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SPECI'F 1 CAT I ONTitle of the Invention POLYORGANOSI LOXANE CATAL ST F%/
Background of the Invention Field of the Invention The present invention

relates to a pol yorganosilo al yst Dr g speciff gc Q;
pol yor ganosi | oxane cat al yst ﬁp&ﬁmtt @f7 gns)ugf oni cuagi@ ?@p cont ai ni ng
hydr ocar bon group and a nercapto group-containing hydrocarbon group. Such

catalyst is used as the catalyst for produci ng bi sphenol A by the
dehydrati on- condensati on of acetone and phenol. Description of the Rel ated

Art Bisphenol A (2,2-bis(4'-hkydogyphenyt horopane! is generally produced
continuously in the node of so-called flow reaction on fixed bed,

conpri si ng passi Hds AcCtONE, @&- jRenol of an excess of 8-fold to 15-fold in
nolar ratio to solid catalysts. Conventionally, a technique using cation

exchange resin or fgg&ékd%?yd&hg% ita@Rsexchange resins as such solid
nown, and | CATAYST

catal ysts has been n the mercapto-nodified cation exchange
resins, the nercaptoalkylnmaine are partially neutralized and nercapto
group is fixed on cation exchange resins. - 2-

Background o¢f the Invention
Field of the Invention

The present invention relates to a polyorganosiloxane
catalyst, more specifically a polyorganosiloxane catalyst-
withboth of a sulfonicacidgroup-containing hydrocarbon group
and a mercapto group-containing hydrocarbon group. Such
catalyst is used as the catalyst for producing bisphenol A by

the dehydration-condensation of acetone and phenol.

Description of the Related Art

Bisphenol A {2,2-bis(4'-hydroxyphenyl)propane] is
generally produced continuously in the mode of so-called flow
reaction on fixed bed, comprising passing acetone and phenol
of an excess of 8-fold to 15-fold in molar ratio to solid
catalysts.

Conventionally, a technique using cation exchange resin
or mercapto-modified cation exchange resins as such solid
catalysts has been known, and in the mercapto-modified cation
exchange resins, the mercaptoalkyimaine are éartially
neutralized and mercapto group is fixed on cation exchange

resins.



Concerhing solid catalysts other than the ion exchange resin cat al ysts,
addi tional ly, a t echni que usi ng pol yorganosi |l oxane catal ysts with
both of a sulfonric acid group-containing hydrocarbon group and a mercapto
group- contai ni ng hydrocarbon group as solid catalysts is described for
exanple in USP No. 5,631, 338, USP No. 5,789,628, EP-A- 765,897, and

EP- A- 856, 505. Conpared with ion exchangeZ-esin catal ysts, the

pol yor ganosi | oxane catal ysts are known to have very high catalytic activity

and sel ectivity. TheseecRakyer 96108 id 262N tGALAAYS 1A @ngensk %i&hd}gjé)_us
subst ances synthetically produced by so-called sol-gel process conprising

hydrol ysis of.allkoxysidangscal di Lhgienbalypes and subseguente  using

dehydr ati on- condensat i on; t he porous substances conpri _
region of a %%r .o%’g%%o%fil%%fw.@”g%é?ggfQr TRLE p3Rg %”‘35%18%%&% r&glpn of
a pore size wtHin“a range of 20 to 200  angstrons. e nean pore siZe in

t he meso-porous reqgion_i.s.generally 20 to 100 angstrons. So_as to recover
hi gh cat al yt %48 \ﬁnttﬁ,mé‘gﬁeﬁjaﬁr#atrgjgnsp%%?% Cgrécﬁjr?aglgrggg i BT o

1500 nR2/g; and the tota] anount of the sul fonjc acid._group:containing
hydr ocar bon éﬁ%ﬁﬁ?%&ﬁ&gth@gﬁﬁ?ﬁﬁ?ﬁQ)%ﬁﬁ&ﬁbgéoﬁ?%}QHQﬁfaH38rﬁc%ﬁtd%?iﬁ%ﬂﬁ?i s
generally about 2.5 tg 8.5 Wnol per unit _surface area (1 n2). In case that
pol yor ganosi Ife¥aR& 8RS y&t §S8r 8oused®Pbr 3PP owPRa¥R 1 o 1P 1638ed HRsdht o

pr oducebi sphenol A, additionallg it has been known that the catalyst
life of the®3,8%97, and EP-A- 56,505. Compared with ion exchange resin

catalysts, the polyorganosiloxane catalysts are known to have
very high catalytic activity and selectivity.

These polyorganosiloxane catalysts are generally porous
substances synthetically produced by so-called sol-gel
process comprising hydrolysis of alkoxysilanes of different
types and subsequent dehydration-condensation; and the porous
substances comprise a macro-porous region of a pore size of
200 angstroms or more and a meso—porous region of a pore size
within a range of 20 to 200 angstroms. The mean pore size in
the meso-porous region is generally 20 to 100 angstroms. So
as to recover high catalytic activity, generally, the specific
surface area is 500 to 1500 m?/g; and the total amount of the
sulfonic acid group-containing hydrocarbon group and the
mercapto group-containing hydrocarbon group is generally

about 2.5 to 8.5 pmol per unit surface area (1 m).

or

23]

In case that polyorganosiloxane catalysts are used
flow reaction on fixed bed to produce bisphencl A, additionally,

it has been known that the catalyst Llif of the

m



-3- polyorganosil oxane catal ysts can be prom nently inproved by addi nga
traceanmount ofwater to the startingnaterials acetone and phenol, as in the
case of the use of nercapto-nodified cation exchange resin catal ysts

descri bed in Japanese Patent Laid-open No. 172241/1994 for flow reaction on
fi xed bed. However, the serious problemof the polyorganosil oxane

catal ysts, nanely the continuous decrease3of the catalytic activity thereof
as the reaction tinme passes even by the addition of water to the raw

materials, hgg)pBlgYRbsDeERa QY LBy st dEn bBep Boh Yok Siinlp r*@RE by
catal ysts have not "yet been applied’industrially. As escri bed above,

the currently, a!‘E‘PX\@eB%Xﬁﬂ"t%@%éPE@“&..&@FQH’?&&mS@BEQ&lQ%c%FEI%'nieed in

. in .
practice because e deterioration of the cata ysts, nanely the continuous

decrease of gggygﬁg%x“ Gzach! ¥hLYoase Log {ﬁ@%%@%éing%dag@g odiE 88N | oUS.

When such ca t's aré charge y are on fixed ematically,

the frequenc f. _the exchange of th a yst_ 1.8, nckea | v i t he

el evation of X?ﬁéoﬁr%ﬁ%é‘??%% oSt Sfag?lilgggées% Cirﬁé)egr:(% uc%ga%glgc%la:ése ¢

i ndustrially_di sadvant ageo ingly,.Jjt is a _purpose_of the invention

to provide algafaPrpep thgi%%fﬁéf%?4dg%¥i%ﬁ?wIﬁ§%§5ﬁoﬁn88rféﬁﬁﬁr8§§ron.

Summary of the Invention The present inventors have n%ge i nvest,igations so
olyorganosiloxane

as to However, the serious problem of the p
catalysts, namely the continuous decrease of the catalytic
activity thereof as the reaction time passes even by the
addition of water to the raw materials, has not yet been
overcome. Thus, thepolyorganosiloxane catalysts have not yet
been applied industrially.

As described above, the currently known
polyorganosiloxane catalysts cannot be applied in practice
pecause the deterioration of the catalysts, namely the
continuous decrease of the catalytic activity as the reaction
time passes, is serious. When such catalysts'are charged as
they are on fixed bed, problematically, the frequency of the
exchange of the catalyst is increased, involving the elevation
of the production cost of the resulting product, which is
industrially disadvantageous.

Accordingly, it is a purpose of the invention to provide

a catalyst with the deterioration thereof under suppression.

Summary of the Invention

The present inventors have made investigations so as to



-4- overcone such problens. Consequently, the inventors have found that,
by nodifying the total amount (active site anmount) of the sulfonic acid
gr oup- cont ai ni ng hydrocarbon group and the nercapto group-containing

hydr ocarbon group in a pol yorganosil oxane catalyst with both of the

sul fonic acid group-containing hydrocarbon group and the nercapto group-
cont ai ni ng hydrocarbon group, unexpectedHys the reduction of the active
site amount extrenmely suppresses the deterioration of the catalyst, with

al nost no detgfdr@ordd atuced phsohigh, catedsdquenaaty, vidne Mirentspecifaeal |y,
the inventors have found that by controlling the active site amount within

an appropri at@und 86, biPRbdifyhhy thesUbtatamoudtefact Bfe sitBeamount)
pol yor ganosi | oxane catal yst, the deterioration of the catalyst can

significantlyr k. suppLassedcid g@é&bféﬁhékﬂﬁﬂﬂgo%§HEQEa9thh&r&@ﬁfﬂﬂﬁi‘3
activity, so that bisphenol A can continuously Bbe produced at a high yield

and a high s cti v , us,, el (] P h ~achi e T is, the
o S T e RS b AR YR Pl
49

invention relates to a pol yorganosi| oxane iC

aci d group-cant.ai nin «drocar.ban, gr 1d, a, ney capt r oup= cont ai ni
9 P %ﬁﬁfr .J@Q&ox@g& ggggg9§9 99y ?gF% &P ?g g%&%ﬁﬁif aci

hydr ocar bon é? erein amount o e sulfon

group-contai ni n hxp&gpargpn qroyg ang %he negcag%o 9L oup- cqptaipiqg_

hydr ocar bon I e A & YREPRPACE r dhgBP of 9. BT (B SCHP “ AL Uher

unit Surfaceco%rtea%ni%%g g}y)droggrégg group, unexpectedly, the reduction of
the active site amount extremely suppresses the deterioration
of the catalyst, with almost no deterioration of the high
catalytic activity. More specifically, the inventors have
found that by controlling the active site amount within an
appropriate range per unit surface area of the
polyorganosiloxane catalyst, the deterioration of the
catalyst can significantly Dbe suppressed, with no
deterioration of the catalytic activity, so that bisphenol A
can continuously be produced at a high yield and a high
selectivity. Thus, the invention has been achieved.

That is, the invention relates to a polyorganosiloxane
catalyst with both of a sulfonic acid group-containing
hydrocarbon group and a mercapto group-containing hydrocarbon
group, wherein the total amount of the sulfonic acid
group-containing hydrocarbon group and the mercapto group-
containing hydrocarbon group is regulated within a range of
0.5 to 2.0 umol per unit surface area (1 n’) of the

polyorganosiloxane catalyst and a process for producing



poi yor ganosi | oxane catal yst and a process for producing bi sphenol A
conprising the dehydration-condensation of acetone and phenol in the
presence of said pol yorganosil oxane catal yst. Detailed Description of the
Preferred Enbodi ments The pol yorganosil oxane catalyst with a sulfonic acid
group-cont ai ni ng hydrocarbon group and a _gercapto group- containing

hydr ocarbon group in accordance with the invention neans a

pol yor ganosi | oxane described in USP No. 5,631, 338, EP-A-765, 897, and
EP'A'8561505bisphed@h?r§'ngompri%b@gpQﬂMQVgﬁm@@kaKaﬂecbﬁd@ﬁs@tﬁéﬁUGiﬂre
such that the sullfonic acid group-containing hydrocarbon group and the
Mer capt o group- Gont.ak phnoh Ly dr 9Garbon, (WQUR a5 € NALL bal JyrSonded] Vi she
carbon-S|I|coneLbond|ng or nercapto group-silicone bonding directly to the
silicone atons,in Eﬁe silica matrices conprising siloxane bonds.
Theoreticallfﬁﬁ@ﬁg'ﬁdtal amount (hereinafter referred to as active site
anount) of the sulfonic acid group-containing hydrocarbon group and the
mercapt o group-contai ni ng hydrocarbon group in the pol yorganosil| oxane
catalyst with both of the sulfonic_acjd group-containing hydrocarbon group
and the nercéﬁﬁﬁ“dﬁﬁhﬁ*ﬁﬁﬁ?&%ﬁpﬁgOﬁyngCgrngrg?%dgm§§ﬂgﬁﬁxﬁbdified up to
about 8.00 mmol /g; however, a too |arge anDunR of the sulfqpéc acid

gr oup- cont ai ni ng hy@CoCOUYSFIgREgH 1 RERRE catalyst with a su

group-containing hydrocarbon group and a mercaptc group-

onic acid

containing hydrocarbon group in accordance with the invention
nmeans a polyorganosiloxane described in USP No. 5,631,338,
EP-A-765,897, and EP-A-856, 505, wherein the
polyorganosiloxane is of a structure such that the sulfonic
acid group-containing hydrocarbon group and the mercapto
group-containing hydrocarbon group are partially bonded via
carbon-silicone bonding or mercapto group-silicone bonding
directly to the silicone atoms in the silica matrices
comprising siloxane bonds.

Theoretically, the total amount (hereinafter referred
maasactivesiteamount)ofthesulfoniéacidgroup—containing
hydrocarbon group and the mercapto group-containing
hydrocarbongroupiJ1thepolyorganosiloxanecatalystwithboth
of the sulfonic acid group-containing hydrocarbon group and
the mercapto group-containing hydrocarbon group can be
modified up to about 8.00 mmol/g; however, a too large amount
of the sulfonic acid group—conﬁaining hydrocarbon gfoupznakes

the resulting poclyorganosiloxane water soluble, so that the



the resulting pol yorganosil oxane water soluble, so that the - 6-
pol yor ganosi | oxane can never be used as a solid catalyst. Furthernore, the
i ncrease of the active site anount induces great reduction of the specific
surface area, with the resultant severe deterioration of the catalytic
activity. So as to recover a polyorganosiloxane with a high catalytic
activity, therefore, the total anount of tdwe sulfonic acid group-containing
hydr ocarbon group and the mercapto group- containing hydrocarbon group,

nanel y the agiue S AMMALe Sr0an/al I LLIMR /9 06 | £5%c Sy g uni ¢

surface area ba e value is converted to a range o f ol / n2

|0 case that dhie shegldd © Sur{aRecaLeR,} %900 4 1500, 1PLg. L0 ARELdance

with the invention, 1npdrtant Ir's"Tound at’ the catarytrc fite of the

pol yor ganosi | oxane cat.al yst can be inmproved.while the high actiyity .,of the
pol yor ganosi |9xXdhe 53?3?§§?niéﬂéef%?né&?cﬁglfiwﬁ%ﬁSBQFedﬁg?%g with Jene
theactivesitqgnnqqg;qafarlome val ye. Myre sPe ificaliy,,by controlling the
active site drfouht-dlit ﬁ?ﬁeﬁeréﬁ?ﬁé*&ra@?@“{% >N§ pHbRFHPLC BFERELEBLY S t hin
a range of 0.5 to 1.6 gnol/n2, nore preferably within a range of 0.6 to 1.3
Pnnol / n2 per &mi £° sGRFEERT aPe@VYCXIFEPFOL§4RABSI Foklne bl yartatHelc

resul ting pol yorganosil oxane catalﬁst can retain a high catalytic activity
whi | e the detdtqididtv-orfhei@fose i §hgupprasdsagount of the sulfonic acid

group-containing hydrocarbon group and the mercapto group-
containing hydrocarbon group, namely the active site amount,
is generally 3.0 mmol/g or less. On a unit surface area basis,
the value is converted to a range of 2.0 to 6.0 umol/m? in case
that the specific surface area is 500 to 1500 m®/g.

In accordance with the invention, importantly, it is
found that the catalytic life of the polyorganosiloxane
catalyst can be improved while the high activity of the
polyorganosiloxane catalyst is retained, by further reducing
the active site amount to a far lower value. More specifically,
by controlling the active site amount within a range of 0.3
to 2.0 pmol/m?, preferably within a range of 0.5 to 1.6 umol/n?,
more preferably within a range of 0.6 to 1.3 umol/m® per unit
surface area of a polyorganosiloxane catalyst, the resulting
polycrganosiloxane catalyst can retain a high catalytic
activity while the deterioration thereof 1s suppressed.
additionally, the specific surface area of the catalyst is in
no way with any specific limitation, but preferably, the

specific surface area thereof is preferably within a range of



Addi tionally, the specific surface area of the catalyst is in no way with
any specific limtation, but preferably, the specific surface area thereof
is preferably within a range of -7- 500 to 1500 n2/g, nore preferably
within a range of 600 to 800 mr/g. In accordance with the invention, any
hydr ocarbon group with at | east one sulfonic acid group (-S03H) can be used
as the sulfonic acid group-containing hydracarbon group, which is
preferably a hydrocarbon group with one or nore to 20 or | ess carbon atons

d wth I | f oni i d - .ai ni hyd ; th
2 i oL ISR RSP0 IR S e

hydr ocar bon grp?p sel ected fromthe group consisting of substituted or
unsubsti t ut ed“domat i ¢ hydr ocarbon groups with preferably 6 or nore to 20
or | ess carbon atons, nnre,preferabI%PG or nore to 15 or_ | ess _carbon atons

and with at |east ohe3&GPFERRESAET ! FREUPR (ST -afBY SFEIEHRS Fijoup
aromati c hydrocarbon groups with_ the aromatic groups therein being directly
substituted wih st flGASE eerdsytéapieraaidrIuP HydPdtlardssh bgr dge8 @bt h
the aromatic group-substituted hydrocarbon groups being substituted with
sul foni ¢ aci dtizg cup)Lend st graupdcontahsubgthydinaxhrigin piravpe which
hydr ocar bon groups (i ncluding alicyclic conmpounds) with preferably one
or nore to 15isrpteSsrably a hydrocarbon group with one or more to 20 or
less carbon atoms and with at least one sulfonic acid
group—-containing hydrocarbon group; the sulfonic acid
group-containing hydrocarbon group is at least one hydrocarbon
group selected from the group consisting of substituted or
unsupstituted aromatic hydrocarbon groups with preferably 6
or more to 20 or less carbon atoms, more preferably 6 or more
to 15 or less carbon atoms and with at least one sulfonic acid
group {which are satisfactorily aromatic hydrocarbon groups
with the aromatic groups therein being directly substituted
with sulfonic acid group or aromatic hydrocarbon groups with
the aromatic group-substituted hydrocarbon groups being
substituted with sulfonic acid group) and substituted or
unsubstituted aliphatic hydrocarbon groups (including
alicyclic compounds) with preferably one or more to 15 or less
carbon atoms, more preferably one or more to 10 or less carbon
atoms and with at least one sulfonic acid group.
As examples of such sulfonic acid group-containing

hydrocarbon group may be mentioned aromatic groups including

phenyl group, tolyl group, naphthyl group, and methylnaphthyl



carbon atons, nore preferably one or nore to 10 or | ess carbon atons and
with at | east one sulfonic acid group. As exanples of such sulfonic acid
group- cont ai ni ng hydrocarbon group rmay be nentioned aromatic groups

i ncl udi ng phenyl group, tolyl group, naphthyl group, and nethyl napht hyl
group and being nuclearly substituted with at |east one sulfonic acid
group; aromatic group-substituted al kyl gBoups including benzyl group and
napht hyl met hyl group and being nuclearly substituted with at |east one

sul foni ¢ aci d.gr,oun;,fl K¥k» r%esteagﬁp SRR Gl YL eBERURN
n- propyl gro p, rsopropyr group, group, isobutyl group, t-butyl

group, |inear %2 {J?S &g’rég}l%' agbitdPy nedaﬂiacf— %s‘?.;.%ggg efﬂ?ﬁ"gv%ru%

| i near or branche Branch grooup
bei ng substi tut th at | east one sul fonig rou and cychoal k I
groups i ncl udlqﬁgugﬁ?ﬁoﬁé?ﬁv'grg&?ﬁp r?é‘tdhﬂa&qﬂngﬁ q gaﬁupa W oeiay
et hyl cycl ohexyl oyp and beln ubsti t ut d mnth a east sul fonic
acid group. nlﬁﬁllgﬁe#ﬁfoﬁé Dsthedke (g”’o‘ﬁ%‘t ?ﬂ?bé%ffeoéﬁ g?BbB %]ré)ﬁeﬁ‘ihpat ed or
unsaturated aliphatic hydrocarbon (|nclud|ng al i cyclic conpounds) groups
may be hydr o@arhérs BreRpS UAENEF BebRY | OueHPs SeH S5O BGRACRY drit Aikoxy|
group, nitro group and hydroxyl group. The nmercapto group-containing
hydr ocar bon ¢sopgoby ladrdwasn-oney s eregbed FIOH HydF Ot boRugr b gRPUsE.t h one
or nore

linear or branched pentyl group, linear or branched hexyl group,

linear or branched heptyl group, and linear or branched octyl
group and being substituted with at least one sulfonic acid
group; and cycloalkyl groups including cyclohexyl group,
methylcyclohexyl group, and ethylcyclohexyl group and being
substituted with at least one sulfonic acid group.
Furthermore, these aromatic hydrocarbon groups or saturated
or unsaturated aliphatic hydrocarbon (including alicyclic
compounds) groups may be hydrocarbon groups with substituents
such as halogen atom, alkoxyl group, nitro group and hydroxyl
group.

The mercapto group-containing hydrocarbon group is at
least one selected from hydrocarbon groups with one or mcre
to 20 or less carbon atoms and with at least one mercapto group
represented by the rational formula -SH, wherein the group -SH
is bonded to aromatic hydrocarbon groups or saturated or
unsaturated aliphatic hydrocarbon groups {including alicyclic
compounds) . Preferably, the mercapto group-containing

hydrocarbon group is a hydrocarbon group wherein at least one



to 20 or le-s carbon atons and with at | east one nmercapto group represented
by the rational fornmula -SH, wherein the group -SH is bonded to aronmatic
hydr ocarbon groups or saturated or unsaturated aliphatic hydrocarbon groups

(including alicyclic conpounds). Preferably, the nercapto
group-cont ai ni ng hydrocarbon group is a hydrocarbon group wherein at | east
one -9- -SH group is bonded to aronatr@’hydrocarbon groups or saturated

al i phati c hydrocarbon groups. Exanpl es of such nercapto group-containing

hydr ocar bon Qé@%ﬁxnm§ﬂ§b%g%edtﬂ?éEQHE91?%@ﬁ&oca958H§&gupsﬂ9¥satﬁ%@@@he

mer capt omet hyl  “gr oup, 2- mer capt oet hy group,
nmer capt o- n-p o]0 C|IC hydr ocar bon groups, for exanple
4- nercaptocyé?gﬁtﬁgf P%dﬁgéﬁgﬁﬁ9gﬂ%r aptonethylcyclohexyl group; and

mer capt o-aromatic h dro arbon u qQr_ exa ner.capt ophenyl . group
and p-ner captorret hy%/ g fﬂ))ﬂpefc‘_"lpr SRR ecmp“s &h{;h B Shrbdn

mer capt onet h roup. an r up; artlcularl mer capt onet hyl
group is excéF?gﬂt ﬁn?g?%g of™ ?5 éﬁgﬂiky iAPey an5°¥he 36?§gﬁﬁn of
the catal ytic act|V|t .. Furthernore, _ these aronatlc or aliphatic or
alicyclic hyH?ﬂE%PB%%eb?bhpsgEBHPaln@n@eﬁ§P8§BF6“§fouﬁrﬁ&P be #Ydr oéar bon
groups with substituents such as hal ogen atom al koxyl group, nitro group
and hydroxy|meggﬁguoT%—gﬁﬁpyi(”ggqyp, mercapto-alicyclic hydrocarbon

groups, for example 4-mercaptocyclohexyl group and 4-
mercaptomethylcyclohexyl  group; and mercapto-aromatic
hydrocarbon groups, for example p-mercaptophenyl group and
p-mercaptomethylphenyl group. Preference 1is given to
mercaptomethyl group and mercaptepropyl group; particularly,
mercaptomethyl group is excellent in terms of the catalytic
activity and the duration of the catalytic activity.
Furthermore, .these aromatic or aliphatic or alicyclic
hydreocarbon groups containing mercapto group ma? be
hydrocarbon groups with substituents such as halogen atom,
alkoxyl group, nitro group and hydroxyl group, in addition to
mercapto group.

In the inventive polyorganosiloxane catalyst with the
sulfonic acid group-containing hydrocarbon group and the
mercapto group-containing hydrocarbon group, the molar ratio
of the sulfonic acid group-containing hydrocarbon group to the
mercapto group-containing hydrocarbon group is in no way with

specific limitation, but the molar ratio is preferably 0.5 to

-

.5 : 0.5 to 1.5, more preferably 1 : 1 as the sulfonic acid

Pt



mer capt o group. In the inventive pol yorganosil oxane catalyst with the

sul foni ¢ acid group-contai ni ng hydrocarbon group and the nercapto

gr oup- cont ai ni ng hydrocarbon group, the nolar ratio of the sulfonic acid
gr oup- cont ai ni ng hydrocarbon group to the mercapto group-containing
hydrocarbon group is in no way with specific limtation, but the nolar
ratio is preferably 0.5 to 1.5 0.5 to *1&; nore preferably 1 ; 1 as the
sul fonic acid -10- group-containi ng hydrocarbon group t he nercapto

group- cont agbog-bydeacat hgn hgueveairboADlgrouguant thy. mS¥eApto group-
pol yor ganosi [ oxane catal yst can be produced by the follow ng processes:

So- cal | ed SOhoﬁehlR&Q@e§§§Soc58§éMdgﬂﬁbﬁ1&namﬂkpc%%%nQQ€pE!S!ng m xi ng
t oget her al koxysilane with a sulfonic acid gr oup- conf ai ni ng

hydrocarbon  groupycaldkoxysid-ane l‘Mothn% @E&%@c%%@p&%ﬁh@bﬁ'w the
hydr ocar bon group and tetraal oxysilane at an arbitrary ratio, hydrolyzing

t he resultlngoqhéQggs g d-subiecting the resulting product to
co- condensation ? process conprising m xing together a

wat er - solublg hzgrglgzggg a%#g ggéé rmag%qu% sulfonlc acid group-

cont ai ni ng hy rocar 50!’1 gro OXYysSli ane W g mer capt o group contai ni ng

hydrocarbon 9&?“2 andcé§§'!%%£§g§ %blggglng together alkoxysilane with a

sulfonic acid group-containing hydrocarbon group,
alkoxysilane with a mercapto group-containing hydrocarbon
group and tetraalkoxysilane at an arbitrary ratio, hydrolyzing
the resulting mixture and subjecting the resulting product to
co-condensation; and
(2) a process comprising mixing together a water-soluble
hydrolyzate of alkoxysilane with a sulfonic acid group-
containing hydrocarbon group, alkoxysilane with a mercapto
group containing hydrocarbon group and tetraalkoxysilane at
an arbitrary ratio, hydrolyzing the resulting mixture and
subjecting the resulting product to co-condensation; and
so-called silylation process, including
(3) a process comprising silylating alkoxysilane with a
mercapto group-containing hydrocarbon group to support the
mercapto group onto the silanol group present in a
polyorganosiloxane with a sulfonic acid group-containing
hydrocarbon group.

The aforementioned active site amount can readily be

adjusted by controlling the amcunt of alkoxysilane used as a



an arbitrary ratio, hydrolyzing the resulting m xture and subjecting the
resulting product to co-condensation; and so-called silylation process,
including (3) a process conprising silylating al koxysilane with a mercapto
gr oup- cont ai ni ng hydrocarbon group to support the nercapto group onto the
silanol group present in a pol yorganosiloxane with a sulfonic acid
group-cont ai ni ng hydrocarbon group. The -dfierenentioned active site anount
can readily be adjusted by controlling the anbunt of al koxysilane used as a

starting matetia WQeRaE 9@gelwgegh§ @&@ig ttn%Rgégéq§s%ol gel process of

polyorgan05|loxane for exa yor ga 05| oxane th ahi ghspecific

surface area of ge@eral G%S%%rfigpﬁgaggégsp%@ ) O%gggﬁglngaqglng:aqueous

armoni a as a base ¢afalf ySi s preparation
additional ly, i etraal ko&%hélane i.s mxed at a

ratio of 10 F&agﬁh‘n %BPaVOF%f?%Ft{?%%&FFbraF‘HHT&?P% B SBf LaPREEFS | ane
with the sul fanic aci ou - cont ai ni,ng rocar bon up and al koxysil ane
with the neréépgﬁn@Fﬁgp é?nf@@nh§aﬁﬁﬁggﬁoﬂr@$ﬁﬂﬁp gél*%ﬁ%@l@%F%ﬂHﬁ tion
of wat er and subsequent hydr ol SIS and dehydrati on- condensati on,

to prepare a3pBrpdegafod I%(Sa?lec%e&]ax%t wiing degdacdd sddti veusiing ddsunt .

The pol yorganosi | oxane catal yst thus prepared is of a
preparation, additionally, the parent material

tetraalkoxysilane is mixed at a ratio of 10 to 80 inmolar ratio
to the total molar number of alkoxysilane with the sulfonic
acid group-containing hydrocarbon group and alkoxysilane with
the mercapto group-containing hydrocarbon group, followed by
addition of water and subsequent hydrolysis and
dehydration-condensation, to prepare a polyorganosiloxane
catalyst at a desired active site amount.

The polyorganosiloxane catalyst thus prepared is of a
mean pore size of at least 25 to 85 angstroms, more strictly
30 to 70 angstroms, in the mesoporous region with a pore size
range of 20 to 200 angstroms.

The polyorganosiloxane catalyst recovered by the method
described above is so fragile and readily degraded that the
polyorganosiloxane catalyst 1is problematic for wuse in
practical sense. When such catalyst is charged as it is on
a fixed bed, problems such as flow brocking at the outlet of
a reactor emerge. By conventional molding methods of
catalysts using binders and the like and requiring sintering

process at high temperature, organic functional groups such



mean pore size of at least 25 to 85 angstrons, nore strictly 30 to 70
angstrons, in the nesoporous region with a pore size range of 20 to 200
angstrons. The pol yorganosi |l oxane catal yst recovered by the nethod

descri bed above is so fragile and readily degraded that the

pol yor ganosi | oxane catal yst is problematic for use in practical sense. \Wen
such catalyst is charged as it is on a fitged bed, problens such as flow

brocking at the outlet of a reactor energe. By conventional nolding
net hods of Gal aleyshprusgreubi R8T SuBfshidadikgrang &eguisiag stadeti ng
process at high tenperature, organic functional groups such -12- as

mer capt o gr ouR. Qi 3k onicg g8 n8HeURaAT BedEt e Qladed. Accordingly, the
nmet hods can never be used. So as to overcone the problem it is proposed

that a powdery pol yarganesj | Qxanew tRebgtRL9bna sul {oNho@Cddl that a
gr oup- cont ai ni ng hydr ocarbon group and a nercapto group- contai ni ng

hydr ocar bon grqyp, Andoui b, Lhe, af BLEITRNtj e0gd KT ver SLt e, ATBNIL A&

supported on "a ‘porous” noi d erial’.” I'n such ‘manner, ~a pol yorganosi| oxane
A K R T R L S e
using binders and fNGg g 20k ARG 510G Mgl LATRe Al SR QR8RS Sitka
active site amount, is supported on a porous moclded material.
In suchmanner, a polyorganosiloxane catalyst with no emergence
of any problem such as the occlusion of reactor conduit can
be recovered, with no use of the conventicnal molding methods
. using binders and the like and requiring high-temperature
processing.
The porcus molded material to be used in accordance with
the invention comprises amaterial inert tochemical substances
in the reactor and the reaction conditions. The molded
material satisfying the conditions includes for example active
c_harcoal, silica gel, silica-alumina, alumina, molecular
sieve, titania, silica-titania, zirconia, and zeolite. Among
them, silica gel is particularly preferably used.
As to the particle size of such porous molded material,
the porous molded material is used as it is, with no specific
limitation. 90 % of the total amount is of a particle size
preferably within a range of 30 um to 5 cm, more preferably

within a range of 30 um to 1 cm. The specific surface area

)

is with no specific limitation but is preferably within a range



The porous nol ded material to be used in accordance with the invention
conprises a material inert to chem cal substances in the reactor and the
reaction conditions. The nol ded material satisfying the conditions

i ncludes for exanple active charcoal, silica gel, silica-alumna, alum na,
nol ecul ar sieve, titania, silica-titania, zirconia, and zeolite. Anong
them silica gel is particularly preferablig-used. As to the particle size
of such porous nolded material, the porous nolded material is used as it

is, with no spgegidd qildomntad, adre99risofab e wiehdh anitde o 8f too ECLi Cl e
size preferably within a range of 30 tmto 5 cm nore preferably within a

range of 30 LEpg 1o th £8cdNen SPRELA LGSR ARE A, ERJH St WAL NP, SREGPSHeC
limtation but is preferablywnthln a range -13- of 2 to 1100 n2/ g, nore

preferably wiLhiRea & ange rQJ sé@ciplc,ﬁ@@mm:égionl RRECY g@e@srz%tp Wit in
i nvention, addltlonally, the oore volume is with no specific limtation,

but is preferab%¥ggﬁé@ ) r@pg§(pf Q@f%nbplg Qo?1/§#é¥5¥5 1€geferably

wi thin a range 0 nu/g furthernore, in accor ance Wi th

the invention, the pope.sjze.is Hﬂ‘% R?C fLEhé rg}gﬂ'fylaé§gfa%99$ 1000

preferably 3 ghagtrons r nDre pre érab ha rrange

angstrons. As .he. shape. of or ous_ 1o materia orous materials
in any S|nglélgﬁ§béab?vﬁ F%%&e é?%lzﬁéﬁﬁﬂE%EHOSpec 1. AR tation;

but is preferably 3 angstroms or more, more preferably within
a range of 5 to 1000 angstroms.

As to the shape of such porous molded material, porocus
materials in any single shape of cylinder, sphere, doughnut,
heneycomb, a disrupted material with a uniform particle size,
square and tube can preferably be used.

As to the method for supporting the polyorganosiloxane
on the porous molded material to prepare a supported catalyst,
the following methods can be used to prepare the supported
catalyst, but the polyorganosiloxane-supported catalyst for
use in accordance with the invention is not limited only to
these methods. As readily preparative methods, for example,
(1) a process comprising mixing together alkoxysilane with a
sulfonic acid group-containing hydrocarbon group,
alkoxysilane with a mercapto group-containing hydrocarbon
group and tetraalkoxysilane at an arbitrary ratio, hydrolyzing
the resulting mixture and subjecting the resulting product to
co-condensation, wherein the resulting polyorgancsiloxane is

impregnated and supported on the porous molded material at a



honeyconb, a disrupted material with a uniformparticle size, square and
tube can preferably be used. As to the nethod for supporting the

pol yor ganosi | oxane on the porous nolded naterial to prepare a supported
catal yst, the follow ng nethods can be used to prepare the supported
catal yst, but the pol yorganosil oxane-supported catalyst for use in
accordance with the invention is not lim14ed only to these nethods. As
readily preparative nethods, for exanple, (1) a process conprising mXing
together al kexysibiaseave} had S2)f @NpLoce &€ 1dbmprdIsatR- RORLAG Ndikther a
hydr ocar bon group, al koxysilane wth a nercapto group-containing
hydrocarbon gkawp13ndrbeif aakkeyyslddqQiah ARatEbLisBIYL L 8hi BonhydQlyzi ng
the resulting m xture and subjecting the resulting product to

co- condensat gQBuc\A’@%E%E'ﬂnRHS R dd 1% dp0! %f?gntgégo%iﬂk@j{cg[%%rlkﬁe@ Py ggnat ed

and supported on the porous nol'ded materia Iquid state; and

(2) a proceS%egegBrcgsi p%m@g—%ntt%Q%tilﬁﬁ[ afﬂ%{&@@f&e of %ﬁ&‘%xysi l.ane wth

a wat er - sol ubl"eé Salfoni ¢’ aci®d group- co ydrocarb foup,

2l koxysil ane wiLY) 8 BESARLO o doUmcauLalning o Nydrosathon, .ar oup.

and tetraal koxysi n-arbrtrary ratio, “hy rGFyz

1 xt d bj ecti t.h | t.i t - tion, wh [
The rooul i ngoRoy PIAROEEEGRaAac S SRGPEafH: C°atd SCappbR: BHSBHCFhe por ous

nol ded material at a . N ) . .
co-condensation, wherein the resulting polyorgancosiloxane is

impregnated and supported on the porous molded material at a
liquid state.

The inventive polyorganosiloxane catalyst with a
sulfonic acid group-containing hydrocarbon group and with a
mercapto group-containing hydrocarbon group can be used for
the reaction for the production of bisphenol A from acetone
and phenol. For example, the reaction is promoted, using a
fixed Dbed flow reaction system filled with the
polyorganosiloxane catalyst, as the reactor for bisphenol A
production. The retention time in this case is with no
specific limitation, but generally, the retention time is one
minute to 15 hours, preferably 10 minutes to 5 hours. The ratio
of the starting materials phenol and acetone to be used is with
no specific limitation, but it is recommended to promote the
reaction at a molar ratio of phenol to acetcne within a range
of preferably 2 to 50, more preferably 4 to 25. In case that
the amount of phencl is too less, it is difficult to attain

a high conversion ratio of the raw material acetone. In case



|l iquid state. The inventive pol yorganosil oxane catalyst with a sulfonic
aci d group-contai ning hydrocarbon group and with a nmercapto

gr oup- cont ai ni ng hydrocarbon group can be used for the reaction for the
production of bisphenol A from acetone and phenol. For exanple, the
reaction is pronoted, using a fixed bed flow reaction system
filled W th t he pol yorganosi | oxane cafjglyst, as the reactor for

bi sphenol A producti on. The retention time in this case is with no

speci fic |1 mdald eRe RHungesebikhBl 1NEcbGRM, 1 LR ibhMRDANEiEHE Sof 0 15
hours, preferably 10 minutes to 5 hours. The ratio of the starting

material s ph%qjié?egn%%eéﬁ)@ﬁiﬁﬁ,brgu'ﬂ% L§e\e§ft$hafblsﬂ89' Ttih%nlﬁp-ée%%%ﬁ{nb but

it is recomended to pronmpfe t eaction at a nolar rafio of
acetone withi " f o r . O,4;mare _preferahly 4 1o 25 In
case that theIQaa ltffﬁ%ggﬁ %p‘) e*naﬁﬁtgeel gg%%%g‘r %gg?adldtﬁlqs“’%gﬁ ? ir&ﬂ%?r%ég%’lﬁo%*l‘ﬁea

hi gh conversi an ratkp of %h% ram/naterial.%%ﬁgone.Tnlg case ‘1$%- t hat
the amount of ‘PHEHE T4 Po& RlICH, WHIG™HEEr oRe cOhIEFST DAPFRITIE CHIF be
attai ned, bug the?use of _phenol nore than ng&ggsary reqyéres a very_large
reactor and additiofdl yEreqafPES hlls S A CIFati o bER pRendibecitfic
uneconomcally. In accordance with the invention, the reaction tenperature
is with no sgdéiiffatiyanrouit Lenpbeferab by efidhdd ¢ waree rrh 4lange?8P 40 to
200 0C,

more preferably within a range of 50 to 120 °C. In case that

the reaction temperature is too low, an extremely long reaction

time is regquired so as to attain a high conversion ratio of

the raw material, leading to the decrease of the productivity.

In case that the reaction temperature is too high, undesirable

side reactions progress, so that the reaction selectivity is

decreased, uneconomically.

Examples

The invention 1is now described specifically in the
following examples. However, the examples are simply
illustrated, not for limitation of the invention. In the
examples, additionally, the catalyst life is expressed as
deterioration ratio in 300 hours {(value obtained by dividing
the difference between the acetone convexrsion ratio on hour

20 after reaction and the acetone conversion ratio on hour 300

1y

afrer reaction with the acetone conversion ratio on anocur 20
afrer reaction). Given that the deterioration ratio of a

catalyst with an active site amount of more than 2 umol/m’ per

s}



nore preferably within a range of 50 to 120 'C. In case that the reaction
tenperature is too low, an extrenely long reaction tine is required so as
to attain a high conversion ratio of the raw material, leading to the
decrease of the productivity. In case that the reaction tenperature is too
hi gh, undesirable side reactions progress, so that the reaction selectivity
i s decreased, uneconom cally. Exanples The- i nvention is now descri bed
specifically in the follow ng exanples. However, the exanples are

sinply illusthated,r Nte BRkal | A8 f EkBRpl Oy aNin@2) ibHddigyrexapl es,
additionally, the catalyst life is expressed as deterioration ratio in 300

hours (val ueigbt ained byedididing Athendiif e5 erce Betwessnthegacaionst _
conversion rati o on hour 20 after reaction and the ace’t one conversion ratio

on hour 300 after, reactd an X@%&fxﬂ?vé%%o{‘«%ﬁ@éﬁgﬁﬂ%W&Pvli)@iﬁe%_rhéo

after reaction). ‘Gven that the deterioration ratio of a“catalyst with an

active site agednt 951;5;8{5%0;%%%31%&%@5@& ygs i cHlidoritrl At @iea

(Conpar at i ve "Exainpl és [ ési ghat e then, the deterioration

par ¢ _ | IS desi'g “then, “the
bt ai ned by SPULE T ThE a1 LFEbraY BER Tt Faovad e oor -t ARy e e e

deterioration ratio value of the catalyst with the active, sjte.anount of
nor e than 2 ,umol/m?and multiplyain){; the resu&tgng Jividec{ value wlé.ts’l

100); when the relative value is 60 or less, it is determined
that the deterioration is suppressed.

Furthermore, the amount of the sulfonic acid group in
the polyorganosiloxane was measured according to a general
method for measuring solid acids. More specifically, the
polyorganosiloxane was subjected to ion exchange with an
aqueous sodium chloride solution at about 10-fold moles the
amount of the sulfonic acid group at room temperature; the
released hydrochloric acid was titrated with an aqueous sodium
hydroxide solution, to calculate the amount of the sulfonic
acid group. Additionally, the amount of mercapto group was
calculated by treating the polyorganosiloxane with an excess
of aqueous iodide solution and titrating the remaining iodide
with aqueous sodium thiosulfate solution.

(1} Synthesis of sulfonic acid group-containing
alkoxysilane

In a round-bottom two-necked 500-ml flaskwith a dropping

funnel was placed methylene chloride of 200 ml, followed by



than 2 4nol/n2 and nmultiplying the resulting divided value with 100); when
the relative value is 60 or less, it is determned that the deterioration

i s suppressed. Furthernore, the anount of the sulfonic acid group in the
pol yor ganosi | oxane was neasured according to a general method for measuring
solid acids. Mire specifically, the polyorganosil oxane was subjected to

i on exchange with an aqueous sodi um chl orjde solution at about 10-fold

nol es the anount of the sulfonic acid group at roomtenperature; the

rel eased hydrehlardiCo @?h@n%%r&bﬁi?&@gﬂ‘éﬁégarl2%%9%3%0SS’@'S %%‘Lfd?y&{&éﬂ de

solution, to cal culate the anount the sulfonic acid group. Additionally,

the amount of; Jirs g-f'%%?m‘b?x geaup 'ﬁ’@%h‘éaL‘éHL?Eerd 4 d{ug%t EU&PSW se added

polyorgan05|loxan th an excess of aqueou tion titrating

the remaining, iadide ui Lb ggugous %Qd'dughhgagﬁ&éfa&%s%' Ui ?‘“a%e Doy

Synt hesi s “Surfoni aci al ni ng "al’kox

round- botton1 necked 500:m. th a dr i.ng f.unnel was pl.aced
nﬁthylfne ﬁrr%ﬁS(ﬁ e ?822EY0 fagﬁéé Eene cg%f%“‘%ﬁdft?b regen St{:a1|1
phenyl trichl orosilaneo no un ooling on ice. To the
resul ting m e *XaB8ropH s %oecfed:ear's%kﬁt?ﬁﬁeqﬁ S%HFFU%FE‘”%C?%‘H dfydri de

of 46.80 g (0.585 nn&% dissolved in '100 m of nethylene chloride in
ni t rogen str &k resulting mixture was stirred at roomtemperature for one

hour, for sulfonation. The dropping funnel was removed. The
mixture was heated in nitrogen stream to 100 °C, using an oil
bath, to distill off methylene chloride.

Subsequently, 161.50 g of ethanol was dropwise added in
nitrogen stream over 2 hours for ethoxylation, while hydrogen
chloride was removed. The resulting ethanol solution of
238.60 g of the phenylsulfonic acid group-containing
ethoxysilane with impurities was used as a raw material for
the sulfonic acid component for the sol-gel preparation of a
polyorganosiloxane catalyst with sulfonic acid group-
containing hydrocarbon group and mercapto group-containing

hydrocarbon group.

(2} Preparation of polyorganosiloxane catalyst
Catalyst 1

In a round-bottom two-necked 500-ml flask with a stirrer
bar were placed the ethanol scolution (17.59 g; 21.39 mmol) of

the sulfonic acid group~-containing ethoxysilane, as recovered

in (1}, tetraethoxysilane ({159.74 g; 766.77 mmol),



over 30 mnutes; thereafter, the ice bath was drawn out; and the resulting
m xture was stirred at roomtenperature for one hour, for sulfonation. The
droppi ng funnel was renoved. The m xture was heated in nitrogen streamto
100 IC, using an oil bath, to distill off nethylene chloride. Subsequently,
161. 50 g of ethanol was dropw se added in nitrogen streamover 2 hours for
et hoxyl ati on, while hydrogen chl ori de waggsrenoved. The resulting ethanol
solution of 238.60 g of the phenyl sul fonic acid group-containing

ethoxysi | anenib Lot BRUELLL E2 1 NESHUIRRE Bt [BWGTRIEY | 9l BOT duflol Sulafoni ©
aci d conponent t -gel preparation of a po yorgan05|loxane cat al yst

oS onont &xAghfly GriPe PORLA 19 OUAERRBTIAN LA, ALGTRLARD

gr oup-cont ai ni ng ocar rou eparation of yorganosi ‘I oxane

Stirrer bar g&‘zoﬁﬁgcbg’d Fre'e %%aﬁg}‘f% (el gt a{gf%%% ﬁ%‘@% the
sul foni c aci rou tainin Xygilane, as recovered Lin., (1
i Pgﬁ@qﬁefgg 7%* 8 gé}(u??m*xpu.le) was WAL Ant st ed at

t et r aet hoxys
nercaptonethyltrlnethhoxyS|Iane and et hanol Q;SO

3. nmol
m); and the%Pesul ¥¢hcft MXtiite ﬁﬁgeﬁiﬁég Wbﬁ%?ﬁerwas P e SN
foIIomedbydropMAseaddltlonofmater of 28. gggverSCnlnutes Su?sgguentl t he
resul ting m $PQrENEasAhAAURP UM EOsHFIPRLHE mixture of 10 aqueous

28 ¢ ammonia and 69.1 ml of water was dropwise added to the
mixture, for 4-hr agitation at room temperature. The
resulting mixture was agitated at 65 °C for 3 days for aging,
which was then subjected todistillation under reduced pressure
with an evaporator, to recover a white solid. Then, a
procedure of addition of 300 ml of 2N hydrochloric acid and
agitation at room temperature for 30 minutes was repeated twice,
so that the solid was returned to proton type. A procedure
of filtration and subsequent rinsing in 300 ml of ion exchange
water was repeated twice, to remove hydrochloric acid.
Finally, the resulting product was dried at 100 °C under reduced
pressure for 6 hours.

By the aforementioned procedures, the
polyorganosiloxane with the sulfonic acid group-containing
hydrocarbon group and the mercapto group-containing
hydrocarbon group was recovered at a yield of 56.3 g and was
then designated catalyst 1. The amount of the sulfonic acid
group in the catalyst 1 was measured, which was 0.38 meq/q.

Additicnally, the specific surface area was measured by the



65 OC for 4 hours. After the mxture was left to stand for cooling, an
aqueous solution of a mxture of 10 m of aqueous 28 % ammoni a and 69. 1 mi
of water was dropwi se added to the m xture, for 4-hr agitation at room
t enper at ur e. The resulting m xture was agitated at 65 'C for 3 days for
agi ng, which was then subjected to distillation under reduced pressure with
an evaporator, to recover a white solidl9- Then, a procedure of addition
of 300 m of 2N hydrochloric acid and agitationat roontenperature for

30mi nut eswasga & pedd ek i are meshoichatcohéingl tal ties BERt e rieat + ovhpradt @ast ype.
A procedure of filtration and subsequent rinsing in 300 M of ion exchange
wat er was repeatEdqgtwi TRe detineneieehydowcthlpey anatishr Fawmbirpa { hen’)

resul ting product was dried at 1000C under reduced pressure for 6 hours. By
t he af or ggenti @9egnol . procedur es, t he pol yorganosi| oxane w th
the sul fonic acid group-containing hydrocarbon group and the nercapto
gr oup- cont ai ni ng hydrocarbon group was recovered at a yield of 56.3 g and
was t hen designated catal yst 1. The anpunt of the sulfonic acid group in

t he cat al yst étgggsgegsured, which was 0.38 nmeq/g. Additionally, the
specific sur?ace rea was neasured by the -19- gas adsorption nethod

according to the BE% 594 a1 € N 1850 BE2- dBrd b1 1T ndC LY 8 195k e sanRunt  per
unit surface area { eggg Bratibh b y
carried out under the conditions in Table 1, by the same method

as for the preparation of the catalyst 1. The results are shown

“in Table 1.

Catalysts 3 to 5

The preparation of polyorganosiloxane catalysts 3 to 5
was carried out under the conditions in Table 1 by the same
method as for the preparation of the catalyst 1, except that
mercaptomethyltrimethoxysilane was replaced with
mercaptopropyltrimethoxysilane. The results are shown in

Table 1.

{3) Preparation of polyorganosiloxane-supported cataiyst
Catalyst ©

In a round-bottom two-necked 500-ml flask with a stirrer
were placed the ethanol solution (9.25 g) of the phenylsulfonic
acid group-containing ethoxysilane, as recovered in (1),
tetraethoxysilane {84.0 g: 0.40 mmol),

mercaptopropyltrimethoxysilane (2.20 g; 11.24 mmol), and



was 1.15 Dnol. Catal yst 2 The preparation of polyorganosil oxane catal yst 2
was carried out under the conditions in Table 1, by the sanme nethod as for
the preparation of the catalyst 1. The results are shown *in Table 1.
Catalysts 3 to 5 The preparation of pol yorganosil oxane catalysts 3 to 5 was
carried out under the conditions in Table 1 by the same nethod as for the
preparation of the catal yst 1, except thab-nercaptonethyltrinethoxysilane
was repl aced wi th mercaptopropyltrinethoxysilane. The results are

shown in Tahlg oA 380 nfY CRAGKAORQLIROhY K HAN0S |/ 9X A1 IPHYE E RSN .
catal yst Catalyst 6 In a round-bottom two-necked 500-m flask with a

stirrer were placed, the tshﬁ%q:nggg%ﬁAP@wg%-@ﬁapgf)i.s%fa&cgﬁ Raeaylozl S ol ¢

aci d group-containing ethoxysil: as recovered in (1) etraet hoxysi |l ane
(500 g 11 Guatag? Ay o IRl EsceR PR bty e
WIEE A S Rk R SO SR L
55 g (CARiACT Q-15 of particle size of 0.85 to 1.70 mm;
manufactured by Fuji Silysia Chemicals, Co. Ltd.). The
resulting mixture was heated and agitated at 65 °C for 3 hours.
After the mixture was left to stand for cooling, followed by
distillation under reduced pressure with rotary evaporator,
the resulting polyorganosiloxane was supported on the silica
gel particle.

Subsequently, an aqueous solution of a mixture of 5 ml
of aqueous 28 % ammonia and 35 ml of water was dropwise added
to the resulting silica gel, followed by agitation at room
temperature for 4 hours. For aging, the mixture was further
agitated at 65 °C for 3 days. The resulting mixture was again
subjected to distillation under reduced pressure with a rotary
evaporator. The silica g followed el particle was transferred
into a 1000-ml beaker, by addition of 200 ml of 2N hydrochloric
acid and agitation at room temperature for 30 minutes, so that
the silica gel returned to the proton type. After separation
by filtration, rinsing in 500 ml of ion exchange water was
repeated twice, to remove hydrochloric acid.

Finally, the resulting product was dried at 100 °C under

reduced pressure for 4 hours. By the aforementioned



was charged a commercially available silica gel particle of 55 g (CAR ACT
Q 15 of particle size of 0.85 to 1.70 mm manufactured by Fuji Silysia
Chem cals, Co. Ltd.). The resulting m xture was heated and agitated at
65 C for 3 hours. After the mxture was |left to stand for cooling, followed
by distillation under reduced pressure with rotary evaporator, the
resul ti ng pol yorganosi| oxane was supportedleon the silica gel particle.
Subsequently, an aqueous solution of a mixture of 5 m of aqueous 28 %

amoni a and 3oBkdakewnt erchaas s o segaddedateithe raspbbi-Rgngi | 'tql% gel,
foll owed by agitation at roomtenperature for 4 hours. For aging, the

m xture was %Bﬁkjeeﬁaﬁg‘sﬁ%ﬁgnétwﬁéh EhéosuBraays. . dhe cjﬁﬁ}ﬂidd?&afw%fe was

again subjected'to distillation under reduced pressure wth a rotary

evapor at or g f wed p i cl ra L.
1000- m beakg?gr%$ggggptlégk% 20631){9ljj S?EZN §§%|ogﬁ&ﬁ§£?%”eg agﬁtatlon

at_room temeratice br 30oMLnuLes 50,4 hal the, s P1£R 9lag hunedylo the

proton type ter separ tlo y fFif I on, rlns ng I n
the oo t“?ﬁékp‘#’gﬁué %.ea%SPO%Se;o% HeC3RAeh Cof sl '?fe"ry’
e ﬁgfaggﬁgntﬁﬂﬂe%y sBb BLOBEUL S50 0% 50 ¢ 09
Additionally, the amount of the sulfonic acid group in the
supported catalyst 6 was measured, which was 0.13 meq/g.
Catalyst 7
Polyorgancsiloxane catalyst 7 was recovered in the same

manner as for the catalyst 6, except for no use of the silica

gel particle as the carrier.

Catalyst 8

Supported catalyst 8 was recovered in the same manner
as for the catalyst 6, except that the particle size of the
silica gel particle as the carrier was 75 to 500 um. The amount
of the sulfonic acid group in the catalyst 8 was measured, which

was 0.14 meq/qg.

Catalyst 9
Supported catalyst 9 was recovered in the same manner
as for the catalyst 6, except that the silica gel particle as

the carrier was replaced with silica-alumina. The amount of



pol yorganosi | oxane with the sul fonic acid group-containing hydrocarbon
group and the nercapto group-containing hydrocarbon group was recovered
at a yield of 84.6 g. The anount of the pol yorganosil oxane supported on the
silica gel particle was at 35 % by weight in the supported catal yst 6.

Addi tionally, the anount of the sulfonic _acid group in the supported

catal yst 6 was neasured, which was 0.13’ﬁ§ﬁ/g. Catal yst 7

Pol yor ganosi | oxane catal yst 7 was recovered in the sane manner as for the
catal yst 6, eteeptilfonionmaise gabuphen siHd catgélspad tviacl measutde@, carirgrer .
Cat al yst 8 Supported catal yst 8 was recovered in the sane manner as for the
catal yst 6, except. Ikhakgt/be particle size of the silica gel particle as the
carrier was 75 to 500 ptm The anobunt of the sulfonic acid group in the
catal yst 8 was neasured, which was 0.14 neqg/g. Catalyst 9 Supported
catalyst 9 was recovered in the sane manner as for the catal yst 6, except
that the siligaasgelstpapticle as the carrier was replaced with
silica-alum na. The anount of -22- the sulfonic acid group in the

catalyst 9 was nmeagyped,+ Wi sh Masn0 2 JBM9e of USP No. 5,631,338 was
prepared as follows. In a three-necked 1000-ml flask with an
agitator are placed phenyltriethoxysilane (36.06g; 0.15mol),
tetraethoxysilane (72.92 g; 0.35 mol), and ethanol (62.5ml),
followed by dropwise addition of 0.01 N hydrochloric acid (16.7
ml). The solution is heated to 80 to 90 °C in an open system
for concentration. By concentration until no ethanol is
evaporated, a liquid at a very high viscosity is recovered.
The liquid was left to stand for cooling, followed by addition
of 15ml of hexane and 22.5ml of ethanol and subsequent dropwise
addition of a mixture of 25 ml of agueous 28 % ammonia and 135
ml of water; and the resulting mixture was agitated at room
temperature for 4 hours. The resulting product was separated
by filtration, rinsed in a large volume of water, and dried

n a hot-air dryer at 120 °C for 10 hours, so that a white solid

e

2873

of 40.4 g was recovered. To 10.0 g of the polyorganosiloxane
with phenyl group in the silica matrix was added 100 ml of conc.
sulfuric acid, and the resulting mixture was agitated at 80
°c for 3 hours. After themixture was left to stand for cooling,

the resulting solid was separated by filtration, rinsed in a

large volume of water, and dried in a hot-air dryer at 120 °C



Cat al yst 10 The catalyst 17 in the exanple of USP No. 5,631, 338 was
prepared as follows. In a three-necked 1000-m flask with an agitator are
pl aced phenyltriethoxysilane (36.06 g; 0.15 nol), tetraethoxysilane (72.92
g; 0.35 nmol), and ethanol (62.5 m), followed by dropw se addition of 0.01
N hydrochloric acid (16.7 m). The solution is heated to 80 to 90 OC in an
open system for concentration. By concei®Bration until no ethanol is
evaporated, a liquid at a very high viscosity is recovered. The liquid was
| eft to standdroillcombrng sof bhabweegolbyoaddnbsbhovdnd vidh stilfiexdoaand 22.5
m of ethanol and subsequent dropwi se addition of a m xture of 25 m of
aqueous 28 %gamupnivasanscdddrad aof anaterd ehdOt.Begr esuldt gngo nd & trimcel AvALS
agitated at roomtenperature for 4 hours. The resulting product was

separ at ed by sfdild £radhof) oEivrsesol o rgdes g oweingwei ¢ swatefic apdddfiag in a
hot-air dryer at 120 OC for 10 hours, so that a white solid of 40.4 g was

recovered. T@:alsolgp%ﬁhérr&cp@bmg@p@éIﬂp&@m@gqubdme%algmmdﬂ déehe
silica matri x was added 100 ml of conc. sulfuric acid, and the resulting

mxture vas agiitatied atrt o %J‘Qﬁ'ﬁ% B@QQ%rga%Eﬁloieﬂ% W24 H-ec¥ast 18fd to

stand for cooling, the resulting s Was“separated by filtration, rinsed

inalarge VGLUH?g%I» X‘@&Sé dg;?;geanoszeﬁd £dt 2 R8L:d rf?ﬁ’c‘?we&tb\}%oddl%cn 23-

for 10 hours oxane oni c
of 10 g of me;captopropy.’Ltrimetlrxoxysuane3 and subsequent

agitation at 100 °C for 4 hours for silylation. The silylated
polyorganosiloxane was separated by filtration, rinsed in
methanol and ion exchanged to acid type, by using 2 N
hydrochloric acid of 300 ml; subsequently, the resulting
product was rinsed in a large amount of water, to discard the
residual hydrochloric acid. The product was further dried
under reduced pressure at 100 °C for 6 hours, to recover
polyorganosiloxane catalyst 10 with sulfonic acid group and
mercapto group at a yield of 6.8 g. The specific surface area
thereof was measured by gas adsorption method according to the

BET method, which was 200 m?/g. The active site amount per unit

surface area (1 m®) was 5.1 umol.



grooup was recovered at a yield of 10.5 g. 6.0 g (0.86 mmvol/g acid anount)
of the polyorganosil oxane with sulfonic acid group was ion exchanged to Na
type by using aqueous sodium chloride solution. The resulting

pol yor ganosi | oxane was dried at 120 ' C under reduced pressure for 4 hours,
foll owed by addition of 10 g of nercaptopropyltrimnmethoxysilane3 and
subsequent agitation at 100 OC for 4 hourg4for silylation. The silyl ated
pol yor ganosi | oxane was separated by filtration, rinsed in nethanol and ion
exchanged to pgjditype, by using 2 N hydrochloric acid of 300 ml;
subsequent |y the resulting product was rlnsed n F [arge anmount ol water,
to discard the re5|¢nﬁhxmyﬁyochlorks—aﬁ d—The was—-ut-her—gr i ed
under reduceg pressure at 100 'C fpr 16 1ouﬁs t@ reco@er poﬁyohg&ho;iloxane

catal yst 10 group ang nerdapto jgroup at a yjeld of 6.8
g. The speci 1%&%n L%cfé&gg&g?@ghghereoﬁ Was 40daq @t a8 b 1@55 4848rpt +on| et hod

according to ':"' ret-hoe—whehrwas—200—HH -6 The aeH-ve rount
per unit surfﬁ@@se(r@%iloé)l mP) was 5|766:e66.72 73627@ papLre 447dﬁjgm

1 2 l@IMTMS(%mol) 5 164 48ull homgq aci df canponent. | 21.39 40.13
21.39 21.39 H—FEESt ) FEE—AT—266] 72
756. 79 1515. ‘ZMPZTM.SéB“ma TP N — 2139 | 2139|403 =

Ethanol (ml) 150 | 150 | 150 | 150 | 150 | —

Added water in acidic

condition (g) 288 | 118 | 284 55.8 1.1 —_

?g;ied warer in basic condition 69.1 28.3

Formed catalyst(g) 56.3 | 352 | 563 | 1019 | 35.2 —
Amount of solid acid({meq/g) 038 { 1.14 ] 0.38 0.21 1.14 | 0.86
Speciﬁc surface area (mz/g) 662 723 721 705 710 200

Average pore size of meso~ 40 23 38
porous region {A)

682 | 1338 | 267 —

55 21 70

Por'e volume of meso—porous 066 | 039 | 070 1.00
region (ml/g)

Active site amount( 1 mol/m?)| 1.15 | 3.15 | 1.05 | 060 | 321 | 510
TEOS ;tetraethoxysilane
MMTMS ; mercaptomethyltrimethoxysilane

039 | 0.70

MPTMS ; mercaptopropyltrimethoxysilan
(4) Preparation of bisphenol A
Example 1
The polyorganosiloxane catalyst 1 (26.7 g; 49.2 cc)
(total amount of active site: 20.3 mmol) was charged in a
cylindrical reactor {(2.2-cm diameter and 40-cm length). From
the bottom of the reactor, a mixture of phencl, acetone, and
water at a molar ratio of 5:1:0.4 was passed at a velocity of
20.00 g/hr through the catalyst. The reaction temperature was

100 °C. The reaction product recovered in 20 hours was analyzed



MMIVS( ol ) ' 21.39 40.13 - - - MPTMSI (ol )

- - 21.39 21.39 40.13 Ethanol (m) 150 150 150
150 150 = Added water in acidic 28.8 11.8 28.4 55.8 11.1
condition (g) Added warer in basic condition 69.1 28.3 68.2 133.8 26.7
- ( g Fornmed catal yst(g) 56.3 35.2 56.3 101.9 35.2 Amount of

solid acid (nmeq/Q) 0. 38 1.14 0.38 -8521 1.14 0.86 Specific
surface area(ng/ Q) 662 723 721 705 710 200 Average pore size
of meso- 40py 28 quidB8 chromdifography?l  CéBspquensly egitdie (Alcetone

Il Pore volune of neso-porous 0. 66 0. 39 0.70 1.00 0. 39 0.70

region (m/Q)coAfdd M rSirhe iampaditseus , {1k hd. 48l eckibbity d£051 spBe@dl
3.21 5.10 TEGS; tetraethoxysilane MMTM S; mer capt onet hyl tri met hoxysi | ane

M PTM S; nerggptggrgpggtrlPgihp&y% 4ﬂlﬁyﬁkoxgogéﬁ9§f@Lgﬁﬁh@f bi sphenel A

Example 1 The polyorgan05| ane cat al total anmount
of active site Qggl WA ﬂgg ; C re(2 2-cm

di anet er and Qﬁgrox%i ﬁ) rogﬁ# éﬂF%H?M rBﬂghg ac%%? §§ m xture of
phenol , acetone, ter r [ égF i S,Dass t
veI00|ty of 20. 00 g’'h %ﬁfhrgﬁéh%?ﬁgégafgﬁééﬁa o 8??%? tgﬁgegg%ﬁrg@mas

100 GC. The :{&f‘ﬁgh?g Jroduct yze %(dld e 1@%‘6 %a%? anal y&s &entlyr

-

the acetone conversion ratio was 85 %, while the catalyst
deterioration ratio indicating the <catalyst 1life, as
calculated by the aforementioned method, was 3.4 % in 300 hours;
and the relative value of the deterioration ratio was 22.8,
given that the Comparative Example 1 was defined 100. The

results are shown in Table 2.

Comparative Example 1

The Example 1 was followed, except that 8.9 g (16.4 cc)
of the polyorganosiloxane catalyst 2 was charged in the
cylindrical reactor, so that the total amount of the active
site thereof was equal to the total amount of the active site

in the Example 1. The results are shown in Table 2.



-25- by |liquid chromatography. Consequently, the acetone conversion
ratio was 88 % while the selectivity of bisphenol A species
((2,2-bis(4'-hydroxyphenyl) propane], (2-(2' -

hydr oxyphenyl ) - 2-(4' - hydr oxyphenyl ) propane]) was 92 % In the sane manner,
the reaction product recovered in

300hour swasanal yzedbyl i qui dchr omat ogr aphy=26-Consequently, the acetone
conversion ratio was 85 % while the catal yst deterioration ratio
indicating the catalyst life, as calculated by the aforenenti onednet hod,

was 3.4%in 3debldurs: and the relative value of the deterioration ratio
was 22.8, given that the Conparative EXgRphde|Lowpara@@l(i ned 100. The results
are shown in [fable 2. Conparative Exangl e 11 They lle 1 was followed,

except that 8-9—g—{16-4-cc)of-the polyorgangsiloxanecatal yst 2 was
charged in t heatalvstndri cal reactor, so|thdt tlhe ttal anount of the active
site thereof Feﬁgﬁﬁﬁfém%ﬁgkﬁﬁntOtaT anruq%;of thqggct;ve site in the

Exanpl e 1. The—+estts—are—Showr—A—Falte 26—TJabl e 2

Total amount of active site (mmol) 20.3 20.3
Active site amount{ i mol/m?) 1.15 3.15
Conversion of acetone (%, 20h/300h)| 88/85 67/74
Selectivity of BPAs (%, 20h) 92 91
Deterioration ratio of catalyst(300h)| 3.4 14.9
Relative value of deteriration ratio

(300h) 228 100
Example 2

The Example 1 was followed, except that 26.7 g (49.2 cc)

cf

the polyorganosiloxane catalyst 3 was charged in the
cylindrical reactor, so that the total amount of the active
site of the polyorganosiloxane catalyst was adjusted to 20.3

mmol. The results are shown in Table 3.

Example 3
The Example 2 was followed, except that 48.4 g (89.2 cc)

of

the polyorganosiloxane catalyst 4 was charged in the
cylindrical reactor, so that the total amount of the active
site thereof was equal to the total amount of the active site

in the Example 2. The results are shown in Table 3.

Comparative Example 2

The Example 2 was followed, except that 8.9 ¢g (16.4 cc)



1 2
anount of active site(nmol)

Exanpl e Conparative 1 Exanpl e 1 Catal yst
Amount of catal yst(g) 26. 7 8.9 Total
20. 3 20. 3 Active site anount(u nmou/ M2) 1.15 3. 15 Conversion of
acetone(% 20h/300h) 88/85 67/ 74 Selectivity of BPAs (% 20h) 92
Deterioration ratio of catal yst(300h) 3.4 14.9 Rel ative val ue of
deteriration ratio 22.8 100 1(300h)-27-
Exanpl e 2 The Exanple 1 was foll owed,

91

except that 26.7 g (49.2 cc) of
the pol yor ganosi Itdweanpoba@a@gs@sﬁlmechaageuwm ﬁheza(syla:rmhgexial ineadieor ,
so that the total anmount of the active site of the pol yorganosil oxane
catal yst was agjitatedctd 28adtomplso tHur néeukbsadr enshowbt rthakla ide
Exanpl e 3 The Exanple 2 was foll owed, except that 48.4 g (89.2 cc) of the
pol yor ganosi | gxaset gatadysiasteyaslcharged tbBat hensydd RAT tBal adeed @iteSO
that the total anmount of the active site thereof was equal to the total
amount of theigctheenshhg1byt heixamdha 2 aFacshesy Le aagLahown in Tabl e
3. Conparative exanple 2 The Exanple 2 was foll owed, except that 8.9 g
(16.4 cc)

Comparative Example 3
The Example 2 was followed, except that 19.9 g (37 cc)

of the polyorganosiloxane catalyst 10 was charged in the

cylindrical reactor, so that the total amount of the active
site thereof was equal to the total amount of the active site

in the Example 2. The results are shown in Table 3.

Table 3
Example|Example| Comparative{ Comparative
2 3 Example 2 | Example 3

Catalyst 3 4 5 10
Amount of catalyst(g) 26.7 48.4 8.9 19.9
Total amount of active site (mmol) 203 | 203 20.3 20.3
Active site amount( £ mol/m?) 1.05 0.60 3.21 510
Conversion of acetone (%, 20h/300h)| 82/73 | 69/58 87/62 83/20
Selectivity of BPAs(%, 20h) 92 92 91 20
Deterioration ratio of catalyst(300h)| 11.0 159 28.7 75.9
?:?(l)?)tfi;\;e value of deteriration ratio 38.3 554 100 264.5

Example 4

The supported catalyst 6

in a cylindrical reactor

with 20-~um upper

(2.2-cnm

and lower filters.

of 78.0 g (140 cc}) was charged

diameter and 40-cm length)

From the bottom of the




-27- of the pol yorganosil oxane catalyst 5 was charged in the cylindrical
reactor, so that the total anmpbunt of the active site thereof was equal to
the total amount of the active site in the Exanple 2. The results are shown
in Table 3. Conparative Exanple 3 The Exanple 2 was foll owed, except that
19.9 g (37 cc) of the pol yorganosil oxane catal yst 10 was charged in the
cylindrical reactor, so that the total anpdBt of the active site thereof
was equal to the total anobunt of the active site in the Exanple 2. The
results are steawrtdmn TFablixtireTalfl ph8ngkanptet Gxan@rs! Gagar ati aemolar

Conmparative 2 3 Exanple 2 Exanple 3 Catal yst
3 4 rathio of 5:1:004 Amsupbseédcat al ystodiy of 21.3 26 ht tABodgh
8.9 19.9 Total anount of active site(nmol) 20.3 20.3 20.3 20.3

Active site ammaIntdtaDp®t /8T 2)Thel Anctd A0 tempedhture waslQoGoneer stga of
acetone(% 20h/300h) 82/73 69/58 87/62 83/20 Selectivity of BPAS(%

20h) 92 Sfaction p¥bduct recoVdrddtier Roredu N waatdma Ofz&@ b3/ Y§&£§@0h)
11.0 15.9 28.7 75.9 Relative value of deteriration ratio 38. 55.4

100 264.5 Exatmimatbd Tf@@ppp@bhggaﬁéﬁ@iystt& QfcetBr@ 8oh¥d0s¢6h 16@@10

charged in a cylindrical reactor 2-cm di aneter and 40-cmlength) wth
20-ptm upper @and hower, fLht€ESthe FEOTBANS NAf LOM Bfi shABRoL A species

({2,2-bis(4'~-hydroxyphenyl)propanel, [2—-{2'-
hydroxyphenyl)~2-(4'-hydroxyphenyl)propane])} was 80 $%.

In the same manner, the reaction product recovered in
280 hours was analyzed by liquid chromatography. Consequently,
the acetone conversion ra£io and the selectivity of bisphenol
A species were retained at 43 % and 92 %, respectively.
Additionally, the flow rate of the raw material mixture was
scarcely changed at 21.1 g/hr, with almost no degradation of
the supported catalyst 6 due to fine pulverization. The
reaction was terminated at this timing. The acid amount in
the supported catalyst 6 recovered was measured. Consequently,
the acid amount was the same as the amount prior to use, which
was 0.28 meq/g. Thus, no dissociation of the active component

of the supported catalyst from the carrier was observed.

Comparative Example 4
The Example 4 was followed, using the catalyst 7 of 26.7
g. On hour 20 after the start of the reaction, the flow rate

of the raw material mixture was decreased to 18 g/hr; on hour



-28- reactor, a mxture of phenol, acetone, and water at a nolar ratio of
5:1:0.4 was passed at a velocity of 21.3 g/hr through the catalyst 6. The
reaction tenperature was 100 'C. The reaction product recovered in 21
hours was anal yzed by |iquid chromat ography. Consequently, the acetone
conversion ratio was 49 % while the selectivity of bisphenol A species

([ 2, 2-bi s(4' - hydroxyphenyl ) propane], -29- [2-(2" -

hydr oxyphenyl ) - 2-(4' - hydr oxyphenyl ) propane]) was 90 % In the sane manner,
the reaction psodugie ricoveraed iof 2868 bhaursavesial mixture was markedly

anal yzedbyl i qui dchr omat ogr aphy. Consequently, the acetone conversion ratio

and the sel ecievidéysed thi sphomal. Arspescites neser it ahpetk Alirk: & andnd2 %
respectively. Additionally, the flowrate of the raw material m xture was

scarcely changed aly12hdki@aNr, rebhéhonl MRS Bpedegr adathon Af tlhe syppert ed
catal yst 6 due to flne pul veri zation. The reaction was termnated at this

timng. The aﬁégkggpy@toéggg&@§qgggﬁ;Qﬂg@@@axngGrecoveredmasneasured
Consequently,  the acid amount was the sane as the anobunt prior to use,

whi ch was 0.28 neq/g. Thus, no dissociation of the active conponent of the
supported catalyst fromthe carrier was observed. Conparative Exanple 4 The
Exanpl e 4 was é M@f using the catalyst 7 of 26.7 g. On hour 20 after
the start of %ﬁe eaction, the flowrate

The Example 4 was followed, using the supported catalyst
8. A mixture of phenol, acetone, and water was passed at a
velocity of 22.2 g/hr through the catalyst 8. The reaction
product recovered 20 hours after the start of the reaction was
anailyzed in the same manner. Consequently, the acetone
conversion ratio and the selectivity of bisphenol A species
({2,2-bis{4'~hydroxyphenyl)propane], f2-{2'-
hydroxyphenyl)-2-{4'-hydroxyphenyl)propane]) were 78 % and
93%, respectively.

In the same manner, the reaction product recovered 280
hours after the start of the reaction was analyzed in the same
manner. Consequently, the acetone conversion ratio and the
selectivity of bisphenol A species were retained at 60 % and
93 %, respectively. Additionally, the flow rate of the raw
material mixture then was scarcely changed at 22.0 g/hr, with
almost no degradation of the supported catalyst 8 due to fine
pulverization. The reaction was terminated at this timing.
The acid amount in the supported catalyst 8 recoverasd was

measured. Consequently, the acid amount was the same as the



of the raw material m xture was decreased to 18 g/ hr; on hour -29- 240,
the flowrate of the raw material m xture was markedly decreased to 14

g/ hr. Thus, the reaction was term nated then. The «cylindrical reactor was
opened. The filters were partially occluded under observation. Exanple
5 The Exanple 4 was followed, using the supported catalyst 8 A m xture of
phenol , acetone, and water was passed at -8welocity of 22.2 g/ hr through
the catalyst 8. The reaction product recovered 20 hours after the start of

the reaction amsurnalpyzed i fot hsesanRhiBANGras 0CoMSe@UERS.| Y, THURE agstone
conversion ratio and the selectivity of bisphenol A species

([2,2-bi s(4" -drysh oxyphedly bEpfipanel ve component of the sddbodrded catalyst
hydr oxyphenyl ) - 2- (4' - hydr oxyphenyl ) propane]) were 78 % and 93%

respectivel y.g | f-dhe.same manner, . d kg J83eki on product recovered 280 hours
after the start of the reaction was analyzed in the sane manner.

Consequently, the acetone conversion ratio and the selectivity of bisphenol
A species were retained at 60 %and 93 % respectively. Additionally, the
flow rate of é%ﬁfg\/émt erial mxture then was scarcely changed at 22.0

g/ hr, with alnost” no degradation of the supported catalyst 8 due to fine

pul veri zation. The "lrheeacn‘,ua?n%l\@ai Eagrsrrkgﬂg\geg,t é;péespt:[ IS T use cf the

supported catalyst 9. A mixture of phenol, acetone, and water
was passed at a velocity of 21.8 g/hr through the catalyst 9.
The reaction product recovered 20 hours after the start of the
reaction was analyzed in the same manner. Consequently, the
acetone conversion ratio and the selectivity of bisphenol A
species ({2,2-bis (4'-hydroxyphenyl)propane], [2-(2'-
hydroxyphenyl)-2-{4'-hydroxyphenyl)propane]) were 47 % and
90%, respectively.

In the same manner, the reaction product recovered 280
hours after the start of the reaction was analyzed in the same
manner. Consequently, the acetone conversion ratio and the
selectivity of bisphenol A species were retained at 41 % and
90 %, respectively. Additionally, the flow rate of the raw
material mixture was scarcely changed at 21.3 g/hr, with almost
no degradation of the supported catalyst 98 due to fine
pulverization. The reaction was terminated at this timing.
The acid amount in the supported catalyst 9 recovered was
measured. Conseguently, the acid amount was the same as the

amount prior to use, which was 0.12 meq/g. Thus, no



The acid anount in the supported catal yst 8 recovered was neasur ed.
Consequently, the acid anmount was the sane as the -30- anmount prior to
use, which was 0.14 neq/g. Thus, no dissociation of the active
conponent of the supported catalyst 8 fromthe carrier was observed.
Exanple 6 The Exanple 4 was foll owed, except for the use of the supported
catalyst 9. A mixture of phenol, acetone3l-and water was passed at a
velocity of 21.8 g/hr through the catalyst 9. The reaction product
recovered 20dieupsiattien éhehstartivef cohponeaciforhavasppbakygadethtial de sane
manner. Consequently, the acetone conversion ratio and the selectivity of

bi sphenol A 3pegioes the chi2idrbisédobsyeexyphenyl) propane], [2-(2' -
hydr oxyphenyl ) - 2- (4' - hydr oxyphenyl ) propane]) were 47 % and 90%
respectively. in the sane manner, the reaction product recovered 280 hours
after the start of the reaction was analyzed in the sane manner.
Consequent | y g dele racet oRe eapugEsi@n ratio and the selectivity of bi sphenol
A species were retained at 41 %and 90 % respectively. Additionally, the

flowrate of the r%‘é’g@ét&rﬁ I3l M%éz':’éé? 1%@% éPacrh%elfé(dEé‘W@ ”aEh%]a@clgfehr

with al nost no degradation of the supported catalyst 9 due to fine

pul verization, ; ;THR,LERCLLAD WaSedEl HSLALALEL 85 1ML Wroduction of

a polyorganosiloxane catalyst withhighactivity and long life.
Furthermore, a reliable catalyst inducing not any occurrence
of conduit occlusion in any fixed bed reactor can be recovered,
by supporting the catalyst on porous molded materials.
Consequently, bisphenol A can be produced, significantly
preferentially in terms of processability and economy, from
the dehydration~condensation of acetone and phenol, using the

catalyst.



The acid anount in the supported catal yst 9 recovered was neasur ed.
Consequently, the acid anmount was the sane as the anmount prior to use,
which was 0.12 neq/g. Thus, no -31- dissociation of the active
conponent of the supported catalyst 9 fromthe carrier was observed. Effect
of the Invention Based on the inverse idea of the reduction of the active
site anount, the inventive nethod enabl es3z-he production of a

pol yor ganosi | oxane catal yst with high activity and long life. Furthernore,
areliable c %g St i nduci ng not any occurrence of conduit occlusion in any
fi xed bed reactior can be recovered, by supporting the catal yst on porous

nol ded materi al s. Conseg\ue&gir%%re As%ﬁ%]ﬁi%?éfné can: by Sgopug@db?ﬁégrgg i gant ly.

preferentially in %érns of ° p and eco pny,'TFom

O oG o oSS o B TA SR ST A g, %%

group-contaigég a?&gr823559208E25813§dh?drocarbon grecup, wherein the
total amount of the sulfonic acid group—containing hydrocarbon
group and the mercapto group-containing hydrocarbon group is
within a range of 0.3 to 2.0 umol per unit surface area (1 m?)
of the polyorganosiloxane catalyst.

2. The polyorgancsiloxane catalyst according to
claim 1, wherein the specific surface area is 500 to 1500 m’/g.

3. The polyorganosiloxane catalyst according to
claim 1, wherein the mercapto group-containing hydrocarbon
group is mercaptomethyl group or mercaptopropyl group.

4. The polyorganosiloxane catalyst according to
claim 3, wherein the mercapto group-containing hydrocarbon
group is mercaptomethyl group.

5. The polyorganosiloxane~-supported catalyst
comprising a polyorganosiloxane according to claim 1 being
supported on a porous molded material.

6. The polyorganosiloxane-supported catalyst
according to claim 5, wherein the porous molded material is
silica gel or silica-alumina.

7. The polyorganosiloxane-supported catalyst

according to claim 6, wherein the porous molded material is

silica gel.
—_—
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mer capt o group-cont ai ni ng hydrocarbon group, wherein the total anount of
the sul fonic acid group-containing hydrocarbon group and the nercapto
group-cont ai ni ng hydrocarbon group is within a range of 0.3 to 2.0 mol per

unit surface area (1 nR) of the pol yorganosil oxane catal yst. 2. The
pol yor ganosi | oxane catalyst according to claim1, wherein the specific
surface area is 500 to 1500 nR/g. 3. Tié- pol yor ganosi | oxane cat al yst

according to claiml1, wherein the mercapto group-containing hydrocarbon

group is nercaptongethyl greup @ol n@&@b@@&@ﬁﬁhegégﬁporﬂed B¥alyst
pol yor ganosi | oxane catal yst according to claim 3, erein the nercapto

group- cont ai Ri-ag rBY 0RO PUhd rfe IR VOAPIRNRE Y o T BP0 Bal amolh®

pol yor ganosi | oxane- support ed catal yst conprising a pol yorganosil oxane
accordi ng to.el ahm 3ob8i 89 SURRP AL O 12 i%OE@UEhQDﬁEQPQi&Pé Al o630 The
pol yor ganosi | oxane- support ed catal yst according to claim5, wherein the
porous nol de nggegigk is silica gel or silica-alumna. 7. The

pol yor ganosi 'oxane~stpport ed catal yst according to claim6, wherein the

porous nol ded mat egi al ifhéiEE%%sgek?rgwo&%%ingkdsphé%%lIL comprising
pol yor ganosi | oxane-supporte catal'yst g

the dehydration-condensation of acetone and phenol in the
presence of a polyorganosiloxane catalyst according to claim
1.

10. The process for producing bisphenol A, comprising
the dehydration-condensation of acetone and phenol in the
presence of a polyorganosiloxane catalyst acccording to claim
2.

11, The process for producing bisphenol A, comprising
the dehydration-condensation of acetone and phenol in the
presence of a polyorganosiloxane catalyst according to claim
3.

12. The process for producing bisphenol A, comprising
the dehydration-condensation of acetone and phenol in the
presence of a polyorganosiloxane catalyst according to claim
4.

13. The process for producing bisphenol A, comprising
the dehydration-condensation of acetone and phenol in the
presence of a polyorganosiloxane-supported catalyst according
to claim 5.

14, The process for producing bisphenol &, comprising




aceofaing toclaim 5, wherein 90 % or nore of the total anount of the
porous nolded material is of the particle size of 30 pmto 5 cm 9. The
process for produci.ng bi sphenol A, conprising the dehydration-condensation
of acetone and phenol in the presence of a pol yorganosil oxane cat al yst

according to claim1. 10. The process for producing bisphenol A
conprising the dehydration-condensation eB4-acet one and phenol in the
presence of a pol yorganosil oxane catal yst according to claim2. 11. The

process for phaduenig Ritsbhershdbnss0IBAI skndcbbsndehydr gheaBicandangation
of acetone and phendl in the presence of a pol yorganosil oxane cat al yst

accordi ng to.clai £ ) 1 nBL L PG pi L Q¥R si ng
ipaleg'emc:%zo a pH& RHR6eSS 166 AR QgﬁggoTe@béEEQQQ a%coc«f&m}{g' >

t he dehydration-condensat’i on of” acetone and p In the presence o
polyorganosikgxg@giﬁa%alyst according to claim4. 13. The process for
produci ng bi sphenol A "conprising t-he dehydration-condensation of acetone

d ph | i h f I il - YA
according to ol armes 14 e SrieseRR LEE SHRARCI N A SRR

COMPrising - ye dehydration-condensation of acetone and phenol in the

presence of a polyorganosiloxane-supported catalyst according
to claim 7.

ie. The process for producing bisphenol A, comprising
the dehydration-condensation of acetone and phenol in the
presence of a polyorganosiloxane-supported catalyst accoxding

to claim 8.

-
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-34- the dehydration-condensation of acetone and ohenol in the presence of
a pol yorganosi | oxane-supported catal yst according to claim6. 15. The
process for produci ng bi sphenol A, conprising the dehydration-condensation
of acetone and phenol in the presence of a pol yorganosil oxane-supported
catal yst according to claim?7. 16. The process for producing bisphenol A
conpri sing the dehydration-condensati on ®b-acetone and phenol in the
presence of a pol yorganosil oxane-supported catal yst according to claim8.

POLYORGANOSTLOXANE CATALYST

Abstract

The invention provides a polyorganosiloxane catalyst
withbothofkasulfonicacidgroup—containinghydrocarbongroup
and a mercapto group-containing hydrocarbon group, wherein the
total amount of the sulfonic acid group-containing hydrocarbon
group and the mercapto group-containing hydrocarbon group is
within a range of 0.3 to 2.0 umol per unit surface area (1 m’)
of the polyorgangsiloxane catalyst. The catalyst of the
invention 1is highly active for the reaction to produce
bisphenol A from acetone and phenol, with the deterioration

of the catalyst under extreme suppression.



