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. e3e}}$Fnp6Tg -1 8 February 2003 PROCESS FOR PRODUCI NG POLYCARBONATE FI ELD
OF THE | NVENT 5 The present invention relates to a process for pre
*parin ww& onate from a dial kyl oxalate and a phe nolic conpound. 10
BACK | NVENTI ON A process for preparing a polycarbonate froma
di al kyl oxgh®re and a phenolic conpound which conprisesgapébrsiret 2009f
transesterifying the starting conpoundslto 15 produce a diaryl oxalate, a
second step of decarbonylating the resulting diaryl oxalate to produce a
di aryl carbonate, and a third step of subjecting the diaryl .carbonate to
condensat i on-pol ymeri zation reaction with a pol yval ént hydrdxyl conpound to

produce a pol ycar bonate % Q;ﬁ e @Fi rovi si onal
Publ i cati on No. 10-15255 R SECFBR BROD - el descri bes such
procedure that a phenolic by-product produced in the
condensat i on-pol yneri zati on reagtggh oF THEOYRVENTROR recycled to enploy as

the phenglic conmpound 25 in the Ti1rst step. I'n the above-nenti oned process,
t he diar?l carbonate of a high purity can be produced using no troubl esone

phSSQenﬁ- , IT_her ef ares %ﬂ“@séi}l@fﬁhvﬁllﬂtbg!gatéllatééutadaf pRocR s Hﬁdﬁ'pllfé(-m ?te
and a phenol i ¢ _conpound j.s vor y enpl.0 o0 react with a pglyval ent
vt oxy 1 Conbomita & oLy HAte LER e anaT P Sodare A o PR hi oh
t ranspar ency ridiricugtomumatedisat i on- pol yneri zation reac tion. It is also

known that a catalyst containing tetra 35 nethyl amoni um hydr oxi de,

t et rabut yl ammoni um hydroxi de, or tributylamne is enployed as a catal yst
for perflé ning BACKGROUND OF THE INVENTION

A process for preparing a polycarbonate from a
dialkyl oxalate and a phenolic compound which comprises a
first step of transesterifying the starting compounds to

15 produce a diaryl oxalate, a second step of decarbonylat-
ing the resulting diaryl oxalate to produce a diaryl
carbonate, and a third step of subjecting the diaryl
carbonate to condensation-polymerization reaction with a
polyvalent hydroxyl compound to produce a polycarbonate

20 is described in Japanese Patent Provisional Publication
No. 10-152552. The Publication 10-152552 further de-
scribes such procedure that a phenolic by-product pro-
duced in the condensation-polymerization reaction is
recovered and recycled to employ as the phenolic compound

25 in the first step.

In the above-mentioned process, the diaryl carbonate
of a high purity can be produced using no troublesome
phosgene. . Therefore, the diaryl carbonate produced from
a dialkyl oxalate and a phenolic compound is favorably

30 employed to react with a polyvalent hydroxyl compound to
give a polycarbonate having high quality such as high
transparency through condensation-polymerization reac-
tion.

It is also known that a catalyst containing tetra-

35 methylammonium hydroxide, tetrabutylammonium hydroxide,
or tributylamine is employed as a catalyst for performing
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8'February 2003 -2 a condensation-pol ynerization reaction for the
preparation of a polycarbonate froma diaryl carbonate such as ' di phenyl

. carbonate and a pol yval ent hydroxyl compound °~ such as bisphenol A , 5 It
has been di scovered that a portion of the abovenentioned
condensation-pol yneri zation catal yst deconposes at an egevahegd temparature
to produce an am ne conpound (by-productd- such as trinethylam né or
tributylam ne. The am ne by-product is mgrated into the recovered phelO
nol i ¢ by-product. to the further study of the inventors, in the

cordin
case that the% QQ§QEﬁéhTEREXm¢¥Q%ﬁEﬁQHéHe%.t%ﬂ% BRENBNeCPESRBEETd i n
the preparati anicyf dhe Gclydarehste, fide AndierP)y-eaeBoahtenstibd plenolic
by- product 15 gives adverse effects.(e. . d actlvgé#on f the ca%ﬁlyst
enpl oyed) 1o (HEHRNG: | GHECTRY S ASS e PRl YR EeRE U PRY L FORBRRE
decar bonyl at i @gudl ashdoisphenobfAthe am ne .byproduct in the phenolic
by- productg i ncr easeg. }Lés *Eé%ge&{nsal.?é&éflg éhéﬁoé{%SQtEBﬁt Ehenahapaljec by20

pr oduct recovered .i n the con L I on po er'EI_’I zatton reaction 1's Soneti nes
cont ani nat ed Ve igmed Heordensst pudpelymehézat heneght8lyptodecompesase

phenolic by prdusi SRARiteRScSNEPatrs €6SpR¥aNntaISAYSmEhEES _
di sturb recove of Qfactants and/ or reactlgn product 25 fromtheé reaction
system if theﬁ&ﬁﬂﬁﬁ Ut} hRueh 1R% cBr1BSthy baninei Art hELBHEYSAMENS) - pr oduct
i ncr easefs. SUMIRGrng Fl;@rlﬁﬁigﬂﬂ'(tﬂ\ﬁ.gm&ni' eapedsentoi ﬂlﬁ@nté@l@vﬁe&;édd@mé—n a
process pr.epar i pol year bonat e whi ch conprises the steps of:
subjectiﬁgga &F§¢%§ﬁg%£%5%§%p%nd a phenolic conpound to transesterification
to give a diaryl odtetedisgbfecthagfunthdrasylidgxalfatbet anderdicim)yliati on
to 35 give a diaxy, ﬁg%ggt -~ react | the di capb |
pol yval ent hy%ﬁé %a%é e rua@?ezgﬁéhg?%(%ywcgkn‘ggélﬁg ?rﬁ tg ﬁ‘g’tl%?)ggten%gg tcl)}e a
catal yst cont Phenelic teprpauydatnnEhaapragacattenapky thgr ddgrorl pxa-
G ve 2 pol yoar Banat oo e e KNI b Bt et
giv p , Vi Xt u I N, - y
and an amTe lﬁl\fﬁ'%o%@t’e?ﬁ%teggﬁc‘ésbéﬁl'gng aﬁf"‘ﬁfllb’gﬁép& F’?%nth?a 36%]%%:
phenol i c by- pragtéyedpl te@cthagrehetibybuie; the steps of transesterifi-

cation and decarbonylation if the amount of the amine by-

product in the phenolic by-product increases.

It has been further discovered that the phenolic by-
20 product recovered in the condensation polymerization

reaction is sometimes contaminated with an ethereal by-
product. The ethereal by-product in the phenolic by-
product sometimes gives such disadvantageous effects as
to disturb recovery of reactants and/or reaction product
25 from the reaction system, if the amount of the ethereal
by-product in the phenolic by-product increases.

SUMMARY OF THE INVENTTION

30 The present invention resides in a process for pre-
paring polycarbonate which comprises the steps of:
subjecting a dialkyl oxalate and a phenolic compound
to transesterification to give a diaryl oxalate;
subjecting the diaryl oxalate to decarbonylation to
35 give a diaryl carbonate;
reacting the diaryl carbonate with a polyvalent hy-



purifying the m xture so that the amount of the am ne by-product 10 in the
m xture is reduced to give a phenolic by-product m xture not containing the
+am ne by-product in an anount of nore than 600 ppm and utilizing thus
purified phenolic by-product m xture as a whole or a par8 Bébtierypl2€06lic
conpound in the first step. 15 In the abAve-nentioned process, if the
collected m xture further contains an ethereal by-product, the mxture is
preferably purified to reduce its ethereal byéggoduct content to a |evel of

not rore t h&RO8B0 BFAFhe? | e ST FEUEher SPESYERsCPHAA % Ce SETHEY

preparing 2@mil WEXRORME JkyENgLRAIPEE SeSdhesheRs libstSulEQE tamiehRm
di al kyl oxal ate and a phenolic by-product m xture not containing an am ne
by- produtt PHARFiEHODERINDCior 8l HHaar8B0 tppHit o 2t PRSBERERLEI CEfiPBH%t 8 gi ve

a diaryl oxaiatge &3icdiRNENG! bherd 1PN QAR T X b SnhaMing bgesfbdfa@{é ajipgd by
purifying a mxture containing a 25 phenolic by-product and an am ne
by- product b@ae heikliag meint npwpbithen| daérof ihe pharelisf by paogiesnol i c

by- product whi chcg\ﬁ%cggléj erled.in.a condensation polynerization reaction
for preparing polycarbomate froma’'dial kyl oxalate and a phenolic conpound;

subj ecting the dpariflyinxahat Bi:xtordesatbanydhat ingunt cofjithe anide apyHpréduct

car bonat(ljéei; nandtlrg e%g{icgl% t.he _di,ar carbonate.w th ab?ggle}%/val ent. Qﬁdrox |

I
1 e is, reduc to gIive henol i Uc re not.
compoun the presernce of "a catal y39 Cont & i ngca ofiar%/ WS HS i ng

Cl- C3 al kyl cottaipimy the tagtina-dy-ptddpbt simbsi iaintitred ofi miora otHaunsdly g i de
havi ng O C3 al kyl (group to give the polycarbonate. 35 In the
above-menti oned pPdcess, if the phenolic by product mxture further

contains an et heuealizbyg phasykiri £fiedBpiraidn Uanyy-geHiBct 4ikberdTa¥tdikBolS or
preferably purified in advance to reduce its ethereal by-product content to
a level of Aot24o?k thetmigRobisoCPmA NS BRHS THESCRF¥®rI ON OF THE DRAW NG

Figure s a schemBtie LhoW-mBRibnbt® tRE¥sA RF 0GRS SofREL RALIRY farther
pol ycar bonat e accor di n% to the present i nvention. 10 DETAI LED DESCRI PTI ON
OF THE | N\VENTM@rns an ethereal by-product, the mixture is preferably purified to
reduce its ethereal by-product content to a level of not more than 600
ppm.
The invention further resides in a process for preparing
20 polycarbonate which comprises the steps of:
subjecting a dialkyl oxalate and a phenolic by-product mixture
not containing an amine by-product in an amount of more than 600 ppm to
transesterification to give a diaryl oxalate, said phenolic by-product
mixture having been obtained by purifying a mixture containing a
25 phenolic by-product and an amine by-product that has a boiling point
lower than that of the phenolic by-product which was collected in a
condensation polymerization reaction for preparing polycarbonate from a
dialkyl oxalate and a phenolic compound;
subjecting the diaryl oxalate to decarbonylation to give a diaryl
30 carbonate; and
reacting the diaryl carbonate with a polyvalent hydroxyl compound
in the presence of a catalyst containing a tertiary amine having C-Cs
alkyl group or a tetra-N-alkyl substituted ammonium hydroxide having C;-
C; alkyl group to give the polycarbonate.
35 In the above-mentioned process, if the phenolic by-

product mixture further contains an ethereal by-product,



The process of the invention is further described by referring to the
attached drawi ng. 15 The steps of the process of the invention are
+performed continuously in the apparatuses which are connected with |ines,
as illustrated in the flow chart of the figure in the drawi ng. The
transesterification performed in the process of 20 the gm@ggdéyylguﬂydes
any reactions in which an al koxy noiety of the ester conmpound (I

di al kyl oxal ate) is exchanged wi th an phenoxy noiety of the phenolic
conpound. For instance, the transesterification includes an ordinary
transesterif a 25_di (o] to an
al kyl aryl oxa h?%ﬂaﬁgggu%3§réf5rgﬁf%ﬁé§£gg1§%a§ |%§b%%%ve§§|%%8Pﬁ% al ky.
aryl oxal at ehsnaﬂaamﬁaal W)lea@fgltl@t aganteutateya bdeuedt ef natt ROXE rst’
step, a di aldgdn gf (partlcularly, di mret hyl oxal ate) and a phenolic
conpound (|. , phen 30 or its anal ogues, particularly, phenol) are
subjected to transesterification (including ordinary transesterification
reactiom and di sproporti GRIEPDESERT PPION I OF aTHE QURAWPRE@se i n the presence
of a transesterification catalyst, to give a mxture of reaction products
includ 35 ing a diaryl oxalate (particularly, diphenyl oxalate) and a

by- produced | ovwerFidwesols (pasthembhoityflowt bhaet) to sholkelr paoees03 - 5

ocoverct, T By TURHaCE | By Caf Daharel SCaPLtol SPLENR RRHSRIC L  oa-

The di aryl oxareneidn.then subjected to a decarbon5 ylation reaction in a
liquid ase in the presence of a decarbonylation catalyst, to give a

di aryl "carbonate (particul arl carbonate DPC) and a by-produced
carbon nonoxi de. The dDEZAILESY B : gy INVRNULON) t he gaseous
car bon nonoxi de, and purified. 10 The di aryl carbonate and a pol yval ent
hydroxyl conpound_are then subjected.to condensati.on-pol rizatio
reaction in the pFeSdRFRCEFSaRia bﬁoﬁPW§pE19Bn&§n§HFigﬁ%%?ﬁﬁ%ﬁqégﬁduﬁy

cat al yst sucheﬁQrﬁﬂmgnt@ethenaguadhed dmawﬁmgnluntconpound removing a

m xt ur f by-pragucts 5 hen an am ne

by- pro t, and gﬂh ﬁgéﬁglot tﬁ%o?ﬁ% ©5 o 3 3éep&%y' SHACES HE i xture
of by- pr oducfarmed contenuedsaydlputhEre@pamaguﬁesawhmqﬁlantrﬂunnﬂctr
by-product, ame¥n BiRHGS ﬁgeaghh%ﬁatew% bt FPlgyed as a

por 20 tion or enol 1 ¢c compound I n the step for t
preparation Eﬁg%iﬁlaﬁthQXQFQWéngExanples of the dial kyl oxal ates |ncIude

di : o¥\eral kyl eSt'ﬁ‘heOEréiiélebﬁeQ(ilfdc%%Ci@rﬁi)e(ilf@’tﬁé\d m«ﬁrﬁ Probeiddf
oxal a

pr.o yl oxal at e, ut oxalate 25 di pent xalat and
di hexy&%xaltaltl% LEKEDF o IBFEW%G AF AR ‘“é”scg“r eﬂi‘??ﬁfn or
branched chanoiatkybfhahengstetrocdmpaningh (atcearrs euidliq¥els e:bex]aitla/) hicsvi ng 1
to 4 carbon ?ggn th 2 e may be
t he sane or %ﬁ gn? Qrohreackké%mggh é§qﬁk (§¥er can be produced
by a known rigphned. FBOXi| n@sﬁa@@e,cm@ortrmawl(fo@am ameluges nrite
(represent edoPéhﬁﬁﬁzf Ekﬁﬂéb%t%frﬁg@t% SRR ich FIOWRImAKYIngroup) are
reacted in a ga eou | 1 qui,d phase I_.n
25 1 oxalate into an alkyl aryl oxalate and a dispro-
portlonatlon reaction converting the alkyl aryl oxalate
into a diaryl oxalate and a dialkyl oxalate.
In the first step, a dialkyl oxalate (particularly,
dimethyl oxalate) and a phenolic compound (i.e., phenol
30 or its analogues, particularly, phenol) are subjected to

transesterification (including ordinary transesterifi-

cation reaction and disproportionation reaction) in a
liquid phase in the presence of a transesterification
catalyst, to give a mixture of reaction products includ-

35 ing a diaryl oxalate (particularly, diphenyl oxalate) and
a by-produced lower alcohol (particularly, methanol).



35 the presence of a catalyst at a tenperature of 10 to 200C (particularly
20 to 150C) and at a pressure of 2 to 200 8 February 2003 -6 _ atm

- (particularly 2 to 100 atm), to give a dial kyl oxalate (e.g., dinethyl
oxal ate) and a by-produced vitro-, gen nonoxide (NO. The catal yst
conprises a carrier (e. g., active carbon, alunina, spiBaebrRidi€a®003

di at omace5 ous earth, or zeolite) and_g-plati num nmetal group catal yst
conponent, such as, a platinumgroup netal (e. g., platinumnetal or

pal l adium netal ), or a salt or conplex conpound of a platinumgroup netal,

in an amuntThé 8if8tylooRkalhte Hasee alﬁ&l Bfdnt Qi’he Treacd kyh gredp repre
10 sented by Rtl n the, bove i oned for eralgcl?ﬁ haa i to 4 carbon
atons, such BStet RYFL é?ﬂyl anEf FESMELS op?%%y YFEA otOVShbut yi .
Most prefer ramcohotreg_b y;llﬁoﬂseﬁa)t—am{aﬁmﬁﬁ madmz@mdm)nom de is, I if I
necessary, 15 reagted w t a 210 resence_o | ar
oxygen to produce Qﬂp?ﬁ/ &ﬁlq (&?c? E%aa|5'e$%£8§’§acti on
for prepéringlatdoal macmmum aAslan\B.d:qthBe nomdshelepresercasefl &or t he
di al kyl oxal cglion step
of the pr ocegéegfgoﬁgﬁg%\g'gqfl on c n‘gt‘ﬁoyedé h@Jﬁgle)lf:)ﬁeno cﬁ%grrpound to
be enpl oyed i(patkdcuilpatlyst 64 Bearter M) |fm@n@|)§rf PEOgHerdl or
its anal ogouga%@&ﬁoux%oxﬂa% anqﬁr&gm mm@tré@oeéreadl cate a

conmpound co I‘ISII’] a?gzene ring a drox gropatt ched'to the
benzene ringt® %ﬁﬂ’gﬁn ‘55 %%h %E ame manner
as the mmdroxyl gmdﬁamemarb&w@fan@ atmlmzene hydgoxym bame one
or nore substlt I%}?g}) of th 30 surtlj tltgent %E zag %é group
having 1 j[o Cat ( Jﬁ%t(ﬁ rtr?/ e o E%\? )l i | koxy
group havi ngrbammmajrbmheatgmme(rm tmﬁtﬂmragpﬁopnlatte aoridenbatcngaﬁ atom

(P;e;e,rrzdsghﬁg)%%% f° éﬁ%ﬂ[ﬁ%ﬁChaaégﬂzr%ﬁih%é ?fﬂﬁénopﬁjb%d henol

preferred i sapremium cangapdiaryei@osg | nHsteresefs Eppr@ducts such

transesperif healy ‘iiherﬁnlci@ a;%ﬂﬁlhé‘ée &E‘darﬁlﬂéeﬁfl-pﬁoaﬁ&ﬁouaﬁdaéﬁ reacted
inaliquid ph%at ure of approx 50 to 300C

(particul arl §t Gthe b 3EYR PBIYEEPARAESteri 5 fication
catalyst. In thi smbemwame pﬁ@%&ﬁ?ﬁ*xd)@u\@tsaéﬁeh@blﬂ.éc@edt Bhdopaily -r enoved

fromthe rea m xtuyre._ Thus ryl oxalate, is_separated from
t he reactlon%tﬁe%]&%gélnoe rl?lflf Chenoi Ey pro uce, i 8

pure phenollc compound, which is then employed as a por-

20 tion or a whole of the phenolic compound in the step for
the preparation of a diaryl oxalate.

Examples of the dialkyl oxalates include di-lower-
alkyl ester of oxalic acid such as dimethyl oxalate,
diethyl oxalate, dipropyl oxalate, dibutyl oxalate,

25 dipentyl oxalate, and dihexyl oxalate. The lower-alkyl
preferably contains a straight chain or branched chain
alkyl having 1 to 6 carbon atoms, more preferably having
1 to 4 carbon atomsg. The two alkyl moieties of the
dialkyl oxalate may be the same or different from each

30 other.

The dialkyl ester can be produced by a known method.
For instance, carbon monoxide (CO) and an alkyl nitrite
(represented by the formula of RONO wherein R is a lower
alkyl group) are reacted in a gaseous or liquid phase in

35 the presence of a catalyst at a temperature of 10 to 200°C
(particularly 20 to 150°C) and at a pressure of 2 to 200



In the first step, an alkyl aryl oxalate is once 10 produced by ordi nary
transesterification, which is then converted into diaryl oxal ate and

. dial kyl oxal ate by a disproportionation reaction. Tn the step, the dial kyl
oxal ate is renoved to give a diaryl oxalate in an increased yield. The
ordinary transesterification is pre 15 ferably perforneg rdbram0f JioEsy or
el evated pressure to accelerate the reaction rate, while the

di sproportionation reaction is preferably performed at a reduced pressure
so as to keeping production of by-products | ow. However, such pressure
arrangenent Jdygy. be%éifﬁieﬁngﬁ?rz-téo_laibea_fcmr.§t, tbeBive B %ﬁ%mcghy per f or med
using a conbinatio I afirst reactive dlsglé_lnglo col u ara a second
reactive di f1a%eoke St undiBeEh¥e: e9adateaC Re Y‘P(?qlgglzﬁe A3 har y
transest eri fg@atmenoxeast (NO) andThhke cdtapfepoconPidisedn o ergttiay can be
carried out L& 25 serges. The, reactive.distill.atlon _cgl.um 5.ef erably has a
di stillation'Se¥ unmPRadVHigCarReRy afrURdRBer SERIEN! uft13ica e S1H° Fa%/s) or
packi ng $reansus Fearthst anceeoditedctinde adipdbitingim aetadl groum\datp-a

il arl v, 7Y8: ooNpaiEnEy B Beliant pABTIL ok, he T e TP e o

bubbl e cap tphatinuwi eetalr ey, raddadivm petedy., Die a et ar digmlest i on

colum can b axien : | j i i ngs,
Cesaing T noeBanAoHEnd, BLARLERY o¥ouph b THRN BrP a B B O T g
not only col &@nd pvht esbpgedaPso thgc kPddifdans Téeh &Yl SHAMIKSREE- 8

Febr uaryo2008enfed! By"R ¢éndehel bbokRenldntSorte Fhdmke pesfFdBh, ithagd he

foll owi ng manner. A dial kyl oxal ate, .a phenolic¢ conpound and a trans
esterificat | onteaf aFFEPORY BLOMSpI FFR 35 METIs GREs HRFQ@EL | 1 ati on

col um i n whigbpibpydr, dnrbinyyilr, argesispbutiydat | Modte gnte ferrEd che dsettlo-
mainly yield gn al kyl aryl oxalate, while distilling a by-produced gaseous
| ower al cohot~6ut fromthe top of the colum. The reaction product

cont ai ni ng mai nl yThieebg-kyodmogid oxdirngern snaapxideenisutif mecessabpt t om of
the col ygm, g@gcfcgﬁnw%ﬁph' §owe? HRCHRAOh r&@?f’é‘séﬂéé'éf gﬁé?@c Hm.
In the second colum, the disproportiqnatjon reaction proceeds 1n, the
presence of PH¥IERt EPyProdycs sdhdd ey ldiniAratsalWitich ws 1R afiting a

by- produced #iaklyhnlhexaeaict iand fomiptapia-iaentaididldafd ahlece. _
by- product, and pgssi gl y an.ethereal % ro%t\}ﬁé@ %SIFdl t.i on to:h]gyﬁhenol iC
by-product, out of*St &St GHISPT MOTEBFGHh. CorHRe ¢ i griuite ly

conpri si ng acsadayk, omalcatdars ncakea deltprfaduedd elibdthiemetatibengbham. The
reacti og,progdu [ disti ca: e t..di aryl oxal ate,
possi bl goaf t grgg%le%\?bné}f?ﬁ“glet k)zztﬁ;séésﬁ%gré?i%g ﬁ@%@%ﬁ%ﬁ%ﬁ% &h
transesteri fpdayedn catal yst preferably is a catalyst soluble in the

reaction mixture, teEChIR$ AN {1 Soe ZiSREVAHN LOMPRUNESy t cad
conmpounds, iron 25 cofipounds, conpounds of copper or its related netals,

zi nc conpoun&&€PoPFatiie BLPCEHFHRIhdNe WGy toipleeas 9F aF8ni num
Lewi s acid cafipndegessoicdrpaitidim B dieylsgaes deanimand dbs aheyapagbum
Mor e pr%erred are,. zirconi um coympounds ani.c tin corrfounds Lewi s 30

acid coftfoundd®IFaLS &ninwP %G%@ﬁﬁ P 179 %%ﬂp%ﬁﬁé, and
Lewi s aci d cdrpayidgroup idtdrsided The tle ilenderss mimyntpobvadddatkyt

oxal ate and RRAROMH QA ARRENGkhE GOUPANNGL SsGHOSRInlEpegd! pgeupon the

nature of the ca on con
hydroxyl group of phenol. Therefore, the benzene ring

can have one or more substituents. Examples of the

30 substituents include a alkyl group having 1 to 6 carbon
atoms (particularly, 1 to 4 carbon atoms), an alkoxy
group having 1 to 6 carbon atoms (particularly 1 to 4),
and a halogen atom. Preferred phenolic compounds are
phenol, a lower alkyl-substituted phenol (e.g., 4-

35 methylphenol, 4-ethylphenol, or 3,4-dimethylphenol) .
Most preferred is phenol.



35 Generally, the phenolic conpound is enployed in an amount of 0.01 to
1,000 noles, preferably 0.1 to 100 noles, nore 8 February 2003 g_
-preferably 0.5 to 20 nol es, based on one nole of the dial kyl oxalate. The
anount of the transesterification catalyst enployed in the first step al so
depends on its nature and the reaction conditions. CGenegatdprudhe aEixn 5
lyst is enployed in an amobunt of approxi_mately 0.0001 to 50 wt.%
preferably approx. 0.001 to 30 wt.% based on the total anmount of dialkyl
oxal ate and phenolic conpound. In the second step, the diaryl oxal ate

produced in 10 thenf kst £F54ER 's% HcRC e frise RGAMIR IR 0h r@RETib@D |

the presence of_a phos horu ound cat al yst such as an, org

phosphorus ce¥pbah g P?le 15 GO B3%6h %?&a a]yl%ﬁ)rl si ng
a dllglrylh car géea@nd @e hpefaeiiies G APyt dmmve;jlq;e soT][ub d3(mf°ﬂTh (parbonat e
i's t hen sg e reaction oduct and pur.i fi e .gaseous
car bon nDnong iXhé@g%E¥% %}ﬁg Ebﬁoﬁrﬁ?SHﬁgtoﬁnatﬁg $of the
reacti ons ExﬁJmpheionf ctahalgﬁm:s.phd]ma:h’xmmnem @t ymtaduced lcuwker phosphi ne

(Rey (R5) (rBFoPON %&E%ﬂ#l‘lﬁﬁlﬂ FerlnEt %’er%%"%‘?é (o)

(R9) ] , andtphesphdhiug asshpsbiuagsl [oxeRae (I YegaRrated {Ru8)the- |
In the abovej. e qﬁl% gﬁ%@ &1 through R13 represents a
substi t uent g?%gg&gﬁbﬁu 3%%0 en ato an al kyl_group having 1 to 16

carbon atons, an Sdpstaatep 6 an @:ﬁ%n}arétﬂf‘l @XFATANLArANRS| group
havi ng ypto %O@ﬁb@@nb?t Qﬂﬁinﬁff%%ﬁ&@ﬁ.f%@ioﬂormﬁéﬁoﬂ gFR&ER Whi ch

S capable of form ng § coun d each_ o Y. hal ogen
atom (e. g., CORVELLRE 3¢ AREL Gralajs é@a{agmz-l%%iaxoaus
cogpounds of dtikg r@b@t@@ﬁﬂlmd:éagwm&ms smm@le h?y@p,agtlh@a@i%my%
substi t uent er_than ro atom_ Pre red are_phosphorus
conpounds m%ft%ﬂgﬁf f‘% %Vecgutb%tg} %)r%]aﬁi P a?’?la‘tgr?)ﬁgs
particul arl ycrphsed yjredubs. TheKDKﬁIﬂ&IYEHIGMSE$¢ES¥iE¢aSIODnpSupﬁs in
whi ch opg or rbparll, perlfbind®Utiaty 3P8%hary or elevated pressure to

accelerate the reaction rate, while the disproportion-
ation reaction is preferably performed at a reduced pres-
sure so as to keeping production of by-products low.
However, such pressure arrangement may be not necessary.
20 The first step is preferably performed using a com-
bination of a first reactive distillation column and a
second reactive distillation column connected to each
other, so that the ordinary transesterification reaction
and the disproportionation reaction can be carried out in
25 series. The reactive distillation column preferably has
a distillation column having a certain number of column
plates (or trays) or packing means. For instance, a
reactive distillation column having a theoretical plate
number of two or more, particularly 5 to 100, more par-
30 ticularly, 7 to 50, is preferred. Examples of the column
plates include a bubble cap tray, a sieve tray, and a
bulb tray. The reactive distillation column can be that
having a variety of packing means such as Rachig rings,
Lessing rings, and pole rings. The reactive distillation
35 column having not only column plates but also packing
means can be also employed.



the substituent groups are aryl groups (particularly, phenyl) and other
substituent groups are al kyl groups or aral kyl groups. The organic

. phosphorus conpound can be enployed in 5 conbination with other conpounds
to formthe decarbonylation catalyst. In the second step, the diaryl

oxal ate and the organi c phosphorus conpound catal yst, i$§ mApgpnepr @03 are
supplied to a decarbonyl ati on vessel ,_gn which the 10 decarbonyl ati on
reaction proceeds at a tenperature of 100 to 450C (preferably 160 to 400C,
nore preferably 180 to 350C) and a pressure of 10 mmHg to 10 kg/cnR, while

a_byproduced gasgouancha! RIELIDNOXKIE £ BrdeBVaS chih VISe apdi-Pbyhe@aiRonat e
15 There are,no s CIfIC limtations W th respect to the types of )

decar bonyl afPent DHM3HESecond step, provided that the ’
above-nenti oned @emratmqyl aixaolatt@,acalphiemln@rm@@m@ &hé@ sessahs-For

i nst ance, &0 i n tl ssel) ¢ u reactor
com 20 pr|5|%§g%3§%'5&%ﬁ§h3§§%§gyﬁg 4?% % % %ﬁdéﬁechﬁﬁﬁ %gaFomer type
reactorScanthyeemmsnmiiaﬁimnr@m&mmmwumnwmmmh ﬁhedoréﬂnhyytbrans—

decar bonyl a Le e n

decar bonyl ahsg%%?ﬁdﬁ%ﬁ%% &? ﬂp’?‘%§ dg%?ﬂrr%%ﬂ%y ?gkilgSa@ar %k%ﬁt e.
Then, the diean Q;@arlmﬁm éﬂh‘sl@r@i%tabl;lnge@objérpuodtlﬁﬂdt H#asSeeust i on
Such a5 & cablSi SRRIRE SN LRonCEhe bbb OFIChE BothRb. I e
then distil G4 mr&d%wwt%%mem@mm Ehﬁga%}’éoawila%ﬂa@r?l #§ an

or di nany dl%@HénfﬁhﬁﬂﬁﬁbmlﬁﬁeSbébtéﬁ @fp@ﬁéedomﬁhﬂﬂnaﬁa ghkhaygugel um. The

conbi nati on h procedures.are f vora oyed fo obtaining a
di aryl carbéﬁdﬁ§¥3¥3 Hgh SErPRS. r?ﬂ% HYgal F%tbﬂg EﬁapugoéHWBounds can be
enpl oyed 35 si nglTn arthe nsecohd nablamn} othevdiapraepproponatéonatebyst . The

catalyst ca usly S nd4o u -11
pended in tﬁ@R§%§g¥R%%§%%I%+|%ﬁé §9é¥§§c§e§é hétéataixgﬁ Eé p¥é%%% sphorus
conpound cataald,aaxyls prelatabl yhihpl dyetilhingear bygproﬁuaedoﬁlad?qyrl . %

gia}afgj I'n fﬁigﬁhlggggt x%uggsegnﬁalhﬁﬁgnahaé ABUBY,-Plro @3 tdi 3y 5

i ar carbonate o ta|n din the 'second
step and a [RSISRAIP ta%yﬁgbﬁyﬁaéohﬁoBﬁﬁ dueE, sip) addigips to a pheno-
condensat i om:rtpl r@ahd:@n 6ﬁ@CbE06her E@Vbﬂgthe”b&ﬂ.uﬁﬁ of Thepherel-i C
by- pr oduct ZHf pro io ucts ve .the desired polycggﬁgﬁﬁte
The pol yval c%ﬁb% XdCBWBFé?aB y&i Sianvk

hydr oxyl conpnumﬁﬂmn MMechoptomabfnuhbecoapami|cﬂh&rk¢actmmﬁ1Qﬁxﬁ&ﬁﬁnxyl
groups e tp.a r i ound.
Preferégg a?%£§ﬁ§ fgi%g%?fggoggt?gé th oun ﬁ%&?ﬁa_%np

cont ai ni ng @Qﬁﬁ/%bbﬁtaﬁi’—@ﬁarﬁwoﬁyﬂgo%i}ﬁ wﬁcﬁ@@ﬁaemfa@aé;mtca&alwtrml

or nore, partl cul'ﬁﬁéytﬁangeét%%laatson%a&ah §0breFe Ry Hlent

b
hydr oxyl co s include_bis(h oxy ar alkanes such a bIS 4- roxy20
henyl ) met nEE S YAt DT UbAGAL b L BRORVPEL B B ug e,  Such a8 Cadnivin

compounds, zirconium compounds, lead compounds, iron .
25 compounds, compounds of copper or its related metals,
zinc compounds, organic tin compounds, Lewis acid com-
pounds of aluminum, Lewis acid compounds of titanium, and
Lewis acid compounds of vanadium. More preferred are
zirconium compounds, organic tin compounds, and Lewis
30 acid compounds of titanium. Most preferred are organic
tin compounds, and Lewis acid compounds of titanium.

The ratio of an amount of a dialkyl oxalate and an
amount of a phenolic compound is chosen depending upon
the nature of the catalyst and reaction conditions.

35 Generally, the phenolic compound is employed in an amount
of 0.01 to 1,000 moles, preferably 0.1 to 100 moles, more



bi s(4- hydr oxyphenyl ) propane, 2, 2-bi s(4-hydr oxyphenyl ) but ane, and

2, 2- bi s(4- hydr oxy- 2- et hyl phenyl ) propane, and di hydroxydi aryl ethers such
-as 4, 4' -di hydroxydi phenyl ether and 4, 4' -di hydroxy- 3, 3' -di net hyl di phenyl
ether. 25 Preferred is 2, 2-bis(4-hydroxyphenyl)propane or a m xture
contai ni ng 2, 2-bi s(4-hydroxyphenyl ) propane in an anountg a¢fepiafadyeodhan 80
nol . % Exanpl es of the diaryl carbonaggg I ncl ude di phenyl carbonate,

ditolyl carbonate, di(p-chlorophenyl) Tarbon30 ate, and di (mcresyl)
carbonate. Preferred are diaryl carbonate containing 13 to 20 carbon at ons.

Most f |

car bonat o | Sieteeably 0L £8 98 HhAed, gr%%%td ol P TR B Y
partlcu35Ieﬁl@lhybloxélétg nollBe, apeungn@indihe dransesesiil Qﬁﬁl¢Wdroxy
conpound (paéét*,&%/éf' éw?%%aahﬁnth@ @ﬁtétc stega %ﬁltgdlaigféﬁ&@s? ordits

hydr oxyl conpoun he“reacti,on of step, an appropriate

pol yrer i zat iRACWEQURBdi Rcageactign é’tqlﬁdl 100 - gﬁﬁﬁﬁ#ﬁi’dhfm'ﬂ'@a LRl

and/ or & monppdends é\‘ﬂﬁm@ a G_ﬁnabpau{ddntzestl c}p ¢ heo@pnddb nati on
of a5 diary carbpnat ? Ientér %bfﬁﬁai%ﬁﬁﬁf e third step
i s preferabiy° ¥rrFedPBEte 9%9 & r Sed Y val ent
hydr oxyl comﬂm@nﬂotalthmopnﬁseﬁCdualkyIXthﬂ&té|anﬂ¢phemm&iaammnn cat al yst
cont ai ni ng %%yﬁggropriate am ne conpound or ammoni um 10 conpound at a

tenperature proximately 80 to 350C, renoving a by-product mxture
mai nl'y conpri singln phenslecon@yatlanttiudlhe Idiagybrafalatel pmu@‘% lleact i on

terrper re | S n %’Eq{ ffé‘?&

reaCtlg%éjadV%.ﬁh%egifgg g,ge? qsr %S]H(? w esl I’el’%):[ll éCal’ onate one
step or plurdn Eh@p@re$ﬁ@0@omfe@s@ Qﬁpns:emﬁrec?@m@m %E@ly%t %Wé%ea%bl y
is a base cajal ¥ehah9Bt phdsphcrnA PRUNEsEUCko a§ide a reac-

Subst] T uent st10R BACAREH nr?@aﬁﬂaﬁ@%%wjg}l Falard, ga%ﬁéﬂlg%g 34 vyl
substi t uent . bizxpiptiesedf daliexxmndﬁmaitd@n puheyr@iazyall@@rb@ﬁatesig i ncl ude
{ose CPUPT PG, 9L ANE Atk 3l e JICLIRTL SR S lpalyBIBAL S
am ne or anﬁﬁheugasempsunﬁx&mnﬂ5@m@ﬁmdﬁu1$nremm@¢@rfndmatheareaublnation
of an a'ka'ip?BBﬁEtcihde§3ﬁ?ﬂ&%ﬁgﬁnoff%hér¥%§@€i&n?Cid salt, an

Examples of the phosphorus compound catalysts in-
clude phosphine compounds [P(R') (R?) (R?)], phosphine oxide

20 compounds [O=P(R*) (R°) (R°)], phosphine dihalide compounds
[(Y) (Y*)P(R?) (R®?) (R°)], and phosphonium salt compounds
[(R¥) (RY) (R*¥)P(R") -X7].

In the above-mentioned formulas, each of R' through

R represents a substituent group such as a hydrogen

25 atom, an alkyl group having 1 to 16 carbon atoms, an aryl
group having 6 to 20 carbon atoms, an aralkyl group hav-
ing 7 to 25 carbon atoms; X represents an ion or ionic
atom group which is capable of forming a counter ion; and
each of ¥' and Y, is a halogen atom (e.g., chlorine,

30 bromine, or iodine).

The organic phosphorus compounds of the above-men-
tioned formulas should have at least one substituent
groups other than a hydrogen atom. Preferred are phos-
phorus compounds in which all of the substituent groups

35 are aryl groups, particularly, phenyl groups. Also pre-
ferred are phosphorus compounds in which one or two of



organic acid salt, hydroxide, hydride, or alcoholate of an alkali netal)
and an am ne or anmmoni um conpound) The catalyst is preferably enployed in
-an amount of 30 10-5 to 10-4 nol., per one nole of the polyval ent hydroxyl
conmpound. The alkali metal or alkaline earth netal catal yst conponent is
preferably enmployed in an amount of 10'' to 10-4 nol., ®aretaneampla00dE the
pol yval ent hydroxyl conpound, while tfhg-am ne or amoni um conpound i S
prefer 35 ably enployed in an anount of 10-5 to 10-4 nol., per one nol e of
t he pol yval ent hydroxyl conpound. 8 February 2003 -13 The condensati on
pol yneri zat the sehstidmerit tdeoups rarestapyt agrdeppelparvidularife sane

manner (party Rl NSk I j j r n)..as that
conventionabb%ﬁgﬁﬁlg§%hQ§%k§ﬂ nown pH§§é§€8¥%$ﬁé%éa%i%9%pggéﬁbgnbgf

pol ycar bonaggalkyll igrsrarse, the condensati on-pol yneri zation reaction is
initially carrieqﬁ¥r %w%g 0, 2 t 1 spheric
pressure or reduc Igésure or éﬁ S é%ﬁﬁdﬁﬁg é%ﬁhbé gﬁﬁth eactlon IS
carri edSout comMERgtIGTE undsetyq. foymothe degeybgryrla-nor e
reduced pregsiie datldsst O frnally reach a pressure of 1 nn#@ or |ess).

Exanpl es of the anln co un i ncl ude rtiary a nes su

tri met hyl ani ne, ?}ﬁ/ %Trl)f'??\rég %’F%t h %e %?F‘Xﬁn g2 ﬁE?h?P&i Eﬁ’@nﬂrén‘i ne,
and tri phen)gamﬁm@hdébmgmm aithdesasalysas dfrrapprb@mlaee, are

di et hyl am ne Q%iﬁﬁgéy angﬁgrrnar¥ nhnes sug gf t hyl am ne,
ethylanine,q&ﬁﬁiﬁ iGte, & & Y aRHhet BFEPErr edRalet F y am nes
havi ng 1D t o dedepdudnyclataidry ﬁeaot2¢ncprboeedsoat astetmpesatura lof afitne. 20

3?3})' legr&b dﬁ?apﬂ% gr up (e %etrg{&g@bﬁe{f@%ﬁfmﬁeﬁ%ng

hydr oxi des ﬁﬁﬂ‘fc s angk Lﬂrﬁ trekich Xt @ 61 O tleq / @ret hywbsinkeord Low-
hydr oxi de, t&td @é@@&@%ﬂfﬂbﬁxmeﬁoﬁaé Eré' FRmBxeRh ekl imhnoni um 25
e  g.,

hydr oxi de) d t tra- bstltuted anmoni um bor ohydri des
tetranethylgﬂh¥ﬁéﬁ rrde and tetrabutyl amoni um bor ohydri de).
Preferred are tet'I'tae:Bé 8ehi<$'|n@ubpébﬁ_ﬂ‘i@dlimatdﬂmbydﬁi@h dedppdtaol to 3

Bl yat, e iR S8 AR Ehol a ok e REe 0P RRE B, MBS Tt o
conbinaticnrpﬁ@Vﬁ@mdanhatithetabpue mbmanonededecarhemaﬂa¢axndyaaac—
component. (S0 S heibeen (8 Lnilabeent s vek aompoten s Aoty |
||th|un]hydﬂﬁyxxgg g@@gt@rné@§|st1rr1ng vessel , & tube reactor com-
20 prising heat-exchangeable multiple pipes, and a column or
tower type reactor can be employed.

The reaction mixture produced by the decarbonylation
reaction contains an unreacted diaryl oxalate and the de-
carbonylation: catalyst in addition to the desired diaryl

25 carbonate. Then, the diaryl carbonate is preferably re-
covered from the reaction mixture by, first, separating
the catalyst out in a distilling apparatus such as a con-
densation vessel or a thin-layer distilling apparatus,
and then distilling the reaction mixture containing no

30 catalyst using an ordinary distilling apparatus such as a
packed column or a tray column. The combination of such
procedures are favorably employed for obtaining a diaryl
carbonate of high purity.

The organic phosphorus compounds can be employed

35 singly or in combination to give an appropriate catalyst.
The catalyst can be homogeneously dissolved and/or sus-



8 February 2003 -14 inorganic acid salts such as sodi um hydrogen carbonat e,
sodi um hydr ogen potassium 1|ithium hydrogen carbonate, sodi um carbonate;

. pot assi um car bonate, |ithium carbonate, sodium di hydrogen phosphat e,

pot assi um di hydrogen phos 5 phate, |ithium dihydrogen phosphate, sodium

di hydrogen phosphate, potassium di hydrogen phosphate, digpmssd tyn hyss ogen
phosphate, and dilithium hydrogen phogphate; and al kali metal organic acid
salts such as sodium acetate, potassium acetate, lithium acetate, sodium
stearate, and 10 sodi um benzoate. Exanples of the al kaline earth netal

cat al yst COmReRRIM Sirlthe atdScOioNPeNeSL ¥6h, Callfl YR BBeRd ist@HNEhe
hydr oxi des, “such as those nentioned abqve. The condensati on- olynerlzatlon
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20 al so%enployedditeThe by- product m xture conpr|5|ng an am ne conpound

(by-product) In sl lendhersheshenohicasainaund Lovaradisis wiehal s
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purified untihe tdrcondht ehep 28ndf at pelywbadenby dmamﬂ |Q&mﬂmmﬁh§ﬁﬁito a
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or | ess, gener y not S s not practical
advant ageouslrﬁ) 3 éwé@ameoﬁn@uaheaplaa RY -BFOSEHy e @t&lqre\lar Rﬁocb' 02

ppm or jlgess u&&? 3@03?9#@%}3& Bé@l@@dnﬁoﬁ B ORG-S q?ﬂé'ﬂcﬂt Iéh’d he
basis of th unt. o urifi.ed ggeno product. |f th roduct

m xture furt CoYt SAEPIHNE REFEST Ypllﬁdﬁ‘@t argyRthe erﬁ‘ ture is
preferably purdifdep] undimpotrthd innwhﬂbhoplbhalehhmb@ﬂ nﬂxnhkarlp,SS al so

part PEu s R e =B e 5 SRS AR S o s

0.02 ppn) Imatscnmngraftanaalrgoma&twmc@g@mm o netda muin;vaﬁ
et her ea by-product 19 2c! ﬁﬁ?b&&’
te ont

etherea by- roduct IS calc aS|s o e anDunt 6# E urlfled

phenol i ¢ by-FkwRibeRt FremBLirs hysrosyli §05m1adat;|ry P QYR Qs
conventlonahhylegpbgy@grglsba&th&glggg ousnSiuch &S mbyel st i | Ilng apparatus

usi g packing reags oty 2.t S1LL Lo O Col welng selum lates, o
phenol i ¢ by- ¢&wﬁecblaMHydrbayahylpam&aneslﬂnahuﬁSiHan4+hydmmxy—lomer t han
e ool i PREPRTRSE LGl B ISR D00
phe bls(4 hydroxyphenyl)propane, 2-bis(4- hydroxyphenyf -
butane, and 2,2-bis(4-hydroxy-2-methylphenyl)propane, and
dihydroxydiaryl ethers such as 4,4'-dihydroxydiphenyl
ether and 4,4'-dihydroxy-3,3'-dimethyldiphenyl ether. -
25 Preferred is 2,2-bis(4-hydroxyphenyl)propane or a mixture
containing 2,2-bis (4-hydroxyphenyl)propane in an amount
of not less than 80 mol.%
Examples of the diaryl carbonates include diphenyl
carbonate, ditolyl carbonate, di(p-chlorophenyl) carbon-
30 ate, and di(m-cresyl) carbonate. Preferred are diaryl
carbonate containing 13 to 20 carbon atoms. Most pre-
ferred is diphenyl carbonate.

In the third step, the diaryl carbonate is prefera-
bly employed in an amount of 1.001 to 1.5 moles, particu-
35 larly 1.01 to 1.3 moles, per one mole of the polyvalent
hydroxyl compound (particularly, a divalent aromatic



15 nolic by-product of high purity is taken out fromthe bottom or the side
position (nanmely, side-cut). |If the by-product m xture essentially
-conprises a phenolic byproduct and ot her by-products having a boiling point
hi gher than the that of the phenolic by-product, the 20 phenolic by-product
is taken out fromthe top of the distilling apparatus, Siidbaruare ROgBer
boi Il i ng poi nt byproducts are renoved f340mthe bottomof the distilling
apparatus at an appropriate tinme. If a |lower boiling point by-product and a
hi gher boiling point by-product is 25 contained in the phenolic by-product

mxture, the,Ae6aP1 BYnPEOARSt | Inf @MY e@afdtddr E o aikh ddestap er

byproduct is removed fromthe bottom .and the purified enol i c by:-product
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ethereal by OenskRsas il e r17RL bor neabelyieen inaiude thesst gpfirng
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is not easy to sharpl eeggate t%ik t her eal ?yégrofuc s fromthe
transest er Y5 #éﬁ%?* r RStRHFO ES Rt s v ERhér BEFaby OFr oduct s
are phenyl atl{kﬁﬂi@ﬁﬂ&}ﬂd@ dm/aihgamﬂﬁfmhﬂméao@faﬁmﬁﬂiﬁﬁr cospaindr ¥h 33 .
group, ~typically. phen gr.ou 0SSi avi ng.a substituent oup, an
s al k E1 af§¥m%P£%h%#%yl)§%§k9£%36 ard 22%omdiAation of'an atkall

metal catalyst component (an inorganic acid salt, an

organic acid salt, hydroxide, hydride, or alcoholate of

an alkali metal) and an amine or ammonium compound.

The catalyst is preferably employed in an amount of
30 10 to 10™ mol., per one mole of the polyvalent hydroxyl

compound. The alkali metal or alkaline earth metal cata-

lyst component is preferably employed in an amount of 1077

to 10™ mol., per one mole of the polyvalent hydroxyl

compound, while the amine or ammonium compound is prefer-

35 ably employed in an amount of 10 to 10™ mol., per one

mole of the polyvalent hydroxyl compound.



8 February 2003 -17 al kyl phenyl ethers (e. g., anisole, ethyl phenyl

et her, propyl phenyl ether, and butyl phenyl ether); diaryl ethers (e. g.,

- di phenyl ether, nethyl phenyl phenyl ether, and phenoxyphenol); benzyl

phenyl ether; and dinethyl5 benzyl ether. The ethereal by-products are
renoved sinul taneously when the am ne by-products are renpmsgudpy 2oy the
phenolic by-product m xture. The purlfgfd phenol i ¢ by-product can be

enpl oyed as 10 a whole or a portion (apprOX|nater 20 wt. % or nore,
particularly 50 to 90 wt.% of the phenolic compound for the first step,

namely, the StEp'fﬂ% ﬁ&éﬁ?éﬁ?bﬁ'@%ﬁ ri PAE 10 ided 4 QPFQH%W&R?V pr oduct

can be supplied to appropriate supplying systens. The
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urifie enol i C I oaug IS e in e r I e
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i nvention i satapabempetrapudeuoXs amgcﬁlzmc catoahea&;mpsp}mmmommees—havi ng
hi gh ol 000 ¢

30, 000, " par (PatEapF, rBbGRH PrBEeia, Yo it Fo WHANS A el U0 o1

(preparationtlhe uepabhpn dsalcamra)idsd shihydt enlinergayag hmerstunal at e)

d dbagt t
(Prcry B TRiSH8TT a8 By 326RC ﬁn@DHq“O%”‘f*e%eax?%ﬁe TR R

(PhOH) t he OW ng procedures. 1nto first rea
col um (|nnef19§ aYaﬁﬁﬁg BPLAFSBE &ff dmiTHRtE, LlekFkd " A der shaw

col um™) equi ppedeyhiplesl of Pl Enid twﬁ@d@&k V\ﬁ@clﬁtlé%er@l ruary
2003 -18 5 %g gugeds xt ur e .of . Yo of {gghciﬁW1 éf % .0 dlnethyl
oxal ate, and®H§BSHt SV tﬁiﬁ?‘?@ﬁ% YRR ¢ g }ﬁ(from
the top) colbenzplatménat, matdnd 1a€‘rﬁznqer,L/and81rd.5bh@mpmmme t he
' ?2%22‘&%????%@?{1@%%&6%?% g} g}%‘e@ﬁ%ﬁﬂ%ﬁg% ot PR 2. ¢ aki ng
a produced vmpbhy&benﬁbdﬁmmmman(andf@n&m&ﬁYLamNmssc@mdmdaedmathyleonden5|ng
a portion of 5hRRePT eEYSALMIROT PSRN 90 deR%8 phenylamine. Pre-
ferred are tertiary amines having 1 to 3 (particularly 1
to 2) carbon atoms, such as trialkylamine.
20 Examples of the ammonium compounds include ammonium
hydroxides having alkyl, aryl, and/or aralkyl group
(e.g., tetra substituted ammonium hydroxides such as tet-
ramethylammonium hydroxide, tetraethylammonium hydroxide,
tetrabutylammonium hydroxide, and trimethylphenylammonium
25 hydroxide) and tetra-substituted ammonium borohydrides
(e.g., tetramethylammnonium borohydride, and tetrabutyl-
ammonium borohydride). Preferred are tetra-N-alkyl sub-
stituted ammonium hydroxide having 1 to 3 (particularly 1
to 2) carbon atoms.
30 In the condensation-polymerization catalyst, the
amine or ammonium compound is preferably employed in com-
bination with an alkali metal or alkaline earth metal
catalyst component.
Examples of the alkali metal catalyst components
35 include alkali wetal hydroxides such as sodium hydroxide,
potassium hydroxide, and lithium hydroxide; alkali metal




When the conditions in the first reactive distillation colum becane stable
(approximately at a | apse of 4 hours fromthe begi nning of the supply of
-the reactant mxture), the reaction m xture at the bottom had the foll ow ng
conposition: 15 di phenyl oxalate 6.23 wt. % net hyl phenyl oxal ate (MPO
29.95 wt. % di net hyl oxal ate 23.88 wt. % phenol 39.41 w .82y ubs \CAI®
taken out fromthe top at that tinme hagd the foll ow ng conposition: nethanol
99.7 wt.% di nethyl oxalate 0.3 wt.% anount (taking-out rate) approx. 44 g/h
25 The reaction m xture taken out fromthe bottomof the first reactive

o isti . ?tdl gg?égg\%vmgrﬁ%w?}m{ﬁrsam%} ct ulfﬁn a theélﬁg?af froir:né% ihlal ggi o
col um ] :
top) col urmsﬁaé’tlg‘ gﬁ'd&fqg@dhé&;aﬁ%gﬁw 2%%@)@“%3@%6% ‘F%ghéﬁé’é@' of 600
nL/h. Sinul pageoss carbdimdt tyadd ik vesribeadtes, ohiehinant J:arbeﬁiaee_,t 0

uxi ng,

200C. The di_sproport.ionation reacti.on was carried out. wi,th no ref

taking a pr88 &BE‘ E&genf r%ﬁﬁ%%%’p RRYHSHIB AHEXIERIEE pﬁo§'February
2003 - 18 Tnphatet, hd itdridint icitsydrodédre sleosplhteacsodiuni dihyy8abgen col um
becane stab [Qxi £ L omgk Lnni ng of

t he supply éﬁogg?gﬁrt %)a({c@?\%gsﬁh%aqie@%ﬁé?n%ﬁ%%ﬁ%géégh%gﬁtargg’?n he bottom
(at a rate Bydfrogiepr phosm@atg h)amddli hithibunoaydgogenppbpspbatedi phanyl
oxal at e 65. 1Yo Rty | 8,43 : 96 di oxal at e
1.02 wt. %p%‘gr]%tha REY o e %&éf@/g%%é%/z e‘ﬁﬂoﬁté, ?Egrlnd{;“héatggg%t’ t hat
time had t hPOoraSSdMhRS e t1 Briwstaeebrte, syodiuny, SERBEAYE, oRBFat e

46. 53 wh. ¥ Fodihan Merodtde W . % net hyl phenyl oxal ate 2. 97 wt. % di phenyl
oxal ate 0.42 wt. % amount (taki.ng-opt rate) approx., 371 g/h,20 The reaction
mxture taken outoeRBh R e thal Bheledbh er 3l ardtarvar fpups®

di still ati omenyzalatel s eatof anaged s inemar ealcuh, nehdabazithwedndat e of 200
m./ h. The i essure t e to 15 rzm~i g, and the
appar at us vvglg’?#gg{lg%‘e#o %§ @gﬁ%%@%ﬁgﬂ@ﬁ% %‘teiétggm?di um so that

di met hyl oxal at e Thsherendensat hentipdlyphenyzabkahareastienc oan weousl y
evapor gked. : ASoAER, 0, ShLI }HO m (N -

di anet g'?s: 36:%%?&?3%%th: 1% m (g‘tgg%%eogog}’t ?ojﬁéggth(%y%%E?‘f'ro%%hg%tagp), and
di still ati ok aRRINHNSUEAR IR | AUYESFSL-BYPEr BRRERETL BF 8f tike

111131 ooy sl sgue oo s phetclren, gt el b
taken out a@%ﬁﬁ%éﬁﬁ?nﬁ%#ﬁb%%iﬂﬁ/ﬁbes?ﬁﬁPﬁ@hQ%@grgng§§a£B§€¥i6ﬁ‘nixture
was taken ouudediprdmsimoetoeaatien). A column-type reactor can be

20 also employed.

The by-product mixture comprising an amine compound
(by-product) in addition to the phenolic compound (by-
product) which is removed in the third step is collected.
The by-product mixture is then purified until the content

25 of the amine by-product is decreased to a level of 600
ppm or less (preferably 500 ppm or less, particularly 100
Ppm or less, generally not less than 0.02 ppm). It is
not practically advantageous to reduce the amount of
amine by-product to a level of 0.02 ppm or less. The

30 amount of the amine by-product is calculated on the basis
of the amount of purified phenolic by-product.

If the by-product mixture further contains an ethe-
real by-product, the by-product mixture is preferably
purified until the content of the ethereal by-product is

35 also decreased to a level of 600 ppm or less (preferably
500 ppm or less, particularly 100 ppm or less, generally



35 rate of approximately 120 g/ h. The reaction m xture was then distilled

in a distillation apparatus of the sane 8 February 2003 -20 _ type (gl ass

colum, 30 x 2 m 5 x 5 man Hel i pack) to obtain diphenyl oxal ate of 99.95%

purity containing 0.02 , wt.% of phenol and 0.01 wt.% of nethyl phenyl

oxal ate at a yield of approximately 120 g/h. Fromthe bettemedr§ heod3

distillation apparatus, a reaction |ligusd containing approx. 1.1 w.% (as a

titaniumnetal) of titanium conpound was taken out at a rate of approx. 23

g/ h. (2) Decarbonylation (preparation of diphenyl carbonate) 10 The

Blh phgnlyl oxahate lebkaithesh 00 dm@pax@gvehmr&scm.d pm@&i@@lms%aviaﬁeased in

t he bel ow nentione r ot i ve en ar o, t he

Bi phenyl car 86R4te éﬁaﬁﬁfﬁﬁénﬂ %ﬁ% %t éﬁﬁﬁﬂ%ﬁ §3ﬂ®&?ﬁﬁ1Eﬂl5rlde

and t he nixtﬂeve%asfl@ m@aqgmlm&ﬁﬁﬂﬁkMheﬂabwnmmmmimfohh@aethbreamed The

resul ti ng so}ut t f u t QES

connected | nbg SC,M%I% %d %‘L%ﬁ; C? %“&ré/lha%% ncgfa o] a%w’jﬁﬁ?l §gl y

suppl yi ng pupprlfh@dr e kiodrne-prpdpped with a thernometer, a stirrer,

and an over 20 fl qy e ed on
R S S o B S Nk

mantl e heaters to kee rocee

decar bony| at FORVENTHORFhY sl Q¥ﬁﬁb¥%¥ngl@ﬂpﬁﬁégﬂﬁoﬁuﬂbraéaéh
reactor was aﬁ%ﬁﬁlﬂ@%?lﬂp éHﬁtﬂ%“ﬁsi @Wﬁaéﬁﬂﬁ | QBaREXbH 8 H&EE@lQHﬁ (at a
25 rate of approx ﬂpiﬁ&i | apse. o ours fromthe be% Enln

t he supply of-1O¥e Q$§P@£PP¥@W%§ ERpBERYSbn: BRBRERY a6kalate

14.6 wt 1% Bi pRenUIf caid dpterEdudt %1%@9epé§§éhtﬂa% Weo ﬂ%)rAS%SQOUS
pr oduct taken out foro each ctor.conpris I, OX Yo of _carh
monoxi de. Th&@EBICH1SG 4u$$éi%%l?€ﬁ?ﬁd XangﬂuﬁBﬁo Y& Had g@ iters
35 (standardmngupdmnhﬁldweﬂ?ﬁhamatheohhatqufdtbbtpheadlabtby-pheduct
decarbonyla ¢1ff ReRIMANo20% Bdint by-products are removed from the
top of the distilling apparatus, while the purified phe-
15 nolic by-product of high purity is taken out from the
bottom or the side position (namely, side-cut). If the
by-product mixture essentially comprises a phenolic by-
product and other by-products having a boiling point
higher than the that of the phenolic by-product, the
20 phenolic by-product is taken out from the top of the
distilling apparatus, while the higher boiling point by-
products are removed from the bottom of the distilling
apparatus at an appropriate time. If a lower boiling
point by-product and a higher boiling point by-product is
25 contained in the phenolic by-product mixture, the former
by-product is removed from the top and the latter by-
product is removed from the bottom, and the purified
phenolic by-product is preferably taken out from the side
portion of the distilling apparatus, particularly in the
30 case that the reaction is conducted continuously.
The amine by-products may be tri-substituted ter-
tiary amines having the formula of RN (R is alkyl, aryl,
or aralkyl), such as trimethylamine, triethylamine, di-
methylphenylamine, triphenylamine, dimethylbenzylamine,
35 and trimethylbenzylamine. If the condensation-polymer-
ization catalyst contains trialkylamine or tetra-N-alkyl



| tion reaction was fed onto a rotary thin-layer distillation apparatus of
the af orenentioned structure (made of glass, noving part: nmade of Hastell oy
.CR) at a feed rate of 250 nL/h at a reduced pressure of 20 nmrcnHg. Sinulta
5 neously, the distillation'apparatus was heated to 200C using a heat

medi um wher eby tetraphenyl phosphoni um chl ori de was sepgrrdchaut .20l
distillate taken out fromthe apparatyg_(92.2 wt.% of di phenyl carbonate
and 7.7 wt.s of diphenyl oxalate) was continuously introduced 10 into a

gl ass-made distillation colum (sanme as that used for separation and

purificati O%Mﬁl%ﬁé&mﬁmﬁlﬁ?&f@ﬁléé ep&heV\QtﬂiﬁQYb‘}OpS:bﬂu@ﬁS

distillation was rrled ouI ressure ref l_ux ratlo

5). to obt adFH & ot hosabat Ent 89 afine; Gimprings
apFroxigatehavaagralbolxiﬁ g Gowiien shbwen- ?hanrehazabfgnhépphpaﬁaucon ﬁf |
ol ycar bona of toluene and 36 nL of 20 ethano
Fvorune ratﬁ%)Eg%ﬁﬁékéﬂgﬁé& ?gfgﬁgﬁggt 400 g of bisphenol Ato give a

bi sphen& A of kn1ﬂ1qhﬂ|¢qnd¢msati@n polyneuneatdant veathiade,othet ai nl ess

steel SUS 31§ d ol A,
22.68 g (0. )3 (?lgéqgﬁﬂﬁenyl car%%ng@éy)Eﬂgg%g?ngéhtgggeegh%gg%ﬂ

cat al yst (2d>mg>mdtyzi@ﬁs Lmu@ilwar@@mobﬁogpﬁapbe@m sthgrof Such ethe-

tetramet hyl NI duGnast £ dre ThReFBRERL gPREROVEAL NeTHRAGBereRY, Made (O
vacuum at rQom t ature for O hour Into ia-l nner space was

suppl i ed a M¥T %ﬁ%.P%rrﬁﬁcﬁrﬁncapﬁbgﬁﬁgﬁlSeﬁﬁ€§ Ye9F 59 G4 nner

spage JI?G ﬁﬁﬁﬂiQHuﬁaﬁlfﬁenth&ﬁk?été@if@@adm@hlﬁ@aghion when the

condensati on atio ction cedur

Condensat i o bt Bhenahi ¢l poRaurhe EesBRIENeH Trutbe,deantioRt ar
200C for 10 Howenexs, aifl theneeheféam bygrpiddochst axe Scovamlerttddy ir85 t he
ressure of a d d u I a 3

Bressure reé%ﬂgdhgggéﬁﬁﬁggg§ﬂg§0é£ the 259@%& % 'y EE% % Eﬂﬁﬂ%egan to be

taken out, rRELivre wayidpei dhswasbrept p%tl@n\éaarém 1rrrr¢éler@@<ﬁa xture in

the reagi or d@fﬁeﬁp\%i hekals8tedsabmdd ?e@”ﬂsafthéo‘%t@'r‘& fdé;' daaiaur . The

reaction m xture further heated at 255C and at 100 rr~nHg for 10
m nut es . S&E?%H% tly, the pressure of the inner space was reduced from
100 nrnHg to 50 nwdig iﬁstanaerl Qﬁl@blé5aﬁdndtlﬁféth desxadeate ¢end td ons, the

reacti on was,_continued.f b ent t he,.p Qf the
i nner spaces%gf?’%%uggﬁn rﬁ?ﬁ“% & F’ac?’o %‘rﬂ-qrf %ﬁ' %e
peri od of 30cihe miuimsthy]UndEalaUeh 1somepe|aamilyt Ieamprlemad am vds d:ma:nsnued
for 1 MWr. egterification reaction by means of a recycling system,

H

the separation of dimethyl oxalate from anisole is not
easily carried out, and the recycling system is not
smoothly operated.
If the ethereal by-products comprise diphenyl ether,
25 phenyl butyl ether and/or phenethol which may be by-pro-
duced in the condensation-polymerization reaction, they
may be accumulated in the transesterification reaction
system, because these ethereal by-products have a boiling
point between that of the starting dialkyl oxalate and
30 that of the produced diaryl oxalate and therefore it is
not easy to sharply separate the ethereal by-products
from the transesterification reaction system.
Representative ethereal by-products are phenyl ether
compounds having the formula of AYOR (Ar is an aryl
35 group, typically phenyl group, possibly having a substi-
tuent group, and R is alkyl, aryl or aralkyl) such as



Thus, 25.43 g (yield: 100 %9 of polycarbonate was obtai ned. The obtai ned
pol ycarbonate had a logarithmc viscosl5 ity (neasured at 0.5 g/ 100 nL
(30C), solvent: chlorofornm) of 0.497 dl/g and a wei ght average nean

nol ecul ar wei ght (cal cul ated as that of polystyrene) of 53,000. The poly
carbonate was al nost non-col orl ess and transparent by vg geakuabseroasi on).
20 After the condensation-polynerizatiPT_reaction, 17.6 nL (total anount)
of a phenolic by-product m xture was collected. The m xture was anal yzed by
gas chromatography, and confirmed that 150 ppm of trinethylam ne and 280

ppm of ani S%Eky@r?h@ﬁ a'e'&%rs%(e'r pfﬁ{ﬁldl‘e bYetﬂﬁ}QP'L@ﬁe Kl gEReWas
distilled in the g ass dlstlllatlo 2@&3#%%2? sane~as that used in the
decar bony| at PEAPY oL & hz?rr'e ?‘%@e @tYat a reflux
ratio gf 2.h dthetsi t(eal. ?;%difpﬁelny]dlaihéﬁ Atreetilakgphenyl théhyltephws
renmoved. Thu ur i nt a n

triethylam né‘ngnﬁﬁgng %’te s’oI si)(yg%iﬁ%gaétﬁ% %ﬁ‘? ﬁg?‘lﬁﬁgﬁﬂnol I C

by- pr odubt mbenzyﬂpbth@rto the first reactlve distillation colum for the
trans esterificat Q65 | for
carrying out the gghe trane%{sj’tq%yi I ca |on reac?#on %éeéiﬁégF%ﬁﬁggg?ﬁé same
as that obtavher the a@imshlyaBraduds re w@eru@ée@ft@r@sﬁlﬁﬁehbﬁ as the

starting conppefe j fbéﬂcg\ﬁfﬁghféqU|d contalnlng 54. . % of
phenol, 45.3°5 w . % of % of TPT and 270 ppm of trlnethylanlne

was enpl oyed for wlrfgl%d mmf%@x u%a%%mohet BYpLeygeeas
di phenynooxalaamdlré Ui%s tfﬁ&m\e(a i fexeaDye2d. wihe eenmenk,of 270 ppm

When' the sonBPEFIROIGH Q%dqedw o7 e PITSE, L8, BERRLL S onh SRR e
stable (at athepiaxmﬁ:4ﬂhgywsm£mabyjn@hérshephﬁosupphysestehéf&batubng
approx. 508 ‘fﬂ%hiﬁﬁﬁ%h L PRt SARe EalcbbrBLbbT F BB EeE O
W . % et hyl mrmn SHer) Aty . @pmpmateresugplﬁmgawsgsmw wi'hey sagrol
41. 13 wy5% ply system can comprise a storage tank, a pumping system,
and a tube line comnected to the apparatus for performing
the transesterification reaction. It is preferred that
the purified phenolic by-product is intermittently or
continuously supplied to the reactor for the transesteri-
20 fication reaction (e.g., reactive distillation column),
so that the purified phenolic by-product is employed in
the recycling system.
The process for the preparation of polycarbonate
according to the present invention is capable of produc-
25 ing almost colorless polycarbonate having a high molecu-
lar weight such as in the range of approximately 10,000
to 80,000, particularly 15,000 to 60,000.

[Example 1]
30 (1) Transesterication (preparation of diphenyl oxalate)
Diphenyl oxalate (DPO: diphenyl oxalate) was pro-
duced from dimethyl oxalate (DMO: dimethyl oxalate) and
phenol (PhOH) by the following procedures.
Into a first reactive distillation column (inner
35 diameter: 32 mm, 50 column plates, named "Oldershaw col-
umn") equipped with a 1-L volume bottom flask was intro-



20 The vapor taken out fromthe top at that time had the foll ow ng
conposition: nethanol 99.7 w. % di nethyl oxalate 0.3 wt.% anount

. (taking-out rate) approx. 39 g/h 25 [Exanples 3 to 6J The procedures of
Exanple 2 were repeated except that the nature and anmount of the inpurity
(ami ne conpound) was varied as indicated below. In the gasg thaty 3003
triethyl am ne was enpl oyed as the am'_?ﬁ inmpurity, the decarbonyl atl on
reaction was carried out using tetraethyl amoni um hydroxide in place of

t et r amet hyl ammni um hydroxi de. The results are set forth bel ow. 35 8

Febr uar 20 (rﬁ?SfEi‘Hl t hyka ne
concent %/atl gn i n eno %ﬁ%ﬂfmﬁg’?%d%éé#ggct?%n@m%t uréﬁqat
bottomSDIVD dimet: . PP vk . Wk NPL JseoBaphenerpbi tanium
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Ig; gzn E;ggpNFer @% tr$ m:l‘]%lg;fgﬁl% O&‘% Eﬁémagﬁ%ﬁ%) Waﬁﬁeﬁczjl

ppnﬁ5605posurfea<tred)foﬂ @eﬁamuénlxéat@ratobmomwﬁhé%ﬁ&m ot?hﬁrb 39 48
.% MPO. 29. 93 wt 21 W . % al ci ng- out ratg g{?rorrbo

g/ hConposi t T lqrékre%acb O WP t GPODREBHPUB92F Gt T6] r@téo
. 9%aki ng- aff 2ratmXinemrd quoddded/ isanphe 5yém the top. 'I'he

8? PO BN AR £ AEEN' abh B el SO, BpTCRIPOSTt | o0

wt . % DPO. ampd.ucaérmp@rdmim@t@ ¢ondanseron) : 608 g/ h30Conposition of

vapor haken out Ty LOpVELEHhd PO dnit 11@@@ f@rétv\ﬁcea{@e&b@:gd%ttﬂﬂtae
(fromtop): 39 g/ h( l.e 6) 35Am2§ conpound 8 | am neAm ne
concentrati &t ?ﬂ%ﬁ%ﬁ begrpme pit BPHQW«'“Q 9§Y- 8t @ & iadn 4of

reaction Xidﬁxfs aﬂgjsi@rttt_(mr BinAing 80ﬁ/t theth@ﬁ BE761el x¥ackRG: 27, 64
0 ¥ 6 Taki ng-out .rate,(from nposi ti on
of vapor tal?gﬁgtd‘fff %%@P 9@1%{:%{:‘30/? D| Bog%wpxgé)agg -out rate

(fromtop): f@l]gz&vbun@@mmmssbnoﬁxarrpl e 1] 10

15 diphenyl oxalate 6.23 wt.%
methyl phenyl oxalate (MPO) 29.95 wt.%
dimethyl oxalate 23.88 wt.%
phenol 39.41 wt.%.

20 The vapor taken out from the top at that time had

the following composition:
methanol 99.7 wt.%
dimethyl oxalate 0.3 wt.%
amount (taking-out rate) approx. 44 g/h
25

The reaction mixture taken out from the bottom of
the first reactive distillation column was then intro-
duced into a second reactive distillation column (Older-
shaw column) of the same structure at the 12th (from the

30 top) column plate at a reduced pressure (200 mmHg) at a
feed rate of 600 mL/h. Simultaneously, the bottom flask
was heated on a mantle heater to 200°C. The dispro-
portionation reaction was carried out with no refluxing,

taking a produced vapor out from the top using a condens-
35 er.

!



15 20 A feed liquid containing 54.1 wt.% of phenol, 45.3 w.%of DMO, 0.5
wt. % of TPT and 1,000 ppm of trimethylam ne was enpl oyed for performng
-transesterification reaction to produce di phenyl oxalate in the same nanner
as in Exanple 1. The content of 1,000 ppm of triethylam ne corresponded to
2,000 ppmon the phenol content base. Wen the conditiossFedridey fA063
reactive distillation colum becane stafle (at a | apse of 4 hours starting
fromthe supply of the starting conpounds), the reaction mxture taken from
the bottom (taking-out rate: approx. 613 g/h) had the follow ng

conposi tion: diph %gﬂ Ye L%}g@y e . %

di met hyl oxal ate ?gébB%H@ q%ggg;%%ﬁg§?§% f?%ee%géoggggég%ﬁgut

from the toptaent Fedupmmbacamne rfetakaihe o(ﬂp@rczm YoRt aeldnfsl 05947 w. %

FICOrret hyl oxahah%sff%o\M A:%]g@ nr{ d!gt@ﬁé \id @ a@@r@%}e géaﬁtanlt) 45 3
mpari son e ee |qU| contain 0 0 eno

55w 5 of EBpUFeRCtigh, i P M e e

ecrn oved fObfnapb&tm nQe6g rge/flsesha&iltfhe ﬁcblmumg%orapﬁsbtmany 2003

reaction to produgp %py ate in the sane nanngg 25 Ug Exanmpl e 1.

The content of 35 gﬁ$% an1ne,~ corresponde 7 pn1on t he

phenol cont ent bamethyﬂIphenyﬁamxaﬁatéoﬂﬁﬂb} the fir$8.48awti.%e distillab

tion colum becangy Qﬁ%% apse of 4 hours startin@ f&enbthe suppl y
of the starting conpoun&ﬁ) € reaction m xture taken fron1the bottom
(taki ng-out rate: PRg@x. 612 g/ h) had the followi ng &3rP3swti.&n: di phenyl
oxal ateq4. 21 w. % 10 nmet hyl phenyl oxal ate 23.82 wt.% di nethyl oxal ate

28.30 wt. % phenol 43.10 wt . %
°P f%e vVapor taken out from the top at that time had

the following composition:

methanol 1.57 wt.%
dimethyl oxalate 46.53 wt.%

15 phenol 48.51 wt.%
methyl phenyl oxalate 2.97 wt.%
diphenyl oxalate 0.42 wt.%
amount (taking-out rate) approx. 371 g/h

20 The reaction mixture taken out from the bottom was

placed in a rotary thin-layer distillation apparatus

(heat conductive area: 0.1 m?) at a feed rate of 200 mL/h.
The inner pressure of the apparatus was reduced to 15

mmHg, and the apparatus was heated to 200°C by means of a ~

25 heat medium, so that dimethyl oxalate, phenol, and methyl
phenyl oxalate were continuously evaporated. The vapor
was then fed to a distillation column (inner diameter: 30
mm, length: 2 m) at the position of 80 cm (from the top),
and distillation was carried out continuously.

30 From the top of the distillation column, a condensed
liquid comprising 3.05 wt.% of dimethyl oxalate, 41.73
wt.% of phenol, and 55.21 wt.% of methyl phenyl oxalate
was taken out at approximately 68 mL/h. Simultaneously,
the reaction mixture was taken out from the bottom at a

35 rate of approximately 120 g/h. The reaction mixture was
then distilled in a distillation apparatus of the same



The vapor taken out fromthe top at that tine had 15 the follow ng
conposition: nethanol 99.7 w.o dinethyl oxalate 0.3 wt.o anount

(taki ng-out rate) approx. 35 g/h. 20 [Exanple 7] The procedures of Exanple
1 were repeated except that the first reactive distillation colum and the
second reactive distillation colum were connected in s@regs ety 200B ng
continuous recycling system 25 Into ?Be first reactive distillation colum
(inner dianmeter: 32 nm 50 colur~ plafés, nanmed " O der shaw col um")

equi pped with a 1-L volune bottomflask was introduced a m xture of 54.1"

wt . % of phenu %q a d
tetraphenoxy&?eAQQF%%§)§Q¥QW&at th g%hé??ron?? %0mﬁ ?é gPQEk the at a
feed rate oPbs@dmdiphenyh ezt 9L 2%e 6tPBﬁi¥Ya§QnﬁﬁénhEgt d08n-a
mant | edheat %ftt'f/odig erBl?télﬁd“(?a@:Y Maraseﬁtﬁétméyapla@ﬂ neaﬁantaﬂ?mae .
carried out at a x ratio, o n uced, vapor, ou r e
top. The 3Saré’fjieé>€f\%€ FINRRFERE ?\}Yhfjég aéﬁs gramth? tEem RE Cﬁ) duced
}/onr usi ng damdrﬂdmmsn aplﬁaf@bnsarab ?8A3tidd Y\hq?lﬂheonaaﬁlnulngns in Ithe

irst reactlve isti i op ¢ol unm_bgcame st a approexinate t a lapse
of 3 hours e bebitni ho 47 TnELCARBRY BECERL PEaECkAPIH SRS * 1 he
reaction n1xﬂnnuiﬂm&sntak&nfoun1aheabnatenoﬁ &ppkORg- 28t gyht.e: approx. 603
g/ h) had the follow ng conposition: diphenyl oxalate 6.19 wt.o nethyl

phenyl oxalate (MPO) 30.02 wt.% di nethyl oxalate 25.74 w.o 10 phenol 37.38
w.% The vagbr taﬁ@rmmylabmnhéprepaaatmat ofii dephanytlheaﬂ:blolnaweﬁg

cont po I on: met | xal.a 9

(taklngiéut rateﬁﬂﬁQQﬂ&éﬁeﬁ%ﬂﬂ?ﬁgiﬁggrgg%?lgﬁanﬁgtEﬁg ?%E en g%? ronlthe
bot t om of tﬁaeafqt%%@nr‘@%tpwcasgﬁm Lat £he belownmgasipRed manner to

give diphenyl carbonate (DPC).
To the diphenyl carbonate was added 1 mol.% of
tetraphenylphosphonium chloride, and the mixture was
15 heated to 150°C whereby a solution was obtained. The
resulting solution was fed into one of two 1-L volume
glass reactors comnected in series at a feed rate of 300
nl/h using a quantitatively supplying pump. The reactors
were equipped with a thermometer, a stirrer, and an over-
20 flow pipe. Simultaneously, the reactors were heated on
mantle heaters to keep a temperature of 230°C, whereby
proceeding decarbonylation of diphenyl oxalate.
The over-flow position for each reactor was set at
- 600 mL. The over-flown reaction mixture taken out (at a
25 rate of approx. 270 mL/h) at a lapse of 20 hours from the
beginning of the supply of the reactant had the following

composition:
diphenyl oxalate ‘ 14.6 wt.%
diphenyl carbonate 84.0 wt.%
30 phenol 0.08 wt.%.

A gaseous product taken out from each reactor com-
prised approx. 100 % of carbon monoxide. The total
amount of the collected carbon monoxide was 25 liters

35 (standard condition) /h.

The reaction liquid obtained after the decarbonyla-



20 duced into the second reactive distillation colum (A dershaw col umm) at
the 12th (fromthe top) colum plate at a reduced pressure (200 mm-Hg) at a
. feed rate of 603 nL/h. Simzltaneously, the bottomflask was heated on -a
m antl e heater to 200C. The di sproportionation reaction 25 was carried out
with no refluxing, taking a produced vapor out from thes tFeprusinyg 2803
condenser. \Wen the conditions in the.ggecond reactive distillation colum
becane stable (approximately at a | apse of 4 hours fromthe begi nning of
the supplly of the reactant), 30 the reaction nixture taken out fromthe

bot t om ( at ati@her@botﬁ@mmilf?em/dﬁtd\aéi ﬁd@fﬁlﬁmn&y@ﬂp@ﬁfsﬂ@m-

di plhe?yl 10)2“; %%)e 65.13 W oﬁt%\é) oxal at(f ]18 39twt %tdla%t hg

oxal ate 528K I?é:ﬁ’(ﬁ apor
taﬁn O:Jt 1f rSQEtasBe oy iatg tpaait:tmmiélamift}m&eﬂ.lcow%) caﬁrrpzmsfeednrateth I
met hano met hy
phenyl oxal aé m’?#ﬁ%@% pahen cﬁﬁ@acgﬂ%fés%ﬁﬁgﬁp%ﬁgﬁ@{ﬁ % rleﬁ t/ -out
rate) approxneguglyl,h tie Ties tqueapmxaﬁu@mlaﬁehe@‘pe@f t@héo ¥ond
reactive dis 501, éiféﬁg ol unme
gl ass vessel thSthtsgquent Y, tﬁmcgﬁgense dt;'/éa\%%arl was ?%H&&ﬁh of m H’ét
reactive di stifEamesn separated F at eloerdtshbhintg ’t'—%kﬁﬂa@uf—al@ﬁmout from
the second 1gheoly ﬁa?&fgowz 390G/ ia)oﬁtdi PEefpirecd2bbngebugndphae. Thus,

arecycllngsse erec clihg s m,was i.ni ti.ated, the
amounts of t to Tfar'g @éﬁhﬁ% Al sWRRpEey Eﬂg\lﬂ‘gﬁig L8EECHERE ng no
recycling syimm werod g@lﬁuﬁa;ib S(ﬁlé’dﬂﬂll&hﬂoﬂoccbmm doamet asf thhe usgszlcl edh
starting co and the fresh st e to the
hit al y el ChRA LRt Hn ELGARL 65 RRAS, ERdndBRREERIRA T 0T
w.% feed r&tien &mBID)XA rwhetqbﬁotcontihuoﬁsedw'an:lilablonxwasecaa‘b:eedout
fromthe bot r ti il S aced in
a rotary thi %ﬁgaygl%%%f%?%eag%r atzgsgg % £§g%\§ﬂcfﬁ8§gggr§2 glol ne)
at a feed raQdteHinpcbiphenyl THarbanateppEss r8 ﬁfp‘tlﬁétﬁpﬁ'ér at 58t®aoLr educed
to 15 mBl -i gp frlee apAY Usr,yms heated to 200C by nmeans of a heat

medi um 30 so fhat di nethyl oxalfate, phenol, and nethyl phenyl oxal ate were
continuously evaporated. The vapor was then fed to a distillation apparatus
(i nner dianet@@): Ibmiensdedghhpolyierpaakiog nmeans: 5x5 man Hel i pack, MPO

G sti 11 at fon vas CRreRttabtoh e RALERTEBRRERT he top of the distillation
col um, a condensdrom a mixture of 800 mL of toluene and 36 mL of
20 ethanol (volume ratio: 22/1) was recrystallized 400 g of
bisphenol A to give a bisphenol A of high purity.
In a 100 mL-volume reactor (made of stainless steel
SUS 316L) were placed 22.85 g (1 mol.) of the purified
bisphenol A, 22.68 g (0.106 mol.) of diphenyl carbonate
25 obtained above, and a catalyst (20 mg of sodium dihydro-
gen phosphate and 5 mg of tetramethylammonium hydroxide) .
The inner space of the reactor was made to vacuum at room
temperature for 0.5 hour, and into the inner space was
supplied a nitrogen gas to reach an atmospheric pressure
30 in the inner space. The reactor was then heated for con-
ducting the condensation-polymerization reaction.

In the procedure of condensation-polymerization
reaction, the reaction mixture was heated at 200°C for 10
minutes and then at 230°C for 10 minutes. Subsequently,
35 the pressure of the inner space was reduced gradually at
230°C. When the pressure reached 200 mmHg at 230°C,



8 'February 2003 -29 liquid conprising 3.05 w.% of dinmethyl oxal ate, 41.73
wt.o of- phenol, and 55.21 w.o of nethyl phenyl oxal ate was taken out at

. approximtely 68 nL/h. Sinmultaneously, the reaction m xture was taken out
fromthe bottomat a 5 rate of approximately 120 g/ h. The reaction m xture
was once placed in a 3L-volune gl ass vessel. Subsequent$ yebiriva rye@®t0i30n

m xture was continuously fed into thessecond reactive distillation colum
at a rate corresponding to that taken out fromthe second columm at the
30th colum 10 plate (fromthe top). The reaction m xture taken out from

t he bott.om mrrb]stbégaed tao ]aedtakehl att pnaadpahet gentd atena saish &eldeO

recovering Iunn |v Lp gxal ate of 9

cont ai ni ng éfFQnghe gﬁﬁéél hﬁxgufg 8% ﬁgph %ﬁ% ﬁ;w¥§&alate at
a rate of ammmbhenzmaag\tdad &0240?(29 amitatmIﬂOtmethﬁorlOa!slhouappa’il‘heus
reaction |i t BhU

tltanlunlco%%%un Q&%gﬁ?ﬁgﬂﬁégﬁég Fu}tﬁe¥ﬁhggééﬁ 2t b%gét ?ha?éé 9ecyc|ed
into thd fi meeHg efex 1@ mbndtes;| | §ub§ﬁq§@n@ﬂ=w,atthﬁ1@r§tswrang>fc&h®und

f eedi ng DQS'ﬁhﬁﬂr éﬁﬁbéeﬁﬁéb98&hééﬂoﬂr6ﬁa§bboﬁmﬂ§dtbh%O mnHg for a

condensat i onpo atlon reaction Mﬁ@ perfqrned. Th collected
phenol i c byﬁﬁ%ﬁ 13 ypinykespur g ?Hcgﬁ néllff}oﬁ’r‘?en & BRRADT oduct

m xture contwidh ngad PRt dhuedi ﬁ@thlsaﬂi\lﬁ&té@d S Spiserfusanilspl edheand fed to
the first reactive dlsg #bat .on _colum of the f rst §;§p #91HMQF ﬁﬁfrse of
transest eri fCETT O r@4c SnIQﬂﬁrdFEBFEle 55’ r‘?‘ &5 | %

amount X0 hi@hl arl@0at ng7peC nfobya meﬁmcﬁsofveBe pindtuesd. BEngert suachof the
recovered c ta ty t nDunt of
impurities %%%fﬁ}gﬁgrdtggugggbg# (\I:‘\% Cg) \‘ﬁ?ﬁe%f\ﬁé]:ﬁ algjor 10 of the
liquid was renove’ﬂllua,f2§sh3cgt dwgﬂdmaiwddféd afh paigrcarbenaithtwas
conpensat e nggﬂfn &gnoved anount. The above-described recycling system was

oper at ed 8 February 2003 -30 contlnuously for_10Q hours.. The reaction
rate and the com@@?t@@ﬁ@lﬁﬁd’( relyeashonata hag & hogan Y arviAERus

posi ti ors weiteykeméageﬂéaaat ot.6 gi/Med ke, t@e) , depheayk : 0xaldreform)
[ Conpari son Ef<a6rp § 2!1
497°dl/g and a weight average mean molecular weight
(calculated as that of polystyrene) of 53,000. The poly-
carbonate was almost non-colorless and transparent by
visual observation).

20 After the condensation-polymerization reaction, 17.6
mL (total amount) of a phenolic by-product mixture was
collected. The mixture was analyzed by gas chromatogra-
phy, and confirmed that 150 ppm of trimethylamine and 280
ppm of anisole were contained.

25 The phenolic by-product mixture was distilled in the
glass distillation apparatus (the same as that used in
the decarbonylation reaction) at a reduced pressure of
200 mmHg and at a reflux ratio of 2. The initial 3% of
the distillate taken out at the top was removed. Thus, a

30 purified phenolic by-product containing 2 ppm of trieth-
vliamine and 5 ppm of anisole was obtained.

Thus purified phenolic by-product was supplied to
the first reactive distillation column for the trans-
esterification reaction and employed in place of fresh

35 phenol for carrying out the same transesterification
reaction. The result was the same as that obtained in



The procedures of Exanple 7 were repeated using a feed |liquid containing
1,000 ppm of anisole, to produce diphenyl - oxalate. 10 In the first reactive
-distillation colum, anisole was deposited at the upper portion of the

col um when the reaction was perfornmed under the same conditions as those
of Exanple 7. Therefore, the reflex condition was changeddmryapve e |

ani sol e together with nethanol. 15 Theyget hanol recovered fromthe top
contained 0.25 w.o of anisole and 0.63 w. % of dinmethyl oxal ate.

[ Conpari son Exanple 3] The procedures of Exanple 7 were repeated using a 20
feed liquid gnatakei b Freed phwrefl ddhany|seibeingt onpedude di phenyl

oxal ate. In the recycling systemusing the above feed | i'quid, the anmount of
di phenyl oxal ate in the vapor (phenol/DMO recovered fromthe top of MPO
recovering colum increased 25 gradugEksmpder fch 2.7 w.% at a | apse of
100 hours. The re | i f.e furfher_co nugd 100, hoyrs, and

t he content of diéhi EP&§§35¥£k¥§h %945§&fgwtrh ?%ePQSBP}e 35.3

i ncreasi g ttwe . anodnDMS, d]ﬁheﬂybsaxbfﬁ?ﬁ amdth%ngpmroftbElmeahyﬂen rate
in the first eag ec

oper ating con@gpéonsgv\aéﬁpgﬂ\écé &El? %ﬁﬂﬂ# gﬁégg F%%P%EZPP ation

col um but aK@@CtnODhécsmdllCﬁemph@y}ls@ﬁl&téohncﬁhanﬁamhéﬂmgorator
and the PO pecayPEhathdd W, % comleLFBEME PBATUA! r280%Aahind

process for pre arin ycarbonate I C rISi he ste
subj ect i ng a‘jél’ir %6%51 FQ 2 PRIRRI Fle d°PBLERENSBSEeri fi cati on

to givels diaryl We@rﬁt&me sdn@ctiogs tde eher flirgxakahetivedadatiangl-at i on

pol yval ent  hjaF OB AART THIOH ckihce. SRPHCCaFafy BV ELPAL]

tertiary an1ﬁ&thattﬁgs@pplyfdﬂythgr@U@rblng CempauﬂdabkythQUMEaduuxﬂ

ammoni um hydh&?&t‘&?ceh‘i:‘ép{}—.qﬂ. Erdat ﬁjrx] B@y 6‘%—%5%%‘}’36 1304, y%@bb%%t ©,

renmoving a m Xture containi ng a an arm n pr oduct
that has a b&0S mdhﬁmhﬂdlﬁhﬁwfw’%@WlmgtCQWPOﬁétpﬁénol|c by - product

15 diphenyl oxalate 6.05 wt.%
methyl phenyl oxalate 27.21 wt.%
dimethyl oxalate 25.07 wt.%
phenol 41.13 wt.%.

20 The vapor taken out from the top at that time had

the following composition:
methanol 899.7 wt.%
dimethyl oxalate 0.3 wt.%
amount (taking-out rate) approx. 39 g/h
25

[Examples 3 to 6]

The procedures of Example 2 were repeated except
that the nature and amount of the impurity (amine com-
pound) was varied as indicated below. In the case that

30 triethylamine was employed as the amine impurity, the
decarbonylation reaction was carried out using tetraeth-
ylammonium hydroxide in place of tetramethylammonium
hydroxide.

The results are set forth below.

35



collecting the mxture; purifying the m xture so that the anmount of the

am ne 20 by-product in the mxture is reduced to give a phenolic byproduct
-m xture not containing the am ne by-product in an anmount of nore than 600
ppm and utilizing thus purified phenolic by-product m xture as a 25 whole
or a part of the phenolic conpound in the first step. 2 HderydOELess0df
claiml, wherein the catalyst further_gontains an alkali nmetal or an

al kaline earth nmetal. 30 - 32 - 8 Fébruary 2003 3. The process of claim
1, wherein each of the phenolic conpound and the phenolic by-product

consi sts esseﬂ%éﬁ%} { phenol . 4. The process of claim1l, wherein the step
of purifyingt m Xture is performed by distilling_ off the am ne

by- product from tA¥einex€aMeouBd: The process of &ramathylamms n t he step of

purifying the ”1K&Hiﬁe'éoﬁééﬁEEQEQohnlﬁu efylner thquj hpramount of the
am ne by 10 produ in the mxture is,reduged to %IVS tPhenollc by- pr oduct

m xture not cont at ﬂmﬂas%ﬁéoﬁnp rﬁﬁcﬁﬁﬁﬁhgpxﬁﬁxﬁh more than 100
ppm 6. A process for pmepazungzpwty&armmnm1e4whamhv¢pmpr|ses the 15 steps

of : subjecting a dialk oxglat,g and.a 10 roduct m xture not
contai ning an am ne by%%Podgbrbsn“gn °d S#SHDXQP ‘han 600 ppmto
transesterifi cat i Bakinggoue aadbadfttnxakﬂtmmﬂsald pleolg th bypr oduct

m xture havi ng be yi Q%ﬁ% qq%glning 20 a
phenol i c by-produ gﬁmggéﬁgﬁggh?%é ;bk Q§%%ht li%as a boi ling point |ower
than that of the phenoMe©Hby98r.ddutt. wwhi &M .GoMtect ed in a condensation
polyner%@atlon re@gkhﬂg bak Eé%%arfqgmpqugarbonate fren c§fdlglalkyl oxal at e

raryl e

and a phenolic conpoun subj ecting the oxal ate t car bonyl ati on
to give a 25 diaryl carbonate; and reacting the diaryl carbonate with a
pol yval ent hyd¢eexwpieonpound in the presence of a catalyst containing a

tertiary am ne ha% §9C1 C3 a group or a tetra—N-ﬁ substituted
anmoni um hydr oxi aIkyI group to di E%%P Qrbonate. 30
7. The process ofAmhaenc@nodmbnatn&thdjpuﬂunkﬂc by pr odugbpmi xt ur e does not
Coptal M e am NechipBEILEh Wk PR Rl dOBAPPm - 33 -
DMO: 23.89 wt.%, PhOH: 39.48 wt.%,
MPO: 29.93 wt.%, DPO: 6.21 wt.%

Taking-out rate (from bottom) : 603 g/h
Composition of vapor taken out from top
20 MeOH: 99.7 wt.%, DMO: 0.3 wt.%
Taking-out rate (from top): 44 g/h
(Example 5)
Amine compound: triethylamine ~
25 Amine concentration in phenol: 500 ppm

Composition of reaction mixture at bottom
DMO: 25.10 wt.%, PhOH: 41.09 wt.%,
MPO: 27.18 wt.%, DPO: 6.02 wt.%

Taking-out rate (from bottom) : 608 g/h
30 Composition of vapor taken out from top
MeOH: 99.7 wt.%, DMO: 0.3 wt.%
Taking-out rate (from top): 39 g/h
(Example 6)
35 Amine compound: triphenylamine

Amine concentration in phenol: 500 ppm



8. A process for preparing polycarbonate which conprises the steps of:

subj ecting a dial kyl oxal ate and a phenolic conpound to transesterification

-to give a diaryl oxalate; 5 subjecting the diaryl oxalate to

decarbonyl ation to give a diaryl carbonate; reacting the diaryl carbonate

w th a polyval ent hydroxyl conpound in the presence of @& reafralayst 2003

containing a tertiary am ne having CL-A3_al kyl group or a 10 tetra-N-alkyl

substituted amoni um hydr oxi de having Cl1-C3 al kyl group to give a

pol ycarbonate, removing a mixture containing a phenolic by-product, an

gm ne 3y pr odugt Cbﬁbﬁb&&l@nb@lﬂ hreg cedion rdle&lﬂliil'rd ke ndnﬁcth omf the phenolic

y-product, and an et Y-Rr o ol | e the m xture;

puri fying the nixture 3‘?’ ﬁ wgm) nt%‘%&c c}dm"%e cbfy product and

et hereal by-product i thP@e 2i7x todr evtars m@xce&iﬁa)vgl\fe a phenolic

by- product m xtur canta produ anount of nore
RaRine SR e (AR RS 0

than 20 600 ppm an erea an annunt f"nore than 600
ppm and5ut|||2|n@ompogq@mdn|qﬁjwaparﬂﬁakannqu&xﬁngmrﬁqmure as a whol e or
a part of the phenoli cygeppouypd Qg figky, S eP-wex 9. The process of
claim8, wherein the catalyst further ‘contalns an a kall tal or an

al kal i ne earth mefaking-ouy rate HdxaumGeRo03 10. ThetQrdtess of claim 8,

wherein each of the phenolic conmpound and the phenolic by-product consists
pur i ying the 5 mxture i por PR BEQR SOAIS) W1 Che am ne by-product
fromthgom xture Al Zeethd ipnoice s:s:mfam:m B . Whett &% nof heheheD, od5pBri fyi ng
broduct i tHE B REapRls ééa%é”?o&“&“%ﬂé“a%hﬁh% 7 i 2t ReE 8 2l i ng
the am ne byapiveuwas mm@iayuduﬁonﬁpenﬁarminglﬂrﬁn$¢smer1flcatlon
reaction to produce diphenyl oxalate in the same manner
as in Example 1. The content of 1,000 ppm of triethyl-
15 amine corresponded to 2,000 ppm on the phenol content
base.
When the conditions of the first reactive distilla-
tion column became stable (at a lapse of 4 hours starting
from the supply of the starting compounds), the reaction
20 mixture taken from the bottom (taking-out rate: approx.
613 g/h) had the following composition:

diphenyl oxalate 4.21 wt.%
methyl phenyl oxalate 23.42 wt.%
- dimethyl oxalate 28.43 wt.%
25 phenol 43.39 wt.%.

The vapor taken out from the top at that time had
the following composition:

methanol 99.7 wt.%
30 dimethyl oxalate 0.3 wt.%
amount (taking-out rate) approx. 34 g/h.

[Comparison Example 2]
A feed liquid containing 54.1 wt.% of phenol, 45.3
35 wt.% of DMO, 0.5 wt.% of TPT and 350 ppm of trimethyl-
amine was employed for performing transesterification



23. A process for preparing polycarbonate which conprises the steps of: 15
subj ecting a dial kyl oxalate and a phenolic by-product m xture not
cont ai ni ng each of an am ne by-product and an et hereal by-product in an
amount of nore than 600 ppmto transesterification to give a diaryl

oxal ate, said purified phenolic by-product havi ng been 8liedimnedby003
purifying a m xture containing the phegalic by-product, the am ne 20

by- product and the ethereal by-product which was collected in a
condensati on polynerization reaction for preparing polycarbonate;

subj ecting teadtiiaory | toxatedecs odiphanpbngkalave in gheesamdi anyher
carbonate; and .25 xeact4ing, thed iar rhen 1 £ h ; Lydr oxyl
conpoundi|1Q§u§Qn$¥ﬁWR eg}'aegg?a$9é#e§§nggig%ﬁgﬁg%tgitg%ﬁéﬁgkﬁghugéwing
Cl- C3 al kyl gpmgsponded et® a7 0P apgyl osubbei phenadlaconhentn bageoxi de havi ng
Cl-C3 al kyl Qrouﬂﬁu§9-€ﬁé %8&d£§98ﬁésﬁfftﬁéafﬁgé§,r@%&&%b% BigtRhgael ic
by- product m xture does not contal n_the am ne by-product in an anount of
nore than 100igiprRolumsbegamaustable (at a lapse of 4 hours starting

. ASAS. A. AH, . A % , . . FU, . A
£ 0 AR 1D ot g SN, Mo AU A

L. AFUr. AA AA AU@ . Af R, . Ln, AyU Bl A

56nn{5q|gb]X$%%ﬁé%@c h%%?cg¥@@]EQFQQP%EP@aﬂEﬁF&Q%CQPEAéP@&FCéFEEFE%]ca]ca]c

gagg%ﬁglg&;kﬁ?akyﬁﬁigﬁaac?nécfaliarﬁ E?mpfsifio?: | Leal cal ca] cal
Xsn ca] cal ca] ca] ca] ca] ca] ca] ca] ca] gal.qa] cal.ca] ca] cal ca]c

a]ca]ca{ca]ca]caJ%%?%%%Xg]eﬁ%ia}ga]ca]ca]ca]ca!fgst PhiekRl

10 methyl phenyl oxalate 23.82 wt.%
dimethyl oxalate 28.30 wt.%
phenol 43.10 wt.%.

The vapor taken out from the top at that time had
15 the following composition:

methanol 99.7 wt.%

dimethyl oxalate 0.3 wt.%

amount (taking-out rate) approx. 35 g/h.
20 [Example 7]

The procedures of Example 1 were repeated except
that the first reactive distillation column and the sec-
ond reactive distillation column were comnmected in series
for forming continuous recyciing system.

25 Into the first reactive distillation column (inner
diameter: 32 mm, 50 column plates, named "Oldershaw col-
um") equipped with a 1-L volume bottom flask was intro-
duced a mixture of 54.1 wt.% of phenol, 45.3 wt.% of
dimethyl oxalate, and 0.5 wt.% of tetraphenoxytitanium

30 (TPT) at the 12th (from the top) column plate at a feed
rate of 600 mL/h. Simultaneously, the bottom flask was
heated on a mantle heater to 190°C. The ordinary trans-
esterification reaction was carried out at a reflux ratio
of 2, taking a produced vapor out from the top. The

35 reflux was conducted with condensing a portion of the
produced vapor using a condenser.
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amount (taking-out rate) approx. 44 g/h

The reaction mixture taken out from the bottom of
the first reactive distillation column was then intro-

20 duced into the second reactive distillation column
(Oldershaw column) at the 12th (from the top) column
plate at a reduced pressure (200 mmHg) at a feed rate of
603 mL/h. Simultaneously, the bottom flask was heated on

- a mantle heater to 200°C. The disproportionation reaction

25 was carried out with no refluxing, taking a produced
vapor out from the top using a condenser.

When the conditions in the second reactive distilla-
tion column became stable (approximately at a lapse of 4
hours from the beginning of the supply of the reactant),

30 the reaction mixture taken out from the bottom (at a rate
of approx. 213 g/h) had the following composition:

diphenyl oxalate 65.13 wt.%
methyl phenyl oxalate 18.39 wt.%
dimethyl oxalate 1.21 wt.%

35 phenol 13.18 wt.
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1phenyl oxalate 3 wt.%
amount (taking-out rate) approx. 390 g/h

The vaper taken out from the top of the second reac-
tive distillation column and condensed was once placed in
a 3-L volume glass vessel. Subsequently, the condensed
vapor was fed into the first reactive distillation column
at a rate corresponding to that taken out from the second
column (approx. 390 g/h) at the same 12th column plate.
Thus, a recycling system was formed.

When the recycling system was initiated, the amounts
of the fresh starting compounds employed in the case
adopting no recycling system were reduced so that the
total amount of the recycled starting compounds and the
fresh starting compounds could correspond to the initial-
ly set amount, that is, DMO 45.3 wt.%, phenol 54.1 wt.%,
and TPT 0.5 wt.%, feed rate: approximately 600 mL/h.

The” reaction mixture taken out from the bottom of
the second reactive distillation column was placed in a
rotary thin-layer distillation apparatus (heat conductive
area: 0.1 m?) at a feed rate of 200 mL/h. The inner pres-
sure of the apparatus was reduced to 15 mmHg, and the
apparatus was heated to 200°C by means of a heat medium,
so that dimethyl oxalate, phenol, and methyl phenyl oxa-
late were continuously evaporated. The vapor was then
fed to a distillation apparatus (inner diameter: 30 wm,
length: 2 m, packing means: 5x5 mm Helipack, MPO recover-
ing column) at the position of 80 cm (from the top), and
distillation was carried out continuocusly.

From the top of the distillation column, a condensed
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that taken out from the second column at the 30th columm
10 plate (from the top).
The reaction mixture taken out from the bottom was
distilled in a distillation apparatus (same as the MPO
recovering columm), to give diphenyl oxalate of 99.95
wt.% purity containing 0.02 wt.% of phenol and 0.01 wt.%
15 of methyl phenyl oxalate at a rate of approx. 120 g/h.
From the bottom of the distillation apparatus, a
reaction liquid containing approx. 1.1 wt.% (as a titani-
um metal) of titanium compound was taken out at a rate of
approx. 23 g/h., and recycled into the first reactive
20 distillation column at the starting compound feeding
position.

The decarbonylation reaction and the condensation-
polymerization reaction were then performed. The col-
lected phenolic by-product mixture was purified to give a

25 phenolic by-product mixture containing 2 ppm of trimeth-
ylamine and 5 ppm of anisole) and fed to the first reac-
tive distillation column of the first step.

In the course of transesterification reaction and
disproportionation reaction, a small amount of high boil-

30 ing point by-products were produced. A portion of the
recovered catalyst-containing liquid was removed so that
the amount of impurities in the liquid could not exceed
50 wt.%. When a portio of the liquid was removed, a
fresh catalyst was added in such an amount to compensate

35 the removed amount.

The above-described recycling system was operated
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The procedures of Example 7 were repeated using a
feed liquid containing 1,000 ppm of anisole, to produce
diphenyl oxalate.

10 In the first reactive distillation column, anisole
was deposited at the upper portion of the column when the
reaction was performed under the same conditions as those
of Example 7. Therefore, the reflux condition was
changed to remove all anisole together with methanol.

15 The methanol recovered from the top contained 0.25 wt.%

of anisole and 0.63 wt.% of dimethyl oxalate.

[Comparison Example 3]
The procedures of Example 7 were repeated using a
20 feed liquid containing 1,000 ppm of diphenyl ether, to
produce diphenyl oxalate.

In the recycling system using the above feed liquid,
the amount of diphenyl oxalate in the vapor (phenol/DMO)
recovered from the top of MPO recovering column increased

25 gradually to reach 2.7 wt.% at a lapse of 100 hours. The
recycling system was further continued for 100 hours, and
the content of diphenyl oxalate reached 5.4 wt.%

In the course of increasing the amount of diphenyl
oxalate in the vapor, the reaction rate in the first

30 reactive distillation column decreased. Further, the
operating conditions varied not only in the first reac-
tive distillation column but also in the second reactive
distillation column, the evaporator, and the MPO recover-
ing column.

35
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5 1. A process for preparing polycarbonate which comprises
the steps of:
subjecting a dialkyl oxalate anda phenolic compound to
transesterification to give a diaryl oxalate;
subjecting the diaryl oxalate to decarbonylation to give a
10 diaryl carbonate;
reacting the diaryl carbonate with a polyvalent hydroxyl
compound in the presence ofacatalyst containing a tertiary amine
having C;-C3 alkyl group or a tetra-N-alkyl substituted
ammonium hydroxide having C;-Cz alkyl group to give a
15 polycarbonate, removing a mixture containing a phenolic by-
product and an amine by-product that has a boiling point
lower than that of the phencolic by-product;
collecting the mixture;
purifying the mixture so that the amount of the amine
20 by-product in the mixture is reduced to give a phenolic by-
product mixture not containing the amine by-product in an
amount of more than 600 ppm;
and

utilizing thus purified phenolic by-product mixture as a

25 whole or a part of the phenolic compound in the first step.

2. The process of claim 1, wherein the catalyst

further contains an alkali metal or an alkaline earth metal."

30
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mixture.

5. The process of claim 1, wherein the step of purifying the
mixture is performed in such manner that the amount of the amine by-
10 product in the mixture is reduced to give a phenolic by-product

mixture not containing the amine by-product in an amount of more than

100 ppm.

6. A process for preparing polycarbonate which comprises the
156  steps of:
subjecting a dialkyl oxalate and a phenolic by-product mixture
not containing an amine by-product in an amount of more than 600 ppm
to transesterification to give a diaryl oxalate, said phenolic by-
product mixture having been obtained by purifying a mixture containing
20 a phenolic by-product and an amine by-product that has a boiling point
lower than that of the phenolic by-product which was collected in a
condensation polymerization reaction for preparing polycarbonate fram
a dialkyl oxalate and a phenolic compound;
subjecting the diaryl oxalate to decarbonylation to give a
25 diaryl carbonate; and
reacting the diaryl carbonate with a polyvalent hydroxyl
compound in the presence of a catalyst containing a tertiary amine
having C;-C; alkyl group or a tetra-N-alkyl substituted ammonium
hydroxide having C;~C; alkyl group to give the polycarbonate.
30
7. The process of claim 6, wherein the phenolic by-product
mixture does not contain the amine by-product in an amount of more

than 100 ppm.
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are reduced to give a phenollc by-product mixture not
containing the amine by-product in an amount of more than
20 600 ppm and the ethereal by-product in an amount of more
than 600 ppm; and
utilizing thus purified phenolic by-product mixture
as a whole or a part of the phenolic compound in the
first step.
25
9. The process of claim 8, wherein the catalyst

further contains an alkali metal or an alkaline earth

metal.
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20 Dby-product and the ethereal by-product which was collected in a

condensation polymerization reaction for preparing polycarbonate;
subjecting the diaryl oxalate to decarbonylation to give a
diaryl carbonate;
and
25 reacting the diaryl carbonate with a polyvalent hydroxyl
coampound in the presence of a catalyst containing a tertiary amine
having C;~C; alkyl group or a tetra-N-alkyl substituted ammonium
hydroxide having C;-C; alkyl group.

30 14. The process of claim 13, wherein the phenclic by-product
mixture does not contain the amine by-product in an amount of more

than 100 ppm.



