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1. Priority
[0001] Priority is claimed to German Patent Application No. 10 2007 026549,
filed June 8, 2007. German Patent Application No. 10 2007 026549 and the

references cited therein are incorporated by reference in their entirety for ail useful

purposes.
2. Field of the Invention
[0002] The field of the present invention relates to @ method for the storage of

pretreated, conditioned ion-exchange resin suspensions as catalysts for chemical
reactions, and also relates to the storage, transportation and the decanting of these

preconditioned ion-exchange resin suspensions into a reactor.

3. Background
[0003] It is known fo use in particular acid cation exchangérs for the catalysis
of chemical reactions, such as for example for the condensation of ketones or
aldehydes with phenols to form bisphenols. Condensation reactions are known in
the literature, such as for example the synthesis of bisphenals, which is generally
carried out by acid-catalysed reaction of phenols with carbonyl compounds. This last
reaction is generally carried out under heterogeneous catalysis in fixed bed or
fluidised bed reactors, as well as in reactive columns. Catalysts of cross-linked
sulfonated polystyrene resins (acid ion-exchangers; cation exchangers) are normally
used for example in the synthesis of bisphenols. These ion exchangers can
optionally be chemically modified by covalently or ionically bound co-catalysts and
are macroporous or in gel form, as is described in US-A-4,191,843 and US-A-
3,037,052,
[0004] It is also known to subject in particular acid cation exchangers to a pre-
treatment before they are used as catalysts in chemical reactions, in which for
example elutable acid-containing constituents are removed from the catalyst bed, so
that in the subsequent reaction they do not lead to the farmation of undesired by-

products. Such a pre-treatment, which is generally also connected with a dewatering
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of chem cal reactions, such as for exanple for the condensation of
ket ones or al dehydes with phenols to form bi sphenols. Condensati on
reactions are known in the literature, such as for exanple the
synt hesi s of bisphenols, which is generally carried out by
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i on- exchange resin suspension can be stored for a prol onged period or
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properties that are important for the catalysis.
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reactor, without the preconditioned ion-exchange resin suspension
losing its properties that are inportant for the catal ysis.

[ 0008] Such a procedure neans a restriction as regards the efficient
provi sion, arrangenent and utilisation of apparatuses and parts of
equi pnent for the catalyst pre-treatnent and conditioning, in
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filled ARWandthpiEy ?b@af?%thtwnimse#f in this connection the process

described hereinafter is employed for the storage of preconditioned ion-exchange
resin suspensions.

SUMMARY OF THE INVENTION
[0011] The present invention is directed toward a process for the storage of
pretreated, conditioned ion exchangers as catalysts for chemical reactions. The
preconditioned ion-exchange resin is kept as preconditioned ion-exchange resin
suspension in a laboratory or transporting container and is either transported to a
storage site and stored there temporarily, or is transported to a reactor to be filled
and is transferred to the latter.
[0012] The process may be advantageous if the storage or transporting
container can be heated.
[0013] The process may be advantageous if the ion-exchange resin
suspension is kept in the storage or transporting container in the presence of less
than 500 vol. ppm of oxygen in the gaseous phase with a solids content of 20 to
80 vol. % referred to the ion-exchange resin suspension.
[0014]) The process may be advantageous if the preconditioned ion-exchange

resin suspension present in the heatable storage or transporting container in liquid or



[ 0012] The process may be advantageous if the storage or transporting
cont ai ner can be heated. [0013] The process nmay be advantageous |ithe
| on- exchange resin suspension is kept in the storage or transporting
container in the presence of less than 500 vol. ppm of oxygen in the
gaseous phase with a sol.ids. content of 20 to 80 vagl. To referred to
Phe -t onsBRliHer el s RRRE ORS TS Ao yeBoe I PP R e omayerange resin
advant agespemsion By CarBfu G if meﬁjspensisﬁ Heuliafiet @F ipariiig REMHHiEN with
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or sol legsthamSen velappmofoxyaen in the gasrens Bhasenvsing syitable pumpsdhplabl e
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suspensIoie 9RSepUs BRaSE: han 500 vol . ppmof oxygen in the gaseous
phase. [diikp] The HHOERREsIRMyRR ANUARIRBESINE fiqlid Phhsdlf hephase of

the preconditi oned I on-exchange resin’suspension IS an conponent .

[ 0016] Theeconditiered ivayelsbande serimgesnension is ae QhHcomppoarint i s phenol .
[0016] The process may be advantageous if the OH component is phenol.
[0017] The process may be advantageous if the OH component is phenol that
still contains a residual water content in the range from 0.1 — 10 %, preferably 0.2 -5
%, particularly preferably 0.5 - 3 %, referred to phenol.
[0018] The process may be advantageous if the ion exchangers of the
preconditioned ion-exchange resin suspensions have a gel-type or macroporous
structure.
[0019] The process may be advantageous if the liquid phase contained in the
preconditioned ion-exchange resin suspension is, in the transfer from the storage or
transporting container to the reactor, partly recycled in the circulation of the storage
or transporting container (1) via the line (3), and partly recycled through the line {4)
to the storage or transporting container (1).
[0020] The process may be advantageous if the preconditioned ion exchanger
is stored in phenol and the amount of phenol referred to the total amount of the ion
exchanger/phenol suspension is 20 to 80 wt.%. The amount of liquid and solid
phase in the ion exchanger/phenol suspension can vary during the conveying
processes.
[oo21] The process may be advantageous if the ion-exchange resin in the
preconditioned ion-exchange resin suspension is a cationic ion-exchange resin.
[0022] The preconditioned ion-exchange resin suspension as end product of
the catalyst pre-treatment and conditioning is transferred from the unit for the
catalyst pre-treatment with an oxygen content in the gaseous phase of less than 500
vol. ppm as ion-exchange resin suspension in a pumpable form to a storage or

transporting container. Suitable storage or transporting containers are those that
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[ 0017] The process may be advantageous if the OH conmponent is phenol
that still contains a residual water content in the range fromO0.1
-10 % preferably 0.2 - 5 % particularly preferably 0.5 -3 %
referred to phenol. [0018] The process may be advantageous if the ion
exchangers of the preconditioned ion-exchange resin suspensions have
a gel - t i Hie iRECPEPaRgRIESSH SURPEDsEN 1 Do iD P PHERRbitosm whan ibis
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t he i on_exchanger/phenol suspension can vary durin e conveyi ng
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cati ont HahgrNEEaEel O 0! S GIE IRAREI ERAY HARER 0 Bhet hange
resi n sosmeineroor readdeankeps. Blainlessfsteel that is corrosion resistant under the
storage and transporting conditions of the suspension is preferably used as
container material.
[0023] Suitable containers preferably have ventilation and pressure release
devices covered with a blanket of inert gas.

[0024] The preferred storage temperature is < 60°C, particularly preferably <
40°C.
[0025] The storage time is preferably iess than 12 months, more preferably

less than 6 months and most particularly preferably less than 3 months. If storage is
for more than 12 months, then depending on the ion exchanger an additional
operating step may be necessary in order to remove from the ion exchanger elutable
amounts of acid that have possibly formed during the storage time.

[0026] lon-exchange resin suspensions in pumpable form are understood to
mean those ion-exchange resin suspensions that for the transfer with the aid of a
pump have a temperature in the storage or transporting container that is in the range
from 50° to 90°C, preferably 60° to 80°C, and that preferably have a solids content of
20 to 80 wi. %, more preferably 30 to 70 wt. %.

[0027] The preconditioned ion-exchange resin suspension can be present in
liquid, solidified or partially solidified form in the storage or transporting container
during the storage or transportation with less than 500 vol. ppm of oxygen.

[0028] The preconditioned ion-exchange resin suspension is transferred to a
reactor after the storage time has elapsed or after completion of the transportation,
wherein the preconditioned ion-exchange resin suspension, should it not be in
pumpable form but instead in solidified or partially solidified form, is carefutly melted

and the preconditioned ion-exchange resin suspension thus present in pumpable
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the catal yst pre-treatnment and conditioning is transferred fromthe
unit for the catalyst pre-treatnent with an oxygen content in the
gaseous phase of |ess than 500 vol. ppm as ion-exchange resin
suspension in a punpable formto a storage or transporting contai ner.

Sui tabl e storage or transporting containers are those that _allow the
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to 70 wanalyfical techniques such as for example optical methods for determining particie
fracture, microscopy and particle size measurements, it has been shown that the
disclosed process, which also includes the solidification, partial solidification and
melting of the ion-exchange resin suspension, does not cause any measurabie
mechanical damage to the preconditioned ion exchanger. Preconditioned ion-
exchange resin suspensions can, being liquid phases, employ all those solvents that
during the actual catalysis are not deleterious for the reaction and do not lead to
superfluous by-products. Particularly preferred are all solvents that can be used in
conventional polycondensation reactions. Preconditioned ion-exchange resin
suspensions that are to be used subsequently as catalyst for the production of
bisphenol can contain as liquid phases in the ion-exchange resin suspensions OH-
containing liquid phases such as water and also organic solvents such as phenol or
mixtures of these liquid phases. Phenol is preferred as liquid phase for the
preconditioned ion-exchange resin suspensions that are to be used for the
production of bisphenol A. A preferred embodiment of the process is the storage or

transportation of preconditioned ion-exchange resin suspensions that are to be used
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[ 0027] The preconditioned ion-exchange resin suspension can be present
inliquid, solidified or partially solidified formin the storage or
transporting container during the storage or transportation with | ess
t han 500 vol. ppm of oxygen. [0028] The preconditioned ion-exchange
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punpable formbut instead in solidified or partially solidified form
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suspension. It is furthermore possible if necessary to convey additional phenol



t he production of bisphenols, in particular for the production of

bi sphenol A (BPA) from acetone and phenol. The BPA produced with this
I on exchanger has high product qualities and is particularly suitable
for the production of polyners such as epoxy resins, and especially

pol ycar %o ehs 5?} oI car bonat es thereb roduced are used for the
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desired re-use, in particular as starting material for the production of BPA, the

thereby occurring phenol is therefore preferably purified by distillation, in which
connection the bottom of the column can be charged with up to 5 wt.% of a basic
compound which is capable of retaining acidic constituents. A preferred basic
compound is sodium hydroxide.

[0035] In order to remove effectively from the ion exchanger minor amounts of
acidic soluble fractions that may possibly have formed in the ion exchanger in the
time that has elapsed between the conditioning and use in a reaction vessel, it is
possible to wash the conditioned ion exchanger with phenol at 50° to 90°C,
preferably at 60° to 80°C. This wash is carried out in the catalysis reactor. 1to 2



process for the decanting and subsequent damage-free transportation
of the preconditioned ion-exchange resin suspension, the utilisation
of a correspondi ng preconditioning unit independent of the actual

catal ysis reactor can be significantly increased by the dispatch and

conveyance of the precondi.tioped ion-exchange resin.suspension. In
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sui tabl e, for use as, catal ysts ifn addition reactions. Exanples of
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[0041] The following example serves to illustrate the process described

above, though the invention is not restricted to this example.

Example 1



[ 0038] The preconditioned ion-exchange resin suspensions are in
addition suitable for the catalysis of esterifications by reaction of
al cohols with carboxylic acids, preferably Cl-C3-al cohols with
Cl- C3-carboxylic acids, particularly preferably for the

and all isoners of
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fully dbotbmnﬂmipamttﬂ'e At20e ppd pf the distillation the vacuum is reduced to 130
mbar; the bottom temperature rises to 125°C. In this way 1 to 10% of the total
amount of liquid present in the stirred vessel leaves the distillation column in an
increasing amount per hour. Phenol is recycled as bottom product to the dewatering
vessel. The head product from the column (8% phenol, 92% water) is passed to a
continuous extraction unit. In this way removed phenol is constantly replenished by
fresh phenol. The continuous dewatering is terminated when a water content of 2.5
wt.% residual water in phenol is achieved at the outlet. The ion exchanger is
traﬁsferred at 70°C as a suspension in phenoi {(solids fraction 40 vol. %) by
conveyance with membrane pumps through pipelines and flexible connections to
suitable partly heatable transporting containers. Supernatant phenol is drained off
and purified by distillation at 120°C and 150 mbar over sodium hydroxide (0.001 wt.
%). The ion-exchange resin suspension preconditioned in this way is transported by
means of conventional transportation means by rail and water to the desired
production site. The overall ransport time is ca. 6 weeks. The solidified ion-
exchange resin suspension is melted for its transfer to the production vessel
(reactor). For this purpose the partly heatable transporting container is heated with
water at 75°C and low pressure steam at a temperature of 110°C. In this connection
care is taken to ensure that the temperature in the partly heatable railway wagon
does not exceed 75°C at any point. After the suspension has been melted it is
pumped by means of membrane pumps and addition of phenol, heated to a
temperature of 70°C, from the transporting container to the reactor, and used for the

continuous production of 2,2-bis(4-hydroxyphenyl) propane. The phenol used for the
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is carried out in an intermttently stirred conditioning vessel under
a nitrogen atnosphere in 12 cycles at 30C, the residual conductivity
of the wash water at the outlet being 14 mcroSi enens/cmin the | ast
cycle. The dewatering is carried out continuously under a nitrogen

at nosphere at 70C with phenol. At the same tine the volune of the ion
exchangBRMREE QResationsys BHrifiersioy distilatian @ 328°GABHJE0 HRRANOVERSOUM: he
out | et I fé I gg Nitially 700 nbar and
105C boh dﬁ#@% bg?gvﬁréﬂ%ﬁdQ?EébgHg&kqﬂo dlstlllatlon t he vacuumis
reduced[@0d4]130 niAll thet neéarbmasodnscab@@aaom ere inseporated by Cefdrengehingts

way 1 t 9 unt of liquid present in the stirred
vessel ggégé@%[ﬁ@ngﬁ@F#$%8€ on colum in an increasing anount per
?ﬁur a Pgman Cli S r\f&fhv@ trmﬂe #sshuint amd aesmilbed céﬂah(t;tpedﬁ%trﬁbﬁuf@ ves; el .

e hea uc romthe, co ma [ S. passed to
 Cont | FEDRGYES the e PoNeT, il BEAAHeSt elhors stRinah gt thataons
const anflgdiflcBBbNARD KRG rNgE AR d?hﬁé‘ﬁhrts Hby %&U@W%uﬂi‘é@ﬁ{d figmi S
term nated when a water content of 2. Yo resi dual water 1 n“phenol
i s achi theespiritandreopgof the undeélymgrin%e(ﬁwawgecentgndrtbatsth@rsa@r@ iamof0C as
a suspef; 3 % by conveyance with
nenbrang%h&yuimeﬁﬂh mg?gﬁ ﬂ%gg{aﬁ%hfggigg%gkggnnect|ons to suitable
partly heatable transportlng cont ai ners. Supernatant phenol is
drained off and purified by distillation at 120C and 150 nbar over
sodi um hydroxide (0.001 wt. % . The ion-exchange resin suspension
preconditioned in this way is transported by nmeans of conventi onal
transportation neans by rail and water to the desired production
site. The overall transport tine is ca. 6 weeks. The solidified
i on- exchange resin suspension is nelted for its transfer to the
production vessel (reactor). For this purpose the partly heatable
transporting container is heated with water at 75C and | ow pressure
steamat a tenperature of 110C. In this connection care is taken to
ensure that the tenperature in the partly heatable railway wagon does
not exceed 75C at any point. After the suspension has been nelted it
i s punped by means of nenbrane punps and addition of phenol, heated
to a tenperature of 70C, fromthe transporting container to the
reactor, and used for the continuous production of
2, 2- bi s(4- hydroxyphenyl) propane. The phenol used for the punping
operations is purified by distillation at 120C and 150 nbar over
sodi um hydroxide (0.001 wt. 9% and re-used in the process. [0044] Al |
the references descri bed above are incorporated by reference in its
entirety for all useful purposes. [0045]Wiile there is shown and
described certain specific structures enbodying the invention, it
will be manifest to those skilled in the art that various
nodi fications and rearrangenents of the parts may be nade w thout
departing fromthe spirit and scope of the underlying inventive
concept and that the sane is not limted to the particular forns
herei n shown and described. What is claimed: 1. A process for the
transportation of pretreated, conditioned cation ion exchangers as
catal ysts for chem cal reactions, the process conprising:
keepi ng the preconditioned ion-exchange resin as preconditioned
i on- exchange resin suspension in phenol in a transporting container;
and
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transporting the container to a reactor for transfer of the resin to
the reactor, wherein energy input during transfer of the ion-exchange
resin suspension to the reactor does not exceed 150 WnB8. 2. The
process according to claim1l, further conprising heating the
transporting container. 3. The process according to claim1l, wherein
t he i on-exchange resin suspension is kept in the transporting
container in the presence of |ess than 500 vol. ppm of oxygen in the
gaseous %@Fe w th a solids content of 20 to 80 vol. %referred to
the ion- e¥ORERGERIMELi n suspension. 4. The process according to claim
3, further conprlsing converting any solidified or partially
solidified precondltloned i on-exchange resin suspension into a
punpabl e 1-on- exemssgeiardig anspepatien oPrateatae qoadiiioredpationdovol . ppm

OXYygen;  exchan ér@%@‘ébfé@ysté“f%r Eﬁ@rﬁ%ﬁﬁ'ehbtﬂiﬁ%dth'ecﬁ?o@éég%ﬂﬁﬁsﬁ sin

suspensi on fromt e transporting container wth punps thalt do not
damage t he i orkegrigdhgerecopdiioned ion-exehangsfresiniaspresanditiosediatit i oned

| on- exchaggs, ﬁ&étéélrﬁécl{%géﬂébﬁﬁt SRUrBHE: PAR BthBSogﬁ{g'ur{b?Sa flexible

connections to a rea r at tenperatures ro 0O C and with
a solids cont dransportipg ttnebccmemen to ev/aeaptohfdréragsfehahthamejswmtheppmtorf.

oxygen. REAERPQAREN G ool 8 M fon LRALRLD el delbih 1o

phase cont ai ne Int onea |on exc ange resin

is, in tHbetre@at@f@estnotoamded150rWh83portl ng container to the react or,
partly recycled in the circulation of the transporting container via
the line, and partly recycled through the line to the transporting
cont ai ner2. 6. ThEengropesscassrdiegrtoraaimg!, furttelr @omp8sing/heatingithe ensporting
precondit] taug i on- exchange resin suspensions include ion exchangers
havi ng a I- Brm or macr opor ous structure.

3. The process according to claim 1, wherein the ion-exchange resin
suspension is kept in the transporting container in the presence of less than 500 vol.
ppm of oxygen in the gaseous phase with a solids content of 20 to 80 vol. % referred

to the ion-exchange resin suspension.

4, The process according to claim 3, further comprising

converting any solidified or partially solidified preconditioned ion-exchange
resin suspension into a pumpable ion-exchange resin suspension having less than
500 vol. ppm oxvygen;

removing the preconditioned ion-exchange resin suspension from the
transporting container with pumps that do not damage the ion exchanger; and

transferring the preconditioned ion-exchange resin suspension through one of
pipelines or flexible connections to a reactor at temperatures from 50° C. to 80° C.

and with a solids content of 20 to 80 vol. % with less than 500 vol. ppm of oxygen.

5, The process according to claim 4, wherein the liquid phase contained in the

preconditioned ion-exchange resin suspension is, in the transfer from the
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7. A process for conveying pretreated, conditioned ion-exchange resin
as catalysts for chem cal reactions, the process conprising:

conveying a pretreated, conditioned ion exchange resin suspension
into a container; and after one of transportation or storage the
cont ai ner; and conveyi ng the ion-exchange resin suspension from
the container to a reactor, wherein the energy input in the
conveyance of the ion-exchange resin suspension does not exceed 150
WnB. 8. The process _according to claim7, wherein conveylng t he

i on- exchaﬁﬁ@{'@pP%‘Qﬁoﬁtﬁ’ﬂ%ﬁ% therrearien Perly resyaled indihe Eruimtion gl the
t enper at UfrghspbrtingQBhRfhdrvid ﬂ%esﬁﬁe C‘and bty PS8 Yhre G !h@glnbh‘@the

i on- exchange resin suspension down to a tenperature below 40 C., and
t hen by hiEispagingientagrexchange resin suspension again to a
tenperature of from50C to 90 C. before conveying the ion-exchange

resin suspension to the reactor. 9. The process according to claim
7, wherei & conlhgmragessrecoriingioctiaingd whesein thaipigserdidendadien-exehange

cont ai ner egﬁ:l%':sﬁeﬁeﬁ%r% ihEI0BE fﬁt&{cﬁagéeerg. F\Q\m@% \ﬂ%i-{&ﬂ?l cﬁ%&ropgreué owed by

cool ing the i on-exchange resin suspension nperature bel ow
40 C., amgiruchee. by heating the ion-exchange resin suspen5| on again to
a terrperature of from60 C. to 80C. before conveying the ion-exchange
resin suspension to the reactor.

7. A process for conveying pretreated, conditioned ion-exchange resin as

catalysts for chemical reactions, the process comprising:

conveying a pretreated, conditioned ion exchange resin suspension into a
container; and after one of transportation or storage the container; and

conveying the ion-exchange resin suspension from the container to a reactor,
wherein the energy input in the conveyance of the ion-exchange resin suspension

does not exceed 150 W/m?,

8. The process according to claim 7, wherein conveying the ion-exchange resin
suspension into the container occurs at a temperature of from 50° C. to 90° C.,
followed by cooling the ion-exchange resin suspension down to a temperature below
40° C., and then by heating the ion-exchange resin suspension again to a
temperature of from 50° C. to 90° C. before conveying the ion-exchange resin

suspension to the reactor.

9. The process according to claim 7, wherein conveying the ion-exchange resin
suspension into the container occurs at a temperature of from 60° C. to 80° C.,
followed by cooling the ion-exchange resin suspension down to a temperature below
40° C., and then by heating the ion-exchange resin suspension again to a
temperature of from 60° C, to 80° C. before conveying the ion-exchange resin

suspension to the reactor.
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