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REACTOR USI NG WATER Background of the Invention Field of t(ﬁe tnve?d 2n

PCTI US99106275 The invention relates to a batch, sem -co ?ﬁﬁB (9
continuous process for the nmanufacture of bisphenol-A 15 Brief Description
of Related Art The di hydric phenol 2,2 bis(p-hydroxyphenyl) propane
{commonly re™XWEHSE0 as "bi sphenol - A", "BPA' or "pp-BPA") PCTUSYMWASCI al | vy
prepared by condensing 2 noles of phenol with a nole of acetone in the
presence of an acid catalyst. The phenol is present in the reacti onin a
nmol ar excess of the 2 0 stoichionetric requirenent. During th

condensation, a nunber of by-products such as isoneric forms oj,"" lwmmmflmm
formed which are considered contam nants of the desired produc

contam nants are carried in the product streamfromthe condensat i @iooo2+
reaction zone, referred to as the condensation 2 5 product effluent, al b ng
with water, unreacted phenol, possibly unreacted acetone and possi bI y trace
guantities of acidic materi al s derived fromthe catal yst “m “\“\\Mﬂ\\
purification of the desired product BPA is a costly and rruftlsmm
procedure. There are two commercially inportant processes 3 0 for ,fhe
synthesis of BPA currently in use. One process is sonetines call ed t he
"HCL" process, in reference to the acidic catalyst enployed (hydrogen

chloride). The second synthesis involves the use of an active ion exchange
catalyst 3 5 and is sonetines called the "I ER' process. Both synthesis

contai rihg BRGAPNE s BEFRIGLHREACT R BN IR IR G2y ) " Ben
puri fi cati oBackgheurel oflthe IhvétRiqm ocess” can be done in one of two ways;

first, untifieRSitRd irdfehiois 0Pl et e acetone depl etion; second, and nost
deS|rabIe I's "part. al acet ne conver,sion'. This technology is described in

U S. Patent 5,31 ed&’ze““"f‘hfé’raé‘?ﬁAO th SRMEGeR PRHBROBHET EHEINUPUHPEIFESSed by t he
presence offoatﬁermmmfncmmfans;ﬂuobl-b.s 3- nmer capt opropi onic acid, or use a

pr onot g \A,hghqgnj g[qiémeg)rmpoval ently bonded to the IER resin, or use
no pronoter. ese e3| ra,l li\e conpositions as are

met hods of thel (ThS {Cl B en e% Pe‘)&'%ﬁﬂ%? pPrepare faramaplycedur es
descri bed inefdrked tolaat'bmphého(}&'f "BFA" or e BPRY) ipcotmerialygreparad bf f | uent

cont ai ns p%ﬂalans Q‘mcﬂeé of eﬂgpwﬁh a%oﬁ%a@éwnmﬁﬂggresbﬁ& 5119\ y- products
of BPA and ur| t onot er possi bly

(
unr eact ed P%“‘gf‘ﬂ’ eIBACigRR R Fsarexress peer o as t he HCl
process20r eaatdbmhmnmhﬁquutrenmy Ub.mrigtﬂ\eto a stripping operation which

renoves themyx{a[ﬂesraggf1 d RASHLOSHL Iﬁbduagmasand possi bly residual acetone

and/ or pronpter eptresentat| v nore detail ed desc ({]l ptions of he above

processes fIBPMELic FT S ‘Pfgﬂ"ﬁﬂg)rﬁnlar ormped Jghigh ar¢ gensisten se found
in the U S.thPalesired ptpdd&, BFA. A heS6 cdRBminhrd)QreSbdried, 1&2&22{&3duét, 584, 41 6;
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and processes 1s the nee recover the product

be doné by RrRdugt ¢ ‘éﬁ‘ﬁ)IW‘ awé?r' dW%atCEﬂdl PE%&ql'onP‘(s@}bb’ umgacted,
5, 21 0, 329) aatmbar@wsﬂdymkef quarsities | of aicmdduaﬁermhstdtbra»édeﬁsmpt}@wol EP- A
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| multi-step procedure.
There are two commercially important processes
30 for the synthesis of BPA currently in use. One
process is sometimes called the "HCL" process, in
reference to the acidic catalyst employed (hydrogen
chloride).
The second synthesis involves the use of an active ion exchange catalyst
35 and is sometimes called the "[ER" process. Both synthesis involve passing
phenol, acetone and recycled by-products through a reactor containing an acid



produci ng hi gh-purity bi sphenol-A which conprises reacting phenol with
acetone in the presence of hydrochloric acid as the catal bN a
product m xture, removing the hydrochloric acid fromthe é?toodéltque?l%b@?u e
thereby yielding a liquid mxture, adding water to the liquid m xture,
evaporating a water-phenol m xture fromthe [iquid m xture under reduced
pressure, thereby cooling the liquid m xture and crystallizing out the
adduct of bisphenol-A with phenol, and finally recovering bisphenol-A from
t he adduct. JP-A 58135832 issued to Mtsui Toatsu Chem cal Inc. describes a
process for continuous crystallization of bisphenol-Ain high purity froma
sol ution of bisphenol-A in phenol, by cooling the solution under a specific
pressure while adding a proper amount of water to the system US-A 4 209
646 i ssuedcatayfiolteverbhy @ BEA| pydifisatioressh¢Pari s, FR) describes a process for
crystallizing amhedeRCiro&dss'dézatRmvhe R SRadTRWaWhyRNRROLintilesediitatly purified
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manuf act ure of bi sphenol - A by con eE,5| E phenol "W T h acet one,  conpri si ng:
formng a RUBIOMA- Fisse Gesenssmasnegdl gvelEkayrecompasitinns gs aseansthedslcess of
t he phenol themmgrepacaiva) seeifor exanypid tho preparatioe grocadwabyddscibedaini&8cPatet zone
and at a t%jpﬁbgj]ure effective to produce bisphenol-A and a 1:1
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m'xturethﬁ of, wherein ortio Ontjdiﬁhe crystal s heco affixed to a
surface of NEhBregsiaptsiion sHlent mayhefed I’ pIREAE SPafipy Biichiemyyss the

preci pi t at watecoirsaction, HChmbehel and pbssilely igsiduabiacetpnsaind/for promdter.r eact i on
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a t enper at Hed0-2H: 905 B8y d.400.55 3 401834 6,.586,616:5 76652 Tendr 4. 347, 533- dhe t he
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of the pro nt t S € hipfAL I
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acetone in the pPes@ide 87 isauedaoiMitsdmilartys Chendtals()P) dechiben®processdacess of

th h | loh- i ises reacti n i .
thg Br iegg %ge@&a@mgh pRet®y biSpheasRARVIGCH BSmphise ga%ﬁﬁé"f)l?]e Itbﬁmwae&oa@mheve in

SCri 0 f"the.Rel ated Art. .Shown € acconpanyl n
irawing. | 1wereat mabetlon st B it sbBid s PrRuclpdds VB REn . ¢ hi s
reacti on ikydréshlaricacid frgmpbé produét mixéurprtherebyt yiskdoags Equilinsintuaeladdinggeousl y

it ﬁ condu tct @gke} 1 the HQIURIRAIE, RYOpbTatiHg LRAe-PREHOS mTRGI RS m thd il @fixies ds,
e reactan

h | d fed i Ly i
br opor t 1 oneb RS EERRC SIS Bhfind FRAGEINR Ipd ehy Rl b <
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described reactjrop 33088832 igdied anBMiGal Bdasul ChehdibalIfc. RFIrEEd ptdte®Pfoai N t he
reacti on zone effl uent I ﬁfPhg t%r 0L &SS of
- asphignol-Ay, |

f cent i nued Jhandl.i ng.accordi ng.to
tho. i nvent ainioss st Eition SR RUREAN R IR VL AT SRR Bra g
5, 31 5, 042, in phenol, by cooling the solution under a specific pressure while adding a proper
amount of water to the system.
US-A 4 209 646 issued to Rhone-Poulenc Industries (Paris, FR) describes a

process for crystallizing an adduct of diphenyl propane and phenol to obtain purified



07 Cctober 2002 -4 carried out sem -continuously. As depicted in the
acconpanyi ng draw ng, the condensation and crystallizati ogyejctdtRf2bbenol
adduct is carried out conventionally in a reaction zone ( 12). The reaction
ef fl uent containing crude BPA, phenol, isomers of BPA, inpurities, water, a
1: 1 adduct of phenol and bi sphenol -A, other reaction by-products and

possi bly acetone and pronoter is conventionally carried to a nultiple stage
recovery of acid, water and phenol followed by further purification steps.
The nmolten pure BPA product fromthe recovery unit can be recovered in a
variety of forns including "flakes" by-8®lidifying the nelt on a cool ed
rotating daipheny®propane.” Prills” fron1a priIIing operation. In the
reaction/crysta |zat| n unh or. un ggd rOCS%recrl0 |(t:<;:11tedr [ é\hg aﬁﬁgosm
on the cool er suff BEEL SV llsnﬂp B 3 p ude%gull 11

bui | d- up ofntegrsted, éxa@hb@@mrﬁ@gtlpu%mmtmow @cnnmég?aal@rqqgsa:'ammn@g withithd ency
or scal es Q&K@ﬂy@mﬁkﬁmﬁ@mpmguaoose the buil d-up can be renoved by using

t he follomg?ﬁgpégﬁ?gﬁﬁﬁhe%u top the acetone feed and enpty (fully or

partially) "hat ch reactor/crystalllzer 2 Fill the reactor
up with phenol , The wentjan qoneprises. ladregeshipr Hesldiely sebcqitianeny, peeentingaus
m xture t Onﬁﬂufa&Q@ of%léimaﬁdl A B¢ candinsing phessl v@&mdewnu‘udnq)ramgl yi ng HC

pressure.  ThesecpaGerNLGRd ALELE Bl e GObADY p{cm&mwg SQLIplRUS  eed

to the recover Ion o i Sadvant ageous.

I a cont i Reealansta causly e ampwntaas andsarhet tiareastia ZPRAEAGAL 2 (fmpsrature

cont i nuousefif¢aiwe o prodockusisphehdl- Aand aflr bbispliemol-A#gitenol addestgal | ng of the
reaction vessels can be done with mnimal/no interruption of feed of
reagent to the continuous reactor by adjusting the water content &
tenperature of the continuous and batch reactors so as to contain 5 to 40
wei ght percent of water at 50 -95 degC. This can be acconplished by: 1.
Addi ng water, preferably 1-40 wt % water, dosed as pure water or nore
preferably dosed as 1.3 to 63 wt % HC (as a 33% solution) or a conbi nation
of water and HC solution, to the continuous or batch reactors. During this
step, it is not necessary to stop the acetone addition (if the reactor set
up is continuous) or to reduce the HO pressure. 2. Heat the reactor
contents to 55 -95C, via external heat, via heat of reaction or via heat of
di ssolution of the acid in the reaction nediumor a 07 Cctober 2002 WO
991 51558 PCTI US99106275 -5 conbi nation thereof. Again, during this step, it
"is not necessary to stop the acetone addition (if the reactor set up is
continuous) or to reduce the HO pressure. This step is optional because,

i f enough water is added, the BPA phenol adduct wi Il dissolve wthout extra
heating. 5 3. If heating was applied in Step 2, cool down reactor contents
gently, while continuing "normal” operation. When nornmal operation is

resunmed, the water content in the reactors will decrease to the norma
| evel snoothly and automatically crystallization will occur and operation
W Il becone normal. 10 Surprisingly, the | arge anount of water (of HCl)

does not affect the acetone conversion or BPA finished product quality. The
results are shown in the Table, below conpared to the prior art procedure
of interrupting the condensation reaction to flush the reactors with 15 hot
phenol .



07 Cctober 2002 WO 99151558 PCT/ US99/ 06275 -6 Di ssol ving 30% Di ssol vi ng
BPADI ssol vi ng 20%BPA crystals with crystals w t hBPA cryst gbéderBhenol
(60% . and Phenol Phenol (72.5%,water (10% Acetone (2.5% and Water (5%

i ncontinuous reactor Tine needed for 0.5 hours 12 hours 0.5 hours
de-scaling operation 0-5 tons Production loss 0-2 tons 35 tons 0-5 tons
M ni mum 70C 82C 60C tenperature required to dissolve 30% BPA Quantity of
phenol 5-10 tons 25 tons phenol 2.25 tons water (or water) needed to

di ssol ve all BPA Acetone 100% | 00% 100% conversion after 6 hours _ %o/p
BPA in F.P. 2500ppm 1850ppm 1850ppm whed- cool i ng reactor down to 50C The
concept is applicable to other comrercial BPA processes enpl oyi ng

nmufti-stage purification St ch as .adduct and.nelt ]
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Coapes of Shdtemiet, whde Sy bt b8 oRRHR bephE s o a st i

reacti on zreadompnd;at a tenperature effective to produce bi sphenol A and a

1: 1 bi sphenol - A/emaemglat RSt SIESDME Fﬁacﬂﬁta&fdfdryh%l!% frt)ﬁptﬂhkmac@%@«%u zone,

wh he eff | dth
e i the
edraplagiton pBianda porti on

the react i 4% by weight of theseastipn guxture, dre efflngnts iy
of the cryighafhg tHeeeBn afikiukeg thd &¥flaert Wifaamdhation@hdredab Altempéidture in

the range of from 40°C to 95°C.

Brief Description of the Drawing

The accompanying drawing is a block diagram showing an embodiment of the
process of the invention.
Detailed Description of a Preferred Embodiment of the Invention

The commercially important processes for preparing BPA comprise
condensation of 2 moles of phenol with a mole of acetone in the presence of an acid
catalyst and a stoichiometric excess of the phenol reactant; see for example the U.S.
Patents referred to above in the Brief Description of the Related Art. As shown in the
accompanying drawing, to illustrate an embodiment process of the present invention,
this reaction is the starting point of the present process which advantageously is
conducted in a semi-continuous or continuous manner. In other words, the reactant
phenol and acetone are fed continuously in measured proportions to the reaction zone
and the product of condensation is continuously carried away from the reactor zone. Any
of the previously described reaction conditions and catalysts can be employed to obtain
the reaction zone effluent for continued handling according to the process of the
invention.

Preferred is the condensation procedure of U.S. Pat. No. 5,315,042,



removing at |least a portion of the precipitated crystals fromthe surface
by adding water to the reaction mxture, the effluent, or g, hOon

t hereof, in an amount of 140% by wei ght of the reaction mztcgér?(g%rr}%bt
effluent, or the conbination thereof, and heating the reaction m xture, the
effluent, or a conbination thereof to a tenperature in the range of from
40C to 95C. 2. The nethod of claiml, wherein the water further conprises
HCl in an anount of 1.3 to 63% by weight of the reaction m xture, the
effluent, or the conbination thereof. 3. The nethod of claim1, wherein the
wat er conprises HCl in an anmount of 33%by wei ght of the water. 4. The

met hod of claiml, wherein the reaction m xture and added water, the
effluent and added water, or the conbination of reaction 07 Cctober 2002
_g_ m xt urearagowsemireentingaeslrdded water is heated to a tenperature in the
range from 40 tQs 8§ficte®in tﬁbacm;kmgu@fdr@\b@grmhécoﬁdmsemolﬂ ahﬂ%rfsmﬁdgﬁﬂ
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production of BPA and, accordingly, are disadvantageous.

In a continuous or semi-continuous manufacture of bisphenol, with continuous
flow of product effluent from the reactor, descaling of the reaction vessels can be done
with minimal/no interruption of feed of reagent to the continuous reactor by adjusting
the water content & temperature of the continuous and batch reactors so as to contain 5
to 40 weight percent of water at 50 —95 degC. This can be accomplished by:

L. Adding water, preferably 1-40 wt % water, dosed as pure water or more
preferably dosed as 1.3 to 63 wt % HCI (as a 33% solution) or a combination of
water and HCl solution, to the continuous or batch reactors. During this step, it is
not necessary to stop the acetone addition (if the reactor set up is continuous) or
to reduce the HCI pressure.

2. Heat the reactor contents to 55° -95°C, via external heat, via heat of reaction or
via heat of dissolution of the acid in the reaction medium or a
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combination thereof. Again, during this step, it is not necessary to stop
the acetone addition (if the reactor set up is continuous) or to reduce the
HCI pressure. This step is optional because, if enough water is added,
the BPA phenol adduct will dissolve without extra heating.

5 3 If heating was applied in Step 2, cool down reactor contents gently,
while continuing "normal" operation. When normal operation is
resumed, the water content in the reactors will decrease to the normal
level smoothly and automatically crystallization will occur and
operation will become normal.

10
Surprisingly, the large amount of water (of HCl) does not affect the
acetone conversion or BPA finished product quality.
The results are shown in the Table, below compared to the prior art
procedure of interrupting the condensation reaction to flush the reactors with
15  hot phenol.
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Dissolving 30% Dissolving BPA  Dissolving 20%
BPA crystals with  crystals with BPA crystals with
Phenol (60%) and  Phenol Phenol (72.5%),
water (10%) Acetone (2.5%)
and Water (5%) in
continuous reactor

Time needed for 0.5 hours 12 hours 0.5 hours

de-scaling

operation 0-5 tons

Production loss 0-2 tons 35 tons 0-5 tons

Minimum 70°C 82°C 60°C

temperature

required to dissolve

30% BPA

Quantity of phenol 5-10 tons 25 tons phenol 2.25 tons water

(or water) needed

to dissolve all BPA

Acetone 100% 100% 100%

conversion after 6

hours

% o/p BPA in F.P. 2500ppm 1850ppm 1850ppm

when cooling
reactor down to
50°C

The concept is applicable to other commercial BPA processes employing

multi-stage purification systems, such as adduct and melt crystallization(as
described, for example, in U.S. Patent 5,243,093).
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CLAIMS

1. A process for the batch, semi-continuous, or continuous manufacture of
bisphenol-A by condensing phenol with acetone, comprising

forming a reaction mixture comprising acetone, a stoichiometric excess of the
phenol and a catalytic amount of an acid catalyst in a reaction zone and at a temperature
effective to produce bisphenol A and a 1:1 bisphenol-A/phenol adduct;

removing an effluent from the reaction zone, wherein the effluent comprises
unreacted phenol, unreacted acetone, and the 1:1 bisphenol-A/phenol édduct;

precipitating crystals of the adduct from the reaction mixture, the effluent, or a
mixture thereof, wherein a portion of the crystals become affixed to a surface of the
reactor; and

removing at least a portion of the precipitated crystals from the surface by adding
water to the reaction mixture, the effluent, or a combination thereof, in an amount of 1-
40% by weight of the reaction mixture, the effluent, or the combination thereof, and
heating the reaction mixture, the effluent, or a combination thereof to a temperature in
the range of from 40°C to 95°C.

2. The method of claim 1, wherein the water further comprises HCl in an
amount of 1.3 to 63% by weight of the reaction mixture, the effluent, or the combination
thereof.

3. The method of claim 1, wherein the water comprises HCl in an amount of

33% by weight of the water.

4, The method of claim 1, wherein the reaction mixture and added water,
the effluent and added water, or the combination of reaction
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mixture and effluent and added water is heated to a temperature in the range from 40 to

95°C.

5. The method of claim 4, wherein the reaction mixture and added water,
the effluent and added water, or the combination of reaction mixture and effluent with
added water is heated to a temperature in the range from 50 to 95°C.

6. The method of claim 4, wherein the reaction mixture and added water,
the effluent and added water, or the combination of reaction mixture and effluent with
added water is heated to a temperature in the range from 55 to 95°C.

7. The method of claim 1, wherein the heating or maintaining is by the heat
of the reaction, the heat of dissolution of the acid, by application of external heat, or by a
combination thereof.

8. The method of claim 1, wherein the process is a semi-continuous or
continuous process employing a continuous or semi-continuous feed of acetone, phenol,
or a combination thereof, and wherein removing of the crystals is done with no
interruption of the continuous or semi-continuous feed.

9. The method of claim 1, further comprising cooling the heated reaction
mixture, effluent, or combination thereof after the crystals have been dissolved.



