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TITLE OF THE INVENTION

Process For Producing Aromatic Carbonates

BACKGROUND OF THE INVENTION

Field of The Invention

The present invention relates to a process for
producing aromatic carbonates. More particularly, the
present invention is concerned with a process for
producing aromatic carbonates, which comprises trans-
esterifying, in the presence of a metal-containing
catalyst, a starting material selected from the group
consisting of a dialkyl carbonate, an alkyl aryl car-
bonate and a mixture thereof with a reactant selected
from the group consisting of an aromatic monohydroxy
compound, an alkyl aryl carbonate and a mixture there-
of, characterized in that: )

at leaét one type of catalyst-containing ligquid is
taken out,

the catalyst~containing liquid being selected from
the group consisting of:

a portion of a high boiling point reaction mixture
obtained by the above transesterification and contain-
ing the desired aromatic carbonate and the metal-con-
taining catalyst, and

a portion of a liquid catalyst fraction obtained

by separating the desired aromatic carbonate from the



The present invention relates to I nt er penetrating polyneric network

(I'PN) conpositions, and the use thereof in contact |enses. Mre 10
particularly, the present invention relates to an |IPN conprised of a

pol yurea network and pol yacrylic network; the former network is prepared
fromam nes and | socyanates while the latter network is prepared from
acrylic esters polynerized with a free radicaf 15 initiator. The

pol yur ea/ pol yacrylic network nay be cross-linked with triam nes.

The IPN is used to?grepgre a lens. The [e ul%lggrginished contact or
p uc T

i ntraocul ar | ens Tling BRI Phe  PRRETS & present invention has the

clarity, 20 dimensional eééﬁ%!ﬂéfci noéééﬂw?QiHEﬁgE@Ri)' hiyn B@&&%HF' 'Fbxnt and
durability desired for either daily or extended wear cont ac enses or
i ntraocul ar | ensesgypstance having a boiling point higher than the boil-
ing point of the produced aromatic carbonate and con-
5 taining (B) the metal-containing catalyst;

(C) a functional substance capable of reacting
with at least one component selected from the group
consisting of the high boiling point substance (A) and
the metal-containing catalyst (B) is added to the

10 taken-out catalyst-containing ligquid, to thereby ocbtain
at least one reaction product selected from the group
consisting of an (A)/(C) reaction product and a (B)/(C)
reaction product; and

the (B)/(C) reaction product is recycled to the

15 reaction system, while withdrawing the (A)/(C) reactipn
product. -

According to the process of the present invention,
disadvantageous phenomena, such as the accumulation of
the high boiling point substance (A) in the reaction

20 system which causes the discoloration of an ultimate
aromatic polycarbonate (which is produced from an
aromatic carbonate), can be prevented without withdraw-
ing the catalyst from thé reaction system so that the
desired aromatic carbonates having high purity can be

25 produced stably for a prolonged period of time.



2. DI SCUSSI ON OF THE PRI OR ART 25 The use of contact |enses as
corrective opht hal m c devices as well as for cosnetic purposes is

wel | known. Various materials have been utilized in maki ng cont act

| enses, but these materials have been found | ess than ideal. 30

To be effective as a material for a contact 5 lens, the material nust
possess certain key properties: 35

Prior Art
An aromatic carbonate is useful as a raw material
for, e.g., the production of an aromatic polycarbonate
(whose utility as engineering plastics has been increas-
5 ing in recent years) without using poisonous phosgene.
With respect to the metﬁod for the production of an
aromatic carbonate, a method for producing an aromatic
carbonate or an aromatic carbonate mixture is known, in
which a dialkyl carbonate, an alkyl aryl carbonate or a

10 mixture thereof is used as a starting material and an
aromatic monohydroxy compound, an alkyl aryl carbonate
or a mixture thereof is used as a reactant, and in which
a transesterification reaction is performed between the
starting material and the reactant.

15 - However, since this type of transesterification is
a reversiblé reaction in which, morecver, not only is
the equilibrium biased toward the original system but
the reaction rate is also low, the production of an
arcomatic carbonate by the above-mentioned method on an

20 industrial scale is accompanied with great difficul-
ties.

To improve the above-mentioned method, several
proposals have been madé, most of which relate to the
development of a catalyst for increasing the reaction

25 rate. As a catalyst for use in the methed for produc-



- 2- 1 (a) a high oxygen perneability, (b) good wettability, (c)
durability, (d) good mechanical strength, (e)  optical clarity, (f)
flexibility, (g) ability to transmt light in the visible range, and
(h) honogeneity

4

ing an alkyl aryl carbonate, a diaryl carbonate or a
mixture thereof by reacting a dialkyl carbonate with an
aromatic hydroxy compound, there have been proposed
various metal-containing catalysts, which include for
5 example, a Lewis acid, such as a transition metal

halide, or compounds capable of forming a Lewis acid,
[see Unexamined Japanese Patent Application Laid-Open
Specification No. 51-105032, Unexamined Japanese Patent
Application Laid-Open Specification No. 56-123948 and

10 Unexamined Japanese Patent Application Laid-Open Speci-
fication No. 56-123949 (corresponding to West German
Patent Application Publication No. 2528412, British
Patent No. 1499530 and U.S. Patent No. 4,182,726)], a
tin compound, such as an organotin alkoxide or an

15 organotin oxide [Unexamined Japanese Patent Application
Laid-Open Specification No. 54-48733 (corresponding tb
West German Patent Application Publication No.
2736062), Unexamined Japanese Patent Application Laid-
Open Specification No. 54-63023, Unexamined Japanese

20 Patent Application Laid-Open Specification No. 60-
169444 (corresponding to U.S. Patent No. 4,554,110 and
West German Patént Application Publication No.
3445552), Unexamined Japanese Patent Application Laid-
Open Specification No. 60-169445 (corresponding to U.S.

25 Patent No. 4,552,704 and West German Patent Application



5 and (i) control known changes in the | ens paraneters in t he ocul ar
envi ronnent . Various nmaterials possess one or nore of these
properties but |ack one or nore of the other required properties. For
exanpl e, contact |enses derived from 10 hydrophobi c pol yners possess good
mechani cal strength and durability. Suchg.hydrophobic polymers used in
t he prior art to make contact |ens incluae ur et hanes, pol yesters,
pol yam des, sil oxanes, epoxides and the | i ke. However, such contact

| enses | ack mettaphbi&Ma%@gnlﬁogxﬁgﬁg5@95Ueﬁgékgﬁxned_Japanese patERtt he
ot her hand, hydrophilic materi al permts wettability and oxygen

perneability. Exagppescatioff nBYdropBhl 5peADROABESOHSRE. | B2Lhe7BREQr adkit
i ncl ude hydr oxyal kyl net hacrylate, vinyl alcohol and vinyl 20
pyrrolidone. But,uhbgamifetevephackackasuall ppppeckicedn Laid-Open Speci-
fication No. 1-265063 (corresponding to European Patent
5 Publication No. 338760 and U.S. Patent No. 5,034,557)],
salts and alkoxides of an alkali metal or an alkaline
egrth metal (Unexamined Japanese Patent Application
Laid-Open Specification No. 56-25138), lead compounds
(Unexamined Japanese Patent Application Laid- Open
10 Specification No. 57-176932), complexes of a metal,
such as copper, iron or zirconium (Unexamined Japanese
Patent Application Laid-Open Specification No. 57-
183745), titanic acid esters [Unexamined Japanese
Patent Application Laid-Open Specification No. 58-
15 185536 (corresponding to U.S. Patent No. 4,410,464 anﬁ
West German Patent Application Publication No. .
3308921)], a mixture of a Lewis acid and protonic acid
[Unexamined Japanese Patent Application Laid-Open
Specification No. 60-173016 (corresponding to U.S.
20 Patent No. 4,609,501 and West German Patent Application
Publication No. 3445553)], a compound of Sc, Mo, Mn,
Bi, Te or the like [Unexamined Japanese Patent Applica-
tion Laid-Open Specificétion No. 1-265064 (correspond-
ing to European Patent Publication No. 0 338 760 Al and

25 U.S. Patent No. 5,034,557)], and ferric acetate (Unex-



as good nechanical strength and durability. Thus, the ideal
contact lens material is one that is a conposite of a hydrophilic and
hydr ophobi c mat erial that maxi m zes the advantages of both materials 25
and m nimzes their weaknesses. The standard contact |ens used
al nost exclusively for many years was madge from

pol y( et hyl met hacryl ate) (PMVA). PMVA can be readily I nj ection nol ded,
conpressi on nol ded, or cast nolded to 30 give inexpensive, highly

z;aPﬁgarent, StE“%ﬁﬁnéﬁ”f%paneﬁgttﬁg%éhﬁQﬂgﬁficé€ﬂéﬁsbafﬁmﬁﬂgﬁ1S§§c§f£55U|t
cation No. 61- 172852).

As a catalyst for use in the method for producing
a diaryl carbonate by a same-species intermolecular
transesterification, wherein an alkyl aryl carbonate is
disproportionated to a dialkyl carbonate and a diaryl
carbonate, there have been proposed various catalysts,
which include for example, a Lewis acid and a transi-
tion metal compound which is capable of forming a Lewis
10 acid [see Unexamined Japanese Patent Application Laid-
Open Specification No. 51-75044 (corresponding to West
German Patent Application Publication No. 2552907 and
U.S. Patent No. 4,045,464)], a polymeric tin compound

[Unexamined Japanese Patent Application Laid-Open

15 Specification No. 60-169444 (corresponding to U.S.

Patent No. 4,554,110 and West German Patent Applicatibn
Publication No. 3445552)], a compound represented by
the formula R-X(=0)0H (wherein X is selected from Sn
and Ti, and R is selected from monovalent hydrocarbon
20 residues) [Unexamined Japanese Patent Application Laid-
Open Specification No. 60-169445 (corresponding to U.S.
Patent No. 4,552,704 and West German Patent Application
Publication No. 3445555)j, a mixture of a Lewis acid

and protonic acid [Unexamined Japanese Patent Applica-

25 tion Laid-Open Specification Neo. 60-173016 (correspbnd—



35 - 3- 1 very | ow oxygen
perneability of PMMA, | enses made therefrom have to be renoved fromthe
eye at | east once

ing to U.S. Patent No. 4,609,501 and West German Patent
Application Publication No. 3445553)], a lead catalyst
[Unexamined Japanese Patent Application Laid-Open
Specification No. 1-93560 (corresponding to U.S. Patent
5 No. 5,166,393)], a titanium or zirconium compound
(Unexamined Japanese Patent Application Laid-Open
Specification No. 1-265062), a tin compound [Unexamined
Japanese Patent Application Laid-Open Specification No.
1-265063 (corresponding to U.S. Patent No. 5,034,557

10 and European Patent Publication No. 0 338 760)], and a
compound of Sc, Mo, Mn, Bi, Te or the like [Unexamined
Japanese Patent Application Laid-Open Specification No.
1-265064 (corresponding to U.S. Patent No. 5,034,557
and European Patent Publication No. 0 338 760)].

15 ) : Another attempt for improving the yield of aromat-
ic carbonatés in these reactions consists in biasing
the equilibrium toward the product system as much as
possible, by modifying the mode of the reaction pro-
cess. For example, there have been proposed a method

20 in which by-produced methanol is disti;led off together
with an azeotrope forming agent by azeotropic distilla-
tion in the reaction of a dimethyl carbonate with
phenol [see Unexamined Japanese Patent Application
Laid-Open Specification No. 54-48732 (corresponding to

25 West German Patent Application Publication No. 2736063



dai l y.

In order to overconme the deficiency of the 5 PMVA

| enses, nunerous ot her organic pol yners have been proposed for use as

contact | enses.
sonmewhat hi gher

Cel l ul ose acetate butyrate | enses, for exanple, have a
oxygen perneability than PMVA and are readily fabricated

by injection nolding but have a | ower dinensipnal 10 stability than PMVA

Soft contact | enses based upon crosslinked

8 pol ymers from hydrophilic

nononers, such as 2- hydr oxyet hyl net hacrylate or N-vinyl-2-pyrrolidone,

are  found to be,general lpsqmy:e hroorrf@rztsazta'%ﬁ)g MR Ui M e drknges

but are nore fragile and have a tendencdy td econe cloudy because of the

ease by which protpifeaReQpplicd @il iifliAthd ReGanta AN N arel -

deposi ted thereon. Soft | enses prepared fromsilicone rubber have a very

10

20

25

291545], and a method in which by-produced methanol is
removed by adsorbing the same onto a molecular sieve
[Unexamined Japanese Patent Application Laid-Open
Specification No. 58-185536 (corresponding to U.S.
Patent No. 4,410,464 and West German Patent Application
Publication No. 3308921)].

Further, a method is known in which an apparatus
comprising a reactor having provided on the top thereof
a distillation column is employed in order to separate
and distill off alcchols (by-produced in the course of
the reaction) from a reaction mixture obtained in the
reactor. [With respect to this method, reference can
be made to, for example, Unexamined Japanese Patent
Application-Laid—Open Specification No. 56-123948
(corresponding to U.S. Patent No. 4,182,726 and West
German Patent Application Publication No. 2528412),
Unexamined Japanese Patent Application Laid-Open Speci-
fication No. 56-25138, Unexamined Japanese Patent
Application Laid-Open Specification No. 60-169444
(corresponding to U.S. Patent No. 4,554,110 and West
German Patent Application Publication No. 3445552),
Unexamined Japanese Patent Application Laid-Open Speci-

fication No. 60- 169445 (corresponding to U.S. Patent



hi gh oxygen perneability but poor mechanical properties 20 are resistant to
wetting and adhere to the cornea. | nprovenents in contact |ens
mat eri al s have been approached by utilizing copolynmers. For exanpl e,

U S. Patent No. 3,503,942 to Seiderman describes a contact |ens
conprised of a mxture of hydrophilic 25 nononers. The use of various

conbi nati ons of nononers to produce copol%ners is limted by the ability
of these nononers to copol ynerize. |If nononers which do not

by ol i none) . SSPuHeo 531 J0br 7R HURER o EPEn 305 Fop ok ThERE Eh Bhp L
fragments nust chg £5§C gg §£2§%55)Eh§né§gﬁined Japanese Patent Appli-
cation Laid-Open Specification No. 60-173016 (corre-
sponding to U.S. Patent No. 4,609,501 and West German
5 Patent Application Publication No. 3445553), Unexamined
Japanese Patent Application Laid-Open Specification No.
61-172852, Unexamined Japanese Patent Application Laid-
Open Specification No. 61-291545, and Unexamined Ja-
panese Patent Application Laid-Open Specification No.
10 62-277345.]

As more preferred methods for producing an aromat-
ic carbonate, the present inventors previously devel-
oped a method in which a dialkyl carbonate and an
aromatic hydroxy compound are ccontinuously fed to a

15 continuous multi-stage distillation column to effect a
continuous fransesterification reaction in the distil;
lation column, while continuously withdrawing a low
boiling point reaction mixture containing a by-produced
alcohel from an upper portion of the distillation

20 column by distillation and continuously withdrawing a
high boiling point reaction mixture containing a pro-
duced alkyl aryl carbonate from a lower portion of the
distillation column [seé Unexamined Japanese Patent
Application Laid-Open Specification No. 3-291257

25 (corresponding to U.S. Patent No. 5,210,268 and Euro-
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pean Patent Publication No. 0 461 274)], and a method
in which an alkyl aryl carbonate is continuously fed to
a continuous multi-stage distillation column to effect
a continuous transesterification reaction in the dis-
tillation column, while continuously withdrawing a low
boiling point reaction mixture containing a by-produced
dialkyl carbonate by distillation and continuously
withdrawing a high boiling point reaction mixture
containing a produced diaryl carbonate from a lower
portion of the distillation column [see Unexamined
Japanese Patent Application Laid-Open Specification No.-
4-9358 (correspending to U.S. Patent No. 5,210,268 and
European Patent Publication No. 0 461 274)]. These
methods for the first time realized efficient, continu-
ous production of an arcmatic carbonate. Thereafter,_
various methods for continuously producing an aromatié
carbonate have further been developed, based on the
above-mentioned metheds developed by the present inven-
tors. Examples of these methods include a method in
which a catalytic transesterification reaction is
performed in a column reactor [see Unexamined Japanese
Patent Application Laid-Open Specification No. 6-41022
(corresponding to U.S. Pétent No. 5,362,901 and Euro-
pean Patent Publication No. 0 572 870), Unexamined

Japanese Patent Application Laid-Open Specification No.



Lenses prepared from copolyners of a silicone met hacryl ate with nethyl
net hacryl ate (Gayl ord, U. S Patent No. 4,120,570) or with nethyl
itaconate (Ellis, U S. Patent No. 4,424,328) have greater but still 5
i mted oxygen perneability. Wchterle in U S. Patent No.
3,408, 429 descri bes a conmplex centrifugal casting technique for
converting a m xture of hydroxyethyl methacrylate and et hyl ene gl ycol
di ret hacrylate into a cross-1linked 10 polynmer |ens which, upon being

subj ected to nor 1Bly 50438 [ 06--LspsRAYELted B8O PaBoft GOt ackahensa Thi s

conpl ex procedure” inherent s havi ng optics't at are
inferior to thoseaﬁcﬁ,ﬁ‘@f%&&ﬂﬁ&%ent bEPBESation No. 0 5820983hderghbg-
o the

attention has been given
amined Japanese Patent Application Laid-Open Specifica-
tion No. 6-184058 (corresponding to U.S. Patent No.

5 5,344,954 and European Patent Publication No. 0 582
930)], a method in which use is made of a plurality of
reactors which are connected in series [Unexamined
Japanese Patent Application Laid-QOpen Specification No.
6-234707 (corresponding to U.S. Patent No. 5,463,102

10 and European Patent Publication No. 0 608 710 Al), and
Unexamined Japanese Patent Application Laid-Open Speci-
fication No. 6-263694], a method in which a bubble
tower reactor is used [Unexamined Japanese Patent
Application Laid-Open Specification No. 6-298700

15 (corresponding to U.S. Patent No. 5,523,451 and Euro-
pean Patent-Publication No. O 614 877)], and a method
in which a vertically long reactor vessel is used
(Unexamined Japanese Patent Application Laid- Open
Specification No. 6-345697).

20 Also, there have been proposed methods for produc-
ing an aromatic carbonate stably for a prolonged period
of time on a commercial scale. For example, Unexamined
Japanese Patent Applicafion Laid-Open Specification No.
6-157410 (corresponding to U.S. Patent No. 5,380,908

25 and European Patent Publication No. 0 591 923 al)



nodi fication of polyner properties through the use of procedur es

I nvol ving the formation of an I nterpenetrating polyner network (IPN). An
| PN can be defined broadly as an intimate network of two or nore 20
polymers at |east one of which is either synthesized and/ or cross-Iinked
In the presence of the other. Liyu, for exanple, in U S Patent
No. 4,618, 644, describes the polynerlzatl%% of nmet hyl nmet hacrylate in
the presence of a silicone polymer to 25 obtain a product of inproved

e habl o pol GPELYBRELZE! kAl ShBYLe0s, BineCa  dnleh ABt e N B

crosslinkabl e pol y- h IS|onane uct

useful for the fa?fbﬁaE'QQaQLyl cggﬂhﬁgkelgﬂﬁe% nl §r8 %%rbb%%d?%gﬁab G-t a
(Ger. Ofen. DE 30 2,518,904)° Contact | enses have a so bee cated
fromthe |nterpenﬁbﬁﬁHLthﬂ@h“@b%pEQ%égeth%%thh@gyf%nglylng a mixture
of raw materials and a catalyst to a reactor provided
5 with a distillation column thereon to effect a trans-
esterification reaction in the reactor, while continu-
ously withdrawing a by-produced aliphatic alcohol from
the reactor through the distillation column by distil-
lation so as to keep the aliphatic alcochol concentra-
10 tion of the reaction system_at 2 % by weight or less.
This prior art document describes that, by this method,
continuous production of an aromatic carbonate can be
performed in a stable manner. The object of this
method is to avoid the deposition of the catalyst in
15 the distillation column. Further, Patent Application
prior—to—exémination Publication (Kohyo) No. 9—11049-
(corresponding to WO 97/11049) discloses a process for
producing an aromatic carbonate, in which the trans-
esterification is conducted while maintaining a weight
20 ratio of an aromatic polyhydroxy compound and/or a
residue thereof to the metal component of the metal-
containing catalyst at 2.0 or less, with respect to a
catalyst-containing liqﬁid—phase mixture in a system
for the transesterification, so that the desired aro-

25 matic carbonates can be produced stably for a prolonged
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period of time without suffering disadvantageous phe-
nomena, such as the deposition of the catalyst.

On the other hand, it is known that ﬁhen an aro-
matic carbonate is produced by transesterification,
high boiling point substances are likely to be by-
produced. For example, Unexamined Japanese Patent
Application Laid-Open Specification No. 61-172852
discloses that when diphenyl carbonate is produced by a
transesterification of dimethyl carbonate with phenol,
an impurity having a boiling point equal to or higher
than the boiling point of the produced diphenyl car-
bonate is by-produced, and that the impurity is caused
to enter the diphenyl carbonate and causes the discol-
oration of an ultimate product, such as an aromatic
polycarbonate. This prior art ddcument does not dis-
close an example of the impurity having a boiling poiht
equal to or higher than the boiling point of the pro-
duced diphenyl carbonate; however, as an example of the
impurity, there can be mentioned an aryloxycarbonyl-
{hydroxy)-arene which is produced as an isomer of a
diaryl carbonate by Fries rearrangement. More specifi-
cally, when diphenyl carbonate is produced as the
diaryl carbonate, a phenYl salicylate can be mentioned
as an example of the aryloxycarbonyl-(hydroxy)-arene.

Phenyl salicylate is a high boiling point substance



1 the polynerization of 2-hydroxyethyl nmethacrylate in the presence of
pol y-N-vi nyl pyrrolidone (Ewell, U S. Patent No. 3,647,736).
Neefe (U. S. Patent No. 4,632,773) shows the 5 polynerization of nethyl

nmet hacryl ate in the presence of a syrup containing polynerized
met hacr yl oxypr opyl - trimethoxysilane and a fluorescent colored pigment
to obtain a solid contact |ens blank matetfal which can be readily

identified. Tighe and Gee (U. S. Patent No. 10 4, 430, 458) disclose the
formation of soft gontagt hens osMEIE al Dby o h? G5 %%I'zj.i KNGl 111
pol ymeri c hydrogel o% a cogbﬁyner ot %-V|nyl- - pyrrolidone urlngjfhe
final conpress&gg 9615%1%%t%%% ggb%kg@lp@%g%gﬁagg_wl et al.
In this case, when the transesterification is
conducted for a long period of time, the above-men-

5 tioned high boiling point substance accumulates in the
reaction system and the amount of the impurity mixed
into the ultimate aromatic carbonate tends to increase,
so that the purity of the ultimate aromatic carbonate
is lowered. Further, as the amount of the high boiling

10 poeint substance in the reaction mixture increases, the
boiling point of the reaction mixture rises, so that
the by-production of the high boiling point substance
is accelerated, thus rendering it difficult to produce
desired aromatic carbonates stably for a prolonged

15 period of time. As a measure for solving the problem§,
it is conceivable to withdraw a high boiling point -
substance-containing reaction mixture from the reaction
system, thereby preventing the accumulation of the high
boiling point substance in the reaction system. Howev-

20 er, by this measure, a disadvantage is brought about in
that, when a catalyst which is soluble in the reaction
liquid is used, both the catalyst and the high boiling
point substance are present in a state dissolved in the
reaction mixture, so that, for separating the catalyst

25 from the high boiling point substance by a conventidnal



(U.S. Patent No. 4,536,554) describes the preparation of 15 soft contact

| enses made formthe interpenetrating net wor k pol yner obtai ned by the
pol ymeri zation of a m xture containing a hydrophilic and a hydrophobic
nononer and at |east two cross-1|inking agents. However, unti
t he present invention, no one 20 had recogni zed that an | PN conprising a
net wor k of pol yurea interpenetrated with podl yacrylate woul d be the
material of choice for contact lenses. This IPN conmbi nes a weak

hydrophi l'ic pol ymeg; 81 2chydr RRERBEC it POl ¥E8BEssZPy to heat thBr£QM¥Er,
the present inventors have di scovered that both the ratio of polyurea to

acryl ate and t he; B9l 88t Bee CROPRSEGH | BBmpELatlitéscaled@inghts a funtheral

to be used in a contact |ens; however, if the ratio is within certain

specified limts anfctd€sed formation of by-products. Therefore, it is
difficult to separate the catalyst from the high boil-

5 ing point substance. This means that the withdrawal of
the high boiling point substance from the reaction
system is inevitably accompanied by the discharge of
the catalyst. Accordingly, for continuing the reac-
tion, it is necessary to supply a fresh catalyst to the

10 reaction system. As a result, a large quantity of the

catalyst is needed.

SUMMARY OF THE INVENTION

In this situation, for solving the above-mentioned
problems accompanying the prior art, the present invep—
15 tors have made extensive and intensive studies. As a
result, it has been found that:
in a process for producing aromatic carbonates
which comprises transesterifying, in the presence of a
metal-containing catalyst, a starting material selected
20 from the group consisting of a dialkyl carbonate, an
alkyl aryl carbonate and a mixture thereof with a
reactant selected from the group consisting of an
aromatic monohydroxy compound, an alkyl aryl carbonate
and a mixture thereof,

25 when use is made of a process characterized in



30 polyam ne is of certain conmposition, the resulting |IPN mat eri al

possesses all

10
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25

of the key properties described 35

16

that:

at least one type of catalyst-containing liquid is
taken out,

the catalyst-containing liquid being selected
from the group consisting of a portion of a high boil-
ing point reaction mixture obtained by the above trans-
esterification and containing the desired aromatic
carbonate and a metal-containing catalyst, and a por-
tion of a liquid catalyst fraction obtained by separat-
ing the desired aromatic carbonate from the high boil-
ing point reaction mixture, wherein each portion con-
taining high boiling point substance (A) having a
boiling point higher than the boiling point of the
produced aromatic carbonate and containing the metal-
containing catalyst (B):;

a functional substance (C) capable of reacting
with at least one component selected from the group
consisting of the high boiling point substance (A) and
the metal-containing catalyst (B) is added to the
taken-out catalyst-containing liquid, to thereby obtain
at least one reaction product selected from the group
consisting of an reaction product (A)/(C) and a reac-
tion product (B)/(C}); aﬁd

the reaction product (B)/(C) is récycled to the
reaction system directly or indirectly, while withdraw-

ing the high boiling point substance without withdraw-



- 6- 1 herei nabove and is nost suitable for making contact | enses.

SUMWWARY OF THE I NVENTION 5 Accordingly, the present invention
is directed to a honobgeneous interpenetrating pol ymer network
exhibiting a single glass transition tenperature prepared from

pol yneri zation of a reactive m xture of pol yneri zabl e conmponents, said
reactive mxture 10 conpri sing (a) an am ne m xture

conpri sing polyam nes A and B, said am nes being present in about

20- 60% by ing the catalyst from the reaction system,

disadvantageous phenomena, such as the accumula-

tion of the high boiling point substance (A) in the
reaction system which causes the discoloration of an

5 ultimate aromatic polycarbonate (which is produced from
an aromatic carbonate), can be prevented, so that a
high purity arcmatic carbonate can be stably produced
for a prolonged period of time. The present invention
has been completed, based on the above finding.

10 Accordingly, it is a primary object of the present
invention to provide an improved process for producing
an aromatic carbonate, which comprises transesterify-
ing, in the presence of a metal-containing catalyst, a
starting material selected from the group consisting pf

15 & dialkyl carbonate, an alkyl aryl carbonate and a
mixture therecf with a reactant selected from the group
consisting of an aromatic monohydroxy compound, an
alkyl aryl carbonate and a mixture thereof, wherein
the desired high purity aromatic carbonates can be

20 produced stably for a prolonged period of time without
suffering above-mentioned disadvantageous phenomena.

That is, according to the process of the present
invention, the high boiling point substance can be
selectively discharged from the reaction system, so

25 that the concentration of the high boiling point sub-

stance in the reaction system can be maintained at a



wei ght of said reactive mxture, wherein Ais 15

1 20 and B is Herr]Nerr]Rerr]([err]OR[err]NH err]
wherein flerr] is an integer from 1-75; Ris an
al kyl ene containing 3 carbon atons and 25 each R is the sane;

f is an integer between 1 and 150, inclusiveis

level below a certain value and hence aromatic car-
bonates having high purity can be produced. Further,
since the catalyst can be recycled, not only can the
necessary amount of the catalyst be remarkably reduced,

5 but also the occurrence of a catalyst-containing waste
containing a high boiling point substance, which used
to occur in the conventional technique for the with-
drawal of a high beoiling point substance out of the
reaction system, can be prevented.

10 The foregoing and other objects, features and
advantages of the present invention will be apparent
from the following detailed description and appended
claims taken in connection with the accompanying draw-
ings.

15 - BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1 is a diagram showing an example of systems
for practicing the process of the present invention;

Fig. 2 is a diagram showing another example of

20 systems for practicing the process of the present

invention;

Fig. 3 is a diagram showing a further example of
systems for practicing the process of the present
invention; and

25 Fig. 4 is a diagram showing still a further exam-



Rlerr], Rerr],

| oner al kyl ; Z[err] and Z[err] are independently a chem cal
bond or 30 | ower al kylene with A and B being present in relative wei ght
ratios ranging from about 60/40 to about 100% A, 35
19
ple of systems for practicing the process of the pres-
ent invention.
Fig. 5 is a diagram showing still a further exam-
ple of systems for practicing the process of the pres-
5 ent invention.
Description of Reference Numerals
1, 101, 201: continuous multi-stage distillation
column
2, 102, 202: top of the continuous multi-stage
10 distillation column
3, 5, 7, 9, 10, 12, 13, 15, 15', 16, 18, 19, 20,
20', 21, 23, 25, 27, 28, 29, 30, 32, 34, 35, 37, 39,
40, 41, 44, 45, 46, 48, 48', 49, 51, 53, 55A, 56, 59A,
58, 60, 61, 63, 105, 113, 115, 115', 116, 118, 119,
15 120, 121, 124, 125, 127, 128, 129, 130, 132, 149, 224,
225, 227, 228, 229, 230, 232, 233, 235: conduit
4: preheater
6, 106, 206: bottom of the continuous multi-stage
distillation column
20 8: evaporator

Rlerr], Rerr] and R err] are independently hydrogen or

11, 22, 26, 127, 226, 234: condenser
14, 114: evaporator

17, 31, 117, 131: zreboiler

24, 43, 54, 62: distillation column

33: thin-film evaporator



-7- 1 (b) an organic di- or poly-isocyanate present I n
sufficient quantity to react with the amne m xture of (a), formng
t herefrom a pol yurea network; (c) an acrylic ester of the
formul a
20
36, 47, 59: storage vessel
38: electric furnace
42, 50, 55, 100: reaction vessel
DETAILED DESCRIPTION OF THE INVENTION
5' In the present invention, there is provided a
process for producing aromatic carbonates, which com-
prises:
(1) transesterifying a starting material selected
from the group consisting of a dialkyl carbonate repre-
10 sented by the formula (1)
rlocor?! (1),
|
0]
15 an alkyl aryl carbonate represented by the formula (2)
R20COAr2 (2)
I
0
20 and a mixture thereof with a reactant selected from the

25

group consisting of an aromatic monohydroxy compound

represented by the formula (3)

Arlon (3),



[err] 10 15 wherein Rlerr] is hydrogen or | ower
al kyl ; mis an integer fromO0O to 150; 20 Z[err] and
Z[err] are independently | ower alkylene;

21

an alkyl aryl carbonate represented by the formula (4)

rR30COAr3 (4)
(II)
5 .
and a mixture thereof,
wherein each of Rl, RZ2 and RS independently
represents an alkyl group having 1 to 10
carbon atoms, an alicyclic group having 3 to
10 10 carbon atoms or an aralkyl group having 6
to 10 carbon atoms, and each of Arl, Ar2 and
Ar3 independently represents an arcmatic
group having 5 to 30 carbon atoms,
in the presence of a metal-containing catalyst which is
15 soluble in a reaction system comprising the starting
material and the reactant and which is present in a
state dissolved in the reaction system, to thereby
obtain a high boiling point reaction mixture comprising
the metal-containing catalyst and at least one aromatic
20 carbonate which is produced by the transesterification

and which corresponds to the starting material and the
reactant and is selected from the group consisting of

an alkyl aryl carbonate represented by the formula (5)

25



Z[err] and Z[err] are independently a chem cal bond or | ower al kyl ene;

CHerr] [err] R4 is hydrogen, lower alkyl or -CCRerr]; 25
[err] 0 ~ Rerr] is
hydrogen or |ower alkyl; Rlerr] and Rl err] are independently
| ower al kyl ; pis an integer of, 1 to 3; 30 and Rlerr]
Is | ower al kylene or a chem cal bond or é%ﬁerr](CI}{err]CH[err])[err];
ROCOAr (5)
|
0

and a diaryl carbonate represented by the formula (6)

5
ArOCOAr (6)
:
wherein R and Ar are, respectively, selected
10 from the group consisting of Rl, R% and R3
and selected from the group consisting of
Arl, Ar? and ArS in correspondence to the
starting material and the reactant,
while withdrawing a low boiling point reaction mixture
15 which contains a low beoiling point by-product comprisf
ing an aliphatic alcohol, a dialkyl carbonate or a
mixture thereof corresponding to the starting material
and the reactant and represented by at least one formu-
la selected from the group consisting of ROH and
20
ROCOR,
!

wherein R is as defined above,

25 (2) separating the high boiling point reaction



35

g is an integer between 0 and 200, i nclusive,

said acrylic ester being present in about 10-50% by

10

20

25

23

mixture into a product fraction comprising the produced
aromatic carbonate and a liquid catalyst fraction
comprising the metal-containing catalyst, and

(3) recycling the liquid catalyst fraction to the
reaction system while withdrawing the product fraction,

characterized in that the process further com-
prises:

(1') taking out at least one type of catalyst-
containing liquid which is selected from the group
consisting of:

a porticn of the high boiling point reaction
mixture before the separation of the high boiling point
reaction mixture intoc the product fraction and the
liquid catalyst fraction, and

a portion of the separated liquid catalyst fraci
tion,

each portion containing (A) at least one high
boiling point substance having a boiling point higher
than the boiling point of the produced aromatic car-
bonate and containing (B) the metal-containing cata-
lyst,

(2') adding to the taken-out catalyst-containing
liquid a functional substance (C) capable of reacting
with at least one component selected from the group

consisting of the component (A) and the component (B},



weight in said reactive m xture; and (d) a free radica
initiator being present in 5 sufficient quantity in said reactive mxture

to pol ynmeri ze the acrylic ester of (c), formng therefroma

pol yacrylic network, wherein the ratio of polyurea to pol yacrylic ranges
from about 90: 10 to about 50: 50, and (e) atriamne present in
sufficient 10 quantities to crosslink said a#ffne mxture of (a).

DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the term
"l ower al kyl", when used al one or in conbination w.th oth FLedr QURS,
refers 15 to an aFRyFPER&PE EBhRAPNRlg 1828 cEPFofCACHE™ PRE I alkyice

groups may be S};%i?%%ﬁﬁh%hgegrghpbE%R%g%%ing o%x%gpkiﬁ/k%ﬁlw$3&€ﬂ$wl’

et hyl, pr

opyl ,

product and a (B)/(C) reaction product, and
(3') recycling the (B)/(C) reaction product to the
5 reaction system directly or indirectly, while withdraw-
ing the (A)/(C) reaction product.
For an easy understanding of the present inven-
tion, the essential features and various preferred

embodiments of the present invention are enumerated

10 below.
1. A process for producing aromatic carbonates, which
comprises:
(1) transesterifying a starting material selected
15 from the group consisting of a dialkyl carbonate repre-

sented by the formula (1)
- rlocor? - (1),
|
0]
20

an alkyl aryl carbonate represented by the formula (2)

R20COAr2 (2)

25



butyl, sec-butyl, t-butyl, isobutyl, pentyl, isopentyl, neopentyl ,
hexyl, and the like. It is preferred that 20 the al kyl group contains 1-3

carbon atons. As used herein, the term"al kyl ene"” refers to

a hydrocarbyl group derived froman al kyl group by droppi ng a hydrogen
fromthe fornmula. The al kylene is bonded to two other groups in the main
chain. Exanples 25 include -CH err] -, -CH[eFFj-CH[err]-

-CH err]-CHerr]-CHerr]-, -CHCHerr]-, and [err]

CH err] the like, Lt_is. preferred that.th | n t ai

1-3 carbon atons. %" fa &' mixelrs re?%senFﬁlﬁvgn%¥8§ ?sg gggggdf§§53%hg

i nter penet rat i ng g 9g&§r§ogg£¥g§5% Sy ﬂbgﬁﬁﬁétgetﬁBh@h?drox&ncEﬂﬁound

manuf act ure of contac ens an articul ar
represented by the formula (3)

¢ | Arlon (3),
an alkyl aryl carbonate represented by the formula (4)

R30COAr3 (4)
I
0

10

and a mixture thereof,

wherein each of Rl, R2 and R3 independently
represents an alkyl group having 1 to 10

15 ; carbon atoms, an alicyclic group having 3 to
10 carbon atoms or an aralkyl group having 6
to 10 carbon atoms, and each of Arl, Ar2 and
Ar3 independently represents an aromatic
group having 5 to 30 carbon atoms,

20 in the presence of a metal-containing catalyst which is
soluble in a reaction system comprising the starting
material and the reactant and which is present in a
state dissolved in the reaction system, to thereby
obtain a high boiling point reaction mixture comprising

25 the metal-containing catalyst and at least one aromatic



35 -0O-

26

carbonate which is produced by the transesterification
and which corresponds to the starting material and the
reactant and is selected from the group consisting of

an alkyl aryl carbonate represented by the formula (5)

ROCOAT (5)

|
0
and a diaryl carbonate represented by the formula (6)

ATYOCOATX (6)

wherein R and Ar are, respectively, selected
15 ) from the group consisting of Rl, RZ and R3
and selected from the group consisting of
Arl, Ar? and Ar3 in correspondence to the
starting material and the reactant,
while withdrawing a low boiling point reaction mixture
20 which contains a low boiling point by-product compris-
ing an aliphatic alcohol, a dialkyl carbonate or a
mixture thereof corresponding to the starting material
and the reactant and repfesented by at least one formu-
la selected from the group consisting of ROH and

25



1 such polyners that have been prepared with nodifiers and cross-1inking

agents and the optical contact |ens prepared from such materials.

More specifically, the present invention is 5 directed to a polyurea
network interpenetrated with a pol yacrylic network in such a manner as
to forman I nterpenetrating network which_is conpletely hono- geneous
and exhibits a single glass transition t@ﬁperature. 10 The

pol yurea network descri bed herei nabove is a network conprised of am nes,
i.e., amne term nated chainﬁBg der, with organic di- or

pol yi socyanates. In addi tion, q am ne cross-1linking agent is required,
whi ch is descri bed herei nbel ow. 15% The am nes suitable for the
present invention are polyners having two or nore term nal am no

wherein R is as defined above,

5 (2) separating the high boiling point reaction
mixture into a product fraction comprising the produced
aromatic carbonate and a liquid catalyst fraction
comprising the metal-containing catalyst, and

(3) recycling the liquid catalyst fraction to the

10 reaction system while withdrawing the product fraction,
characterized in that the process further com-
prises:

(1') taking out at least one type of catalyst-
containing liquid which is selected from the group

15 cdonsisting of:

a portion of the high boiling point reaction
mixture before the separation of the high boiling point
reaction mixture into the product fraction and the
liquid catalyst fraction, and

20 a portion of the separated liquid catalyst frac-
tion,

each portion containing (A) at least one high
boiling point substance having a boiling point higher
than the boiling point of the produced aromatic car-

25 bonate and containing (B) the metal-containing cata-



functionalities. The nost preferred am nes are am no term nat ed

pol yet hers. Exanples of the nost preferred pol yam nes include poly
(oxyet hyl ene) di am ne, poly 20 (oxypropyl ene) diam ne, triethylene glycol

di am ne, and the like. In a preferred enbodi nent, the am ne
conponent I's conprised of a mxture of diamnes, i.e., a

pol yoxyet hyl ene di am ne and a pol yoxypr opyl diamne. 25 It has been
found by the present inventors that the bal ance between pol yoxyet hyl ene
di am ne and po&éoxypropylene diamne is very inportant to the
transparency and tér absorption properties of the IPN el astoners. The

A M T L b o R ol
wei ght of liquid a functional substance (C) capable of reacting
with at least one component selected from the group
5 consisting of the component (A) and the component (B),
to thereby obtain at least one reaction product select-
ed from the group consisting of an {A)/(C) reaction
product and a (B)/(C) reaction product, and
(3') recycling the (B)/(C) reaction product to the

10 reaction system directly or indirectly, while withdraw-

ing the (A)/{(C) reaction product.

2. The process according to item 1 above, wherein the
portion of the high boiling point reaction mixture is
15 from 0.01 to 10 % by weight, based on the weight of the
high boiling point reaction mixture, and wherein the
portion of the separated liquid catalyst fraction is
from 0.01 to 40 % by weight, based on the weight of the
separated liquid catalyst fraction.
20
3. The process according to item 1 or 2 above, where-
in the high boiling point substance (A) originates
from at least one compoﬁnd selected from the group
consisting of the starting material, the reactant,

25 impurities contained in the starting material and the
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reactant, and by-products of the transesterification

reaction.

4. The process according to item 3 above, wherein the
high boiling point substance (A) is at least one sub-
stance selected from the group consisting of an aromat-
ic hydroxy compound (7), a compound (8) derived from
the compound (7), an aromatic carboxy compound (9), a
compound (10) derived from the compound (9), and
xanthone,

wherein:

compound (7) is represented by the formula (7):

Ar?—¢oH) | (7)

_wherein Ar4

represents an aromatic group
having a valence of m, m represents an inte-
ger of 2 or more, and each —OH group is
independently bonded to an arbitrary ring-
carbon position of the ard group,

compound (8) contains a residue represented by the

formula (8):

—0y—Art—¢oH), (8)
n



1 the pol yoxyet hyl ene di am ne increases, the resulting hydr ogel s absorb
nore water. Unfortunately, the transparency suffers as the poly

(oxyet hyl ene) di am nes tend to crystallize. The presence of poly 5
(oxypropyl ene) diamines in the formulation is necessary to obtain
transparent hydrogel s. The preferred poly (oxyethyl ene)

di am ne used in the present invention ha$® he fornul a 10

4 and m are as defined for formula

wherein Ar

(7), n represents an integer of from 1 to m,

and each cof the —CH group and the —0— group

is independently bonded to an arbitrary ring-
5 cérbon position of the ar? group,

compound (9) is represented by the formula (9):

(HOy—ar> (("‘I,OH)r_S (9)
0

10

wherein Ar5

represents an aromatic group
having a valence of r, r represents an inte-
ger of 1 or more, s represents an integer of
from O to (r-1), and éach of the —0H group

15 ) and the —COOH group is independently bonded
to an arbitrary ring-carbon position of the
Ar® group, and
compound (10) contains a residue represented by

the formula (10):

20 I
| @)t
(HO:AIS%%OH )r—s—u
O

(10)

=0
0



15 wherein f is an integer from 30-70. The poly

(oxypropyl ene) diam ne used herein is preferably of the formula 20
Herr]N- R (ORJ[err]-NHerr] wherein R is an al kyl ene chain
contai ning 3 carbon 25 atons, and flerr] is an integer of
1- 50.
31
3

wherein Ar”?, r and s are as defined for
formula (9), t is an integer of from 0 to s,
u is an integer of from.O to (r-s), with the
proviso that t and u are not simultaneously

5 0, and each of the —0H group, the —COOH
group, the —0— group and the —(C00)— group
is independently bonded to an arbitrary ring-

carbon position of the Ar> group.

10 5. The process according to any one of items 1 to 4
above, wherein the functional substance (C) is an
oxidizing agent, so that the (A)/(C) reaction product
is a low boiling point oxidation product and the

(B)/(C) reaction product is a metal oxide.

15
6. The process according to any one of items 1 to 4
above, wherein the functional substance (C) is a pre-
cipitant, so that the (B)/(C) reaction procduct is a
metal-containing substance which precipitates.

20

7. The process according to item 6 above, wherein the
metal-~containing substance is a metal compound selected
from the group consisting of a metal carbonate, a metal
hydroxide, a metal oxide,  -a metal sulfide and a metal

25 | sulfate.



It
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Is preferred that f[err] is 30 and f is 30-70. In the
preferred enbodi ment of the present I nvention, a mxture of am nes
preferably conprises poly 30 (oxyethyl ene) diam ne having the formul a

W

10

15

20

32

8. The process according to any one of items 1 to 4
above, wherein the functional substance (C) is a reac-
tive solvent, so that the (A)/(C) reaction product is a
low boiling point product obtained by the solvolysis of

component (A).

9. The process according to item 8 above, wherein the
reactive solvent is water, so that the (A)/(C) reaction
product is an aromatic monohydroxy compound obtained by

the hydrolysis of component (A).

10. The process according to any one of items 1 to 9
above, wherein the steps (1), (2) and (3) are continu-
ously performed, thereby continuously producing an

aromatic carbonate.

11. The process according to item 10 above, wherein
the starting material and the reactant are continuously
fed to a continuocus multi-stage distillation column to
effect a transesterification reaction therebetween in
at least one phase selected from the group consisting
of a liquid phase and a gas-liquid phase in the pres-
ence of the metal-containing catalyst in the distilla-
tion column, while continuously withdrawing a high

boiling point reaction mixture containing the produced



wherein f

Is an integer of 1-50 and a poly

10

15

20

25
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aromatic carbonate in a liquid form from a lower por-
tion of the distillation column and continuously with-
drawing a low boiling point reaction mixture containing
the low boiling point by-product in a gaseous form from
an upper portion of the distillation column by distil-

lation.

12. A process for producing aromatic polycarbonates,
which comprises subjecting to transesterification
polymerization an aromatic carbonate produced by the
process according to any one of items 1 to 11 above and

an aromatic dihydroxy compound.

The process of the present invention for producing
an aromatic carbonate from the above-mentioned starting
material and reactant by transesterification in the
presence of a metal-containing catalyst is character-
ized in that:

at least one type of catalyst-containing liquid is
taken out,

the catalyst-~containing liquid being selected from
the group consisting of:

a portion of a high boiling point reaction mixture
obtained by the above transesterification and contain-
ing the desired aromatic carbonate and a metal-contain-

ing catalyst, and



(oxypropyl ene) diamne of formula IB 10

[err] 15 wherein f[err] is an integer of 1-50. It is
preferred that the am ne be present in about 20-60% by weight in the
starting nononeric m xture. The preferred relative weight of A and IB
ranges from about 60/40 to about 100% A, rei%gctively. 20 It is

to be noted that unless indicated to the

10

15

20

25

a portion of a liquid catalyst fraction obtained
by separating the desired aromatic carbonate from the
high beoiling peoint reactien mixture,

each portion containing high boiling point sub-
stance (A) having a boiling point higher fhan the
boiling point of the produced aromatic carbonate and
containing the metal-containing catalyst (B});

a functional substanée (C) capable of reacting
with at least one component selected from the group
consisting of the high boiling point substance (A) and
the metal-containing catalyst (B) is added to the
taken-out catalyst-containing liquid, to thereby obtain
at least one reaction product selected from the group
consisting of an (A)/(C) reaction product and a (B)/(p)
reaction product; and

the (B)/(C) reaction product is recycled to the
reaction system, while withdrawing the (A)/(C) reactiocon
product.

As described above, when the metal-containing
catalyst soluble in the reaction system is used, the
separation of the high boiling point reaction mixture
into the catalyst (B) and the high boiling point sub-
stance (A) by the conventional technigues is difficult.
Therefore, the recycling of only the catalyst (B) to
the reaction system was conventionally impossible.

In the process of the present invention, by react-



contrary, the percentages and ratios are by weight. The
diamnes utilized in the present invention are either commercially
avai l abl e or are prepared by conventional techniques known to one
skilled in the art. 25 The followi ng exanples are illustrative to show the
techniques readily utilized by the skilled ar%isan to make the di am nes
used herein. Exenpl ary proceduré are shown below. In the
first exenplification, the two term nal hydroxy groups 30 in the glycol are

funCtionalizedi'“fﬁéé¥ﬂé(%Af§ﬁ9§%Lcontaining liquid containing a high
boiling point substance (A) and a metal-containing
catalyst (B) with a functional substance (C), an
(A)/(C) reaction product and/or a (B)/(C) reaction

5 product can be obtained. The separation between the

(A)/(C) reaction product and the (B)/(C) reaction
product can be easily performed. Thus, it has for the
first time been possible to withdraw the high boiling
point substance (A) out of the reaction system, while

10 recycling the catalyst (B) to the reaction system.

The present invention is described below in de-
tail.
The dialkyl carbonate used as a starting material
15 In the present invention is represented by

formula (1):
rIocor! (1)

20

wherein RT represents an alkyl group having 1 to
10 carbon atoms, an alicyclic group having 3 to 10
carbon atoms or an aralkyl group having 6 to 10 carbon
atoms. Examples of R! include an alkyl group, such as

25 methyl, ethyl, propyl (isomers), allyl, butyl



35 -12- 1 groups, e.g., bromde, using
phosphorus tribromde in et her.

36

(isomers), butenyl (isomers), pentyl (isomers), hexyl
(isomers), heptyl (isomers), octyl (isomers), nonyl
(isomers), decyl (isomers) and cyclohexylmethyl; an
alicyclic group, such as cyclopropyl, cyclobutyl,

cyclopentyl, cyclchexyl and cycloheptyl; and an aralkyl

(9]

group, such as benzyl, phenethyl (isomers), phenylpro-
pyl (isomers), phenylbutyl (isomers) and methylbenzyl
(iscomers). The above-mentioned alkyl group, alicyclic
group and aralkyl group may be substituted with a

10 substituent, such as a lower alkyl group, a lower
alkoxy group, a cyano group and a halogen atom, as long
as the number of carbon atoms of the substituted group
does not exceed 10, and may also contain an unsaturated
bond.

15 ) As a dialkyl carbonate having such Rl, there may
be mentioned for example, dimethyl carbonate, diethyl
carbonate, dipropyl carbonate (isomers), diallyl car-
bonate, dibutenyl carbonate (isomers), dibutyl car-
bonate (isomers), dipentyl carbonate (isomers), dihexyl

20 carbonate (isomers), diheptyl carbonate (isomers),
dioctyl carbonate (isomers), dinonyl carbonate
(isomers), didecyl carbonate (isomers), dicyclopentyl
carbonate, dicyclohexyl carbonate, dicycloheptyl car-
bonate, dibenzyl carbonate, diphenethyl carbonate

25 (isomers), di(phenylpropyl) carbonate (isomers),



The di brom de can be converted into the 10 di am ne using the Gabri el
Pht hal i m de synthesis, wherein potassi um phthalimde is used to displ ace
t he brom de. [err] 15

37

di(phenylbutyl) carbonate (isomers), di(chlorobenzyl)
carbonate (isomers), di(methoxybenzyl) carbonate
(isomers), di(methoxymethyl) carbonate, di(methox-
yvethyl) carbonate (isomers), di(chloroethyl) carbonate
5 (isomers) and di{(cyanocethyl) carbonate (isomers).
These dialkyl carbonates can also be used in mixture.
Of these dialkyl carbonates, a dialkyl carbonate
containing as R1 a lower alkyl group having 4 or less
carbon atoms is preferably used. Most preferred is
10 dimethyl carbonate.
The alkyl aryl carbonate used as the starting
material in the present invention is represented by the

following formula (2):

15 : R20COAr2 (2)

I
0

wherein RZ may be identical with or different from
Rl, and represents an alkyl group having 1 to 10 carbon
20 atoms, an alicyclic group having 3 to 10 carbon atoms
or an aralkyl group having 6 to 10 carbon atoms; and
Ar2 represents an aromatic group having 5 to 30 carbon
atoms. As Rz, there may be mentioned, for example, the
same groups as set forth above for rL.

2

25 Illustrative examples of Ar“ in formula (2) in-



20 Wor kup typically invol ves cl eavage using hydr azi ne and
protonation to liberate the free di am ne. Anot her exenpl ary
procedure for the synthesis of the diam ne involves the displacenent of
the brom de 25 using azide anion as the nucl eophile. Subsequent reduction
using lithium al um num hydride yields the égemﬁ ne.

clude:

a phenyl group and various alkylphenyl groups,
such as phenyl, tolyl (isomers), xylyl (isomers),
trimethylphenyl (isomers), tetramethylphenyl (isomers),

5 ethylphenyl (isomers), propylphenyl (isomers), butyl-
phenyl (isomers), diethylphényl (isomers), methylethyl-
phenyl (isomers, ), pentylphenyl (isomers), hexylphenyl
{isomers) and cyclohexylphenyl (isomers);

various alkoxyphenyl groups, such as methoxyphenyl

10 (isomers), ethoxyphenyl (isomers) and butoxyphenyl
(isomers);

various halogenated phenyl groups, such as fluoro-
phenyl (isomers), chlorophenyl (isomers), bromophenyl
(isomers), chlorcmethylphenyl (isomers) and dichloro-

15 phenyl (isomers);
various substituted phenyl groups represented by

the formula (11):

O ..

wherein A represents a single bond, a divalent group,

20

such as -0-, -S-, -CO- or -80,-, an alkylene group, a
substituted alkylene group of the following formula:

25
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r% R®

—C~— or —C—C—,

|
5

e |
RS R7

wherein each of R4, R5, R6 and R7 independently

represents a hydrogen atom; or a lower alkyl group, a

cycloalkyl group, an aryl group or an aralkyl group,

which may be substituted with a halogen atom or an

alkoxy group,

or a cycloalkylene group of the following formula:

>

~—

c - (CHoy )y

\/

wherein k is an integer of from 3 to 11, and the

hydrogen atoms may be replaced by a lower alkyl group,

an aryl group, a halogen atom or the like, and

the aromatic ring in formula (2) may be substituted

with a substituent,

lower alkoxy group,

such as a lower alkyl group, a

an ester group,

a hydroxyl group,

nitro group, a halogen atom and a cyano group;

a naphthyl group and various substituted naphthyl

groups, such as naphthyl (isomers),

methylnaphthyl

(isomers), dimethylnaphthyl (isomers), chloronaphthyl

a



- 13- 1 Yet anot her nethod of synthesizing the diam ne

uses hexanet hyl ene tetraamine in ethanol to give a di- ammoni um sal t of
t he di brom de. Subsequent hydrol ysis of the salt yields the diam ne.
5 [err]

40

(isomers), methoxynaphthyl (isomers) and cyanonaphthyl
(isomers); and

various unsubstituted or substituted heteroaromat-
ic groups, such as pyridyl {isocmers), cumaryl
(isomers), quinolyl (isomers), methylpyridyl (isomers),
chloropyridyl (isomers), methylcumaryl (isomers) and
methylquinolyl (isomers).

Representative examples of alkyl aryl carbonate

2

having these RZ2 and Ar? include methyl phenyl car-

10 bonate, ethyl phenyl carbonate, propyl phenyl carbonate
(isomers), allyl phenyl carbonate, butyl phenyl car-
bonate (isomers), pentyl phenyl carbonate (isomers),
hexyl phenyl carbonate (isomers), heptyl phenyl car-
bonate (isomers), octyl tolyl carbonate (isomers),
15 nonyl ethylphenyl carbonate {(isomers), decyl butyl-
phenyl carbbnate (isomers), methyl tolyl carbonate
(iscomers), ethyl tolyl carbonate (isomers), propyl
tolyl carbonate (isomers), butyl tolyl carbonate
(isomers), allyl tolyl carbonate (isomers), methyl
20 xylyl carbonate (isomers), methyl trimethylphenyl
carbonate (isomers), methyl chlorophenyl carbonate
(isomers), methyl nitrophenyl carbonate (isomers),
methyl methoxyphenyl carbonate (isomers), methyl cumyl

carbonate (isomers), methyl naphthyl carbonate

25 {(isomers), methyl pyridyl carbonate (isomers), ethyl



10 O her leaving groups that can be used in place of the
brom de are the other halides such as chloride, and i odi de, tosylate,
brosylate, triflates, benzoate and ot her ani ons whose pKa, value is |ow
enough for 15 di splacenent by nitrogen nucl eophiles such as those

descri bed herei nabove. The organic di- or polyisocyanates
used to formthe pol yurea network of th 1present I nvention is
represented by the fornula CXhKI»[err] wherein t is 20 preferably 1-4 and Q

o bon 2t o oy e8Pk PeatnSaardl isorbg 930 e LAPLCALa2OPTLALEDY. salely of

carbon atons and ogen a

aromatic, or Conbggﬁg{gn P; f £ 209 Psca§HSHa@é 1somers)
allphatlc aromatic group, % ? | C- ﬁ cyc% Y group, and &5 the Iike. The Q
group may be unsu9§$i§yt£9191 carbonate (isomers). These alkyl aryl
carbonates can also be used in mixture. Of these alkyl
5 aryl carbonates, one containing as R? an alkyl group

2 an aromatic group

having 1 to 4 carbon atoms and as Ar
having 6 to 10 carbon atoms is preferably used, and
methyl phenyl carbonate is most preferred.

The starting material used in the present inven-

10 tion is selected from the group consisting of a dialkyl

carbonate represented by formula (1) above, an alkyl
aryl carbonate represented by formula (2) above and a
mixture thereof.

The aromatic monohydroxy compound used as the

15 reactant in the present invention is represented by

formula (3):

Arlon : (3)

20 wherein Ar1

may be identical with or different from
Arz, represents an aromatic group having 5 tc 30 carbon
atoms, and the type of the compound is not limited as
long as the hydroxyl group is directly bonded to the
aromatic group. As Arl, there may be mentioned, for

25 example, the same groups as set forth above for Ar2.



substituted with | ower al kyl, hydroxy or |ower al koxy. It is preferred
that the isocyanate is aliphatic. In a preferred enbodinent, it is
preferred that Q contains 30 35

42

Preferred examples of aromatic monohydroxy com-
pounds of formula (3) include phenol; various alkyl-
phenols, such as cresol (isomers), xylenol (isomers),
trimethylphenol (isomers), tetramethylphenol (isomers),

ethylphenol (isomers), propylphenol (isomers), bu-

wn

tylphenol (isomers), diethylphenol (isomers), methy-
lethylphenol (isomers), methylpropylphenol (isomers),
dipropylphenol (isomers), methylbutylphenol (isomers),
pentylphenol (isomers), hexylphenol (isomers) and

10 cyclohexylphenol (isomers); wvarious alkoxyphenols, such
as methoxyphenol (isomers) and ethoxyphenol (isomers);
.various substituted phenols represented by the follow-

ing formula (12):

15 ' .
wherein A is as defined above;
20 naphthol (isomers) and various substituted naphthols;

and heteroaromatic monohydroxy compounds, such as
hydroxypyridine (isomers), hydroxycumarine (isomers)
and hydroxyquinoline (isomers). These aromatic monohy-
droxy compounds can also be used in mixture.

25 Of these aromatic monohydroxy compounds, an aro-



-14- 1 from 3-26 carbon and nore preferably from 4-20 carbon at ons

and nost preferably from 6-14 carbon atons. In the above formula, t is
an integer greater than 1 and preferably 2-4. These isocyanates are
readily prepared 5 using art recogni zed techniques or are commercially
avai |l abl e. Representative exanples of the a%:ve | socyanat es i ncl ude

tetranet hyl ene dii socyanat e;

1 an aromat-

matic monohydroxy compound containing as Ar

ic group having 6 to 10 carbon atoms is preferably used

in the present invention, and phenol is most preferred.
The alkyl aryl carbonate used as the reactant in

5 the present invention is represented by the following

formula (4}:

r30coar3 (4)

10
wherein R may be identical with or different from
R! and Rz, and represents an alkyl group having 1 to 10
carbon atoms, as alicyclic group having 3 to 10 carbon
atoms or an aralkyl group having 6 to 10 carbon atoms;

15 and Ar® 1

may be identical with or different from Ar apd
Arz, and represents an aromatic group having 5 to 30
carbon atoms. As R3, there may be mentioned, for
example, the same groups as set forth above for RL. as
Ar3, there may be mentioned, for example, the same

20 groups as set forth above for Ar2.

As alkyl aryl carbonates having these rR3 and Ar3,
there may be mentioned for example, those which are set’
forth above for alkyl aryl carbonates represented by
the above-mentioned formula (2).

25 Of these alkyl aryl carbonates, one containing as-



hexanet hyl ene dii socyanate; trinethyl hexamet hyl ene di i socyanate; diner
aci d diisocyanate; isophorone 10 diisocyanate; dinethyl benzene

di i socyanat e; di et hyl benzene dii socyanate; decanethylene 1, 10-

di i socyanate; cycl ohexyl ene 1, 2-diisocyanate; cycl ohexyl ene 1,

4-dii socyanate; 2, 4-and 2-6-tolyl ene diigpcyanates; 4,

4-di phenyl met hane dii socyanate; 1, 5- 15 naphthal ene diisocyanate;

di ani si di ne diisocyanate; tol ui di ne diisocyanate; 4, 4-nethyl ene

bi s(cycl ohexyl - r3i sacyangtierougoReRiyl tettoaiss eeyanat eiomsHnd ere Ar3
di i socyanate; tetrahydronaphthal ene -1, 5-diisocyanate and

bi s- (4-i socyanat opheaybratechgteupamdtine 6l ke 120 carbon atomBhd snpste-
preferred i socyanate is 4,4'- nmet hyl ene bis (cycl ohexyl i socyanate).

O her preferred ferspidyanseds ane tmethytlhphensdacetdppingrie dis sosyanat e and

i sophorone diisocyanate.
preferred.

- The reactant used in the present invention is
selected from the group consisting of a aromatic mono-
hydroxy compound represented by formula (3) above, an
alkyl aryl carbonate represented by formula (4) above
and a mixture thereof.

10 The typical reactions, which are invelved in the
process of the present invention for producing an
aromatic carbonate or an aromatic carbonate mixture by
transesterifying a starting material with a reactant
in the presence of a metal-containing catalyst, are

represented by the following formulae (El), (E2), (E3)

15
and (E4):
RlOﬁORl + arton > rlocoar! + rlom (E1),
I
0 0
20
Rzo‘clom:2 + arton 7> arlocoar? + rZo0H (E2),
I
0 0
rYocor! + r3ocoar® > rlocoar3 + rlocor®  (E3), and
I | I |
o 0 0 0

25



The isocyanates utilized in the present 25 invention react with the am nes
to formthe pol yurea networ k. The isocyanates are present in such

anounts as

to react with the am nes present. In essence, the anount

of isocyanate is chosen to substantially equal t he nunber of equival ents
of amne. In the preferred 30 enbodi nent, tQ% | socyanate is present in

15- 50% by

10

20

25

35

rRZ2ocoar? + R3ocoar3 7> ar2ocoard + RZ0COR® (E4),
I I I |
0 0 0 0

1 3

wherein Rl, Rz, R3, Ar—, Ar?

and Ar~ are as de-

fined above, each of Ar's appearing in formula (E4)

2 3

independently represents Ar“ or Ar~, and each of R's

appearing in formula (E4) independently represents R2
or R3, and wherein when R2 = R3 and Ar2 = Ar3 in formu-
la (E4), the reaction is a same-species intermolecular
transesterification reaction generally known as a
disproportionation reaction.

When each of the reactions of formulae (El), (EZ2),
(E3) and (E4) is performed according to the process of
the present invention, dialkyl carbonates or alkyl aryl
carbonates as the starting materials for the reaction
can be used.individually or in mixture and aromatic
monchydroxy compounds or alkyl aryl carbonates as the
reactants for the reaction can be used individually or
in mixture.

When R?=R3=R and Ar2=Ar3=Ar in the transesterifi-
cation reaction of formula (E4), a diaryl carbonate and
a dialkyl carbonate can be obtained by a same-species
intermolecular transestefification reaction of a single

type of alkyl aryl carbonate. This is a preferred

embodiment of the present invention.



1 weight of the starting nononeric mxture, and preferably in the

anount of 25-40% by wei ght. The reaction of the isocyanate
with the am nes i s spontaneous, and thus no catalyst is needed for the
5 polyurea formation. Moreover, the reaction is exot herm c. The heat

generated fromthe am ne- 46

Further, when R1=R2=R3=R and Arl=Ar2=Ar3=Ar in
formulae (E1l) and (E4), by combining the reaction of
formula (El) with the reaction of formula (E4), a
diaryl carbonate can be obtained from a dialkyl car-

5 bonate-and an aromatic monohydroxy compound through an
alkyl aryl carbonate as shown in formulae (E5) and
(Ef6). This is an especially preferred embodiment of

the present invention.

10 2ROCOR + 2ATOH ___> 2ROCOAr + 2ROH (E5)
| |
0 0
2ROCOAr __” ArOCOAr + ROCOR (E6)
| I |
0 0 0
15

Recycling of the dialkyl carbonate by-produced in
the reaction of formula (E6) as the starting material
for the reaction of formula (E5) results in the forma-
tion of 1 mol of a diaryl carbonate and 2 mol of an

20 aliphatic alcohol from 1 mol of a dialkyl carbonate
and 2 mol of an aromatic monohydroxy compound.

When R=CHg and Ar=CgHg in the above formulae (E5)
and (E6), diphenyl carbonate, which is an important raw
material for a polycarbonate and an isocyanate, can be

25 readily obtained from dimethyl carbonate, which is the



| socyanate reaction can accelerate the free radical

pol yneri zation of the acrylate, the other net wor k of
i nt erpenetrating network polyner. 10 The ot her
fromacrylic esters. The acrylic esters suitable for
I nvention are polynerizable polyacrylatgLr erivatives
al cohol s. The acrylic esters e the ester
acrylic acid of the follow ng formul a:

initiated

t he

network i s made

t he present

of pol yhydric

derivatives 15
[err]

simplest form of a dialkyl carbonate, and phenol. This

is especially important.

The metal-containing catalyst used

in the present

invention is one capable of promoting the reactions of

formulae (E1l) to {(E4). As such metal-containing cata-

lysts, there may be mentioned for example:

<lead compounds>

lead oxides, such as PbO, Pboz and

Pb304; lead

sulfides, such as PbS and PbZS; lead hydroxides, such

10

as Pb(OH)2 and szOz(OH)z; plumbites, such as Na;PbO,,

K,PbO,, NaHPbO, and KHPbO,; plumbates, such as Na,PbOg,

N82H2Pb04 ’ KszOS , Kz [Pb( OH ) 6] ’ K4Pb04 ’
CanO3; lead carbonates and basic salts

as PbCOgz and 2PbC03-Pb(OH)2; lead salts

Ca,Pb0, and
thereof, such

of organic

15 acids, and carbonates and basic salts thereof, such as

Pb( OCOCH3 )2 ’ Pb ( OCOCH3 )4 and Pb(OCOCH3 )2 «PbO- 3H20;

organolead compounds, such as BuygPb, PhyPb, BusPbCq,

PhsPbBr, PhaPb {(or PhgPb,), BugPbOH and PhiPbO wherein

Bu represents a butyl group and Ph represents a phenyl

20

group; alkoxylead compounds and aryloxylead compounds,

such as Pb(OCHS)Z, (CH3O)Pb(OPh) and Pb(OPh),; lead

alloys, such as Pb-Na, Pb-Ca, Pb-Ba, Pb

-Sn and Pb-Sb;

lead minerals, such as galena and zinc blende; and

hydrates of these lead compounds;

25 <copper family metal compounds>

of
20



wherein R err] is hydrogen or lower alkyl. It is to be not ed that when

Rlerr]is nethyl, the acid is nethacrylic aci d. Monohydri c
al cohol s and pol yhydric al cohols 25 having a nol ecul ar wei ght of |ess than
7,000 daltons are suitable for esterification to the acrylic acids
descri bed herei nabove for use in the present invention. Preferred

al cohol s i ncl ude nononet hoxypol yet hyl ene 48 ycol and et hoxyet hyl ene
gl ycol, ethylene glycol, 30 diethylene glycol, triethylene glycol, poly

(oxyethyl ene) glycol, égigs(oxy Sféggg)og gégéeréMily metals, such

as CuCl, CuCl,, CuBr, CuBrjy, Cul, Cul,, Cu(OAc),,
Cu(acac)z, copper oleate, Bu,yCu, (CH3O)2Cu, AgNOg,
AgBr, silver picrate, AgCgHgClOy, Ag(bullvalene)3NOg,
5 [AuCEC—C(CH3)3]n and [Cu(C7H8)Cl]4 wherein Ac repre-
sents an acetyl group and acac represents an acetylace-
tone chelate ligand:;
<alkali metal complexes>
alkali metal complexes, such as Li{acac) and
10 LiN{C4Hg )27
<zinc complexes>
zinc complexes, such as Zn(acac)y;
<cadmium complexes>
cadmium complexes, such as Cd(acac)z;
15 <iron family metal compounds>
iron fémily metal complexes, such as
Fe(CipHg)(CO)g, Fe(CO)g, Fe(CgzHg)(CO)g3,
Co(mesitylene),(PEtyPh),, CoCgFg(CO),, Ni-n-CgHgNO and
ferrocene;
20 <zirconium complexes>
zirconium complexes, such as Zr(acac), and zirco-
nocene;
<Lewis acids and Lewis acid-forming compounds>
Lewis acids and Lewis acid-forming transition

25 metal compounds, such as Alxs, TiXg, TiXy,, VOXgz, Vg,



35 -16- 1 (oxypropylene) triol,
glycerol, trinmethylol ethane, trimethylol propane, 1, 4-cycl ohexane

di ol , pentaerythritol, and the |ike. Si nce the pol yhydric
al cohol s contain nore

49

ZnX,, FeXs and SnX¥, wherein X represents a halogen
atom, an acetoxy group, an alkoxy group or an aryloxy
group; and

<organotin compounds>

organotin compounds, such as (CHg)3SnOCOCHg,
(CoHg)3Sn0COCgHy, BugSnOCOCH3, Ph3SnOCOCHg,
Bu,Sn(0OCOCH3),, Bu,Sn(0OCOC;1Hp3)p, PhaSnOCHj,
(CoHg ) 3SnOPh, Buy;Sn(O0CHg3),, Bu,Sn(0CyHg )5, BuySn(OPh),,
Ph,ySn(0CHg),, (CgHg)3SnOH, PhaSnCH, Bu,SnO,

10 (CBH17)ZSnO, Bu,SnCl, and BuSnO(0OH) wherein Ph repre-
sents an phenyl group.

These catalysts are effective even when they are
reacted with an organic compound present in the reac-
tion system, such as an aliphatic alcohol, an aromatip
15 monohydroxy compound, an alkyl aryl carbonate, a diaryl
carbonate and a dialkyl carbonate. Those which are
obtained by heat-treating these catalysts together with
a starting material, a reactant and/or a reaction
product thereof prior to the use in the process of the
20 present invention can also be used.

It is preferred that the metal-containing catalyst
have high solubility in the liquid phase of the reac-
tion system. Preferred'examples of metal-containing
catalysts include Pb compounds, such as PbO, Pb(OH),

55 and Pb(OPh)z; Ti compounds, such as TiCl, and Ti(OPh)4;



5 than one hydroxy group, when utilized, nore than one acrylate unit can
esterify to the pol yhydric al cohol s. Thus, acrylic esters of the present
i nvention include nono-, di-, and poly acrylate derivatives of the

al cohol s descri bed herei nabove, especially nethacrylate 10 derivatives

t her eof . The acrylic esters usggul in the present

I nvention have the fornul ae: 15 [err]

Sn compounds, such as SnCl,, Sn(OPh),, Bu,SnO and
BuZSn(OPh)Z; Fe compounds, such as FeClg, Fe(OH)3 and
Fe(OPh)45; and those products which are obtained by
treating the above metal compounds with phenol or a

5 ligquid phase of the reaction system.

There is no particular limitation with respect to
the type of the reactor to be used in the process of
the present invention, and various types of convention-
al reactors, such as a stirred tank reactor, a

10 multi-stage stirred tank reactor and a multi-stage
distillation column, can be used. These types of
reactors can be used individually or in combination,
and may be used either in a batchwise process or a
continuous process. From the viewpoint of efficiently

15 biasing the equilibrium toward the product system, a
multi-stage distillation column is preferred, and a
continuous process using a multi-stage distillation
column is especially preferred. There is no particular
limitation with respect to the multi-stage distillation

20 column to be used in the present invention as long as
it.is a distillation column having a theoretical number
of stages of distillation of two or more and which can
be used for performing dontinuous distillation. Exam-
ples of such multi-stage distillation columns include

25 plate type columns using a tray, such as a bubble-cap



or 20

as defi ned herei nabove;
and Z[err]

Z[err]
Z[err]

[err] 25 wherein Rerr] is
mis an integer fromO0O to 150; and
are independently | ower alkyl ene; Z[err] and

are independently a chem cal bond or 30 | ower al kyl ene;

10

15

20

25

51

tray, a sieve tray, a valve tray and a counterflow
tray, and packed type columns packed with various
packings, such as a Raschig ring, a Lessing ring, a
Pall ring, a Berl saddle, an Intalox saddle, a Dixon
packing, a McMahon packing, a Heli pack, a Sulzer
packing and Mellapak. In the present invention, any of
the columns which are generally used as a multi-stage
distillation column can be utilized. Further, a mixed
type of plate column and packed ceclumn comprising both
a plate portion and a portion packed with packings, can
also be preferably used.

In one preferred embodiment of the present inven-
tion, in which the continuous production of an aromatic
carbonate is conducted using a multi-stage distillation
column, a starting material and a reactant are continu-
ously fed tb a continuous multi-stage distillation
column to effect a transesterification reaction there-
between in at least one phase selected from a liquid
phase and a gas-ligquid phase in the presence of a
metal-containing catalyst in the distillation column,
while continuously withdrawing a high boiling point
reaction mixture containing a produced aromatic car-
bonate or aromatic carbdnate mixture in ligquid form
from a lower portion of the distillation column and

continuously withdrawing a low boiling point reaction



35

w

10

20

25

-17-

52

mixture containing a by-product in gaseous form from an
upper portion of the distillation column by distilla-
tion.

The amount of the catalyst used in the present
invention varies depending on the type thereof, the
types and weight ratio of the starting material and the
reactant, the reaction conditions, such as reaction
temperature and reaction pressure, and the like. Gener-
ally, the amount of the catalyst is in the range of
from 0.0001 to 30 % by weight, based on the total
weight of the starting material and the reactant.

The reaction time (or the residence time when the
reaction is continuously conducted) for the transester-
ification reaction in the present invention is not
specifically limited, but it is generally in the range
of from 0.001 to 50 hours, preferably from 0.01 to 10
hours, more preferably from 0.05 to 5 hours.

The reaction temperature varies depending on the
types of the starting material and reactant, but is
generally in the range of from 50 to 350 °C, preferably
from 100 to 280 °C. The reaction pressure varies
depending on the types of the starting material and
reactant and the reaction temperature, and it may be
any of a reduced pressure, an atmospheric pressure and

a superatmospheric pressure. However, the reaction



1 CH err]

[err] Rl err] is hydrogen, lower alkyl or -CCRerr];

[err] ' 0 5 R5 is
hydrogen or |ower alkyl; Rlerr] and Rerr] are |ower alkyl;
pis an integer of 1 to 3; and err]is a |lower alkylene, a
chem cal bond or CHerr](OCH err]CH err])lerr], and 10 qis
an integer of 0 to 200 inclusive. It is nost preferred that

ELSLr}1 Rierr] ang-Ei8htd @LCgenedbkYl RAVEAE 1adgeabBORrakoBE.L @specicakl y
. 107 Pa.

In the present invention, it is not necessary to

use a reaction solvent. However, for the purpose of

5 facilitating the reaction operation, an appropriate
inert solvent, such as an ether, an aliphatic hydrocar-
bon, an aromatic hydrocarbon or a halogenated aromatic
hydrocarbon, may be used as a reaction solvent.

As mentioned above, the process of the present

10 invention is characterized by taking ocut the catalyst-
containing liquid containing the high boiling point
substance (A) and a metal-containing catalyst (B);
adding a functicnal substance (C) capable of reacting
with the high boiling point substance (A) and/or the

15 metal~containing catalyst (B) to the taken-out cata—_
lyst—contaihing ligquid, to thereby obtain an (A)/(C)
reaction preduct and/or a (B)/{(C) reaction product; and
recycling the (B)/(C) reaction product directly or
indirectly to the reaction system, while withdrawing

20 the (A)/(C) reaction product.

In the process of the present invention, the
passage "recycling the (B)/(C) reaction product directly
or indirectly to the reéction system" means "recycling
the (B)/(C) reaction product to the reactor directly,

25 or recycling the (B)/(C) reaction product to the reac-



Preferred values of R err] and R err] are |ower alkyl 15 having 1-3 carbon

atons. Preferred R err] is ethyl and preferred Rerr] is nmethyl. It is
preferred that Rerr] is nmet hyl ene. Preferred values of R4 are

hydr ogen, | ower CH err] [err]

al kyl having 1-3 carbon atons and -C—C—R[erQ% especially [err]

nmet hacryl at e. It is preferred t %u mis O to 30, and nore

especially 0 to 20. 25 Preferred values of Z[err] and Z[err] are

i ndependently  ghem gl BoRds o 8LAK! §"518E0URNAVEEG 1 La3 whLRORommu-
nicate with the inlet of the reactor or which are used
for recovering the catalyst”.

The "catalyst-containing liquid containing the
5 high boiling point substance and a metal-containing
catalyst" means at least one type of catalyst-contain-
ing liquid which is selected from the group consisting
of a portion of the high boiling point reaction mixture
before the separation of the high boiling point reac-
10 tion mixture into the product fraction and the liquid
catalyst fraction, and a portion of the separated
liquid catalyst fraction. More specifically, the
above-mentioned catalyst-containing liquid means, for
example, a catalyst—coﬁtaining liquid which is selected
15 from the group consisting of a portion of the reactiop
mixture {containing the metal-containing catalyst (Bf
and the high boiling point substance (A)} which is’
withdrawn from the reactor, or a portion of a ligquid
material (having increased concentrations with respect
20 to the catalyst and the high boiling point substance)
which is obtained by subjecting to evaporation a part
of the catalyst-containing reaction mixture withdrawn
from the reactor. 1In the catalyst-containing liquid,
the catalyst may be completely dissolved, or may be in

25 the form of a slurry in which insoluble matters are



atons, while preferred values of Zerr] nd Z[err] are al kyl ene havi ng

1-3 carbon atons. It is also preferred that Z[err] Is the sane as
Z[err] and that Z[err] is the sane as Zerr] 30 A preferred
enbodi nent of Forrmula Il is 35

55

formed by the reaction between the catalyst and the
high boiling point substance. In the present inven-
tion, when the cétalyst—containing liguid is in the
form of a slurry, a portion in the slurry which is

5 present in a non-dissolved state is also included in
the "catalyst-containing liquid containing the high
boiling point substance (A) and a metal-containing
catalyst (B)". The catalyst-containing ligquid may be
taken out continuously or intermittently.

10 In the process of the present invention, the "high
boiling point substance (A)" means a substance having a
boiling point higher than the boiling point of the
produced aromatic carbonates, wherein such a substance
originates from at least one compound selected from the

15 group consisting of the starting material, the react-
ant, impurities contained in the starting matefial-ana
the reactant, and by-products of the transesterifica-
tion reaction. Examples of such high boiling point
substances (A) include an aromatic hydroxy compound, a

20 compound containing a residue of the aromatic hydroxy
compound, an aromatic a compound, a compound containing
a residue of the aromatic carboxy compound, and
xanthone. Those by-products having a high molecular
weight which are produced, by reaction, from the aro-

25 matic hydroxy compound, a compound containing a residue



-18-

It

S

5

wherein m R err] and R err] are as defined hereinabove.

preferred that R err] is hydrogen or |lower alkyl, R3 is |ower

10

15

20

25

56

of the aromatic hydroxy compound, an aromatic carboxy
compound, a compound containing a residue of the aro-
matic carboxy compound, and xanthone can also be men-
tioned as examples of above-mentioned high boiling
point substances (A).

In the present invention, the aromatic hydroxy

compound is represented by the following formula (7):

Ard—toH) (7)

wherein Ar4

represents an aromatic group
having a valence of m, m represents an inte-
ger of 2 or more, and each -OH group is
individually bonded to an arbitrary ring-
carbon position of the ard group. B

The residue of the aromatic hydroxy compoﬁnd is

represented by the following formula (8):

—0y—Arf—OoH) y_p, (8)

4

wherein Ar™ and m are as defined above, n

represents an integer of from 1 to m, and
each of the -OH group and the -~-0- group is
individually bonded to an arbitrary ring-

carbon position of the ard group.



al kyl, especially methyl, and mis 0-50, nore preferably 0-30 and nost

preferably 0-20. 10 Anot her preferred acrylic nononmer of Formula
1l is the diacrylate of the formul a: [err] 15
wherein R err] is as defined herei nabove, preferably nethyl, Rlerr] is

hydrogen or lower alkyl and nis O to 50, nore 20 preferably 0 to 30, and
nost preferably 0-20. 57

The residue (8) of the aromatic hydroxy compound
is present in such a form as chemically bonded to at
least one member selected from the group consisting of
the metal of the metal-containing catalyst, an alkoxy-

5 carbonyl group derived from the dialkyl carbonate or
the alkyl aryl carbonate, an aryloxycarbonyl group
derived from the alkyl aryl carbonate or the diaryl
carbonate, and a carbonyl group derived from the dia-
lkyl carbonate, the alkyl aryl carbonate or the diaryl

10 carbonate.

Illustrative examples of the art

groups in formu-
lae (7) and (8) above include aromatic groups repre-

sented by the following formulae (13), (14), (15), (186)

and (17):

15

20

wherein Y1 represents a single bond, a dival-

25 ent alkane group having 1 to 30 carbon atoms



The acrylic esters are present in about 10-50% by weight in the starting
nononmer m xture, and nore preferably fromabout 15 to about 35% by

wei ght . It is preferred that the acrylic ester 25 conponent
consists of a mxture of nononer acryl ates. The first acrylic nmononer is
conprised of the acryl ate of Formula II1A_while the second acrylic
nonomner conpri ses the conpound of I11B, I, or m xture thereof. The
first and second acrylic nonomers are present in 30 relative weight ratios

ranging from about 80/20 £0520Q0L. . (P88 SLEERESH! ¥eLY —o0-, —co-,

-S-, -S05-, -SO- and -COO-,

s OO

wherein each of two Yl's is as defined above,
T
and two vl's may be the same or different;

10

©le-

15 wherein Z represents a trivalent group, such-
as a Cy-Czp trivalent alkane group or a
trivalent aromatic group; and at least one
hydrogen atom of each aromatic ring may be
replaced with a substitutent, such as a

20 halogen atom, a C1-C3p alkyl group, a C1-C3p
alkoxy group, a phenyl group, a phenoxy
group, a vinyl group, a cyano group, an ester
group, an amido group, a nitro group or the
like; and

25



35 -19- 1 The npbst

preferred acrylic esters are nono-, di-, and tri-nethacryl ates of the
al cohol s descri bed her ei nabove. Exanpl es of the acryl ate nononers of
t he present invention include nononethacryl ates, such as

59

Examples of these aromatic polyhydroxy compounds
include hydroquinone, resorcin, catechol,
5 trihydroxybenzene (isomers},
bis(hydroxyphenyl )propane (isomers),
bis(hydroxyphenyl )methane (isomers),
bis(hydroxyphenyl )ether (isomers),
bis(hydroxyphenyl )ketone (isomers),

10 bis(hydroxyphenyl)sulfone (isomers),
bigs(hydroxyphenyl )sulfide (isomers),
dihydroxy diphenyl (isomers},
bis(dihydroxyphenyl )methane (isomers),
2-hydroxyphenyl hydroxypropyl phenol,

15 dihydroxy (hydroxyphenyl diphenyl) (isomers), tri-
(hydroxyphenyl)ethane (isomers),
tri-{hydroxyphenyl )benzene {isomers),
dihydroxynaphthalene (isomers) and trihydroxynaphtha-
lene {(isomers).

20 Of these aromatic hydroxy compounds and compounds
having a residue of the aromatic hydroxy compounds,
attention should be made to those compounds which are
likely to be present in fhe system for the transesteri-
fication for the production of an aromatic carbonate.

25 As such a compound, there can be mentioned at least one



5 hydroxyet hyl net hacryl ate (HEMA) of the formula _

[err] 10 Anot her preferred nononet hacrylate is poly-
(et hyl ene gl ycol) nononethacrylate having the fornula 15

[err]

60

member selected from the group consisting of:

(a) an oxidation product of an aromatic monchy -
droxy compound as the reactant,

(b) at least one member selected from the group

5 consisting of a product produced by the Fries rear-

rangement of a diaryl carbonate obtained by the trans-
esterification and oxidation products of the product,
and

(c) at least one member selected from the group

10 consisting of aromatic dihydroxy compounds derived from

phenql as the reactant and represented by the following

formula (18):

15
wherein Yl is as defined above, and
oxidation products of the aromatic dihydroxy compounds.
As examples of oxidation products (a) of an aro-
20 matic monohydroxy compound, compounds represented by

the following formulae (19) and (20) can be mentioned.

HO‘@@—OH (19), and

25



20 wherein mis an integer fromO to 20. Anot her
preferred nononet hacrylate is poly (propyl ene glycol) nononet hacryl ate
having the forrmula 25 [err] 30
wherein mis an integer fromO to 20.

61

(20)

OH
5 As examples of products (b) produced by the Fries
rearrangement of a diaryl carbonate; compounds repre-
sented by the following férmulae (21), (22) and (23)

can be mentioned.

: @D

HO~<E§S>—C—Zt::> (22), and

15

C=0 (23)
_c
20

As examples of oxidation products of the above-
mentioned product (b) produced by the Fries rearrange-
ment of a diaryl carbonate and represented by formula

25 (21), compounds represented by the following formulae
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(24) and (25) can be mentioned. Also, as examples of
respective oxidation products of the above-mentioned
products (b) represented by formulae (22) and (23),

compounds represented by the following formulae (26)

and (27) can be mentioned.

C) CH
. C _@)\’Q (24),

OH

HO— () gH

C) (25),

OH

HO

0 @ (26), and

(27)

As an example of aromatic dihydroxy compounds kc)



- 20- 1 A preferred dinmethacrylate is poly (ethylene gl ycol)
di net hacryl ate, having the formul a [err] 5

wherein n is an integer fromO to 20. 10 Anot her preferred

di met hacrylate is poly

63
represented by formula (18), a compound represented by
the following formula (28) can be mentioned.
CHj

-ofe~ -

5 CHg

As examples of oxidation products of the above-
mentioned aromatic dihydroxy compounds (c) represented
by formula (28), compounds represented by the following

10 formulae (29) and (30) can be mentioned.

(29), and

15

(30)

20

wherein Yl is as defined above.
The reason why the above-mentioned oxidation
product (a) of an arcmatic monchydroxy compound is

25 likely to be present in the system for the transester-



(propyl ene glycol) dinethacrylate having the formula [err] 15
wherein n is integer from0O to 20. ' A preferred trinmethacryl ate

is trimethyl ol

10

20

25

propane trinethacrylate having the fornmula 20

64

ification for the production of an aromatic carbonate,
for example, is that such an oxidation product is
formed by the oxidation of an aromatic monohydroxy
compound with a very small amount of oxygen which
occasionally enters the system for the transesterifica-
tion, or that such an oxidation product is occasionally
present as a contaminant of an aromatic monohydroxy
compound as a raw material and enters the system to-
gether with the raw material. Representative examples
of type (a) oxidation products, namely, oxidation
products of aromatic monohydroxy compounds include
dihydroxybenzene (isomers), dihydroxy diphenyl
(isomers), and the like.

Product (b) produced by the Fries rearrangement of
a diaryl carbonate is likely to be formed as a by-
product in the production of the diaryl carbonate.-
Examples of products (b) include 2,2'-dihydroxyben-
zophenone, 2,4'-dihydroxybenzophenone and 4,4'-dihy-
droxybenzophenone.

The aromatic dihydroxy compound (c) is a compound
which is usually used as a monomer for the production
of an aromatic polycarbonate. An aromatic polycar-
bonate can be produced by a transesterification of the
above-mentioned aromatic dihydroxy compound (c) with a

diaryl carbonate, wherein an aromatic monohydroxy



25
by art

the art. The

acid derivative

20
CHg CH3
l
HG—<::3>—?~_JQ53\ , and
CHg / ( AH3 H3 q3c ciy
OH _.C
CHg O
25 OH

The acrylic esters used in the present
recogni zed techni ques of
foll owi ng descriptions are exenpl ary.
esters can be synthesized by the 30 condensati on of al cohol

OH CH4

15
Oy W
CH
3
c&3

esterification known to one skilled in

The acryl
wi th an acryl
in the presence of a suiH&?le weak base such as

compound is by-produced. When such a by-produced
aromatic monohydroxy compound is used as a raw material
in the process of the present invention, the aromatic
dihydroxy compound (c) is likely to be introduced into
the system for the transesterification for the produc-
tion of an aromatic carbonate. Examples of aromatic
dihydroxy compounds {(c) include 2,2—bisj(4—hydroxy—
phenyl )propane, and the like.
Further, 2,2-bis~(4-hydroxyphenyl )propane usually
contains aromatic polyhydroxy compounds represented by
the following formulae, which compounds are also in-
cluded in the aromatic polyhydroxy compound defined in

the present invention.

CH3
Q<O
Cq3 _C

(e

OH

I nvention are prepared

iC
iC

35

OH

3



-21- 1 triethylamne. This is illustrated below in the synthesis of a
diacrylate froma diethylene glycol. [err]

66

In the present invention, the aromatic carboxy
compound, which is one of the high beoiling point sub-

stances, is represented by the following formula (9):

5 (HO%E——ArS——~%iOH)r_S (9)
0

wherein Ar5

represents an aromatic group
having a valence of r, r represents an inte-

10 ger of 1 or more, s represents an integer of
from 0 to r-1, and each of the -0OH group and
the -(COOH) group is individually bonded to
an arbitrary ring-carbon position of the ard
group, and

15 The residue of the aromatic carboxy compound is

represented by the following formula (10):

|
(0) t

[
5 COH
(HO%__T[,&I _< I —s—u
20 /?;;;‘ O (10)
|
O

\t_/u
wherein Ar5, r and s are as defined above, t

25 represents an integer of from 0 to s, u



5 In the above synthesis, X is a good | eaving group such
as C, Br, NHerr], OH |ower alkylamno or di | ower al kyl am no. 10

The correspondi ng nonoacryl ate can be synt hesi zed using a stoichionetric
anount of the acrylic acid derivative. The reaction can be conducted in
pol ar aprotic solvents |ike dichloronethane and chl orof orm

The use of al kyl substituted acrylic acid 187deri vatives for the above
condensation is equally feasi ble. The nost preferred acrylic acid

derivatives  for the Zbove, opIsnsAll o' se BABRCG St E- Jeriali ves

the proviso that t and u are not simultane-

ously 0, and each of the -OH group, the

-(COOH) group, the -0- group and the -(C00)-

5 group is individually bonded to an arbitrary
ring-carbon position of the Ard group.

The residue of the aromatic carboxy compound,
which is represented by formula (10), is present in
such a form as chemically bonded to at least one member

10 selected from the group consisting of a metal of the
metal-containing catalyst, an alkoxycarbonyl group
derived from the dialkyl carbonate or the alkyl aryl
carbonate, an alkyl group formed by the decarboxylation
reaction of the alkoxycarbonyl group, an aryloxycarbo-

15 nyl group derived from the alkyl aryl carbonate or the
diaryl carbonate, an aryl group formed by the decafﬁo;
xylation reaction of the aryloxycarbonyl group, and a
carbonyl group derived from the dialkyl carbonate, the
alkyl aryl carbonate or the diaryl carbonate.

20 Examples of these aromatic carboxy compounds and
compounds having residues of such aromatic carboxy
compounds include arcmatic carboxylic acids, such as
benzoic acid, terephthalic acid, isophthalic acid and
phthalic acid; aromatic carboxylic acid esters, such as

25 methyl benzoate, phenyl benzoate and dimethyl tere-



20 [err]

Cl or

presence of acid

under

Br, OH,

Fi scher

10

20

25

25 wherein X is a good | eaving group, e.g., halide, such as
| oner al kyl am no or dil oweral kyl am no. Anot her
procedure is the reaction of the met hacrylic acid and the al cohol in the
such as hydrochloric acid or p-toluene-sulfonic acid 30
esterification conditions.

68

phthalate; hydroxyaromatic carbokylic acids, such as
salicylic acid, p-hydroxybenzoic acid, m-hydroxybenzoic
acid, dihydroxybenzoic acid (isomers), carboxydiphenol
(isomers) and 2-(4-hydroxyphenyl)-2-(3'-carboxy-4'-
hydroxyphenyl )propane; aryloxycarbonyl-(hydroxy)-
arenes, such as phenyl salicylate, phenyl p-
hydroxybenzoate, tolyl salicylate, tolyl p-hydroxyben-
zoate, phenyl dihydroxybenzoate (isomers), tolyl dihy-
droxybenzoate (isomers), phenyl dihydroxybenzoate
(isomers), phenoxycarbonyldiphenol (isomers) and 2-(4-
hydroxyphenyl)-2-(3'-phenoxycarbonyl-4"'-

hydroxyphenyl )propane; alkoxycarbonyl-(hydroxy)-arenes,
such as methyl salicylate, methyl p-hydroxybenzoate,
ethyl salicylate, ethyl p-hydroxybenzoate, methyl
dihydroxybenzoate (isomers), methoxycarbonyldiphenol
(isomers) and 2—(4—hydroxyphenyl)—2—(3'—methoxycarﬂo—
nyl-4'-hydroxyphenyl )propane; aryloxycarbonyl-(alkoxy)-
arenes, such as phenyl methoxybenzoate (isomers), tolyl
methoxybenzoate (isomers), phenyl ethoxybenzoate
(isomers), tolyl ethoxybenzoate (isomers), phenyl
hydroxy-methoxybenzoate (isomers), hydroxy-methoxy-
(phenoxycarbonyl )-diphenyl (isomers), 2-(4-methoxy-
phenyl)-2-(3'-phenoxycarbonyl-4'-hydroxyphenyl )propane
and 2-(4-hydroxyphenyl)-2-(3'-phenoxycarbonyl-4'-metho-

xyphenyl )propane; aryloxycarbonyl—(aryloxy)-arenes;
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such as phenyl phenoxybenzoate (isomers), tolyl phenoxy-
benzoate (isomers), tolyl tolyloxybenzocate (isomers),
phenyl hydroxy-phenoxy-benzoate (isomers), hydroxy-
phenoxy-( phenoxycarbonyl)~diphenyl (isomers), 2-(4-
phenoxyphenyl )-2-(3'-phenoxycarbonyl-4'-

hydroxyphenyl )propane and 2-(4-hydroxyphenyl)-2-(3'-
phenoxycarbonyl—4'-phenoxyphenyl)propane; alkoxycarbo-
nyl-(alkoxy)-arenes, such as methyl methoxybenzoate
(isomers), ethyl methoxybenzoate (isomers), methyl
ethoxybenzocate (iscmers), ethyl ethoxybenzoate
(isomers), methyl hydroxy-methoxybenzoate (isomers),
hydroxy-methoxy-(methoxycarbonyl )-diphenyl (isomers),
2-(4-methoxyphenyl)-2-(3'-methoxycarbonyl-4'-hydroxy-
phenyl )propane and 2-(4-hydroxyphenyl)-2-(3'-methoxy-
carbonyl-4'-methoxyphenyl )propanse; alkoxycarbonyl-
(aryloxy)-arenes, such as methyl phenoxybenzoate '
(isomers), ethyl phenoxybenzoate (isomers), methyl'
tolyloxybenzoate (isomers), ethyl tolyloxybenzoate
(isomers), phenyl hydroxy-methoxy-benzoate (isomers),
hydroxy-methoxy-(phenoxycarbonyl )-diphenyl (isomers),
2-(4-methoxyphenyl)-2-(3'-phenoxycarbonyl-4'-hydroxy-
phenyl)propane and 2-(4-hydroxyphenyl)-2-(3-phenoxycar-
bonyl—4'—methoxyphenyl)bropane (isomers); aryloxycarbo-
nyl-(aryloxycarbonyloxy)-arenes, such as phenyl phenoxy-

carbonyloxybenzoate (isomers), tolyl phenoxycarbony-



1 To formthe acrylate network, the acryl ates descri bed

her ei nabove are reacted with a free radi cal I nitiator under

pol ymeri zati on conditions. Free radi cal pol ynmeri zation initiators of the
type commonly used in 5 polynerizing ethylenic conpounds are suitable for
use in the present invention. They include such representative
initiators as benzoyl peroxide; t-butyl hyd?Bperoxide; t-butyl peroxide;
azo-bis (isobutyronitrile); 2, 5- di met hyl -2, 5-di (2-ethyl

hexanoyl per ox exane: 1. 1- 10 di_ (t:butyl per - -
5-trinétﬁylcygioﬁgé#hsniﬁQEQ (%StﬁﬁéﬁZtﬂ%ﬁ?ﬁgyﬁﬁ%ﬁﬁ%%é%;ﬁﬁ%%&ﬁ%¥be“

per oxi des; ydsoper 4§gﬁ% X de, ahel, Ry e
(Luper sol DDM 9) dzr 1, 1'O(i<lazo |2ﬂ’1-w§§%€cq§(§ﬁfe%lg§"ér bonyrl%lri | e) chkig

2' -azobis [2- (2-pepddidazaddiss ¥ InPiARanednoh st D60 0F 1 6587 - @ohenoxy -

2' -azobis
carbonyl)-diphenyl (isomers), 2-[4-(phenoxycarbony-
5 loxy)phenyl]-2-(3'-phenoxycarbonyl-4'-

hydroxyphenyl )propane and 2-(4-hydroxyphenyl)-2-[3'-
phenoxycarbonyl-4"'-(phenoxycarbonyloxy )phenyl]propane;
aryloxycarbonyl—(alkoxycarbonyloxy)—arenes, such as
phenyl methoxycarbonyloxybenzoate (isomers), tolyl

10 methoxycarbonyloxybenzoate (isomers), phenyl ethoxycar-
bonyloxybenzoate (isomers), tolyl ethoxycarbonyloxyben-
zoate (isomers), phenyl hydroxy-methoxycarbonyloxy-
benzoate (isomers), hydroxy-methoxycarbonyloxy-(phenoxy-
carbonyl)-diphenyl (isomers), 2-[4-(methoxycarbony-

15 loxy)phenyi]-Z—(S‘—phenoxycarbonyl—4‘—
hydroxyphenyl Jpropane and 2—(4—hydroxyphenyl)—2—[3;—'
phenoxycarbonyl-4'-(methoxycarbonyloxy)phenyl]propane;
alkoxycarbonyl-(aryloxycarbonyloxy)-arenes, such as
methyl phenoxycarbonyloxybenzoate (isomers), ethyl

20 phenoxycarbonyloxybenzoate (isomers), methyl tolyloxy-
carbbnyloxybenzoate (isomers), ethyl tolyloxycarbonyl-
oxybenzoate (isomers), methyl hydroxy-phenoxycarbony-
loxy-benzoate (isomers), hydroxy-phenoxycarbonyloxy-
(methoxycarbonyl }-diphenyl (isomers), 2-[4-{phenoxy-

25 carbonyloxy)phenyl]—z—(S'—methoxycarbonyl—4‘—hydrox&—



(2,4-dinmethylvaleronitrile); 2, 2'-azobis (4-nmethoxy-2, 4- di met hyl

val eronitrile); and the liKke. The free radical initiators are
present in anounts rangi ng from anounts greater than 0% to about 2% 20
by wei ght of the reaction m xture, and preferably from 0.01% to about
1% and nore preferably fromO0.02%to about 0.5% and nost preferably
fromO0.03%to about 0.1% of the m xture. In addition, a
triamne is additionally 25 present in the nononeric mix. The triamnnes are

usef ul as crossl lile)r 5 earHés I{ld :)%I S/amynélero%gi}n%%l)c JF Pﬂs\%em aﬁr%al SO

are used as corrpﬁ 5 e

the reaction is capqugted 4n ?@é%ﬁ O] e £ Igh@rder to
ensure 30 honpgeneity between ‘%rhe pol yoxyet ]ﬁene di am ne a%d the
pol yoxypr opyl ene HixgiliRe rddi AN Mk dtydaFbordPloxy ) -arenes, such as

methyl methoxycarbonyloxybenzoate (isomers), ethyl

5 methoxycarbonyloxybenzoate (isomers), methyl ethoxy-
carbonyloxybenzoate (isomers), ethyl ethoxycarbonyloxy-
benzoate (isomers), methyl hydroxy-methoxycarbonyloxy-
benzoate (isomers), hydroxy-methoxycarbonyloxy-(methoxy-
carbonyl )~diphenyl (isomers), 2-[4-(methoxycarbonyl-

10 oxy)phenyl]-2-(3'-methoxycarbonyl-4"'-
hydroxyphenyl )propane and 2-(4-hydroxyphenyl)-2-[3'-
methoxycarbonyl-4'-(methoxycarbonyloxy )phenyl]propane.

Of these aromatic carboxy compounds and compounds
having residues of such aromatic carboxy compounds,

15 attention should be made to those which are likely to
be present in the system for the transesterificatioh :
for the production of an aromatic carbonate. As such
an aromatic carboxy compound and a compcound having a
residue of such an arcomatic carboxy compound, there can

20 be mentioned at least one member selected from the
group consisting of:

(d) at least one member selected from the group
consisting of a product produced by the Fries rear-
rangement of an aromatic carbonate obtained by the

25 transesterification and a derivative of the product and
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(e) at least one member selected from the group
consisting of a product produced by the Fries rear-
rangement of a reaction product obtained by the trans-
esterification of the aromatic peclyhydroxy compound and
a derivative of the product.

As mentioned above, in the process for producing
aromatic carbonates of the present invention, the
reactions of producing methyl phenyl carbonate and
diphenyl carbonate from dimethyl carbonate and phenol
are especially important. Therefore, taking these
reactions as examples, examples of aromatic carboxy
compounds and compounds having residues of such aromat-
ic carboxy compounds, which are included in (d) and (e)
above are enumerated below.

Examples of (d) include salicyclic acid, p-hydroxy-
benzoic acid, phenyl salicylate, phenyl p—hydroxy—- |
benzoate, methyl salicylate, methyl p-hydroxybenzoate,
phenyl methoxybenzoate (isomers), phenyl phenoxyben-
zoate (isomers), phenyl phenoxycarbonyloxyvbenzoate
(isomers), methyl phenoxycarbonyloxybenzoate (isomers),
methyl methoxycarbonyloxybenzoate (isomers).

Examples of (e) include dihydroxybenzoic acid
(isomers), phenyl dihydroxybenzoate (isomers),
phenéxycarbonyldiphenol (isomers), Z2-(4-hydroxyphenyl)-

2-(3"'-phenoxycarbonyl-4'-hydroxyphenyl )propane.



-23- 1 preferably constantly stirred. The triamnes are present in
anounts rangi ng from about 30%to about 50% of the total equival ents of
am nes. They are preferably present in anmounts ranging fromabout 1%to
about 20% by 5 weight and nobst preferably 3% - 5% by wei ght. Exanples

of the triamnes include diethyltriamne, g¥ (oxypropyl ene) triam ne,
and the |ike. Thus, the |nter etrating polyners of the
present invention are prepared fromthe two 10 interpenetrating networks,

one networ k generated Ekgﬁgles Bgexgﬁ%ggbggrg%}%ﬂgigggggra IcaPShlﬁggianate

(to form  polyurea) ot her
pol ynmeri zation of jhhe g¢hy! algs+bheeb0iM R present invention include

xanthone and those in which the aromatic ring of
xanthone is substituted with at least one substituent
5 selected from the group consisting of an alkyl group,
such as methyl, ethyl, propyl, isopropyl, butyl, iso-
butyl and the like; a hydroxy group; an alkoxy group,
such as methoxy, ethoxy, propoxy, isopropoxy, butoxy
and the like; aryloxy group, such as phenoxy, tolyloxy

10 and the like; an alkoxycarbonyloxy group, such as
methoxycarbonyloxy, ethoxycarbonyloxy, propoxycarbonyl-
oxy, butoxycarbonyloxy and the like; an aryloxycarbonyl-
OXy group, such as phenoxycarbonyloxy, tolyloxycarbonyl-
oxy and the like; a carboxy group; an alkoxycarbonyl

15 group, such as methoxycarbonyl, ethoxycarbonyl and the
like; an aryloxycarbonyl group, such as phenoxy- o
carbonyl, tolyloxycarbonyl and the like; an arylcarbony-
loxy group, such as benzoyloxy, tolylcarbonyioxy and the
like.

20 The functional substance (C) used in the present
invention is a substance which is capable of reacting
with at least one component selected from the group
consisting of the high bbiling point substance (A) and
the metal-containing catalyst (B). There is no parti-

25 cular limitation with respect to the functional sub;



pol yacrylate). In the resulting IPN, the ratio of 15 polyurea to

pol yacryl ate ranges from about 90:10 to about 50:50, although it is
nost preferred that the ratio ranges from 80:20 to 70: 30 and nopst
preferably 75/ 25. The pol yneri zation reaction, i.e.,
reaction 20 between the amno, acrylic ester,, 6 isocyanate, and free

radical initiator is conducted under condit i%ﬁ]‘ns to form si mul t aneous

[ nterpEnetrat}ng net wor ks. The net wor ks are in the same volunme and the
networks are forne S tanti all i a T P

preparing 25 Sl Nssgraélcl?ng\%ﬁ 1 %So%éméki%l eélltel %%%%?aglrcte g%a@are e g{)fpl | cabl e

here. The nmonomerd G ALECULSAlSsd e i@ tior@ RN GdiRe: D ayrasiatthaand
the acrylic ester and 'Erﬁg initiator are m xe? t oget her, and the
resul tant POl y RRIGuEAIRI iIRBGd ¥F i iAWY (Ianeeisttlors Wasidudt which
is a reaction product of the functional substance (c)
5 with the high boiling peoint substance (A)} and a
(B)/(C) reaction product {which is a reaction product
of the functional substance (C) with the metal-contain-
ing catalyst (B)}. Examples of such a functional sub-
stance (C) include oxidizing agents, reducing agents,

10 precipitants, adsorbents and reactive solvents. Of
these, oxidizing agents, precipitants and reactive
solvents are preferred. Further, these functional
substances may be used individually, or at least two
different functional substances may be simultaneously

15 or stepwise added to the taken-out catalyst-containing
liquid. Further, the reaction of the functional sﬁb;
stance (C) with the high boiling point substance (&)
and/or the metal-containing catalyst (B) can be carried
out in a batchwise or a continuous manner.

20 In the present invention, when the functional
substance (C) is capable of reacting with the high
boiling point substance (A), the (A)/(C) reaction
product is a product formed by the reaction between the

high boiling point substance (A) and the functional

25 substance (C). However, when the functional substahce



30 simul taneous, in accordance therewith. For a general procedure, see
U S. Patent No. 4,536,554 to Lim et al., 35

75

(C) is not capable of reacting with the high boiling
point substance (A), the unreacted high boiling point
substance (A) is regarded as the (A)/(C) reaction
product. On the other hand, when the functional sub-
5 stance (A) is capable of reacting with the metal-con-
taining catalyst (B), the (B)/(C) reaction product is a
product formed by the reaction between the metal-con-
taining catalyst (B} and the functional substance (C).
However, when the functional substance (C) is not
10 capable of reacting with the metal-containing catalyst
(B), the unreacted metal-containing catalyst (B) is
regarded as the (B)/{(C) reaction product.
In the present invention, the (A)}/(C) reaction
product is withdrawn from the production system for the
15 desired aromatic carbonates, whereas the (B)/(C) reac-
tion product is recycled to the reaction system coﬁ—-
prising the starting material and the reactant. The
withdrawal of the (A)/(C) reaction product can be
carried out, for example, by separating the (A)/(C)
20 reaction product from the (B)/(C) reaction product
.during and/or after the reaction of the high boiling
point substance (A) with the functional substance (C).
With respect to the method for separating the
(A)Y/(C) reaction product from the (B)/(C) reaction

25 product, any methods can be employed as long as the



- 24 - U S Patent No. 4,983,702 to Mieller, et al., 5,087,392

to Burke, et al., the contents of which are all | ncor porated by

ref erence. The polynerizationis 5 generally carried out at

t enperatures rangi ng from about roomtenperature to about 145[err]C.
It is generally preferred to initiate the polynerization at
relatively | ow t enperatures, such as f¥Bm about 45[err] C to about
120[err]C, and then increase the tenperature to about 110[err]C 10 to

130[err] C as the reaction proceeds. 3] | tes tefUWd#9 4 s done
at about 140[err]-cf%§’é.ysr% congcalqung %Q%glﬁdal ayr} t eseppoﬁryarreeri zation is

conduct ed under O%dﬁgvrrﬁ(%j L OQRIN A IR RIS J borERs (1) gxe) ude the
oxygen of the atnnsgﬁ%re iC as deteriorating effects
reaction product and a component which is composed
mainly of the (B)/(C) reaction product. Examples of
5 such separation methods include a gas phase-condensed
phase separation method, such as a gas phase-liquid
phase separation method, a gas phase-solid phase sepa-
ration method or a gas phase-solid/liguid mixed phase
separation method; a solid phase-liquid phase separa-
10 tion method, such as sedimentation, centrifugation or
filtration; a distillation method; an extraction meth-
od; and an adsorption method. Of these, the sedimenta-
tion, the distillation and the adsorption method are
préferred. These separation methods can be employed
15 individually, or at least two of such separation meth-
ods can be simultaneously or stepwise employed. )
With respect to the combination of the functional
substance (C) and the separation method, there is no
particular limitation. However, examples of the pre-
20 ferred modes usable for practicing the method of the
present inventioﬁ, in which specific combinations of
the functional substance (C) and the separation method
are used, include:

(I) a mode in which the functional substance (C)

25 is an oxidizing agent, so that an oxidation reaction is



15 on the formation of polynmers of the invention.
Cont act | enses can be nade by shaping the I nt erpenetrating network

pol ymer using con
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a preferred enbod
pr esent i nv
(R'M Machine. Th
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ventional and wel I known procedures and appar at us
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ention is prepared using a Reaction Injection Mlding
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of which are inco

10

rporated herein by
tion product is a metal oxide; and the separation

method is the gas phase-condensed phase separation
method,

(II) a mode in which the functional substance (C)
is a precipitant, so that a precipitation reaction is
performed with respect to the catalyst-containing
liquid, in which the (B)/(C) reaction product is a
metal-containing substance which precipitates; and the

separation method is the solid-liquid separation meth-

-od,

20

25

(III) a mode in which the functional substance (C)
is a reactive solvent, so that a solvélysis reaction is
performed with respect to the catalyst-containing .
liguid, in which the (A)/(C) reaction product is a low-
boiling point solvolysis product; and the separation
method is the distillation method.

When the preferred mode of item (I) above is
employed, use is made of an oxidizing agent which not
only can oxidize the high boiling point substance (A)
to form a low boiling point cxidation product as the

(A)/(C) reaction product, but also can oxidize the

metal-containing catalyst (B) to form a metal oxide as
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the (B)/(C) reaction product. Examples of oxidizing
agents include air; molecular oxygen; ozone; hydrogen
peroxide; silver oxide; organic peroxides, such as
peracetic acid, perbenzoic acid, benzoyl peroxide,

tert-butyl hydroperoxide and cumyl hydroperoxide; oxo-

w

acids, such as nitrous acid, nitric acid, chloric acid,
hypochlorous acid; and salts thereof. Of these, air,
molecular oxygen, ozone, hydrogen peroxide, nitrous
acid and nitric acid are preferred, and air and molecu-

10 lar oxygen are more preferred.

The type of the reaction performed in the cata-
lyst-containing liquid using the oxidizing agent wvaries
depending on the type of the oxidizing agent and the
reaction conditions. However, the reaction is per-

15 formed in a phase selected from the group consisting of
a liquid phase, a gas-liquid mixed phase and a gas;
liguid/solid mixed phase. The reaction temperature
varies depending on the type of the oxidizing agent;
however, the reaction temperature is generally in the

20 range of from -30 to 2,000 °C, preferably from 0 to
1,200 °C, more preferably from 0 to 900 °C. The reac-
tion time varies depending on the type of the oxidizing
agent and the reaction temperature; however, the reac-
tion time is generally in the range of from 0.001 to

25 10C hours, preferably from C.1 to 20 hours. The reac-



uniformty and conplete reaction. 5 The RIM process is well
descri bed by L. T. Manzi one in The Encycl opedi a of Pol yner Science and
Engi neering; 2nd Edition Vol 14, pg. 72. It is a nol di ng process wherein
two or nore streans of nononers react in the nold to forma polyner. 10
In a typical polynerization using a two streamp RI M machi ne, a bl end
conprising diamnes and triam nes are placed in a material reservoir and
heat ed to about 80[err]C. A second blend conprising the diisocyanate,

acrylic esters and. sy Cﬁx@&ﬁréaﬂsﬁ'g\éﬁ{e@&ﬁlﬁlﬁce&é reddife 15t seeandioeteri al
reservoir. he two bl ends are m xed by inpingenent at a

pressure between 4Q0- 3&00 ﬁ&‘éf@tﬁb]ﬁ[}hel(]’?estd t3 ng 10wl Thédixdadoion can
| PN upon curing is |nJected into a nold in the shape of a contact |ens.
The injection ti mbe performed in either a batchwise or a continuous
manner.
5 In the preferred mode of item (I) above, the gas
phase-condensed phase separation method is employed to
separate the (A)/(C) reaction product from the (B)/(C)
reaction product. The condensed phase means a liquid
phase, a solid phase or a solid/liquid mixed phase. In
10 the case where the oxidation reaction mixture obtained
at the completion of the oxidation reaction forms a
liquid phase, a gas/liquid mixed phase or a
gas/solid/liquid mixed phase, the reaction mixture is
separated into a gas phase composed mainly of a low
15 boiling point oxidation product and a condensed phase
coﬁtaining a metal oxide. Then, by distilling off or
evaporating the low boiling point oxidation product
from the separated condensed phase, a metal oxide-rich
condensed phase (composed mainly of the metal okide)
20 can be obtained. Alternatively, when the metal oxide
{formed by the oxidation of the metal-containing cata-
lyst (B) which is conducted with respect to the cata-
lyst-containing liquid} forms a solid phase during the
oxidation reaction, it is possible to obtain a reaction

55 mixture in the form of a liquid-solid mixture. Further,



20 ranges |l ess than one mnute, generally fromO0.02-0.3 seconds. The

pol ymer may be post-cured for one hour in an oven at 100[err]C.

In a typical polynerization using a three stream RI M machi ne, a bl end
(Stream 1) of diamines and 25 triamnes is placed in the first reservoir. A
second bl end (Stream 2) of acrylic estersggs placed in the second
reservoir, while a third blend (Stream 3) of a di i socyanate and free
radical initiators is placed in the third naterial reservoir. The three
streanms are 30 M yediky ivHY REQRYicH rReddvdtesd dhe tlver RIdY Inechipreirand

oxidation product formed by oxidation of the high-
boiling point substance (A) may be evaporated together
with the volatile components of the liquid reaction

5 system, to thereby obtain a solid reaction mixture.
This method is preferred, because it becomes possible
to separate the oxidation reaction system into the
solid phase composed mainly of the metal oxide and the
gas phase containing the low boiling point oxidation

10 product while performing the oxidation reaction.

The "low boiling point oxidation product" means
compounds having a boiling point lower than that of the
high beoiling point substance (A), which are formed by
oxidation of the high boiling point substance (A) using

15 the oxidizing agent. The type of the low boiling point
oxidation product varies depending on the type of the
oxidizing agent and the type of the high boiling point
substance (A). Examples of low boiling point oxidation
products include carbon dioxide, water, carbon mono-

20 xide, oxygen-containing organic compounds, unsaturated
organic compounds, compounds formed by the decomposi-
tion of the high boiling point substance.

The "metal oxide" means an oxide of the metal of
the metal-containing catalyst (B). A single type of

25 the metal-containing catalyst (B) may form different
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metal oxides depending on the oxidation reaction condi-
tions and the type of the metal contained in the cata-
lyst (B). Specific examples of metal oxides include
PbO, PbO,, Pbz0,4, Cul, Cuy0, LiyO, Zn0O, CdO, FeO,

5 Fez0,4, Fe,0g, Co0, Cogz0y4, Coy03, Co0s,, NiO, Zxr0,,
Al,05, TiO, TijO3, TiO,, SnO and SnO,. When the metal-
containing catalyst (B) contains a plurality of differ-
ent metals, there is or are obtained a mixture of metal
oxides corresponding to the metals contained in the

10 catalyst (B) or/and a compound metal oxide.

When the preferred mode of item (II) above is
employed, there is no particular limitation with re-
spect to the metal-containing substance formed as the
(B)/(C) reaction product, as long as the metal-contain-

15 ing substance is present in a solid state in the pre-
cipitation reaction mixture, and contains the metal.
Examples of metal-containing substances include metal
hydroxides; metal chalcogenides, such as a metal oxide
and a metal sulfide; salts of inorganic acids, such as

20 a metal carbonate and a metal sulfate; metal salts of
organic acids; metal complexes; and metal double salts.
Of these, from the viewpoint of the low solubility in
the reaction mixture, a metal carbonate, a metal
hydroxide, a metal oxide, a metal sulfide and a metal

25 sulfate are preferred. Each of the metal-containing



injected into a nold in the shape of a contact |ens. The free
radi cal polynerization of the acrylates is typically very fast, as is
the reaction 5 between the pol yam nes and the isocyanates. Optionally

an inert diluent is added and noderates the reaction, allowing it to be
conpatible wwth the RIM process. The prefgerred inert diluent in the
present invention is water. Additionally, water also acts as a nold

rel ease 10 agent (see below) for renoving the cured polymer from t he

mol d assenbly.  substances i EOMACH dENSESsWhstiecr esedh asvengi on
are prepared by casting the IPN generated in the RM apparatus in a
sui tabl e nol d assssddyardoy clontscdrtions. mdfedhel nehd tha heghudeibingl ass,
metal or plastic, but it is preferred to be made of al um num or

st ai nl ess st eel . poiheswosthracsentdgrdinpted ethdtrgteonpri sed of two nold

With respect to the precipitant, there is no
5 particular limitation, as long as the precipitant can

react with the metal-containing catalyst (B) to form
the above-mentioned metal-containing substance. For
example, for precipitating metal hydroxides, use can be
made of inorganic hydroxides (such as a hydroxide of an

10 alkali metal or an alkaline earth metal) and water; for
precipitating metal oxides, use can be made of inorga-
nic oxides (such as an oxide of an alkali metal or an
alkaline earth metal) and oxidizing agents (such as
hydrogen peroxide); for precipitating metal sulfides,

15 use can_be made of inorganic sulfides (such as a sul-
fide of an alkali metal or an alkaline earth metal) and
hydrogen sulfide; for precipitating metal carbonates,
use can be made of inorganic carbonates (such as a
carbonate of an alkali metal or an alkaline earth

20 metal), carbonic acid and carbon dioxide with water;
for precipitating metal sulfates, use can be made of
inorganic sulfates (such as a sulfate of an alkali
metal or an alkaline earth metal), sulfuric acid and
sulfur trioxide with water.

25 The type of the reaction between the metal-con-



hal ves which are positioned to define a cavity in the shape of a contact
| ens between the convex surface of 20 one nold half and the concave surface

of the other nold hal f. The cavity may have variabl e thickness, as
required to provide the correct dioptric power. The vari abl e thickness
may be cal cul ated using optical formulas famliar to those skilled in

the art. The 25 central thickness of the ca6¥%y ranges from about
0. 00039 inches to about 0.0118 inches. The two nold hal ves are hel d

t oget her by Clanp%Qg%f§&n§%g§ff%Ea§%?dandC%ﬁ%ﬁ%y%ﬁ%éigé @igggﬁegngFéQSdThe

like. It is preferr S are : € "al'um numpl a
ol d 30 has a cenfx@l ogPEME Q%pgaéftﬁgg bétgﬂyégpeghéﬁ%Qpétof thgaﬁkegne
gate is

vent. The central sprue or
cipitant, the reaction conditions and the like. Howev-
er, the reaction is generally performed in a phase
5 selected from the group consisting of a liquid phase, a
liquid-gas mixed phase, a gas-liquid-solid mixed phase
and a solid-liquid mixed phase. The reaction tempera-
ture varies depending on the type of the precipitant;
however, the reaction temperature is generally in the
10 range of from -70 to 600 °C, preferably from -30 to 400
°C, more preferably from -10 to 250 °C. The reaction
time varies depending on the type of the precipitant
and the reaction temperature; however, the reaction
time is generally in the range of from 0.001 to 100
15 hours, preferably from 0.1 to 20 hours. The reaction
pressure is generally in the range of from 10 to lO--7
Pa. The above-mentioned reaction can be performed in
either a batchwise manner or a continuous manner.
In the present invention, it is preferred to add a
20 substance which serves as a crystal nucleus to the
precipitation reaction system. At the time of the
separation of the metal-containing substance from the
precipitation reaction mixture, the metal-containing
substance needs to be in a solid state. However, the

25 metal-containing substance need not be in a solid state
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during the precipitation reaction, as long as the
metal-containing substance becomes a solid by a cooling
operation, etc. after the completion of the reaction.

In the preferred mode of item (II) above, the
solid phase-liquid phase separation method is employed
to separate the (A)/(C) reaction product from the
(B)/(C) reaction product. Specifically, the precipita-
tion reaction mixture is separated into a solid phase
composed mainly of a metal-containing substance and a
liquid phase composed mainly of substances originating
from a high boiling point substance. The solid phase-
liquid phase separation method is generally conducted
by sedimentation, centrifugation, filtration or the
like.

Further, in the preferred mode of item (II) above,
the high boiling point substance (A) contained in thé
catalyst-containing liquid does not undergo the pré—
cipitation reaction with the functional substance (C)
[therefore, in this preferred mode, the unreacted
component (A), which is not precipitated when the
functional substance (C) is added, is regarded as the
(A)/(C) reaction product]; howevef, the high boiling
point substance (A) may undergo a reaction other than
the precipitation reaction during the precipitation

reaction of the metal-containing catalyst (B).



1 opening that connects the RIM machine to the nold and t hrough whi ch

the streans of conponents are injected after being m xed at the

m xhead. The vent may be | ocated at each of the four nold edges, at the
end of 5 the nold furthest fromthe sprue, but preferably it is

| ocated within 4-5 inches of the sprue. In %H?referred enbodi nent, an
annul ar gated nold is utilized. The nold s usually heated at a

tenperature of 50[err]C to 150[err] C and preferably from 75-125[err]
and most prefer ably atyAQA[ ehl Gretlryhanablie BRI debf i thabpbeapgrat ure,

the liquid capable form ng an | PN upon polynerization or curing is

injected into theeﬁ?igyéﬁerQh@rbhgspHBYBﬁkhléhlgﬁ némltatggﬂphg%ﬁdrethe
resul tant product is geIIed and har dened. he material may additionally

be post-cured in sbecookd. ths Abherit/bi Soi’ﬁr@ﬁt,tﬁg mehg ks e@penedagrauval |y,
and the solvent can react with the high boiling point substance
(A) to form compounds having a boiling point lower than
the boiling point of the high boiling point substance
(A). Examples of reactive solvents include water;
lower alcohols, such as methanol, ethanocl, propanol
(isomer) and butanol (isomer); lower carboxylic acids,
10 such as formic acid, acetic acid and propionic acid;
and carbonates, such as dimethyl carbonate and diethyl
carbonate. Of these, water, methanol, ethanol, acetic
acid, methyl acetate, ethyl acetate, dimethyl car-
bonate, diethyl carbonate and the like are preferred,
15 and watef is more preferred.

In the present invention, the "solvolysis" meéﬁs
the decomposition reaction of the high boiling point
substance (A) with the reactive solvent. The reaction
product obtained by the solvolysis may be subjected to

20 further reaction other than the solvolysis, such as the
decarboxylation and the like.

With respect to the low boiling point product
obtained by the solvolysis, there is no particular

limitation, as long as the low boiling point product

25 has a boiling point lower than the boiling point of the



el astoneric filmis renoved fromthe nold wherein it is post - cur ed
again in a heated environnment such as an oven. The filmis converted to
a hydrogel by imersion in a buffered saline solution. 20

The polyneric nmaterial obtained by the present i nvention can be
utilized to make contact | enses, by altering the shape and di nensi ons
of the injection nold according to ophtﬁélnic speci fications.

The contact |enses, thus prepared, exhibit 25 excellent optical and

mechani cal properties.. ... . ong. wit hi t | ar
strength, t he & abc?lltler}%e%ma%%li?‘%sn% N s(ﬂpbai exr%% I%ﬂ%% &%n%%%g% on
and wettability. Ftd.on, ENSES pos r ks dENSHh@Ind hen
present inventi onﬂ%a%ﬂi% 3105"2%/%]@ per%%gg?l Ity %él%r%%i&?t ralgr\l%%ar%%t to
vi si bl e |'i ght .tHhec hammgengousr et tHfe Ao 1hent Nl PeRet fbd NGE the

high boiling point substance (A). With respect to the
5 relationship between the reactive solvent, the high
boiling point substance (A) and the low boiling point
product, specific explanation is made below, taking as
an example the case where the high boiling point sub-
stance (A) is phenyl salicylate which is one of the
10 aromatic carboxy compounds.
| (i) When the reactive sclvent is water, phenol and
salicylic acid are formed by the hydrolysis, and the
formed salicylic acid undergoes decarboxylation to form
phenol and carbon dioxide.
15 (ii) When the reactive solvent is an alcchol, an’
alkyl salicylate and phenol are formed by alcoholyé;s.
(iii) When the reactive solvent is a carboxylic
acid, salicylic acid and a phenyl carboxylate are
formed by transesterification, and the formed salicylic
20 acid undergoes decarboxylation toc form phenol and
carbon dioxide.
As mentioned above, the above explanation is made,
taking as an example phenyl salicylate, which has a
relatively simple structure as an aromatic carboxy

25 compound. However, also in the case of an aromatic
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carboxy compound having a more complicated structure,
the same types of reactions as mentioned in items (1)
to (iii) above occur. Therefore, as the reaction
products corresponding to those mentioned in items (1)
to (iii) above, there can be obtained, for example, an
aromatic hydroxy compound, such as an aromatic monohy-
droxy compound; a lower carboxylic acid ester of an
aromatic monchydroxy compound; an ester of an aromatic
carboxy compound with a lower alcohol; and carbon
dioxide. Of the above-mentioned reaction products
obtained by the solvolysis, the aromatic monohydroxy
compound is especially preferred, because this product
is a reactant used in the present invention so that
this product can be recycled.

The catalyst-containing ligquid contains the metal-
containing catalyst (B), and the catalyst (B) gener;lly
also serves as a catalyst for the solvolysis. There-
fore, it is not necessary to specifically use a cata-
lyst for the solvolysis, but such a catalyst for the
solvolysis can be used for the purpose of improving the
reaction rate, etc.

The type of the reaction between the high boiling
point substance (A) and the reactive solvent wvaries
depending on the reaction conditions; however, the

reaction is generally performed in a phase selected



1 networks present in the lens is confirmed by the single gl ass
transition tenperature exhibited by the contact I ens of the present
i nvention. The simultaneous nature of the two polymerization reactions,
occurring in the 5 imediate vicinity of each other, is essential in
determ ning the honpgeneity of the resulting polyner network. In a
conparative exanple t he pol yurea and pol3/acrylic networks were produced
sequentially; i.e the polyam nes were condensed with the diisocyanate
to 10 give a pure gg%ygbea material. This was mxed wi.ith a m_xt ure of

o]

acrylic esters, ﬁEFFQBH EgPﬁ@SEnge@f a Fé&P&QIPPﬂﬁgléPgr hSuch a
separate ygf”aii SEdastRE Y hERePoplReeY TReS bR Rrfu P adpetarilee
varies depending on the type of the reactive solvent;
however, the reaction temperature is generally in the
5 range of from -30 to 400 °C, preferably from -10 to 300
°C, more preferably from 0 to 250 °C. The reaction
time varies depending on the type of the reactive
solvent and the reaction temperature; however, the
reaction time is generally in the range of from 0.001
10 to 100 hours, preferably from 0.1 to 20 hours. The
reaction pressure is generally in the range of from 10
to 107 Pa. The reaction can be performed in either a
batchwise manner or a continuous manner.
The metal-containing catalyst (B) may or may not
15 undergo the solvolysis [therefore, in this preferred
mode, when the metal-containing catalyst (B) does n;t
undergo the solvolysis, the unreacted component (B),
which is not solvolyzed with the functional substance
(C), is regarded as the (B)/(C) reaction product]. In
20 the case where water or an alcohol is used as a reac-
tive solvent so as to solvolyze an aromatic carboxy
compound contained as the high boiling point substance
(A) in the catalyst-containing liquid, a decarboxyla-
tion reaction occurs simultaneocusly with the solvoly-

25 sis, so that carbon dioxide is formed as one of the



15 material by itself exhibits two glass transition tenperatures. The
honogenei ty observed in the contact | enses of the present invention
ensures excel | ent optical properties in the |ens. The
optical clarity of the lens is influenced 20 by the pol yureal/polyacrylic
ratio present in the |lens material. However at the indicated ratios
her ei nabove, the hydrogels are transparefif to visible |ight.

Al so, the water uptake decreases as the pol yacrylic content increases.

However, the water 25 uptake renmai ns al npst. const ant,_when. t.h Lo
pol yur ea/ pol yacr ﬁ%%c?aci)r? cP’T%é‘chté%t%?lqjl’fé?ltlﬂﬁ 3%?0”1 tHE Tigh eboJl']hleng

followng examp! 63, Md I ARLUELO (a)! ! H5d18E8-d N0 DTI DY BEERL ARG EPE O
t he pr esent I mventi on.
the formed carbon dioxide serves as a precipitant and
reacts with the metal-containing catalyst (B) to there-
c by form a metal-containing substance (such as a metal
carbonate) in the form of a solution therecf and/or in
the form of a solid.
In the preferred mode of item (III) above, the
separation of the (A)/(C) reaction product from the
10 (B)/(C) reaction product is conducted by a distillation
method, wherein a low boiling point product formed as
the (A)/(C) reaction product by the solvolysis is
removed from the solvolysis reaction mixture as a
distillate. The (B)/(C) reaction product is contained
15 in the liquid remaining in the distillation column
employed. The distillation temperature is generall; in
the range of from 10 to 300 °C, preferably from 50 to
250 °C, in terms of the temperature of the liquid in
the distillation column. The distillation pressure is
20 generally in the range of from 0.1 to 1.0 x lO6 Pa,
preferably from 1.0 to 1.0 x 10° Pa. The distillation
can be conducted either in a batchwise manner or a
continuous manner.
The recycling of the (B)/(C) reaction product to

25 the reaction system can be conducted by a method in
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which the (B)/(C) reaction product, which has been
separated from the (A)/(C) reaction product and which
is in the form of a liquid, a solid or a liguid-solid
mixture, as such, is recycled to the reaction system.
Alternatively, when the (B)/{(C) reaction product is
obtained in such a form as contains other components
than the reaction product, the recycling of the (B)/(C)
reaction product can be conducted by a methed in which
a part or all of such other components are separated
from the other components-containing (B)/(C) reaction
product, and the resultant is recycled to the reaction
system. Further, the recycling of the (B)/(C) reaction
product can be conducted by a method in which the
separated (B)/(C) reaction product is mixed and/or
reacted with the starting material or the reactant, and
the resultant (i.e., a liquid reaction mixture, a
slurry, etc.) is recycled to the reaction system. This
method is advantageous when the (B)/(C) reaction pro-
duct is in the form of a solid or a solid-liquid mix-
ture. The recycling of the (B)/(C) reaction product to
the reaction system can be conducted in either a batch-
wise manner or in a continuous manner.

As mentioned above, the method of the present
invention comprises:

taking out at least one type of catalyst-contain-
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ing liquid which is selected from the group consisting
of:

a portion of the high boiling point reaction
mixture obtained by the transesterification reaction
before the separation of the high boiling point reac-
tion mixture into the product fraction and the ligquid
catalyst fraction, and

a portion of the separated liquid catalyst frac-
tion,

each portion containing at least one high boiling
point substance (A) having a boiling point higher than
the boiling point of the produced arcmatic carbonate
and containing the metal-containing catalyst (B); and

adding to the taken-out catalyst-containing liquid
a functional substance (C) capable of reacting with at
least one component selected from the group consist;ng
of the component (A) and the component (B).

With respect to the amount of the portion of the
high boiling point reaction mixture, which is taken out
as the catalyst-containing liquid, the amount is from
0.01 to 10 % by weight, preferably from 0.1 to 5 £ by
weight, more preferably from 0.3 to 1 % by weight,
based on the weight of the high boiling point reaction
mixture. On the other hand, with respect to the amount

of the portion of the separated liquid catalyst
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fraction, which is taken out as the catalyst-containing
liquid, the amount is from 0.0l to 40 % by weight,
preferably from 0.1 to 20 £ by weight, more preferably
from 1 to 10 % by weight, based on the weight of the
separated liquid catalyst fraction.

With respect to the concentration of the high
boiling point substance (A) in the taken-out catalyst-
containing liquid, the concentration varies depending
on the type of the high boiling point substance (a).
However, too low a concentration of the high boiling
point substance (A) is not preferable, since the amount
of the taken-out catalyst-containing liquid becomes too
large. On the other hand, too high a concentration of

the high boiling point substance (A) is also not pre-

- ferable, since the boiling point and viscosity of the

taken-out catalyst-containing liquid become too high,
so that the handling of the taken-out catalyst-contain-
ing liguid becomes difficult. Therefore, the concen-
tration of the high boiling point substance (A) in the
taken-out catalyst-containing liquid is generally from
0.01 to 99 % by weight, preferably from 0.1 to 95 % by
weight, more preferably from 1 to 90 $ by weight.
Further, when the high boiling point substance (&)
is an aromatic polyhydroxy compound, for preventing the

catalyst from depositing on or adhering to the inner
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walls of the reactor, the pipes and the like, it is
preferred that the taken-out catalyst-containing liquid
contains the aromatic polyhydroxy compound and the
metal-containing catalyst in amounts such that the
weight ratio of the aromatic polyhydroxy compound to
the metal of the catalyst becomes 2.0 or less.

With respect to the separation of the desired
aromatic carbonate from the product fraction (separated
from the high boiling point reaction mixture obtained
by the transesterification reaction) comprising the
aromatic carbonate, the unreacted starting material and
the unreacted reactant, the separation can be easily
conducted by a conventional separation method, such as

a distillation method.

In the present invention, the purity of the aromatic

carbonate which has been separated from the
product fraction can be calculated by the following

formula:

Purity of the aromatic carbonate (%)

the aromatic carbonate (% by weight)
= x 100
100 ~ the unreacted starting material (% by weight)
- the unreacted reacting material (% by weight)
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The purity of the aromatic carbonate obtained by

[+3

the process of the present invention is generally 99 %
or more, preferably 99.5 % or more, most preferably
99.8 ¥ or more.

5 In a further preferred aspect of the present
invention, there is provided a mode of the above-
mentioned process of the present invention, in which
the above-mentioned steps (1), (2) and (3) are continu-
ously conducted. That is, in this mode of the process,

10 the following steps are continuously conducted:

(1) transesterifying, in the presence of a metal-
containing catalyst, a starting material selected from
the group consisting of a dialkyl carbonate, an alkyl
aryl carbonate and a mixture thereof with a reactant

15 selected from the group consisting of an aromatic
monohydroxy compound, an alkyl aryl carbonate and a_
mixture therecof, to thereby obtain a high boiling point
reaction ﬁixture comprising the metal-containing
catalyst and at least one aromatic carbonate, while

20 withdrawing a low boiling point reaction mixture which
contains a low boiling peint by-product comprising an
aliphatic alcohol, a dialkyl carbonate or a mixture
thereof,

(2) separating the high boiling point reaction

25 mixture into a product fraction comprising the produced



Jef fam ne ED- 900 Pol y(oxyet hyl ene) di am ne 1179
Jef fam ne ED- 2000 Pol y(oxyet hyl ene) di am ne 2277
Jef fam ne D 2000 Pol y( oxypr opyl ene) di am ne 2000
Jef fam ne T-403 Pol y( oxypropyl ene) triam ne 440
Jef fam ne EDR148 Triethyl ene glycol triamne 148 DETA

D et hyl ene triam ne 10399 Desnodur W
4,4' - Met hyl ene- bi s- 262

cycl ohexyl i socyanat e H er axyet hyl
net hacryl ate aromatic c% ate arﬁ@\/l&lquld catalyst Iéo#/a%t hyrI?ene

gl ycol £ mg}gﬁret hacryl ate
TEGDVA compxi §1hnﬁ gc%lee d eytcao -C nta nalcnr%/ caattealys 86 PEG

(600).DNA Pol y ( et(h{ %‘%&}%ﬂ% “the l:Lun.d catalyst fifdbtion to the
600) di et hacryl ate 15 - 256 Luper sol 256 BPO
Benzoyl peroxide reaction system while wﬁ%ﬁhraw1ng the product fraction,
5 thereby enabling continuous production of the aromatic
carbonate.

In this preferred mode for continuously producing
the aromatic carbonate, it is especially preferred that
the step (1) of the process of the present invention is

10 performed as follows: the starting material and the
reactant are continuously fed to a continuous multi-
stage distillation column to effect a fransesterifica—
tion reaction therebetween in at least one phase se-
lected from the group consisting of a ligquid phase and

15 a gas-liquid phase in the presence of a metal-contain-
ing catalyst, wherein a high boiling point reaction—
mixture containing the produced aromatic carbonate is
withdrawn in a liquid form from a lower portion of the
distillation column, while continuocusly withdrawing a

20 low boiling point reaction mixture containing the low
boiling point by-product in a gaseous form from an
upper portion of the distillation column by distilla-
tion.

In another aspect of the present invention, there

25 is provided a process for producing an aromatic poly-
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carbonate, which comprises polymerizing the high purity
diaryl carbonate obtained by the process of the present
invention with an aromatic dihydroxy compound by tran-
sesterification.

With respect to the method for producing the
aromatic polycarbonate by transesterification, refer-
ence can be made to, for example, U.S. Patent No.
5,589,564. By the use of the diaryl carbonate obtained
by the process of the present invention, it has become
possible to perform the polymerization at a high rate.
Further, the aromatic polycarbonate obtained by the
transesterification reaction between the aromatic
dihydroxy compound and the diaryl carbonate obtained by
the process of the present invention is a high quality
aromatic polycarbonate which is free from the discolora-
tion. -

The arcmatic dihydroxy compound, which can be used
for producing the aromatic polycarbonate by transester-

ification, can be represented by the following formula:

HO-Ar'-OH

wherein Ar' represents a divalent aromatic
group having from 5 to 200 carbon atoms.

Preferred examples of divalent aromatic groups Ar'
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having from 5 to 200 carbon atoms include an unsubsti-
tuted or substituted phenylene group, an unsubstituted
or substituted naphthylene group, an unsubstituted or
substituted biphenylene group and an unsubstituted or
substituted pyridylene group. Further examples of such
divalent aromatic groups include divalent groups, each

represented by the following formula:

_Arl'oyroar?'o

1 and Ar21

wherein each of Ar independently
represents a divalent carbocyclic or hetero-
cyclic arcmatic group having from 5 to 70
carbon atoms, and Y' represents a divalent
alkane group having from 1 to 30 carbon
atoms.

In the divalent aromatic groups Arl'_and Arz', at
least one hydrogen atom may. be substituted with a which
does not adversely affect the reaction, such as a
halogen atom, an alkyl group having from 1 to 10 carbon
atoms, an alkoxy group having from 1 to 10 carbon
atoms, a phenyl group, a phenoxy group, a vinyl group,
a cyano group, an ester group, an amide group and a
nitro group.

Illustrative examples of heterocyclic'aromatic-
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groups include an aromatic group having at least one
hetero atom, such as a nitrogen atom, an oxygen atom or
a sulfur atom.
Examples of divalent aromatic groups arl' and Ar2’
include an unsubstituted or substituted phenylene
group, an unsubstituted or substituted biphenylene
group and an unsubstituted or substituted pyridylene
group. Substituents for arl' and ArZ' are as described
above.

Examples of divalent alkane groups Y' include
organic groups respectively represented by the follow-

ing formulae:

CH, R® R¥’ R

|
| . ~_ >
—C— , —C— C— and C (X ) -

. I
CH, R* R’ R &’

1

wherein each of R3', R4 R5' and R6' inde-
pendently represents a hydrogen atom, an
alkyl group having from 1 to 10 carbon atoms,
an alkoxy group having from 1 to 10 carbon

atoms, a cycloalkyl group having from 5 to 10

ring-forming carbon atoms, a carbocyclic



5 This blend was called Stream 1. A second bl end was nade of 589.5

parts Herr] MDD, 560.1 parts HEMA, 29.48 parts TEGDMVA and 11.9 parts
L-256. This blend was called Stream 2. The streans were placed in the
mat eri al reservoirs of a two steam | aboratory scale RI M nachine. 10
Stream 1 was heated to about 80[err]Cto maintain fluidity of the
materials. Stream 2 was nai ntai ned at room 99 tenperature to insure
stability of the materials. The streans Were m xed by i npi ngenment at a
pressure of 2500 psi. and injected i nto |ec IruirH num nol d. The
15 nmixing ratio was 1. GF&"5drt d§t°rué’a VS gfgh parof cf gStream 2. The
|nject|ont|rm|5020fseco%n a'l;lij%eatomsc% td NSy Hhout 20 gm
of polymer in which e Ks were separate and sl mJ t aneously

pr oduced. h t fe toaD 13 WRHIR M 20 One
of the plates was rrachlkn-eﬁd%such t hat %%S %596 o B

carbon atoms; k' represents an integer of
5 from 3 to 11; each X' represents a carbon

atom and has R’' and r8' bonded thereto; each
R7' independently represents a hydrogen atom
or an alkyl group having from 1 to 6 carbon
atoms, and each RB' independently represents

10 a hydrogen atom or an alkyl group having from
1l to 6 carbon atoms, wherein rR7' and R8®' are
the same or different;
wherein at least one hydrogen atom of each of
R3', R4', R5', R6', R7' and R8I may be inde-

15 pendently replaced by a substituent which
does not adversely affect the reaction, such
as a halogen atom, an alkyl group having from
1 to 10 carbon atoms, an alkoxy group having
from 1 to 10 carbon atoms, a phenyl group, a

20 phenoxy group, a vinyl group, a cyano group,
an ester group, an amide group and a nitro
group.
Specific examples of divalent aromatic groups Ar'

include groups respectively represented by the follow-

25 ing formulae:
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|
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wherein each of R?' and RO’ independently

25

represents a hydrogen atom,

a halogen atom,

was
di ng
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an alkyl group having from 1 to 10 carbon
atoms, an alkoxy group having from 1 to 10
carbon atoms, a cycloalkyl group having from
5 to 10 ring-forming carbon atoms, or an
5 allyl group having from 6 to 30 carbon atoms:

each of m' and n' independently represents an
integer of from 1 to 4, with the proviso that
when m' is an integer of from 2 to 4, R? 's
are the same or different, and when n' is an

10 integer of from 2 to 4, R0 15 are the same
or different.
Further, examples of divalent aromatic groups Ar'

also include those which are represented by the follow-

ing formula:

15
—Arl'—Z—Arz'—
wherein arl' and ar2' are as defined above;
and Z' represents a single bond or a divalent
20 group, such as -0-, -CO-, -S-, -S0,5, -S0-,

-C00-, or —CON(R3')-, wherein R3' is as

defined above.

Examples of such divalent aromatic groups Ar'
include groups respectively represented by the follow-

25 ing formulae:



of 75% (wei ght) urea conponent and 25% (weight) 5 methacrylic portion.

Fol | ow ng hydration the nateri al had the foll ow ng properties:
Wat er cont ent 34% - Modul us 262 psi
Tensile strength 300 psi 10 El ongation at break 238%
This material was suitable for use as a cona%%t | ens. 15
Ra’ ng')n, R’ I(Rm')n’
H O OO~
5 7/
R0’ (Rg)m (R10)n”
gRg')mr R10),” gRQSm’ (R19),”
$R95m' l(Rm')ur (R9)m (Rm)n
——<: :%—CONH——<::}—— ——<§ i%— O—A‘I'}——
15 ’
(Rg)m H (Rm)n (Rg)m CH3 (R10)*
Hs
20 |
wherein R9', Rlo', m' and n' are as defined

above.
The above-mentioned aromatic dihydroxy compounds
can be used indiwvidually or in combination. Represen-

tative examples of aromatic dihydroxy compounds include



20 25

10

15

20

25

103

bisphencl A.

With respect to the material of an apparatus used
for producing the aromatic polycarbonate, there is no
particular limitation. However, stainless steel, glass
or the like is generally used as a material for at

least the inner walls of the apparatus.
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BEST MODE FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention will be de-
scribed in more detail with reference to the following
Examples and Comparative Examples, but they should not
be construed as limiting the scope of the present
invention.

In the following Examples and Comparative Exam-
ples, various measurements were conducted in accordance
with the following methods.

The metal concentration of a metal-containing
catalyst was measured by means of an ICP {inductively
coupled plasma emission spectral analyzer) (JY38PII:
manufactured and sold by Seiko Electronics Co., Ltd.,
Japan).

The concentration of an organic matter in a liquid
was measured by gas chromatography.

The concentration of a high boiling point sub-
stance (A) coordinated to a metal-containing catalyst
in a catalyst-containing liquid was measured by a
method in which a ligand exchange with trifluoroacetic
acid is conducted, followed by analysis by gas chro-
matography.

The total concentration of both high boiling point
substances (A) coordinated to and not coordinated to a

metal-containing catalyst in a catalyst-containing
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liguid was determined as follows. The catalyst-con-
taining liguid was subjected to distillation using a
small size distillation column and the total of the
weight of a fraction having a boiling point higher than

that of a desired aromatic carbonate and the weight of

wn

an organic matter contained in the distillation residue
remaining in the distillation column was calculated.
Then, the weight percentage of the thus calculated
total weight, based on the weight of the catalyst-

10 containing liquid, was obtained, and the obtained
weight percentage was taken as the total concentration
of both high boiling pecint substances (A) coordinated
to and not coordinated to a metal-containing catalyst
in the catalyst-containing liquid.

15 The number average molecular weight of a produced
aromatic polycarbonate was measured by gel permeation
chromatography (GPC) (apparatus: HLC-~8020, manufactured
and sold by Tosoh Corp., Japan; column: TSK~GEL, manu-
factured and sold by Tosoh Corp., Japan; solvent:

20 tetrahydrofuran).

All of the concentrations are indicated by weight

percentages.

Example 1

25 (Preparation of catalyst)
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ide was heated to and maintained at 180 °C for 10
hours, thereby performing a reaction. After that
5 period of time, water formed in the resultant reaction
mixture was distilled off together with unreacted
phenol, to thereby obtain catalyst I.
{Production of aromatic carbonate)
The production of an aromatic carbonate was con-

10 ducted using the system as shown in Fig. 1, which com-
prises continuous multi-stage distillation column 1
having a height of 6 m and a diameter of 6 inches and
equipped with 20 sieve trays.

A mixture of dimethyl carbonate (hereinafter,

15 frequently referred to as "DMC"), phenol (which con-
tains, as an impurity, 30 ppm by weight of 4,4'-dihy-
droxydiphenyl which is a high boiling point substance)
and catalyst I was continuously fed in liguid form from
conduit 3 through preheater 4 and conduit 5 into con-

20 tinuous multi-stage distillation column 1 at a position
of 0.5 m below top 2 thereof at a rate of 32 kg/hr, and
was allowed to flow down inside multi-stage distilla-
tion column 1, thereby performing a reaction. The
weight ratio of the dimethyl carbonate to the phenol in

25 the mixture was 62/38, and catalyst I was used in an



Water content (% 37.5 47.1 33.1 60. 8 Modul us

(psi) - 218 87 - 133 Tensil e strength
(psi) 263 101 110 81 25 El ongation at break (%9 206
103 169 101 Appear ance cl ear opaque
hazy cl ear The materials of Exanple Il and Exanple V were

sui tabl e for contact |lens use. 30 107

amount such that the Pb concentration of the reaction
mixture in conduit 13 became 0.038 % by weight, wherein
the Pb concentration can be confirmedlusing a sample
withdrawn through a sampling nozzle (not shown) provid-
5 ed on conduit 13. Dimethyl carbonate was fed from
conduit 7 into evaporator 8 thereby forming a gas and
the formed gas of dimethyl carbonate was fed through
conduit 9 to bottom 6 of continuous multi-~stage distil-
lation column 1 at a rate of 26 kg/hr. The reaction

10 conditions of the above reaction were such that the
temperature at the bottom of continuocus multi-stage
distillation column 1 was 203 °C and the pressure at
the top of continuous multi-stage distillation column 1
was 7.4 x 10° Pa. Gas distilled from column top 2 was

15 led through conduit 10 into condenser 11, in which the
gas was condensed. The resultant condensate was con-
tinuously withdrawn at a rate of 25 kg/hr through
conduit 12. A reaction mixture [containing methyl
phenyl carbonate (as a desired reaction product)

20 (hereinafter, frequently referred to as "MPC"), the
catalyst, and high boiling point substances] was con-
tinuously withdrawn from column bottom 6 at a rate of
34 kg/hr and led into evaporator 14 through conduit 13,
from which an evaporated gas containing the methyl

25 phenyl carbonate was withdrawn and led through conduit
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21 into condenser 22, in which the gas was condensed.
The resultant condensate was withdrawn from condenser
22 through conduit 23, wherein the condensate withdraw-
al rate during the period of time of 400 hours from the
start of the operation, the condensate withdrawal rate
during the period of time of from 400 hours to 600
hours after the start of the operation and the conden-
sate withdrawal rate during the period of time of from
600 hours to 5,000 hours after the start of the opera-
tion were 32.95 kg/hr, 32.99 kg/hr and 33 kg/hr, re-

spectively. On the other hand, an evaporation-con-

centrated liquid containing the catalyst and high boiling

point substances was formed in evaporator 14. A por-
tion of the concentrated liguid was led into reboiler,
17 through conduifs 15 and 16 and recycled into evapo-
rator 14 through conduit 18. The remainder of the con-
centrated liguid in evaporator 14 was recycled into
continuous multi-stage distillation column 1 at a rate
of 1 kg/hr through conduits 15, 19 and 3. After the
start of the recycling of the concentrated liquid into
continuous multi-stage distillation column 1 through
conduits 15, 19 and 3, the feeding rate of the mixture
of dimethyl carbonate, phenol and catalyst I through
conduit 3 into continuous multi-stage distillation

column 1 was appropriately controlled according to the



1 EXAMPLE VI A bl end was nade of
471.6 parts ED- 900, 228 parts ED 2000, 400 parts D 2000 and 34.3 parts

DETA. 5 This blend was called Stream 1. A second bl end was nade of
314.4 parts Herr] VDI, 454.0 parts HEMA, 23.91 parts TEGDMA and 9.6
parts L-256. This blend was called Stream 2. The streans were placed in
the materi al reservoirs of a two stream I]e%goratory scale RIM nmachine. 10
Stream 1 was heated to about : 80[err]C to maintain fluidity of the

materials. The streans were m xed by I n errent pressure of 900
psi. and injected |et‘ﬁyt5:laiLr't‘-:{/vombﬁeieé’etb theal eciial'llhge réxi ng rati o was
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0.25 15 seconds. These con |ons pro gm o pol ynmer in
whi ch both netmor%ﬁdﬁﬁaﬁﬂﬂ¥§7§f%é¥"¥he start of the operation, a portion

of the concentrated liquid formed in evaporator 14 was
5 continuously withdrawn through conduit 20 at a rate of

0.05 kg/hr and led into thin-film evaporator 33 thereby
forming an evaporated gas. At a point in time of 400
hours after the start of the operation, a sample (of
the concentrated liquid withdrawn from evaporator 14)

10 was taken through a sampling nozzle (not shown) provid-
ed on conduit 15', and was analyzed to determine the
composition of the concentrated ligquid by the above-
mentioned methods. The concentrated liquid had the
following composition: Pb (which is the metal component

15 of catalyst I): 1.3 % by weight; the total concentra-
tion of high boiling point substances: 1.7 % by weight;
and 4,4'-dihydroxydiphenyl (which is a high boiling
point substance): 0.7 % by weight. The evaporated gas
formed in thin-film evaporator 33 was continuously

20 withdrawn therefrom through conduit 35 at a rate of
0.04 kg/hr and recycled through conduit 49 into the
system for the transesterification. On the other hand,
an evaporation-concentrated liquid containing the
catalyst and high boiling point substances was continu-

25 ously withdrawn from the bottom of thin-film evaporator 33



si mul t aneously produced. The nol d used for this exanple was

descri bed in Exanple 1. 20 The nol d was opened nmanually within
one m nute of injection and the elastoneric filmis renoved from t he
nol d. The denol ded fil mwas post-cured for about 40 m nutes in an oven

at 100[err]C The filmwas converted to a hﬁdrogel by imrersion in a
buffered saline solution. 25 The material pr ced was a clear |PN hydrogel
of 75% (wei ght) urea conponent and 25% wei ght) nethacrylic portion.
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storage vessel 36. A sample (of the evaporation-con-
centrated liquid withdrawn from thin-film evaporator
33) was taken through a sampling nozzle (not shown)

5 provided on conduit 34 at a point in time of 400 hours
after the start of the operation, and was analyzed to
determine the composition of the evaporation-con-
centrated liquid by the above-mentioned methods. The
evaporation-concentrated liquid had the following

10 composition: Pb (which is the metal component of cata-
lyst I): 6.5 % by weight; the total concentration of
high boiling point substanées: 8.6 ¥ by weight; and
4,4'-dihydroxydiphenyl (which is a high boiling point
substance): 3.6 % by weight. At a point in time of 550

15 hours after the start of the operation, 1 kg of the
concentrated liquid stored in storage vessel 36 was
withdrawn and led into electric furnace 38 through
conduit 37. In electric furnace 38, the concentrated
liquid was heated to and maintained at 700 °C for 8

20 hours while introducing air into electric furnace 38
from conduit 39, to thereby oxidize the concentrated
liquid under atmospheric pressure. The resultant
oxidation products (i.e., carbon dioxide, water and low
boiling point organic compounds) derived from organic

25 matter contained in the concentrated liquid were with-
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drawn through waste product conduit 40. The oxidation
products remaining in electric furnace 38 were allowed
to cocl and, then, a sample of the remaining oxidation
products was taken out from electric furnace 38 and
analyzed. By the analysis, only lead monoxide, derived
from catalyst I, was detected. This means that, by the
oxidative reaction of the concentrated liquid, the
organic matter in the concentrated liquid was changed
to volatile oxidation products having a low boiling
point.

0.07 kg of the oxidation product remaining in
electric furnace 38 (i.e., lead monoxide) was charged
into reaction wvessel 42 provided with distillation
column 43 and a jacket (not shown) for circulating a
heating medium, and 1.2 kg of phenol was introduced
into reaction vessel 42 from conduit 45, to thereby
obtain a mixture. The obtained mixture was heated to
and maintained at 160 °C (as measured at the heating
medium) for 6 hours under atmospheric pressure, thereby
performing a reaction. Then, the heating temperature
was elevated to 200 °C (as measured at the heating
medium) so as to cause both the water formed by the
reaction and unreacted phenol to be distilled off from
the top of distillation column 43 through conduit 44,

wherein the total amount cof the water and the unreacted
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phenol both distilled off was 0.277 kg. A sample was
taken from the reaction mixture remaining in reaction
vessel 42 and analyzed. The results of the analysis
show that the remaining reaction mixture is a solution
of lead(II) diphenoxide [Pb(OPh)z] in phenol. 1 kg of
the remaining reaction mixture was withdrawn from
reaction vessel 42 and transferred through conduit 46
and introduced into storage vessel 47. Thereafter,
every 100 hours after the point in time of 550 hours
from the start of the operation (i.e., the point in
time at which 1 kg of the concentrated liquid was
withdrawn from storage wvessel 36 and led into electric
furnace 38 as mentioned above), a sequence of the above
operations using storage vessel 36 (from which 1 kg of
the concentrated liquid was withdrawn), electric fur-
nace 38, reaction vessel 42 and storage vessel 47 (into
which 1 kg of the remaining reaction mixture obtained
in reaction vessel 42 was introduced) was repeated in
the same manner as described above. On the other hand,
from a point in time of 600 hours after the start of
the operation, the reaction mixture stored in storage
vessel 47 was continuously withdrawn at a rate of 0.01
kg/hr through conduit 48, and the reaction mixture
withdrawn from storage vessel 47 was caused to meet the

evaporated gas which was withdrawn from thin-film

93
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evaporator 33 and which was led through conduit 35, and
the resultant mixture (i.e., a mixture of the products
withdrawn through conduits 48 and 35) was recycled into
the system for the transesterification through conduit
49. As mentioned above, the condensate withdrawal rate
from condenser 22 through conduit 23 during the period
of time of from 400 hours to 600 hours after the start
of the operation was 32.99 kg/hr, and the condensate
withdrawal rate from condenser 22 through conduit 23
during the period of time of from 60C hours to 5,000
hours after the start of the operation was 33 kg/hr.
During the perioa of time of from 400 hours to 600
hours after the start of the operation, catalyst I was
added to distillation column 1 through conduit 3 at
such a feeding rate as to compensate for the catalyst
withdrawal rate at which the catalyst was withdrawn
through conduit 20, i.e., catalyst I was added through
conduit 3 at a feeding rate such that the above-men-
tioned Pb concentration of 0.038 % by weight in conduit
13 was able to be maintained. The operation was con-
ducted for 5,000 hours. From the point in time of 600
hours after the start of the operatidn, i.e., from the
point in time at which the recycling of the catalyst
into the sysfem for the transesterification through

conduit 49 was started, there was no need for introduc-
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ing a fresh catalyst into the system for the transe-
sterification. In addition, since the catalyst-con-
taining liquid containing both the catalyst and high
boiling peoint substances was withdrawn from the system
for the transesterification and subjected to the above-
described treatments according to the present inven-
tion, a waste liquid containing a spent catalyst did
not occur at all. From the evaporation-concentrated

liquid which was formed in evaporator 14 and which

contained the catalyst and high boiling point substances,

samples were taken through the above-mentioned sampling
nozzle provided on conduit 15', wherein the samples
were, respectively, withdrawn at points in time of
1,000 hours, 2,500 hours and 5,000 hours after the
start of the operation. The determination of the total
concentration of the high boiling point substances in
each sample was conducted by the above-mentioned meth-
od. With respect to these samples withdrawn at points
in time of 1,000 hours, 2,500 hours and 5,000 hours
after the start of the operation, the total concentra-
tions of the high boiling point substances were 1.7 %
by weight, 1.8 % by weight and 1.8 % by weight, respec-
tively.

During the 5,000 hour operation time, the opera-

tion could be stably conducted (for example, both the
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flow and the composition in each conduit were stable)
without suffering disadvantageous phenomena, such as
the deposition of the catalyst from a catalyst-contain-
ing ligquid and the adherence of the deposited catalyst
to the inside surfaces associated with the equipment
employed for the operation. During the operation,
samples of the reaction mixture withdrawn from the
bottom of continuous multi-stage distillation column 1
were taken through the above-mentioned sampling nozzle
provided on conduit 13, and the samples were analyzed.
With respect to the reaction mixture which was taken
from conduit 13 at a point in time of 3,000 hours after
the start of the operation, the composition of the
reaction mixture was as follows: phenol (PhOH): 31 % by
weight; methyl phenyl carbonate (MPC}: 9 % by weight:
diphenyl carbonate (hereinafter, frequently referred to
as "DPC"): 0.5 % by weight; anisole (hereinafter,
frequently referred to as "ANS"): 0.1 % by weight; and
Pb: 0.038 % by weight. The purity of the aromatic
carbonate (which was a mixture of MPC and DPC) in the
condensate withdrawn from condenser 22 through conduit
23 was 99.99 % or more, and no high boiling point
substance was detected in the condensate. After the
operation was terminated, the inside surfaces associat-

ed with the equipment employed for the operation were



A series of IPN elastoners were prepared using t he net hods of Exanple
VI. The fornulations and 5 properties are shown in Table II1I.

TABLE |11 EXAMPLE VI | VI | X
Stream 1 10 ED 900 353. 7 471.6 471.6
ED- 2000 227.9 455. 8 455. 8 D- 2000

400 200 200 DETA 116 34.3

34.3 34.3 Stream 2 15 H err] MDI 288. 2

314. 4 314.5 408

463
463 examiﬁgﬁq\ No adherence of the catalyst to any of the
inner walls of continuous multi-stage distillation
column 1, evaporator 14, reboiler 17, conduits and the

like was observed.

Comparative Example 1

Substantially the same procedure as in Example 1
was repeated, except that the withdrawal of a portion
of the evaporation-concentrated liquid (which was

10 formed in evaporator 14 and which contained the cata-
lyst and high boiling point substances) out of
the production system through conduit 20 was not con-
ducted, and the introduction of the fresh catalyst into
the system for the transesterification.from conduit 3

15 through preheater 4 and conduit 5 into continuous
multi-stage distillation column 1 (which was conducted
in Example 1 during the period of time of from 400
hours to 600 hours after the start of the operation)
was not conducted. With respect to the samples with-

20 drawn at points in time of 1,000 hours, 2,500 hours and
5,000 hours after the start of the operation, the total
concentrations of the high boiling point substances
were 5.2 % by weight, 14.6 % by weight and 32.0 % by
weight, respectively. With respect to the reaction

25 mixture which was taken from conduit 13 at a point in
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the composition of the reaction mixture was as follows:

o

PhOH: 33 % by weight; MPC: 6.5 % by weight; DPC: 0.2
by weight; ANS: 0.1 % by weight; and Pb: 0.038 % by
5 weight. The purity of the aromatic carbonate (which

was a mixture of MPC and DPC) in the condensate with-
drawn from condenser 22 through conduit 23 was 97 %,
and the total concentration of the high boiling point
substances in the above-mentioned condensate was 1.5 %

10 by weight. After the operation was terminated (the
operation was conducted for 5,000 hours), the inside
surfaces associated with the equipment employed for the
operation were examined. The adherence of the catalyst
to a part of the inner wall of each of continuous

15 multi-stage distillation column 1, evaporator 14 and

the conduits was observed.

Comparative Example 2

Substantially the same procedure as in Example 1
20 was repeated, except that, after an evaporation-con-
centrated liquid containing the catalyst and high boiling
point substances was withdrawn from the bottom of thin-
film evaporator 33, the evaporation-concentrated liquid
was introduced into and accumulated in a waste catalyst

25 storage vessel (not shown) instead of leading the



30

35

w

10

15

20

25

118

evaporation-concentrated liquid to storage vessel 36,
so that the sequence of the operations using storage
vessel 36, electric furnace 38, reaction vessel 42 and
storage vessel 47 was not conducted; and not only
during the period of time of from 400 hours to 600
hours after the start of the operation, but also after
the point in time of 600 hours after the start of the
operation, catalyst I was added to distillation column
1 through conduit 3 at such a feeding rate as to com-
pensate for the catalyst withdrawal rate at which

the catalyst was withdrawn through conduit 20, i.e.,
catalyst I was added through conduit 3 at a feeding
rate such that the Pb concentration of 0.038 % by
weight in conduit 13 was able to be maintained. The
operation was conducted for 5,000 hours. During the
period of time of from 600 hours to 5,000 hours after
the start of the operation, in order to maintain the
above-mentioned Pb concentration of 0.038 £ by weight
in conduit 13, it was necessary to add fresh catalyst I
to continuous multi-stage distillation column 1 through
conduit 3 in an amount as large as 2.86 kg, in terms of
the weight of Pb in the catalyst. During the period of
time of from 600 hours to 5,000 hours after the start
of the operation, the amount of the evaporation-

concentrated liquid (containing the catalyst and high
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three stream RI M nachi ne was used for this exanple. The machi ne was
fitted with an Edge- 5 Sweets four conmponent m xhead. The m xi ng was by

I mpi ngenent . The chem cal system consi sted of eight

separate chenmicals. The materials were bl ended, as follows: 10 Stream1

boiling point substances) which was withdrawn from the
bottom of thin-film evaporator 33 and introduced into
and accumulated in the waste catalyst storage vessel

reached a level as large as 44 Kkg.

Example 2
The production of diphenyl carbonate (DPC) from
methyl phenyl carbonate (MPC) was conducted using
catalyst I prepared in Example 1, and the system as
10 shown in Fig. 2, which compriseé continuous multi-stage
distillation column 1 having a height of 6 m and a
diameter of 4 inches and equipped with 20 sieve trays.
A mixture of MPC and catalyst I was continuously
fed in liguid form from conduit 3 through preheater 4
15 and conduit 5 into continuous multi-stage distillation
column 1 at a position of 2.0 m below top 2 thereof at
a rate of 8 kg/hr, and was allowed to flow down inside
multi-stage distillation column 1, thereby performing a
reaction. Catalyst I was used in an amount such that
20 the Pb concentration of the reaction mixture in conduit
13 became 0.19 % by weight, wherein the Pb concentra-
tion can be confirmed using a sample withdrawn through
a sampling nozzle (not shown) provided on conduit 13.
The reaction conditions of the above reaction were such

25 that the temperature at the bottom of centinuocus multi-
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Stream Pressure Oifice Flow Rate Vi scosity 25 1 2700psi
0. 75mm  99. 3gni seft the €ASPSE continuous multi-stage distillation
column 1 was 2.59 x 104 Pa. Gas distilled from top 2
of continuous multi-stage distillation column 1 was led
5 through conduit 25 into condenser 26, in which the gas
was condensed. A portion of the resultant condensate
was recycled into tdp 2 of continuous multi-stage
distillation column 1 through conduits 27 and 28, and
the remainder of the condensate was continuously with-
10 drawn at a rate of 2.4 kg/hr through conduits 27 and
29. A portion of the reaction mixture at bottom 6 of
continuous multi-stage distillation column 1 was led
into reboiler 31 through conduit 30, and recycled into
column bottom 6 through conduit 32, and the remainder
15 of the reaction mixture was led into evaporator 14
through conduit 13 at a rate of 7.6 kg/hr. From evapo-
rator 14, an evaporated gas containing DPC was with-
drawn and led through conduit 21 into condenser 22, in
which the gas was condensed. The resultant condensate
20 was withdrawn from condenser 22 through conduit 23 at a
rate of 5.6 kg/hr. On the other hand, an evaporation-
concentrated liquid containing the catalyst and high
boiling point substances was formed in evaporator 14.
A portion of the concentrated liquid was led into

25 reboiler 17 through conduits 15 and 16 and recycled
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28. 4gm sec 24cps Stream 1l was split and injected into
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into evaporator 14 through conduit 18. The remainder

of the concentrated liquid in evaporator 14 was recy-
cled into continuous multi-stage distillation column 1
through conduits 15, 19 and 3 at a rate of 2 kg/hr.

After the start of the recycling of the concentrated

(9]

liquid into continuous multi-stage distillation column
1 through conduits 15, 19 and 3, the feeding rate of
the mixture of MPC and catalyst I through conduit 3
into continuous multi-stage distillation column'l was
10 appropriately controlled according to the recycling
rate of the concentrated liguid.
During the period of time of from 400 hours to
5,000 hours after the start of the operation, a portion
of the concentrated liquid formed in evaporator 14 was
15 continuously withdrawn through conduit 20 at a rate of
0.05 kg/hr and led into thin-film ewvaporator 33. At a
point in time of 1,000 hours after the start of the
operation, a sample (of the concentrated liquid with-
drawn from evéporator 14) was taken through a sampling
20 nozzle (not shown) provided on conduit 15', and was
analyzed to determine the composition of the con-
centrated liquid by the above-mentioned methods. The
concentrated liquid had the following composition: Pb
(which is the metal component of catalyst I): 0.7 % by

25 weight; the total concentration of high boiling point
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wei ght of 13. 6gm obt ai ned. The injection head of the RIM
machi ne was affixed to a hardened steel nold. The nold had a 5 channel
2mm wi de and 4nm deep |l eading to a contact |ens shaped cavity. The
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substances: 5.0 % by weight; and phenyl salicylate

(which is a high boiling point substance): 0.25 % by
weight. The evaporated gas formed in thin-film evapo-
rator 33 was continuously withdrawn therefrom through
conduit 35 at a rate of 0.04 kg/hr and recycled through
conduit 49 into the system for the transesterification.
On the other hand, an evaporation-concentrated liquid
containing the catalyst and high beiling point substances
was continuously withdrawn from the bottom of thin-film
10 evaporator 33 through conduit 34 at a rate of 0.01

kg/hr and led into storage vessel 36. A sample (of the
evaporation-concentrated liguid withdrawn from thin-
film evaporator 33) was taken through a sampling nozzle
(not shown) provided on conduit 34 at a point in time
15 of 1,000 hours after the start of the operation, and
was analyzed to determine the composition of the evapo-
ration-concentrated liquid by the above-mentioned
methods. The evaporation-concentrated liquid had the
following composition: Pb (which is the metal component
of catalyst I): 3.5 % by weight; the total concentra-

20
tion of high beoiling point substances: 24.8

o\e

by
weight; and phenyl salicylate (which is a high boiling
point substance): 1.3 % by weight.

At a point in time of 550 hours after the start of

25 the operaticn, 1 kg of the concentrated liquid stored
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in storage vessel 36 was withdrawn through conduit 37
and led into reaction vessel 50 which had a capacity of
10 liters and which was provided with distillation
column 54, a jacket (not shown) for circulating a
heating medium, and an agitator. The temperature of
reaction vessel 50 was elevated to 180 °C (as measured
at the jacket). Then, both a feeding of carbon dioxide
into reaction vessel 50 at a flow rate of 3.9 NL/hr [NL
means L (liter) as measured under the normal tempera-
ture and pressure conditions, namely at 0 °C under 1
atm.] and a feeding of water into reaction vessel 50 at
a flow rate of 3.1 g/hr were conducted for 2 hours
while stirring, to thereby effect a reaction, thus
obtaining a reaction mixture containing lead(II) car-
bonate as a reéction product. This reaction was con-
ducted under atmospheric pressure. After the lapse of
the 2-hour reaction time, the stirring was stopped so
as to allow the solids [containing the lead(II) car-
bonate] in the obtained reaction mixture to be precipi-
tated. After the precipitation, the resultant super-
natant in the reaction mixture was withdrawn through
conduit 53. The concentration of Pb in the withdrawn
supernatant was 400 ppm by weight.

Then, 1.021 kg of PhOH was charged into reaction

vessel 50 and stirred at 180 °C (as measured at the
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jacket) under atmospheric pressure, to thereby effect a
reaction. During the reaction, unreacted PhOH was
distilled off from the top of distillation column 54
disposed on reaction vessel 50 at a rate of 0.1 kg/hr
through conduit 55A. Thus, in reaction vessel 50, a
reaction proceeded in which lead(II) carbonate reacts
with PhOH to form diphenoxy lead, carbon diocxide and
water. The carbon dioxide and water formed in the
above reaction were withdrawn from the reaction vessel
together with the unreacted PhOH distilled off. A
reaction mixture, which remained in reaction vessel 50
after performing the above reaction for 2 hours, was
withdrawn fromlreaction vessel 50 and transferred
through conduit 46 and introduced into storage vessel
47. |
Thereafter, every 100 hours after the point in
time of 550 hours from the start of the operation
(i.e., the point in time at which 1 kg of the con-
centrated liquid was withdrawn from storage vessel 36
and led into reaction vessel 50 as mentioned above), a
sequence of the above operations using storage vessel
36 (from which 1 kg of the concentrated liquid was
withdrawn), reaction vessel 50 and storage vessel 47
(into which the remaining reaction mixture obtained in

reaction vessel 50 was intrcocduced) was repeated in the
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same manner as described above. On the other hand,
from a point in time of 600 hours after the start of
the operation, the reaction mixture stored in storage
vessel 47 was continuously withdrawn at a rate of 0.01
kg/hr through conduit 48, and the reaction mixture
withdrawn from storage vessel 47 was caused to meet the
evaporated gas which was withdrawn from thin-film
evaporator 33 and which was led through conduit 35, and
the resultant mixture (i.e., a mixture of the products
withdrawn through conduits 48 and 35) was recycled into
the system for the transesterification through conduit
49. The condensate withdrawal rate from condenser 22
through conduit 23 during the period of time of from
400 hours to 600 hours after the start of the operation
was 5.55 kg/hr, and the condensate withdrawal rate ffom
condenser 22 through conduit 23 during the period of
time of from 60C hours to 5,000 hours after the start
of the operation was 5.6 kg/hr. During the period of
time of from 400 hours to 600 hours after the start of
the operation, catalyst I was added to distillation
column 1 through conduit 3 at such a feeding rate as to
compensate for the catalyst withdrawal rate at which
the catalyst was withdrawn through conduit 20, i.e.,
catalyst I was added through conduit 3 at a feeding

rate such that the above-mentiocned Pb concentration of
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Xi, XIl, Xill were duplicates of Exanpl e X except that the flow rate of
Stream 2 was 5 changed to change the ratio of urea to acrylic fractions
of the IPNs. The flowrates of Stream 1 and Stream 3 were adjusted to
obtain a constant shot size. The orifice size was controlled to
mai ntain at the pressures of Exanple X. 126
0.19 % by weight in conduit 13 was able to be main-
tained.
The operation was conducted for 5,000 hours. From
the point in time of 600 hours after the start of the
5 operation, i.e., from the point in time at which the
recycling of the catalyst into the system for the
transesterification through conduit 49 was started, the
feeding rate of catalyst I into the system for the
transesterification through conduit 3 was as small as
10 0.0033 g/hr, in terms of the weight of Pb contained in
catalyst I. Further, during the operation, the above-
mentioned supernatant (containing Pb) withdrawn from
reaction vessel 50 through conduit 53 was subjected to
burning to thereby obtain lead monoxide and the ob-
15 tained lead monoxide was used for producing catalyst I.
The amount of catalyst I which was prepared from the
thus obtained lead monoxide (recovered Pb) was suffi-
cient to be used as catalyst I which was to be intro-
duced in an amount as small as 0.0033 g/hr through
20 conduit 3 (from the point in time of 600 hours after
the start of the operation, i.e., from the point in
time at which the recycling of the catalyst into the
system for the transesterification through conduit 49

was started). Therefore, from the point in time of 600

25 hours after the start of the operation, all need for



10 Exampl e X X'l Xl Stream 1

Flow rate 104.0 78.3 92.8 (gm sec)
Stream 2 Flow rate 33.2 66. 7 50. 8

(gm'sec) 15 Stream 3 Flow rate 29.7 22. 4 26.5
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When these fornul ati ons were injected intoX7 heated nold with a contact
| ens shaped cavity with an 20 annul ar gate, a contact |ens was forned.

the catalyst was met by both the recycled catalyst and
the catalyst prepared from the Pb recovered from the
supernatant withdrawn from reaction vessel 50.

In addition, as mentioned above, the supernatant

withdrawn from reaction vessel 50 was subjected to

w

burning to obtain lead monoxide, and the obtained lead
monoxide was recovered and used for preparing catalyst
I. Therefore, a waste liquid containing a spent cata-
lyst did not occur at all.

10 From the evaporation-concentrated liguid which was
formed in evaporator 14 and which contained the catalyst
and high boiling point substances, samples were taken
through a sampling nozzle provided on conduit 15°',
wherein the samples were, respectively, withdrawn at

15 points in time of 1,000 hours, 2,500 hours and 5,000
hours after the start of the operation. The determina-
tion of the total concentration of the high boiling
point substances in each sample was conducted by the
above-mentioned method. With respect to these samples

20 withdrawn at points in time of 1,000 hours, 2,500 hours
and 5,000 hours after the start of the operation, the
total concentrations of the high boiling point sub-

stances were 5.0 & by weight, 5.1 % by weight and 5.1

o\

by weight, respectively, and the phenyl salicylate

25 concentrations were 0.25 % by weight, 0.25 % by weight
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and 0.26 % by weight, respectively.

During the 5,000 hour operation time, the opera-
tion could be stably conducted (for example, both the
flow and the composition in each conduit were stable)
without suffering disadvantageous phenomena, such as
the deposition of the catalyst from a catalyst-contain-
ing liquid and the adherence of the deposited catalyst
to the inside surfaces associated with the eguipment
employed for the operation. During the operation,
samples of the reaction mixture withdrawn from the
bottom of continuous multi-stage distillation column 1
were taken through the above-mentioned sampling nozzle
provided on conduit 13, and the samples were analyzed.
With respect to the reaction mixture which was taken
from conduit 13 at a point in time of 3,000 hours after
the start of the operation, the composition of the
reaction mixture was as follows: MPC: 23.8 3 by weight:
DPC: 74.6 % by weight; and Pb: 0.19 % by weight. The
purity of the aromatic carbonate (which was a mixture
of MPC and DPC) in the condensate withdrawn from con-
denser 22 through conduit 23 was 99.99 % or more, and
no high boiling point substance was detected in the
condensate. After the operation was terminated, the
inside surfaces associated with the equipment employed

for the operation were examined. No adherence of the
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catalyst to any of the inner walls of continuous multi-
stage distillation column 1, evaporator 14, reboiler

17, conduits and the like was observed.

Comparative Example 3

Substantially the same procedure as in Example 2

was repeated, except that, after an evaporation-con-

centrated liquid containing the catalyst and high boiling

point substances was withdrawn from the bottom of thin-
film evaporator 33, the evaporation-concentrated liquid
was introduced into and accumulated in a waste catalyst
storage vessel (not shown) instead of leading the
evaporation~-concentrated liguid to storage vessel 36,
so that the sequence of the operations using storage

vessel 36, electric furnace 38, reaction vessel 42 and

storage vessel 47 was not conducted; and not only

during the period of time of from 400 hours to 600
hours after the start of the operation, but also after
the point in time of 600 hours after the start of the
operation, catalyst I was added to distillation column
1 through conduit 3 at such a feeding rate as to com-
pensate for the catalyst withdrawal rate at which

the catalyst was withdrawn through conduit 20, i.e.,
catalyst I was added through conduit 3 at a feeding

rate such that the Pb concentration of 0.19 £ by weight



1 EXAMPLES X1V, XV, XV Exampl es XV,

XV, XVI were duplicates of Exanple XI, XIl and XIlIl except that the
flat plate nold 5 of Exanple 1 was used. Exanpl e

X'V XV XVI Stream 1 Flow rate 120. 2 78.3
92.8 (gm'sec) 10 Stream 2 Flow rate

38.4  66.7 50. 8 (griec) Stream 3 Fl ow
rate 34.4 22. 4 26. 5

in conduit 13 was able to be maintained. The operation
was conducted for 5,000 hours. During the period of
time of from 600 hours to 5,000 hours after the start
of the operation, in order to maintain the above-men-

5 tioned Pb concentration of 0.19 % by weight in conduit
13, it was necessary to add fresh catalyst I to contin-
uous multi-stage distillation column 1 through coﬁduit
3 in an amount as large as 1.54 kg, in terms of the
weight of Pb in the catalyst. During the period of

10 time of from 600 hours to 5,000 hours after the start
of the operation, the amount of the evaporation-con-
centrated liquid (containing the catalyst and high boil-
ing point substances) which was withdrawn from the
bottom of thin-film evaporator 33 and introduced into

15 and accumulated in the waste catalyst storage vessel

reached a level as large as 44 kg.

Example 3
The production cof diphenyl carbonate was conducted
20 using catalyst I prepared in Example 1, and the system
as shown in Fig. 3.
A mixture.of dimethyl carbonate, PhOH (which
contains, as an impurity, 200 ppm by weight of 4,4'-
dihydroxydiphenyl which is a high beiling point sub-

25 stance)} and methyl phenyl carbonate was continuocusly
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fed in liquid form from conduit 3 through preheater 4
and conduit 5 into continuous multi-stage distillation
column 1 at a position of 0.5 m below the top 2 thereof
(which column was comprised of a plate column having a
height of 12 m and a diameter of 8 inches and provided
with 40 sieve trays) at a rate of 31 kg/hr, thereby
allowing the mixture to flow down inside continuous
multi-stage distillation column 1 so as to perform a
reacticon. The composition of the mixture fed from
conduit 3 was so controlled that the mixture flowing
through conduit 5 during the operation (the mixture
flowing through conduit 5 was comprised of a liquid
introduced from conduit 19, which was recycled from
evaporator 14; a liquid introduced from conduit 129,
which was recycled from continuocus multi-stage distil-
lation column 101; and the above-mentioned mixture fed
from conduit 3) had a composition of 49.9 % by weight
of DMC, 44.7 % by weight of PhOH and 4.9 % by weight of
MPC. DMC was fed through conduit 7 to evaporator 8, in
which the DMC was subjected to evaporation. The re-
sultant gas was fed to bottom 6 of continuous multi-
stage distillation column 1 through conduit 9 at a rate
of 55 kg/hr. Catalyst I was fed from conduit 224 in
such an amount that the Pb concentration at conduit 13

became 0.042 % by weight, wherein the Pb concentration
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can be confirmed using a sample withdrawn from a sam-
pling nozzle (not shown) provided on conduit 13.
Continuous multi-stage distillation column 1 was oper-
ated under conditions such that the temperature at the
column bottom was 203 °C and the pressure at the column
top was 7.4 x 10° Pa. Continuous multi-stage distilla-
tion column 1 was clad with a heat insulating material
and a part of the column was heated by a heater (not
shown). Gas distilled from top 2 of the column was led
through conduit 10 into condenser 11, in which the gas
was condensed. The resultant condensate was continu-
ously withdrawn at a rate of 55 kg/hr from conduit 12.
A reaction mixture was withdrawn continuously from
bottom 6 at a rate of 31 kg/hr, and was led to evapora-
tor 14 through conduit 13. In evaporator 14, an evapo-
ration-concentrated liquid containing the catalyst and
high boiling point substances was formed. A portion of
the céncentrated liquid was led into reboiler 17
through conduits 15 and 16 and recycled into evaporator
14 through conduit 18. The remainder of the con-
centrated liguid in evaporator 14 was recycled into
continuous multi-stage distillation column 1 at a rate
of 1 kg/hr through conduits 15, 19 and 3. During the
period of time from 400 hours to 5,000 hours after the

start of the operation, a portion of the concentrated
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liguid formed in evaporator 14 was continuously with-
drawn from conduit 20 at a rate of 0.05 kg/hr and
introduced into thin-film evaporator 33.

Catalyst I was fed from conduit 224 at such a
feeding rate as to compensate for the catalyst with-
drawal rate at which the catalyst was withdrawn through
conduit.20, i.e., catalyst I was fed from conduit 224
at a feeding rate such that the above-mentioned Pb
concentration of 0.042 % by weight in conduit 13 was
able to be maintained. On the other hand, an evaporat-
ed gas formed in evaporator 14 was fed through conduits
21 and 105 into continuous multi-stage distillation
column 101 at a position of 2.0 m below top 102 there-
of, which column was comprised of a plate column having
a height of 6 m and a diameter of 10 inches and provid-
ed with 20 sieve trays, thereby performing a reaction.
The composition of the mixture in conduit 105 was as
follows: DMC: 43.1 % by weight; PhOH: 24.5 % by weight;
MPC: 27.1 % by weight; and DPC: 4.5 % by weight (the
mixture in conduit 105 was comprised of a gas intro-
duced through conduit 21 and a liquid introduced from
conduit 119, which was recycled from evaporator 114).

Catalyst I was fed from conduit 124 in such an amount

o\

that the Pb concentration at conduit 113 became 0.16

by weight, wherein the Pb concentration can be con-



1 Conpar ati ve Exanple | Pol yurea filnms were

prepared using the nethod of Exanple X except that Stream 2 was bl ocked
to prepare a clear polyurea film 5 Conparative
Exanpl e 11 A sol ution of 47.5g HEMA, 2.5g pol yethyl ene

gl ycol (600) dinethacrylate and 1 g benzoyllgzroxide was prepared. This

Is the acrylic portion of Exanple X A sequential | PN was
prepared from 6. 06g piece 10 of fiIn1fron1Exaane X and 2.54g of the above

descri bed HEMA_ sol ution. Thg HE P%%g #Eh%@a%@§f¥b§eg Wi % glnggzle_

met hyl al cohol. Thi'S"step na 0 ‘aSsure stribution
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nmet hanol HEMA 15 m xture. The jar containing the conponents was pl aced
on a roller mll EUggSt anewanehtand Woiemhn240Nowsas obe@ated under condi-
tions such that the temperature at the column bottom
5 was 198 °C and the pressure at the column top was 3.7 x
10% Pa. Gas distilled from column top 102 was led
through conduit 125 to condenser 126, in which the gas
was condensed. A portion of the resultant condensate
was recycled into column top 102 through conduit 128,
10 and the remainder of the condensate was recycled into
continuous multi-stage distillation column 1 through
conduits 127 and 129, preheater 4 and conduit 5. After
the start of the recycling of the condensate into
continuous multi-stage distillation column 1 through
15 conduit 129, PhOH (containing 200 ppm by weight of
4,4'-dihydroxydiphenyl which is a high boiling point
substance) was added to the mixture fed from conduit 3
in such an amount that the above-mentioned composition
of the mixture at conduit 5 can be maintained. A
20 portion of the reaction mixture at bottom 106 of con-
tinuous multi-stage distillation coclumn 101 was led
into reboiler 131 through conduit 130, and recycled
into column bottom 106 through conduit 132, and the
remainder of the reaction mixture was led to evaporator

25 ' 114 through conduit 113 at a rate of 8.8 kg/hr. In-



met hanol was renoved using a vacuum of 20 mrHg. The nmet hanol free sanple

was placed in an 80[err]C oven for 4 hours. The recovered filmhas a
mass of 6.61g. This 20 indicates that the HEMA evaporated nore quickly than
it pol yneri zed under these conditions. Conparative
Examples 1l and 1V The procedu§$ of Conparative Exanple I
was repeated using different urea/ HEMA rat?os. 30 M of 25 nethanol was
used in all cases. post
Conpar ati ve ol | zaf | I

urea (g) HEMA?%ﬁporatoﬁw&b%t ?%)evaﬁbrgg$§+ é%ﬁéghtraegéaffgufd 5 41
7.92 IV

containi§§3@he catal§s§4and high bo§l§&g3goint substances
was formed. A portion of the concentrated liquid was
led into reboiler 117 through conduits 115 and 116 and

= recycled into evaporator 114 through conduit 118. The
remainder of the concentrated liquid in evaporator 114
was recycled into continuous multi-stage distillation
column 101 through conduits 115, 119 and 105 at a rate
of 2 kg/hr. During the period of time of from 400

10 hours to 5,000 hours after the start of the operation,
a portion of the concentrated liquid formed in evapora-
tor 114 was continuously withdrawn at a rate of 0.05
kg/hr from the system for the transesterification
through conduit 120, and was caused to meet the con-

15 centrated liquid led through conduit 20. The resultant
liquid mixture (i.e., a mixture of the liquid products
withdrawn from the system for the transesterification
through conduits 120 and 20) was led into thin-film
evaporator 33 through conduit 20'. At a point in time

20 of 1,000 hours after the start of the operation, a
sample (of the above-mentioned liquid mixture) was
taken through a sampling nozzle (not shown) provided on
conduit 20', and was analyzed to determine the composi-
tion of the liquid mixture by the above-mentioned

25 methods. The liquid mixture had the fcollowing composi-
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tion: Pb (which is the metal component of catalyst I):
1.0 % by weight; the total concentration of high boil-
ing point substances: 3.3 % by weight; 4,4'-dihydroxy-
diphenyl (which is a high boiling point substance): 1.8
% by weight; and phenyl salicylate: 0.13 % by weight.
The evaporated gas formed in thin-film evaporator 33
was continuously withdrawn therefrom through conduit 35
at a rate of 0.09 kg/hr and recycled through conduit
149 into the system for the transesterification. On
the other hand, an evaporation-concentrated liquid
containing the catalyst and high boiling point sub-
stances was continuously withdrawn from the bottom of
thin-film evaporator 33 through conduit 34 at a rate of
0.01 kg/hr and led into storage vessel 36. A sample .
(of the evaporation-concentrated liguid withdrawn from
thin-film evaporator 33) was taken through é sampling
nozzle (not shown) provided on conduit 34 at a point in
time of 1,000 hours after the start of the operation,
and was analyzed to determine the composition of the
evaporation-concentrated liquid by the above-mentioned
methods. The evaporation-concentrated ligquid had the
following composition: Pb (which is the metal component
of catalyst I): 9.9 % by weight; the total concentra-
tion of high boiling point substances: 33.4 % by

weight; 4,4'-dihydroxydiphenyl (which is a high boiling



1 In both of these exanples the final weight I ndi cat ed t hat
the HEMA was | ost before polynerization coul d occur.

Conparative Exanple V 5 A 1.45g piece of polyurea fil mwas

i mrersed in O. 489 of HEMA and 5 nl of nethanol. The net hanol was .
renmoved with a vacuum of 20mmHg. The HEMA cant ai ni ng pol yurea fil m was
tightly wapped in alumnumfoil. The f oid” packet was placed in an
80[err]C oven for 4 hours. The 10 resulting filmhad a mass of 1.92g and a

dry feel. The psoeiq*}‘*:enstdk%te!n%\é )WaSS e}/a% LB%} %gejpg}ﬁ'é ;hea{r{?‘lpmysééli—
cylate: 1.3 % by weight.
At a point in time cof 550 hours after the start of
the operation, 1 kg of the concentrated liguid stored
5 in storage vessel 36 was withdrawn through conduit 37
and led into reaction vessel 50 which had a capacity of
10 liters and which was provided with distillation
column 54, a jacket (not shown) for circulating a
heating medium, and an agitator. The temperature of
10 reaction vessel 50 was elevated to 180 °C (as measured
at the jacket). Then, both a feeding of carbon dioxide
into reaction vessel 50 at a flow rate of 11 NL/hr and
a feeding of water into reaction vessel 50 at a flow
rate of 8.7 g/hr were conducted for 2 hours while
15 stirring, to thereby effect a reaction, thus obtaining
a reaction mixture containing lead(II1) carbonate as a
reaction product. This reaction was conducted under
atmospheric pressure. After the lapse of the 2-hour
reaction time, the stirring was stopped so as to allow
20 the solids [containing the lead(II) carbonate] in the
obtained reaction mixture to be precipitated. After
the precipitation, the resultant supernatant in the
reaction mixture was withdrawn through conduit 53. The
concentfation of Pb in the withdrawn supernatant was

25 400 ppm by weight.
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Then, 0.620 kg of PhOH was charged into reaction
vessel 50 and stirred at 180 °C (as measured at the
jacket) under atmospheric pressure, to thereby effect
reaction. During the reaction, unreacted PhOH was
distilled off from the top of distillation column 54
disposed on reaction vessel 50 at a rate of 0.1 kg/hr
through conduit 55A. Thus, in reaction vessel 50, in
the same manner as in Example 2, a reaction proceeded
in which lead(II) carbonate reacts with PhOH to form
diphenoxy lead, carbon dioxide and watér. The carbon
dioxide and water formed in the above reaction were
withdrawn from the reaction vessel together with the
unreacted PhOH distilled off. A reaction mixture,
which remained in reaction vessel 50 after performing
the above reaction for 2 hours, was withdrawn from
reaction vessel 50 and transferred through conduit 46
and introduced into storage vessel 47.

Thereafter, every 100 hours after the point in
time of 550 hours from the start of the operation
(i.e., the point in time at which 1 kg of the con-
centrated liquid was withdrawn from storage vessel 36
and led into reaction vessel 50 as mentioned above), a
sequence of the above operations using storage vessel
36 (from which 1 kg of the concentrated liquid was

withdrawn), reaction vessel 50 and storage vessel 47
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(into which the remaining reaction mixture obtained in
reaction vessel 50 was introduced) was repeated in the
same manner as described above. On the other hand,
from a point in time of 600 hours after the start of
the operation, the reaction mixture stored in storage
vessel 47 was continuously withdrawn at a rate of 0.01
kg/hr through conduit 48. A portion of the reaction
mixture withdrawn from storage vessel 47 was recycled
into the system for the transesterification through
conduit 49 at a rate of 0.0065 kg/hr. The remainder of
the reaction mixture withdrawn from storage vessel 47
was led through conduit 48' at a rate of 0.0035 kg/hr
and caused to meet the evaporated gas which was with-
drawn from thin-film evaporator 33 and which was led
through conduit 35, and the resultant mixture (i.e., a
mixture of the products withdrawn through conduits 48’
and 35) was recycled into the system for the trans-
esterification through conduit 149.

During the period of time of from 400 hours to 600
hours after the start of the operation, catalyst I was
added to distillation column 1 through conduit 224 and
to distillation column 101 through conduit 124 both at
such a feeding rate as to compensate for the catalyst
withdrawal rate at which the catalyst was withdrawn

through conduits 20 and 120, i.e., catalyst I was added
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through conduits 224 and 124 both at a feeding rate
such that both of the above-mentioned Pb concentration
of 0.042 % by weight in conduit 13 and the above-men-
tioned Pb concentration of 0.16 % by weight in conduit
113 were able to be maintained. An evaporated gas
formed in evaporator 114 was fed through conduit 121
into continuous multi-stage distillation column 201 at
a position of 2.0 m below top 202 thereof, which column
was comprised of a plate column having a height of 6 m
and a diameter of 6 inches and provided with 20 sieve
trays, thereby separating DPC from the fed gas. Con-
tinuous multi-stage distillation column 201 was operat-
ed under conditions such that the temperature at the
column bottom was 184 °C and the pressure at the column
top was 2 x 103 Pa. Gas distilled from top 202 of the
column was led through conduit 225 to condenser 226, in
which the gas was condensed. A portion of the result-
ant condensate was recycled into top 202 of the column
through conduit 228, and the remainder of the conden-
sate was recycled into continuous multi-stage distilla-
tion column 101 through conduits 227 and 229. A gas
was withdrawn from continuous multi-stage distillation
column 201 through conduit 233 provided at a p051tlon
of 4.0 m below column top 202 and was led to condenser

234, in which the withdrawn gas was condensed. The_



Determ nation of the Gass Transition Tenperature The gl ass
transition is a second order transition where the notions of a polyner
chain are  abruptly increased or decreased. The tenperature at 10 which
the transition occurs is the glass transition t enperature. The change

in chain notion results in a change of pol yner properties. One property
t hat changes Is known as Tan [err]. 141 The gl ass transition

tenperatures of the 15 materials of Exanples XII1, XIV and XV were
det er mi ned using a Perkin El mer dynam c mechani cal ana%%.er 7).
y
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were heated at a rate of 2 C pe ute. The sanpl es were heated
from-50[err]C toX8Eaer™ %cc%d’um 239" w d ass

Transiti
ansitions EXAWLE rhe oﬁg¥%¥fﬁﬁj@as conducted for 5,000 hours. From

the point in time of 600 hours after the start of the
5 operation, i.e., from the point in time at which the

recycling of the catalyst into the system for the
transesterification through conduits 49 and 149 was
started, the total feeding rate of catalyst 1 into the
system for the transesterification through conduilts 124

10 and 224 was as small as 0.0032 g/hr, in terms of the
weight of Pb contained in catalyst I. Further, during
the operation, the above-mentioned supernatant {(con-
taining Pb) withdrawn from reaction vessel 50 through
conduit 53 was subjected to burning to thereby obtain

15 lead monoxide and the obtained lead monoxide was used
for producing catalyst I. The amount of catalyst I
which was prepared from the thus obtained lead monoxide
(recovered Pb) was sufficient to be used as catalyst
I which was to be introduced in the above-mentioned

20 amount of 0.0032 g/hr through conduits 124 and 224
(from the point in time of 600 hours after the start of
the operation, i.e., from the point in time at which
the recycling of the catalyst into the system for the
transesterification through conduits 49 and 149 was

25 started). Therefore, from the point in time of 600
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data show that the base urethane 30 material has two glass transitions.

The si mul t aneous | PN materials di scl osed4Berein have a single glass

hours after the start of the operation, all need for
the catalyst was met by both the recycled catalyst and
the catalyst prepared from the Pb recovered from the
supernatant withdrawn from reaction vessel 50.

5 In addition, as mentioned above, the supernatant
withdrawn from reaction vessel 50 was subjected to
burning to obtain lead monoxide, and the obtained lead
monoxide was recovered and used for preparing catalyst
I. Therefore, a waste liguid containing a spent cata-

10 lyst did not occur at all.

From the evaporation-concentrated ligquid which was
formed in evaporator 14 and which contained the catalyst
and high boiling point substances, samples were taken
through a sampling nozzie provided on conduit 15",

15 . wherein the samples were, respectively, withdrawn at
points in time of 1,000 hours, 2,500 hours and 5,000
hours after the start of the operation; The determina-
tion of the total concentration of the high boiling
point substances in each sample was conducted by the

20 above-mentioned method. With respect tc these samples
withdrawn at points in time of 1,000 hours, 2,500 hours
and 5,000 hours after the start of the operation, the

total concentrations of the high boiling point sub-

oe

stances were 2.2 % by weight, 2.3 % by weight and 2.3

25 by weight, respectively. Further, from the evapora-
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tion-concentrated liquid which was formed in evaporator
114 and which contained the catalyst and high boiling
point substances, samples were taken through a sampling
nozzle provided on conduit 115', wherein the samples
were, respectively, withdrawn at points in time of
1,000 hours, 2,500 hours and 5,000 hours after the
start of the operation. With respect to these samples
withdrawn at points in time of 1,000 hours, 2,500 hours
and 5,000 hours after the start of the operation, the
total concentrations of the high beoiling point sub-
stances were 5.0 % by weight, 5.1 % by weight and 5.1 %
by weight, respectively, and the phenyl salicylate
concentrations were 0.25 % by weight, 0.26 % by weight
and 0.26 % by weight, respectively.

During the 5,000 hour operation time, the opera-
tion could be stably conducted (for example, both the
flow and the composition in each conduit were stable)
without suffering disadvantageous phenomena, such as
the deposition of the catalyst from a catalyst-contain-
ing liguid and the adherence of the deposited catalyst
to the inside surfaces associated with the equipment
employed for the operation. At a point in time of
3,000 hours after the start of the operation, the
purity of the aromatic carbonate (which was DPC) in the

condensate withdrawn from condenser 234 through conduit
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si mul t aneous process 5 produces a different material than the sequenti al
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DPC was detected in the condensate. After the opera-
tion was terminated, the inside surfaces associated
with the equipment employed for the operation were

5 examined. No adherence of the catalyst to any of the
inner walls of continuous multi-stage distillation
column 1, evaporator 14, reboiler 17, conduits and the

like was observed.

10 Comparative Example 4

Substantially the same procedure as in Example 3
was repeated, except that, with respect to the evapora-
tion-concentrated liquid (containing the catalyst and
high boiling point substances) which was formed in

15 evaporator 14 and the evaporation-concentrated liquid
(containing the catalyst and high boiling point sub-
stances) which was formed in evaporator 114, the with-
drawal of a portion of each of these evaporation-con-
centrated liquids out of the production system through

20 conduits 20 and 120 was not conducted, and that the
introduction of the fresh catalyst into the system for
the transesterification from conduits 224 and 124 into
continuous multi-stage distillation columns 1 and 101
(which was conducted in Example 3 during the period of

25 time of from 400 hours to 5,000 hours after the start
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of the operation) was not conducted. With respect to
the samples withdrawn through the sampling nozzle
provided on conduit 115' at points in time of 1,000
hours, 2,500 hours and 5,000 hours after the start of

the operation, the total concentrations of the high

oo

boiling point substances were 12.5 % by weight, 30.4
by weight and 52.3 % by weight, respectively, and the
phenyl salicylate concentrations were 0.62 % by weight,
1.7 % by weight and 2.9 % by weight, respectively.

With respect to the aromatic carbonate (which was
DPC) in the condensate withdrawn from condenser 234
through conduit 235 at a point in time of 3,000 hours
after the start of the operation, the purity thereof
was 98.7 %. Further, the concentration of phenyl
salicylate in the above-mentioned condensate was 12 ppm
by weight, and the total concentration of the high
boiling point substances in the above-mentioned conden-
sate was 0.06 % by weight.  The operation was conducted
for 5,000 hours. After the operation was terminated,
the inside surfaces associated with the equipment
employed for the operation were examined. The ad-
herence of the catalyst to a part of the inner wall of
each of continuous multi-stage distillation column 1,

evaporator 14 and the conduits was observed.
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Example 4

The production of an aromatic carbonate was con-
ducted in substantially the same manner as in Example
2, except that the system as shown in Fig. 4 was used
instead of the system as shown in Fig. 2. As shown in
Figs. 4 and 2, the difference between the system as
shown in Fig. 4 and the system as shown in Fig. 2
resides in the region into which the concentrated
liguid stored in storage vessel 36 is introduced
through conduit 37 and from which a reaction mixture
obtained from the above concentrated liquid is trans-
ferred to storage vessel 47 through conduit 46.

During the pericd of time of 400 hours to 5,000
hours after the start of the operation, a portion of
the concentrated liquid formed in evaporator 14 was
continuously withdrawn through conduit 20 at a rate of
0.05 kg/hbr and led into thin-film evaporator 33. At a
point in time of 1,000 hours after the start of the
operation, a sample (of the concentrated ligquid with-
drawn from evaporator 14) was taken through a sampling
nozzle {(not shown) provided on conduit 15', and was
analyzed to determine the composition of the con-
centrated liquid by the above-mentioned methods. The

concentrated liguid had the following compositibn: Pb

o -’

(which is the metal component of catalyst I) : 0.7



- 45- 1 WHAT IS CLAIMED | S: 1. A honobgenous

I nt erpenetrating pol yner network exhibiting a single glass transition
tenperature 5 formed by polynerization of a reactive m xture of

pol ynmeri zabl e conponents, said reactive m xture conpri sing

(a) an am ne m xture consisting of diam nes A and B, said am ne m xture

bei ng present in about 20-60% 10 by wei ght }%7said reactive mixture wherein
Ais
weight; the total concentration of high boiling point
substances: 4.0 % by weight; and phenyl salicylate
(which is a high boiling point substance): 0.15 % by
weight. The evaporated gas formed in thin-film evapora-
5 tor 33 was continucusly withdrawn therefrom through

conduit 35 at a rate of 0.04 kg/hr and recycled through
conduit 49 intoc the system for the transesterification.
On the other hand, an evaporation-concentrated liguid
containing the catalyst and high boiling point sub-

10 stances was continuously withdrawn from the bottom of
thin-film evaporator 33 through conduit 34 at a rate of
0.01 kg/hr and led into storage vessel 36. A sample
(of the evaporation-concentrated liquid withdrawn from
thin-£film evaporator 33} was taken through a sampling

15 nozzle (not shown) provided on conduit 34 at a point in
time of 1,000 hours after the start of the operation,
and was analyzed to determine the composition of the
evaporation-concentrated liquid by the above-mentioned
methods. The evaporation-concentrated liguid had the

20 following composition: Pb (which is the metal component
of catalyst I): 3.5 £ by weight:; the total concentra-

tion of high boiling point substances: 19.8

oe

by
weight; and phenyl salicylate (which is a high boiling
point substance): 0.75 % by weight.

25 At a point in time of 550 hours after the start of
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the reaction, 1 kg of the concentrated liquid stored in
storage vessel 36 was withdrawn through conduit 37 and
led into reaction vessel 55 which had a capacity of 10
liters and which was provided with distillation column
62, a jacket (not shown) for circulating a heating
medium, and an agitator. 5 kg of water was introduced
into reaction vessel 55, and the temperature of reac-
tion vessel 55 was elevated to and maintained at 200 °C
(as measured at the jacket) while stirring. The inter-
nal pressure of reaction vessel 55 rose to 3.0 x 106
Pa. After continuing the stirring at 200 °C for 4
hours, the stirring was stopped, and the temperature of
reaction vessel 55 (as measured at the jacket) was
lowered to 100 °C and allowed to stand for 1 hour. The
internal pressure of reaction vessel 55 was lowered to
atmospheric pressure by discharging gas from reaction
vaessel 55 through conduit 63. From the resultant
reaction mixture in reaction vessel 55, a liquid phase
was withdrawn and led to storage vessel 59 through
conduit 58, leaving a white precipitate in reaction
vessel 55. The white precipitate left in reaction
vessel 55 was analyzed, and the results of the analysis
showed that the white precipitate was a solid comprised
mainly of lead(II) carbonate. On the other hand, when

the liguid phase introduced into storage vessel 59 was
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allowed to cool to room temperature, it was separated
into upper and lower liquid layers. The upper layer
had the following composition: water: 93.5 % by weight;
PhOH: 6.5 ¥ by weight; and no high boiling point

substance was detected. The lower layer had the fol-

wn

lowing composition: PhOH: 57.3 % by weight; the total

o

concentration of high boiling point substances: 14.3
by weight; Pb: 100 ppm by weight; and phenyl salicylate
was not detected at all. From the mass balance of

10 PhOH, phenyl salicylate and high boiling point sub-
stances, it was found that phenyl salicylate had been
converted into PhOH by hydrolysis and decarboxyla-
tion. The lower layer in storage vessel 59 was with-
drawn therefrom through conduit 60. The weight of the

15 lower layer withdrawn from storage vessel 59 was 603 g-.
The lead(Il) carbonate in reaction vessel 55 was con-
verted into diphenoxy lead in substantially the same
manner as in Example 2, i.e., by a method in which
PhOH is introduced into reaction vessel 55 through

20 conduits 56 and 59A, and the resultant mixture in reac-
tion vessel 55 is subjected to a reaction while stir-
ring at 180 °C (as measured at the jacket) and distill-
ing off by-produced water and carbon dioxide together
with unreacted PhOH. 1 kg of a reaction mixture,

25 which remained in reaction vessel 55 after performihg
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the above reaction for 2 hours, was withdrawn from
reaction vessel 55 and transferred through conduit 46
and introduced into storage vessel 47.

Thereafter, every 100 hours after the point in

time of 550 hours from the start of the operation

w

(i.e., the point in time at which 1 kg of the con-
centrated liquid was withdrawn from storage vessel 36
and led into reaction vessel 55 as mentioned above), a
sequence of the above operations using storage vessel

10 36 (from which 1 kg of the concentrated liquid was
withdrawn), reaction vessel 55, storage vesse} 58 and
storage vessel 47 (into which 1 kg of the remaining
reaction mixture obtained in reaction vessel 55 was
introduced) was repeated in the same manner as de-

15 scribed above. With respect to each of the second-time
to last-time practices of the above-mentioned sequence
of the operations using storage vessel 36; reaction
vessel 55, storage vessel 59 and storage vessel 47, as
the 5 kg of water which is introduced into reaction

20 vessel 55 (so as to be mixed with 1 kg of the con-
centrated liquid transferred from storage vessel 36),
use was made of an agqueous mixture obtained by a method
in which the above-mentioned upper layer obtained in
storage vessel 59 is taken out and water is added

25 thereto in an amount such that the weight of the re-
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sultant aqueous mixture becomes 5 kg.

On the other hand, from a point in time of 600
hours after the start of the operation, the reaction
mixture stored in storage vessel 47 was continuously
withdrawn at a rate of 0.01 kg/hr through conduit 48,
and the reaction mixture withdrawn from storage vessel
47 was caused to meet the evaporated gas which was
withdrawn from thin-film evaporator 33 and which was
led through conduit 35, and the resultant mixture
(i.e., a mixture of the products withdrawn through
conduits 48 and 35) was recycled into the system for
the transesterification through conduit 49.

The condensate withdrawal rate from condenser 22
through conduit 23 during the period of time of from
400 hours to 600 hours after the start of the operation
was 5.55 kg/hr, énd the condensate withdrawal rate from
condenser 22 through conduit 23 during the period of
time of from 600 hours to 5,000 hours after the start
of the operation was 5.6 kg/hr. During the period of
time of from 400 hours to 600 hours after the start of
the operation, catalyst I was added to distillation
column 1 through conduit 3 at such a feeding rate as to
compensate for the catalyst withdrawal rate at which
the catalyst was withdrawn through conduit 20, i.e.

r’

catalyst I was added through conduit 3 at a feeding
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rate such that the Pb concentration of 0.19 ¥ by weight
in conduif 13 was able to be maintained.
The operation was conducted for 5,000 hours. From

the point in time of 600 hours after the start of the

5 operation, i.e., from the point in time at which the
recycling of the catalyst into the system for the
transesterification through conduit 49 was started, the
feeding rate of catalyst I into the system for the
transesterification through conduit 3 was as small as

10 0.0006 g/hr, in terms of the weight of Pb contained in
catalyst I. Further, during the operation, the above-
mentioned lower layer (containing Pb) withdrawn from
storage vessel 59 through conduit 60 was subjected to
burning to thereby cobtain lead monoxide and the ob-

15 tained lead monoxide was used for producing catalyst I.
The amount of catalyst I which was prepared from the
thus obtained lead monoxide (récovered Pb) was suffi-
cient to be used as catalyst I which was to be intro-
duced in an amount as small as 0.0006 g/hr through

20 conduit 3 (from the point in time of 600 hours after
the start of the operation, i.e., from the point in
time at which the recycling of the catalyst into the
system for the transesterification through conduit 49
was started). Therefore, from the point in time of 600

25 hours after the start of the operation, all need fof
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the catalyst was met by both the recycled catalyst and
the catalyst prepared from the Pb recovered from the
lower layer withdrawn from storage vessel 59 (wherein
the lower layer withdrawn from storage vessel 59 is a
portion of the liquid phase withdrawn from reaction
vessel 55).

In addition, as mentioned above, the lower layer
withdrawn from storage vessel 59 through conduit 60 was
subjected to burning to obtain lead monoxide, and the
obtained lead monoxide was recovered and used for
preparing catalyst I. Therefore, a waste liquid con-
taining a spent catalyst did not occur at all.

From the evaporation-concentrated liquid which was
formed in evaporator 14 and which contained the catalyst
and high boiling point substances, samples were taken
through a sampling nozzle provided on conduit 157,
wherein the samples were, respectively, withdrawn at
points in time of 1,000 hours, 2,500 hours and 5,000
hours after the start of the operation. The determina-
tion of the total concentration of the high boiling
point substances in each sample was conducted by the
above-mentioned method. With respect to these samples
withdrawn at points in time of 1,000 hours, 2,500 hours
and 5,000 hours after the start of the operation, the

total concentrations of the high boiling point sub-
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sufficient quantity in the reactive mxture to pol ynmeri ze the acrylic

esters of (c), fogqg

oe

%%e% were 4.0 % by weight, 4.1 % by weight and 4.1
by weight, respectively.

During the 5,000 hour operation time, the opera-
tion could be stably conducted (for example, both the

flow and the composition in each conduit were stable)

(6]

without suffering disadvantageous phenomena, such as
the deposition of the catalyst from a catalyst-contain-
ing liquid and the adherence of the deposited catalyst
to the inside surfaces associated with the equipment

10 employed for the operation. During the operation,
samples of the reaction mixture withdrawn from the
pottom of continuous multi-stage distillation column 1
were taken through the sampling nozzle provided on
conduit 13, and the samples were analyzed. With re-

15 spect to the reaction mixture which was taken from
conduit 13 at a point in time of 3,000 hours after the
start of the operation, the composition of the reaction
mixture was as follows: MPC: 23.9 % by weight; DPC:
74.8 % by weight; and Pb: 0.19 % by weight. The purity

20 of the aromatic carbonate (which was a mixture of MPC
and DPC) in the condensate withdrawn from condenser 22
through conduit 23 was 99.99 & or more, and no high
boiling point substance was detected in the condensate.
After the operation was terminated, the inside surfaces

25 associated with the equipment employed for the opera-



pol yacrylic network; (e) a triamne being present in

sufficient anmpunt to crosslink the amne m xture of (a); 15

wherein the ratio of polyurea to polyacrylic ranges from about 50:50 to
about 90: 10, and wherein the wei ghts of the conponents in the reactive
m xture sum up to 100% 2. The interpenetrating polyner
network 20 according to Caim31 wherein B i35 pol yoxypropyl ene di am ne
of the fornul a: [err] or

tion were examined. No adherence of the catalyst to
any of the inner walls of continuous multi-stage dis-
tillation column 1, evaporator 14, reboiler 17, con-

duits and the like was observed.

w

Example 5
(Preparation of catalyst)

A mixture of 30 kg of PhOH, 10 kg of methyl
phenyl carbonate and 8 kg of dibutyltin oxide was

10 heated to and maintained at 180 °C for 10 hours, there-
by performing a reaction. After that period of time,
water formed in the resultant reaction mixture was
distilled off together with unreacted PhOH. Then,
most of the remaining PhOH and methyl phenyl car-

15 bonate were distilled off from the reaction mixture
under reduced pressure, and the resultant mixture was
allowed to cocl in a nitrogen atmosphere, to thereby
obtain catalyst II.

(Production of aromatic carbonate)

20 The production of an aromatic carbonate was con-
ducted using the system as shown in Fig. 5, which
comprises distillation column 24 having a height of 1 m
and a diameter of 4 inches and containing Dixon packing
(6 mmg), and reaction vessel 100 having a capacity of

25 200 liters and equipped with an agitator.
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A mixture of dimethyl carbonate, PhOH and cata-
lyst 11 was continuously fed in liquid form from con-
duit 3 into reaction vessel 100 at a rate of 20 kg/hr,
thereby performing a reaction. The weight ratio of the
dimethyl carbonate to the PhOH in the mixture was
50/50, and catalyst II was used in an amount such that
the Sn concentration of the reaction mixture in conduit
13 became 0.4 % by weight, wherein the Sn concentration
can be confirmed using a sample withdrawn through a
sampling nozzle (not shown) provided on conduit 13.

The reaction conditions of the above reaction were such
that the temperature in reaction vessel 100 was 204 °C
and the pressure at the top of distillation column 24
was 7.5 x 109 Pa. Gas (containing methanol and di-
methyl carbonate) formed in reaction vessel 100 was led
into distillation column 24 through conduit 30. From
distillation column 24, dimethyl carbonate was recycled
to reaction vessel 100 through conduit 32, while the
gas (containing methanol and dimethyl carbonate) dis-
tilled from the top of distillation column 24 was led
through conduit 25 into condenser 26, in which the gas
was condensed. A portion of the resultant condensate
was recycled into distillation column 24 at a reflux
ratio of 5.0 through conduits 27 and 28, and the re-~

mainder of the condensate was continuously withdrawn at



-48- 1 3. The interpenetrating polynmer network

according to Caiml wherein the triamne is present in the reactive
m xture in an anount ranging from30 to 50% 5 total am ne equival ents.
4. The interpenetrating pol yner network according to Caim1l wherein

the triamne is diethyl ene
157

a rate of 2.3 kg/hr through conduit 29. A reaction
mixture [containing methyl phenyl carbonate (as a
desired reaction product), the catalyst, and high
boiling point substances] was continuously withdrawn
5 from the bottom of reaction vessel 100 at a rate of

17.7 kg/hr through conduit 13 and led into evaporator
14, from which an evaporated gas containing the methyl
phenyl carbonate was withdrawn and led through conduit
21 into condenser 22, in which the evaporated gas was

10 condensed. The resultant condensate was withdrawn from
condenser 22 through conduit 23 at a rate of 16.7
kg/hr. On the other hand, an evaporation-concentrated
ligquid containing the catalyst and the high boiling
point substances was formed in evaporator 14. A por-

15 tion of the concentrated liguid was led intoc reboiler
17 through conduits 15 and 16 and recycled into evapo-
rator 14 through conduit 18. The remainder of the
concentrated liquid in evaporator 14 was recycled into
reaction vessel 100 at a rate of 1 kg/hr through con-

20 duits 15, 19 and 3. During the period of time of from
400 hours to 2,000 hours after the start of the opera-
tion, a portion of the concentrated liquid formed in
evaporator 14 was continuously withdrawn through con-
duit 20 at a rate of 0.05 kg/hr and led into storage

25 vessel 36 having a capacity of 10 liters. At a poiht



triam ne or pol yoxypropyl ene triam ne. 5. The
I nterpenetrating polyner network 10 according to Claiml wherein the

i socyanate is nmet hyl ene-bi s (4, 4" -cycl ohexylisocyanate) or isophorone
di i socyanat e. 6. The interpenetrating pol yner network
according to Claim1l wherein the free radical initiator 15 S

2, 5-di net hyl - 2, 5-di - (2- et hyl hexanoyl per oxy) Usékane, benzoyl peroxide,
t-butyl hydroperoxide, t- butyI peroxide or lauryl peroxide. "

7. The interpenetrati ng po net wor k according to Claim1l erein

t he pol yurea/ pol yadr i 27(% 1 \Héqcbﬁ‘(ourra‘% iaf T Je¢ [SERasfutt e 9R® % about

Zlgcg(r)dl ng to O ai it fr\/(/r81§r ]e;‘ir‘l‘ﬁnqj‘r%%:ﬁjpﬁe%}er %&O%ﬁ@% lr}%ul‘{\éflgtlﬂdrraé"fr} 0is
about 75:25. from evaporator 14) was taken through a sampling nozzle
(not shown) provided on conduit 15', and was analyzed
5 to determine the composition of the concentrated liguid
by the above-mentioned methods. The concentrated
liguid had the following composition: Sn (which is the
metal component of catalyst II): 6.7 % by weight; the
total concentration of high boiling point substances:
10 2.2 % by weight; and phenyl salicylate (which is a high
boiling point substance): 0.7 % by weight.
At a point in time of 500 hours after the start of
the operation, 2 kg of the concentrated liquid stored
in storage vessel 36 was withdrawn through conduit 37
15 and led into réaction vessel 55 which had a capacity of
10 liters and which was egquipped with distillation
column 62, a jacket (not shown) for circulating a
heating medium, and an agitator. 4 kg of dimethyl
carbonate was introduced into reaction vessel 55 from
20 conduit 56, and the temperature of reaction vessel 55
was elevated to and maintained at 200 °C (as measured
at the jacket) while stirring. The pressure in reac-
tion vessel 55 rose to 7.2 x 10° Pa. After continuing
the stirring at 200 °C for 4 hours, the temperature of

25 reaction vessel 55 (as measured at the jacket) was



9. The interpenetrating polymer network 25 according to Caim1l1 wherein

the i socyanate is present in the reactive mxture in an anount rangi ng
f rom about 15%to about 50% by wei ght. 10. The

i nt erpenetrating pol yner network according to Caim9 wherein the

| socyanate is present 30 I n an anount rangi ng from about 25%to about 40%
by wei ght . 35 159

lowered to 80 °C. Then, the composition of the result-
ant reaction mixture in reaction vessel 55 was ana-
lyzed. The analysis of the composition showed that
phenyl salicylate was not present at all and, instead,
5 methyl salicylate was present (wherein the methyl

salicylate is presumed to have been formed by the
reaction of phenyl salicylate with dimethyl carbonate).
Thereafter, distillation was started by elevating the
temperature of reaction vessel 55 to 200 °C (as meas-

10 ured at the jacket) under atmospheric pressure, and a
distillate begun to come out through conduit 63. The
distillation was continued while gradually lowering the
pressure in reaction vessel 55 from atmospheric pres-
sure to reduced pressure. When the amount of the

15 distillate obtained through conduit 63 became 4.32 kg,
the distillation was terminated. Subsequently, the
pressure in reaction vessel 55 was adjusted to at-
mospheric pressure by introducing nitrogen gas, and the
weight of the reaction mixture in reaction vessel 55

20 was adjusted to 2 kg by introducing.PhOH. The reac-
tion mixture, which remained in reaction vessel 55
after performing the above distillation, was withdrawn
from reaction vessel 55 and transferred through conduit
46 and introduced into storage vessel 47 having a

25 capacity of 10 liters. The composition of the reaction



- 49- 1 11. The interpenetrating pol yner network

according to Caiml wherein the free radical initiator Is present in
the reactive m xture an anount rangi ng from about 0.01%to about 1% by
weight. 5 12. The interpenetrating pol ymer network

according to Caim1 fornmed by polynerizatiggoof a

mixture was analyzed. The analysis of the composition
showed that phenyl salicylate was not present at all
and the total concentration of high boiling point
substances had decreased to 0.8 % by weight.

5 Thereafter, every 40 hours after the point in time
of 500 hours from the start of the operation (i.e., the
point in time at which 2 kg of the concentrated ligquid
was withdrawn from storage vessel 36 and led into
reaction vessel 55 as mentioned above), a sequence of

10 the above operations using storage vessel 56 (from
which 2 kg of the concentrated liquid was withdrawn),
reaction vessel 55 and storage vessel 47 (into which
the remaining reaction mixture obtained in reaction
vessel 55 was introduced) was repeated in the same

15 manner as described above.

On the other hand, from a peint in time of 600
hours after the start of the operation, the reaction
mixture stored in storage vessel 47 was continuously
withdrawn at a rate of 0.05 kg/hr through conduit 48

20 and recycled into the system for the transesterifica-
tion throqgh conduit 49.

The condensaté withdrawal rate from condenser 22
through conduit 23 during the period of time of from
400 hours to 600 hours after the start of the operation

25 was 16.65 kg /hr, and the condensate withdrawal rate



reactive m xture conprising (a) an am ne m xture consisting

of pol yam nes A and B, said pol yam nes being present in said reactive
10 m xture in about 20-60% by wei ght, wherein Ais 15 and B is
161

from condenser 22 through conduit 23 during the period
of time of from 600 hours to 2,000 hours after the
start of the operation was 16.7 kg/hr. During the
period of time of from 400 hours to 600 hours after the
5 start of the operation, catalyst I1 was added to reac-
tion vessel 100 through conduit 3 at such a feeding
rate as to compensate for the catalyst withdrawal rate
at which the catalyst was withdrawn through conduit 20,
i.e., catalyst II was added through conduit 3 at a
10 feeding rate such that the above-mentioned Sn concen-
tration of 0.4 % by weight in conduit 13 was able to be
maintained.
The operation was carried out for 2,000 hours.
From the period of time of from 600 hours after the
15 start of the operation, i.e., from the point in time at
which the recycling of the catalyst intc the system for
the transesterification through conduit 49 was started,
there was no need for introducing a fresh catalyst into
the system for the transesterification. In addition,
20 since the catalyst-containing liquid containing both
the catalyst and high boiling point substances was
withdrawn from the system for the transesterification
and subjected to the above-described treatments accord-
ing to the present invention, a waste liquid contain-

25 ing a spent catalyst did not occur at all.



20 Herr]NR(IOR[err]-NH err] flerr] is an

I nteger from 1-75; R is an al kyl ene containing 3 carbon atons
and 25 each Ris the sane; f is an integer between 1 and 150,
i ncl usi ve, Rlerr], Rerr], Rerr], Rerr] and Rerr] are independently
hydr ogen or | ower al kyl ; Z[err] and Zerr] are _

i ndependently a chenical bond or 30 | ower al¥§%4ene with A and B being
present in relative wei ght ratios ranging from about 60/40 to about 100%
A

From the evaporation-concentrated liquid which was
formed in evaporator 14 and which contained the catalyst
and high boiling point substances, samples were taken
through the above-mentioned sampling nozzle provided on

= conduit 15', wherein the samples were, respectively,
withdrawn at points in time of 1,000 hours, 1,500 hours
and 2,000 hours after the start of the operation. The
determination of the total concentration of the high
boiling point substances in each sample was conducted
10 by the above-mentioned method. With respect to these
samples withdrawn at points in time of 1,000 hours,
1,500 hours and 2,000 hours after the start of the
operation, the total concentrations of the high boiling
point substances were 2.2 % by weight, 2.2 % by weight
15 and 2.2 % by weight, respectively.

During the 2,000 hour operation time, the opera-
tion could be stably conducted (for example, both the
flow and the composition in each conduit were stable)
without suffering disadvantageous phenomena, such as

20 the deposition of the catalyst from a catalyst-contain-
ing ligquid and the adherence of the deposited catalyst
to the inside surfaces associated with the equipment
employed for the operation. During the operation,
samples of the reaction mixture withdrawn from the

25 bottom of reaction vessel 100 were taken through the
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above-mentioned sampling nozzle provided on conduit 13,
and the samples were analyzed. With respect to the
reaction mixture which was taken from conduit 13 at a
point in time of 2,000 hours after the start of the
operation, the composition of the reaction mixture was
as follows: PhOH: 51 % by weight; methyl

phenyl carbonate (MPC): 6 % by weight; diphenyl car-
ponate (DPC): 0.4 % by weight; anisole (ANS): 0.6 % by
weight; and Sn: 0.4 % by weight. The purity of the
aromatic carbonate (which was a mixture of MPC and DPC)
in the condensate withdrawn from condenser 22 through
conduit 23 was 99.99 % or more, and no high boiling
point substance was detected in the condensate. After
the operation was terminated, the inside surfaces
associated with the equipment employed for the opera-
tion were examined. No adherence of the catalyst to
any of the inner walls of reaction vessel 100, evapora-

tor 14, reboiler 17, conduits and the like was ob-

served.

Example 6

(Preparation of catalyst)
A mixture of 40 kg of PhOH and 8 kg of titanium
tetrachloride was heated to and maintained at 50 °C for

10 hours under a flow of nitrogen gas, thereby perform-



(b) an organic di- or poly-isocyanate present In sufficient quantity
In said reactive mxture to react wth the amne mxture of (a),
formng therefroma 5 pol yur ea network; (c) 10-50% by
wei ght in the reactive mxture of an acrylic ester conponent

consisting of a m xture of a first acrylate of the fornula 10
[err] 164

ing a reaction. After that period of time, hydrogen
chloride formed in the resultant reaction mixture was
distilled off together with unreacted PhOH. Then,
most of the remaining PhOH was distilled off from the
5 reaction mixture under reduced pressure, and the re-
sultant mixture was allowed to cool in a nitrogen
atmosphere, to thereby obtain catalyst III.
(Production of aromatic carbonate)
Substantially the same procedure as in Example 5
10 was repeated, except that catalyst III was used in an
amount such that the Ti concentration of the reaction
mixture in conduit 13 became 0.2 % by weight. The
operation was continued for 2,000 hours. During the
2,000 hour operation time, the operation could be
15 stably conducted (for example, both the flow and the
composition in each conduit were stable) without suf-
fering disadvantageous phenomena, such as the deposi-
tion of the catalyst from a catalyst-containing liquid
and the adherence of the deposited catalyst to the
20 inside surfaces associated with the egquipment employed
for the operation. From the evaporation-concentrated
liquid which was formed in evaporator 14 and which
contained the catalyst and high boiling point substanc-
es, samples were taken through the sampling nozzle

25 provided on conduit 15', wherein the samples were,



15
[err]
[err]

and a second acrylate being a diacrylate of the formula

25

20

10

15

20

25

or atriacrylate of the formul a

165

respectively, withdrawn at points in time of 1,000
hours, 1,500 hours and 2,000 hours after the start of
the operation. The determination of the total concen-
tration of the high boiling point substances in each
sample was conducted by the above-mentioned methed.
With respect to these samples withdrawn at points in
time of 1,000 hours, 1,500 hours and 2,000 hours after
the start of the operation, the total concentrations of
the high boiling point substances were 2.8 % by weight,
2.9 % by weight and 2.9 % by weight, respectively.
During the operation, samples of the reaction mixture
withdrawn from the bottom of reaction vessel 100 were
taken through the sampling nozzle provided on conduit
13, and the samples were analyzed. With respect to the
reaction mixture which was taken from conduit 13 at a
point in time of 2,000 hours after fhe start of the
cperation, the composition of the reaction mixture was
as follows: PhOH: 51 % by weight; methyl

phenyl carbonate (MPC): 6 % by weight; diphenyl car-
bonate (DPC): 0.4 % by weight:; anisole (ANS): 0.4 % by
weight; and Ti: 0.2 % by weight. The purity of the
aromatic carbonate (which was a mixture of MPC and DPC)
in the condensate withdrawn from condenser 22 through
conduit 23 was 99.99 % or more, and no high boiling

peint substance was detected in the condensate. After



or a mxture thereof, wherein Rlerr], Rerr], Rerr], Rerr]
and R err] are independently 30 hydr ogen or | ower al kyl;

Rlerr] is |lower alkyl; Rlerr] is a chem cal bond or | ower

al kyl ene; 35

166

the operation was terminated, the inside surfaces
associated with the eguipment employed for the opera-
tion were examined. No adherence of the catalyst to any
of the inner walls of reaction vessel 100, evaporator

5 14, reboiler 17, conduits and the like was observed.

Example 7
235 g of diphenyl carbonate obtained in Example 3

and 228 g of bisphenol A were placed in a wvacuum reac-

10 tion apparatus equipped with an agitator, and the
resultant mixture was heated to 180 °C while stirring
and gradually evacuating the reaction apparatus with
nitrogen gas. Then, the temperature of the mixture was
slowly elevated from 180 to 220 °C while stirring and

15 evacuating the reaction apparatus with nitrogen gas.
Subsequently, the réaction apparatus was sealed, and a
polymerization was effected at 8,000 Pa for 30 minutes
while stirring at 100 rpm, and then, at 4,000 Pa for 90
minutes while stirring at 100 rpm. Thereafter, the

20 temperature of the reaction apparatus was elevated to
270 °C, and a polymerization was effected at 70 Pa for
one hour, thereby obtaining an aromatic polycarbonate.
The obtained aromatic polycarbonate was colorless and
transparent, and had a number average molecular weight

25 of 10,200.



-51- 1 m and n are independently integers of 0-30 and

p is an integer of 1-3; said ratio of the first acrylate to second
acrylate 5 ranges from about 80:20 to about 95:5, (d) a
free radical initiator being present in sufficient quantity in said
reactive mxture to pol yneri ze the acryh%g ester of (c), formng
therefroma pol yacrylic network, and 10 (e) atriamne
present in sufficient quantity to crosslink the amne mxture of (a),

wherein the ratio Comparative Example 5

Substantially the same procedure as in Example 7
was repeated, except that the diphenyl carbonate ob-
tained in Comparative Example 4 was used (instead of

5 the diphenyl carbonate obtained in Example 3). The
obtained aromatic polycarbonate had suffered yellowing

and had a number average molecular weight of 8, 800C.

10

15

20

25



of polyurea to polyacrylic ranges from about 90:10 to about 50: 50.

13. The interpenetrating polynmer network 15 according to Claim 12 wherein
B is a pol yoxypropyl ene di am ne of the fornul a:

[err] 20 14. The interpenetrating pol yner network
according to Claim12 wherein the triamne is %resent in 25 the reactive
m xture in an anount ranging from about 30 16

INDUSTRIAL APPLICABILITY

By the process of the present invention, an aro-
matic carbonate having high purity can be produced
stably for a prolonged period of time. Therefore, the

5 process of the present invention can be advantageously
employed in a commercial-scale mass production of an
aromatic carbonate. An aromatic carbonate produced by
the process of the present invention is used as a raw
material for producing aromatic polycarbonates, use of

10 which as engineering plastics has been increasing in

recent years.

15

20

25



to 50% of the total am ne equival ents. 15. The
I nt erpenetrating pol yner network according to Claim 14 wherein the
triamne is diethylene triam ne or pol yoxypropyl ene triam ne. 30

16. The interpenetrating polynmer network according to daim
wherein the isocyanate is 35 TmsﬁmafhsB%anhﬂﬂ

VAN

Claims
1. A process for producing aromatic carbonates, which
comprises the steps of:
5 (1) transesterifying a starting material selected

from the group consisting of a dialkyl carbonate repre-

sented by the formula (1)

rIocorl (1),
|
10 o
an alkyl aryl carbonate represented by the formula (2)
RZ0COAT2 (2)
15 0
and a mixture thereof with a reactant selected from the
group consisting of an aromatic monohydroxy compound
represented by the formula (3)
20
arlon (3),
an alkyl aryl carbonate represented by the formula (4)
25

A

THIS SHEET HAS BEEN
REPLACED




1 net hyl ene-bis (4,4 -cyclohexylisocyanate) or isophorone diisocyanate

17. The interpenetrating pol yner network according to dheek Badstrer Raplaced
the free radical initiator 5 is
2, 5-di et hyl - 2, 5-di - ( 2- et hyl hexanoyl per oxy) hexane, benzégﬁmﬁgl
t-butyl hydroperoxide, t-butyl peroxi de or |auryl peroxi
'18. The interpenetrating pol ynmer network 170
R3oTOAr3 (4)
|
o]

and a mixture thereof,

wherein each of Rl, R%? and RS independently

w

represents an alkyl group having 1 to 10
carbon atoms, an alicyclic group having 3 to
10 carbon atoms or an aralkyl group having 6

2 and

to 10 carbon atoms, and each of Arl, Ar
10 Ar3 independently represents an aromatic
group having 5 to 30 carbon atoms,
in the presence of a metal-containing catalyst which is
seoluble in a reaction system comprising said starting
material and said reactant and which is present in a
15 state dissolved in said reaction system, to thereby
obtain a high boiling point reaction mixture comprising
said metal-containing catalyst and at least one aromat-
ic carbonate which is produced by the transesterifica-
tion and which corresponds to the starting material and

20 the reactant and is selected from the group consisting

of an alkyl aryl carbonate represented by the formula

(5)

ROCOAT (9)

I
o

AR 80 0 o e

T THNS SHEET HAS BEEN |
REPLACED i




pol yrer
wei ght

net wor k

according to Caim 12 wherein the pol yureal/polyacrylic 10 weight ratio
ranges from about 70:30 to 80: 20. 19. The int%Hﬁﬁiﬁ

ratio i s about 75:25.

according to Caim 12 wherein the pol yur

i

20. The interpene

network 15 according to Claim 12 wherein thelb,/ifocyanate I S present in
r

the reactive mxture in an anount ranging f

by wei ght.
according to Claim reim t ' ' | Fo By BADUR
W}ﬁaelia };hout%éﬁfg&efo : ANALS-d SeELT Y Ak u1s

rangi ng from about™"85% t 0

21. The interpenetrating pol yner network

wei ght . 22. The

placed

m about 15% t o about 50%

I nterpenetrating pol yner network according to Claim1l2 wherein the free

r adi cal

initiator

15

20

25

W 0 o -

is present in the reactive m xture an anount rangi ng
ArOCOATr (6)

|
0

wherein R and Ar are, respectively, selected

from the group consisting of Rl, RZ and rR3

and selected from the group consisting of

Arl, Ar? and Ar3 in correspondence tc the

starting material and the reactant,
while withdrawing a low boiling point reaction mixture
which contains a low boiling point by-product compris-
ing an aliphatic alcohol, a dialkyl carbonate or a
mixture thereof corresponding to the starting materia;

and the reactant and represented by at least one formu-

la selected from the group consisting of ROH and

ROCOR,

wherein R is as defined above,

(2) separating said high boiling point reaction
mixture into a product fraction comprising said pro-
duced aromatic carbonate and a liquid catalyst fraction

comprising said metal-containing catalyst, and

s SHEET

) e
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25 from about 0.01%to about 1% by wei ght. 23. The

I nt erpenetrating pol yner network according to O ai m 12ppphaeRiHes
Rlerr], Rlerr] and Rlerr] are CHerr]. 24. ::;f
i nt er penetrating polynmer network according to Caim1l " \-‘g;!gi
?I?[Serr], and Rlerr] are CHerr], m30is O, R&fr] is hydr ogett

10

20

25

A

* C

(3) recycling said liquid catalyst fraction to
said reaction system while withdrawing said product
fraction,

characterized in that the process further compris-
es the steps of:

(1') taking out at least one type of catalyst-
containing liquid which is selected from the group
consisting of:

a portion of said high beiling point reaction mix-
ture before the separation of said high boiling point
reaction mixture into said product fraction and said
liguid catalyst fraction, and

a portion of the separated liquid catalyst frac-
tion,

each portion containing (A) at least one high
boiling point substance having a boiling point higher
than the boiling point of said produced aromatic car-
bonate and containing (B) said metal-containing cata-
lyst,

(2') adding fo the taken-out catalyst-containing
liquid a functional substance (C) capable of reacting
with at least one component selected from the group
consisting of said component (A) and said component
(B), to thereby obtain at least one reaction product

selected from the group consisting of an (A)/(C) reac-

L M

"5 THIS &




- 53- 1 25. The interpenetrating polyner network

according to Caim12 wherein Rerr], Rerr] and R err] areTi@Hfhest Hhs Bean Réplaced

4, R err] is hydrogen and n is 2. 26. The int o

pol ymer network of 5 Claim 12 wherein mis 4, R4 is hydroge ;
[err].

S ethyl, Rerr] is ethylene, and R err] 15}§d Rlerr] are CH
27. An article of manufacture conprised of the interpenetrating pol yner
net wor k of any one of

tion product and a (B)/(C) reaction product, and
(3') recycling said (B)/(C) reaction product to
said reaction system directly or indirectly, while

withdrawing said (A)/(C) reaction product.

2. The process according to claim 1, wherein said
portion of the high boiling point reaction mixture is
from 0.01 to 10 % by weight, based on the weight of
said high boiling point reaction mixture, and wherein
10 said portion of the separated liquid catalyst fraction
is from 0.01 to 40 % by weight, based on the weight of

said separated liquid catalyst fraction.

3. The process according to claim 1 or 2, wherein

15 said high boiling point substance (A) originates from
at least one compound selected from the group consist-
ing of said starting material, said reactant, impuri-
ties contained in said starting material and said
reactant, and by-products of the transesterification

20 reaction.

4. The process according to claim 1 or 2, wherein
said high boiling point substance (A) is at least one
substance selected from the group consisting of an

95 aromatic hydroxy compound (7), a compound (8) derived

[ 1
5 | kd Ed
*

c L M
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Clainms 1-26. 10 28. The article of manufacture according to

Claim27 which is a contact |ens. 29. The interpenetrating
pol ymer network of Claim1l in which Ais 15 20
30. The interpenetrating pol yner network of
174
from said compound (7), an aromatic carboxy compound

(9), a compound (10) derived from said compound (9),
and xanthone,
wherein:

'5 compound (7) is represented by the formula (7}:

Ar®—OH) (7)

4

wherein Ar~ represents an aromatic group

10 , .
having a valence of m, m represents an inte-

ger of 2 or more, and each —OH group is
independently bonded to an arbitrary ring-
carbon position of the ar? group,

compound (8) contains a residue represented by the

formula (8):

—0y—ard—¢oH) (8)
n

4

wherein Ar~® and m are as defined for formula

20 (7), n represents an integer of from 1 to m,

and each of the —OH group and the —0— group
is independently bonded to an arbitrary ring-
4

carbon position of the Ar™~ group,

compound (9) is represented by the formﬁla (9):
25
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(HOy——Ar’——COH)r ¢ (9)

wherein Ar5

represents an aromatic group
having a valence of r, r represents an inte-
ger of 1 or more, s represents an integer of
from 0 to (r-1l), and each of the —OH group
and the —COOH group is independently bonded
to an arbitrary ring-carbon position of the

10 5
Ar~ group, and

compound (10) contains a residue represented by

the formula (10):

|
(O) ¢

|
15 : 5 COH
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I >p—s—u

(10)

20 5

wherein Ar~”, r and s are as defined for

formula (9), t is an integer of from O to s,
u is an integer of from 0 to (r-s), with the
proviso that t and u are not simultaneously
0, and each of the —OH group, the —COOH

25
group, the —-0— group and the —(C0O0)— group is
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independently bonded to an arbitrary ring-

carbon position of the Ar2 group.

5. The process according to any one of claims 1 to 4,
wherein said functional substance (C) is an oxidizing
agent, so that said (A)/(C) reaction product is a low
boiling point oxidation product and said (B)/(C)

reaction product is a metal oxide.

6. The process according to any one of claims 1 to 4,
wherein said functional substance (C) is a precipitant,
so that said (B)/(C) reaction product is a metal-con-

taining substance which precipitates.

7. The process according to claim 6, wherein said
metal-containing substance is a metal compound selected
from the group consisting of a metal carbonate, a metal
hydroxide, a metal oxide, a metal sulfide and a metal

sulfate.

8. The process according to any one of claims 1 to 4,
wherein said functional substance (C) is a reactive
solvent, so that said (A)/(C) reaction product is a low
boiling point product obtained by the solvolysis of

component (A).
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g. The process according to claim 8, wherein said
reactive solvent is water, so that said (A)/(C) reac-
tion product is an aromatic monohydroxy compound ob-

tained by the hydrolysis of component (A).

10. The process according teo any one of claims 1 to 9,
wherein said steps (1), (2) and (3) are continuously
performed, thereby continuously producing an aromatic

carbonate.

11. The process according to claim 10, wherein said
starting material and said reactant are continuously
fed to a continuous multi-stage distillation column to
effect a transesterification reaction therebetween in
at least one phase selected from the group consisting
of a liquid phase and a gas-liquid phase in the pres-
ence 0of said metal-containing catalyst in said distil-
lation column, while continﬁously withdrawing a high
boiling point reaction mixture containing the produced
aromatic carbonate in a liguid form from a lower por-
tion of the distillation column and continucusly with-
drawing a low boiling point reaction mixture containing
the low boiling peint by-product in a gaseous form frqm
an upper portion of the distillation column by distil-

lation.
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12. A process for producing aromatic polycarbonates,
which comprises subjecting to transesterification
polymerization an aromatic carbonate produced by the
process according to any one of claims 1 to 11 and an

aromatic dihydroxy compound.




