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15 KAN | NDUSTRI AL PROCESS FOR SEPARATI NG QUT
AOSO@%MD ALCOHOL Technical Field The present

invention relates to an industrial process for

separating out 5 by-produced al cohols. Mre

particularly, the present invention relates to an

INDUSTRIALFROCESS FOR SEPARAENG QLU BYPRODISOEDI ALCOHOL

efficiently and stably for a prolonged period of tine

froma |large anmount of a | ow boiling point reaction

m xture containing by-produced al cohol s when
Techrﬁ@aé?—'i@ﬁpdum ng at | east one aromatic carbonate on an

I hdus

rial scale by subjecting a dial kyl carbonate and
an_aromatic.10 nmonohydro conmpaund to -
(RS BB el PB Ao R ! b T SHTH el fegsp for separating ot
distillation colum in which a catalyst..is present.
by-presiest Jamois, Mg ReritUIa fmBresent nvepion srlptesdo.an
raw material for the production of an 15 aromatijc
industsial pregassrfat sepatation outthehaicohws effickently andgtably for a
engi neering plastics, wthout using toxic phosgene.
prolorgediperiot of imedromraoldogs agoant af a low boilingrpmintreactien mixture
process of reacting an aromati c nonohydr oxy conpound
contaiMind bghﬁﬁﬂ@é&j Bl@ﬁhblgeﬁhe*ﬁm—ﬁrbdmih? 24 | e oneratoimatic
al so been the subject of a variety of studies in

carbdr@%EBh anYiRafiStrial oy 8y subiicting C&iakst BabohBfe &hdBh&fomatic
of using phosgene, and in addition 20 chlorinated

mond&?@éﬁéx{éoﬁﬁn@@ tﬂr&%{;@ﬁfﬁé&i%nﬁﬁ?&%‘?ﬁh Feag;‘rlt/e Hiillation

ar oma carponate produced using tnhnis

| nproceﬁsh an che tehen romati ¢ carbonate cannot be
COML KW N CARRST IPRESH™ n whi ch high purity is

required, for exanple as a raw material for the

production of an aromatic pol ycarbonate. On the other

hand, it is also known that a process for producing
Backgrosiglhi/At 25 car bonat es through transesterification

reactions between a dial kyl carbonate and an aronmatic

o Bigtyahyb egrbomape isnthporant as i rasi material f¢r the production of an

transesterification 1 A0501 UP15 KAN reactions are all
aromatic pblyearbonateashichns trewoshwidety used engimeesng iptestids, without

extrenmely toward
using toxic phosgene. As a process for producing an aromatic carbonate, a
process of reacting an aromatic monohydroxy compound with phosgene has been
known from long ago, and has also been the subject of a variety of studies in recent
years. However, this process has the problem of using phosgene, and in addition
chlorinated impurities that are difficult to separate out are present in the aromatic
carbonate produced using this process, and hence the aromatic carbonate cannot be
used in an application in which high purity is required, for example as a raw material
for the production of an aromatic polycarbonate.

On the other hand, it is also known that a process for producing aromatic

carbonates through transesterification reactions between a dialkyl carbonate and an

aromatic monohydroxy compound. However, since such transesterification
1
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A0s501 OP18r kainnal system and the reaction rate is slow,
and tfere have been many difficulties in producing

aromatic carbonates industrially in |arge anounts

using this nmethod. In addition to devel opnent of

catal ysts being carried out, many attenpts 5 have thus
reactibeearanalilequitibdemireactionseand thenequilitrum sobiasetextienaly toward

the equilibrium toward the product systemas nuch as

the or@ﬁ‘t‘a‘t s%@m Ml Hé%abtm'ﬁ FAME i$ BrwaapaRhER haws beeahrany
yi el For exanple, for the reacti on between di net hyl

diffi cuﬁl%rst?f?@% %g a#ﬁﬁﬁﬁ? Ig)b |H8 Qng lh %F%é’ﬁﬁ'ﬁﬂhn?s usmg this

ano stilled of

metholl o JA SRR o okt of%%%% ?%Lﬁq%%@ﬁ? Fhphefg Eemets
have ﬁl@irﬂewaygéa%aége%ea%ﬁ%gg 5750 Bdo 'spiff T eqgdfiEFin

4252737)), and a nethod in which the by-produced
towardghe prrsduct systebes mus) arepasiblgs 8RB & oiMRIOYe the aromatic
nol ecul ar sieve (see Patent Docunent 2: Jaganese

carboRateeyieldAp Fdrexampie, Lfar thegeastionbetvesen desdbyl carbonate and
(corresponding to U S. Patent No. 410464)). Moreover,

phend, therd bevé bebapreposeda amethod froabith wmmjceduseﬂ'@mhls
apparatus in which a distillation colum is provided

distilléoff By Hectrop§asiéther #ith Arcaitditrope-fBFMiticagentséd Patent

reaction is Separated off fromthe reaction m xture,

Docuﬁt%ﬂt { J%é%tef%f%t%??ﬁf)iﬂl&f&%?ﬁﬁﬁaqd ?ﬁﬁﬁ NB%&@WBQ%O&@%ondmg

evapor a stillation (see

o WG LB e PSRz 7), an
ool a0 e B aa%moma

56-25138; Patent Docurrent 3- 3. exarTBI es in l]cé)
molequiarcsievaisae Ratans Docsmentge Aapgnessotaiesy Application Laid-Open
" (corresponding to U S. Patent No. 4554110); Patent
No. 5Bet5586t (cerrespending te t. BnPatenaMes 10464 ht pPYeR Adnethod
Lai d- Open No. 60-169445 (corresponding to U S. Patent
has alo beérd prdpbsedha wdich, 2sirgpan apparadusin whining distillation column is
Japanese Patent Application Laid-Open No. 60-173016

prowdé‘@bh e6ip ondiragctop da :Scol'?@tttgnprdhl@ceéWﬂ‘@ﬁéa‘ctié’aﬁsaaeparated off
Docunent 3-6: exanples in A0O501 UP15 KAN Japanese

from @%tr%%tué\ﬁgﬁl%(&ﬁ‘é,' SHY Lethe-SedtiNe urftéadtedhartingahaial that

Docunent
evaporates is separated off by distillation (see Patent Document 3-1: examptes in

Japanese Patent Application Laid-Open No. 56-123948 (corresponding to U.S.
Patent No. 4182726); Patent Document 3-2: examples in Japanese Patent
Application Laid-Open No. 56-25138; Patent Document 3-3: examples in Jabanese
Patent Application Laid-Open No. 60-169444 (corresponding to U.S. Patent No.
4554110); Patent Document 3-4: examples in Japanese Patent Application
Laid-Open No. 60-169445 (corresponding to US Patent No. 4552704); Patent
Document 3-5: examples in Japanese Patent Application Laid-Open No. 60-173016

{(corresponding to U.S. Patent No. 4609501); Patent Document 3-6: examples in
2
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AOS50EKPT RAN N Japanese Patent Application Laid-Open No.
61- 29T545; Patent Docunent 3-8: exanples in Japanese
Pat ent Application Laid-Open No. 62-277345). However,
these reaction systems have basically been batch
systemor 5 switchover system This is because the

JaparestdratehioApplication haid-Openi No. 611 82852; Patent Bprowent 3-7:
t hrough catal yst developnent is limted for such a

examblé@f?ﬁ %ébﬁﬁéié Patermnppn@amn lo#id-Gypsh Nenee-2d1S45¢Ratarin
rate is still slow, and thus it has been thought that

Docu@gnlfgté féxsxﬁ:‘l@éﬁn! nebe bt AbiRatOR L 0penNG I B2D77345).

a continuous stirring tank reactor (CSTR)

O RAL SRR AR ey bt o
TR N e s

react or be| smal | based on tl&t vol
Improweqlthr@ughtcat yﬁrﬂ%@!ﬁﬁfﬂ%ﬁ."m"@ far s attfr?é‘seéw'@Pé i
hi gh. Accordi ngly, is difficult to attain

reactiobj and hefce Khﬁjrﬁﬂqtign aat&us shtksiow, angrthu dthas been thought that a
continuously in large amounts stably for a prol onged

batchrsysterd i9praferabléio 4 sontaumsusosystéra. alf\tbe s tehoontjnunug stirring
many i ssues remain to be resolved before econom cal

tank reBetF {(CISAIR) syterminivididhoa distillakers tbluen iShpropidedant top of a
i nventors have devel oped reactive distillation nethods

reactbrrhd‘shbégn ?ét%%e@ dd 2e8REMTIUS éy"s?émoﬁutf afd hRNpfoblems such as

carri ed |nacont|nuousrrut|-stage distillation
o MR AL RE S A D et Sy
ct di st .
baseé&eﬁhea( i oL Bhqtinc '%Lw%éﬁ{‘poéﬁ%‘%e@ hé%%ﬁrﬁ% gon{sion
ioh. . aninas s AR TBet ksl Bt omae
continuously fed into the nulti-stage distillati
carbangite eantinurishhia laegeamennissstablyfrea R!i‘alpn%ﬂtpieﬁeeﬁg tigne by
inside the columm in which a catalyst is present,
meanshif the ahovermethedy, and hhnaissiwesaranain o ibei ragolysdhefene

conmponent containing an al cohol produced as a

econbinidHl astistridimpleshéntativn (spaseiblecont i nuousl 'y
wi t hdrawi ng a conmponent containing a produced al kyl

ar Whe%@@ﬁ@!rﬁen%rﬁ%@é ddvtiopstiNeacave distitagsn pwthods in which

of the colum (see Patent Docunent 4: Japanese Patent
such a transesterification reaction is carried out in a continuous muiti-stage
distillation column simultaneously with separation by distillation, and have been the
first in the world to disclose that such a reactive distillation system is useful for such
a transesterification reaction, for example, a reactive distillation method in which a
dialkyl carbonate and an aromatic hydroxy compound are continuously fed into the
multi-stage distillation column, and the reaction is carried out continuousiy inside the
column in which a catalyst is present, while continuously withdrawing a low boiling

point component containing an alcohol produced as a by-product by distillation and

continuously withdrawing a component containing a produced alkyl aryl carbonate
3
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IsC@tainpn Lai d- Open No. 3-291257), a reactive
A05013‘|[5’Jg1i5 atNljon met hod in which an al kyl aryl carbonate
is continuously fed into the nulti-stage distillation
colum, and the reaction is carried out continuously
inside the colum in which a catalyst is present, 5
from whiohwercpditipRuel $hey caitirhdr @eenBaterlt dloburnening: plapenese Patent
component containing a dialkyl carbonate produced as
iRt 1R @ﬁfén izgbblratd 198 HistMation weathibdl in which an alkyl
Apph%tlteﬁc!'r%(\%i g amsbgln%tgggzz %%cgien;ﬁrllg a produced di aryl d

o SRR RO 50 Db LS G, s
.Lai.d- No.. - 9358) ,. - i LSt [
reactipf i pried Ao niBERY oS dRE olol Tk Gt (gpresent

. continuous nmulti-stage di gtj,l | ati,on col ums an{d. henced. kvl
while cogtinpgusly siERsrawing & low: Baling PBL PRGOS, capiarang & dialky
efficiently recycling a dial kyl carbonate produced as .
carbopatepprasiusedcas @éeeplm'«@hbyoﬁjﬁ%tﬁélﬁn. and replineausipayithdrawing a

Application Laid-Open No. 4-211038), and a reactive _
compdnent kbatsiming natproduced vdiarh carboratiyfromaab tovwere paripn of the
an aromatic hydroxy conpound or the like are
colunfP{beaUPHErt decimento St hgapandse- Patgd Application ILaid-@pen No.
colum, and a liquid that flows down through the
4-93589! & FBadtive HisMERAMEIRA indwiiicHahess Fedctibhe \drd esriéd aut using
i nternedi ate stage and/or a | owernost stage of the
ST i . o 0 . _ _
two %rnglb!.légg rjgg{ﬁé%‘tgéé‘ﬁ%hl%ﬁgpi ﬁ?lhﬂﬁ'{s %Coﬁeh{?éoa Q:hé@?gda%onate is

at| oh unm so as

oro L KPS B, b T AP Br R oo oo
o o P o i £ b Bt 601 i Open Mo

distillation col urr,n,fs_ee Pat ent Docunents 7-1:

4-211938hnase paeagive gipiilation ewthegd in gdien Rodialky Lashgnate and an
Pat ent Docunent 7-2: Japanese Patent Application ,

aromati¢ dwOpaxy Nompoundoasthe Hiecare cmimums@ feds intgalhen By dti-stage
Pat ent Application Laid-Open No. 4-235951). These

distillaers touenrgissidi a liguid thatrfitvreodewp topagbdhe otumn g withdtawn from
inventors are the 25 first to enable aromatic

a sideabhifstap@vided Be apr PrsreesHise biageodadior antbwermost stage of the
ficiently, and many simlar reactive distillation

ef
distillég%icgﬁqu@sm 8 irtRsRRAViRtd bSEaRioH rovidR¥eoReRR the distillation

proposed thereafter ('see Patent

colunPr? cggmarét tc? :bﬁﬁgaléb%ﬂt Pr%(e.{i]én,Ngnd Ok 2 e Shtr SRR back through a

circulating inlet provided at a stage above the stage where the outlet is provided,

whereby reaction is carried out in both the reactor and the distillation column (see
Patent Documents 7-1: Japanese Patent Application Laid-Open No. 4-224547;
Patent Document 7-2: Japanese Patent Application Laid-Open No. 4-230242; Patent
Document 7-3: Japanese Patent Application Laid-Open No. 4-235951).

These reactive distillation methods proposed by the present inventors are the
first to enable aromatic carbonates to be produced continuously and efficiently, and

many similar reactive distiliation systems based on the above disclosures have been
4
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A0501Dgpqgemhp Japanese Patent Application Laid-COpen No.
506 (corresponding to European Patent No. 0560159,
and U.S. Patent No. 5282965); Patent Docunent 10:
Japanese Patent Application Laid-Cpen No. 6-41022
(corresponding to European 5 Patent No. 0572870, and
proposkdthdraafeant (sble. Pl od)memed. dialiaDdtatentiNe. 01255746 Patent
Japanese Patent Application Laid-Open No. 6-157424

Docurﬁé'ﬁ)tIr ﬁb‘éﬂéb@@dt@ntﬁﬂf iR8A6N LERE-©pEnMo. 628838 fdorrespbnding to
U.S. Patent No. 5334742); Patent Docunent 12: Japanese

Europ?émﬁatteﬁﬁ%' G560 1Y 'aﬁHqJ @p?‘été\‘ﬂ N& 59%@@532; Patent Document 10;

correspondi ng to European Patent No 2930, and

sl 40 R Bl e
o 5 kD P fond e e

plication Laid-Open No. 9-59225; Patent Documant 16:
Japanﬁgﬂﬁ@@tmlmlonw QpeniNe, ©-45442p éeprrespagidingiggiropean
Pat ent Docunent 17: Japanese Patent Application
Patent bicd OSﬁ%%N(ﬁﬂd)M&H%‘tent Nat 8334714 Retant Dpcumgniies dapanese
Patent 15 Application Laid-Open No. 9-173819; Patent
Patenbopplieation UfldDpeaNan8sk84eaB8qoorregpuidingtd Eurm,rz&aln Pptemt No.
No. 9-176094; Patent Docunent 19-2: Japanese Patent

osszgﬁmlanaay 1D PahtoNEP5IY4954). 2088nf DbBAMenPaB e fdpdprserfRatent
- 3. Japanese Patent Appl i cation Lai d-Qpen No.

ter u e
o A AR P P e

S.
Apph%@%@-%@? -Or ik, SR8, Reen Pocy ﬁibﬁt#gt JaREeSE Pae
Publica 2 nt
Applisgordcia iy Weﬁ%ﬁ%@a&xa@ﬁi B 152 Jhfates e el
Appl ication Laid 64234 at ent
Applicaiion. Laiisinmrs Bopir BRBORG Bricak biosH Tt 47 oyerangss PatEnt.
2001- 64235; Patent Docunent 23: International
Application leidiQpemblo. 82165863 oPatant Rosyiant 4@: Japanese Batantt
25 No. 6596894, U.S. Patent No. 6596895, and U.S.
Appli¢atiopritaitkD pest Bid081)7)38 18nBatent Bmouemsts | 8- Japanese iRatent
systens, the present applicants have further 5 A0501
Applit&tith LKL QserpPiee 9,1760%t Patbrt @dduesbriuitS-hidparesefatgnt

the weight ratio of a pol yhydric
Application Laid-Open No. 2000-191596; Patent Document 19-3: Japanese Patent
Application Laid-Open No. 2000-191597; Patent Documents 20: Japanese Patent
Application Laid-Open No. 9-194436 (corresponding to European Patent No.
0785184, and U.S. Patent No. 5705673); Patent Documents 21: International
Publication No. 00/18720 (corresponding to U.S. Patent No. 6093842); Patent
Document 22-1: Japanese Patent Application Laid-Open No. 2001-64234; Patent
Document 22-2: Japanese Patent Application Laid-Open No. 2001-64235; Patent
Document 23: International Publication No, 02/40439 (corresponding to U.S. Patent
No. 6596894, UJ.S. Patent No. 6596835, and U.S. Patent No. 6600061)).

Among the reactive distillation systems, the present applicants have further
5
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AOSO?UW@' Nydroxy conpound in the reaction systemto a
catal'yst netal at not nore than 2.0 (see Patent
Docunent 24: International Publication No. 97/11049
(correspondi ng to European Patent No. 0855384, and
U . S. Patent No. 5872275)), as 5 a nethod that enables

propobédnd ielhe @ cafriRp it aviaiRy kMg the weldhit patitslofce golyhadliy
for a prolonged period of time without a | arge anount

aromﬂcglﬂzcﬁéo‘%)f‘wﬁbgﬂﬁa th’feel‘é‘éicﬁﬁﬁ gxé\en’i‘ﬁi Hedtdiysthétahaenot more

Ing point materia ntalining a catal yst

ran £ RRL BBl P 6 2 AR BE oo 70
cor S5t 555053 Bplr DeR541. SABES BB B arero. o

to European Patent No. 1016648, and U. S, Pat néﬁibb.
a metgog thatmrables highly: pRIEaromElc saEeAtes i bRPEPaUseg, stably for a
al so proposed a nethod in which 70 to 99 % by wei ght
prolongedopeniad optindwithouba largeyappuatefa catalysh brineieaxifer o
process is used as a starting material, and diphenyl
methahinbehizhea high budling point matdrjal contaisingfa catelysteempopent is
distillation method. This di phenyl carbonate can be

reactet$ @ithah A&tiviesubstanoEBamd tHen Separateldyst randahe watdlgst component
produce aromati c pol ycarbonates (see Patent Docunents

is recged 802 Peiht TR R Meril: I6BAhEE Péiéi'ﬂﬁgggcéﬁbn Baiagéﬁéﬂ No.

correspondi ng to European Patent No. 2001, an

. ' f
1192428 5586 S0l ERRRA Pt PIEY 10156 Al 0 o No
cos2B i osF g LBl e Ui et AR G bbbl o i
Which .45 BB Gty oyeaNDH el RERGeAS 8 SHIOFACn SRgymel Zation
than 1 ton / hr), nor is there any description
procesgggused ag a stadinemptasisdsancdiphppyearbanategiandye ppduiced by
for the case of producing mainly nethyl phenyl
meansasflibe atactieRtijtilfatiomriétiedhy Thisadipbeayleagbongtea@sl be used as

t he maxi mnum anount produced of nethyl phenyl

the rv@ r2ReAaicof pBgnetizatibn $¢ froducdarometicpdiy darbonateb {see Fatent
been that disclosed in Patent Docunents 24 and 25, but

Docubritints 280Yabaricel Bstant ﬂﬁﬁl(ijcjéﬁonh%id-dﬁen Nbi 9ip557R0t an

anmount produced on an Industrial scale. 6 A0O501 U P 15

(corr@&%@Eﬁ?@%&P@gnt REVEETIOT APRIS PR RbS5747609)).

€ reg |
However, in ali of these prior art documents in which the production of aromatic

carbonates using the reactive distillation method is proposed, there is no disclosure
whatsoever of a specific process or apparatus enabling mass production on an
industrial scale (e.g. amore than 1 ton / hr), nor is there any description suggesting
such a process or apparatus. For example, for the case of producing mainly methyl
phenyl carbonate (MPC) from dimethyl carbonate and phenol, the maximum amount
produced of methyl phenyl carbonate (MPC) disclosed in documents hitherto has
been that disclosed in Patent Documents 24 and 25, but this amount is less than 10

kg / hr, which is not an amount produced on an industrial scale.
' 6
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A050p0@q%smfor separating out the al cohols froma
reactron m xture containing methanol by-produced

through a transesterification reaction between

di met hyl carbonate and phenol. For exanple, there

have been proposed a process in which 5 the above

r e@At iHaN otiserC AbhH € @eQdital Ustoposalsr Ravé odiso rbedn ahade regarding
liquid phase portion is divided into a plurality of

td ;i agsh t b d irgH A taini
pocefEE B R e oA rsbeerpanbass comanig
reactor n W AV D .
metnd 7 bRprodiheL iy R By BlonO bR fosn, cimetry
supj ected to separation .in a distillati c e :
carbopHIA-Ad BIElRk i 03 ren e 108Es PaVE heeh b Pase 3 Briges¥h which
Lai d- Open No. 2003-113144), and, a process i.n which the . .
the abave reactionols ¢amied Qut using a rﬁécwéﬁi\%h'&ﬁt%hﬂﬁmﬁﬁwm'm 'S
t he vapor phase portion, and subjected to heat
dividesiiotma pluralitycofiraastian sealionsdandg iereactiendiguis pgesesdgrough the
to separation by distillation at a higher pressure

sectidrizain drdet antl fiows putefsomr thei neattue, ang gasps adidpawnifm a vapor
of the reactor (see Patent Docunent 28: Japanese

phas{lgbﬂlﬁn, APB! dUbfdted td-Best Sutanie, béfps beirizPéidject?d to separation

wever, the object of these processes is to separate

in a &#l}gillgﬂén CUTRARE MeeViPdient! BRUGRENEET:OYasdisenPatét Application

n carrying out reaction using the continuous
. LLr t S ' : i :
Lo Db 20EPE15 696! B SRR ORGP Gimdtoddir i used, and
conponent obtai ned using this reacti [
the oBSAmANESrY g10Ey i Ve AR, PR EBRIAERRL 16 pegPhychange
: 5 .
and %S?F@%gtﬁgo%gﬁtﬁ&%géﬂu%?ggé@go @e%a&%ﬁg%hﬁ];@%i%ﬂoét a higher
di met hyl carbonate, 1.4 % by wei ght of nethanol, and
pressure thabythakofithe @resswsadn, thaeanar RS PoRivnneh thereardor (see
so on (Patent Docunent 28), which differs great I2y to
PatemnthBocomeos i 28; olapaiheae | BatebbiAppligation nmid-Opett Nen 2003-155264).
m xture (AT) containing a by-produced al cohol produced

Howa\srNehé ot biv thesdl proddsaes ds toy sepanate théegas esmponent with
invention. This is obviously different therefore to 25

reduéék?eﬁ%q@? nstRfAoALWIRED @Hﬁ-Yu'h@ cut PeaefSreasing@le continuous stirred

conce ation the alcohol fromthe low bolling point

i 5 8 I BEAGLSE e L MpRRRE tho composiion of e
gas %%ﬁg@%ﬁg%gﬁ%deﬁ(s?ﬁ? ks rdAGicHPERAS NS Chor Unafni8! $7% by weight
of dimethyl carbonate, 1.5 % by weight of methanol, and 1.5 % by weight of phenol
(Patent Document 27), or 98.1 % by weight of dimethyl carbonate, 1.4 % by weight
of methanol, and 0.5 % by weight of phenol, methyl phenyl carbonate and so on
(Patent Document 28), which differs greatly to the corﬁposition of a low boiling point
reaction mixture (Ar) containing a by-produced alcohol produced using a reactive
distillation system in the present invention. This is obviously different therefore to

the case of separating out to a predetermined concentration the alcohol from the low

boiling point reaction mixture produced using the reactive distillation system in the
7
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A050FEIpAakegy of f in Patent Document 27 is 60 % by wei ght
of methanol and 40 % by weight of dinethyl carbonate,
and the conposition of a colunn top conponent
separated off in Patent Docunent 20 is 64.5 % by
wei ght of nmethanol, which differs 5 greatly to the
preseApimastitionon Bdr axampld)otHe mgmpmsitionniok taureolGiBm) taphicoimponent
is the columm top conponent from a continuous

separSidd bff 5 Fedl Bbtlmaht 27 ISV bR weighhef Pisthansl and 40 % by
I nvention (concentration of alcohol not |less than 90 %

)Y ' . s a 0 i | Hin t

weight of Biniethyt e g =B AR iP5 B GG Hgir 39" nponen

cna 5805 o B RO 501 58 25, e RO Yt it

areatfgS e Samps'eR & Fors BPfioGrveint it GECEER Wil & EHbnn op
6- 157410). However, the above patent documam_ei thher

comppaent fond Breinseys c Eulti-stegsydigifation nealumaBydp the present
| aboratory scale, or else merelg relate to carrying

invenbom (corwemratian iof alcohbtodtdess thasf 9@ febuwegight).of ener gy
required for the distillation. There is no specific
deAgrogussimaalss begegsroposddinivhichaeliquid icontaining fappheximately
above patent docunents relating to carrying out

10 to TAPA'H Weight 8NmRMharil Us tistiféd 6% 2k @ppioximatelE 30 Afr from the
carryi'ng out transesterification reaction between the

top oﬁés IQL%M%: iort 8518 fov | Stc?lfﬁag‘?%r{kcre%ﬁir?tééfh% PalE Dstument

e reactive on system

20: R A SRR S35 SHRENB. XTI b, e above
ptor il S0 2R e B SR R abraton

reacti on system having a | ower boilin int. th t he
scaleapr plsadTeETalRAIGAEYG Bdka cempRERIiBSEICY glion 2Bl amount of

the dial kyl carbonate and aromatic hydroxy conpound
energyorespiredifontet digtiliatiant i Thermisana specific @gsyintignreuggestion

al kyl aryl ether and so on. Since this _
whatsoeves érs iny iof treasibave patect documentsirekadinglto lsaimyingeut separation

reacti on having an extrenely | ow equilibrium-constant
on arfimdukiiral Baler oduced al cohols inpede the reaction, in

the case of industrial inplenentation, it thus becones

8 APRRLcASF oSNy biPRahsEEtefifcatioRrb AL bEtWERIT theWiblkyl

separation and recovery fromthe | ow boiling point
carbonate and the aromatic hydroxy compound using the reactive distillation system,
the by-produced alcohols are generally continuously withdrawn from an upper
portion of the reactive distillation column as a low boiling point reaction mixture also
containing compounds present in the reaction system having a lower boiling point
than the at least one aromatic carbonate produced, for example the dialkyl carbonate
and aromatic hydroxy compound constituting the starting material, a by-produced
alkyl aryl ether and so on.  Since this transesterification reaction is an equilibrium

reaction having an extremely low equilibrium constant and the by-produced alcohols

impede the reaction, in the case of industrial implementation, it thus becomes
8




' F,@cltsl i Xxture into a conponent having a | ow content
ADSDL the a'\!.:nohol and a conponent containing nmainly the

al cohol efficiently and stably for a prol onged peri od

of time. 5 Several proposals have been nade regardi ng

processes for carrying out separation by distillation
imporgint td eohiiduely £drey Bai Séparatiér bad retouery ronetielion bailing point

met hanol and ‘di net hyl carbonate w thdrawn from an

_ . | thdr I
reactlHHPlﬁktuPé’th%dgﬁ%ﬁ% HEVihg'A f6w cOHIng of titdaldbRABE & a

carbonat e and to transesterification reaction

complieMSartSningSRGiny e aiRbhdl dfitigh 4 SBoly RE LaRichddd period

process in
. _methanol is withdrawn fromthe top of the colum while
of Mgyt racting the di methyl carbonate using di net hyl
oxal ate as an extractant (see Patent Documen& 30: .
5 Japayrrabpoposals hgys been Madersgardipg Rragssses fereaspying out
an extractive distillation process in which the |
separation by distlliation of thealow beiling poeint reactisn mixurestanaining methano!
| extracting the dinethyl carbonate using ethyl ene
and dimethghearboasteawitedtawarframt ar{ apperiporfan efia ddidmanswhen
14), a process in which distillation is carried out at

subjeBmﬁgTaiméth?ﬁéétb@nat%%cﬁpﬁéP@Ilié erapBsierifitatibn reaction using the
approximately 70 % by wei ght of nethanol and

reactig {Eﬁﬁ?ﬂbg@r? ?gér:t]et ) s\ BH eRbadiverdiSttlatioAgresedini which the

al ne e top of the colum (see Patent
10 mendSUHRRAG o AERERTT 18 HREWAISEH BEGnG B g
di pet hyl carponate is_obtained, fr t
carbc i g ciBe R Brfiels 28 Ayt Jhek Ratd Adifont 38
: . . % . -
Japammgqggﬁéninégtgﬁééiqﬁ?%tg%ﬁq{ﬂ,nRl\gggg{& Qzlg)c/ﬁ D {tmﬁ%tﬁlgtdigﬁllatlon
carbonate is obtained fromthe top of the colum (see
proceestie mhichthenmathars) is witherawn ff%"ttgett% obthe eRlumpewhile
distillation processes, a |arge anmount of the
extraeting et dimetingl Sartenaie esjingettiyieneararborate asr an ekbactanhsee

extractant and the dinethyl 25 carbonate nust be

15 Patertulédifnerstend) atpescdgsamwitich aistillawon isMarsed @ut abhotmalipressure
processes disclosed in Patent Docunents 15 and 20, the

o SPOREE sy e BUGEP QP e ESTROTERGL e
appr&amEBly 58 % tyAwéightdPdimethy! carbonate is obtained from the top of the
column (see Patent Documents 19), a process in which a mixture containing 64.5 %
by weight of methanol and 35.5 % by weight of dimethyl carbonate is obtained from
20 the top of the column (see Patent Document 20), and a process in which a mixture
containing 60 to 40 % by weight of methanol and 40 to 60 % by weight of dimethyl
carbonate is obtained from the top of the column (see Patent Document 15).
However, with the extractive distillation processes, a large amount of the
extractant must be used, and after the extraction, the extractant and the dimethyl

25 carbonate must be further separated from one another. Moreover, with the

processes disclosed in Patent Documents 15 and 20, the composition of the
9
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A0S01EiPBt k@l t he al cohol, 95 to 80 % by weight of the

dial kyl carbonate, and not nore than 0.1 % by wei ght

of an al kyl aryl ether (Patent Docunment 15), or 1 to 5

% by weight of nmethanol, 1 to 2 % by wei ght of

phenol, and the remainder (98 to 93 % by 5 weight)
compéheMRWiHdra#h B tiee (dppéfRb roastiveedistifitlion @dmigs Getot2te% by

phenol concentration is not nore than 2 % by wei ght

i t e S | L st if a

weugh* Efa {i’féoa?c?ﬁ@, ?% \}VJ E@. E.Wg gﬁ’c 5t PRSiaM| i dRboRAaeE: ht’% _lr_\;o@ more

oi I'i pOI nt reaction m xture

tan 5% B0 i B PP (A BB S Y @19 oy
woiork 3 SRSB1 5 S9L5h il ol e SRS RSP b

. nmethanol in the liquid withdrawn fromthe top of the
weighbalimethyl sarbenata ( Patent Recamen r0% @ gneasthgrhane! each
case, and hence this differs greatly to the -
concentnationiis nohmofe than 2 Stvbp ovaightgnsith casext uFlegemympositions
which is the colum top conponent fromthe continuous
differ graatly-te ttiaateofdhs tow batlingrpaimnt reantidh mixtube (Aor) evatdining the
invention. 15 Furthernore, in the separation /

by-pré E@UedI¥otiti RFe8SEs ThreGd iR daRtivd Bishillatich sy¥teeiih the present
Docunents, the anount of nethanol separated out and

invenfi& O VIAbRSbVE?, Witk twpgﬁgﬁ%b%dﬁcfo%twdw PEAD X UrBEREE 5, 19 and

per hour. EvVen in cunent 20, which discloses
20, b ek e A 0 M R R e REPGREGigrn

the tinme, for ich the separating out, 20 of .t
low a et gt 7 % BY witd s BRCR kpPe . abnered it Hifisns pyeatly to
in the above Patent Docunments, the longest is in the
the corBiResition PAINEnoWIRR G RBINDBYXIFE HBr)cknISh T et fmi top
system ot her than a reactive distillation systemis
compgaent fremdhe lgostingous mullistageaistiigtion coluan Boingbstpresent
the case that a reactive distillation systemis used
inventisnonly 2 weeks (Patent Docunment 19), with the others
bei ng 10 days (Patent Docunent 15), or the 25 tine

t aRanhémdiora, it BRMBepratich L recbeeni processby diatleséd in the above
Docunents 14 and 30). These periods of tine are

Paterfidc@iRints SRR dmo@tbfirh@hanbPsdprtictth @ BHcFre@bvered is not more
suggestion of an 10 AO0501 UP15 KAN i ndustri al

than § FRTBhURIIPEOGERS Ad) HUUEC NEVER iflPaldrt AR, i
discloses the largest amount, the amount of methanol processed is only
approximately 0.9 kg / hr. Moreover, regarding the time for which the separating out
of the methanol by distillation is carried out continuously in the above Patent
Documents, the longest is in the case of Patent Document 29, in which a reaction
system other than a reactive distillation system is used, and this is at most 720 hours.
The longest in the case that a reactive distillation system is used is only 2 weeks
(Patent Document 19), with the others being 10 days (Patent Document 15), or the

time taken for a steady state to be attained (Patent Documents 14 and 30). These

periods of time are extremely short, and there is no disclosure or suggestion of an
10
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Aos0f OP1® onged period of tine of several thousand
ours;” for exanple 5000 hours. In this way, for the
case of industrially producing aromati c carbonates
using a reactive distillation nmethod, hitherto there
has been no specific disclosure or 5 suggestion

industitapb e aaon Peedisdiin Svhich tHeddistiltation ¢peratios isocarried out stably
apparatus for separating out a |arge anmount of a

for a ﬁﬁrc{?fg%g%@fﬁgﬁ@g 8b{dral PRLSMNAPBUES, 36 dxdriRpled000 hours.

pro time. Disclosure of Invention 10

Inthisls%gjyv,istpfi{heogé C(%f iﬂ&yéthé@ggﬁzﬁ&mﬁ é%%gticp&tr g{‘%@qﬁ g

IC I ndustria process ena

.an alcohol tg be s rated out efficiently ap bl y
reactif dRfigigh et (UABAR thFfs e open AP AR b ASaSIA
a |low boiling point reacgtion, mxture contaipi a .
suggesfiopemteesver regsling AR NGHstHal Areeess Wga%ﬁﬁrﬁﬂlﬁl}gf pgparating
carbonate on an industrial scal e by sub'ectiqg a -
out a i#Hrge lapmourd o @rt-prasiueed alcahehgfficeently ansiw%inWr 8k @ prolonged
conpound to transesterification reaction in a reactive
pericdibftimel ati on colum in which a catalyst is present.
Since the present inventors disclosed a process for
produci ng aromatic carbonates using a continuous
mul ti-stage distillation colum, various proposals

Discléf#aofimnppacesses for the production of aromatic
carbonates by neans of a 20 reactive distillation

mef ogh t&%ge%t REL g?%@%nt Yhilén fo &%?d’e Q%}S@Biﬁblinﬂ?ﬁﬁ‘al‘m
a snall"scal’e and short operating tine aboratory
| evel . and there have bee i.sclosur . v
separgfid8 peo@is thaC iR Bncthd fo 1B ERafah Bl YARLGRG 4ila staply
roductj on n_an industrial scale._ The present. .
for a pielngas BeHar 8t R b 20RO eRIaBLOLA Mot BRIing Point reaction
~discovering a specific process enabling an al cohol to
mixturs: carigining adyoprodsced a@leahol wheRdnass-pradicng ap agomatic
prol onged period of tine on an industrial scale of not
carbdnades on lesrin@0striebgdale biyrsuibjexting\a dialkyl ogrbooiate ané antarematic
m xture withdrawn in an anmount of not less than 10 11
monof afikyldompoutiNd tpavidestédfivation reaetion ipa teamtivefdistillation
reactive distillation colum when produci ng at | east

coluntifh WhiRRES EStaf@f ROf@senEN an industrial scale using a
reactive distillation system

Since the present inventors disclosed a process for producing aromatic

carbonates using a continuous multi-stage distillation column, various proposals
regarding processes for the production of aromatic carbonates by means of a
reactive distillation method have been made. However, these have all beenon a
small scale and short operating time laboratory level, and there have been no
disclosures whatsoever on a specific process or apparatus enabling mass production
on an industrial scale. The present inventors thus carried out studies aimed at
discovering a specific process enabling an alcohol to be separated out efficiently and
stably for a prolonged period of time on an industrial scale of not less than 200 kg/hr

from a low boiling point reaction mixture withdrawn in an amount of not less than 10
11



10

15

20

26

A0501 B 5 RN L, the present inventors have arrived at the
presem 1 nvention. That is, the present invention

prOV|des 5 1. In an industrial process for separating

out a by-produced al cohol in a case of continuously

mass- produci ng an aromati c carbonate on an industria
ton/hresth @nuspEs particreefca resctidiesdistillation eolusws wdengbroducing at least

conti nuously feeding a dialkyl carbonate and an

one aﬂfrﬁﬁﬁ?é b&'b@ﬁagahﬂr‘i’é ANAGRAROSEHE LShE PreeRiive Bisiation system.

ti-stage disti Iatlon colum A” in which a catal yst

As a rbSuf 8 ke fnititon HihePHrivl A B bRIdent iiterfiBn,
th t f ti |
€ iR STaS SR o O ERR: O eoori on it ure AT
B A A

feeding said |ow boiling point reaction m xture AT
continueuslyamesspredusing anlaremetia garkanste pnan ipdusici@l seplepising a

and carrying out separation by distillation into a | ow
reactibeidistiligtipro system oftcordinubusly feeding@ dialky! grbonateiand an

al cohol as a main conponent thereof continuously

aromatid meéhahpdioxg BoaipoupRidntada chntimudfs mbiti-stagedistillatian column A
gaseous formand a high boiling point mxture BB

in whi%ﬁrﬁ bélﬁ%ﬁléfpr\éfséﬁldétﬂi\ﬁarfrﬁlﬁg‘o%t kransesteaAfitatih @actibg and
columm 1'n liquid form the inprovenent which

dlstlllé}ﬂﬁfélhﬁ.ﬁl?pgéﬁ%igﬁ p@@%ﬂﬁ’%lﬁ?l on s of contlnuously
PR AEEN av@éb@%ﬁ@é‘cﬁ%ﬁ.nﬂfxfu@#%oﬁaa@mqe% ey

nber of sta t re nsi de, and an enrichne
alcohe@?%‘man PR Rl L AR FOILE B SA3ApUS 2T e SO Rl feeding

2 (cm and anlnternal with a nunber of sta cP
said Ipwé:q;lmg;pqgt regedipaimixiyre Apjintoa continuaqys, mgwdst%ge stillation

satisfy the following fornulae (1) to 88) 25 500 Li
colung Bpeod cajryingosutBeparaonm by yistiiationoipto a low bollingspeint mixture

Li / D < 30 (3) 10<_nl 40 (4)
Bt having said by-produced alcohol as a main component thereof continuously
withdrawn from an upper portion of the column in a gaseous form and a high boiling
point mixture Bg continuously withdrawn from a lower portion of the column in a liquid
form, the improvement which comprises:

(a) said continuous multi-stage distillation column B is a distillation column

comprising a stripping section having a length L1 (cm), an inside diameter Dy (cm)
and an internal with a number of stages n; thereinside, and an enrichment section

having a length Lz (cm), an inside diameter D2 (cm) and an internal with a number of

stages n» thereinside, wherein Ly, D4, ny, Lz, D2, and n; satisfy the following formulae

(1) to (8):
500 = Ly = 3000 (1)
100 = Dy = 500 {(2)

12



A05017g@>15_ma\| 5000 (5) 50D2 400 (6) 5 10<L2/D2S50
S n2 S 100 (8); and (b) a conposition of said

Iow b0|I|ng poi nt reaction mxture AT is 1.5 to 10 %
by wei ght of said by-produced al cohol, 50 to 85 % by
wei ght of a dial kyl carbonate, 10 to 40 % by ei ght of
t & &Ar bpADy c=nBBohydr oxy conpound, 0.%3}o0 10 % by
wei ght 10 of a by-product al kyl aryl ether, 0 to 5 %
byjovetghi of40he aromatic carbonate, qap O to 3 % by
ei ght of other matter. 2. The process according to
i tein k= whetesdpg he distillation condisyons of said
continuous nulti-stage distillation colum B include a
tegﬁ)e&aburg bofrom 100 to 350 t and epr essure of
from=2 %2105 Pa to 5 x 106 Pa, and a reflux ratio of

0. 3. The process ac ding toiteml
P@Qvﬁlé{é?n—a 6oncentrati on of sai d(iZFcohol in said
Iowb0|I|n oint mxture BT is not |le than 90 % by
Y, "pazedOBn 100 % by weight of dBEEbw boi | | ng
poi nt mxture BT. 4. The process according to any
of (bi)t ereompositien ofissidsiow kailingrpaint regctioni raixture Arle 15t 10%
boi Il i ng point reaction m xture AT continuously fed
by weightof saidibg-pno duceasicohbl; 50 $0 85&% byi weight ef & dialkylcanvonate,
Bis not less than 10 ton / hr, and an anount of said

10 to abomw eighEoRthatfeEmatit m@ndrq,tdrdmssombaunaamskg 10 %rby weight
. The process according to any one of itenms 1 to 4,

of a bygﬁ'b@h& Alkyl devt ether, 0 t@' %Pb¥ weight dP%he brorhali¥ cafthals and O

sal d continuous nulti-stage distillation colum B

t0301§8§§% &quh%ﬁ,&faﬁ%} owi ng fornulae: 800 <_ L, < 2500,

< Li / D S20, 13 Snl S 25

2. ThgRotesdacimiiiips %&Wﬁ%f%ﬂ?@é)dﬁﬁﬁ%?oftéé“@ﬁ%"ﬁp saic
contiious BRG-Atops iR BpPIHG Thekdl e ahés Bioff o0 o

350 “C and a pressure of from 2 x 10° Pa to 5 x 10° Pa, and a reflux ratio of from 0.1
to 20. |

3. The process according to item 1 or 2, wherein a concentration of said alcohol in
said low boiling point mixture B is not less than 90 % by weight, based on 100 % by
weight of said low boiling point mixture Br.

4. The process according to any one of items 1 to 3, wherein an amount of said low
boiling boint reaction mixture At continuously fed into said continuous multi-stage
distillation cotumn B is not less than 10 ton / hr, and an amount of said alcohol
separated out is not less than 200 kg / hr.

5. The process according to any one of items 1 to 4, wherein Ly, Dy, L1 / D1, m, Lz,
D2, Lo/ D, and nz fof said continuous multi-stage distillation column B satisfy the
following formulae: 800 = L; = 2500,120 = Dy, = 400,5 = L+/Dy = 20,13

=nmn = 251500 < L, < 3500,70 = D, = 200,15 = /D2 = 30,40 =
13
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A0501 P13t KaANpi ng section and the enrichment section of
said Tontinuous nmulti-stage distillation colum B is
a tray and/or a packing. 5 7. The process according to
item 6, wherein the internal in each of the stripping
section and the enrichnent section of said continuous

Nz = o, t,- S ageand 861 £ &@ljirespextivelyn B is the tray. 8. The
process according to any one of itens 1 to 7, wherein

6. ThEPréctisatcoadingfo ahy oplidf ithfPNed 51 Whardifl the Mternal in each of
boiling point nixture BB is not nore than 0.2 % by

the st@@é:ﬁgtﬁgc%ﬁ ﬁpaﬁﬁé eﬂﬂcﬂ@%pf/ %éﬁfﬁ%fgﬂld %nﬁ%dﬁs:}glﬂﬁlgsttage

m xture € process acco
. .g.any one of.ite 1t0 7 erein the concentrati on of
aistilibh bR 1< oy ariforpBOfhEn0 ot ot ot e BY i o
ot less than 95 %b ight, . based on 100, % _
7. TS Pgtessractarding oo B8 & #ibisin e Parnal o qaeh Sigie siping

_process according to any one of items 1 to 9, wherein
sectiontandthecenrichamendsestion ohsaigi eprdinbeus Multirstagegdistiflation column
boiling point m xture BT is not |less than 97 % by
B is thweirgit, based on 100 % by wei ght of said | ow boiling
poi nt m xture BT. 11. The process according to any one

8. Thé procsss dcdopdib§ to \aheopieroftifeen< o b Fnivhefreindhe coatemthation of
in said high boiling point mxture BB is not nore than

said dlcchdlarP¥aidiigh boiliRgsRiht MRktkE®B/shot WedrahtharfD.2 9 By weight,
hi gh boiling point mxture BB. 20 12. The process

vase 5500 i Sl o toh o b ), <2 ¢
o TRASR A ol LDl 1 1108k B fion o
. 1, d high hoili it .m x [ i ly .
said 334 e Do e BB oA B s S5 B OS9P Y Weioh,
um A and thus used as a starting material for the

col t X A .
baseq pp 1890y Weight pbeaidiew beilingroipt Bbddre Brcor ding to
any one of itens 1 to 13, wherein heat in said | ow

10. bbelprocesscacnordingdo iapy anexafitesnat taiS winesein the copeentration of
gaseous formis used to heat the 14 A0501 U P 15 KAN
said sltehdl imgakdberbaling point hixtureaBs eshel less twn 8N % exaveight,
fed into said continuous nulti-stage distillation
based 8hUD0 R by weight of said low boiling point mixture Br.
11. The process according to any one of items 1 to 10, wherein the content of said
alcohol in said high boiling point mixture Bg is not more than 0.1 % by weight, based
on 100 % by weight of said high boiling point mixture Bg.
12. The process according to any one of items 1 to 11, wherein said low boiling
point mixture By is used as a raw material for producing a dialkyl carbonate.
13. The process according to any one of items 1 to 12, wherein said high boiling
point mixture Bg is continuously fed into said continuous multi-stage distillation

column A and thus used as a starting material for the transesterification.

14. The process according to any one of items 1 to 13, wherein heat in said low

boiling point reaction mixture Ar withdrawn in the gaseous form is used to heat the
14
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- A0501LBp J'ghm ocess according to any one of itens 1 to 14,

sald tontinuous nmulti-stage distillation colum A
conprises a structure having a pair of end plates
above and 5 below a cylindrical trunk portion having a
length L (cm) and an inside diameter D (cn) and
startingaviategizh fori the eramgkb stexifibatiorntedetion 6éd Ftageairl continuous
therei nside, and conprises a gas outlet having an

multi-685E HstMaBBR cBfunth A(CM) at the top of the colum or in
an-upper portion of the colum near thereto, a liquid

15, EH‘% ka%cd“s y d%:grcﬂﬂ &@ﬁhg%ng'cﬁ'ﬁ% 1 9@1‘1 %@td dh |ﬁ{lﬁ|és multi-stage

omo ehCO r-rn a |0n0 ! . .
astnde Gyt en iR Enefiel 22 pﬁmrf'eﬁﬁ B liEe dhd

um, bel ow the s outl d St . on i.hl et
belowpﬁ Gyiisgal {fpk por aviRg @?W@T D 26 ainsGR iR teE D
iquid outlet, wherein L, Db L/ D n, D/ dl and D /
(cm) ami bavinafap intesnalvitoainnbargfetages n thrreinside, angwmmprises a
(9) 15 100 < D: _5 2000 (10) 2L/D:40 (11) 20n_<--120
gas o(tleé) having:ab insida diaméte( 83)cmpatithedop of the calrmn orih an upper
(14). 20 16. The process according to any one of itens
portioh dfehd Solumireneantheretal atiquitt dwtlet dlavirighan ihsidegliameter d2 (cm)
carbonate fed into said continuous nulti-stage

at theBctionh bﬂﬂé)ébl@ﬁin%ﬁin/é fowek pRrticH 6Nk cblUTRR PlRME HRsto, at least
conpound Is in a range of from0.5 to 3 and the

one lrﬂéﬁ?r'o\/?b%d L 'u}ohr@r{] bﬁﬂlohrhn%%lda ggﬂfrélrb&ﬂén BF tHd cSiLAREDelow

tion co I'sS carried out 'at tenperature

e ofb oY LB PR IR b bl
s RSB Rla in 3 TN Pl SR A3 e goowing

aromati c carbonates on an industrial scale using a
formuagictive distillation systemwth a

1500 < L < 8000 (9)

100 < D< 2000 (10)

2 =L/DE 40 (11)

20 £ n =120 (12)

5 <D/d =30 (13), and
3<D/d =20 \ (14).

16. The process according to any one of items 1 to 15, wherein a molar ration of
the dialkyl carbonate fed into said continuous multi-stage distillation column A to the
aromatic mohohydroxy compound is in a range of from 0.5 to 3 and the reactive
distillation in said continuous multi-stage distillation column A is carried out at a

temperature of from 100 to 350 °C and at a pressure of from 0.1 Pato 2 x 107 Pa.

Advantageous Effects of the Invention
15
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A0S0fURIEY kAR bonate and an aromati ¢ nonohydroxy conmpound
as a Starting material, a |low boiling point reaction
m xture (AT) having a specified conposition containing
a 5 by-produced al cohol can be separated efficiently
and stably for a prolonged period of time into a | ow
by indleRRIntihgThe torésertt FiveritidnvvheR dortinaous|y Masspicaecing
al cohol is not |ess than 90 %by wei ght and a hi gh

aromeﬁﬁ;‘ ddr] Gnﬁl‘ébrﬂn 8 ki fsfridi BBhle tEbu‘@ bCrBaEth &l@f"ﬂ:—ﬂlﬁn $fstem with a

is not nore t by weight on a .
d'a‘ky‘"’f?%’&%f‘%*néc%"ax?ﬂﬁaébﬁ’%ﬂ?'*ﬁ%*‘eg&@i%@é@w s 8P} Rpterial 2
low byfipd Pk Feactiprpiitly (A having s Gecysis %%?@%ﬁﬁf%ﬂlasming a

Drawm ngs FIG 1 is a schematic view of exa

by-pradussdRicehd sani briseraratad efisientk andstably for 3 e%eag%ﬁeﬂod of
A for carrying out reactive distillation in the

time iptoea v boiling moingdimixturs (Bnkinawhich g gentent of the; algehol is not
distillation colum A conprises an internal (for

less teara8p|% by veeighbsnd k highs ballinggpdimtemiiure (Bg) rhwhizh the content of
stages. FIG 2 is a schematic view of an exanple

the al8bI9uYis BoRMOPE tha 0 2S% Y Weidht @pea scidigtsuchahatthemhount of the
B for carrying out separation by distillation on a |ow

low b@?hb ipBtht PRAGon MBdGid @it Ts&d i RotI8ds tHfM @teh NEr 8Rd the

in the presen |nvent| on. The conti nuous 20

amoulmJ H the> Ié@l@ol@qﬁ%ﬁ%}tggtdu‘? ik GO I Ft%rﬁ?(?fﬁ [éb $fp an

er na nst her el n, nunber of
stages of the internals is nl in a stripping section
(for exanple, a tray 7) and n2 in an enrichnent
. .section (f atray 8), respectively; and
Brief é?@”%"qréoaf) agtl c view of an exanpl e showi ng an
apparatus for carrying out reactive distillation and
di E1G.11 i asehematispaewtd asuexayple shewieg aceptiiaus multi-stage
the 25 present invention. 1: gas outlet; 2: liquid
distillatidn eolunth andort caimyingt pub reastivepdistidation irV,th@:presetyt; invention.
SS. stripping 16 A0501 UP15 KAN section; ES:

The comtinabu® nMul-atigeodistillatidrecguimn Argongrisescam intewali$for example,
multi-stage distillation colum A, D inside dianeter

atray(G)'”ihst%ileéi 'ﬂ@er@ﬁﬂ%ﬁiéﬁhés'ﬁ“&tb egtage distillation colum
i: inside dianeter (c of gas outlet of the

CoﬁfG.@@L?s%rﬁét‘ ShidPoftirs kahpld SHbviiRh Wbntinuous multi-stage
distillation column B for carrying out separation by distillation on a low boiling point
reaction mixture (At) containing an alcohol in the present invention.  The continuous
multi-stage distillation column B comprises an internal installed therein, wherein the
number of stages of the internals is n; in a stripping section (for example, a tray 7)
and n; in an enrichment section (for example, a tray 8), respectively; and

FIG. 3 is a schematic view of an example showing an apparatus for carrying
out reactive distillation and distillation to separate out by-produced alcohols in the

present invention.

1: gas outlet; 2: liquid outlet; 3 and 4: inlet; 5: end plate; 6, 7, 8: tray; SS: stripping
16
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A0S0AUPdZ KANi de dianeter (cm) of liquid outlet of the
continuous multi-stage distillation 5 colum A; Li:

length (cnm) of the stripping section of the continuous
multi-stage distillation colum A; L2: length (cm of
the enrichment section of the continuous nulti-stage
sectiodi ES: ehethment séetiom; A; |dbigth {em) dea doatimtieus hait)-siagedistillation
stripping section of the continuous multi-stage
columti At D! Indldecdiafterient; of iBe coRfhususimamebeigedistdfation column A;
enrichnment section of the continuous nulti-stage
- in$48 ) ' letld} theé bonfifuods multi-stefb distlitatidR column
ds 1nsﬁ€r1]§gié;rﬁ%%?'?(ggfegggggéglet%%:th%i qlr}lt?'ﬁu%ut rnet ; szaé]e ?:6: gas
. 4.0 to. 24 i iy . , t il
A dr sl gaptoter (omp B A8 oudst ofthe &lntinils iRt stegg digtiation.
t he follow ng, the esent invention ks, described in .
columiodhy ;GBI (G 0 thE S HBRNGLSSRIAn o ThSqtiugs multi-stage
_ . invention is a conpound regresent.ed by the gener al .
distillatign,gelymm 4y : LR lergthoem) ek jheyearishment seglipR Qihe gpptinuous
~alkyl group having 1 to 10 carbon atons, an alicyclic
multi-gtagedistil@tion gobiron Al @:¢ insidmdiameter (asn) ofna stripping section of the
group having 6 to 10 carbon atons. 20 Exanples of Rl
continuatisusheltastagekgiktilationpcslunim Bs Detihside diameter pf apyenrichment
(isomers), allyl, butyl (isomers), butenyl (isomers),
sectigpestithb donsinlBas multieiade distratRihsdolumersy10,(1152aeps) 31, 41, 51:
octyl (isonmers), nonyl (isoners), decyl (isoners) and
inlet; 929?5?52’,' @?,tﬁg’:lliq oﬁh?t‘?%t BB g8k FRef W) 36 38 inlet; 23, 33, 27,
cycl opropyl’, cyclobutyl, cyclogentyl, cycl ohexyl and

) ; and an aral kyl group such as benzyl,
37'h%%3%§ﬁﬁ§¢¥¢isoners), phenyl propyl (isoners), 25

phenyl butyl (isoners) and nethyl benzyl (isonmers). The
above-nenti oned al kyl groups, alicyclic group and

ral kyl group be substituted with other

Best @G’a?lt%'f Ggﬂ'y@g 53&&\?5'0!‘”@!‘%’5 KAN such as |a ower al kyl

group, a |ower al koxy group, a cyano group or a

halroigerfobewing, theneresant aveotionis deseriprdin sigtaik at ed

bond therein. Exanples of dial kyl carbonates havi ng

s uAhdidtkyli carbomizte disadtin yihe peadent atventiodiizalmpmpound represented

carbonate, dipropyl carbonate (isoners), diallyl
by the gehershfarmuia p18)eny|

R'OCOOR! (15)

wherein R represents an alkyl group having 1 to 10 carbon atoms, an alicyclic group
having 3 to 10 carbon atoms, or an aralkyl group having 6 to 10 carbon atoms.
Examples of R' include an alkyl group such as methyl, ethyl, propyl (isomers), allyl,
butyl (isomers), butenyl (isomers), pentyl (isomers), hexyl (isomers), hepty! (isomers),
octyl (isomers), nonyl (isomers), decy! (isomers} and cyclohexylmethyl; an alicyclic
group such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl, and
an aralkyl group such as benzyl, phenethyl (isbmers), phenylpropyl (isomers),

phenylbutyl (isomers) and methylbenzyl (isomers). The above-mentioned alkyl

groups, alicyclic group and aralkyl group may be substituted with other substituents
17
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A05015U<pqr5bme (i sorrers) di butyl carbonate (isomers),
di pentyl carbonate (isoners), dihexyl carbonate

(i somers), diheptyl carbonate (isoners), dioctyl
carbonate (isoners), dinonyl carbonate (isoners),
di decyl carbonate (isonmers), dicyclopentyl carbonate,

such &k Ryowenakyl %mpbanamer alitogy grouNs i gyareagtowpadrea halogen atom,

di benzyl carbonate di phenet hyl carbonate (isomners),

and w@y(m@%h@ﬁawmsaﬁkma&mdth%mﬁr s), 10
dir(phenyl butyl) carbonate (isoners), di(chlorobenzyl)

f?%’%ﬁﬂ?""? df! ﬁ%@ c%tl;(onrfég{a% ﬁ%{#ﬁ@%ﬂ@é’{@&ﬁ%@%ﬁ carbonate,
diethy} oA P! %ﬁl?@?@%%%fﬁ%@i%@yﬁfmﬁ%ﬂ%"%§ﬁée'?‘¥| )

0] th se dial k C onat es
carboagr Gars %5?) At farRpals SaaRers) BRIVbFETPE SR (Somers),
~dialkyl carbonates in which R is an alkyl grou
dihexy) serbonatorlisemnass), kieRtaRarbemaler(somasal claatshrbonate
containing a hal ogen atom A particularly preferable
(isomersy, disodylnerbghatedisobwra), clidedyl carbonate (ispmersyr disydopentyl
di al kyl carbonates, particularly preferable ones are

carboflatd, kidycladrghedrbenater disyelbheptyl cattidrate udiiséranyl icatbonate,
not containing a halogen, for exanple ones produced

dipheh&® 8drbahkie g&ﬂné@) bei{isH ertbﬁyz?&bmldaye g@émers)

contalnlng a 20 hal ogen an cohol stantially
cilph N B fsbRrat BicABrHAED orslagye %ﬁ*r%%)undf
GRS S A TR e
dn(mehrqa%ﬁ M grepateaisometel dicefo d'aimbeqq%bﬁ‘*”ﬂ%%réééked
aromatic group having 5 to 30 carbon atons.
d'(CY%ﬂwl)a@abeBai@m“%ﬂsls KAN of aromatic nmonohydr oxy
conpounds having such Ar' include phenol; various

al @f thesendiblkykcarhonatesy eses prefetably vsed nytr@mesent invention
(i somers), trinethyl phenol (isoners),

are diatkyt aartiomateshienatick iR dsansikyleroyp plaeingl not insaneethah four carbon
propyl phenol (isomers), butyl phenol (isoners),

atom#laRd Mot BBRRMING a3IBGeN atof®! hiIpitisdisme peferabidoRé 9 dimethy!

carbonate. Moreover, of preferable dialkyl carbonates, particularly preferable ones

are dialkyl carbonates produced in a state substantially not containing a halegen, for

example ones produced from an alkylene carbonate substantially not containing a

halogen and an alcohol substantially not containing a halogen.

An aromatic monohydroxy compound used in the present invention is a
compound represented by the following formula (16). The type of the aromatic
monohydroxy compound is not limited, so long as the hydroxyl group is directly
bonded to the aromatic group;

Ar'OH (16)

wherein Ar' represents an aromatic group having 5 to 30 carbon atoms. Examples
18
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A050P U opyl phenol (isoners), dipropyl phenol
(it soners), nethyl butyl phenol (isoners), pentyl phenol

(i somers), hexyl phenol (isoners) and cycl ohexyl pheno
(i somers); various al koxyphenols such as mnet hoxypheno
(i somers) and ethoxyphenol (isoners);

of arofiaticahbibmirory sompehnds habieaysuehoiry imtede phéhslipraricys
napht hol (isoners) and various substituted naphthols;

alkylpﬁsﬂol@%hoa%r&ﬁ%li FsdnferdD RQIBHH) PPy mePsl B ey} dﬂﬁgomers),

roxypyridine (isomers),” hydroxycoumarin | somer s)
tetran iy BERHNBIGS, iRy lehefdRisbmers], PrifyBnahg TRorars).
outylfiegREfor S el tencL (3R D R SUIRr SNt e,

10 carbon atons. Phenol is rticularl referabl e
methylpiops|Aenchfisamars. APEARWRNEra) HEHEP&F%)XV‘VBI'%'EB ,
ones substantially not containing a hal ogen are

(isomprsyf pertyiphenskiisarmenshehexyirhane (ispmers)ians cytehaxyirhenol
i n which al cohols are by-produced through

(isomersynesaridues alkoxygthienols suwsicas oretiivpinenocl gsermens and
distillation systemin the present invention are shown

ethoxiphést (isbfdropianglatkgipienars duch aspiertylpiopylphenbk(isomers),

present invention, 1t is the reaction of 20 formul a

naphl&é@i_'s%rﬁ%s) %Uwﬁiﬁg%ﬁitu%%m&hpﬁ "an@*ﬁetipﬁfgngaﬁl(fiﬁzs) +

I ' { i i £ t ;
monofi T il Rle APpfl it HROefy fydfdhycoumar
. ransesterification re jon j Nt .on
(sompl G B RhOR (S B s7 o o s ot b REATRRL
range, the angou of unreacted starting material..
COmPPGRAS RIS PETRAPbaiSaH o ESTSIR VRSO AE NP stiytashand
of the aromatic 19, A0501 UP15 KAN carbonate ained for
substijgteghrienelyin whishd issamaforaatic graum having 6igrKbearpon atoms.
much energy is required to recover the aromatic :
PhenokispantituarlyFprefenable. r ddemnyer,tdfdhesmaromatic sonchydiexy
nore preferably in a range of from0.8 to 2.5, yet
compounds oresesuistantfallgmot tofitdining ahalogen are preferably used in the
present invention.

Reactions in which alcohols are by-produced through transesterification
reaction using a reactive distillation system in the present invention are shown in the
following formulae (17) and (18). In the present invention, it is the reaction of
formula (17) that mainly occurs.

R'OCOOR' + Ar'OH — Ar'OCOOR' + R'OH (17)
Ar'OCOOR' + Ar'OH — Ar'OCOOAr' + R'OH (18)

The molar ratio of the dialkyl carbonate to the aromatic monohydroxy

compound used in the transesterification reaction in the present invention must be in

arange of from 0.5 to 3. Outside this range, the amount of unreacted starting

material remaining relative to a predetermined amount produced of the aromatic
19
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AO050PUPYS RN ransesterification reaction through a
reactive distillation nethod using the continuous
mul ti-stage distillation colunmm A in the present
i nvention, the aromatic carbonates are produced
continuously on an industrial scale, for exanple in an

carbonateudimedl fonbecomes hidtawHich tndt efficiet) and moreoves muoht
of the aromati c nonohydroxy conpound fed in

energﬂ{‘?ﬂédﬂi’r@d&b&e&@ﬁeﬂth@ ROAUEC BaASHHHLS ONFbSsERNRIagbhY, the above
3P ton / hr, preferably 10P ton / hr, nore preferably
A=Y : t I te
molar £t 8o prefBREAY i3y pEFOIT, 8% 216 ygf [RT8 dréferably from
10tog&sferably, this anmount can be made to be | ess than
) ton | hr. In this case, the anmount of the alcohols
by- produced js._.generally not |less than 0.2P ton / . .
Tl R s i atiThteaction tvauh 3 fedchs geiugfion method using
invention include an alkyl 15 aryl carbonate, or a )
the cantigugus sutrstageedistifationgolumnd inHbpsesenttinyentiane the aromatic
obtained through the transesterification reaction
carbobatessre produckditentinuomshyooraan incthstidlscale, Jomexample in an
nonohydr oxy conpound. Included under this
amouht afwsstdéss tHarchtdrohhr edte minidue amoeat bf the anenvdticc h
one or both of the al koxy groups of the dialkyl

monoR ARG FofpduHdred if ¥eRBAMSIVGr ihé RBové Yredictivhds Bepkrally
the aromati c nonohydroxy conpound 20 and the al cohol

13P tdm:( @h';{i‘é&%ﬁ@? 10PoRRY! k?,emg]age gfkg?/lﬁa%)ayr 5?’1{% ?QF,%%EB% fHe

ecules of 't car bonat e

amou it BFHHEStefefc R iaE (PPh T P o Blotlucefiy) RRPR ffheby. tis
amouhl ShS BRI b ses Bab OB 2090 S8 e Ghraunt e

25 In the transesterification reaction in the present
alcohpis\Rynpiosikiced|is generially met lasgythan §r3ff tut Bonat e i s
mai nl'y obtained, this alkyl aryl carbonate can_be
c ohke arendatia cartonates2prodosed inUthecpresrntinyention indhudean alkyl
by being nade to further undergo transesterification
aryl cadmrtate ona diaryl tdaebanatepdn & mixtood thireafy wiochparenobiasred
di sproportionation reaction (fornula 19). This diaryl

througia i tiahsesianficalioh re@blich Befvder thgadiaikyl Grbonatedaritbthee
It is inportant as a raw nmaterial when industrially

aromBiCFHeRbRPdRXY YorspupRN Al Scllde FBAREr fHis Bansesterification reaction

are a reaction in which one or both of the alkoxy groups of the dialkyl carbonate
is/are exchanged with the aryloxy group of the aromatic monohydroxy compound
and the alcohol is eliminated (fofmulae 17 and 18), and a reaction in which two
molecules. of the alkyl aryl carbonate produced are converted into the diaryl
carbonate and the dialkyl carbonate through transesterification therebetween, i.e.
disproportionation reaction (formula 19).

2Ar'OCOOR' — Ar'OCOOAr' + R'OCOOR' (19)

In the transesterification reaction in the present invention, although the alkyl

aryl carbonate is mainly obtained, this alkyl aryl carbonate can be converted into the
20
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A0SOPUFPE sy erification method. Note that through the
transésterification reaction in the present
invention, a small anount of an al kyl aryl ether is
general ly produced as a reaction by-product. The
di al kyl carbonate and the aromatic nonohydr oxy

diaryl carjmsnate bydesing madeecto fatthert umgergatiearisasterificatien reaction with
transesterification reaction of the present invention

the arBRatRandnoFyirbRy ebmpotiAd Pey disropRitidRationdehsiich Fbffala 19).
conmpounds, for ‘exanple may contain conpounds or

This %ﬁr’é‘f Eée%nQYé 684 HG{ %or{%ﬁiﬂdé‘ ﬁﬁﬁgbp a‘t'?illsaﬁﬂ Pefce litﬁ@ fhBbrtant as a

I process. e case-of an |Industria

rew i Ve el pond i AR EBh o) el 515"
wansqeianeagonInpinerer Note i thecbich e lyarsBaiasae fapton in the

aromati c 15 nonohydroxy conpound recovered fromthis
presept tvestion,a saall ameunof gnalikd aryl ether iscognesalsproduced as a

according to the present invention, a |ow boiling
reactippibytprogact.i on ni xture (AT) continuously wi thdrawn

froman upper portion of the continuous nulti-stage

di $he ldislkyl oarlsoriateznd the andwinatic hesradhydeoxli adrmpoatd ased in the
is carried out is fed into a continuous nmnulti-stage

startirt] Figtériaitin g FahseBleficdtioniréabidn bEteasreset Al entRdN may each
to return into the 20 conti nuous nulti-stage

ot Lat . DL . . _
be of Higit prif; bihal CoffEn Bufer tofibcRfide, i diinile Tk} borRain
. st et L Lat .
comp i BPMBHyoB R0k i thss AR frocess
(BB)_ can be reused , as startin terial, for .the
In thel case e PSR riplefiatatiash 1o Statig fateri8l diebfdes fresh
. . the transesterification reaction of the present .
dialkyl gaeaqnadm and asomatic SQNRYEroy sRIMAPURS ALWINNrgduced into the
conpound sel ected fromthe follow ng conpounds can be
reactioperystem, ing6also praferabieito use sialksymashenriaie andarematicdes
such as PbQ, Pb02 and Pb304; |ead sulfides such as PbS

monchydroxyhsnpowradirdopdensd flem thisgroses$Panidr 2anatter process.  In
Pb202( OH) 2; plunbites such as Na2PbQ2, K2PbQ2,

the pfé2EBb Gecariihd it reBentThaéttiors EclbwelsoilNeg poia8 reaction mixture
(At) continuously withdrawn from an upper portion of the continuous multi-stage
distillation column A in which reactive distillation is carried out is fed into a continuous
multi-stage distillation column B; it is particularly preferable to return into the
continuous muiti-stage distillation column A a high boiling point mixture (Bg)
continuously withdrawn from a lower portion of the continuous multi-stage distillation
column B in a liquid form, whereby the high boiling point mixture (Bs) can be reused
as a starting material for the transesterification reaction.

As a catalyst used in the transesterification reaction of the present invention,
for example, a metal-containing compound selected from the following compounds

can be used;
21
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A050P UraHpAN4, K2PbO3, K2[ Pb(OH)s], K4PbO4, Ca2PbO4 and
CaPb(3: | ead carbonates and basic salts thereof such

as PbCO3 and 2PbCCB8Pb(CH)2; lead salts of organic
acids, and carbonates and basic salts thereof, such as
Pb( OCOCH3) 2, Pb(OCOCH3)4 and Pb( OCOCH3) 2PbO. 3H20,
<leadmogspminelse: conpounds such as Bu4Pb, Ph4Pb, Bu3Pbd,
Ph3PbBr, Ph3Pb (or Ph6Pb2), Bu3PbOH and Ph3PbO (where

Bulebaiitfeyduchlas ab@t,mﬂocfmrmmba@mbé&]smﬁﬂé@%aah @sPbS and
phenyl group); al koxyl ead conpounds and aryl oxyl ead

o SR O s ORI Flhnes s o

a0, RS, Serihps 57 KPUASOS Wbt Fonh SRRRACS |

NaaHISRIP KR KYEBTOP RIS S5 Pol, 7 EEPBRE tea arponates
CuBr, CuBr2, Cul, Cul2, Cu(QAc)2, Cu(acac)?2, caopper )

and bgplegaits thereh suechs G NG RBBCOxEIO it |a Sas of organic

_ picrate, AgCHECI &4, [AuC G CI—B%S] " and

acids| anq cabonetgsiandibasicisalts drereof, spicb as(QEOCHs)2, Pb(OCOCHs)s

acetyl acetone chelate |igand); <alkali netal

and PbyORICRHs)> P Lt 3HL,Rabrganetiedd compbends sacke bs 811,Pb( Bhafeh),
and Li N(C4H9) 2; <zinc conpl exes>: zinc conpl exes such

BusPGI, PhGREBE )FH;Pb{oRPHLPIHI) CBUTPISG Hsarid PRAPRO fwhereBerepresents
such as Cd(acac)2; 25 <iron famly metal conpounds>:

I i ] t
« USSR O sl oo hopg coppounds an

avioXfatinepids sotH ERHECRE. 1o ORETFH) 2nd PEORR) tead
alloy SO 5% BR-Nia -6 PR BB G R B ARl hARASL L ds
galena and zinc blende; and hydrates of such lead compoundé;
<copper family metal compounds>:

salts and complexes of copper family metals such as CuCl, CuCl,, CuBr,
CuBr, Cul, Culz, Cu(OAc),, Cu(acac), copper oleate, BuzCu, {(CH30)2Cu, AgNOs,
AgBr, silver picrate, AgCsHsClO4, [AUC=C-C(CHa)3], and [Cu(C7Hs)Cl]s (wherein
acac represents an acetylacetone chelate ligand);
<alkali metal complexes>:

alkali metal complexes such as Li(acac) and LiN(C4sHag)2;
<zinc complexes>:

zinc complexes such as Zn{acac)z;
<cadmium complexas>:

cadmium complexes such as Cd(acac)z;
<iron family metal compounds>:

complexes of iron family metals such as Fe(CyoHs)(CO)s, Fe(CQO)s,
22
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050 UB4eM cid type conpounds>: Lewis acids and Lew s
_A a‘éjiﬁé-f‘o@rrr?ng transition netal conpounds such as Al X3,

Ti X3, Ti X4, VOX3, VX5, ZnX2, FeX3 and SnX4 (wherein X
represents a hal ogen atom an acetoxy group, an
al koxy group or an aryl oxy group); and <organotin

Fe(C ,dﬁés a&it \qPIEY| ! G0§7) Ndst-CsHsNO and
o ﬁcﬁ%@gn & w%@?ﬁ?%nmmwﬁ( nggnooocﬁls? an

ferrocBigSNO00CHS,  Bu2Sn((C000H3) 2, Bu2Sn( 000C"H23) 2,
Ph3SnOCOCH3, ( C2H5) 3SnOPh,  Bu2Sn( OCHB) 2,

Y . Bu2Sn(OPh)2, Ph2Sn( OCH3) 2,
<Z"°‘%ﬁ2{°ﬁ§%£’%3§noﬁf Bu)ZSnO, (C5r|1|(17) 25310,. Bu2SnCl 2
d_BuS . 15 Each of, th tal b
S oA TS I S eS ST As achrs anih dncobpkaad” ¢ °

distillation colum, or may be a soluble catalyst that
<Lewig acld tXR&:COMPOWRAS5act i on system  Each of these

catal yst conponents may of course have been reacted
wi kewisracidsjand ¢ewismpaidiarmpingsteansition metal compaungs such as AlXs,
system such as an aliphatic alcohol, the aromatic

TiXs, Mo K0 W Ks cAmis IreXs arnteSaKk (Wheneyi Xaeptasentsa hategen atom,
di aryl carbonate or 20 the dial kyl carbonate, or may

an acBRyg dreap, anbikesy efoli® ohaataryloxy gaaipyeand Wi th the

starting material or the products prior to the

<orgdrfifldopipoudrfisbhe case of carrying out the present
Invention wth a soluble catal yst which dissolves in

hagde5ioh BB huch H%@ﬂ%%@??f?ﬁ# Feaagy 8?'&‘3%6&#5'
BusSAEACH, PR Ot Bl s RERRL BB e B DT
P 2; Tj , [ 4 OLTi '
oGRSt Sk . s
A0501 UP15 KAN Sn(OPh)4, Bu2SnO and BUZSn(O:’aé'
Ph: ST )2 i) S ki iSO 3BUZSNQ lsH D8R0y BsSoflzand
have been treated with phenol, the reaction liquid or
BuSnX{®H)i ke. In the present invention, a nethod of mnaking

the catal yst be present in the continuous nulti-stage
di Elch lofithese cathlysts Mayby deolithyatalyishfixed imside thet melti-stage

distili;t?jnecctaltimtn, or may be a soluble catalyst that dissolves in the reaction system.

Each of these catalyst components may of course have been reacted with an
organic compound present in the reaction system such as an aliphatic alcohol, the
aromatic menohydroxy compound, the alkyl aryl carbonate, the diaryl carbonate or
the diaikyl carbonate, or may have been subjected to heating treatment with the
starting material or the products prior to the reaction.

In the case of carrying out the present invention with a soluble catalyst which
dissolves in the reaction system, the catalyst is preferably one having a high
solubility in the reaction liquid under the reaction conditions. Examples of

preferable catalysts in this sense include PbO, Pb(OH), and Pb(OPh)z; TiCls,

Ti(OMe)s, (MeO)Ti(OPh)s, (MeO);Ti(OPh)z, (MeO);Ti(OPh) and Ti(OPh)s; SnCla,
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A050PUAS K@\t yst is a solid that is insoluble in the
reactron liquid, there is, for exanple, a nethod in

which the catalyst is fi xed inside the continuous

mul ti-stage distillation colum A by, for exanple,

being installed on a plate inside the colum or being
Sn(OPHR! BUISHD iand Be;SPOPhY; FeMAFE(0H)s bnd FegOPMg$ opfsugh

catal yst that dissolves in the starting material or

catalyts{bewlﬁl%ﬁ‘ﬂd\@rbéétrﬂ(‘r‘éﬁed cyl&lgHt |I§F|| cﬁﬁﬁbﬁﬁb@hérﬁ’hé\@&%r&ﬁé like.

l'yst nto ation colum froma

p 'tﬁé ‘b'??éaﬂ\fﬁvérﬂ%nc S%%tﬂbd rn‘lél&ﬂg ‘t’ﬁe EQ@ )gt (ﬂrBQéJHtQH the

nthis caseé e cataly

cont'r\ 1 3@3@ 5’%5% o’ ﬁ%&c‘% %ﬂ%ﬂ%&'ﬁm  fgee it

e |ntroduced |nto t he colunp %
the ca!a%téﬁ@rﬁoll%ﬂh@t isipselub! edpdhe rertian: lquid therfeis, onRgAple, @
of the catalyst used in the present invention varies
methatkipembich dhe catalystis fixed msidecthestontinkeus ypdti-siage distillation
proportions of the starting material conpounds, and
columne by,i fonexample, theimg instatledas & iptate daside dme celuper at beiag

and the reaction pressure. The anount of the catalyst
installed ig eeforhl of 4 paskingnNIh Bt dasenofa B8R lyst thal@iséadses in the
w eght, preferably from0.005 to 10 % by wei ght, nore

starter:f ﬁfa?ér?é?lo)‘ thé Péﬁcg ioRQiuic iths Préneraisie %?eé@ﬁ‘%?caﬁal st ifo the

total weight of the starting material is a

dlstlllﬁtﬁ?f%ﬂnﬁ A i‘rSﬁ‘n ) Ipo?{ﬁoﬁ%laq 8 %g}qugp&'tl‘aﬂ%tf e Bféﬁﬂ?tlon

I -stage 1 on CO or carryin

reactiyve distjllati RY; il
colun b 5 5855y e SirplGichid AksBlERGH ng %Fﬁw%é%g'h@ reaction
iquic TR AE NTPHEs AjBloL g T oaRienunDthe SIS Material, or may
distillation colunmm so | ong as at Ieast one aronati ¢
be inteeguseddnte thercakemp s @éﬂﬁgﬂealblrye&t@rtha startingnaipgel The
period of time on an industrial scale, for exanple in
amouahobthewcatalyst used Indie present invendion varies depengizgrphdhe type
continuous multi-stage distillation colum which 24

theredf) el typRs mn¢proportionsasftha sterting ateridlasonmepundse agtivekction
(cm, an inside dianmeter D (cn), and an internal (for

condiyReBliEh ab tRY r@éctwﬁttﬁmewﬁ’ﬁ@én@fthéPé’étﬁﬁnfpressure The amount
t herei nside, and which has a gas outlet having an

of théaénbftérg& i RSy # a §é}{q$ &tfr(frﬁ?) de1 & 3616 Rg%égﬂt g’feﬂeﬂably

per porti‘on o e columm near to t

from b.io%'tg 1%”% t?)} d&?dﬂt,%o@p?e‘?éﬂa%ﬁ/ ﬁibr%n@.bﬁﬁ t82| % by weight based on
the total weight of the starting material.

FIG. 1 is a schematic view of an example showing a continuous multi-stage
distillation column A for carrying out reactive distillation in the present invention.
The continuous multi-stage distillation column A used as the reactive distillation
column in the present invention may be any continuous multi-stage distillation
column so long as at least one aromatic carbonate can be produced stably for a
prolonged period of time on an industrial scale, for example in an amount of not less

than 1 ton /hr. For example, a continuous multi-stage distillation column which
24
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A050P U kN the bottom of the columm or in a |ower
portion o'\# the colum near to the bottom at | east

one inlet provided in the upper portion and/or a
m ddl e portion of the colum below the gas outlet,
and at | east one inlet provided in the |ower portion

compfées hReruehird Mavimgoy Rerighe LI(Em, ah insidectiameher Bi (8ml), ald an
n, di, and d2 satisfy the followwng fornulae (9) to

. ; 1 1 . - o o .
el A1 147 Y B8k, SEC BT i o

gas oﬁj}l%t?aet\n;‘% %A?As.&é dfanfbthr 9% s&ﬂ%%%htogtof?ﬁ@%ﬂ of‘ﬁé%r?upper

erm in an upp f the col um
. to_.the top" refers to the partion, extendi.ng. :
portion ¥ 1B Eal-f pssh rberBp. B fafife sl NG T Hiide dameter
neasuring about 0.25 L, and the term_"jn a | ower
(cm) gfdheibaitot ot the clyrameria arlowep POHIoN R thE ePIraR Beer taythe
the portion extending upwardly fromthe bottom of the
bottoropatleast one irdet prevideddnitive uppaspeiting astsken a Midde patier of the
that L is defined above. By using the continuous
colunmubélowsthaggasdiwtist,| arad ableasbboneriniet grbuidediintihe ovwesyyxiron of
satisfies formulae (9) to (14) as the reactive

the colufin Abcviel 1be liepldiomtlet! Whein IR D, &, dtarbdasstisfpthedollowing
produced on an industrial scale of not |less than 1 ton

f ; ./ hr, with high
forml.gaeef]g%)ttiogﬁiﬁ Is’;h%ﬁﬁﬁ%ﬁwgp&} g%&%ltgllgw ty stably for a 25

pr ol onge ricog of ohhae, for exanple not | t han
2000 hou?g,@@pTepeT‘agpyﬁﬁot | ess than 3000 ﬁg rs, nore

preferab not n 5000 hours, fromt i al kyl
25 AOSOlll@PJl% QA%szécgj;n_ate and the aromati qufl
nonohydr gx onpoun The reaction tinme for the
transestgrléf i?-cl;&)i%ngpeacti on carried out in {h&
present invention is considered to equate to the
aver age 28sedénée %0 of the reaction liqdild)lin the

continuous nmulti-stage distillation colum A The
reacti onbt&mP/dy = 30 (13)

3=Dfd = 20 (14).

It shouid be noted that the term “in an upper portion of the column near to
the top” refers to the portion extending downwardly from the top of the column to the
location measuring about 0.25 L, and the term “in a lower portion of the column near
to the bottom” refers to the portion extending upwardly from the bottom of the column
to the location measuring about 0.25L. Note that L is defined above.

By using the continuous mutti-stage distillation column A that simultaneously
satisfies formulae (9) to (14) as the reactive distillation column, the aromatic
carbonate can be produced on an industrial scale of not less than 1 ton/ hr,
generally 1 to 100 ton / hr, with high selectivity and high productivity stably for a
prolonged period of time, for example not less than 2000 hours, preferably not less

than 3000 hours, more preferably not less than 5000 hours, from the dialkyl
25
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A050P U9 ¢anlepending on the formof the internal in the
distiMation colum and the nunber of stages, the
anmount of the starting material fed into the col um,
the type and anount of the catalyst, the reaction
conditions and so on. The reaction tine is generally

carbohateaam@nmeaz@métrmbﬂoﬁﬂdrba{tenimuhd. preferably 0.05
to 5 hours, nore preferably 0.1 to 3 hours. The

repgRd | ackiSAPRhat eretHéartfa?Fsegtﬁi’iﬁBQ’!lcﬂ'g eacliti® daRedobut in the
10 the st artl ng material conpounds used, and the type

preseﬁpqn\?ém Eoﬁ%}ge gcg%egfua\t%’% th'e ?@fég(eal'ééfdér‘ibeatlme of the

froml ble t

reactlpﬂilqﬁ@izl&tﬁ rpqngﬁggbgﬁ%gt gfrao ?ISF |F.?§I0 ojﬁmhorf\' "Th&F8Sction time
varleq ﬂg&lﬁ %a%gctbg,férorg 8? It e : he rbt#'ngg:hétt }:pl'\g:rﬁ U 2A0he number

-products such as an aIk I ¥ et her increases
of Staghsh i SRS BT 9 SIaTBoFPRtaTS Jed datpihe plimeathe dype and
tenperature is preferably in a range of from 130 to
amoun8 @, theocatalystf theatsactios OcarditRBECaNd eso wor e Theefeadionytime is
180 to 250C. Moreover, the reaction pressure varies

generdfipanda neinge dfhﬁowo®10fo tillehetis tpreferatblyed.08l to 5 hours, more
conpounds used and the conposition of the starting

prefef8IE013o 3 hBErd. ©AHd @ActibR tEnpataiird iHbsseptihdinden the type of
reaction pressure may be any of a reduced pressure, 20

the s%?lreri@lna%ﬁélségnﬁp lﬂquaﬂséd’%ﬁoeﬁweo( romBguﬁab?ﬁ’?é catblyst, but

urf |sb?e rang I to 2x10

P 0

I e L e o
mati c car onat es are, continuous pr duced ?/ ti

tomPGIEHTEn 0y 1o SR8 HbeaT R daisbontianeiRd, 1f the reaction

aromati c 25 nonohydroxy conpound const ituti ng
temperatiirgi isgtasahigh, dhen gide treactions bageme lahleto s%% “for example
distillation colum A in which the catalyst is present

produstionced byyprogucist sucheasras alikyURM etoen ingrgeseswhied is undesirable.
distillation simultaneously in the col um,

For thisnteasony shey readtivar tevhperative isl prefémably hgapua’nge of from 130 to
reaction m xture (AT) containing the by-produced

280°6! #ePe beefbfably 48O to PBREC, P&t hb@Npfferabf +80 R50YC.a Moreover,
gaseous form™and conti nuously w thdraw ng a hi gh

the %%'rc %ﬁg f% {r\f‘at?'%fs %\%hﬂfdgr ®rf QREatyHe Bft fife 2taRMY aterial
compounds used and the composition of the starting material, the reaction
temperature and so on. The reaction pressure may be any of a reduced pressure,
normal pressure, or an applied pressure. The reaction pressure is generally in a
range of from 0.1 to 2x10” Pa, preferably 10° to 107 Pa, more preferably 2x10° to
5x10° Pa.
When carrying out the present invention, the aromatic carbonates are

continuously produced by continuously feeding the dialkyl carbonate and aromatic

monchydroxy compound constituting the starting material into the continuous

multi-stage distillation column A in which the catalyst is present and carrying out
. o6 :
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it ik of the colum in a liquid form In the case
AOSD?W%‘O ess than 1 ton / hr of the aromatic

carbonates are produced, not |ess than approxi mately

200 kg / hr of the alcohols are generally

by- produced. Together with conpounds present in the
reacti6R anti dIstilRYioh eimbitahatilissy INhe icol@hnh, dahtipRionslytwigwdrawirig the

of the aromatic carbonate, the by- produced al cohol s

low bﬁLﬁ‘g %gl?ﬂ rEAQISH M;x\mnrb*(t [ Enthl Eﬁbeb*l-e?&iudéarélb@rﬁblﬂrom the

cont 1 nuous mnul |-stage |st|I tion colum A as

upper C%bﬁ'{ b9 W % J:leﬁmHﬂ'%‘éa% Qﬁd%ﬁﬁn%tﬂ—%wntﬁﬁféwmg a high

I nUo con i Auous
istillation

and contin ousl t
boﬂmgesg}t5%%%1}?%9»@%9%% INgHhEAP I C%rﬁf%qﬁ%?f%hﬂ" (Swer
point mxture ijBT_ havi nig t he al cohol s as%%1 29
POFt'OBd?%B%EHMHW&% fuiddorBnt Imtheeasp that pRbies a0 dp@Ahr of the
portion of the colum B in a gaseous form while
arom@tucm@'bomatets@reu pigdesdh thotisasithan @peyoXimataly 20U /smof the
withdrawn froma | ower portion of the colum B. The
aicohblsvarbgjeniengllydoy-ptodueadt | Jogefiher with qoTpounxls prfeseplindbe
contain small anmpunts of the aromatic carbonate and

reactioArEyeiens pabidy & bwerbdilify pdiat thanahabofthe drbmaticivarbaiate, the
the aromati c carbonate. In the present invention, the

by—préd[%é’bf: alebhdil&rk ‘E:Wnﬁﬁuduél‘;g witBHPEwri fBAT 1Hérh|5béﬁpdrﬁon 3Pthe

onti nuously w thdrawn fromthe conti nuous

contsﬂ{:]ds' %ﬁ%‘?@‘g '(gjf]éttijj{% d&(sa %M"?PA%@‘:}@I%‘%&%H'?@ gﬁj& el ?n Axture
o, BTGP i AR i

10 ton /. hr, not nor 0 ton /[ hr
continyifuiht sybjectgadpseRBrationdy coshi %tgere'ﬂf Ajgv poliing point
preferably 30 to 500 ton I hr. In the present 25
mixture, (Bmthaying the aleekals ag a mein companentiberest iHspntimgpusly
poi nt reaction m xture AT nmust be continuously fed
withdrawm frolveac aippen podionnafithe cetumye Bdnsa gaseausdiermpwhite aghigh
and subjected 27 A0O501 U P 15 KAN to the separation
bonllnbpdﬂntaﬁ!xtdrét(B@h|st¢iﬂn|ﬂu0uslyhv1&ﬂ:lram ftdme adoweo potticonofdhe
the |l ow boiling point reaction mxture (AT) subjected

colundrPBt NThaaBdr BBlhrﬁﬁ‘ bint PéH%tlﬁhﬁ?ﬁ&ﬂIre'(AWlﬁby‘Ui co@rdeeSontain small
dependi ng on the react ive distillation conditions for

amouniEof (Mat ArdHidtie BtbbhateldREcsthpbindShafRg HPhigRBr Boilihg Boint

than that of the aromatic carbonate.

In the present invention, the amount of the low boiling point reaction mixture

(A7) continuously withdrawn from the continuous multi-stage distillation column A

varies depending on the composition and amount of the starting material, the
reactive distillation conditions, the conversion, the selectivity and so on, but is
generally not less than 10 ton / hr, not more than 1000 ton / hr.  This amount is
preferably 20 to 800 ton / hr, more preferably 30 to 500 ton / hr. In the present
invention, at least 10 ton / hr of the low boiling point reaction mixture Ar must be

continuously fed into the continuous multi-stage distillation column B and subjected
27
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ion of the recycled starting material and so
AOSOﬁU‘P‘%'SpRﬁrIT\iu t be 1.5 to 10 % by weight of the
by- produced al cohol, 50 to 85 % by wei ght of the
di al kyl carbonate, 10 to 40 % by wei ght of the
aromati ¢ nonohydroxy conpound, 0.5 to 10 % by wei ght
to the @eparatidyr by Gidtivdtion tgreiar yl ether, 0 to 5 % by wei ght
of the arorratl c carbonate, and 0O to 3 % by wei ght of

OtNASFfedVRl &hi Wsitwr{%fgtvhgg% ngﬁg ;?tﬁr:nl 2alAbh hhkuRs (A7)

|n'portant or t e t reaction

subjeﬁ?éttﬁ“cﬁe %%%rahgn ﬁoon%tsgm in F\ﬁ%riut} @esgé?ﬁ ?W@E reactive
d'st'"aé@ﬁ%wcf ”fﬁr e e shoNs s st Hrrm&tnfee

IS preferably16t08%b vvelght of th o
Comp%’s},lt'@ﬁ shtheecyrleshdartinganatgrighang §9 aRe PYhMuUst bet"h% to 10 % by
di al kyl carbonate, 12 to 38 % by wei ght of the
weight obthe: by-pregduseddioohol <5086 96 byswmggt eidhe dialky! casbgnate, 10
of the by-product al kyl aryl ether, 0.05 to 3 % by
to 40 Yebygmeigtit dfftke asomatid hmm&ydmwtmmm@d} 5t 16 %ohyyweight of
wei ght of other matter, nore preferably 1.7 to 6 % by

ab dobt alryl dripeethr, o eBI%e Vet @f thé Brérfati®cafbonate, and 0 to
yFpr\gl ght gjf" trge di al kyl cg\{bonate 13 to 35 % by wei ght

% f oh
3 % b\%e vy%ﬁﬁt é'FcS{HEF ;t/éfgélodz\g’{rﬁ’lgmlflfﬁg%Fﬁgtp#étﬁréblé'.lﬁ/i’mﬁbﬂant for the

low bHindpo treé’ tior |)@ur% L) fo OnSRT 0¥ 1RbE: thah §%Bya/e°@htofthe
@y %l gﬂt ) Er. %e tﬁgﬁ

her rm ar ona
: ar bonat e" al ryl .carhonate an

dialkof e m&@?@ Y BV il ot 8 ﬁ@?fa?f' é lorBiygrony
reactign roduct S | ower. boi [ t.han

COMPPHAE. '? °§H5ﬂn of aﬁelcem%pﬂmgmwt reag 0'& 5%1%@
vi ew of an exarrpl e showi ng a continuous nulti-

preferablyii Sttpl§ % by w&mht@hm@bvmro@wedjalﬁghgluﬁﬁe@Qr"éwtbxbwelght of
by distillation on a |ow boiling point reaction

the diaikyt carbopAB, 13 tol38 Y%ebyweight of timaramatic mthehydroxy compound,
continuous multi-stage 28 A0501 U P 15 KAN

0.8 tod 38 bY Masigletrofdiad biyvprBducteaikyl aryihether, €G5to 8 A ptvweaight of the
must be a distillation colum conprising a stripping

aromét&%érﬁ%n% R b ?5|%rtghﬁ}eight bfiﬁilwer Nhtté?sm@ﬁe éré’féﬁw 1.7 to
and an i nternal (for exanple, ray7 with

(cm

6% bé?ect BBt Bfé?hb}gﬁﬁgﬁgef’%%ﬁ P78 %oy ddfqﬂ????é‘é%r
carboR%te(, CI@ toaé}:fj% by weight of the aromatic monohydroxy compound, 1to 8 %
by weight of the by-product alkyl aryl ether, 0.1 to 2 % by weight of the aromatic
carbonate, and 0 to 2 % by weight of other matter. Note that “aromatic carbonate”
means an alkyl aryl carbonate and/or a diaryl carbonate, and “other matter’ generally
means reaction by-products having a lower boiling point than that of the diaryl
carbonate.

FIG. 2 is a schematic view of an example showing a continuous multi-stage

distillation column B for carrying out separation by distillation on a low boiling point

reaction mixture (A7) with the above composition. The continuous multi-stage
28
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i nal (for exanple, tray 8) with a nunber of
AOSO‘EtU;?‘geSS_ n2 thereinside, wherein Li, D, n,, L2, D2,
and n2 satisfy the following fornulae (1) to (8): 500
Li 5 3000 (1) 100 <_ Di 500 (2) 2 LI / D1 30 (3) 10
10 _<<n, <_ 40 (4) 700 L2 5000 (5) 50 D2 400 (6) 10
distilldtidr/ codmh BPlséd in théSpradertt ihGéntidh mudbbélat distillztion column

reference is nade to the drawings in which the sane

compr?lﬁggraeﬁﬁﬁging%&%ﬁ sy ﬁ%\éiﬁggﬁr%ﬁﬁg\‘ﬁh(c?ﬁ)?aﬁiiﬁiiﬁé ¥meter Dy

res esignate t nbers.” It has been

. , o
(om) di5f 6 ipiiE b Bhampie, Mo huitir of<Bities o thereinside, and
ol Nt _reacti m xture (A]),fed (n _at not .l tha
an enfghgnt 5Siondas Aeind ol bs Fomb e e ripRarcD2 (bm) and
. separation by distillation stably for a , 20 .pral onged .
an intgenal gar grampi. tray ) with ROURRSS of tagasna HiereihsidR, Wherein L,
the al cohol separated out be not |less than 200 kg /
D1, mhks, B4, @ndimesatishoibetfolowiog formulee (A) &1 in the | ow
boi ling point m xture (BT) withdrawn fromthe upper
poB@0 g8 bf £h&0@D stillation colum B({bking not |ess
than 90 % by wei ght, based on 100 % by wei ght of the
| ovpbas! Dpo=< poont m xture (BT). The r@pson why a
process for separating out the by-produced 25 al cohol

ongag | pdpst& g scale with such excel@gnt effects has
beconme possible is not <clear, but this is supposed to

be,due o a nbi ned effect brought a t through the
291('()A1(T§Ori'1 UTf’ngKAN conbi nation of the BEX‘posi tion of

Egﬁ%‘%’?ﬁ Eoiéi g(?% oi nt reaction m xt urgPéAT) and the

on% of ormul ae (1) to (8). Preferable ranges
(5 2Dk @han 500, then the separdlon of fici ency
1950 2° 51 b,"2 B8 @)

35 < n; < 100 (8).

Note that reference is made to the drawings in which the same reference
numbers are used through the different figures to designate the same members.

It has been ascertained that by using such a continuous multi-stage
distillation column B, the low boiling point reaction mixture (Ar) fed in at not less than
10 ton / hr can be continuously subjected to the separation by distillation stably for a
prolonged period of time, and it is easy to make the amount of the alcohol separated
out be not less than 200 kg / hr, with the concentration of the alcohol in the low
boiling point mixture (Br) withdrawn from the upper portion of the distillation column
B being not less than 90 % by weight, based on 100 % by weight of the low boiling
point mixture (Br). The reason why a process for separating out the by-produced
alcohol on an industrial scale with such excellent effects has becdme possible is not

clear, but this is supposed to be due to a combined effect brought about through the
29
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A050‘{5%J$q(5t k@ decreases, and hence the desired separation
i clfency cannot be attai ned. Mreover, to keep down
t he equi pment cost whil e securing the desired
separation efficiency, L, nust be made to be not nore
than 3000. A nore preferable range for L, (cm is 800
combinstibn ofthtb&dinpasition LP e lewLboiling POt beactprymixtuner (@) and the
preferable. If D, (cm is less than 100, then it is
conditis BFefhblad (4PtRld)al Préﬁ?alﬂé%rﬁ%éé% fofp tI9é pédpdotiVe Pactors are

amount. Moreover, to keep down t equi pnment cost

I talnlngthe desired distillation anount, D,
descrlwéh tﬁi\b‘?:‘li’rmde to be not nore than 500. A nore

‘”ﬂa (545 i Db sl Pl e npiine

X than 2 or eat er th then pr.ol onged stable .
sectiogacae e amd fb%@srﬁé@ dgsred apefaﬂﬂnrﬁfﬁ%ea%? b@a*?amed
range for L, is5< L,/ Db 20, wth 7 L,
Morewelstoﬂiﬂetﬁgdw thﬁ)a@wpmﬁ cast whilg sewnngthee@%s'&aﬁ!asepmaﬂon |
then the separation efficiency for the stripping
efficiemeyt liianustdee mesieds mdotreocethans3ss i rAhare preteralda range for
efficiency cannot be attained. Mreover, to keep down
L, (criie SOQUEDBNE G500, withl H0ge clirliings tzmmmeihg get more preferable.
separation 20 efficiency, ni nust be nade to be not

O @J(bﬁﬁly |é1féss/ehaﬁ>ﬂgopﬂ@mf '@tﬂcﬁ possibfe fosttdih thé Hedided <
nj 0 being yet nore

dzstnllé’(fcﬁ"f %GBHF ehH;relo%e g{ﬁ@b@ oﬁﬁthbi&ﬂ.hgrﬂgnt &é@%ﬁif&eattammg the

separation i cien he enri ment sect

L
R TR S R T

5000. Furtherm)re if L2 is greater than 5000, then

more prefefri8sur e di fference between the top and bottom of
the colum 30 A0501 UP15 KAN becones too great, and
helida / Bhds iragcban 2on greatarthan 30, thesopretongerd stableroperation
Moreover, it becones necessary to increase the

becomemnh'a’ﬂanlw A imore (peefeoaiele rpnge farl(dfD, iste Soluhl; &And0, with 7
hence side reactions becone |liable to occur. A nore

< Loef e B Bem@gm«mér@ referéblg) is 1500 < L2 < 3500,
with 2000 S [2 < 300 bei ng yet nore

If ny is less than 10, then the separation efficiency for the stripping section
decreases and hence the desired separation efficiency cannot be attained.
Moreover, to keep down the equipment cost while securing the desired separation
efficiency, ny must be made to be not more than 40. A more preferable range for ny
is13 = ny = 25, with15 = ny = 20 being yet more preferable.

If Lo (cm) is less than 700, then the separation efficiency for the enrichment
section decreases, and hence the desired separation efficiency cannot be attained.

Moreover, to keep down the equipment cost while securing the desired separation

efficiency, L, must be made to be not more than 5000. Furthermore, if L2 is greater

than 5000, then the pressure difference between the top and bottom of the column
30
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A050PUP1&f le. If D2 (cm is less than 50, then it is
not possible to attain the desired distillation
anount. Mbreover, to keep down the equi pnent cost
while attaining the desired distillation anmount, D2
nmust be nmade to be not nore than 400. A nore

beconfgicRy gielat drihigendeoproldhdeddtable offeratioBesoma8 @ifficdit. h
80 S D2 < 150 being yet 10 nore preferable. If L2 /

Moredgt% g,i iF be&SHeb MRBedéarPito HPBAS tHe Rihptaturd i tHY RWaR $R#tion of

bl e operation beconmes difficult. A nore preferable
e [ LS I |
the oo GAA"a}R hebe sickreatiions Becirte e Bractey "hreisferable
thapn 35 .1 { separgiion ..ef i y for .
rangedif e ik B0 Fo " 25 Tt BB 00 & i 10 hming vetymore
aration efficiency cannot be attained. Moreover,

se
PFEfer?BPQ(eep down the equi prent cost while securing the
desi red separation_ efficiency, n2 nust be nade to be
ndf Dnfe) ishbkess toan SButhendt isdiad possibiepta attajpdiag desirgdhan
100, then the pressure difference between the top and
distillatimnt amoont. t Moreoivento keep dows theequipmaent cost whilecattaining the
prol onged stabl e operation becomes difficult. 20

desirddpdiettion amole DyBRustenersaetotbe notaneasthan00. A more
tenperature in the | ower portion of the colum, and

refera®NS arged®r D336MH) W70 becoed i2abl Rith®mPecup, A 180 Being yet
P prefernaabl erIDr%gng?e for nzgig!se 40 S n2 <_ 70, %Nith 45 S 9y

bei ng yet. nore preferable. Further, in the
more@g%f?fanbﬁ%us multi-stage distillation colum A it is

preferabl.e for, L, -D [, D, :
t S Lz 4 Reiit mss<han 10 QrﬁL'SSEE?JF‘%? 50, inefprofigeH vl Bperation
sati sf he,  f ol | owi fornul ag; ,2 < 600Q, _15 .
becorhes g, Amdre BefrRbIS NGB 1] Dxis 1§ & 993 amas0, with
5< D/ d2< 18, 31 A0501 U P 15 KAN respectively, nore
20 =plef Babl 8 being yet moee pirferableo < D < 800, 5s L / D
15, 40 n s 90, 10 <_ D/ d, <25, and 7 < D/ d2 5 15, _
r e pe i3 lessithan 36 themthaseparation efficiancy forthg rsichengmt section
L, and L2, and the relationship between D, and D2
decreasey afdiwrndethe desirbd separationadffitibrey oanttibe atfaipednt

reaction m xture (AT)

Moreover, to keep down the equipment cost while securing the desired separation
efficiency, n; must be made to be not more than 100. Furthermore, if nz is greater |
than 100, then the pressure difference between the top and bottom of the column
becomes too great, and hence prolonged stable operation becomes difficult.
Moreover, it becomes necessary to increase the temperature in the lower portion of
the column, and hence side reactions become liable to occur. A more preferable
range fornzis 40 = n; = 70, with45 = n, = 65 being yet more preferable.

Further, in the continuous muiti-stage distillation column A, it is preferable for
L, D, L/D, n, D/d,, and D/d, for the continuous multi-stage distillation column A

satisfy the following formulae; 2000 = L = 6000, 150 = D = 1000, 3 = L/

D=<230 30 =n<100 8=D/dy =25 and 5 = D/d; = 18,
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A050PUPA% kAN the continuous nmulti-stage distillation
colunft B, the concentration of the alcohol and so on,

but when carrying out the process of the present
invention, preferably Li < L2, and D2 <_ D1. In the
present invention, the continuous nulti-stage

respedtivaly, Inhexiel mferabnynzsmo use <a$00De PBAcKi D2 < 800, 5 = L/D
distillation colum is preferably a distillation

15C0l4gmac hawt nap ayd <ayD 1@, adhgr  anBackingDaY,a& 15, respectively.
i nternal. The 'continuous multi-stage distillation

Fuﬂh&’l% h% re‘l’ast%‘fi\sb@fb%ﬁ%%a}_t 'é?’?i I|‘3 tanHrlﬁeWIaﬂbﬁ%lE%tween D4

S IS pre atlon col um aving a
D%Iv%ﬁ?ﬁé%e@pﬁe*ﬁ o 1o P 7B A ure a0

ok sl i a3 SR 08 RS

liquid are actually brought into 15 contact with one

~ alcohalranchee onAbut ween cayyingoiutdheppraess:iiin Breserd nvaniipn.

a sieve tray, a valve tray, a counterflow tray, a

preferabpek f racls ead,Da Mf.rac tray or the like are

preferable. As the packing, an irregular packing such

asinahBasesertt invergionatheesontirgiousi mglti-stadia distiiatian calumn A used
Ber|l saddl e, an Intal ox saddle, a D xon packing, a

as théVFé\&lﬁoe d|§tﬁ|‘a‘hbﬁ‘ goRinr R prefaliblydd diStiRAioHCESIURR RAGHY Bdray
such as Mel | apak, Genpak, 20 CHI\IOPAK Fl exi pac, a

andlms‘é ﬁklr&aﬁé‘ 'aﬁlgnte %OW\Q 'éonﬁ u‘Pd'—s @dlftﬂfé% Eofirfin B

ti-stage Stl atIO aV|ng

ot h
used Eogcﬁap%étgﬁoﬁﬁb% typriiddeds ﬁ&%@% e iildifen column
) an internal” use t he. resent
havingia, GRY BORarcASKGPS BRA edielin Sarp sl the AipPirEE Sdion and the
case of a tra and the theoretical nunmber. of stages
enrichmephsegivde a%ettﬁ@némtw@k used inde PreseAt jIventopaeans the
case of the nmulti-stage columm having both the tra
parts roeach distiliatiorheolpmnt wberepgask aad Viquid arecaqbaalyi brgught into
nmeans the sum of the total 32 A0501 UP15 KAN nunber of
contact with caedaridtpet heky thiei trsp, foruestaenplef a bubblescap trajea sieve tray, a
packing. In the present invention, it is particularly

vV ROy L SURITEL o, Satbce e ol e
prefet&ﬂgé.'t P§§ ﬁe Bbkihg SARReguitiShAdKiRY 5G¢h 698UREsdRig AingSa Lessing
ring, a Pall ring, a Berl saddle, an Intalox saddle, a Dixon packing, a McMahon
packing or Heli-Pak, or a structured packing such as Mellapak, Gempak,
TECHNO-PAK, Flexipac, a Sulzer packing, a Goodroll packing or a Glitchgrid are
preferable. The multi-stage distillation column having both a tray portionland a
portion packed with the packing can also be used. Note that the term "number of
stages (n) of an internal” used in the present invention means that the total number
of trays in the case of a tray, and the theoretical number of stages in the case of the

packing. Accordingly, in the case of the multi-stage column having both the tray

portion and the portion packed with the packing, n means the sum of the total
32



AO50‘EUﬁ15W@\NPeen di scovered that, because the reaction
et weenh the dial kyl car bonate and the aromatic

nonohydr oxy conpound in the present invention has an
extremely low equilibriumconstant and the reaction
rate is slow, it is particularly preferable for the

numbepof irayaad thi theosétigs ndimitier lof stages ofdhepackingsed f or
the reactive distillation to be a plate-type

di pithb|RESEHT iGRIrition hayEaﬂuchl‘aelytﬁr@ierasletfbemeﬂmrﬁal in each of
10 Furthernmore, it has been di Scovered that a sieve

the sthé&%g%%haﬁ és%f ah Bﬂﬁgﬁrﬂangbstiﬁ@n @@Wﬂtr@&@ﬁturﬂﬁl}s' ilti-stage

rticu era e tray In ternms of

dlstlllétﬁjqaﬁ@ﬁlﬁrﬁggpg%%%%n performance thereof and the

ds been al so discovered that the
si eye tra refera s 100 to 1000 hpol es
¢ HE PesBBh Bicavenad Kt Bseasedhe raarion Brtgen e dinlky
is 120 to 900 holes / n2, yet nore preferably 150 to
carbongtesand g apmatipmopphidinxy compaxas initae BrsEY invaation has an
the cross-sectional area per hole of the sieve tray

extreinelypioef equilibriur coastanh god dihe feantion.reta is downibis panticularly
preferable cross-sectional area per hole is 0.7 to 4

prefeiife fordhe EORBNWEES mLtbEiage. distillation cofumn Awsedefiortheereactive
it has been discovered that it is particularly

dustmaﬁcﬁ{ & B bl hfe-typ8 drdtMuBoh E:awmr’ﬂ ﬁéwﬂ\QQhé &rayQR0thBahRSNEl.
in the sieveée portlon and the cross-sectional area

Furth%ﬁﬁonléoht%a%o?%e?} bidchvé Bgtﬁap sfervgnf}%/ ﬁa\h 2 8% pbitiohdind a

een shown by a I'ng t abo |t|ons to t he

down Wﬁ%ﬁ%‘%ﬂgp%%@f@@%ﬂ%@@é@?! ags.:1 fhggﬁaﬂpnm g‘oﬁ g relationship
betwqq{bpg%qu%%o%p{'@qf@trgﬁ S aean dhﬁﬁ:qz? ﬁgﬁ.@t hc—zaetn \a'\{go discovered

distillation colum B i Y g
that the sisviedeay preferably lﬁaSaQOQm 690%9 mﬁheafr' ¥RiREEIO, A

holes / nm2 and the 25 simlar cross- se tional area per
morelpseterakletrivnbveragf hafles tsel 2bte POR balesrhunt, ivet mage preferably 150 to
distillation colum A 33 A0501 UP15 KAN When carrying
800 hwlés I mé. pMesenter] it weas discoverbd thtitahe wrossasedioniab asaalper hole
aromati ¢ nonohydroxy conmpound constituting the

of thes §idvk itray igpraferatily #1 8 rangd bnfremsd.B th&cmAt 0A nidre preferable
continuous multi-stage distillation colum A in which

cross SRS ol s REBPLARn RRShT S o 4 1S
Furtl'\l(j-.'irr%re, it has been discovered that it is particularly preferable if the sieve tray
has 100 to 1000 holes / m? in the sieve portion, and the cross-sectional area per hole
is in a range of from 0.5 to 5 cm?. It has been shown that by adding the above
conditions to the continuous multi-stage distillation column A, the object of the
present invention can be attained more easily. Moreover, it has been discovered
that when the internal of the continuous multi-stage distillation column B is the tray,
this tray comprises a sieve tray which has the similar number of holes / m? and the

similar cross-sectional area per hole as the tray of the continuous multi-stage

distillation column A.
33



10

15

20

25

A050PUPAisl KAy poi Nt reaction m xture containing the
aromali ¢ carbonates is continuously wthdrawn from

the | ower portion of the colum in a liquid form

whereby the aromatic carbonates are continuously
produced on an industrial scale. On the other hand,

t hafhenwabgirlg ogt theiprésertdcverdionthe distky( Adlborate andiangmatic
t he by-produced al cohols is continuously wthdrawn

monolﬁ{rd?r@ik? B@rrtP%%H dUPfshtuﬁlﬁgQﬁe ishAtifg mHtBriaNare dMtiRLEsly fed into
form™ 10 The | ow boiling point reaction m xture (AT)

the cdrﬁlnﬁﬁﬁ W— |§ﬁllééf3>'ho%&lu n%ﬂ@ WREAYRe cAtdyst is ﬂ%%nt and

di st ol I'ing point” m xtu

reach%ﬁébs%ﬁ&i'%*@h%??%%%&fé&é“&kﬁ?@%% SFECB o o
WA e

fromthe |l ower portion of the colum jn a liquid form
withdngpariram theilawer partiontal the ok imadagiddarmi WE'?Eﬁj%/ the aromatic
distillation colum B, the |low boiling point reaction
carbonatesiare qontinupasly kxeodiezed on as indupsal svaless Qnithe other hand,
Moreover, it is particularly preferable to use heat
the loimrbdilirg boim peadtiongnixuret(Ar pearttaimingrthe by-pradiited altotudis is
is withdrawn fromthe continuous nulti-stage
contirflictislyl WidralrCibrRe iuppar pBARPILSE the TBlurh® in AeRiseous form.
anot her material, for exanple the starting materi al

The Ié\ﬁ %o Iltl’lgtﬁdl Sehi&h rﬁlktﬁ?é |§ %Qnti%d éd’iﬁt&@iét dSHIPRBUS

Stl thI’]C IS case,
mult- 95%?@%‘“%}?“ Hlim g6 V?ﬁg”'ﬁé%"*r ezf“frgt B ?9‘%‘-" the

T edlntothe [ edS|II tion
a'c"hg@%ﬁﬁ MEILEPMRPNER ﬁiersaﬁé 'd?‘r‘ﬁ"y ""i‘ﬁ"'}if the (pper
gaseous/liquid form or a I|i U|dform IS
portioprof e gpluenn jhagaseoys fara, @ndrbe high Beni'ng m@'rﬁdmure (Be) is
reaction mxture (AT) to a tenperature close to 25 the
continusshy witbdrewst fremeheilouedpemiontas the epkimryiroa liguid formet When
of the continuous nulti-stage distillation colum B
beingtfetiante the edintigudlemuttivstagie! distiiation molumnena &, ithe low Roiling point
(AT) into the 34 A0501 UP15 KAN distillation colum

reactiBn MRt \(A%) maheedfesi ihisg ls:uasv rorvdy 8 ligtide IMoveboet, iitrig
poi nt reaction mxture (AT) is fed into the

partlc‘&@ﬂy' prefitSpUbiisethett on tHesfow b@i‘lh% Pofiitirea®tidh mcure (Ar), which

bet ween the stripping section and the enrichnent

is wut@@’%&%ﬂ%mxﬁs SRIM YRRt e diltfiof cHidrhh # bYaseous form, to

heat another material, for example the starting material for the transesterification fed
into the continuous multi-stage distillation column A.  In this case, depending on the
extent to which the heat exchange is carried out, the low boiling point reaction
mixture (A7) fed into the continuous multi-stage distillation column B may be in a
gaseous form, or a mixed gaseous/liquid form, or a liquid form. It is also preferable
to heat or cool the low boiling point reaction mixture (At) to a temperature close to
the temperature of the liquid in the vicinity of the inlet of the continuous multi-stage

distillation column B before feeding the low boiling point reaction mixture (Ar) into the
34
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A050PUP 1B Riagy ably conprises a reboiler for heating the
distilMate, and a refluxing apparatus. In the present

invention, the I ow boiling point reaction m xture (AT)
generally w thdrawn fromthe continuous nulti-stage
distillation colum A in an anmount of 10 to 1000 ton
distilldtiohrcoluranf®d i nto the conti nuous nulti-stage
distillation colum.- B and thus subjected to the

S Bfctivie? ﬁhébo@lt@h' ftorAtWHIER ) RMWELEiIfRG bt réxethm mixigre (A7)
point mxture 10 (BT) is contlnuously wi t hdrawn from

is fed 'irﬂS tﬁ@ Eﬁﬁ%ﬁ&fﬁé r‘ﬁﬂltioétapg Il§{|b|l| L(:Egn?ﬁ‘ BGE jéiPedh tﬁﬁn gtripping

cont1 nuou

s 4R %p@@@w%séwws oAb B oo
T

preferably not 15 less than 95 % by weig
prlmteeme§em¢mveré@g th%lﬁwgbomwow@.r@aﬁtlonwrw@dﬁr) geaerally
content of the alcohols in the high boiling point
withdnaivit friom thBBoNtianowe mudtitetage distillation aaturen ¥hararoamounbef 10 to
wei ght, preferably not nore than 0.1 % by wei ght, nore
1000 poref o fdiey intd theagontihhens thule-stadeydistiliagion. column B and thus
Furthernore, the al cohols separated out as the nain

sub;eéi@ﬁﬁ@ﬂﬁé”se?érétlbﬂ HyQdistiRitiohNwhBe3UBor et B dil E?p@lﬁﬂrrﬁbﬁure
conti nuously 20 separated out stably for a prol onged

(B) l;ﬁ@éﬁt o?f Ja\wﬁdr'aw ATRYR R%E Bgﬂtgﬂ n?\stﬁetd@ﬂaﬁgﬁ coltfnr B, and

not ess th nor e

the hl@hi}g‘ﬁ[g@%&épﬂm% %OB:?? %MMUOL?%W},@%%Z@'H tH¥ f&l@éroﬁ‘ortlon of

contai ns not |ess than 90 %by wei ght of the

the d'B@PBFS'PB‘dEPé‘é'H gcohol s. nost of the remainder of
the | ow boiling point mxture (BT) .is djalkyl, ..
camaﬁaqresemttmw\ttqm@@sormqsﬁ@fh&mqf the alealols o thejpw boiling
boiling point mxture (BT) as a raw material for

point miaum?BT)muﬁdmmedprt@ ¢tdass RanW® de by seighty preferably not
produci ng a dial kyl carbonate, a process 35 A0501

less thi S5KANYUweight, anoer refarablyi ot lessathtano®y 8 by eaghdl s Moreover,
and a process using an al coholysis reaction of an

the cantsiil 6itBeGAcIUIRIrEtharifigle ibbﬂi{\g%dmttmlxmws(ﬂab gah e niéde to be

| ow boiling point mxture can be used as a raw

not rrﬁ?é fHdrph of ArbBivE PR, &Eférasg%dt%‘r{el tABA 0. PR ﬁg vidight, more

al cohonS|s rreactlon of thé al kylene carbonate is an

prefefdBi hbPhoHH 46 08%R by weight. Furthermore, the alcohols separated

out as the main component of the low boiling point mixture (Bt) can be continuously
separated out stably for a prolonged period of time in an amount of not less than 200
kg / hr, preferably not less than 500 kg / hr, more preferably 1 to 20 ton / hr.

In the present invention, the low boiling point mixture (Br) separated off
contains not less than 90 % by weight of the by-produced alcohols. All or most of
the remainder of the low boiling point mixture (Br) is dialkyl carbonate. It is thus
preferable to use the low boiling point mixture (Bt) as a raw material for dialkyl

carbonate production. As processes for producing a dialkyl carbonate, a process
35
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A0soPUPEf %Pl € to use a raw material having a high
al cohol concentration. It is thus preferable to use
the low boiling point mxture (BT) obtained in the
present invention as the raw material of such a
reaction. In this case, the |ow boiling point mxture

using (aBGBrbbﬁMtaﬁ@w PeacibA AT &llcahols, &itid @ provesefusig ah atc
5 % by wei ght, nore preferably not | ess than 97 % by

reactléﬁﬁ'o@ Bh, qlkﬁerﬁ’@&&r‘b&ﬁ'a?é hbé ﬁrﬁ%@r&ﬁfr}ﬂd&ﬁéﬁ yaS ThBGowawilingpoint

materi a Mor eover gh boi l'i ng poi nt mxture

m:xtur(ehB@TgﬁgH%reaﬁi%% % r%w rﬁgt%ﬂ eenlher bf‘ff}%'g 'r85 Ecﬂ{g.a'é]ﬁce the

omponents reac

m xture (AT t hos hdra ow b0|
a'COhﬂ'é{P'ﬁtreﬁF’S& bergivions ﬁ?ogﬂ@tt%bﬁ i ﬁaL@Br'WP reRClPiy
contains not nore than 0.2 % . .
refergbéer a9 ravtmasrial bAYRI@ mgl%ai@hsi cw%mat'%r dtis thus
preferably not nore than 0.08 % by wei ght, of the
prefetapleptoodse the lowl kailing poinkmixiges 8diabjainad in e greseky invention
carbonate and the aromati ¢ nonohydroxy conpound as
as theeaw natepalrofrsush tsheaetidn. win this cass) the ivabailing poirtrmaixture
anount of the by-produced al kyl aryl ether and a
(Br) Heild arfBRoAbI SdnddneratibABiinot Issathan 86&% bywéight, more
present invention, it is thus particularly preferable

prefert(a%g ﬁt?lt o8 fhEH 97 f’@ BY wdi§nt) isgﬁar%@ulléﬂy |p|ré‘ﬁrélﬂ Misedias thegaw

nto the contihuousS nulti-stage distillation
mate -%I um A, and thus use the high boiling point m xture
rli B) as a starting material 2 for the

transesterjficat In.this.cas
o e fidh bBftpe AR & aEP%”ag%fi ol g i
t he contl nuous multi-sta 'l ati on col um
invenfifia CRisi thercaRontSIokJ1e ol SORO SO, reAiad @Pftwﬁg(AT)
material 2 fed into the continuous nulti-stage
minugjthnsel withdrawneas therow bailingpeiat ayixtulg (Br); themn bpiing point
the high boiling point mxture (BB), and hence it is
mixtuge (By)aldnjaine cet mary than B&%4 bsewblgt'ltaprefergblymcdrmane than 0.1 %
containing the 36 A0501 UP15 KAN dial kyl carbonate in
by welghtamuse tpreferaisip siot Alce Wham 0t08&%dey weightCof. thélsy-produced
starting materital containing the dialkyl carbonate

alcohf)[se%h&ge@@;ﬁﬂ/ hég anetdlﬁlk‘}P@érbBHQtéSandﬁHet ArofiatEemonohydroxy
di stillation columm A may be fed into the continuous

compppH shaftcohabh e hSRer PhIMRB Aty oo oo e
by-prsaugég]alﬁyl aryl ether and a small amount of the aromatic carbonate. In the
present invention, it is thus particularly preferable to continuously feed the high
boiling point mixture (Bg) into the continuous muiti-stage distillation column A, and
thus use the high boiling point mixture (Bg) as a starting material 2 for the
transesterification. In this case, in order to continue the reactive distillation at a
steady state in the continuous multi-stage distillation column A, the amount of the
dialkyl carbonate in the starting material 2 fed into the continuous multi-stage

distillation column A is deficient with just that in the high boiling point mixture (Bs),

and hence it is generally necessary to add fresh starting material containing the
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A0SOPUPYS g then fed into the continuous multi-stage
distiMation colum A as part of the high boiling
point mxture (BB). In the case that this freshly
added starting material containing the dialkyl
carbonate contains the alcohol in a greater anount

dialkyl babonb® in &xafmdudt cOmmnehsiyateaiidithe défidiendy efldieasthring
for this starting material to be fed into the

mater?é?%h{ﬁﬁ%g ﬁy'diéikﬁtcéaforcatéwekhgtédaboqﬁwmé &r&m@ua

Sui t osition thereof so as to 10 reduce the

multi- g&:@t{eediétlll‘éﬁloh Lﬂhﬁ% ay b%erE! rl‘h]ottflsrbohﬁn h\‘yﬂ? sfég% distillation

uous nu I on CO

coun RS 3 L4 4 o s e ORI
and s e ToH drtehg cPRIN Ao B agB A TIRGON GRS iy S,Par of the

Typically, the startin materl al 1 contains a dialkyl .
high hmlmgan@né miktlesh (Beds  Irbt enthiahthys fresbilycasidlegstering material

di sproportionation reaction (formula (19)) of the
contalihg the diaikyl carbomate eorsteipsrthe ellgohohotargneatgh gmaunt ttan, for

continuous multi-stage distillation colum A, about a

examphd, 0. ’afmbg&ve?@htt hes preferable forthigrnagtinghhsateribhto e éd into the
consuned the reaction in which the al kyl aryl

conhrﬁﬂﬂ%%é&nesth%e REQHEESE cORIMRBIrom of litable positios thér@@f so as to
di al kyl carbonate into the starting material 1, whi

redudestherc%ﬂ\’éi‘ﬁ%f k?Iéfe E[E%hﬁp %ég t8QhQﬁ BBerH Hitb+RE %hﬂ’ﬂu%r.ls mu|t| -stage

Ion and necessary

d's“"aﬁﬁ%)ﬁ'w%%ém@o@@?ﬁ@g%@ﬁnbazaﬁ?ﬂ'#ﬁf@&zﬁ%r;;
Ao oh Bhled BoL A Lot mw%

eneral |y made up for by adding the fresh dialk
multr@bag@oqham tionrrAUMAA eanipinsystaping material 1rpd th?estaﬂts\ge
deficiency can also be nmade up for by 25 adding the
matefiales h Tipidadlly| thecstarimgt roateniad 1 tdoatains atdialyylaarbonatie which has
The distillation conditions for the continuous
beenmmdihly-prodgeed bytthé disproportiohation aciion AftiflilaPnd) sfike alkyl
used in the present invention are a colunm bottom

aryl cafttorRit@separatélya Aabarirly, fif e cdfthicusIAAiE-stage distillation
preferably 170°to 270C, nore preferably 190 to 250C,

colun?r'i‘ﬂSQtiglgl' %Half a g‘??ﬁfﬁé’ﬁx%@ Ho%%@@wﬁ&%%ééﬂ%n?@ned by

a, pre to 3x1 Pa, nore

the réée[)cﬁ[:ﬁﬁﬁ%‘lct?m'eoélky aarglocﬁé&rqgte 18 préoutidd iPhsdd LB bPbY Bding

the dialkyl carbonate into the starting material 1, which is produced by the above
disproportionation reaction and is recycled. It is necessary to add a fresh dialkyl
carbonate as the half amount of the dialky! carbonate being deficient. This enables
the reactive distillation to continue at the steady state. In the present invention, the
above deficiency can be generally made up for by adding the fresh dialkyl carbonate
into the starting material 2, but the above deficiency can also be made up for by
adding the fresh dialkyl carbonate into the starting material 1.

The distillation conditions for the continuous multi-stage distiilation column B
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AosoPupdld ikajage distillation colum B is generally in a
rangeof fromO0.1 to 20, preferably from0.5 to 15,
nore preferably from1.0 to 10. The term "prol onged
stabl e operation” used in the present invention neans
that the continuous nmulti-stage distillation colum A

used inctheqaesemtrigventiont dre a ealatvinvsottath $émpleatumninean tarigeeof from
continuous multi-stage distillation colum B for

150 tcs:aomc r&eféréblweroh% SR mdrerprbﬁérﬁbl t1l9d tat2509Co ANt EEcolumn

| ow boi'l i ng podint reaction mxture can each be
6
top p%@%%iuﬁ%g&%@% ddf?f&éﬁ}?&am b’:‘ té%ﬁﬁﬁgo t %Pé?eh?’tﬁg?ﬂx@ﬁs P?% 3x10

Pa, mRrEpBtarstly REPO° PR Yt ioPa, oE\Sfﬁi!H?Eat}%@f@@o#&gﬁ'QP%?y

it eGSR0 B e Al R 5 5B Bty

mai ntaining 15 a predeterm ned reaction yield and

from @ 8i1tedS, marg, Pl’afﬁﬂalhhﬂrfméroﬁ) Wedetermi ned anount of
t he by-produced al cohols of not |ess than 200 kg / hr
cafhé tersefprolingedatable @pemtg:tn” lusediin thevpresent invention means
mai ntai ning a predeterm ned separation efficiency. The

that theatentirlousanaki-stagé aistillatore colummudtisr carhting subithe reactive
distillation colums used in the present invention is

distilGRFEERY the SomudiusirfuIBtage aistifatidh 8SIUARY B96r Sdrghg out the
20 stainless steel. In terns of the quality of the

separ%ﬁe 4 e&acg?tﬁl% iBA tﬁe%@%‘ﬁﬁ% J)&ﬁlat‘ééicﬁéﬁ m&ﬁﬁégAJr)scan each be

e contin mul t1-stage di [ation

operq?%i gﬁ@?’@-}%@ﬁr@ e%%tlzt%lrgljg SR A P th oép?érgﬁﬁg LERGitiShE Hith no

cont1nuous nu

f|oodnapeé'ehé%bh5}&wﬁ§L%”?qqsmsé%aaeE(é%Zﬁan”ﬁbﬁb?%ﬁh%ﬁfergbw not
with 38 A0501 UP15 KAN reference to the follow ng
less thar 3P I0UsH MPrRPIRfR/EBit Netioentnasho0Q0 hewrs ?ﬂﬁi@ed to

the follow ng Exanples. A conposition of each m xture
predeternined ameuntiof the arematic earbgastecean batsgdugsd, white maintaining
and a hal ogen content was nmeasured by neans of an ion
a predéateomirtenhremctipn yietidhadd sélectivity, and moreover a predetermined
amount of the by-produced alcohols of not less than 200 kg / hr can be separated out
by distiliation while maintaining a predetermined separation efficiency.

The material constituting the continuous multi-stage distillation columns used
in the present invention is generally a metallic material such as carbon steel or
stainless steel. In terms of the quality of the aromatic carbonate produced, stainless
steel is preferable for the continuous multi-stage distillation column A, and either

carbon steel or stainless steel is preferable for the continuous multi-stage distillation

column B.

Examples

Hereinbelow, the present invention will be described in more detail with
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AOSOEXANY faly <Continuous nulti-stage distillation colum
A> A conti nuous mJItl-stage distillation colum as
shown in FIG 1 having L = 3300 cm D=500cm L/ D
=6.6, n=80, D/ d, = 17, and D/ d2 = 9 was used. In
10 this Exanple, a sieve tray was used as the

referenkes fiseé folldknind ERampld; bek (espreseht imvehtiomisrotdinitdwbteethe
bei ng approximately 1.5 cn2 and the nunber of holes

followﬂ‘@st | ?ﬁ\glﬁsox'N@érﬁb&‘s@éﬁb\'@acﬁﬁﬂ%‘r@ WaldSmBasdredya@eans of a

tion colum B> A continuous nulti-stage

i —
gas cﬁ%ﬁé@h}?&%%@@@”@aﬁ%ﬁﬁ?&%ﬂ cgnge! fwa% ﬁgéi%}‘,édtb! rgeailug of an
. 2500,cm D2 =100 cm L2 / D2 = 25, and n2 = 55 was
ton crwg@&_togrﬁpﬁmn%et@&npl e, a sieve tray (the
cross-sectional area per hole being approximately 1.3
cn2 and the nunber of hol es being approxi mtely
550/ n2) was used as the internal in both the stripping
Exampéefli on and the enrichnent section. 20 <Reactive
distillation, and separati ng out of by-produced
<Cont'm¢udmsmiu|tf-stagneldistillaﬂjbhimg.lmlpéimt reaction m xture
(AT)> Reactive distillation, and separating out of
byAmoatiHaegs rriltherge distilRationaoliran asushowsi ingFIChd having L =
apparatus shown in FIG 3. A starting material 1

3300 Q:ﬁ{‘tlﬁhrBOIgchL%lj’aé eI rghtscpfn ﬂdgzt*lhry bnad papatewadUsid. In
25°'by wei ght ' of phenol wei ght of anisole, 1

tis Eg ?fé'i/e‘?{]aﬁ%mﬁe@%@h% SRR e GrdeeBitiona

was cont1 nuous 'y Intro UCG

area hCooRia ArRahiaeR 15 bt At e Flrder B B8R hoing,
hr from an upper portion inlet 21 of

apprq)ql{gateéy]@;ﬁaﬂr%us mul ti-stage disti I | ati on col um A
Note that the starting material 1 was introduced from
<Continupus aultretaga@istitdione®!ymn B hr ough the inlet 21
after having been heated using a heat exchanﬁer 27
wi Arcaméiatiods Mudtisstageodistiltationreplpanras shavet irohlGriadraiag Ly =
(AT) withdrawn in a gaseous formfromthe
1700 cm, Dy =180 cm, L1/ Dy =9.4, n; =16, L, = 2500 cm, D2 = 100 em, L2/ D2 =
25, and n, = 55 was used. In this Example, a sieve tray (the cross-sectional area
per hole being approximately 1.3 cm? and the number of holes being approximately
550/m?) was used as the internal in both the stripping section and the enrichment
section.
<Reactive distillation, and separating out of by-produced methanol from low boiling
point reaction mixture (At)>
Reactive distillation, and separating out of by-produced methanol were
carried out using the apparatus shown in FIG. 3.
A starting material 1 containing 44 % by weight of dimethyl carbonate, 49 %
by weight of phenol, 5. 7 % by weight of anisole, 1 % by weight of methyl phenyl

carbonate, and 0.3 % by weight of methanol was continuously introduced into the
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A0S0V REI5 KN i on of the distillation colum A On the
other Thand, a starting material 2 containing 76 % by
wei ght of di nethyl carbonate, 19.5 % by wei ght of
phenol, 4.4 % by weight of anisole, and 0.1 % by
wei ght of nethyl phenyl carbonate was continuously
continudiusaultissiage HistiflatonleoldhBiA in atigaid forhuwta fovatrate ¢fl 808 ton /
rate of 86 ton / hr froma lower portion inlet 11 of

hr fran'E‘n uﬁbért bér‘h@ﬁ 'n‘ﬂBt sPbyiRe @antThu%u@‘?h@h-thééé gistifatié€olumn A.

ng materials 1ntroduced into the <Continuous

Note fﬂélt the §{'a?tﬂfg H‘ﬁ?ér'i%l 1%_5{9@1}&94#%@ ﬂ?@tn‘g";éﬁl idlef®bM4hd d was fed in

car bona ng materi

throu@gﬁ&ﬂ - a%frgf t?%cl%? q%g%%ﬁbéﬁﬁ&é?%ﬁh heat

or Iess) st was 15 introduced
from & fvs BpIBERRAINS rﬁﬁéﬁoq%mtwq iy @@? 241t BSIASGPUS frm from the
distillation colum A such that a concentration
upper pitienof the distllatirceolomniA.qui d woul d be approxi mately
70 ppm Reactive distillation was carried out
c oOni theatiséryhand) er stading) material 2fcomtainimgeitaVuby weighttdie
bottom of the distillation colum A being 233C and a

dimethyPSsrbbRak! 10/5% Ippwelghitiof phehek 4l4 & bpweightwfrantsole, and
being 9.6x105 Pa. 1t was possible to attain stable

0.1 %whFadigHt iR nfetRY HyREbdonatd fas 2bnhRubdsly Mttddiided into the

continuously wthdrawn at 82.3 ton / hr from an

dIStI"QtlIJ(?A 86Iuﬁ1?10/g %Fg?@g@%{%%{%@?%ﬁ OhF ﬂ'm*rﬁ% I(Sw?@r n&ﬁlbrllﬁlﬁg :113 l’E)f the
dlStl"?€ ) bonlat ndTBﬁ ﬂolﬁgﬁgﬁﬂ ﬁ{]et gt%f'tﬂﬁ ﬁ%ﬁé}ﬁ%ﬁ@ &m&gﬁqnto the

ar bona roduced . was 8. on / hr subtracting th
contiiRy it AGs LStk golinn A IRtV Pm’ﬁ' =1.87.
actual armount 25 produced was 7.5 ton / hr),
The siamipaimaterialspsudsiantiadly sigh apbcmtamegm(%&ég th% ﬁle}ecﬂon
hr. The total selectivity for the methyl phenyl
limit for theoioatahrameatatirgpleyyile. 14ipbrosiess)UPH(KR)e as ieoeatakyst was
based on t he phenol reacted was 99% Prol onged
introdueediintacfrem epeinist i1Qrinvhs upper pedionudf the destillaties eolumn A such
conditions. The anounts produced per hour at 500

that sh@éﬁéentl%%ﬂ théreop in tHad@aBior AquidsLIe Der épproﬁﬁﬁhtégom ppm.

hours after attaining stable steady state were

Reach 08 Ristflaton 2P ot AL Fony S o BORIPre I eppggature
at thd BBfom of the distillation column A being 233°C and a pressure at the top of the
distillation column A being 9.6x10° Pa. It was possible to attain stable steady state
operation after 24 hours. A liquid continuously withdrawn at 82.3 ton / hr from an
outlet 25 connected to the bottom of the distitlation column A contained 10.1 % by
weight of methyl phenyl carbonate and 0.27 % by weight of diphenyl carbonate. It
was found that the amount of methyl phenyl carbonate produced was 8.3 ton / hr
(subtracting the amount introduced into the distillation column A, the actual amount

produced was 7.5 ton / hr), and the amount of diphenyl carbonate produced was

0.22 ton/ hr. The total selectivity for the methyl phenyl carbonate and diphenyl
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A0s0PUD4s rN 0. 22 tons, 0.22 tons, and 0.22 tons
respectlvel y for the di phenyl carbonate. The total
selectivities for the nmethyl phenyl carbonate and
di phenyl carbonate were 99% 99% 99% 99% and 99%
respectively, and hence the operation was very

carbofhbbssed\br @wy phendl teactedvds 89%ar bonat es produced
substantially did not contain 10 hal ogens (1 ppb or

| e5%long -@be?érﬁ}ﬁdéﬁbl RN Whs caAidd QR URderthesd Adnditions.

cont 1 nuous vvlthdr In a gaseous formfromthe top

o A AR 01538 ) A 0 AT 8 o,
and effifihohfs ARt ataRipBdonb e a0 ! vale B5RES, B i o,

the low 15 boilin reacti nmx

8.3 topgsang %to(wea?e%efe% o the n}?ﬂhﬁmenz %@951/\/% @% @2 tons,
nmet hanol , 74 % by wei ght of dinmethyl carbonate, 19.5 %

0.22 tops V@Q@Hpnafo 23H@m|and40220x;)a§ remeg:ﬂyetyffogm%gquennl,ﬁarbonate.
0.1 % by weight of nethyl phenyl carbonate. After

The ttital selectindties fortihe enethy lgrhenyhtanbenaterard diphemny| carbonate were
tenperature of the liquid in the wvicinity of an inlet

99%, $99%p ransk d99%h ahdeaY% réspettivelypand heacé ttenoperbtiohevas very
enrichment 20 section in the continuous mul ti-stage

stabldli %b%éc%lr QHe(‘a%MEﬂc %arﬁ&i‘%té@bf&ﬂﬂcbd%b@féﬂihlly dRPAY Ghtain

m xture was continuously fed into the

I t olum B fromthe inlet 31. On the other
halog%h§&'l p%dorﬁ %to make up for the deficient dinethyl

ﬁ{fﬁ"”at @w‘ﬁeﬁpﬁcﬁrﬁw‘?@'agfé%w@?% @ﬁﬂacaﬁaﬁ’-ﬂs@g%*'@*%éﬁe%ﬁ

fromap inle rovi ded i he |0 ortion
gasequiclogSCoTIIAe gh OL IS FATHELOYS f@@ﬁaﬁ&%ﬁg Tﬁ?wp" Golufth Rwas
distillation was carried out continuously in
cooledidawn taai 707C Hpuah heahthegeinhsingiHsedie Baat @ﬁpﬂaamerreateﬂm 1

bei ng 226C, a colum top tenperature being 155C 41
usmgADéOIBaUeRchElgeKMTamjdasmrdjactabma i grhef canpesition/of the low

boiling point mxture (BT) was continuously w thdrawn
boilingrowimtareactidn miixtage pAr) Iwhidhtveas withdrawrat 85.2 toindthr, was 2 % by

boiling point mxture (BB) was continuously w thdrawn

weight'dTétRafsf Wﬂt%?:% \ﬁéigﬁﬁoi Qlﬁ'\éthﬂrcarﬁbﬁat@ ab.90% by weight of

poi nt mxture a net hanol content of not nore

ey b el ik 5, RO ) e
After %Ind m%&%% have a temperature close to the temperature of the liquid in the
vicinity of an inlet 31 provided between the stripping section and the enrichment
section in the continuous multi-stage distillation column B, the low bailing point
reaction mixture (A1) was continuously fed into the distillation column B from the inlet
31. On the other hand, in order to make up for the deficient dimethyl carbonate,
fresh dimethyl carbonate was continuously introduced into the distillation column B at
2.63 ton / hr from an inlet 41 provided in the lower portion of the distillation column B.

Separation by distillation was carried out continuously in the distillation column B at a

column bottom temperature being 226°C, a column top temperature being 155°C,
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ig | on columm A descri bed above, and was
AOSO‘EH‘T?umIﬁI‘g back and thus reused as the starting

material 2. The conposition of the | ow boiling point
m xture (BT) was 97 % by wei ght of nethanol, and 3 %
by wei ght of dinmethyl carbonate. The anount of

and alrefliie Pgtio 403.CoAlIdvR uoumbmcmnnrxaﬁrectaqrwas loatighotidly withdrawn
distillation was 1.68 ton | hr. The |ow boiling point

from a(]s ashﬂkfﬁé B 79880 Y$¢ cﬁlfe éh@i"b&ﬁﬁ§ 'bb?Ht miiuré (B waEJ

carbonate an et hyl ene glycol by reacting

contlﬁﬁohglﬁmér%% @&ﬁt%{?f‘&ﬁt?e t 35 lifﬁ)ﬁnafﬁron TRE ﬁ:@? boiling point

contiI'fnuous age on col um
it £ e A R 0 e o o5 7 04

distillation colum A The separ.atjon efflc ency . .was
comppsiion e SaME:AS NR0SABIRGIMARSIEh TRE (HesConinyBUR R 4-Stage
5000 hours, and 6000 hours as initial and hence
distillatinsy columm A deseribastialaves aad mﬁwda@dy krangt thugdeused as
distillation, and separating out of by-produced
the stadingamateria?e carri ed out under the foll ow ng
condi tions using the sane continuous multi-stage

di Thé Icbaripositionodftie Idw doklingasdintmitsreniB-) wastay% by weight of
distillation colum B as in Exanple 1. <Reactive

methahatéha atd AP wRnfof ditddthPtarBbRated! ThetRbaht bilethand
by wei ght "of di net hyl carbonate, 58.8 % by wei ght

coni s g S A e, i 1 T o i
point m{?\us%ﬁ%% V8052 el Lok EDb gt Carvonate anc

di st t|on 0l u allgw format a flowrate

ethquﬂeg cgl ¥ Erpcfing with@ M r portion inl et 21
of _the continuous nmulti-stage distillation colu
vi Ahermperatian efdbrHaptinuoys mullirstage ¢Iﬁill@tlogcpol!emnt31was carried

ot her hand, a starting 5 material 2 containing 64.4 %
out irbsynobirarizatign withéhergontinudusreparatias ogtie eontinsogistmuti-stage
phenol, 1.3 % by wei ght of anisole, 0.4 % by weight of
distillammyblunireAyl Thersepardtion efficiency was the same after 500 hours, 2000
hours, 4000 hours, 5000 hours, and 6000 hours as initially, and hence operation

remained stable.

Example 2:

Reactive distillation, and separating out of by-produced methanol were
carried out under the following conditions using the same continuous muiti-stage
distillation column A and continuous multi-stage distillation column B as in Example
1.
<Reactive distillation>

A starting material 1 containing 33.3 % by weight of dimethyl carbonate,

58.8 % by weight of phenol, 6. 8 % by weight of anisole, 0.9 % by weight of methy!
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A050P UP 1% WN\EI ght of nethanol was continuously
?ntrodUced into the distillation colunmm A at a fl ow

rate of 86.6 ton / hr fromthe |ower portion inlet 11

of the distillation colum A The nolar ratio for the

starting materials introduced into the continuous 10
phenyhdattoriite gendio St %l hyaiveight of metharolwess coritiziloukly introduced into

carbonate / phenol = 1.1. The starting materials

the ccﬁﬂ??@b@@trﬁlﬂhls‘t’ag%@ disiPticrocBIamd Aj 89§ forH e btfovk Féte of 86.2

detection Iimt for the ion chromatography, i.e

tonlmpr&fqﬂr@%ﬁ%qup Q%H %Iéﬁ@oﬁﬁé%o%ﬁﬁ%&@f L{}L—E%éctﬁgtlllatlon

ortion inle

courfl VAR A B Jhgtafe" B Rk hape, g starino
materia) g, ForBinit Reaéﬁﬁd@réjy'c@tﬁ’@'h't% HEheify L B a by Wit o

bot t om of the distillation colum A being 230C and a
phengl sk:Yrley weight of episols, 086 By yaightefi raﬂth&gpfmvl carbonate, and
bei ng 6.5x105 Pa. It was possible to attain stable
0.1 %shyeaeight tof metharolavas comtinuausidintroduced into theydistillation column
continuously withdrawn at 88 ton / hr fromthe outl et

A at 22ffow eateasftasis ten / hholahkdowef pbhiendniet 11 lofthendistibatiom
A contained 13.4 %by wei ght of nethyl phenyl 20

colunﬁf‘Ab0'T1’31I=3€h1§|%1SI r&tio foraty stflikt) in=Rérils MtfsBlceddnterhatddntinuous
was found that the anpun of met hyl phenyl

o SRS S AN e TR 11
e
enorogrgon s ch o SkISeD. EbIRERLo4 ASalBh U EhGBthooa

henol reacted was 98% Prol onged conti nuous operation .

from {fesURReTRGEHOR (el TRiet theraistllaliBN@IyTaR A sucihab8sengeatiation
KAN The anmounts produced per hour at 500 hours, 1000

therehbinrthe readicroliquit soud betapproximeslyii0§ prnab| Begctivaigistillation
state were 11.8 tons, 11.8 tons, and 11.8 tons

was ¢at6pdout zehtyhdoursly mmtwermmdjﬂoqshﬁra/ienmrbmmam theabdttomcof the
tons, 0.6 tons, and 0.6 tons respectively for the

distilldtie eamknrmro@mgan@oocf 8Rd taqsr%lssér@ mhe\tb;s bEthd @istiltdton column
nmet hyl phenyl carbonate and 5 di phenyl carbonate were

A be:ﬂ %59&%?@”% WBLPRS d éﬁ%/%ﬁ stale ﬁ@étﬁﬁstht@ﬁ%eratuon after 24

eration was very sta reover, thne aro

hours’ arR ﬁ&&ﬁ%%n%ﬂ%’&? %tﬂdpg\kﬁ'%‘ a8!tby 7 B FohPihe outlet 25 connected to

the bottom of the distillation column A contained 13.4 % by weight of methy! phenyl
carbonate and 0.7 % by weight of diphenyl carbonate. It was found that the amount
of methy! phenyl carbonate produced was 11.8 ton / hr (subtracting the amount
introduced into the distillation column A, the actual amount produced was 10.7 ton /
hr), and the amount of diphenyl carbonate produced was 0.6 ton/ hr.  The total
selectivities for the methyl phenyl carbonate and diphenyl carbonate based on the
phenol reacted was 98%.

Prolonged continuous operation was carried out under these conditions.
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AD50¥ QB kANl ogens (1 ppb or |ess). <Separating out of
by- produced net hanol from |l ow boiling point reaction

m xture (AT)> 10 The | ow boiling point reaction
m xture (AT) continuously withdrawn in a gaseous form
fromthe top of the continuous nulti-stage

The athGiints Eaddumdqsﬁrlrmmrét 609 houes) | 1@D0dsmrs t and 200C hours after
t hrough heat therein being used to heat the starting

attainft S&bf! téadWéﬂ'awaeF@1h1%n§,><thRSﬁé,a%ﬂﬁ&d@.%tfééwétively for

ove. The conposition of the low boiling poin

no i i 410000t Al for e
ipnefborhes T4 SRS 030 S bR et anc

.. weight of nethyl phenyl carbonate. After i n de .
diphefiy atbanatenuRiGLTay S8R PSR TesectuRePag feBcsing Reeration
liquid in the vicinity of the inlet 31 provided ]
was Viegy siabie.t Homavepgha@remetic sarkonates prashiced svbstantially did not
section in the continuous nulti-stage distillation

contagohaloges (1 ppblooveds)i | i ng point 20 reaction mxture
(AT) was continuously fed into the distillation colum

<SepBrdtingrout v biyrpretiuceéd methatidigropi ey bbiind,paimt readiéon trixture
make up for the deficient dinmethyl carbonate, fresh

(AT)>di met hyl carbonate was continuously introduced into
the distillation colum B at 3.98 ton / hr froman

. : _ : ¢
of iR AW ERIPY IR Rlaclf S (a5 SEPEnLBa W Pkh FT
. Li v oint iy ,
gasedF i oriing Yo PO BURYBIRte alulitads e GHUER A was
coneBRcHTs 98116, BS6R G Rr o it 2l B il
. KAN (BT) was continuously withdrawn fromthe outlet 39
usingtheheag exeangeai27 amdescripad appvenoi Theeprpeesitionckthg ow
(BB) was continuously withdrawmm fromthe outlet 35 at
boilinggainttreaction mixtueh@ANi whichovas withdeawn ahBSduos/hrbeas 3.1 % by
had a met hanol content of not nore than 0.1 % by

weightasfghéthanokl 6h 24 by weightof dinwthgludmsbomateaB43 Yoltey weight of
as the starting 5 material 2 for the continuous

P2 by iGN e 0 ey asberte
After BRI indbe 4o have a temperature close to the temperature of the liquid in the
vicinity of the inlet 31 provided between the stripping section and the enrichment
section in the continuous multi-stage distillation column B, the low boiling point
reaction mixture (Ay) was continuously fed into the distiliation column B from the inlet
31. On the other hand, in order to make up for the deficient dimethyl carbonate,
fresh dimethy| carbonate was continuously introduced into the diétillation column B at
3.98 ton / hr from an inlet 51 provided at the fourth stage from the bottom of the
enrichment section. Separation by distillation was carried out continuously in the

distillation column B at a column bottom temperature being 213°C, a column top

temperature being 138°C, and a reflux ratio of 2.89. A low boiling point mixture
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A0SOT e tion of the | ow boiling point mxture (BT)
was 93.3 % by weight of nethanol, and 6.7 % by wei ght

of di nethyl carbonate. The anount of nethanol

conti nuously separated out through the distillation

was 2.59 ton / hr. The low boiling 10 point m xture
(B7) wiBTgontmsiouslydvittairawndronrtiieoutiet 3Dat pi78doni/ ing, wihiteea njgh

carbonate and ethylene glycol by reacting with

boilin%tsmt %msmaqbgm_&.& cortifuARRR) With@avaTf frbfethe Wiitlen BEL# 86.6 ton /

ti-stage di'stillation colum B was carried out in
. TRTHABR SRR it okl (8%) PRI et B8N B nel o than
epar.ati.o i e . .

0.1 %356t hob 3 e b BB WAbb g s S0P Rt
operation remai ned stahle. . mpl e 3: ctive ., |

materiil &, of IR ORTHELSTlT Be0s disTiavan, Coltamn R Aascriiest abave, and
and the same continuous nulti-stage distillation

was cisHlated paek and thwsirgysedas thestartingunaterial Ag point 20
reaction m xture (AT) containing 1.5 % by wei ght of _
meT hagompaosition dhtheg law ibghingqgfoint midurel (Brhwasikd 3 % by weight
% by wei ght of phenol, 3.9 % by weight of anisole, and

of methahdlp dnd 861 @by akight ofidimethehydrbonateonafre ameunt of methanol
W thdrawn at 80.26 ton / hr fromthe upper portion

contifiusf} seifarafed O thRdugitheAfistiatiEx &8y 258.toh har.| ovhe low boiling

boili'ng point reaction m xture (AT) was continuously

ot 18, SRS Ea st n
ethy! s RO Kb B Do e FPATES "cor o B vi & ¢ he

he 45 501, UP15 N exchanger 27..0n the oth .
haiHe OPRrETEP the RRKBUG i Eipged[Elion Sl ha Ehys carmied
_carbonate, fresh starting material containing 99 %Py

out ingynghforizatipmwith e sartiitrsopeation O%W%r@ﬁps gpulti-stage
nmet hanol was conti nuously introduced into the

distiltatien coluemni An  Tbelseparaiontefiicizacy was/thesamepaftert0q hewrs, 1000
51 provided at the fourth stage fromthe 5 bottom of

hourg, laade2000chorstassiaitiallg randiegraceadperation reinaingd stablen was
carried out continuously in the distillation colum B
at a colum bottomtenperature being 219C, a colum
top tenperature being 151 C, and a reflux ratio of

Exanfbid4: A low

Reactive distillation was carried out using a similar process and the same
continuous muilti-stage distillation column A as in Example 1, and a low boiling point
reaction mixture (At) containing 1.5 % by weight of methanol, 81.9 % by weight of
dimethyl carbonate, 12.4 % by weight of phenol, 3.9 % by weight of anisole, and
0.3 % by weight of methyl phenyl carbonate was withdrawn at 80.26 ton / hr from the
upper portion outlet 26 of the column. As in Example 1, the low boiling point
reaction mixture (Ay) was continuously fed into the continuous multi-stage distillation

column B from the inlet 31 provided between the stripping section and the

enrichment section of the continuous multi-stage distillation column B via the heat
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ipl4icn Dint m xture (BT) was continuously w thdrawn
AOSO???%S e outlet 39 at 1.19 ton / hr, while a high
boiling point m xture (BB) was continuously w thdrawn
fromthe outlet 10 35 at 80.83 ton / hr. The high
boiling point mxture (BB) had a net hanol content of
exchafgér 2Pr eOnthe dihér arky, inerddrito make upSorctheadsfigierd dirmethy!
into the continuous nulti-stage distillation colum A

carboﬂ‘lé‘%t, ?rIEFﬁ sié%ﬂﬁﬁﬁwha%ériélt&fﬁtéiﬂﬁmg@é e bﬁéﬂéﬁ@ﬁt difme it thitbnate

ation. e conposition of t ow boi |l i ng poi nt

o 13 AT BBy o g
o T B ST B ok B e o

m xture (BT) was used as a raw materjal for produgin
bottorg iqfréI%wnnelansah%ﬁ%wand%e@@Wr%%v S|S§/‘l!%F°rb‘9’aF &aﬁfﬁﬂﬁauig
wi th et hyl ene carbonate. The operation of the )
contintionslyrindhe diaillatiors celyandB atia ¢alumprbasisiny igmperaidre being
carried 20 out in synchronization with the conti nuous
219°Qrecalumntopftetriperatars beingukS 110, endsa eefleix rafie of 6174 i dnlow
colum A. The separation efficiency was the sanme after

boiling PRir Mhikeure 18AOVad Bofthucsy WRARGrwrsmabeiouitiet 3Blat,1.19 ton /

and hence operation renai ned stable. Exanple 4: 25

hr, wrﬁsaéhigh%di%ﬁq bbiheiR0reVEs:) WY EattirisushyShitietdrawdi florh ahe outlet

process an e same continuous nulti-stage
hdd tiion (e : j 1
35 at SO (o0 TIkT n FE ST BERS g IR 38) had 8 trfal coent of
cont.ai ninNg, 2. 8 % wej ght of t 0.9
not mbg i A% pial 4 i sPbuRd R ud e eitipous
h l,.9.6 % i ght of i sol e, d 0.2 % .
- tRRe R AT s BUAA G5aia AP Trietah bsthe reactive
. 57.45 ton / hr fromthe upper portion outlet 26 of
distillatign. col um. As in Exanple 1, the | ow boiling point 5
reaction mxture (AT) was continuously fed into the
c ofihé compositidnt ¢f-the dow beilisgi point mbturecBr)wasPS Yoby weight of
inlet 31 provided between the stripping section and:

methars], asdni %oveweigheof diomethyl darboratet | Mhelsmouhtt of-raethgeol
distillation colum B via the heat exchanger 27. On

contirgltihzft]rlécil%lh %arﬁ%uﬂ tArdligietheldistiTRiien wad Pr 8ttba / éef | The w boiling
point mixture (By) was used as a raw material for producing dimethyl carbonate and
ethylene glycol by reacting with ethylene carbonate.

The operation of the continuous multi-stage distillation column B was carried
outin synchroniza.tion with the continuous operation of the continuous multi-stage

distillation column A.  The separation efficiency was the same after 500 hours, 1000

hours, and 2000 hours as initially, and hence operation remained stable.

Example 4.
Reactive distillation was carried out using a similar process and the same

continuous multi-stage distillation column A as in Example 1, and a low boiling point
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AOSOFUPE AN fresh starting material containing 99.7 %
by weight of di nethyl carbonate 10 and 0.3 % by wei ght
of nmet hanol was continuously introduced into the
distillation colum B at 2.44 ton / hr fromthe inlet
51 provided at the fourth stage fromthe bottom of
reactibhenigiuré ¢ArEsuntsiairg 2.8. % Ispaeight ohmethahalt 61.086i byweight of
carried out continuously in the distillation colum B

chmetﬁm @arsshwzéw %) WelgH bRbHEROD9IEN%, bﬁ%@ht@f ePisoId) and
enperature bei ng 138C, and a reflux ratio of 4.4,

0.2 %A"*k Reight ¢ étwgw%g EarBlonbid §: #ab ?ﬁ@ %f%fr'w%sﬁ B from the
ooy ol 258 LGP A6 P R0
reactigpq“igﬁg (%%%g%p@mué%?qﬂ&ga ad pérﬁghgglg@h-sﬁ?%e ﬁﬁ jllation

continuous nulti-stage distillati on colum A and thus

columeBJeamm ke tlek31 n@vr&ctbﬁmeemhetav@m@aéﬁpw and the
distillation. 20 The conposition of the |ow boilin

enrichyoent sertionuafdhe BONtimuausmUi-stage distlligtion c@furmﬁfaaghe heat
and 5.1 % by wei ght of dinethyl carbonate. The anount

exchariger@7har®n thecothier hand sinyorslept miakd upufor the defitientdimethyl
distillation was 1.6 ton / hr. The low boiling point

carbofatd tffe%h(ﬁsamgaﬁa@i%dcaﬁtamm BOITRYEDY weng lof @iiradtihyl barbonate
di et hyI car bonat e and eth ene glycol by reacting

and d’.%t"/@b ﬁﬂﬂ‘ hfHaRBANES o%rr'\tlﬁ téWﬁ{t u%@d‘?ﬁtotthﬁ distillation

cont i uou mul'tT1-stage disti 1'on col um
t
colurfifBrata Wl b SHORBIARL 51 whbiait é?%%ﬁ%%{é@%%&%
bottofal s ercishiient Pefifarbo Berarahn by SodeifG ues nel sl
dnitiall and hence, operation renmaj ned stable
contimyQuely i the distiiation cpluran & a1\ 3 Sl hRRom dpMPEgAtyLe being
using a simlar process and the sanme continuous
215°Gua colustratpp naparatuieibeing 3880, anda refhuasationfd.4, Adew
a low boiling point reaction mxture (AT) containing

boiling. Ebift rixtuvei (Bk} wat coetihaoasly withdeaws frpnwihegbwtietf39 at 1.69 ton /
di met hyl carbonate, 28.0 % by wei ght of phenol, 6.1 %

hr, witile a®ighboifihg pBirt Mhikturé (B OPQ/vés Yohtinusisghivitadravet fre the outlet
phenyl carbonate was withdrawn at 57.11 ton / hr from

35 at!8®2 ton /hr.  The high boiling point mixture (Bs) had a methanol content of

0.08 % by weight, and was circulated back into the continuous multi-stage distillation

column A and thus reused as starting material for the reactive distillation.

The composition of the low boiling point mixture (Bt) was 84.9 % by weight
of methanol, and 5.1 % by weight of dimethyl carbonate. The amount of methanol
continuously separated out through the distillation was 1.6 ton / hr.  The low boiling
point mixture (Br) was used as a raw material for producing dimethyl carbonate and

ethylene glycol by reacting with ethylene carbonate.

The operation of the continuous multi-stage distillation column B was carried

out in synchronization with the continuous operation of the continuous multi-stage
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AOSOESJM@ ortion outlet 26 of the colum. As in
nple the low boiling point reaction m xture
(AT) was continuously fed into the conti nuous
multi-stage distillation colum B fromthe inlet 31
provi ded between the stripping section and the
distill&tivn eMMALA.S ETié 88pariatibh efficieridynnas thersamie-after GO0 hours and
distillation colum B via the heat exchanger 27. On
n g he deficient
100025&50%1@{?&@;@0%}1 Q%gt&é%fé ?%@H%ﬁ%éﬁy%@gér bonat e was
cont i nuousl y introduced into the distillation colum
Bat 2.8 ton/ hr fromthe inlet 51 provided at the
fourth stage fromthe bottom of the enrichnent
Examggq:éi on. Separation by distillation was car ri ed out
contmuouslg in the distjllation COIN%’ 8?' um
boReariveAskiation wap eaRpd AL Esing 8 SN Qreﬁess and the same
tenperature being 138C, and a reflux ratio of 2.
contimmmsuauttii-ﬁgg@diaiiﬂamrxmlumrtﬁa)s inEx@aple dnﬁﬂﬁ@b’@é‘f poﬂlng point
wi thdrawn fromthe outlet 39 at 1.84 ton / hr, while a
reactiohghixhwe|(Argcomtaining i0dbyeweidh} ofeetioamol 62.8U%I by weight of
wi thdrawmn fromthe outlet 35 at 58.07 ton | hr. The
dimeth?gttarb@nblw sYby Weightiof phBBd!, Batl %abymidightalf anisdlerdnd
0.09 % by weight, and was circul ated back into the

0.1 %CW‘Wegglﬂlb? mthil pridrid eationate WakivAithdralvimE! 5% Nt Misrom the

reused as starting rmaterial for the reactive

uppeP%&&ubhmlt'egﬁg o?@%f ESIuFrﬂgmgé y %*br@éle ﬁ%b‘?%%ilw nt
and 6

it e 8 i B A S Bttt
h di | 1.
colurgt B e e b r@ﬂd%l&ﬁwﬁr{({hersinm%%“%%gon@ga 8 o
raw material for producing di net h%ﬂﬂcar bonat e and

enricemept sertich ofdbe ooptingeies mulfi-aiade dstiiationcolyrn shyadhe heat
The operation of the continuous nulti-stage

excharigarid?. at@o the othemhaBdyinsordlar t¢ awkesumier the deficient dimethyl
synchroni zation with the conti nuous operation of the

carbarate,i frestudintethyli casbargste whsstontimiously intrbduredintd tree distillation
separation efficiency was the sane after 500 hours,

colurd®Blat auss / harrérrm@qnm 1511 Spravidedidt itige founraﬁégbem the bottom

operation remai ned stab I ndustrial Applicability 10

of the S%@é&#ﬁ%ﬁe u@l‘frgeﬁgg%gjﬁaﬁ?démlétﬁm Wa¥' 8HietPodt continuously in
the distillation column B at a column bottom temperature being 213°C, a column top
temperature being 138°C, and a reflux ratio of 2.89. A low boiling point mixture (Br)
was continuously withdrawn from the outlet 39 at 1.84 ton / hr, while a high boiling
point mixture (Bg) was continuously withdrawn from the outlet 35 at 58.07 ton / hr.
The high boiling point mixture (Bg) had a methanol content of 0.09 % by weight, and
was circulated back into the continuous muiti-stage distillation column A and thus
reused as starting material for the reactive distillation.

The composition of the low boiling point mixture (Bt) was 93.3 % by weight

of methanol, and 6.7 % by weight of dimethyl carbonate. The amount of methanol
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A050PURCEs KANpat enabl es an al cohol to be separated out
efficiently and stably for a prolonged period of tine
froma large anmount of a | ow boiling point reaction
m xture containing a by-produced al cohol when
mass- produci ng aromati ¢ carbonates on an industrial

contirtoakly sepasateidanititrgughdhaldistillation hasat. 22 qovl/ Bn - The low boiling
aromat i ¢ nonohydroxy 15 comnpound to

point H)&GFEEFB-,% Wdd Ged a8 arraﬂr%é@hdl Fbr%:rbé@&h?‘dﬂnethyl carbonate and
distillation colurmln |cha catays i s present

ethyIE%%oég?&]bﬁe%rC%@ ss f or’ separ g%’ ng Ioumt z}\ b;/npfgduced
ar T8 Bratlihrifis SoBlindd hilEHpok IRiRHEN SOHEN @38 carried

, ive djstillation systemof cont nuousl f eedi ?
out 'ncﬁVQPﬁﬂﬂn'@iﬂf)‘o‘N@? eRNtEKous QpesatiQn %Wus mu -sfage
npound into_a cont| nuous_mnul ti - st age d| stillation

dlstllla,tmmiumn An The seraralian gfficiencswas die gamerafter 200/holys, 1000

out transesterification reaction and distillation
hourss and 2080duwes asiinitialhe andlhenceQpearatipn remaigedrstableeps

of continuously wthdrawi ng a |ow boiling point

reacti on m xture AT containing said by-produced 10

al cohol froman upper portion of the colum in a
Industft Apikcawilityy continuously feeding said |ow boiling

poi nt reaction mxture AT into a continuous

Murhb ) é?élﬂ |ﬁ’v%*|$t?o|n| cﬁ‘d lS’é‘suﬁé’&i 'E?%eﬁ asaé‘gpécﬁf ié Hdﬂ&tr?éﬁseparatlon

separ tron by disti tion i n I'ng poin

procef ik Eneblen Ab, baBf 15,26, §F§é’%&?’ b SF"%@#%W for 2

prolorﬁgﬁ’%ﬁ EBES{’ Ito:qgmleo- rﬁ%]h%tlgr%,e)lj@nrgp{éﬁbgf 8 2 Cﬁf}g{g:ﬁ?;mn?redaczﬁon mixture
wiithdrawmn froma | ower portion of the colum, i

contajning iadby-Predycadalcohpl shemEnassppfadycishaiomnatic c%%pnates on an
said continuous nmulti-stage distillation columm Bis a

industfialt saaleitto subjecting a chialisyli sanbgnates tandp pn ngrosealia gpnohydroxy
having a length Li (cm, an inside dianeter D, (cn

compandddo travisestarificatioh reactiorb aakeastive dsstifiation column in which a
t herei nside, and an enrichnent section 20 having a

catalystigpreseAt.(cm), an inside diameter D2 (cm) and an
internal with a nunber of
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AOSO? t herei nside, wherein L1, D1, nl1, L2, D2, and
satisty the followng formulae (1) to (8): 500 L,

<_ 3000 (1) 100D,:_ 5500 (2) 25 2 < Li / DL 5 30 (3)
10 n, :40 (4) 50 A0501 UP15 KAN 700 < L2 5000 (5)
50<_ D2400 (6) 10 S L2/ D2 < 50 (7) 35 < n2 <_ 100
(8); and 5 (b) a conposi QgLIME said | ow boiling point
reaction mxture AT is 1.5 to 10 % by wei ght of said

We cl8¥s-Pr oduced al cohol, 50 to 85 % by weight of a dialkyl
carbonate, 10 to 40 % by eight of the aromatic

nmoynoh ;
oy or BRI BrSesdop soarynd ol 5 H3bucal aftonglin =
0,
cas FEFRSu58HERE e 8 ko el b Rl cale
wherei.n the distillatiaon condltlons of %
using gorRachve distifialion systageofhostinHpysly dpeding ardialsy| crrbaaate,and an
temperature of from 100 to 350 C and a pressure of
aromatiomopokydiozy RempeuRdyntoos cpatinueis multestags distiliaioacolumn A
from0.1 to 20. 15 3. The process according to claim
in whitha c&talysh i presenat archcamyingtou traokesterificatidroretzetion mnd
said low boiling point mxture BT is.not |ess than 90
distill idh sinkiltaRbouslse thedBolufPOA Yediipiéing e efepsaifEontinuously

boi ling point m xture BT. 20 4. The process accordi ng

withdiégilvlﬁﬁlé IBGPocﬂ{mﬁ Bél'nFFeéctlbﬁ rﬁ#xtdl’@@(ﬁédhtéiﬁlr%ﬁiﬂtby%roduced

| ow bol poi nt reaction m Xxture

alcohBPREMMPUSLEr péitloh BF the® BoiBnfrPRld BHS4US form, continuously feeding

said low bailing point reaction mixture At into a continuous multi-stage distillation
column B, and carrying out separation by distillation into a low boiling point mixture
Bt having said by-produced alcohol as a main component thereof continuously
withdrawn from an upper portion of the column in a gaseous form and a high boiling
point mixture Bg continu_ously withdrawn from a lower portion of the column in a liquid
form, the improvement which comprises:

(a) said continuous multi-stage disti!|atiqn column B is a distillation column
comprising a stripping section having a length Ly (cm), an inside diameter D4 (cm)
and an internal with a number of stages ny thereinside, and an enrichment section
having a length L, (cm), an inside diameter D2 (cm) and an internal with a number of

stages nz thereinside, wherein Ly, D4, n4, L2, D2, and n, satisfy the following formulae

(1) to (8):
500 < Ly = 3000 (1)
100 < Dy = 500 (2)
2 £ L4/Dy £ 30 (3)
10 = ny £ 40 (4)
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A0501Tyjp1|5- waage distillation colum B is not Iess than 10
/~hr, and an anount of said ' al cohol separated out
|s not | ess than 200 kg / hr. 25 5. The process
according to any one of clainms 1 to 4, wherein LI, DI,
LI 1. D1, n,, L2, D2, L2 / D2, and n2 for said
CO700 nEous InBEAc st age distillation cggym B 51 A0501
UP15 KAN satisfy the foll ow ng forrrul ae: 800 < Li S

2589, <1B0 £ pgS 400, 5 S L, é g 13 < nl <_

25, 1500 < L2 S 3500, 70 S D2 S 200 1 L2 / D2 S

3019 zpa S<7g L1 < L2, and D2 < ( , respectively.

5 'The dcess accordlng to any one claims 1 to

5, reln t internal in each of t strj ppi ng

se%%hon éﬁ% ﬂﬁ% enri chnment section ofqéé ont i nuous

mul ti-stage distillatjon colum B is a tra an ar 0
pal®i Rycompositien gf saiklowRolingpaigt FeAcdioRi 38310 10 %

the internal in each of the 10 strlpplng sectlon and
by weigld of seidhyrerdunsst alophalf 58 4o 85 Jo byiwrigbtoha dialky cageonate,

distillation colum Bis the tray. 8. The process _
10 to 40% i eight of theyaromatiofmarichiyasoxy cam@oundhel.Gita 10HS by weight
concentration of said alcohol in said high boiling

ofa rotuch alk I@heﬁ Otets MPbe welight of Hve Branatidgarbeinatd, .and 0
bggied on 1% Yo by wei ght of¢3a| d high boiling point

to3wté@ﬁc§%th&mgﬁgr process according to any one of
claing 1 to 7, wherein the concentration of said

al cohol in said |ow boiling point mxture BT is not
|l ess than 95 % by wei ght, based on 100 % by wei ght of

sajd w boi | | .0t .m The n
2cBor Eﬁﬁw%esa*n%ﬁ%mgfm it £ ergrbhe eyt fehths of
f hol i
said %?lﬁﬁg\t,}é %Lht,?-gta%p |§ |I?ﬂ;t%nfcgg§mplr¢;wscﬂgpp @?%B&étﬂqﬂgof from 100 to
based on 100 % b ht cof said | pw boiling poi
350 =0 raepresswzofuomﬂwé 197 Baded %d0oPd ARd BT ek "B’H‘é offrom 0.1
clainms 1 to 10, wherein the content of said al cohol
to 20i n said high boiling point mxture BB is not nore than
0.1 %by 52
3. The process according to claim 1 or 2, wherein a concentration of said
alcohol in said low boiling point mixture By is not less than 90 % by weight, based on

100 % by weight of said low boiling point mixture Br.

4. The process according to any one of claims 1 to 3, wherein an amount of
said low boiling point reaction mixture At continuously fed into said continuous
multi-stage distillation column B is not less than 10 ton / hr, and an amount of said

alcohol separated out is not less than 200 kg / hr.

5. The process according to any one of claims 1 to 4, wherein Ly, Dy, L1/

D4, ny, Ly, D2, Lo/ D5, and n» for said continuous multi-stage distillation column B
b1



ﬁ}ﬁ;ﬁ KAN wei ght, based on 100 % by wei ght of
ADSDsai 5 gh boiling point mxture BB. 12. The process

according to any one of clainms 1 toll, wherein said
low boiling point mxture BT is used as a raw
material for producing a dial kyl carbonate. 5 13. The
satisfpfHRCRNewRRLrfule: Bo0asy Long 2600] #20B<1D40=1200,5 = Li/Dy
wherein said high boiling point mxture BB is
< t knyousd ywaf hnkoy sakd truQuUp., Nl bppsisage <
- 208?2“"1 Ilhgt To%ségﬁg?m—ALgnH tsﬁgﬂg -che_d 2% a ng'r??n_g' L2/ Do
eri rnt tr teridi | 0 14. The
30, 4%0&% af:@o%’d%gl‘zt gﬂ‘g?} ﬁ_‘nclej15%e%+§|r\]r9| "1 to 13,
wherein heat in said |ow boiling point reaction
m xture AT withdrawn in the gaseous formis used to
heat the starting material for the transeste ifi,ca%i,on
5 r et T PreeessAcsosding te aRy cRg i staims 1 fa 3¢ wherein the internal
distillation colum A 15 15. The process according to
in eacingf thestrippiog seation and thet engdehimeniosadtionoefsaid continuous
mul ti-stage distillation colum A conprises a
multi-stageadistilatibadohgmia Boisi a tray aedbbr @ packing.above and bel ow
a cylindrical trunk portion having a length L (cm and
an inside diameter D (cm and having an internal wth
a nunber of stages n thereinside, and conprises a gas

ouy | e*i'PQ ?ﬁéé&saébdoﬁh o @A, Shheteinl $@infimalNe @A d¥the
u or 20

the co in an upper portion of the col um

10 stripp}fEffegBf 4P inenchdhy gbtich of S brfub0S kifhi-stage.
.. lower portion,of, the colum near thereto, at |east
distillahin ‘F‘HB@” DR i n the upper portion and/or a

central portion of the colum below the gas outlet,

and at | east one inlet provided in the | ower portion

of the colum above the liquid outlet, wherein L, D,

L 8. DI'ha precessiaccending tp apy osg: ofsigimsni to Zowhereig e g

formul ae: 1500 <_ L 5 8000 (9) 53 A0501 UP15 KAN 100
concentitionXfGid aphobiny daid bighlkgiling point mixture Bg is not more than

15 0.2 % by weight, based on 100 % by weight of said high boiling point mixture Be.

9. The process according to any one of claims 1 to 7, wherein the
concentration of said alcohol in said low boiling point mixture Bt is not less than
95 % by weight, based on 100 % by weight of said low boiling point mixture Br.
20
10. The process according to any one of claims 1 to 9, wherein the
concentration of said alcohol in said low boiling point mixture Bt is not less than

97 % by weight, based on 100 % by weight of said low boiling point mixture Br.

25 11. The process according to any one of claims 1 to 10, wherein the

content of said alcohol in said high boiling point mixture Bg is not more than 0.1 % by
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Aoso?@mgif@\,qlm 5D/ d, 30 (13), and 5 3 D d2 20 (14).
. The process accordl ng to any one of clains |I to

15, wherein a nolar ration of the dial kyl carbonate
fed into said continuous nmulti-stage distillation
colum A to the aromati c nohohydroxy conpound is in a
weight avareedodn fl00 % By wdighBofasaid high Boiling point veixture Ba.
distillation in said continuous nulti-stage
distillation colum Ais carried out at a tenperature
of from100 to 350 C and at a pressure of fromO0.1 Pa

1012 XTAQ prodéds adording to any one of claims 1 to 11, wherein said low

boiling point mixture Bt is used as a raw material for producing a dialkyl carbonate.

13. The process according to any one of claims 1 to 12, wherein said high
boiling point mixture Bg is continuously fed into said continuous multi-stage

distillation column A and thus used as a starting material for the transesterification.

14. The process according to any one of claims 1 to 13, wherein heat in
said low boiling point reaction mixture Ar withdrawn in the gaseous form is used to
heat the starting material for the transesterification reaction fed into said continuous

multi-stage distillation column A.

15. The process according to any one of claims 1 to 14, said continuous
multi-stage distillation column A comprises a structure having a pair of end plates
above and below a cylindrical trunk portion having a length L (cm) and an inside
diameter D (cm) and having an internal with a number of stages n thereinside, and
comprises a gas outlet having an inside diameter d, (cm) at the top of the column or
in an upper portion of the column near thereto, a liquid outlet having an inside
diameter d, (cm) at the bottom of the column or in a lower portion of the column near
thereto, at least one inlet provided in the upper portion and/or a central portion of the
column below the gas outlet, and at least one inlet provided in the lower portion of
the column above the liquid outlet, wherein L, D, L/ D, n, D/ dy and D / d; satisfy the

following formulae:

1500 = L = 8000 €2)]
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100 = D= 2000 (10)
2 < L/D < 40 (11)
20 < n < 120 (12)
5 < D/d = 30 (13), and
3 <D/d <20 (14).

16. The process according to any one of claims 1 to 15, wherein a molar
ration of the dialkyl carbonate fed into said continuous multi-stage distillation column
A to the aromatic mohohydroxy compound is in a range of from 0.5 to 3 and the
reactive distillation in said continuous mutti-stage distillation column A is carried out
at a temperature of from 100 to 350 C and at a pressure of from 0.1 Pa to 2 x 107

Pa.
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