DESCRI PTION Title of Invention: METHOD FOR PRODUCI NG DI ARYL CARBONATE
Techni cal Field [0001] The present invention relates to a nethod for
produci ng diaryl carbonates. Background Art [0002] Di aryl carbonates
are useful as raw materials for the industrial production of polycarbonates
that are engineering plastics. Therefore, techniques for stably producing
di aryl carbonates with high effi ciDeEré(‘t . .Iar;,}eléh{rportant . [0003] A net hod
for subjecting a dial kyl carbonate and ‘an ‘aronmati ¢ nonohydroxy conpound

(for exanple,. a phenal). 1 transegteHfic- ion reaction given by the
follow ng the oIIovr:‘Ln r%or‘#tglro?rlu'la (B),:..n.g this gn Sp to ohtJ na H ;:n

known SSd irn+-hncl fi0Q0H ddrormmycling DIARYL CARBONATE

Technical Field
[0001]
The present invention relates to a method for

producing diaryl carbonates.

Background Art
[0002]

Diaryl carbonates are useful as raw materials for
the industrial production of polycarbcnates that are
engineering plastics. Therefore, technigues for stably
producing diaryl carbonates with high efficiency are
important.

[0003;

A method for subjecting a dialkyl carbonate and an

aromatic monohydroxy compound (for example, a phenol) to

a transesterification reaction given by the following
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the following fommula (1), using this alkylaryl carbonate,

a0 as o obtain 2 diaryl carbonate is known as a method

Lor producing & diaryl carbonate., The f[ormulas (A) and
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(A) [0005] [Formula 2]
branched al i phatic group having 1 to 12 carbon atons,
al i phatic group having 5 to 12 carbon- atons. [0007]

transesterification reaction given by the above formula (A,

However ,

(B) [0006] wherein R represents a |linear or
or an alicyclic

t he

and the

di sproportionation reaction given by the above fornmula (B) are both

equi librium
of the transesterification the {0008]
studs 05 onrEatalystss foS inptttsesterith

R—O\H,O“R
0

(A)
[CO05]

[Formula 2]

RMQYOO
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(B)

[0006]

tions and have a slow reaction rate Particularly,
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a probl em

In view of such orobl. ons,

wherein R represents a linear or branched aliphatic group

having 1 to 12 carbon atoms,
group having 5 to 12 carbon atoms.
[0007]
However,
the above formula (A),

reaction given by the above formula (B} are

or an alicyclic aliphatic

the transesterification reaction given by
and the disproportionation

bhoth

equilibrium reactions and have & slow reaction rate.

Particularly,

> i that o ibrium is b
X T,
1 Tow,
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Iy view of such problems, studies on
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3 reaction given by the above fornmula (A), and the disproportionation
reaction given by the above fornula (B) have been made. [0009] As
such catal ysts, for exanple, titanium conpounds (for exanple, see Patent
Docunment 1 and 2, and Non Patent Docunment 1), organic tin conmpounds (for
exanpl e, see Patent Docunment 3, and Non Patent Docunment 2),

nitrogen- contal nin baS|c COonpo s (far_ ex ., see ent Docunent 4),
and sanari umct 58 eﬁ (?ryre@a v(e eﬁ%‘ﬂ%a&é)ﬁ ﬁ'rﬁﬁﬂ 3) have been
proposed. [QQ er t ds_.f t.i,nu sI 0 ng diaryl
car bonat es ch)l éjcycii?eoernt ¢ nslélt)jEr lporhqoprogsae hj%& \Pen %3]1 Hkh% %Lr?et\yh@o S )dnl[jnﬂ Ude a
conti nuous @noquctd g dethod for separ at| ng a product froma mxture
conpri si ng a cat al yst and the product by distillation and circulating the
distillati omgmesi due including the catal yst conponent into the reaction
step in order to effectively use the catalyst. conponent (tor exanple, see
Pat ent Docunent A5 andh6kathknyihe,centi auaus 1pr,oductinanmnethedurdds i s renol
conponent. for the purpose o f preltthe accurrul at fel of t-NN product, n
fm 1 -11 (#&r exandld,s daoimitdat Davuntentt rlansester idfridcatdropaieact i on

gi ven by the above formula (A), and the di sproportionation reaction given
by the aboveduranil & i(.Bjorgarside reastironiroteurir iskaddid,i ot o the
reaction in which the targeted diaryl carbonate is produced. Exanples of

t he side réactdron Hafeinfdd ad Franes Naartdmgdmeitcuedct i‘on a5l igivesi by t he
following formula (C). In order to separate a salicylate ester produced by
the Fries %a}ﬁﬁ@é}%ﬁta%%é{qwuﬁ% (pﬁﬂﬁ fﬁ%ﬁ% o“‘fe@c Hje“ff?rﬁal t ar get ed

product is essential The is as Jio ZJ [For | a 3]
Document 47, aamaljux compoun 3 or e amp see on

Patent Document 3) have been proposed.
[0010]

Further, methods for continucusly producing diaryl
carbonates have been also proposed. Examples of the
metheds include a continuous production method for
separating a product from a mixture comprising a catalyst
and the product by distillation and circulating the
distillation residue including the catalyst component
into the reaction step in order to effectively use the

catalyst component (fcr example, see Patent Document 5
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and 6). In the continucus production method, it is
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(c) [0013] The separation and purification of the by-product and the
targeted main product may be difficult, and purification techniques for
separating the by-product [0014] huri-het h-when 0 separatjon andon of the by
-produtlJ the main productl1l(R high to -(herd catalyst function may be
decreased by pyrolysis and the like. Technical proposals for nethods for

suppr essi ng sucqéja i%eg((rﬁ%?e tih%t thal st Lf[uarr])%t(,ls g&%ri%c lon(for qnlgqg see

Pat ent Docunent The cat al'yst” us “he Yeactd i ven by

the above forpmyl a5, @%1 ZA}%&@)ldﬁm 0] i &hor diguid, and there are al so
f

reports regardl ng or fee I ng e cat aI yst. [0016] Exanpl es
of -the feed;ngihqds: i neluide,a nethodf of: f&eding i catdlystohaying an al kyl

nmoiety simlar to an alkyl noiety in a dialkyl” carbonate used for a raw

material (fo) exanpl®es tddaniamdetnaal koxigde): (fof examl ey see; Pat ent
Docunent 9). According to the feed nethod, the m xing of the by-product of

an al kyl alioohdlids ihe praoducted riomitHe «catiadryste can herprevent ed. [ 0017]
O her exanpl es include a nethod for continuously feeding a dial kyl
car bonat e, arrarigmatdic tHydrodoe corpound; aadadeat adlyiststo a reactor,
continuously renoving an 11lation c". 1 an alky Li tyl carbon] c::rhc,ns
rearrangement reaction as given by the following formula
{C). In order to separate a salicylate ester produced by
the Fries rearrangement reaction, the purificaticn of the
final targeted product is essential. The formula (C) is
as follows:

(00123

[Formula 3]
OH
OO — OO
T I
(C)
[CC13]
The separation and purification of the by-product

and the targeted main product may be difficult, and

purification technigues for separating the by-product
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IS AT e t £ £ i i Lo bipdd € i it
[00l4]
Further, when The senaration andg purification of the
‘ ; toation of the
by-product and the main product is performed under high
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d mxture the r Oof fromthe reactor (for exanple, Patent Docunent 10), and
a nethod for separating the feed aiii, hydroxy conpound and the feed
position of the catalyst (for exanple, see Patent Docunent 11). According
to these nethods, the precipitation of the catalyst due to operation for a
long tine is suppressed, and cl ogging can be prevented. [0018] The
catal yst used in the reactions given by the ahove fornmulas (A) and (B) is
Goual 1y i et Bt LS W P s e DO ok e it 5

condi tions.,.The catalyst. ha i r Hboilin int .t t..of aromatic
carbonates,l%g%'tﬁggg¥393? %ﬁ% rggﬁ%tg%%bkgﬁﬁog%hﬁéﬁ'%%EF%GQEPgﬁ%tiC

carbonate fom a reactlan. produst, saluti g4y |- decessary, o first remve

a |l ow boiling conponent fromthe reaction product solution and then
separate a giafyle carhonatie. of @ higthibail i ng conponent fromthe catalyst
to purify the diaryl carbonate. It is known that at this tine, the catalyst
may be recomEredh as a high boiling conponent and recycled, and part of the
deactivated conponent may be renoved (for exanple, see Patent Docunent 8).
A nmet hod for separatdang la scataleyisti rhyt hesireg ca icatalgysterhawi nghvea | ow boi i ng
point, own (for st of Prior Art. Dac:umec |.s Pa tent DeE.: Patent
Docunent 1:abJupahese: Rat et and (B) is solid or liguid, and there

are also reports regarding metheds for feeding the

catalyst.

100167

Examples of the feed methods include a method for

feeding a catalyst having an alkyl moiety similar to an

alkyl moiety in a dialkyl carbonate used for a raw

material (for example, titanium tetraalkoxide) (for

example, see Patent Document 9). According to tThe feed

method, the mixing of the by-product of an alkyl alcohol

as by-product from the catalyst can be prevented.

[0017]

Other examples include a method for continucusly

feeding a dialkyl carbonate, an aromatic hydroxy compound,

and a catalyst to a reactor, continuously removing an
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including an alkyvlarvi carbonate, an diavyl carbonate, or
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Fatent Document 107, and a method for separating the f[eed

posivion of the diaikyl carbonate andg the aromabic



Lai d- Open No. 8-259505 Patent Docunent 2: Japanese Patent Lai d-Open No.
2000- 191596 Pat ent
— 6 —

hydroxy ccmpound and the feed position of the catalyst
(for example, see Patent Document 11). According to
these methods, the precipitation of the catalyst due to
cperation for a long time is suppressed, and clogging can
bhe prevented.

[CC18]

The catalyst used in the reactions given by the
above formulas (A) and (B) is usually in a state
dissolved in a reacticn solution under reaction
conditions. The catalyst has a higher boiling point than
that of aromatic carbonates, and therefore, in order to
obtain & high purity aromatic carbonate from a reaction
product sclution, it is necessary to first remove a low
boiling component from the reaction product soclution and
then separate a diaryl carbonate of a high boiling
component from the catalyst to purify the diaryl
carbonate. It is known that at this time, the catalyst
may be reccovered as a high boiling component and recycled,
and part of the deactivated component may be removed (for
example, see Patent Document 8). A method for separating
a catalyst by using a catalyst having a low boiling point,
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Pat ent Lai d- Open No. 9-59224 Patent Docunent 6: Japanese Patent Lai d- Open
No. 9-110805 Patent Docunent 7: Japanese Patent Lai d-Open No. 9-194437
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Problems to be Solved by the Invention
[C021]

However, the decrease in catalyst functiocn is only
determined by a decrease in product concentration by
analyzing the concentration of the alkylaryl carbonate
and the diaryl carbonate that are products, with the
lapse of & fixed operation time. Therefore, due to
fluctuations in operation conditions, and the like, a
decrease in productivity may occur, though the cause is
unclear.

[0022]

The effect of the compound produced by the side
reaction on the catalyst has not been sufficiently
clarified vyet.

[0023]

Further, in the industrial producticn of diaryl
carbonates, the clogging of the reaction apparatus with
the catalyst is a very important probklem. When the
reaction apparatus is clogged with the catalyst, it may
be necessary to completely stop the preduction of the

diaryl carbonate, and perform the overhaul of the reactor,

the distillation columr, the piping, and the like, and
o 9 i i i i e, i ; i ; e NI
The methods Tor feeding the catalyst ac ding to
conventional art described abhove have net led to 2

sufficient solution of such a problem.



Pat ent Docunent 8: Japanese Patent Laid-Open No. 9-169704 Patent Docunent
9: Japanese Patent Laid-Qpen No. 2000- 72721
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Under such circumstances, the demand for the
development of techniques for stably producing diaryl
carbonates with high efficiency over a long time has
increased.

(00247

Accordingly, it is an object of the present
invention to clarify the effect of a produced by-product
on a catalyst in the production of the diaryl carbonate
to provide a method for producing a diaryl carbonate
stably and efficiently in which a decrease in catalyst
functicn is suppressed, and a catalyst is stably fed
without a reaction apparatus being clogged with the

catalyst.

Means for Sclving the Problems
[0025]

In view of the above-described probklems, the present
inventors have diligently studied methods for producing
diaryl carbonates. As a result, it has been clarified
that in a state in which a particular amount of a

particular by-product coexists with a metal-containing

g 1 L PR S S R : JR S
I T A R T oadtalEy LSS S S L RO R R N F5 B N S AV
- i i Ui LG i s i
de e Toin 2 o e e e e e, P A R e e g g gy e ) e S, - oy e A e e
that by using & particular ¢ CMPOSITLON 1N 4 particulary

aten, the clogoing of & reaction apparatus with Lhe
sten, the oloaging of a reaction apparatus with the
catalyst can bhe suppressed. LU has been found that by

controlling the ratio of & particular by-product to the



Pat ent Docunent 10: Japanese Patent Laid-Open No. 6- 157410
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metal atoms of a metal-containing catalyst composition,
and further by using a particular composition in a
particular step, a diaryl carbonate can be stably
produced with high efficiency for a long period, leading
to the completion of the present invention.

[0026]

Specifically, the present invention relates to, for
example, the following.
[0G27]

(1}

A method for producing a diaryl carbonate, using a
metal-containing catalyst composition as a reaction
catalyst, comprising:

a step (1) of subjecting a dialkyl carbonate and an
arcmatic monohydroxy compound to & transesterification
reacticn so as to obtain an alkylaryl carbonate, and
removing an alcohol as by-product from a reaction system;

a step (2) of subjecting the alkylaryl carbonate
obtained in the step (1) to a transesterification or
disproportionation reaction so as to obtain a reaction
nroduct including the diaryl carbonate;

Py [ I A B R I
s 7 SN

into a low boilling component including the diaryl
carponate and a hioh boiling component including the

reaction catalyasi; and



Pat ent Docunent 11: Japanese Patent Laid-Open No. 2004- 307400
Pat ent Docunent
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a step {4) of recycling the high boliling component
separated in the step (3) into the steps (1) and/or (2},
wherein:

the high boiling component separated in the step (3)
includes 70% by mass or less of a component having a
higher boiling point than that of the diaryl carbonate;

the high boiling component separated in the step (3)
includes a compound represented by the formula (1):

[Formula 4]

(1)

wherein Ar' represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, X and Y-O are
located at an ortho position to each other, X represents
a hydroxy group or a substituent given by the formula {2)
or (3), and Y represents hydrogen or a substituent given
by the fermula (3), the formulas {(2) and {(3) being as
follows:

[Formula 5]

0 _SO—R

A

P

fFPormula &1
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12: Japanese Patent aid-Open No. 2003- 238487 Non Patent Docunent Non
Pat ent Docunent 1: Catal ysis Comruni cations, 8 (2007), 358) N55 N35:5L Non
PatV.2;1( cu (:),006), - 8 - Problens itzo-be Solved by the Invention [0021]
However, the decrease in catalyst function is only determ ned by a decrease
in product concentration by analyzing the concentrati on of the al kyl aryl

bonat bonat th t d ith the | f
Fixed opor aliBRCLT S, SISV SIORG e P67 e R T OIS i Gpdt i on
condi tions ?89 thevhhkes @od?Er€9§thna9589“‘3£hvéi¥c{?9}’a CEYpukpouah the

cause is un%
group having 5 to 12 carbon atoms, or an unsubstituted or

substituted aryl group having 6 to 20 carbon atoms; and

the high boiling component recycled in the step (4)
includes compounds given by (1) to (iii):

(i) a compound of the formula (1) where X represents
the fcrmula (2) or {3), and Y represents the formula (3);

{ii) a compound of the formula (1) where X
represents a hydroxy group, and Y represents the formula
(3), and/or a compound of the formula (1) where X
represents the formula (3}, and Y represents hydrogen;

(1ii} a compound of the formula (1) where X
represents a hydroxy group, and Y represents hydrogen;

the compounds of (i} to (iii) satisfying conditions
given by (iv) to (vi), respectively:

(iv) "total moles of the compounds of (i)/moles of
metal atcems" is 0.005 to 20;

(v} "total moles of the compounds of {ii)/moles of

metal atoms" is 0.00% to 4; and

N " : Cog . -y o R S & e
(vi) "meles cof the compound of (iii)/males of metal
¥¥ o
il I i Jokid
The method Tor producing the diaryl carbonate
according to 1], wherein the metal-containing cataloat

compesition is a Uitanium-containing catalyst composition.
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[ 0022] The effect of the conpound produced by the side reaction on the
catal yst has not been sufficiently clarified yet. [0023] Further, in
the industrial production of diaryl canlonates, the clogging of the
reaction apparatus with the catalyst is a very inportant problem Wen the
reaction apparatus is clogged with the catalyst it may be necessary to

conpletely stop 'ﬁrbee np&gﬂg:lu{{ {dln Ogo&psmdd atr}ye é:ﬁ{rgz aéfrkio ntd performthe

over haul of the reactor fe-Cc r-ibed a

hove have nQ&c&Pglﬁ efefg ¥ﬁ@ttﬁpggﬁiﬂnc8£t§yﬁy?8 probl em

Under such C|rcunst§nces enan or t evel opnent of "t echni ques for

stably produgiag gtaé&hp@éq@aﬁt §§ w&bwhss@meé&h@hﬁﬂwg%% 8shengntine
has i ncreased. % Accordingly, it is an object of ﬁe pr esent

i nvention thErh@.dfiIdSy theigtfectapbonrspsogdugedn by produet teniamcatal yst in
the production of the diaryl carbonate to provide a nethod for producing a
di aryl carbosapesstabhy and ef fiacienttynésniwhi chgatdecrease in catal yst
function is suppressed, and a catalyst is stably fed without a reaction
appar at us berngoeyogyediwnt homhes catahysts Meanstéor S0l Ui hgtoh2CPr obl ens
[ 0025] In view of the above-described problens, the present inventors
have dili geny|§ass uda edd ner hodlds floy @@@@u@fnghﬂlaﬁyantamb©ﬁafésﬂlﬁs a
result, it has been clarified that in a state in which a particul ar anount
of a partlcﬁ?%Po%ytb?%duct coexists with a nmetal --contain thatolil poss ft
CO 10 51-1 EE , the (-Jog+-inn ArpDl--)trig with th C ataly sL, can be
stir e S sl as been found that by

The method for producing the diaryl carbonate
according to [3], wherein the titanium constituting the
aryloxytitanium cempositicn is tetravalent.

[5]

The method for producing the diaryl carbonate
according to [3] cor [4], wherein the aryloxytitanium
composition has 1 or more and 4 or less aryloxy groups
per titanium atom.

[6]

The method for producing the diaryl carbonate

according to any of {1] to [5], wherein a reaction

solvent is used in the steps (1) and/or (2}, and

the reaction solvent.

The method lor producing the diary] aarbonat

aceordlng o an Vool I ] j £ Dy W hereain

Uhe compound



the info of - 10 - netal atonms of a netal -containing catal yst conposition,
and further by using a particular conposition in a particular step, a

di aryl carbonate can be stably producedsw-th high efficiency for a |ong
period, leading to the conpletion of the present invention. [0026]
Specifically, the present invention relates to, for exanple, the follow ng.

[0027] [1] re?r?ébﬂﬁégog%fgﬁepf&ﬂH&ngéf)ding% ?g%ggngﬁg,sgféggeg_nﬁtal
contai ning catalyst conposition as a reaction catalyst, conprisrng:

step (1) of ¢ sybi £c8iog aodi abieyducat bonat esandean, ar oat 6, mpohydr oxy
conmpound to a tranSesterification reaction so as to obtain an alkyl aryl
carbonate, angniem®Ving an agcohol as by-product froma reaction system
a step (2) of subjecting the al kylaryl carbonate obtained in the step (1)
to a transestermfiigatjon or di sproportionation reaction so as to obtain a
reaction product including the diaryl carbonate; H (3) of distn L H into
a low oiling conponent. includ.ing Eﬁ@ di ary] carbonate a.ncl a 1in(

coni 000ent including the react]!ystgzan ~ a step (4) of recycling the
hi gh boiling conponent separated in tHfe stéﬁ (3) into the steps (1) and/or
(2), wherein: o

a

(4)

wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar’ represents
an unsubstituted or substituted aryl group having 6 to 20
carbon atoms, and two substituents on Ar® are located at
an ortho position to each other;

[Formula 8]

(5)
wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, R” represents
a linear or branched aliphatic group having 1 to 12
carbon atoms, or an alicyclic aliphatic group having % to

Ly PO, B S JE T T e VT - oo o e e T o
LAriian g chipid P LT 0 S O o T PR TR SOOI B A LAl SN P S B G AR S I

19 ea v o
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fFormula 9]



t he high boiling conponent separated in the step (3) includes 70% by nmass
or less of a conponent having a higher boiling point than that of the

di aryl carbonate; t he hi gh boil-4 ng conponent separated in the step
(3) includes a conmpound represented by the formula (1): [Fornula 4] (1)
wherein Arl represents an unsubstituted or substituted aryl ene group having
6 to 20 car 5 Y-Q are | ocated .at .an ortho sition . to each

ot her, X re‘gggégﬁg a i%yegﬁrr'\tgexsye %r‘("ou‘ilprl ou%’ A bssﬂ“blgﬁ i’teuden t gsi Uvkgs(r%' Jbiyu%%% formul a
(2) or (3), r e - hydr ogen, or . St nt . gLV by the formul a
(3), the fo?ﬁg?%ge(g?égﬁdﬂ%%%eiéng‘?aﬁgf%?f%gmg:%@g?’nﬁ’g& Flemila 61 - 12
- wherein Rl,aep%esentspd bhngar pfe branghed Al iphaldig, group having, 1 to 12
carbon atons, an allcyc?lc al i phatic group having 5 to 12 carbon atons, or
an unsubstitatedoorespbstituted aryl group having 6 to 20 carbon atons; and
the high boiling conponent recycled in the step (4) includes conpounds
given by (i)Féom@iai)d] (i) a compound of the fornula (1) where X
represents the fornmula (2) or (3), and Y represents the formula (3);

(ii) a conpound of the formula (1) whex® X represents a hydroxy group, and
Y represents the formula (3), and/ or ch conpound of the fornula (1) where X
represents the formula (3), and Y. reé}ﬁﬁgnts hydr ogen;

QO

ke

S

O

(7}
wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar and Ar®
each independently represent an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms, and
two substituents on Ar® are located at an ortho position
to each other; and

[Formula 11]

a2 G

whaerain Ar” renreasents an unsuhastituted nr subaetitntod
I “ate , snbvat i tnte
10

srylene group having & to 20 carbon atoms, Ar

O R SRR R | TN

remrescnta an o uriaul ! s E R I A e B VT
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(itii) a conmpound of the fornmula (1) where X represents a hydroxy group, and

Y represents hydrogen; the conmpounds of (i) to (iii) satisfying
conditions given by (iv) to (vi), respécti-vely: (iv) "total noles of
t he conpounds of (i)/noles of netal atons” is 0.005 to 20; (v)
"total nol es of the conmpounds of (ii)/noles of netal atons"™ is 0.005 to 4,
and S ol eé 5)@ tglemgrg) ( | e t.al .. The net hod

: 1 000r Hi no tOT(i n})to#ﬂ% Fr)&et hﬂgg%eo%e@%r o%‘tﬁlﬁ?g(’ godl aryl

carbonat e agerdiang 5%@(—1@&@5&5@ M@lrwt@wnwoamc% ng. &AL al yst
conposition is a titani umcontalining conposition formed of a diaryl

carbonate and ani @yyl Pxyd gt COMPOSI kA OMugandiditantumeanstbhyting the
aryl oxytitani um conposition has a content of 0 1 to 20% by mass based on

100% by massnoftitdes tih4$ahi wenicontai mihg reonpesittdomt [#4] ortho  The met hod

for producing the diaryl carbonate according to [3], wherein the titanium

constituti ngethelanyloxyddct amiluvemw conposition is tetravalent. [5] The

met hod for [)rodum ng the diaryl carbonate according to [3] or [4], wherein

t he aryl oxyt%t ani um corrp05|t| on has 1 or nore and 4 or |ess aryl oxy groups

per titanium atom The net hod for é@r oduci ng the diaryl carbonate
3

according to any6f n[eltjh‘%do fog) prgebrding & eedtitdon se1hsitatis used in the

steps (1) and/or (2 and
ps (1) CCOtdSH "to any of [1] to [7), wherein the high boiling

component. recycled in the step (4} has "total meoles of
the compounds represented by the formula (1)/moles of
metal atoms" from (.005 to 10.

(2]

The method for producing the diaryl carbonate
according te any of [1] to [8], wherein the steps (1)
and/or (2) is performed in the presence of a composition
A comprising the diaryl carbonate, an aryloxytitanium
compositiocn, and a compecund represented by the folleowing
fermulas (X)) and/or (YY), and

the composition A has a ratio of total mcles of the
compounds represented by the following formulas (X) and
(Y} to moles of titanium atoms {(a total of the compounds

oy | e S R R F 5
vepresented by the formulas (¥

- e o R T A R T P |
e roRentac Y A UV SN UATIL UM AUoms g

N A T A o W T |

IFormula 121



o neta theS5Patx,so. | 7 1 The nethod forthe ei 7yl.. _erdmmilte

accordi ngem {61r - 14 - represented by the formula (1) is at |east one
selected froma group of conpounds reprié€sented by the foll ow ng fornul as
(4) to (8): [Fornmula 7] OH AnyO,,,A0 O (4) wherein Ar2 represents an
unsubstituted or substituted aryl ene group havi ng 6 to 20 carbon atons, Ar3

represents g unshbel it ULEH,OLsubshi hULER. ATyl 05 oup Qeﬁgegtﬁiga 20 car bon

at ons, and two substituents on r2 are ocate at an ortho pOSI I'on to each
ot her . [Fora B8 g€S)p having 6 to 20 carbon atoms, Ar?

represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, and two substituents on Ar?!
are located at an ortho position to each other; and

[Formula 13]

(Y}
wherein Ar®’ represents an unsubstituted or substituted

24 25
=% and Ar®’

arylene group having 6 to 20 carbon atoms, Ar
each independently represent an unsubstituted or
substituted aryl group having & to 20 carbon atoms, and
two substituents on Ar®’ are located at an ortho position
to each cther.
[10]
The method for producing the diaryl carbonate
according to any of {1] to [9], further comprising
sampling the high boiling component recycled in the

o AN
stan {4}

ks

b oy R G od L I R R R S S J, T

of coordination to the metal atoms, fTo the sampled high
boiling component at 1 equivalent or more wilh respect o
tltanium atoms therein so as Lo prepare an analysis

sampls, and



wherein Ard represents an unsubstituted or substituted aryiene group having
6 to 20 carbon atons, R2 represents a linear or branched aliphatic group
having 1 to 12 carbon atons, or an all 1gyelic aliphatic group having
.Tormula Ars ' CH (6) 15 wherein Ar5 represents an unsubstituted or
substituted arylene group having 6 to 20 carbon atons, and two hydroxy

groups on Ar5 are |.Qcated at rt.ho pasition to each other; [Fornmula 10]
0 a%al(g/z%ng He %%aqysq(ﬁ)sam\ﬂﬁtézrelon quaél ri'eigr eLseent s an

unsubstitLﬂgghﬁgu§@psii&#§quapygqgg of oup hayi ng. 6 %pJﬁggﬁgg n atoms, Ar7

and Ars each 1’ ndependent represent an unsubstitute ituted aryl
group hayi ng, £ 0y 20-.685.Ron. atons, and two substituents on Ar6 are |ocated
at an ortho position to each other; and [Forrula 11]

(8) wher "mA" r{{.ted

The method for producing the diaryl carbonate
according to any of [1] to [10], further comprising

sampling the high beoiling component recycled in the
step (4),

adding at least one additive to the sampled high
boiling component at 1 equivalent or more with respect to
the metal atems therein so as to prepare an analysis
sample, the additive being selected from the group
consisting of water, polyhydroxy compounds, nitrogen-
containing heterocyclic compounds, sulfur-containing
heterocyclic compounds, fluorine-substituted alcohols,
and fluorine-substituted organic acids, and

analyzing the analysis sample by gas or liquid
chromatography so as to guantify the compounds given by
(i) to {(iii) included in the high boiling component.
(12}

The method for producing the diarvl carbonate
aocovading to DIOD or L1, further comprising
(i} to {111) dincluded in the high bolling component
recyoled in the astep (4) satisfy the conditions of (iv)

to (vi), respaectively,



aryiene group having 6 to 20 {_arban OLons, Ar batal 'ad or ¢ 16 - having 6
to 20 carbon atons, R3 represents a linear or branched aliphatic group
haying 1 to 12 carbon atons, or an alicyckic aliphatic group having 5 to 12
carbon atons, and two substituents on Ar9 are |located at an ortho position
to each other. [8] The nethod for producing the diaryl carbonate

accordi ng to any, .of J. to.[7], mwherein . the high bailin onponent_recycl ed
in the step (4) aﬁ(a{seigt&eal“gt%rﬂ eosi ouatnﬁ“é”ié’&n oﬁ%1 scroéngroéjg]enst Vtﬁ"aynt e

formul a (1)(pplﬁ(z g{i{r)etgéc QI tfcgom(g)]. 005 {p”lp. [ 9] The net hod

for producing t aryl carbonate according to any of [1] to [8], wherein
the steps (yzpnd/or (2) is performed in the presence of a conposition A
conprising the diaryl carbonate, an aryl oxytitanium conposition, and a

conpound r epr esemeeehdihdhe Jroldrawung dorms as () andiems¥ ., and t he
conposition A has a ratio of total noles of the conpounds represented by
t he fol | ow axg:dof i aso (X)y anél {1V )td of ] eswiodrd it arhe .ddallafons (a total
of the compounds ' (Y)/tit 160 OH -MAr22 - 17 - wherein Ar(n. represents
an unsubst i tatechaore subst | tut @ astydenel grioups hayimguitd tioe20: carbon at ons,
Ar 22

by the formula (9):

[Formula 14]

O

(9)
wherein R* represents a linear or branched aliphatic
group having 1 to 12 carbon atoms, or an alicyclic
aliphatic group having 5 to 12 carbon atoms,
the aromatic monohydroxy compound used in the step
(1) is a compound represented by the formula (10):

[Formula 15]

Ar'—OH
(10)
SUNTRURUS & S SR e 4 ey lerd L e
wherein Ar™ represents an unsubstituted or substitured
GryiLogroun having 6 to 20 carbon atoms,

..........

3 compound represented by the formula {11):



represents an unsubstituted or substituted aryl group having 6 to 20 carbon
atons, and two substituents on APl are located at an ortho position to each
other; and [Forrmula 13] (Y) wherein-Ap23-represents an unsubstituted or
substituted arylene group haying 6 to 20 carbon atons, Ar24 and Aris each

i ndependently represent an unsubstituted or substituted aryl group having 6
to 20 carbong&ﬁgf apd two substituents on Ar23 are |ocated at an ortho
position to eac ot het " [ 10] The net hod for producing the diaryl
carbonate according to any of [1] to [9], further conprising sanpling the
hi gh boiling conponent recycled ipsthe (_d.) ,£00cthel 1 high hoilina2 -wnt
at 1 eculvalent or nore with respect. tanf'Um atons therein so as to - 18
- anal yzing the analysis sanple t@ quantify the conpounds given by (i)
to (iii) included in the high boiling Conponent. [11] The met hod for
produci ng the diaryl carbonate accordin% tg any of [1] to [10], further
conpri si ng sanpling the high boili d' bnponent recycled in the step
(4), adding at | east one additive to the sanpled high boiling
conponent athdrefui Valregtrememsr @ iittearespe ¢tratrehtelie afetdlatatcons t her ei n
So as to prepare an analysis sanple, the additive being selected fromthe
group consi%ﬁ@@@;Qﬁvyﬁﬁeg,t®ol%hyﬁﬂ@&w Fompounds, ahi & ¥ ogenl Eont ai ni ng

het er ocycl i c. compounds, sul fur-containing heterocyclic conmpounds,

f1 uori ne- substPidted Gf CohotEY 1 %hd® fTuokd rfer Seibidtd tRited Brgahi ¢ aci ds, and

represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, and

the diaryl carbonate obtained in the step (2) is a
compound represented by the formula (12):

[Formula 17]

Af‘afo\n/o-&"'Af“a

0

(12)

wherein Ar'’ represents an unsubstituted or substituted
aryl group having 6 to 20 carbon atoms.
[14]

The method for preducing the diarvl carbonate

) I [ P T e F O T RIS R B ¢ A
cbl Al LEITIG el o o Wi e oy sy Loyl Lo U i el AN
TS S O 0 A S VO OO0 0L 0 I 1 G A S VR O S S S B WU I L A R

the composition A,
[15]
The methnod fory producing the diaryl carbonate

A LG TG AT T an Vool i i Ad (R ! 14 1y Whiaiialh Fhe peacilon f= A



anal yzing the analysis sanple by gas or liquid chromatography so as to
quantify the conpounds given by (i) to (iii) included in the high boiling
conmponent. [12] The method for producikng-the d-aryl carbonate (ii-;

i ncl udet he high boiling conmponent recycJed in the stethe (senal-)11Fz nf -
19 - after the step of quantifying the conpounds given by (i) to (iii)
according to [10] or ) 3 The pet hod for producing the diaryl

car bonat e atc}&%)r%l'?%stéll%n@&%fkf)l]a’f% Efafzér(?r% r‘é?irf“fhae diH %y car bonat e
used in the ep (1) is a conmpound represented th ormul.a (9): [Fornmul a
LT () e b b e SRR SRS P DR TR havi g

L Lo 12 carbon.pLome, oF A0 alicyclde aliphalc. grou having 8,1, 12 carbon

at ons, the aromatic oXy conpoun din e step is a

conpound r &Rk Bsea £k bymddrer d o5 il g, {20 q d&anmy! & 1els A1 P45, (1 0)
column, a multistage distillation column, a continuous
multistage distillation column, a reactor comprising an
internal support, and a forced circulation reactor.

[16] The method for producing the diaryl carbonate
according to [15], wherein in the step (1), the dialkyl
carbonate and the aromatic monohydroxy compound are
centinuously fed to the reaction apparatus, and

in the step (2) the reactlion product obtained is
continuously removed from the reactlon apparatus.
[17]

The methed for producing the diaryl carbonate
according to any of [1] teo [16], wherein Lhe metal atoms
in the metal-containing catalyst composition in the step

(1) or (2) have a content of 0.0001 to 20% by mass.

(181

The method for producing the diaryl carbonate
according to 113], wherein RY in the formula {3y 1s an
aliphatic alkvl oroup having 1 oto 8 carbon atoms,

The method for producing the diaryl carbonate
according to any of 1] to 2181, whercin the zsteps (1)

and (Z) have a reaction temperature of 150 to 300°C, and

. B T R - B N T AP S L SR SN
G redCtlon Time on ULouD Lo DU N



wherein hr.'. represents n unsubstituted or subs dcd conpound repressrhe
tormula - 20 - [Fornula 16] wherein RS represents a |inear or branched
al i phatic group having 1 to 12 carbon atons, or an alicyclic aliphatic
group having 5 to 12 carbon atonms, and Aru represents an unsubstituted or
substituted aryl group having 6 to 20 carbon atons, and the diaryl

car bonat e ﬁﬁégined inthe step (2) is a conpound represented by the fornul a
(12): [For a 17] (12) wherein Arl3 represents an unsubstituted or

DSt e o Y WA aN e &R0 R0 AT LAt et Tor
according to any of [1! to [19], wherein the distillation
in the step (3) is performed by a distillation column,

the distillation column has a temperature of 150 to
300°C at the column bottom, and

the distillation column provides a residence time of
0.02 to 100 hr at the column bottom.

[21]

The method for producing the diaryl carbonate
according to [3) or [4], wherein the aryloxytitanium
composition is phenoxytitanium,

[22]

The method for producing the diaryl carbonate

according to any of [1] to {21}, wherein the diaryl

carbonate is diphenyl carbonate.

Advantages of the Invention
[0028]

With the method for producing the diaryl carbonate

o o] e . e oy e T S T - T P L S S S
according to the present invention, the diarvl carbonate
LU e R A o VL A W0 A O N e T I N Pl ot RN REN] LIe wia o v I !

= Vi

Briaf Descrintion of the Drawinags
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the steps (1) and (2) are perfornmed using a reaction apparatus conpri sing
at | east one selected fromthe group consisting of an agitation tank, an
agitation tank with multistage inpell-egs, ~a packed colum, a distillation
columm, a nultistage distillation colum, a continuous nultistage
distillation colum, a reactor conprising an internal support, and a forced
circul ation reagter. [ 161, The nethod  for fl)gmgﬁgrgg&};g;dqia (Yl ¢arbonate

according to [15], wherein in the step ( I""carbonate and the

aromati ¢ MARNYArG oL ARE- G iApousld  ed, L Q. 4he, eaction

apparatus, and in the step (2) the reaction product ‘obtained is

cont i nuouslohd emmved framdhenieact iR appanat Ussrddrite in e nethod for
produci ng the diaryl carbonate according to any of [1] to [16], wherein the

nmet al at ongrasdarhe ewetcal ingont;ai ni ng catal yst conposition in the step (1) or
(2) have a content of 0.0001 to 20% by mass [18] The nethod for producing
t he diaryl carboénéatezactordi ngstoent8lic wheregnrR4 ion thegframmalfa (9) is an
a] MahaL The net hod geecrding to any grMS], 3[12rein the steps and (2) have
a react don TEnmserdtisy edf t180 My BEOG,cramdbra® «0.W06 far 5Gihtyging @2 - [ 20]
The nethod for producing the diaryl carbonate according to any of [1] to

[19], wher &ilY? 1 NGISsthian &G HésstBp (v3) da serater ed Wie a

distillation colum, ,
present embodiment; and

FIG. 3 shows a schematic configuration diagram of
cne example of the production apparatus for carrying out
the methed for producing the diaryl carbonate in the

present embodiment.

Mode for Carrying Out the Invention
[0030]

The best mode for carrying ocut the present invention
(hereinafter referred to as "the present emboediment™)
will be described in detail below. The present invention
is not limited to the following embodiment.. Various
modifications can be made to the present invention

without departing from the spirit thereof.

OIS 2 A T L D S W VP R R e L S R R o R W N T O
relationship shown in the drawings, unless otherwise
.

specified. TFurther, the dimensional ratio in the

drawings is net limited to the ratioc shown.

Fooany



the distillation colum has a tenperature of 150 to 300C at the colum
bottom and the distillation colum provides a residence tine of 0.02
to 100 hr at the columm bottom [21]- 24 - The method for producing the

di aryl carbonate according to [3] or [4], wherein the aryloxytitanium
conposition is phenoxyti tanium [22] The rret hod for producing the

di aryl car Hiof - Jd)e ot wherein the diaryl
carbonate is ﬁﬁ phe;&iqr HZ%%%I?%&% a?Inlt é@e@ or'f2 ehe | nvention [ 0028]
Wth the met hodaf geiheadycing bhe dhar ¥l searhonake aaeerdh 0000 it present

i nvention, the diary. carbonate J; 3i finthe. pro. FIG 1

shows a SCf’th’r&:tHél;ﬁ@ﬁérﬁur@{bnﬁln@rﬂgh%n@fm&ﬂﬁxﬁxﬁmﬂ &a‘u@rp;{ocfiuctlon ,
apparatus for carrying out the nmethod for producing the diar carbonate in

t he presentdiemhddicemicnate, udfiG &2 nshews cvrachienatd @mfygur ation

di agram of one exanple of the production apparatus for carrying out the
met hod for qrgduditigt ke di aradctdarbaretsd viat t hengresenty enbodigrent);, and
FIG 3 shows a schematic configuration diagramof one exanple of the
product i on Oéprﬁaﬁéjt%lﬁm acatirling ouwtrtdre bretaied frora preduci ng t he di aryl

carbonate in the (Jor esent enbodi ment. Mdde for Carrying Qut the |Invention
monohydroxy compound to a transesterificdation reaction so

as to obtain an alkylaryl carbonate, and removing an
alcohol as by-product from the reaction system; a step
(2) of subjecting the alkylaryl carbonate obtained in the
step (1) to a transesterification or disproportionation
reaction so as to obtain a reaction product including the
diaryl carbonate; a step (3) of distilling the reaction
product obtained in the step {(2) to separate the reaction
product into a low boiling component including the diaryl
carbonate and a high boiling component including the
reaction catalyst (hereinafter also described as a "high
boiling component™); and a step (4) of recycling the high
boiling component separated in the step (3) into the
above steps (1) and/or (2}, wherein the high boiling

component separated in the above step (3) includes 70% by

Yry oy on o oD oo e
LR R TR SRR O S s S

caompanent separated in the above sten (3) inoludes a
compound represented by the formulta (1)
[0032]

HER SRV [ T
Hrormula 18]



[ 0030] The best node for carrying out the present invention
(hereinafter referred to as "the present enbodinment”) will be described in
detail below. The present invention iszpot- limted to the follow ng

enbodi nent. Various nodifications can be nade to the present invention

Wi t hout departing fromthe spirit thereof. the drawings, selig in; hip
shown in i he specified, Forththe drawing: is not |.imted to thc.

Lngsni ess oth&WiY¥se ILOrat. io in theo shown, a - 24 <Method for
Produci ng Diggryl Car bonat e> A nmet hod for producing a diaryl carbonate
according to tge present enbodinent is a nethod for producing a diaryl
carbonate, usifg a nmetal-containing catal yst conposition as a reaction
catal yst, conprising a step (1) of subjecting a dialkyl carbonate and an
aromat i ¢ nmoalRAr oxy conpound to a transesterification reaction so as to
obtain an al kyl aryl carbonate, and renoving an al cohol as by-product from
t he reacti othesystremir'arsbepse(2)y ah subjueetingtithe oal kybatyl ¢arbonat e
obtained in the step (1) to a transesterification or disproportionation
reacti on s@ms are aptaim revieactd dro @oductbdmead tuding %t hendiarylaear bonat e;
a step (3) of distilling the reaction product obtained in the step (2) to
separ at e t HeGeddct izon r cdidto inwtse td drok baiddihg tidonponenteinctardihg t he

di aryl carbonate and a hi gh boiling component including the reaction

catal yst (HRerBiTarterd A 8o escribed lddiept Klighebdiv ity donponent #3); and a
step (4) of recycling, the high boiling conponent separated in the step (3)
into the aﬁ)d'ﬁve(%ﬁt’e %( 1) o) NS Theét High BidilatHg ETotfpbnent

separated in the ove .ste i | udes 70% by, .|.01111i n.t he abov-
COF\)/PO-ILI 0s639’ ttheo g’%er u;lléa ( ):, Q%e qﬁ%rmu. a?s y(zl') andl PE) being as
follows:
10034

[Formula 19}

-——O\WI/,OH—"R1
O
(2)
[0035)
[Formula 2Z0)
\\“/,O““R1
¢
Y
/'\. H 2
wharein RY represents a linear or bhranched aliphatic
group having 1 to 17 carbon atoms, an alicyclic aliphatic

group having b to 17 carbon atoms, or an unsubstituted or

sulstitulted a Y i RO Dav iy o O 2 O carnon atoms FEE= R L]



(1) [0033] wherei
group haying 6 to

n Arl represents an unsubstituted or substituted aryl ene
20 carbon atons, X and Y-0 are |ocated at an ortho

position to each other, X represents-azhydroxy group or a substituent given

by the formula (2)
by the formula (3),

or (3) and Y represents hydrogen or a substituent given
t he fornulas (2) and (3) being as follows: [0034]

[ Formul a 19] [OQ%%]g ﬁ%r %%]CompongnhS{%CMR%gg!i%r%he gb%%% J.no, carbon

atow O haV]2 ca'r

step (4

uns

} includes compounds given by {i) te {(iii):

(i) a compound of the formula (1) where X represents

the formula (2) or (3), and Y represents the formula (3);

(ii) a compound of the formula (1) where X

represe
(3), an

represe

nts a hydroxy group, and Y represents the formula
d/or a compound of the formula (1) where X

nts the formula (3), and Y represents hydrogen;

(iii) a compound of the formula (1) where X

represe

nts a hydroxy group, and Y represents hydrogen;

the compounds of (1} to (iii) satisfying conditions

given b

y {iv) te (vi), respectively:

(iv) "the total moles of the compounds of (i)/the

moles o

f metal atoms" is 0.005 to 20;

(v} "the total moles of the compounds of (ii)/the

moles o

f metal atoms" is 0.005 to 4; and

(vi) "the moles of the compound of (iii)/the moles

of meta

[0037]

1 atoms" is less than 2.

The above steps (1) to step {4) will be described in

detail

v
R

below.

The step (1} is the step of subjecting the dialkyl

CATHONS

Lranses

te and the arcomatic monohvodroyy ocomooond o e

terificatlion reaction so as to obtain an alkylaryl

S IR AP0 I AR S ol IO I 1 S W R O D f.,,J}J‘f_f' iooan YD OaQucol DIom



- 26 t he high boiling conponent recycled in the above step (4)

i ncl udes conpounds given by (i) to (iii): (i) a conmpound of the
formula (1) where X represents the fermiala (2) or (3), and Y represents the
formula (3); (ii) a conpound of the formula (1) where X represents a

hydroxy group, and Y represents the fornmula (3), and/or a conpound of the

formila (Tcshers, X aprasaiys. il SLOWLactaly capd crhepcesety hudrogen:

(iii) a conmpound of t represents a group, and

Y represents hydrnogeformed te Lqmc‘g dfi )z b Ad c)nv%aatt e))@ L al

conditions given by (iv) to (vi), respectively: [
nol es of thexonpaundsefy (i)/the noles of netal atons” is 0.005 to 20;
(v) "the total noles of the conpounds of (ii)/the noles of nmetal atoms" is
0.005 to 4;[cauh] (vi) "the noles of the conpound of (iii)/the noles
of netal atons" is less than 2. [0037] The above steps (1) to step
(4) will belldesidnilbednovrdetedi | below. rim The s ep (1) rlsnie and she an
Y) Hri nOnssh. conpound a trans a tel.11 1: (212 c tic-in Sc:' as toa ri. a
i kylaryi 'a 'Jewhe dialkyl carbonate used in the above step (1) is
preferably a compcound represented by the formula (9):
(00407

[Formula 21]

0

(9)
[0041]
wherein R represents a linear or branched aliphatic
group having 1 to 12 carbon atoms, or an alicyclic
aliphatic group having 5 to 12 carbon atoms. The above
R is more preferably an aliphatic alkyl group having 1
Lo 8 carbon atoms,
[0042]

Examples of the above dialky! carbonate include

R il P 1 3 b} o, )
[ i ; [ VoA L ] L.t
/ ; 1. R W
L ' 5y
carbonate {isomers), dipentyl cavrbonate (isomers),
dihexyl carbonate (isomers), diheptyl carbonate (isomervs),

dicetyl carbonate (isomers), dinonyl carbonate {isomers),



the reaction system The transesteritication reaction is usually performnmed
in the presence of a reaction catal yst described |ater. [0039] (D al kyl
Car bonat e) The di al kyl carbonate psed in the above step (1) is
preferably a compound represented by the fornmula (9): [0040] [Fornula 21]
0 (9) [0041] wherein R4 represents a linear or branched aliphatic group

having 1 Lo iRcarhon aiamm, aran Al cyelde aliahal ¢ group having © to 12

carbon at ons. ove nor e preéefera n al‘iphatic a gr oup

having 1 tqjj)%é%ﬁ%{}f%%S bd0042] %@L%lghéﬁiiwﬁkfg%L?I car bonat e

i ncl ude ca | UC. . L51f1 ca o Li" soner exv]
caxbnt. (i solglh43) J. bnlionate Ks Onel asccty.l. carhonat:e (isocoat c's ne
rs )

Particularly, as the above dialkyl carbonate, a

dialkyl carbonate of the above formula (9) where R*
represents a linear or branched aliphatic group having 1
to 6 carbon atoms 1s preferred. Specific examples of
such a dialkyl carbonate include dimethyl carbonate,
diethyl carbonate, dipropyl carbonate (iscmers),
dibuftenyl carbonate (isomers), dibultyl carbonate
{isomers), dipentyl carbonate (isomers), and dihexyl
carbonate {(isomers),

[0044]

Such a dialkyl carbonalte is easily separated from
the diaryl carbonate by distillation and is preferred
from a practical perspective.

{(Aromatic Monchydroxy Compound)
[0045]

The aromatic monchydroxy compound used in the above

step (1) is preferably a compound represented by the

formula (10):
AW
P O
Ao
{1 &)

COOV AT
LR }



- 28 - didecyl carbonate (isomers), dicyclopentyl carbonate, dicyclohexyl
carbonate, and dicycl oheptyl carbonate. [0043] Particularly, as the
above di al kyl carbonate, a dial kyl carbenate of the above formula (9) where
R4 represents a linear or branched aliphatic group having 1 to 6 carbon
atons is preferred. Specific exanples of such a dial kyl carbonate include

di met hyl cqhgﬁﬂggeqh?pe%%é¥%§gﬁggggﬁ;FDQEQ%QE¥|tg?fggngﬁgiﬁigﬁEE%S),

di but enyl carbonate (i so carbonate (i sSoners tyl

car bonat e (égyyngga%§)g%g?ﬁ§?qgmhjqgj39¥gg5%(%ﬁy%g$fs). [ 0044] Such a

di al kyl carbonate | separate rom-t aryl carbonate by
distillatiomp@gh is preferred froma practical perspective. (Aromatic
Monohydr oxy Conpound) [ 0045] The aromati ¢ nmonohydroxy conpound used in

the above step Ekhnips pr effermabdl yi @ conmpaung represent edy by Adheudorgul a
(10): Ar -OH - 29 - wherein Aril represents an unsubstituted or

substi t ut edbraantl group hend nga 6l dos 200 loardiomat aysouD048]ch as  Exanpl es
of Aril in the above forrmula (10) include a phenyl group and vari ous

al kyl phenylplgrroups,tsuch assqhemyl, tolyl (isomers), teylndtiysonmeng),
trimet hyl phenyl (isonmers), tetranethyl phenyl (isoners), ethyl phenyl

(i soners), propydphenyletiaorers)nhdauwty| phenyd s (i soners)phatiet hyl phenyl
(i soners), nethylethyl phenyl (isomers), pentyl phenyl (isonmers), hexyl phenyl
(i soners), &ntPesictlohexMpheiAn i soEe s hark Wust ) Koxy phietite gt oups,

(i Somers) - Uty BUG TR endi €t fHon 1= grode:y SUEH gs 1iutopnenyl
(i somers), chlorophenyl (isoners), .bro henyl (isoners),
chIorp(netrﬁﬁ3ﬁﬁ%§%ﬁr*8is@ﬁgﬁgwfsdnJmaﬂﬁ 5”8%%e&?70T?%§ werdj¢ and vari ous
Sabstitut ed: RORIN. IRHAR O VbR e JAr Bl LA08)pd G301, Lgraml a 23]
such as methoxyphenyl {isomers), ethoxyphenyl (isomers),
and butoxyphenyl (isomers); various halogenated phenyl
groups, such as fluorophenyl (isomers), chlorophenyl
(isomers), bromophenyl (isomers), chloro{methyl)phenyl
{isomers), and dichlorophenyl (isomers); and various
substituted phenyl groups given by the formula (1Ca):
[0049]

[Formula 23]

— “~
\( _\/‘fw&w%ﬁ%w

p\%_ﬂlw’ '-\‘_\‘\(v ’ﬁ/‘};}n
i al
L0050
wherein B represents any divaltent groun selected from the
group consisting of a single bond, -0-, ~85-, -C0-, ~50,-,

oy o N e F T TR R | P e e, T
chil bRy aene GrUoupy Gand a0 DU L UL SO ol KN Lalie ol AL ern



wherein A repre nts av9,ent group sef.mthe sting of a single bond, - 30 -
by the follow ng fornula (10a-1), and a cycl oal kyl ene group given by t he
following formula (10a-2). [0051] -~ 30The aromatic ring in the formula
(10a) may be substituted by a substituent, such as a | ower al kyl group
having 1 to 12 carbon atons, a | ower alkoxy group having 1 to 12 carbon

t t
cyano groun” The 1T G *b{d%%{% Pl i & P R PR 0s9)
[Formul'a 24], &g, RIRTmRe dn0 @om;wammoaaa whergin 6, R, R, and RO

are each i ndependently any sel ected fron1the group consi sting of a hydrogen
atom a | oweyowd kyl group having 1 to 12 carbon atons, a cycl oai kyl group,
an aryl group, and an aral kyl group, and may be substi t ut ed by a hal ogen
atom or an al koxyhegraoupiatfiFonrmiea i25fthe formula (10a) may be

substituted by a substituent, such as a lower alkyl group
having 1 to 12 carbon atoms, a lower alkoxy group having
1 to 12 carkon atoms, an ester group, a hydroxy group, a
nitro group, a halogen, or a cyanc group. The feormulas
(10a-1) and {(10a-2) are as follows:

[0052]

[Formula 24]

RS R¢ RS

| |

. IR
(10a—1)

[0053]

wherein R®, R’, R%®, and R’ are each independently any
selected from the group consisting of a hydrogen atom, a
lower alkyl group having 1 to 12 carbon atoms, a
cycloalkyl group, an aryl group, and an aralkyl group,

and may be substituted by a halogen atom or an alkoxy

{1 0a—2)



- 1 - [0055] wherein k is an integer of 3 to 11, and the hydrogen atomin
-CH2- may be substituted by a | ower al kyl group having to 12 carbon
atons, an aryl group, a halogen atom- @ the |ike. [0056] Exanpl es of
Aril in the above fornmula (10) include a naphthyl group and vari ous
substituted naphthyl groups, such as naphthyl (isoners), nethyl naphthyl
(isoners), f%@g .napht hyl (isoners), chloronaphthyl (isoners),

met hoxynaph |soners) and cyanonapht hyl (isomers); and various

substltutedw@@gey@syb§glggt . g@gr@ aﬁop@ti £ o &p§hest§r Ryr%ghne

(i somers), counaryl (isomers), U|no (i sonkers I soners),

chl oropyri dyh (mpnwa%),bermgmétqw@dﬂbwasqw&),alm dl)/[:! gy ol yl

(isomers). [0057] Exanpl es of the dromatic nonohydroxy conmpound gi ven
by the above feormul @ {d®) inshudesphenpl ngy@ﬁw oyshal kybphgnehs, cguch as,

cresol (isonmers), xylenol (isonero), trimethyl phonol (iso
et et r anet hyiiphenoke . net hyl et hyl phepol h\ 7 )",. (T, ThVi di phen. 01 (isone.
)nete, hutyl phenol (isonmer”™. peaty 1' aers), hexylphrieol ri SWlerc-)and -
0056]
Examples of Ar'' in the above formula (10) include a
naphthyl group and varicus substituted naphthyl groups,
such as naphthyl {isomers), methylnaphthyl (isomers),
dimethylnaphthyl {isomers), chloronaphthyl (isomers),
methoxynaphthyl (iscmers), and cyanonaphthyl (isomers);
and various substituted and unsubstituted hetero aromatic
groups, such as pyridine (isomers), coumaryl (isomers),
guineclyl {(isomers), methylpyridyl {isomers),
chloropyridyl (isomers), methylcoumaryl (isomers), and
methylguinolyl (isomers).
[0057]
Examples of the aromatic monchydroxy compound given
by the above formula (10) include phenols, various

alkylphenols, such as, cresol (isomers), xylenol

(isomers), trimethylphenol (isomers), tetramethylphenol

{ (IR RO S S SO TP A | Do ey v e b ST AT Tishres ey D3 tmes v )
[ LS S Lo iy A fitli il oA mlATnel Do o, SRRV T R TS b Rk B R S VoL UAE L I i
i . SG PE T B O T G R OO G P A 1 M N
wé 1 Y ey b £ e e Y e T I T vy ey e { Lo e o
methylethylphenol {isomers), methvilpropylphenc]l {(isomers),

dipropyiphenol [isomers), methylibutylipheneol (isomers),
I8 Y ] 4 Sy TIes T e b 7 } 1l 1oy o< =11y ¢
paent y heno. Losomers), =(%§ ;a(mui Lsomers), ana

e R YO SOV N SRS IR T
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as net hoxyphenoi (isoners) and et hoxyphenol (isoners); and various
substituted phenols represented by the fornula (10-1): [0058] [Formula 26]
[ 0059] A and the aromatic ring- 8t he above formula (10-1) have the
sanme neaning as in the fornmula (10a). [0060] For exanpl e, napht hol
(i soners) and various substituted naphthols and hetero aromatic

onohydr oxy, SORPOHDASenSHED 8. HYDEOVBYKT dLps, Ll sotErS)  hydrexycoumrin

(i somers), and gui nol i ne |soners are 0 used as't fomatic
nvnohydroxyaﬁ@npgyﬂgugly@Bsbyt&b@daaﬁaﬁo{QVPyﬁéeééQ%ed[Qg6ékeThe above aro

alic nmono hydroxv conocund is havl0 -am 1 [ 00621 aicn
RcactionT for@dla (10-1):
[0058]

[Formula 26]

[0059]

A and the aromatic ring in the above formula (10-1)
have the same meaning as in the formula (10a).
[0060]

For example, naphthol (iscmers) and various
substituted naphthols; and hetero aromatic monohydroxy
compounds, such as hydroxypyridine (iscmers),
hydroxycoumarin (isomers), and hydroxyquincline {isomers)
are also used as the aromatic monohydroxy compound given
by the above formula (10).

[CCob1]

The above aromatic monchydroxy compound is

having &6 to 10 carbon atoms, particulariy preferably a

phenaol

Qo6
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A transesterification reaction as given by the following fornmula (a) is
performed using the above-described di al kyl carbonate and aronmatic
nonohydr oxy conpound, in the presence a&f3 t-he reaction catal yst described
| ater, and the al kylaryl carbonate can be obtained. The fornula (a) is as
follows: [0063] [Fornmula 27] (a) [0064] wherein R represents an al kyl

group, and Ar represe e_§staé}diai:’iyéattﬁdro%uprea[&opo@l ;%%d&yxje%{yt! %%Onat e) The

al kyl aryl carbonate obtal ne n e above step S pr@?era |y a conpound
represent ede by  thend o grh@ 4 1) iQOQ@}f&rmed using the above-

described dialkyl carbonate and aromatic monchydroxy

compound, in the presence of the reaction catalyst

described later, and the alkylaryl carbonate can be

obtained. The formula (a) is as follows:

[0063]

[Formula 27]

R—O._ _O—R R—0.,  _O—Ar
+ Ar~QH gl +  R—OH
T T
(a)
10064

wherein R represents an alkyl group, and Ar represents an
aryl group.
[0065]
{Alkyviaryl Carbonate)

The alkylaryl carbonate obtained in the above step
(1) is preferably a compound represented by the formula
{(115):
[0066]

7y 1o Tyl
[ MRS B A0 A Ay A SLowd

[ooe?d



-- 34 - wherein RS represents a |linear or branched aliphatic group having 1
to 12 carbon atons, or an alicyclic aliphatic group having 5 to 12 carbon
atonms, and Arl2 represents an unsubsti tuted or substituted aryl group
having 6 to 20 carbon atons. [0068] R5 and Arl2 correspond to R4 in

t he above-descri bed dial kyl carbonate and Aril in the above-descri bed
aromati c no Xy .Jes tivel 6 - pl es of the

al kyl aryl c@? %%%?eyagigesggitéh%hgg%%%ﬁu:ﬁuég%%éﬂ%ﬂ ﬁﬁﬂﬁ%ﬁﬁ%%rbonate,

ethyl phenyl, gas bopnat gy pr@@yizp@ﬂ%ﬁ@{&%ﬁ&(gﬁozgrﬁ{é%@lpgtyl phenyl
carbonate (isoners), pentyl phenyl carbonate (i1soners), hexyl phenyl

carbonate (ispsis)e Qephy!nphenylscasbonate-fbsogeasy, £c4Yyh-phenyl
carbonate (isoners), octyl tolyi carbonate (isoners), nonyl (ethyl phenyl)

carbonat e (rspress)i:s decyhn$butyl pheayl )r canbonat et i SORRI S)ronet hyl tolyi
carbonate (isoners), ethyl tolyl carbonate (isoners), propyl tolyi
carbonate (hsoneys),tbutylciobyn cashonate (isoners), allyi tolyi 111
(chl or40) carbonate (isonp (I'somPrh-41, methvi (met box bonmr-bonate (
oners), nethyPo&k(isonmer , neLhyl - 35 - (isoners), nethyl

(benzoyl phenyl) carbonate, (isoners), and ethyl xylyi carbonate (isoners).

[ 0070] Among 2tHedé  al I ACTEarBodat é8, takkybaryl deartdirades of the
above fornula_{%%i where R5 represents an_al kyl group having 1 to 6 carbon
atoms, suchiad hyR EPethyE , S opy GPséﬁﬁr§¥PVBU@§§C(F§8ﬁers), pent yl

aromatic monchydroxy compound, respectively.
[00609]

Examples of the alkylaryl carbonate as described
above include methyl phenyl carbonate, ethyl phenyl
carbonate, propyl phenyl carbonate (isomers), butyl
phenyl carbonate {(isomers}, pentyl phenyl carbonate
{isomers), hexyl phenyl carbonate (isomers), heptyl
phenyl carbonate (isomers), octyl phenyl carbonate
(iscmers), octyl tolyl carbonate {isomers), nonyl
(ethylphenyl) carbonate (isomers), decyl (butylphenyl)
carbenate (isomers), methyl telyl carbonate (isomers),
ethyl telyl carbonate (isomers), propyl tolyl carbonate

(isomers), butyl tolyl carbonate {isomers), allyl tolyl

{isomers), mathyl wvlyvl carbonate [isomers)
1 1 Y- T4 o
s v ; ;
{chlorophenyl) carbonate {isomers), methyl {(nitrophenyl)

carbonate (isomers), methv] {(methoxvohenvl) carbonate
{isomers), methyl cumyl carbonate {(isomers), methyl

STYUY ] j AT }' G aTe { Lnomers; . @ th Voo O S VoL Carinona iy



(isomers), or hexyl (isomers), and Ark- represents an aromatic group having
6 to 10 carbon atons are preferred. [0071] The netal atons in the
above netal -containing catal yst conpesiii en in the above step (1)
preferably have a content of 0.0001 to 20% by mass, nore preferably 0.001
to 15% by mass, and further preferably 0.01 to 10% by nass. Wen the netal
atoms in the; ahove, Metalccont Aol agy cahalyst composiiion: baye 8 content in

t he above range, e flowability o e conposition tends to ood. In

the present ;eabegifenky1the-content of s thg-petal atoms in the
met al - cont ai ni ng catal yst conposition can be obtained by a nethod descri bed

i n Exanpl es[dear; abed | ater, preferably 150 to 300(11, noreeteral60 to
230C, y 180 tn 250CThe rn pressure as By 0, 1 t2.0 x 101 Pa, nore ce it ra
b - 36 - to 5. morkPSHRese Hiskywleactli amdbaratiess preefieriabdyl 0. 05 to 50 hr
nore preferably 0.1 to 35 hr, and further preferably 0.2 to 25 hr. [0073]
Such reactionrcondi¢s ons ane preferfednihat efhb ofierne cOhtreglraferrteact i on
conditions in industrial production. [0074] [Step (2)] The step (2) is
the step ofaublectiwgethehalkyd at yiocarponate obvabneduch ahemethyl,
above-described step (1) to a transesterification or disproportionation
reaction so®adyto BHPRY h &' FEERET bn Prbduct l#@EE L ngPeheydi aryl car bonat e.
The transesterification reactjon is a reaction as given by the follow ng
fornul a (a'ﬁ%sgﬁeﬁ%¥tho¥h%e%%%vél%?@?¥%¥yla%%r%%na7§p§ﬁae¥ﬁ§ df'omati c
nonohydr oxy_ conmpound further react with. each other so as to produce the

G ary] car Boh T RCHnG S RIS b« P @l Tr ekt one reBRl FORST s

usual |y per(@@ﬁﬁp in the presence of the reaction catal yst described | ater,
as in the transesterification reaction in the above-described step (1). The

formula (a') ism@s iRddOWsicofs QR the above metal-containing
catalyst compesition in the above step (1) preferably
have a content of 0.0001 to 20% by mass, more preferably
0.001 to 15% by mass, and further preferably 0.01 to 10%
by mass. When the metal atoms in the above metal-
containing catalyst composition have a content in the
above range, the flowability of the composition tends Lo
be geood. In the present embodiment, the content of the
metal atoms in the metal-containing catalyst composition
can be obtained by a method described in Examples
described later.

roore]

B P S FEE I

proferanly 150 to 200°C, more preferably 160 ©o 270°%C,

and Turther prafervabply 180 o Z250°% . The rasaction
pressure is preferably 0.1 to 2.0 x 107 Pa, more
preferably 0.5 to 1.0 » 107 Pa, and further preferably



TheSIC react:ix)as fl 1114y perfornmed in the presence of the reaction
catal yst described later. The fornmula (b) is as follows: [0075] [Fornula
30] At--0....e0 8 R0 0 -R (b) [0076]zanherein R represents an al kyl
group, and Ar represents an aryl group. The al cohol as by-product by
t he reactions given by the above fornulas (a) and/or (a') may be recovered

for recycll ? fera@h used _for the synthesis og th ilalkl
car bonat e. |ph “car %a?gaF§l8Bt i-fed Byp595869 ﬁylén P Efown
met hod. M‘ tr%f@ ;ﬁie%é‘ﬁaﬁifeﬁtivﬁo‘l% of, %ﬁdc qpoyogds, it is

preferred that the atic carbonate produced e reaction given by
t he above fﬁf@pé§a$p} @Sgrggoygr@p for recycling, recircul ated, and used

agai n for e reaction given by the above fornttia (a).
[CO73]

Such reaction conditions are preferred in terms of a
control of reaction conditions in industrial production.
[0074]

[Step {2)]

The step (2) 1s the step of subjecting the alkylaryl
carbonate cbtained in the above-described step (1) to a
transesterification or disproportionation reaction so as
to obtain a reaction product including the diaryl
carbonate. The transesterification reaction is a
reaction as given by the following formula (a'), in which
the above alkylaryl carbonate and the aromatic
monchydroxy compound further react with each other so as
to produce the diaryl carbonate and an alcohol. The
transesterification reaction is usually performed in the
presence of the reaction catalyst described later, as in

the transesterification reaction 1n the above-described

step (1), The formula {(a') is as follows:
FPormula 299
B o iy . e
x.ﬁ\‘(;./ . o - A (‘}‘_w\ o Ly fip
%f E] t B 3
o &
{a’)
The disproportionation reaction ls a reaction as
iven by the tollowing fommuls (b)), and iz usually



| eangi ven by the above or, then fc."(*inci theion solution conpri S inq
the al kylan/1 bonate and/or the dia. ) - 38 reactor, as it is, or after
renoving the starting material and the ¥eactant, mainly perform ng the
di sproportionation reaction given by the above formula (b) so as to produce
t he useful diaryl carbonate, renoving the dial kyl carbonate produced as
by- product at .t i R t d i t he upper
portion of ?%éig?g%?ngt%g%a%g€§L§&§a§é ?%%s%%%&%%gkd?gfﬁ ?Qg;rbonate as
the startingegatestal jhp=the @Q@%erﬂﬂ@(% afd efopwidying it if _
necessary. [0077] (D aryl Carbonate di aryl carbonate obtained in
the step (2)oosspreferably a conpound represented by the formula (12):
[0078] [Formula 31] Ar13-M (1 2)

{Formula 30]

RO

\H,0~Ar S N**O\N/O“Ar + \H/O“R

o o) 0

R—0

{(b)

[0076]
wherein R represents an alkyl group, and Ar represents an
aryl group.

The alcohol as by-product by the reactions given by
the above formulas (a) and/or (a'} may be recovered for
recycling and is preferably used for the synthesis of Lhe
dialkyl carbonate. The aliphatic carbonate is obtained
by a conventional known method.

In terms of the effective use of the compounds, it
is preferred that the aliphatic carbonate produced by the
reaction given by the above formula (b) is recovered for
recycling, recirculated, and used again for the reaction
given hy the above Tormula {(a).

Ty other words, Tor example, 1t is prefereed vo add
reactions given by the apove formulas {a) and (a') in a
Tirst veactor, then feeding the reaction solution
comprising the alkylary)l carbonate and/or the diaryl

R oy o e . FEa—— I T F N P - J R
carbonave removed [rom Che {lrost reactor o a soaand



[0079] wherein An'--resents an unsubstituted or sub t'toted [0080] P x M
inunf,fl-.1 -)onate. given by the (12) include a diary carbonate in which
- 39 - the al kylaryl carbonate having tise -above-described R and Arl2 is
repl aced by the above-described Arl2. [0081] Speci fic exanpl es of the
above di aryl carbonate include di phenyl carbonate, ditolyl carbonate,

di(ethylphef%%%%§$rbgga%g,iggfg%}%%ﬁgenyéﬁog§$$o"@%gétgi€¥£é:(carbonate,

di (trinmethy ) Carbona %rop eny oha ni t rophenyl)

car bonat o, LBt boxyphenyl ) £ac bonal &, c cUTYL. par ponat ey di napht hy!

carbonat e, and di benzoyl phenyl carbohat e. ese diaryl carbonates,

particul arl yi s hOSEri NoMht £8n AF D L6180 &I QMRS OLOUP,HaYI Pgrﬁuﬁg 10 carbon
atons are preferred, and di phenyl carbonhate is nore preferred. [0082]

The netal atienssh nat heo abpye,set ahe CORL Bl NI A, €At akyshosoPPOsition in the
above step (2) preferably have a content of 0.0001 to 20% by mass, nore

preferably Del0@lite 1586 bya Mass, candof s s heropreter abl yy O Bddtier18% by
mass. Wien the netal atons in the above netal -containing cat a]conpositi |
have a contem¢ Ttmmeheif 00833s | ntatde apovessiepaf2)n, t heomeastenpper. pro
1: 020 bly 150 to 300C, nore prete biy 160 to b/ (b)(1-2, 211:0 Tvpre,
ahiv30 to zg@yﬁgoqh@fr@@@rdhstilhﬁmion column, and reusing the

dialkyl carbonate as the starting material in the above
fermula (a) after purifying it if necessary.
[0077]
(Diaryl Carbonate)

The diaryl carbonate obtained in the step (2) is
preferably a compound represented by the formula (12):
[0078]

[Formula 31]

Ar13/0\|r0‘--Ar13

0

(12)
[C079]
iy e oo Fi ‘r-j"s LAY TN A - v 3 o ottt R R SR R - ]
whereln Ar'” represents an unsubstituted or substituted

oy ST P amar ol ey fn b e D e e b e oy e Ty T e e e s oyt o e
Ay A Lpacldldps ilad Vo] P4 L8 [FO P fegd LR FT] [ S B S LSO SR U U 1 AU

{00801

Examples of the diarvi cavbonate given hy the above
fiaryi carbonate gilven by the above

Tormula (12 include a diarvl carbonate in which R’ in



pressure is preferably 0.1 to 2.0 x 10 Pa, nore preferably 0.5 to 1.0 x 107
Pa, and further preferably 1 to 5.0 x 106 Pa. The reaction tine is
preferably 0.05 to 50 hr, nore preferabley 0.1 to 35 hr, and further
preferably 0.2 to 25 hr. [0084] Such reaction conditions are preferred
in terns of a control of reaction conditions in industrial production.
[0085] [Step, (3 . The step (3) is the step of distilling_the reaction
product obtg?%e%1$%l?ﬁ%ia%%gggggbé %%Xl?% E%%a?g?%efﬂﬁs?ﬁég?goﬁ p?&duct
into a | ow ppid i.ng nent. i ncl udi t [ I rbonate and a high

boi l'i ng con%gneﬁf F%@ggggﬁg%yhgﬁfegégggnH%é%éﬁ%%ﬁ.%?0086] The
distillatiopghgmthe step (3) is preferably perforned by a distillation
colum. The distillation colum preferably has a tenperature of 150 to
300C, nore pref ef@ablyr 16Q ton2%0C o @andd Wt her preferably,J80. L0 250C, at a
colum bottom Further, the distil let io; . pref preferabli 0,1 to 50 hr,
a l. a co linctmie hotp{My(-0887dnatedlditolyl cdhechevepoiling conponent
separated in the above step (3) includes, for exanple, the unreacted

al kyl aryl car bonay &phényaddi4 rloondoe t hei dbar yl pearnbonaterbHA88] The
hi gh boiling conponent separated in the above step (3) usually includes a
conponent havingya highenabei |dhgt pohathy hainethat ofrbheadearyl carbonate,
but may include the remaining diaryl carbonate that cannot be separated.

[ 0089] alehe tpieh i gh! ber P2 tonpdhént t sepasay bl tarbheaabove step
(3) is 100% by mass, the high boiling conponent includes 70% by nmass or

| ess, pref e‘f‘héTl?/tW/é’%@e%jsg O F P Y3’ e and Fofel preflepadt§s 50% by mass or

| ess, of the, conponent having the higher boiling point than that of the
di aryl carﬁgh%ﬁégkﬁ%g T%ﬁhﬁn%ﬂ?ﬁta?ﬁ ?*@9%6%¥£H863Y1t%%l%%%ﬁbﬁent havi ng
the higher hoiling boint.th %h t of the diaryl carbonate is not
particul arl’y ﬁ%?%é%#ﬂﬁﬁé¥§§] %ﬁ%%§%$ﬁﬁb,'%¥ig§%§aﬁngs or © For &' The
content of hineccoponent Jhayingathe BLaligr nboiking pei Ab thapghat of the
di aryl carbonate can be

atoms are prelferred, and diphenyl carbonate is more

preferred.

[0082]

The metal atoms in the above metal-containing

catalyst composition in the above step (2) preferably

have a content of 0.0001 to 20% by mass, more preferably

0.001 to 15% by mass, and further preferably 0.01 to 10%

by mass. When the metal atoms in the above metal -

containing catalyst composition have a content in the

R Lo By FA RN R T AT O T T [ I
e I A AN R R N 4 Leddulo R L enwW ety LUy ) Coires DOt L T ais U

Tr +hoe aklhowues ater (00) Fhyvem o s ey ey v e e e
Lo alove suen (o), Lhe roadction tempaeratiurse 15

preferably 150 to 300°%C, more preferably 160 to 270°%C,

P 3 oy v T -y i i ¢ 4 b (A S N R e Il A R o
ana Lurthery praeferaply 180 o Z50%C.  The reaction



ti [0091] [Fornmula 32] (1) [0092] wherein Arl represents an
unsubstituted or substituted arylene group having 6 to 20 carbon atons, X
and Y-0 are |ocated at an ortho positiam t-0o each other, X represents a
hydr oxy group or a substituent given by the formula (2) or (3), and Y
represents hydrogen or a substituent given by the fornula (3). The formnul as
(2) ol uPigedne oLl orere FARPR o LFor sy 2331, 57 400 kD (2) 100941

preferably 0.5 to 1.0 x 10’ Pa, and further preferably 1

to 5.0 x 10° Pa. The reaction time is preferably 0.05 to

50 hr, more preferably 0.1 to 35 hr, and further

preferably 0.2 to 25 hr.

[0084]

Such reaction conditions are preferred in terms of a
contrel of reaction conditions in industrial production.
[0085]

[Step (3) ]

The step (3) is the step of distilling the reaction
product obtained in the above step (2) to separate the
reaction preduct into a low boiling component including
the diaryl carbonate and a high bolling component
including the reaction catalyst.

[0086]

The distillation in the step (3) is preferably
performed by a distillation column. The distillation
column preferably has a temperature of 150 to 300°C, more
preferably 160 to 270°C, and further preferably 180 to
250°C, at a column boltom. PFurther, the distillation

clumn preferaniy provides & residence Uime of 0,07 to
D el ainay o LG wy v, and
preferably 0.1 to 50 hr, at a column bottom,

(07



wherei nreprccentc a il npar or branched ali , - 43 - group having 5 to 12
carbon atons, or an unsubstituted or substituted aryl group having 6 to 20
carbon atons. [0096] Exanpl es of sihe above Arl include a phenyl ene
group and various al kyl phenyl ene groups, such as phenyl ene, nethyl phenyl ene
(i somers), dimethyl phenyl ene (isonmers), trinethyl phenylene (isoners),

t et ranet hyl phenyl ene, ethyl phenyl ene (isoners di et hyl phenyi ene (i soners),
met hyl et hyl phenyi'&he’ U d%%%%ﬁ% %ﬁﬁﬁ%ﬂ?ﬁhﬂﬁﬁ%ﬁﬁ??ﬁ &H%réh? %Yf phenyl ene
(i somers), C o] I ny e (I rs),.vari _al k enyl ene
groups, suc%P%% xglhgﬁébﬁgg§ieﬁgp(?%%ﬁérg),Q%?h%ﬁ%%%%%@#e%EM??§5ﬁérs), and
but oxyphenyl ene, (i SOMeY $) 5y 1&98%9%996@9%9 1p@§£}%f$ﬁg@e9r0up& such as

fl uorophenyl ene (isoners), chlorophenyl ene (i1soners), bronmophenyl ene
(isomers), chbogp(nmethyl)phenyiene (isoners), and dichl orophenyl ene

(i somers); various substituted phenyl ene groups given by the foll ow ng
formul a (1la); amthea miaphtrhyilene; groypand i ous subist ity ed,mapht hyl ene
groups, such as naphthyl ene (isoners), nethylnaphthylene (isomers),

di net hyl naphtdy| eéhe ($sohky s)ncthies onaphthyhene ©a0icorsespgnds to theoi )
405 -criboh al kyl aryi corkonat_ The for la (la)as I. - 44 - [0098]

[ Formul a 35pcif0099poinmer ehan Arepresents ahyrdi vatentngreupbsel eeted from
t he group consjsting of a single bond, -0-, -S-, -CO, -SO2-, an al kyl ene
group or a Subkti¢ uted BPRYIeneT gf bupy bi venbbye thethol | ewingtfbenul a
(la-1), and a cycl oal kyl ene group given by the followng fornula (Ia-2),
and the ar o3t r¥%hg may be substituted by a substituent, such as a | ower
al kyl group % wer al koxy group, an ester group, a hydroxy group, a nitro
group, a haf%%% , or a cyano group. The fornulas (la-1) and (la-2) are as

fol I ows: When the high boiling component separated in the

above step (3) 1s 100% by mass, the high boiling
component includes 70% by mass or less, preferably 60% by
mass or less, and more preferably 50% by mass or less, of
the component having the higher boiling point than that
of the diaryl carbonate. The lower limit of the content
of the component having the higher boiling point than
that of the diaryl carbonate is not particularly limited,
but is, for example, 0.1% by mass or more.

The content of the component having the higher
beiling peint than that of the diaryl carbonate can be
oblained by g methoed described bn (Quantitative Anaivels

Compounds of Foomola (L descoribod daten.

[O090]

The hioh bhoiling compeonent

step (3) includes a compound represented by the formula



[0100] [Formula 36] R RU wher ei nandt ech ndenmenne) hydrogen ata | owera
eye ..0.111. ky.L group, an arylor an ahal kyl aroup, and may be |)I1JL) at
"Ca lalkp - 45 - [0102] [Formula 37} /4% (CH2)k ( 1 a - 2 ) [0103]

[0091]

[Formula 32]

‘/p-Y
Arj\x

(1)
[G092]
wherein Ar' represents an unsubstituted or substituted
aryliene group having 6 to 20 carbon atcoms, X and Y-O are
located at an ortho position to each other, X represents
a hydroxy group or a substituent given by the formula (2)
or (3), and Y represents hydrogen or a substituent given
by the formula (3). The formulas (Z) and {3) are as
follows:

[0023]

[Formula 33}

wo\lromw
o]
(2)
(G094
[Formula 34]
\\%f/ﬁmmﬁi
i
£
L3

rooaht
wherein B represents a linear ar branched aliphatic

group having 1 Lo 12 carbon atoms, an alloyclic aliphatic



wherein k is an integer of 3 to 11, and the hydrogen atom nmay be
substituted by a | ower al kyl group, an aryl group, a hal ogen atom or the
i ke. [0104] The conpound represented by the above fornula (1) is
preferably at |east one selected froma group of conpounds represented by
the followng fornulas (4) to (8) [0105] [Forrrula 38] OH 0 (4) [01061 Si)

unuPst iUt o0t AUELLL EY vl L(Lup iyt ng ©.40, 20,081 PR frons,
to each 0th§ubs£9§9€éd §§y1 égguﬂuﬁgv§§% é}k5629’c§¥bon atoms.
[009¢6]

Examples of the above Ar' include a phenylene group
and various alkylphenylene groups, such as phenylene,
methylphenylene (isomers), dimethylphenylene (isomers),
trimethylphenylene {isomers), tetramethylphenylene,
ethylphenylene {iscmers), diethylphenylene {(isomers),
methylethylphenylene (isomers), pentylphenylene (iscmers),
hexyliphenylene {(isomers), and cyclohexylphenylene
{isomers); various alkoxyphenylene groups, such as
methoxyphenylene (isomers), ethoxyphenylene {(isomers),
and butoxyphenylene {(isomers); various halogenated
phenylene groups, such as fluorophenylene (isomers),
chlorcphenylene (isomers), bromophenylene (isomers}),
chloro{methyl)phenylene (isomers), and dichlorophenylene
(isomers); various substituted phenylene groups given by
the following formula (la); and a naphthylene group and
various substituted naphthylene groups, such as
naphthylene {iscmers), methylnaphthylene {isomers),

dimethylnaphthylene (iscmers), chlcoronaphthylene

B corresponds to the RY or Ayt of the above-
J : o the i 2y Ay nf the above
described alkylaryl carbonate. The formula (la) is as

I N A GO R I



(5) [0108] wherein Ar4d represents an unsubstituted or substituted aryl ene
group having 6 to 20 carbon atons, R2 represents a linear or branched

al i phatic group having 1 to 12 carbon atjoms, or an alicyclic aliphatic
group having 5 to 12 carbon atons, and two substituents on Ar4 are |ocated
at an ortho position to each other; [0109] [Fornmula 40] /OH Als \CH (6)
[0110] mherF§@9@L3 represents an unsubstituted or substituted aryl ene group
having 6 to carbon atons and two (.".L. - 47 - [Formula 41] (7)

[Formula 35]

N

A )%T—

(1a)
[0099]
wherein A represents any divalent group selected from the
group consisting of a single bond, -0-, -S-, -CO~, =-S0;-,
an alkylene group or a substituted alkylene group ¢given
by the following formula {(la-1), and a cycloalkylene
group given by the following formula (la-2), and the
aromatic ring may be substituted by a substituent, such
as a lower alkyl group, a lower alkoxy group, an ester
group, a hydroxy group, a nitro group, a halogen, or a
cyano group. The formulas (la-1} and (la-2) are as
fellows:
[0100]

[Formula 36]

Rt R R1?
R‘i‘i RH ﬁi-’i
{ % 8 - )
wherein RV, R, R*, and R' are each independently a

hydrogen atom, a lower alkyl agroup, a cycloallyl
_ J : 10 3 aycloallyl

aEatital
X0,

an aryl group, or an arvalkyl qroup, and may bhe

cvva e s e o ey e e e T s oy L N P e e s w e w
sulistitutad b y & nNalogen alom o an alkoxy group; and



[0112] wherein Ar6 represents an unsubstituted or substituted aryl ene group
having 6 to 20 carbon atons, Ar7 and Ar8 each independently represent an
unsubstituted or substituted aryl groupshaving 6 to 20 carbon atons, and
two substituents on Ar6 are |located at an ortho position to each other; and
[0113] [Fornula 42] Aril) O "sada' "are O - 48 - represents an
unsubstitutgg ol substituted aryl group having 6 to 20 carbon atons, R3
represents }Iﬁ ar or branched aliphatic group having 1 to 12 carbon
atons, or apggiﬁgy Iggjaliphatic group having 5 to 12 carbon atons, and two
substituents on Ar9 are |located at an ortho position to each other. [0115]
There are a case where the conpound gi by the above fornmula (1) is
produced by a reaction of the raﬁfﬁﬁgzrﬁgﬁbmgth an oxi di zi ng substance, and
a case where the conpound given byfbhghgppve)?ornula (1) is produced as

by- product by an occurrence of a Fries rearrangenent reaction in the
presence of the netal -containing catalyqq_gon%psition. [0116] (Production
by Reaction of Raw Material with Oxidizing Substance) The case where

t he conpounObi¥ken by the above forrmula (1) is produced by the reaction of
the raw material wi th an oxidizing substance will be described. [0117]
oxidiz q s Hhareinarifivtad nonohyel 106 Antmodi hyair@é the hydrogen atom

may be substituted by a lower alkyl group, an aryl group,
a halogen atom, or the like.
(6104}

The compound represented by the above formula (1) is
preferably at least one selected from a group of
compounds represented by the following formulas (4) to
{(8):

[0105]

[Formula 38}

/pH
Arz\(o\ a
0
(4)
[0106!
\ , J 3 Lo e .
S IS W) l§ Ik il i il [N} [P TV I O S e [ i L.l €340
y o j ;
an unsubstituted or substituted aryi group having & to 20
carbon atoms, and two substituents on Ar® ave located at

an certho position to each other;

Fmy Y mmpd
101071



caffiardoimMEt. as al[0ll ONS ngl o rmi i (c),This the - xnmmd - 49 -
represented by the above fornula (1) where X represents a hydroxy group,
and Y represents hydrogen. The fornula ). is as follows: [0118] [Fornula
43] Ar,,OH + 1/2020H OH (c) [0119] wherein Ar represents an unsubstituted
or substituted aryl group having 6 to 20 carbon atons, and Ar' has two
hydr oxy gro?gs at. an ggtho position and represents an unsubstituted or
substituted ary'&hd group having 6 to 20 carbon atons. [0120] The
aromati ¢ di hydroxy conpound produced_ags byproduct by coexistence with the
oxi di zi ng substance, such as oxygen,0 descri bed above, further reacts
with the dialkyl carbonate, the al kaaryd. carbonate, or the diaryl

carbonate, and changes to aromatic cafbonalfes, as given L The compounds
el at aj

(5)
[0108]
wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, R’ represents
a linear or branched aliphatic group having 1 to 12
carbon atems, or an alicyclic aliphatic group having 5 to
12 carbon atoms, and two substituents on Ar! are located
at an orthc position to each other;
[0109]

{Formula 40]

OH
4

\bH

(6)

[0110]

wherein Ar’ represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, and two
Bydrony grouns on Ar oare located anoan ortho position

[N B T 25



)( d.)(c.b espond to the corn formula (1) where X represetnt. s a h. O
t'" a - 50 - hydrogen or a substituent given by the formula (3). The
formulas (d) and (e) are as follows: -{@122] [Fornula 44] OH OH + Ar+ ROM
KOH ArOHOAr 9., ,"0-R®, .. "0-R1l (a) [0123] wherein Ar represents an aryl ene
group having substituents at an ortho position to each other, and 12 and
12" represep&lgy}alkyl group or an aryl group; and [0124]

[Formula 41)

(7)

(01121

wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar' and Ar®
each independently represent an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms, and
two substituents on Ar® are located at an ortho position
te each other; and

[0113]

[Formula 42]

2B
MEHM’”Q'NQ:}'

i
{8}
01141
wherein Ar’ represents an unsubstituted or substituted

P,
R

. - I o i
g 6 to 20 s

=

carbon atoms, F



[Formula 45] PHI /+ RO....... ..0-111000 ORYO N ----- ait/ V'- A+
Ac.070 + ROH + WON\ 0 "N 80,,....0-Rfi0....".."0-R 11 o0 ( e ) [0125]
wherein Ar represents an aryi ene groupsiawvi ng substituents at an ortho
position to each other, and r--alkyl React P

represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, R’ represents a linear or
branched aliphatic group having 1 to 12 carbon atoms, or
an alicyclic aliphatic group having 5 to 12 carbon atoms,
and two substituents on Ar’ are located at an ortho
position to each other.

[G115]

There are a case where the compound given by the
above formula (1) is produced by a reaction of the raw
material with an oxidizing substance, and a case where
the compound given by the above formula (1) is produced
as by-product by an occurrence of a Fries rearrangement
reaction in the presence of the metal-containing catalyst
composition.

[0116]
(Production by Reaction of Raw Material with Oxidizing
Substance)

The case where the compound given by the above
formula (1) is preoduced by the reaction of the raw
material with an oxidizing substance will be described.

[0117]

T [ R I 1 ) R O s HE TR R
[N f A A NG ey IR Lohid UL G TP L Dy OG0l
Ma Ll a L L U S (L COmHIELD WLUD G
oXidlzing substance, such as oxygen, the aromatio

monohvdrosyy comnound chanoes to an aromat o H%hyHVﬁyy
DYOTQNY  COompouna ohanges Too an aromatio dinyaroy
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Thene the s"Those - 51 - rearrangenent reaction in the presence of the
net al - contai ning catal yst conposition will be described. [0127] The
nmet al - cont ai ni ng catal yst conposition described |ater has a function of
significantly inproving the reaction rate of the transesterification
reaction and the disproportionation reaction, and an inprovenent in the

duct t t t ,
Si Qe react | B dte [0 ket b 1¢ ?2;%?2?2‘92”;?1 VB By THE ¥ of T AG T or il as
f d ) t N | yst
Composi t1 o The Tot i (1)1 5 fo om%frﬁ%%ﬁa%fﬁ[ S S
{c) 1s as follows:

[0118]

[Formula 43]

\

OH OH
Ar” + 120 e pp
OH

/

{e)

[0119]
wherein Ar represents an unsubstituted or substituted
aryl group having 6 to 20 carbon atoms, and Ar' has two
hydroxy groups at an ortho position and represents an
unsubstituted or substituted arylene group having 6 to 20
carbon atoms.
[G120]

The aromatic dihydroxy compound produced as by-
product by coexistence with the oxidizing substance, such
as oxygen, as described above, further reacts with the

dialkyl carbonate, the alkylaryl carbonate, or the diaryl

carbonate, and changes to arcmatic carbonates, as given
1’ ?L ‘: Pl L «i i i

The compounds obitained by the formulas () and (&)
correspond to the compounds renresented by the ahove
formula (1) where X represents a hydroxy group or a

substituent given b Voowne O LE [ il ¥ Teprezonts



(The OH group is |located at an ortho position) (1) [0130] [01.J The
sali late ester .roduced. by the above. formula H is ghiy She uonpouuh

represented by the above- FirT;if [0132] -[ Fornmula 47] (The OH group is
| ocated at an odho position) (g) [0133]

hydrogen or a substituent given by the formula (3). The
formulas (d) and (e) are as follows:

(0122]

[Formula 44)

OH R—0. _O—R' 7 7
N: + \[r e A, +  Af +

- N . ROH + R'OH
OH S o\n,o—ﬂ 0. 0-R

[0123]
wherein Ar represents an arylene group having

substituents at an orthe position to each other, and R

and R' represent an alkyl group or an aryl group; and
[0124)]
[Formula 45]
oM 1
V' R~0. _O-R' O-R o7 TO-R O,
A + /s 7
So.__o-R \g/ - "(D toA * N\o>’° + ROH + ROM
0. O-R 0. O~R
L Y

{e)

wherein Ar represents an arylene group having

substituents at an orthoe position to e

ach other, and R

G RN L LD ArL D i aldloom by L% I SRR B

wiction Dy Fries Rearyrangement

The cace where the comnound aiven by the above

Formula (1) 1s produced as bhy-product by a Fries



wherein R represents an al kyl group, Ar represents an aryl group, and Ar'

represents an aryl ene group. [0134] The salicylate ester produced by
the reaction of the fornmula (g) is genenal-ly the conmpound represented by
t he above-described formula (5). [0135] The production of the

salicylate ester by the side reaction described above increases as the

tenperature_ of the vironnent. i ncreases. Further, e salicylate ester has
a high boi Irlen%r%agf%%?enatnar%%cgrie 'or'e’ ?téqen&fr%seepnacreatoe%%e dist 1ll ation from

the netal - contal iy & v o 1sdtion, sy i G2SI Mi a high boiling
point. As a sAA]?SQg%Q%%e éé%Veé ost%ﬁl{hurﬁin:Fggﬁgﬂgﬂﬁﬁ%%%h.das t. a a by
the a bove fa@ryania (1) where X - 53 - represents the above formula (3),

and Y represents hydrogen. [0137J Such a salicylate ester reacts with

the dial kyl carhoraiettifecalikyhany canhonat @on@bstite i afdc.cafdpnate so
as to produce a salicylate ester carbonate, as given by the foll ow ng

formula (h)lLaf{ed138]s a furldiei@aldicyairel istart carhonatei s odused in this
manner corresponds to the conpound represented by the above formula (1)
wher e X repressantas tie: cabo e Heortmd res 3 r iahic- M represent sot hendbove
formula (3). The fornmula (h) is as follows: [0139] [Fornula 48]
disproporticonation reaction, and an improvement in the

productivity of the diaryl carbonate is intended.
r0128]

However, a side reacticn due to Fries rearrangement
given by the following formulas (f) and (g) occurs in the
presence of the metal-containing catalyst composition.
The formula (£f) is as follows:

[0129]
[Formula 46]

OH
TO”A" : o Ar"/ Q-~Ar

0 0
(The OH group is located at an ortho position)

(f)

The salicylate ester produced by the above formuls

{(£) is generally the compound represented by the above-

S e RO | L T B ! Y [ A R FRPRTIY P o T T
eSO Imed Tormlla | 4 P Uider T EImnig .l a [ ool DL 1A ST



R-OR-0/OHOR-0 Ae + + RH+ ROHO0-R Ily 0 1- Al: yO-At 000 h 101101
and Ar' represents an arp. - 54 - |If a large anount of the aromatic
di hydr oxy - 52 -

[01372]

[Formula 47]

OH
mwo\w,@~n - NJ OR
I g

{(The OH group is located at an ertho position)

(g)

[0133]

wherein R represents an aikyl group, Ar represents an
aryl group, and Ar' represents an arvliene group.
[0134]

The salicylate ester produced by the reaction of the
formula (g) is generally the compound represented by the
above-described formula (5).

[0135]

The production of the salicylate ester by the side
reacticn described above increases as the temperature of
the environment increases. Hurther, the salicylate ester
has a high boiling point, and therefore is not separated
by distillation from the metal-containing catalyst

composition similarly having a high boiling point. As a

Thien alvmoe ardparrtiimmel aal 3l ot e moat me s o oarmeoreto e
LTS BANOVOoSORCY Lo Aoy aate entor oorroRnonds 1o

the compound represented by the above formula (1) where ¥
k I ;



conpounds produced as described above and the aromatic carbonates derived
fromthe aromatic di hydroxy conpounds coexist with the netal -containing
catal yst conposition, generally, the-psaductivity of the originally
targeted diaryl carbonate decreases significantly. [0142] Furt her,
the salicylate esters produced by the above-described Fries rearrangenent
reaction al eneraII se a n| t de SE, |n the roductivity of
the origi naﬁsefcbﬁget aerngte ed di a%ry © c%)r ona e(aﬂ ’Olzfﬁeta g in the

met hod for &géggg? g the diaryl carbonate accordlng to the present

enbodi nent , iaryl carbonate that is the target product can be stably
pr oduced, mpjﬁ§7nalntaln|ng hi gh productivity, by performng control so
that the conpounds given by (i) to (iii) described |ater, such as aromatic
di hydr oxy conpounds, -arQmatiyq . car benates «denived tfhr amet tzuqaqwtatl c

di hydr oxy conpounds, and salicylate esters, satisfy the conditions of (iv)
to (vi) descrithedthiat erhe reesipectidwelya rapouwcton fe tdvearaw mat ei | d11-h
the oxidizi step to the nmetal-containing catalyst conposition affects the
producti vi topfortdte: diarad tcarbomate: 4 0ldb]cyStiep €A)dr Tderistept£4) 1s the
step of recycling the high boiling conponent separated in the above step
(3) into the abigis stepsig 190 Ay iory (rmyi3146]) The hi gh boiling conponent
recycled in_the above step (4) includes conpounds given by (i) to (iii):
[0147] 38]

The salicylate ester carbonate produced in this
manner corresponds to the compound represented by the
above formula (1) where X represents the above formula
(3}, and Y represents the above formula {3). The formula
(h} is as follows:

[0139]

[Formula 48]

R-0 R0

/pH R~0._.0~R' d>=0 7=
A _O-Ar ¢ b — Af + ROH + ROH
‘H’ 4 \],0~Ar \1,o~ar

° o o

[0140]

byl group or an avy! group, and Ax!

renyesent an aryi group.

01470



(i) a conpound of the above formula (1) where X represents the above
formula (2) or (3), and Y represents the above fornula (3); [0148]

(ii) a conpound of the above formula-(4) where X represents a hydroxy
group, and Y represents the above fornmula (3), and/or a conpound of the
above formula (1) where X represents the above formula (3), and Y

ts hyd d 10149 d LiMto tivm
s6 oo S(iv) “ng darar AbrestoP iR ﬁc%ﬁ%@amg SErPrNe. mol s of et 4
atons” is C’O%%S oby %%r&oq SJC{ as descr( ; tc{%eo a%l d%i%zr]ogmcg he, conpounds

of (ii)/the meta ons" 4 “an (vi)
"the nol es of, ﬁd?%wd«ecg Addrd )t/htehea Ol PRI g%@damo £ss than
2. [0153] A preferred con£t| on of 556& Ici (fe cri bec 154]
coexist with the moialmcontalnlng catalyst composition,
generally, the productivity of the originally targeted
diaryl carbonate decreases significantly.
[0142]

Further, the salicylate esters produced by the
above-described Fries rearrangement reaction also
generally cause a significant decrease in the
productivity of the originally targeted diaryl carbonate.
[C143]

However, in the method for producing the diaryl
carbonate according to the present embodiment, the diaryl
carbonate that is the target product can ke stably
produced, while maintaining high productivity, by
performing contrel so that the compounds given by (i) to
{iiil) described later, such as aromatic dihydroxy
compounds, aromatic carbonates derived from the arcomatic
dihydroxy compounds, and salicylate esters, satisfy the
conditions of {iv) to (vi) described later, respectively

thaer words, Uhe Drasent Inveniors oonsioer Dhal
the ratio of a particular compound produced as by-oproduct
by the reaction of the raw material with the owidizing

substance or the Fries rearrangement reaciion during the



"The total noles of the conmpounds of (i)/the noles of netal atons” is
preferably 0.005 to 10, nore preferably 0.005 to 5. [0155] A preferred
condition of (v) will be described. F0%56]- "The total noles of the
conmpounds of (ii)/the noles of metal atons” is preferably 0.005 to 3, nore
preferably 0.005 to 2.5. [01571 MO CU Meta less than | 5.he | ower

L S e e SR A L R R ™
the productivity of the dlaryl carbonate.
[0145]
[Step (4)]

The step (4) is the step of recycling the high
boiling component separated in the above step (3) into
the above steps (1) and/or (2).

[0146]

The high boiling component recycled in the above
step (4) includes compounds given by (i) to (iii):
[0147]

(1) a compound of the above fcrmula (1) where X
represents the above formula (2) or (3), and Y represents
the above formula (3);

[0148]

(1i) a compound of the above formula (1) where X
represents a hydroxy group, and Y represents the above
formula (3), and/or a compound of the above formula (1)
where X represents the above formula (3), and Y
represents hydrogen; and
[0149]

IR
[

The compounds of (1) to (iii) satisfy conditions

given by (iv) o (vi)



The hi gh boiling conponent recycled in the above step (4) preferably has
"total noles of the conpounds represented by the above fornmula (1)/noles of
metal atons” from0.005 to 10, nore preterably from 0.005 to 5, and further
preferably from0.005 to 4. [0160] In the step of continuously
produci ng the diaryl carbonate, the conpounds represented by the formula
(1) are produced as By-products and accumul ated, and thus, the productivity
of the diaryl carBdnatécdéciédsdSlethéief-ofe SWMAUEEhe Indtidl/ld6ht ai ni ng
catal yst conposition and the conmpounds. represented by the fornmula (1)

i ncl uded i A"tHe d?fgt“i'eiaqaalt iaotr”P“i“%SiJcﬁn';b'aOrO«rsf3 ci%cul’ated, part of themare
renoved, an :&Qﬁ net al - cont ai ni ng catal yst conposition or a conposition A
described later fis fed to the production step, so that production is

performed in an %qvi,.&%_n%%ttaﬁd%%tl%g %? ?ﬁg ?Ozg]ftot&%c%b%\fe-(q‘qs)c/@%ed

condi (iv) to (vﬁ)in order to staly o )be jDosslble Ic the 1--]

Vi 0 resent gd Ry 4Nty SLa00,c Mt 145 IHoadd, the gonapounds represented by -
58 - conposition included in the distillation residue and circul ate them

into the stgp =of) producing the diaryl carbonate so as to satisfy the
above-described conditions (iv) to (vi). [0161] At the tinme of the
start of the contiinuous$epiadect icdn,t Hehe dy-opmheduat S idarie /note aecwrl at ed
yet, and therefore, the above-described conditions (iv) to (vi) are
satisfied. dHoweverl dtpror'ers ticesst abblan produce the diaryl carbonate in the
conti nuous production step over a long tine, it is necessary to

cont i nuousl hIsatli sfy the above-described conditions (iv) to (vi).

A preferred condition of (iv) will be described.

"The total moles of the compounds of (i)/the moles
of metal atoms" is preferably 0.005 to 10, more
preferably 0.005 to 5.

[0155]

A preferred condition of {(v) will be described.

"The total moles of the compounds of (ii)/the moles
of metal atoms" is preferably 0.005 to 3, more preferably
0.005 to 2.5,

FO157]

he molaes ol he comoouna af (a0 / the moles of
e BT i B e L T Vaas Fhan 0 vy
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less than 1.5, The lower limit of "the moles ol the



[0162] As a specific exanple of the nmethod for controlling the
conditions (iv) to (vi), a case where the conpound represented by the above
formula (1) is a salicylate ester w Ll she..descri bed bel ow. [0163]
In the present enbodi ment, when the targeted diary' carbonate and the
al kyl aryl carbonate produced in an (hereinafter. also sinply closer.' U
tImin. the coex - 59 -, ., ,  For the case where the, products coexist with
a hi gh conceAtTatdr of e HetaIn et 41 i%%tv\gc]]atahti‘%% cohpbsition, for
exanple, a e ry _bel qw i s. consi dered, |0165] In_a step of
pr oduci ng g%%%@flag‘g?}gofn%?%eﬁs%nﬁt alsﬁetéa?{dc%ﬁ%ﬁlnel’ngos‘c% ]alcil]étmore”
conposi ti on; o Geher ally, a mxture of products and the netal -containing
catal yst conposition is separated by distillation or the like, and the
net al - cont ai ni ngrEatalgst LAMPES iR ! uded dind he dirst iddAtd on residue
is circulated and reused. At that tine, part of the products coexist with a
hi gh concenduat i ony afrd her awet @l rcont @b th NonEad al ystt KO Mpesgid LN i n a
recovery portion of a distillation colum. [0166] Wen the al kyl aryl
car bonat e amebitdreerdiad by cardonate: coexinsia Wt h/reo highoconeent rati on of the
met al - cont ai ni ng catal yst conposition in this manner, an environnent in
whi ch a | argecranbuntomnfO & Gal ticyl Gt enest grrd fszmdsh ¥ yE =greduc@dd i so pbovi ded.
There., neresarfy t ot he i rtl] ....lontai

u

and rther preferably from 0.005 to 4.
[0160]

In the step of continuously producing the diaryil
carbonate, the compounds represented by the formula {1}
are produced as by-products and accumulated, and thus,
the productivity of the diaryl carbonate decreases.
Therefore, while the metal-~containing catalyst
compesition and the compounds represented by the formula
(1) included in the distillation residue are circulated,
part of them are removed, and the metal-containing
catalyst composiltion cr a compoesition A described later
is fed to the production step, so that production is
performed in an environment adapted to satisfy the above-

- S P . I P 4wy - -, PR 4 - PO e o L .
described ceonditions (iv) to (vi), in order to stably

Ltated compounds represented by the Tormuls

{fTY masyy e omsl i o e drntdtial ad o aeos It At e s b e,

possible Lo previously add the compounds represented by

the fommula (1) to thse metal-contalining catalvst



conposition nnrrnnfrthe rea the resir.time in each ste - 60 -
Specifically, in the step of separating the products and concentrating the
met al - cont ai ni ng catal yst conposition isapcl.uded in the distillation residue,
the concentration of the nmetal -containing catal yst conposition is adjusted
to be preferably 20% by mass or |l ess, nore preferably 10% by nass or |ess,
inthe distillation resid uid. The Jower Ilimt of the concentration of
t he metal - c%?ﬂ%??ﬁwrba]trhw ‘gdrfbotst?ﬁ%l%lr?tﬁsmpar@ffgﬁaﬁill%l%@ﬂ Py mass.

[ 0168] not her. s eC|f|c exanp e t he. net ho for controlling the
above condl(fllrbcnl?] Eﬁ%)t}?d‘?(wt)o A case H gemf%%u Colhouid Ve W:Lent ed by the

above formiaydlads an Arqmitle Ay dnoxy, d&!hgdcdmgédb@o%%ﬂmgd

[ 0169] I'S consi arona ound

produced pagg;cqhgrbylpy a m xi ng of oxygen |nto the raM/naterlaI fromair.

Therefore or exanple, when the raw nmaterial is previously purified by

dlstlllatlopyamg]then stored in a nitrogen atnosphere in order to prevent.
'p ffli Alng of oxygen, the produtti oN unouh. the :roductio -nore P

[0110] (Qoantit afti vhel tCam 'l v he' Btppm orf ltess cont@huous

production, the by-products are not accumulated vet, and
therefore, the above-described conditions {(iv) to {vi)
are satisfied. However, in order to stably produce the
diaryl carbonate in the continuous productiicn step over a
long time, it is necessary to continucusly satisfy the
above-described conditions (iv} to ({(vi}).

[0162]

As a specific example of the method for controlling
the conditions (iv) to {(vi), a case where the compocund
represented by the above formula (1) is a salicylate
ester will bhe described helow.

[0163]

In the present embodiment, when the targeted diaryl

carbonate and the alkylaryl carbonate produced in an

intermediate step (herveinafter also simply descoribed as

mroductsty o coextist o with oa hioh conceanteat ion of the

ML al-contalning catal WL Cnmon L LLon, Gl are placact an
high temperature for a long time in the coexistence of
g 4 1 t IS \‘l{. 1 > ' {* i ] T e ] ;

of a salicylate ester is produced.



In the nmethod for producing the diaryl carbonate according to the present
enbodi nent, the conpounds represented by the above fornmula (1) produced as
byproducts may form stabl e conpl exes -wistch -.a nmetal conponent contained in
the reaction catal yst. Then, the quantitative anal ysis of the conpounds
represented by the above fornmula (1) is inaccurate, and as a result, a
problemis that the nolar ratio of the conpounds represented by i’;ﬁ[}e above
formula (1) to r%eott}alt% ofre t“hheerceor%ip}](§3ur?cfsorgpuecprses(“eon(‘t@dﬁbw]ttﬁ?s ¥ oMl a

(L metal alomed, | 8, Doty aceural ey optalfedh, [0 1] o1y Ao descri bed

above, it is inportant to perform accurate quan anal ysis of the

m xture conpsissag 1he, Cf)@p%wgﬁrpi@pr&s@a%@da@ydé%rép%q%%%mé (1) and

t he netal -containing catal yst conposition and accurate tarn the nol ar
rati o of thesconporwgds represented by the above fornula (1) to netal atons
(the conpounds represented by the formula (1)/metal atons). [0172] Specific
exanples of [¢h&>ethod fo.r perform aiLonpotulds Iconthe formu utrinF)ica
a, dPi. up Ja Ls.Idlt:ve dissculLLst.i a the abs vs conpiexus (tile anp(.1
ds fo 'the m - 182 & sgenpprifsimgdudva reompalirds, Ir eprrésendted hys trhe aabove
formula (1) produced and the netal -containing catal yst conposition,

per f or m ng M¢leat et abuchy as2 f4l Ysat¢ompoakt regui yed rahdy pesf or mi ng
quantitative anal ysis by gas chromat ography, high performance |iquid

chr omat ogr dphyt st TheP Tkes Wwhi ! Uses e lgehed @l L ahal Y3i &3 appasat us, in the
met hod for o‘Pr oducing the diaryl carbonate. [0173] The above additive
i s sel ect ed dEeHT i Ny to° tsh%o%/%%e%fb)f He' §leattdolreatal Vet . | Bxanpted of the

above additjyve include a nonodentate or pol ydentate |igand capable of

coor di nati on € 4% aeyrfé(f%tajafflorﬁ%,c' TANEY c%(flf/r O {at & pjd%rﬂ%‘ng]c%ounds,
ni trogen-coptai njn erocyelic. com .sul fur-cont ai ni heterocyclic
conpounds, 'Sﬁdoﬂ']h%-lsu s{ci“iju e% lza%c%%ﬁ#@fas%en% H%oﬁ%‘é(i%ubsp{{?t%}aéd organic
aci ds, and pref erably..mater,, gatechol . .ahenant hrol i ne, o,

hexaf | uor oi sopropanol, and tritluoroacetic acid.
concentration of the metal-containing catalyst
compesition in a recovery portien of a distillation
column.
[01l66]
When the alkylaryl carbonate and the diaryl
carbonate coexist with a high concentration of the metal-~

containing catalyst composition in this manner, an

environment in which a large amount of a salicylate ester

1s easily preduced is provided. Therefore, in order to

T TR P R R, O P T ; K c e d

R b et LR T LR G SO I S A S0 SR P S I A A I [N o o I S A VLT e B DS S [ R

Gipditaons {avy Lo dwid,

necassary Lo control the metasl-containing catalysth

C2Ompmos ition concentryation , the reaction o amparature and
: mtration, the > reactlion tamparature, and

PN v o T VA L S Cn Fe

the residence time 1o each step.
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[0174] The nethod for producing the diaryl carbonate ac,_o ing to the
present enbodi nent pxferably Dol ydentate |.susn( atonsabove s,:- equa.
lLent or mar , plequivalents or. nmore ‘ggLbandLomsr P SO 3r - 63 - an

anal ysis sanple, and anal yzing the analysis sanple to quantify the
conpounds given by (i) to (iii) included in the above high boiling
component. Specifically, the neth d for prodUC| t he di aryl carbonate
according to thet éﬁfﬂéﬁ%od1 5¥€%bfﬂbﬁy' Fthée &gﬁbﬁi G'he step

of sanpllng t he hi boilin npone recycled in th above step (4),
addi ng at Ieé%tc%%e '% AR C% WFL%%653“§%H% 1’4 ?ﬁgﬁi%ﬁﬁllng conponent at

1 I h t toth
roral Biom THEY G n 2o HL L6 Char et anat yer & Whmas- N he BRI Tive bei ng

sel ected fromtHe. group, Consisd 'n@-gté)if c‘!@%r%mp@(% Y@QH%W%/L conpounds,
ni trogen-containing heterocyclic conpounds, sulfur-containing heterocyclic

conpounds, é&m&%%ﬁ&&u@%'é&?@ﬁt@écw%es .o angk £ ARI0Y | Ies SUPsti tuted organic
a

acids, and analyzing the analysis sanple by gas or |iquid chromatography to
quanti fy t he:commesndsy g verabyy (19 tioy (mad9 sncladed im tihe above high
boi | i ng conponent. The nethod for producing the diaryl carbonate in

t he presentdienbodi aendn pref etabl yidwrd her'heonprieses ithe stfeplaf per form ng
control so that the conmpounds given by (i) 1% (V1 ) conpounds( 1

Exanpf et heof@rag g cloinr ob £ Liee ) 83-catlepioinecomital ¥y$thg the

met al - cont ai ni ng catal yst conposition concentration, the reaction

t enper at ur &5 theP® est defele= fa ey QP % ey UteSthe step of preventing the
m xi ng of o&iggn into the raw material fromair particularly when the
conpound reb eht ed by the formul a

As another specific example of the method for
centrolling the above conditions (iv) to (vi), a case
where the compound represented by the abceve formula (1)
is an aromatic dihydroxy compound will be described.
[0169]

It is considered that the aromatic dihydroxy
compound is produced particularly by a mixing of oxygen
inte the raw material from air. Therefore, for example,
when the raw material is previocusly purified by
distillation and then stored in a nitrogen atmosphere in

order to prevenlt the mixing of oxygen, the production of

Che aromatic dibvaroxy compound oan De supDrossad., An
SIIGUAL 0L oXyvaen contadned An gdh Law Mmanelless appioed
in the production step is preferanly S60 ppm or less,
W i afea })-:3 1 :\") =0 b H i !

(0170}

T T T S D e A T e ey n b Cy
tQuantitative Analvyvsis of Con npounan el Pommulaa (L)



(1) is an aromatic di hydroxy conpound, as described above. [0175] [Reaction
Cat al yst ] The reaction catal yst used in the present enbodinent is a
met al - cont ai ni ng cat al yst conposition. ¢gkhe metal -cont ai ni ng cat al yst
conposition is preferably a netal -containing catalyst conposition that is
di ssolved in the reaction solution or present in aliquid state, and is

preferably a net I- ont ai QQ §atahxﬁ} poqﬁgﬁg havi ng at |east one

met al - oxygen- cargon 15 Ak O PR HE et |l 4;ﬁﬁ Tait &f yst

conposi tion_used,i tpg ﬁgs gﬂ? % OEnt mo%pe pﬁéal Qgrtlgn is preferably
a Goup 4, % § %@g ? ng tal e periodi c table Prore” preferably at

| east one nggg{eggﬁgg&eg%f{ﬁ 108, 9 PYP, GPRS) B f'BQoQch aY: g?r )

and Sn. These have high catalytic. activity and are erre Len1a , €

nngy3 Contaﬁﬁ@@u@4¥sﬁd§0ﬁ@9§'£§$%19”@é@ﬁl&ﬁége%ytHrQU@eQéla@oﬁﬁ¥h8ﬁ¥ et a
conposi t hayi ng conp- aryl - - preferably a titaniumcontaining catalyst

conposi ti oncoThei téd ani Uﬂh@oﬂé@ttﬂj@@ catal yst. comasi tiran Wil | be descri bed
in detail later. The netal -containing catal yst conposition used in

t he presentgembodtaehte paedeyabt yo tonps | sespatndeastponcesetachedrheom
conpounds represented by the following formulas (D1), (D2), and (03):

[0177] [ Forabee 48prihin (1) is inaccurate, and as a result, a

problem is that the molar ratio of the compounds
represented by the above formula (1) tc metal atoms {(the
compounds represented by the formula (1) /metal atoms) 1is
not accurately obtained.

[0171]

As described above, 1t is important to perform
accurate quantitative analysis of the mixture comprising
the compcunds represented by the above formula (1) and
the metal-containing catalyst composition and accurately
obtain the melar ratio of the compounds represented by
the above formula (1) toc metal atoms (the compounds
represented by the formula (1) /metal atoms).

[0172]

mh

Specific examples of the method for performing

[ R ONR R I e I O Uit i W e iv e IR (A i L3 AT
it} } { [ I j i ‘ L i i

atoms (Lhe compounds represented by the formula (1) /‘metal

atomz) include a method for adding an additive Ffor

dissoclating the above complexes {(the compounds

Lempyledmeine el 0y Lne alDove Dormuna (L)) Lo tne mixture



(D1) wherein Mrepresents zirconium iron, or alumnum Q represents an

al koxy group or an aryl oxy group, n represents the valence of the netal M
mand n are each an integer of 1 or morge, .and m= n; [0178] [Formnula 50]

Zi SnCKTi (D2) wherein Sn represents tin, Z represents an al kyl group, O
represents an oxygen atom T represents an al koxy group 10179F wherein V
represents vanadium O_represents oxygen, L represents an al koxy group or
an aryl oxy GPBublSE 7 stan FAtRGErIDf %p%?SﬁPL? i Y ahP ntleyer 6P¥8Ut8 5, and
2s +t --- The ,al kox roup and the. aryl oxy group in the above
formilas (D)) 1B () dr 8 ¥ e Salis AL TR A R6XY of bUp'and t he aryl oxy

group of th@g&%%?ﬁ%’%Coﬁ%f%ecgizﬁ?ncgaﬁf‘é%%e%”p%&%ié’_@ f’fg&%élé?gﬁ?' aLger.

[ 0180] c eka of thé zirconruntrcontainin 5t °°

CO”DOS't'Onré@&lygﬁ,tQ%aa§§£PQ%M%héC?@éH@lté@i&@e£HQ¥ §L£C§g:§?% and

t et rapropoxyzirconi um (1 soners), tetrabutoxyzirconium(1so

t et raphenoxyz+&e@Rb&Mphy, L OPECHEF £o xXMPL es; §fii & hent-ERR: £80LBHDI Ng

catal yst conposition |nc1ude trimethoxyiron, triethoxyiron, tripropoxyiron
(isomers), &fibuoxyksomh{tlSoneES)a @ddet sl PRLADYXYL & OfpparatudSpechfic
exanpl es of the alum num containing catal yst conposition include

t ri met hoxyat lwen metohodl r f et hoxyahahmaunye tdi propoxyabodetaum (i sonmers),
tributoxya urn (inuntata), and triphenoxyal umn conposition .iri ci iide
tr.i.n tetrapethoxidtm tin. tetrabutox tntrynhonmecntyltin oNl

nmonobutyi tin oxide e -oxide, nonobutvltin oxide pronpxide
The above additive 1s selected according to the type

of the reaction catalyst. Examples of the above additive
include a monodentate or polydentate ligand capable of
coordination to the metal atoms, specifically, water,
polyhydroxy compounds, nitrogen-containing heterocyclic
cempounds, sulfur-containing heterccyclic compounds,
fluorine-substituted alcohols, and fluorine-substituted
crganic acids, and preferably, water, catechol,
phenanthroline, hexafluoroisopropancl, and
trifluorcacetic acid.

[0174]

The method for producing the diaryl carbonate

TR, R I R T U Y o Y e XA e 4 e e e A e Y T £ e B Y

ACCOYalng Lo whe presenc enpnolhent preleia bl Yook Lher

comnrlises Uhe sten of sampling The High Dol llng component

rodyvolad L Ui apove sten (4, addaing a o monogentate or

[ | sl e e e e e e T e ey ] R PR R e o [P, S T TR S R b Yoo vy g e o]

polydentate Ligalr vd ca pamre o coordinatlon o o he metal
ey O 1 e 1) R e e e e St T Y e T B e e RPN o A 1

R AL 4 Lovr EORR I I o L I R A U DRt} I.EI.-}‘.J PUN s Al \,:j it R LT [T P N | K-i '\..-\..,Ji‘\ir.,l LR B W Y <AL J

eguivalent or more, preferably 3 eguivalents or more,

., Aol ey ey e o de e PR T e b b oy A 3y e oo (. ey T e e
Wil respect to the metal atoms therein O nDreoare



- 67 - pentoxide (isomers), nmonobutyltin phenoxide, nonooctyltin oxide
nmet hoxi de, nonooctyltin oxide ethoxide, nonooctyltin oxide propoxide
(i somers), nonooctyltin butoxide (isonmgrs), nonooctyltin pentoxide

(i somers), nonooctyltin phenoxide, dibutyltin dinmethoxide, dibutyltin
di et hoxi de, dibutyltin di propoxide (isonmers), dibutyltin dibutoxide

i sonmers), dibutyltin dipentoxide,(isopers di butyltin di phenoxide
Eisonersg, aid%%y1¥?}ﬁ i%@ﬁ%%Xi%ﬁg(%ﬁ%i§%A%$rﬁhﬁeﬁ%&iﬁ%ﬁf Bty n
di propoxi de. (i rs di ' j i de. (i s), di L tin
digenfpxideq%%§%£§ s%@ea%%ﬁéﬁ%éﬁ%l?%ﬁ&%ﬁﬁfeﬁ%ﬁigg”ﬁ%%%%éﬁé?f@%@ﬁ8ﬁ?

Speci fic exanpl 85,0f 1 he, vianad] wm cont alding sl aInogid on i nclude
vanadi um pent anmet hoxi de; vanadi um pent aet hoxi de, vanaéﬁu pent apr opoxi de

(i somers), wanasth un pent &t 0k ded | SOIBYS) a2 Manadi 4m axi dei L4 iyt hoxi de,

vanadi um oxi de tri et hoxi de, vanadi um oxide tripropoxide (isoners), and
vanadi um oxilge e et oxdtiecdimeners)ef Fekbtherar th€r deshipi bee d net al

containing catalyst, [01831 Th. tliununmanormt8e netal al yst conpositiolm,
used 1l thestep 68t -spnesand Embadigentoi widd bendesert beskynldetanl as an
exanpl e bel ow. The titani um containing catal yst conposition is
pref erabl y @re origrang csloxyt | 4 ani at oonposi t¢ont have ngdatt 1easto onlee R- O Ti
| i nkage, wherein R represents an organic group containing 1 to 20 carbon
atoms. The 7% %t ai Hihgehat Bl Y stomonposh tabn! | 83pred beabl 9« di ssol ved
in the reaction solution or present in a liquid state. The o
titani um cdMtiad nivif et Y5t compost 1§10 i & prefer ablly Narf SaRaA o i t ani um
conpositioq;and/or. n aryloxytitani um conposition described | ater. Further
he metal atoms CHerein so as Lo prepare an analysls
sample, the additive being selected from the group
consisting of water, polyhydroxy compounds, nitrogen-
containing heterocyclic compounds, sulfur-containing
heterocyclic compounds, fluorine-substituted alcohols,
and fluorine-substituted corganic acids, and analyzing the
analysis sample by gas or ligquid chromatography to
quantify the compounds given by (1) to (i1ii} included in
the above high boiling component.
The methoed for producing the diaryl carbonate in the

present embodiment preferably further comprisesg the step

~ ey ey o e e - ey A - b - . Sy e R T K
of performing control so that the compounds glven by (1)

[N Y F N | L, FRO [ % R T S g e e e e o e - 3]
oAb B o T VI I PO 6 N A 0 T L) A P A AV R S S A I S R IR Gl VL GO A e
JOas - e Seril L Y e O U s Ol LV [
(vil, respectively, afiter the astep of gquantifyving the

comnonnads alven by (1Y o (111
TOMPOuNQS gilven oy (L) Lo LEL)

Eramples of the step of performing control so that

S— R A P o e e - T ALY PR doe o - . S P . b h -
e concitions of liv) o (vl are satisiled include



the titani um containing catal yst conposition used in the present enbodi nent
is nore preferably a titaniumcontaining conposition fornmed of a diaryl
carbonate and an aryl oxytitani um compogisti.on. As descri bed above, the above
steps (1) and/or (2) is usually perforned in the presence of the reaction
catal yst. [0]. 84] An anount of the titaniumcontaining catalyst
conposition used to carry out the nethod for producing the diaryl carbonate
in the present® enbod? LYHN €5 W@Wﬁ%%ﬁ%f&?ﬁ%aﬂ%ﬁn prnfl nu. nrefpr
Sb0. 0001 ' HOo | DN mass, nore - 69 - [0“1824 <ion e t1tani um containing
catal yst corposition w11 be dedctibed ih det@iicher G era-ure, an

(Titani um%afe?éﬂger%at}'ﬁé, %@Oﬁ%&tbﬁ@é the SJ{B? é;?ﬁ‘%x}‘éﬁ%&% arning
cat al yst conposition usualTy ‘pronotes e transesterification reaction in
the step (1eh@r}ﬁiim§?t5@r@@§g&wa_@@tﬂw o dh S0 OPOF tanati op reaction in
the step (2). The titaniumcontaining catalyst conposition used in the
present enbochent1d s) prafar ably afn e gani o Oxydd4adt U COMPOsi £h@n, havi ng
at least one RROTi linkage. [0186] (Organic Oxytitan um Conposition Having
R-0-Ti Linkage)is an dhenorgandChexydi§ adbimnComposs tdosn: hayvéagabhes R-0- Ti
| i nkage is an organi c oxytitani um conposed of a tetravalent Ti atom in
which the Ti0Etomis substituted by an R 0- group, wherein R represents an
or gani ¢ group. Here, the "organic oxytitani um conposition having the
R-OTi |inkage2ciheansCatatysiot only one "organi ¢ oxytitani um having an
R-OTi linkage" is present, but also a plurality of "orgaxytitani uns having
an R-0- The Orsﬂﬁwaggﬁcﬁﬁéggggﬁ@ﬁmst used in the present embodiment

i a metal-containing catalyst composition. The metal-
containing catalyst composition is preferably a metal-
containing catalyst composition that is dissolved in the
reaction solution or present in a liguid state, and is
preferably a metal-containing catalyst composition having
at least one metal-oxygen-carbon linkage.

In the metal-containing catalyst composition used in
the present embodiment, the metal portion is preferably a
Group 4, 5, 8, 13, or 14 metal of the periodic takle,
more preferably at least one metal selected from the
group consisting of Ti, V, Zr, Fe, Al, and Sn. These

have i g g Caita H Y D¢ activit Y oahia die prercire ad f LOM

group or an aryloxy metal compoesition having an aryl

T, g metal-oontalning Ccatalyst Composition s



or man be a pa 7. yne rpolytjta TIC nane), - 70 - The

"pol ytitanoxane" herein refers to an organi c-inorganic hybrid conpound
conprising a Ti-O Ti repeating structure and an R-OTi |inkage, wherein R
represents an organic group. The Ti atom constituting the polytitanoxane is
preferably tetraval ent. [0188] For the structure of the
polytitanoxanef t%gLe are . reports in which the structure is, presunmed (for
exanpl e, Kogyo Kagakl Basshi -t%ﬁ?%irajd?“f%ecﬁ%%ﬁ%imC%Ef&‘?%%€l%fﬁ~ Japan,

| ndustri al emistry. Section), vol. 64, p. 885-888 (1961), d Nature, p.
27327 (1981 T e TERor e ki e A Pk T QU ar 1 ke fT07 oxanpl e,
Ti-OTi) isyalle y; def ed { exanpl e, Japanese Patent Lai d-Open No.
2004-25671§§f %0%%%# * §€%%e ﬁ%?é?itanoxane used in the present

embodi ment i s preferably & RANtiRNeXANE GO Bl asiy one
pol yti tanoxane conprising a structural uni't selected fromthe group

consi sting ©fe the: okt owung: gener abrd s ralb Bs (bl rid2b)at (1dAst apge (4b) . In
ot her words, the polytitanoxus-' in theenbodi nent may have brancheda Ti-OT
1 conbi r wons¢ heFhed geneh atghiddundd i MY tGeTded 01903 fForowdag52] ORORORO
formulas (D1}, (D2}, and (D3):
[0177]
[Formula 49}
MOy
(D1)
wherein M represents zirconium, iron, or aluminum, Q
represents an alkoxy group or an aryloxy group, n
represents the valence of the metal M, m and n are each
an integer of 1 or mere, and m = n;
[0178]
[Formula 501
Z45n0, T
(D2)
wherein Sp represents tin, 2 represents an alkyl group, O
represents an oxygen atom, T represents an alkoxy group
CU G arvioxy groun, ¥ oiw oan inteosr of O oor 3, % ana

I 0 RWOE RS S N B T R
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-0-11-0-- 0 -11 -- -0-1-0-41 (TROROO ( b )(2 b)(3 b)(4 b) [0191] In
the above fornmulas (I b) to (4b), F represents an organi c group. The F
group is an organi c group described i.nghomencl ature (1 UPAC Nonencl ature of

Organi c Chem stry) prescribed by 1UPAC (The International Union of Pure and
Applied Chem stry). A plurality of R groups are contained in the above
organi c pol ytitanoxane. They may be qE_L'ue same or different. For the

structure O Py’ a” bF GACHET 07 6329698t rUct P eSS TS XaNPTe; Fhose shown
in the follow ng.formnulas |C2 and (203 are consi dered. £L0192l - 72 OROROR
L1l ROT -GG oo ?§ko y group ér an gryloxXy group, S 1s an

integer of 0 or 1, t is an integer cof 3 to 5, and 2s + t
= b,

The alkoxy group and the aryloxy group in the above
formulas (D1} to (D3} are the same as the alkoxy group
and the aryloxy group of the titanium-containing catalyst
compesition described later.

[G180]

Specific examples of the zirconium~containing
catalyst composition include tetramethoxyzirconium,
tetraethoxyzirconium, tetrapropoxyzirconium (isomers),
tetrabutoxyzirconium (isomers), and teiraphencxyzirconium.

Specific examples of the iron-containing catalyst
composition include trimethoxyircen, triethoxyiron,
tripropoxyiron ({(isomers), tributoxyiron (isomers), and
triphenoxyiron.

Specific examples of the aluminum-containing
catalyst composition include trimethoxyaluminum,
triethoxyaluminum, tripropoxyaluminum (isomers),
tributoxyaluminun (ifsomers), and triphenoxyaluwnlinum,

RANR
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A nelude ©in tetramaethonide yo LA Uedralduloxlas,
e b omt e ee 3 e IR I R Y R e e N Tl s T S eV D e T
LA TelrapnencHl o, monoDuly LTLn OXAde mailng i,

monekulyliin oxide ethoxide, monecbhutyltin oxide propoxide

Fo o o [ P T o4 4 e PR R W o PR
frazomers), monehutyliolrn butoxide (lsomers), monobutvyloin



OROOR I ROTIi-OR | ORCROR Il ROTI-OTi-OR11:11 ? ROTi-OTi-OR I
OROR (1 c¢)(2 c) When the | UPAC Rul es, and the Nonencl ature Rul es
prescri bed by | UPAC al so shown her ei nafitier- (except for cases where ot her
years' | UPAC Recommendations and the |ike are specially cited) herein are
cited bel ow, "Yuki kagaku. Sei kagaku Me nei ho (Organi c Chem cal and

B ocher cal phprEnelat U ehn (L8V: Setseeond: SaULL on publ L aheth P RoR2.
Nankodo Co.>Trd %agah P57 ci U O EhU 'S PATEd o t He '8Pt Fdht tAcl udi ng
all the rules; gani ¢, chen o] 1 St . and Japanese
translitera??%é%rﬁ%es, %% 1ﬁgﬁéﬁé%gﬁggggﬁggg§g1%%ﬁ%ﬁ%ﬁgT "Kagaku no Ryoi k

(The Area oho{hem $1£¥) "ok Nad 980, based P&%&Em%&&@@dyﬂ@f& and in

which all subsequent revisions and recomrendations are added.
"Organi c" reh€esside generalsy, andgkosP: of ¢ Lonpevngsi ddat i a5k subj ects of the

nonmenci ature disclosed in the 19 9 3 (when
monococtyltin phenoxide, dibutyltin dimethoxide,
dibutyltin diethoxide, dibutyltin diprecpoxide {isomers),
dibutyltin dibutoxide ({iscmers), dibutyltin dipentoxide
(isomers), dibutyltin diphenoxide {isocmers), dioctyltin
dimethoxide, dioctyltin diethoxide, dioctyltin
dipropoxide {(iscmers), dicctyltin dibutoxide {isomers),
dioctyltin dipentoxide (isomers), and diocctyliin
diphenoxide {(iscomers).
[0182]

Specific examples of the vanadium-containing
catalyst composition include vanadium pentamethoxide,
vanadium pentaethoxide, vanadium pentapropoxide {(isomers),
vanadium pentabutoxide (isomers), vanadium oxide
trimethoxide, vanadium oxide triethoxide, vanadium oxide

tripropoxide (isomers), and vanadium oxide tributoxide

{isomers).

Foles
The titanium-containing catalvet comnosition AMON o

. B e

the metal-containing catalyst compositions used in the



1 Recoomen d at 1 onb 197 9 and Recommend a ii 1 ins 1993 frid y be dew er

- 73 [0193] However, the above-described "organi c" conpounds that are
subj ects of the Nonmencl ature al so incl yde.organonetal | ic conpounds and
met al conpl exes. "Organi c" and/or "organic groups” and/or

"substituents" and the |ike, and the conpounds used in the present

embodi rent Wil |l be described herejn below. They, K are conposed of an atom not
i ncl udi ng & METHI at BT AHH7 O aszfejﬂik?‘reet Qfs,c{fﬂ?%%slrbtcﬁeeﬁﬁgea%p%%i fied.
Further pre A ani ¢ conmpounds,” "organic groups,” and

"substi tuen%%n?@o(}ilrp%%%%‘gbf an atom sel ected fromH (hydrogen atom, C

(carbon atom, Nh(enittirt%gﬁirbn@t%ia d‘% 912:3]‘2_%36%%% 1%53”?@1@6% iR il fur atom are

used in the present enbodi nment. Imtations "aliphatic" and
"aromatic” @rerdFoauenth Yo usetk heseln; t ACC dingod o then IWRAG Rules, it is
descri bed that organic conpounds are classified into aliphatic conpounds
and ar omat i cegonpounds-c-and thecdef | nitd o ofr atéphadd e €omposinglsnis groups
according to the al phatic conmpounds based on | SPI\C Recomendati ons

defi necycl @yosatwusateoh dDig uhelat r@tcadodiblatAnmal | ahat .cDfcttzeri wised herein is
a group - 74 - For a group, for exanple, the R portion obtained by
renovi ng a hydrogematon 4 om tdevabs phati ci conpolmd R il defined as a
monoval ent al i phatic group. ~Aliphatic and aliphatic groups include all
of sat urat et dntF ursHE k&t et L WhiPracye | e st cyiel @ cl i @hd refefeto the
above "organi c conpounds," "organic groups,"” and "substituents" conposed of
an at om sel Bt ed FHOMM (MYt Tgere dtdng YT (CAMbon atem S N (nitrogen

2t om sel ccte T O U1 oF 1S ory LB (BYOr Hew 9t ot Sha'd (i oding
atom) . aryloxytitanium composition described later. Further,
the titanium-containing catalyst composition used in the
present embodiment 1s more preferably a titanium-—
containing composition formed of a diaryl carbonate and
an aryloxytitanium compogition. As described above, the
above steps (1) and/or (2) 1s usually perfcrmed in the
presance of the reaction catalyst.
[0184]
An amount of the fitanium-containing catalyst
composition used to carry out the method for producing

- - N . -~ g ke e 2. Lo - 4 U S PR - R
the diaryl carbonate in the present ambodiment varies

the raw materials, reaction temperature, and reactlon
pressure, but is prefevably 0.0001 to 50% by mass, more
preferably 0,001 to 20% by mass based on the total mass

O i PO P | .
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A case where an aromatic group is bonded to an aliphatic group, such as an
aral kyl group, is often described as "an aliphatic group substituted by an
aromati c group” or "a group conprisingesan-aliphatic group to which an
aromatic group is bonded” in such a nmanner. This is based on
reactivity in the present enbodinent, and the nature regarding the reaction
of groups, iyf@S s aral kyl groups, is extrenely simlar to the reactivity
of aliphatic groups, rather than aromaticity, 1tuted," groups to which

nromati _ woups a[rr% bonded, ;- t@%dﬂgg}d ca&eﬁl%ﬁPi%%&Qqug‘! Jio,tr]mg%: of

t he conpounds used herein are descri according to t

above- descr i bed- Noanc) atar £ Rules,prescri bed by | UPAC are used. However,
in the description of the conpounds used in the present enbodi nent, in

order to clarifynthe-deatareiof thessisuctsmesscoiqaed words, such as an
"organi c polytitanoxane" and an "aryloxytitanium" are used, and for the
names of parti culrar tgrioupsmandHddiusinateed dompoundynanes,ort niail 1 ynanmes
are often used. The nunber of atons and the number of substituents are
of ten descrpbedtes eilne Theysadterepresentn zesacioiom posilie vetémt eger (zero
is often a positive integer). However, when a conposition ratio formula is
repr esent ecinpolsie | Vea memples 81 hreausad. or disThrosiapratéon of ten used
for the notation of inorganic conpounds and organic-inorganic hybrid
conpounds. [PA96]°" 1t HHe abve!R gr i its tPrefrEraBIy 4 Tgidup conposed of
a carbon atom a hydrogen atom and/or an oxygen atom and it is any of an
al i phatic group Yan %f?r%?r%?'i Lyt ot ot c?h%ﬁg%%%?ibo?fﬁ)b%db‘%% cthydr ocar bon

a paamni a. argggrggf%i.a. hydr ocar bon. gr ou

) _ a. condensed. . )
pol ycycl hydf ocar bon %ﬂuﬁr-a%ﬁ%:Q%YFﬁ%%Piﬁﬁ:ﬁ?qﬁo%ﬁ%%ﬁgckqv¥€g-at

least one R-0-T1i linkage.

[0186]

(Organic Oxytitanium Compesition Having R-0-Ti Linkage)
The organic oxytitanium composition having the R-0-

Ti linkage is an organic oxytitanium composed of a

tetravalent Ti atom, in which the Ti atom is substituted

by an R-0O- group, wherein R represents an organic group.
Here, the "organic oxytitanium compositicn having

the R-0-Ti linkage" means that not only one "organic

oexytitanium having an R-0-Ti linkage™ is present, but

also a plurality of "organic oxytitaniums having an R-0-

[NRI b e Lo ey e §F D T S ) L R Yoo o de P PR AT ek O P
i i e T ER RN | RN RS P o I BRI N o LR UL Lotld LI I N Boatbil L SR St B

The organic oxviitanium composition may be a monomer
or may be s polvmer (organic polytitanoxans)

[0187]



group, a ring assenbly hydrocarbon group, a cyclic hydrocarbon group with a
side chain, a heterocyclic group, a heterocyclic spiro group, or a bridged
het erocyclic group), a group in which epe.or nore groups selected fromthe
above acyclic hydrocarbon group and the above cyclic hydrocarbon group are
bonded, and a group in which these groups are |inked via coval ent bonds to
a particular nonnetal %; car bon or oxy&g&% The above coval ent

bond to the parﬁ?ﬁhf&¥}ﬁ%ﬁ? RaZEomiEEET 5FIEX§§EﬁF'F§F@V§‘Yb, for

| e, tate il i.ch, ted by t 1 owi I |
Ciay to” (ach et Gt o Pk BT S vt ity hOndRE S each
ther. [0]. 5 .
other. [0] %%J%c%f@%%ﬂrgdl[ﬂ_%}%—%l (%ﬁ}%(%eiul%%]ré&ea%d&@ an

CcJI 5J0i . 1J a pa ce to each ot’her, IS preferably

a group Se!@&%&@iérm&&e @-QUR 1CORSHS HPG +Qf- @10 1RCYElJ ¢ hydrocarbon group
and a cyclic hydrocarbon group (a nonocyclic hydrocarbon group, a condensed

pol ycycli ¢ fydrocad o 95 oup, pide 1 €ychd €= Tl ocar bon group, a spiro
hydr ocarbon group, a ring assenbly hydrocarbon group, and a cyclic

hydr ocar bonjgreoup with a side chain), and a group in which at |east one
group selected fromthe group is bonded (groups substituted by each other),
whi ch contain 1o 2hecarthortatrene.f the poQonsitderdxnaget helfdronwabid ity of
t he above organi c oxytitanium conposition having the RO Ti I|inkage, and
the like, ther®Rigyoup visl@refler abl yueat yroups corgaimidng! 10 ceAdvReas bon
atonms, nore preferably a group containing 1 to 7 carbon atons. [0199]
A nore preflerded Reioupiassal grouprsel ect ed ¢ rigmal ¢t oupPs Fewhieh at | east
one or nore_selected fromthe group consisting of an alkyl group, a
cycl oal kyl Gifotip, HHtan &ty 1 igrbup-af e Honddd t o' @ach®ot Her , Sand® %’ gr oup
In which at fea,,_ one qr.mre selected froming groub: cpores in

which a particular linkage (for example, Ti-0-Ti) is

allegedly detected (for example, Japanese Patent Laid-

Open No. 2004-256719).

[0189]

The polytitanoxane used in the present embodiment is
preferably a polytitanoxane comprising at least one
polytitanoxane comprising a structural unit selected from
the group consisting of the folleowing general formulas

{1k}, {(2b)}, (3k), and (4b). In other words, the

polytitanoxans used in the present embodiment may have &

combination thereof. The generval formulas (1}, {Zb},

VAl and {(4D) are as rolliows:



above fen la(1d) to (4d), Exanrl.es of such anconl-, SO ethyl group, a

p. ropyl group (isoners)d butyi pro f (isoners), a heptyl group (isoners),
a cycl opropyl group, a cyclobutyl group,; a cyclopentyl group, a cycl ohexyl
group, a cycl oheptyl group, a cycl opropyl nethyl group, a cycl obutyl net hyl
group, a cyclopentyl methyl group, a cycl ohexyl nethyl group, a phenyl group,
a phenyl net hyl group, a cresyl group (isoners), a phenylethyl group, a
furfuryl grb%b? hnd a pyrazyl group. [0200] A nmononer structure having
an (R—O-)4TL4stru§tu% as well as the above-described vari ous

pol yti t anoxah@s sV %Ithe R-OTi l|inkage can be preferably used as the
organi ¢ oxytitanium conposition having the RO Ti |inkage used in the
present enbodinent. It is extrenely difficult to isolate the pol yti t anoxane
for determning theo®tructure. Tip8refore, in igg pr esent erbodinent, a
conposition containkng at | east._ or noreal.) _of pol ngxane havi ng
the RROTi Iinkgg% ‘;Qﬁntendﬁﬁéf EQ% polyti?aqofgne conﬁ%ﬁf%?ﬂn havi ng t he

R-OTi |inkage. [020R] The ove pol ytit&oxane conpoBition having the
R-0- Ti linkage is preferab’ a conposition sudh that a nt,]- usin, tneTi
:,1,--onms contained, in an Hndl v 1'/1:3. t.snoxsne h iRgl. 1 n kage,
whin' - 79 - consE}PHtes t he p8?§9itanoxanekgzg$ositioﬁ@ig d the follow ng
"nmolar. ratio". [0202] The pol ytitanoxane conposition conprises one
or nore pol y#itahoxanes having a different degree of polynerization (the
nunber of Ti atons in the nolecule). [0203] The above "nolar ratio"”

refers to the nolreslof a Pt ydraneéane Maviangl 4 4 AdisArdifd e deyrae of
pol ymerization with respect to the total noles of polytitanoxanes in the
pol yt it anoxahné= tehpdstt? on. [ 0204]

The R group is an organic group described in
Nomenclature (IUPAC Nomenclature of Organic Chemistry)
prescribed by IUPAC (The International Union of Pure and
Applied Chemistry).

A plurality of R groups are contained in the above
organic polytitanoxane. They may be the same or
different.

For the structure forming a branched or cyaclic
structure, for example, those shown in the following
formulas {ic) and (2¢) are considered.

(01527

Do rmg s



By the above "nol e average degree of polynerization," it i
product of the nolar ratio of a polytitanoxane having an i
of polymerization and the degree of polynerization is dete
product is integrated for all degrees of polynerization to
integrated value. In other words, the question of how many
contained in one polytitanoxane nol ecule is answered as av
- I n the abovegpnat hemaki cal gxpression (1), is a9
representing the nol ¢ average degrlee of polynerhéalfnne_Lé
represents the niibef o tTyhesOst ThoPfti t anoxane haying ai
having a different dggree of poly ization containgd in

conposition having the RO Yi |inkage, and represents an i

s nmeant that the
ndi vi dual degree
rm ned, and the
obtai n an
Ti atons are
erage value - 80
Bosi tive number

z
2g§%>T1 | i nkage
he pol ytitanoxane
nteger of 1 or

nore. [0208] PW i S @y_pfsidd ve natural nunbBP TEPresEMTHNY the nunber
of Ti atons contained in a polytitanoxane nol ecul arggst rucprre w having an
R-OTi |inkage contained i nORhe above conposition. [0209] nwvis the
nol e fraction of the nolegﬁlag structure wto the conposition and satisfies
t he mat henmati cal expressi €2): [0210] [Expression 2 2‘{)02.1) whrerei:
above mathemai L Jth e

When the IUPAC Rules, and the Nomenclature Rules

prescribed by IUPAC alsc shown hereinafter (except for

cases where other vears' IUPAC Recommendations and the

like are specially cited) herein are cited below,

"Yukikagaku-Seikagaku Meimeiho (Organic Chemical

and

Biochemical Nomenclature)" {(revised second edlition

published in 1992, Nankodo Co., Ltd., Japan) is

which is based on the edition including alil the

cited,

rules of

organic chemistry and bicchemistry, and Japanese

transiiteration rules, published as a separate volume of

"Kagaku no Ryciki {The Area of Chemistry;" in 1

980, hased

on Recommendations 1979, and in which all subseguent

revisions and recommendations are added,.

"Organic" refers to generally a group of compounds

that are subjects of the nomenclature disclosed

ISIEE

Recommendatlor Eh n 1993 (when 14 al
4 T oy | toaeyriled | ol Ve et .
Recommendations 1979 and Recommendations 1993 m

raefaerred Lol .,

in the
e
LhEloult
Ty
ay be



Le ion (1), and re e |inkage having a different degree of polynerization
contained in the polytitanoxane conposition having the RO-Ti |inkage, and
represents an integer of 1 or nore. [F02B2]- For exanple, in the case of a
conposition conprising 1 nole of a tetraal kyl oxytitaniumrepresented by the
following formula (le), and 1 nole of a polytitanoxane represented by the
fol |l ow ng f?é La (2e), the nole average degree of polynerization is 1.5.
The fornmnul as ?%e? and (2e) are as follows: [0213] [Fornula 55] OROR OR

RO- TI - ORRO-Ti - Oyl R ORGRYLIR (L &2 18)pd 038y o %%Qﬁjcﬁ hg a diaryl

above-descri bed polytitanoxane I's used as a catal yst f

carbonate, the: abpoyesgesssibeds pohe Yiehd sbexan & issPreferabhly. S poiti.
Pt anexanE W4 - 82 -

organometallic compounds and metal complexes.

"Organic" and/or "organic groups" and/or
"substituents" and the like, and the compounds used in
the present embodiment will be described herein below.
They are composed of an atom not including a metal atom
and/or a semimetal, unless otherwise specified.

Murther preferably, "organic compounds,”™ "organic
groups, " and "substituents" composed cof an atom selected
from H (hydrogen atom), C (carbon atom), N {(nitrogen
atom), O (oxygen atom), and S (sulfur atom) are used in
the present embodiment.

[G194]

The 1limitations "aliphatic" and "arcmatic" are
freguently used herein. According to the TUPAC Rules, it
is described that organic compounds are classified into
aliphatic compounds and arcmatic compounds, and the
definition of aliphatic compounds is groups according to
the aliphatic compounds based on TUPAC Recommendaltions

TG

defined as "Acyolic or ovolic, saturated or unsaturated

carbon compounds, excliuding aromatic compounds 0

An aliphatic group oflen used herein 1s a group

COMoImising ohne & }_;{_g LT G R T A Iw] PA LD OIS OUNIG .



1.1 or nore and 12 or |ess, nost preferably in the range of 2 or nore and 8
or less. [0215] <Al kyl oxytitani um Conposition> One exanpl e of the
organi c oxytitani um conposition havingsthe R-OTi |inkage used as the
titani umcontaining catal yst conposition in the present enbodi nent i ncludes
an al kyl oxytitanium conposition. Particularly, a polytitanoxane conposition
havi ng an al koxy %r oup i s preferred. An al kyl oxytitani umrepresents,

anong organi ¢ oxXyti Caieie cofst IFEGTFIG 1t ié Calbove “organic® ey tst & um
iti havi t -O-Ti |ink ni titani in which th
R O oup. | o ST KYT ot il THE OO ori o THE R T HRAE 6 oxygen
bonded to tpg c?éﬁljlegra%m mo ovair egfjgaqﬂ éihge (%Mﬁg oxytitani um
gt b ed” orgafic o

conpositions are, anobn e above-descri Xytitani um
conposi tions haviingthe R.Q4Ti. liipkage, tq%%q Jda whiich Ris limted to
an al kyl group, an gnl y those elfgjl ugi néﬁ?au%ts of the illustrations of the P

grou - 83 gardiSQ®ISle Eamplesof, aprefersed Rl %%Fblaj[@, a et hyl
group, an ethyl group, a propyl group (isomers), a butyl group (isoners),

and a pent yte S5 0UW: (iSO S)e [D216] 1 SQehnabkyd oxytd # @ Uum Compes) ti on>
One exanpl e of the organic oxytitanium conposition having an R-OTi |inkage
used as thezrd t'anih Contdrai 0 ngorgat @by séf canposit | onl ¢ar ddel psresient

enbodi ment i ncludes a cycl oal kyl oxytitanium conposition. Particularly, a
pol yti t anox&amed conpositdron Haviagrzor et oal koxy(groupsds prafer réd. A
cycl oal kyl oxytitani umrepresents, anong organi c oxytitani uns constituting

t he above ofgarie” ox§mk ant uhseohpositions havihigl tHen RO/ |3hkage, an
organi c oxytitaniumin which the R group is a cycloal kyl group, and the -0-
form ng the'RCIETi 2 FThKHYE FCOXygeh bonted: ¢ o the? eytl nafkyl group.
Therefore, the cycloal kyl oxytitani um conpositions are, anong the
above-descrhblé%m ?@ga%ii‘?fx)ox 14 ahi Lh%r%'ﬁ?i%i‘hbor%e R-OTi |inkage, only those
inwhich Ris |imied toa oyl adlhyl aroup, and onlythase guch an
P.include a cyc..i .onentﬁ group, yi eher t”. y.UI . group.,

aliphatic group, such as an aralkyl group, is often
described as "an aliphatic group substituted by an
aromatic group" or "a group comprising an aliphatic group
to which an aromatic group is bonded" in such a manner.

This is based on reactivity in the present
embodiment, and the nature regarding the reaction of
groups, such as aralkvl groups, 1s extremely similar to
the reactivity of aliphatic greups, rather than
aromaticity.

Mon-aromat o reactive grouns doroloding aralkyi

RIS ANG A LENV L OrOumE Srd OPUaET aesar el an AL Lohal i
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TINGUDS W hich ma Yoo Aromatioal iN 2 batituted 5
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groups to which aromatic groups arvre bonded,” or the like.



cycJooetyl gyl group, and a cyciodecyl - 84 -- group. Exanples of a
preferred R group are a cyclopentyl group and a cyclohexyl group. [0217]
The organi c oxytitani um conpositions-hawving the R-0- Ti |inkage used in the
present enbodi ment in which the R group is an alkyl group and in which the
R group is a cycl oal kyl group exhibit simlar behavior in the above steps

(1) and (2), %r{)rhe %Ieor(f%néd‘gbeaé)oqf\{“e“ escrf bE d Cé/(%l oaI k&/l oxgté tani um

conposition wll escr |'ow as having he sane’ meani ng as the

al kyl oxy! i t a0l U CORPOSLLL oM, EX@&H%%%WS byl QUoyP & s L anghed. andor

| i near, and the cycloal kyl group is cyc but t ere"is no difference in

reactivity aogd-thediksnedndat hes ekQI8: Lhey-haveqthe $@ﬂ§(,n§§@' pgeherein.
Simlarly, a group in which a cycloal kyl group and an al kyl group are

bonded to easheotherimashd hee sarepeani 8. 4 hé 0248} o Ay | @xy& i t ant ym
Conposi tion> The aryl oxytitani um conposition used as the

titani um coptaiaingeciatal iystt conpostddont & nethel Py eseat £ eabode nent
represents, anong the above organic group -TA r..kagebonded to 1greUr1)(
aromati c fiwae patye¢tanoxacoine@Siord9219hch as amhenr¢dvei above group
having the aromatic ring is represented as an Ar group (that is, a

pol yti tanox%%ymwfh%%}he W‘éx@/ﬂ roupl ¢y detdmedna’s @rﬁfaolll%'@@ta«ﬁ@dane

havi ng an Ar-OTl | i nkage) pol ytitanoxane havi ng an aryl oxy group can be
represent ed® By the IF%FEF%\ASP%QPC?HFh%‘ll]aa%c‘%?‘dﬁ’%ga"ﬁ% thevglefihedi on of the

above pol yti tanoxane con§05| tion having the R-{O | i nkage The
structure of “HHEVHOIJATE anoxahe! 3§ Hiler set by~ t he cdidi nati on of the above

formulas (IDb) ta, (e4t??un§b' n tO Zﬁ;)l ti t%gq a@nemﬂn % g an L}ebrsyttﬁxq/ ﬁéOUp’ the R
I a

group in the above fornula I's ‘an group t he

fol Fow ng formias.(1). éplw&)he@a rq.escmetyedajnorretg}eesaemv . 9] y1, tanoxane

having the R-O age
positive integer {(zero is often a positive integer).

However, when a compositicn ratio formula 1s repressented,
positive numbers are used.

This is notation often used for the notation of
inorganic compounds and organic-inorganic hybrid
cempounds.

[0196]

The above R group is preferably a group composed of

a carbon atom, a hydrogen atom, and/cr an oxygen atom,

and 1t 1= any of an aliphatic group, an arcmatic group,

acyclic hydrocarbon group, a oyolic hydrocarbon group (a
group such as, for examnple, a monocyelic hydrocarhon

! , ample, & monocyoelic nearhon
group, a condensed polveyoelic hydrocarbon groun, a

brid Goxdas Oy Lic b WOOT G [Tty GO, G SPLTO YO TOOaTnon



is difficult to identify the structure by the current analysis nethod, and
the structure is presuned to be a m xture of various structures. The
formulas (if) to (4f) are as follows: {9220] [Fornula 561 - 86 - In
t he above fornulas (1f) to (4f), Ar is a group having an aromatic ring, the
Ar group fornms an Ar-OTi |inkage, and the oxygen atomof the ArO group in

the linkage represents a group bonded to the aromatic ring in the Ar group.
[0222] gr@i“’r%e abdve ary g S & Futing'Hhe a%ﬂqoB&/ti taniumis

preferably represented by the follow.ng formula (AP)). [0223] [Formula 57]
AN SRt SRR S W R b W ER S R B s

organi c gr%y%éy@ga%¥%§ﬂélégaﬁg%PgﬂggtQﬂs%l%ﬂqp'éHIH%Egkggygggép group to

whi ch an oxygen ato ond bonded at y positio epi ng

ar ot | {C'Ot2§rcﬁlﬂﬂ Y 38R G rPhA N Wnd d nldde YrdudCR 1A hatga a a
the above acyclic hydrocarbon grcup and the above cyclic
hydrocarben group are bonded, and a group in which these
groups are linked via covalent boends to a particular
nonmetal atom (carbon or oxydgen).

The above covalent bend to the particular ncnmetal
atom (carbon or oxygen) refers to, for example, a state
in which a group represented by the following formulas
(Id}) to (4d} and the above-described group are covalently
bonded to each other.

[0197]

[Formula 54]

(1d) (2d) (3d) (4 d)
101987
RO SRR GO | o ¢ [BISAY Lo CHE
§ il \ i i ) i [E AR SRS RE U i [
from the group consisting of an alishatic group, a
aromatic groulr, and a group in which an aliphatic group

and an aromatic group are bonded to each other,

. R s . T T : T T R T T P e T R,
consioacring that o girde reacltion 1o ieags likel VooOLO Ooouy



-fted as | ona maLi cExan | osatom hydrogen atom and/or an oxygen atom
such as an aromatic group and a group in which an aliphatic group and an
aromatic group are bonded to each other:; Mre specific exanples include
groups having an aromatic ring, which are an acyclic hydrocarbon group, a
cyclic hydrocarbon group (a group such as, for exanple, a nonocyclic

hyd b up, @ d I |ic hydrg be . bri dged
vl P hydrihr Bor G GUR B Shi e Wy At ton or ol a PG assenbl y
hydr ocar bonccg{solmbzr?gdc 1‘C|$r§: ah%/l}gc[['lpiccar A Qroun, W rho 6{3 S&Imdc? eChaI 0, &

het er ocycl i ¢ ‘grou eteroc i'C spiro group, or brldg%d:ﬁ%‘%focyclic
group), a gggg&@ék Mol IQHP%H§%! Aad fr e above acyclic
hydr ocar bon “gr oup é%ﬂ{t e bo@% cyé%ﬁ%Jhydr pafggi groﬁgﬂgﬁg’b%nded, and a
group i n whighidheahove grouns e ddnkedh d-agoval ent; hands- 01 8-
particul ar nonnetal atom (‘carbon or oxygen). The above coval ent bond
to the parthgut@ia nonedalu@t emeardan, ofcagen)qisup f of exagpl e, a state

in which a group represented by the following formulas (1d) to (4d) and the
above- descra drathigroupy dre-odval entdyp banded: toy @ach tojdwerscarko88 - H2
Ceo- group with a side chain), and a group in which at least
one group selected from the group is bonded (groups
substituted by each other), which contain 1 to 20 carbon
atoms.
Considering the flowability of the above organic
oxytitanium composition having the R-0-Ti linkage, and
the like, the R group is preferably a group containing 1
to 1C carbon atoms, more preferably a group containing 1
to 7 carbon atoms.
(0199}
A more preferred R group 1s a group selected from a
group in which at least one or more selected from the
group consisting cf an alkyl group, a cyclecalkyl group,

and an aryl group are bonded to each other, and a group

in which at least one or more selected from the group
< i L it Y S eREs W Tedd v [ { i e
i H j R [ [REt
ihave  formgl {laty oo {4y
Examples of such an R group include a methyl group,

an ethyl group, a2 propyl group (isomers), a butyl group

UL S mer s g oy o oLy CUSOme s a8 ey a0 O raun



(1 d)(2d)(3 d)(4 d) [0227] Anong such Ar groups, the Ar group that
can be preferably used in the present enbodinent is selected from an
aromatic group and a group in which anygliphatic group and an aromatic
group are bonded to each other, considering that a side reaction is |ess
likely to occur. Exanples of the Ar group that can be preferably used in

t he present, enbodi nent include a group sel ected from.the group consistin
of aﬁ acyclfilcsci%:rsggarao(ﬂ?pd:ry @rzfg’d} a(plc%%rﬁrés)hy(f‘r é:cyé?lt?ﬂogqyo]uggl(%w’ )
nonocycl i ¢ hydrocarho rou a condense ol ycyclic, hydr.ocarb group, a
bri dged cy51f@“%ﬁ)H%@Qr%gﬁng%oﬁbfnﬁg§)f?%“ﬁyd%gﬁlﬂbéh(@Fgﬁ%¥”<Q?ing
assenbly hy rbo d clic r _ p W a side
chain), anéﬂgﬂggogbq?%&ﬁﬂléﬂggtgﬁgﬁ t 5%éﬂé$%)p“égﬁg%%gﬁH%f%ﬁé@mb %roup of
these groups,d % handed gy oups, subst it utied, oy Lach rathesJoumhi ch are [02281
- 89 - consisting of a cycloal kyl group and an aryl ‘group are bonded to
each ot her,c\aithia g/ Hy1 WG ata @asty ong-arp,f ersel \eGiech§rom the
group consisting of an al kyl group, a cycloal kyl group, and an aryl group
are fornmed gtcurg ld nkageyiseleaired faomitdhe above-rdesartibedyfaipulas (1d) to

(4d). A group having 6 or 7 carbon atons is further preferred.
Exanpl es offwuchyAr cgreoyps amclaudey a phermydowgr.oup, a cresyl group
(isomers), a xylyi group (isoners), and a naphthyl group. Exanpl es of

preferred Ad4glbups are a phenyl group and a cresyl group (isomers). [0229]

A monomer structure having an (R-0-),Ti structure,
as well as the above-described various polytitanoxanes
having the R~0-Ti linkage can be preferably used as the
organic oxytitanium composition having the R-0-T1 linkage
used in the present embodiment. It is extremely
difficult to isolate the polytitanoxane for determining
the structure. Therefore, in the present embodiment, a
compesition containing at least one or more types of
polytitanoxane having the R-0-Ti linkage is intended for
a pelytitanoxane composition having the R-0-Ti linkage.
02017

The above polytitanoxane composition having the R-0-

AL AadnKagae 15 prereraciy a COMposSition sud I that a mole

Trer ey TRy mrimibee e oy o P R R TR RS B 3y TP Aot st sty 4
L LG Lt NUINDDE D O e O CcOnLalne Ly ol LDAALVIOUad

polyititancxane having an R-0-Ti iinkage, which



When the aryl oxytitani umconposition is used as the reaction catalyst in
the production of the diaryl carbonate in the present enbodinent, it is
preferred that the aryl group constitutibng the diaryl carbonate, and the
above-descri bed aryl group constituting the aryloxytitani umconposition are
the sane type of aryl group (thatthe aryloxy group constituting the
[02.',01 annneb strucn.g an (Ar, -0Ostrl).(ctth:e., as well aStl, I1C S above
pol yti i oxarié’ Hay' b: %t atq\?s R%@Sftdtalr@%? q %“Qgﬁfstd%’l.a‘.n%%
3/.s"iScsairn - 90, conpositian used in the present enbodiment. As

previ ously ‘déscribed, it 9%s ek renely difficult to isolate the
polytitanoxqw@obqr determ ning the structure. The pol ytitanoxane having the
Ar-OTi linkage used in the present enbodinment is a polytitanoxane

conposi tion havihg &R 14%-1CsHoxlankkage, O%QQE%%PEﬁﬁm@?g%%i%%éoQﬁ:%&nﬂpre

types of polytitanoxane having an Ar-OTi |inkage. ] Preferably,
the above polwti tanoxane €omosid o e it heed¥eO-di | inkage is a
conposition such that a nole average degree of polynerization is 1.1 or
nore and 1Z:aryrasiszatThen molie: avefiage «dedriees oimgpalynerd zatlon:is) .

determ ned by the follow ng mat hemati cal expression (1), using the nunber
of Ti atomnsltcdnilai ned in an individual polytitanoxane having an Ar-OTi

| i nkage, which constitutes the pol ytitanoxane conposition, and the

fol | owi ng "nol afheativgve "molaThaapdlyt iredwoxane dowpasiltisorpicenpri ses one
or nore pol ytitanoxanes having a different degree of polynerization (the
nunber of TF°latlonsNGaHe ol dtul %) .1 rhie? hbve Gt refers to the nol es of

polymerization with respect to the total moles of

polytitanoxanes in the polytitanoxane composition.
10204

By the above "mole average degree of
polymerization," it is meant that the product of the
molar ratio of a polytitanoxane having an individual
degree of polymerization and the degree of polymerization
is determined, and the product is integrated for all
degrees cof pelymerization to obtain an integrated value.
In other wcrds, the guestion of how many Ti atoms are

contained in one polytitanoxane molecule is answered as

aveilage vaiue.,

?nm%ﬁ{%wmw} (1)

02061



theran, rlfmr polynerilation,” C 1. is neant 1 h accl of the O dl

/:)xane.-Hg 110 degree of polynerization and the degree of polynerization
is determ ned, and the product is integpated for all degrees of
pol yneri zation to obtain an integrated value. In other words, the question

of how many Ti

d al 02
e oo M St et i%#%&@%ﬁ% o |ns|]29\l\l)p305|(!t

number r epresent Mgﬂ | udveans fearee o PUMRLIZAAEN . o

represents
havi ng a di
conpositio
nor e.

e nunber anoxane aV| |

ﬁ&%ﬁé of polynerlzatlon contained in the polytit
|ng the Ar-

O Ti |inkage, and represents an integer of
‘duoip a positive natural nunmber representing the nunt -

a polyt.itdi aJA due nol ecular follow ng mathen-1-M,1 expre. ion (2)

z represents the number of types of pelytitanoxane
having an R-0-Ti linkage having a different degree of
polymerization contained in the polytitanoxane
composition having the R-0~Ti linkage, and represents an
integer of 1 or more.

[0208]

Pw 18 a positive natural number representing the
number of Ti atoms contained in a polytitanoxane
molecular structure w having an R-0-Ti linkage contained
in the above compositicn.

[0209]

m, 1s the mole fraction of the molecular structure w
tc the compositicn and satisfies the mathematical
expression {(Z):

[02107

[Expression 2]

z
¥ by vy
. k-
i TSI
(2
e
(02111
vty e P s -y o [ e £ o e IR S S 4. NI S
wherein 2 has the same meaning as 2z described in the

above mathematical expression (1), and represents the

T S e e RN o DR T
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atons are contained in one polytitanoxane nol ecule is
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- 92 - [0234] [Expression 4] 1 = E nw [ 0235] In the above

mat hemati cal expression (2), z has the sane neaning as z described in the
above mat hemati cal expression (1), andgrepresents the nunber of types of
pol yti tanoxane having an Ar-O Ti |inkage having a different degree of

pol ymeri zati on contained in the pol ytitanoxane conposition having the

Ar-O-Ti linkage, and represents_an integer of I{;& or. nor e,.%%0236] For
exanpl e, i nttHEAEasE 6% & oo 15On Comi T sF hg A Wt e ot aon

tetraaryl oxytitani umrepresented by the follow ng. formula (19),, and 1 nole
of 5 pol yt 1 FHHORTHED 1 Bbr oot by AT | VMO or Wl A (59 tbRet ol 6
aver age degree, of. rjizati ' 40 0 9 - 93 -

When t he a%ﬁg&&ﬁ@g%%%%%ﬁp%%%%enﬁg %rgeﬂésg%fr(geggjt ?%% Ilé%f%r yst for the
producti on h_f%d of a diaryl carbonate in the present enbodinent, a

pol yti tanoxane having an Ar-O Ti |inkage conprising small nol ecul es as
little as possiblg andhav ng A dhoh ! @ average degries ofoRotyamid zation
is preferred. Wien flowability is considered, the degree of polynerization
is preferabl ymdiad yery hé@haal kyloxJheref one, réhe- aboved degcehbed nol e
average degree of polynerization is preferably in the range of 1.1 or nore
and 12 or |&sklowhie psafierablyei n d/hé T anges of £ 22 oro hpr et andx8ner | ess.

[ 0239] The titanium containing catal yst conposition used in the
present enbodhimenintisd noy etlpr ef el bbb yna tdtrmnl am Zont al'mé ngo €enposi ti on
conprising the above-described aryl oxytitani um conposition and diaryl

car bonat e. AHer #bdvEEY T ean Uiebrital hidgl @onpdst t on Tden Femwbltai ned by

m xing the aryloxytitanium conposition and the diaryl carbonate and by a
met hod desclibedtat er%) The® abovePatYtoxyt it ani um conposition can be

obt ai ned, fP6?f§<]anpl e, y10x

[Formula 55|

OR OR OR
RO~—Ti-—0OR RO—Tj—C~Ti-0OR
OR OR R
(1e) (2e)

[0214]
When the above~described polytitanoxane 1s used as a
catalyst for preoducing a dieryl carbonate, the above-

described polytitanoxane bs prelerably a polyvtilanoxans

AP POy | i | ot CHY ) i) ] ! [ RN 1

i : ¥ e i ¢ I i P4 LRI i @rEE oo
e e 3 ey e T [Pt T 2 s

I RO L VIE ] GLAOT When flowabillty < fered, the
1 1 kS e 11

It i A ¢ A i A 1. v ] P AL

very high. "Yherefore, the above~described mole average
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Geqres OnL pDolyvmerizalllon s praejeraniy in ohe range ol



desc::.r :i.bcnd '024(31 The O 1. a xyl carbonLhe raw marerL t'tLa - 94 -
conposition is simlar to the one described in the paragraphs of the above
step (2). [0241] The titanium cornstituting the above aryl oxytitani um
conposition is preferably tetraval ent. [0242] The above

aryl oxytitani um conposition preferably has 1 or nore and 4 or |ess aryl oxy

[ [ t 43] . (Method f Pr oducj ng. Ti t ani Cont ai ni
Gt alyst Conpbert iBhC 7 PTRa 1] U Eont BT WY WEF ECHl ySb e cONPOsI (1o

used in the present gg@ogéne§t gapegg produced, for exanple, by the

fol |l ow ng me hhd?rﬁprst, the above:-descri bed al kyl oxyti tani um conposition

is reacted '%p5 he aronmati ¢ nonohydroxy conpound described later so as to
obtain an aryloxytitani um conposition_ At that tinme, ROH corresponding to

the al kyl oxyx OF QUP« V81 PL OuEethnang: ¢ herefore, the boiling point of the ROH
and the aromatic nonohydroxy conmpound is conpared to sel ect an

al kyl oxytit ani umoMResiHlicon ARt A @f0MRE i yBReHdim <Amgimet i ci MnhYdr oxy
C 011100 011 d2 The aromat | C monhvdroxy C. described, - 95 -
having the R-0-Ti linkage used as the titanium-containing
catalyst compositicn in the present embodiment includes
an alkyleoxytitanium composition. Particularly, a
polytitanoxane composition having an alkoxy group is
preferred.

An alkyloxytitanium represents, among organic
oxytitaniums constituting the above organic oxytitanium
compositions having the R-0-Ti linkage, an organic
oxytitanium in which the R group is an alkyl group, and
the -0- forming the R~0-Ti linkage is oxygen bonded to
the alkyl greoup.

Therefore, the alkyloxytitanium compositions are,
among the above-described organic oxytitanium
compositions having the R-0-Ti linkage, only those in

which R is limited to an alkyl group, and only those

T N S S PO L 7 N o S,
excludin g pairc o £ the illustrations of the R oGl
LA S PR ' - - SN PO : . : . . .y PRI L e o
JETR T 5 S-S VO HR 5 S VU T O N UV O SN I 90 I NI SN A0 A ¥ R O A O 0 Y I
DAL En ol BUah an Bogroun DI uds S methy L groun,

an ethyvl group, & propyl group {lsomers), a buityl groupg

I e e v o Y e v A O N S, . P T R,
lisomers), a pentyl group (lsomers), & hexv] group

(lesomers), a heptyvl group {ilsomers), an octyvl group

LLSomers) o a nony L Grioun L LsQmer sy, ala g Ay L QIO



The aromati c nonohydroxy conmpound is an aromati c nonohydroxy conpound
represented by the formula (1h): [0245] [Formula 60] ArOH [0216] wherein
the Ar group is a ring A given by the frmula (2h): [0247] [Fornula 61]

( 2 h) [0248] In the above fornmula (2h), the ring A represents an
organic group having 6 to 20 carbon atons, conprising an aromatic group to

uhich an. oxygen, aLom 9rmng an (M 0rQuR.J.5 bpnded &, an, Rosidlgn keeping
group, an ethyl group, a propyl group (isomers), a butyl
group (isomers), and a pentyl group (iscmers).
[G216]
<Cycloalkyloxytitanium Composition>

One example of the organic oxyititanium composition
having an R-0-Ti linkage used as the titanium-containing
catalyst compositicon in the present embodiment includes a
cycloalkyloxytitanium compoesition. Particularly, a
polytitanoxane cemposition having a cycloalkoxy group is
preferred.

A cycloalkyloxytitanium represents, among organic
oxytitaniums constituting the above organic oxytitanium
compositions having the R-0~Ti linkage, an organic
oxytitanium in which the R group is a cycloalkyl group,
and the -0~ forming the R-0-Ti linkage is oxygen bonded
toc the cycleoalkyl group.

Thaerefore, the cycleoalkyloxytitanium compositions
are, among the above-described organic oxytitaniums
having the R-0-Ti linkage, only those in which R is

limited to a cyclecalkyl group, and only these excluding

(IR AN W i foladnn TR WO O 0% T S WU v S O AL B e L) O ol LAV O SO RIS U T T O v PR O S SR A 1

PAOLY L GIOUD .
Examples of such an R group include a oyvolopenty]
agroup, a coyolohesyl avoun, 2 coyoloheptyl agroun, a

cyclooctyl group, & cycelononyl group, and a coyclodecyl



The Ar gr. o (ga. at partJac a 1. y ta a long as - 96 - Ar group

i ncl ude groups conposed of a carbon atom a hydrogen atom and/or an oxygen
atom such as an aromatic group and a @group in which an aliphatic group and
an aromatic group are bonded to each other. Mre specific exanples include
groups having an aromatic ring, which are a group conprising an acyclic

hydr ocar bon p or,.a cyclic hydrocarhon ou for exanple, a nonocyclic
hydr ocar bong’gégub,?‘e{iaén (rzll(?esnsogfd %(ﬂrf%fcrlrieéj %{/é}r‘é}é} r GO gjar (r)E@pC,ioaPed?ti ed

cyclic hydrogcarbon group, L[ rocarbon group, a ring assenbly
hydrocarboﬁgd%ggp, % %y% ?§O%§x %d@%ﬁgﬁ'group with a side chain, a
het erocycli¢cogipup, a heterocyclic spiro group, and a bridged heterocyclic

group), a group in which one or nore groups selected fromthe above acyclic

hydrocarbon groumeand-dhe aboxe iayslig hydeoeanbom gnoup ay ecthondeg, and a
group in which the above groups are linked via coval ent bonds to a
particul ar nonmetialgat s cat boine of r @xygedmbodimendhen abioveh corval ent bond
to the particular nonnetal atom (carbon or oxygen) is, for exanple, a state
in which a group Tepresahted dyotheadiadl 1owngel orlnul Bsgfddy ts £4d) and
t.he above-- .1lbed gr oc.p a .re yovalent y bonded

cycloalkyl group exhibit similar behavior in the above

steps (1) and (2), and therefore, the above-described

cycloalkyloxytitanium composition will be described below

as having the same meaning as the alkyvloxytitanium

compositicn. (Exactly, the alkyl group is branched

and/or linear, and the cycloalkyl group is cyclic, but

there is no difference in reactivity and the like, and

therefore, they have the same meaning herein. Similarly,

a group in which a cycloalkyl group and an alkyl group

are bonded to sach cther has the same meaning.)

[0218]

<Aryleoxytitanium Composition>

The aryloxytitaniuvm composition used as the
titanium-containing catalyst composition in the present

embodiment represents, among the above organic

AV U LUanL L ComnosiLaon

group having an aromatic rving, and the -0~ forming

O-T4 linkacse 1o oxvoen bhonded to the groun having an
aromatlc ring. Farticularly, & polviitanoxane
|

COmMmoSsiDion having an sz VLY AITOUD L e e Tlercy,
| . ;



-97-

H2

0- d)(2d)(3d) (4 d)

[0219]

When the above group having the aromatic ring is
represented as an Ar group (that is, a polytitanoxane
having an aryloxy group is defined as a polytitanoxane
having an Ar-0-Ti linkage), a polytitanoxane having an
aryloxy group can be represented by the following formula
according to the definition of the above polytitancoxane
composition having the R-0-Ti linkage.

The structure of the pelytitanoxane is diverse by
the combination of the above formulas (1lb) to (4b) (in
the polytitanoxane having an aryloxy group, the R group
in the above formulas (lb} to {4b) 1s an Ar group), that
is, the following formulas (1f) to (4f), as described for
the above polytitanoxane having the R-0-Ti1 linkage. It
is difficult to identify the structure by the current
analysis method, and the structure is presumed to be a
mixture of various structures. The formulas (1f) to (4f)
are as fcollows:

[G220]

[Formula 56]
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[ 02. 51] Anmong such Ar groups,the Ar group that can be preferably used in
the present enbodinent is selected froman aromatic group and a group in
whi ch an aliphatic group and an aromatigg group are bonded to each ot her,
considering that a side reaction is less likely to occur. Exanples of the
Ar group that can be preferably used in the present enbodi ment include a

group sel ected from.the group consisting of an acyclic hydrocarbon group
and a cyclic hydﬁb%}e‘o@@g@g“r(oufﬁf SJT‘Foﬁho@ac)l i@ h@/qgf)dca{)“rrbdnygar FUp?YRA condensed
pol yoyel i c hydr ogarbon, group. a bridged gyclic hvdrocar bon, group, a spiro
hydr ocar bon “group, “a 71Ny assenbly’ hydr ocarbon group, - and & cyclic

nydr ocar bon, g oup. W 11 91 d, Ghal My oA 3 65 o4y | 4l chy atLeast one

group sel ected om t he group onded (groups sub: ( her) which
are o:rgani }.ﬁﬂgé%pﬁe;@feéléﬂ-tg a hgvb g 130, L QML I Ch & i Do £l 71 firOoma group

the group co at ast -19 of a c ye- .1 (Da 1gr.oh p and an E: 1 oLher,
the Ar group.
[0222]
The above aryloxy group constituting the
aryloxytitanium is preferably represented by the
following formula {Ar0).

[0223]

[Formula 57]

- {Ar0)

[G224)

In the formula (ArQ), the ring A represents an
organic group having 6 to 20 carbon atoms, containing an
aromatic group to which an oxygen atom bonded to Ti is
bonded at any position keeping aromaticity, and may be a
single ring or a plurality of rings, or a heterocycoclic

DaTied, s/ oy Tnayy i SIS T LUt ed iy altQLne ) s ke

The Ar group ig net pavticularly limited as long
it ois oa group having an aromatic ring. Examples of the

Ry ogroupn incivde groups composed of a carbon atom,



- 98 -- |east one or

group, a cycloal kyl group, and an aryl group are formed via a |inkag
selected fromthe above (1d) to (4d) .- [g0252] Exanpl es of such
groups include a phenyl group, a cresyl group (isoners), a xylyl gro

(i sonmers),
a phenyl

and a napht hyl group. Exanpl es of preferred Ar grou

6 or 7 carb@rﬂé’ <?€gﬂa *F68551 Y Py S"””S%%%”Srfo%?fer?%’! i rg RO e

that of ArQ gaI?
organi c oxytl tanlun1hav ng an

Lo T PTVEALRY, 01 St L8t 1 00y 80 Lhar ghore,

OXy group

nore selected fromthe group consisting of an al kyl

e

Ar

up

ps are
havi ng

t han

an

and an aromati c

hydr oxy con@p&ﬂgtiér&f&u@&hetm&ﬁdﬁ@%@aéa@q'@y@érbOIMdr@ RN han that
of ArOH are sel ected: In this case, the preferred R group 1Is

preferably @:ghoups havingia grmhbs Nvabdesqg ofn car bem: at opsn Pecaysenof easy

renoval .

The R group preferably is a group having 1 to 6 carbon

at ons,

nore pref erabd ykyl a gyoupc havingtarbon (gsoner a-c®9lic hydrfesrbbe aronmatic
hydr oxy compound, phenols and cresol (isomers) can be preferably use
consi deri ngitheri hdusteial suthlaty ¥at uexample, a monocyclic

hydrocarbon group, a condensed polycyclic hydrocarbon
group, & bridged cyclic hydrocarbon group, a spiro
hydrocarbon group, a ring assembly hydrocarbon group, a
cyclic hydrocarbon group with a side chain, a
heterocyclic group, a heterocyclic spiro group, or a
bridged heterocyclic group), a group in which one or more
groups selected from the above acyclic hydrocarbon group
and the above cyclic hydrocarbon group are bonded, and a
group in which the above groups are linked via covalent
bends to a particular nonmetal atom {carbon or oxygen).

The above covalent bond to the particular nonmetal
atom {carbon or oxygen) is, for example, a state in which
a group represented by the follewing formulas (1d} to

(4dd}) and the above-described group are covalently bonded

d,



The nost preferred conbination of the R group and the Ar group is a case
where the R group is an R group selected froman n-propyl group, an
i sopropyl group, an n-butyl group, an iggobutyl group, an n-pentyl group,
and an isopentyl group, and the Ar group is a phenyl group. [0255]
Next, an anmount of the al kyl oxytitani um conposition and the aromatic
nonohydr oxy conpound used w || be descri bed. The anount of the
aromat i ¢ nonohydr oxy jconpound used is preferably 1 to 50 nol ar equival ents,
nore preferably 5 tol30 nmol ar equvaIents, wigh respect to the total noles
of al koxy groups eeaCafed in-the-alkyl oxytitaf conpasig@y.on. and is
determ ned by the siZe of the regactor, and the like. If a I'arge anount of
pol yhydr oxy conpoundd (for exanplle, catechol, trihydroxyphenol, and
salicylic acid) are included in the aromati ¢ nonohydroxy conpound, these
The ecnpnucdcferal 11 or lecc nore pref - 100 - [0256] As the nethod
for obtaining the(dr@loxytitanﬂéhdgonpositﬂénj)for exangMed) first, the
above-descri bed al kyl oxytitani um conposition is fed to a reactor in a
nitrogen at ppsphere, and then, the aromati c nonohydroxy conpound is fed.
Next, the m xture in the above reactor is heated and reacted at ordinary
pressure so as tgwolst aurh Be grylupeyt itthenirumasompodiitdtomaThe: heat i ng
tenperature is preferably 0 to 300C, nore preferably 20 to 250C, and
further prete?@bliP50 $9°Q00C. tThed Hewt i hgeth ol neanpries erabtytedol to 500
hr, nore preferably 0.1 to 300 hr, and further preferably 0.5 to 200 hr.
The al cohol * Pibdit et B2 the FEath i Hi iS JEOvet'ed asCh efftii # £HPD§0257]
The titanium contai ning catalyst conpositiaon u qg in the present enbodi ment
can be obt &ITed; 161 CRaNpIe:t by & Nt Hbd® 40 GEear i bt bol GWict  First,
a diaryl c is f o the,aryl oxytitaniumconposition obtained by
t he above %@ﬁ%%ﬁiﬁ%& a %vae-%]e%%r]iy %&ét%é@ﬁoéy?%%%?h%%%n{p%s?%%ﬁ; and
the m xture:| e reactor i -1, aihe. ir Lol ¢ tige.is pre500
fiiihﬁfhc)%@CU9%6%§H$E§G§dLhaL - deatd pfg%%fé%%%lgé%??tﬁ

trimmnore prefera 0.2 to end tiimvheri ‘ere to 200 hr
the present embodiment include a group selected from the
group consisting of an acyclic hydrocarbeon group and a
cyclic hydrocarbon group (a monocyclic hydrocarbon group,
a condensed pclycyclic hydrocarbon group, a bridged
cyclic hydrocarbon group, a spiro hydrocarbon group, a
ring assembly hydrocarbon group, and a cyclic hydrccarbon
group with a side chain), and a group in which at least
one group selected from the group of these groups is
honded {(groups substituted by each other), which are

L I T A Py SV W 0 O 0 D I I 45 SV O 0 A A O N Y v 2 W0 R N S 0% R R [N I SR O B Y

A more nraferred Ay ogroun 19 2 oroun Raving an
more preferred Ar group ig 2 group having an
aromatic ring, which is a group selected from a group in

W] el Lol e D AR Ry med Lex el DO e G



- 101 - Next, the pressure of the above reactor is reduced, and the
di aryl carbonate including a | ow boiling conponent is evaporated, and thus,
the titani um containing catal yst conpogisti-on can be obtai ned. The titanium
atons constituting the above aryl oxytitani um conposition preferably have a
content of 0.1 to 20% by mass, nore preferably 1 to 15% by mass, further
preferably 0. 12% by pass, and particul arl referably 1 to 10% by nass,
Prced on 1009 By Tl B s ne GBov BB LG B L &l F G L gt

e e o APDE OPLLALS e BADLA L e AIBTYL RLDPRAL e Ale LhLBl um

concentration in the titaniumcontainin yst conposition can be

adj usted to,penbpst ey aboyve fange.nd 0209y Sp&%ﬂ@iﬁga@?'&% Qf,k%/@e

al kyl oxytitani um conposition that is the raw material 1 n obtaining the
above aryl oxydibAnk upy €0IPDSBI 1 i @RouPCc! sele 14 tan) umyt ety anes hoxideg titani um
tetrai sopropoxide, and titani umtetrabutoxi de. These titanium containing
conpounds caha ah sbible: ¢ ef €r @bt & usesh i thd heh&of miefc t hespof ytihtaneoxane as
descri bed above, by being partially hydrolyzed. The conpositi. c.n A used
int. enfF. :odldento [4dS conpost].conpthe a hove des or ibed. di a carbonate
and arylc'tlift' co nositri..01.h and S c-nbouno represented hy foPC 500/ 00
(1)robed later. A gripp -ngdW02@1]6 or 7 CEid@boverconposiuitdreA i s preferably
formed using the diaryl carbonate and the aryl oxytitani um conposition.

Speci fi cal INFef@dfr&Xanpl e, the above conposition A can be obtained by
heati ng the above-described titani umcontaining catal yst conposition.

[ 0262] méﬁ%%&feﬁd&brﬁfbéﬁ%ﬁsarﬁ%q@c?ntaaiﬁheﬁ@”cét%w a

conposi tion is@hFated a g[oduct havi n | & higher Foiling Point t han that of
the above di’aryi" carbdnat e (Her'el nat ter! 4t o7 ddsct+ Bt a8 a “hilgh boi I ing
product™) is @ﬁypqgg%ggd t he conposition A conprising the high boiling
product is obtai ned. npl es of the high boiling product include a

compound repr esent.ed by, the foril a.f X deseribed d af or The prsgent

inventors presune that the stability of t bove- des
titani um coM@idi fge St al ystp conpasition is increased by the production of

such a high boiling product. [0263] The above steps (1) and/or (2) is
preferably perdormed in the presence of the above conpo 'ion A By
When the aryloxytitarium composition is used as tLhe
reaction catalyst in the production of the diaryl
carbonate in the present embodiment, it is preferred that
the aryl group constituting the diaryl carbonate, and the
above~described aryl group constituting the
aryloxybitanium composition are the same type of aryl

- - — Ty - . den - oy “ - N . 4= o) e . A - I PR
group (that i1s, the aryvionry group constituting Lhe

A omonomer structure having an (Ar-0-0.71 structure,

as well as the above polylitanoxane having the Ar-0-T1

bink age can bhe preneraldly o us ad s the &g N Lo YT AN



y C 11(3 efficils.nti .sng period with - 103 - In the nethod for
produci ng the diaryl carbonate according to the present enbodi nent, in the
above steps (1) and/or (2), the productigon of the diaryl carbonate is
preferably started by feeding the above conposition A [0265] The
above conposition A has a ratio of the total noles of t he conpounds

ted by the f d bed | to the nol f
ti tani um at'd ?%ﬁblé’%%aﬂif“f o S ol T UprosEt Srw"t e formil as (X

d /'t t 005, t bl 0.005 to 3, d
?rgr e(:)?ef :ar ag%\w% A%%{:.P{‘% % J[toz]g%]éxPT[gnfng[ﬁﬁed]\r/{atji| 0 it e tgt al ?rgl es
of the Cowppéwﬁgtée@ﬁ@sg 1ed; Oyn &8 d oF Tl @S £ X5 (Dfaot gpLes of

Fhe:
titanium atons (the tot a(lp of tcfy1e conpounds represented by %1 f'f('eorrmfas (X

and (Y)/titand %@@}B@ﬁsén&%h@%§@M§ ol hedh byo appropriai el yssgt tingnthe type
and concentration of the titanium containing catal yst conposition,

condi ti ons predeat i agodhenddht and umsond @i fi Mgk £aé at o €OPPOSI hheMmgand the
| i ke. Specifically the ratio can. be controlled by p dl DO\/(2--(1pmcant0| nqg
catal yst celmpes-0+T10l {02674, Byorctontm did i sk 11 ddhet ratd oot Ins epregeas ed by
COM . Lo
of pelytitanoxane having an Ar-0-Ti linkage.
(02311
Freferably, the above polytitanoxane composition
having the Ar-0-Ti linkage is a composition such that a
mole average degree of polymerization is 1.1 or more and
12 or less. The mole average degree of polymerization is
determined by the following mathematical expression (1),
using the number of Ti atoms contained in an individual
pelytitanoxane having an Ar-~0~Ti linkage, which
constitutes the polytitanoxane composition, and the
following "molar ratio".
The polytitanoxane composition comprises one or more
polytitanoxanes having a different deqgree of
polymerization {(the number of Ti atoms in the molecule}.

The above "molar ratic" refers to the moles of a

YIS Y L AT 0N WITH Yespadt Lo The Loudl molas o
polybitanoxanes in the polytitanoxens composition,
By the above "mole average degree of

polymerization, ™ 1€ is meant that the product of the

molar ratio of a polyiitanoxzane having an individual



- 104 - noles of titaniumatons in this manner, the cl ogging of the
reaction apparatus with the catalyst is suppressed, and the diaryl
carbonate can be stably produced with hi;gh efficiency. [0268] The
titanium constituting the above aryl oxytitani um conposition preferably has
a content of 0.1 to 20% by mass, nore preferably 1 to 15% by mass, further

preferably 1 to 12%b ss, . and, particul arl referably 1 to, 10% by nass,
based on 1009 1Hy° n%%sg%fg’il?‘ﬁ]él%‘f) c%%ots}??i%%‘g G Eﬁ/ga%%lr%‘?Féf%P§/O%ddi ng
the diaryl carbonate, the content of the titaniumin the. above conposition
can be-ad] ucr Gl Lo BE T LFET abbu e Tane: | | 0oBe) Tt AT T Sl um
constituting.the ab I I C ition, |
etraval ent TS o L OPb L THe CBove aroT byt T ekt Sod benagar b5
preferably has,d,0f OFEs and @ Ofede5s, asy!oxy r%;%'pﬁi PEf ohstaRLUM atom
[0271] (Conpounds Represented by Fa rillu ' a a ( and (X)) - 105 --
boi | i ng poi dénthaned hat Ofe ther ¢ aF yhoearbonat &cd her ek nad §ps raksgs descri bed
as "high boiling product”) that is produced by heating the above-descri bed
titani um contarajagverial yst conposition. The formulas (X) and

[0232)

[Expression 3]

an)j:(pw*'mw) e (1)

[0233]

In the above mathematical ezpression (1), Pn is a
positive number representing the mole average degree of
polymerization.

z represents the number of types of polytitanoxane
having an Ar-0-Ti linkage having a different degree of
polymerization contained in the polytitanoxane
composition having the Ar-0-Ti linkage, and represents an
integer of 1 or more.

Py 18 a positive natural number representing the
numper of Ti atoms contained In a polytitanoxane

molaciiar slracigre wo Paving an Ar-o-T0 Lerkage contarned

v R T T ey e et e e Y ey b g g o T e s
Ay 18 T ] v mole fraction of ¢ e SOGVE Mo Te cular

oyt gm v e Bl s b vy et e e T o - 1y
T P SO ST W A T Vi oohs [P o e ILITL I A N P G 1) R O I O A e SRR
o . o
following mathematical expression (Z2).
The total of mole fractions ia 1 {the left side).



(Y) are as follows: [0273] [Fornula 63] /pH Ar21 0 (X) [0274] wherein Arn
represents an unsubstituted or substituted arylene group having 6 to 20
carbon atoms, Ar22 represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atons, and two substituents on Ar2l are |ocated at an
ortho position to each other; and [0275] [Fornula 64] Ar25 (V) / wherein

Ar sAnsSf s t[&fgqfr substi tot

[Expression 4]

1 v (2D

[0235]

In the above mathematical expression (2), z has the
same meaning as z described in the gbhove mathematical
expression (1), and represents the number of types of
polytitanoxane having an Ar-0-Ti linkage having a
different degree of polymerization contained in the
polytitanoxane ccmposition having the Ar-0-Ti linkage,
and represents an integer cof 1 or more.

[0236]

For example, in the case of a composition comprising
! mole of a tetraaryloxytitanium represented by the
following feormula ({ig), and 1 mole of a polytitanoxane
represented by the following formula (2g), the mole

average degree of polymerization is 1.5.

[0237]
[Formula 59)
Ly YA by
| I
L R T P G T e T U3
| | |
iy A OAr
(E,g} (‘),cr}



- 106 - each independently represent an unsubstituted or substituted aryl
group having 6 to 20 carbon atons, and two substituents on Ar23 are | ocated
at an ortho position to each other. [02%7] Exanpl es of the above Arn
and Ar23 include a phenyiene group and various al kyl phenyl ene groups, such
as phenyl ene, nethyl phenyl ene (isoners), dinethylphenylene (isoners),

tri nmet hyl phenyl ene (isoners), tetranmethyl phenyi.ene, ethyl phenyl ene

(i somer4) | i et RAPhEny] e (raGrir ey S st HYI Bty Conary L&Re. (Tosoer s)
pentyi phenyj ~{1so hexyi phenyi 'sqﬂgg nd. . ...
cyclohexylﬁ%%ny E%Z f?%%%%ﬁ%)?yiggfg §%§§QS%Vﬁ eﬁ%%%ﬁi‘gﬁd%ﬁ%{a%%%h as

et hoxyphenyl e, (isonersle Sthaxyphanylene. (i Someis)y . And, but oxyphenyi ene

(i somers); various hal ogenated phenyl ene groups, suc uor ophenyl ene

(i soners), whlorephenytener i soMRIS ¢ d;omhwyér@m (hSUBISIs as _
chl oro( met hyl ) phenyl ene (isoners), and dichl orophenyl ene (isoners); various

subst i t ut ed pleny| ene @ OUPse girvembyitde frol diowidg: forard g (Zagseand a
napht hi yi ene group and various | )3phthene (Isein), ciphthy omersneth,r
Et yci noi hylehgoo {0h&7l Aat torlQifs -preferrd 22 Wham24,t cart 1Ari2Yy daerrespond to
the Arn of the above-described diaryl carbonate. The fornula (Za) is as
foll ows: [O02¥9}ideRordwltan®d5legke Z ra)lymerization is preferably
not very high.
Therefore, the above-described mcle average degree
of polymerization is preferably in the range of 1.1 or
more and 12 or less, more preferably in the range of 2 or
more and 8 or less.
[0239]
The titanium-containing catalyst composition used in
the present embodiment is more preferably a titanium-
containing composition comprising the abocve-described
aryloxytitanium composition and diaryl carbonate. The
above titanium-containing composition can be obtained by
mixing the aryloxytitanium composition and the diaryl
carbonate and by a method described later. The above
arylozytitanium composition can be obtained, for example,

. T LE TH G S S, LT B P S T T P ST S S RO S,
[ VL Gy 0N W N D S SR ¥ LSS VIR G R O S L U 1 I A GV NS O O R S S N R E N

described later,
POZA01
The diaryl carbonate that is the raw material In

o % e e e O P TP . L . - P, e S S oy e A W i
obbtaining the above CTitanium-containing catalyst



[ 0280] wherein A represents any dival ent group selected fromthe group
consisting of a single bond, -0-, -8-, -CO, -S02-, an al kyl ene group or a
substituted al kyl ene group given by thesfollowing formula (Za-1), and a
cycl oal kyl ene group given by the following fornmula (Za-2), and the aromatic
ring may be substituted by a substituent, such as a |l ower al kyl group, a

| oner al kox roup,. an ester group, a hydroxy, grou nitro group, a
hal ogen, or(y%fg%%ﬁ%]%? olp.® %I?%r%mg(%@ ﬁ‘gsa%ﬁzefgjﬁj % as fol | ows:
[ 0281] [ For nul 410 (Z a. .- 108 -, .wherein RI, R8, R9, and Rl are
each indepé%%%%%?{gﬁ%rﬁéﬂ%ﬁﬁﬁfgﬁ%ﬁn5%ﬁgo&%%°aIkyI group, a cycl oal kyl

group, an afgé4gfoup, or an aral kyl group, and nmay be substituted by a
hal ogen atom or an al koxy group; and [0283] [Fornula 67]

The titanium constituting the above aryloxytitanium
composition is preferably tetravalent.
(0242]

The above aryloxytitanium composition preferably has
1 or more and 4 or less aryloxy groups per titanium atom.
[0243]

{(Method for Producing Titanium-Containing Catalyst
Composition)

The titanium-containing catalyst composition used in
the present embodiment can be produced, for example, by
the fellewing method. First, the above-described
alkyloxytitanium composition is reacted with the aromatic
monohydroxy compeound described later so as to obtain an
aryloxytitanium ccmposition. At that time, ROH
corresponding tc the alkyloxy group 1s produced, and
therefore, the beiling peint of the RCOH and the aromatic
monohydroxy compeund 1s compared to select an
alkyloxytitanium composition and an aromalic monochydroxy
Ccompoundg used Which ars suitable for use.

LES
Aromatic Monohydroxy Compounds

Ty vt 1 e e sl ey sy el st et oy 1T T
e o IOmal O Mooy ailiox CONMOUING udz2eld Wi o 20

described.



.Nc(CH2)k CZ a - 2) [0284] wherein k is an integer of 3 to 11, and the
hydr ogen atom may be substituted by a | ower al kyl group, an aryl group, or
a hal ogen atom [ 0285] In the metthod for producing the diaryl
carbonate according to the present enbodi nent, the conpound given by the
above formula (X) is produced as by-product by the occurrence of a Fries
rearrangenent react iaor%nia ] .tch%n resence ofc tmh%uti api um cont %itni ng cat al yst
conposition. The cbnppun.ds glven5%ycfﬂ% abéve o(f) an@_fyb Héy The cras”
§|X)rrsﬁirlrirr}g&%&?o%&o&éfmpo@r?drféﬁf@éer‘?@éd% £1fe VP Jmfl £1 ({85, once of the
[0245]
[Formula 60]
ATOH
(1h)
[C246]
wherein the Ar group is a ring A given by the formula
(2h):
(02471

[Formulia 61]

(2h)

[0248]

In the above formula (2h), the ring A represents an
organic greup having 6 to 20 carbon atoms, coemprising an
aromatic greup to which an oxygen atom forming an OH

group is bended at any position keeping arematicity, and

ERRESE B L R S % T (N0 VA TS O S ol [Adn ek oy i L ERR N I LI P |
IR S N F I Y O R S R R cridid s leds hitany LS

0249
The Ar group iz not partlcularly Limited as long as

LT L8 a Jroun naving an aromatio ring. Faammles ol Dhe



- 109 - [0287] The above titani um containing catalyst conposition has the
function of significantly inproving the reaction rates of the
transesterification and di sproportionatigon reactions, and a hi gher
productivity of the diaryl carbonate can be thus achi eved. [0288]

However, a side reaction due to Fries rearrangenent given by the follomﬁng
formula (c) occurs ip the presence of the titaniumcontaining catalyst

(mmmmtlmWWW?W&WW%%%ﬂ?¥%§?%@%ﬁdT%ﬁwﬁﬁﬁﬁﬁﬁwﬁﬁ Ar-0, 10- AV
(The OH grqggjls Iocqged at n OFthO}POSItIOﬂ (cgué 0290]

en atcom, /oY an oxydgen atom, as an aromatic

group and a group in which an aliphatic group and an
aromatic group are bonded to each other. More specific
examples include groups having an aromatic ring, which
are a group comprising an acyclic hydrocarbon group or a
cyclic hydrocarbon group (for example, a monocyclic
hydrocarbon group, a condensed polycyclic hydrocarbon
group, a bridged cyclic hydrocarbon group, a spiro
hydrocarbon group, a ring assembly hydrocarbon group, a
cyclic hydrocarbon group with a side chain, a
heterocyclic group, a heterocyclic spiro group, and a
bridged heterocyclic group), a group in which one or more
groups selected from the above acyclic hydreccarbkoen group
and the above cyclic hydrocarbon group are bonded, and a
group in which the above groups are linked via covalent
bonds te a particular nonmetal atom (carbon or oxygen).

The above covalent bond to the particular nonmetal
atom (carbon or oxygen) 1is, for example, a state in which
a group represented by the following formulas (1d) to

(Ad) and the above-described group are covalently bhonded



whcrcin Ar and Ar' represent an aryl group, and Ar" The[al Te cstLil, by the
ahoy leralthe conpound repro nted by I he - 110 -- The production
of the salicylate ester by the side reacti.on descri bed above increases as
the tenperature of the environment increases. Further, the salicylate ester
has a high boiling point, and therefore is not separated by distillation
fromthe titaniumcontaining catalyst conposition simlarly having a high
boiling point. As a result, the salicylate ester easily coexists with the
titani um contai ni ng catal yst corr;ppsi tion. [0283] Such a salicylate
ester reacts w th-a—qgrbenat e~soms—t0 producg a-salicylatgyester carbonate
corresponding to the [orrrula (YY), as given by the formula (d): [0294]
[Formula 69] R05.0R+0 ,OH RO|OR + RON+ R OH /1-

(14d) (24d) (3d) (4 d)

Among such Ar groups, the Ar group that can be
preferably used in the present embodiment is selected
from an aromatic group and a group in which an aliphatic
grocup and an aromatic group are bonded to each other,
considering that a side reaction is less likely to occur.
Examples of the Ar group that can be preferably used in
the present embodiment include a group selected from the
group consisting of an acyclic hydrocarbon group and a
cyclic hydrocarbon group (a monocyclic hydrocarbon group,
a condensed polycyclic hydrocarbon group, a bridged
cyclic hydrocarbon group, a spiro hydrocarbon group, a
ring assembly hydrocarbon group, and a cyclic hydrocarbon
group with a side chain), and a group in which at least
one group selected from the group is bonded {groups

substituted by each other), which are organic groups

grour having an aromatic ring, which 13 a group selectad

T o v T owhl ol a2l Toasstr o mvme o omoara soloetacd Fyeom
o A T oy B e e s 1\/ e £ R FN 2 A e LR W R NGRS g s AR N PO S L P S S RN

the group consisting of a cyoloaikyl group and an aryl

Ay ot 1 GIOe DO el OUne I, ANy a L LU LIy Wil ot



Myo-Ar. YAr+ / 0iO-ArAry0 O 00 (d) [0295] wherein Arnts dli aryl gi ou-
llayin() ,represents an dryi !'02(REhl The c:nnvpoun ci representea by the
above tormud.e (X) (0 ex correspondi ng di aryl carbonate and

aryl oxytitani um conposition. [0297] The conditions of the reaction in
obt ai ni ng the conmpounds given by the above formulas (X) and (Y) will be

described in detail bel ow. C o
fgast one or more selected from the group consisting of

an alkyl group, a cycloalkyl group, and an aryl group are
formed via a linkage selected from the above (1d) te (44d).
[0252]

Examples of such Ar greups include a phenyl group, a
cresyl grcup (iscmers), a xylyl group (isomers}, and a
naphthyl group.

Examples of preferred Ar groups are a phenyl group
and a cresyl group (lsomers), more preferably a group
having 6 or 7 carbon atoms.

[CG253]

When ROH has a lower boiling point than that of AroOH,
ROH is =asily removed by distillation, and therefore, an
organic oxytitanium having an alkoxy group (R-0- group)
and an arcmatic hydroxy cecmpound (ArOH) such that ROH has
a lower boiling point than that of ArOH are selected.

In this case, the preferred R group is preferably a
group having a small number of carbon atoms because of
easy removal.

The R group preferably is a group having 1 to &

carbon atoms, more preferably an altkyl group having 3 to

o [ TR U s TS R PR Lol R S e T A S LT i L

LS S U N 0 1 S O S O I S O 5 S 0 OO O S 0 1 5 S T B O [ R R
Craanie oxviibanium having Lhe R-O- group, and aven more
preferably a propyl group (isomers), a bubtvl group
Gsomevs), a pentyl group (lsomers), oy a2 hexyl group

{ftsomers) .



[ 0298] The reaction tenperature varies depending on the type and
concentration of the titaniumcontaining catalyst conposition, but is
preferably 100C or nore and 300C or l.ess, -nore preferably 150C or nore and
250C. or less, and further preferably 180C or nore and 250C or |ess. The
reaction pressure is preferably 0.1 or nore and 2.0 x 107 Pa or |less, nore

preferably 0.2 qr mre and 1.0 x 107 Pa or less, and further preferably 0.5
or nore and 5.0%§”g8§mbfﬁﬂmﬁﬁﬁﬁF”TH?@@]Compom¥%r§%éﬂo¥%é”F£action time
vari es depending. on. cti erat. d the. e, of. the
titani um coﬁf%?%’%’ nglégf%{igté%{g%% |'t(f%%,al%ﬁf aLF&’se%’r e(fcger?/“g ?ei/r'tf.%gl th}?%ur s or

More and 500, how s, of less;cperepreferably 0.2 [02.001 By fornmulas (1) and
(I') under t he .above rca ot¥on condi t 1, ono ), (enpsni bend.od - 112 -

the total noles9fc the cmaUNds.d epresentied by, it heakove Jor mias (X) and
(Y) to the noles of titaniumatons (the total of-the conpounds represented

by the formuasaf X)rand ()4 tédaniwiead oy Hrom b 005 410 ¥.gAsu@ result,

the stability of the above-described titani um containing catal yst

conposi ti omnséd nereasesrof 0301} -propy Whersdhe di t s eont@taimg ©at al yst

conposition adjusted in this manner is used as the reaction catalyst in the

met hod for prioduci ngralre, dimariydoloar bbonat@iac cor di-ngertioy 1 her pres emtd

enbodi ment, the reaction catalyst is not either insolubilized or attached

to the pipidiy WetResuyf atecym faedi e Heathi Mg t o5 o Proby ergraieh as

cl ogging. .
[0255]

Next, an amount of the alkyloxytitanium composition
and the aromatic monohydroxy compound used will be
described.

The amount of the arcematic monohydroxy compound used
is preferably 1 to 50 melar equivalents, more preferably
5 to 30 molar equivalents, with respect to the total
moles of alkoxy groups contained in the alkyloxytitanium
composition and is determined by the size of the reactor,
and the like.

If a large amount of polyhydroxy compounds (for

example, catechol, trihvydroxyphenol, and salicylic acid)

are included in the aromatic monohydroxy compound, these

T e s d e e s TN S AR G e T LY e
DA AW VO Oy OO G UTOES Peddi W R D a5 L0 NVIL R TS L LT,
ih i i 'y 5y i [ S}
QeCroases. Therefore , U he content of thase [0 J VLY Ao Y

compaosroe ia mreforakhly 0O 01 Y e s lehalo ]“\ e ey ol dag
b e el S LS LA JEE— | ) RSCRTR § - A N 4 R RN EEE L N S S L \

G.001 or dess, In terms ol the molar ratic of ihe

P h H P R - 1 - - ! - -
molyiryadroxy compounds Lo Dibanaum atoms,



[ 0302] In the nmethod for producing the diaryl carbonate according to
the present enbodi nent, the conpounds represented by the above formulas (X)
and (Y) produced as by-products may formstabl e conplexes with the netal
conponent contained in the catalyst. Then, the quantitative analye.is of

t he conpounds roprcsented by the- cthe total noles f the conobou odeby the

above fo num@%éﬁ and (Y) to the noles of tit.anjn formulas (X) and
(Y)/titaniumatons) is not accurately obtained. [0303] As descri bed

above, Tt 1S |TRAAN 18 RGY fAIMASSHIALE QUANULLALYE Analysls of the

m xture conprising the conpounds represen i ormul as (X) and
(Y) and thec@m%@@wma&,onf@f ni. 29,,cat al ﬁ’§%s@9ntpr9<§'$ﬂx9vne@gsc‘?%§}5‘%ﬁtel y obtain

the ratio of the total npoles of the conmpounds represented e above

formulas (X)1epdotY):tonthe sohessofidhtan payatons (thecsptah of the
conpounds represented by the fornulas (X) and (Y)/titanium atons). [0304]

Speci fic exaimptegeofathespethod 4:08 Pesd orm &0, AEEAN Bt enclaydEatd Ve
anal ysis of the m xture conprising the conpounds represented by the above
formul as (Xompdu{d)ianfed he Nd:tanitum conttair@ ng catealapstvec anpasidd on
include a nethod for adding an additive for dissociating the above
conpl exes tbstieaedtane conprésiny ¢hel conpoundss vepresent edoby the above
formulas (X) and (Y) produced and Lhei um con-catalyst conpos't' 1I(I11",(1
hi gh: O f narfet 417 : 11¢ 12 ¥ Y FoF Y P ot hgc SO 9t & @ boridtce healiq g
temperature is preferably 0 to 300°C, more preferably 20
to 250°C, and further preferably 50 to 200°. The heating
time 1s preferably 0.01 to 500 hr, more preferably 0.1 to
300 hr, and further preferably 0.5 to 200 hr. The
alcohol produced by the reaction is recovered as required.
[0257]
The titanium-containing catalyst composition used in
the present embodiment can be obtained, for example, by a
method as described bhelow.
First, a diaryl carbonate is fed to the

aryloxytitanium composition obtained by the above method

or the above-described arvyloxytitanium composition, and

the mixture in the reactor is heated. The heating
XTI | e rai iy 106 { i e T e Frioy
; . 9 il RGN Lerall Vool i ks
heating time is prefervably 0.1 to 500 hr, more preferably
D.2 to 300 hr, and further preferably 0.5 to 200 hr.

(0258



The above additive is selected according to the type of the aryl oxytitani um
conposition constituting the catal yst. Exanples of the above additive

i ncl ude water, pol yhydroxy conpounds, nitr.ogen-containing heterocyclic
conmpounds, sul fur-containing heterocyclic conmpounds, fluorine-substituted

al cohol s, and fluorine-substituted organic acids, and preferably, water,

cat echol , phena&throl%%e, hexafluor.iﬁ%%ggggnol, and trifluoroacetic acid.

ex Re “cSpolnids 'Pepréddiited by t he

An anount of the a diti?egﬁeﬁﬁuﬁgsﬁﬂc

above formil.as () &y%%%;OCég%JA%%EQ%S%QQhﬂ%ﬁfQiHQ%J%E%%L gonstituting the

catal yst, but is usua 1 or nore equiva S, preferabV§33 equi val ents or

more. [0306]o.fReagtd an: Apparatdisandidde hikelene ¢ o faaction apparatus
0}

for carrying out the ne for producing the diaryl carbonate in the

present enhodidentids Notapadd icird v ildmded.,and, ¢ £acdd on gppar at uses of
known various types, for exanple, an agitation tank, an agitation tank with

mul ti stage timpelider sstandnuldristiage distirad laiode oy ead U, + anc,a
comhin.ation theh eo L are used. di alactamreacts on apparatus conpr. 1.
1 the reactdmmqgsittudn drefdrane selwcteddmamt -ofA1b - tamko nibh
mul ti stage inpellers, a packed colum, a distillation colum, a multistage
di stillati gmcol umye romiiaiulous. md tlist dge rdisst,i [fhattilenr col um, a reactor
conprising an internal support, and a forced circulation reactor. [0308]
preferably 1 to 12% by mass, and particularly preferably
1 to 10% by mass, based on 100% by mass of the above
titanium~containing catalyst composition. By
appropriately adding the diaryl carbonate, the titanium

concentration in the titanium-containing catalyst

composition can be adjusted to be in the above range.

Specific examples of the alkyloxytitanium
composition that is the raw material in obtaining the
above aryloxytitanium composition include titanium
tetramethoxide, titanium tetraisopropoxide, and titanium
tetrabutoxide. These titanium-containing compounds can
also be preferably used in the form of the polytitanoxane

as described above, by belng partially hydrolyzed.

HE T

The composition A used in the present enbodiment

A composition comprising the above-degscribed diary
vpesition comprising the above-described diary
carbonate and aryioxyiitanium composition, and a compound

S T N P A A Y B e pm g Yow g ]t e
el B aEnn e I YVoorormi i as AT AXdSor Y bl De g ater.,



These reaction apparatuses nmay be either a batch type or a continuous type.
In terns of efficiently shifting the equilibriumtoward the products, a

met hod using a nultistage distillati-onolutm is preferred, and a
continuous process using a nultistage distillation colum is particularly
preferred. The multistage distillation colum is a distillation colum

havi ng nulti&géiftages in which the theoretical plate nunber of
distillatio% is 2 or nore, and may be any one as |ong as continuous

distillation i spossible L0308) o sSYeh,a ULListage dLst 1] ati on col um

may be any one that Is usually used as a I'tistage“distilTation columm,

for exanpl e;han;i@.der shawdiyhe dst iddatd,on Loy @im composition.
packedvari ousRaschi'q Lessing saddle,. a D™-GH™-,cid.ng , ahc. mahon packi ng,

- 116 - colaparitsape: ayi nghDoting P! atigpentdan @ng @ pordd an packed with a
packing is also preferably used. [0310] In the nethod for producing

t he di aryl «ardiorat eraceordirmng e theypr-eseniredaodiimentiunt is preferred
that in the above step (1), the dialkyl carbonate and the aronmatic
nonohydr oxycworgoundy arse-clortti muoysisyitfiecht o t he above reacti on apparat us,
and in the above step (2), the reaction product obtained is continuously
renoved frofi44%e above reaction apparatus. [0311] For exanpl e, when
t he conti nuous ﬁrocess is carried out using the nultistage distillation
colum, it is pHefsrféd E5¢enErAGEaSey ﬂiégantlw@"gpa|t@yml@@r bonate and the
aromati ¢ nonohydroxy conpound into a continuous nultistage distillation
colum and*® DUtCYHRE Fda&tl o BEUWEET Bottr YU 4the' s ghdB<isr a
liquid phase .or. a gas-liquid phase in . the presence of the above-descri bed
reaction ca Oaﬁqylsrig i r?‘ltrhtec%las”t ﬁlrh%‘t ioofg b Lf’%no.v% tC%iast o 6718 1 renove a
hi gh bol 11 ng, radict. d nelud ng 2. Ayl £37 DANANE 1851 A By 1o Alfle44 Thon a

tamlx tie jie p rode

is produced, and the composition A comprising the high
boiling product is obtained. Examples of the high
boiling precduct include a compound represented by the
formaula (X) described later. The present inventors
presume that the stability of the above-described
titanlum~containing catalyst composition is increased by
the production of such a high boiling product.

[0263]

The above steps (1) and/or (2) is preferably

performed in the presence of the above composition A. By
SR TS S A O N L S S N N B 1 IR I I S S IR N
L b, Uhe Slaryih oarbonale Dan e
produced stably and efficiently for a long pericd without

Loy i,



- 117 - portion of the distillation colum, the diaryl carbonate is
obt ai ned. [0312] In the step of producing the diaryl carbonate
descri bed above, when the reaction occurs .in the nmultistage distillation
colum in which the catalyst is present, an anount of the reaction product
produced usually depends on the holdup in the distillation colum. In other
words, when a distillation col.um having the same col.umm hei ght and the
same col um dia&@tépei?eﬁggg,LgrdF§P@PFgP90ﬁh@oﬁdﬁﬁyﬁa§ﬁﬁ °49%r ge hol dup
IS preferrethp(ﬁrﬁeqse t.hat the resiqu e tine,giggg i reaction time, of
> oJe 1

the reactioh S0l UtIDn can be 18l At vty 1aig "1 o e ANV, i f the

hol dup is t I t r esi e | N h . a side
reaction pr@?eeagggﬁoarndwl ’o?ﬁ!eﬁg S ‘Hi%dysﬁﬂoodg%cucfl.&ﬁ T Cge]r%le (%rleé, t he
hol dup of the,disiiil) atdon Lol desyprefiarabln. @ Q05,40 Q. 75, a8, expressed
by the ratio of the 'volunme of the holdup to the enpty col um vol unme of the
mul tistage izl .lati.cn colum, though it can al e- change 10314] In lof.
-ryl. carbonate above, wcn the refl.uxio ....i..ncreasedl an distilling the
transesteri fi catrihen abeaet icomposit-a ca wapers phase iicnereasestcand therefore,
a concentration of the alcohol in the renoved vapor can be increased.
However, i fmdlhes reef [ahe rammimpurstd noypeaseth taab ucihe thecnneicqus r ed) t her mal
energy i s excessive, which is unpreferred. The al cohol should be

concent r at edichf tor das st rachohvidd f riom e rdilstd |4 fatt om reloltunm; orand
therefore, refluxing is not always necessary. [0315] Therefore, the
reflux ratidlis Heferdbl y 0 120" Horereteteyl Y0 tg fprmulas | n ot her

wor ds, when the transesterification reaction typicall iven by the
above- descri‘bed't aC‘Yt)i %nL BT £ YRS i sfcli%% r 'e%ﬂoslbdi‘? %/’t %Jf%]ﬁ%% ed to

feed the dial kyl nat.e, the aromatic. nbnohydr ox ound, .. and t he
cat al yst toiali%% Orfu(iﬁ{l?gtoagsg di'st i 'at ipolnefceoliam farsong dr:T‘iOdﬁJ“’uﬁ“eo o% t hr ough

separate placgs;, continuously renove the alkylaryl carbonate and/or the
di aryl carbonate that is a product, in a liquid state, froma bottom of the

distillation cokymn, .and %QHEEQUQ%%QX %%q%%eo%h%h%OWo%g&dn@% conponent,
such as the al cohol as by-ptodu 1 03161
represented by the formulas (X) and (¥Y) to the moles of
titanium atoms {(the total of the compounds represented by
the formulas (X) and (Y)/titanium atoms) can be
centrolled by appropriately setting the type and
cencentration of the titanlum-containing catalyst
compeosition, conditions in heating the titanium~

containing catalyst compositicon, and the like.

Specifically, Uthe ratlic can be contyolled by producing
P Il [N (0 I S AR i ] i i i i
i i 4 i \j'\ t ! i
above~described tTitanlum-contalining catalyst composition.
[0zae7)

By controlling the ratio of the total moles of the

compounds represented by the formulas (3 and {(Y) to the



t hrough. any place of the nti t | stage ¢ tion cc um, - 119 - of the
distillation colum, and is further preferably fed to a position above a

m ddl e portion of the distillation colum...In this case, the raw materials
or the reaction solution in which the reaction catalyst is dissolved nay be
fed to the distillation colum, or the reaction catalyst and the raw
materials or the reaction solution may be separately fed to the

distillati gho ot ut. o tar s Uy hel 81 SptopBitT Oat' h T 179 T5pi cal |y
given by the above formula (b) is carnried out, jt is preferred to feed the
al kyl ar i 2@} o]%a & and ?Efpea(rc%(tléﬁ yws}?”} o the hssit age ‘di'€tiTT4tion col um,
cont i nuousl { i o} i ; ﬁg”? v d i,qui d
st at e, fron%{%dglgv o'f\t%l()(—:trr.l"fgf)#j ﬁ%ﬁ%l atﬁao%lr%%?gu%?plg% coéntvidnt[rj%ﬁgﬁlﬁrenove
the | ow boiding comppnent, such as the dial kyl carbonate as by-product, in
a gas state, by distillation fromthe upper portion of the distillation
colum. [031¥]s8: I nstrunentati on devices, such as a floweter and a

t hernonet er, val ves, piping joints, punps, heat sources, and the |ike aL

| ed to the teoctlhee tdppatiatdi mcthan,i the itheehe eactienctr vassentiitalnien carry
out tu PrCem poo - 120 - for the purpose of inproving the flowability of
t he reacti oromave nater i@t st amb hé v cduntrst ¢ nak el thetd rasfley and
reaction operations easy, an inert solvent may be applied. [0319]

Exanpl es offM&ifoh &y ¢ nerdisolivient] il Ude cyelse orueiedd ¢ hydrocar bons
having 5 to 16 carbon atons, and ethers conprising acyclic or cyclic

hydr ocar borfs hatidy- ¥ t o A6l carboratonsing 03p0jicularly preferably

1 to 10% by mass, based on 100% by mass of the above
compesition A. By appreopriately adding the diaryl
carbenate, the content of the titanium in the above
composition can be adjusted to be in the above range.
[0269]

The titanium constituting the above aryloxytitanium
composition is preferably tetravalent titanium.
[0270)

The above aryloxytitanium composition preferably has
1 or more and 4 or less aryloxy groups per titanium atom.
[0271]
{Compounds Represented by Formulas (R) and {Y))

The CHTTEI G DRoLon A used Lo thie R AR SO UL e T

e compound represented Dy Lhe followhiog

formuelas {X) and/or {Y).
oz

Any of the compounds represented by the foliowing
formulas () and (Y] i3 a tUype of product having a higher

LRSS



Speci fic exanpl es thereof include acyclic or cyclic hydrocarbons having 6
to 16 carbon atons selected from pentane (isoners), hexane (isoners),

hept ane (isoners), octane (isomers),-nomane (isoners), decane (isoners),
tetradecane (isonmers), hexadecane (isoners), cyclohexane, cycl oheptane,
cycl ooct ane, benzene, tol uene, xylene (i soners), ethylbenzene, and the

i ke; and s, 5¢e ect.ed fronldleth eth pro ether (isoners),

di but yl etﬁ%?e{ ﬁ%rs t %P%exf? et% |§§H%?d; Ora © et her (i somers),

di phenyl eth%reﬁ@fﬁ&eéjé(g dc?@cépcge% %%e%% éﬁ[%éﬁgﬁ a&fwfhe Torl

al though the presen invention is no

anal ysis netihod apphied,da;t @@dag&%%w%éa/er% uﬁs wi |
be descri bed be|OMl [0323] | naIyS|s thod of Concentration of Metal in

Met al - Cont add g /Cat @l yist Coaposdidp @t ion. Ansanel@uselutixon was
col |l ected, and the collected sanple sol ution was subjected to a
pretreatnentfpsxm@(ﬁ@LﬁbI}ﬁﬁﬁi s. ICP analysis was then carried out by the
foll ow ng apparatus, thereby obtaining the concentration of a nmetal in a
net al - cont ai®d 'hyl cat al yst conposition. [0224] Anal yzer: JY-1380LTRACE
hi gh frequency inductively-coupled plasma emnission analyzer (1CP) system
manuf act ur ed"DynRIGAKU Cor porati on [ Anal ysis Met hod of Conpounds shown in
the above Itens (i) to (iii) OQher Than Salicylate Ester and Forrmula (Y)]

[1] Productionygf Analysis Sanple 1 g of a sanple solution was
wei ghed, and ﬂas dissolved in 5 nL of a trifluoroacetic acid/acetonit 'le
(20 g/ 1solu ﬁﬂLW/®heA5§sult|ng solution was then 6.s1 103? , !1)]Pri:1
Q
(X)
[0274]

wherein Ar?' represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar
represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, and two substituents on Ar®
are located at an ortho position to each other; and
F0275]

[Formula 64]

(¥}
POZT e
wherein Ar®’ represents an unsubsitituled or substituted
P R T

arylene CHITOMATD Navi i e to 0 carbon atoms s [=RALS RN



- 122 - Colum: ODS-3V (A, Science Inertsil) Colum oven: 25C El uting
solution: acetonitrile/water Eluting solution gradient: Acetonitrile 15
%/v (11 min) 20% (31 min) -* 100% (20;gn) Flowrate: 1 nL/mn Injection
rate: 10 1.1.1, Detection part: W (254 nm [3] Quantitative Analysis

Met hod Anal ysis was carried out for a reference sanple of each

ref erence mat rial under the above-nentioned %ﬂ%ﬁ ysSis c nd| tions, and a

calibration¢ v]é“élve{%erbﬁi%rbiajr%dre%%‘?mt aalr?v‘én Ysist st @n anal ysi s sanpl e
was t hen c?,%lg}g‘gd o‘ytt%cl?a%gﬁ on ‘%‘?fgrc Jangr i.on %Jr(zafb(?hndmcgm oun shown in

t he above ens (| n° salicylaté ester and’ ’the ormul a

(Y) were quam'gakf 1103261 o [ﬂ{?kgr %&Qegdogchgﬁgfng?gsgs%?%ed by

Forrmula (X) or |cy ate Ester oduct i on of e Sol ution
0.06 g of a samplie soldtion was wei ghed, and about C O 1t| rstamune and
about 0.05 a of catechbd. as treatnent for (1niUM-Coot a i'tlon were

[0277]

Examples of the above Ar®

and Ar®’ include a
phenylene greoup and various alkylphenylene groups, such
as phenylene, methylphenylene (isomers),
dimethylphenylene (isomers), trimethylphenylene (isomers),
tetramethylphenylene, ethylphenylene (isomers),
diethylphenylene {isomers), methylethylphenylene
{isomers), pentylphenylene {(isomers), hexylphenylene
(isomers}, and cyclohexylphenylene {isomers); variocus
alkoxyphenylene groups, such as methoxyphenylene
{isomers), ethoxyphenylene (iscmers), and butoxyphenylene
{isomers); various halogenated phenylene groups, such as
flucrophenyiene (isomers}), chlorophenylene (isomers),
bromephenylene (iscomers), chloro{methyl)phenylene
{(isomers), and dichlorophenylene (isomers); various
substituted phenylene groups given by the following
formulsa (Za); and a naphtnylene group and various

(SR SV vl ot I P I IRV S N A S R e e lALTE ko Diadnarr iy L

S LA e e e B PR [ T
camethylnaphthylene (isomers), chlorvonaphithylene

£ e o o vt Py e o e o F o oy e v e ) T e
[lsomers), methowynaohthylene {isomerst, anc

cyancriaphithylene {isomers).



added to The miIfiltered witl - 123 - filter of 0.45 p.m and the filtrate
was used as a gas chromatography anal ysis sanple solution. [0327] [2] Gas
Chr omat ogr aphy Anal ysis Conditions Analyzer: GC 2010 system manufactured
by Shdmadzu Corporation Colum: DB-1 (manufactured by J & W Scientific,
USA) Liquid phase: 100% di net hyl pol ysi | oxane Length: 30 m I nner dianeter:
0.25 mm Fi I mthickpess:.;,1 pm Col wyym tenperature: 50C (held_for 5 min) -*
200C (raised at “H0Q rfith: -héld & 2066 50BNt he dgoc thefasfor 15 nin)

| nj ection tenperature; ; 309G PRL ST L L SIPEL At Ui 309G DRt et on, et hod:

follows:
[0279]

[Formula 65]

O3
=

(Za)
[0280]
wherein A represents any divalent group selected from the
group consisting of a single bond, ~0-, -8-, -C0-, -S0;-,
an alkylene group or a substituted alkylene group given
by the following formula (Za-1), and a cycleoalkylene
group given by the following formula (Za-2), and the
aromatic ring may be substituted by a substituent, such
as a lower alkyl group, a lower alkoxy group, an ester
group, a hydroxy group, a nitro group, a halogen, or a
cyanc group. The formulas (Za-1) and {Za-2) are as
follows:
[G281]

[Formula 06]

w? T <
K RH
? e
! -

H H

g% E‘%G R’if}

(Za~1)

[0282]



[3] Quantitative Anal ysis Method Anal ysis was carried out for a
reference sanple of each reference materi al under the above-nenti oned anal
'sis conditions, and a calibration curvgswaa prepared. cLidd conpound
reprusehe :lo.rrnuia (X) ;Th -- 124 - [Analysis Method of Conponents

O her Than Conmpound Represented by Fornula (1) and Conponents O her Than

Conpounds Represented hy Formul as (%) and ] . [[1] Production of Analysis
Sanpl e Sol u‘[’]?%ﬁel“ R 6%{15Rg' o‘f”% éanﬁF@ §é?%t FBhe&/ﬁgd\%i‘*gHed and about 2
g of dry acef one was added. t?ereto.]}Fg t her nore abogt ?%T(g of toluene or
di phenyl et h&f 33 An" T At erhal “Tef et ehte WhS Rdded Y herdt o - TRECYRBsuI ti ng
sol ution u as.ch raphy. | ysi sol ution. [0329]
[2] Gas Chvf%lﬁa?slgglr :%ﬁgug%{na %/s%lg%%%}f??o%s nal %/ﬂi(grlﬁﬁ%gow system

manuf act ur ed by, Shi nagzy, Corpor atdon., Qo ugm: 5 PBs 1. prnyuf act ur edby J & W
Scientific, USA) Lijqui dy%hase: 1 O%Céltlgarrjrét hyl%ol ysi I%@gﬁe@ﬁ%ngt > 30 m I nner

dianeter: Oj@2bgmm Filmthickness: 1 jim Colum tenperature: 50C (held for 5
mn) -* 200C (raised at 10C/ mn; held at 200C for 5 mn) -* 300C (held for
5 mn) [Formula 67]

C (CHz)x

(Za—2)

[0284]

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

[0285]

In the method for producing the diaryl carbonate
according to the present embodiment, the compound given
by the above formula (X) is produced as by-product by the
ccecurrence of a Fries rearrangement reaction in the
presence of the titanium-containing catalyst composition.
The compounds given by the above formulas (X)) and (Y} may

R OTRNEER N LIS B I EeDa Ul AT NN nad,

h e o e P R | R P 4 [P T

The case where the com OGS LV e DY TN SN
A ey ] s N S S TR SO P JY PO VPP R
Formula (XY is oraduced as byvenroduct by the Frios

rearrangement reaction in the presence of the titanium-

S o g o ] U ST S S L N A S S S
CONLELNINg CQuaLys i COMDOE T T LONn Wil Do QoscCliiine DeLow.,



Detection nmethod ETD Ht-H ()Dant!.t atPrnal\, At,E -10 (30Lt - 125 -

anal ysis conditions, and a calibration curve was prepared. Quantitative
anal ysis of an anal ysis sanple solutionywas then carried out based on the
calibration curve, and conponents other than a conpound represented by the
formula (1) and conponents ot her than conpounds represented by the fornul ae
(X) and (Y).&g g]quantified. [ 0330] [Analysis Method of Average Degree of
Polynerizat# % A titanium concentration of a titaniun}containing

Cmmmmdvmsqu%%§%b%§%1£%ﬁl— ﬁm%ﬁéﬂ ﬁ &ﬁ@&%fﬁ%he
tfa

above-nenti oned analy5|s met Hod of the Conc on of in the

titani um cont ai pi0gr GEIPPSHTL PNy gfiy wf%rrgsygm@pn&' QXY graup,Lfor

exanpl e, butoxy) was quantitatively anal yze a gas chronmat ography net hod

to obtain ap;eyerage:deor £en 08 POL YIBFLZat) 0fxad Q?@él’oﬂa@‘@ﬂ@hgt ibn
(Preparation of Titanium Containing Conposition) kg o

t et r abut oxytésani oy ( nmanaf act usiedr byrFaudt i DuPent ¢ deh&e@pwm & Conpany
Inc., product name: Tyzor ; having a vol une60L in.atnonpl4d |
prfly-Hm | coddHetndtedtan!be-t126 achieved.

[0288]

However, & side reacticn due to Fries rearrangement
given by the following formula {c) occurs in the presence
of the titanium-containing catalyst composition. The
formula (¢} is as follows:

[0289]

[Formula 68)]

OH

Ar-—*o\’ro—-Ar' . Ar.%r O—ArF
o 0
(The OH group is located at an orthe position)
(c)
10290

wherein Ar and Ar' vepresent an arvl group, and Axr"

The salicvlate ecater produced bw the above formula

(e ie generally the compound yevresented by the above

formila (K) .

I
ROV I



Next, the mxture in the batch type reactor was heated to 180C under a
normal pressure by the heater, to react the m xture. n-Butanol generated by
the reaction was recovered fromthe colypn.top of the distillation colum.
Furthernore, the batch type reactor was depressurized to about 53 kPa, and
n- but anol was recovered. [0333] The batch type reactor was then
returned to a nqrmal pressure, and about 18 kg of di phenyl carbonate was
charged theret o?{}ﬁéﬂfﬁ Ureh P hteh@r esf’c]t"‘o?y]v%se h%%ﬁ%ﬁekf% fa*b%u%l%oc_. Next ,
t he batch type,. eag;gr was dgpressurlzed t o about ggd t he _di phenyl

1.3, kP
carbonate confarning & T ow Boi 1P Ng° cONponent - was EQ%pg?%ﬁéﬁ, thér 8by

obt ai ning a fitanium cant ai gﬁggegggposiédﬁgﬁﬂ péhggltyg;a{%ﬁ%é e, y@s, added

so that the titanium concentr ion of the dal ne anlun}coﬁ%alnlng

conposi ti onyxas; 5% by #BSS: nAfLel -he it ani UnY Gopt @ nj Ction was
heated at 200C for gbout 48" o%?s?%th%ﬁﬁegﬁtgg¥§?gn?%n?ggngggﬁ?%gga

conposi ti onpwenesusedafsor Feasting €otah: WstobotalnchyciagaApparatun of
Diary] Caditae ) A ', Ahentonf fru.] raA on Linex ilimli - 127 -

The produci ngnappat abussigi equi ppedy whg hadhsghl bationgcebumms 149 and 120
whi ch have a continuous nultistage structure, a distillation colum 130,
and a distitéation puei fitatyonteotsmr 140s1i [ 03364 xTheseware cbanected via
predeterm ned |ines. [0337] Specifically, lines 1 and 12 are feed
lines for feeddnginanceonpoundscandl astitanpum tontai ni ng conposition, or
the like. Lines 3 and 9 are recovery lines for recovering a product
conpound and’dther materials. Lines 2, 4, 5 6, 7, 8 and 10 are transfer
lines. Aline 11 is a renmoval l|ine. [0338

~

Such a sallcylate ester réacts with a carbonate so
as to produce a salicylate ester carbonate corresponding
to the formula (Y), as given by the formula (d):

{02594}

[Formula 69]

R-Q, _O-R
At\ﬂ/o_..,ua + \n/ — + Ar/ + ROH + R'OH

- Ay -
¥ Q \YO \g,o Ar

O

fm . ‘/ﬁho =0

(d)
[0295]
wherein Ar represents an arylene group having
R el ] i i [ R ( ISR R = 41
(AL ] ] iy j i} H b i i 11
represenls an aryi groun.
rozes

The compound represented by the above formula (X))

T TP P T ED oy ey e . [T PP o A e ey e
Calt IDe ORuaineda, Lo eXamo Le . Dy tne reaction ol the



Ref erence nunerals 111, 121, 131, and 141 designate reboilers, and
reference nunerals 112, 122, 132, and 142 desi gnate condensers. Reference
nunmeral 113 designate a preheater for setting a feed material to a
predeterm ned tenperature. [0339] (Production of Diary' Carbon nultistaqt

If Cland was sclai"-) a concentratinn raft a concentrationwas t | - 128 -
of 4.8 m The recovery part was filled with Ml apak CY (manufactured by

Sul zer Chen?%%ﬁei?ﬂ“dl@ﬁn@%%FYénﬂﬁrb%%ﬂt%aﬂ“%naTﬁh%%YHi%ﬁ%f%P of 150 mm and
a length of 2.3 m £ In the distillation colum 110,

bi s( 3- met hyF BTGP} %?bonate phenol, and the reaction catal yst prepared
above were g@@%%guously fed at about 1830 g/hr fromthe feed line ] through
t he preheat fromthe sieve tray of the 25th stage to performa

transesterificaﬁhﬁgt(gﬁﬁwf%h The ﬂggqq% (éﬂae?ﬁ qmterial i xed |iquid

was adj usted so t mass ratio of uty carbonate to
phenol in thempixeds! iavid M@Stﬁgo%o*;eogmrﬁ@gaﬁ tkiaghgmaton 1) pe

concentration was about 500 ppm [0341] he concentration part was
provi ded bea@Mbih@ogtggedgpgllny@y§&y f eedi ng the m xed liquid, and the
recovery part was provided above the stage. [0342] An anount of heat

required fofCthe] reaction and distillation was controlled by providing an
external heater, or by circulati.nqg a liquid in a |lower columm part

The reaction temperature varies depending on the
type and concentration of the titanium~containing
catalyst composition, but is preferably 100°C or more and
300°C or less, more preferably 150°C or more and 250°C or
iess, and further preferably 180°C or more and 250°C or
less. The reactlion pressure 1ls preferably 0.1 or more
and 2.0 x 107 Pa or less, more preferably 0.2 or more and
1.0 x 10" Pa or less, and further preferably 0.5 or more
and 5.0 x 10°% Pa or less.

[0299]

Further, the reaction time varies depending on the
reaction temperature and the type of the titanium-
containing catalyst composition, but is preferably 0.1
houwrs or more and H00 hours or less, more prefevably G2
hours or mors and 200 hours o less, and furvher

Draleranly ULD DOurs o Or mMore and SoHuU Nours oy Lang.

formulas (X)) and (Y) under the above reaction conditions,

can bhe aciusitecd Yo have Dhe rathilo O



diSfljlajoil 110 to chout 230cC, and a pressurc, of the colum top therc. -
to about. 140 kPa. - 129 - A reaction solution was continuously
renoved at about 1700 g/ hr through theitransfer line 2 fromthe col um
bottom of the continuous nultistage distillation colum 110. [0344] A
| ow boi |l i ng conponent containing 3-nethyl-I|butanol as by-product was

removed fro%éhﬁog%,uﬂg%%é’poﬂ@ﬁe'8%%%&%!;9%%@??88%@%?"‘@? 3 g”fa%%%ens‘ad

by the condéenser was recover ux ratio’o rFom he

recovery ling 3,1 5034%] ang (yThﬁor‘@ﬁ&t%gge?%Et{QQaHEHHVEE’o%EO%EQe

transfer line 2 as descri bed above was o the continuous nultistage

distillatiop,e9l usn 4R0. ~£Q346hqs rep;gbgnﬁ@ﬂtﬁgU9H§ b phagex)
distillation colum 120 is equipped with the reboiler 121, the

concentratigndpart/of thheudi stohsat Fesmcol oom {she, i nners dianeter: 150 mm
the length: about 6 m filled with chimey trays of 5 stages, and the
recovery pathefstidedl ity hobetapakhCYeandshavbag ant inhern-dbaneterngf 150 mm
and a length of 3.8 m The reaction gniuti.:ion wais set at about 1700
g/ hr, H3/[d}ataietoi aoppotheion 130reaspsessure of the columm top thereof
was controlled to
[0301]
When the titanium-containing catalyst composition
adjusted in this manner is used as the reaction catalyst
in the method for producing the diaryl carbonate
according to the present embodiment, the reaction
catalyst is not either insclubilized or attached to the
piping wall surface in feeding, leading to no problem,
such as clogging.
[0302]
In the method for producing the diaryl carbonate
according to the present embodiment, the compounds
represented by the above formulas (X) and (Y} produced as

by-products may form stable complexes with the metal

component contained in the catalyst. Then, the

gquantitative analysis of the compounds represented by the
R R, FARVIRY [ | fNE T S
LAl niila 3NN A B R HE R _,'E\ii_,,-"\‘./-:').: ER L
[ TN S G S S A S I S S

ratio of the total moles of the compounds represented hy
-

The above formulas (X} and (Y)Y o the moles of fitaninm

atoms {(the total of the compounds representad by the



about 3 kPa. A disproportionation reaction was performed under these

condi tions. [0348] A | ow boi | i ng conponent contai ni ng phenol and

bi s(3- methyl butyl) carbonate was circulated to the distillation colum 110
t hrough the condenser 122, the transfer Tine 5 and the feed line 1 from
the columm top of the distillation colum 120. [0349] From the colum
bottom of the distillation colum, 120, the reaction solution containing

di phenyl carBBhat@swas! feddt 67t hel Bt 1 Ak P8R cbf uRft 130°LBERrBEGH t he
transfer line 4,to performdistillation separation. [0350] The distillation
col unm 130 R&5*H'Gfstillation columm filled with Mel apak CY and having an

i nner diane&ggogf 150 mmand a length of 4 m and was provided with the
reboil er 131 and the condenser 132. [0351] A tenperature of the col umm

bottom of the to,abput: 05 k08,6 03521 iThe; g if ng, gom¢JGC L1C dirph yi

accurate quantitative analysis of the mixture comprising
the compounds represented by the above formulas (X} and
{Y) and the titanium-ccntaining catalyst composition and
accurately obtain the ratio of the total moles of the
compeunds represented by the above formulas (X) and (Y)
Lo thne moles of titanium atoms (the total of the
compounds represented by the formulas (X) and
(Y)/titanium atoms).

t0304]

Specific examples of the method for performing
accurate guantitative analysis of the mixture comprising
the compcunds represented by the above formulas (X) and
(Y) and the titanium-containing catalyst composition
include a methcd for adding an additive for dissocciating
the above complexes to the mixture comprising the
compounds represented by the above formulas (X)) and [Y)
produced and Uhe titanium-—contalning catalysi composition,
pertorming Treavment, such as Tilitration, aw veouilred,
and pertorming guantitative anarvsis by gas
chromatography or high performance liauid chromatograohy
whiioh uses a geneval analysis apoaratus, 1n the wmethod

Toer oroducing the diary! carbonate.



- 131 -- the distillation purification colum 140 through the condenser 132

and the transfer line 7. [0353] On the other hand, a high boiling
conponent containing a reaction catalysti;was circulated to the distillation
colum 110 through the transfer Iine 6 and the feed line 1. [0354] The

distillation purification colum 140 was a distillation colum filled wth

Mel apak CY and Vi ng an |Qﬂ£ di anet er of 150 mm and a Ien th of 5 m and
was equi pped wi tH'% HEPEbATErt T 4155%d“%H%3 d%ﬁ%%?i%ﬁb ({dég%]typ@ The

reacti on solyt{on con ain car?o nat e ed to. theéglstlllation

purlflcatlon colun%r¥46xY%ro%%%€Tﬁ T an %?nl?%%% Vbh??h distillation
col umm 130 was, pyrifi eéiieln{cb e di styl latd.on BQHZLJJ!\PeatlIHO(ﬂ.lP 0l yme 140. About
i g n ar % car

100% by mass o i phe onat e dlaryl onate) was obtai hed fromthe

recovery |i i i O 0, t line 9
was S et Rﬂgglﬁhpa%é%geggﬁéé?ﬁﬁa o?l%%£§%$s§%ﬁtgpn9$goﬁ§F%§88 eli){ﬁal oW ng

c lpC”‘)hlC&o%&é@%@Qy|@@If&t phenyl n cnaf tenatecwani £ oppweshnfisontol toc of
the iliatio pur:1l.r)catlon columl40, and was - 1-12 - to the distillation

col um 120 fhroughethebsecovesy hinendDsangntihelteanséesubiner2tef0357] (2)
Control Operation
organic acids, and preferably, water, catechol,
phenanthroline, hexaflucroisopropancl, and
trifluorcacetic acid. An amount of the additive with
respect to the compounds represented by the above
formulas (X)) and (Y) varies depending on the metal
constituting the catalyst, but is usually 1 or more
equivalents, preferably 3 eguivalents or more.
[0306]
[Reaction Apparatus and the Likel
A reactiocon apparatus for carrying out the method for
producing the diaryl carbonate in the present embodiment
is not particularly limited, and reaction apparatuses of
known various types, for example, an agitation tank, an
agltation tank with multistage impellers, a multistage

distillation column, and a combination therveol are used.

i il [ P ii:.’ £ Eid i Vo i 1
secording o the present embodiment, the reactbions in the
above steps (1) and (2) are preferably performed using a
reaction apparatus comprising at least one selected from

i b - - s e S PR . I . S T R S : 1 . . o
L Qroun oonsisting ol oan agriation vank, an aglrtation



A rate of a titaniumcontaining high boiling conponent renoved fromthe
renmoval line 11 was adjusted to about 11 g/hr (the titanium atom
concentration: about 1% by nmass), and @ajrate of the reaction catalyst fed
fromthe feed line 12 was adjusted to about 2.3 g/hr (the titanium atom
concentration: about 5% by mass). The feed of the reaction catal yst from
the feed Iige % was sto ed, %03 8% Slnultage US|i’ an amount of a
liquid circbfaFed*th %ﬁ hLaF8eT 1 HAPF on®EDI uimPiase grﬁﬂ A"y Pncreased so

that a rate_ of t di phen carbonat recover [ he recovery line 9
was about 166611?§?El€63%é‘umn’ A??e : ﬁ coﬁt?%ugﬁ %%%r%??bw deScri bed

crare. Toabs O EEvi ot Ebogf FOME Ry AEEpRPERRLLON ENEELERL T O S15a
by mass of éoﬁggpprgtah 1@9@9M51C§u9989%e ahguy %M@§§ piwbia@,%ﬁonate

and about. O. by mass of 3-methyl-1-butanol. The flow rate thereof
was about 1ﬁé§@tg£hr. [ 0361] A residence tines of the reaction
solution in the steady state in the distillation colums 110 and 120 were
respectivel yoabsut 1 hr and about 2.5 hr. [0362] The conposition of

the liquid in the recovery line 3 contained about 100% by nmass of

3- et hyl - | - but anblesdhe:4dtoverr atpgodheneots wesy dboutii823r gf hrat §10363]

In the transfer line 4, the conposition of the liquid contained about 0.2%
by mass of bye¢3chet hgbblutyhpueak ponat el absouts 18% byl mnisyrtofy 3- met hyl but yl
phenyl carbonate, and about 80% by nmass of di phenyl carbonate. The fl ow
rate there0$hvégl%%Oh@elggglb;ﬁflum toward the products, a methcd

using & multistage distillation column is preferred, and
a continuous process using a multistage distillation
column is particularly preferred. The multistage
distillation column is a distillation column having
multiple stages in which the theoretical plate number of
distillation is 2 or more, and may be any one as long as
continucus distillation 1s possible.
[0309]

Such a multistage distillation column may be any one
that 1s usually used as a multistage distillation column,
for example, an Oldershaw type distillation column, a

JSR = te colunn t© Yite Using tira Yo, 55U ohr oas oa bhubble o iy Lira Yor

[N Cona e [ Tate s AP Pue e A Yooood e v ay,
ardd & countercurrent Dray, and & packed oolumn Lvpe
packed wilh various packinags, such as & Raschig ring,
Tessing rving, a Pall rving, o Ber! saddle, an Intalos

saddle, a Dixon packing, a Mcmahon packing, a Helil pack,

o T e e e b ey oyt Bhes T T ey b [ TR . - S o o ] N
sulzer packing, and Mellapak., Further, a plate-nacked



[0364] In the transfer line 5, the conposition of the liquid contained
about 0.2% by mass of 3-nethyl-1-butanol, about 17% by mass of phenol, and
about 82% by mass of bis(3-nmethyllauty|),carbonate. The flow rate thereof
was ttransfane 7, the co 1101' ed shoo222 by lass of (li phenyl
cadx(dbal ea). about 12 by mass of 1nethy butyl phenyl uiibote - 134 -
about 0.2% by mass of bis(3-nethyibutyl) carbonate. The flow rate thereof
was about 19207 hrYP$ 0386179 Lotiwrerd thie® tH ¢ et U TYhtai R hg- Hit gh boi | i ng

conponent obtajined fromthe renoval ljne 11 S al yzed, the ratio of
total mol e PheAy SAIFEH atD ahd® S et FA DAY ST Cyl ate ester to

nol es of tiL@€i¢E1atons was about 0.7. [0367] After the continuous
operation des ed above was further continued for about 100 hr, the

di phenyl b ' I t red f. 1t i 9
R e R e T e P

could be stably pro The rate of the

titaniU”‘Coﬁgé%f@ﬂﬁbh&&ht@@é&i@@bﬁ%”@%%%ﬁﬁmé@@PVﬁg fromdihe-reqovaleline 11
was t hen adjusted to about g/ hr (the titanium atom concentration: about

1% by mass)in apgk theovatecof the reastaon et atystofed: faemthe feed line
12 was adjusted to about 1.8 g/hr (the titanium atom concentration: about

5% by mass)ar&hdt 1 arthyn ol t@r €oNt ¢ arhiewsn @ per at ¢ on: waso per § of @@ de & orhabout
200 hr. 01'1,1 .3 1..ned fromt.}se. renoval. 11Cllo 1o
albove reaction apparatus, and in the above step (2), the
reaction product obtained is ceontinuously removed from
the above reaction apparatus.
[C311]

For example, when the continuous prccess 1ls carried
out using the multistage distillation column, it is
preferred tc continuously feed the dialkyl carbonate and
the aromatic monohydroxy compound inte a continuous
multistage distillaticon column and carry out the reacticn
between both of the substances in a liguid phase or a
gas—liguid phase in the presence of the above-described
reaction catalyst in the distillation column. It is
preferred to remove a high beiling product including a
diaryl carbonate or a diaryl carbonate mixture produced,
iroa Liauic svate, from rhe lower portion ol Lhe
Hatdbiation oolomn, simultanenus y With Uhe reachion
On the other hand, by continucusly removing a low Dolling
produoct includivg an aloohol as bhy-product or Uhe diasllyl

carbonate, In a gas state, by distillation from the upper



plus' atons was abe i SThe ra 11 was anal.. yzed, the ratio CIf hApnyl.late
nol es of titaniumnoles of Orenvi. - 135 - salicylate carbonate to noles
of titanium atons was about 0.2. Furthermore, the ratio of noles of

catechol to noles of titanium atons was about 0.01. In the
distillation separation in the distillation colum 130, the high boiIing
conponent ved f e colu ottom ontal ed bout 8@6 a
conmponent hgg?hgga % g%ﬁg |ng p0|ntc? an thg? o) ?ﬂ%l b%%?

carbonate. [0370].:ined. Slnllarly, t he di phenyl carbonate (dlaryl
carbonate) recovered ?ron1the recovery line 9 could be stably produced at
about 1200 ghhr>)[0371] [Exanples 2 to 6] Start-up operation was
performed in the same nmanner as in the exanple 1 except that dial kyl

carbonat es of types:-ishawed it he-doldiow nghelable- i weredrsed:- i n pl ace of
bi s(3-net hyl butyl) carbonate, so as to produce di phenyl carbonate (diaryl
car bonat e) . dAs¢+ Owed atlecand ah@n eslsalr ecaver eocont ¢ ot $ edn delpendi ng on t he
type of each dial kyl carbonate in control operthon. bot.torn contained
about 71 bynwhssstaboudid09% byt hossco about 1 8% O masise aboul 996 bysmass, a

present, an amount of the reaction product produced
usually depends on the holdup in the distillation column.
in other words, when a distillation column having the
same column height and the same column diameter is used,
a distillation column having a large holdup is preferred
in a sense that the residence time, that is, reaction
time, of the reaction sclution can be relatively long.
[0313]

However, if the holdup is too large, the residence
time is long, and therefore, a side reaction proceeds,
and flooding is likely to cccur.

Therefore, the holdup of the distillation cclumn is
preferably 0.005 to 0.75 as expressed by the ratio of the
volume of the holdup to the empty column volume of the
multistage distillation column, though it can also change

S A F T I T TP PR N R S S S H
Phnd A A iy Ntn LIPRN I T o PP R N R S S R ] LS SN A Y P P N [ I R R SRR i \"‘i,:\'," %, H

03147
In the step of producing the dianyl carbonate
described above, when the reflux ratio is increased, an

TS Y d] st ] 1L {.}J(‘:‘j‘ i iR SRS I PRt }_n\:"""‘i,)f t,)«.,aw(,w i L_,;]l_"_‘
A




O a conponent having a higher boii" tn-in order - 136 - The results
of analyzing a titaniumcontaining high boiling component obtained froma
removal line 11 are shown in Table 1. Al4 the exanples satisfied the
conditions of the above-nentioned itens (iv) to (vi), and could stably
produce the diaryl carbonates. - 138 - [0373] [Exanple 7] (Preparation
of Titani um Cont ai ni ng Conposi tion) 7 kg of po Iytltanoxane but oxi de
(nanufacturéﬁd%§e%??rlﬁh?% foﬂef%%ﬁbh?%f&?@%ﬂp%n?a?%ﬁ %?%duct name: Tyzor

BTP h dt b h t t d. t
ot or oo OEd 5 8s 2 28 Ct%il%ﬁ#%ﬁﬁaﬁ%ﬁ“'§P§B%%l“aeo%ft e &

nitrogen atggs pgrfemg?g%74T5§%X%agrﬁgloHé%gagééhlI(ﬁg%pqglf_ﬁquhenol was

t hen charged there e mxiure’i ype react or
Was reflux ratio is increased too much, the reguired thermal

energy is excessive, which is unpreferred. The alcohol
should be concentrated after it is remcved from the
distillaticon column, and therefore, refluxing is not
always necessary.

[G315]

Therefore, the reflux ratio is preferably 0 to 20,
more prelerably C to 10.

In other words, when the transesterification
reaction typically given by the above-described reaction
formula (a) is carried out, it is preferred to feed Lhe
dialkyl carbonate, the aromatic mconohydroxy compound, and
the catalyst to the multistage distillation column, as a
mixture or through separate places, continuously remove
the alkylaryl carbonate and/or the diaryl carbonate that
is a product, in a liguid state, from a bottom of the
distillation column, and continucusly remove the low
poiling component, such as the alcohol as by-product, in

state, by alstiiiavion from he uooer oorbion of

Arothat time, the veacotion catalvat may De fed
through any place of the multistage distillaticon column,

N1 jox Y N R Y T Y s Yy Yy Tty o NaREIIOE P T
L-‘ BTo1n praterabnly ot [ e T R O T W R SIoVve a coluamn Dortho



heated to 180C under a normal pressure by the heater to react the m xture.

n- But anol generated by the reaction was recovered fromthe columm top of

the distillation colum. Furthernore, {he batch type reactor was

depressurized to about 53 kPa, and n-butanbl was recovered. [0375]

The batch type reactor was then returned to a normal pressure. About 18 kg

of cbrdhenyi carboncharged about. 1,3 t a ajdd the diph vitC) b-m

boi | i ngTay! ©4i “1¢" bt phehld T Ay Zyhitito W 18 189 e hdye %%g?ﬁ?étf‘%%e

titani um concentration of_the obtaugfﬂ%titgﬁgun}cpntainingtcp osition was
31 e

5% by rmass. [ 0376 ( PFOUUET NG Appat B DAy Cdrbonatie) T IOA
hemat i i i i ew_af i ) t d i anple 7 i
schemati ¢ C%‘L‘ﬁ#{ S‘éi}g]r?;h\_{]#e%a%e a [pr.oduci ng .apparat us. %%eg-‘%%eﬁ%ﬂ“ e 71s

shown in FI e producing apparatus I's equip

di stillation,col tms; 110, and 120 which; have, @, cont i puoss: o £4§1,39¢

structure, a distillation colum 130, and a distillation purification

colum 140.pe fed to the distillation column, or the reaction
catalyst and the raw materials or the reacticn solution
may be separately fed to the distillation coclumn.

When the disproportionation reaction typically given
by the above formula (k) is carried out, it is preferred
to feed the alkylaryl carbonate and the catalyst to the
multistage distillation column, continuously remove the
diaryl carbonate that is a product, Iin a ligquid state,
from the bottom of the distillation column, and
continuously remove the low boiling component, such as
the dialkyl carbonate as by-product, in a gas state, by
distillation from the upper portion of the distillation
column.

[0317]

Instrumentation devices, such as a flowmeter and a
thermometer, valves, piping joints, pumps, heat sources,
and the like attached to the reaction apparatus can be

PHET B A RIowh rarnae, A nesal may e reoovaradd,  and e

A reaction sclvent is not essential to carry out the

3 o oy i . \ L . e
e e e e e B et 4 o b B e e e enrn de enr b e Yy ; kg
productioen methoed L b he presen it amDodiiment . However .



[0378] These are connected via predetermned lines. [0379]

Specifically, lines 1, 1', 12, and 13 are feed |lines feeding raw conpounds
and a titaniumcontaining conposition,jos the like. Lines 3 and 9 are
recovery lines recovering a product conpound and other nmaterials. Lines 2,
4, 5, 6, 7, 8, and 10 are transfer lines. Aline 11 is a renoval |ine

[ 0380] and l142condenser sReference nuneral, 112. desi 4.nrehater na

SnttHng 8. TebdUht arChraT (o o TEr Q50 8 (# ebhr4ir on bf Reactfon Catalyst)
In the distillation polupm 130, as, deseribod. below, a produgt.having a
an that of dip

hi gher boil1ng poi nt henyl~ car bonat e was produced to

prepare a r@ﬁ&ﬁép@rc§ﬁ?|Y§£ct£9§8 erationd NEa G stihlatiop €0l yop, 130 was a

distillation colum filled wth Ml apak CY and having an 1 nner dianeter of

150 mm and aalepgth-9fidam and was provided with the reboiler 131 and the
condenser 132. [0383 About 10 kg of the prepared titani um containing
conposition{¢the)titani um concentration: about 5% by nmass) was fed to the
| ower portion of the distillation colum 130. A tenperature of the

titani um cont ai riAgnclonpasi tdwsrh was icenttr aldledkrtto iabolutd<200G; ¢ Thht soist at e

cyclic hydrocarbons having 5 to 16 carbon atoms, and
ethers comprising acyclic or cyclic hydrocarbons having 4
to 16 carbon atoms.

[0320]

Specific examples thereof include acyclic or cyclic
hydrocarpons having 6 to 16 carbon atoms selected from
pentane (isomers), hexane {isomers), heptane (isomers),
oclLane {isomers), nonane {isomers), decane (isomers),
tetradecane {isomers), hexadecane {(isomers), cyclchexane,
cycloheptane, cyclooctane, benzene, Toluenes, xylene
(isomers), ethylbenzene, and the like; and ethers
selected from diethyl ether, dipropyl ether {(isomers),
dibutyl ether {iscmers), dihexyl ether (isomers), diocctyl

ether (isomers), diphenyl ether, and the like.

The present invention will be specifically described
hw wav of the followinog evoammles and comnarative ovamnlas
albhough the present lnvention is nob limited to the

RGeS LN ANy wWdady .



was held for about 72 hr. Wen part of the titaniumcontaining conposition
was then sanpl ed and anal yzed, phenyl salicylate having a higher boiling
poi nt than that of the di phenyi carbonate was detected. The nolar ratio of
phenyl s-licylate - nd titanium atons ; phenyl - 141 [0384] (Production of
D aryl Carbonate) The distillation colum 110 had a conti nuous
nultistagecf@§% Lure. The distillation colum 110 was filled with sieve
trays of S % s and had an inner diameter of 150 mmand a | ength of 12

m In the disti Irlq{ 40N chol %gﬁeorrptﬁgﬁ%%&p ,L(oa) cont.ai 'lnegs about 30%

by mass of di methy1~ car ona € -"an mass phéno

continuousl yy &egh@t ﬁg;%’alifaél%vé(%%mﬁpeé hei ] eve &é%’r%e& h@ef’@&zh stage from

the feed line 1 thro t he preheater On the other hand, a m xed
liquid (b) comtaining about 70% by nass of dlnethyl carbonate and about 30%
by mass of phenol was continuously fed at about 41 kg/hr to the | ower
portion of theadistslhathon €olommcddOrst oomthe feedl | imemdtal { 0385] A
concentration part was provided bel ow t he stage continuously feeding the
m xed |iquidsn{a)nang (b and @necoveiynpart was provi ded above the
stage. [0386] An amount of heat required for the reaction and ute aNpul f
0,551 - 142 - poggmﬁﬂe solution was collected, and the collected

sample solution was subjected to a preltresatment using

agua regalis. ICP analysis was then carried out by the

following apparatus, thereby obtaining the concentration

of a metal in a metal-containing catalyst composition.

[0324]

Analyzer: JY-138ULTRACE high frequency inductively-

coupled plasma emission analyzer (ICP) system,

manufactured by RIGAKU Corporation

[Analysis Method of Compounds shown in the above Items

(i) to {iii) Other Than Salicylate Ester and Formula (Y)]

[1] Production of Analysis Sample

1 g of a sample solution was welghed, and was
dissolved in 5 ml of a trifluorcacetic acid/acetonitrile

(20 g/1 L) solution. The resulting scolution was then

21 Analvzis Conditiong

Analyzer: High-performance liguid chromatography LOTO-AT

syatemn, manulactuarad by Shimadzsy Corporation



Next, the prepared reaction catal yst (conposition A) was gradually fed to
the 45th stage of the distillation colum 110 fromthe | ower portion of the
distillation colum 130 using the transter-line 6, and a titanium atom
concentration in a reaction solution of the distillation colum 110 was

adj usted to about 300 ppm The reaction solution was continuously renoved

at about Zlcg?égﬁ_tgﬁgygy E?ﬁ %éfgéégrlgépﬁi%l;ronlthe col umm bottom of the
1] ) .

cont i nuous I'stagé distriTation colum [ 0388] A | ow boiling

conponent ¢ | i et | as byproduct was renoved fromthe colum top
of the dist?F#géﬁoﬁg%gfuaﬁqglo. The | ow boiling conmponent was then

condensed by thencondensesn 11284 was: £ pgovered fromthe recovery line 3.
[ 0389] The reaction solution renoved fromthe transfer line 2 as descri bed

above was fedut ongheocont bNUQHSH Matht | skageosti stilédats onv el yom 420, [ 0390]
part. of a 5ltray type Histill atl nn (the Innnr 311l:1enoth! 2..dpout. 4
m of 16 stwactems,(Hdachild) obi hbed whthmMehaTl -- 143 - The feeding
position of the reaction solution was set at the upper portion of the
concentrati Bhoparateant mhéenfeed rate of the reaction solution was set at
about 21 kg/hr. [0391] A tenperature of the colum bottom of the

di stillatiohtetummn 120teasl¢omtrol led to 210C, and a pressure of the

colum top thereof was controlled to about 13.3 kPa. A disproportionation
reaction was®pert orie tihdeY Yt hed® ¥bhditions. [0392]

[3] Quantitative Analysis Method

Analysis was carried oul for a reference sample of
each reference material under the above-mentioned
analysis conditions, and a calibration curve was prepared.
Quantitative analysis of an analysis sample was then
carried out based on the calibraticn curve, and compounds
ghown in the above ltems (1) to {(iii) other than
salicylate ester and the formula (Y) were quantified.
[0326]
[Analysis Method of Compound Represented by Formula (X)
or Salicvylate Ester]
[1] Production of Analysis Sample Solution

0.06 g of a sample sclution was weighed, and about
1.4 g oof ghenyl methyl other was added therets

Y

an internal reference and about .05 g of catechol as a
treatment for 2 fitaniom-containing compostiion were
added to the cbhiained solutlion, and were sulliciently

i e, e mixture was then Filterved with a membranes



A | ow boi l i ng component contai ni ng phenol and di nethyl carbonate was
circulated to the distillation colum 110 through the condenser 122, the
transfer line 5 and the feed |line 1. fromthe colum top of the
distillation colum 120. [0393] Fromthe columm bottomof the distillation
colum 120, the reaction solution containing di phenyl carbonate was fed to

the distillatjon colu 30 thro the transfer line 4 to perform
distillati '%’é@p%r%%iﬁggﬁg[lﬁ%ﬂ“&%e felltraoffe 55 Hishd S A18%hch 1 of 4
m and with I, | n. 1oe i eo n 132. - 144 - A tenperature
of the coIJﬁ%pﬁ%%fgﬁg%éﬂ¥réﬁﬁﬁkﬁﬁ' féqﬁgﬁéé%'dﬁﬁLl 0 was controlled to about

190C, and a;piessure of the colum top thereof was controlled to about 1.7
kPa. [0396] The | ow boiling conmponent containing di phenyl carbonate

was removed; £ am ¢ he, Goh a8, andh Was: 4 ed, {0 tfendi stillation

purification colum 140 through the condenser 132 and the transfer line 7.
Analyzer: GC-2010 system, manufactured by Shimadzu

Corporation
Column: DB~1 (manufactured by J & W Scilentific, USA)
Liguid phase: 100% dimethylpolysiloxane
Length: 30 m
Inner diameter: 0.25 mm
Film thickness: 1 um
Column temperature: 50°C (held for 5 min} — 200°C (raised
at 10°C/min; held at 200°C for 5 min) -» 300°C (held for
15 min)
Injection temperature: 300°C
Detector temperature: 300°C
Detection method: FID
[3] Quantitative Analysis Method
Analysis was carried out for a reference sample of

each reference material under the above-mentioned

[ P N, IR E T T R ety L3 e e e -
analysis conditions, and a calibration curve was propared.
Laider il b il s vy cailab oy o iy L caldooedirer .oy On oD narjilpe o UD DR i sl

CATERTY CET D e Gl Danad

compound represented by the formaulas {(¥) or saliloylate

catoer wao coant i tied

(0328 ]



[0397] On the other hand, a high boiling conmponent containing the reaction
catal yst (conposition A) was circulated to the distillation columm 110
through the transfer line 6 and the fegdsline 1. [0398] The
distillation purification colum 140 was a distillation colum filled with
Mel apak CY and having an inner dianeter of 150 mmand a length of 5 m and

ves equi pped, i 11,1 he,rebol | f 144 and ¢ he. sondencer 14z, [0300] The
reaction sof utU contarning dlp thyI car bonate n/or ihi ednln tationtic

)L Lma0sc, 99,08 by SHYLLALPAY] carbenal gl dlall GO obt ) ned

[tl.i1DTflI hEr recovery ior ion, posjtuh otthe

recoverisotc@tpdhesd RO000-ssnddd 5)62%5%%@ (%?r@ stylfation colum

| ocat ed above the col unn bottom | 0] | ow boi | i ng conponent

cont ai ni ng et hytcphenybn car bonat s wass4 vegh fomt he colum top of the
distillation purification colum 140, and was circulated to the

distillation columy 12 by cughp ithesdleaaver wdd neitheand drhe ddansfer |ine
2 g of dry acetone was added thereto. Furthermore, about
0.04 g of tcluene or diphenyl ether as an internal
reference was added thereto. The resulting solution was
used as a gas chromatcgraphy analysis sample solution.
[0329]
[2] Gas Chromatography Analysis Conditions
Analyzer: GC-2010 system, manufactured by Shimadzu
Cerporation
Column: DB-1 (manufactured by J & W Scientific, USA)
Liguid phase: 100% dimethylpolysiloxane
Length: 30 m
Inner diameter: 0.2% mm
Film thickness: 1 pm
Column temperature: 50°C (held for 5 min) -» 200°C (raised
at. 10°C/min; held at 200°C for 5 min) — 300°C {(held for &

min)

Detection method: 1D
(31 Quantitative Analysis Method
(31 q Citative Analysis Method
Analysis was carried oulb lor a relerence sample of

S S erneranos WMalad o AT Cive above-mentlonedd



[ 0401] After the continuous operation described above was perforned
for about 12 hours, the operation entered into a steady state. [0402] At
that time, in the transfer line 2, the gonposition of the Iiquid contained
about 55% by mass of phenol, about 26% by mass of dinmethyl carbonate, about
17% by mass of net hyl phenyl carbonate about 2% by mass of di phenyl

bonat d, about 9% The f| te thereof
cbout 40 kg N TORCH b R LT aRATr T e ?%”%%ﬁraa%?& e

mass. and stiout, 0% . s o 0. M gdrona e flLow. r(m a the-enf vas

S. bOT 10404f 146 - F ansfer conposition of the
liquid Cont‘tﬁﬁ&@dcm%d7§tfﬁ By JB$S,,0f 1 P r&@{&?@ £ye abgug 19% by mass
p enoI

of net hyl enyl carbonate, and about 3% y mass of The flow rate

t her eof msc@r@g%ﬂe@ti(%mer[%]a compoid efe};glk@b&@ﬁ'%cﬂ usnoperation
descri bed above was further continued for about 100 hr, e di phenyl

car bonat e (ebhafyla carpaonat @omwﬁ@%ﬁm@mﬁMrmﬁ){y@ﬁwéi ne 9 could be
stably produced at about 4 kg/hr.

represented by the fermulae (X) and (Y) were guantified.

[0330]

[Analysis Method of Average Degree of Polymerization]

A titanium concentration of a titanium-coentaining
compound was guantified by ICP analysis in the same
manner as in the above-mentioned analysis method of the
concentration of the metal in the titanium-containing
composition, and furthermore, an alkoxy group {(for
example, butoxy) was quantitatively analyzed by a gas
chromatography method to obtain an average degree of
polymerization.

[G331]
[Example 1]
(Preparation of Titanium-Containing Composition)

7 kg of tetrabutexytitanium {manufacltured by E.T.

DuPont de Nemours & Company Inc., product name: Tyzor

LD I [RESER S [B L L l"\;’]l\ S S P eIl Lapd H L
, ; [Ete! i

having a volume of 60L in a nitrogen atmosphere. 14 kg

of phenol previcusly distilled/purified was then charged

thereto,

£
L e N



[ 0406] When the titani um containing high boiling conmponent obtained
fromthe renoval |ine 11 was anal yzed, the ratio of total noles of phenyl
salicylate and nethyl salicylate ester;i® ol es of titanium atons was about
1.2. [0407] After the continuous operation described above was further
continued for about 500 hr, the di phenyl carbonate (diary) carbonate)

recovered fromthe recovery line 9 could be stably produced at about 4
kg/ hr. 10408] a jﬁ??(gﬁl gxﬁ%ﬁg%afﬁlggl Fkﬁf$5gﬁT%hﬁfaF.Fﬁi&ﬁ?%onnent' Jtm

eabau. t . t 1#% Qé@aafé%S@thﬁperr%t%T%N%hlEm%%%u&%%%é’%@mp%%%k¥§F ﬂﬁd from

the feed littleadtu ed to about. by nass).'§ﬂﬁ1%uly,

the continuaus.opsfathop yes. pPerienned f o rabowe H0Y hhe [Q409];on Vhen
the titani um containing high boiling conponent obtai'ned fromthe renoval

line 11 wasyanalyzees rddes ke i nofcdotal 1mb ess of nsalicyl ate asters of
phenyl salicylate plus nethyl salicylate ester to noles of titanium atons

was about lc®iunthe ratritheafnarel,eshef Hphehylt veal ireylcate carsbonate to nol es
of titanium atonms was about 0.5. Furthernore, the ratio of noles of

cat echol t olewtesswofiltéed an umatonss wade about 0-0B2.ancl wadn the
distillation separation in the distillation colum 130, the high boiling
conponent regvedrddom t he col unm bottom cont ai ned about 15% by nmass of a
conponent having a higher boiling point than that of the diphenyl

car bonat e. %h

The batch type reactor was then returned Lo a normal
pressure, and about 18 kg of diphenyl carbonate was
charged therete. The mixture in the reactor was heated
to about 190°C. Next, the batch type reactor was
depressurized to about 1.3 kPa, and the diphenvl
carbonate containing a low beiling component was
evaporated, thereby obtaining a titanium-containing
composition. Diphenyl carbonate was added so that the
titanium concentration of the obtained titanium-
containing composition was 5% by mass. After the
titanium-containing composition was heated at 200°C for
about 48 hours, the heated titanium-containing

composition were used as a reaction catalyst for the

' ! I HE D &4 i h

(Producing Apparatus of Diaryl Carbonate)
A schematico configuration view of 2 producing
sapparatus used in examnple 1 ds shown in FIG. 1.

T
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Simlarly, the di phenyl carbonate (diary' carbonate) recovered fromthe
recovery line 9 could be stably produced at about 4 kg/hr. [0411] G oup
Merei n:lfter, Ot.en Doss:raked as X Pf4i g Al koxide"11 20 kg at _ ] Du Pont: .
e denon 55was - 148 - introduced to a reactor with an agitator. The
reactor was equi pped with a cooling coil, a heating jacket, and a
distillation col n- but anol was then |ntroq:lljced thereto, and an

internal liquid 'ltéenﬁerfjgtu%rlggvv&?pg(ﬂa&éltse&St (()eq(ﬁlépped I—]ydrous n- but anol
havi ng a waj &l CONGentr aéd PEL AL %n{ﬁ b}yz c(}?/otpe}’vé"’%l ahs,) Wag, ad ust ed

to OC in another reactor WI an agi tat or”. reactor was” equi pped with a

cooling coij,; @ fieald ng +ackete %%Pstdllsltalﬂ 'cﬂ%'éﬁk&n@! UYL, and o Ihe
hydr ous n-butanol was added int'o the reactor under agitation through a

l'i ne. dne: addi 400 did Aer was: S8t @l1 dmihorg, and the added amount of
water was set at 0.5 nolar equivalents (with respect to noles of Ti atons
in the react@m¥ijé] [ 0412] A trace noisture neter analyzed a reaction

solution with time, and confirned that the added water was consuned in a
hydr ol ysi s reactlihecard <t heraraltyzed ivalpue deecame reonstiamts.. The obt ai ned
re:acticn 3olution was heated under ) 150C iliw b.
[0337)
Specifically, lines 1 and 12 are feed lines for
feading raw compounds and a titanium=-containing
composition, or the like. Lines 3 and 9 are recovery
lines for recovering a product compound and other
materlials. Lines 2, 4, 5, 6, 7, 8, and 10 are transfer
lines. A line 11 is a removal line.
[0338]
Reference numerals 111, 121, 131, and 141 designate
reboilers, and reference numerals 112, 122, 132, and 142
designate condensers. Reference numeral 113 designate a
preheater for setting a feed material to a predetermined
temperature,

[0339]

{(Production of Diaryl Carbonate)

ultistage structure, and was eqguipped with a
concentration part and a recovery part.  The
concentration part was filled wiln sieve ULrays of 25

A
1

R | e, e, v e e e v wnon e B g e -, A T rery PaT—— I I T P
stages, and had an inner diamater of mret and a4 lenagth



- 149 - the evaporated amount was nostly lost. The distillation was then
conpleted. [04 3] When a transparent and colorless liquid left in the
reactor was analyzed and a Ti content ang -an al koxy group content were
measured, it was found that polytitanoxane having a butoxy group having an
average degree of pol yrreri zation of 2 (hereinafter often described as

"pol yti tano%gng Epu&oxuﬁp" sfobt |anreLd u [O%J,AL]le[waolc%CNeqn E&arg)g e, 2to
Koxi

4] yt 1t anokxane al tced nner as in the

above [ pr Odks"rﬁéﬂnﬁ’ﬁac‘?ﬁ(\?f%j eb%l sﬁ;ggptcﬁéme dxh%%ﬁidedsm)}'@h S gyt ef , was

changed as own in Ta After the addition of wateéer was conpl éted, the

reaction sohyfion obtar n@ﬂarﬁétéf‘ & e pg ogdHct i on; exanplie drwaszheated under
agitation, and n-butanol was evaporated using the distillation colum after

the reactiopgsebution reached 150C. The conposition of the evaporated
liquid was anal yzed by gas chromatography, and it was confirned that the
evapor at ed anouritn was: st iyl lzositon e drentl landal i kieamegrtourownd t  hi nc. !
dif polynervat:ic2. - 150 [0415] [Table 2] added anobunt of water with
respect carbonate, phenol, and the reaction catalyst prepared
above were continuously fed at about 1830 g/hr from the
feed line 1 through the preheater 113 Irom the sieve tray
of the 25th stage to perform a transesterification
reaction. The feed rate of each material mixed liguid
was adjusted so that the mass ratio of bis(3-methylbutyl)
carbonate to phenol in the mixed liguid was abcut 1.08,
and a titanium atom concentration was about 500 ppm.
[0341]
The concentration part was provided below the stage
continuously feeding the mixed liguid, and the recovery
part was provided abcocve the stage.
[0342]
An amount of heat required for the reaction and
distillation was controlled by providing an external

heater, or by circulating a liguid in a lower column part

T P B T SR T BT, R L T O A E R PS]
Lin i auildg R NN N S I I S R I RS R AR S S N H S S S

distillation column 110 Lo about 230°C, and a pressure of
Tthe column top rthereot to about 140 kba,

L0343 ]



to nmoles of titaniuninolar equivalent] average degree of polynerization
Production Exanple 2 0.67 4 Production Exanple 3 0.81 7 Production Exanpl e
4 0.91 10 [0416] [Exanples 8 to 12]-Diphenyl carbonate (diaryl carbonate)
was produced

A reaction solution was continuously removed at
about 1700 g/hr through the transfer line 2 from the
column bottom of the continuous multistage distillation
column 110.

[0344]

A low boiling component containing 3-methyl-1-
butanol as by-product was removed from the column top.
The low boiling compecnent was then condensed by the
condenser 112, and was recovered by a reflux ratio of 2
from the recovery line 3.

[0345]

The reaction solution removed from the transfer line
2 as described above was fed to the continuous multistage
distillation column 120.

[0346]

The continuous multistage distillation column 120 is
equipped with the reboiler 121, the concentration part of
the distillation column (the inner diameter: 150 mm, the
length: about 6 m) filled with chimney trays of 5 stages,

and the recovery part filled with Melapak CY and having

- > —~ R e o S . — - ' - - o ) P
an inner diameter of 150 mm and a length of 2.8 m. The
£ [T o AT T S S DL e

.k 3 B don H g i P S 1 [P i 4 : LR [ 1l I
R RIC i S i

rate of fthe reaction solution was set at about 1700 o/hr.
03477
A temperature of the column bottom of the

e T B - l 1 ™ - R o ! . B o (ot . P, . e
aistilliation column 120 was controlled o Z00°C, and the



in the sane manner as in the exanple 7 except that tetrabutoxytitani um
(manufactured by E.I. DuPont de Nenours & Conpany Inc., Tyzor TnBT) and the
pol ytitanoxane al koxi des obtai ned frem the-production exanples 1 to 4 were
used in place of polytitanoxane butoxide (manufactured by E.I. DuPont de
Nemours & Conpany Inc., product nanme: Tyzor BTP) in preparation of a

titani um cog%&%%?%nﬁpﬁgéi%&ﬁ? érh[%gélr%}h%mof b d(if I1;iiﬂl,éj_ﬂg{édgntC§epar ation in

a distillation conponent "renbved from a col umm

bott om cont aj b 16% t 9 - . a
aihed about 16 ﬂyap(@ QUl, L 9% MBS S s pelx%qéé\rbgge & A

atanjunx a. on Fithud -a ObLair L1 a renov(1111 was 'a fil
t he exanpl esnsatishied theypbove,meyntioned itenms (iv) to ( and could

stably produce the diaryl carbonates. The results are shown in Table 3.
10348]

A low boiling component containing phenol and bis(3-
methylbutyl) carbonate was circulated to the distillation
column 110 through the condenser 122, the transfer line 5,
and the feed line 1 from the column top of the
distillation column 120.

[0349]

From the column bottom of the distillation column
120, the reacticn solution containing diphenyl carbonate
was fed tTo the distillation column 130 through the
transfer line 4 to perform distillation separation.

[0350]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided
with the reboiler 131 and the condenser 1372,

[0351]

A temperature of the cclumn bottom cof the

to about 0.5 kPa.
(03527
FL

The Low bholling component containing diphaonyl

I 13(_}] ALEe WAS TEmOV oTe Trom the ooiumn e ‘»E Byt 1 owan fed [



-152- average recovery O diphenyl : carbonate [kg/hr] O ,-, 117 O cccir
"T'rg Tt
- 131 -

the distillation purification column 140 through the
condenser 132 and the transfer line 7.
[G353]

On the other hand, a high bciling component
containing a reaction catalyst was circulated to the
distillation column 110 through the transfer line 6 and
the feed line 1.

[0354]

The distillation purification column 140 was a
distillation column filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and was
equipped with the reboiler 141 and the condenser 142,
[0355]

The reaction solution containing diphenyl carbonate,
fed to the distillation purification column 140 through
the transfer line 7 from the distillation column 130 was
purified in the distillation purification ccelumn 140.
About 100% by mass of diphenyl carbonate (diaryl
carbonate} was obtained from the recovery line 9 by the
purification. The position of the recovery line 9 was
set at the lower portion of the distillation column

SRR LR aiver TNV O LUINEY P

P - Ep I TP ey o o 2 e 3o O T S T s e by ] b o 2 v
fhe low boelling component containing 3-methyibutyvl
oy v S o e vy o A U S SR N o T e Yoy
phenvl carbonate was vemoved Irom the column top of che

gistiliation purification column 140, and was circulated
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to the distillation column 120 through the recovery line
10 and the transfer line 2.

[C357]

(2) Ceontrol Operation

A rate of a titanium-containing high boiling
component removed from the remcval line 11 was adjusted
to about 11 g/hr (the titanium atom concentration: about

% by mass), and a rate of the reaction catalyst fed from
the feed line 12 was adjusted to about 2.3 g/hr (the
titanium atom concentration: about 5% by mass). The feed
c¢f the reaction catalyst from the feed line 1 was stopped.
[0358]

Simultanecusly, an amount of a liguid circulated to
each distillaticon column was gradually increased so that
a rate of the diphenyl carbonate recovered from the
recovery line 9 was about 1000 ¢g/hr.

[0359]

After the continuous operation described above was
performed for about 12 hours, the operation entered into
a steady state.

(0360

R T T T

ohencl, about ©7% by mass of bis(3-methyibutyl) carbonate,
about 17% by mass of 3-methy butyvl]l pDhenvl] carbonatre,

o

about G.3% by mass of diphenyl carbonate, and about 0.2%



1011 111Q, rOUWLTISO.,. 1_ 1?2(7, :7"1"2:1E-Z-, TeWATA 1-,-; ?:
Be.-.ZbBO 90,., L, u8.11Z.0 abE, |:E. :0DTx07,co(-7,. -rod a 1 --
- 133 -

by mass of 3-methyl-l-butancl. The flow rate thereof was
about 11402 g/hr.

[0361]

A residence times of the reaction solution in the
steady state in the distillation columns 110 and 120 were
respectively about 1 hr and about 2.5 hr.

[0362]

The composition of the liquid in the recovery line 3
contained about 100% by mass of 3-methyl-l-butanol. The
flow rate thereof was about 823 g/hr.

[0363]

in the transfer line 4, the composition of the
liguid contained about 0.2% by mass of bis(3-methylbutyl)
carbonate, about 18% by mass of Z-methylbutyl phenyl
carbonate, and about 80% by mass of diphenyl carbonate.
The flow rate thereof was about 1238 g/hr.

[C364]

In the transfer line 5, the composition of the
liquid contained about 0.2% by mass of 3-methyl~l-butanocl,
about 17% by mass of phenol, and about 8Z2% by mass of
Pis (Z-methylbutyl) carbonate. The flow rate thereof was

TV ey S by e

In the transfer line 7, the composition of the

Jiguid contained about #8% hy mass of diphenv] carbonate,

about 12% by mass of J-wmethy buty]l pheny]l carbonate, and
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about 0.2% by mass of bis(3-methylbutyl) carbonate. The
flow rate therecf was about 1140 g/hr.
[0366]

When the titanium-containing high bolling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 0.7.
[G367]

After the continuocus operation described above was
further continued for about 100 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
line 9 could be stably produced at about 1000 g/hr.

[0368]

The rate of the titanium-containing high boiling
component removed from the removal line 11 was then
adjusted to about 9 g/hr {the titanium atom
concentration: about 1% by mass), and the rate of the
reactlon catalyst fed from the feed line 12 was adjusted
to about 1.8 g/hr (the titanium atom concentration: about
5% by mass). Similarly, the continuous operation was

performed for about 200 hr.

AT AN

T
obtained from the removal line 11 was analyzed, the ratio
of total moles of salicviate esters of ohenyl salioylate
olus Z-methylibutyl salicylate ester to moles of titanium

oy e e o P P 1 i [ PR o AT e | e e L PO
atoms was about 1.1, The ratlio of moles of pheny)
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salicylate carbonate to moles of titanium atoms was about
0.2. Furthermore, the ratio of moles of catechol to
moles of titanium atoms was about 0.01.

In the distillation separation in the distillation
column 130, the high boiling component removed from the
column bettom contained about 8% by mass of a component
having & higher boiling point than that of the diphenyl
carbonate.

[0370]

Similarly, the diphenyl carbonate (diaryl carbonate)
recovered from the recovery line 9 could be stably
produced at about 1200 g/hr.

[0371]
{Examples 2 to 6]

Start-up operation was performed in the same manner
as in the example 1 except that dialkyl carbonates of
types shown in the fellowing Table 1 were used in place
of bis(3~methylbutyl) carbonate, so as to produce
diphenyl carbonate (diaryl carbonate). A flow rate and a
pressure were controlled depending on the type of each
dialkyl carbonate in control operation.

A
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JEON T ot R N AP D N s S P N A AR A P

hottom contained about 7% by mass, about 10% by mass,

about 8% by mass, about 9% by mass, and about B% by mass
. o~ oo o i 1 E,\. P G - J R 1 o e | S B R 2o } e 2 ] ol e AT
Lilooa DOgnponenl ANV LTI o RGNS o1 L and DBOoLne Than Thial Of

the dipnenyl carbonate, in order of examplas 2 to 6,

lo c--1
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The results of analyzing a titanium-containing high
boiling component cbtained from a removal line 11 are
shown in Table 1. All the examples satisfied the
conditions of the above-mentioned items {(iv) te (vi), and

could stably produce the diaryl carbonates.
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When the titanium containing high boiling conponent obtained fromthe
renoval linb 11 was anal yzed, the ratipsof-total noles of phenyl salicylate
and 3-nethyl butyl salicylate ester to noles of titanium atons was about
4.2. Therefore, the condition of the above item (v) was not satisfied.

[ 0426] [Corrg@”i jve Exanple 2] (1) Start-Up Operation Qperation until
start-up o ratlon was performed in the same nmanner as in the exanple 1.
[0427] (2) %rg 1@ q)]eratlon A rate of a titaniumcontaining high

boi I i ng conponert renoved froma renoval line 11 was adjusted to about 8

g/ hr (the tifanumaiomooneantlati on,abouind. &% by Mss), and a rate of a
reaction catalyst fed froma feed line 12 was adjusted to about 2.4 g/hr

(the titanium at @? GENGRNtFatH 015 BROUL 1B% e rr@ﬁa%)ufé%ﬂm}é@n%o@ Y, an
amount of a liquid circulated to each distillation colum wa S gradually I
Cci : : easeAtihatgnit he: Cianodr € ofCcdm@hoptird?. hmrstudthenoper tyzor
BTP) was charged to a batch type reactor equipped with an
agitator, a heater, and a distillation column and having
a voiume of 60 L under a nitrogen atmosphere, and 14 kg
of previously distilled/purified phenol was then charged
thereto.
(03747
Next, the mixture in the batch type reactor was
heated to 180°C under a normal pressure by the heater to
react the mixture. n-Butanol generated by the reaction
was recovered from the column top of the distillation
column. Furthermore, the batch type reactor was
depressurized to about 53 kPa, and n-butancl was
recovered.
[0375]
The bhatch type reactor was then returned to a normal

pressure. About 18 kg of diphenyl carbonate was charged

about 1.2 kPa, and the diphenyl carbonate containing a
low hoiling componant was evaporated to obiain a
3 , ; srated To obitain

Cltanium-containing composition. Diphenyl carbonate was



- 156 - A tenperature of the colum bottomof a distillation colum
130 was then controlled to 250C, and a pressure of the columm top thereof
was controlled to about 20 kPa. The rate of the titani um containing high
boi l i ng conponent renoved fromthe renoval line 11 was gradual |y adjusted
to about 4.7 g/hr (the titanium atom concentration: about 1.5% by nass),
and the rate,of the neaction catalyst feddramihe feed |ine. 12 vas
gradual |y adjusted to about 1.4 g]hr (the titani'um atom concentrati on:
about 5% bytin@muml&%%mrgw%wﬁ%rpw@%%O%J QqEd in the sane
circulated anmount of a liquid as that of the exanpl'e 1. However, since the
di phenyl carbonate recovered fromthe recovery line 9 was gradually
decreased, a material liquid fed fromthe feed Iine 1 was adjusted
correspondi (grdderai. Ad@d28lus of Afderl thereantiduous operation was
performed for about 100 hr, the rate of the di phenyl carbonate recovered
fromthe recovery skihrea® iwas oalidut: x3%0 og/ kriewn offha stready:isicat e. [ 0430] of
total noles ofyi! smloylmMom QO tn 515i 05at onsabout 2.L i 431! - 157 -
Furt her nor eiprdre nat ersofd the idrgniam contdinimgithilghs bod 1 i ng conponent
renmoved fromthe renoval line 11 was adjusted to about 2.0 g/hr (the
titani um atdt toncentration: about 1.5%by mass), and the rate of the
reaction catalyst fed fromthe feed line 12 was adjusted to about 0.6 g/hr
(the titani um at'6f EEREERTF A PERST AAHGUt S5HMBy PRESS ) YSimilarly, the
conti nuous pperation was perforned, [043 . . After the continuous
oper ati on ‘performed r“m?ﬂﬁ)u]tldGlO"L[fl rl,zzlot HE <t &' B tthe Yt pHEMYT S
carbonate r vered fraomthe recovery line .9 was out g/hr in the
st eady st atmggq['lo%fﬂe Sq@u{khuerne 't e 41t ani U coht @i ni hy ]#?ég)fh ‘Boi 19 ng
component. obtalned framtne rempval, [ine, 41 was anal yzed, the ratio of
total noles of phenyl salicylate and 3-net y]l utyl salicylate ester to
nmol es of tif@nigym atons was about 4.2. Therefore, the condition of the
above item (v) was not satisfied. [0434] Orer() ;)-- untilparinrmed

These are connected via predetermined lines.

[0379]

Specifically, lines 1, 1', 12, and 13 are feed lines
feeding raw compounds and a titanium-containing
composition, or the like. Lines 3 and 9 are recovery
lines recovering a product compound and other materials.
Lines 2, 4, 5, 6, 7, 8, and 10 are transfer lines. A

line 11 is a removal line.

[O380 ]

-+ i A

i ¥ 7 pooowEiila
Clen s { ,
and 142 designate condensers. Reference numeral 1132
desionate a nreheater for setting a feed material to 2

predetermined temperature.

r0ae



the sane mannat he cxanp.]..e 1 enctort that netnyl huLphen(theoxyg - 158 -
order) stored under a conpressed air atnosphere were used as material s.
[0435] (2) Control Operation The tate.of the titanium containing high
boi l i ng component renoved froma renoval line 11 was adjusted to about 12
g/ hr (the titanium atom concentration: about 1% by mass), and a rate of a

titani umtetraphenoxi decontai nin ol,liquid fed froma feed line 12 was
adj ust ed towarbéo)ﬁ)ﬁraf:]ﬂforb/%f I?c%%%tf?rfg(%%%%? om concentration: about 5% by
mass). Sinul tanequsl ¥ t. of |1 qui ircul ated .to C
distillation colelﬁlrrﬁﬁv%asg% %rtgga;équﬁ%l ﬁ:é%rl’élgg]ec}%sog taﬁato%t%cgmrbaet(’g%o@fmod"f ‘Phenyl

car bonat e rGovsi ed. i o8 ay TLo0VELY: e 8,9, abouty 1000 gl hw . After

conti nuous operation was performed for 12 hours, the operation

entered i nt@ighstEadys 8idif:e [WA36)roduced s It & Ofe thercaction

titani um contai ning high boiling conponent renoved fromthe renoval |ine 11
was then grasusl vy adj usted to about 5 g/hr (the titanium atom
concentration aboutby ffoss), and the rate of the (the ti containno
sattircylateb®&ster). The conti nuous opalLionl ehe 3, 7Anei Litcuided
anouo.t.. of Ld pc thatthe ex - 159 di phenyl carbonate recovered fromthe
recovery |ine 9 Tas dgrsadudldty cdecredased,! 3@ natser alidbiguiad feed from a feed
line | was adjusted corresponding thereto. [0437]

column filled with Melzpak CY and having an inner

diameter of 150 mm and & length of 4 m, and was provided

with the reboiler 131 and the condenser 132.

[0383]

About 10 kg of the prepared titanium-containing

composition (the titanium concentration: about 5% by

mass] was fed to the lower portion of the distillation

column 130. A temperature of the titanium-containing

composition was controlled to about 200°C. This state

was held for about 72 hr. When part of the titanium-

containing composition was then sampled and analyzed,

phenyl salicylate having a higher beiling point than that

of the diphenyl carbonate was detected. The molar ratio

of phenyl salicylate and titanium atoms (phenvyl

S, AL JERCTrIDneEd as COmEnom L Lon AT nl e

high boiling product material generated in the

distiilation column 130 and the titaniuvm-containing

composition was used as a reaction catalyst for the next

procguction of a diarvi carbonate,



After the continuous operation was perforned for about 100 hr, the rate of
t he di phenyl carbonate recovered fromthe recovery line 9 was about 250
g/hr in the steady state. [0438] - When-the titani um containing

hi gh-boi | i ng substance obtained fromthe renmoval |ine 11 was anal yzed, the
titani um contai ni ng high boiling conponent contained catechol, phenyl
salicylate ﬁ@€8§Tnethylbutyl salicylate ester. The ratio of total noles

t hereof to es of titanium atons was about 2.2. [0439] Furthernore, the

rate of the pjtaniumcontabning 9@0&%&%)”9 conponent renoved fromthe
removal line 11 was adjusted to about 4 g/hr (the titanium atom

concentration: abputy; k%10V JRSS)oc 1806, e 1ale Of-dNe fid.ani um
tetraLoi Hng pheliquid fed fro icylag i the con - 1.60 - After the

cont i nuous epef bt i O Wasr per § o ned Heor jakaut: 220 e ithe, nate ofs t he
di phenyl carbonate recovered fromthe recovery line 9 was about 90 g/hr in

the steady sihted y0dd4ldieve tihen dhesad i 4@ eun comtiaidiag Hhgdhr boi l i ng
substance obtained fromthe renoval |line 11 was analyzed, the ratio of
total nol esdofmgptrenyd £ sh§ oyh atred andl Saguelt hyf but yh. saln dyleate ester to
nmol es of titaniumatons was about 4.1. The ratio was four tinmes larger than
mol es of tHe!$ht ahiukeic ort-aim ngt Conpositednl 1dhed r &) occoft2 brahgnol es of
catechol to noles of titaniumatons was about 2.1. The ratio was two tines
| arger tharftHE" t19antumat Dt ot 1R X 1 tGhi A Toht i hi HeP Eomposi By on.
Therefore, the requirenments of the above itens (v) and (vi) re not
sati sfied I a7 1° 1 HE CHaest T 0442 - 1 COMpRF atT Ve Expl bsd 4 K9/ L©
(PreparatlO@héﬁsfg¥%n%fgkfg?%%h¥§tg0th stage from the feed line 1

through the preheater 113. On the other hand, a mixed

liguid (b) containing about 70% by mass of dimethyl

carbonate and about 30% by mass of phenol was

continuously fed at about 41 kg/hr to the lower portion

of the distillation column 110 from the feed line 1'.

[0385]

A concentraticn part was provided below the stage

continuously feeding the mixed ligquids (a) and (b), and a

recovery part was provided above the stage.

[G386]

~

An amount of heat reguired for the reactlion and

through the reboiler. The method controlled a
temperature of the column bhottom of the moltistage

cGistillation column 110 Lo about 230°%, and controiled a

pressilre Gn the column PR 1} e T ooabrow {) . [' 5 MPa-—-(3,



Ti tani um cont ai ni ng conpositions were prepared in the same manner as in the
exanpl eexcept that nolyt..i.ta.ric)x500 al prodncti npl esxdDel hot oxi de
(mans-eci by F-1DuPont. he Nem - 161 i4€ompany Inc., product name: Tyzor
BTP) in preparation of the titanium containing conpositions. [0443]
(Production of piaryl Carbonate) The titani um containing conposition
prepared ab M?B%fs used as a reaction catalyst for a diaryl carbonate as it
is without preparing a conposition A fromthe titanium containing

compositi on. 95y mass. Gfy 4 G Bel o, commoNENt 1 8 st Lo on

t ” .
colum 130 was recoVere a renoval 11 ne 11.7°Di phen car bonate (diaryl

carbonate) yas ?f&@&&?ﬁyiﬁeéh§oséﬁg menner, ase | fr the. exanpl e) . exgept that
the reaction catalyst was fed froma feed line 13. The results are shown in

Table 4. Whepithe 1eaction catalysérwas-feenfor seveqabt hougs:b3 to 5 hr)
in all the conparative exanples 4 to 8, the feed Iine 13 was bl ocked, and
t he oper ati onlbecan®l i npossi bhe. traléler TOMti HUOMSI Opet atsonuki Fech hr
concentration in a reaction solution of the distillation
column 110 was adjusted to about 300 ppm. The reaction
solution was continuously removed at about 21 kg/hr
tLhrough the transfer line 2 from the column boettom of the
continuous multistage distillation column 110.
[0388]
A low boiling compcnent containing methanol as by-
product was removed from the column top of the
distillation column 110. The low boiling component was
then condensed by the condenser 112, and was recoverad
from the recovery line 3.
[0389]
The reaction solutlion removed from the transfer line
2 as described above was fed to the continuous multistage
distillation column 120.

I(
R

390

pEa

A1

part of & sieve tray bype distillation column {the inner

diamaeter: 150 mm, the lenoth: about 4 m) of 16 stages,
, ) st nout , fle stages

and the recovery part [illed with Melapak CY and having

150 mm oand a lenath of about 4 m.

anoinmer diametrer of
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The feeding position of the reaction solution was set at
the upper portion of the cconcentration part, and the feed
rate of the reaction solution was set at about 21 kg/hr.
F0391]

A temperature of the column bottom of the
distillaticon column 120 was controlled to 210°C, and a
pressure of the column top therecof was controlled to
about 13.3 kPa. A disproportionation reaction was
performed under these conditions.

[0392)

A low boiling compeonent containing phenol and
dimethyl carbonate was circulated Lo the distillation
column 110 through the condenser 122, the transfer line 5,
and the feed line 1 from the column top of the
distillaticn column 120.

[0393]

From the column bottom of the distillation column
120, the reaction solution containing diphenyl carbonate
was fed to the distillation column 130 through the
transfer line 4 to perform distiillation separation.

(0394

dismeter of 150 wmm and a length of 4w, and was provided

- o~

with the reboiler 131 and the condenser 137

TV
R I T |
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A temperature of the coiumn bottom of the
distiliation column 130 was controlled to about 190°C,
and a pressure of the column top thereof was controlled
to about 1.7 kPa.

[0396]

The low boliling component containing diphenyl
carbonate was removed from the column top, and was fed to
the distillation purification column 140 through the
condenser 132 and the transfer line 7.

[0397]

On the other hand, a high boiling component
containing the reaction catalyst (composition A} was
circulated to the distillation column 110 through the
transfer line € and the feed line 1.

[0398]

The distillation purification column 140 was &
distillation column filled with Melapak CY and having an
inner diameter cof 150 mm and a length of 5 m, and was
equipped with the reboiler 141 and the condenser 142.
[0399]

The reactlon solution containing diphenyl carbonate

F g B R T TR [ SO M T [ SO S T I U SR
< e e £ A b e S Few E : - S T S o fiA e s e i P RSP L S )

purified in the distillation purification column 140,

1

09, 8% by mass of diphenvl carbonate (diarvy]l carbonate)l

W ciritained Lryrom the regover Y Line Y I Voo e AR tication.
e o dee T o I
'he position of the recovery Lline © was @ at the lowaey
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portion of the distillation column located above the
column bottom.
[0400]

The low boiling component containing methyl phenyl
carbonate was removed from the column top of the
distillation purification column 140, and was circulated
to the distillation column 120 through the recovery line
10 and the transfer line 2.

(04011

After the continuocus operation described above was
performed for about 12 hours, the operation entered into
a steady state.

[0402]

At that time, in the transfer line Z, the
composition of the liquid contained about 55% by mass of
phenol, abecut 26% by mass of dimethyl carbonate, about
17% by mass of methyl phenyl carbonate, about 2% by mass
of diphenyl carbonate, and about 0.09%% by mass of
methanol. The flow rate therecf was about 40 kg/hr.
[0403]

In the transfer line 4, the composition of the
ol contained sbout 001% by omass of

mass of phenol, and about 80% by mass of dipheny]

A

-~

carbonate.  The flow rate thereof was abhout 6.7 ka/hr,
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In the transfer line 7, the composition of the
liguid contained about 78% by mass of diphenyl carbonate,
about 19% by mass of methyl phenyl carbonate, and about
3% by mass of phencl. The flow rate thereof was about 5
kg/hr.

[0405]

After the continuocus operatiocn described above was
further continued for about 100 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
line 9 could be stably produced at about 4 kg/hr.

[C406]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
cf total moles of phenyl salicylate and methyl salicylate
ester to moles of titanium atoms was about 1.2.

[0407]

After the continuous operation described above was
further continued for about 500 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
line 2 could be stably produced at about 4 kg/hr.
1040g)

L N T T T U PO N P S FA O S PPN B T

adiusted to about 10 g/hy (the titanium atom

concentrat ton: about 1% by mass), and the ratre of the

T S TN Y o B P FU sy o e T L R T
reacltlon catal W P ofed from the feed line 17 was ad Jus et

2.0 g/l

g/t {the titanium atomn concentration: aboud

,-.
)
L
i
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5% by mass). Similarly, the continuous operation was
performed for about %00 hr.
[0409]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of salicylate esters of phenyl salicylate
plus methyl salicylate ester to moles of titanium atoms
was about 1.9. The ratic of moles of phenyl salicylate
carbonate te moles of titanium atoms was about 0.5.
Furthermore, the ratio of moles of catechol to moles of
titanium atoms was about 0.02.

In the distillation separation in the distillation
column 130, the high boiling component removed from the
column bottom contained about 15% by mass of a component
having a higher koiling peint than that of the diphenyl
carbonate.

[0410]

Similarly, the diphenyl carbonate (diaryl carbonate)
recovered from the recovery line 9 could be stably
produced at about 4 kg/hr.

10417

L

Group (Hereinafter, Qften Degscaribed as "Polviitanoxane
Alkoxide™))
20 kg of tetrabutoxytitanium (manufactured by B.1.

DuPont de Nemours & Company Inc., Tyzor TnBT) was
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introduced to a reactcocr with an agitator. The reactor
was eguipped with a cooling coil, a heating jacket, and a
distillation column. 8 kg of n~butancl was then
introduced thereto, and an internal liguid temperature
was adjusted to 0°C.

Hydrous n-butancl having a water concentration set
at 2% by mass {2 by weight) was adiusted to 0°C in
another reacter with an agitator. The reactor was
equipped with a cooling coil, a heating jacket, and a
distillaticn column,

The hydrous n-butancl was added into the reactor
under agitation through a line.

The addition time was set at 1 hour, and the added
amount of water was set at 0.5 molar eqguivalents {(with
respect to moles of Ti atoms in Lhe reactor).

(04127

A trace moisture meter analyzed a reaction solution
with time, and confirmed that the added water was
consumed in a hydrolysis reaction and the analyzed value
became constant.

T o S TR ol ST S ~ PR P o I R, R,
The obitained recaction solubtion was heated UiQe s

The composition of the svaporated lioguid was

analyzed by gas chromatography, and i was coniiomed that
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the evaporated amount was mostly lost. The distillation
was then completed.
[0413]

When a transparent and colorless liquid left in the
reactor was analyzed and a Ti content and an alkoxy group
content were measured, it was found that polytitanoxane
having a butoxy group having an average degree of
polymerization of 2 (hereinafter often described as
"polytitanoxane bulLoxide™) was obtained.

[C414]
[Production Examples 2 to 4)
Folytitanoxane alkoxide was produced in Lhe same

manner as in the above [production example 1] except that

s <( LI

the added amount of water was changed as shown in Table 2.

After the addition of water was completed, the reaction
solution obtained as in the production example 1 was
heated under agitation, and n-butancl was evaporated
using the distillation column after the reaction solution
reached 150°C., The composition of the evaporated liquid
was analyzed hy gas chromatography, and it was confirmed

ey e -~ . oy J— S L L
that the evaporated amount lost. The

content and an alkoxy groun content measured, 1t

was found tThat nolyvbtitanoxane butoxides having different

average degrees ol polyvmerizatlion as showo in Tablie 2

wer e ohitained,
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[0415]

[Table 2]

added amount of water with respect
tec meles of titanium [molar
equivalent]

average degree of
pelymerization

Production Example 2 0.67 4
Froducticn Example 3 0.81 '
Production Example 4 0.91 190

[0416]

[Examples 8 to 12]

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 7 except that
tetrabutoxytitanium (manufactured by E.I. DuPont de
Nemours & Company Inc., Tyzor TnBT) and the
polytitanoxane alkoxides obtained from the production
examples 1 to 4 were used in place of polytitanoxane
butoxide {manufactured by E.I. DuPont de Nemours &
Company Inc., product name: Tyzor BTP} in preparation of
a titanium-containing composition.

[G417]

In distillation separation in a distillation column

130, a high boiling component removed [rom a column

bottom contained about 16% by mass, about 15% by mass,

Aabout 1T7% by omaas, aboot 1THRY by masa, and aboot THE by
mass of a component b o s Miaher bolling oo fhvay

that of the diphenyl carbonate, in order ol exampies § to
12,

When & titanlum-containing high bolling component
obtained from a removal line 11 was analyzed, all the

examples satisfied the above-mentioned items (iv) to (vi),
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and could stably produce the diaryl carbonates. The

results are shown in Table 3.
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[0418]
[Comparative Example 1]
{1) Start-Up Operation

Operation until start-up operation was performed in
the same manner as in the example 1.
[0420]
(2) Contrel Operation

A rate of a titanium-containing high boiling
component removed from a removal line 11 was adijusted to
about 12 g/hr (the titanium atom concentration: about 1%
by mass), and a rate of a reaction catalyst fed from a
feed line 12 was adijusted to about 2.4 g/hr (the titanium
atom concentration: about 5% by mass). Simultaneocusly,
an amount of a liquid circulated to each distillation
column was gradually increased so that a rate of diphenyl
carbonate recovered from a recovery line 9 was about 1000
g/hr. After continucus operation was performed for about
12 hours, the operation entered into a steady state.
[0421]

The rate cof the titanium-containing high beiling

component removed from the vemoval line 11 was lLhen

T 0 TR S 2o S WP T NSOV S VRN T o S R W B T N U 0 ST SR CO R A AT

reaction catalyst fed fyom a feed line 17 was gradually

cut G4 g/hr (the titanium

concentration: about H% by mass) . The continuous

amount of

operation was periorsed in the same olroul
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a ligquid as that of the example 1. However, since the
diphenyl carbonate recovered from the recovery line 9 was
gradually decreased, a material liguid fed from a feed
line 1 was adjusted corresponding thereto. After the
continuous operation was performed for about 100 hr, the
rate ol the diphenyl carbonate recovered from the
recovery line 9 was about 150 g/hr in the steady state.
[0422)

When the titanium~containing high boiling component
obtainaed from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 4.0,
[0423]

Furthermore, the rate of the titanium-containing
high boiling component removed from the removal line 11
was adjusted to about 1.5 g/hr {(the titanium atom
concentration: about 1% by mass), and a rate of a
titanium tetraphenoxide-containing phenol liguid fed from
the feed line 12 was adjusted to about 0.3 g/hr (the

titanlium atom concentration: about 5% by mass).

Similarly, the continuous operation was performed.

P P NS PR
about 100 iy,
recovered from the recovery line 9 was about 80 o/hr

the steady state.
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When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 4.2.
Therefore, the condition of the above item (v) was not
satisfied.

[0426]
[Comparative Example 2]
(1) Start-Up Operation

Operation until start-up operation was performed in
the same manner as in the example 1.

F0427)
(2) Control Operabtion

A rate of a titanium-containing high beiling
component removed from a removal line 11 was adjusted to
about 8 g/hr (the titanium atom concentration: about 1.5%
by mass), and a rate of & reaction catalyst fed from a
feed line 12 was adjusted to about 2.4 g/hr {(the titanium
atom concentration: about 5% by mass). Simultaneously,
an amoeunt of a liguid circulated to each distillation

COLUNN Wan Oadudall Y ornocreasea H0 Lhat Lbe itaie O

CHRDueRv R L A TG U DOV TR DPO G Danayay L e W wWan

performmed for about 12 hours, the operation entered into

(G478
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9 to 13] (Preparation of Reaction Catalyst) Ti t ani um cont ai ni ng
conpositions were prepared in the sane;smnner as in the exanple 7 except
that tetrabutoxytitanium (manufactured by F. 1. DuPont de Nemours & Conpany
Inc., Tyzor TnBT) and the pol ytitanoxane al koxi des obtai ned fromthe

(rmanuf act ur ed by EPBIRAHE 66 NBroUra B OURARY Tre., Drodact mafe: Tyzor

BTP) Tn preparationof, the 14,5an um cont gl ni ng: GmpositLons.. .o e
of the column top thereof was controlled to about 20 kPa.
The rate of the titanium~containing high beiling
component removed from the removal line 11 was gradually
adjusted te about 4.7 g/hr {the titanium atom
concentration: abeut 1.5% by mass), and the rate of the
reaction catalyst fed from the feed line 12 was gradually
adjusted to about 1.4 g/hr (the titanium atom
concentration: about 5% by mass). The continuous
operation was perfermed in the same circulated amount of
a liguid as that of the example 1. However, since the
dipheny! carbonate recovered from the recovery line 9 was
gradually decreased, a material liguid fed from the feed
line 1 was adjusted corresponding thereto.
[0428]

After the continuous operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 was about 350 g/hr in
the steady state.

F0430]
of total moles of phenyl sallcylate and 3-methylbuiyl

salicyvlate coter o moles of Titanium atoms was aboul 2.8,

(451



[ 0446] (Production of Diaryl Carbonate) D phenyl carbonate (diaryl
carbonate) was produced in the sane manner as in the exanple 7 except that
a tenperature as a heating condition-inspreparing a conposition A was
changed to 230C from 200C, and the heating tine was changed to 200 hr from
72 hr. The results are shown in Table S. Since an anobunt of production of

t he di phenyl carbo diar' 71 carbon 164- average 1 recovery
cont i nuous Iﬁh? 'ﬁdnlQﬁ[ﬁﬁﬁ®lﬁiiﬁﬁ'f%%WB%ﬂ%t q—Iqliﬂjlr“;{kg/hr]i

70T Q) (Nlll\!'itﬁ; %oﬂ.lncgzgcgmponent removed from the removal line 11

was adjusted to about 2.0 g/hr (the titanium atom
concentration: about 1.5% by mass), and the rate of the
reaction catalyst fed from the feed line 12 was adjusted
te about 0.6 g/hr (the titanium atom concentration: about
5% by mass). Similarly, the continuous operation was
performead.

(G432}

After the continuous operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 was about 100 g/hr in
the steady state.

[0433]

When the titanium-containing high boiling component
cbtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 4.2.
Therefore, the conditicn of the above item (v) was not
satisfied.

[C4343

Operation until starvit-up operabion was parformed in
Lhe same manner as in the example 1 excapt that bhis {2

methylibutyi] carbonate and phenol (the dissoived oxygen

e e wan iy s S P, L - . P IO N Ty RPN e - PO N A - S
concantrations were Aabout o0 pomoand about 80 oom in
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ccC

order) stored under a compressed alr atmosphere were used

as materials.
[0435]
(2} Control Operation

The rate of the titanium~containing high boiling

compenent removed from a removal line 11 was adijusted to

about 12 g/hr (the titanium atom concentraticn: about
by mass), and a rate of a titanium tetraphenoxide-
containing phenol liquid fed from a feed line 12 was
adjusted to about 2.4 g/hr (the titanium atom

concentration: about 5% by mass). Simultaneously, an

amount of a liguid circulated to each distillation column

was gradually increased so that the rate of diphenyl

carbonate recovered from a recovery line 9 was about 10006

1%

g/hr. After continuous operation was performed for about

12 hours, the operation entered into a steady state.
[0436]

The rate of the titanium-containing high boiling
compenent removed from the removal line 11 was then

gradually adjusted to about 5 g/hr (the titanium atom

B I Lol i ot i (W R [ § iti o ; S !\J, [ \: [

4 i 31 [
{the titanium atom concentration: abhout 5% by b
containing ne saliocylate ester) . The continuous

Gperalion was perlormed dn Lhe same clrouiatsed amount
a liguld as that of the exsmple 1. However, since ihe
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diphenyl carbonate recovered from the recovery line 9 was
gradually decreased, a material ligquid fed from a feed
line 1 was adjusted corresponding thereto.

[CA37]

After the continucus operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 was about 250 g/hr in
the steady state.

[0438]

When the titanium-containing high-bolling substance
obtained from the removal line 11 was analyzed, the
tiltanium-containing high boiling component contained
catechol, phenyl salicylate and 3-methylbutyl salicylate
ester. The ratio of total moles thereof to moles of
titanium atoms was about 2.72.

[0439]

Furthermore, the rate of the titanium-containing
high boiling component removed from the removal line 11
was adjusted to about 4 g/hr (the titanium atom
concentration: about 1% by mass), and the rate of the

titanium tetraphenoxide-containing phenol liguid fed from

Pre Teed Fine 1rowas adiusied Lo oaboul UL o he (nhe
Uhvanium atom concentrsbion: about D% by mass, Ccontaining
1o salloylate aster) Similarly, the continuous
e ONOWAS Dl e
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After the continuous operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 was about 90 g/hr in
the steady state.
i0441]

When the titanium-containing high~boiling substance
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 4.1.
The ratio was four times larger than moles of the
titanium~containing composition. The ratio of total
meoles of catechol to moles of titanium atoms was about
2.1. The ratio was two times larger than the titanium
atoms of the titanium-containing composition. Therefore,
the requirements of the above items {v) and (vi) were not
satisfied in all the cases.

[0442]
[Comparative Examples 4 fto 8]
(Preparation of Reaction Catalyst)

Titanium-containing compositions were prepared in

the same manner as in Uhe example 7 except that

OSSR A B S DA VA SN I I TR0 S N O R P IR S UM S MLk O N 0 IS U PR SRR I A W S0 B 8 U R

U,
L an

polyvbitancxane alkoxides obtained from the produc

1 to 4 were used in place of polvtitanoyane

utoxide (manufactured hy 2oL, DuPont de Nemours &



11 cDr.:ThIT:: nethyl i 11 :Cr7i.7. ..,-:. saficylate L L) cvO, 01 F 0)
H: 1 (10) .:ca) (Oaci), E
e 161 .

Company Inc., product name: Tyzor BTP} in preparation of
the titanium-containing compositions,

[0443]

{(Production of Diaryl Carbonate)}

The titanium~containing compesition prepared above
was used as a reaction catalyst for a diaryl carbonate as
it is without preparing a compeosition A from the
titanium~containing composition. 95% by mass of a high
boiling compenent in a distillation column 130 was
recovered from a removal line 11. Diphenyl carbonate
{diaryl carbonate) was produced in the same manner as in
the example 7 except that the reaction catalyst was fed
from a feed line 13. The results are shown in Table 4.
When the reacticon catalyst was fed for several hours (3
to 5 hr} in all the comparative examples 4 to 8, the feed

line 13 was blocked, and the operation became impossibie.
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[0445]
[Comparative Examples 9 to 13]
(Preparation of Reaction Catalyst)

Titanium-containing compositions were prepared in
the same manner as in the example 7 except that
tetrabutoxytitanium (manufactured by E.I. DuPont de
Nemours & Company Inc., Tyzor TnBT) and the
polytitanoxane alkoxides cobtained from the production
examples 1 to 4 were used in place of polytitanoxane
butoxide (manufactured hy E.I. DuPont de Nemours &
Company Inc., product name: Tyzcr BTP) in preparation of
the titanium-containing compositions.

[0448)
(Production of Diaryl Carbonate)

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 7 except that a
temperature as a heating condition in preparing a
composition A was changed to 230°C from 200°C, and the
heating time was changed to 200 hr from 72 hr. The
results are shown in Table 5. Since an amount of
e diphenyl carbonate (diaryl carbonate)

P S R S ey . .
Progucclon G T
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[0448]
[Comparative Examples 14 to 18]
(Preparation of Reacticn Catalyst)

Titanium-centaining compositions were prepared in
the same manner as in the example 7 except that
tetrabutexytitanium (manufactured by E.I. DuPont de
Nemcurs & Company Inc., Tyzor TnBT) and the
polytitanoxane alkoxides obtained from the production
examples 1 to 4 were used in place of polytltanoxane
butoxide (manufactured by E.I. DuPont de Nemours &
Company Inc., product name: Tyzor BTP) in preparation of
the titenium-containing compositions. Diphenyl carbonate
was added so that the titanium content of the obtained
titanium-containing composition was changed from 5% by
mass to about 0.6% by mass.

[0448)]
{Preduction of Diaryl Carbonate)

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 7 except that a
temperature as a heating condltion In preparing a
compesition A was changed to 250°% from Z00°C, and the

T AT R TICE Tame wWas chAandgeo Lo sl Dby Droin fa . e

production of the diphenvl carbonate (diaryi carbonate)

was unstable, the cond SRR Time was e
to 20 hours. In distilliation separvation 1n a

AL e a RN U

RS T T . PR R oI - FE S DU S Tod e S e - o
distillation column 120, & hich boiling component remover
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in CNO : al) 165 - [0448] [Conparative Exanples 14 to 18] (Preparation
of Reaction Catalyst) Titaniumcontaining conpositions were prepared in the
same nmanner as in the exanple 7 exceptit¢dat tetrabutoxytitanium

(rmanufactured by E. 1. DuPont de Nenmours & Conpany Inc., Tyzor TnBT) and the
pol yti tanoxane al koxi des obtai ned fromthe production exanples 1 to 4 were

used in place of polytitanoxane butoxi de. (manufactured by E. 1. DuPont de
Nerour s & conary i IROERT et Gro ey T h o bt | B0t t he

titani um containi nposi ti ops. D I onal e ed t hat the
titani um cont en %%ﬁ’e (SKEJE%} n@ t% gﬁ?% con 1?1% mb %%np%glg’ti%ngwas

‘égfggﬁgt fe; OM D% by, 4MBS$ 05 200HT, 0 G Yo HBSSa v 1044911 LS odugt | opr of D aryl

point than that of the diphenyl carbonate, in order of

the comparative examples 14 to 18.
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[0451]
[Example 13]
(Preparation of Titanium-Containing Composition)

7 kg of polytitancxane butoxide (manufactured by E.I.
DuPont de Nemours & Conpany Inc., product name: Tyzor
BTP}) was charged to a batch type reactor eguipped with an
agitator, a heater, and a distillation column and having
a volume of 60 L under a nitrogen atmosphere, and 14 kg
of previously distilled/purified phenol was then charged
thereto.

[0452]

Next, the mixture in the bkatch type reactor was
heated to 180°C under a normal pressure by the heater to
react the mixture. n-Butanol generated by the reaction
was recovered from the column top of the distillation
column. Furthermore, the batch type reactor was
depressurized o about 52 kPa, and n-bkutanol was
recovered.

[0453]

The batch type reactor was then returned to a normal
pressure,  About 18 kg of diphenyl carbonate was charged
mixbure Ln Lhe reacuol was hedaled Lo abnoud

PR S MR SN TR I S RO (A S O

about 1.3 kPa, and the diphenyl carbonate contalining a

Len component wage avaporated o !
titenium~containing composition. Diphenyl carbonate was
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added so that the titanium concentration of the obtained
titanium-containing composition was 5% by mass.
(0454}
(Producing Apparatus of Dlaryl Carbonate}

A schematic configuration view of a producing
apparatus used in example 13 is shown in FIG. 2.
04557

The producing apparatus 1s eguipped with
distillation columns 110 and 120 which have a continuous
multistage structure, a distillation column 130, and a
distillaticn purification column 140.
[0456]

These are connected via predetermined lines.

Specifically, lines 1, 1', 12, and 13 are feed lines
feeding raw compounds and a titanium~containing
composition, or the like. Lines 3 and 9 are recovery
lines recovering a product compound and other materials.
Lines 2, 4, 5, ¢, 7, 8, and 10 are itransfer lines. A
line 11 is a removal line.

[0458]

P - : . . : g L
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anc 142 designate condensers. Relference npumeral
desionate a preheater for =zetting a feed material to a
predeterminad temperature,

045G
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(Preparation of Composiltion A)
[0460]

In the distillation column 130, as described below,
a product having a higher boiling point than that of the
diphenyl carbonate was produced to prepare a composition
A.

F0461]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided
with the rebeiler 131 and the condenser 132.

About 10 kg of the prepared titanium-containing
composition (the titanium concentration: about 5% by
mass) was fed to the lower portion of the distillation
column 130. A temperature of the titanium~containing
compesition was controlled to about 200°C. This state
was held for about 72 hr. When part of the titanium-
containing composition was then sampled and analyzed,
phenyl salicylate and phenyl salicylate carbonate having

a higher boiling point than that of the diphenyl

S PR — 1 4 T 13-, [ R o e e o~ e oy ) P A
carbonate were detected. The molar ratio of total of
R Yo 3 LSV N N < B O S SR I I BV et S ¥ O Y S0 N S I cA R0

3 } SRR GG B ‘;},’:e N
salicviate carhbonate/titanium atoms) was about 0.5, The
mixture fthereinaftver, also described zs Y"ocomoosition AW

of the bigh boiling product matevial genervated in Che

distillavion column 130 and the titanium-containing



10.0 1 10.8TE'Z L'LI11P.Z 1 0.81Z7 Z.9.1lcy.7 81,t-7

- 171 -

composition was used as a reaction catalyst for tLhe next
production of a diaryl carbonate.

[0462]

(Producticn of Diaryl Carbonate)

The distillation column 110 had a continuous
multistage structure. The distillation column 110 was
filled with sieve trays of 50 stages and had an inner
diameter of 150 mm and a length of 12 m. In the
distillation column 110, a mixed liquid (a) containing
about 30% by mass of dimethyl carbonate and about 70% by
mass of phenol was continucusly fed at about 41 kg/hr te
the sieve tray of the 50th stage {rom the feed line 1
through the prehesater 113. On the other hand, & mixed
liguid (b) containing about 70% by mass of dimethyl
carbonate and about 30% by mass of phencl was
continuously fed at about 41 kg/hr to the lower portion
of the distillation column 110 from the feed line 1°'.
[0463]

A concentration part was provided below the stage
continuously feeding the mixed liquids {a) and {(b), and a
recovery part was provided above fthe stage.
distillation was controlled by providing an external
heater, oy by cirvoulating a liguid in a lower column part
Lhrougn the reboller. The method conbrolied a

Cemperature of the column bobtom of the multistace
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distillation column 110 to about 230°C, and centrolled a
pressure of the column top thereof to about 0.55 MPa-G.
[0465]

Next, the prepared composition A was gradually fed
to the 45th stage of the distillation column 110 from the
lower porticn of the distillation column 130 using the
transfer line 6, and the fitanium atom concentration in
the column bottom of the distillation column 110 was
adjusted to about 300 ppm. A reaction solution was
continuously removed at about 21 kg/hr through the
transfer line 2 from the column bottom of the continuocus
multistage distillation column 110.

(0466}

A low boiling component containing methanol as by-
product was removed from the column top of the
distillation cclumn 110. The low boiling component was
then condensed by the condenser 112, and was recovered
from the recovery line 3.

(G467 ]

The reaction scolution removed from the transfer line

o~ s, iy U - r— 4 -] S . - e e P i1 oo o gme dee e e
? ag described above was fed to the continuous multistage

I

The continucus moultistage distillation colamn 120
was aquipped with the rebeiller 121, the concentration
oF prlpoed wit : raboiier 121, the ¢ L ratio

part of a sieve tray type distiliation column (fhe nner

diameter: 150 wmm, the lenarh: about 4 m) of 186 staqgss,
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and the recovery part filled with Melapak CY and having
an inner diameter of 150 mm and a length of about 4 m.
The feeding position of the reacticn scluticon was set at
the upper portion of the concentration part, and the feed
rate of the reaction sclution was set at abcout 21 kg/hr.
[0469]

A temperature of the coclumn bottem of the
distillation column 120 was controlled toe 210°C, and a
pressure of the coclumn top thereof was ccentrolled to
about 13.3 kPa. A disproportionation reaction was
performed under these conditions.

[0470]

A low boiling component containing phenol and
dimethyl carbonate was c¢irculated to the distillation
column 110 through the condenser 122, the transfer line 5,
and the feed line 1 from the column top of the
distillaticn column 120.

(04713

From the column bottom of the distillation column

120, the reacticn solution containing diphenyl carbonate

was Ted to the distillation column 120 through the

The distillation column 130 was a distillation

colbumn filled with Melapak Y and having an inner

dlameter of 150 mm and a lengtnh of 4 1w, and was provided

with the veboller T30 and the condensor 137,
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(04737

The temperature of the column bottom of the
distillation ceolumn 130 was controlled to about 190°C,
and the pressure of the coclumn top thereof was controlled
to about 1.7 kPa.

[0474]

The low boiling component containing diphenyl
carbonate was removed from the column top, and was fed to
the distillation purification column 140 through the
condenser 132 and the transfer line 7.

[0475]

On the other hand, the high boiling component
containing the composition A was circulated to the
distillaticn column 110 through the transfer line 6 and
the feed line 1.

[0476]

The distiliation purification column 140 was a
distillation cclumn filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and was
egquipped with the reboiler 141 and the condenser 142.

04T

tiallation column 1320 was

the transfer line 7 from the
murified in

the distilliation purification column 140,

Y5085 by mass ol the diphenyi carbonate [(diaryl

carbonate) was obltained from the recovery Line G hy the

g9
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purification. The position of the recovery line 9 was
set at the lcwer porticn of the distillatiocn column
located abecve the column bottom.

[0478]

The low boiling compconent containing methyl phenyl
carbonate was removed from the column top of the
distillation purification column 140, and was circulated
to the distillation column 120 through the recovery line
10 and the transfer line Z.

[C479)

After the continuocus operation described above was
pertormed for aboult 12 hours, the operation entered into
a steady state.

[0480]

At that time, in the transfer line 2, the
composition of the liguid contained about 55% by mass of
phencl, about 26% by mass of dimelthyl carbonate, about
17% by mass of methyl phenyl carbonate, about 2% by mass
of diphenvyl carbonate, and about 0.09% by mass of
methanol. The flow rate thereof was about 40 kg/hr.

104617

iUaol

il 30

about 17% by mass of methyl phenyl carbonate, about 3% by

mass of phenol, and about 80% hy mass of dipheny!
o I FO . . e - A o g ey - i i 7y Yo L
carbonate.  The low rate thereof was apout 6.7 kg/hr.

[Dap!
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In the transfer line 7, the composition of the
ligquid contained about 78% by mass of diphenyl carbonate,
about 19% by mass of methyl phenyl carbonate, and about
3% by mass ¢of phenol. The flow rate thereof was abcut 5
kg/hr.

[0483]

After the continuous operation described above was
further continued for about 100 hr, the diphenyl
carbenate recovered from the recovery line 9 could be
stably produced at about 4 kg/hr.

[0484]

When the titanium-containing high beoiling component
cbtained from the removal line 11 was analyzed, the ratio
of total moles of salicylate esters of phenyl salicylate
plus methyl salicylate ester to moles of titanium atoms
was about 1.3. The ratio of moles of phenyl salicvlate
carbonate tc moles of titanium atoms was about 0.08.
Furthermore, the ratic of moles of catechol to moles of
titanium atoms was about 0.008.

In the distillation separation in the distillation
colummn 130, the high bolling component removed from the

RN A R AL I T N G S S0 U & SRSV A 8 S U S0 0 ok 00 S 1 O L A 0 RN T O RN O ALV £ § PSRN A I S SR S R A TR N SR

carbonate,
et

Flxample 14]



- 168 - [0451] [Exanple 13] (Preparation of Titanium Containing

Conposi tion) 7 kg of pol ytitanoxane butoxi de (manufactured by DuPont de
Nenours & Conpany Inc., product nanme: {fyzor BTP) was charged to a batch
type reactor equipped with an agitator, a heater, and a distillation colum
and having a volunme of 60 L under a nitrogen atnosphere, and 14 kg of

i ously distilled/ pyrified phenol. was.then. charged theret 0452
Next . the m xt uPt T Do BALERA T pa“H Eactof VAE. RABcd to PTE0L Mer o

nor mal pr esj_slyrtguj?y‘s;}nbee r& @e]r éso jrneat%e t(—h?dlmixe:[ u]r?%%:e : ét i O%t generat ed by

the reaction was recovered fromthe colum top of t ation col um.

Fur t her mor e, o £he, Dalen. fype [paghan Mas: feRl essu i zedhlig,abayt 53 kPa, and
n- but anol mé% recové%@ﬁ% [0453]ﬁﬁ " The atgﬁftype react or was then

returned toyandoF4Teyd cwrg%w ernAbouty A8- kehof) Gl phEl o atie was-£h. £ he
di phenkpl kal hoe ge con4 EI' um -0011kgnpo5i - 169 - added so that the

titani um coneent ratiemof iheobiai ned didaniua gont@i ni Ny EeMmposs ti on was
5% by mass.
Nemours & Company Inc., product name: Tyzor BTP} in
preparation of a titanium-contalining composition, and the
molar ratio of total of phenyl salicylate and phenyl
salicylate carbonate, and titanium atoms (total of phenyl
salicylate and phenyl salicylate carbonate/titanium
atoms} in a composition A was changed to abecut 1.1 from
about 0.5 in preparation of the composition A.
[C4R6]
29.8% by mass of diphenyl carbonate (diaryl
carbonate) was obtained from a recovery line 9.
[0487]
A low bolling component containing methyl phenyl
carbonate was removed from the column top of a
distillation purification column 140, and was circulated

te the distillation column 120 through a recovery line 10

and a transfer line 2.
)
Toabove was
periormed for about 12 hours, the operation entered into
alaady atate

BT S I
FUdn s



[ 0454] (Produci ng Apparatus of Diaryl Carbonate) A schematic
configuration view of a producing apparatus used in exanple 13 is shown in
FIG 2. [0455] The producing apparatus;is equipped with distillation
colums 110 and 120 whi ch have a continuous multistage structure, a
distillation colum 130, and a distillation purification colum 140. [0456]

These are conne ted,via predeter ned lin 7] ) Speci fically,
lines 1, |, 9}‘ ﬂ(ﬁ 13 Yar éeod g isr 2(forjn?(?unds and a

titaniumc (n(gn%(géﬂgl&pg&dps%é op],%@jdd Ilkeeol pl & o qag are recovery

| i nes recovering a product conpo erla nes”2,°4, 5, 6,

7, 8, and ransierydd é“sg'@@ &ﬁnééh 1@4@5&11 1dne,, 104581 and
142 des Re'élée)nf en d’esPTm%Ite a \?18 S St ¢ predelerm oedt . e" n%era 0O4laa9l

17% by mass cof methyl phenyl carbonate, about 2% by mass
of diphenyl carbonate, and about 0.09% by mass of
methancl. The flow rate thereof was about 40 kg/hr.
[0490]

In the transfer line 4, the composition of the
liguid contained about 0.1% by mass of dimethyl carbonate,
about 17% by mass of methyl phenyl carbonate, about 3% by
mass of phencl, and about 80% by mass of diphenyl
carbonate. The flow rate thereof was about 6.2 kg/hr.
[G491]

In the transfer line 7, the composition ¢of the
liguid contained about 78% by mass of diphenyl carbonate,
about 19% by mass of methyl phenyl carbonate, and about
3% by mass of phenol. The flow rate thereof was about 5
kg/hr.

(04921
ATter tLhe continuous operation described above was

UL S SO R OO S nr - B = [ i
further continued for about 100 hr, the diphenyl

When a titanium-containing high bhoiling component

obtained Tiom a removal line 11 was analyzed, the ratlo

of totral moles of sallioviate esters of phenvl saliovlate



- 170 - (Preparation of Conposition A) [0460] In the distillation
colum 130, as described bel ow, a product having a higher boiling point
than that of the di phenyl carbonate was;pr.oduced to prepare a conposition
A. [0461] The distillation colum 130 was a distillation colum filled
with Mel apak CY and having an inner dianeter of 150 nmand a length of 4 m

d dd th th I 131 and t 132 About 10
Ko of tho o BparBH L1 L ot bk RH Sl 71 " comg eq%’ﬁ#?{‘i%wezanmms >

concentrati ;?g { g‘y by S s fed to th portlon of_ the
distillati ngé‘%o e 0 AT{% %ri“\g?)ure S e arEﬁﬂ h St a|5n]|ant"ge

composi ti on. \as,,cond rol I gdh Lo @@0@&%@% Jhis. stat e was, hel d for about 72

hr. Wen part of the titanium containing conmposition vvas t hen sanpl ed and

anal yzed, phenyhesabicylate and phenyhosal iyl ate carbonate, havipg a hi gher

boi i ng point than that of the di phenyl carbonate were detected. The nol ar
ratio of totalafuabWorid i @bouin®a6.0The, . 1. bed, E 14 ihproclucat mater.

- 171 - conposition was used as a reaction catalyst for the next production
of a diaryl carbonatie:t i[l0462]orn separation in a distillation column

130, a high boiling component removed from a column

bottom centained about 12% by mass of a component having

a higher boiling point than that of the diphenyl

carbonate.

[0494)

|[Examplas 15 to 30]

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 13 except that
polytitanoxane butoxides having different average degrees
of polymerization, obtained from the production examples
1 to 4 as shown in the following Table 7 were used in
preparation of a titanium-containing composition, and the
molar ratio of total of phenyl salicylate and phenyl
salicylate carbonate, and titanium atems (total of phenyl

O T T T e e N U N O VO
viate and ph&uy¢ mdiiby$ﬁL$ pu&bunmLu;Ldehlum

e resall are hown in Table 7 he i howed
that contilinuous was possibhle forp 120 to 200

hours withoul Dliocking the distlillation column when he

composiions A prepared in the examples 15 to 30 wers fed,
OB TLONSs A prepared 1n Une examples o o 30 wers oo,



(Production of Diaryl Carbonate) The distillation colum 110 had a
continuous nultistage structure. The distillation colum 110 was filled
with sieve trays of SO stages and had ahpinner dianeter of 150 mmand a
length of 12 m In the distillation colum 110, a mxed liquid (a)

cont ai ni ng about 30% by mass of di nethyl carbonate and about 70% by mass of
phenol was continuously fed at about 41 kg/hr to the sieve tray of the 50th
Dt age fom THb §Red THARIL (i BUgh thel br hoatet A% “tn THe! rHer hand. a
mxed |iquid (b) containing about 70% by mass of di nethyl carbonate and
about 30% by~ rrass fof° phéenol was continuously fed at about 41 kg/hr to the

| ower porti ?@4%] the distillation colum 110 fromthe feed line 1'. [0463]
A concentration part was provi ded bel ow the stage continuously feeding the

m xed |iquids (&), anddh.aand, adRcomarpviided abome 1tihe 948981 umn 172 -
distillation colum 110 to about 230C, and controlled a pressure of the

col um top thereofnien about iy SSoMPer &t [0465Fed frofexteolhen prepared
conposition A was gradually fed to the 45th stage of the distillation

col um 110 #somt heohoneteporibdwn ©f hhendist idibabi om coy unms430 using the
transfer line 6, and the titaniumatom concentration in the colum bottom
of the distibdatidh leolumes L1 was &djlustredst o dbout 399 pprmafsreacti on
sol uti on was continuously renoved at about 21 kg/hr through the transfer
line 2 fromithiel cdbuniy botsom @fothedTonty ntows, nuUbei'st age dvsnisfati on
colum 110. [0466] A |l ow boi li Rﬁzocorrponent contai ni ng met hanol as
bypr oduct waleC¥lenbved’ ¥ riedw ¥ he2 kol unf’ t opY of2the WeF I Fation Bafeim 110.

The | ow boiling conponent was then condensed by the condenser 112, and was
recover ed f‘?%%?? hg T SCOVEITS | FHROSE 4%"4619/3[ mass, O?bat?’F oY $BF 8t i on

removed fromthe transfer inc 2 a..described above was fed to the
ASSHRIE TSR R LI PRETRE T ek £ 3 ral st hcton g s s AT

:L’:_hrl _1@&viﬁ$raCﬁf&ﬁ@fi5$fpi£gi$ofﬁtd£ﬁany{ﬁ§§ &fN@ﬁgﬁéféﬁen§}50 the
carbonate, in order of examples 1% to 20.
When a titanium-containing high boiling component
obtained from a removal line 11 was analyzed, all the
examples satisfied the above-mentioned items {(iv) to (vi),
and could stably produce the diaryl carbeonates. The

results are shown in Table 8.



- 173 - and the recovery part filled with Mel apak CY and having an inner
di ameter of 150 mm and a | ength of ~about 4 m The feeding position of the
reaction solution was set at the upper portlon of t he concentration part,
-of-—t-he-reac

and the feed ratey
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[ 0474]

On the ot

was circulated to the distillation colum 110 through the transfer

and the f
was a dis
di amet er

141 and t
dinliatr
purifi cat
portion o
The low b
fromthe

circul ate
the trans
above was
state. [O

The | ow boiling conmponent containing di phenyl
renmoved fromthe colum top, and was fed to the distillation purification
colum 140 through the condenser 132 apghthe transfer line 7.
t he high boiling conponent containing the conmposition A

her hand,

car bonat e was

[ 0475]

line 6

eeF ne 1. [0476] The distillation purification colum 140
ti @% ibn colum filled with Mel apak CY and havi ng an inner
of 0 nqiﬁnd a length of 5 m and was equi pped with the reboiler
he 66 H% 142. itJnafer lir() 7 fromthe dlninn colum fledthe
um ' cubit 99m@ﬂ%QbYaW$©S§Y(bbcﬁlgombbﬁﬁg LoetYLan:u&75LUms
on. The pospgiion of the Teco Jine 9 Was, s the—towe
f the distixﬂat'on cokﬂnnuhoca H ove "t he? co Enp )otton%ﬂ%)478]
0i | i ng conpoght ™R ont-aiiniyNg: tet ?%# %qg 58%%55 ate Jed
colum top of9the distillatio Beh et il gif il 140, _and_\as
(Eiamgﬂﬁadistily§t£on colu (920 t hr H the rec VE y Ii@e %) and
fier line 2. [0479] Af ter” |t he conti"nyous operation d s@ti bed
HIQ&FE for aboutrI2hours, [ the operation enteregd into a steady
4%%{ At that tine,3in the th.dansfer |i0n€82, the 0.2 0.03
f?ample 0.3 0.9 0.10 0.4 0.02
?;ample 0.2 1.0 0.08 0.3 0.03
Example _ . i
19 0.5 2.5 0.10 0.6 0.04
Example : . . .
0.6 3.8 0.10 0.8 0.04
20
Example 0.4 3.6 0.08 0.7 0.02
21
Example 0.3 1.9 0.09 0.5 0.03
22
Example 0.2 1.6 0.06 0.4 0.02
23
Fxample )
54 0.4 2.6 0.09 0.6 0.03
bxample 0.6 3.8 0.10 .9 0.02
25
S
Fxample 0.6 3.7 0.09 0.8 0.03
26
amp e 0.5 2.6 0.07 0.6 0.04
- : _ ;
EUEAMD e . . N . . W
o G.h1 3.9 0.09 0.8 0.05;:
“ﬁpmu... ; ”J



conposition of the liquid contai ned about 55% by mass of phenol, about 26%
by mass of dinethyl carbonate, about 17% by mass of nethyl phenyl

carbonat e, about 2% by mass of di pheny{ggarbonate, and about 0.09% by nass
of nmethanol. The flow rate thereof was about 40 kg/hr, [0481] (About

ItP, mass of methyl phenyl. carTi a Il) ass a IL rThenoand. ¢ kllo it 801 bv
mass of Thi @f&/.ate theYK/ r 176 - In the transfer line 7, the
conposition[ the | i qui d contai ned about 78% by mass of di phenyl

car bonat e, out ﬁQW.P% mass of methyl phenyl carbonate, and about 3% by
mass of phenol " TFhe fiowrate thereof was about 5 kg/ hr. [0483] After

t he continup}%e %ﬁé égn ge§C{A£§§h§%%%€?¥$§ﬁé;ﬁéﬁﬁgsfgﬂéﬁpued f or about

100 hr, the di carbonat e recovere ecovery line 9 could be

stably produced; gt acpp%oﬂyé(ﬂ{%]{ofx Or?néfnﬁltoxide V\pﬁ i&bgc!;aﬂ@ﬁ" H%?O?t ai ni ng

hi gh boi l i ng conponent ‘obtal ne r e renova ne 11 was anhalyzed, the

ratio of tota@bon®l@s 0énsats cyl @bRoe8) efsc of Phemydc Sﬁéﬁ&V"%@oP' us met hyl
salicylate ester to noles of titaniumatons was about 1.3. e ratio of

mol es of pheny] sabicydahed cas bonsat e o bk ee £+ & t &b Updh &Y OB Masn about
0.08. Furthernore, the ratio of noles of catechol to noles of titanium
atons was abouta@o008z heatetn die diststl Al 4ohosepal @th omnd Nnhahengi st

| lati.on columm 130, the high boiling conpo no nt renoved fromthe ,
carbonate Yo Py852n¢ Ext i il Wddler a nitrogen atmosphere, and 14 kg

of previocusly distilled/purified phenol was then charged
thereto.
[0499]

Next, the mixture in the batch type reactor was
heated to 180°C under a normal pressure by the heater to
reaclt the mixture. n-Butanol generated by the reaction
was recovered from the ceolumn top of the distillation
column. Furthermore, the katch type reactor was
depressurized to about 53 kPa, and n-butanol was
recovered.

[0500]

The bhatch type reactor was then returned to a normal

pressure.  About 18 kg of diphenyl carbonate was charged

LR R e omixlare Ly e reachon was Deabea DO Sy

about 1.3 kPa, and the diphenv] carbonate conlbaining o

Tomra et 1o ey e o T e T I R e = e TR e o L
Lovw et ] iy '»_,'\.‘HI‘I.'\_.‘}:.\VEEX, Wil VAo raned wo '\.J;L.,: Lo L o

titanium—containing composition. Diphenyi carbonate was



- 177 - D phenyl carbonate (diaryl carbonate) was produced in the
sanme manner as in the exanple 13 except that tetrabutoxytitanium
(manufactured by E. 1. DuPont de Nenoursg& Conpany Inc., Tyzor TnBT) was
used in place of polytitanoxane butoxide (manufactured by P.1. DuPont de
Nemours & Conpany Inc., product nanme: Tyzor BTP) in preparation of a
titani umcon% ining conposition, and the nolar ratio of total of phenyl
sal i cyl at e ANAEPhenyt&al /651 at B2 RAB oAt €8 et 171 ant uni Gt onke tEetal  of
phenyl sal iAf;}/ilfaa]rt”eunq_rl((jmp@aenyjlmsal i cgl Qtte. carbonate/titani umatoms) in a
conposi ti on” A Was"Ehanged T o' AbotiF 15 1" F'om Abott 0¥ 8" 1° preparation of the
conposi tion; 4 ,{0486] 99. 8% by mass of di phenyl carbonate (diaryl
carbonate) was obtained froma recovery line 9. [0487] A | ow boi ling

conponent coptahing; dethyl caheny! - carbopate was renoved fromthe colum
top of a distillation purification colum 140, and was circulated to the

di stillation colum 520 fiheugh & irBGRY efdfiddaie ik ands a Hdansparforith, el
for about 12 hoHn-',, IThn ()Fin - 178 - At that tinme, in the transfer line

2, the conposition,ofarlchedd quiich gt aigied abeut,,53% by massafs phenol ,
about 26% by mass of di nethyl carbonate, about 17% by mass of nethyl phenyl
carbonat e, abguts R dy massitem digpheny téar bomateeitand: dbouts 0.139% by nass
of nmethanol. The flow rate thereof was about 40 kg/hr. [0490] In the
transfer |ipenled hendonpobite¢dn wicthe $4hiddlcontandedhabplt 0. 1% by nass
of dinethyl carbonate, about 17% by nmass of net hyI,_BhenyI car bonat e, about
3% by mass oflphehdie b aboit '80% by delssIorr diphehyd 2akbboniter The flow
rate thereof was about Lﬁ? 2 %%/hr.‘_ 0491] In the transfer line 7, the
conposi ti onttt the Figuitbieont hi TetPabdut BYS bYC nassCof difphémylar
carbonate, about 19% by mass of nethyl. phepyl carbonate, and about 3% by
rmss or phenbiie The T T ok o tHET bot = haey Mot kg oty 88 POPHL e S

carbonate, and titanium atoms {total of phenyl salicylate

and phenyl salicylate carbonate/titanium atoms) was about

2.3. The composition A generated herein was used as a

reaction catalyst for the next production of a diaryl

carbonate.

[0502]

{Preducing Apparatus of Diaryl Carbonate)

A schematic configuration view of a producing

apparatus used in example 31 is shown in FIG. 1.

Al b I |
F0503)
bpe o Lo eadiid i [IRRS N R A RS e T N S S O S S NN VY A iy
il
mulllistace structure, a <detillation column 130, and &
distillation purification column 140

0504 ]




[ 0492] After the continuous operation described above was further
continued for about 100 hr, the diphehyl - 179 - plus nethyl sallcylate
ester to noles of titaniumatons was.apgut.1.6. The ratio of noles of
phenyl salicylate carbonate to noles of titanium atons was about O0.4.
Furthernore, the ratio of noles of catechol to noles of titanium atons was
about 0.01. .. Indistillation separation in a distillation colum 130,
a high boili%ﬁoﬁbnponent renoved froma colum bottom contai ned about 12%
by mass of a conponent. havi ng .2 hi gher boiljn oi nt,than that of the
di phenyl car bonar%)pegc ql@f@i]“{’ }dﬁbﬁ% 15 &'2'3(?]%0 éeedulﬁﬁ]eer‘?ylﬁecea&ﬂb%ate
(diaryl carbon r C j S I e examle 13
P%%f‘%ﬁ?é!‘@?dg é’]‘?cgu%dtw ﬁﬂﬁg %ﬁt%ﬁ?@g eﬁ?m%@s{&oﬁ ap

except that anoxane ox1 des having ver age degrees of

pol yner i za_tm@,lgllbé ai ned, £ %magAhe Productd on, £xanples; 1 40,4 .85, shown in

the followng Table 7 were used I n preparation-of a titanium contal ning

conposi ti ongraig-t heoidb@kd ratd oo ofet ahal - of - Phenyl; .gal icylat e; ang phenyl
salicylate carbonate, and titanium atons (total of phenyl sal:r L.phenyl
sbona The. 7psh) fanared abia Trdher&esul tss bowed ire 180 i-s and-duhe, di phenyl

carbonate (diaryl carbonate) could be stably produced. 10495] In
distillatiohiseparation in a distillation colum 130, a high boiling
conponent renoved froma columm bottom contai ned about 9% by nmass, about 9%
by mass, abbWtO08P6 by nass, about 8% by nmass, about 18% by mass, about 36%
by mass, about 12% by mass, about 33% by mass, about 31% by nmass, and about
39% by mass of &adeHporent! Wi g a hi-gherl -boidlingpoilt! tdfan ahdte of t he
di phenyi carbonate, in order of exanmples 15 to 30.
reboilers, and reference numerals 1172, 122, 132, and 142
designate condensers. Reference numeral 113 designate a
preheater for setting a f[eed material to a predetermined
temperature.
F0507]
(Production of Diarvyl Carbonate)
The distillaticn column 110 had a continuous
multistage structure, and was equipped with a
concentration part and a recovery part. The
concentration part was filled with sieve trays of 28§
stages, and had an inner diameter of 150 mm and & length

o AT IS SR o ey e o . sy L T T N S S
of 4.8 m. The recovery pari was filled with Melapak CY

U DA O e Dy DUl ey LDEmle o LU0, Dwl L eeriand) , and

F R
05081
PO T T T T A [N “) SN T AP B
o the discillation column 100, bis(d-methvibutyl)

carionate, phenol, and the composition A prepared above

o e S S ey 4 gm E B e ed e e [P TR O . g BT e ey i P, |
wore continuousliy fed st about 1830 oy from the fosd



When a titani um containing high boiling conponent obtained froma renoval
line 11 was anal yzed, all the exanples satisfied the above-nentioned itens
(iv) to (vi), and could stably produce;the-diaryl carbonates. The results
are shown in Table 8. - 18 1 - c- m0O) CPESO0) 01 0 CPCP CS CE) Cs ES
CsC411000CCCCCOO0OCE11C --.1-,-- C)) 01) ESCP CS CP 01)CP O

)

S 010 Laf (IEG) G FRFD L0 2550 (),0.0.0.0 800000
00000 0cQ:0p5¢h stage to perform a transesterification reaction.

The feed rate of each material mixed liquid was adjusted

sc that the mass ratio of bis(3-methylbutyl) carbonate Lo

phenol in the mixed ligquid was about 1.08, and a titanium

atom concentration was about 500 ppm.

[0509]

The concentration part was provided below the stage
continuously feeding the mixed liguid, and the recovery
part was provided above the stage.

[0510]

An amount of heat reguired for the reaction and
distillation was controlled by providing an external
heater, or by circulating a liquid in a lower column part
through the reboiler 111. The method contreolled the
temperature of the column bottom of the multistage
distillation column 110 to about 230°C, and the pressure
of the column top thereof to about 140 kPa.

(0511 ]
A reaction sclution was continuously removed at

about 1700 g/hr through the transfer line 2 f{rom the

R i '
L T 3 1 i, P Lo I
LT
[GH1 21
A low boiling component contairing J-methy]-1-
WD , ] ontalning 4

utanol as bhy-product was removed {rom Lhe column top,
hd I

The low boiling component was then condensed by the
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condengser 112, and was recovered by a reflux ratio of 2
from the recovery line 3.
[0513]

The reaction solution removed from the transfer line
2 as described above was fed to the continuous multistage
distillation column 120.

[0514]

The continuous multistage distillation column 120 is
equipped with the reboiler 121, the concentration part of
a chimney type distillation cceclumn (the inner diameter:
150 mm, the length: about 6 m) of 5 stages, and the
recovery part filled with Melapek CY and having an inner
diameter of 150 mm and a length of 3.8 m. The feeding
position of the reaction solution was set at the upper
portion of the concentration part, and the feed rate of

the reaction solution was set at about 1700 g/hr.

A temperature of the column bottom of the

distillation column 120 was controlled to 200°C, and a
pressure of the column top thereof was controlled to

about 2 kPa. A dispreporticnation reaction was performed

A low boiliong component containing phenol and his(3-

1

methylbutyl) carbonate was clyoulated o fhe distillation

R [T T T } e } [ i e e d e e e R R R i o i
Lt A T s DA GRU G B D B | R ol e § v N A A Lo Cransirel Line o,

In

-H-H
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- 182 [0497] [Table 8] - 183 - [0498] [Exanple 31] (Preparation of

Ti t ani um Cont ai ni ng Conposi ti on) 7 kg of pol ytitanoxane but oxi de
(manufactured by E. 1. DuPont de Nemours;g& Conpany |Inc., product nane: Tyzor
BTP) was charged to a batch type reactor equipped with an agitator, a
heater, and a distillation colum and having a volunme of 60 A under a

ni trogen at no ere g VI ously distilled/purified phenol was
t hen char getl’ Lg}eet%em{lgh . &O thhlé}/ ftq}:’rede;h ‘he batch type

reactor was, h&a ed,.to 18COOC%ULH1del le nor rral pressure by the heater to react
t he mxture ) Iiut anol genera ec17 y the reaction was recovered fromthe
colum top qfy th1e distillation colum. Furthernore, the batch type reactor
was depressuri zed to about 53 kPa, and n-butanol was recovered. [0500]

The batch type reagt ohowas 1LARN uetuned to.ananmal p:LessuAbolt 18 kg
of ate was charged kPar and the di phenyl ea i emcontaonl Pheny, (aarb ate was

184 - added =p, tihat ftde i dran A cione e @t i oim Pfa the obt atheshnate
titani um cont ai ni ng conposition was 5% by mass.
was fed tc the distillation column 130 through the
transfer line 4 to perform distillation separation.
[0518]

The distillaticn cclumn 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 15C mm and a length of 4 m, and was provided
with the reboiler 131 and the condenser 132.

[0519]

A temperature of the column bottom of the
distillation column 130 was controlled to about 180°C,
and a pressure of the column top thereof was controlled
to about 0.5 kPa
[G520]

The low boiling component containing diphenyl
carbonate was removed from the column top, and was fed to

o B A e T oo b e P T, ul TR T =i LA T, B o Yn
the distillation purification column 140 through the

Seddiiigess G0 andd Uhee Lvars e
O the other hand, a high boiling component
containing s composition A was olroulated vo the

distiiiation column 1L throuah the transfer Line & and

the fead Tine 1,



[ 0501] (Preparation of Conposition A) The titani um contai ni ng
conposition was then heated to 200C, and was held for about 120 hr so as to
obtain a conposition A \Wen part of.the conposition A was then sanpled and
anal yzed, phenyl salicylate and phenyl salicylate carbonate having a higher
boi ling point than that of the di phenyl carbonate were detected. The nol ar
rati o of to@ﬂ%”pf phenyl salicylate and phenyl salicylate carbonate, and
titani um at total of phenyl salicylate and phenyl salicylate
carbonate/tltan%%nlat h]mq O%bgH¥”5ﬁFail conp |Hq%n A generated her ei n

() [@ O m 11
was used as a reactlon catal X1 roductlon of' "a dlaryl

carbonate. J{ OLZﬂlc(fr&gl{?dﬂQnrA%aﬂ.rlaédj Ay '%eaﬂraél J%Xb%?avzm £

schematic conflguratlon view of ‘a pro u0|ng appar at us use anple 3l is

shown in FlGnds d0803]ed dR d50 ik and 80 (OR8] of 5 mSpeeifdgeally, lines
1 and 12 are feed |lines feeding raw conpounds and a tltanlun}contalnlng

conmposi ti omagipidie Wike.cild negpdd and 9 ared ecoverdhddmes: recovering a
product conmpound and other materials. Lines 2, 4, 5, 6, 7, 8, and 10 are

transfer lies23JA line 11 is a renoval |line. [0506] Ref er ence
nuneral s 111, 121, 131, and 141 designate reboilers, and reference nunerals
112, 122, 132, dne 142cdesingrsatletcomdensersniRefl erighee yiumendlorkl3:,
deS|gnate a preheater for setting a feed material to a predeterm ned

t enper at u eeq 0807 RHgtluickliconl @f i ariyilcaladrdoriate)mn 140 qheowdilsti | | ation
colum 110 had a contlnuous mul tista e structure, and was equi ped with a
concent r at i 'Gif daﬁ'%nfarrﬁ)" a- irst ol dripparite th?éllclolr?cfelrﬂf? a‘%qjdﬁ“rbq} viess fil | ed
with sieve tray tag d had an 1n di amet er of %50 nm and a
Iength of 4n§1ﬁi¢, %f%ii;%ﬁﬁﬁ? PUrl 1Latlon co1umn

About 100% by mass of the diphenyl carbonate (diaryl
carbonate) was cbtained from the recovery line 9 by the
purification. The position of the recovery line 9 was
set al the lower portion of the distillation column
located above the column bottom.

[0524]

The low boiling component containing 3-methylbutyl
rhenyl carbonate was removed from the column top of the
distillation purification column 140, and was circulated
to the distillation column 120 through the recovery line

10 andg the transfer line 2.

somponent removed from the removal line 11 was adiusted
to about 7.7 o/hr {the titanium atom concentration: ahout
T.5% by mass), and the rate of the composition A fed from

tie feod Line 17 was adiusted to about 7.3 o/hr {the



[0O5 1 St ) phenol, and the conposlt ion A prepared above about 19m /h-
fissm - 186 - line 1 through the preheater 113 fromthe sieve tray of the
25th stage to performa transesterificaidian reaction. The feed rate of each
material mxed liquid was adjusted so that the nmass ratio of

bi s(3-nmet hyl butyl) carbonate to phenol in the m xed |iquid was about 1.08,
and a titani um atom concentration was abqut 500 ppm [0509] _ The
concent r at i on- Part” ELHrovEdEd 5EHRE T e ¥tage’ @g&hﬁl ous| v FeddiSty t he

m xed liquid, and the recovery, part S provided above the stage. [0510]

An anount of' hlgha FEHUTFEd Tor érc?r%\ggﬁ G‘Q%il distt 1'%t i‘%%o%eggtont roll ed

on a
by provi di nﬂ)%ﬁble)(t ernal heater, or by circulating a liquid in a |ower
colum part through the reboiler 111. The method controlled the tenperature

of the colum b@titm%mt%fneto@%lwl Listage i Std Ll ati QCp%li%l]alt d OcdabOUt
230C, and the pressure of the colum top thereof to about 140 kPa. [05]. 1]

A reaction soliitd o0 Wass Qi | hious! vedenpved, at) @about - 4400 néhir 1 fw cugh - he
rar-for line 2 fromthe A tiow 1AAAl111lit,not] butenel.as by-pL was Thiii
| ow H i ng com trdthS dhenldheny & arbonate recovered from the
recovery line 9 was about 1000 g/hr.
[0527]
After the continuous operation described above was
performed for about 12 hours, the operation entered into
a steady state.
[0b28]
At that time, in the transfer line 2, the
composition of the liguid contained about 15% by mass of
phenol, about 67% by mass of bis(3-methylbutyl) carbonate,
about 17% by mass of 3-methy butyl phenyl carbonate,
about 0.3% by mass of diphenyl carbonate, and about 0.2%
by mass of 3-methyl-l-butancl. The flow rate thereofl was
about 11402 g/hr.
[0529]
The residence Uimes of the reaction soiutlion in the
Leady slate bn Dhe disitlifation columns L0 anag 120 were

FOL30]

The composttion of the Lioguid in rhe roacovery Line 3
contained about 100% by mass of F-methyvi~i-butanocl. The

flow rate thereof was about 8273 /b,



condenser 112, and was recovered by a reflux ratio of 2 fromthe recovery

line 3. [0513] The reaction solution renoved fromthe transfer line 2
as descri bed above was fed to the contismuous nultistage distillation columm
120. [0514] The continuous nultistage distillation colum 120 is

equi pped with the reboiler 121, the concentration part of a chimey type
distillatio p$Lgnn (the inner dianeter: 150 nm the I ength: about 6 n) of
5 stages, a e recovery part filled with Mel apak CY and having an i nner

di ameter of 150 Irlqﬂt%%d t%alnes%gatrh .]_(‘)Lfn e3'48 @heT.r},%rer%esq_itq%np%% tti Qn of the

reacti on solution was set at the upper portion of the concenttation part,

and the feed gate of,the,deagtdon sspi%ﬂfs)gr}na\/@é Sety, AL (ahouty, fk??%ﬂihr'

[ 0515] A tenperature of the colum bottomof the distilla col um

120 was contgebdedkd 0 200G g By pressuie ofndie, colupm fiap,§ hereof was

controlled to about 3 kPa. A di sproportdonatdon reaction was performed A
itDO ing comprisort€eonnd ncbguphedi aby reneks i S(dkpide, didttldatien -- 188
-- and the feed line 1 fromthe columm top of the distillation columm 120.
[ 0517] Thdrriohew hes ool winer oof twns afbddie izt idlati on col utm 120, the
reaction solution containing diphenyl carbonate was fed to the distillation
col um 130 thrdugh the transfer line 4 to performdistillation separation.
[0518] The distillation colum 130 was a distillation colum filled with
Mel apak Cl and Havithg addndder dilareter tofe IS0Ranididna dfeddch of 4 m and
was provided with the reboiler 131 and the condenser 132.

ligquid contained about 0.2% by mass of 3-methyl-l-butanol,

about 17% by mass of phenol, and about 83% by mass of

bis(3-methylbutyl) carbonate. The flow rate therecof was

about 10300 g/hr.

[0H33]

In the transfer line 7, the composition of the

liguid contained about 88% by mass of diphenyl carbonate,

about 12% by mass of 3-methy butyl phenyl carbonate, and

about 0.2% by mass of bis(3-methylbutyl) carbconate. The

flow rate therecf was about 1140 g/hr.

[0524)

When the titanium-containing high beiling component

obtained from the removal line 11 was analvzed, the ratio

SRR S e T F T W RV A RS R W V|
; b

(05351

After the continuous operation descoribed above was

Further continded [or apoul 300 ho, Dhe dipheny]



[ 0519] A tenperature of the colum bottomof the distillation colum
130 was controlled to about 180C, and a pressure of the colum top thereof
was controlled to about 0.5 kPa. [0520]q, - The | ow boi |l i ng conponent
cont ai ni ng di phenyl carbonate was renoved fromthe colum top, and was fed
to theMbt )n purificatson colum 140 through the the other hand, a

cont ai ni ngcenpoQ tionWethe CUWMAie tcll(_fand - 189 - [0522 The
distillati o?@%%%%aﬁ%r%]oﬁﬁﬁpﬂ%t%sr%cﬁf%ﬁqIfa’f?r%nul:%l e Y ed with

Mel apak CY and havin i nner, di aneter of 150 .ram | ength of 5 m and
bas bqui pped W tp the T dbiT > T T EH he Cortenter 142 9fo82s © ° "rhe

reaction SOL(&% n cont ai ni ng di phenyl carbonate, Jed to the distillation
purificatioh colum 140 through the transfer line 7 fromthe distillation

colum 130 was puyfd fied iJ¥ the qisstilslation purificatien colum, 140. About
100% by mass of the oélii phenyl car blonantle ( ialryl clarggorllég?]e) wasrnohbt ai ned from

the recoveryopdre% byetdeepuridi catd orendhel posid i on @fs thefecovery line
9 was set at the lower portion of the distillation colum |ocated above the

col um bot tamudi0sR4]c aboutThe 4 aw bpiid ng companentorcont ai ni ng
3-net hyl butyl phenyl carbonate was renoved fromthe colum top of the
di stillati ororpuriificatdon cobwm! 140, band: swas, crncullat eceto thethe
distillation colum 120 through the recovery Iline 10 and the transfer line
2. cor ny- vtGonrenpviedf rion ¢dhckicval was 0GA0SH0d W aboutonersHrd tie ani um
atom ccncantral mm about . ‘
about 1.8 g/hr (the titanium atom concentration: about 5%
by mass). Similarly, the continucus operation was
performed for about 300 hr.
[0537]

Similarly, the diphenyl carbonate (diaryl carbonate)
recovered from the recovery line 9 could be stably
produced at about 1000 g/hr.

(0538]

When the titanium-containing high beiling component
obtained from the removal line 11 was analvzed, the ratio
of total moles of salicylate esters of phenyl salicylate
plus 3-methylbutyl salicylate ester to moles of titanium
atoms was aboul 3.0, The ratio of moles of phenyl

erdob oy Dt e Ul DR e LGy MOy Lt <l b Lard v ity O W3 a3l

moles of titanium atoms was about 0004,

RS P B T T S, O e T T T,
'y the disgtilliation separation in The distillation

column 130, the high bolling component removed fLrom the

columny bottom contained abhoutr 2% by mass of a component



onpo idviu,)r (lhe - 190 - titanium atom concentration: about 5% by nmass).
The feed of the conposition Afromthe feed |ine 1 was stopped. [0526]

Si mul t aneously, an anount of a liquid cigsculated to each distillation
colum was gradually increased so that the rate of di phenyl carbonate
recovered fromthe recovery line 9 was about 1000 g/hr [ 0527] After

t he conti nuous. oper I or Scr bed above S p about 12 hours,
t he operatr%n en?ered‘? to A% 1n%yp%%%ke¥ﬁ%%5;§1 A§Pt%%ﬁ LIRSV h the
transfer |ID§ gen%h% conposition of the liquid contained about 15% by nass
of phenol out %/6by mass of bis(3-nethyl butyl) carbonate, about 17% by
mass of 3-nmpghygputyl phenyl carbonate, about 0.3% by nmass of di phenyl
carbonat e, and about 0.2% by mass of 3-nethyl-Il-butanol. The flow rate
thereof was|@abont) 41402 g4 hgs) [0529] The rae 100 The annpee cont ai ned
anont e therwan ahont 922 a/hr.

Diphenyl carbonate {diaryl carbonate) was produced

in the same manner as in the example 31 except that
dialkyl carbonates of types shown in the following Table
8 were used in place of bis(3-methylbutyl} carbonate, and
the molar ratic of total of phenyl salicylate and phenyl
salicylate carbonate, and titanium atoms (total of phenyl
salicylate and phenyl salicylate carbonate/titanium
atoms) 1n a composition A was changed as shown in the
following Table 9 in preparation of the composition A. A
flow rate in each transfer line and a pressure in a
distillation column were adiusted according to the kind
of dialkyl carbonate. The results are shown in Table 9.
The results showed that continucus operation could be
stably performed for a long time without blocking the
distillation column in all examples 31 to 35.
F0540]

In distillaticn separaticon in a distillation column

Vi Sodnponiant ramoved Dol g Sl g

about 32% by mass, and about 38% by mass of a component
having & highey boiling point than that of the dipheny]

carbonate, L order of the exanples 32 Lo 35,



- 191 - [0531] In the transfer line 4, the conposition of the liquid

cont ai ned about 0.2% by mass of bis(3-nethyl butyl) carbonate, about 11% by
mass of 3-nethyl butyl phenyl carbonate;gand about 84% by nmass of di phenyl
carbonate. The flow rate thereof was about 1238 g/hr. [0532] In the
transfer line 5 the conposition of the liquid contained about 0.2% by nass
of 3-nethyl-1-b noI about 17% by mass of phenol nd about 83% by mass

of bi s(3-methyl heariydridtie™ ~Fd 3 3w Tate IThéts l%§(%{w@rl@300
g/ hr. [0533 in %T[grgsfe}[ line, 7 the n‘gosml on of, thg Jb
cont ai ned a out %%A) Vo ess” BFCUT pheny carbonat'd Tabolt 12% Slemass of

3-nethy b t I
bi gn(es_ )r/retﬁ %f%lycﬁ P etlth ??%%/)vgﬁg IQtfi{er eo éﬁs gjb Lttilﬁﬁlélhr
[0534] M@e@otb@ ttagf-,wm&&@é atm ngi high @Qfﬂ)ér@&&@”pgﬂﬂpt obt ai ”ed

fromthe rermval H,ed th f1mmTans operat 1on d.(a caam | m ?(.
above a results are shown in Table 10.



oitc)U ),y 1.1.

r enoval

192 - carbonate (diaryl
recovery line 9 could be stably ptr@éluced at about 1000 g/ hr.
The rate of the titaniumcontaining high boiling conmponent
line 11 was then adjusted to about 6 g/hr (the titanium atom

car bonat e)

concentration.: abou% 1.5% by} nas$)e and the'r
fromthe feed |inege Was adj usged $o ) apout 31.
concentrati on: about;5@6@y mags). | Similarlly, t
perfornmed for about 30@ %na [ D537] Siml
(diaryl carbonate covered fromthe recovery
produced at about 10 02g/ hr. [0538] Wher
boi I i ng conponent | obtai ned frpomthe renmoval |i
of total noles of [salicylate estiefs®of ghenyl
salicyl ate ester to | es of [i-traniwm|atonsow
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recovered fromthe
[ 0536]
renmoved fromthe

ate of the conposition A fed
8 g/hr (the titanium atom
he conti nuous operation was
arly, the di phenyl carbonate
line 9 could be stably
the titani um containing high
ne 11 was anal yzed, the ratio
salicyl ate plus 3-nethyl butyl
a s about 3A, The ratio of
Lenin the 193 - having a
carbonate. [0539]



[ Exanpl es 32 to 35] D phenyl carbonate (diaryl carbonate) was produced
in the sanme manner as in the exanple 31 except that dial kyl carbonates of
types shown in the followi ng Table 9-wetg used in place of

bi s(3-net hyl butyl) carbonate, and the nolar ratio of-total of phenyl
salicylate and phenyl salicylate carbonate, and titanium atons (total of
phenyl sali?%#gﬁg and phenyl salicylate carbonate/titaniumatons) in a
conposition changed as shown in the following Table 9 in preparation
of the conpﬁ§ ?gn 14 flowrate in each transfer line and a pressure in a
distillatio re adj usted according to the kind of dialKkyl
carbonate. The resul tisoase shown dn a@@mec8mpahwdrEGUtisaﬁh@MBQt&ﬂQt

continuous pperatign eguld be stabl'y PErIof g@ jéggg e w thout

bl ocking the distil|l i on col uphein!al t.0 0540] .,

disti]la 8ipn separa?%wﬁ&?ﬁ aatlisyihtat 8oébcol %ﬁ %iacagc
$8% hy nmass|-of--a—cgapoleldb’. havi.ngTha ' O?é}te Car O(}\ﬂ t.he
titani um copitzm rig hlgh obeilling cofmponent oby ained froma enov% d'ne 11
was anal yzedZ al | tlhe exanples satisfied the above nentloned itens (ijv) to
(vi), and cloulgystably prodiuce the diaryl carbonates. The results arg shown
in Table 10/33 - 195-| cont Prdousl opetafjon tine {hr] 000 [00Y 1 | dod2

about

Example
34
Example
35

0.3 1.6 0.08 0.5 .03

0.4 2.1 0.10C 0.7 0.63

[0543]
[Comparative Examples 19 to 22]
(Preparation of Reaction Catalyst)

Titanium~containing compositions were prepared in
the same manner as in the example 13 except that
polytitanoxane butoxides having different average degrees
of polymerization, obtained from the production examples
1 to 4 were used in place of peclytitanoxane butoxide
(manufactured by E.¥. DuPont de Nemcurs & Company Inc.,

product name: Tyzor BTPY in preparation of the titanium-

Froodotion of biarvd Carbonate)
Dipheny]l carbonate (diary] carbonate) was produced

R R R R e T I T T R [ T e,
VP I NS VA S 4 1 £ O 0 S R S G R S 0 P VR 5 2 O

titanium-containing composition prepared above was used

as A reaction catalvst for & diaryvi carbonate as it is



1 flnr average recovery of diphenyl carbonate [kg/hr] 01 0 'l 60 nolar
ratio of 1 state of (phenyl salicylateldistillation and phenyl 1 colum at
salicylate | start of carbonate)/Ti inj4;feed conposition AF. 1

without preparing a composition A from the titanium-~

containing composition. The results are shown in Tables
11 and 12. When the titanium-containing composition was
fed for sevaral hours (3 to 6 hr) in all the comparative
examples 19 to 22, the feed line 13 was blccked, and the

operation became impossible.
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flr 00. 0o, hj: I ag-euogneo , _ - 196 - [0542] [Table 10] nolar ratio
of each conpound to titaniumatons OH/

-~ 200

(0547
[Comparative Examples 23 to Z6]
(Preparation of Reaction Catalyst)

Titanium-containing compositions werse prepared in
the same manner as in the example 13 except that
polytitanoxane butoxides having different average degrees
of polymerization, obtained from the productiocon examples
1 to 4 were used in place of polytitanoxane butoxide
(manufactured by E.I1. DubPont de Nemours & Company Inc.,
product name: Tyzor BTP) in preparation of the titanium-
containing composition.

10548}
(Production of Diaryl Carbonate)

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 13 except that a
temperature as a heating condition in preparing a
compesition A was changed to 230°C from 200°C, and the
heating time was changed to 200 hr from 72 hr. The
results are shown in Tables 13 and 14. A problem of
clogging was not caused in feeding the composition A.

However, since Lhe amount of production of diphenyl
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0.08 0.5 0.03 Exanple 35 0.4 2.1 0.10 0.7 0.03 [0543] [Conparative
Exanples 19 to 22] (Preparation of Reaction Catal yst)

Ti t ani um cont ai ni ng conpositions were psepared in the same manner as in the
exanpl e 13 except that polytitanoxane butoxi des having different average
degrees of polynerization, obtained fromthe production exanples 1 to 4
wer e used i&wplac§ 3% ﬁolytitanoxane but oxi de (manufactured by E. |, DuPont
de Nemours & E8MpERy>fhe. ., product name: Tyzor BTP) in preparation of the

titan um ](£}£%§¥Q@i@@f&¥'Tf{%%&ﬁ%¢é%é¥%%ﬁ¥kg Composition)

200 kg of peolytitanoxane butoxide {(manufactured by
E.TI. buPont de Nemours & Company Inc., product name:
Tyzor BTP} was charged to a batch type reactor equipped
with an agitator, a heater, and a distillation column and
having a volume of 1800 L under a nitrocgen atmosphere,
and 485 kg of previcusly distilled/purified phenol was

then charged thereto.

Next, the mixture in the batch type reactor was
heated to 180°C under a normal pressure by the heater to
react the mixture. n-Butanol generated by the reaction
was recovered from the column top of the distillation
column. Furthermore, the batch type reactor was
depressurized to about 53 kPa, and n-butancl was
recovered.

[0552]

The batch type reactor was then returned to a normal
pressure.  Aboul 450 kg of diphenyl carbonate was charged
Th

B R L . B S — R de T e, P P o e S D | T Y o
Laier el Q. b Tl Le L L Fes Lo (Lol Walh Diea el O alaoud

i L H . i i ) S L ¥ i i [
low boiling component was evaporated tao obtain a
titanium-contalning composition. Divheny! carbonate

acdded so that the tivanium concentratlion of vhe obibained

Citanium-containing compesiiion was 5% b VoInasa



ditasiumc. on |I. a ining conposj tic n.prepa red above was used -
rnrictior ca ..cyst fnr a Cl ary.l. rdrienndte as -it. - 197 w thout
preparing a conposition A fromthe titafi um containing conposition. The
results are shown in Tables 11 and 12. Wen the titani um containing
conposition was fed for several hours (3 to 6 hr) in all the conparative
exanpl es 19 6&%@ the feed line 13 was bl ocked, and the operation becane
inpossible.[-o 8- -0000.0.4) 00a WTSM 0 0O

(Producing Apparatus of Diaryl Carbonate)

A schematic configuration view of a producing
apparatus used in example 36 is shown in FIG. 2.
(05547

The producing apparatus is eguipped with
distillation columns 110 and 120 which have a continuous
mulitistage structure, a distillation column 130, and a

distiliation purification column 140.

i

[0555]

These are connected via predetermined lines.

Specifically, lines 1, 1', 12, and 13 are feed lines
feeding raw compounds and a titanium-containing
composition, or the like. Lines 3 and 9 are recovery
lines recovering a product compound and other materials.
Lines 2, 4, 5, 6, 7, 8, and 10 are transfer lines. A

line 11 is a removal line.

Reference numerals designate 111, 121, 131, and 141

N i I o L a T U RPN S R [ . I e LTy - 1L - B S g | ISR Ty
gezignate re boilers , GG rererence numerdaans 137 ro o laa, R

predetermined temparature.

[(55he]

(Freparvation of Reaction Catalysi)
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In the distillation column 130, as described below,
a product having a higher boiling point than that of
diphenyl carbonate was produced to prepare a reaction
catalyst.

[0559]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 3.4 m and a length of 17 m, and was provided
with the reboiler 131 and the condenser 132.

105607

About 5200 kg of the prepared titanium-containing
composition {(the titanium concentration: about 5% by
mass) was fed to the lower portion of the distillation
coelumn 130. A temperature of the titanium-containing
composition was contrcolled to about 200°C. This state
was held for about 60 hr. When part of the titanium-
containing compositicn was then sampled and analyzed,
phenyl salicylate having a higher boiling point than that
of the diphenyl carbonate was detected. The mclar ratio
of phenyl salicylate and titanium atoms {(phenyl

salicylate/titanium atoms) was about 0.4. The mixture

distilliation column 130 and the titanium-containing
compoesition was used as a rveaotion catalyst for the next

production of & diaryl carbonate,

(0561

H-HO O
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(Production of Diaryl Carbonate)

The distillation column 110 had a continuocus
multistage structure. The distillation column 110 was
filled with sieve trays of 80 stages and had an inner
diameter of > m and a length of 33 m. In the
distillation column 110, a mixed liguid (a) containing
apout 30% by mass of dimethyl carbonate and about 70% by
mass of phenol was continuously fed at about 57 ton/hr to
the upper portion of the distillation column 110 from the
feed line 1 through the preheater 113. On the other hand,
a mixed liguid (b) containing about 70% by mass of
dimethyl carbonate and about 30% by mass of phencl was
continuously fed at about 57 ton/hr ftc the lower portion
of the distillation column 110 from the feed line 1°',
[0562]

A concentration part was provided below the stage
continuously feeding the mixed liquids (a) and (b}, and a
racovery part was provided above the stage.

F0563]
An amount of heat required for the reaction and

distiliation was controlled by providing an external

temperature of the column bhottom of the muoltistage

pressure of the column top Chereot to about U.55% MbPa-G.

[O564d 0



[ 0547] [Conparative Exanples 23 to 26] (Preparation of Reaction Catalyst)
Ti t ani um cont ai ni ng conpositions were prepared in the sane nanner as in the
exanpl e 13 except that polytitanoxane bytoxi des having different average
degrees of polynerization, obtained fromthe production exanples 1 to 4
were used in place of poI ytitanoxane but oxi de (rmanufactured by E. 1. DuPont

de Nenours & Com:) I ]{produ namne: T zor BTP) in preparation of the
titani um cont ai é:ng"co odi qF&ﬁfeC{ O548] - Cﬁﬂkﬁjlycﬁ'P ofCIHRLH £ € bohat e)

Di phenyl aw?ign Egd&? fﬂy{@gar bor nat e%}a}?%r r%dﬁéﬁf?hg‘ t he sane manner as in

the exanpl e xce errpera ‘“ondition in

preparing a4 eoMpesLEi o & Wam, CNANOPHoh 0 2305, LLoM E0PG,, and Lhe heat i ng

time was changed to e resu ar e shown In°"Tables 13

and 14. A p@@@t@pl@h%%@h%%o ”9&&&“@?@' waﬁg@@f ngula@escognesat' on A
NUW - 2V(tithe anbunt of production ol di phenyl

titanium atom concentration in a reaction solutlon of the
distillation column 110 was adjusted to about 300 ppm.
The reaction solution was continuously removed at about
60 ton/hr through the transfer line 2 from the column
bottom of the continuous multistage distillation column
110.

[0565]

A low bolling compeonent containing methancol as by-
product was continuously removed from the column top of
the distillation column 110.

[0566]

The reaction solution removed from the transfer line
2 as described above was fed to the continuous multistage
distillation column 120.

[0567]

The continuous multistage distillation column 120

was equipped with the sieve tray type concentration pare

Loaiiinn [ R A CER RN I VAR SR VA U N A S e e I e g STy

- F
dismeter of 5 m and & longth of 31 m. The recovery part
was filled with Melapalk CY. The feeding position of the

redction solulion was ser at the uponer poritlion of the
a) T Wl



203 - [Exanple 361 (Preparation of Titanium Containing Conposition)

200 kg of polytitanoxane butoxide (manufactured by E. I. DuPont de Nenours &
Conpany Inc., product nanme: Tyzor RIP)>was.charged to a batch type reactor
equi pped with an agitator, a heater, and a distillation columm and having a
vol une of 1800 L under a nitrogen atnosphere, and 485 kg of previously
distilled/purified phenol was then charged thereto, [055%% » Next, the
mixture in YRHECPAtERtYPedT Bact O waid® hedt @d” € o° 180C tnde?? @t hot nal
pressure by_ heater to react_the mxture, n-Butanol generated by the
reaction ma§£r§%6%€r%%5f?%%1?%éﬁ%%l%2%§t%%no?rthe distillation colum.

Furt hernore;,t hg, batch type reactor was depressurized to about 53 kPa, and
n- but anol was recovered. [0552] The batch type reactor was then

returned to a NOERl: PRASSUNE ADOUL, 450, kG, DT Jhenyl -carbonate was
charged there The m xturehe ceactor"was eat-1 to abouc. |ow boil nmad)
dricied VapQ; obf a6 NG CORM 140 AR s -cdP%rs1led to 210°C, and the
pressure of the cclumn top thereof was controlled to
about 13.3 kPa. A disproportionation reaction was
performed under these conditions.
[0569]
A low beiling component containing phencl and
dimethyl carbonate was circulated to the distillation
column 110 through the condenser 122, the transfer line 5,
and the feed line 1 from the column top of the

distillation column 120,

From the column bottom of the distillation column
120, 14 ton/hr of the reaction solution containing
diphenyl carbonate was fed to the distillation column 130
through the transfer line 4 to perform distillation

separation.

diameter of 3.4 m and a lenagth of 17 m, and was orovided



[ 0553] (Produci ng Apparatus of Diaryl Carbonate) A schematic
configuration view of a producing apparatus used in exanple 36 is shown in
FIG 2. [0554] The producing apparatus>iys equi pped with distillation
colums 110 and 120 whi ch have a continuous multistage structure, a
distillation colum 130, and a distillation purification col um 140. [ 0555]
These are conne ed Vi a predete ned | i nes ecifically, lines
1T P12, Cand. 15 g Pl s B o o s nd &

tltanlun}cogta iggbconpos {tion nes 3 and th g.recovery

li nes recoverlnb t9duct: %%ﬂp%ﬁﬁd”%ﬁdc%?ﬁﬁ? t%?e}?afgouil ‘> 4, 5, 6,
7, 8, and 1Qn§r§ LransfieL Lings. Aling @é'p't?h@régm‘% &bi@?roﬁgéén

Ref er ence nuneral’s designate 111, 121, 131, and
r6: boilers,-ang-ref efencypyneral s’ 132, [ | OH [Kprlptlor

[0573]

The low boiling ccmponent containing diphenyl
carbonate was removed from the column top, and was fed to
the distillation purification column 140 through the
condenser 132 and the transfer line 7.

105747

Cn the other hand, a high boiling component
containing the reaction catalyst {(composition A) was
circulated to the distillation column 110 through the
transfer line 6 and the feed line 1.

[0575]

The distillation purification column 140 was a
distillation column filled with Melapak CY and having an
inner diameter of 2.8 m and a length of 22 m, and was
equipped with the reboller 141 and the condenser 1472.
[057¢6]

The reaction scoluticn containing diphenyl carbonate
purified in the discillation purification column 140,

99 .8% by mass of diphenyl carbonate (disrv] carbonate)

was obtained from the recovery Tine 9 by the purification.

The positvion of Uthe recovery 1ine 9 was el at the lower



-- 205 -- In the distillation colum 130, as described bel ow, a
product having a higher boiling point than that of diphenyl carbonate was
produced to prepare a reaction catalyst:g[0559] The distillation
colum 130 was a distillation colum filled with Mel apak CY and having an
inner dianeter of 3.4 mand a length of 17 m and was provided with the
reboiler 131 and the_condenser. 2:.%0560% Abog% 5200 kﬁ of the
prepared titgh hﬁ?c%ﬂt%?%iﬂbshbﬁﬁﬁg% FoR® (PR 17tahtinicohtehbFati on: about
5% by nass)cg?§ fed %goéhe | ower portion of the distillation colum 130. A
t enper at ur e of The ¢ ani um cont ai ni ng conposition was controlled to about
200C. This spate;was held for about 60 hr. \Wen part of the
titani um contai ni ng conposition was then sanpled and anal yzed, phenyl
salicylate havi ng,@ highesi beid ing.RaidHe than 4:hat, ofdihe, di _
carbonate was detected. The nolar ratio of phenyl salicylate and itan atons
(phenyl sal igtybateéti s 446 npabOuUt rOndehdheotimatiop €plumd 130 and he L, L
ii fylarhomale, a 206 a (Production of Diaryl Carbonate) The
distillationieol uhat 140 pad: Ai contdénuousumtl 146} aged st#sict UrewldIbed
distillation colum 110 was filled wth sieve trays of 80 stages and had an
i nner di anetertlod &imtahtaiéengthuref B30 nthtoughetide steéddacirpnlcotum 110,
a mxed liquid (a) containing about 30% by mass of dinmethyl carbonate and
about 70% byl n&isd ®fe phemot Loasl Eonatfnuously fed at about 57 ton/hr to the
upper portion of the distillation colum 110 fromthe feed line 1 through

t he preheatéQJiﬁh. On the other hand, a mxed liquid (b) containing about

70% by mass of djnethyl carbonate and about. 30% by mass of phenol was
conti nuousl y fed HE it 7 L gt B - | el Be L 1oh Ao The as

distillation um ., 110 fromthe feed Ling 1'. [0562] A concentration
part wae provi Qi BAI b (HEUSE e COMET hUBKEI SPTeed Ty The=hiRedt Faui ds
(a) and (b), g%gggwrgggygry part was provi ded above the stage.

[0579]

At that time, in the transfer line 2, the
composition of the liquid contained about 55% by mass of
phencl, about 26% by mass of dimethyl carbonate, about
17% by mass of methyl phenyl carbonate, about 2% by mass
of diphenyl carbonate, and about 0.09% by mass of
methanol. The flow rate thereof was about 60 ton/hr.
[0580]

In the transfer line 4, the compoesition of the
iyl worrlaa s about Do0d dny o mass Ol diaeilivl Gar e
Slnout o oy mass ol melyy L phonys carbonata, about 3% by
mass of phencl, and about 70% by mass of diphenyl
carbonate.  The flow rate therecof was about 14 ton/hr.

P e
Pl



[ 0563] An anount of heat required for the reaction and wil. 1. ed ID _diny
an e tenperature OhilVH hot:tomaa t 110 pressty-( itop tneroot to danut 0 61
1 aa'anG - 207 - Next, the prepafed-reaction catalyst (conposition
A) was gradually fed to the upper portion of the distillation colum 110
fromthe | ower portion of the distillation colum 130 using the transfer

[ i 6, d tit i at concent n i Ct | ol uti f th

distillation col i 110 VAL He Usted o ABoUCH00 Wpril The Teotion
| uti - i ] t.,ab 60 ton/hr. thr h the transfer

TSR Apea bR dt b D bl Setite TR S A 4 S8, S

| 110. 5k3e LLi L Di |
col um ab0865% 35 bﬁslﬁilé%"é‘bng%%wg%ﬁ?ﬁﬁ%n a £90L 2L D! ngnﬁggggﬂg. as

bypr oduct was conti nuo e’ colum top of 't Istillation

col um 110.240866}ass or ThEehgACt iv0n: solf i,on 4 ampyved, 4 rom the tyansfer
line 2 as described above was fed to the continuous nmultistage distillation

col um 120. - $0567]

After the continucus cperation described above was
further continued for about 100 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
lire 9 could be stably produced at about 7.5 ton/hr.
[0583]

When the titanium-containing high boiling component
obtained from the remcval line 11 was analyzed, the ratio
of total moles of phenyl salicylate and methyl salicylate

ester to moles of titanium atoms was about 1.3,

After the continuous operation described above was
further continued for about 5060 hr, the diphenyl
carpbonate (diaryl carbonate) recovered from the recovery
line & could bhe stably produced at about 7.6 ton/hr.

05851

RISl
adiusted Lo about 2.0 ko/hr (the titanium atom

concentration: about 1% by mass), and the rate of the

reaction catalyst Ted from the feed line 172 was adijusted

T about 4.0 ka/br {ihe Uitaniam atom concentration:



The continuous nultistage distillation colum 120 was equi pped with
thes.ievenc:ent:.rat ion part: didinefef of 5 rrt and nohl Thn roonAM WAft
tlileff wwth Mel ::72.7:-? 1 fec il0f12spthien was set atuppnpolntl.tan at
1'In - 208 - concentration part, and the feed rate of the reaction
solution was set at about 60 ton/hr. [0568] The tenperature of the

col umm bott - the. distillation colum 120 was controlled to 210C, and
t he pressurggg?{t%é %glrﬁ%’lqbp %)Jﬁnelrieaoﬁ2 %é Control 168 to Aboui 13! 3 kPa. A

di sproportignatjopcLeacti pn,- vas,perfepngd under these conditions. [0569]
A |l ow boi |l i ng conmponent contai ni ng phenol and di net hyl carbonate was

circulated tosthe distillation colum 110 through the condenser 122, the
transfer line 5 and the feed line 1 fromthe colum top of the
distillation colwmm 120: {:0540]unkrm e Gof umyibatdomef dhesdisti || ation

colum 120, 14 ton/hr of the reaction solution containing di phenyl
carbonate wastfedetofthie distiéhationl tokunh 430 shsoughdf hentransfer |ine
4 to performdistillation separa [0571]

of total moles cf salicylate esters of phenyl salicylate

plus methyl salicylate ester to moles of titanium atoms

was about 1.9. The ratio of moles of phenyl salicylate

carbonate to moles of titanium atoms was about 0.8.

Furthermore, the ratic of moles of catechol to moles of

titanium atoms was about 0.03.

In the distillation separation in the distillation
column 130, the high boiling component removed from the
column bottom contained about 40% by mass of a component
having a higher boiling point than that of‘the diphenyl
carbonate,

[0587]

Similarly, the diphenyl carbonate (diaryl carbonate)

recovered from the recovery line 9 could be stably

produced at about 7.6 ton/hr.

(05881

A titanium-containing composition was prepared in
-

the same manner as in the example

T e s ey ey e P\ e anen o e e e e R IR | e e e e oy e b
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of 3.4 in and aof 17 m and was aroa. rehoiler 1.3and - 209 - A
tenperature of the columm bottom of the distillation colum 130 was
controlled to about 190C, and a pressurei;of the colum top thereof was
controlled to about 1.7 kPa. [0573] The | ow boiling conponent

cont ai ni ng di pheny] carbonate was renoved fromthe colum top, and was fed

to the distill atAi onhpuri“f.i catiqn columm 14Q thr qugh t he candenser 132 and
the transfer |ihe 7 5174 9"+ SUET e YotHer 'han® " “A'%i*g¥ boi | i ng

conponent ¢ ﬂg\hp&gc% “udrnzﬁil%i%%ﬁ;ﬁ %/%ge {1&%??0151% t];ﬂp_ was circul at ed

to the distilTation ransfer line © and the feed
line 1. [05/%dgg; The distillation purification colum 140 was a
distillation colum filled with Mel apak CY and having an inner dianeter of

2.8 mand a | ength frc2@dncARGMas +eQuiipPed With 4 he tiehaiden %ﬂpﬁand the
condenser 142. [0576] The reaction solution conL.carbonate - 210 - portion
of the distiddatdan xiol umy looat ed @hover thel colamubotiam and a

distillation purification column 340,

Specifically, lines 1 and 12 are feed lines feeding
raw compounds and a titanium-containing composition, or
the like. Lines 3 and 9 are recovery lines recovering a
product compound and cother materials. Lines 2, 4, 5, 6,
7, 8, and 10 are transfer lines. A line 1! is a removal
line.

[0592]

Reference numerals 331, and 341 designate reboilers,
and reference numerals 312, 322, 332, and 342 designate
condensers. Reference numeral 211 designate a preheater
for setlting a feed material to a predetermined

- . oy d 1 4
Cemperature.

Im the distiilation column 330, as described helow,

a prodguct having a hiaoher boidling polnt thar that of

i
Chadobierlty o it g L Was O R N A e IR B T v R W R B

catalyst,



[ 0577] The | ow boi ling conmponent containing nethyl phenyl carbonate
was renoved fromthe colum top of the distillation purification colum
140, and was circulated to the distillation colum 120 through the recovery
line 10 and the transfer line 2. [0578] After the continuous operation
descri bed above was perfornmed for about 24 hours, the operation entered
into a steaﬂyréﬁﬁte. [0579] At that time, in the transfer line 2, the
conposition ot” the | i qui d contai ned about 55% by mass of phenol, about 26%

by mass of di ”Et?*f%' Odg%“cti%%ﬁﬂpng!?;%‘ihmgf%’3%3’ WABS S, %fiésg‘é.tlg%'t ipfhienyl

carbonate, about 2% nmass o i phenyl "car bonat’e, ouf"b.0996by mass

of methanol.q b, f4 0w date thereof, wasaboyt 60, Lep/dy . {05801 In the
transferne 4, the conposition of the tnol, abA :.Lo:t. 70% by mass of diph

| . E The tlgateddhereof: sd4ds aird Zlh enddh tde 4 nansfier ddde oy idey
conposition of the liquid contai ned about 65% by mass of diphenyl

car bonat e, aboutt133%dne imess 3F1 mthylhphemdercarbamate, and about 2% by
mass of phenol. The flow rate thereof was about 13 ton/hr. [0582]
After the cldnt9muous operati on described above was further continued for
about 100 hr, the di phenyl
Abcut 14 kg of the prepared titanium~containing
composition (the titanium concentration: about 5% by
mass} was fed to the lower portion of the distillaticon
column 330. A temperature of the titanium-containing
composition was controlled to about 200°C. This state
was held for about 72 hy. When part of the titanium-
containing composition was then sampled and analyzed,
phenyl salicylate having a higher boiling point than that
of the diphenyl carbonate was detected. The molar ratio
of phenyl salicylate and titanium atoms (phenyl
salicylate/titanium atoms) was about 0.5. The mixture
(hereinafter, alsc described as "composition A"} of the
high boiling product material generated in the
distillation column 330 and the titanium-containing
composition was used as a reaction catalyst for the next

IEEE FE RN

(Production of Diaryi Carbonate)

A omixed liguid containing about 50% by maga of

-y
!

dimetnyl carbonate and about 50% Dy mass of phenol were

continuously fed at about 80 kg /hr o the vessel {voe



carbonate (diaryl carbonate) recovered fromthe recovery line 9 could be
stably produced at about 7.5 ton/hr. [0583] When t he

titani um contai ni ng high boiling component-obtained fromthe renoval |ine
11 was analyzed, the ratio of total noles of phenyl salicylate and nethyl
salicylate ester to noles of titaniumatons was about 1.3. [0584]

After the co peration rrbed abo e, Was further continued for
about 500 hr&%ﬂéﬂp?uﬁ ﬁ Jtcarbon (fe (cfgary car ae13 ar%%b?/%?ed fromthe

recovery |ipe.9 *&r?é“f’e&ﬁe a0 prodyged at aboyt A top/fr. 10568

iust.ieu to about 0 he t y mass Leaction (?as
adj ust dheHds§; kg/hr (the t a 212 - about 5% by mass). Simlarly, the
continuous operation was perfornmed for about 500 hr. [0586] When t he

titani um cont ai pimgrithgh ba lHeng cenpanent bt aimed dr-endhe fenoval |ine
11 was anal yzed, the ratio of total noles of salicylate esters of phenyl

sal i cyl at e i usi et thydn sedd cydrat o esd@rbf g rmfesiof 41 taniamat oms was
about 1.9. The ratio of noles of phenyl salicylate carbonate to nol es of
titani um atlomstavas dheume@h®d Eerttherinecde a tthepratitoref ofolees of cat echol
to noles of titanium atons was about 0.03. In the distillation

separ at i on igatthieordi st atn am cobaunm A30C tihe thieglvasaiclli ngpeonponent
renoved fromthe coI um bottom cont ai ned about 40% by mass of a component

havi ng a hi'ghEitdoidithg PYi Mot thttiot /IS dipheny| tlearbohate. [ 0587]

top of a distillation column 310 to about 0.55 MPa-G.
[0598]

Next, the prepared reaction catalyst (composition A)
was gradually fed to the vessel type reactor 210 from the
lower portion of the distillation column 230 using the
transfer line 6, and a titanium atom concentration in the
reaction sclution was adjusted to about 1000 ppm to
perform a transesterification reaction. The reaction
solution containing methyl phenyl carbonate was
continuously removed at about 21 kg/hr through the

transfer line 2 from the vessel type reactor 210,

FO599]
A low boilling component contailning methancl as by-
S
e
wan then condensed by the condenser 3172, and was

recoveran QM T Ne  Ieove TNy L e 3 .

P ey
\\;‘ \)Lﬂ\



Simlarly, the diphe

nyl carbonate (d

iaryl

car bonat e)

recover ed

recovery line 9 could be stably produced at about 7.6 ton/hr. t

titaing conposition wased the sane manmes .as 1ii

the e Appm -

fromthe
ocB88] A
213 -

A schematic configuration view of a produci ng apparatus used in exanple 37

is shown in FIG 3.
vessel type reac ors

distillation purﬁ¥|c§i
predeterm ned, lines. {0591],.,c 4

[ 0589]
21q' t
i‘0 ﬁqgﬂﬁ? @ﬁﬁ

dlﬁ%ggl%}{on C

)| um 330,_an

sé &P féon

The produci ng apparatus is equi pped with

géﬂﬁéd vi a

nd 12 are f eed

| i nes feeding raw conmpounds and a
Linesys3;and 9 are recovery |lines recovering a product corrpound and
materi al s.

11 is a renpyabz:]ine.
desi gnate reboilers,

i ke.
ot her

<$pﬁ§ﬁflcaéﬂy ve%5§§ €

tanlun}contalnlng np05| fon,
Lines 2, 4, 5, 6, 7, 8 and 10 are transfer |ines.

[ 0592] Ref erence nuneral s 331, and 341
and reference nunerals 312, 322, 332, and 342

or the

A line

desi gnat e condemnser s.e=Refierance uneial 2201 wdesicgnat-geal prieheater for

setting a feed materi al

to a predeterm ned temmerati.re. - 214 -
agitator and a distillatieon column 320 filled with

Melapak CY and having an inner diameter of 150 mm and a
length of 1.5 m. The feed rate of the reaction solution
was set at about 21 kg/hr.

[Ge02]

In the vessel type reactor 220, a temperature of the
reactlon solution was controlled te 210°C, and a pressure
cf the column top thereof was controlled to about 13.3
kPa. A transesterification reaction or a
disproportionation reaction of methyl phenyl carbonate
was performed under these conditions, so as to produce

diphenyl carbonate.

[ 0594]

[0603]

A low beiling component containing phenol

dimethyl

reactor 210

[

[0a04]
From
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The distillation colum 330 was a distillation colum filled with Ml apak
CY and having an inner dianeter of 150 mmand a length of 4 m and was
provided with the reboiler 331 and thergondenser 332. [0595] About 14
kg of the prepared titanium containing conposition (the titanium
concentration: about 5% by nmass) was fed to the | ower portion of the
distillation, colum_ 330. A tenmp: ture of the titani umcontaininp

conposi ti ondam%%iggaﬂ%%%Tl%%lY%na’g%ﬁtL?ﬁ%@hfhi(s 514 e Was Héeleddlfgg about 72
hr. Wen p he. Li1aniu o] i nin onposition was then sanpl ed and
anal yzed pﬁ%‘%@f&ggl (?j(:t;’/ 'g?£$1hg%/lign§é§é’ﬂ%iig"' eI?' boiling point than that of the
di phenyl carbonate was detected. The nolar ratio of phenyl salicylate and
titanium atons (phenyl salicylate/titani umatons) was about 0.5. The

m xture (herei nafferq; &lis0 daser ihadnas Fronpesid oA 0f; 4.pe hi gh

boi ling product material generated in the distillation colum 330 and the
titani um comnt Rifrh NP TOAPOSI. tHh O Wasa uset asd andeacyion. icatal yst for the
next (ProductlYn of Di. Aifd, j ti L. Att, by mass of naHs of pnenoi were
215 - reactara2d@e vof uhkd B00:11d provigied s th an agitetorpfoomithe feed
line 1 through the preheater 211. [0597] An anount of heat required
for the reactilontamdrelisti¢l att bomwast contendideteby3 p2 ovi di ng an ext er nal
heater. The nethod controlled a tenperature of a reaction solution to about
230C in thel&e%skl type reactor 210, and controlled the pressure of the
colum top of a distillation colum 310 to about 0.55 MPa-G [0598]

Next, the prepared$85dtdolf catlalyst qiooiatitom A vd¥ gradual Iy fed to
the vessel car_g%)_e, reactor 210 fromthe |ower portion of the distillation

col um 330 'rﬂght%‘el?i?* ansf e | e 625 drid 'at T+ Ehi i &tont cbidént ration in
the reaction, sol ytlon.ves adiust ed 1o, about 1000.ppm Lo perform a,
transesterificati'on reaction. e reacti on sol uti on contai ning mnet hyl

phenyl carbonate,was; contjinuously renmoved at about 21 kg/hr through the
transfer line 2 fromthe vessel type reactor 210. 10599]

{0607]

The low beiling component containing diphenyl
carbonate was removed from the column top, and was fed to
the distillation purification column 340 through the
condenser 332 and the transfer line 7.

[0608]

On the other hand, a high boiling component

containing the reaction catalyst {composition A) was

B T T T T G O T T T PSS T S
cirreutlated to t } e distilliation column 110 throu (.{} i the

—~

The distillation purification column 340 was a
distiilation colomn filled with Melanak Y and having an

inner diamater ol 1H0 mm oand & length of oo, and was

eauinpped with the veboiler 347 and the condenser 347



A low hoilin.q conponent containing ethanol as by was then condensed. hy
the conde s reammcnred fromthe renmove - 216 - The reaction solution
renmoved fromthe transfer line 2 as descgibed above was fed to the vessel
type reactor 220. [0601] The vessel type reactor 220 was equi pped with
an agitator and a distillation colum 320 filled with Ml apak CY and having
an inner dif@gi@L of 150 mmand a length of 1.5 m The feed rate of the
reaction so was set at about 21 kg/ hr. [0602] In the vessel type

reactor 220, a t. tur.e of acti SO ut was controlled to 210C,
and a pressure 0§Q$§%%Eo%ﬁﬁ11O]utﬁ§}eo¥ﬂﬁ3§”éb%tr S8 't o Lbott? 13, 3 kPa.

A transestepification a§$g£19&95na$9£}§9{9£@{591 onatlan §eactiegugh met byl

phenyl carbonate was perforned und ese conditions, so as roduce

di phenyl cafhonat €, 06081 ne 7 ffbrh%@%ié‘@&?@t@&ﬁ‘e(%l&rﬁwt@'3@' nggphenol
and di nmet hyl carbonate was ci.rculated to the vessel type --actor 210

t hl oug, thepeondensern322: dheciransies binerlddc[O(0431Thn 34817 -
distillation colum 330 through the transfer line 4 to performdistillation
separati on.29.8% by mass of diphenyl carbonate (diaryl carbonate)
was obtained from the recovery line 9 by the purification.
The position of the recovery line 9 was set at the lower
pertion of the distillation column located above the
column bottom.
06111
The low beoiling component containing methyl phenyl
carbonate was removed from the column top of the
distillation purification ccolumn 340, and was circulated
to the vessel type reactor 220 through the recovery line
10.
[0612]
After the continuous coperation described above was
perfoermed for about 24 hours, the coperation entered into
a steady state.

[0613]

Il it jt ] 1 3
e e 4 E 4 e .
s b Loy il
phenol, about 2Z8% by mass of dimethyl carbonate, about
10% by mass of methyl phenyl carbonate, about 1% by mass
of diphenyl carbonate, andg about 0.0%% Dy mass of

metharnol . The flow rate therec? was about 40 koa/he,



[ 0605] The distillation colum 330 was a distillation colum filled with
Mel apak CY and having an inner dianeter of 150 mmand a length of 4 m and
was provided with the reboiler 331 and>the-condenser 332. [0606] A
tenperature of the colum bottom of the distillation colum 330 was
controlled to about 190C, and a pressure of the colum top thereof was
controll ed 9 P ut 1.7 kPa. [0607] The | ow boiling conponent

ol ! 6% ﬁ
cont ai ni ng di phenyl carbonate was renoved fromthe colum top, and was fed

to the distiIIaﬁgpgﬁgfgg%%%gﬁgqugﬁjQﬂntgépckmkgggnjy eiﬁoqqggser 332 and

the transfer line _ tHe other fand, a high boiling
conponent contai i Agnthenseagtion gataly tma;§§ogf’0§i,r§lé@}@¥f) cWag.fLrcul ated

to the distillation colum 110 throuch the 4i hechst.' 114tini nun nlcatj.on
col um 340 yesuatzpafhyiwhayi dr afe1HE Shinan | 208k dhbhat @NdaMest 32248 -
mass of phenol, and about 60% by mass of diphenyl
carbonate. The flow rate thereof was about 6.2 kg/hr.
[0615]
In the transfer line 7, the composition of the
liguid contained about 78% by mass of diphenyl carbonate,
about 19% by mass of methyl phenyl carbonate, and aboul
3% by mass of phencl. The flow rate thereof was about 5
kg/hr.
[0616)
After the continuous operation described above was
further continued for about 100 hr, the diphenyl
carbonate (diaryl carbconate) recovered from the recovery
line 9 could be stably produced at about 2.7 kg/hr.
[0617]
When the titanium-centaining high beoiling component
obtained from the remcval line 11 was analyzed, the ralio

P U W ., ~ S P . - L T e . PRI - _ LR B
of tetal moles of phenyl salicylate and methyl salicylate

0

After the continuous opsration described above was
turther continued for about 500 hr, the diphenyl
calrbonate (diaryl carbonate) recoveraed [rom the recovery
Pine 9 could be stably produced at about 2.7 kao/br.



[ 0610] The reaction solution containing di phenyl carbonate fed to the
distillation purification colum 340 through the transfer line 7 fromthe
distillation colum 330 was purified-inzthe distillation purification
colum 340. 99.8% by nmass of di phenyl carbonate (diaryl carbonate) was
obtained fromthe recovery line 9 by the purification. The position of the
recovery Iin86? s set at the lower portion of the distillation colum

| ocat ed abo%e % colum bottom [0611] The | ow boiling conmponent

cont ai ni ng ”Ethy%qé”¥§9%<§@Hﬁ&9%9§ﬁ%@ﬁgﬁﬁﬂ8¥€§hJfﬁ%ﬂéi‘dﬁ@%ﬁfﬂ%éOp of the

distillation purification colum was circ vessel type

react or 220cbi;0ughe t DEns PLOVRE Yy LRE 1050196121 e 11 ALLersLhe continuous

operation descri bed above was perforne or about 24 hours, e operation

entered intgiqusteadyostabe: £0613)np: NoRLYy: abont 14836 by mass of
di nret h", cei rbonl 10% by mass ccar  ma of dipHyi cr,1lby un,--..:H ;5 Tho

flnw Yat-P dehPeenfddidn: 40obut/hE by 249sy, [A6A4tnénrthe transker |ine 4,
the conposition of the Iiquid contained about 0.1% by nmass of di et hyl
carbonat e, abautil3i%byamss Oédnethyl t phenybdcarbenat eyaabeutu3%by nass
of phenol, and about 60% by mass of di phenyl carbonate. The flow rate

t her eof mastgb@h@uﬁ_%.&g@hhr EQBQS}itanium atom concentration: about

5% by mass). Similarly, the continucus cperation was
performed for about 500 hr.
[0620]

When the titanium~containing high bolling component
obtained from the removal line 11 was analyzed, the ralioc
of total moles of salicylate esters of phenyl salicylate
plus methyl salicylate ester to moles of titanium atoms
was about 1.9. The ratio of mcles cf phenyl salicylate
carbonate to moles of titanium atoms was about 0.8.
Furthermore, the ratio of moles of catechol to moles of
titanium atoms was about 0.04.

in the distillaticon separation in the distillation
column 330, the high boiling component removed from the
column kottom contained about 35% by mass of a component

i isd Leidedi [ I A CobbEm oLty

SN TS R I L
o621
Similarly, thoe diphenv] ocarbonate (diarv] carbonato)
recoveraa Lrom Lhe recovery Tine 5 could be stabhly

produced at abowutr 2.7 ka/hr



In the transfer line 7, the conposition of the liquid contained about 78%
by mass of di phenyl carbonate, about 19% by mass of nethyl phenyl
carbonate, and about 3% by nmass of phepol..The flow rate thereof was about
5 kg/ hr. [0616] After the continuous operation described above was
further continued for about 100 hr, the diphenyl carbonate (diaryl

car bonat e) rﬁﬁgy?red fromthe recovery line 9 could be stably produced at
about 2.7 ké [0617] When the titanium containing high boiling

conponent obt ! line 11 was anal yzed, the ratio of
t ot al nDIesP ?baﬁeny nt% Fa?nglnd met hyl salicylate After the conti neon

;Sltherzfzglr [ﬁpQHE(]:ta,BﬂtBF ﬁbpp@wsm&é!ahe)éiﬂcgk Le)Y nrnbncocl Ot ,d)("11JL.]
340 kg of tetrabutoxytitanium (manufactured by E.T.

DuPont de Nemours & Company Inc., Tyzor TnRT) was
introduced to a reactor with an agitator. The reactor
was equipped with a cooling coil, a heating jacket, and a
distillation column. 150 kg of n-butanol was then
introduced thereto, and an internal liguid temperature
was adijusted to 0°C.

Hydrous n-butanol having a water concentration setb
at 3% by mass (% by welght) was adjusted to 0°C in
another reactor with an agitator. The reactor was
eguipped with a ccoling coil, a heating jacket, and a
distillation column.

The hydrous n-butanol was added into the reactor
under agitation through a line.

The addition time was set at 1.5 hour, and the added
amount of water was set at 0.0 molar equivalents (with
respact Lo moles of Ti atoms in the reactor).

A trace moisture meter analyvzed a reaction solution

hecame ceonstant.
The obtained reacrion solulion was heated undery

agitation, and n-butanol was evaporated using he



The rate of the titaniumcontaining high boiling component renoved fromthe
renmoval line 11 was then adjusted to about 5.0 g/hr (the titanium atom
concentration: about 2% by nass), and phe rate of the reaction catal yst fed
fromthe feed line 12 was adjusted to about 2.0 g/hr (the titanium atom
concentration: about 5% by nmass). Simlarly, the continuous operation was

performed for about 500 hr 0620] . When the titanjuncontajining high
Dot | £rig. confoRont LobEar nEd PFBaFf he” r BHBVATLFT A" 11° Jas. Hhal §6He he ot i 0
of total nnigawof salicylate esters of phenyl salicylate plus nethyl sal
icylate ester 'to noles of titanium atons was about 1.9. The ratio of noles
of phenyl salicy nat.e. t oc £es. i t.ank um at.oms, was about 0. 8.
Furt hernore, t he%?éat??%ﬂ%%&nrto %s ng% @acf?e%\ﬁgoﬁéﬁ)@%):ﬁels&% CEr"tgbf%tl\%ni um at onms was
about 0.04.zna1yzER EpengS&hkbﬁétQ@r§§R?[a&h@“itnwégecgh§§khhétkQQtP0|-U”“
330, the high boiling conponent renoved fromthe colum bottom contai ned
about 35% bynhsassaphrarcanpanent ohei 1058y, 1bBetphemy dahhongtoi 46i ed-ntu
Y11'J.)V(- at:ta7,7 ictl/hr, 221 - [0622] [Production Exanple 5]

(Producti onwef Potytctanbxaae. al koxi de) 340 kg of tetrabutoxytitani um
(manuf actured by E. 1. DuPont de Nenmours & Conpany Inc., Tyzor TnBT) was
introduced to a Weattaort wirtdpancragidat orel dhlee seactoridwals: Equippedewi th a
cooling coil, a heating jacket, and a distillation colum. 150 kg of

n- but anol waS2theh Vafrodacedcfherdt s, Tandcahenht erfdain| p{liPdyt enperat ure
was adjusted to OC. Hydr ous n-butanol having a water concentration set
at 3% by masstEosbyvief ghticswagdadiisted fouoe F%aénﬁ?héFlF@5€¥6Pemﬁth an
agitator. ThemreaﬁtOé‘mas equipgedAmﬁtaxaﬁcquLng ﬁoilh.g peating j acket
and a distiPFAPFORCcOrUMY 0 V5ha%Rydrehse n®butahdre Whé® hdded®Fnfo t he
react or undgéoaﬁ££§§i8§ t hrough a |ine. The addition tine was set at
1.5 hour, and the added anount of water was set at 0.5 nol ar equi val ent s
(with respe?56£9-noles of Ti atonms in the reactcr). A trnoisture neter a-
y-ed a reaction solution

[Production Examples & to 8]

Polytitanoxane alkoxides were produced in the same
manner as in the above [prcoductiocn example 1] except that
the added amount of water was changed as shown in Table
15. After the addition of water was completed, the
reaction solution obtained as in the production example 5
was heated under agitation, and n-butancl was evaporated
using the distillation column after the reaction soclution

reached 150°C.  The conposition of the evaporated liguid

VoA 0 YooAdear i sliied T A S Yoo axiis U W Ll g bl
distillation was then completed. When a transparent and
colorless Liguid left in Uhe reactoy was analyzed and a

Ti content anag an alkoxy grouap content wers measuved, Lo

was Founa that polytitanoxans butoxides having diflferent



becane consta The obtained - 222 - distillation colum after the reaction

sol ution reached 150C. The conposition of the evaporated |iquid was
anal yzed by gas chromat ography, and its,was..confirmed that the evaporated
amount was nostly lost. The distillation was then conpl et ed. When a

transparent and colorless liquid left in the reactor was anal yzed and a Ti
content and an al ko roup content were neasured, it was_found. that
poIytitanoxﬁﬁ%rﬁﬁ?o§¥ag@ﬂﬁv? gpﬁﬁyﬁ$5?éﬁblaﬂg?%eSB?W%oFQné?Pgﬁt? n of 2 was
obt ai ned. [QQ;Q]O%EEQQggtion Exanples 6 to 8] Pol yt it anoxane al koxi des
were produced in"the safme manner as in the above [production exanple 1]
except that[ Q§4?dded anount of water was changed as shown in Table 15.
After the addition of water was conpleted, the reaction solution obtained
as in the predyeti pgyexanple 5 was heated under agitation, and n-butanol
was evapor ated.usi.ng the distillation calum after the reaction solution

redched 150?{@§| %gé Qﬁgﬁpckg%%t%Q‘Eﬂﬁﬂl%%ﬁﬁ%xwh?% a | tarvarrdsra arentee and | e

dleft in 1 e LISts . eéf measur &gf-CH /'"F -0223 - average
degrees of ol YAEFT z&t i oh" A3 ShoviAo T A" TaBr e’ 155Wet e ohtaivmedkization

production 0
exampie 6

.76 4

production .
example 7 0.86 /

production
example 8 0.89 0

[0625]
[Examples 38 to 421

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 36 excepl that
tetrabutoxytitanium (manufactured by ®.1. DuPont de
Nemours & Company Inc., Tyzor TnBT) and the
polytitanoxane alkoxides obtained from the production
examples 5 to 8 were used in place of polytitanoxane
butoxide (manufactured by E.I. DuPont de Nemours &

Company Inc., product name: Tyzor BTP) in preparation of

Py ciiav i lation saparation 10 a distiiiation ooluamn
a0, a high bolling component removed [rom a oolumn
botivom contained about 41% hy mass, about 45%% by mass,

Sivesia U
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mass ol a component having a higher bolling point than



[0624] [Table 15] [0625] [Exanples 38 to 92] D phenyl carbonate
(diaryl carbonate) was produced in the same manner as in the exanple 36
except that tetrabutoxytitanium (manufagtured by E. 1. DuPont de Nenours &
Company Inc., Tyzor TnET) and the pol ytitanoxane al koxi des obtained from
the production exanples 5 to 8 were used in place of polytitanoxane

but oxi de (nppufactured by E. 1. DuPont de Nepours & Coppany |nc.,  product
name: TyzoFE%%L)O%nt%?egg?%f?ﬁh %?r????}?iI??I?F@?r!?g??f $B??Sb8§ton1
cont ai ned apgugyllqbby mass, about 45% conponent.h g he r boil | no pc,”
nt. Than - "224": that of the di phenyl carbonate, in order of exanples 38

to 42. Whe i i cont al ni hi bai L. ng, . ai ned from
a removal line Eb&r?emrgsé 2.%’-158. yzlgg‘,n %ﬂaﬁ%}elmeggﬁ)%esﬂ%gﬁ s(?ipée)cgl{(F"E?:%negr]?E _
above-nenti gped; hi€MB, &hV) LOnbVh),1apd eouldsstably.produce the diaryl
carbonates. The results are shown in Table 16. -7 226 -

examples satisfled the above-mentioned items (iv) to {vi},

and could stably produce the diaryl carbonates. The

results are shown in Table 16.



[0627] [Production Exanples 9 to 14]

were prepared in the sanme manner
(manuf actured by Al drich Chem cal

%

Ti t ani um cont ai ni ng conpositions

n the exanple 13. Phenyl
s then added to the

salicylate

titani um contai ni ng conposition without preparing a conposition A fromthe

titani um containin
about 170C, so as
salicylate to nol e
foll owi ng Table 17
titani um contai nin
11 were used.

130, a high boil
14% by mass, about
a higher boiling ¢
exanpl es 43 to 45.

obtained froma re

t he above-nmenti one
car bonat es.

The re

AL

g conposhtl)nw and he obtabned] m XLure) was,heat ed at
moLproﬁyeeﬁ uniiform |iquid. The ratio of the phenyl
£ g Jmaumsvmsamumejasshmmdlnt1e
’*‘0062 18[dable|17] [0 02 9,] 19; 227 -
@ gtﬁ)ns obtai ned|fromthe produc ion exanples 9 to
Mn dPstf ation separation inla distillation ¢olum
g [CONMpOTTEnt TEM ved fromma gotum gt tomrcoptaiped about
10% by, mas$,~and about | 23% by nasscof a component havi ng
)0i |nt t&an that of the diiphenyl carbonate, ia order of
£ Yhen @ titani um containing high boiling conponent
(v al kine 11 was anal yzed, all the exapples satisfied
s®litenms (ivl tol(vi), and could| stably produce the di aryl
¢l ts arg shown in Jable 18- -228-w I~
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catechoi C. D - 229 - [0631] [Conparative Exanples 27 to 29]

D phenyl carbonate (diaryl carbonate) was produced in the sane manner as in
t he exanple 13 except that the titaniuppgontai ni ng conpositions obtained
fromthe production exanples 12 to 14 were used. A probl em of cl ogging
was not caused in feeding the titani umcontaining conposition. However,
since the anpunt, of production of di phenyl carbonate was unstable, the

cont i nuous peragion time was about 8 to 12 hours. D phenyl carbonate was

hardly prodygggdbgtggﬁ EQQRﬁE@Ei¥et8X?HE|e 29 using the titani umcontaining
ro 0

conposi tion obtal ned m the producti exanple 14. The results are shown
in the follow ngrilabl €% onc£80ng GRS 6L were prepared in

the same manner as in the example 13. Phenyl salicylate
(manufactured by Aldrich Chemical) was tThen added to the
fitanium-ccentaining composition without preparing a
compeosition A from the titanium~containing composition,
and the obtained mixture was heated at about 170°C, so as
to preduce a uniform liquid. The ratic of the phenyl
salicylate to moles of titanium atoms was adijusted as

showed in the following Table 17.

[0628]
[Table 17]
ratio of phenyl salicylate to
moles of titanium atoms
production
1.0

example 9
production 0.5
example 10 )
production ,

) 1.6
example 11
production 4.2
example 12 ’
produgt;pn 5 0
example 13
production

iy L 1A i

I — SE e e b .
N O G Vi L ab Dy L Ll

in the same manner as in the example 13 except that the



fijis( D..:1 L., )4-HCC., t) " () - 231 [0633] [Exanples 46 to 51]

Tet rabut oxytitani um (manufactured by E. 1. DuPont de Nenours & Conpany Inc.,
product name: Tyzor TnBT), polytitanoxapne butoxi de (manufactured by E. |
DuPont de Nenours & Conpany Inc., product nane: Tyzor BTP), and

pol yti tanoxane but oxi des obtai ned fromthe production exanples 1 to 4,

whi ch were %E%aniun}conEainlna cataI%gt4conpositions were used for a

reaction catal§8t For ataiaryF caPBoRat&C 8t 8Pt2upeopsrati bhcwas perf or med

in the sanme . iLn_the exanple so_as _to.produce the diaryl
car bonat e. pgggﬂ?%lgﬁs Fﬁ%§§?8naggﬁa¥itW8ﬁeiHsgddistiIIation colum 130, a

hi gh boiling conpongent,re vgg%f A colu b t%f contai ned % 5% by
T : : 1
mass, about 6% by mass, ag%bt 9%%€anas§, gﬁ%ﬁ? Zg%§ nmass, a%%gﬁ% % by
nmass, and abopt Qg@@ﬁh”Bé%l@ﬁqacﬁgﬁgﬁeﬁgtr@ﬁMbQQ a,Bhoherbaili ng point
than that of the di phenyl carbonate, in order of exanples 46 to 51.
bottom contained about 14% by mass, about 10% by mass,
and about 23% by mass of a component having a higher
beoiling point than that of the diphenyl carbonate, in
order of examples 43 to 45.
When a titanium-containing high boiling component
obtained from a removal line 11 was analyzed, all the
examples satisfied the above-mentioned items (iv) to (vi),
and could stably produce the diaryl carbonates. The

results are shown in Table 18.



The results of analyzing a titanium containing high Lng coiuponei .t:.
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> C (1) 0 41) $-] - 233 - [0635] [Exanple 52] A diaryl
carbonate was produced as described bel ow, using the produci ng apparatus of
the diaryl carbonate shown in FIG 1 described in the exanple 1.

[0631]
[Comparative Examples 27 to 29]

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 13 except that the
titanium~-containing compositions obtained from the
production examples 12 to 14 were used.

A problem of clogging was nol caused in feeding Lhe
titanium-containing composition. However, since the
amount of production of diphenyl carbonate was unstable,
the continuous operation time was aboult 8 to 12 hours.
Diphenyl carbonate was hardly produced in the comparative
example 29 using the titanium-containing composition
obtained from the production example 14. The results are

shown in the following Table 19.



[0636] (1) Start-Up Operation

colum 110 was equi pped with a concentration part and a recovery part.
concentration part was filled w thsgi-eve trays of 25 stages,

A continuous nmultistage distillation

The
and had an

i nner dianeter of 150 mmand a length of 4.8 m The recovery part was
filled with Mel apak. CY (manufactured by Sul zer Chentech Ltd.,

Switzerland), and
the distillation
bi s(3- net hyl but yl
and tin as atons

i ncl udi ng bi s(3-m

oxi de (synthesi ze
k i) Chemcal c.,
t he stage continu
provi ded above th
and distillation

circulating and f
111. Thereby, a't
distillation colu
colum top thereo
sol ution was cont
line 2 fromthe c
colum 110. [0638
3- et hyl - | but anol

boi I i ng component -

by a reflux ratio

had an inner diameter of 50 mp andwa |ength of 2.3 m In
col gnm 110, @ ni xéd lijquid (a weight rati¢ of

céanbate to phenol jin the mxed |iquid|was about 1.08,
pasadjugted to about 1500 ppm af the total |iquid anount)
ath-l&utyl) car bonat e,| phenol ., |and nonooc¢tylti n phenoxi de
d fyotn the riC action af nono() \{/I1 OMhydroxi 01 (- milc

tgp 20 The concentyati gn part Was provi ded bel ow
bijshy feeyﬁpg the;m xed |iguid, [and £he recovery part was
=ms$agéf An anmount of heat |required flor the reaction
Amsuc%dimmﬂ$ed by provi ding an external heater, or by
eRdPnga A tquid in a ljower colurmm part thiough a reboiler
enper at ur'e the colum bottomlof the mulitistage
m|110 Yas contr¢lled to abput 230C Land & pressure of the
wpas cgntrol led to about 140 kPRa. - Ajreaction
Auousl y renpved at about 1650 g/ hr throuqh a transfer
D%unn bet t om of the coantinuous rmltlstage distillation

A | ow boiling conponent dontaining

83 by- @r@duFt was renoved®f romit he €ol ump top. The | ow
Was ghgnmcondensed by, a coendenser 1%2, and was recovered
of Zﬁfnaga a recovery lin 12(h|0 pa (i mitt mlge(nd
43! o e &4

Q-J ‘ﬂ; (\S

O W O
B
) [0 @ (@ (a8 (o]
w25 . : -

- T O m < o <

=0 Do g

O >0 8

o IS

=N I TR

O -~ s

O g 0
ﬁ (] [Xp] O (-

o i) v . .

Q© — (@ =g K] o

> i

a4l &0

© Rt
0 I
42 w

18] . .

: 2 © “

o l'; ﬂj‘ O ] ]
= ,i:.wj;?

gl w




- 235 chimey type distillation colum (the inner dianmeter: 150 nm the

| ength: about 6 m of 5 stages, and a recovery part filled with Ml apak Cl
and having an inner diameter of 150 mm-and a length of 3.8 m The reaction
solution was fed at about 1700 g/ hr to the upper portion of the
concentration part. [0640] A tenperature of the colum bottom of the
distillation colum 120 was controlled to 200C, and a pressure of the
colum top tHetrdof was controlled to about 3 kPa. A di sproportionation
reaction .perforned ynder these conditions. A | ow boiling conmponent
cpntaininga%ﬁgng“éh& i'S{ 3 Inet hyl butyl) carbonate was circulated to the
distillation CO&%@Qa%%% th%g%%h.a cqnden er 12 0 B t&aqgf%{ and a

: Jine 5,
feed line 1 fromtné col i Blgp'tﬁgnaigfﬁﬁfatloﬁ cdlunnuffﬁ. 41]

Homthecq@gmﬂgn§$%ﬁhg e di sti ﬂﬁﬂépgﬁi#m?%%% ot geamion

sol uti on contal ning enyl carbonate Wa i stillation130 through

a transfer.,d@angk £%.and Mdddman @%fza?tmewﬁg T (HyAS0 rqym and a 1

witt."-1 areooiler 131 andndens-- 1. tenperature of the
col um bot temafrd he dirgidd} atdcon goldimeil3mwas sy died to.@bout 180C,

and a pressure of the colum top thereof was controlled to about 0.5 kPa.
The | ow boigding iconmponent raont:aiddng:kdipheny| £ car bonatye was-1empved from
the columm top, and was fed to a distillation purification columm 140
t hr ough t he:condenser 182 andhia:tt mansf ari ldamieni-contairOmd hea ot hest hand, a
hi gh boiling conponent containing a catalyst was circulated to the
di stillati orPmes! Ui 10 tiersughe e thanst eredGineors Gk lay fleedb T ishe 1. [ 0643]
A distillation purification colum 140 was a distillation colum filled
with Mel apak Y ‘and Haviddd anSitanér i avetelt 1o 186 mrand'&d éigth of 5 m
and was equHPped with a reboiler 141 and %_condenser 142,
The same manner as 1n the example 1 so as to produce the
diaryl carbonate.
In distillation separation in a distillation column
130, a high boiling component removed from a column
bottom contained about 5% by mass, about 6% by mass,
about 5% by mass, about 7% by mass, about 6% by mass, and
about 6% by mass of a component having a higher beiling
point than that of the diphenyl carbonate, 1in order of
examples 46 to 51.
The results of analyzing a titanium-containing high

voiiing component obtained from a removal line 171 are

RS S I R O A A T T 0 IO R T T N S Pl [ RO Gt N W R e

fivy to (vid, and could stably produce the diaryl



The reaction solution containing diphenyl
distillation purification colum 140 through the transfer
distillation colum 130 was purified in2titte distillation purification

car bonat e,

fed to the

line 7 fromthe

colum 140. Thereby, about .by flld:sft):cTiphenyie was iOhd Or-TT 'nen'.
(-Yr! alenet fly[ "L butyj .« {237 - i stjlTationTpurificgtion.col"um 140,
and was circul ated to: ghe di stilil ati-on cplum 120 through a réecovery |ine
10 and a transferg1§§§g [ 0645] (2) Control Openation Arate of a
tin-containing hightBogliing substance repoved froma remgval |ine|1l was
adjusted to aboutg&g§4g/ (the itin atom concentration: gbout 5% by nass),
and a rate of an oc$§1vi oxi dophenoxi det cont ai niing phenal liquidjfed from
a feed line 12 wasradj-ustied-to about2:3-g/hr—{the—tin aton1qgnce1tration:
about 5% by mass). | The feee¢ ofotthe ectyl}in oxi dopheroxi de fromthe feed
line 1 was stopped| [@646] @ | o Sinmultapeously, |an amourt ofsa |{quid
circulated to ea¢h|distillationicolum was gradual |y incrieased so that the
rate of di phenyl |earbgnatje recovered fromthe reg¢overy lijne 9 was| about
1000 g/ hr. é ter tQE continuous opgeration descri bed above was
perfornmed for aboul IS, 4 he-opgratyon-gntered j;nto j[a stegady: state.
conposition of the|l [ gu F ¢ ‘cantaited about Th% by“-mass c phe 167% by
mass of bis C3-ntv|byine | < < < < < @
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- 238 - by mass of 3-nethyl-I-butanol. The flow rate thereof was about
11402 g/ hr. [0648] The conposition of the liquid in the recovery line
3 contai ned about 100% by mass of 3-netfyl-1-butanol. The flow rate thereof
was about 825 g/hr. [0649] In the transter line 4, the conposition of the

| i quid contai ned about 0.2% by nmass of bis(3-nethyl butyl) carbonate, about
11% by mass of 3-nethyl butyl phenyl carbonate, and about 84% by mass of

di phenyl carbohate. The flow rate thereof was about 1230 g/hr. [0650] In
the transfer_line 5,_the conposition of the liquid contained about 0.2% by
mass of 3- metHYTR4E bt anol, about 15% by mass of phenol, and about 84% by

mass of bi s(3-nethyl butyl arbonate. The flow rate thereof was about 10300
g/ hr. [0651] I nt i AransFerOTite 75 EHE sihvodt T 16 o ik 11 Ul dabout

fg;/o giycga;glf %f%gi %rf&%xyéd&@m&%&rié@& yalg inerea abouf, 1120 Chr - Wen

shown in FIG. 1 described in the example 1.
[0636]
(1) Start-Up Operation

A contlnucus multistage distillation column 110 was
equipped with a concentration part and a recovery part.
The concentration parl was filled with sieve trays of 25
stages, and had an inner diameter of 150 mm and & length
cof 4.8 m. The recovery part was filled with Melapak CY
(manufactured by Sulzer Chemtech Ltd., Switzerland), and
had an inner diameter of 150 mm and a length of 2.3 m.
In the distillation column 110, a mixed liguid (a weight
ratioc of bis{3-methyvlbutyl) carbocnate to phenol in the
mixed liquid was about 1.08, and tin as atoms was
adjusted to about 1500 ppm of the total liguid amount)
including bis{3-methylbutyl} carbonate, phenol, and
monooctyltin phenoxide oxide (synthesized from the

reaction of monooctyltin oxide hydroxide (Hokko Chemical

! 3 ! PEE RO I ) [ o e
i i ; e 1 . [
P13 from the sieve tray of the 2Zhih stage Lo perform a



phenyl salicylate and 3-nethyl butyl salicylate ester to noles of tin atons
was about 0.4. [0652] After the continuous operation described above
was further continued for about 100 hr;+the di phenyl carbonate recovered

fromthe recovery line 9 could be stab1y produced at about 1000 g/ hr. The
rate of the tin-containing high-boiling substance renoved fromthe renoval

line 11 was then adjusted to about 1.8 g/hr (the tin atom concentration:
about 5% by massl)h@ &r?d‘cteﬁ’érraé{‘é‘moﬁatrﬁe YESt WHAVH 96 dEptEh SHHideiiéoTt ai ni ng

phenol liquid fed f eed line 12 S, ad% sted t about 1.8 g/hr (the
tin atom CO%%%%][Q%?LI]%W aob(o “%%}bey Tt he )L 96 i 1309 - C”E he® Coht f Yiuous
operation perfo about 0. hr 0653] V\hen t he high

boi l'i ng co\;ﬁaon{’envfa aclmﬁle r'o "f%]elq? enovaI®1ine 11 was anal yzed, the ratio

of total mles of, sald.oyl ate estens of phenyl 33l GYlate Pl us, - et hyl but y

salicylate ester to of tin at was about e rat.1o0 of nol.

of phen vy.i4;sallew aie &arhanate, JEI%CP%WO\%(@%@J% ratefl, 1] .. havi ng a
cheii.l.111 boiwas a bow by nass. Simlarly, the di phenyl

car bonat e nesoveredf rwnctlhmmﬁs@wyadd N &1 6oyl 4 beystably produced at
about 1000 g/ hr. [0655] [ Exanpl es 53 to 55] D aryl carbonates were

produced i n:dhewsagme trarnneru@s 4 nrdihe exanpl e, 5Zhexeept, that tri et hoxyiron
(manuf actured by Strom Chemi cals, Inc.),

temperature of the column bottem cof the multistage

distillation column 110 was controlled to about 230°C,

and a pressure of the column top thereof was controlled

to about 140 kPa.

A reaction solution was continuously removed at
about 1650 g/hr through a transfer line 2 from the column
bottom of the continucus multistage distillation column
110.

[C638]

A low boiling component containing 3-methyl-1-
butancl as by-product was removed from the ccolumn top.
The low boiling component was then condensed by a

condenser 11Z, and was recovered by a reflux ratio of 2

from a recovery Line 3.

ST
LA SN ENCS |

The continuous maltlistage distillation column 120 is

equinoed with o reboiler 1210 vhe oconcentration mart of



tri but oxyal um num (manuf actured by Wako Pure Chem cal Industries, Ltd.),
and tripropoxyzirconium (manufactured by Strem Chemcals, Inc.) were
respectively used as a netal -containing;catalyst in order in exanples 53 to
55. [0656] In distillation separation in a distillation colum 130, a
hi gh boiling conmponent renoved froma col umm bottom cont ai ned about 14% by
mass, about 15% by mass, and about 17% by mass of a conponent havin

hi gher b0|I?%ﬁm%%¥n¥yﬁ%dﬁ]%%h%]%ﬁ1?%é3%#%m%n94h%a}%%%ﬁﬂélaW%L%Fde? gf t he

| 53 t - hi gh | i t
P oo T erval LeAa s i 1o f§€ R et BETLCS 1 A S

ccii0 ¢ 11 LA fM1calibey metapar ¢y %and navingJad tnner dlameter

of 150 mm and a length of 3.8 m. The reaction solution
was fed at about 1700 g/hr to the upper porticn of the
concentration part.

[0640]

A temperature of the column bottom of the
distillation column 120 was controlled to 200°C, and a
pressure of the column top thereof was controlled to
about 3 kPa. A disproporticnation reaction was performed
under these conditions.

A low beolling component centaining phenol and bis{3-
methylbutyl) carbonate was c¢irculated teo the distillation
column 110 through a condenser 122, a transfer line 5,
and a feed line 1 from the column top of the distillation
column 120.

[0641]

From the column bottom of the distillation column

120, the reaction solution containing diphenyl carbonate

was fed to a distillation column 130 through & btransier

ioadiiicd G et N W LE LTS
column Tilled with Melapalk CY and having an inner
diamerer of 150 mm oand a length of 4 m, and was provided
with a rebolrier 131 and a condenser 137,

064D



- 242 - [0658] [Conparative Exanples 30 to 33] D aryl carbonates were
produced using the produci ng apparatus shown in FIG 1. The di aryl
carbonates were produced in the same nmapper as in the exanple 52 except

t hat nonooctyl tin phenoxi de oxide, triethoxyiron (nmanufactured by Strem
Chem cals, Inc.), tributoxyal um num (manufactured by Wako Pure Chem cal

I ndustries, Ltd.), and tripropoxyzirconi um (manufactured by Strem
Chenical s, Inc. ) VEf@TESpE@ iYfel Yy Uset WY PHetdl -Cort™i ni ng catal yst in
conparative exaﬁPIes,BO to 33, and control operation was performed as
descri bed below -{0659] ¢Conir ol 2 Operattomjroted Therame St~ up
operation as_the exanple 52 s performed to adjust a rate of

ot Al - cont AT g 1 GhEBT 1o  LUbet alde. Tehobad 5 omaL r enbbar Tt Fle 11 to
about 2.4 /. al ~atom concentration: about 5% by mass), and a rate
of a netalgé%n?%éﬁfng?%a%% yst conposition fed froma feed 1lbout 2.4 g/hr

(the netal atomrhe 10w hoilidd Yeadlgased sQindh@ dipHdg,: rate of
di phenyl . carbonate recnvered 1cni 'a rar.avary inn g wan about 1000 Attetad

far ci.00?L:drtdnatethes remdded [PEB0IndhER) AN TREL, Odn@ Wighrbgi LENg
conponent renoved fromthe renmoval line 11 was gradually adjusted to about
a distillation purification column 140 through the
condenser 132 and a transfer line 7.

On the other hand, a high beoiling component
containing & catalyst was circulated to the distiliation
column 110 through a transfer line & and a feed line 1.
[0643]

A distillation purificaticn column 140 was a
distillation celumn filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and was
egquipped with & reboiler 141 and a condenser 142.

The reaction solution containing diphenyl carbonate,
fed toc the distillation purification column 140 through
the transfer line 7 from the distillation column 130 was

purified in the distillation purification column 140,

Thereby, about 9%% by mass of diphenyl carbonate was

RSV L ITERT Do UG Taaovary LLNnG  w J0a Led gy

gistilliarion column.

foed44]

The low beiling component containing J-methylbutyl

phenvi oarbhonaie was ramowo o the oolumn Ton of the



0.4 g/hr (the nmetal atom concentration: about 5% by mass), and a rate of a
net al - contai ning catal yst conposition liquid fed fromthe feed |ine 12 was
gradual | y adjusted to about 0.4 g/hr-(the netal atom concentration: about

5% by mass). The conti nuous operation was perforned in the sanme circul ated

anount of a quuid as that of the exanple 52. [0661] However, since
t he dlpheny nate recover ed fronlt ere ery l.ine 9 was d ally
decr eased, a na g??g (R uzi?f%ﬁt%? n't %m?egggil%%dlwﬁ%scéﬁjHg?gaa

cor r espondi {O‘g Eﬂé‘r? Qtlnatl@? ﬁél%ﬁﬁ ‘E%‘tlﬂ}’%gna eratLon, edjps“%ef med

for about 1 rate o i phenyl "car e recove romthe
recovery |ipgq9;i prhhersteady.syate was about 150 g/hr. [0662] Furthernore,
the rate of the ti- containing high- web5:,Lhe later. of the netalco the -
244 - about [bfaby nmass). Simlarly, the contlnuous operation was performned.
[ 0663] After the continuous operation was perforned for about 100 hr,
the rate of (thecdhphenybpeasbomate recovered fromthe recovery line 9 in
the steady state was 20 g/hr to 100 g/hr. The results of analyzing the high
boi | i ng conponert ohtaiaxed: firiomddretd imiend Iharte-lshiowmd nsdabl @ @22. - 245-

removed from a removal line 11 was adjusted to about 2.3
g/hr (the tin atom concentration: about 5% by mass), and
a rate of an octyltin oxidophenoxide-containing phenol
liguid fed from a feed line 12 was adjusted to about 2.3
g/hr {the tin atom concentration: about 5% by mass). The
feed cof the octyltin oxidophenoxide from the feed line 1
was stopped.

[0646]

Simultaneously, an amount of a liguid circulated to
each distillation column was gradually increased so that
the rate of diphenyl carbonate recovered from the
recovery line 9 was about 1000 g/hr.

After the continuous coperation described ahove was

performed fLor about 12 hours, the operation entered into

composition of the liguid contained about 15% by mass of
phenol, about 67% by mass of bhis{3-methylbutyl) carbonate
o e e = T T By e e e e I %) IO I I SO P | S B

a Ul L% DY Inash O OGerhen iy Dany s DNenyY 4 CaillOnale,

about 0. 3% by mass of dipheny]l carbonate, and aboun G.2%



.0OCODH11II, I (.0(.1)(1) mO, (Ocai G),ca? CUO 1ra.211(...)Li11:1

- 246 - [0665] The present application is based on Japanese Patent
Application (No. 2010-37928) filed to the Japanese Patent O fice on
February 23, 2010, and Japanese Patent Application (No. 2010-37930) filed
to the Japanese Patent O fice on February 23, 2010, the contents of which

are incor orated her ei ence. _ X
P Yy mass of 9 gt { { butanol. The flow rate therecof was

about 11402 g/hr.
[0648]

The ccmpesition of the liquid in the recovery line 3
contained akout 100% by mass of 3-methyl-l-butancl. The
flow rate thereof was about 825 g/hr.

[(0649]

In the transfer line 4, the composition of the
liguid contained about 0.2% by mass of bis{3-methylbutyl)
carbonate, about 11% by mass of 3-methylbutyl phenyl
carbonate, and about 84% by mass of diphenyl carbonate
The flow rate thereof was about 1230 g/hr.

[0650]

In the transfer line 5, the composition of the
liguid contained about 0.2% by mass of 3-methyl-l-butanol,
about 15% by mass of phenol, and about 84% by mass of
bis(3-methylibutyl) carbonate. The flow rate therecof was
about 10300 g/hr.

(06517

In the transfer line 7, the composition of the

: s

Liguld contained about 80% by mass of diphenyl carbonate,

SR BINEE W R R LU P sl SO SRy L+ OO I SV N W AL VIR S T J  HtcH N S S A LU O = D S T

flow rate thereol was about 1120 o/hr
When the high beilling component obtained from the
=1y Lhe high belling compenent obtained from the

removal line 11 was analyzed, tne ratio of total moles of



| ndustri al
carbonate of the present
t echni que of producing the diaryl

Applicability [0666]

i nventi on has

The produci ng nmethod of the diaryl

industrial applicability as the
carbgonpate with stably high productivity.
13 FEED LINE 3, 9

', 12,

Description of Reference Nunerals [0667] 1,

RECOVERY LI
11],121, 141
What

c'')1'32,142, |-
is cIaFH%ﬁy%séa lcyfat@

NE 2, 4, 5, 6, 7, 8, 10 TRANSFER LI NE 11 REMOVPI, LINE

%n@ 3w%g%h§§%5¥§l’ggﬁggglaggzeste?Etg

moles of tLin atoms was about 0.4.

[C652]
After the continuous operation described above was

further continued for about 100 hr, the diphenyl

carbonate recovered from the recovery line 9 could be
stably produced at about 1000 g/hr.
The rate of the tin-containing high-boiling

substance removed from the removal Jline 11 was then

adjusted to about 1.8 g/hr (the tin atom concentration:

about 5% by mass), and the rate of the octyltin

oxidephencxide-containing phenol liquid fed from the feed

line 12 was adjusted to about 1.8 g/hr (the tin atom

concentration: about 5% by weight}). Similarly, the

continuous operation was performed for about 100 hr.
[0653]
When the high bolling component obtained from the

remeval line 11 was analyzed, the ratio of total moles of

salicylate esters of phenyl salicylate plus 3-methylbutyl
salicylate ester to moles of tin atoms was about 0.7.

The ratic of moles of phenyl saiicvlate carbonate to

about 0,02, The raitio of component having a higher
eiling point than that of the diphenv] carbonatre in the

nlab boblling component was aboul Z3% by mass.
ey o I -

Foehad

247 -



1. A method for producing a diaryl carbonate, using a netal -containing

catal yst conposition as a reaction catalyst, conprising: a step (1) of
subj ecting a dial kyl carbonate and an af@mati c nonohydroxy conpound to a
transesterification reaction so as to obtain an al kyl aryl carbonate, and
removi ng an al cohol as by-product froma reaction system a step (2)
of subjecting the alkylaryi carponate obtained in the step (1) to a
transeste ificati'dh ‘ot*dis &E]tﬁwji d??]?ké‘ﬁlﬁtieoﬁ%ﬁ:’vé%“{)% %%T%i Wy
reaction product including the diaryl carbonate; ~a_ster of

G ot 1ing ThESFahet T O prodetd ot o7 heai T e he sreee [ 2970 EPsehkPat e the
reaction prﬁ ct into a low boiling conmponent including the diaryl
carbonate and a high boiling conponent including the reaction catalyst; and
a step (4) p@6g§?ycling t he high boiling conponent separated in the step
(3) into the steps (1) and/or (2), wherein: the high boffinrated in the

the hi gh boitlahplehos3[Foraul a (1) wherein Arl represents an
unsubstituted or substituted arylene group having 6 to 20 carbon atons, X
and Y-0 are |ocatietdat @niarto:Ppasdid ahrddu@eachiotier , sabd epiesent s a

hydr oxy group or a substituent given by the formula (2) or (3), and Y
represents hydiogene oexansubdshi t eentpgi veat byrt bendoyiuba (3), the formul as
(2) and (3) being as follows: [Formula 2] -0 O-R1 O

(manulactured by Strem Chemicals, Inc.),
tributoxyaluminum {manufactured by Wako Pure Chemical
Industries, Ltd.}, and tripropoxyzirconlium {(manufactured
by Strem Chemicals, Inc.) were respectively used as a
metal-containing catalyst in order in examples 53 to 5b.
[0656]

In distillaticn separation in a distillation column
130, a high hoiling component removed from a cclumn
bottom contained about 14% by mass, about 15% by mass,
and about 17% by mass of a compconent having a higher
boiling point than that of the diphenyl carbonate, in
crder of the examples 53 to 55H.

When a metal-containing high bhoiling component

P T | PSR - 17 e Loy
was anailyzed, all the

chiainad from a removal ine 1

1
L
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resuylts are shown in Tabhle 27,



(2) [Formula 3] O (3) wherein RI r presents a |inear or branched

aliphatic - 249 - (ii) a compound of the formula (1) where X
represents a hydroxy group, and Y represents the formula (3), and/or a
conmpound of the fornula (1) where X represents the fornmula (3), and Y

represents hydrogén (TTe) Taxconpound of the fornula (1) where X
represents a hydroFyngODp; -apd_ Y| rgprnesents hydrogen,; t he conpounds
of (i) to (iii) sa g dondi tions|given by (iv) to (vi), respectively:
(iv) "total noles ot erqgﬁpounds of |(1)/inmol es of metal atonms”™ is 0.005 to
20; (v) "t)?aB nnﬁ‘ *of the conmpounds of (ii)/noles of netal atons”
is 0.005 to 4; and”® - vi) "mples|of the conpound of (iii)/noles of
metal atoms” is |ess thau 2R Fhe—methgdifor producing the diaryl
carbonate accordi ng |to ckai m {l,owheei not he metal - cont ai ni ng cat al yst
conposition is a titani ufirconfabning catalyst conposition.
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The met hod for producing the of airbonate an.c..in aryl() rad titanium
constittitl onii non:.0 gill.a 20n4 - 250 - by nmass based on 100% by
mass of the titaniumcontaining conpospiton. 4. The nethod for producing
the diaryl carbonate according to claim3, wherein the titanium
constituting the aryloxytitani umconposition is tetravalent. 5. The nethod
for produciﬂ? ;hﬁ di aryl carbonate according to claim3 or 4, wherein the
aryl oxytita nd onposition has 1 or nore and 4 or |ess aryl oxy groups per

titaniun1atgp5m grag'.@np§%%91 grg@rpgugggg the diaryl carbonate according
to any one of clains 1°to 5,5~ Wwherein a reaction solvent is used in the

steps (1) and/ or(2), andponardhe,diel Al gontal ning,canal ystosomgsi tion is

soluble in the react’ion solvent or for a honogeneous phase wth the
reaction sohveftatud. sHhe, met hedsfor, producing the diaryl carbonate

according toto 6, where ) the |l ci i owl nq fornmulaO (4) Lo

The diaryl carbonates were prcduced 1in the same
manner as in the example 52 except that monooctyltin
phenoxide oxide, triethoxyiron (manufactured by Strem
Chemicals, Inc.), tributoxyaluminum {manufactured by Wako
Pure Chemical Indusiries, Lid.}, and tripropoxyzirconium
(manufactured by Strem Chemicals, Inc.) were respectively
used as a metal-containing catalyst in comparative
exanples 30 to 33, and control operation was performed as
described below.

[0658]
{(Contrel Operation)

The same start-up operatiocn as the example 5Z was
performed to adjust a rate of a metal-containing high-
boiling substance removed from a removal line 11 to about
2.4 g/hr (the metal atom concentration: about 5% by mass),
and a rate of a metal-containing catalyst composition fed

A e o | T e 17 Ao [ T 5 N -y e . . S | o e
from a feed line 12 to about 2.4 g/hr {the metal atom

was gradually increased so that the rate of dichenyl
carionate vecoversd from a recovery bine 9 was about 1000
g/he. Alter continuous operation was performed Lor about

12 hours, the oneration entered into a steady state.



[Formula 4] wherein Art represents an unsubstituted or substituted aryi ene
group having 6 to 20 carbon atons, Ar3 represents an unsubstituted or
substituted aryl group having 6 to 20 gafbon atons, and two substituents on
Ar2 are |ocated at an ortho position to each other; [Formula 5] OH/A R

(5) wherein Ar4 represents an unsubstituted or substituted aryl ene group
havi ng 6 to.g§6§€rbon atons, R2 represents a |linear or branched aliphatic
group havinb 12 carbon atons, or an alicyclic aliphatic group having 5

to 12 b t d ti.t ts. . | ocat th
pgsi o gﬁrtgnegcﬁmﬁl}igﬁ %al\g%r ?rjuqf:‘? ! 11%%” 5190 AY 4 A8 QG384 & an ortho

(6) wherein &S 1 &G &IS0N Sy Al U1 1 - 292 74 Qi%ﬁa&j@%‘@éd%%éo&{e
| ocated at an ortho position to each other; [Formhula 7
0.4 g/hr (the metal atom concentration: about 5% by mass),
and a rate of a metal-containing catalyst composition
liquid fed from the feed line 12 was gradually adjusted
to about 0.4 g/hr (the metal atom concentration: about 5%
by mass). The continuous operation was performed in the
same circulated amount of a liguid as that of the example
52.
[0661]

However, since the diphenyl carbonate recovered from
the recovery line 9 was gradually decreased, a material
ligquid fed from the feed line 1 was adijusted
corresponding thereto.

After the continuous operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 in the steady state
was about 150 g/hr.

[0662]

Farthermore, the rate ¢f the tin-contalining high-

by mass), and the rate of the metal-containing

Ko
) ; .

albout

caralvst comoosition fed from the fead line 17 was

S P W e S AT o Pl o e R
acijusted Lo aboul .3 g/hr {ihe metal alom concentration:



(7) wherein Ar6 represents an unsubstituted or substituted aryl ene group
having 6 to 20 carbon atons, Arl and Ars each independently represent an
unsubstituted or substituted aryl group;having 6 to 20 carbon atons, and
two substituents on Ar6 are |located at an ortho position to each other; and
[Formula 8 Arl 0 0O (8) On arylene g pup havi.6 to 20 car represents
[5:L?rbcn - 253 - an alicyclic aliphatic group having 5 to 12 carbon
atons, and %07 subbt Xd@ﬁ?é'onSAﬁgléF Arod e&ogﬁlgﬁogﬁt9866@§H9WN1to each
ot her. 8. Thqqnethpd ﬂ%% produci ng the diaryl carbonate according to any
one of claif® %o 7-"Wherein the high boiling conponent recycled in the
step (4) ha?oéé al noles of the conpounds represented by the formul a
(1)/ ol es of metal atonms” from 0.005 to 10.

After the continucus operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 in the steady state
was 20 g/hr to 100 g/hr. The results of analyzing the
high beoiling component obtained from the line 11 are

shown in Table 22.



9. The nethod for producing t
clains 1 to 8 wherein the st

presence of a conposition A conprising a diaryl

aryl oxytitani um conposition,

car bona
(2

he di aryl
eps (1) -andlor

and a conpound re

formulas (X) and/ ¢r (Y), and t-he cornposi
mﬂesofthecmmo&@sre%q$wﬁajﬁytﬁbfﬁl
mol es of titanium &t @fW@ aP of ©t he“cgnpou
formulas (X) and @BtPtamsz atoms) firom|0, 00
(Y) being: (X) I?E ¥2u{.4d1:(:)L| ry | ene C4
atoms, Ar - ?51 - represe%ts an_uisubstitute
having 6 to 20 carban atgns, ard twd supsti fue
ortho position to|edch other;| and [Fornuia 10]
wherein Arn represénts aB unspbstitUted-or Sub
6 to 20 carbon at oRE, Ar2l and Arm each indepe
unsubstituted or substitdted pryl |group havin
two substituents of|Ar23vape | ocafed at'an ort
10. The met hod forﬁprodualgg t he di aryl car bon
clainms 1 to 9, furmrergb rlsing sanplin
recycled in the step (g)
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ate according to any one of

g the high boiling conponent



"uontdentor polydentat.e | igarld capable rein so as to prepare an analys
sanpl e anal yzing the analysis sanple to quantify the conpounds given
by (i) to (iii) included in the high-boi4ing conponent. 11. The nethod for
produci ng the diaryl carbonate according to any one of clains 1 to 10,
further conprising sanpling the high boiling conponent recycled in the
step (4), O66§Pding at |l east one additive to the sanpled high boiling
conmponent a& 1 equivalent or nore with respect to the nmetal atons therein
so as to prepar e an ARAlysl s AaTRle. the Al e poing seled gl [ om the
group consisting of water, polyhydroxy conpounds, nitrogen-containing

het er ocycl i goeoimoungls, &yl farreontal di ng hel er ocycl i, OUNEISy o+
fluorine-substituted al cohols, and fluorine-substituted organic acids, and
anal yzi ng tdver aral ysiseisanpte hy, gasl ®F diquighoty aatognaphy so as to
quantify the conpounds given by (i) to ("!) included in the high boiling
conponent . 7kl ciordiria)m t fat. the ol 3y hi deeh it .t e reQyfdddedi Patdeondi L; on
- 256 -- after the step of quantifying the conpounds given by (i) to
(iii) accordimnigca eorelZaynmiror23,1.203), THe: netrhioth foroprdduch ngr-¢ he di aryl
carbonate according to any one of clains 1 to 12, wherein the dialkyl
carbonat e usEPIRPIHEStE (i) 1 e lcompoiunhd represented by the formul a
(9): [Formula 11]

Industrial Applicability
[0666]

The preducing method of the diaryl carbonate of the
present invention has industrial applicability as the
technique of producing the diaryl carbonate with stably

high productivity.

Description of Reference Numerals
[0667]

1, 1', 1z, 13 FEED LINE

3, 9 RECOVERY LINE

2, 4, 5, 6, 7, 8, 10 TRANSFER LINE

T REMOVAL LINE

Gt H PR
Tii, 121, 131, 141, 331, 341 REBOILER
iz, 122, 132, 14z, 312, 322, 332, 342 CONDENSER
1 1A AR Sy
1 2y bty TN} EOPSNTad Eafy i dads



0 (9) wherein R4 represents a linear or branched aliphatic group having 1
to 12 carbon atons, or an alicyclic aliphatic group having 5 to 12 carbon
at ons, the aromati c nonohydroxy gconpound used in the step (1) is a
conpound represented by the formula (10): [Fornula 12] Art /-0E4 (1 0)
where.:-*-11L5 ai..0050bstit LI t. U Gl by the torn(11): 257 - (1 1)
wherein R5 represents a h}near ar_branched aliphatic group having 1 to 12
carbon atons, or an dﬁiéy@ﬁﬁ§mgﬁfbhatic group having 5 to 12 carbon atons,

S0 ot ban oot A PSS Ol BB dkSdRiAle SR LA NI 0 12

20 carbon atons, car bonat'e obt ali ne

a conpound fepsesented by,d hesformul a-ld)sition as a reaction

catalyst, comprising:

a step (1) of subjecting a dialkyl carbonate and an
arcmatic monchydroxy compound to a transesterification
reaction so as to obtain an alkylaryl carbonate, and
removing an alcoheol as by-product from a reaction system;

a step (2) of subjecting the alkylaryl carbonate
obtained in the step (1} to a transesterification or
disproportionation reaction so as to obtain a reaction
product including the diaryl carbonate;

a step (3} of distilling the reaction product
obtained in the step (2) to separate the reaction product
inte a low boiling component including the diaryl
carbonate and a high boiling component including the
reaction catalyst; and

a step (1) of recycling the high boiling component
separated in the step (3) into the steps (1} and/or {2},

wherein:

Lhe high beiling component separated in the step (2

P RN L ISR O

the high boiling component separated in the step (3)

Includes a compound represented by the formuala (1)



[ Formul a 14] Arla-e (12) wherein Ar" represents an unsubstituted or
substituted aryl group having 6 to 20 carbon atons. 14. The nethod for
producing the d aryl carbonate accordingzto claim9, wherein in t.hb steps
(11 and/or (2), production of The diary" carbolS sitilted hy feed The
Truldfor: ording r icuions the 111, wheil-] o0l.1( icct least one TtTiurted
lcc - 258 tgg?éﬁfgj consisting of an agitation tank, an agitation tank

with rultistage |npejlers, a packed colum, a distillation colum, a

mul tistage distillation colum, a continuous nultistage distillation

colum, a regﬁkﬁY conprising an internal support, and a forced circul ation
reactor. Art

X (1)

wherein Ar' represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, X and Y-0 are
located at an ortho position to each other, X represents
a hydroxy group or a substituent given by the formula (2)
or (3), and Y represents hydrogen or a substituent given
by the formula {3), the formulas (2) and (3) being as
fellows:

[Formula 2]

(2)

[Formula 3]

(3)
wherein R' represents a linear or branched aliphatic

- . o e -] FE ] I T e PN TP - PR B Y Tt - P T U DT
group having 1 to 12 carbon atoms, an alicyclic aliphatic

Ll 'S T R A R PN 05 PO T RN B I WO (R

the hiah bhoitling component recvaled in the step (4)

includes compounds givern Dy (1) e [1ii71:

(i a compounda of the Tormula (1) where X represents

The Tormula (29 or {37, and ¥ represents the formuala (3



16. The method for producing the diaryl carbonate according to claim 15,
who .rein in the step (1), the dial kyl carbonate and the aromatic
nonohydr oxy conpound are continuously fed to the reaction apparatus, and

in the step (2), the reaction product obtained is continuously renoved from
the reaction apparatus. 17. The nethod for producing the diaryl carbonate
according to any, qge ofCO(}Ileaoiur}tle %:ﬁt%}11663f0v¥11er ei n the netal, atons in the

nmet al - cont ai ni ng “Cat al yst ‘conposition in tTHJelast(e]ﬁ (wﬁeréar X(2) have a content

f 0.0001 tp.20%by: h ing.the diaryl . carbonat
"hing o (91w 1 Saher ant ot TR SN {1 8T8 (0" 197 THAPHRLR (1) and

(9) have a 9ed 09:4 eopes atolFdudd o Pfcfe 0P 10, B Py wndPd x20. The method
for producing the diaryl carbonate according to any one of clains 1 to 19,

wherei n therdbséidhiat i oneifothel step (3)nd sy pﬁé;ﬁ@éé@dt@%?dﬂ&%&ﬂ l'ation
col um, the distillation colum has a tenperature of 150 to 300C at a

colum bottom andi) a ccipedicstdil ltatd arreol WM 1pr aHedes xa resi dence tine
of 0.02 to 100 hr at a columm bottom 21. The nethod for producing the
di aryl carbomatesaccordi mgdtecl@arom3, crnd, Y whepetsethe layyioxyit} t ani um
conposition is phenoxytitanium 22. The nethod for producing the diaryl
car bonat e accor dilvy o rany done fof{ 101 diars( 1t itho 2,1 sdheirei e atrtve tdicarsy |
carbonate is, di phenyl carbonate.
given by {iv) to {vi}, respectively:
(iv) "total moles of the compounds of (i)/moles of
metal atoms"™ is 0.005 to 20;
(v "total moles of the compounds of (ii)/moles of
metal atoms"™ is 0.005 to 4; and

(vi) "moles of the compound of (iii)/moles of metal

atoms" 1is less than 2.

Z. The method for producing the diaryl carbonate
according to claim 1, wherein the metal-containing
catalyst composition is a titanium-containing catalyst

composition,

3. The method for producing the diarvyl carboenate

IS
formed of a diaryl carbonate and an arvloxyritanium
composition, and Titanium constituring the

Chroy b ioss Yy LoD ol LU L dpialamy oot Hied iy en O L eI CRLor 4 Ll 2s



by mass based on 100% by mass of the titanium-containing

composition.

4. The method for producing the diaryl carbonate
according to claim 3, wherein the titanium constituting

the aryloxytitanium composition is tetravalent,

5. The method for producing the diaryl carbonate
according te claim 3 or 4, wherein the aryloxytitanium
composition has 1 or more and 4 or less arvioxy groups

per titanium atom.

6. The method for producing the diaryl carbonate
according to any cne of claims 1 to 5, wherein a reaction
solvent is used in the steps (1) and/or (2), and

the metal-ceontaining catalyst composition is soluble
in the reaction sclvent or forms a homogeneous phase with

the reaction solvent.

7. The method for producing the diaryl carbonate

according to any one of claims 1 bto &, wherein the

LAl

following FTormalas (4) to (8):



[Formula 4]

)34
AZ__O
\fr’ \Ar:"
O
(4)
wherein Ar‘ represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar? represents
an unsubstituted or substituted aryl group having 6 to 20
carben atoms, and two substituents on ar? are located at

an ortho pesiticn to each cther;

[Formula 5]

(5}

wherein Ar' represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, R” represents
a linear or branched aliphatic group having 1 to 12
carbon atoms, or an alicyclic aliphatic group having 5 to
12 carbon atoms, and two substituents on Ar! are located
at an ortho position to each other;
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hydroxy groups on Ar’ are located at an cortho position to
each other;

[Formula 7]
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wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar’ and Ar®
each independently represent an unsubstituted or
substituted aryl group having & to 20 carbon atoms, and
two substituents on Ar® are located at an ortho position
to each other; and

[Formula 8]
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an alicyclic aliphatic group having 5 to 12 carbon atoms,
and two substituents on Ar® are located at an ortho

position to each other.

8. The method for producing the diaryl carbonate
according to any one of claims I to 7, wherein the high
boilling component recycled in the step (4) has "total
moles of the compounds represented by the formula

(1Y /moles of metal atoms"™ from 0.005 to 10.

8. The method for producing the diaryl carkonate
according to any one of claims 1 to &, wherein the steps
(1} and/or (2) is performed in the presence of a
composition A comprising a diaryl carbonate, an
aryloxytitanium compoesition, and a ccmpound represented
by the following formulas (X) and/cr (Y), and

the composition A has a ratio of total moles of the
compounds represented by the following formulas (X) and
{(Y) to moles of fLitanium atoms {a total of the compounds
represented by the formulas (X)) and (Y)/titanium atoms)

from 0.005% to 4, the formulas (X)) and (YY) being:
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aryvlene group having 6 to 20 carbon atoms, Apr®?



represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, and two substituents on Ar”
are located at an ortho position to each other; and

[Formula 10Q]

(Y)
wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar®® and Ar®®
each independently represent an unsubstituted or
substituted aryl group having & to 20 carbon atoms, and
two substituents on Ar® are located at an ortho position

to each other.

10. The method for producing the diaryl carbonate
according to any one of claims 1 to 9, further comprising

sampling the high boiling component recycled in the
step (4),
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analyzing the analysis sample to qguantify the
compounds given by (i} to (iii1) included in the high

boiling component.

11. The method for producing the diaryl carbonate
according to any one of claims 1 to 10, further
comprising

gsampling the high boiling component recycled in the
step (4),

adding at least one additive to the samplied high
boliling component at 1 equivalent or more with respect to
the metal atoms therein so as Lo prepare an analysis
sample, the additive heing selected from the group
censisting of water, polyhydroxy compounds, nitrogen-
containing heterocyclic compounds, sulfur-containing
heterocyclic compounds, fluorine-substituted alcchols,
and flucrine-substituted organic acids, and

analyzing the analysis sample by gas or liquid
chromategraphy so as to gquantify the compounds given by

(i) to (iii) included in the high boiling component.

performing contrel so that the compounds given by

(1Y o (111 dncluded in the b

recyolad in the step (4) satisfy The conditions of (iv)

to {vid, reapectively,



after the step of guantifying the compounds given Dby

(i) to (iii) according to claim 10 or 11.

13. The method for producing the diaryl carbonate
according to any one of claims 1 to 12, wherein the
dialkyl carbonate used in the step (1) is a compound
represented by the formula (9):

[Formula 11]
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wherein R represents a linear or branched aliphatic
group having 1 to 12 carbon atoms, or an alicyclic
aliphatic group having 5 to 12 carbon atoms,
the aromatic monchydroxy compound used in the step
(1) is a compound represented by the formula {(10):

[Formula 121
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wherein Ar represents an unsubstituted or substituted

a compound represented by the formula (11):
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wherein R° represents a linear or branched aliphatic
group having 1 to 12 carbon atoms, cr an alicyclic
aliphatic group having 5 to 12 carbon atoms, and ar'?
represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, and

the diaryl carbonate obtained in the step (2} is a
compound represented by the formula (1Z):

[Formula 14}
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wherein Ar'’ represents an unsubstituted or substituted

arvl group having 6 to Z0 carbon atoms.

14. The method for producing the diaryl carbonate
according to claim 9, wherein in the steps (1) and/or (2},

production of the diaryl carbonate is started by feeding
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ihL The method fTor nroducing the disry] carbonate
sccording tooany one of olaime 1 Lo 14, wherein the
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the group cconsisting of an agitation tank, an agitation
tank with multistage impellers, a packed column, a
distillaticn column, a multistage distillation column, a
continucus multistage distillation column, a reactor
comprising an internal support, and a forced circulation

reactor.

16. The method for producing the diaryl carbonate
according to claim 15, wherein in the step (1)}, the
dialkyl carbonate and the aromatic monohydroxy compound
are continuously fed to the reaction apparatus, and

in the step (2), the reacticn product cbtained is

continuously removed from the reaction apparatus.

17. The method for producing the diaryl carbonate
according to any one of claims 1 to 16, wherein the metal
atoms in the metal-containing catalyst composition in the

step (1) or (2) have a content of 0.0001 to 20% by mass.

18. The method for producing the diaryl carbonate

avcording to claim 13, whereln R in the formula (9} Ls
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19, The method for

{1y and (ZY have a reactlon temperature of 120 to J00°%C,
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20. The method for producing the diaryl carbonate
according te any one of claims 1 to 19, wherein the
distillation in the step (3} is performed by a
distillation column,

the distillation column has a temperature of 150 to
300°C at a column bottom, and

the distillation column provides a residence time of

0.02 to 100 hr at a column bottom.

21. The method for producing the diaryl carbonate
according to claim 3 or 4, wherein the aryloxytitanium

compositlion is phenoxytitanium.

22. The method for producing the diaryl carbonate
according to any one of claims 1 to Z1, wherein the

diaryl carbonate is diphenyl carbonate.



