5 SEPTEMBER 2005 DESCRI PTI ON PROCESS FOR PRCDUCI NG Bl SPHENCL A TECHN CAL

FI ELD The present invention relates to an inproved process f j
bi sphenol A {2, 2-bis(4-hydroxyphenyl)propane}. Mre parti gépg’?ﬁw 20s
pertains to a process for efficiently producing bisphenol A having
favorabl e hue as the objective product from phenol and acetone through a
continuous nulti-stage fixed-bed reaction systemin the presence of a

cation exchange resin as a catagﬁéé Ag&%ﬁﬁgﬁgfntaining the feed rate of
acetone at a relatively |ow levels B ART It is well-known that

bi sphenol A is an inportant conpound as a starting raw material for epoxy
resin or an engineering plastic such as polycarbonate resin and pol yaryl ene

resin, and accordingly it tends to increasingly expand its demand year by
year. Bisphenol A ig’l%B@McF@ﬁ WMG&N@%&P?&NQ%& of excess phenol

with acetone in the presence of an acidic catalyst and as the case may be,
a sul fur conpound as a cocatal yst. There has heretofore been enpl oyed an
inorganic mneral acid such as sulfuric acid and hydrogen chloride as an

acid cat IFHSHNICAE FUBEM i n the reaction. In recent years, however,
attention has been 1 5 SEPTEMBER 2005 paid to cationic exchange resins,

whi ch have beemhRr qugide dtnti@ velntddiet LbBltedPRLI Gt | AADrbVERCH et Baf ent GB
842209, 849565 and =~ 883391).
producing bisphenol A {2, 2-bis(4-hydroxyphenyl)propane}. More
particularly, it pertains to a process for efficiently producing
bisphenol A having favorable hue as the objective product from
phenol and acetone through a continuous multi-stage fixed-bed
reaction system in the presence of a cation exchange resin as a

catalyst, while maintaining the feed rate of acetone at a relatively

low level.

BACKGROUND ART

It is well-known that bisphenol A is an important compound
as a starting raw material for epoxy resin or an engineering plastic
such as polycarbonate resin and polyarylene resin, and accordingly it
tends to increasingly expand its demand year by year.

Bisphenol A is produced by the condensation reaction of
excess phenol with acetone in the presence of an acidic catalyst and
as the case may be, a sulfur compound as a cocatalyst.

There has heretofore been employed an inorganic mineral acid
such as sulfuric acid and hydrogen chloride as an acid catalyst to be

used in the reaction. In recent years, however, attention has been



On:the other hand, it is known that useful sulfur conpounds to be used as a
cocat al yst include al kyl nmercaptans with or without a substituent grou

such as nethyl nercaptan, ethyl nercaptan and thioglycol aéiSEP("EQ’ﬁE‘f‘REQPS
USP. Nos. 2359242 and 2775620). The nercaptans have a function of
increasing the rate of reaction and at the sane tine, enhancing the
selectivity. For instance, in the production of bisphenol A there are

formed as a,reaction by-product, 2-(.2-hydroxyphenyl).-2-(4;hydroxyphenyl )-
propane P&1dptoj SRR e?é‘cg‘an&q n”c‘iségls’ cWr#‘dSKeE‘ta af"ndb‘?‘?fg ahH%{‘t‘ggﬁ RE? et o,
tri sphenol and . polyphenol. In particu . bi sphenol A, _when bei ng enpl oyed
as a stapfipﬁg,rl@imﬁﬂah@mﬂnsr Fe I?‘éa‘{Jg{)r’Pa%t@I’rte r}% %42%%%&4;%5&%,&4”35)
required to be mnimzed in contents of the above-nentioned by-products,
highly p@83381d- free fromcoloration. As such, the mercaptans are enpl oyed
to increase the rate of reaction, suppress the formation of the

by- products, ahth eéeanthet heasd| ettisvkhypwi thiatieusad efilflurdostupioald ds
produci ng bi sphenol A by subjecting phenol and acetone to condensati on

reacti ontothengdd asganes@talyatapcbgd@ Lyl i meeusp tans iwithage Wwittesubed
reaction system conposed of at |least two reactors that are connected in

series apdsyBaGRubnk! £ehdH M alshirahgfes@irlapdh OBtB¥FHABEG RS B AP @
catalyst. In such a reaction system the deterioration of catalyst becones

Tor € Se“tH&@%l QuRr 43; & We}g‘?d%t @S@geNo%@Ctz%ffizrﬁn 2nd 2 ERENBERZ005

succedent stage reactor. such 1n t he case of replacling the nost
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namel y t?ﬁennssatmgr Eé?r%%?nteni}aa celnrgeatcl;[eor séﬂecttpveit;f.ealggi“ori]ng alsrgceer,n in the
production of bisphenol A, there are formed as a reaction by-product,
2-(2-hydroxyphenyl)-2-(4-hydroxyphenyl)- propane (o, p'-isomers) as a
principal component and in addition thereto, trisphenol and
polyphenol. In particular, bisphenol A, when being employed as a
starting raw material for polycarbonate resin or polyarylene, is
required to be minimized in contents of the above-mentioned
by-products, highly pure and free from coloration. As such, the
mercaptans are employed to increase the rate of reaction, suppress
the formation of the by-products, and enhance the selectivity.

In the case of 1industrially producing bisphenol A by
subjecting phenol and acetone to condensation reaction, there is
generally adopted a continuous multi-stage fixed-bed reaction system
composed of at least two reactors that are connected in series and
each filled in with the aforesaid cation exchange resin as a catalyst.

In such a reaction system, the deterioration of catalyst

becomes more serious towards a precedent stage reactor from a



there is brought about unfavorable circunstances in that the catalyst as a

whol e is not effectively utilized, thus lowering the yield i
t hroughout the reactors, whereby deterioration of the catal §§FB#§M500%

unfavorably accel erated thereby. In such circunstances, an attenpt is nade
to locate a reactor which is filled inside with a fresh or regenerated
cation exchange resin on the nost downstream side in the reaction systemin
repl aci ng t he m)Tst seriouslﬁ/ dgterio at ed ,cat al ys with the fresh or

O]:i:.

t
r egener at BICERT Al yERBL( FEREIOT 075 PSRCEL Bt EASCABI T THACHRE L4 4-BPEh
No. 25042/ 1994 (Hei sei .6)). verthel ess, thg above-nentioned technique is
intendeds?Blo%ggWe ??Vé?g}g@éﬁgﬁg?h%wdéba? 'Fsgnﬂaﬁmﬂ?ﬁ;' ?Wﬁefﬁwc hE$F vance
is necessary in order to maintain the quality of bisphenol A as the
obj ecti véamﬁ/mcts brpughitsin sheaplagthedh aatalvsh dpyke neddaped thexesriths at ed,
the feed rate of acetone is increased to maintain the production (to
mai nt ai nntamee yorbher sost oprpbeden) | stage ireachds vasthe t teadios sgebed, such a
probl emas an increase in the formation of inpurities that are unfavorable

for the bherof ibi dpherpdit Aabsut hainfaijoeabis e cpradustantes t he athwer tieand,
there is known a nethod in which acetone is separately supplied to each of

the react@eslysecad edwiblseld ast(dfFeéQvely A tdlapadesh uBaARAEriARPELE ik DD
Lai d- Open No.'19952 / 1979 (Showa 3 5 SEPTEMBER 2005 54)). DI SCLOSURE OF THE

| NVENTI %‘f%@%he%_‘égg&cé}{&%m%e Jt;éad't_%r@, lﬁiﬂ{‘@[&iaru(?i@t%orﬁftiiﬁeof present

i nvention to provi a process for efficiently producing bisphenol A having

favorabl gapéjﬁ/s%sié n?nparxpoq%%tlyf LM RNGRO4 ﬁ%jreby. In such circumstances,

an attempt is made to locate a reactor which is filled inside with a
fresh or regenerated cation exchange resin on the most downstream
side in the reaction system 1in replacing the most seriously
deteriorated catalyst with the fresh or regenerated catalyst {(refer to
Japanese Patent Application Laid-Open No0.25042/1994 (Heisei 6)).
Nevertheless, the above-mentioned technique is intended to
effectively exhaust the catalyst and thus, further contrivance is
necessary in order to maintain the quality of bisphenol A as the
objective product. That 1is to say, when the catalyst becomes
deteriorated, the feed rate of acetone is increased to maintain the
production (to maintain the conversion of phenol), but in this case
there is caused such a problem as an increase in the formation of
impurities that are unfavorable for the hue of bisphenol A as the
objective product.
On the other hand, there 1s known a method in which acetone
is separately supplied to each of the reactors located in series {(refer

to Japanese Patent Application Laid-Open No0.19952 / 1979 (Showa



acetone through a continuous nulti-stage fixed-bed reaction system in the
presence of a cation exchange resin as a catal yst, while nabSERTEMBER 2085
feed rate of acetone at a relatively low |l evel. OQher objects of the present
invention will becone obvious fromthe text of the specification

herei nafter disclosed. In such circunstances, intensive extensive research
and investigation were accunul ated by the present inventors in order to
achi eve thg®.above-nenti oned objects. As a result, it has been found that
the objects of the present invention can be achieved by separately

suppl ying acetone to each of the reactors in a continuous nmnulti-stage

fi xed-bed reaction system arranging a reactor which is filled inside with

a fresh gygegerRgrREed AN AR Nesin on the final stage in the

reaction’§§%T6ﬁ?g%E?Eiﬂ?ﬁﬁ%%TTWﬂi‘ﬁﬁ§F‘§€riously deteriorated cation

exchange resin t th.t fr 0, r atee atlon
Urﬂi AYh! G ?8%1?%%5%03\5 et he tahe§§9e1 1 @g]ge%‘ red G

exchange resin, operat|n reactor on I ha SO tha
ratio of feed ratetotthe consuE@tlon rateefor acet ﬁ 41 .
prescri bBH ?‘eafﬁtgem% 108y dQe R T HIENLY oﬂ“ﬁcasssb fon & 18:’??)? %’he%lro u‘?l?@ basi s
of the goi ndlngs or mat i on. 5 S PTE ER 20 5 eC|f|caIIy,
the pres Fﬁp IAO}ha §r§%‘? ol?:lé%sa?oﬁ'he HPsp

conti nuously supplyin phenol to a flrst stage reactor in a contlnuous
mul ti - st agefanaddrbagly aaconsimueystam! tioprasedimid e d sagetiono syssemor s
that are connected in series and each filled in with a cation exchange
resin asim th¢abyssemcrl af at heti®aneexdhmmgecomsinuassly satadlygingvhckt one
separately to each of the reactors, characterized by arranging a reactor
whi ch i snfdinlt@éining the feed rate of acetone at a relatively low level.

Other objects of the present invention will become obvious
from the text of the specification hereinafter disclosed.

In such circumstances, i1ntensive extensive research and
investigation were accumulated by the present inventors in order to
achieve the above-mentioned objects. As a result, it has been found
that the objects of the present invention can be achieved by
separately supplying acetone to each of the reactors in a continuous
multi-stage fixed-bed reaction system, arranging a reactor which is
filled inside with a fresh or regenerated cation exchange resin on
the final stage in the reaction system in replacing the most seriously
deteriorated cation exchange resin in catalytic activity with the
fresh or regenerated cation exchange resin, and operating the
reactor on the final stage so that the ratio of feed rate to the
consumption rate for acetone falls within a prescribed range. The

present invention has been accomplished on the basis of the

foregoing findings and information.



inside with a fresh or regenerated cation exchange resin on the final stage
of the reaction systemin replacing the nost seriously detegj [ .Qn
exchange resin in catalytic activity with the fresh or rege%gggﬁ]g&%dgg
exchange resin, and operating the final stage reactor so that the ratio R
of the feed rate of acetone to the consunption rate thereof falls within
the range of nore than one to I|ess than 3. BEST MODE FOR PRACTI CI NG THE

| NVENTI ON The process according to the present invention is that for

produci ng bi sphrasiflgaldy, stltg eprpagnbhemeenkied aREAUHAEsSt 2 PEAERASafPDN
reaction through a continuous nulti-stage fixed-bed reaction systemusing a
cati on exvidngeg ebisphsenal cdt abystcomtisuoafsdy esainplyangorplexebbhnge rasin is
not specifically limted, but can be selected for use fromthe cation
exchangefiresisnsgs hat abtore i tdhecdontinhears custloimtagy fised-bsda reatcalorst f or
produci ng bi sphenol A Thus fromthe viewpoint of catalytic activity and

the |ikesysdind %ir@%@%@ oft ¥paegdt it@d exghvIgetiBShieicorinddtald tnideries
particular. 5 5 SEPTEMBER 2005 The foregoing sulfonic acid type

cati onexghangg:K &3118dl $n "With $PE&tII LK K ahigh o6 PaQvhdesid1§at dhdista
strongly acidic cation exchange resin bearing a sulfonic acid group, but is

exenplify n : e { Vi nyl I r, f gpat ed
and croﬂslg is%ﬁré%stg%é’,eﬁéﬁ%&%%sﬁ? %Egﬁwlnfr%raﬁg%%ﬁ%g %gﬁﬁrgcni gagi(}i gp resin
and benzgne fornal dehyde / sulfaoni,c acid resin and the like.. Any.. he
exchange TR RETRE " o st Sh76e O T ASURIENEN L IS CPGF 1 I HER) dBafilLath
other. In the corlgen?ati on reaction, rgercapt ans ﬁlre usabl e as ah )

inside with a fresh or regenerated cation exchange resin on the final

stage of the reaction system in replacing the most seriously

deteriorated cation exchange resin in catalytic activity with the

fresh or regenerated cation exchange resin, and operating the final

stage reactor so that the ratio R of the feed rate of acetone to the

consumption rate thereof falls within the range of more than one to

less than 3.

BEST MODE FOR PRACTICING THE INVENTION

The process according to the present invention is that for
producing bisphenol A by subjecting phenol and acetone to
condensation reaction through a continuous multi-stage fixed-bed
reaction system using a cation exchange resin as a catalyst. The
aforesaid cation exchange resin is not specifically limited, but can be
selected for use from the cation exchange resins that have hitherto
been customarily used as a catalyst for producing bisphenol A. Thus
from the viewpoint of catalytic activity and the like, sulfonic acid

type cation exchange resin is suitable in particular.



cocatal yst as necessary. The mercaptans, which are the conpounds bearing at
| east one SH group in a free formin a nolecule, can be selegted for use
from al kyl mercaptans and al kyl nercaptans which have at | e3SEPTEMBER 2005
substituent such as carboxyl group, am no group and hydroxyl group and
which are exenplified by nmercaptocarboxylic acid, am noal kanethiol and

mer capt oal cohol . Specific exanples of the aforesaid nercaptans include

al kyl nercapt aaﬁﬁg%ch as. ethyl . inercaptan, nethyl rcapt an, . n-butyl

mer captan and r6ctfFesidig: SHLEanict AP Y BEx GO TaeXa828%Cn r8siR HR 08Py col
acid and Q -nercaptoprop ionic acid; am noal kanethiols such as i

2- ani noethapdicaldy lomaterl preyidadythat arlol isdi de stemeglymereidicosadthvdl s
such as nercaptoethanol. O these conpounds, alkyl nmercaptans are

parti cul axthapgef eesibl defarongt aeswldpart agfid gookp ndwf iectxeaspiiftedadtal yst .
Any of the mercaptans may be used alone or in conbination with at |east one
ot her. Fynlfiaratied | stypesel bl edivdnylmikindease acypolfyrhbg nailfapaded Grbd
SEPTEMBER 2005 onto the above- nentioned cation exchange resin, and cause

the samgréfslinRed %@T\;?@n@ peT@halkyShhe dBE AIMNALdHydde/ NBEFBRL AN aked be
used is selected in the range of usually 0.1 to 20 nol, preferably 1 to 10

| b ; TR al, . Jh [ f I
m ase&’%&'}l aar?ftl%‘xgze@raes gfg%m%egweaw QBH%?%? acill ‘%eéﬂ’i'zgxlxé? Rﬂge{l?&.to

acetone that are to in process produci ng bi spheno
cecor 00,40 0 SHR:SSER A SHANRY s 28 SRS ALY Lo ghleh 'S
of the oSt Rt 18%st She biher.

In the condensation reaction, mercaptans are usable as a
cocatalyst as necessary. The mercaptans, which are the compounds
bearing at least one SH group in a free form in a molecule, can be
selected for use from alkyl mercaptans and alkyl mercaptans which
have at least one substituent such as carboxyl group, amino group
and hydroxyl group and which are exemplified by mercaptocarboxylic
acid, aminoalkanethiol and mercaptoalcohol. Specific examples of the
aforesaid mercaptans include alkyl mercaptans such as ethyl
mercaptan, methyl mercaptan, n-butyl mercaptan and n-octyl
mercaptan; thiocarboxylic acids such as thioglycol acid and B
-mercaptopropionic acid; aminoalkanethiols such as
2-aminoethanethiol and 2, 2-dimethylthiazolidine; and
mercaptoalcohols such as mercaptoethanol. Of these compounds,
alkyl mercaptans are particularly preferable from the aspect of
working effect as a cocatalyst. Any of the mercaptans may be used

alone or in combination with at least one other.

Further it 1s possible to immobilize any of the mercaptans



t he resul tant bisphenol A, econom cal efficiency and the |ike factors.

Accordingly, it is advantageous to use excess phenol over a Wl LC
of SEPPEMSR o

anount thereof. Thus, phenol is used usually in an anount

preferably 5 to 15 nol per one nol of acetone. |In the production of

bi sphenol A, a reaction solvent is unnecessary in general except for the
case where the reaction liquid has wunreasonably high viscosity or the
reaction ig@c nducted at _suc ow . tenperature that. the qﬁgration i s made

h |
di fficul P2 &1 ROOT Poall DHIORRE COLMIM S AN EBalET o Bt eHisheltt and

acetone in the resent invention is conducted by continuously supplying
phenol aﬁﬂn“hﬁ?égﬁﬂéﬁn%@sb%‘H@é&a Stheed to a first-stage reactor in a
continuous nmnulti-stage fixed-bed reaction system conposed of at |east two
reactors that Bhe aormeet cof ithesarermrdad daclhef iusedd 18 nseleched bat fhgh
exchange resin as an acid catalyst and at the sane tinme, continuously

suppl yi ngaaget ofieusepHyatCelly to o2@aaiolof praferaddgt dr so 705 nS8HPTEMBER 0c3005 The
proportion of acetone to be supplied to each stage of reactors is dependent
upon t heaeédodeytaisCa athirvirigy raWomdtesi@nce, in the case of connecting in
series, 3 sets of tower type reactors, that is 3 sets of reaction towers,

bi sphenol A hayihRg raltddi bf 38Kk gialthot YickEonOPtRADERLE RY BethsdW P eHoad on
10 : 7 : 4, approximately fromthe wupstreamto downstream sides in the

f
producti ?o@ésst(ZP %ﬁlucg\?glﬂis & 10885 Sc ASHA %&theogw&ﬂ 9298htion

invention, Int ase repfacing the nost seriously deteriorate

catal v it SobLRtL Y RERETEIT AR ATt gt VAL e i S 1, con

or regenlesr %tr%gerably as small as possible in view of the easiness of refining
the resultant bisphenol A, economical efficiency and the like factors.
Accordingly, it 1s advantageous to wuse excess phenol over a
stoichiometric amount thereof. Thus, phenol is used usually in an
amount of 3 to 30 mol, preferably 5 to 15 mol per one mol of acetone.
In the production of bisphenol A, a reaction solvent is unnecessary
in general except for the case where the reaction liquid has
unreasonably high viscosity or the reaction is conducted at such a
low temperature that the operation 1s made difficult by
solidification.

The condensation reaction between phenol and acetone in the
present invention is conducted by continuously supplying phenol and
mercaptan to be used at need to a first-stage reactor in a continuous
multi-stage fixed-bed reaction system composed of at least two
reactors that are connected in series and each filled in with a cation

exchange resin as an acid catalyst and at the same time,

continuously supplying acetone separately to each of the reactors.



catalyst on the final stage of the reaction system The reason is that when
the reactor just nentioned is installed precedently to the final stage,
there is brought about unfavorable circunstances in that theSSERTE 20055
whol e is not effectively utilized, thus lowering the yield of bisphenol A

t hroughout the reactors, whereby deterioration of the catalyst is
unfavorably accelerated thereby. In nmulti-stage reactors, since the
deterioration of the catalyst becones nore_serious.towards a precedent
stage reactor fhémpropgsbedert! fcageneedet e, suprnlied ciar oneh ystage efbve the
first stage reactor, and install the reactor filled in with the aforesaid
fresh orreaefomeriat éepeadeahy stpwm thisecdtalatic sehigatnf Fohdnséance onnshist em
Moreover, in the process according to the present invention the final stage
react or shsaulof benoweeanageith seridat 3t bety af i wwRnftypeeredetwd sy ahamtofs & et one
to the consunption rate thereof falls within the range of nore than one and

| ess thagetd: dtherath®nvajoteeR,i Hisphend]l SASERREMBER t2BAhR zeHarwlibt sphenol A
as the objective product is deteriorated in hue. In the follow ng, sone

descri pt yptniatle bey Heteih@fthlehBoad @actiEn Tand tigyis x@m dteey CRBLA RMRUS
mul ti stage fixed-bed reaction system Firstly, the acetone / phenol nolar

ratio | suselechidd fobiSrSA08idYs USUMel ¥rdd30ibR I Bisgalarably 1/15 to

1/5. The rati o, when being |less than 1/30, brings about a fear of an

unr easonabl y ra i e r.1aLio,: ei ng nore
than 1/3, r est‘?\tﬂ%e’l h?ggéses;%ggé%ﬂ{}log :‘,Mér ﬁ%ﬁp%@%g@ﬁ@eﬂgﬁéaml% Elgrr%ausrei ties,
and | ower .t he. sel ect] e of her en . the

mer capt aff FEPHRELY %:‘}Iﬁ%fégs%ﬁgﬁgg%aﬁté&P?@f% ahyed P’ééih‘%?&i fe tresh or
regenerated catalyst, which is of service to reaction, there is
installed the reactor filled in with the aforesaid fresh or regenerated
catalyst on the final stage of the reaction system. The reason is that
when the reactor just mentioned 1s installed precedently to the final
stage, there is brought about unfavorable circumstances in that the
catalyst as a whole is not effectively utilized, thus lowering the yield
of bisphenol A throughout the reactors, whereby deterioration of the
catalyst is unfavorably accelerated thereby. In multi-stage reactors,
since the deterioration of the catalyst becomes more serious towards
a precedent stage reactor from a succedent stage reactor, it is
customary to remove the first stage reactor, and install the reactor
filled in with the aforesaid fresh or regenerated catalyst on the final
stage of the reaction system.
Moreover, in the process according to the present invention
the final stage reactor should be operated so that the ratio R of the
feed rate of acetone to the consumption rate thereof falls within the

range of more than one and less than 3. When the value R is more



mer capt an/ acetone nolar ratio is selected in the range of usually 0.1 / 100
to 20/ 100, preferably 1 / 100 to 10 /100. The nvolar rati o, gvggﬁ bﬁ'Fraz Ess
than 0.1/100, causes a fear of incapability of sufficiently TEMBE e
wor ki ng effect on enhancing the rate of reaction or the selectivity to
bi sphenol A, whereas the nolar ratio, when being nore than 20 / 100,
results in that the working effect on enhancing the sanme is not so
recogni zed cqnsj dering. such | arge anount.. Further the reaction tenperature
s el ectiiaf ith HIBBeARGEA GF Che PIIPGES RES UG € depRUPER S 4oBUE 110 C |
The reaction tenperature, when being |ower than 40 C, gives rise to an
unr easonabl y 1w thee fotloveas.i oipmAd drssraedonexvidnmdls Hivgn walsddd ty of
the reaction liquid, thereby causing a fear of solidification as the case
may be. @adthen comadigions tdfe theacontimuawspenhtitstegewlibre dsbiedg reaghiom t han
150C, leads to difficulty in 9 5 SEPTEMBER 2005 reaction control,
deteri orsstdtem.of selectivity to bisphenol A(p, p'-isoner) and further
deconposition or deterioration of the cation exchange resin as the
catal yst. The mmg(lawgcm@fa Y $Raas] YeblaG r¥kid SisSelktsdted iim tgme range
of usually 0.2 to 30 hr-1, preferably 0.5 to 10 hr-1 . In the process
accordi ng, eWu@ﬁ&ﬁ%nﬁ/:%@%%”ﬁyﬂnpgéfé%a"b?fciﬁl%”to M %t UEHeClﬂmQ QHhofrom
the reaction tower Is"post-treated by a well known nethod so that the
obj ectiv (S nal, A | 1 ed..lpn.t al lQwi.ng. s scrl.bly Wil |
be gi ven‘ggg no?fg?% alerrﬁse%g Bt %Z:%‘pg)srtlpg? e%?cr)r%gnta. t(Iélyrr sgf yaf}{rg%%geean{drlg%};)% of
the reaction mxture is caryied out priqr to crystallization. Th
condi ¢ 1 IR GRTE N TEBRER: TRRPERR I h Bt 8p e P LA R0 F el OB Padual | y
include a

1/3, results in a tendency to form an excessive amount of impurities,

and lower the selectivity to bisphenol A. On the other hand, when
the mercaptan is not immobilized on the cation exchange resin, the
mercaptan/acetone molar ratio is selected in the range of usually 0.1
/ 100 to 20/ 100, preferably 1/ 100 to 10 /100. The molar ratio, when
being less than 0.1/100, causes a fear of incapability of sufficiently
exhibiting the working effect on enhancing the rate of reaction or
the selectivity to bisphenol A, whereas the molar ratio, when being
more than 20 / 100, results in that the working effect on enhancing
the same 1s not so recognized considering such a large amount.
Further the reaction temperature is selected in the range of
usually 40 to 150 C , preferably 60 to 110 °C . The reaction
temperature, when being lower than 40 °C, gives rise to an
unreasonably low rate of reaction and besides, extremely high
viscosity of the reaction liquid, thereby causing a fear of
solidification as the case may be. On the contrary, the reaction

temperature, when being higher than 150°C, leads to difficulty in



tenperature in the range of 130 to 170C and a pressure in the range of 13
to 53 kPa. The tenperature, when being lower than 130 C, necessitates a
hi gh degree of vacuum whereas the tenperature, when being 5155%@“‘%0950
C, brings about an increase in amounts of inpurities or the cause for
coloration of the reaction product. It is advantageous that the
concentration of bisphenol Ain the concentrated residual |iquid ranges

from?25 t 40% b i ght .. The concentration_thergof, n._hkeing | r than
2506 by Wkt 3Tt e n g PR REEITerl (et OF LY s sRerbioeA e fLES 1 ne
concentration thereof, n _bei ng hi gher than 40% by weight, ,causes

G TErcul By isamer A PiiBRer AeaPrBotiFina A A Re ke i Xk SEEAPRERR { on of
bi sphenol A and phenol adducts from the concentrated residual liquid is
usual | y E3ARRBERd BN Bachbm 10 tslvepTENBERLIODY c(imlﬁ*g RoyElyal 38844 i on
met hod whi ch conpri ses coo]ing under reduced pressure taking advantage of
the | at emelavétst) uf sekaased umpbei rangomwf wsualy @fotesih dmet howferably
crystallization treatnent is perforned usually under the conditions

i ncl udi n§.&atbenpdmatiure in the range of 40 to 70C and a pressure in the
range of 3 to 13 kPa by adding water in an anount of 3 to 20% by wei ght

approxi mat el y Th @hlehfreesuzenteef Eiche €61 tthéabrésamit GnvdReioat e treabeioddded,
when being | ess than 3% by wei ght, causes insufficient heat-renoval

capact LY mHRAFEADrkiife WRliCTro N DELRAGEDLGLERAR BO3-BYe IRy 1 ol

unf avor a ' eads to an i1 ncrease 1 n dissolution I sph

Mse to Erpal e Bhod FR s BAc AR flethive. BFTLORE ' S PSRN o hLT S
y of crystallrzation 1iquid or

solidifi (t:oalthl)v?fglngf sgrr}lee Sggseéri\skgleorneavsviltlhebet eg veernatcl>J eéng\lhg)rgample of the

post-treatment. Firstly, concentration of the reaction mixture is
carried out prior to crystallization. The conditions of the
concentration are not specifically limited, but usually include a
temperature in the range of 130 to 170°C and a pressure in the
range of 13 to 53 kPa. The temperature, when being lower than
130 C , necessitates a high degree of vacuum, whereas the
temperature, when being higher than 170°C, brings about an
increase in amounts of impurities or the cause for coloration of the
reaction product. It 1s advantageous that the concentration of
bisphenol A in the concentrated residual liquid ranges from 25 to
40% by weight. The concentration thereof, when being lower than
25% by weight, results in a low recovery rate of bisphenol A,
whereas the concentration thereof, when being higher than 40% by
weight, causes difficulty in slurry transport after crystallization.

The crystallization of bisphenol A and phenol adducts from

the concentrated residual liquid is usually conducted by a vacuum
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bei ng higher than 70C, unfavorably brings about an increase in dissolution
| oss of bisphenol A Subsequently, the bisphenol A and phenol adducts that
have been crystallized in such a manner are separated by a TENBER 2005
met hod and thereafter are subjected to a cleaning treatnent with phenol.
Then the adducts that have been subjected to a cleaning treatnent are
separated into bisphenol A and phenol under the <conditions including a
tenperature selected in the range of usuall 130 to 200C, preferably 150 to
180C andC%OBPgsseWéS@éﬂ@@tté%m e Bod; awg’écéf SO 305 ¥ PAOOTHIE 1 SRR
phenol in the bisphenol A obtained by the separatjon treatnment is renoved
to a subtednecedl pyesonpes etakens emdvEnts eSEPIENBER 2o6Bthhesiteth ¥ /I ng
nmet hod or the |ike method, whereby bisphenol A with high quality is

obt ai nedvapnorigediofhol Imovihe tdforpsaskmethoéntinystallizatiendéseatithedti is nore
detail with reference to conparative exanples and working exanples, which
however shafdrnned ensthbhliyt uddeprtaeenbndimienti oncluldiagehotedmypampterd ithr ee
sets of reaction .towers were connected in series which were each filled in

W th a ceghéomeyednge (EeF0CCHIMDEPrebsussllinonBbeeh 5y M8 to 13 kPa
di vi nyl benzene copol ymer (manufactured by M tsubishi Chem cal Industries

. s A3id Weme ) oncH 1OEorcubp s Dot ot oo

an LHSV of Ehehrconcentrated residual liquid. The water to be added, when
being less than 3% by weight, causes insufficient heat-removal
capacity, whereas the water, when being more than 20% by weight,
unfavorably leads to an increase in dissolution loss of bisphenol A.
Moreover, A crystallization temperature, when being lower than 40°C,
gives rise to a fear of an increase in the viscosity of crystallization
liquid or solidification of the same, whereas the temperature, when
being higher than 70°C, unfavorably brings about an increase in
dissolution loss of bisphenol A.

Subsequently, the bisphenol A and phenol adducts that have
been crystallized in such a manner are separated by a well known
method and thereafter are subjected to a cleaning treatment with
phenol. Then the adducts that have been subjected to a cleaning
treatment are separated into bisphenol A and phenol under the
conditions including a temperature selected in the range of usually
130 to 200°C, preferably 150 to 180°C and a pressure selected in the
range of 3 to 20 kPa.

The residual phenol in the bisphenol A obtained by the

separation treatment is removed to a substantially complete extent
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, While supplying acetone separately to each of the reaction towers,
“wherein the nolar ratio of total acetone/phenolwas 1 / 10, the nolar ratio
of ethyl mercaptan/total acetone was 1 / 20, and the inlet fSEBIEMBER2§05
each of the reaction towers was set on 75C. The catalyst in the first stage
reaction tower, which was deteriorated in its catalytic activity wth the
proceedi ng of the reaction, was replaced with a fresh catal yst. Thus the
reaction tower was placed in the final stage, the previously second stage
reacti on by osteramastippateg imethhd 61 thte ikegen e dnatl,t wheedyi busilyerdli Ad
stage reaction tower was placed in the second stage. Even after the

reshuf f | eweth tighr gaalitgnid ebesised.t was possible to maintain the running
wi t hout reducing the production rate, while suppressing the 12 5 SEPTEMBER

2005 val ue R torj e%atthefﬂhl%ws-rh?ht(a i—'@sﬁ]tbeif;ﬂre%t?&q @#fif1ehet R seef file of
t he reaction towers and hue of bi sphenol A as the objective product

are gi vegmbg e TAUBILw e flfd g hv& gémgagaméeoh&%p/f?wgag' W I%Ig

I
t
eval uate hatlng e same I'n an a ere of "alr

m nut es use st andar co or. go ar ative Exanple 1 In the
sane mann a%“? gﬁ‘bﬁ PWeNETe ShAl] snEYef HB it e é},},gfgn\ﬁeﬁ VERHAGCt ed
in series which vvere each filled in with the cation exchange resin sane as
in Exanplfélql'.etSubsequently, the first stage reaction tower was charged with
a mxture_of phenol and ethyl nercaptan at an LHSV of 1 hr , while supplying
acet one sEgamapkd ylto each of the reaction towers, wherein the molar ratio
of total acetone/phenol was 1 / 10, the nolar ratio of ethyl
Three sets of reaction .towers were connected in series which

were each filled in with a cation exchange resin composed of
sulfonated styrene / divinylbenzene copolymer (manufactured by
Mitsubishi Chemical Industries Ltd. under the trade name "Diaion

SK-104H"). Subsequently, the first stage reaction tower was charged

with a mixture of phenol and ethyl mercaptan at an LHSV of 1 hr

1
, while supplying acetone separately to each of the reaction towers,

wherein the molar ratio oftotal acetone/phenol was 1/ 10, the molar
ratio of ethyl mercaptan/total acetome was 1 / 20, and the inlet
temperature in each of the reaction towers was set on 75C.

The catalyst in the first stage reaction tower, which was
deteriorated in its catalytic activity with the proceeding of the
reaction, was replaced with a fresh catalyst. Thus the reaction tower
was placed in the final stage, the previously second stage reaction
tower was placed in the first stage, and the previously third stage
reaction tower was placed in the second stage. Even after the

reshuffle of the reaction towers, it was possible to maintain the

running without reducing the production rate, while suppressing the
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mercaptan/total acetone was 1 / 20, and the inlet tenperature in each of
the reaction towers was set on 75C. The catal yst

tower, which was deteriorated in its catalytic activity wi t HSER

in the first _stage reaction

Png
of the reaction, was replaced with a fresh catal yst, but the reshuffle of

the reaction towers was not conducted differently from Exanple 1. The val ue

R before
bi sphenol

and after the reshuffle of the catalyst and the hue of the

A as the objective product are given in Table 1. 13 5 SEPTEMBER
2005 Tabl ealukHbetofleFs rtdtsSeon@hbi v alpreodldte &t agatl ade&t dhe( A3} flE0dnpl e
lbefore reshuffle of 2.02.02.510 reaction towers after reshuffle of
2.02. 02. O{Her pagtiion tOWRES £ROPtHé eudaiOtke Nehteld Af a2. Zile 9B OMIve
Exanpl e 1lcatal yst after reshuffle of 1.12.13.415 catal yst | NDUSTRI AL

APPLI CATI Noduct are given in Table 1.

Therein the hue of the bisphenol A was visually evaluated by
heating the same in an atmosphere of air at 220C for 40 minutes
by the use of APHA standard color.

Comparative Example 1

In the same manner as in Example 1, three sets of reaction
towers were connected in series which were each filled in with the
cation exchange resin same as in Example 1. Subsequently, the first
stage reaction tower was charged with a mixture of phenol and ethyl
mercaptan at an LHSV of 1 hr o , while supplying acetone
separately to each of the reaction towers, wherein the molar ratio of
total acetone/phenol was 1 / 10, the molar ratio of ethyl
mercaptan/total acetone was 1 / 20, and the inlet temperature in
each of the reaction towers was set on 75°C.

The catalyst in the first stage reaction tower, which was
deteriorated in its catalytic activity with the proceeding of the
reaction, was replaced with a fresh catalyst, but the reshuffle of the
reaction towers was not conducted differently from Example 1.

The value R before and after the reshuffle of the catalyst and
the hue of the bisphenol A as the objective product are given in

Table 1.
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According to the present invention, it is made possible to efficiently

. produce bi sphenol A having favorable hue, while mintaining the feed rate
of acetone at a relatively low level by virtue of the proceSSEPSEMBER205ng
t he bi sphenol A from phenol and acetone using a a continuous nulti-stage
fixed-bed reactors filled in wth cation exchange resin, wherein the ratio
R of the feed rate of acetone to the consunption rate thereof in the final
stage reactor falls within the range of nore than one and less than 3. 14 5
SEPTEMBER 2005 CLAIMS 1. A process for producing bi sphenol A by continuously
suppl yi ng phenol to a first- stageahleattor in a continuous multi- stage

fi xed-bed reaction system conposed of sane size of three reactors that are

connected i ﬁ—wﬂa——a-—eﬂh—en—eﬂrhw as a
catal yst and at the same time, contjnuously sBpplying aclet gEparately to
each of the reactors, characterized py.aryangi n 1)yw.a_keact or ichis
filled in with a fresh or regenerat edF](fﬁ{i ﬁe%ﬂ@gaﬁ%&réesiwoﬁc hird stage
of the reaction systemin replacing [I8tages s;;ggéquﬁtygedet{@mmat ed cation
exchange resimin catgleltlc ClIVity[wth tjne fTresh or rjegenerated cation
exchange redi¥ample habeforereg ‘é%-l@ Of%/2) 9 @ rieact@r |of othe [previgusly second
stage to the first rdact@pc@pdtokdlsp reactjor of the previously third stage

to the first reactor, acetgnme—are [subjected -t o
reaction under the dofiarrpemsftlenedl udi ng)a acze¢ode/ phendl mojgr ratio in
u

the range of 1/30 to 1/13eaac@f$natorw?é3z%t on tenperaturle in the range of 40 to
150' C,
Comp'tive |before reshuffle of 99 1.9 2.9 10
Example 1 catalyst
after reshuffle of 11 91 3.4 15
catalyst

INDUSTRIAL APPLICATION

According to the present invention, it is made possible to
efficiently produce bisphenol A having favorable hue, while
maintaining the feed rate of acetone at a relatively low level by
virtue of the process for producing the bisphenol A from phenol and
acetone using a a continuous multi-stage fixed-bed reactors filled in
with cation exchange resin, wherein the ratio R of the feed rate of
acetone to the consumption rate thereof in the final stage reactor

falls within the range of more than one and less than 3.



setting the |l oad of the each reactor on 10: 7: 4, approximately fromthe
upstreamto downstreamsides in the production of bisphenol_ A when the
cati on exchange resin has a enough activity, and operating % REPTEMBERZ04§¢
reactor so that the ratio R of the feed rate of acetone to the consunption
rate thereof falls within the range nore than one to less than 3 even if
the cation exchange resin deteriorat,ggqin catalytic activity. 2. The
process for producing bi sphEnOl a strongly acidic sulfonic acid type ion
Exchange resin . 3. The prCCESS for producing bi sphenol A according to
Caim &, \m%re'% RPN IS isedngs 8:Cocaldl yspt Lp the E%%ds%‘} .
system al. ong .\, % ratd xehange. Lesidhcrdy Ehe P ‘E%ﬁui&é REQQUcl ng
bi sphenal, ;4" actQidbog Q&L bMm s§st¥\E‘eE8r|n£'o§&ie JETcaptan; ks 4n glkyl
nercapt%Qﬁct%?s that are connected in series and are filled in with a
cation exchange resin as a catalyst and at the same time,
continuously supplying acetone separately to each of the reactors,

characterized by arranging (1) a reactor which is filled in
with a fresh or regenerated cation exchange resin on third stage
of the reaction system in replacing the most seriocusly
deteriorated cation exchange resin in catalytic activity with the
fresh or regenerated cation exchange resin of the first stage, (2)
a reactor of the previously second stage to the first reactor and
(3) a reactor of the previously third stage to the first reactor,

wherein the phencol and acetone are subjected to reaction
under the conditions including an acetone/phenol molar ratio in
the range of 1/30 to 1/3 and a reaction temperature in the range
of 40 to 150°C,

setting the 1load of the each reactor on 10: 7: 4,
approximately from the upstream to downstream sides 1in the
production of bisphenol A when the cation exchange resin has a
enough activity, and

operating the final stage reactor so that the ratio R of the
feed rate of acetone to the consumption rate thereof falls within
the range more than one to less than 3 even if the cation exchange
resin deteriorated in catalytic activity.

2. The process for producing bisphenol 2 accoerding to Claim

strongly =&zcidic

[\

1, wherein the cetiocn exchenge yesin is

sulfonic acid type iocn exchange resin.

3. The prccess for producing bisphenol A sccording to Cleaim
1  wherein mercepten is used &s e cocatelyst in the reaction

system along with the cetion exchenge resin.

4 The process for producing biephenol A &accerding to Clzim

'3, wherein the mercepten is &n alkyl mercepten.
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