; e3ewr rsTt XDuwoRwTw] kKN PROCESS FOR PRODUCI NG Bl SPHENOL A FI ELD OF THE
| NVENTI ON The present invention relates to a process for pr

bi sphenol A at 5 a high yield per unit quantity of catal ystﬂmmuﬂmm"mm“m
acid-type ion exchange resin as the catalyst which is partially «gpdfied
wi th a sul fur-containi 1 Mo rqlonged life. The

t hus produced bispheno?ﬂﬁﬂgggsJgﬁgﬁﬂggfpgﬁiﬂgﬁgi$%ﬁgﬁgﬁidgIycarbonate
resins, epoxy resins, polyarylate resins and the |like. 10 BACKGROUND ARTS
As well known in the arts, bisphenol A [2,2-bis(4-hydroxyphenyl) propane]

is an i My FP MRNHSRTYONES raw material s of engineering plastics
such as pol'ycarbonaté resins and pol yarylate resins, or epoxy resins. 15

Recently, the d V. &%qg : : I\E.
increased. It i ?@P@gggﬁ%% g{h ﬁlgsfp_ en(#g,%\&%ggg?%gﬂce.c?ﬁgés}s?gl%tnﬁgé?o enol
wi th aget @nRidMyldl@ pureSBRCPudtiBNofeA Ry HPHhePEineXE MRSy E M) ek

cation exchange resin) partially nodified wth a sul fur-contal ning am ne

conpound  agsiAlaPtHeddaah Vst wIRgRHS phrith 1P neddifiedBRRL Silf@ScentathingtAhisd
(refer to Japanese Patent Laid-open No. 8-325185). However, the addition of

al kyl mer capinppusd| ekhibity 4 prolongsd fifei eThethakPreddcédd Bidphlaobh fsheseful
catalyst. and sufficiently increase a yield of bisphenol A per unit
quantity ak rale nesteadays bf pdlyearbdae aebinsk epoky sosinsapolphiyldté pesifik eind he
catal yst, when deteriorated in its catalytic 25 activity, is regenerated by
washi ng i thedike. phenol or acidic solvents. However, the latter method
suffers from problens such as low yield of the aimed product and

conpl 1@ated treatnent of the waste sol vents used for washing. Therefore, it
has been reguir ev. p a novel process for producing bisphenol A
which is iaﬂﬁgﬁﬁﬂBiﬁﬂgﬁﬂ§hgy prolonging the life of an acid-type ion
exchange resin arntially nmodified wth a sul.fur-cantain.ng am ne
conpound as cat <‘§I";y§‘fe,lf HEROVER s itF?Er arts n}@lsgh%n?/]i &t o{%c#] E’b"‘i@‘bﬁ{gﬁﬂypﬁleﬁéfp uni t
quantity of catalyst. DI OSURE THE, I NVENTI ON. 5 .The present .
Movent | on DRALARICR' ARAEp o AOBWORRT HEEATL T GbV ciReteiiocn] EETSEringe
present i 100, A1.S i f i i Whi ch
Present | BNEHIdOR kSl DAk ALASERR' 95 BEANKE LOGOD! SPRERE) (A
parti g |y RERehilyedh¥il ddinsnd Yok WheCOBSA! BoMGoARHNErRTRY PRANRSe Ceﬁ{c?lrﬂézte and
increasing the yield of bisphenol A per unit quantity of the catalyst. 10
As a resulifcrehs@kxt ensive studies, the inventors have found that the above
obj ect of the present invention is achieved by using a multi-stage reaction
appar at us conpr Isisnglsatkhees tthhwbidpitinel dudd prehotedrisy ecutagt pHendl wevhi es
to each other, and by increasing the nolar ratio of total alkylnercaptan to
total acepoeiongnih tthe pvesenceaol enohcidotyple awetexcbange presirol(agislic ation
conversion rate of 15 phenal is decreased. The present invention has been
acconpl i sREehangatpssn) Pantially mediied wrthsa sularmossaining apxne compovad; ates
the follow ng aspects;, (1) .A prpocess for producing bjsphenpl A hy reacting
acet o @ wit FALS! otogieﬁh%évl@p edkpleersaotan 26 -qoytatatseh @ﬁéﬁaﬁ@g apRRese

tiall dified,with a 2 - t ai ni ' : d t al yst
Fouet her” BAEHRG R HEPB P an-420 14D aFfR et b8 A iRLE8 e alm et afan

et her Wt Har s HFEapta caf 4l A
at loast LB TaNSTRLREISAAE, b, R R oA SBBBREAAR SHeERTRHY Ll

a_manner thdlalds IRt KighhendlA bR i ChUNAIR 6PH AL RO AlsPiREANE and

25 the nolar ratro of tot acetone to phenol “are i ncreased as the

conver si ORnpatLs@h hhefANG] whick eké @@&qystf GAerd H@t&k{aﬁ%@i@%%@m&i& 0

t he above aspect (1) wherein whol e anmount” of the phenol is fed into a

firstast agetivRecisalegehefded bbb ihinkas sitlephbhoNodndicaotsontandHRRvaget one
is fed in separate parts into the respective reactors -2 of said

mul ti - st agke ttaet mpthad atfeisifion( rollbm spyebessloae ¢mldionNghd airhbé pabdue
aspect ( 1) or (2) wherein the nolar ratio of total acetone to phenol at an
initial shadeonfplidaded ¢rezitimemtiof the waste salvgats used for washing. Therefore,

it has been required to develop a novel process for producing bisphenol A which

is capable of not only prolonging the life of an acid-type ion exchange resin
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of 119 to 111 1; 5 (4) the process according to any one of the above
aspects (1)"to (3) wherein the nolar ratio of total al kyl nercaptan to
total acetone and the nolar ratio of total acetone to phenol are increased
when the phenol conversion rate neasured at an outlet of the |ast stage

reactor of said nul ti -.%tggﬁbreachj on aP aratus .i s decrelgiﬁd to 90 to. 99% of
the i niti RATEIoMmO 7 PUlfuT-oentining ARIBP SORROURE 48 FA1ALIES BHY one
of the abaoye aspects (1) to.(4) .whereiin the nolar rati f total

a1 Kyl e oo EREE Behe 100 ahbiStten A heE Tl Miautelyi o FesaleBista 20; (o)

t he process according to any one of the above aspects (1) to (5) wherein
the nolar ratio of total acetone to phenol is increased so as not to 15

exceed 1l %ISGﬁOEwEWqﬁE§MM@NO any one of the above aspects (1)

to (6) whereln sali ur-containing am ne conpound is selected fromthe

group gonsi sti ngryd 89%5?&@959 {1¥h 1Y B Sﬂ?%ﬁd)et p;ﬁ)az?(%'i@i {HeSabéid) pi,gbqa&rsgcess

according to any on t he above aspec 0" wher el nvsai
)%iﬁfs' n;

act d-type ARNoIFEENBR el BRédbnitSinfvettldiOll CioP phvibiePg g?&de&? @Cg
(9) the process according to any one of the ove aspects (1)t

wher ei n S&ii@bﬁéxﬁl'%@i%ﬁa&;l@bhﬁkd@hgﬁ@% 1ifenef dnlReidl P eRbRCEERange
according to any one of the above aspects (1) to (9) 25 wherein the
reaction iresiappaitiiiyl neddified evigkraabulfer-ebnfining d0dke cBiRPeRNET LB @y stHE
PREFERRED EMBODI MENTS The present invention will be described in detail

bel ow. Fi rastd, incheasing phkeyielé of bigphembol Ahpexpunitesmnftity ofthepacslyst.i on of

bi sphenol -3 A are described. Ste~,.~): Reaction step Bisphenol Ais
produd@d by readls agesudtobensensivie sindiescesinmentons hefvephand|thah thaabove
presence of an acid-type ion exchange resin as catalyst and al kyl 5

mer capt an oRiectoolc theypyesentainvemsionuis ashievadi by tusieg i ormukistagse reactions as
catal yst, there may be generally used sylfonic acid-type catiaon exchange
resins. EAPRSFREISGEORPERINE pl-le§HfetWoindidnunlEeactersnconnreatied 18usarinfated

ool yrr e AR RS SFRSORTATEHS KoR HeOBRRHER S RRRT BUAIERALSTS toa

f ormal dehyde- sul foni.< aci i he like. Th id-type i
exchange. PSSt $80 e B8y 47k T Bl Alelal fouingl "5 herPlver PR ante pho or
mor e 4 §er gfonof\s tdlaereagba.ur'rﬁgg}@smgl@qtﬁ% ﬁmgb&g%c&%gﬂshgd fs%aazLA

: y
nodi fy thé acid-type 1on exc ge resin, ere may be used nercaptoal Kyl
anm nes sughj@findnfger capt oet hyl am ne and 3-mercaptobutyl am ne;

t hi azol i di nes such as 2,2 15 di nmethyl thiazolidine, 2-nethyl-2-ethyl

t hi azolidine, cyfHweakkyprésenanvdrticieprordde@ibyioldwihgapedddi azol i di ne and
3-net hyl thiazolidine; am nothi ophenols such as 1, 4-am not hi ophenol ;

mer capt oal kyl pyi) Aiprecessdfohpasd @rieg bagythemet Ayby pyadtidighecetdnewvichpheavhy!
pyridi ne and_4-nercaptoethyl pyridine; and the |ike. Anbng these

sul f ur - coar dihei peesanth of canpoidrigpe 28 exnheageomsky Ipaatinlysmadified with a
thiazolidin are preferred. The amgunt of the sulfur-containing am ne
conpod¥d ﬁgﬁfirwmwg gIHBe compaund-asygadalysh tesethenyath abiimescantaneasabl y
2 to 50 nol % re pteferably 5 to,30 nol % based on a sul fonic group
containedcpﬁayﬁgsﬁéﬁﬁfpyﬁ@s?éﬂnQX@H§ﬁge resin. The acid-type ion exchange

resin may be nodifred. by regcting.the resin 25 w.th the sulfur-containing
ani ne conpound Fﬂné\}é‘f e oF G TERGAM VS 0By éht MUAL SEREE oFFLHIR SOPREAELS

react i on’ FARSERHE AETORL e AIRREA A TIPS crbloebln oy e Booms® i "
conduct edsgtp %rlg'aﬁﬁﬁy Rﬁ%%rlﬁblérrerfa?fo SIEL epggféﬁgrcﬁgg%ﬁ %(# 9(&'&1 %eﬂoﬁg%&{ld 4

required to conduct the reaction tfor a too per nme, an

modi f psat itRE nodlak PELiGGF %t%YQ@etbﬁ@ft@é%@ﬁﬂE&relr BRbdhded AUHe O @&éixn%lg@l&fgt ed

-

by conducting the above reaction for several tens mnutes. The reacti
m xture i shepdeadbhddl decséddeded for uniformreaction thereof.

(2) the process according to the above aspect (1) wherein whole amount
of the phenol is fed into a first-stage reactor of said multi-stage reaction

apparatus, and the acetone is fed in separate parts into the respective reactors
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The suitabl e al kyl mercaptans used as co-catal yst are such nercaptans 5
having a C1:C10 al kyl group. Exanples of the al kyl mercaptans incl ude

met hyl mer capt an, et hyl nercaptan, propyl nmercaptan, octyl nercaptan,
cyclohexylnercaptan or the lIike. Anong these al kyl nercapt ans,
ethylnerce£¥ IS Pecrall¥ Breferred Meanwhi | e, these alkylnercaptans
may be us®dSH dﬂBltbrs 2Gf ¥9ReLIP0 rarH%F‘aHmm xture of any two or nore thereof.

ﬁﬂL ZQﬁL ca phenot? 1B PEaERed kiR SR Bivn et Eo'g?(%zrl b'z fﬁegr‘éblgr and
Step (2) PRAEHEatoP AFetoP® B ARoa ot RRRY BT EREa T PR

Then, the q%r nlxture obtained in the step ( 1) is distilled under
reduced pressure o remove unreacted acetone, by-produced water.

al kyl P oant an, (4! the kb0 BRIRE 6 Shil bk | MROLHIY, 3Pa0N 0 () Aui d

m xture contai n| rom t omt reo The

- reduced- pAseinceHY ﬁfotatﬂ @a&%@&f mxlo hgegmmktggf)%lp% tdal ﬁéﬁtﬁgéta‘ﬁd]eﬁh%fmZErt 0

180C 20 under a pressure o on suc irstillation, the

unr eact edr3f6 0P kotia a%HRixﬁCEcﬁﬁhéﬁblan&qfn'b%edaﬁHeﬁ fHE 1l coRbersigh FoRCt 1 on
systemfromthe top of the distillation colum. Step(3): Concentration of

bi sphenol madbrdhethdl touttetoblt ehd@sstbytagiesidactimef ghid nhelthbige fddesioances
fromthe reaction mxture, is further distilled under reduced pressure to
renove unappatagds mhdncﬂease@meﬂﬂam% of thrc mitinh pheholk@imensioA raoet ai ned
therein. The thus obtained concentrated residual solution is used as raw
mat erlGl of t he(5 uthee guecess cachrdamgi toaainynore &f . thehebove @spectat (Hnto (4)
conditions_are not -5 particularly restricted, but the concentration step
may be usWélIeF‘;/lnc@Wdl!il@t@draééto af t@ﬁb@ﬁwﬂmﬁ@&n‘camd@ totalppotonmissncaegsedsur e
of 5.3 to 66.7 kPa. \When the tenperature is |less than 100C, it is necessary
to keep th%nPEH%?¥%ﬁﬁ§V39entunder hlgh vacuum condition. On the contrary,

when the tenpergture isS nore 5 t 70C, an a drtro al heat - vaI te
e T equi red Upold) chiracedRg A%eURgsEdaw SBe yaitha ADaYs daperep DT ® 7

Colut i on 1u8Fet pie PROIER S 6 PRA GERHGAY 1O G n%r%?éﬁ“ B3 ?% hRoiooy

wei ghis \Q%ﬁ%ehqg3concentratron of bisphenol A contained in the concentrat ed
residual solution is less than 20% by wei ght, the 10 recovery percentage of
bi sphenol A bec d PYEIRY. adebrdiRe fPahiabNe ofhgie hBEvE QRGBS @11)' ﬁbn(@f

bi sphenol Aint residual solution is nore than 50% by wei ght,

di fficul twh@réimas@rdorstllfar&bntsrmlrtgotammedc@ﬁpeﬁntt hie sdlycted! fﬂoﬂﬁtth@ﬂgl‘-i)ﬁl@p 15
Step(4): Crystallization The concentrated residual solution obtained in the
step (3) cansistohgdf merddptoallrl@rmmasrarst dtibiza]édmesadduct of bi sphenol A and
phenol (herernafter referred to nmerely as "phenol adduct"), thereby

obtai ning a sl u®ytheTpeocsss| 4aeqrdingctndnyt exe dfetheoaheve aspaesa(l)cwuédd by
evaporating water added_to 20 external heat exchanger or crystallizer.

Next ,2G hewBeteiny spidk excidniypat oat egchargeesinsgsuti SHlIpaics qsjdetined casion
f||trat|on centrifugal separation, etc., and separated into the phenol
adduct antFAAGBGLESITi zati on ot her Irquor contai ni ng the by-products. The

fo the mi 1] st She e REMBR TRV R0 <87 PRE ST elsa hE s RaRsr Sot ol B
| SoPr opehoPOGNOL M AHRLESHLBIANAN Ik AREE: AT oof to alkall

deconposi tion ernativel e crystallization nother
l'iquor nay be | aZ I

crystallization s?r?r})l ?p%%rggta(gg%ﬁgg%ese a?)\gr??@{g?%aagggﬁ %\%)%C%s f:;]ﬁltg 58)

The Lisl art@t@fém%e%aehemé c&l&ﬁ&eef&%wenepéﬂtaf&ofmt&t%ét@p (4) in the
formof crystals, is heat-nelted at a tenperature of 100 to 160C to obtain
aliquid mxture. 5 The liquid m xture obtained in the step (5) is
distilled under reduced pressure to renove phenol and recover bisphenol A

t her ef r onDEBGRIRTIONBrEd BUPREHERREDREMBODIMENGEt ed at a tenperature
of 150 to 190C under a 10 pressure of 1.3 to 13.3 kPa. In addition, the
renoval of resifhalpresartanventioheavitldredetcebddyinkdabai beddwods such as
steamstripping. Step(7): Ganulation of bisphenol A The nolten bi sphenol A
obt ai ned in t heFasbptheaespectivr stegsiofitbe progasetier e psoduptwngefanaphendg
apparatus such as spray dryer, and cooled and solidified to obtain an ai ned
product. The droplets are produced by spraying, spreading or the |ike

nmet hod, and then cooled with nitrogen, "air or the like. Next, the process
of the present invention will be described in detail 20 below. In the
process of the present invention, a nulti-stage reaction apparatus
conprising at |east two individual reactors connected in series to



each other is used in the step (1), and the nolar ratio of total

al kyl mercaptan to total acetone and the nolar ratio of total acetone to
phenol are increased as the 25 conversion rate of the phenol is decreased.
The two nolar ratios nmay be increased continuously or stepw se. As the
reaction par at us, &Qere is used a nmulti-stage reaction apparatus which
conpri ses 9r¢a§§Fﬂ? i ndi vidual or discrete reactors connected in series

to each otﬁer.: Tﬁ pr.odu&ti on of bisphenol A is conducted by exotherm c
reaction. - single reactor is used, the reactor is required
to h | i.gated st t f i t heat , of tion, 1f
meane for heat FORROSROLA TS pehued bSPTIR aceiaRe iR AR EFReR SRRt oh
[ [ h ' hj t. t 0C i d,
so 5t nat o) Bhshb BPRRIRE AT 4Pe o7 Ol RR bt R RufiEs i rllor

i fabke f . : h : . _ .
of 55 To SRE R A R g B L Pp o B ke P o
f th b tihe ' ic b AV : ' :
cat al yst o TehaeRe AR, B o A i T Ao b St
i's char gedydthpleshef fshéﬁtadi@%g{)é’riohh&[dh%hgeafé%iﬁ h@cRfR! Qﬁﬁoﬂla&eﬁh?fhsg‘@ﬁej n

separate parts into the respective reactors thereof. Meanwhile,

al kyl mer c @viayl ieizBRe \WoPblyyn 638 25 66 4 tatl Ccrobe lihkied t sthPatd gal,ynpérs,n@_i&ehsl
charged in separated parts into the respective reactors. The reaction

t enper at ufermaldehgydeesyifonii¢c aeidresizispbenzened foemald éhydutagéonlid atidasdsingior
apparatus is preferably in the range of 60 to 100C. Wen the reaction

t enpeil@t urtbeilsiet oTHeseacidreyphioncixchhage resindsnay bbaised lalahid éxrevh thenforime
contrary, when the reaction tenperature is too high, the ion exchange resin
tends to 98 acwixivaecipny twer@rmerathereoffhe reaction tenperature is nore
preferably in the range_.,of 65 to 95C. 20 At an |nitial stage of t

reaction, the né¥sthe S -Gt RE aaagteo?%n%urbciﬁeﬁwda F%P%?téﬁﬁbf amcﬂfx the he
range of 119 ar rati.,o of total cgh&qe to phenol is

Eo 1] 11. en the.n?t
more t han 2GR IPESF e\sA“/fﬁ’él’ h%ﬁ’i":ﬁ‘ﬂsbeoléf_ E}ﬁrﬁ%% | 2 Lo i at%ndl
t . { t t . t ak. t t
2 FEsa AN HER Pt W B A e 2
e o areq REChUN thiaRolileBE Rt AIPANR I cRGHANiS OUREER NI L AME, © ©

the phenoly GRANEY SigMankAlig i IRANKE DAL 35RO €hia2blilhR; | AfincthAhdndact Or
of the nufti-stage reaction apparatus is decreased to 90 to 99% of the

initial ceo¢Rrshon LaAtemiddtBicPHenbl;_Omerchpioatk @l pebrlingd Kyuohr capt ap- to
total acetone and the nolar ratio of total acetone to phenol are increased.
In this casexcapbemethydr pyatdineof 3-tmdrah pteklyylmeyyaaginan aml tdhedrcaptdedhel i s
increased so_as not to exceed 1120, and the nolar ratio of total acetone to
phenol i s pyrglisesaadsshedikemt Amange shesel isalfus-containéeg aminet kempouads,
rati os_exceeds the_above-specified Iimt, undesirable side reactions tend
to fréQuemexcaptealky! pmainghiand thirzodidigesrare apeisrrady Bhe ameunhtoiathe
initial st a9 of the reaction or at the tj%cgE at i.ch theh phen&l conyer si on
rate begi SYIHUE-00BtHRING 3mdAne 1¢pmpouRd Peed ofor NPnthe ACIHALHRE| ¥R i s
continued ungil the.nolar ratio tal,,al kyl mercapt,an to t al et ope
Foaches. 1EFEDBEE PRI RAFITAPPcE b DPaRaleh mibrd Prefehatly o 6 0ol BEke
on a sulfonic group contained in the acid-type ion exchange resin.
The acid-type ion exchange resin may be modified by reacting the resin
25  with the sulfur-containing amine compound in water or an organic solvent. As
the organic solvents, there may be used phenol, acetone, methanol or the like.
The modification reaction is preferably conducted in water. The reaction may
also be conducted at ordinary temperature or under heated condition. It is not

required to conduct the reaction for a too long period of time, and the
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acetone to phenol reaches 113. Upon reaching either one of the nolar
ratios, the catalyst is replaced wth new one. 15 Thé present invention

wi |l be described nore specifically by reference to the foll ow ng exanpl es.
However, these exanples are only illustrative and not - intended to limt

each havi AP A2 qhackhtves Yo bl Bo PERKRG;ieBHy dRFoEERE Y © |

whi oh was PR HAEthY R hOur RS G RS iR PIECRRRIFRIRIERY ©
;"D n i i ishi Chem cal Corp. d

igﬁagct ediﬁ%ﬁ%ggﬁg&%ac I%I?Elgrﬁ.l }%Meﬁn}g#%\gsl pasgtrandc'?hr ougrgﬁ % hgn

first-stage reaTh@rsu"i‘%a Taﬂ@ﬂn{egjﬁﬁp&{ns%% Q@E@-%aféﬁ%rsﬂ‘% su@Dth &8RN Was

passed t hrough both the first- secondstage reactors at a feed rate of
0. 234 30| hapiig rapL(EI-qu;Flaalkyr roQpof Beem@les tof tHiendkylmédptams ahchale o of
total acetone to phenol: 1110). The reaction was conducted In the reactors
whi | e mai fifeahpimerdapean eaceilninieetdetaal ur oropginesicapthn, atoctPlnerdadtan,
resultant reaction mxture was periodically analyzed with tine to determ ne
a phenol cydokesilorercaptan Asra tlesullike.it wAsnagnf ithesd tdlkiyhaerddptans,

begi nning of the reaction, the phenol conversion rates of the first- and
second- st athylmeacaptan e respécially apxeferred. 6 eareshiet ithesey alkylhersaptams600
hours, the phenol conversion rates of the first- and second-stage reactors
wer e decr Besebe used amexrdingtiroformeefise mixtugeyof amy tve er mare thereof.

et hyl mer capt an- cont ai nf ng acet one was supplied instead of acetone a he

fol I ol ng nol ar%gﬁti'e@ukt@n@ heeactlpB MIxkide SGORGHSs 1B (flélé?@t 13 i’,lsl?ahﬂ!mﬁ u‘&»t her

the 10 nolar ratio,of acetone to henolbwas | ncr.eased aﬁg};lm | ows. Mol ar
,308604\%%9

ratio of BPFGAGHEdPhsnah nyeaeiadoneetons drvater; gllpimereantca. oo
phenol : 1.05/20 (My.ar ratio of total jacetaone to phenol,: 1. 051 10) After the
Feact on RO r BRENGEs S9h 8n Guef i G ol s P (lore Sisthedd e

t hat the phenol conversion rates of the first- and second-stage reactors
were increased to 5.9% and 10.7% respectively. (2) After 1,300 hours, the
phenol copysy = 2 dibbd tratdPdns J& hBAekals were
decreased to 4. respectively. A I e, e nolar ratio of
et hyl per capt an TheaC €h@®Readich ikt abtdiabd Anofhe2btepcal dpaliktillehangder N
the first- and second-stage reactors were respectively increased as

foll ows. Madwedr apressake ettby| ramoapt amreactedet axeeond,/ 8BP-pbllated atwatedf
acetone to phenol: 1.11/20 (Mdlar ratio of total acetone to phenol:
1.11110) 2EyMezcantas, redactiram eotugi tof alistilletien cévdmyed aasl dbtadni deldquaidove,
it was confirmed that the phenol conversion rates of the first- and
second- st BYy&tureaeenspsningr bisphenelade dhenod. eigs, amemi bhe dpotiass ghereafe| \The( 3)

After 2,000, houyrs, the phenol  conversion rates of the first- and .
second- st K¢fGe oS U L B ionoRauba Pniugtehata é‘?’l‘%erfi‘fé’srﬁé)ét7i%\/fé’l 180°¢

this 20 under a pressure of 6.7 to 80.0 kPa. Upon such a distillation, the unreacted

n C

39 o byvip¥od b Water dnd &lirirescteddaw hiza

phenol is subjected to azeotropy, and removed out of the reaction system from

the top of the distillation column.

25 The bottoms obtained by distilling off the above substances from the
reaction mixture, is further distilled under reduced pressure to remove
unreacted phenol therefrom and concentrate bisphenol A contained therein.
The thus obtained concentrated residual solution is used as raw material of the

subsequent crystallization step. The concentration conditions are not
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-10.  tine, the nolar ratio of ethylmercaptan to acetone and the nol ar
ratio of acetone to phenol in the first- and second-stage reactors were
respectively increased as follows. Mlar ratio of ethylnercaptan to
acetone: 11600 5 Mdlar ratio of acetone to phenol: 1.18/20 (Mol ar ratio of

Eﬁtaﬁ'ge3:§§°£*é%%rlﬁ’w2r§?%§resvé bR} 08 condsirahn AL b Bialy *BBAVEIEG o, d
o

10, 55 1 ctpemaer b B ER RN T, 83865 o§%§re“§"f|2§ RGN 5, PR o

of the f'f«%ﬁpexﬁfﬁgﬁng@gs ShafoLJEECHOLS Y agﬂogggg,g the FbaRUHANG Se

respective he nol ar rcap an to one

and the mahaér hgi QaQIuﬁ%hﬂﬁ?oﬁ 0 @Q%ﬁe'c?hﬁa&gswmfh%e t@ﬁﬂ)e%s P%ﬁ@&e

reactors were respectively 1 ncrease ratio o

et hyl ner CﬁP&@rlm@Caﬁﬁtéﬁlﬁhoﬁéf‘ﬂ@a%&ﬁbvé%ﬂe%ﬂf rél‘ﬁﬁfélpﬁpbﬁ dR@Retinglthed! 20

(Mol ar ratio of total acetone to phenol 10)" After the reaction

condi t i onsubgigRenld aigdllam tibsaep beqthefe@ﬁ@enﬂratms)f%@éﬁherﬂmk ddirthidddein
phenol conversion rates of the first- and second-stage 20 reactors were

i ncr easedth® conédnteatkdl Pesitmal eshaidn veliy. thebraAgé @f ) GO050MUbE, wéight,
phenol conversion rates of the first- and second-stage reactors were

decr easedpreferaliyo 20dtdd 40% hyesymeght. veWhenAthe hioncentrmtionhef nnkphenat Ao of
et hyl mercaptan to acetone and the nolar ratio of acetone to phenol in the
first- ancontaimed i theconceadrated reeidnal sehuion isclegs 2Ban 2% hyaueight fidiel ows.
Mol ar ratio of ethylnmercaptan to acetone 11200 Mol ar_ratio of acetone to
phenol0 1rerpyery pwmeaxtaggtoif Higrh emleﬁ M%@W@‘eéhe@! the contregy, mihear t he
reaction conditions were p}?ed SCri bg iabove it was confirmed
that the E*Pfeﬁwceeﬁﬁ%fé9%.08 Fesidpa aw&t%bsn@%%éanr%tbdrs

phenol conousith df is AP t%?rﬁ?{%n@‘? St coinne] adierr b prydalifiin |

decreased_gg 4.1% and 9. 2% respectlvely At this 5time, the nolar ratio
of ethylner aptan to acetone and the nolar ratio of acetone to phenol in
the first- and second-stage reactors were respectively increased as
foll ows. Mol ar ratlo of et hyl nercaptan to acetone: 11100 Mol ar ratio of

Y d A0 { Mol ar ratio of total acetone to

The concentrated residual solution obtained in the step (3) is cooled to

40 to 70°C to crystallize an adduct of bisphenol A and phenol (hereinafter
referred to merely as "phenol adduct"), thereby obtaining a slurry. The cooling

1s conducted due to heat removal caused by evaporating water added to

20 external heat exchanger or crystallizer. Next, the slurry-like concentrated
residual solution is subjected to filtration, centrifugal separation, etc., and
separated into the phenol adduct and a crystallization mother liquor containing

the by-products. The obtained crystallization mother liquor may be wholly or
partially recycled to the multi-stage reaction apparatus, or recovered as phenol

25 or isopropenyl phenol by subjecting whole or part thereof to alkali
decomposition. Alternatively, whole or part of the crystallization mother
liquor may be isomerized and recycled as raw material to the crystallization

step (refer to Japanese Patent Laid-open No. 6-321834).



10 -pherol : 1. 39/10) After the reaction conditions were changed as descri bed
above, it was confirmed that the phenol conversion rates of the first- and
second- stage reactors were increased to 6.0% and 10.6% respectively. (7)
After 5, 700 hours, the phenol conversion rates of the first- and 15
second-stage r a ors were decreased to 3.9% and 9.0% respectively. At

$ C -GN to acetone and the nolar ratio

of acetone to p nI t he act

respectively i n@ﬁ é&ﬁégcfr%ﬂthna en‘i’d&éﬁ‘ﬁr %‘E“ﬁ It ?‘ ﬁ“t’%@ ig the
acetone: 1/70 20 Ml eton henol 4 (Ml ar. rat| o] of
t ot al acef o?&rmgﬁ%ps%leai @6‘? aﬁf% ﬁ'ué'ﬁc(ff ](])QP g‘bﬁgpt%ﬂs obtarm 2
changed af qscrl ed above. it was confl rrred that the phenol conversion
rates of tfi¥ T®4nd second- stage reactors were increased to 5.8% and

10. 4% respectively. 25 (8) After 6,800 hours, the phenol conversion rates
of the first- and second-stage reactors were decreased to 3.8% and 8.8%

respecti VW@MM ar ratio of ethylnmercaptan to acetone
and the no at1o of "acetone to phenol in the first- and second- stage
reactors were rgppeiduideixiuiersRagtkdam tRé st (5 I distifedaindét r&dwed
et hyl nercaptan to acetone: 1140 Mol ar ratio of acetone to phenol: 1.55/20

(Mol ar 1 apir@ssoire ttotrdin AechRdtol tahd beddokr blsgifdnbl)A théwfrdnie Thaaledaded-
conditions were changed as descri bed above, it was 5 confirnmed that the
phenol copresssirerdistillasionfist dunduicted at&ndemeemdxretdg%@ ¢acton°€ uwader a
increased to 5. 7% and 10.5% respectively. Further, it was also confirned
that the peésscireof 1y8 af 1BdHendn #ddition] therrémowdlnddesidunhphenagmagfbeds. 0
to 94.5% for a period of fromthe beginning of the reaction up to the

el apse of candaded byrlsnovExmethpds sthk assteaprycioping as i n EXAMPLE 1 was
repeat ed except that 2,2 15 dinethyl thiazolidine was used instead of

2- mer capt oet hyl amine, and three packed bed-type reactors were used i nstead
of the t was passed t hrough each of the first-
to third- 2t Be of 0.156 nole per hour (nolar ratio

o et oo 2 e oA PR A ST B R
deter g ne %n%&%?%gﬁ%@ﬁ%&#ﬁ%&ﬁ& %ucﬂltas‘c’)é%:??g gé ‘Ei éo% d 2ha SBALARY Qi ng

of the reac CcONnver si rst- second- and

third-staggJigagt erﬁed‘%i@dxﬁ:tp%l‘hjecﬂl‘&%e'%ggréf)rga/ﬁcdde&p%fa!y\fﬁé,yspleadmg or

the like method, and then cooled with nitrogen, air or the like.

Next, the process of the present invention will be described in detail
20 below.

In the process of the present imvention, a multi-stage reaction
apparatus comprising at least two individual-reactors connected in series to
each other is used in the step (1), and the molar ratio of total alkylmercaptan to
total acetone and the molar ratio of total acetone to phenol are increased as the

25 conversion rate of the phenol is decreased. The two molar ratios may be
increased continuously or stepwise.

As the reaction apparatus, there is used a multi-stage reaction
apparatus which comprises at least two individual or discrete reactors

connected in series to each other. The production of bisphenol A is conducted

-7-



(1) After 900 hours, the phenol conversion rates of the first-, second 25
and, third-stage reactors were decreased to 4.3% 9.4% and 13. 9%
respectively. At this tine, ethyl nercaptan-containing acetone was supplied
i nstead of acetone at the following nolar ratio to the first-stage reactor,
and further the nolar ratio ,g r@gtone to phengl at each of tﬂe first: to
t hi r d- st a§¥ eXeEargHis raaetioncr £he T&s“f}kﬂnl DRHBIRBeAGLOX 1 Repdptthe reactor is

o 04 30, ( Rbiared fo REVER amalickedigrattugt féré%én?ﬁw‘?@%oq %&34951@?8 S{I‘S'rlft ne

reaction conditio chan eld as deéc |n t abo v p was (}onfl rcrp}a

t he phenof1 c%ﬁ@&?g{l%f)\#?qait’éeéng%t??epmvﬁ £} oﬁ%? I dqeﬁf’racf %etf @é‘ctors
Al 900

hours. 1 oo erde las 1ol ANt et HERISCHINE 15 2% Ehleds e

/
ety veie gy e mzaac% R AL
react or, egtﬁfe m'é{ch ?b(}eglfn BEEAN Br tRo RORLa fire §30e A SENG dd-USly 10

thlrdstage reactors were respectively |ncrease ar ratio

of ethyl nw}ﬁ@}m)iaéb};eqm@ge{rsoa{tppmgfﬁggyM}baﬁcé@t| 0s of acetone to phenol:
1.15/30 (Molar ratio of total acetone to phenol: 1.15/10) After the

reaction condi t Upss spsratiohastoRe dsovdanaltiesgabanttion 4pp@tasnin viewdoft hat

t he phenol conversion rates of the first-, second- and t ird-stage 15
reactors vke dife of thesedalyst st thbPeiddituisl prefepféd tlestpetiole aimount3f thiet er
3, 000 hours, the phenol conversion rates of the first-, second and

t hi r diGt aghenehrst chargedriatddbe dirst deacton thegedd, 906 dhd dcet@% is clqreedivel v.
At this tinme, the nolar ratio of ethylnmercaptan to acetone fed to the
first-stageparsdet partsanintohdheorespeciivieo renctaret thereod phdfeanwhileactheof
the first- tq third 20 stage reactors were respectively |ncreased as

fol l ows. RBpEmereaptanomagthe whelly &b%&?dt igtashe glﬁét repch@ny) omRay be ghargedof

acetone to ghenol 1.26/30 (tg/bl ar r |o of total acetone to phenol:
1.26110) M Separated paxts indn the xesnee §rﬁé?té’r%hanged as described above, it

was 25 confi rmeqA t hat henol , conve Ees of the fol

and thi r d- st age Psarcefasﬁlgn PPRREPEIUCHT BleRliTR sBhcinlS of the mpicP SERR
rospepd | VebioudhihyBbieh,t 200 a0, hGPERL FOBYSYP10:02! STl e

first-, secon e rea tors were decreased to 3.8%

12.9% e§@£&idn@érﬂpeﬂtu‘r@'1§ tbb Tow, thé pHehal phﬁéé Q%ﬁ’cﬁs b Ibe §RIdiARY 2aNOWO

acetone fed to the first-stage -14" réactor and e nolar ratio of acetone
t o phenol tiké coMGArPfwhee thé keictidrotdip&htat@eLtdotRgh Otse Mf@cc&ﬁ@?@%smel y

increased as follows. Ml ar ratio of ethylnercaptan to acetone: 11200 Mol ar
rati os of taodd aoebé acopbeterhblyl deTér3tratdb] aflheatreactain ttetpleraneteoire mare
preferably in the range of 65 to 95°C.

20 At an initial stage of the reaction, the molar ratio of total acetone to
phenol is preferably in the range of 1/9 to 1/11. When the molar ratio of total
acetone to phenol is more than 1/9, undesirable side reactions between acetone
and phenol tend to occur. On the contrary, when the molar ratio of total
acetone to phenol is less than 1/11, the conversion rate based on phenol tends to

25 be lowered, resulting in increased amount of phenol recovered and low yield of
the aimed bisphenol A.

In the present invention, it is required that when the phenol conversion
rate measured at an outlet of the last stage reactor of the multi-stage reaction

apparatus is decreased to 90 to 99% of the initial conversion rate, the molar
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5 phenol : 1.57/10) After the reaction conditions were changed as described
above, it was confirnmed that the phenol conversion rates of the first-,
second- and third-stage reactors were increased to 5.8% 10.3% and 14. 3%
respectively. (5) After 5, 500 hours, the phenol conversion rates of the
first-, second 10 and.third-stage reactors were decreased to 3.3%. 7.8% and
15" 506 r oEnaeLoiv Bl alkioheicapfat for fabaRelbienang B SROlpr Tt A dRta
acetone fed to the f.rst-stage reactor .and, t he nol ratio of ,acetone {o
phenol at acetoReofs el 8¢ ReFERpla JAnghly Satborte "Roldr Tatiedt Bis,

iwgfra?f‘_f2?e@ivlfg?ér'gé’éfa@n%bﬁ%%%é‘%%ﬁs‘i%.i@é%%?%?%ﬁ APt b6 RGP Sl gﬁg to
Peror ¢ mictad Batidf bE botel dcBRd 1O LIRANT, & QTR ANABK 15 RoxlE8E 1180

above, it was confir conversion rat

seconds aw‘em izerg@?gfﬁg\ﬁ fenr%?:g.t 9%%%%5:&&@%56%&689&1@% 1103t 1 rRdirhBle2 %

respective hours, the p conversion rates of the

first-, sefbaabigntRendts hag8echBddepi® Were decreased to 2.9% 7. 1% and
11.9% respectively. At this tine) the nolar ratio of ethylnercaptan to

acetone fed to NMeéfwhilé -thieadRyhiRaklaptadnihy Be addledratiad initial sts@d ohthd O
phenol at each of the first- to thirdstage reactors, were respectively

i ncr easedrascticd loevwat the dblantrahich dheephandtecaaprsiont 0atc degits td B0

Mol ar ratios of acetone to phenol: 2.26130 (Molar ratio of total acetone to
phenol : 2d26tebBpdAfter the reaction conditions were changed as descri bed
above, it was confirned that the phenol conversion rates of the first-,
secont0 and t hi futheagesentsnventian; Bresrepstioniiacontinadd untd, they molaposadind

14. 1% respectively. Further, it was also confirnmed that the sel,ecﬁ;ivity of
bi sphenol oAteligd aleylmerrapian to total acatere seachesIl/Z0, athsompinr ratinel daby
fromthe beginning of the reaction to the el apse of 6, 500 hours.. 5
COVPARATI VEStRAVIL Ehanaiga6hae L5k o ddben Seadiing Gibmrvte of (e maBEzatiss.

except that the .two. reactorns having a height of 561 mm as used in EXAVPLE 1
were repl Z%%ﬁagﬁly}#)]@rfgpfaéﬁgt%&ﬁH]a‘mgﬂﬁe'a hei ght of 1,122 mm and acetone was
fed to the 10 reactor at a feed rate of 0.468 nole per hour (nolar ratio of
acetone to phenol: 1110). The resultant reaction m xture was periodically

anal yzed with ti ] i : i1 med
that ‘Fhe phenol eevarerar EL bRty I A GRSt hell) bydBfeaRld

30'23% ( 1xhé%8186wBR0e0905 s, t FRvRIVRROIhe8 BY LMY O aFb fly WS sHleERASRTINbD
. 0 N

intended to limit the present invention thereto.

EXAMPLE 1

20 Two packed bed-type reactors each having an inner diameter of 13 mm
and a height of 561 mm, were respectively filled with a sulfonic acid-type cation
exchange resin 20% of which was modified w&th 2-mercaptoethvl amine (74.4
ml in phenol-wetted state; "DIAION SK-104H" available from Mitsubishi
Chemical Corp.) and connected in series to each other.

25 Phenol was passed through the first-stage reactor at a feed rate of 4.68
moles per hour, and acetone was passed through both the first- and second-
stage reactors at a feed rate of 0.234 mole per hour (molar ratio of acetone to
phenol: 1/20; molar ratio of total acetone to phenol: 1/10). The reaction was

conducted in the reactors while maintaining the reaction temperature thereof

-9.



At ‘this tinme, ethylnercaptan-containing acetone was fed to the reactor
instead ' of acetone (nolar ratio of ethylnercaptan to acetone: 1/500).
After the reaction conditions were changed as descri bed above, it was
confirmed that the phenol 20 conversion rate was 10.5% (2) After 1,600
hours, the ol ,conversjon rate was, decreased to,8.5% At this,.tipmge, the
ot hy rer ¢ BT Co o Ad ST TRAStPR RIS “ascher A T anbyaed Wilh B

ne was 11100. ter the reaction conditions were

et hyl merc gta t 0. acet ﬁ;

changed ai &@g‘?ﬁl}?‘d‘@cﬁ BBB@%I,COHWV%QH% ‘irmed that the phenol 25 conversion
t 10. 2% A 3) _After..2. 200 K wl . i .

decr eaged Lo 7 453 APV 4 yadeonoREeg kbl fu PR MRar BB eGSR

:A\][]'fr eased p%‘éﬁfa% EB'I?\Sertsing ?ﬂe@rof "Bkl R aﬁ&?@kﬁ&-@?{%@ﬁea&%xﬁsﬁ%?@% VRS, 41 50.
er the‘reaction condit10ns were changed as descti Ded above, It Wwas

confirged | -16 conversion rate was 10.0% (4) After 2,900
hours)fheb%h%%ggﬁgg Sion rate was decreased to 7.1% 5 At this tine,

the et hyl mer capi an AJPACE0br RbLA) ROPARETRIGN HiBh o ehaDifl:. Il O of

et hyl mercaptan to acet one was 1/’2g. Rter the reaction conditions were

changed agefifd5tdpR0rcalNS were AEes Sl td TR, Ll 9 1796 ﬂé@ﬁ@&'ivél?.mﬁ&%h%‘
rate was 9.7% (5) After 3,400 hours, the phenol conversion rate was

decr eased tirfe Geth¥imétcaiittahtiontdinifiy atdtenetwyy s@iplael dBtaaeRideteid QDtHES
i ncreased such that the nolar ratio of ethylnercaptan to acetone was 1/15.

After the foldawirigomalanaatiopdostheefiests ram eecons - stage ridaetbrabaud, furthevathe
confirnmed that the phenol conversion rate was 9.1% (6) After 4,100 hours,
t he ph@nomelanvetisiofacetone tnaqsheadwt wessindreased asdpllo®sAt this time, the
et hyl ner capt an concentrati on was increased such that the nolar ratio of
et hyl mer capt an Molar @atiasf wtkylmeamapn to acstene:edd{000n condi tions were
changed as descri bed abovoj’agit was confirmed that the p,heqr%r%lopconversi on

rate was 8.6% M9lapratio of agetonedterrhenalel SREL(Melssratis; altacefpne to

decr eased tsht)? 41.%;’:@[ &8 At this tinme, the ethylmercaptan concentration was
i ncr eased POGRRL 3P ?1e nolar ratio of ethylnercaptan to acetone was 117.

Af t th ti diti .ch ' it .

cont i rmoa t hat (R br B, A FURATINGS, AR hRack MR R RLp i -
Th [ : t t

g T A o B e s i L R S

W th two ReacioPs vepdshcrdayedth 8 99808811007 %1rdsp@ctlyand acetone was fed to
each reactor at a feed rate of 0.468 nole per hour (nolar ratio of acetone

to Ehe_nol o1l 1%2) Riter’ €300t Abtird, e8 pBEnsl xbhversias rRtds oflithal fivstanaldyzed
e stegor;d-stage reactors were decreased to 4.6% and 9.3%, respectively. At this
time, the molar ratio of ethylmercaptan to acetone and the molar ratio of
20 acetone to phenol-in the first- and second-stage reactors were respectively
increased as follows.
Molar ratio of ethylmercaptan to acetone: 1/800
Molar ratio of acetone to phenol: 1.11/20 (Molar ratio of total acetone to
phenol: 1.11/10)
25 After the reaction conditions were changed as described above, it was
confirmed that the phenol conversion rates of the first- and second-stage
reactors were increased to 6.1% and 10.6%, respectively.

(3) After 2,000 hours, the phenol conversion rates of the first- and

second-stage reactors were decreased to 4.3% and 9.1%, respectively. At this
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determne a phenol conversion rate. It was confirmed that the phenol
conversion rate at the beginning of the reaction was 10.6% (1) After 800
hours, the phenol conversion rate was decreased to 9.2% 5 At this tineg,
t he acetone concentration was increased such that the nolar ratio of

acet one to. phenol 1.2111Q. After the reaction conditions were changed
as descri Eﬂge’ag}bﬁ’/épo o FRldo &grﬁ'ﬁﬂ&@amﬁmﬁnt%a%@m aeérfb’é’r glolar ratie Qgs
10.5% (2) After 1,500 haur t.he, phenol conversion rate was decreased to
805 At~ RPONE rk oheRe! B i TSR BR, FeAOR T DB TeAEIES Shares GETPACRREN he
nmol ar rati, one to phenol was 1.42110. After the reaction

condi ti onég%%egggé:ﬁgg(gi%}v%is descri bed above, it was confirnmed that the

phenol conversi M\A%léﬁggti%sfel‘lgyl?%@rgéﬁg%%g{%gngof%aﬁurS’ t he phenol

conversion rate ecrease rs’trme, the acetone
concengration ' e | f enol
hes 15510, A ol FABOTTRUER (o el L TR O Rle-daflo AUl OUS
above, it pWasopanigmppd that the phenol conversion rate was 10.2% (4)
After 3,000 hours, the phenol conversion rate was decreased to 7.7% At
this time, the ageiofR mg&té&miﬂanmmr@m@ada@ae&ﬂm ab&e, TP viHs

rati o of acetone to phenol was 1.92110. After the reaction conditions were

changed asgonfifedbeithtakbhy ephdrio]l Weshveesibhr f@iest bR tthe NErghentl seesy®EBdAN
rate was 9.9% 20 (5) After 3) 500 hours, the phenol conversion rate was

decr easedreactdrdMerdindreased ta@.0% and d08%neespeotieelyt at i on was i ncreased
such that the nolar ratio of acetone to phenol was 2.22110. After the
react 1&n condi t (‘Dnéftear 8,80Rahgexs, adedpbenobednedrsion rateswab thenfirstnmad hat
t he phenol conversion rate was 9.3% (6) After 4,000 hours, the phenol
conver si ofie¢ondestage rgaetors seererdecseasad 054/8% wmids9 Bleerespemtivediet oAb this
concentrati on S increased cﬂé{i}ﬁat the nolar ratio of acetone to phenol

was 2. 5611@ne AP me ¥9etéfbt°?g% groapta tRepeetonanyed the melar ratia ebhove,

it was confirmed that the phenql conversion rate was 8.7% Fromthe
above- menffoRNEs E’)(R%I?’EE 1ﬁn€‘ecg¥/?55d@ﬁﬁ?\ﬁ§°9ﬁ@'s AGBARRHIELS Were; Lespeshyalyzed
that the iﬁér%agéd Sg?olfoat al yst used is considerably prolonged by using such
a nmulti-stage reaction V%ﬁjpar atus conprising at |east two individual

reactpss and bdefqgf ggﬁbrage%}ggg{?éh%ﬁgtarn%i e%%@llly%(bérer captan to acetone and

the nolar ratio of acetone as the phénol conversion rate 5 is

decreased. | NDU§TdRhAka ABRE LEARBIE! td b e oRCE 25 8aN0E0 W trhtib B8 tP‘;aq%%%.ﬁ’fffg tol N€

present invention, the acid-type ion exchange resin partial eé) W th
a sul fur - ohehel: 1i2Rf1@)1 ne conpound 10 as catal yst, exhibits a prol onged
life, and the yield of bisphenol A per unit quantity of the catalyst is
i ncreased. -19 After the reaction conditions were changed as described above, it was
confirmed that the phenol conversion rates of the first- and second-stage
20 reactors were increased to 5.8% and 10.7%, respectively.

(5) After 3,600 hours, the phenol conversion rates of the first- and
second-stage reactors were decreased to 4.5% and 9.4%, respectively. At this
time, the molar ratio of ethylmercaptan to acetone and the molar ratio of
acetone to phenol in the first- and second-stage reactors were respectively

25 increased as follows.
Molar ratio of ethylmercaptan to acetone: 1/200
Molar ratio of acetone to phenol: 1.31/20 (Molar ratio of total acetone to

phenol: 1.31/10)

After the reaction conditions were changed as described above, it was
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WHAT IS CLAIMED I'S: 1. A process for produci ng bisphenol A by reacting
acetone with phenol in the presence of an acid-type ion exchange resin
partially nodified with a sulfur-containing am ne conpound as catal yst and
al kyl mercaptan as co 5 catal yst, said process conprising: conducting said
reaction usi

|l vi dualcopBREed, $hebriRE oD BenTin CARTAHEEN SuEio AT JPROPTStnERGI SPCORG SHBFr
L R R
phenol is fed i r{Bi) ' #z@%sihﬁ t‘?ﬁ: cpﬁgexﬁ*ﬁqq |ra£h gtﬁ@aﬂ nd
Ebctoro. sfA0 bRl ‘%‘%ﬁ@r aVicY§oer §|9?¥§af‘?ff ??%?W’lmm??/&. #%PEQWVZP%? 15 of
total §Ce%%ﬂ%1ttﬁﬁpﬁ§m r2fio 3 btH jliaﬂa a’i{tﬁ%&@fac&%‘ﬁe Wﬁﬁ&tfhcén oﬁai' ri‘lattﬂ)eof ange

of 1/9to process acc aim erern ratio

of total %c@ﬁ neZQo PRGRRLAN the Cﬁl%%alanﬁ(:%& eno?ge LR8ctHRE %ef@terpé?:ftlvteW al

acetone to phenol are i1ncreased when the p conversion rate neasured at
an outl et jgérdddedlaSbllgiage reactor of said nufti-stage reacti on apparatus
is decreased to 90 to 99% of the initial conversion rate. 25 5. A process

according to C aVplak ratieesfaithylhercaptad té atdtonef 110bal al kyl nercaptan to
total acetone is increased so as not to exceed 1120. 6. A process according

to Caiml, wherMblartdagionsfl yetdrmd tophéndloll 89/20 Eilole ratiopdfetood] actome teased
so as not to exceed 113. -20 7. A process according to Caim1, wherein
said 401 ftnheamﬂthﬁlhﬁ)g ani ne conpound is selected fromthe group consisting
of nercaptoal kyl amines and thiazolidines. 5 8. A process according to

Clai m1, wherei iAfter wme@nttqrpeom@hlo@ﬁc\n@mg@hamdnass deacmbﬂdf ahpee,aidiwas ype

t h di t d
N AN R R LG TN
LR PR T RS MK A e en
WGERX d Z
e AL ol i

[ thg3Y] gl sl %@Aﬁ@i@g@f ﬁcamge@mmm 53heDespbaatag) cakaaheal ca

] cal cafca] C

HH&B&I " &t Foldr 4££160&04ék1§1h&éa1p%§%2€o27a%§r0¥ﬁe%ﬁd[ WeC A }%]tﬁﬁbfﬁa] ca

] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ¢a] ca] ca] ca] ca] ca] c”a] ca ca] ca?ca ] ca] ca] c”a

] ca] c™a] calcatorfd 444Pmad 6@l te First- and second-stage reactors were respectively
increased as follows.

Molar ratio of ethylmercaptan to acetone: 1/70

20 Molar ratio of acetone to phenol: 1.47/20 (Molar ratio of total acetone to -
phenol: 1.47/10)

After the reaction conditions were changed as described above. it was
confirmed that the phenol conversion rates of the first- and second-stage
reactors were increased to 5.8% and 10.4%, respectively.

25 (8) After 6,800 hours, the phenol conversion rates of the first- and
second-stage reactors were decreased to 3.8% and 8.8%, respectively. At this
time, the molar ratio of ethylmercaptan to acetone and the molar ratio of

acetone to phenol in the first- and second-stage reactors were respectively

increased as follows.
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8" 888%9k99:

o R<<<J===>7?G??} 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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ???. @GAABBAAAB. CzCDDE) Er E
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It was confirmed that at the beginning of the reaction, the phenol

20 conversion rates of the first-, second- and third-stage reactors were 6.0%, 10.4%
and 14.2%, respectively.
(1) After 900 hours, the phenol conversion rates of the first-, second-
and third-stage reactors were decreased to 4.3%, 9.4% and 13.9%, respectively.
At this time, ethylmercaptan-containing acetone was supplied instead of
25 acetone at the following molar ratio to the first-stage reactor, and further the
molar ratio of acetone to phenol at each of the first- to third-stage reactors was
increased as follows.
Molar ratio of ethylmercaptan to acetone: 1/1,100

Molar ratios of acetone to phenol: 1.04/30 (Molar ratio of total acetone to
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At this time, the molar ratio of ethylmercaptan to acetone fed to the first-stage
reactor, and the molar ratio of acetone to phenol at each of the first- to third-
stage reactors were respectively increased as follows.
10 Molar ratio of ethylmercaptan to acetone: 1/800
Molar ratios of acetone to phenol: 1.15/30 (Molar ratio of total acetone to
phenol: 1.15/10)
After the reaction conditions were changed as described above, it was
confirmed that the phenol conversion rates of the first-, second- and third-stage
15 reactors were increased to 5.8%, 10.4% and 14.2%, respectively.
(3) After 3,000 hours, the phenol conversion rates of the first-, second-
and third-stage reactors were decreased to 4.0%, 9.0% and 13.3%, respectively.
At this time, the molar ratio of ethylmercaptan to acetone fed to the first-stage
reactor, and the molar ratio of acetone to phenol at each of the first- to third-
20 stage reactors were respectively increased as follows.
Molar ratio of ethylmercaptan to acetone: 1/40G
Molar ratios of acetone to phenol: 1.26/30 (Molar ratio of total acetone to
phenol: 1.26/10)
After the reaction conditions were changed as described above, it was
25 confirmed that the phenol conversion rates of the first-, second- and third-stage
reactors were increased to 5.7%, 10.2% and 14.1%, respectively.
(4) After 4,200 hours, the phenol conversion rates of the first-, second-
and third-stage reactors were decreased to 3.8%, 8.7% and 12.9%, respectively.

At this time, the molar ratio of ethylmercaptan to acetone fed to the first-stage
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reactors were increased to 5.8%, 10.3% and 14.3%, respectively.
(5) After 5,500 hours, the phenol conversion rates of the first-, second-
10 and third-stage reactors were decreased to 3.3%, 7.8% and 12.2%, respectively.
At this time, the molar ratio of ethylmercaptan to acetone fed to the first-stage
reactor and the molar ratio of acetone to phenol at each of the first- to third-
stage reactors, were respectively increased as follows.

Molar ratio of ethylmercaptan to acetone: 1/100

15 Molar ratios of acetone to phenol: 1.84/30 (Molar ratio of total acetone to
phenol: 1.84/10)

After the reaction conditions were changed as described above, it was
confirmed that the phenol conversion rates of the first-, second- and third-stage
reactors were increased to 5.6%, 10.1% and 14.2%, respectively.

20 (6) After 6,500 hours, the phenol conversion rates of the first-, second-
and third-stage reactors were decreased to 2.9%, 7.1% and 11.9%, respectively.
At this time, the molar ratio of ethylmercaptan to acetone fed to the first-stage
reactor and the molar ratio of acetone to phenol at each of the first- to third-
stage reactors, were respectively increased as follows.

25 Molar ratio of ethylmercaptan to acetone: 1/40

Molar ratios of acetone to phenol: 2.26/30 (Molar ratio of total acetone to
phenol: 2.26/10)

After the reaction conditions were changed as described above, it was

confirmed that the phenol conversion rates of the first-, second- and third-stage
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COMPARATIVE EXAMPLE 1

The same procedure as in EXAMPLE 1 was repeated except that the
two reactors having a height of 561 mm as used in EXAMPLE 1 were replaced
with one reactor having a height of 1,122 mm, and acetone was fed to the

10 reactor at a feed rate of 0.468 mole per hour (molar ratio of acetone to phenol:
1/10).

The resultant reaction mixture was periodically analyzed with time to
determine a phenol conversion rate.

It was confirmed that the phenol conversion rate at the beginning of the

15 reaction was 10.6%.

(1) After 800 hours, the phenol conversion rate was decreased to 9.2%.
At this time, ethylmercaptan-containing acetone was fed to the reactor instead
of acetone (molar ratio of ethylmercaptan to acetone: 1/500). After the reaction
conditions were changed as described above, it was confirmed that the phenol

20 conversion rate was 10.5%.

(2) After 1,600 hours, the phenol conversion rate was decreased to 8.5%.
At this time, the ethylmercaptan concentration was increased such that the
molar ratio of ethylmercaptan to acetone was 1/100. After the reaction
conditions were changed as described above, it was confirmed that the phenol

25 conversion rate was 10.2%.

(3) After 2,200 hours, the phenol conversion rate was decreased to 7.8%.
At this time, the ethylmercaptan concentration was increased such that the
molar ratio of ethylmercaptan to acetone was 1/50. After the reaction

conditions were changed as described above, it was confirmed that the phenol
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molar ratio of ethylmercaptan to acetone was 1/20. After the reaction
conditions were changed as described above, it was éonfirmed that the phenol
conversion rate was 9.7%.

(5) After 3,400 hours, the phenol conversion rate was decreased to 6.6%.
At this time, the ethylmercaptan concentration was increased such that the
molar ratio of ethylmercaptan to acetone was 1/15. After the reaction
conditions were changed as described above, it was confirmed that the phenol
conversion rate was 9.1%.

(6) After 4,100 hours, the phenol conversion rate was decreased to 5.1%.
At this time, the ethylmercaptan concentration was increased such that the
molar ratio of ethylmercaptan to acetone was 1/10. After the reaction
conditions were changed as described above, it was confirmed that the phenol
conversion rate was 8.6%.

(7) After 4,800 hours, the phenol conversion rate was decreased to 4.5%.
At this time, the ethylmercaptan concentration was increased such that the
molar ratio of ethylmercaptan to acetone was 1/7. After the reaction
conditions were changed as described above, it was confirmed that the phenol

conversion rate was 7.3%.

COMPARATIVE EXAMPLE 2

The same procedure as in EXAMPLE 1 was repeated except that the
two reactors each having a height of 561 mm as used in EXAMPLE 1 were
replaced with two reactors each having a height of 1,122 mm, and acetone was
fed to each reactor at a feed rate of 0.468 mole per hour (molar ratio of acetone
to phenol: 1/10).

The resultant reaction mixture was periodically analyzed with time to

-17 -
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(1) After 800 hours, the phenol conversion rate was decreased to 9.2%.
5 At this time, the acetone concentration was increased such that the molar ratio
of acetone to phenol was 1.21/10. After the reaction conditions were changed
as described above, it was confirmed that the phenol conversion rate was 10.5%.
(2) After 1,500 hours, the phenol conversion rate was decreased to 8.9%.
At this time, the acetone concentration was increased such that the molar ratio
10  of acetone to phenol was 1.42/10. After the reaction conditions were changed
as described above, it was confirmed that the phenol conversion rate was 10.6%.
(3) After 2,200 hours, the phenol conversion rate was decreased to 8.1%.
At this time, the acetone concentration was increased such that the molar ratio
of acetone to phenol was 1.63/10. After the reaction conditions were changed
15 as described above, it was confirmed that the phenol conversion rate was 10.2%.
(4) After 3,000 hours, the phenol conversion rate was decreased to 7.7%.
At this time, the acetone concentration was increased such that the molar ratio
of acetone to phenol was 1.92/10. After the reaction conditions were changed
as described above, it was confirmed that the phenol conversion rate was 9.9%.
20 (5) After 3,500 hours, the phenol conversion rate was decreased to 7.0%.
At this time, the acetone concentration was increased such that the molar ratio
of acetone to phenol was 2.22/10. After the reaction conditions were changed
as described above, it was confirmed that the phenol conversion rate was 9.3%.
(6) After 4,000 hours, the phenol conversion rate was decreased to 6.7%.
25 At this time, the acetone concentration was increased such that the molar ratio

of acetone to phenol was 2.56/10. After the reaction conditions were changed

as described above, it was confirmed that the phenol conversion rate was 8.7%.

From the above-mentioned EXAMPLES and COMPARATIVE
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INDUSTRIAL APPLICABILITY
In accordance with the process of the present invention, the acid-type
ion exchange resin partially modified with a sulfur-containing amine compound
10 as catalyst, exhibits a prolonged life, and the yield of bisphenol A per unit

quantity of the catalyst is increased.
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sulfur-containing amine compound as catalyst and alkylmercaptan as co-

5 catalyst, said process comprising:

conducting said reaction using a multi-stage reaction apparatus
comprising at least two individual reactors connected in series to each other,
wherein the molar ratio of total alkylmercaptan to total acetone and the molar
ratio of total acetone to phenol are increased as the conversion rate of the

10 phenol is decreased.

2. A process according to Claim 1, wherein whole amount of the phenol
is fed into a first-stage reactor of the multi-stage reaction apparatus, and the
acetone is fed in separate parts into the respective reactors.

15
3. A process according to Claim 1, wherein the molar ratio of total

acetone to phenol at an initial stage of the reaction is in the range of 1/9 to 1/11.

4. A process according to Claim 1, wherein the molar ratio of total alkyl

20 mercaptan to total acetone and the molar ratio of total acetone to phenol are
increased when the phenol conversion rate measured at an outlet of the last
stage reactor of said multi-stage reaction apparatus is decreased to 90 to 99% of

the initial conversion rate.

25 5. A process according to Claim 1, wherein the molar ratio of total alkyl

mercaptan to total acetone is increased so as not to exceed 1/20.

8. A process according to Claim 1, wherein the molar ratio of total

acetone to phenol is increased so as not to exceed 1/3.
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resin is a sulfonic acid-type cation exchange resin.

9. A process according to Claim 1, wherein said alkylmercaptan is

10  ethylmercaptan.

10. A process according to Claim 1, wherein the reaction is conducted at

a temperature of 60 to 100°C.
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