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10
Cross-linked sulfonated polystyrene resins (acid ion exchangers) are preferably employed
as catalysts. These ion exchangers may optionally be chemically modified by co-catalysts
having covalent or ionic bonds, and are macroporous or in the form of a gel
(US-4,191,843; US-3,037,052).

15
For efficient and economic production of, for example, 2,2-bis(4-hydroxyphenyl)
propane (BPA) by reacting phenol with acetone, on the one hand the highest possible
acetone conversions should be obtained at simultaneously high p,p-BPA selectivity as a
result of suitable selection of the reaction conditions, and on the other hand it is crucial

20 that the catalyst (ion exchanger) should maintain its activity over a long period in order to

avoid costly catalyst replacement.

In the literature, therefore, increased attention is accorded in BPA production to the
preparation and reactivation of catalysts.

25
Thus, EP-A 765 685 describes the way in which the previous washing and dewatering of
commercial ion exchangers leads to greater product purity. EP-A 680 786 teaches that
deactivated ion exchangers may be reactivated by rinsing with anhydrous phenol at fairly
high temperatures.
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‘comrerci al ion exchangers |eads to greater product purity. EP-A 680 786
teaches that deactivated ion exchangers nmay be reactivated by rinsing with
anhydrous pNEQBY40a85 fairly high tenperatures. 30 WO 01/ 4013%T/EP00/11465
PCT/'EPOO/ 11465 -2 The object is an optim sed comm ssioning of a continuous
process for the production of BPA by rea2ting phenol with acetone in the
presence of sulfonated cross-linked polystyrene resins. 5 1t has now
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the catalyst systemis influenced by the total quantity of reaction
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reaction m .he other. The present application therefore provides
a process fé&géﬁgﬂ%gﬁégﬁsioning of a process 10 for the production of

2, 2- bi s(4- hydr oxyphenyl ) propane by reacting phenol with acetone in the
presence of sul fonated cross-Ilinked polystyrene resins, which is _
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in the presence of sulfonated cross-linked polystyrene resins, which is characterised in

that

a) the commissioning takes place with an acetone concentration reduced below, and a
15 phenol concentration increased above, that of the optimal sustained operation state,

with a reduced quantitative throughput, and

b)  with temperature control, the reactant quantity and the acetone content of the
reactor feed are subsequently increased in step-wise or continuous manner until the

20 sustained operating state is reached.

In principle, the condensation reaction between phenol and acetone may be carried out
with an acetone concentration of up to 15 wt.%. Whereas high acetone concentrations
lead to increased BPA production and consequently to increased space-time yields, the
25 heat liberated by the condensation reaction may lead to industrial limitations. Moreover,

an elevated acetone concentration leads to reduced selectivities in the reaction.

Preferably, when the reaction mixture is first contacted with the catalyst system the
acetone concentration is reduced by at least 30%, preferably at least 45%, below the
30 acetone concentration which is preferred in sustained operation. The total quantity of
reaction mixture is reduced by at least 40%, preferably at least 60%, below the quantity

which is preferred in sustained operation.
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oper ati on. §\$ 0%%420155 PCT/ EPOO/ 11465 3 The i ntake tenperatures are
preferably & 45 to 80C, particularly preferably around 50 to 65C. 5
The tenperature increase in the reactor is nonitored by tenperature
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For sustained operation of BPA production phenol and acetone are utilised preferably in
the ratio > 5 : 1, particularly preferably > 10 : 1. Here, acetone concentrations of from
2.0 wt.% to 15.0 wt.%, in particular from 3.5 wt.% to 5.5 wt.%, in the reaction mixture

have proved favourable. In sustained operation the reaction generally takes place at from

20 45 to 110°C, preferably 50 to 80°C.

The dissolved oxygen content in the reaction mixture for commissioning and in sustained
operation is preferably less than 1 ppm, particularly preferably less than 100 ppb. The
dissolved or undissolved metal ion content of the reaction mixture for commissioning
25 and in sustained operation is preferably not more than 1 ppm, particularly preferably not
more than 0.5 ppm in respect of Fe, Co, Ni, Mo, Cr, Cu as individual components, and
preferably not more than 10 ppm, particularly preferably not more than 1 ppm for the

total of the named metals.

30 A stratified bed reactor or fluidised bed reactor through which the flow is upward or
downward and in particular a stratified bed reactor through which flow is continuous

from top to bottom is preferably employed as the reactor.
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stratified besmpledsll®vingartempbravdhabdéwaw i s conti nuous from top to bottom
Is preferably enployed as the reactor. WO 01/40155 PCT/ EPOO/ 11465 -4 The
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t he prigcedurgterccordi ng to the invention resides in the av0| dance of
irreversi ble danage to the catalyst resin, as a result of controlling the
acetone concentration, quantity and tenperature. Such damage occurs when

the catal ys&hg%ﬁga%maéesof the procedure according to the invention resides in the avoidance of

irreversible damage to the catalyst resin, as a result of controlling the acetone
concentration, quantity and temperature. Such damage occurs when the catalyst system is
15 commissioned with the acetone concentrations which are preferred in sustained
operation, and is manifested as mechanical damage to the catalyst beads and coloured
deposits on the surface of the catalyst beads. This damage leads to reduced catalyst
activities and selectivities in sustained use and to an increased pressure build-up in
sustained operation, due to a change in compressibility. Increased coloration additionally
20 arises in the condensation reaction of phenol with acetone. The exclusion of oxygen and
the control of the metal ion concentration in the reaction solution ensures that the activity
of the ion exchanger is not impaired by deposits of ionic constituents and that
degradation phenomena due to the effect of redox-active metal constituents and oxygen
do not arise on the organic matrix of the ion exchanger. Consequently, it is possible when
25 proceeding according to the invention to increase the BPA yield and quality in an
industrially operated BPA plant, and to reduce the costly replacement of catalyst beds

necessitated by deactivation.

The Examples which follow serve to explain the invention, which is not limited to the

30 Examples.



'15 conm ssioned with the acetone concentrations which are preferred in
sustai ned operation, and is manifested as mechani cal danage to
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operation, due to a change in conpressibility. Increased coloration
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to the 30 cxmppdiesn, N that Mﬁ&ﬁlﬁﬁhﬁﬁoﬁl tehAd Df XhEaemhe conihl froBdtsited
cross-1linked polystyrene resin (Lewatit SC 104, from Bayer AG is utilised
for industr PBéra®mEN 1%r oducti on. The reaction systemis operated with a
dewat ered nmother 5 liquor froman installation to separate crystals of
BPA- phenol adduct, which is supplenented with phenol and acetone before
enterimg t hghémact or. gThe,typical conposition, and that which is optinal
in terms of the acetone content in sustained operation, is: 10 phenol:
81.0% acet 8¢rtoned. 0% 4.0%

p,p-BPA: 9.0%
isomers and higher condensates: 6.0%
water: <0.1%
15
The throughput in sustained operation is 0.3 m’ reaction solution / m’ of catalyst volume
* h at an intake temperature of 58°C.
Following a catalyst change the reaction system is commissioned in the following
manner: the phenol-wet catalyst is transferred as a suspension in phenol (70 vol.% solids)
20 into the reactor (adiabatically operated down-flow fixed bed reactor) at 60°C.
Supernatant phenol is drawn off, and the catalyst bed is rinsed once with phenol
(100 vol.%) and, after the phenol has been drawn off at the bottom, is charged up to the
upper edge of the catalyst bed with phenol in counter-current. Reaction solution then
impinges at 58°C on the catalyst bed. By admixing phenol (100 wt.%) to the reaction
25 mixture which is normal in sustained operation, a reaction mixture of the following

composition is adjusted by this means:

phenol: (90.5%)
acetone: 2.0%
30 p,p-BPA: 4.5%
isomers and higher condensates: 3.0%

water: < 0.1%
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sensors at 2o theqeptingom @duear(d. 00 aostarfe) tioresustaingdyeneration, heinglicatedpabove. The

tenmperatur ethroughput is then increased over the course of 40 hours in continuous manner from

10 0.06 m® reaction solution / m® catalyst volume * h to the optimal quantity for sustained
operation, 0.3 m® reaction solution / m> catalyst volume * h. The adjusted values are then

maintained in sustained operation.

In sustained operation over a 60-day period a catalyst commissioned in this manner
15 demonstrates a 91% average acetone conversion and a 93.5% average selectivity for p,p-
BPA formation from acetone. The average pressure build-up through the catalyst bed was
0.2 bar/m. Catalyst samples taken from the top stratum of the reactor showed an average

broken catalyst bead content of 5%.

20 Comparison Example 2

The catalyst was commissioned as in Example 1, with the exception that impingement
was directly with the optimal reaction mixture (4.0% acetone) for sustained operation at a
throughput of 0.1 m® reaction solution / m* catalyst volume * h, which was increased
25 over a period of 5 h to 0.3 m® reaction solution / m? catalyst volume * h. Here,

temperature peaks of 115°C in the reactor bed were measured.

In sustained operation over a 60-day period a catalyst commissioned in this manner
demonstrates an 87% average acetone conversion and a 92.2% average selectivity for
30 p,p-BPA formation from acetone. The average pressure build-up through the catalyst bed
was 0.3 bar/m. Catalyst samples taken from the top stratum of the reactor showed an

average broken catalyst bead content of 15%. The catalyst beads were covered with a



‘peak occurs at 85C which is propagated through the catalyst bed and after
15 hours is_recorded at the outlet. At this tine, the reaction mxture is
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sust-ai ned operation, as indicated above. The throughput is then increased
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selectivity for p,p BPA formation from acetone. The average pressure

buil d-up through the catal yst bed was 0.2 bar/m Catal yst sanples taken
fromthe top stratum of the reactor showed an average broken catal yst bead
content of 5% 20 Conparison Exanple 2 The catal yst was comm ssioned as in
Exanple 1, with the exception that inpingenent was directly with the
optimal reaction mxture (4.0% acetone) for sustained operation at a

t hroughput of 0.1 nB reaction solution / nB catal yst volunme * h, which was
i ncreased 25 over a period of 5 hto 0.3 nB reaction solution / nB8 catal yst
volunme * h. Here, tenperature peaks of 115C in the reactor bed were
measured. |In sustained operation over a 60-day period a catal yst

comm ssioned in this manner denonstrates an 87% average acetone conversion
and a 92. 2% average selectivity for 30 p, p-BPA formation from acetone. The
average pressure build-up through the catalyst bed was 0.3 bar/m Catal yst
sanpl es taken fromthe top stratumof the reactor showed an average broken
catal yst bead content of 15% The catal yst beads were covered with a WO

01/ 40155 PCT/ EPOO/ 11465 -7 black surface deposit. Conpared with the
results fromExanple 1 the col our of the



Jeaction solution at the reactor outlet was increased by an average of 5
© Hazen units. WD 01/40155 PCT/EPOO | 1465 8 Clains 1. Process for the
commi ssi oni P 84U5process for the production of 2,2-bis(4-  PCI/EP00/11465
hydroxyphenyl ) propane by reacti ng phenol with acetone in the presence of 5
sul fonat ed cross-1linked polystyrene resin8; characterised in that a) the
conmmi ssi oni ng takes place with an acetone concentration reduced below, and
a phenol comlaimy ati on i ncreased above, that of the optinal sustained
operation state, with a reduced quantitative throughput, and 10 b) with
tenperature control, the reactant quantity and the acetone content of the

reactor feed ar tly increased d n _step-w se or_cont.inu ner
inti 1 the sdst atrGHeo gl T bl ERRE YD b 1o I mraBRteT B 2 AIRE" o
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is lowered by 30% or nore bel ow the optimal concentration in sustained
operatidon. 3. Pseldenatedgressrlinked polysbrenieresins, eharpeterisediisditi n t hat on

commi ssioning the 20 quantitative throughput is reduced by 40% or nore
bel ow the optimal quantitative throughput in sustained operation. 4.

Process accordi By t eheadthmmniSioaingQhldsack with 8 acktoretdhadH@fibs esliubd bdlew, t he
optimal acetone concentration in sustained operation is from2.0 to 15.0
w.% 25 and a phenol concentration increased above, that of the optimal sustained
operation state, with a reduced quantitative throughput, and
10
b)  with temperature control, the reactant quantity and the acetone content of the
reactor feed are subsequently increased in step-wise or continuous manner

until the sustained operating state is reached.

15 2. Process according to claim 1, characterised in that on commissioning the acetone
concentration is lowered by 30% or more below the optimal concentration in

sustained operation.

3.  Process according to claim 2, characterised in that on commissioning the
20 quantitative throughput is reduced by 40% or more below the optimal quantitative

throughput in sustained operation.

4.  Process according to any one of claims 1, 2 or 3, characterised in that the optimal

acetone concentration in sustained operation is from 2.0 to 15.0 wt.%.

25



