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This invention relates to a process for fixed-bed reactors in the production of
bisphenol A, sometimes hereinafter referred to as BPA, which employs a catalytic
combination ion exchange resin bed with low pressure drop, low catalyst breakage

and long catalyst life.

Processes for the synthesis of bisphenol A by ion exchange resin catalysis are
" known (see, for example, U.S. Pat, Nos. 4,051,079, 4,391,997, 4,400,555, 4,590,303,
5,395,857, JP-A 8 272 972, EP-A 210 366, etc.).

It is known that, in the industrial production of bisphenol A (BPA), a mix-tu;'e
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
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| 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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resin cat ahiyshadesly been E)HH&.t’ﬂ{ét ddich¥le BL5095T s 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

'Ihe 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:
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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.
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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
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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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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 dr_ied
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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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
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The Teey o of e Sttichieed, BAGHIRRL (20 biRlintsd ¥incBtinsihengongy datminge

t enper at uvere charged tdthe reRgR ab tTuprREidyer 86 e ré_.‘ﬂﬁ’ ch8RSL Bdd. | SurpfB ted under
adlngbat ic,conditions. Heat | osses ar eatygvm by i n?gf atron Pa géﬁackup

heat i ng. lT%é“'?F'é?s@FPB neyber incresserh ﬂﬂhéﬁ'ﬁé@ed dlﬁ; SJI ﬂﬁ] :lmu{?t??rogéggw fﬂel n
[ S

Foact § o caRfst Wind B SERAA! ind Bmpani boh TH3R & desitibet ity granmmie desi

cat al yst abéd fesslaateast 120 msvnber qcpmsx&etdwlottbmy\@'agmar Qjas;ogﬁr(/@dac,&f on

mtothereactor may vary within the owmng limts:
E)nh)é;glr ° WS{SW%E fe; al P@%@MFUOAS therfamseibe pacssyre pnardaseti so 12-520% by
wei ght and acet one 2- 6% by wei ght. Exanple 1 (Conparison) A BPA reactor,

was char ggempleth(Cumhdasieai)ed pol ystyrene (4% cross-1linked wth
di vi nyl bgaﬁzeng)ah(re5|ﬁna |or¥ exchange catalyst At a reactor feed rat e of 1.0

VWHSV, a tenperature of 58C, .a pressure drop of 0,65 bar and a conversion
of 96% was ob?@? VIEd. exclmmgream catalpsiSted ecH”dExzuaple 1t Wes pimeRwde ird2op

t | oyed in Exanpl e
| M oniabBuory SR realhE TR iy Sraliing BHEci ol VA Siteck impachrl GL15P80% by
wei ght ( feedstoclt om hacish s:)clﬁﬁgearesﬁlt&eace-nﬁltaef& n&}&%ﬂg&&:ﬁ%ﬁﬂ&ﬁ?bé 'Flg\‘;gf' }Ma;gr

di vi nyl benzene) _ cat al (sane bead sizé &as in
o:‘ Vt hg r g g}'qxinst) %%@r%@@ﬂ aygilablo A% cross-linked ion exchange resin catalyst was

charged to the laboratory 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 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



by wei ght (on dry 7 22 August 2003 basis) of a sul fonated pol ystyrene (2%
cross-linked with divinylbenzene) catal yst were charged tq%%ge rggﬁkpr'as
t he upper layer of the resin catalyst bed. Surprisingly, t %¥§ e drop
neither increased nor decreased due to the upper |ayer of 2% catalyst.
Usi ng the sgne feed and tenperature conditions as described in exanple 1,

and a feed PHpeengh-Ajany ethgncompaundsprspent dn bisphieni-A plant rgeyglesstreams wass
b d. A | o ity
oressur e i nchasfedinindkiot fifle uhfrod mod 130-C AN L WSV oF §0 8 T eriodc

resin catal yb16 ted. Dhe Eorveion dn theSirsti dilyl vadso4l74 Bramns partRLA THeYcofi$etsRn
reactor to illustrate the effect of the direct 1 npact of the BPA feedstock

on a ion exShERJEUT &y Wasshef g5ams Par RYB. | ayer of 4% crosslinked resin beads.
5 grans of commercially avail able 4% cross-1linked ion exchange resin

catal yst was charged to the | aboratory reactor. A feed m xture typical of
feeds enployed in the comercial manufacture of bisphenol-A containing 77%
by wei ght of phenol, 6% by weight acetone and 17% by wei ght of bisphenol-A
and ot her conpounds present in bisphenol-A plant recycle streans was
charged to the reactor in the downfl ow node at -70C. and a WHSV of 10 for a
period of 16 days. The conversjon 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 i nproved 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 |ayer of 2% crosslinked resin
beads in accordance with the present .-



invention. 2.5 grans of commercially avail able 2% cross-1inked i on exchange

resin catalyst was charged to the | aboratory reactor on t f 2 ans
of commercially available 4% cross-linked catal yst previ o%?l@%‘ﬁ%?%%:ﬂ to

the | aboratory reactor. A feed mxture typical of feeds enployed in the
comrer ci al manufacture of bisphenol- A containing 77% by wei ght of phenol,

6% by wei ght ydATASCRAIMEDY by wei ght of 8 22 August 2003 bi sphenol - A and
ot her conpounds present in bisphenol-A plant recycle streans was charged
to the reactor in the downfl ow node at 70C. and a WHSV of 10 for a period

f 16 days. %h Th
conver s on on_t nd SB10h §Rciéhdeed dr trofidiing Bisphendl 4TSN PRI Vet
| ﬁ C|_|A| I\/EC[i): acetonn inm ﬁxadfm?am amual?tmg qjgeld@cmw rbﬁsrpmn?ls sulfonion

enol an t.one i a Il XxXe I NN Qrm or
IIC\)/lacroporous ?ﬁ' f'Bﬂle&‘c %W%cﬁ%&ﬂﬁﬁé bgf ﬁ%@?ﬁﬁgﬁhrﬂﬁﬁgﬁﬁtt he
reaction m x{H¥ RpUtitRe fixad beththe mpreéerhbﬁt éonipAsing & reklrecata@rs@baaent

conprising a reS| n cat al yst bed. havi ng an upper |ayer and | ower | ayer
wher ei n: t heh&gagan uprar leyefanda lowerlayerwhgieds has a hi gher degr ee of
crossiinking than the upper |ayer and which conprises 50 to 95% of the bed-
volume as a whole and the upper |layer of the bed, which conprises 5 to 50%
of the bed vihledoweatayer CONTGINELS @NBSIT whichdiasrehigher degrae of eressknking havi ng

a degr ee_ of fhan L'u%'epgayer anﬁ%ﬁhlw %Bmp?l e§ %a}o 9t5Q/o o?lf?e Béd 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
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.

10



a resin having a degree of crosslinking of |ess than or equal to 2% in

which I to 35 mol %of the sulfonic. acid groups are cove?% ﬂ%@ec' es
containing alkyl-SH groups by ionic fixing. 2. The ion ex gﬁfj’é‘

claiml1 wherein the | ower |layer has a degree of crosslinking from greater
than 2% to |l ess than or equal to 4% 3. The ion exchange bed of claim?2

sher ei n 1 he § 0verThE S ekehdh i ol Sainthl iherki Bl Jérad o RS 1 oni c

acid groups are covered with species containing a groups y i oni c

fixing. 4 mchdnto&énwiééoww selfanic anidigratips @ra covered pyth spegies has a

degree o e lon exchange bed of claim4
wher ei n the ‘{?S‘Zgb"'ﬂ%‘)g?' $Rﬁﬂwgﬁﬁ#'9?@5’q}e3| n. 10 22 August 2003 6. The
i on exchange bed of claim4 vvherel n the upper layer is aresinin which 1
to 25 nol %_of the sulfonic acid speci es,

[OyYps are cove W t
cont ai ni ng drkyl - 9 nRKsHapge; g’ﬂ? iﬁ"ehefem'ﬁh@%‘ﬂﬁr Bﬁﬁﬂﬁ'@"ﬁ@ﬂ 78
claim1l whey o} BEHOMEH vhbiinss 30 une as a
whol e and ttgasgﬁjgf éa;yer conprlaggswg @&’9@ %?eé?gg iﬁ%%?esl@s a
whol e. 8. |25 pf theebed volume epar whylebi sphenol A from phenol and acetone In
-a fixed bed reactor containing gel-formor macroporous sulfonic acid ion
exchange resins in the formof a resin catalyst bed, wherein the reaction

mxture ent@rs afn Tafmobe@s fir ﬁrépaﬂnqbliphedo{ A'ft@n’t ﬂﬁém%m%ce‘bbhéhh gonpri ses
passi ng a clll henol and acetone through a resjin catal %st bed havi ng
an upper. | gb;_@ bﬁg rga nfaigieg aginies A macroporous sulfonic acid

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 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 crosSIinking
than the upper |ayer and which conprises 75 to 85% of the Q2g %ﬂgrgﬁ

whol e and the upper |ayer of the bed, which conprises 15 to @ %e 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 foni c acid. gr oy (Q&g eC|es ontainin al kyl - SH gr oups
by ionic fixing. 9. %r he 8?%‘%@@@9% %I@hal IW‘?&E 2egr Ofgovver | ayer has a

degree of Cér@%ﬁhﬂl{h‘f?!&sfthamﬂ,geat er than 2%to less than or equal to 4%
10. The process of
sul fonirc acid groups are optionally covered with species containing al kyl -

wherein the fsper nepkcnored, M BREeiRIRE ober e SSTNRGANY, 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 nmol % of the sulfonic acid groups are covered with species containing

al kyl- SH gr bups blye ipowese of ExiND.- whefoin thE Snk B ¢laim8 wherein the
| oner | ayer conprises 75 to 85% of the bg% Vgﬁ%ﬁ%ﬁggl% whol e and the upper

| ayer conpr Mddeh 130t25 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

aim9 wherein the lower layer has 1 to 25 nol % of the



250 of the bed volume as a whole. 15. The ion exchange bed of claim1l
wherein at | east one of the |layers has been at | east partial %rat' ed.
16. The ion exchange bed of claimI5 wherein both of the Iaz%eél}sbu%ave been
at least partially dehydrated. 17. The ion exchange bed of claim 15
wherein at | east one of the |ayers has been totally dehydrated. 18. The

i on exchange bed of claim 15 wherein both of the | ayers have been totally
dehydrated. _ 12 22 August 2003 19. The process of claim8 wherein at |east
one of the {qyergy st rtial ehydrated, 20. The process
of claim19 wher eiér}ﬁgcgtpsﬁ&g*aﬂ% ﬁé"lh?%@ea#; %2 Vel ﬁgeel%ye %IEHIS@S&IW partially

dehydr at ed. claim19 wherein at |east one of the |ayers
has been-t()'teéﬁelgﬂgmgrg'fé%ﬁgaﬂ. The process of claim 19 wherein both of
the | ayers have been totally dehydrated. 13 '

20. The process of claim 19 wherein both of the layers have been at least
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. |

13





