DESCRIPTION Title of Invention: METHOD FOR PRODUCI NG ARYLOXYTI TANI UM
COVPCSI TI ON AND ARYLOXYTI TANI UM COVPCOSI TI ON Techni cal Field [0001]

The present invention relates to a nethod for 10 producing an

aryl oxytitani um conposition, and an aryl oxytitani um conposition. Background
Art [0002] 15Aromatic carbonates have attracted attention as raw materials
used to produce aromatic pol ycarbonates, whose useful ness as engi neering

pl astics has been increasing in recent years, w thout using poi sonous
phosgene. Regardi ng techni ques forEgEddikéiiRg di aryl carbonates 20 as raw
materials for the production of aromatic carbonates, useful catalysts and
met hods for 1pr6dGéi AgVESE188iv- ss nordgdni organ Oratos having a T

0- Ti kago, hh ds_having h.igh a ottivity and t talyst
or  reacti ond”t DU 1170 Car Borit dehat ny Bl ek bR caving -

aromatic hydroxy COmpoundSy ;o yvmrrantuM COMPOSTITTION

Technical Field
[0001]
The present invention relates Lo a methed for
10 producing an aryloxytitanium composition, and an

aryloxytitanium composition.

Background Art
[0002]

15 Arcomatic carbonates have attracted attention as raw
materials used to produce aromatic polycarbonates, whose
usefulness as engineering plastics has been increasing in
recent years, without using poisonous phosgene.

Regarding technigues for producing diaryl carbonates

20 as raw materials for the production of aromatic
carbonates, useful catalysts and methods for producing
Lhe same Dave bDeen studled,

For example, Ti-containing com

organic titarates having a Ti-0-T1 are known as

25 compounds having high activity and being useful as
catalysts Lor reactions fTor obtaining diaryl carbonates

using dialkyl carbonates and aromatic hydroxy compounds

as starting materials, and methods for producing organic



2 titanates having at least one Ti-OTi |inkage are disclosed (for exanple,
see Patent Docunent 1 to 3). List of Prior Art Docunents Patent Docunent

[ 0003] Patent Docunent 1: International, Publication No. WO 2006/ 68053

Pat ent Docunent 2: International Publication No. WD 102006/ 67982 Pat ent
Docunment 3: U. S. Patent No. 2880221 Summary of Invention Problens to be
Sol ved by the Invention 15[ 0004] However, problens remain in the
handl i ng oftithaatiescbavanai a§ derpounds, Tsu@hTas]@ﬁ@agpcaﬁetanates havi ng a
Ti-OTi |inkage. In other words, when al koxytitaniuns are used as
20 catalysﬁégFéPOFﬁe 696d@éﬁm8ﬁ@®fQéFaP?Fe@ér@@ﬁaﬂé§L quéli By -degr adat i on
is caused if a metal conponent dan.ia conrconpound Le.actions incJuded
.reactions for obtain ..ng diary'. aiken

List of Prior Art Documents
5 Patent Document
[0003]
Patent BDocument 1: International Publication No. WO
2006/68053
Patent Document 2: International Publication No. WO
10 2006/67982

Patent Document 3: U. S. Patent No. 2880221

summary of Inventiocon
Problems to be Sclved by the Invention
15 [ooc4]

Eowever, problems remain in the handling of the Ti-
containing compounds, such as organic titanates having a
Ti-0-Ti linkage.

In other words, when alkoxytitaniums are used as

20 catalysts for the production of diaryl carbonates,

quality degradation is caused if a metal component
pheme t oy Ty e oo ool gotoo [ ]
o
Calning compound oa Y that are preferred
5 TR TN ) ;\"\; AT (] e \"3 m E_ \),’ '[r k) r; T ‘jf qu 17‘ l T \‘

reactions included in the resctions for obtaining diaryl
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- 3 - but the aryloxytitaniunms have a very high nelting point (for exanple,
the nelting point of titaniumtetraphenoxide is about 155C), and therefore,
a problemof the aryloxytitaniums is that solidification and 5 cl ogging
occur unless the storage tank, the piping, the punp, and the like are
constantly kept at high tenperature. Further, as a result of the study of
the present inventors, another problemis that when aryl oxytitaniuns 10 are
stored at highthenpevaturéltiheumst hviveyaasecat Albyst gefor nttheopnaduct i on of
di aryl carbonates decreases significantly. [0005] Further,

t et raaryl oxyPit &XiliRS Car EPRNOFALEEIbeC1IB ePfeEtivaiaE catal ysts for the
production of diaryl carbonates, and conventionally, a step of producing
aryl oxy colpbtfgscnexpeef demeBCovadflacent . tond bhteeforea atepobiepr oduci ng

di aryl carbanates, t roduce.tetraaryl oxytitaniuns, in view of the
probyens b82e2h8naﬁ@??gﬁgéﬁﬁP&P@Scbﬁt¥bﬁ?yFP;ﬁ§PZFFaéﬁ8“598 age descri bed
above. However, .study is sill] .insufficient for,methods.Setand,techn can
onaure 1 re Shs B hels Bhy b DR et T e RS b B h e or

storage is,eantiguad.quer :a.l gng pefiody Sthads forypraducing catal ysts

conpati ble therewmth, and catalyst conposition at can provide the
hi ghest predugti-vitiyeare al so 5 unknown. [0006]

Further, as a result of the study of the present
inventors, ancother problem is that when aryloxytitaniums
10 are stored at high temperature, the activity as catalysts
for the preducticon of diaryl carbonates decreases
signiticantly.
(0005]
Further, tetraaryloxytitaniums are known to be
15  effective as catalysts for the production of diaryl
carbonates, and conventionally, a step of producing
aryloxy compounds is performed, adjacent to a site for a
step of producing diaryl carbonates, to produce
tetraaryloxytitaniums, in view of the problems based on

20  temperature control, transfer, and storage described

above. However, study is still insufficient for methods
] A j £
T | 3 ) b | i 3 3T [ IS !
r ¥ S et 7
tetraavyioxytitanioms, and technigues for obtalning
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SN COompzied Catadlyoslts havin O an aryiocxy group v nat

can endure the above storage.



Accordingly, it is an object of the present invention to provide a nethod
for producing an aryl oxytitani um conposition and an a7yl oxytitani um 10
conposi tion that can solve the above- dﬁscribed probl ens, as a catal yst used
in reacting an aliphatic carbonate witAh an aromati c nonohydroxy conpound to
produce an aromatic carbonate while renoving an al cohol as byproduct out of
the reaction systens. 15 Means for Solving the Problens [0007] The present

i nventors have dittgent|yastudiedvthe abovefproblesscowee and over, and, as
a result, found 20 that the above-described conventi onal problense50|ved by
a pr oduct | 6ANIBLHEM eaRpr Bsilagoarstrépdef maddicdg AcCppsostirsof t he

LogLSekt daycar|l Don The present inventors have found that the above-

conposi t i of3¢EnYAIAi @mﬁﬁLéP}?OkV?W?HHFGW1éﬁ§ sadparyl eafporattdans a
particul ar hatlo [ 0008] Specifically, it has been found that an 5

aryl oxyt it &RfuntEor PE6 §|FP8n¥19P§§Ffp689§0h6V‘h§I?r8n9é§§ it is at high
tenperq;ur%hkg%t when it is mxed wwth a diaryl carbonate, the effect of

| owering the Iflng point is large, and further, the conposition m xed
with the di I]carbonate can be stored over a long 10 period. It has been
found t hat such a conposition containing an aryioxytitaniumand a diaryl

carbonate in a RALLigUhary!allo;ls,prehetsedopsc.cptabyst for the

production of a diaryl carbona
invention to provide a method for producing an

aryloxytitanium composition and an aryloxytitanium
10 composition that can sclve the above-described problems,
as a catalyst used in reacting an aliphatic carbonate
with an aromatic monohydroxy compound to produce an
aromatic carbonate while removing an alcohol as by-
product out of the reaction systems.
15
Means for Solving the Problems
[0007]
The present inventors have diligently studied the
above problems over and over, and, as a result, found
20 that the above-described conventional problems are solved
by a producticon method comprising a step of adding a

component having a lower bolling peint than tThat of the
GLAary.s carponate, tLogatner wWith Uhe diaryid carbonate.
A1 ]omy o we e Oy e v e ey A e e e - - - [ - P - e e A R - con o e g
T'he present inventors have found that the abhove-
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On the other hand, an aromatic hydroxy conpound and 15 a di al kyl carbonate
that are raw materials for the synthesis of the aryloxytitanium (or

conposi tion) have al so been studied for. a sim|ar purpose. However, the
above effects are not seen, and in addition, the solubility is also |ow,
and a decrease in activity occurs 20 during storage. It has al so been found
that the above effects are specific to the aryl.oxyti. tan ium (or 31S0 bec
f obtai n( a@oyrexytilaniogmien nang anyisexpalvytit a3noxare d er cd aconpri on
therU - 6 - lower boiling point than that of the diaryl carbonate is used
as a cat al yst'oPgatehe proddetilon 16 aadilaryl carbonate, the problens of

col oration %nd the |like can be solved. This is considered to be because the
| ow boilin @Qﬁﬁonent containing a titanium atom can be renoved, and a

chl ori ne-contai pi ng. con ent ,can al so be _secaondarily renoved. It has been
f ound t hat mhengPﬂglE?g$§ﬁyca?boﬁﬁ?eg8BPa?HBH ugﬁﬂb gﬂe aryl oxyt nt ani um
conposition in the.10 present enbodi nent as .a _catalyst is.,used as a raw
matorial 1 0F ACHRE BrBEEee Cpol JER BORACE, (nera” SURG EBloration, and the

adj ust ment o cLhe ;aMmunt, cof,  Le RALYIRL 20| AR Cahaly sl LS glisQeasy, and

t he diaryl carbonate has high qua I'eadi ng to the conpl etion of 15 the

present inveRL @Ndiaryl eREELHLER! | ¥net RE fRELeSEnt Jinentionyis as fol | ows.
[0010] [1] A nethod for producing an aryl oxytitani um 20conposition,

conpri si ngra1stiep Ebinef iaddiargea dinar ¥hi.rceanhonate dogpan iergani ¢
oxytitani um conposition having an
mixed with the diaryl carbonate can be stored over a long
10 period. It has been found that such a composition
containing an aryloxytitanium and a diaryl carbonate in a
particular ratio is preferred as a catalyst for the
production of a diaryl carbonate.
On the other hand, an aromatic hydroxy compound and
15 a dizglkyl carbonate that are raw materials for the
synthesis of the aryloxytitanium {(or composition) have
also been studied for a similar purpose. However, the
above effects are not seen, and in addition, the
solubility is also low, and a decrease in activity occurs
20  during storage. It has also been found that the above

effects are specific to the aryloxytitanium {or

(G009
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Farther, 1t has alse been found that when a

et T Y vy oyt At et Iy sariei s vy o ot o d I NNy ey A e e
L Lrion okhtainedg o yoooerlana L g Qiaryd Lar Donate o Cili

aryloxyiitanium or an aryloxypolytitanoxane {(or a
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L)111:), having 1 lonmer hailingthen thethe together with. as to obtain an
aryi oxytitani um conposition, whereir an anount of the diaryl
carbonate used in the step (1) is 0.1 to 50 nolar equivalents with respect
to total noles of Ti atoms contained ir {he organi ¢ oxytitani um conposition
having the R-OTi |inkage. 5[2] The met hod for producing the

aryl oxytitani um conposition according to the [1], wherein a tenperature in
evapor at i ng cwve: borpgonentchani higathe Hadwerl Boiel idhig ipdi wa ridvara ttehaits of t he
di aryl carbonate in the step (1) 10is in a range of 50C to 250C, and

in the aryleept ifttari ¢itédnsdsittirofhebiraiotedtilent e st 69 a¢), a content of
titaniumatons is 1% by mass or nore and 15% by mass or | ess, and a content
of the di afAI" CAAENat- €S £56YBY s $ G TRor-eTandt 95y irds 46 Y%ss.

15[ 3] The met hod,for producing the aryl oxytitanjium conposi.tion

accor di ng £9KE [ 11 M6F 2] COWRCHETACI Aot RE SEEPUED) SIEREOPOPPORAG st ep

(A) andstep,(B), aie sequential Ly perforged, 20SLep (M), 8,8tep of, reacting

an alkyfoxytl anium conposi ti th an “ar omat| ¢ "hydroxy conpduﬁﬁ“%nd
crudie stestep;of ;3ddi-ng 3 3yl GaLheRAt €10 Gride 2l ) uporating, a
removed.
It has been found that when the diaryl carbonate
obtained using the aryleoxytitanium compositicn in the
10 present embodiment as a catalyst is used as a raw
material for a melt process polycarbonate, there is no
coloration, and the adjustment of the amount of the
polymerization catalyst is also easy, and the diaryl
carbonate has high guality, leading to the completion of
15 the present invention.
Specifically, the present invention is as follows.
[0010]
(1]
A method for producing an aryloxytitanium
20 composition, comprising a step (1} of adding a diaryl

carbonate to an organic oxytitanium compesition having an

as to obtalin an aryloxytitanium composition, wherein



8 diaryl carbonate, together with the diaryl carbonate, so as to obtain an
aryl oxytitani um conposition. [4] The nmet hod for producing the
aryl oxytitani um conposition according to any one of the [1] to [3]

conprising further carrying out the foll ow ng step (O: step (O: a step of

adj usting a conponent ratio of the aryl oxytitanium conposition and the
diaryl carbonate. [ 5] 10The nethod for producing the aryloxytitan um
conposi tion accendiengune tlie th3d] diwmereicarbbeadlk ylsexlytint ahieumtegnmposi tion
is an al kyl oxytitani um conposition obtained by sequentially or

si mul t aneouslly igerd o Mg Y Bicsiteap gLV gl Stlep vofthaddi g dlatler total

tetraal koxytitaniumto react the tetraal koxytitaniumw th the water so as
to obtai n &Pt id "HydrtVsi®EddtGn sl iviflaTad Stp () iva step of
evaporating an al cohol as by-product, fromthe hydrolysis reaction

sol uti on. fﬁ“ﬁiOSFHel%t}}?ovd“?%ri% St g 4SS oxyt i t ani um Hy (Ar

0) V\hegei n ring A represents an organic group having 6 to 20 carbon
at ons, cont[ai ning an aronmatic group to which an oxygen atom bonded to Ti is

bonded at any pggitian,s kegpi et i%teyargﬁgx@‘?%t%i%m“ ngle ring or a

plurality of rings, or a heterocyclic ring, an r-may bé substituted by
anot her SuQﬁﬁk&%ﬂﬂhxwaccording to the [1}, wherein a temperature

in evaporating the component having the lower boiling
point than that of the diaryl carbonate in the step (1)
10 is in a range of 50°C to 250°C, and

in the aryloxytitanium composition cbtained in the
step (1), a content of titanium atoms is 1% by mass or
more and 15% by mass or less, and a content of the diaryl
carbeonate is 50% by mass or more and 9b% by mass or less.

15 [3]

The method for producing the aryloxytitanium
composition according to the [1] or [2], wherein in the
step (1), the following step (A} and step (B) are
sequantially performed:

20 step (A): & step of reacting an alkyloxyiitanium

composition with an arvomatic hydroxy compound and

B UV DU o T

} A [ \Ji..s\..: a1V L \71, A x.ﬁr:‘lc RS i.‘i.fu‘zr«.:'\.,f".v HEE N LA S
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slhen (;,‘(,' Lod Erepn ol adfing 4a diar Yo carbonate to the
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component having a lower bolling point than that of the



The nethod for producing the aryloxytitanium 10 conposition according to
the [5], wherein an anmount of the water in the step (X) is 0.1 to 0.92
nol ar equi valents with respect to thg_%eyfaalkoxytitaniunl [8] The nethod
for producing the aryl oxytitani um 15composition according to any one of the
[1] to [7], conprising carrying out the step (1) or the step (B) in

mul tiple batches, or continuously. [9] accoroo- el - 10 - an

aryl oxyt i t aHiddmlc saposingiten prodliced by tihhe hwethod o aphbedudieng stche

aryl oxytitani um conposition according to any one of the [1] to [8]; and a
di aryl ~car Bondte OP5RET] an aryiRevirdthdd o Opredddiing -t he aryl oxytitani um
conpositioq4qccording to any one of the [1] to [8], wherein the diaryl
carbonat e i‘'s ‘di phenyl carbonate. [12] 10The nethod for producing the

aryl oxytitaniu onposition according to any one of the [1] to [8], wherein
an aryl oxy groz%ﬁggﬁgﬁb?ﬂt?ﬁﬁ Pﬁ%gﬁ%yP x%??t%ﬁVﬁﬁFV%l?ﬁaggéne aryl oxy group

as an atyl ey 99un (GONRLIL LA e i ary! (Garhanats. 15[13]
comprising further carrying out the following step (C):
step (C): a step of adiusting a component ratioc of the
aryloxytitanium composition and the diaryl carbonate.

[5]

16 The method for producing the aryloxytitanium
composition according to the [3], wherein the
alkyloxytitanium composition is an alkyloxytitanium
composition obtained by seguentially or simultaneously
performing

15 step (X): a step of adding water to a tetraalkoxytitanium
to react the tetraalkoxytitanium with the water so as to
obtain a partial hydrolysis reaction solution, and
step (Y): a step of evaporating an alcohol as by-product,
from the hydrolysis reaction solution.

20 (6]

The method for producing the arvloxylbitanium
cownmoa iU ion acooyding tooany oo of the U0 go TR

SO sy b inens Crrerliyy e U bt e TR morg ot T e 3 s

presepted by the following formula (Azd
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A nmethod for stabilizing an aryl oxytitani um conposition, conprising: a step
of reacting an al kyl oxytitanium conposition with an aromatic hydroxy
conpound and evaporating an 20 al cohol .as by-product, by distillation, so
as to obtain a crude aryi oxytitanium cdnposition (step (A)); and of the
an anmount of the diaryl carbonate used in the step (B) is 0.1 to 50 nol ar
equi valents with respect to total noles of Ti atons contained in the crude
aryl oxytitani um conposition, and 5a tenperature in evaporating the
conponent hayt'ng a\l ower boiling point than that of the diaryl carbonate in
8 range of 50C to 250C. [14] The method for stabilizing
t he aryloxytitaﬁ\ lctﬁﬁﬁosition according to the [13], wherein in the
aryl oxytitankum corngposition obtained in the step (B), a content of titanium
atons is 1%b S or nore and (WOPOPY mass or | ess, and a content of the
di aryl carbonate is 50% by mass or nore and 95% by mass or |ess. 15[15] An
aryl oxytitani um.conpositign _conprising. an aryloxytitanium. and a diaryl
o bonat &, PAROPATn“a a8 BnECBF CCFLA tf B¢ S ColSerELL ARG End 26
aryl oxytitagi umi,3,1% By,M85 001 M06E aNd . 1a¥eRY MBSS LM che3fricn an

oxygen atom bonded to Ti is bonded at any position

5 keeping aromaticity, and may be a single ring or a
plurality of rings, or a heterccyclic ring, and/or may be
substituted by another substituent.

[7]
The method for producing the aryloeoxytitanium
10  composition according to the [b], wherein an amount of
the water in the step (X) is 0.1 to 0.92 molar
egquivalents with respect to the tetraalkoxytitanium.
(8]
The method for producing the aryloxytitanium
15 ccmposition according Lo any cone of the [1] to [77,
comprising carrying out the step (1) or the step (B} in
multiple batches, or continucusly.

19]

An avyloxytitanium composition comprising:



tent mass or nore annand a con conpound having a Lolling point of. 150C or
. O is 1000 ppmor less - 12 -- [17] The aryl oxytitanium conposition
according to the [15] or [16], mhergip the content of titanium atons
constituting the aryloxytitaniumis 5@6%y mass or nore and 10% by nass or
| ess. [18] The aryl oxytitani um conposition according to any one of
the [15] to [17], wherein a total content of the aryloxytitaniumand the
di aryl carbonat e?i 37309 by assunoeempeeetiprgproduced Fhietheyl oxytit ani um
conposition according to any one of the [15] to [18], wherein titanium
constituti AGHRE ARyl S¥PECaRidurhiics 24 Vil EFpAVARERTIT CORROGME 1T5] 20] The
aryl oxytitani um conposition according to any one of the [15] to [19],
wher ei n ana§FfF8i?gg%8uﬁ“€bﬁ§FiP&t?ﬁ% ﬂﬁé éFyﬂ%jytPPQniun1is an aryl oxy
group having 6 or .7 _carbon _atons, 20[21] The aryio. ytit nium conposition
according to any gﬁ%rB;YL?ﬁ ORAe.
H [11]
The method for producing the aryloxytitanium
composition according to any one of the [1] to [8],
wherein the diaryl carbonate is diphenyl carbonate.
(123
10 The method for producing the aryloxytitanium
composition according to any one of the [1] to [8],
wherein an aryloxy group constituting the aryloxytitanium
is Lhe same aryloxy group as an aryloxy group
constituting the diaryl carbonate.
15 [13]
A method for stabilizing an aryloxytitanium
compesition, comprising:
a step of reacting an alkyloxytitanium composition
with an aromatic hydroxy compound and evapcrating an

20 alcohol as by-product, by distillation, so as to obtain a

crude aryloxytitanium composition (step {(A)); and

B - =ty g e | R . [ R e L N P e A R N b N
having a lower bolling point than that of the diaryl

O ;. LR W N [ ra ey o T o e o e e s
Caliixona e Dogatnay wlihn Lhe Qraryl carponate S0oan Lo

i

obtaln an aryloxylitanium composition (step (3)), wherein



of the [15] to [21], wherein the aryloxyilL any one an - 13 - [23] The
aryl oxytitani um conposition according to the [22], wherein the

aryl oxypol yti tanoxane conpri ses one or more types of aryl oxypol ytitanoxane
having 5 one or nore Ti-O-Ti |inkages in one nolecule. [24] A met hod
for producing a diaryl carbonate, using the aryloxytitani um conposition
according to any one of the [15] to [23] as a catal yst, conprising
10perform ng transesterifptathondandydi sprbporteonatilonnr ket istre, using a
di al kyl carbonate, an aromatic hydroxy conpound, and the aryl oxytitanium
conposi ti onBlsd sad -tlo tpr fude la rdicarylvadaryonatieh [2spect to Awatlal yst for
production of a diaryl carbonate, conprising an aryloxytitani umand a

di aryl car Biate o wier gitprs  contaligegorte it Cof MtEamin0rhoatydnis &8nst i t ut i ng

. . . 0 o
t he aryl Ox%t&ntp%ré'i"wo'ns, ]ér/lodby mass or nore and 15% by mass or 20l ess. [26]

5 a temperature in evaporalting the component having a
lower boiling point than that of the diaryl carbonate in
the step (B) is in a range of 50°C to 250°C.

114]
The method for stabilizing the aryloxytitanium
10 compesition acceording to the [13), wherein in the
aryloxytitanium composition obtained in the step (B), a
content of titanium atoms is 1% by mass or more and 15%
by mass or less, and a content of the diaryl carbonate is
50% by mass or more and 95% by mass or less.
15 [15]
An arvyvloxytitanium composition comprising:
an aryioxytitanium; and
a diaryl carbonate, wherein
a content of titanium atoms constituting the

20  aryloxytitaniuom is 1% by mass or more and 15% by mass or

o A A AU S g el o e e de -
M ss O MOore and 2% DY mass or Loss, and a contant of a

compound having a bolling polint of 150°C or less is 1000



di Srtiikyi ccc abortste aronoticOL -Lie eal..alynt for
production. of the diaiyi Car son ate according to |l...he - 14 - [27]
The net hod for producing the diaryl carhonat e according to the [26],
conprising a step of separating the diaryl carbonate froma reaction
product obtained by 5 the disproportionation reaction. [28] The
nmet hod for {pro_duci ng the diaryl carbonate according to the [27], further
conprising @7%step of recycling the reaction product, from which the diaryl
10 carbonate is separated, into the transesterification reaction or the
di sproportionati'6f FEXEOHIR CAAVERt &§ESOST LiRE PRVERELSA FO0LTE 15The
present invention provides a nethod for producing an aryl oxytitanium
conposi ti ont 'atd Un Eryl-ox§itG el UM SISt S tHA Eall SN the probl ens
of the clogging .of the storage tanﬁ,(_the i pi ng,, the punp, and the |ike
during st ogrgcgjgﬂeb é(r%\dntlrné;ns B ,agfé/r}&)ﬁy el%q%éj,?n 20 n"dtbay Mé)sre B H Tatal ytic
activity which 1%C%rfm Lél’si ng. I]Qergqs-term storage ,an L is extrenely preferred
as Serr ] )
(18]
The arvylexytitanium compcsition accerding to any one
of the [15] to [17], wherein a total ccontent of the
aryloxytitanium and the diaryl carbonate is 50% by mass
10 or more.
[19]
The aryloxytitanium composition according to any one
of the [15] to {18}, wherein titanium constituting the
aryloxytitanium is & tetravalent titanium.
15 [20]
The aryloxytitanium composition accocrding to any one
of the [15] to [19], wherein an aryloxy group
constituting the aryloxytitanium is an aryloxy group
having & or 7 carbon atoms.
20 [217
The arylexytitanium composition according to any one

[N arives s oy bl ey b ey

off the [15] to [Z1], wherein the arvloxyvbitanium ilg an

’ Yo o
PRV IRV T Tasi 1 4 o en T
gryloxypolytitanoxanas,



FIG 1 shows a schematic configuration di agram of one exanple of an
apparatus for producing a diaryl carbonate. FIG 2 shows a
schemati c configuration diagram of 5%apgéber exanpl e of an apparatus for
produci ng a diary' carbonate. Mdde for Carrying Qut the Invention [00131
10A node for carrying out the present invention (hereinafter referred to as
the present enbodinment) will be described below wth reference to the

drawi ngs. [23] The present enbodi ment belowis an illustration for

descri bing the present invention and does not |limt the 15 present
invention to thehEoRFowbhytebAt &Rt CAPPPOPE i at ecbdi fitat Fonshean be nade
to the pres gt invention w thout departing fromthe spirit thereof. I n
the drawi nd?,-ipoéﬁ FEAAl T8 ALYIRSHIPE L YSECRRE A6 COBBEESHS | ef t, and
right, is based on the Bosi%ional %Orelgtionspiﬁ.shomn in hhe,dramﬁngs,

unl ess ot herwi s&"Sp8Ei F'PEQ, “HPFEh8r, “&Y 4P éRST Bhal P8t 78%i R2VhEBYdr aw ngs
oxyti tani um.gonpos)ti.on. haviig an RoO-Ti, | Lnkage, jwherein R represents an
organi ¢ group containing to 20 '¢ar6n "at oms, Tand evaporati ng a conponent
having a | qwer boiling point than that of the diaryl carbonate, together
with 5 the diaryl carbonate, so as to obtain an aryl oxytitani um

conposi tion, Whergbp,al aRpPuptoOficthg abaye-diaryl,carbonate; usedyin the
above step (1) is 0.1 to 50 nolar equivalents with respect to total noles
of Ti atomsrgonkaginedninnt Remabeve iengari-e rexyli taniaup ¢erPes tixan 10havi ng
the RO Ti |inkage. By evaporating the conponent having the | ower
boi i ng poilAt It han [tRat aef at hetdilgrsyl, carmbenategi n the above step (1), an
aryl oxytitani um conposition that has high stability during transfer and/or
st oragel can be #5rbdbtainedtrThecatylokytiat anhuamdonposition is preferred as
a catalyst for the production of a diaryl carbonate. [0015]

disproportionation reactions, using a dialkyl carbonate,
an aromatic hydroxy compound, and the aryloxytitanium
composition, so as to produce a diaryl carbonate.

[25]

15 A catalyst for production of a diaryl carbonate,
comprising an aryloxytitanium and a diaryl carbonate,
wherein

a content of titanium atoms constituting the
aryloxytitanium is 1% by mass or more and 15% by mass or

20 lass,

catalyst for production of the diaryl carbonate according

B i ey ey T O P T
roproquee a diaryl carpbonaito.



A tenperature in evaporating the conponent having the | ower boiling point
than that of the diaryl carbonate 20in the above step (1) is preferably in
the range of 50C to 250C. In the arylogétitaniun1conposition obtained in
and a content of the diaryepreferably 50% by nbi be or nore andby MISL: or

| GSS. By controlling the ten-nmrature in evaporating the coiiiporen.t
hovi jng p nt than - 17 - diaryl carbonate, and controlling each conponent
of the obtdid¥ed aryl oxytitanium conposition to a particular anount, an

aryl oxytitani um conposi tion that has higher stability during transfer
and/ or storage chf Betobtalfaedrr8dTheéndr yhexytBrani Garbenpésition is
extrenely preferred as a catal yst for a production of a diaryl carbonate.
[0016] |n tWEGRHRED Fort sy dd@dir ng o we 1aryi1So Ry t5iHeEn icdmSERHFSSi t1%n in the
present enhodi ment, regardi ng the 10above step (1), further specifically,
Phe ol | ow il ST CAy i atep (O cad A6 SeiusHEIy arrgired:Y of ep
(A): a st ep%h%f Oq’.esaq:ti %%t%%1-1%|-b§%lzqox%tai ﬁtt_aninum conposition with an aromatic
hydr oxy conpound’éh&pevaporatrng an “alcohol  as by- product, by distillation,
so 15 as tqz%Qtain a crude aryl oxytitani um conposition; and

The method for producing the diaryl carbonate
according to the [27], further comprising a step of
recycling the reaction product, from which the diaryl

10 carbonate is separated, into the transesterification

reaction or the dispreportionation reacticn.

Advantages of the Invention
[C011]

15 The present invention provides a method for
producing an aryloxytitanium composition and an
aryloxytitanium composition that can sclve the problems
of the clogging cf the storage tank, the piping, the pump,
and the like during storage and transfer, and the like,

20  and a decrease in catalytic activity which occurs during

long~term storage, and is extremely preferred as a



step (B): a step of adding a diaryl carbonate to the above crude

aryl oxytitani um conposition and evaporating a conponent having a | ower

boi l'ing point than that of the diaryl ?grponate, together with the diaryl
carbonate, so 20 as to obtain a aryl oxytitani um conposition- These step (A)
and step (13) will be described | ater. enbodLm be described. ( J.,

(.,,, kixyt I C a alumCcfluicsiLink tetravalent Ti atom in which the Ti
atomis substituted BysapwR- @8- sgheup)iwhereiin gRregpresentgram arfgani c
group. Here, the "organi c oxytitanium conposition having the 11-0-Ti

| i nkage" medits vt htoto oty eonve redrganicd Proxdud itrenicurd e ng the R-O-Ti

l i nkage" is present, but also a plurality of "organic oxytitaniunms having
the R 0- Tic94K4d€- may be nmixed. This is due to the fact that it is

difficult to exaptly?id ntify thg_structure.,The on%anic oxytitani um
conposi ti on may ' BE -a“nBAGHEr 216 GF ay “h& R LRGNy AEr-SloFganiren of

pol ytitanoxane). [0018] .The above "polytitanoxane".is defined. The
"pol yti t)anoaxnfﬁeh'err e xearnléﬂteo Oa{ﬁ or daé)ﬁjl%cr f rgig)rﬁ FIRBEG d % Shsbrhd conpri si ng

a Ti-0-Ti repeating structure 15 and an R-0-Ti linkage, wherein R
represents an organic group, herein. For the structure of polytitanoxane
conpounds, there are reports in which the structure is presuned (for
exanpl e, Kogyo Kagaku Zasshi (journal of the chem cal Society of Japan,

| ndustri al vehemstd v-2208986d o). ol .1r8AndR.0885-888 (1961), and Nature, p,
273- 274 (1961)), and reports in which a part.ic.ular |inkage The Ti atom
used in tuggooddnent is vai.cant. Ti atom uonposilL A
10 A mode for carrying out the present invention
(hereinafter referred to as the present embodiment} will
be described below with reference to the drawings.
The present embodiment pbelow is an illlustration for
describing the present invention and does not limit the
15 present invention to the following content. Appropriate
modifications can be made to the present invention
without departing from the spirit thereof.
In the drawings, positional relationship, such as
top, bottom, left, and right, 1s based on the positiocnal
20  relationship shown in the drawings, unless otherwise
specified. Further, a dimensional ratico in the drawings
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conprising at |east one polytitanoxane conprising GLIU-IWi - 19 -
formulas (1), (2), (3), and (4) is the organic polytitanoxane used in the
present enbodi nent. I n other wor g§ _the organic polytitanoxane may
have a structure in which the structdral” tnits shown in the 5 foll ow ng
formul as are conbined to forma |inear, branched, or cyclic structure each
other via the Ti-OTi |linkage, or a structure conprising a conbination
t hereof . [ 0049]i{&orwul @@}osi IORORMFting -an -R-2RITE -1011d0ye, QhOde On
RO-11-0- I OROR 10(1)(2)(3)(4) [0020] In the above fornmulas (1) to
(4), R repriesesitisesanior gani @ ¢gioup.group containing 1 to 20 carbon
atoms, and evaporating a compenent having a lower boiling
peint than that of the diaryl carbonate, together with
5 the diaryl carbonate, so as Lo ckbtain an aryloxytitanium
composition, wherein an amount of the above diaryl
carbonate used in the above step (1) is 0.1 to 50 molar
equivalents with respect to total moles of Ti atoms
contained in the above organic oxytitanium compositicon
10 having the R-0-Ti linkage.
By evaporating the ccmponent having the lower
boiling point than that of the diaryl carbonate in the
above step (1), an aryloxytitanium compcsition that has
high stability during transfer and/or storage can be
15 obtained. The aryloxytitanium composition is preferred
as a catalyst for the production of a diaryl carbonate.
[0015]
A temperature in evapcrating the component having
the lower boiling point than that of the diaryl carbonate

20 in the above step (1) is preferably in the range of 50°C

ta 250°C,  In the arylioxytitaniuwn composition obtained in

J P AN A B v b e b 5
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By contrelling the temperature in evaporating the
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The R group is an organic group described in 15 Nonencl ature (1 UPAC
Nonmencl ature of Organic Chemi stry) prescribed by | UPAC (The International
Uni on of Pure and Applied Cheirdstry).éﬁrgi 20di fferent. L structure, for

exanpl e,

OROROR 1 ']

(@3]

10

15

20

t hose shown in the follow ng

d(b) - 20 a [0021] [Fornula 3]
ROTIi-OTI-OTi-ORARROR O ROTI-OROROR?PR ROTIi-OTi-OR |1

diaryl carbonate, and controlling each component of the
obtained aryloxytitanium composition to a particular
amount, an aryloxytitanium composition that has higher
stability during transfer and/or storage can be obtained.
The aryloxytitanium composition is extremely preferred as
a catalyst for a production of a diaryl carbonate.

[0016]

In the method for producing the aryloxytitanium
composition in the present embodiment, regarding the
above step (1), further specifically, the following step
(A) and step (B) can be seguentially performed:
step {(A): a step of reacting an alkyloxytitanium
composition with an arcomatic hydroxy compound and
evaporating an alcohol as by-product, by distillation, so
as to obtain a crude aryloxytitanium composition; and
step (B): a step of adding a diaryl carbonate to the
above crude aryloxytitanium compositicon and evapocrating a
compenent having a lower boiling point than that of the
diaryl carbonate, together with the diaryl carbonate, so
as to obtain an aryloxytitanium conposition.

13

These step (A) and step (B) will be described later.

embodiment
{(Urganic Cxytitanium Composition Having R-0-T3L Linkage)
The organic oxytitanium composition having the R-0-
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Sl LTRGGE LE 0 an QIgarn s O OXYa L dlid I COmponat G0 4



00 | ROTi-0-111-CR Il OROR (a)(b) Wen the TUPAC Rules, and the
Nonmencl ature Rules 5 prescribed by I UPAC al so shown herei nafter (except for
cases where other years | UPAC Reconmendations and the |like are specially
cited) herein are cited bel ow, "Yuki Raggkﬁ. Sei kagaku Mei nei ho (Organic
Chem cal and Bi ochem cal Nonenclature)" (revised second edition 10publi shed
in 1992, Nankodo Co., Ltd., Japan) is cited, which is based on the edition
i ncl udi ng aldtntahe lraultes'iofatamganirc wthern sthrey Tana: Heinoche mgtstyl tandi Japanese
transliteration rules, published as a separate volune of "Kagaku no Ryoi ki
(The Area ofy @reri-stryrovm 1980.¢ivased b core 'Rec erimendsti ichsy k879, and in
whi ch all subsequent reaisions and recommendati onse added. ,1]110J1V2 book.
iu in Recommendi&tr:ofgei S$egeariis 998 1aReHN copgogiffireubeviset ' 111H -

21 -
the R-0-Ti linkage" means that not only one "organic

oxytitanium having the R~0-Ti linkage" 1s present, but

[y}

also a plurality of "organic oxytitaniums having the R-0-
Ti linkage™ may be mixed. This is due to the fact that
it is difficult to exactly identify the structure.
The organic oxytitanium composition may be a monomer
10 or may be a polymer (organic polytitanoxane}.
[0018]
The above "polytitanoxane” is defined.
The "polytitanoxane" refers to an organic~inorganic
hybrid compound comprising a Ti-0-Ti repeating structure
15 and an R-0-Ti linkage, wherein R represents an organic
group, herein. For the structure ¢f polytitancxane
compounds, there are reports in which the structure is
presumed (for example, Kogyo Kagaku Zasshi (Journal of
the Chemical Society of Japan, Industrial Chemistry
20 Section), vol. &4, p. 885-888 (1961), and Nature, p. 273-

274 {1961)), and reports in which a particular linkage
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comprising at least one polytitanoxane comprising a
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Recomendati ons 1979 and Recommendati ons 1993 may be referred to).

However, the above-described "organic" conpounds that are subjects of the
Nonencl ature al so include 5 organonetallic conpounds and netal conplexes.
"Organi c" and/or "organic groups" and/ P "substituents" and the like, and
t he conpounds used in the present enbodiment will be described herein

bel ow. They are conposed of an atomnot including a netal atom 10 and/or a
sem net al , untreskaot hierw 88 speti fiad] (4) is Rurd herggprief erably, "organic
conpounds, " "organi c groups,” and "substituents" conposed of an atom

sel ect ed f rigi - (drogen waon)in CHearboreat ombodN @it r ogen atom), 0
(oxygen atom), and S (sulfur atom are used in 15 the present enbodi nent.
[ 0022] The 1N Rit&E 6 dsal itpifatiit@andid Podrdratingx agce e dwert | y used
herein. According to the TUPAC Rules, it is descrjbed that organic

conpounds &t € 48119 ed! i"HchFYQOU“aﬁ | Phat e conptiids i arohmetie _
compounds, and AN Selitien o slighalle compounds 13, groups eccording to
herein is g,0aroup £OMArising thg abave aliphatic conpound. ;o g
linkage, or a structure comprising a combination thereof.
[0019]

[Formula 2]

OR OR R 0
RO—““il‘i-—MG—w MOWIWOM“ —-o-°11-~0~——~ e Qe o Qe
OR R c') cl)
10 (1) (2) (3) (4)
[0020]

In the above formulas (1) to (4), R represents an
organic group.
The R group is an organic group described in
15  Nomenclature (IUPAC Nomenclature of Organic Chemistry)
prescribed by TUPAC (The Internaticnal Union of Pure and

Applied Chemistry).

o~ I
20 different.
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structure, for example, those shown in the following
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For a group, for exanple, the R portion obtained by renoving a hydrogen
atomfromthe aliphatic conpound RH is defined as a nonoval ent aliphatic
group. Aliphatic and aliphatic grp(gp§ i nclude all of saturated and
unsat urated, and acyclic and cyclic, and refer to the above "organic
conpounds, " "organi c groups,” and "substituents" conposed of an atom
sel ected fromH 10(hydrogen aton); C (carbon atom; N (nitrogen aton); O
(oxygen atdfZ1$ (sul fur atom); Si (silicon aton); and a hal ogen atom
selected fromd (chlorine atom, Br (bromne atom), and | (iodine atom. A
case where larrardratiilc group is bonded to an 15 aliphatic group, such as an
aral kyl group, is often described as "an aliphatic group substituted by an
aromatic group'bRor "a %roup é:orrpri sing an al i#:hati cogroup to which an
aromati c group i's bon(? " i P%uch a manner, 1is_is|based on reactivity in
t he presentR@OTeripdi-Tentg—andgrhe nat ur eRPegAraPAg ER®R r eacti on of groups,
such as araikyi groups{, is ektremely simlar 4o No;j 1 QO ounswhch may be
arofily substi fited © 23 a “RBromaticall y sub]sti tuted aliphatic groups,”
"aliphatic groups to vi/ni ch aromati c grouprRoare—bonrded-Gror the |ike. Wen
the general fornulf¥&&f—PRe conpounds used h&&gi n arlﬁ descri bed,
definitions accordi nggko the above- 5 descri NonBicl at ure Rul es
prescri bed by | UPAC are used. However, in the description of the conpounds
used in the present {g@jbodiment, in order to cl@)fy the feature of the
structure, coined words, such as an "organic pol ytitanoxane" and an
"?{y|0xytiéaniUWhénatBeU$BﬂﬂcaHdléQ,f@ﬁdthﬁenﬁﬁﬁén@ﬁaﬁaféiBuﬂaé groups and
illustrate

5 prescribed by JTUPAC also shown hereinafter {except for

cases where other years' IUPAC Recommendations and the
like are specially cilted) herein are cited below,
"Yukikagaku-Seikagaku Meimeiho (Organic Chemical and
Biochemical Nomenclature)" (revised second edition

10 puklished in 1992, Nankodo Co., Ltd., Japan) is cited,
which is based on the edition including all the rules of
organic chemistry and biochemistry, and Japanese
transliteration rules, published as a separate volume of
"Kagaku no Ryoiki (The Area of Chemistry)" in 1980, based

15  on Recommendations 1979, and in which all subsequent

revisions and recommendations are added.
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conpound nanes, trivial nanes are often used. The nunber of atons and
the nunber of substituents are often described herein. They all represent
zero or a positive integer (zero is often_a positive integer). 15 However,
when a conposition ratio fornmula is represented, positive nunbers are used.
This is notation often used for the notation of inorganic conpounds and
organi c-inorgani c hybrid conpounds( 20[0023] The above P group 1 prefera’
y a qr ( pResmpasadastops. ili%fhpnd Reanddeinpiscd cand 1 °4cy 8ldive Hiydr oc ton
group a cyclic hydrocarbon group (a El nonocyctic hydrocarbon -- 24 -
group, a corrdér<&d pélycyclic hydrocarbon group, a bridged cyclic

hydr ocar bon gro a spiro hydrocarbon oyp, a ring,assenbly hydrocarbon
group, a cycIicHﬁ§8V853rLBﬁ ?Bﬂﬁ_ﬁﬁﬁﬁrgggadeoﬁﬂﬁph, acﬂ@Pnggﬁclic group,

5 a heterocycli pi.ro.group, or.a hridged _heterocycli.c group), a group in
whi ch one g%%%ogé%gﬁgu scgglggtégef38$ﬁtﬁgaéﬁg$ea§§fcﬁp ﬁ?ﬁfocarbon group

and_t hes aboug Gy skle hydr osachon ar aup, ace aondely and a oroup fn uhi ch

t hese groups are nked vi a coval ent bonds articular 10nonnetal atom

(carbon or oxygef)ganic" Jhe,8bOVEL 9M§E98E099§d LAqvhe particular nonnetal
atom (carbon or oxygen) refers to, for exanple, a state in which a group

represent edshysthe ukolkowang feenulias, (Shdt ene8roapduhbe abeve-descri bed
group are covalently
the present embodiment will be described herein below.
They are composed of an atom not including a metal atom
10 and/or a semimetal, unless otherwise specified.
Further preferably, "organic compounds," "organic

groups,” and "substituents" composed of an atom selected
from H {hydrcgen atom}, C (carbon atom}, N (nitrogen
atom), O {cxygen atom}, and § (sulfur atom) are used in
15 the present embodiment.
[0022]

The limitations "aliphatic" and "aromatic" are
frequently used herein. According te the IUPAC Rules, it
is described that organic compounds are classified into

20 aliphatic compounds and aromatic compounds, and the
definition of aliphatic compounds is groups according to

e o limbiat o compounos Roaosd o TIIRAS Rorommerndat o e

Iy the Recommaendaibions, aliohatic compounds are
i A A o
LA D S R e T S e ALY L L [ NSO EHAUETAT 0 O gt rated

carbon compounds, excluding aromatic compounds.®



15 bonded to each other. [0024] [Forrmula 4] H2 O 20A, ?onar oup
022(4 1i .romthe croup consistingaliphatic group, an aromatir FFl FCFi nH,

- 22_..

An aliphatic group often used herein is a group
comprising the above aliphatic compound.

For a group, for example, the R porticn cbtained by
removing a hydrogen atom from the aliphatic compound RH

5 1s defined as a monovalent aliphatic group.

Aliphatic and aliphatic groups include all of
saturated and unsaturated, and acyclic and cyclic, and
refer Lo the above "organic compounds," "organic groups,"
and "substituents" composed of an atom selected from H

10 (hydrogen atom}; C {(carbon atom); N (nitrogen atom); O
(oxygen atom}; S (sulfur atom); Si (silicon atom); and a
halogen atom selected from Cl (chlorine atom), Br
{bromine atom), and I (iodine atom).

A case where an aromatic group is bonded to an

15 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

20  embodiment, and the nature regarding the reaction of
groups, such as aralkyl groups, is extremely similar to

vathoy than
SUOmMaillolny,
Non-aromatic reactive groups including avallkyl

Dooogroups and alkyl groups are often desoribed as Yalichatico

groups which may be avomatically substituted,



and an aromatic group are bonded to each other, considering that a side
reaction is less likely to occur, and is preferably a group selected from
the group consisting of an acyclic hydsecarbon group and a cyclic 5

hydr ocar bon group (a nonocyclic hydrocarbon group, a condensed pol ycyclic
hydr ocar bon group, a bridged cyclic hydrocarbon group, a spiro hydrocarbon
group, a ring assenbly hydrocarbon group, and a cyclic hydrocarbon group
with a sideaéﬁﬁ@ﬁﬁFaéﬁﬂ & UGEG U Uit kil Rhat 1Ce S0 PG Sné Agridis &l ect ed
fromthe group i s _bonded, (groups substituted by each qgther), which contain
110 20 caPBOHPAL s MIich: SRR de A RGPhe TFl GRABFFI (y S5f e Leticve

organi c oxytitaﬂhgn1ggnpog£g%og ggvin? themFECQTiOIigkgge, and 15 the |ike,
the R group i s preferabl §oacGroupCEBREAT T hgt 1ot 6°1B°ERF Dol S &toms, nore
preferably r.qu ont.ai-ni.ng .1 ay r. 14100 ) . A nore
preferred B%ggégpef% gkgfg&%%géJE%gégg?ﬁgﬁgag%%gggéhg %%]%ﬁfcﬁtgwtleast one

or nor e sekegl-ed Lot ALEUR L SAs) AR 2hk¥led @ouRpa2 CYGl Qalkyl
group, 6 (H) consistingFcyc.group Pnfrnm PP P above formulas (5) to (8)i

26 - Exanples oh suehdancRighoup backude campeiivls aseup.iran et hyl
group, a propyl group (isoners), a butyl group (isoners), a pentyl group
(i soners), pachexyl cgbodpmensQMens brdarhept vl agrayp thies arai-se acycl opropyl
group, 5 a cyclobutyl group, a cyclopentyl group, a cycl ohexyl group, a
cycl ohept ylthgr supucaueye| apropyl woetlsyl sgroups ancyelrobutiyl net hyl group, a
cycl opentyl met hyl group, a cyclohexyl nethyl group, a phenyl group, a
phenyl met hyk lgteuphogaoedsyphndgroup ativdomeits kana uphénylret hylkecgr eug, a |
10 for the names of particular groups and illustrated
compound names, trivial names are often used.
The number of atoms and the number of substituents
are often described herein. They all represent zero or a
positive integer {zero is often a positive integer).
15 However, when a composition ratic formula is represented,
positive numbers are used.
This 1is notation often used for the notation of
inorganic compounds and crganic-inorganic hybrid

compounds .

20 [0023]

-

The above R group is preferably a group composed of
Cavihion avom, g hydrogen atom, and/or an oxvesn alon,

SRGOTOTE ANy OF an allphat o group, an aromaiio groun,

and a group in which an aliphatic group and an aromatic
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acyclic hydrocarbon group, a cyclic hydrocarbon group (a
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10f urfuryl group, and a pyrazyl group. [0027] A nmononer structure
having an (R-0-)4Ti structure, as well as the above-described vari ous

pol ytitanoxanes having the R O Ti |inkage can be preferably used as the 15
organi ¢ oxytitanium conposition having the RO Ti |inkage used in the
present enbodinment. It is extrenely difficult to isolate the polytitanoxane
for determning the structure. Therefore, in the present enbodi nent, a
conp03|t|oﬁr€ﬁﬁtalnFﬁ@d§PSF§a§PldﬁécéﬂCn@ﬂ@TPVQ@§O@fgf@uﬁolytltanoxane

havi ng t he Ti ge . i s, i ntended for the polytitanoxane conp05|. Li on
havi ngt he R 'Qégﬁ Cﬁﬁﬁdg Y ST PRS- ISRER - tﬁaﬁpﬂHQ %ﬂ 4 Fapkaa 1a and 12

or The. nti I ner] .det erm towlng matfl atusing at orn -
21 - contalneggyn Sk R sgugﬂy gV ¥PF§ﬁgfgngrﬁ§@|n6 gHC%H§ Ti |inkage,

whi ch constitules the poly] m@wgﬁ SCQTRRliH, of BRLNILNG R Fludorrage:

and the fol I'owi ng tlténoxane co

one or more R%E%&b%@%Q&%n%ﬁlﬁéVb@%uﬁ dlff%r%@ d@%@r%%t% o %Eﬁq%ylzatlon
(the nunber of Ti atoms in the noleclle). he above "nolar ratio"

refers to gheuml es efroappehyiitanoxane chawiong @%n@@n %d@@i Aegrnes of 10
pol ymeri zation relative to the total noles of polytitanoxanes in the
pol ytit anoxare atorposicl/icOnc Bydibeaabove gronle adverage ategee eoft i o
hydrocarbon group are bonded, and a group in which these
groups are linked via covalent bonds to a particular
10 nonmetal atem (carbon or oxygen).
The above covalent bond to the particular nonmetal
atom (carbon or oxygen) refers to, for example, a state
in which a group represented by the following formulas
{5) to (8) and the above-described group are covalently
15  bonded to each other.

[0024]

[Formula 4]

C e P R, .
LB La ) {7 (8}
FO0EDL
20 Among the R ogroups as described above, Lhe R group
IS AT P TN P 1 A Ao Bey ey e e, s UV (PO S S . DA S R T 1
[ B S N N Y Acyenidooowb) o loaped }' R gbe ey I B SR e KN SEL AR R A Lol ST S Ao e er ]

ftrom the group consisting of an aliphatic group, an

aromMatio groun, ana aoJ COUD I WOl an oA [ f.»iim% DO T



pol yneri zation," it is neant that the product of the nolar ratio of a

pol ytitanoxane having an individual 15 degree of polynerization and the
degree of polynerization is determ nedysand the product is integrated for
all degrees of polynerization to obtain an integrated value. In other
words, the question of how many Ti atons are contained in one

pol ytitanoxane nol ecule is answered as 20 average value. [0028] ( 1)
fln,.")1 ANGH@N aronajif (HOUhGRAE mithEmhticdae @pridssion (1), Pnis a
posi tive nunber. represe t he nol e aver age of polymerization.

L L tin e a egr ee of |
zran&mm%W%g(m%%i t%h%@%ﬁ%ﬁ?ﬁ?&%iﬁ?§"W%&%@@Nﬁﬂ
| i nkage havj a. different, degree of | ymeri zation .contained in the
poIytitanoigﬁ%:%bﬂ%éﬁﬁgﬁ%%¥“ égiqﬁf%ﬁu§§i3§3%5|'ﬁﬁﬂég '© aHd Hepresents an
i nt eger of . 17O |.S 4 i1V qupﬁg_ epresenting the 10
nunber of Tci]mg%losrn%rg;oncgﬁgidnrg |%q§%oq%@a%®anne o ecatrjrfcgra st Ct’Jic %re w

nurt o N a pe € cture w
aving an RQ:Hcd hinkiage 590t al Aethddy dhe. RAINILANRXANE Gauposi ti on having

the RROTi linkage. mwis the nole fraction of structure w 15

to the conpesiddroeandsatysties e foldanpa mt hematigalg expression (2).
The total of nole fractions is 1 (the left side).
hydrocarbon group, a spiro hydrocarbon group, a ring
assembly hydrocarbeon group, and & cyclic hydrocarbon
group with a side chain), and a group in which at least
10 one group selected from the group is bonded (groups
substituted by each other), which contain 1 to 29 carbon
atoms.
Considering the flowability of the above organic
oxytitanium compesition having the R-0-Ti linkage, and
15  the like, the R group is preferably a group containing 1
to 10 carbon atoms, more preferably a group containing 1
to 7 carbon atoms.
[0026]
A more preferred R group is a group selected from a
20 group in which at least one or more selected from the
group consisting of an alkyl group, a cycloalkyl group,

anc an aryi ogrounn are bonded To oeach other, and a oroun
; : . EEARERY

POOWDIL OGN Gl Leasn ona O naorda sejacited Trom Uhe group

- 1 o A I RO P . S S T | i e - g g, o} ey e
T UG ary ady 1 GIOUD, a4 YO LOaE 1k Voo OEOU, anc an
GITY I are Ao lTeerdl Wi o LA EACE S eoie E.,; 1{ Loearg o 1 it

s et pR o ' e

above Tormulas (5) to (8).



[ 0030] [Expression 2] 1In the am| 1li samexpression (1), andtthe nunber of
types of hi:;Wng - 29 - different degree of polynerization contained in

t he pol ytitanoxane conposition having the.R-OTi |inkage, and represents an
integer of J. or nore. [0032] For exanpl e, when the polytitanoxane
conposition having the R O-Ti |inkage used in the present enbodinent is a

conposition co risin% 1 gnleﬁgf a tetraal koxytitani umrepresented by the
fol | owi ng formuF&2P8)E%aRd TUABI 8Nof §Xp8FytitaHERaRe " FERY s ERCER by t he

0t ol on . e a0k, NSRS, AELR0R eaLse of PO Z8tion = L.
(isomers), a pentyl group {isomers), a hexyl group
{isomers}), a heptyl group (isomers), a cyclopropyl group,

5 a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclopropylmethyl group, a
cyclobutylmethyl group, a cyclopentylmethyl group, a
cyclohexylmethyl group, a phenyl group, a phenylmethyl
group, a cresyl group (isomers), a phenylethyl group, a

10 furfuryl group, and a pyrazyl group.
[C027]

A monomer structure having an (R~0-),T71 structure,
as well as the above-described various polytitanoxanes
having the R-0-Ti linkage can be preferably used as the

15  organic oxytitanium composition having the R-0O-Ti linkage
used in the present embodiment. It is extremely
difficult to isolate the polytitanoxane for determining
the structure. Therefore, in the present embodiment, a
composition contalning at least cone or more types of

20  polytitancxane having the R-0-Ti linkage is intended for
the polytitanoxane compositilon having the R-0-Ti linkage.

e polyiltanoxane composition having the Re-0-14

Pinkage used in the present embodiment is a composinion

such that the mole average degree of polyvmerization is

) .V oy more and T2 o e, The male avers (SR GIN ,]ii:‘."Lg s o f
pelymerization is determined by the following

D e ot e fT oy A S RPN T N e 4l SR [
matnematical expression {11, usinag the number of 71 atoms



11 OROROR ( 9 )( 1 0 ) 15[0034] When the aryl oxytita ium conposition
obt ai ned by the production nethod in the present enbodinent. is used as a
catalyst for a pr( t" 1 of a diaryl cashopnate, a hnv ng \"; Htatat)l 1
refgrably not very h igh. 30 Therefore, the above nble average
degree of polynerization is preferably in the range of 1.1 or nore and 12
or less, nost preferably 2 or nore and 8 or |less. As the nole average
degree of ﬁﬁV?ﬁﬁfﬁ%ﬁﬂﬁbﬁ”BJfﬁﬁﬂéég@é PRHe tStaierdns ihs vikide arari €t as

previouslyrge cri bed. pol ytitanoxane constituting the
pol yt i t anoxadn %Bﬁﬁ%%lFWdﬁhtWQPb&éﬁuﬁgqu %@lﬁ?%ﬂ%% FELEME enbodi nent i s

ey o e A e o1 gt doro e o e
"molar ratio™".

5 The polytitanoxane composition comprises one or more
polytitanoxanes having a different degree of
polymerization {(the number of Ti atoms in the molecule).

The ahcove "melar ratio" refers to the moles of a
polytitanoxane having an individual degree of

10 polymerization relative to the total moles of
polytitanoxanes in the polytitanoxane composition.

By the above "mole average degree of
poelymerization," it is meant that the product of the
molar ratio ¢of a polytitanoxane having an individual

15 degree of polymerization and the degree of polymerization
is determined, and the product is integrated for all
degrees of polymerization to obtain an integrated value,
In other words, the question of how many Ti atoms are
contained in one polytitanoxane molecule 1s answered as

20  average value.

[0028]

fhepras=zion 1)

Pa= 2{(py, °my} -0
- {py

—
-
o
e
.

3



(11) 15[ 0036] In the formula (11), a represents a positive integer of
2 or nore, cis an integer of O or nore, dis an integer of 1 or nore, and
b is an integer of 1 or nore, and a, bygc, and d satisfy 4a2h + ¢ + d and
2a + 2 - ¢ 20+ d, [0037] ii lam" CC ore oreitanox-a-ra havlr-J an R-OfjL

- 31 - TieOf(OR) g (12) [0039] In the formula (12), e represents a
positive integer 5 of 2 or nore is an integer of |I. or nore, and f is an
i nteger of 1 orfﬁoﬁée éﬁavé mﬁthﬁﬁétgf§étP§P§e&é19“2f14 gPands2e + 2 =g.

[ 0040] shown in the above 10fornmul a

(11) and f&%%‘ﬁ%ﬂnﬁ% tféf%%@ttéﬁﬁ H&g@ Mo e U S e i it - SayP e

required. polymerization.

z represents the number of types of polytitanoxane
5 having an R-0-Ti linkage having a different degree of
polymerization contained in the polytitanbxane
compositicn having the R-0-Ti linkage, and represents an
integer of 1 or more.
Py 18 a positive natural number representing the
10 number of Ti atoms contained in a polytitancxane
molecular structure w having an R-0-Ti linkage contained
in the pelytitanoxane composition having the R-0-Ti
linkage.
m, is the mole fraction of the molecular structure w
15 to the composition and satisfies the following
mathematical expression (2). The total of mole fractions
is 1 (the left side}.
(0030}

[Expression 2]

Z
~ Mgy .
& Lo F
I
v
Ll Lo
. R - N T T S TP Sy . e e - AR Y . Yoo e o I .
Iv the above mathemalical expression {(2)Y, 2 has the
R N v S A SN R A N i A 0 ot 2N O A W P 500 AN VO N O VO I v B0 0 S0 AW/ v O i e IO O M A

expression (1), and represents the number of types of

O N I T T S T ] - vy R e S LT
Oy TATanoxane navi [RRE IS DT s Rk O LR AT EAe Naving a



The nol ecul ar wei ght nmay be determ ned by a known nethod. Exanples of the
known net hod include a nmethod by CPC, using a mass spectroneter (for
exanpl e, a method 15 described in RAPID, COMUINI CATI ONS | N MASS
SPECTROVETRY, 14, 662-668 (2000)). [0041] Particul arly, when the

hydrol yzability of the polytitanoxane conposition having the P-GTi |inkage
is 20 high, it is possible to use a divalent chelating agent to substitut,
the ROTi Fidk&ge by deréce &%?Pr&@m&géﬁtafﬁSﬂNépmtalﬁ?gdlﬂj J#SPRENNTI ON &

NKYNTR(// g _JAPAN, an ht r the su t.c.by thilent.
cnetatf gp§éytlf§§ﬁﬁfne Compﬁféﬁﬁpgwﬁéglﬁﬂeﬁgprgdocﬁéléﬂpﬁﬁgggeﬁp§ i ncl ude

di ket ones, %E <2, ac%%yla et one, fand 1, 2-di hydroxy aromati c conpounds,
such as catechor. %?he val'u&Ysf 3 oﬂ 8TcHRFe obt ai ned by cal cul ation after
addi ng t he @@ chelatlng agent in an excessive anount (for exanple, 1.1
nol es or nDre preferably in the range of 2 to 10 nol es) per nole of Ti

atons contai nedrbf 8x&QIPOUNELEQT ¢ GONPOS|L i oMo haNL Ndo@fo B O d) |1 nkage,

having the R-0-Ti linkage used in the present embodiment

is a composition comprising 1 mocle of a

tetraalkoxytitanium represented by the following formula

(%), and 1 mole of a polytitanoxane represented by the
10 following formula (10}, the mele average degree of

polymerization is 1.5.

[0033]

[Formula 5]

OR OR OR
RO—Ti—OR RO—Ti—O-Ti—O0OR
dr R OR
(9) (10}

15 [0034]

When the aryloxytitanium composition obtained by the
producticon methed in the present embodiment is used as a
catalyst for a production of a diavyl carbonate, a
polviliancxane having an S-0-T1 linkage ocomprising sma

L0 molecules as litile as possible and having & hiah mole
average degree ol polymerization is preferved. When
owalbi ity ba considerned, the Jdegree of oolymerization

is preferably not very high.



10 renoving (preferably evaporating by distillation) ROH produced as
by- product, as required, and obtaining the nol ecul ar wei ght of the obtained
conpound (or conposition) by the abovesgdescribed nethod. [0043] 15Wen the
val ue of a or e can be obtained, the value of b, ¢, d, f, and g can be
obtained fromelenentary anal ysis values, NVR, or the |iKke. The
product obtained by adding the divalent chelating agent has a structure
conpri si ng equal 'ROFESTEr 26°t RBCERel'at PngvagaAt @PEKSFe8pect to the nol ar
amount of Ti_.atons contained in the conmpound (or conpasition), in usual. |v
2- - 1 o KA edquiivaents p&fef-ef.aé’%'grdu“p%q’é"r’réan-g%é’f- Lolor motfescri bed
above, theeRQJ%EJE%D xane col )0Si ti.on hgvi g the R—CxTEiIinka e that can be
i i caly "8 \Fartitdl & poiSii t anoxane

used in the present enbodi nent |§Eﬁﬁ§ P

conposi tion havihng:aR ﬁbgéTﬁvEEQ5@98e§EE@iB%d Egg&&&@g.g@%g aver age degree

of polynerization represented by the above mathematical expression (1).
However s as @eseldhed ahove. - actual jidentid !v%qli'e%g Qf e gfyugrure of an
i ndi vi dual polytitanoxane is extrenely difficult by the current anal ysis
met hod. 10THherefiegie,. the pol ytitanoxane conposition having the RO Ti
| i nkage used in the present enbodinent is preferably a particul ar
pol ytitanoxane tosppsiitvtonahavkng thasRiO:Tinki nkagecnepresenkadeby the
above formula (11) and/or the above forrmula (12). 15[0045]
composition that can be used in the present embodiment is
preferably a polytitanoxane having an R~0~Ti linkage
10 represented by the following formula (11).
[0035]
[Formula 6]
T1,0, (OH) - (OR) 4
(11}
15 [0036]
In the formula (11l), a represents a positive integer
cof 2 or more, ¢ ig an integer of 0 or more, d is an
integer of 1 or more, and b is an integer of 1 or more,

and a, b, ¢, and d satisfy 4a = 2b + ¢ + d and 2a + 2 = ¢

20 +od.

more preferably a polytitanoxane havinog an R-0-Ti1 linkage

L R SR TR me B IR S B [ F AP N RV I | LIRS B £ 8 WY B} LA S



Ther ef or e,

positive ndﬁ@@ﬂ

t he nol e average degree of polynerization defined in the above
mat hemati cal expression (1) may be obtai ned as foll ows. By
anal yzi ng the pol ytitanoxane conpositigp having 20 thelinkage used in the
present enbodinent, as it is, the average conposition of polytitanoxanes
having the he i *Iomﬁng tor- i [On [Fornmula 8 (08) - 34 - (13) [0047]

In the formul a §13? R represents the above-described group, h represents a

Bf’a or 5 nore, j is a positive nunber of 0 or nore,

k is a

positive nuPP r of 1 or nore, and i is a positive nunber of nore than O,
nd k satisfy 4h - 2ji k and 2h + 2 - jk. [0048] 10Simlarly,

and h, i

t he average(ﬁ?ﬂ£PS|t|on of pol ytitanoxanes having the RO Ti |inkage
pol yti tanoxane conposition having the RO Ti |inkage

represented by %ge%%g?ggfgﬁég4g? forgu%gpgééénls re85%§ ?5%d1¢¥ thg

followi ng fornmula

constitutin

5

10

15

20

of 2 or more, g is an integer of 1 or more, and f is an

integer of 1 or more, and e, f, and ¢ satisfy 4de = 2f + ¢

and Ze + 2 = g.
[0040]

When a, b, ¢, d, e, £, and g shown in the above
formula {11) and formula {(12) are to be determined,
molecular weight may be required.

The molecular weight may be determined by a known

method. Examples of the known method include a method by

GPC, using a mass spectrometer (for example, a method
described in RAPID COMMUNICATIONS IN MASS SPECTROMETRY,
14, 662-668 (2000)).
[0CG41]

Particularly, when the hydrolyzability of the

polytitanoxane composition having the R-0-T1 linkage is

high, it is possible to use a divalent chelating agent to

substitute the R-0-T1i linkage by the chelating agent to
decrease the hydrolvezabRi ity (for Uhe awvtont of @ he
hyarolyzabil ity of ohe organic Ditaniam compound,

PREVENTION & CONTROL JAPAN, vol. 23, No. 7,

may be refevied o), and measure and detaymins Che
molecular weight after the substitution by this divalent

onelating agent .

eger



[ Formula 9] TipOg(OR), (14) [0050] 20In the above formula (14), R
represents the above- described group, p represents a positive nunber of 1
or [O(Thij 35 Wen h, i, j, k. Py g, and r shown in the above
formulas (13) and (14) are to be determ ned, nolecul ar wei ght nay be
required. In such a situation, the nol ecular weight can be 5 obtained by
the nmet hod descri bed when a, b, ¢, d, e, f, and g shown in the above
formul as (19%d (12) are determined. Therefore, as the nole average
degree of ol ymeri zation, either h in the above general fornula 10(13)
or pin (14) may*BErasedol prefgrsrd ehipdagiifpi edepteoidetece &-represent ed
in the abogf fqrnula (11) by anal ysi la (12) may be

, in th b i
used as t hé WVAl\GEGr tHE %a%ﬁ%§i§§§%§§6kgefﬁgi3uﬁ¥%§#ﬁ%§¥?8h, assun ng

that the pol.yti. 0 15 composi,tion having.the RO Ti |inkage is the
structure ?ﬁ%%%%gg%g%ﬂ§§n¥ﬁ%”aﬁ%$élF%?ﬁh §X¥gﬂy. [ 0052] O course, a

nDnon?rSStrUCtuﬁﬁehéghﬂg,3@ QR69'£4EEHSEEUB YLe ARy gecgg F%E@ﬁ%nin the
pol yti tanoxane 20 conposition having the R—%)%I I|nE ge. % SO0 in that case,
after adding the above chelating agent in an excessive
amount (for example, 1.1 mcles or more, preferably in the
range of 2 to 10 moles) per mele of Ti atoms contained in
a compound (or composition) having an R-0-Ti linkage,

10 removing {preferably evaporating by distillation) ROH
produced as by-product, as required, and obtaining the
molecular weight of the obtained compound (or
composition) by the above-described method.

[0043]

15 When the value of a or e can be obtained, the value
of b, ¢, d, £, and g can be obtained from elementary
analysis values, NMR, or the like.

The product obtained by adding the divalent
chelating agent has a structure comprising equal moles of

20  the chelating agent with respect to the melar amount of
TL atoms contained in the compound {(or composition), in

PRI I Doy e oo o T ey ol e Dy b DY evressuever nad T e e b

this omolay amount ol T atoms are aeliminatecd. (in the
P 4 - - h PO P B P I S E T N B - o - £ N
case of oa o= 1, the chelating agent is usually Z-fold
P - e e e T Poal L N el N et . . . N I o
[ L0 SO 0 T O O 0 O o A5 NI O L A P O 0 S v ey A1 01a0
moiar eguivalents of RO groups are eliminated.)

Po044 ]



as descri bed above, h or p obtained by analyzing the R ng [I. n:
Lynmerizalion clt Ti linkage. - 36 - As the above anal ysis nethod,
known net hods can be appropriately used. _ El emrentary anal ysis, atomc
absor ption spectroscopy, inductively coupled plasma-atom c enission
spectroscopy, 5 chromatography anal ysis, nuclear nmagnetic resonance (NWVR),
and the like which are routinely practiced can be preferably used, and they
may be conbi ned®f dReeEsvarly abAvpar theukarlyy pprepepred casrhed titpol udi ng,
for exanple, determ nation of the content of carbon, Qxyqen, 10 and
hydr ogen at'ohs By 1% deit arly ‘didiapsi $hathéam eontsént 1By tividustgsaslly
coupl ed pl asha-at onmi c .em ssion spectroscopy, .and the contents of OH groups
and (OR) gﬁmﬂﬁgﬁwﬁﬁudfégiqﬁﬁﬁ@fﬁ IMeSokatde S &t ﬁdiﬂHﬁ¥qqﬂ¥%ﬁ%ve h or p
t hrough cal cul ati.on. 15When it is, difficult to obtai.n the content of (OR)
groups, it Cr?af%;eﬂo Otna%r‘?‘éf&nl%/ i\ ﬁgeﬁmrd ! fdlrgolo%ztidﬁémtcﬂgjzﬁ’gl Qﬁ]et anoxane
conposi tion havi he RROTi | to.far. t he nducGt i ng
chr omat ogr aphy §ﬁ§?§£§%Et%%%%zfﬁﬂ§ﬁﬁ%mé}lé&ﬂ?&%ajéyyéséﬁy%&x%yl%%e

above mathematical expression {1).

However, as described above, actual identification
cf the structure cf an individual polytitanoxane is
extremely difficult by the current analysis method.

106 Therefore, the polytitanoxane composition having the
R-0-T1 linkage used in the present embodiment is
preferably a particular polytitanoxane composition having
the R-~0-Ti linkage represented by the above formula (11}
and/or the above formula (12).

15 [C045]

Therefore, the mcle average degree of polyvmerizaltion
defined in the above mathematical expression (1) may be
obtained as follows.

By analyzing the polytitanoxane composition having

20 the R-0-Ti linkage used in the present embodiment, as it

is, the average composition of polytitanoxanes having the

following fTormula (130,

e o o
i l i)y |

ITormula 81

P S S SV
o LMY L LR Y,
R Joy il by



20 <Al kyl oxytitani um Conposition> One exanple of the organic oxytitanium

conposition inc An al kyl oxytiepresents, amlq organ:Lc ttlenisom - 37 -
conpositions having the R-OTi |inkages,an organic oxytitaniumin which the
R group is an al kyl group, and the -0- formng the R-0-Ti |inkage is oxygen
bonded to the al kyl group. Therefore, the al kyl oxytitani um

conpositions are, anong the above-descri bed organic oxytitani um
conposi tions!-hHaving the RO Ti linkage, only those in which Ris limted to
an al kyl grou& .and thus excludes only part of the exanples of the R group
(exanpl es i PAD Which Ris not an alkyl group). [0055]

<Cycl oal kyl oxyti_t ani um_Co sitiqn> One exampl e of the organic
oxytitani um cor‘rﬁ@sitthieorfloﬁ%i fig (ti'lc"gié ' REOT PP Frfkage Lg@eégloﬁ'at"he pr esent

enbodi ment 15 includes a cycloal kyl oxytitani um conposition. Particularly, a
pol yti tanoxCi]aenSeég(}gbrrepos@ilﬁu if Ehavrie gIy ' ec]%‘”ctl Sal Koy lg\?rgczu%m}bs(’rproe]f 3’ red. A

cycl oal kyl gxytd taniumrepresents., ganpng or ganjc oxyti tf@%n% constituting
e

t he above organi ¢ oxytitanium 20 conpositions having t Ti linkage, an

or gani ¢ oxydddsani-m My ¢fr tihe, R.group Jrsy a cycl.oal kvl arPUR e, 38 -

of more than 0, and h, 1, 3§, and k satisfy 4h = 23 + i +
k and Zh + 2 = 3 + k.
[0048]

1G Similarly, the average composition of
polytitanoxanes having the R~0-Ti linkage constituting
the polytitanoxane composition having the R-O-Ti linkage
represented by the above general formula (12) is
represented by the following formula (14).

15 [0049]
[Formula 9]
TipOq (OR)
{14)
[000O]

20 In the above formula (14}, R represents the above-
described group, p represents a positive number of 1 or

T voimo s mooitiue number b



part of the exanples of the R group (exanples in which Ris not a
cycl oal kyl group). [0056] The organic oxytitanium conpositions having the
R-0- 5 Ti linkage used in the present qnbodlnent in which the R group is an
al kyl group and in which the R group is™a cycl oal kyl group exhibit a
simlar behavior in the above step (1) and step (A), and therefore, the
above-descri bed cycl oal kyl oxytitani um conposition will be described bel ow
10 as having t hé'sané méaniing kas Fvhel aldp oxyrtictaniivmidenpésitd on. (To be
exact, the al kyl grouﬁgls branched and/or |inear, and the cycl oal kyl group

is cyclic, buiMiterelid my i t¥er ehee 1 PR ity ethd ThecFiker and

t herefore, theﬁlhave the sane, nmeaning herein. Simlarly, 15 a group in

whi ch a cydW%h Ky1"%f difp SH# &P A kyl group are bonded to each other has

t he sanme neanin 57] <Ar on titani um.Conpositian> The aryl oxytitani um
conposi tion use r%s é’%ﬁu e té |aI?}anﬂe gﬁégéﬁ% 1o ﬁ¥ represents

among e aboves RLEAN G QXA LAIL UMROMROS! Lot havi ngct% 11

aryl oxy ‘g roup ‘e above groub %aV|ng t he

aromatic rifgyis %m@sw@f@e asH APk %ﬂﬁpﬂ%(wﬂ 4%y @y pplytitanoxane
having an aryl oxy group is defined as a pol ytitanoxane having an Ar-OTi

| i nkage), aipadytidianoxane having an 5 aryl oxy group can be represented by
the followi ng fornmula according to the definition of the above
pol ytitanoxane dorresidriegn savineg nidhe B«@rEgd idikage of

polymerization, either h in the above general formula
10 (13} or p in (14) may be used.
When it is difficult tc detect ¢ represented in the
above formula (11) by analysis, & in the above formula
(12) may be used as the wvalue of the mole average degree
of polymerization, assuming that the polytitanoxane
15  compesition having the R~0-Ti linkage is the structure
represented by the above formula (12).
[0052]
Of course, a monomer structure having an (R-0-},4T1i
structure may be contained in the polytitanoxane
20  composition having the R-0-Ti linkage. Also in that case,
as described above, h or p obtained by analyzing the

T R i Bl e R T Y s s C T T S P SR SIS ST R CIL IS W B Sl o S RO 4 SOl A

O Leing Uhe monomey ab roacitove having the (ROt 1y
structure is the mole avervage degres of polymevization of
: e Gedgrea 01 Ton of
e eyl vl L anoxand oo tion having the BeO-T1 Iinkane
Faw] Lirer O R YL LU ANORAne BHIIMS 1 [} fravy ing  ne el Lankadge.,

[0053]



The structure of the polytitanoxane is diversified by the conbination of
the above formulas (1) to (4) (in 10 the polytitanoxane havi ng the aryl oxy
group, the R group in the above formulag (1) to (4) is an Ar group), that
is, by the conbination of the follow ng fornulas (15) to (18) here, as
descri bed for the above polytitanoxane having the R-OTi l|inkage. It is
difficult to identify the 15 structure bé the current anal ysis nethod, and
the structure i $5préSufbd Veo 2hé 1a SHisxgr-é o varreugeshodet yrees bq 0059]
[ Formul a 10 (1 5(%{1(1 7)(1 8) 20 [nnr,nl In. the "Poo\ a form | a S
(15) to (18P 4 LYot g: ;. ;;;;;i;:the- - 40 - linkage, and the
oxygen at om of tﬂe} Ar group i,n the Iitnka%e%)s bonded to the aromatic ring
in the Ar group [8661TF ¥he 40&e Sar JIFGRY “gFEGEH “EGHSt tbﬁlei(‘rj'_@ctsﬁéj%"
aryl oxyti taﬂi&”@tjlsvéalrf fceJL%Jlleyd rpe]par s?r?aemn:;[teodmibcy e;[mhies s*f .ioolr"ll Osvg\genc% goosf (;rgjgljgﬁ , (Ar0).
5 chromatography analysis, nuclear magnetic resonance (NMR),
and the like which are routinely practiced can be
preferably used, and they may be combined if necessary.
A particularly preferred method including, for
example, determination of the content of carbon, oxygen,
10 and hydregen atoms by elementary analysis, the Ti content
by inductively coupled plasma-atomic emission
spectroscopy, and the contents ¢f OH groups and (OR)
groups by nuclear magnetic resonance, can provide the
above h or p through calculation.
15 When it is difficult to obtain the content of (OR)
groups, it may be obtained by a method of hydrolyzing the
polytitanoxane composition having the R-0-Ti linkage to
form ROH and then conducting chromatography analysis.
[0054]
20  <Alkyloxytitanium Composition>

One example of the organic coxytitanium composition

Faving the B-0-T1 Livkaos uaed in the pregsen
inciudes an allkyloxyiitaniam composition.  Particuiarnly
a polvtitanoxane composition having an alkoxy aroup e
bA o il - p w 1
----- F e 3
AR N T
An alkyloxytitanium vepresents, among organic

oxyrtitaniums constiburing Uhe above organio oxyiitaniam
3 4 g ;



[0062] [Fornula 11] (Ar 0) 10[0063] In the formula (Ar0), the
ring A represents an organic group having 6 to 20 carbon atons, containing
an aromatic group to which an oxygen_atom bonded to Ti is bonded at any
position keeping aromaticity, and may be a 15 single ring or a plurality of
rings, or a heterocyclic ring, and/or may be substituted by another
substi tuent. . The ring Ais often described as an Ar group herein.
[ 0064] 2011B9%9s BoowsT oty did d:frodp @&nidt al igrleupvhiceh @rgiioup and an. -
exanpl es i nclude groups, having an aromatic ring, which are an acyclic
hydr ocar borP gt lou M ¢ yidt i‘“é”rfgﬂr%r%cﬁf(ﬁﬁbdp‘s (@ grlotipt Ut tas, 2% br
exanpl e, a nonocyclic hydrocarho oup, .a condensed polycyclic hydrocarbon
5 group, a bt dged cydiitd h‘L\jber 3%_3%%[(()%%917%(?&@ alssﬁﬁydgeﬁ“yd{%%gﬁ?%oﬁﬂo group, a
ring assenq#xﬁﬁygg9§arbon group, a cyclic hydrocarbon group with a side

e

chain, a h erocy@h(giﬁ%ﬁm, a heterocyclic spiro group, or a bridged

het er ocycl i ¢ of il Q10U YRNEH, AN 105 DL, 0. grquRs, select ed from

t he above acyclic hydrocarbon group and the above cyclic hydrocdrbon group

are bonded, ;@i & 1 Oy - whi ch dhe above graups; ang |4 nked via coval ent
bonds to a particular nonnetal atom (carbon or "‘oxygen). The above coval ent

bond to thedqafddioul@is nonmeialcrkd ratom i qaérrh@chr.&xmgamosié,m or exanpl e,
a state in which a group represented by the following forrmulas (5) to (8)
and t he abowe-descriished graup tar exrcomal yentd o honded] tiovieacdk ot hess
only part of the examples of the R group (examples in
10 which R is not an alkyl group).
[0055]
<Cycloalkyloxytitanium Composition>
One example of the organic oxytitanium composition
having the R-0-Ti linkage used in the present embodiment
15 includes a cycloalkyloxytitanium composition.
Particularly, a polytitancxane composition having a
cycloalkexy group is preferred.
A cycloalkyloxytitanium represents, among organic
oxytitaniums constituting the above organic oxylbitanium
20  compositions having the R-0-Ti linkage, an organic
oxytitanium in which the R group is a cycloalkyl group,
v vhe -0 Dopming Uhe Re0-T1 Disbace 4w owvaen boncad

poLhe oyologllviogroun.

Therefore ; Fie o W loalk Y L Y Eltanium oom L itions
o I S [Pt ST N S O SO B T SN
cr LB, AHNONG LI QDOVE - GeS Ol B0en Oraanla OXYUIlaniums

having the R-0-T1 linkage, only those in which R is

R - e . PP . - TN L e e . . WY O 9 . JE o . b
limited o s covoeloalkyi oronds, and Uhos axoludes only



10065] 20[ Formula 12] ( 5 )(6)(7)(8) 100661 42 - Among such Ar groups,
the Ar group that can be preferably used in the present enbodinent is

sel ected froman aromatic group and a group in which an aliphatic group and
an aromatic group are bonded to each other, 5 considering that a side
reaction is less likely to occur. Exanples of the Ar group that can be
preferably used in the present enbodi nent include a group selected fromthe
group consitihgloftiah aedgties Hydridearbohr YHoup et & Tyt i ehhyldrdcar bon
group (a monocyclic hydrocarbon group, 10 a condensed pol ycyclic

hydr ocar bon* fritfitlp, 2 & B iyl ¢y hydr ocar bon group, a spiro hydrocarbon
group, a riﬂgﬁgffenbly hydr ocar bon group, and a cyclic hydrocarbon group
with a side n), and a group in which at | east one group selected from

the group of these groups is 15 .bonded (groups . substituted hy e qg}pther),
whi ch are organﬁ%ﬁgréﬁﬁglﬁé§ﬁﬁgl o Q%ggﬁﬁﬁtéfgﬁtfmﬁ?éﬁkgéﬁi3% r oups

having € t?ml%ﬁﬂ{%g@ ALONs. | A or mosreq-gtergn%ﬁm@g{ww g1 ol faving an

aromatic ring, is a group selected froma group in whi'ch at | east
one or nore;salected,f rann}hh%ﬁﬁ%y%&msd sHimh ofn @ eyslagl kyl group and an
y

aryl group are ).1 1cycl o.si

cycloalkyl group exhibit a similar behavior in the above
step (1) and step (A}, and therefore, the above-described
cycioalkyloxytitanium composition will be described below

10 as having the same meaning as the alkyloxytitanium
composition. (To be exact, the alkyl group is branched
and/or linear, and the cyclecalkyl group is cyclic, but
there is no difference in reactivity and the like, and
therefore, they have the same meaning herein. Similarly,

15 a group in which a cycleoalkyl group and an alkyl group

are bonded to each other has the same meaning. )

<Aryloxytitanium Composition>
The aryloxytitanium compesition used as a raw
20 material in the present embodiment represents, amcng the

above organilc oxytiltanium compositions having the R-0-7T1

oy g by ey

ST i tani
Fogroun 1s oa group having an aromatic ving, and the -0O-
forming the R-0-Ti linkage is oxygen bonded to the group

25 having an aromatic ving., FParticularly, a oolviitanoxzane

composition having an aryloxy group is prefaerrved.

I A AN >
[0 E



- 43 - A group having 6 or 7 carbon atons is further preferred.
Exanpl es of such Ar groups include a phenyl group, a cresyl group
(isomers), a xylyl group (isoners), gnqga_ﬁ napht hyl group. Exanpl es

of preferred Ar groups are a phenyl group and a cresyl group (isoners).
The diaryl carbonate wll be described |ater. Wen the aryl oxytitanium
conposi tion produced by the 10 production nmethod in the present enbodi nent
is used as a catf@loystthieopbgver dutt 6 Ve da tdicapyloredrisorate it is
preferred that the aryl group constituting the diaryl carbonate, and the
above- descriBed HYi S grivup it oistd TR ng-ftde ot y| X3t i e U & e t he same
type of 15 aryl group (that is, the aryl ox roup constituting the
aryl oxyti taﬂ'ﬁ%rﬂg?saq Haet(ys’a%a‘f’ aqmlﬁkfsgr%ﬁfgl%s‘?t% aar%ﬂ%tgarrb‘i’fba%%nsti tuting
the diaryl carbonate), [0067],. , . .. A mononer_structure having an
(Ar-0-)A4Ti }}sa{a\{%c e, Mo glglv\]fe RS S a‘f)oovyetnlg'o Nt Enoka '@ havi ng t he
Ar- O Ti l i nkage, e, prefenably. ti tani um f anition
havi ng an ArsCBf%ﬂﬁ%n Jﬁ, r 44._Lﬁgggéﬁ%%&tgﬁéyﬁg(ygﬁloﬁyHé”?ormufa
according to the definition of the above polytitanoxane
composition having the R-0-Ti linkage.
The structure of the polytitanoxane is diversified
by the combination of the above formulas (1)} to (4) (in
10 the polytitanoxane having the aryloxy group, the R group
in the above formulas (1) to (4)

is an Ar group), that is,

by the combinaticn of the following formulas (15) to (18)
here, as described for the above polytitanoxane having

the R-0~-Ti linkage. Tt is difficult to identify the
15 structure by the current analysis method, and the
structure 1s presumed to be a mixture of various

structures.

[0G59])

[Formula 10]

OAr ?N‘ QAF ?
&Ji?“““é?““"€%°” - MO S Sl i S B S s Lo # e
! i { !
sy Cifes o3 ik
! i
: ;
{18} (18} (17 (18}
20
In the above formulas (15) to (18), Ar is a group

[
Pl Vo freg il

arvomaltic ving, the
by

Ay o group Torms an Ar-O-T1



containing at |east one or nore types of polytitanoxane having an Ar-OTi

| i nkage. [0068] The above pol ytitanoxane conposition having the Ar- S O-Ti

| inkage is a conposition such that a_ml,e_average degree of polynerization
is 1.1 or nore and 12 or less. The nol e average degree of polynerization is
determ ned by the follow ng mat hemati cal expression (1), using the nunber
of Ti atoms, contained in an individual 10 polytitanoxane having an Ar-OTi
li nkage, whi CH&Hnstd3tUtde they gt vt i $anokare dompasieionin ande t he
following "nolar ratiq". The pol ytitanoxane conposition conprises one
or nore pol'g]?r?}faa%eoxla%&orh%?ﬁ ng’ ath?ﬁ et degred ot 45 gol yiePizati on (the
nunber of Tgxﬂ?ﬁns in the nol ecul e). The above "nolar ratio" refers
to the nol es of"a polytitanoxane having an individual degree of

pol ymeri zati on relatiye %Orylg)&élgtg?lﬁélgolc%%sgi%%g%%tt%goxanes in the

pol ytitanoxane conpos iti above erage degree of
pol ymer 'SZateiﬂﬂhé'x_l}!'ﬂiﬂa%:ir@@-nits tﬂ}%féﬁﬁ)lpi %{ﬁtc ntd&d %@tﬁﬂ'@r Wrds, the
questionow many Ti atoms are - 45 - contalined in one polytitanoxane
mol ecul e i sfanswerned as-ravel age-yal ue. [0069] [Expression 3]

[0062]

[Formula 11]

10 [0063]

In the formula (Ar0O), the ring A represents an
organic group having 6 to 20 carbon atoms, containing an
aromatic group toe which an oxygen atom bonded to Ti is
bonded at any position keeping aromaticity, and may be a

15 single ring or a plurality of rings, or & heterocyclic
ring, and/or may be substituted by another substituent.

The ring A 1s often described as an Ar group herein.
[GO64]

R LLoks a4 groun Daving an aromatico ving. Examples of the
AY group include grouns composed of a carbon atom, a
hydvogen atom, and/orv an oxygen atom, such as an aromatb o

group and a group in which an aliphatic group and an

e gy b e NN - P P [ P T L P S RCR
STOMaT IO grounn are oonded o oasaon otheg, More soeci o



Pn = (p, mv) ci) 5 [00[70] In the above mat hematical expression (1),
Pn is a positive nunber representing the nole average degree of
pol ymeri zation. 10z represents the nun3§rwof types of polytitanoxane having
an Ar-OTi |inkage having a different degree of polynerization contained in
t he pol ytitanoxane conposition having the Ar-OTi |inkage, and represents
an integer of 1 or nore. 15pw is a posjitive natural nunber representing the
nunber of TI*HIROMES ot dite P iHRE g6t 41 aibsxarre atol ecul i sthieture w
having an Ar-O-Ti 1inkage c%gqtai ned In the conposition. | mM s the
mol e fract Y " tHe' Doove ¥Hol Bl A" 20 uct U I G o He edrposi ti on and
satisfies t JpOi &Ll:rl' OSOu7C' - _406r -8%30072 I n tohe abave mat hemati cal
expr essi on P ha e THie Hrarity DY Hesdt iBER T tHe above
mathemal | caly EXRLESHON (s, ANdd GRL SN ! st o dypes. of
pol yti t anoxane havi ng a ArE’O%{Fi Cﬁ nknagee ﬁg)vrn C;M | ?i“yecg'jeon(tay@%%? ee of
pol ymer zatd,anyson alnefhdd e poliyld Lanaxane comosid ign aving the
Ar-OTi |inkage, and rg{)%esen){?g an biyl}nteger of I or m)re.s%fho 3]
hydrocarbon group, a ring assembly hydrocarbon group, a
cyclic hydrocarbon group with a side chain, a
heterocyclic greoup, a heterocyclic spiro group, or a
bridged heteroccyclic group), a group in which one or more
10 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
bonds to a particular nonmetal atom (carbon or oxygen).
The above covalent bond to the particular nonmetal
15 atoem (carbon or oxygen) is, for example, a state in which
a group represented by the fellowing formulas (5) to (8)
and the above-described group are covalently bonded to
each other,

[0065]

20 [Formula 12]

Hat

i DS e e e O S o Y—
]
E

(5) {6) (7} {8)

0066}



10For exanple, in the case of a conposition conprising 1 nole of a
tetraaryl oxytitani umrepresented by the following fornula (19), and 1 nole
of a polytitanoxane represented by the,hollowing formula (20), the nole
aver age degree of polynerization is 1.5. 15[0074] [Fornula 13] QAr CoAr QAr
11 ArO--TF-OArAr0--TH01--TH QAr 111 Cd ArQArQAr (19)(20) [0075] WOoW It
pfl H as possable. and having a high nole of' cw, wea. Wen - 47 -

flowability is CORGUEEH, Hhd ‘Gertae (R Pl WFEMIL 4t180n G288 preef erabl y not

very high. preferably used in the present embodiment is selected

from an aromatic group and a group in which an aliphatic
group and an aromatic group are bonded to each other,

5 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,

10 a condensed polycyclic hydrocarbon group, a bridged
cyclic hydrocarbeon group, a spiro hydrocarben 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 of these groups is

15 bonded (groups substituted by each other), which are
organlc groups having 6 to 20 carbon atoms, preferably
groups having 6 to 10 carbon atoms.

A more preferred Ar group i1s a group having an
aromatic ring, which is a group selected from a group in

20 which at least one or mere selected from the group
consisting of a cycloalkyl group and an aryl group are
monded o osach otner. and a groun An o whioh at loast one
GImere selected Lrom Dhe groupn consisting of oan allyl

group, a cyvecloalkyvl group, and an ary) group are Lormed



Therefore, the above-described nol e average degree of polynerization is
preferably in the range of 1.1 or nore and 12 or |less, nore preferably in
the range of 2 or nore and 8 or less. [-0076] As the nole average degree of
pol yneri zation increases, the structure is nore varied as previously 10
descri bed. The pol ytitanoxane having the Ar-O Ti |inkage used in the
production nethod in the present enbodi nent can be represented by the

fol | owi ng gener&l 9¥evirutay {21)% 9007 7f215PFor eita 1#]) L &by OH) c( OAr) d (21)
[0078] In the above fornula (21), Ar represents the above - 20 descri bed
group, a rBpFEEEREY-a positive integer of 2 or more, ¢ is an integer of 0

or more. dis an integer of 1100 in the profurtton kethocpresent
cresyl group (isomers), a xylyl group (isomers), and a
5 naphthyl group.
Examples of preferred Ar groups are a phenyl group
and a cresyl group (isomers),
The dlaryl carbonate will be described later. When
the aryloxytitanium composition produced by the
10 production methed in the present embodiment is used as a
catalyst for a production of a diaryl carbonate, it is
preferred that the aryl group constituting the diaryl
carbonate, and the above-described aryl group
constituting the aryloxytitanium are the same type of
15 aryl group (that is, the aryloxy group constituting the
aryloxytitanium is the same aryloxy group as the aryloxy
group constituting the diaryl carbonate).
[0067]
A monomer structure having an (Ar-0-),Ti structure,
20  as well as the above peolytitanoxane having the Ar-0-Ti

Linkage can ke preferably used ags the aryloxytitanium

aaecd by the mroosent ombodiment Ao ormirewiovs by cdeaor i el

)i Le exiremeliy diiffiocaltd o 1acliate Uhe nolyibicanosarnos

o Herermining the atruciurs., The oolviitanoxans Navino
; B T P S~ T SRS S PR e . P i

LiEE M e LA | e 3 I R B S W 1. el ermag Lme ity s

polytitanoxane composition having an Ar-0-Ti linkage,



nore preferably a pol ytitanoxane having an Ar-O Ti |inkage represented by
the followi ng general formula (22). [0080] [Fornula 151 5Ti o0g(OAr), (22)
[0081] In the above formula (22), Ar_rgpresents the above- descri bed
group, p represents a positive integer of 2 or 10 nore r is an integer of 1
or nore, and q is an integer of 1 or nore, and 4p - 2q + r is satisfied,
and 2p + 2 - r. [0082] When a, b, ¢, d, p, q, and r shown in the above
15f or mul a C2D)taamd "oerullgage2pngr €1t Bope deresnonedoLvbl-éeulcamniei ght may
be required. At the time, the nolecular weight is obtained by a nethod
similar to he WetRod d&sdri Bed*#H&n a, b, c, d, e, f, and g shown in the
above forn%b%6%%l) and fornmula (12) 20 are determ ned. [0083] 1

The above polytitanoxane composition having the Ar-

C-Ti linkage is a composition such that a mole average

15

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
16 pelytitancoxane 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 degree of
15 pelymerization (the number of Ti atoms in the moleculel,
The above "molar ratio" refers to the moles of a
polytitanoxane having an individual degree of
polymerization relative to the total moles of
polytitanoxanes in the polytitanoxane composition.
20 By the above "mole average degres of
polymerization,™ 1t is meant that the product of the
malar ravtic of g polviitanowane having an individosl
modymerizaniar
le determinaed, and {he product ls integrated for all

R 3 e e o i~ PR | [ T S T Hee e e e e e oo ) [ T
P CARELE e s (0 JALD A Y PR UL LR D o L sy v e L3000 T P N L W N 1 S

(oS

In obher words, the question of how many Ti atoms are



- 49 -

However, as previously described, actual

identification of
the structure of the polytitanoxane is extrenely difficult by the current

anal ysis method. Therefore, the polygiggngxane conposition having the 5

Ar-OTi i
pol ytitano

above fornmula (21) and/or the above formula (22).

aver age de

anal yzi ng
as it is,
| i nkage co
represente
Ti hG (OH)
ah ) and i
5
10
i5
20

o

nkage used in the present enbodi nent
xane conposition having the Ar-OTi

is the particul ar

Ther ef or e,
Greed agmet0 ipoloyyre HcZattiicm ey rise Nobteaiied igs afroleows] as
t he above pol ytitanoxane conposition having the Ar-OTi

| i nkage represented by the
t he above nol e

By

tHE T &ge “€onposi ti on of pol ytitanoxanes having the Ar-O Ti

gﬁ%%&ﬁting the conposition conprising the above formula 15(21)

he followng formula (23). [0084] [Formrula 16]
k (23 0085] In th b f | (23),
Ba S n = s 1ooke) | oo e oM

&
Pn=21:(pw'mw) (D)
[0070]
In the above mathematical expression (1), Pn is a

positive number representing the mole average degree of
rpolymerization.

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.

Pw 18 & positive natural number representing the
number of Ti atoms ceontained in a polytitanoxane
molecular structure w having an Ar-0-Ti linkage contained
in the ceomposition.
is the mole fraction of the above molecular

My,

structure w to the composition and satisties the

Ar represents the

| i nkage,

is



- SO- Simlarly, the average conposition of polytitanoxanes having the
Ar-OTi |inkage constituting the conposition conprising the above formul a
(22) is represented by the foll ow ng_f%nyl a (24). [0087] [Fornmula 17]

Ti 90, 4(0Ar), (24) [0088] 10lIn the above fornula (24), Ar represents the
above- described group, p represents a positive nunber of 1 or nore, r is a
positive nunber of 1 or nore, and q is a positive nunber of 1 or nore, and
p, g, and rl®4tdlsfy 4p = 2q + r and 2p + 2 = r. 15[ 0089] When h, i,
i, k, p, g, and_r shown in the above fornula (21) and fornmula (22) are to
be deternined, ABl EEGI aPOWRI BRtNREY thEALefliPFEASTON (2), 2 has the tine,

t he nol ecul ar wei ght, can be obpt ai n ddfby 20t he net hod descri bed when a, b,
c, d, e, f,Sdﬁ}‘?dn&%é"Hd\ﬁndiSnzt "S%dg)ég ar'mi (aff)veaﬁ@%ﬁﬁh"é:a(llm are

detern]nedEXpréégion {1}, and represents the number of types of

5 polytitancxane 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.

[0073]

10 For example, in the case of a composition comprising
I mele of a tetraaryloxytitanium represented by the
following formula (19), and 1 mole of a polytitanoxane
represented by the following formula (20), the mole
average degree of polymerization is 1.5.

15 (00741

[Formula 13]

OAr OAr OAr
ArO*-—'II'iMOAr ArO—Ti=—0—Ti—OAr

OAr Chr OAr
{19) (20)

[O075]

23! t iy 1 ! 1
EgY! OYoauel Lon merihood in the oresent ombhodiment ta goaed
Calapysy DTor a4 Droauotlan on3 G187 Y L carbonate ;
pobyviatanoxane having an Ar-0-Ti linkage comprising small

molecules as little as possible and having a high mole

[ R e ryez clescs e D Ly me g SO s ;e Te ey 'k Wi



- 51 - (22) may be used as the value of the nole average degree of

pol yneri zati on, assum ng that the conposition is the structure represented
by the formula (22). O course, as desgrlbed above, a nononer structure 5
having an (Ar-0-)4Ti structure nmay be contalned in the conposition. Also in
t hat case, as descri bed above, h or p obtained by anal yzing the conposition
conprising the nononer structure is the nole average degree of

pol yrer i zatfi'ewadfi ltine denmposistidenedi0fdeotiegree ofApatlyacaliove-idescri bed
anal ysi s met hod, known net hods can be appropriately used. El ement ary
anal ysi's, attomire Fastrlpt N6 isect Mésdopy, i nductively coupled plasna-atom c
em ssi on spectro% p¥ 15 cBronato graphy anal ysis, and nucl ear nmagnetic
resonance (NVR) ;[ DGhE*PRE | FkE ARPER™ Q?ECFbﬁ??n@P}ep?é@??@%ddéaﬁeﬁe

f er abl d, and .t d if A pref d
ot ho ambiy. ERANCACIORLAD, \FoP ExanpLey 3&2 A n e Content o

car bon, ; oxygen, ;and 120 ydiogen. atom r@fe ntary analysics.. £ be ]

content by i1nductively coupled plasn Patom ¢ e n spect roscopy, Nhgb p
i shrouc |sm@ré gh@t@b%glqeggHOOOnLo) aiiy be obtalned by a nethod hydrol y
zi nqthe - 52 - conposition to formArOH and then conducting
chr onat ogr aphy; canal ysi s. The pol ytitanoxane used in the production
met hod in the present enbodi ment nay be in the formof an adduct to

As the mole average degree of polymerization

increases, the structure is more varied as previously
10  described.

The polytitanoxane having the Ar-0-Ti linkage used
in the production method in the present embodiment can be
represented by the following general formula (21).

[0077]
15 [Formula 14]

Ti,0p (OH) {OAY) 4

(21)

[0078]

In the above formula (21), Ar represents the above-

20  described group, & represents a positive integer of 2 or

more, < 1s an integer of O or more, d is an integer of 1

FTTIeS T RS R B N N T T A R A S S wov et T
[RECA AR R I e - FE ERRRS A S O £ R I [N Ll

AR S g I A T R R e ey R L S A SRR R I T N R R R e e
e polytilanoXdans naving the Ar-O-1T31 D1ngage used

in the production method in the prezent embodiment is



5 or a mxture with ROH or ArOH, wherein R or Ar represents the
above-descri bed group. [0092] (D aryl Carbonate) The diaryl carbon
in the production nethod 10 in the p[qégn; enbodi nent is a diaryl

represented by the followng formula (

). The diaryl carbonate is

often descri bed as an "aromatic carbonate" herein. [0093] 15[ Fornmnu
Ar0-1-0Ar 0 (2 5) [0094] The aryl oxy group constituting the above diaryl
carbonat e N¢reepresenvedyby the violbowixagef ormina 6Ar 0y-O-FA r 0)

[ 0096]

53
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20

ate used
car bonat e
al so
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- 53 -

linkage represented by the following general formula (22).

[0080]
[Formula 15]
Tip0q (CAY)
(22)

(00813

In the above formula (22), Ar represents the above-
described group, p represents a positive integer of 2 or
more, r is an integer of 1 or more, and g is an integer
cf 1 or more, and 4p = Zgq + r is satisfied, and 2p + 2 =
r.

[CGOBZ]

When a, b, ¢, d, p, gq, and r shown in the above
formula (21) and formula (22) are to be determined,
molecular weight may be required.

At the time, the mclecular weight is obtained by a
method similar to the method described when a, b, ¢, d,
£, and g shown in the above formula (11) and formula (12
are determined.

10083]

: ] P T 3
,oih
B SRR L ! e mres 1
ieally a particoular polyviitanoxane composition
having an Ar-0-T31 Linkage obtalned from the mole average
degree of polymerization rvepresented by the above
mathematioal ox i1

€,

)



In the above fornmula (Ar0), the ring A represents an organi c group haying 6
to 20 carbon atons, containing an aromatic group to which an oxygen atom
bonded to Ti is 5 bonded at any posigigg keeping aromaticity, and may be a
single ring or a plurality of rings, or "a heterocyclic ring, and/or may be
substituted by another substituent. The ring Ais often described as
an Ar group herein. [0097] 10The preferred Ar group is not particularly
limted as | ongHageiveri sag greupohativnglean rabedat f¢titdg. Exanpl es of the
preferred Ar group include groups conposed of a carbon atom a hydrogen
atom and/ ordedr- oxygen At oty Tt i AR i d@ ohfatlile group ldmd aagroups i n 15
whi ch an aliphatic group and an aromatic group are bonded to each other.

ore specttd %g?%é‘f ; Egﬂ’;{? “ é%q*”“g"g”’?g@?% eh e 1o

ﬁ§g?§LgéngESE;H%fzéﬁggiééggfg gﬁyéigyggpégfﬁgin ?éﬁgiﬁlpsZ?ﬁii};dj;carbon

o s Bt oA e s
T coval ent bond to '

(carbon or "oxygen). The above o the particular

nonnet al  atiom LR B Qs GE My itthe fOlowXamhg 2 stiat eddy whigh. a group
represented by the following formulas (5) to (8) and the above-descri bed

group are covalemdynbended to each other. [0098] [Fornula 20]

Therefore, the above mole average degree of

10 polymerization may be obtained as follows.

By analyzing the above polytitanoxane composition
having the Ar-0-~Ti linkage, as it is, the average
composition of polytitancxanes having the Ar-0-Ti linkage
constituting the composition comprising the above formula

ib (21) is represented by the following formula (23).
[0084}
[Formulia 16]
Tin0s (CH) 4 (OAT )y
(Z23)
20 [0085]

in the above formula (23), Ar represents the ahove-
describeod group, b orepresents a o posiiive nunber of )
mers, 7 is o positive nunber of U oor mora, k

ool L oor more, and L ois a positive number

and b, 1, 5, and I satisiy o dbh o= 2 e 1w
3 3L [ T y
k and 2h + 2 = § 4+ k.

Ve £
[O0Re]



H2 C (5)(6)(7)(8) [0099] Anmong such Ar groups, one preferred as
the Ar group constituting the diaryl carbonate used in the production
nmethod in the present embodinment is sekgcted froman aromatic group and a
group in which an aliphatic group and an aromatic group are bonded to each
ot her, considering that a side reaction is less likely to occur group with
a side chain), and a group in which at |east one group selected fromthe
group i s bondedSd§rodpd YsubdEi fiited Iy ceaek setther) ofwhi ch are organic
groups having 6 to 20 carbagn atons, preferably groups having 6 5 to 10
carbon at ol YA FUFIHE St ererret ArC droup s a TYresiip A tnigdnl s omat i ¢

ring, which.is a group selected froma .gro i n which at ast one or nore
sel ect ed ftﬁﬂﬁtQ%ﬁbr%éhf%ﬂnﬁﬁ@ﬁﬁ%ﬁfQﬁ i éﬁ%éﬁe &%%ﬁﬁﬁih | oaf kyl group,
and an aryyﬂﬁgQHRfﬂﬁﬁégﬁﬂﬂﬁgfHﬂﬂﬁﬁéhgﬁ%qﬁﬁmﬂﬁﬂg fﬁo group in which at

| east one or ‘nore se rom up consi s g of an al kyl group, a
cycl oal kyl , and an aryl group are forned via a |linkage selected from
t he above-described (5) to (8). Exanpl es of such Ar groups include

a phenyl grotp:ma zl15cresyl group (isoners), a xylyl group (isoners), and a
napht hyl group. Exanples of preferred Ar groups are a phenyl group and a
cresyl group,CLsomeyrs), nore preferably a group having 6 or 7 carbon atons.
20The di aryl carbonate used in the present enbodi nent

(24}

[CO88]

10 In the above formula (24), Ar represents the above-
described group, p represents a positive number of 1 or
more, r is a positive number of 1 or more, and g is a
positive number of 1 or more, and p, g, and r satisfy 4p
= 29 + r and 2p + 2 = r.

15 [0089]

When h, i, 7, kX, p, g, and r shown in the above
formula (21) and formula {(22) are to be determined,
molecular weight may be required.

At the time, the molecular weight can be obtained by

20 the method described when a, b, ¢, d, e, £, and g shown
in bhe above formula (11) and formula (12) are determinced.

S IRREE

Therefore, as the mole average degres of
; te degres of
polymerizatlon, either b in the above formula (Z3) ov p
Ty L [ R NS e £ A . i 3
A s e ddeeeVer LT Lt peod ) My e s,

When it is difficult to detect ¢ represented in the
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is preferably di phenyl carbonate. prod f".d::."he aryl group coast t uti
a. c.jhe targeted - 56 -- diaryl carbonate, and the aryl group
constituting the above aryl oxytitani um.are the sane type of aryl group.

It is preferred that also for the diaryl' carbonate as a raw material for
obtai ning the above aryl oxytitani um conposition, the aryl group
constituting the above aryloxytitaniumis the sane type of aryl group, as
in the diar{#2candhonat ertat bes prioducedie [@101je mole averadNexdegeaech step
of the production nethod in the 10 present enbodi nent wi |l be described.
(Step 1) ©f prhevimethod ot producimg thet driyd oxsnasini um coapolsétion in
the present enbodi nent conprises the following step (1): 15 adding a diaryl
car bonat e t"dH dtifani P IBEA t%hi i dEhposity oh ing an R-OTi I|inkage,
wherein R repregjwnts an organic %rg%g containing 1 to 20 carbon atons, and
evaporating a c ip&ﬁé‘ﬁtsehafisnéjeé "GWEF BoiViEng “pBIPRCTERarf KT e t he

aLaryl garonaley PUSAer MIN20,Lhe.sboue dLan sabanate 50 as o
compositicn. Also in that case, as described above, h or
p obtained by analyzing the composition comprising the
monomer structure is the mole average degree of
polymerization of the composition.
10 (G091
As the above-described analysis method, known
methods can be appropriately used.
Flementary analysis, atomic absorption spectroscopy,
inductively coupled plasma-atomic emission spectroscopy,
15 chromatography analysis, and nuclear magnetic resonance
(NMR), and the like which are routinely practiced can be
preferably used, and they may be combined if necessary.
A preferred method among them including, for example,
determinaticn of the content of carbon, oxygen, and
20 hydrogen atoms by elementary analysis, the Ti content by

inductively coupled plasma-atomic emission spectroscopy,

A sy y o R P N T g ey P S RN |
ArITicuLT TO obhtain the content ol (OAD)

groups, 1t may be obtained by a method hydrolyzing the



_ 57 _is used as a catalyst conposition for a production of a diaryl
carbonate is inproved. A step of producing the targeted diaryl
carbonate will be described |later and i5§ a conplicated step with a 5
plurality of reaction raw materials, réaction internedi ates, and recycled
substances. It is surprising that the above effect is achieved only by
carrying out the above step (1), which is a discovery that cannot be

expect ed f reowipastt fomdingseregardi ng oty tamnoxarel Oconposi ti ons.

In the conventional art, the previous reaction of a catalyst with a high
boi | i ng corfpoidhttcantPithertd ke Have been perforned, but it is not clear
what a conponent_shoul d he renoved, and an inprovenent, in the quality of 15

the produced di dr{fi FOArBoRar e enstsShr dvi déE. PHRE A Wb M Ty ol it he

catal yst m xed with the high boilin onponent, after stora becones

si gni fi cantL?(}ile Ipo%%?n%nedrgf%gl‘I%eﬁ%llgf& Ck%:earfﬁ?)tﬂﬁée lﬁ%%ﬁ Qai 4 c% osttfon for
storages ang.id i 8. anly dnawnat, & qatalyst, comosition 201 s. produced at
a site adjacent to a diaryl carbonate pro Uct'i‘on pl ant, ‘or " ohe ' of st eps

connected by,a Jjine. moaro;Prvip i, 00 method 1P an. 0 al so realizes a. |ower
melting point. Therefore, Its - 58 - nelting in use is easy, and its

catalytic agtdavity during transfer and/or storage can be |ess degraded.
Thus, the production of the above aryl oxytitani um conposition can be
separ at ed f{omtje qQrosassdor

The diaryl carbonate used in the production method
10 in the present embodiment is a diaryl carbonate
represented by the folliowing formula (Z25). The diaryl
carbonate 1s alsoc often described as an "aromatic
carbonate" herein.
[C093]

15 [Formula 18]

ArQO—C—OAr

(25)

[0094]
The arvyloxy group constituting the above diaryl

carbeonate 1s represented by the following formula {(ArQ).

RS POV O

ixmjiw/}wwﬁ}mmn
< == (A O)



5 producing the diaryl carbonate, and these can be carried out w thout

| ocation |imtation. In other words, according to the production
method in the present enbodinent, a |large anmount of the conposition for the
catal yst can be inexpensively 10 produced. Therefore, the diaryl

carbonate used in the above step (1) is preferably a diaryl carbonate
havi ng the sanme structure as a diaryl carbonate to be produced using the
aryl oxytitafi@#hlconposi ti on_ 15[ 0104] The comnbi nation of the organic
oxytitani um conposition having the R-OTi |inkage and the diaryl carbonate
used i n the prodéctiénaketRod it Re (Présent henBodioment Rirlels e sdescr i bed
bel ow. 20(1) A case where the oxygen of the organic oxytitanAum conposition
havi ng t he ‘RGIFHC IQ%g‘a(Vdf“Qe%&%&Pp&ﬂf@qn P hdUYriithg' ¢ t82 the, 5
gro - 59 -- .. The diaryl carbonate or the organic oxytitanium

conposi ti off 1A 'Y tHE'R ?)C}Fiwqjicﬂkaﬁ]e P EH| @gtoé‘H cod?i%‘ffﬁﬁ’g qTj;lhe"sboi ling

poi nt OE h%n ol Caqﬂpa%gpg%osci oy Oer}egjiin taord’mea %ecgj:[ti ye aStJ lfT(i:e;[ unes. o A

di aryl carbohate i's a carbonate ester of” an aronatlehhy roxy %onpound.

An ester is g dehydralign condansati,en,compepnd gf A garhoxyldie acid and a
hydr oxy conpound.
ring, and/or may be substituted by another substituent.
The ring A is often described as an Ar group herein.
[0097]
10 The preferred Ar group is not particularly limited
as long as it is a group having an aromatic ring.
Examples of the preferred Ar group include groups
composed of a carbon atom, a hydrogen atom, and/or an
oxygen atom, such as an aromatic group and a group in
15 which an aliphatic group and an aromatic group are bonded
to each other. More specific examples include groups
having an aromatic ring, which are an acyclic hydrocarben
group, a cyclic hydrocarbon group {(a group such as, for
example, a monocyclic hydrocarbon group, a condensed
20 polyeyelic hydrocarbon group, a bridged cyclic

hydrocarbon greup, a spire hydrocarbon group, a ring

R AL R o e e R L R D N I B R N B Wl o LT
R N Il R R I W R I B e R T R SN C SR S RN
WL ar BAE onan, a2 natolooyol o Grolin, 4 nenarodyvoello
e e e P~ N . e el - R L ] T . R B - S e, -, g e
LTV YT Ty STy o vy rleraaey Fren i ST T YT Y STFONLTYY
SRl grouD, aAnG & Driagoed netorodvoLIo growull, o Group
Y ! 5 - N : . -
WL Gne O mOQre grouns sa lecred Trom Uhe above

acyclic hydrocarbon group and the above cyclic

S PP TRV e SO T o 2 el . o . . B
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Therefore, a diaryl carbonate is also simlarly 10 considered, and it is
natural in nonmenclature to consider that a diaryl carbonate is a
dehydration condensation conpound of carbonic acid and an aromatic hydroxy
conpound. The aromati c hydroxy conpound in considering so (or an aromatic
hydr oxy conmpound of a carbonic acid 15 and an aromatic hydroxy conpound
produced by the hydrolysis of a diaryl carbonate, on the contrary) neans

t he above- d@%@Wﬁbﬁﬂﬂﬁﬁ?ﬁﬁgpdnuﬂﬁgihyﬁ*cxykddﬁﬁodndmh»LO &The ot her hydroxy
conmpound correspondlng to the structure of the organlc oxytitani um havi ng
the RO Ti 29 Vi%ikage Teprdsents-an hyd%ld%@ﬁ é—BrrpB‘Uthf aving an ROH structure
in which a hydrg}en tomis added to an R-0- In the prod]jrunt: hod M the
organss t conposi'€i 6RCVRAGPHE L&R “REVETI &OcbheneRt t1cuge L nearséridt e i s

evapor at ed, L9 her with the diaryl carbonate. se where the oxygen
of the organlc,n9 (V1ﬁ%éhﬁﬁh188ﬁ%6§|ﬁldn raviTy W9ﬁ§¢2%}§% 249 nkage¥dach” S

conpoun SItIO IS co |t|on Iurafjty of onpounds
havi ng gnw% %‘Iﬁnﬁq en|Lseanobt b(%lnedeni:pcitsloov‘:';iLnIn (r)f(c)orr};a Lﬂc gr gf:

case where r B: i n, organlc
group ot heréﬁégﬁi%&%\é@%ac{%%g{r ﬁ%1 in tq@ E’Fg group 1(;';Snltt cw Clib(}eg?’ eferred that
for the selegegty onf- a preferred R-0- group, when the b0|Iing poi nts of ROH
and the aromatic hydroxy conpound (that is, ArOH, and Ar has been descri bed
in the aboveosexti on of diaryl carbonate) corresponding to respective
structures described above 15 are conpared, the boiling point of ArOH is

hi gher than Rchatulef ZRCH. When the oxygen of the R-0- group is not
bonded to an aromatic group, the above ROH is an al cohol. Cenerally, the
equilibriumof a diaryl carbonate and 20 an al cohol is represented by the
following formy a (E2), anﬁ t he equili%&iun1is biased to the left (an

al kyl arvyl 2
e wc':-“-—— —C— —C— —0—
{8) {(6) (7) (8)
10
[0099]

Among such Ar groups, one preferred as the Ar group
constituting the diaryl carbonate used in the productiocon
method in the present embodiment is selected from an

15 aromatic group and a group in which an aliphatic group
and an arcmatic group are bonded to each other,

considering that a side reaction is less likely Lo occur.

Sy L S S T, g ey g N T S . . ey o sy y e
20 nyarocarizon group {@ monooyclic hydrocarbon group,

X y . R . . . . . L
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hydrocarbon group, a spiro hydrocarbon group, a ring
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"ct-at a diar- 1 catalyst shifts the equilil ium1.. 5 thcc unpreferred -

61 Therefore, it is preferred that the R-0- group in this case is
renoved out of the systemin the step £§)¢ [0106] [Fornula 21] [ 0107]

As descri bed above, when ROH has a |l ower boiling point than that of ArOH,
RCH can be renpved out of the system together with the diaryl carbonate,
or together 10 with the diaryl carbonate as an al kyl aryl carbonate. Wen
ROH has a Gewew beithi Ag spéienthehan -t had of 9AeOH, ithehalckylear ylessdr bonat e
has a lower boiling point than that of the diaryl carbonate. [0108] 15In
this case, %MRFe IROGFoEF 1§ LHFeféFEDINY Ca 9§PEE Havicngcd SHdrBsunber  of
carbon atons_ because o% easy renpval . . _An R group having 1 to 6 carbon
atoms is pF@P@ﬁﬁgﬁxeéo §i8§FPn§qBﬁ§)PI8%dEPIPF§ %Fg?ﬁécp8F§¥%¥hnoxane
havi ng )1'raving 6 to 20 carbon atoms, preferably groups having 6
5  to 10 carbon atoms. A further preferred Ar group 1ls a
group having an aromatic ring, which is a group selected
from a group in which at least one or more selected from
the group censisting of an alkyl group, a cycloalkyl
group, and an aryl group are bonded to each other, and a
10 group in which at least 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-described (5) to (8}).
Examples of such Ar groups include a phenyl group, a
15 cresyl group (isomers), a xylyl group (isomers), and a
naphthvl group.
Examples of preferred Ar groups are a phenyl group
and a cresyl group (isomers), more preferably a group
having 6 or 7 carbon atoms.

20 The diaryl carbonate used in the present embodiment

1s preferably diphenyl carbonate.

[ s
Wlhien e avyiowyilTanin conmpoasition oroduced in the
sroduction method in fthe present embodiment 1as gsod as g
T i : : slliment ls usod as o a
. s A o - . . .
20 catalyesl Tor o produaction of @ diarvy] carbonate,

praeferred that the aryl group constitubing the targeted



- 62 -- On the other hand, for the diaryl carbonate, diphenyl carbonate and
di cresyl carbonate (isoners) can be preferably used, considering the
industrial utility value. 5[0110] For %Qemconbination of the R group and
the Ar group, a case where the R group”is an R group selected from an
n- propyl group, an isopropyl group, an n-butyl group, an isobutyl group, an
n-pentyl group, and an isopentyl group, 10 and the Ar group is a phenyl
group is prépepredaoreile, and t%@xﬁﬁ&dnQ&WMMHEQ®Etﬂﬁ@tGM®aﬁﬁGEoxytitanium
conposition having the RO Ti |linkage and the diaryl carbonate used in the
above st ep 2PH WY Ipe vdedEriihEd 2 TE5THE andintt YOF e adivar yir cédr-bonat e used
is 0.1 to 50 nn#gr.equivglenta,"Rreferabl 1 to 20 nolar equivalents, with
respect to the totaf hbFEETBFCTFNAtofeSConPEi hBA FhatKHe BRERANEExytit ani um
conposi tion _having the R-O.Ti. | inkage. .20t is possible.to add the above
et ie BRECHER GViporate UhE CHpGRERE R G tHe Tovet

amount at one ti
bet 11 ngs composition, ﬁhﬁhgraﬁaggpugaconstitut%n%nﬁ%%na%o%%ps-fl evl

car bonate, together w't rhon.ate
aryloxytitanium 1s the same type of aryl group, as in the
diaryl carbecnate to be produced.
[0101]

Next, each step of the production methoed in the

10 present embodiment will be described.

(Step 1)

The method for producing the aryloxytitanium
composition in the present embodiment comprises the
following step (1):

15 adding a diaryl carbonate to an organic oxytitanium
composition having an R-0-Ti linkage, wherein R
represents an organic group containing 1 to 20 carbon
atoms, and evaporating a component having a lower boiling
point than that of the diaryl carbonate, together with

20 the above diaryl carbonate, so as to obtain an

aryloxytitanium composition.

\ 7 VERS i i I 21 i1 e i i Ly
...... [ , e ]
PhRe arvioswvt dbrand am comme st o an G iome b orare fenr s ey
LR ALY LOXMYU T anitiun COompnon LT Lon Qurlng vranzsleol and/sox
[ cu A e e e Vs S e el R I . [ . o oy $y e w3
Shaladge Lo IINDrovea, ana One guallly 0L 8 Qalar Yk

carbonate produced when the avyloxytitanium composiitlon



li .!Cocotte amM - 63 - evaporate the conponent having the | ower boiling
point than that of the diaryl carbonate, together with the diaryl
carbonate, after each portion. It is pp;sjble to carry out the step in

nul tipl e batches, or continuously. 5in’order to efficiently evaporate the
substance having the | ower boiling point than that of the diaryl carbonate,
it is preferred to repeat a plurality of times (two to four tinmes) the

oper ati on éf addidngslat ea3adylsar cequioval.entis fofr therddacyl ocardorat e and
evaporating the 10 conponent having the |ower boiling point than that of
the di aryl 9éaryonapéboreget her WiPkRVERe diaryl carbonate. [0].12] The
nmet hod for adding the diaryi carbonate can be appropriately sel ected
according to the type of Pﬁ%d§%169g%ﬁ?ct%§9???%n@hﬁfﬁbnﬁ%é%@ﬂéﬁehaving t he
R OTi linka nd the diaryl carbonate of interest, and _the apparatus for
carrying ol g?hgeaggﬁélékgﬁ &f;?r and’ I ?h@OHPéﬁﬁﬁtggrﬁbﬁthl 9be added
inasoid 2 ay be added in a liquid state (a nelted or solution
203tatg%. ?Eg%éﬁéggi§%0§3€F?éﬁﬁuﬁﬁgoﬁﬁégiﬁﬁoﬁ’h§§ﬁFnéophe R On ad tc.::arr
[O113] A tenperabne e, eLapoLating Lhe, sonpgnent b Y9 L el Ue bl L1 g

point than that of the diaryl carbonate in the step can he range
of 30C to 30Q€. thknaprder or@ctnCcreagent ReHate19f LEVaRELaL LN, R

the above step (1), which is a discovery that cannot be
expected from past findings regarding polytitanoxane
10 compositions.

In the conventional art, the previous reaction of a
catalyst with a high beoiling component, and the like have
been perifocrmed, but it is not clear what a component
should be removed, and an improvement in the quality of

15 the produced diaryl carbonate is not provided. The
flowability of the catalyst mixed with the high beiling
component, after storage, becomes significantly lower,
and the catalyst cannot be used as a composition for
storage, and it is only known that a catalyst composition

20  is produced at a site adjacent to a diaryl carbonate
production plant, or as one of steps connected by a line.

The arylozviitanium composition cbtained by the
production method in the present embodiment has an

oyt oy e ey o ama T st Sy mh oy v oo ooy
TR0 LT Vo INgG Transiaer ana SOy SLora oy dan @]

also realilzes a lower melting point. Therefore, its



hi gher tenperature is preferred. On the other hand, at high tenperature, an
unpreferred reaction, for exanple, the rearrangenent reaction of the diaryl

carbonate, may occur to produce a cogp%?cgted aryl oxytitanium At |ow 10
tenperature, it may be solid or poorly flowable. Therefore, the tenperature
is preferably in the range of 50C to 250C, nore preferably 80C to 250C
Dependi ng on the conpounds used, the nelting point and the |ike vary, and

t her ef or e, MeHd itrehper atsgr € scad e BHcadjtstoad dlyttihi satdangd: v fdneloessary.

[ 0114] The step (%) is preferably carried out in aliquid state and is
pref er abl y 'darYiiéd cund/&tr & “Carmpier attur & Cat: G ¢lv delest-gani ¢ oxytitani um
conposi tion haviggﬁthg R-0- éo Ti linkage and the diaryl carbonate are in a
subst anti al Iy uni“for m'Fi HuPd star8, ot n&f&l FRAYSt AEYSPEPLEER 1 THe re ic

ion. pressure varies depending on the type - 65 - system the reaction
tener at ur & OTENG ek T HSpaFaTIS Eahd el RGeS S s ual | y
preferably i r.an f. 0.Q01 kP 0,100 kPa  (absol ute pressur.e
COnsidegin '4%%9%%? et%% %ﬁ 3§@Tfgﬁ%ﬁ%ﬁ%%?céfmfﬁém?ghé¥¥b%E%ﬁé%%ﬁﬁ%gis 5

preferably 4 the .angq of, Q.1 kRa tq .20, KPa (absolute pressure). [0116] A
time of period between addition of the diaryl carbonate and subsequent

evaporation (reshdengerti;feakn 10chha;icgsecotna geBLLAYOHS PLRFESS) is not
particularly limted, but usually 0.001to 100 hours, preferably 0.01 to 80
hours, and imbreecpiekerabl vr@®olik@en®Q Bouksge amcunt of the
composition for the catalyst can be inexpensively
10 produced.
Therefore, the diaryl carbonate used in the above
step (1) is preferably a diaryl carbonate having the same
structure as a diaryl carbonate to be produced using the
aryloxytitanium composition.
15 (01041
The combination of the organic oxytitanium
composition having the R-0-Ti linkage and the diaryl
carbonate used in the production method in the present
embodiment will be described below.
20 {I) A case where the oxygen of the organic oxytitanium

compesition having the R-0-Ti linkage (of each compound

I T L e B T T T e T T R B I T T

LS B RO R '-..‘¢5~;."..' S T T AL I PR Gl cRLELURTR T e R E) s j,‘,, R s T I W A
ey et Puaag ey sy e e (e ooy oo Poan v Forvriedos et 4 e
CoHLG OGS DA anly aly el LA Rage ) Ln Dol Donaat U

SO CE OV Y F by ot o Sy /TN I AN T D Fren ooy oo Py ymor v
arOmatic googDd (Unay Lo, 4 Calo wihoere Thno oXygd (S0 4
b JE e e T Ty le e cvpvelarot ey STt VY eTAary o ot ot v oy on i e o
Liter Metgelp Ll kadge eredd TOoan organlo groun ounaern

than an aromatic ring in the R group).



[0117] The step may be conpleted after sanpling the 15 reaction solution
and confirmng by a known analysis nmethod that a desired amount of the
aryl oxytitani um conposition is produced3 N The step may al so be
conpleted after confirmng that a desiréd anount of ROH is evaporated in
t he evaporated 20liquid. Wen the organic oxyt.itanium conposition having
the (linmrgani able -iut the :I Li desired level (for exanple, 100 ppm or

‘| ess) because FheG@Jar@hleﬁﬁh@ﬂﬂeﬁaphlh@@|@V@ﬁe¥§r?B@thﬁ@awwum
conmposition is often unpreferred The anal ysis of the residual liquid
may be di f fEWIS duent ¢asams! it dndtHe 1K@ deand tivdrefiork, it is 5
preferred to analyze the evapor at ed conponents to determ ne the conpletion
of the stef JUHAFING thedol %éﬁbﬁeuqH G's TR PR G her add t he

di aryl carbeﬂ%te qutil thergb AN qkﬁontent n the di aryl carbonate
evapor at ed '8 100 ppm'S H%ds Shie eraﬁ%f%ﬁf pntor | ess, and nore

preferag' y 1 ppr g, 'rgﬁ_sca%g the ¢hlari g%@ﬁ t%rlgg ppm or | ess,

preferably 10 ppmor Iess, nor e prefera m'or ess, to evaporate
a |l arger anpupt,of- tSy digtillation, or adjust the reflux anmount
to evaporate the dlaryl carbonate 15 containing a high concentration of the

| ow boiling comp@neRter is a dehydration condensation compound of a
carboxylic acid and a hydroxy compound.
Therefore, a diaryl carbonate is also similarly
10 considered, and it is natural in nomenclature to consider
that a diaryl carbonate is a dehydration condensation
compeund of carpbonic acid and an aromatic hydroxy
compound. The aromatic hydroxy cempound in considering
so {(or an aromatic hydroxy compound of a carbonic acid
15 and an aromatic hydroxy compound produced by the
nydrolysis of a diaryl carbonate, on the contrary) means
the above-described corresponding hydroxy compound.
The other hydroxy compound corresponding to the
structure of the organic oxytitanium having the R-0-Ti
20 linkage represents a hydroxy compound having an ROH

atructure in which a hydrogen atom is added to an R-0~

In the prodoction method in the present embodiment,
IS P Ay u o rrariaeyr aites e medoieed s sarn vt ar doev o oyse b 1t s o
L (R0 0 I N e S0 0 G W 6 M R S 0k 0 S W G B O B B S Matli ot sy L ad T UG
composition having an R-0-T1 inkage, and a component
{‘ (‘ \[ “ ]i (‘ (’ : ¢ }‘\_f.i(:':‘ I E ‘{ g I I | {lfj h e e ‘r i lf\ B (\ 1‘! ) i f“ £ s ‘i‘-(: Y r} % ERRY] i
: e dlovwer Doaling point than that of the diaryl



[0118] (Il) A case where the oxygen of the organic oxytitanium conposition
having the RO Ti |inkage (of each conmpound 20 when this conposition is a
conposition of a plurality of conpougd% having an RO Ti. linkage) is
bonded to an bonded having the RO Ti. ?inkagearyloxytitaniunl - 67 -
Therefore, the diaryl carbonate or the pol ytitanoxane having the R O-Ti

l'i nkage may al so be selected conparing the boiling point of hydroxy
conpounds @@ﬂﬁé@bﬁﬁﬁﬁﬁgaN@HQ¥ﬁyﬁﬂd\R9Qﬂuhﬁﬁlwu¥§ Bas ddeserli bed in the
above (1), it is preferred to conpare the corresponding ROH fromthe
structure SPHKEIPSytitanoxane having the R-OTi |inkage, and ArCH
correspondi ng to t he strucé%;f of the diaryl carbonate used, for selection.
101 n this case, ~Bi £hEFS6f "ROHCan eAPéMgﬁﬁyoﬁa§EeaoF8ﬁéFCb0|Ilng poi nt, or

th h t. b t | tit
coﬁ%og?¥|o%ygﬁfégﬂéggeﬁxﬁﬁﬁ>n 639f§¥ﬂﬁfﬁhfqe %ﬂ§%g agrﬁ & ai%%?ﬁgg} a
prOdUCt50an%m&§l%%thﬁykf&g sqtl&ﬁ % pre g&éﬁars%:a di aryl

carbonate having t Sane St ruc ure as thls targé%e §1 ¢arbonate to be

produced, kﬂiﬁgﬁj§ge%f(%%mgﬁﬁgh Hé%d% %V%QQ>%?3H1 @%g% i liing, poi nt of

ROH is equal to or ‘'nore th e boil g point o ThIS I's because
the diaryl garhenate a@zefalr\b@r@tfﬂco@rt&ﬁ% Qfe@a G sOXW 'cta%'&l $hcGYRQRI tion

having the R-0-171
oxygen forming the R-0-Ti linkage is bonded toc an organic
group other than an aromatic ring in the R group), it 1is
10 preferred that for the selection of a preferred R-0O-~
group, when the boiling points of ROH and the aromatic
hydrexy compound (that is, ArOH, and Ar has been
described in the above ssction of diaryl carbonate)
corrasponding to respective structures described above
15  are compared, the boiling point of ArOH is higher than
that of ROH.
When the cxygen of the R-C- group is not bonded to
an aromatic group, the above ROH is an alcohcl.
Generally, the equilibrium of a diaryl carbonate and
20  an alcohol is represented by the following formula (E2),

and the eguilibrium is bilased to the left (an alkylaryil

wrbenate, the alcohol component devived from the
tatalyst shifts the eguilibriuwe in the unpreferred

D P TP EE N
[ T A GRS WIS B S



Lhe in the above step (1.) will be described. - 68 - The anmount of
the diaryl carbonate used is 0.1 to 50 nolar equivalents, preferably 1 to
20 nol ar equivalents, with respect to the total noles of Ti atons contained
in the above organic oxytitanium conposition having the R-0- 5Ti |inkage.

It is possible to add the above anpbunt at one tinme and then evaporate the
conponent having the |lower boiling point than that of the diary' carbonate,
toget her with tH&cdicdryle, catborareelprriest possi bhe RoCaddrhe dbove 10
amount in portions and then evaporate the conponent having the | ower

boi | i ng poilrti % HaE& Hat e diter Wi ddrbonatien tigydtiifers i h(the diaryl
carbonate.dﬁ &% possi ble to add the above anount in portions and then
evaporate t & nponent having the | ower boiling point 15 than that of the
diaryl carb 5¥$aqu$ﬁther with the diaryl carbonate, after each portion

It is possible o td y out the step in nultiple batches, or continuously.
In order to efficiently evaporate the substance having the | ower boiling
point than that of the diaryl 20 carbonate, it is preferred to repeat a
plurality of , fmp,@xanntmtoﬁf%ﬁ@“’ti megdihe ope.(E8 ion of
adding 1 than U ith the [0120] - 69 - The nethod for adding the

di aryl Barbonate can be appropriately seleCted according to the type of the
organi ¢ oxytitanium conposition having the R-OTi |inkage and the diaryl
car bonat e ofolicmierest, and the apparatus

As described above, when ROH has a lower boiling
point than that of ArOH, ROH can be removed ocut of the
system, together with the diaryl carbonate, or together

10 with the diaryl carbonate as an alkylaryl carbonate.
When ROH has a lower boiling point than that of ArCH, the
alkylaryl carbcnate has a lower boiling point than that
of the diaryl carbonate.

[0108]

15 In this case, the R group is preferably a group
having a small number of carbon atoms because of easy
removal.

An R group having 1 to 6 carbon atoms is preferred.

Considering the flowability of the polytitanoxane having



5for carrying out the above step (1). The di aryl carbonate may be
added in a solid state or may be added in a liquid state (a nelted or
solution state). The organic_ ogztltanlun1conp05|t|on havi ng the
R-0- 10 Ti linkage may also be solid or“liquid (a nelted or solution
state). it is preferred to carry out the above step (1) in a uniformstate.
At the tinme, adding the liquid diaryl carbonate to the liquid organic
oxytitani um conposicbrontisrhavindg the RhO TiakiyAkagebpsagepreferred nethod.
[0121] A tenperature in evaporating the conponent haV|ng the | ower boiling
poi nt t han A of e gyl addk Borates Yiln adidcardve StsepeEs)) cam be
selected in the range of 2030C to 300C In order to increase the rate of
evanor at i o Sa rhetedknar v 558 a CeapL A Ferfard d NIy e soltidd 'drY poorly
flowa-le - 10 Therefore, the tenperature is preferably in the range of 50C
to 250C, nori uﬁfreferably 80C to 250C. Dependi ng on t he conpounds
used, the It| g point and the like vary, and therefore, the tenperature
may be 5 changeg in this range if necessary. The above step (1) is

preferabl y carrbed eyt meBﬁEEHBBQ statgeand k%uE;SESV@QLYPEa%?b% out at a

tenperature at which ytitanoxane havi age-and the
di aryl carbonate %m%rbntﬁwﬁ@@%h%ﬁ&iéllﬁn R group selected from an

n-propyl group, an iscopropyl group, an n-butvl group, an

isobutyl group, an n-pentyl group, and an isopentyl group,
10 and the Ar group is a phenyl group is preferred.

[01171]

Next, an amount of the organic oxytitanium
composition having the R-0-Ti linkage and the diaryl
carbonate used in the above step (1) will be described.

15 The amount of the diaryl carbonate used is 0.1 to 50
molar eguivalents, preferably 1 to 20 molar eqguivalents,
with respect to the total moles of Ti atoms contained in
the corganic oxytitanium composition having the R-0-Ti
linkage.

20 It is possible to add the above amount at one time
and then evaporate the component having the lower boilling

W v I T Fvesy 1 ¥ i i soeled )

abenes Ao 1 i omorTiana an b thern evannralte the compornonit
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carbonate, together with the diaryl carbonate. It is

rossihle Do oadd the above amount in DOorTIoNns ang nen



10uniformliquid state. In order to keep the reaction tenperature
constant, a known cooling apparatus and heati ng apparatus may be installed
in the reactor for performng the above.step (1). 15The reaction pressure
vari es depending on the type of the coﬁﬁounds used, the conposition of the
reaction system the reaction tenperature, the reaction apparatus, and the
like, but is usually preferably in the range of 0.01 kPa to 100 kPa

(absol ut e pressurE)e tCongidwrdmg it Hen201edde dfoWardustirliialg practice, the
reaction pressure is preferThly i ia the range of 0,1 k P a to 20 kPa
(absol ute Whaf tiddit But Wsualiar ol oo ato0 Howrshept efiditabliye 0. 01 to 80
hours, and pore preferably 0.1 to 50 hours. | _The step may be conpl et ed
af ter sanpl%%lhecarréﬁﬁﬁ% SO GREAnP TNt mi Ag BY &ORAGWA Cand ysi s
met hod that_ a desired.amount of the aryloxytitani um conposition js
produced. “3FHY i st%p#éf al's §''be- ‘dorp I Bed St &7 cfgﬁﬁlrfﬂf%‘gﬁt%at a
desi r ed; amount oS gvaporated iy Lhe evapor ated | iquid, 10vhen the
or gani ¢ oxytitani um conposi ti on Havi n@’ tREPR6- ‘group “cont &S sone

chiorine (ihorganiLhlordng and/pr fydrolyzaplg shlaring) s, an impurity,
Iy the c

it is preferred to continuous carry out the step unti ori ne

concentrat iQiddhdhe riesidualrdiguid; dronsd0@ 519468l red, lovel for
exanpl e, 100 ppmor |ess, because chlorine renmaining in the aryloxytitani um

conposi ti on v afd euwnpriefenr athe operafheanal ysis @f 1the residual liquid
may be difficult due to sanpling and the like, and therefore, analysis of
20 the evapgnrated cconpeifentts: td dstleraameihe: conpletdpen-ofiddhersdtep CU is
a preferred nethod. carbonate evaposl00 ppnPrefer and chlorine content is
100 pphﬁorpngﬁgnabhyhﬂWngnuhe.kwmﬁ2boiling point than that of the
diaryl carbonate, together with the diaryl carbonate.
(011273
The method for adding the diaryl carbonate can be
appropriately selected according to the type of the
15  organic oxytitanium composition having the R-0-Ti linkage
and the diaryl carbonate of interest, and the apparatus
for carrying out the above step (1).
The diaryl carbonate may be added in a solid state
or may be added in a liquid state (a melted or solution

20 state).

The organic oxytitanium composition having the R-0-

T et oriey tiver eyl st oo
P, wAlatad iy Lk A L UL e ad DY

d organic oxytitanium compoesition

T N T . T R ) . o s i )
TP Fien dd = (e i VT e ot e e s I P 7N S A SR (R S
g U WU Linka e oo prererie CLomannod,



| ar ger amount of conponents by distillation, or adjust the reflux anmount to
evaporate the diaryl carbonate containing a high concentration of the | ow
boi | i ng conmponent. 5[ 0123] I t Ls(qog al ways necessary to use a
reaction. solvent in the above step (1. However, for the purposes of
maki ng the reaction operation easy, and the |ike, suitable solvents, for
exanpl e, al kanes such as pentane 10(isoners), hexane (isoners), heptane

(i somers), detane (isomers), nonane (isoners), and decane (isomers);
aromati c hydrocarbons and al kyl -substituted aronmatic hydrocarbons, such as
benzene, tol uend, LEFIRERE L{irSoner &)V aretiliben Zése cadivicsspriopyd wenzene
(isoners), %g% i butyl benzene (isoners), and naphthal ene; nitrile conpounds,
such as acétthitTiTe md YehZanith it ditvhiatdc dohpbiiids! sibgeerated by a
hal ogen or a nitro group, such as chl orobenzene, dichl orobenzene (isoners),

br onobenzend! dibromibenzede Y ionet ¢ chtbroraphthal éfe 3 085C .

br onbnapht hal en i.trobenzene, and nitraqnapht hal ene; l.ycyclic
hydroca?bon conggu% §F133€h1§§fﬁﬁﬁﬁe%§ﬁ,ﬁﬂﬁgréhyﬁﬁﬂgof%%lﬁv%rdk hens, ane,

- ' 73 - an%_;ibg%y'u_ I arnm&aa!fatzo%ﬁ% hels apd tthllieog)m%&sm%u h.as

tetrahydrofuran, 1, oxane, oxyet hane,” di'phényl €et'her, and

di phenyl sulfdide;eret.one, conpoungds, r SUch a8 acatong, a%ﬁ%{yedlﬁgzgé hyl

ket one; ester compounds, 5 such as ethyl acetate and et hyl ate; and

sul f oxi des, cisucheascdigetdil sl foxirde anchdiphenyl swdoexide, £an be
preferably used as the reaction sol vent. Ar OH corresponding to part

of the di arydcwarthonateiista uctame liisalsd prefenablyarised astt hew eaction
solvent. 10101241 In the step (1), an inert gas may al so be used.

10 temperature, it may be solid or poorly flowable.
Therefore, the temperature is preferably in the range of
50°C to 250°C, more preferably 80°C to 250°C.

Depending on the compounds used, the melting point
and the like vary, and therefore, the temperature can be

15 adjusted in this range if necessary.

[0114)

The step (1) is preferakly carried out in a liguid
state and is preferably carried out at a temperature at
which the organic oxytitanium composition having the R-0O-

20 Ti linkage and the diaryl carbonate are in a

substantially uniform liguid state.

HRLLONMANY L sTep

The reaction pressure varies depending on the type

T T e e 3 1 : ' s Lo .
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GloTe COompDOGUIna usea e composition o Lhe reacltion



Oxygen is an unpreferred gas conponent because it has an oxidation action.
It is preferred to replace oxygen, air, in the reactor (the apparatus for
carrying 15 out the step (1)) by an |n%rt _gas before the start of the step.
Further, when the diaryl carbonate is evaporated it may be evaporated by
bei ng entralned in an inert gas. As the inert gas, for exanple, nitrogen,
hel ium 20 argon, a carbonic acid gas, nethane, ethane, and propane can be
used al one @Y5¢¢W(xﬁﬁﬁrﬁﬂ&@ﬁﬂomiﬁﬂ@&ﬁfaﬁpﬁﬁwn%hﬁ jesystenthersteputl), --
‘74 - is preferred to control the noisture content at 0.1 nole or
| ess per mﬂ”éd ofeTi L Bt omsPih thet syt em i thiedistepl 19he [0126F BA react or
for perfor the step ect ed accordlng to the above-descri bed
condi ti onsr%s(g]ec]f]?‘? ciacfl%fg&ﬂf?%e?ekbs%fb% Ff‘re%%?t‘b‘?% s Sad St g et i on
tank, a pressure a (ﬁtlon t prg%sure agitation tank, a

col umm reac%be SPA AR P04 Bg BT PLESRULS, P dall o0 fami &
evapor akor . £af, be, uset) |, o et ony if, (JPOESSA Yy o Aylype of a

condensér e reac i'S"not” par l'arly and a known
condenser cah.bg,used. For exanple, hitherto known condensers, such as a

[01le]
A time of period between addition of the diaryl
carbonate and subsequent evaporation (residence time in
10 the case of a continuous process) is not particularly
limited, but usually 0.001 tec 100 hours, preferably 0.01
to B0 hours, and more preferably 0.1 to 5C hours.
[0117]
The step may be completed after sampling the
15 reaction solution and confirming by a known analysis
method that a desired amount of the arvyloxytitanium
composition is produced.
The step may also be completed after confirming that
a desired amount of ROH is evaporated in the evaporated
20 liguid.

When the organic oxytitanium composition having the

prefervred Lo continuously carry oul the =2tep until the

desired level (for example, 100 ppm or less) because



15 rmul titubular cylindrical condenser, a double-tube condenser, a

si ngl e-tube condenser, and an air-cool ed condenser, can be used in

conbi nation, if necessary. The condenser nay be provided inside the
reactor, or may be provided outside the reactor and connected to the
20reactor through piping. Considering the types of the reactor and the
condenser, the nmethod for handling the 1?1, c.ularly |be used. For
exanpl e, gl @skor stqi eSSt @el: oy bony seeel it Hakiel d@ypoal subst Fat e
subjected to glass lining, and a substrate coated with Teflon (registered
trademar k) CAPbe Ueet: © 555304, 5US316, SUS316L, and the like are

i nexpensi ve and _can be preferably used. ]nstrunentation equipnment, such as
a fl ownreter andq§m1ﬁ%Fﬂﬁ’ E%Fﬁpé%ﬁ’Hﬁﬁﬂﬁ*ﬁéoééé%L%bﬁﬁﬁhgﬁ%é%%f%ﬂﬁh“as a
reboil er, a, punp, andjg.conde‘ggr f%ﬁ be a d%? as. 10 required. Known
heating methods,  sUCH 55 Dy &1 eant and & heAt e ¢ Ca B appl18d. Known
cool i ng-net hods. - as t l,..cool.i. coolin ,.and brine, can

al so beJapﬁ?ﬁg%?rf%%géfiﬁﬁ%%ﬁ%gfﬁ%gf%% |ﬁ%}éﬁ;%§h&§ﬁ§%}?ﬂggstep (1), as
required. oo ROfn&XaW! &ma d@nge of Steps and apparatuses that those
skilled in the art and the engineers can assune, such as the step of

di ssol ving the diarwxgankonate ; & he 20 step +of disselvizng the. organic

oxytitani um conposition

diaryl carbonate, until the Ti atom content in the diaryl
carbonate evaporated is 100 ppm or less, preferably 10

10 ppm or less, and more preferably 1 ppm or less, and the
chlorine content is 100 ppm or less, preferably 10 ppm or
less, and more preferably 1 ppm or less, Lo evaporate a
larger amount of compeonents by distillation, or adjust
the reflux amount to evaporate the diaryl carbonate

15  containing a high concentration of the low boiling
component.
[0118]
(IT) A case where the oxygen of the organic oxytitanium
composition having the R-0-Ti linkage (of each compound

20 when this composition is a composition of a plurality of

compounds having an R-0-T1 linkage} is bonded to an

CLU ATy
4 o3

having the R-0-Ti linkage is an arvyloxyiitanium.



havi ng the ROTi |inkage,
descri bed above and will be - 76 -
organi ¢ oxytitanium having the R-C-Ti .Linkage is an al kyl

the step of separating the The step (1) has bepn
A case where the R group of the

gr oup,

that is,

a case where the organi c oxytitanium having the R-0-Ti

| i nkage is an

organi ¢ oxytitani um having an ai koxy group 5 wl |

be descri bed in detai

bel ow.

In this case,

the step (1) is carried out as a step conprising

the fol |l owi ng st'égsefAreandneByiatheé sBepopAreobrr éa46ting an

al kyl oxytitaniumwi th an aromatic hydrox

al cohol ~ as PrO-Yoy-Tpredidte sy distting é:t‘i%)r/?,

conpound and evaporating an
1 gld e A% Tt & i a et ude

aryl oxytitani

boi | i n

a | ower
cor

t he di aryl
The abowe step
hydr oxy group.

RON corresggm@dy%tg%é
and 't [
polytitancoxane having the R-0-Ti linkage,

conpar ed,

um co

to the crudé&SH

éxﬂggin ' respgctive
carbonat & 'So A5 to bt Ei iy

osition; and the step (B) of ding a diaryl carbonate

TR I oGtk 610 41ty S g COMEOHERE havi ng
t han that of .the qjaryj 15 carbonate, together with

_ X éﬁrﬁﬁﬁ%ﬁaﬁitaniun1conposition. _

68) dbSc2 18LEP ff Eg)écgga%nqlgg glkoxy gr.oup ftor ,an aromatic

ef ore the step I's carri out, 't hée borrlngtﬁb poi nts of

ggd@ég%mﬂwmcﬁﬁ%t&@ @fonaLi g hydr oy .gompound are

and ArOH

he r i

corresponding to the structure of the diaryl carbonate

used

10

lower beiling point,

, for selection.

In this case, either of ROH and ArOH may have a

or they may have the same boiling

point.

above step

a diaryl carbonate,

When the aryloxytitanium composition obtained in the
(1) is used as a catalyst for a production of

it is preferred to use a diaryl

carponate having the same structure
diaryl carbonate to be produced, in

is preferred that the beiling point

as this targeted

the step (1), and it

of ROH is equal Lo or

more than the boilling point of ArOH.
20 This is because the diaryl carbonate derived from
the organic oxytitanium composition having the R-0-Ti

T g et e ol P b g et T R e Y rarn s oamrieen o d b e

Ar amount. of Uhe organio oxyiUitaniom composition
. - 5 R T P g b B T T o]
VAV LG ¥ { Linkage ana Lhe dglary: carbonate used
4 e S S vy Tom v g o By “ R . Nl e B,
i the above step (1) will be described.



-CAr omat. | ¢ Hvdr Conpound> - 77 - The aromatic hydroxy conpound
used in the above step (A) will be descri bed. The aromati ¢ hydr oxy
conmpound is an aronatic hydroxy conpound represent ed by the follow ng
fornula (26). 5[0131] [Formula 22] Arod”(26) [0132] 10In the fornula (26),
the Ar group is aring Arepresented by the followng forrmula (27). [0133]
[ Formul a 23] (2 7) 15[0134] In the above formula (27), the ring
A represents an ldrganicsngr oup thavidig & It ca2®ccardsom satconss, Cconprd sithg an
aromatic group to which an oxygen atom form ng an OH .

molar equivalents, "preferably 1 tc¢ 20 molar equivalents,

with respect to the total moles of Ti atoms contained in

the above organic oxytitanium composition having the R-0-

[

Ti linkage.

It is possible to add the above amount at one time
and then evaporate the component having the lower boiling
point than that cf the diaryl carbonate, together with
the diaryl carbonate. It is possible to add the above
16 amount in portions and then evaporate the component

having the lower boiling point than that of the diaryl

carbonate, together with the diaryl carbenate. It is
possible to add the above amount in portions and then
evaporate the component having the lower boiling point

15 than that of the diaryl carbonate, together with the
diaryl carbonate, after each portion. It is possible to
carry out the step in multiple batches, or continuously.

In order to efficiently evaporate the substance

having the lower boiling point than that of the diaryl

20  carbonate, it is preferred to repeat a plurality of times,

Tor example, two Lo four times the operation of adding 1
[ . .

01207



; by uhol he.-H 101351 - 78 - The Ar group is not particularly limted
as long as it is a group having an aromatic ring. Exanples of the Ar group
i ncl ude groups conposed of a carbon @tg@]ma hydrogen atom and/or an oxygen
atom such as an aromatic 5 group and a“group in which an aliphatic group
and an aromatic group are bonded to each other. Mre specific exanples

i ncl ude groups having an aromatic ring, which are a group conprising an
acyclic hydrocarlben mgridgs diora agydlricc thyedrddeantom agioup tf orarexanpl e, a
monocyclic 10 hydrocarbon group, a condensed polycyclic hydrocarbon group,
a bridged c3i?TehytrdcarBor grotipicespinre Wydioearbon @f oupe a ring
assenbl y hydrocarbon group,, a cyclic hydrocarbon group with a side chain, a

het er ocycl | ¢ Gt'oup, O2 hetHr 08y FTH Ipi r P yrivtipt "and @ 157 br i dgeekage

heterocyclic graoup),. a group .in which one or nore grouyps sel ected fromthe
above acyclé?lz:cgh@h‘?o%]a‘?%@h Cg$ and (f%ematb%/@e&’tc'yc@?‘i %r%&‘?%‘n‘l@r oup are
bonded, -~and: j i,ch,t he .,ahove grou are linked via coval ent bonds
to a paﬁtic% a%gnoﬁﬁgR5WMﬁ{%%?(%ﬁ %ﬁl?ﬁé%xggbh). 20The above coval ent bond

}g aﬂfcﬁa;tLCuag%nggE%§?gf%%%gh%§%fQﬁg oL oxy@en): S [fan £xample. a state
or may be added in a liquid state (a melted or solution
state).

The organic oxytitanium composition having the R-0O=-

10 7Ti linkage may also be solid or liguid {a melted or
solution state).

It is preferred to carry out the above step (1)} in a
uniform state. At the time, adding the liquid diaryl
carbonate to the liquid organic oxytitanium composition

15 having the R-0-Ti linkage is a preferred method.
(01211

A temperature in evaporating the component having
the lower beiling point than that of the diaryl carbeonate
in the above step (1) can be selected in the range of

20 30°C to 300°C.

In order to increase the rate of evaporation, a

- g oy e e a e g e Ly I e 3 v ey Jem o gy oy e o e
it reaction of the diaryl carbonate, may

f -

temperature, it may be solid or poorly flowable.



-C-C- -0- (5(5(7)(8) [01371 Among such Ar groups, the Ar group that can
be preferably used in the present enbodinent is selected 5 froman aromatic
group and a group in which an aliphatig,group and an aromatic group are
bonded to each other, 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 selected fromthe 10 group consisting of an
acyclic hyd#@é&ﬁﬁéﬁrggéﬁpt&ﬁ@@éaéyépiéShpaﬁé@é@ng drolipe( darsRoeycl i ¢
hydrocarbon group, a condensed polycyclic hydrocarbon group, a bridged
cyclic hydrdcar ben? gt Sup, " & gird Hydr ‘ot dtbon tgr 8G9, Ca ring assenbly

hydr ocar bon gro and a cyclic hydrocarbon 15 group with a side chain),
and a group in %gP%ﬂgé?glgésthn g@?%ﬁﬁdieV§%$ed{??oﬂgﬁtén%rBanFs bonded
(groups su ituted. ot.her ). i-ch _are,argani : s_cuing, from

t he group %%ﬁsﬁﬁ%iﬁégéf%%% éy@?@a%@?ﬁgéggﬁp gﬁg g%R§%§%E§%§uﬁdV-%%o - |l east

one or sorepsgheet ed tHom Lhegr oup consisting of an alkyl group, a
cycl oal kyl group, and an aryl "group are fornmed via a |inkage selected from

the above (5) t@hé8ébo&91§§&p551anpéefr@fe§y§hyﬂéa9f9@@so&QCLHd§ a phenyl
group, a cresyl group (isoners), a xylyl group (isoners), and a napht hyl

gr oup. liquid state and is preferably carried out at a
temperature at which Lhe polytitanoxane having the R-0-Ti
linkage and the diaryl carbonate are in a substantially

1C uniform ligquid state.

In order to keep the reaction temperature constant,
a known cooling apparatus and heating apparatus may be
installed in the reactor for performing the above step
(1.

15 The reaction pressure varies depending on the type
cf the compounds used, the composition of the reaction
system, the reaction temperature, the reaction apparatus,
and the like, but is usually preferably in the range of
0.01 kPa to 100 kPa (absolute pressure). Considering the

20  ease of industrial practice, the reaction pressure 1is

0.1 kPa to 20 kPa {(absolute

preferably in the range of
RIS
0
A time of period between addition of the diaryl
1. 1 [ A, T

LSS BT LS I s T G O RO B ‘A.,!R‘,-"".t-\'::?(.,}'\U':‘J [IE T e Vi e 3 AR O I S S SO N I Lo e b e i T L

the case of a continuous process) 1s not particularly



Exanpl es of preferred Ar groups are a phenyl group and a cresyl group
(isoners), nore preferably a group 10 having 6 or 7 carbon atons. [0139]
Wien RCH has a |ower boiling point thap;that of ArOH, ROH is easily renoved
by distillation, and therefore, an organi c oxytitani um having an al koxy
group (R 0- group) 15 and an aromati c hydroxy conpound (ArOH) such that ROH
has a | ower bailing point than that of ArCH are sel ected. In this
case, the préferfed Rigrsus i'y Préler &1 Y08 §rods havierg ratdmald- unber of
carbon aton cause of easy renoval, 20The R group preferably is a group
havi ng 1 tg's%%g)a on “dt oms’ Fepﬁﬁgﬁéﬁglyy Vart &I%ky’. "§HPeEp having 3 to
thr:, "ino ably.a_p i_gr .- 81 -. For the aromatic hydroxy
conpound, phenoFgea%ggérggglb%ig%ﬁ%%%fegaﬁfggrngpgﬁéBgy%ﬁged, consi deri ng

the | ndust pieale U Lt e The Jast ref e ed ki nation of the Rgroup

and 5 the Ar group is a case where an R group 'sel ected from

an n-propyh.c3mneupP @k 1:SeRLARYL GrRUR: &F RrRULYL 1gLouR. a0 Jsobutyl group,
an n-pentyl group, and an isopentyl group, and the Ar group is a phenyl

group. [O014bhplONextn ar aneuni-cef the al kyl oxytitaniumand the aromatic
hydr oxy conmpound used in the above step (A) will be described.
The step may also be completed after confirming that
a desired amount of ROH is evaporated in the evaporated
Liguid.
10 When the crganic oxytitanium composition having the
E~0O~ group contains some chlorine {inorganic chlorine
and/or hydrolyzable chlorine} as an impurity, it is
preferred to continuously carry out the step until the
chlorine concentration in the residual liguid drops to a
15 desired level, for example, 100 ppm or less, because
chlorine remaining in the aryloxytitanium composition is
often unpreferred.
The analysis of the residual liguid may be difficult
due to sampling and the like, and therefore, analysis of
20 the evaporated components to determine the completion of

the step (1) s a preferred method.

P example, A0 18 prefervan Lo furithey add vhe
Ghraryl carbonate, until fhe TL acom content in the diagy)
carbonate evaporataed ds 100 ppm oy less, preferably 10
o oppmoor less, and more praferabily T pom oor less, and the

chlorine content is 100 ppm or less, preferably 10 ppm or



The amount of the aromatic hydroxy conpound used is preferably 1 to 50

nol ar equi val ents, nore preferably 5 15 to 30 nol ar equivalents, with
respect to the total noles of al koxy gfoups contained in the

al kyl oxyti tani um (al kyl oxytitani um conposition in the case of a
conposition) and is determ ned by the size of the reactor, and the |ike.
201 f a | arge anmount of po&yhydroxy conmpound (for exanple, catec:nol,

tri hydr oxyplienélt, ddwddalticyiorecacnd): by 82sligpré ipef €Falbidy u@t001 or
less, in terns of the nolar ratio to titanium atons. It is possible
to add the QEovE TarsuRtiCH tone VB CARG S KR &VAparaté bRéalecohol deri ved
fromthe SCakﬁéLox titani.um 1t |s_p0§sibleftg ad th% aQQve amount in
portions afd theh eVaporate £/ SIEORGIGefilvEdSt oM e &Iyl oxyt it ani um
It is poss%%%§ %%n%dd t he above anmount in portions and then evaporate the
al cohol derived from the al kyl oxytitanium after each portion. It is 10
possi ble tgpgarny out the step in nultiple batches, or continuously.

In order to efficiently evaporate the al cohol, the operation of adding 1 to
3 nol ar equival ept $50f0t hg1 AL 9FBELE-hYLE OXYcoupOyNd.and; gvapor aLipg the

al cohol may 15 be perfornmed a plurality of tines, for exanple, two to four
tinmes. Partinorhal hholet Beeexqassi vecanvun] bt hee aherBbieshydroxy conpound
may be evaporated, together with the al cohol. 20[0142] The excessive anobunt
has been desé&riinbedhabovectThe abkyinibhletfly, and the like,

suitable solvents, for example, alkanes such as pentane

10 (isomers), hexane {isomers), heptane (isomers), octane
(isomers), nonane {isomers), and decane (isomers);
aromatic hydrocarbons and alkyl-substituted aromatic
hydrocarbons, such as benzene, toluene, xylene (isomers),
ethylbenzene, diisopropylbenzene (isomers),

15 dibutylbenzene (isomers), and naphthalene; nitrile
compounds, such as acetonitrile and benzonitrile;
aromatic compounds substituted by a halogen or a nitro
group, such as chlorobenzene, dichlorcobenzene (isomers),
bromobenzene, dibromobenzene (isomers), chloronaphthalene,

20 bromonaphthalene, nitrobenzene, and nitronaphthalene;
polyeyelic hydrocarbon compounds, such as diphenyl,

substitutact dinhonv!, diphenvimethang, terpheny

anthyyracens, ang dipenzyitoluene (Lsomers) ;o aliphatbio
hvdrocarbons, such as ovelohexane Ccyclopentane,
y ; Y ; 3 -
YL - I 1 .
ST RS ey e RN 1 \; IBE: P R E i i i 'y 1 i

mathyl ethyl ketone and acetophenone; esters, such as

o] A By deog P P o USRI B F P T O I e ey Y U T PR .
climuaty il oond it e, ohilhiex ol mhthatlate, dioctyl ohithalate
} ; I Ty 1C Moo R lnalate,



aromati C 1 conpound than the ff les O f the abov e a 1, knxy group- is | h.
Mug, msnms - 83 - [0143] The word "derived" is often used herein,
and "derived" is used to nean that when,a functional group of a raw feed
conpound changes in a reaction, the group of the raw material is inherited.
[ 0144] A nmethod for adding the aromatic hydroxy conpound can be
appropriately selected according to the type of the al kyl oxytitani um and
t he ar omat P& Chy@éxy Eorpound Lof L0 & neébest, aadd thhecapparat gsichor
carrying out the above step (A). , The aromatic hydroxy conpound nay be
added in a®Sol“d r&tyE 98 Tgy Be4a@d@éapﬁralh?qaﬂae§ﬁéﬁé@@§aﬁ@hted or
solution state). 15The al kyl oxytitani um .also be solid or liquid (a
nel ted or g&Pﬁﬁpg §%§F§7.%p9 %&pbﬁéﬁ rﬁgg%ﬂgeéakp§08§tCPW@®§P€§*(A0 ina
uni f or m st At the tine, adding the |liquid aromatic hydroxy conmpound to
AN a& a%%t & %@ %g %F61&

the |iquid alKyPoxyti tanrums s 20 pref'drr 66 bthod> BfiFounas

5 such as ethyl acetate and ethyl benzoate; and sulfoxides,
such as dimethyl sulfoxide and diphenyl sulfoxide, can be
preferably used as the reaction solvent.
ArOH corresponding to part of the diaryl carbonate
structure is alsc preferably used as the reaction solvent.
10 [C124]
In the step (1), an inert gas may also be used.
Oxygen 1s an unpreferred gas component because it
has an oxidation action. It is preferred to replace
oxygen, alr, in the reactor (the apparatus for carrying
156 out the step (1)) by an inert gas before the start of the
step.
Further, when the diaryl carbonate is evaporated, it
may be evaporated by being entrained in an inert gas.
As the inert gas, for example, nitrogen, helium,
20 argon, a carbonic acid gas, methane, ethane, and propane
can be used alone or in combination.

The OroAanLs oxviDitanitom oomoosition Davinog Dhe RBed)e

[yl M e Jr— oy e e T ) N e o - o -

Ui linkage is easily hydrolyzed by moisture, and
3 o T oy wem pme A e e o N - 'S ) : s i a1 5 L
20 Pherelore, G0 ls preflerred o control the molsturs

i RN BRI

content in the system in the step (1),



the arorelupouno may a 1 so be evapc - 84 - tenperature, it may be solid
or poorly flowable. Therefore, the tenperature is preferably in the range
of 50C to 250C, nore preferably 80C to,150C Dependi ng on the
conpounds used, the nelting point 5 and the like vary, and therefore, the
tenperature may be changed in this range if necessary. The step (A
is preferably carried out in liquid state and is preferably carried out
at a tenperaturéiaﬁSmﬁ?@ﬁeﬁﬁédaFRyF@%nyﬁahh@nﬁﬁhétﬁﬁ@ apBRaticahydr oxy 10
conpound are .in a substantially uniformliquid state. In order to
keep the reoaét Tt o éfperatuie eaistant’, Td Kneis doolliteg SaFparatids and
heati ng app; fﬁ' ﬁ.be installed in the reactor for performng the step
(A). [0146] &5 eadti on pressure in the step (A varies depending on the
type of thq ounds used, the conposition of the reaction system the
reaction tenper ture, the reaction apparatus, and the like, but is usually

preferaply in the, rang OE % pé’%%%ﬂ@t kPa é@& bsglute pressuLs)-

C0n5|der|ng the ease o rral practice, reaction pressire is

preferably jddhe A tL'oW'h&'akaeJd%@ct iRd BAPe LQ%'?H logs p - 85 -
preferably 0.01 to 80 hours, and nore preferably O to 50 hours. [0148]

Specifically, hitherto known reactors, such as an
agitation tank, a pressure agitation tank, a reduced-
pressure agitation tank, a column reactor, a distillation

10 column, a packed column, and a film evaporator, can he
used in combination, if necessary.

A type of a condenser provided in the reactor is not
particularly limited, and a known condenser can be used.

For example, hitherto known condensers, such as a

15 multitubular cylindrical condenser, a double-tube
condenser, a single-tube condenser, and an alr-cooled
condenser, can be used in combination, if necessary.

The condenser may be provided inside the reactor, or
may be provided outside the reactor and connected to the

20 reactor through piping. Considering the types of the
reactor and the condenser, the method for handling the
ondensane, and The Dike, various configurations are
el ayed,
F01271
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particutarly limited, and known matervials can be used.



The step may be conpleted after sanpling the reaction solution and
confirm ng by a known anal ysis nethod that a desired anmount of the

aryl oxytitaniumis produced. MTH% step may al so be conpl eted after
confirmng that a desired anobunt of ROH'is evaporated in the evaporated
10l i qui d. When the organic oxytitani um having an R-0- group contains

some chlorine (inorganic chlorine and/or hydrolyzable chlorine), it is
preferred to conrtdi'nGodsiy scadiy sgut SttRénsees wieall (t lve rdiinorsitre L,
concentration in 15 the residual liquid drops to a desired |evel, for
exanpl e, 1007t BtY 1 e s5 BEtdise chtorddied erfai hittp i n tHE argléxyt i t ani um

is often unpreferred. %s nptuglw?%$nn cessary to use

er| 0149] . | t )
areaction s W%ﬁd%i#q W above ‘@R At FHYHE PurPoses of
making the reaclion operation easy, and the like, - 86 - dibutylbenzene
(isoners), andlnaphthalene; nitrile conmpounds, such as acetonitrile and

benzoni &rile; arongtyi,C Q%@%g%nd%U%%Q%ﬁjt%%%dtgé)%ih%l%Q%n or a nitro group,

such as chl or obenzene, chhlofobenzene'(isone bronobenzene,

di br onobenzane, (d SO Sina Ghl,pranapht hal gne, hroponapht hal ene,
ni trobenzene, and nitronapht hal ene; polycyclic hydrocarbon conpounds, such

as di phenyl, subsisi-t-ubedtdicphenyly idhhenylsiehhane s trehhemd, -ant hracene,
and di benzyitol uene (isoners); aliphatic 10 hydrocarbons, such as

cycl ohexane;heyncinapent ang,d Grelwa0giane; s and el il oyeed ohaxaneis ket ones, such
as nethyl ethyl ketone and acetophenone; esters, such as dibutyl phthalate,
di hexyl phtiiaatle;r . dicogtup phtrhblategndnddgnzydy budt ydqgeht had at e; et hers
and thioethers, such 15 as tetrahydrofuran, 1, 4-dioxane,

1, 2- di "Bt hoxyetinate, Hnphenyeasthar meahdddi phenyl asulbfi déraketone a
conpounds, such as acetone and nethyl ethyl ketone; ester compounds, such
as ethyl acdBtHteE arfth ety laenzsht eXnghg sePfoxiddastheden asicdi met hyl

sul f oxi de and di phenyl sul foxide, can be ,
natural cdoling, cooling water, and brine, can also be

applied.

[0128]

bt
[z}

Certain steps may be added to the step (1), as
reguired.

For example, a range of steps and apparatuses that
those skilled in the art and the engineers can assume,
such as the step of dissolving the diaryl carbonate, the
20  step of dissolving the organic oxytitanium composition
naving the R-0-71 linkage, the step of separating the

ool meparating and/or purlfyving the
aromatic hydroxy compound, and The step of burning un or
discarding by-products and vthe Tike, may be added,

The step (1) has been described above and will be

S, e N cre e T S T 3o - v o T, T | o
more specl Ploally described below,



20 preferably used as the reaction solvent. A diaryl carbonate
(Ar-0O00-0-Ar) having the sane Ar H)150] Oxygen Is an ii a D Itgas
conponent hes,: - 87 - oxygen, air,_in.the reactor (the apparatus for
carrying out the step (A)) by an inert gas before the start of the step.
When the aromati c hydroxy conpound is evaporated, it may be evaporated by

being entrained in an inert gas. As the inert gas, for exanple,

ni trogen, heliufy caPgorhcaccaPbohi 6ragbPdogashenerhanes exhihnéanand propane
can be used alone or in conbination. [0151] 10The aryloxytitaniumis easily
hydr ol yzed By 461 ¢t & Carld tHerkersr é.5 i i2d Wrlefeiorgd t% }adontsrold t he

noi sture content .in t%systemln the s SpeC|f|caIIy it is

preferred t0 “€oft¥dic Noi%st e © 6<é’rjrtjérﬁtmé’§“ %"aflﬁ?(?l éhérr N-&sd“per nol e of

Ti atons 1| WL ystemlnthe ste A , spreferredthat
a reactor f%or r%f ?)Lr Mg 4 §n§tceﬁx( (La)g A cl?selnégct ﬁké)ﬁﬁyt gS$&P

conforning thqlt he, %%%\é% ~described caonditiQns. 20Speci f| cally, hitherto

known reactors, suc as an ag|tat|0n tank a pressure ag|tat|0n tank a
reduced- In this case, the step (1) is carried out as a step

comprising the following steps (A) and (B):
the step (A) of reacting an alkyloxytitanium with an
aromatic hydroxy compound and evaporating an alcohol as
10 by-product, by distillation, so as to obtain a crude
aryloxytitanium compositicon; and
the step (B} of adding a diaryl carbonate to the crude
aryloxytitanium compesition and evaporating a component
having a lower boilling point than that of the diaryl
15  carbecnate, together with the diaryl carbonate, so as to
okbtain an aryloxytitanium composition.
The above step (A) is a step of exchanging an alkoxy
group for an aromatic hydroxy group.
Before the step (A) is carried out, the bhoiling
20 points of ROH corresponding to the alkoxy group and the
aromatic hydroxy compound are compared, and the

(1} described for the above-descoribed step (1)

LY
L0130

<Aromatic Hydroxy Compounds>



Usedcondi)) icuial ] ted, and a known condenser can be used. - 88 -

For exanple, hitherto known condensers, such as a mnultitubular cylindrical
condenser, a doubl e-tube condenser, a single-tube condenser, and an
air-cool ed condenser, can be used in conbination, if necessary. 5The
condenser may be provided inside the reactor, or nay be provi ded outside

the reactor and connected to the reactor through pi p ? Consi dering the
types of the reé@ﬁoﬂrﬁﬁétﬂﬁehﬁéﬁQéMséPmpPHédnéﬁﬁéd7ﬂoﬁ IRaflPRgsthe
condensate, and the |ike, various configurations are 10 enpl oyed. The

materials f4F tHe r ®&ctBS AP che condenser are not particularly limted,
and known materj.als can ass ﬁégless steel

a
oar bon st eel | FePFSVaQéCSE%ngéyecsmsfaeﬁeggtaﬂggaggaiﬁﬁ. TERY a 18
substrate coated th Tefloqeﬁf tergq t.,r adenmar C%mu]n b% gsed S0S304,
e

SUS316, SUS3T ?”” nd The 15ké i 'nex r%ﬁCV§n§h can ‘be pr f'erably used.

[ 0153] gOIqﬁthqentatlon eqU|pnent such as a flowneter and a thernoneter,
and known process apparatuses, such as a |

[Formula 22]
ArOH
(26)
[0132]
10 In the formula (26), the Ar group is a ring A
represented by the following formula (27).
[0133]

[Formula 23]

(27)
15 [0134]
Irn the above formula (27), the ring A represents an
organic group having 6 to 20 carbon atoems, comprising an

aromatlc group to which an oxygen atom forming an OH

CUTOMIYY T vovryobesot oAt o mviy rioa BT oy kResor i ryes arormat o d vy sl
i A I T T SO0 F I RS RS Al 0 S N B WA S o B0 S Bl T O TN Y P B AU ol R o A B

hetevocovelic ring, and/or may be substituled by another

[0135]



Als2 |ei Certain steps may be added as required. For exanple, a
range of steps and apparatuses that those skilled in the art and the
engi neers can assune, such as the stngQf“dissolving t he aromati c hydroxy
conpound, the step of 5 dissolving the al kyl oxytitanium the step of
separating the al cohol, the step of separating and/or purifying the
aromati c hydroxy conpound, and the step of burning up or discarding
by- products andTfkeAki keoupansbechdded iF0164] y10Naktedt he sbeg €B) will be
described. ., ~ In the step (B), the reaction solution_in the
above- descrihed st & (B gy 'Be Aised a5 ¢ irsn%or Exermslep CB) Uhay be
carried out after adj us}t\gﬂpnt of the concentration and the |like. The step
(B) may be ‘darFi%® Jut=4HrS e OHF s &R &fus Gy AéTeart i ed out by
transferrin athoe Jeact imon as%{(ﬁ)ti on to anolt hgr app\arﬁa}t us. [0155] The step
(B) is the Stép%f additg A di%dr yi" CAEae Yo tHhe crird€ arV it ani um
conposi ti o &n%%& vaparat | et.tkbvi,n r. boiling
poi nt -t anr&i hat” 6 the%(azt?glvqull glrhﬁyﬁggﬁb%&al éeh,aitlg:ggtrlﬁglvréevﬁqoﬁ The 90 -
(1) is the grydear yoxyt idanijym Qﬁg%si@t | 9n ohtal negoln gpsc»-
above-descri bed s_te)|c()31 (A). ‘ 'IC'%e _iarya: carbonate used n t 'écstep (B)
i's preferablynddianlc 1cRDONRLS NG f G SAMSLIUGHWE which

are a group comprising an acyclic hydrocarbon group or a

cyclic hydrocarbon group {for example, a monocyclic

10 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 spireo group, and a

15 bridged heterocyclic group), a group in which one ¢r 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

bonds te a particular nonmetal atom (carbon or oxygen).

20 The above covalent bond to the particular nonmetal

atom (carbon or oxygen) is, for example, a state in which

FFommula 24]



5 as a diaryl carbonate to be produced using the aryloxytitani um

conposi tion. The boiling points of the aromatic hydroxy conpound used
in the step (A) and ArOH correspondi Qg..yi;aowt he structure of the diaryl
carbonate used (the diaryl 10 carbonate”is represented by Ar-O 00-0-Ar, and
in ArOH, a hydrogen atomis bonded to this Are group) at ordinary pressure
are conpared for selection. In this case, either the aromatic

hydr oxy compound or the above ArOH nay have a | ower boiling point, or they
15 may have thej sanme boiling point. [01,37] When the aryl oxytitani um

conposi tion _obtai ned in thgstep (B) is''ased as a catal yst for a production
of a diaryl carponate, it & preferred€ouse a diaiyY ™20 carbonate having
the sane structpre as a di 4ry| carbonate to be produced, in the step (B),
and it is preferred that - 91 -- Next, an anmount of the crude

aryl oxytitani conpositio nd the diaryl carbonat sed in the step (B)
w il be descrile%]éd. The am){jﬁ&El of the dﬁzﬁsyl car bona?‘%yused is 0.1 to 505
nol ar equi valents, preferably in the range of 1 to 20 nol ar equival ents,
with respectytp;the total noles of Ti atoms contained in the crude

aryl oxytitani umconposition. It is possible to add the above anount
at one tinme andahher evaponat g bhesconpenent Shavingrthe J.ower. boiling 10
poi nt than that of the diaryl carbonate, together with the diaryl

carbonat e. gitefesrpossiel tin adth the: ahovemmunterdn Rordd ans:.and t hen
evaporate the conponent having the | ower boiling point than that of the

di aryl ©6ar borat eyn teogetdierc wtdud hendliaargdowgarionatie:h ldn isl i gossi bl e to
add the above anmount in portions and then evaporate the conponent having
the | ower Wpidumgrpbiant atvam ttihatgofunt ke dilarydedcdrdbonatie,oltroget her with
the diaryl carbonate, after each portion. It is possible to carry out the
step in m“qqqﬂkgqﬁﬁqg“gha%ﬁa@@ﬁkﬁmﬁﬁgﬂ%pn 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

10 group censisting of an acyclic hydrecarbon group and a
cyclic hydrocarbon group (a monocyclic hydrocarbon group,
a condensed polycyclic hydrocarbon group, a bridged
cyclic hydrocarbon group, a spiro hydrocarbeon group, a
ring assempbly hydrocarbon group, and a cyclic hydrocarbon

15  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

R S S P S R B S o
group having an aromatic ring, which is a group sel
Trom a gro

the group consisting of a oycloalkyl dgroup and an aryl

gy g o a e S P SRR | e Yo oy e P | o [ o PR TR oy i
WOy S ey IOryany U0 eaoh onnar SaNGE o grondn L o wWhLon at



20In order to efficiently evaporate the substance having the | ower boiling
point than that of the diaryl 1)1 and ev Int than the diacyl carbonate, two
t I Lity of tiJfor exanple, -- 92 - [Q159] The net hod for adding the
di aryl carbonate can be appropriately sélected according to the type of the
aryl oxytitaniumand the diaryl carbonate of interest, and 5 the apparatus
for carrying out the above step (B). The dlaryl carbonate nmay be
added in a 5ot3id @rater oronays bl @dded: Fom a- e qui @istares (B hed ted or
solution state). The crude aryl oxytitani um conposition may al so
be 10solid ¥ *4%gu og](%lﬁmlcﬁeﬂy%}ro%%’fﬂlwlg?at@) 3 FrY n]gr%%iﬁ?eﬁf@o carry
out the ste in a unjformstate. the tir ddi ng Ihe | iquid diaryl
carbonate t éW%QIY%ﬁu% %Q&Eﬂ%ﬂ%@%ﬁ@&?QaEVﬂﬁl F¥F oh”h st qﬁ’”eferred
met hod. [Cpél.p% A tenperature of the step (B) can be in the range of
30C to 300

5 Examples of such Ar groups include a phenyl group, a
cresyl greup (isomers), a xylyl group {isomers), and a
naphthyl group.

Examples of preferred Ar groups are a phenyl group
and a cresyl group (isomers), more preferably a group

10 having 6 or 7 carbon atoms.
[0139]
When ROH has a lower boilling point than that of ArQH,
RCH is easily removed by digtillation, and therefore, an
organic oxytitanium having an alkoxy group (R-0- group)
15  and an aromatic hydroxy compound (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.

20 The R greup preferably is a group having 1 to &
carbon atoms, more preferably an alkyl group having 3 to
Booavion atoms, considering the filowabiliczy of the

oygenico oxyiitanium having the B-0- groun, and sven more

LM } k(\} } [ IAEESIES] = e \L[ Y b A 3 ( Hi
(1 gy Yy, pentyl grou { CReT Y ; ¥ 3 sw vl s

(laomers) .
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In order to increase the rate of evaporation, a higher tenperature is
preferred. On the other hand, at 20 high tenperature, an unpreferred
reaction (for exanple, the rearrangenegg react ion of the di aryl
carbonate) may nr)nLi -1(:)))?(:)or 3 - Dependi ng on the
conpounds used, the nelting point and the like vary, and therefore, the
tenperature may be changed in this range if necessary. The step (B) is
preferably carrifed dle ieFcaatilguihdds csrvarenandids prehedablyccarri ed out at

a tenperature at mhlch t he crude aryl oxytitani um conposition and the diaryl
carbonat e d&ré i al ‘st Ent i W‘hrﬁ?ﬁofrc?ﬁqki%ﬂbﬁ%%ratcém?}fﬁ%ﬁhﬁ tloe keep the

reaction te ture caon a known cool i ng apparatus and heati ng
appar at us %é}'%éléﬂHgﬁ‘ﬁﬁWQ1‘%eactor for performng the step (B).

[0161] The ohea n _pressure varies dependi.ng,on_the type of the
hEafits r@?erregfcpﬁelpg éPPOH£1gh§y§t§§1 é'feact i on

conpounds used, the conp 8siti on
e e it 0L, R e I e B A LY
bt ;s | PR SRS 1
.111( iy n-butyl group, an isobutyl group, an n-pentyl group, and
an isopentyl group, and the Ar group is a phenyl group.
[0141]
10 Next, an amcunt of the alkyloxytitanium and the
aromatic hydroxy compound used in the above step (A) will
be described.
The amount of the aromatic hydroxy compound used is
preferably 1 to 50 molar equivalents, more preferably 5
15 to 30 molar equivalents, with respect to the total moles
of alkoxy groups contained in the alkyloxytitanium
(alkyloxytitanium composition in the case of a
composition) and is determined by the size of the reactor,
and the like.
20 If a large amcunt of polvyhvdroxy compound {(for
example, catechol, trihydroxyphenol, and salicyiic acid)

T Diycledd i bhe arvomat o hudryowy

LAY Ci oy Ny e et reme e il R Phiey sl ke leyw ot il amiam
g

and Lhe amount of the targeted asryvloxytitaniom produced

IRV IG R EY

md e e e e L L - . FR B ey M S £ [
ChERDENE SEE fnarelore, Lhe content of DAY NYOIORY

compound 1n the above step (A) is preferably 0.01 or less



prekh to 80 hours, and nore preferably OA. t 50 hours - 94 - When t he
reaction solution is sanpled, and the aryloxytitanium contains sone

chl orine (inorganic chlorine and/or hydrolyzable chlorine), it is preferred
to continuously carry out the step untlﬁ the chlorine 5 concentration in
the residual liquid drops to a desired |evel (for exanple, 100 ppm or |ess)
because chlorine remaining in the aryloxytitaniumis often unpreferred.
[0163] The et yois ofalthe G-<5idual T4 dirdye bes dif fliteulo 10 due to
sanpling and the like, and therefore, analysis of the evaporated conponents
to detern néte Conpletiioht 6i* e step (B) is a preferred nethod. For
exanpl e, the diaryl carbonate is further added until the Ti atom content in
the diaryl carbiﬁaﬁg f@sé@gbgréPe&%@st%@OagﬁﬁﬁoﬁmP€§§,aﬁré?%%éﬁWV’lO ppm or

| ess, and ferably. m or_.| ess., and the chlorine content is 100
qg&g & A &%ﬂxpmﬂe ﬁlbo{i%nfﬁﬁyﬁd E&g%rq

ppmor |ess, preferably 10 ppm or 1ess, e pr @biy 1 ppmor Iess,

Lo evapgraLe g IAnger Nt of Ganpaents by (dhsti Lhal LeRyeOr (gl ef . -1 ux

I
20 anmount is ad to evaporate iaryl carbonate co .c. g a high

concentration (Qf i d MDA NG Hpo Jda the realdd o Drgoperat i en,gaoy, and
the likhp gulf- IT 95 - (isomers), hexane (isoners), heptane (isoners),

oct ane (i saifRf $YLkyIeNANE (drsafer sk ardpdeecane o ksonBuS L heahboRL C
hydr ocar bons and al kyl -substituted aromati ¢ hydrocarbons, such as benzene,

tol uene, xyrenay( iisomens)iorbethyl henzene;adid=msepropy | denzene {4 .sopels),
di butyl benzene (isoners), and naphthal ene; nitrile conmpounds, such as
acet oni t ri lfercand: Hye rzldny tond e t aariomata o ecooneaunds> subst i t Gtced sby a hal ogen
or a nitro group, such as chl orobenzene, dichl orobenzene (isoners),
10 possible to carry out the step in multiple batches, or
continuously.

In order to efficilently evaporate the alcohol, the
operation of adding 1 to 3 molar eguivalents of the
aromatic hydroxy compound and evaporating the alcohol may

15 be performed a plurality of times, for example, two to
four times.

Part or all of the excessive amount of the aromatic
hydroxy compound may be evaporated, together with the
alcohol.

20 [0142]

The excessive amount has been described above. The
aryicxyrivaniun fa theorvetically produesd from sousl
modes ol the aromatio hydroxy compovnd wilh resoect bo
alkoxy groups contained in the allkyloxytitaniuom.

25 Tharelore, @ larger amount of the aromatic hydroxy
compound Lhan the moles of the above alkoxy groups is the

DROCESE IS amOunT O UNe aromat DO nyapoXy  COomioGuno,



10 bronmobenzene, di bronobenzene (isoners), chloronaphthal ene,

br omonapht hal ene, nitrobenzene, and nitronapht hal ene; polycyclic
hydrocar bon conpounds, such as dipheny}; substituted di phenyl,

di phenyl net hane, terphenyl, anthracene, and di benzyltol uene (isomners);

al i phatic 15 hydrocarbons, such as cycl ohexane, cycl opentane, cycl ooct ane,
and et hyl cycl ohexane; ketones, such as nethyl ethyl ketone and
acetophenoﬁ@ﬁ4ééters, such as di butyl phthal ate, di hexyl phthal ate, dioctyl
pht hal ate, and benzyl $ugél Phth@late; et hers and thioethers, such 20as

t et rahydr of ur ant "9, 428 ox3RE V49 2- 4F net hoXyeFRaneS phenyf €t her, and di
phenyi nut ,de; .ket.qne co unds, such, ,as dinelhvi ArON co. r r en
ccenci | . noof Tt HEEY &?rﬁggaeé?emea? §§di be@Sf AH”FﬁéPPa3a§rﬁ€? &°so be
used. Oxygen..i npr d Q nent. because i.t has an oxi dati on
action. Itgigagrggggrggﬁ%gbbgp gggggbgggggn?eﬁfrfoph %hg 9§§5POP§(the

apparatus L canr yi,Rg,- 04t Fgeiﬁhggiggbl by an inert gas before the start
of the step. Wen the 5|ary carbonate is evaporated, it may be evaporate

by being entnapned in an inert gas. As the

A method for adding the aromatic hydroxy compound
can be appropriately selected according to the type of
the alkyloxytitanium and the aromatic hydroxy compound of

10 interest, and the apparatus for carrying out the above
step (A).

The aromatic hydroxy compeound may be added in a
solid state or may be added in a liguid state (a melted
or solution state).

15 The alkyloxytitanium may also be solid or liquid (a
melted or solution state).

It is preferred to carry out the step (A} in a
uniform state. At the time, adding the liquid aromatic
hydroxy compound to the liquid alkyloxytitanium is a

20  preferred method.
[G145]

fn ovdeyr to increase the rate of evaporating the

1

the aromatic hydroxy compound may also be evaporated




10i nert gas, for exanple, nitrogen, helium argon, a carbonic acid gas,

net hane, ethane, and propane are used al one or in conbination, and a nethod
for introducing the inert gas is prefegred. [0166] 15The aryloxytitaniumis
easily hydrol yzed by noisture, and therefore, it is preferred to control

the noisture content in the systemin the step (B). It is preferred
to control the noisture content at 0.1 nole or |less per nole of Ti atonms in
t he systemiSTPEOEHS e { MaY GEe 7L ijd o1 passlivimd, 1 crapdeked col urm and a

fil mevaporator can b used in conbination, if necessary ype of
a condenser%&rl it % HEPEEE oS slsné%m&é'rrﬁbc‘m anr 9h|q AYEE Cafﬂd a

known conde.g r e . used. 5For_ex hitherto _known condensers, such
as a nul titd glh 295 NdrTeGE %H%ﬁggf &0 Godtl d-3Ube condenser, a

si ngl e-tube con nd_an, ai condens c be used in

conbi nat i on, |f%82§§§%§ ygnTEh%cgﬁ §§§§§5 u%egé g%gvﬁﬁeal”ﬁsf8énthe

reactorg or;yk0 MRy ;he.Prouide tside dhe reactar e to the
react or thraonugh pi pi nig Cor%}sjl glen(raiung et he typeg %f CEt 1@%%32:21{}% %aﬁgbt

condenser, drhe gt hed dfiars haﬁdjl(g ng %@%Q%Q@q.eynsat e, and the |ike, various
confi gur ations are enpl oyed

The step (A) is preferably carried out in a liguid
state and is preferably carried out at a temperature at
which the alkyloxytitanium and the aromatic hydroxy

10 compound are in a substantially uniform liguid state.

In order to keep the reaction temperature constant,
a known cooling apparatus and heating apparatus may be
installed in the reactor for performing the step (A).
{01l486]

15 The reaction pressure in the step (A} varies
depending on the type of the compounds used, the
compesition of the reaction system, the reaction
temperature, the reaction apparatus, and the like, but is
usually preferably in the range of 1 kPa to 200 kPa

20 {absolute pressure). Considering the ease of industrial
practice, the reaction pressure i1s preferably in the

range of o0 wlPa to P20 ks (absolute orasoune)
] ,

A time of period between addition of the aromatic

hydadroxy CROTRENEACE Al BB e gilani  &evana i o ( RTINS A

time in the casze of a continuous process) is not

1 1
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15A materials for the reactor and the condenser are not particularly
limted, and known materials can be used. For exanpl e, gl ass,

stainl ess steel, carbon steel, Hastell $¥ _a substrate subjected to gl ass
lining, and a substrate coated with Teflon (registered trademark.) can 20he
used. 9053041 9W9316, SUS316L, and the like are th.C fl Al earnal-Pr, dnd
known prfIgEggg appar at use such ga a - 98 - such as natural cool i ng,

cool i ng watkere L i bt ithd) ! g@ng’@eﬁ%@”@r [FOTB8)0 1St ép¢ fiveipbe dded-2 o t he
step (B), aqs requi red. 5For exanple, a range of steps and apparatuses that
t hose ski] ®d9H She art and the engi neers can assunme, such as the step of
di ssol vi ng ¢1(hu ql aryl carbonate, the step of dissolving the crude

aryl oxytita 4r% conposi tion, the step of separating the diaryl carbonate,

the step of 10 s ar, n /or i,n he aromati.c h dr oxy conpound,
and the step of %r n?tﬁg 91‘:‘@}or di SE‘E%&}%& %yipr oﬁﬁ@gg%ﬁd e Iike, may be

added. [0169], J nhotnhesorz%tﬂ% Gl RGNS B SO RIS be

COHpOSItIOﬂ In the present e odi nent, a ste cri

addi ti onal Ipe Gy irethtout Rfd:efd %@mvwdqwlatﬁmﬁiﬁﬁ 1(31“)1 A step (B).

The step (C) is a step of adjusting a conmponent ratio of the
aryl oxytit anidémceoenposi tion and the diaryl 20carbonate, The step (C)
w .ides cribed bel ow.

The step may alsc be completed after confirming that

a desired amount of ROH 1s evaporated in the evaporated
10 Liguid.

When the organic oxytitanium having an R-0- group
contains some chlorine {incorganic chiorine and/or
hydrolyzable chlorine), it is preferred to continuously
carry out the step until the chlorine concentration in

15 the residual liguid drops to a desired level, for example,
100 ppm or less, because chlorine remaining in the
aryloxytitanium is often unpreferred.

[0149]
It is not always necessary to use a reaction solvent

20 in the above step (A). However, for the purposes of

making the reaction operation easy, and the like,

STy T ol ie ooy ue T o Py e iyt oo Al arve s Sy
[N AT 14 ‘ sy s 3 50 T i i )
T i
{isomers), nonane {lsomers), and decane (lsomers)
I A [ ST SO R 1. b R T T [ o S
L ATCMEU L NYVArOoarnon s A Al ky besarnsily tutaeod aromatl o

hydrocarbons, such as benzene, toluene, xylene (isomars),

T N N SR e — e T T Pt V) £l e o e e Y
Frnyvinenyans . 3 S0y Y Ihenrenes (lsomers) ;
) ; t K L



j hoy- idtit (trot) ini -- 99 - to be in the range of 1% by mass or nore
and 15% by nmass or |less, nore preferably in the range of 5% by mass or nore
and 10% by mass or less. Atotal contept of the aryl oxytitaniumand the 5
diaryl carbonate is preferably adjusted to 50% by mass or nore in the

aryl oxytitani um conposition. The upper limt value of the total content is
not particularly limted, but is, for exanple, 99.9% by mass or |ess. Wen
the total Eomént!Heg 4enct He sabeve ) range namhamplexyti tanitirhel0 conposition
preferred for storage and/or transfer is provided. .. _The above total
content varic8® YependitNGoR St RESHRIPSse L candt hETgOriétur€iof the diaryl
carbonate and the a&ylox&;itani%q1,gup if the %g ve total content is 15

| ow, the cONCARYEF FEGEIEE S SHPSEdFEGESakdl 6r P &96i et Andit'He | i ke are

| arge, and therefaqre, the aove . val ue is preferred. [0170] Adjustnent nay
be made onlgtfl‘%\%pt'h%t‘l%é1 draryi ©56 EAA50Rat & ahd °£%>[%|‘1§x>}tlist° ih( or

Corpoe 4 SR S LS TR e ISR AL 1
bromonaphthalene, nitrobenzene, and nitronaphthalene;
polycyclic hydrocarbon compounds, such as diphenyl,
substituted diphenyl, diphenylmethane, terphenyl,
anthracene, and dibenzyltoluene {isomers); aliphatic

10 hydrocarbons, such as cyclohexane, cyclopentane,
cyclooctane, and ethylcyclohexane; ketones, such as
methyl ethyl ketone and acetophenone; esters, such as
dibutyl phthalate, dihexyl phthalate, dioctyl phthalate,
and benzyl butyl phthalate; ethers and thioethers, such

15 as tetrahydrofuran, 1,4-dicxane, 1,2-dimethoxyethane,
diphenyl ether, and diphenyl sulfide; ketone compounds,
such as acetone and methyl ethyl ketone; ester compounds,
such as ethyl acetate and ethyl benzoate; and sulfoxides,
such as dimethyl sulfoxide and diphenyl sulfoxide, can be

20  preferably used as the reaction solvent.

A diaryl carbonate (Ar~-0-CO-0-Ar) having the same Ar

Ty oms e mromatio hvodroxy oommounndd e alan mretorab

Oxydgen Ls an unpreferred gas component because it



- 100 - (isoners), and decane (isoners); aronmatic hydrocarbons and

al kyl -substituted aromati ¢ hydrocarbons, such as benzene, toluene, xylene
(i soners), ethyl benzene, diisopropyl bepzene (isoners), dibutylbenzene
(isoners), 5 and naphthal ene; nitrile conmpounds, such as acetonitrile and
benzonitrile; aromatic conpounds substituted by a hal ogen or a nitro group,
such as chl orobenzene, dichl orobenzene (isoners), bronobenzene,

di br onbbenféng i s@mers) dhilcoreRaprhaltére 2PPRrdRdNap Atialcare,y 11Q

ni t robenzene, and nitronapht hal ene;, polycyclic hydrocarbon conpounds, such
as di phenyP tsabst iSGPed Adil phenyl, ‘dicphefyEmPehane, Her phémi ©fanttr acene,
and di benzyl tol uene (isoners); aliphatic hydrocarbons, such as cycl ohexane,
cycIopentaﬁgﬁprclooctane, and 15 et hyl cycl ohexane; ketones, such as nethyl
et hyl ketone an@hage%ﬁghegngtigs e&§bxsugg asudibutyvah%haLate,.gihexyl
phthal ate, dioctyr phthalates ahd BenZdt butyP pht hal af 8- erh&f's and

t hi oet hers u . r. dr.of wr 4- di ne, 2-.di net et hane,

di pheny e?ﬁgr%%a%§a§%&3?%§eﬁﬁl%ggﬁpi%g?r%éﬁégeﬁgoégoﬁ% g& 3%' as acetone
and nethyl ethyh kehone,.est ghscorpoundsy,suchyas -gtbyl rk)ilyyln-? - 101
- When the aryl oxytitani um conposition ob?alned in ghe step (CJ is used as
a catal yst afrgbra predugiion efia dizaryhe¢anbenatenausl Ngndas @d3elvent, a
conmpound used in the step of producing a diary' carbonate is a preferred 5
met hod. can Sechsadsaellvent cirs ia conpaundiuvsed (produced as byproduct in
sone cases) in the step of producing the diaryl carbonate, and al cohol s,
aromati ¢ hy@iéxy conpounds, dial kyl carbonates, alkylaryl carbonates,

10 The aryloxytitanium is easily hydrolyzed by moisture,
and therefore, it is preferred to contrcl the moisture
content in the system in the step (A).

Specifically, it is preferred to control the
moisture content at 0.1 mole or less per mole of Ti atoms

15 in the system in the step (A).

[0152]

It is preferred that a reactor for performing the
step (A) is also selected from those conforming to the
above-described conditions.

20 Specifically, hitherto known reactors, such as an
agitation tank, a pressure agitation tank, a reduced-

TS ST Agrntalt pory Uank . s oolumn raactor ooty et il i atlon

Vel 1 comianat L on ; LI nedemmany
¥ H [ S B 3y e on S S S, [ s oy T LI :
LA S SV T S O R L N S B ol JNRIE AR TRV R 0K e 0 SN O TR AV U S 5 (O Gl S S S N
Vit ok L U R0 S i R I A0 LT O v S er oo ton s Yo

particularly limited, and a known condenser can be used.



10al kyl aryl ethers, diaryl ethers, high boiling point by- products, and
the like are used. [0172] An inert gas may al so be used. Oxygen is an
unpreferred gas conponent because it_15 has an oxidation action. It is
preferred to repl ace oxygen, air, in the reactor (the apparatus for
carrying out the step (C)) by an inert gas before the start of the step.
Wien the diaryl carbonate is evaporated, it may be 20 evaporate by being
entrained i n anfPreftagase, AsithestpoknexanpPedenperogeAtChebisum

1 ("3, 1C?2i tDPl I 7'[.1 - 102 The aryloxytitaniumis easily

hydr ol yzed "By ‘di¥ e, Cand nefrdréflor@ndet sics preferiéd to¢ont rol t he

moi sture content in the systemin the step @ﬁj. In this case, it is
preferred tcéméj%ﬁ]tsre&l’ thé* gﬁrﬁ é’f"g)ree COBREERE  at 26 #folPd "6 9 per ol e of
oot o R LT 518 3R LT TR On Lt o o the
5 The condenser may be provided inside the reactor, or
may be provided cutside the reactor and connected to the
reactor through piping. Considering the types of the
reactor and the condenser, the methcod for handling the
condensate, and the like, various configurations are
10 employed.
The materials for the reactor and the condenser are
not particularly limited, and known materials can be used.
For example, glassg, stainless steel, carbon steel,
Hastelloy, a substrate subjected to glass lining, and a
15 substrate coated with Teflon (registered trademark) can
be used.
SUS304, SUS316, SUS316L, and the like are
inexpensive and can be preferably used.
F0153]
20 Instrumentation equipment, such as a flowmeter and a

thermometer, and known process apparatuses, such as a

i ¥
e T L e R Iy 10 Vit 33
5 [ T T oy Ve e ] y . PRV T . )V [T TS B
a neataer, may e umedd, Also fTor cocling . krnown methods ;
B -l " " T
2 such as natural cooling, cooling water, and brine, can be



10Specifically, hitherto known reactors, such as an agitation tank, a
pressure agitation tank, a reduced-pressure agitation tank, a colum
reactor, a distillation colum, a pagk?g colum, and a fil mevaporator, can
be used in conmbination, if necessary. A type of a condenser provided in
the reactor is not particularly limted, and a known condenser can be used.
For exanpl e, hitherto known condensers, such as a multitubular cylindrical
condenser, a do@bltéifulfdedndenseére Hl&ihgle- febel eohderser , b ah.
air-cool ed 20 condenser, can be used in conmbination, if necessary. The
condenser rfay B provided S meicué e Gleatortnadr Hiihe 15k 4%t Ji et hnf co
hand 1 andiﬁﬂ?hﬁ%?d -f%03 - The materials for the reactor and the
condenser ars rot- part il &Y 95T @ aridk Wiows et 615 416 calrfibe® used.

For exanpl e;. . st.ainl t.eel rbon. st eel stell.o _substrate
subj ect ed ?olﬁogééqqsnt?{ﬁg,a%zﬁnc?sﬁa{" Hg/ucg%t Fate’ coa l%dd Wi th 3I1“e%/ ooﬁf(regi stered

trademaek) gan, e, %é%%%&‘hg)%% 1aUS316L, .éﬁ%éqdakj%%fg
i nexpensive and can be preferably used. Instrumentation equipnent? such as
a flowreterrrandii@chol, the step of separating and/or purifying the
aromatic hydroxy compound, and the step of burning up or
discarding by-products and the like, can be added.
[0154;
10 Next, the step (B) will be described.
In the step (B), the reaction solution in the above-
described step {A) may be used as it is, or the step (B)
may be carried out after adijustment of the concentration
and the like. The step (B) may be carried out in the
15 same apparatus, or may be carried out by transferring the
reaction solution to another apparatus.
[C155]
The step (B) is the step of adding a diaryl
carbonate to the crude aryloxytitanium composition and
20  evaporating a component having a lower boilling point than

that of the above diaryl carbonate, together with the

draryiocartonaite, so oas to obtain an arvioxvyititaniuam
[ { 1O
-
GLoS&!
I - I 5
. e H
il i (=3 Ving 1 Uireir g H“,\j”- i U [ iv ]

having the R-0-T1 group used in the above-described step



10 thernoneter, and known process apparatuses, such as a reboiler, a punp,
and a condenser, may be added as required. For heating, known nethods, such
as steamand a heater, may be used. Alsg for cooling, known nethods, such
as natural cooling, cooling water, and brine, can be 15used. [0175]

O her certain steps may be added to the step (C), as required. For
exanpl e, a range of steps and apparatuses that 20 those shlled in the art
and the engfhbe#%'@ﬁﬁ‘@@é@ﬁé?f%ﬁ%%Y%stQ%bu%t@@“@@Shﬁ%@@lWWh@imh@ dinaryi

carbonate, the hydroxy comi nm m may be added, - 104 - Next, a method
for produci N t He® W KR DXy ANt URk us®d- i n the above step (A) will be
descri bed. The al kyl.oxytitani um can, be produced by a known nethod.
5The step (A) and ¥ L?ﬁﬁ%’rl tcl)‘/?erbﬁ”éﬁe( B)° Srhy The "éartticdd Gut ifsing a

commercial al i taniu ..Exanpl es_of a preferred nethod for
produci ng té§%+§§%%&y i#%ﬁ%%ﬁn%%ﬁﬁ?ﬁﬁg&aqkﬁfHBﬁ %kﬁqﬁ?%ﬁzﬁﬁtfﬁ%L?B?lomﬁng
ste a st ep: ' iS, _ a h . _ tially or
sinﬁlEzﬁeoggTyiggﬁé%gﬁﬁ%égggﬁégfa(*; 0 %%&%?%6$35?eﬁﬂfg*§§ y

t et raal koxydji§ et wm ¢o 1eactodhes tetd,aal koxytitaniumw th the water so as
to obtain a partial hydrolysis reaction solution, and step (Y) of

evaporating an aleoheli 1asipy-araduets, ficomybmathe hydnel:ysisnfgactd on
solution. [0177] <Tetraal koxytitani unp
used in the step (A} and ArOH corresponding to the
structure of the diaryl carbonate used (the diaryl
10 carbonate is represented by Ar-0-C0-C-Ar, and in ArOH, a
hydrogen atom is bonded to this ArO group) at ordinary
pressure are cempared for selection.
In this case, either the aromatic hydroxy compound
or the above ArCH may have a lower boiling point, or they
15 may have the same boiling point.
[0157]
When the aryloxytitanium composition obtained in the
step (B) 1s used as a catalyst for a production of a
diaryl carbonate, it is preferred to use a diaryl
20 carbonate having the same structure as a diaryl carbonate

to be produced, in the step (B), and it is preferred that

o Fhe arvlioyw ol b oyl L may b B o N S S .
. HOR § Tl sy 1an =Ry Y g Wy iy £y SrOTTNE By i1 T E T o1
L Lirer A DY DXL s Ui Iy, e I Merar Ly Une Ay WOV L LU an I um

composition.

folnhes



The tetraal koxytitaniumused in the above step (X) will be described* 20The
tetraal koxytitaniumis a tetraval ent tetraal koxytitani umrepresented by
Ti(Cc)4, wherein ated _ - 105 - The @Q.group is preferably a group having
1 to 6 carbon atons, nore preferably an al kyl group having 2 to 6 carbon
atons, and particularly preferably an ethyl group, a propyl group
(isoners), a butyl group (i some\rg)?, a pentyl group (isoners), or a hexyl
group (isoners) NPOL78 FHE vaowe Sthep e ewialty Uves vdddewiibed. When t he
above-descri bed al kyl oxytitanium for exanple, a polytitanoxane having an
al koxy gr o PR higt A0 HH! Ve det ‘degree st ot yiErd Zdt i 0 oft2P ofBhore, is

produced in t ste .. the relationship between the tetraal koxytitani um
t he anount %Jf%%rcp%%‘é()e’uk?egnd the average degree of polymerization is a

relationship Sh‘%‘?ﬁ% %g%np%arot:(j %Iheh%q%%lﬁsics%lrbe%ct,i O%g%gi?&,% ;bgrdewnosqt&zg)n 15

reaction represente y the f ol 'owi ng “for a
A case wheng, g, parylilangxane Nawidg.al, alk e aLaup. having an, gver age
degree of polynerization of |1ess than i's produced Wi e descri bed
later. 20[Qdy9, Tha, average; degree ofspalyneridiza onof tdhes o o
atoms contained in the crude aryloxytitanium composition.
It is possible to add the above amount at one time
and then evaporate the component having the lower boiling
10 point than that of the diaryl carbonate, together with
the diaryl carbonate. It 1s possible to add the above
amount in portions and then evaporate the component
having the lower boiling point than that of the diaryl
carbonate, together with the diaryl carbonate. It is
15 possible to add the above amount in portions and then
evaporate the component having the lower boiling point
than that of the diaryl carbonate, together with the
diaryl carbonate, after each portion. It is possible to
carry out the step in multiple batches, or continuously.
20 In order to efficiently evapcorate the substance

having the lower beiling point than that of the diary]

- R P v Ry e 1 e g 4 B ol ey e A b R
vy tne component having the lowe)
ot Y s
- e ey A ER PP [ TR T I P S T . Pl e
< PO Uanarn g O LG ROy L Oaroonata, Uogeunanr :

the diaryl carbonate, a plurality of times, for example,

[ A A R AR



) added. andlor an arrn O iitd tal Cl nil(hexil having an al koxy group

(or hiving - 106 - an average degree of polynerization obtained in such a
manner . In nmost cases, both the hydrolysis reaction and the
condensation reaction proceed in the step (X), and the 5 al kyl oxytitani um
conposition can be obtained. It is presuned that a hydroxy group as

shown in the formula (28) remains partially, and a condensate as shown in

t he fornuléoéﬁév is obtained in the step (Y). These reactions are generally
suggest ed when io’tit ni nmoxidg IS produced by a sol-gel nethod. The
step (X) is oft LRCdBSEPPBelChef &ilhiast BengurbY ysFerkendensathokest ep.

[ 0180] [Fogg%k%p%?gtely selected according to the type of the

aryloxytitanium and the diaryl carbonate of interest, and
5 the apparatus for carrying out the above step (B).

The diaryl carbonate may be added in a solid state
or may be added in a liquid state (a melted or solution
state) .

The crude aryloxytitanium composition may also be

10 solid or liquid {(a meited or sclution state).

It is preferred to carry out the step (B) in a
uniform state. At the time, adding the liquid diaryl
carbonate to the liguid crude aryloxytitanium composition
is a preferred method.

15 [0160]

A temperature of the step (B) can be in the range of
30°C to 300°C.

In order to increase the rate of evaporation, a
higher temperature is preferred. On the other hand, at

20 high temperature, an unpreferred reaction (for example,

the rearrangement reaction of the diaryl carbonate) may




15nTi (0Q 4 + 0.5(4n + x - y)H20 -> Tin0O(211-+y)/2)(OHx(04)y + (4n - y)QOH
... (28) nTi(0Q4 + 0.5(4n - y)H20 -> Tin0(2n-y/2)(0Qvy + (4n - y)QH ..
(29) [0181] 20In the formulas, Q is_ghggapove-described group, nrep re
sent' eger of i or nore, x represents a nunber - 107 - In the case of
t he above formula (28), only the nunber of noles of the free al cohol
changes, and the average degree of polynerization may be regarded as the
sanme. 5[0183] [Tapfecdi]d Tabl ehq. cRepariénshspdbet meene hirbuat pof niat er added
and averag%ag ree of polynerization Average degree of polynerization (n)
Amount of W glﬁd&éﬁe(ﬁﬂFar agdi FaréRteris P@?r L EIMREXPLREEnIGY) PRer ee

al cohol (nnha QU|vaI%nEs vs tetraal koxytitani um

ange range if necessary.

The step (B) is preferably carried out in a liguid

[l

state and is preferably carried out at a temperature at
which the crude aryloxytitanium composition and the
diaryl carbonate are in a substantially uniform liguid
state.
In order to keep the reaction temperature constant,
10 a known cooling apparatus and heating apparatus may be
installed in the reactor for performing the step (B).
[0Ll6l]
The reaction pressure varies depending on the type
cf the compounds used, the composition of the reaction
1> system, the reaction temperature, the reaction apparatus,
and the like, but is usually preferably in the range of
0.01 kPa to 100 kPa (absclute pressure). Considering the
ease of industrial practice, the reaction pressure is
preferably in the range of 0.1 kPa to 20 kPa (absolute
20 pressure) .

[0162]

(RIS i [ i CEOYI N ! ¥ ! [N s
G o e I - S T . o e e e o . o - .
Lhe cagse of a contipuous procesa) is not particoulariy
R T4 e e e Loy b N T T T T O T AT a T e e L e S
s Lamated, but ousually §.000 to 100 hours, prefevably 0,01

8}

Lo 80 hours, and more preferably 0.1 to 50 hours.
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When the reaction solution is sampled, and the
aryloxytitanium contains some chlorine (inorganic
chlorine and/or hydrolyzable chlorine), it is preferred

Lo continuously carry out the step until Lhe chlorine

(o1}

concentration in the residual liquid drops to a desired
level (for example, 100 ppm or less) because chlorine
remaining in the aryloxytitanium is often unpreferred.
[0163]
The analysis of the residual liquid may be difficult
10 due to sampling and the like, and therefore, analysis of
the evaporated components to determine the completion of
the step (B) is a preferred method.
For example, the diaryl carbonate is further added
until the Ti atom content in the diaryl carbonate
15  evaporated is 100 ppm or less, preferably 10 ppm or less,
and more preferably 1 ppm or less, and the chlorine
content is 100 ppm or less, preferably 10 ppm or less,
and more preferably 1 ppm or less, to evaporalte a larger
amount of components by distillation, or the reflux
20 amount is adjusted to evaporate the diaryl carbonate

containing a high concentration of the low boiling

[y
B H— oy A . " e g i o o e FI P O P RPN
Ll o G iWays naaessary o use a reacitlon soivant
ot e b T oy e e G e STy s B L T B
I I LA A S O IR ST L Uner o rn " i

making the reaction operation easy, and the like,

suitablie solvents, oy examnle, alkanes suoh as pantano



6 5 0.800

[@p]

10

15

20

8 6 0.833 10 7 0. 857 12 8 0.875
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{iscmers}, hexane (isomers), heptane (isomers), octane
{isomers), nonane (isomers), and decane (isomers);
aromatic hydrocarbons and alkyl-substituted aromatic
hydrocarbons, such as benzene, toluene, xylene (isomers),
ethylbenzene, diisopropylbenzene {iscmers),
dibutylbenzene (iscomers), and naphthalene; nitrile
compounds, such as acetonitrile and benzonitrile;
aromatic compounds substituted by a halogen or a nitro
group, such as chlorobenzene, dichlorobenzene {isomers),
bromobenzene, dibromobenzene (isomers), chlorenaphthalene,
bromonaphthalene, nitrobenzene, and nitronaphthalene;
polycyclic hydrecarbon compounds, such as diphenyl,
substituted diphenyl, diphenylmethane, terphenyl,
anthracene, and dibenzyltoluene (isomers); aliphatic
hydrocarbons, such as cyclohexane, cyclopentane,
cyclooctane, and ethylcyclohexane; ketones, such as
methyl ethyl ketone and acetophenone; esters, such as
dibutyl phthalate, dihexyl phthalate, dioctyl phthalate,
and benzyl butyl phthalate; ethers and thicethers, such
as tetrahydrefuran, 1,4-dioxane, 1,2-dimethoxyethane,

diphenyl ether, and diphenyl suliide; ketone compounds,

I 3 ¢ Tietom sk o Je g i3 Sy 1] 13 f)' o
402 [ R
SUan as eyl acebiate and ety Danzoato; and aulie

such as dimethyl sulfoxide and diphenyl sulfoxide, can be

I ally as Uho reactlon soluve
ArGH corresponding to part of the diarvl carbonate
Tructure 1ao4a craferably used as the g I v ! 0l
F
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[0165]

An inert gas may also be used.

Oxygen is an unpreferred gas component because it
has an oxidation action. It is preferred to replace

5 oxygen, air, in the reactor (the apparatus for carrying

out the step {B)) by an inert gas before the start of the
step.

When the diaryl carbonate is evaporated, it may be
evaporate by being entrained in an inert gas. BAs the

10 inert gas, for example, nitrogen, helium, argon, a
carbonic acid gas, methane, ethane, and propane are used
alone or in combination, and a method for introducing the
inert gas is preferred,

[0166]

15 The aryloxytitanium is easily hydrolyzed by moisture,
and therefore, it is preferred to contrel the moisture
content in the system in the step (B).

It is preferred to control the meisture content at
0.1 mole or less per mole of Ti atoms in the system in
20 the step (B).

(01677

e i Y ; i %
seloected aocording o Dhe above-desoribed ReI¥
Specifically, hitherto known reactors, such as an
20 agivation tank, a pressure agiitation tank, a reduced

pressure agitation tank, a column reactor, a distillation

i
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column, a packed column, and a film evaporator, c¢an be
used in combination, if necessary.

A type of a condenser provided in the reactor is not
particularly limited, and a known condenser can be used.

For example, hitherto known condensers, such as a
multitubular cylindrical condenser, a double-tube
condenser, a single-tube condenser, and an alir-cooled
condenser, can be used in combination, 1f necessary.

The condenser may be provided inside the reactor, or
may be provided outside the reactor and connected to the
reactor through piping. Considering the types of the
reactor and the condenser, the method for handling the
condensate, and the like, various configurations are
emploved,

A materials for the reactor and the condenser are
not particularly limited, and known materials can be used.

For example, glass, stainless steel, carbon steel,
Hastelloy, a substrate subjected to glass lining, and a
substrate cecated with Teflon (registered trademark) can
be used.

SUS304, SUS31

[

3US3lel, and the like are

DS ime i LAt Lo eanl

and known procs

b ORI 2, My e S

1 known methods, such as steam and

piet o




(1.938 30 tieay0.1to0.92ne.vit.h respect:. to t..}ietetrarLikoxyfilthe
anmopunt. of 1.1...rreases,r.riefl.owabl.l.:i.tywo.rsens yrue-aim (.1 poi
yrneri zf3t.ii(-"-)ispreferablyl2orlesg, _

such as natural cooling, cooling water, and brine, can be
used.
[0168]

Steps may be added to the step (B), as required.

5 For example, a range of steps and apparatuses that
those skilled in the art and the engineers can assume,
such as the step of dissclving the diaryl carbonate, the
step of dissolving the crude aryloxytitanium composition,
the step of separating the diaryl carbonate, the step of

10 separating and/or purifying the aromatic hydroxy compound,
and the step of burning up or discarding by-products and
the like, may be added.

[0169]
In the method for producing the aryloxytitanium

15 compesition in the present embodiment, a step (C)
described later can be additionally carried out after the
above-described step (1) or step (B).

The step (C) is a step of adjusting a compconent
ratio of the aryloxytitanium composition and the diaryl

20 carbonate.

The step (C) will be described below.

UV IORYT I Tanium (or the arviosvoiltanium oomposioion)

cbtained in the above-described sten (1) or

A content of titaniwn atoms contained in the

. b s de e ooy o e JE A SO S Y B e AT e e T T L T T
arvioxyviitaniom [O SOOI S R U T bwomre oy ainh Ty aclh et o]



- 108 - A previously partially hydrolyzed and/ or condensed

al koxytitanium rather than the tetraal koxytitanium my be used for the
starting material. At the time, the amgynt of water is adjusted so that 5
t he average degree of polynerization is 12 or |ess. The aver age degree
of polymerization is nore preferably 2 or nore and 8 or |ess, considering
flowability, stability, and use as a catalyst for a production of a diaryl
carbonat e. 0% i'd grissuBwa et Mndry e aver age degrced 'Of polmaret i zat i on
is nore than étand |l ess than 2, partial hydrolysis occurs according to the
fol | owi ng r¥action IR 3020 A6 siinithy tHdde i condummptdoh of water is
used for diner e&gﬂq&ﬁj%g, and the renainder is a nononer, 15 calcul ation
shoul d be P&rforited.' K way "B obtaifiy the average degree of

pol ymeri zati on %tt%Qgéti 'ngk'8%5t%hea?giégﬁ%ggﬁéggﬁﬂﬁgﬁggﬁd’ and t hus,

the amount of water added i's adj usted. “2Ti (00)1 H20

-> f. Oﬁ,oo)cﬁafxiy'l 233 hg Eﬁglqag/@krﬁo%\?\;}z Iaz;{ € A3( 10, rgdb%y bal- mlaosgs “or

This hydrolysis reaction is w nd can occur known ‘et hod.

The aver agg.degriee 9fe RA!YIMBL)Zation.shouhd be iy, thenaboyecrangg. Hovwever,
when the wat er added is not

value of the total content is not particularly limited,
but is, for example, 99.9% by mass or less. When the
total content is in the above range, an aryloxytitanium

10 composition preferred for storage and/or Lransfer is
provided.

The above total content varies depending on the
purpose, and the structure of the diaryl carbonale and
the aryloxytitanium, but if the above total content is

15  low, the container required for storage and/or transfer,
and the like are large, and therefore, the above value is
preferred.

(01703

Adjustment may be made only with the diaryl

20 carbonate and the aryloxytitanium (or composition), which
is a preferred methoed,

Phied v

example, alkanes such
& ¥

fisomers), haptana (1somers



5 uniformy dispersed, a polytitanoxane having a significantly high degree
of polynerization may be produced and solidified. Therefore, it is
preferred to performthe hydrolysis rela(ﬁ}lon uniformy as much as possible
to obtain a polytitanoxane having a ndarrow range 10 of the degree of

pol yneri zation. [0137] For such a nethod, it is preferred to dilute
t he tetraal koxytitani umand/or the water added, with a solvent, and react
them More prieferably,an Mo forsomB: i)l utd mgnatitie: thatchaalakdxyts t ani um
with a sol vent, further also diluting water with the solvent and then
gradual |y addi rig 'tHe i tidd st e?fq]T@H?‘ﬁ% Hryest o KRy tsaifum s ol ution is
preferred. . The sol vent. should he a sol vent inert tq the 20

t et r aal koxy¥i T &R Um dhd WeterY L&t e i %6d Sol vty i€ ™M cohol , mor e

preferably ane t ype of alcohol a The once tto be gion n by
di]be 110 Otht%o SOV ven lr17ue§1eed g and e ’bededil{qé’%eﬁézdﬂ (tjﬁjé’% erties

(f1 Owab"l ' ta)ﬁcﬁ%r%t el CE%) s éﬂ%eo@o%ggﬁﬁ\cﬁslékyéuo Ist %met"{_ngnnlroL

Pref er ab ly, oXytitaniumis d so to 80% by

mass. ardd ddheganeentd atd,Qpds d Qi dhe, AUt quJJe% ﬂlv ent

evaporated increases. On t he other hand, if the concentratiorn is high, a

si gni fi cantday Jwenunif of MiGAMPRsIION JTRY Re deneralied, As,Lr evi ously
described. SO 10 to 80% by nmass is nore preferred. [0189] "The dilution of

wat er may ke cappreprdrately detetarded dnontdie: rsedrnentd uses it 1he: addi tion
met hod. The preferred dilution concentration is 1 to 80% by 15 nass, nore
preferably 3 same5@%,bynmsnaphthalene, bromonaphthalene,
i0 nitrobenzene, and nitronaphthalene; polycyclic
hydrocarbon compounds, such as diphenyl, substituted
diphenyl, diphenylmethane, terphenyl, anthracene, and
dibenzyltoluene {isomers); aliphatic hydrocarbons, such
as cyclohexane, cyclopentane, cyclooctane, and
15 ethylcyclohexane; ketones, such as methyl ethyl ketone
and acetophenone; esters, such as dibutyl phthalate,
dihexyl phthalate, dioctyl phthalate, and benzyl butyl
phthalate; ethers and thiocethers, such as tetrahydrefuran,
1,4-dioxane, 1,2-dimethoxyethane, diphenyl ether, and
20  diphenyl sulfide; ketone cempounds, such as acelone and

methyl ethyl ketone; ester compounds, such as ethyl

structure s also prefeorably used as the rveaction solvent.



[ 0190] The purpose of the step (X) is to react the tetraal koxytitani um
with water, as described above, and addition and reaction may be perforned
by a known net hod. 20Preferably, dilutgd water is gradually added to a
diluted tetraa], koxyt itanium solon, as described above. - (1.()"e(-r the
| oci  tenperature, an unpreferred reaction (for exanple, the production of
a pol ytitanoxane having a significantly nonuniform degree of
pol yneri zati on) “R&y $EEUR YO OprGdies TaTc srpPPedt-édipoRyRing&ToxXdEnd NeAt | ow
tenperature, it y 5 be solid or poorly flowable. Therefore, the
tmmaauué%?%@eﬁh%ﬁ%@wqﬁﬁ%&%&@?%@ﬂ%@%&@%@f&wnnme
preferably ;10C to 100C . . Dependi ng .on the conpounds used, the
mel ting poitit® and The 11K varyi Hnd' T Kerdt ot 1t He Ltrgpéffﬁ?élrrﬁi Ut el be 10
changed in his I, - ry... The step. (X) is. preferably

Lhil ﬂfél"}:!qg)eﬁ rét&qafé%z;ﬁ(fyidlarryelf ecifara]%oﬁlaq_e Lf)da C?}"GL: .E_L”ae(P

carried out I1n aliquids s p y carrie ut
t enper atur g,atLWhi ch the pol ytitanoxane produced is in a substantially

uniformliquid state. 151 n order to keep the reaction tenperature constant,

a known cool i ng sappanatus vand heat @gmgggaaahg%qubx:'a@uic@%zt ald ed.in the
reactor for performng the step (X). [0192] The reaction pressure

vari es dependidng:ton it hertey pe: <205 )ofi i heycconpaunds msed,cithe woenposi tion of
the reaction system the reaction |. enpe rat u re, the reaction apparatus,
1 pressure)iaryll¥rbonate, and alcohols, aromatic hydroxy
compounds, dialkyl carbonates, alkylaryl carbonates,
10 alkyl aryl ethers, diaryl ethers, high boiling point by
products, and the like are used.
[0172]
An inert gas may also be used.
Oxygen is an unpreferred gas component because it
15 has an oxidation action. 1t is preferred to replace
oxygen, air, in the reactcor (the apparatus for carrying
out the step (C)) by an inert gas before the start of the
step.
When the diaryl carbonate is evaporated, it may be
20 evaporate by being entrained in an inerlt gas.
As the inert gas, for example, nitrogen, hellum,
cHITGONn socarbonro aoid RS, meTnhana et v e :
are used slone opr o dn combination, and o omeithod [or
introducing the inert

gas 1s preflerred,



A hydrolysis reaction tine (residence tine in the case of a continuous
process) is not particularly limted and is usually 0.001 to 100 hours,
preferably 0.01 to 80 hours, and nore pyeferably 0.1 to 50 hours. 51t is
preferred to sanple the reaction solution and continuously carry out the
step until the liberated alcohol is in a desired range, and it is preferred
to carry out the step while neasuring the average degree of polynerization.
10[ 0193] ARei pemtl ogas ey ibe dsedasOdygény dre lary ashpnefrer T el gas
conponent b%&fﬁie it has an oxidation action. It is preferred to replace

2 tHe St ot (the Eppard@cus § sordartyitdy it tthestep (X))

oxygen, airs

by an inert s 15 before the start of the stenp. As the inert gas, for
exanple,lﬂ%ég%ﬁﬁ% %ﬂﬂqﬁﬁnsﬁﬂﬁﬁ%j“h T orfife %ﬁrd gas, methane, ethane, and
propane are used_al.one or in ¢onbination, and, ,a nethod.for introducing the
inert gas into gﬁekgégcfgﬁefslgréfepgg ?T§8F0i54foﬂthécggF for perform ng

the above Sep(X). IS, Ao Id I GUAROTAL Oley, cor M3 s oe oy Adype of a
condenser provided In the reactor I's not partic arIy imted, and a known
condenser can i Usedenm in R @XIE, hitherto known condensers, such as
a nmultitubular cylindrical condenser, a double-tube 5 condenser, a
si ngl e-t ubg (ciomdenser, and an air-cool ed condenser, can be used in
conbi nation, if necessary. The condenser may be provided inside the
reactor, or nmayAbeeprovirdédroptsirdenthe reactonvandteennected to the
reactor through piping. Considering the types of the
selected according to the above-described conditions.
10 Specifically, hitherto known reactors, such as an
agitation tank, a pressure agitation tank, a reduced-
pressure agitation tank, a column reactor, a distillation
column, & packed column, and a f£ilm evaporator, can be
used in combination, if necessary.
15 A type of a condenser provided in the reactor is not
particularly limited, and a known condenser can be used.
For example, hitherto known condensers, such as a
multitubular cylindrical condenser, a double-tube
condenser, a single-tube condenser, and an air-cooled

20 condenser, can be used in combination, 1f necessary.

The condenser may be provided inside the reactor, or

reactor and the condenser, the method for bandling the
. . . 4
CORTIORE RV S o AT e

emploved,



10 reactor and the condenser, the nethod for handling the condensate, and
the like, various configurations are enployed. A materials for the reactor
and the condenser are not particularly,, g%njted, and known nmaterials can be
used. 15 For exanple, gl ass, stalnless steel, carbon steel, Hastelloy, a
substrate subjected to glass lining, and a substrate coated with Tefl on
(registered tradenark) can be used. S05304, SUS316, SUS316L, and the |ike
are 20 i nexpensiiVé ﬁﬁ&eéawlﬁef@ﬁeﬁ@ﬁaﬁﬁ@¢&§éddﬂﬁnéﬁfuﬁ@ﬁﬁ@ﬁﬁ@ﬁ‘@quipnent
such as a flowreter and a S uch as naturpli coo, cooling

wat er 1 bi Lé??‘beoartllclutllar@f p‘é“ H;é‘;ijfbe”‘a‘?jdié’cp% PeftA rElE can be pagedxanpl e,

a range of step§1and agﬁ@ratu ses t hat thagse skLII?q in the art and the
engi neers can assung, “§¥cha¥ Fﬁé sFéﬁ “di’sSoing “Precn steel,

tet | k I fe t.h t t

bndl o pur a0 e 3 Do, dw s%‘{ 3 o B, mgns Shleadang

by pr OdQCt S<“1ﬁi§l‘q Ltalleo ld e dTRY; tt?? Q:]tfl%te tladei n)L(C)fV\érpg the
omnng

above-descri bed step ( the 10fo S per
step (Y) is@ siep of evaporatlng an al cohol as by product, fromthe
hydrol ysis reaction solution obtained in the above-described step (X).

[ 0196] SUS304, SUS316, SUS3161, and the like are

The

inexpensive and can be preferably used.
Instrumentation equipment, such as a flowmeter and a
10 thermometer, and known process apparatuses, such as a
repboiler, a pump, and a condenser, may be added as
required. For heating, known methods, such as steam and
a heater, may be used. Also for cooling, known methods,
such as natural cooling, cooling water, and brine, can be
15 used.
[0175]
Other certain steps may be added to the step (C), as
reguired.
For example, a range of steps and apparatuses that
20 those skilled in the art and the engineers can assume,
such as the step of dissolving the diaryl carbonate, the

I B e [E R R TP SN P T G do ey e d e g v A
UL s S DV G Ve 31y (N L o e o maen oy

seDaraling U diaryl carbonarve, The stepn of separating

ard/or ourifving
& a —



15As shown by the above formulas (28) to (30), when the tetraal koxytitanium
is hydrolyzed in the step (X), the al cohol derived therefromis |iberated.
Al t hough a structure as represented by, the fornula (28) is also partially
produced, the structure of the fornmnul a"é 9) or 20(30) is nostly provided by
carrying out the step (Y). The structure of the formula (28) may be

partially /vl - 115 - When a solvent is used in the above step (X),
it may be renovél® dimil tEieEs Iip wintie duve ral ddtsola liky lickrey tstlepr i) or
separately. To renove the al cohol, a known nethod can be used, 5

but a method® @t f sthe12R76h §'<Chrtlerviedl Pe desqriesmherature of the step

(Y) can be in t r e of -40C to 250C (or the boiling point or |ess of
t he sol vent at g’?ﬁi ﬁgﬁy’ dSEEE) I Aoy gjé’r HEGUTEedde & K& T4t e of

evaporatlor}hea{goh 10 terrperature is preferred. On the other hand, at high
tenperature, an unpreferred reaction (for exanple, the production of

ethers) smay occuf,d Q. prodyge d%<1c%’@i1h%qrt ec%ea'ﬁ@@p"w}g r%SJr ém dgn'tloe"r;’%erat ure

terrperature it may be Fsol'i’d “or poorly flowab

is nore 15 cpg@flgzg@pgyalcrbrgnh@répg}geam JUON @@%@ even nore preferably 30C
to 200C. Dependl ng on the corrpounds us e mel ting point and the

like vary, and themghee ot he drempenatune (iR %rcfg%gﬁmin@ thjes range if
necessary. 20The step (Y) is preferably carried out in a liquid state and
i's preferabddcghantyted autuatiec hetper ataredteordpt s indeceact f or
performng the step (f).
following step (X) and step (Y), that is, a method for
10 sequentially or simultaneously performing:
step (X) of adding water to a tetraalkoxytitanium to
react the tetraalkoxytitanium with the water so as to
obtain a partial hydrolysis reaction solution, and
step (Y} cof evaporating an alcchol as by-product, from
15  the hydrolysis reaction soclution.
[0177]
<Tetraalkoxytitanium>
The tetraalkoxytitanium used in the above step (X)
will be described.
20 The tetraalkoxytitanium is a tetravalent

tetraalkoxytitanium represented by Ti(0Q),, wherein

azssaciated {form.

small number of carbon atoms because of easy removal as

[ T S E T T PN
AL COron o an Uhe siton 1Y)



- 116 - The reaction pressure varies depending on the type of the
conpounds used, the conposition of the reaction system the reaction
tenperature, the reaction apparatus, gnd the like, but is usually
preferably in the range of 50.01 kPa to 200 kPa (absol ute pressure).

Consi dering the ease of industrial practice, the reaction pressure is
preferably in the range of 0.01 kPa to 150 kPa (absol ute pressure). [0199]
10An evapor at i oAPEi Red{PEBI denesctprePiN BhareasehoiagcdnticnGous process)
is not particularly limted and is usually 0.001 to 100 hours, preferably
0.01 to 80 A o e T RSB 10. £t 6150 Ihedicsie having 4 tlg s
preferred %p sanpl e the evaporated |i uij or 15 th?)residuq] |iquid and
cont i nuous!®y EAF SU Phe e p dntia  1ote YalPdGHE e i 41a Sdésired range.

[ 0200] An inert gas e used. ,. .Oxygen.is an unpreferred gas
conponent éggﬁﬁge%igﬁgé ha fgﬁpb%ﬁégFﬁéﬁ)acﬁiﬁﬁFyﬁt9F§“%$éﬁé%¥%ﬁ”?o repl ace
oxygen, sair, Jthe . r tar . ppar.atus, f rryi -- 117 - [0201]

Al so fo? aar£§£¥3g'F%?Q%%Sﬁgﬁﬁgﬁgqfh%ra%oégx éeg%FV%,qgﬁ§W§§%(ﬂrﬁng to the
condi tions [igg 73gl ected. Specifically, hitherto known reactors, such as an

agitation tank, a pressure agitation tank, a reduced-pressure agitation
tank, a colum rgactpbveasdigtik)alion gel yanerappacked colum, and a film

evaporator, can be used in conbination, if necessary. A type of a condenser
provi ded in theWheactbe aonetdescribed alkyloxytitanium, for
example, a polytitanoxane having an alkoxy grocup having
18 an average degree of polymerization of 2 or more, is
produced in the step (X), the relationship between the
tetraalkoxytitanium, the amount of water added, and the
average degree of pelymerizaticn is a relationship shown
by a partial hydrolysis reaction and a condensation
15 reaction represented by the following fermula (28) and/or
formula (29).
A case where a polytitanoxane having an alkoxy group
having an average degree of polymerization of less than 2
is produced will be described later.
20 10179
The average degree of polymerization of the
polyvrivanoxans having the alloxy orouns obvainoedd
above stan (X1 can be obbainscd by Dhe amount

added and/or an amount of an aloohol liberated.

R 1 Lo Y '
solyiitanoxana havang Lhe alioxy groupn is




10 particularly limted, and a known condenser can be used. For
exanpl e, hitherto known condensers, such as a nultitubular cylindrical
condenser, a doubl e-tube condenser, a-sjnhgle-tube condenser, and an
air-cool ed condenser, can be used in conbination, if necessary. 15The
condenser may be provided inside the reactor, or may he provided outside
the reactor and connected to the reactor through piping. Considering the
types of tHE PE¥ACESE &5¢7EFe CCoR@Eer : 2Eheé Ofethdd e Randiuchy & he
condensate, and the |ike, various configurations are 20 enpl oyed. A
material s fo'"fe reactor and the condenser are SUb, and he used. SUS304,

SUS316, SUS316L, _and the |ike are ipexpensive and can be preferably used.
I nst rument at i on” BqUif'p ﬁ??@§00ﬁ0§2 Qh?laﬁﬁﬁ?gyséﬁdrﬁthé? fietler"®and known

process apg%%%%%gg%EO%u%%§%?%%P5 %%%%Ehe&h nh%uggéﬁagg)gtéggggﬁser, may be

added as require or met hods,  SUC '§ a heater,

may be ysed)fh$e . kak cq0ki Rn kaown Jrethads.,. suehasnatural cooling,
cool i ng wat er, ang brine, can be Used. 1%?0%82] Certain steps may be
added to the above;stgpctYhea@Bnb€aHi F84roxy group as shown in the
formula (28) remains partially, and a condensate as shown
in the formula (29) is obtained in the step (Y).
These reactions are generally suggested when
10 titanium oxide is produced by a sol-gel method.
The step (X) is often described herein as a
hydrolysis—~condensation step.
[0180]
[Formula 25)
15 nTi(00)y + 0.5(4n + x - y}HsC => TinCuan - (x + yys2) (OH} 4 (0Q),
+ (4n - y)QOH ... (28)
nTi{0Q), + 0.5(4n ~ y)H:0 => T4,00m - y2) (0Q)y + (41 -

yIQOH ... (29)

[G181]
20 In the formulas, ©Q is the above-described group, n
represents an integer of 1 or more, x represents a number
ar i Py i T e Ty | han O
DiET
' Ve raga degrea EE TS o roughly
B caloulated from fhe above {ormals (293, and the amount

water added are brought together in the following Table 1.



and apparatuses that those skilled in the art
15 such as the step of dissolving the

of dissalyving water, the step of separating
and the step of burning up or discarding
by-products and the |ike, may be added. [0203] 20The aryl oxytitani um
conposition is obtained by perform ng the above-descri bed steps (A and
(B), and ( Y ) nfibgByaeenptLAk®olepvy foreatti ng®Lhecbhygahi'h ox.ytiffantu
hav ft-0 -Ti .- 119 - aryloxytitaniumw.th the aromatic hydroxy conpound or
t he diaryl”gpﬁénggewoiﬁﬁ anﬁGFaFFﬁﬁ EhECPew BEENPRG  péiht téehpound.
However, i%vgﬁakgogg t% tg”se killed in the ar% that a reaction in which
the Ti-O T I ARAgE & “Euf 5 PRy Y& 14FGal E9ly AFoxy 986E0uRd &%t he di aryl
carbonate generally does not occur, and it may be considered that the
average degree of polynerization does not change. [0204] <Conponent
Havi ng 4.ower1Bail ing Point than Diaryl 10 Carbonate> I n the nethod
for producing the aryloxytitaniumconposition in the present enbodi nent, it
i s extrenmelyzbmpontant to evaporate the conponent having the |ower boiling
point than that of the diaryl carbonate, together

Table 1. Relationship between amount of water added and average

For exanple, a range of steps
and the engi neers can assune,
tetraal koxytitanium the step
and/ or purifying the al cohol,

degree of polymerization

Average degree of ‘Amount of water added Free alcohol
polymerization (n) {molar equivalen(s vs {molar equivalents vs
tetraalkoxylitanium) tetraalkoxytitanium)
2 (.500 2
22 0.545 2.4
3 0.667 4
4 0.750 6
5 0.800 8
6 0.833 10
7 0.857 12
& 0.875 14
9 0.889 16
10 0.900 18
11 0.909 20
2 0917 22
13 0.923 24
14 0.929 26
s $.933 28
16| 0938 | 30
potciendd Ly Uhe stoen (2

preferably 001 to 0.92 molar eguivalents with respect to

the tetraslkoxvititanium reacted bhecause 1f Lhe amount of

water added increases, the flowablility worsens

srgniflcantly.  In other words, he average dedgres of

polymerization ls preferably 12 or less.



15 with the diaryl carbonate. However, an identification of this
conponent having a |ower boiling point than that of the diaryl carbonate is
difficult. The | ow boiling conpanent al so i ncludes an al cohol 20
and the like, but the main point in the present enbodinertt is that the | ow
boiling conmponent is a ICI10.i:111"; above COILIDCLpwer be 11lthat - 120 -
production of a diaryl carbonate, problens may occur, for exanple, the
targeted di aryl “c&BIRAVE livs Pedlloredy andraien ethendi/arylcoosiborat e i s used
as a raw material for a nmelt process polycarbonate, the polynerization rate
'S 5 slow HHPHe: ool a2 R TGH oed hate trameH e et et ol Bedl ar

wei ght . | n the present enbodi nent, the above-described probl ens can
be surprisifgl Vs ﬂsggt' @ﬁﬂﬁgiﬂqrﬂ§LQﬁf nponent having the | ower

boi ling point than that .of the 10diaryl carbonate. ..  The above
conponent havin%ﬁtﬁéglgﬁgf'bgﬁFi%§058¥n9%tﬁﬁgeghéﬁ Séjﬁﬁéggiéfyﬁyﬁﬁibonate

of ten cenpriges, a najogen atome i, additi it 1, -at.gm, The above
conmponent haviﬁb f%ngomer oiﬁiﬁgl oint éﬁg%%éilb Cﬁhgei di aryl

carbonate is a coupaundageMBELSRdca Fhighemiandiarn ashalogen atom having
the lower boiling point than that of the diaryl carbonate (the boiling

poi nt may hedhe Hai) ingpeidite amordigane,esse uti fepresents the

boiling point at the pressure during evaporation). 20[ 02061

[ Aryl oxyt i tdmiwanidonposistiamil i00QLemtd dayiamn a catalyst for a
production of a diaryl carbonate.

10 Tt is presumed that when the average degree of
polymerization is more than 1 and less than 2, partial
hydrelysis cccurs according teo the following reaction
formula (30). Assuming that the consumption of water is
used for dimer production, and the remainder is a monomer,

15  calculation should be performed.

A way of obtaining the average degree of
polymerization at the time follows the above-described
method, and thus, the amount of water added is adiusted.
[0185]

20 [Formula 26}

ATI(00), + HpO > Ti0{0Q)g + ZQOH ... (30)

hydrolysis reaction of the tetraalkoxytitanium.,



by mass or noleJ-Ad 15% by mass or - 121 - The aryl oxytitani um
conposition is also sinply referred to as an "aryl oxytitani um conposition”
bel ow. [0207] The conponents of_ the aryl oxytitani um conposition in the
present enbodi mnent will be described bel'ow (Aryloxytitanium An
organic aryloxytitaniumis preferably used as the aryl oxytitanium
constituting the aryl oxytitaniumconposition in the present enbodi nent.

10[ 0208] Thelar yrexgtveani arrebnshi t ot Paget Hekapynorytl tani um
conposition in the present enbodinent is preferably an aryl oxytitani um
havi ng at 9643t &ie STi*NOWAr MGthkAge (Ar represents an aromatic group and is

specifically as,.15 descri bed above) . The aryl ox royp, (Ar-0- group)
is as describedyéﬁoegérage g@ﬂéﬁetﬁg 8P§V8§§fF?gxpﬂngégﬁggspéi6ﬁ in the

t [ [ 1sed talyst for roduct.i f 0 di I
Car bonat o degerings ratse: | ofs Brer iraatinartine &ryPlgfsufofonst i tuti ng

the d.isa. nyj farhonatie, and  he %%%%&%em%@a . The
aryl oxytitani um conposition in {hé present enbodi nment “cont ai ns one or nore

ary|Oxytit%ﬁb%qﬁicanﬁlyTﬂ%g%rHE%%%%ib%nF%qb%QQHQ%%HB%nﬂa@ the present
enbodi ment may conprisé a plurality of typés of aryloxytitanium This is

based on thectaetd hatl isbiiisiidiibhi.cubtetorbdentityi thgrexacteat pycture of
an aryl oxytitani um
perform the hydrolysis reaction unifcrmly as much as
possible to obtain a polytitanoxane having a narrow range
1¢  of the degree of polymerization.
[0187]

For such a method, 1t is preferred to dilute the
tetraalkoxytitanium and/or the water added, with a
solvent, and react them. More preferably, a method for

15 diluting the tetraalkoxytitanium with a solvent, further
also diluting water with the solvent, and then gradually
adding the diluted water to the tetraalkoxytitanium
sclution is preferred.

The solvent should be a solvent inert to the

20 tetraalkoxytitanium and water. A preferred solvent is an

alcohol, more preferably the same type of alcohol as the

The concentration to be given by dilution can be

RIS N LSRR I Sl A O I I CE. R O [ARAY] H 1n--~ i (5 O W T T L R WA S S R I S B T R CRREN
S b X Premil Iy S UG WA W . 1 i i bl
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The aryloxytitaniumis an aryl oxytitani um conposed of a tetravalent Ti

atom and can be represented as 10(Ar0)1Ti when one Ti atomis present in
t he conpound. The aryloxytitani umecontained in the aryloxytitanium
conposition in the present enbodinment is an aryloxytitani umhaving at |east
one Ar-OTi linkage and may be a pol ytitanoxane having an aryl oxy group.
15[ 0210] The above-descri bed pol ytitanoxane having an Ar-O-Ti |inkage can
be pref er abthf vEXd’ HE- t1He Sr ylskyitat dif Lﬁﬁt‘(fﬁ"ﬁftlei’i?ngd)}i - fteheo iy Bixhe s t ani um
conposition in the present enbodinment. As described above, it is extrenely
20 difficul %flt%“%q%“oﬁﬂattye KL B v tAndkand* § G tdei & ni ng t he

structureTh reflore t.tthe pol ytitanoxane having the ry, nore typesnoxane

navi ng an Ar ‘-k()y NatUre W“ﬁg Ma 3ined ja:C C414-) 05t on_ - 123 --

The above pol ytid co Si.ti.or ving.the ArO.Ti Jli,nkage contained in
the aryl oxyti tarj"litr%%%)c%%%ggéi tr{?%nE;eﬁ%gﬁgﬁﬁﬁgggétﬁtanéﬁjﬂlodiSrréjﬁtlUilfsc“%grf’é)f erably a
conposi i on.;, guch: tihaty ¢ he, mj-e javerage degree of pol ynerization is 1.1 or
nore and 12 or less. Here, the nole average degree of polynerization is

deternmined as desciihbedoabeyerak02L1k sWien  t heanyhoxyt bt-aniym conposi tion
in the present enbodinent is used as a catalyst for a production of a 10

diaryl carboratee,c tdiespmd sy tirtanmidem conpasichizoa the rt Renpr esent: penbodi ment
preferably contains a polytitanoxane having an Ar-OTi |inkage conprising
smal | nol eculresras dtiitdr e sasipossidl<e qand thavitiy adigh e aver age degr ee
of polynerization. Wien flowability is considered, the
composition may be generated as previously described. 50
16 to 80% by mass is more preferred.
(0189]
The dilution of water may be appropriately
determined by the solvent used and the addition method.
The preferred dilution concentration is 1 to 80% by
15 mass, more preferably 3 to 50% by mass.
(0180}
The purpose of the step (X) is to react the
tetraalkoxytitanium with water, as described above, and
addition and reaction may be performed by a known method.

20 Freferably, diluted water is gradually added Lo a

diluted tetraalkoxytitanium solution, as described above.

In order toe increase the reaction rate, high

e rE e e o A 1w e e B B P LTS | Y XU e . A R
GO TG TR eforra, Oy tThe obther band, at bioh
K ; HER D



15 degree of polynerization is preferably not very high. Therefore,

t he above-descri bed nol e average degree of polynerization is preferably in
the range of 1.1 or nore and 12 or |essy;nore preferably 2 or nore and 8 or
| ess. 20As the nol e average degree of pb}ynerizatlon inc r esses, the st

| ctul aied as previ-isly sent enbodlitu the above formula - 124 - The
aryl oxytitani um constituting the aryloxytitani umconposition in the present
enbodi ment F €U 2t pref eFabi YRt he piot Gt Tt whoxahe Favi apties Artie= Ti | i nkage
represented by the above fornula (22). [0213] As described above, the
pol yti t anoxane havt iy The A2 O it 3 Ticige that"Eah Heduppt $oH- a8 t he

aryl oxytitani constituting the aryl oxytitanium conposition in the present
ent);odi )r/rent q?ésmleo?rer{li%%?ﬁ/gaOQGD%aﬁ?%%‘faatrl%I yti¥ arfoxane” hav Agian
Ar-OTi i ?(%%ﬁ%gﬂgfcg%@&g ;ﬁéﬂﬂ@} G0 & .av?-\rtaQ%wd% %%%r%ftu%%l,y%ri?}gﬂg“ on

represente ove nmt'hemat| cal expression Ho , as

described ahovg,) agtedlpddentificabion ofhe shiuctyre of,.an ddivi dua

pol ytitanoxane is 15 extrenely difficult by the current analysis mnethod.

Therefore, {de,pal ytidanoxane haviing the, ANsO Todd nkage jbhat .cap be
applied as the aryloxytitani'umcontained in the aryloxytitahi im conposition

in the presente ok manty i-s) preferablpycthe particular 20 pol ytitanoxane
having the Ar-OTi |inkage represented by the above fornula (21) and/or the
above f utral, @E22Ending on the compounds used, the melting point
and the like vary, and therefore, the temperature may be
10 c¢hanged in this range if necessary.
The step (X} is preferably carried cut in a liquid
state and is preferably carried out at a temperature at
which the polytitancxane produced is in a substantially
uniform liguid state.
15 In order to keep the reaction temperature constant,
a known cooling apparatus and heating apparatus may be
installed in the reactor for performing the step (X).
{0192
The reaction pressure varies depending on the type

20 of the compounds used, the composition of the reaction

system, the reaction femperature, the reaction apparatus,

......

pressure) .



m xtureOH descrlbed - 125 - (Diaryi Carbonate) The diaryl carbonate
contained in the aryloxytitaniumconposition in the present enbodinent is
shown in the above formula (25). 5[Q2]751]9 B When the aryl oxytitanium
conposition in the present enbodi nent i's" used as a catalyst for a
production of a diaryl carbonate, it is preferred that the aryl group
constituting the targeted diaryl carbonate, and the aryl 10 group
constituting thé Bbevel deserirbedtapyl 6xyei tarsiArare thecsdme thype of aryl
group. [0216] . The above-described diaryl carbonate preferably has high
purity. 15B%51pls Bof- I HPiotise $ AH4S Sdan S é domtedi e liay tvhel Hiairsd
carbonate include aromati roxy .conpounds, water, alkylaryl carbonates,
and di al kyl?"Cartonatés. Y %'%yoihéior 1@?92?“&’#@'0%@0%%%? rﬁ-rpe% 15y &hecki ng
t he sol ubi ] Of the targeted aryloxytitaniymin the diary] 20 carbonate
cont ai ni ng_htoh)éoabéa\?e ipdr Ferast g the Vdrol y2RiT ty of the
aryloxyg'"tan'ﬁg]ygcbr89gpggad§o sample the reaction solution and

continuously carry out the step until the liberated
alcohol is in a desired range, and it is preferred to
carry out the step while measuring the average degree of
polymerization.

10 [0193]

An inert gas may be used. Oxygen is an unpreferred
gas component because it has an oxidation action. It is
preferred to replace oxygen, ailr, in the reactor {(the
apparatus for carrying out the step (X))} by an inert gas

15  before the start of the step.

As the inert gas, for example, nitrogen, helium,
argen, a carbonic acid gas, methane, ethane, and propane
are used alone or in combination, and a method for
introducing the inert gas into the reactor is preferred.

20 [0194]

A reactor for periorming the above step (X)) is

column, a packed column, and a film evaporator, can be

[ R ERE I T T S A B O H ‘( R T e T e B NV




, MOr e pJl ererabi.y 0,2%b - 126 - The d aryl carbonate may al so
contain a Ti-containing conpound having a | ower boiling point than that of
the diaryl carbonate. The Ti-containiqquconpound can be renoved during the

step of evaporation together 5 with the “diaryl carbonate. That diaryl

carbonate may al so contain an aryl oxytitanium The aryloxytitaniumis
preferably the same type of aryloxytitaniumas the aryloxytitanium [0217]
10( Met hod for PfodueengfAryLexyentani bnmpvided Anmehhodefokopr dduciong t he
aryl oxytitanium contained in the aryloxytitani umconposition in the present
enbodi nment R e adescrlilBed.cdFo dproduce ctie Carylessd@t ani i Yatoln met hods
can be 15used. For exanple, a nmethod for obtaining an aryl oxytitanium by
dehydr ochl ori nat PhgCtFrtaAFun* 1t BEF AENKBPIBe CaRACHRCEAFonEtFE RydFoxy
conpound, and.a.nmethod for .obtaining an aryl oxytitanium by deal coholi zing
20 an aIkyﬁ%gﬁfﬁgéﬁﬂﬁ§léﬁ&l]ﬁléﬁﬁéag?ﬁkﬁ§ﬁfﬁkyébé%b%ﬂﬁd*é%ﬁabe preferably
used, <§t'Q%%d%%%%&gx%t%ﬁn%§%qtuEe bo%%éﬂéer, and an air-cooled

condenser, can pe used in combination, 1f necessary.

The condenser may be provided inside the reactor, or

may be provided outside the reactor and connected to the

reactor through piping. Considering the types of the

10 reactor and the condenser, the method for handling the
condensate, and the like, various configurations are
employead,.

A materials for the reactor and the condenser are
not particularly limited, and known materials can be used.

15 For example, glass, stainless steel, carbon steel,
Hastelloy, a substrate subjected to glass lining, and a
substrate coated with Teflon (registered trademark) can
be used.

SUS304, 508316, SUS316%, and the like are

20 inexpensive and can be preferably used.

Instrumentation equipment, such as a flowmeter and a

such as natural cooling, cooling water, and bhrine, can be



This method is a nethod for carrying out the following step (a) of reacting
an al kyl oxytitaniumhaving an R-OTi |inkage, wherein Ris an al kyl group,

with an aromati ¢ hydroxy conpouqdq]%o_substitute an al koxy group 5 by

an at yloxy group: the step (a) of reacting an al kyl oxytitaniumw th an
aromati ¢ hydroxy conpound and evaporating an al cohol as by-product, by
distillation, so as to obtain an aryl oxytitanium 10Wen the above step (a)
is carried out, Sthesbopli g poiatisasf rROMIderived from the al koxy group and
the aromati c hydroxy conpound are conpared, and the al kyl oxytitani um and
the aromatic hydPéx§*ebhRpBund tsédcaPre SeFeét edd 2BPO2ZIYESKS that

t et raai koxy m. .and a

used as thé}%%%sgﬂﬁﬂﬁﬁfkiﬁkﬁ?%%%%%?gééfqgﬁg%%%ﬂgFggéggggﬁéﬁﬁégﬁggC?Eebe
o ko, anouphesg L WLET LB AL Group descr bed for e sbover 20
Coloe L gy e VIR 08 ® RSP a1 s
and/or purifying the alcohol, and the step of burning up
or discarding by-products and the like, may be added.
[0195]
Following the above-described step (X), the
10 fellowing step (YY) is performed.
The step (¥Y) is a step of evaporating an alcohol as
by-product, from the hydrolysis reaction solution
obtained in the above~described step (X).
[0186)
15 As shown by the above formulas (28) to (30}, when
the tetraalkoxytitanium is hydrelyzed in the step (X),
the alcohol derived therefrom is liberated. Although a
structure as represented by the formula (28) is also
partially produced, the structure of the formula (29) or

20 (30} is mostly provided by carrying out the step (Y).

I'ne structure of the formula (28) may be partially



For the above aromatic hydroxy conpound, an aromatic hydroxy conpound
havi ng a structure in which a hydrogen atomis added to the above-descri bed
aryl oxy group (that is, representingﬁquA[CH structure) can be preferably 5
used. More preferred exanpl es are phenols and cresol (isomers). [0220] As
descri bed above, the boiling points of ROH and the aromatic hydroxy
conpound (ArOH) are conpared, and a 10 conbination in which ROH has a
boi | i ng poi nt e§tigh fosedvEESs ieharethenboinki agopei nteof (A GH fits el ect ed.
The boiling point is the hoiling point at the pressure in carrying out this
step and i %SeIFEEE somul tangeats IROM igtodidiced &9 5y- prioddtt & be
evapor at ed 15distillation. The reaction conditions and the |like of the
step (a) are’siH I%P% 6 ¥ Hdse of the above-described step (A). [0221]
The aryloxytitanium.contained_ in the aryloxytitanium 20 conpositjion in the
pr esent enbodingﬁtlﬁgoﬁsengaﬁﬂ§O]OEOidy#?? . Peéhﬁ(ofdgngg ha\fiic a a a
ryloxy p riQuune @R LYA AW Sulstdy Ner 82 AR feBl- - Dn(3).
A temperature of the step (Y} can be in the range of
=40°C to 250°C (or the beiling point or less of the
solvent at ordinary pressure).
In order to increase the rate of evaporation, high
10 temperature is preferred. On the other hand, at high
temperature, an unpreferred reaction (for example, the
production of ethers) may occur to produce a conmplicated
alkyloxytitanium. At low temperature, it may be solid or
poorly flowable. Therefore, the temperature is more
15 preferably in the range of 0°C to 250°C, even more
preferably 30°C to 200°C.
Pepending on the compounds used, the melting polint
and the like vary, and therefore, the temperature may be
changed in this range if necessary.

20 The step (Y) is preferably carried out in a liquid

state and is preferably carried ocut at a temperature at

installed In the reactor for performing the step (Y).

folaen



the part liy - 129 - including the above-described step (X) and step (Y),
is easily controlled and provides an al kyl oxytitani um having a stabl e
quality. [0222] 5The al kyl oxytitani um ,H.{sjedmto obtain the aryloxytitaniumis
preferably the al kyl oxytitani umobtained in the step conprising the
above-described step (X) and step (Y). [0223] 10The aryl oxytitani um
contained in the aryloxytitanium conposition in the present enbodinent is
obt ai ned by per fldeminsg Athe rapors<desc ridbed ssttepara)i,nausimg tche: ype
al kyl oxytitani um obt ai ned by perform ng the above-described step (X) and
step (Y). Wen-2€ gl qiahoxanes 15 Havi WP anl al koxyt grloupréscused, an
aryl oxypol ytitanoxane is obtai ned. ~The step (a) conprises the step of
reacting i to¥i tH 1 he*Qrit § < Thy d¥ a6 Tompound and ¥vajfor 4 Py-¢ hes al cohol .
However , it--r% thnﬁgv?. teo tbhose, ski | IAng]Xi n t he artlthat 20 cl eavage_of the
Ti-OTi i n"ka%e by tHe ar o%ﬁ%_“h?ﬂ? X/ %?é Sgerierd'd 1A #e@sChot occand
It my thus; he [lg(a]'%%}%dr@ekﬁzg'lfd%ugéleudte pressure) . Considering the
ease of industrial practice, the reaction pressure is
preferably in the range of 0.01 kPa to 150 kPa (absoclute
pressure) .
[0199]
10 An evaporation time {(residence time in the case of a
continuous process) is not particularly limited and is
usually 0.001 to 100 hours, preferably 0.01 to 80 hours,
and more preferably 0.1 to 50 hours.
It is preferred to sample the evaporated liguid or
15 the residual liquid and continuously carry out the step
until the alcohol is in & desired range.
[0200]
An inerlt gas may be used.

Oxygen is an unpreferred gas component because it

20 has an oxidation action. It is preferred to replace

oxygen, air, in the reactor (the apparatus for carrying
IR AT A Eah v Ty TR B R Cpra
SUNIE SN Lo PR R o p cad widd SIS T N j‘ LA A SO N S
S
Ae The vinogas, for example, nitrogen, hellum,
F OO el wold gas, e e, ebhane, and propana

are usaed alone or in combination, and a method for

B L TPt ST [ Ty ey e 4 . LA e ol
PV OTTONTI RIS T Yy T e T et %o R S S L S i



- 130 -- Generally, an aryloxytitaniumhas a very high nelting point and is
essentially difficult to transfer. Usual |y, when a | arge anount of an
aryloxytitaniumis used, the aryloxytitaniumcan be transferred to a use 5
destination (for exanple, a facility for producing a diaryl carbonate)
which is adjacent to a plant using it through piping traced by a heat
medi um or the |ike. However, for exanple, transfer to a place where the
installatiof«¥:lpiping is difficult is difficult. 10 This is because the
aryloxytitaniumhas a very high nelting point, as described above, and high
heat nust be appPPedofor ée@§%@fﬂﬁﬁ§Iﬁﬁﬁﬁﬂqu%kiéﬁyﬁﬁﬁWﬁt%ﬁﬁ@nﬁ%hce
solidified, and at_the tine, the aryloxytitaniummmay be degraded by heat.

15[ 0225] | P HdAETISH™ e 1ol BT driATekyitS tS5iSihS% very hard, and an
i facility i.s.al =1 / t U | ize the solidified
cxpensve, a4y o sl o oresgary, [0 puverl e he sollel 115
| i tanj.um, S L taini CcQn Nt .havi | boi | .
poi nt than Thatara s B ES A G R Birer de e’ > -9

aryl oxytit anidumwhen dit; s 4sed, on ga”_édl% rial-gcal e, and is guifed as a

conposition for storage to be stored in a container (a container 1ndicates

a cont ai nered1Qfnrd, I ANSREUINGE SN GEIPESIfi N Sy dAnd ar, byy;$e8 having an
internal volume of 200 L or nore, and a conposition for transfer to be

transferredisen arcontaiinest i ,cant aigiefsdandi.cates a container for
transporting the conposition by |and or by sea) having an internal volune
of 200 L or noré. t¥Pp0226h condenser provided in the reactoer is not

10 particularly limited, and a known condenser can be used.

For example, hitherto known condensers, such as a
multitubular cylindrical condenser, a double-tube
condenser, a single-tube condenser, and an air-cooled
condenser, can be used in combination, if necessary.

15 The condenser may be provided inside the reactor, or
may be provided cutside the reactor and connected to the
reactor through piping. Considering the types of the
reactor and the condenser, the method for handling the
condensate, and the like, various configurations are

20 employed.

A materials for the reactor and the condanser are

At Lot ay Ty i basgd o and




The aryl oxytitani um conposition in the present enbodinent is a conposition
conprising at |east one aryloxytitaniumand further conprising a diaryl
carbonate. The at |east one aryloxypitgﬂgqp1is sel ected froma 15
tetraaryl oxytitani umand a pol ytitanoxane having at | east one Ar-OTi

| i nkage. [0227] As described above, the pol ytitanoxane constituting the
above pol ytitanoxane conposition preferred as the 20 aryl oxytitani um
cont ai ned in théVaryoxyis3dmi, umUSomsdsi tireh tine tiié&epresent enbodi ment is
the ythee eon praa jfu as the - 1132 - conposition in the present

enbodi ment 47 FRTES PrefaEraptan the ot itiaanoxaned having the Ar-O Ti |inkage
represented by the above general formula (22). Substantially, the

pol ytit anoxane HAVITHGHE “ALCH- FiOU5 FRERkag s Yihat Scdn tBEVERSIS e d et @ne
preferred in the aryloxytitani umconstituting the aryloxytitani um
conpositioéﬁ??%?{“%ﬁ%&éﬂF}gﬁﬁgﬁi@ﬁﬁLQ%?;ﬂgéﬁﬁﬁkPT%xbésCﬂﬂ%ﬁa@ity of

pol Y11t snoxans, carpos] tiais Nayl ng Ne =G L1 skage, et esent ed by the

above formu ‘and/or "0t he” above formil‘a ), as €5cti bed above.

[ 0229] retDe A y] oyt faniy i,nkh%%nﬁ%'t%ﬁgi,_t %@ica{ma%ogra%ga&& QR in the

present enbodi nent is preferably an aryl oxypol ytitanoxane. descri bed

above, the sl @d0xwRo) Wd hanoxane i, substaphiiall ¥ i@8wn methods,
aryl oxypol yti t anoxane conposition containing one or nore
such as natural cooling, cooling water, and brine, can be
used.

10 [0202]

Certain steps may be added to the above step (Y), as
raquired.

For example, a range of steps and apparatuses that
those skilled in the art and the engineers can assume,

15 such as the step of dissolving the tetraalkoxytitanium,
the step of dissolving water, the step of separating
and/or purifying the alcohol, and the step of burning up
or discarding by-products and the like, may be added.
[0203]

20 The aryloxytitanium composition is obtained by

performing the above-described steps (A} and (B), and

ST e e e
A} R L 1] R B RN

the sltep of reacting the argsnic oxytitanium having the
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types of aryloxytitanium having at |least one Ti-O-Ti |inkage in one

nol ecul e. Preferably, the average degree of polynerization (h
200r p) is preferably 12 or |ess. Th§,§¥§[gge degree o polyner' zat.i on is
nore - 133 - described aryloxytitaniumand diaryl carbonate, in which the
content of titaniumatons in the conposition is adjusted to be in the range
of 1% by mass or nore and 15% by nmass or |ess, preferably in the range of
5% by mass dFY Hore: dit 10% Wit lesse orrdrestsl c [[0284dxy compdibed or the

aryl oxytitanjum conposition in the present enbodinent is a conposition in
whi ch the cortient GIrRHE diardnd cirionat'e 1% dif usted prefer abbynt o 20% by
mass or 10 nore re preferably to 50% by nmass or nore, in the

aryl oxyti ta%?W%@po&Wi%ﬁ.r 'Tﬁg dPpEFOMIMtC FACEE S it dnt dfte i s not
particularly Jimted, but is, for exanpl.e, % by mass or | ess. \Wen the
aryIoxytitéﬁﬁh&g%%hﬁ%s%?ﬁ%%%?qﬂthéﬁﬁf: éﬁﬁﬁigtéﬁhkiﬁﬁﬁéHF“%§ téedtlas a
conposi ti o r nﬁqﬁf It (o ent of the diaryl, carbonate in_the
conposi i orrlb)iI ghp%e era%ly(” °o]bo3mnaés10$mpoormn%roel: Lﬁ%)%edlpdr@f eraht v° 5% by mass

or nore, angeven NPr&,q efar Qﬁ!éﬁéo%’zf&’ j@%t?aveﬁ;bnen?cacﬁmai L 9236 Dy, [rass or

less, in terms of the ease of 20 dissolution the aryloxytitani um
conposi ti onctes salidid iedirdd Jhe ol 34@{512@;1_&!1%&145&%/& cHponate is 11 |

ho quail cal MenJ.orce" thetthe --
[0204]
<Component Having Lower Boiling Point than Diaryl
10 Carbonate>
In the method for producing the aryloxytitanium
composition in the present embodiment, it is extremely
important to evaporate the component having the lower
boiling peint than that of the diaryl carbonate, together
15  with the diaryl carbonate.
However, an identification of this component having
a lower boiling point than that of the diaryl carbonate
is difficult.
The low boiling component also includes an alcohol
20 and the like, but the main point in the present
embodiment 1g that the low boiling component is a

TR e Y eyt ooy ey oy ey a0 1 S0 T Foasgiomer e D e e et TS ey
R I I el LI} L LR A [ I RARSRRLER LIRS T A AR

I I Y R I L T L R e e T : ‘ : 3
.0 i [N R I ARV R D AR W T A B S SR crovrayaoyar Ui evry eyt v ;e b e
. 1o et b BN LAV L DDA LU COmpOss LLon Sontainin O wie

above component having the lower bolling point than that

af othe diavvyt carbomate 1o greesd aa oo



diaryl carbonate is particularly preferably 60% by mass or nore. [0232]
When the aryl oxytitanium conposition in the present 5 enbodinent is a
conposition for storage and/or transf er,, a content of a conpound having a
salicylate ester structure in the aryl o%&ﬁtani um conposition in the
present enbodinent is preferably 1% by nmass or less. The lower limt val ue
of the content is not particularly 10limted, but is, for exanple, 0.02% by
mass or norEodu233in of a ditarnsl prasflenrad: t hatohertshenaar ydoxyt j t@mt um
conposition in the present enbodi nent, a content of the above diaryl

car bonat e i%BE%DyY s g9 gk chiridh Y95 %0y A5 trrasiss orollaessd, andia cont ent
of the conpound having the boiling point of 150C or less is 1000 ppm or

| ess. Such "EI¥Tar1%xid %aEni Gk GsitS o SChrm prieviénit He 1ol dlggiavg df t he

storage tank, the piping, the punp, and the |ike during storage and
transfer, éréer}'tprpé\?gr‘#’sa%d@é’rcéaé%@?aﬂreﬁo it AYIREEAA VY Wi eht oecur s
during Long-termstorage, and i.s preferred as a catalyst for a production
of a ] aﬁBJgSler‘i“f’ eatmﬁ(;‘, fno%ﬁu-}‘aétl CSHAS &8 ¢ Oﬁ exam! & Ci[‘?ﬁfu%cfi es

cont ai ned i, the, al kyl.oxytitanium and those produced by the reaction of
t he al kyl oxytll tah]i um wi ?‘%Lt'he aromati ¢ nonohydr oxy conpound. [0235]

The content of @hetﬁenpegggn@a$hggd&a%n@9ikh@gagebetdgécgégngf less is
nore preferably 0.001 to 1000 ppm even nore preferably 0.1 to 500 ppm
problems can be surprisingly solved by evaporating the
component having the lower boiling point than that of the
10  diaryl carbonate.
The above component having the lower boiling point
than that of the diaryl carbonate often comprises a
halogen atom, in addition to a Ti atom. The above
component having the lower boiling point than that of the
15  diaryl carbonate is a compound comprising a Ti atom
and/cr a halogen atom, having the lower boiling point
than that of the diaryl carbonate (the boiling point may
be the boiling point at ordinary pressure but represents
the boiling point at the pressure during evaporation).
20 [0206]

LAryloxytitanium Composition

itanium is 1% by mass or more and 15% by mass or



The aryl oxytitani um conposition as descri bed above 10 can be obtained, for
exanpl e, by the above-descri bed nethod for producing the aryioxytitani um
conposition. [0236] The aryl oxytitani um.conposition produced by the nethod
for producing the aryloxytitaniumco Ssi ti on, 15 conprising the step (1)
as descri bed above, has the property that even if it is transferred and
nelted, thernmal degradation, for exanple, discoloration, a decrease in
catal ytic activi'hy asyaosatakystufiorompprsodioti on of.sa dimpyly carbonate,
and the like are less 20likely to occur, and degradation during storage,
for exanpl €ci@SES Sraatisor?, "& rdécreasd ¢ Watcalvpcisd taeti'vikal )
sui.tabled/or. C. ransfe.rby - 136 - carrying out the above-described step
(O in addilth“dn' lto the step (1) or the steps (A and (B). O
course, it is preferred to use tfhe al k¥l x%titani um conposi tion obtained in
V@P

the step (X) and"8 FREPSPER“FYYT Fh®cd gLout tHE SBGVESdé<Eri bed step

(1) or step.(A).. J]0238] 1+ The aryl.oxytitani umco sition obtained by
the above- Eehs(ec?plrtg"{eb nf)tr e lﬁagtdilénr?nﬁetwﬁ‘é“ :f}sé bjreé’f(’é:rléﬁl%%%ﬂ'ofo aryl oxytitani um

conposi tionr.epr t.ed . the followi ng fornulas (23) and/or (24). [0239]
[ For mul a ZQ]AI%’HO%%Q Leclq}l%i)

An organic aryloxytitanium is preferably used as the
aryloxytitanium constituting the aryloxytitanium
composition in the present embodiment.

10 [0208]

The aryloxytitanium constituting the aryloxytitanium
composition in the present embodiment is preferably an
aryloxytitanium having at least one Ti-0-Ar linkage (Ar
represents an aromatic group and is specifically as

15 described above).

The aryleoxy group (Ar-0- group) ls as described
above.

When the aryloxytitanium composition in the present
embodiment is used as a catalyst for a production of a

20 diaryl carbonate described later, it is preferved that

the aryl group constituting the diaryl carbonate, and the



Ti hO (OH) J(0Ar) k 15(23) [0240]

represents the group represented by the above-described forrmula (Ar0),

represents a positive nunber of 1 or
or nol e,

nore than 0, and h, 137 --

k is a positive nunber of 1

In the above formula (23), Ar0O

h

mor.e, j is a 20 positive nunmber of 0
or"mo.re, andis a poojtive nunber of

In the above formula (24), Ar0O

represents the group represented by the above-described forrmula (Ar0),

represents a pofihti wevyaorber tohilmor
mor e,

and q is a positive nunber 5 of 1 or

omppeitrions ia posi birveemunber of 1 or
nore, and p, g, and r satisfy 4p

29 1 r and 2@Ppodizenty containsThaearyl oxydd teanilumygonposivtison in the present

enbodi ment is nore preferably
aryl oxytit ani um EEnpédilershite
produci ng the aryl oxytitani um conpos
The forn1iﬁﬁ§%0

enbodi nent _ma

an ary

he a.sol.id fo 15 a

/ a.so f.m. .
Wﬁemﬂyéﬁﬁ%wﬁyﬁW%eéﬁéﬁ?
transfer, the formis any of. .& flake
(that is. ﬁﬂgﬁigﬁghgﬁylg¥§$?faﬁﬁdﬁﬁé

20 one | umpys JLQQ 1G 0f; €SS is pref
The aryloxytitanium i

of a tetravalent Ti atom,

| oxytitani um conposition conprising the

NHHBdGEBECBY Ll RE APoveedesesiebéd met hod for

ition, and a diaryl carbonate. 102431

BT Y R By 0y 13 1 drh Yo Shp dsifS oS n the present

liquid form or a slurry form
P@ﬁ%gaPnfggﬁlgﬁétc6ﬁ?éiﬁ r &fter

fornm ellet farm_a powder form
6’%%0’;{‘: tS%bI%ﬁLSU%§oIO%,(Jna state such that
erred), and a liquid fon L 138

s an aryloxytitanium composed
and can be represented as
is present in the compound.

cntained in the aryloxytitanium

composition in the present embodiment is an

least one Ar-0O-Ti linkage and

may be a pelytitanoxane having an aryloxy group.

olytitanoxane having an Ar-0-Ti

used as the aryloxytitanium

contained in the aryloxytitanium composition in the

10 {Ar0),T1 when one T1 atom
The aryloxytitanium c
aryloxytitanium having at

15 [06210]

The above~described p
linkage can be preferably
present embodiment. As de

20

the structure. Therefore,

scribed above, it is extremely

difficult te isolate the polytitanoxane for determining

the polytitanoxane having the

AV P DR T S WS IS S L A O U O RO e B S N B

S A o i
mere Typ polyvitanorane having an Ar-0-7T1 linkage.
Aomonomass ructure having an {(Ar-O-) a4 structure
may be contained in thils composition.



The storage tine is not limted and should be in the range of 0.01 hours to
60, 000 hours. If storage is continued over too long a period, an
unpreferred reaction may occur. Therefore, the storage 5 time is preferably
0. 01 hours to 50,000 hours, nore pref e'rzajol"y in the range of 0.01 hours to
40, 000 hours. [0245] The transfer tenperature is in the range of -40C
to 200C, though it al so depends on the conposition ratio of 10 the

aryl oxytit ani umTcenposive gr,l vi:héasbracturemot stihié oar yhoXyti ttari um- and t he

| i ke. At high tenperature, an unpreferred reaction, for exanple, Fries

rear r angeneéht? i reyi keecurcorTrdrefcoriey thve amalnsfydr taeniper atanes§ st jpref er abl y
in the range of -40C to 180C, nore 15preferably in the range of -40C to
120C. TR rarfsfert 9o d i9naigt 119 i tedd miid Yy G989 dtthieor ange  of
0.01 hours to 20,000 hours. If transfer is over too long a period, an

unpr ef er r ed ¥8€actién Ty PEUR Gradifal 488 erhétlefSt e e 2ok Panst er tine is
preferaply .0..0] hours to ,000 hours, re preferably in the range of 0.01
hours t8 5,000 Qntofﬂosre<l\‘?lml-1ol‘2 o %ebba‘ryﬂgiﬁfi tafii Hﬁ?@oﬁﬁSQafgieon inthe
present enhodj nent onposi.ti on .cont ai ni ng _an aryl oxytitani umand a

di aryl car%%gjaﬁ’, Oaiés Spé)gj' c]r("lq}t?f'ez'dd 1‘6"1'6%%} PUA G, O%{;haes cCloOri‘i(é/ern:’tb%(fI ag%t%‘ﬁe‘
conponent rr[t@mtll]us be adjusted 5 by a known net hod. As a preferred

adj ust mrent nmethod, the following step (c) will be described: [0247]

the step (c) of yadhushieng thexGenpanent, 'E:@h%@s@ftibﬂe 1 10 rakY Lexytfani um and
t he di aryl carbonate. In"order to stably use the aryl oxytitanium the
conponent reafdc@ingeradjiustiedd as a catalyst for a production of a

10 diaryl carbonate, the aryloxytitanium composition in the
present embodiment preferably contains a polytitancoxane
having an Ar-0-Ti linkage comprising small molecules as
little as possible and having a high mole average degree
of polymerization. When flowability is considered, the

15 degree of pelymerization is preferably not very high.

Therefore, the above-described mole average degree
of polymerization is preferably in the range of 1.1 or

more and 12 or less, more preferably 2 or more and 8 or

20 As the mele average degree of polymerization

increases, the structure is more varied as previously

Tl e IR B R e s T I e T O R R sarn by e ot S e ey 4 P vy e T g e T
LCLMpOEILLONn AN L preselt enoacdiment Li preilerana Yooune

RN B B I TR Ao e AN Y L WL L [
it POV TITANORADS naving Uihne AUl LLnRage

represanted oy

the above fopmula {(21).




A content of titaniumatons contained in the aryloxytitaniumis adjusted to
be in the range of 1% by 15 nmass or nore and 15% by nass or |ess,
preferably in the range of 5% by nass.?; nore and 10% by mass or |ess.
A content of the diaryl carbonate ié“ﬁ'é%é?ably adj usted to 20% by mass or
nore, nore preferably to 50% by nmass or nore, in the aryloxytitani um
conposition. The 20upper limt value of the content is not particularly
limted, but is['hEorrelxxanplitanio9sdbysimtatanor thessyyTheyitay adpuau], , sEd
(:dcot. O The condiLiCand thestep (c) are - 140 - [0248] [Method for
St abi | i zi ngONRoXyitdrt dnl Ume presenk rattyed ifeort sitabidiezipg: anrably
aryloxytitaniumin the present enbodi nent conprises a step of reacting an
al kyl oxyt i talfi (rACOPESIVIaEE Wah "éh tdreorfet it THy drigWse %o sguis siiide
evaporating an al cohol as by-product, by distillation, so as to obtain a
crude aryl o¥ytitcam Gt?ﬁﬁ@ﬁﬁfidﬁg?step (A): and a step of adding a diaryl
carbonage t t@ﬁ above crude aryl oxytitani umconposition 10 and evaporati ng
a conponent® favi'ng a | ower boiling point than that of the diaryl carbonate,
together with t paryl r e, .80 .to.obtain an,aryl oxytitani um
conposition (stgg %E%f%laﬁgrgﬁﬁggh éﬁguﬁﬁlggl?ﬁé%§88§ehgfépélX@&rbonate
used in the.above stien (B 8,011 2015 jrgg_,LaarS gqui val ents with respect

a

to total noles of Ti atonms contained in the above crude aryl oxytitani um

conposi ti onyrand e dramperaiie dit ievpRMatd g 4:he eampepent having the
| ower boiling point than that of the diaryl carbonate in the above step (B)

is in the ramgewaft50C itr0 2R0Gr 2R 249bddirtde ns turhed darestab 4 hi ng t he
aryl oxytitani umn
10 particular polytitanoxane having an Ar-0-Ti linkage
obtained from the mole average degree of polymerization
represented by the above mathematical expression (1).
However, as described above, actual identification
of the structure of an individual polytitanoxane is
15  extremely difficult by the current analysis method.
Therefore, the pelytitanoxane having the Ar-0-Ti
linkage that can be applied as the arvyloxytitanium
contained in the aryloxytitanium composition in the
present embodiment is preferably the particular
20 polytitanoxane having the Ar-0-T1 linkage represented by

the above formula (21} and/or the above formula (22).
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oie (mundcric3:1; UT. dfldLuHLeci LSc 55 202 by nass or nore nore pr.by
mal.4J40 r - 141 - The anount of the above diaryl carbonate used in the
above step (B) is preferably 0.1 to 50 .nol ar equival ents, nore preferably 1
to 20 nol ar equivalents, w th respect 125740 the total noles of Ti atoms
contained in the above 5 crude aryl oxytitani um conposition. A
tenperature in evaporating the conponent having a | ower boiling point than
that of thelldizryl Gartbordte in the above step (B) is preferably in the
range of 50C to 250C, nore preferably in the range of 80 to 250C. 10[ 0250]
In the aryl oxyt if@niddmreadnpasiorines cobraitréd eidn ithé habove step (B), it is
preferred that the content of titaniumatons is 1% by mass or nore and 15%
by nmass or 385X End AHe Mk SIS igH Athel i iy P i Bon > 4 &L e% bys 15 mass
or nore, it is nore preferred that the content of titaniumatons is 1% by
Mass or nnﬁﬂ“ﬁﬁhiﬁ5@§ﬁy Y€ Jres'Y et the content of the diaryl
carbonage iﬁxfgypby mass or nore and 95% by nass or less, and it is further
preferred tha the content of titaniumatons is 1% by 20 mass or nore and

15% b , +and _th 1tent .of th i.aryl bonate is 60Q0%Db
y mass o bgs cARd.the contontof, Lhe diatyl carbonale i3 00% by mss

or nore and 95% b yI'oxytitani um conpositi ol ‘obtained by

sequenti al | sial t; forang - d, step (V)
g Sl SIdm taneaus| ¥, pef fofding. %la%o?@iﬁ%ﬁﬂ“ ] &Nty

According to_the above;descr!bed st i“zati on _
aryl oxytitaniampiconposidd@n iis storad e tdansfarred 4:he cdogging of the

storage tank, the piping, the punp, and the |like can be 'suppressed, and the
constituting the targeted diaryl carbonate, and the aryl

10 group constituting the above-described aryloxytitanium
are the same type of aryl group.

[C216]
The above-described diaryl carbonate preferably has
high purity.

15 Examples of impurities that can be contained in the
diaryl carbenate include aromatic hydroxy compounds,
water, alkylaryl carbonates, and dialkyl carbonates.

Their contents can be determined by checking the
solubility of the targeted aryloxytitanium in the diaryl

20 carbonate containing the above impurities, and the

nydrolyzability of the aryvioxytitanium.

ey s
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content CL Those CCGHpounas s prereranly Uoas DY ONads oo

less, more preferably 0.2% by mass or less,



activity of the aryloxytitaniumconposition as a catalyst is maintained for
a long period. 10[0252] <Method for Producing D aryi Carbonate> Next ,
a step of producing a diaryl carbonate, which is one application of the
aryl oxytitani um conposition in the pre €ht” embodi ment, will be descri bed.
15A nmethod for producing a diaryl carbonate in the present enbodinment is a
nmet hod for producing a diaryl carbonate, using the above-described
aryl oxytit ani umitenpdsirtvilomaa$ ca acat alaysts,. sconpiritsiimg apérif-or m ng
transesterification and disproportionation reactions, 20 using a. dial kyl
car bonat e, @narigndtd ¢hydrioxy feompound, land tihel aboveroint than
aryJ.oxyti.taniumtion, so as to OfiCeflt Un c:oirrpo SILL, 10fl)(" Ihe
fol | owi ng cdotith tdforrhe digy vl maEtonademolhas Tdsegdmiidinibe descivved. A
di aryl carbonate is obtez;l ned by reactions _including formulas (El') to (E4)
described 1EterR® Y & diH ‘St ot & Tarfd 3P Lot i (O Wy droxy conpound
as raw 5 nmaterials. ... It is known Fai sing.a catalyst at the tinme is
ef fecti Ve t"“)oj“qihrrg'rhpevedJp‘irrc}/dlucct‘aiR}‘chfrﬁﬁtl(’a'ndE A glf'?lrg’%yﬁatr fil'dmcgosi tion in
;?gfgiszgn%ﬂﬁﬂpqgh xﬂ%a%ﬁpaB%ﬂQQ%R%H%QEXmHse%h%Sa%@ﬁo%%%%k%%&hnﬁEslS fror e
preferably the same type of aryloxytitanium as the
aryvlexytitanium,
[CG217]
10 (Method for Producing Aryvloxytitanium)
A method for producing the aryloxytitanium contained
in the aryloxytitanium composition in the present
embodiment will be described.
To produce the aryloxytitanium, known methods can be
15 used.
For example, a method for obtaining an
aryleoxytitanium by dehydrochlorinating titanium
tetrachloride and an arcomatic hydroxy compound, and a
method for obtaining an aryloxytitanium by dealcoholizing
20 an alkyloxytitanium and an aromatic hydroxy compound can

be preferably used,

L T R e T e e T L SOt
Mathnod Loy ProdguoLing Ax VaOXY L LUANLUm O

Alkyloxytitaniums



10 to use the aryl oxytitanium conposition obtained by the production nethod
in the present enbodinent, as the catalyst. By using such a catal yst, the
productivity of the diaryl carbonate can be inproved. [0254] 15(Aromatic
Monohydr oxy Conpound) The ar omati<c’ nmonohydr oxy conpound used in the
met hod for producing the diaryl carbonate is represented by the foll ow ng
general fornula (31). [02551 20[ Fornmula 29] Arl OH LUC) Exaof such an
aromatic. groupihimoh&tplonyt a rmbddod tfolyicairgomer et xyleyl (i soners),
tri met hyl phenyl (isoners), tetranethylphenyl (isoners), ethylphenyl

(i somers), TpromM-pghemiey i somers)yedst yigphenyd L (i songris)an diret iyt pheny|

(i sonmers), nethylethylphenyl (isonmers), 5 pentylphenyl (isoners),

hexyl pheny! 2T i&dteris ), 1 i oy ¢ ishesdyt ghelny |21 islomelr Eowar iwhish atkoxyphenyl
groups, such as et t}gxg/lphenyl (i soners), ethoxyphenyl (isoners), and

but oxyphenyl” Ui%orfer 89 /ar i GUEP HAl bgerfatet PhemA e gibuip'stosuch: s

fl uor opgen)@ (gi,soarrrerls%x chl orophenyl 10(isoners), bronophenyl (isoners),
chl or o( et hy)f ) phen |ysoq‘rre(?usr3‘, and di chl orophenyl (isoners); and various

Saort ! bpegy RNy OrAURS: ERISSN oth LIS LA NG, apnsr Al formil 2
aromatic hydroxy compound and evaporating an alcohol as
by-product, by distillation, so as to cbtain an
aryloxytitanium.

10 When the above step (a) is carried out, the boiling
points of ROH derived from the alkoxy group and the
aromatic hydroxy compound are compared, and the
alkyloxytitanium and the aromatic hydroxy compound used
are selected.

15 [0219]

A tetraalkoxytitanium, and a polytitanoxane having

an alkozy group can be used as the above alkyloxytitanium.
For the polytitanoxane having the alkoxy group,

those in which the Ar group described for the above-

20 described polytitanoxane having the arvioxy group is
replaced by an R group can be preferably usoed.

by o T3 pw v rmn g p 4 en e ae e AT g g o e T s ETR e T P RV U S
oo GIroun LS prerera sl Y oodil adoiy 4 QIroun COontainin &
i O LA TIDCn STomy ' [ o }\4 DL SIainiy o Lo U Carbhon altams.,

St more preferred examples include an ethyl group, an

1o T ey e IR SRRt e s TR T S TR T Rt &
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15[ Formula 30] (32) [02581 the fornui. a (32), Areprese ts a single bond,

a or a civoloci,

group, a hydroxy group, a nitro groupbrgéhalogen, or a cyano group.

[ Formula 31] R41.6 Ras R3R3 R5 5(3 3)

60] in the formula (33), 4,

R6 are each independently a hydrogen atom a |ower al kyl group, a

cycl oal kyl

group, an aryl group, or an aral kyl group, and 10 may be

optional | y substiictruttéd by carchalrogert iat omdorm xan calrkoxydgr eup.a romatic

{r

15

20

hydroxy compound having a structure in which a hydrogen
atom is added to the above-described aryloxy group (that
is, representing an ArOH structure) can be preferably
used. More preferred examples are phenols and cresol
(isomers).

[0220]

As described above, the boiling points of ROH and
the aromatic hydroxy compound {(ArOH) are compared, and a
combination in which ROH has a boiling point equal to or
less than the boiling point of ArOH is selected.

The boiling point is the boeiling point at the
pressure in carrying out this step and is selected so
that ROH produced as by-product can be evaporated by
distillation.

The reaction conditions and the like of the step (a)
are similar to those of the above-described step (A).
[0221]

The aryleoxytitanium contained in the aryloxvytitanium
composition in the present embodiment is preferably a

polytitanoxane having an aryloxy group.

iy
¥ Y Iz
chtained by aryloxy substitution of a polyltitanocxane
naving an alkoxy group in the above-described stepn {a).

a

Payticularly, the reaction of the partially

(34)) The aromay beflied by - 145 - group, an ester

[ 0259]
R5, and



[0261] [Fornula 32] (3 4) 15[0262] - 146 - naphthyl groups, such as

napht hyl (isonmers), nethyl naphthyl (isoners), dinethylnaphthyl (isoners),
chl oronapht hyl (i soners), nethoxynaphtﬁx! (i somers), and cyanonapht hyl

(i somers); and various substituted and"5’ unsubstituted hetero aromatic
groups, such as pyridine (isoners), counaryl (isomers), quinolyl (isomers),
nmet hyl pyri dyl (isoners), chloropyridyl (isoners), nethylcoumaryl (isoners),
and met hyl quimbldind ilgomeris)ve-Rreferiled! exanpl B8 iacl udezpheno) siand
cresol. A 10 preferred aromatic nonohydroxy conmpound is an aromatic
monohydr oxyeaonpo und! iconprd Siatg tihe sahes tarpe Iofy larytt igraoupirash 4 hienar yl
group constltutlng the aryl oxytitani um conposition. [0264] 15(D al kyl

Car bonat e) @ Stabfheltfilalisd carbonate (hereinafter also often described as

an aliphati bonate) used in the step of producing the diaryl carbonate
IS represen the followng fornula (35). 20[0265] [ForffftWa 33]
3 The alkyloxytitanium used to cbtain the

aryloxytitanium is preferably the alkyloxytitanium

obtained in the step comprising the above-described step

(X) and step (Y).

[0223]

10 The aryloxytitanium contained in the aryloxytitanium

compositicn in the present embodiment is obtained by
performing the above-described step (a), using the
alkyloxytitanium obtained by performing the above-
described step (X) and step (Y). When a polvytitanoxane

15  having an alkoxy group is used, an aryloxypolytitanoxane
is cbtained.

The step (a) comprises the step of reacting it with
the arcmatic hydroxy compound and evaporating the alcohol.
However, it is known to those skilled in the art that

20 cleavage of the Ti-0-Ti linkage by the aromatic hydroxy

compound generally does not occur, and it may thus be

aicloy ool Phiar e mvamvaos ooy oyt
SR B S GOl B oid i HES PR Sror S O I S GO A B A [
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embodiment 1s sulted Tfor storage and/or transfer.



- 147 -- In the above fornmula (35), R 1 represents an al kyl group having 1
to 10 carbon atons, an alicyclic group having 3 to 10 carbon atons, or an
aral kyl group having 6 to 10 carbon at ogi 5[0267] Exanpl es of such a
di al kyl carbonate having R include dfféthyl carbonate, diethyl carbonate,
di propyl carbonate (isoners), dibutenyl car bonate (i somers), dibutyl
carbonate (isoners), dipentyl carbonate (isoners), 10 di hexyl carbonate

(i somers), dihepteylergaribonatre Ariydemerts)t,ardivocthds eardsanate ofi sonmers),

di nonyl carbonate (isoners), didecyl carbonate (isoners), dicyclopentyl
carbonat e, 8P EyEFOHEXyI T catborates Sl bhept il L @akbdmatie; adh benzy
carbonat e, di phenethyl carbonate (isoners), 15di (phenyl propyl) carbonate

(i somers), di (phEiAdutyWhedarhdridid Grssivgr 9F adi (aé}ﬂl(?ﬁ%éﬁz%m)unbar bonat e
(i somers), d| (et hoxybenz | ) _carbonate (isoners), rreth met hyl )
carbonat e, df (‘Wettho Vé?h%/% CRY bt 870 S ‘?Jhlrag%)ucﬁﬁc?ﬁ]b‘? ethyt )"¢ar bonat e

(L somers): QU6 fhEAanont Iy )y ARepropal s, ( Sareis) o ARG pese 4 alio!
cEbonalo af&ﬁ@?ﬁf cark ﬁé&é¥‘9ﬂfﬁﬁ”l§kgé§%Eﬁﬁ@ to a plant using it
through piping traced by a heat medium or the like.
However, for example, transfer to a place where the
installation of piping is difficult is difficult.

10 This is because the aryloxytitanium has a very high
melting point, as described above, and high heat must be
applied for a long time to melt the aryloxytitanium once
solidified, and at the time, the aryloxytitanium may be
degraded by heat.

15 [0225]

In addition, the solidified aryloxytitanium is very
hard, and an expensive facility 1s also necessary to
pulverize the solidified aryloxytitanium to make heat
conduction hetter.

20 Further, an aryloxytitanium composition containing a

component having & lower boiling point than that of a

The aryioxyibiltaniumn composition in the

. 3 . : : : : ] ; 3 ol P
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The al kyl aryl
produci ng the diaryl carbonate.
internediate is represented by the fol
al kyl aryl carbonate is also often desc

;

carbonate is produced as an internediate in the step of
5The al kyl aryi

carbonate that is the

wi ng general fornula (36). The

bed as an "aliphatic aromatic

In the formul a

car bonat e"
(36), Ar

herein. [0269] 10[Formula 34] A Rr 0 (36) [0270]

represents an aromatic group having 5 to 30 carbon atons. Rl

represent s anoidyal kyd/ gr cuprivafid nge 1 tloe 100 Clarboni @toiey wealicycdic

group havi

carbon at onss§®271 ]2 ONEI ST Lt oswedl 4100¢Y butsalleohbishation in which a
boi l i ng point.

&

10

20

ng 3 to 10 carbon atons, or an aral kyl group having 6 to

of 149 -
composition for stcorage to be stored in a container

{a
container indicates a container for transporting the
composition by land or by sea) having an internal volume

of 200 L or mere, and a composition for transfer Lo be

transferred in a container (a container indicates a
container for transporting the composition by land or by
sea) having an internal volume of 200 L or more.
[0226]

The aryloxytitanium composition in the present

embodiment is a composition comprising at least one

10

aryloxytitanium and further comprising a diaryl carbonate.

The at least one aryloxytitanium is selected from a

tetraaryloxytitanium and a polytitanoxane having at least

one Ar-0-Ti linkage.
[0227]
As described above, the polytitanoxane constituting

the above polytitanoxane composition preferred as the

aryloxytitanium contained in the aryloxytitanium

compasition in the present embodiment is the
sl Gt Ao st Faving Tho Bpeefie T T inkaon cemroaert oo
LAy LR R S R S SPLETE D O I H R R R PR e i LIS U I K0 S ) RS S I S I A R S ,'“\r
f sl ¢ y
[y 724
fazze]
e polytitancxane constl ing the albowve

e




the respective boiling points of the aliphatic carbonate that is a starting
material, the aromati c nonohydroxy conpound that is a reactant, and the
aromatic carbonate that is a product. E@g exanpl e of such a conbination is
a conbination in which the aromatic nonthydroxy conpound is a phenol, and
the R of the aliphatic carbonate is a saturated aliphatic group haV|ng 4
to 6 carbon atons. When the boiling point of the al cohol as by-product 10
decreases, thepeehperatur etlti fiferente detaemithel ¢ opoand thiecbottom of the
distillation colum increases, and thus, the reaction rate may be |l argely
di fferent between! thitatagese dtathied di'st iA1dbibh kolume feporderied obt ain
the aromati c carbonate in a higher yield, a conbination 15 in which the
aromati ¢ nomohyet X3P %%ﬁ%ﬁﬂﬁﬂafs&§”ﬁﬁghoi7~and the Ri of the aliphatic

carbonate is a a ur d ha oup having 1 to car bon atons IS nore
preferred. f027 &QP i éﬁJﬁf¥%ﬁﬁé%% @ﬁvﬁ§9 Wd 4% % Tvet hod

for pr GCI £g kﬁi#?l%?%ﬂl flﬁylﬁﬁﬁ%%fy%é¥§Q%%§1§P.qlnuqu|¥ r oduced,

col um, togc anj o aro E?c carbonate

diaryl carbonai g, efhers,subj, 5CLIeLqut1% q?&a{%é’in%h? fGRetion, and a

Fries rearrangenent pro UCt (0] e aro tIC
compesiticn in the present embodiment is presumed to bhe a

plurality of polytitanoxane compositions having the Ar-0-

Ti linkage represented by the above formula (21) and/or
10 the above formula (22), as described above.

[022G]

The aryloxytitanium in the aryloxytitanium
composition in the present embodiment is preferably an
aryloxypelytitancxane. As described above, the

15 aryloxypolytitanoxane is substantially an
aryloxypolytitanoxane composition containing one or more
types of aryloxytitanium having at least one Ti-0-Ti
linkage in one molecule.

Preferably, the average degree of polymerization (h

20 or p) is preferably 12 or less.

The average degree of polymerization is more

The aryloxytitaniuwn composition in the present

PR H - I : o . N 1 g 1
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[ 0273] An anount of the aromatic nonohydroxy conpound that is a
reactant in producing the diaryl carbonate can be in the range of 0.01
times or nore and 1000 tines or |ess an-anount of the aliphatic carbonate
that is a starting material, in a nolar ratio. 10The reaction of the
aromat i ¢ nonohydr oxy conpound with the aliphatic carbonate is mainly an
equi libriumreaction, and therefore, the amount of the aromatic nonohydroxy
conpound i §CRGFAMCAYSGUSI targerl unHewsl 6l a el toRe bereuist,  oft tiel dr omat i ¢
nmonohydr oxy conpound used 15 increases, a reactor having a large volune is
required, and ?g’lnéﬁf;‘é Fissti938EU8h SEOMEmt "and G KETHKE T8 alsso requi r ed
Therefore, the ampunt ratio

for the subsequent, separation, of the product 1

of the rea@tdgg?tsg“teg tscﬁ’e%?t arting mares at ilisﬁ bPef@rabldF MY héVange of 0. 1

times 20to i.nes,..mre preferably . in.the range of Q.5 tinmes to 5 tines,

as expr essgg fr%oloaqure%ﬁ’o%cjffe%%ﬁ 31871"610?}%&%“ ty r?gt “falPyY 959Alt anan

cmdlyntto Q. ddle 19tage qf, -l $);shag - 151 - carbonate, precipitation and
. P s

cl ogging may occur in the nmultistage di'stillation col um. The reaction
for producijngsthe diaryl carbonate is an equilibriumreaction as described
above, and a 5 reaction distillation nmethod using a nultistage distillation
colum is thus subtabyeokptmhbﬁmumh@oﬂg@bhtbbhumhcaﬂebsrgé@ﬁually shifted

by renoving the al cohol as by-product fromthe reaction system In order to
carry out théopetieod, iist ai scessentiiah tihatvntike I0ecabalyst: i present not
only in the colum bottomof the multistage distillation colum, but also
in multiplélarye. capmonetense astjagés dob relie rabityi moods 2mlyt irstsage »
distillation colum. [0224] )
10 more, more preferably to 50% by mass or more, in the
aryloxytitanium compoesition. The upper limit value of
the content is not particulariy limited, but is, for
example, 95% by mass or less.
When the aryloxytitanium composition in the present
15  embodiment is used as a composition for transfer, the
content of the diaryl carbonate in the composition is
preferably 20% by mass or more, more preferably 50% by
mass or more, and even more preferably 50% by mass cr

more and 95% by mass or less, in terms of the ease of

20 dissolution when the aryloxytitanium composition is

solidified. 11T the content of the diaryl carbonate is
' ISR 7} ;, ¥ 1 i
COMpOs LY ion, where an unprelorrod reaction may ooonr [ Por
example, Fries rearrangement), nad the gual il th
250 composition may degrade [(for exanple, a decrease in

catalytic activity). Thevefore, the content of the



150n the other hand, as described above, when the catalyst is fed to a

st age above the colum bottomof the multistage distillation columm,
precipitation and clogging may occur_in the nmultistage distillation colum.
The present inventors have studied diligently, and 20 as a result,
surprisingly found that in a case where an aliphatic carbonate, an aromatic
nmonohydr oxy conmpound, 1 norang t 'te that sl the - 152 - nultistage

di stillatiéhacollumi esalte ng Feamithe agdtralpysti e rand vt 96 % érnatdon of a
precipitate in the nultistage distillation colum structure are far |ess
likely to &¢cth’r“and reaction distillation can be carried 5 out, and
therefore,At?% ield of the aromatic carbonate can be increased. In other
words, it Hg @éen found that by feeding a particular aliphatic carbonate,

aromat i ¢ nonohy y.gaonmpound, and catalyst to.a.stage above the colum

bottom 10 of a ﬁ%?ﬁi%ﬁ%ggfé?ngEFg?Péﬁmc Pﬂﬁﬁngﬁanchp?Eﬁoﬁ§F§“P novi ng an
ar omat € C -'ﬁtl%%@ﬁh% ng¢o r]rse%p%%ﬂg)%g z_ti,q O‘i’lh.%o%t %&%‘r@%ermd%%r/ Io%l L%“r};‘q) St [ eer r .eaCt ant,
inaliquid state, fromthe [Tower portion of the colum, while cortinuously

renoving agl ewnbeirki pg corpaenent.q %%%hn%saa@aQH%%h%%ea%s%%xby'prOduPt in
the reaction, in a gas state, out of the reaction system the clogging of

the multistagecdiust lihathen acQlumytiis aextine @y clse$S ok kel ¥ 10 occur, and
reaction distillation can be advantageously carried out wthout the
azeotropy ofrctshetakimpbatimencarBopate canth120 1thevaheehol:ras <y .proguct, and
the aromatic carbonate can he produced in a high yield. The al cohol, the
m i Thi".j.dvwercdrbiiltevaamg of the content is not particularly
i0 limited, but is, for example, 0.02% by mass or more.
[0233]
It is preferred that in the aryloxytitanium
composition in the present embodiment, a content of the
above diaryl carbonate is 50% by mass or more and 85% by
15 mass or less, and a content of the compound having the
boiling point of 150°C or less is 1000 ppm or less. Such
an aryloxytitanium composition can prevent the clogging
of the storage tank, the piping, the pump, and the like
during storage and transfer, can prevent a decrease in
20 catalytic activity which occurs during long-term storage,
and is preferred as a catalyst for a production of a

AT ATyl O ey e

xamples of the compo
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- 153 - may be included in the raw materials fed to the reactor. However,
the reaction is a reversible reaction, and therefore, if the concentrations
of these products are too high, the _[efl%tipn rate of the raw material is
decreased, which may be unpreferred. AS described above, the reaction for
produci ng aromatic carbonate is mainly related to (El) and/or (E2), anong
reactions represented by the followi ng reaction formulas (El to E4). In
order to produt¥ ah drdustdn 843l usiefiu r di &y | cardrbionat el nithe s
preferred to add and performthe step of carrying out the follow ng (E3)
and (E4). [D296]°7Foriill di%5]2 'ROCOR T ROCOMCE ROCAR© 1ROGOAFOT ROCOAr

the alkyloxytitanium with the aromatic monohydroxy

compound.

G

[0235]

The content of the compound having the boiling point
of 150°C or less is more preferably 0.001 to 10C0 ppn,
even more preferably 0.1 to 500 ppm.

The aryloxytitanium composition as described above
10 can be obtained, for example, by the above-described

method for producing the aryloxytitanium composition.

[02306]

The aryloxytitanium composition produced by the
method for producing the aryloxytitanium composition,

15  comprising the step (1) as described above, has the
property that even 1f it is transferred and melted,
thermal degradation, for example, discoloration, a
decrease in catalytic activity as a catalyst for a
producticn of a diaryl carbonate, and the like are less

20 likely Lo occur, and degradaltion during storage, for

example, discoleration, a decrease in catalytic activity

oy S R oy i vy ot e e
LA an Li L f Lodecd DR L, it

Furiner, AN AaryvioayUilanium Composiiion more

sultable for stoerage and/or transfer is obtained by



+ ROH +RO H ROCOR 0 ROCOR (El) (E2) (E3) (E4) + ArOH Il 0 Ar OCCAr

16

15

20

- 136 -

carrying out the above-described step {(C) in addition to
the step (1) or the steps (A) and (B).

Of course, 1t is preferred to use the
alkyloxytitanium composition obtained in the step (X) and
the step (Y}, in carrying out the above-described step
(1) or step (A).

[0238]

The aryloxytitanium composiltion obtained by Lhe
above~described production method is preferably an
aryloxytitanium composition represented by the following
Tormulas (23} and/or (24).

[0239]

[Formula 27]
TinOs (OH) 5 (OAr)
(23}

[0240]

In the above formula (23), Ar0O represents the group
represented by the above-described formula (Ar0O), h
represents a positive number of 1 or more, j is a
positive number of 0 or more, k is a positive number of 1
or more, and 1 1s a positive number of more than 0, and h,
and ko osaristy o dho= U 4 b 0 andg Ah 4

IR A A

t



+ ArOH 11 0 ROCOAr ROCOAr 0 ROCQAr O

- 137 -

In the above formula (24), ArQ represents the group
represented by the above~described formula {Ar0), p
represents a positive number of 1 or more, r is a
positive number of 1 or more, and g is a positive number

5 of 1 or more, and p, g, and r satisfy 4p = 2g + r and 2p

The aryloxytitanium composition in the present
embodiment is more preferably an aryloxytitfanium
composition comprising the aryloxytitanium composition

10 produced by the above-described method for producing the
aryloxylbitanium composition, and a diaryl carbonate,
[0243]

The form in transferring the aryloxytitanium

composition in the present embodiment may be a solid form,
15 a liguid form, or a slurry form.

Preferably, in terms of the ease of removal from the
container after transfer, the form is any of a flake form,
a pellet form, a powder form (that is, when the
aryloxyltitanium composition is solid, a state such that

20 one lump is 100 g or less is preferred), and a liguid

Form.




NOCON
and the reaction fornula (E4)
di sproportionation reaction.

-60 The T 3al:on formuJas (53) and (54)a -

154 -
is usually also referred to as a

sane type,

above reaction fornulas (El) to (E4) i

t he di aryl
aliphatic
al i phatic
and used.
or two or

8

20

[ 0278] 138 When each of the reactions of the
s'“pérformed in the step of producing
carbonate, one of each of the aliphatic carbonate and the
aromati ¢ carbonate nay be used, or two or nore of each of the
car bohatesandathetamiphat nctatomatied earlbehatiédmay be tGem xed
I n addi ti on,
OV Carrdnit-ild  fematy dicoXdy . Ed¥pdunds -may be nmi xed and used.

If storage is continued over too long a pericd, an

unpreferred reaction may occur. Therefore, the storage

time is preferably 0.01 hours to 50,00C hours, more
preferably in the range of 0.01 hours to 40,000 hours.

[0245)]
The transfer temperature is in the range of -40°C to

200°C, though it also depends on the composition ratio of

the aryloxytitanium composition, the structure of the

arylexytitanium, and the like. At high temperature, an

unpreferred reacticn, for example, Fries rearrangement,

may occur. Therefore, the transfer temperature is

preferably in the range of -40°C to 180°C, more
preferably in the range of -40°C to 120°C.

The transfer time is not limited and may be in the
range of 0.01 hours to 20,000 hours.

If transfer is over too long a peried, an

unpreferred reaction may occur gradually. Therefore, the

transfer time is prefevably 0.01 hours to 10,000 hours,

more preferably in the range of 0.01 hours to 5,000 hours.

P AE
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one aronmati ¢ nonohydroxy conpound nay be used,



Further, as shown by the above presuned reaction 15 fornulas, the aromatic
carbonate is produced by nmainly feeding the aliphatic carbonate, the
aromat i ¢ nonohydr oxy conpound, and thg catal yst, but a solvent, inpurities,
and by-products that do not so adversél’y affect the reaction nmay be
present. 20[0279] The al cohol as by-product by the reactions nte known
di(t 11. - 155 - In terns of the effective use of the conpounds, it
is preferred thébet heyabkphatacicar bonateiprloducedtby pheseeaction
represented by the above reaction formulas (E3) and/or (E4), nore
i mpor t ant | $rikellabove iBoRnuoAPCEAY L oins crecovered ﬁ@raredp®MUu}anium
recircul ated, and used again for the reaction represented by the above
reaction fépﬁuﬁagl@EWﬂ &ﬁépﬁpaGEs)aSn@ﬁé¢ﬁﬁﬁ@ﬂté§PW§ t he above formul a
(El) In gther words, it is preferred to add the step of perform ng
t he transesterifF%a?PBEe?baﬁfi%ﬁ%hrﬁﬁ?ﬁgﬁﬁ?bdmiﬁ RRFAl Yebyii HE 8Bove
fornulas (%I) aklo& taﬁ first mul tistage distillation colum, then
feeding t he’r 8act"dn €61t on conprising the aromatic carbonate renoved
fromthe | ower rti col un cond I age distillation
colum, as it |§8 %rgg f r%n%@'ﬁgpm lﬁ §€a§tihguna eilgf %nﬁg
reactant, Q%rfgﬁqhngetgg%gkggggportionation reaction represented nainly by
the above fornula (E4) so as to produce the useful diaryl carbonate,
renovi ng thegzalijphatic carbonate produced as by-product at the tinme, in a
gas state, by distillation, 20 fromthe upper portion of the distillation
col um, andheeds®pg (theoal aphaticcngarbenatepasethe rst-apt bag rmaterial 11y
set Jj,)byopof ih .respec

10 aryloxytitanium and the diaryl carbonate.

In order to stably use the arylioxytitanium, the
compeonent. ratio is adjusted.

A content of titanium atoms contained in the
aryloxytitanium is adjusted to be in the range of 1% by

15 mass or more and 15% by mass or less, preferably in the

range of 5% by mass or more and 10% by mass or less.

A content of the diaryl carbenate is preferably
adjusted to 20% by mass or more, more preferably to 50%
by mass orx more, in the aryloxytitanium composition. The

20 upper limit value of the content is not particularly

limited, but is, for example, 95% by mass or less. The
T T N T e
Y sy LU B R A A [ 0 T S S B S B I R )
I = x \v" ¥ i
R R e s T I el e R U T T e TR T T T RS S S
1 oo el INia Y e A3a gLl e Yool San Lo oailiobiiel
component (& solvent or the Likod.

The conditions and the like of the step (¢} are



- 156 - aromatic nonohydroxy conmpound that are feed raw materials, though
it also varies depending on the type of the catalyst used, the type of the
reactor, the type and amount ratio of .the carbonate and the aromatic
hydroxy 5 conpound, and the reaction ddiditi ons, such as reaction
tenperature and reaction pressure, and the like. [0281] The catal yst used
in the step of producing the diaryl carbonate described above is the
above- descrlid¥dd i10 aryl oxytitani um conposition, preferably, the
aryl oxytitani um conposition obtained by the above-described production
met hod. TheMsgdposificitor tedn ldlzsodhé rydedk vds: tehig vgatlal yst for the
di sproportionation reaction perfornmed in the second nultistage distillation
col um. 15The cét BEyS§PdcenporenbPihmayiBe dRedpréorsusliyrieactadtiet h t he
organi ¢ conpounds present in the reaction system for exanple, aliphatic
al cohol s, &FGWEric SHOWEHY G Ox Y EHHPSETdS, &y I°dr yI®aCariBonates, di aryl
car bonat es, i nq di _I_.(li:yln.car bonat es, .one heat-treated tV\,i th the raw 20
material's andtHié Ygﬁ FEctd S SES e “édc iPoR F CBF taiTe TSR By
evaporating the |ow hoil g point subst -lce in L. tQJ litariturnitul -
157 - aryl o>?y tan am'i s(‘\’r%‘%%b'yl it sbjor 'lr]r'[?r(%oalmﬁslg&) fgﬁjﬁ§§’or%J31 ess.
distillation, so as to obtain a crude aryleoxytitanium
composition (step (A)); and a step of adding a diaryl
carbonate to the above crude aryloxytitanium composition
10  and evaporating a component having a lower boiling point
than that of the diaryl carbonate, together with the
diaryl carbonate, so as to obtain an aryloxytitanium
compeosition (step (B)), wherein an amount of Lhe above
diaryl carbonate used in the above step {(B) is 0.1 to 50
15 molar equivalents with respect to total moles of Ti altoms
contained in the above crude aryloxytitanium composition,
and the temperature in evaporating the component having
the lower boiling point than that of the diaryl carbonate
in the above step (B) is in the range of 50°C te 250°C.
20 [0249]

In the method for stabilizing the arvioxytitanium in

oo o e eyt ey oy L e T | iy a o San phvrer b oen o b
I ciliid ol LlliLlii o L LG dLrarvyl Caroonatée s ]_ JUARR St B S e B A I MV

20% by mass or more, more preferably 50% by mass or more



[ 0282] The nethod for producing a diaryl
is preferably a nethod conprising performng transesterification

enbodi nment
and di sproportionation reactions,
hydr oxy comnpound,
production of the diaryl
Wth such a production nethod,

in the presence of
car bonat e,
the diaryl

carbonate in the 5 present

a dial kyl carbonate and an aromatic
t'he above-descri bed catal yst for the
so 10 as to produce a diaryl carbonate.
carbonate can be efficiently

usi

i

pr oduced.

The mephod bPdér tpeodboivagdihevdi apyboccatbonate! iim tthe present

embodi ment nore preferably conprises a step of separating the diaryl
carbonat e fioica ledct ifon igr dducte rEB lobtlailndd By tivd saboveiivalents,

di sproportionation reaction,

and particularly preferably further conprises

a step of rEEYTIAGFY A Medction hrisdudt SRy iomMiiteh tHe irgrsae&ar bonat e

i s separat d’?jnt8+22§~tr nsesterjfication or disproportionation reaction.
Wien the nmethod' S or°'20 plodicitg thé i yIodarpiare dotfpries such st eps
t he diagyl carhonat e can .be nore effichptI produced, 1 1I; (flomh-41 1Y1

, . ERGE @
hai ca_ aronmtl C nydr

C AN LU, COon S1T 1O,
he' Used “ad Hecri“aa

A temperature in evaporating the component having a

lower boiling point than that of the diaryl carbonate in

the above step

250°C,

10

above step

(B} is preferably in the range of 50°C to

more preferakbly in the range of 80 to 250°C.

[0250]

In the aryloxytitanium composition obtained in the

(B}, it ig preferred that the content of

titanium atoms i1s 1% by mass or more and 15% by mass or

less,

15

mass Or more,

and the content of the diaryl carbonate is 20% by

it is more preferred that the content of

titanium atoms is 1% by mass or more and 15% by mass or

less,

mass or more and 95% by mass or less,

and the content of the diaryl carbonate is 50% by

and it i1s further

preferred that the content of titanium atoms is 1% by

Lhe diaryl

nass or

more and 15% by mass or less, and the content of

carbonate is 60% by mass or more and 95% by

1 s o

e £ y IR 3] 1 3] Tew o v 1
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embodiment
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i may comprise the above-descoribed step




- 158 - solvent, for the purposes of making the reaction operation easy,
conpleting the reaction, and the like. An inert gas, such as nitrogen,

hel i um or argon, may coexist, as a substance inert to the reaction, in the
g y ﬂ

5 reaction system or the above inert &éé”and a low nelting point organic

conpound inert to the reaction may be introduced in a gas state fromthe
| ower portion of the continuous nmultistage distillation colum for the
pur pose of tdecellévattng itthe: levapomatdsort iofn tdve: omeduded seow k0. ki I ng
poi nt by-product. [0284] The aromatic carbonates produced by the step of
produci ng te sdirarylarcardnate idesaringe d hab ove var e taw dli)phatd o taromat i ¢
carbonate (al kylaryl carbonate) 15 represented by the follow ng formula
(37) and/or”ﬁ-diaryl carbonate represented by the following formula (38).
[ 0285] [Fornul a, 36 1 - 159 - alicyclic group having.,3 to 10 carbon
atoms, or an arﬁFE%FdQPSUbOhéOFnGb@V‘6dfécgéP89nSEFBHEFZFEEQ?] A react or

used in5th%E_E§ELORHE£PQE%j% y&%%y%h%gxkum composition 1s stored or
transferred, the clogging of the storage tank, the piping,
the pump, and the like can be suppressed, and the
activity of the aryloxytitanium composition as a catalyst
1s maintained for a long period.

10 [0252]
<Methed for Producing Diaryl Carbonate>

Next, a step of producing a diaryl carbonate, which
is one application of the aryloxytitanium composition in
the present embodiment, will be described.

15 A method for producing a diaryl carbonate in the
present embodiment is a method for producing a diaryl
carbonate, using the above-described aryloxytitanium
compesition as a catalyst, comprising performing.
transesterification and disproportionation reactions,

20 using a dialkyl carbonate, an aromatic hydroxy compound,

and the above aryloxytitanium composition, so as to

T Y e oy e T oy s 4o oL e e 2 s g e e e o g o T s T S
SO ArYLORYULTANIUm Compos LTI Can e usad wilhoul

Deing Limlted to the following conditions.



carbonat e descri bed above is preferably a nmultistage distillation colum,
internms of efficiently shifting the equilibriumto the production system
side. It is particularly preferred to,%ﬁfly a continuous process using a
mul tistage distillation columm. 10THe 't tistage distillation colum is a
distillation colum having nultiple stages in which the theoretical plate
nunber of distillationis 2 or nore, and may be of any type as |ong as
cont i nuous di st iflilcatti, omomgpoposisi blsed Suéh acnmdkticstiage .di stillation col um
may be of any 15 type usually used as a nultistage distillation columm, for
exanpl e, a pl até ¢ékum typeousitrg ltr apsaisadhbas raabubbihe cap tray, a
perforated plate tray, a valve tray, a chimmey tray, and a countercurrent

tray, and a'pacied %cdluniy t3pel fpdcked Widh ded ol hackisigs, usuth as a
20Raschig ring, a Lessing ring, a Pa]] ring, a Berl saddle, an Intal ox
saddl e, a tiifgwdac%%znaﬁva%%&ﬁ“ ﬁa‘]awgt,c Ay Aropsd GOVt et by

continugush&ijg%dhqg the starting material and the reactant into a

cont i nuous nu(Tr§¥age distillation colum, and allow ng the reaction

bet ween bot h of ,the_s n in.a liquid phase aor a,gas-liquid phase in
the presence ofl% Eﬁtge%ggngggﬁiHélggtgl§g%gﬂﬁdghétd?§giEPEFﬁdﬁ col um,

whi | e on the-one hand J empvi-ngG: a,hiah. Bajjliyng poj nt, Jeaction mixture

conprising a produced arormatic carbonate or ‘aronatic carbonate m xture, in

a liquid stateoxdfamahen QuRhLRArtien iof e [distddd abdem 10 col wm, and
on the other hand continuously renoving a | ow boiling point reaction

m xture conpy icsigTe raaroduced hypreducitalivita gas skahereby rdirsti-klat i on
fromthe upper portion of-the distillation colum. [0288] 15In the step of
producifg tthe udicanyle canbonatte rdesami hethpalkowe,ort hestrzgactd any ageurs in the
mul tistage distillation colum in which the catalyst is present, and

t her ef or e, Fawdambunt: ofetthhiel rles dlntd mg erseact icorm gpiiodudt,s assudld y depends on
the holdup in the distillation colum. 20l n other words, when distillation
col urms hawdig tié -safe Esl-uenshenght cahdlvré, sahe eobdnmtdivamet ef are

the diaryl carbonate can be improved.

15 (Aromatic Monohydroxy Compound)

The aromatic monohydroxy compound used in the method
for preducing the diaryl carbonate is represented by the
following general formula (31).

[0255)
20 [Formula 29)]
Arton

T
Py

Exampies of such an aromatic group include a phenyl

B T R A | g e g f Yy o . SN B T |
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l',- - 161 - Therefore, the holdup of the distillation colum is
usually 0.005 to 0.75 as expressed by the ratio of the volunme of the hol dup
to the enpty columm volunme of the nmultistage distillation colum, though it
can al so change 5 depending on the di sti% 1"ati on conditions and the type of
the distillation colum. [0289] In the step of producing the diaryl
carbonat e descri bed above, when a reflux ratio is increased, an 10effect of
di stilling tdie lal iiphatedrc jal cotoll i hts@ra neaport yphaseniinereeasles, and
therefore, a concentration of the aliphatic alcohol in the renoved vapor
can be incrieaseters), tethowsvdryliferhhe (iefdue siat iedHys dmorelased t oo much,
the required thermal energy is excessive, which is 15 unpreferred.

The al i phat§ii&a%ohol Hsp W hedndentirgisd saft & tedtraetyilon fruwe the
distillati OOP%F&()%V m, and therefore, refluxing is not always necessary.

The refl ux RS NYs USEHaN? 0 116 B L giterehany) 2063w a0,

Speci fi g'al Igye’n L\Aﬁepri]'} etnrgﬁ t(r:i_aé%?neesrtsﬁ r,l fhl e%?y l%rlll ernefl,Ct

gi%r})mers)]}Gzar{d
cyclohexylphenyl (isomers); various alkoxyphenyl groups,
such as methoxyphenyl (isomers), ethoxyphenyl (iscmers),
and butoxyphenyl (isomers); various halogenated phenyl
groups, such as fluorophenyl (isomers), chlorophenyl

10 (isomers), bromophenyl {isomers), chioro{methyl)phenyl
(iscmers), and dichlorophenyl {iscmers); and various
substituted phenyl groups represented by the following
general formula (32).
[0257]

15 [Formula 30]

>~ |
O~

(32)

[0258]

In the formula (32), A represents a single bond, &

3 H
! B ; o 1
oo aart ool Pyu b e Tyl T s e 1T D o I P
LRprozentaed DY UL JoLlowlng (oo, ©f a cycloaliaylane
Group representoed Dy Uhe following (347,

The aromatic ring may be substituted by a
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fromthe bottomof the distillation colum, while the | ow boiling
conponent, such as the al cohol as by-product, is continuously renoved in a
gas state by distillation fromthe uppqn,portion of the distillation
colum. 5At this time the catal yst ﬁhylbé"Ted fromany place of the

mul tistage distillation colum, but is preferably fed at a position above
the columm bottom of the distillation colum, and is nore preferably fed at
a position above tdre aviddt erofut he distidatdonicol ammi t AOWhemit hea

di sproportionation reaction typically represented by the above formula (E4)
t hat can be:@ddianional |3 perforgmdiis carried out, the aliphatic aromatic
carbonate and the catalyst are fed to the nultistage distillation col um,
and the diarl4~>tlarbonate 15 that is a product is continuously removed in a
liquid state fromthe bottomof the distillation colum, while the | ow
boi | i ng conffdhéHtl® stich as the aliphatic carbonate produced as by-product,
is continuously renoved in a gas state by distillation fromthe upper
portion of 20thB*dist liati oR®c®um_ [0290] fl Ly(1l ,3 type -1 (.1

rifl(1lt Olamd g¢cl urnn bottem (jnult:IstagelL].,ati.o 1-10 1 - 163 -
Sture may reduced pressure, ordinary pressure,
gssure, and $ %ually inthe range of 0.1 to 2.0 x 107

The reacti on™pr
and increased p

Pa, though it vBri es dependiRg & a type of the raw feed conpounds used,
t he 5regction t enperataise, and the |ike.

(02607
In the formula (33), R3, RY, Rs, and R are each
independently a hydregen atom, a lower alkyl group, a
cycloalkyl group, an aryl group, or an aralkyl group, and
10 may be opticnally substituted by a halogen atom or an
atkoxy group.
[0261]

{Formula 37Z]

,\/C/‘\(Hz)k
N~

{(34)

15 [0262]

E Y4 GioWwin,  an axy Yoo WU, b Tioia (el v, OfL Ll L RW.

20 Examples of the compound shown in the above formula
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[ 0291] The step of producing the diaryl carbonate described above is
characterized by producing a diaryl carbonate by continuously feeding an
aliphatic carbonate as a starting 10 material, an aromatic nonohydroxy
conpound, and a netal -containing catal ly(%@t to a nultistage distillation
colum to react them and continuously renoving aromatic carbonates
corresponding to the starting material and the reactant, in a liquid state,
fromthe | owarhiporit icomwfs 15 udie scolnaphthwhi | @ sortiisnyousl y renoving a | ow
boi l i ng conponent, such as an al cohol as by-product in the reaction, in a
gas stat e, 'euthiofndiig ingactisonisyst.emitRudtHeraplithyls Poxgidie to add a
step of continuously feeding the reaction solution renoved fromthe | ower
20 portion GFlaneagdliynn, ticsasseEdond Gl d weade dilst {19901 cdliihm, asor
after renoving the boil. .no conpomnt, nflh af3 an a aha t a in 5 gasby
distilaot catftHERedet) (LsoM6g ) i mlUdidng A i\ - darifchat™® in a Iiquid
state, fromthe | ower portion of the colum. [0292] It is preferred to
carry ott tHé& &‘etp]y@ugp 15950 SUSTS i W Sar ot | & T dibiortat'ss i ncl udi ng
a diaryl carbonate, in a liquid.state, fraomithe |l.ower. portjion of the colum
descri bed a ']'d("voe”%irric;)dr der "to |'nc(r1é8aogheuiéh)e{ yr‘i[ue‘]l]n e"t‘(%lt ""é’(g?ea%b | carbonat e and
al so recycl.e,t isphatic at rﬂq#ﬁgdi by:- t in 10t he

di sproport in(;?entak!tﬁ&{;TL M Ilr'}][esz*lﬂé't i @hﬁ’{%%gg] IR e Cﬁ(ﬁqlui E,%ﬁﬁdl conprising the
di aryl carbgnate Jemved framrtdes )l owslq pardHonyofndihe apovg.second
distillation colum is usually introduced into a

Preferred examples include phencls and cresol. A
10 preferred aromatic monohydroxy compound 1s an aromatic
monohydroxy compound comprising the same type of aryl
group as the aryl group constituting the aryloxytitanium
composition.
[0264]
15 (Dialkyl Carbonate)

The dialkyl carbonate (hereinaffer also cften
described as an aliphatic carbonate) used in the step of
producing the diaryl carbcnate is represented by the
following formula (35).

20 [G265]

[FPormula 33)

[OZe6]



15 distillation colum to purify the diaryl carbonate by distillation.

The diaryl carbonate is renbved in a gas state fromthe upper portion of

t he columm, and high boiling point substances, such as by-products, a Fries
rearrangenent 20 product of the arormati'c’ carbonate, and the cat al yst
conponen L, are renoved fromthe | ower portion of the theYilh n\ the hi.boi
remai nderL. conpccagain. 165 - In recycle use, the catal yst conponent may
be used after reémovihrg atleesdlirds: lor ﬁunhfﬁéatepn¢sand€nay bekpixed with a
newy prepared catal yst before use. [0294] 5As descri bed above, the
aryloxytltaﬁﬂuﬁidbﬁvdslﬂldn)ﬁHJuh@ﬁpwesénﬂMEnbndwﬁ@numéﬁmw<B%anp|e t he
aryloxytltanlun1conp05|t|on obtalned by the above- described production

net hod, is '&tirghel vt skl wiadyra addiposiad o faora ldtor &g Whdraoring dnsf er,
and in the 10 produ t|on of the diaryl carbonate, using the conposition., a

di aryl carB&h&ﬁ% ﬁﬁﬁsquallty can be obtained, and the
aryloxytlt conp05|t|on is industrially extrenely useful . 15 EXAMPLES
[ 0295] "he present invention will be specifically described by way of

the follow ng %%WR#‘%‘% a%‘? EpIha AL, %8 18X AN 83 12kt QUGN he present

i nvention is not ted t
include dimethyl carbonate, diethyl carbonate, dipropyl

carbonate (isomers), dibutenyl carbonate (isomers),
dibutyl carbonate (isomers), dipentyl carbonate (isomers),

10 dihexyl carbonate ({(isomers), diheptyl carbonate (isomers),
dioctyl carbonate {isomers), dinonyl carbonate (isomers),
didecyl carbonate (isomers), dicyclopentyl carbonate,
dicyclechexyl carbonate, dicycloheptyl carbonate, dibenzyl
carbonate, diphenethyl carbecnate (isomers),

15  di{phenylpropyl) carbonate (isomers), di{phenylbutyl}
carbonate {isomers), di(chlorobenzyl} carbonate (isomers),
di {methoxybenzyl) carbonate {(isomers), di{methoxymethyl)
carbonate, di(methoxyethyl) carbonate (isomers},
di{chlorocethyl) carbonate (isomers), and di(cyanoethyl)

20 carbonate (isomers}).

Among these dialkyl carbonates, those in which R* is

st kvt o oroun havioag Do & carbhior aboms Py o e g o)

[ SN T T TP S oy S S Y
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] h

R e ko R S Sy (e eyires e srvel b b s ey o b
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(isomers) are more preferred.




20f ol | owi ng exanpl es.

appar at us:

[02961 [020 001R A 00twAi . $) 166 -
JNM A400 FT-NMR system manufactured by JEOL Ltd.,

Measuri ng

japan (1)

Preparation of Ili and "C NWR anal ysi s

sol ution was wei ghed, and 5 about 0.7 b

manuf actured by Al drich Chem cal
reference,
Pure Chem cétiindustli@s;bditag) Japan)
resulting solution 10 was uniformy m
sanpl e.
reference material,

Co. ,

antitati ve anal

0.05 g of tetranethyltin (Wako first grade,

E@nples About 0.3 g of a sanple

V5" deut er at ed chl orof orm (99. 8%

U S A) and, as an internal
manuf act ured by Wako
were then added thereto. The

xed for use as an NWVR anal ysi s

(2) Quanitiet atligd aaydl yeirdonate Amalpysidsiowals scarri ed out for each

sis of the anal s sanpl e sol ution

was then cattiediouEa

siet Bie tHee R esful RISl g brlag i

%ﬁg

Bk ve.

15[ 0298]

(Li quid Chromat

LC- 10AT system

ogr aphy Anal ysi s) Measuri ng appar at us:
g aphy ysis) g app

Col um:

two I nertsii-QDS

manuf act ur et 03

dzu Corporati on,

Japan

es,. 20 manuf act

Sci.ences,,
intermediate is

I nc. .,

Japan

colunn55connect%%g %li%q

aryl carbonate t%%%di%yt%%

represented by the following general formula (36).
alkylaryl carbonate is also often described as an

"aliphatic aromatic carbonate" herein.

The

[0269]
10 {Formula 34)
O 9
R T T
O
(386)
(0270}
In the formula (36), Art rapresents an aromatic
group having 5 to 30 carbon atoms. R' represents an
15 alkyl group having 1 to 10 carbon atoms, an alicyclic

group having 3 to 10 carbon

atoms, or an aralkyl group

having 6 to 10 carbon atoms.

[0271]
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Deve]...oping solvent: Mxture or water (liquid A) and rngoAtivot" (photo
dode ar ay detectneasu r 00)a t one dOS CUr 200 - 167 - (1) Liquid

Chr omat ogr aphy Anal ysi s Sanpl es About 0.1 g of a sanple was wei ghed
fol l owed by the addition of about 17g 'df’ tetrahydrofuran (dry, nanufactured
by Wako Pure Chem cal Industries, Ltd., 5 japan) and about 0.02 g of an
internal reference and mxing to uniformty to obtain a solution used as a
| i qui d chr orret ographyt iamalysils rsanplient o 2)F Qrantdtiathiave cAmalrysirsatAnal ysi s
was carried out for each reference material, 10 and quantitative analysis
was carriedlgut ifsore tse rdnaly sied esanpl e 4ol ythoor Was edromyvidrexyesul ti ng
calibration curve. 10299] (Water Anal ysis) 15 Measuring apparatus: CA-21
trace noi staeavecerthafandf dctigesd By Marshiishia "ohe iCalcaapainittech Co. |
Ltd., Japan (1) Quantitative Analysis About 1 g of a sanple was wei ghed
fol l owed by tAe 20 § Aj"&4On of the sanple into the trace noisture neter

and quaj..... fying acontent for the sanple, . . . . .
q 5 yhnqexamp&e of suc% a cogglnatlon is a combination in

which the aromatic monohydroxy compound is a phenol, and
the R' of the aliphatic carbonate is a saturated
aliphatic group having 4 to 6 carbon atoms.
When the boiling point of the alcohol as by-product
10 decreases, the temperature difference between the top and
the bottom of the distillation column increases, and thus,
the reaction rate may be largely different between the
stages of the distillation column. In crder to obtain
Lhe aromatic carbonate in a higher vield, a combination
i5 in which the aromatic monohydroxy compound is a phenol,
and the R' of the aliphatic carbonate is a saturated
aliphatic group having 1 to 6 carbon atoms is more

preferred.

20 The above-described production method is a method
Tor producing an aromatic cavbonate continucusly produced,

cddiad

Ty A YT g e e
LT T R S T R R A ol

B T T T O R A T O T R T
LSBT L LAt 1Ion oLy, Cogelhell Wi Lhe gl j)i et L4

carbonate and the aromatic monohvdroxy compound.

Examples ol such reaction products include Lhe same



| Appaknn Chrnr,).2001 Toso Colum: Superl CGCR Developing liquid: A

sol ution was used, which was obtained by mxing 1 L of water, about 0.25 g
of 18- crown-6 (manufactured by Wako Pure Chem cal Industries, Ltd.,

j apan), and about 2.1 niL of 2 mol / L ‘ret'Haresul foni ¢ aci d (manuf act ured by
Wal k Pure Chem cal Industries, Ltd., Japan). (1) lon Chromatography

Anal ysi s Sanpl e About 0.15 g of a sanple was wei ghed. About 1 g of
t ol uene andchiaboutidSariofna: 2 nhol /Ll aguesus:tsgl uttitan 0fs 0 niiterd cc@ci d
wer e added thereto, and they were sufficiently stirred. The resulting

sol ution was ddverrdeftlstidl forctabout @dhourts:icFheramatemdayert was
separated, and used as an ion chromatography analysis sanple. 15(2)

Quant i t at i V& AHE Y stls R a it fas prepared by using reference
sol uti ons. @}Ti anount in an analysis sanple solution was quantified based

on the calibtatibn curve. The nanes of conpounds in the follow ng
exanpl es may 20 _be given according to not only the nonencl ature defined by
| D PAC But aIsoAﬁoﬁ%ngtng 'ﬁ&ekF%PW€6ﬁ61P©I %?dF8%§p58WQQUHFSLP§Ldate

is a reactant in producing the diaryl carbonate can be in
the range of 0.01 times or more and 1000 times or less an
amount of the aliphatic carbonate that is a starting
material, in a molar ratio.

10 The reaction of the aromatic monohydroxy compeound
with the aliphatic carbonate is mainly an equilibrium
reaction, and therefore, the amount of the aromatic
monohydroxy compound is advantagecusly larger. However,
if the amount of the aromatic monchydroxy compound used

15 increases, a reactor having a large volume is required,
and a large distillation column and the like are also
required for the subseguent separation of the product.
Therefore, the amount ratio of the reactant to the
starting material is preferably in the range of 0.1 times

20 to b times, more preferably in the range of 0.5 times to

5 times, as expressed by molar ratio of the

- R I R T S O A N 2 S
J I L I
POV AN P S e S .. doe iy e e e e g e | .
ST e WHIED G s bad Ly Ha bl Lo, o DRdalllbalilh,  cdiildod
T B e e TN O R R T T T
L T S A (10 O s ot A 0 O N O O B A N O A O A R O )

digtillation column in the production of the aromatic



169 by an interaction between atons when the interatom c distance is
smaller than the sumof ion radii. The sumof ion radii of a titanium atom
and an oxygen atomis 2.87 angstrom_ Maa1$ur| ng apparatus: Automatic Single
Crystal X-Ray Crystal Structure Anal ySI Syst em RASA- 7 (manuf actured by

Ri gaku Corporation). [0302] [Production Exanple 1] 10(Step X: Hydrolytic
Condensation Step of Tetraal koxytitani um 340 kg of

t et r abut oxytd tiemiaim ( Tyzori (BTR t imanufrat taured hyy Blayl .odw:Pont e Nenour s&
Conmpany) was introduced to a reactor equipped with a stirrer. The 15

react or wasVegulippett Wit al ledoldrng ol . a heating jacket, and a
distillation colum. 148 kg of butanol was then |ntroduced t hereto, and an
internal |iquid P@nﬁé?raéttﬁpél WRE §6P§§Féﬂgt Ghecaiaryl carbongjgrdgs but anol

having a water concentration set to 205% (5 by wejght) was adjusted
Lo OCin art et r bt o Poed Wi Cs%wi T o s T b | vis

Ni t adde- Thr‘ped ion ti m\/va]shsect to 1 hour, and an

added afunit chtlon[ eér% SV\Jkialsusde l"cfn Itﬁ%glo uc’l“g in the

reactor. distillation column is thus suitable in which the

equilibrium can be gradually shifted by removing the
alcohel as by-product from the reaction system. TIn order
Lo carry cut the method, it is essential that the

10 catalyst is present not only in the column bottom of the
multistage distillation column, but also in multiple,
i.e., two or more stages of the continuous multistage
distillation column.

[0274]

15 On the cther hand, as described above, when the
catalyst is fed to a stage above the column bottom of the
multistage distillation cclumn, precipitation and
clogging may occur in the multistage distillation column.

The present inventors have studied diligently, and

20 as a result, surprisingly found that in a case where an

aliphatic carbonate, an aromatic monohydroxy compound,

aliphatic carbonate that 1g the starting material and the
g . &




A trace noisture neter analyzed the reaction 5 solution with tine, and it
was confirmed that the added water was consunmed in a hydrolysis reaction
and the anal yzed val ue becane const ant 1/[0303] [ Production Exanples 2 to 9]
10A hydrol ytic condensation step of t ettaal koxytitaniumwas carried out in
the sane manner as in the above-nentioned [production exanple 1] except
that tetraal koxytitaniumto be used, an al cohol type, a dilution

concent r at iton,t igt sad et seiniduntt iofh watlemn arech el thiSi1¢ enper dttur e wer e changed.
[ 0304] The tetraal koxytitani umused, the alcohol type, a noisture
content of GHelaldoholnd the tiemperaur @ fconditdcon i arcaddi tifon time, and an
added amount of water 20 to Ti are shown in the foll ow ni%tTabI e 2. - 172

- [0306] [ Broductids Eladlld 2id1er Sepiy: SConcdmiFatitén TSed)eSthe react i on
solution o ed . in the [production xanmpl, was heat ed under
stirring, gnlg( bL}thr%“\/{igt \?r;ﬁ&aﬁtéd’rhﬁal%]ﬁﬂé%% 99t F A Gt after
the rea§t| A SO'%&%Qﬁm (Q%Q %?e vield of the aromatic carbonate
can be increased.
In other words, it has been found that by feeding a
particular aliphatic carbonate, aromatic monochydroxy
compound, and catalyst to a stage above the column bottom
10 of a multistage distillation column, and continucusly
removing an aromatic carbonate corresponding to the
starting material and the reactant, in a liguid state,
from the lower portion of the column, while continucusly
removing a low belling component, such as an alcohol as
15 by-product in the reaction, in a gas state, out of the
reaction system, the clogging of the multistage
distillation column is extremely less likely to occur,
and reaction distillation can be advantageously carried
out without the arzeotropy of the aliphatic carbonate and
20  the alcohol as by-product, and the aromatic carbonate can

be produced in a high yield.

The ailcohol, the aliphatic aromatic carbonate, and



A conposition of the evaporated |iquid was anal yzed by gas chronmat ography,
and it was confirned that the 10evaporated increnent was nearly zero. The
distillation was then conpl et ed. V*ﬂen a transparent and col orl ess
liquid left in the reactor was anal yzed) o determne Ti content and al koxy
group contents, it was found that butoxy polytitanoxane 15 having an

aver age degree of polynerization of 2 had been produced. [0307] [Production
Exanpl es 1Iatso MES]LNA lgsiecerit dthicorr agt e twas: sper florchngd itinet heeasaner 20 manner
as in the production exanple 10 except that the re.act.lon solutions

obt ai net he 'ABGVE et icon&d ilned rls A rpre s ifgz0gleqctasive 3ind 0 3 0 9 ]
[Exanple 1 ] 5ln this exanple, as a step A, poI tlta oxane havi ng an al koxy
group and érﬁ‘ arregﬁé%q'c lﬁy&?@xfod‘(?fﬁﬁ‘d&ﬁ&%‘rse - B AT sl eshol

produced a ) evaporat di stl | 1 ati on so.as to obtain a

crude pol yﬁ’l ta 1&)9 r1e i}éfnﬂ(fféaﬁtlé)ﬁl 1 “h farirhfr VIS A dup T 1 0About 194 kg
of Ilghg y%ed%@ (ﬁﬁsa%,%%tmay be unpreferred.

As described above, the reacticn for producing
aromatic carbonate is mainly related to {El) and/or (EZ},
among reactions represented by the following reaction
formulas {El to E4). 1In order fo produce an industrially

10 useful diaryl carbonate, it is preferred to add and
perform the step of carrying out the following (E3) and
(B4} .
[0276]

[Formula 35]

U—— ROCOAr

ROGOA ¢ aroH ==t AOTOA 4+ ROH €2)
O

ROCOR . ROCOAf et ROCOAr . ROCOR (B3

I | - ‘ i
o

mg};img . Rﬂ:}%{}m e AOCOAS . ROGOR ey

: &
[ L £ ot

The reaction formulas (B3 and (B4) are each a

A F S T R N B A - ! 1
20 Craviasstor i D ioat iogy reaot on e lwymsny omo e



an .yti:it:.anoxane havinoa hil-VnYy Gmn (PA ipanufact.uredhy cool ng

coil, a heating jacket, and a distillation -- 174 - About 500 kg of
phenol of 80C was then introduced thereto through a line. An internal
liquid tenperature was adjusted to 12d€{ The addition tine was 1

hour, and stirring was then 5 continued for about 4 hours to evaporate but
anol produced as by-product using the distillation colum. Fromthe

anal ysi s ofearise tdicst i lanat & Hel quied;t liot e nednf | (Frfied itshats u=hel vamolunt  of

but anol produced as byproduct (nearly the same anount as that of the butoxy
10 group coift&irEd % the o d SpelopArtdneRariecdigpediitiion) was evaporated. A
tenperature 2%%ta pressure were then adjusted so that the internal liquid
terrperature[O lhe reactor was set to 180C, and the distillation of phenol
was started. In_this ca pressure within the 15systemwas finally

e, .tn ESSure 11N € .
et 26 kpa. MR Dk P PP PR Thane o ool 1 T ate
was proguced, (e s qagti on vas cqnpleted, Red jpol yLi tanexane having a

phenoxy group was produced in thé systéem Fromthe anal§%f§, t he butoxy 20

group was pobdefitg and polyLIt angxane avig Lhe phenoxy group, wh-ie it
was repie ¢ e i by th.e ohendxy group, having the . IylT. 11 X (in-]Jthe n
175 Pol yti tan@xa t& CeIRYSINLI@NS naVihag Aan AL OXW @HOUWR ¢ carbonate
may be used, or two or more of each of the aliphatic
carbonate and the aliphatic aromatic carbonate may be
10 mixed and used.
In additicn, cne arcmatic meonohydroxy compound may
be used, or Lwo or more aromatic monohydroxy compounds
may be mixed and used.
Further, as shown by the above presumed reaction
15 formulas, the aromatic carbonate is produced by mainly
feeding the aliphatic carbonate, the arcmatic monohydroxy
compound, and the catalyst, but a solvent, impurities,
and by-preducts that do not so adversely affect the
reaction may be present.

20 [0279]

The alcohel as by-product by the reactions

known method.



were obtained in the same manner as in the [exanple 1] except that the
reaction solutions obtained in the above-nenti oned [ production exanples 10
to 18] were used, and 5 aromatic hyquxw.qpnpounds shown in the foll ow ng
Table 4 were used. The obt ai ned polytitanoxane conpositions having the
aryl oxy group are shown in the follow ng Table 4. Change in an average
degree of polynerization 10 exceeding an analysis error before and after
the step (A wasnindersbsefvetei nféachivaseseAs fathesubtmpofingise X-ray
structure analysis of the polytitanoxane conposition having the aryl oxy
group, a Ti-OFfiellgieagd ids donfildmdgt 1e rappanate eaGDE)OOEO00: e | | - -
"-r-.C FFr-....Ehff. (1/41lwcs:(v..weci:\sCZ0 (i E I ?XXC e, XXV, ') (X
11.01-1-)1dfﬁvfﬁﬁ§h3¥%%€e%qwt@Q bjrihe above reaction formulas (E3)

and/or (E4), more importantly the above formula (E4), is

[OH

recovered for recycling, recirculated, and used again for
the reaction represented by the above reaction formulas
(El) and/or (E3), more importantly the above formula (E1).
In other words, it is preferred to add the step of
performing the transesterification reactions represented
10 mainly by the above formulas (E1l) and (E2) in a first
multistage distillation column, then feeding the reaction
solution comprising the aromatic carbonate removed from
the lower portion of the column, to a second mullistage
distillation column, as it is, or after removing the
15 starting material and the reactant, performing the
disproportionation reaction represented mainly by the
above formula (E4) so as to produce the useful diaryl
carbonate, removing the aliphatic carbonate produced as
by-product at the time, in & gas state, by distillation,
20 from the upper portion of the distillation column, and
reusing the aliphatic carbeonate as the starting material

i . . e N ¥ oo A oa e . T ) - "
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[0312] [Exanple 111 This exanple conprised a step of adding a diaryl
carbonate to a pol ytitanoxane conposition having an R0- 5 Ti |inkage, and
evaporating a conponent having a Iovy«er,l Jboiling point than that of the
di ary' carbonate, together with the di"a’r%/l carbonate, so as to obtain a
pol yti tanoxane conposition having an aryloxy group in a step (1), or a step
of adding a diaryl carbonate to a 10 crude pol ytitanoxane conposition
havi ng an arydmexy. ogrou hard cevapomatdungl a hedmporee ntedvaviang raa t @wer ! $oi | i ng
point than that of the diaryl carbonate, together with the diaryl
carbonat e, @ud tid gbtsai ivaa sl yarcanoxane rcémposiviicon thavieng an aryl oxy
group in a step (B). 15After the reaction solution obtained in the above-
ment i oned [Exampld HFas Y6t Grmed Ao taengierslt 9 edder & WRiet IR t r ogen,
di phenyl car bon%te was aq_fle_g under stirring in an amount of 2.5 nol per nol
of Ti atom&"Eohtaitiéd 3 7t He'Sr SO SolflE e ZEI AHiCs "ed¥€ %N i nt er nal
liquid fermperat ure Ofantd Whreearctao\r, .vva]s%réd Ai_tqrggnyl carbona+-e was al so added
51555 5Cr reactr wds ‘gradud. 7 KSBR - - ]rshar“?ut(ﬁat‘ﬁsofr‘_eta?%ld?rbhenyl
carbonate, Lgelnet ¥ thd hedRhany  SArhenated fm thgdi stillation
0281}
The catalyst used in the step of producing the
diaryl carbonate described above is Lhe above-described
10 aryloxytitanium composition, preferably, the
aryloxytitanium composition obtained by the above-
described production method. The composition can also be
used as the catalyst for the disproportionation reaction
performed in the second multistage distillation column.
15 The catalyst component may be one previously reacted
with the organic compounds present in the reaction system,
for example, aliphatic alcohols, aromatic monohydroxy
compounds, alkylaryl carbonates, diaryl carbonates, and
dialkyl carbonates, one heal-treated with the raw
20 materials and the products prior to the reaction, or one

left by evaporating the low boiling point substance in

coptent of titanium atoms constitubling the above



After the pressure within the systemwas gradually returned to a nornmal
pressure with nitrogen gas when 5 about a half anmount of the added di phenyl
carbonate was distilled (finally, the ,tl_e.}'rp"_erat ure within the system was
about 210C, and the pressure was 3 kPa1)‘3, di phenyl carbonate of about a half
anount of that of the previously added di phenyl carbonate was added agai n.
10The di phenyl carbonate was added in a nolten state of about 150C. The
addi ti on tiave sy albiouti U higurl® The masrmperature: ofind he % dactians sot ut i on
was then set to about 210C, and the internal pressure of the 15 reactor was
gradual |y |'dieted, thereby starting the distillation of a component having
a | owner boihld?ggg% poi nt than that of the diphenyl carbonate, together with

t he di pheny lbonate fromthe distillation colum. The pressure within
the system was gr adual returned.to a nar mal ure with nitrogen gas

he _|1y 2%0-1‘ ‘ :&}F:lf Ot | : 1 R ei?s 2 y
when C .1 pne | yI"ScAFBERAL & O n PAEMFIY St Re MAMY LaBdhe"8s % Hat 1S
evapor at. eﬁ:fraé[setr!-te%%odim]jn% Qs ref-lgehre- 'Clonpor?r?eq‘:[m% Scoozr?o.n;gha?i ?ed about 400
ppm of a chl orine corrponenet. A céjnponenat Corit &1 ni ng the Hi a?VIgcar bonat e
performing transesterification and dispreportionation
reactions, using a dialkyl carbonate and an aromatic
hydroxy compound, in the presence of the above-described
catalyst for the production of the diaryl carbonate, so
10 as to produce a diaryl carbonate. With such a production
method, the diaryl carbonate can be efficiently produced.

The method for producing the diaryl carbonate in the
present embodiment more preferably comprises a step of
separating the diaryl carbenate from a reaction product

15 obtained by the above disproportionation reaction, and
particularly preferably further comprises a step of
recycling the reaction product, from which the diaryl
carbonate 1s separated, into the transesterification or
disproportionation reaction. When the method for

20 producing the diaryl carbonate comprises such steps, the

diaryl carbonate can be more efficiently produced.

| N ) . N ; P )
R N e R o TR R R By e e ey e Iy e o R e
Ly GroCarons, aromatio h VOO oar bons ;oA v b

aromaltic hydrocarbons, may be used as the reaction



evaporated at the second tine was a transparent and 5 colorless liquid (a
white solid when the |iquid was cool ed), and had |less than 1 ppm of Ti

at ons. A chl ori ne conponent was al SO 10 ppmor less. An average degree
of polymerization of the polyti t anoxane e conmposition and a Ti-OTi |inkage
were not changed before 10and after the step. [0313] [Exanples 12 to 20]
Pol yti tanoxane (or conposition) having an aryl oxy group and a diaryl

car bonat e ts@lbendsed oweréec ranged cas oI5 rehowy ithe hedfcdlilcowi ng Tabl e 5.
Pol ytitanoxane having an aryl oxy group was obtained in the same manner as
in the aboveasniticoned Yex applie cLiovtiie tive céxcept ison! éfhet hel kshange.

The reaction solution used, the diaryl carbonate, 20 the added anount of
the diaryl car bﬁﬁaﬁéer*ﬂ SRR/ tﬁéCEoﬁﬁoﬁéﬁﬂf%@apohﬁﬂéﬁman@ft Ré& 96kl or i ne
content are sh.own the pMwas not cbselved in each. case, 180

Al t hough botH t“ﬁ)érx'ﬁ“’tcor?r““eﬁt SER UERE S Gt & Oc dite e AT @ Thi ger itha he

conponent cont | n| n%y'%he di ar yILh%ar onate obtained in th

distillation-the Ti Yot ent” Tand st RECYR oritne dont ent %é)w &eslqwgl he
second 5 e%%g%&a%gﬁd%qu%%%%%Uﬂd-L%L%% Lo the reactiocn may be

introduced in a gas state from the lower portion of the
continuous multistage distillation column for the purpose
of accelerating the evaporation of the produced low

10 beiling point by-product.
[0284]

The aromatic carbonates produced by the step of
producing the diaryl carbonate described above are an
aliphatic arcmatic carbonate (alkylaryl carbonate)

15  represented by the following formula (37) and/or a diaryl
carbenate represented by the following formula (38).
[0285]

[Formula 36]

" O
Fg?r“ *\\n,/’ “qurq }griff* \\“1]//, \\\?Rfi
.

{27} f?ﬂ‘
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group having 1 to 10 carbon atoms, an
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alicyclic group having 3 to 10 carbon atoms, or an
aralkyl group having 6 to 10 carbon atoms.
(02871

A reactor used in the step of producing the diaryi

5 carbonate described above is preferably a multistage
distillation column, in terms of efficlently shifting the
equilibrium toe the production system side. Tt is
particularly preferred to apply a continuous process
using a multistage distillation column.

10 The multistage distillation column is a distillation
column having multiple stages in which the theoretical
plate number of distillation is Z or more, and may be of
any type as long as conltinuous distillation is possible

Such a multistage distillation column may be of any

15 type usually used as a multistage distillation column,
for example, a plate column type using trays, such as a
bubble cap tray, a perforated plate tray, a valve tray, a
chimney tray, and a countercurrent tray, and a packed
column type packed with various packings, such as a

20 Raschig ring, a Lessing ring, a Pall rving, a Berl saddle,

an Intalox saddle, a Dixon packing, a Mamahon packing, a

i i Iy sy I e £ ¢ i ¥ 1 3
clate portion and o oo dow it I ;oin also
5 proferably used
Whern the continuous process ls carriad out using the
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produced by continuously feeding the starting material
and the reactant into a continuous multistage
distillation column, and allowing the reaction between
both of the substances in a liguid phase or a gas-liquid
phase in the presence of a metal-containing catalyst in
the distillation column, while on the one hand removing a
high beiling point reaction mixture comprising a produced
aromatic carbonate or aromatic carbonate mixture, in a
liguid state, from the lower portion of the distillation
column, and on the other hand continuously removing a low
boiling point reaction mixture comprising a produced by-
product, in a gas state, by distillation from the upper
pertion of the distillation column.

[0288]

In the step of producing the diaryl carbonate
described above, the reaction occurs in the multistage
distillation column in which the catalyst is present, and
therefore, an amount of the resulting reaction products
usually depends on the holdup in the distillation column.

In other words, when distillation columns having the

same column height and the same ¢column diameter are

IR e B wEG, ¢ i N REEEY oo o
ey L N N R ATEI cienee Lime,  th
ceaclion timea N reaction aclutlon can be longan

a ] (R RV B 13 i -:f";| yi ; EI’“’ ] g G EOR 1 El
time is long, and, 1t iz thus likely that a side reaction
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Therefore, the holdup of the distillation column is
usually 0.005 to 0.75 as expressed by the ratic of the
volume of the holdup to the empty column volume of the
multistage distillation column, though it can also change
depending on the distillation conditions and the type of
the distiilation column.

[0289]

In the step of producing the diaryl carbonate
described above, when a reflux ratioc is increased, an
elffect of distilling the aliphatic alcohol into a vapor
phase increases, and therefore, a concentration of the
aliphatic alcchol in the removed vapor can be increased.

However, if the reflux ratio is increased too much,
the required thermal energy is excessive, which is
unpreferred.

The aliphatic alcohol may be concentrated after
extraction from the distillation column, and therefore,
refluxing is not always necessary.

The reflux ratioc is thus usually 0 to 20, preferably
0 to 10.

Specifically, when the transcsterification reaction

LypLCally representaed hy the above-desorib
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from the bottom of the distillaticn column, while the low
boiling component, such as the aicohol as by-product, is

continuously removed in a gas state by distillation from

the upper portion of the distillation column.

At this time, the catalyst may be fed from any place
of the multistage distilliation column, but is preferably
fed at a position above the column bottom of the
distillation column, and is more preferably fed at a
position above the middle of the distillation column.

When the disproportionation reaction typically
represented by the above formula {(E4) that can be
additionally performed is carried ocut, the aliphatic
aromatic carbonate and the catalyst are fed to the
multistage distillation column, and the diaryl carbonate
that is a product is continuously removed in a liguid
state from the bottom cof the distillaticn column, while
the low boiling component, such as the aliphatic
carbonate produced as by-product, is continuously removed
in a gas state by distillation from the upper portion of
the distillation column.

(02607

Thes resoron i X e oy Poproducing
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a type ol Uhe starting material e reactant, and the
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The reaction pressure may be any of reduced pressure,
ordinary pressure, and increased pressure, and is usually
in the range of 0.1 to 2.0 x 10’ Pa, though it varies
depending on a type of the raw feed compounds used, the

5 reaction temperature, and the like.
[0291]

The step of producing the diaryl carbonate described
above is characterized by producing a diaryl carbonate by
continuously feeding an aliphatic carbonate as a starting

10 material, an aromatic monchydroxy compound, and a metal-
containing catalyst to a multistage distillation column
to react them, and continuously removing aromatic
carbonates corresponding to the starting material and the
reactant, in a liquid state, from the lower portion of

15  the column, while continucusly removing a low boiling
component, such as an alcchol as by-product in the
reaction, in a gas state, out of the reaction system.
Further, it is possible to add a step of continuously
feeding the reaction solution removed from the lower

20  portion of the column, to a second multistage
distillation column, as it ls, or after removing the

SN manerial anodsor

o S AR 00 7 S R A0 I S A 00 ] i i AT
boiling component, I S I an al
o procuced as BT ; P mTmation o S o

inoa gas state, by distillation out of the reaction
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including a diaryl carbonate, in a liguid state, from the
lower portion of the column.
(02921

It is preferred to carry out the step of
continuously removing aromatic carbonates including a
diaryl carbonate, in a liguid state, from the lower
portion of the column described above in order to
increase the vyield of the diaryl carbonate and also
recycle the aliphatic carbonate produced as by-product in
the disproportionation reaction.

[0293]

The liguid material comprising the diary]l carbonate
removed from the lower portion of the above second
distillation column is usually introduced into a
distillation column to purify the diaryl carbonate by
distillation.

The diaryl carbonate is removed in a gas state from
the upper portion of the column, and high boiling point
substances, such as by-products, a Fries rearrangement
product of the aromatic carbonate, and the catalyst

component , are removed from the lower portion of the

Vi L T [T EN ARENE R B PSRV Y s 3l [
s bthey are, o1 foda possible to Dlow down only oart o
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lyat component again,



eel

10

20

. (0O 5 5

In recycle use, the catalyst component may be used
after removing the solids or purification, and may be
mixed with a newly prepared catalyslt before use.

[0294]

As described above, the aryloxytitanium conmposition
in the present embodiment, for example, the
aryloxytitanium composition obtained by the above-
described production method, is extremely useful as a
composition for storage and/or transfer, and in the
production of the diaryl carbonate, using the composition,
a diaryl carbonate having high quality can be obtained,
and the aryloxytitanium composition is industrially

extremely useful.

EXAMPLES
[0295]

The present invention will be specifically described
by way of the following examples and comparative examples,
although the present invention is not limited to the
following examples.

[GZ296]
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Measuring apparatus: JNM-A400 FT-NMR system, manufactured
by JEOL Ltd., Japan
(1) Preparation of 'H and '"’C~NMR analysis samples
Abcout 0.3 ¢ of a sample sclution was weighed, and

about 0.7 g of deuterated chloroform (29.8%, manufactured
by Aldrich Chemical Co., U.S.A.} and, as an internal
reference, 0.05 g of tetramethyltin (Wako first grade,
manufactured by Wake Pure Chemical Industries, Ltd.,
Japan) were then added thereto. The resulting solution
was uniformly mixed for use as an NMR analysis sample.
(2) Quantitative Analysis

Analysis was carried oult for each reference material.
Quantitative analysis of the analysis sample solution was
then carried out based on the resulting calibration curve.
[0298]
(Liguid Chromatography Analysis)
Measuring apparatus: LC-10AT system, manufactured by
Shimadzu Corporaticn, Japan
Column: two Inertsil-0ODS columns connected in series,
manufactured by GL Sciences, Inc., Japan

Developing solvent: Mixture of water (liguid A} and

ATEGTONLT L Le DD landsa g
PREASC YIRS S ST NI K1 RIS RV G [N RS R I T ; AR AR I

Column temperature: 3590
PDoevtector, RW.oT. detector {vefractomatert and PDA delecior

{photo diode array detector), measurement wavelength
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(1) Liguid Chromatography Analysis Samples

About 0.1 g of a sample was weighed followed by the
addition of about 1 g of tetrahydrofuran {(dry,
manufactured by Wako Pure Chemical Industries, Ltd.,
Japan) and about 0.02Z g of an internal reference and
mixing to uniformity to obtain a solution used as a
tTiguid chromatography analysis sample.
{2) Quantitative Analysis

Analysis was carried out for each reference material,
and guantitative analysis was carried out for the
analysis sample sclution based on the resulting
calibraticon curve.
[0298]
{Water Analysis)
Measuring apparatus: CA-21 trace mcilisture meter,
manufactured by Mitsubishi Chemical Analytech Co., Ltd.,
Japan
(1) Quantitative Analysis

About 1 g of a sample was welohed followed by the
injection of the sample into the {race molsture meter and
quantiiving a moisture content for the sample.

CLES
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di aryl

araoOaoO0Oa0Ost. O0t-0,-,--0gva)oo'la3 - 0..c-,.....
.0'd 12 "P'C) r)).. '"15) O, -Ea. -E, a. .-e6-E - C3).)))) OP, - ', :

- cd-rE - nmcd O Q_$€93Q) Qa) OoOCBO0OC 006 -
hi's exanple perfornmed a step of

Developing liquid: A solution was used, which was
obtained by mixing 1 L. of water, about 0.2% g of 18-
crown-6 {(manufactured by Wako Pure Chemical Industries,
Ltd., Japan!, and about 2.1 mL of 2 mol/L methanesulfonic
acid {manufactured by Wako Pure Chemical Industries, Ltd.,
Japan; .
(1) Ion Chromatography Analysis Sample

About 0.15 g of a sample was welghed. About 1 g of
toluene and about 15 g of a 2 mmol/L agueous solution of
nitric acid were added thereto, and they were
sufficiently stirred. The resulting solution was then
left still for about 2 hours. The water layer was
separated, and used as an ion chromatcegraphy analysis
sample.
(2) Quantitative Analysis

A calibration curve was prepared by using reference
solutions. A Ti amcunt in an analysis sample sclution
was quantified based on the calibration curve.

The names of compounds in the following examples may
be given according to not only the nomenclature defined

oy 1TUPAC but also popular naming.

-
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carbonate to a pol ytitanoxane conposition having an R-0- 5 Ti |inkage and
evaporating a conponent having a |l ower boiling point than that of the
diaryl carbonate, together with the di,aryl carbonate, so as to obtain a

pol yti tanoxane conposition having an aryloxy group in a step (1). 10After a
butyl titanate dinmer (B2, manufactured by N ppon Soda Co., Ltd.) was put
into a reactor, and was returned to a normal pressure with nitrogen, the

di phenyl cabbdhatie Wds Added Fot “aerafduits ofero st ipdeimdiongfc Ti at ons
contained in the reaction solution, uynder stirring. 15in this case, an

i nternal |iguitd%nper atlire S9F 4H FgﬁbﬁﬁwlﬁﬁélfgbéP@%kitHQQdFﬁﬁeny

car bonat e %§§j§£§qiggq§%)fn %.qplten st at e of, about 150C.£The.addition time
was about 1h . & T ERE RS 67 HE (PYHD SF-FThet T eact or was

our.
20 gradual Ly gai. +.and the internal pressure of the reactor was gradually
| ower ed, théreb§§§$§ﬁ?ﬁhg the I'' diph ?yd. Atte returned to a normal. or(

about asar i@a%&@%p%a‘@att@sm 0GR i%%ilﬁg.l_el%y's&q—{St}é-mllia (finally,

the tenperature w thin the systemwas about 210C an e pressure was 3
kPa), di phenylsicar bonate ofe about,y «a shalfs campunts 0f; thaty.ef: the- I W} ously

added di phenyl carbonate was added agai n. The di phenyl carbonate was
added i n armjatien cstraicg aati cabaut 140C
[0302]
[Production Example 1]
10 (Step X: Hydrolytic Condensaticn Step of
Tetraalkoxyltitanium)

340 kg of tetrabutoxytitanium {Tyzor BTP,
manufactured by E. I. du Pont de Nemcurss& Company) was
introduced to a reactor eqguipped with a stirrer. The

15 reactor was equipped with a cooling coil, a heating
jacket, and a distillation column. 148 kg of butanol was
then introduced thereto, and an internal liguid
temperature was adjusted to 0°C.

Hydrous butanol having a water concentration set to

20 5% by mass (% by weight} was adjusted to C°C in another

reacter egqulpped with a stirrer. The reactor was
GgurIpDed WATH & cooling coii, & heating aackan,  and
i i ] B in
he hydrous butanol was added into the reactor under



The addition tinme was about 1 hour. [0317] The tenperature of the solution
in the reactor was 10 then set to about 210C, and the internal pressure of
the reactor was gradually |owered, thergby starting the distillation of a
conponent having a | ower boiling point than that of the di phenyl carbonate,
together with the di phenyl carbonate fromthe distillation colum. 15The
pressure within the systemwas gradually returned to a normal pressure with
nitrogen gas whérediPpRiahy L carBEndEe SR tnéar 'y "Oke  same amodsdess that of

t he di phenyl carbonate added at the second tine was distilled (finally, the
t enper at ur & W Hi P HE S5 t8H vils 20 about™ 210 Y (He ‘pr es'ste Was 3
kPa). A conponent qfntaining t)late evaporated at the first , r er. tll.

611 n C colnriess -%fii | d (awhen Lb@ - 185 - liquid was cool ed), and

had less than 19 ppmeaf .Ti LOE, AGhLOLY e coRanEnL was al so 10 ppm or
y

| ess. An average degree of polymerization was not changed before and

after the siep: A% thed emdi ng.d quid,o 5 Rodwtidangxane {an, aygl age

degree of polynerization of Z) having a phenoxy group was obtained. It was

presuned t ghame v o RYSBmBe Qrlia (BRYA. sirdctdya. : othe,contignt of titanium
atons in the conposition obtained in this exanple was 3.4% by nmass; the

content of b thediaryle cardhonatenwas:nt5% by mass; and the content of the
conmpound having the boiling point of 150C or |ess (n-butanol, water) was 2
ppm [0318][0303]
[Production BExampies 2 to 9]
10 A hydreolytic condensation step of
tetraalkoxytitanium was carried out in the same manner as
in the above-mentiocned [production example 1] except that
tetraalkoxytitanium to be used, an alcohol type, a
dilution congentration, an added amount of water, and a
15 temperature were changed.
[0304]
The tetraalkoxytitanium used, the alcohol type, a
moisture content of the alcohol, the temperature

condition, an addition time, and an added amount of water

20  to Ti are shown in the following Table 2.



[ Ref erence Exanple 1] 15Tetraaryl oxytitaniumwas synthesized in this

exanpl e.

(manuf actured by N ppon Soda Co.,
equi pped with a stirrer.

heati ng 20j acket,

About 170 kg of transparent and col orl ess tetrabutoxytitani um
Lt¢,) was introduced to a reactor
The reactor was equi pped with a cooling coil,

a

and a distillation colum. The tetrabutoxytitJ ium was

adj usted to 120C. [ V. 705ahout. | Aours 1SS evapogalie; but - 1.86 - 10319]
From t he anal ysis|g g?h@di Stilfatesliqui ds itswass confirmed that the
anount of butanol | groduced jas byproduct (nearly the same anount as that of
t he but oxy group :gr@@ nediin the fed pol ytitanoxane conposition) was
evaporated. A tem:}”@rﬁatgﬂtre and a pressure were then adjusted so that the
internal liquid tehpge ure of:the reactor was set to 180C, and the
distillation of phengl was started ( in this case, the pressure within the
. §— et .
10system was finallySabout 26 kPa).z |z Odce &t v@as |confirmed that no or
. . . B =] o) = 3 o
little more distill afexvis grojgcecg t? rgactgonﬁ/\/as; conpl et ed. From
t he anal ysis, thel butoXly-groeup was -not.c«l ef& i =t hes system and
tetraphenoxytitanj um where it was 15 repl aced by the|bhenoxy group was
obt ai ned. The content #f titaniumatons in the conposition obtained in this
reference exanpl efwag 1% by mass; the content of diaryl carbonate was 0%
by mass; and the ¢ nfge“:htu of tt hepco oue)d h%vi ng tiye boiling point of 150C
or less (n-butano|, 2Gwated) was Tppm £ & =
2 2 9 12 2 12 3
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[0320] with 11,110, -)pir? diphonyl. was added. in an ancta - 187 - of 3
nol per nol of Ti atons contained in the reaction solution, under stirring.
In this case, an internal liquid tenperature of the reactor was 150C, and
t he di phenyl carbonate was also 5 added in a nolten state of about 140C.
The addition tinme was about 1 hour. The tenperature of the liquid of
the reactor was gradually raised, and the internal pressure of the reactor
was graduall@ @%ﬁered thereby starting the 10 distillation of a conponent
having a | o oilin 0|nt t han that of the di phenyl carbonate, together
with the d.Eﬁ%ﬂ%ﬁCk%ﬁ W ¥ ot he distillation colum. After the

pressure w |n the sten1 radually returned to a normal pressure with
ni trogen ga 'Vﬂ%n 1 %ﬁﬁtéfﬂﬁéh nt of the added di phenyl carbonat e

tes U111 e (AL LD, LAETSLULE D A1 Syt e, shout 210C
that of sthe.prgyiousi ywc@gddf%t%mﬁm/ér Csatrﬂ@m%& Wa%s added 3081 N5 s
evaporated using the distillation column after the
reaction solution reached 150°C.

A composition of the evaporated liguid was analyzed
by gas chromatography, and it was confirmed that the

16 evaporated increment was nearly zero. The distillation
was then completed.

When a transparent and colorless liquid left in the
reactor was analyzed to determine Ti content and alkoxy
group contents, it was found that butoxy polytitanoxane

15 having an average degree of polymerization of 2 had been
produced.
[0307]
[Production Examples 11 to 18]
A concentration step was performed in the same
20 manner as in the production example 10 except that the
reaction seoiutions obtained in the above-mentioned
perochiornion examples Jono Y wers s
The yeaction solutions ased and the average dedgroes

o ooolvmerizatrion of tUhe obtained polviitanoxane having



20The di phenyl

188 - than

carbonate was added in a nolten state of about 150C. Tne

that of the di phenyl carbonate, together with the di phenyl

carbonate fromthe distillation colum,,The pressure within the system was

gradual |y
car bonat e

at the second time was distilled (finally,

systenrmas
contalnlng
in yellow,

returned to a nornal pressure Wit h ni trogen gas when 5 di phenyl
in nearly the sane anbunt as that of the di phenyl carbonate added
the tenperature within the
1'210C, and the pressure was 3 kPa). A conponent
QH§3 n% carbonate evaporated 10 at the first tinme was col ored

hined about 120 ppm of Ti atons. The conponent

al so cont ai ned about

containing a diaryI

K30 R0Akn @&cghl ori ne conponent.
carbonate evaporated at the second

A ARIRENENL: of

Lo W Riof

transparenty le 169 ﬂ,% sol Id e te—tiquid-
cool ed), a g'lﬁ ?IH 101y ?61 I c ‘;?liiv‘ﬂ%tfuctlonc i) 11, iine corrponenlityg\jlras
al so 10 ppq;) ne,ter{ heng %rtan um was gt in the system| The
content of| | 1”?;‘ %J at G A "f EPTEY H% L ﬁ“oolbrf‘ﬁluﬂ‘é iin the 20 exampl e was
5.6% by ng §“’rﬁé content of the diaryl carbonate was 50% by mass; and the
content of Il@chrélron 1igReaction solution prodyse ’"é’k‘ﬁh’ﬁl“@ exgnple ép for adjustind
conponent naﬂPH?63 g pol ytitanoxane conposition having|an aryl oxy group and
a diaryl qdirbbname wascap@mfsotedpibduced stpeplu¢i@n.exdhphényl car bonat e was
added in tjlsafgend of a liquid 5 into the remaining liquid obtained in the
above- ment ifesnkdidne X anpdacticaZzblulnd@bdistd prR@ctic@x@dplt 6 gbtain a 12
pol yti t angxameple0frposi ti on having an aryl oxy group, adjjusted so that ja
concent r at ipiiuefionTl AL QBBRHSYABNcBRSSroduction example 7 6

example 16

Production Reaction solution produced in production example § 2.9

example 17

Production Reaction solution produced in production example 9 4

example 18

[0309]

o

10

[Example 1]

In this example, as a step A, polytitancxane having
an alkoxy group and an aromatic hydroxy compound were
reacted, and an alcohol produced as by-product was
evaporated by distillation so as to obtain a crude

polytitanoxane composition having an aryloxy group.

About 184 kg of light yellow transparent
polvtitanoxane having a butouwy agroun (B4 manuvfactored by
e \ 3. )
& i . + PR Andleis] :
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cooling coil, a heating jacket, and a disvillation column,
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10The content of titaniumatons in the conposition obtained in the exanple
was 5% by mass; the content of the diaryl carbonate was 56% by nass; and
the content of the conpound having the, --Fpivlmi ng point of 150C or |ess
(n-butanol, water) was 2 ppm 15[0323] [ Exanples 24 to 33]

Pol ytitanoxane conpositions having an aryl oxy group were obtained in the
sanme manner as in the [exanple 23] except that types of a titanium conpound
to be used and &ZOdiAyIac@&boiareland &9°adpast edeconhtéentratciesn wer e |
different. ti concentration o tTH nip)l JOH - 190 - content of a conpoun
having a botlklmflﬁ(ﬁt%ogﬁ]fo%qh 15057 | €8s A& TERdw i ithd PTG tHg: Tabl e 7.

- 192 - [03251 adjusted to 120°C.
The addition time was 1 hour, and stirring was then

5 continued fer about 4 hours to evaporate butanol produced

as by-product using the distillation column.
From the analysis of the distillate liquid, it was

confirmed that the amount of butanol produced as by~
product (nearly the same amount as that of the butoxy
10 group contained in the fed polytitanoxane composition)
was evaporated. A Lemperature and a pressure were Chen
adjusted so that the internal liguid temperature of the
reactor was set to 180°C, and the distillation of phenol
was started. In this case, the pressure within the
15 system was finally about 26 kPa.
Cnce it was confirmed that no or little more
distillate was produced, the reaction was completed.
Red polytitanoxane having a phenoxy group was
produced in the system. From the analysis, the butoxy
20 group was not left, and polytitanoxane having the phenoxy
group, where it was replaced by the phenoxy group, having

abP] e Ve TSI NG IO 0 I Ve T e s T o an vl syt 4 was

Thae polytitanoxane having the phenosy o, a TL -0
25 linkage was confirmed,

JO510]

[fxamples 2 o 101



[ Ref erence Exanples 2 to 12] A pol ytitanoxane conposition having an
aryl oxy group was produced w thout evaporating a conposition having a 5

| ower boiling point than that of a diaryl carbonate. The

pol yti tanoxane conposition having the aryl oxy group was obtained in the
same manner as in the above-nmentioned [reference exanple 1] except for the
condition. The reaction solution used, the diaryl carbonate, 10 the
concentration of’ OFiY tdfams *PRct RETESRPESPISoR A9 By aitass )y L otdve doontrent  of
the diaryl carbonate, and the content of the conpound having the boiling
poi Nt of* 1560 oo 1 we At o5 Halin 914 ST G g Tab ¢ BAmsheat) o) 71)

) . 0CCool n léxéerg)tooc%a)tl nchec)réa?dt?ioqls ch)léh(tzl%dszoobtained in the above-
mentioned [production examples 10 to 18] were used, and
5 aromatic hydroxy compounds shown in the following Table 4
were used.
| The obtained polytitanoxane compositions having the
aryloxy group are shown in the fTollowing Table 4.
Change in an average degree of polymerization
10 exceeding an analysis ervor before and after the step (A)
was ncot observed in each case. As a result of the X-ray
structure analysis of the polytitanoxane composition

having the aryloxy group, a Ti-C-Ti linkage was confirmed.
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63127
[Example 11]

This example comprised a step of adding a diaryl
carbonate to a polytitanoxane composition having an R-0O-
Ti linkage, and evaporating a component having a lower
boiling point than that of the diaryl carbonate, together
with the diaryl carbonate, so as to obtain a
polytitanoxane composition having an aryioxy group in a
step (1), or a step of adding a diaryl carbonate to a
crude polytitanoxane composition having an aryloxy group
and evaporating a component having a lower boiling peoint
than that of the diaryl carbonate, together with the
diaryl carbonate, so as Lo obltain a polytitanoxane
compesition having an aryloxy group in a step (B).

After the reaction solution obtained in the above-
mentioned [example 1] was returned to a normal pressure
with nitrogen, diphenyl carbonate was added under
stirring in an amount of 2.5 mol per mol of Ti atoms
contained in the reaction solution.

In this case, an internal liquid temperature of the

reactor was 150°C, and diphenyl carbonate was also added

R i
I a \ t \ i [ ¢ i I i
The mperature of the liguid of the I e wo
draduaily raised, and bhe vl ‘ £ the
reactor was gradually lowered, therveby starting ithe

Aistilliation of & componant having

P 1", --
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than that of the diphenyl carbonate, togelher with the
diphenyl carbonate from the distillation column.

After the pressure within the system was gradually
returned to a normal pressure with nitrogen gas when
about a half amount of the added diphenyl carbonate was
distilled (finally, the temperature within the system was
about 210°C, and the pressure was 3 kPa), diphenyl
carbonate of about a half amount of that of the
previously added diphenyl carbonate was added again.

The diphenyl carbonate was added in a molten state
of about 150°C.

The addition time was about 1 hour.

©

The temperature of the reaction soluticn was then
set to about 210°C, and the internal pressure of the
reactor was gradually lowered, thereby starting the
distillation of a component having a lower boiling point
than that of the diphenyl carbonate, together with the
diphenyl carbonate from the distillaticn column.

The pressure within the system was gradually
returned toe a normal pressure with nitrogen gas when

diphenyl carbonate in nearly the same amount as that of

A

e e Je e e IR B~ P, e g e Do o ey A
ocontaining the diaryl carbonates

evaporated at the Ilrst time was colored in vellow, and



a, F. cci a. - -000a-001-, a0o0'C/ aOcoatif) P ,1--1 mt,<1

- 179 -

The component also contained about 400 ppm of a
chlorine component.
A component containing the diary! carbonate

evaporated at the second time was a transparent and

(@]

colorless liquid (a white s0lid when the liquid was
cooled), and had less than 1 ppm of Ti atoms.

A chlorine compenent was alsoc 10 ppm or less. An
average degree of polymerization of the polytitanoxane
composition and a Ti-C~Ti linkage were not changed before
10 and after the step.

[0313]

[Examples 12 to 20]

Polytitanoxane (or composition) having an aryloxy
group and a diaryl carbonate to be used were changed as
15  shown in the feollowing Table 5.
Polytitancoxane having an aryloxy group was obtained

in the same manner as in the above-mentioned [example 11}

with the exception of the change.

The reaction solution used, the diaryl carbonate,
20 the added amount of the diaryl carbonate, Ti in the

component evaporated, and the chlorine content are shown

Ehe polviitanoxans oomy P11 om b the O (-1 Ll
2t excesding an analvasis error baefore and alioer a stepn (A0
L L . /

was not observed in each case.
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Although both the Ti content and the chlorine
content were high in the component containing the diaryl
carbonate obtained in the first distillation, the Ti
content and the chlorine content were less in the second

evaporated component.
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F0316]
[Example 21)

This example performed a step of adding a diaryl
carbonate to a polytitanoxane composition having an R-0-
T1 linkage and evaporating a component having a lower

bolling peint than that of the diaryl carbonate, together

with the diaryl carbonate, so as to obtain a

polytitanoxane composition having an aryloxy group in a
step (1).

After a butyl titanate dimer (B2, manufactured by

Nippon Soda Co., Ltd.) was put into a reactor, and was

returned to a normal pressure with nitrogen, the diphenyl

carbonate was added in an amount of 10 mol per mol of Ti

atoms contained in the reaction solution, under stirring.

In this case, an internal liquid temperature of the

reactor was 150°C, and the diphenyl carbonate was also

added in a molten state of about 150°C.

The addition time was about 1 hour.

The temperature of the liquid of the reactor was

gradually raised, and the internal pressure of the

reactor was gradually lowered, thereby starting the

[ 5 1 I3 I I [ i 1 e ¢ i ‘ J 1
oy i { LT [ [ ie LT IREsa il i
diphenvi ¢ From the datiliation oolum
After tThe pressure within the aystem was gradual iy

raturned to a normal pressure Lorogen gas when

Aot o ka1 F
SO 5 I
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distilled (finally, the temperature within the system was
about 210°C, and the pressure was 3 kPa), diphenyl
carbonate of about a half amount of that of the
previously added diphenyl carbonate was added again.
5 The diphenyl carbonate was added in a molten state

at about 140°C.

The addition time was abocut 1 hour.
[0317]

The temperature of the solution in the reactor was

10 then set to about 210°C, and the internal pressure of the
reacter was gradually lowered, thereby starting the
distillation of a component having a lower boiling point
than that of the diphenyl carbonate, together with the
diphenyl carbonate from the distillation column.

15 The pressure within the system was gradually
returned to a ncrmal pressure with nitrogen gas when
diphenyl carbonate in nearly the same amount as that of
the diphenyl carbonate added at the second time was
distilled (finally, the temperature within the system was

20 about 210°C, and the pressure was 3 kPa). A component

contalning the diaryl carbonate evaporated at the first

LTRSS CICrL e TR RRRY it i st el RIaln 2O o
Coms, The component 3lao conbained about 400 pom
of @ chlorine component. A component containing the
' diaryl carbonate evaporated at the second fime was o

transparent and colorless liguld (& white aolid when the
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liquid was cooled), and had less than 10 ppm of Ti atoms.
A chlorine component was also 10 ppm or less.

An average degree of polymerization was not changed
before and after the step. As Lhe remaining liquid,
polytitanoxane (an average degree of polymerization of 2)
having a phenoxy group was obtained. It was presumed to
have a (PhO)s~Ti-0-Ti-(0OPh)y structure.

The content of titanium atoms in the composition
obtained in this example was 3.4% by mass; the content of
the diaryl carbonate was 75% by mass; and the content of
the compound having the boiling point of 150° or less
(n-butancl, water) was 2 ppmn.

[0318]
[Reference Example 1]
Tetraaryloxytitanium was synthesized in this example.

About 170 kg of transparent and colorless
tetrabutoxytitanium (manufactured by Nippon Soda Co.,
Ltd.} was introduced to a reactor eqguipped with a stirrer.
The reactor was equipped with a cooling coil, a heating
Jacket, and a distillation celumn. The

Cetrabutoxytitanium was adiusted to 1209,

R R

was Uhen continued for about 4 houvs o evaporate bubano!
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[C319]

From the analysis of the distillate liquid, it was
confirmed that the amount of butanol produced as by-
preduct (nearly the same amount as that of the butoxy

5 group contained in the fed polytitanoxane composition)
was evaporated. A temperature and a pressure were then
adjusted so that the internal liquid temperature of the
reactor was set to 180°C, and the distillation of phenol
was started ( in this case, the pressure within the

10 system was finally about 26 kPa).

Cnce it was confirmed that no or little more
distillate was produced, the reaction was completed.

From the analysis, the butoxy group was not left in
the system, and tetraphenoxytitanium where it was

15 replaced by the phenoxy group was obtained. The content
of titanium atoms in the composition obtained in this
reference example was 11% by mass; the content of diaryl
carbonate was 0% by mass; and the content of the compound
having the boiling point of 150° or less (n-butanol,

20 water) was 3 ppm.

[0320]

Lebraphencxyyitanium ohiained 1 Fie baow Lilonea
i 1‘ Lhrler i mEAmMDLe L) o was relurnaed U0 a8 normas 1 pressure

W t! LT IOgen ; .l 1t .)} EE I IV R e O } anate was adaeo i oSy AmOirnT
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of 3 mol per mol of Ti atoms contained in the reaction
solution, under stirring.
In this case, an internal liquid temperature of the

reactor was 150°C, and the diphenyl carbonate was also

5 added in a molten state of about 140°C.

The addition time was about 1 hour.

The temperature of the liquid of the reacter was
gradually raised, and the internal pressure of the
reactor was gradually lowered, thereby starting the

16 distillation of a component having a lower boiling point

than that of the diphenyl carbonate, together with the
diphenyl carbonate from the distillation column.
After the pressure within the system was gradually

returned to a normal pressure with nitrogen gas when

15  about a half amount of the added diphenyl carbonate was
distilled (finally, the temperature within the system was
about 210°C, and the pressure was 3 kPa), diphenyl
carbonate of about a half amount of that of the
previously added diphenyl carbonate was added again.

20 The diphenyl carbonate was added in a molien state
of about 150°C.

4

The temperaiore of the aoluvrion in the reac
Ll H 5 Ly anou ; ERRES S 113 O Wi wnd
reactor was graduaslly lowered, thereby stavting the
; : ! 1 F ‘ | & 4 l s 1 ; ‘I s il ‘:; ;
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In these exanpl es, polytitanoxane conpositions having an aryl oxy group,
whi ch are storage conpositions 5 were obtai ned. About 900 L of each of the

pol yti tanoxane conpositions having an.ﬁﬁ%loxy group, obtained in the
S put

above-nentioned [exanples 23 to 33] was put into a transport container

(made of S0S304 and having two 10 nozzl es provided at upper and | ower
positions) of 1000 L, and was cool ed for storage. Al t hough sone of the
pol ytit anoxXdare darmposift itdrs dderhe roonplcethelng teol itdidfeited 1 ntio-it hgie i nsi des,
sone other were in a liquid form 15The pol ytitanoxane conpositions were
stored for HEBRT Hhee peats (fioamidenubis), ¥ 12606 aro CJenudry, 2009) .

The pol ytitanoxane conpositions were stored in a tenperature range from as
|l ow as -2C to as fi h=as abotit 658 FAcaSWatERotidé ERPBUGAGYL the three
years. 20The i nside of each cantainer after the storage was checked, and a

portion of 'the “¢&ithdsi i OF Wedr Hfe W9 Wi g8 T essg P aeTabl e o] St or ed

Conpos'g'oﬁiphenyl carbonate in nearly the same amount as that of

the diphenyl carbonate added at the second time was
distilled (finally, the temperature within the system was
about 210°C, and the pressure was 3 kPa).

A component containing a diaryl carbonate evaporated

10 at the first time was colored in vellow, and contained
about 12C ppm of Ti atoms.

The component also contained about 400 ppm of a
chlorine component. A component containing a diaryl
carbonate evaporated at the second time was a transparent

15 and ceclorless liquid {a white solid when the liquid was
cooled), and had less than 10 ppm of Ti atoms. A
chlorine component was also 10 ppm or less. The
tetraphenoxytitanium was left in the system. The content
of titanlium atoms in the composition obtained in the

20 example was 5.6% by mass; the content of the diaxyl
carbonate was 50% by mass; and the content of the

oy ] Teo emopw o gen gy g de o R S A o oy e




| ncrease of netal conmponents other than Ti Conposition of exanple 23
Conposition of exanple 24 Conposition of exanple 25 Conposition of exanple
26 Conposition of exanple 27 Conpositi. of exanple 28 Conposition of
exanpl e 29 Conposition of exanple 30 éo%osition of exanpl e
In this example, a step for adjusting a component
ratio of a polytitanoxane composition having an aryloxy
group and a diaryl carbonate was performed in a step (C).
Diphenyl carbonate was added in the form of a liquid
5 into the remaining liguid obtained in the above-mentioned
texample 22] under stirring, so as Lo obltaln a
polytitancxane compesition having an aryloxy group,
adjusted so that a concentration of Ti atoms was 5% by
mass.
10 The content of titanium atoms in the composition
cbtained in the example was 5% by mass; the content of
the diaryl carbonate was 56% by mass; and the content of
the compeound having the boliling point of 150°C or less
(n-butancl, water) was 2 ppm.
15 [0323]
[Examples 24 to 33]
Polytitanoxane compesitions having an aryloxy group
were obtained in the same manner as in the [example 23]
except that types of a titanium compound to be used and a
20 diaryl carbonate and an adjusted concentration were

different.

ey ) NS R Ty
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‘] e 1) T o st e ed R T L R e Uy ey

e I i LNy Lmea,  Granrya Carnonacve,

concentration of Ti atoms in the adiusted composition (%
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31 Conposition of exanple 32 Conposition of exanple 33 Wthin 5%increase
as anal yzed val ue before Wthin 5% i ncrease as anal yzed val ue before Wthin
5% i ncrease as anal yzed val ue before W ¢ip 5% i ncrease as anal yzed val ue
before Wthin 5% increase as anal yzed val ue before Wthin 5% increase as
anal yzed val ue before Wthin 5%increase as anal yzed val ue before Wthin 5%
i ncrease as anal yzed value before Wthin 5% increase as anal yzed val ue

bef ore Wt hiemB9%t mel easecrasoandl yredaal ueo hiefror eodiirtthiar 56 ttacrease as

anal yzed val ue before conpared with storage
less are shown iIn the following Table 7.
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F0325]
[Reference Examples 2 to 12]

A polytitanoxane composition having an aryloxy group
was produced without evaporating a composition having a

5 lower boiling point than that of a diaryl carbonate.

The polytitanoxane composition having the aryloxy
group was obtained in the same manner as in the above-—
menticned [reference example 1] except for the condition.

The reaction solution used, the diaryl carbonate,

10 the concentration of Ti atoms in the composition (% by
mass), the content of the diaryl carbonate, and the
content of the compound having the boiling point of 150°C

or less are shown in the fellowing Table 8.
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5 exanples 24, 25, 31, and 33 was put into a transport container (nmade of
505304 and having two nozzl es provided at upper and | ower positions) of
1000 L. The container was transferred {g, di phenyl carbonate production
facilities which was in Kurashiki-shi, Okayana, japan 10from Nobeoka- shi,

M yazaki, Japan. Days required for the transfer were 60 days fromthe
day at which the conposition was noved to the container. The conposition
was di ssol ved3Hy!l external heating (steamof 150C) after the transfer, and
was punped into a 15 catal yst reservoir in the di phenyl carbonate
production tat#TPttes 4 Resufib are shown in the following Table 11. [0332]

[ Tabl e 11] l. s 49 Lc - 198 - | About 900 L of each of the
pol ytitanoxane %ﬁﬁiﬁﬁsﬁ cﬁ‘??mﬁé\ﬁ%g ﬁoﬁé/tdrtﬂwngﬁ SUPFPOHtEiHEd i n the
exanpl es 271*1a\?18n 29],l 39d1§0 Wa?o%t i}n{ 9,2 }r ans P,rt cont aige[,ﬁgmade of
305304 and Naving Two noz2Tesdprovi ded' 5" at* Upper ahd YT positTons) of
1000 L. zThe,cpontainer. was transferred to di phenyl carbonate production

About 900 I of each of the polytitanoxane
compositions having an aryloxy group, obtained in the
above-mentioned [examples 23 to 33] was put into a
transport container (made of SUS304 and having two

10 nozzles provided at upper and lower positions) of 1000 1L,
and was cooled for storage.

Although some of the polytitanoxane compositions
were completely solidified into their insides, some other
were in a liguid form.

15 The polytitanoxane compositions were stored for
abocut three years (from January, 2006 to January, 2009).

The polytitanoxane compositions were stored in a
temperature range from as low as ~2°C to as high as about
65°C 1n a warehouse throughout the three years.

20 The inside of each container after the storage was

checked, and a portion of the composition near the wall




facilities which was in Kurashiki-shi, Okayama, Japan from Nobeoka- shi
Myazaki, Japan. Days required for the transfer were 60 days fromthe 10
day at which the conposition was noved;40 the container. The conposition
was di ssol ved by external heating (steam of 150C) after the transfer, and
was punped into a catalyst reservoir provided in the diphenyl carbonate
productionnnggégties. Results are shown in the 15foll ow ng Table 12.
-199- nmal ) 0 """ COECO at0CdO Ltil alll-. do) "0 "0 "0 '75

[Table 9]

Stored composition

Increase of metal components other than Ti

Example 34
Example 35
Example 36
Example 37
Example 38
Example 39
Example 40

Example 41

Composition of example
23
Composition of example
24
Composition of example
25

Composition of example
26

Composition of example
27
Composition of example
28
Composition of example
29

Composition of example
30

Within 5% increase as compared with
analyzed value before storage
Within 5% increase as compared with
analyzed value before storage
Within 5% increase as compared with
analyzed value before storage
Within 5% increase as compared witly
analyzed value before storage
Within 5% mcrease as compared with
analyzed value before storage
Within 5% increase as compared with
analyzed value before storage
Within 5% increase as compared with
analyzed value before storage
Within 5% increase as compared with
analyzed value before storage

Example 42 | Composition of example | Within 5% increase as compared with
31 analyzed value before storage
Iixample 43 | Composition of example | Within 5% increase as compared with

Example 44

32

Composition of example
33

analyzed value before storage

Within 5% increase as compared with
analyzed value before storage

(0329]

[Comparative Examples 1 to 11]

The polytitanoxane compositions having the aryloxy

Groum,

stored as storage composition in

produced

in the reference examples 2 to 12

waere

the same manner as in
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[0331]
[Examples 45 to 48]

About 900 L of each of the polytitanoxane
compositions having the aryloxy group, obtained in the
examples 24, 25, 21, and 33 was put into a transport
container (made of SUS304 and having two nozzles provided
at upper and lower positions) of 1000 L. The container
was transferred to diphenyl carbonate production
facilities which was in Kurashiki-shi, Okayama, Japan
from Nobeoka-shi, Miyarzaki, Japan.

Days required for the transfer were 60 days from the
day at which the composition was moved to the container.
The composition was dissolved by external heating (steam
of 150°C) after the transfer, and was pumped into a
catalyst reservoir in the diphenyl carbonate proeduction
facilities.

Results are shown in the fcllowing Table 11.

[033Z2]

[Table 11}

Transferred composition Transfer situation

LExample 45 | Composition of example 24 | Whole liquid could be pumped into reservoir
after dissoiution for one day.

Example 46 [Composition of exampie 25 [Whole Howd conid be pumped into reservolr

after dissclution for throe days,

Example 47 [Composition of example 31| Whole Bauid could be pumped into reservair

R RS Ly awgamen Fiua fuwiey b
eRiilel LIi FERITERFIE PN L WWVLT LidE Y L

Example 48 [Composition of example 33 | Whole lguid could be pumped into reservoir
after dissolution for three days.
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About 900 L of each of the polytitanoxane
composltions having the aryloxy group, obtained in the
examples 27, 28, 292, and 30 was pult into a transport
container {made of SUS304 and having two nczzles provided
at upper and lower positiocns} of 1000 L. The container
was transferred to diphenyl carbonate producticn
facilities which was in Kurashiki-shi, Okayama, Japan
from Ncbeoka-shi, Miyazaki, Japan.

Days required for the transfer were 60 days from the
day at which the composition was moved to the container.
The composition was dissclved by external heating (steam
of 150°C) after the transfer, and was pumped into a
catalyst reservoir provided in the diphenyl carbonate
production facilities. Results are shown in the

following Table 12,
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[0335]

[Comparative Examples 12 to 15]
For comparison, about 900 L of each of the
compositions obtained in the reference examples 5, 6, 7,
5 and 8 was put inteo a transport container (made of SUS304
and having two nozzles provided at upper and lower
positions) of 1000 L. The container was transferred to
diphenyl carbonate production facilities which was in
Kurashiki~shi, Okayama, Japan from Nobeoka-shi, Mivazaki,
10 Japarn.
Days required for the transfer were 60 days from the
day at which the composition was moved Lo the container.
The composilicon was dissolved by external heating (steam
of 150°C) after the transfer, and was pumped into a
15 catalyst reservoir provided in the diphenyl carbonate
production facilities.

Results are shown in the following Table 13.



[ 0335] [Conparative Exanples 12 to 15] For conpari son, about 900 L of
each of the conpositions obtained in t%g &eference exanples S, 6, 7, 5 and
8 was put into a transport container ( Y& of SUS304 and havi ng two nozzl es
provi ded at upper and | ower positions) of 1000 L. The contai ner was
transferred to di phenyl carbonate production facilities which was in

Kur ashi ki -shi, Ckayama, Japan from Nobeoka hi, M yazaki, 10Japan. Days
required for the transfer were 60 days fromthe day at which the
conposition was noved to the container. The conposition was dissol ved by
external heating (steamof 150C) after the transfer, and was punped into a
15 catal yst reseryvoiy provided—inthe di phenyl carbonate production
facilities. Results A shown_in the|follow ng Table 13. -201 - - 202 -

[ 0337] [Exanple 53] | £ § AgﬁEtEOd for producing a diaryl carbonate using
a pol ytitanoxane conpgsitgon havigg an aryloxy group as a 5 catal yst was
carried out. A palyti¥ana¥anezZcongosition having an aryl oxy group was
obt ai ned by the sane gpthﬁﬂ aéqthg; bf the above-nentioned [exanple 27]. A
pol ytitanoxane conposgti of hagi nggan|aryl oxy group, having a Ti
concentration of 5% 1 byonass (hereijnafter, also described as a

"titani um containing onp55|t£on"£ by further addi ng di phenyl carbonate was
used as a catal ysit.

A composition could not be pumped since ﬁse@o

not dissolved after 10 days or more.
A composition could not be pumped since

A composition could not be pumped since
rot dissolved after 10 davs or more.

A composition cculd not be pumped since
not dissolved after 10 davs or more.

not dissolved after 10 days or more.
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[0338] A schematic configuration view of a producing 15 apparatus of a

di aryl carbonate is shown in Fig. 1. The produci ng apparatus of the
diaryl carbonate is equipped wth distj]lation colums 110 and 120 which
have a continuous nultistage structure, a distillation colum 130, and a

di st Mati on purification col um 140. 20These are connected via predeterm ned
| i nes. Spe . ; . .icall.y, lines 1 and 12 are feed lines , mulfmy. mm and
1 - 203 - 10337 Nuneral nunbers 111, 121, 131, and 141 designate
reb0|lers d upedg§ nunbers 112, 122, 132, and 142 designate condensers.
Nuner al |gnates a preheater for 5 setting a supply materia

to a predeternl 1ed tenperature. tlllatlon colum 110 had

& Prubt GﬁgClgﬁLawgéaéag bpé O%@Pﬁ &5docéntrati on

a continuous muftist 6

part and a v.er T conc tratlon part was filled with sieve
trays of 2§€§§6&?6 §$m§%§&gﬁﬁgl%%%% Brbf 156 mAnd R Terigth of 4.8

m The EecqQuary, s rqﬁﬂ@§:fgléﬂjﬁggﬂ1 Mel apak CY (manufactured by Sul zer
Chentech Ltd., tzerl , and had an inner dianeter of 150 nm and a

length of 2.3 my %@13@&@%@@@ Lhabihan reehum v110, - r—prw%xk) Quid e
continuously supplied at about 1830 g/H fromthe feed line 1 through t he

preheat er 13 famamirhe: sieved raynomdhe L5 siage ¢ aperdfiorm-a
transtransesterification reaction. The mxed liquid contains his (3 20

met hyl but yInjcceribonrat €,¢x@heral ,27dnd a poliytiitanoxane hawpbgianoaryi oxy group
(a weight ratio of
having an aryloxy group, having a Ti concentration of 5%
10 by mass (hereinafter, also described as a "titanium-
containing composition™) by further adding diphenyl
carbonate was used as a catalyst.
[0338]
A schematic configuration view of a producing
15  apparatus of a diaryl carbonate i1s shown in Fig. 1.
The producing apparatus of the diaryl carbonate is
equipped with distillation celumns 110 and 120 which have

a continuous multistage structure, a distillation column

130, and a distillation purification column 140.

20 These are connected via predetermined lines.
Specliicaliy, lines 1 and 1Z are feed lines
SURRLYING a4 Tesd COmpound and a poilynitancrane
i i it VoL y | yE U i
Lz nad 9 are recovery Ll TRV RaT
25 genervated compound and other mate !
I 2,4 De b, 7,8, andg 10 a Tran rooLines



500 coni of the who-) e neon - 204 - The concentration part was

provi ded bel ow the stage continuously supplying the mxed |iquid, and the

recovery part was provided above the sfage. An anount of heat required for
a reaction and 5 distillation was supplied by providing an external heater,
or by circulating a colum lower liquid through the reboiler 111. Thereby,

a tenperature of a colum bottomof the nultistage distillation colum was
control l ed to abdiierF02300Pedrid 1d lpr égdur é 30f arébolidrn desp awes-scont r ol | ed

to about 140 kPaI A reaction solution was continuously renoved at

about 1.700" Y Hr Lt 0wy tHE"HrandFERPG Thel 2 4 rlom 1 hedcol it bbtt om of the

cont i nuous Crirul fi st.age distillation 15colum 110. A | ow boiling
conponent contai fi ng FHETHYTET but anol  produced as by- product was renpved

fromthe col um Thi s..then condensed .hy the condenser 112,
and 20 was reco%&%&a&y nétmrbeefrl H‘)%%r\g%%ggfat’fbf Foﬁ}‘teﬁ]eedlr% "o%ﬁy 11.1J e 3 t

'En,“hg ig%?g%ga%rll@rh SIS 1 Und i A120: -+ Jhe ;&Q{H(&A@A}tdé& atQﬁnp?@ruétptﬁ)gg Wi th
[0339]

The distillation column 110 had a continuous
multistage structure, and was equipped with a
concentration part and a recovery part. The

10 concentration part was filled with sieve trays of 25
stages, and had an inner diameter of 150 mm and a length
of 4.8 m. The recovery part was filled with Melapak CY
(manufactured by Sulzer Chemtech Litd., Switzerland}, and
had an inner diameter of 150 mm and a length of 2.3 m.

15 In the distillation column 110, a mixed liguid was
continuously supplied at about 1830 ¢g/Hr from the feed
line 1 through the preheater 113 from the sieve tray of
the Zbth stage to perform a transtransesterification
reaction. The mixed liguid contains bis{3-

20 methylbutyl)carbonate, phenol, and a poelytitanoxane
composition having an aryloxy group (& weight ratio of
E3 LS T KR ey WL , OATDGRate UG Dhoeno] inorhe miwad 1 (SN i

adjusted to about 500 pom of Lhe wholse amount of

e RN
L ]

R
AL

FO240)



Uf and. al - 205 - dianeter of 150 nm arid a |l ength of about 6 n) of
five stages, and the recovery part filled with Ml apak CY and havi ng an
inner diameter of 150 mmand a | ength of, 3.8 m The reaction solution was
supplied at about 1700 g/Hr to 5 the upper part of the concentration part.

[ 0341] The tenperature of-the colum bottom of the dlstlllatlon col um
120 was controlled to 200C, and the pressure of the colum top

controlled to aH@@tC@n%ﬁ§erGiR“dF§ﬁﬂoﬁ@ﬁtFﬁﬁdﬂﬁ@ﬁ P@é@ﬂléﬁ“%ﬁéfﬁ%?forned

on this condition ow boilin ent cont ai phenol and

bi s 3- neth%ﬁfbiu&rw%%lr&boﬁ&t%wmfg g O R el e Skt G 110

t hr ough th%%ggpd%gser(}zzeé &Ja %b line 5, 15 and the feed line 1 from
t he col umm op(ﬁ T he dr§% 1%8t5 0N i 420, From the col um bottom

of the distillatjon.,gc %Qn%fl%% t@gq&g%%hlg% sol yt. ggl%%n%qkﬁlng di phenyl

car bonat e was supplle to the d stll ation col am t hr ou t he

20t ranster d4de é@jcﬁ?fﬁﬁ nadﬂgs};ﬁt 1dd gty qn- separat 1.on. ethﬁm?ali 13048, a

distillation colum nat,i)oin re-bo:.rl.er |3l a-d the condenser 132, put

of a col uetf ﬁﬁrblctQ:l}ﬂrHLJlﬂeQ é’\ﬁ:SJlQQrﬂ{ rohled 100 «HtodyB30Ge and
edIl1:SSu.re of a co.tum too thoreot was conti Lel to ad--]t 0,5 kPa.
rebeoiler 111,

Thereby, a temperature of a column bottom of the

multistage distillation column was controlled to about
16 230°C, and a pressure of a column top was controlled to
about 140 kPa.

A reacticn solution was continuously removed at
about 1700 g/Hr through the transfer line 2 from the
column bottom of the continuocus multistage distillatien

15 column 110.

A Jlow boiling component containing 3-methyl-1-
butanol produced as by-product was removed from the
column top.

This was then condensed by the condenser 112, and

20  was recovered by a reflux ratioc of 2 from the recovery

line 3,

multistage disrtilliation column 120
25 The continucus multistage distillation column 120
equipped with the concentration part having the reboiler

173 P P e - oy A T T BT T R T oy Lo g o e
P20 and o ohimney type distillation colomn (an inne)



- 206 - The | ow boiling conponent containing di phenyl carbonate was
renmoved fromthe colum top, and was supplied to the distillation
purification colum 140 through the congdenser 132 and the transfer line 7.
50n the other hand, a high boiling conponent containing a catal yst was
circulated to the distillation colum 110 through the transfer line 6 and
the feed line 1. [0342] 10The distillation purification colum 140 is a
distillati on-eBFuin ¢111ed Wit vk Apek CY anll HalihgP di i Shef et anet er of
150 nm and a_| engt h_ of §1n1 and is e uippgd.mj h the reboiler 141 and the
condenser 12479%he Fedcton" ot (it 6P tont at hi ¢ Yﬁ{hm%ﬁig%%kb%%a@%? 15

supplied toh%he %i illation. urificaéi col um, 140 thrfuthtEe transfer
line 7 fromthe di s%ﬁrli%?]fo%l <ot thth smr?)u‘?r?qi%dlcf]}lg@?]eo{ji t¥1Tati on
purificati col umn, 140. . Ther ghy, 5§qg§&}pqg§Qy RS S ofyﬂ%ph | carbonate
was obtaing§u€r0n1t_e recovery ie 9 l'ocat ed dboye_%%e'z cdfﬂ%% b%tton1and
| ocat ed sbel gye tiheo &t st H at # oy £akdum, The: 1 ow boid i ng conponent
coLainl 3-methyl butyl. - 20'7 - renoval line 11 was adjusted to about 5%
by mass, anthajrconcentration of titaniumatons in the titani um containing
conposition supplied fromthe feed line 12 was adjusted to about 5% by
mass. The suppl yhef tdie b dtidranicimeecentailniig heanpesidd am« rom t he f eed
line 1 was stopped. Si mul t aneously, the anmount of the liquid
circul at ed diosteactuiofort hes dirst 111 @tvon @l wmnisl svast gradifal, | yrichaneased so
that the anmount of diphenyl car bonat e

pressure of the column top was controlled to about 3 kpPa.

10 A disproportionation reaction was performed on this
condition.
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,
15 and the feed line 1 from the column top of the
distillaticn column 120.
From the column bhottom of the distillation column
120, the reaction solution containing diphenyl carbonate

was supplied to the distillation column 1320 through the

20 transfer line 4 to perform distillation separation.

The distiliation column 130 Ls a distillation column
‘ ¢ ¢ ! i TGV an  1nne ciia ;
o vl e L
LRIt A S0 SS: SR VAR (50 R 0 N U I T S SRS B I A 4 Ll w [ SRS
rebholler 131 and the condenssy 13
ol A Temme 1 of & yiumn ) moof the distillation

column 120 was controlled to abount 1480°%C, and a pressure

of & column top thereot was comtroalled To abhout 005 ks



10 recovered fromthe recovery line 9 was about 1000 g/ Hr. [0343]

After the continuous operation described above was perfornmed for about 12
hours, the continuous operation was .in@; steady state. 15At this tine, in

t he transfer line 2, the conposition of the liquid contai ned about 15% by
mass of phenol, about 67% by mass of bis(3-nethyl butyl)carbonate, about 17%
by mass of 3-nethyl but phenyl carbonate, about 0.3% by mass of di phenyl
carbonate, and ab&ut-©y. %% éenﬁy‘"ﬁﬁ@@nﬁp L3ChBtRy 21 DObGEANERY IThe f1ow rat e

was about 1 1. 402 [Hr. TTFI Gr?g wer e 001a out. 1 111 08 - The
conposi t i on-Bf° (fl}iae i o S e TR 99 B TESht & d“’ééFbout 100% by

mass of 3- el 1 c!d twtq_r}l dlshLe a\r/]go(r%?fatgf%\évaﬁs% (ﬁ?]g;%gﬁ 01% 0344] 5In

the transfer H4ne 4, T he corrp03| out 0. 2% by

nass of bis(opt iyl bulyldsarhonate . abayt, 18%hy. e caf%%f 3 methyl butyi

phenyl carbonate, by mass di phen onate. The flow

rate wag about @%3§hQ/HEhe¥Oh@the t%@@%f%blhlﬂ% %om?%%e%@”pos't'on of the
li qui d contained about O.2% by nmass of 3-met hyl-1-butanbl, about 17% by

mass of phenoltairand; about 83Dy S8RSS ofu RIS B-uretdnd Rutad ) carbonate. The
flowrate was about 10300 g/Hr. 15In the transfer line 7, the conposition

of the |iquicdd wentidined ahewt B8%thymass: ofirgi ghenyd woas bonat e,1apout 12%
by mass of 3-nmethyl butyl phenyl carbonate, and about 0.2% by nass of
bi s(3- nmet hyll.butyl ) carbonate. The flow rate was about 1140 g/ Hr.

[0342]

10 The distillation purificaticon column 140 is a
distillation column filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and is
eguipped with the reboiler 141 and the condenser 142.

The reaction solution containing diphenyl carbonate,

15  supplied to 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 100% by mass of diphenyl carbonate
was obtained from the recovery line 9 located above the

20 column hottom and located bhelow the distillation column.

e low bolling component containing 3-methyl butyl

Line 2 from the column topn of the distiilation
Y o purification oolumnn 140
A concentration of titanium atoms of a titaniuam-



20After the continuous operation described above was cu_r contimed for
O, the diphenyl a white Rni," (3 at nowhen 209 -- The

about 100
titaniumc

ont ai ni ng hi gh-boi ling substance renoved fromthe renova

line 11

was then adjusted to about 1.8 g/Hr (the concentration of the titanium
about 5% by nmass), and the titaniumcontaining 5 conposition

atons was

supplied f
concentr at
cont i nuous
car bonat e

stably pro
solid at n

A pol ytitanoxane conposition havi‘'ng an ary

romthe feed line 12 was adjusted to about 1.8 g/}-!r (the
i GOt Wl 1S tani'Ui atcoris® Was @bolto 5% by Madwss Sidnd at |y
operation was perfornmed for about 200 Hr. Simlarly, the
(ATRHaHYI? AT boHatic): 0. Pectvarod T 1o {He- FectVery | i ne 9

, the
di aryl
was

d at. ab 100Q..g/ Hr. The dj pl | | £ whi
R PP AT (a8 B Vit AL loHaryT cdl bohatthas
analyzed’-Edfﬁgiégnbggﬁﬁﬁh? 4|§?§mﬁﬂﬁn %ngghgpégégﬁg§de[Exanple 54]

oxy e used was

obt ai ned byt tihg. et-had, descrniped. i, dihe apovesmantd oned; [1exam] e, 38] .

Fur t her nor
adj usted s

e, the 20 pol ytitanoxane conposition having the aryl oxy gr
atddpekld5. 7 a Ti cbflubbtralLlys Wb 5 5% by mass was

|"t(dentionedl Ib ['id:L. except for 7 The drvered fromthe recovery

10

15

20

Simultaneously, the amount of the liguid circulated
to each of the distillation columns was gradually
increased so that the amount of diphenyl carbonate
recovered from the recovery line 9 was aboul 1000 g/Hr.
[0343]

After the continuous coperation described above was
performed for about 12 hours, the continuous operation
was in a steady state.

At this time, in the transfer line 2, the
composition of the liquid contained about 15% by mass of
phenol, about 67% by mass of bis{3-methylbutyl)carbonate,
about 17% by mass of 3-methyl butyl phenyl carbonate,
about 0.3% by mass of diphenyl carbonate, and about 0.2%
by mass of 3-methyl-l-butanol. The flow rate was about

13402 g/,

oup,

Jhl yn



- 210 - The di phenyl carbonate was a white solid at nornal
tenperature (about 20C). When the di phenyl carbonate was anal yzed, Ti was
not detected (less than 1 ppm). [0347]; 5[ Exanpl e 55]

D (n-butyl)carbonate was used as a dial kyl carbonate, and a pol ytitanoxane
conposi tion having an aryl oxy group, obtained by the nmethod described in

t he above-nentkgned exanple 251 and further adjusted so that a Ti 10
concentration was®5¢BY O rads Was flusdd. lﬁqHHgnﬁp &Qﬁbéﬁapéeﬁaklﬁﬁﬁﬁu%ed in

condi t1 on. TG 4 Heny1c Sar oNGS PELOvared FrOM e ResVerl: 187 ne o was
stably pro t .10( . The di phenyl carbonate was a white
duced at. aboul 5¥>Q?a i# %ﬁﬁ5\M\ .

solid at nornmal tenperature en t he di phenyl carbonate was
anal yzed, Tigwas not detected (less than 1 ppm). [0348] 20[ Exanple 56] In
this exanple, a nethod for producing a diaryl The polytittion havine the at

mimt gt rod bymehhoHrasstrhat 19fthe yend LlondbhattiohThe the
liguid contained about 0.2% by mass of bis(3-
methylbutyl)carbonate, about 18% by mass of 3-methyl
butyl phenyl carbonate, and about 80% by mass of diphenyl
carbonate. The flow rate was about 1238 g/Hr.

10 In the transfer line 5, the compositicon of the
liguid contained about 0.2% by mass of 3-methyl-l-butanci,
about 17% by mass of phenol, and about 83% by mass of
bis{3-methylbutyl)carbonate. The flow rate was about
10300 g/Hr.

15 In the transfer line 7, the composition of the
ligquid contained about 88% by mass of diphenyl carbonate,
about 12% by mass of 3-methyl butyl phenyl carbonate, and
about 0.2% by mass of bis(3-methylbutyl)carbonate. The
flow rate was about 1140 g/Hr.

20 After the continuous operation described above was

further continued for about 100 Hi, the diphenyi

) R i Loi s Lt Y i 3 Y
‘ \\\\\\\\\ i i b y
a white gsolid at normal temperature (aboub 20°C Whier
25 the diphenyl carbonate was analvzed, Ti was not detected
{less than 1 ppm) .

F0345 ]



- 211 - polytitanoxane conposition having the aryl oxy group was used as a
cat al yst. In the pol ytitanoxane conposition having the aryl oxy group,
phenyl salicylate having a higher boilifg point 5 than that of di phenyl
carbonate was detected. The nole ratio of the phenyl salicylate to the
titanium atons was about O. 1. [0349] A schenmatic configuration view of a
produci ng 10 appﬁratus of a diaryl carbonate is shown in Fig. 2. The

produci ng appar at'tfs tdf“ﬁﬁé”‘bf%“d’d%ﬁ‘dﬁ@ |k%ojédd]qpp5éjd’%@ﬂf% stillation
col ums 110r9m9 1&0 i nuo. tistage, structure,

distillation co urm“i% P}é dr%m%Yasf #"‘r%ﬁigﬁ %ﬁﬁh(&%t‘?%hu%to?ﬁnﬁomo
15These are,Gonpect gd Yhﬁ {ﬁng ﬁ%?EI'Q of the %ﬂﬁgﬁlémfggﬁlz are feed

l i nes supplyln a feed oun t ahoxane CcoONpo "Ravi ng an

aryl oxy gropps 950&@95i'%F mass), and tﬁén@§t§h@ﬂg §§£¥5ﬁﬁfﬁ8very I nes

recovering a 20 generated conpound and ot her materia Lines”2, 4, 5, 6, 7,

i glnf) (bol asentsansier OHFTB 2xi TEIZEEH NAIRLY i ladif b Aegu’ ol v 142
I r
to about 1.8 g/Hr (the concentration of the titanium

atoms was about 5% by mass). Similarly, the continuocus
operation was performed for about 200 Hr.

Similtarly, the diaryl carbonate {diphenyl carbonate)

10 recovered from the recovery line 9 was stably produced at
about 1000 ¢g/Hr. The diphenyl carbonate was a white
solid at normal temperature (about 20°C). When the
dipheny! carbonate was analyzed, Ti was not detected
(less than 1 ppm).

15 [0346]

[Example 54]

A polytitanoxane composition having an aryloxy group
to be used was obtained by the method described in the
above-mentioned [example 381. Furthermore, the

20 polytitanoxane composition having the aryloxy group,

adijusted so that a T concentration was 5% by mass was

as in the above-mantioned |[example 531 sxcent for the

2 condition.
The dipheny] carbonate recovered from Lhe recovery

Pine 9 was astablyv orodoced at aboot 1000 o/Hr,



- 212 The distillation colum 130 is a distillation colum filled with
Mel apak CY and having an inner dianmeter of 150 nmand a |length of 4 m and
is provided with the reboiler 131 and #t-he condenser 132. 5About 10 kg of

t he pol ytitanoxane conposition having the aryl group (titanium
concentration: about 5% by nmass) was supplied to the | ower part of the
distillation colum 130, and the tenperature of the polytitanoxane

conposi ti on havij‘ﬁfj tdﬁé)%gr“%q éﬁgﬁﬁf S &ont faolwﬁlé&et G‘Ogﬁbiufitl@fﬁ@@.i [ 0350]
After this state was held far t 72 H, part of the polytitanoxane
conposi tion A veirﬁl\gﬁ%rhee Qgiﬂlﬁgr%oggy\l\/asﬁg%’ﬁﬁgﬁ Hah%%f y‘g‘é’é‘goﬁﬂéﬁyl

sal i cyl at e Jhaying @ higher; 15 Doidd ng.points than & hat, of, the di phenyl
carbonat e was det egit ed. Thle nol e ra’?%o of t%eﬂp en;EIar;asnaI}i a)t'e to the
titani um atgmswas about 0.5. A mixture of a high-boiling substance
generated in the distillation colum 130 and a titani umcontaining 20
conposi bi onfHx:sangefd med as a conposition A The conposition A was used as a
reaction c.al a 1l. y st for the tillaticolum 110 Filled with / nn and
dpf. 12 It stradrnnxedtyil2thdbtn@tk was used as a dialkyl carbonate,

and a polyltitanoxane composition having an aryloxy group,
obtained by the method described in the above-mentioned
[example 25] and further adjusted so that a 7Ti

10 concentration was 5% by mass was used.

Diphenyl carbonate was produced in the same manner
as in the above-mentioned [example 53] except for the
condition.

The diphenyl carbonate recovered from the recovery

15  line 9 was stably produced at about 1000 g/Hr.

The diphenyl carbonate was a white solid at normal
temperature (about 20°C). When the diphenyl carbonate
was analyzed, Ti was not detected (less than 1 ppm).
[0348]

20 [Example 56]
in this example, a method for producing a diaryl

[ bt A Y b RO oA B SR Ao B R A RSPV BN AL s I S PR S FR v SV O I A

kv
The polviitanoxane composiblon having the arviogy
25 gronn, manulactored by The same method as that of the
alove-mantionad {exampie 311 and furiher adiusted so rtharv

a Pl concentration was 5% by mass was obiained, The



213 - dinethyl carbonate and about 70% by nmass of phenol was continuously
supplied at about 41 kg/H to the sieve tray of the 50th stage fromthe
feed line 1 through the preheater 113.,:Gn the other hand, a mxed liquid 5
cont ai ni ng about 70% by mass of dinethyl carbonate and about 30% by mass of
phenol was continuously supplied at about 41 kg/H to the |lower part of the
distillationlc,L%nn 110 froma feed line 1'. [0351] 10A concentration part
was provi ded bel’ow ¥ St g & EERTMISUs Iy SuishI Yithg HE M LEE YT dlRY. A
recovery payt.as provjded above the stage. An anount of heat

required for a reaction and distillation was supplied by providing an

external heater;,1 r Lk LAd .8y 1m . |.o | Lquid t he
reboiler 111. Tﬁgrgﬁg,pQXYEE%ggg?%pg o? ggggﬁgﬁh o?%éﬁ1gbgag%&ﬁ#%gtage
distillationeg) uphawas eentiighled tQ.akeuty 230G and i3 jpressung of a

colum top was controlled to 20about 0.55 MPa-G tanoxane como sit.i.on
havi ng the taryl toxyt @disstdildratiyon ccolbete 130 uRitthé 40 adhe. RalLe the
ccncent.rat.jon of theriin lumate - 214 - The reaction solution was
cont i nuouslnatriemaned hat phenyl salicylate to the titanium atoms was
about 0.1.
[0349)]

A schematic configuration view of a producing
10 apparatus of a diaryl carbonate is shown in Fig. 2.

The producing apparatus of the diaryl carbonate is
equipped with distillation columns 110 and 120 which have
a continuous multistage structure, a distillation column
130, and a distillation purification column 140.

15 These are connected via predetermined lines,

Lines 1 and 12 are feed lines supplying a feed
compound and a polytitanoxane composition having an
aryloxy group, or the like.

Lines 3 and 9 are recovery lines recovering a

20 generated compound and other material.

Tty T i o I e I T S
Lines 2, 4, 5, &, 7, 8, and 10 are transfer lines.

3 1 1
}i B Laa )
reboilers, and numeral numbers 112, 122, 132, and 142
25 desianalte oondensers.,
Lo E [ o Vo e e i . ] e .
sllme rdad Dumnoe . D d aesidgnates o Drehealer Lorx

setting a supply material o a predetermined temperature.
] Y ; in mperature,



about 21 kg/Hr through the transfer line 2 fromthe colum bottom of the
continuous nultistage distillation colum 110. 5The | ow boiling conponent
cont ai ni ng net hanol produced as by-praduct.- was renoved fromthe colum top.
This was then condensed by the condenser 112, and was recovered fromthe
recovery line 3. The reaction solution removed fromthe transfer

line 10 2 as de ed a was s to the continuous nultlstage
distillation col ﬁ %1263 6§$ EB Egpnu6u§ ﬁﬂPiﬁggﬁbéoal§PlPW§tlon

col um 120 wmas qgghggfqﬁﬂgi a(gpnggpg%%%%gﬁépgngwgﬂdd?Fg$ overi:15 part.

The concentTation r eboi 1 er si eve tYp

distillati qrsoccmnumgof L6 8fi30es (ag, | anef ¢ %{f%tvl%éj]e%lf 3?8 The and a | ength

of about 4 m). The recovery part was 'fi apak and had an

i nner di anetgy,i0f= 15 1My and 12 lengih of- 4 ym The 20 reaction sol ution was
supplied at about 21 kg/H to the upper part of the concen. t ration part.

and thespressur abkRa. 1enkg thehéoFQﬂn}t'&BBnMthépE@ﬁfﬁbEhQlon hd¥3nzy The |ow
boi | i ng conmponent containing pheno

the aryl group (titanium concentration: about 5% by mass)

was supplied to the lower part of the distillation column

130, and the temperature of the polytitanoxane

composition having the aryl group was controlled to about

10 200°C.

[0350]

After this state was held for about 72 Hr, part of
the polytitanoxane composition having the aryl group was
sampled and analyzed. Phenyl salicylate having a higher

15  boiling point than that of the diphenyl carbecnate was
detected. The mole ratio of the phenyl salicylate to the
titanium atoms was about 0.5

A mixture of a high-boiling substance generated in

the distillation column 130 and a titanium-containing
20 composiltion is defined as a composition A. The

composltion A was used as a reaction catalyst for the

In the distillation column 110 filled with sieve
trays of b stages, having an inner diameter of 150 mm

S . O M I o roTy - B N B : : : el N
anc @ Lenghh o of B2 om, and having a continuous mulelistaoe

structure, a mixed liguld containing about 30% by mass of



di met hyl 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 5 dlstlllatlon colum 120. 733 - Fromthe columm bottom of the
distillation colum 120, the reaction solutlon cont ai ni ng di phenyl
carbonate was supplied to the distillation colum 130 through the transfer

line 4 to perf rn1d|§tlllat|on paration. 10The dIStl||atI0n colum 130 is
a dlstlllaffonqc 4 <aqbqqat Cﬁ Lﬁpg&“ yhﬂ@°ﬁa§inéﬁﬁﬁ“T%H%Fldlaneter

of 150 nn1qqg“q§nﬁﬂ%ﬁé% ﬁﬂka@Qg:EﬁKRFOVId th tq?F%eb0|ler 131 and

t he condenser ture of ‘& col um ton1of &distii%ation 15

cmumwtmdw%&mmww@@g&g&%%@f%%&mh@emﬁ§ggmh%cmum1“mvms

controlled to about 1.7 | ow boil'i n nent contai ni ng

di phenyl carhonatie mas ¥ enoyedntr gpnt hencahung ﬁwQQ@da@g wag supplied to the
distillation purification colum 140 20 through the congenser 132 and the

transfep |icnetain@mgt hoeuat her Ranehasa kirghiikeihiyvng ccomenrent sthe di st
3LiliaLion coaurm tilled with Me. Lanalc Cy and having an 216 inner

di anet er ofebbB0 Mhang aalsengtth pofnd Imyaandcins iequiupped swisth itde aweboi | er

141 and the condenser 142. The reaction sol ution containing diphenyl

car bonat e, adapl iléd kud Hrhé oditsiei [loaeiropapur ioffi céatei o scalluam ib40 through the

transfer Ilne 7 fromthe distillation colum 130 is purified in the

di stillati &R piivi filfaticen eolferf 140e THer eby, 99.8% by mass of di phenyl

car bonat e %%3 g?talned fromthe recovery line 9 | ocated above the col um

bott om and cat'ed belom/the distillation colum. 10The | ow boiling
circulated to the

conponent cont aj nln L hen car bonat e, wa
dIStI|fatI0n co uﬁ%‘iﬁb % bgﬁhpgﬁb FecoVery: ffReP26°4nd £hé%Fransfer Iine
2 from the Gakum L8R, 0L H0% i3t hLati o pynifigatipn colum 140,

was provided above the stage.

An amcunt of heat required for a reaction and
distillation was supplied by providing an external heater,

1> or by circulating a column lower liquid through the
reboliler 111.

Thereby, a temperature of a column bottom of a
multistage distillation column was controlled to about
230°C, and a pressure of a column top was controlled to

20 about 0.55 MPa-G.

The polytitanoxane composition having the arylioxy

Pilarion oolagmn 110
distillation column 130 using the transfer lipne 6 to

25 adiust the concentration of the titanium atoms in the
column Dottom of the distillacion column 110 to about 200

[SIein



15[ 0354J After the continuous operation described above was perforned
for about 12 hours, the continuous operation was in a steady state. At this
time, in the transfer line 2, the 20. composition of the liquid contained
about 55% by mass of phenol, about 2 6% by mass of dinmethyl carbonate,

about ne. t. aii ciThe 11 .1. ow __ f e ._about 40 kg/H 1ii the tra.the
conpo” Del(p O ., 1 % by massj. . -.217 -- mass of phenol, and about 80% by
mass of diphenyﬁhéaﬁggﬁéﬁgp The U160 Wﬁ?e“ﬁﬁil388ﬁﬁﬁé.ﬁ“W@FﬁF.at In the
transfer lipe 4 4h Si Ll f. the liguid.contained about 78% by mass
of di phenyl cé?boha?%ﬁggggﬁvﬁﬁggégg“%gggﬂgg%ﬁéﬂﬁ§r“%Lg%ynlggF%onate, and

about 3% by.dmgs, ofoRhenels e Jdaw fahg WL&%%%E%}@S.&@tg{ latigp After the

conti nuous operation descri bed above was furt nti nue or "about 100
Hr, the di plrenyin cargonate recovered fromthe recovery line 9 was stably 10
produced at about 1 kg/Hr. When a titani um containing high-boiling
subst ante obt ai mad ficanmbbhe ingnovinpgnkihnecthrwasiapahyzednca ratio of total
nol es of phenyl salicylate and nethyl ester salicylate to noles of titanium
atonms was aboutuckdl.as150365)duct was\Wremdvel donth nueus:copetraticon descri bed
above was further continued for about SOO Hr, the diphenyl carbonate
recovered fitdm thie rideoveoyndamedd bwag st abindeprseduced ,atarabouts 4 kg/ Hr.
The di phenyl carbonate was a 20 white solid at nornal tenperature (about
20C) Wen t &covered from the recovery line 3.
The reaction solution removed from the transfer line
10 2 as described above was supplied to the continuous
multistage distillation column 120.
[0352]
This continuous multistage distillaticn column 120
was equipped with a concentration part and a recovery
15 part. The concentration part had a reboiler 121 and a
sieve tray type distillation column of 16 stages {(an
inner diameter of 150 mm, and a length of about 4 m).
The recovery part was filled with Melapak CY and had an
inner diameter of 150 mm and a length of 4 m. The
20 reaction solution was supplied at about 21 kg/Hr to the

upper part of the concentration part.

vhaon LA TE Lo uaity i R

and the pressure of the column bop was controiled to
apout 133 kPa, A disproporcionation reaction was

[ O LU0 1 S DA O T O O A N D 35



di phenyl carbonate was anal yzed, T.i. was not detected renoved |I ramtheHO
11 was than vildjust - 21E to about 2.0 g/H (the concentration of the
titani um atonms was about 5% by mass)- &Siwmitarly, the continuous operation
was performed for about 500 Hr. Simlarly, the diaryl carbonate

(di phenyl carbonate) recovered fromthe recovery line 9 was stably pr oduced

at about 4 kg/ Hr”hequ)&j &{}ﬁn@ﬁ g%rwg) n%tneL V\%% - Avr\zh}"lni ep%cno (por el

tenperature (about 2 enyl’ car onat’e fwas' “and yzed Ti was

not deteCtanﬁé@§§lt&E¥b5ﬂ5¥gowagx&f%%ﬁﬂadggaﬂyl@héZJL%L1]1a Rhls

exanpl e, a method for producing a diaryi carbonate using a po ytltanoxane

CONMposi ti on-MBaVHNgL BN @K ¥b XY G5OUP %@ CAt B ySteMas, £atsief ouf. é5A
pol ytitanoxane conposition having an aryl oxy group, manufactured by the

same net hodaras thatsefd t henabove-dsentioned [exam e>42]nhand further
adjusted so that a Ti concentration was 5% by mass was obtai ned. The

pol yti t anoxane: coposiit i onldaviigd t he aryl oxy group (in 20 the conposition,
phenyl salicylate having a higher boiling point than that of diphenyl
carbonate was thocgaltue ogpsturtrhéarinicsr mennére afs sitn 11 atica! tche woi 1
120, the reaction solution containing diphenyl carbonate
was supplied to the distillation column 130 through the
transfer line 4 to perform distillation separation.
10 The distillation column 130 is a distillation column
filled with Melapak CY and having an inner diameter of
150 mm and & length of 4 m, and is provided with the
reboiler 131 and the condenser 132.
A temperature of a column bottom of the distillation
15 column 130 was controlled to about 190°C, and a pressure
of a cclumn top was controlled to about 1.7 kPa.
The low boiling component containing diphenyl
carbonate was removed from the column top, and was
supplied to the distillation purification column 140
20 through the ceondenser 132 and the transfer line 7.
On the cother hand, a high boiling component

T T .t o S U R SO S B H— N
B it JE N L S 0 S S N WS W N Lebd Aol R ) R B |

distillation column filled with Melapak €Y and Faving an



- 219 -- Simlarly, the diaryl carbonate (di phenyl carbonate) recovered
fromthe recovery line 9 was stably produced at about 4 kg/Hr. The di phenyl
carbonate was a white solid at nornal te#perature (about 20C). Wen the

di phenyl s carbonate was anal yzed, Ti was not substantially detected (|ess
than 1 ppm. [0357] [Conparative Exanple 16] A diaryl carbonate was

produced using.the: produci hg LG, apparat us ]gﬁgrig%}pngmqi@r%l _é%_zgﬁrj__bogate

described in the above-nentioned [ exanple shown’ in |“b 1. A

pol yti t anoxane: Seaposi ti o daving A af ¥ 0Xyy GhaUR, o R act pred by the
sane nethod as that of the above-nentioned [reference exanple 5] and

further adjustedrhy rlg@cmdjnn@(ﬂiumwlco@@ramm]gg SQHhat &akipgsoncentration
was 5% by mass, was used as a catal yst. nparative exanple 16 was
carri ed outsipelhed same: ianhest @lsl 4 i drhepabove-aendi aped:d-exanpl e 53]
except for the condition. 20The ampunt of the diaryl carbonatehenyl
car bonate) ¥lecovdr edid riomthieer elcovery Tiae Shavas: aiboutatatomosemhmn t enpo
ture kfl).)(aut 20CM Wien the dip):' carLonate was andl yseet the dioheny 1
crmul m 130 is purified in the distillation purification column

140. Thereby, 99.8% by mass of diphenyl carbeonate was

obtained from the recovery line 9 located above the

column beottom and located below the distillation column.

10 The low boiling component containing methyl phenyl
carbonate was circulated to the distillation column 120
through the reccvery line 10 and the transfer line 2 from
the column top of the distillaticon purification column
140.

i5 (0354]

After the continuous operation described above was
performed for about 12 hours, the continuous operation
was in a steady state.

At this time, in the transfer line 2, the

20 composition of the liguid contained about 55% by mass of

phenol, about 26% by mass of dimethyl carbonate, about

methancl. The flow rate was aboult 40 kg/Hr.

L e -y T i FI P v o ey pre g b : . 4T S
2h Iy the transfer line 4, the composition of the
I3 SR =B BT : U.1le by mass of dimethy! carbonate,

about 17% by mass of methyl phenyl carhbonate, about 3% vy



iuO - 220 - [Conparative Exanple 171 A pol ytitanoxane conposition having
an aryl oxy group, manufactured by the sane nethod as that of the .
above-nentioned reference exanple 8.and further adjusted so 5 that a Ti
concentration was 5% by mass was obtained. The pol ytitanoxane conposition
having the aryloxy group was used as a catalyst. The conparative
exanpl e 17 was Qﬂ;ried ut in the sa nner i_n the above-nentioned

. | . X o as 1n L
[exanpl e 5617 &xCapt foror fﬁ%ﬁé%ﬁﬁﬁti A 28 MAsE 19, AiRécdivPhenyl car bonat e
recovered QQHQ%)QﬁxJeC?KSr¥1Eh”?ﬁ?e“@%53%?gg¥ng?g Q?Hﬁat about 4 kg/ Hr.

The di phenyl carbondt e was a yelI'ow sh- ormal tenperature

(about 200). Vhen the di-phepyl iPncanbopgleupsoanalyzed, Lhe diphenyl

carbonate contained 20 ppmo rte so con was deposited

on the col umytiep ok tthe i stddul-atisen pgokumm 140.4:(0359) 20[ Conparative

Exanpl e 18] A polytitanexu e conposition having an - yr.oxy group ther
adj ustefl tablbG,t 1% mESmaar pit gqeeoRtepherdt BY MRSSANGN A SRNtent .

3% by mass of phenol. The flow rate was about 5 kg/Hr.

After the continuous operaltion described above was
further continued for about 100 Hr, the diphenyl
carbonate recovered from the recovery line 9 was stably

10 produced at about 4 kg/Hr.

When a titanium-containing high-boiling substance
obtained from the removing line 11 was analyzed, a ratic
of total moles of phenyl salicylate and methyl ester
salicylate to moles of titanium atoms was about 1.1.

15 [0355]

When the centinuous operation described above was
further continued for about 500 Hr, the diphenyl
carbonate recovered from the recovery line 9 was stably
produced at about 4 kg/Hr. The diphenyl carbonate was a

20 white solid at normal temperature (about 20°C). When the
diphenyl carbonate was analyzed, T1 was not detected
removed from the removal line 11 was then adijusted to
abhout 2.0 o/Hey (the concentration of the titaniam atoms
wWas aboul D% Dy massg) . and Lhe Litanium-contatining

composition supnlied from fhe feed 17 e 1TE owas sdivated



boili be pails(150C )t, .less (P-bu,..anoirl PPmor less - 221 - The
obt ai ned pol yti tanoxane conposition having the aryl oxy group was stored by
the sane nethod as those of the examplles 34 to 44. The inside of the
contai ner was confirmed after the storage. A portion of the 5 conposition
near the wall surface of the container was sanpled, and was subjected to

netal anal ysi ncentrations,of nmetals other than, Ti were.increased by
10% or nDre%Eéﬁﬁéﬁe%'&ﬁ@ﬂhghgigénfgﬁfbg zf%éogngﬁyfg& &gﬁﬁgiﬁgkore t he

storage. 1%&%§@Qhahcgggﬁka%gv% E%%%%B? 1§1mi%ar%&féﬁﬁ%i&&%@?gégﬂg

conposition having an aryl oxy group was nanurac the sane nethod as

that of thepexambe 29s @etrifb%ﬂ\ieﬁimf%?n%%ﬁhti Robhgconposition was 15
further adjusted to 16% by mass (a diaryl carbonate content: 4% by nass,

and a content ofiaicteapeundnhbaviAgya BOLbbHAGE PO AL vRENED0L: OHoHESS)
(n-butanol, water): 1 ppmor |ess). The obt ai ned pol ytitanexane
conposi t i omchaviengdt e 20 taky rexyvgroup iwasicntva sa st kansperbdoericaianer by
the sane nmet hod as those of the cxai.rpies 45 to 48. The Japan ...cm
NoheekaasnzboutMiy&zdKri.. Tapaniphedyt | bonsbesteeres CO daysef soimtOe day at
Ont nmpoH was di ssol ved by)

at normal temperature {(about 20°C). When the diphenyl

carbonate was analyzed, Ti was not detected (less than 1

ppm) .

10 {03561
[Example 57]

In this example, a method for producing a diarvyl
carbonate using a polytitanoxane composition having an
aryloxy group as a catalyst was carried out.

15 A polytitanoxane composition having an aryloxy group,
manufactured by the same method as that of the above-
mentioned [example 42] and further adjusted so that a Ti
concentration was 5% by mass was cbtained. The
polytitanoxane compositicon having the aryloxy group (in

20 the composition, phenyl salicylate having a higher

beiling peint than that of diphenyl carbonate was

a5 The method was carvied out in the same manner as in

S

O alove-Ten L L onao [RRSE A E N S0 R P G iF SR g [ e Conagltl CAET .



222 the transfer, and was attenpted to be punped into a catal yst reservoir
provided in the di phenyl carbonate production facilities. However, the
conposition was not dissolved even afters 10 days or nore, and could not be
punped. [0361] [ Conparative Exanple 20] A pol ytitanoxane conposition
havi ng an aryl oxy group was manufactured by the same nethod as that of the
10 exanple 30. A.titaniumcontent in the conposition was further adjusted
to 17% by mass égndiléirrfl‘ly’cggﬁoﬁ%ﬁéyéo(ﬁfﬂéﬁp;ﬂgg% éﬁ?lﬁﬁgé’ﬁaﬁar “Oehtent of a

conpound h%’d&ﬂf@:(@'ﬁﬂ( Sg]c@ r}}ec%fve %:i.?}re lfée%ZSaS( @_1%%8{3/?2)'9&%%%:[96({ )ﬂi 1 ppm

or less). 15The obt ai ne ytitanoxane conposition e aryl oxy
group was sioned Py he safRenBlbAdnas Lhesenot.t hesexapples 34,49 44. The

i nside of the container was confirnmed after the storage. A portion of the

conposi ti o ealrihe Malde surface 0f, the eent aipes, Was: Wﬁgﬂ and was
subj ected to netal analysis, Concentration- of netals other than Ti were

| ncrease) by Kor[0362h <1 hnjalll-al: Xanpiae mbqmu@sing tg9auy 0 -ccted
rnsnulUact . nano net hodt hsf - 223 - exanple 30. A titaniumcontent in the
conposi ti onllwass falrarher radjjusted to 17% by mass (a diaryl carbonate
content: 9% by mass, and a content of a conpound having a boiling point of
150C or | edd3n-lbutanol, water): 1 ppm

[Comparative Example 16]
A diaryl carbonate was produced using the producing
10 apparatus for the diaryl carbonate described in the
above-mentioned [example 53] and shown in Fig. 1.

A polytitanoxane composition having an aryloxy group,
manufactured by the same method as that of the above-
mentioned [reference example 5] and further adjusted by

15 adding diphenyl carbonate so that a Ti concentration was
5% by mass, was used as a catalyst.

Comparative example 16 was carried out in the same
manner as in the above~mentioned [example 53] except for
the condition.

20 The amount of the diaryl carbonate (diphenyl

carbonate) recovered from the recovery line 9 was about

at normal temperature (about 20°C)Y. When the dinhenv]
R I Y T T L . i e o T P TR T B R P ., T | e e - N < ]
2 carbonate was analyzed, the diphenv] carbonate contained
T 2 S Y S S
Abs o RApaiE LD

(0358



or less). The obt ai ned pol ytitanoxane conposition having the aryl oxy
group was put into a transport container by the sane nethod as those of the
exanpl es 45 to 48. The contai ner was- transferred to di phenyl carbonate 10
production facilities which was in Kurashiki-shi, Okayama, Japan from
Nobeoka-shi, M yazaki, Japan. Days required for the transfer were 60 days
fromthe dayc(% 8\‘/\/hailtciheti}‘e .CO eosjijli on was noved to the container. The
conposition was disso ve‘tf<db§P external heating (steamof 150C) after 15 the

transfer, and \ﬂa% Athemmted atr%u g,t%l %@Hﬁ{q@inﬂ 5 A G ataa}wl yas.tty lr({e%gr%fg% provi ded

in the di phenyl carbonate pro nfacilities. ‘However’ o'si tion

was not  digsolved-gvuenaft . " be punped.
20[ 0363] {Reference 2r nrﬁ}{: %ellpd-nq%%%@{qmse U%{I}ﬁ C’fiﬁilﬂsk%c%gge?\p('an i nt ernal

liquid tempenatiureof-dihe diractorwas BlAGq and-the- djPhemdq cay bonat e was
al so added in a nolten state of about 110C. The reaction solution was a red

li qui d. 5Thetaddid iTon ddrmemas: dhoutval ULy mass wERE denperat ur epef the
liquid of the reactor was gradually raised to about 310C, and the internal
pressure ofpdhe ireactemeaenvasongreadualdry Haomered,hd henglysx steardimgedhe
distillation of a conponent having a | ower 10 boiling point than that of

t he di phenylssshrisorata talogdt-ner with the di phenyl carbonate fromthe
distillation colum. After the pressure within the systemwas gradually
returned to a néffaFopPasstir8cwekR Bi-er ddenagasawkiénd out in the

same manner as in the above-mentioned [example 56 except
10 for the condition.
Similarly, the diphenyl carbonate recovered from the
recovery line 9 was stably produced at about 4 kg/Hr.
The diphenyl carbonate was a vellowish-white soclid
at normal temperature {(akout 20°C). When the diphenyl
15 carbonate was analyzed, the diphenyl carbonate contained
20 ppm of Ti.
A white solid content was deposited on the column
top of the distillation column 110.
[0359)
20 [Comparative Example 18]
A polytitancxane composition having an arylioxy group

A [ LR AL T i R (IR B = A S LA

further adijusted to 16% by mass {(a diaryl carbonate

A content: 4% by mass, and a content of a compound having a

poiling point of 150°C or less (n-butancl, water): I ppm



15 about a half amount of the added di phenyl carbonate was distilled
(finally, the tenperature within the systemwas about 309C, and the
pressure was about 90 kPa), diphenyl-carponate in about a half anmount of
that of the previously added di phenyl carbonate was added again. 20The

di phenyl carbonate was added in a nDIten state of abo - 110'fli Phe
tenper:slimet t 310C, an owcer har.nmq tat _havi
295" than that ot RS di ShEng €7 DORETE L SGRERER EEh FERd G giny!

car bonat e fifv@6£§3q¥é§§'dég' f%H‘{ Ehfﬁg&§§&gﬁﬁO&Md N the§§y5ten]mas

gradual |y returned normal press ni trogen dlphenyl
carbonate iundeardypithe sang, Wumrhéslhgﬁﬁeot)ft *a%odben%axhe%am%nate added
at the second tinme was distilled (finally, tenperature wthin the

system was &houtrr328G f@and tihe fressy e m@@@@%k 8¢ kRa). The sane
operatlon as that of the above description was
5 composition near the wall surface of the container was

sampled, and was subjected to metal analysis.
Concentrations of metals other than Ti were increased by
10% or more compared with the content of the analyzed
value before the storage.

10 [0360]
[Comparative Example 19]

A polytitanoxane composition having an aryioxy group
was manufactured by the same method as that of the
example 29. A titanium content in the composition was

15 further adjusted to 16% by mass (a diaryl carbonate
content: 4% by mass, and a content of a compound having a
boiling point of 150°C or less (n-butancl, water): 1 ppm
or less).

The obtained polytitanoxane composition having the

20 aryloxy group was put into a transport container by the

same method as those of the examples 45 to 48. The

& ' I xR :
i ! g
AT e ey N P 3y - o p P N e - e g e g
Japan Drom Nobeoka-shi, Mivarzalki, Japan. Davs required
3L T e EE PR T oL - i o H '» Yw o B 3
25 for the transfer were 60 davs from Lhe day alt which the
AR L LG0T W INORed TO U COonlia nner. e OIS 110100

was dissolved by external heating {(steam of 150°%) aftar



10 perforned, and operation for distilling the conponent having a | ower
boiling point than that of the di phenyl carbonate, together with the

di phenyl carbonate was perforned five didres in total. A conponent
contai ning the di phenyl carbonate 15 evaporated at the first time was
colored in orange and cont ai ned about 350 ppm of Ti atons. The

conponent nt i ned bout 4 m.of a chlorine conponent. A conponent
containing qﬁ:ﬁneﬁﬁ (ﬁﬂ( %%?éﬂé6m$WﬂAN%ﬂ > dUHHE seddhd ti me was

I d i d -bout .23
colored I JRLLAN, A canal tad, heu 230 pom of, T, atom, Components
changed i nto-oa, A28 ££99 d]qdlés, Ol <L RRLALU B s RO, lxgt'tanoxane

conposition was not changed to a sol i'nk&ge coul d

not be confdirdmd &iqcs;dhe GPasi tdaoyrsmsmrcryar{oo%@#ﬂk w & 58]

(Preparation of Aryloxytitani um Conposition) pol yti t anoxane
but oxi dé (manmufeattured by E. |I. du Pont de Nemours & Cbnpany trade nane:
Tyzor BTP) 10 was fed under a nitrogen atnosphere to a batch type reactor
equi pped wiftdséd Istirrer, a heater, and a distillation columm and having a
vol ume of 1800 L, and 485 kg of distillation-purified phenol was then fed.

[ 0366] 15NeXiomrtahes triivet el ¢ Bé lbat ch type reactor was

A polytitanoxane composition having an aryloxy group
was manufactured by the same method as that of the

10 example 30. A titanium content in the composition was
further adjusted to 17% by mass (a diaryl carbonate
content: 9% by mass, and a content of a compound having a
boiling point of 150°C or less (n-butancl, water): 1 EpRm
or less).

15 The obtained polytitanoxane composition having the
aryloxy group was stored by the same method as those of
the examples 34 to 44. The inside of the container was
confirmed after the storage. A portion of the
composition near the wall surface of the container was

20 sampled, and was subjected to metal analysis.
Concentrations of metals other than Ti were increased by

; \__.':leé‘_,ﬂ P BTN S LU S AT O R SRS I I T I SR LT el e

25 Comparative Fxample 2110
n PO S SR oL . i 3
A polyiilanoxans composition having an aryioxy group

was manufactured by UThe same method as that of +he
v i [ Rt W RO L s Loptabd L [ NS



heated to 180C under a normal pressure by a heater and reacted. N butanol
generated by the reaction was recovered froma colum top of the
distillation colum. The batch type.reactor was depressurized to about 53
kPa, 20 and n-butanol was recovered, [0367] OVs CM 11lon 3015tt:)er 227
carbonate containing the | ow boiling corrponent was evaporated so as to

obtai n an a:ﬁy ﬁ |tan| mconp05|t| on, pheny| carbonate was added so that
the titani (M &BHEentrati*oht bf ' HE BBPh?ﬂEdl%r Ej/li ‘ox&?ﬁ“?%ﬁi’ bhPEohpssi ti on 5

was 5% by [ 036 Pr.oduci.ng par at us o te)
schemati ¢ g%%?”lheur éftd?]cl)lﬁ’(‘\?lde\?voo]r} Woddci™n Sﬁgfé{t u§aC§85’alfﬁ t he exarrpl e

315 shown 0 Fig. 2. | p40h8309] cThe .Praduel ng 3PRALALS I3 eaylipped W th

distillation colunms 11 6"hi'ch “have a‘cont ul't
col um 140 15T 05761 iese are Conhoktan i1 a prelet or HARSh'[1 hebl ] 0371]
Speci figal oy, 1lisres 1, |', 12, and 13 are feed | i nes supplying a feed
conmpound and an aryl oxytitani um
The obtained polytitanoxane composition having the
aryloxy group was put into a transport container by the
same method as those of the examples 45 to 48. The
container was transferred to diphenyl carbonate
10 production facilities which was in Kurashiki-shi, Okayama,
Japan from Nobeoka-shi, Miyazaki, Japan. Days required
for the transter were 60 days from the day at which the
composition was moved to the container. The composition
was dissolved by external heating (steam of 150°C) after
15 the transfer, and was attempted to be pumped into a
catalyst reservoir provided in the diphenyl carbonate
production facilities. However, the composition was not
dissclved even after 10 days or more, and could not be
pumped.

20 F0363]

TY0 s 7 oy i o Uy o R T
[Reference Bz AN e 13 }
Al Uik sl don sl uh bl wixba b redd L e @il SRV
My h E e fevammsliea 17 wasn vatuornoesd o oo morma
EIL I 3 R N TR R R S RN Lo BRI L PL A A S Lo o SEAL Gl

wilth nitrogen, diphenyl carbonate was added in an amaunt

20 ol 4.0 mel per mol of Ti oatoms contained in the reaction

soiution, under svivring.



20 conmposition, or the like, Lines 3 and 9 are recovery lines |uioveiing
aated conpound and other f 1 [ O A NurnO ral,[1; d ind nunord.J.. nunmhe.rs
ILi2., 122, 1'A omm,[ern. Nirnnranunhey - 228 - preheater for setting a
supply material to a predeterm ned tenperature. [0373] (Preparation of
Reaction Catalyst) 5In the distillation colum 130, as described bel ow, a
product having a hL%thq[I{ng'golnp thag Hhat,of_thg gigheqygwcgrQonate was
produced to prepdr&"asr 8466 oANcataryse! [037AY toTRE dr8tFl Pt 66 col um
130 was a %égégéfud;gyfﬁ%%?naggl%Eg g&;ﬂegsgaggﬁngaggdwngg?%Oan L nner
added in a molten state of about 110°C. The reaction
solution was a red liguid.
5 The addition time was about 1 hour.
The temperature of the liquid of the reactor was
gradually raised to about 310°C, and the internal
pressure of the reactor was gradually lowered, thereby
starting the distillation of a component having a lower
10 boiling point than that of the diphenyl carbonate,
together with the diphenyl carbonate from the
distillaticn column.
After the pressure within the system was gradually
returned to a normal pressure with nitrogen gas when
15 about a half amount of the added diphenyl carbonate was
distilled (finally, the temperature within the system was
about 309°C, and the pressure was about 90 kPa), diphenyl
carbonate in about a half amount of that of the
previously added diphenyl carbonate was added again.

20 The diphenyl carbonate was added in a molten state

of about 110°C.

The temperature of the resction solution was than

X St e

ot akbout 21090 ared The internal Dressure ol Fhe
i :

RS 7 Lok B L Loiie

resctor was gradually lowered, theveby starting the

I e e A By e e e A . e e g g o 3 g e e e e ey HE N I I L S
Alstiliation of a comoonent havine o lower baidld T YR L



diameter of 3.4 mand a length of 17 m and was equi pped with a reboiler
131 and a condenser 132. [0375] 15About 5200 kg of the prepared

aryl oxytitani um conposition (titani um-goncentration: about 5% by mass) was
supplied to the lower part of the distillation colum 130. The tenperature
of the aryloxytltanlun1conp05|t|on was controlled to about 200C. This state
was hel d for ngt 60 hr. Wen part of the aryl oxytitanium conposition

was then saryl iyiﬁdtﬁﬁ3§3ﬂﬁﬁﬁﬁﬁ Q%WQ%%ﬁ%mﬁéfﬁﬁ%YFﬁf“Wﬂﬁéﬂﬁﬁ1late dud
at om was abpu nrxtur MgPrat ; lit! - 229 - and the
aryl oxytital 1lpuhr?"‘nnd/orr'b:c”iisti 6 S lastrlé GG Eé’tié]i%t for the next
duct f a. Producti on of iar
g;?bgﬁa;g? > algﬁgﬁées ?g??gﬁlgggﬁnnoﬁf “had“a 85ﬁgpﬁ&g¥s nul?istage
tructure, fid l.e t f n d an inner
Zlaﬁetgr ofﬁggﬁﬁgﬁatklle%éwﬂgyiggw%u %@Qghrﬁg f%ﬂzﬁ% %lgﬁrung about

30% by ﬂHS%h%@uﬁﬁdﬂkﬁﬁ%ﬂ%&nﬁﬁﬁpp@ﬁk@‘ Qh%bou&W)Q&%QMHF@Q§T§%N@Q§?O| was
continuously supplied at about 57 ton/H to the upper part of
distillati ameceliwmerll0 Jaromiihe ferld iafe the second time was
distilled (finally, the temperature within the system was
about 308°C, and the pressure was about 8% kPa). The
same operation as that of the above description was
10 performed, and operation for distilling the component
having a lower boiling point than that of the diphenyl
carbenate, together with the diphenyl carbonate was
performed five times in total.
A component containing the diphenyl! carbonate
15 evaporated at the first time was colored in orange, and
contained about 350 ppm of Ti atoms.
The component contained about 400 ppm of a chlorine
component.
A component containing the diphenyl carbonate
20 evaporated at the second time was colored in yellow, and

contalned aboul 230 ppm of 71 atoms. Components

EREN e [ ERL N P LA SRl ER LI RN J TS S A
colored In vellow, and contained 200 vom, 190 oom,  and
25 A0 mpmo ol TL o atoms, respectively.

The polytitanoxane composition was changed into

lack.  Fven wvhen the nolvtitanoxane comnosition was



t hrough the preheater 113. On the other hand, a mxed liquid (b) containing
about 70% by nmass of dinethyl 15 carbonate and about 30% by mass of phenol
was continuously supplied at about 57 :t-on/H to the |lower part of the
distillation colum 110 fromthe feed line 1'. [0377] The
concentration part was provi ded bel ow t he stage 20conti nuously supplying
the mxed |i uleHi (a) and (b), and the recovbry r ar C Wia p r CVl.ded
above ae st“&g'é.e O ETSH WeEEE S g r it @G Wy tr@%aiIcati The f1 1hn'
ornl1S - 230 - t.q about 230C, d controlled.a pressure of a colum. top
to about 0.55HPa-G"'| d@ﬁ‘g]nqc\greﬁ%aqgr?épﬁroeﬁars@dl'lrcgagjﬁtor?actdﬁtya'l y§t T4~

(conmposi ti on_-A) S, sl y plied to. .the upper 1rt - of theoqii.stillation
col um 1109_’?rq‘(;‘1m %ﬁ}g@a\g&ec%\ﬁ&gr t%’gcf bteh(eéoéﬁs]trﬂqd;tsipl@r?ego Ry 140° Usi vy t he
transfer lipge G,,,and a concentration of titaniumatons in a reaction
solution of the distillation colum 110 was adjusted to about 300 ppm The
reactiop 10 spsution was continuously renoved at about 60 ton/Hr through
the transfer line 2 fromthe colum bottom of the continuous nultistage

di stillati omr:colum =810.
(Preparation of Aryloxytitanium Composition)
200 kg of polytitanoxane butoxide (manufactured by
L. I, du Pont de Nemours & Company, trade name: Tyzor BTP)

10 was fed under a nitrogen atmosphere to a batch type
reactor equipped with a stirrer, a heater, and a
distillation column and having a volume cof 1800 L, and
485 kg of distillation-purified phenol was then fed.
[0366]

15 Next, the mixture in the batch type reactor was
heated to 180°C under a normal pressure by a heater and
reacted. N-butanol generated by the reaction was
reccvered frem a column top of the distillation column.
The batch type reactor was depressurized to about 53 kPa,

20 and n-butanol was recovered.

R
F0367]

Ti atoms contained in a reactlion solutiony of dinhenvi

dh carbonate was fed, The mixzture in the reactor was hested
Cooabout 1RUYC, Next, the batch tvpe resctor was



[ 0380]

columm 110.

A | ow boi ling conmponent containing nmethanol produced 15 as
by- product was continuously renoved fromthe colum top of-the distillation

[ 0381]

The renoved reacti.on solution fromthe transfer

line 2 as described above was supplied to the continuous 20nultistage
distillation colum 120. [03821 ? 1p iul 1distLiation ( lunmD was ognj type
Y. ar t fllled wth Meli C )Jler - 231 - position of the
otUtT B Vad ¥e ot rlqnér}lipdé?"’ rS’:;E’rlt1 16?‘5‘ tor?éﬂp(%ﬁ‘?‘é’ént‘“’r‘]a"tl on part, and

conch )vet
reaction s

t he supply rate of t

5The tenpe
control |l ed
to about 1

car bonat e mas circulated to t

AR 4
rat re

Yoy

e reaction solution was, s to about 60 ton/ Hr. [0383]

e ¢ol drh Bott'dmBE the Od‘iYsLt 495 b i LB Uit 120
%%%naa&zd Jhe apc{g%%sqsroe 9f . the col.ym .top was cont roI | ed
na

I sproportio Ion reaction was per orned on this

still at| | um 11

condi ti on. @&{&Ma‘ﬁdrp‘%fb@r{]d g camRenent contalning phenpl. and i met hy!

condenser

Heheyt

mansfer line 5 and the feed line 1 fromthe colum top

of the 15disfi||ation col um 120.

10

20

[0368]

{Producing Apparatus of Diaryl Carbonate)

A schematic configuration view of a producing

apparatus used in the example 58 is shown in Fig. 2.

[0369]

The producing apparatus is equipped with

distillation columns 110 and 120 which have a continuocus

multistage structure, a distillation ceclumn 130, and a

distiliation purification column 140.

[0370]

These are connected via predetermined lines.

[C371]

Specifically, lines 1, 1', 12, and 13 are feed lines

supplying a feed compound and an aryloxytitanium

composition, or the like. Lines 3 and 9 are recovery

lines recovering a generated compound and other material.

[0372]

Mumers
rehoiiers,

desionare

I numbers 107, 120, 131, and 141 designate
and numeral numbers 112, 122, 132, and 142

condensars. Mumeral nomber 1173 desionates o



[ 0385] From the columm bottom of the distillation colum 120, about 14
ton/H of the reaction solution containing di phenyl carbonate was supplied
to the distillation 20 colum 130 through the transfer line 4 to perform
distillaLi on sepaf colum f |led with Ml sur ti Ft:. herebojlnr 13.1 and
Lhe t-ufictruttrteit 132. 1Y34 7 - 232 - A tenperature of a columm
bottom of the distillation colum 130 s controlled to about 190C, and a

pressure ofP'a Edl Uitn 18p s dbht ol1Rat 't ¢*ddut® 1.5 1¥Pa. [0388] 5The | ow
boi l'ing co t_containing diphenyl carbonate was renoved fromthe col um
bt Cl TRl R R s i

top, and supplie dist119 ati on purification colum 140 through
t he condensgy;ﬁgz and the transfer line 1. [0389] 10On the other hand, a
hi gh boiling conponent containing a reaction catalyst (conposition A) was

circul ated tmo-dhe- Hdish Idatdon <ol umL5Q, Lhrough the transfer line 6 and
the feed line 1. [0390] 15The distillation purification colum 140 was a
distillation coltumnki bliediwlthiMel apaknkl 1800 haviRgc@Rbed below,
a product having a high boiling point than that of the
diphenyl carbonate was produced to prepare a reaction
catalyst.
(03747
10 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 equipped
with a reboiler 131 and a condenser 132.
[0375]
15 About 5200 kg of the prepared aryloxytitanium
composition (titanium concentration: about 5% by mass)
was supplied to the lower part of the distillation column
130. The temperature of the aryloxytitanium composition
was controllied to about 200°C. This state was held for
20 about 60 hr. When part of the aryloxytitanium
composition was then sampled and analyzed, phenyl
GG @ BIdel Dod iy pobol Lhern Lhel ool Uhe

salicvliate/titanium atoms) of the phenvl salicvlate and

25 the titanium atom was about 0.4. A mixture (hereinafler,

I

also described as Tcomposition AT) of the high boiling

point product generated in the disviilation column 130



inner dianeter of 2.8 mand a length of 22 m and was equi pped with the

reboiler 141 and the condenser 142. [0391] 20The reaction solution

cont ai ni ng di phenyl carbonate s uppi., J_;rd—llo th- di s till. at .ion pu :c .
i,c.at "on col uml40 140,Mimh\Cl ] :oi.irrlca.ton. The posionrecou -

233 - set to the lower part of the di stlllation colum | ocated above the

col um botto [.039 The |ow boiling component containing methyl phenyl 5
carbonate WHS rtek?fo\/ae%iﬂf‘wr%\/ﬁ]tthaé‘ 281 GRS ofent H@Sdl‘?tcﬁllaa%t i%on purification

col umm 140, was cir tedt t he dlstlll ti.an colum 20throughthe
recovery | |rnc’2‘a(c1{0} “Ahd t'He e ‘:’ﬁans?r ({q G €7 Hoset 1At 1C(L;r {Hé""dont i nuous

operation grpﬁde_above was perfornmed for about 24 hours, the conti nuous
operation was I n a steady state. [0394] At this tinme, in the transfer line
2, the 15 canposjtion of the liquid contained about 55% by mass of phenol,
about 26% by mass of di nethyl carbonate, about 17% by mass of nethyl phenyl

carbonate, abaitud%dy drass of,dicghemHstear bonate, and about 0.09% by nass
of nethanol. The flow rate was about 60 ton/HT 20[ 0395]

The distillation column 110 had a continuous
multistage structure, and was filled with sieve trays of
80 stages and had an inner diameter of 5 m and a length
of 33 m. A mixed liquid {(a) containing about 30% by mass
10 of dimethyl carbonate and about 70% by mass of phenol was
continucusly supplied at about 57 ton/Hr to the upper
part 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
15 carbonate and about 30% by mass of phenol was
continuously supplied at about 57 ton/Hr to the lower
part of the distiliation column 110 from the feed line 1°',
[0377]
The concentration part was provided below the stage
20 continuously supplying the mixed liguids {(a) and (b), and

Lne recover Vopalr Lowas [S RGN ded above the sta ge .

distillation was controlled by providing an external

25 heater, or by olroulating a column lower 1iculd throuoh
FITER P o ey b 1 n i . r
[N L TR 0 T I TN A 0 Ahyerome U0 COonT o] Lesdl AT i:",‘TH}:? crature oboq

column bobtom of the muitistage distiliation column 1710



sfer line 4, the conposition ot thet 234 -- In the transfer line 7,
the conposition of the |iquid contai ned about 65% by nass of di phenyl
carbonat e, about 33% by nmass of nethyl, phenyl carbonate, and about 2% by
mass of phenol. The flow rate was about 13 ton/Hr. 5[0397] After the
conti nuous operation descri bed above was further continued for about 100
Hr, di phenyl carbonate (diaryl carbonate) recovered fromthe recovery line
9 was stabliP prodiced At - aBodt CPN5rpopLAr & PRESHIBReAY| @100¢aMBokare was a
white solid at_ nor ture (about 20C) Wen the di phenyl carbonate
was analyzgd)“%iLWEQJﬁ%iqg) Ztted (less than 1 ppn). [0398] After the

cont i nuous ﬁﬂg{ t|on descri bed above was 15 further continued for about 500
Hr, di pheny bonat e (dlaryl carbonate) recovered fromthe recovery line

9 was stably pr%@s&%edt% Wg %rédG(Eggé?'bEOgB%a V\ketaeraxgm arbenate,was a

white solid at nornmal ture en the di pheny c rbonat e

was anakyzeghs H1 e %Qﬁﬁfv] idef e¢f ecqle( | it %r!ftl PAPWne (O399 1B menti 1

[ex18] wa 1.1 of 0,06 p:iod,. pes. Tl xolw rned tn 2 nornal nrenen
column 110 from Lhe lowaz part of the distililation column

130 using the transfer line 6, and a concentration of
titanium atoms in a reaction solution of the distillation
column 110 was adjusted to about 300 ppm. The reaction
10 solution was continucusly removed at about 60 ton/Hr
through the transfer line 2 from the column bottom of the
continuous multistage distiliation column 110.
10380}
A low bolling component containing methanol produced
15 as by-product was continucusly removed from the column
top of the distillation column 110.
[0381]
The removed reaction solution from Lhe transfer line
2 as described above was supplied to the continuous
20  multistage distillation column 120.
(03823

N IO S U I O SO S (R NG U S O SO TR S I O R O O TN RO SR N S G DS B 8 S U W0 S AR W B4 AR

continuous multistage disvillation column 120 was
20 cguipped with a sieve tray type concentrabion part of 30
stages, a recovery part filled with Melapalk Y,

condenaary 127, and 2 rebotler 1210 The supnlving



, 235 - In this case, an internal liquid tenperature of the reactor
was 170C, and the di phenyl carbonate was al so added in a nolten state of
about 170C. The reaction solution was -a;red |liquid. 5The addition time was
about 2 m nutes. 104001 The tenperature of the liquid of the reactor
was gradually raised to about 210C, and the internal pressure of the
reactor was gradual ly | owered, thereby 10 starting the distillation of a
conmponent HEViHg A 19weT" i 99 5g Poi Tt Hhah t4at B tve "diR&mAT car bonat e,
together with the. diphenyl carbonate fraomthe distillation colum. Wen
Hbout 200 01 The addBi B Gy Ca boite VES! 18 S ed A (F My, ¢ he
tenperature w thin..t. syst ern baout, 211C, and . pressure was about 3
kPa), the S"rﬁégssl{}%r%%lnq{ hyeOid%OY}?ﬁva% oshétcéouﬁ%bom‘%s %&ngtggntﬁﬁ zed, and the
conmponent hayj a lower boiling point than that of the di phenyl carbonate
could not be distilled together 20 with the di phenyl carbonate fromthe

distillation colugn:cWaenathecdist kbl obl).ih wasexamred,e acy 10401 Thn
Ti vor Ten deg Jytiianoxann caw oLion 1 tllls coup fliylnxyand

distillation column 120 was controlled to about 210°C,
and the pressure of the column top was controlled to
about 13.3 kPa. A disproportionation reaction was
performed on this condition.

10 [0384]

A low boilling component containing phenol and
dimethyl carbonate was circulated to the distillatioen
column 110 through the condenser 122, the transfer line 5,
and the feed line 1 from the column top of the

15 distillation column 120.
[0385]

From the column bottom of the distillation column
120, about 14 ton/Hr of the reaction solution containing
diphenyl carbonate was supplied to the distillation

20 column 130 through the transfer line 4 to perform

T N [ . ve gty g we o Ao T e
distiilation separation.

column Filled with Melapalk CY and having an inner
2h diameter of 3.4 m oand a length of 17 m, and was provided

with the reboiler 131 and the condenser 137,

PORHT



t henct nhHnnn- hc,tnrc,ntilf-ter - 236 - step. The pol ytitanoxane
conposition had 17% by mass of a titanium content and about 2% by mass of a
diaryl carbonate content. [0402] 5The pol ytitanoxane conposition was put
into a transport container by the sanme nethod as those of the exanples 45
to 48. The container was transferred to di phenyl carbonate production
facilities which was in Kurashiki-shi, Ckayama, Japan from Nobeoka-shi,

M yazaki, 10 Japan&™baystiéquiried For fRePPransf el Wredbotdaystfipsm the
day at which the conposition was noved to the container. The conposition
was di ssol V& By ekxtlertidl daHtiHg (stieamisfit156€) Caf B EhereEaRSEer, and

was attenpted to be punped into tq a.catalyst reservajir 15 provided in the
di phenyl cat 6héfgiﬁﬁbg%”iWﬂ?f%ﬂﬁﬁHQ$%§ftﬁbﬁgﬁg? lt'He *¢6posi ti on was not
di ssol ved eHﬁgggfter 10 days or nore, and could not be punped. [0403]

[ Conpar ati ve anple 23] 20After the reaction solution obtained in the

above- gentionedpLexagphe 4k n¥etoh@BneHhder kgihhhs 638feny
carbonate was removed from the column top, and was
supplied to the distillation purification column 140
through the condenser 132 and the transfer line 7.
[G389]

10 On the other hand, a high boiling component
containing a reaction catalyst (composition A) was
circulated to the distillation column 110 through the
transfer line 6 and the feed line 1.

[0390]

15 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 reboiler 141 and the condenser 142.
(0391}

20 The reaction solution containing diphenyl carbonate

supplied to the distillation purification colwnn 140

i EES) (EENN N S 61 T I L0 oL umn
i i [EAS i i 1T
PAD L 89.8% by mass of diphenyl carbonate (diaryl
2t carpbonate) was obtained Lrom Uh coovery Hoby e

purification. The pesiticen of the recovery line 9 was



- 237 - added in a nolten state of about 170C. The reaction solution was a
red liquid. The addition tinme was about 6 hours. [0404] 5The tenperature of
the liquid of the reactor was gradualhyygqjsed to about 210C, and the
internal pressure of the reactor was gradually | owered, thereby starting
the distillation of a conponent having a | ower boiling point than that of
t he di phenyl carbonate, 10 together with the di phenyl carbonate fromthe
distillatiofedianme lower Wi ghouthe30bh<ofi tlhd igtded ldinpherytateat bonat e
was distilled (finally, the tenperature within the system was about 209C,
and the predsure Wis Hbott? PKPLT- the 15 pressure in the system was
gradual |y rﬁg ed to a normal pressure with nitrogen gas. Then, diphenyl
carbonate o t 30% of the previously added anount was added agai n.

The di phenyl carhbonate was.added in a nolten state of about 110C. 20The
2ddi 1 on ¢ e et abedt T2 THanrs FoRearTT. 59t MR RS P "W thi n

the Systemas, gradually [SIDed-Lg, & NOIR, Y GFIE witdh ni Lrogen gas

when di phen ate in nea sanme anount at of the di phenyl

carbonat e added atadihg, sacONG tdR, Was, St Stdd | edh finald v, the oq
tenperature within the systemwas about 21100, and the pressure was about 3

kPa) . The samecraperiatdion s drhade 10fmt he above, deseniption mas, perfor med,
and operation for distilling the conponent having a | ower boiling point
t han that df0 tehed diltphemdncarbadnatee,2 .10 together with the di phenyl
carbonate was performed five tinmes in total
[0392]
16 After the continuous operation described above was
performed for about 24 hours, the continuous operation
was 1in a steady state.
[0394]
At this time, in the transfer line 2, the
1z composition of the liquid contained about 55% by mass of
phenol, 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 was about 60 ton/Hr.
20 f0395)

in the transfer line 4, tvhe composition of the

0396



[ 0406] A conponent containing the di phenyl carbonate evaporated at the
first tinme was colored in |ight yellow, 15 and contai ned about 8 ppm of Ti
atons. The conponent al so contained a .chlorine conponent of about 5 ppm

[ 0407] A conponent containing the di phenyl carbonate evaporated at the
second tinme was colored in |light yellow, 20 and contai ned about 4 ppm of Ti

atons. Conponents cont a in i ng the diaryl carbonev a ) o a hcT a 3. the
Third ppm of Ti &t diE FHREPAY it $nexaabGutc P tFaihat (e - 239 -

[ 0408] ,Jhe, pol ytitanoxane conposition was stored by the same nethod as
those of th l%&]a(ﬁp?%%t%%“f% WPUTHE 5 ey d& i ?%egjcﬁgiﬁ“&%/%eqa%@%%%i r med
after the sj » A portion.of the c osition near the |.| surface of
t he contai n(Eek?(gl\i/a\%gB?’s‘é . ed’ > ant V\r/ré%ths{u j}g‘ge{qcr?ne%£ t%aI‘"rre(%naat%fnaé]ny&év;aask?oUL

Concentr ati.ons, of , et gl 5 &%%‘%Jh.t han  Tie \wer € Jnctaased by 30%.qr, more
conpared w th the content” of the anal yzed val ue before the storage.
10[ 0409 r03dhe present application is based on Japanese Patent

Application (No. 2010-37925) filed to the Japanese Patent Office on
February 23, 2010Q.tandnhlapanese atsent: ARpligaticen (iNeq 2069:37926) filed

to the Japanese Patent 15 O fice on February 23, 2010, the contents of
whi ch are incoripor ated: heiei nfdy Jeher enoe. 5 hdusthdall Apptibaabidity [0410]
{diaryl carkonate) recovered from the recovery line 9 was
stably produced at about 7.5 ton/Hr. The diphenyl
10 carbonate was a white golid at normal temperature (aboutl
20°C) . When the diphenyl carbonate was analyzed, Ti was
not detected (less than 1 ppm).
[0398]
After the continuous operation described above was
15 further continued for about 500 Hr, diphenyl carbonate
{diaryl carbonate) recovered from the recovery line 9 was
stably produced at abkout 7.6 ton/Hr. The diphenyl
carbonate was a white solid at normal temperature {about
20°C) . When the diphenyl carbonate was analyzed, Ti was
20 not detected (less than 1 ppm).

[G359]

G a L B AT e
i L i
mentloned laxamnle 8] was returned 1o a normal nressure
b with nitrogen, diphenyl carbeonate was added in oan amount
of 0,06 mol pery mol of Ti atoms contalinaed in Che resoction



20The present
t echni of cat
240 - [0411] 1, 1',

i nventi on has
-used when rencvinr

i ndustri al
abet
12, 13 FEED LINE 34

- 1( (1

applicabil as a production
ast.he out:.s.ide Descrj -
9 RECOVERY LI NE 2 4, 5, 6, 7, 8,

10 TRANSFER LI NE 11 REMOVAL LI NE 110, 120 130 DI STI LLATI ON COLUWN 140

DI STI LLATI ON PURI FI CATI ON COLUMN 111, 121, 131, 141 REBO LER 112,

132, 142 CONDENSER 10113, 114 PREHEATER 241 What

for producing aHfhﬁ§P6x§Fﬁ¥an@@nﬂ“Ler“di ligquid temperature of the

and the diphenyl carbonate was also

reactor was 170°C,

added in a molten state of about 170°C.

solution was a red liguid.

[0400}]

is clained is:

The reaction

The addition time was about 2 minutes.

The temperature of the liquid cof the reactor was

gradually raised to about 210°C, and

pressure of the reactor was gradually lowered,

10 starting the distillation of

a conponent

the internal

thereby

having a

boiling peint than that of the diphenyl carbonate,

together with the diphenyl carbonate from the

distillation column.
When about 20%
distillied (finally,

about 211°C,

and the pressure was about 3 kPa),

the

pressure in the distillation column was unstabillized,

the component having a
the diphenyl

20  with the diphenyl

3

When the distillatlion colunn

exane composition having the

Tk aoe were

carbonate from the disti

was examined,

not chanoged he

carbonate could not be distilled together

=]

tarry

LY GO e

;.5"\"

fovre and after

122,
1. A net hod

lower

of the added diphenyl carbonate was

the temperature within the system was

and

lower boiling point than that of

llation column.
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conposition, conprising a step (1) of adding a diaryl carbonate to an
organi ¢ oxytitanium conposition having an R-OTi |inkage where R represents
an organic group containing 1 to 20 .carjon atons, and evaporating a
conponent having a |lower boiling point than that of the diaryl carbonate,
together with the di aryI carbonate, so as to obtain an aryloxytitanium

i tion,, wh t of the d din the st
(D75 0.1 1650 Rifal odrval Bit S ut RO E<pebr (ot o7l P ‘#é?n@gbgp Ty at oms

contai ned in Lhe. or.ganice, oyt . ani.up, commosi f i on hawi ng the RO T 11 nkage.

15 2. The met ho pro uci ng the ar oxy ti'tani-um conp 05| d’n according to

claiml1, V\/Q;eﬂrrqu;)aatet emperature in evapor ating the corrponent havi ng the
| ower boiling point than that of the diaryl carbonate in the step (1) is in

a range of 0G0 250C, and 20in the aryl oxytitani um conposition obtained
in the step (1), a conc(atons is ii by MASS or The rilfl( 1 ( 01111)fn
c:LainD5 242 - sheppblyrithackehbowbngost epobAvaangdust epibll) are
sequential ly perfornmed: step (A): a step of reacting an al kyl oxytitani um
conposi ti onnairtspcan. aronatinge rhygr oxy: cenpouiad hand o5 ewaper ati ngcaan al cohol
as by-product, by distillation, so as to obtain a crude aryl oxytitani um
conposi ti oexagnd est ép (tB) 14%a step obnadding aadi aryhstarbedate to the crude
aryl oxytitani um conposition and evaporating a conponent having a | ower

boi li ng poitiththan tHabooR tehoreguditacyl fearBondrs, “hogét vers witt h t he

di aryl carbonat S0 as to obtain an aryl oxytitanium conposition. 4. The
met hod f or “Prodidig Sthe ANGYERY i tjéﬁidl}mfé@ﬁ‘pé@bﬁoéfﬁ ~&¥éor diing 2k iany one

of Claigs %apan. Days required for the transfer were 60 days from
the day at which the composition was moved to the
container. The composition was dissolved by external
heating (steam of 150°C) after the transfer, and was
attempted Lo be pumped into to a catalyst reservoir
15  provided in the diphenyl carbonate production facilities.
However, the composition was not dissclved even after 10
days or more, and could not be pumped.
[0403]
[Comparative Example 23]
20 After the reaction solution obtained in the above-
mentioned [example 4] was returned bto a normal Pressure
dlpheny i Darishate wan eedddedd iy ai) il
lutlon, under stirring.
s In this case, an internal liguid temperature of the

-3 S . - TR - 3 g H . i .
reacior was 170Y0, and thoe ol ohenv] carbonate was also



15 conpris
of adjusti
di aryl car

al kyl oxyti
evaporatin
sol ution.

accordi ng
constituti

ing further carrying out the following step (C: step (O:

a step

ng a conponent ratio of the aryloxytitanium conposition and the
bonat e. 5. The met hod for sproduci ng the aryl oxytitani um 20
conposition according to claim3, wherein the | kyloxytitacnio icsitioian
ta ..umtM (xt, (X)iddi SW sat - 213 -- step (Y): a step of

%%ﬁﬂﬁﬁLC°h°| S by-product, fromthe hydroly5|s reaction

& ét F6d or PrdGuéingene dryl oxyt it ani Gith 5 @onposi ti on

%%l Qﬁo%n%a%fach%hnﬁiéﬁﬁ% 5, wherein an aryl oxy group
ng theée aryloxytitaniu

i's represented by the follow ng fornula

(Ar0): [Formul aril sqqi €Ak DlmelQaWNELELD 8 LLOYsA represents an organic

ng 6 to 20 carbon atons, contalning an aronmatic group to which an

group havi

oxygen atomghonded to Ti

may be a s

i s bonded at any position keeping aromaticity, and
ingle ring or a plurality of rings, or a heterocyclic ring,

and/ or sray be 1Bhsubshptukedrbyoanehberigubst bFuent. redctdheymet hod for
a ryloxyti tani um conposition according to claimr when The

i1}l oa COMp@BILE1NGN.MM sed to about 210°C, and the internal

pro(o the

10

15

pressure of the reactor was gradually lowered, thereby
starting the distillation of a component having a lower
boiling point than that of the diphenyl carbonate,
together with the diphenyl carbonate from the
distillation column.

When about 30% of the added diphenvyl carbonate was
distilled (finally, the temperature within the system was
abeout 209°C, and the pressure was about 3 kPa}, the
pressure in the system was gradually returned to a normal
pressure with nitrogen gas. Then, diphenyl carbonate of
about 30% of the previously added amount was added again.

The diphenyl carbonate was added in a molten state
of about 110°C.

The addition time was aboul 2 hours.

04057

;
P

reactor was gradually lowered, thereby starting the
distillation of a component having a loweyr boiling point
Chan that of the diphenyl carbonats, together with the

diphenyl carbonate from the distiliation column.



244 - conprising carrying out the step (1) or the step (B) in nultiple

bat ches, or continuously. 9. An aryloxytitanium conposition produced by
the 5 nethod for producing the aryl oxytig ani um conposition according to any
one of clains 1 to 8. 10. An aryl oxytitani um conposition conprising: an

aryi oxytitani um conposition produced by the 10 nethod for producing the
aryloxytitaniun&ggnPQQLLion acc ndin%ﬁtq any one of clains 1 to 8; and a
di aryl carbonat ¢ PEeFFUIPhE et Hod FOFYBFSHugﬁﬁgqFﬁ@“éﬂ%WOxyt|;anlun115
conposi tion., di to any one of clains .1 ta 8, wherein the diaryl

car bonat e ﬂs ’.pﬁg%gﬁ)é%rqﬁﬁgﬁe%f‘bbﬁﬁ?“?ﬁé FECHEE For P S8t ng t he

aryl oxyti t anigym,£oMosid.an acgonding \f %ﬂer]ys%%gyat%{%u%!taia@ thd® & 20

i
wherein an aryl oXy group constitutingthe arylo Iume ana d%yloxy

group an argHd QG@ipHHUP carbonatd MR for it alyeompesi A step an
aryl oxvtitRnium jum conpc ... Trion

5> distilled (finally, the temperature within the system was
about 211°C, and the pressure was about 3 kPa). The same
operation as that of the above description was performed,
and operation for distilling the compcnent having a lower
boiling peint than that of the diphenyl carbeonate,
10 together with the diphenyl carbonate was performed five
times in total.
{0406]
A component containing the diphenyl carbonate
evaporated at the first time was colored in light vyellow,
15 and contained about 8 ppm of Ti atoms. The component
also contained a chlorine component of about 5 ppm.
[0407]
A component containing the diphenyl carbonate
evaporated at the second time was colored in light vellow,
20 and contained about 4 ppm of Ti atoms. Components
containing the diaryl carbonate evaporated at the third
e, oaml Uhe DourLn foime, e Lrier DR Uhie wele
3 oppmoof Ti atoms, respectively,
2 The polviitanoxane composition had about 0.5% by

mess of o Litanium content and about 97% by mass of

diacvvi carbonabe content .



- 245 - al cohol as by-product, by distillation, so as to obtain a crude
aryl oxytitani um conposition (step (A)); and a step of adding a diaryl
carbonate to the crude aryl oxytitani-umypgonposition and evaporating a
conponent 5 having a | ower boiling point than that of the diaryl carbonate,
together with the diaryl carbonate, so as to obtain an aryl oxytitani um
conp05|t|on {{g§¥)(En) wherei n an anount of the diaryl carbonate used
in the step ( is O to 50 nol ar equivalents with respect to total 10

mol es of Ti atormccg%tlgm%gno%meL%g%% Y 0XULT Lanidm gompost t1on, and

a tenperature in ev ating the conponent ‘havi ng ing point

than that ofihe.diaryl. carbanate it s Sen B | L‘% D2 range of 50C to
250C. 15 14. The nmethod for stabilizing the aryl oxytltanlun1conp03|t|on

accordi ng tin<lal M nahengid ddr thes alod axidd aniwp qonpasidion. obt ai ned
in the step (B), a content of titaniumatons is 1% by mass or nore and 15%

20 by mass rorpdresisyn arfd @heC oftgnts i0fi drherediraryle Garbonatrer dcs: 50%dne mass or
nore and Eass or less. aryloxviti ,land late 246 - a content of
titani um atamg ccionst ivas igegitlhel  araylcoxyts tsami-umties! 1% by:tnElss or nore and
15% by mass or less. 5 16. The aryl oxytitani um conposition according to
claim 15, wherlgisizsa coateatitobttihesdpar peteasbonhhte £5250% byemass or nore
and 95% by mass or |ess, and a content of a conpound having a boiling point
of 150C or H“é?s%‘?%%ﬂdldmo 1|c9mn0c¥r Moggs CoOrparEr Wikd dm oxyttierdniadmthe
conposition a rdj Qg | aim 15 or 16, wherein the content of titanium
atoms const Tﬁ§ ﬁéuér €H¥V¥1t%ﬂﬁlhhqf§9§%)by mass or nore and 10% by

nass O{OIe%%AC%ﬁ

The present application is based on Japanese Patent
Application (No. 2010-37925) filed to the Japanese Patent
Office on February 23, 2010, and Japanese Patent
Application {No. 2010-~37926) filed to the Japanese Patent

15 Office on February 23, 2010, the contents of which are

incorporated herein by reference.

Industrial Applicability

[C410]
20 The present invention has industrial applicability

asz & producticon technigque of a catalyst used when

avhonat e and anoa ol b

removing alcohols produced as bhy-product to the outside

I - AT 2 PR S R S R .
w ol the veaction sysiam.

Description of Reference Numerals



18. The aryl oxytitani um conposition according to any one of clains 15 to
17, wherein a total content of the aryloxytitaniumand the diaryl carbonate
is 50% by mass or nore. 20 19. The aryz:4@xyti tanium conposition according
to any one 5, whereining 2.4"/ the aryloxytitaniumis an aryl oxy group
having 6 or 7 carbon atons. 21. The aryl oxytitani um conposition according
to any one gﬂ ﬁl ainms 15 to 20, wherein the conposition is solid or
| i quid. % ll' e aryl oxytitani um conposition according to any one of
claims 15 tp 21, wherejn the aryioxytitaniumis an 10
aryl oxypoi yti tanoxane. 23" e aryi oxytitani um conposition according to
claim 22, whereigr:ddhe:aF yl gxypol ytitanoxane conprises one or nore types of
aryl oxypol yti tanoxane having 15 one or nore Ti-OTi |inkages in one
mol ecul e. 24.4 A grethod; fof producing-m@: diafyl carbonate, using the
aryl oxytitani um conposition according to any one of clains 15 to 23 as a
catal yst, conmasdrg, 20perform ng transesterification and cat.s 1\, nil-
to,ction ins aryl..csc whore-

110, 120, 130 DISTILLATION COLUMN

140 DISTILLATION PURIFICATION COLUMN
111, 121, 131, 141 REBOILER
112, 122, 132, 142 CONDENSER

10 113, 114 PREHEATER



- 248 - a content of titanium atons constituting the aryloxytitanium
is 1% by mass or nore and 15% by mass or less. 5 26. A nethod for producing
a diaryl carbonate, conprising perfq,_r&rjﬂg transesterification reaction and
di sproportionation reaction, using a dial kyl carbonate and an aronatic

hydr oxy conmpound, in the presence of the catalyst for production of the

di aryl carbonate according 10to claim 25, so as to produce a diaryl
carbonate. 27. "WR& ASt Rodf6f pPéduci ng the diaryi carbonate according to

claim 26, conprising a step of separating the diaryl carbonate froma
reaction p(r:lo‘ductA 8‘8?5‘?% Oy PI§W e Ndi &pr 668§Pﬁ5hé¥PBﬁuF‘eacti on. 28. The

met hod for pr cing the diaryl. carbonate according .to clajm?27 further
conpri si ng %m&%éﬁtoﬁ%nr’eccyoaqrnlg’]Tnf?e % esgﬁpi o(zriﬁp_rO dlf'&%mfgr (?]r'n@l/e/rﬁ"C}h1 the diaryl
2.Ocar bonat & 4B IERY actoe%’n 'or_]ttrc[q%r{[ihze c}gﬂqscedsr;[ﬁrrd fdo?r@%'sq{ e “;[aIVQﬂigorar;[ he

di sproport.ionation react |om.

> R-0-Ti linkage where R represents an organic group

containing 1 to 20 carbon atoms, and evaporating a
component having & lower bolling point than that of the
diaryl carbonate, together with the diaryl carbonate, so
as to cbtain an aryloxytitanium compositicn, wherein

16 an amount of the diaryl carbonate used in the step
(1) is 0.1 to 50 molar equivalents with respect to total
moles of Ti atoms contained in the organic oxylbitanium

composition having the R-0-Ti linkage.

15 2. The method for producing the aryloxytitanium
composition according to claim 1, wherein a temperature
in evaporating the compenent having the lower boiling
point than that of the diaryl carbonate in the step (1}
is in a range of 50°C to 250°C, and

20 in the aryloxytitanium composition obtained in the
step (1), a content of titanium atoms is 1% by mass or
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step (1), the following step (A} and step (B) are
sequentially performed:

step (A): a step of reacting an alkyloxytitanium
composition with an aromatic hydroxy compound and
evaporating an alcohol as by-product, by distillation, so
as to obtain a crude aryloxytitanium composition; and
step (B): a step of adding a diaryl carbonate to the
crude aryloxytitanium composition and evaporating a
component having a lower boiling point than that of the
diaryl carbonate, together with the diaryl carbonate, so

asg to obtain an aryloxytitanium composition.

4. The method for producing the aryloxytitanium
composition according to any one of claims 1 teo 3,
comprising further carrying out the folleowing step (C):
step (C): a step of adjusting a component ratioc of the

aryloxytitanium composition and the diaryl carbonate.

5. The method for producing the aryloxytitanium
composition according to claim 3, wherein the

alkyloxytitanium composition is an alkyloxytitanium
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step () a step of adding water to a Letraallkoxytitanium
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obtain a partial hydrolysis reaclion solution, and



step (Y): a step of evaporating an alcohol as by-product,

from the hydrelysis reaction solution.

6. The methed for producing the aryloxytitanium
compesition according to any one of claims 1 to 5,
wherein an aryloxy group constituting the aryloxytitanium
is represented by the following formula (Ar0):

[Formula 1]

A Q-

« = < (ArO)

wherein a ring A represents an organic group having 6 to
20 carbon atoms, containing an aromatic group to which an
oxygen atom bonded fTo Ti is bonded at any position
keeping aromaticity, and may be a single ring or a
plurality of rings, or a heterocyclic ring, and/or may be

substituted by another substituent.

7. The method for producing the aryloxytitanium

composition according to claim 5, wherein an amount of

3 The mevhod for producing the arviowviitanium

composliion according to oany one of claims 1 to 7,
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comprising carrylng out the step (1) or the step (B) in

multiple batches, or continuously.

9. An aryloxytitanium composition produced by the
method for producing the aryloxytitanium composition

according to any one of claims 1 to 8.

10. An aryloxytitanium composition comprising:

an aryloxytitanium composition produced by the
method for producing the aryloxytitaniuwn composition
according to any one of claims 1 to 8; and

a diaryl carbonate.

11. The method for producing the aryloxytitanium
composition according to any one of claims 1 to 8§,

wherein the diaryl carbonate is diphenyl carbonate.

1Z. The methed for producing the aryloxytitanium
compesition according to any one of claims 1 to 8,

wherein an aryloxy group constituting the aryloxytitanium

1s the same aryloxy group as an aryloxy group
[ i [N R L\\ o b, AERINT!

it
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a step of reacting an alkylowyiivaniam comp

with an aromatic hvdroxy commound and evanorvatinog an



alcohel as by-product, by distillation, so as to obtain a
crude aryloxytitanium composzsition (step (A)); and
a step of adding a diaryl carbonate to the crude
aryloxytitanium composition and evaporating a component
5 having a lower boiling point than that of the diaryl
carbonate, together with the diaryl carbonate, so as to
obtain an aryloxytitanium composition (step (B)}, wherein
an amount of the diaryl carbonate used in the step
(B is 0.1 to 50 molar eguivalents with respect to total
i0 moles of Ti atoms contained in the crude aryloxytitanlum
composition, and
a temperature in evaporating the component having a
lower boiling point than that of the diaryl carbonate in
the step (B} is in & range of 50°C to 250°C.
15
14. The method for stabilizing the aryloxytitanium
composition accerding to c¢laim 13, wherein in the
aryloxytitanium composition obtained in the step (B), a
content of titanium atoms 1s 1% by mass or more and 15%

20 by mass or less, and a content of the diaryl carbonate is

- -

0% by mass oy move and 95% by mass or less.
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a content of titanium atoms constituting the

aryloxytitanium is 1% by mass or more and 15% by mass or

less,

16. The aryloxytitanium compesition accerding to claim
15, wherein a content of the diaryl carbonate is 50% by
mass or more and 95% by mass or less, and a content of a
compound having a beiling point of 150°C or less is 1000

ppm or less.

17. The aryloxytitanium composition according to claim
15 or 16, wherein the content of titanium atoms
constituting the aryloxytitanium is 5% by mass or more

and 10% by mass or less.

18. The aryloxytitanium composition according to any one
of claims 15 to 17, wherein a total content of the
aryloxytitanium and the diaryl carbonate is 50% by mass

or more.

L5, The aryloxytitanium composition according to any one
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the aryleoxytitanium is an aryloxy group having 6 or 7

carbon atoms.

21. The aryloxytitanium composition according tc any one
of claims 15 to 20, wherein the composition is solid or

liguid.

22. The aryloxytitanium compcsition according to any one
of claims 15 teo 21, wherein the arvloxytitanium is an

aryloxypolytitanoxane.

23. The aryloxytitanium composition according to claim
22, wherein the aryloxypolytitanoxane comprises
one or more types of aryloxypolytitanoxane having

one or more Ti-0-Ti linkages in one molecule.

24. A method for producing a diaryl carbonate, using the
aryloxytitanium composition according to any one of
claims 15 to 23 as a catalyst, comprising

performing transesterification and
disproportionation reactions, using a dialkyl carbonate,

et LI e v oy UL Lady b

Lyat for production ol a diary! carbonate,
comprising an arvyloxytitaniuvm and a diaryl carbonate,

whiesrein
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a content of titanium atoms constituting the
aryloxytitanium is 1% by mass or more and 15% by mass or

iless,

> 26. A method for producing a diaryl carbonate,
comprising performing transesterification reaction and
disproportionation reaction, using a dialkyl carbonate
and an aromatic hydreoxy compound, in the presence of the
catalyst for production of the diaryl carbonate according

10 to claim 25, so as to produce a diaryl carbonate.

27. The method for producing the diaryl carbonate
according to claim 26, comprising a step of separating
the diaryl carbonate from a reaction product obtained by

15 the disproportionation reaction.

28. The method for producing the diaryl carbonate

according to claim 27, further comprising a step of

recycling the reaction product, from which the diaryl
20 carbonate is separated, into the transesterification

reaction or the disproportlionation reaction.



