DESCRI PTION 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 nmethod 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 Wi t hout using poi sonous
phosgene. Regarding techniques for,y, ﬂﬁ%dl aryl carbonates 20 as raw
materials for the production of aromatl c carbonates, useful catalysts and
met hods f orpipredue ngihe ;sane have been Studied. For exanple, Txcontaining
conmpounds, such as organic titanates having a Ti-OTi |inkage, are known as

25 conpounds #h@ving hoghracbivity ARdLbgYngruseiul caspoatalyst anbor
reactions for obtaining diary' carbonates using dial kyl carbonates and

aromati € hydroxy conpoundsikas.cstvartiayg mvateenrssTend nmet hods for produci ng
organic - 2 - titanates having at least one Ti-OTi |linkage are discl osed
(for exanple, see Patent Docunment 1 to 3). List of Prior Art Docunents
Technical Field
[0001]
The present invention relates to a method for

10 producing an aryloxytitanium composition, and an

aryloxytitanium composition.

Background Art
[0002]

15 Aromatic 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 pocisoncus phosgene.

Regarding techniques for producing diaryl carbonates

20 as raw materials for the production of aromatic
carbonates, useful catalysts and methods for producing
the same have been studied.

For example, Ti-containing compounds, such as

organic titanates having a Ti-0-Ti1 linkage, are known as

N
[

compounds having high activity and being useful as
catalysts for reactions for obtaining diaryl carbonates
using dialkyl carbonates and aromatic hydroxy compounds

as starting materials, and methods for preoducing organic



5 Patent Docunent [0003] Patent Docunent 1: International Publication No.
WO 2006/ 68053 Pat ent Docunent 2: International Publication No. WO
102006/ 67982 Pat ent Docunent 3: U. S. Patent No. 2880221 Summary of

| nvention Problenms to be Solved by the 4 nvention 15[ 0004] However,
problens remain in the handling of the Ti-containing conmpounds, such as
organic titanates having a Ti-OTi |inkage. In other words, when

al koxyti t amijun® a8 $W3ed @S 540 16atal Y3is +fial the praducd iogn. of diaryl
carbonates, quality degradation is caused if a netal conponent derived from

t he catnl ystisoniemaidng sdire ediaaile , Tiseeontaldiingcamound. cat alysts that are
preferred 25 in terns of advantageously progressing equilibriumreactions
included in the reactions for obtaining diaryl carbonates are ary oxyti tan
‘urns having nokoxy group, 3 but the aryloxytitaniuns have a very high
mel ti ng pointst( bdr Pexanple: tDheumelttisng point of titaniumtetraphenoxide is
about 155C), and therefore, a problemof the aryloxytitaniuns is that

sol i di f¥ catiéémran@ocioggitng occur unl ess the storage tank, the piping, the
punp, and the |ike are constantly kept at high tenperature. Furt her,
as a resul 08 3the study of the present inventors, another problemis that
when aryl oxytitaniuns 10 are stored at high tenperature, the activity as

catal ysts fOrSthe PoroaGeti dn N tEAAHE OCarb it dSaddéred¥es " gni fi cant |l y.
[0003] 2006/68053

Patent Document 2: International Publication No. WO
10 2006/67982

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

Summary of Invention
Problems to be Solved by the Invention
15 [0004]

However, problems remain in the handling of the Ti-~
containing compounds, such as organic titanates having a
Ti—-0~7i linkage.

In other words, when alkoxytitaniums are used as

20  catalysts for the production of diaryl carbonates,
quality degradation is caused 1f a metal component
derived from the catalysts remains in the diaryl

Ti~containing compound catalysts that are preferred

25 in terms of advantageously progressing equilibrium
reactions included in the reactions for obtaining diaryl

carbonates are arvyloxytitaniums having no alkoxy group,



Further, tetraaryl oxytitaniunms are known to be 15 effective as catal ysts
for the production of diaryl carbonates, and conventionally, a step of
produci ng aryl oxy conpounds is performed, adjacent to a site for a step of
produci ng diary' carbonates, to producé tetraaryl oxytitaniunms, in view of
the probl ens based on 20 tenperature control, transfer, and storage

descri bed above. However, study is still insufficient for methods for.

produci ng Qb@r¥heCQE§?8§%€§tQMiE é“ﬁ%?érEﬂge;ybﬂﬁg%Phkﬁt%%@i&%ﬁkﬁ:bCCV|by

as dLyi uAy yLuup, ou etraaryl oxytitaniuns, and techniq for obtaining

25 titani unkgenplexpcat akyat fehavhpgpannar ¥koxy tahquR that can endure the
above storage. - 4 - Furt her, ﬁandllng when transfer or storage is

continued e¥eragnkRNg;RETk9dapABRENGESEOr Dr@duct pgrsatal ¥ysheopeBERati bl e
therewith, and catal yst conpositions that can provide t he hi ghest

productivi by ane akgbchyunkanimms[ 0806hat soliBd€adrditighy anict is an obj ect
of the present invention to provide a nethod for producing an

aryl oxyi i t ahpggicgnposiiti oniand aheasyboxyti tankumibe pdpposititde t hat can
sol ve the above-descri bed problens, as a catal yst used in reacting an

al i phati c earbonané whehlakeapoaatposionohydkery esnpoedhd to produce an
aromati ¢ carbonate while renoving an al cohol as byproduct out of the
reacti on sy8tefpsatysepeans for Sol ving the Probl ens [0007] The present
inventors have diligently studied the above probleps over and over, and, as

a result, found Wo-HHat the? abovel deskribed® Comvent i bhaI PHFoBrEns are
sol ved by angroguction nEEQod cog&risingtﬁ ﬁtgﬁ of adgingna p%thlt of
adi ary] cat"8FgaRF e, oGP AR UM E8np8s TLFon"ERE BVApSFEEEhg d "ESnponent
haViHQIﬁ |Q¥§r598£é&ngtp958% EQ%BeEQ@&KQf Eﬂg activity as catalysts
for the production of diaryl carbonates decreases
significantly.
[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 insufficlient for methods
for producing diaryl carbonates by transferring titanium
compler Catdalysis having an aryloxy giooup, such as
tetraaryloxytitaniums, and techniques for obtaining
25 titanium complex catalysts having an arvloxy group that

can endure the above storage.



25 diaryl carbonate, together with the diaryl carbonate, The present

i nventors have found that the above-descri bed conventional problens are
solved by a conposition containing an aryl oxytitanium and a diaryl
carbonate in a particular ratio. [0008]4 Specifically, it has been found
that an 5 aryloxytitanium (or conposition) itself does not nelt unless it
is at high tenperature, but mhen it is mxed mﬁth a diaryl carbonate, the
ef fect of Iomer QtR?F ﬁd? oj.nL i Iar and_further, the conposition

m xed with the dlary tarb ona Zcan Be ored o@grSaOFoﬂg iﬁ period. It has

been found that naeaho@eqogpgg)pg 08 oM alpikngan ALy Loyt jtan um and a

di aryl carbonate in a parti ratio’is pre erre catal yst for the

prOdUCt|OncgEangk@rﬁbmﬁﬁﬁggn@t@he@@wﬁ@%_O%Q%rCQ%EQyS%nC%%Q@EEHQLQMQrOxy
conpound and 15 a di al kyl carbonate that are raw naferials for the

synthesi s @hat:heaar ph-oxytist aRieum; Bk sEORROSILCItAR) thawe calag@been st udi ed
for a simlar purpose. However, the above effects are not seen, and in

addi ti on, thénsehubility is al so | ow, and a decrease in activity occurs 20
during storage. It has also been found that the above effects are specific
to the aryll@Xy®ilt ani um (or conpositiont 10009j Further, it has al so been
found that when a 25 conposition obtained by adding a diaryl carbonate to
an aryl oxytitanbepebdianlar yl oxypoiyt Pbanokané Loe mresapbsition thereof)
and evaporating a conponent having a - 6 - lower boiling point than that
of the di atyVeBaiBBnAPePEsvisedaaiicihest drysPrpeiicihe production of a
diaryl carbonat the problens of coloration and _the |ike can be sol ved.

This'is coﬁ§¥38?§8L?8“B€mb€8§B§§1Fﬁ8nl6%@b8PI?ﬁélgxﬁéﬁﬁéﬁéHF‘contalnlng a
L\ 201 2La 20 beyt PIRYetycnd R hber e onke i companent can <l s
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 studisd the
above problems over and over, and, as a result, found
20 that the above~described conventional problems are solved
by a production method comprising a step of adding a
particular amount of a diaryl] carbonate to a particular
organic oxytlitanium Compesiflion ancg evaporating a
component. having a lower boiling point than that of the
25 diaryl carbonate, together with the diaryl carbonate.
The present inventors have found that the above-

described conventional problems are solved by a



obt ai ned using the aryl oxytitani um conposition in the 10 present enbodi nent
as a catalyst is used as a raw material for a nmelt process pol ycarbonate,
there is no coloration, and the adjustnment of the anmount of the

pol ynmeri zation catalyst is al so easy; gnd the diaryl carbonate has high
quality, leading to the conpletion of 15 the present invention.
Specifically, the present invention is as follows. [0010] [1] A nethod for

pr oduci ng eemgpxk9§%gi&gﬂkgﬁh%ggcgﬁp9§gﬁgg v 16QURLESLNG 8 §heR, (1) of

adding a diar carbonate t0 an organi tltanjunlconp05|t|oﬁlhaving an

0-Ti 1i nkagg,WREEEI AnHar BRLESEN S W-5PKgani . ¢ groap ning 1 Lo 20 carbon
atons, and evaporating a conponent having a | ower boiling point than that
of the 25 dpapyh carbonate, together with the diaryl carbonate, so as to
obtain an aryl oxytitani um conposition, wherein an anmount of the

di aryl carbonatspaisedi¢anlihe stepadlpeds BodndiochOtnmphar equivalents with
respect to total noles of Ti atonms contained in the organic oxytitani um
conposiii oarhavkpgitheiRnO{dir konkageripl) itselfTheemenbadmiar produci ng
the aryl oxytitani um conposition according to the [1], wherein a tenperature
i n evapor athhgsthétcompeneht ghatingethéulrewebuboivhieng ipoilst rtilkan t hat of
the diaryl carbonate in the step (1) 10is in a range of 50C to 250C, and
in the aryFokyt ft dapdm-ceppbsneten 6beakfiédcinofhdoyespn@lyhea cont ent of
titaniumatons is 1% by mass or nore and 15% by mass or |ess, and a content
of the di al'§FtéappBAATE 1§ SEOWFBy AESs HEthBre &RE 95UFBY lrd68 or |ess.

mizxed 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 carbenate in a
particular ratio is preferred as a catalyst for the
production of a diaryl carbonate.
On the other hand, an arcmatic hydroxy compound and
15 a dialkyl carbonate that are raw materials for the
synthesis of the arylozytitanium (or compoeosition) have
also been studied for a similar purpose. However, the
above eflfects 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
composition).
LGUGY ]
Farther, it has also been found that when a
25  composition obtained by adding a diaryl carbonate to an
aryloxytitanium or an arvloxypolytitanocxane {[or a

composition thereol) and evaporating a component having a



15[ 3] The nethod for producing the aryl oxytitani um conposition
according to the [1] or [2], wherein in the step (1), the follow ng step
(A) and step (R) are sequentially perforned: 20step (A): a step of reacting
an al kyl oxytitani um conposition wi th-aré aromati ¢ hydroxy conpound and
evaporating an al cohol as by-product, by dist.ill. ati ( is Lc) obLain a

et ude uLyww, yLi Luiliuhi Cunpu.5i Gull; duo step (R): a step of adding

a diaryl carhonate g the 25 Cryde iy OXgiLandim.CAMOSHdon and

evaporating a Co%bonent avi ng ower ing poin han of“the 8

di aryl carbonaf e, togethar, Efga]xt he Al ard, garpenat ¢, $0,, 45 1o obtain an

aryl oxytitani um conposition. The "'met hod for producing the

aryl oxytit ani o3 +eOMes 126G NG 1t A6 ONgiOftHde Iidd 20, [R3]
conprising further carrying out the following step (C: step (C: a step of

adj usting acuempQnenhikat 50cohsthAeranykexyti bankhureComRosbld @ iane .t he

di aryl carbonate. [5] 10The nethod for producing the aryl oxytitanium
conposi ¥ i orcageortizngoha atimg rjg3]a, twherrgium tdhenaldayl dey tidranianm coiposi ti on
is an al kyl oxytitani um conposition obtained by sequentially or

si mul t aneoudslop lperifer-mong alb istueprofidoneantsteem: ofl addiengs awatreta ol a

tetraal koxytitaniumto react the tetraal koxytitaniumwith the water so as
to obtain aep@reidal hydrol ysis reaction solution, and step (Y): a step of

evaporating an al cohol as by-product, fromthe hydrolysis reaction
sol uti on. 20[6]It has been Tound that when the diaryl carbonate

obtained using the aryloxytitanium compesition in the
10  present embodiment as a catalyst ig used as a raw
material for a melt process polycarbonate, there is no
coloration, and the adjustment of the amcunt of the
polymerization catalyst is also easy, and the diaryl
carbonate has high quality, leading to the completion of
15 the present invention.
Specifically, the present inventiocn is as follows.
[0010]
[1]
A method for producing an aryioxytitanium
20 composition, comprising a step (1) of adding a diaryl
carbonate to an organic oxytitanium composition having an
R-0~-T1 linkage, wherein R represents an organic group
contalining 1 Lo 20 carbon atoms, and evaporaling a
component having a lower bolling peoint than that of the
25  diaryl carbonate, together with the diaryl carbonate, so

as to obtain an aryloxytitanium composition, wherein



The nethod for producing the aryioxytitan um conposition according to any

one of the 11] to [5], whe.reil ah aiyic-youp constilLuting. tan
aiyloxytinniiiuiu is represented by the following forrmula (Ar0):
ring A represents an organi c group havi’hg-6 to 20 carbon atons,

an aromatic group to which an oxygen atom bonded to Ti

wherein a
cont ai ni ng

i s bonded at any
position keeping aromaticity, and nay be a single ring or a plurality of

rings, or a het %O%ﬁgluh% %if“ngaﬁ%(}E{.l”%%r.%%n%%%sqste‘&t 99, by, 2 _1%3“

substituent. [7 nmet hod r pro

uci ng the aryloxytitanium

conposi tiongeaar di.ng o dhend 2], herel n.an appupt ofdhe watescin the
step (X) is 0.1 to 0.92 nolar equivalents wth respect to the

t et r aal koxytd iteanidsme i[ 8t ordEhe:dretdhiotk d om preduct figh thessapyd eyt b ani um
conprising carrying
or continuously. 9]

15conposition according to any one of the [1] to [7],
out the stenphsiaridrhésstiey (Kh3) R-0-mul tiiplieadeat ches,

An a ryl oxytitanium conposition produced by "e thud for producin9. the
aryi oxybi tdrilum conposition according to any one of the [1] to [8]. [10] An
aryl oxytitani um conposition conprising: - 10 -

10

15

20

The method for producing the aryioxytitanium
composition according 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)
is in a range of 50°C to 250°C, and

in the aryloxytitanium composition obtained 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
carpbonate is 50% by mass or more and 95% by mass or less.
[3]

The method for producing the aryloxytitanium
composition according to the [1] or [2], wherein in the
step (1), the fellowing 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 distilliation, so
as Lo obtaln a crude aryloxybltaniun compositlion; and
step {(B): a step of adding a diaryl carbonate fo the
crude arvloxytitanium composition and evaporating a

component having a lower boiling peint than that of the



an aryl oxytitani um conposition produced by the nethod for producing the
aryl oxytitani um conposition according to any one of the [1] to [8]; and a
di aryl carbonate. 5[ 11] The net hod for producing the aryl oxytitanium
conposition according to any one of theé& [1] to [8], wherein the diaryl
carbonate is di phenyl carbonate. [12] 10The nethod for producing the

aryl oxytitani um conposition according to any one of the [1] to [8], wherein

an aryl oxy (groun consititd ng %h%rrylw%ﬁ ittr@niogggnét the Rl ar yg&f\y group

as an aryl oxy group constituting the diaryl car e. 15[ 13 nmet hod
for stabilixz ng apcany exyhi-tar:NmiGemRes! HhhoGanpn{ sing: a step of
reacting an al kyl oxytitani um conposition with an aromatic hydroxy conpound
and evapor gtsijng an 20 al cohol as by-product, by distillation, so as to
obtain a crude aryloxytitaniumconposition (step (A)); and a step of adding
a diaryl carbonahe nethbe coudprbdVWdiAYy ekapetgibkrpgiaaein@lti pon having a
| ower boiling point than that of the diaryl 25 carbonate, together with the
di aryl ear bomareltsonascrorobiai moamnar ynexyti ttdwe urh]cdnmpoisiti on (step
(B)), wherein an amount of the diaryl carbonate used in the step (B)
is 0.1 to 50Mpgliarneqdivvdbent sawiryti noespeéctt eo fodtlawimg esaof (1) :at ons
contained in the crude aryl oxytitani umconposition, and 5a tenperature in
evapor at i ng “ERe (ErpEnSREPh&YI AG & IToNer DEITTRRG P e ttivarpt Hate of the

di aryl carg%@%te in the step (B) is in a range of 50C to 250C.

oxytitanium composition and the diaryl carbonate.
(5]

10 The method for producing the aryloxytitanium
compositicon according to the [3], wherein the
alkyloxytitanium composition is an alkyloxytitanium
composition cbtained by sequentially or simultanecusly
performing

15 step (X}: a step of adding water toc 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 aryloxytitanium
composition according to any one of the {11 to [H],
WILST @1 ain alyLOxy Jioup constitutling the aryloxytlitanium
is represented by the following formula {(ArQ):

25 [Formula 1]



[ 14] The nethod for stabilizing the aryl oxytitanium 10 conposition
according to the [13], wherein in the aryloxytitani um conposition obtained
in the step (B), a content of titaniumatons is 1% by mass or nore and 15%
by mass or less, and a content of the diaryl carbonate is 50% by mass or
nmore and 95% by mass or |ess. 15[ 15] An aryl oxytitani um conposition
conprising: an aryloxytitanium and a diaryl carbonate, wherein a content
of titaniumatonms constituting the 20 aryloxytita iumis 1% by mass or nore
and 15% by ma o+ €ss. [16] the aryioxyLitani um conposition at:cot:Piny
to the [15], a content of the diaryl carbonate is SO% by 25 nmass or

b by Aassi-oinless, and a content of a conpound having a boiling
or |eg

s is 1000 ppmor 1less. - 12 - [17] The
aryl oxytitani Wwn coaposi tion gqcp{g

LQ% to the [15] or [16], wherein the
content of titaniumatons constituting the aryloxytitaniumis 5% by mass or

nore and 10% by mass or |less. [18] The aryloxytitani um conposition
accordi ng theasyinome ring A represents an organic group having 6 to

20 carbon atoms, containing an aromatic group to which an
oxygen atom bonded to Ti is bonded at any position
5  keeping aromaticity, and may be & 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
10 composition according te the [5], wherein an amount of
the water in the step (X) is 0.1 to 0.92 molar
equivalents with respect to the tetraalkoxytitanium.
(8]
The method for producing the aryloxytitanium
15  composition according to any one of the [1] to {7],
comprising carrying out the step (1) or the step (B) in
maltiple batches, or continucusly.
9]
A aryloxytiltanium composition produced by the
U method for producing the aryloaylitanlum Compusition
according to any one of the [1] te [87.
[10]

An aryloxytitanium composition comprising:



of the [15] to [17], wherein a total content of the aryloxytitaniumand the

di aryl carbonate is 50% by mass 10or nore. [19] The aryl oxytitani um
conposition according to any one of the [15] to [18], wherein titanium
constituting the aryloxytitaniumis a tiétraval ent titanium 15[ 20] The

aryl oxytitani um conposition according to any one of the [15] to [19],
wherein an aryl oxy group constituting the aryloxytitaniumis an aryl oxy

group having 6 Qk ¥ ,GAROR 18L& 2Q0RHs The R QXYS 3N ym conposi tion
according to any nonerg?lt(') [lZOd], \Tt her ei nS}t he coﬁrlrtlposi ti o%ﬂ% s solid or [22]

25The aryl ottt dcni A ©Pmasi dd o ACLOF TNk {©a @Y 0Rem®ds 1 hesf15] to [21],
wherein the aryloxytitaniumis an aryloxypolytit rp - as - 13 - [23] The
aryl oxyti t an ¢ Cionposs tdaron @eecasdimgetpl heo [ 2], aherein the
aryl oxypol yti tanoxane conprises one or nore types of aryl oxypol ytitanoxane
hayi ng 5 one or anorierTfil- OaFibdniartkages i n one nol ecul e. [ 24]
5 [11]
The method for producing the aryloxytitanium
composition according to any one of the {1} to [8],
wherein the diaryl carbonate is diphenyl carbonate.
[12]
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 the same aryloxy group as an aryloxy group
constituting the diaryl carbonate.
15 [13]
A method for stabilizing an aryloxytitanium
composition, comprising:
a step of reacting an alkyloxytitanium composition
with an aromatic hydroxy compound and evaporating an
20 alcohol as by-product, by distillation, soc as to obtain a
crude aryloxytitanium composition (step (A)); and
a step of adding a diaryl carbonate Lo the crude
aryloxytitanium composition and evaporactling a componeit
having a lower boiling point than that of the diaryl
25  carbonate, together with the diaryl carbonate, so as to

obtain an aryloxytitanium composition (step {(B)), wherein



A nmet hod for producing a diaryl carbonate, using the aryl oxytitanium
conposition according to any one of the [15] to [23] as a catal yst,
conprising 10perform ng transesterification and di sproportionation
reactions, using a di al kyl carbonate, 1an-aromati ¢ hydroxy conpound, and

t he aryl oxytitani um conposition, so as to produce a diaryl carbonate. [25]
15A catal yst for production of a diaryl carbonate, conprising an

aryl oxytitani um,gng éuﬂka yl tﬁ%r honate, wherein . uspg Ao a gantent, of

titani um atons cons |tut|n e aryloxytitaniumis by mass or “nore and

15% by massgr j20less. %@J molar e%{dTF}aﬁ%ésorwﬂfrPd}!%ﬁw: avcg'@otfé/i ca
: coonat e, L ortip-rising perfrnilngtransest W ScALA. ULICLI On and

di spr opor t ingnatd V¥ MEAGHIR, d&it@&rﬁacﬁ'ﬁi ke canhenal.e, d\anﬂ@fm @fomatic
hydr oxy conpound, in the presence of the catal yst for pro ction of the

di aryl car bongicsiadeer,diamgi 110 the [25], so as to produce a diary]
carbonate, - 14 - [27] The nethod for producing the diaryl carbonate
according to the p2fipereonpei shngvapstepioafy séparatripngehhe hdivamyl acar bonat e
froma reaction product obtained by 5 the disproportionation reaction. [28]
The net hod foore plodudirmg poher tditdrey]  tdartboratiércactiondi Ing:ardodrivec § 2] |
further conprising a step of recycling the reaction product, from which the
di aryl the step (B} is in a range of 50°C to 250°C.
[14]
The method for stabilizing the aryloxytitanium
10 composition according to the [13], wherein in the
aryloxytitanium composition obtained in the step (B}, a
content of titanium atoms 1s 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 aryloxytitanium composition comprising:
an aryloxytitanium; and
a diaryl carbonate, wherein
& content of titanium atoms constituting the
20  aryloxytitanium is 1% by mass or more and 15% by mass or
less.
[16]
The aryioxyiitaniwn composition accoiding Lo the
[15), wherein a content of the diaryl carbonate is 50% by
25 mass or more and 95% by mass or less, and a content of a
compound having a boiling point of 150°C or less is 1000

Epm oor less.



10 carbonate is separated, into the transesterification reaction or the

di sproportionation reaction. Advantages of the Invention [0011] 15The
present invention provides a nethod for producing an aryl oxytitani um
conposition and an aryl oxytitani um cenp@sition that can sol ve the problens
of the clogging of the storage tank, the piping, the punp, and the |ike
during storage and transfer, and the |ike, 20 and a decrease in catalytic
activity whjgch occurs during long-tern storage, and is extrenely preferred
as a CAG i \/.ror a production of ci diaryl carbonate. Brief Description

of the Drawi ngs thkl Grylcxiows o i Sehemidds: iaanf] gwatiomdigram of one
exanpl e of an apparatus for producing a diaryl carbonate. FIG 2

shows a schemat i clond i gustaiiom dirggres oinanet hert exampl £ &hs an appar at us
for producing a diaryl carbonate. Mdde for Carrying Qut the Invention

[ 00131 10A amde: iftort ioay riyfiengeoutct el prresent 1 $ nvernty ams€ her ehmadt er
referred to as the present enbodinent) w !l be described bel ow with

ref erenée tand hiddraningss or leskthe present enbodi ment below is an
illustration for describing the present invention and does not limt the 15
present inviertlion to the follow ng content. Appropriate nodifications can

be made to the %resent i nvention without departing fromthe spirit thereof.
The aryloxytitanium composition according to any one

of the [15] to [17], wherein a total content of the

aryloxytitanium and the diaryl carbonate 1s 50% by mass
10 or more.

[19]

The aryloxytitanium composition according to any cne
of the [15] to [18], wherein titanium constituting the
aryloxytitanium is & tetravalent titanium.

15 [20]

The aryleoxytitanium composition according to any one
of the [15] to [19], wherein an aryloxy group
constituting the aryloxytitanium is an aryloxy group
having 6 or 7 carbon atoms.

20 [21]

The aryloxytitanium composition according to any one
of the [15] to [20], wherein the composition is solid or
Tiguid.

[22]
25 The arvyloxytitanium composition according to any one
of the [15] to [21], wherein the arvyioxytitanium is an

aryioxypolytitanoxane.



In the drawi ngs, positional relationship, such as top, bottom left, and
right, is based on the positional 20 relationship shown in the draw ngs,

unl ess ot herw se specified. Further, a dinmensional ratio in the draw ngs
not limtRa 1 totio shown. [0014] [Methe&d-for Producing Aryl oxytitanium
Conmposi tion] 25A nmethod for producing an aryl oxytitani umconposition in the
present enbodi nent conprises a step (1) of adding: a diaryl carbonate to an
orga - 16[23]oxytitaniun1conposition having an R-O-Ti |inkage, wherein R
represents an-organic group containing 1 to 20 carbon atons, and

evaporating a CeRpoReRtchavi PEndukOWekp b9k Ll BY POEBEgLREN L hatc0f the
di aryl carbonate, together with 5 the diaryl carbonate, "so as to obtain an

aryl oxyti t gnzam gespesit LR, aMiereivpcaytareuska0t thepabhewe di aryl
carbonate used in the above step (1) is 0.1 to SO nolar equivalents with
respect to totabnaobesmofeTiyatonmsrconyabredointthenakone vagaN;C
oxytitani um conposition 10 having the RO Ti I|inkage. By evaporati ng
t he conponent havimnget Ae-DoWer 1boikkigeg poi phet hadetchde .of the diaryl
carbonate in the above step (1), an aryloxytitanium conposition that has
hi gh stabillikly during transfer and/or storage can be 15 obtained. The

aryl oxytitanium conposition is preferred as a_catalyst for the production
of a diaryl carbopatecd|doispradteqperatdiervh evabdratfng eheycehponent
having the | ower boiling point than that of the diaryl carbonate 20 in the
above stepaEI-OﬁgtﬁFéPégEbF?mpﬁsﬁﬁéopaﬁﬁéo6ﬁl@@CtPoa??o@?elﬁftﬁée

aryl oxytitani.um.co ition obtained in the,above step Ma content of
titaniun1aﬁ& i§ g@ggyaﬁigocﬁ al¥Sfe SRECFS9BY mass ot |ess,

10 performing transesterification and
disproportionation reactions, using a dialkyl carbonate,
an aromatic hydroxy ccmpound, and the aryloxytitanium
composition, so as to produce a diary! carbonate.

[25]

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

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

20 less.

[26]

A method for producing a diaryl carbonate,
Colprising performing transesterilication reaction and
disproportionation reaction, using a dialkyl carbonate

25 and an aromatic hydroxy compound, in the presence of the
catalyst for production of the diaryl carbonate according

to the [251, 80 as to produce a diaryl carbonate.



and a content of the diaryl carbonate is preferably 50% 25 by nass or nore
and 95% by nass or | ess. By controlling the tenperature in evaporating
t he conponent having the lower boiling )oliill than that of the diaryl
carbonate, and controlling each conpoengfit-of the obtained aryl oxytitani um
conposition to a particular amount, an aryl oxytitani um conposition that has
hi gher stability during transfer and/or storage can be obtained. The
aryIoxytitqghqn1conposition is extrenely preferred as a catalyst for a
production of "a diaryl carbonate. [0016] In the method for producing the
aryloxytitani umgenREshbhORsHNLEHELRE R§ERhcADAdL MeRL rphagREdI Ng the 10
above step (1), further specifically, the following step (A and step (B)
can be sequerbiralihy per fLerengds st eprpA)siagstep el Facidiig Al ng

al kyl oxyti tani um conposition with an aromatic hydroxy conpound and

evapor at i nghan dakegholkaaschytpr dduet a byaditsion lpatddor,t sothS rast ey obtain a
crude aryl oxytitani umconposition; and step (B): a step of adding a diaryl
car bonat e t:bet hie saboye rcrivde taoyl oeypittiami.um conposi ti on and evaporating a
conponent having a |ower boiling point than that of the diaryl carbonate,
toget her wilER]the diaryl carbonate, so 20 as to obtain an aryloxytitani um
conposi tion. These step (A) and step (B) will be described |ater.
[0017] Filst, s'@,@@plé‘%haﬁuf@ﬁepwﬂé%n@ngbai feAt YW FRrbendéscri bed.
25(Organi ¢ _Oxytitani um Conposition Having 11-0-Ti, Linkage) The organic
oxyt i t ani uRCEGRPGERt it6n tH&vilnd 't hd WEEIGE PRk dgEdr §ari & 6%yt ani um

conposed Ogecycling the reaction product, from which the diaryl

10 carbonate is separated, into the transesterification

reaction or the disproporticnation reaction.

Advantages of the Invention
[0011]

15 The present invention provides a method for
producing an aryloxytitanium composition and an
aryloxytitanium composition that can solve the problems
of the clogging of 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

catalyst for a production of a diaryl carbonate.

Brief Description of the Drawings

25  [0012]



- 18 - tetravalent Ti atom in which the Ti atomis substituted by an R 0-
group, wherein R represents an organic group. Here, the "organic

oxytitani um conposition having the RO Ti |inkage" neans that not only one
"organic 5 oxytitanium having the R & Ti> i nkage" is present, but also a
plurality of "organic oxytitaniuns having the R-0- Ti |inkage" may be

m xed. This is due to the fact that it is difficult to exactly identify the

structure. The argani;c exyti tani uwm qmogogqif]qr&f@%lg%v?j"_po yrer, 10 or may

be a pol yner (organic polytitanoxane). [0018 ytitanoxane" is
defined. one_e%ﬁ']@|dﬁ'é@%'td§fﬁ§ B @i Ohgani 1 4 pprgani ¢ _hybrid
conpound conprising a Ti-O--Ti repeating structure 15 and an R-OTi

| i nkage, whengidghRdepresents an organi c group, herein. For the structure
of polytitanoxane conpounds, there are reports in which the structure is
presuned (for exampl e, sKogyo sKagakmaZdss on(fleurmaliof diheGherdcal Society
of Japan, Industrial Chem stry 20Section), vol. 64, p. 885-888 (1961), and
Nat ur e, °p. @RGhQ74 2968 )of and appordsis nfehiehodupang i culazryl nkage
(forO-Tleged / detected (for exanple, Japcti"cd,,pen No. 2004-256719). The
Ti at om uséthibpnaie present enbodinent is a 25 tetravalent Ti atom A

pol ytitanoxane conposition conprising at |east one polytitanoxane
conprising a structure unit s:,11 ected fromthe follow ng gene ral - 19 -

formulas (1),.(2), (3), and (4) is the organic polytitanoxane used in the
present en‘i%?cﬂerré)ﬁ:t? <C‘a)”7!”"“Ign<%£Lhé1'sh‘Eifvcﬁ'fb\“:,‘e,“ &' or gani ¢ pol ytitanoxane nmay

have a St”’[%toﬁrg) in which the structural units shown in the foll ow ng
formul as are conbined to forma |inear, branched, or cyclic structure each

fthgrego}’éa[ Bgi ng'h' Rodl rLokade, 023t YELULS CQTRN 133/09, 8 fonbi nati on
{hereinafter referred to as the present embodiment) will
be described below with reference to the drawings.
The present empbodiment below is an illustration for
describing the present invention and deoes not limit the
15 present invention to the following content. Appropriate
moedifications can be made to the present invention
without departing from the spirit thereof.
In the drawings, positional relationship, such as
top, bottem, left, and right, is based on the positional
20 relationship shown in the drawings, unless otherwise
specified. [Further, a dimensional ratio in the drawings
is not limited to the ratio shown.
(00143
[Method for Producing Aryloxytitanium Composition]
25 A method for producing an aryloxytitanium
composition in the present embodiment comprises a step

(L} of adding a diaryl carbonate Lo an organic



[Formula 2] 10 1 ORO I?R?R | RO 11-0- -0-T-0- -01-0- -01-0- ORO1PR |?
(D(2)(2)(4) [0020] In the above fornmulas (1) to (4), R represents

an organic group. The R group is an organic group described in 15
Nonencl ature (1 UPAC Nonencl ature of G d&ni-c Chemi stry) prescribed by | UPAC

ty

(The International Union of Pure and Applied Chem stry). A plura

of I'l groups aie contained in t.ne above ULecflii.Opul ybasiuflane. They
Licly an | ngpane, a2t anfon ROty iie sfruchure fonalag, a,peanehed of
cyclic structure, for exa ose shown int ollTowmng | ornmulfas (a)-d

(b) are cons igderethns éﬂ)crganlc group containing 1 te 20 carbon

10

15

25

atoms, 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
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 composition
having the R-0-Ti linkage.

By evaporating the component having the lower
boiling point than that of the diaryl carbonate in the
above step (1), an aryloxytitanium composition that has
high stabkility during transfer and/or storage can be
obtained. The aryloxytitanium composition is preferred
as a catalyst for the production of a diaryl carbonate.
[0015]

A temperature in evaporating the component having
the lower boiling point than that of the diaryl carbonate
in the above step (1) is preferably in the range of 50°C
to 250°C. In the aryloxytitanium composition obtained in
the above step (1), a content of titanium atoms 1s
preferabliy 1% by mass or wmore and 15% by mass oi less,
and a content of the diaryl carbonate is preferably 50%
by mass or more and 95% by mass cor less

By controlling the temperature in evaporating the

component. having the lower bolling point than that of the
_ g S



[0021] [Forrmula 3] OROROR Il RO T1-0-11-0-41-OR Il OR ?0R Ro--ri --OR AR
(a)(b) When the I UPAC Rules, and the Nonmenclature Rules 5 prescribed by

| UPAC al so shown hereinafter (except for cases where other years' | UPAC
Recommendati ons and the like are speciallly cited) herein are cited bel ow,
"Ynki kagaku- Sei kagaku Mei nei ho (Organi c Chem cal and Bi ochem cal

Nonmencl ature)"” (revised second edition 10 published in 1992, Nankodo Co.,

Ltd., Japamid.s, Cidaghohish drgy hasad-on the edidianideduding ald the
rules of organic chem stry and biochem stry, and Japanese transliteration

rul es, publdishetheap A Separate Mo s Kagaku hq Rypikic (e Area of
Chem stry)" in 1980, based 15 on Reconmmendations 1979, and in which all
subsequent arewirgi,ons: and; reegamtendain ensnars aiddedih a0 Hap anidiodr- e fe r s
to generally a group of ¢ ompounds cots of theplok.ippep ks too hook.
stability during transfer and/or storage can be obtained.
5 The aryloxytitanium composition is extremely preferred as
a catalyst for a producticn of a diaryl carbonate.
f0C1l6]
In the method for producing the aryloxytitanium
composition in the present embodiment, regarding the
10 above step (1), further specifically, the following step
(A) and step (B) can be sequentially performed:
step (A}): a step cof reacting an alkyloxytitanium
composition with an aromatic hydroxy compound and
evaporating an alcohol as by~product, by distillation, sco
15 as to obtain a crude aryleoxytitanium composition; and
step (B): a step of adding a diaryl carbonate to the
above crude aryloxytitanium composition and evaporating a
component having a lower bolling point than that of the
diaryl carbonate, together with the diaryl carbonate, so
20 as to obtain an aryloxytitanium composition.
These step (A) and step (B) will be described later.
G017 ]

Eodcheoo ey iR ULWHGD ciddle Ll AL h . Wos adl wails R ULOH U

empodiment will be described.
25 (Organic Oxytitanium Compoesition Having R-0-Ti Linkage)

The organic oxytitanium compoesition having the R-0-

Ti linkage is an organic oxytitanium composed of a



20The subjects ("organic") may be subjects described in Reconmendati ons
issued in 1993 (when it is difficult to obtain the above-descri bed book
publ i shed in Japan, 21 - Recomendations 1979 and Recommendati ons 1993 may

be referred to). However, the abdve-descri bed "organic" conmpounds
that are subjects of the Nonmencl ature al so include 5 organonetallic
conpounds and net al conplexes "Organi ¢c" and/or "organic groups”

and/ or Sub§$tﬁéﬁaﬂ v and g ke, iand, the, cpmounds; usedn i p; £ he-Qresent
enbodi mrent w || be descrlbed her'ein below. They are conposed of an at om not

i ncl udi ng %M@IR@@@r%@n%wrﬁﬁqu@@ésgw@%@ Ot hen W sgrspgci fi ed.

Furt her preferably, "organic conpounds,” "organic groups,” and
"substituents" eerRosedcof canaatiemoselracted i arpo(dhindroogenwaitram, C
(carbon atom), N (nitrogen atom, O (oxygen aton), and S (sulfur atom are
used in 15 ithwe Hréeskintl ietdsotd 'merdang 0022] not onlTheoé nf¢agdons "al i phatic”
and "aromatic" are frequently used herein. According to the | UPAC Rules, it
i s deschki berktthidtargngariay igangdunds-Qrl cliagside 'bdl$ ntoe29nal ilpliat i ¢
conpounds and aromatic conpounds and the definition of aliphatic conpounds
i s groups acldor di ig-wie e vif pwzezartlcz:mwiblaiaﬂréum%rm‘upm Ree Gordr e n dat
ions 199r, In the Recommendati ons, allﬁhatlc conpounds are 25 defined as

"Acyclic oﬂjcﬁdﬁﬂﬁxﬁ%aﬁﬁﬂbﬁédnﬁﬂ“dhsaﬁ r&t éd A0SR Eopddrtds théstel udi ng

aromatic C%ﬂ?%%“éifflcult to exactly identify the structure.
The organic oxytitanium composition may be a monomer
160 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-C-Ti1i repeating structure
15 and an R~0-Ti linkage, wherein R represents an organic
group, herein. For the structure of polytitanoxane
compounds, there are reports in which the structure is
presumed (for example, Kogyoe Kagaku Zasshi (Journal of
the Chemical Society of Japan, Industrial Chemistry
20 Section), vel. 64, p. 885-888 (1961), and Nature, p. 273~
274 (1%61)), and reports in which a particular linkage
(For example, Ti-0-Ti} ls allegedly detected (for example,

) 4

T e e g e I SV e T ey e e FRa. e WAl N ?
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2067155,
The Ti atom used in the present embodiment 1s a
25 tetravalent Ti atom. A polytitanoxane composition

comprising at least cne polytitanoxane comprising a

structural unit selected from the followlng general



- 22 - An aliphatic group often used herein is a group conprising the

above aliphatic conpound. For a group, for exanple, the R portion
obt ai ned by renoving a hydrogen atomfromthe aliphatic conpound RH 5 is
defined as a nonoval ent aliphatic greup9 - Aliphatic and aliphatic

groups include all of saturated and unsaturated, and acyclic and cyclic,
and refer to the above ' organic conpounds, " "organi c groups," and

"substit uerftosfmlplocgg)o?qd of>a g om sel ecty eﬁl%{% I—é)]_:lsi%rpy rogen atom); C

(carbon atom; N (nitrogen ato 0 (oxyge fur atom; S

(silicon atomytanthahrl agen atpmselectad, f romdifehi orine atom, Br
(brom ne aton) and | (iodine aton). case where an aromatic group is
bonded to an 157al bphati &ogueypihsUueh gas ian panaltkytar@seue nasy afdwn
described as "an aliphatic group substituted by an aromatic group” or "a
group conprad sitngicanirad iiphatiicchgridup dtorwdiiwcha aniartomedhovngraupthe bonded”
in such a manner. This is based on reactivity in the present 20 enbodi nent,
and t heSnatiurld avdgar diognutlhes reeactdmnicfedyrioupSy rrs e hl asearal kyl groups, is
extrenely simlar to the .Lcdcqrcups, rather than Non-aromatic reactive
groups i nc luained etraldy 1 V28 igr qiigaicdnr el dadh gridups arae tdfet ehi destri bed as

“aliphatic groups which may be aronmatically substituted, - 23 -

"aromat i caldy sst |OcIUtaec‘Ft<%Iquﬁ1d7c<‘-’| CYHTUEEI T ") GHRR AL G UpEe ¥9P Ti ch
aromatic grggﬁé are bonded," or the |ike. When the general fornulas of
t he conpouﬁ Sed herein are described, definitions according to the
above- descri E%' clature Rules prescribed by I UPAC are used. However,
in the desérrp t he conpounds used in the present enbodinent, in

order to cIarrfy the feature of the structure, coined words, such as an
"organi c polytitanoxane" and an "aryloxytitanium" are ysed, and 10 for the
names of partiggl ar groups ﬁﬁm iIIustratedggonpound na , trivial nanes

er

are often used.j The nu of atons and the nunber Jof substituents are
of ten desch%eT’ﬂ%rern They Thre represéﬁf}?é?o or A %oﬁ?f?ve i nteger (zero
is often a posigki ve 1 nteger) .or | T
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 IUPAC (The International Union of Pure and
Applied Chemistry).
A plurality of R groups are contained in the above
Crganic polybitanozane. They may be Lhe same oo
20 different.
For the structure forming a branched or cyclic
structure, for example, those shown in the following

formulas {(a) and (b)) are considered,



15 However, when a conposition ratio fornula is represented, positive
nunbers are used. This is notation often used for the notation of

i norgani ¢ conpounds and organi c-inorgani ¢ hybrid conpounds. 20[ 0023] The
above R group is preferably a group coAposed of a carbon atom a hydrogen
atom and/ or an oxygen atom and and a group in which an aliphatic group and
an aromatic 25 group are bonded to each other, and it represents an acyclic
hydr ocar bon;@group, a cyclic hydrocarbon group (a group such as, for

exanpl e, a nonocyclic hydrocarbon - 24 - group, a condensed polycyclic
hydr ocar bon ®g:@uf,a & bridged cyclic hydrocarbon group, a Spiro hydrocarbon
group, a ring assenbly hydrocarbon group, a cyclic hydrocarbon group with a
side chain, a heterocyclic group, a heterocycbkc Spng group, or a bridged
het er ocycli c grifup), afbroupoﬁn whi ch one or fore grpups selected fromthe

above acycl p5 Ky rémggﬁgmbgLéu ignd t he alroweTieyO--cti-typdr ocar bon group are
l

bonded, and a gfoup iq whi chjt hese groups are | i nked. vi a coval ent bonds to

a particular 1®”onnetsl at oOR(carbon or oxyggn). The above coval ent
bond to the particulaq nonmet al atom (carbgn 8r_exvgenh.refers to, for
exanpl e, a state imowhii-ebbra group representedfby thg foFIomﬁng formul as (5)
to (8) and the above-descri bed group are covab&nt|ly OF5 bonded to each

other. [0024] [Formul &4] H2 -C (6)
(a) (b)

When the IUPAC Rules, and the Nomenclature Rules
5 prescribed by IUPAC also shown hereinafter (except for
cases where other years' IUPAC Recommendations and the
like are specially cited) herein are cited below,
"Yukikagaku-Seikagaku Meimeiho {Organic Chemical and
Biochemical Nomenclature)" (revised second edition
10 pubklished 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.
"Organic™ refers Lo generally a group of compounds

that are subjects of the nomenclature disclosed in the
book.
20 The subjects ("organic") may be subjects described

in Recommendations issued in 1993 (when it 1is difficult

to obtain the above-described book published in Japan,



20Anong the R groups as descri bed above, the R group preferably used in the
present enbodi nent is selected fromthe group consisting of an aliphatic
group, an aromatic group, and a group in which an aliphatic group -- 25 -
and an aromatic group are bonded to eaé¢h ot her, considering that a side
reaction is less likely to occur, and is preferably a group selected from
the group consisting of an acyclic hydrocarbon group and a cyclic 5

hydr ocar bom @t @ie (@ 1IMARRCYCd 1 € Aydrnacas o G Otph s a1 sondensed. pol ycyclic
hydr ocar bon group, a bridged cyclic hydrocarbon group, a spiro hydrocarbon

group, a rimngrassenbly) hydrocarbon group, and a cyclic hydrocarbon group
wth a side chain), and a group in which at |east 10 one group sel ected
fromthe group iHeweorded thgr altps csubestdrtitteed "oy each "otdetdourshi ch cont ai n
1 to 20 carbon atons. Considering the flowability of the above organic
oxyti t ani umifoonposi tdwn diahd ngf tthee Rixdhiclainkages l andindlode |ike, the R
group is preferably a group containing 1 to 1.0 carbon atons, nore

pref er abl y & &sup: ieontial mMagpdunds wrchrbom atomn 14:0026] A nore preferred
R group is a group selected froma 20 group in which at |east one or nore
sel ected from t NEXREHE "c oS/ $1 NG reRNas SRyIPsgr eusl/ oF cycl oai kyl group, a
n.d t ii aryl grout are pbonded to each other, and a group at L

one or incr.cYPS G o Athe i cup torfsiStiy GIeRm Ak Msei obp, a
cycl oal kyl ,grou and an 25 aryl group are forned via a ]Jinkage sel ected
fromthe ab%vee 3fo(?'srﬁﬂoj[as@?h:‘f)d]tnbe'yn(tB) .lj"ul- 6 qescr%ﬁmee]s“ g?e UEh an R
group i ncl t hyl _ar.oup, et hy up, opyl_qgroup. (isoners), a
butyl group eﬁ}goarn%r s ?mgg)sﬁleéﬁtoyf%gnr oa{}pén( ?éogcnelrns‘ia%]’péalrﬁ%x@%n%?%]updt(?r%oner s), a

Lo itk UMk i AR, SRS Bl o grote. 2
cycl opropyl met hyl, - @reW¥Pprarerably, "organic compounds, ™ "organic
groups, " and "substituents" composed of an atom selected
from H (hydrogen atom), C (carbon atom), N (nitrogen
atom), O (oxygen atom), and S (sulfur atom) are used in
15 the present embodiment.
[0022]

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

20 aliphatic compounds and aromatic compounds, and the
definition of aliphatic compounds is groups according to
the aliphatic compounds based on 1UPAC Recommendations

1o

In the Recommendations, aliphatic compounds are
25 defined as "Acyclic or cyclic, saturated or unsaturated

carbon compounds, excluding aromatic compounds.'



cycl obutyl net hyl group, a cycl opentyl net hyl group, a cycl ohexyl net hyl

group, a phenyl group, a phenyl nethyl group, a cresyl group (isoners), a
phenyl ethyl group, a 10 furfuryl group, and a pyrazyl group. [0027] A
monomer structure having an (R-0-)4Ti- sfructure, as well as the
above-descri bed various polytitanoxanes having the R-O Ti |inkage can be
preferably used as the 15 organic oxytitanium conposition having the RO Ti

li nkage used inathheippesent ewbegdi MENkn Wisdds xtdienaly difldgult to
i sol ate the pol ytitanoxane for determ ning the structure. Therefore in the

present enbegipeniing onpasidd ol igontital niagn@duteast one or nore types of
20 pol ytitanoxane having the R-OTi linkage is intended for the

pol ytit anoxane ¢ompesitricop, hdeirng g lR- Othie IR mkage.onThé tpdlndd ttgncxane
conposition having the RO Ti such that the nol e average degree of
pol ymer i zatdegwig1251 NMydgrogror e tend fidrort lessl ifhet ol eornverageidegr ee of
polymerization is determned by the fol|ow ng mathematical. expression (1),
usi ng t Ae nunis&T igfedriasatomenavaent cohtiated | @R i ndi vi dual

pol yti tanoxane having an R-0- Ti |inkage, which constitutes the

pol yti t anoxane @6&BB§FﬁPoﬁ”ﬁa@#ﬁ§h@ﬁéCRQGO?PSIHﬁ%&gei &rid e fol | owi ng

"nmol ar ratio" The pol ytitanoxane ¢o ition co ses one or nore
pol yti tanofﬁé’smﬁﬁﬂ Uﬂ%afqejrleaﬂ‘t ‘g % ofY Cploltilg%?(# 725 or (tHE nunber  of
Ti atoms in t ul e w... The above "nmo ar, atl refers to the
nol es of ar}p?o Yt i anglxan%)%aw g anmicn i ep Cllcregr ee %‘?n %chu meri zation

relative to,Lhe dolali Jpl s o @@J&gé&fwweﬁw g@fecpeéa/tfm%ane

conposition. By 't verage degree o ymerization," it is
meant {pat %@%ﬂ@g&ﬂ“§tdﬁ ;f@E 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 cn reactivity in the present
20  embodiment, and the nature regarding the reaction of
groups, such as aralkyl groups, 1s extremely similar to
the reacuivity of aliphatic groups, rather than
aromaticity.

Non-aromatic reactive groups including aralkyl

2
{n

groups and alkyl groups are often described as "aliphatic

groups which may be aromatically substituted,”



nmol ar ratio of a polytitanoxane having an individual 15 degree of

pol yneri zati on and the degree of polynerization is determ ned, and the
product is integrated for all degrees of polynerization to obtain an
integrated value. In other words, the géestion of how many Ti atons are
contained in one polytitanoxane nol ecule is answered as 20 average val ue.
[0028] [Expre Ssliml] Pn=(p, m)- ( 1) [0029] - 28 - In the
above mat hemabigal: cexpressiven ithePrliipra Hpesiddag unbert napresenti ng the
nol e average degree of polynerization. z represents the nunber of types of
pol ytitanoxaneps haviwhdgcan aRo@atiid igikage kaw ngraled f'f erenthaegriee. of

pol yneri zation contained in the pol ytitanoxane conposition having the
R-0-Ti |inkage, Wand tepreseatrslafciintiéger odf theoromppendg, uissda positive
nat ural nunber representing the 10 nunber of Ti atons contained in a

pol yt i t anokane imokheculdas cetiibgst ude Mridiiong @fRIGiTIg IfmKdye adotitei ned in
t he pol ytitanoxane conposition having the RROTi |inkage. nwis the nole
fracti on ofleEke& 1REedGNEN CSEAEEEU R A 515 168 AHE CbiosiMisn &t s#d sfi es
the follow ng mat henati cal expressi.on (2). The total of nole fractions is 1
(the |eft &o @y@rEOG§OFhFE%ﬁ%%ﬂﬁgﬁ+Qﬂ of’ the compounds used in the

present embodiment, in order to clarify the feature of
the structure, coined words, such as an "organic
polytitanoxane” and an "aryloxytitanium,"” are used, and

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 ratio formula is represented,
positive numbers are used.

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

20 (0023]

The above R group is preferably a group composed of

a carbon atom, a hydrogen atom, and/or an oxygen atom,
Pwoany of an sliphatic gyoup, an aromatlo group,
and a group in which an aliphatic group and an aromatic

Z5h group are bonded to each other, and it represents an

acyclic hydrocarbon group, a cyclic hydrocarbon group (a

group such as, for example, a monocyclic hydrocarbon



- (2 t In the above mat hematical expression (2), z has the sane neani ng
as z described in the above nmat hemati cal expression (1), and represents the
nunber of types of polytitanoxane having an RO Ti |inkage having a - 29 -
di fferent degree of polynerization con@gined in the polytitanoxane
conposition having the RO Ti |inkage, and represents an integer of 1 or
nore. [0032] For exanpl e, when the pol ytitanoxane conposition having

the RO Ti ddakage usedicnddhedpresent: cembedidg®entdrs @-agrpesi tion
conprising 1 nole of a tetraal koxytitaniumrepresented by the foll ow ng

formul a (9prianddl dyelie cofhval pelaytidranecans reppesentsdy:4Med0 fol | ow ng
formula (10), the nole average degree of polynerization is 1.5. [0033]

[ Formul a 5gr@REROR I-lingRAsFlermORRON yHrd=tbonr QRdAUM, GRARCRi(c9 )( 1 0 )
15[ 0034] hydrocarbon group with a side chain, a heteroccyclic group,
5 a heterocyclic spiro group, or a bridged heterocyclic
group), a group in which one or more groups selected from
the above acyclic hydrocarbon group and the above cyclic
hydrocarbon group are bonded, and a group in which these
groups are linked via covalent bonds to a particular
10  nonmetal atom {carbon or oxygen).
The abkove 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—  —C— =0
() {63 (73 (&}
RSIUCRCH:
20 Among the R groups as described above, the R group

preferably used in the present embodiment is selected
from the group consisting of an aliphatic grcup, an

aromatic group, and a group in which an aliphatic group



When the aryl oxytitani um conposition obtained by the production nethod in

t he present enbodi nent

car bonat e,

of polynerization is preferred. Wien-fl2Zowability i s considered,

is used as a catalyst for a production of a d aryl

a pci.having an. R-0-fl Jjn Page conprising onail average degree

t he degree

of polynerization is preferably not very high. - 30 - Therefore, the
above nol e average degree of polynerization is preferably in the range of

1.1 or nore; @t 2 Qnd €88, g MOGE Prefrably £,0L,mprg.and 8 or less. As the
nol e average degree of polynerization 5 increases, the structure is nore

varied as prevdoust ngesedi bedside readhfoRol ytitanoxape: gonpst btuti-ng the

pol ytitanoxane conposition that can be used in the present enbodi nent

preferably angalytptanoxaney havd nguans& & Jéd | f pkagendOgeprpsent ed by

following formula (11). [0035] [Formula 6] TiaOb(OH)c(OR)4 (11) 15[0036]

is
t he

In the fornmuiresi(stiling aof epr esentki@ postdcaebomt @genpoin? arcpoleés € IS an
integer of O or nore, dis an integer of 1 or nore, and b is an integer of
1 or noPe, fEmracathore, gand dlsatdsdgydaic pdrocanbdnapdola, +a2 - ¢ 20+ d.
MIN X a.."COn a 4- t: t | 1 qgthepa .l., yt I t r axaae

10

15

20

25

condensed polyéyélic hydrocarbon group, a bridged cyclic
hydrocarbon group, a spiroc hydrocarbon group, a ring
assembly hydrocarbon group, and a cyclic hydrocarbon
group with a side chain), and a group in which at least
cne group selected from the group 1is bonded (groups
substituted by each other), which contain 1 to 20 carbon
atoms.

Considering the flowability of the above organic
oxytitanium composition having the R-0-Ti linkage, and
the like, the R group is preferably a group containing 1
to 10 carbon atoms, more preferably a group containing 1
te 7 carbon atoms.

[C026]

A more preferred R group is a group selected from a
group in which at least one or more selected from the
group consisting of an alkyl group, a cyclealkyl group,
and an aryl qroup are bonded to each other, and a group

nowhich 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 formulas (5) to (8).



nore preferably a pol ytitanoxane having an R--O---Ti |inkage represented by
the following fornula (12). [0038) [Formula 7) - 31 - TieOf(OR) g (12)

[ 0039] In the formula (12), e represents a positive integer of 2 or
more, g is an integer of 1 or nore, and® ~is an integer of 1 or nore, and
e, f, and g satisfy 4e = 2fg and 2e2 - g. [0040j When a, b, c, d,
e, f, and g shown in the above 10forrmula (11) and fornula (12) are to be

determ ned, nol eguhan ewebghts Ry abe 1/ egdkednciude al AR LR wei ght
may be determ ned by a known nethod. Exanples of the knovvn rret hoéJ i ncl ude a

met hod by GRCetusilngraumss spegiyionpterp (fioforexanpl e @wuigel hpoh 35

descri bed in RAPI D COVUNI CATI ONS | N MASS SPECTROVETRY, 14, 662-668
(2000)) . [OO4ncRanti eulrartyl whenit hiel stywrol ),z abildAyl of rdue

pol ytitanoxane conposition having the R O-Ti linkage is 20 high, it is

possi bl e t ol e sdival érfototelatdury dgeme o s ubsti ¢t aghel mx@;a@, | i nkage

by the chel ati ng‘ agent to ciecre a a a the hydralyzability (for he extent
of the » @& cyclobutyl group, a cyclopentyl "group, a cyclohcxyl

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.

[0027]

A monomer structure having an (R-0-)4Ti 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-0-Ti linkage
used in the present embodiment. It is extremely
difficult te isolate the polytitanoxane for determining
the structure. Therefore, in the present embodiment, a
composition containing at least one or more types of

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

The polytitanoxane compositlion having the R-0-T1

Tidnlbrame vramed vl e
[ERE S A e L U e ad B CREN NS
=i - - s

such that the mole average degree of polymerization is
25 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



c titanRUST PREVENTI ON & CONTROL JAPAN, vol. 23, No 7, 23-32 (1979) 25 may
be referred to), and neasure and determ ne the nol ecul ar weight after the
substitution by this divalent chelating agent. - 32 - [0042]

Exanpl es of preferred chel ati ng agent's<i‘ncl ude pdi ket ones, such as

acetyl acetone, and 1, 2-di hydroxy aromati c conmpounds, such as catechol. 5The
val ue of a or e can be obtained by cal culation after addi ng the above

chel ating ageitaidbAn £XeesSive, it dfori exanpd®e Hadii®l &8 QLobore,
preferably in the range of 2 to 10 noles) per nole of Ti atons contained in

a conpound 1(iorl iGoimres| tWioimh hasi g s OHd pé nkageandaienovi ng
(preferably evaporating by distillation) ROH produced as by-product, as
required, anohpgbiialimimdashiengrodrecut-ar-mei ghikade t hendbtlat neoll tompeynd (or
conposition) by the above-described nethod. [0043] 15Wen the value of a or
e can be obtailred,rathieo'val ue of b, ¢, d, f, and g can be obtained from

el enentary anal ysis values, NVR, or the |ike. The product obtained by
addi ng Phe di valfést P@H@’Itaﬁvlaﬁﬁxég@ntcomS&@WUGWMWWMT@ g edquat ol es
of 20 the chelating agent with respect to the nolar ampunt of Ti atons
cont ai ned |9?]{Wte“c%ﬂﬁ5%ﬂﬂ?d3 (Q?r“dkﬁ’rpbé#til%rﬁemt Fegrge i 9f ' itead, 2 1 ci o
nol es of RO cop Wi (ct to ci hoof, Tiw the case of a - t he
chel ati ng éﬁ’gﬁf’“ ’Jso‘ L‘?stdeﬂq y éﬂ‘p | art e@q‘ﬁ%ljerhtlsh%”f%l‘f(e‘élp%)ct to Ti

lorm. S o g5 YL 6 RO BE S R

polytitanoxane having an individual degree of
1C  polymerization relative to the total moles of
polytitanoxanes in the polytitancxane composition.

By the above "mole average degree of
pelymerization," 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 cne polytitanoxane molecule is answered as

20  average value.

100287

Expression 1

ané(pw*mw) ce (1)

[0028]



[0044] - 33 - As descri bed above, the pol ytitanoxane conposition
having the RO Ti |inkage that can be used in the present enbodi nent is
theoretically a particular polytitanoxane conposition having an R-OTi

| i nkage obtained fromthe 5 nole averagé degree of pol ynerization
represented by the above mat hematical expression (1). However, as
descri bed above, actual identification of the structure of an individual

pol ytitanoxane is, extd emRlwe it by the curdent anal vsi s; 4t hod.
10Therefore, the polytitanoxane conposition having the ROTi 1i nkage used

in the presensienpodiumiir i sepreierabhy anPandiecuhasr pobyiesanexane
conposition having the R-OTi |inkage represented by the above fornmula (11)
and/ or the @bbwe:forauden (12). 15[ 0045] Therefore, the nole average
degree of polynerization defined in the above mat hematical expression (1)
may be obtai ned zas efpoldseng.s Byreamalnyzmet Heyprol ytfi tranloxaires roonmposi ti on
having 20 the RO Ti |inkage used in the present enbodinent, as it is, the
aver age confpsing o ot~ ol t i Haroxanesv mmgi?eﬁécp-@- W@@r©e gfituting the
col mpos.ition conprising bnc eil bl/4)ve geey.e followi ng formul a
(13). 25[ 002%}YTFor #iit e8] cai ol aad) 11 Rk Rely@)tanesareLii by. tie - 34
- (13
(13) composition having the R-~C~Ti linkage, and represents an
integer of 1 or more.
Pw 18 2 positive natural number representing the
10 number of Ti atoms contained in a polytitanoxane
molecular structure w having an R-0-Ti linkage contained
in the polytitanoxane composition having the R-0-Ti
linkage.
m, 18 the mole fracticn 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).
[GG30]

[Expression 2]

E o L4 ﬂ(?"}

In the above mathematical expression (2), 7z has the
same meaning as z described in the above mathematical
expression {1), and represents the number of tLypes of

25 polytitanoxane having an R-0~-Ti linkage having a



[ 0047] In the formula (13), R represents the above-descri bed group, h
represents a positive nunber of 1 or 5 nore, j is a positive nunber of 0 or
nore, k is a positive nunber of 1 or nore, and i is a positive nunber of
nore than 0, and h, i, j, and k satisfy®4h = 2j +i + k and 2h + 2 = | + k.
[0048] 10Simlarly, the average conposition of polytitanoxanes having the
R-OTi linkage constituting the polytitanoxane conposition having the
R-0-Ti |inkagesrepresentred by thea akovie gensal alofiorimda i(il2)hd s represent ed
by the following fornmula (14). 15[0049] [Formula 9] TipO0g(OR)r (14) [0050]
20 I n the ghdwe iftarmiaas( updR inepresentisid hehaabrove-Tdesicried: graup, p
represents a positive nunber of 1 or nore, r is a positivd ddnber o: tO

m or e, and gepresenitaddi- -iditpognd af 4 2gr and:2p -1- 2 - r. 25[0051] - 35 -
VWhen h, i, H, kK, p, g, and r shown in the above fornulas (13) and (14) are
to be deterlfilded, nol ecul ar wei ght may be required. In such a situation

t he nol ecul ar wei ght can_be , o
5 Fo¥r example, when the polytitanoxane composition

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

is a composition comprising 1 mole of a

tetraalkoxytitanium represented by the following formula

{9), and 1 mole of a polytitanoxane represented by the
10 following formula (10), the mole average degree of

polymerization is 1.5.

[0033]

[Formula 5]

OR OR OR
RO—Ti—OR R0-%-0-%“~OR
or &R
(9) (10)
15 [0034]

When the aryloxytitanium composition cbtained by the
production method in the present embodiment is used as a

catalyst for a production of a diaryl carbonate, a

polytitanoxane having an R-0-T1L linkage comprising small
20 molecnleos e Yidt s ge mooaibls o and havino s o hioh owmela
B '™ JRE S S e A I L T I [ SRCAT 0 L i S S N P R T T S B I O I U S ) RS R

average degree of polymerization is preferred. When
flowability is considered, the degree of polymerization

is preferably not very high.



5 obtained by the nethod described when a, b, ¢, d, e, f, and g shown in

t he above fornmulas (11) and (12) are determ ned. Therefore, as the nole
aver age degree of pol ymeri zation, either h in the above general
formula 10(13) or p in (14) may be usedd Wien it is difficult to detect c
represented in the above formula (11) by analysis, e in the above formula
(12) may be used as the value of the nole average degree of polynerization,
assum ng that thecpelitdd anoxang ol GNROSIHRRNANG L g R-O Ti |inkage
is the structure represented by the above formula (12). [0052] O
course, a mrionefristatuiciiiries hawe Ngr a0  Rr0-)HT i ratdeicd tre. mayr hes eont ai ned
in the polytitanoxane 20 conposition having the RO Ti |inkage. Also in

t hat case, @sl descri bedsabovest howoff grabbai het: byoamadyzihgt heess .

poytl| ttanoxane conposition having tne R O Tilinkaqge structure is the
nol e average degreéhef mpdleymeirzar cieoofee2® ft pe lpyoieytiizedrnioxane conposition
havi ng the R-OTi linkage. [0053] - 36 - As the above anal ysis

net hod, “knovif ifgtfsds dEn E'de‘"&rip%l’(ﬁ)r-‘ifat”é?liﬁ usedied as pEheifeiary anal ysis,
atom c absorption spectroscopy, inductively coupled plasna-atom c enission
spectrosco Cc?ffri:ﬁ?gt ogr aphy anal ysis, nuclear nmagnetic resonance (14MR),

and the Iike,whi??‘h arf-lL gtl neI practiced can be preferably used, and they
may be combi ned ‘F'f RECESSEFY XA ﬁaf:fm@l}llérul%}”ﬁr St PEd S X9RE udi ng,

for exanple, ng)et er.Jm nattl on. of _the cont(g car bon %}/l%? 10 and

hydrogen atone by elementar y Hhal ysi & ¢ cpo]ﬁetSériTL Wil vets

;ﬁgp'( 8%) pl %ﬁ@f&tacﬂ-ﬁ‘f erBosl%}t%rLa%%%?atr{eo%%%yng angd he contgnts,of CH groups
10 represented by the following formula {11).
[CCG35]
[Formula &]
Ti,0, (OH) - (OR) g
{11)
15 [0036]

In the formula (11), a represents a positive integer
of 2 or more, ¢ is 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 = ¢

206 4+ d.
[0037]
The polytitanoxane constituting the polyititancxane

ORI B LoLidta. weodiio Rowd Linild Wil R S P A e Wit s LA A il il L L

more preferably a polytitanoxane having an R-0-Ti linkage
25  represented by the following formula {12).
[0038]

FPormula 1)



groups by nucl ear magnetic resonance, can provide the above h or p through
cal culation. 15Wen it is difficult to obtain the content of (OR) groups,
it may be obtained by a nmethod of hydrol yzing the polytitanoxane
conposition having the R-OTi |inkage £é form ROH and then conducting

chr omat ogr aphy anal ysis. [0054] 20 <Al kyl oxytitani um Conposition> One
exanpl e of the organic oxytitanium conposition avi op treRage used in the
present er apQd, abkyP: ?: a pol ytitanoxane conposit ion having an

al koxy group is 25 preferred. An al kyl oxytitani umrepresents, anong

or gani ¢ oxytliayani uns constituting the above organictan i urn - 37 -
conpositions having the R---O--Ti |inkage, an organic oxytitaniumin which

the R grouplds3%n al kyl group, and the -0- formng the RO Ti linkage is
oxygen bonded to the al kyl group. 5Therefore, the al kyl oxytitani um

conposi tions arén amengotrhelabdve- descriched senganiac poeyittiitvaniiumeger

conposi tions having the R-O-Ti |inkage, only those in which Ris limted to
an al kyP grdup, cndaius exd wdesioigepart lofon meoexanpgl@st ofs tdre R gr oup
(exanmples in 10 which Ris not an alkyllgrgggg. [ 0055]

<Cycl oal kyl'Sdaamifum Gompssiti gl < ekatiphes of the ctHgahi @

oxytitaniun1cpgpo§jtiqn having the RO Ti |inkage used in the present
enbodi ment iﬁ%lu&%§‘@”cycloalkyloxytitaniun1conposition. Particularly, a
pontitanoyﬁﬂﬁuﬁonposition havi ng a cycl oal koxy group is preferred.

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

15 described in RAPID COMMUNICATIONS IN MASS SPECTROMETRY,
14, 662-668 (2000)).
[0041)

Particularly, when the hydrolyzability of the

polytitanoxane composition having the R-0-Ti linkage is
20 high, it is possible to use a divalent chelating agent to
substitute the R-0~Ti linkage by the chelating agent to

decrease the hydrolyzabllity (for the extent of the

L B T, PR &4 aob . : de o ' 3 —

nyarolyzalzility o the ornganic btiitanlwn compound, RUST

PREVENTION & CONTROL JAPAN, vol. 23, No. 7, 23-32 (1979)
25 may be referred to), and measure and determine the

molecular weight after the substitution by this divalent

chelating agent.



A cycl oal kyl oxytitani um represents, anbng organi c oxytitaniuns constituting
t he above organic oxytitani um 20 conpositions having the R-OTi |inkage, an
organi ¢ oxytitaniumin which the R group is a cycloal kyl group, and the -0-
for itlg the R 0O-Ti |linkage is oxygen Bénded Therefore, the

cycl oal kyl oxyti tani um conpositions 25 are, anong the above-descri bed

organi ¢ oxytitaniuns having the R-OTi linkage, only those in which Ris
limted to @cycl oal Kyl group, and thus excludes only 38 - part of the
exanpl es of the R group (exanples in which Ris not a cycloal kyl group).

[ 0056] The orgapkampX¥ki LENLYEKEONRAS EhiqRS 1haViRG e ROk P~ |1 nkage
used in the present enbodi nent in which the Rgroup is an al kyl group and
in which theRtgmeup issic cyclaadtgylagraup: exdridil, a-singdasxpehavi or in

t he above step (1) and step (A), and therefore, the above-descri bed

cycl oal kyl exytisttam ymrgonpaesi,t isarchwidd deg-addseri bed bel ow 10 as having the
sane neani ng as the al kyl oxytitani um conposition. (To be exact, the al kyl
group i 8 branch&bcandloe bitneapr &nganheeccypditeaiefl byr oyp dus adyiein ¢, but
there is no difference in reactivity and the |like, and therefore, they have
the sanme nednicig Agekieion thei mhcar hels e ngr Gl n Mhidh et oat kyl group
and an al kyl gr oup are bonded tq each other has the same neaning.) [0057]

<Aryl oxyt i MY CHMPoSAES THe farAiGd 19 dHiitfim dUfpdsidioh Usdd*@s a raw
20 terial i th t di t ts., th b ' i
oxyL | 1 ani UREBp0% B e TG Dne e GORC Iniyd T GG SSkytt Cani um

conposition i i t \_qr .S r Vi | dlugtic ring, and the
-0- form n% tcﬁ)én\g%uggjﬂ( erl r(fkog[1 g;%flsu&u g%ﬁ%@rﬁ&%&l '?%qjhl(ejl glr onuij'pagz%’ havi ng an

aromat{g ri rbi |\ ' Si1t.j.0n, haw an aryl oxy
16 1Mo Pat Tl 13 DY LANKANS, OIS Ll ALY

group 1s preferre
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 cr e can be cobtained, the value
of b, c, 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 molar amount of
Ti atoms contained in the compound {or compositiocon), in
wliich, instead, Z2-Iold moles of RO groups with respect Lo

o sy 1 e b O S i sy T e g [ N N T e | LT e F .
| S A e S A 4 WV cilith/udis o 4 4. R S A VO N 1 s R o S s 0 S N 3 S O St G W G O [N [

case of a = 1, the chelating agent is usually Z-fold
25 molar equivalents with respect to Ti atoms, and 4-fold
molar equivalents of RO groups are eliminated.)

{00447



When the above group having the aromatic ring is represented as an Ar group

(that is,

pol yti tanoxane having an Ar-OTi |inkage), a polytitanoxane having an

a pol ytitanoxane having an aryloxy group is defined as a

aryl oxy group can be represented by thé3following fornula according to the
definition of the above polytitanoxane conposition having the R O Ti
The structure of the polytitanoxane is diversified by the

| i nkage.

combi nation of AQed@Q9¥§bE8rHHb@§,(%he?%oﬁ%
havi ng the aryloxy group, the R group in the above fornmulas (1) to (4)

X ikhRokAnkhecpelytitiapoxane

is

an Ar groupkvitbat: hieS Ry Ttihe igomjcnatian ofn tthe dwelid oM nghd asvadas: (15) to

(18) here,
| i nkage. |

as described for the above pol ytitanoxane having the R-OTi

teribsddinkhicculst «the crédentdafly vt ke o tsitauletrunpe oyt itthen aextartent

anal ysis nmethod, and the structure is presuned to be a m xture of various

st ruct ur es cofp@059] ipEohewliagl @n GACANQArG nkagH lobAra0-rleD0-rTim -t001i 0 | |
ONok.? 1 (1 s)(1 6)(1 7)(1 8) 20 [0060]

Ar is adgrowpchavierngsan deoewet iod miodymarhe afri oy GLip esrans: cth ar DT

1C

15

20

25

above mathematical expression (1}.

However, as described above, actual ildentification
of the structure of an individual polytitanoxane is
extremely difficuilt by the current analysis method.

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

[0045]

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

By analyzing the polytitanoxane composition having
the R-0-Ti linkage used in the present embodiment, as it
is, the average composition of pelytitanoxanes having the
R-0-T1 linkage constituting the composlitlon comprising
the above general fTormula (11) is represcenbted by the
following formula (13}.

00467
[Formula &)

Ti hOi (CH ) 3 (OR) ¥

(1)1

In the above fornmulas (15) to (18),



- 40 - linkage, and the oxygen atomof the ArO group in the |inkage is
bonded to the aromatic ring in the Ar group. [0061] The above aryl oxy group
constituting the 5 aryloxytitaniumis preferably represented by the
following formula (Ar0). [0062] [Formul’d 1] (A r 0) 10[0063] I n
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 bopded 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

substi t ut ed dy4 ANot her substituent. The ring Ais often described as
an Ar group herein. [0064] Ar q Do is not part ay limted as |long as

hi ci rnmui t phcu Jin Ahegrfoumulac| (Ude ,groups eenrposedef avocar-bon atom a
hydrogen atom and/or an oxygen atom such as an aromatic group and a group
in which arflefddpiad oyroup anctkrare seonatd e ar suprarsuktondedt t b @ach therm
Mor e spec exanpl es include groups having an aromatic ring, which are an
acycl i ¢c®hydi¥car bont rio iR s i iggre IThasydrok & bon eotp { algroup such as, for

exanpl e, a nonocyclic oL o
positive number of 1 or more, and i is a positive number

of more than G, and h, i, j, and k satisfy 4h = 23 + i +
k and 2h + 2 = 7 + k.,
[0048]

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

15 [0049]

[Formula 9]
Tip0q{OR)
(14)

[0050]

20 In the above formula (14), R represents the above-
described group, p represents a positive number of 1 or
more, r is a positive number of 1 or more, and ¢ is a

o A vy e ey oy e o - . [ R EX
LoD moera, abic B, 4, and @osavilsly A

= 2q + ¢ and Zp + 2 = r,

25 [0051]



hydr ocar bon group, a condensed pol ycyclic hydrocarbon 5 group, a bridged
cyclic hydrocarbon group, a spiro hydrocarbon group, a ring assenbly

hydr ocar bon group, a cyclic hydrocarbon group with a side chain, a

het erocyclic group, a heterocyclic spi @ group, or a bridged heterocycllc
group), a group in which one or nore 10 groups selected fromthe above
acyclic hydrocarbon group and the above cyclic hydrocarbon group are

bonded, and a greuR i whi ch the aboye Groupssiag l4,nkad i@, woval ent bonds
to a partlcular nonnet al aton1(carbon or oxygen). The above coval ent bond

to the partfsttharanonnet adnd5( B4 oM £€af HOH: Olc OXYEENYd] SmofOEuEXAMI €, a
state in which a group represented by the following formulas (5) to (8) and

t he above- descghtbed: griosipradei coval ently bonded to each other. [0065]

20[ Formula 12] (5)(6)(7)(8) [0066] - 42 - Anpbng such Ar groups, the Ar
group that can be pnefrersaldiyuegechr,n dthre rprlesenia emyoidimentan shsel ect ed
froman aromatic group and a group in which an aliphatic group and an
aromati € greeips Hred Bonddek tioe daeh & trer ib&d coimei der i hg thatl, acsi e reaction
is less likely to occur. Exanples of the Ar group that can be preferably
used in the é%éﬁﬁ“@M&ﬂh?ﬁﬁnab@ﬂﬁLﬁﬁﬁ@ﬁkﬁ%ublégl@%@e61$}oﬁ¥fhe gr oup
consi sting $f an aﬁ%gllc hydr ocarbon group and a cyclic hydrocarbon group
(a nonocycl et HWYHr'§¢ar bon group, 10 a condensed polycycllc hydr ocar bon

group, a bridge clic hydro rbon qrou a sp carbon group, a

ring assembly hﬁ&?%'gh&%i §ro aé%fEWQ?t%ﬁﬁ%%% n group with a side

chai n), iC S 0] S he group of

t hese grou&?ﬁéﬁ%&? (ﬁ%&(%}éﬁféqgu%%tﬁﬁgt%%gg %ﬁ%}ggherfmumﬁlch are

or gani g ogr Othp? havi Fpglrgs [0y 20, eanbon, atenms, preferably groups having 6 to
ns.

10 carbon ato
When it is difficult to detect ¢ represented in the

above formula (11) by analysis, e in the above formula
(12) may be used as the value of the mole average degree
of polymerization, assuming that the polytitanoxane

15  compositicn 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-),Ti

structure may be contained in the pelvtitanoxane

20 composition having the R-0-Ti linkage. Alsoc in that case,
as described above, h or p cobtained by analyzing the
polytitanoxane composiition having the R-0-Ti linkage
comprising the monomer strgoture having the (B-0-) 471
structure is the mole averagese degree of polymerization of

25 the polytitanoxane composition having the R-0-Ti linkage.

F0053]



A nore preferred Ar group is a group having an aromatic ring, which is a
group selected froma group in 20 which at | east one or nore selected from
the group consisting of a cycloal kyi group and an aryl group are bonded to
(O U1) UU, andin whichleast one or Abre. se group, a cycl oal kyl
group, and an aryl group are forned 25 via a |inkage selected fromthe
above-described (5) to (8). - 43 - A group having 6 or 7 carbon

atons is furthepsprgberrede analysExanmphbesdof ksueh Ak gleups dmngude a
phenyl group, a cresyl group (isoners), a xylyl group (isoners), and a 5
napht hyl graupopriatelbxamgloes of preferred Ar groups are a phenyl group
and a cresyl group (isoners). The diaryl carbonate will be described
| at er. When t heEaeykoxytit anaugséenpesiotiion apsodptednby pielre r@ qupoduct | on
met hod in the present enbodinment is used as a catalyst for a production of
a diaryl carpsvsdtioeliv donpgrest erleedhatedtontie caryd s igrowraonsticepyng t he
diaryl carbonate, and the above-described aryl group constituting the

aryl oxy?i t &RCPMEACE TERE Vs @ WPie (o UIS ity IMagiBitpl o tHutO a1 heNMiRyi oxy
group constituting the aryloxytitaniumis the same aryl oxy group as the
aryl oxy gr G EERstitGt iMhg theé i@ &N bt L SF0E AR AShronomer
structure havin ) (Ar-0-)4Ti ructure, 20 as wel| .as the above

0l YL i 1 anoRLNE SHATT W SR AT, e ARG S die e BT b1y A5 TSE s t he
aryl oxytitaniumU_ sed.in,the present.: pmen .U, .-reviouely desc i.
pea, o e R R R R BB SR e TR P E B an e eVt ng 28 the

Ar-O-Ti li%&%9@1%%e%e%%r%ﬂ%a@ﬁ%ﬁ@Qﬁ?qﬁQQQLﬂﬁﬂ%ﬂi%ﬁaCﬂrbon, orygen,

10 and hydrogen atoms by elementary analysis, the Ti content
by inductively coupled plasma-atomic emission
spectroscopy, and the contents of OH greoups and (CR)
groups by nuclear magnetic rescnance, can provide the
above h or p through calculation.

15 When it is difficult to obtain the content of (CR)
groups, 1t may be obtained by a method of hydrolyzing the
pelytitanoxane compositicon having the R-0-Ti linkage to
form ROH and then conducting chromatography analysis.
[C054]

20  <Alkyloxytitanium Composition>

One example of the crganic oxytitanium composiiion
having the R-0-Ti1 linkage used in the present embodinent
cludes an alkyloxylitanlivm composition, Particularly,
a polytitancoxane composition having an alkoxy group is
25  preferred.
An alkyloxytitanium represents, among organic

oxytitaniums constitulting the above organic oxytitanium



pol yti tanoxane conposition having an Ar-O-Ti |inkage, - 44 - containing at
| east one or nore types of polytitanoxane having an Ar-OTi |inkage. [0068]
The above pol ytitanoxane conposition having the ArO-Ti linkage is a
conposition such that a nole average-dédgree of polynerizationis 1.1 or
nore and 12 or | ess. The nol e average degree of polynerization is

determ ned by the follow ng mat hemati cal expression (1), using the nunber

of Ti at ome:cePeaineths MaAN righding ¢ual-150 1pe]RHdd,angxane; vt ng an Ar- O Ti

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

fol | ow ng 'olear: aratind"in whichlTh@dp® yiidianaoxang: conpasiddanh Copyi ses one
or nore polytitanoxanes having a different degree of 15 polynerization (the
nunber of Theat@rs fiorntime mblee®@HE)L1 Thelabpye &' nolayerr atdraled efers to the
nol es of a pol ytitanoxane having an individual degree of polynerization

rel ative tdhesheltotlalgrenipes of pol ytitanoxanes in the polytitanoxane
conposi tion. 20By the above "nol e average degree of polynerization, it is
meant that the ppedaéecres the Rilkvépaytriensusf campalsytiicasoaXeane 1i a vld
vidua] eefjatheLion is determ ned, and the product is integrated for all 25
degrees of 3PEINEmeFicz &K 176 et aF Iatisgratied Wl 448" I n ot her words,

t he question of how many Ti, atons are
9 composngons aving the R-0-Ti linkage, only those in

which R is limited to an alkyl group, and thus excludes
cnly part of the examples of the R group (examples in
10 which R is not an alkyl group).
[0055]
<Cyclecalkyloxytitanium Composition>
One example of the organic oxytitanium composition
having the R-0~Ti linkage used in the present embodiment
15 dincludes a cycloalkyloxytitanium composition.
Particularly, a polytitanoxane composition having a
cycloalkoxy group is preferred.
A cycloalkyloxytitanium represents, among organic
oxytitaniums constituting the above organic oxytitanium
20  compesitions having the R-0-Ti linkage, an organic
oxytitanium in which the R group is a cyclealkyl group,
and the -0~ Iforming the R-0-T1 linkage is oxygen bonded
the cycloalkyl group.
Therefore, the cycleoalkyloxytitanium compositions
25 are, among the above-described organic oxytitaniums
having the R-0-Ti linkage, only those in which R is

Limited to a cvycloalkyl group, and thus excludes only



- 45 - contained in one polytitanoxane nol ecule is answered as average

val ue. [0069] [Expression 3] Pn = (p, m) (i) [0070] In the above
mat hemat i cal expression (1), Pn is a positive nunber representing the nole
aver age degree of polynerization. 10z Bépresents the nunber of types of

pol yti tanoxane having an Ar-O Ti |inkage having a different degree of

pol yneri zation contained in the pol ytitanoxane conposition having the

A-OTi i ae}&e,oia%éee%%gﬁt S &N it eger Afp L Ok P18 LOPW, {8y azPositive

nat ural nurber representin e nunber of " Ti atons contained in a
poIytitano&gﬂexﬁpgﬁqgkgbéﬁgjmndgéhﬂyhaving an Ar-OTi linkage contained in

t he conposition. mvis the nole fraction of the above nol ecul ar 20
structure waompdihe conposition and satisfies the licH g matt:::!ssion (2).
e.re [0071] [ Expression 4] - 46 - [0072] In the above nat hemati cal

expression (2), Tachasgthe csasy tieaniing: asmpoddsdcransedaviriche labare -
mat hemati cal expression (1), and represents the nunber of types of
pol yti t anoXané. iehdigrg vered -i@ Tihd ipeage thaninglandi f f or et i degrlee Bf
pol ymeri zati on contained in the pol ytitanoxane conposition having the
Ar-OTi |inkage isndr eprederitimwn dmi egerviofcly ore Mpregsoup is a
cycloalkyl group exhibit a similar behavior in the above
step (1) and step (A), and therefore, the above-described
cycloalkyloxytitanium 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 cycloalkyl 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 cycloalkyl group and an alkyl group
are bonded to each other has the same meaning.)
[GO57]
<Aryloxytitanium Composition>
The aryloxytitanium compeosition used as a raw
20 material in the present embodiment represents, among the
above organic oxytitanium compositions having the R-0-Ti
Linkage, an organic oxytitanium composition in which the
ROgroup 45 4 group having an aromalic ring, and the -0-
forming the R-0-Ti linkage is oxygen bonded to the group
25  having an aromatic ring. Particularly, a poclytitanoxane
compoesition having an aryloxy group is preferred.

[0058]



[ 0073] 10For exanpl e,

tetraaryl oxytitani umrepresented by the following fornula (19),
of a polytitanoxane represented by the follow ng formula (20),

in the case of a conposition conprising 1 nole of a

and 1 nole
the nol e

aver age degree of polynerization is t.8% 15[0074] [Fornula 13] QAr QAr OA

[11 ArO--Th-OArArO-TI-O-Ti - QAr |

QAr QAr QAr (

aryl oxyt| Jtani um conpos !1 produce(
diaryl carbonat gned PQEYEbb%@Oé%B%g

smal | nol ecul es as

little as possi

in the

19)( 2 ) [0075] Wen the
catal yst for a production of a

hawkng AR HAYr aQoHaﬂlldﬁkﬁgf‘g conpri sing
| e and "having a

hi gh nol e average degree

of pol ynerizghicorritePref ent ed: e bk -is, a polytitanoxane

having an aryloxy group is defined as a polytitanoxane

having an Ar-0-Ti linkage),

a polytitanoxane having an

5 aryloxy group can be represented by the fcllowing formula

according to the definition of the above polytitanoxane

composiltion having the R-0O-Ti

The structure of the polytitanoxane

linkage.

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 combination of the following foermulas (15%) to (18)
here, as described for the above polytitanoxane having
the R-0-Ti linkage. It is difficult to identify the
15 structure by the current analysis method, and the
structure is presumed to be a mixture of wvarious
Structqres.
[C059]
{Formula 10]
OAr OAr QAr C]3
AO— 10— L »w@w%wﬂww WMQW%W&““
Ohg Oibe ? ?
(15) (186) (17} (18}
20
[0060]
In the above formulas (15) to (18), Ar is a group

having an aromatic

ring,

the

Ax

group forms an Ar-0O-Ti



flowability is considered, the degree of polynerization is preferably not
very high. Therefore, the above-descri bed nol e average degree of
pol ymeri zation is preferably in the range of 1.1 or 5 nore and 12 or |ess,
more preferably in the range of 2 or -méPe-and 8 or |less. [0076] As the nole
aver age degree of polynerization increases, the structure is nore varied as
previ ously 10descri bed. The pol ytitanoxane having the Ar-OTi |inkage used
In the produGti:Qn: Meihod Hd e esent embadi e el epresented by
the follow ng general formula (21). [0077] 15[ Formula 14] TiaOb(OH)c(OAr)d
(21) [0078]1ihmkddie abousmdeaar il aHRBYroit reprasents dhe abayes 20
descri bed group, a represents a positive integer of 2 or nore, ¢ is an
i nteger. of{&r] nore, d is an integer of 1 or nmore and ais an arCa b, 1
ci and 2a [0079]

The above aryloxy group constituting the

5 arylexytitanium is preferably represented by the
following formula (ArO).
{0062}

[Formula 11)]

10 (0C63]

In the formula {Ar0O), the ring A represents an
organic group having 6 to 20 carbon atoms, containing an
arcmatic 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 substituent.

The ring A is often described as an Ar group herein.

[0064]

he Ar group is not particularly limited as long as
XA EaEN L. O U . e ey e e 4 O I, I T
Aebe el LU LIV ATy ) b Ui L AL Ly . DA LD Ud Llia
Ar group include groups composed of a carbon atom, a
hydrogen atom, and/or an oxygen atom, such as an aromatic
group and a greup in which an aliphatic group and an

aromatic group are bonded to each other. More specific



25The pol ytitanoxane having the Ar-O Ti |inkage used in the production
nmethod in the present enbodinent is - 48 - nore preferably a

pol yti tanoxane having an Ar-OTi |inkage represented by the follow ng
general formula (22). [0080] [Fornmula %3] -5Ti p0, 1(0Ar), (22) [0081] In the
above formula (22), Ar represents the above- descri bed group, p
represents a positive integer of 2 or 10 nore, r is an integer of 1 or

nore, and Gestandied NRIRIGOTgdo R8s ML n@ngh %omzﬁhe‘ Fi ﬁ? S@E!Léﬁ' ed, and
2p + 2 - r. [0082] When a, b, ¢, d, p, g, and r shown in the above

15fornul a (249 andidwrimd an@Dcafsot qgbsuseterayaed: nphesyl aromei ght may
be required. At the tinme, the nolecular weight is obtained by a nethod

simlar to dimgrethog-descnidiedhswheiea, edymgle d,a enofocandig shown in the
above formula (11) and fornmula (12) 20 are determ ned. [0083]
hydrocarbon greoup, a condensed polycyclic hydrocarbon
5 group, a bridged cyclic hydreccarben group, a spiro
hydrocarbon group, a ring assembly hydrocarbon group, a
cyclic hydrocarbon group with a side chain, a
heterocyclic group, a heterocyclic spiro group, or a
bridged heterocyclic group), a group in which one or more
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 following formulas (5) to (8)
and the above~described group are covalently bonded to
each other.
[0065]

20 [Formula 12]

(8) (6) {73 (8)



As descri bes above, the psi yt .rtanoxane conposition Ar-0 Ti -esen is
theoretically a particular polytitanoxane conposition 25 having an Ar-O-Ti
|'i nkage obtained fromthe nole average degree of polynerization represented
by the above mat hematical expression~(42)~ - 49 - However, as

previ ously described, actual identification of the structure of the

pol ytitanoxane is extrenely difficult by the current anal ysis nethod.

Therefore, the mbyag kapexane (Gempesi ktihen ahavimegd hed APl | i nkage used
in the present enbodinment is the particul ar polytitanoxane conposition

havi ng t he pAref@rHb i\ nkage irepnes ety diie>@nove: fof e bed2d) and/ or the
above formula (22). Therefore, the above nol e average degree of
10 pol ynerifzam em reyerze iabtaiangd asl foldowge in whidBy anakyzpmngt tde above
pol yt| t anoxane conposition having the Ar-OTi linkage, as it is, the

aver age corfosin el gfn @Gﬁlfyftaiﬁi@m dravilmgdde W -adh dimkage
constituting the conposition conprising the above fornmula 15(21) is

r epr esent e By dse Y1 116G thg: f |eyZ3)on (1008415 T Forlifil & lELQS]OCCur

Ti hQ (OH)j (0Ar) k (23) 20[0085] In the above formul a

represent s tHEFA5GY --&é‘fc fbéﬁ%ﬁﬁ‘at Warfeﬁ?(e%?ﬁﬁ%@%bhﬁe?e%tﬁ? MULU, Gi r

positive nunber of or_ nor p05|t|ve nunber 250f rmre t han 0,
T e 1 FEE e

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 hydrocarbon group, a spirce hydrocarbon group, a
ring assembly hydrecarbon 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
organic groups having 6 to 20 carbon atoms, preferably
groups having 6 to 10 carbon atoms.
A more preferred Ar group is a group having an
aromatic ring, which is a group selected from a group in
20  which at least one or more selected from the group
consisting of a cycloalkyl group and an aryl group are

ponded Lo @ach other, and & group in which at least one

Foomoveny e Moy oy vt ot ey e me o el

Cr omonre cted from the group conaiasting of an allkyl
group, a cycloalkyl group, and an arvyl group are formed
25 wvia a linkage selected from the above-described (5) to

(8).



[0086] - 50 - Simlarly, the average conposition of polytitanoxanes
having the Ar-OTi |inkage constituting the conposition conprising the
above formula (22) is represented by the following fornmula (24). 5[0087]
[Formula 17] TipOg(OAr), (24) [0088] -16Bn-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, gloupnNHati8at EShy 4PciGodnl a@BAs2P st fArThkr 15[ 0089]

Wien h, i, j, k, p, g, and r shown in the above formula (21) and fornmul a
(22) are t@reeedeter.m ned, nol ecul ar wei ght may be required. At
the tinme, the nol ecul ar wei ght can be obtained by 20 the nethod descri bed
when a, b, c, dixepplesand gushotm pmotihbe abovedbomnphanfil)rame,f ar nul a
(12) are determ ned. [0090] age aegrec polynerization, either h in the
above formdlrgs¢23prenup (iscmers), a xylyl group (isomers), and a

5 naphthyl group.
Examples of preferred Ar groups are a phenyl group
and a cresyl group {isomers).
The diaryl carbonate will be described later. When
the aryloxytitanium composition produced by the
10  production method 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 moneomer structure having an (Ar-0-),Ti structure,
20 as well as the above polytitanoxane having the Ar-0-Ti
tinkage can be preferably used as the aryloxylitanium

used in the present embodiment. As previously described,

edtremely Jdriflicult o isclate the pelytiltancaane
for determining the structure. The polytitanoxane having
25  the Ar-0-Ti linkage used in the present embodiment is a

polytitanoxane composition having an Ar-0-Ti linkage,



25 in the above formula (24) may be used. Wen it is difficult to detect c
represented in the above fornula. (21) by analysis, e in the above fornula
- 51 - (22) may be used as the value of the nole average degree of

pol yneri zation, assuming that the compddition is the structure represented
by the formula (22). O course, as described above, a nononer structure 5
havi ng an (Ar-0-)4Ti structure may be contained in the conposition. Also in

that case, @asvdesariped aboms, dherlod &b&@itﬂ%§yoiaf}%wﬂjﬂ9aﬁ<¥5@a§&”p°5i tion

conprising the nononer structure is the nole average degree o
pol yneri zatizonref drheucamiasiltirdtgel0[ 0091] As t he above-descri bed
anal ysi s net hod, known nethods can be appropriately used. El enentary
anal ysi s, dtiérisd absorption spectroscopy, inductively coupled plasna-atonc
em ssi on spectroscopy, 15 chromatography analysis, and nuclear nagnetic
resonance (NWVR) fhandbthe brketwhibohxane rcoopiomelty opr detviiced ttan Mye
preferably used, and they may be conbined if necessary. A preferred
net hod anoiy Tthémika@eudisng, dogi csddriple, SWat driviitnat itonl ofavcheaont ent  of
carbon, oxygen, and 20 hydrogen atoms by el ementary analysis, the Ti
content by FEFdGE iAelRP o8 ed thiIcas e at-oni e s i slp%ém ostopy, and the
contents oiﬁ[J: OH.cj on ps a-; (GA [ro) roups by r u alear CL p through
cal cul atio ,hez_"SWJr?Jn FVE Y i (‘f&?l G %oﬁaﬁrﬁrﬂ. 4%e- Conterte G moMd gr oups,
it may be %RI%%%e%OQﬁo%i%%tg%‘hg%%%%géI %%éﬁgésﬂm?2uh, using the
number of Ti atoms contained in an individual
10 polytitanoxane having an Ar-0-Ti linkage, which
constitutes the polytitanoxane compesiltion, and the
following "molar ratio™.
The polytitanoxane composition comprises one or more
polytitanoxanes having a different degree of
15 polymerization (the number of Ti atoms in the molecule).
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 degree of
polymerization,™ it is meant that the product of the
molar ratlio of a polytitanoxane having an individual
dc.::iﬁj e R I T e Rt T T T e E e e R Ul JPUP IO ST ST
Pt N g MR et RS IR S S S g A Cridd el LN AN A RTRD LR Pohsbe Yia L LAl B
is determined, and the product is integrated for all

25 degrees of polymerization to obtain an integrated value.

In other words, the guestion of how many Ti atoms are



conposition to form ArOH and then conducting chromat ography anal ysi s.

The pol ytitanoxane used in the production nmethod in the present enbodi nent
may be in the formof an adduct to 5 or a mxture with ROH or ArOH, wherein
R or Ar represents the above-described4group. [0092] (Diaryl Carbonate) The
di aryl carbonate used in the production nmethod 10 in the present enbodi nent
is a diaryl carbonate represented by the followng fornmula (25). The diaryl

carbonat e il 510,0f tign descid bedi amahnarfedicLearbonatperbegrein. [0093]
15[ Formula 18] ArOCokr Il 0 (2 5) [0094] The aryl oxy group constituting
t he above diarpydgecardianate is represented by the following forrmula (Ar0).
20100951 [Perm (A r 0)

[0069)

[Expression 3]

Pnzlel(pw-mw) e (1)

[0070]

In the above mathematical expression (1), Pn is &
positive number representing the mole average degree of
polymerization.

10 Zz represents the number of types of polytitanoxane
having an Ar-0-7Ti linkage having a different degree of
polymerization contained in the polytitanoxane
compesition having the Ar-0-Ti linkage, and represents an
integer of 1 or more.

15 Py 18 a positive natural number representing the
numper of Ti atcms contained in a polytitanoxane
molecular structure w having an Ar-0-Ti linkage contained
in the composition.

m, 1s the mole fraction of Lhe above molecular

20 structure w to the composition and satisfies the

following mathematical expression {2).

[ IO T N | P - e T S SO FEE TR WO B [ B
L4 iR [P N E R [ L St W () R S} b LR e N b e S

(00711

[Expression 4]

Z
1= 2m,,
i o)



- 53 -- [0096] In the above fornmula (Ar0), the ring A represents an
organi c group having 6 to 20 carbon atons, containing an aromatic group to
whi ch an oxygen atom bonded to Ti is 5 bonded at any position keeping
aromaticity, and may be a single ring 6f a plurality of rings, or a

het erocyclic ring, and/or may be substituted by another substituent.

The ring Ais often described as an Ar group herein. [0097] 10The preferred
Ar group isjgpotpparticularly limted as long as it is a group having an
aromatic ring. Exanples of the preferred Ar group include groups conposed
of a carbon atomn anhbydoegenmata@maandikar caprexyden avon zSuchk asean
aromatic group and a group in 15 which an aliphatic group and an aronmatic
group are bhoamdedetao ieach otheresdvbinee & pecitfie dxanplnes: Haned wides gr oups
having an aromatic ring, which are an acyclic hydrocarbon group, a cyclic
hydr ocar borexgros {(ca grloup asut b as;e fart exdnplreynize monooyatd £ dydr ocar bon
group, a condensed 20 pol ycyclic hydrocarbon group, a bridged cyclic

hydr ocaP boPgrdu,arexspiar ¢:awidrocdr Bom Gridupl irkadandraasisentt y hydr ocar bon
group, a cyci hydrocgroup wtha he spiro group, and a bridged

het er ocycl % [fEaiis)t, & Hicsup 259 i i o orotHor e agt olpst %l ect ed from
t he above a%yclj,c__ hydr ocar bon group and the ahove cyclic hydrocarbon group
are bonded PYand & 26 s ﬁ%ﬁog’rfttlﬁg} 54 V& Gt oupst et 95 mked vi a
coval ent bonds to a particular nonmetal .atom (carbon or oxygen). The
above covaléht BEHE 8 T hé harticiiiar’ nonret 4f° &t om (carbon or oxygen) is,
for exanpl e{,ooaﬁﬁt ate in which

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

15 (0074}

[Formula 13]

OAr OAr OAr
ArQ—Ti—OAr ArO—Ti—0—Ti—0OAr
OAr OAr QAr
(18) (2 0}
[6075]
When the aryloxylitanlum composition produced in the

My [ R P R VAT T PR L L T NF A MU ST R B | e !
2 i T R T E¥ i L N B e A L RS AR 1S AN S JE St B W e S S i T |

catalyst for a production of a diaryl carbonate, a
polytitanoxane having an Ar-0-Ti linkage comprising small
molecules as little as possible and having a high mole

average degree of polymerization is preferred. When



5 a group represented by the following formulas (5) to (8) and the
above-descri bed group are coval ently bonded to each other. [0098] [Formula
20 112 CGCO ( 5(6)(7)(8) 10 [0099] Anong such Ar groups, one
preferred as the Ar group constituting4fhe diaryl carbonate used in the
production nmethod in the present enbodinent is selected froman 15 aromatic
group and a group in which an aliphatic group and an aromatic group are

bonded to eachptihar.y censigeridigddat: i side-deact i,am st essciikely to
occur. Exanples thereof include a group se] Led frongroup dl ic 20

hydr ocar bon oW <& dmneeyc v yhydrgpcar bon group, a condensed pol ycyclic
hydr ocar bon group, a bridged cyclic hydrocarbon group, a spiro hydrocarbon

group, a ring aSkemblfyrhydrbearboregriespyripd aocdyclave raydr oeamaen - 55 -
group with a side chain), and a group in which at |east one group selected
from the grdupdlyrsorided i(cgr oup e raflestalilnt édh yheeasinast heff )1 . Which are
organi 05gr (r)nlgﬁ:se g%\c/ji nl% %rt Olezsqs C?nrot}%n arte(?fngsfabplr efj?r{ 8}cbl'ley rg;nouepsofhagi "9 0
' P Y g or
more and 8 or less.
(GOT6)
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]
T1.0p (OH) o {OAr) 4
(21)
[0078]
In the above formula (21), Ar represents the above-
20 described group, a represents a positive integer of 2 or

more, < is an integer of 0 or more, d is an integer of 1

O mere, and bois an integer of 1 oy more, and a, b, o,
el Al et n Fa A Dl e 2l e e D e
L s L Y Ea Al b 4 e i A A [ ' i ) e ! et
F0079)
25 The poliytitanoxane having the Ar-0-Ti linkage used

in the production method in the present embodiment is



5 to 10 carbon atons. A further preferred Ar group is a group having an
aromatic ring, which is a group selected froma group in which at |east one
or nore selected fromthe group consisting of an al kyl group, a cycl oal kyl
group, and an aryl group are bonded tof@ach other, and a 10 group in which
at | east one or nore selected fromthe group consisting of an al kyl group,
a cycl oal kyl group, and an aryl group are forned via a |inkage sel ected
fromthe ahove- desgkirhed () pla 8k anoxane haXamplses rof-csuch Ar groups

i ncl ude a phenyl group, a 15 crésyl group (isomers), a xylyl group

(i soners), 1anttagenapbtrB¥kengeaupy the foXampliesy ferprefleriedunAra gromps are a
phenyl group and a cresyl group (isoners), nore preferably a group having 6
or 7 carborigasens. 20The diaryl carbonate used in the present enbodinent is
pref erably di phenyl carbonate. [0100] production nmethod in the present
enbodi nent [F'eruséd a§la 25 catal yst for a production of a diaryl carbonate,
it is preferred that the aryl group constituting the targeted - 56 -

di aryl ¢arBéndt @Axnd the aryl group constituting the above aryl oxytitanium
are the sane type of aryl group. It is preferred that also for the
diaryl carBérdte as a raw naterial for obtaining the above aryl oxytitani um
5 conpositigg he aryl group constituting the above aryloxytitaniumis the
sanme type d gﬁbl group, as in the diaryl carbonate to be produced. [0101]
Next, each step_of the production.meth in the 10 present enpodi ment will
be descri bed. (%febhi)agove émﬁé?héégfbrﬂﬁr5885Fﬁ§ngﬁeté?ygBQyFrtanium
composit| OBe'sgfﬁ_BSdEé%%%gt, . g”’%%g'r@%%t%o%pyo%ﬁ% :Lhe ifn%'r%'ég%‘ﬁ g step. (1): 15

adding a diar carbonat an-organi ¢ oxytitani um conposition having an
R-O Tiydinkage, whetebn Rireger of 1 or more, and g is an integer

of 1 or more, and 4dp = 2gq + r is satisfied, and Zp + 2 =
r.
[CCB2]
When a, b, ¢, d, p, g, and r shown in the above
15 formula (21} and formula (22) are to be determined,
molecular welghi may be reguired.
At the time, the molecular weight 1s obtained by a
method similar to the method described when a, b, <, d, e,
f, and g shown in the above formula (11) and formula {(12)
20 are determined.
[0083]
Ag described above, the polytitanoxane composition

Top o s S e 3 B pm Ty e YL T 1 L w1
LAV iy e d AN A o 4

Lodinkage used In the present embodiment
is theoretically a particular polytitanoxane composition
25 having an Ar-0-Ti linkage obtained from the mole average

degree of polymerization represented by the above

mathemaltical expression (1).



represents an organic group containing 1 to 20 carbon atons, and
evaporating a conponent having a |l ower boiling point than that of the

di aryl carbonate, together with 20 the above diaryl carbonate, so as to
obtain an aryi oxytitani um conposition. 4f0102] tthe stahi the aryl oxytitana
conposition. during transfer and/or 25 storage is inproved, and the quality

of a diaryl carbonate produced when the aryl oxytitanium conposition - 57 -
is used as a catalustconROsiti,QREAN, &REQIYEH on 0f,,3 diaryl carbonate is
i mproved. A step of producing the targeted diaryl carbonate will be

described liateer jandHts o camilHcatied e Wi h e Sl alddoxafe reaction
raw materials, reaction internedi ates, and recycl ed substances. It is
sur pri si ng ebhatentdey abidre cefiftedty itheachieved: anlayl yyi catgag. out the above
step (1), which is a discovery that cannot be expected from past fi ndings
regardi ng pol yt 'hamexame, 10heoppdgictitansxane compw stié coohweniticondde art,
the previous reaction of a catalyst with a high boiling conponent, and the
li ke haVe Bee® fer fldmedie maed tin s heotpisssart whdtodireonporieritheshoul d be
renoved, and an inprovenent in the quality of 15 the produced diaryl
car bonat e iF$ G PrEdY iFded t It cPiad\RalsiAiadp Igfi arhe acditrd] yidte Misxdd- W th t he
hi gh boili gﬁ conponent, after storage, becones significant IC%/ | oner, and the
cat al yst canfot%e [GEEF 558 &% Mpddia iatP orf BtBrkegel 2 lAndid/ 9% Wity known
that a catal yst &ogpo i_ti%r} 20 is produced at a site adjacent to a diaryl
odicti°e 2

car bonat e I“an or as one of steps connected by a |ine. [0103]

The production ngthod,in thg.pLEseat (87R0dl et nag 30, of
10 polymerization may be obtained as follows.

By analyzing the above peolytitanoxane composition
having the Ar-C-Ti linkage, as it is, the average
composition of polytitancoxanes having the Ar-0-Ti linkage
constituting the composition comprising the above formuls

15 (21} 1s represented by the following feormula (23).
[0084]
[Formula 16]
TinC; (OH) 5 (OAL)
(23)
20 [0085H]

In the above formula (23), Ar represenis the above-
described group, h represents a positive number of 1 or
more, ; is a gpositive nuamber of § or more, K 1s a
positive number of 1 or more, and 1 is a pesitive number

25 of more than 0, and h, 1, j, and k satisfy 4h = 27 + 1 +
k and 2h + 2 = 7 + k.

00867



25 excellent stability during transfer and/or storage, and also realizes a
| ower nelting point. Therefore, its - 58 - nelting in use is easy, and its
catalytic activity during transfer and/or storage can be | ess degraded.
Thus, the production of the above aryl 6%ytitani um conposition can be
separated fromthe process for producing the diaryl carbonate, and these
can be carried out without location [imtation. I n ot her words,

according to theiprodugti onnheethedaqe theppkesent ewbodi ment, a large
amount of the conposition for the catal yst can be inexpensively 10

produced. polytTherrefores the diaryle car-tonat e usedyd ndhe ahovengtep (1)
is preferably a diaryl carbonate having the sane structure as a diaryl

car bonat e ttd:¢bhegpreduded rusiongp itihe ray yrex ythdvani umraonpogia)i ans  1510104]
The conbi nation of the organic oxytitani um conposition having the R-OTi

| i nkage andai@sdinarefl varbendtod Jugedid rf arwel lpr oot on met hod in the
present enbodi nent will be described below. 20(1) A case where the oxygen
of the Brgdﬂq@7dxytitaniun1 conposition having the RO Ti |inkage (of each
conpound “ﬂ%ﬂ hi .e ccnpos.r Lon is a conposition ofof comounds hnvi nTROT
1f nk- f v7r  \'5OF & Merinf aromatic group (that is, a case where the oxygen
form ng ZSrﬁhS Eﬁg-Ti | i nkage is bonded to an organic group other than an
aromatic ring 't He 11 group). - 59 - The diaryl carbonate or the
organi ¢ oxytist,ani um conposi tion having the R-OTi |inkage is selected
conparing the boiling point of hydroxy conpounds corresponding to
respective ;giypygt ures. S5A diaryl carbonate is a carbonate ester of an

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 [6089]

When n, 1, J, k, p, q, and r shown in the above
fermula (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 the above formula (11) and formula (12) are determined.

Therefors, as the mols average degres of
pelymerization, either h in the above formula (23) or p

25 in the above formula (24) may be used.

When it is difficult to detect ¢ represented in the

above formula (21) by analysis, e in the above formula



aromati ¢ hydroxy conpound. An ester is a dehydration condensation
conpound of a carboxylic acid and a hydroxy conpound. Therefore, a diaryl
carbonate is also simlarly 10 considered, and it is natural in

nomencl ature to consider that a diaryl 5éarbonate is a dehydration
condensati on conpound of carbonic acid and an aromatic hydroxy conpound.
The aromati ¢ hydroxy conpound in considering so (or an aromati c hydroxy
conpound of (2 calRomL 2 Skb @nd am & oimtice hydlroxy £onpound,prgduced by
the hydrolysis of a diaryl carbonate, on the contrary) neans the

above- descrdibed Isaanespanding Hydmoxyy capouttk compodiie @t hes hydr oxy
conpound corresponding to the structure of the organic oxytitani um havi ng
the R-O Ti f20-Jdtnkage apepreesemntds tay hydr axyrroanpoidid havi ng an ROH structure
in which a hydrogen atomis added to an R 0- [01(1H) In the production

met hod i n the pPésentrerbodismentcribed dbavgl, ecarbbowate issradded:¢ 0 an
organi c_oxytitani um conposition having an R-O-Ti |inkage, and a conponent
havi ng & 1 'éWemcheil i g 1Poiint it shancthae sRvt ke dionampined 160 thecar bonat e
is evaporated, together with the diaryl carbonate. In a case where the
oxygen of tHERFGARiB ox§t-FPanPufMebnpéstri 68 HEVICHd eRe aRC®STi N iatkage
(each 5 cogpo%pd.mhg k)the cquositivn is a composition of a plurality of
conpounds Kaving AT RIS A4 iviKkage) 1% P Bordet! t¢ U & giat F18¢ gr oup

(that is, e where the oxygen forming the RO Ti_|inkage is bonded to
an organicﬁﬁﬁghﬁrbfﬁé?x?ﬁgﬁ al gfﬁhﬁ?ﬁ%’%Wﬁqu$tqﬁ9%?%ﬁ%€p), it is 10

preferred &Qﬁém&%ﬁﬁ%EqO%eE%C%H%qégﬁﬁ%gﬁgifHIed R-0- group, when the

boiling points o and the aromati ¢ hydroxy conpound (that is, ArOH, and
Ar hasjpeenpdesgri bed in the above section of diaryl carbonate)
correspondi ng to respective structures descri bed above 15 are conpared, the

boi l'i ng poi nt ofisAtklE hBohkgheEctkhpRdt Rak196iBOHethod, Whemnt he oxygen of
the R-0- group is not bonded to an aromatic group, the above RCH is an
al cohol . Gemenaklsy cahh@cegquipddpriiwneafy asdiaryl carbonate and
Elementary analysis, atomic abscrption 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,
determination of the content of carbon, oxygen, and

20  hydrogen atoms by elementary analysis, the Ti content by
inductively coupled plasma-atomic emission spectroscopy,
and the contents of CH groups and {(OAv) groups by nuclear
magnetlc rescnance, can provide the above-described hoor
p through calculation.

25 When 1t is difficult to eobtain the content of (OAr)

groups, it may be obtained by a method hydrolyzing the



20 an al cohol is represented by the followng fornula (E2), and the
equilibriumis biased to the left (an al kylaryi carbonate and an arona
rroxy conpound) conponent is bonded is used for a production of a diaryi 25
carbonate, the al cohol component derivéd fromthe catalyst shifts the
equilibriumin the unpreferred direction, - 61 - Therefore, it is
preferred that the R 0- group in this case is renoved out of the systemin

the step (Lomdd06]od Ras M 2010 IRCBQAT AFGT AR ER) ¢ b |t Ar OH+ ROH 00 [ 0107]
As descri bed above, when ROH has a |l ower boiling point than that of ArOH,

ROH can be datemovadq@uiptof drhel wyistem together with the diaryl carbonate,
or together 10 with the diaryl carbonate as an al kylaryl carbonate. Wen
RCOH has a | ower Thei piong tpaiamio xizhan uskat iof tAr0krddestaldey InertyHodarbonat e
has a | ower boiling point than that of the diaryl carbonate. [0108] 15In
this case, &ilfe FRegrasdp 9 qetiefartabtay dqrioup: avi agn ac §nah | addmber t of
carbon atons because of easy renoval. An R group having 1 to 6 carbon

atoms i S pr&t et FektUshsidet ity tHe A1Yvabitg gL vfR thie ol yEpTamoxane

havi n an al kyl
9 t%ma%bovemdescribed group.

[0092]
{Diaryl Carbonate)
The diaryl carbonate used in the production method

16 in the present embodiment is a diaryl carbonate

represented by the following formula (25). The diaryl

carbonate is also often described as an "aromatic

carbonate™ herein.

(00937

15 [Formula 18]

ArQ—C—0OAr

(25)
(00947
The aryloxy group constituting the above diaryl
carbonate ls represented by the following formula (ArO).

Ay 0095

« < (A r O}



-ving 3 to DCA ....LOTUS pre group (isomers), a pentyl group (isoners),
and a hexyl group (isoners) are further preferred. [0109] - 62 - On

t he ot her hand, for the diaryl carbonate, diphenyl carbonate and dicresyl
carbonate (isoners) can be preferably ased, considering the industrial
utility value. 5[0110] For the conbination of the R group and the Ar
group, a case where the R group is an R group selected froman n-propyl
group, an i[aprapyl 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
preferred. [0111h Next abarncamountilef (Rhe)Qr gari ¢ ioxy? trapireBGaPesi ti on
having the RO Ti |inkage and the diaryl carbonate used in the above step
(1) will bexdesdd hewuplSiEhve randurte of0 tdeetdirarat orcar bonataeiuseg as 0.1 to
50 nol ar equivalents, preferably 1 to 20 nolar equivalents, with respect to
the total rmeloEBtgfc Tircaworks cdnitcdl med d¥yadie drgaiandsdtic ahi uhs
conposition having the RROTi |inkage. 20lt is possible to add the above
amount at SRE e tarid vt ST 1ViEB0 rEt e e CERFgNEhtt havaTHg e hovier
boiling point Lhan that of the above di dt oget her above anmpbunt in portions
and t hen eﬁﬁﬂ@ﬁﬁtélfﬁkcﬁbﬁbéﬂéﬁﬁ 1ty of rings, or a heterocyclic

ring, and/or may be substituted by another substituent.
The ring A is often described as an Ar group herein.
[0087]

10 The preferred Ar group is not particularly limited
as long as it is a group having an arcomatic 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 arcomatic 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 hydrocarbon
group, a cyclic hydrocarbon group (a group such as, for
example, a monocyclic hydrocarbon group, a condensed

20 polycyclic hydrocarbon group, a bridged cyclic
hydrocarbon group, a spiro hydrocarbon group, a ring
assemnply hydrocarbon group, & cyclic hydrocarbon group

with a2 =sids chain o o hetorecue bt o et oraesse ] 4o

L, & hetevocyelic group, a hetevooyollico
spiro group, and a bridged heterocyclic group), a group
25 in which one or more groups selected from the above
acyclic hydrocarbon group and the above cyclic

hydrocarbon group are bonded, and a group in which the



25 having the [ower boiling point than that of the diaryl carbonate,
together with the diaryl carbonate. It is possible to add the above anount
in portions and then - 63 - evaporate the component having the | ower

boi ling point than that of the diaryt e&rbonate, together with the diaryl
carbonate, after each portion. It is possible to carry out the step in

mul tiple batches, or continuously. 5In order to efficiently evaporate the
subst ance hadwg drleidsowete haidkdag pei /fovhamt hnf dde diaryl carbonate,
it is preferred to repeat a plurality of tinmes (two to four tines) the
operation @faraddiuig rl rcowd taml art caquicsalient srofoxdyeerdi.aryl carbonate and
evaporating the 10 conponent having the |ower boiling point than that of

t he di aryl carb®hat epovegethelentt hohhetdi ahyl peacbopnate. npOht2}k 1 The
met hod for adding the diaryl carbonate can be appropriately sel ected

accor di ng #69hd cayperofort k& YDSdr gani ¢ cox p{amanicumec oripds tiirorwthiavi ng t he
R-OTi |inkage and the diaryl carbonate of interest, and the apparatus for
carryi ng oGt HREPaBeve ssEeaFedLPy the follpwdndgi diyTmudarshovat &aralt)be added
in a solid state or may be added in a liquid state (a nmelted or solution
20state). @nd 'FE‘&’ GG ﬁi“&ieéfftﬁbleé]nig&rﬁu@og‘ﬁé%i‘ﬁ"éﬁ%ﬁi%&@ﬁ@‘h@ li nke may
al so be solid ortkk%uid (a nmelted or sciutionte). Tt is preferred to carry
out tho stggc&lf iT'a 25 uniformstate. At the tine, adding the liquid

di aryl carﬁ%@@%- to the liquid organic oxytitanium conposition having the
R-0O-Ti linkagé i's a preferred nmethod. - 64 - [0113] A tenperature in

evapor ati ng (,hg,,g9Mpenent havi ng

I H H,
"““‘“‘“(I:““—" e s —C — e (o
(5) (6) {(7) (8)
10
(0099]

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

15  aromatic group and a group in which an aliphatic group
and an aromatic group are bonded to each other,
considering that a side reaction is less likely to occur.

Lramples thereol include a group selected from the group

conat st ing oaF avy aeuo e el s s ek e e el om0
R e ! RS el [ F e e e e H ,I‘ R B T S e A \j Bl i Red b Gk At A “! e e e A

20 hydrocarbon group {a monocyalic hydrocarben group, a
condensed polycyclic hydrocarbon group, a bridged cyclic
hydrocarbon group, a spiro hydrocarbon group, a ring

assembly hydrocarbon group, and a cyclic hydrocarbon



the | ower boiling point than that of the diaryl carbonate in the step (1)
can be in the range of 30C to 300C. 5In order to increase the rate of
evaporation, a higher tenperature is preferred. On the other hand, at high
tenmperature, an unpreferred reaction; Por-exanple, the rearrangenent
reaction of the diaryl carbonate, may occur to produce a conplicated
aryloxytitanium At |low 10 tenperature, it may be solid or poorly flowable.

Theref ore, dheyt enper al wield sHeriefier aly 4 mytdg rianga ofh 80C 10, 250C, nore

preferably 80C to 250C. Dependi ng on t he compounds used, the
mel ting poimte anhurhesdlidea avarinoranthd herefpories Hdreldenperaipy e can be 15
adjusted in this range if necessary. [0114] The step (1) is preferably

carri ed outsubrsta tutqui dysteatd artdhars prefiertabing cargdreid autowgts a
tenperature at which the organic oxytitani umconposition having the R--O
20 Ti |inkdge iamd & he dilarcarisar Bomatse aree farablsubstamd dtdwinmid or m
liquid state. in --rder to keep the LSion tenperature constant., app
instal | ed i% e GP&RH 02 HBIS -peftf SrATRE It RECSEEFCCIRT 25POPLSF Fhe reaction
prosoure varl e5, 4SRRI NG o0 LNe YRS O L8 GOTROUIIS Lot KhE e, the
feact on amRsLelus A0 KNEAIKC, YA USRLLY el crably LD Lhe range o
practice, %%% E&%&%ﬁ%%n%&%%%%@ecEsan 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
naphthyl 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
is preferably diphenyl carbonate.
[013G0]

Whorn thoe arvloyuridtandom commoaed ol som omvr eedo o)
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production method in the present embodiment is used as a
25  catalyst for a production of a diaryl carbonate, it is

pbreferred that the aryl group constituting the targeted



5 preferably in the range of 0.1 kPa to 20 kPa (absolute pressure). [0116]
A time of period between addition of the diaryl carbonate and subsequent
evaporation (residence tine in 10 the case of a continuous process) is not
particularly limted, but usually 0.002% 0 100 hours, preferably 0.01 to 80
hours, and nore preferably 0.1 to 50 hours. [0117] The step may be
conpleted after sanpling the 15 reaction solution and confirm ng by a known
anal ysi s method/ 1t hatriardesd 1 ethcnunta of 1 tdhesas ydoxyt i £ @ni gn egaposi tion is
pr oduced. The step may al so be conpleted after confirmng that a
desi red anwuniveofa RO A& ievapomatadt ithd hearevapasated 2001 qurdupWhen t he
organi ¢ oxytitanium conposition having the it- C .(J1:cnJ conicdie

chl uEi ne (inci gdRi d¢schlrefemeeRl tRatni IswdXmCRRTR, 'dik4~y1? cArbonatpr ef erred

to continuously carry out the step until. the 25 chlorine concentration in
the residuds |4 qigivd Mdrteps-atlo faprdeditragld 4 ey dlh g fadro e ey 0 x 1I00: ppimor | ess)
because - 66 - chlorine remaining in the aryloxytit nium conposition is

of ten uRpr &F¥FKeEd.tion, thimeadaldmauwp srotde fesinuaing i ai e may be
difficult due to sanpling and the |like, and therefore, it is preferred to

anal yze t hé "TeVapoiatéd et T rdtshite Hhe Oritiet ith Bt the step
1). or exampl.e, i.t i.is preferred to further add the diaryl
o ot g P aitorhoe i aoT 1 e A

car bonat e, di aryl carbonate evaporated is
100 ppm or {'Oei%sf preferably 10 10 ppmor less, and nore preferably 1 ppm or
| ess, and the chlorine content is 100 ppmor |less, preferably 10 ppm or

ooy SREF SR, SUEBTRE eSO PHOIPIELAR Loyt symunt o
di aryljcar Borate®t embodiment will be described.
(Step 1)
The method for producing the aryloxytitanium
composition in the present embodiment comprises the
fellowing 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.

(0102]

My oarryvinog oot fhoe aboore otos (0 the abtakli iy oF

By ANy T R A LU S R (A BB P T U B

the aryloxytitanium composition during transfer and/or
25 storage is improved, and the guality of a diaryl

carbonate produced when the aryloxytitanium composition



15 contai ning a high concentration of the |ow boiling conponent. [0118]

(I'l') A case where the oxygen of the organic oxytitani um conposition having
the RROTi |inkage (of each conmpound 20 when this conposition is a
conmposition of a plurality of compounds’/having an R-O-Ti |inkage) is bonded
to an drunftd;u..1l)a the oxygen. formisho P-nis bonded group ) 25In this
case, the organic oxytitani umconposition having the RROTi linkage is an

aryl oxytitani uBed BRerefene.l ihe i rGarbanat & r-ddhigpalytd £ apoxane
having the R-O-Ti |inkage nay al so be sel ected conparing the boiling point
of hydr oxy ddengaurds beertespendimpg dved.especti ve structures. 5As descri bed
in the above (1), it is preferred to conpare the corresponding ROH fromthe
structure of tha pobytotfapoxdneihgvihg thegRt@®dTdikirgRagerband -Ar OH
correspondi ng to the structure of the diaryl carbonate used, for selection.
10l n this &dse, bei tiescrébeROH adisd ANCH imay ltawe la dedwet daid iwigtpad nt, or
they may have the sane boiling point. ~ Wen the aryl oxytitanium
conpositi o l85Eailked Cifn rERE taboy & ast 83 teNL dls ugedhds & catal yst for a
production of 15 a‘,di“a‘royl carbonate, it is preferred to use a diaryl
car bonat e HEVERGCHHE L&8me 88Cr FELUCe C4ls SUSE o 5eGet ed T dit 8r yHEPERBOREL e to be
produced, i he. ste &1), and it c~i s preferred.that the bailing point of
ROH i s equé:Pla:Lo%BF f?'gjlp % Fdn She 1SoTHG V56 Lot %Kr G- ryLng Sh
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 boiling component, and the like have
been performed, 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 boiling
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.
[O103]
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production method in the present embodiment has an
25 excellent stability during transfer and/or storage, and

also realizes a lower melting pcint. Therefore, its



20Thi s is because the diaryl carbonate derived fromthe organic oxytitani um
conposition having the RO Ti |linkage may be mxed in the a r yloxytitani um
conpositi 1 F011o0J An anount of the organic oxytitanium
conposition 25 having the R-OTi |inkagé and the diaryl carbonate used in

t he above step (1) will be described. - 68 - The amount of the diaryl
carbonate used is 0.1 to 50 nolar equivalents, preferably 1 to 20 nol ar

equi val ent selwiihlhy raspeet itoethe,t ahal imel estefl ylii catews veant ainedd n the
above organi ¢ oxytitani um conposition having the R 0- Ti |inkage. It

i s possi bl értosadd thd/aboveocanguntaat beneé esisnmelegmé dichien evaporate the
conponent having the |lower boiling point than that of the diaryl carbonate,
together with theusli atly¢ paedonater ¢f ikepabsibl eryboadditheiabove 10
amount in portions and then evaporate the conmponent having the | ower

boi | i ng poFﬁﬁpPﬁahlPﬁa@aﬁfb@héeﬁﬁaﬁyﬁdcéﬁﬁmna €, Pregeskeowi th the diaryl
car bonat e. possi bl e to add the above amount in portions and then
evapor at e Pﬁ@ E&ﬁﬁ@néﬂ? HAGENY CAEPPBRER bépﬂlﬁ&eﬁﬁlﬁ?nl@etm%¥ﬁW%ﬁ of the
di aryl carbonate her with the di ar carbonate, after each portion.

It is possfbfe tBheag @Obﬁthﬁe é?éba{ﬁoﬁultiple bat ches, or continuously.
In order to effJC|ethy eva oratecép sub ta ce haV|n$ the Iog@r boi l'i ng
poi nt than that "5t he d”ary? 20~ ¢ar MRS pr e BrvRdt ngeat a

plurality of thgegreggﬁteélar%?meﬁ¥o goﬁt9ar LB he operation of adding

| nmoiar .quiv Len 00S t0 an"that of the diary'

Carbonate,céﬁﬁ@&@@to%‘FBrtgﬁezéaga§§¥t canbgpat RexL8h29%e1y 69 - The nethod
for adding the diaryl carbonate can

10 produced.

Therefore, the diaryl carbonate used in the above
step (1) is preferably & diaryl carbonate having the same
structure as a diaryl carbonate to be produced using the
aryloxytitanium composition.

15 [0104]

The combination of the organic coxytitanium
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 ¢f the organic oxytitanium
composition having the R-0-Ti linkage {of each compound
when the compoesition ls a composition of a pluratity of

compaunode hovine arn Renae®d Tdnlbamat 1o nat hondsd o oan

aromatic group (that is, a case where the oxygen forming
25 the R-0~Ti linkage is bonded tc an crganic group cther

than an arcmatic ring in the R group).



appropriately selected according to the type of the organic oxytitanium
conposition having the RO Ti linkage and the diaryl carbonate of interest,
and the apparatus for carrying out the above step (1). The di aryl
carbonate may be added in a solid stat@®or may be added in a liquid state
(a nelted or solution state). The organi c oxytitani um conposition
having the R-0- 10 Ti linkage nay also be solid or liquid (a nelted or

sol ution state)Thktdisrpreteenedate 6ar tjeout-ghhecabaveistapufl) in a
uniformstate. At the time, adding the liquid diaryl carbonate to the

l'i qui d or gapmposxytivhahiawhngonpes R-Oem 113 ihdwvigeg itshe:eR<©+H4 | i nkage is a
preferred nethod. [0121] A tenperature in evaporating the conponent having
the | ower bBembiamgngoithe bhan inkapocdhtt ke divairylxycargratelsi n t he above step
(1) can be selected in the range of 2030C to 300C. In order to

i ncrease t R@rFgpeOpAiagaper acisprctd viei ghiractigefer hand, at _  the
rearrangenent reaction of the diary]. carbonate, may 25 occur to produce a
conpl i cated aryfoXyRFYanfarbOoRetonst enperariree FETRRYChea8olid or poorly
flowable. - 70 - Tgereforeh the tenperature is preferably in the range of
50C to 2508 HBF& CprERErPal ¢OBBERS - 250C. Dependi ng on the conpounds

used, the nelti oint and_the |ike vary, and therefore, the tenperature
may be changed ?ﬁ %ﬁl%rr%%g% ??hﬁgﬁﬁgég?yéongenba$ﬁ8na88®805ngo 1¥ is
preferably_.gapried.out i l,i qui e is preferably carried out at a
tenperaturg at mﬁﬁé% %ﬁéangQt?t2§8§§%§ ﬁ%@%ﬁ& the RRU-Ti |inkage and the

di aryl carbonate,argrifea subsiaptially,loupi igrmbqgmi%?ﬁ. : In
order to keep the reaction tenperature constant, a known cooling apparatus
and heal i ngoappacatus pBM be hpshaklhed:i nnt hekeaqter, 0k perftarnng the
above step (1).

that a diaryl carbonate is a dehydration condensation

compound of carbonic acid and an aromatic hydrozxy
compound. The aromatic hydroxy compound in considering
so (or an aromatic hydroxy compound of a carbonic acid
15 and an aromatic hydroxy compound produced by the
hydrolysis of a diaryl carbonate, on the contrary) means
the above-described corresponding hydroxy compound.
The cther hydroxy compound corresponding to the
structure of the organic oxytitanium having the R-0-Ti
20 linkage represents a hydroxy compound having an ROH
structure in which a hydreogen atom is added to an R-0O-
GrouD.
L0105
In the production method in the present embodiment,
25 a diaryl carbonate is added to an organic oxytitanium
composition having an R-0-Ti linkage, and a component

having a lower boiling point than that of the diary)



15The reaction pressure varies depending on the type of the conpounds 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 ute pressured’ Considering the 20 ease of

i ndustrial practice, the reaction pressure is preferably in the range of
0.1 kPa to 20 kPa (absolute A tine of period between addition of the diaryl
25 carbonabarandasabggq@eapo@ma@ana&b@@tﬁ@@SM@@ncehbi@&a&glthe case of a
continuous process) is not particularly - 71 - limted, but usually 0.001
to 100 hoursybpneterably 0.01 to 80 hours, and nore preferably 0.1 to 50
hours. The step may be conpleted after sanpling the reaction solution and
confirm ng by alknowwamabysrs Sheethpgethaf ehdesrgedianount of the

aryl oxytitani um conposition is produced. The step may al so be
conpl et ed akvéitaphpir aPngoshaica desiinedtaroinf-of ROHkPpseevgpohat ed in

t he evaporated | i quid. 10When the organi ¢ oxytitani um conposition having
the R 02 gPB@BOBBEtHPﬁ§ §8ﬁeC@WP@§FhéOClﬁér@aﬁpﬁp@ﬁﬂéﬁpﬁeoéné/or

hydr ol yzabl ﬁ chl orine) as an |ngur|t it is Breferred to continuously
carry out PRETEL&pYuRfi FOFREUBAF 0PN BofBeRt Patiion PKa0Re fésP@bal | quid

d to a 15 d Q| t 00 b hl or i
onhi i ng PATERG Pyl Bxgt PUahi (P CBRBod LRbn Fo. OF CeR=unbFerer Ba.

Th I dual di f f d d
The Tike. aiener SrhFRLCNAL bluha, T3Y 2 ésab§ﬁg%ed%§o%%oﬁ2%5g'22 "
det er ni ne wsugogphgy ngf akh ?éhsgéglklha anpl&ﬁ&ew a%%ﬁhoqt Far

exanple,is preferred t. furt

Ti atain (#fetebpelihendiarsar bpnate;evapghabedai 400, pRA aLoless,
preferably 10

group, when the boiling points of ROH and the aromatic

t he

hydroxy compound (that is, ArOH, and Ar has been
described in the above section of diaryl carbonate)
corresponding to respective structures described above
15  are compared, the boiling point of ArOH is higher than
that of RCH.
When the oxygen of the R-0- group is not bonded to
an arcmatic group, the above ROH is an alcohol.
Generally, the eguilibrium of a diaryl carbonate and
20 an alcohol is represented by the following formula (E2),
and the equilibrium is bilased to the left {an alkylaryl
carbonate and an aromatic hydroxy compound) .

T L T S O DL Tl L T T L s L S
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component is bonded is used for a production of a diaryl
25 carbonate, the alcohol component derived from the
catalyst shifts the equilibrium in the unpreferred

direction.



25 ppmor less, and nore preferably 1 ppmor |ess, and the chlorine content
is 100 ppmor less, preferably 10 ppmor less, and nore preferably 1 ppm or

| ess, to evaporate a - 72 - |arger anount of conponents by distillation,
or adjust the reflux amount to evaporafé the diaryl carbonate containing a
hi gh concentration of the | ow boiling conponent. [0123] It is not

al ways necessary to use a reaction solvent in the above step (1). However,

for the purposeshetecmaki:ngithesrgactboneapenati en-easy. anduphear i ke,
sui tabl e solvents, for exanple, alkanes such as pentane 10(isoners), hexane

(i soners), thept anee( isoremsyedoctiane f( itsenenSerndmang < isseners)),. and
decane (isoners); aromatic hydrocarbons and al kyl -substituted aromatic

hydr ocar bori§,10&uch as benzene, toluene, xylene (isonmers), ethylbenzene,

di i sopropyl benzene (i soners), 15 dibutyl benzene (isoners), and naphthal ene;
nitrile conpeundda gdch as acetonitrile and benzonitrile; aromatic
conpounds substituted by a halogen or a nitro group, such as chl orobenzene,
di chl orobenzene (isomers), bronobenzene, di bronobenzene (isoners),

chl or onapht habemar 20 Rr napht hal gne, ARG mmmen;ﬁeﬁ, and niby onapht hal ene;
pol yeyclic hyddbcar bdn COhpotinds —stch as |Hi phenyR syl , dipiyl meLoop
(-ere; @ndhen7&h1-e1nene (inemerc)7 nllnh@tie hydrocarbons, such as

cycl ohexane, cycl opentane, 25 cycl ooctane, and et hyl cycl ohexane; ket ones,
such as ne% Xb?ithyl ket one and acet ophenone; esters, such as dibutyl

pht hal at e, "di hexyl phthal ate, diocty] phthala te and benzyl butyl

e ooy e aoSt 08 DL SUR LR e S8yt oo o ovane.
conpounds, psWeR asadcehanecand fRt hrbrethyl Hketenei «esien cgmeunds,
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 carbonate 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 1s preferred.
Considering the flowability of the polytitanoxane having

24 e R-0- group, an ailkyi group having 3 to & carboen atoms

T oo e e R o e et S YT ST [ e TP R N A
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group (isomers), a pentyl group {isomers), and & hexyl
group (isomers} are further preferred.

[0109]



5 such as ethyl acetate and ethyl benzoate; and sul foxi des, such as
di met hyl sul foxi de and di phenyl sul foxide, can be preferably used as the

reaction sol vent. Ar OH corresponding to part of the diaryl
carbonate structure is also preferabty®lsed as the reaction solvent.
10[0124] In the step (1), an inert gas may al so be used. Oxygen is an

unpreferred gas conponent because it has an oxidation action. It is
preferred to rephace: oxygen, hand, f@rtbﬁer@@gtgﬁ. ¢hhecapparatus for
carrying 15 out the step (1)) by an inert gas before the start of the step.
Furt her, whéphtheldcarpbnearbanadt dii-gcevapenabvetatiet (raymbesevaper at ed by
being entrained in an inert gas. As the inert gas, for exanple, nitrogen,
hel i um 20bargonfeaabayboried, acbdsgdsyimet hare inetisamealand ipriagane can be

used al one or in conbination. [0125] Ti linkage is easily hydrol yzed by
nmoi sture, H#Adue5 therefore, it is preferred to control the noisture content
in the systemin the step (1). - 74 - It is preferred to control the

moi sture coRtéht at 0.1 nole or |ess per nole of Ti atons in the systemin
the step (1). [0Q126] 5A reactor for gerforning t he steg (1% is selected
according to the®apove- daderidetPtonti tiond. 9TOUP apeliifi BAl PHOURI t hert o
known reactors, such gstgq ?git%ionwtankR a gressqre %git%tion tank, a
reduced- presStré A9Ffa: FBA fafk®UR ¢81 dinr 8488 2¢4°6i 56 FIFali 6k 10
colum, a pagke gogg and a filmevyaparator, can ysed in conbi nation,
i f necessar§§ _SY ggﬁé 0 aségnggﬁsegﬁﬁ Viééd%iHB§H§ PFeacter “'s not
particul arkyoii i, edy,apd anHQE@n€9md8?§%$,Cgﬂdb%nuﬁ%@pentyl group,
16 and the Ar group is a phenyl group is preferred.
(0111}
Next, an amount cf 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 carbconate used is 0.1 to 50
molar eguivalents, preferably 1 to 20 molar equivalents,
with respect to the total moles of Ti atoms contained in
the organic 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 boiling
point than that of the above diaryl carbonate, together

Witk thae A1 ay] carvhonate T I IS N BTN LI WP DU S T BN
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above amount in portions and then evaporate the component
25 having the lower boiling point than that of the diaryl
carbonate, together with the diaryl carbonate. It is

possible to add the above amount in poertions and then



For exanple, hitherto known condensers, such as a 15 nultitubul ar
cylindrical condenser, a doubl e-tube condenser, a single-tube condenser,
and an air-cool ed condenser, can be used in conbination, if necessary.
The condenser may be provided inside thé Teactor, or nmay be provided
outside the reactor and connected to the 20 reactor through piping.
Considering the types of the reactor and the condenser, the nethod for

handl i ng t ke apdensalehet Bempokentami:eus gCendr a ceea ae 1i@L2 foi2eMat eri al s
for the reactor and the condenser are not particularly limted, and known
materi al s ¢cananbehusedf the7Bliaryl cakborexanplegeghasswistaitmeess steel,
carbon steel, Hastelloy, a substrate subjected to glass lining, and a
substrate ¢dated wiatrboTefkenafteg stehegotrtadenar K} tanpbesubéd. t55US304,
SUS316, SUS316L, and the |ike are inexpensive and can be preferably used.

| nst rument &8IC6N €4l prenttepudh a4 P lewretehegand o& loertapmetierly .and known
process apparatuses, such as a reboiler, a punp, and a condenser, may be
added as 10 reqbireBdeRnbwncheaEi ARt At ABABO auEhtAS ByP&EaBRrand a heater,
can be appkie . Kn wn_cooligg met hods,, such as natural cooling, cooling

wat er andlBFgHQ,t &n1al'§s Belappli €8 "To128) 156k fai ANt sy be added
0 LN, R o, S o %, PR Sutanee of s and
such as th?t%%egoo%ogks%QE%E@gt%geog%%EXHO1a%QOg%%§hgtqeto 3 molar
equivalents of the diaryl carbonate and evaporating the
10  compcnent having the lower boiling peint than that of the
diaryl carbonate, together with the diaryl carbonate.
[0112]
The method for adding the diarvyl carbenate 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-0O-
T linkage may also be saolid or ligulid (a melted or
solutinn atata)
It is preferred to carry out the step (1) in a
25 uniform state. At the time, adding the liqguid diaryl
carbonate to the liguid organic coxytitanium composition

having the R-0-7i linkage is a preferred method.



20 step of dissolving the organic oxytitaniumconposition having the ROTi
| i nkage, the step of separating the alcohol, the step of separating and/or

purifying he gronmat di scarding )y products and the |Iike, may he added,
25[0129] The step (1) has been-déscri bed above and will be nore
specifically described below, - 76 - A case where the R group of the

organi ¢ oxytitaniumhaving the RO Ti linkage is an al kyl group, that is, a
case where [tohe 3grgani ¢ oxytitani um having the 11-0--Ti |inkage is an
organi ¢ oxytitani um having an al koxy group 5 will be described in detai
bel ow. | nat bespeaseurthensteppbiptisgcanei edmpuhcas aastiep, conpri sing
the following steps (A) and (B): the step (A) of reacting an
al kyl oxyti ttéws umwasizt lpodd iaomating hydmoxyhaconpournd: ahich revapoeratd g an
al cohol as 10 by-product, by distillation, so as to obtain a crude
aryl oxytit ami uinec onpgesi(tlijomarame time tsteepaiB)e off addingoal3diatyl carbonate
to the crude aryl oxytitani um conposition and evaporating a conponent havi ng
a | ower®boil i nglpoPhtlethhA tRatreepet haedirakyl ofscrarpeRaten .t éget her with
the diaryl carbonate, so as tg obtain an aryloxytitani um conposition.
The above SEEHCEAfGWexadtgs off B¥EH&Tgicsy aRnabkexyt§reupanser &% aromatic
hydr oxy group Eefore_the step gA) ) carr'eQ}oH}, t he boiling 20 points of
ROH cor r espaidi ngFE “ere T8I k Xy Gfﬁﬁgeéﬁﬁ ﬁéaérdﬁﬁPid*ﬂ?d?ﬁ?@ﬂﬁbnpound are
conpared, an al kyi oxylLi tani um and .t he aromaAnpound td . be The (1)
descri bed ?o%t%%%§%3§ ?Hgéérfﬁgﬁ%épgpo lf%e ARYPAHIHLERE TS
occur to produce a complicated aryloxytitanium. At low
1C temperature, it may be sclid or pocrly 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.
101141
The step (1)} is preferably carried out in a liquid
state and is preferably carried cut at a temperature at
which the organic oxytitanium compesition having the R-0-
20 Ti linkage and the diaryl carbonate are in a
substantially uniform liguid state.
in order to keep the reaction temperature constant,

ko coeling avearvatos ang heating aooaratus may bo

installed in the reactor for performing the step (1).
25 [0115)
The reaction pressure varies depending on the type

of the compounds used, the compoesition of the reaction



25[ 0130] <Aromati c Hydroxy Conpound> 77 - The aromatic hydroxy
conpound used in the above step (A) will be described. The aromatic
hydroxy conpound is an aromatic hydroxy conpound represented by the
following fornula (26). 5[0131] [Formuba 22] ArOH (26) [0132] 10In the
formula (26), the Ar group is aring A represented by the follow ng formula
(27). [0133] [Formula 23] (2 7) 15[0134] In the above formul a
(27), the rdyng o, epleesentcs: iah afed@n aigrnoup haying & ten 2001588 Hons at ons,
conprising an aromatic group to which an oxygen atom form ng an OH
and the like, but is usually preferably in the range of
0.01 kPa to 100 kPa (absolute pressure). Considering the
ease of industrial practice, the reaction pressure is
5 preferably in the range of 0.1 kPa to 20 kPa {absolute
pressure) .
f0116]
A time of period between addition of the diaryl
carbonate and subseguent evaporation (residence time in
10 the case of a continuous process) is not particularly
limited, but usually 0.001 te 100 hours, preferably 0.01
to 80 hours, and more preferably 0.1 to 50 hours.
(0117}
The step may be completed after sampling the
15 reacticn solution and confirming by a known analysis
method that a desired amount of the aryloxytitanium
composition is produced.
The step may also be completed after confirming that
a desired amount of ROH is evaporated in the evaporated
20 liquid.
When the organic oxytitanium composition having the
R group contains some chlovine {(Inorganic chlorine

ancd/or hudreluesablse crhlsavrinas) 22 29 imoority it g

preferred to continuously carry out the step until the
25 chlorine concentration in the residual liquid drops to a

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



C) is bonded at any }DC )51pin arolnat:LcldCy, heterocyclic ring, and/or
may be substituted by another substituent. [0135] - 78 - The Ar
group is not particularly limted as long as it is a group having an
aromatic ring. Exanples of the Ar groupi ncl ude groups composed of a carbon
atom a 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 ot her.clMos el specidid on Bxanph eshd net ydex gr oupsi havisgpapiarepatic ring,
whi ch are a group conprising an acyclic hydrocarbon group or a cyclic

hydr ocar bone grewparfosfexasgpl e, a nonocyclic 10 hydrocarbon group, a
condensed pol ycyclic hydrocarbon group, a bridged cyclic hydrocarbon group,
a spiro hydrocarlhen agredys,isa afi rigrecasseriya hyldrociat bory dreoupl faloykti c
hydrocarbon group with a side chain, a heterocyclic group, a heterocyclic
spiro groupiUuanid a5 am b ged! hHeter beyel | engroupyefargroup 1A which one or
more groups selected fromthe above acyclic hydrocarbon group and the above
cyclic RydrRcarborfYricup ey Honded, S erer B2 grdupPiseudi th the above groups
are linked yia covalent bonds to a pagticular nonnetal atom (carbon or
oxygen) . Zd¥ﬁéﬂa%HV% vt Gt Dotfd toF t e par®? cutar nonnetal at om (car bon

or oxygen) is, for exanple, a,state in which d co.qupthe * ng) to On
each ot her, 25[6f§6fxfg%9§UIét2if pré}erred1to Rirtiier adeQhe

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
iarger amount of components by distillation, or adjust
the reflux amount Lo evaporate the diaryl carbonate

15  containing a high concentration of the low boiling
component.
[0118]
{(II) A case where the oxygen of the organic oxytitanium
composition having the R-0-T1 linkage (of each compound

20 when this composilion is a composition of a plurality of
compounds having an R-0-Ti linkage) is bonded to an
aromatlc group (that is, a case where the oxygen forming
the R-0-T4 linkage iz bonded to an aromatic ring in the R
group)

25 In this case, the organic oxytitanium composition

having the R-0-7T1 linkage is an aryloxytitanium.



H -CG-- -Q0 (5)(6)(7)(8) [0137] Anmpbng such Ar groups, the Ar group
that can be preferably used in the present enbodinent is selected 5 from an
aromatic group and a group in which an aliphatic group and an aromatic
group are bonded to each other, considefing that a side reaction is |ess
likely to occur. Exanples of the Ar group that can be preferably used in
the present enbodi nent include a group selected fromthe 10 group

consisting of aphaeyebie, hydeoganbon greupnand arcyeki c hydrocarbon group
(a nonocyclic hydrocarbon group, a condensed pol ycyclic hydrocarbon group,
a bridged eyikicc chypdacar borw igotupe &®-SPITTo Ihydeeeantagn agrauime a ring
assenbl y hydrocarbon group, and a cyclic hydrocarbon 15 group with a side
chai n), andedegredpcionpattiicky &thel éastl ioge pgrioup cFelgchred f rrampchendyr oup i s
bonded (groups substituted by each other), which are organic groups having
6 to 20 carbBomegrensingr éberalsoyciiogps thhavitnges .up 20 group having an
aromatic ring, which is a group selected froma group in which at | east one

or nor e’ sel ect el f AORFE hleegr bupteBnaPstengior atcyél BaPK¢Frglolp and an

aryl group are bonded to each other, and a group in which. at - 80 - |east
one or nor ECEBPEEL EACf FOMEEREOG ot 58#5#§P%héh@f§&ﬁgﬂqéﬂe grodpe a
cycl oal kyl

cycl oal kyl gnoe, and.an aryl g ope are formed via 2 Lipkags, sel ected from
corresponding to the structure of the diaryl carbonate
used, for selection.

10 In this case, either of ROH and ArOH may have a
lower boiling point, or they may have the same boiling
point.

When the aryloxytitanium composition obtained in the
above step {1) is used as a catalyst fcor a production of

15 a diaryl carbonate, it is preferred to use a diaryl
carbonate having the same structure as this targeted
diaryl carbonate to be produced, in the step (1), and it
is preferred that the boiling point of RCH is equal to or
more than the boiling point of ArOH.

20 This is because the diaryl carbonate derived from
Lhe organic ogybitaniuvm composition having the R-0-7i1
Linkage may be mixed in the arvyvioxyviltCanium composition.
retron

An amount of the organic oxytitanium composition

25 having the R-0-T1 linkage and the diaryl carbonate used

in the above step (1) will be described.



5Exanpl es of such Ar groups include a phenyl group, a cresyl group
(isonmers), a xylyl group (isoners), and a naphthyl group. Exanples of
preferred Ar groups are a phenyl group and a cresyl group (isoners),
nmore preferably a group 10 having 6 or©%? carbon atoms. [0139] When ROH
has a | ower boiling point than that of ArOH, ROH is easily renoved by
distillation, and therefore, an organic oxytitani um having an al koxy group

(R-0- group) 157aRd.ARuaEORRt irachydEeXY carpounde( ALRH) isuch it hat ROH has a
| ower boiling point than that of ArOH are sel ected. In this case, the

preferred Rogroupqus venefersgblot e «graoup, Naviong ta nsimed 1 awumbes 1 ©f t €ar bon

at ons because of easy renoval. 20The R group preferably is a group having 1
to 6 car bomwidthons,sprmrte tpr efrer alkltys lamdadldeylo fgribup thand ngord: diondd car boncer . 1.
Ti Q ii Stio-Jolty oi hi Preferably a propyl group (isoners) a butyl
group 25(i $dwerdpyvea opamyilc greotp tErsiome np oy ta drext| vigrouph € i Bdirer s) .
[01400 . For the aromatic hydroxy conpound, phenols and cresol

(i soners) ddn 'Békgéf-erably used, considering the industrial utility val ue.
The nost preferred conbination of the R group and 5 the Ar group is a case
where the R grotip i'§ BASR-GLBupOs@FdctEl PPEfaf R¥Propy CFfolidmean

and an | SopGrt Hegr GUBP T O A GRS s T BRI rGUB . [OLAL L ONBKE
an anount %ki%%et%B%y%%éXtB%aTﬁéﬂ fg%ff“%arbonate, together with
the diaryl carbonate. It is possible tc add the above
10 amcount 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
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,

for example, two to four times the operation of adding 1

o 3 melar egquivalents of

the diaryl carbonate and

R T e {arien Ty 1 Ty oy o o e Vg s e d

vanorating the comp ¢ the lower kolling point
than that of the diaryl carbonate, together with the
25 diaryl carbonate.

10120]



aromati ¢ hydroxy conpound used in the above step (A) will be described.
The anpbunt 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~gf8ups contained in the

al kyl oxyti tani um (al kyl oxytitani um conposition in the case of a
conposition) and is determned by the size of the reactor, and the I|ike.

201 f a | arge anpust metnpel ybyd@@zﬂy.ngom@umd.a&fyqr EXYPlate Categhol ,

tri hydroxyphenol, and salicylic acid) noir the ar nine-je h yd rex y
conmpound, t kipphugrpevwsdld, rsdididred Widcording and the aymunit aofhd he targeted
aryl oxytitani um produced 25 decreases. Therefore, the content of the

poi yhydr oxy oempeund: vitn tare tabovenstsep () hHaviprefErady0-0r01l ortkdess, -
82 - nore preferably 0.001 or less, in terns of the nolar ratio to titanium
at ons. ang tihe sogsivdl eardoadd ¢ e dlydver cmountndattloheatgare: ame t hen
evaporate t he al cohol derived fromthe alkyl oxytitanium It is possible to
add the” abo\Ve &FBUnt [ Por tien P9 tHeéP eMdporat e the al cohol deri ved
fromthe al kyl ox%ti tanium It is %ossil ble to add the above anount in
portions and thénedapérat E2-RaNalrEol6lY d&r PFEE romit K& Laickytexyt i t ani um
after each portion. It is 10 possible to carry out the step .in nultiple
bat ches, or cdht!i r?&o&éjlhifd nod Iﬁﬁ%)r]éjermtao %f i di%entd %a}%ﬁlr%{tleori he

al cohol , t@eeaceggr ation of adding 1 to 3 nolar equivalents of the aromatic
hydr oxy conpound ‘and evaporating the al cohol nmay 15 be perforned a

DLALEL) LY SrouES of SRl e RIS AATER sty ool
toget hey wirtih 1R alCaRQl also be solid or liquid (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.
(0121}

A temperature in evaporating the component having
the lower boiling point than that of the diaryl carbonate
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

higher temperature is prelerred. On the other hand, at

Pidmh tommoratiire o oy ot oo el e et e e e mynys 1o

the rearrangement reaction of the diaryl carbonate, may
25 occur to produce a complicated aryloxytitanium. AL low

temperature, 1t may be solid or poorly flowable.



20[ 0142] The excessive anmount has been described above. The ily produced
ire al koxy groups contained in the al kytoxytitanium 25Therefore, a | arger
anount of the aromatic hydroxy conmpound than the nol es of the above al koxy
groups is the excessive amount of the &Fomatic hydroxy compound. - 83 -

[ 0143] The word "derived" is often used herein, and "derived" is used
to nmean that when a functional group of a raw feed conpound changes in a
reaction, time rgroue ,of Hiche cigw mmtefd als irs-dfherdited.n [0k44]ange oA met hod
for adding the aromatic hydroxy conpound can be appropriately sel ected
accordi ng to°theot ypec®f ddwee abkyfoxybl ¢ apdumtand Adte.aromati ¢ hydr oxy
conpound of 10 interest, and the apparatus for carrying out the above step
(A). The aPepaniicnpydnokyeconpoanddmaysbd. atiledriea tangobiodnsgt at e or
may be added in a liquid state (a nelted or solution state). 15The

al kyl oxyt i &6l tiendy k&l §6 e $61G dheraficgi.d (@ dnred sdriisolnay dre st at e) .

It is preferred to carry out the step (A) in a uniformstate. At the tine,

addi ng t he 9Pgeicd arorrditisc Ry dcoxy CEMSGHIF Y0 the 1iquid al kyl oxytitani um

I's a 20 preferr%ﬁengéggg.SLg%4%h) is preferably carried out in a

liguid state and 1is preferably carried out at a
temperature at which the polytitanoxane having the R-0-Ti
linkage and the diaryl carbonate are in a substantially

10 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 above step
(i),

15 The reacticn pressure varies depending on the type
of the compounds used, the composition c¢f 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 reactlion pressure is
preferably in the range of 0.1 kPa to 20 kPa (absclute
Gressure) .
nTeo

A tine of period between addition of the diaryl
2% carponate and subsequent evaporation (residence time in

the case of a continuous process) is nol particularly



(A) can be carried out- In order to increase the rate of evaporating the 25
al cohol as by-product, high tenperature is preferred, but the aromatic

hydr oxy compound may al so be evaporated before all al koxy groups are
substituted, At. low - 84 - tenperafurd, it nay be solid or poorly

fl owabl e. Therefore, the tenperature is preferably in the range of 50C to
250C, nore preferably 80C to 150C. Dependi ng on the conpounds used, the

mel ti ng poinimB:and dhe hdkel wary, 0@nd:¢ heo ef leser st herd eaperatuceonmay be
changed in this range if necessary. The step (A) is preferably
carried outtd re@ Howgws d stdtcandrsiqrabey abl ¥ carbd edoous. at a
tenperature at which the al kyl oxytitaniumand the aronmatic hydroxy 10
conpound are i nTaeswistrantivaldey amicflerimd ieuiatk staateling then order to
keep the reaction tenperature constant, a known cool i ng apparatus and

heati ng appa®dtiusCiredP bet i nistald edPlihi ThieNg eadt drkpey. pepf ¥t fig the step
(A). [0146] 15The reaction pressure in the step ‘%Az varies depending on the
type of “t hé"Tdpfbunst et st He cUMpyst tPontof #he' Peakt FoRt8ystem the
reaction tencﬁnerat.u_r.e, the reaction apparatus, and the |ike, but is usually
pref er abl y §HRHE raHye DP1°®KBELY 0 200 kPa 20(absol ute pressure).

Coner der1 19, L 958 ) QUM PG B T ReLI AN, Bl spaure )
a desired amount of ROH is evaporated in the evaporated
Tiguid.
10 When the organic oxytitanium composition having the
R~0- group contains some chlorine ({(inorganic chlorine
and/or hydrolyzable chlorine) as an impurity, it is
preferred to continucusly carry out the step until the
chlorine concentration in the residual liquid drops Lo 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 ligquid 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) is a preferred method.
For example, 1t ls preferred Lo further add Che

T oatom oontent in the diorvsard

Aiarvl carhornate, until the

carbonate evaporated is 100 ppm or less, preferably 10
25 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



2, A tinme of period between addition of the aromatic 25 hydroxy
conpound and subsequent evaporation (residence tinme in the case of a
continuous process) is not parti cul.a,rly limted, but us ally 0.001 to
100 hours, - 85 - preferably 0.01 to éé hours, and nore preferably 0.1 to
50 hours. [0148] The step nmay be conpl eted after sanpling the 5 reaction
solution and confirmng by a known anal ysis nethod that a desired anount of
t he aryl oxyitartog@ni umdustprogdducethonents by Theststigm ey alao dae)wcanpl et ed
after confirmng that a desired anmount of ROH is evaporated in the

evapor at ed th@ irgdildix amourMhem teheporgean o rexydidan umfaviaig: an R-0- group
contains some chlorine (inorganic chlorine and/or hydrolyzable chlorine),

it is pref@&aiedifng rgort inwbusiop ceartmp toutn tde tSteepl amthiadl e chl ori ne
concentration in 15 the residual liquid drops to a desired level, for

exanpl e, 1@@W®&% -l ess, because chlorine remaining in the aryloxytitanium
i's oftep uq% % ﬁrred [0149] It is not always necessary to use a reaction
sol vent > 20 it “He above step (ﬁo However, for the purposes of nmaking the
reaction operatlgn eas SU|éabIeas pentane ison(irfl)

d. t
(i somers), nona %lSBﬁErg?wagﬁdnﬁggﬁﬁgrgl Smip§) & Feaction solvent

in the above step (1}. However, for the purposes of
making the reaction operation easy, and the like,
suitable solvents, for example, alkanes such as pentane

16 (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, dilsopropylbenzene (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 chlorchenzene, dichlorobenzene (isomers),
bromobenzene, dibromobenzene (isomers), chloronaphthalene,

20 bromonaphthalene, nitrobenzene, and nitronaphthalene;
polycyelic hydrocarbon compounds, such as diphenvl,
substituted dighenyl, diphenyimethane, terphenyl,
anthracene, and dibonrzyvltoluene {icomers): aliphatico
hydrocarbons, such as cyclohexane, cyclopentane,

25 cyclooctane, and ethylcyclohexane; ketones, such as
methyl ethyl ketone and acetophenone; esters, such as

dibutyl phthalate, dihexyl phthalate, dioctyl phthalate,



25 aromati c hydrocarbons and al kyl -substituted aromatic hydrocarbons, such
as benzene, toluene, xylene (isomers), othylbenzene, diisopropylbe ene
(isomers), - 86 - dibutylbenzene (isoners), and naphthal ene; nitrile
conmpounds, such as acetonitrile and beﬁﬁonltrlle aromati ¢ conpounds
substituted by a hal ogen or a nitro group, such as chl orobenzene,

di chl orobenzene (isoners), 5 bronobenzene, di bronobenzene (isoners),

chl oronaphtshal ere..or ereraphthalene.c nidmehenzene crand fidsonaphtihal ene;

pol ycyclic hydrocarbon conpounds, such as di phenyl, substi t ut ed di phenyl ,

di phenyl netkanet rérphesylranantihracere,arand JQIMZwumMma(ﬂ@oner s);

al i phatic 10 hydrocarbons, such as cycl ohexane, cycl opentane, cycl ooctane,
and et hyl cyldipbkexane;thket, ones, duthrgs metihyldeet lydtdeet orenandhds,

acet ophenone; esters, such as dibutyl phthal ate, di hexyl phthal ate, dioctyl
pht hal at e, sasd benzyk thaey langhtiiedlatle e tétyherks tame: it kisdetthergypsucts 15 as

t et rahydrofuran, 1, 4-di oxane, 1, 2-di nethoxyethane, diphenyl ether, and

di pheny? sEMEPdEs RétoRe acempoEndsd bl ladcacerone aﬁdi ety < ety

ket one; ester conpounds, such as ethyl acetate and eth benzoate; and

sul f oxi des 3Ustich a8 *8F tYI%yIOUsLéIOP%)ﬁOde”%&U@h@ﬁ)éHyISUS leé%rdé»arbakﬁf be 20
preferably use t he reactlon sol vent di aryl carbonate

(Ar- 0 00- 0FAF) eﬁﬁéllﬁfgutgﬁg dams R 15AE 90 "s?]‘t""'l‘ré1 aromati C hydroxy cc Toulid
is also pro | enlq gBused as. LhelC0 IIL LI%V%L [015 e step (A,

th
an inert gas nay "' s6° etk 8l ygen i $"&n dﬁﬁ?ef%ﬁ%&&“ &8 conponent

because | T g8 aQLC Lt L9 B g)r%rfreef%bh&t PSR, i, HedcOaN, A Tn the

reactor (the apparatus e step an inert gas
before) ¢ he (stany of the step V%en the aromatic hydroxy compound is
evaporated, it

In the step (1}, an inert gas may also be used.

Oxygen is an unpreferred gas component because it
has an oxidaticn action. It is preferred to replace
oxXygen, air, in the reactor (the apparatus for carrying

15  out the step (1)) by an inert gas before the start of the
step.

Further, when the diaryl carbonate is evaporated, it
may ke 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.
[0125]

The crganic oxyblitanium compositlion having the R-0-

T1i linkage is easily hydrolyzed by moisture, and
25 therefore, it is preferred to control the meisture

content in the system in the step (1).



5 may be evaporated by being entrained in an inert gas. As the inert
gas, for exanple, nitrogen, helium argon, a carbonic acid gas, nethane,
et hane, and propane can be used alone or in conbination. [0151] 10The
aryloxytitaniumis easily hydrol yzed-by4noi sture, and therefore, it is
preferred to control the noisture content in the systemin the step (A).
Specifically, it is preferred to control the noisture content at 0.1 nole

or less per nol g0f; sTh, a8 15i0, e S¥3t 8Md Mdifg BteR-dAend QGL52]
It is preferred that a reactor for performing the step (A is also selected

from those wanfwayd ng- tie-dhe,@baonsrdescri beg ¢ondi 4 ions. sR9Specifically,
hitherto known reactors, such as an agitation tank, a pressure agitation
tank, a reducedstqgresisu ck a co.ium reactor,a CIISLiJ..Lation a L52, .an

used in conb..ination, .if necessary, 25A type of a condenser provided in
the reactorillsot particularly limted, and a known condenser can be used.
- 88 - For exanple, hitherto known condensers, such as a multitubul ar

cylindrPcal condernsectoa dewblettivhe icandénsercra Sl nglse-sadlse teohdenser,

and an air-cool ed condenser, can be used in conbination, if necessary.
The condenserCGHsy: e Tt gV cedh i s T H> G @acd st ot ¥ray be provi ded

out side the reactor,%nd connected to the
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 evaporatcr, can 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
15 multitubular cylindrical condenser, a double~tube
condenser, a single-tube condenser, and an air-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
condensate, and the Like, various conliguratlions arne

R R g L

(01271
25 Materials for the reactor and the condenser are not

particularly limited, and known materials can be used.



reactor through piping. Considering the types of the reactor and the
condenser, the nethod for handling the condensate, and the |ike, various
configurations are 10 enpl oyed. The materials for the reactor and the
condenser are not particularly limted,’%and known materials can be used.
For exanple, glass, stainless steel, carbon steel, Hastelloy, a substrate
subjected to glass lining, and a 15 substrate coated with Tefl on

(registered trademardangan: beyused. SUSI0: s H083LE., SHS3IEL, saadithe |ike
are inexpensive and can be preferably used. 10153) 20l nstrunentation

equi pnent sticht aslay f | owEb e rand aubhercnvaeter giand knawngpr eagess
appar at uses, such as a reboil-1a. Dunp, and a condens a heater, nay be
usedAl so f osuleviolding, ckanoswh wiet hotis] 1 @bslchgastaatdr akbadenkirig, ceoaol i ng

wat er, and brine, can be used. -- 89 - Certain steps may be added as
requi red. Fo® exathpl e, a range of steps and apparatuses that those skilled
in the art and the engineers can assune, such as the step of dissolving the
aromati ¢ hydr oxy’‘cotfifoundSie silepd 16t 5 aligsidrei highe eral kyl oxytitani um
the step of, separatjng the al cohol, the step of separating and/or purifying
the aronat i ¢ PRRFFOXY Compfound! RndPtHeSEtiepY of *BYrni ng up or di scarding

3%;2;?gggts and}%g.gdﬁgﬁté%%gnp%xﬁg%%%ﬁmLo%gﬁ}1%ggegtflé$ﬁégé§pa£§namnll be

thermometer, and known process apparatuses, such as a
rebeiler, a pump, and a condenser, may be added as

10 reqguired. Known heating methods, such as by steam and a
heater, can be applied. Known cocling methods, such as
natural cooling, cooling water, and brine, can also be
applied.
[0128]

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

For example, a range of steps and apparatuses that
these 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
having the R-0-Ti linkage, the step of separating the
aloechol, the step of separvating and/or purifyving the

Sromat o ol ety e e e o) et B e amt myy e B o bvorend vy ey oy
: 24 Pl AL A Y i g o 7 St S R S 1 =

discarding by-products and the like, may be added.
25 [0129]
The step (1) has been described above and will be

more gpecifically described below.



In the step (B), the reaction solution in the above-described step (A may
be used as it is, or the step (B) nay be carried out after adjustnent of
the concentration and the like. The step (B) nay be carried out in the 15
same apparatus, or may be carried out By transferring the reaction solution
to anot her apparatus. [0155] The step (B) is the step of adding a diaryl
carbonate to the crude aryl oxytitani um conposition and 20 evaporating a

conponent havi ng aakewehebei kihBgrp@iri:pt Ban thiat rofintike cahove Giiany!
carbonate, together with the diaryi 2arbo ie, soobtain an

a. ry] . oxyt Havtiamnumd ®ES6]T i28limKdhe: sitepmd B)l khey:anganithoxytd t ani um
conposition having the RO Ti group used in the above-described step - 90
- (1) is tdeescnice caryfeoxoptdaranm umyconzosivn dreabtaitred H-+1D-tThie
above-descri bed step (A). The diaryl carbonate used in the step (B) is
pr ef er abl y la rdiagrey |1 sc arbomvatee: vavixng: ttve isamd astimectaur e 15ccasy aydiwar yl
carbonate to _be produced using the aryl oxytitani um conposition. The
boi | i ng” poititis &f e Ariditst iid KiRfroxXy dybund used in the step (A) and
ArOH corresponding to the structure of the diaryl carbonate used (the

di aryl 10 carbohdt &8 FépFeséhted by Al 0l60C6TALdandti ASARORLEE® hydr ogen

atomis bonded to .this ArQ group) at ordinary pressure are conpared for
sel ecti on. COH“Ml“’lnl(Jn%‘thfﬁ 3[08-&,?@8_1’1& tHeP S h@”ar%ﬁﬁt@alé ‘hydr oxy compound or
t he above Ar e g |l ower .hojljng-point, .or they 15 nmay have the same
"boi | i ng poit‘ﬁ}gs[{%&;t?xvﬁgfn H \glgzté%ﬁ c‘%?ytdilﬁq nj’louxrﬁtclc}r?pnols\%{? iwolntr%ﬁ%i ned in the

step (B) 1% :ued 25 i3 Gahs) Yelndfnc? MLUEHAL P £ AU oifar bonate, 1t
is preferred to use iaryl
10 by=product, by distillation, so as to obtain a crude
arylexytitanium composition; and
the step (B) of adding a diaryl carbonate to the crude
aryloxytitanium composition and evapcrating a component
having a lower beoiling point than that of the diaryi
15  carbonate, together with the diaryl carbonate, so as to
obtain 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 boiling
20 points of ROH corresponding to the alkoxy group and the
aromatic hydroxy compound are compared, and the
alkyloxytitanium and the aromatic hydroxy compound to be

ot e a1 e el Mhyvenar oo e T4 el oo S TR R T P S o
L i EEA | Lo E A DY GR LR o R S ) SN SR S il U Al

(I} described for the above-described step (1).
25 [0130]

<Aromatic Hydroxy Compound>



20 carbonate having the same structure as a diaryl carbonate to be
produced, in the step (B), and it is preferred that Jpo i.nt.ot Lhe a

naritati a hydroxy compoon mr011, . This is because the diaryl
carbonate derived from 25 the aryl oxyt/tani um may be mixed in the
aryl oxytitani umconposition. [0158] - 91 - Next, an anmount of the

crude aryl oxytitani um conposition and the diaryl carbonate used in the step
(3) will be deschibgdomiihecangurbx9f coh@odinar ylsecanbonate ausad st 1 to 50
5 nol ar equival ents, preferably in the range of 1 to 20 nol ar equival ents,
w th respecir)t evitihe Heotcads avalkesi.of Ti atons contained in the crude

aryl oxytitani um conposition. It is possible to add the above anobunt at
one tinme and t h&heewaporate hiyeroanpopepbuhlayviing anhe doowsrn codildmgyl0 poi nt
than that of the diaryl carbonate, together with the diaryl carbonate. It

i s possi bl earpcadd trew rasove eghdunttHen fsoritdvoingy aiekthen elfaporate the
conponent having the |lower boiling point than that of the diaryl carbonate,
t oget he? mﬂ@ﬁ3ﬂﬁe diaryl carbonate. It is |b possible to add the above
anount in portions and then evaporate the conmponent having the | ower
boi | i ng poi At thad t4dt of the diaryl carbonate, together with the diaryl
carbonate,.a%%ﬁr each portion. It is possible to carry out the step in

mul tiple baY es, or continuously. 20In order to efficiently evaporate the
subst ance q§¥jng the lower boiling point than that of the diaryl c rbonate,
it. ii preferred to perlo.rmthe ope.ration of and evaporating the
conponent q@%b@q the I ower boiling 25 point than that of the diaryl
carbonate, together with the diaryl carbonate, a plurality of times, for

exanpl ep two tojf0Ufel BBSmula (26), the Ar group is a ring A
represented by the following formula {(27).
[0133]

[Formula 23]

<0 (27)

15 [0134]

In the above formula {(27), the ring A represents an
organic group having 6 to 20 carbon atoms, comprising an
aromatic group to which an oxygen atom forming an O
group is bonded at any position kKeeping arcmaticity, and

0 maae ey om o odvolo vivier ooy oo i inyrs b ot
EERTE aivie ¥ PN i PRI J PP i) R Py I L A - S j RIS
heterocycliic ring, and/or may be substituted by another

substituent.

[0130]



- 92 - [0159] The met hod for adding the diaryl carbonate can be
appropriately selected according to the type of the aryloxytitaniumand the
diaryl carbonate of interest, and 5 the apparatus for carrying out the
above step (B). The dlaryl car bonafe-nmay be added in a solid state or
may be added in a liquid state (a nelted or solution state). The crude

aryl oxytitani um conposition may also be 10solid or liquid (a nmelted or

sol ution state)rhkt aksgppefelEedot0pe@thyuout-18he istieRd Bl imbrgy w form
state. At the tine, adgl ng the I|qU|d di aryl carbonate to the I quid crude

aryl oxytitani um corposict hewing arprefetaed etrhod. ELARL60] of thdA
tenperature of the step (B) can be in the range of 30C to 300C. I n
order to ingr easest Heclate ofrcenveaparcaticred athigherridenperature i s
preferred. On the other hand, at 20 high tenperature, an unpreferred
reaction (fodrexamplagont henceganr @mge?mmten ragaetd o asheardi argrhaicae bonat e)
may OC tc. U to produce a conpi.i.cated aryloxytitanium At |ow be aulli or
poor' Ther 8F6M®, atle ot efpePatity é’m§hnﬁrr‘e dﬂJriéﬁéﬂrLaEb? VWEGR @ 5tange of 50C
to 250C, even nore preferably 80C to 250C. = - De endlng on the
conpounds <&@ tike IFEE A EpSiortieghd a4 ket K%IV%H vy, Mer@ t’lﬁ)&céf G%e, the

tenperatur%xg%%l%% %Q%Q%d% b@ohgksh%%DQF 2&1%3%%%i%r ‘ring, 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 spirce group, and a

15  bridged heterocyclic group), a group in which one or more
groups selected from the above acyclic hydrocarbon group
and the above cyclic hydrocarbon group are bonded, and a
group in which the above groups are linked via covalent
bonds to a particular nconmetal atom (carbon or oxygen).

20 The above covalent bond to the particular nonmetal
atom (carbon or oxygen) is, for example, a state in which
a group representad by the following formulas (5 to (8]
each other.

25 [0136]

[Formula 24]



The step (B) is preferably carried out in a liquid 5 state and is
preferably carried out at a tenperature at which the crude aryl oxytitani um
conposition and the diaryl carbonate are in a substantially uniformliquid

state. In order to keep the7Peaction tenperature constant, 10 a
known cool i ng apparatus and heating apparatus nmay be installed in the
reactor for performng the step (B). [0161] The reaction pressure

vari es depending on the type of the conmpounds used, the conposition of the
reaction 15 sysLenl the reaction tenperature, the reaction apparatus, and
the like, but ip usually pgpferably in Hpe range of 0.01 kPa to 100 kPa

(absol ute presﬂhrey Const-@pr+ng t he—eage-—of | ndustr(Qat—practice, the

reaction pressufe is preferlably in the range of 0.1 kPa to 20 kPa (absol ute
20pressure). [0162] Al Il Klipf pe-'-d 00 wean 000lon C 1 | 10e diai - the
case of a continuous process) is not particularly 25limted, but usually
0.001 to 100 Keurs, preferably 0.01 to (80 hours, and8iore preferably 0.1 to
50 hours. -- 94 - When the reaction solution is sanpled, and the
aryloxytltanlun1conta|ns sonme chlorine (inorganic chlorine and/or

hydrol yzabll@lchilorine), it is preferred to contlnuously carry out the step

until the chlorine 5 concentration in the residual eﬁﬁ'd drops to a
desired | evel (ﬁ@P”@xéHﬁPeArlﬁéoﬁﬁﬁwﬁJW%gg)Qﬁﬁﬁﬁéé] I6¥1 E remaining in
t he arylox¥}|ggn| i s of

resi dual Yo' fllrbtj‘l [ egreersreendc 4mqt316<ﬂme-rrbte Pgaégfégtgé the
5 from an aromatic group and a group in which an aliphatic
group and an aromatic group are bonded to each other,
considering that a side reaction is less likely to cccur.
Examples of the Ar group that can be preferably used in
the present embodiment include a group selected from the
10  group consisting of an acyclic hydrocarbon group and a
cyclic hydrocarbon group (a monocyclic hydrocarbon group,
a condensed polycyclic hydrocarbon group, a bridged
cyclic hydrocarbon group, a spirce hydrocarboen group, a
ring assembly 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
having 6 Lo 20 carbon atoms, preferably groups having 6
to 10 carbon atoms. A further preferred Av group is a
20  group having an aromatic ring, which is a group selected
from a group in which at least one or more selected from
the group consisting of a cycloalkyl group and an aryl

group are bonded to each other, and a group in which at



10 due to sanpling and the like, and therefore, analysis of the evaporated
conponents to determne the conpletion of the step (B) is a preferred

met hod. For exanple, the diaryl carbonate is further added until the
Ti atomcontent in the diaryl carbonaté&Cl5 evaporated is 100 ppm or Less,
preferably 10 ppmor less, and nore preferably 1 ppmor |ess, and the
chlorine content is 100 ppmor |ess, preferably 10 ppmor |ess, and nore
preferably fleppmie | @SSuotd SVAPOFAY ef.@oﬁaflg@rgﬁﬂ@ﬁyméo@gi;@@m&nﬁpt s by
distillation, or the reflux 20 anobunt is adjusted to evaporate the diaryl
car bonat e cantaintNgyfodp gha COREBM T af 1 ofir Ofip | hendi oxv boi {1 ngrs9pPQReUi |t
is not always necessary to use a reaction solvent 25in the above step (B)
However, fofoitreed purgosekiofagmksaige ¢ thed r eact | One opesad | 0f) easy(sand t he

| i ke, suitable solvents, for exanple, alhanes such as pentane - 95 -

(i somers), Hek#dhe (isonmers), heptane (isomers), octane (isoners), nonane
(i somers), and decane (isoners); aromatic hydrocarbons and

al kyl - stibst i t ut daaweret icd ypditoder EETsIP s Ucte lasldhenzemey t olmsne, ayl ene
(isomers), 5 ethyl benzene, diisopropyl benzene (isoners), dibutyl benzene

(i soners), GrftFhaphttil ehle3OMiEF11 e conpolnisoiRuchs @ee htkt oniéra | e and
benzonitrile; aromatic conpounds substituted by a hal ogen or a nitro group,
such as chﬁQﬁhﬂgﬁﬁEFWﬁtﬁnorobenzene (i somers), 10 bronobenzene

di br onobenzene (i sonmers), .chl oaronapht hal ene, brononapht hal ene
ni t r obenzene, a%&amptﬁ n§6h€H§¥§H€£“£2¥yév%Tﬂ%3ﬁVﬁ? caP B3l 'cohsbtthds, such

as di phenyl st e i.phen: . phe et henyl , ant hracene,
and dibenzyIF%#ﬁé%g&%Psgﬁg%g?;n%%?%%%f%bq%%ﬂgfga%ﬁ%ﬁ%g%g,gs%%%u%s
cycloh@nanquﬂgygiqqu;apqyaﬁ&g{qgg&@gp, and et hyl cycl ohexane; ketones, such
as nethyl ethyl ketone and acetophenone; esters, such as dibutyl phthalate,

di hexyl phtial=ate, dioctyl phthal ate, and benzyl butyl phthalate; ethers
and thioethers, such 20 as tetrahydrofuran, 1, 4-dioxane,

1, 2- di met hoxyetihane Rodi phenyd lefher baind o phemd s i dest ket ongon,
conpounds, such as acetone and nmethyl ethyl ketone; ester conpounds,
yi uulLci LLi RIECH d tda ity removesudhy asi shi et iyl orsul 410X dee manfh ¢k pheny|
sul foxi de, can be 25 preferably used as the reaction. solvent. Ar CH
cor r espondiig &ro- party toft arhiewdi rearyin¢ artbonat @ sty uetur 8219~ afjsoupr eThr abl y
used as_the reaction sol vent
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
2asy removal.
20 The R group preferably is a group having 1 to 6
carbon atoms, mere preferably an alkyl group having 3 to
G ocarbon atoms, considering the flowabllity of the
rGANLe onyLitaniam having bhe B0 group, and even nore
preferably a propyl group (isomers), a butyl group
25 {isomers), a pentyl group (isomers), or a hexyl group

(isomers) .

[0140]



- 96 - [0165] An inert gas may al so be used. Oxygen is an unpref erred gas
conponent 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 th8lstep. Wien the diaryl carbonate is
evaporated, it may be evaporate by being entrained in an inert gas. As the
10i nert gas, for exanple, nitrogen, helium argon, a carbonic acid gas,

met hane, ethanepcand,pr opapgcarenyaed 3l eneehL N eorbinat iR, and a nethod
for introducing the inert gas is prefefred. [0166] 15The aryl oxytitaniumis

easi |y hydrolegzad Ry omRirshuen ard dherafone; dded,s qnefetdethd oigontrol
the noisture content in the systemin the step (B). It is preferred
to control itheswiistiuie idantertalat=.0. 1 nole or | ess per nole of Ti atons in
the systemin 20the step (B). [0167] reactor for r el: 1: orm |q die
above -.Lep ( atberding. pireLished combinatiSpeciff ittal Ry griivchentdo known
reactors, such as an 2b5agitation tank, a pressure agitation tank, a
reduced? préssidre Jagivratiison tcame, wiicowl dme leactomm i@ dirsth [dation
selected from an n-propyl group, an isopropyl group, an
n-butyl group, an isobutyl group, an n-pentyl group, and
an isopentyl group, and the Ar group is a phenyl group.
[(01471]

10 Next, an amount 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 amount of polyhydroxy compound (for
example, catechol, trihydroxyphenol, and salicylic acid)
s incliuded in Lhe aromatic hydroxy compound, Ghis
polyhydroxy compound reacts with the alkyloxytitaniumg,
and the amount of the targeted aryioxytitanium produced

25 decreases. Therefore, the content of the polyhydroxy

compound in the above step (A) 1s preferably 0.0) or less,



colum, a packed columm, and a film evaporator, can be used in conbination,
i f necessary. A type of a condenser provided in the reactor is not
particularly limted, and a known condenser can be used. 5For exanple,
hitherto known condensers, such as a~nfiftitubul ar cylindrical condenser, a
doubl e-t ube condenser, a single-tube condenser, and an air-cool ed
condenser, can be used in conbination, if necessary. The condenser nay be
provi ded i ngiide e deantyors. oarn 10 neyspe provd ded outsidenther-reactor and
connected to the reactor through piping. Considering the types of the
react or anddthe cendenseriunt he-awet.hod for handling the condensate, and the
| i ke, various configurations are enployed. 15A materials for the reactor
and the condensét aseppetipadrt itoukad yhlei micted, sandrikneawn crat erinad s can be
used. For exanple, glass, stainless steel, carbon steel, Hastelloy, a
substrate sl ééteed avenflrads: 1t rig,canmd alsubstd atecrcodted with Tefl on
(registered trademark) can 20 _be used. SPS304, 505316, SUS316L, and the
like are 1@ =ead Use ipwef eFablly 8865 1PlensPnerst 618 ahe VienGWepriocess
appar atuses, such as 25 reboiler, a punp, and a condenser, nmay be added as

required. Por MREAtioNg, aRown Se oS T adife i s e hrfte & Heht &8rom may he

used. Alsoiﬁﬁg é?%?l&gy%utgﬂﬁﬁﬂunﬁﬁQogg’

poés%%lé to add the above
amount in portions and then evaporate the alcohol derived
from the alkyloxytitanium after each portion. It is

10 possible to carry out the step in multiple batches, or
continuously.

In order to efficiently evaporate the alcohol, the
operation of adding 1 to 3 molar equivalents 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

aryloxyiitanium is theoretically produced from egual

moleas ~f the avemat e ;

1

S e e R

alkoxy groups contained in the alkyloxytitanium.
25 Therefore, a larger amount of the aromatic hydroxy
compound than the moles of the above alkoxy groups is the

excessive amount of the aromatic hydroxy compound.



such as natural cooling, cooling water, and brine, can be used. [0168]
Steps may be added to the step (B), as required. 5For exanple, a range of
steps and apparatuses that those skilled in the art and the engi neers can
assune, such as the step of dissolving®the diaryl carbonate, the step of
di ssolving the crude aryl oxytitani um conposition, the step of separating
the diaryl carbonate, the step of 10 separating and/or purifying the
aromati c hya@naxy conpound, and the step of burning up or discarding
by-products and the |ike, may be added. [0169] In the nethod for producing
t he aryl oxytitanhanwdbdcoapesi-ttioniknofhenpnesentheerbodi mert, a step (O
described later can be additionally carried out after the above-described
step (1) or'dstepe@B) is used toTheesst ematCwhes: a shep:toferad] ustduny af
conponent ratio of the aryloxytitanium conposition and the diaryl

20car bonat &. rFhie fsedp ceCronind dhe ndescrirbed dsel@w.onn theh.dwowt ept (c) ) rder

to stably use the dryC nium eonpo obtai ned in the above-descri bed
step (1) of-h&t épv( BRterhé l1256onpowarittachtio i s adj usted. A content of
titanium atons contained in the ary 1 cxytiti- I LUl (or ponp'on) is pre

tera bly éO&fﬁjusted - 99 - to be in the range of 1% by nass or nore and
153 by TS o | o8R8 SoPLSlgrabl yyn e Lanas ol 2o b Macs pr mare and
o vl car ek ngBrelenatly sdusied Lo O TS dmdnthe
not partiC%%%rEXk&ﬁ%&§%Qtanium and the aromatic hydrozy compound cf
10  interest, and the apparatus for carrying out the abocve
step (A).
The aromatic hydroxy compound may be added in a
solid state or may be added in a liquid state (a melted
or solution state).
15 The alkyloxytitanium may also be solid or liguid (a
melted or solution state).
It is preferred to carry out the step (A) in a
unifeorm state. At the time, adding the liquid aromatic
hydrexy compound to the liquid alkyloxytitanium is a
20  preferred method.
[0145]
The step (A) can be carried out in the range of 30°C

Y0
RERPRE A U

In order to increase the rate of evaporating the
25 alcchol as by-product, high temperature is preferred, but
the aromatic hydroxy compound may also be evaporated

before all alkoxy groups ave substituted. At low



but is, for exanple, 99.9% by mass or |ess. Wien the total content is in

t he above range, an aryl oxytitanium 10 conposition preferred for storage
and/or transfer is provided. The above total content varies dependi ng
on the purpose, and the structure of -tlkd di aryl carbonate and the
aryloxytitanium but if the above total content is 15 | ow, the container
required for storage and/or transfer, and the |like are | arge, and

therefore, tdg.above value js, paeefc%;{ﬁsi?i0589}1@&9&%57@9&.miy be nmade only

with the diaryl 20 carbonate "and the aryl oxytitani um (or conposition),

which is a meferded nathadAdistents rev. ber amese; Py ador-gQ. ki gEber
conpon. e. For the purposes of making the adjustnent of 25flowability easy,

and the |ikeecsuit ablbecsokyent sretoragxambe; @b kanes such as pentane
(i somers), hexane (isoners), heptane (isoners), octane (isomers), nonane -

100 - (i soners) Deaedddecarne (Ghsomeng)suraronaidd, hydr ecarthions aoicht

al kyl -substituted aromati c hydrocarbons, such as benzene, toluene, xylene
(i sonmer§), @thyilzenzene,valiy,soprbpyt benzene, (ilsonees)eraibut yhbegnzene
(isonmers), 5 and naphthalene; nitrile conpounds, such as acetonitrile and
benzoni tri | 2arsrshet ¢ idghpounits substiaiady by a hal ogen or a nitro group,
such as chl orobenzene, dichl orobenzene (isoners), bronobenzene,

di br onobenzene ('§oreed) (Aehl er GHEPRERE N &2 TBEGHbradhtiialde e, o uigh

ni trobenzene, and njtronapht hal ene; polycyclic hydrocarbon conpounds, such
as di phenyIS?Lastt?oﬁq dt%&%%l‘ﬁ?rﬁﬁ! Cd{)lb?feeriijll%‘i ane? Y EMphehy i~ ant hr acene,

and di benzmﬁtiojhu e (i phatic dr ocar bons h as cycl ohexane,

. ) | 1
cycl opent ane, (‘cyc%oeocdti}%g?{é%lﬁ&%Sr{%{%ﬁr&g%/}b%e%%?t]k%t}?sjﬁég?x%uch as net hyl
ethyl kgt one,and, arel,ophenane;  G8LATS: a SUFN A AUt ¥, phthal at e,

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).
[0146]

15 The reactiocon pressure in the step (A) varies
depending on the type of 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 1 kPa to 200 kPa

20 {absclute pressure). Considering the ease of industrial
practice, the reaction pressure is preferably in the

range of 0.1 kPa to 120 kPa {absolute pressure).

A time of period between addition of the aromatic
25 hydroxy compound and subsequent evaporation (residence
time in the case of a continuous process) is not

particularly limited, but usually 0.001 to 100 hours,



di hexyl phthal ate, dioctyl phthalate, and benzyl butyl phthalate; ethers
and thioethers, such as tetrahydrofuran, 1, 4-dioxane, 1, 2-dinethoxyethane,
di phenyl ether, and 20 diphenyl sulfide; ketone conmpounds, such as acetone
and nethyl ethyl ketone; ester conpolnés, “such as ethyl ace LalLe and
etsulfa les, such as preferably used as the reaction solvent 25Ar CH
corresponding to part of the diaryl carbonate structure is also preferably
used as theve@atdlan, soloento O] rs - & Inordere fdeziaryl oxyt tbani um
conposition obtained in the step (C) is used as a catal yst for a production
of a diary'Scardomate, using, as a solvent, a conpound used in the step of
producing a diaryl carbonate is a preferred nethod. Such a solvent is
a conpound Usled J( produced as byproduct in sone cases) in the step of
produci ng the diaryl carbonate, and al cohols, aromatic hydroxy conpounds,

di al kyl carbonaffés, sgkkyharybecarponates! afLeralgqipr ldmf tdithers, diaryl

et hers, high boiling point byproducts, and the like are used. [0172] An
inert gas mF@ElISE B lidedn BGRfYeiPH st dht ithgtefer Fediyadnebrpbihent because

it 15 has an oxidation action. |t is preferred to replace oxygen, air, in
the react orme(it?W apisar &t ?]o?ogcaﬁi?%”ﬁg %ﬁttq%eaﬁi;%&(%ﬁwlbbg n‘fnert gas
before the start. o t he step. When the diaryl carbonate is
evaporatedf)i nmay ‘be 20 evaporate by being entrained in an inert gas.

The step may also be completed after confirming that

a desired amount of ROH is evapcrated in the evaporated
10 ligquid.

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

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

[0149]

Tt 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,
sultable solvents, for example, alkanes such as pentane

(Faomera) howane {lanmers), hentans [iaomers), ooctane

(isomerg), nonane (isomers), and decane (isomers);
25 arvomatic hydrocarbons and alkyl-substituted arcmatic
hydrecarbons, such as benzene, tLoluene, xylene [lsomers),

ethylbenzene, dilsopropylbenzene (isomers),



As the inert gas, for exanple, nitrogen, helium argon, a carben(Ahane,
5tiaant2, and propanc. are used alone or in conbinaT npthnd fnr introducing
the inert gas is preferred. 25[0173] - 102 - The aryl oxytitaniumis
easily hydrol yzed by noisture, and thesefere, it is preferred to control

t he noisture content in the systemin the step (C). In this case, it is
preferred to control the 5 noisture content at 0.1 nole or |ess per nole of

N oo |y Shr s emen Lheaten (Qua L0174l A peactor fofoperformng the

above step (C) I's select ed ‘accor I'mg to t ove-descri bed conditions.

10Speci T i caldpopidderd g knawn, J8agt or:s, 1 Sughy aseabagi i ptéon tank, a

pressure agitation tank, a reduced-pressure agitation tank, a colum

reactor, a adistddilatd@pEaldmurs Packad) aof Wmy aegka §1 1M gvapgrator, can
be used in conmbination, if necessary. 15A type of a condenser provided in

t he react orgrcamots par tdscwrardnpddrvdrad, d@inch Bo ke condensene £an, be used.
For exanple, hitherto known condensers, such as a mnultitubular cylindrical

condensér, aadwilsine<truhe didndengem zensi (g@dube, contensesph andl ane,
air-cool ed 20 condenser, can be used in conbination, if necessary.
The condensernyaedhe heriovieded: litnside: 2dves r emed ord, tornawiei ywleidedLU  and
CUlneCt.) tettie
polycyclic hydrocarbon compounds, such as diphenyl,
substituted diphenyl, diphenylmethane, terphenyl,
anthracene, and dibenzyltoluene (isomers); aliphatic
10 hydrocarbons, such as cyclohexane, cyclopentane,
cyclooctane, and ethyleyclohexane; 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
i5b 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 bhenzoate; 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
group as the aromatic hyvdroxy conmpound is also preferably

UEEG a8 Ui LEeacilioln soLvent.

FO150]
25 In the step (A), an inert gas may also be used.

Oxygen is an unpreferred gas ccomponent because it

has an oxidation action. It 1s preferred to replace



rtH ritropnhccnni dprintvnPP nt fhfl reactor and the condenser, the nethod
for handling the 25condensate, and the |ike, various configurations are
enpl oyed. - 103 - The materials for the reactor and the condenser
are not particularly limted, and knowfi/materials can be used. For
exanpl e, glass, stainless steel, carbon steel, Hastelloy, a substrate
subjected to glass lining, and a 5 substrate coated with Teflon (registered

trademark) sanhe used. ;S0S304,-SNI3L6, (SHSIGL, r aNd: the- |dke a1 6,

i nexpensive and can be preferably used. Instrumentation equi pnent; such as

a flowret erciand e & dhepayomeieran ant KNaw: HOGESS appalaiuses; Quch as a
reboiler, a punp, and a condenser, may be added as required. For heating,

known met hedssp.such as steam and a heater, may be used. Al so for cooling,
known met hods, such as natural cooling, cooling water, and brine, can be
15used. [0175] When Ohkherreoeetaicnhgtieps ymaynpeuadded toapheasteel (1€), as
required. For exanple, a range of steps and apparatuses that 20
t hose skil M8y g e parta tant lohéeingl nedrs: gt algsuite, irsuch @ss the step
of ssol ving the dia(gl carbonate, the sLepv rly I h: a.rylOkyt.itannin,il
and/ or purifyi n§5t hBCar bRt §2Kydfoxy S€6mpodnd D1adn@dthe 5 1sti@p of burning
up or discarding by-prﬁgucts and the |ike, may be added.

argon, & carbonic acid gas, methang, elhane, and propane

can be used alone or in combination.

[0151]

10 The aryloxytitanium is easily hydrolyzed by moisture,
and therefore, it is preferred to control 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) 1s 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-
pressure agitation tank, a column reactor, a distiliation

mrr, @ packed columys, and a film evaporalbor, can be
used in combination, if necessary.

25 A type of a condenser provided in the reactor is not

particulariy limited, and a known condenser can be used.



[0176] - 104 - Next, a method for producing the al kyl oxytitani um
used in the above step (A) will be descri bed. The al kyl oxytitani um
can be produced by a known nethod. 5The step (A) and further the step (B)
may be carried out using a conmercial~ &Bkyl oxytitani um Exanpl es of a
preferred nmethod for producing the al kyl oxytitaniuminclude a nethod
conprising the following step (X) and step (Y), that is, a nethod for 10
sequential Iy or rsirmakhapeeushy tpenfor mrkgin siepieef, addingsater to a

tetraal koxytitaniumto react the tetraal koxytitaniumw th the water so as
t o obtai n anparitdwduiydrol yisidr redctdartiani ait | an, dandl stepnéY) of
evaporating an al cohol as by-product, from 15 the hydrolysis reaction
sol ution. [BI%Hns<iet raaad kaxydt-itare umndenseTheadétaaal koxytotadi um used in
the above step (X) will be described. 20The tetraal koxytitaniumis a
t et r aval entcaretarass tkoxaatri taniummd epr exant ath byorTi (e ches@in. Q
3: epi cal kyl grog{% The ,ifaJheaeisic( associated form 25The preferred Q
group is preferdbPyCangedEs rhagyn§ea Pswalidesuitiér o6f thdr Bo Hidis decause
of easy renoval as an al ohol in the step
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 configuraticons are
10 employed.
The materials for the reactor and the condenser are
not particularly limited, and known materials can be used.
For example, glass, stainless steel, carbon steel,
Hasteiloy, a substrate subjected to glass lining, and a
15 substrate coated with Teflon (registered trademark) can
be used,

SUS304, 508316, SUS31leL, and the like are

inexpensive and can be preferably used.

20 Instrumentation eqgquipment, such as a f[lowmeter and a
thermometer, and known process apparatuses, such as a
reboller, a pump, and a condenser, may be added as

TE TG v o) A I N vy et et oyt omay wt o amen el
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a heater, may be used. Also for cooling, known methods,
25 such as natural cooling, cooling water, and brine, can be

used.



- 105 - The Qgroup 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 (isomers), a butyl group
(isomers), 5 a pentyl group (isoners), 8& -a hexyl group (isoners). [0178]
The above step (X) will be described. Wen the above-descri bed

al kyl oxytitanium for exanple, a polytitanoxane havi ng an al koxy group

having 10 an averags degr Qo \PObY NBL L Z tgg“r@&u%g%ﬁ.npﬁgr.%%ﬁ%%qguced in

the step (X), the relationship between the tetraal koxytitaniu he "amount

of water addethngnd,t he qverage degteec 9fcPolyyer i gakkonyi$1a4r ghationship
shown by a partial hydrolysis reaction and a condensation 15 reaction

represent ed:thy 4:he ol [ave nghd oieat @ (28)a0dhey EeeRuba (RBO) step ofA case
where a pol ytitanoxane havi ng an al koxy group having an average degree of
pol yrrer i zatdioreaffvires st Hhaaw éhd tsi priogicedy Webhpbendesené bedepaber. 20[ 0179]
The average degree of polynerization of the pulyt'Ldnoxdu hdyt he ai koxy
group obBbt ai%iTsahel rexitihaidbl ipy L added andios alne aspept o 6f sapa ahcohgl
| i berated. 25The pol ytitanoxane having the al koxy group is preferably a
poIytitano%ﬁﬁéiﬂavﬂﬁéqaﬁﬁ&tWﬁﬁpgﬁﬁnﬁﬁmiﬂa@i@@l@@@?@no&@néfybnposheion
havi ng a al koxy group) having

aromatic hydroxy compound, and the step of burning up or

discarding by-products and the like, can be added.

10 Nexlt, 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 adjustment 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.
F0155]

The step (B) is the step of adding a diaryl

carbonate to the crude aryloxytitanium composition and

20 evaporating a component having a lower boiling point than
that of the above diaryl carbonate, together with the
Ggiaryl carbonate, so as to obtain an aryvloxytitanium
Cumposliion.
[0156]

25 In the step (B), the organic oxytitanium composition

having the R-O-Ti group used in the above~described step



- 106 - an average degree of polynerization obtained in such a manner.

I n nost cases,

both the hydrolysis reaction and the condensati on reaction

proceed in the step (X), and the 5 al kyl oxytitani um conposition can be
obtained. It is presuned that a hydroxy{roup as shown in the fornula (28)
remains partially, and a condensate as shown in the fornmula (29) is

obtained in the step (Y). These reactions are generally suggested when 10

titani umoxjde is fHoOuUCas byr@z SOVt 9€hn 1Bk NOGnpdher $£8Po LX) 1 haqofihen

descri bed herein as a hydrol ysi s-condensati on step [ 0180] [ Fornula 25]
15nTi (0Q 4 thd. B{e-Hescr Wed 120ep >(Aj n0{211- (x 4, y)/2}(011)x(QQy + (4n
- yYQH ... (28) nTi(0Q4 .5 0.5(4n - y)H20 -> Tin0{2,-y/2}(Ny + (4n -
y)QH ... (29) [M0E8Lia204n dhedrermulassd Qri scHdeswahovesdeseri bed group,
represents an integer of 1 or nore, x represents a nunber of 0 or Dre, c-
y r e p resentiszraniwran dieray bfcamrendt S laanify The sweeagerdegnee of

pol yneri zat ion roughly
5 as a diaryl carbonate to be produced using the

aryloxytitanium composition.

The boiling points of the aromatic hydrozxy compound

used in the step (A) and ArOH corresponding to the

structure of the diaryl carbonate used (the diaryl

10 carbonate is represented by Ar-C-C0O-C-Ar, and in ArOH, a

hydrogen atom is bonded to this ArO group) at ordinary

pressure are ccmpared for selection.

In this case, either the aromatic hydroxy compound

or the above ArOH may have a lower boiling point, or they

15  may have the same boiling point.

[0157]

step

When the arvyvloxytitanium compesition obtained in the

(B) is 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

Llie

Dolling peint of the aromatlic hydroxy compound 1s

[ RN e e LI SR [N R LB T P R - TRy
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This is because the diaryl carbonate derived from

25  the aryloxytitanium may be mixed in the aryloxytitanium

composition.

[O1

58]

n

S



25cal cul ated fromthe above fornula (29), and the anount of water added are
brought together in the followng Table 1. - 10-1 - 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 pol yAerizati on may be regarded as the
sanme. 5[0183] [Table 1] Table 1. Relationship between anmount of water added
and average degree of polynerization Average degree of polynerization (n)

Amount of wat er yadded s6bmakannequirvahents e tetnagl ko tani um Free
al cohol (ol ar equival ents vs tetraal kozytitanium) "2 0.500 2 2.2 0.545
composition and the diaryl carbonate used in the step (B)
will be described.
The amount of the diaryl carbonate used is 0.1 to 50
5 molar eguivalents, preferably in the range of 1 to 20
molar eguivalents, with respect to the total moles of Ti
atoms contained in the crude arylexytitanium 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 is 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. 1t is
15  possible to add the above amount in portions and then
evaporate the component having the lower bolling peint
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 crder to efficiently evaporale the substance
having the lower boiling point than that of the diaryl
carbonate, it 18 preferred Lo perform Lhe operation of

b PR - wph o b e e A T R e o AT o by o P | A T )
L A E e R A el bi e VO il AN A Y e d s diidaL

and evaporating the component having the lower boiling
25  point than that of the diaryl carbonate, together with
the diaryl carbonate, a plurality of times, for example,

two to four times.



2.4 3 0.667 4 40.750 6 50.800 8 6 0.833 10 7 0.857 12 8 0.875 14 9
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[0159]

The method for adding the diaryl carbonate can be
appropriately selected according to the type of the
aryloxytitanium and the diaryl carbonate of interest, and
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
solid or liquid (a melted or solution state).

It is preferred to carry out the step (B) in a
uniform state. At the time, adding the liquid diaryl
carbonate to the liquid crude aryleoxytitanium composition
is a preferred method.
iC160]

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

in order tc increase the rate of evaporation, a
higher temperature is preferred. On the other hand, at
high temperature, an unpreferred reaction (for example,
the rearrangement reaction of the diaryl carbonate) may
ccour to produce a complicated arvioxvtitanium. At low
Lenperature, LU may be s0lid or poorly [iowable.
Therefore, the temperature is more preferably in the

range of 50°C to 250°C, even more preferably 80° to 250°C.
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- 83 -

Depending on the compounds used, the melting point
and the like vary, and therefcore, the temperature may be
changed in this range if necessary.

The step (B) is preferably carried out in a liquid
state and 1s preferably carried cut at a temperature at
which the crude arvloxytitanium composition and the
diaryl carbonate are in a substantially 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 step (B).
[0161]

The reaction pressure 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
0.01 kPa to 100 kPa (absolute pressure). Considering the
ease of industrial practice, the reacticn pressure 1is
preferably in the range of 0.1 kPa to 20 kPa (absclute
pressure; .

[0162]
A time of period between addition of the diaryl

T P S TV S S SO J T S S L
edado Rl et L raiia B L R A e S L R LR N s e R [ YR e B L

the case of a continuous process) is not particularly
limited, but usually 0.001 to 100 hours, preferably 0.01

to 80 hours, and more preferably 0.1 to 50 hours.

IS



16 0.938 30 [0184] The .2TUfIflIPt721 .shdpd preferably 0.1 to 0.92 nol ar

equi valents with respect to the tetraal koxytitaniumreacted because if the

anount of water added increases, the flowability worsens Sign ificantly. In
ot her words, the average degree of pol yderization is preferably 12 or |ess.
- 108 - A previously partially hydrol yzed and/ or condensed

al koxytitanium rather than the tetraal koxytitanium my be used for the

starting materi ghenAt nkhe bt ont RS 12N of Matared,s Adi usied so that 5
t he average degree of polynerization is 12 or |ess. The aver age degree

of pol ymer izagionis 4/ne. praferabd ysandremms e and; 8n&Fghess, considering

flowability, stability, and use as a catalyst for a production of a diaryl
carbonat e. d0ldriirse prrestowedidat]l when ¢ heh average, degree ofe potyagri zati on
is nore than 1 and less than 2, partial hydrolysis occurs according to the
fol | ow ng rteactargn rfugrunilha q:B0)y Assuriag tdatunthel consumpt doimef water is
used for dinmer production, and the remainder is a nononer, 15 cal cul ation

shoul d be peErfEdt Waly: dfhcobte iy thieahv@rdgerdelgr ee dfsired

pol ynerization at the tine follows the above-described nethod, and thus,

t he” anount ‘G Swat €r¢ addedn s adj Ustigdy qio18s]s) because chlorine

remaining in the aryloxytitanium is often unpreferred.
[0163]
The analysis of the residual liguid may be difficult
10 due to sampling and the like, and therefore, analysis of
the evaporated compeonents 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 evaporate a larger
amount of components by distillation, or the reflux
20  amount 1s adjusted to evaporate the diaryl carbonate
containing a high concentration of the low boiling
COmponant.,

TV oAt
LRLG

It is not always necessary to use a reaction solvent
25 in the above step (B). However, for the purposes of
making the reaction operation easy, and the like,

sultable solvents, for example, alkanes such as pentane



20[ Formul a 26] 2Ti (0Q 4H20 -> Ti 20(0M6 + 2QOM ... (30) [01061 be

descri bed. 25As descri bed above, the step (X) is the partial hydrolysis
reaction of the tetraal koxytitanium - 109 - Thi s hydrolysis reaction
is widely known and can occur by a kno#h nethod. The average degree of
pol yneri zation should be in the above range. However, when the water added
is not 5 uniformy dispersed, a polytitanoxane having a significantly high

degree of palyyaRri-Zat igh iRy he ploduced, and, 30l q;i‘HJrﬁc%E) Therefore, it is
preferred to performthe hydrolysis reaction unifornmy as nuch as possible

to obtain & iReklist anexane chaviskehed ar row range 0; of oridres degr ee of
pol yneri zation. [0187] For such a nethod, it is preferred to dilute
t he t et r aalakexytiil-amydmcandien s hedvatiery ladded t wited sodnventic and react

them More preferably, a method for 15 diluting the tetraal koxytitani um
w th a sol ventrochuibther, ahsh disl itdmgeneat ero Midrte t hey lsolaent s crasuds t hen
gradual ly adding the diluted water to the tetraal koxytitanium solution is
pref erred. €The lselnvent, skhidulsdrbery 1@ nrente | ieramaios ithe

dibutylbenzene (isomers), and naphthalene; nitrile

compounds, such as acetonitrile and benzonitrile;

aromatic compounds substituted by a halogen or a nitro

group, such as chlorobenzene, dichlorobenzene (isomers),

10 bromobenzene, dibromobenzene (isomers), c¢hloronaphthalene,
bromonaphthalene, nitrobenzene, and nitronaphthalene;
pelyeyclic hydrocarbon compounds, such as diphenvyl,
substituted diphenyl, diphenylmethane, terphenyl,
anthracene, and dibenzyltoluene {(isomers}; aliphatic

15  hydrocarbons, such as cyclohexane, cyclopentane,
cyclooctane, and ethylcyclohexane; ketones, such as
methyl ethyl ketone and acetophencne; esters, such as
dibutyl phthalate, dihexyl phthalate, dioctyl phthalate,
and benzyl butyl phthalate; ethers and thiocethers, such

20 as tetrahydrofuran, 1,4-dioxane, 1,2Z-dimethoxyethane,
diphenyl ether, and diphenyl sulfide; ketone compounds,

such as acetone and methyl ethyl ketone; ester compounds,

T

such as ebhyl acetate and ethyl benzoate; and sulicxides,
such as dimethyl sulfoxide and diphenyl sulfoxide, can be
25 preferably used as the reaction solvent.
ArCH corresponding to part cof the diaryl carbonate

structure is also preferably used as the reaction solvent.



20 tetraal koxytitaniumand water. A preferred solvent is an al cohol, nore
preferably the sane type of alcohol as the of the tetraal koxytitan the

al koxy group. 25[0188] The concentration to be given by dilution can
be appropriately determ ned by the tetféatkoxytita oa nd - 110 - the

sol vent used, and may be determ ned by the properties (flowability and the
| i ke) of the obtained al kyl oxytitanium Preferably, the

t etraal koxytgitggni umis diluted so that it is 10 to 80% by nass. If the
concentration is low, the anpunt of the solvent evaporated increases. On

t he other hand, nihf ihB@rCcgReerkratien ke Risghy, a significantly nonuniform
conposition may be generated as previously described. 50 10 to 80% by nass

is nore preferredygk81891ahhangirkyti-ardolyawat-einpmmy: rive Lappreps iat el y
determ ned by the solvent used and the addition nmethod. The preferred
di | ution cdrcerty atdiioiatiionl aa i80% by t15 snpse fenore prefrerdbly: 3 to 50% by
mass. [0190] The purpose of the step (X) is to react the
t et r aal Roxyr4avioei, umivi t b nwether v eag tdes cltitbe e raboneg, uantbr caragdigi on and
reaction may be perfornmed by a known nethod. 20Preferably, diluted water is
gradual | y &dded o Sacdi | it ed Mtvetdraaindox 2 s theli o -l 44t oh, o ast descr i bed
above.
step.
When the diaryl carbonate is evapcorated, it may be
evaporate by bkeing entrained in an inert gas. As the
10 inert gas, for example, nitrogen, helium, argon, a
carbonic acid gas, methane, ethane, and propane are used
alene 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 Lo control the moisture content at
0.1 mole or less per mole of Ti atoms in the system in
20 the step (B).
[0167]
A reactor for performing the above step (B) lsg
selected according o Lhe above-descrloed conditions.
Specifically, hitherte known reactors, such as an

25 agitation tank, a pressure agitation tank, a reduced-

pressure agitation tank, a cclumn reactor, a distillation



[0191] tearipflat_nLei CrSt -40C to 150C (or the boiling point or

| ess of the 25solvent at ordinary pressure). In order to increase the
reaction rate, high anpr at ur ei.s prefe ed.nthOhe the. h d at high -
tenperature, an unpreferred reaction-(#dr -exanpl e, the production of a

pol yti tanoxane having a significantly nonuniform degree of polynerization)
may occur to produce a conplicated polytitanoxane. At | ow tenperature, it

may S5 be salddy@r, ROYA N dd anahlig,, Thes ef of £y, thea Jerpes Al uken i 5, mor e
preferably in the range of -20C to 100C, even nore preferably -10C to 100C.

Dependi ng ansdde rcampoungs: used, it heeq@iddng point and the |ike vary, and
therefore, the tenperature may be 10 changed in this range if necessary.

The step (X) isapreber alfl y candeedcautp ravialdd dui d st ateesard iiss preaf erably
carried out at a tenperature at which the polytitanoxane produced is in a
subst ant i aldag tunifiermhy ilguiid st ated bl morderoidekesp tdhe beactéon
tenperature constant, a known cooling apparatus and heati ng apparatus nay
be installed i nFohlieereaptier horthyertiotmiong tdsadstes 1(sX) .SYOG192 aThe
reaction pressure varies depending on the type 20 of the conpounds used,

t he conposﬂW%kﬁ%Qﬁb%Hﬁ¥r%%k%ﬁ@ﬁﬂ%éin%@ﬁdQWﬁ?Wea%t@%#p¥%wﬁ%ﬁ%1ure, t he

reaction aepar tus, and the |like, but is usual y(frefe b 551)(
cndenser, a single-tube condenser, and an air-ccdled

condenser, can be used in combination, 1f necessary.
The condenser may be provided inside the reactor, or
10 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, wvariocus configurations are
employed.
15 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 subijected to glass lining, and a
substrate ccated with Teflon (registered trademark) can
20 be used.
SUS304, SUS316, SUS316L, and the like are
Lnexpensive and can be preferably used.
Instrumentation sguipment, such s a flowmebter and a
thermometer, and known process apparatuses, such as a
25 reboiler, a pump, and a condenser, may be added as
reguired. For heating, known methods, such as steam and

a heater, may be used. Also for cooling, known methods,



ease of industrial practice, the reaction pressure is 25 preferably in the
range of 0.1 kPa to 150 kPa (absolute pressure). - 112 -- A

hydrol ysis reaction tine (residence tinme in the case of a continuous
process) is not particularly limted-aff@ s usually 0.001 to 100 hours,
preferably 0.01 to 80 hours, and nore preferably 0.1 to 50 hours. 5It is
preferred to sanple the reaction solution and continuously carry out the

step until dhe, Iiberated alcpholnd s dd, @ desided. range., and.itois preferred
to carry out the step while neasuring the average degree o po?ynerlzatlon.
10[ 0193] used An inert gas may be used. Oxygen is an unpreferred gas
conponent because it has an oxidation action. It is preferred to repl ace
oxygen, airjoligsithe 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 exanpl e, nittegenmalyekieumddarigan, thecanleeni(®)aciad gas;uimeidane, et hane,
and progane are used alone or in conbination, and a nmethod for introducing
the inept gas i hte ehempeéact ar riogpr effersted.s 20{0 294 rA tnesact arh&tor
perform ng the above step (X.) is accordinu to the HaLflsiril ai
conci . i ti o\ tsdtiildiea ank, LT pridssure tdyt tetd breaankcaa aedueed- 25
pressure agitation tank, a colum reactor, a distillation colum, a packed
col umm, andW'f idmtéaporit ot Harrd Y Uy d'g f onbl matiomates dha a a
<3dry. - 1 - . . .
3dry 5%%p of dissclving the crude aryloxytitanium composition,
the step of separating the diaryl carbonate, the step of
10 separating and/or purifying the arcmatic 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  composition 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 component

ratio of the aryloxytitanium composition and the diaryl
20 carbonate.

The step (C) will be described below,

In this step (), in order to stably use the
aryloxytitanium {(¢r the arylicdybltanium Composliion)
obtained in the above-described step (1} or step (B), the

25 component ratio is adjusted.

A content of titanium atoms contalined in the

aryloxybitaniwn (or compositlion) is preferably adiusted



A type of a condenser provided in the reactor is not particularly |limted,
and a known condenser can be used. For exanple, hitherto known
condensers, such as a multitubular cylindrical condenser, a double-tube 5
condenser, a single-tube condenser, anf8%n air-cool ed condenser, can be
used in conbination, if necessary. The condenser may be provided

i nside the reactor, or may be provi ded outside the reactor and connected to

the reactorcd heough dieinthglansideni ngudhe §ypes-ofatde 49 @f%&@g and the
condenser, the nmethod for handling the condensate, and the like, various

confi gur at icons eafsg employat A dmterialshd ofatde ¢east oy antls & her condenser
are not particularly limted, and known materials can be used. 15 For
exanpl e, glmass; ssicailnltess; steeed ,owcdrdson steel, Hastell oy, a substrate
subjected to glass lining, and a substrate coated with Teflon (registered
trademark) can Betosed. cSUSB04, cS08BL6 2 rJUSKLYGL, L aaridirt kend ithee are 20

i nexpensi ve and can be preferably used. Instrunentation equipnment, such as

a fl ownet ed gy nswetematd id f.gfsarab Iy sesiusied. te gl ried. nds deat i ng,
known met hods, such as steam and 25 a heater, nay be used. Also for
cool i ng, kHGKT net Hods 2 St vas- irdt il CE86 4 g Seoollitgg Wkaeer L iamd: bri ne,
can be vt ot BRIRR L IR Bty fol sxamle. @
SQ?LQEFLEX§?&t3%53E§“5%¥%§W§§%;Q§¥§%f§§§ﬁvﬁ%%%ﬁéxéﬂgs{E@hﬁﬁe6h§f separ ati ng
oo ot WKEIO LR ool SO Ui s gl PUGNIIR B el ne
above- descrihed sSk&Rn( Poe e 0Tl QNG 5t efd M 1S gL or ned.
provided,
The above total content varies depending on the
purpose, and the structure of the diaryl carbonate 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 therefcre, the above value is
preferred.
[0170]
Adjustment may be made only with the diaryl
20 carbonate and the aryloxytitanium (or composition), which
is a preferred method.
Adjustment may be made by addling another component
For the purposes of making the adjustment of
25  flowability easy, and the like, suitable solvents, for

example, alkanes such as pentane (isomers}, hexane

(isomers), heptane {isomers), octane (isomers), nonane



The step (Y) is a step of evaporating an al cohol as by-product, fromthe
hydrol ysis reaction solution obtained in the above-described step (X).
10196] 15As shown by the above formulas (28) to (30), when the

tetraal koxytitaniumis hydrolyzed i ntH& step (X), the al cohol derived
therefromis liberated. Although a structure as represented by the formula
(28) is also partially produced, the structure of the formula (29) or

20(30) is mostdmp Rnoviged LG Ty Nghou) 1 h&&&@pj_c(\ﬂ%ﬂ&@aﬁgmgtwe of
the formula (28) may he partially uded 77 he step (Y) is often

descri bed hereian k38 -& 1 2BGORGANMT atd M Stemhydddd rbons, Mhen @ssolvent is
used in the above step (X), it nmay be renoved sinultaneously with the

al cohol i n e esteep teucore ,sepdrateel yl.somers), ethioldenowes t he al cohol, a
known nethod can be used, 5 but a nmethod of distillation is preferred.
A t enper at yrie sofo rolpey 1dteep oY) (Cavnbe s)n tdidbuange rofend 00 $@n@59C (or t he
boi li ng_ point or less of the solvent at ordinary pressure). In order to
i ncrease tBEG ar@hdéhadwasor dtliton, | eniqginpro e erstiuras iascpreterfee On the
ot her hand, at high tenperature, an unpreferred reactjion (for exanple, the
product i on O SEREE) tfdy S c LIPS It St W ot alt ‘et &l I3 oyt i t ani um
At low te er}ature, it mgy be solid or poorly flowable. Therefore, the
t enper at ur € €GO OF15 Prefét A HN THE! rEngd ot TEVF¥B0C, even nore
preferably O%Ito 00C. ... Depending on.the conpounds used, the nelting
poi nt and {Hé& liolfé’%\?éﬁ,nean(&st%éq&espdr TR qrg%c?’at&lulr%eror%@a%a%%%nged in
this range(H%oﬂ%&%%%a%%loronaphthalene, bromonaphthalene,
1G  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 ethylcycliohexane; ketones, such as methyl ethyl ketone
and acetophenone; esters, such as dibutyl phthalate,
dihexyl phthalate, diocctyl phthalate, and benzyl butyl
phthalate; ethers and thioethers, such as tetrahydrofuran,
1,4~-dioxane, 1,2~dimethoxyethane, diphenyl ether, and
20 diphenyl sulfide; ketone compounds, such as acetone and
methyl ethyl ketone; ester compounds, such as ethyl
acetate and ebthvi banzoate; and sulloxides, such as
dimethyl sulfoxide and diphenyl sulfoexide, can be
preferably used as the reaction solvent.
25 ArOH corresponding to part of the diaryl carbonate

structure is also preferably used as the reaction solvent.

(01717



20The step (Y) is preferably carried out in aliquid state and is
preferably carried out at a tenperature at alkyl oxyl a4M 1piioch fnrnmgui S
state. In order to keep the reaction tenperature constant, 25 a known
cool i ng apparatus and heating apparétdé”nﬁy be installed in the reactor for
performng the step (Y). (0198] - 116 -- The reaction pressure

vari es depending on the type of the conpounds used, the conposition of the
reacti on systenwhthetheaatiyapxiempenatiur epnphe itdact iob adppar atrus,h«and t he
i ke, but is usually preferably in the range of 50.01 kPa to 200 kPa
(absol ut e prtessuie) .i sCorssidders rg daie lease Bfr industdu@liqr act ice, the
reaction pressure is preferably in the range of 0.01 kPa to 150 kPa

(absol ut e prégsir @rrbOBdg), 1LGANJev@Foraticoy litve § resigence 139 im t he
case of a continuous process) is not particularly limted and is usually
0.001 to 16&eh&lee, Opr Erecarliyc 20 its Y80 Hours e Ehd ot @i leterably 0.1 to
50 hours. It is preferred to sanple the evaporated liquid or 15 the
resi duaf Iﬁﬁﬁﬁﬁdand continuously carry out the step until the alcohol is in

a desired range, gBZOOL}ﬁnrhner% jas_ma Ap %sqg: O§%a%%eis an_unpreferred
gas conponent bgtdlse rPl36"has aﬁ 8£P8§PP§n 566 OR s frefdrred to
;‘(35’{') affhg%%gﬁ}”&%i):@“t k,gmtﬁ,lh%g;s%%‘it P NG AP ALYS, {3 ,6aTNyl ng out the
diaryl carbonate, and alcohols, aromatic hydroxy
compounds, dialkyl carbonates, alkylaryl carbonates,
1¢ alkyl aryl ethers, diaryl ethers, high boiling point by-
products, and the like are used.
[0172]
An inert gas may alsc be used.
Oxvygen its an unpreferred gas component because 1t
15 has an oxidation action. It is preferred to replace
oxygaen, air, in the reactor {(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 inert gas.
As the inert gas, for example, nitrogen, helium,
argon, a carbonic acida gas, methane, ebthane, and propanc
are usad alone or in combination, and 3 method Tor
introducing the inert gas is preferred.

25 [0173]



As the inert gas, for exanple, nitrogen, helium 25 argon, a carbonic acid
gas, nethane, ethane, and propane are used alone or in conbination, and a
met hod for introducing the inert gas is preferred. - 117 - [0201] Al so
for a reactor for performng the abGve §tep (Y), one conformng to the
conditions is selected. Specifically, hitherto known reactors, such as an
agitation tank, a pressure agitation tank, a reduced-pressure agitation
tank, a col umrheact ot oxat distilihal koraeadllymydaopgcked ool tand a film
evaporator, can be used in conbination, if necessary. A type of a condenser
provi ded i anthéheeator,i $tnot pOcpartriccultar lopnitingilt edte amd sa known
condenser can be used. For exanple, hitherto known condensers, such as
a nultltubGPaFeéylﬂﬁd#h@aﬁYébﬁ@eﬁ@eﬁheasd@@blé t-ube condenser, a
si ngl e-t ube condenser and an air-cool ed condenser, can be used in
conblnatlon i f %e@e&%aﬁ@bedSW%el%oﬁﬁ%ﬁ@éfeﬁayob@OBF69ﬂdeHe|n5|de t he
reactor K ?rOV|ded oué5|de ﬁhe reactor and connected to the

“pFp

react or’ thWSb@ ﬁﬂﬁteEBn§Fd r i ngCtRe Oty pES SoP eh &k Ealtior tard ¥

condenser, the nethog f or dllpg th condensate, and the |ike, various
confi gurati On§ &r &2 @nﬁpo P ‘matenl s for the reactor and the
condenser ap e, pot Uarti . C||Iar.ly | .irniteci, and known materi acan be sod

A reactor for performing the above step (C) is
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, a packed column, and a film evaporator, can be
used in combination, if necessary.

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

For example, hitherto Xnown condensers, such as a
multitubular cylindrical condenser, a double-tube
condenser, a single-tube condenser, and an air-cocled

20 condenser, can be used in combination, if necessary.

The condenser may be provided inside the reactor, or
may be provided cutside the reactor and connected Lo the

raactor Fhrough nining.  Congidering the tvoes nf the

reactor and the condenser, the method for handling the

N
[y

condensate, and the like, various configurations are

empioyed.



Ptcf 96Laill _LcfSS Lbupcb, carbon stee , Hastel l oy, a substrate
subjected to glass lining, and a 25 substrate coated with Tefl on
(registered trademark) can be used. - 118 - 508304, 505316, SU3316L, and
the |ike are inexpensive and can be —priéfierably used. Instrunentation

equi pnent, such as a floweter and a thernoneter, and known process

appar atuses, such as a 5 reboiler, a punp, and a condenser, nmay be added as

required. For heatingueknows metheds, rsdeloas stieamcandnacheater, my be
used. Also for cooling, known nethods, such as natural cooling, cooling

wat er, andrbiti pertcanibelysedmil@Q202ld knowrCefdiaim StLpsrmay hesadded to
t he above step (Y), as required. For exanple, a range of steps and
appar at uses thatothesengke) | etlabn, t headnicandsthelenghneens scani1assune, 15
such as the step of dissolving the tetraal koxytitanium the step of
di ssol vi nghwatér L otvhe astsep séf agepandtiend eand/oom puws flyiimigiat,hesral eohol , and
the step of burning up or discargin%_by-prOQUCts and the |ike, may be
added. | 0263Ps20%he &PyledytitaniTehlesonpesicisseries! shraiared Wy gpart he
above-descri bed steps (A and (B), and
be used.
SUS304, SUS316, SUS3L6EL, and the like are
inexpensive and can be preferably used.
Instrumentation equipment, such as a flowmeter and a
10 thermometer, and known process apparatuses, such as a
reboiler, a pump, and a condenser, may be added as
required. For heating, known methods, such as steam and
a heater, may be used. Alsc for cooling, known methods,
such as natural cecoling, cooling water, and brine, can be
15  used.
[0175]
Other certain steps may be added to the step (C), as
required.
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
step ol dissolving the arvioxyititaniwn, the step of

oy vt ey v o e oo e e e b o [ ST SIS | St oy oyt T b e e
R R O L LI RN R N N P L L A d DN e L i N e (95 SR 5

and/or purifying the aromatic hydroxy compound, and the
20 step of burning up or discarding by-products and the like,
may be added.

F0176)



conposi Ti on obtai ned oy perform ng. cue above-described steps (X) and (Y)
25The above-described steps (1), (A, and (R) conprise the step of reacting
the organic oxytitaniumhaving the R-OTi -1 ge, the al kyl oxytitanium or
the - 119 - aryloxytitaniumw th the BHromati c hydroxy conpound or the

di aryl carbonate, and evaporating the | ow boiling point conpound. However,
it is known to those skilled in the art that a reaction in which the

Ti-OTi |inkageyksicu h i G- WoVe .ar_.t.he diaryl
NeStGUL 9B cing car @RI G iy dnoxy aqmg%rzgd‘)r%ﬂﬁn

carbonate generally does not occur, and it ‘may be at the
average degr=ei afy poley/MBrdzatian, does hot1 ghanges . f 0204] <Conponent
Havi ng Lower Boiling Point than Diaryl 10 Carbonate> In the nethod

for produci ng theearykerytdyt-driaumeorPesitt en-dduddie g esemowgrbodi nent, it
is extrenely inportant to evaporate the conponent having the | ower boiling
poi nt thanmedtodof the diaryl carbonate, together 15 with the diaryl

car bonat e. However, an identification of this conponent having a | ower
boi | i ng®poi nt thBR thap dft)t heddifaryhecartbenatien s 2di fifaye et .cafhel dcow
boi I'i ng conponent al so includes an al cohol 20 and the |ike, but the main
poi nt in t K present SersddiarEnt i s ithakoHel Yagw Woi | i ni conponent is a
conpon. enx. contal ni ng O Ti atnhavi..j..(11V.1(1?11:7 point Lildil that pi
tne diaryl carpohafBIEF0205] PEFF SERETaMFlteryt ifCanibumdssapesiticon

cont al ni ng the abO\{e conponent .havi ngé{}%@l(fv\er boj | j ngg B% nt than that Of

the diaryl CarBoRat e 4 Uikd s S S &t oronprisin

Foilowing 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} of evaporating an alcohol as by-product, from

15  the hydrolysis reaction solution.

(01777
<Tetraalkoxytitanium>

The tetraalkoxytitanium used in the above step (X)
will be described.

20 The ltetraalkoxytitanium is a tetravalent
Letraalkoxytitanium represented by Ti(0Q),, wherein O
represents an alkyi group.

The tetraallbornyiloaniam may Le in g monumerle on
asgsociated form.

2h The preferred Q group is preferably a droup having a
small number of carbon atoms because of ecasy removal as

an alcohol in the step {(¥Y).



- 120 - production of a diaryl carbonate, problenms may occur, for exanple,
the targeted diaryl carbonate is colored, and when the diaryl carbonate is
used as a raw material for a nelt process polycarbonate, the polynerization
rate is 5 slow, and the nol ecul ar wet ghtb doees not reach a desired nol ecul ar
wei ght . In the present enbodi nent, the above-described problens can
be surprisingly solved by evaporating the conponent having the | ower

boi li ng point thap that -of, tihe i anml, car, I T ove
conponent havi ng thté2 I%oweip boi Ipilﬁ%g |c%1ibwnty %hégﬁ(e{? a?lao\’;"mt‘ e1 ia?é;| carbonat e
of ten conprdsgsord Nalregem@t O rd Moaddi$ion 1o.@ TiratomaThe, aboye
conponent having the | ower boiling point than that of the 15 diaryl
carbonat e i @ danpeithongtd Siag: dolaat wm antd afb By hal agenyat om  havi ng
the I ower boiling point than that of the diaryl carbonate (the boiling

poi nt may bEadre boiddayy lpeimturat (loraiararly, pr ésswye dubup epr esepts) | he
boiling point at the pressure during evaporation). 20[0206]

[ Aryl oxyt i ttarficdray3orpositt | Gnjorfhes Janmicpr npesitd onrdum theopeeshe t*

ui ytoxyLitauiulll Gcnpoui Li on cunprisruy an aryloxytitanium and a diaryl
carbonate, Whetdin 25 content of titanium atons constituting the above

aryl oxytitani um }15 1% by nmass or nore _and 15% by nmass or less. - 121 -

The aryl oxyti ftaﬁ ﬁn‘?E}BHﬁo_s?‘itfaipor{xi)sW&Iléobéﬁ MEISF rérérred to as an

Loyl oyt Candup compest Lan. below (02001, o amacOTpOEnLs of the
used as ¢ ne Rty El Canh GOHET Bt Thg DG ey 55 1 SRR Cbpes: ti on i n
e, P g TR T AL TR LSO AR ST 1 e

aryl oxytit gcumaviing rafe 18ast ane TrOAN d4d nkage (Al @RLeSeNt s an
aromatic group and is specifically as
tetraalkoxytitanium, the amount of water added, and the
average degree of polymerization is a relationship shown
by a partial hydrolysis reaction and a condensation
1> reaction represented by the following formula (28) and/or
Lormula {(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 [0179]
The average degree of polymerization of Lthe

polytitanoxane having the alkoxy group obtained in Lhe
e T Ty R T o, R . Bt B I (RIS B | £ s
wiAAVRD S LRI Ly LG D8 LU ALNeG Gy LHe alllount O watay
added and/or an amount of an alcohol liberated.

2h The polytitanoxane having the alkoxy group is

preferably a polytitanoxane having an alkoxy group {or a

polytitanoxane composition having an alkoxy group) having



15 descri bed above). The aryl oxy group (Ar-0- group) is as described
above. When the aryl oxytitanium conposition in the present enbodi nent
is used as a catalyst for a production of a 20 diaryl carbonate descri bed
later, it is preferred that the aryl- grioup-constituting the diaryi
carbonate, and the above aryl grouD are thetype of arvi gran in other

words, iL. is proielded LhaL Lou aryioxy group is the same aryl oxy
group as theg Ok GRUR.2260NR IS ng, ths, diaryl , &arbonat g, [0209] -
122 - The aryloxytitani um conposition i1 n the present enbodi ment
cont ai ns oRgrRfedYOr e aryl oxytitani uns. The aryl oxytitani um conposition

in the present enbodi ment may conprise a plurality of types of 5

aryl oxytitani uminThisti sabasedbonnt heef agtirithats tist desic@isthi ewld @ identify
t he exact structure of an aryloxytitanium The aryl oxytitaniumis an
aryl oxyti t amindarcenpesed eafcta cretravalcentinlittat ome@nd )camrbe giepr esent ed
as 10(Ar0)4Ti when one Ti atomis present in the conpound. The

aryl oxy®i t adikyrhocontidiamddini wotye sartyiloox ytert drd wirtcoinpssi tion in the present
enbodi ment is an aryl oxytitanium having at | east one Ar-OTi |inkage and
may be a pol ytithnbéRaRECREVRAGT BATaRy NIy cgyoUpCuE5RO2B0PYWTheén the
above-descrj bed pol ytitanoxane having an Ar-O Ti |inkage can be preferably
used as thé‘%WVP@x%é@ﬁaﬁﬁﬂﬁﬂ@@nﬁ%ﬁﬁ%ﬁH%YdH%“%ﬁyﬁ&ﬁﬂﬁﬁ%ﬂﬁQuﬁ%dﬁﬁb@ition in
t he present, enbodinent. As scribed above, it is extrenely 20 difficult to
i sol ate thé‘“p(rgl%ﬁ iR End ZI‘% r 1de e RIAISTY theé ' riU&Rur' e’ Therefore, the
pol yti t anoxane @gvgggrgggt@%é%g%%% ékggggilge%%gge%t%dy%h%%noxane 4t i on

havaanl nkage, conﬁalnlng at
L6 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(0Q)s + 0.5(4n + x =~ y}H20 -> Ti0pm - (x +yyrzy (OH)  (0Q)
+ {dn - y)QOH ... (28)
nTi{00)4 + 0.5(4n ~ y)H0 -> TinOgan = vy (OQ)y + (4n -
vIQOH ... (29)
[0181]
20 In the formulas, ¢ is the above-described group, n
represents an integer of 1 or more, x represents a number

ob U or more, and v represents a number of more than 0.
roatans
[ S

The average degree of polymerization roughly

25 calculated from the above formula (29), and the amount of

water added are brought together in the following Table 1.



nore types of nolytitanoxane having an Ar-OTi |inkage, 25A nononer
structure having an (Ar-0-)4Ti structure. may be contained in this
conposition. - 123 - The above pol ytitanoxane conposition having the
ArO-Ti linkage contained in the aryloxjtit-ani um conposition in the present
enbodi ment is preferably a conmposition, such that the nole average degree
of polynerization is 51.1 or nore and 12 or |less. Here, the nole average
degree of pol ynepi zati eAskScfetBEM:Redas.da9aki hed abova., [[Q211] Wen the
aryl oxytitani umconposition in the present enbodinent is used as a catal yst
for a productiben eff aol@sdicar Whecanhenatie:oldie @@yt i 4aniwum conposition
in the present enbodi ment preferably contains a polytitanoxane having an
Ar-OTi |i skage geonprirsieng fs malllyrmmliecities: as:y idd e q@sr passibl ghand havi ng
a high nol e average degree of polynerization. Wen flowability is
consi deredzamge 15 degree of polynerization is preferably not very high.
Therefore, the above-described nol e average degree of polynerization is
preferably [i®48He range of 1.1 or nore and 12 or less, nore preferably 2 or
more and 8 or |less. 20As the nole average degree of polynerization
i ncreases, [(tHE1&t ddcture is nore varied as previously described. dly(SAMIb
| LL) dr y_LU,)l%IH.&. LLai l.i Unt conposition in the present enbodinent is

e

pref erably > 25 OVt TTENOXENES Hav ' ig t AE BE¢O-T9H| HKage réhr esent ed by
the above ]:igérrgél gf (p%:,'zgmer[lozgglzc‘]n
Average degree of Amount of water added Free alcohol
polymerization (1) (molar equivalents vs {molar equivalents vs
tetraatkoxytitanium) tetraalkoxytitanium)
2 0.500
2.2 0.545 2.4
3 0.667
4 0.750 6
5 0.800 8
6 0.833 10
7 0.857 12
8 0.875 14
9 0.889 16
10 0.900 18
11 0.909 20
12 0.917 22
13 0,923 24
i4 0.929 26
£S5 (5.933 28
16 0.938 36
0184
10 The amount of water added in the asten (¥)

preferably 0.1 to 0.92 molar equivalents with respect o
the tetraalkoxytitanium reacted because if the amount of
water added increases, the flowability worsens
significantly. In other words, the average degree of

15 polymerization is preferably 12 or less.



- 124 - The aryl oxytitani um constituting the aryl oxytitani um
conposition in the present enbodinent is nore preferably the polytitanoxane
having the Ar-OTi |inkage represented by the above fornula (22). 510213]
As descri bed above, the pol yti tanoxa“nelq‘%vi ng the Ar-OTi |inkage that can
be applied as the aryloxytitaniumconstituting the aryl oxytitani um
conposition in the present enbodinent is theoretically a 10 particul ar
pol ytitanoxane hayiragiansAy- GaTi: ikilnkage oltigized Sfrom:t he:mdesaver age
degree of polynerization represented by the above mat hemati cal expression
(1). Hovievart, i tas idescrished: rabdwe) tact uad tidentadyicataohuef the
structure of an individual polytitanoxane is 15 extrenely difficult by the
current analeysissdeitchodhe starThereforte;ridle. pol ytitanoxane having the
Ar-O-Ti linkage that can be applied as the aryloxytitaniumcontained in the
aryl oxytitani umbEotpsittiiven CAet REOPNEs et Yarisadilme md livs: tmcefaer 40144 t he
particular 20 pol ytitanoxane having the Ar-O Ti |inkage represented by the
above formhhs EB 245 /969 e %@éﬁ”&ﬁ%ﬂadﬂ(%)%s oxane’ he¥iho thA
Ar-O-Ti Lnkage a,inU in the atytoxytitaniumcqnmpost on In tile present
enbodi ment may bES] ﬁvﬁﬁégﬁoaﬁ%?eaﬁfa&&t}é’f“etr&Z‘&‘I“?@ a5 Mm%t dre with ArOH,
%%%qts s heabovedescc{igbed_ 9r oup. 10214 - 125 - (Diaryl

Y oY q

Or more an esgs, considerin

wherein Ar rep
Car bonat e) pr&re ‘

flowability, stability, and use as a catalyst for a
preocduction of a diarvl carbonate.

10 It is presumed that when the average degree of
polymerization is more than 1 and less than 2, partial
hydrolysis cccurs according to the following reaction
formula (30). Assuming that the consumption of water is
used for dimer producticn, 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
methoed, and thus, the amount of water added is adjusted.
(0185)

20 [Formuia 26)

ZTL{0Q) s + HaO —> TL,0{00)¢ + 2Q0H ... (30}
[0186)

Newt, » method for adding watery in the step ¥} will
be described.

25 As described above, the step (X) is the partial

hydrolysis reaction of the tetraalkoxyiitanium.



The diaryl carbonate contained in the aryloxytitani umconposition in the
present enbodi nent is shown in the above formula (25). 5[0215] When

t he aryl oxytitani um conposition in the present enbodinment is used as a
catal yst for a production of a diaryl Iddrbonate, it is preferred that the
aryl group constituting the targeted diaryl carbonate, and the aryl 10
group constituting the above-described aryl oxytitaniumare the sane type of

aryl group. [02%6}s nyqrbhesakovesdeseri bed dla 1yl mvpp%a%éae_&{rﬁferab' y has
hi gh purity. 15Exanplés of “inpurities that can be contained in the diaryl

car bonat e ichudear-onaid.g hydnexy. conpounds, water, al kylaryl carbonates,
and di al kyl carbonates. Their contents can be determ ned by checking

the solubility ohet hectrangetiedrakybaxpbilt/arirumaitn drhesrdivary lbe20 rcar bonat e
contai ning the above inpurities, and the hydrolyzability of the
aryl oxytit amecumbo@e trke@get.heHohrderexaimpheshe kacenpeduedq sunpref er
LitohicﬁLic p,ry phenyl salicylate, and phenyl sal icylate carbonateA 25
cont ent » of Whésendomeduwngs siest, preefrariabl iyc 01 G% sy sl @ra | ess, nore
preferably 0.2% by mass or less. 126 - The diaryl carbonate may al so
contai n a TFr9Eent&mitdy dombodtvd tesyicdg B ovier! 401 19Thghgioit t han that of
the diaryl carbonate. The Ti-containing conpound can be renoved during the
step of evAPOFAEEHn AGgetier s Wit-n tHETEIArGl dar BonREEL TREE dicaryl
carbonate nay .al so _contain an aryl oxytitanium_The aryl oxytitaniumis
o1 of o1 abl y G SISy BB Sy et it e THEL G Gyt tni um
possible to obtain a polytitanoxane having a narrow range
10 of the degree of polymerization.
[0187)
F'or such a method, it 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
solution is preferred.
The solvent should be a solvent inert to the
20  ftetraalkoxytitanium and water. A preferred solvent is an
alcohol, more preferably the same type of alcohol as the
alkoxy group of the tetraalkoxyiitanium, that ls, an
1 et Yoo sowy 4 e P TS ST, S B T e A, L. N D T
R i T S A W dl Do \.,) A Al A A ML R LA L A whoodd LT S QU S A § L J,j f R \_—j A d b b CALANAVT g L.vsr
the alkoxy group.
25 [0188])

The concentration to be given by dilution can be

appropriately determined by the tetraalkoxyltitanium and



[0217] 10(Method for Producing Aryloxytitani um A net hod for
produci ng the aryloxytitaniumcontained in the aryloxytitani um conposition
in the present enbodinment will be described. To produce the

aryl oxytitani um known nethods can be ]bused. For exanple, a nethod for
obtai ning an aryl oxytitani um by dehydrochlorinating titaniumtetrachl oride
and an aronmatic hydroxy conpound, and a nethod for obtaining an

aryl oxytitamn Wy deal . cohol iz , n @l kyl oxyt i tani n..ak tic
hydr oxy conpéﬂﬁ%ﬂﬁg%ﬁbégﬁggfé%gggygggggfﬁﬁg%%gﬁﬁéit%%gyﬁégﬁgogﬁﬁfieggc

Uo. JJtdii diKjaluxyililici} lmbtincan kbe or efies abby, used. 25 <Method for
Produci ng Ar oxytitaniumfrom Al kyl oxytitaniun> - 127 - Thi s net hod

is a nmethodfloricargiiagiout the followng step (a) of reacting an
al kyl oxytitanium having an R-OTi |inkage, wherein Ris an al kyl group,
W th an aromati ¢rhydraiy vconpeund,t rtae 1Suhsttiittutra van iad koxyutgrcddup 5 by an
aryl oxy group:

5 that it is 10 to 80% by mass.

It the concentration is low, the amount of the
solvent evaporated increases. On the other hand, if the
concentration is high, a significantly nonuniform
composition may be generated as previously described. 50

10 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.
[0190]

The purpose of the step (X) is to react the
tetraalkecxytitanium with water, as described above, and
addition and reaction may be performed by a known method.

20 Preferably, diluted water is gradually added to a
diluted tetraalkoxytitanium solution, as described above.

Aotemperature of Uthe step () can be in the range of

~40°C to 150°C (or the boiling point or less of the
25 solvent at ordinary pressure).
In order tc increase the reaction rate, high

temperature is preferred. On the other hand, at high



the step (a) of reacting an al kyloxytitaniumw th an aromati c 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, the
boi ling points of ROH derived from the! al koxy group and the aromatic

hydr oxy conpound are conpared, and the al kyl oxytitaniumand the aronmatic
hydr oxy conpound used are selected. 15[0219] A tetraal koxytitanium and a
pol yti t anoxang davi ng: an:alkaxye o ot Cade de: sisedras Ehgnaboyerne

al kyl oxytitanium For the polytitanoxane having the al koxy group, those in
whi ch t he Arrghoup desef ideh foritderahove:albhgescs]beds pohyt iyanoxane
havi ng the aryl oxy group is replaced by an R group can be preferably used
The Ti at omafurlile rat kddaned idapeimnisr e dlendnationy pxehr thecpjotibeak LL
odyytLii OLUtiL, The R group is preferably an al kyl group containing 25 1
to 6 carbor? &1 g pgreferidbineEne. 6 Adarliyon tarmesa tStid, | inorey
preferred exanples include an ethyl group, an isopropyl group, dl nd an
mortyl 7 q%oup!id @8 reorly Hepwanke abdve r&fewsti ¢y dresae iedmsund, an
aromati ¢ hydroxy conpound having a structure in which a hydrogen atomis
added to the® dbbve-Rdesiidded aryl oy GgHvip ¢k hatlils ta é&%%nﬁmg an ArCH

structure) can be preferably 5 used. re preferred exanpl es are phenol s
and cresolHFV§bﬁEF§%?:%&QQOPI%§ &Qs&pgggd above, the boiling points of ROM

and =~ the ar %@%ﬁ%ﬁ%ﬁd%‘?}xh‘é" q ﬁ%%%n(ér O Ar "tlhcoﬁ%%rt%g ang & 10
conbi nation in whrc has "a boiTrng poi nt edua %0 or
and the like vary, and therefore, the temperature may be
10 changed in this range if necessary.

The step (X} is preferably carried out in a liguid
state and is preferably carried out at a temperature at
which the polytitanoxane produced 1s in a substantially
uniform ligquid 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 reacticn pressure varies depending on the type

20 of the compounds used, the composition of the reaction
systemn, the reaction tenmperature, the reaction apparatus,
and Lhe like, but is usually preferably in the range of

007 e 4+ 200 bPs fabasTnt o meomoar ol eyt Adav i me Pl

ease of industrial practice, the reacltion pressure is
25  preferably in the range of 0.1 kPa to 150 kPa (absclute

pressure) .



| ess than the boiling point of ArOH is selected. The boiling point is the
boiling point at the pressure in carrying out this step and is selected so
t hat ROH produced as by-product can be evaporated by 15distillation. The
reaction conditions and the |ike of theistep (a) are simlar to those of

t he above-described step (A). [0221] The aryl oxytitani um cont ai ned
in the aryloxytitani um 20 conposition in the present enbodi nent is

preferably a polhytitanoxane hawing An @ufey| @5 WM time in W&
pol yti tanoxane h v°r 1 the ary]..oxy grouo is

ptci ct dppul yddd yanci A RXYs g @it Dbt ai egh byp aryl coXyr spbsthiutgon. of
a pol ytitanoxane 25 having an al koxy group in the above-described step (a).

Parti cul arland tihe v=eactiom .af0 1 he peod iaddiys hysirof e ydibh oy congdensat #on of a
t.etr aaliwxytitaniuffi, - 129 including the above-described step (X) and
step (V), ilsweasi land ontreolded arxb pr ovi dese ail aldytoxytitani um having a
stable quality. [0222] S5The al kyl oxytitani umused to obtain the
aryl oxy®i t ani umlits ipr efrefabirgct ke alakyllexythict amiauriobt aicled: iiom tarel st ep
conprising the above-described step (X) and step (Y). [0223] 10The
aryl oxyti t & U e e G5 the a‘?}}ﬂ xR tEniumthe liberated
alcohel 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 1t has an coxidation action. It is
preferred to replace oxygen, air, 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,
argon, 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 performing the above step (X) is

selaected according Lo the above-described conditions.,
Specifilcally, hithorto HKnown reaciors, such as an
agitation tank, a pressure agitation tank, a reduced-
25 pressure agitation tank, a column reactor, a distillation

column, a packed column, and a film evaporator, can be

used in combination, if necessary.



conposition in the present enbodi ment is obtained by performng the
above-descri bed step (a), using the al kyl oxytitanium obtained by perform ng
t he above-described step (X) and step (Y). Wen a pol ytitanoxane 15 havi ng
an al koxy group is used, an aryl oxypoliytitanoxane is obtai ned. The
step (a) conprises the step of reacting it with the aromatic hydroxy
conpound and evaporating the al cohol. However, it is known to those skilled

in the art thata2Q.gkeayagecghabhect p@ol:ldakage by the arpmatd ¢, fiydroxy
conpound general ly does not occur, and it may thus he consi dered

t hat aver age:degrea :afl ywaliwmrdgatind Hdagsown [O224dn 25Thesaryd oxydét ani um
conposition in the present enbodinent is suited for storage and/or
transfer. - 130or Eenepakl yhiaheatyl txphit anindenkas sg wergh high mel ting
point and is essentially difficult to transfer. Usual |y, when a | arge
anount of am ldriyluaitaint anilumdsaled;ontdmn aryl oxydatlane vumlesan be
transferred to a use destination (for exanple, a facility for producing a
di aryl ear sonates)sajhi ch sisicddjacerst aordepiant st ng: ialttreughd pi pi ng
traced by a heat nediumor the |ike. However, for exanple, transfer to a

pl ace wher &RENSF ald2at i6n e dilpl st i F¥aeul tf ieeRIFacui t. 10 This

i s because the % high nmelting point, as described

| 5 Decause 1 hyIOéﬁ%Lthiun1ha% apveri g =l fing point, as des
, al i gh~Heat “ntist'*6é Appl P&dPF6 Q‘ﬁoﬁﬁstﬁﬁe mﬁﬁFHﬂﬁe !
a0 Doyt UNTO0ES S LS 200 SL S ) Ty e, okt um ey
L5 VS0, Do NG SR SHOENDLNR R KL A080 IROgRRRg) o ver! ze the
10 reactor and the condenser, the method for handling the
condensate, and the like, varlous configurations are
emploved.
A materials for the reactor and the condenser are
not particularly limited, and known materials can be used.
1b 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, 35U3316, SuUs3dlel, and the like are
20 nexpensive and can be preferably used.
Imstrumentation equipment, such as a flowneter and a

thermometer, and known process apparatuses, such as a

RS At siip (S S R SRR I SO Ghae A O A (L I A S UL S g

required. For heating, known methods, such as steam and
25 a heater, may be used. Also for cooling, known methods,
such as natural cooling, coeling water, and brine, can be

used.



20Further, an aryl oxytitani um conposition containing a conponent having a
| ower boiling point than that of a "71 carbonate is otten nore susreptlble
to t.hermaL uQ 2yld6aLi on, duo LUd J.UWUG |I. I Uy cunmpuyYyL | ndy dLSO
adversely affect the container and thelidikc used for 25transfer, The

aryl oxytitani umconposition in the present enbodinent is intended to 50l ve
the problens during the - 131 - storage and/or transfer of the

aryl oxytitani umswhen ihyi $eUsede@n 2an reRgustyd.al scale, and is suited as a
conposition for storage to be stored in a container (a container indicates

a contai ner for rbragspabtieng at hendeCeIPesictison Ry drand Qs sea)r havi ng an
internal volune of 200 L or nore, and a conposition for transfer to be
transf err edhasea scdnitlaidnem (teheconttaiaret Umdi@ad ese @ € ol nesuhor
transporting the conposition by |and or by sea) having an internal vol une
of 200 L orsumres I00226]p of diFw lariyloxytd ttari taa Clomposi taohumn t he
present enbodi nent is a conposition conprising at |east one aryl oxytitani nm
and fur PhertheomdErsiafg i sdicariyiinc ardonat echeThe et ¢ eastpanel Byl oxytit ani um
is selected froma 15 tetraaryl oxytitaniumand a pol ytitanoxane having at

| east one AYOCH RAUHKAGE d [[022 71 A Ues crihdd bt @ he \piol Y9 t @Wnoxane
constitutin . the above %é}/tj t anoxane conposition preferred as the 20
aryl oxyt it & GrheC6rtaive Yl""ﬁ?‘? Sy 1S3yt Tani iR ¢ Mo sT ¢ | T GH: t he present
enbodi ment l.iOsL9t5t]e po.1l. yt). tan ox a ii e having thlinkage repre;:ant. e d
by [0228] "

Following the above-described step (X}, the
10 following step (Y) 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).

[0196]
15 As shown by the above formulas (28) to (30), when
the tetraalkoxytitanium is hydrolyzed 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).
The structure of the formula {(28) may be partially
Lo ucied.

a7
HEE SR

The step (Y) is often described herein as a

25 concentration step.



25The pol ytitanoxane constituting the above pol ytitanoxane conposition
preferred as the aryloxytitaniumconstituting the aryloxytitaniin - 132 -
conposition in the present enbodinment is nore preferably the polytitanoxane
having the Ar-O-Ti |inkage represented by the above general formula (22).
Substantially, the polytitanoxane having the Ar-OT. 5 linkage that can be
applied as one preferred in the aryloxytitaniumconstituting the

aryl oxytitani umwaenpaskbiioanknithespriesent henbodiveentt cips (Presunedndyo be a
plurality of polytitanoxane conpositions having the Ar-OTi |inkage

r epr esent edveby- etlvy cab evienfldrmgdoa (1271 w idid/tdre 0. adiec labovetforstuta (22), as
descri bed above. [0229] The aryloxytitaniumin the aryl oxytitanium

conposi ti ont¥n atheepeasdst! venrbodi ment is preferably an

aryl oxypol ytitanoxane. As descri bed_above, the 15 aryl oxypol ytitanoxane is
substantial |y ahCaE§rexgpbhyt pt-aRbRAne 2cERPHEI fEGHCEORES] MendiSSite or nore

types of aryl oxyti t%ni um havi n t least one Ti-OTj |inkage in one
ol ecul%_. ut e methog, efe t5°ltgl,l Oé\/ér““‘aé’emdjeﬁd?reeé:!‘of pol yneri zation (h
Tore [Stab, Ly 201 78T E AT o 1PaS, COOFLS TaSt ng as a ‘Brodtq of of &
pr osent _embadl eRE PE05 MBS LTErY Cbop d i Pe 1t 0 The appvere
solvent at ordinary pressure).
In order to increase the rate of evaporation, high
10 temperature 1s preferred. On the other hand, at high
temperature, an unpreferred reaction (for example, the
production of ethers) may occur tec produce a complicated
alkyloxytitanium. At low femperature, 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.
Depending on the compounds used, the melting point
and the like vary, and therefore, the temperature may be
changed in this range if necessary.
20 The step (YY) is preferably carried out in a liquid
state and is preferably carried out alt a temperature at
which the alkyloxyibitaniuwn produced is in a substantially
unt form lioguid aetate.
In order to keep the reaction temperalture constant,
25 a known cooling apparatus and heating apparatus may be

installed in the reactor for performing the step (Y).

101981



- 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 mass or |ess, preferably in the range of
5% by mass or 5 nore and 10% by mass ofl$ess. [023].] The

aryl oxytitani um conposition in the present enbodinent is a conposition in
whi ch the content of the diaryl carbonate is adjusted preferably to 20% by
mass or 10 nore,rheonespreber abley sto «50% e STRES) Of1d MYy &n ithd he/pe

aryl oxytitani um conposition. The upper limt value of the content is not
particul arlof liitm tedpdutdd gysddr E@xanpbeyo 9bhdy sissherrdéessiomhen t he
aryl oxytitani um conposition in the present 15 enbodinent is used as a
conposi t i orsfurenr ansf ergaathieorcomramraofutde diarytachtbonates iatthe
conposition is preferably 20% by nmass_or nore, nore preferably 50% by mass
or nore, amd*eVeErf nore priefteriabllys H0bb bye frassrdvl viokie dhed ©5%Wbyofrass or
less, ip terns of the ease of 20 dissolution when the aryl oxytitani um
conposi ti o ist ST19 diF it! 72 t P Tt ehtP ot s et di alyP &l Bonst s | ow
high tenperatu-- is requ i.recisolving the ~exanmple, Fries |

rear r angement?y" Oafnd”lcﬁ uldl i (R Bt e 2@“%0%6%“‘?1 P el deyrade (for
exanpl e, a decrease in catalytic activity). TJTherefore, the content of the
- 134 - di a{)&%ﬁec%rﬁggna]tneqihso praar[}qecucffarq 'y(y%rl(efaer%%l‘f;‘@o}é%%y( "é%‘ﬁﬂ)trenore.

[ 0232] pééyk%fhrt&e_ aryl oxytitani umconposition in the present enbodi nent
is a conposition for storage and/or transfer, a content of a conpound
having a salgioyjate ester structure in the aryloxytitani um conposition in
t he present enbodinment is preferably 1% by nass or |less. The lower Limt

value ob the conhestabsraol opartiveul@Esy dence time in the case of a
continuous precess) is not particularly limited and is
usually 0.001 te 100 hours, preferably 0.01 to 80 hours,
and more preferably 0.1 to 50 hours.

It is preferred to sample the evaporated liquid or
15 the residual ligquid and continuocusly carry out the step
until the alcohol is in a desired range.
[0200]
An inert gas may be used.
Cxygen is an unpreferred gas component because it
20 has an oxidation acticn. Tt is preferred to replace
oxygen, air, in the reactor {the apparatus [or carrying
out Lhe step (Y1) by an inert gas belore Lhe start of the
st an,
As the inert gas, for example, nitrogen, helium,
25 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.



10limted, but is, for exanple, 0.02% by mass or nore. [0233] It is
preferred that in the aryloxytitani um conposition in the present

enbodi ment, a content of the above diaryl carbonate is 50% by nass or nore
and 95% by 15 nass or less, and a content eof the conmpound having the
boiling point of 150C or less is 1000 ppmor |less. Such an aryloxytitani um
conposition can prevent the clogging of the storage tank, the piping, the
punp, and the,}iKke during storage and transfer, can prevent a decrease in
20 catalytic activity which occurs during |long-termstorage, and is

preferred as a gatalyst fofeaqpioduction. of & di a.L:yd.¢arbopatey,
Exanpl es of the conpound having the boiling point of 25150C or | ess i ncl ude

al cohol s, siieh @sn etiangl 5o etihanednd Propanol s (Lsoaeesy, butanol (isoners),
and pentanol (isoners), water, and titaniumtetrachl oride. The boys - 135

- al cohol s are, speriexanplie,, IMPWdEtieIeaM aided ds t hanal kyd axyti tani um
and those produced by the reaction of the al kyloxytitaniumw th the
aromat i & nonphyadrioxy tconpoundor&fH23b]agitat Ihe conkent ofdthedeonpound
having the boiling point of 150C or less is nore preferably 0.001 to 1000
ppm even riores pref eyablgt K1l tan 500 ppriunn reactor, Thedasyl bkytitani um
conposition as described above 10 can be obtained, for exanple, by the
above- descridbedhretthdt Ferd produsi nggther af il bxgtdpant uaf corposhei on.
[0236] The ary|oxytitani um conposition produced by the
usea irn combination, if necessary.
A type of a condenser provided in the reactor is not
10 particularly limited, and a known condenser can be used.
For example, hitherto known condensers, such as a
multitubular cylindrical condenser, a deouble-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 outside the reactor and connected to the
reactor through piping. Ccnsidering the types of the
reactor and the condenser, the method for handling the
condensate, and the like, various configurations are
20  employed.
A materials lor the reactor and the condenser are
nol particularly limited, and known malbterials can be usad.
FoL erample, Yiass, stdlnigss steel, carbon sieel,
Hastelloy, a substrate subjected to glass lining, and a

25 substrate coated with Teflon {(registered trademark) can

be used.



met hod for producing the aryl oxytitanium conposition, 15 conprising the
step (1) as described above, has the property that even if it is
transferred and nelted, thernmal degradation, for exanple, discoloration, a
decrease in catalytic activity as a catagyst for a production of a diaryl
carbonate, and the like are less 20 likely to occur, and degradation during
storage, for exanple, discoloration., a decrease in catalytic activity r

Jyst.odul 01 d di;ary. 1 GaHagN. @tues,mtcdgf [aquZ(i’S?L]h(?Z Further, an

aryl oxytitani um conposi tion nor & sui'tabl 6 'for st or'dge And/ or transfer is

obt ai ned in-l“éxﬁéf?S%‘ﬁééaM&'i‘g%%@aﬁ,%eef(%f%f?d‘?g&&! bed step (C) in addition

to the step (1) o step O course, it is

preferred to usqpthe aldyl-0xd RN WRLPaAsIt] oy obtal ned.in. the step (X)
and 5 the step (Y), in carrying out the above-described step (1) or step

(A). [0238]thermonkhe:ar YAoxyikddani phio co0Posht i o1: 9bt aj ned-Hy,t hg
above-descri bed production nethod is preferably an 10 aryl oxytitani um
conposi bi onratepriesented iy t hend ol | @wiargn o mubag K@3)dand/ 98 (24). [ 0239]
[ Formula 271 TihG (OH)j (0Ar) k 15(23) [0240] In the above formula (23),
Ar0 represemntgiittel.gr dop hepresent édoby tee haheye-cdescradbed 00 mi@
(Aril)), h represents a positive nunber of 1 or nore, j is a

a heater, may be used. Also for cooling, known methods,

such as natural cooling, cooling water, and brine, can be

used,

10 [0202]

Certain steps may be added to the above step (Y), as
required.

For example, a range cof 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 alcchol, 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
aaditionally the step (O), using the alkyloxviitanium
CORPUSILION oblalined Dy perliorming the above-described
steps (X)) and (Y).

) The above-described steps (1), (A), and (B) comprise
the step of reacting the organic oxytitanium having the

R-O="T1 linkage, the alkyloxytitanium, or the



20 positive nunber of O or nore, k is a positive nunber of 1 or nore, and
is a positive nunber of nore than 0, and h, and k satisfy 45 = 0241

[ Formul a 28] 25Ti pOg(OAr)r (24) [0242] - 137 - In the above formula
(24), Ar0 represents the group represented-by the above-described formul a
(Ar0), represents a positive nunber of 1 or nore, r is a positive nunber of
1 or nore, and g is a positive nunber of 1 or nore, and p, g, and r satisfy

4p - 29 + r d.2p .2 =r. ... The aryl oxytitanium conposition in the

P ecent ot iR R dim with S PR AT ST e baoar tr b
conprisin h ryl. j. i Q iti.o 0_.pro by.the . .
abgee-desgré%ﬁiﬁ%&%ﬁﬁ%@d%ﬁ%npggaUC|ngiéﬁé}{b' ”égéf? aﬁgag¥é%%p%%%?}on, and a

diaryl carhonat@ind 0243Lever, it TREKHOLM iR ,:-%ﬁﬁﬂﬂ%%ﬁ%ﬁ the .
aryl oxytitani um conposition in the present enbodi nent nay be a solid form

15a |iquid far mhof 2 &divdod onMyhich Mreferably; | miggas; of fpe ease of
renmoval fromthe container after transfer, the formis any of a flake form

a pellet farmtia powdert formdihat ddpahen dhe:ias ydpxyy i t entuen seaposi tion
is solid, a state such that 20one lunp is 100 g or less is preferred), and
a liquid faramerB0244]doRe nqf arago LenperiiS 240 hd Lyen X 9= 200G, h#&t hi gh
tenperature, an unpreferred reaction, for 25 exanple, Fries rearrangenent,
may occur. CTifersefegragie tdve stcorage tlemparataleon sigrefrrabtlyanget he range of
-40C to 18%%?£Hﬁre preferably in the range of -40C to 1200C.
<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 point 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 beiling component also includes an alcohol
20  and the like, but the main point in the present
embodiment is that the low bhoiling component is a
component. containing a Ti atom, having the lowser boiling
point than thal ol Che diaryl carponate,
[0205]
25 I the aryloxytitanium composition containing the
above component having the lower bolling point than that

of the diaryl carbonate is used as a catalyst for a



- 138 - The storage time 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 5tine is
preferably 0.01 hours to 50,000 hours, ipore preferably in the range of 0.01
hours to 40,000 hours. 10245] The transfer tenperature is in the
range of -40C to 200C, though it al so depends on the conposition rati o of

10,1 21 Y\ GXYHL LU £OTPREL L) 00 Lhe, SLLUCELLE, Ol 2L gyt it ant um

[
and the like. At high téenperature, an unpréfe reactl
Fries rearrangg t,tH@YLQ§§&EedT@§£?69r8ar%8§a££aﬂ§fSélgngergh reis

preferably in t range of -40C to C, nore preferably Tn t e range of

-40C to 120fhen m, dher ¢ anshiesndigei s 00k Lkt edyangd 8y, hepn the
range of 0.01 hours to 20,000 hours. If transfer is over too |ong a period,

an unpr ef ermett reastdon payy OSehisn gt aduahé ypoThesef oreiohhea20t nansfer tine
is preferably 0.01 hours to 10,000 hours, nore preferably in the range of
0. 01 hodrs #bow, 000D howus ste Ddct hehykoxyhi tdoefi neporéstn 0246} 28 <Met hod
for Adjusting Aryloxytitani um Conposition> - 139 -
molecular weight.
In the present embodiment, the above-described
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/or 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]
[Aryloxytitanium Composition]
The aryvioxyvtitanium composition in fhe present
crpodlinent s @i aryloxylliankum composliion comprising
an aryloxytitanium, and a diarvyl carbonate, wherein a
25  content of titanium atoms constituting the above
arylozytitanium is 1% by mass or more and 15% by mass or

loss,



The aryl oxytitani um conposition in the present enbodinent is a conposition
contai ning an aryloxytitaniumand a diaryl carbonate, as descri bed above.
The content of each conponent nmay thus be adjusted 5 by a known net hod.

As a preferred adjustnent nethod, the foll-owing step (c) will be described:
[ 0247] the step (c) of adjusting the conponent ratio of the 10

aryl oxytitanium and the diaryl carbonate. In order to stably use the
aryl oxytitani umlwhtehg\§ or%eir%tanr.ati 0.1 s adj.usted. A .cont ent of

(ofe] . )
. . I . ium o S Ls als 3 .
titani um atons contained Pn thé ar ylco>1<n it ani umi's aadcious ed’t be in the

range of 1%.Mhy JT8Ss . re 04 msSSs o} rably in the
range of 5&36’?)?/61%55 or a%rordgpaﬁaﬂ%g%}éayf%%@rcﬁe%ésgélOIP ikg(g%%?ént of the
diaryl carbga® is preferably adjusted to 20% by mass or nore, nore
preferably to 50% by mass or nore, in the aryloxytitani um conposition. The
20 upper limt vakueopbohlereoptrenhel S Mot Raritdeular Iabdddd tedhbutnis, for
exanpl e, 95% by nmass or less. The he anly ny the dand 13i 3sL.:(_3J. 66.

The conbentthrayeesad) ustred iyeraddiingl anotdresc 28eoimonent. (a sol vent or the

like). The conditions and the like of the step (c) are s.im.lar to
t hose: ..) .y itche tNoveOpir()C) . - 140 - [0248] [Method for Stabilizing
Aryl oxytitani um ] A nethod for stabilizing an aryloxytitaniumin the

present enbodi mBht OEERPECs8S Ya ogvép tefh Lpgadtsi my edre ralddyd oxeetd taemium
conposition with an aromati c hydroxy conmpound and evaporating an al cohol as
by- pr oduct 2 ERYSHiHAEt i iF 00 i g obthe i ey ketidel eyl Wkyt i t ani um
conposition stesp (A));. and a step of adding a diaryl carbonate to the

above crud& ARASHEY At ant Ui athsositt ginpod iment.
10 [0208]

The aryloxytitanium constituting the aryloxytitanium
composition in the present embodiment is preferably an
aryloxytitanium having at least one Ti-O0-Ar linkage (Ar
represents an aromatic group and is specifically as

15 described above).

The aryloxy group (Ar—-0- group) 1s 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 preferred that
the aryl group constituting the diaryl carbonate, and the
above ary] group are the same type of arvl group.

i other words, iU is preferred thal the aryioxy
group 1is the same aryloxy group as the aryloxy group

25 constituting the diaryl carbonate.

[0Z209]



10 and evaporating a conponent having a | ower boiling point than that of
the diaryi carbonate, together with the diaryl carbonate, so as to obtain
an aryl oxytitani um conposition (step (B)), wherein an anount of the above
di aryl carbonate used in the above stepz¢B) is 0.1 to 50 15 nol ar
equivalents with respect to total noles of Ti atons contained in the above
crude aryl oxytitani umconposition, and the tenperature in evaporating the
conponent havi ng.th il ing point than that of the diaryl carbonate
in the above stgr?e( %)ﬂyﬁ‘é‘%{y#{t aglrljgﬂngceonﬁ?o%O 1o ]2%01 ¢ 2@[905% In the
met hod for stahidnd 2l ng,the; at }’éz@é(yéftlﬁ@f%'"%fm&ﬁ ¢l e8ffuh, enbodi ment , 1 the
at r ' ' n L. LA) CAJ11/4 u INIL. cAHUVt(6)d contenlL or titaniumatons is
1% by mass or mote %ﬁ@l&?t@taqﬁ% Qfordrl £SShofnth a 1o &Me,0f the diaryl
carbonate is preferahty 20% by mass or nore, nore preferably 50% by mass or
nore and 95%fibydimRas: Qfay €SSwprise I#lpturality THe eppsstoef the above

di aryl carbonate used in the above step (B) is preferably 0.1 to 50 nol ar
equi val ént s3rynomey prefrenabl y Th itso 120 baslear cequineal fendts, tiwiit hi o espect to the
total noles of Ti atons contained in the above 5 crude aryl oxytitanium
conposi ti orifficuliA tenpérEt Une iime exsapot at § ngethee cofipenent having a

| ower boiling point than that of the diaryl carbonate in the above step (B)
is preferabtyy igetthie aainge of 50C to 250C, nore preferably in the range of
80 to 250C. 10[0250] In the aryl oxytitani um conposition obtained in
the above step (Bp, 4ittylogVidPerved ithat 1He lcontiertarofut i amanait ons i s
1% by nmass or nore and 15% by mass or |less, and the content of the diaryl
carbonate i% Z0%By A5 Ifdss or divie, 41 i%a’?rg?% LRfeTFeUEE hdt the content

of titaniu t 1s.1% b ss or nmore _and 15%.,by nass or |ess, and the
conten?Bof n;]ﬁre&g?ér Jleda ﬁgn t'e 4-§"50% by “ras olrtyﬁ'@ree Ca?ﬁ‘}?qé’é‘ﬁg'by nmass or
| ess, and it is-fur L .preferr t the content of tjtaniumatons is 1%
by 20 mass or m%Eng %Hglf%%%ﬁg ar?gg}gn %?)tnlteaggm%gﬂg’ t hé’ cdd:ﬁitj‘eoﬁ(tytolfmatrhlembi aryl

car bonat e i%f0%ihY; dIRSS: QT8 Andk 9RBAY; fmSS Or L . 9251 The steps (A)
and (B) are as described above. The

aryloxytitanium having at least one Ar-0-Ti linkage and

may be a polytitanoxane having an aryloxy group.

15 [C210]
The above-described polytitanoxane having an Ar-0-Ti
linkage can be preferably used as the aryloxytitanium
contained in the aryloxytitanium composition in the

present embodiment. As described above, it is extremely

20 difficult te isolate the polytitanoxane for determining

the structure. Therefore, the polytitanoxane having the
Ar-0-11 linkage herein is a polytitanoxane composition
Gavitig ain AcoUslL LinRkdage, contailning a4t ieast one or

more types of polytitanoxane having an Ar-0-Ti linkage.
25 A monomer structure having an (Ar-0-)};Ti structure

may be contained in this composition.



25 nmethod for stabilizing the aryloxytitaniumin the present enbodi nent may
conpri se the above-descri bed step (C). Further, the above al kyi oxytitani um
conposition nmay be - 142 - the al kyl oxytitani um conposition obtained by
sequentially or simultaneously perfornmng the above step (X) and step (Y)
According to the above-described stabilization nmethod, when the

aryl oxytitani umconposition is stored or transferred, the clogging of the

storage tank, t iping, the punp, and the |ike can.be suppressed, and the
activity of the@r%la%f% é)rr}iyt}plml{gjr?pxodsq icbonmpa%sjg'%% al?‘%‘fmgst’kﬁ%i Zgfai ned for

a long peri@dy; 10{0252] s tgﬂé"fgﬁq{” Pfﬁgﬁ%gﬁo%’@wgn%b%ﬁ éiti]pnt hglext,

a step of producing a diary onat e, one applircation o

aryl oxyt it an WA£QMROsd A4 oftbdb fhen Pr eseptc eabedi grent combbb : Peogescri bed.
15A nmethod for producing a diaryl carbonate in the present enbodinment is a

net hod for qraduging endiasyd casbonat @xqgpsk ngrtper phevezdeseni bad

aryl oxytitani um conposition as a catal yst, conprising performng
transesteri¥ilaii omandidi Spt oporld¢onat ifero,eadtd onsle 20vausigrg a di al kyl
carbonate, an aromatic hydroxy compound, and the above aryl oxyt.itanium
conposi ti omemoaset el anyr P21UME) - iarddtexvintdnat dasbonatd eanvhe
efficiently produced. 25The aryl oxytitani um conposition. can be used

wi t hout [0211]

When the aryloxytitanium composition in the present
embodiment is used as a catalyst for a production of a

10 diaryl carbonate, the aryloxytitanium composition in the
present embodiment preferably contains a polytitanoxane
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 polymerization 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 ar less, more preferably 2 or more and 8 or
less.

20 As the mole average degree of polymerization
increases, the structure is more varied as previously
described.

The abtyiodylitaniun constituting the aryloxyillaniwg
compasition in the present embodiment is preferably the

25  polytitanoxane having the Ar-0-Ti linkage represented by
the above formula (21).

[02172]



being limted to the followi ng conditions. [0253] - 143 - First, conpounds

used will be described. A diaryl carbonate is obtained by reactions
including formulas (El) to (E4) described later, using a dial kyl carbonate
and an aromati c hydroxy conpound as fawbmateri al s. It is known that

using a catalyst at the time is effective to inprove productivity, and the
aryl oxytitani um conposition in the present embodinent can be preferably

used as the catalys t i tani um
conposi tion obtalﬁé Bh' ejg?%]ﬁgqﬁ%ﬁlnegﬁ g’ﬁ%tt eéﬁ?§5e ﬁ%ﬁdphent, as
the catal ystondys usi g ﬁ’ycth'l(;a @éﬂ@temﬁ&%%ﬂdug Ixéfé(f%ef(??a iaryl

carbonate can be inproved. 54] 15(Aromati ¢ Monohydr ox npoun

The aromt|mldwleom@%mwe@é m e et hadc for produci ne ?%%

diaryl carbonate is represented by the foll ow ng general fornula
[ 0255] 20[ For mHea 29} veArddOn(B) (22) In the above fornmula (31) Ar |
represents an 25 aromati c group having 5 to 30 carbon atons. Exanpl es of
such ansar olf&tlit) group include a phenyl
As described above, the polytitanoxane having the
Ar-0-Ti linkage that can be applied as the
aryloxytitanium constituting the aryloxytitanium
composition in the present embodiment is theoretically a
10 particular polytitancoxane having an Ar-0-7Ti 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 polytitanoxane having the Ar-0-Ti
linkage that can be applied as the aryloxytitanium
contained in the aryloxytitanium composition in the
present embodiment is preferably the particular
20 polytitanoxane having the Ar-0-Ti linkage represented by
the above formula (21) and/er the above formula (22).
The polytitanoxane having the Ar-0-Ti lLinkage
Contalined Ln e arysoxylilanidi conposillion in the
present embodiment may be in the form of an adduct to or
25 a mixture with ArCH, wherein Ar represents the above-
described group.

[0214]



group and vs al kyl phenyi groups, as phenyl, - 144 - tolyl (isomers), xylyl
(i sonmers), trinethyl phenyl (isoners), tetranethyl phenyl (isoners),

et hyl phenyl (isoners), propyl phenyl (isomers), butyl phenyl (isoners),

di et hyl phenyl (isoners), nethylethyl phehyi-(isonmers), 5 pentyl phenyl

(i somers), hexyl phenyl (isoners), and cycl ohexyl phenyl (isomers); various
al koxyphenyl groups, such as net hoxyphenyl (isoners), ethoxyphenyl

(i somers), Jo' yphenyl,(isoners); various hal ogenated phenyl groups,
such as f|u§?63ﬂ§%31 (ISOﬂé?g), chl or ophenyl 10(i soners), bronophenyl

(i soners), chlorg(deihyl)iphentortsomeiSaiand i chiorophenyl (i soners);
and various substituted phenyl groups represented by the foll ow ng general

formul a (32xyl&2p7] ¢ &5 kerdath@ 30]ioh 32) {0258tesent ehBotibgehormil a (32),
A represents a single bond, a divalent.such as 0 dl kyl pnn nrainr,

r epr esent edstoyw:t hien fidld avbange (B3)npuls a2€ycl oal kyl ene group represented by
the followng (34). The aromatic ring nay be substituted by a substit ent,
such as>a | owe¥olal kyl group, a | ower al koxy

When the aryloxytitanium composition 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 targeted diaryl carbonate, and the aryl

10 group constituting the above-described aryloxytitanium
are the same type of aryl group.

[0216]

The above-described diaryl carbenate preferably has
high purity.

15 Examples of impurities that can be contained in the
diaryl carbonate include aromatic hydroxy compounds,
water, alkylaryl carbenates, and dialkyl carbonates.

Their contents can be determined by checking the
solubility of the targeted aryloxytitanium in the diaryil

20 carbonate containing the above impurities, and the
hydrolyzability of the aryloxytitanium.

Un the other hand, examples of compounds unpreferred

G AR UL LIS DNl LudE AUGnaGlid DOLYNYAQUORY CJdinpouilas,

phenyl salicylate, and phenyl salicylate carbhonate. A

Mo
[l

content of these compounds is preferably 0.5% by mass or

iess, more preferably 0.2% by mass or less.



- 145 - group, an ester group, a hydroxy group, a nitro group, a hal ogen,
or a cyano group. [0259] [Fornula 31] R6 R4 RBR3 Rs ( 3 3 ) [0260] In
the formula (33)" R4, R5, and R6 are each independently a hydrogen atom a
| ower al kyl group, a cycl oal kyl- graoup; an aryl group, or an aral kyl
group, and 10 nmay be optionally substituted by a hal ogen atom or an al koxy
group. [0261] [Formula 32] (3 4)

The diaryl carbonate may also contain a Ti-
containing compound having a lower boiling point than
that of the diaryl carbonate. The Ti-containing compound
can be removed during the step of evaporation together

5 with the diaryl carbonate. That diaryl carbonate may
also contain an aryloxytitanium. The aryloxytitanium is
preferably the same type of aryloxytitanium as the
aryloxytitanium.

(0217]
10 (Method for Producing Arvloxyltitanium)

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
aryloxytitanium by dehydrochlorinating titanium
tetrachloride and an arcmatic hydroxy compound, and a
method for obtaining an aryloxytitanium by dealcoholizing

20 an alkyloxytitanium and an aromatic hydroxy compound can
be preferably used.
0218

AMGig Lhen, Lhie method usiiiyg ain alhkyloayllianium can
he preferably used.

25  <Method for Producing Arvloxytitanium from

Alkyloxytitanium>



[0262] 't.he abovefon I( 4),of 3 to 11LAIL iyurugcii ctLao flay bu repiau.6
by a iowel alkyl group, an ant group, a halogen atom or the |ike. [0263]
20Exanpl es of the conpound shown in the above fornmula (32) include a

npht hyl group and various vel bstitutedl2? 146 - naphthyl groups, such as
napht hyl (isoners), nethyl naphthyl (isoners), dinethylnaphthyl (isoners),
chl or onapht hyl (i soners), nethoxynaphthyl (isoners), and cyanonapht hyl

(isomers); and v@fioWs substist ut ﬁs%t%%qi F4nsubs 1??@‘1 ed,hgtero aromatic
s), | oners),

groups, such as pyridine (isoner counmary i gui nolyl (isoners),

met hyl pyri dyd1 (dSiQnErSep CH)OTOPYId AN {d S@Mer sy 1 iyl coumpryhy{igoners),
and net hyl gui nolyi (isoners). Preferred exanples include phenols and

cresol . A L m-ef-arir ed rarQmt ivh SR Y roxX ya € (POKINdy i Su@N @1 Omed i C
nonohydr oxy conpound conprising the sanme type of aryl group as the aryl

group constatautatng: trhelaryl oxontpduand umeonpeosi tiore 4026 odb (dprabky!
Car bonat e) The di al kyl carbonate (hereinafter also often described as
an al i phat ity car bondtce)y usedii:n the step of producing the diaryl carbonate
is represented by the following formula (35). 20[0265] [Fornmula 33] O
the step (a) of reaclting an alkyloxytitanium with an
aromaltic hydroxy compound and evaporating an alcohol as
by-product, by distillation, so as to obtain an
aryloxytitanium.

10 When the above step (a) is carried out, the boiling
points of ROM derived from the alkoxy group and the
aromatic hydroxy compound are compared, and the
alkyloxytitanium and the aromatic hydroxy compound used
are selected.

1o [0219]

A tetraalkoxytitanium, and a polytitanoxane having

an alkoxy 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 aryloxy group is
replaced by an R group can be preferably used.

The Ti atom of the alkyloxytitanium is a tetvavalent
Vioabom, and the TL oatom s bonded to four CRYGED aloms.
The R group is preferably an alkyl group containing

25 1 to 6 carbon atoms, more preferably 2 to 6 carbon atoms.

Still more preferred examples include an ethyl group, an

isopropyl group, and an n-butyl group.



(35) [0266] 47 In the above formula (35), R represents an al kyl group
having 1 to 10 carbon atons, an alicyclic group having 3 to 10 carbon
atons, or an aral kyl group having 6 to 10 carbon atons. 5[0267]

Exanpl es of such a dial kyl carbonate- a3 ng Rl include di methyl carbonate,

di et hyl carbonate, dipropyl carbonate (isonmers), dibutenyl

car bonat e

(i soners), dibutyl carbonate (isoners), dipentyl carbonate (isoners), 10

dinexyl carbonate, (iaamers), diheaiyl. Gahonat e diBonEr s)y daGA o

carbonate (isoners), dinonyl carbonate (

onate

(isomers), rﬁ}la%;J \ORERI urﬁﬁry@qﬂ@;ge,a %%&ﬁ%ylnCu@mbmags%y&lw@f&hoheptyl

car bonat e,

benzyl carbonate, diphenethyl carbonate (isoners),

di (phenyl prapyl )i carbenrate (drsomis)e - H {dhenyd bityl dx lfaqfw@t euﬁagorrers)

di (chl or obenzyl) carbonate (isoners), di(nethoxybenzy

car bonat e

(i somers), idi,( neidhegsreting )arcardoonatte; ol (et hoxy etdyb)e tar benat e
(i soners), di(chloroethyl) carbonate (isoners), and di (cyanoethyl)
20car bohat ergddsonpsy. pArdrg reheseadipdk skylrec @hlpondtsesna osesdin whi ch R

is kyl gr.cup) eferred, hay:1 to 6 carbon t Thy' calLbonale,

uspi opyt

carbonate (liisomerrs),. di butyl carbonate (isoners), 25 dipentyl carbonate
(isoners),{%%% di hexyl carbonate (isoners) are nore preferred. [0268]

0]

As described above, the boilling points of ROH and

the arcmatic hydroxy compound (ArOH) are compared, and a

10 combination in which ROH has a boiling point egual to or

less than the boiling point of ArCH is selected.

The boiling point is the boiling point at the

pressure in carrying out this step and is selected so0

that ROH produced as by-product can be evaporated by

15 distillation.

The reaction conditions and the like of the step (a)

are similar te those of the above-described step

[G2211]

(A).

The aryloxytitanium contained in the aryloxytitanium

20 composition in the present embodiment is preferably a

polytitanoxane having an aryloxy group.

The polvtitanoxane having the arvioxy group

L5

FlLeieldairey o PDOLYLILaNOAaliec Nnaving & alyiUxy Jioup

obtained by aryloxy substitution of a polytitanoxane

25 having an alkoxy group in the above-described step (a).

Particularly, the reaction of the partially

hydrolyvtic condensation of a tetraalkoxyiitanium,



- 148 - (Al kylaryl Carbonate) The al kyl aryl carbonate is produced as
an internediate in the step of producing the diaryl carbonate. 5The

al kyl aryl carbonate that is the internediate is represented by the

foll owing general fornula (36). The alky$aryl carbonate is also often
described as an "aliphatic aromati c carbonate" herein. [0269] 10[ Fornmul a
34] O RLO ( 36 ) [0270] In the fornmula (36), Arl represents an aronmatic

group having,5 10 30 Gaf Fa%g%mﬂbgcﬁpg@%n@t an o aLkyl group having 1

to 10 carbon atons,” an alicyclic group havi carbon af o8, or an

aral ky] graups havidig 6410 A0 Gar honat s o f 02741 Ay @l ¢ phath, gl ¢op

asrenoved in - 2.0 gas state, and aronatic carbonates produced are ?Lnnved
in a liquid statig d rremitihe, | ower portion of the colum. Therefore, it is
preferred to carry out the

[0222]

5 The alkyloxytitanium used to obtain 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
composition 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 polytitanoxane

15 having an alkoxy group 1is used, an aryloxypolytitanoxane
is obtained.

The step (a) comprises the step of reacting it with
the aromatic 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
considered that the average degree of polymerization does
OGU Changa.

[0224)
25 The aryvloxytitanium composition in the present

embodiment is suited for storage and/or transfer.



reactions, with a conbination in which a boiling point of the alirhat i.e
al cohol as by-product is lower than any of - 149 - the respective boiling
points of the aliphatic carbonate that is a starting naterial, the aromatic
nmonohydr oxy conmpound that is a reactant3canhd the aromatic carbonate that is
a product. 5An exanple of such a conbination is a conbination in which the
aromati ¢ nonohydr oxy conpound is a phenol, and the RI of the aliphatic

carbonate is a sat ur at %}d al_i phat i]%x%]rfolq“p havi ng 4 t Q5. cq{igq%n atons. Wen

t he boiling poi ntengfrat‘]‘hé/’ala@oﬁgly as by-‘ﬁ‘rnoldlﬁ“ct 0 ‘deCi'dases’  t he

tenperatur &, i ff,6r Zﬂﬁﬁr{ betyeen, tél@sé#@i@ﬁﬂ/té‘ffppé%gm o5 e?n%%%i Il ation

col um i ncreases, us, the reaction rate nmay argely er ent

bet ween the stagesaf  hgrdist hlaljon @My 4% andero e ki@l i, t he
aromatic carbonate in"a higher yield, a conmbination I5 in which the

aromati ¢ nmonohy€ Xy o mpopnd: j1si @aphanatan ang thenRepfedhecakiphatic

carbonate is a saturated aliphatic group having 1 to 6 carbon atons is nore
preferréd. d0272]a20khe mhovwe:agsos,| beds prodics | o net dode 11sg az met hod f or
produci ng an aromatic carbonate continuously produced, and rrafPfofe, a
smal | ari (idioof gsedotriaore )product siangd Ldecnt kieo nmyp benf edstogether to a
continuous nmultistage dist:illation colum, together with the aliphatic 25
car bonat e angradws arionetd drarshyel ox yh@ohpoemdin Exanplest ofesuch reacti on
products include the same type of al cohol as the al cohol as by-product,
al i phatic Howegpr, for example, transfer to a place where theé

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 arvlioxytitanium may be
degraded by heat.

15 [0225)

In addition, the solidified aryloxytitanium is very
hard, and an expensive facility is also necessary to
pulverize the solidified aryloxytitanium to make heat
conduction better.

20 Further, an aryloxytitanium compesition containing a
compenent having a lower boiling point than that of a
diarvi carbonate is often more susceptible Lo thermal
dqegradation, and che low Doilling component may aiso
adversely affect the container and the like used for

25 transfer.

The aryloxytitanium composition in the present

embodimnent is intended to solve the problems during the



aromatic carbonate, diaryl carbonate, ethers subjected to a decarboxyl ation
reaction, and a Fries rearrangenent product of the aronmatic carbonate.
[0273] 5An anmount of the aromatic nonohydroxy conmpound that is a reactant
in producing the diaryl carbonate can bé&lin the range of 0.01 tines or nore
and 1000 tinmes or less an anmobunt of the aliphatic carbonate that is a
starting material, in a nolar ratio. 10The reaction of the aromatic

monohy dr oXys € OMRUNGh G /o tmmpr&%yuf@@pw&wm}ml%vménOIttD&‘

15i ncreases, a reactor is advantageously having a large volune i1s

required, @b ad ange disdd H at | 90 o) iy angd thecddkesaze also required
for the subsequent separation of the product. Therefore, the anpbunt ratio

of the reactantodio tdre siardicngagmtesiwd disopsef ef abl yomnatherr ange of 0OL1
times 20 to 5 times, nore preferably in the range of 0,5 tines to 5 tines,
as expressewreimdarirdatdiotof 4 heontainer for transporting the
5 compesition by land or by sea) having an internal volume
of 200 L or more, and a composition for transfer to be
transferred in a container {a container indicates a
container for transpcorting the composition by land or by
sea) having an internal volume of 200 L or more.
10 [0226]

The aryloxytitanium composition in the present
embodiment is a composition comprising at least one
aryloxytitanium and further comprising a diaryl carbonate.

The at least one aryloxytitanium is selected from a

15 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

20 aryloxytitanium contained in the aryloxytitanium
composition in the present embodiment is the
polyvtitanoxane having the Ar-0O-T1i linkage represented by

[ P N R Fl R B P
- da s VRS g Ao daadiid i [ R

10228]
25 The peolytitanoxane constituting the above
polytitanoxane composition preferred as the

aryloxytitanium constituting the aryloxybitaniuam



reaccant/sta:no As described in Japanese Patent Laid-Open No, 2000-

307400, when a starting material, a reactant, and a 25 catalyst. are fed to
a mddle stage of a multistage distillation colum in the production of the
aromatic - 151 - carbonate, precipitation and cl oggi ng may occur in the
mul tistage distillation colum. The reaction for producing the diaryl
carbonate is an equilibriumreaction as descri bed above, and a 5 reaction

distillationgeihqd Using i 96,00 Sh4hdat i on £ol j sui tabl e
in which the nﬁe%%ﬁﬁ%b#f ul%gcig)n(g}ogelt(’gsr%arg{ugil%&gsmcf%edp%y&r%ﬁon%ir%ge{r%g'ﬂél cohol

as by-produgte fyomtihe dBaatd o syst efe l0--of-der 1 01E& Yr &Yt B8 88t hod,
it is essential that the 10 catalyst is present not only in the colum

bottom of tihe und tdistwageydicsatdl | atinanico{zam, but also in nultiple, i.e.

two or nore stages of the continuous nmultistage distillation colum. [0274]
150n the ot her Bahdtaasidéderi bhéd ahdwe,itwhenxarhke heatialgy sthd saf-ed-1i0 a

st age above the colum bottomof the multistage distillation columm,

preci pi Pat ilomkawe dltoggiar ey agcured mg henanupte Staged distihé ati on col umm.
The present inventors have studied diligently, and 20 as a result,

sur pri si ngl3F ¥iound: it uh Gerods'e whigke die aliphat el kai bohat e, an aromatic
nonohydr oxy conpound, and a catalyst are used, even if the a tartang mat(

t he react arfi®™Bhd TR ddt AR P LG e PG EHEIT t10° Pt UgeeAbeve E he bott om
of a multistage distib%ation.ZS colum in a certain range of the feed ratio

of the aliphatit ‘dar bt é%oel%%?r}%xaﬂ?e ST g rt ittt het At ot fic
nonOhydroxﬁﬂpqu¥%gg% EJH%&Q&%%@J“%&”t%J“%bove formula (21) and/or

10 the above formula (22}, as described above.
[0229]

The aryloxytitanium in the aryloxytitanium
composition in the present embodiment is preferably an
aryioxypolytitanoxane. As described above, the

15  aryloxypolytitanoxane is substantially an
aryloxypolytitanoxane composition containing cne or more
types of aryloxytitanium having at least one Ti-0-Ti
linkage in one molecule.

Preferably, the average dedgree of polymerization (h

20  or p) is preferably 12 or less.

The average degree of polymerization is more

prefervapliy 72 or more and 8 or less, considering
Cwabiliity, stablilily, and use as a catalyst for a
production of a diaryl carbonate.

25 [0230]

The aryloxytitanium composition in the present

embodiment is a composition comprising the above



- 152 - nmultistage distillation colum resulting fromthe catal yst, and the
formation of a precipitate in the nmultistage distillation columm structure
are far less likely to occur, and reaction distillation can be carried 5
out, and therefore, the yield of the ardimati c carbonate can be increased.
In other words, it has been found that by feeding a particular aliphatic
carbonate, aromatic nonohydroxy conpound, and catalyst to a stage above the
col umn bot (R/L0 kol & i, S1ia0k dinptdild akin Col ity AN, cantypoys! y
removi ng an aromatic cdrbonate corresponding to the starting material and

the react anthe idd A dritquid (Stiatg,unf romdde d ower Rardd on o, the col um,
whi |l e continuously renoving a | ow boiling conponent, such as an al cohol as

15 by- produgtjusteche o eactiromhd N ah@as Stiat &y s Hfot o Feactd onssyst em
the clogging of the nultistage distillation colum is extrenely |ess
likely to dagcurssand react,i gnadiestdadlvatirontean deyadvianadgepusdys carri ed
out without the azeotropy of the aliphatic carbonate and 20 the al cohol as
by- pr odiict reaned atrlde larormt ire scardbonatsss .can be produced in a high yield, The
, gm-onh-1,-) of the react anti tot h stay material LOU COuU e

i nul ai stage di3dtli| . ation colum Is preferably in the range of nolar ratio
of 0.5 to 5. 25[0275] . .The al cohol, the aliphatic aromatic carbonate,
and the diary" ¢APbBRALEXYAAJAPRET FREPPRat 18P e 18l [FNSr SFGSESL - 153 - nay
be included in the raw materials fed to the reactor. However, the reaction
s & rever STHRETERCE '~ SRTRHAraREr 6, 1 Hie 'WBnEaHTotT 66 O1° t hese
products arg.toq high, the reactjon. rate of. the .raw yihal is 5

decr eased, _dﬁﬁi'rgﬁ r“?@%bﬁéla&ﬁprlésf éardrjéﬁ.w% PrEfe st}c,yr beorer?(g]‘b&ye,mgi% Teacti on
for progucing.ar quat r%%g%ggs,te s ar by felated Jo L5, andlor (E2),

anong reactions repre ente “the foll ng reaction f'ormul as (El. to E4).
I'n order taq,pnedyee -am ihRduskidalil -H U@ﬁ%”hpﬁbérﬁhmg%rQ%ﬂ%%eof!t I's

preferred to add and performthe step of carrying out the follow ng (E3)
and the content is not particularly 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 carbenate in the composition is
preferably 20% by mass or more, more preferably 50% by
mass or more, and even more preferably 50% by mass or
more and 95% by mass or less, in terms of Lhe ease of
20 dissoclution when the aryloxytitanium composition is
solidified. 1f the content of the diarvl carbonate is
low, high temperature is reguired on dissolving the
componition, where an unpreferred reactlion may ocour {fox
example, Fries rearrvangement), and the quality of the
25  composition may degrade [(for example, a decrease in

catalytic activity). Therefore, the content of the



ROCOR 0 ROCOV 0 ROCOR 0 ROCOAr ROCOAr + ROH +ROH

(E4). [0276] [Formula 35]
ROCOR ) (E2) (E3) (EA

0 ROCOR Il (E

- 134 -~

diaryl carbonate is particularly preferably 60% by mass
Or more.
[0232]

When the aryloxytitanium composition in the present

("

embodiment is a composition for storage and/or transfer,
a content of a compound having a salicylate ester

structure in the aryloxytitanium compesition in the

o

present embodiment is preferably 1% by mass or less. The
lower limit value of the content is not particularly

10 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 95% 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 cccurs during long-term storage,
and is preferred as a catalyst for a production of a

diarvi carbonate.

Examples of the compound having the boiling point of
25 150°C or less include alcohols, such as methanol, ethanol,
propanol (isomers), butanol {iscomers), and pentanol

(isomers), waler, and titanium tetrachloride. The above



+Ar CH 0 Ar OCQAr + ArCH ROCOAr 0 ROCQAr
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alcohols are, for example, impurities contained in the
alkyloxytitanium, and those produced by the reaction of
the alkyleoxytitanium with the aromatic monohydroxy

compound.

(92

[0235]

The content of the compound having the boiling point
of 150°C or less is more preferably 0.001 to 1000 ppm,
even more preferably 0.1 to 500 ppm.

The aryloxytitanium compositiocn 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 aryioxytitanium composition,

15 comprising the step (1) as described above, haé the
property that even if it is transferred and melted,
thermal degradation, for example, disceloration, a
decrease in catalytic activity as a catalyst for a
production of a diaryl carbonate, and the like are less

20 likely to occur, and degradation during storage, for
example, disceloration, a decrease in catalylic activity
as @ catalyst for a producition of a diaryl carbonate, and

e T Rt S, S Tl e

[T B TS A G S R A (SO NV S G O S

[0237]
25 Further, an aryloxytitanium compcesiiion more

suitable for storage and/or transfer is cobtained by



0 ROCQOAr

and Ar

are each a 2 0 tra sesterification reacti on between nol ecul es of the

(a1

10

20

- 136 -

carrying out the above-described step (C) in addition to
the step (1) or the steps (A) and (B).

Of course, it 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).

[G238)]

The aryloxytitanium composition obtained by the
above-described production methed is preferably an
aryloxytitanium composition represented by the following
formulas (23) and/cr (24).

[0239]

[Formula 271
Tiy0; (OH) 4 (OAr) &
(23)

[0240]

In the above formula (23), ArQ represents the group
represented by the above-described formula {Ar0O), h
represents a positive number of 1 or more, 77 1s a
positive number of 0 or more, k is a positive number of 1
or more, and 1 1is a positive number of more than 0, and h,
i, 3, and k satisiy 4dh = Z7 4+ 1 4+ ko and Zh o+ Z = ] 4 k.

T A
RV

[Formula 28]
11,04 (OAXT)

(24)

0 Ar OCQAr li LUZ/ /] wherein R represents an aliphatic group,
represents an aromati c group. The reaction formulas (E3) and (E4)

154



sane type, and the reaction formula (F4) is usually also referred to as a
di sproportionation reaction. 10278] When each of the reactions of the above
reaction 5fornulas (EI) to (E4) is performed in the step of producing the
di aryl carbonate, one of each of the aliphatic carbonate and the aliphatic
aromatic carbonate may be used, or two or nore of each of the aliphatic
carbonate and the aliphatic aromatic carbonate nmay be 10 m xed and used.

I'n addition, onepak@uaLLGAORCRYENAXY aanPouRd JBY- e ised, Org iy, or nore
aromat i ¢ nonohydr oxy conpounds may be m xed and used. Further,” as shown by

the above preswmtdeacty ahd:dordlas:: tihel arormii£ carbpnpage is produced
by mainly feeding the aliphatic carbonate, the aromatic nonohydroxy
conmpound, arbidercat al ysisithute ansolarenif 1 Mpurmdites, r and Hy- products t hat
do not so adversely affect the reaction may be present. 20[0279] The

al cohol as fwsiprioductuntne it el rleact inonse above q eacforped &t 1wg idinbbey may be
recovered tor recycling and is preferably used for a synthesis of an

al i phat Pc c¢dr Borfat enc 25 Thechald phiat it ar bonat el ¥ stobt athed byardhitherto
known method. - 155 - In terns of the effective use of the conpounds,
it is preférﬁ%dzﬂhat the aliphatic carbonate produced by the reaction

represented by Lge above reactign fqynulqsigE3),anQIor (E4), nore
importantly the &5ov&YfErmultaCESY, PgPosttion in the predent

embodiment is more preferably an aryloxytitanium
composition comprising the aryloxytitanium composition
10 preduced by the above-described method for producing the
aryloxytitanium composition, and a diaryl carbonate.
[C243]
The form in transferring the aryloxytitanium
composition in the present embodiment may be a solid form,
15 a liquid 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
aryloxytitanium compositicn is solid, a state such that
20 one lump is 100 g or less is preferred), and a liguid
form.
(0744
The storage Lemperature is in the fange of ~40%C Lo
200°C. AL high temperature, an unpreferred reaction, for
25 example, Fries rearrangement, may occur. Therefore, the
storage temperature is preferably in the range of ~-40°C

to 180°C, more preferably in the range of ~40°C to 120°C.



5 recovered for recycling, recircul ated, and used again for the reaction
represented by the above reaction fornulas (ElI') and/or (E3), nore
inportantly the above formula (El). In other words, it is preferred
to add the step of perform ng the transdsterification reactions represented
10 mainly by the above formulas (El) and (E2) in a first multistage
distillation colum, then feeding the reaction solution conprising the
aromatic carbonahe ceApygd thpm the,Lewer PeEL anOkhe colum, tQ a
second nmultistage distillation colum, as it is, or after renoving the 15
starting matserjealo rand otihe oieact-antso,pexd ergumng the di sproportionation
reaction represented mainly by the above formula (E4) so as to produce the
useful diaryl carbenhateger ésoebngihhedabivphatce canhonatierpoeduced as
by-product at the tine, in a gas state, by distillation, 20 fromthe upper
portion of unkeediestrield aticon icol umy, cand r.eu$hagefhecal icphatite reacbonat e as
the starting naterial the above formma (FA) after pur li.. 1llw

111, : ncessarye{ 0280t cAs rafmduntd . 6fl tivereattal wét Wided dur ¢ hencabove step of 25
produci ng the diaryl carbonate is usually set at 0,0001 to 50% by nass as
expr essed Bﬁegeﬁﬁggdrﬁpoﬁkﬁﬁﬁﬁ“ﬂ@sﬁ@b@-@é tivel tcottal 4 Qi ghthvfrt he
aliphaticnggrgqnate and the - 156 - aromatic nonohydroxy conpound that are
feed raw é Péls, though it also varies depending on the type of the
catal yst used, the type of the reactor, the type and anmount ratio of the
carbonate and t %ea?%%ﬁ??@rh§ﬂ?8§§aEBHﬁohﬁd%“aEHetﬁ@“ﬁ@a@?i6ﬁoc%nHPtions,
such as re LOon tenperature,and, reaction pressure, and.the |ike. [0281]
The catalygpbugédt?%ue%elgt%ﬁb%fd%?%ﬁﬂﬁiﬁﬁ %ﬁ% 8?§P9Flgé98058fé0d8&cribed
above i$ the.ahoyerdescrinedy, 10 ALylaxytit anium.conpasi ti oy, [Rref erably,
the aryl oxytitani um conposition obtained by the above- escrlbeéaproductlon
nmet hod. Ther¢osposithanuganzalsenbe used asithegsatahystatorethe, ,
di sproportionation reaction perforned in the second nultistage distillation
col um. unpreferred reaction, for example, Fries rearrangement,

may occur. Therefore, the transfer temperature is
preferably in the range of -~40°C to 180°C, more
15 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 period, an
unpreferred reaction may occur gradually. Therefore, the
<0 transfer time is preferably 0.01 hours to 10,000 hours,
more preferably in the range of 0.0l hours to 5,000 hours.
The state of the avyioxviitaniuwm composition in

CransFor mav Mo ool io s e
cranster may o solld ox Diguid,

[0246]

25 <Method for Adjusting Aryloxytitanium Composition>



15The catal yst conponent may be one previously reacted with the organic
conpounds present in the reaction system for exanple, aliphatic alcohols,
aromat i ¢ nonohydr oxy conpounds, al kylaryl carbonates, diaryl carbonates,
and di al kyl carbonates, one heat-treatléd with the raw 20 materials and the
products prior to the reaction, or one |eft by evaporating the |ow boiling
poi nt substance in the heatlent " lue c-citcliyt tar cue production or a

di aryw car bonat gn} nat heo Ry e2 0L BIDOBHEEBOL 8PS hSPR.AN, ERALYI OXYL i tani um

and a diary | carbonate, erein the content of titaniumators constituting

the above embdB8Tmendr YLOXYELERBEUMiLS L% by iMBSS QL none -and 115% by, mass or
| ess. [0282] The nethod for p?oducﬁng a dia#yl ?érgbnaggcﬁﬁqfﬁgéggééent

enbodi nent ahs pr efierabl yaabeetheq eenPEisingepeLieRE NG transesterification
and di sproportionation reactions, using a dialkyl carbonate and an aromatic
hydr oxy conpounthe i oot hen preseaseh ot ompenahovesdessnibpd gatakyst for the
production of the diaryl carbonate, so 10 as to produce a diaryl carbonate.
Wth suth aypeoduewnonehbrhod, the diaryl carbonate can be efficiently

pr oduced. ~The method for producing the diaryl carbonate in the
present enbodi nMenta nprel pFeférabdl ys toapt | seshadst epeofosépatiati ngephe

di aryl carbopate froma reaction product 15 obtai ned by the above

di sproportiiohattbh PEatEiP6R, PEAd particularly preferably further conprises
a step of r@gnging the reaction product, fromwhich the diaryl carbonate
IS separaté , ihto the transesterification or disproportionation reaction_

Wen the n?ﬁgogtégr(c) of adjusting the component ratioc of the
10 aryloxytitanium and the diaryl carbonate.
In order to stably use the aryloxytitanium, the
component 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 carbonate is preferably
adjusted to 20% by mass or more, more preferably to 50%
by mass or 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
content may be adjusted only by the diaryl carbonate and
the arylonytltanium, which s a preferced method.
The content may be adjusted by adding another
25 component {a solvent or the like).
The cenditicons and the like of the step (¢) are

similar to those of the above-described step {O).



20 producing the diaryl carbonate conprises such steps, the diaryl
carbonate can be nore efficiently produced, [0283] in tie step ot producing
the diaryi carbonate, suitable inert solvents, for exanple, ethers,

al i phati c 25 hydrocarbons, aromatic -hydtomcarbons, and hal ogenated aromatic
hydr ocar bons, may be used as the reaction - 158 - solvent, for the

pur poses of maeking the reaction operation easy, conpleting the reaction,
and the |ike, inert gas, such as nitrogen, helium or argon, nay
coexist, as a substance inert to the reaction, in the reaction system or

the above imefith@as And @O 18l d 109, R0i Nt Qf,0ap ¢ conpound inert to the
reaction nmay be introduced in a gas state fromthe %omer portion of the

continuous mul t pskagecdi sbirl kaktben ieakhum f an\hhe RURReSEPf; 2 erating
t he evaporation of the produced | ow 10 boiling point by-product. [02841 The

aromati ¢ canbonatesrproduced byrihe step of L4y asucidig-they diaryl carbonate
descri bed above are an aliphatic aromatic carbonate (al kylaryl carbonate)
15 r epr esentled oy tthe afrolunrowicngy ofsortniulra w(i3%) sandiasmeee idi arydr &aF bonat e
represented by the following forrmula (38). [0285] [Fornula 36] [ U2Ubj
I n the abovemrermi asd IW)ararrd (138) ,anAra Ircepres et $varpraoduanmat itey gr oup
having 5 to 30 carbon atons. R represents an al kyl group having 1 to 10
car bon atoﬁgﬁtéﬁiation, 50 as to obtain a crude aryloxytitanium
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, tcgether with the
diaryl carbonate, so as to cobtain an aryloxytitanium
composition {step (B)), wherein an amount of the above
diaryl carbonate used in the above step (B) is 0.1 to 50
15 molar equivalents with respect to total moles of Ti atoms
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 to 250°C.
20 (02497
In the method for stabilizing the aryloxytitanium in
the present embodiment, in the arvioxyeitanium
COMpOsLLIGn oblalned i the above step (5), a content of
titanium atoms is 1% by mass or more and 15% by mass or
25 less, and a content of the diaryl carbonate is preferably
20% by mass or more, more preferably 50% by mass or more

and 95%% by mass or less.



- 159 - alicyclic group having 3 to 10 carbon atons, or an aral kyl group
having 6 to 10 carbon atons. [0287] A reactor used in the step of producing
the diaryl 5 carbonate described above is preferably a nultistage
distillation colum, in terns of effici“entty shifting the equilibriumto
the production systemside. It is particularly preferred to apply a

conti nuous process using a nultistage distillation colum. 10The nul ti stage

distillation cokbypnaisuatcdistichbatibene eQlayin havivag My tifde ;stages in
whi ch the theoretical plate nunber of distillation is 2 or nore, and may be

of any typeasd engpas|pontd pueuS: Girsiti 1d .at itan 56 rposst ey i Quchh as,

mul tistage distillation colum may be of any 15 type usually used as a

mul ti st age rdirst ipdedteireir lgollunm, Flomodxanpie;ie jpate ool ummedypectisi ng
trays, such as a bubble cap tray, a perforated plate tray, a valve tray, a
chi mey trap, térd tatedumedrsuratenti tatayys and ta jpackeidh cdlambeype packed

w th various packings, such as a 20Raschig ring, a Lessing ring, a Pal

-

ring, a’Berdrysgddireloxy tifralion sewdlas el xon packi ng, a Mcnahon packi ng,
Heti pack, a Sulver packing, and Me" o Further, a pl ate-packed

col um type havi*n§eBBERA8VpFatE FERPPEATARE &1 FoFEreRFaCkEd Wiintch a packi ng
is also 25.preferably used.. =~ Wien the continuous process is carried
out using tHeSruPErstage Paist 194 ‘%Dﬁﬂhﬁ?mé 1ﬁﬂ¥%‘fﬁ§%ﬂﬁﬂﬁ%§“&re -
160 - produced by continuously feedi e starting material_and the

react ant i%ﬁg ﬁgggﬁtﬁﬁﬁ5h§¥ﬁuﬂfﬁ§¥%&é¥£ﬂ X PﬁhﬁﬁﬁhqﬁﬁﬁﬁhﬁﬂéaﬁﬂLaﬂPomﬁng t he
reacti on bet: n th of the bstances in_a_liqui Yhase .or. a gas-liquid 5
phase in t%é*€§és§§€% %fegeﬁ% g -é%n?g?nfﬁagganl%gtepnifﬂe&distiIIation

col umm g whifhe s@n the one hand removing a high boiling point reaction
m xture conprising a produced aromatic carbonate or aromatic carbonate

mxture, in a liguilestayeoxftomuthen ewRboROLE LANCBE st heqdiist ithl.at i on

above step (B), it is preferred that the content of
titanium atoms is 1% by mass or more and 15% by mass or
less, and the content of the diaryl carbonate is 20% by

15 mass or more, it is more preferred that the content of
titanium atoms is 1% by mass or more and 15% by mass or
less, and the content of the diaryl carbonate is 50% by
mass or more and 95% by mass or less, and it is further
preferred that the content of titanium atoms is 1% by

20 mass or more and 15% by mass or less, and the content of
the diaryl carbonate is 60% by mass or more and 95% by
mass or less.
AN

The asteps (A} and (B} are as described abhove. The

25 method for stabilizing the aryloxytitanium in the present

empodiment may comprise the above-described step (C).

Further, the above alkyloxytitanium composition may he



10 colum, and on the other hand continuously renoving a | ow boiling point
reaction m xture conprising a produced byproduct, in a gas state, by
distillation fromthe upper portion of the distillation columm. [0288] 15In
the step of producing the diaryl carbdd A&t & described above, the reaction
occurs in the nmultistage distillation colum in which the catalyst is
present, and therefore, an anount of the resulting reaction products
usual | y deperdslagibhgrhokdupm rotpe sditsbon loattiadmeebloymie2@mt iofthiey wor ds,
when distillation colums having the sane col unmm hei ght and the sane colunn
di anet er are cxAmparedchiod yuserfardiisig [that jabo ve<BluapnhiaMi royda dtager
hol dup is preierred in that the residence Line, that is, reaction tine of
the reacti of)sol ution can be |onger. 25However, if the holdup is too |arge,
the residence tine is long, and, it is thus likely that a side reaction
proceeds and fI%%@I?ﬁ@%‘échLh@ akpgyes deSfrlbﬁfﬁeﬁ}éﬁB#élZeﬁéOﬁol dup of the
distillation %olunn is usually 0.005 to 0.75 as expressed by the ratio of
the volume™6t"PHe waﬁaubheoaﬁﬁé@éﬁﬁﬂ&ﬁ&ﬂ%ﬁ%@&&él&e t'fe ThtGstHge
distillation_colum, th h |t can al han e 5 depen on the

oh ghs CHRd© o3t i

distillati6n® ESHSF{ ﬁ@gtfz‘ﬁe ffe “GiCSti99 adion SSIUMh.PoR89] 1n
the step o r in th b nat ed when a refl ux
ratio is |%c§e g gﬁ 1§h ?l%F 8 d%stlﬁ' %g%tﬁg aﬁ%%ﬁ§$¥% al cohol into a
vapor phasscma@ 589, cARaLheralon e, d foRCARILALIAR of of Eheadiphat | ¢

al cohol in the re d vapor “can“be increase i f the refl ux
ratio is |@greg§egagggdnmgp at@gn@eggkﬁgg t her mal energy |s excessi ve,

which is 15 unpreferred. he ali phatic al cohol may be concentrated

after extraotvbon fron1the dlstlllatlon colum, and therefore, refluxing is
not al ways necessary.
<Method 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
composition as a catalyst, comprising performing
transesterificaticon and dispropertionation reactions,

20  using a dialkyl carbonate, an aromatic hydroxy compound,
and the above aryloxytitanium compesition, so as Lo
produce @ diaryl carbonate. By using bthe above-described
arvioxytitaniom composition as a2 catalyst, a diaryl
carbonate can be efficlently produced.

25 The aryloxytitanium composition can be used without
being limited to the following conditions.

(G253



The reflux ratio is thus usually O to 20, preferably 200 to 10.
Specifically, when the transesterification reaclion S ypi calyt.ad by

t hem erdeser 1 is carkied out, Ulle oLlpiiaac carbonate,
ci ( aromati c nonohydroxy conpound, andl4he-catalyst are fed 25 to the
mul ti stage distillation colum, after being m xed or from separate pl aces,
and the aromatic carbonate that is a product is con.tu. nuous.ly renoved

in ali quid Stfqtr%t,l@%r{%)ofurn% Whe Polham el ddediald I ati on col um,

while the | ow boiling conponent, such as the 1" as by-product, is

continuously renpved il &:.98%rstat @ by di-stidd atj o fromfhe upper portion
of the distillation colum. 5At this tinme, the catalyst may be fed from any

place of thenamldirst agedisdd | {=t) ono cotamye bt ihsa prefer ably; fgd,at a
positi on above the colum bottomof the distillation colum, and’is nore
pref erabl y died lat! agposirtdian @aboven theonm ddt eneirdhe dbstdhhat i on-gol um.
10When the disproportionation reaction typically represented by the above
f or nul a5( E4) 4dvdtalcan be additionally performed is carried out, the
aliphatic aromatic carbonate and the catalyst are fed to the nultistage
distillation colim? &heéwnhéhditamylingarbondte vES tHattHes tanpr dduct i s
continuously renoved in a liquid state fromthe bottomof the distillation
col umm, whigid GHe W L QY S shipshEHitL v isubh @ t'Hee al i phati ¢ car bonat e
produced as gy-prﬁdugt“ i s continuously renoved in a gas state by
di stillati 6 From e UpPer BB dnt BF 120 e RIS Ak botimeal 0290]
reaction t raturest O . . prodacinc - acar.bonate cies ued bove
vafi es dep%%%ﬁg%ﬁa}l@b}@e& atsncejccpbet &5y Hat erli(;call,S e & 4&FE - e%nd the
25cat aj yst +4s %%‘e @%Vée‘éqfryl o%%"tailtla)ﬁ’:j_u ecotmep s%rtaiJ[ourlr e@battaiir;[ehcf by the

production method in the present embodiment, as the

catalyst. By using such a catalyst, the productivity of

the diaryl carbonate can be improved. '

[0254]
15 (Arcmatic Monohydroxy Compound}

The aromatic monchydroxy compound used in the method
for producing the diaryl carbonate is represented by the
follewing general formula (31).

[0255]
20 [Formula 29]
Ar'OH

(31)

oy o
[0  f

B
In the above formula (31), Ar' represents an
25 aromatic group having 5 to 30 carbon atoms.
Examples of such an aromatic group include a phenyl

group and various alkylphenyl groups, such as phenyl,



col um bottom of the nmultistage distlliation colum is in the t ange of 50
to 350C, preferably 150 to 250C, - 163 - The reaction pressure nmay be
any of reduced pressure, ordinary pressure, and increased pressure, and is
usually in the range of 0.1 to 2.0 x #d7 Pa, though it varies depending on
a type of the raw feed conpounds used, the 5 reaction tenperature, and the
i ke. [0291] The step of producing the diaryl carbonate descri bed
above is charnaat eriszed rBY ,pkedyci ng sardirany! teankonatienanyaont i nuously
feeding an aliphatic carbonate as a starting 10 material, an aromatic
nonohydr oxy icompaund, tandaacmdtyalbheontiai(nisnpgrecat)al ysthvtiehaemll ti st age
distillation colum to react them and continuously renoving aronatic

car bonat es (derrespondiprgryd phhe yst dritsiong neat, ebivaly lahd ntyie (deaotearst),, i n a
liquid state, fromthe |ower portion of 15 the columm, while continuously
renovi ng a“kewBoPhiERy lcorpenens) sielh has camvalbdehioll a9 dsyesrsdduct in the
reaction, in a gas state, out of the reaction system Further, it is

2

possi bl & t 8CRIdTRIE¥Y Of SEBREPAuolSHY 1P8&dIYlg EREMEESECti dMol uti on
renoved fromthe |lo 20 _portion of the colum, to a second nultistage

G oti 11 at] ORCAOTGi Pas TR  ESOBFrar fer oransy Fg {ORa EEaot HIRIEP mat o1
and/ or theshg%cg: gg%gégggkgionation reagtion conginuqu%Ly renoving a | ow

boi | i ng conponent’, Suc a??%héﬁfgmggﬁ dngﬁgofgpﬁﬁg'UCeéségmﬁyﬂproduct in

the di spropan! LoRBLIARCHGACHABnelR )8 935 181! e BY LU LA QN out of the
reaction system and continuously rénoving aronati Carbondtes - 164 -
groups, such as fluorophenyl {(isomers), chlorophenyl
10 (isomers), bromophenyl (isomers), chlorc{methyl)phenyl
{isomers), and dichlorophenyl (isomers); and various
substituted phenyl groups represented by the following
general formula (32).

[0257]

15 {Formula 30]

[0258]
in the formula (32), A represents a single bond, a
divalent group, such as ~O-, =5-, ~CO-, or ~5C,~, an
210 alkvlens groun or 2 suhstitured allkyvisne groun
represented by the following (33), or a cycloalkylene
group represented by the following {(34).
The aromatic ring may be substituted by a

substituent, such as a lower alkyl group, a lower alkoxy



including a diaryl carbonate, in a liquid state, fromthe | ower portion of
the colum. [0292] It is preferred to carry out the step of continuously
renovi ng aromati c carbonates including a diaryl carbonate, in a liquid
state, fromthe | ower portion of the coluurm descri bed above in order to
increase the yield of the diaryl carbonate and al so recycle the aliphatic
carbonat e produced as by-product in 10 the di sproportionation reaction.

[ 0293] i qui ter] co |.Si di aryl. carbonate renoved
fromthe | oqv'\?;eo;ubg’ordlﬂ olélﬁqo t%cw}{fovae@redc%én%poégﬁﬁ 1ati'on colUnmi's Usual Iy

i ntroduced HantRyed 15 distdJdatipn, gplum to purify the diaryl carbonate by
distillation. The diaryl carbonate is renbved in a gas state fromthe
upper porti@esf] the colum, and high boiling point substances, such as
by-products, a Fries rearrangenent 20 product of the aromatic carbonate,
and t he catlalorstuicorguagnent, are renoved fromthe | ower portion of the
columm, the high boiling point substances may be bl owmn down as they
are, or it is pgssible to blgav gewn only part of 25 the high boiling point
substances and fecycle the rpmaijnder as the catal yst conmponent again - 165
- In recycl e-u.s%,_Lhe cat nent may be used after renoving the
solids or purification, and y |be m xed with a newy prepared catal yst
before use. [0293%] 5As descrpbegSabove, the aryl oxytitani um conposition

- (3 3)

o]

(02607
in the formula (33}, R3, R?, R®, and R® are each
independently a hydrogen atom, a lower alkyl group, a
cycloalkyl group, an aryl group, or an aralkyl group, and
10 may be optionally substituted by a halogen atom or an
alkoxy group.
[0261]

[Formula 32]

d>c/\cmz>k
N~

(3 4)
15 [0Z62]
In the above fTormula (34), k dis an integer of 3 tn
way @D Lhie hydiogenh abtoi may be replaced by a Lower

alkyl group, an aryl group, a halogen atom, or the like.
[0263)
20 Examples of the compound shown in the above formula

(32} include a naphthyl group and various substituted



in the present enbodi nent, for exanple, the aryloxytitani um conposition
obt ai ned by the above- described production nethod, is extrenely useful as
a conposition for storage and/or transfer, and in the 10 production of the
di aryl carbonate, using the conpositiorf®a diaryl carbonate having high
quality can be obtained, and the aryl oxytitani umconposition is
industrially extrenely useful. 15 EXAMPLES [ 0295] The present

i nventi on widdhdig ispeeiddsgalduyerdescnidied byl waysofetdre fol | owi ng exanpl es
and conparative exanpl es, although the present invention is not limted to

t he 20f ol | owitiy lexaniples. (IGR96G]rgisi stimmdthie lexamtdasl t hiesaenparati ve
exanples w i be described below [0297] 25 <Analysis> (NMR Anal ysis) -
166 -- Measlriaigprapparatiusti sINgA400 rEL-INVR syt L nidmufnactur,edarby j EOL
Ltd., Japan (1) Preparation of IH and 13C- NWR anal ysis sanples About 0.3 g
of a sanpl &YSEIUEBT Wes SiagiFed,) ‘armdich oy <. sk toft erat ed

chl orof orm (99. 8%, manufactured by Aldrich Chemcal Co., U S A) and, as an
i nt er naf rM&é,t%.eﬁs NG LG G SCRRETIY IG HREWAKS T it Ryfaids, e

{iscomers), coumaryl (isomers), quinclyl {iscmers),
methylpyridyl (isomers), chloropyridyl {(isomers),
methylcoumaryl (isocomers), and methylguinolyl {iscmers).

Preferred examples include phenols and crescl. A

10 preferred aromatic monchydroxy compound is an aromatic
mononydroxy compecund comprising the same type of aryl
group as the aryl group constituting the arylioxytitanium
composition.

[0264]

15 (Dialkyl Carbonate)

The dialkyl carbonate (hereinafter alsc often
described as an aliphatic carbonate) used in the step of
preducing the diaryl carbonate is represented by the
following formula (35).

20 [0265]

[Formula 33

Pl
P F
" R

I
O

F
R Py

24

{35)

[0266]



manuf act ured by Wako Pure Chem cal Industries, Ltd., Japan) were then added
thereto. The resulting solution 10 was uniformy m xed for use as an NMR
anal ysis sanple. (2) Quantitative Analysis Anal ysis was carried out for
each reference material. Quantitative afnalysis of the analysis sanple
solution was then carried out based on the resulting calibration curve.

15[ 0298] (Liquid Chronatography Anal ysis) Measuring apparatus: LC 10AT

her (8117008 colima” bBAnGet a0 T Cer 60 30 ARROPAE iPed by &) Sci ences

I nertsil-0ODS colums connected in series, ure

I nc., Japan;Reyeliop sply, ; 0 t | QuLd: A) ggg itri]e
(liquid B)n%blJﬁﬁgfgﬂg%rgtﬁfg%oé%%?%%%;ﬁ%éﬁ%ﬁ:g%fé%%£ﬁééké; r

(refract omeigringnd RPA deteetor a{fhol oo di gdes LTy detd %awirﬁf?aéurenent
wavel ength range from 200 nmto 300 nn - 167 - (1) Liquid Chromatography

Anal ysi s Sampl B carborAbotdm®. 1 g of a sanple was wei ghed foll owed by the
addition of about 1 g of tetrahydrofuran (dry, manufactured by Wako Pure

Chemi cab | ndistties, Ltd., 5 japan) and about 0.02 g of an internal
reference and mxing to uniformty to obtain a solution used as a liquid
chr omat ogr aphy &ralmpdies sdnpheh @2)Xi@lantli tcathibve sAralhysiisicArdl ysi s was
carried out for each reference material,
include dimethyl carbonate, diethyl carbonate, dipropyl
carbonate (isomers), dibutenyl carbonate ({isomers),
dibutyl carbonate (isomers), dipentyl carbonate (isomers),
10 dihexyl carbonate (isomers), diheptyl carbonate (isomers),
dicctyl carbonate ({isomers), dinonyl carbonate (isomers),
didecyl carbonate (isomers), dicyclopentyl carbonate,
dicyclohexyl carbonate, dicycloheptyl carbenate, dibenzyl
carbonate, diphenethyl carbonate (isomers),
15 di(phenylpropyl) carbonate (isomers), di{phenylbutyl)
carbonate (isomers), di{chlorobenzyl) carbonate {(isomers),
di (methoxybenzyl) carbonate (iscmers), di (methoxymethyl)
carbonate, di{methoxyethyl) carbonate (isomers),
di{chloroethyl) carbonate (isomers), and di {cyancethyl)
20 carbonate (isomers).

Among these dialkyl carbonates, those in which R' is
an alkyl group having 1 to 6 carbon atoms are preferred,
and dimelhyid Caiboiate, dielhyl Carbonaice, dipropyl
carbonate {(isomers), dibutyl carbonate (isomers),

<5 dipentyl carbonate (isomers), and dihexyl carbonate
(isomers) are more preferred.

(0268]



10 and quantitative analysis was carried out for the analysis sanple

sol ution based on the resulting calibration curve. [02991 (Water Anal ysis)
15 Measuring apparatus: CA-21 trace noisture neter, manufactured by

M t subi shi Chem cal Analytech Co., Ltd;,ggJapan (1) Quantitative Analysis
About 1 g of a sanple was wei ghed followed by the 20 injection of the
sanple into the trace noisture neter and quantifying a noisture content for

t he sanpl e alysis of Ti Concentrations in Liquid and So d) Apparatus:
| on Chronat 66%%@%& 2B T ABAUf act ured by 25Toso Corporation., japan)

Col um: Super | G -.,168 - Developing ljquid: A solution was used, which
was obt ai ned by T%%‘i(i%]d(y%al_ryo]f Walfté‘fr}aig%ojtﬁ B PRI GE D A8  cr own- 6

(manut act ur e by, ko, Pur e Chemical, Locksioles, Lide. Japan), " and sbout 2.1

nmn. of 2 nol nesul Tonic aci ctidre Pare Cheni cal

| ndustries, -LtdonsJd@pan). (1) lon Chromatography Analysis Sanple
About 0.13 g of a sanple was wei ghed. About 1 g of toluene and about 15 g

of a2 mmol /L aaueous isoldityon:afndihil Ui g acd dvere addedathiecet o, and
they were sufficiently stirred. The resulting solution was then left still

for about 2Zréierssendhe wateke | BYEToMRSy SEPAE AL edroandi Hsedsas ap,d on
chromat ography anal ysis sanple. (2) Quantitative Analysis A calibration
curve was pxeparady bycausihag: tef es enteo sof uéh onsscAifeédagpunh in an anal ysis
sanpl e solution was quantified based on the calibration curve.

"aliphatic aromatic carbonate™ herein.

[0269]

10 [Formula 34]

[G270]
In the formula (36), Art represents 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]

b ki

Ny o o oL W | B, .
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aliphatic alcohol as by-produc

£U  gas state, and aromatic carbonates produced are removed

in a liguid state from the lower portion of the column.
Therefore, it is preferred to carry oul the

reactions, with a combination in which a boiling point of

the aliphatic alcohol as by-product is lower than any of



The nanmes of conpounds in the follow ng exanples may 20 be given according
to not only the nonencl ature defined by TOPAC but al so popul ar nam ng,
rcP-m (Anal ysis ot Presence otlLinkage.) X-ray crystal structure analysis of
a solid 25 aryl oxytitani um conpositi.on yas.perfornmed using the follow ng
measuring apparatus to determne an interatom c di stance. Presence of a
Ti-OTi Linkage was determned - 169 - by an interaction between atons
when t he iq;theéatomc di st eb]J s snaJler than the sumof ion radii. The sum

nc
of ion radii of @RITan UM A oM Anie T Oxyge Gt dhi PRI DL B 7CARGLRR B
Measurin appar atus; Aut matic. Single Crystal X-Ray Crystal Structure
Anal ysi sgSyst em%é’A—S?ta(r;{alnnu arr(‘:scuer edﬁb’y %%a%or&% Or3T T Oy 4T PH802]
[ Productio cﬁ&%?d'{}}! A0(.St : olytic n tion_ Step of
Tet r aal kox{/ht i tani uorer)tjk]aL lss?;azgr%gc 0 Ig{’etér/rg u‘i%yﬁe@g%%% ‘i%}%@?ab@rp,

manuf act ur ety & J o4 Rant de Nenours& Conpany) was introduced to a
reactor equipped with a stirrer. The 15 reactor was equi pped with a cooling

coi |, asheatingahaekepiandrasadicst il ltd-am6QldHm.s M%dﬁ%i%fat%rﬁg; was
then introduced thereto, and an internal |iquid tenperature was adjusted to

0C. Hydrousvthutandle hayimg ia: waireiheonegntd@ipamdsets to 205% by 1mss (% by
wei ght) was adjusted to OC in another reactor equipped with a stirrer. The
reactor washe R' of the aliphatic carbonate is a saturated
aliphatic group having 4 to 6 carbon atoms.
When the boiling point of the alcochol 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 order to oblLain
the aromatic carbonate in a higher vield, a combination
15  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.
[0272]
20 The above-described production method is a method
for producing an aromatic carbonate continuously produced,
and therefore, a small amount of reaction products and
Lhe like may be red together Lo a continuous multistage
distillation column, together with the aliphatic
25 carbonate and the aromatic monchydroxy compound.
bxamples of such reaction products include the same

type of alcohol as the alcohol as by-product, aliphatic



equi pped with a coo.1 inecoil, a heating jacket, anda dlstiliation coium.
The hydrous butanol was added into the reactor under 25stirring through a
line. - 170 - The addition tine was set to 1 hour, and an added
amount of water was set to 0.5 nol perqgpl_.of Ti atonms in the reactor. A
trace noisture neter analyzed the reaction 5 solution with tine, and it was
confirned that the added water mas consuned in a hydrolysis reaction and

t he analyzed value becﬁb const £0303& %Productlon Exanples 2 to 9] 10A
hydrol ytic CondEnsatTo %T%bebf f%fy afkoXyt it ani G GAs e%???%H@@uioln t he

same nmanner ove, ntioned [ duction exanpl e 1 except that
tetraalkoxyt??d%?ﬁ%1 %ﬂ%el%%gP éCLlon’ of Typelr©a ﬁ?ngff%% BoRtent rati on,

an added a yat re were changed. [0304]
U, Of e &hﬁ%ﬂé %%gﬁ@ﬁ LT

The tetraalkoxytltanlun1used ype, a noisture content of the
al cohol, thgytenperature condition, an addition tine, and an added anount
of mater 20 to Ti are shown in the followng Table 2. -171 - 66

5 An amount of the arocmatic menohydroxy compound that
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 compound
with the aliphatic carbonate is mainly an equilibrium
reaction, and therefore, the amount of the arcmatic
monochydroxy compound is advantageously larger. However,
if the amount of the aromatic monchydroxy compound used

15 increases, a reactor having a large velume is required,
and a large distillation ceclumn and the like are also
regquired for the subseguent separation of the product.
Therefore, the amcunt ratio of the reactant to the
starting material is preferably in the range of 0.1 times

20 to 5 times, more preferably in the range of 0.5 times to
5 times, as eupressed by molar ratio of the
reactant /etarting material,

As described in Japanese PFatent Lald-Open No. 2000-
307400, when a starting material, a reactant, and a
25 catalyst are fed to a middle stage of a nmultistage

distillation column in the production of the aromatic
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- 151 -

carbonate, precipitation and clogging may occur in the
multistage distillation column.

The reacticn for producing the diaryl carbonate is
an equilibrium reaction as described above, and a
reaction distiilation method using a multistage
distillation column is thus suitable in which the
equilibrium can be gradually shifted by removing the
alcohol as by-product from the reaction system. In order
to carry out the method, it is essential that the
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]

On the other hand, as described above, when the
catalyst is fed to a stage above the column bottom of the
multistage distillation column, precipitation and
clogging may occur in the multistage distillation column,

The present inventors have studied diligently, and
as a result, surprisingly found that in a case where an
aliphatic carbonate, an aromatic monohydroxy compound,
ancdt a catalyst are used, even if the starting material,
the reactant, and the catalyst are fed together to a
stage above the bottom of a multistage distillation
column in a certain range of the feed ratio of the
aliphatic carbonate that is the starting material and the

aromatic monohydroxy compound, the clogging of the



- 172 - [0306] [Production Exanple 101 (Step Y: Concentration Step) The
reaction solution obtained in the [production 5 exanple 1] was heated under
stirring, and n-butanol was evaporated using the distillation colum after
t he reaction solution reached 150C. A copposition of the evaporated |iquid
was anal yzed by gas chromat ography, and it was confirned that the 10
evaporated increnent was nearly zero. The distillation was then conpl et ed.

Wien a trangparent and colorless liqujd left in the reactor was analyzed to
det ernine Ti Co%ékﬁﬁezﬁ?&”a?&%%y“ﬁ?dﬁbbﬁﬁ%t%%T%?t??gmégoWohﬁﬁ t hat but oxy
pol ytitano Vi ng, an .average degree of polynerization of 2 had been
pr oduced. F%g%§?ﬁfpr6idgﬁﬁgﬁ éﬁ%&%?lfigt% H@%Cﬁpﬁéﬁt%nf?a{?ﬁn step was
perforned in, the sape 20 manar; ' pon_ exappl e, 10_except that
t he reaction sol uti ons&g%t{%mn%dlﬁ (lfcﬂleﬁrg&ﬁog{eg\?%ﬁ %(gnaégél 'ﬁ?‘%dﬁ%%%n ex pins 2

t.o 9] WereuseG ddGediclGWOLI cW Usi aif & Uncy Whh L1c }sévgag,ﬁ?eaeyt eeu

of ponnerizatiOp of the obtained pol. yt.i tanoxane having 2 e al koxy
group ate shawn dru tthe:fotdani nhdapl @ 3.0 -thd 73romat 0308] [ Tabl e 3]

can be increased.
in cther words, it has been found that by feeding a
particular aliphatic carbonate, aromatic monohydroxy
compound, and catalyst to a stage above the column bottom
10 of a multistage distillation column, and continuously
removing an aromatic carbonate corresponding to the
starting material and the reactant, in a liquid state,
from the lower porticn of the column, while continuously
removing a low boiling 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
distillaticn column is extremely less likely to occur,
and reaction distillation can be advantageocusly carried
out without the azeotropy of the aliphatic carbonate and
20 the alcehel as by-product, and the aromatic carbonate can
be produced in a high vyield.

[ P Do g g e e PRI S R o R P T N S R P o .
The amount ratio of the reactant to the star

i
Lo LI

o3

material fed to tire multistage distillation column is

preferably in the range of molar ratioc of 0.5 to 5.
25 [0275]
The alcohol, the aliphatic aromatic carbonate, and

the diaryl carbonate, and the like that are all products



Reaction sol ution used Average degree of polynerization Production exanple
11 Reaction solution produced in production exanple 2 1.98 Production
exanpl e 12 Reaction solution produced in production exanple 3 1.25
Production exanple 13 Reaction sol uti.onsproduced in production exanple 4
7.9 Production exanple 14 Reaction solution produced in production exanple
5 4 Production exanple 15 Reaction solution produced in production exanple

6 12 Produ%éff)nbeexg

U

10

20

e 16 . ,
gg{udeg 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 reaction rate of the raw material is
decreased, which may be unpreferred.
As described above, the reaction for producing

aromatic carbonate is mainly related to (El) and/or (EZ2)Y,
among reactions represented by the following reaction
formulas

(El to E4). In order to produce an industrially

useful diaryl carbonate, it is preferred to add and
perform the step of carrying ocut the following (E3} and
{E4) .

[C276]

[Formula 35]

ROGOR o === " +ron E1)
)

RO(i'iOAr + ArOH e NOﬁOAr +ROH E2)

ROCOR , ROGOAr ——— s  ROGCOAr , ROCOR 3
I [ —— i l
o o O o

ﬁ@%ﬁ&f N R{}%@m D ——— m&i‘gm&y . Rcsﬁm (&6
<3 ; e O

P0277]

wherein R represents an aliphatic group, and Ar
represents an aromatic group.

The reaction formulas (E3) and (4} are each a

Lransesterification reaction between molecules of the



Reaction solution produced in production exanple 7 6 Production exanple 17
Reacti on sol ution produced in production exanple 8 2.9 Production exanple
18 Reaction solution produced in production exanple 9 4 [0309] [Exanple 1]
5In this exanple, as a step A polytitaggxane having an al koxy group and an
aromati ¢ hydroxy conpound were reacted, and an al cohol produced as

by- product was evaporated by distillation so as to obtain a crude

pol ytitanoxane conposition having an aryl oxy. gr 10About . 194 kg of |ight
yeIIOM/traﬁ?ﬂg?éﬁER%bl@q$t%m%x%%%p%bﬁTn%ogn%hgogﬁgbrbﬁpufﬁgﬁ;ynﬁﬁgpactured
by Ni ppon ! Lt A .,) s.intradA ced to a bactor equipped with a
stirrer. Tﬁ%ggﬁég?%rtéééﬁeﬁﬁﬁ%ﬁﬁﬁp%éﬁﬁﬁ%P%%%??nﬁe%%ﬁf?na heati ng j acket,

and a distipdgﬁgpn colum. 15 The polytit, oxane was then adjusted to 120C_
- 174 - - About 500 kg of phenol of 80C was then introduced thereto

through a line. yhar Riemnaly lirqui,d L enperatdy & yas,adjdisted- ¢ 0,1 20C.
The addition tinme was 1 hour, and stirring was then continued for about 4

horrs t6 eviapanatss butgnalo produced @s- AyrPs@duet t Msi 8gepherdi stillation
corum: producing the diaryl carbonate, one of each of the
aliphatic carbonate and the aliphatic aromatic 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 addition, one arcmatic monohydroxy compound may
be used, or two 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 aromatic monohydroxy
compound, and the catalyst, but a solvent, impurities,
and by-products that do not so adversely affect the
reaction may be present.

20 [0279]

The alcohel as by-product by the reactions
represented by the above resction formulas (ED) and/or
(e ) may be recovered Lor recycling and is preferably

used for a synthesis of an aliphatic carbonate.

Ln

The aliphatic carbonate is obtained by a hitherto

known method,



Fromthe analysis of the distillate liquid, it was confirned that the
anount of butanol produced as byproduct (nearly the same anpbunt as that of
t he butoxy 10 group contained in the fed pol ytitanoxane conposition) was
evaporated. A tenperature and a pressurgswere then adjusted so that the
internal liquid tenperature of the reactor was set to 180C, and the
distillation of phenol was started. In this case, the pressure wthin the
15 system was fi.nall bout 26 kPa., . Once it _was confirned that no or
little nore disti I%ﬁ%ﬁﬂégl6%§Hﬁ£§chﬁﬁ§r%%%f?%ﬂjﬁé§“¥%ﬁﬂ%ﬁ%d.1?@d

lytit : ' r-oup,, ) | . t th
pol yU tanoxane, havi g, BRENcKY. a1 oD, Y8, PLOBSEL: L Lhe, syatem L From ¢ he

anal ysi s, the butoxy 20 group wa anoxane ha ﬁg t he

phenbxy gr ot c whey eréﬁré’\@e?mf@cﬂ)l@?egwpyag&@e PREROXY QT PHYPy; haYi rf'g?)?n
average dearer, 4f r of about 4 was As a Iresult of the-ray st, ucture

anal ysi s ofand/or {he pokyid tanexane HRyi nge theophensxyugsoupa)a Ti-0 Ti 25
| i nkage was confirned. 10310] [Exanples 2 to 10] - 175 - Polytitanoxane
conposi i ons:dvand gl ar @ry OXyL GIPUP el ec bl ekdedahd tHedsageiARAper as in
the [exanple 1] except that the reaction solutions obtained in the
above- nment i ‘dreed gprioduc i exdanpE i tthe dA8jvaereacsedy aogmdlagomatic
hydr oxy conpounds shown in the follow ng Table 4 were used. The
obt ai ned pol&ht)i tarbxane! Eonpasitd orepdiavd gl ¥ heharghboxy Geouplar éEshown in
the follow ng Table 4. Change in an average degree of polynerization
In other words, it is preferred to add the step of
performing the transesterification reactions represented
10 mainly by the above formulas (E1) 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 multistage
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 (F4) so as to produce the useful diaryl
carbonate, removing the aliphatic carbonate produced as
by-product at the time, in a gas state, by distillation,
20 from the upper portion of the distillation column, and
reusing the aliphatic carbonate as the starting material
in the above formula (B1) after purifying it if necessary.
(280
An amount of the catalyst used in the above step of
25  producing the diaryl carbonate is usually set at 0.0001

to 50% by mass as expressed by a proportion with respect

Lo the total weight of the aliphatic carbonate and the



10 exceeding an analysis error before and after the step (A) was not
observed in each case. As a result of the X-ray structure analysis of the
pol yti tanoxane conposition having the aryloxy group, a Ti-OTi |inkage was
confirmed. -176- X, 04 10a [ a | 3;152 1 zolo an2’a 1th >, , x, ,a,
,0,0 0, 0 , 1,.0lo0llOI 4) .-01,-0 0 000000 .C1I 000 . -. -

aromatic monochydroxy compound that are feed raw materials,
though it alsoc 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
o> compound, and the reaction conditions, such as reaction
temperature and reaction pressure, and the like.
[0281)
The catalyst used in the step of producing the
diaryl carbonate described above is the above-described
190 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 alcocheols, aromatic monchydroxy
compounds, alkylaryl carbonates, diaryl carbonates, and
dialkyl carbonates, one heat-treated with the raw
20 materials and the products prior to the reaction, or one
left by evaporating the low beiling peint substance in
Lhe heat treatment .
Ine catalyst Lor the proauction of a diaryi
carbonate in the present embodiment comprises an
25 aryloxytitanium and a diaryl carbonate, wherein the

content of titanium atoms constituting the above



M.0O .;cd0 >> -0-0.-0 0 00 O Px 1xx* 000 cggg ..,.?229.,9 -6 . -5,-'
l-110 -6-6 a --, - - 1,10 0 Cn

- 157 -

aryloxytitanium is 1% by mass or more and 15% by mass or
less.
[0282]

The method for producing a diaryl carbonate in the

present embodiment is preferably a method comprising

152

performing transesterification and disproportionation
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 carbonate 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 1is 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.

LEE%Y

|
M

L

in the step ol preducing the diaryl carbonate,
sultable inert solvents, for example, ethers, aliphatic
25  hydrocarbons, aromatic hydrocarhens, and halogenated

aromatic hydrocarbons, may be used as the reaction
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solvent, for the purposes of making the reaction
operation easy, completing the reaction, and the like.
An inert gas, such as nitrogen, helium, or argon,
may coexist, as a substance inert to the reaction, in the
5 reaction system, or the above inert gas and a low melting
point organic compound inert to the reaction may be
introduced in a gas state from the lower portion of the
continucus multistage distillation column for the purpose
of accelerating the evaporation of the produced low
10 boiling point by-product.
[0284]

The aromatic carbonates produced by the step of
producing the diaryl carbonate described above are an
aliphatic aromatic carbonate (alkylaryl carbonate)

15  represented by the following formula (37) and/or a diaryl
carbonate represented by the following formula (38).
[0285]

[Formula 36]

i I

9

37W (38

Ay U286 ]
In the above formulas {(37) and {(38), Ax’ represents
1

an aromatic group having 5 te 30 carbon atoms. R

represents an alkyl group having 1 to 10 carbon atoms, an
3 Yi g |2 J '

fi-,



vp 60 cacara. o0 t.5 .0 4(5 .2 "'(.17-1,,¢c5.4,-J3J 4 car 7700 ad "a a) (40
o 0404 il 04 C .-- r---co0-, toco0O 0.. *a a EE : 0, Oxx L 4 02, 02:

ri.) - 177 - [0312] [Exanple 11] This exanple conprised a step of adding
a diaryl - 159 -

alicyclic group having 3 to 10 carbon atoms, or an
aralkyl group having 6 to 10 carbon atoms.
[0287]
A reactor used in the step of producing the diaryl

5 carbonate described above is preferably a multistage
distillation ceclumn, in terms of efficiently shifting the
equilibrium to the production system side. It is
particularly preferred to apply a continuous process
using a multistage distillation coclumn.

10 The multistage distillation column is a distillation
column having multiple stages in which the theoretical
plate number of distillation is 2 or more, and may be of
any type as long as continuous distillaticn is possible.

such a multistage distilliation column may be of any

L5  type usually used as a multistage distillation column,
for example, a plate cclumn 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 ring, a Berl saddle,
an Intalox saddle, a Dixon packing, a Mamahon packing, a

G e tel e

Heli: pack, a Sulzer packing, and Me

Llapak.
Further, a plate-packed column type having both a
plate portion and a portion packed with a packing is also
25 preferably used.

When the continuous process is carried out using the

mullistage distillation column, aromatic carbonates are



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

di aryl carbonate, together with the diaryl carbonate, so as to obtain a

pol yti tanoxane conposition having an-atryhoxy group in a step (1), or a step
of adding a diaryl carbonate to a 10 crude pol ytitanoxane conposition
havi ng an aryl oxy group and evaporati ng a conponent having a | ower boiling
poi nt than th%% of the diaryl carfon_te,,together with the diaryl

carbonate, $o°HETD Vbt EATN BPOEYY t AnoXané CofposTt T ORYhAGFRGLER aryl oxy
group in a step. 5». 15After.the reac soluti99igggained in the above-

tion
H reactant 1nto a *ontlnuoub mil e . .
ment i oned [exanple Eﬁ was Teturned $0" a nor hal pressur% with nitrogen,

di phenyl caiponaf e \as, added, under §ii£\5.{&gl{ﬁea{?eggg.:t'ﬁﬁtﬁfet%eén”"' per

nol of Ti atons contained Tn the reaction sol ution. I'S case, an

internal |y tenperatuw e of -ddhe; feact ci, Wasp 208 oand gdhpbenyl; garbonate
was al so added cl Mostate of about 150C. The addition tinme was about i

hour. The t@gmpes aturehofptdhechiguid ofndhel react 91nvas 85tgﬂ?gaahhy ral
sed, and the internal pressure of the reactor was gradually I owered,

t her eby st artd ngi dithiel distdh | co Ldn pfwiai cONpoOnené hayi ngna kemerihgi ki ng
point - 178 - than that of the diphenyl carbonate, together with the
di phenyl cdribonatel ¥irompgdiendi s¢adt adn onicohoemcoibt esitbeappesducedw t hin
the systemwas gradually returned to a normal pressure wth nitrogen gas
when 5 abouwtrandiald emmumatod ¢hes aotedl di phenyhacarbonateewasndastil | ed
(finally, the tenperature within the systemwas about 210C, and the
pressure wast BlPatatd phieryt da bbvidte wPriaboutoh HWakfdhmpuhlabiophat of
t he
10 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
portion of the distillation column.
[0288]
15 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 amcunt of the resulting reaction products
usually depends on the holdup in the distillation coliumn.
20 In other words, when distillation columns having the
same column helght and the same column diameter are
compared for use, a digtillation column having a larger
noidup is preferred 1n that the residence time, that 1s,
reaction time, of the reaction sclution can be longer.
25 However, 1f the holdup is too large, the residence

time is long, and, it is thus likely that a side reaction

proceeds and flooding cccurs.



previ ously added di phenyl carbonate was added agai n. 10The di phenyl
carbonate was added in a nolten state of about 150C. The addition tinme was
about 1 hour. The tenperature of the reaction solution was then set to
about 210C, and the internal pressure ofklthe 15 reactor was gradually

| owered, thereby starting the distillation of a conponent having a | ower
boiling point than that of the di phenyl carbonate, together with the

O Dneny ol Ponat Rl g N I AT GOl Uiy The, PreSoUL P! DL Loe

system was gradua r‘eturn 0 'a normal pressure wthni

wh dl ph i : o h t. - t di ph |
en dl phenyi, garbonag€s i o, ngart y, L %SE‘JQESQHDHE (A8 tlﬁgag%glgge I phenv

carbonadded at the second tine J.10 . | . TedLu-c N sysTem

WSS about 2d0Gne and the 18 BSSHI €5 WaSe 3ckFRY) - c2PAmg0pRONRAL 0%0@}@ ning the
di aryl carbonate evaporated at the first tine was colored in yellow, and )

e G al p() 120l ppmoOfe Tdiat DMBatiod 7@otumn, thdhghcoapengnhlabsenaagtai ned
about 400 ppm of a chlorine conponent. A conponent containing'the

di aryl car btmated avapor atled @tst hel secondcbhabt wass aattansparept amd
colorless liquid (a white solid when the liquid was cool ed), and had | ess
than 1 ppmiote Tlistoheation calwhhori ne conponent was al so 10 ppm or |ess.
An average degree of polynerization of the polytitanoxane conposition and a
Ti-C-Ti |ihkaye! were not changed before 10 and after the step. [0313]

In the step of producing the diaryl carbonate

described above, when a reflux ratio is increased, an
16 effect of distilling the aliphatic alcohol into a vapor

phase increases, and therefore, a concentration of the

aliphatic alcohol in the removed vapor can be increased.

However, if the reflux ratio is increased too much,
the reguired thermal energy is excessive, which is

15 unpreferred.

The aliphatic alcohol may be concentrated after
extraction from the distillation column, and therefore,
refiuxing is not always necessary.

The refliux ratio is thus usually 0 to 20, preferably

20 0 to 10.

Specifically, when the transesterification reaction
typlcally represented hy the above-described reaction
Tomaula {(B1) Ls caloled oul, the giiphatic carbonave, Lhe
aromatic monchydroxy compound, and the catalyst are fed

25 to the multistage distillation column, after being mixed
or from separate places, and the aromatic carbonate that

is oa product is continuously removed in a lLiguid state



[ Exanpl es 12 to 20] Pol yti tanoxane (or conposition) having an
aryl oxy group and a diaryl carbonate to be used were changed as 15 shown in

the foll ow ng Tabl e 5. Pol ytitanoxane having an aryl oxy group was
obtained in the sane manner as in the bbove-nentioned [exanple 11] with the
exception of the change. The reaction solution used, the diaryl

carbonate, 20 the added anount of the diaryl carbonate, Ti in the conponent

evapor at ed’z’:‘n?ét}ﬂ tihe &hl ori nee cant e&%stf{yﬁéa%g:gg\gediﬁggrinr%,elw}%iAi%ga'le“;_gﬂa Si e

5, Change i e average degree of po

pol yt| t anoxane iddpmand the Ji ez T Ldnkpge, Zéyfé&?&g&@,g #

analysis error betore and after a step (A) was not observed in eac% case.

- 180 - corflfihough patdndingl Tin conjentsand tihe ehdof i ne. cont eptywere.
high in the conponent containing the diary' carbonate obtained in the first

distillatiamhe thgdh wondiem amdHdechlorisne sontentmyere less in the

second 5 evaporated conponent. -181 - Ti and chlorine contents in

conponefnt evapoiat et ispprijue, Thined chitr® vis tautsdoibgo f£eld ,from any place
of the multistage distillation column, but is preferably
fed at a position above the column bettom of the
distillation column, and is more preferably fed at a
position above the middle of the distillation celumn.

10 When the disproportionation reaction typically
rapresented by the above formula (E4) that can be
additionally performed is carried out, the aliphatic
aromatic carbcnate and the catalyst are fed to the
multistage distillation column, and the diaryl carbonate

1> that is a product is continuously removed in a liguid
state from the bottom of the distillation column, while
the low boiling component, such as the aliphatic
carbonate preduced as by-product, is continuously removed
in a gas state by distilliation from the upper portion of

20 the distillation column.

[0290]

The reaction temperature in the step of producing
Lhe diaryl carbonate described above varies depending on
a type of the starting material, the reactant, and the

25 catalyst used. MHowever, usually, the temperature at the
column bottom of the multistage distillation coelumn is in

the range of 50 to 350%, preferably 150 to 250°C.
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The reaction pressure may be any of reduced pressure,
ordinary pressure, and lncreased 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
reaction temperature, and the like.

[02917

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
material, an arcmatic monohydroxy 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 liguid state, from the lower portion of
the column, while continuously removing a low boiling
component, such as an alcohol as by-product in the
reaction, in a gas state, out of the reaction system.
Further, it is possible to add a step of continucusly
feeding the reaction solution removed from the lower
portion of the column, to a second multistage
distillation column, as it is, or allter removing the
stavting material and/ory the reactant, to carry oub a
GLSProportiondtion reactlon, continuously removing a Low
boiling component, such as an aliphatic carbonate
produced as by-product in the disproportionation reacltion,
in a gas state, by distillation out of the reaction

system, and continuously removing aromatic carbonates
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including a diaryl carbonate, in a licuid state, from the
lower portion of the column.
{0292]

It is preferred to carry out the step of
continuously removing aromatic carbonates including a
diaryl carbonate, in a iliguid state, from the lower
porticn of the column described above in order to
increase the yield of the diaryl carbonate and also
recycle the aliphatic carbonate produced as by-product in
the disproportionation reaction.

[0293]

The liquid material comprising the diaryl carbonate
removed from the lower portion of the above second
distillation column is usually introduced intoc a
distillation column to purify the diaryl carbonate by
distillation.

The diaryl carbonate is removed in a gas state from
the upper portion cf 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
o b umn

ine high boiling point substances may be blown down
as they are, or it is possible to blow down only part of
the high beiling point substances and recycle the

remainder as the catalyst component again.
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In recycle use, the catalyst component may be used
after removing the solids or purification, and may be
mixed with a newly prepared catalyst before use.

(02947

5 As described above, the aryloxytitanium composition
in the present embodiment, for example, the
aryloxytitanium composition obtained by the above-
described production method, is extremely useful as a
compesition for storage and/or transfer, and in the

10 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.

15 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

20 following examples.
[0296]

First, analysis methods applied te the examples and
the comparative examples will be descriped below.
[0297]

25  <Analysis>»

{(NMR Analysis)
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Measuring apparatus: JNM-A400 FT-NMR system, manufactured
by JEOL Ltd., Japan

o

(1) Preparation of 'H and "C-NMR analysis samples

About 0.3 g of a sample solution was weighed, and

o

about 0.7 g of deuterated chloroform {99.8%, manufactured
by Aldrich Chemical Co., U.S.A.) and, as an internal
reference, 0.05 g of tetramethyltin (Wako first grade,
manufactured by Wako Pure Chemical Industries, Ltd.,
Japan) were then added thereto. The resulting solution
10 was uniformly mixed for use as an NMR analysis sample.

{2) Quantitative Analysis

Analysis was carried out for each reference material.

Quantitative analysis of the analysis sample solution was

then carried out based on the resulting calibration curve.
15 [0298]

(Liguid Chromatography Analysis)

Measuring apparatus: LC-10AT system, manufactured by

Shimadzu Corporation, Japan

Column: two Inertsil-ODS columns connected in series,
20 manufactured by GL Sciences, Inc., Japan

Peveloping solvent: Mixture of water (liguid A) and

acetonitrile {Liguid B)
developing solvent flow rate: 1 =l min
Column temperature: 35°C
25 Detector: R.T. detector (refractometer) and PDA detector

(photo diode array detector), measurement wavelenglbh

range from 200 nm to 300 nm
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{1) Liquid Chromatography Analysis Samples

About 0.1 g of a sample was weighed followed by the
additicon of about 1 g of tetrahydrofuran {dry,
manufactured by Wako Pure Chemical Industries, Ltd.,
Japan) and about 0.02 g of an internal reference and
mixing to uniformity to obtain a solution used as a
ligquid chremateography analysis sample.
(Z) Quantitative Analysis

Analysis was carried out for each reference material,
and quantitative analysis was carried out for the
analysis sample solution based on the resulting
calibration curve.
[0299]
(Water Analysis)
Measuring apparatus: CA-21 trace molsture meter,
manufactured by Mitsubishi Chemical Analytech Ceo., Ltd.,
Japan
(1} Quantitative Analysis

About 1 g of a sample was weighed followed by the
injection of the sample into the trace moisture meter and
quantifying a moisture content for the sample.
L0300
(Analysis of Ti Concentrations 1n Liguid and S0Lid)
Apparatus: Ton Chromatography IC 2001 {(manufactured by
Toso Corporation, Japan)

Column: SuperlC-CR
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Developing liquid: A solution was used, which was
obtained by mixing 1 L of water, about 0.25 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 weighed. About 1 g of
toluene and about 15 g of a 2 mmol/L agueous solution of
nitric acid were added therelto, 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 lon chromatography analysis
sample,

{Z2) Quantitative Analysis

A calibration curve was prepared by using reference
solutions. A Ti amount in an analysis sample solution
was guantified based on the calibration curve.

The names of compounds in the following examples may
be given according te not only the nomenclature defined
by TUPAC but also popular naming.

(02013
(Analysis of Presence of Ti-0-11 Linkage)

X-ray crystal structure analysis of a solid
aryloxytitanium composition was performed using the
following measuring apparatus to determine an interatomic

distance. Presence of a Ti~-0-Ti linkage was determined
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by an interaction between atoms when the interatomic
distance is smaller than the sum of ion radii. The sum
of ion radii of a titanium atom and an oxygen atom is
2.87 angstrom.

Measuring apparatus: Automatic Single Crystal X-Ray

G

Crystal Structure Analysis System RASA-7 {(manufactured by
Rigaku Corporation).
{03023
[Production Example 1]

10 (Step X: Hydrolytic Condensation Step of
Tetraalkoxytitanium)

340 kg of tetrabutoxytitanium (Tyzor BTP,
manufactured by E. I. du Pont de Nemourss& Company) was
introduced to a reactor equipped 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 0°C in another
reactor equipped with a stirrer. The reactor was

aguipped with a ceooling coil

e o gy oy A oy e e e el
CCri, 4 heatin jacstit, andd 4

[k

disvillation column.
The hydrous butancl was added into the reactor under

25  stirring through a line.
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The addition time was set to 1 hour, and an added
amount of water was set to 0.5 mcl per mol of Ti atoms in
the reactor.

A trace molisture meter analyzed the reaction
solution with time, and it was confirmed thalt the added
water was consumed in a hydrolysis reaction and the
analyzed value became constant.

[0303]
[Production Examples 2 to 9]

A hydrolytic condensation step of
tetraalkoxytitanium was carried out in the same manner as
in the above-mentioned [production exampie 1] except that
tetraalkoxytitanium to be used, an alcohol type, a
dilution concentration, an added amount of water, and a
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

to Ti are shown in the feollowing Table 2.
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[Production Ezxample 10]
(Step Y: Cconcentration Step)

The reaction solution obtained in the [production

{1

example 1] was heated under stirring, and n-butancl was

evaporated using the distillation column after the

reaction solution reached 150°C.
A composition of the evapcorated liquid was analyzed
it was confirmed that the

by gas chromatography, and

10 evaporated increment was nearly zero. The distillation

was then completed.

When a transparent and colorless liguid left in the
reactor was analyzed to determine Ti content and alkoxy
group contents, it was found that butoxy polytitanoxane
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 solutions obtained in the above-mentioned

[production examples 2 o 91 were used.

The reacltion solutions used ang Lhe average degrees

of polymerization of the obtained polytitanoxane having

Lhe alkoxy group are shown in the following Table 3.
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[Table 3]
Reaction solution used Average degree of
polymerization
Production Reaction solution produced in production example 2 1.98
example 11
Production Reaction solution produced in production example 3 1.25
example 12
Production Reaction solution produced in production example 4 7.9
example 13
Production Reaction solution produced in production example 5 4
example 14
Production Reaction solution produced in production example 6 12
example 15
Production Reaction sofution produced in production example 7 6
example 16
Production Reaction solution produced in production example 8 2.9
example 17
Production Reaction solution produced in production example 9 4
example 18
[0309]

[Example 1]

In this example, as a step A, polytitanoxane 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 cobtain a crude
polytitanoxane composition having an aryloxy group.

Apbout 194 kg of light vyellow transparent
poelytitancoxane having a butoxy group (B4, manufactured by
Nippon Soda Co., Lid.,) was introduced to a reacior

equipped with a stirrer. The reactor was equipped with a

cooling coil, a heating jacket, and a distillation column.

The polytitanoxane was then adjusted to 120°C.

‘0
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- 183 - [0316] [Exanple 21] This exanple perforned a step of adding a

di aryl carbonate to a pol ytitanoxane-composition having an R-0- 5 Ti

| i nkage and evaporating a conponent having a | ower boiling point than that
of the diaryl carbonate, together with the diaryl carbonate, so as to

obtain a pol ytitanoxang cquPos! Lhon flaving, AR ary! oy, omove i & step (1)-
thereto through a line. An internal liquid temperature
was adjusted to 120°C.

The addition time was 1 hour, and stirring was then

5 continued for about 4 hours to evaporate butanol produced
as by-product using the distillation column.

From the analysis of the distillate ligquid, it was
confirmed that the amount of butancl produced as by-
product (nearly the same amount as that of the butoxy

10 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 wilthin the

15 system was finally about 26 kPa.

Once it was cenfirmed 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
an averadge degree of polvmerization of abouit 4 was
Golained., As a result of the X-ray siructure analysis of
the polytitanoxane having the phenoxy group, a Ti-0-Ti

25  linkage was confirmed.

[0310]

[Lxamples 2 to 107



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 diphenyl carbonate was added in an amount of 10 nol per nol
of Ti atons contained in the reaction $d8bPution, under stirring. 15In this
case, an internal liquid tenperature of the reactor was 150C, and the

di phenyl carbonate was al so added in a nolten state of about 150C. The
addi tion time was aboarehow .cIhsod ermer atnl€1.0f dheatjoskgd 9fotpe
reactor was 20 gradually raised, and the internal pressure of the reactor
was gradual yrkowet ethetl henebyestanki ngnhibe dksthl thetiie@ampif ajconponent
having a |ower boil' is ¢ is CLIC di phenyl catbonate, Logew ' di phenyl
carbonat e fesnephetidastihéateont tcohuanlulboAlt epttheepr ésasuhe whbkier the
system was gradua returned to a normal pressure with nitrogen gas when
about a naih¢naneneis(ICredoftibe axddeles dPphenyB)caebenuked, - atg4 -
distilled (finally, the tenperature within the systemwas about 210C, and
t he pressur@l Waat BC Kpgyrody pheypueds behare b é%@uﬁoélﬁaﬂﬂgaﬁﬁhﬁ? 4f that
of the previously added d phenyl carbonate was added again. The

di phenyl cafbbhatechas added in a nolten state at about 140C. The addition

time was about 1 hour. [0317] The tenperature of the solution in the
reactor was 10 ﬁﬁ@nosbett‘ijtrbe%%ciﬁty@l L% t%%“?%?]elr'h%rlb_ P%‘é‘éme“b? t he
reactor was, gradual)yol overed,, Lher eby, slarsing,the gistillation of a
conponent havi ng 0 o'l Tng point an af ~of e di phenyl carbonate,
together with t di phenyl C%LQQQ&£ _ -distildation colum. 15The
pressure wt hi nhﬁ?e g?yste%nms graﬁaﬁ%@mér&dﬂé Y AR50

10 exceeding an analysis error before and after the step (A)

was not observed in each case. As a result of the X-ray

structure analysis cf the polytitanoxane compositicn

having the aryloxy group, a Ti~0~Ti linkage was confirmed.
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nearly the sanme anount as that of the di phenyl

d to a nornal

pressure with nitrogen gas when di phenyl
carbonat e added at the
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second time was distilled (finally;1¥he tenperature within the system was

20about 210C, and the pressure was 3 kPa).
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t et rabut oxyti tani um (manufactured by N ppon Soda Co., Ltd.) was introduced
to a reactor equipped wth a stirrer. The reactor was equi pped with a
cooling coil, a heating 20jacket, and a distillation colum. Thet at..ra
huts adjusted to 120C. coo A k, Jphoip8pC; was than In traduced cnereco
through at le, An internal Liquid tenperature was adjusted to 120C. 25The
addition tine was set to 1 hour, and stirring was then. continued for about
4 hours to rate butanol pro uced as by-product using the di.stillation
colum. - -7 [0319] Fromthe analysis of the distillate liquid, it was

1
confirmed t ) ) nt of butanol produced as byproduct (nearly the same
anount as tﬂ%%dr&oé?% ff@gut oxy 5 group contained in the fed pol ytitanoxane

conposi tion) waspgvaporatad. A rat.ur ) sure were then
adj usted so that the iﬁ?%}nal F&gﬁ% C?éhﬁ§f§?3ﬁ§%§§% e‘%eaé?aﬁ‘was set to

180C, and therphstdd |t ipnpofyphenplxnas stasd e {oh ML hi $4caseg_ghe
pressure within the 10systemwas finally about 26 kPa). Once it was

confirmed thatl intaafe | iddd exvmse-distd |4 at@nwWase pr odieedy 4 hesgeaction was
conpl et ed. From the anal ysis, the butoxy group was not left in the
system anddietimaphenoxytiitaniwmwher eclid wwasrib ¢epbacete by: she: phenoxy
group was obtained. The content of titaniumatons in the conposition
obt ai ned i nitthi s hreefddireencle exanpla-avassd 1% by nastssin he content of diaryl
carbonate was 0% by mass; and the content of the conpound
polytitanoxane composition having an aryloxy group in a
step (1}, or a step of adding a diaryl carbonate to a
10 crude polytitanoxane composition having an aryloxy group
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 aryloxy group in a step (B).
15 After the reaction solution obtained in the above-
menticned [example 1] was returned to a normal pressure
with nitrogen, diphenyl carbonate was added under
stirring in an amount of 2.5 mel per mol of Ti atoms
contained in the reaction solutien.
20 In this case, an internal liquid temperature of the
reactor was 150°C, and diphenyl carbonate was also added
in oa molten state o
Tne addition time was about 1 hour.
The temperature of the liguld of the reactor was
25 gradually raised, and the internal pressure of the

reactor was gradually lowered, thereby starting the

distillation of a component having a lower olling point



havi ng the boiling point of 150C or |less (n-butanol, 20water) was 3 ppm
[0320] [F.: xanF.le Jie rec,e_Lor cunt_ tetraphenoxytitani um obtained in
t he above-nenti oned 25[reference exanple 1] was returned to a nornal

pressure with nitrogen, diphenyl carbana e-was added in an anount - 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, qn%ﬁ%qglg%QﬂgquaQﬁ&ﬁgﬁﬁ%ﬁéﬁﬁﬁﬁgﬂg%%J Qxﬁﬂggg%%gdfkgngﬁgn state of

about 140C. tiron tinme wa our’. enperature of

the Iiquid ofpidig r eactRmMas araduald 12l sed and dhegnt ernal pressure

of the reactor was gradually | owered, thereby starting the 10 distillation

of a conponent havieRgtraecl pweLshekl WIAHRGH Rt RaR ddhat,0f fhendiphenyl
carbonate, together with the di phenyl carbonate fromthe distillation

col um. Af tertdhe:dprees sure s ihigr sy stiam wais faduald y wiedwirned to a
normal pressure with nitrogen gas when 15 about a half anmount of the added

di phenyb carponatee hads dirgtirltd ed (fienadddgd tchetenperattisenad ¢ hidis t he
system was about 210C, and the pressure was 3 kPa), diphenyl
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.
10 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 sclution was then
set to about 210°, and the internal pressure of the
15 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.
The pressure within the system was gradually
20 returned to a normal 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 (finaliy, the temperatule wiliiln Lhe sysitemn was
about 210°C, and the pressure was 3 kPa).
25 A component containing the diaryl carbonate
evaporated at the first time was colored in yellow, and

contained about 120 ppm of Ti atoms.



carbonate of about a half anpbunt of that of the previously added di phenyl
carbonat e was added again. 20The di phenyl carbonate was added in a nolten.
state of about 150C. The addition. hour, [0321] The tenperature of
the solution in the reactor was then. setsto about 210C, and the internal
pressure of the reactor was gradually | owered, thereby starting the of a
conponent haying a |ower boi]ing point. - 188 - than that of the diphenyl

bonate, t i th the diphenyl carb f the distillati
Cal umn.  The. prodUar SCIPCRFH <t RS0y SLBHAWS oraatl [ SEll 1 4 o a nor mal

pressure with nitroge s. when di phenyl carbonate in nearly the sane
amount as that of 1 %éﬁ‘|gﬁ§ﬁg| carbonat e added at the second tine was

distilled (final éowgggemm%mmkqn | thion fihe. Systemawas .about 210C  and

the pressure was conponent containing a diaryl carbonate

evapor at ed el Rir £thQ) T Sthd igBR MRS Colonadk i vellgw -and £cont ai ned about
120 ppm of Ti atons. The conponent al so contai ned about 400 ppmof a

chloring cenpenariss Aicpnponentsiciond aldiling wheh am capbonaies evaporat ed at
the second tinme was a transparent 15 and colorless liquid (a white solid
when the |icguild:dias acedlled) ,1«and thad |leggont hah 110 qppmof Ti atons. A
chl ori ne conponent was also 10 ppmor |ess. The tetraphenoxytitani nm was
left in the sysfiemhlPheneontaptnehtt whaniadmoati@mepin oirhé esenposiit i on
obtained in the 20 exanple was 5.6% by mass; the content of the diaryl
car bonat e \W¥$ 5% I9ye oiss ;0 famd ltvie égritteimin ofL tiHee donpouinidn@dne 011 thu
honi n
g composition and a Ti-0-Ti linkage were not changed before
10 and after the step.
[0313]
[Examples 12 to 20]
Polytitancxane {or composition) having an aryloxy
group and a diaryl carbonate to be used were changed as
15  shown in the following Table 5.
Polytitanoxane having an arylcexy grcup 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 evaperated, and the chlorine content are shown
in the following Tahle 5.
Chrange 1n the average degree ol polymerization of
the polytitanoxane compositicn and the Ti-0-Ti linkage

25 exceeding an analysis error before and after a step (A)

was not observed in each case.



diaaif water) Was i ppb. [0322] 25[ Exanple 231 - 189 - In this
exanple, a step for adjusting a conponent ratio of a polytitanoxane
conposition having an aryloxy group and a diaryl carbonate was perforned in
a step (C). D phenyl carbonate was addegh it the formof a liquid 5 into the
remai ning liquid obtained in the above-nentioned [exanpl e 22] under
stirring, so as to obtain a polytitanoxane conposition having an aryl oxy

group, adjusted; S hak, BANGHU LAl 0N, O, Tlo Bf QiR VAS by mass. 10The

content of titaniumatons in e conposition obtaine n the exanpl e was 5%

by mass; the,camentef {he, diaryle cashonat,e v@énw@m%r@?é:dﬁmyi he

content of the conpound having the boiling point of 150 | ess

(n-but anol ,cyal@ldt dvasot2a i 15[10323] i f Examples1 2 4oh 33he 71

Pol ytitanoxane conpositions having an aryl oxy group were obtained in the
same mannercascdnt tdrel [exangt v 23]e exeepint hadrd ypess ofn acHd t @i sy conpound
to be used and a 20 diaryl carbonate and an adjusted concentration were
ferent. SThewmuntt«wf diradnauwrb by adding cUe diaryi carbonate if it was

| surilcient, or by evaporating it if it was in excess 25The reaction
solution used, diaryi carbonate a concentration of Ti atonms in the adjusted
conposition (% by mass), a content of the die ryl carbonate, and a



| ess are
In en0

Le)rn0O C? colnco

19184 -

190 - content of a conmpound having a boiling point of 15000 or

shown in the follow ng Table V.
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2 to 12] A pol ytitanoxane conposition having an aryl oxy group was

produced w [tdpllg} evaporating a conposition having a

[Example 21]

This example performed a step of adding a diaryl

carbonate to a polytitanoxane composition having an R-0-

5 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 aryloxy group in a

step {(1).

10 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.

15 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 liguid of the reactor was

20  gradually raised, and the internal pressure of the

reactor was gradually lowered, thereby starting the

distillation of a component having a lower boiling point

Aok dCAid bobidi . A4 [ k},LjJiJULi'}‘; (L SRS S R = I WL ey LA L 4 WY bed [ i

diphenyl carbonate from the distillation column.

25 After the pressure within the system was gradually

returned to a normal pressure with nitrogen gas when

aboul: & half amcunt of the added diphenyl carbonalte was

(0]



5 lower boiling point than that of a diaryl carbonate. The

pol ytitanoxane conposition having the aryloxy group was obtained in the
same nmanner as in the above-nentioned [reference exanple 1] except for the
condition. The reaction solution used,ls8t¢he di aryl carbonate, 10 the
concentration of Ti atonms in the conposition (% by mass), the content of
the diaryl carbonate, and the content of the conpound having the boiling

oint of 1 i S howny.i.n | n 0
Do 40004n00r Ty e8I LAHEIINO RN PRl B NG cTAN Bu sysc il A

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 about 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
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.

15 The pressure within the system was gradually
returned toc a normal 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

containing the diaryl carbonate evaporated at the first

time was colored in yellow, and contained about 120 ppm
e AT oy e ey e e S T N J v R Sy AN e e
e F 30 SRR S e 2 F NN~ INER -V Sy o= A L W 1A j:Jj_Jui
of a chlorine component. A component containing the

25 diaryl carbonate evaporated at the second time was a

transparent and colorless liguid {a white solid when the
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liguid was cooled}, and had less than 10 ppm of Ti atoms.
A chlorine component was also 10 ppm or less.
An average degree of pelymerization was not changed

before and after the step. As the remaining liquid,

(@]

polytitanoxane (an average degree of polymerization of 2)
having a phenoxy group was obtained. It was presumed to
have a (PhQ)3-Ti-0~Ti- (0OPh)s structure.

The content of titanium atoms in the composition
obtained in this example was 3.4% by mass; the content of
10 the diaryl carbonate was 75% by mass; and the content of

the compound having the boiling point of 130°C or less

(n-butanol, water) was 2 ppm.

{0318]

[Reference Example 1]

15 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 equipped with a stirrer.

The reactor was equipped with a cooling coil, a heating
20 jacket, and a distillation column. The

tetrabutoxytitanium was adjusted to 120°C.

About 500 kg of phencl U was then inbroduosd

Liereto through a line. An internal liguid temperature

was adjusted to 120°C.

25 The addition time was set to 1 hour, and stirring
was then continued for about 4 hours to evaporate butanol

produced as by-product using the distillation column.
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[C319]

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

5 group contained in the fed polytitanoxane composition)
was evaporated. A temperature and a pressure were then
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

10 system was finally about 26 kPa).

Once 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 beiling point of 150°C or less (n-butanol,

20 walter) was 3 ppm.

[0320]
| Bxample 221

Rter the reactor contalining Lhe
tetraphenoxytitanium cbltained in the above-mentioned

25 lreference example 1] was returned to a normal pressure

with nitrogen, diphenyl carbonate was added in an amount



re, (74(Zr=4per4car: 194 - [0327] [Exanples 34 to 44] In these
exanpl es, pol ytitanoxane conpositions having an aryl oxy group, which are
storage conpositions 5 were obtained. About 900 L of each of the

pol ytitanoxane conpositions having an gyl oxy group, obtained in the
above-nentioned [exanples 23 to 33] was put into a transport contai ner
(made of SUS304 and having two 10 nozzles provided at upper and | ower
positions) of .100Q L, and was cool ed for storage, Al t hough some of the

pol ytit anoXane dGip&&itt iMoHs Uere Pl @FEd15di ¥ dd'd Mo ched® i nsi des

some ot her E%i%? akhj %jqﬁﬂqu1 15The pol ytitanoxane conpositions were
stored for “about tHreé years'f?r6ﬁ¥January, 2006 to January, 2009).

fhe poly!' tanoxape GORPASLL) 008 PREE.ALOM 8900 (A (LATRELALLE fange T om as

low as -2C to as high as abbut n a warehouse oughdutoﬁhé

vears. 20 The sl deoheach centahner BLLEY, the shorsge was qhecked, and a

portion of the conposition hear 't he wal e “conf'ar |p58d and
onbi ect 9ci f@ddf TGk R MPT hept, @l Mst qonstant before and after the

storage. - 195 - [0328] [Table 9] [0329]

The addition time was about 1 hour.

The temperature of the liguid of the reactor was
gradually raised, and the internal pressure of the
reactor was gradually lowered, thereby starting the

10 distillation of a component having a lower boiling point
than that cof 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 molten state
of about 150°C.
The addition {ime was abeout 1 hour.
U321

The temperature of the solutlion in the reactor was
25 then set to aboul 210°C, and the internal pressure of the
reactor was gradually lowered, thereby starting the

distillation of a component having a lower boiling point



[ Conparative Exanples 1 to 11] The pol ytitanoxane conpositions hayi ng
the aryloxy group, produced in the reference exanples 2 to 12 were stored
as storage conposition in the sane ianner above The storage results are
shown in the followi ng Table 1010. -1 1% - ti oai Octi 6ai 6

bi )l oll bc)bl)bl)O)bf)bf) cdatai McbcdM ;--,r... & .$...r.;... 2.9222".
ami2" 2 CoCoCoCoCoCoCoCo 0006..)000 ,""""""" 0000000

”’q_q_q_4Tﬁan'thaQ'bf'%he %Q%%%T%&Ocﬁ%bdé%ﬂ%flé%gé%ﬁé%(%ith the
diphenyl carbonate from the distillation column.

The pressure within the system was gradually
returned to a normal pressure with nitrogen gas when

5 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
apout. 210°C, and the pressure was 3 kPa).

A component containing & diaryl carbonate evaporated

10 at the first time was colored in yellow, and contained
about 120 ppm of Ti atoms.

The component alsc contained abcut 400 ppm of a
chlorine component. A component containing a diaryl
carbonate evaporated at the second time was a transparent

15  and colorless liquid {a white sclid 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 titanium atoms in the composition obktained in the

20 example was 5.6% by mass; the content of the diaryl
carbonate was 5b0% by mass; and the content of the
compound having the belling point of 150°C or less (n-
Dutanol, waler) was 1 ppi.

[0322]

25 [ Example 23]
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In this example, a step for adjusting a component
ratic of a polytitanoxane conposition having an aryloxy
group and a diaryl carbonate was performed in a step (C).

Diphenyl carbonate was added in the form of a liquid
into the remaining liguid obtained in the above-menticned
[example 227 under stirring, so as to obtain a
polytitanoxane composition having an aryloxy group,
adjusted so that a concentration of Ti atoms was 5% by
mass.

The content of titanium atoms in the composition
obtained in the example was 5% by mass; the content of
the diaryl carbonate was 56% by mass; and the content of
the compound having the boiling point of 150°C or less
(n-butanol, water} was 2 ppmn.

10323]
[Examples 24 to 33}

Polytitanoxane compositions having an aryloxy group
were obtained in the same manner as in the [example 23]
except that types of a titanium compcund to be used and a
diaryl carbonate and an adjusted concentration were
different.

The amount of diaryl carbonate was adijusted either
Dy addling the dlaryi carbonate 1f it was insuiilclentc, or
by evaporating it if it was in excess.

The reaction solution used, diarvyl carhonate, a
concentration of Ti atoms in the adijusted composition (%

by mass), a content of the diaryl carbonate, and a
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content of a compound having a boiling point of 150°C or

less are shown in the following Table 7.
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[0325]
[Reference Examples 2 to 121

A polytitanoxane composition having an aryloxy group
was produced without evapcrating a ccmposition 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-
mentioned [reference example 1] except for the condition.

The reaction sclution 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 following Table 8.
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About 900 L of each of the polytitanoxane conpositions having the aryl oxy
group, obtained in the exanples 27, 28, 29, and 30 was put into a transport
cont ai ner (made of SUS304 and having two nozzles provided 5 at upper and

| ower positions) of 1000 L. The containes was transferred to di phenyl
carbonate production facilities which was in Kurashiki-shi, Ckayama, japan
from Nobeoka-shi, M yazaki, Japan. Days required for the transfer were 60
days fromt 2lpb\gay at which the conposition was noved to the container.
The conposition s dissolved by external heating (steam of 150C) after the
transfer, ang i a catal yst reservoir provided in the diphenyl
car bonat e p%ﬁ%%@ﬁ%? inﬁﬁ)]es. Results are shown in the 15foll ow ng Tabl e
}6;0|8é001 la- . 414 r3se Q%a6GR 00 RAQRAl addxarlt )RINRY i rdsdsa a)4) L.L34

having an aryloxy group, which are storage compositions

were obtained.

N

About 900 L of each of the polytitanoxane
compositions having an aryloxy group, obtained in the
above-mentioned [examples 23 to 33] was put into a
transport centainer (made of SUS304 and having two

10 nozzles provided at upper and lower positions) of 1000 L,
and was cooled for storage.

Although some cof the polytitanoxane compositions
were completely solidified into their insides, some other
were in a liquid form.

15 The polytitanoxane compositions were stored for
about three vyears (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 in 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
surface of the container was sampled and subjected to
Helal analysis. Concenbiations ol melals obhen than T4

ware kept almost constant before and after the storage.



ala aaa -0...a..a cal FO7s ; ...,

cal 001 -

i

00 >> a)a)a) (0 -55'5 00 _O

zrii/41l' Ocal 03 07217-0-a C-0a)a) a 0>>>
- 185 -~
[0328]
[Table 9]
Stored composition Increase of metal components other than Ti
Example 34 | Composition of example | Within 5% increase as compared with
23 analyzed value before storage
Example 35 | Composition of example | Within 5% increase as compared with
24 analyzed value before storage
Exampie 36 |Composition of example | Within 5% increase as compared with
25 analyzed value before storage
Example 37 | Composition of example | Within 5% increase as compared with
26 analyzed value before storage
Example 38 | Composition of example | Within 5% increase as compared with
27 analyzed value before storage
Example 39 | Composition of example | Within 5% increase as compared with
28 analyzed value before storage
Exampie 40 | Composition of example | Within 5% increase as compared with
29 analyzed value before storage
Example 41 | Composition of example | Within 5% increase as compared with
30 analyzed value before storage
Example 42 |Composition of example | Within 5% increase as compared with
31 analyzed value before storage
Example 43 |Composition of example | Within 5% increase as compared with
32 analyzed value before storage
Example 44 | Composition of example | Within 5% increase as compared with
33 analyzed value before storage
[0329]

[Comparative Examples 1 to 11]

The polytitanoxane compositions having the aryloxy

group,

stored as storage composition

the above

MENTLIOned

produced in the reference examples 2

Topmims om0 m
RGN L ED

to 12 were

in the same manner as in

A A

e VA e
D [T

L

The storage results are shown in the following Table
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[Examples 45 to 48]
About 900 1L, of each of the polytitanoxane

compositions having the aryloxy group, cobtained in the

{n

examples 24, 25, 31, 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 diphenvl]l carbonate production
facilities which was in Kurashiki-shi, Ckayama, Japan
1.0 from Nobeoka-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 dissolved by external heating (steam
of 150°) after the transfer, and was pumped into a
15  catalyst reservoilr in the diphenyl carbonate production
facilities.
Results are shown in the fcllowing Table 11.
[0332]

[Table 11]

Transferred composition Transfer situation
Example 45 [ Composition of example 24 | Whole liquid couid be pumped into reservoir
after dissolution for one day.

Example 46 | Composition of example 25 { Whole liguid could be pumped inio resesrvoir

afier dissolution for three davs,

Fxample 47 |Composition of example 31 1 Whole liguid could be pumped info resesvoiy
after dissolution for two days.
Hxample 48 |Composition of example 33 | Whole liquid could be pumped into resesvoir

after dissolution for three days.

20 {0333}

[Examples 49 to 521



[ 03351 [ Conparative Exanples 12 to 151 For conpari son, about 900 L of
each of the conpositions obtained in the reference exanples 5, 6, 7, and 8
was put into a transport container (made of SUS304 and having two nozzl es
provi ded at upper and | ower positions)l® 1000 L. The contai ner was
transferred to di phenyl carbonate production facilities which was in

Kur ashi ki -shi, Ckayans, Japan from Nobeoka-shi, Myazaki, 10Japan.

Days required fop,fhe doansfer e £0 L%%yg;Jlr JQmiihe, 0ay at which the
conposition was noved to the cont ai ner conposition was dissol ved by

ext er nal h&%mﬁ&ﬁ(‘@it&%nkﬁv&@@h@féWléﬂﬁ dransf eshr andeaas, pugped into a
15 catal yst reservoir provided in the diphenyl carbonate production

facilities.e:Rasulds @are showno | naitdesd okd owbng Tathd ex 113ran§_p|5@-zﬁi§f er
situati on CoCoCoCo CdOCdact 33 0CO 0o. 00 ?- -4-.at. cevv, -. Co....
Coi i i Co0Ooo-®@Maminera. imade of SUS304 and having two nozzies provided
5 at upper and lower positions) of 1000 L. The container
was transferred to diphenyl carbonate production
facilities which was in Kurashiki-shi, Okavyama, Japan
from Nobeoka-shi, Mivazaki, Japan.
Days required for the transfer were 60 days from the
10 day at which the composition was moved to the container.
The composition was dissolved by exlternal 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

15  following Table 12.
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[Comparative Examples 12 to 15]

For comparison, about 900 I, of each of the

compositions obtained in the reference examples b, 6, 7,

5 and 8 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, Miyazaki,

10 Japan.

Days required for the transfer were 60 days from the

day at which the composition was moved to the container.

The composition was dissoclved by external heating (steam

of 150°C) after the transfer, and was pumped into a

15  catalyst reservolr provided in the diphenyl carbonate

production facilities.

Results are shown in the following Tabkle 13.
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C - 202 - [0337] [Exanple 53] A nmet hod for producing a diaryl
carbonate using a pol ytitanoxane conposition having an aryloxy group as a 5
catal yst was carried out. A polytitanoxane conposition having an aryl oxy
group was obtai ned by the sanme nethod &a%2that of the above-nentioned
[exanpl e 27]. A polytitanoxane conposition having an aryl oxy group, having
a Ti concentration of 5% 10 by nmass (hereinafter, also described as a
“titani um conf-ajni ng conposition”) by further adding di phenyl carbonate was
used as a catal yst. [0338] A schematic configuration view of a producing 15
apparatus ofg.a¢fiar y3carbonate is shown in Fig. 1. The produci ng
apparatus of the diaryl carbonate is equipped with distillation colums 110

and 120 whi ch haveea heantriotueus didlithics hage sStylueatifina divsdidd af i on col um
130, and a distillation purification colum 140. 20These are connected via
pr edet er m med \iinesio:Gpecicdndaal d yorl ladird? atf es feedk§ i qesysups MiyM nd a
feed conmpo U U G and a pol ytitanoSane

5  catalyst was carried out.

A polytitanoxane composition having an aryloxy group
was obtained by the same method as that of the above-
mentioned [example 27]. A polytitanoxane composition
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 is shown in Fig. 1.

The producing apparatus of the diaryl carbonate is
equipped with distillation columns 110 and 120 which have
a continucus multistage structure, a distillation column
130, and a distillation purification column 140.

20 These are connected via predetermined lines,

Sspecifically, lines 1 and 12 are feed lines

supplying a feed compound and a polylLitanoxane

composition having an aryloxny grouw, or the like.
Lires 3 and 9 are recovery lines recovering a
25 generated compound and other material.

Lines 2, 4, 5, 6, 7, 8, and 10 are transfer lines.

A line 11 is a removing line.



conpositiong an aryl ograuP, Lines 3 and 9 are recovery lines
recovering a 25 generated conpound and ot her materi al . Lines 2, 4, 5,
6, 7, 8, and 10 are transfer lines. A line 11 iS5 r noving - 203 -
Nuneral nunmbers 111, 121, 131, and l4I2Mdestgnate reboilers, and nunera
nunbers 112, 122, 132, and 142 designate condensers. Nuneral nunber 113
designates a preheater for 5 setting a supply material to a predeterm ned

temperature [OF3AL a1 nyHie dl sthll abhon col umm 10 ihag A Gontd nuous

mul ti stage structure, was equi pped Wi th a concentration part and a

recovery pardpoihhe &10 gRncentdali oy paits wasy fidded mih si@veqprays of 25
stages, and had an inner dianeter of 150 nm and a Iength of 4.8 m The

recovery pafdswas: tfd ldethaMddrdel apak CY (manufactured by Sul zer Chentech
Ltd., Switzerland), and had an inner dianeter of 150 mmand a |length of 2.3
m 15 In the di stuikekatli anreelrum 3145@,s ignatead al pquindawas: dant | nuousl y
supplied at about 1830 g/H fromthe feed line 1 through the preheater 113
fromthe siseve itryr ofurrhley 2Gtte sitage:d o perddrim antranst ¢rgpsesterd f i cati on
reaction. The mxed liquid contains his (3 20 nethyl butyl)carbonat e,

phenol , and (bl ytitanoxane conposition haying an aryloxy group (a weight
ratio of bi s( 3- net hy Ibut¥l )cnmhonate to phenol in the= liquid wsOQUJUSLOG La
dbOLit 1.02, andhbei fdstillatigg geted@nt ¢ Epddd 50T PPm B Uhe whol e anount
of the 25liquid). [0340] - 204 - The concentration part was provided
bel ow t he &t LSS rﬁkﬁﬁﬂ%P%ﬁnnﬂ%ﬁrﬁf%rﬁgqﬁ IW%ﬁhcﬁ and the recovery
part was pro%hgglrg%pgathe st%gf unt of heaHI eqU|red for a
reaction an part a a recovcry par

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 Ltd., 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 25th stage to perform a transtransesterification
reaction. The mixed liguid contains bis (3~

20  methylbutyl)carbonate, phencl, and a polytitanoxane
composiltion having an aryloxy group (a welght ratio of
bis{3-methylbutyl)carbonate to phenol in the mixed licuild
was adjusted Lo oabout 1008, and Ultanium g atom was
adijunsted to about 500 ppm of the whole amount of the

25 Piguid).

[0340]



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 columm bottom of the multistage distillation colum was
controlled to about 10 230C, and a press$dre of a columm top was controlled
to about 140 kPa. A reaction solution was continuously renoved at
about 1700 g/ Hr through the transfer line 2 fromthe colum bottom of the

continuous mul t'151Qﬁ9;%zndﬂﬁltt'ﬂatqtdnorﬂ)a]xﬁ:c%%r%ded be ¥ OMDOI{d
ro

conponent containing 3-nethyl -1 butanol ced as by-product was renmoved

fromthe cotammidQsly bupplylngThLﬁeV@ﬁxé@eﬁj,@@l@ﬁ@@@ bye t hecgondgnser
112, and 20 was recovered by a reflux ratio of 2 fromthe recovery sol ution

renovedHue pantt ivwiagerd tddd atbhore cohenm: 4240 25The conti nuous nul ti stage
distillation colum 120 is equipped with the concentration part having the
reboil er 121 andraaghiumiey ft ypetdirstquilatd decel umactarmr nmet - 205 -

di anmet er of 150 mm and a length of about 6 n) of five stages, and the
recovery pattstiliadian tevehapaki €Y land> havi dagnana i npetedhatebentof, 150
ramand a length of 3.8 m The reaction solution was supplied at about 1700
g/H to 5 the per” Parat 619 theCotent &t T oht paFd . tpo34al the The
tenperature of the colum bottomof the distillation colum 120 was

control l ed *t %ldftf g t he pressure of the colum top was controlled to

bout 3 kPa. 10 t t t t hi
ondi tion.  TREG b6 1R RARBReRL @L‘%—?%Snn%” BB and bi s 3

hyl but yl ) carh | 10 t hrough
et ny “tyr&ﬁetrjzscz{%a;{chedfs%ans rcﬁne Jtsﬁnr'i he,distidlat]on col som,410 throug

t he condenser
10 230°C, and a pressure of a column top was controlled to

about 140 kPa.

A reaction sclution was continuously removed at
about 1700 g/Hr through the transfer line 2 from the
column bottom of the continuous multistage distillation

15 column 110.

A low 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 ratio of 2 from the recovery
Line 3.
The reaction solution removed Irom the tUranster line

D oma wlsasviliad alimos owans smomeliod fo Fhe contdngone
e et R SN S S A S Lo he WL WL i j:/ J S Ae S A T S R I I )

multistage distillation column 120.
25 The continuous multistage distillation column 120 is
equipped with the concentration part having the reboiler

121 and a chimney type distillation column {(an inner



15 and the feed line 1 fromthe colum top of the distillation colum 120.
From the columm bottom of the distillation colum 120, the reaction

sol ution contai ni ng di phenyl carbonate was supplied to the distillation
columm 130 through the 20transfer |inezd5te performdistillation
separation. The disti listion colum 130 is a distillation colum
tilledth Mel apak CT and havinginn a reboiler 131 and the condenser 132.
25A temper Al i, Ol & £0l Ymnbot 1,0m of 1 Lhe: i 5t 1 LLakL 0p: neobum; 180 was
controlled to é%out 180C, and a pressure of ac::top thss-df was controlled

to about 0,5:&Pa, and@06hc recovedNepdpw boilding, conpanent.contabphng
di phenyl carbonate was renoved fromthe colum top, and was supplied to the

di stillati ampuid fdcatihon col amddlot hr oughnt fied condengen 3823apdut he
transfer line 7. On the other hand, a high boiling conponent

cont ai ni ng Bheatead yistomaso bt coth ated $opp heedi sti dbatt oh7¢ol gfmr1i06 t hr ough
the transfer line 6 and the feed line 1. [0342] 10The distillation
purificatiomeolprar 140ri sob distédhatiomrcobunpafilled with Mel apak CY and
havi ng an inner dianeter of 150 nmand a |length of 5 m and is equi pped
with the reboid®er 141 and the condenser 142. The reaction sol ution
cont ai ni ng di phenyl carbonate, 15 supplied to the distillation purification
col um 140 t hr odg th&PSTAisEE A5 A7 F3lomt e it 199 athtn col utm 130 was
purified in the distillation purification colum 140. Thereby, about 100%
by mass of HiPhiehyat et bomate! wakl ot ai Fedt ¢ oht ¢ heC r etdver 119 dd'® | ocat ed

above the 20, colwm botom anl L ocated bel ow the, pistill aiop golym.

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
distillation column 120.

From the column bottom of the distillation column
120, the reaction solution containing diphenyl carbonate
was supplied te the distillation column 130 through the

20  transfer line 4 to perform distillation gseparation.

The distillation column 130 is a distillation column
Tilled with Melapak CY and having an inner diameter of
120 wmmoand @ length of 4 om, and is provided with the
reboiler 131 and the condenser 132,

25 A tenmperature of a column bottom of the distillation

column 130 was controlled te aboul 18C°C, and a pressure

of a column top thereof was controlled to about 0.5 kPa.



The | ow boi ling conmponent contai ni ngnethyl butyl ph o/J carltas circul ted

to the distill"’ le 2 fromthe columm top of the distill alien 25
purification colum 140. A concentration of titanium atons of a
titaniuncontai n ing high-boiling substiaénce renoved fromthe - 207 -

removal line 11 was adjusted to about 5% by mass, and a concentration of
titaniumatons in the titani umcontaining conposition supplied fromthe

feed line 12 wagnadjugt 8d;tQnabout,2%:by %%g-aim%gswe h¥nQf the 5
titani um contai ning conposition frgnlthe feed line ™l was stopped.

Si mul t aneousd phortdie ampuUNterfvdcher ddmauirtk ddicilatied t a.eachof the
distillation colums was gradually increased so that the anount of diphenyl
carbonat e Iupeicoverned tfircomithe rieaomver yod i ine & twas: akouim100Q g/ H. [ 0343]
After the continuous operation described above was perforned for about 12
hours, the Wdontugludus: epercaini=er Was. iamd Steeadharstfate. 1ikBAt7 this tinme, in
the transfer line 2, the conposition of the liquid contained about 15% by
mass of 2phenol , Cabobt 6T¥sbymass of hbick( BonBtingl butplopeartbonat e, about 17%
by mass of 3-nmethyl butyl phenyl carbonate, about 0.3% by nmass of diphenyl
car bonat e, “ANd WY @ Z%20 V5 s O Bimdtay 1L Bt ghioitl The fdow rat e
was about 11402 g/ Hr. residence tinmes of the rea ion solution in the dist’

distillati GiPdiut 3 0l rspddtdVvdlisr dodit 9 M9 diee 2ssbutie s W, -

208 - The conposition of the liquid in the recovery line 3 contained
about 1009§by mass of 3-nmethyl-1-butanol. The flow rate was about 823 g/ Hr.
[0342]
10 The distiilation purification column 140 is a

distvillation column filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and is
equipped with the reboiler 141 and the condenser 142.
The reaction sclution 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 bottom and located below the distillation column.
The low boilling component containing 3-methyl butyl
phenvl carbonate was cilirculated to the distillavion
columnn 120 through the recovery line 10 and the transfer
line 2 from the column top of the distillation
25 purification column 140.
A concentration of titanium atoms of a titanium-

containing high-bolling substance removed from the



[ 0344] In the transfer line 4, the conposition of the liquid

cont ai ned about 0.2% by mass of bis(3- nethyl butyl)carbonate, about 18% by
mass of 3-methyl butyl phenyl carbonate, and about 80% by mass of di phenyl
carbonate. The flow rate was about 12387Q/-Hr. 10ln the transfer line 5, the
conposition of the liquid contained about 0.2% by mass of

3-net hyl - 1- but anol , about 17% by mass of phenol, and about 83% by mass of
bi's( 3. et ylehtudyely) GATRONA &, TR QW ALe MRS, Al L4300, O/ kg JSIn the
transfer line 7, the conposition of the |iquid contai'ned about 88% by nmass

of di phenylcgarbenata.crabaut: :12%:by, MRSHOf: 3-vrRt hyile ity - phenyl
carbonate, and about 0.2% by nmass of bis(3-nethyl butyl)carbonate. The fl ow

rate was aboeuttaEFA0 o9/ddinpc20Afiler g 1GeRt | MusUS repeTaid on rdeser ihed above
was further continued for about 100 Hr, the di phenyl carbonate |ISCtOVW9 was

stab n 0. adjaswhid ecseldaditatssnaymelasenpehat seep(gbout t36C). Wien 25 the
di phenyl carbonate was anal yzed, Ti was not detected (less than 1 ppn).

[ 0345] 5- 209 a+ iThve cointtaninimoc emmgios ing dni gh=boitlieng esubsitiancel renoved from
the renoval line 11 was then adjusted to about 1.8 g/H (the concentration
of the tit&¥oMMest-ons was about 5% by nmass), and the titaniumcontaining 5
conposition supplied fromthe feed line 12 was adjusted to about 1.8 g/Hr
(the concentr at PofiubFapREUELYanf-lifh aP6HEtWAS &B6Ut 15% By Crass) atsinil arly,

t he continuous operation was perfornmed faor about 200 H. Simlarly, the
diaryl car 6’n§f3€%(éﬁpﬁ |dléé,rl§&ﬁé‘tléﬁ)n co?Lumns was grdljual%y

increased so that the amount of diphenyl carbonate

10  recovered from the recovery line 9 was about 1000 g/Hr.
[0343]

After the continuocus cperation described above was
performed for about 12 hours, the continuous operation
was in a steady state.

15 At this time, Iin the transfer line 2, the
composition of the liguid contained about 15% by mass of
phenol, about €7% by mass of bkis{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%

20 by mass of 3-methyl-l-butanol. The flow rate was about
114072 o/Hr.

The residence Limes of the reaction solution in the

e T O s I T S N o O T ST
i [UST WET B W PRy L R o S S H I S T P T =L e M O 1 S A A

il

distillation column 120 were respectively about 1 Hr and

25 about 2.5 Hr.



10 recovered fromthe recovery line 9 was stably produced at about 1000

g/ Hr. The di phenyl carbonate was a white solid at normal tenperature (about
20C). When the di phenyl carbonate was anal yzed, Ti was not detected (I ess
than 1 ppnm). 15[ 0346] [Exanple 5411 - 208 A pol yti t anoxane conposition
having an aryl oxy group to be used was obtai ned by the nethod described in
t he above-nenti oned [exanple 38]. Furthernore, the 20 pol yt:tanoxane

conposi tion havirpg EQ%p%%XhQé% 90URe adjMsied SQHdhate (B concgtyation
was 5% by Mass was pCO duced. 1GCh as I n the above-nentioned [exanple

531 except dcrtdihe256ondi tiqr by mhes di phenyd o icar-bpnateasecovened from
the recovery no 9 0615 stably produced at about. 1000 g/ H, - 210 -

The di phenylwarnbanratwe: wascuimii® eald d at normal tenperature (about

20C) When t he di phenyl carbonate was anal yzed, Ti was not detected (less
than 1 ppm.0340B471 [ Exanpl e 55] D (n-butyl)carbonate was used as a
di al kyl carbonate, and a pol ytitanoxane conposition having an aryl oxy
group, ébtalned[bytbﬁetWéﬂﬁé@TdéS@ﬁlHedfM@ cleawraisove-arentii died [ exanpl e 25]
and further adjusted so that a Ti 10 concentration was 5% by mass was used.
Di phenyl carisbrist @Wwﬁbmﬁ i t4e aiE srarifer>as(3in the

above- nentlon d [ exanpl e 53] except for the condition, The

di phenyl éﬁ%”rédév%?%&PqHQHn%qﬁyiréébvé?&Iﬁﬁﬁﬁ ﬁEiQBWH§J§¥%ny pr oduced
at about 1 [ Hr. The dlphen rb e was a whit olid nor mal
t enper aturgm(oC ol P0C) WA T He i p%e%ﬁ A boonatbey s EF SRt

carbonate. The flow rate was about 1238 g/Hr.

10 In the transfer line 5, the composition of the
Liquid centained about 0.2% by mass of 3-methyl-Il-butanol,
about 17% by mass of phencl, and about 83% by mass of
bis(3-methylbutyl)carbenate. The flow rate was about
10200 g/Hr.

15 In the transfer line 7, the compositicn of the
liguid 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 continuocus operation described above was

further continued for about 100 Hr, the diphenyl

cartonate recoversd from the recovery line 9 was stably
vyt e el o b R N N A N WA TRV LR A N e T T S et R TR
Foot e et el R R R A DU, [N NP S N LJ‘ PR A R - e o i ’«-u' N ) e M G b AR LA e W VoA ol
a white solid at normal temperature (about 20°C). When

25 the diphenyl carbonate was analyzed, Ti was not detected
(less than 1 ppm).

[0345]



was anal yzed, Ti was not detected (less than 1 ppm. [0348] 20[ Exanpl e 56]
in this exanple, a nethod for producing a di aryl carbonateal ytattanoxan
conpositha vt.n i)group The pol ytitanoxa e conposit ion having the aryl oxy
25 group, manufactured by the sane nethéd as that of the above-nentioned

[ exanpl e 31] and further adjusted so that a Ti concentration was 5 by nass
was obtained. The - 211 - polytitanoxane conposition having the aryl oxy
group was used aga GaldVst-containildy ttheypalyti tranoxana: somposi tion
havi ng the aryl oxy group, phenyl salicylate having a higher boiling point 5

than that oferlhphenytotarhonateowas netect edvadhensdl gdfattodofot he phenyl
salicylate to the titanium atons was about 0.1. [0349] A schenatic

confi gur at i @mowt eiv ©f g & pr oduei g dbdnappat at ust ofha diasylucasbomnate is
shown in Fig. 2. The produci ng apparatus of the diaryl carbonate is
equi pped witds didseut | Bt ilon rood e sardd Ot andt 1280 whirchohiayenangont i nuous
nul tistage structure, a distillation colum 130, and a distillation
purificati o uhn: A0 udBTHeS ef 9Te Eomneet@d! vira p? edet er i neleti nes.
Lines 1 and 12 are feed |ines supplying a feed conpound and a
pol ytit anoxane?edhposi & i i halitky e yHoxy of obh, toe theanive.
Lines 3 and 9 are recover Jjnes recovering a 20 generated conpound and
ot her mat erd&™® LW?T%SQ‘??”%,A%%%,I“%S,S)B; fhlg“ ~rdryg, t&%fné?oé}uﬂ .7
operation was performed for about 200 Hr.
Similarly, 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
diphenyl 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-mantioned [example 38]. Furthermore, the

26 polytitanoxane composition having the aryloxy group,
aditusted so that a Ti concentration was 5% by mass was
producad.

v ey enrens R R TS et R P R e e R fJ dom hm oo TR M ST TY O T
A SR AT A A S VR i e e T L T T A A

as in the above-mentioned {[example 53] except for the
25 condltd
25 condition.
The diphenyl carbonate recovered from the recovery

line 9 was stably produced at about 1000 g/Hr.



reboil ers, and nuneral nunbers 112, 122, 132, and 142 25 desi gnate condense
Numer al nunber 113 designates a preheater for setta supply material to a
predetermned t - 212 - The distillation columm 130 is a distillation
colum filled with Mel apak CY and havihig) an i nner dianeter of 150 mm and a
| ength of 4 m and is provided with the reboiler 131 and the condenser 132.
About 10 kg of the polytitanoxane conposition having the aryl group

(titani um concenttati;QRendout ‘BURY MBSS) a3 iSWPRId1ed) ta the. | pwer part
of the distillation colum 130, and the tenperature of the polytitanoxane

CO”DOSit!OQéMpéﬂgldﬂ@3ﬁHBHu@EQP@)WﬁSWEQHtEQE|@@ph@n%@OHErEQRQQ@- [ 0350]
After this state was held for about 72 H, part of the polytitanoxane

conposi ti onvadwvimg el aryl wgroup twass sangpd e d( aaks anad iy zedopiPheny|

salicyl ate having a higher 15 boiling point than that of the di phenyl
carbonate wdsi4ddt ected. The nole ratio of the phenyl salicylate to the
titanium atonms was about 0.5. A mxture of a high-boiling substance
gener at &d iExample B ldi stillation colum 130 and a titani um containing 20
conposition is defined as a conposition A The conposon A was used as a

reaction catal Y3t NfBETYRe CRERPTPEGAWESI MFSSF ahe dl &t yiY karboi@tet €di phenyl
pats). In the distillation columm 110 filled wth sieve 25 trays of 50
stages, havi'¥y “ak SlAtrert odi BitceC BPOES 0 f dHd ‘'Y eHyth 6oL $i°%nd havi ng
2 Sontinuoys, My L SE3098 80 THGER dd 9. &0 2T LD 4 200U, S0 By, Jrass of -
l[example 25] and further adjusted so that a Ti
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 analyrzed, Ti was not detected (less than 1 ppm).
[0348]
20 [Example 56]
in this example, a method for producing a diaryl
carbonate using a polytitanoxane composition having an

T B et Ll e T T T T T o S s s B
G E Y Vi “j P i [ S R e N R e e e e e

The polytitanoxane composiltion having the arvioxy
25  group, manufactured by the same method as that of the
above-mentioned fexample 31] and further adiusted so that

fals)

a Ti concentration was 5% by mass was obtained. The



di et hyl 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. On the other hand, a mxed liquid 5
cont ai ni ng about 70% by mass of di net 311 carbonate and about 30% by nass of
phenol was continuously supplied at about 41 kg/H to the |lower part of the

distillation colum 110 froma feed line |'. [0351] 10A concentration part
was provi ded, Rel 0w R .8hAge- GO nuoYs| L SURPI M NG e 0 xed Ll qui d. - A
recovery pgjri)t q&ﬁs provi ded abovelthe stdagg%o A}tr: aﬁ)u‘nt o}%‘? eat

required farsed r8act icQnAands«di stillation was supplied by providing an
external heater, 15 or by circulating a colum |lower |iquid through the
reboiler 111. Ther eby, palyenrpanatkune ebr@ocolumn bettiom afhea afﬂqﬂltcj)?I age
distillation colum was controlled to about 230C, and a pressure of a

col um t op awas:rcomthrendyleds dla A0atieuth 0561 MPariGhekhérqual ivtd tanaxane
conposition having the arylo y glo U was gradually sup died to the 451:h
atof d'e artdarpadpi( ofi stiidHeatyilornsodiumat cl3G usiatgdthel t r Shsf ewolleine 6 to
25 adjust the concentration of the titaniumatons in the colum bottom of
the distil &4 6h Coltden PIEO o b0ty 1300) PPmthe R2Iginiuphe f@sction
solution was contjinuously renmoved at about 21 kg/H through the transfer
line 2 frOI’ﬁ%t% &ol'urm bottom of the continuous multi stage distillation

col um 110.{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
arylory group, or the like.

Lines 3 and 9 are recovery lines recovering a

20 generated compound and other material.
Lines 4, 4, 5, 6, 7, &, and 10 are transfer lines.
A line 11 is a removing Line.
val numbers 1311, 121, 121, and 141 designate
reboilers, and numeral numbers 112, 122, 132, and 142
25 designate condensers.
Numeral number 113 designates a preheater for

setting a supply naterial to a predetermined temperature.



The | ow boi ling conponent containi ng net hanol produced as by-product was
renmoved fromthe colum top. This was then condensed by the condenser 112,
and was recovered fromthe recovery |ine 3. The reaction solution
renoved fromthe transfer line 10 2 -as2idescri bed above was supplied to the
continuous multistage distillation colum 120. [0352] This continuous

mul tistage distillation colum 120 was equi pped with a concentration part

and a recovery %gepa&gtimtqgmeﬁ_my ﬁgop%t 2ha sﬁmg@ﬂo&r ch3lgnd a

sieve tray type distillation colum o stages (an inner aneter of 150

mm and a lrengtdy Qfi @bt 4 M cyThe d eeaMely Rartnwas fiddad with Mel apak
CY and had an inner dianeter of 150 mmand a length of 4 m The 20 reaction

sol uti on vwasosupplared 2atl cakAw 21 Kl Harld ithe uppefeparitt 1ofe Hde
concentration part. The ternperi,the co.funln bottomof t.he on colum 120
was cents: agidced lleer dhidetar?1G1E, conderafed tlse pressure of the columm top was
controlled to 25 about 13 3A disproportionation reaction. was performed on
this cohdition. Abeu2150- kFhefl dhebppllivhgteompenentcopntaitniong hpheénol and
di met hyl carbonate was circulated to the distillation colum 110 through
t he condendée 221 theur disfiem lunme B ceand athefeeditnd % Hyr emshe col um
top of the 5 distillation colum 120. From t he col umm bottom of the
di stillati A ScolMemt 1E80 ta Héer dateiroraddl @l I e shitsdiini g idirpenyimn
car bonat e supplied to the distillation calum 130 through the transfer
line 4 to ggif'orafﬁdditgﬁ INCHHESR e parcdt itorr. PRoTte '@t i on col utm 130 i s
a distillation colum fill.ed with Mel.apak CY and having .an, i nner di ameter
of 150 mm and s réngth "6F 4 %m - "end e FroViPdéd Swi TR gjre&)dﬁ P41 and
the copgenser,.132.

F0350]

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 carbonate was
detected. The mole ratio of the phenyl salicylate to the
titanium atoms was about (.5.
A mixture of a high-boiling substance generated in
the distillation column 130 and a titanium-containing
20 composition is defined as a composition A. The
composition A was used as a reaction catalyst {or the
next production of the diarvyl carbonate {diphenvyl

T T T
Bl Tl O R O W

In the distillation column 110 filled with sieve
25 trays of 50 stages, having an inner diameter of 150 mm
and a length of 12 m, and having a continuous multistage

structure, a mixed liguld containing about 30% by mass of



A tenmperature of a colum bottomof the distillation 15 colum 130 was
controlled to about 190C, and a pressure of a colum top was controlled to
about 1.7 kPa. The | ow boi ling conponent containing di phenyl
carbonate was renoved fromthe col um ai0p,- and was supplied to the
distillation purification colum 140 20 through the condenser 132 and the

transfer line V. On the other hand, a high boiling conponent
CODL' ' cat al yst. iated. |Lat]i M - akl . el i he 1.
25[ 0353] (yl%et\'?'ﬁg" E:Itag%%'ag:te: ggﬁpﬁa%%a?tq]%o%yc#déﬁ% Jlagﬁ}%cgpgf%“f' | | on

colum. fildegd WhidhNEi apgle 1G¥and hadNg AN kq/13l6 s «nhd Melydianet er of
150 mmand a length of 5 m and is equipped wth the reboiler 141 and the

condenser IA2.thENG OeaGiiaeR Solddt it0n: cenidining dignhenydn catbonat e,
supplied to the distillation purification colum 140 5 through the transfer

line 7 fromrcheadiest illll3ati on cakuamh230hksdpuni fiedd nitheadi still ation
purification colum 140. Thereby, 99.8% by nass of di phenyl carbonate was
obt ai ned fromthe ireceveryt 70%e Y Irecat ed abionss Ityhe «zottunme dotdrein and

| ocated below the distillation colum. 10The | ow boiling conponent

cont ai ni ng ety 13 Uhény masar Isdnatenwds wis cuindtied o Ithes udistidd atti on
colum 120 through the recovery line 10 and the transfer line 2 fromthe
col um top a@Pwthg Idiket/ it &G G epdiGivieite &i7dn doltvin 40 1 15{035Y] Af t er
t he continuo§$ operation descri bed above was perforned for about 12 hours,

the conti nGGus™Bperdt itehm™wds fiefda ldtdady st at e.
[0351]

i0 A concentration part was provided below a stage
continuously supplying the mixed liquid. A recovery part
was provided above the stage.

An amount of heat required for a reaction and
distillation was supplied by providing an external heater,

15 or by circulating a column lower liguid through the
reboiler 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 aryioxy
group was gradually supplied to the 45th stage of the
distillation column 110 from the lower part of ithe
distillation column 130 using the transfer line 6 to

25 adjust the concentration of the titanium atoms in the
column bottom of the distillation column 110 to about 300

Byeittl



At this tine, in the transfer line 2, the 20 conposition of the liquid
cont ai ned about 55% by nmass of phenol, about 26% by nass of dinethyl

carbon. bout 17 by FSS of nmethyl phe 'chate, about 2% by mass net hanol,

The flow rate was about 40 kg/H. 25tr2the-transfer line 4, the conposition
of the liquid contained about 0.1% by mass of dinethy] carbonate, about 17%

by mass of nethyl phenyl carbonate, about 3% by - 217 - mass of phenol,
and about 80% by,xass...of ;diphenyl. scar hbonate. . The. fl r Mas gbout 6.2
kg/ Hr. In the tﬁaﬁéfgr"lingl7, t he g%ﬁ%ﬁ@?%ﬁékwéﬁé%ﬁé 1|ﬁﬂ$d

contai ned afodt: Z8%Qy, massofugH phenw - sarhonat £, about,19% by mass of

nmet hyl phenyl carbonate, and about 3% by mass of phenol. The flow rate was

about 5 kg/d¥lumn botAfdneroft e« i muausuOpai Bt i on: geser 4 bed aboye was
further continued for about 100 Hr, the di phenyl carbonate recovered from
the recovergpllume 19 0nvas stably 10 produced at about 4 kg/Hr. When a
titani um containi ng high-boiling substance obtained fromthe renoving |ine
11 was anal yzedha rawi boofl ihet abmpolnes tofcopltenylirgaltegylzatcd and net hyl
ester salicylate to noles of titaniumatons was about 1.1. 15[ 0355]

Wien t he cotdhiss aspervatdioiudes ofd hadrabove Wwesn fiure eyl wont ivwed for
about 500 Hr, the diphenyl carbonate recovered fromthe recovery line 9 was
stably prodiiced “its dsit P Eed The dipHeidetsibonate 3RE w20 white

solid at nornal. tepperature (about 20%)mhen t he
recovered from the recovery line 3.

The reacticn sclution removed from the transfer line
10 2 as described above was supplied to the continuous
multistage distillation column 120.
[0352]
This continuous multistage distillation column 120
was equipped with a concentration part and a recovery
15  part. The concentration part had a rebeiler 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 sclution was supplied at about 21 kg/Hr to the
upper part of the concentration part.

4

The temperature of the column bottom of the

B A L R Y e e ety J O O T S SR PR Yoy e e SN e
Golstiisdation column 140 was Conbioliad Lo aboul Z10 Ly

and the pressure of the column top was controlled to

25 about 13.3 kPa. A disproportionation reaction was

performed on this condition.



di phenyl carbonate was anal yzed, Ti. was not detected (less than.. ce
renmoved fromthe renoval line 11 was then adjusted to 25 about 2.0 g/ Hr
(the concentration of the titanium atons was about 5% by mass), and the
titani um containing conposition supptiéd>fromthe feed Iine 12 was adjusted
- 218 - to about 2.0 g/Hr (the concentration of the titanium atons was
about 5% by mass). Simlarly, the continuous operation was perforned for
about 500 Hr. SimAd ardw.bdhe & arplp&ashonale (di phenyle ¢ar bonate) 5
recovered fromthe recovery line 9 was stably produced at about 4 kg/Hr.
The di phenydiicarbphat€rwasa Be Wi § ec 5ptilaaéd nes mahet @per al e ¢ofabout 20C) .
When t he di phenyl carbonate was anal yzed, Ti was not detected (less than 1
Pim] 10[ 0356]ufiEexanpl eh 57hgh ntivdi soedanpée, 122 pethedttanspeeducihagsa

di aryl carbonate using a polytitanoxane conposition having an aryl oxy group
as a cat al yardwake cheedetinat] fi6Anpohyt o hwoxaner cofipoBéti on havi ng an
aryl oxy group, nmanufactured by the sane nethod as that of the

I

above- ment i Ohekl | Exahir ecabpant2 urt her adj usted so that a Ti
concentration was 5% by mass was obtai ned. The pol ytitanoxane conposition
havi ng the aryl &y gridifp Qo Aaie Fordodits oh,s el 1 @alse it e having a
hi gher boilkgg qgint tha@.that of di henﬁ% carbonate was US t(l the nole
J.ra() of the L1VEaliTy i T 0Eantumratie: ie napvht Corbynas used as

the catalysf,s 2oy fBE hod Was GAILL PR, O, T 0,116, SPYB PRIDSE, 38, LN
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 a 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 column 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 condenser 132 and the transfer line 7.

On the other hand, & high boiling component

containing a catalyst was cirvculated to the distiliation
column 110 thyough the transfer line £ and the fasd line
1.

25 F0353]

The distillation purification column 140 is a

distillavion column filled with Melapak CY and having an



t he above-nentioned [exanpl e 56] except for the condition. - 219 -
Simlarly, the diary' carbonate (di phenyl carbonate) recovered fromthe
recovery line 9 was stably produced at about 4 kg/H. The di phenyl
carbonate was a white solid at nornat fefperature (about 20C). Wen the

di phenyl 5 carbonate was anal yzed, Ti was not substantially detected (less
than 1 ppm [0357] [Conparative Exanple 16] A diaryl carbonate was produced

using the produei gl &ppar af s fRr=the, di @yl cgebongt e dgseci bed in the
above-nentioned [exanple 53] and shown in Fig: 1. A polytitanoxane

CONpPOSi ti ONedaubng am: @ Yt X Yr 45 OUPe r MUl a8 ured bynbtbgssameymet hod as
that of the above-nentioned [reference exanple 5] and further adjusted by

15 addi ng di phenyle cashonate ssq dthatn a okt Loneentd gt ony wasa 5% byr &pss, was
used as a catal yst. Conparative exanple 16 was carried out in the
sanme mannersiaspied hee aboy ed nent i onethf exanpf ecH8] oexceptmfiot 4the condi tion
20The anmount of the diaryl carbonate (diphenyl carbonate) recovered from
t he recévery1oyeh o lwast abouie1000ng/ Hof Mre thhhehyt i thahorhi telsohi d at
normal tenperature (about 20C)VWen the diphenyl 25 carbonate was anal yzed,
t he di phenyl3¢arbotatiel ohtidl idy> 10! pp bt WD PpoBEBjcation column
140. Thereby, 99.8% by mass of diphenyl carbcnate was
obtained from the recovery line 9 located above the
column bottom and located below the distillation column.
10 The low boiling component containing methyl phenyl
carbonate was circulated to the distillation column 120
through the recovery line 10 and the transfer line 2 from
the column top of the distillation purification colunmn
140.
15 [0354]
After the continuous operation described above was
performed for about 12 hours, the continuocus operation
was 1n 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 26% by mass of dimethyl carbonate, about

7% by wass of methyl phenyl carponate, about 2% by mass

£ 1 e b e ) [ IR SR S ey o] T T A T A A A A Tt
R R e e ket AT R AR e N (35S MY Ui dur W L e [ W] Y ERE T S N el
methanol. The flow rate was about 40 kg/Hr.
Z5 In the transfer line 4, the composition of the

liguid contained about 0.1% by mass of dimethyl carbonate,

30

aboutt 17% by mass of methyl phenyl carbonate, about 3% by



- 220 - [Conparative Exanple 17] A polytitanoxane 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 obt-aihed.-The pol ytitanoxane conposition
havi ng the aryl oxy group was used as a catal yst. The conparative
exanple 17 was carried out in the sanme manner as in the above-nentioned

[exanpl e 56laexceptorOlor, thescandidion 5 mdaslys dhsndiphenyl carbonate
recovered fromthe recovery line 9 was stably produced at about 4 kg/Hr.
The di phenyda washonat e Thas fa oyelrla0w shswWaideeitsal izd 1at/nor mal  tenperature
(about 20C) When the di phenyl 15 carbonate was anal yzed, the di phenyl

car bonat e cont ailmedh20 tppmsdferTiline 7, Anwhideenpsaliitd gontfenthavas deposit ed
on the colum top of the distillation colum 110. [0359] 20[ Conparative
Exanpl e 18]liquid Axpuladri¢dardxane Tonposimd on davi nechany Bryd oxyngtoup Was
manuf acAnffed by the sane nethod a exanrde 179,t-1.-Rn¥mcc'r:.t.entanthb
furt her “adjdstdd % 1a06Rs mess nfek i larghermar bonste 25 comenthod® by mass,
and a content of a conpound having a boiling point of 150C or |ess
(n-butanol,3ﬁwﬁﬁﬂﬁasﬁ_qﬁnﬁhﬁﬂmﬂess‘he flow rate was about 5 kg/Hr.

After the continuous operation 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-beiling substance
obtained from the removing line 11 was analyzed, a ratio
of total moles of phenyl salicylate and methyl ester
salicylate to moles of titanium atoms was about 1.1.

15 [0355]

When the continuous 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, Ti was not detecled
(Less than 1 pom) .,

L N I S U T IR T POV Ipmp iy P R SV PO S VUG TRt S (LS T O
R FCI S I D S W S R NP ST N S S TP A S tj EAR . ‘:) i EVE S U TP N A L.j ISR O N G G A A

removed from the removal line 11 was then adijusted to
2> about 2.0 g/Hr (the concentration of the titanium atoms
was about 5% by mass), and the titanium-containing

composition supplied from the feed line 12 was adijusted



221 - The obt ai ned pol ytitanoxane conposition having the aryl oxy
group was stored by the sane nethod as those of the exanples 34 to 44. The
i nside of the container was confirmed after the storage. A portion of the 5
conposition near the wall surface of” tHeé cont ai ner was sanpl ed, and was
subjected to netal analysis. Concentrations of netals other than Ti were

i ncreased by 10% or nore conpared with the content of the anal yzed val ue
bef ore the st aitage. 210 Q360Q] (Conparratdrver Bxianplef 1%e titanBAum

pol yti tanoxane conposition having an aryl oxy group was manufactured by the
sane net hoditasis hats efodutte Séxdnplner29.. AStintidmirdm, c gitee monith. rivhiels
conposition was 15 further adjusted to 16% by nass (a diaryl carbonate
content: A%y atass) WQﬁjaﬁnﬁﬂﬂ%ﬂﬁ ﬁﬁfaﬂﬁbﬁpoUHh Havi ng a boiling point of
150C or less (n-butanol, water): m or | ess). The obtained

pol ytit anoxane §éWﬁé§FﬂNonLﬁ&vﬁﬁgrﬂﬂeC?Gbéﬁﬁﬂﬁx%d@ﬁ%ﬁﬁ”ﬂa§ﬁ&h®ﬂ%ﬁ%§a
transport container, by the same nmethod as those of t exa |l es 45 to 48.

The confalﬁﬁ¥xﬁ%§ﬁﬁk lﬁﬁbﬁfﬁadﬁ¥ﬁﬂﬁd@@lﬁﬁ Wag &% ¥19? ?H$%%e%ka shi

M yazaki , equp ed 25 for the tran fer were 60 days f.romthe
day at mhléh e453%58{|t| mﬁ%p§8$ & 6" %ﬁgd t'Arnér “Ihé co ition

Uhe ?r;ﬁsfirln‘olrﬁﬂ‘%&g THEAES 10 b el fﬁv{“’%é’% faayelerlervorr
provided i . the ditphenyd -Gan ﬁ&ﬁeuﬂrQQHQde‘&éﬁédLéde§hm§?WQW@I the
conposi tion was not dissolved even after 10 days or nore, and could not be
5 punped. [2361]
10 [G356]
[Example 57]
In this example, a method for producing a diaryl
carpbonate using a polytitancxane 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 composition having the aryloxy group {(in
20 the composition, phenyl salicylate having a higher
boiling point than that of diphenyl carbonate was
detected, and the mole ratio of the phenyl salicyliate to
Phe titaniom atoms was about 0.1} was used as The
catalyst.
25 The method was carried oubt in the same manner as in

the above-mentioned [example 56] except for the condition.



[ Conpar ati ve Exanpl e 20] A pol ytitanoxane conposition having an

aryl oxy group was manufactured by the sane nethod as that of the 10 exanple
30. Atitaniumcontent in the conposition was further adjusted to 17% by
mass (a diaryl carbonate content: 9% byl#ass, and a content of a conpound
having a boiling point of 150C or less (n-butanol, water): 1 ppmor |ess).
15The obtai ned pol ytitanoxane conposition having the aryl oxy group was
stored by the saneinethgd asd hase of dheaxan! esi@fkd 4 rdhesiasi de of
t he container was confirned after the storage. A portion of the conposition
near the watdcswrfater ofmtite: contaiarey Wase 20 sasps esh1 andrwasceubpected to
nmetal anal ysis. Concentrations of netals other than Ti were increased by

| CA or not exlgamed wigfHith G tdiQhleny-lt he dmalate siss tehevhli0362401id

25[ Conpar ati ve Exanple 21] A pol ytitanoxane conposition having an
aryl oxy gromm wasnaanufaot ur edr by dther s ah® dret hgtea- ttkatliohetlye - 223 -
exanple 30. Atitaniumcontent in the conposition was further adjusted to

17% by rassSCTER A | Waardvhat & bonteritas 99 bys Waskanaigfl by cententedf a
conmpound haV|n a b0|I|ng oint of 150C or less (n-butanol, water): 1 ppm
Sor |ess). (1€55 Hifdt obtRitWed pol ytitanoxane conposition haV|ng t he aryl oxy
group was p to a transport contai ner by the sane nethod as those of the
exanpl es 45 ° The container was transferred to di phenyl carbonate 10

production Kur ashi ki -shi, Okayama, Japan from
Nobeoka- Shl E%%%% g%ﬁ§%W$H%Days required for the transfer were 60 days

fromthe day at A\A@ll%t}ytlhgdgggplg@ Lon dmved 1 E%’]%fh gbt%c[lft;]tneg;rhe

conposition was dissolved by external heating (stea
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
1000 g/Hr.

The dinheny] carbonate was a vellowlish-white solid
at normal temperature (about 20°C). When the diphenyl

25 carbonate was analyzed, the diphenyl carbonate contained
10 ppm of Ti.

[O358]



15 the transfer, and was attenpted to be punped into a catalyst reservoir
provided in the di phenyl carbonate production facilities. However, the
conposition was not dissolved even after 10 days or nore, and could not be
punped. 20[ 0363] [Reference Exanpl e t3F<2fe-LohLained inte ne nlnnenl

IPX)il Ttf)iOwac rPt riled to a nrirkF,n,--rm wi th nitrogen, diphenyl
carbonate was added in an anmount. 25 of 4.5 nol per nol of Ti atons

contai ned incoheareactbonxs@pbuti on) under stirring. - 224 - In this
case, an internal liquid tenperature of the reactor was 110C, and the

di phenyl car bonateo Wasi ahisoxaddedoinfoai tbbhenast ate aof aalqut: 110Gy The
reaction solution was a red liquid. 5The addition tine was about 1 hour.
The tenperaranefefttuhed| bgukdeoftathemepehotionswasagr adualhlky abaiveged t o about
310C, and the internal pressure of the reactor was gradually | owered,

t hereby stafErhgonhe dederenaei onavpla 8oapdnéntthavi ngiastewersol0 b0|I|ng
point than that of the di phenyl carbonate, together with the di phenyl
carbonate fFBattheldi SPRFEREFOR1EBI WA, SAf PEr Make pressaieiwechi nThhe
system was % ?duallﬁ returned to a normal pressure with nitrogen gas when
15 about a hal¥“aholnitaef thEPadded bﬁéhw EAFDBRAL 8% Nad TalSt HPed
(finally, thg nperatu%% hin the system was about 309C, and the
pressure was a ouf 90“k }yg i phenyl carbonate in about a half armount of

oyt oo Br g anagaat (L Rle) £2rpOnal . 189; 2945 291 £, 20The
same manner as in the above-mentiocned [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 yellowish-white solid
at normai temperature {about 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 11C.
[0359]

20 {Comparative Example 18]

A polytitanoxane composition having an aryioxy group
was manulaciured by the same mecthod as that of the
example 29 A titanium content in the composition
further adjusted to 16% by mass (a diaryl carbonate

25 content: 4% by mass, and a content of a compound having a
boiling point of 150°C or less {n-butanol, water): 1 ppm

or Jlega).



0 about 110C. about 1 houra | OThdi The tenperature of the
reaction solution was then 25 set to about 310C, and the internal pressure
of the reactor was gradually | owered, thereby starting the distillation of
a conponent having a |ower boiling )oiAg2l = 225 - than that of the di phenyl
carbonate, together with the di phenyl carbonate fromthe distillation
colum. The pressure within the systemwas gradually returned to a nornal

pressure with nFMﬁQ&%&éﬁﬁ%dMﬁ%Hﬁ%fﬂéﬂﬁﬁbﬂe(Eﬁéﬁﬁgﬁﬁﬁéﬁ‘HE%%#%.%#@ sane
|

anount as that of the di phenyl carbonate added at the secon me was
distilled (&ipabky,qibepteapesabyee withihd theesystgpuwas aheut 308C, and
the pressure was about 89 kPa). The sane operation as that of the above
descri pti ontwaseAfnpes§ ok srede and oper atronid arf ditsd i ddd g ddre wpnponent
having a | ower boiling point than that of the di phenyl carbonate, together
with the di phehiinedrbdbnat et nvassperégemed: faoe: tdrmmest ithd otal . A conponent
contai ni ng the di phenyl carbonate 15 evaporated at the first tinme was

g

col ored i n oPER@RLt b 2ont ai ediabbusuB5@cppaf of hFi canbasner was The
conponent contaj ned about 400 ppm of a chlorine conponent. A conponent
cont ai ni ng THEPHF Phemiydl ¢ bowat ec2ed ebapbebt bdaae lyheSsecond time was
colored in C()al | ow, and contiai ned bou;h2307}gpmlgf Ti atons Conponents con
t oLedi pheny eelbhgnitons 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 aryloxy 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-butanol, 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 fo 48. "The
container was transferred to diphen yvi carbonate
nrodiction facilitiss which wan in Fovashildeoghi  Oloagaos
E R e e e R e e e S L Wl N e A T B, URA Y Alld
Japan from Nobeoka-shi, Mivazaki, Japan. Days required
25 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



t.inme. at the fourth tune.at th fifth tine colored in yell ow, and
cont ai ned 200 ppm 190 ppm and 25 210 ppmof Ti atons, respectively. The
pol yti tanoxane conposition was changed i nto hi when the pol ytitnmoxme
conposition was - 226 - cooled to nor#@af tenperature, the polyt tanoxane
conposition was not changed to a solid, but tarry. A TiO-Ti |inkage could
not be confirmed since the conposition was tarry. 5[0365] [Exanple 58]

(Preparati opnof ¢ Atyb oxyt i a0i m COPPOSLELeM o pe puRB0qK ol ytitanoxane
but oxi de (nmanufactured by E. 1. du Pontlbde Ne?mu?splé %o?rpgrrllgg) etE)r ade nane:

Tyzor BTP) d&:xegst edesigesia pidvogen ab npsohergntoyd batshntype reactor
equi pped with a stirrer, a heater, and a distillation colum and having a

vol une of 1808dhct amed #4851 kgt DEs di stduldwatd on-Haurd drigeds iphenolw s, dthen fed.

[ 0366] 15Next, the mixture in the batch type reactor was heated to 180C
under a nordb$sphesduresibya atdeat @rdand ceacted, Mbutandh genepated by the
reaction was recovered froma colum top of the distillation colum. The
bat ch type P@teedr was depressurized to about 53 kPa, 20 and n-butanol was
recovered. {0367 The hatch type reaccA nressureAbout 450 karmountmu] rer

mai of Ti a ltontained in a reaction solution) of diphenyl

[Comparative Example 20)
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-butanol, water): 1 ppm
or less).

15 The obtained polytitancoxane 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 hy
% or more compared with the content of the analvzed
s e Iy Fes e b bvan en b oy o
[t e Wk ML P S S NP R R A h [ A o 4 L.J e
[0362)
? i, 3 P PR nl “y
2h [Comparative Example 21]

A polytitanoxane composition having an aryloxy group

was manufactured by the same method as that of the



25 carbonate was fed. The m xture in the reactor was heated to about 190C
Next, the batch type reactor was depressurized to about ]. 3 kPa, and the
di phenyl - 227 - carbonate containinglihe | ow boi |l i ng conmponent was
evaporated so as to obtain an aryl oxytftant um conposition. Di phenyl
carbonate was added so that the titanium concentration of the obtained

aryl oxytitani um conposition was 5% by mass. [0368] (Producing Apparatus of
Di aryl Carbonatg)e 30. »Atscherati ecorfitguratinen cbrgw aft iapreduci ng
apparatus used in the exanple 58 is shown in Fig. 2. 10[0369] The producing
appar at us isuegui ppeth wiitdd disti TS avy omeol (lms$i 491 andrid20awhi ch have a
continuous nultistage structure, a distillation colum 130, and a

di stillatioPipudifi cat itan reotumand0s: d%j10370]o Thesecrpeucdnnect egd i a
predeterm ned |ines. [03;%% Specifically, lines 1, I', 12, and 13 are
feed |ines Bubbld ngpiaf edld Lofownd lase dm-arylaofti twartieun: 20 ggmposi ti on,
or the Like. Lines 3 and 9 are recovery lines recovering a generated
conpouné aﬁﬂro%ﬁﬁ?)ﬂﬁtelial. 5,and 10 are transfer lines. A [ine 11S

LEITIOV It [0372}, 25Nuneral, numbers 111, 121, 131, and 341 designate

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
16 production facilities which was in Kurashiki-shi, Okavama,
Japan from Nobeoka-shi, Mivyazaki, Japan. Days reguired
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
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
dissolved even after 10 days or moere, and could not he
punped.
20 [0363]
[Reference Example 131
Alter the reaction solution obtained in the abhove-
nmentioned [example 1] was returned Yo a normal pDressure
with nitrogen, diphenyl carbonate was added in an amount
25  of 4.5 mol per mol of Ti atoms contained in the reaction

solution, under stirring.



reboil ers, and nuneral nunbers 112, 122, 132, and 142 designate condensers_
Nurmer al nunber 113 designates a - 228 - preheater for setting a supply
material to a predeterm ned tenperature. [0373) (Preparation of Reaction
Catalyst) 5In the distillation colunmh 439, ~as described bel ow, a product
hayi ng a high boiling point than that of the di phenyl carbonate was
produced to prepare a reaction catalyst. [0374] 10The distillation colum
130 was a disti llratdndrs eeldsm i lilred midh Melapak &b and havidg @me i nner
diameter of 3.4 mand a length of 17 m and was equi pped with a reboiler

131 and a condenserwds32L1§Q375hdl5Akou: 3200, kg aafodrhe: prepareds o
aryl oxytitani um conposition (titanium concentration: about 5% by mass) was

suppl i ed t ;addved | iower rparterofstdies dvStalbdat | DOl uithel3@acThent enperat ure
of the aryloxééﬁtaniun1conpositjon,mas controlled to about 200C. This state
was hel d f oto Do Hhbuta®se hred Wik drt of the aryl oxytitani um conposition

was then sanpl ed and analyzed, phenyl sailthan that: ci the
D H@eDaddltlon fime was about 1 hour.

"(vingi “Lway11i
The temperature of the liguid 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,
tegether with the diphenyl carbonate from the
distiilation 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 abcut a half amount of that of the
previocusly added diphenyl carbonate was added again.
20 The diphenyl carbonate was added in a molten state
of about 110°C.

The adaltion Lime was abouit 1 hour.

—

[1364 ]
The temperature cof the reaction solution was then
25 sett te about 310°C, and the internal pressure of the
reactor was gradually lowered, thereby starting the

distillation of a component having a lower boiling point



cll..ohenvil hc. nole ratl (r-q?erly] salicylate/titani umatons) of
the phenyl salicylate and 25the titaniumatom was about 0.4. A m xture
(hereinafter, also described as "conposition A") of the high boiling point
product generated in the distillation ¢6Purm 130 - 229 - and the

aryl oxytitani um conposition was used as a reaction catalyst for the next
production of a diaryl carbonate. [0376] 5(Production of D aryl Carbonate)
The distillataonticot usn 416 hadhangonthnboust ol LGt agerskiust upe, and was
filled with sieve trays of 80 stages and had an inner dianeter of 5 mand a
| engt h of 33iphery i xedbbiguedf{a)p coatdisinglaboout 360%wby. mass 10 of

di met hyl carbonate and about 70% by mass of phenol was conti nuously
suppl i ed at abouthssP asriiHre tvwol tthier ugpersyperam ofas heradiwtily ati on col um
110 fromthe feed |line 1 through the preheater 113. On the other hand, a

m xed IiquiHQY%5H%%n?%i%i%@f%%gu@f?@@969 Whi3 oftHP@er hy#s 18hear bonat e and
about 3Q@6b%.nass ofwghenoj_mas continuously supplied at about 57 ton/M to
the | ower partletYtHeP BheRte ath ore bl inh 41029 ¢ oRfP Rt f 22dt hitheol' . [0377]
The concentration part. was provided below the stage 20conti nuously
suppl yi ng t h&® ”%%”TY%uﬁ%%g§%§t%nﬁd%%§,abnﬁh?h%eg%%%vb+96pﬁ?F was provi ded

above the Séf@@illed (finally, the temperature within the system was
about 308°C, and the pressure was about 89 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
carbonate, tegether 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 chiorine
component.
A component containing the diphenyl carbonate
20 evaporated at the second time was colored in vyellow, and
contained about 230 ppm of Ti atoms. Components
containing the diphenyl carbonate evaporated at the third
time, at the Tourth time, and at the Fifth fime were zlsq
colored in yellow, and contained 200 ppm, 190 ppm, and
25 210 ppm of Ti atoms, respectively.
The polytitanoxane compesition was changed into

hlack. Bven when the polybitanoxane composition was



MYTIHM a distill ation was controlled by providing an external 25 heater,
or by circulating a colum lower liquid through the reboiler. The nethod
controlled a tenperature of a columm bottomof the nmultistage didtillation
colum 110 - 230 - to about 230C, and*€ontrolled a pressure of a col umm
top to about 0.55 MPa-G [0379] Next, the prepared reaction catalyst
(composition A) was slowy supplied to the upper part of the distillation
col um 110 dsoied hes |oweta pardmpd rdtherd) sthid | @bl pni cohowannd 30 using the
transfer line 6, and a concentration of titaniumatons in a reaction

sol uti on ofcemeodistan vetd o icathumpudd Otavas ad] Ust edut otabout 300rppm The
reaction 10 solution was continuously renoved at about 60 ton/H through

t he transf &~ T nelikdgomaned dotunie bort bniedd t heneont iauovusraaltishage
distillation colum 110. [0380] A | ow boiling component containi ng
net hanol pri&tfucetr 15 as by- product was continuously renmoved fromthe col um
top of the @%féjllation columm 110. [0381] The renoved reaction
solution fr e transfer line 2 as described above was supplied to the
cont i nuous é?‘ﬂyL%i%ﬁﬁge distillation colum 120. [0382] This continuous
inuit.istaq di'$" 191257, ation hadl. | noon dianmpter continuous mul ti stage

diStillatiOppfégéggkiéén%fwﬁ%yloxytitanium Composition)
200 kg of pelytitanozane butoxide (manufactured by
E.1. 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 of 1800 L, and
485 kg of distillation-purified phenol was then fed.
{03667
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
recovered from a column top of the distillation column.
The batch type reactor was depressurized to about 53 kPa,
20 and n-butanol was recovered.
10367
The batch Lype reactor was bthen returned Lo a normel
pressure.  Abount 450 kg (an amount of 1.6 mol per mal o of
Ti atoms contained in a reaction solution) of diphenyl
25 carbonate was fed. The mixture in the reactor was heated
to about 190°C. WNext, the batch type reactor was

depressurized to about 1.3 kPa, and the diphenvyl



25 equi pped with a sieve tray type concentration part of 30 stages, a
recovery part filled with Mel apak CY, a condenser 122, and arcgoiler 121,
The supplying - 231 - position of the reaction solution was set to the
upper part of the concentration part; &Ad the supply rate of the reaction
solution was set to about 60 ton/Hr. [0383] 5The tenperature of the colum
bottom of the distillation colum 120 was controlled to about 210C, and the

pressure of c4 fieoEol &INFot 0P WaSy CORE I Db e@oi@iﬁﬁobbmﬁﬁnénkp@asp\

di sproportionation reaction was perfornmed on this condition. 10[0384] A | ow
boi | i ng conpoment acomt &b Nk Ngt Phenod iandn di et byl t carhaonat eowas sdi-reul at ed
to the distillation colum 110 through the condenser 122, the transfer |ine
5, and the Peedenynecdrfoome heasohdaedtop ofiatheha5distnkihati on col um
120. [0385] Fromthe colum bottomof the distillation colum 120,
about 14 tofffHieBfratheor eattlilon sotation eontaknthgadi phenghreaibbnat e was
supplied to the distillation 20 colum 130 through the transfer line 4 to
per f or m°di st3T | ati'dh &&paration. U Ohj ThPpripm 1 colum filled with

Mel apak CY O?%ggﬁving an inner 25 dianeter of 3.4 mand a length of 17 m
and was pro with the reboiler 131 and the condenser 132 [03wll - 232

) {Producing Apparatus of Diaryl Carbonate)

A schematic configuraticn view cf a producing

apparatus used in the example 58 is shown in Fig. 2.
10 F0369]

The producing apparatus is equipped with
distillation columns 110 and 120 which have a continuous
multistage structure, a distillation column 130, and a
distillation purification coclumn 140.

15 (03703

These are connected via predetermined lines.
[0371]

Specifically, lines 1, 1', 12, and 13 are feed lines
supplying a feed compound and an aryloxytitanium

20  composition, or the like. Lines 3 and 9 are recovery

tines recovering a generated compound and other material.

Libtes 2, 4, 5, ¢, 7, &, and 10 are transfer lines. A
Line 11 i¢ a removing line.
[C372]

25 Numeral! pumbers 111, 121, 131, and 141 designate

reboilers, and numeral numbers 112, 122, 132, and 142

designate condensers. Numeral number 113 designates a



A temperature of a colum bottomof the distillation colum 130 was
controlled to about 190C, and a pressure of a colum top was controlled to
about 1.7 kPa. [0388] 5The | ow boiling_conponent containing di phenyl
carbonate was renoved fromthe col unm top, “and was supplied to the
distillation purification colum 140 t hrough the condenser 132 and the
transfer line 7. [0389] 100On the other hand, a high boiling conponent

cont ai ni ng @reeactdont catabyistng conpospt yona®grvas torgul ated to the
distillation colum 110 through the transfer line 6 and the feed |ine 1.

[ 0390] 15Thereistdthatéddntguréefabateéon col um 140 was a distillation colum
filled wth Ml af)ak CY and having an inner dianmeter of 2.8 mand a |l ength
of 22 m antP%a3! equi pped with the reboiler 141 and the condenser 142.

[ 0391] 20The reaction solution containi ng di phenyl carbonate supplied to
the distill BfTEREHUFTTT cat i ¥ €ol emCa4d YR bugh the cin:ifer line /t
dlation_cril 13Q was nurin rhr,inn nilc,tHn 140. 99. 8% mass. of di phenyl
car bonat’e (diar %In }%ecgrlﬁ&ﬁégé‘)u\ﬁéb Ciﬁb&”{;’f?”hfs](r1]3Of'r(?nc’it e e 2 19%e 9 by

the purification, Jn& RIS oM, 01, 108: | BCQVSIVnL 1 P8R Y8S: 52880
dipheny! carbonate was produced to prepare a reaction
catalyszt.

0374}

10 The distillation column 130 was a distillaticn
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
compesition (titanium concentration: about 5% by mass)
was supplied to the lower part of the distillation column
130. The temperature of the aryloxytitanium composition
was controlled to about 200°C. This state was held for

20 abeout 60 hr. wWhen part of the aryloxytitanium
composition was then sampled and analyzed, phenyl
salicylate having a highey bolling point than that of Lhe
diphenyl carbonate was detectad. The mole vatio (pheny!
salicylate/titanium atoms) of the phenyl salicvlate and

25 the titanium atom was about 0.4. A mixture (hereinafter,
also described as "composition A") of the high boiling

point product generated in the distillation column 130



set to the lower part of the distillation colum |ocated above the col um
bottom [0392] The | ow bo'l'ng conponent containi ng nethyl phenyl 5
carbonate was renoved fromthe colum top of the distillation purification
colum 140, and was circulated to the d¢8tillation colum 120 through the
recovery line 10 and the transfer line 2. [0393] 10After the continuous
operation descri bed above was perforned for about 24 hours, the continuous

operation wasdi Pha steadyystateiuh0394boM i BhsybkbMBsehinathg transfer line
2, the 15 conmposition of the liquid contained about 55% by nmass of phenol,

about 26% bycaessoof cdi ey hyl rear bonatext apputiudv Yoy magsdeh et hyl phenyl
carbonate, about 2% by nmass of di phenyl carbonate, and about 0.09% by nass
of net hanol cafhenfitew rate was about 60 ton/H . 20[0395] In the transfer |
ne 4, the conposl Hion of the 1.J. 00 ILC. .10 to ined about 0.1%

bydi met nvi t@éboha 2ddrlid OF Mounr by mass of phenol, and about 70 96 by
mass of di phenyl 25 carbonate. The flow rate was about 14 ton/H. [0396] -
234 - > (Faodnmetieanst epidink Jarkdmeatehposition of the |iquid contained
about 65% by mass of di phenyl carbonate, about 33% by mass of nethyl phenyl
carbonate, and aBBut®igohigy! deisy 6T PHENOILY THE f oW Hate s about 13
ton/Hr. 5[039 er the continuous offégtion descri bed above was

further coﬁ??%%%ﬁt?%ﬁﬁgéﬁﬁﬁtﬂﬁ%'Fﬁ?ddW%ﬁeﬁ§ rbohat 8- ¢UF ak yRYEaPbonat e)
e any] OB REed CE0Y & a 1% A dB o PIRBLY, POPIORAAG SPPERG TS o Y-
of 33 m. A mixed liquid (a) containing about 30% by mass
10 of dimethyl carbonate and about 70% by mass of phenol was
continuously 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
liquid (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 distillation column 110 from the feed line 1°'.
[0377]
The concentration part was provided below the stage
20 continuously supplying the mixed liquids (a) and (b), and
the recovery part was provided above the stage.
LO378]

Ayy moyaenieydt o F e b s el Fever e v I vy 3 v ]
LS R AL RN R IR U A H : ol RERE

e g et e R N PR N S NP SV N

distillation was contrellied by providing an external
25 heater, or by circulating a column lower liguid through
the reboiler. The method controlled a temperature of a

column bottom of the mulltistage distillation column 110



10 carbonate was a white solid at normal tenperature (about 20C). Wen the
di phenyl carbonate was anal yzed, Ti was not detected (less than 1 ppn).

[ 0398] After the continuous operation described above was 15furt her
continued for about 500 Hr, diphenyl-~cdafbBonate (diaryl carbonate) recovered
fromthe recovery line 9 was stably produced at about 7.6 ton/Hr. The

di phenyl carbonate was a white solid at normal tenperature (about 20C).

Wien the di phenydycasbonat e was-analyzed; i, wass 2000t s dﬁ@@@ﬁ(wﬁs than
1 PPrn) [03991 [Cca'F a anip 1.. e innin mentioned [exanple 8] was
returned tota moeswmal O presspsesc25 with nitrogen, di phenyl carbonate was
added in an anount of 0.06 nol per nol of Ti atons contained in the
reaction. sofet?bn, under at a 235 - In this case, an internal
liquid tenperature of the reactor was 170C, and the di phenyl carbonate was
al so added in aNmiterist atewfrabouad70@ Ghes Fesict { orpot utiom Aas a red
liquid. 5The addition tine was about 2 mnutes. [0400 . . The
t enper atur eWdf Fhev 1Y geitel bfed heo r baet eprdlasPar hdaal Fher diiskdliatabout
210C, and the interpal pressure of the reactor was gradually |owered,
thereby 10 STaFFF ng't hetaf sthit| he¥oh B “a Lonpbhent ShaviAgiar s@ermboi | i ng
poi nt -t han t of the diphenyl carbonate, together with the diphenyl
car bonat e fﬁ(; Y%ﬁn%igﬁ?lﬁ'ﬁ??%ﬁeﬁo{‘%.%Wﬁ%gaﬁoﬁ?nﬁﬁ%ﬁf‘tfﬁﬁ Sgded
di phenyl Ca{P&Q?&EﬂW@éoms in a reaction solution of the distillation
column 110 was adjusted to about 300 ppm. The reaction
10 soluticn was continuously removed at about 60 ton/Hr
through the transfer line 2 from the column bottem of the
continuous multistage distillation column 11C.
[0380]
A low boiling component containing methanol produced
15 as by-product was continuously removed from the column
top of the distillation column 110.
[C381]
The removed reaction solution from the transfer line

2 as described above was supplied to the continuous
20 multistage distillation column 120,
This continucus multistage distiliation column 120

had an inner diameter of & m and 2 length of 31 . The
continuous multistage distillation column 120 was

25 equipped with a sieve tray type concentration part of 30
stages, a recovery part filled with Melapak CY, a

condenser 122, and a reboiler 121, 'The supplying



15 distilled (finally, the tenperature wthin the system was about 211C
and the pressure was about 3 kPa), the pressure in the distillation colum
was unstabilized, and the conponent having a | ower boiling point than that
of the di phenyl carbonate could not be“distilled together 20 with the

di phenyl carbonate fromthe distillation colum. Wen the distiflation
colum was exam ned, a tarry product. harintVlIKCcol uffm 104011 25The

aver age degpeeiofopodymend zadioni of theuobbai ped @@ty&&t@n@xagﬁegonposi tion
havi ng the aryl oxy group and the Ti 20-2111 |inkage were not changed before
and after Ipaot ef 236 costeptrTheopobyti anoxanee conposytanchad 17% by
mass of a titanium content and about 2% by mass of a diaryl carbonate
content. [O0WOR]r&Thelpol e ltahoxanes conpostdt alonunasl putninto a transport
cont ai ner \% t he same nmethod as those of the exanples 45 to 48. The

contai ner we$3§+hnsferred to di phenyl carbonate production facilities which

was in Kurashiki-shi, Ckayans, j;i\%pan from Nobeoka-shi, M yazaki, 10 Japan.
Days required fdhe AEMCHTSIEe Wdr & 6D Gy T rsth tie dfaytt® which the

conposition was noved to the container. The conposition was di ssolved by

external hedtfng (e Gt A50C)2Af vt ¢hetEPanef ero aheuhedldttenpted to
car bonate prBRUELT GF TEa T (T oes HORBVHFT THo RURpOETt i on he not di ssol ved
Bxanpl e 251" SR 1ot L e T ondt o ol U o b Bl neq 15t e dbve-  ment | oned
[exanpl e 4]paes rgfdrdied f.0s &A1 el o pressure
10 03847
A low boiling component containing phencl and
dimethyl carbonate was circulated to the distillation
column 110 threough 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
distillation separation.
[0386)
The distillation coblumn 130 was 2 distillation
column filled with Melapak CY and having an inner
25 diameter of 3.4 m and a length of 17 m, and was provided

with the reboiler 137 and the condenser 132.

107387



with niurogc.m CioCe 4in 00 :n of 60 m1 per nodTi a solution, under
stirring. 25In this case, an internal liquid tenperature of the reactor was
170C, and the di phenyl carbonate was also - 231 -- added in a nolten state
of about 170C. The reaction solution"wad*a red liquid. The addition time
was about 6 hours. [0404] 5The tenperature of the liquid of the reactor was
gradual ly rai sed to about 210C, and the internal pressure of the reactor
was gradual |y | enerethe rtzhereby rstaardd Ingut hestdicst id1 atieondiof v @ compenent
having a |l ower boiling point than that of the di phenyl carbonate, 10

t oget her wid¢dlde diphenylcearbonate €6 amdlme d8std,l latd on o diike

When about 30% of the added di phenyl carbonate was distilled (finally, the
t enper at ur e Wi d hihlwive syistems was abolte 09T, alaridt t he’ pkessure was about 3
kPa), the 15 pressure in the systemwas gradually returned to a nornal
pressure wi t éﬁ?]trogen gas. Then, diphenyl carbonate of about 30% of the
previ ou??l y added. amount was .added again. The di phenyl carbonate was

added i A a nol t eftSsti&te PO LABGUE CTFOE SIS0 TIe taddi it D i 45 8 Yas  about 2

hours. [04Q§hbﬂﬁ%%é”ﬂ$§'%éﬁb#§§ %gggiﬂMECOiumn top, and was

supplied to the distillation purification column 140
through the condenser 132 and the transfer line 7.
f0389)

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 column 140
through the transfer line 7 from the distillation column
130 was purified in the distillation purification column
140, 99.8% by mass of diphenyl carbonate (diaryl

<> carbonate) was obtained from the recovery line 9 by the

purification. The position of the recovery line 9 was



reactor was gradually | owered, thereby starting the 25 distillation of a
conponent having a | ower boiling point than that of the di phenyl carbonate,
together with the di phenylrhonate fromthe d st ill at ion col yen - 238 -
The pressure within the system was graddal y returned to a normal pressure
wi th nitrogen gas when di phenyl carbonate in nearly the sanme anount as that
of the di phenyl carbonate added at the second tinme was 5 distilled
(finally, thectespenat Upgew T%Qk@ abetﬁxsamw@ﬁ%a@?gw C%}%} and the
pressure was about 3 kPa). e sanme operation as that o tﬂe above

descri pti onapase peré ordednn apdrepgration for distilling the conponent
having a | ower boiling point than that of the di phenyl carbonate, 10

toget her wi {h3ehe di phenyl carbonate was performed five tinmes in total

[ 0406] A conponent containing the di phenyl carbonate evaporated at
the first tine Wis: celvorted. iimd i ghtporedi ovw;od s anich ¢ and @ pedolakeut 8 ppm of
Ti atoms. The conponent al so contained a chlorine conponent of about 5 ppm
[0407] ° cappeonponent tonvatdi hgomhehdi phényh tapbofatbkeevaporated at
the second tinme was colored in light yellow, 20 and contai ned about 4 ppm
of Ti atonsd! Tohpbieits ront & ¢ ngot heo titaryl 48ar hodaresevaporateddat t he
third fourth ilae and at the .f.ifth tine Wre aal .ow, ande aaappan. 3b3 3
ppm of Ti ak%n%@@ﬂgkﬂkk{}%%}?? SBTHRN pbt Yt i apexaneh e orpesVErBnlhad about
0. 5% by nas§0q; titag%gggggptfnt a?q about 97% by mass of a di. aryl.

carbonate cont@nt .t ine
[0393]
10 After the continuous operation described above was

performed for about 24 hours, the continuous operation
was in a steady state.
[G394)
At this time, in the transfer line 2, the
15  compesition 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 abcut 60 ton/Hr.
20 [0395]
in the transfer line 4, the composition of the
Liguid contained about 0.1% by mass of dimethy] carbonate,
about 27% by mass of methyl phenyl carbonaie, about 3% by
mass of phenol, and about 70 $ by mass of diphenyl
25 carbonate. The flow rate was about 14 ton/Hr.

(0396]



[ 0408] The pol ytitanoxane conposition was stored by the sane nethod as
those of the exanples 34 to 44. The inside of the container was confirned
after the storage. A portion of the conmposition near the wall surface of
the contai ner was sanpl ed, and was sibjééted to metal analysis.
Concentrations of netals other than Ti were increased by 10% or nore
conpared with the content ofthe anal yzed val ue before the storage. 10[ 0409]
The present applircati®on is dased o JapanesecRabent ¢ Appl bcatihen (No.
2010-37925) filed to the Japanese Patent O fice on February 23, 2010, and
Japanese Patéatidppbicathen &Nout2018-37926%sf bfeditbetihe FapanesePat ent
15 O fice on February 23, 2010, the contents of which are incorporated
herein by r&bPerenéé: Ppwndosseial ppphitabhbhyy [042022208Thenpgr ebent:
invention has industrial applicability as a pro uction technique of a cata
lyst used whenPPrivauewy Hpeerehet iTe al iphatdes cegs domplouk> ton/Hrenovi ng
al cohol s prﬁgg%eg as by-product to the outside 25 of the reaction system
Des cm pti of ef erence N une ma3 - 240 - [0411] 1, |', 12, 13 FEED LINE

3, 9 RECOVERYIJA#%@I the continuocus operation described above was
further continued for about 100 Hr, diphenyl carbonate
{diaryl carbonate) recovered from the recovery line 9 was
stably produced at about 7.5 ton/Hr. The diphenyl

10 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).

[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 about 7.6 ton/Hr. The diphenyl
carbonate was a white solid at normal temperature (about
20°C) . When the diphenyl carhonate was analyzed, Ti was

20 not detected {less than 1 ppm).

(03997
[Comparative Drample 272

After the reaction solulion obhtained in rthe ahove-
mentioned [example 8] was returned to a normal pressure

25 with nitrogen, diphenyl carbonate was added in an amount
of 0.06 mol per mol of Ti atoms contained in the reaction

solutlion, under stirring.



2, 4, 5 6, V, 8 10 TRANSFER LINE 5 11 REMOVAL LINE 110, 120, 130

DI STI LLATI ON COLUWN 140 DI STI LLATI OW PURI FI CATI ON COLUWN 111, 121, 131
141 REWLER 112, 122, 132, 142 CONDENSER 10113, 114 PREHEATER - 241 -
What is clainmed is: 1. A nethod for produd ng an aryl oxytitani um
conposition, conprising a step (1) of adding a diaryl carbonate to an
organi ¢ oxytitanium conposition having an 5 RO Ti |inkage where R

represents an or ganig: 9r O4P- CORL ak R AY, 1t ﬁQJQaFQBBe Loms,, and
evaporating a conponent having a I ower g point t an t hat OF the

di aryl Carb@@@b@orthgt@5@°@‘th&h§h9'§£¥h699ﬂb8Q@ Enatl @%s 19ptain an
aryl oxytitani um conposi tion, wherein 10an anbunt o the diary 1&Sr bonat e

used in theastieg (1) ai fo@rdnt @rB@enBlfanpeQUi valent s wid h-£espect to total
nmol es of Ti atoms contained in the organi ¢ oxytitani um conposition having

the RO Ti bBPhAk&gen wBs2aThedméthaddfor producing the aryl oxytitani um

conposition according to claim1, wherein a tenperature in evaporating the
conponent haV|ngfﬁ%eﬂ¢@Mb¥O®oiim®gW@©l@bouhaﬁ thattef.the diary' carbonate
in the step é b is in arange of 50C to 250C, and 20in the aryloxytitani um
conposition BYSined in the step (1), a content of titaatons is 1% by nass

or
The temperature of the liquid of the reactor was

gradually raised to about 210°C, and the internal
pressure of the reactor was gradually lowered, thereby

10 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 20% of the added diphenyl carbonate was

15 distilled (finally, the temperature within the system was
about 211°C, and the pressure was about 3 kPa), the
pressure in the distillation column was unstabilized, and
the component having a lower boiling point than that of
the diphenyl carbonate could not be distilled together

20 with the diphenyl carbonate from the distillation column.

When the distillation column was examined, a tarry

product having high viscosity was present on the column
Tor
N :
(04071}
RS ) . . -~ “ " 1 1 - o
25 he average degree of polymerization of the obtained

polytitanoxane composition having the aryloxy group and

the Ti-0-Ti linkage were not changed before and after ihe



nore and Itd by mass on | oss, and a content of the chi. y I
narhnn:,.1-f150% 25 3. The net hod for producing the aryl oxytitanium
conposition according to claim1l or 2, whereinin the - 242 - step (1),
the following step (A and step (B) are38eguentially perforned: step (A): a
step of reacting an al kyl oxytitani um conposition with an aromati c hydroxy
conpound and 5 evaporating an al cohol as by-product, by distillation, so as

to obtain asespde mafy XYt it EOMMOSIdd A oranth Step: (1B) nasstep of
adding a diaryl carbonate to the crude aryl oxytitanium conposition and
evapor at i ngz at componentohigam hgaad | owes - bt | bpgnpes nb £t hanibhat of the 10
di aryl carbonate, together with the diaryl carbonate, so as to obtain an
aryl oxytit ahiupocomposittien.. 4. The nmethod for producing the
aryl oxytitani um conposition according to any one of clains 1 to 3, 15
conprising fY®hker carrying out the following step (C: step (O: a step of
adj usting a conponent ratio of the aryloxytitani um conposition and the
di aryl car bonat &5 POTHE Ifet ud Meo i PO Iy thes &4 o4 t@ani um 20
conposition according to claim3, wherein the al kyl oxyLi sani um conposition
is an al kyl OXATRY cormpdd s oMYl Y per#dh mei—%@%pa%xgi?oa@s%ptbff addi ng
water to a G:geétﬂg a%gkhox%ti jtan@:m i? to react the tetraal ke x]yt i%atni umw th the
wat er so as t8btai ' @ p ti al"hydr oiysis rEactiton S UtGon;° and - 243 -
step (V). ayglen, of £§’f£§£ﬁ¥é N9 AL £QNO} @51 Py L OGYELy, [Lom L he
hydr ol ysi s reaction sol ution:
Kurashiki~shi, Ckayama, Japan from Nobeoka-shi, Mivazaki,
10 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
attempted to ke pumped inte to a catalyst reservoir
15  provided in the diphenyl carbonate production facilities.
However, the composition was not dissolved even after 10
days or more, and could not be punmped.
[0403]
[Comparative Example 23]
20 After the reaction solution obtained in the above-
mentioned [example 4] was returned o a normal pressure
with nitrogen, diphenyl carbonate was added in an amount
of 60 mol per meol of T atoms contained in the veaotion
solution, under stirring.

25 In this case, an internal liguid temperature of the

reactor was 170°C, and the diphenyl carbonate was also



6. The nmethod for producing the aryloxytitanium5 conposition according to
any one of clains 1 to 5, wherein an aryl oxy group constituting the
aryloxytitaniumis represented by the following formula (Ar0): [Fornula 1]
(Ar 0) 10 wherein a ring A represent$>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 single
ring or a phadad ity Hfnsings,sofca hetgsoeycligd.i ngh-andser :pRy be 15
substituted by anot her substituent. 7. The method for producing the

aryl oxyti t afe lum conposs ta aredckciondidg to claim5, wherii anount. of Lhe(X)
is 0.1 to 0,92 nolar. 2001va Tyfcto resrecMto tCo 17.20tura.alk.flY 8.
The met hod for pFhreducidid itchettameumacompusiltt ilohaocor ding to any one of
claims 1 to 7 - 244 - conprising carrying out the step (1) or the step
(B) in mul ti(b‘i%@]batches, or continuously. 9. An aryloxytitani um

conposi tion produced by the 5 method for, produci ng the aryl oxytitani um
conposi i on accor'@i NGPEENY I6ne loftha diliit (9 ghe FRCUH & oxyti tani um
conposition conprising: n aryl oxytitani um conposition produced

by the 10 MECHOMIIOF Torctfieily 4 ardt Gyt Ahi iR cotsgeith on

pressure cof the reactor was gradually lowered, thereby
starting the distillation of a component having a lower
beiling point than that of the diphenyl carbonate,

10 tegether with the diphenyl carbonate from the
distillation column.

When about 30% of the added diphenyl carbonate was
distilled (finally, the temperature within the system was
about 209%°C, and the pressure was about 3 kPa), the

15 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.

20 The addition time was aboul Z hours.
10405]
The temperature of the reaction solution was {hen
aet a2t aboul Z210°%C, and the internsl! prassure of the

reactor was gradually lowered, thereby starting the
25 distillation of a component having a lower bolling point
than that of the diphenyl carbonate, together with the

diphenyl carbonate from the distillation column.



according to any one of clains 1 to 8, and a diaryl carbonate. 11. The
nmet hod for producing the aryloxytitanium 15 conposition according to any
one of clainms 1 to 8, wherein the diaryl carbonate is diphenyl carbonate.
12. The method for producing the arytoXy8i tani um conposition according to
any one of clainms 1 to 8, 20 wherein an aryloxy group constituting the
aryloxytitaniumis the sane aryl oxy group as an aryi oxy group 1 of

13. A nethod formst abiddzing \ananyloxytdganiym 25 corpositjon, conprising:
a step of reacting g%!alkyloxytitaniun1cd%posi?%on wl t %‘%n. aromat i -

hydr oxy conpeunghaind: €vapesati NgpABssure2¢5th Ak €0h9knagabywpeaduct, by
distillation, so as to obtain a crude aryl oxytitani um conposition (step
(A)); and diphangl epatofcaste ngn andiaryl «iear bonat enbont hescende of

aryl oxytitani um conposition and evaporating a conponent 5 having a | ower
boi | i ng poi hite t haph¢hat ofrivdes dé angdledanbonat esetoget hemewwth t he di aryl
carbonate, so as to obtain an aryloxytitanium conposition (step (B)),
wherei n®  digpi bhwtintf biat he dilae yteope bohare wsedinnthhesgsepm(Byrsis 0.1
to 50 nolar equivalents with respect to total 10 noles of Ti atons
cont ai ned i Wehle T¥iide aryl dhe ittrasisumecompositdwn,3 dfth) . Tha tsemper at ur e
in evaporating the conponent having a |ower boiling point than that of the
di aryl car&ﬁ%%%?%?Ptﬁl Step ¢B)tie #h0ue rdnder bt 5oC Y@° 28T o1Bedd. The

net hod for g&@bilégjng thﬁ_gr jQ%%ﬁLtani%g]RQQROSitio according to claim
13, wherein in the %H%x@i i tamnT ONpoSiEi OnRBBE A hed T h Y he $PEBY(B), a
oo ot b LA ALY TR0t DL IO AR By e o e,
or lessgg 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 yellow,
15> and contained about 8 ppm of Ti atoms. The component
also contained a chlorine component of about 5 ppm.
[C407)
A component contalning the diphenyl carbonate
evaporated at the second time was colored in light vyellow,
20 and centained about 4 ppm of Ti atoms. Components
containing the diaryl carbonate evaporated at the third
Ulme, at the fourth time, and at the [ifth time were
clored in light yellow, and contained 3 ppm, 2 ppi, and
3 ppm of Ti atoms, respectively.
25 The polytitanoxane composition had about 0.5% by

mass of a titanium content and about 97% by mass of a

diaryl carbonate content.



nnmnn it no rnnpri an aryloxytitanium and 25a diaryl carbonate, wherein.
- 246 a content of titaniumatons constituting the aryloxytitaniumis
1% by mass or nore and 15% by mass or less. 5 16. The aryl oxytitani um
conposition according to claim15, wheEéiPn-a content of the diaryl
carbonate is 50% by mass or nore and 95% by nmass or |ess, and a content of
a conpound haying a boiling point of 150C or less is 1000 ppmor less. 10
17. The aryligxykit ani um conposition according to claim15 or 16, wherein
the content of titaniumatons constituting the aryloxytitaniumis 5% by

nmass or nore andrid%dyy BS$nkah&SSempdSit The @yl oxytidapi,upheonposition
according to any one of clains 15 to f%, wherein a total content of the
aryl oxytitanhum andhtheadi anykecarbonat exksp38% By MBSE4Qr TREE. 25 20.
The aryl oxytitani um conposition according to any one of clainms 15 to 19,
wherei n an anglidgyc§ronp constitati ngs coB47rmetihefarcyl akyt istamisym.i s an
aryl oxy group haying 6 or 7 carbon atons. 21. The aryl oxytitani um

conposi t9 onfaeesk dPngef ot anyconecsivt ovl apas Lhet a0, swhéreien otthehe
conposition is solid or liquid. 22. The aryl oxytitani um conposition
accordi ng t5°ahyrBRE BRScParRsedb fod29aswhebéPAteHetar fRoRytitaniumis an
10 aryloxypoég&itanoxane. 23. The aryl oxytitani um conposition according to

claim 22, whePeYi*the driftOxy ot Y1 dnoxne® tomprligesthan Ti were

increased by 10% or more compared with the content of the
analyzed value before the storage.
10 (0409)]

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

incorperated herein by reference.

Industrial Applicability
[0410]

20 The present invention has industrial applicability
as a production technigue of a catalyst used when
producing aromatic carbonates while reacting aliphatic
carbonate and an aromatlic monchydroxy compound and

removing alcohols produced as by-preoduct to the outside

25 of the reaction system.

Description of Reference Numerals



one or nore types of aryl oxypol ytitanoxane having 15 one or nore Ti-OTi

| i nkages in one nolecule. 24. A nethod for producing a diaryl carbonate,
using the aryloxytitanium conposition aggording to any one of clains 15 to
23 as a catal yst, conprising 20performng transesterification and

di sproportionation reactions, using a dial Icy]. carbonate an aromatic
|.:5f7logy faniumC) i) p o sitlon, so as t. o produ(o aca 25 25. A

catal yst forlPBhéduction of a diaryl carbonate, conprising an
aryioxytitaniumand a diaryl carbonate, wherein - 248 - a content of
titani um at dms lcondtit dfi AGEPhe BFyl oxytitaniumis 1% by mass or nore and
15% by mass._or | 6 nmet hod for producing a diaryl carbonate,
conpri si ng er?oﬁﬁﬁﬂagﬁﬁaﬁgggterification reaction and di sproportionation
reaction, using a.dial kyl garbgn 1d.an-aromati ¢ hydroxy conpound, in

t he presenc%’og’tﬁé %atgrygf ?gr%%gggggﬁiggﬁgT the diaryl carbonate
accordi ng 191t§E&b§hﬂ‘ﬁ§N so as to produce a diaryl carbonate. 27. The
met hod for producing the giaryl carbonate according to claim 26, conprising

a step of S@p@gagggg the diarykaarbanabeyMf;om a reacti on product obtai ned
by 15 the disproportionation reaction. 28. The method for producing the

diaryl carbonat prgecordirngnt eveharon27onf uotem conprising a step of
recycling the reaction product, fromwhich the diary' 20 carbonate is
Separated, ilbip the,ttansester REBoatEan reaction or the disproportio nation
reaction. 7

112, 122, 132, 142 CONDENSER

10 113, 114 PREHEATER
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What is claimed is:
1. A method for producing an aryloxytitanium
composition, comprising a step (1) of adding a diaryl
carbonate to an organic oxytitanium composition having an
R~0~Ti linkage where 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 the diaryl carbonate, so
as to cobtain an aryloxytitanium composition, wherein

an amount of the diaryl carbonate used in the step
(1} is 0.1 te 50 molar equivalents with respect to total
moles of Ti atoms contained in the organic oxytitanium

composition having the R-0-Ti linkage.

2. The method for producing the aryloxytitanium
composition according to claim 1, wherein a temperature
in evaporating the component having the lower boiling
peint than that of the diaryl carbonate in the step (1)
is in a range of 50°C to 250°C, and

in the aryloxytitanium composition obtained in the
step (1), a content of titanitum atoms is 1% by mass or

more and 15% by mass or less, and a content of the diavyl

carbonate is 502 hy mass or more and 9%% by omass or less.
3. The method for producing the aryloxytitanium

compositicn according to c¢laim 1 or 2, wherein in the
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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 beiling point than that of the
diaryl carbonate, together with the diaryl carbonate, so

as to obtain an aryloxytitanium composiltion.

4. The method for producing the aryloxytitanium
composition according to any one of ¢laims 1 to 3,
comprising further carrying out the following step (C):
step (C): a step of adjusting a component ratic of the
aryloxytitanium composition and the diaryl carbonate.
5. The method for producing the arylexytitanium
composition according to claim 3, wherein the
alkyloxytitanium composition is an alkyloxytitanium
composition obialned by sequentially or simultansously
Dorforming
step (X): a step of adding water to a tetraalkoxytitanium

to react the tetraalkoxytitanium with the water so as to

obtain a partial hydrolysis reacticon solution, and
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step (Y): a step of evaporating an alcohol as by-product,

from the hydrolysis reaction solution.

6. The method for producing the aryloxytitanium
compesition according te any one of claims 1 to 5,
wherein an aryloxy group constituting the aryloxytiitanium
is represented by the following formula (ArC):

[Formula 1)

O__........

« = < (AT O)

wherein a ring A represents an organic group having 6 to
20 carbon atoms, containing an aromatic group to which an
oxygen atom bonded to Ti is bonded at any position
keeping aromaticity, and may be a single ring or a
plurality of rings, or a heterocyclic ring, and/or may be

substituted by another substituent.

7. The method for producing the aryloxytitanium
cemposition according to claim 5, wherein an amount of
Uhe wateyr in Lhe step {X) is 0.1 to 0,982 molax

equivalents with respect o the tebtraalikoxvoitaniom,

8. The method for producing the aryloxytitanium

compeosition according to any one of claims 1 to 7,
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comprising carrying out the step (1) or the step (B) in

multiple batches, or continucusly.

9. An aryloxytitanium composition produced by the
method for producing the aryloxytitanium composition

according to any cone of claims 1 to 8.

10, An aryloxytitanium composition comprising:

an aryloxytitanium composition produced by the
method for producing the aryloxytitanium composition
according to any one of claims 1 to 8; and

a diaryl carbgnate.

11. The method for producing the aryloxytitanium
composition according to any one of claims 1 to 8,

wherein the diaryl carbonate is diphenyl carbonate.

12, The method for producing the aryloxytitanium
composition according to any one of claims 1 to 8,
wherein an aryloxy group constituting the arvloxytitanium
15 the same aryloxy group as an aryloxy group

constituting the diaryl carbonate.

13. A method for stabilizing an aryloxytitanium
composition, comprising:
a step of reacting an alkyloxytitanium composition

with an aromatic hydroxy compound and evaporating an
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alcohol as by-product, by distillation, so as to cbtain a
crude aryloxytitanium composition {step (A)}; and

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
carbenate, together with the diaryl carbonate, so as to
obtain an aryloxytitaniuvm composition (step (B}), wherein

an amount of the diaryl carbonate used in the step
(B is 0.1 to 50 molar equivalents with respect to total
moles of Ti atoms contained in the crude aryloxytitanium
composition, and

a temperature in evaporating the component having a
lewer boiling point than that of the diaryl carbonate in

the step (B) is in a range of 50°C to 250°C.

14. The method for stabilizing the arvyloxytitanium
composition according to claim 13, wherein in the
aryloxytitanium composition cbtained 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 An srviowytitanium composition comprising:

an aryloxytitanium; and

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

less.

lo. The aryleoxytitanium composition according tec claim
15, wherein a content of the diaryl carbonate is 50% by
mass or more and 9%5% by mass or less, and a content of a
compound having a boiling 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 1% to 17, wherein a total content of the
aryloxytitanium and the diaryl carbonate is 50% by mass
Or more.

19, The aryloxytitanium composition according to any one

ol claims 15 to 18, wherein Uitaniun constituting the

20. The aryloxytitanium composition according to any one

of claims 15 to 19, wherein an aryloxy group constituting
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the aryloxytitanium is an aryloxy group having 6 or 7

carbon atoms.

21. The aryloxytitanium composition according to any one
of claims 15 to 20, wherein the composition is solid or

Liguid.

22. The aryloxytitanium composition according to any one
of claims 15 to 21, wherein the aryloxytitanium is an

aryloxypolytitanoxane.

23. The aryloxytitanium compesition according to claim
22, wherein the aryloxypolylLitanoxane comprises
one or mere types of aryloxypolytitanoxane having

one or more Ti~C-Ti linkages in cne molecule.

24. A method for producing a diaryl carbonate, using the
aryloxytitanium compesition according teo any one of
claims 15 to 23 as a catalyst, comprising

performing transesterification and
disproportionation reactions, using a dialkyl carbonate,
an aromatlic hydroxy compound, and Lhe aryloxybitaniums

COMPOsition, g0 as o produce a diarvl carbonate.

25. A catalyst for production of a diaryl carbonate,
comprising an aryloxytitanium and a diaryl carbonate,

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

less.

26. A method for producing a diaryl carbonate,

comprising performing transesterification reaction and
disproporticnation reaction, using a dialkyl carbonate
and an aromatic hydroxy compound, in the presence of the
catalyst for production of the diaryl carbonate according

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

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
carbonate is separated, into the transesterification

reaction or the disproportionation reaction.



