-1- _CONTI NUOUS MANUFACTURI NG METHOD FOR ARQVATI C

CARBONATES The present invention concerns continuous manufacturing
met hods..f of aromatic carbonates; nore specifically, it concerns a

manuf actari ng net hod by which aromatic carbonates can be continuously and
effi-cj'ently manufactured from di al kyl tifbonate and an aromatic hydr oxy

conpound. Di phenyl carbonate (DPCis an industrially useful conpound
that is used as a_raw material in the manufacture of polycarbonate and the
li ke, and the abi WW%MWWT@ Rt tively is an
I ndustrially useful skill. .| CA in the prior art to obtain

di phenyl car bonalRe lpredefif irvedtiofli cdnteths ¢ahntiRisemandfadtiiring Oivethiods gelr Oxy
conpound. For exanpl e, nethyl phenyl carbonate, diphenyl carbonate,
or m xt ur esagmaticsarbenntess ware spacifically, flganeems R mag &

carbonat e agfyd'GRthatic kifbohates can be continuously and efficiently manufactured

from dialkyl carbonate and an aromatic hydroxy compound.

Diphenyl carbonate (DPC) is an industrially useful compound that is used

- as a raw material in the manufacture of polycarbonate and the like, and the

ability to manufacture diphenyl carbonate productively is an industrially useful
skill. . :

It is known in the prior art to obtain diphenyl carbonate by, reacting
dialkyl carbonate and an aromatic hydroxy compound.

For example, methyl phenyl carbonate, diphenyl carbonate, or mixtures of
them can be obtaired as follows by reacting dimeﬂ1yl carbonate and phenol.
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However, the problem with such reactions is that they are all equilibrium
reactions that tend to lead back to the original systems and they have slow
reaction rates. _ '

In an attempt to solve these problems, various catalysts for raising the
reaction rate have been proposed.



However, the problemw th such reactions is that they are all equilibrium
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reaction rates. In an attenpt to solve these probl ens, various
catal ysts for raising the reaction rate have been proposed.
- 2- d Japanese Unexam ned Patent Application D sclosure Kokai No. Hei

3-291257 di.scloses a nethod for continuously manufacturing aromatic
carbonates in which al cohols and ot her by-products are continuously
distilled off with a nultistage distill&ion columm to pronote the
productivity of the reaction, as the reaction product is continuously
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reaction), catalyst, solvent, and the |ike are recovered fromthe reactor
al ong wi t h redationgodudiris gondhwouslyaemosedohol i ¢ by- products. These

conL | ious et o, B4 bl REERH Sl il BB L (1
attempt to distill off alcoholic by-products of the reaction (e.g., methyl alcohol)
fr_om the raw- materials, product, solvent, and the like and promote a more
productive reaction. . |

In continuous methods for manufacturing aromatic carbonates such-as
those mentioned hereinabove, unreacted raw materials (including dialkyl
carbonate by-products of the reaction), catalyst, solvent, and the like are
recovere;i from the reactor along with the reaction products and alcoholic by-
products. These continuous methods are efficient because these materials,
especially the unreacted raw materials, are returned to the reaction system.

However, in their studies of such methods for continuously
manufacturing aromatic carbonates, the present inventors discovered that the
efficiency at which aromatic carbonates are produced in a continuous operation
diminishes as recovered unreacted raw materials are returned to the reaction
system. As they studied the cause of this, the present inventors discovered that’
the reaction of dialkyl carbonate and an aromatic hydroxy compound producés
alkyl aromatic ether by-products such as anisole, albeit at low rates of selectivity,
and that in a continuous operation these alkyl aromatic ethers accumulate in the
reactor when unreacted raw materials are returned to the reaction system,
diminishing the effective capacity of the reactor. Armed with this information,
they also discovered that the efficiency of continuous manufacturing methods for
aromatic carbonates can be improved 'by- separating and removing alkyl aromatic

ethers from unreacted raw materials removed from the reactor before recycling
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I n the presence of
: reacting. dialkyl carbonate and an aromatic hydroxy compound in the presence of

a catalyst, while continuously removing aromatic carbonate reaction product,
alcoholic by-products, dialkyl carbohéhe, and aromatic hydroxy compound and
while recovering and recycling to ‘the reaction system dialkyl carbonate and
aromatic hydroxy compound:. | |
fI1 a refinement and recycling process in which alcohols and alkyl
aromatic ethers are separated and removed from the reaction mixture from the
top of the reactor, this reaction mixture ‘containing alcoholic by-products, dialkyl
- carbonates, and alkyl aromatic ether by-products formed in the reactor, and the

dialkyl carbonate thus obtained is recycled to the reaction system

and
[[I] a refinement and recycling process in which the reaction mixture
removed from the bottom of the reactor, this reaction mixture containing

aromatic carbonates, dialkyl carbonates, aromatic hydroxy compound, and alkyl

Fa
ar

aromatic ether by-products formed in the reactor, is distilled, aromatic carbonate
is removed from the bottom of the distilling column, alkyl aromatic ethers are
separated and removed from the reaction mixture obtained at the top of the

distilling column, and the dialkyl carbonate and/or aromatic hydroxy

compound thus obtained are returned to the reaction system.
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t he bottom o%ot e distilling colum, alkyl aromatic ethers are
separ at ed $H¥°MNoved fromthe reaction mixture obtained at the top of the

di stilling col uThe paésferred arsthatikiydioay bompband iKPlnobonamid forlpyetesoly
conpound thus obtained are returned to the reaction system

-4- In t Hetypicatexamplenf anjalisy] arareatigethenis aniselebonat e is an al kyl
oryl cartonat e, indh iyl FERROZASS, Rnd I S BBy ool
The pref er mRgh#Fa@iFihf QrdiiatioearbeiidftHe irfreptien t is préferrkd thtd / or p-cresol .
in the first reactor, alkyl aryl carbonates are produced as the aromatic
carbonates by reacting dialkgll calrbonate and an aromatic hydroxy compound in
the presence of a catalyst

and then in the second reactor, diaryl carbonates are produced as the
aromatic carbonate by either reacting the alkyl aryl carbonate obtained in the first
reactor or by reacting the alkyl aryl carbonate and an aromatic hydroxy
compound. .

The ‘continuous manufacturing method for aromatic carbonates of the
invention is characterized by the fact that by carrying out at least one of the
refinement and recycling processes hereinbelow improvement is made in a
method for continuously manufacturing aromatic carbonates in a reactor by
reacting dialkyl carbonate and an aromatic hydroxy compound in the presence of
a catalyst, while continuously removing aromatic carbonate reaction product,
alcoholic by-products, dialkyl carbonate, and aromatic hydroxy compound and
recovering and recycling to the reaction system dialkyl carbonate and aromatic
hydroxy compound: _

[ a refinement and recycling process in which alcohols and alkyl
aromatic ethers are separated and removed from the reaction mixture removed
from the top of the reactor, this reaction mixture containing alcoholic by-
products, dialkyl carbonatés, and alkyl aromatic ether by-products formed in the
reactor, and the dialkyl éarbonate thus obtained is recycled to the reaction system



A typical exanple of an al kyl aromatic ether is anisole. When two
;reactors are used in the nethod for continuously manufacturing aromatic
carbonates of the invention, it is preferred that in the first
reactor, alkyl aryl carbonates are produced as the aromatic carbonates by
reacting di al kyl carbonate and an aromati c hydroxy conpound in the presence
of a catal yst and then in the second reactor, diaryl carbonates are
produced as the aromatic carbonate by either reacting the al kyl aryl
carbonate obtained in the first reactor.sor by reacting the al kyl aryl
carbonate and an aromati c hydroxy conpound. The conti nuous

manuf act uri ng dqod for aromatic carbonates of the invention is
characterized by the fact that by carrying out at |east one of the
refinement and [Ifcyc refir@nper caris ayHng: phduekoin iwigicl therradction midard N a
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reactor, and the dial kyl carbonate thus obtained i recycled to the
reacti on sySr® ng tﬁusgbta?ned are returned to t ereactrllonsys m. y 5.

First to be described are the dialkvl carbonate, aromatic hydroxy
compound, and catalyst used to manufacture aromatic carbonates in the present
invention.

Dialky! carbonates described by general formula (i) hereinbelow are used

in the invention.

RO C OR:
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where R! and R? are alkyl groups, alkeny! groups, alicyclic groups, or aralkyl
groups, R and R2 may be the same or different, and they may form a ring. )

Specific examples of R! and R? include alkyl groups such as methyl
groups, ethyl groups, propyl groups, butyl groups, pentyl groups, hexyl groups,
heptyl groups, octyl groups, nonyl groups, and decyl groups;

alkenyl groups, allyl groﬁps, and butenyl groups;

alicyclic groups such as cyclopropyl groups, cyclobutyl groups,
cyclopentyl groups, cydohexy_l groups, and cycloheptyl groups; -

alkyl groups containing aliéyclic groups such as cyclohexy.lmethyl groups;

and



and [11] a refinenent and recycling process in which the reaction
-m xture renoved fromthe bottomof the reactor, this reaction m xture
containing aromati c carbonates, dial kyl carbonates, aromatic hydroxy
conpound, and al kyl aromatic ether by-products fornmed in the reactor, is
di stil'led, aromatic carbonate is renoved fromthe bottomof the distilling
columm, al kyl aromatic ethers are separated and renoved fromthe reaction
m xture obtained at the top of the distilling colum, and the dialkyl .
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general for @ ' [ 1.0t Lhvention. J[err] -

where R err]rgrkua{'ra‘jé' eﬁﬁ&gﬁg%gﬁgf?dg?%ﬁgfsﬁe%l ﬁl;l/ Qgroups, alicyclic groups,
or aral kyl groupTheddgoups atud B subslituted with ldwersdkyl gougs,flbakeatkognd t hey
may forma ring. Speci fic exanples of R err] and err] include

al kyl gr oup8redRsycyaeo gEewRs. and halogen, aadihey WGBE‘?“P)PBWP"%!B%‘!‘?S- but yI
groups, pentyl g r pgﬁl 2 0, (o) nyl
groups, and decyFQ%&BgLeB?? )@filk_gl d a a&gﬁ%‘%ﬂg’é’fmﬁf‘% 6%?“5{}%{5&2’?%11 ut enyl
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and carbonate, dioctyl carbonate, dinonyl carbonate, didecy! carbonate, methyl ethyl
carbonate, methyl propy! carbonate, methyl butyl carbonate, ethyl propyl
carbonate, ethyl butyl carbonate, ethylene carbonate, propylene carbonate,
di(methoxymethyl) carbonate, di(methoxyethyl) carbonate, di(chloroethyl)
carbonate, di(cyanoethyl_)-carbonate, _
dicyclopentyl carbonate, dicyclohexyl carbonate, dicycloheptyl carbonate,
dibenzyl carbonate, diphenethyl carbonate, di(phenYlpropyi) carbonate,
di(phénylbutyl) carbonate, di(chlorobenzyl) carbonate, and di(methoxybenzyl)
carbonate.
These dialkyl carbonates may be used in combinations of two or more.
Preferred among these is dialkyl carbonate where each R! and R? is an
alkyl group with no more than four carbon atoms, with dimethyl carbonate and
diethyl carbonate more preferred and dimethyl carbonate especially preferred. .
The aromatic hydroxy compound used to manufacture aromatic
carbonates is described by general formula (ii) hereinbelow. |
Ar'OH _ (i)
Ar! is a monovalent aromatic group which may have a substituent.
Examples of such aromatic monohydroxy = compounds include
alkylphenols.such as phenol, cresol, xylenol, trimethylphenol, tetramethylphenol,
ethylphenol, propyiphenol, butylphenol, diethylphenol, methylethylphenol,
methylpropylphenol, dipropylphenol, methylbutylphenol, pentylphenol,

hexylphenol, and cvclohexylphenol;



- 6- aral kyl groups such as benzyl groups, phenethyl groups,

phenyl propyl groups, phenyl butyl groups, and nethyl benzyl groups.

These groups may be substituted with | ower alkyl groups, |ower al koxy
groups, cyano groups, and hal ogen, and they may contai n unsaturated bonds.
Exanpl &s of dial kyl carbonate described by formula (i) include dinethyl
carbonate, diethyl carbonate, dipropyl carbonate, diallyl carbonate,

di butenyl carbonate, dibutyl carbonate, dipentyl carbonate, dihexyl
carbonat e, diheptyl carbonate, dioctyl cafBonate, dinonyl carbonate,

di decyl carbonate, nethyl ethyl carbonate, nethyl propyl carbonate, nethyl

butyl carbonate, aikoxdyphendglybuctedshfaibryplindlandethekygienegnat e, et hyl ene
carbonat e, propyl ene, carbonat e, di(nethoxynethyl) car bonat e,

di (met hoxyet hyl ) &aPhihels and sibstifuted sapRPls: car bonat e, di (cyanoet hyl)
bonat I bonat
carbonat e, H%%L%%Hﬂe%@&@ﬂ%& gflggeyn%bﬁugy car bonat e,

di cycl oheptyl car bonat e di phenet hyl car bonat e,
di (phenyl propyl) carbonate, di(phenyl butyI ) carbonate, di(chlorobenzyl)

carbonate, and di (net hoxyben@grb These di al kyl carbonat es
rl

may be used in conbinations Preferred anong these is
di al kyl carbonate where each and '4 rr] |s an al kyl group with no
nore than four carbon atonms, with dinmethyl carbonate and diethyl carbonate
nmore preferred and di methyl carbonate especial Ly preferred. The

aromatic hydmhgrea‘btspﬁhn&-ﬁébl,&@r;rranuf acture aromatic car bonates is
descri bed by general fornmula (ii) hereinbelow ' OH

(i) Ar[err] is a nonoval ent afbhatic grdp V\/nR(?h may have a
substi t-uent. Exanpl es of such ardmatic nonbhydrédxy conmpounds
include al kyl phenols such as phenol, sr@sol, xykegole Cr+nethyl phenol,

t et ramet hyl phenol, et hyl phenol, propyl phgnol, butylphenql, diethyl phenol,
nmet hyl et hyl phenol , net hyl propyl phenol I@npropyl phgnol ,

met hyl but yl p@&g&dm&g}tdﬂ}qmchash_exyl phenol , and cch §hexv| phenol ;

adivalent group such as cycloalkylene, for example >C/_\(C H ) :
or simply a bond. ~—— v
In these formulas, each RY, RS, R6 and R7is a hydrogen atom, lower alkyl group,
cycloalkyl group, aryl group, or aralkyl group, which may be substituted with a
halogén atom or alkoxy group. kis an integer ranging in value from 3 to 11, and
the hydrogen atoms may be replaced by lower alkyl groups, aryl gro;xps, :
halogen atoms, or the like. |
Furthermore, alicyclic groups may be substituted with substituents such
as lower alky!l groups, lower alkoxy groups, ester groups, hydroxyl groups, nitro
groups, halogen, and cvano groups. |
Heteroaromatic hydroxy compounds such as hydroxypyridine, -
hydroxycoumarin, and hydroxyquinoline can also be cited as examples of the

aromatic hvdroxy compound.



-7- al koxyphenol s such as met hoxyphenol and et hoxyphenol ;
napht hol s and substituted naphthol s; and substituted phenols described

by the formula [err] where Ais -O, -S-, -CO, SOerr]; [err] a
(substituted) al kylene such as - a dival ent group such as
cycl oal kyl ene, for exanple [err] or sinply a bond. In these fornulas,

each Rerr], Rerr], Rerr], and Rerr] is a hydrogen atom |ower alkyl

group, cycloal kyl group, aryl group, or aral kyl group, which may be
substituted with a _ -8-

Aromatic dihydroxy compounds can also be used, examples including
hydroquinone, = resorcinol, catechol, dihydroxynaphthalene,
dihydroxyanthracene, and alkylated forms of them. Aromatic dihydroxy

compounds described by the following formula can also be used.
HO —@— A —@— OH

where A is identical to A hereinabove, and the alicyclic may be substituted with a
substituent such as a lower alkyl group, lower alkoxy group, ester group,
hydroxy! group, nitro group, hali:gen, or cyano group.

In the present invention, aromatic monohydroxy compounds in which Ar!
in the above-mentioned formula (ii) is an aromatic group with six to 10 carbon
atoms are preferred, Qith phenol, m-cresol, and/or p-cresol being more
preferred, and phenol being especially preferred. Aromatic hydroxy compounds
may be used in combinations of two or more.

In the present invention, it is preferred that the aromatic hydroxy
compound, examples of which are cited hereinabove, be fed to the reaction -
system in amounts such that the dialkyl carbonate/aromatic hydroxy compound
molar ratio rangés_ from 10 to 1, more preferably 5 to 1.5.

Alkyl aryl carbonates and diallyl carbonébes are produced from the
above-described dialkyl carbonates and aromatic hydroxy compounds by
reactions such as the followihg. The following examples are reactions using

dialkyl carbonates in which R! and R? in formula (i) are the same.



hal ogen atom or al koxy group. k is an integer ranging in value from3 to
11, and the hydrogen atons nay be replaced by | ower al kyl groups, aryl
groups, hal ogen atons, or the |iKke. Furthernore, alicyclic groups may
be substituted with substituents such as |ower alkyl groups, |ower al koxy
groups, ester groups, hydroxyl groups, nitro groups, halogen, and cyano

gr oups. Het eroaronmati ¢ hydroxy conpounds such as hydroxypyri di ne,
hydr oxvcoumari n, and hydroxyqui noline can also be cited as exanples of the
aromati ¢ hydroxy conpound. 9. Aromati c di hydroxy conpounds
can al so be used, exanples including hydroqui none, resor ci nol , '
cat echol , di hydr oxynapht hal ene, di hydroxyant hracene, and al kyl at ed
fornms of them Anomatic di?{droxy conpounds described by the foll ow ng
formul a can al be ULe® - Terr] wes@ g s Rdentical to A

her ei nabove, and the dlicyclic ga@He bstitujed wi b agsuppyi tuent such
as a lower al kyl groufd |ower al koxy group, esher group,

(¢.Al‘) e (l)
é-0CO-R! $-0CO0-¢ .
- + ¢OH =2 1 + R' OH
0 0
- (2)
$-0CO-R" 4-0CO-¢ R' —0CO-R!
2 I =2 i + O(H:O R
- (3)

Specific examples of alkyl aryl carbonates that can be obtained by means
of reaction (1) include methyl phenyl carbonate, ethyl phenyl carbonate, propyl
phenyl carbonate, allyl phenyl carbonate, butyl phenyl carbonate, pentyl phenyi
carbonate, hexyl phenyl carbonate, heptyl phenyl carbonate, octyl tolyl
carbonate, nony! (ethyiphenyl) carbonate, decyl (butylphenyl) carbonate, methyl
tolyl carbonate, ethyl tolyl carbonate, propyl tolyl carbonate, butyl tolyl
carbonate, allvl tolyl carbonate, ethyl xylyl carbonate, methyl (trimethylphenyl)
carbonate, methyl (chlorophenyl) carbonate, methyl (nitrophenyl) carbonate,
methyl (methoxlyphenyl) carbonate, methyl cumyl carbonate, methyl (naphthyl)
carbonate, methyl (pyridyl) carbonate, ethyl cumyl carbonate, methyl

- (benzoylphenyl) carbonate, ethyl xylyl carbonate, benzyl xylyl carbonate, methyl
(hydroxyphenyl) carbonate, ethyl (hydroxyphenyl) carbonate,
methoxycarbonyloxybiphenyl, methyl (hydroxybiphenyl) carbonate, methyl 2-
(hydroxypl';en_vI)pfopylphenyl carbonate, and ethyl 2-
(hvdroxyphenyl)propylphenyl carbonate.



hydr oxyl group, nitro group, hal ogen, or cyano group. In the present
.invention, aromatic nonohydrgxy conpounds in which Ar[err] in the
above-nmentioned formula (ii) is an aromatic group with six to 10 carbon
atons are preferred, with phenol, [err]-cresol, and/or p-cresol being nore
preferred, and phenol being especially preferred. Aromatic hydroxy
conpounds nmay be used in conbinations of two or nore. In the present

invention, it is preferred that the aromati c hydroxy conpound, exanples of
whi ch are cited hereinabove, be fed to the reaction systemin anmounts such
that the dial kyl carbonate/aromatic hydfldxy conpound nolar ratio ranges
from1l0 to 1, nore preferably 5 to 1.5. Al kyl aryl carbonates and

di al 'yl carbonatEge albovedesitited téaetivhhef didikyle cabonsiehand daml drginatic
carbonates and aromatic hydroxy conpounds by  reagtions such as the
fol | owi ng. hysroxyicpmpongddn shapresense of 2 satalvisbiscondugied ing BagYr- car bonat es

i_ g_ Wm[ g?r ﬁ[ errl ﬁé‘é’a&%&&ﬂ ab peafcggm;?e cgiisgilliﬂﬁ%ohnﬁnégﬁ@ continuous reactors .
equipped with distilling columns can be used, but it is preferred to use a
reaction-type distilling column.

It is preferred to use a reaction-type distilling column with a large vapor-
liquid boundary to enhance the producﬁvity of the above-mentioned reaction.
Specifically, a multistage distilling column having at least two distilling stages
can be used, exam ;Sles including conventional multistage distilling columns such
as plate columns, packed columns, and columns combining plates and packing.
It is preferred to have the catalyst. present in all stages of such multistage
distilling columns. When a solid catalyst is used in a packed column, it can
comprise part or all of the packing.

The reaction can- be conducted with a solvent copresent as desired.
Solvents that are inert in the reaction can be used, examples including ethers,
alicyclic hydrocarbons, and halbgenated aromatic hydrocarbons.

The reaction can also be co_nducted'with ineft gases such as nitrogen,
helium, and argon copresent. .

_ While the reaction conditions differ according to the type and .
construction of the reactor and the reaction materials, the reaction is usually
conducted at a temperature (internal column temperature) of 50 to 350°C, 100 to
280°C being preferred and 150 to 280°C being especially preferred. The reaction
may be conducted at reduced, ordinary, or elevated pressure, but it is usually
conducted at pressures ranging from 2,600 Pa to 5.4 MPa. The mean residence
time in the reactor is usually 0.001 to 50 h,. with a time ranging frém 001010 h
being preferred and 0.05 to 5 h being more preferred.

In the present invention, a single reactor may be used to carry out
reactions (1) to (3) for manufacturing aromatic carbonates, or the process may be

carried out in two or more reactors. However, it is preferred to use two reactors



Specific exanples of alkyl aryl carbonates that can be obtai ned by neans of
reaction (1) include nethyl phenyl carbonate, ethyl phenyl carbonate,
propyl phenyl carbonate, allyl phenyl carbonate, butyl phenyl carbonate,
pentyl phenyl carbonate, hexyl phenyl carbonate, hephrl phenyl carbonate,
octyl tolyl carbonate, nonyl (ethylphenyl) carbonate, decyl (butyl phenyl)
carbonate, nethyl tolyl carbonate, ethyl tolyl carbonate, propyl tolyl
carbonate, butyl tolyl carbonate, allyl tolyl carbonate, ethyl xylyl
carbonate, nmethyl (trinehiylphenyl) carboidte, nethyl (chlorophenyl)
carbonate, nethyl (nitrophenyl) carbonate, nethyl (nmethoxyphenyl)

carbonate, nmndto contutt @AEHINEADY,Swhivht ;Bbbuueésaahéﬂw hlky@ arylaasbéhatd)Bh e
(pyridyl) carbonate, ethyl cunyl carbonate, nethy benzoyl pheni/e)

carbonat e, etfir§t re;aytowar@arqaém@ Badz@), whichy Pfﬂﬁ%‘é eyl ¢

(hydr oxyphenyl % ‘% pnate, = et hyl (hydr oxyphenyl-) car bonate
nmet hoxycar bony oxy I'phenyl, nmethyl (hydroxybi phenyl) carbonate, nethyl 2-
(hydr oxyphenyl ) pr denﬂh&rt;ah-bo lued in aa@ktor, examipiesl of whicB-are cited

(hydr oxyphenyle)rgzl(a)gg/‘lef) ra1x?enc)::olx'tt'tflij}crn?solg E?éne'toved from the reactor, usually in a liquid state
from the bottom of the reactor. Aromatic carbonates removed from the bottom of
the reactor are then sent to a refinement column for refinement.

Meanwhile, alcoholic by-products are usually removed from the top of
the reactor. |
| The unreacted raw materials, dialkyl carbonate and aromatic hydroxy
compound, are continudusly removed from the reactor, separated, recovered,
and recycled to the reaction system. This c_lialk_\"l carbonate includes dialkyl
carbonate that is a by-product of the reaction as well as the original'unreacted
raw material. Hereinbelow, dialkyl carbonate [by-product] recovered from the
reactor mayv occasionally be referred to as an unreacted raw material.
When unreacted raw materials are recovered and recycled to the reaction
system in this manner in the present invention, the unreacted raw materials are
separated from alkyl aromatic ether b_v-p;'oducts' formed in the reactor (mainly in

the first reactor when two reactors are used) and then recycled to the reaction
system. | | .

This alkyl aromatic ether is a by-product of the reaction of dialkyl
carbonate arid the aromatic hydroxy compound (Ar'OI-:I) and is produced at a
low rate of selectivity. It can be described by Ar'OR! or Ar'OR2. Anisole, such as

that shown hereinbelow, is usually the by-product of the reaction of dimethyl

carbonate and phenol.
@-ow:



-10- The above-descri bed reaction of dialkyl carbonate and an
.aromatic hydroxy conpound in the presence of a catalyst is conducted in a
reactor. . Reactors such as reaction-type distilling columms and
continuous reactors equi pped with distilling colums can be used, but it is
preferred to use a reaction-type distilling colum. It is preferred
to use a reaction-type distilling colum with a |large vapor- |iquid
boundary to enhance the productivity of the above-nentioned reaction.
Specifically, a nultistage distilling colum having at |east two distilling
stages can be used, exanples including-BPonventional nultistage distilling
col ums such as plate colums, packed colums, and col unms conbi ni ng pl ates
and packing. It is preferred -to have the catalyst present in all stages of
such multistage_distilling colums.. When a solid catalyst is.used in a
packed col urm, fpe éﬁ?ﬁ"%ﬁ*?ﬁf'ﬁ%‘é reachien prodyqt (Rpomafg ¢ %{Pk‘g?‘?ij.'almm I¢ ByThe
reacti on Camdifs IS il halerfil Y@l REBSAN afid HBRIaLE dydiBlyyent s
that are ihert 1n the reaction can uséd, exanpl es |nclud|n&’ethers,
alicvclic byspouadlcrel athyl drainage retherd bysprododts dny deooaedh oass reaction The

reaction can . al so be condugted with inert gases_such as.nitr.ogen hel i um
and argon EHfSF’é'%E'HF? ﬁ‘empa.“% Fb°{]th8'?*¥$ tw%rﬁfﬁq‘%ﬂyeﬂﬁ?‘?g‘?ﬁ According
to the typ?em%e:ﬁ%ﬁng g;r&faédﬂ%ﬁﬁﬁ%@eaﬁaﬂ dolifponeAs arSepaRiteai al s,

the reaction 1s usua ucted at a tenperature (internal colum .
t enper at ur éonofthé Pedctio Fajdure] diid HeOuhreac2dOfawr njaeriads thuspekthinedeareand 150

to 280[err] C being especially preferged..The reactjon b onduct ed at
reduced,’ or‘"ﬁ‘?yf‘i%""y,90 66 dF et sHhiRss Pﬁ'ﬁ‘ﬂﬂ% F‘Fq‘?@k l?é’ﬁaggié‘e E‘?}f?&‘(fé‘&eq at
pressures LaRdRehtanaPedriRe pFeceks & cariBRoud N NMean residence tine in.the
reactor -is usually 0.00Tr to"50 h, wth a tinme ranging from0.01 to 10 h

bei ng pref erred [Bnda Gelifementsand recyajingoprocessefremtéch alcohols and |alkylhe
ST T M B AT R T e g
carried outfrdfl $haOtdy ofthe FeRdekOtis rEltRVCnixtute icBnRiMAEr dleshdlie bpe two
reactors praducts, dialkyl carbonates, and alkyl aromatic ether by-products formed in the
reactor, and the dialkyl carbonate thus obtained is reéycled to the reaction system
and o '

(] a refinement and recycling process in which the reaction mixture
removed from the bottom of the reactor,” this reaction mixture containing
aromatic carbonates, dialkyl carbonates, aromatic hydroxy compound, and alkyl
aromatic ether by-products fon_ried in the reactor, is distilled, aromatic carbonate
is removed from the bottom of the distilling column, alkyl aromatic ethers are ‘
separated and removed from the reaction mixture obtained at the top of the
distilling column, and the dialkyl carbonate and/or aromatic hydroxy
compound thus obtained are returned to the reaction system.

Itis possible to use either refinement and recycling process [I] or [II] alone, but it
is preferred to use both refinement and recycling processes [I] and [II] together.

Aromatic carbonates, alcohols, dialkyl carbonate, aromatic hydro:éy
compounds, and alkyl aromatic ethers can usually be separated by distillation in

either refinement and recycling process. All of the components in the reaction

mixture removed from the reactor may be separated in a single distillation



and to conduct reaction (1), which produces chiefly al kyl aryl carbonate,
:in the first reactor and reactions (2) and (3), which produce diaryl

car bonate, in the second reactor. Aromati c carbonates produced in a
reactor, exanples of which are cited herei nabove, are continuously renoved
fromthe reactor, usually in a liquid state fromthe bottom of the reactor
Aromati c carbonates renoved fromthe bottomof the reactor are then sent to
a refinenent colum for refinenent. Meanwhi | e, al coholic by-products
are usually renoved fromthe top of the reactor. The unreacted raw
materi al s, dialkyl carbonate and aronaigf hydr oxv compound, are
contlnuously renoved fromthe reactor epar at ed, recovered, and recvcled

to the reaction system This dialkyl car bonate i ncludes di al %{Fh car bonat e
that is a anpaptes s they max besempied sequantallysin fwoon giase disflalion; ed r aw

materi al . AP aFAb&! O‘é‘f?rs eRbiBle CRNBRNALEHAIDYarRd CANGT hrbREQY iRdls | 4M the

react or ccasi on erre 0 as an unreacted raw materi al
When unr eaperhtedhwndaiesowlds frofe thiee eenction dmixtalrer emnmgedfft thettbp ofethet i on
systemin this nner in the present _invention, @ qunre raw material s

are separ@pegnft eAlcghelscan H%R‘PE inene gepping QremA chtaﬁeber eact or
- (mainly i nrerﬁ&/%dfﬁ-érﬁtthfs%?ﬁmy Mﬁ%ﬁﬁéﬂgﬁi ¢ f(ttl?é Reit'ske fﬁﬁ&'lhéf@\e@"ﬁl&yf ecycl ed

to the reaction system aromati ¢ ether is a by=product
of the reactrbomatethuti clitkiped cambé cecytledandhe teactiorosyséens. hydr oxv corrpound
(Ar[err]OH) and,is produced, at | ow rate of ectiv can

descri bed by Ar ‘[\eﬁﬂe?’éQFé??‘Pl%?f tEF[c PT@%ESeW]‘“&ﬁ\ rg}gg}eh‘églc r §§°m?lhcdt shown

her ei nbel oy pbgatds HfWhYcht o Fé\écwgﬂécﬁseﬁftotlﬁ'iﬁ\dﬁ&ﬁ}é £0admalicRtbotate

car bonat e angbp heno
-from dimethyl carbonate and phenol is described hereinbelow with reference to

Drawing 1.

In Figure 1, dimethyl carbonate is continuously fed to reactor 1 from
lower line 11, and phenol and a homogeneous catalyst are continuously fed to
the reactor from line 12, as the dimethyl carbonate and phenol are reacted in
reactor 1. It should be noted that the raw materials may be introduced through

| the same line. |

The reaction mixture (reaction mixture A hereinbelow) removed from the
top 13 of reactor 1 (preferably thé topofa colt.xmn), contains unreacted and newly
produced dimethyl carbonate, methy! alcohol by-product, anisole, and the like.

This reaction mixture A is led to disfi_lling column 2, where the methyl,
alcohol by-product is removed via line 21. A portion of the dimethyl carbonate is
also removed in this distillation by boiling the methyl alcohol and dimethyl
carbonate (7:3) [as an azeotropic mixture]. |

Components of the distillaﬁon residue such as dimethyl carbonate and
anisole (an alkyl aromatic ether) are concentrated, and it is therefore possible to
remove the anisole with another distillation and obtain _highly pure diméthyl
carbonate (process [I-1] of the first refinement and recycling process).

Specifically, the distillation residue is fed from the bottom of distilling
column 2, through line 22, to distilling column 3, where the dimethyl carbonate



-12- The above-descri bed reaction product (aronmatic carbonate),

:al coholic by- products, unreacted raw materials (dial kyl carbonate and
aromati c -hydroxy conpound), and al kyl aromatic ether by-products are
removed as reaction mxture fromthe top and bottom of the reactor. And the
present invention has a refinement and recycling process in which the

vari ous conponents are separated fromthe reaction mxture and the
unreacted raw materials thus obtained are recycled to the reaction system
Specifically, at |east one of the follow ng refinenment and recycling
processes is carried out [1] a re-nement and recycling process in
whi ch al cohol s and al kyl aromatic ethers are separated and renoved fromthe
reaction ni mdr?eﬁmmwra@ed tmwtq)lsaémblwed vimtineB2, ki thertaghlyi purerri xt ur e

cont ai ni ng pr oduc carbonates, and al kyl aromatic
ether by-pr p‘é’ll "Ff“PY%fY‘éA glchxé ln t%r?ﬁfprgarbonate t hus
obt ai ned i s reCyshB%ﬁ&stﬂ@hr@sa@l‘imeﬂlvﬁ%ﬁﬂﬁma@@bonlm poiht | log.q1eEpfanpement
and recycling process in which the réaction mxture rem)ve

bot t om of t laaisole(d$H%°C)ican be separated reasdwmﬁnemantaand regyclingopratess [1-1]
bonat | k bonat t d, . and al kyl

ot ¢ ot BRI SE PR gt i BHES b ol DREBELGarbpie reiv

carbonate iif refwEaNGH andOG¥diRg FRbERITIS] caReliebifrieli t3Ghe HddiBn s?ét&éﬁ'

aromatic ethers are separated and renoved fromthe reaction mx
obt ai ned at fPhEeutS@p of the distilling colum, and the dialkyl car bonat e

d/ t d d thus -obt d
Foact on ayet em Meeoile SRTRRAIOH G (oAt martr B Femavet From e ng
process [I|] bottol bf reattop Q,, pl’éféralblil thé Bada SffaSédl@kin} QiaUfife ﬁoﬁiballefdoﬂ&'ﬁé‘t and

recycling processes [IL ] together. Aromati c carbonates,
al coh?! s, ?ltaeﬁhyl Rhenk watl@nab:r cdmherwlh%eaﬁm%te tdmpl lthtmhdcsarbmde aflﬁgalml
aromatic e 1 y distillation in either
refinement an rec*yg ' ng 6;4%1@%& 82[1? E? t he conponents in the reaction

This reaction fluid is distilled in distilling tower 4, and the distillate,
which usually contains dimethyl carbonate, phenol, and anisole, is removed from
the top of distilling tower4 via line41 leading to refinement .and recycling
process [II]. It should be noted that the bottom product from the distillation
conducted in distilling column 4 contains a small amount of anisole. |

In refinement and recycling process [I}, dimethyl carbonate, phenol, and
anisole are separated by distillation from the distillate obtained from the top of
distilling column 4. More specifically, dimethyl carbonate is first distilled off the
top of distilling column5 and can then be recycled via line51 to reactor1. ,
Meanwhile, the bottom product removed from the bottom of distilling tower 5 is
fed to distilling column 6, where anisole and phenol are separated by distillation.

The anisole is distilled off of the top of distilling column 6, and phenol is
removed from the bottom and can be returned to reactof 1 via line 62.

Meanwhile, the reaction fluid removed from the bottom of'disti_lling

tower4 via line 42, which contains substances such as dimethyl carbonate,

phenol, and anisole as well as methyl phenyl carbonate and dipheny! carbonate,

is led to the second reactor 7.



m xture renoved fromthe reactor may be separated in a single distillation
.-13- apparatus or they may be renoved sequentially in two or nore

di stillat.ion apparatuses. For exanple, when al cohols and al kyl aronmatic
ethers are separated and renoved fromthe reaction mxture conming off the
top of the reactor, the al cohols can be renoved in one step, the alkyl
aromati c ethers can be renoved fromthis partially refined mxture in the
next step, and then the dial kyl carbonate thus obtained can be recycled to
the reaction system A specific exanple of the continuous
manuf act uri ng nethod for aromatic carbdmates in which two reactors are used
to manufacture an aromatic carbonate from di net hyl carbonate and phenol is

descri bed heremFﬁé@Mcdeaafeeiﬁ praiifced i tHarsevérithrehctor 7 by readtingdldeftye 1,
di ret hyl carbonate i's continuously fed to reactor 1 fromlower |ine 11, and

phenol ~ ananethylophe cathonate and phengldthaophenal dsifed vinding 6% hd me&¥ or from -
[ 12, t he dinet.hyl Al ' . 1. It
shoul d be ProPEed Rt e 180 PG e BIRRY BiBoh GRS orched ERRUE. O

roug
i ne. secon®aéteagt i on m xture (reaction m xture A hereinbel ow) renoved

fromthe top 13 of reactor 1 (preferably the top of a columm), contains
unreacf ed and rftRiggle iﬁ%ﬂc@&‘&%”@ﬁ%%‘&ﬂ&@%ﬂﬁ?!s% the
by- pr oduct

i bKQm . 04 | ] Acis |ed
Py 09Ut L o KA s e Il SRR Bt gl |
via |ine Zdrocdss Pl2]; andh ted ariisule ibi ramiolgd irc thielsanwimannser aalis cefiremmnddndn t hi s
distillation by boiling_the nethyl al coho‘l. arglsl di rg%thi/el '
recycling process?ll], enabling highly pure dimethyl carbonate and phenol to be
recovered. Specifically, distillate from reactor top71 is [again] distilled in
distilling column 8, enabling dimethyl carbonate from distilling column top 81 to
be recycled to line 11 of reactor 1. In addition, phenol and anisole are led from
distilling column bottom 82 to distilling column 9, where they are separated by
distillation, thus allowing the separated phenol to be recycled from the distilling
column bottom 92 to line 12 of reactor 1. Anisole is removed from distilling

column top 91,

Meanwhile, aromatic carbonate obtained in reactor 7 can be refined in a
- refinement column (not shoWn). _ .

In the above-described refinement and recycling processes [II] and [I-2],
anisole may be separated and removed by separating the reaction mixture into
dimethy! carbonate, phenol, and a mixture of anisole and phenol, as shown in '
Drawing 2, using, for example, a multistage column 10. _

In the method for continuously manufacturing aromatic carbonates of the
present invention, aromatic carbonates can be manufactured continuously and
efficiently by removihg specific. by-products (alkyl aromatic ethers) from

" recovered unreacted raw materials and then returning the raw materials to the
reaction system.

A concrete working example of the pfesent invention is described

hereinbelow, but the invention is not limited by these examples.



.carbonate (7:3) [as an azeotropic mxture]. Conmponents of the
.distillation residue such as dinethyl carbonate and anisole (an al kyl
aronmatic .ether) are concentrated, and it is therefore possible to renove
the anisole with another distillation and obtain highly pure dinethyl
carbonate (process [I-1] of the first refinement and recycling process).

Specifically, the distillation residue is fed fromthe bottomof distilling
colum 2, through line 22, to distilling colum 3, where the dinethyl
car bonate.. -16- -14- and

anisole are separated. Anisole is renoved via line 32 and the highly pure

di met hyl carbo ved via line 31 can be recycled to reactor 1.
Subst ances suckrlﬁzaagiéjllgxt hyl carbonate (boiling point 90-91[err]C) and

ani sol e (155. 5[ &fonmédlic cabolntte SEAMANALACRAS [by 4 Iproceks meimgniwaArsctoesycl i ng
process [I-1] because of the_large disparity in their boiling points.
Di net hyl HEadeas iBfPraang A 1 ef i nement and recycling process [1-1] can be

returned to theyr ' S istilline dPGAWM : action
m xture (react i%r?%%gﬂ“(épé& ﬁ{e%é) %hﬁyﬁﬁﬁ ﬁles'h lg}?’[ om O}Of,ﬂf? gggltgg{hqﬂf
pr ef er abl yinches hrasitaméter; withudihsieve ardyisnead 4ised usl the deviten(mactom)tfoyl phenyl

carbonat e, di phenyl carbonate, dinet carbonat e, phenol, anisole
by- pr oduct Pr g maet Y&Hhe’éﬂéaﬁ%ét.e({;x'{c)' This reaction fluid is distilled

L St 0, B et ooy iR o T e
tower 4 vi aplirptad it thedshise of the autddlavetssolurand The dywibailingspoinksempomngnt |t
G 51 111 ngORRGHAE 4ol YR uba was, RTAVech frogh tpitop of the distiing”" °¢ ' "

column and liquefied in a condenser. A portion of the low-boiling-point

component was removed, and the balance was refluxed through the distilling

column (reflux ratio = 1). The autoclave and distilling column were heated with

electric ovens, controlled in such a way that the temperature at the base of the

distilling column was 206°C. Heaters were used to heat the }'éw material feed

lines. _

Initially, phenol (PhOH) and, as catalyst, Ti(OPh), were continuously fed

to the tvs;entieth stage of the distilling column in amounts of 293 g/h (280 g of

phenol and 13 g of catalyst), and the portion of the column above the twentieth

stage was used for distillation. |

Dimethyl carbonate (DMC) was continuously fed to the autoclave in *

amounts of 1,220 g/ h A continuous operation was conducted in such a way that

the DMC/PhOH molar ratio at the base of the column was approximately, 1

without distilling phenol off the top of the column. As a result, product was

obtained at a rate of 973 g/h from the top of the distilling column and 540 g/h

from the base of the column. Ninety-five grams per hour of methyl phenyl

carbonate and approximately 0.3 g/h of anisole were produced in the liquor at

the base of the column.



In"refinement and recycling process [I1], dimethyl carbonate, phenol, and
.anisole are separated by distillation fromthe distillate obtained fromthe
top of di.stilling colum 4. Mre specifically, dinmethyl carbonate is first
distilled off the top.of distilling colum 5 and can then be recycled via
line 51 to reactor 1. Meanwhile, the bottom product renoved fromthe bottom

of distilling tower 5 is fed to distilling colum 6, where anisole and
phenol are separated by distillation. The anisole is distilled off of the
top of distilling colum 6, and phenol is renmoved fromthe bottom and can
be returned to reactor 1 via line 62. -17- Meanwhi |l e, the reaction fluid
renmoved fromthe bottomof distilling tower4 via line 42, which contains

subst ances suclphge didet Msthand! b(ma@ﬁ) werenahe Qﬂﬂna%@@eﬁg’ Wehdl as

met hyl phenyl carbonate and di phenyl carbonate, is led to the second

react or 7.approximately 0.1 g/h of anisolti whepsesentat Bumtopeofithe golytuceatlyl in thRe second
reactor 7 by reacting chiefly nethyl phenyl carbonate and phenol (the
phenol - i s F&M a Iine 73). A nethyl phenyl carbonate reaction for

produci ng di phemigtiligaRndisElled fFenPaeltcp oftHehdBtiHRGOGluneast eddinary
Ani sole, as well as dinethyl carbonate and phenal, is distilled fromthe
top 71 of pressuzechachzeetiopio rmixturehofsMeQH jandaDMCswee geparatesy iapdniet  and

1ot i norihC Spepegives B aelied By R QIR HE medriel e PERRRT °°
carbonat e ﬁ,gg : : n{g&ﬂ@h&@ﬂ(}ﬁ_ﬁf&ﬂt& Specifically, distillate fromreactor
top 71 is [again Istil'led in distilling colum 8, enabling dinethyl
car bonat e fr om Mieanwhile.nthec liquomn at dbe shaseooh dhe eojmadin dhe jdayvice) foj
reactor 1. pxl‘leu%xdn%i thi I9/1 pRQneyq(%larb%rt]lgtea\%ss ieRbrtettlt o F2 20T approximately
700 g/h by simple distillation. Since DMC was the main constituent in the low-
boilihg-point component (approximately 270 g/h), the low-boiling-point
component was returned as recovered DMC to the device for producing methyl
pﬁenyl carbonate, and the concentrated bottom liquor was fed to the device for
producing diphényl carbonate.
A 500 mL autoclave having a packed distilling column (internal diameter: '
2 inches). with 25 theoretical plates was used as the reactor in the procéss for
.producing diphenyl carbonate (DPC). The concentrate was fed to the middle of
the distilling column, and the reaction was conducted at a column top pressure of
110 torr, column base temperature of 200°C, residence time of 1.5 h, and reflux .
fatio of 1. About 500 g/h of distillate was obtained from the top of the column,
and about 200 g/ h of bottom product was obtained from the base of the column.
Since phenol was the main component of the distillate from the top of the
column, the distillate was returned as recycled phenol to the methyl phenyl
carbonate production process. | '
As a result, anisole accumulated at a slow rate, and the anisole
concentration-at the base of the column of the device for producing methyl

phenyl carbonate stabilized ét 0.5% or less (Table 1).



distilling colum bottom82 to distilling colum 9, where they are
-separated by distillation, thus allowi ng the separated phenol to be
recycled - fromthe distilling colum bottom92 to line 12 of reactor 1.
Anisole is renmoved fromdistilling colum top 91. Meanwhi | e,
aromati c carbonate obtained in reactor 7 can be refined in a refinenent

- colum (not shown). - In the above-described refinenment and recycling
processes [Il] and [I1-2], anisole nmay be separated and renoved by
separating the reaction mxture into Qigpthyl carbonate, phenol, and a

m xture of anisole and phenol, as shown™in Drawi ng 2, using, for exanple,
a nultistage colum 10. In the nmethod for continuously

manuf acturi ng aromati c carbonat es of Table1 present invention, aromatic
carbonat es pam gemENUf act urgu_COMTMOoUSTy g ef {1 cr entty by Tenpvi ng
speci fic by} proBerdtionTdmey| oy RMEtGConcentration (%) onﬁW@&ﬁ%‘f‘@&“&EP’éact ed raw
materials ahd then returning|the raw materials to the rgaction sysftem

A concrete jorking exanple off the present invenftion is described

)

her ei nbel ow §§t The |fnver1t|on 'S nOtjjaér m{ed by these res.
- 16- ¥stagepf reaction A oyt j ¢ bonat e fas manuf ured by p
process usi hg—two—reactors—eonftteaguretd—as—+rrDbramrg—i: A—566

aut ocl ave having al weely-type |di still il col um,| 3 m hi gh0&nd 2 inches in
di aneter, wiith 40 sjeve traysl was used as the device (rp ' o
produci ng met hyl phaRgk car bolnate (PM24 : eaction QJsui d was

conti nuously renoved froma pl pe provided for that

Comparative Example 1
In Example 1, distillate from the top of the PMC reaction column was
distilled at ordinary pressure, the azeotropic mixture of MeOH and DMC was
separated, and the residue was returned without further treatment as DMC to the
device for producing methyl phenyl carbonate.
When a continuous operation was conducted under these conditions, the
methyl phenyl carbonate concentration declined over time with the accumulation

of anisole, as can be seen in Table 2.

Table 2
Reaction Time PMC Concentration (%) | Anisole Concentration (%) |
Early s.tage of reaction | - 176 . 0.06
Tweek 172 2
2 week 16.5 5

Brief Description of the Drawings

Drawing 1 A process flow chart showing an example of a mode of carrying out
- the continuous manufacturing method for aromatic carbonates of the invention.

Drawing 2 An alternative example of | the distillation process in refinement

recycling process [II] or [1-2].



purpose at the base of the autoclave's colum. The | ow boiling- point
.conponent contai ni ng al coholic by-products was renoved fromthe top of the

distilling colum and |iquefied in a condenser. A portion of the

| ow- boi | i ng- poi nt conponent was renoved, and the bal ance was refl uxed
through the distilling colum (reflux ratio = 1). The autocl ave and
distilling colum were heated with electric ovens, controlled in such a way

that the tenperature at the base of the di stlH—mg—m err]

Heaters were used to heat the raw naterial feeﬂ“lmﬂuﬂ)muulllnulrlt|aIIy,
phenol (PhOH) and, as catal yst, Tl(CPh)v?'were to the
twentieth stage of the distilling colum in amoudnt § of 293 g/h (280 g of
phenol and 13 Weflaatal yst), and the portion of the colum above the

twentieth stage s used for distillation D nmet hyl carbonate (DMC
was conti nuouslly :‘Ngﬂ ‘EQS‘“PHQU%UWBPQ\?B“W% netherk §°'bfar?“’?§% ??0 (B0
conti nuout%ﬁg Rletized by fﬁ&rtﬂHFB\?gax‘rﬂn Wit 2t 1MBY ohd 3f ﬂ\é%n%f’aﬂ" ol ar

rati o at ase of “the colum Wwas approximately 1 without distilling

phenol of fretyuhngopr@:fesselseherdmbehowanpramm ISpnmdmtlnmastBmtbl feed at a
rate of 973 g/h fromth

of the.dis coI fromthe
base of t IFOREBHAYSLY ¢ ?‘SP"P'P%@“@‘PQH%C g’ reﬁ?% lﬂ%{r bonat e

and appr owam&w aRd3art/aPorRhti@ By ard magoaﬁ&dmad presérbe dJfi geamalydt, the
base of the col umm. -17-

DVC and mewhiecontimvemisly remevingaromatic cashpoatemeastionproduely alephelicdryr 0 1 g/h
of ani sol epgg% gr edsigpt laéarﬁoxgaahetz,ogng f axtorllt(laahcco lhvﬁ?ox%rarcloX\poundh%naer
recovering and recycling to the reaction system dialkyl carbonate and aromatic
-~ hydroxy compound:

(1] a refinement and recycling process in which alcohols and alkyl aromatic
ethers are separated and removed from the reaction mixture removed from the
top of the reactor, this réaction mixture containing alcoholic by-products, dialkyl
carbonates, and alkyl aromatic ether by-pfoducts formed in the reactor, and the
dialkyl carbonate thus obtained is recycled to the reaction system

and | _

[ a refinement and recycling process in which the reaction mixture removed
from the bottom of the reactor, this reacti-on, mixture containing aromatic
carbonates, dialky! carbonates, aromatic hydroxy compound, and alkyl aromatic
ether by-products formed in the reactor, is distilled, aromatic carbonate is.
removed from the bottom of the distilling column, alkyl aromatic ethers are
separated and removed from the reaction mixture obtained at the top of the
distilling column, and the dialkyl carbonate and/or aromatic hydroxy
compound thus obtained are returned to the reaction system.

2. The method in Claim 1, characterized by the fact that the aromatic

carbonates are alkyl aryl carbonates, diaryl catbonates, or mixtures of them.



Distillate was distilled fromthe top of the distilling colum at ordinary
.pressure, the azeotropic m xture of MeOH and DMC was separated, and the DMC
conponent. was further ‘refined by distillation and recycled to the device
for produci ng nethyl phenyl carbonate. Meanwhi |l e, the liquor at the
base of the columm in the device for produci ng met hyl phenyl carbonate was
concentrated at a rate of approximately 700 h—by—stnpte—distittati on.
Since DMC was the main constituent in the Iovv- bﬂuﬂmﬂllmuuumamonent
(approximately 270 g/h), the | ow boiling-point c rned as
recovered DMC to -t he device for produci<a8- net hyl phenyl cdrbdnat e, “and the
concentrated bottom |iquor was fed to the device for producing diphenyl
car bonate. 3. ThéQRetbd i CRIMVE Eirhdterizedp bykibd fatts thalt |the glialkylimm
(internal diameter. 2 inches) with ‘25 t heor et j cal pl ates was used as the
react or i n cathongteds dissethyl carperateor digthylsaehopatec ar bonat e (DPC). The

f
?gggfpgaa&gsvfzﬁdﬁﬁ%%‘éat&% lﬁ%ﬂﬁ%q{ SBQ%Eegﬂsz%? eﬂ}JoP{ég?% tor read?glr\unn base

t enper aturql ,ap&ﬁﬁpds\h{alsr‘ﬂﬁhepncerpmonf 1.5 h, and reflux ratio of 1.

About 500 g of distillate was obtai ned fromthe top of the columm, and
about 200 g/h of5. %ﬂmﬁﬂ\pdm&?&mvhsh@m@rmbyrtbﬁf%té\abﬁ?ealb\rl arpmatie| unm.
Si nce phenol, was_t he i the top of the:
col um, the th???ﬁ?'gf&g’ % ngl&}yl%lyw%egloz%m géllg‘&?'olmt he met hyl phenyl

car bonat e pr OdUCH.I'Hférﬁé@\@aSﬁClaim l,charaeﬁerﬁedmuhéfacaﬂiasol e accunul ated at a
slow rate, and the anisole concentration at the base of the colum of the

devi ce for pr&daceacteranrenysed apdeny| carbonate stabilized at 0.5%or |ess
(Table 1). in the first reactor, alkyl aryl carbonates are produced as thd 8aromatic

carbonates by reacting dialky! carbonate and an aromatic hydroxy compound in

the presence of a catalyst

" and then in the second reactor, diaryl carbonates are produced as the aromatic
carbonate by either reacting the alkyl aryl carbonate obtained in the first reactor

- or by reacting the alkyl aryl carbonate and an aromatic hydroxy compound.



Table 1 Reaction Tine PMC Concentration (% Ani sol e

Concentration Early stage of reaction - - 17.6 0. 06
1 week - 17. 4 0.5 2 week
17.4 0.5 Conparative Exanple 1 In Exanpl e

1, distillate fromthe top of the PMC reaction colum was distilled at

ordi nary pressure, the azeotropic m xture of MeOH and DMC was separ at ed,
and the residue was returned without further treatnent as DMC to the device
for producing nethyl phenyl carbonate. When a conti nuous operation
was conduct ed under these conditions, the nethyl phenyl carbonate
concentration declined over tinme with the agcumul ati on of ani sole, as can

be seen in Table 2. Table 2

Reaction Tine PMC Concentration(% Anisole Concentration (% Early
stage of reaction 17.6 : 0. 06 1 week

17.2 -2 2 week 16.5

5 Brief Description of the Drawings Drawing 1 A process flow chart

showi ng an exanpl e of a node of carrying out the continuous manufacturing
met hod for ar CCONTINUGUS MANBPACTURING | ME'PHOD OFOR AROMATIC CARBONATES

ABSTRACT

To provide a method whereby aromatic carbonates can be manufactured
continuously and efficiently by reacting dialkyl carbonate and an aromatic
hydroxy compound. B

When reacting dialkyl carbonate and an aromatic hydroxy compound in
the presence of a catalyst in a reactor, recovering dialkyl carbonate and aromatic
hydroxy compound removed from the reactor, and returning it to the reaction
system, at least one of the following refinement and r@cling processes is
conducted: '[I] alcohols and alkyl aromatic ethers (anisoles) are separated and
removed from the reaction mixture removed from the top of the reactor, and the

A dialkyl carbonate thus obtained is returned to the reaction system and [II] alkyl
aromatic ethers are separated and removed from the reaction mixture removed
from the bottom of the reactor and dialkyl carbonate and/or aromatic hydroxy
compound are returned to the reaction system.

Figufe 1



Drawing 2 An alternative exanple of the distillation process in refinenent
.recycling process [I1] or [1-2].

-19- . W Claim 1. A continuous, manufacturing nethod for
aromati c carbonates characterized by the fact that by carrying out at |east
one of the refinenent and recycling processes hereinbel ow i nprovenent is
made in a nmethod for continuously manufacturing aromati c carbonates in a
reactor by reacting dialkyl carbonate izg an aromati c hydroxy compound in
the presence of a catalyst, while contiAlously renoving aronmatic carbonate. -
reacti on product, al.coholic by- products, dialkyl c arbonate and aromatic
hydr oxy conpound and whil e recovering and recycllqg he reactlon system
di al kyl carhonats--ade..al-ohat-i-6.-hydr-oxy---gonpound: P

nt and
recycling: process in which al cohdls and ial kyl aro ‘ar iguﬁggarated
and reaned fromthe reagfdon nlxture renoved fro %ﬁereactor,
this reacglon m xture cormgai ni ng aIcohoI:c by-pro Nggéhkyl car bonat es,
and al kyl :aromatic ether roducts forired in thﬂ$n£a0hﬁbh and t he dlalkyl
carbonateithus obtained d cycled to the reaction system and [11] a
reflnenent and re

tin whigh the reaction nixture renoved
reaction m xture containing aronmatic

ogmticihydroxy conpound, and al kyl

for intheée reactor, is distilled, aronmatic
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separated and renoved fromthe reaction m xture obtained at the top of the
‘distilling colum, and the dial kyl carbonate and/or aromatic hydroxy
conmpound. t hus obtained are returned to the reaction system 2. The
met hod<in Claim1l, characterized by the fact that the aromatic car bonat es
are al kyl aryl carbonates, diaryl carbonates, or m xtures of them

- 20- 3. The nmethod in daim1l, characterized by the fact that the

di al kyl carbonate is dinethyl carbonate_ or diethyl carbonate. 4. The
method in Caim1l, characterized by thé2fact that the aromatic hydr oxy
conpound i s phenol, [err] or p-cresol. 5. The nethod in daim1l
characterized by the fact that the alkyl aromatic ethers are anisole,
phenetol e, nethyl tolyl ether, or ethyl tolyl ether. 6. The nethod in
Claim 1, characterized by the fact that. two reactors are used and in

the first reactor, alkyl aryl carbonates are produced as the aromatic -
carbonates by reacting dial kyl carbonate and an aromati c hydroxy conpound
in the presence of a catalyst and then in the second reactor, diaryl
carbonates are produced as the aromatic carbonate by either reacting the

al kyl .aryl carbonate obtained in the first reactor or by reacting the al kyl
aryl carbonate and an aromatic hydroxy M@npound.

T 10,

/~-

0%

P —)

ANIS > PHOH+AIS
PR

Figuré 2




