;e3eD, D~(()D*4+N*, 6, T, U 7 26 June 2002 ~~~" CONTI NUOUS MANUFACTURI NG METHCD
FCR AROVATI C CARBO\IATES The present invention concerns continuousg June 2002 k/ -
manuf act uri ng ,me mati c carbonates; nore specifically,
concerns a nanuf i.mn m“mmﬂ od by which aromatic carbonates can be
continuously and effigiently manufactuged from dial kyl carbonate and an
aromati ¢ hydr oxy corrpound bi phenyl car bonate (DPC~ is an industrially
useful conpound that is used as a raw naterial in the manufacture of
pol ycar bonat e an ty . { cture di phenyl
carbonate pr oductéloyéwd(g’% ﬁﬁgﬂ" '{%ﬁiﬁi %Qﬁ i'g%a‘f ROMATIC known in the
prior art to obtain di phenyi carbonhate eacting dial kyl carbonate and
an aromatic hydTbR)Prwnp@BthFmonee(aﬂpbehmdsyMamﬂacmhnganmdsefor di phenyl

car bonat e m ca obt al ned as follo cting
di net hyl '%%Hé)t(éel‘!é‘?rfg“%ﬁé'&é% H%‘E&q:g& “é“l‘%éﬂx ethsd by 18 o1 o
0 ~5- OCO szlnch %rﬁatrc cax@oﬁaﬁéﬂéan [ dod\ﬁx@duﬂv ardl effidertemanddattuded

Me- OCO. - qg% However, the problemw th such reactions is
that they Q’P@‘ ﬁ!aikvéﬁﬁ'imﬂbﬁel anearemalin bydroay compeund. | ead back to the

original syste I“gfﬁﬂ‘ o sol ve
t hese probl emsrrb ri gfljgﬁggﬁg%gsts an?lglust?igb}tﬁ%fqﬁtrcga I on raf%e been
proposed. as a2faw umaedd0ih the ﬁlaﬂlamuafeeaﬂptﬂ)(ambdmﬁb E’adlethé likgphind athe on

Di scl osure ai 257 di scI et hod for con | nuo
manuf act ur i E@@Fb AR SORFEd PHRTROSPEDTRY & Aadueraly Eioducts
are contingpys!y distilled off with a nultistage distillation colum to

prognote the productivity of the reaction, as the rtaction product is
cont i nuousl y redbiscknown insthe prokatwie ebiairs dipheayt carbonafei byp senchingh

distilling | cohol i ¢ by-products of
the reacti (ﬁa%gfma?t,’é ?ﬂ@f&é?% (III‘:)Oh‘gJ ’ﬁ“%mséavf/ﬁnat erials, product,

sol vent, and t h&ok ekamplfmetio/iphendl cAFbchate, ﬁfplﬂbl?ldavlﬁ)rfaﬁﬁﬁt' iriRturésof

conti nuous net hods for rranuf turing aromatic rbonates such as those
nent i oned HB?@FH&E’G\P@?‘W lewsm\mem\srqwg\ﬁmépw agd #henly| car bonat e
by-products of the reaction), catalyst, solvent, and the |like are recovered
fromthe reactor along with the reaction products and al coholic byproducts.
These continugye Sy pds—M @ efficient becax€ Qkdde naterials, -
especially the unreaqgfed ray nepegHal sg2 are rdtur necr t ek eaction
system However, in ideir studies of such netQods for continuously

manuf act uri ng aromatic carbonat es, the present inventors discovered that
the effici ency¢a.r_d/\e(§h_ﬁr@rrat| c car bonatgs @KeQp+@duced in a continuous
operation dimnisheg as recqyerggﬂtp egeted raw mat et e @ returned to
the reaction systerrs) As they studied the causgyof this, the present
inventors discovered that the reaction of dialkyl car bonate and an aromatic
hydr oxy conpound Q_@j rtg yI aromgtle eidiergby- produMe Q0 Qas M sol e,
al beit at |ow rates o? i vity, and t% in a centinuous operation

t hese al kyl aromatl c hers accurml ate ingt he react or when unr@acted raw
materials are returned to the reaction system dimnishing the effective
capacity of the reactor. Armed with this information, they al so discovered
that the efficiency of continuous manufacturing nmethods for aromatic
carbonates can be i nproved by separating and renoving al kyl aromatic ethers
fromunreacted raw naterials renmoved fromthe reactor before recycling 26
June 2002 - 3

However, the problem with such reactions is that they are all equilibrium
reactions that tend to lead back to the original systems and they have slow

reaction rates.

In an attempt to solve these problems, various catalysts for raising the

reaction rate have been proposed.

(AR
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the unreacted raw materials back to the reaction system This recover
conpl eted the invention. The object of the invention is to provi@éung %@Qhod
for continuously and efficiently manufacturing aromati c carbonates by
react,i ng dial kyl csrbonate and an aromatic hydroxy conpound that is based
on the research described herei nabove. The continuous manufacturing nethod
for aromati c carbonates of the invention is characterised by carrying out
at | east one of the refinenment and recycling processes hereinbelowin a

met hod for continuously manufacturing aromatic carbonates in a reactor by
reacting dial kyl carbonate described by general fornula (i): ROCOR2 II
... (1) Owhere R and R2 are al kyl groups, al kenyl groups, alicyclic
groups, al kyl Jgpaness UoetaminedgPaleht yepplicagpouPisclosurarkdiay| Ngr ddgs, R and

R2 may b me, or different, and th may . forma ring, or, be

subst it ut%é%?a‘s{i&?é‘?ﬂ? Wﬂ?ﬁﬁgéﬁﬂ?%%ﬁa?‘éﬁg&éﬁ‘%%m Crﬁ?bti’%?fscorrpound
in the prigSgARR AfordI€ahal othdn b%‘%‘r&&u&@@}é B&%iﬁldﬁsf)ﬁﬂ% {1188 S R laC
carbonat e reaction product, al coholic by-products, “dial kyl carbonate, and
aromat i ¢ thyltistge dGstritfadiond-obndn whipkempecthegrodyctivity ofetheakadtignt as thee
reaction sgst em di car bong,t e and ,aromati c hydroxy conpound: [I] a

al kyl
refi nemer %HP(H‘W@QVE‘P%/H@"[H?‘HE@ STeMPVEHi ch al cohol's and al kyl aromatic
ethers are sepgrahrd lﬁ{&%{ ?679&?%a@f&@eﬁ?@&@%ﬁ&%s@%ﬁ%&uﬁﬁg‘?ﬁea‘il\ fromthe

top of the reactor, this reaction m xt cont al ni ng al°coho y- products,
di al kyl cattdngptatoedistilhoff @tdydlicayoprtductseothie reyetipmougt metloriredcbhiol) t he
reactor, and the dial kyl, carbopate thus obtained is recycled to the

Fenct Lon B9 ki zat el PEre i 8o es ERE R Nk gt BEEBE: f TMARCh ¢ he
rehcti on Plodlubie fafpyed fromthe bottom of the reactor, this reaction

m xture contai ning aromati c carbonates, dial kyl carbonates, aromatic

hydr oxy conpoulndsorgincioak kyethards fet nmretirturing -avewdtic tcarbanatesdsich ashe
reactor, js distilled, ,aromatic carbonate is renoved fragm,t he tom of the
i ot 11 niose SRenE g RaRG (ERarR, % B o RAPUIng TEHEr ot ed
and r enoveRbbrhiam E)_\h?rdcﬂ.?k‘g IINtHE ¥édetiBn bR YED lvdrlie ahab tif 1fdeeafd stilling
colum, and the dialkyl carbonate and/or aromatic hydroxy conpound thus

obt ai ned racevered Ureradthe geadier ploagtwith the seaation| productsparst eleohelin/byit i on, t he
aromati c carpopateni s an_al kyl ar ar bonat.e. diaryl ,carbagnat.e, or

i xtar s BB THske sRaRnipuy Hathed§ e hBiaf LI 1R B Rsonat e o
di et hyl cegpaeiBy the JhRaPRETW REteARRREIr6tMNET theGOAGRMRYstefn. phenol , m
and/or p-cresol. A typical exanple of an alkyl aromatic ether is anisole.
When two react blosveyee usedtheir t3udiest IRfd sush coatiodsodfer y cantinmenslyir i ng
aromati ¢ GArBPNALES: Qloh i LANSALES e brelsSnPIRERIHE UilddBbrdi NGl | T St
reactor, alkyl aryl® carbonates are€ prod Ced as the aromatrc carbponates by
reacting difiidayy a€arlichaistnatittcabortatesaxiel prolyded ity a continuss operktien pr esence
of a catalyst .and then in the second reactor, diar CG%LE)O ates are

I
produced dninishes asnigepvered uuRaaRd ByWenakrsals e&'chyma\ K yAachpy|
car bonat e ;L g Wﬂ{egﬂs%eé'déé EadsB 4RSS, e sl AfibediOre diScdVeld uaity!

carbonate and an aro ydr oxy conpou
the reaction of dialkyl carbonate and an aromatic hydroxy compound produces
alkyl aromatic ether by-products such as anisole, albeit at low rates of selectivity,
and that in a continuous operation these alkyl aromatic ethers accumulate in the
reactor when unreacted raw materials are returned to the reaction system,
diminishing the effective capacity of the reactor. Armed with this information,
they also discovered that the efficiency of continuous manufacturing methods for
aromatic carbonates can be improved by separating and removing alkyl aromatic

ethers from unreacted raw materials removed from the reactor before recycling



26 June 2002 -5 First to be described are the dial kyl carbonate, aromatic
hydr oxy conpound, and catal yst used to nmanufacture aromatic carbonates in
the present invention. D alkyl carbonates descri bed by general fcn%ﬁﬂqge@p?z
herei nbel ow are used in the invention. ROCORZ .... (i) Owlere R and
R2 are al kyl groups, al kenyl groups, aligﬁclic groups, or aral kyl groups,
R and RZ may be the sane or different; d they may forma ring. Specific
exanples of R and R2 include al kyl groups such as nethyl groups, ethyl
groups, pribpyinregetsdpraw mateyialsgbapkpto, t%ﬁemytlom systge., Thiexptovgro gpmpleirsithel
groups, oqﬁgl @roups, nonyl groups, and decyl groups; al kenyl groups, ally
gr oups, and g 8hy| groups; alicyclic groups such as cycl opropyl groups,
cycl obutyl groupse objact boRMAAYENtiOH MHidproEie h ateeiod foftaitidgousty hdofEiciehgpt V!
groups; al kyl groups containing alicyclic groups such as cycl ohexyl net hyl
groups; anganufzgurigaromgtio carbongtes tyticagst alkyl gsrpongteisad 2y arqypasigdydroxy

phenet hyl  gr iR (RRRINLAI SPHE MRSt RRSAYLRHE b gr oups, and methyl benzy!
groups. These groups nay be subsStituted w ower al kyl groups, |ower
al koxy groups, Thetuntigneuspdandbeiuting ageivd bRdrdnietic dbonaestodithe iHveafion At ed

bonds. Exanpl es of  dial kyl carbonate descrjhed by formula (i) .include
di met hyl cRwEskased byi ethijng O3 Kbrstse ongi 9¢ &s-‘yre%lamahap@ reghcling ypprocesses

carbonat e,y .iHBng’\WJa ,a(‘rﬁétHQ{‘ %reeogghg?{fesw g?ﬂﬁ@&{ﬂﬁ{é ragcﬁ'ﬁa‘?ﬁ'@a)’ﬂ nafek %Q%&tor

di hexyl carbonate, diheptyl car octy onat e, dinon

car bonat e, byticdang| didkylmariamete desdribel bytdeperattortoladi)e) net hyl propyl
carbonate, nethyl butyl carbonate, ethyl propyl carbonate, ethyl but<~1
carbonat e, ethylene carbonate, propylene carbonate, di(mnmethoxynethyl)
carbonat e, di (nethoxyet hygpdo qardpphate, di (chl oroethyl) carbonate,

di (cyanoet hyl ) carbonate, dicyclopentyl carbonate, dicyclohexyl carbonate,
di cycl oheptyl carbonate, dibe%zyl car bonat e, di.phefiet hyl carbonate,

di (phenyl propyl) carbonate, di(phenyl butyl) carbonate, di(chlorobenzyl)
carbonat e, and di (et hoxybenzyl) carbonate. These dial kyl carbonates nay be
used in conbinations of two or nore. Preferred anong these is diatkyl
carbonate where each,R and R2 is an alkyl group with no nore than four
carbon at owkere i @Ad & gra Ayl ereunsorikenyl grepng; dicplic groppsh AL SrAYPE CHRBNEE ed

o 9 %l 50 BOOAL 5 SR, 1 Sh010 5y 0 S Ul it o

(ii) hereifobmloring, or be substituted with cyano groups and halogen and an aromatic hydroxy
compound in the presence of a catalyst, while continuously removing aromatic carbonate
reaction product, alcoholic by-products, dialkyl carbonate, and aromatic hydroxy
compound and while recovering and recycling to the reaction system dialkyl carbonate and
aromatic hydroxy compound:

[I] a refinement and recycling process in which alcohols and alkyl aromatic ethers
are separated and removed from the reaction mixture removed from the top of the reactor,
this reaction mixture containing alcoholic by-products, dialkyl carbonates, and alkyl
aromatic ether by-products formed in the reactor, and the dialkyl carbonate thus obtained is
recycled to the reaction system
and

[IT] a refinement and recycling process in which the reaction mixture removed from
the bottom of the reactor, this reaction mixture containing aromatic carbonates, dialkyl

carbonates, aromatic hydroxy compound, and alkyl aromatic ether by-products formed in

the reactor, is distilled, aromatic carbonate is removed from the bottom of the distilling



Ar~OH ...(ii) Are is a nonoval ent aromatic group which may have a
substituent. Exanples of such aromati c nonohydroxy conpounds i ncl ude

al kyl phenol s such as phenol, cresol, xylenol, trinethylphenol, 26 June 2002
t et ranmet hyl phenol , et hyl phenol, propyl phenol, butyl phenol, diethyl phenol,
met hyl et hyl phenol , net hyl propyl phenol , di propyl phenol, nethyl butyl phenol,
pentyl phenol , hexyl phenol, and cvcl ohexyl¥henol ; 26 June 2002 -7

al koxyphenol s such as mnet hoxyphenol and et hoxyphenol; naphthols and
substituted naphthols; and substituted phenols described by the fornula ((
)}-A -tV - cGrimn, ralkylwivematid\ dters Qre sefarated Cd, réd@rvedRfroR’ tHe rdaction miQture - C

- I R R R a ubsti t.ute al kyl ene suc S .. i val ent group such as
cyel onl ky! Shainec B8 3ap ok the Wstiliny sST0gn” BET B aigfyd cibarme, Rl pgille ag.
each R-, Rhydfdly camfoihd this ebthied a@asusicdd thongdtionl syybmgr oup) cycl oal kyL

group) aryl group, or aral kyl group, which may be substituted with a
hal ogen atom or allcoxy group. k is an integer ranging in value from3 to

L2 L R AT Tl GRSy RAp 16k B St et

subst i t ut edathbhdie SothgikturetedtitBeuch as | ower al kyl groups, |ower al koxy
groups, ester groups, hydroxyl groups, vitro groups, hal ogen, and cyano

groups. Het er oarlbrataferred dirlyl carbonsiuis dimethilcageonatear dhistylcpehonate.

o omat o hydr ooy Eares AL AL RGP 5B HaT0 pihel b SRR SHED 0 Doinds
can al so be used typicahplaemplé ofanuikylqromatiogherioasisoleesor ci nol , catechol ,

di hydr oxynapht hg) ene, di hydr oxyant hrgcene P&gg al kyl ated forns of them,

Aromati ¢ di hydr OX0PCSNRTERTIerS aseuseriin Eie Hsthed, forreoniigigusly mepuiRtwringsfomatie pe
used. H 0 hbbnatds ofthe mveRtidd, \¥is pleferred that

in the first reactor, alkyl aryl carbonates are produced as the aromatic carbonates by

reacting dialkyl carbonate and an aromatic hydroxy compound in the presence of a catalyst
and then in the second reactor, diaryl carbonates are produced as the aromatic
carbonate by either reacting the alkyl aryl carbonate obtained in the first reactor or by

reacting the alkyl aryl carbonate and an aromatic hydroxy compound.



1 where Ais identical to A hereinabove, and the alicvclic may be
substituted with a substituent such as a | ower al kyl group, |ower alkoxy
group, ester group, hydroxyl group, nitro group) hal ogen, or cvano2gprenf2002
In the present invention, aromatic nonohydroxy conmpounds in which Arl in
t he above-nentioned fornmula (ii) is an aromatic group with six to 10 carbon
atons are preferred, with phenol, nr-créédl, and/ or p-cresol being nore
preferred, and phenol being especially preferred. Aronmatic hydroxy
conpounds may be used in conbinations of |wo or nore. In the present
invention, it i Eirgrtefier dedribdibsretthe dialkytatartonated amuyaticamgoerydcompamgd)] esd of
whi ch are cited heéfinab ve, be fed to@%@§§te ction systemin anmounts such
12

that the dF3PRSYUSEd (I RRMRgtIe SRAIPAtc 5 ERYEL TSP, at i o ranges
from10 to 1, mﬁaﬁléﬁr&}mﬁwsyde&rmdlbysgerfélraiyﬂonﬁﬁml (ICRErBRBALRSardNthed iR lthy !
carbonates_are produced fromthe above-described dial kyl carbonates and
aromat i ¢ hyyepdgn. conpounds by reactions such as the followi ng. 'The

foll ow ng exanpl es are rquU’ g si ng di al kyl carbonates in which R~ and

R~ mformula (i) are the sane. 6 June 2002 R -OCOR + OOHO (GS: Ar)
S-OCOR + OHO -9 ~OCOR |+ R O HO ~oco-~+iR OHO ... (1) ... f
.~ 2~-0C0OR ~ ~-0CO~+ R -OCOR 0 ~O0O... ( 3) Specific exanples of

al kyl axyl carbonates that ca® be obt ai ned by neans of reaction (1)

i nclude ne h 2¢ar e P | 1
carbonate,kgpklg %ﬁggyﬁéggg@§%§$§fE@%ﬁ@“Q%ﬁ%%?ﬁaéggggﬁgFégg%%%b§ P é#ﬁ
car bonat e, ateRymap be thd saprrdadifédrent, epihyy nakhdonh a eiagbonat e, octyl tolyl

carbonate, nonvl, (ethyl phenyl) carbgpate, decyl (butyl phenyl) carbonate
methyl tolyl carB ‘E@’,‘a“élﬁFﬁ/Pf) BOF‘}‘P RE dndlisealkst %PWUCE&met@rasem gthyl
butyl tolyly PQ Igﬁ%laér%up@ﬂu‘#l grlipd, r’?t;eﬁ]yl)i/)lcg?&;ﬁi h@i)m’éroﬁ?@ WepGRPARRL Betyl

met hyl (trirnmethyl phenyL) carbonat €, (chi or ophenyl ) carbonate, nethyl
( ni t r ophengtoups, avobplrgrveys, amt daelyl gnoppioxvphenyl ) carbonate, nethyl cunvl

car bonate, nethyj apht hyl) . car bonat nmef hyl (pyridyl) carbonate, ethyl

cunyl carbonate?‘{lkﬁé)fqlgg?ulj(gbaémggﬂuﬁﬁéﬁgﬁ’}’teﬁt%ﬁﬂﬁée, ethyl xylvl carbonate,

benzyl Xxylvl capheRBt @roufs bl as(d?&l@bfbrg)ypﬁ&%ﬁyé,)cyél@b@?ﬂé’rb@pst, ﬁﬂwflﬁﬂ)entyl groups,
r net hy

(hydroxyphenyl ) carbonate, nethoxvcarbonvl oxybi phenyl
(hydr oxybi g¥delexyl eranpre Ard eyclohephy BrampBy dr oxyphenvl ) pr opyl phenyl car bonat e,

T ot LB S ey AR 00 T



hydr oxy conmpound in the presence of a catalyst is conducted in a reactor.
Reactors such as reaction-type distilling colums and conti nuo@$ Jusa2fess
equi pped with distilling colums can be used, but it is preferred to use a
reaction-type distilling colum. It is preferred to use a reaction-type
distilling colum with a | arge vaporliquid boundary to enhance the
productivity of the above-nentioned reaction. ) Specifically, a nultistage
distilling colum having at least two distilling stages can be used,
exanpl es i ncluding conventional nultistage distilling colums such as plate
col ums, packed colums, and col ums cgnbining plates and packing. It is
preferred to have the catal yst present in all stages of such nultistage

distilling coly l\4\&’)1ena ol i ca&al St i usdinapa%ke colum, it
can conprise part ~orP a1’ af¢ ir‘lseg?fézé' i&h ‘.‘psft@ep%tg'& BN R AR GRY'REANIct ed Wi th
a sol vent gm,e@wmlmﬁyn@@hpgqnd%ém?meﬁz}mpgu e inert, in the reaction

can be used, exanples including ethers, alicyclic hydrocarbons, and

hal ogenat ed ar dhesei &roRps rvyabstbstituted wilalvvarmlkdregralps lbwer alidugt ed ~
wi th iner e | N rgon. copresent, \Wile the
reaction gg%g)?‘t(ﬁlgﬁg%?lﬁfségh%égggg?’ﬁgatd&%ﬂhé@? gs%**gﬂasag%% C?E%rtwlisc)n of the

reactor and thExamphksiodelidtkyicdaribdiate HoRribed by fofmuk @sineldde diandhgt ed at a
tenperature (internal colum tenperaturez)v?f 50 to 350C, 100 to 280C being
pr ef er r ed cakanatsodiathyseeberate odipseiad earbonate edially e garbopater slileutenyl may be

conduct ed u r.oli , e r e Pt ally
conduct edcgﬁ)oé%g’sgﬁg“etgpf%ﬁgn%’ F%&%%@fi‘?‘g’aﬁgt oﬁﬁg@ ﬁﬁg%ﬁtﬁbdﬁ%&#ﬂrjesi dence
ime in therboasef dioclys cakbonhieydidofPllcdrboile, didedyl lafbonk i nictligi etflyf r om 0. 01

t
to} 10 h being preferred and 0.05 to 5 h being nore preferred.” In the
present i A¥@RDRIEN, methy| RypRYl sarbopntenepethy! Jady carboaatey byl mrgpyl ons (1)

to (3) 0L IRAULASHH BANA" OlTBblde CBRANAL Efrboflbie! /150l RAESSuBBYate car i ed

out in two or nore reactors. wever, i prefefre use two reactors
26 June 2@d@@nethdxyamethy) cartduate, r dfaidtiosxyefhyl) Warbbngieoddi¢ddoatiafi) y al kyl
aryl carbonate, in the first reactor and reactions (2) and (3), which

produce di Pa@aﬁi!ﬁmﬁg‘yﬁﬁafWQa?econd reactor. Aromatic carbonates

produced in a g?c%gfc%@?tv%mhﬁﬁ, cﬂfazég‘érﬁi\egﬁfl @Jrﬁﬁit&,%ﬂﬁé%ﬁ@%ygona €

conti nuously renove romthe rea sually I'n state fromthe
bott om of the dilzatzgl carbopatet dipheaethghatdonaendiptiefylpropike cobonet® of t he

reactor ar hen.sent to a refinenment colu for refinenent 1-tea ile,
al cohol i c dﬁ@‘ﬁ?ﬁ(‘i’ﬂg‘fqéc ?’8“6‘&13“@%&?8@% C%‘&ﬂagqﬂé’“pogﬁme%o’iyﬁ@“@gﬁlgt or.
' The unr eggiafedw materials, dial kvl carbonate and aromatic hvdroxv

conpound, are continuously renmoved fromthe reactor, separated) recovered)
and recycl ed t dheprediablod carbonates rap beTised inlcehkinations bomen er mptd-udes

dial kvl carbongfe that is a by-pradyct of the reactio | I, as_the
or  gi nal  unr eadr PR pERE theke T REATEY) Sspltie aErR R K BRa: ot
(by-pr OdU(‘aﬂllg/lrgQ6Q;\,( Vit nb BT lthen RACh Mo RYnBCwRh ARRIAM dAfbdiitear@d to as
an unreacted raw material. Wen unreacted raw materials are recoverned and
recycl ed tdiethyl earbenate e pyefered and dimsthyhearbenate esprsigdiyepreferradavent i on,
the unreacted Y TRE&LEE | ﬁyggoexy compound used to manufacture aromatic
carbonates is described by general formula (ii) hereinbelow,
AriOH (i)
Ar! is a monovalent aromatic group which may have a substituent.
Examples of such aromatic monohydroxy compounds include
alkylphenols such as phenol, cresol, xylenol, trimethylphenol, tetramethylphenol,
ethylphenol, propylphenol, butylphenol, diethylphenol, methylethylphenol,
methylpropylphenol, dipropylphenol, methylbutylphenol,  pentylphenol,

hexylphenol, and cvclohexylphenol;



separated from al kyl aromatic ether by-products fornmed in the reactor
(mainly in the first reactor when two reactors are used) and thegsJassaoded
to the reaction system This alkyl aromatic ether is a by-product of the
reaction of dialkyl carbonate and the aronmatic hvdroxy conpound (Ar~OH) and
is produced at a low rate of selectivity. It can be described by Ar~OR or
Ar~OR~. Anisole, such as that shown hereinb~low, is usually the by-product
of the reaction of dinethyl carbonate and phenol. ~Owe 26 June 2002 -12
The above-descri bed reaction product (argmatic carbonate), al coholic by
products, unreacted raw materials (dial Kyl carbonate and aromatic hydroxy
conpound), and aHF | gronptic ether by-products are renoved as reaction

m xture fromthé éﬁ" olsstch A Brethaxy phengl apd ethrpharolpr esent i nventi on
has a refinenment éHHﬂ1 e, B&H idie.Whi ch t he various conponents are
separ at ed fron1t%e réggﬁﬁgghggﬁﬁﬁggﬁiﬁgk@ﬁe unreacted raw material s thus
obt ai ned are recams substitutedh phepals tesmibeg byahe fospadafi cal |y, at | east one of
the following ) refinenment and recycling processes is carried ouf: [1] a
refinement and recycling process in whigh alcohols and al kyl aromatic

ethers are separated and r d fro reqtciii on m xture renoved fromthe
top of the reactor, thisr 5T i X co i ni ng al coholic byproducts,
di al kyl carbonates, and al k romatic her by-products fornmed in the

reactor, and the dial kyl carbonate thus obtained is recycled to the
reaction system and | TI efinenment and recyclin rocess in which the
reaction n¥%%ﬁ?%29%ﬁ%vé%“?xgﬁ&bﬁé bot t om of t%e rechor, this reaction
nifture contai ning aromati c carbonates,sdi al kyl rbonates, aronmatic

hydr oxy conmpound, and al kyl aromatic eter by-prottucts®forn~ed in the
reactor, is distilled, aromatic carbon%ze is renoyed fHon1the bottom of the
distilling colum, alkyl aromatic ether's are sepa arzdCand renoved from the
reaction m xture obtained at the top of [t he distiﬂling|colunn, and the

di al kyl carbonate and/or aromatic hydroRy compoun® % huRbbtained are
returned toaf{substibded)i dkvlepsswminasi+ i s possible to use either refinenment
and recycling process [IJ or [Il]j alone, but it is preferred to use both
refinement and recycling processes [I) and [Il~ together. Aromakic

car bonat es, al cohols, dial kvl carbonate, aromatic hydroxy conpounds, and

al kyl aromatic ethers can usually be separated by distillation in either

refinenent and recycling process. ill of the conporents-n _the reaction
m xt ure renbdé‘chlmfcgrpuh@ucl@aﬂ}@ioam;lemfq@xan@dedoﬁrmI_fil)shti |l ation
or simply a bond. . ~——
In these formulas, each RY, R5, RS, and R’ is a hydrogen atom, lower alkyf group,
cycloalkyl group, aryl group, or aralkyl group, which may be substituted with a
halogen atom or alkoxy group. k is an integer ranging in value from 3 to 11, and
the hydrogen atoms may be replaced by lower alkyl groups, aryl gro‘ups,
halogen atoms, or the like.

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

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

aromatic hvdroxy compound.



26 June 2002 -13 apparatus or they may be renoved sequentially in two or
nmore distillation apparatuses. For exanple, when alcohols and aldgy}yne 2002
aromatic ethers are separated and renoved fromthe reaction m xture com ng
off-the'top of the reactor, the alcohols can be renoved in one step, the

al kyl aromatic ethers can be renmoved fromthis partially refined mxture in
the next step, and then the dial kyl carbonate thus obtained can be recycl ed
to the reaction system A specific exanple of the continuous manufacturing
met hod for aromatic i 1 carbonates in which two reactors are used to

manuf acture an aromatic carbonate from di nethyl carbonate and phenol is

descri bed hereinbel o i.th reference to Drawing 1. In Figure I, dinethyl
carbonate is co ?‘Hﬂﬁ/ﬁg'vq@ﬁy €8mpeypeycan “Xm%g? I‘B%re’fai"ﬁgeslif,‘d‘éﬁﬂgphenol
and a honogedrRundnal al yst rd@b&ifdnt i nuoksdNof €d to dihed Il line
12, as the di%t hyl car bongte émd’ phenol ar gf'r eact eoll f?nlroﬁzgi‘ic@{oﬂr‘;l%ﬁé'lt

shoul d be dAdwedoxirmthmiene andmailotatetd sfarms bé thatv odAcematihrdibyiraxdye sane
line. The i 1 Xt.ur e ion mxture A hereinbe] oH~) renoved from
the top 13%‘%%%’3@ J(i)'%s% ‘%Pé@@%ﬁ?%‘iﬂ@’?‘&&ﬁ“ﬂ%%ﬂ |, contains

unreacted and newl y produced di nethyl carbonate, nethyl al cohol by-product,

anisole, and the tike. This reaction mxture Ais led to distilling colum
2, where the methyl , alcohol by-product is renmoved via line 21. A portion
of the di nmethyl carbonate is renove this distillation by boiling
the nmethyl al cohol and diFhet @ )QO(Hs an azeotropic mxture].
Conmponents of the distillation i due s as di net hyl carbonate and

@anoI e (an alkyl aromatic ether) are concentrated, and it is therefore
possi ble to renove the anisole with another distillakion and obtain highly
pure di net hyl carbonate (process [I-1] of the first refinenent and
recvcling process). Specifically, the distillation residue is fed fromthe
bottom of eNigdrée MAlib ipntiohitBTA Rerefndbougind ith@al?dclit taditstdubkhtdgedcwiithan 3,

where the Csilligs?t}tﬂgrlt g&rhbgglaht ?ower alkyl group, lower alkoxy group, ester group,
hyvdroxyl group, nitro group, halogen, or cvano group.

In the present invention, aromatic monohydroxy compounds in which Ar!
in the above-mentioned formula (ii) is an aromatic group with six to 10 carbon
atoms are preferred, with phenol, w-resol, and/or p-<cresol being more
preferred, and phenol being especially preferred. Aromatic hydroxy compounds
may be used in combinations of two or more.

In the present invention, it is preferred that the aromatic hydroxy
compound, examples of which are cited hereinabove, be fed to the reaction
system in amounts such that the dialkyl carbonate/aromatic hydroxy compound
molar ratio ranges from 10 to 1, more preferably 5 to 1.5.

Alkyl aryl carbonates and diallyl carbonates are produced from the
above-described dialkyl carbonates and aromatic hydroxy compounds by
reactions such as the followmé. The following examples are reactions using

dialkyl carbonates in which R' and R? in formula (i) are the same.



26 June 2002 -14 and anisole are separated. Anisole is renoved via line 32,
and the highly pure dinethyl carbonate renoved via Iine 31 can bgJugsygobzd
to reactor 1. Substances such as dinlethyl carbonate (boiling point:
90-91C) and ani sol e (155.5C) can be separated easily in refinement and
recycling process (l-1J because of the large disparity in their boiling
points. Dinethyl carbonate refined in refinement and recycling process
(I-1J can be returned to the reaction systemfor reuse. Meanwhile, the
reaction mxture (reaction mxture B) renoved fromthe bottom of reactor 1,
preferably the base of a colum, via | e 14 usuall y contains methyl phenyl
carbonat e, di phenvl carbonate, dinethyl carbonate, phenol, anisole
by- product, catalyst, and the like. This reaction fluid is distilled in
distilling tomer 4, adlstlllate whi sual | y contains dinmethyl
car bonat e, phenol, %@g@an S rerm\%d'é:a)& %e top of distilling tower
4 via line 41 | eadi n to re ‘éréefﬁ'[ afd recydling procéss QH]. It shoul d
be noted that the bottom product fromthe di&illation conducted in
distilling colum 4 contains @@siml f)anount of anisole. In refinegept and
recycling pr oae | J, dinethyl carbonate, phenol, and anisole are
separated by st@l Qtlc% fromthe di stwbl-—a[t)@@b{-@j ned fromthe top of
distilling colum 4! Mre specdf@ Bl 132 di metihyl cagborpat e% first

er

distilled off the t&p of distilling colum 5@nd can then ecycled via

line 51 to reactor 1. Meanwhil e, the bottom product renoved fromthg bottom

of distilling tower 5is fed to dlstllllng colum 6, where anlsole 3

{) nol are sepagate@Chy -drstillatiog :gf)ol e is @isti ﬁm;]é .of the
E of distilld ng coljum 6, and<_-_>phenol |l re ¥_ed fro the and can

be returned to reactgy 1 via |line 62. M%va\,hlle the reactidp fluid renoved
fromthe bottomof distilling tower 4 v | ine 42, which corntains

subst ances such as di net hyl carbonate, phenol, and anisole as wé&l IC &3

met hyl phenyl carbonate and di pheny) carbonate, is led to the second
reactor 7. 26 June 2002 -15 Di phenvl carbonate is produced in the second
reactor 7 by reacting chiefly nethyl phenvf carbonate and phenol (the
phenol is fed via line 73). A nethyl phenyl carbonate reaction for
producing di phasuetife ARARNrHIRA #IEU:Boddles (af cSPEOBHRIRACL Pinehns ANl SO €,
as well as di rreth | carbonate and phenol, is distilled fromthe top 71 of

t he seconcbfrrewtomlr(wchtltdesntéitlsatllpHeavbcarbom?éel atbyr phenyé nanbbnatedpraggycl i ng

rocess [1-2],,and the IS d.in the sa nner._as, in
Pt nementPUENY! FBR9BNEa Bk PO et PRI GRPY Bl PRy
car bonat e &mgomgn@,lemo &%nwcmséme ﬁes&»xf Fa&wwcamoamel | &depy frogmn r eact or
top 71 is [again] distilled in distill enabl | ng di met' hyl

car bonat e ¢atrb¢n?d¢,stqrivll Kengvl@bbuvih canbpn& Qﬁybébtrt}éw’emd&icﬂbomtﬁemﬂh}df

react or ition, and, ani,sol e_are I from.di stil col um
bot tom 82 PG FEHenEn R IRty A7 afAse  plos a1eC spikatt byl 8Rf et T on
thus al | oWaRBohdls, aalw%m @ﬁrb@h@t@%mwxml Eﬁ%ﬁh@dmfeftwn(&nﬁemwﬁuehm)ng

col urm bottom 92 to- reactor 1. Anisole is ‘renoved from

di stilli ngcasbbuate, nmﬁh:@l(Chmthwlb carhopate: |rnet<bai Hbmeoﬂb Aafeenatyy r eact or

7 b f i ' fi t t i bed
o + nemont e meh P RRehnS R enty Tk i d 1kt Bl AIBHEECOCT DO
and renovegehrbynstepandtivig (bPRd YIS achitdRatd X bthyve Icumldlcmtohyie, Cafdhbﬂate

phenol, and a mixture of anisole and phenol, "as shown in Drawi ng 2, using,
for exarrpl thengoyiphenyh ggboayqemﬁqvllag/lvl carbonate, benzyl xylvl carbonate, methyl
/ (hvdroxyphenvl) carbonate, ethyl (hydroxyphenyl) carbonate,

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



In the nmethod for continuously manufacturing aromatic carbonates of the
present invention, aromatic carbonates can be manufactured cont3thingA0p2and
efficiently b~~ renoving specific by-products (alkyl aromatic ethers) from
recovered unreacted raw materials and then returning the raw materials to
the reaction system A concrete working exanple of the present invention is
descri bed herei nbel ow, but the invention is not limted by these exanples.
26 June 2002 -16 Exanple 1 Aromatic carbonate was manufactured by a process
using two reactors configured as in Drawing 1. A 500 nL autoclave having a
tray-type distilling colum, 3 mhigh and 2 inches in dianeter, wth 40
sieve trays was used as the device (ré%ktor) for produci ng nethyl phenyl
carbonate (PMC). Reaction fluid was continuously renoved from a pipe

provi ded for t abgrvpeieacribedt neachos eofoidialkel sathsonrtevend awlaramatiThe

f ow boi | i (o]] C nent contai ning ,al coholi sproducts was renoved
o the DaRgl Wb BIRANE e £R0ERE B R adlPRRbhdudia B RfHEER 100 T
portion of theRévorb@UtH AYrdactioi-HGRMOHIERE OREMALARY e6htiridhs rb&tHal ance was
refluxed through the distilling colum (reflux ratio = 1). The autocl ave

and di sti¢quinged oviinisiliag hewdumas vianhbe |usedr bat dt énprefersed rtol kedai n such a
way t hat ;eggﬁ&gga)%rcﬂg%mg%{)w e base of the distilling colum was 206C.
t 0 hea e

Heaters werée use raw material feed lines. Initially, phenol

(PhOH) and, asltG@ppifyrgéd tol uéd P hgartivRtEpcBtilliNgUohinin fveith b dargB&apyent i et h
stage of the distilling colum in anounts of 293 g/h (2_80@3 of phenol and
13 g of chauidykeyndagy do enbarsgrthe yoductiviy efothgraboxewiantioned regationet h st age

was used Aistillation t. [ ! t Gont | usly fed
{0 the aupbeytial o Rblyee ilIRg Wl RERIONE & R o BRuARE ol Y
conduct edcarmhbs usdl, axmaples hadluding OMERtivokl mMulladtageadistlliag cohenfaaehof the
col um was aPproxi mately 1 without distjlling phenol off the top of the

col umm. A8 Blateeqlpmnsppéskad colrnoBidicAbamag Compiyng plrtes2Rdgpackmeom t he t op
f the digtid Li I t. f et
0 e al @l g FPé?ogrrgéP tUrrna\?eng?eS?r%taﬁ/;P %ﬁ%gﬂylnﬁ%lpi‘& eflof Jq h%h&ﬁ?@a%t ely 0.3

Ni nety-five grans per hour car boffat e and appr oxi

g/ h of andistillngveolenprsodWiet a solidheatalystids uaed tihe pakedodolane, totamm. 26
June 2002 -17 DMC and tg%nol (MeOH) were the nmain conponents, and

appr oxi rraF%‘F‘?"é‘?EaﬁPﬁagEf RSKEas present at the top of the colum early

| n the reactiofheHesliidd A2 BPSorititidd With b QivECcI bRl &\estfedl 111 1 NG
colum at ordinary pressure, the azeotropic mxture of MeCH and DMC was
separ at ed Sobvedtst that BMCiresijio tenteavtion tam bharsed eéxameplebynduding| ¢theison and

recycled tg the. device for ucin t hyl . phepyl carbonate. ~ Meanwhil e,
the |i quoﬁﬁﬁfd‘m‘éﬁﬁ%:?éb‘ﬁﬁ' T'%REBSW#eﬁF%CM@rEWS'pr oduci ng net hyl
phenyl car bonatigeWaactief0 IR BE c8hd @ctéh@itD findP Rfasesl sRhehy nitfigea/ N by
sinple distillation. Since DMC was the main constituent in the

| owboi | i ndwepuimrnd engmmespreseappr oxi matel y 270 g/ h), the | ow boiling- poi nt
comonent s SgIENGS, RdGRoLFRToBA Ry e 88, MRS T
for © construction of the reactor and the reaction materials, the reaction is usually

conducted at a temperature (internal column temperature) of 50 to 350°C, 100 to

280°C being preferred and 150 to 280°C being especially preferred. The reaction

may be conducted at reduced, ordinary, or elevated pressure, but it is usually

conducted at pressures ranging from 2,600 Pa to 5.4 MPa. The mean residence

time in the reactor is usually 0.001 to 50 h, with a time ranging from 0.01 to 10 h

being preferred and 0.05 to 5 h being more preferred.

In the present invention, a single reactor may be used to carry out
reactions (1) to (3) for manufacturing aromatic carbonates, or the process may be

carried out in two or more reactors. However, it is preferred to use two reactors



produci ng di phenyl carbonate. A 500 nlL autoclave having a packed distilling
colum (internal dianeter. 2 inches) with 25 theoretical plates2éxame200d as
the reactor in the process for produci ng di phenyl carbonate (DPC). The
concentrate was fed to the mddle of the distilling colum, and the
reaction was cond ucted at a columm top pressurn of 110 torr, columm base
tenperature of 200C, residence tinme of 1.5 h, and reflux ratio of 1. About
500 g/h of distillate was obtained fromthe top of the colum, and about
200 g/ h of bottom prod uct was obtaine 1fromthe base of the columm. Since
phenol was the main conponent of the distillate fromthe top of the col um,
the distillate was returned as rec¥1(r:led phenol to the nethyl phenyl

car bonat e p‘t"éid*ﬁ(ﬂoi“ chfedété%‘l;( )y bty progiuces ‘étHE@bla&Yé@Eﬂrﬁﬁlf nade 4n the s| ow

rate, and t k of t devi ce
for pr odumfln}gt ﬁéﬁ}t% ﬁdﬁ%? @%cﬁgt@s 'ﬂ%lh]? &g&% eés (‘Table I).
26 June ZOQ&GntBreIeﬂoke 1 Reacti on Ti rrePI\/C Concentratl on (9 ) Ani sol e

Concentration (%)Earl y stage of reactionl7.60.061 weekl1l7.40,52 weekl1l7.40.5
Conpar at i ve ExarfHiodaticsarpanatesyprodiiced;ia aj epetpn exampleshef wbishare cited PVC

reaction CleiiRai, 9+é&dnhhﬁguag GO ERFSnPERIRMISr, WSDRIPREPHAQR! Gael] XU U ©

was separ at ed the residue was returne further
treat nent dsoithe bott¢me>fdlma/teaetof oArqnnatiucarbgnat&t teplovekefimth thabowaratof. When

a continuou eration was conducted und ese condi t| ons, the nethyl
phenyl car b%ﬁé t"cf@ﬁ%g?ﬁ"rsﬁf‘f ot gEFT“ﬁEEIc V‘é‘r“ PF FRANGMERtt he accumul at i on of
ani sol e, as can {gaeRle fctdt t2proitleard RARY IaMTRARYE ERNGENT ati on

.(~) Ani sol e Concentration (90)Ear | y stage of reactionl7.6
~137.222 Hr ethlevedk€ar5~ 5 Brief Description of the Draw ngs

The unreacted raw materials, dialkyl carbonate and aromatic hydroxy
compound, are continuously removed from the reactor, separated, recovered,
and recycled to the reaction system. This dialkyl carbonate includes dialkyl
carbonate that is a by-product of the reaction as well as the original.unreacted
raw material. Hereinbelow, dialkyl carbonate [by-product] recovered from the
reactor may occasionally be referred to as an unreacted raw material.

When unreacted raw materials are recovered and recycled to the reaction
system in this manner in the present invention, the unreacted raw materials are
separated from alkyl aromatic ether by-p}oducts formed in the reactor (mainly in
the first reactor when two reactors are used) and then recycled to the reaction
sy§tem. '

This alkvl aromatic ether is a by-product of the reaction of dialkyl
carbonate and the aromatic hvdroxy compound (Ar'Ol-.{) and is produced at a
low rate of selectivity. It can be described by Ar'OR! or Ar'OR?, Anisole, such as

that shown hereinbelow, is usually the by-product of the reaction of dimethyl

©-ox-

carbonate and phenol.



Drawing 1 A process flow chart show ng an exanple of a node of carrying out
t he continuous manufacturing nethod for aromatic carbonates of 26 hene 2002
invention. Drawing 2 An alternative exanple of the distillation process in
refinenment recycling process (I1] or (1-2]. 26 June 2002 - 19 Cains: 1.
A continuous manufacturing nmethod for aromatic carbonates characterized
carrying out at |east one of the refinenent and recycling processes

her ei nbel ow in a nmethod for continuously manufacturing aromatic carbonates
in a reactor by reacting dial kyl carbonate described by general formula
(i): ROCORZ Il .... (i) Owhere R and R2 are al kyl groups, alkenyl
groups, alicyclic groups, alkyl grouﬁg'containing alicyclic groups, or

aral kyl groups, R and RZ may be the sanme or different, and they may form a
ring, or be substituted with cyano groups and hal ogen and an aronatic

hydroxy conmpeund,in t resence of cat al yst m@%l contj nuously renovi ng
aromatic car g[g}?aatbew?%gf&oe rﬁ?’ic)t&ﬂ‘c?@%gf@%ﬁ%ﬁ%d e ?%%8[}8!‘&& §Y'ky| .

car bonatgodadts, an@aBletC rdy dhMsMalsO au?ldcm@lnmér@ RRSANES hdragd recycling
to the reaction systemdial kyl carbonate and aromati c hydroXy conpound: [I]

a refi nepBypoundd ped yakyhgrqmatise sther rbywpiastuctsl arshodnsovat aal teg¢ticrr omat i ¢

et hers are,separated, and ved . fromthe re ion mxture remved fromthe
top of t ghﬂr?a}ﬁn(}rtse 18 %"4@%@%"85% AP éBﬁﬁ%’f Rm’?ﬁmdpx%rﬁb%ellasb@-products,
di al kyl refirbaart ffl reepdirgl piskess i MBlidICtheVasibubYorRp okt srefsepamted N t he
reactor, and the dialkyl carbonate thus obtained Is recycled to the

r eact i orfremstherreasitpry mMixtuze aed jthe eweackas rave dyateriply thre ebtined ayhi ch t he
ti ' t h 1. f .t t t hiss. Feact |
Tt ur o TeOyte 1S S8 TRSERG B9k sERYP e BRer SRE SR ipe BIEHISES "

“hydr oxy refifPeenthndardyaldgproodsessis carrtiai: by- products formed in the
reactor, is distilled, aromatic carbonate is renoved fromthe bottom of the
distilling cdfund, redinRienk padatacyclingh @recesy én sehigh atleehdnandeplybd from t he

At Ok A0LAL B8k Aka LA ARE (01 L BELLL) NG ROLYGRn, 3R the

di al kyl rbonate an aromati c roxy conpoun s obtained are

retur nedirém tie topastt then réy ireithis redbtichiIRIxB00 2conBlinihg ARR6holRt byd i n
claim, characterized in that the aromatic carbonates are al kyl aryl
car bonat B9dugisadipfkyd sprhonateesandalkylarpminlis ether pyrpipducts formedigithed i n clai m

Lo charafeh@bh el the didIRf1 aPSordlAthis oGRS cled 1 wiPld¥iprdshaRat e or

di et hyl carbonate. od In cﬁal m aracteri ze at the
aronet i cald/dr oxy conpound is phenol, m or p-cresol. 5. The nethod in claim

mot by tol vl (iner feflerant g Yaling, REessGin YIRE B Gachen GrgiHbL,
charact efdg&ifbdl Brondhe bottom of the reactor, this reaction mixture containing
aromatic carbonates, dialkyl carbonates, aromatic hydroxy compound, and alkyl
aromatic ether by-products formed in the reactor, is distilled, aromatic carbonate
is removed from the bottom of the distilling column, alkyl aromatic ethers are '
separated and removed from the reaction mixture obtained at the top of the
distilling column, and the dialkyl carbonate and/or aromatic hydroxy
compound thus obtained are returned to the reaction system.
It is possible to use either refinement and recycling process [I] or [} alone, but it
is preferred to use both refinement and recvcling processes [I] and [II} together.
Aromatic carbonates, alcohols, dialkyl carbonate, aromatic hydroxy
compounds, and alkyl aromatic ethers can usually be separated by distillation in

either refinement and recycling process. All of the components in the reaction

mixture removed from the reactor may be separated in a single distillation



two reactors are used and in the first reactor, alkyl aryl carbonates are
produced as the aromatic carbonates by reacting dial kyl carboné® durehd0Q®éh
aromati ¢ hydroxy conpound in the presence of a catalyst and then in the
second reactor, diaryl carbonates are produced as the aromatic carbonate by
either reacting the alkyl aryl carbonate obtained in the first reactor or
by reacting the al kyl aryl carbonate and an aromatic hydroxy conpound.

.AY. An. A .AF{.A3. A A @.Al .A@ASI.A e AY. AIR AY% Al . AYR Al . AY, . A AEK(g
+0J=/ A {vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] cRa] ca] ca] caU] ca] ca] ca] ca] caU] ca] ca] cRa! O?LP;

FQK+ # 9%6'B F "' ((2(U((())*}xsnhcr¥slca] ca] cal] ca] ca] ca] ca] ca] ca] c$a] ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca! **] +j.+n+n,
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+0}oPl@ 10%’%n@1] ang ghengn and a homogeneous catalyst are continuously fed to
the reactor from line 12, as the dimethyl carbonate and phenol are reacted in
reactor 1. It should be noted that the raw materials may be introduced through
the same line.

The reaction mixture (reaction mixture A hereinbelow) removed from the
top 13 of reactor 1 (preferably the top of a colllxmn), contains unreacted and newly
produced dimethyl carbonate, methyl alcohol by-product, anisole, and the like.

This reaction mixture A is led to distilling column 2, where the methyl.,
alcohol by-product is removed via line 21. A portion of the dimethyl carbonate is
also removed in this distillation by boiling the methyl alcohol and dimethyl
carbonate (7:3) [as an azeotropic mixture].

Components of the distillation residue such as dimethy! carbonate and
anisole (an alkyl aromatic ether) are concentrated, and it is therefore possible to
remove the anisole with another distillation and obtain highly pure dimethyl
carbonate (process [I-1] of the first refinement and recvcling process).

Specifically, the distillation residue is fed from the bottom of distilling

column 2, through line 22, to distilling column 3, where the dimethyl carbonate
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and anisole are separated. Anisole is removed via line 32, and the highly pure
dimethyl carbonate removed via line 31 can be recycled to reactor 1.

Substances such as dimethyl carbonate (boiling point 90-91°C) and
anisole (155.5°C) can be separated easily in refinement and recycling process [I-1]
because of the large disparity in their boiling points. Dimethyl carbonate refined
in refinement and recycling process {I-1] can be returned to the reaction system
for reuse.

Meanwhile, the reaction mixture (reaction mixture B) removed from the
bottom of reactor 1, preferably the base of a column, via line 14 usually contains
methyl phenyl carbonate, diphenyl carbonate, dimethy! carbonate, phenol,
anisole by-product, catalyst, and the like.

This reaction fluid is distilled in distilling tower 4, and the distillate,
which usually contains dimethyl carbonate, phenol, and anisole, is removed from
the top of distilling tower4 via line41 leading to refinement and recycling
process [II]. It should be noted that the bottom product from the distillation
conducted in distilling column 4 contains a small amount of anisole.

In refinement and recycling process {II], dimethyl carbonate, phenol, and
anisole are separated by distillation from the distillate obtained from the top of
distilling column 4. More specifically, dimethyl carbonate is first distilled off the’
top of distilling column5 and can then be recycled via line 51 to reactor 1.
Meanwhile, the bottom product removed from the bottom of distilling tower 5 is
fed to distilling column 6, where anisole and phenol are separated by distillation.
The anisole is distilled off of the top of distilling column 6, and phenol is
removed from the bottom and can be returned to reactor 1 via line 62.

Meanwhile, the reaction fluid removed from the bottom of distilling
tower4 via line 42, which contains substances such as dimethyl carbonate,

phenol, and anisole as well as methyl phenyl carbonate and diphenyl carbonate,

is led to the second reactor 7.
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Diphenyl carbonate is produced in the second reactor 7 by reacting chiefly
methyl phenyl carbonate and phenol (the phenol is fed via line 73). A methyl
phenyl carbonate reaction for producing diphenyl carbonate also occurs in this

second reactor 7.

A

Anisole, as well as dimethyl carbonate and phenol, is distilled from the
top 71 of the second reactor 7. This distillate is led to refinement and recycling
process [I-2], and the anisole is removed in the same manner as in refinement and
) recycling process [II], enabling highly pure dimethyl carbf)nate and phenol to be
recovered. Specifically, distillate from reactor top 71 is [again] distilled in
distilling column 8, enabling dimethyl carbonate from distilling column top 81 to
be recycled to line 11 of reactor 1. In addition, phenol and anisole are led from
distilling column bottom 82 to distilling column 9, where they are separated by
distillation, thus allowing the separated phenol to be recycled from the distilling

column bottom 92 to line 12 of reactor 1. Anisole is removed from distilling

column top 91.

.

Meanwhile, aromatic carbonate obtained in reactor 7 can be refined in a
refinement column (not shown).

In the above-described refinement and recycling processes [II] and [I-2],
anisole may be separated and removed by separating the reaction mixture into
dimethyl carbonate, phenol, and a mixture of anisole and phenol, as shown in‘
Drawing 2, using, for example, a multistage column 10.

In the method for continuously manufacturing aromatic carbonates of the
present invention, aromatic carbonates can be manufactured continuously and
efficiently by removing specific by-products (alkyl aromatic ethers) from
recovered unreacted raw materials and then returning the raw materials to the
reaction system.

A concrete working example of the present invention is described

hereinbelow, but the invention is not limited by these examples.
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Example 1

Aromatic carbonate was manufactured by a process using two reactors
configured as in Drawing 1.

A 500 mL autoclave having a tray-type distilling column, 3 m high and 2
inches in diameter, with 40 sieve trays was used as the device (reactor) for
producing methyl phenyl carbonate (PMC).

Reaction fluid was continuously removed from a pipe provided for that
purpose at the base of the autoclave's column. The low-boiling-point component
containing alcoholic by-products was removed from the top of the distilling
column and liquefied in a condenser. A portion of the low-boiling-point
component was removed, and the balance was refluxed through the distilling
column (reflux ratio = 1). The autoclave and distilling column were heated with
electric ovens, controlled in such a way that the temperature at the base of the
distilling column was 206°C. Heaters were used to heat the raw material feed
lines.

Initially, phenol (PhOH) and, as catalyst, Ti(OPh)s were continuously fed
to the twentieth stage of the distilling column in amounts of 293 g/h (280 g of
phenol and 13 g of catalyst), and the portion of the column above the twentieth
stage was used for distillation.

Dimethy! carbonate (DMC) was continuously fed to the autoclave in °
amounts of 1,220 g/h. A continuous operation was conducted in such a way that
the DMC/PhOH molar ratio at the base of the column was approximately 1
without distilling phenol off the top of the column. As a result, product was
obtained at a rate of 973 g/h from the top of the distilling column and 540 g/h
from the base of the column. Ninety-five grams per hour of methyl phenyl

carbonate and approximately 0.3 g/h of anisole were produced in the liquor at

the base of the column.
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DMC and methanol (MeOH) were the main components, and

approximately 0.1 g/h of anisole was present at the top of the column early in the
reaction.
Distillate was distilled from the top of the distilling column at ordinary
pressure, the azeotropic mixture of MeOH and DMC was separated, and the
DMC component was further refined by distillation and recycled to the device
for producing methyl phenyl carbonate.
\ Meanwhile, the liquor at the base of the column in the device for
: producing methyl phenyl carbonate was concentrated at a rate of approximately
700 g/h by simple distillation. Since DMC was the main constituent in the low-
boiling-point component (approximately 270 g/h), the low-boiling-point
component was returned as recovered DMC to the device for producing methyl
phenyl carbonate, and the concentrated bottom liquor was fed to the device for
producing diphenyl carbonate.
A 500 mL autoclave having a packed distilling column (internal diameter:
2 inches) with 25 theoretical plates was used as the reactor in the process for
producing diphenyl carbonate (DPC). The concentrate was fed to the middle of
the distilling column, and the reaction was conducted at a column top pressure of
; 110 torr, column base temperature of 200°C, residence time of 1.5 h, and reflux
ratio of 1. About 500 g/h of distillate was obtained from the top of the column,
and about 200 g/h of bottom product was obtained from the base of the column.
Since phenol was the main component of the distillate from the top of the
column, the distillate was returned as recycled phenol to the methyl phenyl
carbonate production process.
As a result, anisole accumulated at a slow rate, and the anisole
concentration at the base of the column of the device for producing methyl

phenyl carbonate stabilized at 0.5% or less (Table 1).
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) Comparative Example 1
In Example 1, distillate from the top of the PMC reaction column was
distilled at ordinary pressure, the azeotropic mixture of MeOH and DMC was
separated, and the residue was returned without further treatment as DMC to the
device for producing methyl phenyl carbonate.
When a continuous operation was conducted under these conditions, the
methyl phenyl carbonate concentration declined over time with the accumulation

of anisole, as can be seen in Table 2.

Table 2
Reaction Time PMC Concentration (%) | Anisole Concentration (%)
Early stage of reaction 17.6 | 0.06
1 week 172 2
2 week 16.5 )

Brief Description of the Drawings

Drawing 1 A process flow chart showing an example of a mode of carrying out
the continuous manufacturing method for aromatic carbonates of the invention.
Drawing 2 An alternative example of the distillation process in refinement

recycling process (II] or {1-2].
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Claims:

1. A continuous manufacturing method for aromatic carbonates characterized carrying
out at least one of the refinement and recycling processes hereinbelow in a method for
continuously manufacturing aromatic carbonates in a reactor by reacting dialkyl carbonate

described by general formula (i):

R'O C OR?

I e ()
0

where R! and R? are alkyl groups, alkenyl groups, alicyclic groups, alkyl groups containing
alicyclic groups, or aralkyl groups, R' and R? may be the same or different, and they may
form a ring, or be substituted with cyano groups and halogen and an aromatic hydroxy
compound in the presence of a catalyst, while continuously removing aromatic carbonate
reaction product, alcoholic by-products, dialkyl carbonate, and aromatic hydroxy
compound and while recovering and recycling to the reaction system dialkyl carbonate and
aromatic hydroxy compound:

[I] a refinement and recycling process in which alcohols and alkyl aromatic ethers
are separated and removed from the reaction mixture removed from the top of the reactor,
this reaction mixture containing alcoholic by-products, dialkyl carbonates, and alkyl
aromatic ether by-products formed in the reactor, and the dialkyl carbonate thus obtained is
recycled to the reaction system
and

[I1] a refinement and recycling process in which the reaction mixture removed from
the bottom of the reactor, this reaction mixture containing aromatic carbonates, dialkyl
carbonates, aromatic hydroxy compound, and alkyl aromatic ether by-products formed in
the reactor, is distilled, aromatic carbonate is removed from the bottom of the distilling
column, alkyl aromatic ethers are separated and removed from the reaction mixture
obtained at the top of the distilling column, and the dialkyl carbonate and/or aromatic

hydroxy compound thus obtained are returned to the reaction system.
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5. The method in claim 1, characterized in that the alkyl aromatic ethers are anisole,

phenetole, methyl tolyl ether, or ethyl tolyl ether.

6. The method in claim 1, characterized in that

two reactors are used and

in the first reactor, alkyl aryl carbonates are produced as the aromatic carbonates by
reacting dialkyl carbonate and an aromatic hydroxy compound in the presence of a catalyst

and then in the second reactor, diaryl carbonates are produced as the aromatic
carbonate by either reacting the alkyl aryl carbonate obtained in the first reactor or by

reacting the alkyl aryl carbonate and an aromatic hydroxy compound.



