AO%O% P98/ KAN | NDUSTRI AL PROCESS FOR PRODUCTI ON OF
AOS0A KAN CARBONATE  Technical Field 5 The pr esent
invention relates to an industrial process for the
producti on of an aromatic carbonate. Mre
particularly, the present invention relates to a-
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Backliufd datbonate 1 A0501 VP98/ KAN capabl e of being
used as a starting material of a transesterification
As a process for producing an aromatic carbonate, a process of
_reacting an aromatic monohydroxy compound with phosgene has been
15 known from long ago, and has also been the subject of a variety of
studies in recent years. However, this process has the problem of using
phosgene, and in addition chlorinated impurities that are difficult to
separate out are present in the aromatic carbonate produced using this
process, and hence the diaryl carbonate cannot be used as a starting
20 material as is for the production of an aromatic polycarbonate. The
reason for this is that such chlorinated impurities markedly inhibit the
polymerization reaction in the transesterification method for producing
the aromatic polycarbonate which is carried out in the presence of an
extremely small amount of a basic catalyst; for example, even if such

25 chlorinated impurities are present in an amount of only 1 ppm, the

polymerization hardly proceeds at all.  To make the diaryl carbonate
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| mati c pol ycarbonate, a troubl esone :
A050mé§%9§3§8e separation / purification process

i nvol vi ng thorough washing with a dil ute aqueous
al kal i ne solution and hot water, oil / water
separation, distillation and so 5 on is thus required.
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catal yst, and hence there are very nmany jssues to beh

aromationrenohydroxy c@mpeundaist alse sDewdm | Hawewer ($Hc
provide a process for industrial production aimnng

trandesterdficationdeactions abe All eqpilibtinme raactionsen Hhee
to devise a reaction systemso as to shift the

equiRBFiUM béimﬁhb@/@kﬁefﬁ‘agplfmm tisg Briginad systemaand the

possible, 2 A0501 VP98/KAN and thus inprove the
reactio®PiteCiC8[dW"ah8 HeREE thBRé HaveRledn hidny @fficulties in
producing aromatic carbonates industrially in large amounts using such a
process.

Several proposals have been made to improve on the above

difficulties, but most of these have related to development of a catalyst to

increase the reaction rate. Many metal compounds have been‘proposed
as catalysts for this type of transesterification reaction. However, the
problem of the disadvantageous equilibrium cannot be resolved merely
by developing a catalyst, and hence there are very many issues to be
resolved including thevreaction system in order to provide a process for
industrial production aiming for mass production.

Attempts have also been made to devise a reaction system so as

to shift the equilibrium toward the product system as much as possible,
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produced as a by-product is distilled off by
azeotropy together with an azeotrope-form ng agent
(see 5 Patent Docunent 1: Japanese Patent Application
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. .58-185536 (corresponding to U S. Patent No, 410464)).
distilked &ff &y, ageatropyvitagetharswithean %ﬁ%e@s-ﬁq{ﬂmﬂcﬁ&"t (see
using an apparatus in which a distillation colum is
5 Patept ®ocieshent t:opapaneseclatent ApplicatioshbridQ@peaddoas
a by-product in the reaction is separated off from
54-48182r Grsxrespofiding te, Waesd Germian Patent Applicatierc iaid-Open
starting material 15 that evaporates is separated off

No. P¥60b3! iddoﬁu.sn_ﬁmtﬁabeatzmugnhna a apeoasa which the
Pat ent Application Laid-Open No. 56-123948
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rate is still slow, and thus it has been thouyght that
Morepver ¢hmgthashhas alser begp prappsed dgwh Wu"bd-és'g'}ﬁs?ﬂm
O these, a continuous stirring tank reactor (CSTR)
apparattsrini whith ahdistidiation iceluom opoovided pnotapiefi areactor,
top of a reactor has 25 been proposed as a conti nuous
an aRGHENprédicédersadsy-productin thecteastiontis separated off from
rate being slow, and the gas-liquid interface in the

the rreﬁiﬂfcﬂ"i m&tﬁﬁéoénUPa&St’HéANahﬁé Rim & 'Th e dutedds@tingematerial
vol u e |

nme of t lquid. It is thus not possible to
15 that evaporates is separated off by distillation (see Patent Document 3:

Japanese Patent Application Laid-Open No. 56-123948 (corresponding to
U.S. Patent No. 4182726)).
However, these reaction systems are basically batch system or
switchover system. This is because there is a limitation on how much
20 the reaction rate can be improved through catalyst development for such
a transesterification reaction, and hence the reaction rate is still slow,
and thus it has been thought that a batch system is preferable to a
continuous system. Of these, a continuous Stirring tank reactor (CSTR)
system in‘which a distillation column is provided on top of a reactor has
25 been proposed as a continuous system, but there are problems such as

the reaction rate being slow, and the gas-liquid interface in the reactor
3



10

15

20

2b

make t he conversion high. Accordingly, it is difficult
A0508 VPRJ/KAN t he obj ect of producing an aronatic
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prol onged period of tinme by neans of the above

nmet hods, and many 5 issues remain to be resol ved
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continuous multi-stage distillation colum
of predugingrarbaspmatic catbpante icantinueysly; iy langs agpuntsgstably
have been the first in the world to disclose that such
for aaproleageidvpediost of time dyy mysarsndafthesabaveimetbads, and many
transesterification reaction, for exanple a reactive

issuél senldint iobenrisuidedrbeforehet brorishk jndusthidldnapiementation
and the aromati c hydroxy conpound are continuously fed

is pdddifle.@ multi-stage distillation colum, and reaction
I's carried out continuously 15 inside the colum in

whi , Ul e . .
i TR BEFRERE Puplsdrd, 17 v 8t diition
copponent. cont al ni an _.al coh r S . :

metti3f% i1 Sk Sheh & ikstlr Sitlo v 8 HER. S edrrind ot in o
cont ai ni ng, a, prodyce | kyl aryl carbonate from. .

continpuys %%&kﬁéé)ﬂ%fd%ﬁﬁﬂag&l%ﬁﬂﬂt’\éBes'ﬂb'fb'gﬂ'i'e%ém&‘ geparation
Japanese Patent 20 Application Laid-Open No.

by distibation) and havetheen dhetfirgtdn the wearlddodisclgae thatsuch a
al kyl aryl carbonate is continuously fed into a _

reachiviet distilfegion diystein = usefebfamsuchadtrassastenification
carried out continuously inside the colum in which a

reactidind| finstex Smple erdactive Idistillationumethpdvirt wdvichithe thalkyl
distillation a | ow boiling point component containing

carbdndta! dvd t @@Rﬂ?ﬂgﬁczﬁy@f&@%%ﬁéuﬁd yrePt@AtifUoURMY fed into

continuously wt raw ng a ‘conponent containing a

a mEEERE RSN BAAGHIE SRR cortihuously
insicﬂealgﬁgecso u%artl ?Rtwlﬁoc?ml {hcealtcia gly%?iig'p%%%nt, while continuously
withdrawing by distillation a low boiling point component containing an
alcoho! produced as a by-product, and continuously withdrawing a
component containing a produced alkyl aryl carbonate from a lower
portion of the column (see Patent Document 4: Japanese Patent
Application Laid-Open No. 3-291257), a reactive distillation method in
which an alkyl aryl carbonate is continuously fed into a multi-stage
distillation column, and reaction is carried out continuously inside the
column in which a catalyst is present, while continuously withdrawing by
distillation a low boiling point component containing a dialkyl carbonate
produced as a by-product, and continuously withdrawing a component

containing a produced diaryl carbonate from a lower portion of the
4
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a reactive distillation nmethod in which
AOSO{I\&P@I%E&, ons are carried out using two continuous
mul ti-stage distillation colums, and hence a diaryl

carbonate is produced continuously while efficiently 5
recycling a dial kyl carbonate produced as a by-product
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v EUEE il o e i

a dial kyl carbonate and an aronati ound
carrigd Q%’euﬁlﬂ&t‘élPeCQGt'BHHPFMHT%}%&%%E’“&P $gand
distillation colum, and a liquid that flows domn
hencehaalighyk carbonaieis profusasaentingausly while effigiently

provided at an internediate stage and / or a
recytiong rardéd | kyl zgebohatéerdidiiced asiaby-podduct (see Fatent
introduced into a reactor provided outside the

Domﬂ‘héh't 6 alapanese! PaTe rROAPSliEatibhi DgidxDpen Nacdi 211 038
is then introduced back in 15 through a

(corr%'sg oﬁﬁg% wqpemmmzieé %péaﬁt Paﬁeﬁbw 0481273a9and U.S.

I's prOV| whereby reaction is
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|nventors are the first to aronptic car
contirgigyslyfes de adﬁHlﬂﬁ%ﬂ@@Sﬁﬁﬁm Fe témﬂm"fg qifd that

processes in which a diaryl carbonate is produc d
flows down thraugh| theacobmndsuwithgraws from el outlet provided
- multi-stage distillation colums based on the above
at ardiisidraosediate hstageband /oppokoadermbst stagerof(teedistiiation
exanpl e, Patent Docunent 8: Japanese Patent 25

coluMii! 4 8atis GRtloti vt antd\a. reactbr $24vided rastpidalithg distillation
European Patent No. 0582931, and U.S. Patent No.

coluﬁé%ﬁgg@a ﬂ@tﬁgf?aé_‘étag?] ?bn'ﬁo'riotTSéAfP%(rﬁﬁNoé@BE@RQn
throt§R"d EFRUMSEIRY ihfet provided at a stage above the stage where the
outlet is provided, whereby reaction is carried out in both the reactor and
the distillation column (see Patent Document 7: Japanese Patent
Application Laid-Open No. 4-235951).

These reactive distillation methods proposed by the present
inventors are the first to enable aromatic carbonates to be produced
continuously and efficiently, and processes in which a diaryl carbonate is
produced from a dialkyl carbonate using two continuous mutlti-stage
distillation columns based on the above disclosures have been proposed
thereafter (see, for example, Patent Document 8: Japanese Patent

Application Laid-Open No. 6-157424 (corresponding to European Patent

No. 0582931, and U.S. Patent No. 5334742), Patent Document 9:
5
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| goopggjfﬁgﬂrd’atent No. 0582930, and U.S. Patent No.

Patent Docunent 10: Japanese Pat ent
Application Laid-Open No. 9-40616, Patent Docunent
11: Japanese Patent Application Laid-QOpen No. 5
9-59225, Patent Docunent 12: Japanese Patent
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aromatic carbonates to be produced stably
Patept &lastypenctt: obamanewé’ar&n’ro‘atwb\catiang'ea&r%mﬂ" No
catal yst being required, a nmethod in which high
0-59225| Frafenp d ocumerdr 12! Japanaisei Rgtant Apalipation Laid-Open
conmponent is reacted with an active substance and

-No 9.6 aPatent Ofdcurneat tse WO D0/487C0poomres ponding to U.S.

recycl ed (see Patent Docunent 15: WO 97/11049

e tpgpt S'c) pAdplicati
Pats NS 0935473, Faja ARSI i M0 RE08 oroagpicain

Laid ‘@géﬁ ﬁsegdgﬂobﬁ‘% i ght ratio of a polyhydric

tirc Xy comnmpound in the reaction systemto a

al yst nEt
oot Eact awﬂ@ét@ﬁﬁr&%ﬁ'& (1% pEESoR pEBlicapts have
No. 11-92429 (corre 0 n Pat ent No.
furthes pigp@sed,as 8 metpae beothatie a%@&ﬁf@?‘y PR{f ﬂremﬁﬂ%
the present inventors have proposed a method in i ch
carbgoates $0 be pyoduicgs stablyfera prelanardpesiod of tlme “without a
by-product in a polynerization process is used as
largesamcunpofia eatalyst bedngirgigquised carmethod rnsnrbrci‘dbwm boiling
using a reactive 25 distillation nethod; this di phenyl

pointaidtenailcomtaihing accatadyst soarpoment lmteactdd With an active
pol yneri zation to produce an aromatic pol ycar bonate

subs@éﬁ@e Fhd\REA SEPSfdteN &t aMd @i@%@@ﬁlysﬂcorﬁﬁbﬂ%@ﬁqs
tent Application Laid-open .

recycled (see Patent Document 15: WO 97/11049 (corresponding to

European Patent No. 0855384, and U.S. Patent No. 5872275)), and a

method carried out while keeping the weight ratio of a polyhydric

aromatic hydroxy compound in the reaction system to a catalyst metal at

not more than 2.0 (see Patent Document 16: Japanese Patent Application

Laid-Open No. 11-92429 (corresponding to European Patent No. 1016648,

and U.S. Patent No. 6262210)). Furthermore, the present inventors

have proposed a method in which 70 to 99 % by weight of phenol

produced as a by-product in a polymerization process is used as a

starting material, and dipheny! carbonate is produced using a reactive

distillation method; this diphenyl carbonate can be used as a starting

material for polymerization to produce an aromatic polycarbonate (see
6
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9- 255772 (correspondi ng to European Patent No.
ADSOHAMPHYKANING U. S. Patent No. 5747609)). However, in
all of these prior art docunents in which the 5
production of aromatic carbonates using a reactive

distillation method is proposed, there is no

Pateﬂﬁ%ﬁ'ﬁéﬁﬁﬂﬁ ?fﬁééﬁfsg?%?@ﬁ%béhﬁsﬁ@ﬁﬁ?ﬁda‘ér &N Ne
.g. 1 : ' I PLi
0-2587 dackarrgsaapiio so deulipen Sigtentiive. DBOFTELARNLOS.

the descriptions regardi ng heights (H and H2: cm), 10
Pateot Nmt 8747608)hnd D2: cn), nunbers of stages (n, and

n2), and starting material feeding rates (Q and Q:

kgHovweyef, dn allofrihese peodiantiddcuments dolwhiah the

di scl osed for producing mainly di phenyl carbonate

prod(1Bfich &f arondditiethyboRaté® uateg andepbtivel distilation method is
summarized in Table 1. Table | TABLE 1 H DI nj Q H2

rop R0 AT g g o O S Byt o

appelg Bl i ol g 08y firabed o7 on

o), SP0iR LR8pE s desebntion slookbrith Shifla ¥ipERss fppparates.

I d wh [ t thi ti [ '
For ;&msegﬁee desgr?pt(i:grrlgweré%rgyng eliSh{se 1|aonnd li'—f;nc%?

diameters (D4 and D;: cm), numbers of stages (ny and nz), and starting
material feeding rates (Q1 and Qz: kg / hr) for two reactive distillation
columns disclosed for producing mainly diphenyl carbonate (DPC) from

dimethyl carbonate and phenol are as summarized in Table 1.

Table 1
TABLE 1

AR

600 | 25 20 66 600 25 20 | 23 6

350 | 2.8 - 02 | 305 |5~10 15+ 0.6 9

PACKINGS

500 5 50 06 | 400 8 50 0.6 10

100 4 - 1.4 | 200 4 - 0.8 1

300 5 40 1.5 - 5 25 0.7 12

1200 | 20 40 86 600 | 25 20 31 15
16

600 - 20 66 600 - 20 22 17

In other words, the biggest pairs of continuous muiti-stage

distillation columns used when carrying out this reaction using a reactive
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7 A0501 VP981KAN distillation systemare those
A0S0 MRISKAN by the present applicants in Patent
Docunents 15 (WO 97/11049 (corresponding to European
Patent No. 0855384, and U.S. Patent No. 5872275)) and
16 (Japanese Patent Application Laid-Open No.

vl KEFEHES PR, B Gp USRI R o,
pateb ey Rets 35 (WD B/ MRS, CeF30Bbrifiq ¥ EMpoan Paten

distillation colums disclosed for the ab reacti %1

No. 0855864, anmbbscrﬁammgogag,z]z?[s))@@1@1( apanese Patent
cm n, =n2 =50 (the only conditions: Patent

Applihmtmerhialda)peapuneslé -9242:%: (Omiesp@nud@ng ltai Eucm@ﬂamd’ atent
No. 9-40616)), Q =86 kg / In, and @ = 31 kg / hr,

No. 1018648, and it SofPatéimoy 6262201011 e As educbe $wan n‘mm
exceeded approximately 6.7 kg / hr, which is not an

Tabl@PUhe ATBIHAAA PAIUDS bﬂﬂ’t’ét\farﬁdu§@%|n@|t|6h§ féirathleytontinuous

carbonate used in a step (I1) of the present invention
d | =
multYia@ BB IENER'oafifs dksad of i BocWé eaction are

120 3385 B AL 50 B PRI 0% 8 o

condlfiSh Ratedh Gorymantold /8pete Y5 RTE Abelnig Lelo-oen

reacted with carbon nonoxi de and oxygen to

No. 9488 16)). s FoBEtkD AR, RacbR> TRk, N andithecamount of

oxi dative 20 carbonyl ati on process (see, for exanple,
dlph@aybnarlﬁbnatemroﬂ&ce%aga'icﬂm%@dedmppwumaiuelmﬁs? kg / hr,
be carried out in a slurry state using a |arge anount

whichfisGiét adCansumt sridlged oread imdustriahscales a
probl emof the corrosivity being very high in the

reqHd afalk y%a%aﬁﬁté JERRAIE Qﬁa# (nwalthleCpfesént invention

system Mbreover, in this process e car bon nonoxi de

s 530008 9 B9 0B S RO RO by oL
contain a ﬁaFogréJr?n ﬁ%oé'n y p'r%clegs il which such a dialkyl carbonate
is industrially produced in a large amount as a starting material for an
aromatic polycarbonate is an oxidative carbonylation process in which
methanol is reacted with carbon monoxide and oxygen to produce
dimethyl carbonate and water. However, with this oxidative
carbonylation process (see, for exahp|e, Patent Document 18: WO
03/016257), the reaction must be carried out in a slurry state using a
large amount of CuCI|-HCI as a catalyst, and hence there is a problem of
the corrosivity being very high in the reaction system and a separation /
purification system. Moreover, in this process, the carbon monoxide is

prone to being oxidized into carbon dioxide, and hence there is a

problem that the selectivity based on the carbon monoxide is low at
8
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8 A0501 VP98/ KAN approxi mately 80% On the other
ADS0H MRPB/KADL a) processes for the production of a

di al kyl carbonate and a diol froma reaction between a
cyclic carbonate and an aliphatic nonohydric al cohol
have been proposed. Wth this 5 reaction, a dialkyl

car bonat n be produced w thout using a hal ogen,
appr%ﬁ'&“ﬂgﬂges@%ﬁ s |s a preferabl e process. As reaction

t ens ve been 0 0
Qi o et v, Sevet] rpceragh, LS T prapfRtionsf a
roductlon of di met hyl carbonate and ethylene
dialky} sareongte mnd ardioh fremaa Feastinh fetwaen-a %thﬁgsafb“ate
nost typical reaction 10 exanple, and are (1)
and anoraliphatig rhanchydeiscaleahalykavenbgern piopases. % With this
reacti on systemusing a reaction vessel having a

reactibfl id dailkghcarbonate paovbdesrorfudenp withowbisin@p balogen,
flowng liquid reaction systemusing a tubular

and g&ﬁﬁboﬂhts 389G bﬂéférabq?écﬁﬁo\c%s%l st Ak reldctiv e g9 tembi, four
I scl osed the present inventors (see, for exanple,

syst{t%eﬁ %ﬁ?rﬂloﬁgfﬁapa‘gﬁégelﬁfraﬂeeﬁtuﬁp%‘ybféﬁsoﬂre used in

at ent Docunent 207 Japanese
Pat I t
o prBhEh o ORb S RYA LR R sstod A p LBl ene aiveo
086940 nd _,U.S.  Pa 6346638 .
fromeglenediaranaisAndgnetEasel wbtﬁ'ﬁ &Ng%ﬁdmaP H{pical reaction
Eur opean Patent No. 1174406, and U. S, Patent

exanepieo 6By argatbneé qosopiaiely batchaeantion pystem, (2) & batch

Application Laid-open No. 5-213830 (corresi:‘)a onding to
reactionoggsterPaising Aoeactisboressahbavirg a diatdlation column
5231212), Patent Document 24: Japanese Patent

provided ictetepiheteot]-(@) e flewing RGO feactionpsysteny using a
Eur opean Patent No. 0569812, and U S. Patent No.

tuloui%ﬁ5 Eﬁ*dem Hredetive aﬁ.stuwenfsémé’m finét dfsclosed by
|cat| on La| - Open No. 2003-119168 (correspondi ng

the gﬁﬁe@?{VQQQ3?§Xsega?8Pbx%féerF"at?eq\t Baeanfatt Fot 9apanese
Patent Application Laid-Open No. 4-198141, Patent Document 20:
Japanese Patent Application Laid-Open No. 9-194435, Patent Document
21: WO99/64382 (corresponding to European Patent No. 1086940, and
U.S. Patent No. 6346638), Patent Document 22: WO00/51954 |
(corresponding to European Patent No. 1174406, and U.S. Patent No.
6479689), Patent Document 23: Japanese Patent Applicat_ion Laid-open
No. 5-213830 (corresponding to European Patent No. 0530615, and U.S.
Patent No. 5231212), Patent Document 24: Japanese Patent Application
Laid-Open No. 6-9507 {corresponding to European Patent No. 0569812,
and U.S. Patent No. 5359118), Patent Document 25: Japanese Patent
Application Laid-Open No. 2003-118168 (corresponding to

WO003/006418), Patent Document 26: Japanese Patent Application
9
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| 98/ KAN Lai d- Qpen No. 2003-300936, Patent
AO50%&@?§&#A 7: Japanese Patent Application Laid-Qpen

No. 2003-342209). However, there have been probl ens
with these systens as follows. In the case of (1) and
(3), the upper I|mt of the cyclic carbonate
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carbonate conversion hig I} t he produced di al kyl
problansonithcthasa systemssas fPUAWSt using a very | arge

amount of the aliphatic nonohydric alcohol, 10 and a

| obny theagasewfi(limand (Biqthe sppardimileot the wyclicagarbonate

the reaction can be nade to proceed with a higher
conversimar i$ deteminedtby (He car@positiq)put incarddhe temperature,

processes of (4) proposed hitherto have related to

and ﬁéﬁ@@tﬂ& rehBBofi Gakot bar banee cutto benmgiletios, tdred thus the
in small amounts or for a short period of time, and

conJ%ggﬁoﬁ‘% 166 2tQer QueR! iVt ¢ gr%tae %fg?Prt‘deféké’t‘hQrbﬂhc

ndustrial scalée st onged period of

caebtfe cHfsplon R B AR PR BT

sl Bl YR B BB ety atcono,

than 1000 hours, preferably not |ess th 00
and goloagoreaehiap) imeols reauiredan 1606 LS ‘gb tg& reaction can

exanpl e, the maxi mum val ues of the hei ght %

be matbmioeproc(e[ed wijh aahighembenversionadwn (m)h 6ﬂ).t or (3).
reactive distillation colum, the anount produced P

Howeker/ phﬂideﬁéesiicfe(uljmrocpa:rmaﬁmermmamrelna’uedrtmopsoducing
production tinme T (hr) in exanples disclosed for the

e SEYES e st ot n RGN o o hor
periéd ofAfme diPhave nbfefatéd to carrying out the production on an
industrial scale stably for a prolonged period of time. That is, these
processes have not attained the object of producing a dialkyl carbonate
continuously in a large amount (e.g. not less than 2 ton / hr) stably for a
prolonged period of time (e.g. not less than 1000 hours, preferably not
less than 3000 hours, more preferably not less than 5000 hours).

For examprle, the maximum values of the height (H: cm), diameter
(D: cm), and number of stages (n) of the reactive distillation collumn, the
amount produced P (kg / hr) of dimethyl carbonate, and the continuous
production time T (hr) in examples discllosed for the production of
dimethyl carbonate (DMC) and ethylene glycol (EG) from ethylene

carbonate and methanol are as in Table 2.

Table 2
10



10 _A0501 VP98/ KAN TABLE 2 PATENT H: cm D : cm NO
AOSOEVWREBIKAN, p : kglhr T : hr DOCUMENT 19 100 2 30
0.106 400 20 160 5 40 0.743 NOTE 5 21 200 4 PACKI NG
COLUWN (Di xon) 0.932 NOTE 5 22 NOTE | 5 60 0.275 NOTE
5 23 250 3 PACKI NG COLUWN Raschi 0.392 NOTE 5 24
NOTEZNOTEZNOTEZTWE 25 NOTE 3 NOTE 3 42
NOTE 4 NOTE 5 26 NOT 23750 NOTE 5 27 200
15 PACKI NG COLUWN 0.313 NOTE 5 NOTE 1 : OLDERSHAW
DI STI LLATI ON COLUMN. NOTE 2: NO DESCRI PTI ON WHATSOEVER

PAFENN MSITIEALT ON 3. OJLY,. ]

D ST AP N@"E)I$ %ﬁ@% BN |1 P AEBER o T £ Pr
SJgCES. Db 4 NO PESCR PTTON \QUATSOEVE Oro.f06 DUGED 400
S A T Al I 0/ NP NOTE 5
2t ent |Doc®ent| 26 #1apa Hé%@"ﬁ&pl-wﬂm} cat9.832 | NOTES
122 d- O}eNOTED! P0036300936), it 80s stated at0.8ZBagr|apOTES
UspU that zgpne presgnt EK@M@LUMEMQLEWG%!OCESNOTES

ST O RGTER T TCUNGTEYT (1 ] Fisal | NOTES

o K.l I'\I'J lﬂ
ore-roT e o cot—ea—ott LA’ |

25 cned JMOTE 3| MOTES |1 ccal A2 nnarar | NOTE4 | NOTES
p2duci|nYONEN@t hyNOEEM@bgnat e an@0 et hyl erfe BY8Y) NOTE 5
tB7 ougl| {rapeses| er 115 call PAGKING GOLGMNI(BX] [c cO3¢8r si[oNOTE 5

NOTE . O| RERSHAW DISTILLATION COLUMNS' © and nethanot. Tote

NOTE 2 : NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.

NOTE 3 : ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS NUMBER OF
STAGES.

NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT. |

NOTE 5 : NO DESCRIPTION WHATSOEVER REGARDING STABLE PRODUCTION
FOR PROLONGED PERIOD OF TIME.

In Patent Document 26 (Japanese Patent Application Laid-Open
No. 2003-300936), it is stated at paragraph 0060 that “The present
example uses the same process flow as for the preferred mode shown in
FIG. 1 described above, and was carried out with the object of operating
a commercial scale apparatus for producing dimethyl carbonate and
ethylene glycol through transesterificatic_m‘by a catalytic conversion
reaction between ethylene carbonate and methanol. Note that the
following numerical values in the present example can be adequately
used in the operation of an actual apparatus”, and as that example it is
stated that 3750 kg/hr of dimethyl carbonate was specifically produced.
The scale described in that example corresponds to an annual production
of over 30,000 tons, and hence this implies that operation of the world’s
largest scale commercial plant using this process had been carried out at

the time of the filing of the patent application for Patent Document 26
11
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follow ng nunerical values in the present exanple can
AD0501 /R ely 10 used in the operation of an actual
apparatus", and as that exanple it is stated that
3750 kg/ hr of dinethyl carbonate was specifically
produced. The scal e described in that exanple

WandERES RPN ARGTERTER Eh PR ST 2005 405389, oMowever
ovent b8 5 8Eho 358 SESORESBcaPllL kT, A3 e sbove

‘ filing of the patent applicati for Patent Doc t

fact aball11 Moseovemowy Hme(xmm?eeg fest %Hm%'bftfgf{gapa“ese
Lai d- Open No. 2003-300936),. However even at the

Patent Appdication dpidkOpeneMent20031300836)h, exaely the same value
the above fact at all. Mreover, in the exanple of

as theatteadreadicalie cal@blatédpaiascis Stated: forpthie amownt of dimethyl
Lai d- Open No. 2003-300936), exactly the sanme value 5

carb8fatd prodeeed, md ihe ??élﬂufcﬁt@mwehéeglwwﬁet@brb&lmately

t he anount of dinethy carbonate produced, but the

as.s%:&ﬁdft% §éf%tﬁﬁ§( gépg? 'rokﬁnﬁf@&osis%?lamd fenk¥ itatshnot

selectrvity i XI mat e 88.4% and hence it

o3 8 3o 0, 414 R S Y, B gtainec
i parTSh i i el BTN el D HSERRARE pheca fte

Not e al so _that Patent Docunent 26 (Japapese Pate
drawhagk astarindystriabproductiongrongssse) (NQE ai%%%am"&te"f
have been wi thdrawn on July 26, 2005 due to '
Documaent 28 (dapaoeseal atenbapplicadienLaid-OpenNen2003-300936)
reactive distillation nmethod, there are very many
was deeseed ttbhalef beeh withd rawnodin akluly @,02006adue to
variation due to reaction and conposition variation
exarfiifatidh Fictthavitlg BBenrédirestedt)i | | ati on col um, and
tenperature variation and pressure variation in the

COMYITR thl Fe EGGE c*igﬂﬂhii?:.‘r‘:i Hﬂetﬁbﬂ?'tﬁe?@?r%t VEFfy hPdny causes
prolonged perrod of tine is acconpanied by neny
of fIGLtulatieh Sush a8 tbrhPoBitidh Ylrftidh Hife b rbattidr Rda ©

composition variation due to distillation in the distillation column, and

temperature variation and pressure variation in the column, and hence

continuing stable operation for a prolonged period of time is

accompanied by many difficulties, and in particular these difficulties are
further increased in the case of handling Iarge'amounts. To continue
mass production of a dialkyl carbonate and a diol using the reactive
distillation method stably for a prolonged period of time while maintaining
high yields and high selectivities for the dialkyl carbonate and the diol,
the reactive distillation apparatus must be cleverly devised. However,
the only description of continuous stable production for a prolonged

period of time with the reactive distillation method proposed hitherto has
12
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Laid-pendip

20 further increased in the case of handling |arge
AOSOLMRBR/KANTrO continue mass production of a dialkyl
carbonate and a diol using the reactive distillation
nmet hod stably for a prolonged period of tine while
mai ntaining high yields and high selectivities for

the di.al kyl carhonat n LBl s1ard ' imati
beencifia AIPLEBHRS 1o GriORauMEt dParaffRAd FREHE Application

However, 25 éh% only description of continuous stable

off-18F é1érolonged period of time wth the

reactive distillation nethod proposed hitherto has 12

A0501 VP98/ KAN been the 400 hours in Patent Docunent

19 (Japanese Patent Application Laid-Cpen No.
Disclosili8ldfljnvémohosure of Invention 5 Problens to be

Sol ved by the Invention It is an object of the present

I NPeablenst © BeoSbRed bypde Ingentioncess that enabl es
an aromati c carbonate required for producing a

hi Rgrsqaﬁ'émbcgioqﬁh%ebf@éé\ﬁﬂﬁwérimttb%miueaa ific
to be produced industrially in a |large anmount (e.g.
I A . | .

procfh T3 4Re'2h Yopdl, BBkt Vagyid fop eatiing -
. f | te | t han , I
high a8 ih:R i Rearap s i o VepspPRefe T g HBdlped
sl B arSeampestln & ke I3 151/ F0) 8By ror o

studi es ainmed at 15 discovering a specific process
prolanged ipeyiod ofdimec (1. oot kass'oa\am {190 hourgngraterably not

result have arrived at the present invention. That is,

less ahanr3000 howrs, mofte rprefesatelyt not less: thaei0G0 hours) from a
invention, there are provides:. 1. an industri al

cycliel @A5en A ahBeanrzrdwsaiiemehohydroryesompoamnonat e in
whi ch the aromatic carbonate is continuously produced

Egﬁjp%ﬁﬂg?ﬁltri%o%?%ggggopp&ﬁmg an aronmatic nmonohydroxy
The present inventors have carried out studies aimed at
discovering a specific process enabling the above object to be attained,
and as a result have arrived at the present invention. That is, according
to the first aspect of the present invention, th__ere are provides: .
1. an industrial process for the production of an aromatic carbonate in
which the aromatic carbonate is continuously produced from a cyclic
carbonate and én aromatic mono.hydroxy compound, the process
comprising the 'steps of:
(1) continuously producing a dialkyl carbonate and a diol through a
reactive distillation system of continuously feeding the cyclic carbonate
and an aliphatic monohydric alcohol into a continuous multi-stage

distillation column Ty in which a catalyst is present, carrying out reaction

and distillation simultaneously in said column, continuously withdrawing
' 13



| S| the steps of: (1) continuously producing a
Aosoiggﬁ&vﬁAggrbonate and a diol through a reactive
distillation systemof continuously feeding the cyclic

carbonate and an aliphatic nonohydric al cohol into a
conti nuous mul ti -stage 25 distillation colum To in

o o Hgiing R 3, R, coFHIIA G2 8% RS ey
crs 514 A S o SR W RBASR fn an

al kyl carbonate fyom an ypper prtlon of th mi1
contl.nﬁoalsdusyéﬂbgrawmﬂ afgh MHFE yeRction mix ea°° aining
hi gh boiling point reaction m xt ure cont aining the
the ddbbfrom @vlewespartissr of sheotolumn dalahquid farm; and
form and 5 (I1) continuously producing the aromatic
ca(lhpeantinuousiyiproducingdhe Rydmadidoasbenatel byhtaking the
aromati ¢ nonohydroxy conpound as a starting nmaterial,

diaIk?P%'erﬁﬁ%)aﬁ@QﬂéQﬂ'drﬁéttétm&hldh@/dfak grécipotind as a startmg -
irst continuous nmulti -stage distillation coI um in

maté’l"fkiof %d'i"nt &Jyl tdediRGote bta g Wateriditintd 8¢irsPBontinuous

stillati n SI nupt aneously in said first colum,

munEER4S HIATLHAR JULEFD I Rich o Eata1o8! MIRrbUnpoLhting ou
reaclip8rhid dBBRARR HrobBhattisdy Jh s HinCAta Ty, poptinuousiy
col um hlefcg!lh boi | i ng point  reaction mxture, contai

withdr 2 Bl 3| GImE JOWeRp it pOTRY maﬂpav@fxt%srwm%’mng a

of said first colum in a liquid form 15 wherein: (a)
prodsged aloatioldsom anl upper ppstioinsof skid ifirat column ina gaseous
conprises a structure having a cylindrical trunk
formpantd contimuousip wikhdrawing (cfirstacdiuman higdi beiling point
di aneter Do (cn) and having an internal with a nunber

reacfibn #lizGAe eentdiAlmy @ﬁpﬁ%u@ed dIky! Beyl barbogate fsm a lower
outlet having an insid
portion of said first column in a liquid form;

wherein:

(a) said continuous multi-stage distillation column Ty comprises a
structure having a cylindricai trunk portion having a length Lo (cm) and
an inside diameter Dy (cm) and having an internal with a number of
stages ng thereinside, and further having a gas outlet having an inside
diameter doy (cm) at a top of the column or in the upper portion of the
column near to the top, a liquid outlet having an inside diameter do2 (cm)
at a bottom of the column or in the lower portion of the column near to
the bottom, at least one first inlet provided in the upper portion and / or a
middle portion of the column below the gas outlet, and at least one

second inlet provided in the middle portion and / or the lower portion of

the column above the liquid outlet, wherein Lo, Dg, Lg / Do, Ng, Do / do1,
14 '
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20 dianeter dog (cn) at a top of the colum or in the

AO50‘[‘JW§3/MNi on of the colum near to the top, a liquid

outl et having an inside dianeter doe (cm at a bottom
of the columm or in the |lower portion of the colum
near to the bottom at |east one first inlet provided

Ln the er [ . - 1 td Ofayt. he
and Qg e SRty SR s foudwidh PrmutaE (Fhe"le)
second ipl rovi (n the mddle poytion and / or
t he | owe£1§br£il-<9nsg#%d0¢ he col umm aboveﬁbhe liquid
outlet, wherein Lo, Do, Lo / Do, no, Dg./ dog, 14
A0501 VPHBOKAR@mARPB0/ doe respectiveld) satisfy the
followng fornmulae (1) to (6); 2100 < Lo 5 8000 (1),
180 <_ Dé $L300Dg(=2B0 4< Lo /Do < 40 (), 5 10 <_ no
< 120 (4), 3 < Do [/ dot < 20 (5), 5< Do /d02S30
(6);and §b)<mid 120 st continuous nul t{4)st age
distillation colum conprises a structure having a
cylindrigak g pal, Rogbi on having a |leng)h L1 (cm) and
10 an inside dianeter D1 (cn), and having an internal

wth a ngr@g%ﬁppézgggs nl thereinside )an‘g"j urt her

havi ng a“gas aving an inside Hdianeter dil

c . At f,ithe co . [ D g r rti :
trD) EBidaeR et - Sadd g4 BR R Kprprises
i nsi de di ameter d12 (c t a hottomof the cqlu
a strhfTunechayiig aevinarcer truk edrlidh Reka 5 BrgthlT () and
_bottom at least one third inlet provided in the er
an |r1§¢deidmm@r/0m(crrb).rﬂw|h@%l@9taibm'@rrnﬁiév'yb|%nﬁﬂfr‘ggbwf
the gas outlet, and at |east one fourth inlet L
stages ovi thareinsides and fuethesrhavingaadgas outtetchaving an inside
portion of the colum above the liquid outlet,

| diamater &h (ki) #a tob bf Bhe ¢dlunii or idlthe upperportiaii af the

respectively satisfy the following fornulae (7) to
colufkhear to the top, a liquid outlet having an inside diameter d42 (cm)

at a bottom of the column or in the lower portion of the column near to
the bottom, at least one third inlet provided in the upper portion and / or
a middle portion of the column below the gas outlet, and at least one
fourth inlet provided in the middle portion and / or the lower portion of
the column above the liquid outlet, wherein L4, Dy, L1 / D4, nq, D¢ / dyq,

and D4 / dy2 respectively satisfy the following formulae (7) to (12);

1500 < L, < 8000 @),

100 < Dy < 2000 (8),

2 <Li/Dy<40 (9),

20 < n; < 120 (10),

5 <Dy /dy <30 (11), and
3 <Dy /dz <20 (12),

2. the process according to item 1, wherein not less than 1 ton / hr of
15
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L1 < 8000 (7), 100 5 D, <_ 2000 (8)

| 500 . < , , ,
A05O§8ﬁ$%ﬁé\hﬁo (9), 20 < n, 5120 (10), 5 <_ D1 / d11

< 30 (11), and 25 3 <_ D1 / d12 <_ 20 (12), 2. the
process according to item 1, wherein not |less than I
ton / hr of 15 A0501 VP98/ KAN the aromatic carbonate

according to iteml!l or 2,
the ﬂhﬁ@fgeﬁ?%%g’i%“%éﬁ 'g%'%‘@f"ges%o for said continuous
|tI-StaedIStl|| n_c used in.step (L) .
o a baghy actorping 89 ienadiof 21 $hetdf salagls antlsaig do:
5 . the process according to any ne of |te£pi
for sai son\km@smw I"stage distillation-eolumh /Toused nstap (1)
doe for said continuous nmulti-stage distillation
satisfyptherfolloveag firynulaspb),i vel y 2300 <_ Lo 5 6000, 200
5 Do 51000, 5< Lo | Do < 30, 30 < no <_ 100, 45

Do | dog15<1fp /fadgh € 5 Do / d02 5 25,(13),5. the
process according to any one of items 1 to 4, wherein

?F@ceé@ a‘ccd?Gm Qo lor@oef ifts Bt 3IORhbPsirsRy Do, Lo /
continuous nulti-stage distillation col um To satisfy

"{o?T&)?td'm,zéKdZ%Oq &3%'-1%r%%igoggnﬁﬁgggs%éﬁttt%ggdﬁshl(ijf?non

colurgg afsattséxsf%s el iy ¥ L5808 %l Rphs 1060, 5 < Lo
I Do Zoblndd Bdei nd U814 3 Darleir 3115 RREKT yDad o2 28
internal, 7. the process according to item6, wher

5. the precess asaerding tp-anwene of itemsal t@)rﬂ,c‘ﬁhﬁﬁﬂ'mgm Bo. Lo/

a plate type distillation colum having the tray
Do, nohdd¢ hides nand Dy / dg2 for said contlnuous multi- stage dlst|llat|on

column T, satisfy respectively 2500 < Lo < 5000, 210 < Do <800, 7 < Lo/
Do <20,40 <np<90,5<Dg/do: <13, and 9 < Do / do2 < 20,

6. the process according to any one of items 1 to 5, wherein said
continuous multi-stage distillation column Tp is a distiliation column
having a tray and / or a packing as the internal,

7. the process according to item 6, wherein said continuous multi-stage
distillation column Ty is a plate type distillation column having the tray as
the internal,

8. the process according to item 6 or 7, wherein said tray in said
continuous multi-stage distillation column Ty is a sieve tray having a

sieve portion and a downcomer portion,

9. the process according to item 8, wherein said sieve tray in said

continuous multi-stage distillation column To has 100 to 1000 holes / m?
in said sieve portion thereof,

10. the process according to item 8 or 9, wherein a cross-sectional area
16
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the process according to item6 or 7, mhereln
AD50§MR§Q’K&9‘ in said continuous multi-stage distillation
colum To is a sieve tray having.a sieve portion and
a downconer portion, 9. the process according to item
8, wherein said sieve tray in said continuous

ta distil]ation col 1
per Rle.cof 'sHd SisVe, LBy, 81 RnitoilBis o Flyh s ¥, istiniation
praocess  accordi ng it 8 oL 9,,wherein a
c°|UfBPo£@J%é'&ta 6%%9%9'2%0 nhd@oé a8/ KAN per hoI e of
said sieve tray in said contlnuous mul ti-s
11. dhetprocassaccosdingtaanyone af iteme &io f'loorWUESe‘l"oaB
cn2, 11. the process according to any one of itens 8

aperturelfatioudrsaid sieveafraytir saidhcoatisucss hultiestage gystillation
in said continuous nulti-stage distillation 5 columm

colurhf T§ ié naa range &f fronen.5.to 18%,5% 12. the process
according to any one of items 1 to 11, wherein said

f
12. OH-fet P?@@e é'agzl ‘ord to%f’ drid &f |ﬁ=.‘-'iﬁ§'11!k9uﬁ wherein said dq4

st age t|on col utm used in step (I1)

and %@3 ﬁf{g)qga c@’ﬁ‘rgi""c%t i ﬂ\&l}ﬂtq%e %lgﬁﬁaﬁoﬂléoﬁlrﬁn used

rocess accordin ne of

in stgp ' (atidhy {'ged'f’aﬁ?msa fe&m'éﬁé& i .D ! s{ age and

distillation colum used in step (I1) sfy
respecti veF@12dodi155151 < 6000, 150 ?ﬁﬁ 1ooo 3

: L1/ DL:_ 30, 30 :_nl:_ 100, 8 : D1

13. 2Be pnocess:aguording toimy maie of itemspt é@e‘s%, wb&sem kg, D1,
to any one of itens 1 to 13, wherein L1, D1, L1 / D1,

Ly / D1, nDLDY, /od 4y, savdi D1/ 4 g f@r baid St cbinrthtummmwimiea!age
mul ti-stage distillation colum satisfy respectively

1 1,449 6000,
B copsy 6 16,01 S8y Flpaighy 80041

150 U\s} g 2869° Foel fig<t30 28y ©RG 100, W% bt/ f%< 25, and 5
<Dy /dq2 <18,

14. the process according to any one of items 1 to 13, wherein L4, Dy,
Ly / D4, nq, Dy/ dyq, and Dy / dq2 for said first continuous muiti-stage
distillation column satisfy respectively 2500 < L, < 5000, 200 < D4 < 800,
5$L1ID1S15,40$n1590, 10<Dy/dy1<25,and 7 < DBy /dq42< 15,
15. the 'process according to any one of items 1 to 14, wherein said first
continuous multi-stage distillation column is a distillation column having a
tray and / or a packing as the internal,

16. the process accbrding to item 15, wherein said first continuous
multi-stage distillation column is a plate type distillation column having
the tray as the internal, |

17. the process according to item 15 or 16, wherein said tray in said

first continuous multi-stage distillation column is a sieve tray having a
17
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20, cont i nuous rrult.i-stage distillation colum is a
A05031i\€39é} on colum having a tray and / or a packing

as the internal, 16. the process-according to item 15,
wherein said first continuous nulti-stage
distillation colum is a plate type distillation

, I hayi internal, 25 17. the
s‘e"egﬁé’gﬁgé‘ %ﬁgg@&oh@??%ﬁlﬁ*e’?néqg&%r 16, wherein said tray
in said first cantinuays ti- [:qtd:Ll.ati in el
18. e Rropess atasyaing 49 Han g WA ShiBisievBLlAR said
. sieve portion and a downcojrer rtion, 1 t he C 2
first gepHINUOUS it siager disilaton @&P&"@ﬁlﬁ%%%{}’ 1000 figtes / m
first continuous nulti-stage distillation colum has
in saldGievelpodionthergofip in said sieve portion thereof,
5 19. the process according to item 17 or 18, wherein,
19. athe psecesstacuurdingrediteny 1700k 18 whereini @ wsoss8ectional

said first continuous nmulti-stage distillation colum

areal fet Rofe 'GFEsidodieviectray. in said fiesRcohtinaddig imulti-stage
according to the second aspect of the present

distihaﬁgﬂté Iungﬁh@riﬁ é‘rrﬁnp'éoéif fiesin 0.8 €95 @m2aromatic
car ponat e a a

avi ng ogen content of not nore than

0. i ' i t; i
i BRG] BecoTafif'T68 S¥cond SMPEacE RER@spat 1Aventin,
I nvention 15 It has been discovered that by

there ArE-RENY!ARS t he process according to the present
i nvention, an aromatic carbonate required faor

20. pABGARAMgtis HathanAta haying abalagen fanient 9 nat more than
pol ycarbonate can be produced on an industrial scale _.

0.1 ppmovhiaksis pnaduceddry tharpraceasaacegEding txasynane of items
and an aromati ¢ nonohydroxy conpound. Moreover, it

1t019.

Advantageous Effects of the Invention

It has been discovered that by implementing the process
according to the present invention, an aromatic carbonate required for
producing a high-quality high-performance aromatic polycarbonate can
be produced on an industrial scale of not less than 1 ton / hr from a
cyclic carbonate and an aromatic monohydroxy‘compound. Moreover, it
has been discovered that the aromatic carbonate can be produced stably |
for a prolonged period of time of, for example, not less than 2000 .houi's,
preferably not less than 3000 hours, more preferably not less than 5000
hours. The present invention thus provides a process that achieves

excellent effects as an aromatic carbonate industrial production process.

Brief Description of Drawings
18
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has been di scovered that the aromatic carbonate can
AOSO[_I,é/P@QM&Ned stably for a prolonged period of tine of,
for exanple, not |ess than 2000 hours, preferably not
| ess than 3000 hours, nore preferably not |ess than
5000 hours. The present invention thus provides a

RRGE 7 Sckp st B ot el e B 3 sBRtipuoug,
reac&ea& Uiatiort coRiteB o e e SRRIR | H'S\of%or%g@?ﬁy“ﬁ&é%sé"t

reactive dlstlllatlon colunn To, pref er abl %
inventieny the distillatieneekimp havipgnintgrna eoaﬁgst ing afigirve
col um having internals consisting of S|eve trays
traysppoovided lnsldeeaérunk:mrbmt!mren%e and 5 FIG 2
or Fig. 3 is an exanple of schenmatic draMAng of a
fi F$G. 2conFiiguBls arantamplalicftsdHernabic drdwing of a first
preferable for carrying out the present invention,

contirfifoull péatliabi distinakion cbRImAdpidterabhd Soptariyiag out the
trunk portion thereof. 10 Descrl pti on of Reference

pres%‘HWﬁ@é@tloﬁ' Th§ c?stlmatﬂ:m Séﬁgﬁhtﬁ?hngzlr.ltb'r dﬁd g?g?igﬁd in a

rha trunk portion, 10: continuous
truantrPE)g Jeo& stillation colum, Lo: length (cm of

trunk portion, Do: inside 15 dianeter(cn) of trunk

portion, dog: inside dianmeter of gas outlet, dO2:

i nside dianmeter (c of gas outlet (In Fig. 2) 1: gas
Descriptien, of2Refeegnce Numeralss: inlet, 4: iniet, 5 end

plate, L,: length (cm of trunk porti on, D1: i nside
(In Fdlfgar'r&ter (cm of trunk portion, 20 dl11l: inside

di aneter (cm of gas outlet (cm, dl2: inside dianeter :
1: gaswuthét, 2: liquid outlet, 3-a to 3-e: inlet, 4-a to 4-b: inlet, 5:
end plate, 8: internal, 7: trunk portion, 10: continuous multi-stage
distillation column, Lo: length (cm) of trunk portion, Do: inside
diameter(cm) of trunk portion, dp1: inside diameter of gas outlet, doa:
inside diameter (cm) of gas outlet
(In Fig. 2)
1: gas outlet, 2: liquid outlet, 3: inlet, 4: inlet, 5: end plate, L
length (cm) of trunk portion, D4: inside diameter (cm) of trunk portion,
dy1: inside diameter (cm) of gas outlet (cm), dq2: inside diameter (cm) of
liquid outlet
(In Fig. 3)
101: first continuous multi-stage distillation column, 11, 12: inlet, 13:
column top gas inlet, 14, 18: heat exchanger, 17: column bottom liquid

outlet, 16: column top component outlet, 20: column bottom component

outlet
19
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| i d outlet (In Fig. 3) 101: first continuous
Aosan}?#@/%e distillation colum, 11, 12: inlet, 183:

colum top gas inlet, 14, 18: heat exchanger, 17:
colum bottomliquid 25 outlet, 16: colum top
conponent outlet, 20: columm bottom conponent outl et
19 A0501 VP98/ KAN Best Mdde for Carrying Qut the
Inventi on Following is a detail ed description of the

nve I.n the i,nvention, first, a
5& rll‘Y' oge f-f%@‘mwua @”A%&u ‘%?d“%"a di al kyl
car bonate and a di gl on an jndustri scale from
cyElollowisg: foaAdetalled dessring mpétﬁﬁnta f?tc"%uedﬁm
is carried out. The reactlon of step é
r eVieitbiebp ke serdninweandion,i fiesti enstemt) cpabm@mlﬂcprod ucing
by following fornula; RIE RROOR R O\ O+ 2 R20H +
a didiky! Cerbdnate @l aldioMmar annindusteial scate frambaveydic
group -(CH2)m (mis an integer from2 to 6), one or

carbBhiate Hnd 3 BlphatRNmdnivtiadfic kALBHOP I icarAkldyout. The
substituted wth an al kyl” group or aryl group having

reacﬁotnooﬂ% ?”‘r(gfl tr@"ﬁarsmbeﬁéﬁ‘sestﬁaﬁbﬁ%?ﬁﬁéﬁétlé‘n represented

p atlc group having | to 12 carbon
. hore of the hydrogens thereof being
by f(gl?) Wm%lfﬁgg}%g%’stitut ed wth an 15 . al kyl group or
aryl group having 1 to 10 carbon atons. Exanpl es of

th cycllc carbonat e i nclude an al kyl ene carbonat e
92% as et hyI ene carbonate orR’pr Rene carborate, or

%JQ)xac‘ycl - 2-eme= 1, 3-di‘Gxacyct ohgaya- 2gge.
or (f’ li ke 0

wherein R' represents a bivalent group —(CHz)m— (m is an integer from 2
to 6), one or more of the hydrogens thereof being optionally substituted
with an alkyl group or afyi group having 1 to 10 carbqn atoms. | Moreover,
R? represents a monovalent aliphatic group having 1 to 12 carbon atoms,

one or more of the hydrogens thereof being optionally substituted with an

. alkyl group or a'ryi group having 1 to 10 carbon atoms.

Examples of the cyclic carbonate include an alkylene carbonate
such as ethylene carbonate or propylene carbonate, or
1.3-dioxacycl6hexa-2-one, 1,3-dioxacyclohepta-2-one, or the like,
ethylene carbonate or propylene carbonate being more preferably used
due to ease of procurement and so on, and ethylene carbonate being
particularly preferably used.

Moreover, as the aliphatic monohydric alcohol, one having a lower

boiling point than the diol produced is used. Although possibly varying

20
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ethylgyclahexanpl{isemers).

t hyl ene carbonate or propyl ene carbonate being nore
A050ﬁ) /KAN, used 20 due to ease of procurement and so
on, and ethyl ene carbonate being particularly
preferably used. Moreover, as the aliphatic nonohydric
al cohol, one having a lower boiling point than the

copsiha R a8 o B AL A B 1 e

car bonat e used, les of the phat no [

aliph art@omnqmﬂa@ IsehRLiaelude mﬁ&anqﬂ GS‘AﬂBPFDPfOIya"O'C
(isoners), allyl alcohol, butanol (isomners)

(isorsets); @iyl ajnphadrybummlh@sonxerganarbyteméxpﬂ amwjcohol
(i soners), heptyl alcohol (isoners), octyl alcohol 5

(isonfe mndrexyl alcohio] {isurhers),i Impbﬂsaicohetjlsmhembloctyl alcohol
(i soners), undecyl alcohol (isonmers), dodecyl al coho

(lsonﬁéﬁsﬁ”ﬁfcﬁ) | AkohNqpamelrs), deeyloarRohl (isomers), undecyl
cycl’ohept anol cycl ooctanol , net hyl cycl opent anol

atcohbREBRre)C B EERCRifloreEpfydopetancl,
cvcl%%ﬁ@#%cﬂhﬁ?k %bsrwéé@;%o«&erae [Bhsiddentsno!
(|sor§§@n§t§}/lc¥fﬁ Ré"ﬁ? Jlé,%ln‘(xg enet mylgxaﬁgbex%“ol (isomers),

Furt hernore, these aI| hat i c nD ydrlc alcohols may
Sbathiraionenanoldisemass s
| ower al koxy groups, cyano roups alko carbon
diethyloypkohexanaixiisanearnsy) ph yclabgp@np sogneda sbenZV'
and nitro groups. O such aliphatic nnnohydrlc
alcohbk; giteé nethyyiesi coha disdingrsi ephanyiprapacicd| (isdaneira), and so
to 6 carbon atons, nore preferably alcohols having 1

on. tPuftHernhere e aliphatitehtsh dﬁbfﬁﬁohols)mﬁlw

(i soners), and but anol (i somers In the case of
' threin BWverahana) graaps,
SUbsl{ﬁe cy%fl C carbonat egagpocer?g?gE)? phatl‘?:larmnohygrl cp

cyar%aﬁf{)‘lgh%a%?@oﬂ%m%%yl@%u%&%iox?@éml Sfddps, acyloxy
groups, and nitro groups.

Of such aliphatic monohydric alcohols, ones preferably used are
alcohols having 1 to 6 carbon atoms, more preferably alcohols having 1
to 4 carbon atomé, i.e. methanol, ethranol,-propanol (isomers), and
butanol (isomers). In the case of using ethylene carbonate or propylene
carbonate as the cyclic carbonate, preferable aliphatic monohydric

alcohols are methanol and ethanol, methanol being particularly

~ preferable.

When carrying out the reactive distillation of step (l), the method
of making a catalyst be present in the reactive distillation column may be
any method, but in the case, for example, of a homogeneous catalyst that

dissolves in the reaction liquid under the reaction conditions, the catalyst
21 '
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preferable. When carrying out the reactive
A0506||\6?93/K£N on of step (1), the nethod of making a
catal yst be present in the reactive distillation
colum nmay be 25 any nethod, but in the case, for
exanpl e, of a hormgeneous catal yst that dissolves in

the r [ qui und td O
can RaIP &to Ef piit (nddiadid ehR% mnﬂbeéﬁ’?Qb%ggB«‘?igg@%?"*"
liquid phase q ctive é tton g&
coluw bwé’eﬁ@gngﬁsecam ygt ”?ti‘?t q Feartxg: '\% &GN erim
colum continuously, or in the case of
contimtaisslyenedntheacase nf ahatesoggnasus @?@MSWWWPR& not
reaction liquid under the reaction conditions, the
dissclaairy the Feagtioreliquitt underether esaction rcanditionss tthencatalyst
system by di sposing the catalyst as a solid in the
can bé&ﬁb‘d‘@tdﬂb“é btégénioin eise veactionespsterhioyidispysing thoe
be used in conbination. In the case that a honbgeneous

catal?% s?/?t s6fdGA en \Yeftﬂgt;llah‘én tbRimAaEheseé methods may
stillation co honogeneous catal yst nmay be

f th the cyclic carbonate and/ or
also t%dugﬁd ﬁgpbgﬂﬁ@%%yﬁgrl c al cohol, or nmay be fed in at
er ent N to the start t
r el thencaze At ¢ Bppidasasofi Harld ™, fabflbRousfife into
nareglon bhel ow t he pgsition at which t ? % fed
the reactixe distihationsrlymn, the horapgrRsOYs: Gatalxy {'rﬂﬁ 6 fed in
catal yst into a regi on between the top of the 15
togethe umitmtbetdyslisosarbonaty and/onitae alm%tlarmpnghydﬂc
materials are fed in. The catalyst nust be present in
alcohbl, easiap bet P én atrafdiffebént positéasttothesstayting materials.
preferably at |east 10 stages. Moreover, in the case
The ?&adfiondadtAye preesadssinsiie distitadiyatcoluhen inat ségiin
nmust be present in at |least 5 stages, preferably at

belo\nﬁﬁ'?’é gosihﬁgleét whieh TRecc ?Ef ?splfé( 3h, apdShehle it is

sol1d catal yst t as an effect as a

prefgfaﬂv(l' g 'f@e&r}ﬁedééfdlﬁﬂdtﬁna Cr%'gll'gﬁ BB d¥n Yig%op of the

column and the position(s) at which the starting materials are fed in.

The cata'lyst must be present in at least 5 stages, preferably at least 7
stages, more preferably at least 10 stages.

Moreover, in the case of using a heterogeneous solid catalyst, the
catalyst must be present in at least 5 stages, preferably at least 7 stages,
more preferably at least 10 stages. A solid catalyst that also has an
effect as a packing in the distillation column may be used.

Examples of the catalyst used in step (l) include:

alkali metals and alkaline earth metals such as lithium, sodium,
potassium, rubidium, cesium, magnesium, calcium, strontium, and
barium;

basic compounds of alkali metals and alkaline earth metals such
22
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Exa;rqol es of the catalyst used in step (1) include:
AOS503 MEHB/KAN al s and al kaline earth netals such as

[ithium sodium potassium rubidium cesium
magnesi um cal cium strontium and 25 barium basic
conmpounds of alkali netals and al kaline earth netals

2 1. /P9 ' r Qi y

as hiJiidep o ByaTaRies. AN, diploRaey, Ny ardes, .
al kal{ netal s and kal ine earth .
cbasirCoupauads i akall Faials, Al plkifé) Syt Inetals such
tertiary am nes such as triethylam,ne, isr_i but yl am ne,

as carhonadgisahigarbonatas) 38dLN9@ Frﬂﬁ'anﬁﬂ S,
ni trogen-contai ni ng heteroaronmati c conpounds such_as .
N- tertidryyamines suchasyiriethyiaminex tributidamine, trihexylamine,
N-al kyl i m dazol es, N-al kyl pyrazol es, oxadi azol es,

and bgnhiz¢lidiethylamyine;ri di nes, quinoline, alkylquinolines,
i soqui nol i ne, al kylisoquinolines, acridine,

al kytragehdtoRtainity Mtardafsmatitecompounds such as
al kyl phenant hrol i nes, pyrimdine, alKkylpyrim dines,

N—alngI@ﬂé\%s %-@k?ﬁﬁaﬁi&q%xﬁibﬂﬁ,rﬁsalkggﬂ'uidazoles,

_ riazines;” cyclic amdines such
i azohicycl oun . ; W o]
N-aIFR:BIH CHRAABENTGE YRR, A TRSHI SO BRAB e,
t hal | j.um halides, .15 thallium hydr.oxi.d LI ‘1
alkylaanpelings, weauitialie, 2563 IBIifgs asridfe. HEyipcridines,
thal | i um o:a%ani c acid salts; tin co ounciﬁ lsuch aé.
phenanthiplingealkylphenanthrplingsetsimiqine. alkylpyrimidines,
di butyl di met hoxytin, diethyldiethoxytin,
pyradint glkyilpyrazineisn triagines yapdealkyitriazines;
di phenyl net hoxytin, dibutyltin acetate, tributyltin 20
chicyclideamddihes sugheas didzabimatieundieseneo(Buloand
such as di net hoxyzi nc, diethoxyzinc,
diazobicyclononene (DBN);
thallium compounds such as thallium oxide, thallium halides,
thallium hydroxide, thallium carbonate, thallium nitrate, thallium sulfate,
and thallium organic acid salts;
tin compounds such as tributylmethoxytin, tributylet_hoxytin.
dibutyidimethoxytin, diethyldiethoxytin, dibutyldiethoxytin,
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin
chloride, and tin 2-ethylhexanoate;
zZinc compounds such as dimethoxyzinc, diethoxyzinc,
ethylenedioxyzinc, and dibutoxyzinc;
aluminum compounds such as aluminum trimethoxide, aluminum
triisopropoxide, and aluminum tributoxide;

titanium compounds such as teframethoxytitanium,

tetraethoxytitanium, tetrabutoxytitanium, dichlorodimethoxytitanium,
23



10

15

20

25

et hyl enedi oxyzi nc, and di but oxyzi nc; alum num

A050¢% K& such as al umi num trimet hoxi de, al uni num
triisopropoxide, and alum numtributoxide; 25 titanium
conpounds such as tetranmet hoxytitani um
tetraet hoxytitanium tetrabutoxytitani um

R T N S T —

titani um acetyl acetonate; _ phosphor.us,conpounds such

2sPhPERBORYS ARBPRUINS SUpheas JHRTRIDYIPRaSPhIne,

tributyl phosphi ne, triphenyl phosphi ne, .
triethyipbosphire hinibutyphesphin@atiipbenylphosphine,

trioctyl butyl phosphoni um hal i des, 5 and ] .
tributylmethyyphves phibphumphalides, teibctidbutylphosphenium halides,

conpounds such as zirconium halides, zirconium

and Bfshehpeaétndphosphioriaim matidessi des, and zirconi um

acetate; |ead and | ead-contai ni ng conpounds, for

CXBIBh 4 doRticfhos 34ch a, Ao hafs FRadniun

oot belihfe, P Srilniiten 314 eitbun acetes

NagPb(2 ~ K2P HPH R KHPbOR:

as F%%@d@ﬁ%%&["%ﬁﬁ&fu Wy '%Qrﬁg%ﬁmgtl@%dsgﬂhes

suchas (2P OnElade. 306k BsOnp 884 FHITIdBoSh % B, PB2Ss, and
al koxyl ead conmpounds and aryl oxyl ead conpounds such as

PbSHb(OCH3) 2, (CH30) Pb(OPh), and Pb(OPh)2; 20 lead salts
of organic acids, and carbonates and basic salts

t hteadhydrexides s ueth @ERbIED )2 PPLeC08] 4, RindPbO2(0H):],
Pb( OCOCH3) 2PbO. 3H2Q,

and Pb,O(OH);; |

plumbites such as Na;Pb0O;, K;PbO;, NaHPbO2, and KHPbO;;

plumbates such as NaPbO3;, NazHPbO4, K2PbO3, K2[Pb(OH)e],
K4PbO4, CazPb0O4, and CaPbO;;

lead carbonates and basic salts thereof such as PbCO; and
2PbCO3 Pb(OH)2;

alkoxylead compounds and aryloxylead compounds such as

Pb(OCHa)2, (CH3:0)Pb(OPh), and Pb(OPh)z;

 lead salts of organic acids, and carbonates and basic salts thereof,

such as Pb(OCOCHS3;)2, Pb(OCOCH3)s, and Pb{OCOCH3)2:PbO-3H20;
organolead compounds such as Bu4Pb, Ph;Pb, Bu;PbCl, Ph3PbBr,
PhsPb (or PhgPbz), BusPbOH, and Ph,PbO (wherein Bu represents a
butyl group, and Ph represents a phenyl group);
lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-Sb;

lead minerals such as galena and zinc blende; and
24



10

16

20

25

~_organol ead conmpounds such as Bu4Pb, Ph4Pb, Bu3Pbd ,
AOSObMAI\bMPb (or Ph6Pb2), Bu3PbOH, and Ph2PbO
(wherein Bu represents a butyl group, and Ph
represents a phenyl group); 25 lead alloys such as
Pb- Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-Sb; |ead mnerals

sugh.a a n ' . and 24 A0501 VP98/ KAN
hyﬁygf O%Fgggﬁ %@gddaggﬁ%cg'gﬁgg In the case that the
co und used dj ssolves in startj.n mat erial, of. the
- b hg pasethat i icine dnd, is84 'diBde iy i pretind
or the like, the conpound can be used as_ a
matefighnfciereastionl jbe, raasdiammixture.; 3 seagtion kyrpraduct or
conmpound does not dissol ve, the conpound can be used
the like, theotooh poaired win bEuuséed amadiomoganeoys catalyst, whereas

preferable to use, as a honbgeneous catal yst, a

in theiodsy ehabtive nemppudidsdobsingt dissaipeythie xompband can be
a starting material of the reaction, the reaction

used"adEBlidecARAGEE. ONFRYHYIMNYEE, iRlis id18ol pleferabRslvense, as a
or by reacting to bring about 10 dissol ution.

hom&@éfx%ﬁh@é&al&?{] SPHRNAE obtaian &@s‘bﬁv@@ﬁﬁgﬁg@pqund as

S havin ertiary am no groups, 1o0n

resins_.hawving ani I S ' e I es]
aboviCi A tingca s & reasfinn e 3BaGHF lRture, 2

f.rom sul fonate groups, carhoxyl ate groups _and .
reactinBobYzROSt ot likeria advRRce: a5y JEBSENG ta,pring about

~exchangers having quaternary anmoni um groups as

diss@uditdnge groups; solid inorgani c conpounds such as

silica, silica-alumna, silica-nmagnesia, .

al Grirttesinh o oet 5y egehiaingerssiudhc aseanicn exghangs resins

vari ous netal -exchanged zeolites, and
haviegenriany %mimngeduFepidﬁ exchante cesinschaviaig @amizle groups,

used as the 20 catalyst. As a solid catalyst, a
ion ei@&Hdrfge 65 havihghitedstbideypé of enthdnge groups
selected from sulfonate groups, carboxylate groups and phosphate
groups, and solid strongly basic anion exchangers having quaternary
ammonium groups as exchange groups; solid inorganic compounds such
as silica, silica-alumina, silica-magnesia, aluminosilicates, gallium
silicate, various zeolites, various metal-exchanged zeolites, and
ammonium-exchanged zeolites, and so on can also be used as the
catalyst.

As a solid catalyst, a particularly preferably used one is a solid
strongly basic anion exchanger having quaternary ammonium groups as
exchange groups, examples thereof including a strongly basic anion
exchange resin having quaternary ammonium groups as exchange groups,

a cetiulose strongly basic anion exchanger having quaternary ammonium

groups as exchange groups, and an inorganic carrier supported type
25
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156

asi ¢ ani on exchanger havi ng quaternary
Aosoihh%#ﬁképgroups as exchange groups, exanples thereof
i ncluding a strongly basic anion exchange resin

havi ng quaternary amoni um groups as exchange groups,
25 a cellulose strongly basic anion exchanger having

stron‘ﬁqgtbeéélﬁrg WB%H% @r n@%&é% SrOHORI uﬁ;yrd’llbs as

anrc carrirer su por 01 VP98

exco B B FoL B EPLTROTE Al S0 5l povin

basi ¢ ani on exchange resin havin uater ar ni um

quatawwp'saagmeaaw@ngﬁ@%@&sexsﬁﬁnsﬁa ¥éﬂmmétvfe"e
strongly basic ani on exchange resin or the i ke can be

type stearglybbas® asien exchangméeesiper dhedie FambecPeaiesably
exchange resin is a strongly - basic anion exchange

used: esArstyeenaedypecsironghye basic @tnicangxcimange resin is a strongly
di vi nyl benzene as a parent nmaterial, and having

basi6laMien eXoh NG Tesin ramngsa (ob)ﬂ@yinem of ghareine and
exchange groups, and can be schematically

dlvm'yﬁﬂ’éﬁiéﬁbeé’s égbr&ﬁﬁm&tﬁnab)/ahlﬂlehéwdgwwef@é%mmonlum '

grou@%(ﬁwé‘ﬁ%%@w (]:!—)L %xch%@} @UBSV%@CQHZBQ derdiatically
represerll\{(e%_lsi)or(exam%ig bc'_{%N( Wg&cﬁzﬁ%uﬁ 10 X

/\/~—CH—CH2“CH—CH2—CH“—CH2—\/1/

p <] Q o
CHzNg:Ha)s

CH2N(CH3)3 ~—CH—CH2—~"—

" —CH—CH2—CH—CH2—CH— "L~

(type II)
®

u-\/--CH——Cﬂz—x/b- CHzN(CH3)2(02H40H)
CHzNéCHs)z(CzH4OH) X©e

wherein X represents an anion; as X, generally at least one type of anion
selected from F-, CI", Br, I', HCO3', COs?, CHaCO,', HCOy', 1057, BrOy',
and ClO3 is used, preferably at least one type of anion selected from CI,
Br, HCOj3', and CO3%. Moreover, as the structure of the resin parent

material, either a gel type one or a macroreticular (MR) type one can be
26
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' represents an anion; as X, generally at
Aoso?‘\%ﬁlgﬁg type of anion selected fromF, d-, Br',
', HCO3", C032', CH3CO2', HCOz , 103", Br03 and
C103' is used, preferably at |east one type of anion
selected fromd-, Br , HC3', and C032'. Moreover,
a ] ’ .
used;Tnp MR B diRg Baitit afty fréfiraBle fusT®) Mo raanic
one.can, be . VP98/ KAN used, the MR type being
sowedﬁrﬁsgﬁpa'?ﬁ/%%’(iagﬁ§ I'e due to the organic solvent
resi st ance bei hi gh. An exanple of a cellul gse .
S Rongrgmpte; of 4 reifilosersigaely badinanignaxrhanger having
ammoni um groups as exchange groups incl udes cel | ul ﬁsf
quaternany AMMOoNITHRNRIDS SscaXaRange afruRbhincides,gellulose
converting some or all of the -OH groups in the
having HOCHE HeNR ;X extkangei graupy lobjaingd by eppeerting some or
represents an al kyl group; nethyl, ethyl, propyl,
all obthe -OH glsups ke thescalbnesa intousilkylamiroethiy groups.
nmet hyl or ethyl. Myreover, X represents an anion as

Here@@iirﬁﬁfeégﬁt’éeanlglk@'l‘ groepdanethgiidthgl, stopdr tadyl vpehe like

strongly basic anion”™ exchanger™ havi hg quaternary
: u 0 [
's gof{EFANY R GHT BPEETALTy TOHRS ¢ BT,  THRPeCREr. K¥ehasents an
. ﬁrous jr%c{j%guced thereto by nodifying sonme or all of
aniog|@s ue z?é’g'hydroxyl groups of the inorganic
carrier. Here, R and X are 15 defined as above, n is
G et Marganic:calsie supBRfted by shandy g e antbs
As the inorganic carrier, silica, alumna,
exchangesshaving Axaternany ammoaiym geoupyas axchapgegrpups
be used, it being preferable to use silica, alumna,
means arsihorgamicucarrier that has had - Q(CHe)MRyX quaternary
Any net hod can be used as the nmethod of nodifying the

ammioHiLAt grougsanytodiicapshefetdbyi moidiiying simeaor alrof the
As the solid strongly basic anion exchanger having

- —OHMB\GHECBMYdroxyl groups of the inorganic carrier. Here, R and X are

defined as above. n is generally an integer from 1 to 6, preferably n = 2.
As the inorganic carrier, silica, alumina, silica-alumina, titania, a zeolite,
or the like can be used, it being preferable to use silica, alumina, or
silica-alumina, particularly preferably silica. Any method can be used as
the method of modifying the surface hydroxyl groups of the inorganic
carrier.

As the solid strongly basic anion exchanger having quaternary
ammonium groups as exchange groups, a commercially available one
may be used. In this case, the anion exchangér may also be used as
the transesterification catalyst after being subjected to ion exchange with
a desired anionic spec'ies in advance as pretreatment.

Moreover, a solid catalyst consisting of a macroreticular or
27
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ammoni um groups as exchange groups, a commercially
A050% 47198 one may be used. In this case, the anion
exchanger may al so be used as the transesterification
catal yst after being subjected to ion exchange with 25
a desired anionic species in advance as pretreatnent

oo R HBc hAFS HEV Hor kBB USRI Sbtetacyclio groups esch
con E3ETH R BN EEEGel FiSho T RO i

carrier having bonded thereto het eroc |@(ch gro%ps .
bond@&bth%@tpahatqf@carpllp&munﬁ]@aﬁ P%gtﬂﬂn $t Qng nitrogen

be preferably used as the transesterification
atomceanl aiso. b preferablyoused as the dransestersification eatalyst.
sone or all of these nitrogen-containing heterocyclic
Furtlgg onpee havsolid eatalystdntwHichnsonee oquall efrthesesal t can
be simlarly used. Note that a solid catal yst such as

nitro En'—@Bnﬁa‘iﬁm@Q\%teﬁBb!y@llé‘gré@nbsaﬁaﬁeWm rGnvETtedintaita
the catalyst used in step (lI) varies dependi ng on

quatépn%ﬂFshYtp afbd gi’mﬂé}w M§EHUSWoté’!‘ﬁat 3 $6%d th‘%ﬁlg?ét such as

iI‘nuously fee onbgeneous cat al yst t hat
di ssolves in the a nder the reaction
an 'od-bﬁécha&%er TRy %#g)u %’* %geé Raiélgeﬁ'eral ly in a range of
fr 0.0001 to .50 % i ght,. prefe bI .fr m 0. 0
W%Pgﬁ'ﬂe IR dhpensting on
as a proportion of the total 15 \NEIg'“It of . .
the tﬁm@ @9 e@ﬂiah@in‘éﬁ%dahétﬂ'héhﬁl caspf Copfipugupikfeeding in a
al cohol fed in as the starting materials. Mbreover,
homogeneousacatalystithaydissalves inaths yeactapnslwulldeundnr the

the distillation colum, the catalyst is preferably

reacu@mcondﬁmnﬁnmmhm@unt usegeisofehecallyp.ifla rangé obfram
nore preferably fromO0.05 to 60 vol% yet nore

0. ooaﬁei‘&sebdyovbw\ﬁmghl dr@féﬁhM?'%n‘bﬂS@dﬁctﬁ 20ecpiweight, more
col umm vol uire of the distillation colum. There are no

pref@ABIYHOAT 0.6 71t b PSP Weight TBEPHrBpotaBh LS kital -
weight of the cyclic carbonate and the aliphatic monohydric alcohol fed in
as the starting materiéis. Moreover, in the case of using a solid catalyst
instalied in the distillation column, the catalyst is preferably used in an
amount in a range of from 0.01 to 75 vol%, more preferably from 0.05 to
60 voi%, yet more preferably from 0.1 to 60 vol%, based on the empty
column volume of the distillation column.

There are no particular limitations on the method of continuously
feeding the starting material cycli¢ carbonate and aliphatic monohydric
alcohol into a continuous multi-stage distillation column Ty constituting
the reactive distillation column used in step (I); any feeding method may
be used so long as the cyclic carbonate and the aliphatic monohydric

alcohol can be made to contact the catalyst in a region of at least §
28



10

15

20

25

feeding the starting material cyclic carbonate and
AO50&NW&M nmonohydric al cohol into a continuous
nmul ti-stage distillation colum To constituting the
reactive distillation colum used in step (l); any
feedi ng nethod may 25 be used so long as the cyclic

ol QORI 3 Bt IS, FSpAI o) S0 igaos.
ot ahLAhAT BT, A A S5 a8 7, e v

monohgdiei SaR0L Camb G AR BuaLISt SPIaH TR BrRIEEALTyber of

fed in froma required nunber of inlets in stages of

inlets lie stageisnabtise mantingougenultistagardistilatiompaoimn
satisfying the conditions described earlier. Mboreover,
satisﬁ?mgtmé iconditihsndé scribedt darliarn. phidoireonenothel cyelic
cohol may be introduced into the sanme stage of the

arb%&ié'dn’ﬂ tR@ A1 hefic rRonBhydbie alddhwsiunay betintroduced into
ferent stages to one another. The starting materi al

the s‘é’r‘ﬁle' &g@%’ ?ﬁﬁéed@ﬁﬁﬂidno% URNTRIIMSY b intbRlcad dhto
are fed* co

ntinuously Into the continuous multi-stage
e distillati I inaliquid form in a gaseous
d'ffef%ﬁﬁfk%?é%gg °'ﬁ$ﬁ%&£gf a liquid and a gas. O her
the tartith mzieial ¢vO CarRapate At ypBgtic monohydric
eferableto additionally feed n a gase sta
alcc?rg{ are {ed; eeatipuoushy Ilvt%¥ he santHnKieK ;'m'f'&tsﬁﬁ%g? @!ét'“gt"’“
portion of the 15 distillation columm. Moreover,
colummoiein @iigfuiddisirem,nist agrssoundorm, oag @ rixturgcpf @ liquid

carbonate is continuously fed in a liquid formor a

and @a?ébl qubthev thesh feedingitbe starting materialsirsto thendistillation
um above the stages in which the catalyst is

coluM e $§his W?ﬂ; tihgs dléopreferamleciyy ddditionhlipifeled in a gaseous
continuously fed in a gaseous formand / or a liquid

startf:ﬁprpnb'i‘éﬂa?htté?%{t%‘f‘ﬁfy Prctdrﬂ[hdﬁuélgefrghﬁh' Iovié¥ Bﬁrtton of the

case e cyc rbonate may of

distifitTecSRIhA M M3Fe8UbP ahbetndPpPivetabie FhEMBY is one in

which the cyclic carbonate is continuously fed in a liquid form or a
gas/liquid mixed form into a stage of the distillation column above the
stages in which the catalyst is present, and the aliphatic monohydric
alcohol is continuously fed in a gaseous form and / or a liquid f'c_:rm into
the lower portion of the distillation column. In this case, the cyclic
carbonate may of course contain the aliphatic monohydric alcohol.

In step (I), the starting materials fed in may contain the product
dialkyl carbonate and / or diol. The content thereof is, for the dialkyl
carbonate, generally in a range of from 0 to 40 % by weight, preferably
from 0 to 30 % by weight, more preferably from 0 to 20 % by weight, in

terms of the percentage by mass of the dialkyl carbonate inA the aliphatic
‘ 29
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In ste ), the starting materials fed in nmay contain
A0S0 NP/ t dialkyl carbonate and / or diol. The
content thereof is, for the dialkyl carbonate,
generally in a range of fromO to 40 % by wei ght,
preferably 25 fromO to 30 % by wei ght, nore

eferably fr 0. .to 20 % by wej.ght, i r h
monghyefalsbhg) etk cosnondte flfllre, dha € B e b8,
ali phatic 29 AQ501 VP98/ KAN nmonohydric al cohol /
genegaly iy ad’éﬂlﬂ@nﬁ? Zrcmnx@ liiae{%A ey w,é/'sbr- P edﬁgﬁy 0to 7 % by
generally in a range of fromO to 10 % by weight,
weight emarebpreferably framy0 toh §hiby weighty isf tarmps pfithem o
to 5 %by weight, in terns of the percentage by nass
percehtadge i niass of thecgialiin thar bpclit carbdnate rfi diolmeixtere.
When carrying out the reaction of step (1)

| NYUEER Gddryindesit dhe rdddtidn ofdtep Qpihaustrtabydbésites
al i phati c nonohydric al cohol newWy 1ntroduced into

fresti%?g[i%atfél"b‘?fh )élséﬁml ﬁ?ghgﬂhgzid‘ﬁ%ﬁﬁtﬂ\?@ﬁcw%hﬁl nevrly

onate an or t ati1 ¢ nonohydric al coho

. i t I . i.S1:
introffistoL i3 GYPERERn EEH o rlAEPKT 1y id bBiic carbonate
referabl.y used for the.startjng materials. |t |
and Lot SFecalibhalis, monanfri€ afeopaf i Hal fpatopéntthereof
i-nvention that this is possible. An exanpl e of
recoygiet Sromy thisrracess apd(4 of anpthar Arogess: 6aRJlso be
carbonate is produced fromthe dialkyl carbonate and
preferablyused cronﬁﬁemytarting metedaisl, 1his anigreglient
nonohydri ¢ al cohol being by-produced in step 15 (I11)

charagteristioVfiextdre Bfethecpreseridinventionithati this {ghpossible. An
nonohydric al cohol generally often contains the

exarflpR l6flarfthaeniicoedsis 8tepritl) Gn whithidr aromaticpeartsbnate is
an al kyl aryl 'ether and so on, and may al so contain

prod?% fl%'m"tﬂbsdi%ﬁk?f“céwﬁﬂéa% %hd°&h f aﬁtlictlhﬁ_n@ih@'tbfbxy

onate and so’ on. - produced phatic _

com RO Jeca LRI, eyl s dforfelr BY,PLoddEbie ter
(11) 4158 Eraverads noThd kghupred By p188LELd SRR R&Rohyaric
alcohol generally often contains the dialkyl carbonate, the aromatic
monohydroxy compound, an alkyl aryl ether and so on, and may also
contain small amounts of an alky! aryl carbonate, the diaryl carbonate
and so on. The by-produced aliphatic monohydric alcohol may be used
as is as a starting material in step (1), or may be used as the starting
material in step (I) after the amount of contained material having a higher
boiling point than that of the aliphatic monochydric alcohol has been
reduced through distillation or the like.

A cyclic carbonate preferably used in step (l) is one produced
through reaction between, for example, an alkylene oxide such as

ethylene oxide, propylene oxide or styrene oxide and carbon dioxide; a
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boiling point than that of the aliphatic nonohydric
A0503I\6?>?ﬂ!%%s been reduced through distillation or the

like. A cyclic carbonate preferably used in step (1)
is one produced 25 through reaction between, for
exanpl e, an al kyl ene oxi de such as ethyl ene oxide,

.propyl ene _oxi . n ' Loxhde. ;
eycli§Sitbeiibtorsanfaiting S Briplifs 3t st BamgodRUR or the like
nmounts of such compounds ar the Like may be used as
may desHged; &g arrﬁf%ﬁtl"& atesialgnsteP (B-step (1), a ratio
between the anmobunts of the cyclic carbonate nd trbe
al Ipissepdhoadnlier betweenHhe ampynisoot mer%fsikq garbonate
distillation 5 colum varies according to the type and
and the alip hetic hmmohyldeistaatciohiodafeidoimtodﬂmrwt%wazshﬁatlon
reaction conditions, but a nolar ratio of the

columin PAfieisCacodrdihgdio theéltgpband armbant ofl the transesiecfication -
fed in is generally in a range of fromO0.01 to 1000

catalyst®nd Tﬁ?ir%fdcﬁﬁﬁ? cbRAiGYARS] BLEH hTvidraativ e thedliphatic
I't \is preferable to feed in the aliphatic nonohydric

mongbﬁapﬁl aic?) é@é@'&slﬁgeggr r%torla%slted?liri ii%‘?e%ﬁéﬁlﬂui'?‘t’ﬁrrange

nol's o onat e, but anmount of
t he.al i phat j nohydric .al ¢co ed st : ;
ot rbER D 2 bR ALY 1§ 1§kFeNEh sHaHubl S9Pphgab conversion.
... For_such reasons, the lar,. ratio,of the aliphatic
tis ROWATAR® dodeashl the alipiete Menghydsimalsandl i af excess of
preferably in a range of from?2 to 20, nore pref rabl){
at lepsb @ Bmes the numbes ofomelp afitheapyglie carponatey but if the
Furthernore, if nuch unreacted cyclic carbonate o
amouatwifrihe aliphaticenomodedric atgehot usedoisntac gregt,rien it is

with the product diol to by-produce oligoners such as

necessliryelo Afalée themypacitds laegee i Farnshish reakons, the molar
i npl enentation, it is preferable to reduce the anpount

raticPbf Fﬁ%?&é?ﬁl@&ti&%bhﬁh?ﬁ?@ﬁﬁi&}dl%ﬁﬂé ’gchsé darbontte is

possi I I'n the 20 process of the preSent invention,
prefEE8y fy hIRCRRENE (NS (6230 nlsBloreTbty i 3% 15. ve
more preferably from 5 to 12. Furthermore, if much unreacted cyclic
carbonate remains, then the unreacted cyclic carbonate may react with
the product diol to by-produce oligomers such as a dimer or a trimer, and
hence in industrial implementation, it is preferable to reduce the amount
of unreacted cyclic carbonate remaining as much as possible. In the
process of the present invention, even if the above molar ratio is not
more than 10, the c;yclic carbonate conversion can be made to be not
less than 98%, preferably not less than 99%, more preferably not less
than 99.9%. This is another characteristic feature of the present
invention.

In step (1), preferably not less than approximately 0.4 ton / hr of

the dialkyl carbonate is continuously produced; the minimum amount of
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8% preferably not |ess than 99% nore
Aosoﬂe‘ﬁ%é’%w not less than 99.9% This is another
characteristic feature of the present invention. 25

In step (1), preferably not |ess than approxi mately
0.4 ton / hr of the dialkyl carbonate is continuously

e A, PR 0, ST IR oo
oo b e, e ISR A% T

nmount P(to / hr) of the_dial arbonate to -
base,sir @a@@damqwhl’y@wdph@ of é’ﬂ%rcﬁﬂhﬁﬁé‘e?s' ,Orta#PsthEﬁLmEoduced-
can be made to be less than 5 0.39Pton/hr. The
In a yehmore psefaratilestasm tiistampant san beumaderte heiless than
step (1) conprises a structure having a cylindrical
0.39tP 4ok /br.tion having a length Lo (cn) and an inside
di aneter Do (cn) and having internals with a nunber

of THeaB8AtIAUJUIEHRIITISsERye AnstiiatiéNatolDan Ty @s@ddn step (1)
outl et having 10 an inside dianeter do, (cm at a top

comﬁﬁségﬁ)%? I tOthé\ﬂpg :bgﬁﬁi’dri’@éltl:jrﬂﬂk Pértidie hWIHQTla fength

outlet having an insid

o I b haed BEIAT Ao ﬂ?%‘fr%“sw{fﬂ :

ne first, inl.et ovi n e u ortl

numéﬁapérs(*agmsdmihﬁwmﬁ e opnenrtiet Raviid S.oBRSy 8t naving
outlet, and at |east 15 one second inl et rOV|ded in

an insidecdiamaterndet (&R) AR sertofthe geluma 9P i anpHppRE portion
col um above the liquid outlet, wherein Lo, Do, Lo /

of theocohunnDrear todhe tapd a)hqmdim.ltmtshagmg eny inside diameter
respectively the followng fornmulae (1) to (6) 2100: _

doz (tm) aB@oboftdm ofdheSchumn cﬁOD'Da(Ib)Neerommdjothgmolumn
(3) 105n05120 (4)

near to the bottom, at least one first inlet provided in the upper portion
and/or a middle portion of the column below the gas outlet, and at least
one second inlet provided in the central portion and/or the lower portion

of the column above the liquid outlet, wherein Lo, Do, Lo / Dg, ng, Do / doy,

and Dy / do2 must satisfy respectively the following formulae (1) to (6);

2100 < Lo < 8000 (1)
180 < Dp < 2000 (2)
4<Lle/Dp<40 (3)
10 < ng < 120 (4)
3 < Do/ dor <20 (5), and
5 < Do/ doz < 30 (6)

Note that the term “the top of the column or the upper portion of
the column near to the top” used in the present invention means the

portion from the top of the column downward as far as approximately
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Do / dog 5 20 (5), and 5 :_ Do/ d02 5 30 (6) Note
AO503I\€RQ&/KAN erm"the top of the colum or the upper
portion of 25 the colum near to the top" used in the
present invention neans the portion fromthe top of
the col um downward as far as approximately 32 A0501

P98 0..25 Lg, and..t t ,
0.25 Ly i SpS thEm ot BURAT S8 chlfnBoH fi® Fawetihortion of
bott ont neans. .th ortLon fro the tt n1of th
the cadpmm neakdodthe bosioms mesps dherbert é%md!‘e Bottom of the
(Li kewi se for the first continuous nultl-
columinskpwaddi as favasnappaexicnatedy 0.20cko. bL(ut-lewm)f%th%f"st
Li.) It has been discovered that by using the -
continwtush mulsi-stdge distiljatiodi eolurhn; desccibleshiates, buawith 0.25
simul taneously satisfies the fornulae (1), (2), (3),
Ly.) (4), (5) and (6), the dialkyl carbonate and the diol
can be produced on an industrial scale of preferably

)/ f |
h§§90é<¥bzr agfévé% thaf by uﬁﬁ\? the d@thﬂtﬁb@@frhonﬁ-tseage

/or pre y not less than 26 ton / hr of the

disnﬂmh il ﬁﬂtﬁ%ﬁﬁéh%vsw STl iy (). @,

@), H)Zﬁéﬁ’far@?ﬁb? FashBpaig At *ﬁ%_ﬂg%#&?ﬁ’e&veb&mduced

o g6 T éas,»a&as esh i 43 TR da
why it has becone possible to produce the dia

carbonateand/or preferablyi npt esaithandh26 ten H’Ha?feﬂw ol with a
such excellent effects by inplenenting step (1) as

high d=sreve fséon ahiyle sedeativity] aad, hight productivitysstabéy dor o

be due to a conposite effect brought about when the

prolégél tpeisd Bf fime ok afor( dxaimpléShotriess ahinn®000 hours,
Pref erabl e ranges for 20 the respective factors are

prefé*ﬁa%ﬂg RS0 tan 13000 houts, 'néfo}e.ewefé]%l@m lelsiethan 5000

onversion decreases and
hours, from the cyclic carbonate and the aliphatic monohydric alcohol.

The reason why it has become possible to produce the dialkyl carbonate
and the diol on an industrial scale with such excéllent effects by
implementing step (1) as described above is not clear, but this is
supposed to be due to a composite effect brought about when the
conditions of formulae (1) to (6) are combined. Preferable ranges for
the respective factors are described below.

If Lo {(cm) is less than 2100, then the conversion decreases and
hence it is not possible to attain the desired production amount.
Moreover, to keep down the equipment cost while securing the
conversion enabling the desired production émount to be attained, L,
must be made to be not more than 8000. A.more preferable range for Lo

{cm) is 2300 < Ly < 6000, with 2500 < Lo < 5000 being yet more
33
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' h It . ]S not possible to attain the desired
A0505$8%%ykﬁ6L anount. Moreover, to keep down the

equi pnent cost while securing the conversion enabling
the desired production anount to be attained, Lo 25
must be nmade to be not nore than 8000. A nore
rable range for Lo (cm is 2300 <_ Lo <_ 6000,
p’eféq!a?’h%soo s Lo 5 5000 bei ng yet more 33 A0501 VP98/ KAN

nolt Bedgm i lesSttarhad iy J%Zﬁt)é%%&&i‘?‘.%ohd Btisinthe

l\/breover to keep down the equi C M:%

desited BraduGtioRcamiMed M P(S‘BBUPFOE) 768, OWIBO &quigment cost
made to be 5 not nore than 2000. A nore preferable

while attpining tive desiyed praguctiam amoyonboDoe nust peomadento be
s 800 being yet nore preferable. If Lo/ Do is |ess

not rhbea thanr2Q¢00at X mdors pteferdide rangs tooPer@@mpis 200 < Do <
beconmes difficult. In particular, if Lo/ Do is

1oooqr\ﬁﬂhez1@ ham 49, aowmmgeyetnh@?éqsn@féréﬁw ence between
t e top and bottom of the col umm becones 10 too great,

: f\‘f PENTS, I PeEOIRENSE ¥ GreRBF ThhAMHEAER Stable operation

Icult. reover, It ecoIlres necessary to I ncrease

becoiﬁgshc@f?ggﬁlg gﬁrgﬁe%g{&ﬂal'ow 7 BRI @fbéi‘certth%ncﬁb“'iﬁen the

jons oe 0o occC

ores ed By Re4 i SRR gAY b o ocomes
wth 7 < Lo | < 20 b f bl 1
(00 giaho b hbsby EoncE EA LEbes et

and hence it is not possible to attaln t he desired
Morgoveiudt becoaes mecassasyvisr inareasecthe dempeanadure in the lower
equi pnent cost while securing the conversion enabling
portibineofitsé rooduprmdant i kenceside reachiors becoeate liableust occur,
be made to be not nore than 120. Furthernore, if no

orinfRgHABRLE R 1891428 iperssltryensnncdecp el ranae for
Lo/ %r qgt 5 < ?.nql\%?gggef ,W?#If“?ggq.osf Rl € 20°Beig YothACPERSTeferable.
If np is less than 10, then the conversion decreases and hence it
is not possible to attain the desired production ambunt. Moreover, to
keep down the equipment cost while securing the conversion enabling
the desired production amount to be attained, np must be made to be not
more than 120. Furthermore, if ng is greater than 120, then the pressure
difference between the top and bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult. Moreover, it
becomes necessary to increase the temlperature in the lower portion of
the column, and hence side reactions become liable to occur, bringing
about a decrease in the selectivity. A more preferable range for ng is 30

< np < 100, with 40 < ng < 90 being yet more preferabie.

If Do / doq is less than 3, then the equipment cost becomes high.
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cessary to increase the tenperature in the
Aosoﬁ&é%@%ﬁi on of the colum, and hence side reactions
becone |iable to occur, bringing about a decrease in

the selectivity. A nore preferable range for no is 30
25 < no <_ 100, with 40 < no s 90 being yet nore

wor G I i PR BRP BN roenca
the QY e AT oo TR Ea SR Aoy ircu

hence stable o eratl on becones difficult
If Doj/sdoy igagERAtAYaINEM 20, Hben e Eem%ﬁﬂpev'{héjrawa'

wi t hdrawal anount becones rel ativeI% | ow, and hence
amounhblesapes Jeilativelbt bmwsapddnence stable mperatian becgmes
decrease in the conversion is brought about. A nore
diffiquitf @ndbthereevee & decipage dnghiescdnexion wobreughbtabout. A
with 55 Do/ dog 5 13 being yet nore preferable. If

mor@aréf%ble&dmféhm Pdot hf-‘a &Iy, P RS wieht5 < Dy / dog <

becones hi gh Moreover, the liquid wt hdrawal amount
13 bﬁm%@ 'Bﬁlf?ff*c"éﬁ%ya?"?%o o is gr cater than S0
E‘”Ptgh@a ?ﬁiiéﬁ frad L F‘i%ldﬁ“h&%%“néégaﬁc%?g’es high.
Morqq?@é’ ”‘éfasr e wi %&"*%lre?%i—tg&' Egpgﬁge%“i%\%? )‘7'@@9 and

is 7 Do I dQ2 < Wi t be
hen%stwﬁeopm@pamcorI@SF rfflﬁy.ltﬁor'éHJ ? dmas's tﬁéﬂha" 30,

that it is further preferable for dog and doe for the
thencihve: flomooatentinraugh dbe linuidi outlet anccpiping recames i n

step (1) to satisfy the following fornmula (7); 1 s
excedmivélydfb%ﬁ and Rencéherdsiom becohrtes tiabde 2bl @ccur, bringing

operation" referred to in step (I) means 20 that

shogPasACEion ST SRBRrL LR TG eI g frds / o
is 7 K'899' 419 <D Withds ¥ DY PhfY< $6 BEiRY' Y&t more preferable.

Furthermore, it has been found that it is further preferable for dg4
and do2 for the continuous multi-stage distillation column T used in step
(1) to satisfy the following formula (7);

1<doy/do2<5 (7).

The term “prolonged stable operation” referred to in step (l) means
that operation can be carried out continuocusly in a steady state based on
the operating conditions with no flooding, clogging of piping, or erosion
for not less than 1000 hours, preferably not less than 3000 hours, more
preferably not less than 5000 hours, and predetermined amounts of the
dialkyl carbonate and the diol can be produced while maintaining a high

conversion, high selectivity, and high productivity.

The “selectivity” for each of the dialkyl carbonate and the diol in
3b
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ss than 1000 hours, preferably not |ess than
AOSO@S&’M nore preferably not |ess than 5000 hours,

and predeterm ned anmounts of the dial kyl carbonate
and the diol can be produced while maintaining a high
25 conversion, high selectivity, and high

0 t e ch 1af
stop SEGpELH gn@?ec L AL e Mg R

I f 5?“3
mveﬁgﬁp%e@gﬁ‘sg?% otf%tc?wégggn&%éﬁgﬁ\aﬁ% not yl ess
.thagn 95% ener al | t ai ned e
attaingd; nTRIE ablv; fees tha's ab%, ¥ prBLéaIT s than
Moreover, the "gconversion in ste ener a
99%; ndMergQuet Hbes coRYersien; osiee @ &\%@qﬁw 443?%'5 the
present invention it being possible to nake the
cyclicyaarbonatebconversiony én thenptesent invantiemahbeing possible to
preferably not |less than 97% nore preferably not

maké ¢he ¢yalic 2avbonate momverpicd dreahby less thass8S¥arpreferably
99.5% still nore preferably not less than 99.9% It

not lé§th%rpé7%1enﬁj?‘éehiéf@ﬁ'abwﬁh@@tléésSthlaﬁ §904 uyet nidre
step (1) that the high 10 conversion can be mai nt ai ned

prefé’\‘ﬁﬂl? HBY mé\‘g du_gb;, Sﬁlﬁﬁf\bYétﬁfe‘fGréﬁlknnoWss Tl'i‘#n 99.9%.

conti nuous nmulti-stage 'di st [ati'on colu To used

It is ﬁbgpgf Lli%l %)?c(ﬁﬁfeg{}eéﬁg ctggg'tﬁ:t féélﬁ{rérgnrgfgiéﬁ;‘gl)hmﬁt%e high

convgrRidh ean he wruing BhizgRainfiRbie el Sictviy  this

are actually brought into contact with one another.
way.Exanpl es of the trays include a bubble-cap tray, a
sieve tray, a valve tray, a counterflow tra
Suféve cootinuaus multissfage distijation wammﬂé usrdrip| step (1)
of the packings include irregular packings such as a
is prBfecdbly a idigtillatibassohgnnilaving ffalyls andd, ompackBegs as the
saddl e, an Intal ox saddl e, a D xon packing, a MMhon
interf@tki Mdfe 86rmHehtedidl’ uskduini the preaekitigventioh means the

Mel | apak, Genpak, Techno- pack,
parts in the distillation column where gas and liquid are actually brought
into contact with one another. Examples of the trays include a
bubble-cap tray, a sieve tray, a valve tray, a counterflow tray, a Superfrac
tray, a Maxfrac tray, or the like. Examples of the packings include
irregular packings such as a Raschig ring, a Lessing ring, a Pall ring, a
Berl saddle, an Intalox saddle, a Dixon packing, a McMahon packings or
Heli-Pak; structured packings such as Mellapak, Gempak, Techno-pack,
Flexipac, a Sulzer packing, a Goodroll packing or Glitschgrid. A
multi-stage distillation column having both a tray portion and a portion
packed with the packings can also be used. Furthermore, the term

“number of stages of the internal n” used in the present invention means

the number of trays in the case of trays, and the theoretical number of
36 '
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| exi pac, a Sul zer packing, a Goodroll packing or
A050¢|V|? KN dJd. A nulti-stage distillation colum having
both a tray portion and a portion packed with the
packi ngs can al so be used. Furthernore, the term 25
"nunber of st ages of the internal n" used in the

wao 4 4F4FTH GRGARA (U TOEY ALt Wi

VP93/ KAN es in the case af ngs. n thﬁ ek
column Bamng Pogtiadray ROrNipa;aeq 2 BATHIRR PASKSE Wprpackings,
tray portion and a portion packed with packi

the er off stagased is thus the sum @uﬁh%ﬂum#éehgﬁg@vs)ﬁnd the

trays and the theoretical nunber of stages. 5 In step
theofaticahnumber ohstagesi c carbonate and the aliphatic
nmonohydri c al cohol are reacted together, it has been

di m@teﬁe(d) iMavhieh thedbyeliovearbomatehand thel aliphaticy,
and hi gh productivity can be attained even if a plate

mon%?&nﬁ%‘ﬁdﬂ&‘& aétetf F|1e°ft ii{ hasi ﬁbﬁ%%’ﬁvbﬂed that a

elnternascorrp etﬁetrays and/ or the

hlghanm o?oga\ﬁ;@g tég IQLﬁ ?hﬁr mdg'?ﬁ{BH[I’Eﬁht an Qfeeﬁttalned

nuous tl -

di tiIItloncoIrmlsuse a
everyiféa izt teRe Nt m#%swﬂh #ﬁée e T §§£"'?‘Pay" which
is preferable, Furtherm)re has been dj scovered
the inkgtnalsecempriget %éwmmﬂdogtg Rackiggs: 3KIng.a a
downconer portion are particularly good as the trays
predetenpined mumber iof stages andni or gepaskad olumndvpe
and equi pment cost. It has al so been di scovered that
contimedus ineulti-stage wistitlationycotumnOe usedpbat shpiate type®
in the sieve portion. A nore preferable nunber of

distihatien t6lurhhdm whitH eh8(nAténi#ls aretrayeels preferable.
preferably from 150 to 800 holes / nR. Moreover, it

Furtggﬁﬂ?ﬁ'én ?h E6F Uit baletd@ tﬁ&?%fi;e\‘i@%e%‘@acw RavRF a sieve
as

sieve tray Is preferably in a range of
portifoﬁg g gcfis r @?nrtgaéeer@r ﬁéﬁiﬁﬂa‘? efb%ﬁ QE%EOGQS/S in

terms of the relationship between performance and equipment cost. it
has also been discovered that each sieve tray preferably has 100 to 1000
holes / m? in the sieve portion. A more preferable number of holes is
from 120 to 900 holes / m?, yet more preferably frofn 150 to 800 holes /
m?2. Moreover, it has been discovered that the cross-sectional area per
hole of each sieve tray. is preferably in a range of from 0.5 to § cm?. A
more preferable cross-sectional area per hole is from 0.7 to 4 cm?, yet
more preferably from 0.9 to 3 cm?. _Furthermore, it has been discovered
that it is particularly preferable if each sieve tray has 100 to 1000 holes /
m? in the sieve portion, and the cross-sectional area per hole is in a

range of from 0.5 to 5 cm?.

Furthermore, it has been discovered that an aperture ratio of each
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: re ferably from0.9 to 3 cn2. Furthernore, it has
A05033@°ng&k§&€vered that it is particularly preferable if
each sieve tray has 100 to 1000 holes / nR in the

sieve portion, and the cross-sectional area per hole
iIsin a 25 range of fromO0.5 to 5 cn2. Furthernore, it

ot SR TEchafs MG AR N 088 ook 9161 8461 ASfore

range of from 1.5 to. 15% A nor refer apert ur
prefqrabis aRerthre TALRs i 3 tautid of Trafh 3.7 16 o Sug Rt ke
preferably from 1.09 to 11%  Here, the "apert UF? rat.i o"
prefeyablydramed 2 to a1 %; ndiee ethe napekiurg i@tiq’her the sieve tray
cross-sectional area of all of the holes (the total 5
indicates thectatio of| ther eeoss-sections| arpapof adlhef the thrles (the total
sieve tray to the area of the sieve portion of the
cros$ssactiomabareaofithe hobes)- peeséninial the sievé teay tofithe area of
the holes. The area of the sieve portion and / or the

the digval pofids ofnet irapatomtaiainy thécrogkesectigndl rea of all of
bet ween the sieve trays, in which case the aperture

the Iﬁl\n&{eﬁ‘?n(’[‘w@%é)i)fttﬁégéb@\éﬁp?ﬂ?dﬁ dnd Plovithieaidital 10

e above range. rthernore, the nunber of
ol es. | I &V, ' - A | .
crosfraediatal dfed ot e fBlEe AP ERIMEE Hebetiline Hiolel s, in
. that by, addi ng the above conditipns .to th ont |

whicly $ase SheRPAIUEITEAK h SefLifh the sipRe BySap pikt8rably

ste I) can be attained nore easily. 15 e . .
withifhtffq/i%%)mfa@e@p (ﬁtytthﬁﬁ@qwmthwmé%',b@drfafygog‘?ﬁj'@ e sieve

diol are continuously produced by continuously
portioeetiay behthe game foarawﬁnhtlee siavettraysy ppimaay differ. It has

nmonohydri c al cohol as the starting materials into a

beert ghiownithat byl addrigolee dibdvé lcanditions| tenthe comtinuous
the catalyst is present, carrying out reaction and

multilstafb! AstigRtRINMELIANATTS) the Bbjdet forl s18p (BOcan be attained
continuously withdrawing a | ow boiling point reaction

mor?ﬂ'é‘atéﬂ containing the produced dial kyl carbonate °
rom dn upper portion of the colum in a

When carrying out step (l), the dialkyl carbonate and the diol are
continuously produced by continuously feeding the cyclic carbonate and
the aliphatic monohydric alcohol as the starting materials into a
continuous multi-stage diétillation column in which the catalyst is present,
carrying out reaction and distiliation simultaneously in the column,
continuously withdrawing a low boiling point reaction mixture containing
the produced dialkyl carbonate from an upper portion of the colqmn ina
gaseous form, and continuously withdrawing a high boiling point reaction
mixture containing the diol from a lower portion of the column in a liquid
form.

Moreover, in step (1), as the continuous feeding of the starting

material cyclic carbonate and aliphatic monohydric alcohof into the
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gaseous form and continuously wi thdrawi ng a high
A0S0 HRQWWi nt reaction mxture containing the diol
froma lower portion of the colum in a liquid form

25 Moreover, in step (1), as the continuous feeding of
the starting material cyclic carbonate and aliphatic

comt A, - Bhe e ol 57 BRGHE Bhrpppate anc
tne Sk SSRRBDSHE ot o BT REUHE g e

~ separately, inaliquid formand | or a gaseou for{n
mixtyrerar sepasately, pp & ligedd faronang| hee asgagepug tarm. frgm
places in the upper portion 5 or the mddle portion of
inlet{)eprotided ineboe placegas aopturadity oftplacespisy the sppemportion
of the distillation colum. A nethod in which the
or theywiiddle partionasfethes coenmst belowdhesgasicutiebin theiupper
a large anount of the cyclic carbonate is fed into

portibR€oflitfé idisANAABNCOGNIHINI N R meéthddlin eichr e cykbht(s)
in the upper portion or the mddle portion of the -

et !  Bhadi . )
carofl 4 e BidThardhi ooy By, RRAHES! o oyait
t qQf t.h [ ' i c.al k i
carb BB s bl P BT VAR ELT ATl Ioghoh et
in g7 boPiR.SE thi ool e SheL Al defifin, ane
| ower portion of the distillation colum is ial SO, , .
the gliphatiesnenobydriccaleahali ohthe gtartng fpatenal containing a
transesterification reaction carried out in .stef) (1)
large amoust détbe alipkatiatronohydsicatechel isctadiént:the e
of the reaction liquid in the continuous nulti-stage

distilatibhl ¢élunen inca gasebus Toem freacinlet(s)i prowidedean the middle
depending on the formof the internals in the

portidinsi thallbWe rcpbHIBN HTdthiehsolithedb&le thadieguid batlet in the
anounts of the starting 20 materials fed in, the type

ows EpABH Y (§h ARDIGGH Ehlur'® aBpifrabtect o0

of He’Feaction time for the transesterification reaction carried out in
step (1) is considered to equate to the average residence time of the
reaction liquid in the continuous multi-stage distillation column To. The
reaction time varies depending on the form of the internals in the
distiliation column and the number of stages, the amounts of the starting
materials fed in, the type and amount of the catalyst, the reaction
conditions, and so on. The reaction time is generally in a range of from
0.1 to 20 hours, preferably from 0.5 to 15 hours, more preferably from 1
to 10 hours.

The reaction temperature in step (i) varies depending on the type

of the starting material compounds used, and the type and amount of the

catalyst. The reaction temperature is generally in a range of from 30 to
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to 20 hours, preferably fromO0.5 to 15 hours, nore
AOSOf},r\Q?%&MN/ from 1 to 10 hours. The reaction

tenperature in step (1) varies depending on the type
25 of the starting material conpounds used, and the
type and anount of the catalyst. The reaction

A

reac ion tenperature s0 as to i,ncreas
increast N RAGHON 1918, heR PRSI {6 ERETIAM F?@%taeiéim is too
‘ hi gh, then si de reacti ons becone |iable t'_?woccur The
high, then iside reastians besome diahledoeperup| y The 2action of

from40 to 250 C, nore 5 preferably from50 to 200 C,
temperaturs és thesqrefeyablyoin 80ange 56 from 40 toh250r%6z.emtore

i nvention, the reactive distillation can be carried

pref@dblwﬁbmt BO tac200MC poet vt ppefertably feemn 60 teo150 °C. In
nore than 150 C, preferably not nore than 130 C, nore

the predleritahvientin, 'We.eréé@tnvélﬂs@llat'@h oan e patfiedably with the
not nmore than 100 C. An excellent characteristic -

colu&nﬁﬁhﬁé@rﬁﬁg?&:??ﬁﬁré dﬁ%t hBRm&heE thaf ™ G@r’ﬂerﬁé?érably hot

productivity can

oA L A AL,y e
rorSSRENBE e . o BBl fpre o

reacti on tenmperature, and so on. The reacti ressur
steprid) inéhahihethighiconversien, mam GCt'thNmQI"‘QP weduct“"tv
or an applied pressure, and is generally in a range
can be attaindd teweax With Bachpa dow adlumnrbetteos tempryatyee.
nore preferably from 104 to 5x106 Pa. The reflux ratio
Moreower, ftbie tdectiontpressusenudries sieyoending ohl the type of the
colum To in step (I) is generally in a range of from

start@ngcmé@enar ebaipdlinds A dd amdOthl compositiiit therebetween, the
preferably fromO0.05 to 3. The material constituting

reactidh fRptHAlR, Bhd 'soobAde PhélrealctidrPPressure may be any of a

reduced pressure, normal pressure, or an applied- pressure, and is
generally in a range of from 1 to 2x107 Pa, preferably from 10° to 107 Pa,
more preferably from 10 to 5x10° Pa.

The reflux ratio used for the continuous multi-stage distillation
column Top in step (I) is generaliy in a range of from 0 to 10, preferably
from 0.01 to 5, more preferably from 0.05 to 3.

The material constituting the continuous multi-stage distiliation
column Tp used in step (l) is generally a metallic material such as carbon
steel or stainless steel. In terms of the quality of the aromatic
carbonate produced, stainless steel is preferable.

In the present invention, next, a step (i) of continuously producing

an aromatic carbonate on an industrial scale from the dialkyl carbonate
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lumm To used in step (1) is generally a netallic
A050ﬂé(%9$’m”‘§uch as carbon steel or stainless steel. In

terms of the quality of the aromatic carbonate
produced, stainless steel is preferable. 25 In the
present invention, next, a step (Il1) of continuously

proa 5B B 200 T FoBHARSHRG HoRgPak BBHTABIF i corie

produced in step (1) and an aronatic nonohydr oxy
out. compound is carried out. The dialkyl carbonate used
in_step (Il) is a conpound, rePresented by
f olMhewdiafkybearbanate rseshirstepH ) dsra R,@meoae#. represented
as before. Exanples of dial kyl carbonates having such
by thenféttowinng fademudanet hyl carbonate, diethyl carbonate,
di propyl carbonate (isoners), diallyl carbonate,

di but enylRZCOMREe (isonmers), dibutyl carbonate 10
(isomers), dipentyl carbonate (isoners), dihexyl

wher?htﬁz‘% Qiéfirﬁ?&r%ssbefm@ heptyl carbonate (isomers),
i octyl carbonate (isoners), dinonyl carbonate

fgggg% ( ' ¥l
ar ona?i&s g:fgﬁgwghex 'JP car gn@@%?%%%’ﬁ?& ;ﬂ;f%ﬂﬂ&
Qna r
d'me%FgE é?“ag‘?(ﬁréﬁyf g%ib@ﬁ?ﬁ%a%%ﬁ%@%ﬂg&%ﬁ%m&a
car ona ners hIo

dialighBihaRata: & E(-. Buspeyl ca.f%ne%h%i b5} bl SRESNate

(i somers) I (met hoxynet hyl ) carbonate
(lsorae(a)atmwﬁvhyayb@aatﬁ)ﬁwer%)orﬁbhgry! caﬂ’ﬁﬂﬁtﬁ 4&9{99)'8)

carbonate (isoners) and di (cyanoethyl) carbonate
diheptylocartynatz0(isomersye did alyt ydarbanadadisemerapsdinonyl

preferably used in the present invention are dialkyl
carbedahte (i emers) WiidavyRardonatel {zongrs)pdicyolopentyl
carbonate, dicyclohexyl carbonate, dicycloheptyl carbonate, dibenzyl
carbonate, diphenethyl carbonate (isomers), di(phenylpropyl) carbonate
(isomers), di{phenylbutyl) carbonate (isomers), di(chlorobenzyl)
carbonate (isomers), diimethoxybenzyl) carbonate (isomers),
di(methoxymethyl) carbonate, di(methoxyethyl} carbonate (isomers),
di(chloroethyl) carbonate (isomers) and di(cyanoethyl) carbonate
(isomers).

Of these dialkyl carbonates, ones preferably used in the present
invention are dialky] carbonates in which R? is an alkyl group having not
more than four carbon atoms and not containing a halogen atom. A
particularly preferable one is dimethyl carbonate. . Moreover, of
preferable dialkyl carbonates, particularly preferable ones are dialky!

carbonates produced in a state substantially not containing a halogen, for

example ones produced from a cyclic carbonate substantially not
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nmore than four carbon atoms and not containing a
A05oﬁéﬂﬂ§y om A particularly preferable one is
di met hyl carbonate.. Mreover, of preferable dialkyl
carbonates, particularly preferable ones are dialkyl
25 carbonates produced in a state substantially not
cont ai ni.ng_a_hal ogen 0
contgRi084 hafafe el H sl fhel4RPR RPETE i GaliCA,
containing a hal ogen and an aIcohoI substantial ly not
ha'°3%ﬂt aining a halogen. The aromatl c nonohydr oxy
rrgound used in step (Il1) is a onpound rs&gre@(in,t ed
Thigearemiadia mpnahdraxy épmn%undm@q p (khyigea
aromatl ¢ nonohydr oxy conpound i s not Ilmted so | ong
compsuhterepresenged dnotive ifollowingt ggneaidistmua hel he type of
aromati c group: Ar30H wherein Ar 3 represents an
the sromatic mohohydroxy eprpountis aobdimdediso |dbgas! the
of aromati c nonohydroxy conpounds havi ng such an Ar 3
hydr%Qgi bH elsRh?@é‘il B@\id@d’%oéﬂﬁé’b?@ﬁfmlcﬁPwab as cresol
xyl eno (1 soners), trinmethylphenol
(i sorrers}b‘ r2hy ranet hyl phenol (isoners), ethyiphenol
(i somers propyl phenol (isoners), butyl phenol

wheliq'léo pre %ﬂm%&ﬁﬁﬂ}ﬁémﬁﬁ? ﬁ%mﬁg%l §bVa M Gtoms.
Exarppﬁ%ﬁ%%é’ ke ShERaEy droxd amBpl ndéxﬁﬁﬁﬁgluch an Ar®

(i somers) and cyclohex | phenol (isoners); vario
inclugde phemelnyasiosiscalldphapols amcr@ﬁ%&ﬁweaﬁh xylenol
et hoxyphenol (isoners); aryl al kyl phenols such as
(lsombemqunrmpmyipbmiol((lsmnetrs),, tetepmetbyiphenmletispmers),
vari ous substituted naphthols; and heteroaromatic

ethylmimhwﬂ(tebyna@]pplmdylﬁhmhoﬁgsomémr bxypiptiehole(isomers),

(i somers), hydroxycoumarin (isoners) and

dietAYIPhenH Yiseniers),(indtAflethylphenol (isomers),

methyipropylpheno! (isomers), dipropylphenol (isomers),
methylbutylphenol (isomers), pentylphenél (isomers), hexylphenol
(isomers) and cyclohexylphenol (isomers); various alkoxyphenols such as
methoxyphenol (isomers) and ethoxyphenol (isomers); arylalkylphenols
such as phenylpropylpheno! (isomers); naphthol (isomers) and various
substituted naphthols; and heteroaromatic monohydroxy compounds such
as hydroxypyridine (isomers), hydroxycoumarin (isomers) and
hydroxyquinoline (isomers). |

One of these aromatic monohydroxy compounds may be used, or
a mixture of a plurality may be used.

Of these aromatic monohydroxy compounds, ones preferably used
in the present invention are aromatic monohydroxy compounds in which

Ar® is an aromatic group having 6 to 10 carbon atoms. Phenol is
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One _of these aromati c nonohydroxy conpounds may be
AOSOGéQDog,angfa m xture of a plurality may be used. O
t hese aromati ¢ nonohydroxy conmpounds, ones preferably
used 25 in the present invention are aromatic
nmonohydr oxy conpounds in which Ar 3 is an aromatic

e N O T T
comhGES ek SOUSER el FECLAH e BRED, SRR pgeravly

£_r esent invention. The nolar ratio of the dialkyl
used:c iy Hwe areseatin¥eBti®Mat i ¢ 5 nonohydroxy conmpound used
in the starting material in step (I1) is preferably
i nThe majar gatior ofitie diatkyls:arbgnatedta the aramatict he
amount of unreacted starting material remaining based
monohyérexedenpounddusedtinrtheostartinglestesinl dnastep (11) is
carbonat e produced becones high, which is not
pref&fdbIyiinna ’raﬁ?@ BPFRSHED. 1MHs 1 0e neOayside theguiarege .t the amount
recover the IO starting material. For such reasons,

of ur})&%fc.ftg%vgtdgﬁbgf E{a%'ﬂ%lir%rﬁ@ifn@n?rﬁﬁﬁ M ¥ predeternifed

yet nore prefer fromO0.8 to 3,

still r f | : ich i
amofiph & 8 deRLB 4B raT88hate rogulosd PRCBRTES Righ, which is

carhonate i.s continuousl roduced. an achj
not efticlent randimPReAYST S1UGK ANETGY FtedPintitoCretsvér the

nmonohydr oxy conpound fed in continuously in te [
starting gaa&ma?/-y For guchreaspnspthe @ﬂ%ﬂ)\f% "{%'adj ﬁafsSlP FS %‘P?')e

nore preferably 10 Qton / hr, based on the anount of
prefetablyr inmatrangenobdrome0. X o foryet moyetpraferabbufresm 0.8 to 3,

In a nore preferable case, this anbunt can be nade to

still hﬁoﬂeEESetdralbiy‘B fepmoh tb 2r. 20 The di al kyl carbonate
and the aromati c nonohydroxy conpound wused in the

;L?mtyw;gf@ééﬁi Mvénmish ot léds thanehabnbehpbfithgharomatic
carbonate is continuously produced, and to achieve this, the minimum
amount of the aromatic monohydroxy compound fed in continuously in
step (1) is generaily 15 Q ton / hr, preferably 13 Q ton / hr, more

preferably 10 Q ton / hr, based on the amount of the aromatic carbonate

| (Q ton / hr) to be produced. In a more preferable case, this amount can

be made to be less than 8 Q ton / hr.

The diaikyl carbonate and the aromatic monochydroxy compound
used in the starting material in step (i) may each be of high purity, or
may contain other compounds, for example may contain compounds or
reaction by-products produced in step () or (Il) and / or another process.
in the case of industrial implementation, for the starting material, besides
fresh dialkyl carbonate and aromatic monohydroxy compound newly

introduced into the reaction system, it is also preferable to use dialkyl
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coRégin ot her conpounds, for exanple may contain
or reaction by-products produced in step
(1) or (1) and / or another process. |In the case of
industrial inplenentation, for the starting material,
besi des 25 fresh dial kyl carbonate and aromatic

coro FREL ML RRARE KRy dSy SRR Bk Oorag fom the
e AR T BB FRETA G B Pl TR, fpotmr process

continyous nulti-stage distillation colunmm and /. or .
ExarupiRsef anaihesProcesipied BIOGaRR it Which a-diagyLCarbonate is
process in which a diaryl carbonate is produced, thi? )
prodyced; his gesienglly heingucatiied nutiallwing pnotres step (1) in
(I'l') in 5 which an al kyl aryl carbonate is produced as
whichhen nekyl aegictarbomatediscprodacedaptbegnain meastion product,

aromati c pol ycarbonate is produced fromthe diaryl

and 83 RAIEYLirAWhigh & arom#tidipylijcayosateisipiodiiced from the
that the fresh dial kyl carbonate newy introduced

diarydirﬁaefrl%ﬁ?%ct%e%ﬁa'é’ﬁ‘ at o u(i:egﬂl:\gﬂf&@b b@ln;i‘ﬁbﬁnd.s tN6te that the

rbonate pro step ( 10 In the case

o BSR40 £ e, e
R ST T N R R
o nacebs et mmTaiene bR bhsa {16, bt staring

as a mai n conponent thereof 15 recovered fromthis

materiaky besidescireshodiadkylpeathenate andsacgmakicemonahydroxy
characteristic feature of the present invention that

compbuad sewdg sntroducedt imtodihegrgactiantsystenesidris also preferable
I nvention, which is inplenmented industrially, it is

for iPteber pksiliertd hsesmattdrigavimigetheldiaiy|igdrbonate and / or
first continuous nmulti-stage distillation colum to

the &Y ki ﬁ%cﬂfgdﬁﬁsmund 23 alRaid 'ﬁb‘mﬁéﬁlént thereof

onate, t _ onate, an alkyl ‘aryl ether,
re cog%ggﬁ q‘gﬁﬁfh Hﬁgs%%rpa }a@% {)@IF l%:rd r?gchefr HrodessCOMt 3k U Excellent

characteristic feature of the present invention that this is possible.

A050

Accordingly, in the present invention, which is implemented
industrially, it is preferable for the starti.ng material fed into the first
continuous multi-stage distillation column to contain any of the alcohol,
the alkyl aryl carbonate, the diaryl carbonate, an alkyt aryl ether, and so
on. A étarting material further containing small amounts of high boiling
point by-products such as Fries rearrangement products of the alkyl aryl
carbonate and diaryl carbonate which are the products, derivatives
thereof, and so on can also be preferably used. In the present invention,
in the case, for example, of producing methyl phenyl carbonate and

diphenyl carbonate using a starting material containing dimethyl
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A 5ogw#%}k£friroducts such as Fries rearrangenent products
0 aryl carbonate and diaryl carbonate

whi ch are the products, derivatives thereof, and so
on can also be preferably used. In the present
invention, 25 in the case, for exanple, of producing

coro B O Mo BB e e s g
monéﬁ’véﬁ%@ﬁpﬁss@%ﬁmm&@%@hﬁmaﬁgsb%rsﬂﬁwm%
con 1 54T Sl o)At bl 36 3] carvonte

_ carbonate, whi ch are the reaction products, and t
whicht are the reactiamapredyctarandths wgannm#ﬁrnalmmﬁugther
of ani sole, phenyl salicylate and nethyl salicylate,
contain small @amoants of anispltedphenyl aaticilate andlmeghypbsaticylate,
by-products derived therefrom The aromatic carbonate

whichr @8 ¢@dctibnt by-prioeimis, andehighhboilingpoiat by-proglcts
carbonate, or a diaryl carbonate,- or a mxture

derivé®tRefefrehi ai ned 10 through transesterification
et ween the dial kyl carbonate and the aromatic

MOAGY Al By, a?t? 'E%?Hﬁﬂgt%'bgb%%%&mjﬁﬁe ﬂﬂqe%ent invention is an

t ransest eri reacti on

alkyPagﬂeoégpgl{gq]%Lkoﬁ cﬂg{ﬂu S;lférbé{}e '!ogdm’btﬁ‘?éﬂg‘%?%?' bBtalned
throggh i Apseater 1B ABR.LSWHeRT Ahe, alRY RaTRRIRS Bad the

of the alkyl aryl carbonate produced are converted
aromatio masobydroxy compasnd. annaludedi under thtsar bonat e
through transesterification therebetween, i.
transesterdpcationrere ameaatiarhin pvmstherm'ehotronf thiet alkogly
the al kyl aryl carbonate is mainly obtained, this

groudiskaf tise \diahey srblon atenisbea e @uohiang el with Qhéf‘aﬁyloxy group
di aryl carbonate by being made to further undergo

of thig ﬁl‘@lﬁ%gﬁf ANy @Y EBnigburd U 'ah BRIBHIAE N minated,

conpoun
and a reaction in which two molecules of the alkyl aryl carbonate

produced are converted into the diary! carbonate and the dialkyi
carbonate through transesterification therebetween, i.e.
disproportionation. In the present invention, ‘although the alkyl aryl
carbonate is mainly obtained, this alkyl aryl carbonate can be c.onverted
into the diaryl carbonate by being made to further undergo
transesterification with the aromatic monohydroxy compound, or
disproportionation. This diaryl carbonate does not contain a halogen at
all, and hence is important as a starting material when industriallry
producing a polycarbonate by means o.f a transesterification method.
The reason for this is that if a halogen is present in the starting material

for the polymerization even in a small amount of less than, for example,
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di sproportionation. This diaryl carbonate does not
A050&64§%$’M hal ogen at all, and hence is inportant as a

starting material when industrially producing a

pol ycar bonate by nmeans of a transesterification

met hod. 25 The reason for this is that if a halogen is

resent,i.n the ' ral.: . . .
1 ool EN 15 haY 2ERbpIhe BRBmeLizdiRin fbotion. thus impeding
for exanpl e, 5 A0501 VP98/ KAN 1 t hen thi . .
stablenpeadieienye itk Aomat ROKERToa At & FAkd; 4 ftérioration
stabl e production of the aromatjc polycar bon?t e, ,or
of theaprapertias of i of diseploratiomal,the,aremaligpolygarbonate
di scol oration of, the aronmatic pol ycarbonate

prodpceduced. 5 As a catalyst used in the first continuous
multi-stage distillation colum in step (11), for

exA¥phecatalyst aseddnt tienfingt contiowodissmiwtitstage distiliation
the foll owi ng conmpounds can be used: <l ead conpounds>

' S nfpre fadeihg cémhpeand selected
colugﬁfﬁ gg%ﬁgmhvggeggs and d;gg@st;aﬂlfigd hydrgogi deﬂs such as

R P : ' .such as Na2PbQ®2,
from s taifofiltp, SRERE0 LA o P UsRHL P HEL 20 Pas
2Pb (3 H2PbO4, K2Pb(CB, K2[ Pb(OH) 6], Ka4PbO4,
<iea£%ﬁ'@?u§ﬁe2>CanCB; 15 | ead carbonates and basic salts

t hereof sych as Pb d b P 2; lead salts
of '9R é?ﬁ'é%c‘?'é%’,‘ a;s.%b%g.r 69@ ggéaﬁégﬁ)asi c salts
thereof, such as Pb(OCOCH3) 2. Ph(OCOCH3)4 and
Pbieadadfidescsach@s PO ansl BRSionpounds such as
Bu4Pb, Ph4Pb, Bu3PbCl, Ph3PbBr, 20 Ph3Pb (or PhePb2),

Bu3&adHh ydwb xitlé 2t giniasr Bb (OBl) 2 raspd d¥ea @ QHait y |
group, and Ph represents a phenyl group);

plumbites such as Na;PbO,, K2PbO2, NaHPbO: and KHPbO;;

plumbates such as Na;PbOs3;, NazH,PbO4, KzPbOs, K2[Pb(OH)s],
K4PbQ4, CazPbO4 and CaPbOs;

lead carbonates and basic salts thereof such as PbCO; and
2PbCO3-Pb(OH)z;

lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCHj3);, Pb(OCOCH3)4 and Pb(OCOCH;)2-PbO-3H20;

organolead compounds such as BusPb, Ph4Pb, BusPbCl, PhsPbBr,
PhiPb (or PhgPbz), BusPbOH and Ph3PbO (wherein Bu represents a butyl
group, and Ph represents a phenyl group);

alkoxylead compounds and aryloxylead compounds such as
Pb(OCH3s)2, (CH30)Pb(OPh) and Pb(OPh)2;

lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb;

lead minerals such as galena and zinc blende; and

hydrates of such lead compounds;
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al koxyl ead conmpounds and aryl oxyl ead conpounds such as

A0S0bY | (CH3O) Pb(OPh) and Pb(OPh)2; |ead alloys
such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb; 25 |ead
m neral s such as gal ena and zi nc bl ende; and hydrates
of such | ead conpounds; 46 A0501 VP98/ KAN <copper

f am t 0 > Its and conpl exes of copper

<°°°P§rﬁéla§“ﬂ§t’§+%ac's€%ﬁv’§gﬁ&%a, cucl2, CuBr, CuBr2, Qul,
Cult, Cu c)2,,Cu(acac)?2, coppet, oleate B
(coals AR carpiexes, f Caningifapily mataf,aBEfdls Gucl, cuck,
[ AuC=C Cé;CHS) 3]" 5 and [Cu(C7/H6)Cl]4 (wherei.n aca

CuBF, puBsantyl ok WeeCu(@AG)en & WiRdag)e. © PB&ﬁ(ﬂl,eaz%d %é‘lzp”'
metal conpl exes> al kali netal conpl exes such as

(CH30 o 8anAgNOL, LAGBEASKYEr picratec AgletleGtQs [AUEER:C(CH3)sln
conpl exes such as Zn(acac)?2; <cadm um conpl exes>

and [RA(CHAL YOIP(whesetv atatsrépifesmmntsZan adetyladetoine/chelate
nmet al conpounds> conpl exes of iron famly netals such

liga -Fe(Cl0Hs) (CO) 5, Fe(CO5, 15 Fe(C4H6) (CO) 3,
r@( nmesi tyl ene) 2, (PEt2Ph)2, CoC5F5(CO 7, N -,r-C5H5NO

o &Eﬁ- s&brconi um conpl exes> zirconi um
< . .
am%@np%ﬁé‘eggs cﬁxgé Zr (acac)4 and zirconocene; <Lew s

acPlkal Fipf) CRRISre € burlt'sP CRBRCT AR EINICHo)g o

Ti X3, Ti X4, VOX3, VX5, ZnX2, FeX3 and SnX4 (wherein X

 <zinc complexes>

zinc complexes such as Zn(acac);;
<cadmium complexes>

cadmium complexes such as Cd(acac);;
<iron family metal compounds>

complexes of iron family metals such as Fe(C1oHs)(CO)s, Fe(CO)s,
Fe(CsHg)(CO)s, Co(mesitylene)z, (PEtzPh)2, CoCsF5(CO)7, Ni-x-CsHsNO
arnd ferrocene;
<zirconium complexes>

zirconium complexes such as Zr(acac)4 and zirconocene;
<Lewis acid type compounds>

Lewis acids and Lewis acid-forming transition metal compounds
such as AlXs, TiXs, TiXs, VOX3, VX5, ZnX2, FeXs; and SnX, (wherein X
represents a halogen atom, an acetoxy group, an alkoxy group or an
aryloxy group); and
<organo-tin compounds>

organo-tin compounds such as (CH3)3SnOCOCHs;,

(Csz)sSﬂOCOCQHs, BU3SHOCOCH3, PhaSHOCOCHs, BUzSﬂ(OCOCHa)z,
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represents a hal ogen atom an acetoxy group, an al koxy
A050§1ﬁ8ﬁﬁ/ aryl oxy group); and <organo-tin
conpounds> 25 organo-tin conpounds such as

(CH3) 3SnOCOCH3, ( C2H5) 3SNOCOC6HS5, BU3SN000CHS,
Ph3SnOCOCH3, Bu2Sn(000CH3)2, 47 A0501 VP98/ KAN

o S Wb s ccn
BWSF%-SQQ( n@, ﬂ{l%@‘ 2,3 2§UE§% (E5§T%"%33h38"0|"

catalésts may be a solid catal yst fixed inside the
Bu>SnQ1 (CstlageSNQ:t BuSnGh and B#SNO{AH)Y be a sol ubl e
catal yst that dissolves in the reaction system Each
of Elvhsef these ctatystsomayt bermgotid catalyst fixed inside the
reacted with an organi c conpound present in the

mult-88fde Adstillation seliimnasrimayde pnsdlublel catalyst thst
aronmat i ¢ nonohydr oxy conpound the al kyl 10 aryl

dissAReReiHe réQEtIBhai ysterar bonate or the dial kyl

car bonate, or ma ave been subj ected to heating

r| o JF{SQ* tﬁ%w éﬁ“ *)g%taéﬁ’ AN i y 8f cB"u?QHCﬁa%ve been

Fedct MHHE Case df carryrng out

eaciEUihal Brodyls B HaInd RAsE: ihdhs g?%?éﬁhy%s% such

having a, 15 high solubility in the reaction |i
as thmaliphatic alkehol thearmatitsm re%%%%}tﬂﬁ-d@ alkyl
catalysts in this sense include PbQ Pb( 2 and

aryl pa(mPnate, the:gjnarthanb@mte(wbtb)q.d(laj:hy)l 3:ar onate, or may have
(MeO) 2Ti (OPh) 2, (MeO) 3Ti (OPh) and Ti (OPh)4; SnCl4,

beerSs (bRgted Buhﬁaﬂmgldreauﬂam(mﬁ the méanting Fregmial ancproducts
Fe(OPh) 3; and such catalysts that 20 have been treated

pl‘lOI‘V\'ld theheaetion he reaction liquid or the like. The

catal yst used in the first continuous nulti-stage

di 34 ithbata 98 ¥R4rRirfy'dut step (11) with a soluble catalyst that
dissolves in the reaction system, the catalyst is preferably one having a
high solubility in the reaction liquid under'the reaction condi_tions. |
Examples of preferable catalysts in this sense include PbO, Pb(OH). and
Pb(OPh)2; TiCls, Ti(OMe)s, (MeO)Ti(OPh)3, (MeO)2Ti(OPh)2,
(MeQ)sTi(OPh) and Ti(OPh)4; SnCls, Sn{OPh)4, BuzSnO and
BuzSn(OPh)2; FeCls, Fe(OH)s and Fe(OPh}s; and such catalysts that
have been treated with phenol, the reaction liquid or the like. The
catalyst used in the first continuous multi-.stage distillation column and
the catalyst used in the second continuous multi-stage distillation column
may be the same as one another, or different.

“The first continuous multi-stage distillation column used in step

(1) comprises a structure having a cylindrical trunk portion having a

length L4 {cm) and an inside diameter D, (cm), and having internals with
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the catalyst used in the second continuous nulti-stage
A050%\4198 on columm nmay be the same as one anot her,
or different. The first continuous multi-stage
distillation colum used in step 25 (I1) conprises a
structure having a cylindrical trunk portion having a

| enat he L C QS [ f c(C ;
a nugBHt g Fraded b iy BiheiB%\oihet YGBET ngyint Hlgag Bgpet having
. Stages n, thereinside, apd further having a gas Ry
an ingiq€ clametar ool gkt Bip o thechpitncSk fy 835 uBHEr Portion
colum or in an upper portion of the colum g@ﬁrﬁ}o
of therolugp nearn tauthe dops & liadid pytlat hawing.ap;igside diameter
d12 (cm at a bottomof the colum or in a |ower
dq2 (poMtaboa bdttoire of dhensoliimrar incatloweropodion &f theageiumn
one third inlet provided in the upper portion and/or
nearadomhibotivm] iatreakt one thirdinldteprovided igathewppsr, portion
and at least one fourth inlet provided in the mddle

andlBﬁ‘J rﬁadré*%?fiohhsf te o1 @RI belowfthe fascoutet) ahd\vat least
the liquid outlet, wherein L1, D1, L, D, nl, D / -

[1] . H - f .
one foﬂrtpgﬂ%%réwﬁ% {HJfﬁt? j’ﬁ‘fdlcgé{%%{)lﬁaj %Hd?ék Qg OI%"\«EE?H) p6értion of

respective . _ _ )
tho i aBaristBB ekl ot epbslh £, B (T4 80, Byt

12).. - It has bheen di scgvered that b i,ng e first,. )
and Dyrf ¢ rBlust At hoths SO0peIng 1ofHBb Ay (12X respettively;
si mul taneously satisfies all of fornulae (7) to (12),

the at | 4590 Srles $r#0@0i ¢ carbonate cah’be produced
fromthe dial kyl carbonate and the aromatic
nmonohydr A 2D ¢anRO00d on an industri é8) scal e of not
| ess than approximately 0.85 ton / hr, preferably not
|l ess thag & (tonD; k40w th high select{(9jty and high

20 < ny <120 (10)
5<D1/d4y1 £30 (11), and
3<Dy/dy2<20 (12).

It has been discovered that by using the first continuous
multi-stage diétillation column that simultaneously satisfies éll of
formulae (7) to (12), the at least one aromatic carbonate can be
produced from the dialkyl carbonate and the aromatic monohydroxy
compound on an industrial scale of not less than approximately 0.85 ton /
hr, preferably not less than 1 ton / hr, with high selectivity and high
productivity stably for a prolongéd period of time, for example not less
than 2000 hours, preferably not less than 3000 hours, more preferably
not less than 5000 hours. The reason why it has become possible to
produce the aromatic carbonate on an industrial scale with such

excellent effects by implementing the process according to the present
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product|V|ty stably for a prolonged period of tine,

A0S0 fPREMN e not | ess than 2000 hours, preferably not
| ess than 3000 hours, nore preferably not |ess than
5000 hours. The reason why it has becone possible to
25 produce the aromatic carbonate on an industri al

invelifhdehof cidy A LL: ”sbwioiéﬁﬁé& 5239/%@%1?@%9@?&%@%
effeqtbravatiiabsul whah E6e sandigianseh ipeREmiing (1) to (12) are

conditions of the fornmulae (7) to (12) are corrbl ned.
compingfchr aPreferabjesanges for the sesppetiveatacipes faf thae

continuous multi-stage distillation columm used in
contitumug miltastagiedistidationscbkiron. uséd lin step) (I)saresescribed

than 1500, then the conversion decreases and hence it
belows not possible to attain the desired production

anount. Moreover, to keep down the equi pnent cost

whiy £, SERH i ddfha s A0 Sikeh BIE ¥ rsiien mreaées and

pr oduct’i anount to be attained, L, 10 nust be mad e

b h r r
henr{e it%] ? ﬁ?f megb% @PE%QR tgéoggﬁﬁmetﬂhﬁécg%tgéﬂﬁn amgant? : 0 0
bei n ferable. 1f D_.( t
MoreRys T thekess JawhRestalidinent sastifile; %&?ﬂésitﬁ‘%d
- production anmount. Moreqver,, K tq, keep do t he .
con\@j@im{tab}m theglegire F&ﬂd&m%%euagé?fb&jaﬂamed L1
roduction anmount, D, nust be nmade to be not nore than
musgbeomadm@qanemam shanBRO0or Somorenpreterabie £ange for Ly
1000, with 200 s D, <_ 800 being yet nore preferable.
(cm)Fer 2000 #ilr;st 6000, withu500 £ iL+st &0 beting | yat more
colum, so long as D, is wthin the above range, the

preféen nay have the sane inside 20 dianmeter fromthe
upper portion thereof to the lower portion thereof, or

thsf g};% ) §4 ?@?& fhaf®yod! Wi@ﬁ if ¢ nditidsu4ple #8'dttaMsthe
desired productlon amount. Moreover, to keep down the equipment cost
while attaining the desired production amount, D4 must be made to be
not more than 2000. A more preferable range for D4 (cm) is 150 < D¢ <
1000, with 200 < D4 < 800 being yet mdre preferable.

For the first continuous multi-stage distillation column, so long as
D, is within the above range, the column may have the same inside
diameter from the upper portion thereof to the lower portion thereof, or
the inside diameter may differ for different portions. For example, for
the continuous multi-stage distillation column, the inside diameter of the
upper portion of the column may be smaller than, or larger than, the
inside diameter of the lower portion of the column.

If Ly / D, is less than 2 or greater than 40, then stable operation

becomes difficult. In particular, if Ly / Dy is greater than 40, then the .
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t he continuous nulti-stage distillation colum, the
A0S0 MPOR/MANInet er of the upper portion of the col um
may be smaller than, or larger than, the inside
di aneter of the |ower portion of the colum. 25 If L,
/| D, is less than 2 or greater than 40, then stable
oper a.k.on__hecones difficult,. Ln | cylar, i
presgfif; FitiBRands Heliiedn theiide apd>8A0R, Y 1Re:e4 it becomes
ressure difference between .the top.and bottom of._.th
too GiaRinAnLABAES PRIGNGRsStabIROREIRUSR RGeS QitibhE:
operation becones difficult., Mreover, it becones
Moreaues dhbgcomeaneacessamnedta ingreaseuthe tamparatyie in the lower
portion of the columm, and hence side reactions becone

~ portibinabf theé cadumn,, asd hemeg sidelreactioniebecase iliaklado occur,

selectivity. A nore preferable range for L, / Dl is 3

bringinglabobt sbdétreséé inthe_séledtivity. <_Almobeipyvefgeableorange for
preferable. If ni is less than 20, then the

Ly / tegnges o P /98 es8ewitiN® LiL,j FDIOE 19 BBINYG FdtmaréPreferable.

e desired production anmount for the first continuous

3‘3%"‘% %gﬁags%@;?b?me@ (;tg\t%I gﬁqﬁyembws&reéﬁ%ﬁ% it is not

he "équi e securrng t

conversi.on enabling t desi [ roductd t : :
possifiie:fo HtfAla M uratied BradEliph Rt (3 ey RISY g8ftinuous

Furtherpore, if n, is gregter than 120, then the .
multhstage dskiiation Rolmper doreoNer: 1hKekp Bomryie,eauiement

col um becones too great, and hence prolonged stable
costopbilatsesuringithe eonversiont enablipgntne desirggeproduction

distillation 15 colum becones difficult. Moreover, it
amohat dodse attaiged; \n it mustdremadettoche ampemarertham 120

| ower portion of the colum, and hence side reactions

Furthepeeel ikl ¢s igreaterthaRr120) themibthetpresdeceadifierence
the selectivity. A nore preferable range for nl is 30

et e Pang! 8 b e o Drigh (5 regt an nence

pro 4o & ol BE 543 G404 T tagbduation
column becomes difficult. Moreover, it becomes necessary to increase
the temperature in the lower portion of the column, and hence side
reactions become liable to occur, bringing about a decrease in the
selectivity. A more preferable range for n4 is 30 < ny < 100, with 40 < n;,
< 90 being yet more preferable.

If D4 / d44 is less than 5, then the equipment cost for the first
continuous multi-stage distillatidn column becomes high. Moreover,
large amounts of gaseous components are readily rerteased to the outside
of the system, and hence stable operation of the first continuous
multi-stage distilation column becomes difficult. If D4 / d44 is greater

than 30, then the gaseous component withdrawal amount becomes

relatively low, and hence stable operation becomes difficult, and
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| ar ge nts of gaseous conponents are readily
AOSOF'M’&%’%WO the outside of the system and hence
stabl e operation of the first continuous multi-stage

distillation colum beconmes difficult. If D, | dill is
greater 25 than 30, then the gaseous conponent

more\ﬁ\}%éﬂl@ére% BIP@%%'FR% s¥c$+ 'bt\fﬁhﬁrt?g‘yl%o@ﬂ”d R%S‘Pe

e opera econes cul 1 A0501

prefe_a?i»iéE’é‘ﬁgs.“‘?ff"iﬂ”fn&ﬂd’e‘:é?éiﬁr LB IR 07 <20

IS Di dii. 525, with 10 5 D dii < 20 being
belnqenetﬂﬂpéemr@ﬁer%mee If D, / d12 is Iess than 3, then
t he equi pnment cost for the first 5 continuous
mulft D4 dtdgeisdiessi than i2orthedl the esadpmantcest for the first
Moreover, the |iquid withdrawal anmount becones
contimiais waklyi-btage distillationecaiumbh o ecgroest high. of Mareover, the
first continuous nulti-stage distillation colum

liquideritRBrawdl Gimeuht beldontes /retdfively bigintand tHemce@table
then the flow rate.through the |iquid outlet and

operEhB'n”Sf 'PII? 3¢ c@?ﬁﬁﬁ%d@'r%uftﬁ%iagérdisﬂﬁﬁﬁ%nebaﬁjrﬁh B&comes

cones 'e to occur ringi ng about corrosion of

st PO o W TS5 P RedpTaf el e

refe Furt hernore, ,it._has

iquid 18, SoB L ein g Becombe BEEARE ety Hobf. a%gﬁqf%'ﬁ&? Kosion
dll and the dig to sati sfy thefollowln a (14

becomes !@mgth om!r,s Hnging abmét %ffms'% e@%BFlz'ﬁ A
operation" for step (I1) neans that operati on can

more preferatdetrangsa foubus! 41 is § stealdistal 8, withd §n|31 /dqyz <
the operating conditions with no flooding, clogging

15 beingiy@tngorermeferable.t he 1ike for not |ess than 1000
hours, preferably not |ess than 3000 hours, 20 nore

pr eFflﬁtnéhMoaet itl 88§ Ky f6GAA thmrm,sm@d(ra) it is further
predeterm ned anount of the aromatic carbonate can be
pref@FAHECRI MY b, BRUNIHE Q) D90 Wtisfy the following formula (14);
1<diz/dyy <5 | O (14).

The term “prblonged stable operation” for step (l{) means that
operation can be carried out continuously in a steady state based on the
operating conditions with no flooding. clogging of piping, erosion or the
like for not less than 1000 hours, preferably not less than 3000 hours,
more preferably not less than 5000 hours, and a predetermined amount
of the aromatic carbonate can be produced while maintaining high
selectivity. |

A characteristic feature for step (ll) is that the aromatic carbonate
can be produced stably for a prolonged period of time with high

selectivity and with a high productivity of preferably not less than 1 ton /

hr, more preferably not less than 2 ton / hr, yet more preferably not less
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~ selectivity. A characteristic feature for step (Il) is
AO0S04 NI 98/KANNr omat i ¢ carbonate can be produced stably
for a prolonged period of tinme with high 25
selectivity and with a high productivity of preferably
not less than 1 ton / hr, nore preferably not |ess

nan 58 T ST kST MBI SHRTERBNR R RS 37 step 1 i
tnat ELAS5SHS BraCh BT £, BBl o ) 4 efge v

for the first continuous nulti-stage distillation
contigulaum nyulti-stage eliptibetionl golzono satisfysrespretivalyp2080 < L <
b, _: 1000, 3 5L, / b 530, 30:5n, 5100, 8 :5 D

6000, 180 £B,; S 100D,53% D1 /D230, 31B< mpk 1@8s8thdh £dqyy < 25,
ton | hr, preferably not less than 2.5 ton / hr, nore

and Breier Al Yy <98, IRtdesBathah 2o / he, pfefarably mottless than 2.5
car bonat e  can be produced. Furthernore, another

r rd j | ; ta ‘e
o CRETB b g 08 b gt

kLS tinuous nulti-stage distillation
carb@ﬁ%&%nrbeasiﬁes{){/&&ééggbt ively 2500 :_ L, 5000, 200Di

58 < L. /D _15.40 : . nl : 1/ d" ¥ -
b, Plirfatora sanpyfier sbataRtariafic fhafuse? o st is-that in
not less than 3.5 _ton / hr, nore preferabl t lLess
the ¢3ss that bn, Dinrl1of Dﬂhé”ar[gnlafjﬁb a'aar[gbiéﬁé %5%9@1"93
produced. 15 The "sel ecti vi té;mfor the aromatic
contirudes a0 wlti-stage distillption pabinnsatistyeregpestively 2500 < L, <
nonohydr oxy conpound reacted. In step (I1), a high

5006,c200t< D4 ¥ 800 n6t< LedsDt har 59308 sam geb@r 40l 5 e/ dy £ 25,
attained, preferably not Iess than 97% nore

and 7r 2fp[ all,y 045, |mfslelsRath8% tohe hirj pséferabily motuess than 3.5
mul ti-stage distillation colum used in step 20 (11)

ton / ﬁr,%@ré?ﬁéférébw Abt &8s tABENCHtHATY RRVF B eta@ihatied /
or p gs

It
acki as the internal. The term"internal" used

carbohdtl% i BEeprolO¥ER! | On Means

The “selectivity” for the aromatic carbonate in step (il) is based on
the aromatic monohydroxy compound reacted. In step (ll), a high
selectivity of not less than 95% can generally be attained, preferably not
less than 97%, more preferably not less than 98%.

The first continuous multi-stage distillation column used in step
(1) is preferably a distillation column having trays and / or packings as
the internal. The term “internal” used in the present invention means
the part in the distillation column where gas and liquid are actually
brought into contact with one another. As trays, ones as described in
the section on step (l) are preferable. Moreover, the term “number of
stages of the internals” has the same meaning as before.

In the first continuous multi-stage distillation column in step (ll), a
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the part in the distillation colum where gas and
A0501 MﬁéJQJK&Ne actual ly Dbrought into contact with one
anot her. As trays, ones as described in the section
on step (1) are preferable. Mreover, the term "nunber
of 25 stages of the internals" has the sane neani ng as

befaore, .| ' ' = : i
reac(ifushiwhidh \R 1k ariPEptbififs ¥ broagbRBtisom e ialty
reaction i.n which the alkyl .aryl carbonate i
carbonain g e atpmatic manahydRiky cranBsBRg; maink 8EUGFE
~ nonohydr oxy conpound nainly occurs. This reacti %P
This zeaskionchasan @xteemely o w aq e bRy ym: cons 'la*hé‘"
reaction rate is slow, and hence it has been .
rate it stkoweaad heacedt has beeypdissavered thati aplate type
having the trays as the internal is particularly
distilla®baradiuenmshadviagftivestraysnas theuisternal isspagécularly
distillation colum used in the reactive
pref%'r?glé'éé‘ih@'f%rs'f}&dﬂiﬁw@ﬁ@ml_:lti-h@égé&ﬂﬁtiﬂa'smwcbad'nn used in

tﬁgsreaction

, as each of the trays in the first continuous
the r%lcﬂv'esﬁ?ﬁﬁl iShl I'l'ation colum, a sieve tray having a
sieve portron and a downcomer portion is

partigularly gqad in .t ' t [ :
poFrsfiifbarent et dedl Aladueraf Hiag df Bgehbol B Rlys in
di scovered that each sieye,tray preferably has .
the fisbgaminaons multstage disuhatiask eplyinfnal sifve il hgving 2
. preferable nunber of holes is from 120 to 900 .
sieveglastiompangca dawacpmerepatign s partisylagyageod in terms of
hol es/n2. 15 Moreover, it has been discovered that the
the relationship ibetween performance and espipmand/eost.ayltihas aiso
preferably in a range of fromO0.5 to 5 cn2. A nore

beerPdéd covéied thateathcsieveatrayr prefeeabhohasi $00rton1000 holes /
to 4 cn2, yet nore preferably fromO0.9 to 3 cn®.

m? inYhEhsever ?ortiién hAerésen A marecpsferabi number of holes is
particularly preferable if each sieve tray has 100 to

from-126 t'a%spi Ié%lé%lg?éy%ggﬁ%éiper\éi?gﬂel?é]lﬁfgﬁﬂm G h?@foo holes/m?.

Cross-sec ol'e range o rom

gbi{;épec?vé:r']r%t ha's B8anPEiERovaRel thit'th®cAsid-Baclidhal area per

hole of each sieve tray is preferably in a range of from 0.5t0 5 cm?. A
more preferable cross-sectional area per hole is from 0.7 to 4 cm?, yet
more preferably from 0.9 to 3 cm?. Furthermore, it has been discovered
that it is particularly preferable if each sieve tray has 100 to 1000 holes /
m? in the sieve portion, and the cross-sectional area ber hole is in a
range of from 0.5to 5 cm?2. It has been shown that by adding the above
conditions to the first continuous multi-stage distillation column, the
object of the present invention can be attained more easily.

When carrying out step (ll), the aromatic carbbnate is
continuously produced by continuously feeding the dialkyl carbonate and

the aromatic monohydroxy compound constituting a starting material into
54
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[tions to the first continuous nulti-stage
A0503w¢é’kmon columm, the object of the present
i nvention can be attained nore easily. Wen carrying
out step (I1), the aromatic carbonate is 26
conti nuously produced by continuously feeding the
i_al : . t . i :
the fifsfcORtRREHH-2Mos dIpLRRREH LoIIRRNV Wi the catalyst is
A0501 VP98/ KAN the first nt.k bz ‘ :
presaiit, carring puldienntia Sne AP GAIE JMblades68ly in the first
carrying out reaction and distillation,sinul.taneousl .
columa, iRt eushonATaNBa: 3 HIS6S0) T IRl R NG Sab P Eeaction
colum | ow boiling point reaction mxture containin .
mixture containingl 2 groducesnatophgldsen an uppesparkion of $ge first
5 colum in a gaseous form and continuously .
columiri htaagasgoasfforet, amd wontirmighslyowithdgapsngta first column
reaction m xture contai ning a produced al kyl aryl
high 0iiRgap 8irit' B ctid P Weiktoes Comanfinghe prodsicecoaliyl anyl
aliquid form As nentioned earlier, the starting

carbBR&tE if%n*f”‘ﬁﬂg@{@ﬂ';ﬁ‘b ﬂ'iél‘i‘l%fqlh@ohﬁéti cofdrnahky ligisid! form.

carbonate an diaryl carbonate that are reaction

S04 Bfefiioned el the b tnREYiatbfiat ifidy FomRif th¥ alcohol,

Aty aRd RO o1t ount |
the 5L Aa¥| EATaARals AR it AUR  Camnal e anel Pogptign
prockiseanfaIaglion BicPRAuEIEBHEn oY A Bk Ak tger and high

material to contain small anmounts of such conpounds. .
boiling peindtegmpoiundsaheGonsideringuthe epsdpment:ard sostiaquired
carbonate and the aromatic nonohydroxy. conpound
for sepuratiost and posfisation itygotie epracesses pwiten fictyally
continuous multi-stage distillation columm, this

imple8hfEAfing thebp psdant ideritfon eadustrialifieitfis ipreferable for the

distillation colum in a liquid formand /' or a
starﬁ’ﬁ@%?f?lfiﬁi fc!o‘?ﬂhiﬁ‘%ﬁ’iéﬁ)arﬁéﬁntéj%q suteenfiodnds,

plarality of positions 20 1n the upper portion or the

i ddl _y > e Lo

TR SR ngh ¢ABRLEEbI el e BRI TArRARY ana

distillation co&urm. o . .
the aromatic monohydroxy compound constituting the starting material
into the first continuous multi-stage distiliation column, this starting
material may be fed into the first distillation column in a liquid form and /
or a gaseous form from inlet(s) provided in one or a plurality of positions
in the upper portion or the middie portion of the first distillation column
below the gas outlet in the upper portion of the first distiliation column.
It is also preferable to feed a starting material containing a large
proportion of the aromatic monohydroxy compound into the first
distillation column in a liquid form from an inlet provided in the upper

portion of the first distillation column, and feed a starting material

containing a large proportion of the dialkyl carbonate into the first
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It is also preferable to feed a starting nmateri al
AOS0E MRB/KARNY a 1arge proportion of the aromatic
nonohydr oxy conpound into the first distillation
colum in a liquid formfroman inlet provided in the
upper 25 portion of the first distillation colum, and

. .afeed a startin ri al LN} o ¢l :

distillgiign talyfiin,i t, §25BRHR, forbd el Infit Plided, in the fower
JA0501 P98/ KAN di stillation cqlumm,in . a Seo for

portioncat the TRELAIBIANAR SOIHAM @b aNmEhS JBARCESHE (i ife tower
first distillation colum above the liquid outlet in

portioneof thefirspdistibation eelamnys st distillation col um.
Moreover, in step (Il), it is also preferable to carrf\{
ouMarecafdryin Stepdibt iibis alse praterablg toheatryseutia reflux
conponent withdrawn fromthe top of the first

oper&fiahi 6f ebadansing theogaseous! ¢empament withdrawa frioen the top
returning sonme of this conponent into the upper

of thﬁolﬁ‘étoébr?ﬂ‘inhBPs%ﬁlt‘iiétébboﬂis‘mlaﬂB’h colimi)isnd aken idtarning
reflux ratio for the first continuous nulti-stage

somc%:roéf}:t';!}\!ri%:.jl &%&rﬁﬁf@%ﬂh‘i’ﬁ@ !;I?e i{%;geflgﬂgﬁo fof Lﬁ%ﬁtﬁl@aﬁ@n column.

prefera omO to

3. Far the fi;fst contdn Se: Ul L1 - L.Skd: | ILORictillati
in thi%,caff, el j5 8 ShiREiaIRtoamR B tonaliaBue distination

reflux ratio = Q) is .alsg_.a prefergble e dipent. In
colugyels [N @ range atdragy 0ot ﬁrgkiMB?e@nggg?mntP ghmore

present in the first continuous multi-stage ety ek
prefexahly|fram Brtacd) urfremthe fisshepntinuaus mylti-stage disgtiliation

that the catalyst is a solid that is insoluble in the .
columegcnoboatiying hut suck srefloxaperation (he. cafluxyratia 5 0) is

be fixed inside the colum by, for exanple, being

alsoiaﬂftéféﬁbleremb@mmejmi de the first continuous
"nulti-stage distillation colum or being installed in

t hen fﬁl\[?gsﬂli)ﬁ%eaﬂetﬂad_ 6Pn‘¥él@ng?ﬂ%ecﬁfalzst3 Heapysée hhiri the

di sso s i'n the starting material or the reaction 20
st ol rhTUPSESSE HLAIABpFEEEIR YRSy By
the CaSS tRaPPhs' llalVstitCa'dditd tarld ih&biuBle GR' W reaction liquid,
it is preferabie for the catalyst to be fixed inside the column by, for
example, being installed on stages inside the first continuous multi-stage
distillation column or being installed in the form of a packing. in the
case of a catalyst that dissolves in the starting material or the reaction
liquid, it is preferable to feed the catalyst into the first distillation column
from a position above the middle portion of the first distillation column.
In this case, a catalyst solution obtained by dissolving the catalyst in .the
starting material or reaction liquid may be introduced into the column
together with the starting material, or may be introduced into the column

from a different inlet to the starting material. The aniount of the catalyst

used in the first continuous multi-stage distillation column in the present
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In this case, a catal yst solution obtained by
AOSOAVRIBAAN) the catalyst in the starting material or
reaction liquid may be introduced into the col um

together with the starting material, or may be
|ntroduced into the colum 25 froma different |nIet

. the star c
inven 2 S Variefdadsdma b e, ﬁﬂ%@lﬂ"%ﬁ‘%‘ $31.88647 P typbs and
. t he, present 0501 VP9g8/ KAN inventio

PropoRIpES efcifier SH4Hna, Mate T Eo B aUnds yand [BHF LT
types and proportions of the starting materi al

suchcaapiberkeaction temnaraHre and theﬁgac;mpaesw@e The
reaction tenperature and the reaction pressure.

amoanboitthef catalysthisageserallyjonarangg Dﬁf@maﬂm@@(ﬂf t@ e by
0.0001 to 30 % by 5 weight, preferably from0.0005 to _

weigh®, préfe radilylitomn0/0005 ¢betGish by waighe. et prefeyably from
wel ght , based on the total weight of the starting

0.007%cEH R b ¥ WeR Hted@ised ohl tHe tétaliW@ight of the starting material.
transesterification carried out in step (1) is

Comd?éget.aa tl?l‘i’q\éafcﬁ' fife E%fd&&?ﬂﬁ;dﬁﬁﬁ ¢anhed bOBiRistep (11)

the rea |ond I'n the rst conti nuous
is coigipeEsd Iicedbile bn thkeyfagdTes s tigids iy j&dEtion
iauidiauine Bre¢ Rl bmsa«dmﬁgea%“ea Ruab b L The

the type and anount of the catalyst, the reactio
reactiondtime variemdepensingor thedormaf thadntarnaldn the.
continuous nulti-stage distillation colum is
distijatienatblumn and dhgenombieronf etages,othi amouatipf the starting
preferably fromO0.05 to 5 hours, nore preferably from
matéridl f&d Intd tvé Tollihm, e type drimperaant of thetdatalyststthe
continuous multi-stage distillation colum varies

reac@ﬁﬁ?ﬁﬁhﬂ%@ﬁst BAd é’@%rpf rihe Féadtionaimet iar tlﬁ first continuous
conmpounds used, and the type and anount of the

multf- as‘t&hlé%ssﬂ%’t%r?%%@@‘ﬁt [fgggh‘é{lr?ﬁ? :}ﬁ% %Pér gtgfg‘"o?ia l0.01"to 10

rom pre

houlltsﬂgr% &Fab iy o 0.08" o' B WS, Yhore brateldbly rbfTE1 to 3

hours.

gondmons

The reaction temperature in the first cdntinuous multi-stage

distillation column varies depending on the type of the starting material

| compounds used, and the type and amount of the catalyst. This

reaction temperature is generally in a range of from 100 to 350°C. ltis
preferable to increase the reaction temperature so as to increase the
reaction rate. However, if the reaction temperature is too high, then
side reactions become liable to occur, for example production of
by-products such as an alkyl aryl ether increases, which is undesirable.
For this reason, the reaction temperature in the firsf continuous

multi-stage distillation column is preferably in a range of from 130 to
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reaction rate. However, if the reaction tenperature is
A0501 ¥&28/GAN t hen side reactions becorme |iable to occur,
for exanple production of by-products such as an
al kyl aryl ether increases, which is undesirable. 25
For this reason, the reaction tenperature in the first
ont i nuous

| ti-stage dj sStinaoal i '
280°F, dhars rete Abl; ARIEI50°1S 980y e} FdsdBedfbrably from 180
VP98/ KAN 280C, nore preferably from 150 to 260C, yet
to 25@5Ce preferably from 180 to 250C. Moreover, the
reaction pressure in the first_continuous nulti-stagF,
di Mareoyerothe seactionapressus ihthe Jirsth cardinyous gpulti-stage
the starting material 5 conpounds used and the .
distiltatipo gclumn ofaridedepanding omitbeitype ofithe rsdactingmaterial
tenperature, and so on. The first continuous

complihds UstaP and theé Idommposition ofitheestabtingt matgrial, the
reduced pressure, normal pressure, or an applied

reacﬂBﬁSt%%ﬁeramﬁeP%?ﬁPHbeoﬁI the FiP8t ebntinti il HlIti-Stage
generallTy 1n arange of fromO.1 to 2x107 Pa,

I r r 0,07 ' r f
distiB o @l sREICES dtverty bfe (BaugEY Breteuf¥ ol Pibssure,
continupus nulti-s e distillati I [ :
or an Appiieil Bresarie,  dipteseves A5 A8 100 L the SBMTR is,
In this case, the digstillatio ol um Li
genergl¥tinca rangseef kom0, Hhie 41 Pay Hfﬁ?efgqﬁsrﬁﬁ?%ﬁbgﬂf’ 10
~of series and parallel. 15 The material constituting
Pa, moeefpneferabiy: from 2x 1 to 5x1fjdPadi stillation col um
used in step (Il) is generally a netallic material
suflurthesrmereoas theefirsircentinubassmsitiestagendisdittation column

the quality of the at | east one aromatic carbonate

in stéEWHQ@pl@ﬁaﬁit?'@Eéieﬁtlﬁﬁioﬁ soburiny atdyebeMisedyerin this case,
the present invention, a starting material and

the djggg'axﬁn céfhrﬂﬁ% Y BENifked: tBgLBNeNimise risy) ahapatallel, or in

and hence the"hal ogen content of the aromatic

a coffiRatdeoP R dnaSpafinder e than 0.1 ppm

The material constituting the first continuous multi-stage
distillation column used in step (ll) is generally a metallic material such
as carbon steel or stainless steel. In terms of the quality of the at least
one aromatic carbonate produced, stainiess steel is preferable.

Moreover, in the present invention, a starting material and catalyst
not containing a halogen are generally used, and hence the halogen
content of the aromatic carbonate obtained is not more than 0.1 ppm,
preferably not more than 10 ppb, more preferably not more than 1 ppb,
which is out of the detection limit by an ion chromatography.

The aromatic carbonate produced in step (ll) is obtained as
column bottom liquid from the first continuous multi-stage distillation

column. The main reaction product in this column bottom liquid is
b8
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refe Ly not nore than 10 ppb, nore preferably hot
AOSOM@&’MI ppb, which is out of the detection limt
by an ion chromatography. The aromatic carbonate

produced in step (I1) is obtained as 25 colum bottom
liquid fromthe first continuous nulti-stage

“concfhhl P 58 ATBo, WL o EAGUL S ipe g ey

carbgigihalsh RelBorabipined a?§%§$€°é99&“wﬁm§ ot the,gase of

as_a reaction product. |n the case of £ z %) ?
prodycing the digsyhearbonate in gelazgs amoynt,jitis thus preferable for
preferable for a process of converting the alkyl aryl
a pracesmoficonvardingtheialkyl andreaitanate injoghe dianyd carbonate
carried out. In this case, it is preferable to carry
to beofiirther daapiexpouti onatthés clarsec;tit 05 paefierabhle to caeryt ouha
with the aromati ¢ nonohydroxy conpound using the

dlspfcﬁ?&r&idﬁbt%?ﬂrb"a%tﬁﬁﬂhﬁdnﬁ B8 al Feactio A Riththeas homaitics
or an aromati c carbonate Corrponent separ at ed

mon P IAES 5, T T o s

aron{dlE e BRnat SR I/ RITER fomoalit Sebronldte Hfbtifent

sopaRIORaUEN BN I RO AR L 55 e
conti nuously produci ng di net hyl carbonate and et hyl ene

20 gl ycol <Continuous nulti-stage distillation celum

To> A continuous nulti-stage distillation colum as
EXAMPRLES n FIG 1

Following is a more detailed description of the present invention
through Examples. However, the present invention is not limited to the
following Examples.

The halogen content was measured using an ion chromatography

method.

Example 1:
(1) Step (1) of continuously producing dimethyl carbonate and ethylene
glycol
<Continuous multi-stage distillation column To>

A continuous multi-stage distillation column as shown in FIG_. 1
having L = 3300 cm, Dy =300cm, Lo/ Do =11, ng = 60, Do/ do1 = 7.5,
and Do / dg2 = 12 was used. In this example, as the internals, sieve
trays each having a cross-sectional area per hole in the sieve portion

thereof of approximately 1.3 cm? and a number of holes of approximately
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having Lo = 3300 cm Do = 300 cm Lo/ Do = 11, no =

_A0506(y Njog = 7.5, and Do / d02 = 12 was used. In

this exanple, as the internals, sieve 25 trays each
havi ng a cross-sectional area per hole in the sieve
portion thereof of approximately 1.3 cn2 and a nunber
| es 0f a prOXI rmtel y 59 A0501 VP98/KAN 180 to
180 %’285?’ ﬁ@v\gleé' ulé% <Reactive distillation> 3.27 Ton
; . | ene carbonate in a liquid formwas
<Re%‘3ﬁ‘f¢ r{!ﬁﬂgﬁy"i“ﬁtroduced | nto the distillation colum
To froman inlet - provi ded at the 55th stage
fr 3RRT @bt ofi e ngeemrbonﬂtebfn Aeliquithfonm was
gaseous form (containing 8.96 % by weight_of dineth
contivardusiytiatroduced ingothedistiation eetumnolo fiom an qmai (3-a)
form (containing 6.66 %by wei ght of di nethyl
proviiéd atdhe) 588 stagesfremh ithel yottom.i n@o238yTom{ hrdof eethanol
into the distillation colum To frominlets (3-b and

in a éﬁ%boﬂrs%rﬁ?‘{‘céhtélhﬁ\&% 88SY% byageidiitost Hietnyt earbonate)

e nolar ratio of the starting materials introduced

and '?tn%é’?ttgﬁ Fh?‘dg%@@ﬁ@ﬁogﬂténporge 6y a[@b’ﬁ’l‘@ﬂhab 6.66 % by

ene ona t use

i el S8 e PhoBABAVELY P e
into w%égpiﬂgag%éml v 1?@5@ ng;tgdﬁbgﬂgﬁ? cfS vnded at the

ot g;orom rrately 3 hours at approxi mately 1300 Pa, so
31 ge temethe hottaraneolie goelan tatio ofi thecatarting materials
solution was continuously introduced into the
introdiuceid irtoi the distilbatido dolomm o wiaet mgshanol prethylene
at the 54th stage fromthe bottom (K concentrati on:
caran&t&(mb)B.zG. wei ght based on et hyl ene carbonate fed
in). Reactive distillation was carried out

CO"I*Hé“@Q!@ig%NFs% wed dbtaimed oYy adeiigans b@ht@m;thyaene
t enper at ur C, a colum top pressure of

glyc8PR 25 BhebY koH @89 by weight aqueous solution), heating to
approximately 130 °C, gradually reducing the pressure, and carrying out
heat treatment for approximately 3 hours at approximately 1300 Pa, so

as to produce a homaogeneous solution. This catalyst solution was

continuously introduced into the distillation column To from an inlet (3-e)

provided at the 54" stage from the bottom (K concentration: 0.1 % by

weight based on ethylene carbonate fed in). Reactive distillation was
carried out continuously under conditions of a column bottom
temperature of 98 °C, a column top pressure of approximately 1.118x10°
Pa, énd a reflux ratio of 0.42.

It was possible to attain stable steady state operation after 24
hours. A low boiling point reaction rﬁixture withdrawn from the top 1 of

the column in a gaseous form was cooled using a heat exchanger and
60
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and a reflux ratio of 0.42. It was possible to
A050&t\f|%93=fK8Nabl e steady state operation after 24 25
hours. A low boiling point reaction m xture w thdrawn
fromthe top 1 of the colum in a gaseous form was
cool ed usi ng a heat exchanger and 60 A0501 VP98/ KAN

s e H0ER U D1 icﬁwvsg@*f@%nb%wéw@n

vmthdravvnfromthe tl||?tl0n col,u t 10.

which was cQiHinyaual Wi rgip %\e distidtien saliifnad 10678
and 6.549 ton / hr of nethanol. uid contin

ton /v, lerdained gl 28ctarot terehdismethd @&Qrzﬁﬁe,aﬁn%%ggs' ton /
ton / hr contained 2.356 ton / hr of ethylene glycol

hr ofim@thahoh / Ahliqoid centimuduslgnatithdrgwh ffpnbﬂhe?btéﬁ@ﬂba of the

et hyl ene carbonate. Excluding the dinethyl carbonate

columdnafi3ngg2itant hhr Hotthingd 1B66i ®Win / hireof athylehe glycol,
produced anmount of dinmethyl carbonate was 3.340 ton /

1. 01Hrtonaf‘¢|r @fxﬁ'lé{Fl RS Eﬂdel gédlﬂﬁ St ifba6sY thglbrié carbonate.

the catal yst so utlon 0 actual produced anpunt
el o gaormaieé%@?ﬂeéhhftheT@artwmw-a' the
actusfpretiged Anguta! Aneiy(Fipoiae Wae P& ‘Q@(%na'“ﬁ‘r and
sl e SVEAEA G2 A B i 3. o
hours, 4000 hours, 5000 hours, and 6000 hours

actuat pratiupeddameurdrafuathylpse abisolwas 233940tan/h hra " e
ton, 3.340 ton, 3.340 ton, and 3.340 ton respectively

ethyfeme darbbhalte aaVeETsior was @D 8804, the dime3byl canbonate
2.301 ton, 2.301 ton, and 2.301 ton respectively for

seieéﬁbbﬂranﬁs%dtcréss tHn @hgbohecandrthenetisylenevghsioirselectivity
were 20 respectively 99.90% 99.89% 99.89% 99.88%

was HHt I%%s%én bb%g?ﬁ;‘;t hyl carbonate selectivities were

respectlv y not s than 99.99% not |ess than

o ﬁ%g%ﬁgg eTinh08Y GPermliBn Was 'c&FFied"80t %%o%?o/ﬁhese
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the actual produced amounts per hour were 3.340 ton, 3.340
ton, 3.340 ton, 3.340 tbn, and 3.340 ton respectively for dimethyl
carbonate, and 2.301 ton, 2.301 ton, 2.301 ton, 2.301 ton, and 2.301 ton
respectively for ethylene glycol, the ethylene carbonate conversions were
respectively 99.90%, 99.89%, 99.89%, 99.88%, and 99.88%, the dimethyl
carbonate selectivities were respectively not less than 99.99%, not less
than 99.99%, not less than 99.99%, not less than 99.99%, and not less
than 92.99%, and the ethylene glycol selectivities were respectively not
less than 99.99%, not less than 99.99%, not less than 99.99%, not less
than 99.99%, and not less than 99.99%.

(2) Step (l1) of continuously producing methyl phenyl carbonate
61
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than 99.99% and the ethylene glycol selectivities
A050M@3/56bbctivei y not less than 99.99% not |ess than
99.99% not less than 99.99% not less 25 than
99.99% and not |ess than 99.99% (2) Step (I1) of
conti nuously produci ng nethyl phenyl carbonate 61

<rird S5y o TS BT BT 185, .
Bt Sl TR o SR .

=17, and D1 / _d12 = 9 was, used. InthisEg | e _
having due= 3300 coacP1RGyca.olof Bs=L&itnF 8 By fdn =17,
hole of approximately 1.5 cn2 and a nunber of holes |
and Di /appr =8 masiugez50 In beiswExampled sieve Heays@aginhaving a
<Reactive distillation> A starting nmateri al

1
cros€FHctichdloarhener voke of apprakimatelyntisecm? aadvairgimber of
rati o of phenol / dinmethyl carbonate = 1.9 was

& Dyer i ' 8/ ke fiat Isa flow
holes 'b:f é’@‘@gn‘f&i‘}ﬁ@? P on3 Wereudell i 518 the fintermails

ate r-froman upper inlet 11 of the

<Re%ié:tlri‘gé @?ﬂ%&%&s nul ti-stage distillation colum 101

the other hand, a starting materi al

2
cont aj ni.na. di et hyl, car (o) P ' i
"o SR FATR)! L EBpREHEhS niifef dER Gy EBtinate in
i,ntrodyced continyoysly.in a gaseous form at .a, fl '
a wejghbrafiof paanpl A dimethy] casbpBale 5 13 Was ifirodhibe
first continuous multi-stage distillation colum 101.
continuoualydn adiqudiferm aé aflaw rate eh3Y tend h"ntjﬁo&@@db&'pper
into the first continuous nulti-stage distillation ]
inletct! ofitth@Ofirstesonfiineo gl muttitstageedistiliatiomicotummsd01 (Fig. 3).
The starting materials substantially did not contain

On thal @gRITSh4Ad! 3 Starting deitecial @ conbainifgrdinvethydcarbonate
chromat ography, i.e. not 20 nore than 1 ppb). Pb(OPh)2

~and Eﬁe?hdéqﬁaé w\‘iéig\i«ﬂ%_aw bPdiFRANT eaYBORate PRstiendl 2t3 . Blwas

irst Continuous nulti-stage distillation

intro:&gié:c | 8%)“ Ingﬁlglmﬂﬁ% g%es%‘mi?f‘éfrﬁtét"& fidWraté dfM50Mten / hr
from a lower inlet 12 of the first continuous multi-stage distillation column
101. The molar ratio for the starting materials introduced into the first
continuous multi-stage distillation column 101 was dimethyl carbonate /
phenol = 1.35. The starting materials substantially did not contain
halogens (outside the detection limit for the ion chromatography, i.e. not
more than 1 ppb). Pb(OPh); as a catalyst was introduced from the
upper inlet 11 of the first continuous muiti-stage distillation column 101
such that a concentration thereof in the reaction liquid would be
approximately 100 ppm. Reactive distillation was carried out
continuously in the first continuous muiti-stage distiiiation column 101

under conditions of a temperature at the bottom of the column of 225 °C,

a pressure at the top of the column of 7x10° Pa and a reflux ratio of 0.
62
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__approxi mately. 100 ppm Reactive distillation was
A0503 MROYHADNIt continuously in the first continuous

mul ti-stage distillation colum 101 25 under
conditions of a tenperature at the bottom of the
colum of 225 C, a pressure at the top of the colum

. qof 7x105 Pa and.a ref.| i f.
A firsaliina, 1o PRUife stink feB RS Mintirs Septiaitly mgthanol,

m xture contai njng methanol, dinmethyl carbonat S
dimeghehearaeRate, BRefal ashe o YaS CrtinioksY, Withdrawn in a
gaseous formfromthe taop 13 of the first col umm, was
gasesusstarm fromgthe topekd of tbrafitat-calymawaspagsedthigygh a
at aflowrate of 34 ton / hr fromb5 an outlet 16. On
heattédwchamger Hdndand Was stithdriawn ati afilawirate @fpds den / hr from

reacti on m xture containing nethyl phenyl carbonate,

an odtieetis/l Caf besather heedoh firdt Wodowin highdailiag paint

catal yst and so on was continuously wthdrawn in a

reacﬁ%ﬁﬂﬁgfﬁb&éﬁ@h@%éﬁﬁ%M?P&\Fﬂo%td heiméttsll carbonate,

. ady state was attai ned after 24
pherd,ofphan§) ceffanaly; iff (EtafstiamEiad B Wab ontinuously
with@%ﬁfw\tﬁﬂ%ﬁlﬁfé@% E%Mwﬁgiﬁfﬁgﬁﬁgﬁ?éz%hﬁﬂwz first column.

0.8 % [ ' :
Thék Bleklaceipash st Wes ABSREhATteh aytou i, pia st
and the diphenyl carbonate per hour were 12.012 ton
colummi high (b.Q?iEBQt paintgeasttan Mmixtursmawhighwas coptinyqysly
for the nethyl phenyl carbonate and the di phenyl

withdeawnrat a flowerdatenot 66 tomehbr, hadca ewpmpesiti@wcontaining
Prol onged conti nuous operation was carried out under

18.2t e § wégggﬁi of avsthyhpsnyiOfarbonate aNa.130% by wedght of
hours, 5000 hours, and 20 6000 hours, the produced

; th r 1®h i
Ut g g et e et heny

carbéﬁ#ézaﬁ&rlher8@3@%;&ﬁboﬁé}% ﬁéPﬂ%ﬁ‘?%éF@"’l@.E‘lgton and

enyl ~ carbo hour™ we
0.528 ton respectively. The total selectivity for the methyl phenyl
carbonate and the diphenyl carbonate based on the phenol reacted was
98%. -

Prolonged continuous operation was carried out under thése
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the produced amounts of methyl phenyl carbonate per hour
were 12.012 ton, 12.013 ton, 12.012 ton, 12.013 ton, and 12.012 ton
respedtively, the produced amounts of diphenyl carbonate per hour were
0.53 ton, 0.528 ton, 0.529 ton, 0.528 ton, and 0.528 ton respectively, and
the selectivities were 98%, 98%, 98%, 98%, and 98% respectively, and
hence the operation was very stable. Moreover, the aromatic

carbonates produced substantially did not contain halogens (not more
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53 ton, 0.528 ton, 0.529 ton, 0.528 ton, and 0.528
AD501 W%Mt ively, and the selectivities were 98%
98% 98% 98% and 98% respectively, and 25 hence the
operation was very stable. Mreover, the aromatic
car bonat es produced substantially did not contain
al o ns (not nore 63 A0501 VP98/ KAN than | ppb).
than th rst colum | ow boi | i ng point reaction nixture
cont aining nmethano di met hyl . car bgnat e, phenol and.
SoThe Hesk sokisns Igwabellinguavint Feach pam@amw%w
via the top 13 of the first continuous nulti-stage
methainl dimeitoy! carbenatesdphaBohRESLS0 L COR mqw\mﬁhdrawn
therefrom and was then used in step (1) as startin

g
“in a linuit fatmrfeohan 6l vialshenpop 13 of thediest ¢ontiouous multi-stage

conti nuously produci ng di net hyl carbonate and et hyl ene

d|st|ﬂé)t|6hYGdlhnﬂ¢ftﬁd Yie s ndll ahd b VRsremovieddtherefromerand was
| owi ng conditions wusing the same conti nuous

then;ﬂgéc’ nsrtﬁﬁﬁ g %\"s' éia%hggmbvm MAéthanékanple 1. 2.61

hr o | ene ¢ nate in a liquid formwas 15
conti nuously |ntroduced into the distillation colum
fromthe inlet (3-a) provided at the 55th stage from
th ottom 4.233 Ton / hr of nethanol in a gaseous

?’r&(cont aining 2.41 % by wei ght of di net hyl

car bonate) and 4.227 ton / hr, of nethanol
(1) Stapril] S aontnuguaBroRusing iRt Carbeaath and dthylene
carbonate) were respectively continuously introduced
glyc@D into the distillation colum fromthe inlets (3-b
and 3-c) provided at the 3lst stage fromthe bottom

ThReattive idistilatibnt wasstarried @ utairdenthe foHomingeeenditions
into the distillation colum was nethanol / ethylene

usmggrl':eboggh'fbn cgﬁwp%gs{!‘lﬂéﬁaéﬁg@ﬂlmﬂ”odecﬁlunm dshin Example
1.

2.61 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)
provided at the 55 stage from the bottom. 4.233 Ton / hr of methanol
in a gaseous form (confa.ining 2.41 % by weight of dimethyl carbonate)
and 4.227 ton / hr of methanol in a liquid form (containing 1.46 % by
weight of dimethyl carbonate) were respectively continuously introduced
into the distillation column from the inlets (3-b and 3-c) provided at the
31* stage frbm the bottom. The molar ratio of the starting materials
introduced into the distillation column was methanol / ethylene carbonate
= 8.73. The catalyst was made to be the sa'me as in Example 1, and
was continuously fed into the distillation column. Reactive distiliation

was carried out continuously under conditions of a column bottom

temperature of 93 °C, a column top pressure of approximately 1.046x10°
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jnuously fed into the distillation colum.
A°5032\2€§3M'§i stillation 25 was carried out continuously
under conditions of a colum bottom tenperature of 93

C, a colum top pressure of approximately 1.046x105
64 A0501 VP98/ KAN Pa, and a reflux ratio of 0.48. It

Pa, Q??eé"?éi'm'hﬁaﬁ@o?%ﬁ‘@ stabl e steady state operation

' f ["Ow boi | i nghpoi nlt reaction m xture

. 1 .

oSS Bob e (S ehha SeBbie SIERST HRG p iR 24
hourseachilgw RIS EoInLApeRiRs RN PNSASS R (TRdF dhe top 1 of

fromthe distillation colum at 8.17 ton / hr,
the colwmninn gaseausmformwas enolednysingaadheat exchamger and
5.33 ton / hr of nethanol. A liquid continuously
thusviurhddaintofa diguide Diche diguiddbw beilingpoint aeagtivd7mixture,
ton / hr contained 1.865 ton / hr of ethylene glycol,

whickOwhs0eantinnousty withdriwareom anél distilistion tolurhn at 8.17 ton

unreact ed ethylene carbonate. Excluding the dinethyl

/ hr, YaNee & ?Qatg:irf‘?‘i'\rié‘f Hpﬁg;ﬂﬁn@[ ﬁlﬂan ,Und5.35h@n I68r of

actual produced anount o carbonate was 2.6

metliﬁé]’ﬁ'?‘ieh%g{'@ﬁ'@sﬁéﬁ{sigﬂb%lif?rﬁttﬁ&Fg\]vﬁrﬁ?m Y58 'bottORt 2 d¥ethe

utio he actual produced anount

cotuflp oIS, clded2F 868 T effend hsos,
L PN R R

99.99% Prolonged continuous operation was carried out
carbomade. t Hexeludingdihe dimethyl carbimuatenoantainggoin Hoesdarting
3000 hours, and 5000 hours, 20 the actual produced
materialrthe petudioprodweed amoéant af, dithhé&iby| tcarbohatéwas2.669
and 2.669 ton respectively for dinethyl carbonate, and

ton LhB3&nHdxclullifgheasthylefd%lyed! cordainsd®dh tthe catalyst

respectively for ethylene glycol, the ethylene
soluggngg(!%%t SR Vot B WM Suh PR Bhy YN glycdPibas 1.839 ton /
hr. The ethylene carbonate conversion was 99.88%, the dimethyl
carbonate selectivity was not less than 99.99%, and the efhy!ene glycol
selectivity was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 2.669 ton, 2.669 ton, 2.669
ton, and 2.669 ton respectively for dimethyl carbonate, and 1.839 ton,
1.839 ton, 1.839 ton, and 1.839 ton respectively for efhylene glycol, the
ethylene carbonate conversions were respectively 99.99%, 89.99%,
99.99%, and 99.99%, the dimethyl carbonate selectivities were

respectively not less than 99.99%, not less than 99.99%, not less than

99.99%, and not less than 99.99%, and the ethylene glycol selectivities
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and 99.99% the dinethyl carbonate
A050§é(|:é9§’(kﬁ Nies were 25 respectively not |ess than
99.99% not less than 99.99% not |less than 99.99%
and not |ess than 99.99% and the ethylene glycol
sel ectivities 65 A0501 VP98/ KAN were respectively not

| ess than 99.99% not n 199% t t

wereoEpagtively naf 9ut Bhan F9 9% oot R pay ppiges, Hbtess

conti nuousl du0| phenyl carbonate
tha“%@ﬁz aB‘l"ZFBF éﬁgﬁé%ﬁ ed out under the

foIIovvlng condltlons 5 using the sane appar s in
(2) Stepnidl)eofl contisuausly pregusingi metkypBeRy 535 Qﬂa €and

di met hyl carbonate in a weight ratio of phenol

di Retdotive distithation-wasicawmied wtamﬂmthednllomagscpqndltlons

inaliquid format a flowrate of 40 ton./ hr from
using thelPdPie apphacatusl asfint Bxahpiet 1conti nuous

nultl-stage distillation colum 101 (Fig. 3). 10 On

d| neé’%é‘rﬁrng“ erfalSt %bh*tﬂmlﬁgtﬂﬁéﬁbl andodinéthylcarbonate in

onate and phenol” in a weight ratio of

a weggﬁff'ay éu@éhgﬁﬁg? cﬁn’ﬂﬁﬁ?ﬁ’ fcarbgn?té"a's1 i %éQ‘i’Hﬁ%‘auced

aseou a flowrate of

conflo T 4y P 1 o g over

ar ratio for the startln mat er )

J ' d
inlet7H Siche fisyt GontnHaBEIT A AtAGE s tliatah Ca BT 1bqtﬁ"9 3).

colum 101 was dinethyl carbonate / phenol =

On thecotherrhand, mastsaritlmgsmmstadra icanmlruna dfmetfwérﬁadmnate
hal ogens (outside the detection limt for the ion

and phemultinga apéight ratie ohdimethyl chabonateib)phengiced.® was
as a catalyst was introduced from the upper inlet 11

introefuddit contivtudullyiinl@ yasedus fotmast aifiowradeiafd3 ton / hr
colum 20 101 such that a concentration thereof in the

from’ ﬂ?é?ib%r jhfet f?"éﬁ%‘h‘é hest SORtIANCIR! Rlulti2Stagerdistillation

React1ve |st| ation was carried out continuously

coluH’ﬂ‘?'q'rl)1C°n‘fL B! ﬁ\rbqapfraf]?tf%'mﬂ%% tna[ Fﬁ{iﬁrmétn {Fo‘?fudétﬁnto

con I'nuous” nul ti - st age I on CO

the ﬁrst corﬁmuoarseﬁl%ll’trse t%tgetQ%tlllatlon column 101 was dimethyl

carbonate / phenol = 1.87. The starting materials substantially did not
contain halogens (outside the detection limit for the ion chromatqgraphy,
i.e. not more than 1 ppb). Pb(OPh); as a catalyst was introduced from
the upper inlet 11 of the first continuous multi-stage distillation column
101 such that a concentration thereof in the reaction liquid would be
approximately 250 ppm. Reactive distillation was carried out
continuously under conditions of a temperéture at the bottom of the first
continuous multi-stage distillation column 101 of 235°C, a pressure at the
top of the column of 9x10° Pa and a reflux ratio of 0. A first column low
boiling point reaction mixture containing methanol, dimethyl carbonate,

phenol and so on was continuously withdrawn in a gaseous form from the
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t of the colum of 9x105 Pa and a reflux ratio of O.
A05°1\%9é’ um | ow 25 boiling point reaction m xture
cont ai ni ng net hanol, dinethyl carbonate, phenol and
so on was continuously withdrawn in a gaseous form
fromthe 66 A0501 VP98/ KAN top 13 of the first

I r.0 r
top {50t fhie A1 GEIGNRS, MESPASsR0GPGHbCHT ARAT exchanderia,
outlet 16. On_.the other h a firs I j ,
and s WHEGTaNT af & boRofatn OF Aok irchaFf sHERuft 16, on
: phenyl carbopate, di nethyl carbonate, phenol, 5
the Qihﬁﬁé‘rﬁnd.cﬁrfﬂ'@ﬁé?t@,l‘mfh@@ﬁttkﬂ‘gfgﬂ aﬂwts%ﬁ'%gf'"‘t"fe
continuously withdrawn in a liquid form20 via from
containingonethyliphenyi sarbonste cdimethyl,cathgnatesrhenol,
state was attained after 24 hours. The first columm

diph8hghchebdhate piiietatalyst iand soxoniveas wantinwessly withdrawn in
continuously wthdrawn at a flowrate of 40 ton / hr,

a liglRAfér Q%4 ifrom T batidmot 20f3Rerfibstoyolenght  of
nmet hyl phenyl carbonate and 1.0 % by wei ght of

di gh T, h
I A lecﬁ%*%‘?gﬁéf-’ate %s@é(j?wy f81UPl h@krs. NeTRR! fivst

pheny carbondte and th car bonat e per hour
re. g - cty
cotutfff Bigh 8 O depct B nfIRBRE MR wak Eohfintiqusly
. i phenyl rbonat e d on, the phenol reacted -
withdrabys B BTGS1508 olohd tRBdLE iRl Fomaasial EBleiies
under these conditions. After 500 hours, 2000 hours,
20.7 f%0by rweight sboethyl phenyl farbes@teand 1.0n% ngUﬁ  of
anmounts of nethyl phenyl carbonate per hour were 8.28
dipheoy| carbenate,, I producedoamosmtsofithe: peethurl phenyl
respectively, the produced anounts of di phenyl

carbonabersid therdiphenylwarbonateqrer Rodt were 82280omland 0.4 ton
ton, 0.4 ton, and 0.4 ton respectively, and the

respé%ii‘%@‘l*.Vi rhestorRl 8 edSetivit) Fur theomelky phenhy?@4roonate and

respecti vely, and hence the operation was very

the SR CHBRIE pSEI SO ey dor,

1 I{iﬂ'*i’z)kmged continuous operation was carried out under these
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the produced amounts of methyl phenyl carbonate per hour
were 8.28 ton, 8.28 ton, 8.29 ton, 8.28 ton, and 8.28 ton respectively, the
produced amounts of dipheny! carbonate per hour w.e're 0.4 ton, 0.41 ton,
0.41 fon, 0.4 ton, and 0.4 ton respectively, and the selectivities were 97%,
98%, 97%, 97%, and 98% respectively, and hence the operation was very
stable. Moreover, the aromatic carbonates produced substantially did
not contain halogens (not more than 1 ppb).

The first column low boiling point reaction mixture containing

methanol, dimethyl carbonate, phenol and so on continuously withdrawn

in a liquid form from 16 via the top 13 of the first continuous multi-stage
67 .
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The first columm |ow boiling point reaction mxture
AOSD&&(R%@IKANJ 25 met hanol, dinethyl carbonate, phenol and
so on continuously withdrawn in a liquid formfrom 16
via the top 13 of the first continuous nulti-stage 67
A0501 VP98/ KAN distillation colum had the phenol and

13488 SSTRY TS HRRorRT 5 r RGBT . and ws

then g 1 e R BT Oe R L o e

distillation colum as shown in FIG 1 having Lo =
3300 cm Do =300 cm Lo/ Do = 11, no = 60, Do / dot
= 7.5, and Do / d02 = 12 was used. In this exanple,
Example Be internals, sieve 10 trays each having a
cross-sectional area per hole in the sieve portion
(1) Stépr@yof dorstimuousiyppedguding dirdethyl earbomate andhethydene
of approximately 220 to 340 / n2 were used. 3.773 Ton
glyceél hr of ethylene carbonate in a liquid formwas
continuously introduced into the distillation colum

fr il &t : '
¢ Aeb BNy S, muif g dRNIAHEE LT dspiioReRPFIC. |
. eou m. { cent ai 4y .97 % b i ght_ i -
havigE 3 ad0 oty 800 ) R/ By 4ndthBer 80 BT ERY% 7S,
or containing 6.65 9 . wei ght, of_ di,nethyl .
and b&r@géfat_'ei 5\/%?%%595@%1“% 36!%/353%?1%&&#@/3 ﬂﬂf’?’&ﬁ!ﬁea'e"e
into the distillation colum fromthe inlets %S_b and,,
traygeachphaving @ efossreestiongdareager Mald innihe, sievsportion
The nmolar ratio of the sﬁ;ar_ti ng materials introduced,
theréof of approiximiateiy N ch covt and asumbenafoholesof @appieximately
carbonate = 8.73. The catal yst was nmade to be the

220 s g mhwes@embkedl, and was continuously fed into
the distillation colum. Reactive distillation was

Eﬁ?{'Z?ng Toth /9AN6F BeRyIEne uamnawﬁhta' fAQaidfoemonhsmm
continuously introduced into the distillation cplumn from the inlet (3-a)
provided at the 55! stage from the bottom. 3.736 Ton / hr of methanol
in a gaseous form (containing 8.97 % by weight of dimethyl carbonate)
and 8.641 ton / hr of methanol in a liquid form (containing 6.65 % by
weight of dimethyl carbonate) were respectively continuously introduced
into the distillation column from the inlets (3-b and 3-c) provided at the
31° stage from the bottom. The molar ratio of the starting materials
introduced into the distillation column was methanol / ethylene carbonate
= 8.73. The catalyst was made to be the same as in Example 1, and
was continuously fed into the distillation column. Reactive distillation
was carried out continﬁously under conditions of a column bottom
temperature of 98 °C, a column top pressure of approximately 1.118><10‘5

Pa, and a reflux ratio of 0.42.
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0.42. 68 A0501 VP98/KAN It was possible to attain
- stabl e steady state operation after 24 hours. A low
boi ling point reaction m xture withdrawn fromthe top

oL Was BLUIEIe) B AR HBIS S1ERUY SIGRGIHhriiticpatter 24
nours A ok Eelhd HRIPERRE VBT HARO MR Rt 8P of he

coluy s tr5S B 5 iR bt e s

conti nuously withdrawn fromthe bottom of the colu

turned intogl Iqun:I/ Aiheciavid hew boiting peint reactien emngtpéﬂewhfch
glycol, 1.17 ton / hr of nethanol, and 4.6 kg / hr of

was mrﬂermwslgtww@mm*afrmnathe dmmllatmm@nqh'gmmat 12.32 ton / hr,

di met hyl carbonate contained in the starting material,

conthireed ac 764l tan o durasfdd amethnyl odrbdbmetie) ydnd 3. 556aton Ivhs ‘of
3.854 ton / hr, and excluding the ethylene glycol

metl'ﬁﬂ%la' NA&diddidt 8§nﬁﬁh6|u!éﬁ vﬁ%d‘ia\@ﬁ frohethé@diotbdm of the
pr oduced am)unt of ethylene glycol was 2.655 ton / hr.

coluffif at 3 B020h §3r Sei¥einfre 118 fon 13 8P efRVfend Blycol, 1.17
ton /it 671 sﬂ*%aﬁBgeﬁé B?bqﬂiéé‘ifyéf’kp?%%féd B@w@%ﬂ'&g@"ate
Exclbging iherdimsling saibanats ontzine owr@{t%héﬂg@mh% ferial, the
produced annunts per hour were 3.854 ton, 3.854
actual gradacedoamaunt of dimethyl cathenate wags Bo&%.tﬁ&hbr. and
carbonate, and 2.655 ton, 2.655 ton, 2.655 ton, and
excladbf@theretlwslpaetglyeby cbotabt&@zimrtheg:qk@dﬂst solition, the

et hyl ene carbonate conversions were respectively
actua® p96tuced aftouniosf ethylemedghdlastnE5E tent iyir. The

carbonate selectivities were respectively not |ess
ethyldi#é bt ate@dnvEsiohNaas B0 ¥8%, tré disfsthyl@arbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 3.854 ton, 3.854 ton, 3.854
ton, and 3.854 ton respectively for dimethyl carbonate, and 2.655 ton,
2.655 ton, 2.655 ton, and 2.655 ton respective‘ly for ethylene glycol, the
ethylene barbonate conversions were respectively 99.99%, 99.99%,
99.99%, and 99.89%, the dimethyi carbonate selectivities were
respectively not less than 99.99%, not less than 99.99%, not less than

99.99%, and not less than 99.99%, and the ethylene glycol selectivities

were respectively not less than 99.99%‘, not less than 99.99%, not less
69
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25 99.99% and not |ess than 99.99% and the ethyl ene
A0S0 MR/ ectivities were respectively not |ess than
99.99% not less than 99.99% not |less 69 A0501
VP98/ KAN t han 99.99% and not |ess t-han 99.99% (2)
Step (I1) of continuously producing nethyl phenyl

te activ | SLi jopN wWas carried out under
tha"f%gg%li Mﬁﬁa%lﬁﬁ ?b%hséé?tsgl?ﬁg t he sane apparatus as
in Exa e 1., 5 Astarting.materjal. 1 containin
(2) SiheriD SheoatinuaaTY FoGUHRG TrtAY ARFENL aZbPHate
phenol / dimethyl carbonate = 1.7 was introdHced "
coReaantie djstiiationi wascawied sutundenthefellgwing ¢enditions
/ hr fromthe upper inlet 11 of the first continuous
usingnthei samagappasatud asiionExample 101 (Fig. 3). On the
ot her hand, a starting material 2 containing dinethyl )
capbenatiaglmatedia)econtaimingvehgho! aadi diméthyinzartbdnate in
carbonate / phenol = 3.5 was introduced continuously

a weﬁﬂh?ré’ﬁée‘éﬁ@l{léﬁbw HinfothyPWarBbAaté 9.7 avas iRtroduced
the lower inlet 12 of thé first continuous nulti-stage
cont@‘{%%lkéﬁh@?&tﬁal {8t %Qja fIO0F rate 8f B;fgblsililg‘; fro®® the upper

al s I'ntfroduced 1rnto
et PTbHATB FTeAALE08 AhRlidihet dRyfRAR bt 1o (Fio. o)

mat éri al s substanti al |l id n cont ai n hal ogens

On g ethaichant, dcs@rtingnatsrialidpopkainind dimethyl carbonate
chromat ography, i.e. not nore than 1 Ppb). Pb((]:’hgz

and pbencldnaa yeighisatio obh diredhy| 6arbenatepphengj 5¢3.p1was
of the first continuous multi-stage distillation '

introdalceth confihususiy tihaa gaseouseformtdtoa flowrate ofi9@Hen / hr
reaction liquid would be 20 approxi mately 150 ppm

fromRaRs \ower dhRdti 1 2 aifithie fipst cantinadusumulticstaigeudistiljation

the first continuous nulti-stage distillation colum

coluﬂ‘ﬁ'il 1 ownderhe%@gé} pafio ForahcsRating matatidld enbreiduved into
of t 220C

he col um o , @ pressure at the top of the
the GRLUENRuSHA TR BBeRtlation 2eIare 161 whs'dtny
carb%%taqgn/o;lnhenol = 1.44. The starting materials substantially did not
contain halogens (outside the detedtion limit for the ion chromatography,
i.e. not more than 1 ppb). Pb(OPh); as a catalyst was introduced from
the upper inlet 11 of the first continuous multi-stage distillation column
101 such that a concentration thereof in the reaction liquid would be
approximately 150 ppm. Reactive distillation was carried out
continuously in the first continuous multi-stage distillation column 101
under conditions of a temperature at the bottom of the column of 220°C,
a pressure at the top of the column of 8x10° Pa and a reflux ratio of 0.
A first column low boiling point reaction mixture containing methanol,

dimethyi carbonate, phenol and so on was continuously withdrawn in a

gaseous form from the top 13 of the first column, was passed through the
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|fret byl carbonate, phenol and so on was
Amoiiﬂ%%&r"ll y wwthdrawn in a gaseous formfromthe top
13 of the first columm, was passed through the 70

A0501 VP98/ KAN heat exchanger 14, and was wi thdrawn at
a flowrate of 82 ton / hr from the outlet 16. On the

heat%i@{arﬁé‘r‘jma ard Wa erﬂmé“\hﬁ%bé"ﬂdh\ﬁ‘ga ig¥t82 ton / hr from

m Xt ure con a| ning ne eny carbonat e,

the oegi%”?ét 13 85 bffor,Bafdn ﬂﬂ%ﬁgﬁﬁﬁgnﬁ?‘eﬁhﬁmﬁ"rk}@"t

UId form 20 via fromthe bottom 7 of th
reacaenmturﬁ containing methW phenylcathonats. *H??*éwt' sarbonate,
hours. The first columm high boili ng poi nt reaction
phend!xdipkenyhtarbonate.cie natalysy and speawascantingausly
rate of 94 ton / hr, had a conposition containing

withdiavon % bgy ligesid Horof Zﬁevlhyirophehelbcmwbnmatef thel firsb clumn.
by wei ght of 10 di phenyl carbonate. The produced

ampUSish|efstelrlyetdtsl waBeatthinsd aiftera2 4 frours. heThe first
di phenyl carbonate per hour were 15.04 ton and 0. 47

colu h[ BRG hgjﬁtdﬁntmgdﬁt@h‘ui r%CtWHideJﬁcbhﬁnmﬂbe

car phenyl carbonate based on

nol W r
w'th%%érﬁﬁq on fIRETELE G 8R B hf e ELnTaBt P BB ntaining
ter 500 hours, 0, hours 000 . hour

16.0 %5V sttt @etﬁrgpaﬁwd%bgmrﬁt% §i0-Aotangl Whlapy of
carbonate per h were 15.04 ton, 04 to

diphepy! cgsbgaatebn Qfémprgdu@efioﬁrmq@mjfs the *M@Ehenvl
produced amounts of di phenyl carbonate per hour wer

carbonate tand tbe dipheny! carbonate peubouswerend 50047comoand 0.47
respectively, and the 20 selectivities were 97% 97%

ton résjhe ARSIy an T HY Yotad sgelectivityyforative niethyt phenyl carbonate
operation was very stable. Mreover, the aromatic

end g Spneny| Bpestngte v e whdrelsactacieas 007

boiP rloléh §84 LortiRGb LS b PR rEtIS I wad carfie@Yout under these
conditions. After 500 hours, 2000 hours,' 4000 hours, 5000 hours, and
6000 hours, the produced amounts of methyl phenyl carbonate per hour
were 15.04 ton, 15.04 ton, 15.05 ton, 15.05 'ton, and 15.04 ton
respectively, the produced amounts of diphenyl carbonate per hour were
0.47 ton, 0.47 ton, 0.48 ton, 0.48 ton, and 0.47 ton respectively, and the
selectivities were 87%, 97%, 98%, 98%, and 97% respectively, and
hence the operation was very stable. Moreover, the aromatic
carbon'ates produced substantially did not-c':ontain halogens (not more
than 1 ppb).

The first column low boiling point reaction mikture containing

methanol, dimethyl carbonate, phenol and so on continuously withdrawn

in a liquid form from 16 via the top 13 of the first continuous multi-stage
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15

25 net hanol, di nmethyl carbonate, phenol and so on
A0508 M98IKODEI y withdrawn in a liquid formfrom 16 via

the top 13 of the first continuous nulti-stage 71
A0501 VP98/ KAN distillation colum had the phenol and
so on renoved therefrom and was then used in step

ot 5l 90 o RS MRG0 8338 Agyoreom, anc wes
tnon AT B9 RS B CmalEr Rl 1 B oo

produci ng a hi gh-quality high-performance aromatic

pol ycarbonate can be produced on an industrial scale

of not less than | ton / hr froma cyclic carbonate
Industréalakpplioability nonohydr oxy conpound. Moreover, it 10

has been di scovered that the aromatic carbonate can be

pr pdHashsérigcobered thaolb?aﬁﬂlmehMQothe iprocess

for exanple, not |ess than 2000 hours, preferably not

acco!ggggg iﬁ%e%%é]ﬁ“?n’iﬁed%@, Bhedwmatiy cwbdrefte tduired for

ours. e present invention thus provides a
r S t L, 8V
prodfieigar nidiEiBARy Mh:pEHFTAes SrbRafe Poljtarbonate can
72,A0501 VP981KAN .CLAI NG, V& cl ai Rdu '
be pfgaiiged aran ARSI AsaR o fahighs tnanct taH Ahf kftm =
in which the aromatic carbonate i,s continuousl it
cycligroRRRanpte; apfl an Arofatic BAPABYEFeXY RPMACUAS,, Moreover, |
nmonohydr oxy conpound, the process conprising the
has beepsdisicoverpdcihvati theoasematicogatbenate gan hgmroduced stably

carbonate and a diol through a reactive distillation
for aspstiemged peniddhobdirhg dfedor mxarhpleynot esaithanad@00 hours,

preferably not less than 3000 hours, more preferably not less than 5000
hours. The present invention thus provides a process that achieves

excellent effects as an aromatic carbonate industrial production process.
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| phati c nonohydric al cohol into a continuous
AOSOﬁ.Sﬂ:ffé_} e 10 distillation colum To in which a

catalyst is present, carrying out reaction and
distillation sinmultaneously in said colum,
continuously withdrawing a low boiling point reaction
m xture containing the produpge di al kyl carbonate
from an upper portion of e colum in a gaseous form

W ﬁnd .continuously withdrawing a high boiling point
e ion mxture containing 15 the diol froma | ower

portion of the coJum in a Jiqguid for .and [11) ,
cont i nuofd V‘@%‘B@ﬁiﬂ‘f@cﬁ?@ %@Prrg‘;ﬁﬂ peogﬁkggna?éagyaromattc
taking the dialkyl carbonate and the aromatic
carbanate ya vehichcthe aramatic sagbanateds srntinuaqusly produced from
- continuously feeding the starting naterial into a
a cydlic sarbonatewsnd amaromaticamonbisydidxy compaunanthe process
whi ch a catalyst is present, carrying out 20 reaction

compyiding shé|dtapsasf:si nul taneously in said first colum,
continuously wthdrawing a first colum | ow boiling

]E’?gmcdlﬂ@ﬁﬁbﬂgl bYo4uBirfg At &Ld!i]gﬁgcérb@ﬁﬁtélﬁm aldiehthrough a

an upper portion of” sai Irst colum in a

reacgg?ﬁ%?wlagﬁirﬂéyﬁf@m%ﬂ:hﬁ%ﬁ%l 'fBB@lri@"itHS &yéiié tarbonate

I'ng poln reactfon m ure contal ning

a_produced al kyl aryl _carbonat r r ‘

and BprafeHste Benphviins ESRRNME o RRSIEmgRi-stage

. .wherein: 73 A0501 VP938/ KAN sai d cont.i nuous .

distilkation.colagan gf osin Whie dﬁcéééﬁ)r% I§ PIESeM; SAITyng out reaction
structure having a cylindrical trunk portion havi nﬁ.l a |

and distijiation simyltameoualy imspid columa, sominuenpluwithdrawing
having an internal with a nunber of stages no ]

a low lasilingspoint reattion rhietureacongaimingtheupreducedidiglioy
inside 5 dianeter do, (cm at a top of the colum or

carbbhaté<romPan t@gpéf%rﬁbnwﬁthsﬁqﬂﬂmmﬁah gasebeastfarm,aand
liquid outlet having an inside dianeter d02 (cm at a

cont@‘ﬁ*&@éﬁ%iﬂﬁambﬁr@ hG hiﬁbﬂi'ﬂ? #Si’%ﬂrréﬁﬁﬂdﬁ'ﬂnﬁftuf@%ontaining

um ' near to e bottom a east one first inlet

the &loP¥t&i50a'IBwWdlSpYRRST JiThk' 881ARA ih &Miqlid form; and

(1) continuqusly producing the aromatic carbonate by taking the
dialkyl carbonate and the aromatic monohydroxy compound as a starting
material, continuously feeding the starting material into a first continuous
multi-stage distillation column in which a catalyst is present, carrying out
reaction and distillation simultaneously in said first column, continuously
withdrawing a first column low boiling point reaction mixture containing a
produced alcchol from an upper portion of said first column in a gaseous
form, and continuously withdrawing a first column high boiling point
reaction mixture containing a produced alkyl aryl carbonate from a lower
portion of said first column in a quuird form;

wherein:
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m ddl e portion of the columm bel ow the gas outlet, and

A050%,VRYBKAN e 10 second i nl et provided in the mddle
port ion and / or the |ower portion of the columm
above the liquid outlet, wherein Lo, Do, Lo / Do, no,
Do / dot, and Do / dO2 respectively satisfy the

go ogg_ngﬁfegiwﬁ‘es @'lﬁt'gt{@ Fiﬁﬁgﬁ%?@@?ﬂﬁ?%cg%ises a

20 (4), 3 < Do/ t < 20.(5 5.5 D0 2.5
strucfise having . Syndrical druds Aartindl bavife & Gnglt L €M) and
distillation colum conprises 20 a structpyre haang %

an ingjde sHiameter RoudrMicand d1aviag AQ intena)with a numbghp
an inside dianeter D, (cm, and having an internal = |
stages y thetemsidesfand fagthertiaving aigas cutletrhaving aprinside
having a gas outlet having an inside dianmeter dll
diametel dat (eni)oat aftdphef thewolumin iar inhtheuppeerottiam offthe
the colum near to the top, a liquid outlet having an

columPsh&8r dbare! &ip,ta Siquid) ovlleBha¥ingtdrpingitiet drametendy. (cm)
or in the |ower portion of the colum near to the

o2 ot Fslm 5160 iR sl
bel h ; . d | .
tne b0 C1RAER 54 et Wtk o G M Bna s or
middigmamionabibpeapmmpelow fhasgasaatist, Ang, aflddst one
| d12 respectively satisfy the:.follow ng forTuI ae (7|).
secongl (nle} provided in _thglmtqdémgr*(l?p,an%mrsﬂtf awep@Rprtion of

(8), 25L1/ D 540 (9, 20 <_n, <_ 120 (10),
the column above the liquid outlet, wherein Lg, Do, Lo / Do, No, Do / do1,

and Do / do2 respectively satisfy the following formulae (1) to (6);

2100 < Lo <8000 1),
180 < Do < 2000 ),
4 <Lo/Dos<40 | (3),
10sng<120 ),
3 < Do / dgs < 20 (5),
5 < Do / doz < 30 (6); and

(b) said first continuous multi-stage distillétion column comprises
a structure having a cylindrical trunk portion having a length Ly (cm) and
an inside diameter D1 (cm), and having an intefnal with a number of
stages n, thereinside, and further having a gas outlet having an inside
diameter dy; (cm) at a top of the column or in the upper portion of the
column near to the top, a liquid outiet having an inside diameter dq2 (cm)
at a bottom of the column or in the lower portion of the column near to

the bottom, at least one third inlet provided in the upper portion and / or
74



5D | d> <_ 30 (11), and 10 3:9 Di /d12<_20 (12).

5
A0504 cess according to Caiml1, wherein not |ess
than I ton / hr of the aromatic carbonate is

produced. 15 3. The process according to Claim1l or 2,
wherein said do, and said doe for said continuous

& migHd bEpHBRco i o Be AN 08 Ge! Pand g one

tour i, RS S il Nk By Bh ghrten o
doe for said continuous rrulii-si_ag %lSly tion

the cojupm Ehp\éﬁath%f'ml#léﬂéﬂ?t-v‘é!hﬁf9§b§1<_1Lf§-1 ao®:. Sbo/ d1,
5 Do 5 1000, 5<_LOI Do 530, 305n0 5100, 45Do /do, 515, and

and DaDod{goespestively satisfi the followingciarmulge: ¢ )atey (431

of dains 1 to 4, wherein 75 A0501 VP98/ KAN Lo, Do,

Lo / Do, 18590 Ed.{ <o@go0and Do | doe fo(7xaid
continuous multi-stage distillation colum To satisfy

respect i gy <459& Sobo 5 5000, 210 <_ [®),5 800, 75 Lo
/ Do 520, 40<_no590, 55 Do/dog <_ 13, and 95 Do/ does

20. 5 6. 2Tgﬁ_1pfg:_e§§wa'ccprdi ng to any , of Clains 1
to 5, wherein said continuous nmulti-s

age
distillaty col To is a distillati ol umm
263 Famd £},

havi ng a or a packing as th ternal. 10
7. The process ,according to Claim6, wherein said

cont | nuomf’sseﬁmlltqcﬂé Qe distillation cé‘fbm? is a
plate type distillation colum having the tray as the
internal 3 £D1/dy2< - (12).

2. The process according to Claim 1, wherein not less than 1

ton / hr of the aromatic carbonate is produced.

3. The process according to Claim 1 or 2, wherein said do1
and said do; for said continuous multi-stage distillation column T used in
step () satisfy the following formula (13);

1<do1/do2<5 (13).

4. The process according to any one of Claims 1 to 3, wherein
Lo, Dg, Lo / Do, ng, Do / do1, and Dy / dp2 for said continuous multi-stage
distillation column T, satisfy respectively 2300 < Lo £ 6000, 200 < Dy <
1000, 5§ < Lo/ Do < 30, 30 < ng <100, 4.5 Do /do1 <15, and 7 £ Do/ dgz <
25.

5. The process according to any one of Claims 1 to 4, wherein
75
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8.
‘AO501 788

The,K%rocess according to Claim6 or 7, wherein said
N5 said continuous mul ti-stage distillation
colum To is a sieve tray having a sieve portion and
a downconer portion. 9. The process according to Caim
8, wherein said sieve tray in said continuous

o, el i, Bl BT B e
it G455 SBreS A D5y ShabRLfuBly IaaliS Lo Son, 209 < Do <

said continuous nulti-stage distillation colum To js
800, F1<als 4fde<o20f A8 Me5<tAD,55 cPo Ldon s 1Fhangr8cePo / doz <
according to any one of Clainms 8 to 10, 76 A0501
20. VP98/ KAN wherein an aperture ratio of said sieve tray
in said continuous nulti-stage distillation colum To
isin a range of froml1l.5 to 15% 12. The process
according to any one of Clainms 1 to 11, 5 wherein said
di g, and %@p?éﬁe&@rac%ré_iﬁg t5lamP tine 8P Claimist 1 tot 8owherein
distillation colum used in"step (Il) satisfy the _
.o f i f | s i . 4 .
said rHSGs L steod Ysinptipd Falinn Fojé Hdissifgrdntolumn
Wwherein L,.., PL. L. /. DL ni . i.k, and D / d12
havqagra i%ﬁ\ﬁa?‘idrgP*@oH?PHUb%és %FEﬁD{'i‘{PJBQ&e distillation
colum used in step (I1) satisfy respectively 2000 :
L, < 6000, 150 5 D, 5 1000, 3 5Li / D, 530, 30 5 ni
<_ 100, 8 5 D, / di, <_25 and 55 D, /dl12518. 15 14,
Thd . pr ocdhe peoceasmredrding torelaim 6, wherain saighcontinuous
wherein Li, D1, L, / DI, ni, D, / dl1, and D, / dig _
multi-stageaidistillasiorc ootumuols is muptatestypgedistiiationtdajomn having .
colum satisfy respectively 2500 : _ Li <_ 5000, 200
the tfala$ 88 inberrdl. /O :_15,40<_nl< 90, 105D, /dl1, 525,
and?<_D, /

8. The process according to Claim 6 or 7, wherein said tray in
said continuous multi-stage distillation column Ty is a sieve tray having a

sieve portion and a downcomer portion.

9. The process according to Claim 8, wherein said sieve tray
in said continuous multi-stage distillation column To has 100 to 1000

holes / m? in said sieve portion thereof.

10. The process according to Claim 8 or 9, wherein a
cross-sectional area per hole of said sieve tray in said continuous

multi-stage distillation column Ty is in a range of from 0.5 to 5 cm?.

11. The process according to any one of Claims 8 to 10,
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di .. 20 15. The process according to any one of
A05°%I\&$§’@N 0 14, wherein said first continuous

multi-stage distillation colum is a distillation
colum having a tray and / or a packing as the
internal. 26 16. The process according to Caim 15,

er = e
wherif i) Bprhire b of €td BBy i g8ideRntinuous ,,
A0501 VP98 N col umm ving the tr i | .
multhstage, dishileton Sollie Tyl th & g4 Ifol T 446715%-
said tray in said first continuous nulti-stage
distillation colum is a sieve tray 5 having a sieve
portion and a downcomer portion. 18. The process
acd@r di nd heopeess BErcosdingita any eng @f/éﬁﬁ!@)‘i 1itg 11,
said first continuous nmulti-stage distillation colum

wheriedn sl d g 400Gaidod psfdr s@id firstacdntinaotspoultiestage
thereof. 10 19. The process according to claim217 or

distill8tiowhesItinin used @5 stepll)osalisfy tiee fellowdhg fotmidad 14),
sieve tray in said first continuous nulti-stage
distillayi gry.cof ymmeigs in a range of fypy 0.5 to 5
cn2. 15 O'.‘raliﬁo/{aggnﬁat?c car bonat e havi ggma hal ogen
content of not nore than 0.1 ppm which is produced
by the process according to any one of Clains 1 to

19'1 3?8 " The process according to any one of Claims 1 to 12,

wherein L4, D4, Ly / D4, nq, D1/ d14, and Dy / d42 for said first continuous
multi-stage distillation column used in step (1) satisfy respectively 2000
<Ly <6000, 150 <Dy <1000,3<L4/Dy<30,30<n;<100,8 <Dy /dy4
<25 and 5<D¢/dy2<18.

14. The process according to any one of Claims 1 to 13,
wherein L4, D4, Ly / Dy, ny, D¢/ dyq, and D4 / d42 for said first continuous
multi-stage distillation column satisfy respectively 2500 < L1 < 5000, 200
<Dy<x800,5<5<L1/D1<15,40<n;<90,10<D,/dy; <25 and7 <Dq/
di2 < 15.

15.  The process according to any one of Claims 1 to 14,
wherein said first continuous multi-stage distillation column is a

distillation column having a tray and / or a packing as the internal.

16. The process according to Claim 15, wherein said first

continuous multi-stage distiliation column is a plate type distillation
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- column having the tray as the internal.

17. The process according to Claim 15 or 18, wherein said tray
in said first continuous multi-stage distillation column is a sieve tray

having a sieve portion and a downcomer portion.

18. The process according to Claim 17, wherein said sieve tray
in said first continuous multi-stage distillation column has 100 to 1000

holes / m? in said sieve portion thereof.

19. The process according to claim 17 or 18, wherein a
cross-sectional area per hole of said sieve tray in said first continuous

mutlti-stage distillation column is in a range of from 0.5 to 5 cm?.
20. An aromatic carbonate having a halogen content of not

more than 0.1 ppm, which is produced by the process according to any

one of Claims 1 to 19.
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