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simul taneously at. a high space-tine yield if the tear%eratur , Ketone
(stripper) column the ketone be supplied in gaseous or liquid form by way of a

20 plurality of dispensing points throughout the length of the column. A disadvantage

of the latter process is the major capital investment and control engineering involved
in thus proportioning the ketone supply over a plurality of reactors or a plurality of
supply points of a stripper. The rate of reaction of bis(4-hydroxyaryl)alkane
formation is furthermore reduced by proportioning the ketone supply. The lower

25 reaction rate is accepted in order to increase the selectivity.

A method is required in which simultaneously the reaction is not only more
selective, but also proceeds at a faster rate, in order thus to maximise the space-time
yield.

30
It has now been found that bis(4-hydroxyaryl)alkanes can be produced at high

selectivity and simultaneously at a high space-time yield if the temperature, ketone
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20 conditions under which the temperature and/or the concentration of aromatic

hydroxy compound, ketone and water in the liquid phase are not constant throughout
the length of the reactor. Thus, for example, temperature gradients and/or ketone
and/or water concentration gradients can be impressed in the liquid phase. The
underlying concept of the process according to the invention is the adjustment of the
25 temperature, the ketone content and the water content in the liquid reaction mixture

by means of a suitably composed gas phase.

In the process according to the invention the molar ratio of aromatic hydroxy
compound to ketone in the liquid phase supplied to the reactor is generally from
30 3.5:11t0 125 : 1, preferably 5 : 1 to 60 : 1, particularly preferably 10 : 1 to 30 : 1,
The liquid phase supplied to the reactor may contain small quantities of water. The

water content is preferably from 0 to 2 wt.%.
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The nolar ratio of aromatic hydroxy compound to ketone in the gas phase
supplied to the reactor results fromthe condition that ketone
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in the thermodynamic equilibrium, in order to adjust a constant water concentration in the

liquid phase. If a water concentration gradient is to be adjusted in the reactor, the
water concentration in the gas phase supplied to the reactor should be selected to be
higher or lower than the concentration which would adjust under conditions of

25 thermodynamic equilibrium.

As a result of suitable adjustment of the concentrations in the gas phase and the
liquid phase in the reactor, water is removed from, and ketone supplied to, the liquid
reaction mixture in continuous manner by the gas phase. The consumption of ketone
30 or the arising of water as a result of reaction are consequently balanced by the phase
transition between the gas phase and the liquid phase. In this manner the

concentrations of ketone and water in the liquid phase and the temperature in the
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crystallisation of the reaction m xture, can be influenced by
throughout the reaction zone.

20
The pressure to be adjusted for the desired temperature and the desired ketone and
water concentrations can be calculated by way of the thermodynamic equilibrium;
under operating characteristics without inert gas, it is generally from 5 to 1000 mbar,
preferably 15 to 200 mbar. In order to adjust the temperature in the reactor by pre-

25 setting the pressure, an inert gas such as nitrogen can optionally be added to the gas
feed.

If a temperature gradient is to be adjusted in the reactor, for example in order to
avoid crystallisation of the bis(4-hydroxyaryl)alkane-enriched reaction mixture in
30 the lower part of the reactor, the temperature in the reactor, and even - by way of the
ketone concentration and the water concentration in the liquid phase - the
temperature of crystallisation of the reaction mixture, can be influenced by

generating pressure stages in the reactor or by impressing a concentration gradient.
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The tenperature of the supplied |iquid phase should correspond to, but may
al so be | ower than, the boiling point at the pre-set pressure in
the reactor, and the tenperature of the supplied gas phase should
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acid ion exchange resins, solid inorganic acids, functionalised
sol i d inorgani &ag¥rds, and the 20 | i ke. Catalysts having sulfonic acid
groups in an organic, inorganic or conbined or gani c/inorganic

matrix are preferably used. The heterogeneous catal ysts are

preferably useduitsilendiacatalyst’ Hihe produoidrRdfbisd-byAroxgira])ykistes afslatdown to
co-catal ysts are known to those skilled in the art. They may be

di spensed in gdssuskilies iy thptarbnahgyy may be hompogereqys catplysis.t F~ expmsrle.gas
stream (f ex ot c .of 3

ogetner i th PRECTHo? deEhamrt el RacRle, gnd PR JRRoddledls

a het er ogeneousatabsialmast be &spensedby ofay vf@hsepatiel dispensing enchos frel/dravgethérn US

DE- 08 36 10 4507 the Haiid pgsenficlepasneont caalpsi araprelerabiy usitle GRS KIRPEN may
be used are thgsgkoed b MBAHENS bidd £hetdtogelbord  dataly¥l &} example acid ion
exchange resins, solid inorganic acids, functionalised solid inorganic acids, and the
20 like. Catalysts having sulfonic acid groups in an organic, inorganic or combined
organic/inorganic matrix are preferably used. The heterogeneous catalysts are
preferably used together with sulfur-containing co-catalysts. Such co-catalysts are
known to those skilled in the art. They may be dispensed in gaseous form, optionally
together with the educt gas stream (for example in the case of H,S) or in
25 homogeneous form together with the liquid phase, or they may be previously fixed
on a heterogeneous catalyst. Examples of such catalysts are to be found in US 2 468
982, US 2 623 908, US 2 775 620, US 3 634 341, US 3 760 006, DE-OS 36 19 450
and DE-OS 37 27 641.

30 The reactors which may be used are those known to those skilled in the art, which
enable an intensive mass transfer to take place between the gas phase and the liquid
phase, and simultaneocusly an intensive contact of the liquid phase with a

heterogeneous catalyst. Examples of the latter are multi-phase reactors having a
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manner known to those skilled in the art as a plate colum or a pac
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de- coupl ed by twilipemateir298©GMOTEl i ng t he streans between the
colum and the external reactors. 20 In a preferred enbodi nent of
the process, in which a reactive rectification colum is used as

the react g, k%&l%i‘ﬁatlv@f 'ﬁfétéa‘fali?%f?:%{g?&é g&mwﬂnﬁ@%ﬁm dg,%hm@ gfatdrg the

desired ratio are di spénsed In ormTn the uppér part e colu
above the controligalctenctorsz wihereirStheuliquid phas &emeicdgirah the &uluhﬁbinj!o the
conposed gas feed i on .,of the colugn, below the

reaction zone, fs%ﬁ?fé‘&@@?’ﬁ%t%ﬁﬁmwfee%aﬁk into q%g@g{{l’gtp@gera@pes\m@eof
the gas phase, cafunir@ndMbleVUxtemhtl GEhciiré 85b@de-Bod; éa?ezﬂ}& teﬂilperature contré}lﬁﬁ’g teon in
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the liquid phase, and the subsequent conti nuou Y, UId
phase, of ketoﬁ@embﬂiwmntbycolhmnraedchqexmaMewtmtter of choi ce,
apprOX|naé§Iy constant ketone concentration and wat er concentration
or, for exanple in order to 30 avoid crystallisation of the reaction

m xture in the Ihaywesfedd émbddirabe of @RGirbdeds, in which a reactive rectification column is
used as the reactor, ketone, aromatic hydroxy compound and optionally water in the
desired ratio are dispensed in liquid form in the upper part of the column above the
reaction zone. Simultaneous feeding of a suitably composed gas feed in the lower

25 region of the column, below the reaction zone, achieves the continuous
transportation, by way of the gas phase, of the water which arises as a result of
reaction in the liquid phase, and the subsequent continuous delivery, into the liquid
phase, of ketone consumed by the reaction. As a matter of choice, an approximately
constant ketone concentration and water concentration or, for example in order to

30 avoid crystallisation of the reaction mixture in the lower part of the reactive
rectification column, a temperature gradient and/or a ketone concentration and/or
water concentration gradient can be adjusted in the reactor. In the reactive

rectification, concentration and/or temperature profiles can be adjusted as a result of
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tenperat ure maycrpgallsatioapent, such that a lower rMaationtampératusempy beseleated he r eact or
or renoved therefrom by way of optionally I nstal |l ed heat

exchangers. The operating characteristic having no heat exchangers is

sinpler. The nﬁieattchﬁﬂﬁfsurp bel weeie feb@o0as rdiRes thderéMeny wWayi ot
within the 10 %ﬁl |sot|msed|narranner known to t hos kllled

inthe art. If mﬁ%“ q%);céepgequ dhe operating charastesistic haviegine heat excltangers s

reactive rect | f arati.on ef enc

sel ect ed dependé1 ?1 ﬁﬂ{ &ngr%%?fgglggtg&eﬁﬁg g@apc}{afoﬁndc gﬁcl %Bbasfﬁg&ﬂ%ﬁ%ned
ket one i st0 reactorlis optifhisednt exhuraietl Bt fol thodsrkiled e ditVIff 4sPRIRE, YaS
phase into the liquid phase, and the water which arises is

transported suffff %ﬁt%eﬂé’& &% 9 rRetivh qeﬁgiqap%lthp jetabled sepergtion efficianhp isgas
phase. Packi ngseREted h@ﬂ&ﬁe&%ﬂvﬂ% %ﬁ&fc@? g a,[cﬁ&g shéh %;Qtethg %nsﬁgnfég%ﬁ 8f8§r gﬁl y

used in addition. If a heterogeneods ca 'S use
the plates or |bm0ught aﬁerwatdsesuﬁ‘mdnﬂygapmﬂyéfrdﬁﬁﬂﬁ@’as lwhaxerintb ahé RQEE phide] &ld i N

the art. If a nogene cataly and/or a co-catalyst is used, it
can be di spensgge Wﬁ?ﬁ“&’ﬁ%‘ qrggq;{s(}ranﬁpqrrﬁdtsp}giqlqngu,rep1dly from theyligyid pasegniveans
and/ or byisway Ghe %ﬂiﬂfwﬁds@ rlﬁdckﬂg§ Bf ?%&%Wn%sthﬂge sk &PCmCAE 3 %thact% i#r&el%gly

gaseous formis u It can brought into the reactor
di spensi ng used inrpdditionalfd/heterdgenemus catalyattid |used; itak amlangeé of nh@plms ot 1.

A distillation dan evapor at or ate | ow t he reaction
zone. As a thephe §Lﬂ1? 40 lﬂ%q‘sgéﬁﬁ ‘i e&ftd]tf 08?0(55%%“%“4? Yrstoxy
conpound and orahd/eflal doYcatddyst 39 used i€ B4 by %‘isp@ﬁé&d%to%@%&c%re%tﬁ "tREily @@

liquid di schar%’is,p such that onlé sone of the gas st ream nust

supplied in ex mﬁm&mﬁmrmdfm ypvaydefcaddisionaladispensing [pgmitshéf & ad-catmlyst in
distillatypn z e ne tratl ket wat er,, and. an
i ncr eas ed2 ¢ %9&{3%12%&&%& 3Peb5 pyg Qﬁﬁpo{bﬁarfe%ﬂ gas dispensing

means and/or by way of additional dispensing points.

A distillation zone and an evaporator may be situated below the reaction zone. As a
result, ketone, water and some of the aromatic hydroxy compound and optionally co-
25 catalyst can be evaporated from the liquid discharge, such that only some of the gas
stream must be supplied in external manner. The product stream leaving the latter
distillation zone has reduced concentrations of ketone and water and an increased

concentration of bis(4-hydroxyaryl)alkane.

30 The product stream can be worked up in a manner known to those skilled in the art.
Thus the bis(4-hydroxyaryl)alkane can be isolated from the product stream, for
example by crystallisation (see, for example, DE-OS 42 13 872, EP-A 671 377 or



30 The produsbhysuszram can be worked up in a nmanner known POT/EPS322973

skilled-in the art. Thus the bis(48hydroxyaryl)al kane can be
i solated fromthe product stream for exanpl e by crystallisation
(see, for exanple, DE-OS 42 13 872, EP-A 671 377 or WO 99/ 32423

PCT/ EP98/ 07973 US-A 5 545 764), extraction with an organic solvent, distillation (see, for 8xample,
US-A 5 545 764), extraction with an organic solvent, distillation (see, for

exanpl e, US-A9 1858233 5r 8o@nbipation af dhlatientmensuies. t he | atter measures.
The gas stream which is discharged fromthe reaction zone at the top is
broken down 5 into its conponents or mxtures of conponents by mass

transfer nmethodheWas stheadt! Which is dischalgie@ Wond the Péachici £Ine at mattdglpmirékenid@wn
conjunction with conplete or partial conpression, he sub streans

t hus obt aithed d@iA itsifempprenteemiréeres of ¢ampopewss by snass transferiractheds which are

gaseous form Lo g e i Lch. '

transferred %8&]8 "gﬁ{’H%Pfet ‘%’?%%@3@59 f@%@&%ﬁ%@%&%ﬁﬁ&lfﬁ%&e\ég ?'I | ed
in the art canThe subedireh®k this obtailBs Tah tHGIS beretuined t6XBEPreemald lighid or
condensation, distillation, extraction, nenbrane processes and the

like. Fol I owi ngaesohpfams WhRTeit e aergtor wates phichrias dermed ds, oy efe transferred
directly to th%ﬁg# g%}ﬁg%gggﬁ%ﬁ#?tpg&r 12110%1} {Iagtgpsgf ! 1iddSh HO%Ht! 38 veRised for

The ratio of the Ies of ase and gas phase w | |
depend, il a lmass transtae forkexampld partiblosondesatiome diistillatibrg extrhctionn niehsbraneact or
type chosen. For exa the latter ratio in reactive

| )
rectification, pf%ﬂ?ﬁ%?gpa%ff@s&kp- RallowiRg eR7ARTEHATa EASEOYS Sop sireams can be relERpdy | ng
fromthe inst a'dhl%&lﬁ%@écolﬁrﬁn%?k%ﬁ&tfé%@&’%&h@'&fﬁﬂhtﬁ%ﬂﬁﬁ -%'E' effective nass
cl ude uneven tor

transfer, and to e Istribution in the rea and in addition
f I oodi ng due to high reactor |oading or spray-through due to | ow
reactor |oadin . The,choice o

20. .th uantijtative rati,o of .gas
streamto |i qpig[a‘esf?tfoe‘ét;#“éfiﬁsBe’?sﬁ? ﬂﬁ@’i‘é‘%%"{]ﬁ‘ﬁ“_ @ phise an 83 e Y’g{ memtir 1gﬁe
reacti on ppndi GhAns RS HEdekARASH Y ark,onl € réRA% e chbbéh. For example,
conposition of the gas stream changes as it flows through the reactor,

because thek lattonmtio sin deavtive dectificatinn, tiking atcpirtsd the Hydvadnanie limgtsept ed

fromthe liquid ase 25 aresult, . there.takes place sli ght

devi ation fr omr?sﬁﬂ‘“ﬁe@?rﬁihe mﬁé@%me%d%ﬁl‘é%?&mh as OCCSELHFtaPoe%.Ct“‘F%@aSﬁi gher
the quantitati tRnsfet iafd 8 eLedeShrcPaiiistitlutioh! ixl thie!t refAeh addhi@ addition flooBihgl | er
t he devi ation; however, as the quantity of gas increases, so there is a

si nul t aneous i &g tligh regcion loadimgtor gpray-thrpugh dug te law rpaetosloadiag Rati os of
gas stre to liquid streamof from0.01 to 10, in particular 0.05
to 2, have proved favourable.

The choice of the quantitative ratio of gas stream to liquid stream also influences the

extent to which the reaction conditions can be held constant in the reactor. The
composition of the gas stream changes as it flows through the reactor, because
ketone is donated to the liquid phase and water is accepted from the liquid phase. As
25 a result, there takes place a slight deviation from the desired constant reaction
conditions. The higher the quantitative ratio of gas stream to liquid stream, the
smaller the deviation; however, as the quantity of gas increases, so there is a
simultaneous increase in the cost of recycling the gas stream. Ratios of gas stream to
liquid stream of from 0.01 to 10, in particular 0.05 to 2, have proved favourable.
30
The liquid stream supplied to the reactor is composed of educts which are supplied
fresh to the process and/or are circulated, and optionally the recycled flow from a

partial condensation of the gas stream. The gas stream supplied to the reactor is



30 The wo 9932t ream supplied to the reactor i s conpoBenVEPSs/oFa3Ct S

whi ch are supplied fresh to the preocess and/or are circul ated, and
optionally the recycled flow froma partial condensation of the gas
stream The gas stream supplied to the reactor is WO 99/ 32423

PCT/ EP98/ 07973 composed of components which are sugplied fresh to the process and/or Sirculated,
conposed of conponents which are supplied fresh to the fprocess and/ or

ci rcul at ed, and optienillyps campdnent which i obfained whia gbsultsofqiartial evapagation ofesul t
of partial evaporati.on, of . dhe Liquid.str A distillat] rt can
be installed b&%\@%‘ﬂgﬁﬁm\/ﬁf}’(ﬁg’ft&n Pffﬁ‘a&f‘r}?& 11.1333.111%8%‘@ e"'&Btﬂ?eo‘?w"aB‘grP@?%uﬁ?h
serves to i npro¥Rtbepxe, wieh &irvdshe iripr8h@fecidlingiofl ehedREAREBETMNE comPonents.

Sui tabl e aromati ¢ hydroxy conpounds for the process according to the

i nvention are not substituted in the [err] position and contain no

second-order s | . S cyan I 8 I . ps;
exanpl es whi ch%ﬂ% ld%ogﬁ aﬁxg}&ﬁr@gﬁgo%%%dls ’for(}ﬁgp%bes%aacgog@ég g‘% ﬂ{élr#c’i‘gegl}ugfri g}séol ,
2, 6- di et hyl phewekubstitit&l in thetpy bésiteshoind conftdih gl seforidedrtler siBstituertsikydhpdzenol ,
o- cycl ohexyl phenol , o-phenyl phenol, o-isopropyl phenol, 2-nethyl - 6-
cycl opent yl phe$8#10, $agheKy rqsgh@mrom;dem%wgwﬁémm be named are phenol, o-
2,3,6-trimethyl o, } eqgol so_gpg_ 0l4,_ ey
2, 6-di et hyl phgg%ﬁ? %th er tcfagﬁlf y?%h‘g%(% y%‘rlllgﬁog,_ & ol gﬁgﬁ’ylzp gtr}llg* 65?%
pr ef er r ed10 pheratyhplenpk rd-éyeldhexylyhguok f ephiedstiphenol 5 o-isopk@tyiphesolh 2vinetiyyl-6-
al i phatic, araliphatic or ?romat I C groups .on the Cﬁéﬂ%?nyl functio

a

can be used in% PEyphenol, ; ochiapphisnely ande 7-FRIBTOPPENRL Hoho-Simptpyi@henol.
including [errlppeno) o-crefi©RYd %—%fe@&hei‘ﬁ-ﬁﬁn&ﬁylpﬁ%ﬁpB-%Bﬂ—@ﬁtg%prhgnol

Ket ones which contain at least one aliphatic gfoup’on t onylan?uonction
are 20 pr ef eheiptlphenskate peefargd, phenohisplartituily pefernalred are acet one,

nmet hyl et hyl ket one, nmet hyl propyl ketone, nethyl isopropyl ketone,
di et hyl ketone, acetophenone, cycl ohexanone, cycl opent anone,

met hyl -, ¢§ met lgoned Mdving! HphANE, afliph@RCHRABMEtC groups on b icaBoRRYfuAttRM have
gem nal nethyl groups such as 3, 3-di nethyl - 5- net hyl cycl ohexanone
(hydr oi sophor orei beAsed gmdhe pmetss reording, tocthe lintvatiomofoe eaampl2Sncluding o-
honol ogues thercﬁof ca'oré%i n me{)hr}lzl lgrougs are preferred; acetone is
particularly P enylacﬁt & ophienone.

Ketones which contain at least one aliphatic group on the carbonyl function are
20 preferably used; examples which might be named are acetone, methy! ethyl ketone,
methyl propyl ketone, methyl isopropyl ketone, diethyl ketone, acetophenone,
cyclohexanone, cyclopentanone, methyl-, dimethyl- and trimethyl cyclobexanone,
which may also have geminal methyl groups such as 3,3-dimethyl-5-methyl
cyclohexanone (hydroisophorone). Acetone, acetophenone, cyclohexanone and
25 homologues thereof carrying methyl groups are preferred; acetone is particularly

preferred.

Suitable educts for the process according to the invention are also the mother liquors
which remain following extraction of the bis(4-hydroxyaryl)alkanes, which are
30 recycled into the process after the dosing of the spent hydroxy compounds and
optionally removal of a certain proportion in order to avoid undesirable by-product

enrichment; in the case of bisphenol A synthesis, such mother liquors contain



Sui t abl e educt swb®9/3t428 process according to the invention ar ecalrdshiee;
whi ch remain foll ow @. extraction of the

not her |iquors

bi s(4- hydr oxyaryl ) al kanes,
t he dosing of the spent hydroxy conpounds and

whi ch are 30

optionally renoval

recycled into the process after
of

a certain propoippkdimhid S wr;,’gg

enrichnment; in the cagebg?sjgtlg sggq’gﬁ)gcﬂhgn%l%l?h{adsﬁghggﬁgﬁ E&Ctsl ha‘l’}(t)l?

cont ai n following cogypesition

PCT/ EP98/ 07973 -10-

approximately 75 to 90 wt. % phenol and 10 to 25 w. % by-products, having

t he foll ow ng conposition: Bi sphenol A

25 - 80 wm. % 0, p-bhi sphenaql 5 - 20 wt. %

Tri sphenol BlsphenolA 2 {230 8ﬁmt% Chr oman

2 - 20 wt. % A ety hydro‘" phenyHH ane 1 15— wt—9%

Ot her by- pr oduc‘f‘é’bls’pﬁénol 0.5%° 29(7"% % In the

process accor héndihe Tnvention, Tn par thCqiggf ophern carried out T a

reaction fectification colum, higher react ion rates and hence

hi gher space- t|iGClgoparl ds are obt ai nad 20swvta@sresult of the conti nuous

and efficient i £ r 10 which can_inhibit] the

reaction by bl goetldibydzexyphenylindare | | dnd StH&s cont i nuous

maki ng-up of t 0 The sane tiT1E, T Y, constant—tenperaturie
R AL

because exot hejni'c or dothermi c effects which
occur in the system do not lead to a tenperature change, but are
conpensated by partial evaporation or condensation. OnM ng to the
shorter residence time in the reactor and the regul ation 15 of the

t enper at ur e, e ase in.the
react o, 1 mer oanery IFOBF MooRlty HORRCGRE Bharftutlehen it AL ifrrafton

formation, and rectification tolameahigHerreactiont ragky alntl thenes Righlsgravetime Ni€ldd ate er

are al so condlt ns which i catalyst life.
Ib?alned as a resul‘mgf 81e continuous and CfﬁCle)l{lt extraction of the reaction water

regime is

10 which can inhibit the reaction by blocking the catalyst surface, and the continuous
making-up of the ketone. At the same time, a highly constant temperature regime is
possible, because exothermic or endothermic effects which occur in the system do
not lead to a temperature change, but are compensated by partial evaporation or
condensation. Owing to the shorter residence time in the reactor and the regulation
15 of the temperature, water content and ketone content of the liquid phase in the
reactor, increased reaction selectivity and hence reduced by-product formation, and
increased product quality are observed. The latter are also conditions which improve
catalyst life.

20 A combination of the process according to the invention with classic reaction
technique is naturally also conceivable for the preparation of bis(4-
hydroxyaryl)alkanes. Thus, for example, a classic fixed-bed reactor in which the
initial reaction of the ketone is carried out may be inserted upstream of the process
according to the invention, in which the remaining reaction is carried out until
25 completion of the reaction. The initial reaction in the fixed-bed reactor at a high
ketone concentration, low water concentration and low starting temperature leads to

a high space-time yield and good product quality in the crude product which is



20 A conbi N&DI9M32428 t he process according to the inventi orpowEpeg/Gloassi C

reaction technique is naturally alspi conceivable for the preparation
of bis(4- hydr oxyaryl ) al kanes. Thus, for exanple, a classic
fi xed-bed reactor in which the initial reaction of the ketone is

carried out maydifjensdisRtheRqudphise Mb He frisPER6RB to the inve ﬁﬁ?ﬂoh%mcaw the

i nvention, in which the remaining reaction is carried out un

conpl etion of ttheremesisingseactivhean he carsed vutenden thei advartegeois echditbahsrofdisd or
at a high eptr.ati er c ncentrati.on and | ow
starting terrperpa?étje(rggeg%%%gg?o the mvengo%\"“l‘ﬁ%ﬁmf%a%@nl’ ndl! SRPSPMAICly eRnstant
product qual it ownwatee edndedrationdatidorRighhkétdne concentratidhO 338/ gr%ﬁl@)?tmately
PCT/ EP98/ 07973 -

di spensed s t FONFRRIPMPHABER i nto the process according to the invention.

In this case the remai ning reaction can be carried out under the
advant ageous conditions of the process according to the invention
such as, for exBwpideantage ofthfsoitbiriatibl of essid fechniques liek ﬁi’\&n‘hﬂfnﬁ’d’m capital
concentration and/ or high ketone concentrati on and approxi mately %

const ant terrper%?ﬁtﬁ're The advantage of this conbination of reaction
techniques lies in mnimsing capital costs. WO 99/ 32423
PCT/ EP98/ 07973 -12-

Exanpl es Exanples 1 to 7



5 Acet one awmod9phmn®l were reacted to bisphenol A in a 30 g@EriEpoge7esd nmM
di anet er-, countercurrent tube reactor charged with 160 g catal yst.
The 'catal yst was in cylindrical wire nmesh packing bodies which |eft
open approxi mately 60% free vol une for the gas stream and enabl ed
an intensive mBamplegsfer to take place. A sul fonat ed pol ystyrene
resin (KL 131, from Bayer AG which is cross-linked with 10 2 W. %

di vi nyl benzene was used as catalyst, nodified with 5 nmol % 2, 2-

di et hyl t hi azoIEqu! ﬂgesltog - Exanples 1 to 3 15 ~The quantitative

stream of the varied while the educt conposition

remai ned constant. Conposi t i on Acetone [w. % Wat er
[W. % Phenol [w.% iquid feed 4. 00
0. 25 5 Acetongming phenol were @gteql éebiisphenol A in a 39gnglong, 50 mm d1ameter,6 6

33.9

3 3a %ﬁ%‘l"g“?%tnfo“é’é’ AP chagrd yith 160 & catgiyif The, Gtalygp vt ingy
57.5 58.5 cylmdrmls evitee et atitifg [boiek | Wdllich left ope@%pﬁroxnﬁzﬁel? 6(@3 ﬂﬂee
63.0 63. 3 Pressure | nbar

30 30 voggne for the gysewteam andenaplgd i intensive mass trar@fm) to tak@(mace A600
288 ?gg @Qﬁonated polyggfeﬂe resﬁ}?f% iﬁt @om Bayer AG) wh1021916 cross-gglged wi

650 6510 @49t.% divinylBbrezend |wdse us@l s catalyst, modified48%h S5 4%1% 2, 2’-50

240 102 Q The conposition of the crude product bel ow
t he reaction z%lﬁ@ ql}ﬁﬁi' llfjﬁ’tete countercurrent tube reactor is shown

in the Table which follows. |t nmust be noted WD 99/ 32423
PCT/ EP98/ 07973 - 13 -
Examples 1 to 3

15 The quantitative stream of the gas feed was varied while the educt composition

remained constant,

Composition Acetone [wt.%] Water [wt.%] Phenol [wt.%]
Liquid feed 4.00 0.25 95.75

Gas feed 59.5 6.6 33.9

Example 1 la 2 2a 3 3a
Head temperature [°C] 603 (602 |[602 |60.1 |575 |585
Base temperature [°C] 63.1 629 |63.1 |63.0 (633 |63.1
Pressure [mbar] 30 30 30 30 30 30
Feed - head [g/h] 600 |600 |[600 |600 ]600 |600
Feed - base [g/h] 600 [600 [300 |300 150 150
Bottom [g/h] 690 |688 [640 (650 |651 649
Distillate [g/h] 485 1495 |250 |240 102 100

20
The composition of the crude product below the reaction zone in the latter

countercurrent tube reactor is shown in the Table which follows. It must be noted



her e 't hat in thiggeghkspse | aboratory apparatus no extracti on bypcaepbssioad i on

of the high- boiling fractions acetopye and water takes place bel ow
t he. reacti on zone, such that the | atter appear with the bottom
product. In the anal yses which follow, therefore, the sum of all the

j=]

bot t om product § (i fgl #ﬂhﬂ%ﬂﬁé@ ﬁ&'&?aﬁ@rgl%ﬁ‘ﬁatgg bo b%trélzﬁgrof by glgtillation cﬁghée %g }

product anal ysi's

[wt. % boiling fractidndaceldhe@nd Wated takédplace beBowd the#Bacion zone, such that the
D net hyl xant hene [w . %

.. 0.08 0.09 0.08 0.08 . 0. .0 .
0, o[ err] - BPA [ veitergappear with thegbagtpm produet4In thesmalyses whigh f‘gf%‘iége"ﬁgﬁéhe

A U e R i
Chr oman’ [ 6. % 0.031 0.035 0.033 0.033 0.029 0.030

0
BPA-i ndane [Wt 04 AN ATaY,| 0004 0004 [aNaYaV,| 6—665 0968
0

—7 S A A \vran v \">ATA"A% U JUJ ] VO
Spi r oi ndane [ wpBotfom product analysiso 1 o] b da022[20 02f22 0. b 0]d30

23
Tri sphenol [ w [ o 015 ' 5 1 0,
MDI 402 [wt . og| Frenolwt%] o o0, I B |50 T5%06>% dopS o] 682

[err] unknown CDimeabylkikene\#vt.9%] O. O[l6:080.|M® 00080 | @084(J 0.056 040.060. P50
Acetone [wt.% 6.7 6 8 Q4 0 VA&t er

Q L_\ T 9 E-\l VA

[ Wt . % 0,0"BPA [wo%d6 0.31 pO-fB3 | (0idg| 0.0452[70.014 |93013 | 0.013
Exanpl e ; t ta 2 3 a

Selectivity fof?BPAEBAoq 94.8 op’4 4% S N

Space-timnme yie If!e'-B%\ wt%] 0.43 0} 833 93456 18.545 14.@h4615.1 0/43.6

57

)

o0 g

[g (BPA)/mM (cjab) ] Space-tj yi g 57 Q. 57
0.61 0.60 [CBoman(ws%] [g (BPAP3Y |(&R&5) 8033 | 0.033 | 0.2 191088 4 to
{emoarature vl BPAmeans (pEdloq o | 0.00F |'d G0 omisE ™o 808 ['¢T0s 7o 00k
Spiroindane [wt.%)] 0.021 |0.023 | 0.022 | 0.021 | 0.020 | 0.020
Trisphenol [wt.%] 015 017 |[015 (015 |0.15 |0.16
Mol 402 [wt.%] 0.001 | 0.001 [0.007 | 0.006 |0.001 |0.001
¥ unknown composition [wt.%] | 0.016 | 0.019 | 0.080 | 0.040 | 0.040 | 0.050
Acetone [wt.%)] 6.7 6.6 6.3 5.0 4.9 5.0
Water [wt.%] 036 |031 (029 [0.08 |0.27 {033
Example 1 1a 2 2a 3 3a
Selectivity for p,p'-BPA [%] 948 (944 (946 |947 |948 |94.7
Space-time yield 0.43 043 |046 |045 0.46 0.47
[g (BPA)/ml (cat) - h]
Space-time yield 057 |0.57 |0.61 |0.60 |0.61 |[0.63

[z (BPA)/g (cat) - h]

Examples 4 to 7
10

The water concentration in the liquid phase and the reaction temperature were

varied.



WD 99/ 32423

WO 99/32423 PGRCHERR/005I 7 3
-14- . Example 4 -94.- 6 7
Liquid Gas Liquid Gas Liquid Gas Liquid Gas
f eed f eed f eed f eed f eed f eed f eed f eed Acetone 4.0
57.8 4.0 59.5 4.0 60.30 4.0 60. 8 [W.% Wat er
0.50 12.5 0.25 6.6 0.10 2. 7 0. 00 0.00 [ 9
Phenol 95. 50Exadiple’ |495.75 339 95.90 [|86.9 96.007 39.2
[wt. % £- — ——1—4a 5— 5a
6 7  Gpe | Liquid | Gas spliguid s6as | daqwid | G 1
63.5 65.7 1 re rrj 58{ &ed 584ed 63tdeg 63. 0
66.1 68.5 BAPP el ©| FoeB" | fkd | £600) fogd S sed 07 8led 2
30 30 Ackieael -| head [§7.8] |4.0 595 600.0 66030 6@® ®03
600 600 ied - base| [ g/ h] BOO 300 300 300
300 300 [wt. % ttom([g/h 560 655 640 650
680 670 St e [ H] B0
220 225 [Wat ie copgzo'giTt (())%Sof ?qu c gig o] g' uct @bow tohog)4
reaction zone ilfiwt%@ | atter count efcurrent tubé reacfor car be seen
fromthe Table Lows— Lt nustbe pot-edr-here—that—H-this
si npl e | abor at olPPel&’épar ?iﬂ%ﬂ the3e i 59héS ekB3dct 8§r9gy 36.9 9808 i 13 gQn
of the high-boill P tions| acet ohe and|wat er [ bel ow|t he re¢acti or zone 10
such that the If;t e pr duct s| appeal with|the bpttom product. In tlhe
anal yses whi ch follow, therefore, the sumof the bottom products
(i ncluding acetone and water) is 100%
Example 4 4a 5 5a 6 7
Head temperature 562 |562 |[60.2 |60.1 [63.5 |[657
Base temperature [°C) 588 587 |[63.1 [63.0 [66.1 |[68.5
Pressure [mbar] 30 30 30 30 30 30
Feed - head [g/h] 600 600 600 600 600 600
Feed - base [g/h] 300 300 300 300 300 300
Bottom [g/h] 660 655 640 650 680 670
Distillate [g/h] 235 238 250 240 220 225
5
The composition of the crude product below the reaction zone in the latter
countercurrent tube reactor can be seen from the Table which follows. It must be
noted here that in this simple laboratory apparatus there is no extraction by
distillation of the high-boiling fractions acetone and water below the reaction zone,
10 such that the latter products appear with the bottom product. In the analyses which

follow, therefore, the sum of the bottom products (including acetone and water) is
100%.
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6 - 7 Phenol [wt . % 81.6 82.0 77.0 79.2
75.5 74.4 Di met hyl xant hene [wt. % 0.05 0.05 0.08 0.08
0.09 0.09 o,o0[err]-BPA [w.% 0.012 0.012 0.015 0.014
0.015 0.017 op- BPA [wt . % 0.32 0.33 0.49 0.47
0.61 0.72 Botto aldsit W . 04 4 1§ 7 1.5[¢ 15. 14. 9
17. 2 18. 8 ott mpmifmﬁ Oﬁ 4 4a %19 05&012 6£Ln’2 0. 033
0.046 0.068 Phenolqu]ndane [Wt o {81.6 |820 |7®3|78.200075.6. 00244 0./004
0.011 0.024 | ndane w9 o B DR T PG 8 OR25e 071021
0.037 0.058 m‘eﬂ‘i‘ r%ﬁ’é @T’{f’l‘m 0.05 005 |48" | 0f&)g[0.08" 1009 5|5
0.22 0.29 oo-M [vt9%) L W . 4 0.012. [ 0.0120- @05 [®.HI1] 09190/70.0P7 Q06
0.007 0.009 efr] unknown conposition [w) % 02 10.024¢ 0.0
0.04 0.04 (oQB-BPA[wt%]Acetone [wt.|¥32 [033 [049 (9.4 |0%15 [0.823
5.0 5.9 % Mat-er—w—04- §-50—10-561—H-—29
008 025 02 PSBPA[wt %] Exanpl e | 117 [1L5 }155 14p (17271887
5a 6
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) q;roman [wtIg] CCITVITY  oRe® blo18p.094 ( o‘~‘0'g-3b 8‘0§§' .868f . 6

ace-tine vilel

©
%
o1
o

.95
0.48 0. 47

BF-indane [wil’] (BPA) /| 0c0a6) | 0.009 |0.004 | 0HwdC£o i el 904

Exanples 8 to

0~
;L(Splromdane[mmg exper| rrertoénzaJB\Qil tL%O%?ngl Oﬁ@fl b80§6rr ¥ond

060 1 [g(BPAY/g (cht) 5

to those of ex
used in this sd

Il eé%ﬂkﬁl;’t R caar;]sjlt 4 v@r e 6057 i:‘d:—)fl ed W p%f;n%\?%

2, 2-di met hyl t hi

as1140diTwes] 10 0.001 {0.001 }0.007 [0.006 |0.007 |0.009
= unknown composition [wt.%] | 0.02 |[0.02 10.08 ]0.04 0.04 [0.05
Acetone [wt.%] 5.6 55 6.3 5.0 5.9 53
Water [wt.%] 050 (050 (029 (008 (025 |0.16
Example 4 4a 5 S5a 6 7
Selectivity for p,p-BPA [%)] 95.6 956 |946 |947 (942 ]934
Space-time yield 036 [035 |046 (045 (0.55 |0.59
[g (BPA)/ml (cat) - h]

Space-time yield 048 |047 [061 |[060 |0.73 |0.79

[ (BPA)/g (cat) - h]

10

Examples 8 to 10

The experimental apparatus and method correspond to those of experimental
Examples 1 - 7. Different catalysts were used in this series. All the catalysts were
modified with 5 mol% 2,2-dimethylthiazolidine.



WD 99/ 32423 WO 99/32423 , PCT/EP98/07973
PCT/ EP98/ 07973 -16- -16- The
conposition of the educt streanms was constant in this series of Exanples:
Conposi ti on Acetone [Wm. % Water [w. % Phenol [w. %
::;gg' d feed The cgﬂp%gmon of the eductfgeaglq % Was constant in this sgries oPExantples: ExarrpGIaZ
8 10 Head terrperature [[err]C]
562 56..2 g Base L\,II'J “}tb I Ijb
58. 8 Compitgpn Acetone [VStE%h Water g Jelr e [ n@’(f ol Wt %]
30 a0 30 €eed - head [[¢f
600 Liquid fged 400 500 [%3Feed - base ?
300 Gas 40 57.8 300 12.58ot t om [ g/ H]29.7
685 620 700 Distillatefgih
215 180 200 Cat al yst
Lewatit K 1221 ArbertHyst—A3tT—tewg K143t
Bayer IE Haas ‘3 Cat a?yst usled (g)10
200 erature [°C] Thesgpnposijti on g6.2t he cfude
product bel ow e rea t|on zonhelin the Iatter countlercurrent tube
react or can be Basericthpaatute (6CYabl e wHisch f ol | ows. 588nust |pe 588 notpd
here that in this—s+rpleJaberatory ar-attug—therets o Eextraciiom by
distillation ofP“teF%""nﬁ‘&H’ﬂJ0| ling fracgp’ons aget one‘?’gnd wat |er beI30 t he
reaction zone, Feed - head That [The | er prjoduct gg@ppear| w t h gope bot{om
product. In the analyse ich 10 ollow |therefore, the sumof all the
bot t om pr oduct sFdddndasidigry] acet pne angbonvater)l is 270 100% 3000
99/ 32423 PCHHERISHOA73
- 17- Bottom [g/h] 685 620 700

Distillate [g/h] 215 180 200

Catalyst Lewatit K 1221 | Amberlyst A31 | Lewatit K 1431

Bayer Réhm & Haas Bayer
Catalyst used (g) 200 180 200
5 The composition of the crude product below the reaction zone in the latter

10

countercurrent tube reactor can be seen from the Table which follows. It must be

noted here that in this simple laboratory apparatus there is no extraction by

distillation of the high-boiling fractions acetone and water below the reaction zone,

such that the latter products appear with the bottom product. In the analyses which

follow, therefore, the sum of all the bottom products (including acetone and water) is

100%.



Bot t om pr oduct

)2

c

WYL 8 9 BOT/RPe30d73
[wt. % 80.0 85.10- 87. 1 D met hyl xant hene
[ W .-% 0. 00 0. 05 0.00 o,o[err]-BPA [wt. 4
0.013 0. 010 0. 006 o, p[err]-BPA [wt % 0.53
0. 37 0.21 [err] [Wm.% 12. 9.6
7.1 Chroman [w_. % 0. 044 0 Q27 0. 020
BPA-i ndane [wt m)ttomproduct analysi¥. 006 8 0.004 9 . 00810
Spi roi ndane [w 0014 0813 D023
Tri sphenol [wt %enol [wt.%] 0. 051 800 0.g63 850  p 043Nl 4
[w. ] : Otr 0 000 04GR0 [,rrj NOW
conposition [wW D&Elethy](}aﬁﬁ; clwt A’]O 033 *B00 0. 039 Ag'et one 9%U<
6.3 ‘} BPA (wt.%] 4.8 Water [[w .0%413 0.010 0.066
0.54 Exampl e 8 Q
10 Sel ectivity | g BPg%e[rwt]%f BPA [ % 94.®53 94, 8.37 M2l
Space-tinme yield— 042 —0-33— 025179
(BPA) /g (cat). |RP-BPAMWL%] g9/ 30403 123 9.6 74
PCT/ EP98/ 07973 | Chroman [wt.% 0.044 0.027 18:020
1. Process for the production of bis(4-hydroxyaryl)al kanes hy an
aci d- cat al ysed | BPA-indane [wt.%] reactiof bethi#6én ar omat@ @04"|ydr ny @@ﬁﬁounc
and ketones, i —Hrere—at-e—guhdet- ot
aliquid phasei@ﬁ%‘ﬁd@}ﬂi"’él/ﬂs aromati ¢ hy(ﬁﬁggy u@gi ket Dne E??g
optional ly wat st 1wt %% a gﬂglpnase Wy §&g cont al ng gk onmat
hydr oxy conpound, ket on[e an]d i
Mol 402 [wt.%] 0.007 0.005 0.000
T unknown composition [wt.%)] 0.047 0.033 0.039
Acetone [wt.%)] 6.3 43 4.8
Water [wt.%] 0.55 0.54 0.61
Example 8 9 10
Selectivity for p,p-BPA [%] 94.0 94.4 94,7
Space-time yield 0.42 0.33 0.25
[g (BPA)/g (cat) - h]




optional |l y wat ewpeaB2eencentrati ons such that in the reactor Weratrofi&®3Es
over . fromthe |iquid phase.{gito the gas phase and ketone
fromthe gas phase into the liquid phase. 15 2.
Process according to claim1, in which the gaﬁlmamlmmlll"le qui d phase
are Claim@Uui ded t hrough t he reactorli '- t.

3. Process according to claim1 or 2, in whfcH the Bontertrations of
aromatic hydr oxy conmpound, ketone and optionally water in

t he gas phase suppligd to.2 . . eact correspond.to those
present in a gzls: phalgrgcmfoc’rﬁl}e Eﬁ?&'é‘f‘no_lnl?é blst(ﬁﬁy xyarﬁﬁa.lkane%ﬁyj F‘? Fﬁﬂ?atﬁtyse
tenperature and presgabiionBeseah hiodhtic RydfdQy E&BEGO RS atPkdtdhes, in which

t hernodynanmic equilibriumwith the |iquid phase supplied to the reactor.

4, Procéss accor dherg araguidedthongle r@ctorn whi ch the concentrations of
aromatic 25 hydr oxy conpound, ketone and optionally water in
the gas phase supplied to the reactor and the |iquid phase

supplied to the reacs tigquidr phaselvaitie ozl drbbtic hydro;éy compound, tffone and
tenperature and/or the concentrations of aromatic hydroxy conmpound,

ketone and wat er i n aPHengllyguster, pithse are not constant throughout the |ength

of the reactor. 30 5. Process according to claim
1 or 2, in which the reactor contains a het er ogeneous aci d
catal yst. 10 a \¢6y Has? 4dich contains aromatic hydroxy compound, ketone and
PCT/ EP98/ 07973 ) -19

6. Process accor APHEnally wates, gt cpncenirafipnesich thag én @eiféﬁ?t@%ﬂﬁr@égqs &¥Fh i s

d ; . -
g Isgi mai or 2, in V\hlff:oﬁn %}Eﬁh@g‘% g*%/ég :mt? sth UL Iﬁa%eg%{dhkee;md\,:‘?n@‘}%&ﬁiﬂ Sa%(i)%&' i O
8.

sul f ur - cont ai ni ng cdhchquad phass. Process according to claim
1 or 2, in which the tenperature in the reactor is

15 2. Process according to claim 1, in which the gas phase and the liquid phase are

guided through the reactor in countercurrent.

3. Process according to claim 1 or 2, in which the concentrations of aromatic
hydroxy compound, ketone and optionally water in the gas phase supplied to

20 the reactor correspond to those present in a gas phase which, under the
conditions of temperature and pressure prevailing in the reactor, is in

thermodynamic equilibrium with the liquid phase supplied to the reactor.

4. Process according to claim 1 or 2, in which the concentrations of aromatic
25 hydroxy compound, ketone and optionally water in the gas phase supplied to
the reactor and the liquid phase supplied to the reactor are selected such that
the temperature and/or the concentrations of aromatic hydroxy compound,
ketone and water in the liquid phase are not constant throughout the length of
the reactor.
30
5. Process according to claim 1 or 2, in which the reactor contains a

heterogeneous acid catalyst,



h| gher than t hewesgppuat ure of crystallisation of the reactlonPéq,jgf;ggyo@g-,gnd

Is a . maxi mum of 130[err]C. _3§_ 9. Process
according to claiml or 2, in WhICh the pressure in the reactor is from

5 nmbar to 1000 nbar. Process according to claim1 or 2, in
whi ch the aromagic hy 11.
Process accordi I?\g to ccggl%/@l gggg}anQM| cwhltc%anl%%l 6?1%9%@%“68111 is used as

12. Process accor dtbegatatyst| al m1l or 2, in which a reactive rectification
colum is 20 used as the reactor. 13. Process

according to claim1 or 2, in which the liquid phase supplied to the

reactor containg, ar opRlh& JYSHAY Yo CRTRIURY, ik GhioR SR ATk bgRfRAkRh S

formed therefrom
5 sulfur-containing co-catalysts.

8. Process according to claim 1 or 2, in which the temperature in the reactor is
higher than the temperature of crystallisation of the reaction mixture and is a

maximum of 130°C.

10

9. Process according to claim 1 or 2, in which the pressure in the reactor is from

5 mbar to 1000 mbar.

10.  Process according to claim 1 or 2, in which the aromatic hydroxy compound
15 is phenol.

11.  Process according to claim 1 or 2, in which the ketone is acetone.

12. Process according to claim 1 or 2, in which a reactive rectification column is
20 used as the reactor.

13.  Process according to claim 1 or 2, in which the liquid phase supplied to the
reactor contains aromatic hydroxy compound, ketone and reaction products

formed therefrom.
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