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. e3e2LF6T2al St . CATALYST FOR PRODUCTI ON OF BI SPHENOLS, AND METHOD FOR

" PRODUCI NG Bl SPHENOLS W TH THE CATALYST BACKGROUND OF THE | NVENTI ON Fi el d of
the Invention: The present invention relates to a catal yst mm; "um

of bisphenols, and to a nethod for producing bi sphenols wt w Mmmgt
and nore precisely, it relates to a catalyst of high activity ang”?pod
heavy substance resistance and al cohol resistance for production o

bi sphenols, and to a nmethod for producing bisphenols with the catal yst.
Description of the Related Art: It is known that bisphenol A

[ 2, 2- bi s( AATHIWSRORYPREDOPRATECH OFSBESPHENOLS AANIE MEIHODKF R PRODUCING t i ng
material for engineering plastics such as pol ycarbonate resins and

pol yaryl ate resi ns and al ISPHENORLSX WIS I THE anwAnYEr demand for it is nuch
i ncreasing these days. It is publicly known that bisphenols such as

bi sphenol A are produced by reacting phenols and ketones in the presence of
a catal yst, acid-type cation-exchange resin. For it, it is also known to
modi fy the catal yst, acid- gﬂ@§C§@@N§noﬁX@ﬁgngﬁvgﬁ§k@Nmnth a

ni t rogen- contalnlng sul fur compound for increasing the catalyst activity
(e. 9., IRA Q{ fﬁ?4§§§§n 10-251179). However, the nodification with
a nltrogen on ai'ni ng sul fur conpound has sone drambacks inthat <1> if the
degree S of difi t|o hi e | f Qni i oi nt s of

t he i on-exchang st ar‘?ﬁ’med)ttaf'r?f? t ﬁ%}lraeéseign ac%tl \%I t%a%%lglhg:r el%L ot

| ower ed and > i f the d dificatjon is_h avy_subst ances (

si de prole(:’:tos‘g ci*?”rcé‘?;lcf’lfo elé fD d’ﬁ’éf {:?o & h@elﬁgf)gsh% tF?Eolgl &% hange
resin to promgte the re de <3> if the

o 11 cat EAPRISTIORE WA b IS SRty araﬂ%om @F.ealsl? INaToPBTREES | he
resin degradation RY CF THE | NVENTION T t |nvent on has been
made in c&ﬁ%lﬁer"ﬁqagrysﬂ'f Ple RALRBEREVAEN L i d avg‘ead‘ﬁﬁ i F§af18e
provi de a catal yst of h| h activity and heavy subhstance resi stance_and

al cohol r &§sSHANCS 8P 5 }Eﬁséf’ BF‘§6 P§° 46818 o BiFRBeRokErhod
for producin blsphenols with the cataly, t he present inventors have
assi duous|apdthRjiEdreihpd a%oﬁ.P%%@N?ln%abbsPBﬁﬂﬁlﬁhﬂ%thmﬁﬁﬁ spLailyst -

ni trogen-contai ni ng sul fur conpounds are conbined for the nodifier for the
cat al yst, Desiehinanf cehe Rehaked Rrbbj ect of the invention nentioned
above can be effectively attained. On the basis of this finding, we have
conpl et ed the pridsentis nvekBP¥R. SpbEts i chisphentl i nvnti bR 2sbigitari zed
as foll ows A catal yst for production of bisphenols, which is a sulfonic
aci d-type Mﬁ%@@i&ﬁ@@@%ﬁlﬂ] nmidi f RRd WPATtanta ?ﬂﬂ*ﬁ’fd-mﬂaalfl@xneﬂ'—hﬁol and
(b) an am noal kanet hi ol and/or a thiazolidine. 2 2. The catalyst for
product i o tSfrigingheRaterdplabotRr 1, SNYINASTH I onPBaEB1SE %ICh heas
sulfonic acid group is nodified. 3. The catalyst for production of

bi sphenol Py cshanat e reg insnantirhl Y34 B¢ o35 nR andiaks e floRoRPe>YCi d
group is nodified with the conponent (a). 4. The catal yst for production of
bi sphenol sesfingy agfd dthw alemansl Forwtiitcisi awukchr ipesgasiing bheghedaysA. 5. A
met hod for producing bi sphenols, which conprises reacting a phenol and a
ket one i n Tthelsppasdricd yotknidwn ddtedd pdisphfernadys sfucibesebispbenocl6A Rhe

met hod for producing bi sphenols of above 5, wherein the phenol is

unsubst i t giredhplehdy, reae thisig phenslacendnketodes hin Bilsplpeeslence bifsphenol
A. 7. The nethod for produci ng bisphenols of above 6, wherein the nethanol
cont ent ofcateysts, ag i~ tiypet c8t1606epphanPESCES BTl OF - iTHE PRIFERRED
EMBODI MENTS The invention is described in detail hereinunder. In its first
aspect, thedwivent nodifyovhdesattaladtal weti f-ayge editdbnoexehabigephesahs,
which is a sulfonic acid-type cation-exchange resin nodified with (a) a

pyri di neakkanehhet rogeins cony aia ingf il edrt comsoenderdiaphealdaylipyr tHene)
and (b) an am noal kanethiol (this may be referred to as a

mer capt oaldot AP NAehcRNYidy et Blazepidisre35533, 6-340563, 10-251179).

However, the modification with a nitrogen-containing

sulfur compound has some drawbacks in that <1> if the degree

1 I
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In"its second aspect, the invention provides a nethod for producing

*. bi sphenol s, which conprises reacting a phenol and a 3 . ketone in the
presence of the catalyst. O the sulfonic acid-type cation-exchange resin
(hereinafter this may be abbreviated as ion-exchange resin), the matrix
resin may be any of styrene-divinyl benzene copol yners, perfluoroethyl ene
copol yners, phenol f ormal dehyde pol yners and others, but preferred are
styrene-di vi nyl benzene copol yners. The resin nay be gel or porous, but its
degree of crosslinking. is preferably low, for exanple, falling between 2
and 8 % . CFhdQfl Gk 9% | BLER 2t ofS il ofhsk FeANGEP IS Pt ween
0.2 and 2.0 mm and the particle size distribution uniformty may be broad,
for exanpltdie fianiexrhneRaredin arr dampgehanhdiie gresin msth ML thels

i on-exchange resin is a conbi nation of the above-nentioned conponents (a)
and (b). Themsby diovwatddaadhkdb df tthee degmeenefitmédl.finstidesis fhargh,
exanpl e, 2-nercaptonet hyl pyridi ne, 3nercaptonet hyl pyri di ne,

2- mer capt ¢etehpyt pybistianses3eddeppoedhyt pyir deaceios)meeadploeddiyépyriai ne
and their hydrochlorides. O those, preferred are 4mercaptoethyl pyridine
and its hydreocpboesdaf Thiee adbhoabichnaigli ofesint he qarmpwiant theb edinel udes
, for exanple, 2-nercaptoethylam ne, 3-nercaptopropyl am ne,

4mer capt o i thtomNdpbiBeks>hydr and ad &¥ hbaseichtebar ied 1w
2-mer captoethyl amine and its hydrochl oride. The thiazolidine of the other
conponent f1dbnol NEhUERS, sk@irtdng M@l Ketlonk "BEoMbiBEazaki didisin

2- met hyl - 2et hyl t hi azol i di ne, cycl oal kyl t hi azol i di ne,

2- et hyl - dddioazol i dine, and 3-nmethyl thioazolidine. O those,
preferred 1s 2,2-dinmethylthiazolidine. For nodifying the ion-exchange
resin, the nodifier is di ssQiygRAR issolves it and is

sel ected, for exanple, from%wat er#wﬁc;%(ﬁ/?ﬁé’#m%grs, and the resulting
solution is gra I i L i rio f ] A} ).@added
to the non-nndiﬁﬁgép¥§%¥%§£ﬁgﬁggﬁgégﬁﬁagh%%éﬁgg %Q%P |§%€f§g§t?%H{ﬁ§gsane
solvent . .k | . Is ni Y : GO I e |f group
of the restlh(ng W#?gp?lgn%ﬁ?ﬁgéggsguég{svtghegrg‘é/s terjﬁ%i gxgé%?‘g‘?%%{}’y"?{éﬁl% . For
further upid Qi GAGH PRy LT £SADy | SuIDOLALE0 LD BB A0UCONS S9lyell that

contains aceti1 ¢ acid, np oroacefc acird or trifluoroacetic acl

nmodi fyi ng 1,00~ ' ' o 0, f.ar the i fier
Ty be apBaio TR ECR et Tt Top b2 {Rpeo B g SRR EE B Pus e PEE B e
after another. The reaction te rature be, room tenperature or may be
an o evat 0 FRTHIL RERPEbeh PR EPhceAta0Yaha 800 . The amount of
Ejhe nodi fier _to_vpee l pl %{?gﬁte?lﬁtglg‘ér egl n Sﬁ‘a\l,é l%%s cuostroslglﬁ\%gggt dt he

egree of nodificdti e ﬁB DRt ? a@3 ey 1 3%nd 35
%, preferably between 5 apd 30.% .the deqgree .of. nodification with.the
commonent oi T 1o Bage pent Saty WaSGdr s JBRL rhaRRLERnE A gD of
and 5 t he. degree of total modifi ion.may fall between 8 and 55 O,
pre er i # %gﬁ’;‘%“gﬂ?hﬁ%‘a sEmgﬁnﬁtﬁ?%‘éfBﬁa;%ilpléﬁr %EIL ¢ ﬁ?é_ﬂefﬁtig,

i sphenol § are pr.oduce rou reacti on o enol s and ketones in the
oresence dPTTRIGRANGS SEEh. BRERAIE CPOSGT PRALNS drEM RO MERE ipped
Phenol s ng&} not have %fggra-posithgnﬁd substi t uent nelatige to the
hydr oxyl SYF EABRARS R ReVEL¥IAELAINGA -ar OnutReibasic R b pRdHgIding,

2 bl -t oS BURYA SHEHDI S Sk hal BERFOBh BT S ELER- an b ohl of ophenol
2,6-di -teM= > *as o-chl or ophenol

m chl or ophenol , 2, 6-di chl orophenol, Concrete|ly, ketones include acetone,
met hyl ethyl ketSReSifidahdy i sMutinventinm, isetWynanipedpys kelbows:

acet ophenone, cycl ohexanone; as well as al dehydes such as formalin,

acet al dehyde, bdnzaRdehyddysthéor epredust horlef irnheneld f mbdidhy igeki ned,

but is
sulfonic acid-type cation-exchange resin modified with (a) a

pyridinealkanethiol and (b) an aminoalkanethiol and/or a

thiazolidine.
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preferably fixed-bed continuous reaction or batch reaction. For exanpl e,
“when the reaction is fixed-bed continuous reaction, its liquid hourly space
velocity (LHSV) generally falls between 0.1 and 30 hr-1, but preferably
between 0.3 and 10 hr-1. The reaction condition is described. The ratio of
phenol to ketone, phenol/ketone (by nol) generally falls between 3 and 30,
but preferably between 5 and 15. The reaction tenperature generally falls
bet ween 50 and | 50C, but preferably between 60 and 110C. 6 After the
reaction, the non-reacted ketone, the produced water and the excess phenol
are renoved, and t h&heesdttalng tc dvoe pmoaheti iorc ol dd spher® o &0 @hwdes eby
t he adduct of bisphenol -phenol (hereinafter referred to as phenol adduct)
i s deposi tiedinNexich flremo8 tics5Beiaparaiedudday itcr aoid ke qupebs maatidiioctd under
reduced pressure ( falling between 100 and 700 Pa ) , and the residue is

recrystal lized f3omhesWaitalllyests dote prdducabic bt e dpieatuied ghemdve

product. The nethod of the invention is favorable for production of

bi sphenol Ady om shakiiing ¢EROENES 95 £C&E ofige alldh fhel@lac f &f P ¥ the
al cohol content ( 1 n which nethanol is at |east 90 % by nass )~ of "‘acetone

i t . t 2, 000 t h
52 oSt POOITOM sTERe BeRLsRably @) st 2. 000 pom o 100 much
oventi on |2 desgy | kS GRRCHSLEY ML o sr cBEgphgpble delLpae

i ti ._EX 1:.<1> P i | . 1Q00- fl k, 200
VSR ON AT S0 I ELEDR 20" BLACR A pehefy 1900 € {28

cc of an i ange fesin name, Diaion
SK-104 - thi | | j t t d 4QQ f t I St d
"n suspensi on, 03 whh B CISE dP8pRFCS TG " SRR o i3 g ived "¢
4- t oet hyl i di hi b f, dt 4 7

oyt di ne- ARRIERTY G PREREIWPT Decqlaris fihdBe RBGFE0re el the FeRrINFts0 oo

of methanol_w thin_a period of 30 m nutes. After the addition, this was
stirred f &t PHoE ZRQVEhbnt®he- i on- exchange resin was taken out through
filtration, and washed twice wth 10D c¢c of ion-exchanged water. A part of
the thus-separat®d | SRCeRERRRGe ﬁ'%rsilﬂrwggcélflﬂe@,ls yedaP8Veaddity
through titration. As a_ result, 8 %of the acid points of the resin were
nodi fied (W&KE9ER| thE) RReRlPErS RWRgpbstatytedo@henaliaskhe t ketePre- fddifi ed
resin and 400 cc of ionexchanged water were stirred in suspension, to which
was dr opwidSet R rd shhet PesPhenol ig Bigphenod. §inet hyl t hi azol i di ne
(hereinafter this will be abbreviated as DMI) in 50 cc of ion-exchanged
water within a perio8hef methedy fiess . PRPEREinge Pig@hEned s 1o saha¥estbrr ed
for 1 hour, and then the ion-exchange resin was taken out through

filtrati oWheFRiMmdedathedehcontend € srersReekE ik der et &00 BRBFart of

t he thus-separated i on-exchange resin was dried, and anal yzed for acidity
through titration. PESERIFPTIQN &F THFOBREFEGREMENRA MEREFS nodified (
neutralized ) . This means that the degree of nodification with DMI is 7
<2> Reaction: 69he bivenel@rmipweseuipeddinodebréhahgseinsndet-swol | en
with water) was filled in a stainless colum, in which acetone was reacted
wi th phenol . Then gide ifoir stte As@esttur &hgadnreot ignd pries\idess agchtalygthe
acetone flow was 15 cc/hr, the nethanol 8 content of acetone was 300 ppm
and the phamwlpiodiciben 297 kidphrénolThewhaabt ignar endifonias agd df-¢lyipens:
Just after the start of the reaction, the phenol conversion was 10.3 % 400
hours aft eratimn-sexchamde trtes iremotiidi edt wéthhempla pymidiseed kaast®i®10.
Accordi ngly, the phenol conversion reduction rate was 1 . 7 % 400 hr.
Conpar at i eelBamaye He r<iferRreepamatisoa okerCapiiopdtky lipy rtikd negmandarfbgr as
in Exanple 1, the ion-exchange resin was nodified with PET al one. The
degree of amdi dmeAadbaDRankthhelr egithisas May be referred to as a

mercaptoalkylamine) and/or a thiazolidine.
In its second aspect, the invention provides a method for

producing bisphenols, which comprises reacting a phenol and a



<2> Reaction: 69 cc of the PET -nodified ion-exchange resin (swollen with
.water ) was filled in a stainless colum, in which acetone was reacted with
phenol under the sanme condition as in Exanple 1. The reaction result was as
follows: Just after the start of the reaction, the phenol conversion was
9.5 % 400 hours after the start of the reaction, the phenol conversion was
5. 4 % . Accordingly, the phenol conversion reduction rate was 4.1 % 400
hr. Conparative Exanple 2: <1> Preparation of Catalyst: In the same nmanner
as in Exanple 1, the ion-exchange resin was nodified with DMI al one. The
degree of KRS ddt itGiP FArefenceseh Whe 9atadyst- <2> Reaction: 69 cc of
the DMI-nodified ion-exchange resin (swollen with water) was filled in a
stai nl ess col um®f i thehi chudéendfe Beid-damed SRt Ppherehangger nafdsane
condition as in Exanple 1 . The reaction result was as follows : Just after
the start (dfendimafdent itdris may e abbreyivdesi as was-2xeh@ngs0d esdur)s af t er
the start of the reaction, the phenol conversion was 5. 7 % . Accordingly,
t he phenolthsonwartsiion wredlct | aay abe wasy?2. 3f% 400r bne-Ghvpayabenz emeanpl e
3: <1> Preparation of Catalyst: 50 cc of the PET-nodified ion-exchange
resin (swealdplymdds wat erperthabrbatdnpeenepr eparqsb iymdgpar at phenianpl e 1
and 50 cc of the DMI-nodified ion-exchange resin ( swollen with water) that

had been &roaﬁmabﬂyuecogp@mméyg Beaitp| cofhees ¢ spapenderefér289 Caxef
i on- exchanged water, and stirred for 20 m nutes. <2> Reaction: 69 cc of the

m Xt ure ofsthlyeRER iPdiy 1156h 3 Oe CX6PeDgReF €51 NS Wodd BR MaY hpwahen) and the
DMT- nodi fi ed i on-exchange resin (swollen with water) was filled’in a

stai nl ess edHg), tut WRkChegdEBE0HE MESsd LA £ W4 ?r@m@m 4@y ! B Sane
condition as in Exanple 1 . The reaction result was as foll ows Just after

Eﬂe start eQ:;arr{ﬂl‘?e,r 239410 phiiGeR e§O+nc‘{%m%e.r ShRA MEen HfAHD NIQE safter
e start o he ‘reacti o, the pheno 0
the ion-exchange resin may fall between 0.2 and 2.0 mm; and the
particle sizedistribution uniformity may be broad, for example,
falling between 1.0 and 1.6.
The modifier to modify the ion-exchange resin is a
combination of the above-mentioned components (a) and (b).
The pyridinealkanethiol of the component (a) includes,
for example, 2-mercaptomethylpyridine, 3~
mercaptomethylpyridine, 2-mercaptoethylpyridine, 3-
mercaptoethylpyridinne, 4-mercaptoethylpyridine and their
hydrochlorides. of those, preferred are 4-
mercaptoethylpyridine and its hydrochloride.
The aminoalkanethiol of the component (b) includes, for
example, 2-mercaptoethylamine, 3-mercaptopropylamine, 4-
mercaptobutylamine and their hydrochlorides. 0f those,

preferred are 2-mercaptoethylamine and its hydrochloride.

The thiazolidine of the other component (b) includes, for



conversion was 5.3 % Accordingly, the phenol conversion reduction rate was
.3.5 0/400 hr. Exanple 2: <1> Preparation of Catalyst: In a 1000-cc fl ask,
200 cc of an ion-exchange resin (Mtsubishi Chemcal's trade name, Diaion
SK-104 - this was swollen with water) and 400 cc of ion-exchanged water
were stirred in suspension, to which was dropw se added a solution of 1.8 g
of 2-nmercaptoethylamne (this may be referred to as 2-am noet hanet hiol, and
will be hereinafter referred to as AET) in 50 cc of in-exchanged water
within a period of 30 mnutes. After the addition, this was stirred for 1
hour, and ettampltehe | on- ex@hargemeddiyi thds zcdkiehinaut t hr ougR -fuelttydt-i2en, and
washed twice with 100 cc of ion-exchanged water. A part of the

t hus- separeathgd t ik z=xXcihdinge, r esiclyclas 1kyilath i aped iatialeyzed Remeadiydi-t2-
through titration. As a result, 10 %of the acid points of the resin were
nmodi fi ed WHdhyARhid¥dlLidihe, 1808- GCnfdtdsi thiiltm ZakEdmd f i edfr esiozegnd 400
cc of nethanol were stirred in suspension, to which was dropw se added a

sol ution ofr &} 1&Pfi LB, J Ny B Oy PEn IBLHRIQInyi thin a period of 30
m nutes. After the addition, this was stirred for 1 hour, and then the

|or exehange resi e AkaR, W lepi{4bieation, sedvgshidity og v
resin was (rdd ve%i“inaﬁalsﬁggn&g’réré%n;%li%%o%{?ég%@ ddd @ s ¥ et ‘%féurt he

acid points o G‘\Ihe resin e hi's neans that the ‘dégree of

nmodi ficati wi-th PET | ) > tion: o] he, AET/ PET- nodi fi ed
ion-exchar?gce%mrpelsel’n osrﬁ\/\;'f%%enro‘\/\ﬁﬁcc\’/va er)éﬁgseﬁ?‘?f%ﬂ %ﬁ&aggfeai‘fﬁlsé{s{éc'l@gl um,
in which acetqne was reacfed wth Al enol_. The rea ifon té@per.at re s 75C,
and LHSV ®&s %4 £5 Gfé nd s PEE 10 RF TERE dt RARYCSEokPent of
acetone was_ 100 and the phenol . flow was 277 cc/hr). The reaction
Cooult vad BOUEY) RBRea SRS - okt £ 1R S gt et e hedol
conversion was 11 .7 %. 400 hours after the start of the reaction, the
phenol cofF&sASRPRESSHo1n the £a8s BPAYRPE -t NECHHEHOIC B AFASHIAD (&8tict i on
rate was 1.6 i/4Q0 hr. Conparative Exanple 4. <1> Preparation of Catal yst:
In the sab@iEQReyY £ONYPEHDI BNS, SHAEOPENIERERaNde thsi FesdR #BHPT Red

wi th AET al one.., The degree of nodification of the resin was 10 <2>

React i on: MO iEd &St ITABPAETERR BV FLER 1DRTELERARYGY Febted swdl Qe AukithRvat er)
was filled in a stainless colum, in which acetone was reacted with phenol
under t he WdFOHEGaCtIATas the EREAPI &S Modheleddnt pdnagusers fRiveat
follows: Just after the start of the reaction, the phenol conversion was
8.2 % 40&M33ur sCARERiNEhe aXaHriC of aCHE /1 e FEYRIFNLOFRAPAEROI ATt er SFon was
5. 8 %. 12 Accordi ngly, the phenol conversion reduction rate was 2 .4
% 400 hr. tedfdarcsiqaretBamiAid 5: <1> Preparation of Catalyst: In the sane
manner as in Exanple 2, the ion-exchange resin was nodified with PET al one.
The degree of n¥@ ivadityiing tthe r dopnewabangey,reoin Reddid onuledpde of
the PET-nodified ion-exchange resin (swollen with water) was filled in a

st ai nl ess cOFPPRENtisn IR thedeed bhtenaray dscepplikdhtpidi®irasidealidhatsane
condition as in Exanple 2 . The reaction result was as follows : Just after
t he start aoftimee qteaaty dre aprdl igrbdienstiv one Grf beis anohex . 400 hours
after the start of the reaction, the phenol conversion was 7 . 4 %.
Accordi ngly, th&hsheeectionveenpenatvdecnayrbe aloeonwdsempe akfu@0 orr may
Conpar ati ve Exanple 6: <1> Preparation of Catalyst: 50 cc of the

AET- nodi f pedah Gl-exsthad genpesiat uiswel 0, Wid 11 wed Belwielkad 3 bathde@ncpt epar ed
in Conparative Exanple 4 and 50 cc of the PET-nodified ion-exchange resin
(swol len wi th waher amdimat dfachd aed iffrienatedea apbipditat the resamsrRabivwer e
suspended in 200 cc of ion-exchanged water, and stirred for 20 m nutes. <2>
Reacti on: bk3 so 68ostroilédethbxt wire ddedhee AGT- odiifiied tior axtiangRer esi n
(swollen with water) and the PET-nodified ion-exchange resin (swollen wth
wat er) wagohigdrRht Mad b PAESSHEOkEEN, 3 idhd\lisch, %ﬁéﬁé@aﬁ@§ heesbed W th

phenol under 'the sanme condition as in Exanple 2 . e reaction result was

as fol | ows Jual 38! 4orehduchAd B nidkl fiRaR A witherRBeBBhoBABNET pHPN. Vs

10.1 % . 400 hours after the start of the reaction, the phe convef sion

b ExanpalatSL] PR deeh I ARICE0 o CRREIANY BONRRERTS MEJE 0000 of

an ion-exchange resin (Mtsubishi Chemcal's trade nane, Diaion SK-104 -
this was swollen with water) and 400 cc of nethanol were stirred in
suspension, to which were dropw se adde5d a solution of 6.6 g of PET in 50
cc of methanol and a solution of 5.6 gof DMI in 50 cc of nethanol within a
period of 60 mnutes. After the addition, this was stirred for 1 hour, and
t hen the ion-exchange resin was taken out through filtration, and washed

N A NN o - . Y N T
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with water) was filled in a stainless colum, in which acetone was reacted
.With phenol. The reaction tenperature was 75C, and LHSV was 6 hr-1 ( the
acetone flow was 15 cc/hr, the methanol content of acetone was 2800 ppm
and the phenol flow was 277 cc/hr). The reaction result was as foll ows:
Just after the start of the reaction, the phenol conversion was 11.0 0. 400
hours after the start of the reaction, the phenol conversion was 9.0 %
Accordi ngly, the phenol conversion reduction rate was 2.0 i/400 hr.
Conparative Exanple 7: <1> Preparation of Catalyst: In the same nmanner as
i n Exanpl etBe dégréon £xoitaiyenddEis it amisomadiyf ifad Iwbklwieeh al and. 55he,
degree of nodification of the resin was 20 <2> Reaction: 69 cc of the

PET- nodi f i pfefenaBX¢hBagRetasiln aadoklken . with water) was filled in a
stainl ess columm, in which acetone was reacted with phenol under the sane

condition as in ﬁ’faﬁﬁé?séconahgsﬁéé‘ﬁt ben thesYhivemrs ots, frold oldusteafter
the start of the reaction, the phenol conversion was 12.0 % . 400 hours

after the éf&?%c@& tH U RPEELOR 1 ch e EH@HB&SWEEEEH@&‘%{?(}}‘fﬁdef%fy%srence

Accor di ngl e phenol conversion reduction rate was

Conparativ e:8:: <1> Pre i fos LYSEL; n,t manner
2o Th Exart e QL SR AR e SR er iR, 2R BT B The
degree of nnding@tiog of the resip_was 20 % _<2> Reactign: Q§ cc, of Ehe
DMT- rodi fi ed i on: eXBRARgEYEEsi W sitBVPerf WPEHAWRPEHT 0B i THRRF TR
stainless colu in ich acetone was reacted wt henol .under the sane
condi ¢ on SeLEhLEs e hy ¥Rl gRs, EREL R R Lo BT PP st by (kS Al s
the start of the reaction, the nQl .conversion was 8.8 % 400 hours after
the start GrsthstiEREengHendiss BAENGPPEDE: SHeh ARGt S8 Lofm SRR T ngl y.
t he phenol conversion_reduction_rate was .8.9% 400 hr. Conparative Exanple
9: <1> PrepatertopubylPaeap st:256‘5¥lﬁpoﬁhe @Effﬁ&mWQQﬁréq%¥¥BRﬁﬁﬁbb
resin (swollen with water )_that had been prepared in Conparative Exanple 7
and 50 cc ddth_lOARPABAPEPEE PBRPeRENINGELPESPREPO I M RARIPRIARS Y t hat
had been prepared in Conparative Exanple 8 were suspended in 200 cc of

i on- exchangeeda¢ktoraniesPirred for 20 nminutes. <2> Reaction: 69 cc of the
m xture of the PET-nodified ion-exchange resin (swollen with water) and the
DMT- nodi fi ed i orCeRerahgeY r dsitonesnbne ERdgiaaetpderrehhyliguedkehone,
stainl ess colum, in which acetone was reacted with phenol under the sane
16  condin¢bhy hsisebusgknkedone, meEhydaptPEAPY EigtonRs apetanhenenaust
after the start of the reaction, the phenol conversion was 10.2 % 400
hours afte¢yehehexanengs tae reatli ods thkdehdrs @sker AsHn fogEnad i 0.
Accordingly, the phenol conversion reduction rate was 4.2 % 400 hr. Exanple
4: <1> Prepeehaldehvdecabangaildehndg.1000-cc flask, 200 cc of an

i on-exchange resin (Mtsubishi Chemcal's trade nane, Diaion SK-104 - this
was swol | en wit HThet sedchiben400decisf nast Berclifiend 1yt defdmedy dudpdissi on,
to which was dropwi se added a solution of 9.9 g PET in 100 cc of nethanol
within a peréberablpofivked+bed. cofiténuphe zedictiion, orhibateds rstaatded f or 1
hour, and then the ion-exchange resin was taken out through filtration, and
washed tw Eer wixampl@) ehenfthieoneaxtchandedt imedrbed\cparttingfousheeaction,

t hus- separated i on-exchange resin was dried, and anal yzed for acidity

t hrough tiitstliiomidAsoarigspdce g6lewatyt (HIC) deperatld yofal he hexsiaenner e
nodified with PET. Next, in a 1000-cc flask, the PET nodified resin and 400
cc of ion-exchangeslowatgr, watepseiferadliyn betseensioand, amel Wi ¢tr-Was dropw se
added a solution of 2.8 g of DMI in 50 cc of ion-exchanged water within a
period of 30 ninrhexeadcAfilosr coh@iafdhtisndesthibedas Bié raadd of pheholr, and
then the ion-exchange resin was taken out through filtration, and washed

twice wthed®tehedf phefoexkbaBaed Hamil) ?eﬁéfél@fr fd1e1 4 Bletweemas and
i on-exchange resin was dried, and 17 analyzed for acidity through

titration.3d0 g5ofpiBeepghlyPBEblgel 5t HRdr €8i.n were nodified. This nmeans
that the degree of "nodification with DMI is 10 % <2> Reaction: 69 cc of

the, PETY DV o 4,60 LA RpRaRGR 85 (SUBELSD, L 1 B seoss hbled in

a stainless colum, ’in one was “reacte he reaction
t enper at ur 75C, and LHSV was 6 hr'1l th one flow was 15 ec/ hr,

t he met hanﬁ?g\%gntk@}% %G%M%%W%‘boﬁép?ﬁgaﬁﬁ% phenol flow was 277
cc/hr). The reaction result was as follows: Just after the start of the
reaction, the phenol conversion was 10.8 % 400 hours after the start of
the reaction, the phenol conversion ma568.7 % Accordingly, the phenol
conversion reduction rate was 2.1 %400 hr. Conparative Exanple 10: <1>

Preparation of Catalyst: In the same manner as in Exanple 4, the
i on-exchange resin was nodified with PET alone. The degree of nodification

M




<2> Reaction: 69 cc of the PET -nodified ion-exchange resin (swollen with
*water) was filled in a stainless colum, in which acetone was reacted with
phenol under the sanme condition as in Exanple 4. The reaction result was as
follows: Just after the start of the reaction, the phenol conversion was
11.8 % 400 hours 18 after the start of the reaction, the phenol
conversion was 6 . 6 % . Accordingly, the phenol conversion reduction rate
was 5.2 % 400 hr. Conparative Exanple 21: <1> Preparation of Catalyst: In

t he same manner as in Exanple 4, the ion-exchange resin was nodified with
DMI al one. The dfgitle tée ABaArtiedt i bt spnHeacdahkeiones vhe groduerdi on:
69 cc of the DMI-nodified ion-exchange resin (swollen wth water) was
filled inwateniandstheokyeessi phetich axet veroviad, r eadt &denings phivimng
under the sane condition as in Exanple 4 . The reaction result was as
follows : chisdenit®tet he sloaltedftd heor eactaose, wWwHergihenohe caddakcs aif was
8.7 % 400 hours after the start of the reaction, the phenol conversion was
4 . 3 % . vospshehotphetd®e ferwlnatrere reifer reeduotdopheabd sadudt ) 494 400
hr. Conparative Exanple 12: <1> Preparation of Catalyst: 50 cc of the

PET- nodi f iképddncexchange f gshendBWos | @napbiatvat atvhyt Fdbmhathebgsieqyepar ed
in Conparative Exanple 10 and 50 cc of the DMI-nodi fied ion-exchange resin

(swol | en Wddumet@idert Paliubad desiswrenFaad iiny CetRacatl ve aRwpbeall, were

suspended in 200 cc of ion-exchanged water, and stirred for 20 m nutes. 19

<2> Reactify 4% Gedfadd e Mirddingsf1 e PFrdpd fded 419ns ?Hglgﬁég?f gesin

(swollen wth water) and the DMI-nodi fied I on-exchange resi en with

wat er) wag,ddd{gdid fn§é§§?§gﬁﬁeﬁ9iu odhBeWhi ch acetone was reacted with

phenol under the sanme con as In anple 4 . The reaction result was

as fol lows Just gfd ettﬂb%n%tfa'&heoin{zgﬁﬁwﬁcié %véé‘ﬁ%’é‘g}gﬂn rcr%’&\ﬁ%réﬂo‘?{‘ Was

10.0 % 400 hours after the start o e reaction, CONVer si on

N e Y
o, Lon- SXChange sk fe it SNl CERET Sk ok A LATER B 1R S 1

suspensi on, t i C s _dropwi s d | utd Q f 3. PET in 50 cc of
met hanol vr%‘?a}??tnvgb pgri gd "6 ss@o Onfn%?gggn%‘\f ?‘%r l‘J’\therpoas di ?Q)r gcr)l,g PRiYs JgEE
stirred faor_1 hour. and the I on-exchange resin L aken out t.hr ough
P e oS altn 88 norta B0 SECaT Rsh el SatRR ahBF e e iy %oy

t he thus-separated ion- XCh%? e _resin I gried, and anal yzed for acidity

t hrough tiGTHRIYF TEY LTEEY %,tﬁ CahRL¥RE-aci d points of the resin were
nodi fied with PET. Next, in a 1000-cg¢ f]ask, the PETnodified resin and 400
cc of ion-exchanged water were stirIQ§f”ﬁ$%Ehspension, to which was dropw se

added a solution_of ,2.8 . . .
The1nven%90n1sdescrlbedmoreconcretelyw1threference

to the following Examples, which, however, are not intended to
restrict the scope of the invention.

Example 1:

<1> Preparation of Catalyst:

In a 1000-cc flask, 200 cc of an ion-exchange resin
(Mitsubishi Chemical's trade name, Diaion SK-104 - this was
swollen with water) and 400 cc of methanol were stirred in
suspension, to which was dropwise added a solution of 2.7 g of

4-mercaptoethylpyridine (this may be referred to as 4-



4

g of AET in 50 cc of ion-exchanged water within a period of 30 mnutes .
“After the addition, this was stirred for 1 hour, and then the ion-exchange
resin was taken out through filtration, and washed twice with 100 cc of

i on-exchanged water. A part of the thus-separated ion-exchange resin was
dried, and analyzed for acidity through titration. 25 ~ of the acid points
of the resin were nodified. This neans that the degree of nodif ication
with AET is 15 $ . Next, the PET/AET-nodified res in and 400 cc of

i on- exchanged, water were stirred in suspension in a 1000-cc fl ask, .to which
was added R¥Y Gl ineortbinathigl orabfinwihl 5op (XA K ARMIFH- W @raHi t hi n
a period of 30 mnutes . After the addition, this was stirred for 1 hour,
and then tBEL) di eRcParfeneidianolayitBRana RAT 91 OfgROfMiRYEES on ALkRr
washed twice with 100 cc of ion-exchanged water. A part of the

t hus- separtdtedaddatapshangels eyps veisixreddfoandl ahabyzediridr thenditle
through titration. 40 ~ of the acid points of the resin were nodified. This
means t hatidrheexidgarege afesiodwé s datiemowict thibvigh £ i1 rat i<y &edotdsdred 69 cc
of the PET/ AET/ DMI-nodi fi ed ion-exchange resin ( swollen with water ) was
filled inw#wideal wiehs 100 wm, ofn W -dxaEtmiged® wasereactredpadt hoghertod. The
reaction tenperature was 75C, and LHSV was 6 hr'1l (the acetone flow was 15

cc/hr, theHE loelod r £08d eidn M x AELh GO & i §RAEG ARAedgnNdnd endhened fdow was
277 cc/hr) . The reaction result was as follows: Just after 21 the start

of the reagdi®my iriAneltearvensi OfsVRTekd1d ,~8 4k baurscad Widde

start of the reaction, the phenol conversion was 8.8 ~. Accordingly, the

phenol conyersiOndLGd R Ml £r VoS (Indued 40088 worRas@t] verdseamig 13:

<1> Preparation of Catalyst: In the same manner as in Exanple 5, the _
i on- exchange; § @618 Waga8RYI thed ppilihJaTE AlPNes THeadgongs ek Badifdfation
of the resin was 10 <2> Reaction: 69 cc of the PET -nodified ion-exchange
resin (s i ) i L i ne i col I i
e I R S . B R
The reacti S : S f he . 4 ' r.eaction,
t he phenol%%@%%%g\r&%g %(?g‘kﬁggﬁoooflﬁdtgrgéa]f?étrz_t l?ahteg:th rlt%fho r%"t%r1l<-i-l%?§}aécti on,
t he phenol,.c i . 131" be ASE8 j eDrR{E@no CORversi
reducti on (rha?%eg%aifﬁ&é@gfgoglﬁrl. b(,eorrpar‘1<':;1 |€%{:é§1<a%rgl e ; i<ri>9€’r g%aroa ion
of Catalyst; | 3 . C f. an _ionx resd
(Mt subi srsfidrbh%ngl’a%%?&és)d ﬁ?aaédéaﬁz"é'r;ce},&q%aa' S%l@- 35499%%@9%'5 gv?b rer}: hvﬁ th
wat er) an cc of .i.Qn- r e Sti ' pensi to
Whi ch vas Ao € Sdor £¥ SHUHER PO nARES A el e URPERhAbad D e
water wthj rJ f 1 Au r dditiqn.. thi S
stirred f(r)yr ﬂhg‘ﬁaré, %ar]fé%[ ﬁé}% Fﬁgol{pgﬁ- %g%‘ﬁgﬁg‘égﬁés%ﬁgmﬁ%%%igw%t ‘"Zt%ﬁ:\r%gugh
filtration,,and hed twice with 100 cc qf .iqQn-e n water. A t of
the ¢ hus- e S it hdiaiied sltetns Rerdl Shatinansss ke i
through titration. As a result 5. % of the acid points of the resin were
mod { Ped I SIS £ AT HAEGBBIER (AT PR ALHE TS 1R FEERRHhd 400
cc of ion exchanged water re stirred i,n suspension, fo which s .dropw se
added a SAHTKEOMCR - 415 § GF BAR AT EEUDS OtohBR SRR SO a
period of 30 minutes. After the addition, this was stirred, for. |1 haqur, and
then the iQiE¥ d}esiT}MﬁaE‘eFaﬁe‘iP%%Fhﬂé%%%ePi IIP‘F‘é&?b?ﬁtJa%%hed
twice with 100 cc_of ion-exchanged water. A part of the thus-separated
i on-excha®JeF r&%ih has dried, and anal yzed for acidity through titration.
30 0 of the acid points of the resin were nodified. This neans that the
degree of TRouiRea@kEi@™: with DMI is 15 0. <2> Reaction: 69 cc of the
AET/ DMT- nodi fi ed ion-exchange resin (_swllen with water) was filled in a
stai nl ess col unth9 £q athtbp REEMDME-nedl F ted dea~arxchapigenoes imdswolAensane
condition as in Exanple 5. The reaction result was as follows: Just after
t he start wifth hategrcwiasnf il hedpimrolstadmiessi oaluas, 8iB whiclDacksons aft er
the start of the reaction, the phenol conversion was 5 . 8 ~. Accordingly,
t he prenolwa@rw&dcs&w wethigbhemo I at erhe s adt (i Ofeniper aAire dMERCat i ve
Exanpl e 15:

and LHSV was 6 hr™ (the acetone flow was 15 cc/hr, the methanol



<1> Preparation of Catalyst: In the same manner as in Conparative Exanple

" 14, the ion-exchange resin was nodified with AET al one to prepare an

AET- nodi fi ed ion-exchange resin. The degree of nodification of the resin
was 15 % Also in the sane manner as in Conparative Exanple 14, the

i on-exchange resin was nodified with DMI al one to prepare a DMI-nodi fi ed

i on-exchange resin. The degree of nodification of the resin was 15 % 50 cc
of the PET-nodified ion-exchange res in ( swllen with water ) that had
been prepared in Conparative Exanple 13, 25 cc of the above AET-nodified

i on- exchangentest o f{asabbhewas 860 wpigrand thaenph&dot € lofw wie 28d0ove/hr) .
DMT- nodi fi ed i on-exchange resin (swollen wth water) were suspended in 200
cc of ion-exehpogedivat eesudtdwati asefol Dow20 Musl estte?>tiReactdon. 09 cC
of the m xture of the PET-nodified ion-exchange resin ( swollen with water)

, the AET-yRélideaRd iidH)- X6sHeo Y 8shielsWBh! wis Wot.3 yat ergo asdrkhefter
DMT- nodi fi ed i on-exchange resin (swollen with water) was filled in a

stainl ess gob ugPart NoWhtRB 268E0ABNYAS hECRREAG IWddhviRINRL WRders tdiey sane
condition as in Exanple 5 . The reaction result was as follows : Just after

the start : ti % AP0 ft
e start & C(%ﬁ%ll::lgggf :ﬁgﬂe phBSoR e£OTT reladie 4% ?age §9as Q.St%)ﬁcg?a er

the start o t he phenol conversion was 5.0 % Acc Y,
t he phenolhlconversi on reduction rate 24 was 3.8 %400 hr. The catal ysts
prepared in the above are summarized in Table 1; and the test results
obtained in the above agare in Table 2. Table 1 Mdifier (degree

nodi fi cat i(g?‘f?%‘?@ ﬁY?sﬁxWBP Fo 6gyConponent (a) Conponent ( b) Exanpl e
1PET(8%

79 bi ;
syst errc;o?gﬂgx .%%%%’rég/}-lg{‘nﬁife‘éé‘ﬁﬁ.lﬁ.té- DMT( 7% si ngl eConp. Ex. 3PET( 8% DMT( 7%
i d t entx | 2PET( 15% AET( 109 bi ] \
e T R St oas WA IR o ERSTPLE) « Ehe.i RRBHEC BN ERERSY ACT(

10% m xed syste e . 3PET(209% DMTI( 209 bi, nar . )

e e 57, e R R BB SPBAT SE0F O BPEES 5 AEEO0FRE (i) DM
209 m xed s%s(,t enExangI e 4PET(30% DMI(10% bi nary

syst enConpt €53 R 0BET (8094 - si ngl eConp. Ex. 11- DMT( 10%) si ngl eConp. Ex. 12PET(30% D
MI(10%9 m xed sl{sten‘_Exanpl e S5PET(109% AET DMI(15 (15% %ternary

syst enConpS 4. BSPENEADY) - si ngl eConp. Ex. 14- AET DMI(15 (15% 9% bi nary

syst enConp. Ex. 15PET( 10‘? AET DMT(15 (159 %.m xed system Note) PET:

4- pyri di ne- et harf? Hi®I1oDWhe PEX gimastifiadilefoigxflifngseresin (swollen

2- am noet hanet hiol 25  Table 2 Methanol* (ppmInitial Conversion

(0) Conver STHFR &Fatar UG shfd Liedchh e Biadh IREG EPLIRTRaL B YHRkC G el B anpl e
130010. 38. 61. 7Conp. Ex. 13009. 55.44. 1Conp. Ex. 23007.95.72.2Conp. EX.

33008. 85. IRIpeRFied yishophened. underdiis sere g2e0dasion. 839 mpphe
5100011. 67. 44. 2Conp. Ex. 6100010. 17.03. 1Exanpl e 3280011 .09. 02. 0Conp. Ex.
7280012. 05 66 Th@Fgadbdong ZEe0d.te wag3agChaplors: 9Pgnb L b dheptani e

4200010. 88. 72. 1Conp. EX. )
of the reaction, the phenol conversion was 9.5 %. 400 hours

after the start of the reaction, the phenol conversionwas 5.4 %.
Accordingly, the phenol conversion reduction ratewas 4.1 %$/400
hr.
Comparative Example 2:
<1> Preparation of Catalyst:

In the same manner as in Example 1, the ion-exchange resin
was modified with DMT alone. The degree of modification of the

resin was 7 %.



10200011 . 86. 65. 2Conp. Ex. 1120008. 74. 44. 3Conp. Ex. 12200010. 05. 24. 8Exanpl e
* 580010. 28. 81. 4Conp. Ex. 138009. 85.54. 3Conp. Ex. 148008. 35. 82. 5Conp. Ex.
158008.85.03.8 Note) * This indicates the nethanol content of acetone. As
described in detail hereinabove with reference to its preferred

enbodi nents, the invention provides a catalyst of high activity and good
heavy substance resistance and al cohol resistance for production of

bi sphenols, and to a nmethod for produci ng bi sphenols with the catalyst. 26
,.. What is clainmed is: 1. A catalyst for production of bisphenols, which
is a sul fomx Readtiygpe cation-exchange resin nodified with (a) a

pyri di neal kanet hi ol and (b) an am noal kanet hi ol and/or a thiazolidine. 2.

The catal yst forepredusti eneobmipimpheiaks asnclediciRmt dqen @i Jswd M &fi ch
from8 to 55 % of the sulfonic acid group is nodifie The catalyst for

producti on, pfn By sd¥e Qs 23181 TR idt LlrAldBs! @1 ufon | En%f&‘hfé@é%&téo 35
% of the sulfonic acid group is nodified with the conponent (a).

talyst for f I
catalys pré;%,t% s t‘?x LB eﬁ\ﬁé%_ratzh& sadh 'n'al%’l)é OBSClﬁ“ﬁ%xﬁ%nol Y

which is for eno or produci ng bi's

whi ch compy | s&s,d Gag et%rﬁf%tm? wg%d?getsaggaal N bhes PLESEPCE,

cat al yst any 0 ai'ns for pro UC|ng |sﬂ%enols as
cl ai mred |n erein h unsubsti t ut pheng t.he ketone
s hcet one e e iR Ehor ?splﬁefi%ﬁe%°tvarsaonﬁas et Bot f 0% B

bi sphenol s_as_cl ned | m_6, wherei met.hanol content o cetone
s at nost? %‘t Qé’? B kpctian,fne ] A ‘A°{‘§e£floﬂw%% AL A

U AL A3U Aﬁccﬁérdlmﬁ}i the Qné cACJhnvAeéJ'.A()Af(tyre u ?.o>r(1 ratewas 2.2 %/400
hr.
Comparative Example 3:
<1> Preparation of Catalyst:

50 cc of the PET-modified ion-exchange resin (swollen
with water) that had been prepared in Comparative Example 1 and
50 cc of the DMT-modified ion-exchange resin (swollen with
water) that had been prepared in Comparative Example 2 were
suspended in 200 cc of ion-exchanged water, and stirred for 20
minutes.
<2> Reaction:

69 cc of the mixture of the PET-modified ion-exchange
resin (swollen with water) and the DMT-modified ion-exchange
resin (swollen with water) was filled in a stainless column,
in which acetone was reacted with phenol under the same
condition as in Example 1. The reaction result was as follows:
Just after the start of the reaction, the phenol conversion was

8.8 %. 400 hours after the start of the reaction, the phenol

10



[

%&Ef D\ &| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calcalc
*aJca] ca] caU]ca]cLa] cal caUcaUcalcLaUc aUc a

e3ETUQVWK- kU} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] calcalca]calcalcalcalcalcajcaljcal S o

blolplt!t1"9"qg"""o94 &&&&' "' (M [,-R W}xsnid_Z]]ca]ca]ca]ca]ca]ca]lca]ca]calc
aJ cal ca] ca]ca]lca]lca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcal W--
I I [H T/ b///0T0000011. 1K1111111111}xsni d_Z]] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! 12]
2223 33[ 3333Bfersion was 5.3 %. Accordingly, the phenol conversion
55N5556766666667D<J<<<=k=} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calc
a] ca] ca] calaplceisn] £atealgal sabcaleabceakcal cal cal cal caj ca! k=l =J>K>???AAdAA
"BOB" CCRDQE_EeEFF[ G G&JJ/ J0J2J@zJJzKK} xsni d_YV] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] gaj €&] £a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! K7L
8LLOMGVBNN2O8 QORSSSUUW Y| YZ#ZZ\ ] (] VM "~} xsni d_ZV] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] cal @f@égﬁ}ﬁ%ﬁ%f%ﬁ%ggﬁgﬂ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal /U aJ aaaa CdEe&h, h$ij Xl } xsni d_zZV] ca] ca] ca] ca] ca] ¢
o cal o2) ol onl calea oaaleal caleal oo)oal eal el raa%f g ta TN KRR
At e e el By el A I
| e cal cal el cal cal el caleal §Leal s ool 8 LR LA 4 oo o

]J]caljcal /=
<dj n}xsni d Z] %C%‘}d;} C@S{% cal ca] ca] cal. % ca @ ca] cal ca ca] calc
a] ca] ca] caﬁ"’c’a‘% S| &9 &’Qgﬁ‘%@’@ /]&1% ?f;& s®1Ut
& 109%<& ()-"10%<& ()-109%<& ()- OMLOU<& (&BI wi[M 10 < < 10 < < 10 < <I<10%
< <& ()-! Piokihmkof A-narc@ndriiiyg:ant f@m(m&m jeferred to as
3] M?WR1109%B& ()- ' 91 109%BMB& ()-_1s 91109%5& ()- @ 10%& () -
110968 () -2 GroiRetharethipy, wod will Ge hexgipaf )em%%%ﬁ@)to ag dF® ()-
105 105 105=s10%& ()-! 9'!10%5& ()- Ef DdE~_@3! 10% &%S
y: 109% & ()ims5M%Egof) inyprohpRIer wakenoyathinFa neoqed (9f B kadmutgs -
% 10% & ()- #10% & ()-3' AOAU & ()- '10% & ()- 10% & ()- 310%{& ()-e3dE~_@
510% & () -Aftampoghe @ddit gy ghid)s wagletigren Iprobqloyy, amdgEhren HC 10%
& ()-1 L10% & ()-M
ion-exchange resin was taken out through filtration, and washed
twice with 100 cc of ion-exchanged water. A part of the
thus-separated ion-exchange resin was dried, and analyzed for
acidity through titration. As a result, 10 % of the acid points
of the resin were modified with AET. Next, in a 1000-cc flask,
the AET-modified resin and 400 cc of methanol were stirred in
suspension, to which was dropwise added a solution of 5.0 g of
PET in 50 cc of methanol within a period of 30 minutes. After
the addition, this was stirred for 1 hour, and then the
ion-exchange resin was taken out through filtration, and washed
twice with 100 cc of ion-exchanged water. A part of the

thus-separated ion-exchange resin was dried, and analyzed for

acidity through titration. 25 % of the acid points of the resin

11



10( 10( 10(>s10% & ()- 9!'10% & ()- 7&L0% & ()-zX9.C 10(= 10% & ()-!

*110%(a(& ()-1'|'109% (& ()-1'109% & ()-1!|!'10% (& ()-1! !'10% (& ()-1j HC

10(="1!s! 109& () - nds! 109& ()-nd x ! 109& ()- @ 109& () - @910%& () - M 10(

10( WOSTUWK~_@ 10( 910% & ()- 910% & ()-M 10 10 10>t 109& ()- s!109%& () - nba |

s! 1098 () - n¥X- kdE~_@ 10( MLO% & () - Yy! 10%4 & ()-Y ! 10%4 & ()- F

MLO% & ()- Y@LO0% & () - Y& 10% & () - UJE~ @ 10( MLO% & ()-Y

109 & ()-VYs! 109% & ()-Ys! 10% & ()-Y' 10% & ()-Y' 10% & ()- S o bl!dE~ @

10( Y+ 109% & ()-F)s! 109% & () -

' 10% & () weel UL (R Y#STR 086 ans Ehht08K& degriele 6 Map I Ticat@dNEWE th
1 10% & ()- 710% & ()- Y5@ 0% & ()-F3! 10% & () -

110% & () pYrlo% &= )% " """ "n$! 8B4\ = 10(1 %40% & ()- ' 10% & ()-"!|

110% (& ()- !'x '10% (& ()-° 10( 10( 10(> 10% & ()-% &u&&& '’ }~?4= 10

10(=510% &) RIAUKOUL ()- | L' 110%(a(& ()- L' 110%& ()- L'110%& ()-!s
L' 1 109 (& (- " (M, = mik= 10 10(! 1100658 ()-* 110%& ()-" ! 109%& ()-'

10 () e1098 {3t BT M 60080 o s
T /dﬁ}l%hl%ajc%&) was filled in a stainless column, in which acetone
was reacted with phenol. The reaction temperature was 75°C;
and LHSV was 6 hr™' (the acetone flow was 15 cc/hr, the methanol
content of acetone was 1000 ppm, and the phenol flow was 277
cc/hr). The reaction result was as follows: Just after the
start of the reaction, the phenol conversion was 11.7 %. 400
hours after the start of the reaction, the phenol conversion
was 10.1 $. Accordingly, the phenol conversion reduction rate
was 1.6 %/400 hr.
Comparative Example 4:
<1> Preparation of Catalyst:

In the same manner as in Example 2, the ion-exchange resin
was modified with AET alone. The degree of modification of the
resin was 10 %.
<2> Reaction:

69 cc of the AET-modified ion-exchange resin (swollen
with water) was filled in a stainless column, in which acetone
was reacted with phenol under the same condition as in Example
2. The reaction result was as follows: Just after the start
of the reaction, the phenol conversion was 8.2 %. 400 hours

after the start of the reaction, the phenol conversionwas 5.8 %.
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In the same manner as in Example 2, the ion-exchange resin
was modified with PET alone. The degree of modification of the
resin was 15 %.
<2> Reaction:

69 cc of the PET-modified ion-exchange resin (swollen
with water) was filled in a stainless column, in which acetone
was reacted with phenol under the same condition as in Example
2. The reaction result was as follows: Just after the start
of the reaction, the phenol conversion was 11.6 %. 400 hours
after the start of the reaction, the phenol conversionwas 7.4 %.
Accordingly, the phenol conversion reduction ratewas 4.2 %$/400
hr.

Comparative Example 6:
<1> Preparation of Catalyst:

50 cc of the AET-modified ion-exchange resin (swollen
with water) that had been prepared in Comparative Example 4 and
50 cc of the PET-modified ion-exchange resin (swollen with
water) that had been prepared in Comparative Example 5 were
suspended in 200 cc of ion-exchanged water, and stirred for 20
minutes.

<2> Reaction:
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in which acetone was reacted with phenol under

the same

condition as in Example 2. The reaction result was as follows:

Just after the start of the reaction, the phenol conversion was

10.1 %. 400 hours after the start of the reaction, the phenol

conversion was 7.0 %. Accordingly, the phenol conversion

reduction rate was 3.1 %/400 hr.
Example 3:

<1> Preparation of Catalyst:

In a 1000~cc flask, 200 cc of an ion-exchange resin

(Mitsubishi Chemical's trade name, Diaion SK-104 -

this was

swollen with water) and 400 cc of methanol were stirred in

suspension, to which were dropwise added a solution of 6.6 g

of PET in 50 cc of methanol and a solution of 5.6 g of DMT in

50 cc of methanol within a period of 60 minutes.

After the

addition, this was stirred for 1 hour, and then the ion-exchange

resin was taken out through filtration, and washed twice with

100 cc of ion-exchanged water. A part of the thus-separated

ion~exchange resin was dried, and analyzed for acidity through

titration. The resin were modified with PET by 20 % and with

DMT by 20 %.

<2> Reaction:

69 cc of the PET/DMT-modified ion-exchange resin (swollen
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y# 104 & Qo ért!' dPUELSnE) w3 1008 i S1dnd HALBRRP flow was 277
cc/hr). The reaction result was as follows: Just after the
start of the reaction, the phenol conversion was 11.0 %. 400
hours after the start of the reaction, the phenol conversion
was 9.0 %. Accordingly, the phenol conversion reduction rate
was 2.0 %/400 hr.
Comparative Example 7:
<1> Preparation of Catalyst:

In the same manner as in Example 3, the ion-exchange resin
was modified with PET alone. The degree of modification of the
resin was 20 %.
<2> Reaction:

69 cc of the PET-modified ion-exchange resin (swollen
with water) was filled in a stainless column, in which acetone
was reacted with phenol under the same condition as in Example
3. The reaction result was as follows: Just after the start
of the reaction, the phenol conversion was 12.0 %. 400 hours

after the start of the reaction, the phenol conversionwas 5.6 %.
Accordingly, the phenol conversion reduction ratewas 6.4 %/400
hr.

Comparative Example 8:

<1> Preparation of Catalyst:
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U& ()- 3 '#48%4n was 20 %.

<2> Reaction:

69 cc of the DMT-modified ion-exchange resin (swollen
with water) was filled in a stainless column, in which acetone
was reacted with phenol under the same condition as in Example
3. The reaction result was as follows: Just after the start
of the reaction, the phenol conversion was 8.8 %. 400 hours
after the start of the reaction, the phenol conversionwas 5.0 %.
Accordingly, the phenol conversion reduction ratewas 3.8 %/400
hr.

Comparative Example 9:
<1> Preparation of Catalyst:

50 cc of the PET-modified ion-exchange resin (swollen
with water) that had been prepared in Comparative Example 7 and
50 cc of the DMT-modified ion-exchange resin (swollen with
water) that had been prepared in Comparative Example 8 were
suspended in 200 cc of ion-exchanged water, and stirred for 20
minutes.
<2> Reaction:

69 cc of the mixture of the PET-modified ion-exchange
resin (swollen with water) and the DMT-modified ion-exchange
resin (swollen with water) was filled in a stainless column,

in which acetone was reacted with phenol under the same
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Just after the start of the reaction, the phenol conversion was
10.2 $. 400 hours after the start of the reaction, the phenol
conversion was 6.0 %. Accordingly, the phenol conversion
reduction rate was 4.2 %/400 hr.
Example 4:
<1> Preparation of Catalyst:

In a 1000-cc flask, 200 cc of an ion-exchange resin
(Mitsubishi Chemical's trade name, Diaion SK-104 - this was
swollen with water) and 400 cc of methanol were stirred in
suspension, to which was dropwise added a solution of 9.9 g PET
in 100 cc of methanol within a period of 30 minutes. After the
addition, this was stirred for 1 hour, and then the ion-exchange
resin was taken out through filtration, and washed twice with
100 cc of ion-exchanged water. A part of the thus-separated
ion-exchange resin was dried, and analyzed for acidity through
titration. As a result, 30 % of the acid points of the resin
were modified with PET. Next, in a 1000-cc flask, the PET-
modified resin and 400 cc of ion-exchanged water were stirred
in suspension, to which was dropwise added a solution of 2.8
g of DMT in 50 cc of ion-exchanged water within a period of 30
minutes. After the addition, this was stirred for 1 hour, and
then the ion-exchange resin was taken out through filtration,

and washed twice with 100 cc of ion-exchanged water. A part

of the thus-separated ion-exchange resin was dried, and
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U& () - SXQEME@yRQﬂﬁdEﬁ&Q&&tythroughtltratlon 40 % of the acid points

of the resin were modified. This means that the degree of
modification with DMT is 10 %.
<2> Reaction:

69 cc of the PET/DMT-modified ion-exchange resin (swollen
with water) was filled in a stainless column, in which acetone
was reacted with phenol. The reaction temperature was 75°C;
and LHSV was 6 hr™' (the acetone flow was 15 cc/hr, the methanol
content of acetone was 2000 ppm, and the phenol flow was 277
cc/hr). The reaction result was as follows: Just after the
start of the reaction, the phenol conversion was 10.8 %. 400
hours after the start of the reaction, the phenol conversion
was 8.7 %. Accordingly, the phenol conversion reduction rate
was 2.1 %/400 hr.

Comparative Example 10:
<1> Preparation of Catalyst:

In the same manner as in Example 4, the ion-exchange resin
was modified with PET alone. The degree of modification of the
resin was 30 %.
<2> Reaction:

69 cc of the PET -modified ion-exchange resin (swollen
with water) was filled in a stainless column, in which acetone
was reacted with phenol under the same condition as in Example
4. The reaction result was as follows: Just after the start

of the reaction, the phenol conversion was 11.8 %. 400 hours
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Accordingly, the phenol conversion reduction ratewas 5.2 %$/400
hr.

Comparative Example 11:

<1> Preparation of Catalyst:

In the same manner as in Example 4, the ion-exchange resin
was modified with DMT alone. The degree of modification of the
resin was 10 %.
<2> Reaction:

69 cc of the DMT-modified ion-exchange resin (swollen
with water) was filled in a stainless column, in which acetone
was reacted with phenol under the same condition as in Example
4. The reaction result was as follows: Just after the start
of the reaction, the phenol conversion was 8.7 %. 400 hours
after the start of the reaction, the phenol conversionwas 4.3 %.
Accordingly, the phenol conversion reduction ratewas 4.4 $/400
hr.

Comparative Example 12:
<1> Preparation of Catalyst:

50 cc of the PET-modified ion-exchange resin (swollen
with water) that had been prepared in Comparative Example 10
and 50 cc of the DMT-modified ion-exchange resin (swollen with
water) that had been prepared in Comparative Example 11 were
suspended in 200 cc of ion-exchanged water, and stirred for 20

minutes.
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<2> Reaction:

CEEESERS .

69 cc of the mixture of the PET-modified ion-exchange
resin (swollen with water) and the DMIT-modified ion-exchange
resin (swollen with water) was filled in a stainless column,
in which acetone was reacted with phenol under the same
condition as in Example 4. The reaction result was as follows:
Just after the start of the reaction, the phenol conversion was
10.0 . 400 hours after the start of the reaction, the phenol
conversion was 5.2 %. Accordingly, the phenol conversion
reduction rate was 4.8 %/400 hr.

Example 5:
<1> Preparation of Catalyst:

In a 1000-cc flask, 200 cc of an ion-exchange resin
(Mitsubishi Chemical's trade name, Diaion SK-104 - this was
swollen with water) and 400 cc of methanol were stirred in
suspension, to which was dropwise added a solution of 3.3 g PET
in 50 cc of methanol within a period of 30 minutes. After the
addition, this was stirred for 1 hour, and then the ion-exchange
resin was taken out through filtration, and washed twice with
100 cc of ion-exchanged water. A part of the thus-separated
ion-exchange resin was dried, and analyzed for acidity through
titration. As a result, 10 % of the acid points of the resin
were modified with PET. Next, in a 1000-cc flask, the PET-
modified resin and 400 cc of ion-exchanged water were stirred

in suspension, to which was dropwise added a solution of 2.8
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g of AET in 50 cc of ion-exchanged water within a period of 30
minutes. After the addition, this was stirred for 1 hour, and
then the ion-exchange resin was taken out through filtration,
and washed twice with 100 cc of ion-exchanged water. A part
of the thus-separated ion-exchange resin was dried, and
analyzed for acidity through titration. 25 % of the acid points
of the resin were modified. This means that the degree of
modificationwith AET is 15%. Next, the PET/AET-modified resin
and 400 cc of ion-exchanged water were stirred in suspension
in a 1000-cc flask, to which was added a solution of 4.2 g of
DMT in 50 cc of ion-exchanged water within a period of 30 minutes.
After the addition, this was stirred for 1 hour, and then the
ion-exchange resin was taken out through filtration, and washed
twice with 100 cc of ion-exchanged water. A part of the
thus-separated ion-exchange resin was dried, and analyzed for
acidity through titration. 40 % of the acid points of the resin
were modified. This means that the degree of modification with
DMT is 15 %.

<2> Reaction:

69 cc of the PET/AET/DMT-modified ion-exchange resin
(swollen with water) was filled in a stainless column, in which
acetone was reacted with phenol. The reaction temperature was
75°C; and LHSV was 6 hr™ (the acetone flow was 15 cc/hr, the
methanol content of acetone was 800 ppm, and the phenol flow

was 277 cc/hr). The reaction result was as follows: Just after
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400 hours after the start of the reaction, the phenol conversion
was 8.8 %. Accordingly, the phenol conversion reduction rate
was 1.4 %/400 hr.

Comparative Example 13:

<1> Preparation of Catalyst:

In the same manner as in Example 5, the ion-exchange resin
was modified with PET alone. The degree of modification of the
resin was 10 %.
<2> Reaction:

69 cc of the PET -modified ion-exchange resin (swollen
with water) was filled in a stainless column, in which acetone
was reacted with phenol under the same condition as in Example
5. The reaction result was as follows: Just after the start
of the reaction, the phenol conversion was 9.8 %. 400 hours
after the start of the reaction, the phenol conversionwas 5.5 %.
Accordingly, the phenol conversion reduction rate was 4.3 %$/400
hr.

Comparative Example 14:
<1> Preparation of Catalyst:

In a 1000~-cc flask, 200 cc of an ion-exchange resin
(Mitsubishi Chemical's trade name, Diaion SK-104 - this was
swollen with water) and 400 cc of ion-exchanged water were
stirred in suspension, to which was dropwise added a solution

of 2.8 g AET in 50 cc of ion-exchanged water within a period
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10%R&' () - Zofisip MinuBes{ PALDeR&HS addfitRonQveli$ was §tirred for 1 hour,

CEEEE

and then the ion-exchange resin was taken out through filtration,
and washed twice with 100 cc of ion-exchanged water. A part
of the thus-separated ion-exchange resin was dried, and
analyzed for acidity through titration. As a result, 15 % of
the acid points of the resin were modified with AET. Next, in
a 1000~cc flask, the AET-modified resin and 400 cc of ion-
exchanged water were stirred in suspension, to which was
dropwise added a solution of 4.2 g of DMT in 50 cc of ion-
exchanged water within a period of 30 minutes. After the
addition, this was stirred for 1 hour, and then the ion-exchange
resin was taken out through filtration, and washed twice with
100 cc of ion-exchanged water. A part of the thus-separated
ion-exchange resin was dried, and analyzed for acidity through
titration. 30 % of the acid points of the resin were modified.
This means that the degree of modification with DMT is 15 %.
<2> Reaction:

69 cc of the AET/DMT-modified ion-exchange resin (swollen
with water) was filled in a stainless column, in which acetone
was reacted with phenol under the same condition as in Example
5. The reaction result was as follows: Just after the start
of the reaction, the phenol conversion was 8.3 %. 400 hours
after the start of the reaction, the phenol conversionwas 5.8 %.
Accordingly, the phenol conversion reduction ratewas 2.5 %/400

hr.
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<1> Preparation of Catalyst:

In the same manner as in Comparative Example 14, the
ion-exchange resin was modified with AET alone to prepare an
AET-modified ion-exchange resin. The degree of modification
of the resin was 15 %. Also in the same manner as in Comparative
Example 14, the ion-exchange resin was modified with DMT alone
to prepare a DMT-modified ion-exchange resin. The degree of
modification of the resin was 15 %. 50 cc of the PET-modified
ion-exchange resin (swollen with water) that had been prepared
in Comparative Example 13, 25 cc of the above AET-modified
ion-exchange resin (swollen with water), and 25 cc of the above
DMT-modified ion-exchange resin (swollen with water) were
suspended in 200 cc of ion-exchanged water, and stirred for 20
minutes.
<2> Reaction:

69 cc of the mixture of the PET-modified ion-exchange
resin (swollenwithwater), the AET-modified ion-exchange resin
(swollen with water) and the DMT-modified ion-exchange resin
(swollen with water) was filled in a stainless column, in which
acetone was reacted with phenol under the same condition as in
Example 5. The reaction result was as follows: Just after the
start of the reaction, the phenol conversion was 8.8 %. 400
hours after the start of the reaction, the phenol conversion

was 5.0 %. Accordingly, the phenol conversion reduction rate
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The catalysts prepared in the above are summarized in

Table 1; and the test results obtained in the above are in Table

2.
Table 1
Modifier (degree of Catalyst
modification) Morphology
Component (a) | Component (b)

Example 1 PET (8 %) DMT (7 %) binary system
Comp. Ex. 1 PET (8 %) - single
Comp. Ex. 2 - DMT (7 %) single
Comp. Ex. 3 PET (8 %) DMT (7 %) mixed system
Example 2 PET (15 %) AET (10 %) binary system
Comp. Ex. 4 - AET (10 %) single
Comp. Ex. 5 PET (15 %) - single
Comp. Ex. 6 PET (15 %) AET (10 %) mixed system
Example 3 PET (20 %) DMT (20 %) binary system
Comp. Ex. 7 PET (20 %) - single
Comp. Ex. 8 - DMT (20 %) single
Comp. Ex. 9 PET (20 %) DMT (20 %) mixed system
Example 4 PET (30 %) DMT (10 %) binary system
Comp. Ex. 10 PET (30 %) - single
Comp. Ex. 11 - DMT (10 %) single
Comp. Ex. 12 PET (30 %) DMT (10 %) mixed system
Example 5 PET (10 %) AET (15 %) ternary system

DMT (15 %)
Comp. Ex. 13 PET (10 %) - single
Comp. Ex. 14 - AET (15 %) binary system

DMT (15 $%)
Comp. Ex. 15 PET (10 %) AET (15 %) mixed system

DMT (15 %)
Note)

PET: 4-pyridine-ethanethiol
DMT: 2,2-dimethylthiazolidine

AET: 2-aminoethanethiol
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Methanol* Initial Conversion | Conversion
(ppm) Conversion | after 400 Reduction
(%) hrs (%) Rate (%)
per 400 hrs
Example 1 300 10.3 8.6 1.7
Comp. Ex. 1 300 9.5 5.4 4.1
Comp. Ex. 2 300 7.9 5.7 2.2
Comp. Ex. 3 300 8.8 5.3 3.3
Example 2 1000 11.7 10.1 1.6
Comp. Ex. 4 1000 8.2 5.8 2.4
Comp. Ex. 5 1000 11.6 7.4 4.2
Comp. Ex. 6 1000 10.1 7.0 3.1
Example 3 2800 11.0 9.0 2.0
Comp. Ex. 7 2800 12.0 5.6 6.4
Comp. Ex. 8 2800 8.8 5.0 3.8
Comp. Ex. 9 2800 10.2 6.0 4.2
Example 4 2000 10.8 8.7 2.1
Comp. Ex. 2000 11.8 6.6 5.2
10
Comp. Ex. 2000 8.7 4.4 4.3
11
Comp. Ex. 2000 10.0 5.2 4.8
12
Example 5 800 10.2 8.8 1.4
Comp. ExX. 800 9.8 5.5 4.3
13
Comp. Ex. 800 8.3 5.8 2.5
14
Comp. Ex. 800 8.8 5.0 3.8
15
Note) * This indicates the methanol content of acetone.

As described in detail hereinabove with reference to its
preferred embodiments, the invention provides a catalyst of
high activity and good heavy substance resistance and alcohol
resistance for production of bisphenols, and to a method for

producing bisphenols with the catalyst.
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2. The catalyst for production of bisphenols as claimed
in claim 1, in which from 8 to 55 % of the sulfonic acid group
is modified.

3. The catalyst for production of bisphenols as claimed
in claim 1 or 2, in which from 3 to 35 % of the sulfonic acid
group is modified with the component (a).

4. The catalyst for production of bisphenols as claimed
in any of claims 1 to 3, which is for producing bisphenol A.

5. A method for producing bisphenols, which comprises
reacting a phenol and a ketone in the presence of the catalyst
of any of claims 1 to 4.

6. The method for producing bisphenols as claimed in
claim 5, wherein the phenol is unsubstituted phenol, the ketone
is acetone and the bisphenol is bisphenol A.

7. The method for producing bisphenols as claimed in

claim 6, wherein the methanol content of acetone is at most 3,000

ppm.
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