1 SPECI FI CATI ON PROCESS FOR PURI FYI NG PHENCL- CONTAI NI NG BI SPHENOL A _
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the adduct is subjected to a suitable solid/liquid separati ngog®ans such

as centrifuge to separate the crystals fromthe nother [|iquor. This
bi sphenolpRYqRENOFORABURIFi SNGheHENOLtedNaRd N Idics BiIlSPekNOT, $eparate it into
bi sphenol A and phenol. Since bisphenol A tends to be thernmally deconposed

and transfornmed into isopropenyl phenol or such when exposed to a high
tenperature, the distillation of the bi pshenol A/ phenol adduct for
separ at i aredisabl Fyetdrri ed out under 2 reduced pressure. For instance
in Japanese Patent Application Laid-Open (KOKAI) No. 5-294874, there
descri bed that Tihe brepéehoiniéphenol raddbes ite mepredesmsd for

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 polycarbonate resins, epoxy resins and
such, and is produced industrially on a large scale through
the reaction of phenol and acetone. For isolating
bisphenol 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

is



*supplied to a centrifugal thin filmevaporator 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 t@;rnal 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 is

suppl i ed bRuReld F3bs EYAPOT & 3G FRIASN AP AT dPH fk Se UBSEONE Phase
conprising phenol and a |iquid phase where phenol is not nore than 4% by

vei ght,  anditiRizs ildfulgh dbesen | prdrit heosuppbbed7to @negentiki fugal thin .
filmevaporator to evaporate away phenol. However, for reducing the phenol

content gaskha Jdduirht Phas e bepianmdo Rypuehaht abdutkash ewapedatinan, it is
necessary to evaporate a |arge anmount of phenol, for which flash

evapor at isQip pheeas Hd dec&mtri LgoUtthngderi amheghpodagbeeanti yaewom or at a
hi gh tenperature. However, flas evapor ati on under a hi gh degree of vacuum

My causqs seRcMd i cdwdy spheap| rédecetihprbsspbenahdAbpbeerelsuaddoct as a
solid because of excessive drop of tenperature. A so, when flash
evapor at ingt i1oweat rilegh o4 Bdéra. himgwdwenperat useder bt s phenolre Aphagobe
deconposed when heated to produce 3 isopropenyl phenol or such, resulting
in a deteuifdriatischtiue wthobt anneld basphegothA. dégparesd Paicemm , Agpl i cati on
Lai d- Open (KOKAlI) No. 63- 275539 teaches that when bisphenol A is recovered
fromtheneeds to elevate the operating temperature, 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 phencl is not more than 4%

by weight, and this liquid 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




"bottomof a distillation colum, part of the bottom product

is circul ated

and fed back into the said distillation colum along with the crystals or

.nmelt, or their mxture, of the said adduct, and al so states

that it is

preferable to heat the circulating liquid by an amount 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 anount of residual phenol in the flasher system it i

S necessary to

heat theiglgggio%g{rﬁ&?ﬁe%a%% degiee, reuihatig the 2bgueer proROsal ngan not be

said the

met hod of rhaf\estig Rishhangl A from phenol -containing bis

As vi ewed above, many proposals have been made on the

phenol A by

evapor ating phenol, but 'none of themis enough satisfactory. Accordingly,
the present invenbindd $addiengsa 1ty ide @ropapr oxerh 1Pt hed o8-
obtaining purified bisphenol A'by evaporating phenol from phenol -
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sheet illustrating an enbodi mrent of the present invention.
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According to the present invention, there is provided a process for

obt ai ni ng sputiidd At dic penoted Eapristag-lee §aisdtdssepliatwbhch crude

nol ten bi sphenol A containing phenol is supplied to a flash

evapor at or and

separ at edolninth = ogas enitsh pliss eccpspal siog pdehpl oanthaiti guktduphase

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 phenol in the above

operation. However, in case where the circulating liguid

is 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 phenol-containing

bisphenol A by evaporating phenol, but none of them

is

enough satisfactory. Accordingly, the present invention is

intended to provide an improved method of obtaining

purified bisphenol A by evaporating phenol from phenol-

containing bisphenocl 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.




" conprising bisphenol A and residual phenol, and a second step in which the
| i quid phase obtained in the first step is heated by a thin film
.evaporator and separated into a gaseous phase conprising phenol and a

| i qui d phase conprising concentrated bi sphenol A and residual phenol, part
of the liquid phase obtained in the secpnd step being circulated back to
the first step and fed into a flash evaporator along with the crude nolten
bi sphenol A to effect purification of bisphenol A It is thereby possible
to harvest high-quality bisphenol Ain a stabilized way froma crude nelt
of bi sphenol A containing phenol. The present invention wll be expl ained

in further scdelide REd oMvd i {dg present invention, the crude nolten
bi sphenol A containing phenol, which is to be purified, is in the first

step supplied 4R Adash @yan adassdof LEERP0LAY thbashievapevakiean to be
t hereby separated into a gaseous phase conprising phenol and a liquid

phase copppirPdets bisphesad i My @G dptest deal biygﬁaﬁamrﬁt eeingmga@ . afs the
crude nol ten bi sphenol A containing phenol, there can be used an adduct

of bi sphenelstA sddd phenelcH tditsdaddutienususphynednhatbatd@ntiag60% by
wei ght of phenol and other [|ight ends), but it is preferable to use the
mel t frophendlch pagdpwlighensl a habaahr eadyobaearesafosabedadway ing® this
serves for | essening the amount of phenol to be evaporated in the first
step. Usuaaldasemudigpmmnotompy phengl pheddatt ahdom Migohdpahtsef phenol has
been renoved to concentrate bisphenol A to not |ess than 65% by wei ght,
comprising 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 evaporator and separated into a
gaseous phase comprising phenol and a liquid phase
comprising concentrated bisphenol A and residual phenol,
part of the liquid 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 ccontaining 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 bisphenol 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 renpoving phenol and other light ends froma nelt of bisphenol

Al phenol adduct to concentrate bi sphen é A. Thin filmevaporators may be
roughly divided into the followwng tw types: centrifugal thin film
evaporator in which a thin filmof material is formed on the inner wall of

the evapqiatd ?é/%&&ﬂ@ Pybﬁsg%eﬁal ﬁnqleat Fh@hoﬁ?' (kg Eidhcd i1m

evapor at or |n material 1s allowed gravitationally al ong

t he evapas gy of 19/ bn s £8080 B9 Bos! ¥PeReabheUsabbichd 1! acPIRIAN

i nvention he nat ur al ling-thin fi'lmevaporator is preferred used

because of ; g1t rascd 4y al pst npli ¢kt Yrapdrapse. @B Gébmt%%aﬂx%QtOffrUﬂr?
appar at us. %hls type of evaporator is provided with a plurality of

vertical 'xb’h?él’ia;{»:g@@ Seaphefoluhgs andedeyi peed esupbribhaly pRenpl aand ot her
| i ght ends are heat a%d 6 evaporated ahlle t he %%It of bi sphenol

A phenol @dﬂycger\fzég\wo@lomesaéamggt breWahbustr bacenenblt ke hrating tubes.
I ntra-evaporator pressure is preferably adjusted to be between 60 and 400

Torr, especipbtytdet weeond0@iand 308p. Tovgualbhe, heabisghenbes are
mai ntai ned at 160 to 220C, preferably at 170 to 200C by steam heating. In
order to agenénol abecosnl fdemowhasht pantobfbpspheiohas, beles heatdveg
tenperature is preferably set at not higher than 200C, especially not
hi gher t han d80centpatexpedphengl A to not less than 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 bisphénol 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 from

each other fromthe thin filmevaporator but preferably they are
“discharged as parallel flows and | ed inéo a gas/liquid separator, and
after sufficient gas/liquid separation,"the liquid phase is supplied to
the first step. If desired, part of the liquid phase which has passed

t hrough febieag})@apcec{ I8 Y apRs ahot + NBY Bgsgiaéﬁglwbhbﬂ%lmbeu@ft t he

bi spheno phenol adduct and. sent back the thin filmevaporator. Flash

evapor at ifgR.Jd ddig, fA TSty StsP wa1natirakbys 68nduet dawnder tayeiessure
| ower than the operating pressure of the said thin film evaporator,

usual Iy under &, LSSMEoRftHPtpheghetet Nanp180cTaby Bugherall Yonot
hi gher than 60 Torr, especially 10 to 60 Torr. A |large anount of phenol

I's cont aifaedddiddie me&%-@@@t@bﬁkngegFueeam t g8 twelesphemoland wioel ded
fromthe thin filmevaporator. 7 Therefore, if this nelt is supplied as is

to the flhagh . ewdRomldind edssatare s Dpsaeedely webhtevapor@fi on of
phenol , which may cause generation of the crystals of bisphenol Ain the

flash evapermibly et he7eresendocd ygntoam headifder tm avodelr such
generation of crystals of bisphenol A the said phenol-containing crude
mol ten kigphesol tHetsali dedompbbiaioanoénbiaphenedl at,i aheofheatbirgphenol A
prepared in the second step to raise the concentration of bisphenol A and
t hen supplémsbrtaotihe fsaphefevapdyaset. afthinetcan ghegsdhmarne dr°6p of
tenperature in the o

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/liquid

separator, and after sufficient gas/liquid separation, the

liquid 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 A yielded from the thin film evaporator.




" flash evaporator. Since the nelting point of bisphenol A is 156 to 157C,
"the mxing rate of the concentrated solution of bisphenol A supplied from
.the second step in the phenol-containing crude nolten bisphenol Ais
preferably decided so that the tenperature in the evaporator wll not
“becone | ower than the above-shown nelting point of bisphenol A even if a
desired anount of phenol has been evaporated by flash evaporation. The
| i qui d phase produced by flash evaporation in the first step is then

heat ed b%%@ré?&?efi L BY2ROMRNQ! sish 1 SR ond 4 ey ankk sepadated into a

gaseous ase conprising phenol "and a l'iquid phase conprising bi sphenol A

and fesigygg?faﬁa@,- +B%pkh (e dridgB eVARWB) GFitH tevSpoRsef sk abt e to use

a natura rng-thin filmtype as’in the case where the light ends are

evapor at gl £ £9mM g Feklay @faulshe firhanen Aphamwlcagdduets dhe pressure in

this evaporator 1s mainfained equal to or higher than the 8 pressure in

the f'asﬂigiéﬂeﬁwt @r 3N tte fideH Sforatity . haat ivhe temmemature is usual ly
170C to 200C, preferably 180C to 190C. It is possible to |let vapor and

liquid ehiEseisapanat @nadt AP eAdi PR fgaretdiel smiof fitystevapef at or in
the second step, but preferably they are discharged out together and
suppl i edpt @pRedas/ ln,quind ssaRRRAROI-@ @if£iaiisyfdihedentosepar ati on of gas
and liquid. Part of the liquid phase formed by this gas/liquid separation
is circubakplenolt he ifs muixest epidn & heorssare: matyed aso eston befl above and
m xed with the phenol -containing crude nolten bisphenol A supplied to the
first stepsphkin®l A prepared in the second step to raise the

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 bisphenol 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 bisphenol A even if a desired amount of

phenol has been evaporated by flash evaporation.

The liguid 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 ligquid 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 formed by heating in the second step,
.in addition to its above-nmentioned function to | essen the drop of
tenperature in flash evaporation in the first step. The concentrated

| i quid of bisphenol A obtained in thesfecond step is preferably further

purified by steam stripping. Steam str

pping is an operation in which the

concentrated liquid of bisphenol Ais supplied to a packed colum fromits

top whilg Steamd S.‘Lnsgc?ﬁjbiiepaéﬁ R i her Dot oy Phet Rersel ypBpt 0 ehé ect

countercurrent conta

etween the falling liquid and the rising steamto

remove phengl; , £atdaidiet bye the sieamf { vsed 44 oodes gRle@rdion: This

operation is preferably conducted under the same pressure as or a |ower

pressure a
pressurel?p ?0

that purifdede

Hée(igi(gﬁcthezéefgrgo%.fme vsuabtyvubbh bhe cohuma top

to Torr. The tenperature is preferably selected such
by 1A ¥ighdedefiropné hes eehugnebehtamewill have a

tenperature of 160C to 2Z0C, preferably 170C to 190C. A high tenperature

may i ndueg 4

dWdr decormesiétéOnd ObteP) sSphenpleferdbeyr 8heg akkesteamto the

concentrated liquid of bisphenol A supplied to the packed colum is
usual Iy 21i dhB%ddYowei gbgethSt eantsétipppisg gakasghk/pagsiikl e to obtain
bi sphenol A with very high purity and excellent hue. Best Mde for

Carryi ng fafatdieort nvend f bacThsupr eseanti separbahnon bif e serpldailieshiidn

further detai

with reference to the exanples thereof. Exanple 1

Part of the liquid 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

liguid 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 liquid 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 liquid 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 orx

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 bisphenol
A, 44% by wei ght of phenol and 0% by weight of isopropenyl phenol) was
~purified according to the process shown by the flow sheet of FIG 1. 23.4
parts by weight/hr of a nmelt (150C) of a bisphenol A/ phenol adduct
‘supplied via conduit 1 and 15 parts by weight/hr of a liquid circul ated
froma gas/liquid separator 3 via condliit 4 were mixed and led into a
natural falling-thin filmevaporator 2 maintai ned under an internal

pressur e ol 3% (Al ai_f;@lg&%@%%n%g Yesebeahcdbhl Bnakeall 139eLhat the

ef fluent 17 qui u rature o 180C. The"liquid and gas
of f st g Ji QN GYAPOL 4 001 Fe dE Lo S0l B BodRsh! LauhdnsgRarator 3 and
rated i T

t her eby sep o0 gas and [iquid under 300 Torr. The concentration of

10 b Spgﬁeﬁ%ﬁé&é hes ef §haeenty 1 apicd T QRRangy %tmo_cZ £Wa 9078. 6% by

wei ght, e concentration of bisphenol Ain “the liquid extracted from

gas/|1i qUihq] RASAS OF a BuM@Sndd- SYaubY YREGREL WbEBmbbe 1¢q@eewir ation of
i sopr openy eno eilng 5 ppm (by weight). A portion (15 parts by

vei ght/ hry; 9fnd e 1A quitde exdeacted S4am ges/thgutenseparated 1aguid
C|rculated' nd the rest thereof was mxed with the liquid (20 parts by

wei ght / hrds 9804 o081 an 08shbi SuidesepReapatk8dand 1suppliisedisuad 1y f2 ash
evaporator 6 naintai ned under 15 Torr for carrying out flash evaporation.
The |i quigh (i Sphen@éidht Foncerddmts o pP7n§imbyeseighpostehper abur e:

156. 7C) discharged fromflash evaporator 6 was led as is into a natural
falling-tdhwainlpieyapnoat arwithEvapyr atigh pumdsy and excellent hue.

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 A with phenol (56%
by weight of bisphenol A, 44% by weight of phenol and 0% by
weight of isopropenylphenol) 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 liquid would have a temperature of
180°C. The ligquid and gas effusing from evaporator 2 were
guided into a gas/liquid separator 3 and thereby separated

into gas and liquid 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 from
flash evaporator 6 to gas/liquid separator 8 in the systemwas kept under
t he sanme pressure. The concentration of .bi sphenol Ain the liquid

extracted fromgas/|liquid separator 8 wds 98. 8% by weight, wth the
concentration of ispropenyl phenol being 6 ppm (by weight). Thus, the rise

of conce of o) t u h r r 7 was
1 3% by Ga %%*e% B PRt e 1. 0hny Db BUEBoRNBSBPLR AREAND St

circul at eg Mﬁﬁd 194 a PRCKSH-ERL VAR 8n ebeea?%e%mw ght/hr of 11

st eam was supplle e colum botton1through condui to carry out

steam Strt'h%olﬂggul@eewme&%ﬁ@ﬂt?agy Lt Bepakerel A Yiael dad skrom the
colum bottomwas 10 ppm (by weigh the hue of this product was

determ ned, tQ iR+ ARFASS, thé‘dcb@l@ééﬁgré@i%nhbgh1§B§Ebb)én91f1pwé@10m oduct. The
results are shown in Table 1. Exanpl e 2 Purification of bisphenol A was

conduct eq,dinfders tdisn &pghaling conditions as in Exanple 1 except that
the pressure of fl ash evaporator 6 was raised from15 Torr to 60 Torr.

The results are fwmnidm [8H| gadts Exanpe egBtPUE)f bgathen 1akjubidsphenol A was
conducted under the sane operating conditions as in Exanple 1 except that
the . pressiteadfed | fsbmeyapol atoi dwaephainsed fiaemcizcltdrateld 6@ the

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 (bisphenol A

concentration: 97.5% by weight, temperature: 156.7°C)

discharged from flash evaporator 6 was led as is into 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 liguid. The section from flash

evaporator 6 to gas/ligquid separator 8 in the system was

kept under the same pressure.

The concentration of bisphenol A in the liquid
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
~elevated from 180C to 200C. The results are shown in Table 1. Conparative
. Exanple 1 Purification of bisphenol A was conducted under the sane
operating conditions as in Exanple 1 except that the pressure of flash
evaporator was raised from15 Torr to ? Torr, that the liquid tenperature
at the outlet of evaporator 7 was elevated from 180C to 200C, and that the
circulation of part of the liquid extracted fromgas/liquid separator 8 to

flash evapahat Pasb M 1SusPerslethe Thel s ubd st & et showghi sottablie 10 12
Conpar ati ve Exanpl e Purification of bisphenol A was conducted under the

sane opekat icRG r§oRAit issandss ¢ 1 fpxamdp) e Theexirpiol hadnddretr&t teml & i on of
part of the liquid extracted fromgas/liquid separator 8 to flash
evapor at g sgnea® 1S us peirdieitbd Theom resell ¢slane Soovomi wadabbeppm Kbyt his

operation, after a while, the liquid distributor of evaporator 7 was
bl ocked weiilghtt)he iy diad shwd &f sphenoprddtot cheskdéherfmbioadotot he 1iquid
fromflash evaporator 6 to evaporator 7. The bisphenol A concentration of
the |iqunednaist,he miitdeetind véiwashigvagoadt by 6fwase9Broémby .wellght and t he
tenperature was 131.7C. Conparative Exanple 3 A nelt of a bisphenol
Al phenol reddilats (odhowwei Ot Talofe bl sphenol A, 44% by wei ght of phenol and
0% by wei ght of isopropenyl phenol) was purified according to the process
Example 2
Purification of bisphenol A was conducted under the
same operating conditions as in Example 1 except that the
preésure 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 60
Torr while the ligquid 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 liquid 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/liquid

separator 8 to flash evaporator 6 was suspended. The

results are shown in Table 1.




“illustrated by the flow sheet of FIG 2. 23.4 parts by weight/hr of a nelt
~(150C) of a bisphenol A/ phenol adduct supplied through conduit 1 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 film
‘evaporator 2 nmaintained under an internal pressure of 300 Torr.

Evaporator 2 was heated with steam so tHat the ef fl uent | i quid woul d have
a tenperature of 180C. The liquid and gas rel eased from evaporator 2 were

| ed |ntod%ﬁﬁ€¥ #gg%dEﬁ_ ?ﬁé or 3 and separated into |liquid and gas under

a 13 press e bisphenol A concentration of the effluent

liquid fro”‘evggﬂfﬁf§§a@1$@5033b§ ?pgn 'ﬂh%aén?onﬁﬁﬁggﬁsﬁﬁﬁggltﬁe

concentration | CIUI extrac rom gas I qul separator 3 was

74. 5% by J h ratki hSORr apeHphienelsbeiyag 5 ppm
(by melgh¥§ﬁ ?%pe¥égg?% gg?gggggggf?gn?gag%al%u?dqsgggrgﬁbr 3t save 15

parts by e'ffcgmwioahsfegérgl6§u£ﬁéeﬂlq‘a@a gixedc Wit Fran igew/d seuieul at ed
fromheater 5 at a rate of 20 parts by weight/hr and supplied to a flash

evapor at Qe s r JBHPL 81 PEdf UAERT e68pdOEEOLOE caagdu@ysgwldfeldas hrggapor ati on.
Part (20 parts by weight/hr) of tﬁe ef fluent |iqui (bi sphenol A

concent r atd Qi £ 97258 bMoWBi 9At Tabeaper at ik ethid S6pdhtionam bFask avaporat or
6 was passed through heater 5 to raise the liquid tenperature to 249C and

then ci rend Bé pdehackigoigaddbtgtibdtsepafaeonpdrative rresiasofb liiduked i qui d
was supplied to a packed colum 9. Steamwas supplied (0.5 part by
wei ght/ hryi#lp the botvtenlef ofhbisphenol A to check the flow of the
ligquid from flash evaporator 6 to evaporator 7. The
bisphenol A concentration of the liquid 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
isopropenylphencl) 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 A/ phenol adduct supplied through conduit 1 and
15 parts by weight/hr of a liquid circulated from a
gas/liguid 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
liguid would have a temperature of 180°C. The liquid and

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

separator 3 and separated into liquid and gas under a




- packed colum through conduit 10 to carry out steam stripping. As a
~result, the tenperature of flash evaporator rose to 200C, the bisphenol. 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

t he bottom of packed colum 9 hiked to 50, verifying bad quality of the
product. 14 Table 1 Exanpl e Conp. Exa%ﬁle 12312 Pressure of flash 15
60 60 60 15 evaporator (6) (Torr) Liquid tenperature at the outlet of thin

o0 o, R TSP AR, SRBLELEE I

e T

ISOprOpem%éﬂggggheﬂbl A concentration of the liquid extracted from
gas/liquid separator 3 was 74.5% by weight, with the
concentration of isopropenylphenol being 5 ppm (by weight).

The liguid extracted from gas/liquid separator 3,

save 15 parts by weight/hr thereof circulated, was mixed
with a liguid 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
ligquid 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 bisphenol A concentration
reached 97.2%, the IPP concentration in the liquid 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 quality of the product.




" bi sphenol A extracted 6 6 21 32 10 fromagas/liquid separator (8) (% by
wei ght) Phenol concentration in bisphenol A obtained fromthe 10 100 12 12
.10 bottom of packed colum (9) (% by weight) Hue of bisphenol A obtained
fromthe 5 >5 > 10 20 5 > bottom of packed colum (9) (APHA) Operation
Stabl e Stable Stable Stable Bl ocked Iagustrial Applicability According to
the present invention, it is possible obtain high-quality bisphenol A
stably from phenol - containing bisphenol A 15 WHAT IS CLAIMED IS: 1. A
process for purifying phenol -containing bisphenol A conprising a first
step in which crude nolten bisphenol A containing phenol is supplied to a
flash evggﬁ%ﬂgqf and separated into a gaseous phase conprising phenol and
a liquid phase conprising bisphenol A and residual phenol, and a second
step in|which the liquid phase |obtai nedExamphe first |staps Feamebe by a
thin filimevaporator and separjated into a2gasgous3 phgase donpr|i si g phenol
and a Pressure of flash 15 60 60 60 15
evaporator (6) (Torr)
Liguid 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/liquid 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 bisphenol A
obtained from the 5> 5> 10 20 5 >
bottom of packed
column (9) (APHA)
Operation Stable | Stable | Stable | Stable | Blocked

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

containing bisphenol A.




“liquid 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 nolten

bi sphenol A. 2. The process according to Caim1, wherein phenol -
cont ai ni ng crude nolten bi sphenol A to gﬁnsupplied to the flash evaporator
has been passed through a light ends r ving step which conprises nelting
an adduct of bisphenol A and phenol, and heating it by a thin film

evapor at gjgA® t€neyYeibe kisght ends including phenol. 3. The process
according to Caim2, wherein renoval of Iight ends including phenol is

conduct edy by neitjhpgcals adduphrefyhingPherel1Apd shengl phexdng i by a
thin film evaporator, and supplying the product to a gas/liquid separator

for separ@&wgﬁ,ipgnbomg%sg,%@ RRAASA €I R Gno 14 S § h&E! gdi ng
phenol and a liquid phase conprising bisphenol A and residual phenol. 16

4. The prasessiacagr gheaoho i auppd ied o wheneidh Laipyait®f dhght ends
i ncl udi ng phenol 1S conducted under- reduced pressure and a pressure of

nore thanséPad@téd Intdhe pheeoss ateekdidighdrd Simg Prerdl Gwans 2 to 4,
wherein the thin fil mevaporator used in the light ends renpbving step is a

natural faldadg-phbsefl compevapagatdispheholTRe SHDGRESI ACLDIshéol 0 any one
of Clains 1 to 5 wherein the thin filmevaporator used in the second step
is a nat wmad &asécogdt Bitepl ihmwedamortaieorlighi dlheh gye agtsisa Aeedr th nghd 0 any
one of Clainms 1 to 6,

first step is heated by a thin film evaporator and

separated intq a gaseous phase comprising phenol and a

liquid 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 phenol-

containing crude molten bisphenol A to be supplied to the

flash evaporator has been passed through a light ends

removing step which comprises melting an adduct of

bisphenol A and phenol, and heating it by & 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 a thin film

evaporator, and supplying the product to a gas/liquid

separator for separating it into a gaseous phase comprising

light ends including phenol and a liquid 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 not nore than 60 Torr. 9. The process
‘according to.any one of Clains 1 to 8 further conprising a purification
~step with water vapor in which the condent r at ed | i qui d phase of bi sphenol
A obtained in the second step is supplied to the top of a packed colum

tolet it ;:?rgﬂ%%??£gc%%glég&ggﬁ;ﬁgikg @@%E& §aggr3,i%h@f@@% into the

col urm frd om ein e colum 'so that phenol in the

gt S A T S T

vapor . process yi ng =contai ni ng bi sphenol A

conprisiqﬁeégg%&; ?359 EFZ%pﬁlﬁi?%eésP?Etonn%&eaQﬁHﬁ{ &f ®isphenol A and

17 pheno ura Ing-thin | m evaporat or mai ntai ned under

reduced py essurg, andy 6oBLESSUES. AL nBOLol @8y biiaN oE0Q1alald 2 heatd ng sai d

melt to 0Cto to evaporate i ght ends including phenol to yield

crude m'&ﬁé‘r@iﬁpﬁﬁﬂokhiﬁ GOARY k9apo rAiteRhereld Arande esidgialemiienol

supplying said nmel't of adduct of bisphenol A and phenol to a flash
evapor at of B}, phgi Bedpunders AaRM@SIUKR10fi ngl@h TP Inhasy &b rlaidr 0

separate It Into”"a liquid phase and a gaseous phase by flash evaporati on,

suppl yi nggsai d thgupdopbase ateoadiagutal ahgl loneg-dfhiolaims 1 to 5,
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 separatién into a gaseous phase and a liquid
phase in the second step is conducted under a pressure of
not 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 supplied to the top of a packed
column to let it flow down in the column 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 précess for purifying phenol-containing bisphenol A

comprising the steps of:

supplying a melt of an adduct of bisphenol A and




" filmevaporator maintai ned 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 with said crude nolten bisphenol
A and supplying it to a flash evaporaH?r to be subject to flash
evaporation, and supplying the rest of "the liquid phase to the top of a
packed colum to let it flow down in the colum into which water vapor is

bei ng bl gyaninomd he hatdom seathatg-f€sh doalimpeeapbrhsoenikahpradnby wat er
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 liquid 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 c¢olumn 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.




