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PCT/ EP98/ 02644 WD 98/ 52896 A process for the continuous
production of di hydroxydi phenyl al kanes -1- The present invention
relates to a process for the continuous production of

di hydr oxydi phenyl al kanes (bi sphenol s) by the reaction of fresh phenol, and

of phenol 5 A proce@ifer HeccontindvadProdustisn ofidiblydiosydiphduelatkanent ai ni ng
phenol , wi th i'Soal'kenyl pheno and ketone. In the course of this
process the reaction mxture is worked up b distillatiqn and

hi gh-purity bildiBhBresent BVERIAH, CRges The 2bBCEH o i CEPGIGUS prodietion” o
distillates copfalgl T 3 '84Ki6H of REGH piRAS], Gnd @ PhdrigPNs
and optionall @ %th%ﬁggg%}e?g%ge?%aﬁhgirc congi ti ong. The cragked
product 5 whi @btatnedsrantthabiagking o bgiprdducts contafing pberokewith pvatkehylphehol
phenol , are recgcl ed, optionally after purifjcatign, wth the

s h
phenol obt ai nend digtangg In ke souyrsd jof hisgproegss he seastion mixgue g ywerked jwpnbyY o

1o s known t AARGD e of iEERUEY HRRIRELTE profibee; 366, Bon? OGRS D -
of ketones 15 gistillalth b&htﬂﬁﬁg?ﬂ;e bylproteets sre@raiked @fdepbasid Edrditivik apd optsallp

whi ch have been nade for thi » UzeAgurpose (see US-A 2 775 620, EP;A 342
758, EP-A 616 tieaafteDEnd® @BlicsorgiftinnsUEhe cracked products, 3gtgchn gubstantially gorsie

405, EP-A 630 878, .US-A 4 876,391, ,US-A 3 2 219 .fo i X l.e) .
20 ﬁ‘ﬁ U | Phdspalke ?H"iﬁﬁ‘éi iPhetiol, 35 JEotels aPp%ﬂ{@'er éﬁ?&?"%‘?‘ﬁmﬁﬁ’. , o‘ﬁé
A19, pp. 348- ined LABME 13 BuriffatiBl OF bispRerdll & thé treictod’ & IBrmh he
producti on of %ﬁ?%%h%?\tglp? As aEr ul e,ﬁurli ' bi ssghenol s, particularly

bi sphenol A wibisphericd. THearesithat otitaiped framtcravkingds disposeg obf t he

bi sphenol s, are produced by addi ng ketone and phenol to a circulating

not her | i quor fromthe work-up of bisphenol, passing this mxture

over acidic ion exchangers and 25 carrying out the reaction to produce
bi sphenol . UndteisdnewnKeat bisphenoloean heprpdyced by the acid-satalyspdorsastion el ketones

mxtur ol o codiCbveah TR i fhieh 8 ek REosBy i BER e inade for wi

phenol additi @grpose (see USSATPTRSG20, ERRRABAL @58 HRIAVGISI98, DELOS 38330900, Tise

phenol is separated fromthe addi ti on compound by fl ash
distillation and3p8red Aot 308 40HER-ALI0 878eUSuY HB76 391, US-A 3 242 219, for
example).

20 In Ullmann’s Encyclopedia of Industrial Chemistry, 5th Ed., Vol. A19, pp. 348-52,
there is a review of the prior literature on the production of bisphenol. As a rule,
bisphenols, particularly bisphenol A which is the most important commercially of the
bisphenols, are produced by adding ketone and phenol to a circulating mother liquor
from the work-up of bisphenol, passing this mixture over acidic ion exchangers and

25 carrying out the reaction to produce bisphenol. Unreacted ketone is optionally
recovered from the reaction mixture and is recycled to the reaction. The reaction
mixture is cooled, and the bisphenol is crystallised out, optionally as a phenol addition
compound, separated and washed with phenol. The phenol is separated from the
addition compound by flash distillation and pure phenol is obtained. The mother

30 liquor from the crystallisation stage is passed over acidic ion exchangers and any
isomers which it contains are rearranged to form bisphenol. The bisphenol which is

produced in this manner is separated by crystallisation, and the crystallised product
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30 liquor fromthe crystallisation stage is passed over acidic ion
exchangers and any i somers which -2- contains are rearranged to form
bi sphenol . The bi sphenol which is produced in this manner is

5 gpg;gtggd by g¥tyikalid irsirdradd toaReifitsh Brysfallfsh@dn s8R Phrt @sbot 1% to 20 %) of the VO
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absol uB@I y ne @B@%’P@ "fS"HC‘bPasé}b‘%B{aE‘r‘soa gWGVCVﬁ%Blsatlon R %f ant %ﬁadgﬁhoélabl e,
contam nating BsOFCRANBbICS hHSEs sdch as bisphenol Al iSoMES A@ ¥t
therefore beeﬁm;rgﬁg&tg%&s&&bj ect the f rac}t%i’ ons \?\hi car? ilgp reg?mved1 fromthe
process to womkthithe pard whictcisi separatied and ahdicht is finatip vemnoved | fromb Klee protess.altues

P oponi s 1o el S skt L kAR SerSin S S0 e
and al kenyl ph , | | |1y purified, can
be obtained i %Ilﬁ?m e°rf\§?{é§d@fe§fdé’h%‘95%§‘?%{’§’éﬁm ggtoa%ega?e g%b(() icééré'r] C.

Accordilgg to the teaching of EP-A 17 852, a hydrogenation treatnent also
results in val uabl e products. The cracki ng pr.qcess can aéso be

speeded up byAstemptschaya dheseforecbeen made to seljest thinlactiopviichis rempyed Hemdhe such
as sul phuric gr | ue [ | d,: O (o] WY t Al
(Us A 5 466 3PS HBERIERY Gadilein e ctosrepuny vRRERY ooy B ARE,
material s renpyadctionosf tHihBicICTREe had Bls@besnh safud dfRapdsals bptienphrposhe

fol |l ow ng have been cited as catal é/sts: al kal i conpounds such as
NaOH, KOH, NaAoamding]to MS-A 2 497 503, phenols and alkenylphenols, which still have to be

20 carefully purified, can be obtained in moderate yield by pyrolysis at about 300°C.

According to the teaching of EP-A 17 852, a hydrogenation treatment also results in
valuable products. The cracking process can also be speeded up by acidic and basic
compounds. However, with acids such as sulphuric or toluenesulphonic acid, only
phenol is obtained (US-A 3 466 337). In contrast, basic catalysts result in the cracking of
25 materials removed from the process into phenol and isoalkenylphenol. The following
have been cited as catalysts: alkali compounds such as NaOH, KOH, NaHCO3, Na
acetate, Na hypophosphite, K2CO3;, MgO and Al isopropylate (US-A 4 277 628, US-A
4 594 459, US-A 4 131 749). When this procedure is used, however, only part of the
material removed from the process is cracked, and a batch or semi-continuous process

30 is employed. Completely continuous processes are unknown.
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acetate, Na hypophosphite, K err]CJerr], MO and Al isopropylate (US-A 4

277 628, US-A 4 594 459, US-A 4331 749). \Wen this procedure is
used, however, only part of the mat eri al renoved fromthe process
i s cracked, H28h TRPRNEN 4O HaRIs OCEigRer PMrity of iife BEPHheawEy
Compl etely cg%tg?f\ﬂ%gésg%r%gssesla e unkngb\cﬁh. 2 'ty WO 98/ 52896

-3 - feedifiede phmobisealketyiphendiemixtiunepfram dhie stackipgastags iatchihghirst
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are fed to tHuspheneltand aftennermapeenyent, be worked-apat keag] ipparpby;gistidation in prger

difficulty cansists pf. obt.ain 1.Q0S ' : hSlgntly
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i ncreasi ng t IBhealowmbailing fraetidnguwhich contain isomesre Brecfsd tadhe magiion GW Q2440 and

wi t hout reducjng t yield. pay t the distillatjo . dygct s
therefore has‘i“goa-"ﬁﬂgpé egégeﬁfg)"r ﬁée f!?ffg@(‘]ityo RS o* HB%‘P@% SRgtions, e cga#g
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It has al so hmdringanepofsend thé atother dighem sthickhis onsidérgbly antchedr ipnsermers fand st

crystallisation . . . .
Y 20 by-products, at a justifiable cost, without overly increasing the amount of residue

which can no longer be used and without reducing the yield. A part of the distillation
products therefore has to be rejected. The fractions low in bisphenol which are
obtained on distillation can also be subjected to cracking, and the cracked products
can be recycled to the process (EP-A 332 203).

25
It has also been proposed that bisphenol which originates from the first crystallisation
stage in the aforementioned bisphenol process be purified further by distillation,
whereby a high-purity (up to 99.985 %) bisphenol is obtained (EP-A 679 626).

30 It has now been found that an outstanding yield of bisphenol of high purity is

obtained, by a simple, completely continuous process, if phenol is reacted with ketone

and isoalkenylphenol from the cracking stage so that as few as possible isomers and
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stage in the aforenenti oned bi sphenol process be purified further by
distillation, whereby a hi gh-puridt-y (up to 99.985 % bisphenol is
obtai ned (EP-A 679 626). 30 It has now been found that an

outstandi ng yiy Jg?odﬁt:tsbérfé PRRRA, s Rh@nPHOlEN i Sreed from aci@P!@nRt@dent®Yf @
sinple, conpletély continuous process, it phenol is reacted with ketone
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i soners and . WO 98/ 52896 A .
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di stillate 5 high-boiliegyections.ibe distlaieisiseprated ince fusthsr eplampiintpedawtboling i nt o

s oepar ot ed Airuge dh it Chottom prodyes Wy AR Mgl Bondtd, e Y| 51
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boiling distillaté is conbined with the high-boiling fractions fromthe
first col um, tiested with a basi¢ ccatatyst] and ti$ centinueusly crackéd it a reastivé gectification
continugusly cracked jn,.a reactive rectification . t age,. the

it 11D CoRteasian e iBirofoARNE ebgiokang SO Bhed du febid HE Bidiehol
reaction, t he hehlLherRRHA! pdudGl dhibirRe i ToBRERS R Y 308Jedisd T QELRA tO
a second éracking procedure In a further” reactive rectification

st age, wher eupraokipf prakedyrads asfurther reactive oectificativeh stapey mhs@hpan pleioll padses

bott om product is forned. 15 The starting materials for the process
according to N andglHRysable msidualbotam; rrodusts faned. conpounds and

ket ones. Aromati c hydroxy conpounds which are suitable for the
process according to the i nvention are not substituted in the

p- posi tison andhe smaftiigmateridefR it HOBRE aSdobding taidBlifvedfion are arombtidhyzoxgy ano,
carboxy or nitro grou sui t abl e exanpl es include phenol, o- and m

PS;
cresol, 2,6- dpmpmyldw&k#qne@-tert . - butyl phenol ,
2-met hyl -6-tert.-butyl phenol, o-

Aromatic hydroxy compounds which are suitable for the process according to the

invention are not substituted in the p-position and contain no second order substituents
20 such as cyano, carboxy or nitro groups; suitable examples include phenol, o- and m-

cresol, 2,6-dimethylphenol, o-tert.-butylphenol, 2-methyl-6-tert.-butylphenol, o-

cyclohexylphenol, o-phenylphenol, o-isopropylphenol, 2-methyl-6-cyclopentyl-

phenol, o- and m-chorophenol, and 2,3,6-trimethylphenol. Phenol, o- and m-cresol,

2,6-dimethylphenol, o-tert.-butylphenol and o-phenyl-phenol are preferred; phenol is
25 particularly preferred.

Suitable ketones contain at least one aliphatic group on their carbonyl function;
examples include acetone, methyl ethyl ketone, methyl propyl ketone, methyl
isopropyl ketone, diethyl ketone, acetophenone, cyclohexanone, cyclopentanone, and
30 methyl-, dimethyl- and trimethylcyclohexanones, which may also contain geminal

methyl groups, such as 3,3-dimethyl-5-methylcyclohexanone (hydro-isophorone).
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cycl ohexyl phenol , o-phenyl phenol, o-isopropyl phenol, :
2- et hyl - 6-cycl opent yl - phenol , -&- and m chor ophenol, and
2,3,6-trinethyl phenol. Phenol, o- and mcresol,

2, 6-di net hyl phenol, o-tert. -but henol and o-phen | - phen are r ef red
phenol is 25 Acetone,sgeioplgiong. cyclﬁg@faep%@d homlogues ther@f."f eOntaR Bif

t I b
cxaml os. 1 nci SuPSARAHEROR B o R poPlahy Bl PO L O0) et one, et hy!

I sopropyl ketone, diethyl ketone acetophenone cycl ohexanone,
cycl opent anone, and 30 met hyl -, di net hyl - and

trinmet hyl cycl latakystsowdish mlsyﬁabhforabé%c @(ﬂ‘}mgnaf@éﬁﬁﬁimdﬂ the literature, godare

roups, such 2 3, o TRt AR dTE b ke K BUSSr B g0 38R RES AT he

PCT/ EP98/ 2644 8 rocess according to the invention, these are introduced into the melt of the cfacking
Acet one, acetophenone, cycl ohexanone and honol ogues thereof which contain

met hyl prodyets 8pé amrd;sqoh@ﬂ@nd damogensousie distringad; whereiy thy tgnw@meell

it ordtur e, aRfvalgeou Betbeny B a0 HR DY HEbRRE LB  ny ar oxi des.

nost preferably NaOH and KOH. In the process according to the

i nvention, these are introduced into the nelt of the cracking
product® and Setalysissehithvand swmldqbn@fgén etagking arti listadi m@heelaeram ragdl preferably

t t dva d
or o1 or abl y b EABRASCISPILT e pHnpere acd gHa Prodpgih o8R Pahflg, fgreof
sui tabl e for %&dhdésCngS NQaB50),, KH‘S@J ]!’@#I(H G&t ENPE;HZPOQ Nlﬁﬂﬁ’@f| y

conpri se sul phuric acl ‘hosphoric acid an p osp orous acids, partia
sal ts thereof KH,PO;3 and aaaloguwsthbﬂel[)é rangl B[ engarjic dekivgSes of ]thesKIﬂS@,enmjlgly

Ki2POB and :Lé%oa@q‘és[sse APoPEoR g SPCBRORG S St Pt BEAPRE: SOt HaoB ISR gs,
namel y ;fhoﬁi{J zgcg&nufph@@gdé%@ngﬁué agid! amaoabﬁen@p bﬂ‘x%r—&féﬁl‘ﬁh@ﬁc

benzene-, t ol uen xy ene- sul phoni c” acrd
di phenyl di suI phdnamdt bslaranmtic Iphb@hymcahd@hesphsud: ptidnsuch as benzene- a@luene- as

wel | as aromati ¢ phosphoni ¢ and 0s h| I.c, acids suych Dbenzene-, | uene-
and xyl ene- phd® h25)‘1!3’i’:e‘HIPF&Y'pﬁﬁb‘ﬁ?Jsﬁl%I s aﬁ‘gﬁhéﬁ@?@gﬁ‘ﬂﬂﬁ OiF ¢ 2 &

diphosphinic acids, and also solid acids such as acidic aluminas, argillaceous earths

such as bentonite and montmorillonite, zeolites, titanium and zirconium oxides, and

20 niobium and tantalum oxides; acidic aluminas are preferred.

The amounts of catalysts which are supplied to the mixture to be cracked are between
0.01 % by weight and 5 % by weight, preferably between 0.05 % by weight and 3 % by
weight, most preferably between 0.1 % by weight and 2 % by weight, with respect to
25 the amount of mixture to be cracked. So as to be able to adhere to this quantitative
rule for acidic catalysts, the basic catalysts either have to be removed from the bottom
product after basic cracking, which would generally be too costly, or they first have to
be neutralised by a strong acid. In this manner, it is ensured that sufficient amounts of
active acid are present. Acidification in the sense of the present invention therefore
30 means that an amount of acid is added to the bottom product such that the basic
catalyst contained therein is neutralised and moreover a sufficient amount of acidic

catalyst is available for the following acidic cracking stage.
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di phosphi nic acids, and also solid acids such as acidic al um nas,
argi |l l aceous earths such as bent@nite and nontnorillonite,
zeolites, titanium and zirconi um oxi des, and 20 ni obi um and tant al um
oxi des; acidic alum nas are preferred. The amounts of catal ysts
whi ch are supplied to the m xture to be cracked are between 0.01 %

by weight and.5 % wei ght , pr.ef er.abl el 0..05.9 ' % by
wei ght, nost %&Feqa@? §a1gg§ \ﬁ@gﬁpﬁuily%dé'f/&v@?l% tdfﬁgﬁiﬁ%%a%%wmg?%}m’%% 1? h
respect to 2%ueam fioifin@ WP cridkinll ¥dlihe, foP cRengle Abweker,30ivslsd podsiblghibe to
adhere to this quantitative rule for acidic catal ysts, the basic
catal ysts ei tadmix keewe batoh-wése; éminterthefliatenyassals, ygth e material to be graghedands ¢ er
basi ¢ cracking, j ch woul d genetal ly b 00 costly, or they first have to
be neut¥al i ségefbt?\,wyﬁecgﬂlfsdﬁﬁmg c _Uquﬁu%imrgo%ﬁ:ﬁﬁp)n.i t is ensured that
sufficient anmounts of active acid are present. Acidification in
the sense of the present invention therefore 30 means that an anount
of acid is adiirctohumishia vadth the rpactise cdctifivattontih arrieth euteosiespond in general to

catal yst contai ned therfin is neutralised and norequer.a suffici rbt nount
1 Fatpess ¢ 2ty &

of acidic  customaryggistiigtion cQlumps; Inahese pOPMPRCIACKIRE I AYORPAEF &ki ng
Iig?EPQS /026 f&paraﬁoxy\gf ¥/ 28R products, namely phenol and isoalkenylphenol, ﬁ'cér_n the
The cat@l yst simerickétboragictdckalie sompanidetly distilatmnend foctienstipeddéle ¢owrsgsiodnol |

to the . Sstreamflowing . in the cracki olum, for exanple.
However, it itBisaproeedyss @%?@?kefid’mé“"ts pass c&’&ﬁi%ﬁg’t ﬂ’érﬁrﬁaﬁeeﬁ@a}' ?@,ga‘ﬁ’npm

i ntermedi ate eks, . i ddchen to
feed this m ;{ﬁﬁﬁgh to% | néﬁd%ué’rgle%%ﬁ'F%ée %rgﬁtfl?ﬁ%?fe%kﬁgrge&%a_lbﬁtetorgopmms in
whi ch the regedaciite reReifitdtioaalpemrionssare &nowrdo ond skilted imsthe ard and arpedeseritiedt o

customary distillation colums, In these coluyms, crackj s a ni ed
by the in Ullmpan’ s Eneyelorrediaref Indutnal Chsrusite ot E&aﬁ@%‘iﬂ@nﬁﬁ%ﬁ%’r

i soal kﬁ;yl phenol ., fromthe 10 uncracked or uncrackabl e conpounds by
di stilthation SAWPH: actionation. In the course of this procedure

the cracked products pass overhead, and are generally already pure

enough for further use. The uncrackable fractions are ﬁ]’ sc argagj as a
bot t om pr odudn. the present case it may be advantageous to proportionally reduce” the column

diameter in the bottom part, corresponding to the volume of liquid and gas which
decreases from top to bottom in the columns during cracking. In order to achieve a
20 suitable dwell time of the cracked material in the column, it is advisable to include
plates in the cracking columns. This applies in particular to the part in which cracking
proceeds. The use of packed bodies or packing materials in the top part may be indicated

in order to achieve effective separation of the products.

25 In the event that the phenol which distils from the second column is still not sufficiently
pure for use in the synthesis of bisphenol, it can be introduced into a further column or

into the first cracking column and purified still further there.

The preferred procedures for the reaction to form bisphenol are those which provide
30 bisphenol in a manner which is as highly selective as possible. They are characterised in
that the lowest possible temperature and the lowest possible ketone concentration are

employed.
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Reactive rectification operations are knowmn to one skilled in the art and
are descri bed in Ulmnn's Encychopedi a of Industrial Chem stry,
5th Ed., Vol. B4, pp. 321-8, for 15 exanpl e. In the
present case it nmay be advantageous to proportionally reduce the colum
dianeter in the bottom part, corresponding to the volune of |iquid and gas

e 1o TSR ek R L PTBRAR T8 7
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colums. This applies in particular to the part i n which cracking
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oF ot § Y mpaction with, etz BEcIpPRIRETS, B o a%lqrrigt&n kePpg Pfine

second col U”“blbéléﬁédr#}ﬂbnd]ofs @;Hokto%@ NhioY the s cpatate ré3dfo! i¥ SKorhdbehfisly
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The pref erred procedures for the reaction to for enol t hose whi ch
provide 30 for bisphepplegan ben Ingresieh GYCTuAERT] § ﬁrs %uyorseqafr keione g

possi bl e. The%égﬂ{«ﬁlg @ﬁd”}‘i% Eorde r%;ﬂ’ﬁte the rPéoporﬁ&aéf &Q‘i’othloé’fﬁ&ht BeSRhAbEis

tenperature an owest possi concentration

e rrp} Ode/ less the higher ¥¥heXBMpetBAFE of the reactor in question, and if the reactor cascade i 1s
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This can be aemfraebwithip ameaximum dempprasivne rapee Rt ﬁ%i‘lﬁ?ecal?réfer%ﬁ(@rﬁf’ghe nol in

at | east two reactors which are connected in series and which
contain acidic ion exchangers, and which are operated at the

| owest possi bike $epifarradcirs ale dlvintagehalsocdedboth b giiRiHg uvifts of known type
reaction with increasing tenperature, wherein the total anmpunt of ketone

and of constructiant Besyes the sompgraeousshetbytionof ketene andhisealkenylnhendr s
and i's 1? OMOIEHRR! fi ; itfal phenol or reaction mixture, and by heat exchangers to bring the mixture to
the desired temperature before it passes through the catalyst bed.

The process according to the invention is explained with reference to Figure 1. After
leaving the last reactor in the cascade, or after the separation of ketone, the reaction
20 mixture should be freed from acidic constituents as described in EP-A 552 518 or in US-
A 4 876 391, for example. If necessary, a fine filtration step should also be carried out in
order to remove catalyst and apparatus detritus and other solid contaminants. The water
of reaction and unreacted ketone is then distilled from the reaction mixture, with the
ketone being recycled to the reaction. The water, which contains phenol, is freed from
25 phenol by extraction and is disposed of. The phenol-containing extract is separated by
distillation, phenol is fed to the reaction and the extractant is recycled to the extraction

apparatus. These procedures are known to one skilled in the art.

The reaction mixture which then results is very substantially freed, in two stages under
30 reduced pressure, firstly from the bulk of the phenol and then from residual phenol,
wherein the bottom temperatures of the columns should not exceed about 250°C and the
pressures should be <400 mr)ar, particularly <300 mbar. The phenol which is distilled
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distributed in the reaction mxture before entering the respective
reactors. The selectivity for bigsphenol can be increased even
further if the distribution of ketone and i soal kenyl phenol is
controlled so that the proportion of the total anount per reactor is 10

| ess the hi ghgff ih $hid Rgniee 18Rl & e eeabfior, Mhe bettuh produdt, whiek tomains eopduhnds he
reactor cascade Is operated within a maxi mum tenperatu ge of

35 to 85[ err] @ithivostirey printy highen har iab of pignol, is fed approximape] tQ gﬁam&%éer gtn a

of constr uot i AuRRBREfHpse 28 Shat s epso e e b < op LR, sy ie
i soal kenyl phepgl, ated intol 4 disfiBatk %htitagﬁngoﬂﬁr@{nmuﬂgeﬁsdﬁoﬁ@ sidhxaglisemersnd by

heat exchangers to bring the m xture t he desired tenperature
before i% passhomaheand Hisphermdt ahd, dntobe dottom product containisg Fhe deghsboiling

according to the invention [s explained.with .referen { QUL . er

I ﬁavi ng the | g‘??“?‘@a%‘?%rasilﬁ‘ﬁ"‘f‘?ﬁe SB’&%‘Z’%‘B@“S?’ tﬂfﬁ?fmt ?‘F@e%%@gga@g%%n@r ke% one,
t he reaction : . N h 0 k16k ' S
described in égﬁgatggﬁr%ﬁ&%@ iﬁné)u - epecquv}ﬁdk g'] %@1561&‘3831?&?%? tgggnﬂ&pliiglﬁ | f
neg essary, a fcbmpriieis: 15 & 50rplates; finohoubws-beilg distiltager mirddntoua bottom product
order to renove catal yst and aratus .detrit and ot o .

cont ani nant s. COMaingg &jgh-purity ?£89§ g%) ﬁ?é%"g’(e??;n ulg’ﬁd a&ﬁp@fﬂ@%&%%%ﬂlgﬁe which o,

distillgd fromthas rtﬁ@(f%hféﬁ’sh rﬁinﬁtt%ié Bottd fébﬁ&l‘i& from the separdfi®hOsTebibstieRsl by

recycled to the teaction. The water, contal ns phenol, is freed from
25 phenoldisijlatod, rekith wonaid ths hiphiboiling féctionih eng hresidhal cbispleinol, rege
extract is separated by

.o disti]lati .. ph [, i
reacti on and wpmbined andiafiet the §d4189}y€ﬁ$ l@éictcgt X%fg th tq?g?qdi %ﬁlp&g{gytcgnénr&%mly

apparatus. Th r .23 . ' '

The reaction Sf?sf%cgggge:&{éﬁ&[uﬁ{éEtaég?gf%‘g%f%ﬂgde?%Hséd%g%tgﬁtti&gﬁ%?ggé 9 0 iton t wo
stages under 3§ge°C, grefeﬂa& 2008 tb PE0SCSsmoe préferably 240 fo 260°€Chmdian piesakestdfd Sphrenol
and then fromresidual phenol, wherejn the bo to%tggg ratuy.es of
the col lims sKeumbanprefesaiedd tad gubaramoftarelereblx @ toHembar. The l_ﬁﬁ‘t&_s‘é’{B‘Fés
\S,\;‘)Og g?52§924°%oﬂé’i‘s"%sr of BRG] G5 AbikenyRRendIBRAG olibBReRNAGRM, WieNo the fatfidd. | €d

PCT/ EP98/ 02644rhe bottom product is fed, after acidification, to a second reactive rectification 8tage

off in this manner is fed to the reaction. The bottom product, i C
cont ai ns conpoimidas to that mentioned above, and is cracked there at 150 to%68°(lfj, prefe:%’gfy 1%0 to

250°C, most preferably 170 to 240°C, and at the pressures given above, whereupon
20 phenol is distilled off and can optionally be further purified via a column and admixed

with the reaction stream, and a bottom product which is to be disposed of is taken off at

the base of the column.

If the proportion of bottom product from basic cracking is too low for the economical
25 operation of a column, on account of a production stream of a bisphenol plant being
relatively small, it is recommended that small amounts such as these from a plurality of
streams are combined, or that the bottom product from a plant is accumulated to form a

larger amount, followed by the cracking thereof in a suitable apparatus.

30 If the water of reaction which is unavoidably formed is excluded from the mass balance

from the outset, yields of material of up to 99 % can be obtained by the process
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wi th boiling points higher than that of phenol, is fed approximtely to the

m ddl e of a colum which represendgs 25 to 50 plates dependi ng on
t he manner of operation, and is then separated into a distillate
containing the lowboiling fractions such as isoners, 5 chr omanes

and bi sphenol accanding td the ivientidroan desweibed tbovehateovarga pardcutarypusebisplenol is
fractions such as indanes, spiro-bis-indanes, trisphenol and residual

bi sphenol . Thebtained. distillate is separated, in a further columm which
is simlar to the first and which conprises 25 to 50 plates, into
a lowboiling distillate and into a bottom product cont ai ni ng

hi gh-purity (398.d8stMatibh appaanbes useé cbﬁe.?oﬁénb ithen peordars tahll |asé &nowdiite fond 0
contains the isoners, and_the bottom product fromthe separation of |
bi sphend by skilled in thegirk Prekedttiodies, Riplerahlycton Pasking matrinls griiehy prejdeseribed

f i d.resid i sphenel i ned. h
haat 1 on_of bt DUt s ERGEOSRR of, Sl ey st SOVl B, PR 40 e
to a reactive u&&pgﬂoﬁﬂt: %@Idnﬁﬁ fof BRScpasticH 6f BisFHeksld TheofRkidp RRInMMay also

tenperatures of 1! . 270[err] C, preferably 200 to 260[err]C,
nmost pr ef er ableyntainOpacked bodies ahd, packing anatesiadss partisylady in3he dop part in whigh 5

nbar , f lyv.12.to. 1 , t bl 0.t | . Th
ot Par e oot is effeoR]: PR hreBrietais dhe Aottand pirt HORsivem Bith s, are
ol i gongyps t herreleschided ﬁ%ﬂrﬁaﬁﬂﬁdc?@lgﬁédﬁ'(loq sit.). The bottom product is

fed, after acidification, to a second reactive rectification stage
simlar to that nentioned above, and is cracked there at 150 to 260[err]C,

preferably 16Q.to ... 25Q[err]C nost preferably. 170 to, 240[er.r]C, and
at the pressu&be TgResion M?qmgeﬁﬁoﬁ“ﬁ@r cascade,  Which P fogbé coptd iy 1
and can optiogakiivhe r i {4 VAl i :

with the reactalﬁ gir%yus% g%zlc"an %o:{%(%cnhypﬁggﬁéﬁ m@? ?%%Eﬁgfelsggg’s%%ﬂof
is taken of f ateferably 14 to 30 e bp asightyfof bispherol. (I .content of bisphendl fin theeeaction

proportion of hottom pyoduct from basic cracking js tog.low.,for the
econoni Pal ZSWWCMF 38#0&3?1;1]3?“@;[}18\4&?3%‘18%%&00 by veigitduct i on
stream of a bi sphenol plant being relatively small, it is
reconmended that small anpbunts such as these froma plurality of

streans are cQohipard, with knboh Bikphehsit procasgosp thecprobass mceoringnt ths invention
accunul ated to form.a | ar ger amount,, foll owed by the cracking
thereof in a a¢fordingly Aspathat advantagey of provmﬁmgthel‘qsﬁ'fpém%fbw B¢l 3R @i ch

i s unavoi dabl ﬁﬁ?l . XL , : Ly t he
out set, vyiel déxo EFmal elﬁnﬁﬁ )Sg%l&l’(t}gﬁ]tsosegl@ %90?; g‘éﬁ&g% a%%ipgﬁﬁrgtg}y&or? ﬁglp éer%lcess

WO 98/ 2D896  and completely continuously.
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-9 - according to the invention as descri bed above; noreover, a
particul arly pure bisphenol is obtai ned. The
distillation apparatuses used correspond to the prior art and are known to
one 5 skilled in the art. Packed bodies, preferably the packing
material s whigﬁagﬁﬂ% e Fighe o) in Ulmnn's Encycl opedi a of |ndust.
Chem, 5th Ed. Vo , pp. 4-70 to 4-92, are used in the col umms

for the separation of bisphenol. The cracking colums may al so
o i cne o BPA e SroBReARE R bvore e fadors BRL bt kP a0R iR
bott om part, Yt t(ﬁ?qOQ,r!?%@r ALS c@vt%ﬁiging 3.6 9} E?w@fgﬁ?&in%ﬂzlﬂm&z&?}diﬁ?ﬁhneé S

Encycl opedi a ( react1 on mxtures ‘| eavl ng
react or <ascade;catahist; lbyaintrodusirigeabose ti8, 666 pires by weight/howdicftphefals el mixed/

contain 10 to 35 %b i ght referably 12 t, % by wei ght, I,
preferably 14 Wﬁ‘@éﬁ"\é\@y\%@%‘”&w aggt ﬁ@ﬁ@f“.?’ ﬁﬁ@%ﬁf&%ﬂ@rf’%gggﬁ%%? in
t he reaction : ' 1451 f : | ess
han 5096 by aary e residlieththfhg 40igf Borenigh S50ty 1O BN g ohB |

t he process aaadobgomers thetdod imtoderfirstavactor, which wasataempergtuye dfekS°Chwith an

advant ages of providing a high-purity bisphenol in an .
extraordi nari IWWM%@WWRW@P&%Q-ﬁ&g@&rﬁ@ﬂ%‘g@m@c‘aT&)H@F‘H@ﬁ%% ther e

S ;3/”15) |2 g glgjan Ner g2 reactor wal Wil KRR k0 HLRbY WHhdur of acetone and with 199 parts

PCT/ EP98/ 02644y weight/hour of distillate from the residue cracking stage containing about 93 partd By
Exanpl e (see Figure 1) BPA was produced in a cascade of three

reactors (R), Westthovesfdsenrencaulpbenoh (ligomiess).i wis brought to a terspespinregRl &5°CsC
102, Bayer AGhn§QRlsel il the SedfudYrelifibd HieHsHRHEY b bbby WelthrfRod. The

product flowing from the second reactor was well mixed with 200 parts by weight/hour

15 acetone and with 94 parts by weight/hour of distillate from the residue cracking stage
containing about 46 parts by weight of isopropenylphenol (oligomers), was brought to a
temperature of 75°C, and was fed into the third reactor, likewise with 0.6 parts by
weight/litre.hour.

20 The acetone conversion was then 97 to 98 % theoretical. The reaction mixture was
passed over a bed of basic ion exchanger in order to remove traces of acidic compounds,

and was then freed from water and residual acetone.

The reaction mixture (20,297 parts by weight/hour) from this reaction of phenol with
25 acetone and isopropenylphenol, which had the composition I given in Table 1 and which
had already been freed, in a first distillation unit (1+2), from water of reaction
containing a little phenol and residual acetone (phenol was recovered from the distillate
by extraction (E) and subsequent work-up by distillation (6, 7) and was recycled to the
reaction), was continuously separated from the bulk of the phenol (12,746 parts by
30 weight/hour, IT) in the first column (3a) of a second distillation unit (3) consisting of two
columns connected in series, and the bottom product obtained (7,821 parts by
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5 co-catal yst, by introduci ng about 18,665 parts by weig hour of
phenol, well m xed with 600 pa[tli _by wei ght/hour of acetone and
with 283 parts by weight/hour of distillat fromthe residue

cracki ng stage containing about 140 parts by wei ght isopropenyl phenol

and ol i goner s vwdightdofr, Nt @aé herf isibsantigle tLparatéldi o "aisendl (33D NPefsabyr €
of 55[err]C, with an . 1z'i)‘fmqun't Qfgﬁtﬁcqtgl yst corresponcgi ng to O. 6§'I
kg/litre. hour weiglpfheouuEY) bymthird distillationlie a thirdgcolumen (8b). first reactor was
well mxed with 400 parts by wei ght/hour of acetone and with 187 parts

by wei ght/hour of distillate fromthe residue cracking stage containing
about 93 part sTHaYtwo phenol distillfRis AN b PP Fwedé rdc§ERA ?@ﬂf&yﬁlzﬁ%&h ﬁ.oi"ﬁeg%&aornlfl) ’
was brought to a tenperature of 65[err]C, and was ?ed Into the
second r¥act orproduck e44i13 eants tiy Weightfhaur, SV)bwasnviedgapptdxirhately . infbhihe middle of a
product flow ng t he secon was well mxed with 200 parts by

f
wei ght / hour 1% fumn’ )aﬁ%‘fjﬁ?ﬁén%ggr%a%oéﬁarﬁ%% S18CS @RS VRS Prparates AizdeR | at e

fromthe resi dugp&itafelds '3901?"2@%?2 and at a bottomci&{i%c?&ﬁfer}ﬂ ag&ﬁgﬁ’?‘]@aﬁ)@ﬁt%smg%,

wei ght of i sopropenyl phenol (ol goners), was ought to
t enper at ur e ofint@%{distillat richrid BRas (4184 pame by whight/Ijur,0VY) @ad s a boitérawirsducyd t h

0.6 parts b . . i ght/litre,_ hour. 20 . The acetone conversion
was Dhen o7 1 oPhish onpiainsd st inghboiling, Bostions (302 Faris by eighvlaosn, V1D, The disitgs o
over a d of A Lol : |k mes f | di
Conpounts. © RBRFaARiRHERARAhe b Il cdifind SR TRGRS: Smdtied oo
The reaction dseparaing2tigeQ dndthe tfmetion with glboiling point lovesmtidni thatrofaBPA gRO
phenol with 25 ,aﬁ t on diso ropenylsohenol, whi ch had the

conposi tion | PEIY/BHWER ‘%W’m?&ﬁﬂ leghpif at 5 mbar andg 2 01 temporapieeef ghoukd,
in a first di shid ' | r e | ONp s .

lzont ai Ini ng aI %b!tl tq %Hpaﬁgbr#gﬁi {gﬁlé &r?éé%el %ﬁj%’lgma%%tkgh‘gﬂ%%#@ﬁg#p’ﬁﬁgmg%gmtgr(égiz‘lf rom
the distill at garts by weight/Hayr,dX) mas thiep dblafied am the Bobem6diict. Btk mURodEt VII

distillgtion (6 357521 and was recycled to the . reaction), was

cont i nugusl y duddistillate VIl 669%??5%le1§1’[/119% visine pentingaus]yr éatqsawitls O %6y

wei ght / hour, ' 51 C Q) . of . & Seco [stillatjon . unit (3
congi sting of l“{e}\%{ K()tl-ﬂ?mgét&g 5%’u°ng%m%3&%§ﬁeeﬁlﬁ}? o(;fg?. ?@g{% acr?k)‘m?lh@)ﬂﬁ‘? PGt %
product obt ai oedked7t Bhbaast aStobytem?erature of 82 to $88C R0 228 Wéttom temperature of

PCT/ EP98/ 02644 ght/hour, 111) was very substantially

separ at ed fr oReHIetRSC( 'ﬂlg@glvifﬂlgﬁ 25 pgrts by weight/hour, X) was fed to the reaction with
phenol to form BPA. After the addition of 2 moles toluenesulphonic acid per mole of

20 KOH present, the bottom product (76 parts by weight/hour) could be further cracked in a

final column (9), which likewise contained 20 plates, by injecting it approximately into

the middle of the column, at 4 to 5 mbar and at a top temperature of about 71 to 4°C and
a bottom temperature of about 200°C, whereupon a phenol distillate (39 parts by
weight/hour, XI) was produced which was likewise fed to the BPA reaction (optionally

25 after purification in column 10), and a residue (37 parts by weight/hour) was formed
which was disposed of.

Therefore, during the production of 3824 parts by weight/hour BPA, 37 parts by
weight/hour of by-product were produced, corresponding to a yield of material of >98
30 %.



wei ght/hour, V) by a third distillation in a third colum (3b).

The two phenol distillates Il and IV were recycled to the BPA reaction. The
bottom 5 product (4513 parts by wei ght/hour, V) was fed
approximately into the mddle of a colum (4) conprising 30 to 40
separating stages and was separated, at a top t enper ature of
about 215[err]C and at a bottom tenperature of about 247[err]C and at 5
nbar , into a distillate rich in BPA (4134 parts by wei ght/hour,
VI) and into a bottom product whi ch cont ai ned the high-boiling
fractions (302 parts by weight/hour, VII). The distillate 10 was fed
approximately into the mddle of a colum (5) which |ikew se conprised 30
to 40 separati Mg stagey, [@and Irhn rection with a boiling point
| ower than that of BPA (3 part s} by wei ght/hour, VIII) was
distilled off at 5 nbar agd di-(&t dp, It ehperpt re of about
204[err]C and a bottomte% 1EqL (ﬁ Q[ err] C, whereupon BPA of
high purity (3824 by p%ﬁs%w\ﬂ%i‘@ “Ripur, 1X) was then obtained in
t he bottom product. Bottos prijodugt {VI|I [15 and distillate VIl (602
parts by wei ght/hour) wer& cqgntji qudusjl y| treated with 0.2 % by
wei ght KOH, injected appraxXtriayue{y i e Uule of a 20-plate colum (8)
and were cracke at&f%%lﬁ tgqbtc"@tenperature of 82 to
85[err] C and at a bottom gen&&idleslof|s| | (] 230 to 235[err]C. The
distillate (525 parts by -wetghtl-Houg wais—-ed to the reaction with
phenol to form BPA After%t hg addi tji dn |of sl es tol uenesul phonic acid per
nol e of 20 KCH pres | tlhg Qotft dm fprigdlwet (76 parts by wei ght/hour)
could be further cracked };{1 q fli nfgk| col um (9), which |ikew se
cont ai ned 20 pl ates, by i-Aegtrg—Ht—tagpHedrately into t he
m ddl e of the columm, at 4, to&h med g |atld. |at oeop t enperature of about 71
to 4[err]C and & b(th’rrde;wer%ﬁJ cof about 200[err]C, whereupon
a phenol di sgi |late (39 partd—hy ght / hour, XI) was produced
whi ch was |i@ew se fed toS‘the,_BP/\o\rg‘eg\}ion (ogptionally 25 after
purificatiorin colum 105, amjeaY | ey g K |$Y|<parts by wei ght/ hour) was
f ormed & i ch vvasEdi <S( sed{SHT Therefore, during the
producti on 3824 part s by_yeiofpt7tgur—BPA 137 parts by
wei ght/ hour &f by product sweieprledudf], |cdrrlesponding to a yield of
material of >98 30 [%\Aé;gggg'oooo
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PCT/ EP98 02644 __Cl_aj_m ApLgoess for t he conti nuous production of

di hydr oxydi aryl al kanes (bi sphenol s) f qﬁ]‘ t one, phenol and
i soal kenyl phenol JMH Ilﬂ“(ﬂﬂwlnt aracterised in that 1) phenol
Is reacted with nyI phenol, in a cascade of at |east two

react or sQigif® Whi ch Keténe"and i'soal kenyl phenol are apportioned, and at the
| owest = possible tenperature but in the sense of increasing
conversion with increasing tenperature, and acidic constituents

t ai in th t t , h f 2
el er of MEREEH B hareptpted BPYoR oa g ase e elignes Bigtens Blfromdelaneon

phenol and isoalkenylphenol by acidic catalysis, characterised in that

1) phenol is reacted with ketone and isoalkenylphenol, in a cascade of at least two
reactors into which ketone and isoalkenylphenol are apportioned, and at the lowest
possible temperature but in the sense of increasing conversion with increasing
temperature, and acidic constituents contained in the reaction mixture are removed

therefrom,
2) water of reaction, and possibly residual ketone, are distilled therefrom,
3) the dry reaction mixture is freed from phenol by distillation,

4) the bottom product obtained, which is highly concentrated in bisphenol, is subjected to a
further distillation and is separated into a distillate rich in bisphenol and into a bottom
product containing high-boiling fractions,

5) this distillate is distilled again, whereupon the fractions which are lower-boiling than
bisphenol are driven overhead and a high-purity bisphenol is obtained as a bottom

product,

6) the bottom product from 4), which contains high-boiling fractions, and the distillate
from 5), which contains low-boiling fractions, are combined and are continuously
cracked in the presence of a base, in a multi-step reactive distillation, into phenol and

isoalkenylphenol which pass overhead and into a high-boiling bottom product,

D this high-boiling bottom product is acidified and is cracked, in a further reactive
distillation, into phenol and into a resin to be disposed of, and



3) th ct H eed from phenol b i on, 4)
t he bott?n?%%lsggﬁgt H WH’JE”I“S hi ghl y concentrgtcg{jﬁ?%’big?;sphenol i's

subjected to a further dIStI||ath0n and is separated into a
distillate rich in bisphenol and into & bot t om product contai ni ng
hi gh-boiling fractions, 5) this distillate is distilled again,

wher eupo g) t he tifer Iﬁ’féﬁél%ll‘ﬂfé' fRdin Y £nd tﬁé’@ﬁen@ﬁsbélﬁ&xylﬂhéﬁbl dlsullate ﬁ%ﬁ Bj‘ﬁ'@ @hcrar e
driven overhead and a high-purity bisphenol is obtained as a

pr oduct 6) recy¢led optionabipnafierguiniticationotntlae) reaction ¢dformrbisphermlhi gh b0| ling
fractions, and the distillate from5), which contains | ow boiling
fractions, are conbined and are continuously cracked in the presence
of a base, in a nulti-step reactive distillation, into phenol and

i soal kenyl phenol whi ch pass overhead and into a high-boiling bottom

product, 7) this high-boiling bottomproduct is acidified and is
cracked, in a further reactive distillation, into phenol and into a
resin to be disposed of, and WO 98/ 52896 PCT/ EP98/ 02644
- 14- 8) t he phenol distillate from 7) and the phenol -i soal kenyl phenol
distillate from6) are each recycled, optionally after purification,

to the reaction to form bi sphenol .



