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well as an improved process for the production of bisphenol A employing such a catalytic ion exchange resin bed.




This invention relates to a process for fixed-bed reactors in the
production of bisphenol A, sonetines hereinafter referred #A%SEE(&B whi ch
enpl oys a catalytic conbination ion exchange resin bed w tT 1 sure
drop, low catal yst breakage and long catalyst |ife. Processes for the

synthesis o i ' q ' | ysis_are known (see,
For oxanpl eCOYBINEIRON SON ERCHAR R RE ST ER O] 3 AT HESIS OF 05,
5,395,857, JP-A 8 272 972, EP-A 2HISPHENGOICA). It is known that, in the

i ndustrial production of bisphenol A (BPA), a mixture of excess phenol and
acetone is_passed through a cylindrical fixed-bed reactor filled wth

di vi nyl be RASARCROSEND (G, KidE MNHANd pol ystyrene i on exchange resin
catalyst. The direction of flow of the m xture may be either downwards or.
upwar ds as requy L rect i,ons has advant ages and
di sadvant ages. %{gﬁg‘?ﬁnﬁgﬁ%lg‘fga%ﬁ e%{e?sggoridft%xegb WEPHYS “Pﬂé" W"Qg‘gl&’l"é%l 0SS

t hr ough t hbisphemobAg hamgimedreteinafier refayal tosoBPAN Gxﬁicﬁfﬁgil&%_s chatraﬁ/ﬂc
resul ting of the iqn exchange resin used. The spheri cal

conpressibilit
resin part ?W@Eatﬁhmﬁe&xﬂéwrFEﬂnLh?Ele‘f”ﬂbrl‘é‘é'sl%iﬁféut%@fépalq“emthkysﬂ breakaghape,
- thus 1 eadi g} IbRg 8dlaigAgBENt i @l reduction in throughput. Firm conpression of
the catal yst bed can pronote the formation of flow channels so that flow
through the reactor is not uniform Accordingly, the quantity of catalyst
used as a whol ePreggssesdfior thgesynthiesiy ofibisphered A By pomeedhanfa@sinaatddgasart ound in
whi ch the I kage dodeact i | te in the industrial
product i onl&%%bﬁ%g%ﬁg{]%%"ﬁ?’ r@il@h g%e%%ﬁe‘y’gijd%%e‘ir’ﬂgqh?%’ 4,408,006 9.r1HP9GH03,

fixed-bed 3,285683%, TPiA 8 et wr2 IER Al 110 6s, g&gg i on exchange resin catal ysts in
| arge quantities can be greatly reduced. Because of the reduction of

catal yst resin @e d breakage and the substantially | owered rate of
cat al yst deact it &t fronn et i theandustriad goduction of bisphenol A (BPA), a mixture

of excess phenol and acetone is passed through a cylindrical fixed-bed reactor filled

with divinyl benzene cross-linked sulfonated polystyrene ion exchange resin catalyst.

" The direction of flow of the mixture may be either downwards or upwards as
required. Each of these feed directions has advantages and disadvantages. Where the
feed direction is downwards, the pressure loss through the ion exchange bed is a
major problem on account of the resulting compressibility of the ion exchange resin
used. The spherical resin particles can be deformed under pressure into a lenticular
shape, thus leading to an exponential reduction in throughput. Firm compression of
the catalyst bed can promote the formation of flow channels so that flow thrdugh the
reactor is not uniform. Accordingly, the quantity of catalyst used as a whole may not
be fully utilized.

A process has now been found in which the catalyst breakage and deactivation
rate in the industrial production of bisphenol A from acetone and phenol in a
cylindrical fixed-bed reactor filled with sulfonic acid ton exchange resin catalysts in
large quantities can be greatly reduced. Because of the reduction of catalyst resin bead

breakage and the substantially lowered rate of catalyst deactivation, the catalyst bed



I 22 August 2003 requires | ess frequent changeovers mnim zing |ost"

production tine while, at the sanme tinme, maintaining effic.g re
drop levels. Hydraulic problens of the type in question ha\(?ez'@%géﬁ{g@?grved

in particular wth ion exchange resin catal ysts having a | ow degree of

i KOG Ll : i hand. t '
cxchange Fogig® 16s SgBRR chilftovetsninfiy ot b lins RS SRS bead

i nt egri ty tintepamintwining effielemgiressuteydropdevets, nt enance of catal yst activity in
the synthesis of bisphenol A Although, with ion exchange resin catal ysts
havi ng a hi ghe Inking (i.,e. greater than 2% up to about

degr.ee of, crassl ; ¢
49, the hydr aE‘MdEﬁB’FoMPEH%‘S&?f tﬁ%@’ﬂeo\ﬂ qugsiipnelave eerr abssrvadkinirasiienlaveds
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catal yst EVd)eOnthaotboniindethads erpicreexchafgreresh tamlysisfregredthphesptiaghee of

cross-1linked cat.al i RPA synthesi.s.is —mast pronounced in_the catal yst
at the po}ntﬁeg?f%otf’ Q}(’%ZVSF gi‘%ﬂ‘%ﬁ%{‘ b JRACUPEY Wlﬁce}’l‘tx%@eglaﬂﬁﬁl@ﬁ%m{ﬁ%@b’ﬁl ayer of
the resi na@piitRl it he HRFARGIMbEERJIA. I Nitially in contact with the full
force of the reactant m xture as it enters the resin catalyst bed. It has

been observed that, the catalyst beads with a higher degree of
cross- | i nki ng, Alltheugh,gwitht ion exdhgngpaesin edtalysts 48yingha crighsredegred hef t op of

t he bed ( ! c l.ar,0e.extent . .Wwthin a very short
period of %%@'?‘!a‘{’@@%?é ? %‘éﬂ@é?}?\ ugg? gp%t?{ /g)eﬂ".eﬁl?’ﬁfaéﬂ“’ BF‘Q’A‘?JH%%%/‘?‘%HWI eads to
ext r enel yddprehopeasslitle rdiropadshéwnsise willeircfeasing!idegred Mrtdrédsitking! 48 t he

fl ow chanﬁgﬁ_ t hrgugh the bed and severely inpede 1ts efficient operation.
On the ot REPU¥ARd deagtiyriien ratalianchioatplysty iheismthesis of BRAoglso ieatkaseg, . e.

2% catalyst life to a considerable extent.

| The effect of a higher degree of cross-linked catalyst in BPA synthesis is
most pronounced in the catalyst at the portion of the resin catalyst bed which makes
up the upper layer of the resin catalyst bed and which is initially in contact with the
full force of the reactant mixture as it enters the resin catalyst bed. It has been
observed that, the catalyst beads with a higher degree of cross-linking, i.e., greater
than 2% to about 4%, which are at the top of the bed (downstream case), break to a
large extent within a very short period of operation of the resin catalyst bed. This
breakage then leads to extremely high pressure drops because the fractured particles

clog the flow ehannels through the bed and severely impede its efficient operation.

On the other hand, catalyst beaﬁs with a low degree of cross-linking, i.e., 2%
or less, and high intrinsic ﬂexiEilit,y when making up the upper layer of the resin
cétalyst bed which is initially in contact with the full force of the reactant mixture as it
enters the resin catalyst bed withstand the force of the reactant mixture influx, do not
show perceptibie breakage and do not clog the flow channels so that the efficiency of
the resin catalyst bed is maintained and the life of the resin catalyst bed is

substantially extended.
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| ow breaka | ess clogging and long-catalyst |ife are found with both

attached pronoter catalysts as well as bulk

A resin catalyst bed meeting the long felt need for a catalytic combination ion
exchange resin bed with low pressure drop, low catalyst breakage and long catalyst
life has now been found. The desirable characteristics of low breakage, less clogging
and long catalyst life are found with both attached promoter catalysts as well as bulk
promoted catalysts. Further, the shock absorbing layer of ion exchange resin catalyst
with a low degree of cross-linking, i.e., 2% or less, causes a rapid reaction of a high
percentage of acetone fed into the catalyst bed, thus, substantially reducing the
formation of harmful tars and precursers which block the reactive sites on the ion
exchange resin catalyst with a higher degree of crosslinking, i.e., greater than 2% to
about 4%. This enables the more rigid ion exchange resin catalyst with a higher
degree of crosslinking to continue to perform without loss of efficiency for a longer

period of time because of the reduction or elimination of tar build up.
SUMMARY OF THE INVENTION

The ion exchange bed for producing bisphenol A from phenol and acetone in a fixed
bed reactor containing a gel-form or macroporous sulfontic acid ion exchange resin
catalyst bed of the present invention is a resin catalyst bed having an upper layer and

a lower layer wherein:



pronoted catal ysts. Further, the shock absorbing | ayer of ion exchange
resin catalyst wth a | ow degree of cross-linking, i.e., é%)or I;ﬁﬁb '
causes a rapid reaction of a high percentage of acetone f 4%%H8 3
catal yst bed, thus, substantially reducing the formation of harnful tars
and precursers which block the reactive sites on the ion exchange resin
catalyst with a higher degree of crosslinking, i.e., greater than 2%to
about 4% This enables the nore rigid ion exchange resin catalyst with a
hi gher degree of crosslinking to continue to performw thout |oss of
efficiency for a longer period of tine because of the reduction or
elimnation of tar build up. SUMVARY OF THE | NVENTI ON The i on exchange bed
for producing bi sphenol A from phenol and acetone in a fixed bed reactor
cont ai ni ng el -form or pacroporous, sulfonic acid ion exchan%e resin

cat al yst betgle wef (e PIRRIIES 7 éhY"F’G]ﬁ s 2 Jighgis fegresafrgsskinkiedthpmiheng an

upper | ayeruppaidayefarldovgich dompeites\s0 &5 8990 of Be Bl vOUBMESE 2 200R ahipe | ower | ayer
conprises a resin which has a higher degree of crosslinking than the upper

| ayer and which conprises 50 to 95% of the bed volune as a whole and the

upper- | ayerth®fipgeh @rybrest, thavbéd; vheArddmbEas 55 td 80% QYaIRf bel BIRRGs\ORKIIE as a

whol e, conprises either an unnodified resin having a degree of cross

li nki ng of TPERESSREFT or equal to 2% or a resin having a degree of

crosslinking. of less than or equal to 2% in which Ito 35 nol % of the
covered wiith species containing al kyl-SH groups by

sul fonic acid gr ar D€
ionic fixi r‘?@.“m%ﬂ‘gﬂg‘f@% ?Vl?%@ﬂf‘ieﬁﬁcrﬁ?szﬁklb% Béleﬁﬁéga“aorper%%é%%%f ¢r preparing
bi sphenol A from phenol and :

a resin having a degree of crosslinking. of less than or equal to 2%, in which 1 to 35 mol _

% of the sulfonic acid groups are covered with species containing alkyl-SH groups by

ionic fixing.

The present invention also provides a process for preparing bisphénol A from phenol and
acetone in a fixed bed reactor containing gel-form or macroporous sulfonic acid ion
exchange resins in the form of a resin catalyst bed, wherein the reaction mixture enters at
the top of the fixed bed, the improvement which comprises passing a mixture of phenol

and acetone through a resin catalyst bed having an upper layer and a lower layer wherein:

the lower layer comprises a resin which has a higher degree of crosslinking than the
upper layer and which comprises 75 to 85% of the bed volume as a whole and

the upper layer of the bed, which comprises 15 to 25% of thé bed volume as a whole, -
comprises either

an unmodified resin having a degree of crosslinking of less than or equal to 2%, or

‘aresin having a degree of crosslinking of less than or equal to 2% in which 1 to 35 mol %
of the sulfonic acid groups are covered with species containing alkyl-SH groups by ionic

fixing.



acetone in a fixed bed reactor containing gel-formor macroporous sulfonic
acid ion exchange resins in the formof a resin catal yst d, wherein the
reaction mxture enters at the top of the fixed bed, the Bﬁh% whi ch
conprises passing a m xture of phenol and acetone through a resin catalyst
bed having an upper |ayer and a |l ower |ayer wherein: the | ower |ayer
conprises a resin which has a higher degree of crosslinking than the upper
| ayer an®OEARIES DRSCURPSION GIPPENioNNe bed volune as a whol e and the
- upper layer of the bed, which conpriseS 15 to 25% of the bed volune as a
whol e, - conprises either an unnodified resin having a degree of
crossl i nkika@resesy fos srepheing bispkapoh from PHendrand aceshd iha Yikedbad Beaeee of
0.2%.ts which 1 to 35 mol % of the

crosslinking. t han _or equal . 0

sul f oni cl&é@?'&g‘f&ré?ﬁ'?ﬁé”‘b?’emé%%?fgas %H‘f%‘%?fé‘é fnexehanesi resing inthe formap ayr oups by
“ionic firesimeatal¢st2edAFOHS tredofk i Lr.%laﬁpﬁ | ; he
process for re‘}sari ng bi stgrr]enoﬁ?i&%[@gm p en%cggﬁaﬁeacg%rl#ﬂ%&%kgd bed
react or PB@WF&F aajjore threughns eesimaatalypoberdihaving fin nippepddver afha e¥gBaNge
resins i&ygp@hérgirnm of a resin catalyst bed of the present invention

conprises-a process passing a mxture-of phenol and acetone through a
resin catal yst bed having an upper |layer and a | ower |ayer wherein: the.

| over | agterlowenfayéisasnisee sirgsinhibidh ase Right-lRtes0ERSs Rk ftﬂéﬂﬂe“ki ng
t han t he mp;gqer IayFr, preferably greater than 2% nore preferably, from
greater ¥ ¥y iretesdhlyigreasgr tharl 2ihi oprecomeferatdpsfrbmopred@r tandB% to

pref er ablpime t1“/09 Mnfwhith %5196‘}3119& ﬁ‘cﬁﬁ 501%8 %5%3 lplléer%raglsy, q’rovn\/?% %o %?"%, of the

bed volume as a whole and

the upper layer of the bed, which comprises from 5 to 50%, preferably, from 15 to
~ 25% of the bed volume as a whole, comprises -either

an unmodified resin having a low degree of crosslinking, preferably 2% or less, or

da



t he upper |ayer of the bed, which conprises fromb5 to 50% preferably, from

15 to 25%of the bed volune as a whole, conprises either a&lgnm)gg% ed
resin having a | ow degree of crosslinking, preferably 2% or Hqus %a 22
August 2003 a resin having a | ow degree of crosslinking, preferably 2% or

I , 1 n whjehs y. t he. sul foni ' . d with
poct es cont o i e R IaWberéd 8L 7ot B thg, Acrebly 404 O e, irehieh J ga 35

enbodi ment , mbh& lofvthe shifysic 20fd Limps afe R¥eHENGRDEHeHAS Fil
crossl i nki n%Pfrom equal to or g?*ezgl?er than 2% to Iggggét%%ﬁﬁggée%@ﬁgo 4%

In anot her HPWPLRY OBICHHBR ment, the |ower |ayer of the ion exchange bed is
aresin in which froml to 25 nol % of the sulfonic- acid -groups are

n in uhich 2 re ni c- acid -groups are
nother prerart oo eaiRRirid! B Byllaver sPi B8R Xiinetheebasmdaened has a

degree of cresskinkingifmom éqsbtotdr@neater tha 2 tb Ges2 YoanWricgualRpey, | ayer is either
an unnodified resin or aresinin which froml!| to 35 nol % of the sulfonic

acid group vered wi.th. species containing al kyl-SH groups by ionic
fixing. | ofﬁ“3%‘?‘%‘?%5?%3%&&?8?}%%& ﬁhﬁ%‘ﬁE@anxeres9§%u%®n@ﬁchamgwbsi isParesiNo.

3,394, 089. ik WHitte APIACIh OF @61 %N6F ME QaESSicOhkid- enl havention,. it is
preferred that, the flow of acet one and lglﬁg%%ﬂ{ E@r“@ég‘zed"ﬁg"r‘%% y%\ﬂ?e‘}f‘ﬁ% bed

down t hr ou§RMEREngEky!-SHigeoups by heni¢ Fisingpat t ern conventional |y used in the
process for maki ng BPA. However, if for any reason it is desired to

reverse th : cetone throu the bed, i.e., pass the
phenol and%}igtlg'? \gfrlgﬁﬁgp&? E%ggwa’ ﬁgg%lg’cfﬁ% }%ﬂ?rtlﬁ%erb‘%{}f‘% AT exchangeed has aof
| onger beddegrée of | arosstinkiap alksss thahr @akage @nshi qlPlisyquﬂ)éilsla?gr BPAugan, still

be achi eved . , L .
_ unmodified resin or a resin in which from 1 to 35 mol % of the sulfonic acid groups

are covered with species containing alkyl-SH groups by ionic fixing.
Ionic fixing is described in DE-A 3 619 450 or in U.S. Pat. No. 3,394,089

In the practice of the process of the present invention, it is preferred that the flow of
acetone and phenol proceed from above the bed down through the bed. This is the
flow pattern conventionally used in the process for making BPA. However, if for any
reason it is desired to reverse the flow of the phenol and acetone through the bed, i.e.,
pass the phenol and acetone up through the bed from the bottom, the benefits of
longer bed life, lower catalyst breakage and high yields of BPA can still be achieved
merely by reversing the layers so that the resin with the lower cross-tink density is on
the bottom and the resin with higher cross-link density is on the top. The key is to
have the resin with the lower cross-link density cover the surface of the bed through
which the phenol and acetone enter the bed.to minimize -catalyst breakage by
absorbing the impact of the full force of the incoming phenol and acetone mixture.
Thus, in the description of the present invention it is intended that the upper layer be
construed as the layer through which the phenol and acetone mixture enters the resin
catalyst bed and the lower layer be construed as the layer through which the reacted

mixture exits the resin catalyst bed.
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rau |c poi nt

i ncreased yields of BPA at high product ion rates. rom
of view, 2§ 19BEs rigikissii laxeTiveere e sobe Glinigorf theteaster, Iasmefcapmyrmer
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high rate of reactrcin in the |lower crosslinked top |layer o e catal yst

resin bedrossHuksstfiopileyer ©f theycatalys epsitpbed. hydraul ic properties in the
synt hesis of BPA, the

In addition to its favorable hydraulic properties in the synthesis of BPA, the

two layer combination bed of the present invention surprisingly shows the excellent
reactivity and selectivity behavior of a resin bed entirely consisting of a lightly

crosslinked ion exchange resin type, having a cross-link density of equal to or less
than 2%. |

In a preferred embodiment of the process of the present invention, a mixture of
phenol, recycled mother liquor (consisting of phenol, bisphenol A and secondary
products) and acetone is introduced into the reactor from above through a pipe. The
reactor is normally filled with ion exchange resin to between 50 and 80% of its total
volume. The water-wet ion exchange resin catalyst can ben dried or partially drfed
prior to charging it to the reactor, the advantage being that dried or partially dried ion

- exchange resin catalyst shrinks during the drying stage and does not shrink during
dehydration with phenolic compounds. Hence, more ion exchange resin catalyst can

be charged in the reactor and the 2 catalyst layers will not being disturbed during the
dehydration stage.
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being that driéd or partia ried ion exchange resin catal yst shrinks
during the drying stage and does not shrink during dehydration with

h [ i ds, He [ h [ t al, yst h d
P the T et DTS e yolms Ts sBrauy SRl ar B Prisgimaskriaitenl vl 8. r g
the dehydr ahiuyshew fnetlr.2Thedsed ternPSRtUre is NP tHeownge T sa_f’cttb%ge,é;ﬁte or,

there Is a |l ayer of mneral material as carrier. for the resin be

reacti on mi thedischasae terppprivieds imthe tnoefomi 3856 toBRIC. THhe reactern ian
sol ution exi r : I | : tected to
further proc ss’%{ﬁgmﬁ ﬁ%@oﬁ%@' ﬁ%?%&c%ﬁ\@?ée%ﬁgﬁp mati c
control val anddratkup heatimagTHe pressareloss Threughdte resip eatalysteddsisl n t he
range from 50C t 2C. the disch et erature is in the.ra frgm 75C
to 86C. The MEasHis T ihe yaBerpat ol react. Farsatety Ferinsn Straiiiion Sl s
are avoi ded ti reactignanixedre is stopped when the pressure loss caused by the resin

catalyst bed reaches 2 bar.

The compaosition by weight of the reaction mixture introduced into the reactor
- may vary within the following limits: phenoi 75-85% by weight, bisphenol A
and secondary products 12-20% by weight and acetone 2-6% by weight.

Example 1 (Comparison)
A BPA reactor, was charged with sulfonated polystyrene (4% cross-linked
with divinylbenzene) resin ion exchange catalyst

At a reactor feed rat e of 1.0 WHSV, a temperature of 58°C, a pressure drop
of 0.65 bar and a conversion of 96% was chserved. -Using a 1.3 WHSV feed
rate, the pressure drop Increased to 1.1 bar.

Example 2
The same BPA reactor as employed in Example 1 was charged with an equal
weight of catalyst as in Example 1, 90% by weight (on a dry basis) of a
sulfonated polystyrene (4% cross-linked with divinylbenzene) catalyst (same
bead size as in Example 1) as a lower layer of the resin catalyst bed and 10%
by weight (on dry



and backup heating. The pressure |oss through the resin catalyst bed is

' | tion
measured in the upper part of the reactor. For safety reasqas m{@ uc
of the reaction mxture |Is stopped when the pressure Ioss%?éqdﬁgé’a he .

resin catalyst bed reaches 2 bar. The conposition g¥ym€\; tgﬂlt nOI htethOI | owi ng
ction yu.; | C t reactar . may yai

{?ﬁw tls: p%gﬁ%:&%s%‘g@g%i R’i‘icai’( %ﬁeﬁ? 6%&@%#"35&‘1 ‘é(H\é ‘g‘té’@af}hfaﬁ;nebrcg@u@t s 12E 20%

by wei ghtwaradharged anthe 2efiory theighet laybX afihk @esin (:leiiﬁﬁﬁﬁn eédfog'mgrpﬁsiﬁg  reactor,

was charged with sul fonated, polystyrene (4% cross-|
di vi nyl bgﬁ"zé’ﬁeéf‘“ﬁe R nedhereincrrased nemdegroased Alueatar e upperf laget bARYe of 1.0

f sure drop...of 0,65 har and a conversion
of 069 wae gt oy gt s feecarl &RGHaGre cBRiifns o dedaebest Euewmpinop
i ncr easednd a fdediratecof. 1. EWESV Godr, I@@s&&mr@&dﬁﬁgmmﬁ%ﬁ%#w&é ,%gc‘; Exanpl e
| was char .t n equal weight of catalyst” as in Exanple 1, 90% by
wei ght ( é‘d%i%vg%@i 1ale, 3} other ecqnditinaathecdapel ipetpyeseurs iicteasedos 3-1lkanked Wit h
di vinyl benzene) catalyst (sanme bead size as i(n Eéanpl7e2%) Aas atl%/g; | ayer
of the r Exbfipk i and 10% by weight (on dry : Augus
basi s) o?gﬁguﬁgndaf%g §’§| ystyrene (2% cross-|inked with divinyl benzene)

catal yst were charged to the reactor as the upper |ayer of the resin
catal yst bed. TBerigni eichege, resithsaiplyes bad eofdErmmplei 1| hets ispgaRasgeth Ror

0
decr easeﬂxbg}é?or&oscta[}eregg ?rtoli tiSiratd fthe:2 é%fect of the direct impact of the BPA

feedstock on a ion exchange resin bed with a top layer of 4% crosslinked resin beads.
5 grams of commercially available 4% croés-linked ion exchange resin catalyst was
charged to the laboratory reactor. A feed mixture typical of feeds employed in ti;e'
commercial manufacture of bisphenol-A containing 77% by weight of phenol, 6% by
~ weight acetone and 17% by weight of bisphenol-A and other compounds present in
bisphenol-A plant recycle streams was charged to the reactor in the downflow mode
at 70°C. and a WHSV of 10 for a period of 16 days. The conversion on the first day

was 4.2 grams per hour. The conversion on the 16th day was 3.4 grams per hour,
Example 4

The ion exchange resin catalyst bed of the present invention was simulated in
a laboratory scale reactor to illustrate the improved BPA catalyst performance
because of reduced ion exchange resin catalyst bead breakage and catalyst fouling
resulting from the direct impact of the BPA feedstock on an ion exchange resin bed
with a top layer of 2% crosslinked resin beads in accordance with the present
invention. 2.5 grams of commercially available 2% cross-linked ion exchange resin
caialyst was charged to the laboratory reactor on top of 2.5 grams of commercially
available 4% cross-linked catalyst previously charged to the labbratory reactor. A
feed mixture typical of feeds employed in the commercial manufacture of bisphenol-

A containing 77% by weight of phenol, 6% by weight acetone and 17% by weight of

8



catal yst. Using the sanme feed and tenperature conditions as described in
exanple 1, and a feed rate of 1.0 WHSV hour, a pressure dng of Fﬂg%SOJ67
bar was observed. At a 1.3 WHSV feed rate, all other condi %ﬁﬁy sane,
the pressure increased to 1.1 bar. Exanple 3 (Conparison) The ion exchange
resin catal yst bed of Exanple 1 was sinulated in a |aboratory scale

reactor to PISPRiCHA: @ efberegomnounds presnt dn bisphenalyh plangfreeyisls BrRams fveasdst ock

on a ion ex LES] j I 9 |, i resin beads.
5 grans of g%ﬁngr%ret 2 itgﬁeec%ggll tﬁ%gpﬂéﬁ g?‘%)ds@s/a-qﬂpﬁé’eag'éi)aoh iiic' Rgigg“raéﬁnﬁd

cat al yst wasf 16€HaisgEhe tenveision b dirstrdayrescs. D4 gratns @@ ol XtHe ®niothiogal of
feeds enployed in the comercial manufacture o?rbisphenoI-A containing 77%
by wei ght of™ Biseiett dayewpsA,o9 gremsmer beWt one and 17% by wei ght of bi sphenol - A
and ot her conpounds present in bisphenol-A plant recycle streans was
charged to the reactor in the downflow node at 70C. and a WHSV of 10 for a
period of 16 days. The conversion on the first day was 4.2 grans per hour.
The conversion on the 16th day was 3.4 grans per hour. Exanple 4 The ion
exchange resin catal yst bed of the present invention was sinulated in a

| aboratory scale reactor to illustrate the inproved BPA catal yst
performance because of reduced ion exchange resin catal yst bead breakage
and catalyst fouling resulting fromthe direct inpact of the BPA feedstock
on an ion exchange resin bed wth a top |layer of 2% crosslinked resin
beads in.accordance with the present invention. 2.5 grans of commercially
avai l abl e 2% cross-linked ion exchange resin catalyst was charged to the

| aboratory reactor on top of 2.5 granms of conmercially available 4%
cross-linked catal yst previously charged to the |aboratory reactor. A feed
m xture typical of feeds enployed in the commercial manufacture of -

bi sphenol -



A containing 77% by wei ght of phenol, 6% by wei ght acetone and 17% by

wei ght of 8 22 August 2003 bi sphenol -A and ot her conpounds present ..l '
bi sphenol - A plant recycle streans was charged to the reacé%#ﬁﬁﬁﬁ{ﬂg%
downfl ow node at 70C. and a WHSV of 10 for a period of 16 days. The
conversion on the first day was 4.74 grans per hour The conversion on the

16t h day was\WHAT i8r@hARINED: hour. 9 22 August 2003 WHAT IS CLAIMED: 1 . In
an ion exchange bad for producing bi sphenol A from phenol and acetone in a
fi xed bad reactor containing a gel-formor Macroporous sulfonic acid ion

exchange resyn cal@biisn BRehanltebed Ror'dhéd LAAg bisphefibiA ot BRERGPar]  the
top of the fixed bed, the I npriovenent conprising a resin catalyst bed

havi ng an upgeetonayin@ fixed bed maston condaininges gekiormiar macporayssulfonipr i ses
a resin which has a hjigher degreg,of crosslinkin t han t.h r | ayer and
whi ch conpri € 180 e?‘ﬁhg'@/? B?S'r?ﬁﬁ% b&d) Wﬁgredghéegrﬁqg% rﬁ'ﬁﬁ”ﬁ%&?ﬂﬁ&gr | ayer
of the bed, Y b FARETKESDed, the PforémehEchAprsing WeshitcRalyshbbg
conprises either an unnodified resin having a degréee of crosslinking of

| ess than, ohawggan Yrperdayergncka foueriayepWvhgrelidegr ee of crosslinking of

| ess than or equal -to 2% in which I to 35 nol % of the sulfonic. acid

groups are covered with species containi n% '
the lower layer comprises a resin which has a higher degree of crosslinking

than the upper layer and which comprises 50 to 85% of the bed volume as a
whole and

the upper layer of the bed, which comprises 5 o 50% of the bed volume as a
whole, comprises either o
an unmodified resin having a degree of crosslinking of less than, or equal to
2%, 01 ‘

a resin having a degree of crosslinking of less than or equal to 2% in which 1
to 35 mol % of the sulfonic acid groups are coverad with species containing
alkyl-SH groups by ionic fixing.

2. The ion exchange bed of claim 1 wherein the lower layer has a degree
of crosslinking from greater than 2% to less than or equal to 4%.

3. The ion exchange bed of claim 2 wherein the lower layer is a resin in
which 1 to 25 mol % of the sulfonic acid groups are covered with species

containing alkyl-SH groups by ionic fixing.

4. The ion exchange bed of claim 1 wherein the upper layer has a degree
of crosslinking less than 2%.

5. The ion exchange bed of claim 4 wherein the upper layer is an
unmodified resin.
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al kyl - SH groups by ionic fixing. 2. The ion exchange bed of claim 1 wherein

the lower |ayer has a degree of crosslinking fromgreater 01 | éss
than or equal to 4% 3. The ion exchange bed of claim?2 V\h@?gﬁ‘@”ﬂ%& %ower

layer Is aresinln which 1 to 25 nol %of the sulfonic acid groups are
covered with species containing al kyl-SH groups by ionic fixing. 4. The

i on exchangeg bed vﬁefdrﬂemﬁaﬁyﬁ@ Bf &18Rn UPRRErelr M\?’uﬁtﬂsfr 1&yé198 a@sirdh

crosslinking |l ess than 2% 5. | on exchange b | dl m4 wherein the
upper | ayer whichrl toufonol % @dth%sulfpmqacid@nupgase coeredayitirapedies exchange

bed of clai t resin in which 1 to 25 nol %

of the sul fo@r?%égmﬁggélg’/' %@s&gﬁég P&%’?Eﬂk@ﬁh speci es containing al kyl - SH0
groups by ionic fixing. 7. The ion exchange bed of claim1 wherein the

| ower | ayer _conprises 75 .to 85% of the ol u as whol e and the upper
| ayer corrpri7$es 118 ion xhapge] d é'dgx%?dﬂi?@@ tgg\lﬂ‘ﬂﬁéaygr‘:?'ﬁ'p&sﬁ?gge

for prepar i g dsheBbedvbliffe BIYWhoRShAGR! Rifridyet co beghy eact or

cont ai ni ng gel -Torm or nmacroporous sultoni c acl exc ange resins In

t he form of 28% ofthe bed ablme ps@ whibiecei n the reaction nixture enters at
- the top of- the fixed bed, the Inprovenent - which conprises passing a
m xture of phenol and acetone through a resin catalyst bed having an upper

llayer and agl oweln bprecesdfsreiraparing bispheno! A from phenol and acetone in a
fixed bed reactor contalning gei-form or macroporous stifonic acid ion
exchange resins in the form of a resin catalyst bed, wherein the reaction
mixture enters at the top of the fixed bed, the improvement which camprises
passing a mixture of phenol and acetone through a resin catalyst bed having
an upper layer and a lower layer wherein:

 the lower layer comprises a resin which has a higher degree of crosslinking
than the upper layer and which comprises 75 to 85% of the bed volume as a

whole and
the upper layer of the bed, which comprises 15 to 25% of the bed voiume as a
whole, comprises either |
an unmodified resin having a degree of crosslinking of less than or equal to
2%, or
a resin having a degree of crosslinking of less than or equal to 2% in which 1
to 35 mol % of the sulfonic acid groups are covered with species containing

- alkyl-SH groups by ionic fixing.

9, The process of claim 8 wherein the lower layer has a degree of
crosslinking from greater than 2% to less than or equal to 4%.

10. The process of claim 9 wherein the lower layer has 1 to 25 mol % of
the sulfonic acid groups are optionally covered with species contaumng alkyi-
SH groups by fonic fixing.
11



the | ower |ayer conprises a resin which has a higher degree of crosslinking
than the upper |ayer and which conprises 75 to 85% of the s a
whol e and the upper |ayer of the bed, which conprises 15 tggg@g@%¥§§%% bed
volune as a whole, conprises either an unnodified resin having a degree of
crosslinking of less than or equal to 2% or a resin having a degree of
crosslinking of less than or equal to 2% in which 1 to 35 nol % of the

sul fonic aciid. gr o L& it h speci.es containin al kyl - SH gr oups
by ionic fixing. grpics 8?%%@@@9% %Fhaei‘%P%IW%gaéiar‘i’egrﬁ"eOf?omer | ayer has a

degree of cemgl;ﬁw%sfthgmgg_eat er than 2%to less than or equal to 4%
10. The process of clali

sul fonirc acid groups are optionally covered with species containing al kyl -

SH groups by, oni L.x1 ng. .2Q03 11. The process of claim8
wherein the | 'perﬂi'%b@&%&solf}‘%ébftg’%emgﬁ%é‘QPPﬁlayﬁﬁl?q @E#Mﬁ% 12. The
process of qkginn 11 wherein the upper layer is an unnodified resin. 13.

"~ The process of claimT | wherein the upper layer is a resinin which |l to
25 mol % of the sulfonic acid groups are covered with species containing

al kyl' - SH gr bups bl pooéss of éliiND. wherein the Upper layer is a resin in

which 1 to 25 mol % of the sulfonic acid groups are covered with species
containing alkyl-SH groups by ionic fixing.

14, The process of claim 8 wherein the lower layer comprises 75

to 85% of the bed volume as a whole and the upper layer comprises 15t
25% of the bed volume as a whole,

1s. The ion exchange bed of claim 1 wherein at least one of the layers has been at
least partially dehydrated.

16, The ion exchange bed of claim 15 wherein both of the layers have been at least
partially dehydrated.

17. The ion exchange bed of claim 15 wherein at least one of the layers has been
totally dehydrated.

18. The ion exchange bed of claim 15 wherein both of the layers have been totally
dehydrated.

12
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14. The process of claim8 wherein the | ower |ayer conprises 75 to 85% of

the bed volune as a whol e and the upper |ayer conprises 15 .0 t he
bed volunme as a whole. 15. The ion exchange bed of claim 1%%“9@?%@3 | east
one of the layers has been at |east partially dehydrated. 16. The ion
exchange bed of claimI5 wherein both of the |ayers have been at | east
partially dehydrated. 17. The ion exchange bed of claim 15 wherein at | east
one of the layers has been totally dehydrated. 18. The ion exchange bed of

claim15 whgy ei nTMcherfoftcﬂﬁn?%F{aeiﬁlrﬁlg%\a{%gggﬂhetl%%e?% lléagg?glce?ﬁhydr ated. _ 12 22

August 2003 19. The process of C erein a e of the layers

has been at lfﬁﬁ i ehydrated, 20. The process of claim19
wherein bot'ﬁa{s) Igﬁfgégﬂkﬁ%@e been at least partially dehydrated. 21.
The process of claim19 wherein at |east one of the |ayers has been totally

dehydrated.,22. rLQCesSs. l: erein, both of the |ayers have
been t ot al I%}) ' deﬁ{&g’g(ga%? %cf.%%%gﬂg SRR o HETSLA B blerPlr 1l

partially dehydrated.

21. The process of claim 19 wherein at least one of the layers has been

- totally dehydrated.

22. The process of claim 19 wherein both of the layers have been totally

dehydrated.
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