WO 01/ 83416 PCT/JPOL/ 03660 - 1 PROCESS FOR PRODUCI NG BI SPHENOL A 5
Technical Field: This invention relates to an econom cal process for the
product i ovoof/sfaigh grade bi sphenol A which is excellent parerldimsedoue and
which is thermally stable and is not colored at a high tenperature. 10
Background Art: One known net hod of produci ng bi sphenol A (hereinafter
referred to as BPA) includes a step of introducing crude BPA, which
contains inpurities such as 15 reaction by=products, into a crystallizer to
formcrystals of an adduct of BPA with phenol and a nother |iquor. The
crystals separated froma nother liquor are introduced into a

dephenol ation step to renove phenol and to yield high purity BPA Most of
the nother liquor is recycled to 20 a reaction zone while a portion thereof
is purged and treated to BROGESS aF QRIrFRORGC THE hRE SPHGNOL And a resi dual
tar. The purified nother liquor is recycled to the reaction zone. The
crude BPA al so contains an_acid contam nant 25 which causes deconposition
of BPA and prbeekeienl ofiphehol and i sopropenyl phenol during

distillation, crystigldizedéotioRnteDites Séeps. edbHSmithli prondesi rabl e
to let the acjid cont

ﬁ ant t accumul a e i n tg sys ée %n.the above
process, the HF PR AR RAn? n%ﬁg%egﬁﬁ %Ig%ﬁg 888 ﬁbfﬁ %?sten1together
with the tar.ekosklent inncotderhte amiinvhainhthe tbactwairlzt soabok ehd acid

cont am nant ifstggtp§gfg§§dlégeaaﬁlaﬁ acqagpt-abligcl evel, it is necessary to
increase the purge flow rate of purge to exhaust the acid contam nant

wth prod@%s fluid 35 containing phenol, inpurities |like 2,41-BPA, etc.
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One known method of producing bisphenol A
(hereinafter referred to as BPA) includes a step of
introducing crude BPA, which contains impurities such as

15 reaction by-products, into a crystallizer to form crystals
of an adduct of BPA with phenol and a mother liquor. The
crystals separated from a mother liquor are introduced
into a dephenolation step to remove phenol and to yield
high purity BPA. Most of the mother liquor is recycled to

20 a reaction zone while a portion thereof is purged and
treated to obtain a purified mother liquor and a residual
tar. The purified mother liquor is recycled to the
reaction zone.

The crude BPA also contains an acid contaminant

25 which causes decomposition of BPA and production of phenol
and isopropenyl phenol during distillation,
crystallization, and other steps. Thus, it is undesirable
to let the acid contaminant to accumulate in the system.
In the above process, the acid contaminant may be

30 discharged from the system together with the tar. However,
in order to maintain the concentration of the acid
contaminant in the process line at an acceptable level, it
is necessary to increase the purge flow rate of tar purge
to exhaust the acid contaminant with process fluid

85 containing phenol, impurities like 2,4'-BPA, etc. This



operation causes a problemof an increase in BPA production costs.

Di sclosure of the Invention: 5 The present invention has been nmade in view
of the abovesyt®blem and is ainmed to provide an econonm CRCT/JRPN®EE@®S wWhi ch
can reduce raw material phenol consunption wthout adversely affecting the
grade of product BPA. In accordance with the present invention there is 10
provi ded a process for producing bisphenol_ A conprising the steps of: (a)
reacting a feed containing phenol and acet©ne in the presence of an acid
catalyst to obtain a product stream containing bisphenol A, phenol and an

acid 15 cont aspdredtioh byadissi bl phgosandoproduchcséseanihoppenove acetone
and to obtain a.gotton1st5e€n1containing bi sphenol A, phenol and an acid
cont anmi nant ; Q%S %?3%?%I?| %g said bottomstreamto obtain 20 crystals of
adduct of bisphenol A with phenol and a nother |iquor containing an acid

contam nant andsPNeHQle &) LMY O phenol fromsaid crystals to yield
bi sphenol A, (e) recycling a fiyrst portion of said nmother |jquor 25 to

step (a) &s part of TRARFFIHHE 1RYerTEM i PRSP PILER oRRe r EhaY Heér OpoFfon of
said nother dbpowerpteopemmgend fesathiadl tarpasdidie arcevehomicpurified

i quor, the ampunt_of saij ond.portion being. 0.5 r I ght per
100 parts by Revght oy Ee SEE ReeREr FeRUBTO0n ) BacePTn g SeRtm R £
liquor to stepifuasadparseby sbfectied; thadotadesabj peoflngtabPheast one

of (i) at least par{nofccsphghéeefhthiine atrdsast DPRGEnefonatdepsodyct
streamand 35 (iji) at |east gart of sgl first ortlgn of said, mpt her WD
01/ 83416 BcT/DFI+83B6H Proges for producing bisphenol A, comprising

the steps of:

(a) reacting a feed containing phenol and acetone in
the presence of an acid catalyst to obtain a product
stream containing bisphenol 2, phenol and an acid

15 contaminant;

(b) distilling sald product stream to remove acetone
and to obtain a bottom stream containing bisphenol A,
phenol and an acid contaminant;

(c) crystallizing said bottom stream to obtain

20 crystals of adduct of bisphenol A with phenol and a mother
liquor containing an acid contaminant and phenol;

(d) removing phenol from said crystals to yield
bisphenol A; ,

(e) recycling a first portion of said mother liquor

25 to step (a) as part of said feed;

(£) treating a second, remainder portion of said
mother liquor to purge a residual tar and to recover a
purified liquor, the amount of said second portion being
0.5-5 parts by weight per 100 parts by weight of said

30 mother liquor;

(g) recycling said purified liquor to step (a) as
part of said feed; and

(h) subjecting at least one of (i) at least part of
said feed, (ii) at least part of said product stream and

35 (iii) at least part of said first portion of said mother



liquor to a treatnment for renoving the acid contam nant contained therein,
so that the concentration of the acid contamnant in said bottomstreamto
be suppl ivedot/gs4sé¢ ep (c) is maintained within a range of BCODOHNMM3&OMeq/ L. 5
The present invention will be described in detail belowwth reference to
t he acconpanying drawing, in which: Fig. 1 is a flow sheet for a system
suited for carrying out a process of producing BPA in accordance wwth 10
the present invention. Referring to Fig.” I, designated as 1 is a reactor to
which a feed containing raw materials (m xture of phenol and acetone) from

ahl [ nf 11 is Iﬁgh%f\rwg@ trogsmdsSt angr 1:];5emodfi\n<_§jh’@hée@@i@r cé?taﬁ@h@ﬂﬁ and
phenol are reacted in.the resen e a stron cid.cataly such ,as a
sul foni c aC|%O?W€1%%t€%%r% hange’ %Ei‘ﬁl}e T%%n?%ggf?gﬁopsﬁgghgr3?%9
carried out aioratarenpm’atlmesaﬁdm@m spredmeradl ye 55uBpliedheor ebepi on
pressure has éttig&hg% qu@hillpe @&@éogflcbngoiegcglﬂgqgﬂd |s not 20

specifically Iimte ereactor Is a fixed systéem

reaction Pressure |“§1§)rlé‘f%‘f%€b¢ leil‘heri“WeOIF dibel Rf ‘@)e%)‘?)r%}b%dl\/% "Fl?%?r;r%he

st andpoi nt ofpdEesitiweeh neshenéged tsttiengibcoipdfgingactawing, avni dance of
cat al yst crusqil he sul foni c acid-type cation exchange resin is 25
preferably i n formof a gel and is partially nodified with a

sul fur - cont ai ni ng ctinpouhdis pr ef kpwabslyeat chmpounsly s benvi siglibedefenpt o group

and a terti araaﬂ§{§§egu€0$tﬁ£6‘&é@s QEOHB‘Podéé'fﬁ agpiel fapteglhyhpyr idtne Of
mer capt oal kyl am nie es of the sulfur-containing conpounds include 2

30 mer captfoet Hy# éﬁ?%e%*hdl@v?nﬁjr%t hyl t hi azol i di ne. The nodification of
the cation exchangaéﬁé;rmm@yt@eFmrfDr nislsidyatedachsng ibearesaotvithoa

art of . gencia ey 550 %oént%%e#ﬁ?a%w g S
groups are noahdiadewprd) t Reosubf 4ineohtailsi rf@dV\@hGﬂb@?MﬂSLIT@@T/lﬁD@HCDSB%O
In the reactor 1, acetone and phenol are reacted in the

15 presence of a strong acid catalyst such as a sulfonic
acid-type cation exchange resin. The reaction is
generally carried out at a temperature of 45-95°C,
preferably 55-85°C. The reaction pressure has little
influence upon the BPA producing reaction and is not

20 specifically limited. When the reactor 1 is a fixed bed
system, the reaction pressure is preferably in the range
of 0.05-0.5 MPa from the standpoint of required mechanical
strength of the reactor or avoidance of catalyst crush.

The sulfonic acid-type cation exchange resin is

25 preferably in the form of a gel and is partially modified
with a sulfur-containing compound, preferably a compound
having a mercapto group and a tertiary nitrogen-containing
group, such as mercaptoalkylpyridine or mercaptoalkylamine.
Examples of the sulfur-containing compounds include 2-

30 mercaptoethylamine and 2,2-dimethylthiazolidine. The
modification of the cation exchange resin may be performed
by reacting the resin with a sulfur-containing compound in
water or in an organic solvent such that a part of,
generally 3-30 % of, preferably 5-15 % of, the sulfonic

35 acid groups are modified with the sulfur-containing



4 _ conpound. The catalyst is preferably in the formof particles and
packed in a cylindrical reactor. The average particle dianeter of the
cat al yst want/gahes is preferably 0.2-2.0 5 nm nore preferablpoi®3é¢sol. 5 nm
with the uniformty of particle dianmeter distribution being in the range
of 1.0- 1.4, preferably 1.0-1.3. The average particle dianeter herein and
the uniformty of particle dianmeter distribution are as neasured in the
state where the 10 catal yst particles are Swol len with water. The
uniformty of particle dianeter distribution Z is defined by the formula:
= A/ B wher etdmpoand. B are the sizes of openings of sieves 15 through

whi ch 40 vol unme % gnd 90 @6 volune ﬁ% hIP cata gst §art| Ies £en§in
unpassed, respectively.%Fh %50%?0%r SETPLYi At E3cPoP T 1PRE 4S8 Rar ged
t herefrom as an@rpdubedsineantyhlndghcalIraect@r ThEhe produege spaeahcivi ch

cont ai ns b'SQQEQRét€$O§?eE ,c§9aygésaggféleﬁggoms p%@f@%bglgoﬂtéﬂbn@nt or

free acid derived he aci d , reaction r odu etc is
fed through i meond Peehedrkiv| PatibndzBRe"2NstBR §§lf8rEP§V|P¢at|on

tower and/ or @éh:’@y@l)@r@i@meté\ﬁ_’iediﬁs@rﬂbﬁtibhabélﬁgnﬁ_ﬁl RhBag rwater oruar, eact ed

d h d_and. di sch hal
210 A bot Lont skt GAFFFPBRVERG: VSt T FFatl Uh SURES: ot ol et Bl Sofnol A

phenol and ahhaxeunc@ndahhﬂannlfsrmedythfopghtlalbldeamztem a crystallizing

zone 8, wher qiberPollLogh SLECEE 4eacLLadihocher BLEEKS]Aks Ofpadduct of
bi sphenol A 30 W th gheno The crystals_are separated fromthe, not her

i quor coMt ai 2 PRLBAC aRRACEBHE ANFRANEVGHUCBhERSP HAGSEhen N oMt FOr Bl Hxt

dephenol ati ono stepr8ithe odghmatétnei 28ribkeebar ably, delienedysyakhezation is
repeated two pr hore. times. 35 In one preferred enbodi nent, the
crystallization Th :

Z = A/B

wherein A and B are the sizes of openings of sieves

15 through which 40 volume % and 90 % by volume of the
catalyst particles remain unpassed, respectively.

The reaction mixture in the reactor 1 is discharged
therefrom as a product stream through a line 17. The
product stream which contains bisphenol A, phenol,

20 unreacted acetone, an acid contaminant or free acid
derived from the acid catalyst, reaction by-products, etc.
is fed through a line 20 to a distillation zone 2, such as
a distillation tower and/or an evaporator, where a
distillate containing water, unreacted acetone and part of

25 phenol is separated and discharged through a line 21. A
bottom stream from the distillation zone 2 containing
bisphenol A, phenol and an acid contaminant is fed through
a line 22 to a crystallizing zone 3, where the bottom
stream is cooled to form crystals of adduct of bisphenol A

30 with phenol. The crystals are separated from the mother
liquor containing an acid contaminant and phenol and then
sent to a next dephenolation step 8 through a line 23.
Preferably, the crystallization is repeated two or more
times.

35 In one preferred embodiment, the crystallization in



WO 01/83416 PCT/JPOL/ 03660 5 the crystallizing zone 3 is perforned in a
series of first and second crystallization stages and wherein crystals
obt ai ned woanot/kga1d i rst crystallization stage are di ssol vedrCi/mpqlvgssol
suitably a nother |iquor separated fromthe 5 second crystallization stage,
the resulting solution being subjected to crystallization in the second
crystallization stage. The first crystallhzation stage is preferably
carried out using a series of two, first and second 10 crystallizers in
such a manner that the bottomstreamfrom the distillation zone is cool ed
to formrel attmMel ¥yriatgeliciygt abse(pULe peedoetpst ahsh ekrtihe adduet-st

crystals having |l ess_than 3 of a conte of fine stals
W ih o di anot pdoraBRtoRr etk lYalhbtoastoed G0 FlbetiBnearat R el ur ry
in the first obyslabdlzerths fiedttoryhéaéécgadl©my§tagblaée dadsodukdd at

a tenperatUreln'Bw@ﬁoihaBu&Ble?”BeﬁékHéﬁ of gLBe %b%%%a%%ﬁ5%§bhl%ﬁé to
grow the seed crystals and_to form adduct c&%sta s havin | ess than 30 %

by wei ght %f éeE%ﬁgeﬁfyéFa%iﬁéaE%9§téFég?® ?hrésaﬂéﬁéﬂeFOéFtEQG Bﬁﬁ&ﬁ

| ess. The crystiljectedned tnytbelseeandoar yat ahki zecoatecryepatatiedtiovam

t he not her Ilgggr and are dissolved with phenol again. The solution is
crystallized Tn ¥He second crystallization stage which is also preferably
carried out 25 usingha Sérgescoystablichtidnantiapeuishpeeystablizers.

Thus, the SO'HB&PﬂeasoﬁgduEQnﬁhg EQkEQsCBESE%b|'%%&s%“@ndcgghgﬁdto form
relatlveu{ Iaﬁge chi gure seed cr stals) t he adduct haV|n% | ess
than 30 by GeYght %Zeésc Rt EREN0R TRR eEr§§?§|§hﬁ|Pﬁt§°@1éﬁEFéP #°%00
pm or 30 Iessth&helse&dlatyshahSneombabbbmgdskarEprmnrbmet&heag large

crystallizer b% é&&;%ﬂ? ggé&hc%w%gi‘égt ) tgedaaaa ‘Edcrg %ﬂse”perat ure

| ower than the ¥ rzer ure W the crystals
and to forn1ch§§%@gsleﬁavthgﬂl§§30thanW3®g@¢b9fwélgﬁﬂtéﬂtaoéoﬁﬂéﬁt of fine

crystals with a diameter of 100 pm or less. The seed

15 crystals-containing slurry in the first crystallizer is
fed to the second crystallizer and cooled at a temperature
lower than the temperature of the first crystallizer to
grow the seed crystals and to form adduct crystals having
less than 30 % by weight of a content of fine crystals

20 with a diameter of 100 um or less.

The crystals formed in the second crystallizer are
separated from the mother liquor and are dissolved with
phenol again. The solution is crystallized in the second
crystallization stage which is also preferably carried out

25 using a series of two, third and fourth crystallizers.
Thus, the solution is fed to the third crystallizer and
cooled to form relatively large crystals (pure seed
crystals) of the adduct having less than 30 % by weight of
a content of fine crystals with a diameter of 100 pm or

30 less. The seed crystals-containing slurry in the third
crystallizer is fed to the fourth crystallizer and cooled
at a temperature lower than the third crystallizer
temperature to grow the seed crystals and to form crystals
having less than 30 % by weight of a content of fine

35 crystals with a diameter of 100 pm or less. The crystals



35 crystals with a diameter of 100 pmor less. The crystals WO 01/ 83416
PCT/JPOL1/ 03660 6 forned in the fourth crystallizer are separated from
not her | ivoor/834mel t ed by heat and sent to a next dephenopbéar/iiem/sésep. Th
not her |iquor obtained in the second crystallization stage is preferabl
used to 5 dissolve the adduct crystals obtained in the first

crystallizati

on stage. The nelted crystals_of the adduct of bisphenol A

wi th phenol obtained in the crystaII|2|ng Sone 3 are sent to the
dephenol ati on step 8, where the phenol is renoved 10 fromsaid crystals
yield bisphenﬁérﬁe@hiﬁhthé feaovier edysthlbdugbraakéneeBaraltbe dephennkati on

Ty be arriafhOilo DYeany, suiigbhennaug nebhod.alnegne preferred
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0 e nDt

counmarone conp

[iquor is recycled through line

24, 31, 12, 13 and I epe preferred embodlment according to the present

15

25

30

35

invention, the dephenolation is performed by melting the
crystals to form a melt containing bisphenol A and phenol,
the resulting melt being heated to evaporate the phenol.
If desired, the evaporation may be followed by stripping,
for example, steam stripping.

It is preferred that, before the evaporation, the
melt be contacted with a cation donating solid to
neutralize a strong acid contained in the melt with the
cation donating solid. By this treatment with the cation
donating solid, decomposition of bisphenol A during the
heating of the melt can be effectively prevented and a
high purity high grade bisphenol A can be recovered with a
high yield. As the cation donating solid, a glass fiber
may be suitably used.

The mother liquor obtained in the crystallizing zone

and
S

3 is generally composed of 8-12 % by weight of bisphenol A,

75-90 % by weight of phenol and 5-15 % by weight of
impurities such as acid contaminant, polyphenols such as
trisphenol and coumarone compounds. Most of the mother
liquor is recycled through lines 24, 31, 12, 13 and 16 to
the reactor 1 as part of the feed. Another, remainder
portion of the mother liquor, which is 0.5-5 parts by-



the reactor 1 as part of the feed. Another, remainder 35 portion of the
not her liquor, which is 0.5-5 parts by WD 01/83416 PCT/JPOLl/ 03660 7

wei ght pavow0OSB4parts by wei ght of the nother liquor, is PewJr@/oacHOUr ge
recovering zone 4 through a line 25. In the purge recovering zone 4, the
liquid is treated to purge tarry conpounds and to recover a purified

nother 5 |iquor. Acid conpounds are al so Sﬁparated fromthe nother |iquor.
When the anount of the nother liquor fed to the purge recovering zone 4 is
| ess than 0.5 part or less, inpurities such as high boiling matters and

acid cont amwaingist as€r bud O t paipt & Nb{y hee SyBLeart @héamseharlﬁzlqaduct ien of
t he grade ofzégﬁi:Too | arge an_anount of the ther qur fg to; t he
pe

purge recovering Zone % ee&%%%ger%?g5zﬁg?ts rouggh? par?s by

wei ght of thetlwtiherge | Fe@ovethey eases ﬂhethawlmtledl ab toﬁstmit ton and is

econoni cal |y gaﬁga@vféﬁfge@éﬁﬁp@@ﬁ@gsgn@hgaoke&exsérI Qc§ﬁ§§9§ed Paétﬁeef erably,
the purge recovering zone 4 includes a phenol distillation tower,

react or pr50w3d3e‘éiu%t h A< &%ﬂ%ﬂ%ﬁd&r Biferdt T RN VRLE ULFRTR ot tm%?%e%nd a
strong aci d-1y@eot on vgxehailge anesint contigidingtHomeliqudr t fied pargee

recovering za 4 h r 2 i 0 flr fed,to_the
dIStI||atI0n:§EM%¢ %o§¢ecove on% o?g ESQ% ?aﬁléte p?%% 80t%8§$$trean]
concentrat ed ¥eRbektig¢guench as hhﬂho@gtéﬁngnm@ttﬁésréadt@ﬂldﬁth added

basi c Cata'yS&@nt&%ﬁHéﬁ%&SQP@”@ullErhﬁpbﬁ“@heaQQs@éHeEop@EMBBeBO|S
contalned in t%% bott om stream ar cracked into 25

i sopr operyfl phetSiC G phknbhe QI?ﬁ% %gt%?§st TQ@N#%?Q?K?“l?HRH??l%@ Eeh as
chronmans conpowirigsr alfqmmiyﬁ@@deoseﬁetpurgerﬂehogérbnglzngenﬁtﬁerexcbas

e | niroauced et ne SDnAehaar Pap iRl B PR Dapareoare o RPE FERRLE |

are |ntroduce i nt nden . pors=are con
the distill atJelCﬂlF@lﬁn-tIPFér@@%WHﬂa@l AWt BREE L aAd @@ﬁaéméél@nmédcéﬁdensed

streamis thescdeshi@athe §1E809aAChEebdBELERRUBRCARGR T loss increases.

15 Preferably, the purge recovering zone 4 includes a
phenol distillation tower, a reactor provided with an
evaporator operated under vacuum conditions and a strong
acid~type ion exchange resin-containing tower. In the
purge recovering zone 4, the mother liquor stream 25 is

20 first fed to the distillation tower to recover a phenol as
distillate. The bottom stream, concentrated mother liquor,
is introduced into the reactor with added basic catalyst,
where bisphenol, trisphenol and other polyphenols
contained in the bottom stream are thermally cracked into

25 1sopropenylphenol and phenol by the catalyst, while the
impurities such as chromans compounds are polycondensed to
form high boiling matters, tar.

The recovered vapors of isoprophenyl phenol and

phenol from the reactor are introduced into the condenser

30 where the vapors are contacted with the distillate from
the distillation tower and condensed. The condensed
stream is then fed to the strong acid-type ion exchange
resin-containing tower so that bisphenol A is formed as a
result of the reaction of phenol with isopropynyl phenol.

35 The effluent from the tower represents the purified liquor



resin-containing tower so that bisphenol Ais forned as a result of the
reacti on of phenol with isopropynyl phenol. 35 The effluent fromthe tower
representvéovhigs4paurified |iquor WO 01/83416 PCT/ JP01/ 03660PCBJPIlB@ioned from
the purge recovering zone 4 and is recycled to the reactor 1 through |ines
27, 12, 13 and 16. The high boiling matters obtained in the reactor is

di scharged as residual tar through a I|ne 26. 5 If desired, the tar from
the line 26 nay be used as a fuel oil %elng m xed and diluted with an
et her by- products oil including aronatlc et her obtained froma phenol
production processnedhéromrthe p80g230€cpyefedgt eona Ai rRhAgizomecyaleki ch
the dilutant by produchssol 119thﬁ§Hdee§r 7Bl 19, eaBeLAal 160 1IQOC Ts | ed

f or mX|ng Wlt e mx in ratio o f [ ut ant totetar is
0.1:1 to 2:1.hiHe weiiire wpsERAPgeATRIBAIL HB HlS%l @aC£eﬁelﬁsdé§6héag§é
that the tenp@sai@gﬁd@élth@rcankedghnEXLMﬁe ps.80-150C. A portion of the

cooled mxture is cle th m t he r nalnd
portion ei ng recé@g g% s he %e€a5if % %ﬁﬁelbpgsgﬁthXv 8 PP is
i nportant that fhel QohcbmtbaLngnmbkedhendcddlcbndawnhananlnthh@ bwrean122

to be suppl '%Po&@c%@eoﬂY%é‘hhaihgga%eﬂgt%csQQHEQ B%t%@n@&' %‘Ec@kn”%d Wi thin
a range of O ( Iequivalent/liter ngre erably 0,001-0.10

meq/L, in orkfef1eb Bﬁ?gPﬁthP@hpﬁPéléscrY%Q%J%a%fa (1230 §hes fed to
crystaIIiZIngaZ@mﬁlﬁg gunb bbogwhgendener ¥slakanbavg-pactiuakkyono acid

contam n contﬁnélnn ter QE ggﬁ?%c g %é ggeten&sl%ea %%It f.the

crystals. e COnCBNt ratri on aci d’ cont ami nant *8Pr eam 22
to be suppliedith t]tlheteryst?éhd |nz:1>mgnc20m@t® ext ety @lButr@ltqt Lto p‘ah@ Bbirt he

acid contam naatgi $. 1”€5U§9@ 'rTﬁé“hi&ﬁﬁ%é“é&éﬁhéf@é@dﬂﬂﬁﬁ tibtR{ pedyin the

crystallizing zone, As esult, in 30 succeedlng de henolitlon Step 8,
the acid cont ZAhaht CeaﬁeéssaeEBﬁﬁoEPF|BﬁmB?erﬂre SuFfPNG§OPAeEN i ncrease
of mixture is 80-150°C. A portion of the cooled mixture is

15 recycled to the mixing zone, with the remainder portion
being recovered as the fuel oil.

In the present invention, it is important that the
concentration of the acid contaminant in the stream 22 to
be supplied to the crystallizing zone 3 should be

20 maintained within a range of 0.001-0.5 meq/L
(milliequivalent/liter), preferably 0.001-0.10 meq/L, in
order to obtain high grade crystals of adduct in the
crystallizing zone 3. Such high grade crystals have
actually no acid contaminant content in terms of the acid

25 content in a melt of the crystals. When the concentration
of the acid contaminant in the stream 22 to be supplied to
the crystallizing zone 3 exceeds 0.5 meqg/L, part of the
acid contaminant is included in the crystals of the adduct
obtained in the crystallizing zone. As a result, in the

30 succeeding dephenolation step 8, the acid contaminant
causes decomposition of BPA, resulting in an increase of
phenol content in the BPA and coloring and degrading of
the product BPA. ‘

Thus, in the present invention, at least one of

35 (i) at least part of the feed introduced to the reactor 1



phenol content in the BPA and col oring and degradi ng of the product BPA.
Thus, in the present invention, at |east one of 35 (i) at |east part of the
feed i ntvodovedié o the reactor 1 WO 01/ 83416 PCT/ JPOL/ 036B0T/JB01/086000Ugh t he
lines 13 and 16, (ii) at least part of the product streamfed fromthe
reactor 1 to the distillation zone 2 through the lines 17 and 20, and 5
(iii1) at least part of the nother |iquor_which is recycled through the
lines 24, 31, 12, 13 and 16 to the reactor™1 1is subjected to a treatnent
for renoving the acid contam nant contained therein, so that the
concentrati onthodughethei tdivceat 4l andt 16n the stream 22 to be supplied to

10 the crystalljyzing 5895t3ﬁa§a0|gnEEEnggo&hEQ'Qt?eéﬁnSEdOEroﬁ @g%

meqg/ L. The lower Iimt contam nant concentration 001 neq/L
fromthe econbfiebPrviehporhe, disthébabighranenactdtherBIRng Sy siBRPI 7
reqU|red in oxder2vtp aA§ reduce the concentration of the acid contam nant
in the botto strea to an_extr nely 0 el .. The aci d.contam nant y be
oroved by CORTHEL| A ERBTaRFHCCER) AP TARELE BNt SERPRGVPLERa o FRCREa
absorbent whtichosglar teeéylehase84| npliri 1Resl3Eandpléstof thacheaBtalbsadr bent s
| ncl ude aCt'Vféeguﬁ€%E9Qd gbkal LogaLRongasLe rOxbYeRARd.anLoR exchange

resins. The anion e ange resins are pre era VWi I e various kinds
of ani on exc%%%@%m¥%§ﬂﬁsC@%ﬁabéeguFbéﬁﬁynusé@ 2 ?ttﬁéepGP§6§€t6ﬁthﬁe

present invenyf oaheté]@luseoﬁfaﬁmn@ﬂtemhan@esteéaﬁts225tbabenguppalteaasbc
ani on exgﬂpng# % grou slfuch as §rin§r¥ sec gn ar %ertlar amnes is
preferre % tra¥vve - of 8t f3bfe’a FoﬂaéQ ﬁéﬂa E nE &r &% AHber it e

( manuf acturedObQORomﬁiamquaas Conpany), Dowex (rran_uf actured by Dow
Chenical Inc.) and f}ai p5,3P {rR0UT 3t LhedabyaMbsrbhshhnEhen cal Conpany).

concentration is 0.001 meq/L from the economical wviewpoint,
since a giant acid removing system is required in order to

15 reduce the concentration of the acid contaminant in the
bottom stream to an extremely low level.

The acid contaminant may be removed by contacting
the acid contaminant-containing fluid with an absorbent
which scarcely elutes impurities. Examples of such

20 - absorbents include activated carbon, alkaline inorganic
oxides and anion exchange resins. The anion exchange
resins are preferably used. While various kinds of anion
exchange resins can be suitably used for the purpose of
the present invention, the use of anion exchange resins

25 having weak basic anion exchanging groups such as primary,
secondary or tertiary amines is preferred. TIllustrative
of suitable anion exchange resins are Amberlite
" (manufactured by Rohm and Haas Company), Dowex
(manufactured by Dow Chemical Inc.) and Diaion

30 (manufactured by Mitsubishi Chemical Company).

In the illustrated embodiments, (i) a portion or all
of the feed in the line 13 is introduced through a line 14
into an acid treatment zone 5 and fed to the reactor 1
through a line 15, (1i) a portion or all of the product

35 stream in the line 17 is introduced through a line 18



In the illustrated enbodi ments, (i) a portion or all of the feed in the
line 13 is introduced through aline 14 into an acid treatnent zone 5 and
fed to tiveoowsaator 1 through a line 15, (ii) a portion oPCEIPO1®B6Ghe
product 35 streamin the line 17 is introduced through a line 18 WO

01/ 83416 PCT/JPOL1/ 03660 - 10 into an acid treatnment zone 6 and fed to the
distilling zone 2 through a line 19, and,(jii) a portion or all of the
not her liquor in the line 28 is introduce&'through a |line 29 into an acid
treatment zone 7 and fed to the 5 reactor 1 through a Iine 31. However, one
or two of theinhbowe acedtheastmentszéne66andd7fedntbetbmi tiedililfing

desired. |t isopgefetredubhal theeaghd captaginant BereigROKedaon! yein the

acid treatment zone 7 fromt econofi cal standpoi ht. Because t
concentrati ontld¢ @%%hﬁﬁ ééHHOthFaﬁ?%a%%n%e?Suhﬁt195F8Q808§ FHéO§EPe§n1|n

the line 28 1§n@iggeintbaantaaidiﬁréaembhﬂezéae Y4and7 faadtd8ththe acid
r enoval % t he_ zone i re efffctlvglanq{eff|C|ent than in tPe zone 5

or 6. The anou%?cB?rt%eégf?lé%%?o tfeated’ 1 h each” ot oT15 ¥hea F%
renovi ng zonesbsvqg hagabwesti tabéy aetérﬁndea caucbedpmgttédthef

concentrat|ondggl£g§ aQi@.f%”HfH@éEHEd'EhaEr@hétéé§ﬁné6h$ﬁmiﬂ£@%e@% In the

present invention, i's no l'onger necessary that the om/rate of the
stream 25 to 5%@%%e?e€B%¥r§nzBﬁ% a96d4t§ﬁéﬁmln5ezpﬁéréa§é8mt5 Fenove acid
contam nant, stoeemibelastdngpoiati na@dsaide ttiee pEocesst 54t Pam af echenoved

0 o2 Lo 808 oot Degasl e IPY,00. 100583 Ly The oLEERTER 1 06
i mpurities oth@rishlaholsrathdncohatninahhs. lIhasl3evéﬁ mﬁénaﬂﬁelﬁwoﬁhﬁ of

the purge is;redueedovhie: quahityoRt Yheschyskakgratiribhe aadduetiebhtained
in the crystalllzatlon zone 3 Ls not adversely affected. As a consequence,

the amount of “R#R +3r5P8i €8R&r ged™t Arough the 1ine 26 can be reduced.
The amount of the stream to be treated in each of

15 the acid removing zones 5-7 may be suitably determined
according to the concentration of the acid contaminant in
the stream to be treated.

In the present invention, it is no longer necessary
that the flow rate of the stream 25 to purge recovery zone

20 4 should be increased to remove acid contaminant, since
the acid contaminants in the process stream are removed in
at least one of the acid removing zones 5-7. The
treatment in the purge recovery zone 4 may be carried out
only for the purpose of reducing impurities other than

26 acid contaminants. Thus, even when the amount of the
purge is reduced, the quality of the crystals of the
adduct obtained in the crystallization zone 3 is not
adversely affected. As a consequence, the amount of the
tars discharged through the line 26 can be reduced.

30 Thus, it is possible to produce high grade
crystalline adduct of BPA with phenol free of an acid
contaminant or free acid and, hence, to produce high grade
BPA free of coloring bodies, according to the process of
the present invention. The system for treating the purge

35 can be made compact and the amount of tars discharged



30 Thus, it is possible to produce high grade <crystalline adduct of BPA
with phenol free of an acid contamnant or free acid and, hence, to
produce Wa@hugpuacle BPA free of col oring bodies, accordi nBCT/@P(1eg660r ocess
of the present invention. The systemfor treating the purge 35 can be nade
conpact and the anmount of tars di scharged WO 01/83416 PCT/JPOLl/ 03660 - 11
therefromis small, since the anmount of _t § purge fromthe process lineis
small. Therefore, it is possible to reduce the anmount of acetone and
phenol supplied as raw materials can be reduced so that the production
costs of 5 BPthemdfbemredusedllFusihee, thenemotihé aci dher patrgenttriom thiee

present inve?%£8ﬁ3£ﬁ0¥§ﬁéOigegméﬂﬁh tiﬁg Iegp@eférﬁééggbpé fge acid

cont am nant tom stream to the crystalli zi ng zone
i s mai nt ai ned*©4rERi Bha @%ﬁ@%tonOaGGEQDeSaﬁéqPEenPHeSéﬁéﬁéﬁﬁoﬁsl6§H in 10
the acid renovatest &epscaanbper edaceddand thataﬁn@npraaubmgonab@@tbe@E in

the acid tre nt _can be reduced T ) aC| enpyved W

reduced cé%t2éﬁgh%a?aP?oﬁ?%BC%§anpﬁ Lbﬁ¥1 ?%ﬁ?%e? I?%%? gf%aF%%ntp%%sent
i nvention. Petkenpageent byveertghn. l&5pExénpmedlsUshnghahetapparatus shown
by the f'0“’588§ée9£r§t90n éf @E@ &@%dpEBHHQEQnaE%elﬂC%ﬂer%6%%bﬁ95%&%@% in

5 and 6 were omtted and the acid treatnent was carried out only in the
step 7. In thEOc??s?%PP?%?ﬁth0F€e3crEF§§§éP§169 ZPRE ééd@éﬂnﬁéﬂgeﬂashed
with 23.2 kg/hiphipuaerphgsobr Theolfbow maygs, eaedopkeeasiandlasal yhi cal

data wer s shovnoiRel o 20 EPag! oL, LoReaslign LemPeral urel0Ge v

Reacti on Ppressur e? onrc acrd ion exchange
resin (nanuf@bﬁgrb@nbylﬂbhhe&aemdstceﬁtaﬁyt Aﬁﬁebhlﬂ@dmﬁsd‘ Thus, the

acid can be removed with reduced costs.
The following examples will further illustrate the
present invention. Percentage is by weight.
15
Example 1
Using the apparatus shown by the flow sheet of Fig.
1, BPA was produced. The acid removing steps in 5 and ©
were omitted and the acid treatment was carried out only
20 in the step 7. In the crystallizing zone 3, crystals of
the adduct were washed with 23.2 kg/h of pure phenol. The
flow rates, conditions and analytical data were as shown
below.

25 Reactor 1:
Reaction temperature: 60°C
Reaction pressure: 0.3 MPa
Catalyst: Sulfonic acid-type cation exchange resin
(manufactured by Rohm & Haas Company; Amberlite 118-
30 H, average particle diameter: 0.54 mm, uniformity
off particle diameter distribution: 1.46) was sieved
to obtain a sieved product having an average
particle diameter of 0.69 mm and uniformity of
particle diameter distribution of 1.17. The sieved
35 product was treated so that 10 % of the sulfonic



30 H, average particle dianeter: 0.54 mm wuniformty off particle dianeter
distribution: 1.46) was sieved to obtain a sieved product having an
average want/suale di aneter of 0.69 mmand uniformty of pargpalogeadi anet er
distribution of 1.17. The sieved 35 product was treated so that 10 % of the
sul fonic WO 01/83416 PCT/JPOL1/ 03660 - 12 groups thereof were nodified
wth 2-nmercaptoamne to obtain the catqlﬁ%t; Product Streamin Line 17:
Flow rate: 116.7 kg/h 5 Conposition BPA: “I8.8 % Phenol: 73.6 % Wter:
1.0 % Acetone: 0.8 % 10 Free acid: 0.086 neg/L Oher inpurities: 5.8 %
Distillate in Lihne Pdouhs ovheséef Wdré KOAhfi&€anposht eanedbapbbeaning %ln
Acetone: 6 % Phenaol,;:, 86 %, O : % Bottom Streamin Line 22: 20 Fl ow
rate: 98.9 kg/h Cﬁ%%%%%?i%ﬁFE§§%§E§§56 Phenol : 74 % Free acid: 0.101 meg/L
25 Ot her inpupiedest Jtopamyystbigeol7Adduct in Line 23: Flowrate: 22.1
kg/'h Free acigiopetoyemeasurable limtig 7 xg/h

5 Composition

BPA: 18.8 %
Phenol: 73.6 %
Water: 1.0 %
Acetone: 0.8 %
10 Free acid: 0.086 meq/L
Other impurities: 5.8 %
Distillate in Line 21:
Flow rate: 17.8 kg/h
Composition
15 Water: 7T %
Acetone: 6 %
Phenol: 86 %
Cthers: 1%
Bottom Stream in Line 22:
20 Flow rate: 98.9 kg/h
Composition
BPA: 22 %
Phenol: 74 %
Free acid: 0.101 meq/L
25 Other impurities: 4 %
Crystals of Adduct in Line 23:
Flow rate: 22.1 kg/h
Free acid: below measurable limit

(£ 0.001 meqg/L)
30 Mother Liguor in Line 24:

Flow rate: 100 kg/h
Composition
BPA: 8 %
Phenol: 86 %

35 Free acid: 0.1 meq/L



(< 0.001 neg/L) 30 Mother Liquor in Line 24: Flow rate: 100 kg/h
Conposition BPA: 8 % Phenol: 86 % 35 Free acid: 0.1 neg/L WD 01/ 83416
PCT/ JPOLMO3668341d3 Ot her inpurities: 6 % Purge in Line PET/JR1®ds60at e: 3
kg/h (3 parts by weight per 100 parts by weight of the nother 5 liquor in
| ine 24) Purge Recovery Step 4: Reactor/Vacuum Condenser: Bottom
tenperature: 250C Pressure: 0.02 MPa 10 g%rgng aci d-type ion exchange
resin tower Tenperature: 53C Pressure: 01 MPa Tars in Line 26: Flow
rate: 0.2 kg/h 15 Purified Liquor in Line 27: Flowrate: 2.8 kg/h
Conposi ti on BPA: 8 @théheﬂmburﬁelés96Q0%Free aci d: bel ow measurable limt

0 ; . ; )
Fate o7 Ko/ nebsgb b LI Bh S %P he 20 Flow rate: 7.0 kg/h  Free aci d
0.1 meqg/L Flow rate: 3 kg/h (3 parts by weight per 100
parts by weight of the mother
5 liquor in line 24)
Purge Recovery Step 4:

Reactor/Vacuum Condenser:
Bottom temperature: 250°C
Pressure: 0.02 MPa
10 Strong acid-type ion.exchange resin tower
Temperature: 53°C
Pressure: 0.1 MPa
Tars in Line 26:

Flow rate: 0.2 kg/h
15 Purified Ligquor in Line 27:
Flow rate: 2.8 kg/h
Composition
BPA: 8 %
Phenol: 89.5 %
20 Free acid: below measurable limit

(£ 0.001 meq/L)
Other impurities: 2.5

e

Mother Liquor in Line 28:

Flow rate: 97 kg/h
25 Mother Liquor in Line 29:

Flow rate: 7.0 kg/h

Free acid: 0.1 meq/L

Acid Removal Step 7:

Absorbent: Anion exchange resin having secondary amines
30 (Amberlite manufactured by Rohm & Haas
Company)
Temperature: 50°C
Treated Liquor in Line 30:

Free acid: below measurable limit
35 (£ 0.001 meqg/L)



Acid Renoval Step 7: Absorbent: Anion exchange resin having secondary

am nes 30 (Anberlite manufactured by Rohm & Haas Conpany) Tenperat ure:
50C Treavedigidqguor in Line 30: Free acid: bel ow neasur abPeTiPatios66035 (~
0.001 neq/L) WO 01/83416 PCT/JPOL/ 03660 - 14 Feed in Line 16: Flow rate:
116.7 kg/h Free acid: 0.078 meg/L EPA fromlLine 32: 5 Flowrate: 13.0

kg/ h Free acid: below neasurable limt (< 0.001 neq/L) Phenol: bel ow 15
ppm by wei ght 10 Conparative Exanpl e 1—E>}élnﬁl e 1 was repeated in the sane
manner as described except that the acid renoval treatnent at zone 7 was
not carried omded ThusnitBelepther liquor in the line 28 was directly
passed to th ine 31 and fed to the reactar 1. In this case, the
concentrati oﬁF%?wtﬁae%?Fee acid (aci dljﬁ%‘nfg]ﬁgﬁént) in the bottomstreamin
the line 22 Wasehhghér than 0. 101 ned/QA78 Imeaflder to maintain the free
acid content gpn 0101 AEgLilzbn the line 22, it was necessary to increase

t he anount. of _the nmother fTquor 20 purged through the line 25 to 10 kg/h.
As a resullt, THeW &¥bBnt of tars di scharQeF4through the Iine 26 increased
to 0.7 kg/ h.rdée &PAdproducti on costbaasw thessnt ghies Ihant that in Exanple
1. 25 Conparative Exanple 2 Exanple 1, wnas §epeat e}ilf)i n the same manner as
descri bed except that the acid rem)vai“tr'ea mentiat’ zone 7 was not carried
out and that Phenahbunt of the notherbelow 15 ppm by weight

10 Comparative Example 1
Example 1 was repeated in the same manner as

described except that the acid removal treatment at zone 7
was not carried out. Thus, the mother liquor in the line
28 was directly passed to the line 31 and fed to the

15 reactor 1. 1In this case, the concentration of the free
acid (acid contaminant) in the bottom stream in the line
22 was higher than 0.101 meq/L. In order to maintain the
free acid content in 0.101 meq/L in the line 22, it was
necessary to increase the amount of the mother liquor

20 purged through the line 25 to 10 kg/h. As a result, the
amount of tars discharged through the line 26 increased to
0.7 kg/h. The BPA production cost was thus higher than
that in Example 1.

25 Comparative Example 2
Example 1 was repeated in the same manner as

described except that the acid removal treatment at zone 7
was not carried out and that the amount of the mother
liquor purged through the line 25 was reduced to 0.5 kg/h.

30 In this case the amount of tars discharged through the
line 26 was 0.05 kg/h. However, the concentration of the
free acid in the bottom stream in the line 22 increased
above 2.0 meq/L, so that BPA decomposed in dephenolation
stage 8. The BPA product recovered through the line 32

35 had a phenol concentration of 100-1000 ppm by weight.



|'i quor purged through the line 25 was reduced to 0.5 kg/h. 30 In this case
the anount of tars discharged through the Iline 26 was 0.05 kg/h. However,
t he concavonesi4oh of the free acid in the bottom stream pPeT/PE/0Bécne 22

i ncreased above 2.0 neq/L, so that BPA deconposed in dephenol ation stage
8. The EPA product recovered through the line 32 35 had a phenol
concentration of 100-1000 ppm by wei ght. 01/ 83416 PCT/JP01/ 03660 - 15
CLAIMS 1. A process for producing bi sphe "A, conprising the steps of: 5
(a) reacting a feed containing phenol and acetone in the presence of an
acid catal ystctormeptai n a product stream containing bi sphenol A, phenol
and an acid contamnant; (b) distilling said product streamto renove
acetone 10 and to obtain a bottom stream contai ni ng bi sphenol A, phenol
and an aci d cont.amhaptocesp dopstritddeding shidphenbdmist reampetiosiobt athe
crystal s of agggﬁg QE. bi sphenol A with phenol and a nother [|iquor

contai ning an acid contam nant and phenol; 15 (d) renoving phenol from said
crystals to yield bRspheasiing %efe?QCQEPFﬁbnénglPE?nBérPPQnaSﬁt§§?dln

not her IiquorthéOpségenéa)oaSapaatlafcsaadygeedo cbxatiheat ipArgdacsecond,

remai nder portjon_of saL ugr t 9¢ .8 residyal tar and to
recover a pu?#%?%ﬁ ??n 8?anHe n§ ﬂ Réapg gggoﬁ pSrtFSn%belng 0.5-5

parts by me|g©©nbem1a@0tparts by melght of said nother liquor; (9)

recycling said puri{j, fv'ddisey@hﬁg §é§8 pRdadst §§r@afnt tef r%ﬁb@ef aedioand
(h) treating at |east one | east part of  said ﬁll) at | east

part of s¥d %?%dE%tOEFFéQH?aga t?Wl FrﬁﬁmlESQFaﬁ&FPgoPl§§P€nP r&t portion

of sai d nothephenol and an acid contaminant;

(c) crystallizing said bottom stream to obtain
crystals of adduct of bisphenol A with phenol and a mother
liquor containing an acid contaminant and phenol;

15 (d) removing phenol from said crystals to yield
bisphenol A;

(e) recycling a first portion of said mother liquor
to step (a) as part of said feed;

(f) treating a second, remainder portion of said

20 mother liquor to purge a residual tar and to recover a
purified liquor, the amount of said second portion being
0.5-5 parts by weight per 100 parts by weight of said
mother liquor;

(g) recycling said purified liquor to step (a) as

25 part of said feed; and

(h) treating at least one of (i) at least part of
said feed, (ii) at least part of said product stream and
(1ii) at least part of said first portion of said mother
liguor to remove the acid contaminant contained therein,

30 so that the concentration of the acid contaminant in said
stream to be supplied to step (c¢) is maintained within a
range of 0.001-0.5 meq/L.

2. A process as claimed in claim 1, wherein step (h) is
356 carried out by contact with an adsorbent.



|l i quor to renove the acid contam nant contained therein, 30 so that the
concentration of the acid contamnant in said streamto be supplied to
step (c) waonsd4mé ai ned within a range of 0.001-0.5 neq/ LPCRJIJPWAOPEGOCESS
claimed in claiml, wherein step (h) is 35 carried out by contact with
adsorbent. WD 01/83416 PCT/JPOL/ 03660 - 16 3. A process as clained in
claim?2, wherein said adsorbent is a basi.c cation exchange resin. 5 4.
process as claimed in claim1, wherein St é (c) conprises a series of

first and second crystallization stages and wherein crystals obtained

the first crystallization stage are dissolved in a nother |iquor obtai
n the second crystallizallon.stage and the 10:pesul Lhngosal utign is
subj ected to crysta 1722 7on Th € second crystallization s?age. 5. A

process as cladsedoént ciai an hasiherethost epclidhgecoapiinses nelting said
crystals to forma nelt containing 15 bisphenol A and phenol, and heati
said nelt to evaporate the phenol. 6. A process as clained in claimb5,

wher ein, Beforé saifl PRREEFRHg?S sat LRt t 1R sCedtfact eWGF R aSEEPi bR/
donating 20 sobimdriecpestsakize arstiong anddseoohdi neg¢staliavzdtiht w

said solid. 7. A plogess,as. clai JRd.L0: ¢! 8L0LGneMNEheLA 53 gsgati on
donating solid is a glass frber.
crystallization stage are dissolved in a mother liquor
obtained in the second crystallization stage and the
10 resulting solution is subjected to crystallization in the

second crystallization stage.

5. A process as claimed in claim 1, wherein step (d)
comprises melting said crystals to form a melt containing
15 bisphenol A and phenol, and heating said melt to
evaporate the phenol.
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6. A process as claimed in claim 5, wherein, before said

heating, said melt is contacted with a cation donating
20 solid to neutralize a strong acid contained in said melt
with said solid.

7. A process as claimed in claim 6, wherein said cation
donating solid is a glass fiber.



