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. -1 MANUFACTURI NG METHOD FOR POLYCARBONATE The present invention concerrns
~“manuf act uri ng net hods for polycarbonate; nore specifically, it concerns a
highly efficient method of manufacturing pol ycarbonate whereby aronmatic
hydr oxy by-product produced 5 in the polycarbonate manufacturing step is
reused to manufacture diaryl carbonate, which is then used as a raw
material in the manufacture of polycarbonaie. It is well known that
pol ycar bonat es can be manufactured by sol ution pol ycondensation of a diaryl
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t he reaction of the di carbonate an ydroxy conpound.
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resi stance, excellent heat resistance, transparency, 20 and the |ike, and
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parts, and the |ile; L8 khown at polycarbonates can be manufactured by solution
polycondensation of a diaryl carbonate such as diphenyl carbonate and an

10  aromatic hydroxy compound. Catalysts, for example, nitrogen-containing basic
compounds such as amines and alkali metal compounds (or alkaline-earth ~
metal compounds), are used in the reaction of the diaryl carbonate and
aromatic dihydroxy compound. Advantages of this solution polycondensation
approach are that polycarbonate can be manufactured more inexpensively than

15  with the interfacial (solution) process in which aromatic dihydroxy compounds
and phosgene are reacted directly and that it is preferable environmentally
because toxic substances such as phosgene are not used.

Polycarbonate obtained in this manner has excellent mechanical
properties such as impact resistance, excellent heat resistance, transparency,

20 and the like, and is widely used in various mechanical parts, optical disks,

automobile parts, and the like.
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It is also known that diaryl carbonate, which is used as a raw material for
- manufacturing pol ycarbonate, is obtained by reacting dial kyl carbonate and
5 aromatic hydroxy compounds. For exanple, diphenyl carbonate can be
obt ai ned by reacting di nethyl carbonate and phenol as follows. It is
further known that alkyl aromatic ethers are produced as by- products al ong
with diaryl carbonate, the desired product, of the above- descri bed
reaction. For exanple, it is known that #%actions of dinethyl 10
carbonat e and phenol produce anisole as a by-product, albeit at |ow
selectivities. [err] 15 Anisole is apparently produced by the

decar boxyl ati on of nethyl phenyl carbonate, a reaction product. 20
Manuf act uri ng nmet hods for pol ycarbonate such as those herei nabove al so
produce aromatic H}i@lﬂb&knbynﬂﬁmﬂiwicgbohataswmmsusgdias agd®i matemiat fort he

Phe pol yoar bBVIEATEEE OB Ry ot GOItes PHeeer e LAl tapprate and
manuf act W i NGrPhAse 15 dkok rcsg.?guaés. F@P'&a&?&@?&ﬁvﬁec&%ﬁ&hc% peans of

manuf act uri ng pol ycarbonat e nomcally. W ng such manufacturing
met hods for pbtajrest iyoreatting dimsethylasebrnatearehpherol ds fotlowsr ed t hat i f

aromati ¢ hydroxy coppounds recovefed -3- fromthe pol ycarbopate
manuf acturing pro e§sgﬁ'a'€rrl€m Latkyl arematic ethers are gro%ucecPas by-
products along with diaryl carbonate, the desired product of the above-
described reaction. For example, it is known that reactions of dimethyl

10 carbonate and phenol produce anisole as a by-product, albeit at low

selectivities.

15
Anisole is apparently produced by the decarboxylation of methyl phenyl
carbonate, a reaction product.
20 Manufacturing methods for polycarbonate such as those hereinabove

also produce aromatic hydroxy by-products such as phenols in addition to the
polycarbonate reaction product.
Recycling aromatic hydrox'y by-product of the polycarbonate
manufacturing process to the diaryl carbonate manufacturing process for reuse
25 would therefore be a logical means of manufacturing polycarbonate
economically.
While studying such manufacturing methods for polycarbonate, the
present inventors discovered that if aromatic hydroxy compounds recovered



- obtained in a continuous operation, the efficiency of the diaryl carbonate
"reaction will decline. Wien they studied the reason for this, the inventors
di scovered that the production of alkyl aromatic ether by-products such as
5 ani sol e (apparently by the thermal deconposition of alkyl aryl
carbonate) in the reaction of dialkyl carbonate and aromatic hydroxy
conmpounds is increased by the presence of residual nitrogen-containing
basi ¢ compounds such as anmines in the aromati c hydroxy conpounds
(espeC|aIIy henol ) recycled fromthe polycarbonate nanufacturlng process.
10 agem e pa axbmtqmﬁr@ﬁﬁcmm iprocess e recysiesl and reuped as
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recover ed ardiseaveredhjhatothe pduction of radllsyltaromcchthwby-@a@dbmﬂasach as

The presant TR (srmry by 1eSpermeal ceodmppaleh ot AL AL Bbpreie Bt he 1 or

pol ycar bonat gephiéi 6P&ah§?cé’z‘beﬂﬁfe'aﬁdfh\t9ﬁﬁﬁ¥h dro uhde f Q4s&] ppnat e

manuf acturing, e.g nols, are effectively réused 20 and aI kyl aromatic
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containing basic compounds from aromatic hydroxy compounds recovered

from polycarbonate manufacturing processes using nitrogen-containing basic

compounds as catalyst and then recycling the recovered aromatic hydroxy

15 compounds to the diaryl carbonate manufacturing process for reuse, leading to

the invention.

The object of the present invention is to provide an efficient
manufacturing method for polycarbonate whereby the aromatic hydroxy by-
products of polycarbonate manufacturing, e.g., phenols, are effectively reused

20  and alkyl aromatic ether production is suppressed in the manufacture of diaryl
carbonate and then the resultant diaryl carbonate is used to manufacture
polycarbonate.

The manufacturing method for polycarbonate of the invention is
characterized by the fact that it comprises

25 (11 a process for manufacturing diaryl carbonate by reacting dialkyl
carbonate and an aromatic hydroxy compound in the presence of a catalyst and
for removing alcoholic by-product and dialkyl carbonate by-product from the

reaction system,



-4- [11] a process for manufacturing pol ycarbonate by reacting the diaryl
* carbonate obtained in process [I] and an aronmatic di hydroxy conpound in the
presence of a catal yst containing at | east one nitrogen-containing basic
conpound and for renoving aromati c hydroxy conpound by-product from5 t he
reaction system and [I1I] a process for separating and renoving the
ni trogen-contai ning basic conpound fromthe aromati ¢ hydroxy conpound
by- product produced in process [II] and r€cycli,ng the resultant aromatic

hydr oxy conpound rocess [1]. 1 . I rocess, [111], hereinabgve, the
preferred amount éﬁ %iR‘PS?érf—LE%?ﬂ“é‘??ﬁW%mgﬁgmniaF? P{ﬁée e diIagdr oxy
conpound recyahsthtb SbRARGERSpdocess @a%gl%ﬁchih dfdx r&h%o% ig% . The
preferred dial kyl carbonate ?s di ﬂgﬁy car bonat e gr dret cgr ongte. 15
The pref err epreserwenf ca hoatalpsty comtajning) dati deashemel nitregeneonitainingdbasic
p-cresol. The manufactyrjng nmethod for pol yfar bonate of the invention is

char act er i ze€PTBRO apd dor Femmeving agmaticshydrpxy campoyadslay-peduet fiemact uri ng

di aryl carbopat r ' di al kyl 20 carbonate and"an aromati c hydroxy
corrpound%irn @%erg%ér%gesﬁg%%?g% catal yst and for renoving al coholic

by- product and di @illkylprecesbivrseparhting and verhobingthé hﬂrdg&ﬁ&bhﬁlihiﬁg%ﬁm [11]
B PrOCeSS 1O mpotnd from the Sromate Kydroxy compound by-product prodaced in
process [[I] and recycling the resultant aromatic hydroxy compound to process
{1].

10 In process [III] hereinabove, the preferred amount of nitrogen-containing
compound in the aromatic hydroxy compound recycled to process [I] does not
exceed 104 mole per mole.

The preferred dialkyl carbonate is dimethyl carbonate or diethyl
carbonate.

15 The preferred aromatic hydroxy compound is phenol, m-cresol, and/or
p-cresol.

The manufacturing method for polycarbonate of the invention is
characterized by the fact that it comprises
[I] a process for manufacturing diaryl carbonate by reacting dialkyl

20 carbonate and an aromatic hydroxy compound in the presence of a catalyst and
for removing alcoholic by-product and dialkyl carbonate by-product from the
reaction system,

[II] a process for manufacturing polycarbonate by reacting the diaryl
carbonate obtained in process [I} and an aromatic dihydroxy compound in the

25 presence of a catalyst containing at least one nitrogen-containing basic
compound and for removing aromatic hydroxy .compound by-product from
the reaction system, and |



I
carbonate obtained in process [I] and an aromatic di hydroxy conpound in the
25 presence of a catalyst containing at | east one nitrogen-containing
basi ¢ conmpound and for renoving aromatic hydroxy conpound by-product from

the reaction system and -5- [I1l11] a process for separating and renovi ng
t he nitrogen-containing basic conpound fromthe aromatic hydroxy conpound
by- product produced in process [Il] and regcycling the resultant aromatic
hydr oxy conmpound to process [I]. 5 Figure 1 is a flowchart for the

processes used in e manuf gcturing, net hod for, | ycar bonate of the,
i nvention. These &Eﬂ@eg@égss PrsepaTing A REIVInG COROBST-CORABNE RasIS ng

Met hod for Di r : d*cﬂ: e | 8v-Rlodiulle ts
i nventi on, ascgg?ﬂgﬁgﬁ %g?ggﬁea%%%mng% aﬁﬁ%ﬁég?/& rﬂ ag{i ng &’?ai Eyla m
car bonat e angpracess flfjratd rechglihgothe resuiant arbmatict lyedrpxe sempeund tapraesd yst

al cohol i c and_di al kyl carbonate by- products are renoved fromthe reaction
system When ldi al kyl carbonate and an aromatic hydroxy conpound are 15

react ed, al kyl ar r{ t -TAY tﬁ?ﬂéﬂsﬁé E{}E{B are
pr oduced |§n t he rré:k erg 15%(;%%%%%#8}‘%\% t |ssptr9§eefireqrrer(e {t%%nﬁ'farcs
manuf act ur e ghdhbd oy | polpdaiiibsiaite ofi ithe tiveentiomn uThese. peoadsses Vdre alushiitt € from

the al kyl aryl carbonate. [err] D al kyl carbonate Aromatic hydroxy
Al kyl aryl carhsseinbelow.

[l Manufacturing Method for Diaryl Carbonate
10 In process [I] of the present invention, as diaryl carbonate is

manufactured by reacting dialkyl carbonate and an aromatic hydroxy
compound in the presence of a catalyst, alcoholic and dialkyl carbonate by-
products are removed from the reaction system.

When dialkyl carbonate and an aromatic hydroxy compound are

15 | reacted, alkyl aryl carbonate, diaryl carbonate, or mixtures of them are

produced in the manner shown hereinbelow.

It is preferred to first manufacture alkyl aryl carbonate and then
manufacture diaryl carbonate from the alkyl aryl carbonate.
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cénpound [err] 5 The di al kyl carbonate used in diaryl carbonate

» “manuf acturing process [11 is described by fornmula (i) hereinbelow [err]

where Ra and Rb are al kyl groups, al kenyl groups, alicyclic groups, or

aral kyl groups, [err] and [err] may be the sanme or different, and they may
forma ring. Specific exanples of [err] and [err] include al kyl groups such
as nethyl 15. groups, ethyl groups, propyk;groups, butyl groups, pentyl
groups, hexyl groups, heptyl groups, octyl groups, nonyl groups, and decyl
groups; al kenyl groups, allyl groups, and butenyl groups; alicyclic groups
"such as cycl opropyl groups, cyclobutyl groups, cyclopentyl groups,

cycl ohexyl groups, and cycl oheptyl groups; 20 al kyl groups
containing alicyclic groups such as cycl ohexyl met hyl groups; and aral kyl
groups such as benzyl groups, phenethyl groups, phenyl propyl groups,

phenyl butyl groups, and net hyl benzyl groups. These groups may be
substituted with | ower al kyl groups, |ower al koxy 25 groups, cyano

groups, and hal 0UEKe diallé] cAYnRYise@ M dial lw_aﬁﬁidamm&uﬁeﬁﬂlﬁxg;ﬁ&émh?s of
di al kyl carbonate descri'bed bé formula (i) include dinethyl “carbonate,

di et hyl car bisrdeseribedi hy topyiula(@)y heseinbelowdi al | yI car bonat e, di but eny
carbonate, dibutyl carbonate, dipentyl carbonate, dihexyl carbonate,
di hept yl

R*OQCQR"®
I ®
10 0

where R2 and RP are alkyl groups, alkenyl groups, alicyclic groups, or aralkyl
groups, R2 and R® may be the same or different, and they may form a ring,.
Spécific examples of R* and RP include alkyl groups such as methyl
15 groups, ethyl groups, propyl groups, butyl groups, pentyl groups, hexyl
groups, heptyl groups, octyl groups, nonyl groups, and decyl groups;
alkenyl groups, allyl groups, and butenyl groups;
alicyclic groups such as cyclopropyl groups, cyclobutyl groups,
cyclopentyl groups, cyclohexyl groups, and cycloheptyl groups;
20 alkyl groups containing alicyclic groups such as cyclohexylmethyl
groups; and |
aralkyl groups such as benzyl groups, phenethyl groups, phenylpropyl
groups, phenylbutyl groups, and methylbenzyl groups.
These groups may be substituted with lower alkyl groups, lower alkoxy
25  groups, cyano groups, and halogen, and they may contain unsaturated bonds.
Examples of dialky! carbonate described by formula (i) include dimethyl
carbonate, diethyl carbonate, dipropyl carbonate, diallyl carbonate, dibutenyl
carbonate, dibutyl carbonate, dipentyl carbonate, dihexyl carbonate, diheptyl



-7- carbonate, dioctyl carbonate, dinonyl carbonate, didecyl carbonate,

» ‘met hyl ethyl carbonate, nethyl propyl carbonate, nethyl butyl carbonate,

et hyl propyl carbonate, ethyl butyl carbonate, ethyl ene carbonate,

propyl ene carbonate, di(methoxynethyl) carbonate, di(nethoxyethyl)
carbonate, di(chloroethyl) 5 <carbonate, di(cyanoethyl) carbonate,

di cycl opentyl carbonate, dicyclohexyl carbonate, dicycl oheptyl

car bonat e, di benzyl carbonate, diphenethyd7-carbonate, di (phenyl propyl)
carbonat e, di (phenyl butyl) carbonate, di(chlorobenzyl) carbonate, and

di (met hoxybecaridnatd, Odioctyl branibxdrate, Tdireaylicatbophter alittenyh tcasbormaye, bfetigdd i n

conbi nations of t or nore. Preferred anong_ these_is _dialkyl carbonate
where each Iélrﬂﬁ\fl\%b“qt% ‘ﬁ?’Fﬁlﬂ RSHPYEF%EB“%F{ methyl EBFY& carbonateeibybprapyh at ons,
wi t h di nmet hy ﬁSHaP n dj C t pr, et hyl
car bonat e es‘lbaém a ?’y@% g%&?’?‘egiﬁ% e @&B@é}%hgarg%ﬁ‘ntgt ipg‘f)ﬁ{/l roxcgiﬂ&gg#‘re'pound

used in di @i(mb&mgﬁ(leﬁqﬂ)e caebbotiate; t difnghonyettsdp darboniate,d@iehiobssthyy
el ow

formula (ii) hereinbe . [ﬂg;r] :
(ii) [erP] ierbonateslisyangethylhearborater oup whi ch may have a substituent.

Exanpl es of such ar | ¢ 10N r OXy n [ 20 5. al kyl nol s
such as phenol ,cﬁcﬁc@e&%l f%%ﬁg T @%&%&th@%ﬁ&%’et Pé%i[%‘ﬁg%ﬁenol,
et hyl phenol , cagbspite,phenol , butyl phenol, diethyl phenol, nethyl ethyl phenol,
met hyl propyl phenol ; di propyl phenol , nethyl butyl phenol, pentyl phenol,

hexyl phenol , and & ssapopatendiphenethybarbraztel di(phenylpropybtcathopeteenol and
et hoxyphenol éi(;)zl'?enylbutyl) Cgr%% & ld?(cﬁl&dobse%% ictaH)to%gte? %RE td?@rllai\oxybenzyl)
10  carbonate.
These dialkyl carbonates may be used in combinations of two or more.
Preferred among these is dialkyl carbonate where each R2 and Rb is an
alkyl group with no more than four carbon atoms, with dimethyl carbonate and
diethyl carbonate more preferred and dimethyl carbonate especially preferred.

15 The aromatic hydroxy compound wused in diaryl carbonate
manufacturing process {I} is described by formula (ii) hereinbelow.
Ar'OH (ii)

Ar! is a monovalent aromatic group which may have a substituent.
Examples of such aromatic monohydroxy compounds include
20 alkylphenols such as phenol, cresol, xylenol, trimethylphenol,
tetramethylphenol, ethylphenol, propylphenol, butylphenol, diethylphenol,
methylethylphenol, methylpropylphenol, dipropylphenol, methylbutylphenol,
pentylphenol, hexylphenol, and cyclohexylphenol; alkoxyphenols
such as methoxyphenol and ethoxyphenol;
25 naphthols and substituted naphthols;
and substituted phenols described by the formula

@—A—@—OH



and substituted phenols described by the formula [err] -8- where Ais

* -0, -S, -CO, [err]; 5 a substituted al kylene such as [err] 10 a

di val ent group such as cycl oal kyl ene, for exanple [err] or sinply a bond.
15 In these fornulas, each [err] and [err] is a hydrogen atom | ower al kyl
group, cycloal kyl group, aryl group, or aral kyl group, which may be
substituted with a hal ogen atom or al koxy group. k is an integer ranging in
value from3 to 11, and the hydrogen at ons®nay be substituted with | ower

al kyl groups, aryl groups, halogen atons, or the like. 20

Furthernore, alicyclic groups may be substituted with substituents such as
| oner al kyl groups, |ower al koxy groups, ester groups, hydroxyl groups,
nitro groups, hal ogen, and cyano groups. Heteroaronmatic hydroxy conpounds
such as hydroxypyridi ne, hydroxycoumarin, and hydroxyqui noline can al so be
cited as examples of the 25 aromatic hydroxy conpound. Aromatic di hydroxy
conpounds cawhered inOusedCx&Apt es i ncl udi ng hydr oqui none, resorci nol

catechol,5 di hydr oxynapht hal ene,

R* R* R

| l I

a substituted alkylene suchas — ? - —(13 — C{ -

R R* R
10
a divalent group such as cycloalkylene, for example ™\ C/_\(C H.)
/ N~N——— R

or simply a bond.

15  Inthese formulas, each R4, RS, RS, and R7 is a hydrogen atom, lower alkyl group,
cydmaﬂngnnq»agdgnnq»oramﬂhﬂgnﬁq»w&mﬂunqybeﬂﬂmﬁhundvdﬂla
halogen atom or alkoxy group. k is an integer ranging in value from 3 to 11,
and the hydrogen atoms may be substituted with lower alkyl groups, aryl
groups, halogen atoms, or the like.

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

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

25 zuonmﬁchwhmxyanmpmnul.

Aromatic dihydroxy compounds can also be used, examples including
hydroquinone, resorcinol, catechol, dihydroxynaphthalene,



-9- di hydroxyant hracene, and al kylated forns of them Aromatic di hydroxy
conpounds descri bed by the following fornula can al so be used. [err] where
Ais identical to A hereinabove, and the alicyclic may be substituted with
a substituent such as a |l ower al kyl group, |ower al koxy group, ester group,
10 hydroxyl group, nitro group, hal ogen, or cyano group. In the present

I nvention, aromati c nonohydroxy conpounds in which [err] in the
above-nmentioned formula (ii) is an aromat i'& group with six to 10 carbon

atons are preferred th pheno cr S and/ or p-cresol bein rmre
preferred, ar‘f{ﬁﬁ)ﬁ# 8@%13}89 aligylp Sﬁ’éﬂér? dhemAro%FﬂmaélCh@W

conpounds My 514391 E FB i fic exarrpl es of
t he diaryl ca(r)gﬁ)oate g%é{%gpgagyg@éfrogg%ﬁé ? cap?ﬁge(fe and an aronatic

hydr oxy compound in process [I] for nanufacturlng di aryl carbonate include
di phenyl carbonate, 20 ditolyl carbonate, phenyl tolyl carbonate,

bi s(chl orophenyl ) carbonate, mewgsyl ca ate, di(ethyl phenyl) carbonate,
25 sphenyl (ethyl phggy! (:::esmat @@thyl carbonate,

di (hydr oxyphenyl) carbonate, Al [ 2-(h xyphenyl propyl ) phenyl ]

car bonat e.

where A is identical to A hereinabove, and the alicyclic may be substituted with
a substituent such as a lower alkyl group, lower alkoxy group, ester group,
10 hydroxyl group, nitro group, halogen, or cyano group.

In the present invention, aromatic monohydroxy compounds in which
Ar! in the above-mentioned formula (ii) is an aromatic group with six to 10
carbon atoms are preferred, with phenol, m-cresol, and/or p~cresol bemg more
preferred, and phenol beiﬁg especially preferred.  Aromatic hydroxy

15  compounds may be used in combinations of two or more.

Specific examples of the diaryl carbonate obtained by reacting dialkyl
carbonate and an aromatic hydroxy compound in process [I] for manufacturing
diaryl carbonate include

diphenyl carbonate,

20 ditolyl carbonate,
' phenyl tolyl carbonate,

bis(chlorophenyl) carbonate,

m-cresyl carbonate,

di(ethylphenyl) carbonate,

25 phenyl (ethylphenyl) carbonate,

dinaphthyl carbonate,

di(hydroxyphenyl) carbonate, and

di[2-(hydroxyphenylpropyl)phenyl] carbonate.



-10- Anmong these, it is preferred to manufacture di phenyl carbonate,
"ditolyl carbonate, and phenyl tolyl carbonate. Manufacturing di phenyl
carbonate is especially preferred. A kyl aromatic ethers that can be
described by [err] or [err] are by- 5 products of the reaction of a

di al kyl carbonate and an aromatic hydroxy conpound. For exanple, anisole is
an al kyl aromatic ether by-product of the reaction of dinethyl carbonate
and phenol. 10 40'[err] The above-descri bed
reaction of a dialkyl carbonate and an aromatic hydroxy conpound is
conducted in the FHEeRgskessritis prefesredsto manufasture dirhenybearbonateditplyk at e.

15 A I ) I fiactyuring. di I
car bonat es. cAATRRAR: e BT WHERBARe, [thBubehe B RB G na i °1

restrictions.espitalbopretarsdd.used in the invention may be sol uble
(honmogeneous) or insoluble (heterogeneous) in the reaction fluid under the

reaction conditi ofdkylsramatic sthers that carpberdesstibedi by AlORtoR Ar'@iRPage by-
organoti ngco nds, .d gad . C o) ) ngﬁ%o the copper, famly
net al s, a?kalrgl)rgﬁg%gldcgﬁpré%g%? ogin%c(ﬁg%%lc%,g%c o%hﬁo%?u$ﬁgdfq%¥n

fam |y metal songdug@ni um conpl exes, and solid catalysts. Mre specific
exanpl es include the foll owi ng. Exanples of Lewis acids include Lew s acids

and transition netfer exampleuanisolp ischalkylpromatis ether by-productaf thereadtic®?s
[err] and [err],. ere I s, a_hal ogen, acetoxy group, al koxy group, or
aryl oxy grou@f.d%igfggmtfe@n )Pﬁ'ﬁg&es i nclude titaniumtetrachloride,

titani um

10 @—OMe

The above-described reaction of a dialkyl carbonate and an aromatic
hydroxy compound is conducted in the presence of a catalyst in the
conventional liquid state.

- 15 Any commonly used conventional catalyst for manufacturing diaryl
carbonates can be used in the invention without any particular restrictions.

The catalyst used in the invention may be soluble (homogeneous) or
insoluble (heterogeneous) in the reaction fluid under the reaction conditions.

Examples of the catalyst include Lewis acids, organotin compounds, lead

20 compounds, compounds of the copper family metals, alkali metal complexes,
zinc complexes, compounds of the iron family metals, zirconium complexes,
and solid catalysts. More specific examples include the following.

Examples of Lewis acids include Lewis acids and transition metal
compounds producing Lewis acids such as AlXs, TiXs, TiXs, VOXs, VXs, ZnXz,

25  FeXs, and SnX (where X is a halogen, acetoxy group, alkoxy group, or aryloxy
group). More specific examples include titanium tetrachloride, titanium
tetraphenoxide, titanium tetramethoxide, titanium tetraethoxide, titanium



tetraphenoxi de, titaniumtetranethoxide, titaniumtetraethoxide, titanium
"-11- tetracresolate, titaniumtetrai sopropylate, titaniumtetradodecyl ate,
tin tetraisooctylate, and alum numtriisopropyl ate. Exanples of organotin
conpounds include trinethyltin acetate, triethyltin acetate, tributyltin
acetate, triphenyltin acetate, dibutyltin di acetate, 5 di butyltin

di | aur at e, dioctyltin di | aur at e, thltin adi pat e,

di butyl di met hoxytin, dinethyltin glycolat dlbutyldlethoxytin, triethyltin

ST T i oL B 5
but yl st anni Ctoe%‘aiééod?ﬁté/'aﬁﬂ%hﬁhﬁmm },] ymeric tin conpounds

such as 1 pol y oxy(dlbutylstannylene and polyneric

hydr oxyst annoxaneExaé’qdhs aef p@tgy{\emwmpméstmhmmeﬂiﬂanplaeetatﬁ, | ead

d | ead des h PbO, I d ul fid
such a6 Pos Siffrp epetafe, sy B ety CRhenEy dsefafe Aifubbin pRlRib i 1 oo
such as [Se”}ixbkgrltﬁ' unggg@ﬁtesuchdﬁﬁgkgﬁr] Gff4dshte, andd{bﬁgﬁhn Ie Aﬁ&{ bonat es

such as [err nd their basic salt | ead salts and | ead carbonates of
or gani ¢ aci ddibatddirhethoxytirsi dimethyltirs ugliycalate] edibiityddigthdxytin, bizetiyldal t s;

A TS WA S TN A BT A T IO
al koxyl eads eI okl butflith kfidktytits] QYA ooki§Bile, HoefMinitihicaS [rT]

octylstannic acid, polymeric = tin compounds such as

10  poly[oxy(dibutylstannylene)], and polymeric hydroxystannoxanes such as
poly(ethylhydroxystannoxane).

Examples of lead compounds include lead oxides such as PbO, PbO,,
and PbaOy; lead sulfides such as PbS and Pb;S; lead hydroxides such as Pb(OH)2
and PbyO2(OH); plumbites such as Na2PbO», KoaPbOz, NaHPbO,, and KHPbO;

15 plumbates such as NaPbOs, NaHPbOy, .Ksz03, Ko[Pb(OH)s], KiPbOs,
Caz2PbO;4, and CaPbO;; lead carbonates such as PbCOs, 2PbCOsxPb(OH),, and
their basic salts; lead salts and lead carbonates of organic acids and their basic
salts such as Pb(OCOCHs),, Pb(OCOCHs)4, Pb(OCOCHS3)xPbOx3H20O, and
their basic salts; organolead compounds such as Rb, RaPbCl, RsPbBr, and

20  RsPb or RePbz, RsPPOH, and RaPbO (where R is an alkyl group such as C¢Hs or
an aryl group such as phenyl); alkoxyleads such as PbB{OCHs)z, (CHsO)Pb(OFh),
and Pb{(OPh),; aryloxyleads; lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn,
and Pb-Sb; lead minerals such as galena and sphalerite [sic]; and hydrates of
these lead compounds.

25 Examples of copper family metal compounds include salts and
complexes (where acac is a ligand chelated with acetylacetone) of copper family
metals such as CuCl, CuCl,, CuBr, CuBrz, Cul, Culz, Cu(OAc)z, Cu(acac),



anbl [err]; lead mnerals such as gal ena and sphalerite [sic]; and hydrates

- ‘'of these | ead conpounds. 25 Exanpl es of copper famly netal

conmpounds include salts and conpl exes (where acac is a ligand chelated with
acetyl acetone) of copper famly netals such as [err] -12- copper
olefinate, [err] silver picrate, [err] and [err] Exanples of alkali netal
conpl exes include Li(acac) and [err] Examp es of zinc conpl exes include
Zn(acac)2. 5 Exanpl es of cadm um C | exes include Cd(acac)?2.

Exanples of iron fa rret ncl err and ferrocene.
Exanpl es of f??%’m%%%‘ﬁ'p ?é“ n@'g’ggzé[:%r r# &‘;&' zflgf%noé YRS, BKERDI es of
solid catal yg{ t%imw m‘,m n| a, 10 zinc
oxi de, zirconium oxl gal 't um oxl de, Ee w@(@ﬁﬂ glfrigfteug Uh oxides. Of

t hese, homgeneouﬁxmpbbpsakahmmmahqﬂeeﬁmdlﬁde Bi(sapjemidbLiN(Ciidgj.erred to
use Lewi s acids s ch a t| tani um ﬁetrapplhfom de, .titaniumtetranet hoxi de,

and titaniumtetr Q6 Ec somplexss, Bic %ﬁﬁ%ﬁds such as [err] and
[err]; angd al koxy Hﬂﬂﬁnﬁ These catal ysts
may be mrgged V\nthtg%ﬁggeu%g or ca?‘?‘? %ﬁg{ gréecﬁla%aé: in the reaction, and

they may be suppoExatiples efatironefanily’ hﬂetahtcah}fzﬁmdﬁai;\chﬂd%OFé(euﬁ'ﬁMEU)BCES
that react with the reaction materials and reaction products present in the
reaction sysféﬁo)&r@@ﬂﬁéfp%wlﬁmb@rﬂﬂﬁlé%ﬁ%mn advance,

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

Examples of solid catalysts include silica, alumina, titania, silica-titania,

10  zinc oxide, zirconium oxide, gallium oxide, zeolite, and rare earth oxides.

Of these, homogeneous catalysts are preferred. It is especially preferred
to use Lewis acids such as titanium tetraphenoxide, titanium tetramethoxide,
and titanium tetraisopropylate; organotin compounds such as BuzSnO and
[BuzSn{OPh)]20; and alkoxylead compounds such as Pb(OPh)a.

15 These catalysts may be mixed with compounds or carriers that are inert
in the reaction, and they may be supported on carriers. The catalysts may also
be substances that react with the reaction materials and reaction products
present in the reaction system, and they may be heat-treated in advance,
together with the reaction materials and reaction products.

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

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

25 be fed as a mixture with the dialkyl carbonate and/or aromatic hydroxy
compound reaction material(s), or it may be fed separately.

In the present invention, this reaction can be conducted with a solvent
copresent, as desired. A solvent that is inert in the reaction can be used,



together with the reaction materials and reaction products. 20 When
»'a honobgeneous catalyst is used as the catalyst in the present invention, it
may be introduced into the reaction systemby a continuous feed to the
reactor. Heterogeneous catal ysts nay be placed in the reactor for

I ntroduction into the reaction system Wen a honbgeneous catal yst is
continuously fed to the reactor, it may 25 be fed as a mxture with the
di al kyl carbonate and/or aromatic hydroxy #¥npound reaction naterial (s), or
it may be fed separately. In the present invention, this reaction can be
conduct ed wi t@xamplest ipslud %pﬂ@!ﬁar@ﬁpha%c hpdrocagbong, ansl halegenated arematiert i n
the reaction caﬁ Q g{ﬁsed -13- exanples including ethers, aliphatic

hydr ocar bons, O¢genat ed aronmati c hydrocarbons. The reaction can al so
be conduct ed with THeefehctitit® €4 al¢6 beddoritivctedIRith xhehlgmsam\agaﬁfb pesent .
5 Exanpl es of apparatuses that can be used for the reaction 1nclude
conti nuous r ekeliuox, and@egpppresedtt h distilling col ums, typifi ed by reactors

reacti'on Sype di SUPRMIAE EhAPRTEarS et an, b osed B BRokaRI Hnde e o
reaction-typeofkahibhd 'r@&t&@'étﬁ]}pi%d Ryith 'dfiétﬂﬂn Hfirnnd; 0 ég;'gg @E'%?f"y to

enhance the productivity of t above- rrentlon d react’i

mul ti st age dilsving reagticmtypendisiiling gohtmhssarsdistillimgdiobitrivhs, |bmg redctigedypan be
used, exanpl Sé i.ncl ugllugg conventiopal nultistage distilling colums such as
pl ate col umsdis{iiRES IS AR BTEEME -col urms conbi ni ng pl ates and

It is preferred to use a reaction-type distilling column with a large vapor-

10  liquid boundary to enhance the productivity of the above-mentioned reaction.
Specifically, a multistage distilling column having at least two distilling stages
can be used, examples including conventional multistage distilling columns
such as plate columns, packed columns, and columns combining plates and
packing. It is preferred to have the catalyst present on all stages of such

15 multistage distilling columns. When a solid catalyst is used in a packed
column, it can comprise part or all of the packing.

In the present invention, it is preferred to use two reaction columns to
carry out process [I] for manufacturing diaryl carbonate so that reaction (1),
which produces chiefly alkyl aryl carbonate, is carried out in the first reaction

20  column and reactions (2) and (3), which produce diaryl carbonate, are carried
out in the second column.

While the reaction conditions differ according to the type and
construction of the reactor and the reaction materials, the reaction is usually
conducted at a temperature (internal column temperature) of 50 to 350°C, 100 to

25  280°Cbeing preferred and 150 to 280°C being especially preferred. The reaction
may be conducted at reduced, ordinary, or elevated pressure, but it is usually
conducted at pressures ranging from 2,600 to 54 MPa. The mean residence



pabki ng. It is preferred to have the catal yst present on all stages of such

- 15 mul tistage distilling colums. Wen a solid catalyst is used in a

packed colum, it can conprise part or all of the packing. In the present
invention, it is preferred to use two reaction colums to carry out process
[1] for manufacturing diaryl carbonate so that reaction (1), which produces
chiefly al kyl aryl carbonate, is carried o_%_in the first reaction 20
colum and reactions (2) and (3), which produce diaryl carbonate, are

carried out | e o fer
according to *?ﬂéeﬂtty“%g a%%wﬁﬁmg&% %ﬁ%ﬂ??%ﬂé or%%élﬁ‘me

mat eri al s, tl&m@p@feﬁumqw&wh Q%dusieepkegmga tenperature (int er naI
col um terrperature) of 50 to [err], to 25 [err] being preferred and

150 to [err] bei néte%p&éuablpw%fe@detheedmkﬂecarbammmmmn@mydm;ed at
duced, ordi | evat.ed ted at

br essur s r arfGEIPRR sneayS ool B thar ol tatie (il Garbral) aiiiyate 1

the reactgr igydiokptd Bguﬁ&lmttneﬁéacbon ¥stémaah, xﬁwtaqofpefergbgbso 10 h

bei ng preferred and O. to 5 being nore preferred. It is desirable to
feed the dialtkyl carbonate and aromatic hydroxy conpound in armunts such

ho. react| on syst e SAL Srshtne Sl foumeR IDRRor, srenuid rav of R al ky!
carbonate anqh@rf%a;risg ARAELP 5yﬂ§g{{§9mawfeg§ piged to the r eect or
separately or through he sane fee e. Wen the catalyst is fed
continuously to tWhem#w catalysttis fesl mlimubyslystedhe reactor, it is usually used in
10  amounts ranging from 0.001 to 10 molar percent, preferably 0.01 to 5.0 molar
percent, based on the aromatic hydroxy compound reaction material, although
this differs according to factors such as the type of catalyst and reaction
conditions.
The diaryl carbonate produced in the reaction of dialkyl carbonate and
15  aromatic hydroxy compound is usually removed from the bottom of the
reactor. The reaction mixture, which usually contains unreacted materials
{dialkyl carbonate and aromatic hydroxy compounds), alkyl aromatic ether by-
products, and catalyst as well as diaryl carbonate is removed from the bottom
of the reactor together with this diaryl carbonate.

20 It is preferred to separate the diaryl carbonate from this reaction mixture,
refine it, and then feed it to process [II] for manufacturing polycarbonate. This
separation and refinement can be carried out by conventional distillation.

The unreacted raw materials removed from the bottom of the reactor
together with the diaryl carbonate can be separated by distillation and then
25  recycled to manufacturing process [I] for reuse.
In process {I] for manufacturing diaryl carbonate, alcoholic by-products
are usually distilled off from the top of the reactor as the reaction progresses.
However, unreacted dialkyl carbonate and the like can also be removed from



10. anounts ranging fromO0.001 to 10-nol ar percent, preferably 0.01 to 5.0

- ‘'mol ar . percent, based on the aromatic hydroxy conpound reaction materi al,

al though this differs according to factors such as the type of catal yst and
reaction conditions. The diaryl carbonate produced in the reaction of

di al kyl carbonate and 15 aromatic hydroxy conpound is usually renoved from
the bottom of the reactor. The reaction m xture, which usually contains
unreacted materials (dialkyl carbonate aneélSaromatic hydroxy conpounds),

al kyl aromatic ether by- products, and catalyst as wel|l as diaryl carbonate
i s removed fthentaphef ke reaction apparatusdogethemyithhthe aicoholldwbys-pdorhlq&

b t dt t he di b te f
Chi o react | oflphelic e Prodieehad ol Eprpriatieiiesa gan be fepepistiand tpmepedor
manuf act ur i NgoROhNeANEE AREY1 cAfiohaGARRERErbAT thaéh 5@%9@&&&1 Ethdpgngar i ed

out by conventional distillation. The unreacted raw materi als renoved from

the bottom oﬁnteheteddaaikplrcarbgatdmhamhydédatodnamgfacmmgmess fan be
separ ated by di st : Ied t o manufacturing process
[1] for reuse. | A S R e oopateyi ar yl carbonate, al coholic

by- products are ?QOE 'rﬁ&ﬂxf t{mé : t he
reaction progresse ééswgﬂgfdr unresagc égﬁlj«:gﬂn car onape ana I’%?au ke can
al so be renopelycirbonate is- ir&mufdn&ﬁedpbpfnhhepo]g&mﬁdmaﬁmpa:fahusarbﬁgﬁther
with the alco I|c by- pr oduct hO|IC by a aronatic
ethers can bél YaF%‘BPa fqaﬁbﬁ%ﬁﬁég’@? : T(?Po&é%ﬁhﬁ‘é t aken
from the topygfy, Qince QPM #%mg%@éﬁﬂoﬁém&%@mge can

be recycled to mar‘lﬁf act'uring proces
10  compound, and aromatic hydroxy compound by-products are removed from

the reaction system.

There are no particular restrictions on the aromatic dihydroxy
compound. When a compound such as that described by formula (iii)
hereinbelow is used, the reaction between the diaryl carbonate and aromatic

15  dihydroxy compound can be described as follows.

$-0CO-o (R') p (R*) q
A+ HO X OH
20 (d:gr) | Gii)
Diary! carbonate
(R') (R?)
s .—f'o X@o C 3 — +240H
0

R! and R? in formula (jii) ddscribing the aromatic dihydroxy compound are
halogen atoms or monovalent hydrocarbon groups which may be substituted



5 Process [I1] for Manufacturing Pol ycarbonate In process [IIl] for

- “manuf act uri ng pol ycarbonate of the present invention, polycarbonate is

manuf actured by nelt pol ycondensation of an aromati c.di hydroxy conmpound and
di aryl carbonate, obtained in the above-described manner, in the presence
of a catalyst containing at |east one nitrogen-containing 10 conpound, and
aromati ¢ hydroxy conpound by-products are_qgenoved fromthe reaction system
There are no particular restrictions on the aromatic di hydroxy conpound.

When a conpoyp a ' for mul. I Li) hereinbelowis
used, the rewiﬁg%& %%ﬁw%ﬂg%g%wg?%aqre&%ﬁ%n%réﬁﬁgﬂcﬂigﬁegﬁrﬁydroxy
conpound canrdwgireficim MRk, dndicatin®wte refictive Rufibets sfsubstivets YWhdn p [err]
and [err] in fornula (iiiél11 descri inaﬁ;he aromati c di hydroxy conpound are
hal ogen at on®t daresirastd, atof lyeR's eandiis mayhethe same pr different. subst it ut ed
-16- with hal ogen, a [err] and [err] may be the sane or different. p and
g are integers rangir] fromO to 4, indicating the respective nunbers of
substituents. When plor g are at least 2, all of the Rs and R2s nay be the
same or differemtis +& )y 10 C =/ —O4n tHirs rPMIFaSOrR3 and R4 are hydrogen
atons or nonoval ent Hydrocarlbon groups, and [err] is a bivalent hydrocarbon
gr oup. R¢ Ré

10 In this formula, R® and R* are hydrogen atoms or monovalent
hydrocarbon groups, and RS is a bivalent hydrocarbon group.
Specific examples of the aromatic dihydroxy compound include the
following;:
bisthydroxyaryl)alkanes such as

15 bis(4-hydroxyphenyl)methane,
1,1-bis(4-hydroxyphenyl)ethane,
2,2-bis(4-hydroxyphenyl)probane,
2,2-bis(4-hydroxyphenyljbutane,
2,2-bis(4-hydroxyphenyl)octane,

20 bis(4-hydroxyphenyl)phenylmethane,
2,2-bis(4-hydroxy-1-methylphenyl)propane,
1,1-bis(4-hydroxy-t-butylphenyl)propane, and
2,2-bis(4-hydroxy-3-bromophenyl)propane;

bis(hydroxyaryl)cycloalkanes such as

25 1,1-bis(4-hydroxyphenyl)cyclopentane and
1,1-bis(4-hydroxyphenyl)cyclohexane;

dihydroxyaryl ethers such as
4,4'-dihydroxydipheny! ether and
44'-dihydroxy-3,3'-dimethyldiphenyl ether;

30 dihydroxydiaryl sulfides such as



Specific exanples of the aromatic di hydroxy conmpound include the foll ow ng:
> 'bi s(hydr oxyaryl ) al kanes such as 15 bi s(4- hydr oxyphenyl ) net hane,

1, 1- bi s(4- hydr oxyphenyl ) et hane, 2, 2-bi s(4-hydroxyphenyl) propane,

2, 2- bi s(4- hydr oxyphenyl ) but ane, 2, 2-bi s(4-hydroxyphenyl)octane, 20

bi s(4- hydr oxyphenyl ) phenyl net hane,

2, 2- bi s(4- hydr oxy- 1- net hyl phenyl ) pr opane,

1, 1- bi s(4- hydroxy-t-butyl phenyl ) propane, ang

2, 2- bi s(4- hydr oxy- 3- bronophenyl ) pr opane; bi s(hydroxyaryl)cycl oal kanes such

as 25 1, 1- biug(-dibydesopdipteaiyy buléide kagent ane and '
1, 1- bi s(4- hydr oxyphenyl )cgc:é)_hexane; di hydr oxyaryl ethers such as

4, 4' - di hydr oxy didpditwro rdimeghyldiphenylspdfidsiy - 3, 3' - di net hyl di phenyl

Cul'Ti de and AR REe QR T 0 oy e ) de: “ai by oxydl aryl
sul f oxi des such 4adibgdfoxydiphetiydsyitideayd sul f oxi de and
5 4,4'-dihydroxy-3,3'-dimethyldiphenyl sulfoxide; and
dihydroxydiaryl sulfones such as
4,4'-dihydroxydiphenyl sulfone and
4,4'-dihydroxy-3,3'-dimethyldiphenyl sulfone. .
Of - these, it is especially preferred to wuse 22-bis(4-
10  hydroxyphenyl)propane {referred to as bisphenol A hereinbelow).
Substances that can be used as the aromatic dihydroxy compounds are
resorcinol and substituted resorcinols such as 3-methylresorcinol, 3-
ethylresorcinol, 3-propylresorcinol, 3-butylresorcinol, 3-t-butylresorcinol, 3-
phenylresorcinol, 3-cumylresorcinol, 2,34 6-tetrafluororesorcinol, and 2,34,6-
15  tetrabromoresorcinol; catechol; hydroquinone and substituted hydroquinones
such as 3-methylhydroquinone, 3-ethylhydroquinone, 3-propylhydroquinone,
3-butylhydroquinone, 3-t-butylhydroquinone, 3-phenylhydroquinone, 3-
cumylhydroquinone, 2,3,5,6-tetramethylhydroquinone, 2,3,5,6-tetra-t-
butylhydroquinone, 2.3,5,6-tetrafluorohydroquinone, and 23,5,6-
20 tetrabromohydroquinone; and
2,2,2',2'tetrahydro-3,3,3' 3'-tetramethyl-1,1'-spirobi-[IH-indene}-6,6'-diol.
Aromatic dihydroxy compounds and diaryl carbonates may be used in
combinations of two or more each.
Diaryl carbonate is usually used in amounts of 1.0 to 1.30 moles, preferably
25 101 to 1.20 moles, per mole of aromatic dihydroxy compound in the
polycondensation reaction of diaryl carbonate and aromatic dihydroxy
compounds.



5 4, 4" - di hydr oxy- 3, 3' -di net hyl di phenyl sul f oxi de; and di hydroxydi aryl

» 'sul fones such as 4, 4'-di hydr oxydi phenyl sul fone and

4, 4" - di hydr oxy- 3, 3' -di net hyl di phenyl sulfone. O these, it is especially
preferred to wuse 2,2-bis(4- 10 hydroxyphenyl)propane (referred to as

bi sphenol A hereinbel ow). Substances that can be used as the aromatic

di hydroxy conpounds are resorcinol and substituted resorcinols such as

3- et hyl resorci nol , 3- et hyl resorci nol, 3-pBopyl resorcinol,
3-butylresorcinol, 3-t- bg@xlresorC|nol 3- phenylresorC|noI

3-cunyl resor ci @FaerXmaﬂ 5 en disarbowylis acid estersian bepplycondensed tpgether

t et rabr onoresg te d . hydro |nones
such as 3- neth)é/tﬁh %\Jr oq&%no‘ﬁg&)&?g W&&@%w&b gg%r%%w?ﬁ’ r&ﬁw

3- but yl hydr oqgiaﬁafaemﬁ? ﬂauégglfdsy b@qm@ 3- phenyl hydr oqui none, 3-

cunyl hydr oqui none % 6- tetrarret hyl hydr oqui none, 2,3,5,6-tetra- t-
but yl hydr oqui n(ﬁz@IRPIesﬁsgcbd&aer&F@daiMmymmdestersandude 2,3,5, 6-

20 tetra

22,22 etrfﬁdmﬁu'ﬁ%@o i es&dfaﬂé%w tprephikalic geid seBBRl P 6 - di o
L Aromatic dij @ gm@&gggates may be used in
conbi nations o nor e each ar carbonate is usual ly used in
anounts of 1.0 ahphatledmadbcmyhc pmlisesuaélay specinit. @id, tghutarie Gicivh ladipic peid, nol e
g;rgggg?élgngbgg rox qﬁgﬁgd '8 thegﬁﬁégupndﬁﬁgatlggky actéggﬁgf |aryI
di carboxylic &%&aﬁé&x@fe%&&%ﬁﬁeﬂﬁ' 36686HIE NSipHery10fichRédioate, and diphenyl
10  dodecanedioate;
alicyclic dicarboxylic acids such as cyclopropanedicarboxylic acid, 1,2-
cyclobutanedicarboxylic  acid, 1.3-cyclobutanedicarboxylic acid, 1,2
cyclopentanedicarboxylic acid, 13-cyclopentanedicarboxylic acid, 1,2-
cyclohexanedicarboxylic acid, 1,23-cyclohexanedicarboxylic acid, and 14-
15  cyclohexanedicarboxylic acid and
esters such as diphenyl cyclopropanedicarboxylate, diphenyl 1.,2-.
cyclobutanedicarboxylate, diphenyl 1,3-cyclobutanedicarboxylate, dipheny! 1,2-
cyclopentanedicarboxylate, diphenyl 1,3-cyclopentanedicarboxylate, diphenyl
1,2-cyclohexanedicarboxylate, diphenyl 1,3<cyclohexanedicarboxylate, and
20  diphenyl 1,4-cyclohexanedicarboxylate. |
These dicarboxylic acids or dicarboxylic acid esters, which may be used
in combinations of two or more, can be used in amounts such that they account
for no more than 50 molar percent, preferably no more than 30 molar percent,
based on the diaryl carbonate used (i.e., amount of diaryl carbonate used = 100
25  molar percent).
A polyfunctional compound containing three or more functional groups
per molecule can also be used with the above-described aromatic dihydroxy



wi th aromatic di hydroxy conpounds and diaryl carbonate in the manufacturing
" ‘process for polycarbonate. Exanples of such dicarboxylic acids or

di carboxylic acid esters include 5 aromati c di carboxylic acids such as
terephthalic acid, isophthalic acid, diphenyl terephthal ate, and di phenyl

| sopht hal ate; aliphatic dicarboxylic acids such as succinic acid, glutaric
acid, adipic acid, pinelic acid, suberic @ﬁid’ azel aic acid, sebacic acid,
decanedi oi ¢ aci d, dodecanedi oi ¢ acid, diphenyl sebacate, diphenyl

decanedi oat e ' . canedi o - ali,cyclic . di.carboxylic acids
such as cycl 5?)'?‘ p%ﬁéﬁgfg@aﬁb@gf@&g@?g‘? Wgc%ﬁq %‘E}ﬁ[a&h‘éﬂﬁ%é’? 385?)’;1){%&“ acid,
1, 3-cycl obut anamleqfrmnyiﬁv@nﬁ@@,i d, 1,2- cyclopentanedicarboxylic acid,

1, 3-cycl opent anedi carboxylic acid, 1,2- cyclohexanedicarboxylic acid,

1, 3- cycl ohexanedi Praferssd examples gf sushpolyfunctional egmpourdsineltidear boxy! i ¢ aci d

d est h dj | | i carboxyl ate, di | 1, 2-
ycl obut aneafaapBaRgT 4B Phnefit AR ES GRS Eirs crmtResath €8 heny!
1,2- cycl gpephenagd rwgraagsogﬁ\%@wg% W%e@ﬁehpss&i@é%ﬂ;ﬁémémh@t e,

di phenyl 1, 2-cycl oheéxanedicar enyl

1, 3- cycl ohex3dddiriséd-bydupxyphenyd)ethade, 2,2,2"otnis(y |
el e O Bl s 0L bRyl . Al oo carhgy 1., acl
S?g? 2& be;C 23%&%%%#3{&%& %m?ﬁ%%m%%%ﬁg? ry g‘éﬁ'bonat e
used (i.e., phinroglucinoli 46-dimetnybdditris(dskydroxyplierdd)-heptmten?, k5-cent ) . A
ol boul ol an EiHEBTRETPLE aRZEN 2200084t | bed ar onat i ¢ of hydr oky.
~ dihydroxyphenyl)cyclohexyl]propane, trimellitic acid, 1,3,5-
benzenetricarboxylic acid, and pyromellitic acid.

I%ﬂyﬁumﬁonalqmnpoundscantmlﬂmdinaunoun3<ﬁtmuaﬂylamthan
0.03 moles, preferably 0.001 to 0.02 moles, more preferably 0.001 to 0.01 moles,

1S  per mole of aromatic dihydroxy compound.

In the present invention, polycarbonate is manufactured by solution
polycondensation of the above-described aromatic dihydroxy compound and
diaryl carbonate in the presence of a catalyst, which should be at least one
nitrogen-containing basic compound.

20 It is preferred to use a nitrogen-containing compound that is volatile or
decomposes readily at high temperatures.

Specific examples include amines, for example,

teﬂkuywunﬁussuchashﬁmedummﬁhmztﬁeﬂqdanﬁnqcﬁnnﬁhy&mnzjhmﬁne,
triphenylamine, trioctylamine, trinonylamine, tridecylamine, triundecylamine,

25 tridodecylamine, tritridecylamine, tritetradecylamine, tripentadecylamine,
trihexadecylamine, triheptadecylamine, trioctadecylamine, trinonadecylamine,
trieicosylamine, tritetracyclododecylamine, trihexacycloheptadecylamine,
dimethylbenzylamine, and triphenylamine;



-19- conmpounds and di aryl carbonate to manufacture pol ycarbonate in

- ‘accordance with the present invention. Preferred exanples of such

pol yfunctional conpounds include conpounds with phenolic hydroxyl or

car boxyl groups, compounds with three 5 phenol i ¢ hydroxyl groups being
especially preferred. Specific exanples include
1,1,1-tris(4-hydroxyphenyl)ethane, 2,2,',2"-tris(4-

hydr oxyphenyl ) di i sopr opyl benzene, a-nethyﬁoa, a',a -tris(4-hydroxyphenyl) -
1 4-diethy|benzene

a,a,a"-tri s(ﬁm ines degcribed by RaNH (yhers R isgealion suchas wethyl o nol |
¢ 020 1Y ot ey P GO by 5 ey 10

di hydr oxyph edlmderyl}hmhe)@lte]mdeqdm;nd, dipeatddetylamine, dihekadedylamine,

benzenetri car ox%él c.aci d and pyronel l'itic acid. Polyfunctional conpounds
can be used difep) laine, @W@e‘l)@lﬁﬂ ieicgyamings| y 0. 001 to

0.02 m)l &méﬁexﬁgsﬁwﬁldidgelgg Jrﬂmg &h&ogg apo yc i m)l e of aromatic

dlhydroxy conpoun rese I nven §te is manufactured

by sol ution gibexeeddhesta I&%haﬁﬂuﬁmhaaﬁdmewwhﬁ’f&t i ¢ di hydr oxy
conpound and di aryl car bonate int Bgresence of a catalyst, which should

be at |east oPEiRRYY 6‘@%}??-50 (whersoBnig. thepsame as quFﬂbeJi

preferred t en-c 1S 1 £.00,
deconposes (r)ké&gﬁ\ay ‘éét) %h %g ré}%‘;}g‘gﬁggg‘gggg?@ Ie%lﬁ% ?ﬂg‘ am nes,
for exanpl e, hdptadosplashifé]l Nesctattshlantink,) | MabhNdodplafttine,! I i GidbshEilrihe,

di met hyl benzyl'am ne, triphenylam ne, trioctylam ne, trinonylam ne,

tri decyllni rfetracanitylacningpentasentylamine, and hexacontylamine.
Further examples include

ammonium hydroxides with alkyl groups, aryl groups, aralkyl groups, or the
like such as  tetramethylammonium = hydroxide  (MesqNOH),
tetraethylammonium hydroxide (Etd&NOH), tetrabu;ylammonium hydroxide

.15 (BusNOH), and trimethylbenzylammonium hydroxide (f-CHz(Me)sNOH);

pyridines such as 4-dimethylaminopyridine, 4-diethylaminopyridine, and 4-
pyrrolidinopyridine;

imidazoles such as 2-methylimidazole, 2-phenylimidazole, and 2-
dimethylaminoimidazole;

20 and basic salts such as ammonia, tetramethylammonium borohydride
(MesNBHL), tetrabutylammonium borohydride (BusNBH.),
tetrabutylammonium tetraphenylborate (BudNBPhy), and
tetramethylammonium tetraphenylborate (Me{NBPhy).

Preferred among these are tertiary amines, especially tertiary amines

25  with 24 to 50 carbon atoms, and tetraalkylammonium hydroxides, especially,
for example, tetraalkylammonium hydroxide for use in electronics which
contains few metallic impurities.



25 tridodecylamne, tritridecylamne, tritetradecyl am ne,

" ‘tripentadecyl amine, trihexadecyl amine, triheptadecyl am ne,

trioctadecyl am ne, trinonadecylam ne, trieicosyl am ne,

tritetracycl ododecyl am ne, tri hexacycl oheptadecyl am ne,

di met hyl benzyl am ne, and tri phenyl am ne; -20- secondary am nes descri bed
by RRNH (where R is an al kyl such as net hyI or ethyl or an aryl such as
phenyl or tolyl) such as di dodecyl am ne, thlrri decyl am ne,

di tetradecyl anj_ne, di pentadecy] am ne, di hexadecyl am ne, di heptadecyl am ne,
di oct adecyl ani %?5"- (FemRouas saxy uawaliyebe used injanaounts 0£ | am ne,

i pheny! i a0 S AT RO prige ‘éf?'né?;“%n% R R R VR

is the same dﬂ\ydm:qntdmﬂoxhﬁi ei nabove) such as tetracosyl am ne,

hept acosyl am ne, ‘igosyl am ne, heptacosyl am ne, qct acosyl am ne,
nonacosyl am ne, {n@ Bﬂ’f‘}"l’ &W?@n%mﬂ%r@&ﬁﬂ m ne,

tCQ
d h h
glnkyl eg??ﬁg;)ﬂ ary gr oups ar a ylgr Sﬁ%@ %@P&ﬁgbm %ﬁ&%%zl?‘é‘ﬂdt

t et r amet hyl asagutalysein thdpsbsentiifieentioner I | tet raet hyI ammnl um hydr oxi de
(Et4NOH), tet rabutyl amoni um hydroxi de 15 [err]
tri met hyl benzyl a ﬁlﬁdf’a&& gprg@lﬁ]w%ﬁlts@nm&s bzzﬁr%des, hydrides,

oo o OB ) BLMATENRERS e Bl e cpctty
- phenyl i m dpzeférped ébﬂﬂnﬁles of aIRilhtletulandialkaline@hfth metal compounds.

10 Specific examples of alkali metal compounds include sodium hydroxide,
potassium -hydroxide, lithium hydroxide, sodium bicarbonate, potassium
bicarbonate, lithium bicarbonate, sodium carbonate, potassium carbonate,
lithium carbonate, sodium acetate, potassium acetate, lithium acetate, sodium
stearate, potassium stearate, lithium stearate, sodium borohydride, lithium

15  borohydride, sodium phenylborate, sodium benzoate, potassium benzoate,
lithium benzoate, disodium hydrogen phosphate, dipotassium hydrogen
phosphate, dilithium hydrogen phosphate, the disodium, dipotassium, or
dilithium salts of bisphenol A, and the sodium, potassium, or lithium salts of
phenols.

20 Specific examples of alkaline-earth metal compounds include calcium
hydroxide, barium hydroxide, magnesium hydroxide, strontium hydroxide,
calcium bicérbonate, barium bicarbonate, magnesium bicarbonate, strontium
bicarbonate, calcium carbonate, barium carbonate, magnesium carbonate,
strontium carbonate, calcium acetate, barium acetate, magnesium acetate,

25  strontium acetate, calcium stearate, barium stearate, magnesium stearate, and

strontium stearate.

These may be used in combinations of two or more.



20 and basic salts such as anmoni a, tetranethyl anmoni um bor ohydri de
‘Terr], t et rabut yl anmoni um bor ohydri de [err], tetrabutyl anmoni um
t et raphenyl bor at e [err], and tetranet hyl anmoni um t etraphenyl borate
[err]. Preferred anobng these are tertiary amnes, especially tertiary
amnes 25 wth 24 to 50 carbon atons, and tetraal kyl ammoni um hydr oxi des,
especially, for exanple, tetraal kyl amoni um hydroxi de for use in

el ectroni cs which contai ns fem/netallic iﬁ%hnties -21- These

ni t rogen-cont ai ni ng conpounds can us IIy be used |n ampunts of [err] to

1' [err] nole, prefgtalispl metal gompoynds)(or aliglinp-eagphgme BEFO‘H'BPE“@# canomat i c

di hydroxy co | $ kal i
met al compounds g'dbe dalﬂfynlﬁIxﬁgség}gﬁb&m@g{lfgg%gfghg@gaggﬁwggr focfgm d
conpounds rra)t(}bmdh@@r awleof the ubbvé-dedchibedh amaratic dihydrixiy @ompougdni ¢ aci d

salts, inorganic acid salts, oxides ydrOX|des hydri des, al cohol ates, or
the Iike of -al kal It ifprefeered to aisg anjalialimetah companad {or asth megalef er r ed

Speotii e Do BelndPaftait Geel ARRF R bRk RoafBRIAY r"’??ﬁyé%gyuag

pot assi um hytﬂ»ééb)ﬂsd@he Ebtﬁbﬂﬂéﬁdé@&eaﬁon&ﬁ%a arbinatié iaiexy @

bi carbonate, |ithium bi carbonate, sodi um carbonat e, Pot assium car bonat e,

i t hi um car benddiarybeatbomate wall @r@gremtésr&rceﬁntap ylrelck lwgbrm@le@ﬂax-e
i um 15 DER RS b0 BE B e be RO ERRR 2GR T WY At um
benzoat e, alkali metal compound or alkaline-earth metal compound is used in the above-

10 described amounts, polycarbonate can be manufactured at a high level éf
polymerization activity and the basicity shown by these compounds can be
sufficiently neutralized or weakened by adding acidic compounds in amounts
that will not adversely effect the resulting polycarbonate.

Boric acid compounds can also be used with nitrogen-containing basic

15 compounds as the catalyst in the present invention. Examples of boric acid
compounds include boric acid and boric acid esters.

Boric acid esters that can be used are described by, for example, the
following general formula

B(OR)»(OH)3-»

20 where R is an alkyl such as methyl or ethyl or an aryl such as phenyl, and n is
the integer 1, 2, or 3.

Examples of boric acid esters include trimethyl borate, triethyl borate
tributyl borate, trihexyl borate, triheptyl borate, triphenyl borate, tritolyl borate,
and trinaphthyl borate.

25 These borate compounds can usually be used in amounts of 1 x 108to 1
x 107 mole, preferably 1 x 107 to 1 x 102 mole, more preferably 1 x 106 to 1 x
10+ mole, per mole of aromatic dihydroxy compound.



l'ithium benzoate, disodi um hydrogen phosphate, dipotassium hydrogen

* phosphate, dilithium hydrogen phosphate, the di sodium dipotassium or
dilithiurn salts of bisphenol A and the sodium potassium or |ithium
salts of phenols. 20 Speci fic exanpl es of al kaline-earth netal
conpounds i nclude cal ci um hydroxi de, barium hydroxi de, nmagnesi um hydr oxi de,
stronti um hydr oxi de, cal ci um bi carbonate, bgri um bi carbonate, nagnesi um

bi carbonate, strontium bi carbonate, cal ciuiCarbonate, barium carbonat.e,

magnesi um car bonat g, stroptium carhonate, .calcium acetate, barium acetate,
magnesi um acet at e, %?@P?&ﬂ??mw& 16 aCid cRrapQRRdS: 1) PEaferred hecause it

Stearale, MOBRHILDAYEILGe Kl SAGIN WRALANALR mARATE FBPRUR] |0

conbi nati ons of two of nore. -22- Such a conmpoun

al kal i ne- ear t heataging todrepoamfadtuceah usual |y be used in anounts of 1 x [err]
to 1 x [err] nole, preferab 1.x Ler%%g 2 X [err]. nple, per nole of the
above- descri bed ar 6ifaPP Cﬂ?‘i&éﬁ?g‘?& @5 Bveemmpgw%sél@féreaymundn

al kal i netlglq(?]rp(g hAE~EAT 0, u s catal yst

t oget her vaath t he gﬁ?r%ﬁ%%@%?t‘%?ﬁfﬁg %gggc)&%%)sr?gg%r?g %}egga%ggely gean Be

pol ycondensat tanducesttnder cofiditions esronamtionalti Geedrfox sudaensiond, and di aryl

carbonate will progress at sufficient speed and yield high-nolecul ar-
wei ght pol ycar bonatResifically, 1 ghe figstestep fof be reactionatthe rematic idibydriekgn an

Sl o SO B A Al DB sl T 1
level of pol ytemiperatuire of B0t o\2S0ICAPLbidaBlyDEON & 230°C) Gwie tefehfi@ 190 ROUNS
can be 10 190°C, for 0 to 5 h, preferably 0 to 4 h, more preferably 0 to 3 h. Next, the
pressure of the system is lowered as the tem?erature is raised, and the reaction
is continued. Finally, the polycondensation reaction of the aromatic dihydroxy
compound and diaryl carbonate is completed at a reduced pressure of no more
than 5 mm Hg, preferably no more than 1 mm Hg, and temperature of 240 to
15 320°C.
This polycondensation reaction may be conducted as a continuous or
batchwise process, using a tank-, tubular-, or column-type reactor.
Polycarbonate with an intrinsic viscosity of usually 0.10 to 1.0 dL/g,
preferably 0.30 to 0.65 dL/g, measured in methylene chloride at 20°C, can be
20  obtained in accordance with manufacturing process [II] for polycarbonate,
described hereinabove.
Furthermore, it is preferable from an environmental standpoint to
manufacture polycarbonate by the method of the present invention because
toxic substances such as phosgene and methylene chloride are not used.
25 II] Process for Recycling the Aromatic H: Compound
In process [II] for manufacturing polycarbonate hereinabove, aromatic
hydroxy by-products that are produced together with polycarbonate, as shown

by the reaction formulas hereinabove, are removed from the reaction system.



su'ffici ently neutralized or weakened by addi ng acidi c conpounds in anmounts

*‘that will not adversely effect the resulting pol ycarbonate. Boric acid

conmpounds can al so be used with nitrogen-containing basic 15 conpounds as
the catalyst in the present invention. Exanples of boric acid conpounds
i ncl ude boric acid and boric acid esters. Boric acid esters that can be
used are described by, for exanple, the faqllow ng general fornula [err] 20
where R is an al kyl such as nethyl or. et h'?fl‘ or an aryl such as phenyl, and

nis the integer [1,.2, or 3..Exanpleg of.boric acid esters include.
trimethyl borate, Tt F“Fe?ﬁeﬁ‘%bﬁ?’ﬁf‘gg“'t ﬁ"ebmtgﬂgeﬁgpgfag,\mg rﬁ?aﬁ’éxﬁﬂmB%‘F'?ffé‘?
triheptyl bogephfated kh@hembhved @odh Shesk farbdhtié hipar nipthnds IHaRSB!

borate. 25 These borate conpounds can usually be used in anounts of
1 x [err] t oarerecycledrtp protess [Ipforfreusebly 1 x [err] to 1 x [err] nole, nore

Compound. 25 ChveaRaaloreiogs SR e} 1L SRl OB PTIREBT o r ecl
e L A g e A
reaction betSpreificallpeor cexdiniipley argmatiopbydrdxy compuddsr yhd c aittogenat e
Condi t | ons CERIEIAIIcpTROSEMp o B Sparelad By HELLISg BEPFOGIEFFoVes { ne
first step OfollfhereaGbt B0 prddass AT HOR rhdnth@UARE Pblycarbonate. Or the by-

product may be distilled after adding acid to it. Another alternative is to

10 remove the nitrogen-containing basic compound by adsorption, using a solid

acid such as ion-exchange resin or activated clay. Still another alternative is to

use a combination of distillation and adsorption. The preferred method is

distillation with acid addition and adsorption.

It is preferred that the refined aromatic hydroxy compound contain no

15  more than 104 mole per mole, preferably no more than 105 mole per mole, of
nitrogen-containing basic compound.

In the present invention, after the nitrogen-containing basic compound is
removed from the aromatic hydroxy by-product produced in the polycarbonate
manufacturing process, the aromatic hydroxy compounds are recycled to the

20  diaryl carbonate manufacturing process for reuse, as described hereinabove.
When diaryl carbonate is manufactured using aromatic hydroxy compounds
from which the nitrogen-containing basic compounds have been removed in
this way, the production rate of (selectivity for) alkyl aromatic ethers such as
anisole can be kept very low. Accordingly, aromatic hydroxy compounds

25 produced as by-product in the polycarbonate manufacturing process can be
used effectively to manufacture diaryl carbonate, thereby improving the
productivity of the polycarbonate manufacturing operation.



conpound and diaryl carbonate are reacted at ordinary pressure and a
“tenperature of 80 to [err], preferably 100 to [err], nore preferably 120 to
10 [err], for O to 5 h, preferably O to 4 h, nore preferably 0 to 3 h.
Next, the pressure of the systemis |lowered as the tenperature is raised,
and the reaction is continued. Finally, the polycondensation reaction of
the aromati c di hydroxy conmpound and di aryl_zg_ar bonate is conpleted at a
reduced pressure of no nore than 5 nmHg, preferably no nore than 1 nm Hg,
and tenperature o rrd...This pol ycondensation re | on, may be
conducted as a coﬁ?%ﬁ%%éga%?"%t{ac?‘g[\d\]ﬁ? 9 %@‘& COnEy ‘Qelxﬁ??ﬁo?%iumear#, or
col um-t ype g&mholé.ofﬁﬁ{ﬁs -beritainéng\bhdic 26m hhaﬂﬁitﬁe\té&ﬁ@ﬁiﬁrﬁh%amﬁpm ly
0.10 to 1.0 dL/g, preferably 0.30 to 0.65 dL/g, neasured in nethylehe

chl oride at [Céquﬂﬁe%laﬁreb%es e selegiivity fevialkyl aromatiggthess.wi t h manuf act uri ng

process [IIl] for I r bonat escribed . herej naboyve, .Furt her por jt is
preferable from aﬁgé‘ﬁé%F%%ﬂéﬁ\%sf‘ggrf’éhfp%ﬁeﬁ?ﬁ%%?ﬂ#ﬁﬁmﬁ %boﬁgd}.éﬁ?e%at e by
the methog ofprbl@sdd (A6 I} cONERIMRE ROSGHAGRbORLE & RARHhSNFRE Such as
phosgene and net hyl ene chlori de aré€ not used. 25 [111] Process

for Recycling the Whempolysathomatexis manpfaghted rinpaccorstasce mith the present

manuf acturin ol ycar bonat e, hergei nabpove, aronati c hydrox - prqoduct s that
are producedq{‘g %ras\Aﬂfﬁ%&ygﬁF%ﬁﬂYé&gﬁy sﬁ?fjm“%ﬂ? Fﬁi‘“%&@?&o Por mul as
her ei nabove, éb&aﬁ@ffgrg?@x cOMpbliRdS %ﬁ&?dliﬁ&g?%ﬁﬂﬂﬂate cari $8-udell gshgd;ggvesent

I nvention, the nitrogen-contalning basic conmpound is separated and renoved
from t hese amoatetiak thyoamugcturapolycdbonaferrand: hrpmatic hydroxy compounds

10 produced as by-products of the polycarbonate manufacturing process can be

refined and reused as raw materials in the diaryl carbonate manufacturing
process without diminishing the selectivity for diaryl carbonate. The present
invention therefore enables polycarbonate to be manufactured with good
productivity.
. 15 Examples
'I‘he-present invention is described concretely hereinbelow by means of
examples, but the invention is not limited by these examples.
Example 1
220.8 grams of reagent-grade phenol and 257.7 g of dimethyl carbonate were
20 charged to a 1 L autoclave, and the temperature was raised to 220°C in a
nitrogen atmosphere. At this point, 406 g of a phenolic solution containing a
31% concentration of titanium tetraphenoxide was heated to 160°C and added.
The reaction was conducted for 4 h, while maintaining the temperature at
220°C.
25 The yields of phenyl methyl carbonate and anisole, based on phenol
content, were 4.9% and 0.16%, respectively.
Example 2



are recycled to process [I] for reuse. Conventional nethods can be used to

- "separate and renove nitrogen- 5 cont ai ni ng basi c conpounds from aromatic

di hydroxy conpounds. Specifically, for exanple, aronmatic hydroxy conpounds

and nitrogen- containing basic conpounds can be separated by distilling

by- product renoved fromthe reactor in process [II] for manufacturing

pol ycarbonate. O the by- product may be gg tilled after adding acid to it.
.Another alternative is to 10 renove the nitrogen-containing basic conpound

by adsor ption, usj ' ' h L Qn- Leshn, or. activated
clay. Still anot hgﬁ&éﬁféﬁ%rg{\ggiggﬁ?g &@i‘*&&‘éBgﬁﬁg‘%ge??gﬁ“%?ﬁ‘é{HWFMﬁ on and
adsor ption. Tbed pihdee corditions idshtical (6 Sidsk liAtEampié 1) the iyttiadef bhegyiand
adsorption. It is preferred that the refined aromatic hydroxy conpound
contai n no 1%nethyhgarbanaimandanisolgmese thersame as in Fxamplesbi y no nore t han
[err] nole p%re( rmke3 of nitrogen-containing basic conmpound. In the present
I nvention, a gPPi%e ni trogen-contai ning basic conpound is renoved fromthe

aromatic fydroxy PHemslQEH&INIREGBYSAA (5 N 10N hdl® p¥CHORY bR tethPRARIAE sl NI
process, the aromatic hydroxy conpounds are recycled to the 20 diaryl

car bonat e namsédemder nongitione iderttisal tethnse indExasple ilp e ields ofipbenyl When
di aryl carbonatg js yanufactur.ed using aronati.c dr conpounds from
whi ch the ni f‘?ﬁ‘db%&f?&%?ﬂag%?ﬂ% gpvcer%g}moaglﬂg%mggeexlx renoved in this

way, the proqg,kgltnigmqrate of (selectivity for) alkyl aromatic ethers such as
ani sol e can be kept very low. Accordingly, aromatic hydroxy conpounds 25

produced as byPheradlwontaining 1320 ppiny (a1f Boh male pennicle)t ofr fritgethylandss waan be
used effectively to manufacgture, di aryl., carbonat.e, .1 here I npr ov| t he
oducti T8ty ied ot 8 iR etanE es capdiiRe [drrbr T dhoserin drample £ Thére

was no change in the yield of phenyl methyl carbonate, but the amount of

anisole produced increased to 0.8%.
Example 5
p-Toluenesulfonic acid was added to 1 L of phenol containing

15  trimethylamine, identical to that used in Example 2, so that there were twice as
many moles of the acid as trimethylamine, and distillation was conducted at
ordinary pressure. The first 100 mL of distillate was discarded, and then 800
mL of distillate was collected. The trimethylamine concentration in this"
distilled phenol did not exceed 10 ppm.

20 A reaction was conducted under conditions identical to those in Example 1,
using this phenol as a raw material. The results were identical to those in
Example 1, with a phenyl methyl carbonate yield of 49% and anisole yield of
0.15%.

Example 6

25 One liter of phenol containing trimethylamine, identical to that used in
Example 2, was distilled at ordinary pressure. The first 300 mL of distillate was
discarded, and then 500 mL of distillate was collected (trimethylamine

concentration: 15 ppm).



-25- The use of aromatic hydroxy conpound containing in excess of [err]
"nol e per nole of nitrogen-containing basic conmpound in the reaction with

di al kyl carbonate increases the selectivity for alkyl aromatic ethers. In
the present invention, it is preferred to conduct the above-described 5
processes [I] to [Il1] continuously as polycarbonate is manufactured. Wen
pol ycarbonate is manufactured in accordancge,wi th the present invention, as
descri bed herei nabove, diaryl carbonate marfdf actured from aromati c hydroxy
conpounds and di al ky rbonate can be used as ag.raw naterial t .

manuf act ure pol yca#b%eﬁgﬁ YRy c&f‘gﬁﬁt{eﬁc“ﬁ 5?6?985’8??{30 tica] yto ﬂ'ﬁ%‘@ué’éd as
by- product s ofxdrilePp usEy e Bhénolab 4l Gt Hakdhl PITREGESulEWeREdeRELNES and
reused as raw materials in the diaryl carbonate manufacturing process

wi t hout di mi nthese imyExamapledl, avith aiphenybmethiyd cgabonatebyiekd of 4.9% andr adssie

i nvention ther.egjor%( bl es pol ycarbonate to be manufactured with good
producti vi ty.ylf 0 '%I es The present invention is described concretely
her ei nbel gw bﬁxﬁﬁﬂ%ﬂib exanpl es, but the invention is not limted by these
exanpl es. Exanpl e 1 220.8 grans of reagent-grade phenol and 257.7 g of

di met hyl car bonat eActivaéed@ay ohvrgexthangardsinl wasaddedive ] Laofothe Bemieagper at ur e

was raised to Jerr].in a.nitroge t npsphere, At this_.point, 40.6 g of a
phenol i ¢ sol u?ti[ B{\erloéﬁf’ﬁfar'ﬁuﬁé @%ﬁ@%‘r‘ﬁ% f‘??ﬁa%‘l’iec #4 a#ﬁrﬁ‘%"é‘t"i“a}ﬁ%noxi de
was heat ed t OgHrRdd in PR%rcdA S ;ihﬁ, S6t uFCLE ile
mai ntai ni ng the tenperature ato[erf ) ZSC%M\@lé The vyi gﬁ%hggtoﬁegWrmt hyl
car bonat e andpharicdoPsor trethedreatmpip thad activated clay was calcined at 50°C, and the

10  ion-exchange resin was washed in reagent-grade phenol.

Table 1 shows the solid acid used in the treatment and the reaction results.



content, were 4.9% and 0.16% respectively. Exanple 2 -26- Phenol

* containing 32 ppm (5 [err] nole per nole) of trinethylan ne was used under
conditions identical to those in Exanple 1; the yields of phenyl nethyl
carbonate and anisole were the sane as in Exanple 1. Exanple 3 5

Phenol containing 55 ppm (5 [err] nole per nole) of triethylamne was used
under conditions identical to those in Exagple 1; the yields of phenyl

met hyl carbonate and ani sole were the samg“as in Exanple 1. Exanpl e 4
Phenol containing 320 ppm (5 [err] rml.gtﬁ L nol e) of trimethylam ne was 10
used as a raw material under conditio %entical to those in Exanple 1.

Ther e was no—ehafge—ri—the—y+etaof “L‘reﬂw—n%-t—h-
of ani sol e produced increased to OABMunExaﬁxpim b p- Tol uenesul foni ¢ adj d was
added to 1 L ng t hyl &m ne, identical to that
used in Exaan?La"g‘ng tﬁ&f‘l?‘ﬁ@r \Aétdélefiwge \El‘ mmﬁfq&a@ﬁoﬁmeam as
trimethylamin and distillation s(g dt@hﬁg ht ordi nary pressure. [The
first 100 nL of di stijl | ate was di|scafded t h%» 800 nlL of distillate was
coll ected. The trinmeghyl am ne coAcent ratjon in this distilled phenol {(did
not exceed 10 ppm 2 A reactijon was fonduct bd under condi ti ons
identical tg those im Exanple 1, lusing tpi S phepol—as—a—+raw material | The
results were identi c%FI to those in Phenyl methyl| Anisole
Carbonate -
7 Japanese 20 £10 4.9 0.16
activated clay
SA-254
8 Organo 25 £10 4.9 0.16
Amberlyst 16
9 Amberlyst 31 25 £10 4.9 0.16
10 Amberlyst 25 £10 49 0.15
252H
Examp1e511-13

5

Reactions were conducted under conditions identical to those in Example 1,

using various catalysts and phenol containing 10 ppm (1.5 105 mole per

mole) of trimethylamine.



Ex’arrple 1, with a phe

nyl methyl carbonate yield of 4.9% and anisole yield
- 'of 0.15% Exanple 6 25 One liter of phenol containing trinethylam ne,
identical to that used in Exanple 2, was distilled at ordinary pressure.

The first 300 nL of distillate was di scarded, and then 500 nL of distillate

was collected (trinethylam ne concentration: 15 ppn). -27- A reaction
was conducted under conditions identical tg those in Exanple 1, using this
phenol as a raw material. The results weré1dentical to those in Exanple 1,

wi th a phenyl nethyl

Exanpl es 7-10 Activated clay or

carbonate yield

on- extabite

% and ani sole yield of 0.16% 5
e resin was added to 1 L of the

sane type of phenol certairi-rg—tHrethylam-re—used—ir—Exarple 2. The
m xture was stirred inEzampler o@amlpstrﬂokeﬁwismf&eattmnﬁléldr %I) hours and
filtered hot to treat|the phehol. Pri e activated
clay was calcined at [err], apnd the 1D ﬁxch Ng&rl; %ﬁ s washed in
reagent - gr ade phenol .| Tabl e 1f shows the so used 1 n the treatnment
and the reaction resujts. -28- Tab| e inethyl
Carbonate

11 SnO 5.0 0.15

12 PbO 4.9 0.16

13 BuzSn 5.0 017

0.5 mol% of catalyst, based on amount of phenol fed.
Example 14
5 [I] Diphenyl Carbonate Manufacturing Process
0.94 kilomole per hour of phenol that had been through process [II] for
manufacturing polycarbonate and process [III] for recycling phenol and 0.01
kilomole per hour of titanium tetraphenoxide were fed to the twentieth stage
of a first continuous reaction-type distillation apparatus equipped with a 40-
10  stage distilling column consisting of a combination of a tray-type section with
20 theoretical plates and a packed section with 20 theoretical plates.
Meanwhile, 3.3 kilomoles per hour of dimethyl carbonate was fed to the
bottom of the column of the first continuous reaction-type distilling
apparatus, as a continuous reaction was conducted ata temperature of 206°C
15  and residence time in the bottom of the column of 30 min.
- While distilling off the low-boiling-point component containing
methanol from the top of the column, the high-boiling-point component

containing catalyst components and phenyl methyl carbonate were

continuously removed from the bottom of the column, and fed to the



Amount Ami ne Exanpl e Solid Acid Added Content Results of Reaction

(Yield: (9) (ppm Phenyl nethyl Anisole Carbonate 7 Japanese

20 10 4.9 0.16 activated clay SA-254 8 Organo
25 10 4.9 0.16 Anberlyst 16 9 Anber | yst 31 25
10 4.9 0.16 10 Anmber | yst 25 10 4.9

0.15 252H Exanpl es 11-13 Reactions were cgétguct ed under conditions
identical to those in Exanple 1, 5 usi ng” various catal ysts and phenol

e e S
met hyl Car boeghippkd with| #pakked distillin® .cBlumn with 200thkretical plates. The
reaction was conducted continuously at a temperature of 200°C at the base of
the column for a residence time of 1.5 h. While distilling off the low-boiling-
5  point component containing dimethyl carbonate from the top of the column,
the high-boiling-point component containing catalyst components and
diphenyl carbonate were continuously removed from the bottom of the
column and fed to the twentieth stage of a third packed distilling column with
25 theoretical plates. Diphenyl carbonate and catalyst were continuously
10 fractionated at a temperature of 179°C and pressure of 15 torr at the column
top and reflux ratio of 0.8. The refined diphenyl carbonate was continuously
fed to the subsequent polycarbonate manufacturing process at a rate of 0.16
kilomole per hour.
[II] Polycarbonate Manufacturing Process
- 15 Bisphenol A {(made by GE Plastics Japan, Ltd.), shown to have no more
than 1 ppb of alkali metals and alkaline-earth metals by elemental analysis,
was used as received as a raw material.
Diphenyl carbonate manufactured in the diphenyl carbonate
manufacturing process and confirmed to contain no more than 1 ppb of alkali
20  metals and alkaline earth metals was used as a raw material.
A 20 percent tetramethylammonium hydroxide aqueous solution
(made by Toyo Gosei Co.), verified to have no more than 1 ppb of alkali
metals and alkaline-earth metals, was also ﬁsed as a raw material.
0.44 kilomole of bisphenol A (made by G.E. Plastics Japan, Ltd.) and
25  0.449 kilomole of diphenyl carbonate manufactured in the diphenyl carbonate
manufacturing process were charged to a first 250 L tank and melted at 140°C.
Meanwhile, 0.16 kilomole per hour of bisphenol A and 0.163 kilomole per
hour of diphenyl carbonate were fed to the tank to maintain the original



i2 PbO 4.9 0.16 13 [err] 5.0 0.17

" 0.5 nol % of catal yst, based on anount of phenol fed. Exanple 14 5 [1]

D phenyl Carbonate Manufacturing Process 0.94 kil onol e per hour of phenol
that had been through process [I1] for manufacturing pol ycarbonate and
process [II11] for recycling phenol and 0.01 kil onole per hour of titanium
tetraphenoxi de were fed to the twentieth sj;age of a first continuous
reaction-type distillation appar atus equi pped with a 40- 10 stage

distilling c C L gn esectlonvvlth
20 theoretlcg %P%%Q{S&Sﬁg%%}ka sack "‘2"&“@%2 g& Ws?%orﬁgs(i%gé’ﬁgﬁ 2k atd s
Meanwhi | e, 3080.k6 kilomioks é&&todipwseaforahwsimen@ml@aﬁ&he TRS rhfurkhe
bot t om of the col um of the first continuous reaction-type distilling

appar at us, asf thesbimeadfapl yvasapaintainedat18Rduct ed at a tenperature of [err]
15 and residence,t | bottom f th 0 f 30 mn il
distilling off thésl ggﬁl%s& P‘iBgdnB i R %%Sﬁsﬁifarﬂe mﬁ 181Erom t he
top of the Ceislmmuhaoté E@r l?x%lb'dfgb@ﬂhéi{olcﬁﬁﬁﬁamg%&engo B9 heat Yryst

Vv

conponent s and phenyl car bonat'e were ‘conti nuousl ed fromthe
bot t om of theocbunuhyidrcame ¥ 10 mile per mele ofbigphenal Aﬁfwaresadrtani:i As

continuous reacti e dis ation t us equi.pped th packed
distilling i %W%?‘/{Q%Wﬁ@ ‘h‘@t‘?&hﬁ“ﬁﬁ@%& s“i%&%"éggaﬂ%ﬁ Rabfatict ed
conti nuouslymtﬁe;@,mgghﬁ{eewg{dd[&rgdmﬁq t he base of the colum for a
residence time of 1.5 h. Wile distilling off the |ow boiling-

Next, 0 16 kilomole per hour of this reaction solution, based on the

10  bisphenol A, was sent to a subsequent 50 L stirred tank with a temperature of
210°C and pressure of 200 mm Hg. The component levels were adjusted so
that the residence time was 30 min, and the reaction solution was stirred.
Phenol, which was produced continuously, was distilled off from the
distilling column, as bisphenol A, diphenyl carbonate, and polycarbonate

15 oligomers were returned to the reaction system.

Next, this reaction solution was sent, at a rate of 0.16 kilomole of
bisphenol A per hour, to a third 50 L stirred tank with a temperature of 240°C
and pressure of 15 mm Hg. The levels were adjusted to achieve a residence
time of 30 min, and phenol was distilled off, as the solution was stirred in the

20 manner described hereinabove. The intrinsic viscosity {h] of the reaction
product obtained when the reaction achieved a steady state was 0.15dL/g.

Next, the pressure of this reaction product was elevated with a gear
pump, the product was sent to a centrifugal thin-film evaporator at a rate of
0.16 kilomole per hour of bisphenol A, and the reaction was continued. The

25  thin-film evaporator was maintained at a temperature and pressure of 270°C
and 2 mm Hg, respectively. Using a gear pump, the reaction product was
sent at a rate of 0.16 kilomole per hour of bisphenol A (approximately 40
kg/h) from the bottom of the evaporator to a twin-screw horizontal



5 point conponent containing dinmethyl carbonate fromthe top of the

col um, the high-boiling-point conponent containing catal yst conponents and
di phenyl carbonate were continuously renoved fromthe bottom of the colum
and fed to the twentieth stage of a third packed distilling colum with 25
t heoretical plates. Di phenyl carbonate and catal yst were continuously 10
fractionated at a tenperature of [err] and? oressure of 15 torr at the
colum top and reflux ratio of 0.8. The refined di phenyl carbonate was

continuously f e su ent pol.ycaybonat e nmanufact uri n ocess at a
rate of O. 16??%?&%{8 él% t?“‘g #’ISF“I'Z% ]éeaqed-gﬁgggo UIL BMYcess 15
Bi sphenol A @ieeseal kip. fsﬂtL)Cﬁlaxlﬂﬂﬁ@d a|l:t290°)8 afd O irR H@\«@h&@ it than 1
ppb of alkali netals an al kal'i ne-earth netals by el enental analysis, was

used as receippbunerized rfaw aralleé!dﬁate tinphehy30 ®inbhonAs epelrarbapater ecsi n t he
di phenyl carbona facturin nd. _confirned .t nt nor e
than 1 ppb ofmémt{%ﬁt}“ COBRIRUQUSTY eaeﬁg}oﬁl c@gﬁ% gfsgm\%ﬁs fEs‘@dt S araw
material.s A 2BopeHeRibel SinbARB N 2D Posrt) NS HRHER ABESAYS[19Pditingn (made
by Toyo CGosei Co.), verified to have n?ormre tﬁan 1 ppb of a‘ﬁgldlf ﬂrlrlgtals
and al kal i nepebnntrwesaﬂgdLWgs al so used as a raw material . 0 44 ki | ool e

8; 3: Eﬁgﬁgfjl car bo ?e%@ﬁugﬁ"@;lﬂ efl fﬁh%] cﬂ’Bht % %'g(rjtt])‘g%a yﬁ%f F‘lﬁ%t?gtr): ﬁg
95523, Vo SURIRSMELE ol s S 0 Rk s g o
di phenyl car bsenttotbe subsequent tehyclingrrotessmai nt ai n the ori gi nal
10 ~ This phenol contained 78 ppm of trimethylamine (1.25 x 104 mole per
mole of phenol), a decomposition product of tetramethylammonium
hydroxide.
{IIf] Phenol Recycling Process
p-Toluenesulfonic acid was added to the phenol that was continuously
15 produced in the polycarbonate manufacturing process so that there were
twice as many moles of the acid as trimethylamine in the phenol, and the
phenol was continuously stirred in a static mixer and sent to a simple
distillation column, where it was continuously distilled at ordinary pressure.
There was no more than 5 ppm of trimethylamine in the distilled phenol (no
20 more than 8 * 166 mole per mole of phenol).
All of this phenol was continuously sent to the diphenyl carbonate
manufacturing process, hereinabove.
The selectivity for anisole in process [I] after 24 h of continuous
operation was 0.5%, based on the phenol recovered.
25  Comparative Example 1
An operation identical to that in Example 14 was conducted, except
that p-toluenesulfonic acid was not added in the phenol recycling process [III].



-31- levels, as the resultant solution was sent to a second 50 L stirred
tank at a rate of 0.16 kil onole per hour, based on the bi sphenol A content.
The tenperature of the stirred tank was maintained at [err]. As catalyst,
0.04 nol e per hour of tetranethyl anmoni um hydroxide 5 (2.5 x [err] nole
per nol e of bisphenol A) and 0.00016 nol e per hour of sodium hydroxide (1 X
[err] nole per nole of bisphenol A were adgged. As the m xture was stirred,
t he conponent |evels were nmaintained in such a way that the residence tine

woul d be 30 mn. renfliadi 8: Kl | e per_hour hig,reaction solution,
based on the 10 m % ﬁgﬁegﬂl@ﬁ f\?\gggfgﬁt 0y Broﬁe?uﬁi éffﬁ'e 2‘% hegrs °g FPRYRIPUSa Nk
with a tenper aipefatiodl whe.1%, Basddureee PHensl reé@ferd) HJ. The conponent |evels

were adjusted so that the residence tinme was 30 mn, and the reaction

sol uti on was Srieflescripionsif theRrawingss pr oduced conti nuously, was
distilled off fro h istilling cQlu bi,sphenol. A, .di phenyl
carbonate, and po@@§8$é§ & Iﬁ?cgsgl ﬁa‘a’@}”s’?&% é@é‘?‘t}?ﬁ%ﬁiﬂ?&&fﬁé&@ﬁﬁ on
system Nesxt, rarbciatd bPtheSAVdHtoD Was sent, at a rate of 0.16 kil onole
of bi sphenol per hour, to a third 50 L stirred tank with a tenperature of
[err] and pressure of 15 mm Hg. The levels were adjusted to achieve a
residence tinme of 30 mn, and phenol was distilled off, as the solution was
stirred in the 20 manner descri bed herei nabove. The intrinsic viscosity
[h] of the reaction product obtained when the reaction achi eved a steady
state was 0.15 dL/g. Next, the pressure of this reaction product was

el evated with a gear punp, the product was sent to a centrifugal thin-film
evaporator at a rate of 0.16 kil onole per hour of bisphenol A and the
reaction was continued. The 25 thin-filmevaporator was nmai ntained at a
tenperature and pressure of [err] and 2 nmm Hg, respectively. Using a gear
punp, the reaction product was




.sent at a rate of 0.16 kil ool e per hour of bisphenol A (approximtely 40
kg/ h) fromthe bottom of the evaporator to a tw n-screw horizontal - 32-
pol ymeri zation tank (L/ D 3, stirring elenent rotational diameter = 220

mm internal capacity = 80 L) nmaintained at [err] and ere it
was polymerized for a residence time of 30 mn. As pomuﬂfmm&wg%m‘l
manuf act ured conti nuously, the phenol produced was distil¢te W e 5
above-described manner. At this point, thé4rntrinsic viscosity [IV] of the
pol ymer was 0.49 dL/g. The total anount of phenol produced in this

pol ycar bonat Weddainf:act uri ng process was approxi mately 0.32 kil onol e per
hour, and it was all sept to the subsequent recycling process. 10

Thi s phenol cont aﬁnédnefgo‘B%?ﬁ’B Bi %‘H’ﬁ'f%‘%ﬂ x [err] nole per nole
of phenol ), a dec@iPRALhOidik dea?ﬁox{afteaﬁaraanarowuamgmb ophand 4 [111]
Phenol Recycling %?nc:cess % 'll'olf}enesul fonic acid was dde’gﬂ:o ?Re phenol
that was conthierpresenky ofi&catplysihoanake adialng carionate drshirovisgaitaludlietiyag

T A T T R T T T
SLatlc e 31 B LSl A RSO gt
of trimethyl atheepreserichefdi cdtalybtecbrpdiaing at( leastathe nitfogenicbntairing basier] nol e
gier hm)l |e of Efg}qug@ld aﬁldI re?onvtingi grormaegcoluyc\ﬁ%iyCc%%}lo%%%ug}l'-){)rgcﬁwt f;['o?ntt?lg
phenyl car
reaction system, and
10 (c) separating and removing the nitrogen-containing basic compound
from the aromatic hydroxy compound by-product and recycling the resultant
aromatic hydroxy compound to process step (a).
2. The method of Claim 1 wherein the amount of nitrogen-containing
basic compound in the aromatic hydroxy compound recycled to process step (a)
does not exceed 10~ mole per mole.
3. The method of Claim 1, wherein the dialkyl carbonate is dimethyl
carbonate or diethyl carbonate.
4. The method of Claim 1, wherein the aromatic hydroxy compound is
phenol, m-cresol, or pcresol.
5. The method of Claim 3 wherein the dialkyl carbonate is dimethyl
carbonate.
6. The method of Claim 4 wherein the aromatic hydroxy compound is
phenol.
7. The method of Claim 6 wherein the dialkyl carbonate is dimethyl
carbonate.

8. The method of Claim 1 wherein the dialkyl carbonate and the

aromatic hydroxy compound are reacted in a reactive distillation column



.manuf act ur i ng process, hereinabove. The selectivity for anisole in process
[I] after 24 h of continuous operation was 0.5% based on the phenol

recovered. 25 Conparative Exanple 1 An operation i m
Exanpl e 14 was conducted, except that p-tol uenesulfommumﬂuﬂmuﬂ Iladded
in the phenol recycling process [II1]. -33- The selectivity fdr &nisole
in process [I] after 24 hours of continuous operation was 2.1% based on

t he phenol recovered. Brief Description of35%the Drawings Figure 1 is a
process flow chart for the manufacturing nmethod for 5 pol ycar bonat e of

t he i nventi owhich sepadates\iow bailing prodaictsefrondhighr baitikg pyodadty esisbamas e
conprising ( reacti i al kyl carbonate and an aromati ¢ hydroxy conpound
in the presefitt& 35f P {yst to make a diaryl carbonate and renoving

2l cohol e by- 5 9 edidCineiich U kith X GHRARA he bR UCkorliig Bisie c2ct i on
system (b) reacting the diaryl carbonate and an ardomatic di oxy
conpound in tdmpmmimadﬂydecempasalqﬁughtﬁmmmturgs at | east one

[}'yt raduct i AN A mémod B 8 wherei e Mhra g naontSining tomposna P01

is a tertiary amine with 24 to 50 carbon atoms or a tetraalkylamonium

hydroxide.
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< eaction system and 10 (c) separating and renoving the

" ni trogen-containing basi ¢ conpound fromthe aromatic hydroxy conpound

by- product and recycling the resultant aronmatic hydroxy conpound to process
step (a). 2. The nethod of Caim1l mh_g{ in the anount of

ni t rogen-cont ai ni ng basi ¢ conpound in e aromati ¢ hydroxy conpound
recycled to process step (a) does not exceed [err] nple per nole. 3. The
met hod of O ai MANUGACTURENG HMETHOD KEOR cROINCARBONATEI net hyl car bonate or

di et hyl carbonate. 4. The nethod of Og’g’ghl wherein the aromatic hydroxy
conpound i s phenol, mcresol, or p-cre .ag The nethod of Cl aim 3 wherein
the di al kyl carbonate is dinethyl carbonate. 6. The nethod of Claim4
wherein the aromatic hydroxy conpound is phenol. 7. The nmethod of Claimé6
wherei n the di al kyA mangfestring methoddon polycarbiooate comprisifig fl] apiroeeds of O ai m

1 wherein the.dj alk arbonate and the aromatic hydrgxy conpound_ are
reacted in a g(glja%‘ﬁ"# C@'ir -cFiFg? Fﬁﬂ’c’@ﬁ < fhem an a_rgglatéﬁ}ygﬁ eiPIrpewRd angy
boi | ing produghardmeti A &ﬂbx?Qbh{r?&nﬂf AU OcEs f§Pﬁﬁnﬁ§ach'ﬁ‘i‘rY%ar e produced.

9. The nethod of Caim?2 whéerein the nitrogen - contal ning basic conpound
readi | y deconpolyssrbenate byhsalutipr patymerization of the diaryl carbonate obtained in

5  [II] and an aromatic dihydroxy compound in the presence of a catalyst

comprising a nitrogen-containing basic compound, and [III] a process for
separating and removing the nitrogen-containing compound from the
aromatic hydroxy by-products in [II} and returning the resultant aromatic
hydroxy compounds to process [I] effectively reuses aromatic hydroxy by-

10 products (e.g., phenols) of polycarbonate manufacturing to manufacture
diaryl carbonate, while suppressing the production of alkyl aromatic ethers
and then uses this diaryl carbonate to manufacture polycarbonate with good
productivity.

FIGURE 1



21D. The nmethod of daim9 wherein the ni t rogen-contai ning conpound is a
“tertiary amne with 24 to 50 carbon atons or a tetraal kyl anoni um hydr oxi de.

1/1

FIG. 1

PhOH

———

Process [1ll}

_/

-

PhOH
(N Compounds)

- |

N Compounds

Process {i]

PhOH ) DPC '
" » - Process {ll}
DMC—> T D
BPA

N Compounds

DPC Polycarbonate
T




