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DESCRI PTI ON PROCESS FOR PRODUCI NG AROVATI C POLYCARBONATE RESI N
[Field of the Invention] This invention relates to a process for
producing an 5 aronmatic pol ycarbonate resin and, nore specifically, to a
process for prggygigeg an aromati c pol ycarbonate resin, WO TRIPITIONRr | Ses
the step of nelt pol ycondensing an aromati ¢ di hydroxy conpound and an
aromatic carbonic acid di ester and which all ows continuous operation to
be 10 perforned on an industrial scal EEFERIEFIHo| onged peri od of tine.
[Prior Art] Aromati c pol ycarbonate resins have excel |l ent

mechani cal properti iéﬁgﬁ Shobee el | ent
heat resistance and%§P§§§%£$§%cy, an&fqgr}éﬁ(5 mﬁg§?¥€%§%%égg§§E§gﬁding
material. Such aromatic pol ycarbonate resins are produced by known

net hods i ncl pei ooy ¥ ivakenhashedomet hod in which an aromatic
dihydroxy conmpound sych as_bi sphenol 'g:%llomed to react 20 gjrect! wth
phosgene; and a ne|t%§BFy&8H88ﬁ§%?|Eﬁ#a & ﬁﬁt?mﬁqu?%ﬁh%8ﬁ BRCR G i
di hydr oxy conpouadomaicic avlycarbpspberrssiandndn rmauenebiecifacdbhy ¢ taxiad
di ester such as procddPhY breatbongten Hrdmatbl 8dBBonRL8SEEE1.£XChange
which comprises the step of melt polycondensing an
aromatic dihydroxy compound and an aromatic carbonic acid
diester and which allows continuous operation to be
10 performed on an industrial scale for a prolonged period
of time.
[Prior Art]
Aromatic polycarbonate resins have excellent
mechanical properties such as impact resistance as well
15 as excellent heat resistance and transparency, and are
widely used as a molding material. Such aromatic
polycarbonate resins are produced by known methods
including an interfacial method in which an aromatic
dihvdroxy compound such as bisphenol is alliowed to rsact
20 directly with phosgene; and a melt polycondensation
method in which an aromatic dihydroxy compound such as
bisphenol and an aromatic carbonic acid diester such as
diphenyl carbonate are subjected to an ester exchange
reaction in a molten state.
25 Of these production methods, the method of producing
a polycarbonate by subjecting an aromatic dihydroxy
compound and an arocmatic carbonic acid diester to an
ester exchange reaction is one in which an aromatic
dihydroxy compound and an aromatic carbonic acid diester
30 are heated up to 250 to 330°C to melt and subjected to an
ester exchange reaction, in a molten state, at a reduced
pressure in the presence of a cataiyst such as an organic
acid salt, inorganic acld salt, hydroxide, hydride or
alcoholate of a metal.
35 In this ester exchange reaction, the operation of
recovering the vapor of an aromatic monohydroxy.campound
as a by-product by a condenser is reguired and a scrubber



reaction in a nolten state. 25 O these production nethods, the

nmet hod of producing a pol ycarbonate by subjecting an aromatic di hydroxy
conpound and an aromatic carbonic acid diester to an ester exchange
reaction is one in which an aromatic di hydr oxy conpound and an aromatic
carbonic aci dydbgsshsr 30 are heated up to 250 to 330[err] feipon@lt and
subjected to an ester exchange reaction, in a nolten state, at a
reduced pressure in the presence of a catalyst such as an organic

acid salt, inorganic acid salt, hydroxide2 hydride or al cohol ate of a
metal . 35 In this ester exchange reaction, the operation of
recovering the VEpforcoieasesr Bith USAMGhFEPSRY FHFGdFdmonohgiraxy

tFJ)xé-T 535 ggg/cg byzac&@uiﬁm@rs. bSs&Lab 1Rsl s\%ldtaoﬁcwhm@me as the WO 97/ 38039
117 ty nden Lch es .a _cool ed tic

mononydr oxy - CESRRSERG SRR Boreg o o Pe RRkef L IR

condenser. Howesegmatgion oenphEdrexe A4awpopsidntsotigthe the tampemature of

nonohydr oxy Lonpoiingduboihghsoibeidemendtube ofrHidikatier ubhifg sol ution
cannot be sufficient ecov§&¥ﬁeff|C|ency is | ow

|y | owered ereby the
and it is g4 Fheorﬁﬁ?ﬁ%iﬁrﬁégiﬁéﬁPég g? iQﬂhﬁP reSsure
requi red for théifiastlitone maintain ddegrbecof heedvade ppesbbhens, JP- A

6- 065367 (the tfgéﬂired for the reaction.
To solve the above problems, JP-A 6-065367 (the term
10 "JP-A" as used herein means an "unexamined published
Japanese patent application®) proposes a process which
uses a high-belling and low-melting compound other than
the by-produced aromatic moncohydroxy compound as a
scrubbing scolution. This publication lists tetraethylene
15 glycol, dibenzyl toluene and mono- or dialkyl-substituted
diphenyl ether in which the alkyl group has 8 to 18
carbon atoms as specific examples of the compound used as
the scrubbing soluticn.
However, in this process, the scrubbing solution
20 must be recycled after separating the by-produced
aromatic monohydroxy compound from a large amount of the
scrubbing solution. And, generally, the scrubbing
solution must be recycled in an amount of hundreds times
the quantity of the by-produced aromatic composition in
25 order to achieve sufficient scrubbing. Consequently,
this progess invites increases in equlpment costs and
energy load, which are industrially disadvantageous.
Further, 1t cannot be said that the above process is
suitable for a long-time continuocus operation when it is
30 carried out on an industrial scale. In other words, the
above process makes impossible a long-time stable
operation because unreacted products and oligomers
contained in the vapor of the aromatic monchydroxy
compound discharged from the reaction system are
35 solidified, accumulated in the scrubber and deposited in
a bottom portion of the scrubber, thereby clogging up an
exhaust line. The solidification of the unreacted



10 "JP-A" as used herein neans an "unexam ned published Japanese patent

application") proposes a process which uses a high-boiling and

| ow- nel ti ng conpound ot her than t he by-produced aronmatic nonohydroxy
conpound as a scrubbing solution. This publication lists tetraethyl ene
15 gl ycol, di lvemgyigesvol uene and nono- or dial kyl - substi t ut eccraperdiphenyl
ether in which the alkyl group has 8 to 18 carbon atons as specific
exanpl es of the compound used as t he scrubbing sol ution.

However, in this process, the scrubbing sofution 20 nmust be recycled after
se aratin t he by-produce romatic hydr o ound froma Iarge
angunt ofgthe Sg%é?F%bBP g% AT AN, g@% P¥§ ELHEEEAg e

sol ution nust bdlapepdcbedtha ewmﬁnaﬂnﬂpno&n@Lﬁuﬂuaiiltyn@s the schrabbdagtity
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scrubbi ng. Consequent hi's process 1 nvites Increases In equipnent
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Further, it Ganngodesssapdgéhal ddimmmbeyeliar 8% 403 and ﬁwﬁ:@@ enbher a
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scale. In other wor PoCess makes I Aposaib -tine
stabl e oper&‘i‘bﬁll?&saéséfw eadleyg pE oeRrtiNueNg @WW@‘TS in cont ai ned

in the vapor of dhpaeenabh§e MONABINBXY, lingzOompoyog. di scharged fromthe
reaction systemare 35 solidified, accunulated in the scrubber and
deposited in a botton1port|on of the scrubber, thereby clogging up an
exhaust |inel0 T e unreacted

It 1s therefore a first object of the present

invention to provide a process which uses a scrubber type
condenser having excellent recovery efficiency and a
scrubbing solution essentially composed of an aromatic

15 monohydroxy compound in the steps of solidifying and
recovering the vapor of the aromatic monohydroxy compound
discharged from the reaction system in the melt
polycondensation method.

It is a second object of the present invention to

20 provide a production process of an aromatic polycarbonate
resin which allows a long-time stable operation to be
done because an unreacted product and oligomer contained
in the vapor are not solidified in recovering the wvapor
of the aromatic monohydroxy compound in the melt

25 polyvcondensation method.

It is a third object of the present invention to
provide a production process of an aromatic polycarbonate
resin which makes 1t possible to reduce equipment costs
and operation energy costs for the recycling of the

30 scrubbing solution for the recovery of the vapor of the
aromatic monohydroxy compound in the melt
polycondensation method.

According to studies conducted by the inventors of
the present inventlon, it was found that the above

35 objects of the present invention can be attained by a
process for producing an aromatic polycarbonate resin by
melt polycondensing an aromatic dihydroxy compound and an
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3 product and the ol i gUNEShed: Rd 6 ELMRDEr 1S [CONSTHGRGHE0 depend
on the conposition and solubi H' crubblng NHE OV L gsﬁh%Labove
publ i cation describes that s ﬁ/! ’ | cati on ‘ecetrs—+ bber
in the above wbspsmeeess (pag | i nes 36-40) anokt,ygg;;—}w{nthat
the line in the bottom portion of the scrubber began to get cl ogged
after 7 days of.continuous operation in Exanpl es (page 4, colunm 6,

| i nes 30-40). 10 Summary of the I nven#ion It is therefore a
first object of the present i nvention to provide a process which uses a
scrubber type 2arom@§afeR3EPOMLE|atdeidestert whammier p sikterency and a

scr ubbi gg sol lﬁtsmmaﬁeﬁbnaﬂmxﬁrﬂ)ﬁs%&é@f aﬁhﬁi@%h@h}éﬁm@mhydr?xyh
conpound in t of _s an recovering.the vapor of the
aromati c nonohyt rg’%%go%r%og%a& nyatg‘ @ﬁ&?ﬁ%%r?’fﬂ'orﬁ“mﬁ’a‘-‘géa%m &femin

the melt poispsoadEnsation suaterdas a main cdmponsna an@ond obJect of the
present invent |&%etz(in§0p9iz%’| &@&ﬂa‘ﬂ@u%.’c Ofhd Rt f
pol ycar bonat e resi_n which |l ows a |ong-tine sta eralo to be

done because arFUfRPELE: &8 ’fﬁ?ﬁif& 3 FEEBPP oJugH OB ﬁ@@ he KegoVREYvapor
are not solidi fafedhienaresaves intdhiyereapotompoundf Hyhgraaﬁwﬁﬂif&omoaggydroxy

compound i n the.Jglel A5 POL Y ensat, is athird
obj ect of the presem? |nventr|&g£r31"dto Bg?gﬁ% °°8r“8 i on process of an
aromati c pol ycarbonate resin V\:hl ch makes it possi bI e to reduce

equi pnrent cifist DetailaddDeperad Fe t:H pedricifopr the recycling of the 30
scr ubbi ng sol ution &’Ré fni:@sérﬁ.c(l\ﬁge\(ltggntfg a/e%%%lbed in detail

hereinafter.

The aromatic polycarbonate resin of the present
invention is produced by the melt polycondensation method.

15 One of starting materials used in the method ig an
aromatic dihydroxy compound. Illustrative examples of
the aromatic dihvdroxy compound include bis{4-
hydroxyphenylimethane, 2,2-bis(4-
hydroxyphenyl)propane[bisphencl A}, 2,2-bis(4-hydroxy-3-

20 methylphenyl)propane, 4,4-bls{4-hydroxyphenyl)heptane,
2,2-bis{4-hydroxy-3,5~-dichlorophenyl)propane, 2,2-bis(4-
hydroxy-3,5-dibromephenvl)propane, bis(4-
hydroxyphenyl)oxide, bis{3,5-dichloro-4-
hydroxyphenylloxide, p.p'-dihydroxydiphenyl, 3,3'-

25 dichlioro-4,4'-dihydroxydiphenyl, bis(4-
hydroxyphenyllsulfone, bis{3,5-dimethyl-4-~
hydroxzyphenyl)sulfone, dihydroxybenzene, resorcinocl,
hydrogquinone, 1,4-dihydroxy-2,5-dichlorobenzene, 1,4-
dihydroxy~-3-methylbenzene, bis{4-hydroxyphenyl}sulfide,

30 bis{4-hydroxyphenyl)sulfoxide and the like. Of these,

- bis{hydroxyaryljalkanes such as 2,2-bis(4-
hydroxyphenyl )propane are particularly preferred.
Illustrative examples of the aromatic carbonic acid
diester used as the other starting material include

35 diphenyl carbonate, dinaphthyl carbonate and
bis(diphenyl)carbonate, of which diphenyl carbonate is
particularly preferred.



aromat i ¢ nmonohydr oxy conpound in the nelt pol ycondensati on mnet hod.
According to studies conducted by the inventors of t he present
invention, it was found that the above 35 objects of the present invention
can be attained by a process for producing an aromatic pol ycarbonate
resin by n®ols7me@kodycondensi ng an aromati ¢ di hydr oxy conpoerwdsearnelizn

4 aromatic carbonic acid diester, wherein a m xture solution containing
the sane aromati ¢ nonohydroxy conpound as an aromati ¢ nonohydroxy conpound
by- produced fromthe reaction systemas a main conponent and a

freezi ng-poi nt depressant for the aromati ¢ nonghydroxy conpound js used as
a scrubbi ng sol uti on $&ReTad Yr e EBS S8 HPUFECRE ﬁ%?“nﬁﬁgﬁ§%ﬁQ»éf conmpound
by- produced fronckheigdanit Gy sysitetudy whider hbbeind .y phec andeasss .

Det ai | ed Descri pti Qg l ti eﬁgq{ l,nv k OfL

descrj bed in det gllﬁ{’)%lgérxé?it na g\r{lﬁa afd %ee agr-gggr%?%c po O;I}ci%r gg%aat(ie&%%sﬁrn of

t he present invehtfieh FasdusiesdpEegsuye t b @@ plpergeddawsabesnl mithod. One
of starting natepistslusef JiF the pelfeshucedanranormd ndndhidsexy conpound.
II'lustrative exam es O the aromatic di hydroxy conmpound i ncl ude bis(4-
hydr oxypheny! ) rePR&R2*%, 2 -bis (4- hydroxyphenyl ) propanet bi sphenol A],

2, 2-bi s(4- hydroxy-3- To increase the polymerization rate, a catalyst may

be used. Illustrative examples of the catalyst include
hydroxides of alkali metals and alkali earth metals such
10 as sodium hydroxide and potassium hydroxide; alkall metal
salts, alkali earth metal salts and quaternary ammonlum
salts of hvdroxides of boron and aluminum; alkoxides of
alkali metals and alkall earth metals: organic acid salts
of alkali metals and alkall earth metals; zinc compounds:
15 boron compounds: sllicon compounds; germanium compounds;
organic tin compounds; lead compounds; onium compounds;
antimony compounds; manganese compounds; titanium
compounds: zirconium compounds: and the like, all of
which are generally used in an esterification reaction
20 and ester exchange reaction. However, the catalyst is
not iimited to these. The above substances may be used
alone or in combination of two or more. The amount of
the catalyst is 10°8% to 10-3 moles, preferably 10°7 to 5 x
10-4 moles, more preferably 5 x 10°7 to 2 x 10°4% moles per
25 1 mole of the arcmatic dihydroxy compound as & starting
material,

In the above process of producing an aromatic
polycarbonate resin by the melt polycondensation method
according to the present invention, the polycondensation

30 reaction is carried out while the by-produced arcmatic
monohydroxy compound is discharged to the outside of the
reaction system in the form of vapor. The vapor of the
aromatic monohydroxy compound digcharged to the outside
of the reaction system is recovered in a scrubber type

35 condenser.

The present inventieon is advantageously applied when
the discharged vapor of the aromatic monohydroxy compound



met hyl phenyl ) propane, 4, 4-bi s(4-hydroxyphenyl ) hept ane,

2, 2- bi s(4- hydroxy- 3, 5-di chl orophenyl ) propane, 2, 2-bis(4-

hydr oxy- 3, 5- di br onophenyl ) propane, bi s(4- hydroxyphenyl ) oxi de,

bi s(3, 5-di chl oro-4- hydroxyphenyl)oxi de, pp -di hydroxydi phenyl, 3,3'-

di chl or o- 4, 4'wal¢dmsgssoxydi phenyl, bi s(4- hydroxyphenyl ) sul fqiﬁlmmun

bi s( 3, 5-di net hyl - 4- hydroxyphenyl)sulfone di hydr oxybenzene, resorcinol,
hydr oqui none, 1, 4-di hydroxy- 2, 5-di chl orobenzene, 1, 4-

di hydr oxy- 3- net hyl benzene, bis(4 hydr oxyplenyl ) sul fi de,

bi s(4- hydroxyphenyl ) sul foxi de and the like. O these,

bi s(hydr oxyar yl9falsuest saéhrazcered)iad( 3- rﬁqmmmayrg propete are
particul arly pnafgidredhnan. 1,000 | pst I’;&Telf&@aﬂl?m@%i@hekh@h@f{ o |Pc;a car boni c

acid diester th stcrtln mat er i i nc di phenyl

car bonat e, dlnzﬁﬁkqfﬁhech %E§§r E ge arpfen )Qﬁffﬁgﬁgt%F Bie

di phenyl car bor’i’éﬁéﬂl’s Iﬁéﬂ??éuﬂ%@#%ﬂqﬁr eﬂ:&;er temperature oﬂ\a@a?/ﬁ&@ﬂﬂnng

PCT/JP97/01$72501ut10n needs to be 10 to 50°C, prefirably 20 to Rperally, the
i

mel t pol yconden |on re ction is carried ‘out rring, while
heating, the a °H|E?TP?B&FWHSWpGBﬁdr%ﬁﬂYQH%Q aFQWﬁﬁ%Q: car boni ¢ acid
di ester unakemormdfumaﬂ poessund® i@ BoandnfisdgemkahgosphErsyiand 5

distilling off Jhe iBvoRE0dpees: aspmat i ¢ nonohydr oxy

However, in the present invention, the

10 solidification of the recovered aromatic monohydroxy
compound can be prevented by using the aromatic
monohydroxy compound containing a freezing-point
depressant as the scrubbing sclution, thus making
possible not only stable continuous operation but also

15 the handling of an unreacted product and an oligomer
discharged to the outside of the reaction system together
with the vapor of the aromatic monchydroxy compound in a
molten state and in a form not solidified. Therefore,
according to the present invention, the operation of the

20 scrubber type condenser can be carried out continuocusly
and stably for a prolonged time.

The scrubbing solutlon used in the scrubber type
condenser of the present inventicon is a mixture solution
containing the same aromatic monohydroxy compound as the

25 aromatic monohydroxy compound by-produced from the
reaction system as a main component and a freezing-point
depressant. The content of the freezing-point depressant
is in the range of 0.5 to 50 % by weight, preferably 1 to
30 % by weilght, based on the scrubbing solution.

30 When the proportion of the freezing-point depressant
added is less than 0.5 % by weight of the scrubbing
solution, the freezing point of the scrubbing solution
cannot be sufficiently lowered and in conseguence, the
scrubbing solution is liable to solidify. When the

35 proportion of the freezing-point depressant is more than
50 % by weight, disadvantageously, costs required for the
recovery and recycling of the freezing-point depressant



conpound. To increase the polynerization rate, a catalyst may

be used. Illustrative exanples of the catal yst include hydr oxi des of

al kali metals and alkali earth metals such 10 as sodi um hydroxi de and

pot assi um hydr oxi de; al kali netal salts, alkali earth nmetal salts and
guat ernary anmwopusge3e salts of hydroxi des of boron and al wommesioir72

al koxi des of al kali nmetals and alkali earth netals; organic acid salts
of alkali netals and alkali earth netals; zinc conpounds; 15 boron
conpounds; silicon conpounds; gernaniun1coﬁpounds organic tin

conpounds; |ead conpaunds; Mm.co ant.i unds
manganese corrpo r{;p r&t %o ﬁ# g 15 gﬁﬁ%@ﬁdgc’ Oz‘fcrucroﬁuﬁrr?%d‘r?%%&fn Latﬁd t he
i ke, all of Swﬂuhﬂiiiweogeﬁhﬂeﬂﬂ#gomsﬁd in an esterification reaction 20

and ester exchange reag! kePun %%ﬁutibﬁ E@ﬁéﬁiﬁ%tthé aromat@l |imted to
t hese. The above substances one or in conbination of two

of more.  The andioRLeny RESEIIpeE Matn GraRRerh Ho b HPRIstasn
preferably 1G] erof 300t 29.5 %18 everightol psefematayprefes asl v Byx 10[err] to
2 x 10[err] nol e RBf 25 1 nole of the aromatic di hydroxy conpound as a
starting mat eria I n the above process of producing an
aromatic poIycarH&n&ﬁeaﬂgéq?ﬁﬂﬁfuﬁhéhﬁﬁl?hﬁxﬁFFGGﬁ%Eﬂﬂﬁﬁﬂton net hod
according to theiqgeseanti ovetdimed inhehpobyoubtdeins abi vt 30 pregashboy i S
carried out while élth b@éégégd#ﬁ%ﬁ& YOMBL Cowar otigg;@x%ag__%rrpound 'S

di scharged to the o reactron systemin the Tormof vapor.

The vapor oflk hepreferabdialie %M&IOEFEW oreferatdad 226 the

out 3 i de of t:hm"raaaeahu@lﬁ ﬁyﬁﬁ@mpr&s@aeeyeixedme& afsg{élbiwra&iaﬁd?»ah
condenser. [.e t QN 1S tageo a en
the di scharged V% If)eosrsur %ﬁ %ggosrﬁa u‘ﬁ%@E %gﬂedc 8%%’&‘#}% 2RycTing

of the scrubbing solution by a distillatlcn operation.

The freezing-point depressant can he a glycol

15 represented by the following general formula (1).

HO-(R-0),-H (1)
wherein R ls -CqHs- or ~C3Hg- {which may be elther
~-CHCH3-CHy~ or ~CH3CHaCHz-) and n is an integer of 1 to 5.

Illustrative examples of the glyceol include

20 diethylene glycol, triethylene glycocl, tetraethylene
glycol, hexaethylene glycel, propvlene glycol,
trimethylene glveol and dipropylene glycel. OFf these,
dlethylene glycol, triethylene glycol and a mixture
thereof are preferred.

25 In the present invention, the above freezing-point
depressants may be used alone or in combination of two or
more. When only one freezing-point depressant is used,
triethylene glycol is the most preferred. When a
plurality of freezing-point depressants are used in

30 combination, the total weight of the freezing-point
depressants needs to be within the above range.

The aromatic monohydroxy compound used in the
scrubbing solution in the present invention is the same
as the by-produced aromatic monohydroxy compound. The

35 by-produced aromatic monchydroxy compound, which differs
depending on the arcmatic carbenic acid diester used, is
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6 I s sucked and recovered at a reduced pressure of not hi gher than
1,000 Pa, preferably not higher than 500 Pa. When the scrubber type
condenser is operated at such a hi ghly reduced pressure, the

t enper at ure ovovhmemcrubbing 5 solution needs to be 10 t edadesidle.
preferably 20 to 30[err]C. At such a |l ow tenperature, the recovered
aromatic nonohydr oxy conpound is solidified, making difficult

conti nuous operation. However, i#é the present invention, the 10
solidification Qf the recovered aromati c nonohydroxy conpound can be

prevented by ufPRGOLnEReR SRRy caxBRRalR rick Psednpprpkit tUntwiies ng a
freezi ng- poi nt dinaptépybssariorat o He ssedbiidghenlut biodnot RikenmakKi Ng

i bl t ' ' but al 15 the handli f
possi bl e not og (ag_ag%%g%b{g}g%%rggeﬁg;ﬁon ut al so e handling o

an unreact ed product scharged to the outside of the
reaction system togBEhEhe SCTURbey thpe\efRstengert Reedrionutiec prmesehydr oxy
conpound in3a invenblibemasy dlee vard barﬁoﬁéﬂﬂ?y%@to§0$éﬂﬁéﬂéﬂis EQ%%EEQre’
according to the e |.nv i on.,the operation of t 20 scrubber type
condenser can %e3@55§iéﬁﬁéﬁh‘%§§ntﬁ &ougV§£1 CYCARB® STHBIRPHOr V& SHEEonged
tinme. seRubBer vl ridees dildrei. onf uslsilbl @ sheaycrtawberig ype

condenser of theepeeseal naVEALi 88 iife AYIELMES SHIH is@Bubp ngont aining the
e 25 aromatic nmonohydroxy conpound

sanme aromati ¢ nonoh droxy compound as_th ]
by- produced fré Pﬁgon + ﬁEﬁ%@l%ﬁesy§?@WVé§&§eﬁﬁ?ﬁ“dﬁﬁb&ﬁbﬁ@r§ﬁada
freezi ng- pdPnt out ideypreiumnttypiseofonvmidnseirst he freezi ng- poi nt depressant
Methods for controlling and adjusting the
concentrations of the aromatic monchydroxy compound and
the freezing-point depressant contained in the scrubbing
solution in the present invention include a method in

15 which the freezing-point depressant is continuously added
to the scrubbing solution to keep constant the
concentration thereof; a method in which the freezing-
point depressant is intermittently added to the scrubbing
solution to keep the concentration thereof in a specific

20 range; and the like. The method used in the present
invention is not particularly limited. However,
whichever method is used, 1t is necessary to keep the
concentrations of the aromatic monohydroxy compound and
the freezing-point depressant within the above ranges.

25 The scrubbing solution is operated at 10 to 50°C,
preferably 20 to 30°C. When the temperature of the
scrubbing solution i1s lower than 10°C, the aromatic
monohydroxy compound contained in the scrubbing sclution
will separate out unless the amount of the freezing-point

30 depressant is increased, whereby the clogging of a spray
or the like will readlly occur. When the temperaturs of
the scrubbing solution exceeds 50°C, it will be difficult
to maintain the degree of reduced pressure in the system
and the recovery efficlency will lower.

35 Wnen the degree of refuced pressure in the condenser
is generally not more than 1,000 Pa, preferably not more
than 500 Pa, the melting point and boiling point of the



is in the range of 0.5 to 50 % by weight, preferably 1 to 30 % by

wei ght, based on the scrubbing solution. 30 When the proportion of

t he freezi ng-poi nt depressant added is less than 0.5 % by wei ght of the
scrubbi ng solution, the freezing point of the scrubbing solution

cannot be suf fwopmstdey | owered and in consequence, the SOTURHVoNL2
solution is liable to solidify. Wien the 35 proportion of the

freezi ng-point depressant is nore than 50 % by wei ght,

di sadvant ageously, costs required for the 5 recovery and recycling of the
freezi ng- poi nt depressant VWO 97/38039
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The scrubbing solugi&uy %@%ﬁ%ﬁ@eé@@’}ar Oﬁé' ggree E@”QQ&Q&%)@&QQH?HW as_a
mai n conponent in a propor.t to 9

2 % g preferably 70
to 99 % by wef rthUIar ¥ p??f?¥§ VARt SRSt 1%%% hB&f r eezi ng- poi nt
depressant coht ai ned Wirert lae post it atgpendl @i mandeoroaf ehabbyrubbidgas a boiling

point of not |o a'%?&z g ar khE f’%%’&e‘héoi%%’ﬁrﬁgﬁhalgft9“*350[e”] C

particularly prefer normal pressure, in
vi ew of the oper@?mﬁﬁﬂser §P§§sﬂﬂéﬁ%ﬁﬂﬁ:ﬁér Eiemplan-spparabiefer®ér and the

recycling of s&PepSiGidiF RBeSHhslld Qitolyit dath SédildedliaBle PP@MEL i ON.
method can be used without restrictions on the present
10 invention. Purificaticon-separation means include
distillation, crystallization and the like and scrapping
means include combustion and the like. Whichever post-
treatment is made, it is important to reduce costs and
energy load. Since the amount of the freezing-point
15 depressant used is small in the present invention, it is
possible to minimize the costs.
A preferred post-treatment of the scrubbing solution
is described with reference to Fig. 1.
Phenol vapor generated from the polymerization
20 reactor is introduced into a scrubber type condenser 9
through a line 1. In the scrubber type condenser 2, a
scrubber sclution cocled in a cooler 11 is sprayed from a
spray nozzle and makes contact with the phencl vapor so
that the phenol is condensed and absorbed by the scrubber
25 solution. The scrubber solution passes through a line 3
from a lower portion of the condenser 9 and is recovered
in a scrubber scolution storage tank 10,
The scrubber solution is circulated through a line 4
and the coocler 11 by a pump. To prevent the composition
30 of the scrubber solution from being changed by the
accumulation of the phenol, part of the scrubber solution
is continucusly supplied into a fractionating column 12
through a line 5. Reference numeral 6 denotes a
- condenser.
35 In the fractionating column 12, the phenol is
recovered from a top portion of the column and the
scrubber solution is recovered from a bottom portion of



The freezing-point depressant can be a glycol 15 represented by the
follow ng general forrmula (1). HO ( RO [err]-H
(D) wherein Ris -Clerr]Herr]- or -Cerr]Herr]- (which may be either
- CHCH3- CH2- or -CH2CH2CH2-) and n is an integer of 1 to 5.
[llustrative axarpi@ds of the glycol include 20 diethylene 9+M§ﬂ%mumz

g

triethylene glycol, tetraethyl ene gl ycol, hexaet hyl ene ycol

propyl ene gl ycol,, trimethyl ene glycol and dipropylene glycol. O these,
di ethyl ene glycol, triethylene glycol andi® m xture t hereof are
preferred. 25 In the present invention, the above freezing-point

depressants maytHe G, t%? the SEHBPPAT i HUSROR WS slooled aSre. Wen
only one freezirgnpaied, d&pﬁessem&rﬂeﬁ &&edhe scribeet Byl eftory|stedages the

nost preferred., ur a |nt ressants are used
in 30 conbinati \c?ﬁgqtoﬁé:htrgtug*' 8 iig) {l%@ef rcé"g‘% g5 bd%r‘# E@pressants
needs to be wi tAHGIath@EELEFEM T BhRy Ottf’m of theeolampnhieugto moHyideo By

conpound usé&d iwhdh&hey haeeUbhé NbrvehttkheNok Nedd@aRhgSesd i nvention is the

Es?groducgz gbgﬁrb%lle%r?rg;{gﬁyd?%xgaégﬁﬁgomh dr%@% agf :glrJ ?“’t-ggg@ggndl ng on
the aromatic cdvasdi®ixc avhen dilstrecoveryl, oparation is a BABCH7HB8DAYion,
PCT/JP97/ 01172 1+ can be carried out with ease by pro¥iding a buffer
tank in the lines 5 and 7.
10
[Effect of the invention]
According to the present invention, by use of a
scrubber type condenser which uses, as a scrubbing
solution, an aromatic monohydroxy compound containing a
15 freezing-point depressant, there is provided an
industrially advantageous production process of a
polycarbonate resin. That is, the present invention
makes 1t possible to recover the aromatic monchydroxy
compound by-produced in the above production process at
20 an extremely high efficiency, enables the condenser to
maintain a high degree of reduced pressure and carry out
a long-time stable operation with a small thermal load
and allows the recovery of an aromatic monchydroxy
compound at an extremely reduced energy cost.

[Examples]

The following Examples and Comparative Examples are
given to further illustrate the present invention. "%~
in the Examples and Comparative Examples indicate "% by

30 weight” unless otherwise specified. The viscosity
average molecular weight is obtained from the following
equation by measuring the intrinsic viscosity of 0.7 g/dl
of a methylene chloride solution using an Ubbelohde's
viscometer.

35 [n] = 1.23 x 10-4 MO0.83
[Example 1]



phenol when di phenyl carbonate is used, naphthol when di napht hyl

carbonate is used and phenyl phenol when bi s(di phenyl ) carbonate is
used. As the scrubber type condenser used in the present 5

i nvention may be used various types of condensers such as a spray
tower, wet wakoewsasme, cycl one scrubber, Venturi scr ubb@cTamsy/oitie |i ke,
of which a spray tower is preferred. As far as the above-nentioned
scrubbi ng solution is used, the present invention can be carried 10

out in various types of condensers. 11 Met hods for controlling and

adj usting the concentrations of thg sronatlc nono %yy nE nd and
the freezing-point dBpFeRCSHH" ¥&ft SPREYE °?qu?yéEPﬁEiﬁ¢%fs SEHP V#Bﬁ in
t he present |nvwﬁnoamennmixrdﬂraufeahedbiaii&ydmmmmmmmmg poi nt
depressant s COYySMEHSLYARIURRs mo1k@ bECAARNN! BEraalatd 0B LO1keeD

const.ant the centration thereo He “f i eezi ng-
poi nt depresseuueQQ§VPﬁF€Fn?¥t%ﬂhﬂ%@héaﬂédAtQﬁ§9ﬁ§u§cﬁﬁb5|4&? L xd8ltion to
keep the congentacaiiivaiehbesofeiramethpcatmen i hydngeldarshsede ohi Re. The

hod d Lot ed.
12000 o0 T VR PEESCOL rorndSHLAR £ DAL UL B
concentrations cfquilpeedr vhtkid fm%hyambs@g c@ﬁ%@nd&aﬁcrem‘wiﬂﬁea by -

freezi ng- poi nt %Qfd%%%énbht%éf'|ﬂ}o§nh%héb9¥§cf?dl&&&ngzéolumn whihe %%Ubbl ng

solution is operate bl 30[err]

When the tenper &t 18F %ﬁ‘@perasm[stgr ﬁkg ﬁﬁes%%{ﬁ% ﬁ% é/c%%.é K58 uf@[err] C,
the aromati d0 wemenobgdeokivelhpedntadond aahad0° 6 eh@ YT wiplliong sol ution
will separate oq%;y@bgs§a§he anDunt of t he freezing- p0|nt 30 depressant is
I ncreased, whereby the clo or th

|n% Spr. g f& wi | | é gdlly
occur. Wen the tenpér5FAFEIYt was cFﬁE 8¢ r Ubhity 8Bk q?ﬂ? % C8BHsY5BFerr] C,
it will be diffithe moltentpolwiaxnt dilschhegddgimm dher eelticerhlpmessdieni n t he

system . and g e6oXCLycld 'vfé'z%&em%tiréﬂ&@encaf1§5equippe&/%ﬁ@ht he degree
of reduced pressure in the condenser ener a nore than 1, 000
Pa, preferaﬂPy'rﬁﬁaQﬁﬁpgating column and removing a by- p*oduced phenocl

from the fractionating column while the reaction
temperature and the degree of reduced pressure were
respectively maintained at 270°C and 10 mmHg (1,330 Pa).

The molten polymer discharged from the second

20 wvertical reaction tank was further continucusly supplied
to a horizontal reaction tank equipped with a scrubber
type condenser and a stirrer which was operated for 2
weeks while the reactlon temperature and the degree of
reduced pressure were maintained at 2%0°C and 1 mmHg (133

25 Pa), respectively.

Phenol vapor by-produced in the horizental reaction
tank was recovered by the scrubber type condenser with
the composition of the scrubbing sclution and under
operation conditions shown in Table 1.

30 During operation, part of the scrubbing solution was
extracted periodically and ethylene glycol as a freezing-
point depressant was supplied to adjust the coacentration
of ethylene glycol contained in the scrubbing solution to
20 to 28 %.

35 During 2 weeks of operatlon, changes in the degree
of reduced pressure were not observed and a polycarbonate
resin having a viscosity average meclecular weight of



than 500 Pa, the nelting point and boiling point of the WO 97/ 38039

PCT/ JP97/ 01172 9 aromatic
nonohydr oxy conpound becone close to each ot her and the freezing point
of the scrubbing solution can be reduced advant ageously. The degree of
reduced presswo®agessis particularly preferably not nore thagmn#SeRe; 5
When a post-treatnent is nmade on the scrubbing sol ution taken out from
the bottom portion of the condenser, such neans as
purification-separation and scrappi ngldbf the whol e anobunt are

concei vable. An met hod can be used without restrictions on the present
10 i nventi on. Ii}:?rqer%ét‘ﬁsoﬁb%b’é‘?%tﬁW FB&nSUFHRY (e the hegiagnladt i on,
crystal lizati onceanet ddme tienkesaawliy.cr appi ng means i ncl ude combustion and

the |ike. Wichever ol iy cpgra&:[&f‘ Rk ltﬁ?%ﬁ‘?nttﬁisreg&aroég%t 5{0 reduce

costs and ener gy 1 oad anoun reezihg-
depressant used®i% ?ﬂﬁﬂqadﬁﬁeﬁhﬂx?ﬁﬁﬁﬁﬁﬂiePﬁVéﬁY|$ﬁ$t8mtOfsthe rqﬁﬂﬁipble to

mnimze the CQSd:ﬁc were dismaﬁtmcﬁfaerdr edlspasted | et BBBhged Hdie 1M Ubbi ng

sol ution dengl mnth reference to Fig. 1. Phenol vapor
gener at ed fro e po yne I"zation 20 reactor is introduced into a scrubber
t ype condenser Operasigh vesulls are| ahewe iscMabberltype condenser 9, a
scrubber solutlon cooled in a cooler 11 is sprayed froma
[Example 2]
10 A reaction was carried out in the same manner as in

Example 1 excapt that triethylene glycol was used as a
freezing-point depresgant to be added to the scrubber
solution used in the scrubber type condenser of the
horizontal reaction tank.

15 During two weeks of operation, changes in the degree
of reduced pressure were not observed and a polycarbonate
resin having a viscosity average molecular weight of
22,500 was obtained f£rom the outlet of the horizontal
reaction tank stably.

20 After operation, when the horizontal reaction tank
and the recovery system of the reaction tank wers
dismantled and inspected, no clogged portion was observed.

Operation results are shown in Table 1 together with
those of Example 1.

25
[Comparative Example 1)

When a reaction was to be carried out in the same
manner as in Examples 1 and 2 except that no freezing-
point depressant was added to the scrubber solution in

30 the scrubber type condenser of the horizontal reaction
tank and pure phenol heated at 45°C was used as the
scrubbing solution, the degree of reduced pressure of the
horizontal reaction tank could not be maintained at 1.7
mmHg (226 Pa) or lower and by-produced phenol could not

35 ©be recovered. Therefore, continuous operation was
stopped after 20 hours.



spray nozzl e and makes contact with the phenol vapor so t hat the phenol
i s condensed and absorbed by the scrubber 25 solution. The scrubber

sol ution passes through a line 3 froma |l ower portion of the condenser
9 and is recovered in a scrubber solution storage tank 10, The
scrubber sol uwaswssms circul ated through a line 4 and t hecToeseti7a1l by a
punp. To prevent the conposition 30 of the scrubber solution from being
changed by the . accunulation of the phenol, part of the scrubber

sol ution is continuously supplied intold fractionating colum 12
through a line 5. Reference nuneral 6 denotes a condenser . %g In
the fractionating coPd¥RT19PeFRElPheithen; the nonizontal BeqGiifRm, Y88K nortion
of the col um anghd hte recseenpbeysisat werendisnarddedered fmsprctedot som

portion of . /. 380 b & denser to the
PCT/ JP97/ 01172 line éﬂ@a%élﬁg §?om the scrubber ygﬁ)con ent C to the i er

t he scrubber sol Ya¢win PemPoWREdchRIged YReHhith cbhe iFryis§al et of ndtP OF -t he
scrubber sol Wi oprSdRfeR0@henoltank 10 through a line 7. H gh-boiling

substances are puraged,off fromdi.he t fo t I h aline
8 5 when they have t r@&ﬁffgﬁt?%?‘f%tns ea%%eégimﬁ‘g Jtrhg%big grng%ée é%&hgned

val ue. Ref er encewhtimsibaisel @fdExnomptes 1 andhdater. Wien the recovery
operation is a batch operation, it can be carried out with ease by

roviding a buffer
P g [Comparative Example 2]

10 2 reaction was carried out in the same manner as in
Examples 1 and 2 except that ethylene glycol was used as
the scrubber solution in the scrubber type condenser of
the horizontal reaction tank.

puring 2 weeks of operation, changes in the degree

15 of reduced pressure were not observed and a polycarbonate
resin having an average molecular welght of 22,500 was
obtained from the outlet of the reaction device stably.

Operation results are shown in Table 1 together with
those of Examples 1 and 2 and Comparative Example 1.
20



tank in the lines 5 and 7. 10 [Effect of the invention]

According to the present invention, by use of a scrubber type condenser
whi ch uses, as a scrubbing solution, an aronmatic nonohydroxy conpound
containing a 15 freezing-point depressant, there is provided an

i ndustrial |y wagdyasgpmgeous producti on process of a ponQQﬁgﬂgﬂﬂgnresin.
t he

That is, the present invention makes it possible to recover
aromat i ¢ nonohydr oxy conmpound by- produced in the above production
process at 20 an extrenely high efficiengy, enables the condenser to
mai ntain a high degree of reduced pressure and carry out a long-tinme
stable operation with a small thermal | oad and allows the recovery of
an aromati c nonohydroxy = conpound at an extrenely reduced energy cost.
25 [ Exanpl es] The follow ng Exanples and Conparative Exanpl es
are given to flurther illustnate the pregent ignvention. 1% in the
Exanpl es and Conpar at ij\@ H¥xanpl ¢s indiicate "% K&y, 30 weight"junless
ot herwi se specifi ed. Thgrviscosi ageraggsnmlecu ar wejght is obtained
. (Y] . ) ' o ﬁ > .
fromthe foll ow ng C@(}U%IIOI’I y nmeasuring®leg ntrifsic yiscosity of 0.7
g/ dl of a net by enéi ehforide sol ufi on ugighd &n Ubbel ohde' s
vi sconeter. 35 o 12 qete]] =123 x 10[(& ] OMert] [ Exanple 1]
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A reaction was carried out by continuously supplying a nolten m xture
of 2, 2-bi s(4-hydroxyphenyl) propane (bi sphenol A), 1.05 nol es of

di phenyl carbonate, 2 x 10-6 equi val ent of a bisphenol A disodium salt
and 1 x 10[ err wdorseseval ent of tetranmethyl anmoni um hydroxi cerlpgsdiron 1
nol e of the fornmer conpound to a vertical stirring tank equi pped with a
fractionating colum, and renoving a by- produced phenol fromthe
fractionating colum while the reacti obdtenperature and the degree of

reduced pressure 10 were res ectivel%/ mai nt ai ned at 200[err] C and 100 nmHg
(13, 300 Pa). Examplen iComparatee rB%egPdBt 3 by conti nuously suppl yi ng
the mol ten pol yner digeharesdmikenrs heonmeliniagl bignmidoana andtange to a

second vertical stirrij t ank ' | t 15 fractionat i col um and
renoving a by-prB‘BE%e‘&P%ﬁéﬁb ny‘iq%gg‘g'g?%eb%r%gc I|1o{na Ollr?gg?oitﬁ%n whil e the
reaction t enpéppbenel M@ Hestaygrbrs gaterdascand e sodusiopref
respectively gai gt gi nethatyAgNienE] £ BsbrddoMkda{ o3 Ba)t and The
nol ten pol yner di schayged fromthg econd %lg’ vertical hegctlgﬁ tank was
further continuosPFy E&ameé@ht Ot BEEEHMT I EFPOTREL YR OFARR equi pped
with a scrubber disstypsd congédiesel aouitaimsing Ler2 vy cieigas ofewated dor 2
weeks while the GeRgLAON L SRS BLUperad ﬂﬂ%ﬂ%@%ﬁ@ éyntinuoﬁgﬂylc@@ Ppressure

wer e mai nt ai ned at r]C and, , respectively.

Phenol vapor by- FrE8ECRRFIIEHEREABRI ZBREEAT P¥att tity meARURARS IR er ed
by the scrubher typensorsensar thet Amount tdie thenpbspidrar]l of dthedsan ubbi ng
sol uti on and und r.At.i~Q8 @gg; i QRS QQy\Q ' e.d.

During operati on%gégr‘fa%?t}ﬂéoscr% 1 r#gi:eglgl B?I on V\Ifag mg%eﬁ%r%%t%g&ml
periodi cal |y and?et W% ddr§rtyEetyBRTiz54108, ragetor was a vertical

stirring tank equipped with a fractionating column for
separating phenol generated by polymerization and the

15 generated phenol was liquefied and recovered by a multi-
tubular type condenser which 50T hot water ran through.
Part of the phenol was returned toc a top portion of the
fractionating column as a reflux solution and the rest of
the phencl was taken oult to the outside of the system. A

20 pelymer having an extremely low degree of polymerization,
which 1s formed in the first polymerization reactor
maintained at 200C and 100 mmHg (13,300 Pa), was
extracted f£from the first polymerlzation reactor and
supplied continuously to a second polymerization reactor.

25 The second polymerization reactor had the same function
as the first polymerization reactor and was maintained at
250C and 10 mmHg (1,330 Pa) to further carry out
poiymerization. Thereafter, the obtained polymer was
continuously taken out and supplied to a third

30 polymerization reactor. The third polymerization reactor
was & horizontal single-screw stirring tank maintained at
270C and 1 mmHg (133 Pa). Generated phenol was directly
introduced into the scrubber type condenser, contacted

- with the scrubbing solution to be recovered, and removed

35 f£rom the system. A polymer generated in the third
pelymerization reactor was further supplied to a fourth
polymerization reactor continuously where polymerization



poi nt depressant was supplied to adjust the concentration of ethyl ene

gl ycol contained in the scrubbing solution to 20 to 25 % 35

During 2 weeks of operation, changes in the degree of reduced pressure
wer e not observed and a pol ycar bonat e resin having a viscosity average
mol ecul ar wei WO 97/ 38039

PCT] JPog] 01170 shime 12 22, B30 Was -
obtained fromthe outlet of the horizontal reaction tank stably.

After operation, when the horizontal reactigon tank and t he reduced

pressure/recovery systemof the reaction 5 tank were dismantl ed and
i nspect ed, no ckeggeslrpiord it untivas bisgatydegree of poly@eerastbonresults

are shown in Tapke dntained. [Exanple 2] 10 A reaction was carried out
in the sane manner as in ngge 1 except that trlethglene gl ycol was
used as a free2|?ﬁfgﬁﬂQHth@8 §Eﬁ¥aﬁ¥9nb§eéﬂﬁ%ﬁ Y&5 thaosdrablt

sol ution used i awthessow Eigrtiyge tanhdenigaaiakdt be 280°C haid zZonindl reaction
tank. 15 5 [yehng, f v, WRAkS QbnORSK Al -9 scBBFRY8S Ighe e degree
Generated phenol was directly introduced into the
scrubber type condenser and recovered in the same manner
as in the third polvmerization reactor.
The viscoslty average molecular weight of a polymer
10 from the fourth polymerization reactor was set to 22,500
and phenol (PhOH) contalning 20 % by weight of
triethylene glycol (TEG} or tetraesthylene glycol was used
as the scrubber solution to carry out s¢rubbing. After
the scrubber solution was ceooled to 20T, it was
15 circulated through the scrubber type condenser, and
polymerization was continucusly carried out for two weeks
while phenol formed by polymerization was racovered.
Phenol vapors generated £rom the third polymerization
reactor and the fourth polymerization reactor were
20 intreoduced into the scrubber type condenser. The results
are shown in Table 2 below.

Table 2
Composition Operation |CleggingiClogging
of scrubber period of vaporjof liguid
solution line line
Ex. 3 |PhOH/TEG=8/2 |Two weeks | No No
Comp. |Tetraethylena|{One week |No Slightly
Ex. 3 iglycol clogged
in about
one week
25 EX. : Example
Comp. Ex. : Comparative Example

To study the cause of the difference of clogging, a test
for the solubility of an cligomer in the scrubber

30 solution was made. The results shown in Table 3 below
were obtained.



of reduced pressure were not observed and a pol ycarbonate resin having

a viscosity average nol ecul ar wei ght of 22,500 was obtained fromthe
outl et of the horizontal reaction tank stably. 20 After
operation, when the horizontal reaction tank and the recovery system of
the reaction tamkovnsse® di smantl ed and i nspected, no cl oggaryrertitan was
observed. Qperation results are shown in Table 1 together with

t hose of Exanple 1. 25 [ Conpar ati ve Exanple 11 When a reaction
was to be carried out in the sane mannet7 as in Exanples 1 and 2 except
t hat no freezing- poi nt depressant g3 aglded to the scrubber sol ution
in 30 the scrubber type condenser of the horizontal reaction tank and

pure phenol heated at Eo&p¥$§?ﬁ§F%fagft@§sml < o&F UMERT R, Ut gn, the

degree of reduced pressure ¢ ha |22n reactlon nk d¢oul d not be
mai ntained at 1.7 utiond, ﬂnﬂ—hu pr-educed-—phenol coul d

not 35 be recovered. TRBPE ?ﬁﬁra&énnlnwéﬁ§38bﬁ?%ﬂFﬁnlﬁﬁ§ thanstopped after

20 hours. WD 97/ 38039 1.0 wt3¥ of oligomer

PCT/ JP97/ 01172 Tetraethylene Dissolved hly 0.2 wtg Afdier
operation, when the hotigzopbsl reaction {tARkomer and the recoveny system
were di smantl ed and i nspecred; da

¥When phenol containing 20 % of triethylene glycel as a

5 freezing-point depressant was used as the scrubber
solution, 1t has been found that 1t dissolves many
oligomers. Therefore, it is considered that this makes
it difficult to clog lines.

10 [Brief Explanation of Drawingl
Fig. 1 is a schematic flow chart suitable for
carrying out a post-treatment of a scrubbing solution
used in the process of the present invention.



| i ne extending fromthe scrubber t t he vacuum punp was
cl ogged up with the crystals of th%\i@'ﬁmﬁ J@,‘Hﬂh phenol W
. g ar

Operations results are shown in Ta 0 with qhose Hjikgé‘ F%%}
1 and 2. [ Conpar ati ve Exanple 2] 10 A reaction“mHS“ta+$+é@Liuu__;
in the same NpReHssed | N Exanples 1 and 2 except that etjyl 1ghycol
was used as the scrubber solution in the scrubber type condensér of

t he horizontal reaction tank. Dugpng 2 weeks of o) nges
in the degree 15 of reduced pressure mereE%ot observed aﬁgﬂﬁﬁéﬁk“%& %
resin having an average nol ecul ar wei ghtsefs 22, 500 was Lﬂﬂﬂ

the outlet of the reaction device stably. Oper at i

shown in Table 1 together with t hose of Exanples 1 and 2 and

Conpar ati ve Exarpl e 3 p26cess for prd@uBing@8A8%Rromatic polycarbonate
PCT/ JP97/ 01172 resin by melt polycondensiﬂg4an aromatic dihydroxy
compound and an aromatic carbonic acid diester, wherein a

L

mixture solution comprising the same aromatic monohydroxy
compound as a aromatic monohydroxy compound by-produced
£rom a reaction system as a main component and a
freezing-point depressant for the aromatic monohydroxy
compound 1s used as a scrubbing solution for the recovery
10 of the by-produced aromatic monohydroxy compound by a
scrubber type condenser.

2. The process of claim 1, wherein the recovery of the
aromatic monohydroxy compound by-produced from the

15 reaction system is carried out at a reduced pressure of
not higher than 1,000 Pa.

3. The process of claim 1, wherein the freezing-point
depressant has a boiling point of not lower than 190°C.
20 under a normal pressure.

4. The process of claim 1, wherein the scrubbing
solutlion contains the aromatic monchydroxy compound in a
propoxrtion of 50 to 99.5 % by weight and the freezing-

25 point depressant in a proportion of 0.5 to 50 % by weight.

5. The process of claim 1, wherein the scrubbing

solution contains the aromatic monohydroxy compound in a

proporticon of 70 to 99 % by weight and the freezing-point
30 depressant in a proportion of 1 to 30 % by weight.

6. The process of claim 1, wherein the freezing-point
depressant is a compound represented by the following
general formula {(1):

35 HO-(R-0}),-H (1)
wherein R 1s -C3H4- or -C3Hg- and n is an integer of 1 to
5.



[err] WD 97/ 38039

PCT/ JP97/ 01172 15  ..-Exanple.3 and.
Conpar ati ve Exanple 3 Hmm wm"y &‘wmﬂgont ai ni-ng ‘btsphenot A ‘and
1.02 nol e of di phenyl carbonatecbase . 1ol e of the ... .bisphenol A
as a startingwmemsd® and a solution of 5 0.01 % by wei ghttCEREPMBI7Zphenol
A di sodium salt and 0. 35 % by weight of tetranethyl anmmoni um hydroxi de
di ssol ved in phenol containing 10 % by wei ght of water as a catal yst
were prepared and supplied continuously td®a first polynerization
reactor by a quantity nmeasuring punp 10 to ensure that the anount of the

bi sphenol A di sodi um salt was 2 x 10[err] equival ent based on 1 nole of
bi sphenol A7 .TheTher propeds odr czainoh, rdactedn was Sraseringeabint
stirring tank egﬂ%ﬁg b t [ i olyyyg rat.i pg
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li quefied and r BERFEFEICHy tRE$RA t i - tubul ar type condenser which

50[ err] C hot swater ran through. Part of the phenol was returned to a
top portion of the fractionating colum as a reflux solution and the
rest of t he phenol was taken out to the outside of the system A
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20 pplyner having an extrenely |ow degree of %‘@Oyr?a?fzﬂt i on,
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ohe first
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hor iDzont ) crew stirring tank rml ﬁf‘al neg""‘m{’:ﬁLlﬁ err]C zyr‘{g 8039
mrHg (133 Pa<} rated phenol was dit f dt(-{sylnmmdam-uadbmil ntxoo&obeelgg'zas.ww)
scrubber rype—condenser—contacted —tre—scrubbtng—sotuttornr—to—be
recoveredl(za)aﬂdmmmnmﬂmﬂﬁmmemtha?cmgmnﬂnmBI 1) Pesigyane State ﬁgﬁgﬁ$§§i;§§?hamhhmud
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PCT/ JP97 g%172 Plried o was carried out
until a t B@?ﬁg ee of _pol, i i on ( ned. The
fourth pdlynmer %yvon regﬂ?ﬂﬁggégﬁgghorifg1tal mmm@%%?é%f?éﬂﬂ%tirring t ank
mai ntai ng¢d at 280[err]Cand 1 mmHg 5 (133 Pa) to stir even a high-viscosity
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(57) Abstract

A process for producing an aromatic polycarbonate resin by melt polycmdensmg an aromatic dihydroxy compound and an aromatic
carbonic acid diester, wherein 2 mixture solution comprising the same aromatic monohydroxy compound as an aromatic monohydroxy

compound by-produced from a resction system as a main component and a freezing-point depressant

t for the aromatic monohydroxy

compound, such a2 a glycol, is used as a scrubbing solution for the recovery of the by-produced arematic monohydroxy compound by a

scrubber type condenser.




Gener at ed phenol was directly introduced into the scrubber type
condenset and recovered in the same nmanner as in the third

pol ymeri zati on reactor. The viscosity average nol ecul ar wei ght of
a polymer 10 fromthe fourth polynerization reactor was set to 22,500

and phenol (Ph@ofRRgdeai Ni ng 20 % by wei ght of tri et hyl emeTyPy00i72 ( TEG
or tetraethylene glycol was used as the scrubber solution to carry out
scrubbing. Af ter t he scrubber solutiggiwas cooled to 20[err]C, it was
15 ‘circul ated through the scrubber type condenser, and pol ymeri zati on
was. continuously carried out for two weeks mhlle phenol fornmed by

pol yneri zati on was recover ed. Phenol vapors generated fromthe third
pol ymeri zati on reactor and the fourth polynerization reactor were 20

i ntroduced into the scrubber type condenser. The results are shown in

Tabl e 2 bel ow. g!: @bIF 2

Conposi tion Qperation d ogging d oggi ng™=-" of scrubber

peri od of vapor of liquid sol ution l'ine
line . Ex. 3 PhOH/ TEG=8/2 Two weeks No No Conmp
Tetraet hyl ene One week No Slightly Ex. 3 glyco

cl ogged i nyabout

one week 25 Ex. : Exanple Conmp. EX.: Cowp;%ative Exanpl e
To study the cause of the difference of clogging,[a test Tor the
solubility of an oligoner in the scrubber 30 solatyon was made. The results
shown in Table 3 bel ow wer e obt ai ned.
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17 —t Tabl e 3 Conposi tion}lpfn
of solublllty . * scrubber solution test Ph ‘ ﬁgg@&ﬁvﬂ8HEEl
Di ssol ved not | ess than 1.0 w %o of %%n85
Tetraet hyl ene Di ssol ved only 0.2 wt %,of gl ycol ’53 AUG 1999
ol i goner When phenol containing 20 "% of triethylene glycgl as a 5
freezing- poi nfn J?sc?d]%bo\fﬁ% ‘é%% %ierstESrS%HQPSSF% Tf:?é&’fé on, it has

SO ere ore, 1tL_is

been found that

consi dered trﬁﬁlquﬂanﬂﬂaﬁﬁining ¢h@|Sﬁm@uarom@tépogonvhm@raxy10 [Bri

Expl anati on Qo

ef

dﬁﬁdﬂﬂs an aromaticImohoh§daoseNesmbbEnd | Y iddcsyl t abl e

for Carrﬁkﬁﬁ1lﬁﬁ post-treatnent of a scrubbing sol ution used in

t he process

é?@ﬁFlPﬂvéﬁFFSH as a main component and a

freezing-point depressant for the aromatic monohydroxy
compound is used as a scrubbing solution for the recovery
of the aromatic monohydroxy compound by-produced from the
reaction system by a scrubber type condenser.

Detailed Description of the Invention

The present invention is described in detail
hereinafter.
The aromatic polycarbonate resin of the present

invention is produced by the melt polycondensation method.

One of starting materials used in the method is an
aromatic dihydroxy compound. Illustrative examples of
the aromatic dihydroxy compound include bis{4-
hydroxyphenyl)methane, 2,2-bis(4-
hydroxyphenyl)propane{bisphenol A}, 2,2-bis(4-hydroxy-3-
methylphenyl)propane, 4,4-bis(4-hydroxyphenyl)heptane,
2,2-bis(4-hydroxy-3,5-dichlorophenyl)propane, 2,2-bis(4-
hydroxy-3,5-dibromophenyl )propane, bis(4-
hydroxyphenyl)oxide, bis(3,5-dichloro-4-
hydroxyphenyl)oxide, p,p'-dihydroxydiphenyl, 3,3'-
‘dichloro-4,4'-dihydroxydiphenyl, bis(4-
hydroxyphenyl)sulfone, bis(3,5-dimethyl-4-
hydroxyphenyl)sulfone, dihydroxybenzene, resorcinol,
hydroquinone, 1,4-dihydroxy-2,5-dichlorobenzene, 1,4-
dihydroxy-3-methylbenzene, bis(4-hydroxyphenyl)sulfide,
bis(4-hydroxyphenyl)sulfoxide and the like. Of these,
bis(hydroxyaryl)alkanes such as 2,2-bis(4-
hydroxyphenyl)propane are particularly preferred.

Illustrative examples of the aromatic carbonic acid
diester used as the other starting material include
diphenyl carbonate., dinaphthyl carbonate and
bis(diphenyl)carbonate, of which diphenyl carbonate is
particularly preferred. |
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m Xt ure

as an aromatic

sol ution * compni skngs

CLAI M5 1. A process for producing.an . o
aromati c polycarb ' It polycondensing an aronmatic-. —_—
di hydr oxy Coﬂpouﬁmﬁgmwﬁ“mgwﬁtic carbonic acid diester, wherein_ a:

' [ thfssane aromati ¢ nonohydroxy conpound -
monohydr oxy conpound by-produced fromthe reacti on system
in the formof vapor in a proportieEA9 90 to 99.5 % by weight and B) '
freezi ng-point depressant for the aronatic nonohydroxy

proportion of 0.5 tgﬁégegos/o gr\é\%'ogné.' ia}cls rmnoﬁg ro%mnggesgs%i gp for

the recovery of the

roduc aro

scrubber typeetdnderisesndensiiy anThergaotesslibfdodyi nednpowhér and t he

recovery of the aromatic nmpnohydroxy.

systemis cafFPRRfiGut CHPoRLs e diFeRd Fgg r e g hi FREFhai®

comprising

A) the same aromatic monchydroxy compound as an aromatic
monohydroxy compound by-produced from the reaction system in the
form of vapor in a proportion of 50 to 99.5 % by weight and

B) a freezing-point depressant for the aromatic monohydroxy
compound in a proportion of 0.5 to 50 % by weight is used as a
scrubbing solution for the recovery of the by-produced arcmatic
monochydroxy compound with a scrubber type condenser.

2. The process of claim 1, wherein the recovery of the
aromatic monchydroxy compound by-produced from the
reaction system is carried out at a reduced pressure of

not higher than 1,000 Pa.

3. The process of claim 1, wherein the freezing-point
depressant has a boiling point of not lower than 190°C.

under a normal pressure.

4. The process of claim 1, wherein the scrubbing
solution contains the aromatic monohydroxy compound in a
proportion of 70 to %9 % by weight and the freezing-point

depressant in a proportion of 1 to 30 % by weight.

5. The process of claim 1, wherein the freezing-pcint
depressant is a compound represented by the following
general formula (1):

HO-{(R-0},~H (1)
wherein R is -C,yHg- or -C3Hg- and n is an integer of 1 to 5.

conmpound in a

conpound wth a

a

ound by- produced fron1%1e reaction

89 Pa.



3. The process of claim1l, wherein the freezing-point depr; Ssantl
boiling point of not |Iower than 190[err] C. under a nor nal pn"éiﬁ'sij &

The process of claim ﬂ“mﬂnﬁlﬂ“ﬂﬂﬂMErubbl ng sol ution contdifs the =1
aromati ¢ nonohydr oxy portion of 70 to 99 %jby wekght, and
the freezing-point depfesSart *n & ptoportjon of 1 to 30 % hy ’[wei ght . 5.

The process of claiml1, wherein the freezilr?g- poi nt depressant
represented by the follow ng general fornmula (1): HO
(RROJ[err]-H (1) wherein Ris -Clerr]Herr]- or -QerrJHerrJ-

and n is an inPeger Toe prpeess of claim 1, wherein the freezing-I®ints. The

process of clap ek : in i nt : ot o
glycol, triet hyﬁgr%gs\é?grgﬁgo?mgtfﬁ?;{gﬁ?eg%f&t’ﬂ'es‘g%eﬂﬁﬁﬁaéﬁe gﬁﬂ!o%_ Q%:l &n
mixture of these.
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