| MPROVER*WETHOD FOR PREPARI NG | ON- EXCHANGE RESI I
THE SYNTHESI S 5 - OF BI SPHENCLS B
Field of -‘the Invention The invention relates to}processes for 3
~of dihydric phenols and nore particularly 10 to lipeammiss bﬁgedprepqs E&d
bi sphenol - A. Brief Description of Related Art ThEr@ikhyg rlc gn‘"' =

i 3
bi s( 4- hydr oxyphenyl ropane (commonl referred nol ﬁ? e
(4- hydr oxyphenyl ) propane ( y L@op,gwéﬁ@ :brich ') PR,

commercially prepared by condensing 2 noles of a nﬁ?éa'
acetone in the presence of an acid catal yst.
co- produced. A catalyst utilized in the conner*raf—pﬁeeesses—+s-af

macro-reticular or gelular, acidic ion- 20 exchange resin; see for exanple

‘the U S. Patent 4,191, 843 (Kmantes et al These catal ysts are the product
of nonoet hyl eni cal | y unsat ur atf&® & h pol yvi nyl i dene
nmonomers, as described for ex -@1%93 I Mt“sf@é? 052 25

(Bortnick). Preferred macro-r & CARRLY ; ed to position

sul fonic acid groups, pendant FA—E5F LAt el t he vinylidene
noi ety; see the U S. Patent 3, BACKYROUND OF TRE -INYENTION! acid catal yst 30
(sul focationites) cgntai t 0. 85 percent by weight of water and
may be made avail ab

The invention relates to processes for the
synthesis of dihydric phenols and more particularly

10 to a process for preparing bisphenol-aA.

Brief Description of Related Art

The dihydric phenol 2,2 bis(4-hydroxyphenyl)
propane (commonly referred to as "bisphenol-A") is
commercially prepared by condensing 2 moles of

15 phenol with a mole of acetone in the presence of an
acid catalyst. A mole of water co-product is co-
produced.

A catalyst utilized in the commercial processes
. is a macro-reticular or .gelular, acidic ion-

20 exchange resin; see for example the U.S. Patent
4,191,843 (Kwantes et al). These catalysts are the
product of monoethylenically unsaturated monomers
copolymerized with polyvinylidene monomers, as
described for example.ih the U.S. Patent 3,037,052

25 (Bortnick). Preferred macro-reticular resins are
sulfonated to position sulfonic acid groups,
pendant from the aromatic nucleus of the vinylidene
moiety; see the U.S. Patent 3,037,052,

The above-described acid catalyst

30 (sulfocationites) contains up to 40 to 85 percent

by weight of water and may be made available by the
. manufacturer in this hydrated state. The presence
of the water will inhibit the desired catalyst
activity in condensing phenol with acetone, because

35 the water will bind to the sulfonic acid groups in
competition with reactant. For this reason,



manuf acturer in this hydrated state. The presence of the water will inhibit
the desired catal yst activity in condensing phenol- with acetone, because 35
the water will bind to the sulfonic acid groups in conpetition with
reactant. For this reason, 2 Bortnick (U S. Patent 3,037,052) teaches
one ‘to dehydrate the catalyst prior to use. As a nethod of dehydration,
Bortni ck suggests "drying at 105[err]. to about 125C. at a pressure of 5 to
10 mi or by 5 azeotropic distillation with an organic liquid (colum 4,
lines 54-64). Kwantes et al., in the U S Patent 4,191,843 describing in
particul ar the preparation of bisphenols, stafes that "the reactor may be

filled 10 with the ggcid i.on exchanger, by any known techni que. Such
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(column 4, lines 54-64).

Kwantes et al., in the U.S. Patent 4,191,843
describing in particular the preparation of
bisphenols, states that "the reactor may be filled

10 with the acid ion exchanger by any known technique.
Such techniques include adding the desired amount
of dry ion exchanger, water wet ion exchanger or
slurry of the ion exchanger in the reactor"; see
column 2, lines 51-55. Details of the drying

15 procedure are not elaborated upon beyond stating
that the reactor charged resin is "drained"; see
the patent Example 1.

In the commercially practiced processes for
preparing bisphenol-A, acid ion-exchange resins are

20 dried in the plant reactor (usually a column
reactor) prior to initiation of the reaction
between phenol and acetone. Drying is effected by
passing phenol over the catalyst in the absence of
acetone, to absorb and/or displace the water

25 associated with the acid ion-exchange resin. Water
that is absorbed or displaced by the phenol is
removed from the resin bed as an effluent stream.
The water is ultimately removed from the phenol
effluent by employing conventional separation

30 techniques such as distillation and extraction.
Water removal causes a reduction of volume of the
resin bed so that more resin can be subsequently
added to the bed. The alternating steps of
dehydration and resin addition are continued until

35 the reactor isﬂcompletely charged with a dehydrated



bet ween phenol and acetone. Drying is effected by passing phenol over the
catal yst in the absence of acetone, to absorb and/or displace the water 25
associated with the acid ion-exchange resin. Water that is absorbed or

di spl aced by the phenol is renmoved fromthe resin bed as an effl uent
stream The water is ultimately renovéd fromthe phenol effluent by

enpl oyi ng conventional separation 30 techni ques such as distillation and
extraction. Water renoval causes a reduction of volunme of the resin bed so
that nore resin can be subsequently added to the bed. The alternating steps
of dehydration and resin addition are conti nubd until 35 the reactor is

conpl etely charged with a dehy ed 3 resin. the desi.r.ed
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affects reaction mxture flow.,n the reactor ressure rop across the
bed. plant utilizes large amounts of catalyst resin,

resin addition and drying can take several months.
Furthermore, cycles of resin addition and
dehydration are known to stress and damage macro-

10 reticular or gelular resin beads. This
deleteriously affects reaction mixture fiow in the
reactor and pressure drop across the bed.

One solution considered for the problems
associated with the commercially practiced

15 procedure of drying the acidic ion-exchange resin
is to follow the teachings of the aforementioned
U.S. Patent 3,037,052 and pre-dry the resin to an
anhydrous state before it is charged to the column
reactor. However, this procedure also has certain

20 disadvantages. For example, if the resin is not
rapidly dried under elevated temperature conditions
(circa 150°C.), 2Zundel et al. has reported
(Physik. Chem. (Frankfurt) 59, 225 [1968]) that the
water is hydrogen bonded to three sulfonic acid

25 groups and cannot be removed even under severe
drying conditions. However, if drying is carried
out at too rapid a rate, the resin beads may be
subjected to abrasion and damage with a resultant
loss of operating life. Clearly, the rate of drying

30 is critical to an economic process.

Another solution is described in U.S. Patent '
5,146,007 (Cipullo) wherein the ion-exchange resin
is partially dried (20-90% of the water removed)
before it is loaded into the reactor. This is more

35 efficient, reducing the number of steps and saving



One sol ution considered for the problens associated wwth the commercially
practiced 15 procedure of drying the acidic ion-exchange resin is to follow
t he teachings of the aforenentioned U. S. Patent 3,037,052 and pre-dry the
resin to an anhydrous state before it is charged to the colum reactor.
However, this procedure also has certain 20 di sadvantages. For exanple, if
‘the resin is not rapidly dried under elevated tenperature conditions (circa
150[err].), Zundel et al. has reported (Physik. Chem (Frankfurt) 59, 225
[1968]) that the water is hydrogen bonded to three sulfonic acid 25 groups
and cannot be renpved even under severe dryiﬁg condi tions. However, -if

drying is carried o o.rapid rate, _the resin bea may be subjected
to abrasion and daﬁgégﬁéﬁég 3a€§l3§€aﬁfe?8§§ 6?no§épﬁfingﬁﬁpfe. Clearly,
the rate of drying déhydrationcas comphetednwitb phecksewnAantiher sol ution
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resinis partially ) [ he water renove : I's | oaded
into the reactor. TReBt| §rawrthesresincywékh Phesgdi ngReRdNnURBEMEOf st eps

and saving 4 seekgafgeSahpbYAb18’ 8242k ANmbIELthéReBydaPydaahyon is
completed With the kooYR 389rRadeionc” Ra9SReaGEc051Y" Bhe total time
absorbti on/ di spl ace* ’
required in a commercial plant for charging and
drying the resin is substantially reduced.
Although the method of U.S. Patent 5,146,007

10 (Cipullo) effectively removes water from the ion
exchange resin, rendering it active, significant
amounts of water soluble acids and resin
manufacturing by-products are left in the resin.
These residual materials cause'problems for a |

15 period of time after the resin is placed in
service, and can result in bisphenol-A product that
is thermally unstable and has elevated color. The

.process of the present invention addressgs tyis
problem of catalyst contamination, and can be used

20 1in the pre-treatment of the catalyst before it is
dehydrated by the method of U.S. Patent 5,146,007,
which is incorporated herein by reference thereto.

~ When this is done, the bisphenol-A product has
improved color and thermal stability.

25 _ 8 Y OF THE I NTION

The invention comprises a process for preparing
a hydrated, acidic ion-exchange resin catalyst for
catalyzing the condensation of a phenol with a
ketone, which comprises;

30 washing the catalyst with deionized water until
the water washings exhibit a specific conductance
of less than about 50 micromho/cm at 25°; and then

dehydrating the washed ion-exchange resin.
In a continuous process, the specific
35 conductance of the washings can be measured using a



ment fromthe resin wth phenol. Resin volunme 5 changes are held to a

m-+ni mum. thereby avoi di ng resin degradati on. Advantageously, the total tine
required in a comrercial plant for charging and drying the resin is
substantially reduced. Although the nethod of U S. Patent 5,146,007 10

(G pullo) effectively renoves water fromthe ion exchange resin, rendering
It active, significant anounts of water sol uble acids and resin ,
manuf act uri ng by-products are left in the resin. These residual materials
cause problens for a 15 period of tine after the resin is placed in
service, and can result in bisphenol-A produ that is thernally unst abl e

and has el evat ed COEBﬁd ZggneéoggﬁiogfpBQSt@B%iﬁng z%p g@presses this

probl em of catal yst “con B Fha and ase e-treat nent
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5, 146, 007, which isypgcorporated herein by reference thereto. Wien this is
done, the bisphenol -A product has inproved col or and thernal stablllty 25
SUMVARY OF THE | NVENTI ON Tnmm ; i RRED eparing a
hydr at ed, aci di c3i on- excharge—EM

condensation of a phenopcidile dohﬁb&&hangbl&bsﬁ@@pﬁsafhl1¥b cataMasi ng
the catalyst with d hani.ze unt i e ter I.n exhibit a
speci fic conduct anc 8‘f cpgg °§b8 pg'&“r‘ﬁ X{/ai‘rﬁtfgmf‘s arfhd then
dehydrating the masbederadlgxmha&gknnmn npmpositions as are methods of
their preparation; see for example the preparative
10 procedures described in U.S. Patent 3,037,052 which
is hereby incorporated herein by reference thereto.
Representative of acid ion-exchange resins are
strong-acid ion exchangers, such as those resins or
polymers having a plurality of pendant sulfonic
15 acid groups. Examples include sulphonated
polystyrene or poly(styrene-divinylbenzene)
copolymer and sulphonated phenol-formaldehyde
resins. The sulphonated resins are commercially
available in water swollen form as gellular, micro-
20 recticular and macro-recticular types. Specific
examples of suitable resins are Amberlite IR-120H,
Amberlyst 15H, Amberlyst 31 and 131 Dowex 50-X-4,
Dowex MSC-1H, Duolite c-26, Permutit QH, Chempro
C-2, Purolite CT-124, Bayer K-1221 and Imac C8P/H
25 (Amberlite, Amberlyst, Dowex, Duolite, Purolite,
Permutit, Chempro and Imac are registered U.S.
Trademarks). Further examples of such ion
exchangers as well as methods for preparing such
ion exchangers are described in the Encyclopedia of

30 Polymer Science and Technology, 1967, vol. 7, pages
695 to 708. The exchange capacity of the acidic .
resin is preferably at least 2.0 meq. H*/g of dry
resin, with exchange capacities in the range of
from 3.0 to 5.5 meq. HY/g (dry resin) particularly

35 preferred. One preferred catalyst used in the



In a continuous process, the specific 35 conductance of the washings can be

measured using a 5 conduct ance sensor positioned to anal yze the washi ngs
as they flow through and fromthe resih bed. DETAI LED DESCRI PTI ON OF THE
PREFERRED 5 EVMBODI MENTS OF THE | NVENTI ON Aci di ¢ i1 on-exchange

resins useful to catalyze the condensation of phenols with ketones are
generally well known conpositions as are nethods of their preparation; see
for exanple the preparative 10 procedures described in U S Patent
3,037,052 which is hereby incorporated herein by reference thereto.
Representative of acid ion-exchange resins ar® strong-acid ion exchangers,

such as those resins or polyners having a plurality qQf pendant sulfonlc 15
aci d groups. Exanpl?§°FﬁgPu&§ RE# f?ﬁﬁPéhésthe Amberlyst®

pol y(styrene-divi nyk;benaaﬁre)cygeﬁql whdchaates stiyrenal eai-q@wmlnﬁea Ralgehyde
resins. The sulphoggg riglns are cogHSﬁflall é@?ﬁbl in mater wol | en
formas gellular, nYZ0enEEre: Ofa 0- qﬂﬂﬂﬂn pecific
exanpl es of suitablhavengnpeadanknbaﬂtbhaclBciﬁOonﬁmheHbﬁachﬂaﬂtoNﬁMy'Iyst

31 and 131 Domex5522§oéat9g §f§§§ 1@5 ng |E§E%ﬂ%6mcﬁghgptlt H, Chenpro

C2, Purolite CT-1
Sulfonatlon may be by the process described in U.S.

Patent 2,366,007 which is incorporated herein by
reference thereto.
Prior to their use to catalyze the condensation
10 of phenols with ketones according to the present
process and prior to dehydration of the ion-
éxchange resins as receiﬁed from their
manufacturers, the ion-exchange resins are treated-
in accordance with the present invention to remove
15 residual catalyst manufacturing by-products and any
additional materials which may form immediately
after manufacture and arising from natural
decomposition of the resin. The treatment
comprises washing the hydrated catalyst with
20 deionized water (with a specific conductance of
less than about 50 micromho/cm at 25°C.) until the
effluent of washings yield water with a similar
specific conductance as a measure of
decontamination of the resin. 1In some instances,
25 it may be found that the specific conductance of
the water hydrating the catalyst resin is, before
treatment according to the invention, at a value
already below 50 micromho/cm at 25°C. The process
of the invention is also adVantageous in these
30 instances, reducing further the specific
- conductance. In general, the lower the specific
conductance, the better will be the product
bisphenol in terms of color and thermal stability.
Even a 10 percent reduction in the specific
35 conductance of the water washinés is advantageously



25 (Anberlite, Anberlyst, Dowex, Duolite, Purolite, Pernutit, Chenpro and
Imac are registered U.S. Trademarks). Further exanples of such ion
exchangers as well as methods for preparing such ion exchangers are
described in the Encycl opedia of 30 Pol ynmer. Sci ence and Technol ogy, 1967,
vol . 7, pages 695 to 708. The exchange capacity of the acidic resinis
preferably at least 2.0 meq. H+/g of dry resin, wth exchange capacities in
the range of from3.0 to 5.5 nmeq. H.err]/g (dry resin) particularly 35
preferred. One preferred catalyst used in the 6 process of the present
I nvention is the Anberlyst[err] gelular types, which are styrene

cross-linked with diypiWtbERZERRE bibGuCE OBSsphkbTY "PELMBRi1GNd having
pendant sul fonic acid groups attached to the 5 aromatic nucl eus of the

styrene noiety. Sul¥eRASER onSRRGLEEC GORGRCEABERs¥ALURE PhedefR EPAN patent

2,366, 007 which is alme@t pos ahterbehi6) embaréecpeecageedibereto. Prior to their
use to catalyze the congensation 1 ] etopes according to

0 o%pp$enols Wit h F
t he present process and ?i%?s?bn%é“§ 2EPORNHFER LR Bﬁ-lgxchange resins as
recei ved fromthei radeantagéously, cahriednoekcatingetempenature withiad in

accordance wi th the,presgnlol D¥CRELANabEECERUS £8 BESLYY brERbBhYTY
manuf act uri ng by-products and any
- above room temperatures. Since the measurement of
specific conductance is temperature dependent, its
measurement at a temperature above or below 25°C.
10 must be corrected for as those skilled in the art
will appreciate.

Following decontamination with water washing,
the ion-exchange resin may be dehydrated by any
conventional method known in the art. Preferably,

15 the resin is dehydrated by the method of Cipullo as
described in the U.S. Patent 5,146,007. In
general, the method is as follows.

Advantageously, catalyst drying'is carried out
by first heating the water saturated catalyst to

20 vaporize the water, entrain the vapors in a moving
gas (air, inert gas such as nitrogen) or under
vacuum and separate a portion of the vapors from
the catalyst. The weight proportion of water
vaporized and removed from the catalyst can vary,

25 but the preferred'amount of water remaining in-the
catalyst is generally within the range of from 2 to
50 percent.

In the process of Cipullo, the resin catalyst
is not rendered anhydrous by the initial drying

30 through vaporization of the water content. Removal
of the water content shrinks the resin volume and
potentially degrades resin structure. Reducing the
water content partially, preferably to the point
where the catalyst resin volume is near (plus or

35 minus about 25 pércent by volume) that of the



additional materials which may forminmedi ately after manufacture and
arising fromnatural deconposition of the resin. The treatnent conprises
washi ng the hydrated catalyst with 20 deioni'zed water (with a specific
conduct ance of |ess than about 50 m cromho/cmat 25[err].) until the
effluent of washings yield water with a simlar specific conductance as a
measure of decontam nation of the resin. In sone instances, 25 it nay be
found that the specific conductance of the water hydrating the catal yst
resinis, before treatnent according to the igvention, at a val ue already
bel ow 50 mi cronho/cm at 25[err]. The process f the invention is also

advant ageous in the d hefgt
conductance. In gengﬁlﬁ:}{6 t Wq he spegﬂ? IC co(ra?' ﬁ%ﬁ% et ter

will be the product B sh@nnle n neduasing the atswn qantent of abigiven Even

a 10 percent reduct '6U‘ petddit SRREIVdightD GRIBICTANSE Ofo L8 WP Erovashi ngs
I s advant ageously reflected I n the product_ bispheno]. For thjs reason,

speci fi ¢ conduct anceﬁ"\% & 8 4G Rexn RRANLAEF A FHHD/CGRURBING a
preferred. The \A@shlmumd tamimlﬂaa@bwtﬁuaus to athae g age otsd in carri ed out

‘;ﬁ e? eﬁ :g})s rature w tsrgtrtln:ta X d’ %wni%% Oghafr{o bpoﬁjxt'e J.at'fé éﬁ’aég Oél'?é rAolvent-
retention capacity of an acidic ion-exchanger is a
reprodudible equilibrium quantity dependent upon
ion-exchange capacity, ionic form, the solvent, the

10 degree of cross-linking, temperature, humidity and
other variables; see for example Helfferich, Ion
Exchange, McGraw-Hill Book Co., Inc., New York,
N.Y¥. [1962], Chapter 5). Thus, paésing phenol
through a reactor containing this particular resin

15 (initially with 20 to 40 weight percent of water’
will not significantly affect the resin volume,
thereby minimizing degradation resulting from
stresses during drying and shrinking.

The partially dehydrated catalyst may be

20 charged to an appropriate reactor, for example a
fixed bed column reactor and saturated with phenol
to complete dehydration. Alternatively, the wet
ion exchange resin may be charged to the reaction
zone and subjected to partial drying as described

- 25 above in-situ, before saturation with phenol. The
phenol addition may be carried out in the reactor
or in a different vessel and then transferred to
the reactor or reaction zone. The catalyst is
further dried by the addition of phenol to the

30 desired level of water content in the catalyst.
This level of water will affect the rate of
reaction between the phenols and ketones.
Essentially about 4 weight percent water in the
phenol effluent would bring about a marginally

35 acceptable reaction rate while a level of about 2



above room tenperatures. Since the neasurenent of specific conductance is
t-enper at ure dependent, its nmeasurenent at a tenperature above or bel ow
25[err]. 10 nust be corrected for as those skilled in the art wll

appreci ate. Followi ng decontam nation with water washing, the ion-exchange
. resin may be dehydrated by any conventional nethod known in the art.
Preferably, 15 the resin is dehydrated by the nethod of G pullo as
described in the U S. Patent 5,146,007. In general, the nethod is as

foll ows. Advant ageously, catalyst drying is carried out by first heating
the water saturated catalyst to 20 vapori ze he water, entrain the vapor s
in a noving gas (air,.ipert gas_sucgh ni trogen) aqr under .yacuum and
separate a portion 8?19ﬁ ps SPE%fFﬁngﬁﬁee%gggﬁygtPrTESSﬁe%éht proportion
of water vaporized ppdfeeraded fAoketkd ofit Akgst than about 25wedghthe
preferred anount of r.remaining. . Ln at al ' al wisthin the -
range of from 2 to.gg@%gpgegf.mPﬁEtﬁgeg%ggggé of*é%pbﬁﬁgﬁqghéz%égiﬁg

catal yst is not rentlbbendreatlydtourebgiveethei kesoner yeagtantt andugh

vapor | zati on of shenggher o¢aBLENbe BREDKALNSL Fasceaher seant ent shrinks the

resin volune and potentia ¥. egrades resin structure. Reducing the water
content partially, gPBAenaptjionofopdondng: kRRWRe PERSCANESSyst resin vol ume

is near (plus or 35 ninggeakedtti2nPebfiennaly coppiiek ahaingfle heactor
or two or more reactors in series or in parallel.
In the case of a multi-reactor reaction zone,

10 suitably all of the phenol is fed to the first
reactor and the ketone compound is either fed all
to the first reactor or divided between the first
and second and possibly further reactors.

The molar ratio of phenol to ketone is at least

15 2 to 1 with a stoichiometric excess of phenol being
preferred. Molar ratios are preferably from 3:1 to
40:1, with molar ratios of from 10:1 to 30:1 being

. most preferred. The optimum ratio depends on
reaction conditions, e.g., temperature of reaction

20 and desired conversion. '

The reaction temperature in the reactor zone
may vary from 40° C. to 95° C. with reaction
temperatures in the range of from 55° C. to 90° C.
being preferred.

25 The reaction time in the reactor zone may also
vary and depends on reaction temperature. For
example, the liquid hour space velocity (LHSV) of
the feed may vary between wide limits with
velocities in the range of from 0.2 to 40 liters

30 feedstream/(liter catalyst/hour). '

The following preparations and examples
describe the manner and process of making and using’
the invention and set forth the best mode
contemplated by the. inventors for carrying out the

35 invention. "



8 phenol saturated resin volune, is advantageous. For exanple, reducing the
wat er content of a given 60 percent (by weight) water resin to a | evel of
from20 to 40 percent provides a resin occupying a 5 volune approxi mately
equal to the sanme resin saturated with phenol (appreciate that the solvent-
‘retention capacity of an acidic ion-exchanger is a reproducible equilibrium
quantity dependent upon ion-exchange capacity, ionic form the solvent, the
10 degree of cross-linking, tenperature, hum dity and ot her variabl es; see
for exanple Helfferich, lon Exchange, NtG?awlﬂ |1 Book Co., Inc., New York,
N. Y. [1962], Chapter 5). Thus, passing phenol through a react or contai ni ng

this particular resim:ﬁwﬂw ng REEFEYn Pl water
wi Il not significantTy affec resrn the mnlmzmg)0
degradation resul ting ffoARantEsse of @ igRLGAIE r@cJeFHeF sh‘?‘? RFFRANGS e
partial ly dehydrat eqd-eiitril o6 ttHER Ysudes ol B rgase ﬂﬁg@pjlﬁt@oﬁﬁact or,

for exanple a fixed be ol u reactor angd satur henpl _fo
conpl ete dehydrati orth Il'f gl‘? tlTPe W ?o%a%%h%%% &es‘?ﬁ ?téy be

charged to the r éactperce?rmlénambrgm els quartigkly i déhyldyabed akndescri bed

25 above in-situ, éﬂ%%%‘f-%%%ém of Q‘Late 6 gddition may

be carried out in the re tor vessel en transferred
to percent.

A tubular reactor is charged with a quantity of

resin as prepared above and dried further by

10 passing phenol over the resin bed. When test
samples show the phenol effluent has less than 1%
water, a feedstream comprising phenol and acetone
(mole ratio 8:1) is eluted through the reactor at a
liquid hour space velocity of 2.6 liters/(liter

15 catalyst/hour)at a temperature of 70°C. and the
reaction zone effluent continuously withdrawn and
fed to a purification system for separation of the
product bisphenol-A. The product, upon analysis,
showed 1030 ppm of 3-mercaptopropionic acid, 48.3

20 percent conversion to pp'-bisphenol-A, 89.78% pp!
selectivity and 2.1 ppm water-soluble oligomeric
acids (@ 42-45 hrs.).
E PLE 1

Following the general procedure of the

25 Comparative Preparation, supra., but replacing the
resin as used therein with the same resin pre-
washed with deionized water in a C frit funnel, and
partially dried to a water content of 21.6 percent,
a product bisphenol-A was obtained, which upon

30 analysis showed 997 ppm of 3-mercaptopropionic
acid, 51.0 percent conversion to pp'-bisphenol-a,
89.83 percent pp' selectivity and 1.23 ppm
oligomers (@ 46-48 hrs.).



the reactor or reaction zone. The catalyst is further dried by the addition
of* phenol to the 30 desired |evel of water content in the catalyst. This

| evel of water will affect the rate of reaction between the phenols and
‘ketones. Essentially about 4 weight percent water in the phenol effluent
‘woul d bring about a marginally 35 acceptable reaction rate while a | evel of
about 2 9 weight percent in the effluent or less is preferred. A |evel
of | ess than about 1 weight percent "is nost preferred. The reaction zone is
then ready to receive the ketone reactant and 5 ol ar excess of the
phenol reactant for condensation follow ng kn procedures. The reaction

zone nmay conprise a single reacto e_react ries or
parallel. In the case ofé%wﬂg??l #eg%?ova?gﬁep?gﬁaggﬁg 9ioanguﬁgﬁbly al | of
t he phenol is fed t ounwasheds{Preparatian) rhsinetopencanpbysd5|sheweaer
fed all to the firstg ﬁgaf69§-9£ﬁg ¥éQ€er§ﬁ go the first and second and
possi bly further reactors % ratio phenol to ketone is at |east
15 2 to 1 with a stoichiometric excesgnﬁﬁ_bﬂﬂnsﬂ_éélnggﬁﬁgﬁéhﬁédggﬁhnar

ratios are prefersbl yaf€0a1 By laived0: 1, with nmolar ratios of from10:1 to

30: 1- bei ng nost prefeat8d. cdAteARt|i Mum rati pogdegends on 21.6%
conductlvitx
(miu% MHO) 15.8 3.2
Color 0.502 0.04
10 Tar Factors 2.79 0.36
ppm oligomer4 >100 33.1
Footnotes: -

1- Determined by adding sufficient deionized water
to make a 3/1 (wt/wt) water/partially dried
15 catalyst slurry, shaking for 15 minutes in a
glass bottle, followed by separation of the
resin from the solution and measurement of the
conductivity of the solution.

2- Determined by measuring the absorbance of the

20 agqueous solution from (1 above) follow1ng a 20x
dilution with deionized water at 350NM in a 1cm
cell.

3- Determined by eluting 50-60 ml of purified
'phenol through 6.45 g of catalyst (dry basis)
25 at 70°C, WHSV=2.6. Methanolic solution of the
effluent (0.500g in 50ml methanol) was used to
determine tar factor (absorbance at 350*%50/gr
of sample).

4~  Determined by potentiometric titration of the
30 phenolic solution obtained in (3 above) using
~tetrabutyl ammoniunm hydroxide.

This shows both resins worked well as reaction
catalysts, exhibiting similar activity and
selectivity in reaction. Pre-washing of the

35 catalyst resin with water helped maintain a lower
acid oligomer ellution long after initiating the
bisphenol-A reaction with the resin. Previous work
has shown that these acidic ocligomers are
detrimental to product quality when they reach



reaction conditions, e.g., tenperature of reaction 20 and desired
conversion. The reaction tenperature in the reactor zone may vary from
40[err] to 95 C. with reaction tenperatures in the range of from55 C to
90[err]. being preferred. 25 The reaction tinme in the reactor zone may
al so vary and depends on reaction tenperature. For exanple, the liquid hour
space velocity (LHSV) of the feed may vary between wide l[imts with
velocities in the range of from0.2 to 40 liters 30 feedstream (liter

catal yst/hour). The follow ng preparations anghexanpl es descri be the manner
and process of making and using the invention and set forth the best node
contenpl ated by the dmﬂ@tﬁésmfmgnatéupéﬂaaui—etbpeBStnameninoahe 10
COMPARATI VE PREPARATI ON %?b the Invention) A quantity of a gelular
acidic ion exchange F2R¥H2 fﬁﬁgsBF?Sﬁﬁ?ed type (Anberlyst 31, Rohm and
Haas Conpany) having a vedercompaeibsonfp@fpdses;cehe bpowei gesulssparei al |y
dehydrated in a dry| o] pontent of about 20.6 percent. A

t ubul ar react or #?kge%eea aﬁg%gé %fy of resin as prepared above and
dried further by

5 Unwashed Prewashed
ppm 3-mercaptopropionic
acid 1030 997
% conversion to pp'-BPA 48.3 - 51.0
3pp' selectivity 89.78 89.83

10 ppm oligomers 2.1 1.23
' _ (@ 42-45 hrs) (@ 46-48 hrs)



10 passing phenol over the resin bed. Wien test sanples show t he phenol
effluent has less than 1% water, a feedstream conprising phenol and acetone
(nmole ratio 8:1) is eluted through the reactor at -a |liquid hour space

velocity of 2.6 liters/(liter 15 catal yst/hour)at a tenperature—of—F0ferr]

-
and the reaction zone effluent continuously w thdrawn and fg&,t a
purification systemfor separation of the product bisphenol-Af H laced
upon anal ysis, showed 1030 ppm of 3-nercapt opropionic acid,'4F, _ [
conversion to pp'-bisphenol-A 89.78%pp' seljgctivity and 2.1

wat er -sol ubl e oligoneric acids ([err] 42-45 hrs.). EXAVMPLE 1 Fol I owi ng the
general procedure of the 25 Conparative Preparation, supra., but replacing
the resin as used therein with the sane resin pre- washed with dei oni zed
water in a Cfrit fuoma 1ot aMep ald:y dried to a water content of 21.6
percent, a product bisphenol-A was obtaj ned, which upon 30 anal ysi s showed
997 ppm of 3- mer capt opr dpi oni’t p&'ac&sss?‘q; [?é're@ér?n@opr?\/&yér&%'e?oy acidic

pp' - bi sphenol - A, 89.it%h-Eatarigeprestial eatialiist ot tatdlyzing ithenmers (@
46-48 hrs.). Sa f d I a un ed
(Preparation) resi mgogl;dc?%’sftr#a}]eof;\%s %hé’\(}\‘gz.‘%tqﬁé&f%ﬁ) Iaovq\%rﬁgﬁ%ést‘)@?g’ul ts:

comprises;

5 washing the catalyst with deionized water until
the water washings exhibit a specific conductance
of less than about 50 micromho/cm at 25C.; and then

dehydrating the washed ion-exchange resin.

2. The process of claim 1 carried out at a
temperature within the range of from about 0C. to
about 80°C. '

3. The process of claim 1 wherein the ion-
exchange resin is gelular.

4. A process for the preparation of bisphenol-
A, which comprises;

providing a hydrated acidic ion-exchange resin
catalyst for catalyzing the condensation of phenol

5 with acetone;

washing the provided resin catalyst with
deionized water until the water washings exhibit a
specific:conductance of less that about 50
micromho/cm at 25°¢C.:

10 vaporizing a portion of the water associated
with the hydrated catalyst:

separating sufficient of the water vapor from
the catalyst to remove from 25 to 90 percent by ..
weight of said water, whereby a partially

15 dehydrated catalyst is obtained; and

contacting the partially dehydrated catalyst
with phenocl so as to remove additional water from
the catalyst until the water content of the
effluent phenol contains less than about 4 weight

20 percent water; and
I —

A



Unwashed Resin Prewashed Resin 5 partially dried water content:

20. 6% 21.6% conductivity (mll[err] MHO)[err] 15.8
3.2 Color ' 0. 502 0. 04 10 Tar—actorferri—

2.79 0. 36 ppm ol i goner[err] gd
Footnotes: 1- Determ ned by adding sufficient deioni zelihl a
(wt/w) water/partially dried 15 catal yst slurry, l

mnutes in a glass bottle, foll owed by separation of th

solution and neasurenent of the conductivity @f the solution. 2- Det erm ned
by neasuring the absorbance of the 20 aqueous solution from (1 above)
followng a 20x dilution wth deionized water at 350NMin a lcmcell. 3-
Determ ned by eluting 50-60 nml of purified phenol through 6.45 g of

catal yst (dry basis) 25 condenging pbengdSans @cetigienddiola Feasitddon of the

ef fluent (0.5009 in2d J té"%é?dﬁef%%ﬂ@%ﬁkﬁrﬂ%ﬁ ’Fa’iﬁé It BP0
(absor bance at 350*50/ %r .0f sanple). 4- Determ ned %h‘?otentl onetric

titration of the 30%° Shenbﬁll'ﬁh%o?ﬂ?ﬁ‘%c%b?gl e dehydrabede) using
tetrabutyl ammoni umdauiipetle. This shows both resins worked well as
reaction catal ysts, exhibiting simlar activity and _

-

T



selectivity in reaction. Pre-washing of the 35 catalyst resin with water
hrel ped maintain a | ower acid oligoner ellution long after initiating the
bi sphenol -A reaction with the resin. Previous work has shown that these
acidic oligoners are detrinental to product quality when they reach 12
downst ream hi gh tenperature operations ijp<the manufacturing process. For
rconparison purposes, the above results are tabulated as follows: 5

: Unwashed Prewashed ppm 3- nercaptopropionic acid

2930 i ty 997 %Cﬁﬂfﬁ P&iﬁ% :)}N(fff&oqn Excmeg 0 %p’
2.1 1.23 (@ IZS % I THE CLA||VED|S 1.

An i nproved process or preparlng a hydrated, acidic ion-exchange resin
catalyst with low color and a low tar factor, for catalyzing the

condensation of a pmgyﬂrd@gIbgadgg(ﬁygcyyyugg conprises: washing the
catal yst; and then

In the preparation of bisphenol-A by
condensation of phencl with acetone in the presence
of an acidic ion-exchange resin catalyst,

5 pretreatment of the catalyst to render it free of
acidic o6ligomers which are detrimental to the
preperation of bisphenol-A entails washing the .
catalyst resin with deionized water until the
washings show a specific conductance of iless than

10 50 micromho/cm at 25C.



dehydrating the washed ion-exchange resin,

s : . : L ““l'eﬁgpﬂ!& ME.
conpri ses washing wi th deionized water untifl tg; &{ I Ngs exhlcbl t la
- specific conductance of |ess than about 50 %'-_:e{p.ﬁ g@f %ﬂ glg‘! tihe
- color of the resin is no nore than 0.04 and !t?@rétm o’fj“i's pg}%ﬁ han
0.4. 2. The process of claim1 whereil8 t he- ;S I_S* a‘?n df RAged at- o
- tenperature within the range of from about [er‘kt"‘]"ua to a‘d@@?“SG[@rWﬂg@“S
. The process of claim 1l wherein the ion-exchange resin is g I@I An
i nproved WHAECEBE €BAIMEReISpreparation piD Tg-pQEnBLCEI 1ch c.orrprl seq:
providing a hydrated acidic ion-exchange resin catalyst for catalyzrng The
condensati on of phenol w th acetone; washing the provjided re cat al yst;
14 vaporizing a portﬁBn HIPEPES W%ciﬁgffecp PHC1RS Wydf‘xaé'é tegral yst ;

separati ngaéyaiccwﬁteﬁf:hhhgev\@ée&nvaaeunyfstowuthe1©art &b)l&tr hﬁdr amwe 25 to

95 ' wh d d
catalyst | ESBOTRTRGt: LOR TR g T %?403#%%%“ Zwr ¢

phenol so askébonenowhlahdcbnpm‘abe\sat er fromthe
washing the catalyst; and then
dehydrating the washed ion-exchange resin,

wherein the improvement comprises washing with
deionized water until the water washings exhibit
a specific conductance of less than about 50
micromho/cm at 25°C

whereby the color of the resin is no more than
0.04 and the tar factor is no more than 0.4.

2.
carried out at a temperature within the range of from about
0°C. to about 80°C.

The process of claim 1 wherein the washing is

3.
regin is gelular.

The process of claim 1 wherein the ion-exchange

4. An
‘bisphenol-A which comprises:

improved process for the preparation of

providing a hydrated acidic iori-exchange resin
catalyst for catalyzing the condensation of phenol

with acetone;

washing the prov1ded resin catalyst;
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catalyst until the water content of the effluent phenol contains |ess than

about 4 wei ght percent water; and condensi ng phenol and acetone in a

- reaction zone at a tenperature within the range of from40 to 95[err], in
the presence of the dehydrated catal yst wherein the inprovenent conprises

washing with deionized water until thel4ater washings exhibit a specific

. conduct ance of |ess than about 50 m cromho/cm at 25[err] whereby the ppm of

. oligonmers is reduced by about 40% 5. The process of Clainms 1, 2 or 4

' wherein the speci fi ¥apo¥dgdng ge Portiess afhsihemarer 2a8QGidhas ot

The process of O ai ghed nYdFaredRidLydte; Washing is carried out at a
tenperature within the range of about O[err] to about 80[err].

separating sufficient of the water vapour from the
catalyst to remove 25 to 95 percent by weight of
said ‘water, whereby a partially dehydrated
catalyst is obtained;

contacting the partially dehydrated catalyst with
phenol so as to remove additional water from the
catalyst until the water content of the effluent
phenol contains less than about 4 weight percent
water; and

condensing phenol and acetone in a reaction zone
at a temperature within the range of from 40 to

95°C, in the presence of the dehydrated catalyst

'wherein"thé improvement comprisés: washing with
deionizéa:water until the water washings - exhibit
a spécific conductance of. less than about 50
micromho/c’ at 25°C

whereby the ppm of oligomers is reduced by about
40%.

5. The process of Claims 1, -2 or 4 wherein the
gspecific conductance is less than about 15 micromho/cm.

6. The process of Claims 4 and 5 wherein the washing
is carried out at a temperature within the range of about
0°C to about 80°C.
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