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1 DEHYDRATI ON OF | ON- EXCHANGE RESI N 16(0Kq (-
GATALYZED REACTI ONS

¢ BACKGROUND OF THE | NVENT!t®E 5
Field of the Invention The invention relates to processes and
apparatus for condensation of a bisphenol with a _ ketone, in the
presence of acidic ion-exchange resins as catal ysts. 10 Brief
Description of Related Art - The preparation of bisphenols by

t he condensati on of nonocyclic phenols with a ketone in

the presence of an acid catalyst is a w dely known procedure; see
for exanple the description in US. 15 Patent 2,858,342, As

recogni zed in this early patent, the condensation reaction forns
one nol e of wat er co-product for each nole of reactants

condensed. The presence of t PEXYXDRASIION QF FANTEXCHANGE RE8INng subsequent
reacti on of the phenols wth CATALYZED REACTION8: o | guer the reflux -

t enper at ures of the realiddRdOND qj.-rg’gmibu, in the U S
5 Field of the Invention
The invenfion relates to processes and
apparatus for condensation of a bisphenol with a
ketone, in the presence of acidic ion-exchange

resins as catalysts.
10 Brief Degscription of Related Art
The preparation- of bisphenols by the
condensation of monocyclic. phenols with a ketone in
the presence of an acid catalyst is a widely known
procedure; see for example the description in U.S.

15 Patent 2,858,342. As recognized in this early
patent, the condensation reaction forms one mole of
water co-product for each mole of reactants
condensed. The presence of this water co-product
during subsequent reaction of the phenols with the

20 ketones, acts to lower the reflux temperatures of
the reaction mixture. Consequently, in the U.S.
Patent 2,858,342 it is suggested that the water of
condensation be removed during the reaction by
distillation into a Dean-Stark trap.

25 Later processes employ as the condensation
catalyst acidic ion-exchange resins; see for -example
the descriptions found in U.S. Patents 3,634,341 and
3,760,006. These descriptions point out that water
content of the resin catalyst is an impo;tant

30 process variable. Catalyst efficiency is impaired
if the water content of the reaction mixture is more
than about 2-3 weight percent, especially in a fixed
bed reactor. 1In tﬁe_U.S. Patent 5,634,34l it is
said that the resin catalyst should be dried, if



Patent 2,858,342 it is suggested that the water of condensati on be

renmoved during the reaction by distillation into a Dean-Stark
trap. 25 Lat er processes enpl oy as the condensation

catal yst acidic ion-exchange resins; see for exanple t he
descriptions found in U S Patents 3,634,341 and 3, 760, 006. These
descriptions point out that water : content of the resin catalyst is
an i nport ant 30 process variable. Catalyst efficiency is inpaired

if the water content of the reaction mxturejs nore t han about
2-3 wei ght percent, especially in a fixed bed reactor. 1In the
U.S Patent 3,634, jbddsdry Sy pAdindarRpdods! phufibl stRbdghetdel ed,

i f necessary, - %y passi ng
anhydrous phenol tResu@f t1RSin. ped of resin. A catalyst utilized

in the ﬁommi‘rgl al procegsesatalys® @tﬁﬁfﬁé’drﬁilﬁuéaéoﬁihegelxallapro&ésdes
| on-exchange resllsn aSrc(laaeczf-o)-tréat)fi'i n\Har or ge?ulapiqt eQE;_éj_ glbgﬂgxchange
5 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 in the U.S. Patent 3,037,052 (Bortnick).

10 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

15 (sulfocationites) contains up to 40 to 85 percent by
weight of water and are generally made available by
the manufacturer in this hydrated state. The
presence of the water will inhibit the desired
catalyst activity in condensing phenols with )

20 ketones, because the water will bind to the sulfonlc
acid groups in competition with reactant. For this
reason, Bortnick (U.S. Patent 3,037,052) teaches one
to dehydrate the catalyst prior to use. As a method
of dehydration, Bortnick suggests "drying at 105°cC.

25 to about 125°C. at a pressure of 5 to 10 mm" or by
azeotropic distillation with an organic liquid
(column 4, lines 54-64).

Kwantes et al., in U.S. Patent 4,191,843
describing in particular the preparation of

30 bisphenols, states that "the reactor may be filled
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,
"35',”l;nes 5l-55,, Details of the drylng procedure are

*



(Kwantes et al). These catal ysts are the product of nonoet hyl eni cal | y
insat ur at ed nononers -copol yneri zed wi th pol yvi nyl i dene nonomers, as
descri bed for exanple in the U S. Patent 3,037,052 (Bortnick). 10
Preferred macro-reticular resins are sulfonated to position sul fonic
acid groups, pendant fromthe aromati c nucl eus of the vinylidene

noi ety; see the U S. Patent 3,037, 052. The above-descri bed
acid catal yst 15 (sul focationites) contains up to 40 to 85 percent by

wei ght of water and are generally made avail abl e by the manufacturer in
this hydrated state. The presence of the water will inhibit the desired

catalyst activity harcadensAad i 2k atBiPasat berEUSEa LS, Vat er
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will bind to the su S I n conp etltlon w th reactant.
For this = r easéharBGFlt Fesd n( GSS"qTaﬁlékﬂd'B' BEe 0’5‘2? PReeResEXgmPle (o
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. may b& e aC|d on exchanger y any known
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dry ion exchanger, gggg sfur Ofy it
exchanger in the réﬁc%ﬁ?‘%ﬁgee colum’ 2 9§?ni§ éffeCted By Pgsgga? he

dryi ng procedure aphenol over the catalyst in the absence of acetone,

: 10 to absorb and/or displace the water associated with
the acid ion-exchange resin. Water that is absorbed
or displaced by the pﬁenol is removed from the resin
bed as an effluent_stream. The water is ultimately
removed from the phenol effluent by employing

15 conventional separation techniques such as
distillation and extraction.

The aforementioned dehydration procedure is
time consuming, often requiring several weeks and
results in substantial reactor down time. Where a

20 plant utilizes large amounts of catalyst resin,
resin addition and drying can take several months.
Furthermore, cycles ef resin addition and
dehydration are known to stress and damage macro-
reticular or gelular resin beads. This

25 deleteriously affects reaction mixture flow in the
reactor and pressurée drop across the bed.

One solution considered for the problems
'associated with the commercially practiced procedure
of drying the acidic ion-exchange resin is to follow

30 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 N
~ disadvantages. For example, if the resin is not o
35 rapidly drled under elevated temperature conditions____:l



3 ‘ not el abor at ed upon beyond stating that the reactor char ged
rresin is "drai ned"; see the patent. Exanple 1. In the
comercial ly practiced processes for 5 preparing bisphenol-A acid

i on-exchange resins are dried in the plant reactor (usually. a colum
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, 10 to absorb and/or. di spl ace the water associated with
the acid ion-exchange resin. Water that is alsorbed or displaced by the
phenol is renpved fromthe resin bed as an effluent .stream The water
is ultimtely reIeRd 1fsote hhe phapdl efd la@.ntnéy @é@é@&éd\g(ﬁﬁyslk
conventional separation techni gues such as

extraction. ChethéFgﬁagiﬁiﬁl(ﬁ%ﬁi%ﬁﬁw%ﬂ%ﬁéb% EP%Eeﬁ%? ?ger is {inme

consum ng, often ragdrdgeh smmaai tieaitsreddsul foniesatid grospdsanat i al

react or
resin,

down tine. \Wer
cannho

ot HEGeivil dlldn ' GSTer A ST AICEPyEng! catalyst

5 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 is

critical to an economic process.

The present invention provides apparatus and a

method of drying and removing water of condensation

during the course of the condensation reaction for
maximum efficiency and long (extended) catalyst

SUMMARY OF THE INVENTION
The invention comprises a process for th

condensation of a monocyclic phenol with a ke rne,

which comprises;

reacting a phenol with a ketone in the pre.ence
catalytic proportion of an acidic ion-exchange

resin, in a reaction zone, whereby a mole of water
of condensation is obtained as a co-product of the
condensation for each mole of reacted ketone; and

continuously removing the water of condensation

10

life.
15
20, of a
25 from

the reaction zone by entrainment in a drying

gas passed through the reaction zone.
Brief Description of the Drawing

The accompanying'drawing is a side view of

apparatus, in cross-section, for carrying out the
30 method and process of the 1nvention.

DETAILED DESCRIPTION OF THE PREFERRED
EHBODIMBNTS OF THE INVENTION

Processes for the synthesis of bisphenols by

the condensation of a ketone w1th a stoichiometric
35 éxcéssVOf a phenol compound, are Qenétallyfwél;



resih addition and drying can take several nonths. Furthernore, cycles
of resin addition and dehydration are known to stress and danmage

macr o- reticular or gelular resin beads. This 25 deleteriously
affects reaction mxture flow.in the reactor and pressure drop across
t he bed. One sol ution considered for the problens associ at ed
with the coomercially practiced procedure of drying the acidic

i on-exchange resin is to follow 30 the teachings of the aforementioned
U. S. Patent 3,037,052 and pre-dry the rg5|n to an anhydrous state
before it is charged to the colum reactor. However, this procedure

al so has certain knngLség ?B@ggiamgﬁgr %éa@@é%rﬂﬂfféﬁérﬁ?ﬁéh'fhrEﬁe35

rapidly dried under vat e erature conditions
(circa 150[err]C.)U- %unBéFeéf:SaP 6R4s 3|4ér50r3t:é"&0(:ﬁ%| K4 ,045,3Them

(Frankfurt) 59, 22p, 18968h5;t Babolheguat @r, 34%,247; W ERPeRdonded to three
sulfonic acid grouEs4°°d555’ 4,424,283; 4,584,416; and 5,075,511, all
’ [4 ’ ’ ’ [ 4 ’ ’ 14 7
5 of which are incorporated herein by reference
thereto. The processes may be carried out |
continuously or in batch procedures.
In general, the processes may be carried out by
bringing the ketone and a stoichiometric excess of

1o the phenol together in a reaction zone, at a
temperature of from about 40°C. to 95°C. in the
presence of a cationic exchange resin under ambient
atmospheric conditions. In some processes, higher
than atmospheric pressures may be employed,

15 generally within the range of 1-10'atmospheres The
bisphenol product can then be separated from t -2
reaction mixture.by conventional procedures wel.
known in the art, including by distillation,
crystallization and like methods.

20 In the commercial process the cationic exchange
resin catalyst generally employed is a sulfonated
aromatic resin, optionally modified to have
mercaptan groups covalently or ionically bound to
the resin as promoter sites. Representative of such

25 cationic exchange resins are those described in the
U.S. Patents 3,760,006; 3,634,341: 4,045,379;
4,294,995; 4,346,247; and 4,820,740, all of which
are incorporated herein by reference thereto.

In general, the resins employed are chemically

30 modified sulfonated aromatic resins. The resins are
hydrocarbon polymers having a plurality of pendant
sulfonic acid groups. Examples include sulfonated .
polystyrene or poly(styrenedivinyl-benzene)

. "copolymer and sulfonated phenolformaldehyde resins. o

35 - The sulfonated resxns are commercially . avallable 1n



cannot be renoved even under severe drying 5 conditions. However, if
drying is carried out at too rapid a rate, the resin beads may be

subj ect ed to abrasion and damage with a resultant |oss of operating
life. Clearly, the rate of drying is critical to an econom c process.
10 The present invention provides apparatus and a met hod of
dryi ng and renovi ng wat er of condensati on during the caurse of the
condensati on reaction for maxi nrum ef fi ci ency and | ong (extended)

cat al yst life. 15 SUMMVARY OF THE | NVENTI ON

The invention conprises a process for th condensati on of a nonocyclic

phenol with a ke neater swolileh €BfA h&emicro-recticulEC any) mdpnol Wi th
a ketone in the pre a catglé 3 roportlon of an acidic

0 f
i on- exchange %gpﬁcu Ara VB&?tlo i Swittakker
of condensati on isrebunsnadeaﬁmhetmipeodncuzom tmmberlysxondﬂnsatlon for

each nol e of react an cont | the \Wat er
of condensati on 25ﬁﬂbé§%§$?hglf Boﬁfgnsgoﬁé4byQ%ﬁ¥#§|nﬁ%ﬂanﬂ) qgr
gas passed thr®ugh26hePermptitnQHonfhempro Bkﬂehn@bﬁmaan&Hrﬁﬁ the EXamAng

The acconpanyi ng dygih8g1iged ﬁhﬂ@r!ggw Obhowex, riatd!S . pd t,
cross-section, for _carryin out nmet hod "an Focess o

i nventi on. Ch emPBETAPEEﬁmBESeRFP‘FF@USGerH‘E‘glﬁémearks)
EVMBODI MENTS OF THEFuMWYERF| Gamples of siichC a3 exctarders )4l hasis £

bi sphenol s by tg gon%ensatlon qQf a kc%gne V\nthh stoi chionetric 35
excess of a phenol *¢ ﬁﬁ 8n °raP§e§@ﬁéP%I§V |4jon exchangers are

10 described in the Encyclopedia of 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 rénge of from 3.0 to 5.5 meq. HY/g

15 (dry resin) particularly preferred. Sulfonation
may be by the process described in U.S. Patent

2,366,007 which is incorporated herein by reference
thereto.
One preferred catalyst used in the process of

20 the present invention is the Amberlyst ® gelular
types, which are styrene cross-linked with
divinylbenzene or like cross-linking monomer and
having pendant sulfonic acid groups attached to the
aromatic nucleus of the styrene moiety. Most

25 preferred are modified acid ion-exchange resins,
wherein the modification comprises esterifying the
resin with a mercapto alcohol or by partially
neutralizing the resin with an alkyl mercaptoamine.
As an alternative to such modification, the

30 bisphenol preparation with the ion-exchange resin
may be -carried out in the presence of sulfur
compound promoters such as alkyl mercaptans, .
especially 3—mercaptoproplon1c acid; see for example
-U.S. .Patent 4,191,843 1ncorporated herein by

_ ;5;j:reference thereto.



5 + known; see for exanple the descriptions given in the u. S
Patents 3,634, 341; 3,760, 006; 4,045, 379; 4,107, 218; 4,294, 995;

4,346, 247; 4, 396, 728; 4,400, 555; 4, 424,283; 4,584,416; and 5,075, 511,
all 5 of which are i ncorporated herein by reference thereto. The
processes may be carried out continuously or in bagch procedures.

In general, the processes nmay be carried out by bringing the ketone and
a stoichionetric excess of 10 the phenol together in a reaction zone, at a
tenperature of fromabout 40[err]C to 95[err{C. in the presence of a
cationi c exchange resin under anbient at nospheric conditions. In sone

processes, higher t @k i@ | £5 PERS POy e HﬁyabﬁrégBE-E)[%ﬂ 15
generally within the range of 1-10 atnospheres henol product

can then be separ atdf 95O e HePr ca?%%ﬁﬁ}%HCQ?Q?UFétb9nceﬁv§ £i Bhenol
procedures wel - wikitpWhe kdtenél t , Th ngéneran, by daghllkati proportion

is achieved by passage of the mixed reactants
5 through a bed 6f the resin under conditions for
condensation.

The process of the invention is advantageously
carried out in the synthesis of a wide variety of
bisphenols such as 1-phenyl-1l,1-bis(4-hydroxy-

10 phenyl) ethane; l-methyl-1l,1l-bis(4-hydroarylphenyl)
ethane and the like. It is a preferred improvement
in the synfhesis of 2,2-bis-(4-hydroxyphenyl)
propane (bisphenol-a).

The commercial preparation of bisphenol-A may

15 be carried out in a number of ways. The reaction
zone may comprise a single reactor or two or more
reactors in series or in parallel. 1In the case of a
multi-reactor reaction zone, suitahly all of the
phenol reactant is fed to the first reactor and the

20 acetone reactant 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 acetone is at
least 2 to 1 with a stoichiometric excess of bhenol

25 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
and desired conversion.

30 , 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._

. The reaction time in the reactor zone may also '
"55 : vary and depends on reactlon temperature and the o



~crystqallization and |ike nethods. 20 ~ In the comercial process the
cati oni ¢ exchange resin catal yst generally enployed is a sul fonated
aromatic resin, optionally nodified to have mer capt an groups
covalently or ionically bound to the resin as pronoter sites.
Representative of such 25 cationic exchange resins are those described in
t he U S. Patents 3,760, 006; 3,634,341; 4,045, 379;. 4,294, 995;

4, 346, 247; and 4, 820, 740, all of which are incorporated herei.n by
reference thereto. In general, thegresins enployed are chemcally
30 nodified sul fonated aromatic resins. The resins are hydr ocar bon

pol yners having a pipeabift yeadlctRaNdantFor exanpifeOniih acidbr iHisus Exanpl es

i ncl ude sul fonat ed 0 tyrene qr poly(styrenedivinyl-benzene)

copol yner and sul fSﬁSFed%b’Li’é‘jr& f&'rel‘?éﬁ%t?éfﬁy %é&% St‘fuxyﬂﬁpas‘iﬁfonat ed

resins are conmer cwvellbgiayai(l$ iof the feed may vary between wide

6 water swol | §3,5QLMANTVENISI SIS W el LdIREd %S¢ from 0.2 to

5 40 liters feedstream/liter catalyst™1l/hour~l.
The partially dehydrated catalyst may be
charged to an appropriate reactor, for example a
fixed bed column reactor and saturated with
anhydrous phenol to complete dehydration.

10 Alternatively, the wet ion exchange resin may be
charged to the reaction zone and subjected to
partial drying as described above in-situ, before
saturation with phenol. The phenol addition may be
carried out in the reactor or in a different vessel

15 and then transferred to the reactor or reaction
zone. The catalyst is further dried by the addition
of phencl to the desired level of water content in
the catalyst. This level of water will affect the
rate of reaction between the phenol and acetone.

20 Essentially about 4 weight percent water in the
phencl effluent would bring about a marginally
acceptable reaction rate while a level of about 2
weight percent in the effluent or less is preferred.

A level of less than about 1 weight percent is most

'25 preferred. The reaction zone is then ready to
receive acetone and a molar excess of phenol for
condensation following known procedures.

The improved process of the invention will now
be described in detail with reference to the

30 accompanying drawing of embodiment appara?us for
carrying out the process. As shown in cross-
section, a column reactor vessél 12 supports an ion-
exchange resin bed 14 on a layer 16 of sand and a
layer 18 of glass beads. The vessel 12 is jacketed

35  and warmed by a fluid medium bi:culatgq"ph:qugh“the



recti-cul ar types. Speqific exanples of suitable resins are Anberlite

I'R-120H, Anberl|yst 15H, Anmberlyst 31, Dowex 50-X-4, Dowex.MSC 1H,
Duolite G 5 26, Permutit QH, Chenpro C-2 and |Inac C8P/H (Amberlite,
‘Anber | yst, Dowex, Duolite, Pernutit, Chenpro and I mac are registered
U.S. Tradenarks). Furt her exanples of such ion exchangers as well as
nmet hods for preparing such ion exchangers are 10 described in the

Encycl opedi a of Pol yner Science and Technol ogy,. 1967, vol. 7, pages 695
to 708. The exchange capacity of the acidic resinis preferably at
| east 2.0 nmeq. Herr]/g of dry resin, with ef%hange capacities in the

range of from3.0 %éié}'ﬁ%}weéﬂglﬂfEt é@r %édgﬁ@ifﬁgéglcuhf%gx preferred.

Sul f onat i on € process descri
2,366, 007 whi ch |snemm%tm¢xerm¢1 vBssel ck2ntkrought fieedt dnlet 24

One preferred catalaysf dised §1éfﬁbfifmtﬁfbﬁéhZQhetE§t919§€”Bea”XQ”t'0” i's

t he Amberlyst [err] gelul ar ypes, wnich”are stgrene cross-linked with
di vi nyl benzene orIWH&FQH%E%@IFQﬂGF&PﬁwﬁRm%rf%ﬁdc°n epginggthendant

sul fonic acid g OUFi:Feafﬁﬂa%ﬂ{Ed tthé Neroducer®iE@phénducaedsnsl £BA thyr ene
noiety. Most 25 preferred re nDd fied acid o? exc nge res;rﬁ
wherein the nodi fi &&5%h e%?e??T??ﬁé hem erggFﬁe i 4R a

ner capt o al cohol omﬂnouyﬂtooﬂdwit 26 neoit raveatuglt becoeery Byth an al ky
Ter captoan ne. o COPRELORAI LSS 0 SHCUnERE! LA bRy BB°piRrogen

bi sphenol prepar at i on I'On-"exchange™r €s carri
in the presence of iulingerted inwpotine ﬁesﬁgleia §ncnuab anlet 28r @@t ans,

especial Iy 3- gy capi Q¥ PPLQFeE €51 theSPEsiAbEX2MR! 8hrough sparger 30.
Bubbles of the drying gas, released from sparger 30
rises and passes through the resin bed 14, counter-
current to the reactants and product, continuously

. entraining and desorbing the co-product water of

15 condensation from the resin bed 14. The gas, with
entrained water of condensation is vented from
vessel 12 through vent 34 and recycled for re-use by
separating the entrained water. The result is the
maintenance of a near anhydrous reaction zone

20 environment.

A further benefit results from the counter-
current passage of the drying gas through the resin
bed, which seems to "agitate" the reaction mixture,
improving acetone conversion rates.

25 The following example describes the manner and
process of making and using the invention and sets
forth the best mode contemplated by the inventors
for carrying out the invention, but should not be
construed as llmltlng.

30 EXAMPLE 1

A tubular reactor similar to that shown in the
accompanying drawing with a feed inlet and a product
outlet was maintained at a temperature of about 65°
C. The reactor was charged with a sulfonated

35' 'polystyrene polymer catalyst prepared in accordance



U.S. *Pat ent 4,191, 843 incorporated herein by 35 reference thereto.

7 The catal yst is enployed in a proportion effective for
cat.al yti c condensation of the phenol with the ketone. In general, a
catal ytic proportion i s achi eved by passage of the m xed reactants 5
through a bed of the resin under conditions for condensat i on.

The process of the invention is advantageously carried out in the
synthesis of a wide variety of bi sphenol s such as

1- phenyl - 1, 1- bi s(4- hydroxy- 10 phenyl) ethane;

1-net hyl -1, 1- bi s(4- hydroaryl phenyl) ethiane and the like. It is a

preferred inprove - i ni.hesi 2+0).S-G4- hydr. enyl )

pr opane (bisphenoﬁ$£$b the pPOEES?ﬁé é%%%%??géléﬂrgﬁgiﬁ?ébﬁ gypé%gghenol-A

may 15 be carri edioSit Patenhudbap6o728apnd haNdngeappirgximatelyo®dimy

conprise a single LeAGRAE 80L1FV¥RY?" s¥QPE$1 groups and 20% of chemically
combined N-propylaminopropyl-mercaptan groups of

5 formula: -

—— CH -~ CH,

10

15 —

catalyst and fed a reaction mixture of phenol and
acetone (6% by weight acetone in pure phenocl). At a
weighted hour space velocity (WHSV) of 0.5 grams of.

20 feed per gram of dfy catalyst per hour. During the
reaction period, dry nitrogen gas was passed through
the catalyst resin bed at a rate of about )
2 cc/min./gm. dry catalyét to 20 cc/min./gm. dry
catalyst. The gas'was vented from the reaction

25 vessel, with entrained water of the condensation
reaction in admixture with some phenol and some
acetone. The product bisphenol-A was collected
over a period of time, with periodic analysis to
determine the percentage of conversion and

30 selectivity effected by the catalyst. The
analytical results and time of collection is set
forth in Table 1, below.



react'ors in series or in parallel. In the case of a mul ti-reactor

reaction zone, suitably all of the -phenol reactant is fed to the first
reactor and the 20 acetone reactant is either fed all to the first
reactor or. divided between the first and second and possi bly further
reactors. ' The nolar ratio of phenol to acetone is at | east 2
to 1 with a stoichionetric excess of phenol 25 being preferred. Molar
ratios are preferably from 3:1to 40:1, with nolar ratios of from10:1
to 30:1 bei ng nost preferred. The optinmumrati o depends on
reaction conditions, e.g., tenpefature of reaction and desired
conversion. 30 The reaction tenperature in the reactor zone may
vary from40[err]C to 95[err]C. with reaction tenperatures in the
range of from55[err]C. to 90[err]C. bei ng preferred. The
reaction tinme in the rgeetes ; =#ary and depends on reaction
tenperature and the i o sl gl 8
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type of reactor. For exanple, in a continuous feed, tubular reactor,
the liquid hour space velocity (LHSV) of the feed may vary between w de
limts with velocities in the range of from0.2 to 5 40 liters

feedstream liter catalyst[err]/hour[err]. The partially
dehydrat ed catal yst nmay be charged to an appropriate reactor, for
exanpl e a fi xed bed column reactor and saturated with anhydr ous
phenol to conpl ete dehydration. 10 Alternatively, the .wet ion exchange
resin may be charged to the reaction zgge and subjected to

partial drying as described above in-situ, Défore saturation mnth

phenol . The phenol adﬂ{éia&{\ra@é’a of tr‘?@r{dﬁ%@éﬁ r'né’xfﬁgg LEachQr

a different vessel and t hen transferr rea%tl on
zoné. The catal ystlr}v§r¥tt}rqrhe‘rn%]r‘+%l e tfrl kWi rg on The r@dupheuol ofo the

desired level of waeelc@¥diict Wwater éé\el@aiélﬁﬁédugéasabsmé of water
will affect the of I’%éctl bet ween_ t he phenol and acetone. 20
Essential |y about ft\ﬂsﬁa%f?ﬁ ¥i- |Ei‘1c"'th%1ty PReR®| 18f®1 uent woul d

bring about aSmar g:lcmsldquent immespdienversionnrieé £ #hdl €agalpyel of
about 2 wei ght;y erc ..k ﬂn oveec{fl Jent or Iegs%éss referred. A
| evel of less thana out per Cent' 15 ndtte $efefPed.  The

reaction zone is tARSPURERY CIQPler reagvior tenperstanesa wbiah excess of

phenol for ciginald ok fé}lﬂﬂ)’!t{}g k%@réﬁggﬁgstob%% iﬁp }I]g-ge Wi th

i nproved process of the I nvention w scr
reference to the FPloLddbhih\Bifphaned RFeduekhbodieret impparantudyf or
carrying out iohe O perRerBNBhVer£IGNSSof the acetone occurred at

a throughput equal to 4 times that used in standard
preparations. |

The improved process of the invention has a
potential promise of commissioning of new catalyst

15 could be done faster and with much less energv

EXAMPLE 2 .

The general procedure of Example 1, supra., is
repeated except that the reaction temperature is
80°C. The test results are shown in Table 2, below,



: : 1
section, a colum reactor vessel 12 supports an ion- exchange resin’

bed 14 on a layer 16 of sand and a | ayer 18 of gl ass beads. -The
vessel 12 is jacketed 35 and warmed by a fluid mediumcircul ated through
t he . ' 9 j acket between inl et
20 and outlet 22. M xed reactants enter the vessel 12 through feed
inlet 24 and pass by gravity through the catal yst bed 14, which is
a reaction zone for condensing the 5 reactants. The product bisphenol
drains fromthe resin bed 14 and is carried fromthe vessel 12
t hrough conduit 26 for eventual recovery by conventional neans. An
I nert gas, such as nitrogen Is 1pserted into the vessel 12 through
inlet 28 and 10 distributed to the resin bed 14 through sparger 30.
Bubbl es of the drying gas, released from sparger 30 ri ses and passes
t hrough the resin bed 14, counter- current to the reactants and
product, continuously 231 A L} = g the co-product water of
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15 ‘condensation fromthe resin bed 14. The gas, with ent r ai ned

wat er of condensation is vented from vessel 12 through vent 34 and
recycled for re-use hy_ separating the entrained water. The result is

t he nalntenan nh drous reaction zone 20 envi ronment .

A further benefit lﬂ"ug ﬁ tcpunter- current passage of the
dryi ng gas throug ed, which seens to "agitate" the
reacti on m xture, |nprOV|ng acetone conygrsion rates. 25 The
foll ow ng exanpl e descri bes the nmanner and process of making and using

the invention and SEEAT IS8 cfAIMEDt lig:best nDde contenplated by the

I nventors for carr |ng | ven t s uId n
construed as |imting. ﬁxﬁkﬁ%ﬁsf 26¥" thd"co %Fﬁﬁa 3%Fbr simlar to
t hat shown in the monoaycbmpapyengldwamhng Watbn@,famdchﬂcumpmmtes,product

outl et was maintai ned a}egcggf{?eﬁakﬂgﬂggf wap_g]uta St in the ‘pret% %8

reactor was charged with ona ystyrene 3 yner “ca
prepared in accordaffea catalytic proportlon of an acidic ion-exchange

5 resin, in a reaction zone, whereby a mole of water
* of condensation is obtained as a co-product of the
condensation for each mole of reacted ketone; and
continuously removing the water of condensation
from the reaction zone by entrainment in a drying
10 gas passed through the reaction zone.
2. A process of claim 1 wherein the phenol is
phenol and the ketone is acetone.
3. A process of claim 1 wherein the drying gas
is nitrogen. _
. 4. A process of claim 1 wherein the reaction
zone comprises a bed of the resin contained in a
reactor.
S. 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; ,
vaporizing a portion of the water associated
with the hydrated catalyst;
separating sufficient of the water vapor from
the catalyst to remove from about 25 to 80 percent
10 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
"~ 15 effluent phenol contains less than about 4 weight
_percent water; '

- This. Sheet Has Been Repl

I




10 *» wth the procedure described in Exanple 1 of the U S. Patent

4,396, 728 and havi ng approxi mately 80% pendant sul fonyl styryl groups
and 20% of chemically conmbi ned N- propyl am nopropyl - mer capt an groups of
5 formula:- [err] catal yst. and fed a reaction m xture of

i gt ed hour sﬁéﬁlmﬂllﬂ_ﬂqﬂﬂJllgﬁﬂlf o 0. o ar ans of 20" T eed per gram of

dry catal yst per hodr. ¢ Dhrithg t he ! reactjspn period, dry nitrogen gas
was passed through the catal yst resin bed at a rate of about 2
cc/mn./gm dry catal ysdoriden¥imf/phéndrandracetonéainl yié. pregepee was

Condensation | AEadHe R ERRTSS FAtRITRE s HBERRET oPLaRhebgTzA is
acetone. The produfisirnsd phidiiol wattemsof cthectendensation; and
20 passing a drying gas through the dehydrated
catalyst to entrain and remove the water of
. condensation as it is produced.

6. The process of claim 5 wherein the dfying
gas is nitrogen.

7. The process of claim 6 wherein the nitrogen
gas is passed counter-current to the flow of
reactants at a rate of from 2 cc to 20 cc/min./gn.
dry catalyst.

8. The process of claim 7 carried out at a
temperature of from 40°C. to 95°C.

This Sheet Has Been Replac

M.




over "a period of tinme, with periodic analysis to determ ne the

percent age of conversion and 30

anal yti cal
bel ow.

results and tine of collection is set

10

16

DEHYDRATION OF ION-EXCHANGE RESIN CATALYZED

‘REACTIONS

ABSTRACT OF THE DIBCﬁOSURB

The preparation of bisphenols by condensation
of a phenol compound with a ketone is improved by
employing an ion-exchange resin as the acid
catalyst, and removing the co-product water of
condensation as it forms in the catalyst resin bed
by counter-current passage of a drying gas to
remove the water. The improvement results in
better ketone conversion rates and catalyst life.
The products have improved color. '

Figure 1

selectivity effected by the catal yst.
forth in Table 1,

The



12 The

[errT

advant ages of the inproved nmethod of the I nvention include the
foll owi ng. The reduction of the co-product water as it is produced
avoi ds retardation of catalyst activity. thereis a 5 consequent

| nproved conversion rate, and catal yst - life. the inproved conversion
rates seemto acconpany cool er reaction tenperatures, which

enhances selectivity. There appears to be inproved color in the

bi sphenol product. Mre inportantly 10 79- 80 percent conversion of the
acetone occurred at a throughput equal to 4 tines that used in

st andard pr epar ati ons. ' The i nproved process of the invention
has a 1/1 '
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Figure 1
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potghifal prom se of comm ssioning of new catal yst 15 coul d be done pas

faster and with nuch | ess energy EXAVPLE 2 The generalw
B i AR R A A I 7 e
bel ow. '
[ R
| 14 . | |

WHAT IS CLAIMED 1S , _
1. A process for the condensation of a monocyclic phenol

with a ketone comprising reacting a phenol with a ketone in
the presence of a catalytic proportion of an acidic ion-
exchange resin, in a resin bed supported by a layer of sand
and a layer of glass beads, to form a reaction mixture in
a reaction zone, whereby a mole of water of condensatlon is
obtained as a co-product of the condensation for each

mole of reacted ketone, and

wherein the improvement comprises continuously
removing the water of condensation from the reaction zone
by entrainment in a drying gas passed through the reaction
zone countercurrent to the phenol and the ketone, venting
the gas, separating the entrained water from the drying gas
and recycling the drying gas for re-use whereby the drying
gas agitates the reaction mixture, maintains a near
anhydrous reaction zone environment and improves acetone

conversion rates.

2. A process of claim 1 wherein the phenol is phenol and

the ketone is acetone.

3. A process of claim 1 wherein the drying gas is
nitrogen.
4. A process of claim 1 wherein the reaction zone

comprises a bed of the resin contained in a reactor.

5. An improved process for the preparation of bisphenol-A
comprising _

providing a hydrated acidic ion-exchange resin

catalyst, in a resin bed supported by a layer of sand and

a layexr of glass beads, for catalyzing the condensation of

phenol with acetone;
vaporizing a portion of the water associated with the

hydrated catalyst;
- This Sheet Has Been Replac

I I




14 WHAT IS ' . A process for the conden aﬁiE%LhA%T""'“é“i HEET
monocyclic ph Em/ﬁm“m“mn”“ tone conprising reacting a phenol wth a

ket.one in ° thecpresemces of* a pa%%ll ytic proportion of an {ci di £ 2 &L 1597
exchange resin, in a single resin d supported by a |ayer i of sand and
a layer of gl aespapesdyg tsufbicienteadt i the watext wapom fijomacthen zone,

wher eby @opDGse! ¥ALBRoOL £romCABYSESTS QY 6 el Yl v

co- produc condensation for eac etohe, and
wherei n sakd wakelweiberelyondr ippad-iaddnt | dgbydrpted catelyvay tie water
of condegggahifpRgf,romthe reaction zone by entrainnent in a drying gas
passed through the reaction zope_countercurrent to the phenol and the

ket one, venti Rgntactipg gthe paxtizrlly idrhvdratedefakakyst r oitlhe drying
gas PRENGRC YOG ity Hd1erdhion e addit { Oial ewdEer MiebRDY Heh &atiai yig gas

agitates the.regction,_m xture, I nfajps a near nhydrous reaction zone
envi ronn’éﬂ{glén %ferrp‘f%‘:lﬁg 58@?&5’? St ggﬁv&%ﬁd’r?l}%tggenggz.contaln% process
of cl ai nlésshehannabbatpdenelight peatentandgter; tdhd ketone is acetone. 3.
A process of Sbﬁagh%iﬂ&%ﬁéﬂo&hsnﬁré{éé‘goﬂésm '& reactni[ér{ ?t&exq-;ure. in

the presence of the dehydrated catalyst, whereby biéphenol— .

A is formed with water of the condensation; and

wherein the improvement comprises passing a drying gas
through the dehydrated catalyst countercurrent to ‘the
phenol and acetone to entrain and remove the water c:>f
condensation as it is produced, venting the gas with the
entrained water through a vent, separating the entrained
water from the gas and recycling the gas for re-use whereby

the drying gas agitates the reaction mixture, maintains a -
near anhydrous reaction zone environment and improves acetone

conversion rate.

6. The process of claim 5 wherein the drying gas is
nitrogen.
7. - The process of claim 6 wherein the nitrogen gas is

passed counter-current to the flow of reactants at a rate
of from 2 cc to 20 cc/min./gm. dry catalyst.
y
8. The process of claim 7 carried out at a temperature of
from 400C. to 950¢C.
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4. . A process of claim 1 wherein the reaction zone r| ses

a bed ‘of the resin contained |n a reactor 5. An i roved pr

for the prepar conprising - p ,a

hydr ated aci resi n catal yst, in a singlie r%{els[m SHEET

supported bJﬂ“l’#ﬂmmnmlﬂlﬂi,sand and a | ayer of glass beadg$, [for cat aI yzin
condénsatibn © W th acgé#one; vaporizidh%a&ﬁﬁrﬁﬂ%n?

of the wat er associ at ed mnth t he hydr at ed cat al yst; '

separating sufficient of the water vapor fromthe catalyst to renmove

from ab(@&ﬁﬂ@w@u_by wei ght of said water, vmerebv a

partial Iy, dehydr atgd,£sdtd s/ Stor She c&méisrmon of a morfIYA Eﬂ;
ve ad tiona

partially dehydrated catalyst with ﬁgpe nol so as to re
wat er from t HEL i3 ne COEIWP?HS% EingoniRRenet wheh & afanre dienol
cont ai ns deptéaanaeouE 4 Ritglllytiey qRrdpowti i éhdan acidic ion-

condensi ng phe and acetone, in a Jtseaction tu he resence of
t he dehydr at e‘?fc"%é?rﬁ $teS W‘lerjgb bsflsrﬁ Sln)i) d supportedrb L3

of sand and a 1ayer of glass beads, to form a reaction
mixture in a reaction zone, whereby a mole of water of
condensation is obtained as a co-product of the
condensation for each mole of reacted ketone, and

wherein the improvement comprises continﬁously
removing the water of condensation from the reaction zone
by entrainment in a drying gas passed through the reaction
zone countercurrent to the phenol and the ketone, venting
the gas, separating the entrained water from the drying gas
and recycling the drying gas for re-use whereby the drying
gas agitates the reaction mixture, maintains a near
anhydrous reaction zone environment and improves acetone

conversion rates.

2. A process of claim 1 wherein the phenol is phenol and
the ketone is acetone.

3. A process of claim 1 wherein the drying gas is
nitrogen.
4. A process of claim 1 wherein the reaction zone

comprises a bed of the resin contained in a reactor.

5. An improved process for the preparation of bisphenol-A

comprising

providing a hydrated acidic ion-exchange resin
catalyst, in a single resin bed supported by a layer of
sand and a layer of glass beads, for catalyzing the
condensation of phenol with acetone;

vaporizing a portion of the water associated with the
hydrated catalyst;



4 drosg -/

Ais forned with water of the condensation; and wherei-n the
i nprovenent. conpri ses passing a drying gas t hrough t he dehydr at gfos

cat al'yst countercurrent to the phenol and acetone to entrain and renove
t he water of condensation as it is produced, venting thg gas W.i -
entrai ned water through a vent, separating the entrained %&EFE"‘EWE%CET
the ‘gas and recycling the gas for re-use whereby the dfyifng gas
agitates thé reaction nmixture, nmaintaihs a near anhydr pus HeadéiDHridss
zone environnent and i nproves acetone conversion rate. 6. The
process of claim5 wherein the drying gas is ni t rogen. 7. The
process of claim®6 wherein the ni-trogen gas is passed cpunter-current
to the flow of reactants at a rate of from2 cc to 20 cc/min./gm dry
catal yst. 8. - - The process of claim7 carried out at a tenperature of
fromd40[err]C. to 95[err]C. :

- FIG.1
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