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appl i cati on VQI9%T¥2t 0 the conditioning and use of ion-exchEMHEP/HER { he
production of bisphenols. 5 The present application relates, in

particular, to the conditioning of nonodi sperse cation-exchangers and

ani on- exchangers and also to the use thereof as catalysts, in particular
for the catalysis of condensation reactions. | 10 Condensation reacti ons,

such as the EXak ?ﬂe? 9f bi sphenol s, for exanple, which is generally
I !B Resin ly

undert aken sed conversion of phenols wth carbonyl
compounds, are known fromthe literature. The latter reaction is generally
carried out_in fixed-bed or fluidised-bed reactors, as well as in reagent
col ums. 15 Fus appheasion, relatesiity she copditioningnandofise o sioniekelaagersufor athat ed

pol ystyrene | NS cidic.ion-exchangers) are conventionally used in the
synt hesi s ofl{rg;&%cﬁwgr?gl%és?ge“ﬂ%se | on- exchangers may optionally be

chem callyg nodified by covalently or ionically bonded co-catal ysts and
are macroporous or gel-like (US-A-4,191,843; US-A-3,037,052). According
to US- A-5, 23Bhaop@sentapplicationgplatesi imparticylas rto $bel cOlitioning vé mmapdispemse s

t hat have been functionalised.with strongly .acidi.c functional roups are
enpl oyed forc@ﬂg'eém%fﬁﬂ%%?%%%ﬂ%m th; 4sf mﬂgﬁdggﬂ&ts}:{n

ket ones to fiilasibaRRhmlyslsbiicBRdmeARER readiond.Or M t he ion-exchangers
contain 45 to 85 w.%water. In order to 25 avoid a conpetition of water

relative to the feed materials at the catalytic points and consequently to
avoid a crgase in.the activity of, the ion-exchanger, for use in. the
course oﬁ%t h@o 100, TEREHOPS %Kﬁ?é%q ?W'h%ﬁti’é etiols, for example, which is

2, 2- bi S( 4 hygln@ierpN GRMARER PBP Cacid- Eltfiimed’ Sbn & phBRALRh Sheslyl be

| argely renoved. Furthernore,” by reason of therr pr(SJ uct1on process,

st andard consompiuads,i ave keocwhdrope tiee Bteeatyre 0Vihdddtteri reliction is generally carried

out in fixed-bed or fluidised-bed reactors, as well as in reagent columns.

15 For example, catalysts consisting of cross-linked sulfonated polystyrene resins
(acidic ion-exchangers) are conventionally used in the synthesis of bisphenols.
These ion-exchangers may optionally be chemically modified by covalently or
ionically bonded co-catalysts and are macroporous or gel-like (US-A-4,191,843;
US-A-3,037,052). According to US-A-5,233,096, jetted suspension-polymerised

20 styrene copolymers that have been functionalised with strongly acidic functional

groups are employed for the condensation reaction of phenol with aidehydes or

ketones to form bisphenols.

In the commercial form the ion-exchangers contain 45 to 85 wt.% water. In order to
25 avoid a competition of water relative to the feed materials at the catalytic points and
consequently to avoid a decrease in the activity of the ion-exchanger, for use in the
course of the production of technically important 2,2-bis(4-hydroxyphenyl)propane
(BPA),v for example, the water should be largely removed. Furthermore, by reason
of their production process, standard commercial ion-exchangers are provided with

30 certain amounts of acidic oligomer portions which, in the case of continuous flow,



30 certain anmounts of acidic oligonmer portions which, in the case of ? APR Il
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washed out with reaction solution and have a negative influence on the
purity, thernostability and colour of products that are prepared with
them Wth a viewto inproving the sp? e-tine yields and with a viewto
increasing the 5 selectivities of pro uction processes in which these

i on- exchangers, are cat.al.ysts,.it is t eref re necessar

condi &1 on ¢ R kst Pup R rEgof Roiftic autave phebaiNenBlchf 85 B Witece of
the present ﬂieﬂ’ri&éﬁﬁlﬁﬂrétﬂc%ﬂﬁﬁbfbﬂﬁué@ﬂm?% ¢EwiARRAh, on cross-linked
sul fonated pol ystyrene resins inh such that a contam nation of 10 the

reaction product with acidic fragnents in the course of condensation

reactions i revented. In.the case of th hesi s of bis enols WhICh
et 1 oady Withh YR LS inpiying e epacerne VEds S B Arey 19; ipfpeasing th

phenol / acet Fasctmﬁ@sttff?ﬁt%ss?%?&%%m Whichndie G2k ahgad Of&ﬁﬁtﬁgedas

activation [osses occ the course t he trans

i on- exchangeatalysts ¢this ke forranecessanyitd icomdition thetchiabysypeori tatimitialnger eact i on
vessel 15 and that the flows of material arising in the course of

condi tioning can be processed neaningfully and can optionally be recycled

W t hout unn r |
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can be dg(if)]y%ge ated. in the reacti gn vessel rinsing with phenol, in which
case wat reggtionradust sythr acidie Saemerts i thejqeurseiod cendeasationireagtiongis of
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grains. |n dedstribedabove] aoﬁbleiﬂ-ee@mrﬁ@gf%thqj}ﬁnﬂlfdc!toﬁé nhiRIsEI congedastint el y
with this procedure. Furthernore, this process is tinme- consum ng and the

reaction ved®Bf srarapised Mithonbastivation losses @geurriag inthe eryrserafdhe amnsier of

the ion-exchanger which has been conditioned in this way into the reaction vessel
15 and that the flows of material arising in the course of conditioning can be processed

meaningfully and can optionally be recycled without unnecessary loss of material

occuiTing,.

In the case of the synthesis of bisphenols, various attempts to achieve this object
20 have been described in the literature. For instance, a hydrous ion-exchanger can be
dehydrated in the reaction vessel by rinsing with phenol, in which case water is
entrained by flowing phenol. In this case a shrinkage of the ion-exchanger occurs
which leads to an additional mechanical loading of the ion-exchanger and can
consequently result in fracture of the grains. In addition, traces of oligomer are only
25 removed inadequately with this procedure. Furthermore, this process is time-

consuming and the reaction vessel is not available for production during this period.

In US 3,037,052 it is therefore recommended to dry the ion-exchanger at elevated
temperatures (about 150°C) prior to use for the synthesis of bisphenols. In this case,
30 however, the rate of drying has to be controlled very precisely (cf. Zundel et al.
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wat er - sol ubl e ol i gorrerggort i ons are not ade&uat ely removed. 10 In EP-A-765

685 it is prigwdeipl debydration of thecatalystrios to decanting info thstreacteriis descabedr i ned
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procedure provides for a separation of oligoner constituents, in
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f t
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accunul ate which are contam nated with harnful catalyst constituents and
cannot readi lf#’ be returned to the process. In the case where washing with

wat er and0 dBREPaAataSABSAHt is nrapesedaimstiydoivash the gatadyst srithcwateruntid a, defined

producti on as... 20.a.result of bl ockage, of the container
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di sadvant ageftyin & Gatriteag deyifg afd sibieqientiyb Teduce B WalPicofteRl 8PS &ES, an
i ntegrated process for preparation of the catalyst is being devel oped

that is sui t@ble byrontinuousorinsing ovithpherol; oWhilstcthimprocsdurt groddes far he 25
enpl oyed in Lon reactions, The Lcation t.herefore.provides a
process for s%@%gﬁ}fgﬁl%mf% FORH gg}g@g@% an?lementa ion it i faborius, since

15 special devices are necessary for the partial removal of water by vacuum technology

or carrier-gas technology. Furthermore, large quantities of water and phenol
accumulate which are contaminated with harmful catalyst constituents and cannot
readily be retumed to the process. In the case where washing with water and
dehydration are implemented in the reactor container, production stoppages arise as

20 aresult of blockage of the container for the stated conditioning tasks.

In order to circumvent the disadvantages, described above, of the various
conditioning processes, an integrated process for preparation of the catalyst is being
developed that is suitable for the conditioning of ion-exchangers that are to be

25 employed in condensation reactions.

The application therefore provides a process for conditioning ion-exchangers, said

process being characterised in that

30 a) the ion-exchanger which has been moistened with water is suspended in a unit

(1) with oxygen-free, completely de-ionized water at 5 to 80°C, in particular



process bein character| sed in that 30 a) the ion-exchanger which hgs2 bR A0
noi st ened WY 8 is suspended in a unit (1) with oxygEnl/EFQa13s

corrpl etely de-ioni zed water at 5 to 80C, in particular 2 2 APP 2004 WO

01/ 37992 PC1'/EP0O0/ 11352 -4 20 to 60C, whereby in particular a vol une

ratio of 3 to 1.5 parts, preferably 245 to 2 parts, of ion-exchanger

whi ch has been noistened with vvater to 1 part of water is adjusted and

whereby the co f~ di.Ss Ived en | t he e-i Qni ed

wat er whi ch isr%%%@gd“f@ vap et Spbl i BB IS LS, hPrESER, abl y
no greater tham $@92RRRs, cﬁ'fié’nWaﬁ@éf\ﬁm@hﬁﬁrﬁe‘éﬁtm&iten&'@ﬁl?w&@té"l art
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used is preferadfl wateo igradjtstad amiarwh’_erqbprmhepqrmmﬁ @lsmveg,ir exygen inhthe 0.5
ppm for Fe, Co, N

, Cr, dua d
preferably no g‘?")é%ﬂlﬁttel\)/’?%’r?%g i I \é:c’ 51%11’&%?@”8%3 ?’}rﬁ]’aﬁ‘!c%%m f or

the 10 sum of {hgnpt td ‘E&ﬂhﬁﬁ TS BAY) Sarfd whireBY| the! Gfltent of
preferably by st pfﬁ]rl ng&for etvvegleeréll hal f an hgﬁ? and 22 ours aten5qto 80C,

in particular Msmmioo: uadidsal vids egptadlie Ilgnsam droabgmplstedy detibmizedi paterat ant
aqueous solution .res s conductj v IS C ed out 15

order to obtain¥ ﬁ&? {slﬂi'f'geﬁ#’)fﬂ%gfﬂaf% X’B #:lytqpegqe@,tﬁr &?Ehanger
and the nunbero.gfﬁ%ts,eq&seey OO, NoCXE! faQrm&ltvﬁﬁ’mF)co d is

I on- exchanger is s cted to disconti nuous washing wth ygen aPree,
conpl etely de- ipmfcrdﬂy\mtgeaterrmn 10y, preferabty nol@reatayriblarc i ippind, \for the
attalnedI 20 washi n ef d preferably 5 to 50 tines, in particular
10 to 25% i nes, SWRQ g’ﬁ BfShe conductivity, whereby, after discharge
of the conpl etely de- ionized water, in each instance 0.2 to 1.5 parts by
vol une of conpletely de- ionized water, relative to the ion-exchanger

whi ch has been tieisasgnewin\is biitated ipeeferablychyastiteing farftetwien hulfan howgindat ed
and the conpl etelx de-ionized water, i s 25 di schg&iqed and the conductivity
of the conpl et ety B‘éﬁ%ﬁﬁ%%@%ﬁ?ﬂl%‘“@(@rﬁ%gd subsrquepiy @ analysisrafby t he

conductivity at ﬂfe@ﬁp&ﬁgtaﬂtf aqh@&;s%ﬁ.{ﬁoﬂ% respect of its conductivity is carried out, in

15 order to obtain an indication of the oligomer content of the ion-exchanger and

the number of necessary washing cycles for step ¢);

c) the ion-exchanger is subjected to discontinuous washing with oxygen-free,
completely de-ionized water until constant residual conductivity is attained;

20 washing is effected preferably 5 to 50 times, in particular 10 to 25 times,
depending on the conductivity, whereby, after discharge of the completely de-

tonized water, in each instance 0.2 to 1.5 parts by volume of completely de-

ionized water, relative to the ion-exchanger which has been moistened with

water, are added, the mixture is agitated and the completely de-ionized water is

25 discharged and the conductivity of the completely de-ionized water is
examined at the outlet, whereby the conductivity at the end of the washing

cycles is less than 100 microSiemens/cm, preferably less than

50 microSiemens/cm, in particularly preferred manner less than

20 microSiemens/cm, and whereby the content of dissolved oxygen in the

30 completely de-ionized water which is employed is preferably no greater than

1 ppm, preferably no greater than 100 ppb, and whereby the content of
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and whereby the content of dissolved oxygen in the 30 conpletely

de-ionized water which is enployed is preferably no greater than 1 ppm

preferably no greater than 100 ppb, and whereby the content of 2 2 APP
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is preferably adjusted and mhereby t he content of dissolved oxygen in the
phenol which is used is preferably less than 1 ppm preferably |ess than
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(2)
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(1), preferabl ypmfeiablyahss tient I pgas pa¢ferbhhiee thani 100 phisnaid whereby tie 90C,
preferably 60 to 80C, {a‘gd E@garti&l fl.ow of phenol of up to 20 % of the
total vol ume peC°REH}ofjdssplygd oppn ssplvpdgnesallic dons 1n the Rheppkwaich isnsedico t he
distillation unigrefedblyiifgRaRf RN hp, bﬁ?&aﬁpﬁg%eater than 0.5 ppm, for Fe,

15 Co, Ni, Mo, Cr, Cu as individual components and is preferably no greater than

10 ppm, preferably no greater than 1 ppm, for the sum of the stated metals;

e) the existing mixture is dehydrated in a continuously operated circulating
apparatus containing the unit (1) and at least one distillation unit (2) for the

20 purpose of separating phenol and water, whereby the ion-exchanger which has
been moistened with water is stirred in the unit (1), preferably under an inert-

gas atmosphere, with phenol at 50 to 90°C, preferably 60 to 80°C, and a partial

flow of phenol of up to 20 % of the total volume per hour is fed out via a pipe

(4) and transferred into the distillation unit (2) and a separation into phenol

25 (bottom product) and water/phenol mixture (top product) is carried out in the
distillation unit (2) and the phenol is recycled into the unit (1) via pipe (4').

The phenolic water is preferably supplied to an extraction apparatus which is

present in the production process. By way of distillation unit (2), in particular

a distillation column which is optionally integrated within the production

30 process is utilised for the purpose of separating water and phenol. The top
product which is separated in this individual step contains 2 to 20 wt.%,
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in the di st unit (2) and the phenol is recycled i RESEMUIGRt (1)
via pipe (4'). The phenolic water is preferably supplied to an extraction
apparatus which is present in the production process. By way of
distillation unit (2), in particular gdistillation colum which is
optionally integrated within the production 30 process is utilised for the
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circul ating apparat, ' | 0 ' I at
Che outl et Jof 1 ARRESot fEbldualWallc ol W, Siiel of SRR (1 CocpERralif etBhe] O
| ess than51 vol 3%olRs prefamblyeidss thin 1 R61.9% istridagured; subsequently transferred

in the formof a suspension consisting of ion-exchanger resin and phenol
into a suitable reaction vessel, preferably wunder inert conditions, the

suspensi on I Q- nger S| nd phenol .bein resent in. abl e
form prefer gi)l y%gff %ﬂﬁ"eﬁf‘?ﬁe@e@ﬁ%‘%@’@@ ’%8@ %ﬁ% ojf%,%s%?%&nycwxgﬁﬂg
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phenol is dischar ged fromthe reaction vessel. 15 The ion-exchanger that

has been condi t jusderd

erdingry condigonse thessuspension of iondexchanges pesimandephehok beimg
duct i f bisphenols, i ticul h duct i on.of f
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production of polyners such as epoxy resins and, 1n particular,
pol ycarbonate. 20 The phenol that arises in the process according to the

i nvention in.,the course of the .canditiqning.of the ion-exchanger during
0 To bont Aok et phetiol i exetged Bl @ redction vestel

15 The ion-exchanger that has been conditioned by this means is outstandingly suitable
for the production of bisphenols, in particular for the production of BPA from
acetone and phenol. The BPA that is produced with this ion-exchanger exhibits high
product quality and is particularly suitable for the production of polymers such as
epoxy resins and, in particular, polycarbonate.

20
The phenol that arises in the process according to the invention in the course of the
conditioning of the ion-exchanger during g) is contaminated with acidic soluble
portions stemming from the ion-exchanger. For arbitrary further use, in particular as
initial material for the production of BPA, the phenol arising in this way is therefore

25 optionally purified, preferably by distillation, the bottom of the column being
charged” with up to 5 wt.% of a basic compound that is suitable to retain acidic

constituents. A preferred basic compound is sodium hydroxide.

An advantage of the process that has been described consists in the fact that, by this
30 means, undesirable acidic oligomer portions are removed from the ion-exchanger

(resulting, for example, in improved product quality). By virtue of the catalyst
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arising in this way is therefore 25 optionally purified, preferably by
distillation, the bottomof the columm being charged with up to 5 w.%
of a basic conpound that is suitable tg.retain acidic constituents. A
preferred basic conpound is sodi um hydroxi de. An advantage of the process
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catal yst WD 01/ 37992 -7 2 2 APB 2001 @PCT/ EPQQ 11352 pretreatnent in an
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exanpl e, devices for vacuumdrying or 5 carrier-gas dryi ng, are necessary.
By virtue ofoursfeofle deliydsation; ne mechaniead stesses paeur prea resallof thepdimimion

dehydrati on, C i cal .stre S occur,as a result -of the.di mnuytion
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enpl oyed as catalysts and in which distillation units and extraction
units are peatalysts angdintwhigh idistdlsfiae amits rand Hextrgetion umitspanet present.hdnphisnol

pr oduct | B 57t R 0n &F BBl R o o R Brist Y AFpEratedsi -
exhi bits hi gih flsOBkehpldyed irf the prodictich rop@si al |y suitable for the

production of polyners such as epoxy resins and, in 15 particul ar,
pol ycarbonates. The pol ycarbonates that are produced in this way are used

for the pro ' . | di ngs.such as, .in particular..co ct discs,
| enses and%g?ﬁgv‘%gﬁgg%ﬁﬁ%gﬁ?éssé’ﬁh]? 356&%6 AR ﬁ%b&h’&@s"%éﬁ'@i . a
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15 particular, polycarbonates. The polycarbonates that are produced in this way are
used for the production of mouldings such as, in particular, compact discs, lenses

and window panes.

The present application provides, moreover, a process for conditioning
20 monodisperse ion-exchangers for the catalysis of condensation reactions, addition

reactions, transesterifications or alkylation reactions, characterised in that

a) monodisperse ion-exchangers which have been moistened with water are
suspended in oxygen-free, completely de-ionized water,
25
b)  the monodisperse ion-exchanger is subjected to discontinuous or continuous
washing with oxygen-free, completely de-ionized water until constant

conductivity is attained,

30 ¢) after the last wash the completely de-ionized water is discharged and the

oxygen-free OH component is admixed to the monodisperse ion-exchanger,
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are suspended in oxygen-free, conpletely de-ionized water, 25 b) the
nonodi sperse ion-exchanger is subjected to discontinuous or continuous
washi ng wi th oxygen-free, conpletely de.ionized water until constant
conductivity is attained, 30 c) after the |last wash the conpletely

de-ioni zed water is discharged and the oxygen-free OH conponent is

adm xed to the nonodi sperse ion-exchanger, 2 2 " "D 2004 WD 01/37992
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e) finally the SUSHANRS ¥waptiyith #Honamds per se i on- exchanger and OH

conmponent is transferred into a reaction vessel. The present invention

al so provides the nonodi sperse ion-exchangers that have been conditioned
for catal ysiep offinhlte thé cugpeasioh onagistieg afi maﬁodiﬁaemcmmmwtﬁdpowess
10 steps a) to e), both as cation-exchangers and as ani on-exchangers.
According to t h&OTPeReY{s Fransiemed dnfo arprctign vassel.' conpl et el y de-i oni zed
water' nmeans fully dem neralized or desalinated water. Phenols, ortho-,
neta-, para-cresols or a- or P -naphthols enter into consideration, for

exanpl e, as ThepeéseheinChhtivaraRovided e mobbdipaeeidacdxchingethiht IS beéh t he
sense of the present invention. The nonodi sperse ion-exchangers to be

condi t i oned cprditiengd-for caalysis of theaforementigradsreagsions eaceprianee with presgss

reaction i i ' r ' rding to the
present - 10preeRR] bt af bar B ERBRHS e F Aibh SPABEER ract opor ous

structures. 20 These structures have been described in detail in the
technical literature. Wth a view to catalysis of the aforenentioned

reactions, p¥cPTdRg ki the Rsescabinyentian ithsphrassdeamplately drriqnizsd, watelt mepos ous
or gel-like fﬂﬁﬁﬁ%ﬁl%?{l&% or Hés%i(ngggcp grea e% ?’ilgnols, ortho-, meta-, para-cresols or o-
or B-naphthols enter into consideration, for example, as possible OH components for

15 condensation reactions in the sense of the present invention.

The monodisperse ion-exchangers to be conditioned in connection with the catalysis
of the aforementioned reactions, in particular of condensation reactions according to
the present application, exhibit microporous or gel-like or macroporous structures.
20 These structures have been described in detail in the technical literature. With a
view to catalysis of the aforementioned reactions, particularly of condensation
reactions, however, macroporous or gel-like monodisperse ion-exchangers are
preferably employed. According to the present invention, gel-like monodisperse
ion-exchangers are employed in particularly preferred manner in the synthesis of
25 BPA, for example.

The monodisperse ion-exchangers to be conditioned in accordance with the present
invention for catalysis of the aforementioned reactions, particularly of condensation
reactions, may be produced by known processes.

30
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preferably | o . According to the present invention, gel-like

nonodi spersg‘%o?’cf%- changers are enployed in particularly GO Hanner
in the synthesis of 25 BPA, for exanple. The nonodi sperse ion-exchangers
to be conditioned in accordance with the present invention for catalysis
of the aforenentioned reactions, particylarly of condensation reactions,
may be produced by known processes. 30 WO 01/37992 -9 2 2 APl 2004

PCT/ EPOO/ 11%3,2“, y\@%gﬂj L | | 00- duced
I n accordanc WIEYR Ae?ﬁ%%ﬁ%&%&ﬁﬁé%?@%%@é&ﬁ%%@%%ﬂ%@ ‘ﬁp{e)

desi gnat ed &S-Aphddd 9GkoSPEIDN9@882I66Mgers in the present application 5 in
which at |east 90 % by volune or by nmass of the particles have a di aneter
that lies within the interval with a width of 10 % of the nost frequent
di anmeter ar ' : | . e of a
subst ance V\n@tﬂﬁgﬁﬁo%tg a*e[%%{gg%{oﬂ%%‘%@P@%ﬁﬁfgng@%ﬂ@e&rﬁéeﬁﬁéﬁﬁkﬁ east 90
% by vol ufre imwhih ardest 90 Hsbywdlithe ofbp inass ofithe particleb v diathetth thnliand
0.55 min; in the case of a substance with nost frequent dianeter

anount i ng t avithiry thesintesyal withse wadthaf gy10,%) afithe Brosbirequestdiamestepjardund the si ze
interval b 0. 7% and 0.63 mm 15 However, the process according
to the inveﬁé%ﬁ%ﬂ%@zg}gﬁ%}% oni ng nonodi sperse ion- exchangers not only
avoi ds the di sadvant ages, descri bed above, of the known conditioning
processes but at the sane tine enables optinmal use of the conditioned
nmonodi sper s &or gXaRlehtntlercasesf a substance witlsmoest frequsohdiemster iaotounting ta ons,

pr ef er abl L o_conge td eactions starti f r.am phenol -, I

p- cresol sword'?a_-"":'r &Pﬁ;% ér?g%%hﬁa’fi‘{mﬁ A §?§F’?‘F&3ﬁ§r BAHES F@W%ﬁh%f’é’? n the
synthesi s of0.45 sphemal 55 i€l e cRrdfl £ Yhibsidnte Ryl YHdst redBEH? iarh&kr

synt hesi si ng BPA from phenol s and al dehydes or ket ones.

amounting to 0.7 mm, at least 90 % by volume or by mass lie within a size interval

between 0.77 mm and 0.63 mm.

15 However, the process according to the invention for conditioning monodisperse ion-
exchangers not only avoids the disadvantages, described above, of the known
conditioning processes but at the same time enables optimal use of the conditioned
monodisperse ion-exchangers as catalyst resins in condensation reactions, preferably
in condensation reactions starting from phenols, o-, m-, p-cresols or a- or p-

20 naphthols, in particularly preferred manner in the synthesis of bisphenols, in quite
particularly preferred manner for synthesising BPA from phenols and aldehydes or

ketones.

But the.conditioned monodisperse ion-exchangers are also outstandingly suitable for
25 use as catalysts in the case of addition reactions. As an example of an addition
reaction; the addition of alcohols to alkenes may be mentioned, preferably of
alcohols to C,-Cs-alkenes, in particularly preferred manner of methanol, ethanol,
propanol or butanol to isobutene, in quite particularly preferred manner of methanol
to isobutene to form methyl-t-butyl ether.
30



. But the-conditioned nonodi sperse ion-exchangers are al so out st andi ngl7yA°Pk 700k
Suitable foWO@B3M¥e as catalysts in the case of addition PEI®EROONEIS2AS an
exanpl e of an addition reaction; the addition of alcohols to al kenes nay

be mentioned, preferably of alcohols to Cl-C4-al kenes, in particularly
preferred manner of nethanol, ethanol, __propanol or butanol to isobutene,
in quite particularly preferred mannef 18f methanol to isobutene to form
met hyl -t-butl'?éllﬁ ether. 30 2 % APR 2J14 WD 01/37992 PCT/EPO0O/ 11352 -10 The
condi ti oned n‘?ﬁ’(‘l‘pt' eMPRLISPETSR PG esshanesTss are; sitable, jin addition, Jar ther t he

catalysis o rdf defeddel QE i L1 '

aci ds, pref g?‘gﬁff';s dfoéfﬁ%?-c %%o{?%w%&&ﬂc&&g ;gr 8&*?(@8 Q‘E’:’P@‘g%ﬁb@
parti cul ar | pf ghd@ealeablsrwithel;-Cocarbbhydicemidy| id pattuleny ptefefeéd Aanher for
et hanol, propanol .and all_isonmers of butanol wth 5 carboxylic acids
pertai ni ng efteiication of pgthangly ethanely propappland pl isemersiof butanpl with

pr opi oni cg agi : . i%tgﬁig. | g, addi ti . | t..oned nmonodi.sperse
i on- excha%gg?lg’ogihepgéd?% 518 tot pllee g%ié:% aﬁ%ggﬁl{g&gf gf?%#s}%satcgﬂiafcfz@%ﬁ%n
reactions, fespieniaagiderbhtyticiacigt ers to form nonoesters, 10 in particul ar

the transesterification of a triglyceride with nethanol, ethanol, propanol
or butanol to forma fatty-acid nonoester. Finally, the conditioned

nonodi sper s§,, i QfA-1E£XC : | for t | ysi s .. of kyl at i on
reactions, %r%%%b@ggﬁéaéﬁ&% ?H#‘%ﬁ‘ﬁgé’gﬁﬁh{e"r‘%a% 0 tegsr é%o?‘ém\%kf ﬁjoll'i ‘ear
15 or branchkedlysisaifittasestepificRticinizhetidng, fofeRampleiof Giistepd® P MGIRRRers] NE
pr esent Zspl‘i catjon preferably provides a process for conditioning

nonodi spé? sén Pagigulax tedrmsesterifisatiomef & trighyopside with methannsethaneh prepano! ons,
in particul S, 0F s Ri sphenol s, characterised in that { 20 a)
t he nonodi sg’érb{sf@ﬁ?lg%?é&%%gn ef&ld |°3§@s’1°§’5 been noistened with water is
suspended in a unit (1) wth oxygen-fee, conpletely de-ionized water at 5
to

Finally, the conditioned monodisperse ion-exchangers are suitable for the catalysis

of alkylation reactions, for example the alkylation of phenols or cresols with linear

15 or branched olefins, for example to form triisobutene or nonene.

The present application preferably provides a process for conditioning monodisperse
ion-exchangers for the catalysis of condensation reactions, in particular the synthesis
of bisphenols, characterised in that
20
a) the monodisperse ion-exchanger which has been moistened with water is
suspended in a unit (1) with oxygen-free, completely de-ionized water at 5 to
80°C, in particular 20 to 60°C, whereby in particular a volume ratic of 3 to 1.5
parts, preferably 2.5 to 2 parts, of ion-exchanger which has been moistened
25 with water to 1 part of water is adjusted and whereby the content of dissolved
oxygen in the completely de-ionized water which is employed is preferably no
greater than 1 ppm, preferably no greater than 100 ppb, and whereby the
content of dissolved or undissolved metallic ions in the completely de-ionized
water which is used is preferably no greater than 1 ppm, preferably no greater

30 than 0.5 ppm, for Fe, Co, Ni, Mo, Cr, Cu as individual components and is
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80C, in particular 20 to 60C, whereby in particular a volume ratio Jf 3'to

1.5 parts, VBOBBAply 2.5 to 2 parts, of ion-exchanger wiiCHERYE132en
noi stened 25 with water to 1 part of water is adjusted and whereby the
content of dissolved oxygen in the conpletely de-ionized water which is
enployed is preferably no greater thapn 1 ppm preferably no greater than
100 ppb, and whereby the content of dissolved or undissolved netallic

ions in the co =1 oni rrg\(g%g ' ' I tgPiy No
greater than 1%%%3%9/3??%%%}?5%{318}%2?& BBh%i#?%%} Pipggrﬁlge, éo Ni ,
Mo, Cr, Cu as isueh of tleistatedangaieents and is 22 A . PR 'zuON J WD 01/37992
PCTI EPOQ' 11352 -11 preferably no greater than 10 ppm preferably no

greater than 1 ppm for the sumof the stated netals; b) the suspension

is agitate pr Eﬁ@lé‘ JE L %gg | fet@d) q?w: 24
hour s at Sdt?)o 8 Ié?, 'n plg.ll’?¥sl %13%1’ g%f%gﬁlgg%[ an g%b‘%equen ymgﬁggnagl_ ysi s
of the syper nat ZNhowRIAePSIPC, i parficular 209BHRLC, &id subSequemiy i analysis dfs
carried out, in order to obtain an indication of the oligoner content of

t he nonodi sper stéeisupemnatanttagnenms salution e rasperd of it tonduch¥ityisicamisgdroutgneycl es
for step c); 10 t he nonodi rse don-exchanger 1s.subjected to.

(i scont | nusus. vH iR AR T EisR-of BE oS GHAT R, St R etRion unei )
constant resi duglchaiedufd théiduvhbet éfﬁ’écWés cleg forsstéf dyect ed

preferably 5 to 50 tinmes, in particular 10 to 25 tines, depending on the
conductivity, whereby, after discharge of the conpletely de-ionized

water, iy, each jnstance 0.2 .to 1.5 parts val u of .15 conpl. et el
de-i oni zed aat er'e pey etl8n't°ﬁ%ha??§?fo’(§i %‘Sﬁ??@ H°ﬁ§°é’>?ﬂﬂ‘éﬂﬁe¥g&‘\mﬁ ?‘%hhas
been noi stened ¥iyign ek CEompeRlPEERFhizedNCatsl Hith! @nitinti@bidailccbnandivityhe

conpl etely de-ionized water is  discharged and the conductivity is
exam ned at t heisctaingd, washangis\efiehted poefarably Y1 §0 times,he partibuldr 10He 26ashi ng

YT o2, L2 o, DR 37 SRR B A g 2B
completely de-ionized water, in each instance 0.2 to 1.5 parts by volume of
15 completely de-ionized water, relative to the monodisperse ion-exchanger
which has been moistened with water, are added, the mixture is agitated and
the completely de-ionized water is discharged and the conductivity is
examined at the outlet, whereby the conductivity at the end of the washing
cycles 1s less than 100 microSiemens/cm, preferably less than
20 50 microSiemens/cm, in particularly preferred manner less than
20 microSiemens/cm, and behaves in constant manner from wash to wash with
a vanation of less than 20 microSiemens/cm, and whereby the content of
dissolved oxygen in the compietely de-ionized water which is employed is
preferably no greater than 1 ppm, preferably no greater than 100 ppb, and
25 whereby the content of dissolved or undissolved metallic ions in the
completely de-ionized water which 1s used is preferably no greater than 1 ppm,
preferably no greater than 0.5 ppm, for Fe, Co, Ni, Mo, Cr, Cu as individual
components and is preferably no greater than 10 ppm, preferably no greater
than 1 ppm, for the sum of the stated metals;
30



20 m croSi enmens/cm and behaves in constant manner fromwash to mas#%M%ﬁﬂWL
a variati onVef0IBEIZ t han 20 nicroSi enens/cm and whereby tHMeT/EBMYIAHR2 of

di ssol ved oxygen in the conpletely de-ionized water which is enployed is
preferably no greater than 1 ppm preferably no greater than 100 ppb, and
25 whereby the content of dissolved or,qundissolved netallic ions in the
conpl etely de-ionized water which is used is preferably no greater than 1

ppm preferably, n eater. than O m. for.Fe, Co,. Ni Cr, Cu as
PR vi fual S orfsh et sk empieeBiRinn 26t whte = dischierd e
preferably no ik f » 30 WO
DL/ 5r005 2 15 o sl i) PC#E@%%%%%@E%‘?%JP&? bihget B 50505
conpl etely de-imuicidsr 6ot @ 80%C,dinbefeby 0 drohanel ratiy 3dn0.60r e 1iheans dfs

adm xed to the nonodi sperse ion-excha_nger at 50 to 90C, .in particular 60
to 80C, wher ebymgnedisneme ipaiexehaggerowhigh has beon maisteged Mithyperdonme Pae

i on- exchanger i been ' ed W r.t of phenol
is pref e?gbl y %@?P@@ﬁ ﬁ?%@%@%&%qgn%hprgﬁ?hﬁefco&?%nggf\c/@%lg%@a%egi n the
phenol whi ch i sinubiegherol Wieéteisaleky id geferdbinlesd tHARM ppith Sfrefepdbly lds€ #fant han
100 ppb, and whereby the content of dissolved or undissolved netallic ions

in the phenol UM eRb,iand ydeteby sheeartent of disselyed prundissol vedmetalig pns in

preferably no .gr 0. '
i ndi vi dual corrp%lﬁj)%tteg&aﬁgﬁgdgi“ge‘g%g}rgrcg%qlggﬁo&gartgg{h %Irl IY??Panﬁlzr Tﬁ%ﬁbﬁ? no
preferably no ggleﬂbﬁmahméﬂ?]ﬁmﬂe,f@, Nih®fo, €¥/ Ci0hs indRidiak GHpsfRing and €)
the existing mxture is dehydrated in a continuously operated circul ating
appar at u) cont aisiirefgrabhenqgteatet thandifcppan., prefemblyoregrgater thandtppen fonthe (2)
for the 15 purpgse Pﬁl s%%{ati g phenol and water, whereby the
I on- exchanger whteR! HE S 98K I stened with water is stirred in the unit
(1), preferably under an inert- gas atnosphere, with phenol at 50 to 90C
preferably 60 to 80C, and a parti al

e) the existing mixture is dehydrated in a continuously operated circulating

apparatus containing the unit (1) and at least one distillation unit (2) for the
15 purpose of separating phenol and water, whereby the ion-exchanger which has
been moistened with water is stirred in the unit (1), preferably under an inert-
gas atmosphere, with phenol at 50 to 90°C, preferably 60 to 80°C, and a partial
flow of phenol of up to 20 % of the total volume per hour is fed out via a pipe
(4) and transferred into the distillation unit (2) and a separation into phenol
20 (bottom product) and water/phenol mixture (top product) is carried out in the
distillation unit (2) and the phenol is recycled into the unit (1) via pipe (4").
The phenolic water is preferably supplied to an extraction apparatus which is
present in the production process. By way of distillation unit (2), in particular
a-distillation column which is optionally integrated within the production
25 process is utilised for the purpose of separating water and phenol. The top
product which is separated in this individual step contains 2 to 20 wt.%,
preferably 5 to 10 %, phenol. The phenol that is discharged from the system
by this means is replenished in the unit (1) by means of fresh phenol. The
mixture is conducted through the circulating apparatus until such time as a
30 content of residual water at the outlet of the unit (1) of preferably less than
3 vol.%, preferably less than 1 vol.%, is measured;
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fl ow of phenol of up to 20 % of the total volune per hour is fed out2 éi”é“;‘rm
pipe (4) aN®UR3Mferred into the distillation unit (2) aRgTEP¥HAPZt | on
i nto phenol 20 (bottom product) and water/phenol mxture (top product) is
carried out in the distillation unit (2) and the phenol is recycled into
the unit (1) via pipe (4'). The phenohtc water is preferably supplied to
an extraction apparatus which is present in the production process. By
way of distillation unit (2), in particular a-distillation colum which
is optionally integrated within the production 25 process is utilised for
the purposefjof epaixdire igswbitqientpdranifeied in thecfot P aBusstasion \Wohsiktirgs
separated in this_individual step contains 2 to 20 wt.% preferably 5 to
10 % phenol . Thkigpxebangen gesin and)ipbenelrigteda shigghle reactign vessel, ipyeferably means
is replenished jn.the unit., (1 means of .fresh, phenol. The, mxture is
conduct eq ¢ hr oulie e Farsitont % sErRRar e e REE sin and aehdy e
content of resigigdntViat P fatt ' | ess
than 3 vol.% pref é\rlygbﬁnﬁéi thaE{!“Jlf&%%l?.%%tgﬁg&%gkcaééjrﬁgfg%saqﬁg?g{% -13
2 | -"h 2004 PpEfErd@witcblids contentnfrorn 40do B8 velYisandpeefetablyt r ansferred in
the formof a suspension consisting of ion-exchanger resin and phenol
into a suitable reaction vessel, preferably wunder inert conditions, the
suspensi on gL [ %—ﬁ?&hﬁ@ﬁﬁ%}l&lgpﬂsms@ﬂﬂ- B BBR the fdaBforPvdds@sent in punpabl e
formpreferably at tenperatures from §o to 80C and preferably with a
solids content from40 to 80 vol.% and preferably g) the supernatant

phenol is.discharged fromthe reaction vessel. 10 The present invention
preferabf?/ B?‘Svpr& Ot IYFRNRRe Pre Emﬁﬂﬁ%e’%‘@i"%- x EIPRAGIEPESE HOR- have

been condi ! eRéiatlzédthat RaveltnBhlitioRlq R YNGR eSis! df LGREISIER  Reoilahdd
process steps a) to g) In the cation form The nonodi sperse | on-exchangers
t hat have beath process stepsia@)doig i the catiyrsfotiascri bed 15 above are

out standi ngly suitable for inplenenting condensation reactions, for

exanpl e for producing bisphenols, in particular for producing BPA from

acetone The monodisperse ion-exchangers that have been conditioned in the ways described

15 above are outstandingly suitable for implementing condensation reactions, for
example for producing bisphenols, in particular for producing BPA from acetone
and phenol. The BPA that is produced with this conditioned monodisperse ion-
exchanger exhibits high product quality and is particularly suitable for the
production of polymers such as epoxy resins and, in particular, polycarbonate.

20
The phenol that arises in the process according to the invention in the course of the
conditioning of the monodisperse ion-exchanger in the case of the synthesis of
bisphenols during g) is contaminated with acidic soluble portions stemming from the
ion-exchanger. For arbitrary further use, in particular as initial material for the

25 production of BPA, the phenol arising in this way is therefore optionally purified,
preferably by distillation, the bottom of the column being charged with up to 5 wt.%
of a basic compound that is suitable to retain acidic constituents. A preferred basic

compound is sodium hydroxide.

30 An advantage of the process that has been described for the production of

bisphenols, in particularly preferred manner for the production of BPA, consists in
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ion- exchanJ& &M 2pits high product quality and is parti cBEREPYVLIFE apl e
for the production of polynmers such as epoxy resins and, in particular,
pol ycarbonate. 20 The phenol that arises in the process according to the
invention in the course of the conditjgpning of the nonodi sperse

i on-exchanger in the case of the synthesis of bisphenols during g) is

cont am nat e ' chdinG I i onsq:st 1.0 . he

on- exchang e 1t b by s Sk, {haRatableoiiai? cRBBhoriBR 4d Femoysd,from

mat eri al f othet hrnddispereel UehlepthaaferBRbsulting RreBRdmple, #i NeprdveldNpodaBy i S
therefore optionally purified, preferably by distillation, the bottom of
the col unm 8elity- cf%)f gagueriof hihgpcatalyss pretrsetment in (aas pxtemahsontainerhthe | s

suitable to [ LAl it A A preferred. basic onpou IS
Sulrabl e opkShaldh AL Lot BRSPS SEAET BRSO 5.
for the i ocsinuons déhydRitidRamhE Satalyst With redydling by &%éxﬁ,ﬁ eéq'?uﬁds AEfMhall O

t he production of BPA, consists in 21 r=. t'v' 4 01/ 37992

PCT/ EP00/ 119uantity af pigno}; o additignal, sechnisially sephisticated dreries af pppasatissisuch

ol i gonmer porfi r from the nonodi.sperse ion-exchanger
Cresutci ng. o 451 Sxllels, EUREE for o6 “EAnERE PotiBhEk Sype g TSRS W ¢ he
catal yst preirfueadfTetiel ajifatith 6K RS BadpeRafh dhAE, coulR o HRIUSHYRRIdA eSS
can be cont h&%gﬁg %Qﬁe reaction ve;;&lmﬂdmng cond‘iré‘i“ggi gt%e The 5

cont i nuous BEesSeT oqohe ag & resu j netorcini optherpaltiolesgefi res a
m ni mal d]ua{étiioh)éxgﬁanghengl X n&lgaddi tional, technic IQ/ sgghl sticated

pi eces ot appararieiangsy, Bypass figws arising can'be processed: g4 progehpniplantin o
carri er - gaswhichi 0@, mon&disiReas foalekchdhgersVare! étfplefed B catgiys@tdndNinOivhidhe
suspension in the course of the dehydration, no nechanical stresses occur
as a resul t distillatinn enitsi andraxemaction wits aneprssenthdn fus connectiorothe poeatdrepart

b ch R BB i€ et Bl RnfeRe oL SeiPuRERARE) ahe 58 ooleuegar BRana

whi ch di st piddattisipradésss and extraction units are present. In this
connection the greater part of the phenol that is used for the purpose of
dehydrati-‘bn can al so be enployed in the

InFig. 1

(1) represents a stirrer vessel

(2) represents a distillation unit
(3) represents a phenol supply pipe
20 (4) represents phenol circulating pipes
(5) represents water/(phenol) discharge pipe

Furthermore, and this is likewise provided by the present invention, the conditioned
monodisperse ion-exchangers that are produced in accordance with the conditioning

25 process claimed in this application can be employed as catalysts for a large number

of further reactions.

Thus the conditioned monodisperse ion-exchangers in the cation form or anion form
are suitable as catalysts not only for condensation reactions but also for addition

30 reactions, for example of alcohols to alkenes to form ethers, as catalysts in the case
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production process. 15 In Fig. 1 (1) represents a stirrer vessel (2)7 AFR1304
represents wolige992l ati on unit (3) represents a phenol suppCYERIEH3IZ0 (4)
represents phenol circulating pipes (5) represents water/(phenol)

di scharge pipe Furthernore, and this is |ikew se provided by the present
invention, the conditioned nonodisperse ion-exchangers that are produced
in accordance with the conditioning 25 -Tbr ocess clainmed in this application
can be enplo ed catal ysts for_a | arge nunber of further reactions.
Thus the co Wé&l"%ﬁ’?o‘ﬁ‘@ﬁ%%@#‘@?ﬁg% eatalysts inrhe gage fralldatianor
anion form g tﬁ’déu' tabl e as catal ysts not only for condensation reactions
but al so for a tion 30 reactions, for exanple of alcohols to al kenes to
formethers, as catalysts in the case L t- 2";,% WD 01/37992

PCT/ EP00/ 11352 - 15 of esterifications or transesterifi cations but _al so as
cat al ysts i FiO% F¥AmBRISe ﬂ@r%ﬂ@w% pbmmethangl twigh dsobpigpe éatazﬁ?pe@ten@h@ form

[ f
Cotiet St 3, et BAOR etk bl M ROl cal B LRaRE bt b -hchaneers,
i on- exchanggy the catior mnctmttume beshrtohdigionEdineacberdince it the divastion.

accordance with the invention. Mnodi sperse ion-exchangers are preferred
in accordance with the invention. 10 The ion-exchangers that have been

For t he.pr oMipeRRase RRCG Mok € piebERl ihabs Bl R hEHBRdRT g " °
Exanpl es serve to eI uci date the invention. The invention is not I imted

to the Exa
rrlf"he 1on-exchangers that have been conditioned in accordance with the invention are

particularly suitable for the production of bisphenols, in particular BPA.

The following Examples serve to elucidate the invention. The invention is not
limited to the Examples.
15



2 1. WD 01/37992 PCT/ EP00/ 11352 -16 Exanpl es Exanple 1 5 Conmercially fF::ii
avail abl e | oWNOmBM92ger (Lewatit SC 104, Bayer AG is prepaPETEPR/11352
accordance with the schene descri bed above. The washing with water (oxygen
content in the conpletely de-ionized water: 50 ppb) is undertaken under
nitrogen atnosphere in 12 cycles at 30C, the residual conductivity of the
wash water at the outlet amounts in tTTinal cycle to 14

m cr oSi emeni cm %hydration is effected 10 conti nuously under nitrogen

at nosphere ith 0.60 parts by volune of phenol (oxygen content 50
ppb). In the process the volune of the ion-exchanger dimnishes by 40 %
The hydrous phenol arising at the outlet is distilled off by distillation
at, initiallExamplé Inbar and 105C bottom tenperature. Towards the end of
the distillation the vacuumis lowered to 130 nbar; the bottomtenperature
rises 15 to 125C. In this way, 1 to 10 % of the quantity of l|iquid which

IS present qy&{]ﬁ;e{. il 3 Lo S@l. deacrogs. t.he .
distillation colunn g,e?\talé?g?}? l|bllri1 el%nhé'¥l as‘?‘ﬁ‘é)aﬁtqggrsl@iﬁt ?%Yﬁh‘gﬁ'&‘s Preppisd R | ed
into the detedominn@nwithntheischéme dekrpibed bpvedUhe. widhing Waih Waef6tygeh ¢ he
colum (8 %rﬁphenol,, 92 % water) is supplied to a continuous extraction

plant. In tHRQtEREh0 ths completedy Berionized walesniQ pRivUs Iundedalicarimsier dittogemeans
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distillation at, initially, 700 mbar and 105°C bottom temperature. Towards the end
of the distillation the vacuum is lowered to 130 mbar; the bottom temperature rises
15 to 125°C. In this way, 1 to 10 % of the quantity of liquid which is present overall in
the stirrer vessel is passed across the distillation column per hour in increasing
quantity. Phenol is recycled into the dehydration container as bottom product. The
top product of the column (8 % phenol, 92 % water) is supplied to a continuous

extraction plant. In this way, extracted phenol is continuously replenished by means
20 of fresh phenol.

The continuous dehydration is concluded when a water content of 0.2 % water in
phenol is obtained at the outiet. The ion-exchanger is transferred into the reaction
vessel at 70°C as a suspension in phenol (solids content: 40 vol.%). Supemnatant

25 phenol is discharged and purified by distillation at 120°C, 150 mbar over sodium
hydroxide (0.001 wt.%).

The ion-exchanger that has been prepared in this way is utilised for the continuous
production of 2,2-bis(4-hydroxyphenyl)propane from a mixture of phenol (96 %)
30 and acetone (4 %) at 65°C. In this process an acetone conversion of 96 % and a

selectivity of 93.5 % BPA are achieved with a throughput of 0.15 I/l * h. The colour



selectivity of 93 5 % BPA are achieved with a throughput of 15 1/ % > R 2"

The col our \7@%’?72??992 2 2 PCT/EP00111352 -17- index at t‘FFeT’BE‘E“r’lé?520f t he
reactor anounts to 5 Hazen. The reaction mxture at the outlet of the
reactor is subsequently tenpered for 4 h at 190C, in the process the
colour index rose from5 Hazen to 15 Hazen. 5 If the reaction is carried
out with the phenol that has been recovered by alkaline distillation, no

o ana L B GaGRRel B e YORR BhofR0KCS Hadlh, THE FEklith WhnfOuOlll.

i ndex and col our opnent can be ecte n'the course o

Conpar at i veodtletopliee Radior Eérm@iemﬁt@ﬁparaﬁfdrmhembmmeih thé pecesd e.@ out
in the manner described in Exanple "1, but the phenol that is utilised for

t he purposecmmd@ﬁ)‘dpa@ﬁgwﬁﬁamﬂgééd‘&wmy utilised directly for the
production of BPA without alkaline distillation. The acetone conversion
anounted to 94 % the selectivity anmounted to 93 % and the Hazen 15
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rises after tenpering (4 h at 190C) to 30 Hazen. Conparative Exanple 3 20

Commer ci al | §istalagionapp e,rnmnraé}ccdaéﬁq@pes( inexgspect ofConGasiomBaselactingty, Godour
prepared in. n ous to l.and is I lised for the
product i on &?C’Bﬁp ‘ﬁﬁ‘f“r E’me?ﬁ%ﬁgﬁﬁh“\m&ﬁ X EE REBsed with. An

acet one conversion of 94 %and a selectivity of 92.5 % are observed. The
Hazen col our index of the reaction m xture anounts to 15 Hazen. This

val ue ri sesCamparagveFxample®" t 0 40 Hazen. 25 Conparative Exanple 4
Comrercig| |y avail abl e i on-exchanger (Lewatit SC 104, Bayer AGQG isS
preparedin a manner anal ogous to Exanple 1 and is utilised for the

producti on Pl‘ePﬁaﬁon By the @nleaem%gep@%%dqiuﬁ@meqﬁm AkdcABedvid BxahpiROl @
wat er val ue 10 % in the outflow ng
, but the phenol that is utilised for the purpose of dehydration is subsequently
utilised directly for the production of BPA without alkaline distillation. The acetone
conversion amounted to 94 %, the selectivity amounted to 93 %, and the Hazen
15 colour index at the outlet of the reactor amounted to 10 Hazen. This value rises after

tempering (4 h at 190°C) to 30 Hazen.

Comparative Example 3

20 Commercially available ion-exchanger (Lewatit SC 104, Bayer AG) is prepared in a
manner analogous to Example 1 and is utilised for the production of BPA, but initial
washing with water is dispensed with. An acetone conversion of 94 % and a
selectivity of 92.5 % are observed. The Hazen colour index of the reaction mixture
amounts to 15 Hazen. This value rises after 4 h at 190°C to 40 Hazen.

25

Comparative Example 4

Commercially available ion-exchanger (Lewatit SC 104, Bayer AG) is prepared in a
manner analogous to Example 1 and is utilised for the production of BPA, but in the
30 course of the dehydration with phenol a water value of 10 % in the outflowing

phenol is cbtained at the end. An acetone conversion of 86 % and a selectivity of



phenol is obtained at the end. An acetone conversion of 86 _%and a Z7 #FR 73
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observed. The Hazen col our index of the reaction m xture anounts to 10
Hazen. This value rises after tenpering (4 h at 190C) to 25 Hazen.
Conparative Exanple 5 5 Commercially aygil abl e ion-exchanger (Lewatit SC
104, Bayer AG was prepared in a manner anal ogous to Exanple 1 and was

utilised fogzighe pE %ﬂ&ﬁé&) NRi I-EEO c@gé%ﬁl%x \',(\Jn?{tlgenlse'a%/ noﬂ%ftﬁltegé}@omg to
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10 washing contained 2 ppm di ssol ved oxygen, 5 ppmFe, 2 ppm Co and 2 ppm
Ni. An acetone conversion of 93 %and a selectivity of 93.0 % were

observed. TQ% Egégﬁ Egloui gndex of the reaction m xture anounted to 15
Hazen. This tenpering (4 h at 190C) to 30 Hazen. 15
Exanpl e 65 Condensation reaction exenplified by the synthesis of

bi sphenol s, here BPA: Commercially avail abl e nonodi sperse i on-exchanger
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at, initially, 700 nbar and 105C bottom fenperature. Towards the end of
t he distil | &ploynindes ofdbe neaction mixkreamountéd® hHItazen.t Abisbadveomse after

tenperature rises tog.1 o is way, 1 to 10 % of the quantity of 30
li quid whi cﬁ@g“mgég&éﬁgged:)gﬁai%e stirrer vessel is passed across the
distillation

15 Example 6

Condensation reaction exemplified by the synthesis of bisphenols, here BPA:

Commercially available monodisperse ion-exchanger (Lewatit K 1261%, Bayer AG)
20 1is prepared in accordance with the scheme described above. The washing with water
(oxygen content in the completely de-ionized water: 50 ppb) is undertaken under
nitrogen atmosphere in 12 cycles at 30°C, the residual conductivity of the wash
water at the outlet amounts in the final cycle to 14 microSiemens/cm. Dehydration
is effected continuously under nitrogen atmosphere at 70°C with 0.60 parts by
25 volume of phenol (oxygen content 50 ppb). In the process the volume of the
monodisperse ion-exchanger diminishes by 40 %. The hydrous phenol arising at the
outlet is distilled off by distillation at, initially, 700 mbar and 105°C bottom
temperature. Towards the end of the distillation the vacuum is lowered to 130 mbar;
the bottom temperature rises to 125°C. In this way, 1 to 10 % of the quantity of
30 liquid which is present overall in the stirrer vessel is passed across the distillation

column per hour in increasing quantity. Phenol is recycled into the dehydration
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bott om product. The top product of the columm (8 % phenol, 92 % water) is

supplied to a continuous extraction plant. In this way, extracted phenol

is continuously replenished by neans_g_fresh phenol. 5 The continuous

dehydration is concluded when a water content of 0.2 %water in phenol is

obt ai ned at u The odi sper se C ger oS, t r,ans d |nto
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production of 2, 2-bis(4-hydroxyphenyl)propane froma m xture of phenol (96
% and acetone (4 %9 at 65C. In this process an acetone conversion of 96
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can be det eovactodmnhﬁlrmdégeomfwt%)perl ng. Conpar ative Exanple 7 25

Comrerci gl |y avail abl e het erodi sperse ion-exchanger (Lewatit SC 104(r),
Bayer A is prepared in a manner anal ogous to Exanple 1 and is utilised
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and acetone (4 %) at 65°C. In this process an acetone conversion of 96 % and a

selectivity of 93.5 % BPA are achieved with a throughput of 0.15 /1 * h. The colour

15 index at the outlet of the reactor amounts to 5 Hazen. The reaction mixture at the
outlet of the reactor is subsequently tempered for 4 h at 190°C; in the process the

colour index rose from 5 Hazen to 15 Hazen.

If the reaction is carried out with the phenol that has been recovered by alkaline
20 distillation, no measurable difference in respect of conversion, selectivity, colour

index and colour development can be detected in the course of tempering.

Comparative Example 7

25 Commercially available heterodisperse ion-exchanger (Lewatit SC 104%, Bayer AG)
is prepared in a manner analogous to Example 1 and is utilised for the production of
BPA, but initial washing with water is dispensed with. An acetone conversion of
94 % and a selectivity of 92.5 % are observed. The Hazen colour index of the

reaction mixture amounts to 15 Hazen. This value rises after 4 h at 190°C to
30 40 Hazen.
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process for WORHRI®Dni ng nonodi sperse ion-exchangers for tRETERANIBSE S of
condensation reactions, addition reactions, transesterifications,
esterifications 5 or alkylation reactions, characterised in that a)
nonodi sperse i on-exchangers whi ch have ,Jheen noistened with water are
suspended in oxygen-free, conpletely dé-ionized water, 10 b) the
nonodi sperseCli on- exchanger is subjected to discontinuous or continuous
washi ng w t en-free, conpletely de-ionized water until constant
conductivity is attained, c) after the | ast wash the conpletely de-ionized
wat er is discharged and the 15 oxygen-free OH conponent is adm xed to the
nonodi sper sd-i oM peoeshmfrgecopduipninigemanodispessevibnenchangenstfar thedcatalysis of

dehydrated in a continuously.operat.ed circulatin aratus w

i St 11 Tati on uniPRAIAOR Ry ARHiFgn FFRsHEts SRS TRBlIarss eHAdeions
nonodi spesse | Onyr QUEARAE $EachiBhk, ChhraCeARANRMat| S transferred into a
reaction vessel. 2. "A process for conditioning ion-exchangers,

characterised in that 25 a} t he ion- exchanger whi ch has been nvi st ened
with water is suspended a.unit n en-free rrpletely
de-i oni zed wat er‘S ‘3011061‘3@5@3 IQ})‘e’fq}i'é“é‘?E |lﬁﬁe fiée%aaf’%w@h gvater are
subsequently an anal ispendad int mgﬁ.eg%ﬁ{?r@gl k- H&f\ﬁﬁ olution in
respect of conducti vi ty 'S léla(ﬁ??ed out 2 gR 5%4 5‘%137992
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10 b) the monodisperse ion-exchanger is subjected to discontinuous or

continuous washing with oxygen-free, completely de-ionized water until

constant conductivity is attained,

c)  after the last wash the completely de-ionized water is discharged and the
15 oxygen-free OH component is admixed to the monodisperse ion-

exchanger,

d) the mixture which is obtained is dehydrated in a continuously operated
circulating apparatus with distillation unit and

20
e) finally the suspension consisting of monodisperse ion-exchanger and OH
component is transferred into a reaction vessel.
2. A process for conditioning ion-exchangers, characterised in that
25

a)  the ion-exchanger which has been moistened with water is suspended in

a unit (1) with in oxygen-free, completely de-ionized water at 5 to 80°C;

b) the suspension is agitated and subsequently an analysis of the

30 supernatant aqueous solution in respect of conductivity is carried out;
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-21 c) the ion-exchanger is subjected to discontinuous washing with

oxyden- freaevoaospetely de-ionized water until constant resgHBEPRI0/11352

conductivity is attained; 5 d) after the final wash the conpletely
de-ionized water is discharged, and oxygen-free phenol is adm xed to the
I on-exchanger at tenperatures from50 to 90C, e) the mxture that is
obtained is dehydrated in a conti nuous‘l%l operated 10 circulating
apparatus containing the unit (1), and at |east one distillation wunit (2)
for the purpose @Of stbba@faﬁicr]i’gﬂ%éﬁéllb]&mdﬂmdéﬂcmﬁll}uwtW?éthngl!ih @xygen-
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wherein the ion-exchaaged; i S nonodi sperse. 4. Process for condltioning
nonodi sper se ion-exchangers according to Caim3, characterised in that
after the ion-exchanger/phenol suspension has been 20 transferred into the

reaction wessel upe at.an hengl |s di arged .and the. degree of purity

i's |ncrea\ssed by |st‘J1’ &‘E gﬂﬁ i%‘ﬂ'ﬁggﬂﬂ%me wa d%glssghzggggraa ng to

Claim1, characteri S@@gernﬁ{ehqihehaelsmﬁﬂbénsrtﬁe ibRRBXCIRNE &aﬂg?én%&aﬁﬁfebl t a
o}

gel -1i ke or macroporous structure. 25 6. Process according t aim 2,
wherein the content 9md&03e80%ed or undissolved netallic ions in the
conpletely de-ionized water which is used is preferably no greater than 1
ppm preferably no greater than 0.5 ppm for Fe, Co, N, Cu as

i ndi vi dual conpog)ent e hgnire thRAChkedtARhad Od %@fﬁl&f it Badndi
preferably no g(r)égat er than ppms for the su I the st Elilt gud&ﬁgt a?ég[e\jl\o
01/ 37992 12 21 1| LMrcul%ﬁ]igEPp@hmszﬁﬂtalmng the unit (1) and at least one distillation

unit (2) for the purpose of separating phenol and water;

f) - the mixture is subsequently transferred in the form of an ion-
exchanger/phenol suspension into a reaction vessel.

15

3. Process according to Claim 2, wherein the ion-exchanger is monodisperse.

4.  Process for conditioning monodisperse ion-exchangers according to Claim 3,

characterised in that after the ion-exchanger/phenol suspension has been

20 transferred into the reaction vessel supernatant phenol is discharged and the
degree of purity is increased by distillation over basic compounds.

5. Process according to Claim 1, characterised in that the monodisperse ion-
exchangers exhibit a gel-like or macroporous structure.
25
6.  Process according to Claim 2, wherein the content of dissolved or undissolved
metallic ions in the completely de-ionized water which is used is preferably no
greater than 1 ppm, preferably no greater than 0.5 ppm, for Fe, Co, Ni, Mo, Cr,
Cu as individual components and is preferably no greater than 10 ppm,
30 preferably no greater than 1 ppm, for the sum of the stated metais.



.7. Process for conditioning ion-exchangers according to Caim 2, 27 1FR A0

charact eri sed¥Pr13¥¥at after the ion-exchanger/phenol susperRGTFRFMALBeen
transferred into the reaction vessel supernatant phenol is discharged and
the degree of purity is increased by distillation over basic conpounds. 5
8. Conditioned ion-exchangers obtainabl y the process according to one
of dains 1 to 7. 9. Conditioned ion-eXé¢hangers according to C aim8,

wherein said .gcondjtioned 10Q.ion-exchangers are presenf.in the catign form
o i on' for - 10/ ORSS reopiion e B R ARGERs AEoun0E RyCAimd: Ehctiaedin
catal yst. 11. Usehfafidrané %-W%ﬁ%%ﬁgnt% Pedh RafsRfed imalRE VST
for the production 15 of bisphenol's. 12. Use of the ion-exchanger

accordi ng to C aimactioasvesse] supernatantplenot endisthacged anslathei degese eftphirity on
reactions, transesterif,i cadltli s, esterifications or alkylation reactions,
wherein the i on- SRER&EGLY distiligon ayer @?‘5@‘.’“‘2@“’%&: Use according to Claim
12, characgerised in that the nonodi sperse ion- exchangers are enployed in
condensation reactions starting from phenols, ortho-, nmeta-, Para-cresols
or a- or 1li-rfaphtCwidstioned ion-exchangers obtainable by the process according to one of

Claims 1 to 7.

9.  Conditioned ion-exchangers according to Claim 8, wherein said conditioned

10 ion-exchangers are present in the cation form or anion form.,
10.  Use of the ion-exchanger according to Claim 8 as a catalyst.

11.  Use of the ion-exchanger according to Claim 8 as a catalyst for the production
15 of bisphenols.

12.  Use of the ion-exchanger according to Claim 1 as catalysts in condensation
reactions, addition reactions, transesterifications, esterifications or alkylation
reactions, wherein the ion-exchanger is monodisperse.

20

13. Use according to Claim 12, characterised in that the monodisperse ion-

exchangers are employed in condensation reactions starting from phenols,

ortho-, meta-, para-cresols or a- or B-naphthols.





