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| MPROVED PROCESS FOR THE PRODUCTI ON OF BI SPHENOLS Thi s
invention relates to the production of bi sphenols. Mre
.particularly, this invention relates to a process fo duction
of 2, 2-bi s(wolwdzssxyphenyl ) propane (al so known as @%‘E&ﬂ%ﬁpA
hereafter "BPA") from5 acet one and phenol . Bi sphenol s are
used as raw materials in the pre- paration of chemi cal products such
as epoxy resins and pol ycar bonat es.” They are commonly prepared by
the condensation of phenols and ketones. BPA is anong the 10

nost i nportant of the bisphenols. It is well known that BPA can be
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This invention relates to the production of
bisphenols. More particularly, this invention relates to
a process for the production of 2,2-bis({4-hydroxyphenyl)
propane (also known as bisphenol A, hereafter "BPA") from
5 acetone and phenol. |
Bisphenols are used as raw materials in the pre-
paration of chemical products such as epoxy resins and
polycarbonates. Théy are commonly prepared by the
condensation of phenols and ketones. BPA is among the
10 most important of the bisphenols. It is well known that
BPA can be produced by reacting acetone (also known as
dimethyl ketone, hereafter "DMK") and phencl in the
presence of an acid. '
The reactants used in the production of BPA can come
15 from a number of sources. This can introduce varying
types and quantities of impurities and trace materials in
bisphenol production feed. For example, DMK can be
produced from the oxidation of isopropyl alcohol (IPA) or
by the decomposition of cumene hydroperbxide. DMK
20 produced from the oxidation of IPA is called "on purpose
DMK" and is known to be low in methanol. It is not widely
produced on a commercial basis. - Most bisphenol is
produced in integrated chemical manufacturing plants and
utilizes DMK manufactured during the decomposition of
25 cumene hydroperoxide. DMK produced.in this manner is
typically found mixed with at least about 200 ppm
methanol which is an azeotrope of DMK.
A number of acidic catalysts can also be used in
bisphenol production processes. In recent years, acidic
30 cation exchange resins have become the overwhelming



The reactants used in the production of BPA can conme 15 from a nunber
of sources. This can introduce varying types and quantities of
impurities and trace materials in bi sphenol production feed. For
exanpl e, DWK can be produced fromthe oxidation of isopropyl
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nmet hanol which is ag azeotrope of DWK. A ‘nunper, of aci,dic
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gég;gggg?gggSG cocata1y¥¥)éggﬁg¥85§") cocatalyst is freely circulated in

the reactor with the reaction feed. It is used to
enhance the selectivity and/or activity of the reaction.
An organic mercaptan such as methyl or ethyl mercaptan is

10 typically used as the freely circulating cocatalyst in
this technique. The acidic sites of the resin are left
available, that is, largely unbound to cocatalyst. This
provides flexibility in adjusting the optimal con-
centration of cocatalyst given the particular reaction

15 conditions in question.

In the free cocatalyst technique, the cocatalyst can .
be put in the presence of reactants and catalyst in a
number of ways and can be readily replenished as needed. .

, This enables refinement of the reaction through the

.20 differential :reatment of the catalyst and cocatalyst. -
If, for example, cocatalyst is removed from the reactor
along with reactor products, it can be separated from the
reaction products and recycled back into the reactor in a
subsequent step. However, if a catalyst problem is

25 encountered, the catalyst may be treated without
necessarily involving any adjustments to the cocatalyst.
While this is an advantage of the free cocatalyst method,
it must also be acknowledged that it nevertheless
introduces more variables into process control than might

30 otherwise be encountered and makes for somewhat complex
reaction dynamics.

In the second technique for employing acidic ion
exchange resins in the production of bisphenols
(hereafter, "the fixed modified resin technique"), the

35 resin is modified by appending cocatalytic agents such as



- 2- choice. Strongly aci di ¢ sul f onat ed pol ystyrene ion

exchange resins are particularly useful in this regard. Two

di ff.erent techniques for enploying acidic ion exchange resins as
.catalysts predomnate in industrial 5 practice. In one_technigue
(hereafter, wadmasmsee cocat al yst techni que") cocat BW reely
circulated in the reactor with the reaction feed. It is used to
enhance the selectivity and/or activity of-the reaction. An organic
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shown a tremendous proclivity for rapid deactivation.

There are many possible reasons for this including

15 catalyst poisoning. As noted above, any number of
materials other than phenols and ketones may be present. .
in the feed and could interfere with the catalyst. For -
example, . metal poisoning is a possibility in large scale

_ industrial processes of this type. Additionally, thermal

20 | perturbations can cause a loss of the acidic functional.
groups from the resins on which they are intended to be
bound. Further, the presence of bisphenolic tars and
other reaction residuals can greatly reduce mass transfer
in the reaction.

25 EP-A-0567857 is directed to the production of
bisphenols from phenols and carbonyl compounds using a
fixed modified resin technigue. The catalytic exchange
resin is a sulfonated polystyrene ion exchange resin
modified with an aminomercaptan and without free

30 aminomercaptan. In this patent application it was taught
that catalyst life to be insufficient and proposed as a
solution using a feed containing less than 1000 ppm of
alkylating agent (alkyl alcohol). When feed contains
more than this concentration of alkylating agent the SH

as group on the free end of the aminomercaptan becomes an SC
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5 In the present invention, the inventors address the

premature deactivation of catalyst in a free cocatalyst
process for the production of bisphenol. According to
the rationale of EP-A-567857 to the free cocatalyst
method, it would be expected that catalyst deactivation
10 is the result of -the production of esters due to the
reaction of sulfonic acid groups on the resin with alkyl
alcohols. However, the inventors have found that
catalyst deactivation is not appreciably attributable to
ester formation. Moreover, conducting the process at the
15 alkyl alcohol concentration proposed in EP-A-567857 would
still result in substantial catalyst deactivation.
Clearly, the catalyst deactivation mechanism experienced
in the free cocatalyst method differs from that of the
fixed modified resin method. Thus, in the present
20 invention, different process parameters and methods for
reducing or eliminating the premature deactivation of
catalyst are presented.
Japanese Patent Publication 6-92889 of April 5, 1994
proposes a process for producing BPA by the condensation
25 of DMK and phenol in which the concentration of methanol
in the DMK feed is kept below 10,000 ppm. This is done
by recirculating unreacted DMK back to the feed after
some of the methanol in the unreacted DMK is purged out
of the reactor product stream. The mixture of fresh DMK
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10 were not addressing a catalyst poisoning mechanism but

were instead maintaining the effective acidity of the
reaction/catalyst at the more optimal level with respect
to catalyst activity. Adding excess water would have the .
same type of effect.

15 It has now been found that the free cocatalyst method
for producing bisphenols could be further improved
through the amelioration of the catalyst poisoning
.reaction. Since the free cocatalyst and fixed modified
resin techniques deactivate catalyst differently, new

20 .. process steps, parameters, and conditions are necessary
to provide such an improvement.

An improved process for the production of bisphenols
has been found. The process is a free cocatalyst process
in which the primary alkyl alcohols, having from 1 to

25 8 carbon atoms and in particular from 1-3 carbon atoms,
content in the feed is reduced to less than 50 ppm and in
which cocatalyst conversion to harmful sulfidic
derivatives is ameliorated through the use of purges or
other withdrawal means.

30 In one aspect of this invention, a process for the
production of bisphenols and in particular BPA is
presented comprising the steps of:

a) removing any primary alkyl alcohol having from 1

to 8 carbon atoms from a feed stream of DMK and
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aromati ¢ hydrocarbon solvent is added to the reaction m xture
obt ai ned and azootropic distillation is effected to renove a |ight
.fraction fromthe reaction m xture, and the remai ning reaction

m xture | swoorrzsrasubj ected to solvent extraction to renoREI/PPAsHSTS6
t herefrom EP- A- 0567857 is directed to the production of
bizppenols from phenol s and carbonyl conpoupds using a fixed
nodified resin tech e o S |

sul fonat ed pol ystyrg:ngﬁﬁé IB é&&é&ﬁéfa@i‘&bad}gelejs% tpagdéal ﬂgﬁm and
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of the am NGERHMC APH2BANEE ONBEt e Yomprising BPA, phenol, DMK,
water, methancl, and cocatalyst and cocatalyst
derivatives; '

¢) separating the components of said product mixture;

10 d) returning cocatalyst separated from said product

mixture to said reactor;

e) returning DMK and phenol separated from said

product mixture to said feed stream; and

f) recovering BPA.

15 According to a more specific embodiment of the
present invention the alkyl alcohol is methanol the
removal of which provides:.a feed stream comprising DMK.
and phenol with a concentration of methanol of less than

- 10 ppm. o '
- 20 - In yet another embodiment of this invention, the
lower alkyl alcohol removal step comprises distillation.

In yet another embodiment of this invention, the
lower alkyl alcohol removal step comprises adsorption by
passage through a molecular sieve.

25 In yet another preferred embodiment of this
invention, the process is conducted as part of an
integrated chemical manufacturing process wherein phenol
and DMK reactants are produced from the decomposition of
cumene hydroperoxide.

30 The attached figure is a schematic diagram of the
process of the invention.

It has been found now that the production of certain
sulphides formed from the mercaptan cocatalysts used in
the free cocatalyst technique can result in rapid

35 deactivation of acidic ion exchange resins used in the
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production of bisphenols. Removal of intermediates that
lead to the production of these sulphides and reduction
or elimination of feed impurities greatly improves
catalyst activity over time. This is best exemplified
5 when the catalyst is a sulfonated polystyrene catalyst

and the co-catalyst is methylmercaptan (MeSH). 1In such’
cases it has been found by convincing experimental
evidence that if an ordinary feed, containing e.g.
200 ppm methanol, is used, the methanol reacts with the-

10 MeSH to form dimethylsulphide (DMS) and water. The DMS
then reacts again with additional methanol to form a
trimethylsulfonium cation (TMS). It is the TMS ion which
quantitatively ties up the proton on the acid site on the
resin. This process can be depicted as follows: '

1. H3CSH + CH3ON _H+ . (CH3)2S + 0 (DMS FORMATION)
2. (CH3)2S + CHIOH _He (CH3)3S* + HpO (TMS FORMATION)

(CATALYST POISONING)

+ (l_':ils)ss” -
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W T ocougdzst
15 It has also been found that in the fixed modified

resin technique, the catalyst deactivation results from
the direct alkylation of the catalyst modifier attached
to the resin. That is, the hydroxyl group of an alkyl
alcohol condenses with the terminal hydrogen of the

20 modifier to form water. The alkyl group then directly
alkylates the modifier interfering with the subsequent
synthesis of BPA. Thus, alkylation poisons the resin
directly and cannot be ameliorated by adjustment or
treatment of a cocatalyst or cocatalyst derivatives.

25 In the process of this invention, bisphenols are
produced by the condensation of a ketone with
stoichiometric excess of a phenol or a phenolic
derivative. Reactants are supplied to a reactor in two



4o group thereby substantially dimnishing its function as a

| eaving group and directly poisoning the exchange resin

foll owi ng reaction occurs, the catalyst is poi soned.

When t he
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react@ngsr pye ihbreduced sintied:tieagtiognwhereini the

- temperature is from 40°C to 95°C . Catalyst and

cocatalyst are, of course, alsoc present in the reactor.
The pressure within the reactor may be ambient or within
the range of 1-5 atmospheres. Within the reactor,
bisphenols are then formed and are discharged as part of
a product stream. The product strxeam comprising a
bisphenol, unreacted ketone, water, mercaptan cocatalyst,
alkyl alcohol (and in particular methanol in case of
preparation of BPA), and unreacted phenocl is then sent to
a separator. Bisphenol and unreacted phenol is removed
as a bottoms product while water and any residual alkyl
alcohol, e.g. methanol, that may be present is withdrawn
as a side draw. XKetone and in particular acetone and
mercaptan cocatalyst are withdrawn as tops products and
are recirculated back to the reactant/feed stream.
Extension of catalyst life or reduction in catalyst
deactivation is achieved by the practice of the following
steps. Alkyl alcohols are removed from the feed stream
prior to the reaction. Cocatalyst and cocatalyst
derivatives are removed from the reactor with reactor
products and subsequently separated; harmful cocatalyst
derivatives such as dimethylsulphide can then be purged
from the process. This allows cocatalyst without harmful
derivatives to be returned to the reactor.
Alternatively, cocatalyst and cocatalyst derivatives can
simply be replaced by fresh cocatalyst. Unreacted alkyl
alcohol is also removed as a side draw (along with water)
from the separated product mixture so that recycle
streams do not add any significant'quantity of alkyl
alecohols to the reactor. Including these steps can, and



in the free cocatal yst nethod differs fromthat of the fixed

nodi fied resin nethod. Thus, in the present 20 I nvention, different
process paraneters and net hods for reducing or elimnating the
premat ure deactivation of catal yst are presented.

Japanese PatW@®7/28H i cati on 6-92889 of April 5, 1994 PCTFPOHOEE: o
process for produci ng BPA by the condensation 25 of DWK and phenol in
whi ch the concentration of nethanol - Bn-the DW feed is kept bel ow
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aneliorating the "det®riyiaidloKetohet feedalohtySins atwiledy T0O0OOR0DE ppm

present ed regardi&g&é{m%nd 150~300 ppm alkyl alcochol (e.g. methanol)}. Up
to 40,000 lbs per hour are typically processed in this
manner. Alkyl alcohol (e.g. methanol) is removed from

10 the feed stream by any of the well known methods such as
distillation. 1In the typical case of an integrated
chemical manufacturing facility, the alkyl alcohol is
found only in the ketone feed. Usually this will require
an azeotrope separaticn. This is the case when the ketone

15 is DMK and the alkyl alcohol is methanol. Such azeotrope .
separations are well understoocd and easily achieved with

- techniques known in the art. Use of distillation as the
separation technique can readily reduce the methanol |
concentration in the DMK feed to less than 50 ppm.

20 - Ketone feeds having less than 50 ppm methanol are )
substantially methanol free for the purpose of practising
this invention. '

The most preferred method for this removal of alkyl
alcohols is through adsorption on a molecular sieve. In

25 this method, a column is filled zeolite such that one bed
volume of zeolite is used to treat up to 25 volumes of
DMK. Molecular sieves useful for this purpose have pore
sizes of about 4-5 A. The "Type A" molecular sieve
commercially available from Zeochem Inc. is the presently

30 preferred molecular sieve. When alkyl alcohol is removed
by the use of a molecular sieve, its concentration in the
feed can be readily reduced to less than 10 ppm.

In general, the catalytic agents employed in this
invention are sulfonated aromatic resins comprising

35 hydrocarbon polymers having a plurality of pendant



ef frect of |owering nmethanol concentration over time. Rather, a higher one
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10 of the acidic resin is preferably at least 2.0 meq.

Ht/gram of dry resin. Ranges from 3.0 to 5.5 meq H*/gram
of dry resin are most preferred.

Cocatalysts useful in this invention are comprised of
alkyl mercaptans such as methyl mercaptan, ethyl

15 mercaptan, propyl mercaptan. Methyl mercaptan is
' presently the preferred cocatalyst.

Turning now to the figure, upstream process 1
produces ketones and phenols (such as DMK and phenol).
along with other minor components including alkyl alcohol

20 " such as methanol. One such upstream process is the
cleavage of cumene hydroperoxide. Upstream process 1 is
alsc understood to be the bisphenol reactant source.

Two different streams of reactants, a ketone stream
la, and a phenol stream 13 are withdrawn from upstream

25 process 1. The phenol stream is fed into reactor 4. The
‘ketone stream is fed into alkyl alcchol removal vessel 2
where alkyl alcohol is removed from the stream. As noted
above this can be done through distillation, zeolitic
adsorption, or any other means known in the art provided

30 that the method reduces the alkyl alcchol concentration
below 50 ppm and preferably below 10 ppm.

Having had the alkyl alcohol concentration reduced to
below 50 ppm, the ketone stream is, together with phenol
stream 13, fed into reactor 4. Feed stream volumes

35 flowing into reactor 4 can be up to 200,000 lbs per hour
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pherol to a concentration of |ess than 50 ppm and preferably

.less than 10 ppm b) reacting a said feed strea%lgf@gfﬁgactor

in the wo 9722573 pr esence of a acidic ion exchange resinf and
sul phur-containing particular 5 a free/cocatalyst and in an
al kyl mercaptan to forma produdl m xture conpri sing BPA,
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f) recovering BP Ing to a nore specific enhodi nent of
t he 5 and can be run in the up or downflow configuration.

Preferably reactor 4 is operated at temperatures between
40°C and 95°C and pressures between 1 and 5 atmospheres.
Reactor 4 is also charged with an acidic ion exchange
resin catalyst of the type discussed above. Finally,

i0 reactor 4 is also charged with free mercaptan cocatalyst
of the type discussed above. This cocatalyst is
originally fed into the reactor from a cocatalyst source
12. Cocatalyst concentration is also controlled by the
return (to either the reactor or the cocatalyst source

15 - 12) of cocatalyst which has been withdrawn from the
product stream and dealkylated. The cocatalyst return
is shown as stream 10 in the figure.

The reactants in reactor 4 react to form blsphenol
(BPA when the reactants are DMK and phenol) and leave the

20 _reactor 4 as a product stream comprising the bisphenol,
unreacted reactants, cocatalyst, cocatalyst derivatives,
comprising primary alkylated mercaptans such as dimethyl
sulphide, water, and a small amount of unreacted alkyl
alcohol such as methanol. The product stream is fed into

25 the separator 5 which can be any conventional method for
separating such materials. Distillation is generally the
simplest and most preferred method. However, other well
known methods can be used independently or in combination
with distillation to comprise this separation process.

30 When the separation is done as a distillation, the
tops products will comprise the cocatalyst, cocatalyst
derivatives, alkyl alcohol, and a small amount of other
impurities. These tops products are fed to the
cocatalyst absorber column 8 which comprises a column

35 filled with phenol. 1In the cocatalyst absorber column 8,



present invention the al kyl alcohol is nethanol the renoval of which

provi des a feed stream conpri si ng DWW - and phenol with a
concentration of nethanol of |ess than 10 ppm 20 In yet
anot her enbodi ment of this invention, the | ower al kyl al cohol
renoval st eyosmsersi ses distillation. In yet awcr/Ersséosmsodi ment
of this invention, the | oner al kyl al cohol renoval step conprises
adsorption by passage through a ol ggular sieve. 25 In yet
anot her preferred enbqdinment of thjs I nventi.on, the process is

conduct ed as parfeqtadyst is absprbed,Lxaly theekesH AfatlifatPhfi PEORHHcss
wherei n phenol of separamdrDSKandatsan¢tsuresl poodiecdehe@ort 2ta a

deconposi tion Cﬁcocata%ystcQgﬁﬁg?higﬁgpfﬁf”dégéaégigst dFrivaIQQeét%@&Qed
figure is a schemat] c di agramof ,the procéss of_ the invention.

It has been fourftf foWetiyl ESHAPBLSEUERR MRl de purged from shephi des
formed frem the couataflyst absorbeysabonsafitin other impugtfiegesceraisl yst

techni que can resih 1A cbRBIE. Sohose HEAIdd' T Y hrtClif Loprexchanoe
that this purge can also be separated into constituents
which can also find subsequent utility. These are
withdrawn from the process in purge 9. This purge of
10 cocatalyst derivatives such as DMS and methanol enable a
fine sense of refinement by which the life of the
catalyst in reactor 4 is further preserved.

Another purge can also be taken from separator 5 as
middle distillate components comprising methanol and

15 water. This occurs at purge 7 and can result in the
" removal of between 10 and 25 %wt of the total alkyl-
alcohol in the process at any one time. :

The bisphenol product, bisphenol isomers, phenol, and-
a sinall amount of various impurities are removed from -

20 separator 5 as a bottoms product. This bottoms product .
"is fed to a further separator 6. Crystallization is the
preferred method of bisphenol separation but any method
which can be used to separate bisphenocl from the mother
liguor can be used depending upon the desired degree of

25 purity of the bisphenol product. Once separated, the
mother liquor comprising phenol and bisphenol isomers is
returned to the reactor 4 as reactant. It can thus be
seen that recirculated phenol is free of alkyl alcohols
and thus further enhances the life of the catalyst in the

30 - free cocatalyst method.

Bisphenol separated from mother liquor in separator 6
can then be sent to yet further separations and purifiers
such as the bisphenol recovery process 11. This can be
particularly important where very pure product is

35 '~ required as where BPA is produced for use in the
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-7- production of bisphenols. Rermpval of internediates that

IFad to the production of these sul phides and reduction or
_ellimnation of feed inpurities greatly inproves cat I vit
over time. wbi9322533 best exenplified 5 when the catal yﬁ#‘%&@?’% d
sul fonat ed pol ystyrene cat al yst and the co-catalyst is

met hyl mer captan (MeSH). I n such cadss -it has been found by

convi nci ng exper ' j nod o .
Contai i ng 6 0. B P e e P hanC, keaot

t he methanaql, reacts with
the 10 MeSH Geneer iy isaly IRt BRF ISCPRRAY 1OR% SAR & &’e?ﬁglﬁbéﬁy "
then reacts agai Gondiidteddidirmnalechmtinass| stehfas mwecrystallization.

trinethylsulfoniun1qE&&%Nhé'r pe beks ERSET; s%émb#!ﬂqﬁhgkyl alcohols

quantitatively ties Up the proton on the acid site on resin
Thi's proc8ss canfiemdele cieeh aremsviiggsand adjusting cocatalyeésy + CH3OH

[err] (CH3)2S + kRRLéMPEatiIMaHdhe prescnce of havhfylCldexAvat iCe8ChE
Lerr] = (OH3) 39 er{p\[]ist-:l-al Hgto (Tl\t/nsovﬁ.gaw%{kﬁb lcohol from d wn%t[ lahnl steps
(CATALYST PO SONF yst, %9 RaS°4Ts0 been Toun fﬁ%t TRt he
fixed nodified of the rea¢tiomc@nd)Gentrpdling ar9eatybyk UpRri SRifesul ts
from free cocatalyst method of bisphenol production provides a
10 number of flexible means for eliminating or reducing
catalyst poisoning and thereby extending the life of the
catalyst up to fourfold relative to processes which do:
not employ these steps.
It will be appreciated that the overall costs for
15 operation of the process of the present invention will be
significantly decreased, as this process does not use the
more expensive aminoalkyl mercaptans as used according :to
EP-A-0567857, in spite of the additional costs of the
separation of cocatalyst or its derivative from the

20 product.



the direct alkylation of the catalyst nodifier attached to the

resin. That is, the hydroxyl group of an al kyl al cohol condenses

W th-the t er mi nal hydr ogen of the 20 nodifier to formwater. The al kyl
group then directly al kylates the nodifier interfering with the
subsequent woorn2s7z synthesis of BPA. Thus, al kyl ation poi SRCHERIESTS€Si n
directly and cannot be aneliorated by adjustnent or treatnent of a
cocatal yst or cocatal yst derivatives. 25 In the process of this

i nvention, bisphenols are produced B < he ket one
W th stoichionetric excess of a phenol or

derivative. Reactants are supplied to a reactor in t@iﬁ“ m“n““MIﬁIZZSB
PCT/ EP96/ 05756 treans

conprising a ketone streamand a phenold & A I M S strean1respect|vely

Al kyl al cohol, typically nethanol, I's renoved fromthe ketone
stream N@rcaptan cocat al I s . also added to the reactor as a feed
stream The 1. A met od for making bisphenols comprising:

a) removing alkyl alcohol having from 1 to 8 carbon
atoms from a reactant stream comprising a ketone and
a phenol,

5 b) reacting said reactant stream in the presence of a
cation exchange resin and a free sulphur-containing
cocatalyst to produce a reaction productiocn _
compriéing cocatalyst, cocatalyst derivatives, and a
bisphenol ligquor comprising bisphenol and phenol,

10 . c) separating said bisphenol and phenol from said
reaction products,
d) removing. cocatalyst and cocatalyst derivatives
from said reaction products,
e) returning cocatalyst to said reactor, and

15 f) recovering bisphenol.
2. The method of claim 1 wherein said cocatalyst is a
mercaptan.

3. The method of claims 1 and 2 further comprising the
steps of removing the alkyl alcohol from said reactions
20 products.,
4. The method of claims 1-3 wherein said alkyl alcohol
is present in said stream at a concentration of less than
50 ppm based relative to the weight of the ketone after
said alkyl alcohol removal step.
25 5. The method of claim 4 wherein said alkyl alcohol is
present in a said stream at a concentration of less than
10 ppm after the alkyl alcohol removal step.
6. The method of claim 2 wherein said cocatalyst is
methyl mercaptan.
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5 reactants are introduced into_a reacter—wherein the

terrper?ture IS frf)m 40[err]C to Qﬁ[err]C‘.?m‘C\iit m ﬂ cocatﬁl yst
are, of course, also present in the r “i\&m m e pressure within
vl

the reactor may be anbient or within ndge of 1-5 at m)s.ﬁher es.

Wthin the rwesrees310 bi sphenol s *aré then formed and BFHERASQEISE, ged
as part of a product stream The product stream conprising a
bi sphenol , unreacted ketone, water, nercapta cocatal yst, al kyl

al cohol (and in pgrtigul ar thanol .i.n case of reparation of BPA),
and unreacted pherol ﬁsm?%?rgs%?ﬁ mak-ifg %lsl’gﬁng;epﬁr%?"g%lﬁé'i%phenoI and
unreacted phenol is rahofeeding acetome prbducedsapradradudti o aarymenad
a_n%/h;I esi dual al kybroduct_i%naﬂ,fdwés t;b & mEE%QﬁBP'retf:M]i rf.&sbd%txaslori-,esenéI i's
Wi rawn as.a si raw., one and in_particul ar et.one an
mer capt an cocat al PEPIEFE ﬂﬁ%ﬁ@é’ Pﬁﬁgaﬁf’é)dﬁg?ﬁ %%%L% af%e‘i'ar e
recircul at & back to bhereacirgtgaicedcetonanfeed with phencixtisnthen of
catalyst life or ' ' I i | |1 ans &Clphegied by
%ggggﬁ:g Not Taf HAKY cation %jcgﬁ%%y a% nge%]dx]‘?{‘ and

the practice of t ow ng , . st eps. aols are renoved
fromthe feed str&4Phur °°ng‘ﬁ"?’d?g t"i?qal‘?éek’ﬁﬁc??oﬂ’@‘%ﬁﬁfat%ﬁpy?t“dand

cocat al yst 25 effdnexnaii ves are renoved fromthe reactor with reactor

products and subsequepi! ¥q gpﬁ%ﬁ%@%&&g&gkhgog@é@é%/%rﬁr%ducts’deri vatives

such as di net hyl sul phi_de can t hy the process. This
al l ows cocddtal yst wit AduPePa¥3fian of cocatglypy #nd %P Stet urned to the
reactor. 30 Adeedivatives yEfromwadienlneaictdod ppodbetyst derivatives can

i Ply e repl aced DY el SSuORGH UnS) cndEBAGERH AL Weainea £xl CONO! IS
al so renoved as a side draw (‘al ong W'th water
step c) to said reaction, and
f) recovering BPA.

15 8. The method of claims 1-7 wherein said cation exchange
resin is selected from the group consisting of sulfonated
polystyrene, poly(styrenedivinyl-benzene) copolymer, and
sulfonated phenolformaldehyde resins.

9. 1In a method for producing bisphenol A by reacting an

20 acetone stream comprising methanol with a phenol stream:
in the presence of an acidic cation exchange resin and a
sulphur containing cocatalyst, the improvement which
consists of removing substantially all of the methanol
from said acetone stream and eliminating alkylated

25 cocatalyst derivatives from said reaction such that the
acidic cation exchange resin is not poisoned.
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fromthe separated product m xture so that recycle streans do not

add any significant quantity of alkyl 35 al cohols to the reactor.

I ncl udi ng these steps can, and ' WO 97/ 22573

PCT/ EP96/ 05756 . - 9- typically
will, lengthwoemasmife of the catalyst fourfol d. Tﬂﬁfm?é{"s'fsﬁe
catal yst can be left on stream and without a significant loss in
activity or selectivity - four times as long as a bi sphenol
production process in 5 whi ch these steps are not followed.

A typical ketone feed contains between 2000-3000 ppm wat er and

150- 300 ppm al kyl al cohol (e.g. nethanol). Up to 40,000 | bs per hour
are typically processed in this I%iner. Al kyl al cohol (e.qg.

met hanol) is renmoved from 10 the fedd'stream by any of the well known
met hods such as distillation. In the typical case of an integrated
chem cal manufacturing facility, the al kyl al cohop= found only in
the ketone feed. Usually this will require eot rope separation.

This is the case when the ketone




11-U0 T4Y 0D LI Wese ¢ I I EESETT

v UL, YUIY-EL A-mubivoilioy ue 110" D720
15 is DMK and -the al kyl al cohol is nethanol. Such azeotrope
separations are well understood and easily achieved with --t echni ques
known in the art. Use of distillation as the separati an techni que
can readily redyce fhe m{haneh 6 ncentration in the DW feed-to
| ess than 50 ppm Oﬂ? lé(; one/ Séds0 %\% ng |l ess than 50 ppm net hanol are
substantially nethanol free for the purpdse-of practising this
nvention. - amineallyike{MapkaRbetsr il Rl had Lofathised GOYRE OF al k!
al cohol's is throug sorption on a nolecular sieve. In this nethod,

a colum is fi FF%H“%%I“%Lélé’@éh Treicane heggano me”?ﬂ!fPEﬂfe PFmgEekite i s
used to treat YpolPs 2bre/ AtkiRBell to the ba%on@,/blaﬁﬁ%@ﬂeg'l \ﬁegyusef ul for

this purpose have pore sizes of about 4-5 r The " A"

nol ecul ar si eveovalent qoingde; airyogsmiliakagesr oft “l°ﬁ*éflf=§ t he
presentlsy 30 resphefHrEGuUEDlBGUL PEs slléavqedlr\é\bgnhaﬁl‘kyinqalmhol is renoved
by the use of a nol ecul ar, sieve, its concentration in the feed can

be readily redﬁ&"e?i“?‘o“tté%%‘?ﬁéﬁaibs‘b%m“h as the noxiouseneral, the

catal ytic agenﬁnér&ﬁﬂmd The &bisity to reﬂ.xlﬁ‘v‘\enhéopr&ii@s'-ﬁlﬂyf onated aromatic

resins compri sy SRent:alM™FL2EALROL PUNTRLE 1 12Kh A% AR Y of pendant
greatly reduced but there are fewer possibilities For

10 problems and reaction dynamics are-less complicated
than is seen in the free cocatalyst technique.

The acidic catalysts used in either technique have

shown a tremendous proclivity forvr rapid deactivation.
There are many possible reasons for this including

15 catalyst poisoning. As noted abovc, any number of

. mat.erials other than phenols and ketones may be present

in Lhe feed and could interfere with the catalyst. For
example, metal poisoning is a possibility in large
scale industrial processes of this type. Additionally,

20 thermal perturbations can cause a loss of Lhe acidic
~functional groups from the resins on whlch they are
intended to be bound. Further, the presencc ofF
bisphenolic tars éﬁd cthér'téactlon residuals can
greatly reduce mass transfer in the teaction.

25 From the British Patent Specification was known a
continuous process for the pioductiop of 2,2~big=(4~
hydroxyphenyl)propane by recaction of phenol and acetone
in the presence O0f an acidic catalyst and ethyl
mercaptan, at a temperature of from 60 to 85 °C,

30 followed by removal of a light fraction from the
reaction mixture and purification of the remaining
react.ion mixture, in which the reaction betwecen phenol

and acetone is carried out in a single stage, an
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) - WARRIZA
LR ERYT T | PCT/ EP96/ 05756
- 10 - sul fonic acid groups.: These are typically 2 or 4%
dirvi nyl benzene crosslinked. Sul fonated pol ystyrene,
pol y(styrenedi uidylagpanzese) rcopopyamys7s5gnd sul f onat ed ‘ ‘
phenol f or mal dehyde resins have utility ig this regard. 5 Sul f onat ed
pol ystyrene resin catal ysts commercial ly b - avai l abl e as "A-32" brand
cat al yst fromRadwawnd hiydascarbon sddhesmitcals eaapanye tie.reardivk1131" brand

catalyst from_, Bayer. em cal any are_t npst preferred ion
exchange resi r{"’f‘”otr“rtaniog)éﬁﬂlpggs%’?&ﬁ@%é}égglﬁébgg?'f’yo‘id's of the acidic
resin is prefearffdaotent theashoe Oa neigght fractibh ek gftam@factiynr esi n.

Ranges from 3.0. 10 5.5 neq err]/gram . of dry resin are nost
preferred. mixture, a CE'F%I 5% %H'U'Sr%”f JE3CR PR 'glf%'\‘/re%tlison are conprised
of 5 al kydulneratzpt dns sslichnas:xietahytlionetcapeanye gityroll5

nmer capt an, prorpr}/\IJ__P I gaptan. Met hyl nmercaptan is presently the
preferred cocat ai yst.T Turning nowto the figure, upstream
process 1 Frfodr©6$7RET ohe o iared-hele ol $hé sprdrdwst MK odnd phenol )

al ong. wi th ot ey, Jien COURANEALS, 16l HALAGLBLEY ! BhSQURL: 29500 o SUCN as

nmet hanol. One s Upst réam process 1s t eavag 18P Bunene
hydr oper oxi de.f st megihipredcessid Gsthnique. Thésoatmilerist eodthizagbe t he

bi Sphe{]@' reaclant, SQULCEul conated pol ys-E%eq._Ef E.glrl e&clgr{g%arﬁ‘zsc& reactants,

a ketoneé stream _
modified with an aminomercaptan and without free

aminomercaptan. In this patent application it was
taught that catalyst life to be insufficient and
proposed as a solution using a feed containing less

15 than 1000 ppm of alkylating agent (alkyl alcohol). When
feed contains more than this concentration of
alkylating agent the SH group on the free end of the -

. aminomcrcaptan becomes an SC

MCS16/THO678BPCT



~ (b, YON:EFA-MuDNLILY UZ 49— o-96 v 1LivD TdY 89 Zo3dbd300- Jdl (U 9701l Lyryer I/ L
1a, and a phenol - stTeam 13 are wi t hdrawn fron1upstrean125 process 1.

:+ The phenol streamis fed into reactor 4.' The ket one-streamis fed

into al kyl al cohol renoval vessel 2 where al kyl 3aFcohql,;],s rémived
from'the strednt- 3Ppbt MP- PCT/EP§)BYE5€hi s can be done through
distillation, zeolitic adsorption, or any other neans known in the

art provided 30 that the nmethod reduces the- al kyl al cohol

concentration bel ow 5Qgami bly & 6780 PEEmM
Havi ng had the al kyl al cohol IMHH Ilﬂﬂglﬁmuced [ cember wgeg ow 50 ppm

the ketone streamis, together*wdah tphenok = tream 13, fed into
reactor 4. Feed stream vol unes 35 flowng into reactor 4 can be up to
200, 000 | bs per hour RE VvYOsO®/ 82573 1L A I M S

PCT/ EP96/ 05756 = Il - al t hough, as
one skilled in the art will readily appreciate, the feed rate is

dependent upop.th® method fGANaklAGSHLSpNEHANE thigpeaehiyon is carried out.

React or 4 can be g S|ngle reactor. or can be a series of reactors
a) removing kyl alcoheol having from 1 to 8 carbon

atoms from a reactant feed stream comprising a ketone

and a phenol to a concentration of less than 50 ppm,

Wl

b) reacting said roactant stream in the presence of
a4 cation exchange resin and a free sulphur-containing
cocaktalyst to prodﬁce a reaﬁtion product mixture,
comprising cocatalyst, cocatalyst derivatives, and a
bisphenol ligquor comprising bisphenol-and phenol,.

10 c) separating said-bisphenol and phenol from said
reaction products,
d) removing cocatalyst and cocatalyst derivatives
from said reaction products,
e) returning cocatalyst to saild reactor, and
15 £) recovering bisphenol. '
2. The method of ¢laim 1 wherein said cocatalyst is a-
mercaptana
3. The method cf clalmg 1 and 2 further ccmprLSLng the
‘steps of remov;ng the alkyl alcohol from said react1ons
20 products. .
4. Thé method of claims 1-3, wherein said alkyl.
alcohol is present in the reactant stream at a
concentration of less than 10 ppm after the alkyl
alcohol removal step.
25 5. The method ot claim 2 wherein said cocatalyst is

methyl mercaptan.

i =
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1

* Preferably reactor 4 is operated at tenperatures betmeen.
' and 95[err] C and pressures between 1 and 5 at m““&ﬂ\lﬂiu“r“‘\
is also charged with an acidic ion exchange e

VUL, YUV CEATMUDIMOLNY UZ 110" 9700 5 11-UD T43 00 ZJ304400~ Al iU Oit0Ltlyr %/ U
5 and can be“run in the up or downflow configur —

40[err] C

H : e.
M‘,!\ Reactar. 4
yst- of -t he

type di scussed above. Finally, 10 reactor % is &l so charged with free
nmer capt an cocataly of the type discussed above. This cocatal yst
is : or i té)i'nal%fj? PEHIPHt Y tHeimgadrsr wherpim tox atealopshtsour ce

12. Cocatal yst store®ntompt s ¥l loReCRBLERLALd Y il nanol A aLELUrN (tO
ei t her the_rear,hg;m?r t he cocatal yst source 15 12y o cocafafyst which
has been wi t hdfawn fromthe product stream and deal kyl ated. The
cocatal yst retdrn The methdcds shewainas $téemadd rgatifaecfaitgg e.

The reagtants ggcﬁgg{#o o eact 5_0 f orm bi sphenol {)BPA when t he
reactants are DMK and phenol )-"ang -FELSE tHem e grqupaeposidtimy ar oduct

st ream conpri sFahfemetdl gpiemstlyrene, poly mﬁa@gmﬂggqtggg%ng,ocat al yst,
cocat al yst derj:(]s!p?gj%ﬁ:esr an 1 co_rrgéi sin ri mry al Kyl at ed” nmer capt ans
such as di net hy r AR SLgnagad eph "HﬁcF‘%FWIeF‘YdﬁDHmiM- unr eact ed
al kyl al cohol such as nethanol. The product streamis fed into 25
the separator 5 which can be any conventional nethod for separati ng
such materials. Distillation is generally the si npl est and nost
preferred nmethod. However, other well known met hods can be used

i ndependently or in conbination " wth distillation to conprise this
separation process. 30 Wien the separation is done as a

distillation, the tops products will conprise the cocatal yst,
cocat al yst derivatives, alkyl alcohol, and a small anount of other

e

-
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. . - 6{ 93043 —0
inpurities. These tops products are fed to the cocat al yst absor ber
cal um 8 which conprises a colum 35 . filled wth phenol. 1In the
cocat al yst absorber colum 8, WO 97/ 22573

PCT/ EP96/ 05756 o Substitute sheet - 21 Mayot898l yst
| s absorbed fromthe rest of the tops p[qgqus of separator 5 and
Is returned to the reactor via a é%catalyst return |ine 10.

Cocat al yst deamiynpakbylmarhaptans toasomenefhyhesakpli déteanosi kthey be
purged fromt ; ys r ] [ rities such
as ' aI€§F1§P33hgﬁggi%%%ée&¥§?§$£§$fng%ﬁgggr%gangggﬁpngﬁgFgr

that this purgeoupa atsoabeashpéraoeﬂhénbackbnseiBuégbaatefion bwhi ch can
also find sub ut il i Th re .. Wi rawn _f.rom.the process
M purge 9. ThsLuERhE.bEy Lhlte REEERREE, 1ipkagrryal Poel  Bat Rau L et nG

met han®l enabtesan technigheneegensesolessf dbesent hapdiMinghahtie |ife of the

catalyst in rgactor 4. is_further.preserved. . _Anot her purge can
al so be takeng ?%ﬁ?ggﬁantSch 3£95§s sucg as the noxious
mercaptans. The ability to refine the process by

differential treatment of the resin and cocatalyst is
greatly reduced but there are fewer possibilities for

10 problems and reaction dynamics are less complicated
than is seen in the free cocatalyst technique.

The acidic catalysts used in either technique have
shown a tremendous proclivity for rapid:deactivation.
There are many possible reasons for this including

15 catalyst poisoning. As noted above, -any number of
materials other than phenols and ketones may be present
in the feed and could interfere with the catalyst. For
example, metal poisoning is a possibility in large
scale industrial processes of this type. Additionally,

20 thermal perturbatisns can cause a loss of the acidic
functional groups from the resins_on which they are
intended to be bound. Further, the presence of
bisphenolic tarsxand other reaction residuals can

. greatly reduce mass transfer in tﬁﬁ,ﬂ%ﬁﬁ%ﬁf?‘

25 From the British Patent Specificatiori/was known a
continuous process for the production of 2,2-bis-(4-
hydroxyphenyl)propane by reaction of-phenol and acetone
in the presence of an acidic catalyst and ethyl

' mercaptan, at a temperature of from 60 to 85 °C,

30 followed by removal of a light fraction from the
reaction mixture and purification of the remaining
reaction mixture, in which the reaction between phenol

and acetone is carried out in a single stage, an
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m ddl e distillate conponents conprising nethanol and 15 water. This

oceurs at purge 7 and can result in:-the renoval of between 10 and
25 ot of the total alkyl al cohol in the process at any one tine.
The bi sphenol product, bisphenol isomers, pherBubstauth sheet - 21MafBidag
ambunt of vari ous |npur|t|es are renmoved from 20 separator 5 as a
bottonms product. This bottons produets - is fed to a further

separ at or t 0 r phenol
separatlonéﬁﬁfbgﬁ ékkhéﬁgb eh&éubhwﬁhe segar%&ﬁ%?e Sgegeggggﬁgét phenol

fromthe ﬂg;hérnever conftadnoleggnthanyabauiefAJPRE MESHaRAd - de?hﬁed
degr.ee of gﬁrposepufltnlefpkbeebssmbeaaldmreduay cofggelsenarated, the

not her |iqu conpri.s e oner s returned

to*the rea%?b?lgyagf éggtgﬁt Canabﬁg ggey aescrl?@eﬁhFﬁﬁt recircul at ed
pheriol is ineenbioalaylamb&anahglng the "daterhosatuacnMecfebhances the life
of the catalysiyLg, tgs %Qfomatflsﬁe gogé&ééﬁ%&aﬁ%ga%mg the

Bi sphenol se arated fromnother |iquor i n separato can then be
sent to yetffaFEnef %QHEF&FEOW§t§ﬁB°$uFPPF§P ration ovegcKiRE€-the bi sphenol

recovery pracheés, ld. hibhercanebgass convepahibhcubatukgfulppebdactehere very
pure producl Liednteqa. "TYL fdk8S YPOLEBP chcPRERYUGEIEO QiSe I N the
were not aadressing a catalyst poisoning mechanism but
were instead maintaining the effective acidity of the
reaction/catalyst at the more optimal level with respect
to catalyst activity. Adding excess water would have the
same type of effect. ' :

; It has now been found that the free cocatalyst method
for producing bisphenols could be further improved
through the amelioration of the catalyst poisoning
reaction. Since the free cocatalyst and fixed modified
resin techniques dgactivate catalyst differently, new
process steps, parameters, and conditions are necessary
to provide such an improvement. .

An improved process for the production of bisphenols
has been found. ' The process is a free cocatalyst proceés
in whlch the prlmary alkyl alcohols, having from 1 to
8 carbon atoms and in particular from 1-3 carbon atoms,
content in the feed is reduced to less than 50 ppm and in
which cocatalyst conversion to harmful sulfidic '
derivatives is ameliorated through the use of purges or
other withdrawal means. ' '

In one aspect of this invention, a process for the
‘production of bisphenols and in particular BPA is
presented comprising the steps of:

" a) removing any alcohol having from 1

and 1n part1c71ar primary alcohol
to 8 carbon atoms/from a feed stream of DMK and

REPLACEMENT SHEET

2 4 MAY 1999




WD 97/ 22573 _ PCT/ EP96/ 05756

- 13 - subsequent production of polycarbonates or epoxy resins.
General ly, such further separations can be beneficially conduct ed
usi ng techni ques such as recrystallization. Substitute Sheﬁﬂiusﬂ Maad 998 seen
that by renoving al kyl alcohols 5 fromthe feed, renoving and

adj usti ng cocat al yst concentration and the presence of harnful
derivatives of cocatalyst renow gy al kyl al cohol from downstream

st eps a n I ocat St. US thi
free cocatal yst #ggﬁog E%) g Qgﬁ 'EIE'-'(f')%uctlonle|osrsgvt|ﬁ}l Sdegm anénunber of
fl-exi bl e nmeans fyreéarﬁbﬁxtﬂﬁgSothaada@lm@m, catalyst poi soni ng and

thereby extendi ng)t &eabt&agoa theq feed SRl Sin WD At i d el ative
to processes which t hes 't wll be

do ste
appreci ated t hat RERSSHIEsREH ﬁﬁ@?t"glFormé}&mﬁ‘%’&;ﬁ?W StR%aY oad'&s of

t he pgesent inveat maewbbbabalystand15|gﬂif|@m1 kydererreagehn & t hi s

process does not gyse %ﬁﬁroggcg Bégggg7eégm£y\g3&gn aI&Ml |02ﬁ% ns as

used according to n-spite ‘costs of
the .- sepaiFatesn Bethasetlal god §Pclatt§ld’§t’ti wad \ﬂ@crat@imate 20

product. derivatives;

c) separating the components of said product mixture;

10 d) returning cocatalyst separated from said product

mixture to said reactor;

e) returning DMK and phenol separated from said

product mixture to said feed stream; and

£) recovering BPA.

15 According to a more specific embodiment of the
present invention the alkyl alcohol is methanol the
removal of which proﬁides a feed stream comprising DMK
and phenol with a concentration of methanol of less than
10 ppm.

20 In yet another embodiment of this invention, the
lower alkyl alcohol removal step comprises dlstlllatlon

In- yet another embodlment of this lnventlon, the

- lower alkyl a;cohol removal step comprises adsorption by
passage through:a'molecular sieve.

25 In yet another preferred embodiment of this
invention, the process is conducted as part of an
integrated chemical manufacturing process wherein phenol
and DMK reactants are produced from the decomposition of
cumene hydroperoxide.

30 The attached figure is a schematic diagram of the

~process of the invention.

It has been found now that the production of certain
sulphides formed from the mercaptan cocatalysts used in
the free cocatalyst technique can result in rapid

35 deactivation of acidic ion exchange resins used in the
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CLAI MS 1. A nmethod for making bi sphenols conpri sing:

a) renoving al kyl al cohol having from1 to 8 carbon atoms froma
reactant feed stream conprising a ketdde- Substitate shpéen@ll Mayal 999
cdncentration of less than 50 ppm 5 b) reacting said reactant
streamin the presence of a cation exchange resin and a free

- sul phur - cont ai ni ng cocatal yst to produce a reaction product

m xture, conpri sing cocatal yst, cocatal yst derivatives andga____
bi sphenol |iquor conprising bisphenol and phenol, 10 parating

sai d bi sphenol and phenol from said reaction prﬂ“m‘fml““l“ “I|| |H“|

CLAIMS

1. A method for making bisphenols comprising:

a) removing alkyl alcohol having from 1 to.8 carbon
atoms from a reactant'feed streaﬁkcomprising a ketone
and a phenol to a concentration of less than 50 ppm,

5 " b) réacting said reactant stream in the presence of
a cation exchange resin and a freé sulphur-containing
cocatalyst to produce é reaction producq'mixture,
comprising cocatalyst, cocatalyst derivéﬁives, and a
bisphenol liquor comprising bisphenol and phenol,

10 c) separating said bisphenol an& phenol from said’
| reaction products, |

d) removing cocatalyst and cocatalyst derivatives

- from said reaction products, ' |
e) returning cocatalyst to said reactor, and

15 f) recovering bisphenol. | _
2. The method of claim 1 wherein said cocatalyst is a
mercaptan. : | '
3. The method of claims 1 and 2 further comprising the
steps of removing the alkyl alcohol from said reaction

20 products. ' _
4. The method of claims 1-3, wherein said alkyl
alcohol is preseht'in the reactant stream at a
concentration of less than 10 ppm after the aikyl
alcohol removal step.

25 5. The method of claim 2 wherein said cocatalyst is

methyl mercaptan.

—r———
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~d) renoving cocatal yst and-cocat-al yst derivatives fromsaid reaction

product s, ing cocatalyst to said reactor, and 15
f) recoveri ng y‘mnm(“ Ml!@l‘ 2. The nmethod of claim 1 wherein said
cocatal yst is an. - 15- 3 Subsiitutesheet o2 1cMayn$999and 2

further conprisi ng the .St eps of rermvi ng the al kyl al cohol from
said reaction 20 pr oducts. : . The nethod of clains 1-3,
e Sal 8 81K tne mephoa2hEo0Lihs rgsaﬁg ipt Bfe GRGkARn St ream at
concentration of [ess t 1 er FRyT al cohol renoval
step. 25 S&eaﬂheomrhaesoacetanmamdv\hesuélemba& d cocatal yst is

met hyl mer capt an. - 15 - Substitute sheet - 21 May 1999
6. The nmethod of clains 1-5 wherein the reactant stream conpri ses

acet one and bi sphEhel mathod of claims 1-6 wherein said cation
T 5 exchange resin is selected from the group consisting of
sulfonated polystyrene, poly(styrenedivinyl-benzene)

copolymer, and sulfonated phenolformaldehyde resins.

i
-
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7. Tme method of claims 1-6 wherein said cation 5 exchanmg%q_gs

sel ected fromthe group consisting of sul f onat ed pol yst
pol y('styrenedi vi nyl - benzene) . copol yner, and sul fonat ed
phenol f or mal dehyde resi ns. o
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