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Catalysis of the reaction with HCI differs distinctly from catalysis with heterogen-
20 eous catalysts both chemically and with regard to processing. As a rule, HCl
catalysis is more selective and may moreover be performed at lower temperatures
as crystallisation in the reactors can be tolerated or is even advantageous in order
to achieve higher selectivity. In US patent 2 775 620, the process is thus operated
at substantially below the crystallisation temperature of 63°C and high selectivity
25 is achieved. This is quite different from US patent 4 400 555, where the temperature
- is maintained at 67°C in order to prevent. crystallisation and thus clogging of the
.(heterogeneous) catalyst bed. In the Examples, the process is operated at an acetone
conversion of 66%. The increase in Selectivity is distinctly less than in the HCI
catalysed reaction. It is moreover established that selectivity rises further if the

30 larger quantity of acetone is introduced into the second reactor.

The improvement in selectivity for bis-(4-hydroxyaryl)alkanes found according to
US patent 4 400 555 is still inadequate. It is thus desirable to develop processes in
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Suitable aromatic hydroxy compounds for the process according to the invention are

not substituted in p-position and contain no second order substituents such as cyano,
20 carboxy or nitro groups; the following may be mentioned by way of example,

phenol, o- and m-cresol, 2,6-dimethylphenol, o-tert.-butylphenol, 2-methyl—6—tert.-

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

cyclopentylphenol, o- and m-chlorophenol, 2,3,6-trimethylphenol. Phenol, o- and

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

Suitable ketones contain at least one aliphatic group on the carbonyl function; the
following may be mentioned by way of example, acetone, methyl ethyl ketone,

methyl propyl ketone, methyl isopropyl ketone, diethyl ketone, acetophenone,

30 cyclohexanone, cyclopentanone, methyl-, dimethyl- and trimethylcyclohexanone,
' which may also have geminal methyl groups, such as 3,3,-dimethyl-5-methylcyclo-
hexanone (hydroisophorone). Acetone, acetophenone, cyclohexanone and the
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to 20:1, parti 6ROy preferably 8:1 to 18:1, relative to the conplete
reaction. The educt m xture used nay contain snmall quantities of
water, preferably |less than 1, particularly preferably |less than
0.6 and very padFhe eductimixture esed mady gonitain smal ayuantities of veatér, \prefepably less than
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patent 2 1$8 98¥3 wt.%. 2 623 908; 2 775 620; DE-OSs 36 19 450; 37 27
641). 15 The reactors nunber at |east two and, for reasons of
economc viability, wll not general |y nunber nore than eight,

preferably no rﬂeeic)tnhg)ﬂ:hgﬁé(e’ re%ﬁlrstﬁs%ﬁ' la% r<‘!a¥alysts and the mercapto compounds used as

cocatalysts are known to the person skilled in the art (US patent 2 468 982,
2 623 908; 2 775 620; DE-OS 36 19 450; 37 27 641).

15 |
The reactors number at least two and, for reasons of economic viability, will not
generally number more than eight, preferably no more than six, particularly

preferably no more than four.

20 The quantity of ketone is divided between the reactors in such a manner that the
- quantity per reactor decreases as the reactor temperature increases. If there are two
reactors, 60 to 90%, preferably 65 to 85% are introduced into the first reactor,
while if there are three reactors, 40 to 80%, preferably 50 to 70% are introduced
into the first reactor and 10 to 40%, preferably 15 to 35% into the second reactor

25 and the remainder into the third reactor.

Loading, defined as the quantity of educt mixture (in kg) per litre of catalyst in the

- operating state (swollen) per hour, per reactor is 0.2 to 2.0, preferably 0.3 to 1.7,

particularly preferably 0.4 to 1.5 kg/l-h. The loading should generally be selected

30 such that, after the last reactor, acetone conversion is at least 75%, better = 80%,
preferably = 85%.
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98/ 31651
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It is not necessary to operate all thlé P‘éaocntlgrsegt %0 bXeprPducés 1€'1s very
Instead, it nmyimpertant that the etomatiaentively homegedeousiyu distributed in rihe eeaz:aon

select|V|ty tq in act or in fromreact Lol feast or
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react ors, 10 he friozsles, &a6d Afixers tﬁﬁedoﬁﬂk@t&ﬁuﬁﬁ t
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achi eve an efféamﬂmtaémgm@msnﬂedmﬂmmtlty of by-products, it is very
i mportant that the ketone is entirely honbgeneously distributed in the

reaction m xture before it passes into the catal yst bed, which may
be achi eved by Theireactdfs conneddél il ®efies afedpefatéd Xﬂhéher&ém&lﬁﬁuésaﬁ‘ﬁe reaction
centrifugal punps or other mxing apparatus famliar to the person

skilled in the Pxpgresses. A rising temperature profile of 35 to 85°C, preferably of 38 to 75°C,

15 . particularly preferably of 40 to 70°C, very particularly preferably of 42 to 68°C is
established between the beginning and the end of the series of reactors. The
temperature differences between one reactor and the next will generally be smaller,
the greater the number of reactors the mixture is to pass through. It is also possible
to operate two successive reactors at the same temperature.

20
Since no mixing occurs in fixed bed reactors and it is dlfﬁcult to dissipate the heat
of reaction from the reaction mixture, such reactors are generally operated
adiabatically, which results in heating of the reaction mixture. It is thus usually
convenient to cool the reaction mixture between the individual reactors, wherein

25 care must be taken to ensure that any crystallisation of bis-(4-hydroxyaryl)alkane,
which would block the lines, is avoided.
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Exanpl es A schematic diagramof the test setup is shown in Figure
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pon t e Deanpl o PR mBRALekng 8¢ S8R was niked o OVS Ay wERRERY 1O

upon the Exanple, of 45 to 56[err]
kg/ 1-h under N2cetoneanthpassed Guwough/the sbeondi catalyst bed at51 of 68°G edépendiag upb ee

fixed actors,cqgnnect ed.in. sgri.e nd filled with a
sul phonat ed stsﬁégﬁ%gqlg r And & loading 8?95@?‘1 ﬁ@e‘fﬁb\ﬁt h 2 w.- % of
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m xture |leaving the reactor was mxed with Y2 parts by wei ght of
acet one ‘and pa%@ﬂmm}’dﬂq@t ofcacetone mere mixeadyinto the graducEmiitureahi§charged from

- dependi ng; 4! PON the second rEQc?orEﬁ(nadTBallsgéd ﬁlrllgug% {h%%H S}eei)cftoroaitZS 1t 90 96‘8C I;g‘/i ]OE to
0.8 kg/1-h.

Acetone conversion was U%. Each Example was performed for some hundreds of
hours. Table 1 shows the averaged composition obtained by daily analysis of the
20. reaction mixtures after the third reactor.
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- * Comparative Example

The lowest selectivity for bisphenol A (BPA) is achieved when the acetone is not

15 divided (Comparison b). If the same quantity of acetone is used, but divided equally
between three reactors (R.I, R.II, R.IIT) (Comparison a), and a temperature gradient
is simultaneously applied to the series of reactors, BPA selectivity increases. Finally, -
if the quantity of acetone is divided according to the invention between the reactors
in such a manner that the proportion per reactor falls as temperature rises, a further

20 increase in selectivity is to be observed under otherwise identical conditions. If
catalyst loading is increased, BPA selectivity is further improved. Reducing the
temperature gradient produces still better selectivities.

- It may thus be concluded that BPA selectivity increases with a non-uniform division
.25 - of acetone, in which reactor I receives the largest proportion, reactor II a moderate
proportion and reactor III, having the highest temperature, the smallest proportion,
if the temperature and temperature gradient are kept as low as possible and the
highest possible reactor loading is maintained.
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2. 65 * Conparative Exanple
| onest selectivity for bisphenol A (BPA) is,achieved when the acetone is
not * 15 di vided (Conparison b). If the sanme quantity of acetone is’

used, but divi I . et r.ee r or.s L N
RII1) (Conpar ﬁgxgkr?ﬁ%‘& acbarding 10,108 paterit 4400 35?@‘“&"# HHA SiRedvily is acfieved in
si nul taneous|y @pypbésswitlotwdiasterd dperdtéd itdasitiRabtempBAnEe ifhklitety/part of the
increases. Finally,, . 1f the quantity of acetone is divided
according to t Hmantyeef scstonsds appostionsd intotheseeond reactor. i n such a manner
that the proportion per reactor falls as tenperature rises, a further 20
increase in selectivity is to be observed under otherw se identical
conditions. If catal yst loading is increased, BPA selectivity is
further inproved. Reducing the tenperature gradi ent produces stil
better selectivities. It may thus be concluded that BPA
selectivity increases with a non-uniformdivision 25 of acetone, in
whi ch reactor | receives the |argest proportion, reactor Il a noderate
proportion and reactor |11, having the highest tenperature, the small est
proportion, if the tenperature and tenperature gradient are kept
as | ow as possible and the hi ghest possi ble reactor loading is
mai nt ai ned.
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according to US patent 4 400 555, higher EiPé\_seI ectivity is achieved in a

process with two reactors operated at identical tenperature if the |arger
part of the qu i CﬂI acetone is apportioned into the second reactor.
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two reactors connecfcg%\iﬁ]ea)éerl es, ?x@ﬁﬁ\@ ggdljéﬁ%%&g@% 16N 5‘#2‘5‘?’82%8@ lepsd
operated & hi gher ttewpesattors ednneotedr & Beridsf wilidh | asOthidnNidattiond pro@bdee 4rs
di vi ded between the indivjdual reactors in such a manner that "the higher
t he toncFted, @t highor temperghires, cwhesein, thgctotal quantitys af ketone j is

the proportion per igRbPbetwesd b individupl redlohé 5SuoR SRR e e hghi e

whi ch the | oading of the reactors 1s

3. Process accor demperature bftheparticular vécto, the emakkerds the prépartiomper 1@5ctéy. ©

35 to _ 85[err]C. 15

10 2. Process according to claim 1, in which the loading of the reactors is 0.2 to
2.0 kg/l-h.

3. Process according to claim 1, in which the reactor temperatures are 35 to
85°C.
15
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