' METHOD OF PURI FYI NG DI PHENYL ' CARBONATE- PHENOL ADDUCT
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valuable intermediates for the preparation of polycarbonates by -
reaction in the melt in a transesterification reaction with
dihydroxyaromatic compounds, patrticularly with 2,2-bis(4-
hydroxyphenyl)propane or “bisphenol A®. This method of
polycarbonate preparation is environmentally'ad\_/antageous by
reason of its avoidance of the use of pofiutants and toxic materials
such as methylene chloride and phosgene.

The diaryl carbonates employed in the
transesterification method may be prepared by the reaction of a
hydroxyaromatic compound such as phenol with carbon monoxide
and oxygen in the presence of a catalyst. Typical catalysts are
mixtures of a palladium compound; an inorganic co-catalyst which
may be a cobalt complex; an organic co-catalyst such as a
terpyridine; and a source of chlaride or bromide, preferably bromide,
such as a tetraalkylammonium bromide or hexaalkylguanidinium
bromide. The resulting reaction mixture is typically a mixture of diaryl -
carbonate, hydroxyaromatic compound and catalyst constituents or -
reaction products. it is, of course, necessary to separate the diaryl
carbonate from the other constituents of the mixture.

rd

. A separation method whlch is frequently advantageous
is described in US Patents 5,239,106 and 5,312,955. It includes a
step of forming, at a temperature up to about 50°C and preferably in
the range of about 25-50°C, a solid adduct of hydroxyaromatic



A séparation nethod which is frequently advantageous is described in US
Patents 5,239,106 and 5,312,955. It includes a step of formng, at a
fenperature up to about 50[err]C and preferably in the range of about
25-50[err]C, a solid adduct of hydroxyaromati c.

-2- -conpound and diaryl carbonate, typically having a stoichionmetry
approximating 1:1 nolar. This adduct can f¥2-conveniently separated fromthe
reaction m xture and subsequently thermally cracked, at tenperatures in the
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by- products of ta !ca gonyl ation reaction. . Thus, it is
conventional to id products separated by filtration. The

af orenenti oned US Patent 5,239,106 briefly alludes to the use of "aqueous
phenol ", al.so known as "li tmﬁtumjofpﬂl\emdduaMthﬂlabevei-deisambecbpafchmeol
with a m nor pr oRy The
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sel ectively di ssghisaldnth @36 6MthBaldduct, the mother liquor will be
predominately phenol but will include substantial proportions of
catalyst constituents and other impurities, including by-products of the
carbonylation reaction.

Thus, it is conventional to wash solid products separated
by filtration. The aforementioned US Patent 5,239,106 briefly alludes
to the use of “aqueous phenol", also known as “liquefied phenol”,
which is a mixture of phendl with-a minor proportion of water, for this
purpose.

The choice of an optimum washing liquid for the adduct
is, however, problematic in view of the diverse requirements thereof.
The washing liquid must selectively dissolve and remove mother
liquor and impurities without dissolving a major propottion of the
adduct. Further, it should not add chemicals foreign to the process
which might contaminate the final product, the diaryl carbonate. Thus,
liguefied phenol as described hereinabove is less than ideal by
reason of the introduction of water, which is foreign to the process.'

-

. Summary of the Invention

The present invention affords a high purity adduct of
dihydroxyaromatic compound and d_iaryl carbonate. This adduct is
prepared by a method which includes a step of washing the adduct



liquor and inpurities wthout dissolving a major proportion of the adduct.
Further, it should not add chem cals foreign to the process which m ght
contam nate the final product, the diaryl carbonate. Thus, |iquefied phenol
as descri bed hereinabove is less than ideal by reason of the introduction
of water, which is foreign to the process. Summary of the Invention’

The present invention affords a high purit¢g-adduct of di hydroxyaromatic
conpound and di aryl carbonate. This adduct is prepared by a nethod which

includes a step gfystals Within hisperffittemperature range and with a material

-3 - crystals Whéh.l notﬁ zaqem |c.tr§rsg)eratt|11r.e range and with a materi al

havi ng the afore YNIohe BT’%B%’P‘H  properties. The invention is a
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carbonate, said washing composition being liquid at said

temperature.
Detailed Description; Preferred: Embodiments

The present invention may be employed for the _
purification of any crystalline adduct of a hydroxyaromatic compound
and a diaryl carbonate corresponding to said hydroxyaromatic
compound. The preferred adduct is usually of phenol and diphenyl
carbonate, by reason of the relatively low cost and particular
suitability of diphenyl carbonate as an intermediate for polycarbonate
preparation. Thus, frequent reference hereinafter will be made to
these reagents, but it should be understood that other
hydroxyaromatic compounds and the corresponding diaryl
carbonates may be substituted therefor as appropriate. While the
stoichiometry of the adduct is not critical, any crystalline adduct which
is formed being suitable, it is generally found that the adduct obtained
is or approximates 1:1 molar;

For the most part, the adduct is the reaction product of
phenol, carbon monoxide and oxygen and is formed by a reaction
‘which takes place in the presence of a catalyst mixture such as that
described hereinabove. An excess of phenol is ordinarily presént
during said reaction, whereupon dipheny! carbonate can form the
adduct by contact with said excess at a temperature up to about 50°C.
Thus, while the carbonylation reaction may be conducted at higher



conmpound. The preferred adduct is usually of phenol and di phenyl carbonate,
by reason of the relatively |ow cost and particular suitability of di phenyl
«carbonate as an internedi ate for polycarhonate preparation. Thus, frequent
reference hereinafter will be nmade to these reagents, but it should be
under stood that other hydroxyaromatic conpounds and the correspondi ng

di aryl carbonates may be substituted therdf-or as appropriate. Wile the
stoi chionetry of the adduct is not critical, any crystalline adduct which
is formed being temi fes, ithe iatidgetforais! and previpitdtes upbe cedling theobt ai ned i s
or approxi mates 1; &gm For the nost part, the adduct is
the reaction prdﬁﬁﬁﬁ' %Wé?‘rol, carbon nonoxi de and oxygen and is fornmed by
a reaction which takes place in the presence of a catalyst mxture such as
that described her ei naboveSeparation of the adduetfromitae seantioarmigurgriss ent
during said rea_fé(grﬁfaniémréff&%us Hiteation, ©3pBeRARYy Yabdim ftraidr) sviagluct by
contact with said excess at a tenperature up to about 5(?‘[errrl C... Thus, while
the carbonyl at i dieldsdhe addushgs BsalidRrodueticontamingied with mother liquor
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are renmoved by washing the adduct, at a tenperature up to about 35[err]C,
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the order of 41°C, it cannot be used as a washing composition. If it
were, the required washing temperature approaching 45°C would
result in substantial amounts of the adduct being melted and/or
dissolved, with a concomitant loss of diphenyl carbonate.

According ‘to the present invention, therefore, the
washing composition comprises a minor proportion of diphenyl
carbonate. Any phenol-diphenyl carbonate mixture having a melting
point of 35°C or below may be employed. The preferred washing
compositions contain diphenyl carbonate in proportions up to about
10% by weight.

The washing operation may comprise merely contacting
the filtered adduct with the washing composition at a temperature up
to about 35°C. Washing temperatures in the range of about 20-30°C.
are frequentiy preferred by reason of the decreased degree of
dissolution of the adduct in the washing composition at such lower
temperatures.

Following washing, the procedures in the
aforementioned US Patents 5,239,106 and 5,312,955 may be
performed to crack the adduct into its constituents, and the diphenyl
carbonate may be recovered therefrom. Cracking is, as previously



Si nce substantially pure phenol has a nelting point on the order of 41
[[err]C, it cannot be used as a washing conposition. If it were, the
requi red washi ng tenperature approaching 45[err]C would result in
substanti al anmounts of the adduct being nelted. and/ or "di ssolved, with a
concomtant | oss of diphenyl carbonate. According 'to the
present invention, therefore, the washing&enposition conprises a m nor
proportion of diphenyl carbonate. Any phenol -di phenyl carbonate m xture
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| ower tenperatures. Fol | owi ng washi ng, the procedures in the

af orementi oned US Pat ents $haafeth6d ol mis InvorntionTs illtatralsd gz;érpéxmﬁpleo crack
the adduct into its, constjtuents nd. t he di phenyl .cas bo may be
recovered ther efmoW'C&%§Wﬁ€ CDés?a@anLﬂ"eWﬁf@ p§p|t¥ta|neJ at § wasy _
-5 - ment i oned, changiedatitly 262 Beuartsibyp welight tof regsytritketicisbaction anixturenper at ur e
in the range of E}w- . c ' _ ating
results in volatiTi zég{nfqgﬁﬂgg'bteﬁl@%%ﬂ.p&ﬁ@#&ég@%%ﬁ&é%ﬁ%’henyI
carbonate may be50@ppmeotpaladiueas pgl&dlumracetate and 248 ppm of cobalt as

the pentacoordinate complex with

bis[3,3'-(salicylal)aminopropyimethylamine. Upon stirring the mixture

for several hours, the diphenyl carbonate-phenol adduct crystallized.

The mixture was filtered on a Buchner funnel maintained
at 35°C, and a 1.1-part sample of the crystallized adduct which
collected of the filter was removed for analysis. The remaining adduct
was washeéd with 49.1 pa'rt of a liquid mixture of 10% (by weight) .
diphenyl carbonate and 90% phenol. Upon analysis, the various
product streams and components were found to have the
compositions listed in the following table.

Diphenyl  Pd, Co,

Source - - Phenol, % carbonate, %  ppm. ppm.
Original reaction mixture 54.7 39.6 500 248
Adduct mother liquor 70.9 21.8 659 362
Crude adduct (solid) 40.3 59.8 132 84
Adduct washing liquid 76.3 20.3 239 130

Washed adduct (solid) 38.7 61.8 <10 16

P

The results in the table demonstrate that the highest
propottion of diphenyl carbonate was found in the washed adduct. It
is also apparent that even in crude form, the adduct contains relatively



pol ycar bonate formati on. The nmethod of this invention is’
illustrated by an exanple in which a stirred crystallization vessel

mai ntai ned at 35[err]C was charged with 262.9 parts by weight of a
synthetic reaction m xture. consisting of 54.7% (by wei ght) phenol, 39.6%
di phenyl carbonate, 500 ppm of pall adium as pall adi um acetate and 248 ppm
of cobalt as the pentacoordi nate conpl ex wth

bi s[ 3, 3' -(salicyl al )am nopropyl ] nmet hyl am ne. Upon stirring the m xture for

? ﬁver al hours, t law girppentiohs of patiadiuen ahdfmbaadﬁb'\ﬁévérf gﬁésﬂ Bl'o?ﬁ% ?r&s d
e m xture was I nel maintained at err and a
1. 1-part sanple %kéﬁsg?wgg?%gﬁ%g Hgl? NGhi ch collected of the filter

was renoved for analysis. The renmi ni ng adduct was washed with 49.1 part of
a liquid mxture of 10% (by wei ght) di phenyl carbonate and 90% phenol . Upon
anal ysis, the various product streans and conponents were found to have the
conpositions listed in the follow ng table. .

Di-phenyl  Pd, Co, Source - Phenol, % carbonate, % ppm
ppm Oiginal reaction mxture 54.7 39.6 500 248 Adduct not her
| i quor 70.9 21.8 659 362 Crude adduct (solid) 40. 3

59. 8 132 84 Adduct .washing |iquid 76.3 20. 3 239 130
Washed adduct (solid) 38.7 61.8 <10 16 The

results in the table denonstrate that the highest proportion of diphenyl
carbonate was found in the washed adduct. It is also apparent that even in
~crude form the adduct contains relatively :



-6-*1 ow proportions of palladiumand cobalt; however, these proportions are

[mteri ally decreased by washi ng. What is clained
is: 1. A nethod for purifying a crystalline adduct of a
- hydroxyaromatic conpound and a diaryl carbonate corr o said

hydr oxyar omati ¢ conpound whi ch conprises washing said

tenperature up to about 35[err]C, with a-Washing conp maﬂ mtmm\umg a
maj or proportion of said hydroxyaromatic conpound and cnNOL pwopor tfi on of
said diaryl carbonate, said washing conposition being liquid at said

t enper at ur e. - What i& olainfedtisaccording to claim 1 wherein the
hydr oxyar omati ¢ conpound is phenol and the di aryl car bonate is di phenyl

car bonat e. Qac} @Wﬁ%f#t@ in the
washi ng conposi tion corrprl ses a ou ? eny car onate, with
- the bal ance bei A\g’dma@pmatlc Compound andza ianhea e&pmeﬁgondlngfaa m 2

wherein the temaidhydfoxyardmafid) eofmpdlifdbhisk ComptisedOlashith§ said
adduct, at a temperature up to about 35°C, with a washing
composition comprising a major proportion of said hydroxyaromatic
compound and a minor proportion of said diaryl carbonate, said
washing composition being liquid at said temperature.

2. A method according to claim 1 wherein the
hydroxyaromatic compound is phenol and the diaryl carbonate is
diphenyl carbonate.

3. A method according to claim 2 wherein the washing
composition comprises about 10% by weight dipheny! carbonate, with
the balance being phenol.

4. A method according to claim 2 wherein the
temperature is in the range of about 20-30°C.



