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Process for workiVi@%%$38%Hot her |iquors from bi sphenol producti oRCTEES8{2@E ent
invention relates to a process for working up the residual nother |iquors
fromthe production of dihydroxydi aryl al kanes (bi sphenol s) di scharged from
the 5 process once the bisphenol has beenh-separated. The production of
bi sphenol s by the acid-catal ysed reaction of ketones with phenol is known.
There have been a nunber of different proposals for this (cf., for exanple,
US- A 2 775 620, ¢P- A 3 3 EP ( )3 At ol 28 duk ;CS 3 833 900,
US-A 10 4 3087404 US-A & 300405, ~EF-A Bou 878, UoA 4 876 391, US-A 3
242 219). There is a survey of the older literature on bisphenol production
in Ulmnn's Encycl opedia of Indust. Chem, 5th. Edition, Vol. A 19, pages
348-52. As a rul dhgipgshrtrinyention sqlases tald protrss firevoukingup BirAksidial dustherilighbns

t he nost inportant of, the 15, i enol.s, .are prepared by introducin

ket one and phenoIr%l"‘)Frf'ntﬂ?)‘3 Brordgﬁti‘%ﬁfgﬁ‘& Oﬁﬁ%ﬁ@ﬂa?k@ﬁgéblggﬁ{l&ﬁhéﬁcwﬁﬁ gﬁ’é‘ the
wor ki ng up bi ' ' | t hrough acidic ion
exchangers g&d t?gnfgﬁ%????ﬂﬁ“?%mﬂﬁéfﬁgﬁéﬁﬁ?ﬁégs pl ace. Any ketone which

may possi bly not have reacted is recovered fromthe reaction m xture and
| ed back into the_ reaction. The reaction mxture is cool ed, the bisphenol

is if necessary difBiducton ofbisphenals Yisthgariigatalysed mactioned ietonesawith phenol is
ted of f ' 1 The,. | i A d.f h
adduct by 1 ash SPOCE ek e B iipel P RART brono S BROUFE, oIt R

liquor fromthe ry$T5610, BRIA QM 758, BRSS 66 H9, RISA AQI7BR DEYK %ﬁéﬂmﬂssmnd
i somers contai ned therein undergo rearrangenent to form bi sphenol. The

bi sphenol t¥us f 4388 404.47541b308: 404, BR-AcG3P78) US-dad B3 UNLIStAB 242 9t9al | i sat e
obtained is passed to 25 the first crystallisation step. A portion
(approximately 10 to 20% of the nother |iquor now obtained is set aside;
the bulk is retumpgd #0at | [ S f fn%a.
portion set aside and is %eﬁfﬁg%b?@d?ﬁgﬁ%ggt(fnoﬁ#ﬁﬂréﬁgi ?’febsﬁa%tuoél (E)rgtgall ned
during the disti Bneyclapediasofr lndwst.eCGhdm.p il Editipnp ¥ek sA a9 phgesUBI8S2. fAr a rule

exanpl e, for the_preparation, of phenol resin. . .
P b@pl‘lae%ofs, espec1aﬁy bE)sp enol A (BPA), industrially the most important of the

15 bisphenols, are prepared by introducing ketone and phenol into a recirculated mother
liquor obtained from the working up of bisphenol, this mixture is passed through
acidic ion exchangers and the conversion to bisphenol takes place. Any ketone which
may possibly not have reacted is recovered from the reaction mixture and led back into
the reaction. The reaction mixture is cooled, the bisphenol is if necessary allowed to

20 crystallise out as phenol adduct, separated off and washed with phenol. The phenol is
separated from the adduct by flash distillation and pure bisphenol is recovered. The
mother liquor from the crystallisation is passed through acidic ion exchangers and
isomers contained therein undergo rearrangement to form bisphenol. The bisphenol
thus formed is separated by crystallisation and the crystallisate obtained is passed to

25 the first crystallisation step. A portion (approximately 10 to 20%) of the mother liquor
now obtained is set aside; the bulk is retumed to the reaction. Phenol is distilled off
from the portion set aside and is returned to the reaction. The residue obtained during
the distillation is removed from the process and is used, for example, for the

preparation of phenol resin.
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30 -2 : An appreciable quantity of val uable compounds, such as bi sphenol
and isoners, are WO¥S2H the portion which is set aside and ul PCHEPS(0y642

di scharged. This renoval fromthe nother liquor is absolutely essential, so
as not to allow the quantity of unusable and interfering conpounds to
beconme too great. Attenpts have therefore be2n made to 5 work up and to
deconpose the discharged portion, in order to recover the val uable
materials for use in the production of bisphenol. For this, too, there have

been a nunber of (i | ysi t [ it 1S
possi bl e to obt ailaglH %%?%@ee%@gﬁsdg %%mgﬁe%pggﬁ%’ %ﬁ %%gﬁg%qog%g%go?!e%v\ﬁfech
have still to be 160&1 e Pbiionhid ik 66l abidSail witith3telybdsohargtd. DHK RARRAL @ the
treatment also |eads to val uable products, as is disclosed in EP-A 17 852.
The deconposi t i omnathey liguenistsbsclutely] essentialdsdgs natitelabiova ties pretity afompssbledand
However, only phenol. i s obtai ned usi ng aci ds, suc s sul phuric acid or

t ol uenesul phoni c l%ksﬁf%{m(éd@-“}%mﬁ%% © tgu greqt. c%@%?lg%g%‘fe tgﬂg'toﬁ%l"?ﬁnh‘é‘ %%nd,
effect a 15 dQERE RO SNl | | Sisdhay; ef |

I soal kenyl phsenol . Cat glsiygttgraﬁgﬁé&gﬁggl (gre ég §§|OI }r}%aithaf}hc;rotrh}pmgﬁnrygs,ﬁﬁg‘{fgﬁggs
NaOH, KOH, NaHCOpatésielsafortust dn théa ptodpatipmostpbisgtenolk[Fer tHiCGbeyr thire Bay® teead aAl

i sopropylate (US-A 4 277 628, US-A 4 594 459, US-A 4 131 749). 20 In
this procedure, MYMbeEdifferen pronesals of the discharged material is
deconposed, and operation is intermttent or sem continuous. Wolly
continuous processes are unknown. These processes have been inproved, as
regards a hi gher Byupyrblysiefat abeut [B00Igh#trigpossible &bobtaintiéderdtd §ields of phenol and

phenol /i soal kenyl phenol m xture fromthe deconposition is introduced into
alkylphenols, which have still to be thoroughly purified (US-A 2 497 503). A

hydrogenation treatment also leads to valuable products, as is disclosed in EP-A 17

852. The decomposition can also be accelerated by acidic and basic compounds.
However, only phenol is obtained by using acids such as sulphuric acid or
toluenesulphonic acid (US-A 3 466 337). Basic catalysts, on the other hand, effect a

15 decomposition of the discharged materials into phenol and isoalkenylphenol. Catalysts
mentioned are alkali metal compounds, such as NaOH, KOH, NaHCO,, Na acetate, Na
hypophosphite, K,CO,, MgO and Al isopropylate (US-A 4 277 628, US-A 4 594 459,
US-A 4 131 749).

20 In this procedure, however, only a part of the discharged material is decomposed, and
operation is intermittent or semicontinuous. Wholly continuous processes are
unknown.

These processes have been improved, as regards a higher purity of the bisphenol, in
25 that the phenol/isoalkenylphenol mixture from the decomposition is introduced into
the first mother liquor after the separation of the first bisphenol portion. The mixture is
passed over the acid catalyst and the reaction of isoalkenylphenol with phenol and the
rearrangement are allowed to proceed simultaneously. The second bisphenol portion is
then separated from the mixture by crystallisation and the second mother liquor is

30 again removed for decomposition. The second bisphenol portion is introduced into the
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the first:nother |iquor after the separation of the first bisphenol
portion. The mxt"(]‘?gg/qzég"passed over the acid catal yst and the FEXEPIEERARS
i soal kenyl phenol with phenol and the rearrangenent are allowed to proceed
si mul t aneously. The second bi sphenol portion is then separated fromthe

m xture by crystallisation and the second ne3her liquor is 30 again
renoved for deconposition. The second bi sphenol portion is introduced into
t he -3 - first crystallisation. The purity of the bisphenol is thereby

somewhat i ncreas i : QR

addi tional ci rcuﬁg%tic% ?Eﬁ%ﬁ%pffﬂ ggmé’iﬁe%ﬁh@gléﬁégb%een &%@%glgg%x’ttﬁg%h % he
second not her | i queess i8rdndered hivpdenglicabdbe asadditional ditealatidrb@I5-A053.660). t he
first nother liquor after separation of the first quantity of bisphenol and

after the rearrangenent, be at |east partly worked up by distillation, in
order better to L he val uahbl oduct s contai.ned .therein, The

bi sphenol thus o {g?snélgo :;bger} Bfoﬁ’ff‘egdtﬁﬁtg eisﬁ?o(fl%tlﬂgt?"?’i %‘_t“_é?i}sﬁi iﬁ’*‘?&? PEITSt ep
and purifiedst herd@scribb® ab&W, oP @d ﬁfwnfo@ﬁmmgaﬂ m&%gﬁéw{unn& 1he IS Guafi§ of

i ntroduced into the reaction (WO 94/20445 1 and EP-A 552 518). Th
difficulty lies ibispbénohiand afierdbe jeagsngeinait, be atxloash partly vaorkedngp b tistllationginor ,
which is highly enriched by isonprs a by-products, ,sufficiently pure
fractions parti Cl?F‘Eﬂ'ﬁV%?roW P‘i‘l@ﬁﬁ%l’fﬁlﬂgﬁﬁm “ﬁtdeﬁ‘?é‘t,alr\ﬁﬂitgﬁe‘&f gibisphengt thysy
renmove, W thout ;¥ &diird i 4 I.du .

di ni ni shing the ;%e i ecaudggg%ﬁﬁtt%htpgfﬁsgg oF I‘f%{rll’g%?epﬁg%g%‘?ﬁegef ?8%%

products have t o boilingicempombats. codtainfipcisdmers hiedmfoducat ihto the piiRREIVO4/20M43r e
obtained during the _distillation magﬁ al so be deconposed and t he

deconposi ti ¥h pr @88 EPsArB2nt18) dlheeditficulty lienin pbtaiamssat justifiablg xpeanse fronp the
;LOCZ_S now been o 118 whith ¥ hishf) dnbiBfa Yy RARAL ¥y bIGRE, st Bire
fractions particularly low in chromans and indans, which are difficult to remove,
without excessively increasing the no longer usable residue and diminishing the yield.
Because of this, a portion of the distillation products have to be discarded.
15
The fractions low in bisphenol which are obtained during the distillation may also be
decomposed and the decomposition products reintroduced into the process (EP-A 332

203).

20 It has now been found that the yield from bisphenol synthesis using the above-
described process may simply be increased by mixing the discharged portion of the
second mother liquor, once the phenol has been removed by distillation, with a
basic catalyst and continuously apportioning it as a melt into a reactive rectification
stage. During the reactive rectification, this melt is decomposed into a mixture of
25 phenol and isoalkylphenol, obtained as an overhead product, which flows into the
reaction, and bottoms which, once acidified, are apportioned into a second reactive
rectification stage, where they are decomposed into phenol which, optionally after
further purification, is returned to the reaction, and second bottoms which are

discarded.
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descri‘bed: process mag/ si nply be i ncr eased by m xi ng the di scharged portion
of the second motR@P¥%Yuor, once the phenol has been renoved BFTEPS802642
distillation, with a basic catalyst and continuously apportioning it as a
melt into a reactive rectification stage. During the reactive
rectification, this nelt is deconposed into-&-m xture of 25 phenol and
| soal kyl phenol , obtai ned as an overhead product, which flows into the
reaction, and bottons which, once acidified, are apportioned into a secoEd
reactive rectifi | e h.D ngl _whi ch,
opt i onal 1y af ter TR aRhAse nHOEHRahBihaR S dROIRAS B 48 ATRE e oS
second bottons Whacedidiag ao Ghe dbvefifsh ardthot subsfitutéduint el RirposiRdn GndYéHts o
conmpounds for the production of the educts for the process according to the
i nvention are notsu&%@mst‘éﬁ thg sepondherdgrarsuctp @s icyanongranps, @atrbmaylngrlnups or mitro
substituents of t econd .order., such, as cyan roups, . car boxy r QURS,_ or
nitro groups; exﬁ%pg’s%@ﬁs W&S’Idhog‘%heti ‘Wg‘g;‘%r g’epﬂﬁq?ﬁ}’,o'o?‘“‘iﬂﬂ'c?ﬁsﬁlr a1 |
2,6- 5 disret hydimbRshenol,0- t@felt.- %ﬂé&l}en -meth% Mt N4 tert.-butylphenol,  o-
6-tert.-butyl phenol, g- cycl ohexyl phenol ;" o-phen {pheno(% , P

o-i sopropyl pheno Icyclghawlphymol,&-plyﬁnb'lpherml,w-isbpmpﬂpl;}enel, Ianﬂeﬂaylcﬂqt(tjwtappﬂit?lpmlanol,
2,3,6-trinmethyl phenol.. Preferre qQunds, are_pheno o- and mcresol,
2. 6- di met hyl phendr 3¢ € ¥°PE}EH |%§fg§%m°§mﬁ@l%h%fﬁ%@éﬁwp9mﬁﬁé%phmﬁ o-
particul arly pref,8§ Wedresot02 ichaNi6h 1 *'lﬁﬁﬂ [ ald tic
group on the car boélyl funct’ ol&rllﬁl gtlgrr%ﬂgiég)n%ﬁl C h@éy@b%&dﬁ%ﬁﬁ%&#@%ﬁ%@&oﬁs

acetone, nethyl eafighlalpprmferednet hyl propyl ketone, methyl isopropyl
ket one, di e{ohyl ket one, acetophenone, cycl ohexanone,

Suitable ketones contain at least one aliphatic group on the carbonyl function;
examples which may be mentioned are acetone, methyl ethyl ketone, methyl propyl
ketone, methyl isopropyl ketone, diethyl ketone, acetophenone, cyclohexanone,
cyclopentanone, methyl-, dimethyl- and trimethylcyclohexanone, which may also have
15 geminal methyl groups, such as 3,3-dimethyl-5-methylcyclohexanone
(hydroisophorone). Preferred compounds are acetone, acetophenone, cyclohexanone

and its homologues containing methy] groups; acetone is particularly preferred.

Educts for the process according to the invention are the mother liquors arising
20 during the production of dihydroxydiarylalkanes by the reaction of aromatic hydroxy

compounds with ketones and isoalkenylphenols on acid catalysts.

Preferred educts for the process according to the invention are in particular also the
mother liquors remaining after separation of the bis(4-hydroxyaryl)alkanes, which,

25 after addition of the consumed hydroxy compounds and optionally removal of a
certain proportion in order to avoid the accumulation of unwanted by-products, are
returned to the process: in the case of bisphenol A synthesis, such mother liquors
contain approx. 78-88 wt.% of phenol and 22-12 wt.% of bisphenol A and by-
products of the following composition:
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cycl opent anone, nethyl -  dinethyl- and trinethyl cycl ohexanone, which nmay
al>/so Eave 15 B et hyl y groups, such as PCT/EP98/02642

3, 3-di et hyl - 5-met hyl cycl ohexanone (hydroi sophorone). Preferred conpounds
are acetone, acetophenone, cycl ohexanone and its honol ogues cont ai ni ng

met hyl groups; acetone is particularly prefeffed. Educts for the process
according to the invention are the mother liquors arising 20  during the
production of dihydroxydiaryl al kanes by the reaction of aronatic hydroxy
conmpounds with ketones and isoal kenyl phenols on acid catalysts. Preferred
educts for the process according to the invention are in particular also
the nother |iquo | Ring after separati opyg

bi s(4- hydr oxyary ?g:§§§%§ mhich 25 IafEe agdltlon of th? consuned
hydr oxy conpoundg—ar L.uua..y effovat—eof—p—eertatRn—propertien—n—ordear
tg avo?d tﬂg accll hﬁﬁﬂéﬁ’of unvant ed by- profliSWt% e returned to the
process: in the gase of bispheno] A synthesip, such nother liquors contgin
approx. 78-88 wt|#sphienohenol and 22-12 wt . % pi-ghitaphenol A and by- products

of the follow ng|conposition: 30 -5 - bi sphenol A . .

40-65 wt .%o, p-b T Y5 tTTSphenot

2-6 w. %chrorransaﬂgﬁlgﬁ)d 41?%4’3%

1,3, 3-t rimet hyI di& rcxyphnn\l| —Adans 3-13 Mt . % further Qprnndary pr aduct s
3-15 wt. % Sui tabl b ééammeﬂgﬂ@ ydsexyphenylindans detddpode ti on ar e those
nentioned in thejliterature, 5 preferably al kali metal oxi des and

hydroxi des, part | fidhar deoridlaff foaitty NaOH and| 3.15 wi.9

Suitable catalysts for the basic decomposition are those mentioned in the literature,

5 preferably alkali metal oxides and hydroxides, particularly preferably NaOH and
KOH. In the process according to the invention, they are introduced into the melt of
the decomposition educts, dissolved and homogeneously distributed, the temperature
expediently being between 100°C and 200°C, preferably 120°C and 180°C.

10 Suitable catalysts for the acid decomposition are those mentioned in the literature,
preferably sulphuric acid, phosphoric acid, phosphorous acid, the partial salts thereof,
such as NHHSO,, NaHSO,, KHSO,, NaH,PO,, KH,PO,, NH,H,PO,, NH,H,PO,,
KH,PO, and analogues, also the organic derivatives of these acids, namely aromatic
sulphonic acids and disulphonic acids, such as benzenesulphonic acid,

15 toluenesulphonic acid, xylenesulphonic acid, phenolsulphonic acid, diphenyldi-
sulphonic acid, diphenyl ether disulphonic acid, then aromatic phosphonic and
phosphinic acids, such as benzene-, toluene-~ xylenephosphonic and -phosphinic acids,
diphenyldiphosphonic acid and diphenyldiphosphinic acid, also solid acids, such as
acidic aluminium oxides, aluminas such as bentonites and montmorillonites, zeolites,

20 titanium oxide and zirconium oxide, niobium oxide and tantalum oxide; acidic

aluminas are preferred.



KOH. '1n the pr.ocess according to the invention, they are introduced into
the melt of the ELHBEYition educts, dissolved and honmogeneoudCy/EP8/02642
distributed, the tenperature expediently being between 100[err] C and
200[err]C, preferably 120[err]C and 1 80[err]C. 10 Sui tabl e catal ysts
for the acid deconposition are those nentionéd in the literature,
preferably sul phuric acid, phosphoric acid, phosphorous acid, the partial
salts thereof, such as NHerr]HSO err], NaHSO err], KHSO err],

NaH err]Pd err], Eﬁg[% aé%i,y‘qd A 0
NH err] H err] PO él‘lr'ﬂré| ][q‘ﬁ egroﬁ Sérr g‘?ﬁt{rﬁJ aﬁfg‘%llgg?g% H%??B%%e”%?%%rﬂ@ wt%
derivatives of theSevtds) pteferablnfedry 006 0B twis, PattitaRly preferhtly fivdd0.dit6 2lvaligni ¢
aci ds, such as benzenesul phonic acid, 15  toluenesul phonic acid,

xyl enesul phoni ¢ 28sed onghegientitylof Herentposednaixtuté- phenyl di - sul phoni ¢ aci d,

di phenyl ether disul phonic acid, then aromatic phosphonic and phosphinic
acids, such as benzene-, toluene- xylenephosphonic and -phosphinic acids,

di pheny! di phpsphary endee bshetdiide € RBRMPLIHENRARIMA pBssiflé B thebHe of Bill datRgbtdls
such as acidic alum nium oxi des, alum nas such as bentonites and

mont mori | | oni t es afterthei basis, dee@mpositiont thaibasic eatatysts amest zithercdre removed drem the

ni obi um oxi de ang fantal um oxi de; acidi¢ alum nas are preferred. -6- The
quantities of catdbgi%f’sW}&g%jEHm’cyoevpﬂew?ﬂliPEﬂbg{;?V eHR0 FERCHIBS & dheyrmust fisshts. 01
Ww.%to 5 w.% pE 0] e RAar i ﬁﬁ@? Y2
fromO0.1 to 2 w. %ﬁl} ggghyogngt?@g %"E)‘gin@e?‘%rg déﬁ a%%%@?rﬁ%sﬂgé#eﬁlmg%(duﬁ{é. %IP a¥1110
render adher ence chalyshiakes plivecy thisdwayhs tprdseres of eafficiehtequatitifiddefastwee afd &ci d
catal ysts, after the basic deconposition the basic catal ysts nust either be

renoved frolf t he cBB¥edhHer therpuzpose pfdbs invoution, agidifieation Sherbloge meansdbat acid is

expensive, or th [E"Et ' ] .2 stron [ r he
addition of the ?lg%u! rgatg‘g E’é%‘;n’{‘%)??&g@é %@%‘%3@(@? §/ls?n inagggaugﬁ?%gtg:ht{ﬁ%oqoﬁl? eWay
the presence of wudié batal9sticontdingd thetedtis DbutAtibédd d9értnt Sbove this there is available

a sufficient quantity of acid catalyst for the subsequent acidic decomposition.

15 The catalysts, for example, dissolved or suspended in phenol, may be metered
continuously into the stream flowing in the column where decomposition takes place.
But it is also possible, in intermediate containers, to admix them in batches to the
material to be decomposed and then to convey this mixture continuously into the
column where decomposition takes place.

20
The columns in which the reactive rectifications are carried out correspond to the
distillation columns generally used. In the columns, the decomposition takes place
beneath the separation by distillation and fractionation of the decomposition products
phenol and isoalkenylphenol from the undecomposed or perhaps undecomposable

25 compounds. In the course of this the decomposition products, generally already
sufficiently pure for further use, leave at the top. The undecomposable constituents are
discharged as bottoms. Reactive rectifications are known to the person skilled in the art
and are described, for example, in Ullmann's Encyclopedia of Industrial Chemistry,
5th. Edition, Vol. B 4, pages 321-8.
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10 ‘**ensured.. F Oggzsgéggurpose of the invention, acidification _therefore
neans that acid i to the bottons fromthe basic deconpodFTEBI?H2a
guantity such that both the basic catalyst contained therein is neutralised
and over and above this there is available a sufficient quantity of acid
catal yst for the subsequent acidic deconpostfton. 15 The catal ysts, for
exanpl e, dissolved or suspended in phenol, nay be netered continuously into
the streamflowing in the colunm where deconposition takes place. But it is
al so possible, inpyi ' 0 | et ' [ - he
material to be dg?:otrn}%?ggﬁﬂg%g&t Sﬁeﬂfaﬁoﬁhﬁgﬁx\'/agsa%teﬁ{ggi O)%di‘itgﬁdr% t@%ﬁﬁ%ﬁﬁgﬁa’%ﬂt o]
t he col um wher e approprigielyiit ithenlowak art joff dxecolifinsTiwhere decommosition whkies plicheto
reactive rectifications,are carried out correspond to the distillation

col ums gener al | Yoesegnd {o, thepdecregsimg yelumenel hakd spd a3 figm topktesbatioatin the
beneat h the separ.af.i.0 | Si | and fractionation of the

deconposi tion pré’crﬁlct ?ﬁé%%%%@gl kenyl phenol from the undeconposed or
per haps undectonposabl e 25 conmpounds. In the course of this the
deconposi tion products, generally already sufficiently pure for further

use, |eave at thdnpgisr toregablishacaiipbls aesidencotimeiin demcaiumn dorithe ahatenipd being
bottons. Reactive rectifjcatio re known .to the person skjlled in the art
and are descri be??cqng’ros% étrﬁlué?[hsq ]BFEIT{;&‘W'Igtoéh?:ﬁ%lﬁ@ﬂ%?ﬁhﬁwd*ec?lﬁm%q% tg]Fes
Chemi stry, 5th. %!Hcé."ﬂﬁ‘s appfibs paRticlarRas % pattin ShichGhe decorfipodifior H6cdHE §F
case it may be advant ageous to decréase the colum di arreper appropriately
in the | ower par uppdr patte theokserofSfilleh erateridk oo poirigh inmy beakdvisapleafoe an teffective

f(ﬁrerespond fOO th%epqa?a feasin rc;/d%lctg.ne of liquid and gas fromtop to bottomin

In the event that the purity of the phenol distilling off from the second decomposition

column is inadequate for use in the bisphenol synthesis, it may be passed into an

additional column or else into the first decomposition column and further purified
15 there.

The process according to the invention may particularly advantageously be
combined with highly selective bisphenol production processes. These processes are
distinguished by the use of the lowest possible ketone concentration and low
20 temperature. This is achieved by reacting phenol and the mother liquor returning to
the reaction with ketone and isoalkenylphenol in at least two reactors connected in
series which contain acidic ion exchangers and which are operated starting from the
lowest possible temperature which, however, rises in the direction of increasing
conversion, wherein the total quantity of ketone and isoalkenylphenol is apportioned
25 between the individual reactors and distributed homogeneously in the reaction mixture

before the introduction into the respective reactors.

It is useful to provide mixing units of known type in front of the individual reactors, in

order to ensure the homogeneous distribution of ketone and isoalkenylphenol in the
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col um dufring.the deconposition. 5 In order to establish a suitable
residence time i WOHO2E um for the material bei ng decorrposed,P('v?“/t’ipsfs@2642
useful to insert trays into the colums where deconposition takes place.
This applies particularly to the part in which the deconposition proceeds.
In the upper part, the use of filler materia8-or packings may be advi sabl e
for an effective 10 separation of the products. In the event that the
purity of the phenol distilling off fromthe second deconposition colum is
i nadequate for u %Iﬁ"l.% | . | S | Jal

addi tional col um% or ellgﬂs}g()llbé\ntagja ?ﬂlghfnlﬁ ¥§Fé1%§:%%%%ia?%erl}b§o u{rsm%gﬁg&?safro?ﬂlg r
purified 15 t required Tdngpering ofths naxtaretefongthe padsinge throughnthis omtalysiybed.
particul arly advant ageously be conbined with highly sel ective bi sphenol
producti on processes. These processes are distinguished by the use of the

| owest possi bl e cOn t and . r 4 RS

achi eved by reac?ﬁ]egq%}'u %@gg%%??%gﬂ t %‘Jitgﬁeé%ber 18 &%ﬁ%?ﬁ%’g d{sﬁgﬁtfoéla%}di on
with ketone mnd itsOfitsk eFystabizatici theh Réﬁfoﬂnﬁﬂsq‘hé ¥ staRafd SeparatedarICk afted Kith
series which contain acidic ion exchangers and which are operated starting
fromthe | owest phewilpths biephsnelaisithen wolatdd, Thewmether, liquos és then dehydratedeandi on
of increasing converai on erein the tot abaég}sﬁmtit of ketone a

d
soal kenyl phenol PRSSed S8 s aeprsaectnont seefipr Aot eertangr e & pecond 07 of thing
di stributed homogengenti! % ichystdifseiC Aok I Meadiish e QLR CschliGtdaNtwAHUE t 4D
into the respective reactors. It is useful to provide mxing units of known
type in front of ittheduiced into dhealfirsteagdtaltisationrstep dfhe mothentiguer from the second

honbgeneous_ di stri bution of ketgne and isoal kenyl phené)l in the - 8-
10 crystallisation step 1s divided and 80 to 90% are returned to the reaction.

The remaining 10 to 20% are evaporated, the distilled phenol is fed into the reaction
or washing. The remaining residue, which contains bisphenol, isomers and
secondary products of various types, once mixed with basic catalysts, is metered
15 continuously as a melt into a reactive rectification and therein are decomposed at
bottom temperatures of 190°C to 270°C, preferably at 200°C to 260°C, particularly
preferably at 210°C to 250°C, and pressures of 15 to 0.5 mbar, preferably 12 to 1 mbar,
particularly preferably 10 to 1 mbar. The distillate, consisting of phenol and
isoalkenylphenol and its oligomers, is passed to the reaction, the bottoms, after
20 acidification, are metered into a second reactive rectification which is similar to the
previous one and therein are decomposed at 150°C to 260°C, preferably at 160°C to
250°C, particularly preferably at 170°C to 240°C and at the pressures given above.
Thereby, phenol is distilled off and may optionally further be purified through a
column and mixed into the reaction stream. Bottoms are withdrawn at the foot of the

25 column, and these are removed for disposal.

If the bottom component resulting from the basic decomposition, owing to a relatively
small production run in a bisphenol plant, is too small for the economical operation of

one column, it is advisable to combine these small quantities from several runs, or to



3

starting-. phenol tion mixture respectively, as well

exchangers for tﬁ@g?éﬁﬁfred tenpering of the m xture before tﬁg§§§2¥%ﬁg
through the catalyst bed. After |eaving the reactors, the unreacted ketone
is first renoved by distillation and 5 the first crystallisation then
performed. The crystals are separated and wdshed with phenol ; the bi sphenol
is then isolated. The nother liquor is then dehydrated and passed t hr ough
the rearrangenent reactor. After rearrangement, a second part of the

bi sphenol s crygjiRkt thessohis3bn bk F18RE fofdl a éér'#%ﬁntltfﬁtﬂﬁﬂh@ﬂ%ec gehiand
introduced into the first crystalli'sation step e nother liquor fromthe
second 10 cripstsaitible appacatusst ep is di vided and 80 to 90% are returned to
the reaction. The remaining 10 to 20% are evaporated, the distilled phenol
is fed into the reaction or washing. The remaining residue, which contains

bi sphenol , is Oneﬁﬁn@@ﬁje @‘38%9 %gd'o}‘dlﬁé ?éjﬁxt%tlﬁvéﬁil ﬁ( af ks S}'}b%sﬁﬁépc%ﬁmd&%lg 1M th

basi c catalysts I S° et i nuous nto reactive
rectificati gn anglafetiglyélds 81 ispleaslmedirtotin b@érhlﬁléﬂety&imﬁmmﬁlwmplefopéﬁh&i r]c
to 27[err]C, preferably at 200[err]C to 260[err]C, particularly preferably
at 210[err]Cto @gwpegi/l}tk@ela@anplwgud@snmenﬁ to 0.5 mbar, preferably 12
to 1 nbar, particularly preferably 10 to 1 nbar. The d|st|IIate, consi sting
of phenol and isoal kenyl phenol and its oligomers, is passed to the
reaction, the bottonms, after 20 acidification, are netered into a
second reactive rectification which is simlar to the previous one and
therein are deconposed at 150[err]C to 260[err]C, preferably at 160[err]C
to 250[err]C, particularly preferably at 170[err]C to 240[err]C and at the
pressures given above. Thereby, phenol is distilled off and nmay optionally
further be purified through a colum and mi xed into the reaction stream
Bottons are wthdrawn at the foot of the 25 colum, and these are
renoved for disposal. If the bottom conponent resulting fromthe basic
deconposition, owing to a relatively small production run in a bisphenol
plant, is too small for the econom cal operation of one columm, it is

advi sable to conbine these snmall quantities fromseveral runs, or to



®

-9- c¢ollect the béttoms from one f)l ant to forma larger quantity and then
to deconpose thi VP #28Yuitabl e apparatus. Using the process afEHEBSN420

the invention, it is possible considerably to increase 5 ~materi al _
yiel ds in bisphenol production in a conpletely continuous, sinple operation
requiring little el aborate plant and equi pralt-. -10- Exanple A resin

from conventional bisphenol A production, obtained after separation of BPA,
rearrangenent, a second BPA separation stage and renoval of phenol by 5

distillation, an%@e foll ow ng conposition: 0.5% phenol 0.90%
di met hyl xant hene "U. 0 0,0 -bisphenol 17.74% op'-bi sphenol 6.31% chronans

56.31% BPA 7.05% indans 0.90% spirobisindans 4.37% trisphenol 1.18%
tri hydroxychromans (MN 402) 4.26% unknown conpounds ] .
A resin from conventional bisphenol A production, obtained after separation of
BPA, rearrangement, a second BPA separation stage and removal of phenol by

5 distiliation, and of the following composition:

0.5% phenol
0.90% dimethylxanthene
0.33% o0,0’-bisphenol
17.74% o,p’-bisphenol
6.31% chromans
56.31% BPA
7.05% indans
0.90% spirobisindans
4.37% trisphenol
1.18% trihydroxychromans (MW 402)
4.26% unknown compounds

after melting and addition of 0.3 wt.% of KOH, was continuously introduced at a
temperature of 145°C into a 10-plate column having a liquid content (holdup) of
10 370 ml in a quantity of 400 g/h. The column was enclosed in a heating element
adjusted to 180°C, provided at the base with a bottom adjusted to a temperature of
235°C and, at the top, with a mirrored Vigreux column of a length of 50 cm as the
separation apparatus. During operation at 2 mbar, a distillate was continuously
discharged from the reactive column via the Vigreux column and a proportion of the
15 apportioned quantity of resin flowed into the bottom flask, from which material was
continuously drawn off in a quantity such that it remained approximately half full.

After some hours, a distillate of the following composition was obtained



after: nelting, and addition of 0.3 wt.% of KOH was continuously introduced
at a tenperatureW9287err] C into a 10-pl ate col um havi ng a PFHET/02642
content (hol dup) of 10 370 M in a quantity of 400 g/h. The colum was
enclosed in a heating el enent adjusted to 180[err]C, provided at the base
with a bottomadjusted to a tenperature of -235[err]C and, at the top, with
a mrrored Vigreux colum of a length of 50 cm as the separation apparatus.
During operation at 2 nbar, a distillate was continuously discharged from
the reactive col um via the \/greux colum and a proportion of the 15
apportioned quantity of re¥d-4Vf rhgeel i nto the bottom flask, from which

mat eri al was conti nuously of f quantl ty such that it remained
approximately half full. Aéjpg%ns%ﬂebl a distillate of the foll ow ng
conposition was obtai ned o, 11 phenol 0.03% o0, 0" -bi sphenol 0.04%
op' - bi sphenol 0.3% chr oma?rg‘V I?Qpr%{(%lyl xant hene 1.3% unknown
conponents renai nder p- |sop}; q%?k and ol igomers thereof, which
corresponded to approx. of the apportloned guantity of resin and
accordingly approx. 50 wt.% g, r&sethytahthene t he bottom flask. 5 A
relatively large quantity of this residue was collected, conbined with
sufficient sulphuric acid th3%onuknbwhbempédnsr esent into KHSJerr], and
0.9 wmt.%of an acidic phyllosilicate (Tonsil Optinmum, relatjve to the
quantity of residue, wagembinderadptisdpropereylphicrol and oligpmers dhezens, deconposed in
a simlar manner to the BPA resin in the

which corresponded to approx. 50% of the apportioned quantity of resin and

accordingly approx. 50 wt.% of residue from the bottom flask.

5 A relatively large quantity of this residue was collected, combined with sufficient
sulphuric acid to convert the KOH present into KHSO,, and 0.9 wt.% of an acidic
phyllosilicate (Tonsil Optimum), relative to the quantity of residue, was also added,
the mixture stitred and decomposed in a similar manner to the BPA resin in the
apparatus described above, wherein the column was adjusted to ~150°C and the

10 bottom temperature to 180 to 190°C. 62% of the apportioned quantity of residue

passed over continuously as a distillate of the composition

91.5% phenol

0.02% o,0’-bisphenol
0.14% o,p-bisphenol
1.90% chromans

0.01% dimethylxanthene
0.04% BPA

0.17% indan

0.41% spirobisindan

5.8% unknown compounds



appai:at us. descri bed above, wherein the col um was adjusted to ~150[err]C
and the 10 boWae#/sesMper at ure to 180 to 190[err] C. 62% of t REI/EP98/02642
apportioned quantity of residue passed over continuously as a distillate of
t he conposition 91.5% phenol 0.02% o, o' -bi sphenol 0.14% op- bi sphenol
1.90% chromans 0.01% di et hyl xant hene 0. Q4% BPA 0.17% indan 0.41%

spi robi si ndan 5.8% unknown conpounds -12- The residue fromthis second
deconposition was accordingly 38 w.%of the first residue and 19 w. % of

the originally introduced.BPA resin. t he.assu i On.. el pon
t he process, 500%&’963%%%&? I5£SepQnd; %&?‘8%&%‘0(@%5“3?%’%@2%@6&'d’u‘E}g"&?q‘é#*
100000 tpy, the %@aﬁe'ahg,19fm\.%%rﬁmer@agi&aﬁ iRbdasst BRA 200 Orothd 26Amipkyn Eat,5
usi ng the process according to the |nven¥|on and, where the deconposition
products are usedepaxdidgPipamythe fpesdiess, 506 toy 5@0tpyfofBE¥in ratg piodueedi e HBPA000

to 4800 tpy, ding A & may be teduc
Py, cor ro%?p%? gf '16'(%00% G}Ft)lg)er gli(antxty gfowa5sté) may be re%uced to 1000 to 1200 tpy by

5 using the process according to the invention and, where the decomposition products
are used for BPA synthesis, the yield of BPA may be raised by 4000 to 4800 tpy,
corresponding to approx. 4 to 5%.
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Patent Ctai m Process for working up nother liquors fromthe production of
di hydr oxydi aryl -WaP¥¥8%s by reacting phenols with ket ones and PCI/EP98/02642

i soal kenyl phenols on acid catalysts in 5 whi ch 1. phenol is renoved
fromthe discharged nother liquor by distillation, the bottons obtained
once the phenol has been renoved by distildBt4 on are conbined with a basic
catal yst and continuously deconposed in a reactive 10

rectification stage into phenol and isoal kenyl phenol, which pass overhead

as the di stiIIat%E%&g@ﬂ%ttorrs, 2. the bottons are mxed with an acid
catal yst and aci d continuously introduced into a second reactive

rectification stage and deconposed into 15 phenol and bottons to
be di scarded, 3. phenol from staggrs 1 and 2 and isoal kenyl phenol ,
optional |y aft erPrpeass Her wetking jupampter ligeors dram dleel proguetinn pk dhyreoxydiaryl-

alkanes by reacting phenols with ketones and isoalkenylphenols on acid catalysts in
5 which

1. phenol is removed from the discharged mother liquor by distillation, the
bottoms obtained once the phenol has been removed by distillation are
combined with a basic catalyst and continuously decomposed in a reactive

10 rectification stage into phenol and isoalkenylphenol, which pass overhead as

the distillate, and bottoms,

2. the bottoms are mixed with an acid catalyst and acidified and continuously
introduced into a second reactive rectification stage and decomposed into

15 phenol and bottoms to be discarded,

3. phenol from stages 1 and 2 and isoalkenylphenol, optionally after further

purification, is returned to the reaction.

R



