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MANUFACTURING METHOD FOR AROVATI C CARBONATES The present i n‘v?%n\t i on concerns
. a manufacturing nethod for aromatic carbonates; nore specifically it '
concerns a manufacturing nethod for aromatic carbonates in which aromatic
carbonates can be continuously and efficiently 5 nmanufactured from

di al kyl  carbonate and an aromati c hydroxy conpound. Di phenyl carbonate
(DPCYy.is an industrially useful conpound that is used as a raw material in
t he manuf acture of pol ycarbonate and the |ike, and the ability to

manuf act ure di phenyl carbonate productivdly is an industrially useful
skill.=10 MANUYFAMIWRING METHOD FOR ARQMATIG QARBONATESr bonat es
such as the above- nti oned di phenyl carbonate by reactin I al kyl .
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follows by reacting dinet
[err]-OCO Me carbdnkieswin svhich lacorpatid kasbonated can de dontintiouslg and ¢ffieientiypey are
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Diphenyl carbonate (DPC) is an industrially useful compound that is
used as a raw material in the mahufacture of polycarbonate and the like, and
the ability to manufacture diphenyl carbonate productively is an iﬁdushiaﬂy
useful skill.

10 It is known in the prior art to obtain diaryl carbonates such as the above-
mentioned diphenyl carbonate by reacting dialkyl carbonate and an aromatic
hydroxy compound.

For example, methyl phenyl carbonate, diphenyl carbonate, or mixtures of

them can be obtained as follows by reacting dimethyl carbonate and phenol.

Me—-0OCO-Me ¢-0CO—-Me
. 1l + ¢OH = I + MeQH
-0 0
p—-QCO-Me ¢-0C0O—9¢
i + ¢0H = i + MeOQOH
0 0
¢—0CO-Me p-0C0O0—-¢ Me—-QCO-Me
2 ] = i + it

0 0 0



have sl ow reaction rates. 5 In an attenpt to solve these problens,
“various catalysts for raising the reaction rate have been proposed. It is
al so known to use reactors equipped with distilling colums in an attenpt
to distill off alcoholic by-products of the reaction (e.g., nethyl alcohol)
fromthe raw materials, product, solvent, and the |ike and pronote a nore
10 producti ve reaction. Japanese Unexami ned Patent Application

Di scl osure Kokai No. Hei 3-291257 discloses a nethod for continuously
manuf act uri ng aromatic carbonates in which al cohols and ot her by-products
are continuously distilled off with a nultistage distillation colum to
pronote the productivity of the 15 reaction, as the reaction product is
continuously renovdd®WeYer; dhe problamswiithn such cgaetionss iss fhat dkest rase eall

her ei nabove prdiage; i - pr - ] esired
aromatic car boér@t g@@lﬁgﬁcggia@np%,tg%‘%}}t‘gg§agb‘|¥a§gat8g§/{§tp??@%%(“:\tg@&%m?ﬁdgaﬁgsgt I on
of di nmet hyl cdidveshivereotompfeel . 20 Thi s ani sol e by-product
apparently results fromthe decarboxylation of nethyl phenyl carbonate, the

i nt ended pPoduct oflNiAReattempt ogelverthgse prablams, ygrignsatalystsder misingdhend
phenol at hi gr%efa&ﬂ?ﬁfa?etﬂv‘é%e&‘?ﬁ%p%ké&f I ncreases the

It is also known to use reactors equipped with distilling columns in an
attempt to distill off alcoholic by-products of the reaction (e.g., methy! alcohol)
from the raw materials, product, solvent, and the like and promote a more

10  productive reaction.

Japanese Unexamined Patent Application Disclosure Kokai No. Hei
3-291257 discloses a method for continuously manufacturing aromatic
carbonates in which alcohols and other by-products are continuously distilled
off with a multistage distillation column to promote the productivity of the

15  reaction, as the reaction product is continuously removed.

It is also known that reactions such as those hereinabove produce alkyl

aromatic ether by-products as well as the desired aromatic carbonates. For

example, anisole is a_by-product of the reaction of dimethyl carbonate and

phenol.

©-on

20 This anisole by-product apparently results from the decarboxylation of
methyl phenyl carbonate, the intended product of the reaction. Thus, reacting
dimethyl carbonate and phenol at high temperatures generally increases the



3 efficiency with which aromatic carbonates are produced, but it also
‘raises the rate at which anisole is produced. For exanple, it was reported
in a conparative exanple of Kokai No. Hei 4-9358 that when the reaction was
conducted at 1950C in a reaction vessel 5 equipped with a distilling
colum, the selectivity for anisole was 5 percent, based on the raw

mat eri al nethyl phenyl carbonate. This disclosure also taught that the
selectivity for anisole was 0.7 percent, based on the raw naterial nethyl
phenyl carbonate, when a nultistage dist i1 ng colum was used at the sane
tenperature. giiglercydyil whichyarematic sarhosatds ame ipredumdobat it idsgerhisehdhe t he 10

selectivity f?;{tegm%%%ﬁe i?ggocﬂ?creﬁ.em’ based on the raw material phenol,

when the reaction was C I'na multistage distilling colum with a

tenperature of 204Ferexhfaplé, it Was Rpdeted QK 2bmipatatitre2R4ple KbIRE NRY. Hei

di scl osure documents indicate that high reaction tenperatures ranging from
50 to 350[err thatewhen dhe eactioncwas spnducted ah i9RHE imm tfaction sesse

Fe
docunent s gevg%?g%(?%tﬁ%ﬁdﬂm%&“ ac%ﬂeﬁgel%ﬁ%:]%%ure qsgvd?sigﬁp%\%g%t\r{l\orki ng
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di net hyl car bbasideorathd rawenateridlieth§bphey] 2irbBhare e ThiseiiRedsuke! AISS m%l\@' the
hi gher tenperatures are not used because nore ani sol e by-product wll be

produced, as &hadhe spelectivity éoranisplewas 0.7 percent, based on the raw material methyl
phenyl carbonate, when a multistage distilling column was used at the same
temperature. And-a working example of Kokai Hei 3-291257 showed that the

10 selectivity for anisole was 0.8 percent, based on the raw material phenol, when
the reaction was conducted in a multistage distilling column with a
temperature of 204°C at the base.

Kokai Hei 3-291257 and other disclosure documents indicate that high
reaction temperatures ranging from 50 to 350°C can be used, but a closer

15  examination of these documents reveals that the highest reaction temperature
used in the working examples was 205°C. There are simply no working
exé.mples in which dimethyl carbonate and phenol are reacted at. higher
temperatures, and the higher temperatures are not used because more anisole
by-product will be produced, as described hereinabove.

20 In continuous manufacturing methods for aromatic carbonates such as
those mentioned hereinabove, unreacted raw materials, catalysts, solvents, and
the like are recovered from the reaction column, also referred to as a reactive
distillation column, in addition to the reaction product and alcoholic by-
products. As a result, aromatic carbonates can be manufactured very efficiently

25 by returning these materials, especially the unreacted raw materials, to the
reaction system.

However, in their research, the present inventors discovered that, when
attempting to manufacture aromatic carbonates ~continuously by reacting -

| diatkyl carbonate and an aromatic iljfdrdxy compound, alkyl aromatic ether by-



20 I n continuous manufacturing nethods for aromatic carbonates such
-as those nentioned herei nabove, unreacted raw materials, catalysts,
solvents, and the |ike are recovered fromthe reaction colum, also
referred to as a reactive distillation colum, in addition to the reaction
product and al coholic by- products. As a result, aromatic carbonates can be
manuf actured very efficiently 25 . by returning these materials, especially
the unreacted raw materials, to the reaction system However, in their
research, the present inventors di scover &d that, when attenpting to

manuf act ure apesdhictscsuchiabanidblesacoumulatacbinsthy réactordmteratheyliand pydduced)oonat e

-and an aromati ¢ hydroxy conpound,  al kyl aromatjc et her hy- 4 products
such as ani somheaceeadted gawi ﬁ‘afq’ﬂé?sr wEEs 6?““-{%#&%%?%5?‘:3&@: S¥3tEtC when

unreacted raw, %E%%&i' - lyllfec a8 th© Bef vk eipacity of th
accurul ati on o y-%?%‘?iﬁct gﬁ%"g‘%ﬁ@%ﬁg‘ﬁ‘?e ecr{(:aases t he effe?taic& cagaci ty
of the react oteatut andiewserstthe efffcfency evithywhichlarevhaiihcaabonaies are paodizrdt es are

produced. 5 As a result, there is a pressing need to further | r, the
anmount of 3l kyhs arigawlt; thers e Hsyismﬁ)a&?ﬂe fo #T; 1oYYer the ATRETAY; 9?3%’&“

processes for pBnidACkib ngy%gm Cr&alY12h6R continuous processes for

manufacturing aromatic carbonates.
As the present inventors studied the prior art mentioned hereinabove,
they discovered that it is possible to manufacture aromatic carbonates at good
10  rates of productivity, while producing little alkyl aromatic ether by-product, by
conducﬁng the reaction of dialkyl carbonate and an aromatic hydroxy
compound under specific conditions. In particular, they discovered that it is
possible to manufacture aromatic carbonates at good rates of productivity
while keeping the selectivity for anisole low by selecting specific conditions
15 such as reaction timé, amount of catalyst, and fractions of the various
components and by conducting the reaction at high temperatures not seen in
the working examples of the priof art, thereby completing the invention.
The object of the present invention is to provide a method by which it is
possible to manufacture aromatic carbonates from dialkyl carbonate and an
20  aromatic hydroxy compound at good rates of.efﬁciency with low production of
alkyl aromatic ether by-product.
The manufacturing method for aromatic carbonates of the invention is
characterized by the fact that
the method for manufacturing aromatic carbonates comprising alkyl aryl
25  carbonates, diaryl carbonates, or mixtures of them by reacting dialkyl carbonate
and an aromatic hydroxy compound in the presence of a catalyst is improved
by conducting the reaction under conditions that satisfy (1) through (4)

. hereinbelow:



As the present inventors studied the prior art nentioned herei nabove, they
+di scovered that it is possible to manufacture aromatic carbonates at good
10 rates of productivity, while producing little alkyl aromatic ether

by- product, by conducting the reaction of dialkyl carbonate and an aromatic
hydr oxy conpound under specific conditions. In particular, they discovered
that it is possible to manufacture aronatic carbonates at good rates of
productivity while keeping the selectivity for anisole | ow by sel ecting
specific conditions 15 such as reaction | me, anount of catal yst, and
fractions of the vf)i thescatalypionsad basaacatajyticoaativityi sughtthat methotlighengit hi gh

tenperatures not seen in the workin xanpl h [ t, th b
co%l eting t héari%ﬁvétﬁtl? (Pﬁ‘?é“ﬂ‘?g 1 B’ég °gf’t ﬁé‘e@’@i‘e) g}eﬁbéﬁ{xgﬁﬁ\q ’éeaf%&}e)r gvi de
a nethod by W@éxﬁgeﬂgn Ezsnivzbgé,i ﬁk%im¥1r@%6@@é W Bt TRhibonst] BRNAGRSHE r Om

di al kyl carbonat aromati ¢ hydroxy conpound at good rates of

ef ficiency w thiydtexy qunepbuntd isrpheholadimethyt carbonate Aplamol Byl (melaximatio) he

manuf acturi ng met hod for aromatic cart;(ﬁnat es of t invent'%n ?Iﬁfrﬁ

char act er i 2ed the reastion gystemy, 2nd G mplar Rereent of A Ya?&t‘%f‘f"rdg goeshipthe

car bonat es co%{d@tgggﬂé@hsﬁ.yl 25 carbonates, diaryl carbonates, or
y reac

m xtures of them I'ng di al kyl carbonate and an aromatic hydroxy
conpound in the pr¢detheaeation ivainauytet withi nproved by conducting the

reaction under conc;in'{oiu%g “of tcgtaaays% act ! SIﬁ/ t(g J';'-) mto Jrogg—gen(t@asgf ro%i {l]'\%ealrgwmatic
hydroxy compound
10 reaction timer: 0.05to 2 h,
reaction temperature £ 206 to 280°C, and
molar ratio d of dialkyl carbonate/aromatic hydroxy compound in the
reaction system: 0.5 to 2;
(3) the reaction is conducted under conditions satisfying the following
15  relational expressions |
g(rt)£2and
fiertd)?0.02
where ¢ is the amount of catalyst used (a molar percentage of the
aromatic hydroxy compound), r is reaction time (h), ¢ is reaction temperature
20 (°C),and d is a molar ratio

and - g(rt) = (r) * exp[36-17 - {1000/ (273 + t}}]
flortd) = (€) " (1) * exp36-17 * {1000/(273 + )] * d/ (L + dP);
and

(4) the selectivity for alkyl aromatic ethers is less than one percent, based
25  on the amount of aromatic hydroxy compound fed to the reaction. '
The preferred dialkyl carbonate in the present invention is dimethyl
carbonate or diethyl carbonate.
The preferred aromatic hydr_oxy compound(s) in the invention are

phenol, m-, and/ or p-cresol.
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(1) the catal yst used has a catalytic activity such that nethyl phenyl
“carbonate is produced at a rate of at |east 0.005 L/nole/h when the
reaction tenperature is 200[err]C, the dial kyl carbonate is dinethyl
carbonate, the aromati c hydroxy conpound is phenol, dinethyl

car bonat e/ phenol =1 (nolar ratio) in5 the reaction system and 0.01
nol ar percent of catalyst is used, based on the anmpbunt of phenol used; (2)
the reaction is conducted with anount of catalyst c: 0.01 to 5 nolar
percent based on the aromatic hydroxy coné)ound 10 reaction tine r.
0.05 to 2 h, react ifotypicabpangple ofat alkyDirohratie @tHee iy driisoland nol ar ratio d of
di al kyl carbonate/gromati c hydroxy cogpound in the reaction system 0.5 to
2; (3) the reaction @ﬁ%ﬁgﬁ%ggﬂ%}gﬂ 0% Apmatigearbanatas of dhe invendigniiss yi ng

the foll ow ng de8¢lddARRbnEER 655 R&FSinBblowt ) 2 and [err] 3 0.02 where c is

t he amount of catal yst used (a nolar percentage of the
The following specific conditions are used to manufacture aromatic

5  carbonates consisting of alkyl aryl carbonates, diaryl carbonates, or mixtures of *
them by reacting dialkyl carbonate and an aromatic hydroxy compound in the
presence of a catalyst.

First to be described are the dialkyl carbonate, aromatic hydroxy
compound, and catalyst used to manufacture aromatic carbonates in the

10  present invention.
Dialkyl carbonates described by general formula (i) hereinbelow are

used in the invention.

RIOCOR?2

15 | 0
@)

where R! and R? are alkyl groups, alkenyl groups, alicyclic groups, or aralkyl
groups, R1 and R? may be the same or different, and they may form a ring,

20 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 groups, and butenyl groups;
alicyclic groups such as cyclopropyl groups, 6yclobuty1 groups, cyclopentyl
25  groups, cyclohexyl groups, and cycloheptyl groups;
alkyl groups containing alicyclic groups such as cyclohexyﬁneﬂtyl groups;
and
aralkyl groups such as benzyl groups, phenethyl groups, phenylpropyl -
groups, phenylbutyl groups, and methylbenzyl groups.



aromati ¢ hydroxy conpound), r is reaction tine (h), t is reaction

-tenperature 20 ([err]C, and d is a nolar ratio and g(r,t,) =«(r)
exp[ 36-17 - 11000/ (273 + t)}] f(c,r,t,d) = (c) ' (r) " exp[36-17"

{1000/ (273 + t))] " d/(1 + d)[err]); and (4) the selectivity for alkyl

aromatic ethers is |l ess than one percent, based 25 on the anount of

aromati ¢ hydroxy conpound fed to the reaction. The preferred dial kyl

carbonate in the present invention is dimethyl carbonate or diethyl

carbonate. The preferred aromatic h droxy corrpound in the invention are
phenol, m, and%b?sepgré’ﬂéédm}’ll@ “)&éél\@qkr al&)’fkgf‘%ﬂscé?wéfx aeKE of an

2L$%Ln:[ggag;%¥§%a§%%ent Bh&?%ﬁ esc %ﬁ%ﬁ% gggpgﬁﬁerns ere n e}ga/ The
fol | ow ng speci Ekamplesdift dialkyl aaﬂ)ouaeddésanbeduﬁya&imnﬁa #i) drelude dimethyl
carbonat es consisting of al kyl aryl carbonates, diar r bonat
mi xtures of  carbonate, diethyl carbonate, dipropyl carbonate, dlal.l%'l car%onate, debutenyl
5 carbonate, dibutyl carbonate, dipentyl carbonate, dihexyl carbonate, diheptyl
carbonate, dioctyl carbonate, ‘dinonyl carbonate, d_idecyl carbonate, methyl
ethyl carbonate, methyl propyl carbonate, methyl butyl carbonate, ethyl propyl
carbonate, ethyl butyl carbonate, ethylene carbonate, propylene carbonate,
di{methoxymethyl) carbonate, di(methoxyethyl) carbonate, di(chloroethyl)
10  carbonate, di(cyanoethyl) carbonate,
dicyclopentyl carbonate, dicyclohexyl carbonate, dicycloheptyl carbonate,
dibenzyl carbonate, diphenethyl carbonate, di(phenylpropyl) carbonate,
di(phenylbutyl) carbonate, di(chlorobenzyl) carbonate, and di(methoxybenzyl)
carbonate.
15 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
20  is described by general formula (ii) hereinbelow.
Ar'OH ‘ (ii)
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,
25  ethylphenol, propylphenol, butylphenol, diethylphenol, methylethylphenol,
methylpropylphenol, dipropylphenol, methylbutylphenol, pentylphenol,
hexylphenol, and cyclohexylphenol;  alkoxyphenols such as methoxyphenol
and ethoxyphenol;



them by reacting dial kyl carbonate and an aromatic hydroxy conpound in the
‘presence of a catalyst. First to be described are the dial kyl carbonate,
aromati ¢ hydroxy conpound, and catal yst used to manufacture aromatic
carbonates in the 10 present invention. Dialkyl carbonates described by
general formula (i) hereinbelow are used in the invention. 15 where Rerr] -
and R err] are al kyl groups, al kenyl groups, alicyclic groups, or aral kyl
groups, R err] and R2 may be the sane oripifferent, and they may form a
ring. 20 Speci fic exanples of Rerr and R2 include al kyl groups such
as net hyl groupsaphthelsand subgiduted ngphthols; oups, butyl groups, pentyl groups,
hexyl groups, hepl ylpBRAURSneRSS s HHQHBS tnd1BANL 07 0uPS, and decyl gr oups;
al kenyl groups, a }T grou%s, And-bu enyd “groups; alicyclic groups such as
cycl opropyl groups, cyclobutyl groups, cydopentyl 25 groups, cycl ohexyl
groups, and cycl oheptyl groups..al kyl gkQups containing alicyclic groups
such as cycl ohexyl net hyl gro r)egloq-[oups such as benzyl groups,
phenet hyl groups, phenyl prop roups, N3#enyl butyl groups, and net hyl benzyl
groups.

where A is -O-, -S-, -CO-, SO+
R* R* R
|
10  asubstituted alkylenesuchas -C- - (I: —_ é -
| |
RS RS é1

a divalent group such as cycloalkylene, for example ~_ C/"_\(C Hae
yd

15
or simply a bond.

In these formulas, each R4, RS, RS, andR7isa hydrogen atom, lower alkyl group,
cycloalkyl group, aryl group, or aralkyl group, which may be substituted with a
halogen atom or alkoxy group. k is an integer ranging in value from 3 to 11,

20 and the hydrogen atoms may be replaced by lower alkyl groups, aryl groups,

halogen atoms, or the like. |

Furthermore, alicyclic groups may be substituted with substituents such as
lower alkyl groups, lower alkoxy groups, ester groups, hydroxyl groups, nitro
groups, halogen, and cyanb groups.

25 Heteroaromatic hydroxy compounds such as hydroxypyridine,
hydroxycoumarin, and hydroxyquinoline can also be cited as examples of the
aromatic hydroxy compound. ,

Aromatic dihydroxy compounds can also be used, examples including
hydroquinoné, resorc.:inol, catechol, - dihydrw'cynaphthalene,



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

di butenyl 5 carbonate, dibutyl carbonate, dipentyl carbonate, dihexyl
carbonate, di heptyl carbonate, dioctyl carbonate, dinonyl carbonate,

di decyl carbonate, rret hyl ethyl carbonateg mnethyl propyl carbonate, nethyl

1 3, AR G b, AR Sy
di (et hoxy et g3 A0AGE Rbed b 6 RIORY bl cabatn@aisa. di (cyanoot hy! )

car bonat e, opentyl carbonate, dicyclohexyl carbonate, dicycl oheptyl
car bonate, di benzyl car bonat e, di phenet hyl carbonate, di(phenyl propyl)

carbonate, di (phenyl butyl) carbopate, di (chhorobenzyl) carbonate, and
di (et hoxybenzyl ) carbonateHQ @ q&e_w@l& b gar bonates may be used in
conbi nati ofis of two or nore. Prefekfed a these i s dialkyl carbonate
where each Rlerr] and Rerr] is an alkyl group with no nore than four

carbon atons, with dinethyl carbonate and di et hyl carbonate nore preferred
and di met hyl Cwa}r\egg Q\aits ?déanst'igglctio% Lgreﬁ{a%fosé, ra(ralg'the alicyclic may be substituted with
a substituent such as a lower alkyl group, lower alkoxy group, ester group,
hydroxyl group, nitro group, halogen, or cyano group.

100 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, with 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. |

15 Alkyl aryl carbonates and diallyl carbonates are produced from the
above-described dialkyl carbonates and aromatic hydroxy compounds by
reactions such as the following. “The following examples are reactions using
dialkyl carbonates in which R! and R? in formula (i) are the same.

Specific examples of alkyl aryl carbonates that can be obtained by means

20  of reaction (1) include methyl phenyl carbonate, ethyl phenyl carbonate, propyl
phenyl carbonate, allyl phenyl carbonate, butyl phenyl carbonate, pentyl
phenyl carbonate, hexyl phenyl carbonate, heptyl phenyl carbonate, ocytyl tolyl
carbonate, nonyl (ethylphenyl) carbonate, decyl (butylphenyl) carbonate,
methyl tolyl carbonate, ethyl tolyl carbonate, propyl tolyl carbonate, butyl tolyl

25  carbonate, allyl tolyl carbonate, ethyl xylyl carbonate, methyl (trimethylphenyl)
carbonate, methyl (chlorophenyl) carbonate, methyl (nitrophenyl) carbonate,
methyl (methoxyphenyl) carbonate, methyl cumyl carbonate, methyl
(naphthyl) carbonate, methyl (pyndyl) carbonate, ethyl cumyl carbonate,
methyl (benzoylphenyl) carbonate, ethyl xylyl carbonate, benzyl xylyl



The aromatic hydroxy conmpound used to nmanufacture aromatic carbonates 20
-is described by general fornmula (ii) hereinbelow. Ar[err]OH

(ii) Arl is a nonoval ent aromatic group which may have a substituent.
Exanpl es of such aromati c nonohydroxy conpounds i ncl ude al kyl phenol s such
as phenol, cresol, xylenol, trimethyl phenol, tetranethyl phenol, 25

et hyl phenol, propyl phenol, butyl phenol, diethyl phenol, nethylethylphenol, -
met hyl propyl phenol , di propyl phenol, nethyl butyl phenol, pentyl phenol,

hexyl phenol , and cycl ohexyl phenol ; al koxMphenol s such as net hoxyphenol and
et hoxyphenol ; 8 naphthol s and substituted naphthols; and substituted
phenol s descri bed by the fornula a dival ent group such as cycl oal kyl ene,
for exanple 15 &'siOfI@-eRbond. In thesgSfO@OWI-AR,' each Rerr], Rerr],
Rlerr], and R7 is a hydrogen atgoOH{ | ovez al kyl group, Ryc¢ @gal kyl group,
aryl group, or aral kyD group, which may be sgpstituted with a

(¢:Ar) (1)
5 ¢—-—0OCO-R" ¢p—-0CO-—-¢
| + ¢OH = [ + R'QH
0 0
(2)
@ —-—0OCO-R! p—-—0C0O—-9 R'*-0OCOQO-R
2 il & ] + i
10 0 o 0
(3)

15 carbonate, methyl (hydroxyphenyl) carbonate, ethyl (hydroxyphenyl)
carbonate, methoxycarbonyloxybiphenyl, methyl (hydroxybiphenyl) carbonate,
methyl  2-(hydroxyphenyl)propylphenyl  carbonate, and ethyl 2-
(hydroxyphenyl)propylphenyl carbonate.

Specific examples of diaryl compounds that can be obtained in reactions

20 (2 and (3) include diphenyl carbonate, ditolyl carbonate, phenyl tolyl
carbonate, di(ethylphenyl) carbonate, phenyl (ethylphenyl) carbonate,
dinaphthyl  carbonate,  di(hydroxyphenyl) carbonate, and  di[2-
(hydroxyphenylpropyl)phenyl] carbonate.

Products obtained using an aromatic dihydroxy compound as the

25  aromatic hydroxy compound are also included in the above-cited examples.

The aromatic carbonates manufactured in the present invention are alkyl
aryl carbonates, diaryl carbonates, or mixtures of them, as mentioned

hereinabove.



hal ogen atom or al koxy group. k is an integer ranging in value from3 to
11, 20 and the hydrogen atons nay be replaced by |ower al kyl groups, aryl
groups, hal ogen atons, or the like. Furthernore, alicyclic groups may be
substituted with substituents such as | ower al kyl groups, |ower al koxy
.groups, ester groups, hydroxyl groups, nitro groups, halogen, and cyano
groups. 25 Het er oaronati c hydroxy conpounds such as .

hydr oxypyri di ne, hydroxycoumarin, and hydEnyqU|nQI|n¢ can al so be cited as
exanpl es of the aromatic hydroxy conmpound.” Aromatic di hydroxy conmpounds can
al so be used, exanpné&be presentdnventiondt écprefesred, to use raw onaterials that praducechol |

di hyd h , I.h hr.acene nd kyl at ed forns of
them ' A omat i RGN grotsiis Y JBYBE bPIBE Py ! Mani F IESAL: FORDRE can
al so be used. reh&ion @rédi;dgj%tmeaébd\@.d@sml p@éggyﬁs’ Avihbenal ?momerdcc may

be substituted wth a substituent such as a | ower alkyl group, al koxy

group, ester grREmnathiaibesgmovedoupm the tottony ofithe cohirayend the alcgholir gy-oup.

10 kN tﬁ}%dﬁ{:t% §BE ri Yo kS th%rtgg%P e 0 Qx%p\y(ftr 95 ec(if?c%gupr}gfsen!eg whi ch
to use methyl phenyl carbonate as the alkyl aryl carbonate and diphenyl
carbonate as the diaryl carbonate in the above-described reactions.

It is preferred to manufacture diaryl carbonates as the final aromatic
carbonate product.

10 The above-described reaction of dialkyl carbonate and an aromatic
hydroxy compound is conducted in the conventional liquid state in the
presence of a catalyst, which must have the following type of catalytic activity.

Namely, the catalytic activity is such that methyl phenyl carbonate
(PMC) is produced at a rate of at least 0.005 L/mole/h, preferably at least 0.01

15 L/mole/h, when the reaction temperature is 200°C, the dialkyl carbonate is
dimethyl carbonate (DMC), the aromatic hydroxy compound is phenol (PhOH),
dimethyl carbonate/phenol = 1 (molar ratio) in the reaction system, and the
amount of catalyst used is 0.01 molar percent, based -on the phenol. The
productioﬁ rate for PMC is calculated with the following formula, using ki as

20 the rate constant. | |

d[PMC]/ dt = ki[PhOH][DMC] - k2[PMC][MeOH]
ki1/ k2 = keq (equilibrium constant) = 2.3 * 103
Catalysts used in the present invention, such as those described
hereinabove, may be soluble (homogeneous) or insoluble (heterogeneous) in

25  thereaction fluid.

Examples of the catalyst include Lewis acids, organotin compounds,
lead compounds, compounds of the copper family metals, alkali metal
complexes, zinc complexes, compounds of the iron family metals, zirconium

complexes, and solid catalysts. More specific examples include the following.



Ar[err] in the above-nentioned fornmula (ii) is an aromatic group with six
to 10 carbon atons are preferred, wth phenol, mcresol, and/or p-cresol
bei ng nore preferred, and phenol being especially preferred. Aromatic

hydr oxy conpounds may be used in conbinations of two or nore. 15

Al kyl aryl carbonates and diallyl carbonates are produced fromthe
above-descri bed di al kyl carbonates and aromati c hydroxy conpounds by
reactions such as the followi ng. The fol Lowi ng exanpl es are reacti ons using
di al kyl carbonates in which R err] and in formul a (i% are the sane.

Speci fic exanpl es Bfanaplrs |of gkawis cagidso inglede tLeuts @sidspand pransii Beeans 20

of reaction (1) _inc hyl hQnake, 7 A I at e,
propyl phenyl(c%:rgP%%l#ld;sgér,o a%ﬁgél['ep S:%%is cari"ba%na /| T%%#”%@%IV%Z?E%%M e,
pentyl phenyl Fexy, BRA Shi, (Wkeey !X iafaetw%e@aam@:t groupeglkyxy giveipy br agidsgnat e,
ocytyl tolyl carbonate, nonyl (ethylphenyl) carbonate, decyl (butylphenyl)
car bonat e,  megrHP)t ol yIMexgr heprsific ~ examples o| iprluds pERRiwm plegrgghloridey |
car bonate,. bufyl. tol vl . carbonate, tolyl ca . | yl
car bonate,5 ne%%%ﬂphf?%/’fyré%ﬂﬁbhenyl) gﬁ@%ﬁg}’e, ?/ret hyiiéﬂ[p%ﬁ%sglroégih% Y
carbonate, metdidmdtRyéxydidaam ) carbor(z'((le)l\z[@;g; hyl (et beagtHorpsitahium,

carbonate, nethyl cunyl” carbonate, nethy napht hyl ) carbonate, nethyl
(pyridyl) car krsreisopropeiyfitardumy | tegradpderyloxy ity %%Ff’?@ﬂb’l’?@ﬁw yan
carbonate, et hI P{J ﬁ%lpxl(yaclar bour}%t e, benzyl xylyl

Examples of tin compounds include organotin compounds such as

10  trimethyltin acetate, triethyltin acetate, tributyltin acetate, triphenyltin acetate,

dibutyltin diacetate, dibutyltin dilaurate, dioctyltin dilaurate, dibutyltin

adipate,  dibutyldimethoxytin,  dibutyldiphenoxytin,  [(BuzSn(OPh)}:O,

dimethyltin  glycolate,  dibutyldiethoxytin,  triethyltin = hydroxide,

- hexaethylstannoxane, hexabutylstannoxane, dibutyltin oxide (BuzSnO),

15  dioctyltin oxide, butyltin triisooctylate, octyltin triisooctylate, butylstannic acid,

octylétannic acid, polymeric tin compounds such as

poly[oxy(dibutylstannylene)], and polymeric hydroxystannoxanes such as
poly(ethylhydrdxystannoxane). Another example is tin oxide.

Examples of lead compounds include lead oxides such as PbO, PbOz,

20  and PbsOy; lead sulfates such as PbS and Pb;S; lead hydroxides such as Pb(OH)2

and PbyO2(OH)z; plumbites such as NaPbO2, K2PbO2, NaHPbO2, and KHPbO»;

plumbates such as NaPbOs;, Na:HPbOs KoPbOs, Kz[Pb(OH)), KiPbOs

CaPbQq4, and CaPbOs; lead carbonates such as PbCOs, 2PbCO3xPb(OH)2, and

their basic salts; lead salts and lead carbonates of organic acids and their basic

25 salts such as Pb(OCOCHs),, Pb(OCOCHS3)s, and Pb{(OCOCHS3)xPbOx3H20;

organolead compounds such as R4Pb, RaPbCl, RsPbBr, and RiPb or RePby,

R3PbOH, and RsPbO (where R is an alkyl group such as C4Hy or an aryl group

such as phenyl); alkoxyleads such as Pb(OCHas)2, (CHsO)Pb(OPh), and

PB(OPh)z,' aryloxyleaas; lead allbys such as Pb-Na, Pb-Ca, Pb-Ba, PbSn, and



10 carbonate, nethoxycarbonyl oxybi phenyl, nethyl (hydroxybi phenyl)

- carbonate, nethyl 2-(hydroxyphenyl)propyl phenyl carbonate, and ethyl
2- (hydroxyphenyl) propyl phenyl carbonate. Specific exanples of diaryl
conpounds that can be obtained in reactions 20 (2) and (3) include

di phenyl carbonate, ditolyl carbonate, phenyl tolyl carbonate,

di (et hyl phenyl ) carbonate, phenyl (ethyl phenyl) carbonate, dinaphthyl
carbonate, di (hydroxyphenyl) carbonatei3 and di [ 2-

(nydr oxyphenybosaiuld ARSI eubR LbRRNE anleAHlChS: QRETBEdet'S] luPllad! oMol ©

di hydroxy conpour aro are al'so 1ncl uded
in the a_bove-c@hilgﬁnag,arrpl es. The aromatic car bonat es manuf actured in the
present invention are alkyl aryl carbonates, diaryl carbonates, or mxtures
of them as nenti dxamples &f neORRAS. anulyllmeﬁaltﬁ@n}a%@%tmdﬁdénﬁl@nandt is
preferred to lag

| ower boiling p(P 1&,?9‘9’(%%%% %%a&aatrl%fi %8%5%‘6’%% g&?iac&ogéﬁ dt SSH&tht "
5 metals such as CuCl, CuCly, CuBr, CuBrz, Cul, Culz, Cu(OAc);, Cufacac),
copper olefinate, BuxCu, (CHaO):Cu, AgNOs, AgBr, silver picrate,
AgCsHsClOsAg(bullvalene)sNOs, and [AuCC-C(CHs)s]x[Cu(C7Hs)Cl]a.
Examples of alkali metal complexes include Li(acac) and LiN(C4Hs).
Examples of zinc complexes include Zn(acac).
10 Examples of cadmium complexes include Cd(acac)z.
Examples of iron family metal compounds include Fe(CioHs)(CO)s, Fe(CO)s,
CoCsFe)(COY) [sic], Ni-CsHsNO, and ferrocene.

Examples of zirconium complexes include Zr(acac)s and zirconocene.

Acac in the above formulas stands for ligands of acetonylacetonate.

15 Examples of solid catalysts include silica, alumina, titania, silica-titania,
zinc oxide, zirconium oxide, gallium oxide, zeolite, and rare earth oxides.

These cafalysts may be mixed with compounds or carriers that are inert
in the reaction, and they may be supported on carriers. The catalysts may also
be substances that react with the reaction materials and reaction products

20 present in the reaction system, and they may be heat-treated in advance,
together with the reaction materials and reaction products.

When a homogeneous catalyst is used as the catalyst in the present -
invention, it may be introduced into the reaction system by a continuous feed to
the reaction column. Heterogeneous catalysts may be placed in the reaction

25  column for introduction into the reaction system.

When a homogeneous catalyst is continuously fed to the reactor, it may

be fed as a mixture with the dialkyl carbonate and/or aromatic hydroxy

compound reaction matenal(s) or it may be fed separately



reaction products in the above-described reactions, allowing the aromatic
“carbonate to be renoved fromthe bottom of the colum and the al coholic by-
5 products to be renoved fromthe top of the colum. It is specifically
preferred to use nethyl phenyl carbonate as the al kyl aryl carbonate and

di phenyl carbonate as the diaryl carbonate in the above-descri bed
reactions. It is preferred to nanufacture di aryl carbonates as the final
aromati c carbonate product. 10 g4 above-described reaction of

di al kyl carbonate and an aromati ¢ hy o corrpound i s _conducted in the
conventional |iqui é’F%sth“‘t"ﬁ’éh% |4 eoweaah%tsaqoyétxcteméﬁr saesifichave

the foll ow ngd r%f sﬁtgg gﬁ%& Merei}ﬁ g@gf&ggﬁgyty c | Vity is

such that net hy phenyl car onate te O ®l east
0. 005 L/ nol e/ h!,nopnedfe:lawbys,t uaéd W&h&és;ﬁc% tﬂxéarorhaiﬁmi}drbx whﬁpoﬁﬁﬁ?uéeﬂaCt I on
tenperature Iih‘éﬁoo &%E\? car bonate I s di methyl carbonate
(DMO), the ar moseawa talystopge prefareadapepecially

bonat e/phepghis t
of catalyst used F‘g‘"’s@%?*% (erBbh@Nbx ek a6a ﬁﬁﬁtﬁ*‘%ﬁ‘e’*ﬁ%ﬁ“ﬁ@%&%ﬁ&’ﬁﬁ?. on
rate for PMC ccsnpahmisl saich chs\Bu8n®hand ((BhﬁSM(OBh)‘]Q raifid| dlkoxydeéadocdrepdundss 20

the rate consta g%g dt = Kk[err][PhQ [ DV - k[err][PI\/C][I\/bO—ﬂ
k[err]/[err] 4 @ U|I|br|umconstant) = 2.3 "10[err] Catal ysts used

in the present invepl i QttiondtcalR§ Mtgﬁﬁf% Defhatic hydroxy compound in

the presence of the above-described catalyst can be conducted with a solvent
10 copresent, as desired. A solvent that is inert in the reaction can be used,
examplés including ethers, aliphatic hydrocarbons, and halogenated aromatic
hydrocarbons.
The reaction can also be conducted with gases inert in it such as
nitrogen, helium, and argon copresent.
15 Reaction columns that can be used include continuous reactors equipped
~ with distilling columns, typified by reactors having reaction-type distilling
columns or distilling columns. |
It is preferred to use a reaction-type distilling column with a large vapor-
liquid boundary to enhance the productivity of the above-mentioned reaction.
20  Specifically, a multistage distilling column héving at least two distilling stages
can be used, examples 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
25  column, it can comprise part or all of the packing.
In the present invention, aromatic carbonates can be manufactured by
conducting reactions (1) to (3) hereinabove in a single column, or two or more
reaction columns may be used to manufacture aromatic carbonates. When two

columns are used in the present invention, it is preferred to conduct reaction



her ei nabove, may be sol ubl e (honbgeneous) or insol uble (heterogeneous) in

- 25 the reaction fluid. Exanples of the catal yst include Lew s acids,
organoti n conpounds, |ead conpounds, conpounds of the copper famly netals,
al kali metal conpl exes, zinc conpl exes, compounds of the iron famly
metal s, zirconium conpl exes, and solid catal ysts. Mre specific exanples

I ncl ude the foll ow ng. 12 Exanples of Lew s acids include Lewis acids
and transition nmetal conpounds producing Lewis acids such as Al X[err],
TiX[err], TiXerr], VOXerr], VXerr], ZAX2, Fex3, and Snx4 (where X is a

hal ogen, acet@)ywhichymodatdsopaindipallypalkgl asyl ydarbonagy, Givjthe first doburan aydeci fic
exanples include titanjum tetrachloride, 5 t et raphenoxyti t ani um
(Ti (OPh) 4), reacﬁorpé?}ﬁbi @y yrhishy praduce diaryt cerbonar, m&wqrﬁr/ﬁ%mﬂ-
Ti (Owe) 4), ra?('ﬁrh?l? i i ty.Qi r Ri 8P AL
get $ adozzlezzyl oxyti t'g'g\(?tijm te %gﬁ‘g%% t%ﬁgl;%/t?l&negé an ?}E?f%éc))gr ggoxya Lranrenum

Exanpl es of t produesg d bitks réadtidn deluanirg forathe treationafrdialkglicdrbenaté Gnd an
trinethyltin acetate, triethyltin acetate, tributyltin acetate
triphenyl 3 n awsaticchydrpxyicomperndi Whem two rgagtionqolyumnsgiare; ysesh the by-

dioctyltin di b?&%fu%‘seare gw&&&atd\ﬁﬂy in the first column.

For example, anisole is a by-product of the reaction of dimethyl

carbonate and phenol is anisole:

10 @OMe

In the present invention, it is possible to suppress the production of this
alkyl aromatic ether by-product and manufacture aromatic carbonates at high
rates of selectivity by conducting the reaction under the following conditions.

15 When aromatic carbonates are manufactured by reacting dialkyl
carbonate and an aromatic hydroxy compound in the presence of a catalyst in
the present invention, the reactior; is conducted under conditions that satisfy (1)
to (4) hereinbelow. When two reaction columns are used, it is especially
preferred to maintain the reaction conditions indicated hereinbelow in the

20  column used to conduct reaction (1). |

Amount of Catalyst Used (c)

Catalyst is used in amounts of 0.01 to 5 molar percent, preferably 0.05 to
3 molar percent, based on the aromatic hydroxy compound.

When a homogeneous catalyst is used in a continuous opefation, it is

25 easy to control the amount of catalyst used vis-a-vis the aromatic hydroxy

compound.

Reaction Temperature (#)



adi pate, dibutyldi methoxytin, dibutyldiphenoxytin, [(Bu2Sn(OPh)][err]O,

- dimethyltin gl ycol at e, di butyl di et hoxytin, triethyltin hydr oxi de,
hexaet hyl st annoxane, hexabutyl st annoxane, dibutyltin oxide (Bu[err]SnO, 15
dioctyltin oxide, butyltin triisooctylate, octyltin triisooctylate,

butyl stannic acid, octylstannic aci d, pol ymeric tin conpounds
such as poly[oxy(dibutylstannylene)] and pol yneri c hydroxyst annoxanes
such as pol y(et hyl hydroxyst annoxane) . g her exanple is tin oxide.
Exanpl es of |ead conpounds include |ead i des such as PbO, Pb(err], 20

and Pb[ er r] O[ erlite;reacting is obridutctesd atut:ﬂen'qmrm cfrkford 280°C, prefetablyrW6itdes such
as Pb 2 an Oerr err | u s _sych as Na[err]Pb[.err
K[err](gt;Dq err%oeﬁta Lﬂe‘ a?segﬁgu’i?ﬁdﬁg'[ﬁéﬁ%? PBC]][ err],
Na[err]Herr] @a'ge?&tﬁ}e m'ﬁ?ﬂéﬂlﬁi'&due dtltRe B&Wﬁgﬁo@l}mnmfpbo‘l

Ca[err]Pbgerr and CaPb | ead carbonates such as PbCJerr],

2Pb err] be(O—|) 2 ﬁﬂﬁmm_(_bam c salts; lead salts and | ead car bonat es of

O e A e e D 50 SR b LB e

such as R err{Rbolis cbhftbd 8l £'dohBREbus %E@ra B3R0 1R rEicEibh] Rk &' fhe
Rl err] PbOH, and Rl err] PbO (where Ris an al group such as (ferr]Herr]

or an aryl grmsiglesce tres Wﬂlenyal bathisonpbm’axda is mseéd, dthe PeHcGOR{time |s) the
(CHerr]O Pb(OD e,gﬁgg%ﬁ;lg&lg%g{&]eco Mxyl eads; lead alloys such as

Pb- Na, Pb- Ca
Molar Ratio (d) for Raw Materials in the Reaction System

10 In the present invention, dialkyl carbonate and aromatic hydroxy
compound are present in the reaction system at a molar ratio (dialkyl
carbonate/aromatic hydroxy compound) of 0.5 to 2, preferably 0.5 to 1.8. When
a distilling column is used as the reactor, this is the molar ratio at the base of the
column.

15 The Values g(r.t) and flc,r,t.d)

The reaction is conducted under conditions that satisfy

g(r,t) £2, more preferably £1.8, most preferably £1.5 and

Rerit,d)®0.02, more preferably 2 0.05, and most preferably 30.1

where c is the amount of catalyst used (a molar percentége of the aromatic

20  hydroxy compound), 7 is reaction time (h), ¢ is reaction temperature (°C) and d
is the molar ratio of the raw materials in the reaction system, and
g(rt) = () * exp[36-17 * {1000/(273 + )]
flertd)=(c) " (r) " exp[36-17 * {1000/ (273 + v}] * d/1 + d)?).

(4) The selectivity for alkyl aromatic ethers is less than 1 percent, more

25  preferably less than 0.5 percent, based on the amount of aromatic hydroxy
compound fed to the reaction.

The reaction pressure differs according to the type and construction of

the reactor, the reaction materials, and the like, and the reaction may be
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13 Pb-Sb; lead mnerals such as gal ena and sphal erite; and hydrates of
- these | ead conpounds. Exanpl es of copper famly nmetal conpounds incl ude
salts and conpl exes (where acac is a ligand chelated with acetyl acet one) of
copper famly 5 netals such as CuC, CuC[err], CuBr, CuBr2, Cul,
Cul[err], Cu(QAc)2, Cu(acac)?2, copper olefinate, Bu[err]Cu, (CHerr]O 2Cu,
AgN( err], AgBr, silver picrate, AgCerr]H err]d 04Ag(bul |l valene)3NJerr],
and [AuClerr]CGC(CHerr])3]n[Cu(Cferr]H gyr])Cl]4. Exanples of alkali netal
conpl exes include Li.(agcac), and LiN(Clerr]H errl])2. Exanples. of zin
conpl exes | e 3 Fedul oraitay"og il Gressuifr Pyt it ekl
i ncl ude Cd( acamidctelst PRdsered barlgip rban, 500 W8 ehEgaonpounds i ncl ude
Fe(Clerr]Herr])(CO[err], Fe( Lg(r], CoCsF6) (CO 7 [sic],
Ni - J err] H er r ] NO Asisigsdriredobenginabpye: nthiecreagtiory jof cdialkyincarbophtexand jamc| ude

2cet ony] acet oBPEEE 1ER%y CEEound, bl PR ALY i (MR it ca,
al um na, 15 t apihdperstukdsaivtisbdrit Worldhd ExaipldSof e i araPleadi069) drid!m

oxi de, zeolite, ‘and rare earth oxides. These catal ysts may be mi Xed with
conpounds or underi eanslitionst inawhidhnampuntof hatalysti ()i reactiem dimen &y, reagtidre .

he reacti on RBFTES (Chritnd Bt P ot raseo b SBRE SR O pie RlatkBaE1  on
system and t g@fem%,@gﬁaﬂg’p,@’a; ed in advance,

When the reaction is conducted under such conditions, aromatic

10 carbonate (phenyl methyl carbonate) can be manufactured at high rates of
selectivity without increasing the selectivity for alkyl aromatic ether by-product
(anisole).

When g(r,t) exceeds 2, anisole production increases, and when f{c,7,t,d) is
less than 0.02, the aromatic carbonate yield tends to decline.

15 In the present invention, it is preferred to use a continuous process to
manufacture aromatic carbonate by the above-described reaction.

Reaction miixture, which may contain the product of this reaction (aromatic
carbonate), alcoholic by-products, unreacted raw materials (dialkyl carbonate
and aromatic hydroxy compound), or alkyl aromatic ether by-product, is

20  removed from the top and the bottom of the reaction column.

In the present invention, the unreacted raw materials obtained after the
various components of this reaction mixture are separated can be returned to
the reaction system.

For example, aromatic carbonate produced in ‘the reaction is

25  continuously removed from the reaction column, usually in a liquid state from
the bottom of the column. The aromatic carbonate from the reaction column
can then be led to a refining column to be refined.

On the other hand, alcoholic by-products are usually removed from the

top of the reaction colurin.



together with the reaction materials and reaction products. Wen a

* honpgeneous catalyst is used as the catalyst in the present invention, it
- may be introduced into the reaction systemby a continuous feed to the
reacti on colum. Heterogeneous catalysts may be placed in the reaction 25
colum for introduction into the reaction system Wen a honbgeneous
catalyst is continuously fed to the reactor, it may be fed as a m xture
wi th the dial kyl carbonate and/or aromatlg hydroxy conmpound reaction
material (s), or it may be fed separately 14 In the present invention,
where the reacti orliisacted ddiatkyt cartdmatespndldrbmaﬁonkﬂydrbmylscomgdmndsravhose

descri bed her ei nab ve, is n cessar to l.imt the anpunt of t st used
with respect T8t a&FSﬂ%ﬂ‘{?nﬁscﬁeWe Sopothegeachon c 0$-H'{E @‘ﬁ i ous

catal ysts, ho&w&ra&g&m@@&&w&feg HFreRIrAEA i B re&HORS mmbiny 5 _Lewi s acids
such as tetraphenoxytitanium and tetranethoxytitaniu organoti n conpounds
such as Bu2SnO ar@heg Boss8nntiitydd2rava nthteridioanel recoveredrpod neterrsagcio the
Pb( OPh) 2. _The reactlon of, tl\al kg car bonat e, and % gciomatic hﬁgr%@%/y
conpound i°n t PRACHATLSYStIB igrthe presept invegliony, it i3 gr ¥Q seraraterthe @l yct ed
with a sol venfromatic ether by-product produced in the reaction column (mainly in the first

column when two columns are used) by distillation or the like before returning
the unreacted raw materials to the reaction system.
In the present invention, it is possible to manufacture aromatic
10  carbonates in good yields and at good rates of productivity, while keeping the
selectivity for alkyl aromatic ether by-product low, by reacting dialkyl
carbonate and an aromatic hydroxy compound under certain specified
conditions.
The present invention is described concretely hereinbelow by means of
15  working examples, but it is not limited by these examples.
Example 1
A 500 mL autoclave with a packed distilling column (column height:
1m, column diameter: 1 inch) packed with 3 mm Dixon packing, shown in
Drawing 1, was used as the reactor.
20 A feed pump was used to feed phenol (PhOH) and Ti(OPh)s as catalyst
(cata.) continuously to the autoclave. .
Dimethyl carbonate (DMC) was also fed continuously with a feed pump.
Reaction liquid was cohtinuously removed via a special pipe provided
for that purpose in the bottom of the autoclave's column.
25 The low-boiling-point component containing alcoholic by-products was
removed from the top of the distillation column and liquefied with a condenser.
A portion of it was removed, and the balance was refluxed through the

distillation column. The reflux ratio is shown in Table 1.



10 copresent, as desired. A solvent that is inert in the reaction can be
- used, exanples including ethers, aliphatic hydrocarbons, and hal ogenat ed
aromati ¢ hydrocarbons. The reaction can al so be conducted with gases inert

in it such as nitrogen, helium and argon copresent. 15 React i on
colums that can be used include continuous reactors equipped - with
distilling colums, typified by reactors having reaction-type distilling
colums or distilling colums. It is preferred to use a reaction-type
distilling colum with a |arge vapor- |it®i d boundary to enhance the
productivity of t | =ﬂ~ | ; ol am@l didiinai

mul tistage distil W‘n%@‘?ﬁﬁ%ﬁﬁg t ié%gtga?\?%ﬂlgias%v{enag‘as‘%%h&aagogan be
used, exanpl e&lumnlmrﬂhal;actrmﬁnnﬂdeanahermwirmtemgkfeﬁdshﬁéslﬂmg alad heated,such as
pl ate col ums acked c and col urms conbi ni n Iat es and packing. It
i's preferred ‘f%‘ﬁ) GAteTSh ePF%‘Fe;dé‘feﬁ’raé%ch it s op Pegmﬁﬂ‘ﬁ“lstage

disti11in9 cobyepaibfieth fartol.| themh é’eshéwﬂ%ﬁ‘i‘abl‘éza packed 25  col um,

it can conprise part or a e pac ing. I'n the present invention,
aromati ¢ &Sar bonat é&b&mhshmmaﬂuﬁmsbase@dnpqramadeg -base cdsidemse (ﬁkje to (3)

Lo manut act ur BIGHRAPoE B oA velbume, e bagom, o solres sad s smotis
present invenid qfuid refoveHET GhoGH 0P GRAGHCT, 'R9F thBRrial molar ratio d
(DMC/PhOH), and the values g(r,f) and f{c,7,t,d) calculated from7, ¢, ¢, and d.
Examples 2-6
10 Continuous operations identical to the one in Example 1 were carried
out, exéept that the reaction conditions were varied as shown in Table 1. The
results are shown in Table 2.
Example 7
A 500 mL autoclave having a plate-type distilling column (column
15  height: 3 m, column diameter: 2 inches) equipped with 40 sieve trays, shown
in Drawing 2, was used as the reactor.

Phenol (PhOH) and Ti(OPh)q as catalyst (cata.) were continuously fed to
the twentieth stage of the distilling column, and the 20 plates above it were
used for the djsﬁﬂaﬁom

20 Dimethy] carbonate (DMC) was continuously fed to the autoclave.

Reaction liquid was continuously removed through a pipe in the bottom
of the autoclave's column. The low-boiling-point component containing
alcoholic by-products was removed from the top of the distillation column and
liquefied with a condenser. A portion of it was removed, and the balance was

25  refluxed through the distillation column. The reflux ratio is shown in Table 1.

The required heat was supplied by heating the autoclave and distillation

column with electric furnaces. The raw material feed lines were also heated,
. using heaters. The procedure was carried out as a continuous operation under

the conditions in Table 1. The results are shown in Table 2.



15 (1), which produces principally alkyl aryl carbonate, in the first
“colum and reactions (2) and (3), which produce diaryl carbonate, in the
second colum. Al kyl aromatic ether by-products described by Ar[err]OR[ err]
or Ar[err]OR[err] are produced in the reaction colum for the reaction of
di al kyl carbonate and an 5 aromati ¢ hydroxy conpound. Wen two reaction
colums are used, the by- products are produced chiefly in the first
colum. For exanple, anisole is a by-product of the reaction of dinethyl
carbonate and phenol is anisole: 10 In,g4he present invention, it is

possi ble to suppress the production of "this alkyl aromatic ether by-product
and manuf act ur &~IPBAEALVE gufand2:t high rates of selectivity by

conducting the i under. t he fal l.qw condifjans. 15 When
aromatic car bor%?eigtg{dé’&g i %@Fs‘ Cﬂﬁortggé’ﬁeﬂﬂ ‘}c’flP Iét’@ﬁ‘l"ﬁ}ﬁrjra‘f’@reand an
aromati ¢ RYSHQKYuE e RHat f Ol fld: ' ent

i nvention, the reaction i Sﬂt@gﬁé&:&i{?ﬁé\?@&ﬁ@r@ggn& ti onsa':s:%Hg?n{sglte}‘s §§'( 1) to
(4) her ei nFh¢ resultsasnshoven ireFable@) col ums are used, it is especially

preferred to maintain the reaction conditions indicated hereinbelow.in the
20 colum used to conduct reaction (1).




Amount of Catal yst Used (c) Catalyst is used in anmounts of 0.01 to 5 nolar
- percent, preferably 0.05 to 3 nolar percent, based on the aromatic hydroxy
conmpound. \Wen a honpbgeneous catalyst is used in a continuous operation, it
is 25 easy to control the anpbunt of catal yst used vis-a-vis the aromatic

hydr oxy conpound. Reaction Tenperatu2k (t) 16 The reaction is conducted
at a tenperature of 206 to 280'C, preferably 206 to 250[ err] C. When a

distilling colunmh is used as the the r perature is the
tenperature at the baseiof the [cql &) an The
reaction is condjicted f@r 0.051[t8 ey &k h. When the
reacti on i S CONJ prodtuthmaebmmpinES ittt ontinme is the
resi dence time. atchvms gper atli an d p.Y action-tinme is
the residence ti & t”u‘t e bal%e o'f'-? e =ollirn| N\ d) for Raw
Materials in the Reacfei‘bn Syst em ;ko n i nventi on,
di al kyl carbonat ¢ and agomati c jhydr oky
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conpound are present in the reaction systemat a nolar ratio (dialkyl
carbonat e/ aromati c hydroxy conpound) of 0.5 to 2, preferably 0.5 to 1.8.
When a distilling colum is used as the reactor, this is the nolar ratio at
t he base of the colum. 15 The Val ues g(r. t) and f(c,r,d) The reaction
I's preferably conducted under conditions that satisfy g(r,t) 2, nore
preferably 1.8, nost preferably 1.5 and f(c,r,t,d) 3 0.02, nore preferably
3 0.05, and nost preferably 3 0.1 whéke c is the amount of catal yst used (a
nol ar percentage of the aromatic 20 hydr oxy conpound), r is reaction tine
(h), t is reaction tenperature ([err]C), and d is the nolar ratio of the
raw materials in the reaction system and g(r,t) = (r) ' exp[36-17 ' (1000/
(273 + t)}] f(c,r,t,d) = (c) ' (r) ' exp[36-17" (1000/ (273 + t)}] " d/1 +
d)2). (4) The selectivity for alkyl &dmble@tic ethers is |less than 1 percent,

nore 25 preferably—t-ess—thanr0-5—perecent—baseden—the—appunt—ef, aromati c
hydr oxy conmpound fed to the react Panductibh€g/meact i on) pressure anfdier s
according tg the type and ¢ganstruction of the readtor, the| reactiop
materials, gnd the like, apd PMe reagpicon [meanidde HEROQhddENSeliRET
Example 1 54 2 0.08 18 0.2
Example 2 43 1.5 0.03 14 0.1
Example 3 182 12 0.7 20 0.5
Example 4 52 2 0.04 16 0.1
Example S 48 1.6 0.03 17 0.1
Example 6 50 1.6 0.03 16 0.1
Example 7 95 7 0.4 21 0.5
Comparative 24 0.8 0.2 16 1.1
Example 1
Comparative 14 04 0.03 4 03
Example 2

Abbreviations used in table: PMC Methyl phenyl carbonate DPC - Diphenyl
carbonate

Brief Description of Drawings
Figure 1 Tllustration of an apparatus used in the examples.

5 Figure 2 Nlustration of an apparatus used in the examples.



17 conducted at reduced, ordinary, or elevated pressure, but it is usually
conducted at pressures ranging from2,600 to 5.4 MPa. As descri bed
her ei nabove, the reaction of dialkyl carbonate and an aronatic hydroxy
conmpound in the present invention is conducted at high 5 t enper at ures not
seen in working exanples of the prior art (at |east 206[err]C) and under
conditions in which amount of catalyst (c), reaction time (r), reaction
tenperature (t), and raw material nol &3 ratio (d) satisfy both of the
rel ati onal expressions g(rt) and f(crtd). Wien the reaction is conducted
under such conditions, aromatic 10 carbonate (phenyl methyl carbonate)
can be manuf agtured at high rates of selectivity w thout increasing the

sel ectivity f°of yl aromatic ether by-product (anisole). Wen g(r,t)
exceeds 2, anisol g, W&G%Hi&%méﬁﬁﬁﬁéu&%c\&ﬁ%&%s&oﬁ\p@%@ l'ess than
0.02, the aromatic carbonate yield tends to decline. In the

present invention, (€harging tef arreagton dialigd carbonate m}dum prageasicshydroxy
i xtur e, wh BRI ATRIA FiE Of PO A0 o ReBOREAEH o (ar omat e
carbonat e}, al cohol i, foﬂﬁdﬁﬂk §1 cd#B60E bAd theWrdtRMR hydroxy @bﬁ’ﬂ.lphﬁhd
carbonate and aromatic hydroxy conpound), or al kyl aronatic” et her
by- product, iis the presence of from about 0.01 to about 5 molar percent based on the
aromatic hydroxy compound for from about 0.05 to about 2 hours at a
temperature of from about 206°C to about 280°C whereby the selectivity: for
alkyl aromatic ethers is less than about one percent by weight based on the
10  amount of aromatic hydroxy compound charged to the reactor.
2. The method of Claim 1 wherein the catalyst when employed as a
catalyst in the reaction of a 1:1 molar ratio of dimethyl carbonate and phenol at
a reaction temperature of 200°C has a catalytic activity whereby methyl
phenylcarbonate is produced at a rate of at least0.005 liters per mole per hour.
3. The method of Claim 2 wherein the dialkyl carbonate and the
aromatic hydroxy compound are reacted under conditions whereby
g(rt)£2and
fler,t,d)30.02
15 where ¢ iS the amount of catalyst used (a molar percentage of the aromatic
hydroxy compound),  is reaction time (h), ¢ is reaction temperature (°C), and d

is a molar ratio
and g(r.t) =(r) “ exp[36-17 - {1000/(273 + t)}]
and Rertd) = (c) * (r) ~ exp[36-17 * {1000/(273 + &)}]  d/(1 + d)?);
20 and

4. The method of Claim 3 wherein the dialkyl carbonate is diethyl
carbonate or dimethyl carbonate.
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20 renoved fromthe top and the bottom of the reaction colum. In the

" present invention, the unreacted raw naterials obtained after the various
conponents of this reaction mxture are separated can be returned to the
reaction system For exanple, aromatic carbonate produced in the reaction
Is 25 continuously renoved fromthe reaction colum, usually in a liquid
state fromthe bottomof the colum. The aromatic carbonate fromthe
reaction columm can then be led to a refining colum to be refined. On the
ot her hand, al coholic by-products ar usually renoved fromthe top of the
reaction col um. 18 Unreacted dial kyl carbonate and aromatic hydroxy
conpound raw materials are continuously renoved fromthe reaction col um,

after which they n be,sep ed, recovered, @ returned to,the reaction
system When tRes %m@&eﬁﬁ&iﬂw& ‘Frﬁ’rrbﬁ?ﬁ' élqﬂgxlo%r’@ﬂatgn'ﬁ dimethyled t o
the 5 rg%%in?% systemin the present invention, it is preferred to
separate the al kyl aromatic ether by-product produced in the reaction

col um (mai nly 6 MHemethddsbf Chli® wheegin! the frohiatieshyrirexy tehpdund, is
distillation or the |like before returning
phenol, meta-cresol or para-cresol.
7. The method of Claim 4 wherein the aromatic hydroxy carbonate is
phenol.
8. The method of Claim 7 wherein the dialkyl carbonate is
dimethylcarbonate. '
9. The method of Claim 4 wherein the alkyl aromatic ethers are anisole,
phenetole, methyl tolyl ether, or ethyl tolyl ether.
10. The method of Claim 1 wherein the reactor is a reactive distillation
column whereby reaction products are separated from reactants as they are
formed. ' .
| 11. The method of Claim 1 wherein the reactor is an autoclave.
12. TEBJme&mdcﬁCHdngllvﬂwnﬁntheauktheﬁsanumdédtoa
distillation column to separate reaction product from reactants.

Ly



the unreacted raw materials to the reaction system In the present
invention, it is possible to manufacture aromatic 10 carbonates in good
yiel ds and at good rates of productivity, while keeping the selectivity for
al kyl aromatic ether by-product |ow, by reacting dialkyl carbonate and an
aromati ¢ hydroxy conpound under certain specified conditions. The present .
invention is described concretely heggi nbel ow by neans of 15 wor ki ng
exanples, but it is not limted by these exanples. Exanple 1 A 500 niL

autoclave with a packed distilling colum (colum height 1 m colum
dianmeter: 1 inch) packed with 3 nm D xon packing, shown in Drawing 1, was
used as the reactor. 20 A feed punp was used to feed phenol (PhOH)

and Ti (OPh)[err] as catalyst (cata.) continuously to the autoclave.

Di met hyl carbonate (DMC) was al so f edAB8RRRGTiousiy with a feed punp.
Reaction |iquid was continuously renoved via a special pipe provided for
that purpose in the bottom of the autoclave's cgkg ﬁg The
Iom#boiIing-pHPHPF@GWHBEQﬁtMEEHPQiﬁpﬁgAgpgﬁﬂaFi 688? Ucts was renoved
fromthe top of the distillation colum and liquefied with a condenser. A
portion of it was renoved, and the bal ance was refluxed through the
distillation colum. The reflux ratio is shown in Table 1.

To pfovide a method by which aromatic carbonates can be efficiently
manufactured from dialkyl carbonate and an aromatic hydroxy compound
with little production of alkyl aromatic ether by-product.

Manufacturing method for aromatic carbonates in which dialkyl

5  carbonate and an aromatic hydroxy compound are reacted in the presence of a
catalyst under the following conditions: (1) the catalyst used has a specified
catalytic activity, (2) values are selected from within specified ranges for
amount of catalyst used ¢, reaction time 7, ratio d of raw materials in the
reaction system, and reaction temperature ¢, (3) these values satisfy the relations

10 g(rt) £2 and fic,r,td) 2 002, and (4) the selectivity for alkyl aromatic ethers is
less than 1 percent, based on the amount of aromatic hydroxy compound fed to
the reaction.
Hereinabove, g(r,t,) = (r) “ exp[36-17 * {1000/ (273 + 8)}],
flertd)=(Q) () - explB6-17 (1000/(273 + B}] * d/1 + d)R).
15

Figure 1



19 The required heat was supplied by heating the autoclave and distillation
colum with electric furnaces. The raw material feed lines were al so

heat ed, using heaters. The procedure was carried out as a continuous
operation under the conditions in Table 1. The results are shown in Table
2. 5 Tabl e 1 shows col um-base tenperature r, columm-base residence
time t calculated fromthe liquid volune in the bottomof the colum and

t he amount of liquid renoved, anountj catalyst ¢, raw material nolar
ratio d (DMZ/ PhOH), and the values g(rt) and Acrtd) calculated fromr, t,

c, and d. Exanples 2-6 10 Conti nuous operations identical to the one
in Exanple 1 were carried out, except that the reaction conditions were
varied as shown in Table 1. The results are shown in Table 2. Exanple 7 A
500 nmL autocl ave having a plate-type distilling colum (colum 15 hei ght
3 m col unFigurabeter: 2 inches) equi pped with 40 sieve trays, shown in

Drawi ng 2, was used as the reactor. Phenol (PhOH) and Ti (OPh)4 as catal yst
(cata.) were continuously fed to
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the twentieth stage of the distilling colum, and the 20 pl ates above it

- were used for the distillation. 20 D met hyl carbonate (DMC) was
continuously fed to the autoclave. Reaction |liquid was continuously renoved
through a pipe in the bottom of the autoclave's colum. The

| ow- boi | i ng- poi nt conponent contai ni ng al coholic by-products was renoved
fromthe top of the distillation colum and |iquefied with a condenser. A
portion of it was renoved, and the bahance was 25 refluxed through the
distillation colum. The reflux ratio is shown in Table 1. The required
heat was supplied by heating the autoclave and distillation colum with
electric furnaces. The raw material feed |lines were al so heated, using -
heaters. The procedure was carried out as a continuous operation under the
condi tions Higureebl e 1. The results are shown in Table 2. 20 Conparative
.Exanples 1 and 2 Conti nuous operations idgntical to the one in Wrking
Exanple 1 were carried out, except that eaction conditions were varied
as shown in Table 1. The results are sh rCandenser 2.
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0.1 Exanple 5 A5 2% 0.03

Exanpl e fle claim: 50 ' 1}6 0 03 16 0.1
Exoﬁpnglr St i7v e 1. A megf;d of drl%nufacturﬁm% aromati%é carbona%e%
Exanpl e | Conpar at comprising: 14 0.4 0.03 . 4

0.3 Exanple 2

aromatic hydroxy compound in a molar ratio of from about
0.5 to about 2 and '

' reacting the dialkyl carbonate and the aromatic
hydroxy compound in the presence of from about 0.01 to
about 5 molar percent catalyst based on the aromatic
hydroxy compound for from about 0.05 to'about 2 hours at
the temperature of from about 206°C to about. 280°C whereby
the seleétively for élkyl aromatic ethers is less than
about one percent by weight based on the amount of aromatic
hydroxy compound charged to the reactor.

2. The method of claim 1 wherein the catalyst employed
has a catalytic activity sufficient to produce at least
0.005 liters per mole per hour of methylphenylcarbbnate,
wherein said catalytic activity is measured by reacting a
1:1 molar ratio of .dimethylcarbonate and phenol at a
reaction temperature of 200°C.

3. The method of Claim 2 wherein the dialkyl carbonate and the

aromatic hydroxy compound are reacted under conditions whereby

s(rf) £2and

fertd)30.02
~ wherec is the amount of catalyst used (a molar percentage of the aromatic

hydroxy compound) r is reaction time (h), ¢ is reaction temperature (°C), and d

is a molar ratio
and g(rt)=(r) “ exp[36-17  {1000/(273 + t)}]
and Rertd) =(c) * () “ exp[36-17 * {1000/(273 + B} “ d/(1 +rd)2),

and

4. The method of Claim 3 wherein the dialkyl carbonate is diethyl

carbonate or dimethyl carbonate.
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f' 4NN -
Abbrevi ations used in table: PMC Methyl phenyl carbgnate DPC - Di phenyl

carbonate Brief Description of Drawings Figure 1 Illustration of an_

apparatus used in the exanples. § REPLACE l[Justration of an
apparatus used in the exanpl es. 3\ %g?rsnﬁﬁﬁ

manuf acturing aromatic carbonaties conpri.si ng;, ¢hgrging to N

di al kyl carbonate and an aromati g y(ﬁr ggym@o@g%und' in a nol aTuNmmﬂlllleﬂ
0.5 to 2 and reacting the dial kyl| darbenate_and fthe¢ aromatic

conpound in the presence of from|0.01 to 5 nolar pdrcent catal yst based on
t he ar omat i wehgthigxy conpound for—++emB8-05-t0-.2 hours at a tenperature of
from206[err]C to 280[err] C whereby the selectivity for alkyl
ethers is |l ess than one percent by wei ght based on the anount of aromatic

I

Q

-l V)]

hydroxy conpoundlcharAedmeghede ofeammppfacturing  aromatic carbonates

15

20

comprising:

Charging to a reactor dialkyl carbonate and an aromatic
hydroxy compound in a molar ratio of from 0.5 to 2 and

reacting the dialkyl carbonate and the aromatic hydroxy
compound in the presence of from 0.01 to 5 molar percent based on the
aromatic hydroxy compound for from 0.05 to 2 hours at a temperature
of from 206°C to 280°C whereby the selectivity for alkyl aromatic ethers
is less than one percent by weight based on the amount of aromatic

hydroxy compound charged to the reactor.

2. The method of Claim 1 wherein the catalyst when employed as a
catalyst in the reaction of a 1:1 molar ratio of dimethyl carbonate and phenol at
a reaction temperature of 200°C has a catalytic activity whereby methyl
phenylcarbonate is produced at a rate of at least0.005 liters per mole per hour.

3. The method of Claim 2 wherein the dialkyl carbonate and the
aromatic hydroxy compound are reacted under conditions whereby

g(r.t) £2and
fertd)30.02

where ¢ is the amount of catalyst used (a molar percentage of the aromatic

——

hydroxy compound), r is reaction time (h), ¢ is reaction temperature (;C), and d

is a molar ratio
and g(r.t) =(r) " exp[36-17 * {1000/ (273 + t)}]
and fertd) = (c) * (r) “ exp[36-17 * {1000/(273 + £)]] “ d/(1 + d)%;
| and

4. The method of Claim 3 wherein the dialkyl carbonate is diethyl
carbonate or dimethyl carbonate.

* c L M S *

aromati c
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2. The,nethod of Caim1l wherein the catal yst when enpl o?ebdugs?'g"c%t al yst
in the reaction of a 1:1 nolar ratio of dinethyl carbonate and phenol at a
reaction tenperature of 2000C has a catalytic activity whereby nethyl
phenyl carbonate is produced at a rate of at leastO 005 liters per nole per
hour. 3. The nethod of Claim2 wherein the dial kyl carbonate and the
aromati ¢ .hydroxy conpound are reacted under conditions whereby g(r,t) 2
and f(c,r,t,d)[err]0.02 15 where ¢ isdthe anount of catalyst used (a

nol ar percentage ¢f) the caaBRRubed hndaoyalQAREENE) sudh tisatme@BLI pRerdyime (h),
t is reaction tenperature ([err]C, and dis a nolar ratio and

g(rt,) = (r) carbeppiesie -preduced goprite 78 at least 0.08a 4/ mole/h whepdhe reacipn= (¢)
(1) ook RPGE A (AT My Bt o,
or dimethyl ¢gdbeiatampdiarl RGN dbilethl/! carbdfate/ phenol = 1 (molar ratio) in
5 the reaction system, and 0.01 molar percent of catalyst is used, based on the
amount of phenol used;
(2) the reaction is conducted with
amount of catalyst ¢: 0.01 to 5 molar percent based on the aromatic
hydroxy compound
10 reaction time . 0.05to 2 h,
reaction temperature t: 206 to 280°C, and
molar ratio d of dialkyl carbonate/aromatic hydroxy compound in the
reaction system: 0.5 to 2;
(3) the reaction is preférably conducted under conditions
15 satisfying the following relafional expressions
g(r.)£2and
fler td)?0.02
where ¢ is the amount of catalyst used (a molar percentage of the

aromatic hydroxy compound), r is reaction time (h), ¢ is reaction temperature

20 (°C), and d is a molar ratio

and - 8(r.t)) = (r) “ exp[36-17 * {1000/ (273 + B)}]
fertd) = (c) " (r) ~ exp[36-17 * {1000/ (273 + £)}] “ d/(1 + d)?);
and

(4) the selectivity for alkyl aromatic ethers is less than one percent, based
25  onthe amount of aromatic hydroxy compound fed to the reaction.
The preferred dialkyl carbonate in the present invention is dimethyl
carbonate or diethyl carbonate.

The preferred aromatic hydroxy compound(s) in the invention are

phenol, m-, and/or p-cresol.
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5. The nmethod of Claim4 wherein the dial kyl carbonate is dinethyl
carbonate. 6. The nethod of C aim4 wherein the aromati c hydroxy conpound,
i s phenol, neta-cresol or para-cresol. 7. The nethod of Claim4 wherein the
aromati ¢ hydroxy carbonate is phenol. 8.  The nmethod of Caim 7 wherein

t he di al kyl carbonate is dinethylcarbonate. 9. The nethod of Caim4
wherein the al kyl aromatic ethers are ani sole, phenetole, nethyl tolyl
ether, or ethyl tolyl ether. 10. The netisod of Caim 1l wherein the reactor
s a reactive d|.St.l i | u 3 rat ed
From 1 eact ant of o Tney Bran i g MR SO R RO B Bl e BB e
reactor is aRSGR odéfhen a2distiliingrebhaninofks Ghed raslthevreaston thee reattionl ave is
connected to a distil la&\i on col umm t&separ?te reaction product from
reactants. temperatureis the temperature at the base of the column.

Reaction Time (r)

5 The reaction is conducted for 0.05 to 2 h, preferably 0.1 to 1 h. When the
reaction is conducted as a continuous operation, the reaction time is the
residence time. When a batchwise operation is used, the reaction time is the

residence time at the base of the column.

Molar Ratio (d) for Raw Materials in the Reaction System

10 In the present invention, dialkyl carbonate and aromatic hydroxy
compound are present in the reaction system at a molar ratio (dialkyl
carbonate/aromatic hydroxy compound) of 0.5 to 2, preferably 0.5 to 1.8. When
a distilling column is used as the reactor, this is the molar ratio at the base of the

column.

15 The Values g(r,t) and flc.r.t.d)
The reactionis preferably conducted under conditions that satisfy
g(r.t) £2, more preferably £1.8, .most preferably £1.5 and
feritdy? 0.02, more preferably 2 0.05, and most preferably 30.1
where c is the amount of catalyst used (a molar percentage of the aromatic
20 hydroxy compound), r is reaction time (h), ¢ is reaction temperature (°C), and d
is the molar ratio of the raw materials in the reaction system, and
8(rt) = (r)* exp[36-17 * {1000/ (273 + ]
flertd)=(c) " (r) “ exp[36-17 - {1000/ (273 + t)}] “d/1 + d)?).
(4) The selectivity for alkyl aromatic ethers is less than 1 percent, more

25  preferably less than 0.5 percent, based on the amount of aromatic hydroxy

compound fed to the reaction.

The reaction pressure differs according to the type and construction of

the reactor, the reaction materials, and the like, and the reaction may be
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We Claim :

1. A method of manufacturing aromatic carbonates

comprising:

Charging to a reactor dialkyl carbonate and an aromatic
hydroxy compound in a molar ratio of from 0.5 to 2 and

reacting the dialkyl carbonate and the aromatic hydroxy
compound in the presence of from 0.01 to 5 molar percent catalyst
based on the aromatic hydroxy compound for from 0.05 to 2 hours
at a temperature of from 206°C to 280°C whereby the selectivity
for alkyl aromatic ethers is less than one percent by weight
based on the amount of aromatic hydroxy compound charged to the
reactor.

2. The method of Claim 1 wherein the catalyst when employed as a
catalyst in the reaction of a 1:1 molar ratio of dimethyl carbonate and phenol at
a reaction temperature of 200°C has a catalytic activity whereby methyl
phenylcarbonate is produced at a rate of at least0.005 liters per mole per hour.

3. The method of Claim 2 wherein the dialkyl carbonate and the

aromatic hydroxy compound are reacted under conditions whereby

15

g(r.t) £2 and

Rertd)30.02

where c is the amount of catalyst used (a molar percentage of the aromatic
hydroxy compound), r is reaction time (h), t is reaction temperature (;C), and d
is a molar ratio

and g(r.t) = (r) “ exp[36-17 * {1000/ (273 + 1)}]
and Rertd) = (c) * (r) “ exp[36-17 * {1000/(273 + 1)}] - d/(1 + d)?);

20 and

4. The method of Claim 3 wherein the dialkyl carbonate 15 diethyl

carbonate or dimethyl carbonate.
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