: about 6% by weight, butyl phenyl carbonate:
about 94% by weight. White liquid that was solidified

20 at ambient temperature was continuocusly removed to a
storage tank 48 and contained diphenyl carbonate: about
100% by weight, and butyl phenyl carbonate was below
the detection limit. The analysis of the liquid
indicated that Ti content was below the detection

25 limit. No deposit or the like were found in the
distillation column on inspection.
Example 12

(Preparation of the catalyst)



.9/ Kg/Hr) removed fromthe line 60 was about 2.3 Kg/Hr.
The liquid renoved to the storage tank 44 contai ned

(§)]

165 nethyl phenyl carbonate : about 94% by wei ght.

The analysis of the liquid indicated that Ti was
detected at 9 ppm Inspectiigp of the inside of the
columm reveal ed white deposits on the wall of the

di stillation Td acatasatiaond flees lpaskiimpedaimth ea 18t irrer,
(Preparation of the catalyst) To a reaction flask

eq@ ppedmameter std Mesrting anrepmeiny  deviheatamg and
cooling device and a 10 refl ux condenser, 3400g (10
nolnefdfax aarglensasint B34A0e anli Uiehd af7 oo tgr afn-

n- but anol were added, and, the_liquid was cooled to a
te Zviridagrt e ans 16 Ohdl Rf m RY-ardt wegs |added and
mai _nt ai-ni n he liquid . tenperature at 0C ) Xtur,

of 96§ DI C AR U PR R H HUlCan Le
wa ed . f.or haur . _ After the .addition,  the
te%‘&ggl gnrlge\%gs% rle%‘l 'seéJ qlgLeBdfelnanadl%Jtﬂlgr e ffoqu%ld
hoyksme g flask was CQ”HE%ES? t8fa90rg13%ynﬁﬁgp%@akgker
equi pped with a vaculm contro Fer, vacuum pu and

Oi lanRble ofpory REAH -G AHAN WeQ0lddigh AWA0, 18 11 qithdh
to roomtenperature (about 20C). The |low "boiling

PO ATt GO0 RPN QIS tRINE theS tienRG AN e G N to 80°C
pressure to about 25 KPa while nmaintaining the liquid

10t eopelr atureeat fBACS Wharrsal mIdie dladihevad sidddeadtesd to a

15

20

25

canme out, the tenperature was raised slowy to 230C

ando2Brivhevppessiioe was ipgeulc ed thurat hercuum kd?e, rander,

after confirmng that there were no distillate,

ni VReyem wagp and oil bath for heating after cooling down
the liquid to room temperature (about 20°C). The low
boiling point components were distilled by reducing the
pressure to aboﬁt 25K Pa while maintaining the liquid
temperature at B80°C. When almost all the distillates
came out, the temperature was raised slowly to 230°C and
further the pressure was reduced to 1 Pa, and after
confirming that there were no distillate, nitrogen was
added to return to normal pressure and the temperature
was returned to room temperature (about 20°C) to obtain
about 2750 g of pale yellow viscous liquid. This
liquid is a catalyst A. The result of element analysis
showed that the composition is C: 52.3%, H; 9.9%, O:
20.4%, Ti: 17.4%, and there is one Ti-0-Ti bond since
the number of oxygen atoms except for the oxygen

derived from BuO was 1 against Ti atom 2. Thus the

catalyst A described above is presumed to be a mixture



added to return to nornmal pressure and the tenperature

"was returned to roomtenperature (about 20C) to obtain

o

166 about 2750 g of pale yellow viscous liquid. This
liquid is a catalyst A The result of elenent analysis
showed that the conpositioniqg C 52.3% H, 9.9% O
20.4% Ti: 17.4% and there is one Ti-OTi bond since
5 tohe taudmterg afutoMy geit Atans Exeept [ {BIo)-ha ieXATEn (0Bu) 5]
derived from BuO was 1 against Ti atom 2. Thus the
catal ysmaArdezmpdmethtabove i s presuned to be a mixture
containing butyl titanate diner [(BuO3-Ti-OT

(OBu) 3] as &ordiliscdnipmientthel Gthortdt,s fHagkgma ther,
stirrer, thernometer, heating and cooling device and

r efiedt 18Gn ek sooddie  dessitataciisl wafd Wheandpnsematere
heated to 80C while being stirred. \Wile keeping the

| i GERY TRERGEr A0G &het ldetid #esp hpgme A )BGE while

distil | ed and drat ed phenol 15 added slowy. -
A b ERETAAART N, IR T VHLEU 5 AP 0T S FO°C
| i L it t ted

ey 29,85 "Boh Bl SRR e o, SRR B R Rl wes

teabibautd ey S| At sedd 8 AAC Lhe MUY ag

renove di st tes. was cdnnect e

VagHHELa0RbL sbet aRd Y8GUHAL PYAR. pbhRLP s
reduced slowy to 1 Pa and dist??lg%ggtmgggﬁgéggégdwere

10Therapbeatkask wasnt &keieOwas0h 1R toido RAlti 19eA£d the
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to roomtenperature (about 20C) and the inside

pr eempeeathiret b€ thaskivwadd elw redwly nerimeld My 230°C to

nitrogen. Solid 25 substance of about 4300 g with red

or aageveotlostndlatiss dotraheed. Thies filas ki wa sc atcanesited to

C. The result of
the vacuum controller and vacuum pump, the pressure was
reduced slowly to 1 Pa and distillates were removed.
Then the flask was taken out of the oil bath, cooled to
room temperature (about 20°C) and the inside pressure of
the flask was returned to normal by nitrogen. Solid
substance of about 4300 g with red orange coloring was
obtained. This was the catalyst C. The result of
element analysis showed that the composition is C:
64.5%, H: 4.5%, O: 16.7%, Ti: 14.3%. The catalyst C
described above is presumed to be a mixture containing
phenol adduct of phenyl titanate dimer [(PhO);~Ti~O-
Ti(OPh)32PhOH] as a main component.
[Production of aromatic carbonic acid ester]

A mixture consisting of dimethyl carbonate,

phenol and, as a catalyst, the catalyst C was

continuously supplied as a liquid from an inlet line 50



el enent anal ysis showed that the conposition is C

"64.5% H 4.5% 0: 16.7% Ti: 14.3% The catalyst C

167 described above is presuned to be a mxture

contai ning phenol adduct of phenyl titanate diner

[(PhO 3-Ti-O Ti(CPh)3.2PhOHgmas a main conponent.

[ Production of aromatic carbonic acid ester] 5 A

m xithicegtonRs ipgtd Heg tefr et hd themdeattasidoiat B f Mdm the
and the catal yst was continuously supplied as a

| i duoipd offr @mmard tiimssttadd b 62 thrtolgh colymireheates §3own in
to the location at 1 mfromthe top of a nulti-stage

di $tid.| & i othicdl was b shbwf ian Rigkedt, cdlumvniwith 4 m
was conposed of a pressure control device 68 and a
pa@@éé @éﬂ%r?:n ipiohh intenral dekeddmdhililrewidth Dixon

di ane packed Mﬁth Di xon packing (6 m$) made of

S5t é’laﬁl s(t e By aﬁ‘éd@hé’ r@é@tlln&ﬁsxﬁa§t@§rlrl edhsuthanr
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Wa%h@bgkéboégég (tt%% @.r lﬂir %u%%;tllg);q:’rto?rp .1. e(;:mlx.;we 50:

was about KPa, the r qu out

203t Be xgosu;t -8h BE%tﬁ%@Pb&thetHQQuﬁa“ Sémﬂﬂdgébout

di phenyl carbonate, whi ch was the reactlo

10wass .okt aynedighen thenkabbem 63 .0k Hhe wealfHi)ueUst a1
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mul ti- stage distillation colum through the out | et %6
of Ceh8. 5camudiKgott oThel gemperdftereasatditsld oatted rd@Mthe

a gas 25 outlet 66 disposed on the top 64 of the

cokaimmnawascebhdens@01By, atkbendeassuré7at Athar topf ofhehe

condensed
column was about 800 KPa, the reflux ratio was about 1.
As the result of the reaction, the liquid containing
the component of the catalyst, and methyl phenyl
carbonate and diphenyl carbonate, which were the
reaction products, was obtained from the bottom 53 of
the cclumn through lines 58 and 60. The gas distillate
from a line 54 disposed on the top 52 of the column was
condensed by a condenser 55. A part of the condensed
liquid was refluxed to a distillation column 49 through
an inlet line 56, and the rest was removed from a line
57. From this condensed liquid a low boiling point
product, methanol, was obtained. The amount of liquid
removed from the line 60 (average liquid composition:
methyl phenyl carbonate=50 g/Kg-Hr, diphenyl
carbonate=0.4 g/Kg/Hr) was about 2.3 Kg/Hr. ©No deposit

or the like were found in the distillation column on



el

liquid was refluxed, and the rest was renoved from an

outl et 69 of the condensed liquid. Fromthis condensed

168 liquid a by-product, dinmethyl carbonate, was

obtained. Fromthe liquid renoved fromthe line 70,

di phenyl carbonate was obtajped at a rate of 705

g/ Kg/H. No deposit or the [ike were found in the

di stm$pattoond col umm on inspection. [Purification of

aromati c carbonate] Aromatic carbonate was purified

usi hgual £ dext tenshbwaromafig. c@rbdhetdevi ce was a

continuous nulti-stage distillation colum which was

conposed of aAnomzblanpawbohaeiwah puréefhat dsanet er

and 1 mtall, filled with Dixon packing (6 m).

Di s¥§Y1eR i drowR ebar B9 on? wasTkardeelicouvadyaf eedt hguous
he ljquid renmpved fromthe aforenentioned |ine 60,
oMt hbtdF39at dus bt k2 bFCRpeRt WD OWRIFR , Wa B 6egROged of a

li 5 d, 5, heat 26, .t ti ,
S EGv e th o R TR Stad D s and| DR et
bout 1. ddl t . The. h i d
oty fed BAP e P ALENS, (SR LUBATER AR
( ( oS | ) |
ssanonitnd AL ikl ol g
t enRaKAFH e Al [{15e DOES AR £ L Hifed MU Ad - 68 2% 0ont inugusly

distillation_co!unn was controlled to be about 210C.
10Theatbot t:ae i Sl dbavas Mty MO USE S @RV 1dé 0% tAed a

bottom of the continuous nulti-stage distillation
colpmraheatd hrdiightd he donmeibdou® mulbti DFsgeye Sdisinkl BoHtion
After renoving fromthe top of the columm through the
i mel28n t4ik ali sthe | laieatviasn |alepef i®dl by above the middle
stage. The heat required for the.distillation
separation was supplied by circulating the liquid in
15 the lower part of the column through a line 34 and a
reboiler 35, and the temperature at the bottom of the
multi-stage distillation column was controlled to be
about 210°C. The bottom liquid was continuously removed
from the bottom of the continuous multi-stage
20 distillation column 27 through the line 34 to the
storage tank 36. After removing from the top of the
column through a line 28, the distillate was ligquefied
by a cooler 29 and was removed continuously to a
storage tank 33. Distillation separation was carried
25 out by feeding the liquid, which was removed
continuously from the storage tank 33, continuously at

a rate of about 100 g/Hr, through a line 37 and the

preheater 38, to the middle stage of a continuous



-cooler 29 and was renoved continuously to a storage
tank 33. Distillation separation was carried out by

169 feeding the liquid, which was renoved

continuously from the storage tank 33, continuously

at a rate of about 100 g/Hrigthrough a Iine 37 and a
preheater 38, to the mddle stage of the continuous
mululisi-ageaghk sdist Al leanidn cobbnmn 399, wahdébhwaas composed
conposed of a colum with 2 inch internal dianeter
andPR andelygtn with|2diméh hibDigonal pdekinagefcandny. m

The heat required for the distillation arati on was
supp i@t byf el ked | at ihgPinen | pyokingn GtWQEI oweFhedreat
of the colum through a line 46 and a 10 reboiler 47
EMHF§QH9¥%ﬁwﬁ9%uEﬁ% GtsthelpbieBnFeparablonures- §PE@€led

Ny I Il ed b b
ThPshortiis o ”%%%@?%Lﬁﬁs%e? AESEAATT oftf ¢ HE
bot t f th t t1-st t t
col T thfotﬁ b3 b HE EARa 0 Pheaflgh 167 40 e
Af
C e £ T e (AR SOIR SRS f&ﬁ%ﬂf?ﬁ%@?- ed by
a_cpalers e A0 JPRkPYEd SORELIONSEY bl OxBodt 0580

tank 44. To a storage tank 48, white |iquid which wa

solpHl fiRt it Bl B twd £ NS B kil Sy NBp E&m&@@alﬁﬁ@MStﬂe
renoved and this was di phenyl carbonate, about 100%

10y bt .o fTcheanadmsi vudis thel t 1 ot shye | A0S €81 Balt 1 bt
Ti content was below the detection I|imt. No deposit
or ddiemin I3 veredgured 1ind he6 tth s4 i stataga cahkind8 on
i nspection. 25 Conparative Exanple 3 Aromatic
carffdren dat plandied] fsom kg agr eof the column through

a line 40, the distillate was liquefied by a cooler 41
and was removed continuously to a storage tank 44. The

15 1liquid removed to the storage tank 44 contained methyl
phenyl carbonate at about 94% by weight. The analysis
of the liquid indicated that Ti content was below the
detection limit. No deposit or the like were found in
the distillation coluﬁn on inspection.

20 Comparative Example 2

Aromatic carbonate was purified as in Example

12 except that the catalyst was changed from the
catalyst C to phenoxy titanate [Ti(OPh);] {(molecular
weight: 420, wvapor pressure: about 15 Pa at 230°C). The

25 amount of the liquid (average composition: methyl
phenyl carbonate=50 g/Kg-Hr, diphenyl carbonate=0.4
g/Kg/Hr) removed from the line 60 was about 2.3 Kg/Hr.

The liquid removed to the storage tank 44 contained



‘13 except that the catal yst was changed fromthe

catal yst C to phenol adduct of phenoxy titanate 170

[ Ti (OPh) 4. 2PhOH) (nol ecul ar wei ght w t hout pheno

adduct: 420, vapor pressure: about 15 Pa at 230C) (the

liquid supplied fromthe inlegsline 62: 4.2 Kg/ Hr;

conposition of the liquid supplied: MPC=about 99 wt.%

5 cetiahybtpiG@l Scanbbh&ye. : TAbotienpékabyr @edghthe The

bottom of the colum was about 195C, the pressure at

t heanahysisthe théubhgwhd abdicaBedkKPhatafld whe detected

lux ratio was about 2.1. To the storage tank 48,

whid®e 2 PR d Wseacwiensefi thei dasadeanbi 6he column

tenperature was 10 continuously renoved and this was ,

diﬁﬁﬁﬁﬂl?ﬁuYQﬁ%ﬁe?ep%ﬁbﬁﬁ 2oL Byvakl gRE. thRedistillation
nalysis of the liquid. indicated that Ti was detected

Egt iﬁWﬂ I pERt iBACKt 9t he i nside of the col umn

reveal e jte deposits on the wall of the
dhﬁ%ﬁwéh%ﬁiécolunn and the packing. 15 Exanple 14

(Po aj f di phenyl carbonate
progﬁ%%%g%ga%ﬁéwﬁgtﬁg% %%§Q%¥%§E2tion in Exanple 1)

D phenyl carbphal e-ODLa] Hedri Hs X8R Spdd w2BnSads@ldrer,

bi sphenol A1 22.8 g were put in a vacuum 20 reactor

equi pReskiwhdt e Sta rEest ang 2ok yeBsized abv8880ankaa
for 30 mi nutes and 4000 Pa for 90 mnutes while being

1(urgel w tdormidnigen Jas0g Aliermébj sof tepperature was
rai sed to 270C and pol yneri zation was continued at 70
Pa dudroxly thidiam i vin cared | L7 (0| g caf boriab ©a2dl obeéae nadded and
such a way was transparent w thout coloring and good
qudihia L idiHed mamerodled aye aotenpevatwes ghf 0°C while

being mixed well. While maintaining the liquid
temperature at 0°C, a mixture of 90 g {5 mol) of water
15 and 2000 g of n-butanol was added slowly for 1 hour.
After the addition, the temperature was raised to 80°C
and stirred for 5 hours. The flask was connected to a
rotary evaporator equipped with a wvacuum controller,
vacuum pump and oil bath for heating after cooling down
20 the liquid to room temperature {(about 20°C). The low
boiling point components were distilled by reducing the
pressure to about 25 KPa while maintaining the liquid
temperature at 80°C. When almost all the distillates
came out, the temperature was raised slowly to 230°C and
25 the pressure was reduced further to 1 Pa, and after
confirming that there were no distillate, nitrogen was
added to return toc normal pressure and the temperature

was returned to room temperature (about 20°C) to obtain



‘was 10, 500. Conparative Exanple 4 (Polycarbonate was

obtai ned from 171 di phenyl carbonate produced by the

nmet hod for production in Conparative Exanple 1)

Di phenyl carbonate obtained in Exanple 3: 23.5 g and

bi sphenol A: 22.8 g were putlé@ a vacuum 5 reactor

equi pped with a stirrer and polynerized at 8000 Pa

f oral3outi altesyantl 4a@be Pallovw 90sabnat ésquhidl.e Théisng
purged with nitrogen gas. After this, tenperature was

rai 5E1® DPFOT arbebBFyndri ZBReoReRlst ebnelpmestagnadysis
Pa for 1 hour. Aronmatic polycarbonate 10 obtained in

suCH AW SRyt PR FRe COMBPFhElARdiEhe: nBAbeE, HiePadds O
I i 9, 800. | NDUSTRI AL_APPL| ILITY,
ot Vo L 1B B o kR onohaI Th O, bohd Since

i b d d wih I 15
4304 SHBO0BE SR0DF REOMLCE Mt M8y PhE MRkos)®,.
tr%&ﬁﬁ@&lﬂﬂﬁté&@ Wsds &élﬁgg f?t 5{@@! 2an0rfis the
reactant 1 n the presence o0 a netal -contal ni ng

catd iy s WH | o b Sidd | NG-LL T DY PEOGHEY 8L chhok mixFure

and/ or By- product dialkyl carboriate to the outside o
t hezcit 4 8a0id WuSyStEeMaki &I @RS C[ PRLYFAIBONRLE.  (0Bu) ;]

produced by transesterification conprising diaryl
caradxnatmee irprashsetehy. t he met hod of the present
invention is free fromcoloring and has high quality.
10 172 - CLAN® thiA fildiod floe st hover ngthermonetel e
Ca&&%@?é; and cooling device and reflux condenser were
reattached and the liquid was heated to 80°C while being
stirred. While keeping the liquid temperature at 80°C,
4700 g (50 mol) of distilled and dehydrated phenol was
15 added slowly. After the addition, the liquid was
heated to 180°C and low boiling point components were
evaporated. When there was almost no distillate, the
temperature of the liquid was slowly raised to 230°C to
further remove distillates. The flask was connected to
20 the vacuum controller and vacuum pump, the pressure was
reduced slowly to 1 Pa and distillates were removed.
Then the flask was taken out of the oil bath, cooled to
room temperature (about 20°C) and the inside pressure of
the flask was returned to normal by nitrogen. Solid
25 substance of about 4300 g with red orange coloring was
obtained. This was the catalyst C. The result of

element analysis showed that the composition is C:

64.5%, H: 4.5%, O0: 16.7%, Ti: 14.3%. The catalyst C



whi ch conprises allowng to react a starting nmateri al
sel ected fromthe group consisting of a dialkyl
carbonate represented by the followi ng fornula (1), an
al kyl aryl carbonate represented by the foll ow ng
formula (2) and a mxture thegpof with a reactant

sel ected fromthe group consisting of an aronmatic
nmondeydr bixgd canpoenisr ppessratietoblpet hemb ekLewi Bgntaining
fornmula (3), an alkylaryl carbonate represented by the
f ol PRAFPRY #8dnet aof 2phendl at it xnate dieeeof (PhOY heri-0O-
presence of a nmetal -containing catalyst, with

di st} (PFkp 8FROBY - 35 oAuBa 18| 66MBPBEARd/ or by- pr oduct
d|a carbonat s to the outside of the reaction

sys égh dy E&%%yo r SERMT C aFR Br okt | 2ctdr pohat b

epr esent ed the fO||OMA f or mul g.%S% d/or t he
$0||OMAng f or %.Y%ﬁecﬁﬁ? %%hﬁgn% el sPRERY hg

Ce% con%?&g ng ca%&ﬁaﬂ%é h\gggrfy%l‘e%%lﬁ?n%?‘éﬂ‘t‘sﬁ
4505@5 e a?&da'flcglﬁc?%%’&{? A fhadd apig p?flsehwu&ﬁea
resent I n

reaction system or

durd rchd e eﬁiﬁtﬂ&%h@'ié Q@f%t pm(ﬂﬁon]r@'he top of a
R2,1"OO0O'~-Ar2 O (2) Ar

multi-stage dlstlllatlon column 61 as shown in Fig. 4,
10 which was composed of a pressure control device 68 and
a packed column with 4 m tall and 3 inch internal
diameter packed with Dixon packing (6 mm¢) made of
stainless steel, and the reaction was carried out by
heating with the reboiler (the liquid supply from the
15 1inlet line 62: 4.2 Kg/Hr; composition of the liquid
supply: MPC=about 99% by weight, catalyst C=12.5
mmol/Kg). The temperature at the bottom of the column
was about 195°C, the pressure at the top of the column
was about 30 KPa, the reflux ratio was about 2.1. As
20 the result of the reaction, the liquid containing
diphenyl carbonate, which was the reaction product, was
obtained from the bottom 65 of the continuous multi-
stage distillation column through the outlet 70 of the
column bottom ligquid. The gas distillate from a gas
25 outlet 66 disposed on the top 64 of the column was
condensed by a condenser 67. A part of the condensed
liquid was refluxed, and the rest was removed from an

outlet 69 of the condensed liquid. From this condensed



R3 ,

(6)

the 174
r eaRdEpenate wapeches
sald nmet al - cont ai ni ng cat al

thers

or gani ¢ pol yti
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"-OY0 \Ar3 O (4) (wherein R1, R2 and R3 in the
'fornulas (1) to (4) independently represent an al kyl
group having 1 to 10 carbon atons, an alicyclic group
having 3 to 10 carbon atons or an aral kyl group

having 6 to 10 carbon atons,1ggand Arl, Ar 2 and Ar3

i ndependently represent an aromatic group having 5 to
30 Tagqbba atbypsprodadt R/ Qitdethpl chébbonAts Ovi® oBrabdned.
(wherein Rand Ar in the formulas (5) and (6) are
eacfirometipet diqhidnr&ioved, TR Hhe, LAne278pnddApBeof/1

dﬁﬁps%ﬁ

correspondlng starting naterlal and
o

ﬁdaéboﬁdrﬁget@fcﬂaﬁnG1KG%HéFe|NO
i s a npl ecul ar wei ght

foriehe 3t l%eW%?héauaécbndthe %saéﬂﬁr—;on

n said ,netal -containing catalyst is a titanium

?W?mfncﬁ%%B%ﬂﬁloﬁ The met hod according to Claim
L1t

conggére#%ﬁﬁ %Ognoﬁg%g%T%ti%i?égg%gggﬁgkglconp03|t|on

5. The met hOdAx?&ﬁé){f'é n@a%ﬁo%@ was %‘ﬁ‘ 81 04S w?ls]gegs?

anoxane COI’TpOS Ion C al ns a

device shown in Fig. 2. The device was a continuous

rnulti-stage distillation column which was composed of a

column with 2 inch internal diameter and 1 m tall,

filled with Dixon packing (6 mm¢). Distillation

separation was carried out by feeding the liquid

removed from the aforementioned line 60, continuously

at a rate of about 100 g/Hr, through a line 25 and a

preheater 26, to a continuous multi-stage distillation

column 27 at the location about 0.1 m above the middle

stage.

The heat required for the distillation

separation was supplied by circulating the liquid in

the lower part of the column through a line 34 and a

reboiler 35, and the temperature at the bottom of the

multi-stage distillation column was controlled to be

about 210°C. The bottom liquid was continuously removed

from the bottom of the continuous multi-stage

distillation column 27 through the line 34 to a storage

tank 36.

through

After removing from the top of the column

the line 28, the distillate was liquefied by a

cooler 29 and was removed continuously to a storage

tank 33.

Distillation separation was carried out by



.one al koxy group and/or aryloxy group as an organic
group. 6. The nmethod according to Claim4, wherein
said organic polytitanoxane conposition is obtained
by a polycondensation reaction of at |east one raw
material selected fromthe gsoup consi sting of
tetraal koxytitanium tetrahal otitanium (Ti X4: X bei ng
sel keeding rone G iguid Bryhaok vasanemnvhygdcortdenodsly from
The met hod according to Claim®6, wherein said organic
pol 5% t ArekadRe ampodst i epntsnepualiedtby rate of about
se uent%?IIy or sinultaneousli performng two s

y

t

of :10Y riEpartmeredpad t+ie y3hyand| §ze8eBranaEt 35&3}1:0 the
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multi-stage distillation column was controlled to be
about 230°C. The bottom liquid was continuously removed
from the bottom of the continuous multi-stage
distillation column 39 through the line 46 to a storage
15 tank 48. After being removed from the top of the
column through the line 40, the distillate was
liquefied by a cooler 41 and was removed continuously
to a storage tank 44. To a storage tank 48, white
liguid which was solidified at ambient temperature was
20 continuously removed and this was diphenyl carbonate,
about 100% by weight. The analysis of the liquid
indicated that Ti content was below the detection
limit. No deposit or the like were found in the
distillation column on inspection.
25 Comparative Example 3
Aromatic carbonate was purified as in Example

13 except that the catalyst was changed from the

catalyst C to phencol adduct of phenoxy titanate
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Claim1, wherein said netal-containing catalyst has

vapeit i essdirfodihit 2300C Bb 4ARe ParOFabOVREnk 128, THRite
nmet hod according to any one of Clains1 to 14,

whelriejuni ¢ arttli ctetea s oMl BdDF gd cat ahnibieht teRPerbtue was
proportion of 0.0001 to 30% by wei ght based on the

1G otainteighis Iof semaved aand nghihstes s alliphenghi darbonate,

reactant. 16. The nethod according to any one of

C @hant] 100% by weight. The analysis of the liquid
indicated that Ti was detected at 5 ppm. Inspection of
the inside of the column revealed white deposits on the
wall of the distillation column and the packing.

15 Example 14 (Polycarbonate was obtained from diphenyl
carbonate produced by the method for production in
Example 1)

Diphenyl carbonate obtained in Example 1:
23.5 g and bisphenol A: 22.8 g were put in a vacuum

20 reactor equipped with a stirrer and polymerized at 8000
Pa for 30 minutes and 4000 Pa for 20 minutes while
being purged with nitrogen gas. After this,
temperature was raised to 270°C and polymerization was
continued at 70 Pa for 1 hour. Aromatic polycarbonate

25 obtained in such a way was transparent without coloring
and good quality. The number average molecular weight

was 10, 500.

Comparative Example 4 (Polycarbonate was obtained from



.ta 15, wherein said aromati c hydroxy conpound is
phenol . 17. D phenyl carbonate produced by the nethod
according to Claim16, containing 1 ppmor |less of a
nmetal conponent derived fromsaid netal -containing
catal yst. 18. Pol ycarbonate rpnprising said di phenyl
carbonat e produced by the nethod according to Claim
16,diglosnal niangodn gipen prodiessd dby at het méthodpdaent
derived from said netal-containing catal yst.

10

15

20

production in Comparative Example 1)

Diphenyl carbcnate obtained in Example 3:
23.5 g and bisphenol A: 22.8 g were put in a vacuum
reactor equipped with a stirrer and polymerized at 8000
Pa for 30 minutes and 4000 Pa for 90 minutes while
being purged with nitrogen gas. After this,
temperature was raised to 270°C and polymerization was
continued at 70 Pa for 1 hour. Aromatic polycarbonate
obtained in such a way had red coloring and the number

average molecular weight was 9,800.

INDUSTRIAL APPLICABILITY

According to the present invention, high
purity diaryl carbonate can be produced with a catalyst
easily removed ﬁhen producing aromatic carbonate by an
transesterification of a starting material and a
reactant in the presence of a metal-containing catalyst
while distilling off by-product alcochol and/or by-
product dialkyl carbonate to the outside of the
reaction system. An aromatic polycarbonate produced by
transesterification comprising diaryl carbonate
produced by the method of the present invention is free

from coloring and has high quality.
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CLATIMS

1. A methed for producing an aromatic carbonate,
which comprises allowing to react a starting material
selected from the group consisting of a dialkyl
carbonate represented by the following formula (1), an
alkylaryl carbonate represented by the following
formula (2) and a mixture thereof with a reactant
selected from the group consisting of an aromatic
monochydroxy compound represented by the following
formula (3), an alkylaryl carbonate represented by the
following formula (4) and a mixture thereof in the
presence of a metal-containing catalyst, with
distilling of f by-product alcohols and/or by-product
dialkyl carbonates to the outside of the reaction
system, thereby producing an aromatic carbonate
represented by the following formula (5) and/or the
following formula (6) corresponding to the starting
material and the reactant,

wherein the metal-containing catalyst has a
molecular weight of 450 or more and is dissolved in a
liquid phase in the reaction system or present in the

form of liquid during the reaction,

R1/°\"/°\R1
O

(1)



O QO
R3/’ \\H/’ \\AF
O

(4)

(wherein R!, R? and R® in the formulas (1) to (4)

independently represent an alkyl group having 1 to 10
carbon atoms, an alicyclic group having 3 to 10 carbon
atoms or an aralkyl group having 6 to 10 carbon atoms,
and Ar', Ar? and Ar® independently represent an aromatic

group having 5 to 30 carbon atoms), and

O )
R’/ ‘\JI/’ \\ﬁw

(3)

o 0
Ar”” T “SAr
0

(6)
(wherein R and Ar in the formulas (5) and (6é) are each

selected from R}, R?, R®, Ar!, Ar? and Ar® of the
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corresponding starting material and reactant).
2. The method according to Claim 1, wherein said
metal-containing catalyst is a molecular weight of 480
Oor more.
3. The method according to Claim 1, wherein said
metal-containing catalySt is a titanium containing
compound,
4. The method according to Claim 3, wherein said
organic titanium containing composition is an crganic
polytitanoxane composition.
5. The method according to Claim 4, wherein said
organic polytitanoxane composition contains at least
one alkoxy group and/or aryloxy group as an organic
group. _
6. The method according to Claim 4, wherein said
organic polytitanoxane composition is obtained by a
polycondensation reaction of at least one raw material
selected from the group consisting of
tetraalkoxytitanium, tetrahalotitanium (TiX4: X being
selected from Cl and Br) and titanium hydroxide.
7. The method according to Claim 6, wherein said
organic polytitanoxane composition is obtained by
sequentially or simultanecusly performing two steps of:

1) preparing a partially hydrolyzed product
by partially hydrolyzing tetraalkoxytitanium and

2) distilling off a generated low beiling
point component including alccohol from the partially

hydrolyzed product and subjecting the product to
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polycondensation.
8. The method according to Claim 6, wherein said
organic polytitanoxane composition is obtained by
subjecting tetraalkoxytitanium to heating,
deetherification and polyceondensation.
9. The method according teo Claim 6, wherein said
organic pelytitanoxane composition is obtained by
sequentially or simultaneously performing three steps
of:

1) preparing a partially hydrolyzed product
by partially hydrolyzing tetrahalotitanium,

2) distilling off a low boiling point
component from the partially hydrolyzed product and
subjecting the product to polycondensation and

3) reacting the resultant with alcochel,
removing HX therefrom and alkoxylating the same.

10. The method according to any one of Claims 4
to 8, wherein said polytitancoxane composition is used
as is or after alkoxy group exchange by reacting the
composition with a composition containing at least one
member selected from alcohol, an aromatic hydroxy
compound and carbonic acid ester.

11. The method according to any one of Claims 4
to 10, wherein said titanium containing compound
contains at least two Ti atoms in one molecule.

12. The method according to Claim 11, wherein
said titanium containing compound contains 2 to 6 Ti

atoms in one molecule.
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13. The method according to Claim 11, wherein
said titanium containing compound contains at least one
Ti-0-Ti bond in one molecule.
14. The method according to Claim 1, wherein said
metal-containing catalyst has a vapor pressure at 230°C
of 10 Pa or lower. |
15. The method according to any one of Claims 1
to 14, wherein said metal-containing catalyst is used
in a proportion of 0.0001 to 30% by weight based on the
total weight of said starting material and said
reactant.
16. The methed according to any one of Claims 1
to 15, wherein said aromatic hydroxy compound is
phenol.
17. Diphenyl carbonate produced by the method
according to Claim 16, containing 1 ppm or less of a
metal component derived from said metal~containing
catalyst.
18. Polycarbonate comprising said diphenyl
carbonate produced by the method according to Claim 16,
containing 1 ppm or less of a metal component derived

from said metal-containing catalyst.



