1 SPECI FI CATI ON PROCESS FOR PURI FYlI NG PHENOL- CONTAI NI NG Bl SPHENOL A
Technical Field The present invention relates to a process for purifying
bi sphenol A by renoving phenol from phenol- containing bisphenol A (viz.
2, 2-bi s(4- hydroxyphenyl ) propane). Background Art Bi sphenol A is an

i nportant chem cal product as a basejmaterial of polycarbonate resins,
epoxy resins and such, and is produced industrially on a | arge scale
through the reaction of phenol and acetone. For isolating bisphenol A
fromthe reaction m xture, theSPESAHIMATION ure is first concentrated
and then cooled to |l et bisphenol A crystallize as an adduct w th phenol,
and the adduct is subjected to a suitable solid/liquid separating neans

such as centrifuge to separate the crystals fromthe nother |iquor.
Thi s bi Bpbepss AORheOBIFadice PHENOLRe@UNTR TN cGarBd SPFHENOIl 122d t o separate
it into bisphenol A and phenol. Since bisphenol A tends to be thermally

deconposed and transfornmed into isopropenyl phenol or such when exposed
to a high tenperature, the distillation of the bi pshenol A/ phenol
adduct fechsépalarFieddi s usually carried out under 2 reduced pressure.
For instance, in Japanese Patent Application Laid-Open (KOKAI) No.

5- 294874, therreipredeacrihednthah tleeabiesphenal piopleersolfadduct is

nmelted and
purifying bisphenol A by removing phenol from phenol-
containing bisphenol A (viz. 2,2-bis(4-

hydroxyphenyl)propane}.

Background Art

Bisphenol A is an important chemical product as a
base material of polycarbcnate resins, epoxy resins and
such, and is produced industrially on a large scale through
the reaction of phenol and acetone. For isolating
bisphencl A from the reaction mixture, the reaction mixture
is first concentrated and then cooled to let bisphenol A
crystallize as an adduct with phenol, and the adduct is
subjected to a suitable solid/liquid separating means such
as centrifuge to separate the crystals from the mother
liquor.

This bisphenol A/phenol adduct is then melted and
distilled to separate it into bisphenol A and phenol.
Since bisphenol A tends to be thermally decomposed and
transformed into isopropenylphenol or such when exposed to
a high temperature, the distillation of the bipshenol

A/phenol adduct for separation is usually carried out under



supplied to a centrifugal thin fil mevaporator and phenol is evaporated
away under reduced pressure and a pressure of not |ower than 45 Torr.
However, in order to renove phenol sufficiently w thout nuch raising the
degree of vacuum it needs to elevate the operating tenperature, which
involves the possibility of causing $hermal deconposition of bisphenol
A. I n Japanese Patent Application Laid-Open (KOKAI) No. 6-107579, there
is described a technique in which a nelt of a bisphenol A/ phenol adduct

i s supplédattdad préssishe. evEaporatarararsl, sepalsp&tesatPategaseous phase
conprising phenol and a |iquid phase where phenol is not nore than 4%
by wei digpl gt idn SL&igudpephak@Kis) f Not her25upphi, edhteeaiscentri f ugal
thin filmevaporator to evaporate away phenol. However, for reducing the

phenol desdeitied ntlide thqubilsphbast hephwndd Byduwerght helkkdshnd
evaporation, it is necessary to evaporate a |arge anount of phenol, for

whi ch s‘d;qsltﬁeed/amratdtmtﬁeedgalOtbenCﬂMinedvaEbruﬁderaﬁdhbﬁbnodegree of
vacuum or at a high tenperature. However, flas evapor ati on under a high

degr ee iof aranpiing ey @\aalﬁeunﬁ@paf@dihﬁedOf:réisgﬁhén@hdAaOFrbB%ubbsBh‘!en0|
Al phenol adduct as a solid because of excessive drop of tenperature.
Al so, nterldveshileaapos atdon. | i vded Dutorded b Greh@FPEpRé NG B,

bi sphenol A may be deconposed when heated to produce 3 isopropenyl phenol
or suclsuffeisti iy i wishoet emboh ai &flshhe thé abyaesedfbiraphiangl iA.
Japanese Patent Application Laid-Open (KOKAI) No. 63- 275539 teaches that
when birsygincio Aeleviesovies edpérovihfetemperature, which involves
the possibility of causing thermal decomposition of
bisphenol A.
In Japanese Patent Application Laid-Open (KOKAI) No.
6-107579, there is described a technique in which a melt of
a bisphenol A/phenol adduct is supplied to a flash
evaporator and separated into a gaseous phase comprising
phenol and a liquid phase where phenol is not more than 4%
by weight, and this ligquid phase is further supplied to a
centrifugal thin film evaporator to evaporate away phenol.
However, for reducing the phenol content in the liquid
phase below 4% by weight by flash evaporation, it is
necessary to evaporate a large amount of phenol, for which
flash evaporation needs to be carried out under a high
degree of vacuum or at a high temperature. However, flash
evaporation under a high degree of vacuum may cause
separating of bisphenol A or the bisphenol A/phenol adduct
as a solid because of excessive drop of temperature. Also,

when flash evaporation is carried out at a high temperature,

bisphenol A may be decomposed when heated to produce



bottom of a distillation colum, part of the bottom product is
circulated and fed back into the said distillation colum along with the
crystals or nelt, or their mxture, of the said adduct, and al so states
that it is preferable to heat the circulating Iiquid by an anount of
heat necessary for causing evaporation of phenol in the above operation.
However, in case where the circulating liquid is heated for the purpose
of evaporating a | arge anmount of residual phenol in the flasher system
it is necesspentiphdeal dhesbcelgui deswl aingxiess degereorsovetihhtiet he
above proposal can not be said the best nethod. As viewed above, many
proposafs dmeei e b hsteeoml the net hod of harvesting bi sphenol A from
phenol - contai ni ng bi sphenol A by evaporating phenol, but none of themis
enough sati sfraiaiese Avoosch nighyl 1d dei gt eSend-Opwent KOKAI 5 Nont éhded to
provide an inproved nethod of obtaining purified bisphenol A by
evapor #79ER pheswd hd ¢ ofh pheviodn IoDHbleembd Noa bi sphetoleredBf reh Drecription
of Drawings FIG 1 is a flow sheet illustrating an enbodi nent of the
presentpgynmntdOra & iPlasienfeovumheegpastonf ngha botpemaprwduexanpl e.
4 Disclosure of Invention According to the present invention, there is
provi ded i noressd farid obédi vadlg pritsd filed Hasphenoti Nl eobdpni sing a

first step in which crude nolten bisphenol A containing phenol is

suppl i eI £1@sd wiepotied of r pstla Separ atedt | nbp the gasebrsupbase

conprising phenol and a liquid phase
of the said adduct, and also states that it is preferable
to heat the circulating liquid by an amount of heat
necessary for causing evaporation of phencl in the above
operation. However, in case where the circulating liguid
1s heated for the purpose of evaporating a large amount of
residual phenol in the flasher system, it is necessary to
heat the liquid to an excess degree, so that the above
proposal can not be said the best method.

As viewed above, many proposals have been made on the
method of harvesting bisphenol A from phencl-containing
bisphenol A by evaporating phenol, but none of them is
enough satisfactory. BAccordingly, the present invention is
intended to provide an improved method of obtaining

purified bisphenol A by evaporating phenol from phenol-

containing bisphenol A.

Brief Description of Drawings
FIG. 1 is a flow sheet illustrating an embodiment of
the present invention.

FIG. 2 is a flow sheet showing a comparative example.



conpri sing bisphenol A and residual phenol, and a second step in which
the liquid phase obtained in the first step is heated by a thin film
evaporat or and separated into a gaseous phase conprising phenol and a

| i quid phase conprising concentrated bi sphenol A and residual phenol,
part of the |liquid phase obtained in jhe second step being circul ated
back to the first step and fed into a flash evaporator along with the
crude nolten bisphenol Ato effect purification of bisphenol A It is

t hereby possible to harvest high-quality bisphenol Ain a stabilized way
froma crude nelt of bisphenol A containing phenol. The present invention

w il beieqleadnses oh fwéheiondetail below. In the present invention, the
crude nol ten bisphenol A containing phenol, which is to be purified, is

inthe firstacdeisupptd eghé opreddashigvapeiahprthereungdepgoizngedf! ash
evaporation to be thereby separated into a gaseous phase conpri sing

phenol a@angkdcddSIuf sk PHIBsL1 §oAPr st DPiedi BPBERGhoA Andofmpsiidial a
(unevaporated) phenol. As the crude nolten bi sphenol A containing

phenol f ither s De whisiede Bdaddetienf bhs5REABD! AAcBhtBiphagol (this
adduct usually contains 30 to 60% by wei ght of phenol and other 1ight

ends), gHéndl i$ PiSHEied ot BSgshhevapbtatsenmunuhsepapatktdofinpbenol
has al ready been evaporated away, as this serves for [essening the

anount DfggHened fvade cOmppOs ahgdphenbheahiir st 1sgapd pheakl y, a
bi sphenol A/ phenol adduct from which part of phenol has been renoved to
concentdaiier 1 Shhandsphes®l NBt ah@Sset haa b5Hhbioei ghl, a second
step in which the liguid phase obtained in the first step
is heated by a thin film evaporator and separated into a
gaseous phase comprising phenol and a liguid phase
comprising concentrated bisphenol A and residual phenol,
part of the liguid phase obtained in the second step
being circulated back to the first step and fed into a
flash evaporator along with the crude molten bisphenol A to
effect purification of bisphenol A. It is thereby possible
to harvest high-quality bisphenol A in a stabilized way
from a crude melt of bisphenol A centaining phenol.
The present invention will be explained in further
detail below.
In the present invention, the crude molten bisphenol
A containing phenol, which is to be purified, is in the
first step supplied to a flash evaporator for undergoing
flash evaporation to be thereby separated into a gaseous
phase comprising phenol and a liquid phase comprising
bisphenol A and residual (unevaporated) phenol. As the

crude molten bisphencl A containing phenol, there can be



preferably not | ess than 70% by weight, is supplied to the first step.

It is the nost preferable to use an adduct in which bisphenol A has been
concentrated to 73 to 77% by weight. Athin filmevaporator is
preferably used for renoving phenol and other |ight ends froma nelt of
bi sphenol A/ phenol adduct to concentrgte bisphenol A Thin film
evaporators may be roughly divided into the followng two types:
centrifugal thin filmevaporator in which a thin filmof nmaterial is

formed @Be8hgni ABgLcvabl Bfisphenevapowathngheybilndeh iy asdsgrer, and
natural falling-thin filmevaporator in which the material is allowed to

fall ganawkiayi esathynal gugtbheoevapoatghtwalfl phenblaeed BafHer types are
usable in the present invention, but the natural falling-thin film

evapor aj 9ght Sepagh erngd ysedshpeadseadiie $br ugkUtdle sielR! ifaidny and ease
of mai ntenance of the apparatus. This type of evaporator is provided

with a wRierabhty 6f paEhbiahb¥ anraadedpBeat eR@pbieedarsadgsiagned such
t hat phenol and other |ight ends are heated and 6 evaporated while the

mel t of tRi spheneksAtaheneksaddugt thel awsudews fapdeactiheowed surfaces of
the heating tubes. Intra-evaporator pressure is preferably adjusted to

be bet wegap&PLatad ﬂHQtE@fEirgingbgU yubehyegn 400iapHes®® Torr. The
heat i ng tuges are maintained at 160 to 220C, preferably at 170 to 200C

by steanyprahbDdadlicer gebmt _thi@ﬁn?é@t blfe piehode aarpdeeh arnfveld sphenol
A, the heating tenperature is preferably set at not higher than 200C
especi atbycHfteRtghee bhapht9el aFeb ewpedekisnghan 65% by weight,
preferably not less than 70% by weight, is supplied to the
first step. It is the most preferable to use an adduct in
which bisphenol A has been concentrated to 73 to 77% by
weight.
A thin film evaporator is preferably used for
removing phenol and other light ends from a melt of
bisphenol A/phenol adduct to concentrate bisphenol A. Thin
film evaporators may be roughly divided into the following
two types: centrifugal thin film evaporator in which a thin
film of material is formed on the inner wall of the
evaporating cylinder by a wiper, and natural falling-thin
film evaporator in which the material is allowed to fall
gravitationally along the evaporator wall surface. Both
types are usable in the present invention, but the natural
falling~thin film evaporator is preferred used because of
structural simplicity and ease of maintenance of the
apparatus. This type of evaporator is provided with a

plurality of vertically arranged heating tubes and designed

such that phenol and other light ends are heated and



evaporation on the other hand, the heating tenperature is preferably set
at not less than 170C, especially not les than 180C It is possible to

| et the vapor of light ends and the concentrated |iquid effuse
separately fromeach other fromthe thin film evaporator but preferably
they are discharged as parallel flow and led into a gas/liquid
separator, and after sufficient gas/liquid separation, the |iquid phase
is supplied to the first step. If desired, part of the liquid phase

whi ch hasapmssesdd thindught hBemebinoff bispaeapar alphemey heduoted with the
melt of the bisphenol A phenol adduct and sent back to the thin film

evapor  Xfws Ri@sh €vepgrahéonalind sherfbkicest oft €pei hedatingalthipesconduct ed
under a pressure |lower than the operating pressure of the said thin film

evaporator, ushigta Ve V@Elerator PpeesshieeoisnpteicghBlyt BanusdedTeor,
preferably not higher than 60 Torr, especially 10 to 60 Tarr. A large

amount ¥ LPhEESh 66 &R apoedoirn,t Beppherol yCcoat&ieBinng 00r e 30iot en
bi sphenol A yielded fromthe thin film evaporator. 7 Therefore, if this

nel t i spepppl ek afeditd tiled | 868 nevepIRéoratt BFPetat npeay ops
acutely with evaporation of phenol, which nmay cause generation of the

crystalgrofer Dbsphenol7é to bbed | wphsevapon@soingl n trhepiasers
invention, in order to avoid such generation of crystals of bisphenol A,

the sai¢hphesp! tEoAhal NHBgospudetivht eff bhisppeanal rA ikheniheed ivigt h a
concentrated solution of bisphenol A prepared in the second step to

rai se themp&epicener asi predérhbsphenael aA avd hlighesupplanedonoct he flash

evaporator. This can | essen the drop of tenperature in the
especially not higher than 190°C. For expediting
evaporation on the other hand, the heating temperature is
preferably set at not less than 170°C, especially not les
than 180°C. It is possible to let the vapor of light ends
and the concentrated liquid effuse separately from each
other from the thin film evaporator but preferably they are
discharged as parallel flows and led into a gas/ligquid
separator, and after sufficient gas/liquid separation, the
liguid phase is supplied to the first step. If desired,
part of the liquid phase which has passed through the thin
film evaporator may be mixed with the melt of the bisphenol
A/phenol adduct and sent back to the thin film evaporator.

Flash evaporation in the first step is naturally

conducted under a pressure lower than the operating
pressure of the said thin film evaporator, usually under a
pressure of not higher than 100 Torr, preferably not higher
than 60 Torr, especially 10 to 60 Torr. A large amount of

phenol is contained in the phenol-containing crude molten

bisphenol B yielded from the thin film evaporator.



f lash evaporator. Since the nelting point of bisphenol Ais 156 to
1570C, the mxing rate of the concentrated solution of bisphenol A
supplied fromthe second step in the phenol -containing crude nolten

bi sphenol Ais preferably decided so that the tenperature in the
evaporator will not becone |ower tham the above-shown nelting point of
bi sphenol A even if a desired anount of phenol has been evaporated by
fl ash evaporation. The |liquid phase produced by flash evaporation in the

first shepeiferiehen thaafied rMyla ithisudplieevaparatos the tfkasisecond step
and separated into a gaseous phase conprising phenol and a |iquid phase
conpri svagoRiatigndlerbearit yresidials g Ly Asithevdpordtion evfipor at or,
it is preferable to use a natural falling-thin filmtype as in the case

wher e pRRnlo1ghtrERds mdye eNAROIGHRG {1 1uh tde 1 terpdtdhe &f sphenol
A/ phenol adduct. The pressure in this evaporator is maintained equal to

or hi ghgsphlait ke i RRSSWRH revdppidash. evapenat gprdserithe first step.
The heating tenperature is usually 170C to 200C, preferably 180C to

190C. khvientpossi bl draidrett o/ apaiidnshdh qutinkraf foseoseapayat£ly ¢1 om each
other fromthe thin film evaporator in the second step, but preferably

they angspheneanged mutsdiepgtaio Bnbstplied dude gasltémui d  separat or
to effect sufficient separation of gas and liquid. Part of the liquid
phase bakspRérn Hiis gasidd quith sSepmicditated daout psedodio the first
step in the sane way as described above and m xed with the

phenol paeph@ind NGy reffera®| frert e Huened stepppd iedli do tie first step.

s concentration of bisphenol A and then supplied to the flash
evaporator. This can lessen the drop of temperature in the
flash evaporator. Since the melting point of bisphencl A
is 156 to 157°C, the mixing rate of the concentrated
solution of bisphenol A supplied from the second step in
the phenol-containing crude molten bisphenol A is
preferably decided so that the temperature in the
evaporator will not become lower than the above-shown
melting point of bisphencl A even if a desired amount of
phenol has been evaporated by flash evaporation.

The liquid phase produced by flash evaporation in the
first step is then heated by a thin film evaporator in the
second step and separated into a gaseous phase comprising
phenol and a liquid phase comprising bisphenol A and
residual phenol. As the thin film evaporator, it is
preferable to use a natural falling-thin film type as in
the case where the light ends are evaporated from the melt

of the bisphenol A/phenol adduct. The pressure in this

evaporator is maintained equal to or higher than the



liquid circulation has the effect of flash-evaporating, along with
phenol, the thernmal deconposition products fornmed by heating in the
second step, in addition to its above-nentioned function to | essen the
drop of tenperature in flash evaporation in the first step. The
concentrated |iquid of bisphenol A obfained in the second step is
preferably further purified by steam stripping. Steam stripping is an
operation in which the concentrated liquid of bisphenol Ais supplied to
a packestesaitami A rgme i £ Baslopewbpbeasdéeaimi sheupprsedstepm tTiee bott om of
the colum to effect countercurrent contact between the falling liquid

and t heygding SS@erdourenbyeuphehdy 120tT aicexd Iy, t peefeeanlsf f used
fromthe colum top. This operation is preferably conducted under the

same prnessdr eo a90oc.a 1owes poessble tbabetsedpbn hhe seqond step,
usually with the colum top pressure of 10 to 60 Torr. The 9 tenperature

is preferably sad@cdesl pusfoh hascpusthéedfrbnsphenthiA yiemded fromthe
colum bottomw |l have a tenperature of 160C to 220C, preferably 170C

to 190Gvapdiibrt eipetiad UsecoBy sbeprebtbeprakedepdypeseyi aneof
bi sphenol A. The ratio of steamto the concentrated liquid of bisphenol

A suppldetHax ddie packesheohefmang ssppligd2tot @ 8% (byquetdght). Steam
stripping nakes it possible to obtain bisphenol Awth very high purity
and excipemMtdwero Bestedbdeut pic Cant yEagaoat ibheoknyast aad Theupdesent

invention will be explained in further detail with reference to the
exanpl esathaseofhe Extdiipl € phase formed by this gas/liquid
separation is circulated to the first step in the same way
as described above and mixed with the phenol-containing
crude molten-bisphenol A supplied to the first step. This
liquid circulation has the effect of flash-evaporating,
along with phenol, the thermal decomposition products
formed by heating in the second step, in addition to its
above-mentioned function to lessen the drop of temperature
in flash evaporation in the first step.

The concentrated liguid of bisphenol A obtained in
the second step is preferably further purified by steam
stripping. Steam stripping is an operation in which the
concentrated ligquid of bisphenol A is supplied to a packed
column from its top while steam is supplied from the bottom
of the column to effect countercurrent contact between the
falling liguid and the rising steam to remove phenol
entrained by the steam effused from the column top. This
operation is preferably conducted under the same pressure

as or a lower pressure than used in the second step,

usually with the column top pressure of 10 to 60 Torr. The



A nelt of an adduct of bisphenol A with phenol (56% by weight of

bi sphenol A, 44% by wei ght of phenol and 0% by wei ght of

i sopropenyl phenol) was purified according to the process shown by the

fl ow sheet of FIG 1. 23.4 parts by weight/hr of a nelt (150C) of a

bi sphenol A/ phenol adduct supplied vig conduit | and 15 parts by
weight/hr of a liquid circulated froma gas/liquid separator 3 via
conduit 4 were mxed and led into a natural falling-thin film evaporator

2 mai ntgd angdee 88 ppéeenablypsessgtedobudfOothakr pubvdpedat or 2 was
heated with steam so that the effluent |iquid would have a tenperature

of 180G sgiendi dni giandegasremf UBengolupm byapematal12hweeea guided into
a gas/liquid separator 3 and thereby separated into gas and |iquid under

300 Torgemgdea€@PEEHET akban mdw,sgimt@ramw t#vecettbl wenrcliquid from
evaporator 2 was 73.6% by wei ght, and the concentration of bisphenol A

in th%i@ﬂ%&nﬁéﬁ:é@ﬁ%@%é??ﬂhéﬁéé! tHHrflasepacanpbs3twas é4. 5% by
wei ght, wth the concentration of isopropenyl phenol being 5 ppm (by

wei ght )bi_ﬁpm@ion.(lﬁléwé@icbyommrﬁ htd ©he td6ndémtiste@xiigeied from
gas/liquid separator was circulated and the rest thereof was m xed with

the |i qy do{2OnPRs1 SabYuppeieAt £Br Lheephckeanm-algas/ squsdageparat or 8
and supplied to a flash evaporator 6 naintained under 15 Torr for

carryi ng, ogs Lﬂ;}as@e@gﬁ@w atg@iam T8er ipsihg mdksphenabofsisDacest rati on:
97.5% by wei ght’, tenperature: 156.7C) discharged fromflash evaporator 6
was | etbisai s bDiPhénohabUpathfabkingithi puklikp avapexakoneh+ Rweporator

7 was
Best Mode for Carrying out the Invention

The present invention will be explained in further
detail with reference to the examples thereof.
Example 1

A melt of an adduct of bisphenol 2 with phenol (56%
by weight of bisphenol A, 44% by weight of phenol and 0% by
weight of isopropenylphencl) was purified according to the
process shown by the flow sheet of FIG. 1.

23.4 parts by weight/hr of a melt (150°C) of a
bisphenol A/phenol adduct supplied via conduit 1 and 15
parts by weight/hr of a liquid circulated from a gas/liquid
separator 3 via conduit 4 were mixed and led into a natural
falling-thin film evaporator 2 maintained under an internal
pressure of 300 Torr. Evaporator 2 was heated with steam
so that the effluent liguid would have a temperature of
180°C. The liquid and gas effusing from evaporator 2 were
guided into a gas/liguid separator 3 and thereby separated

into gas and liguid under 300 Torr. The concentration of



heated with steamso that the effluent liquid would have a tenperature
of 180C. The liquid and gas effusing from evaporator 7 were led into
gas/liquid separator 8 and separated into gas and liquid. The section
fromflash evaporator 6 to gas/liquid separator 8 in the system was

kept under the same pressure. The congentration of bisphenol Ain the
liquid extracted fromgas/liquid separator 8 was 98.8% by weight, wth
t he concentration of ispropenyl phenol being 6 ppm (by weight). Thus, the
ri se ofbapiendY ki Dm ofhe béSphesaot Aiqghidt fieohi quegophase 2nweasaporator 7
was 1.3% by weight. This |liquid, save 20 parts by wei ght/hr thereof
circul at®eo: i welgipt | ednd ot e paskednephutan9of0bhsparnoly Aweinght / hr  of
11 steamwas supplied to the columm bottom through conduit 10 to carry
out st eaye Stidpid nextdaetphenpbmcgasebigat doreparabbspberals Adyisel ded
fromthe colum bottomwas 10 ppm (by weight), and the hue of this

pr oducthyage D) v el £ e beonAEIA=at i bndogat Ebgrvpeyylipgenglal ity of the
product. The results are shown in Table 1. Exanple 2 Purification of

bi sphensd i fy VRspANdbiet wei ghelpr the sane operating conditions as in
Exanple 1 except that the pressure of flash evaporator 6 was raised from
15 Torr to 60 geftiodhels esatts By ewshgmwo/hn) Tabl ené. 1Exadyl e 3

Purification of bisphenol A was conducted under the sane operating

condi t igxisr@stéd Examphas 11 exeept séparatbe wpeessucelatefil askd ewapor at or

was raised from15 Torr to 60
rest thereof was mixed with the ligquid (20 parts by
weight/hr) sent from a gas/liquid separator 8 and supplied
to a flash evaporator 6 maintained under 15 Torr for
carrying out flash evaporation. The liquid (bisphencl A
concentration: 97.5% by weight, temperature: 156.7°C)
discharged from flash evaporator 6 was led as is intc a
natural falling-thin film evaporator 7. Evaporator 7 was
heated with steam so that the effluent liquid would have a
temperature of 180°C. The liquid and gas effusing from
evaporator 7 were led into gas/liquid separator 8 and
separated into gas and liquid. The section from flash
evaporator 6 to gas/liquid separator 8 in the system was
kept under the same pressure.

The concentration of bisphenol A in the liguid
extracted from gas/liquid separator 8§ was 98.8% by weight,
with the concentration of ispropenylphenol being 6 ppm (by
weight). Thus, the rise of concentration of bisphenol A of
the liquid phase in evaporator 7 was 1.3% by weight. This

liguid, save 20 parts by weight/hr thereof circulated, was

supplied to a packed column 9. 0.5 part by weight/hr of



Torr while the liquid tenperature at the outlet of evaporator 7 was

el evated from 180C to 200C. The results are shown in Table 1.
Conparative Exanple 1 Purification of bisphenol A was conducted under the
sanme operating conditions as in Exanple | except that the pressure of
flash evaporator was raised from15 Tgrr to 60 Torr, that the liquid
tenperature at the outlet of evaporator 7 was el evated from 180C to 200C,
and that the <circulation of part of the liquid extracted fromgas/liquid
separ atsafe dh tvind | Asip EMap ot @t thie 6c s uspenoedt hFbegh esahtisiar @0shown in
Table 1. 12 Conparative Exanple 2 Purification of bisphenol A was
conductied dxder de sissdre ©pergbimng. cand tphemss lasdncdndangt o1 Bxcept
that the circulation of part of the liquid extracted fromgas/liquid

separ atdrs ghdo I | Rshi €Maddr fif @t Bhavaso buspebdetom Thes Lesppis (Bye shown
in Table 1. In this operation, after a while, the liquid distributor of

evapor aedfght Wasard ogkethuan dh thes cpysdat s whs biepbendhed to bbeck the
flowof the 1liquid fromflash evaporator 6 to evaporator 7. The

bi sphengipskToncet¢atimg ©éry heigh ogadl atytbe ohel proohictt!| aBite
evaporator 6 was 93.9% by wei ght and the tenperature was 131.7'C.
Conpar atd sl thex i esovh NEL tT@H1@ Di sphenol A/ phenol adduct (56% by

wei ght of bisphenol A, 44% by wei ght of phenol and 0% by wei ght of
i sopr opsmgiherwl ) was purified according to the process

Purification of bisphenol A was conducted under the
same operating conditions as in Example 1 except that the
pressure of flash evaporator 6 was raised from 15 Torr to
60 Torr. The results are shown in Table 1.
Example 3

Purification of bisphenol A was conducted under the
same operating conditions as in Example 1 except that the
pressure of flash evaporator was raised from 15 Torr to €0
Torr while the liquid temperature at the outlet of
evaporator 7 was elevated from 180°C to 200°C. The results
are shown in Table 1.
Comparative Example 1

Purification of bisphenol A was conducted under the
same operating conditions as in Example 1 except that the
pressure of flash evaporator was raised from 15 Torr to 60
Torr, that the ligquid temperature at the outlet of
evaporator 7 was elevated from 180°C to 200°C, and that the
circulation of part of the liquid extracted from gas/ligquid

separator 8 to flash evaporator 6 was suspended. The

results are shown in Teble 1.



illustrated by the flow sheet of FIG 2. 23.4 parts by weight/hr of a
melt (1500C) of a bisphenol A/ phenol adduct supplied through conduit |
and 15 parts by weight/hr of a liquid circulated froma gas/liquid
separator 3 via conduit 4 were m xed and supplied to a natural
falling-thin filmevaporator 2 maintigi ned under an internal pressure of
300 Torr. Evaporator 2 was heated with steamso that the effl uent

|l iquid woul d have a tenperature of 180'C. The liquid and gas rel eased
from evapeait 8t i e Vex&mpee 2nto a gas/liquid separator 3 and separated
into liquid and gas under a 13 pressure of 300 Torr. The bi sphenol A
concentrationpwfifheatedhl ofnbisphendlf Aowasvapndatoed2under78h6% by

wei ght and the bisphenol A concentration of the liquid extracted from
gas/ | i alikk separat ong3cvnsifdoh% by wai Bhampdet b ekeeptordent taki on of

i sopropenyl phenol being 5 ppm (by weight). The liquid extracted from
gas/ | i quii e wE@RL6h 0t Sparsaye thepatygsiliyewergbtllr frber gak/Qiigadkat ed,
was mxed wth aliquid circulated fromheater 5 at a rate of 20 parts

by wei glégdraesd suppl fedshoeaapbashoevapeast suspendeidnt arhed - under 60
Torr for conducting flash evaporation. Part (20 parts by weight/hr) of
the ef flamnitsi goedshébhsphenabld concentilals ompe St 58h pyaieeghé ;
tenperature: 156.7C) from flash evaporator 6 was passed through heater
5 to rakseld hethéquiduienpesarubatbd 349eCapodatben? eiascbllacéddback to
gas/liquid separator 3. The rest of the 1liquid was supplied to a packed
col umm @i t ISt € vagstauppbfedigPhbnpar i by whegkt the) fllowt b haet om of

the liquid from flash evaporator 6 to evaporator 7. The
bisphenol A concentration of the ligquid at the outlet of
flash evaporator 6 was 93.9% by weight and the temperature
was 131.7°C.
Comparative Example 3

A melt of a bisphenol A/phenol adduct (56% by weight
of bisphenol A, 44% by weight of phenol and 0% by weight of
isopropenylphenol) was purified according to the process
illustrated by the flow sheet of FIG. 2.

23.4 parts by weight/hr of a melt (150°C) of a
bisphenol B/ phenol adduct supplied through conduit 1 and
15 parts by weight/hr of a ligquid circulated from a
gas/liquid separator 3 via conduit 4 were mixed and
supplied to a natural falling-thin film evaporator 2
maintained under an internal pressure of 300 Torr.
Evaporator 2 was heated with steam so that the effluent
liquid would have a temperature of 180°C. The liguid and

gas released from evaporator 2 were led into a gas/liguid

separator 3 and separated into ligquid and gas under a



packed col um through conduit 10 to carry out steam stripping. As a
result, the tenperature of flash evaporator rose to 2001C, the bi sphenol
A concentration reached 97.2% the |IPP concentration in the liquid
supplied to packed colum 9 rose to 91 ppm by wei ght, and APHA of

bi sphenol A at the bottom of packed qal um 9 hiked to 50, verifying bad
quality of the product. 14 Table 1 Exanpl eConp. Exanple 12312 Pressure of
fl ash1560606015 evaporator (6) (Torr) Liquid tenperature at the outlet of

t hi N1803:8828828€0480300 | moevaporia dsi {phefd) Ratenoéneracibatodntheom
gas/liquid separator(8) to flash202097. 200 evaporator (6) (parts by

wei ght /& § 1 éemeeni qai iofreh birapbeaebrAzextsagBed:f bgmveight and

gas/ | i qui d98. 89597. 297. 298. 8 separator (8) (% by wei ght) Concentration

i sopr opery | Phepeénbd A concentration of the liquid extracted from
gas/liguid separator 3 was 74.5% by weight, with the
concentration of isopropenylphenol being 5 ppm (by weight).

The liquid extracted from gas/liquid separator 3,

save 15 parts by weight/hr thereof circulated, was mixed
with a liquid circulated from heater 5 at a rate of 20
parts by weight/hr and supplied to a flash evaporator 6
maintained under 60 Torr for conducting flash evaporation.
Part (20 parts by weight/hr) of the effluent liguid
(bisphenol A concentration: 97.5% by weight; temperature:
156.7°C) from flash evaporator 6 was passed through heater
5 to raise the liguid temperature to 249°C and then
circulated back to gas/liquid separator 3. The rest of the
liquid was supplied to a packed column 9. Steam was
supplied (0.5 part by weight/hr) to the bottom of the
packed column through conduit 10 to carry out steam
stripping. As a result, the temperature of flash
evaporator rose to 200°C, the bisphenocl A concentration
reached 97.2%, the IPP concentration in the ligquid supplied
to packed column 9 rose to 91 ppm by weight, and APHA of
bisphenol A at the bottom of packed column 9 hiked to 50,

verifying bad guality of the product.



bi sphenol A extracted66213210 fromgas/liquid separator (8) (% by wei ght)
Phenol concentration in bisphenol A obtained fromthel0100121210 bottom
of packed columm (9) (% by wei ght) Hue of bisphenol A obtained fromthe5
>5 >10205 > bottom of packed colum (9) (APHA)

Qper ati onSt abl eSt abl eSt abl eSt abl eBl ogked | ndustrial Applicability
According to the present invention, it is possible to obtain

hi gh-qual ity bi sphenol A stably from phenol - containi ng bi sphenol A 15
VWHAT IS CLAIMED I S: 1. A process for purifying phenol - contai ni ng

bi sphenol A conprising a first step in which crude nolten bisphenol A
cont ai nrqig1henol is supplied to a flash evaporator and separated into a
gaseous phase conprising phenol and a |liquid phase conprising hisphenol
A and [residual phenol, and g_second %%%%Plﬁ whi ch théﬂﬂRﬁﬂQﬁ%ﬁé&é
obtained in the first step ils hdatedl by2a thin ¥ilm evdporator 2and
separ dtefe s ive aofageass phase cuopri si k@ phenokfand a 60 15
evaporator (6) (Torr)

Ligquid temperature at

the outlet of thin 180 180 200 200 180
film evaporator (7}
(°C)

Rate of circulation
from gas/liquid
separator(8) to flash 20 20 97.2 0 0
evaporator (6)

(parts by weight/hr)
Concentration of
bisphenol A extracted
from gas/liguid 98.8 95 97.2 97.2 98.8
separator {8)

(% by weight)
Concentration
isopropenylphenol in
bisphenol A extracted 6 6 21 32 10
from gas/liquid
separator (8)

(¢ by weight)

Phenol concentration
in bisphenol A
obtained from the 10 100 12 12 10
bottom of packed
column (9)

(% by weight)

Hue of bisphenocl A
obtained from the 5> 5 > 10 20 5 >
bottom of packed
column (9) (APHA)
Operation Stable | Stable | Stable i Stable | Blocked

Industrial Applicability
According to the present invention, it 1s possible to
obtain high-quality bisphenol A stably from phenol-

containing bisphenol A.



i quid phase conprising concentrated bi sphenol A and residual phenol,
part of the liquid phase obtained in the first step being circulated to
the first step and supplied to the flash evaporator along with crude
nol t en bi sphenol A. 2. The process according to Claim1, wherein phenol -
contai ning crude nol ten bisphenol A tq; be supplied to the flash
evapor at or has been passed through a 1 ght ends renoving step which
conprises nelting an adduct of bisphenol A and phenol, and heating it by
a thin WHA™ I&vaparEEor 186 renove the |ight ends including phenol. 3. The
process according to Caim2, wherein renmoval of |ight ends including

phenol 1s cormustedeby fekt pagi@pingdguehoot-chingrhenely A iaphdtangl
heating it by a thin film evaporator, and supplying the product to a

gas/ | i quomipr sepagakoEiket separ ahi haich icRlded M@ASROUD IRfPIEH SOOI i Sing
| i ght ends including phenol and a liquid phase conprising bisphenol A

and r estchedipiegobhedb14isTHapPP €8S % cAGC 3N iy ehRpdrdtB2 £Hig 3, wherein
renoval of |ight ends including phenol is conducted under reduced

pressursepathtedr 88ur a ghsBbue bhaseb@o@iisifg PRRNYI0GESS According to
any one of Clains 2 to 4, wherein the thin film evaporator used in the

light enfiguid epR¥sagceingRiksng Bakdhahofahl andr s duaimppeaparator. 6.
The process according to any one of Clains 1 to 5 wheréein the thin film

evapor add asedcbndt Beepeganghst@pthe aigatdr ahakel bbrGritkia ifi tke

evaporator. 7. The process according to any one of Clains 1 to 6,
first step is heated by a thin film evaporator and
separated intq a gaseous phase comprising phenol and a
liguid phase comprising concentrated bisphenol A and
residual phenol,

part of the liquid phase obtained in the first step

being circulated to the first step and supplied to the
flash evaporator along with crude molten bisphenol A.
2. The process according to Claim 1, wherein phenocl-
containing crude molten bisphenol & to be supplied to the
tlash evaporator has been passed through a light ends
removing step which comprises melting an adduct of
bisphenol A and phenol, and heating it by a thin film
evaporator to remove the light ends including phenol.
3. The process according to Claim 2, wherein removal of
light ends including phenol is conducted by melting an
adduct of bisphenol A and phenol, heating it by & thin film
evaporator, and supplying the product to a gas/ligquid
separator for separating it into a gaseous phase comprising
light ends including phenol and a ligquid phase comprising

bisphenol A and residual phenol.



wherein the first step is conducted under a pressure of not higher than
60 Torr. 8. The process according to any one of Clains 1 to 7, wherein
the separation into a gaseous phase and a liquid phase in the second
step is conducted under a pressure of nore than 60 Torr. 9. The process
according to any one of Cains 1 to 8¢ further conprising a purification
step with water vapor in which the concentrated |iquid phase of

bi sphenol A obtained in the second step is supplied to the top of a

packed 4col umhéoptetekt Gtevrdowy t8 theimobusm whi h@ewatier vapor is
blown into the co?unn fromits bottomto let it rise in the colum so

that pheggbyhn bhel¢greeshnat edchhadind phasel ak kobseeneld Arndgerr enoved
entrai ned by water vapor. 10. A process for purifying phenol-containing

bi sphenglyh-e§0PPELSRE LRE &t BREshireSURPMMRY thahelely abran adduct of
bi sphenol A and 17 phenol to a natural falling-thin film evaporator

mai ntained  upder,redussdapresaihg 8Bdagypbasserecehingt 2! @gs 4than 100
Torr, heating said nelt to 160C to6 220C yo evaporate |ight ends

i ncl udipge PEEROLHEO LK B dithUdeaBBheBrbsRbendl t+hd i Tindg bi spheno
A and residual phenol, supplying said nelt of adduct of bisphenol A and

phenol tomavfhgshieyaper at aatiRaNt 2124 ndnd@r na FANAS SWa®dfatoiat nmore
than 60 Torr t0 separate it into a liquid phase and a gaseous phase by
flash eyaporath&@nprssepLkYLBgosaidgl taudypbaseofocaanalsunakdf al,l i ng-thin
wherein the thin film evaporator used in the second step is
a natural falling-thin film evaporator.
7. The process according to any one of Claims 1 to 6,
wherein the first step is conducted under a pressure of not
higher than 60 Torr.
8. The process according to any one of Claims 1 to 7,
wherein the separation into a gaseous phase and a liguid
phase in the second step is conducted under a pressure of
more than 60 Torr.
9. The process according to any one of Claims 1 to 8
further comprising a purification step with water vapor in
which the concentrated liquid phase of bisphenol A obtained
in the second step is suppliied to the top of a packed
column to let it flow down in the coiumn while water vapor
is blown into the column from its bottom to let it rise in
the column so that phenol in the concentrated liquid phase
of bisphenol A is removed entrained by water vapor.
10. A process for purifying phenol-containing bisphenol A
comprising the steps of:

supplying a melt of an adduct of bisphenol A and



fil mevaporator naintained under a pressure of not nore than 60 Torr,
heating said liquid phase to 170C to 200C and evaporating phenol to
obtain a concentrated |iquid phase of bisphenol A mxing part of said
concentrated liquid phase of bisphenol A wth said crude nolten

bi sphenol A and supplying it to a fhash evaporator to be subject to
flash evaporation, and supplying the rest of the |iquid phase to the top
of a packed colum to let it flow down in the colum into which water
vapor ighdiei NGl oWk fuam thel bohgothse fhan evapbdaabrphebntaised

entrai ned by water vapor and renoved.

under reduced pressure and a pressure of not less than 100
Torr,

heating said melt to 160°C to 220°C to evaporate
light ends including phenol to yield crude molten bisphenol
A comprising bisphenol A and residual phenol,

supplying said melt of adduct of bisphenol A and
phenol to a flash evaporator maintained under a pressure of
not more than 60 Torr to separate it into a liguid phase
and a gaseous phase by flash evaporation,

supplying said liquid phase to a natural falling-thin
film evaporator maintained under a pressure of not more
than 60 Torr,

heating said liquid phase to 170°C to 200°C and
evaporating phenol to obtain a concentrated liquid phase of
bisphenol A,

mixing part of said concentrated liquid phase of
bisphenol A with said crude molten bisphenol A and
supplying it to a flash evaporator to be subject to flash
evaporation, and

supplying the rest of the liquid phase to the top of
a packed column to let it flow down in the column into
which water vapor is being blown from the bottom so that

residual phenol is entrained by water vapor and removed.



