.2 6 APR 2005 ECONOM CAL PURI FI CATI ON OF BLSPHENOL A FI ELD OR | ON
P, P Bisphenol A (BPA) is a commercially significant conpouggy;gghl\%ﬁw
manuf acture pol ycarbonat es and epoxy resins. The pol ycarbonate application
in particular demands high purity BPA due to stringent requirenments for
optical clarity and color in the finished application. Accordingly those
skilled in the art continually strive to inprove the product quality of

bi sphenol A in-economcally efficient process schenmes. This invention
concerns a new pr ocessEQQ%@?MCAmWCAMN&BBISPMHOMUCt :
crystallization BACKGROUND OF THE | NVENTI ON To understand this invention it
Is first necessary to understand the prior art for BPA,  which includes

U.S. Patent No. 4,950,805 (linmuro, et aL) and No. 5,345,000 (Moriya et

.al L),  whild reiilE INVENTION por at ed herein by reference. BPA is fornmed by
t he condensati on of two | es of phenol with one nole of acetone under :
aci di ¢ condi ti 8nBBisplamol A{BPAYpis awamniesdiallypigaitiearit Bompemdneetnangfac@rst r ong
.honogenous acid, such as hydrochloric acid, sulfur acid, or toluene

sul f oni ¢ @olydarbanatésrant kpoxyiresien CEhejolywarborite igdieftRaus pattdacRiahdfigh such
as a sulfonated ion exchange resin. The reaction nmay take place in the
absence ompufitydBRndwe tofstrimgédtirejuinhei® fitlopticall Glarig Snd cHI6¥ B3RS Mfishedhi Ch may be
honbgeneous in the reaction m xture or ?i xed to a heterogeneous catal yst A

st oi chi omapplicatiore x aserdiriglyphesakilles rtl® ki ¥edintiAlly SHREY EnseVEGE biddhyt to the
hi ghly desired p,p' -BPA isoner. The crude reaction effluent streamthus

cont ai ns raklitp of YisphaAEINS i REndhieAIN offididht pFICéss 3¢dmes. This invention concerns a

new process scheme to purify bisphenol A via adduct crystailization.

.

BACKGROUND OF THE INVENTION

To understand this invention it is first necessary t-crunderstand the prior art for BPA,
which includes U.S. Patent Np. 4,950,805 (Timuro, et al.) and No. 5,345,000 (Moriya et al.),
which patents are incorporated herein by reference. |
| BPA is formed by the condensation of two moles of phenol with one mole of acetone
under acidic conditions. The reaction may take place in the presence of a strong homogenous
acid, such as hydrochloric acid, sulfur acid, or toluene sulfonic acid, or in the presence of a
heterogeneous acid catalyst, such as a sulfonated ion exchange resin. The reaction may take
place in the absence or presence of a thiol promoier, such as a mercaptan, which may be
homogeneous in the reaction mixture or fixed to a heterogeneous cata_lyét A stoichiometric
excess of phenol is employed to improve selectivity to the highly desired p,p'-BPA isomer.
The crude reaction efﬂueﬁt stream thus containg not only unconsuined phenol, p,p'-BPA and
water byproduct from the condensation reag:'tidn, but also contains undesirable BPA isomers

and impurities, such as the o,p-BPA isomer, trisphenols, codimers, spiroindanes, and colored




wat er byproduct fromthe condensation reaction, but also contaimﬁgpg o008
undesirabl e BPA isoners and inpurities, such as the o, p-BPA isoner, B
trisphenols, codiners, spiroindanes, and colored inpurities as well as
unreacted acetone, honogeneous acid catal ysts, and thiol pronoters.. Those
skilled in the art of producing BPA, recognize that regardl ess of the

nmet hod of reacting acetone and phenol to produce BPA, it is necessary to
purify the crude reaction effluent streamto obtain a BPA product that is
useful for the manufacture of pol ycarbonates and other engineering

t her mopl asmpwrities 4s welhairiréavnsd acgroms; homogdnBodsiRiduatalfsisCaid thidl srombteshenol A
can be generically described by reference to Figure 1. Acetone feed to
reaction (Thpseskilled inhe mkﬁ@&ummeedogﬂihe fhat ReAARE JT#d B&hef of fBicing UP
acetone and unreacted recycle acetone (23) recovered fromthe downstream

di still at iagstonesand pheidl 20 proBR@BEA, g€ fleceRalyts ptBthé SIS RASHcRleBIRE di still ed

phenol (22) fromthe downstream distillation séction (2) or phenol recycle *

(24) prodygesh Robidia B'Pﬁ?irgdu‘éﬁﬁ@triﬁisieﬂﬁ‘fo? fheRSR facRIr® Qféﬁ)?ycgfbgﬂatés%d gippst ream 5

solid/liquid separation and typically contal ns arge quantity of
i npuri ti egn@nébriBPtherRbplastice i nation of these two streams. Stream (22) may °
In sone cases be conbined with the acetone recycle stream 23. The reaction

iy cact od acet oo {hph pRkq ihyFiiaShon i bispendl AeGTbE el ' 20V S
wast ewat er, %ﬂ%ﬁ? i %ﬂg). These |ighter fractiohs are separated
de‘Q}ﬂ)or ef ﬁi{ech?@g re1

fromthe react amto forma concentrated BPA stream (26),
which still c @%t@ﬁ' I y , . th dduct
crystallizati og‘ ecﬁ%%g@%ﬁ@?%%%%%ugfgg%%ec%yor &%@glgﬁ%ﬁ emakey .

up acetone and unreacted recycle acetone (23) recovered from the downstream distillation

system (2). Phenol feed to the reaction consists of distilled phenol (22) from the downstream
di;ﬁﬂaﬁon section (2) or phenol recycle (24) pfoduced as the liquid separation or wash
product from the downstream solid!liqﬁid separation (4), and,typically- contains a large

| quantity of impurities and BPA, or a combination of these two streams. Stream (22) may in
some cases be combined with the acetone recycle sﬁeam 23. The reaction system effluent
{25) is sent to a distillation system (2), which recovers unreacted acetone (23), phenol (22)
and waste streams, such as the wastewater of condensation (40). These lighter ﬁ'acﬁbns are
separatedr from the reactor effluent stream 10 form a concentrated BP A siream (26), which
still contains a large quantity of phenol. | |

In the adduct crystallization technology that is widely practiced, for example in U.S:

Patent No. 4,927,978, U.S. Patent No. 4,950,305 an(i U.8. Patent No. 5,345,000, suﬁcient
cooling of the concentrated BPA and phenol stream produces a crystalline adduct which
comprises one molecule of phenol and oné molecﬁle of the desired p,p"-BPA isomer. This

' crystallization is a relatively efficient way to purify p,p'-BPA from the other isomers and

impurities contained in the stream, The _(::rystal]izaﬁon, depending on purity requirements and




Pat ent No. 4,927,978, U S. PatentNo. 4,950,805 and U S. PatentNo gpg4gfg00,
sufficient cooling of the concentrated BPA and phenol streanﬁp@o'u e/l
crystalline adduct which conprises one nol ecul e of phenol and one nol ecul e
of the desired p,p'-BPA isoner. This crystallization is a relatively
efficient way to purify pp!-BPA fromthe other isoners and inpurities
contained in the stream The crystallization, depending on purity
requirenents and 2 2 6 APR 190015 econom ¢ consi derations, can be conducted
in a sel eceeutomicviosideyitions,ican ¢ eonsluctodin,a selettbd manter ofinalipleptagel,) aitigach nuch
Juglier purity adduct crystal. Each crystallization stage may consist of a

si ngl e cr ysiigd produeingey mach higier purite adduce trysthla Bably & StaliiFntiof Sia@Smay Behsist
preferred nunber of crystallizers per stage is between | and 3. The nunber

of cryst al bf zsihgloorystaligs or aalihededTierysBllivBR fin SR TRE phdfdfedaiunfi@tiaf t o two.
For illustration purposes.- in Figure 1, three stages of crystallization (3,

5 and 7) at®stallighrepdretige Ehverwelh h want. GRS huﬁlb@mfhgemﬂjkﬁu%h sEb¥Stha) bd @t | On

stage (3) is sent to a solid-liquid separation device (4). Theése dévices

can use hangnbdrereair than bPSqUal fodwbh FoLilIGk bR Purpbsek REFiBhle 1, Skl bss &f | ters

or centrifuges. A key feature in all of these Systenms Is to first separate

the bul k * elbstifigatioh ()isthnli9) BeGsliGted TR!olAn0YPSHh e ARt ible

liquor (fiffrate/centrate) stream and then to

i mpuri ti es¢z)Rhemab alsstid-figiRd %Hdoﬁlaagkgt(% efl{eﬁéé&evﬁé& é%/dl%?htaﬁlm &,ﬂp ul timate

product quality is strongly determ ne purit e washi ng agent

e A5 Mo ARt e Bl Ky 465 B o
separ at i ONgdeKisGaS fird .sepgrai’é"lﬂe Bk RF ALY 638 pﬁ)ﬁﬂ&% soliltd &9 cake and a mother
" liquor (filtrate/centrate) stream, and then to wash the cake to remove impurities. Phenol is .
typically used to effect this wash,_ and the ultimate product quality is strongly determined by
 the purity of the washing agent. Phenol is a useful washing agent to the extent that it does
not introduce new impwrities into the BP A-phenol adduct crjfstél.

The solid-liquid separation devices (4, 6 and 8) produce an adduct stream
(respectively 33, 36, 37) and one or more liquid sireams containing some mixture of spent
W_ash and/or filtrate/centrate (e.g., 28, 33, 34, 54, 53). For the purposes of adduct
dissolution, crystal recovery, and for the enhancement of crystallization and material ﬂévi
those skilled in the art will typically recycle some or all of each of the mother liquor and
‘wash effluent streams from one separation stage back to the preceding crystaﬂizaﬁon stage

'“(&g¢3&34i

The adduct p,rdduced from each stage may be placedin 2 phéﬁol solution again énd
recrystallized to afford additional pun'ﬁéaﬁon. The final adduct (37) is sent to the BPA
finishing apparatus ©, whérei_n a 1i_quid state phenol is vaporized in some fashion away from

BPA to produce a high purity molten BPA product (51). The clean phenol (38) so produced

3




(respectively 35, 36, 37) and one or nore |iquid streans contifiaPR $066fE
m xture of spent wash and/or filtrate/centrate (e.g., 28, 33, 34, 54, 53).
For the purposes of adduct dissolution, cpjsWrecovery, and for the
enhancenment of crystallization and material flow, those skilled in the art
will typically recycle sone or all of each of the nother Iiquor and wash
effluent streans from one separation stage back to the precedi ng

crystall | Th uce ach stage
may be pl a hgf?{gé‘ng‘ﬁ%@ﬁ‘ Bhengi;tg. E‘ (94’5&8&'5% 3 %o éﬂt(8$§fford

addi ti onal ri The final adduct IS sent to t he BPA

fini shing ;he aﬁ‘i@éﬁ“ H“’Q“?el legﬁa%@ asholidilianid sgpassionsDd i n some
fashi on away f BPA to produce purity m)lten BPA product (5 1), -
The cl ean phen tohose skl %B@@%Wﬁ@%%ﬁﬂ@@%@%ﬂh@bmwh t he
makeup phenol to the plant (50) to provide a solvent (52) for washi ng t he
solid addEe %%%h@lﬂ?ﬁ@a%@amlhzawp ig te send the pleanegiswash difnid 19 the final

separation (8). is known to those skilled in the art that an efficient
means to plagenaed lratum wnd geme cqmbipatisn of fltate/csotyate prspent wash remeagissiagelas zat i on
Is to send the cleanest wash liquid to the final = stage, and in turn send
some  combiwrsh (3n 54X tofthe immedidte upaircam stage.  Spelna schemi effedivelyainingzes ffe as
wash (53, 54) to the inmmediate upst ream st age. Such a schene effectively
m ni m zes phewol rgsizawents &yuhe eveslk aystallizatiore washasystén, mdysesathe clzakstphena s h
system and uses the cleanest phenol where it is nobst necessary, i.e., in
the final vdtesgfibis imgst secsssaty, s&hmnheﬁlmlsmgml"ﬂyswﬂmchmm oswally referred to as
counter-current wash flow.

a counter-current wash flow.

The total liquid (28) recovered from the first stage solid/liquid separation (4), a
combination of mother liquor and wash effluent, is recirculated to the condensation reactor |
system (1), Optionally a stream (29), consisting of ail or a portion of the recycle liquid (28),
~ may be sent to a recovery system (10) which rearranges unwanted heavy byproducts

contained in the recycle liquid to useful precursors of BPA or to BPA itself. A waste stream

(32) is removed, and the improved stream (30) is returned %o the recycle liquid. Some of the

_recycle liquid (31) may bypass the recovery system (10). The combined streams (30) and

(31) are used as a reactor feed stream (24),

SUMMARY OF THE INVENTION

By contrast, in the present invention, as illustrated in Figure 2, the washing scheme is
cl_:anged in order to provide an even highér purity ‘product,- and to accompﬁsh this beneficial
resuit wit_hput compromising the yields of raw materials to product. In addition, other
process modifications shown in Figure 2 and described befow cooperate synergisticajly with

the modified wash scheme to achieve unexpectedly enhanced resulis. ,




The total liquid (28) recovered fromthe first stage solid/liquigg APR 2005
separation (4), a conbination of nother |iquor and wash effluent, Is
recirculated to the condensation reactor system (1). Optionally a stream
(29), consisting of all or a portion of the recycle liquid (28), nay be
sent to a recovery system (10) which rearranges unwanted heavy byproducts
contained in the recycle liquid to useful precursors of BPA or to BPA
itself A waste stream (32) is renoved, and the inproved stream (30) is

returned to them@emelvﬁﬁ%apm&mv&iﬁoh,hﬁhasrnﬁgagfgh&?#ha Eﬁkagm{ é&)elﬂzg,y bypass

the recovery system (10). The conbi ned stteans ) 1) are udsed as a

‘reactor f eﬁ@hﬁh&lﬁﬁﬁl’ﬁ%ﬂ’ﬁu@%@ﬁoﬁ:eiFgcé-%\égi,%%r%%a:?& %@&%ﬁ@% g%ﬁ‘i ;he

pr esent i nvention, as’i ustr at ure he "washi n

h di | hi i ' t t

changed, | oRkfFlydth B0 B0 UG RSl AR BRI 0 .,
oo 6o abReBfod i e Wl neBi S unBFE Sl o HERERBSARE § {'e
meoor dance Pyl e RRY BF b b PR BooeRen bty puriiiafon, "

I i agh Lity .BPA duct b d db - f eedi I
or " subst ant e BiERics ale Saa B B8 Bkl AP oRiadh dEdk and) thecetios, SMOLER < £ype
of washi ng_i erEi n.referr gﬂ;o as CC[H%gs-flowwa h,syﬁjltyem Wi | e _
general |y 3’5%‘8?@?‘- c‘ﬁ‘ﬁ%ﬁf"“ﬁg ‘F‘F‘E’}Weﬁ&? puity,cay g obtaingd by pISing 8,crogs-g yen
AN LY O oM SRR acbha ST RS B S o Pk o5 ot Wik Sppbian. ™

readily be made available. With the prior art BPA processes, however, wash flows were

limited to the amount of fresh and recovered phenol (e.g., 50, 38 in Fig. 1) because the use of
additional phenol from other sources within the plant would degrade plant yields, Higher
quantities of wash in the conventional counter-current flow schemes create increased flow of
recyclé liquor back to the condensation reactor, and the raw material consumption of the
overall process worsens. Moreover, the amount of BPA lost in the purge (32) also increases
due to a combination of a higher make of impurities in the reactor as well as a more dilute
mother l_iquor stream with respect to impurities but not p,p*-BPA. For these reasons, nb one
of ordinary skill in this art based on existing knowledgé and experience with conventional
BPA processes would i)e led to try fo emplby higher quantities of wash in conjuncﬁon with
.counter—‘cunent flow.

In the present mvention, however, a new approach is disclosed for integrating the
process operations fo provide a purer product without suffering from expected yield losses.
This invention is described by reference to Figure 2. Figure 2 shows the utilization of the
same overall unit operations as seen in Figure 1, where the same or comparable elements are

indicated by the same reference numbers, but the integration between these blocks is

"5




where inpurities are bound in the crystal product at each stage; g@ @R 2005
therefore, cannot be washed out, we have found that increased product
purity can be obtained by using a cross- flow wash systemin accordance
with this invention as long as an i ncreased wash supply can readily be
made avail able. Wth the prior art BPA processes, however, wash flows were
limted to the amount of fresh and recovered phenol (e.g., 50, 38 in Fig.
1) because the use of additional phenol from other sources within the

pl ant woul ields. H gher yantities qQf. .wash.in the,
conventi on g?%%ﬁ?@rﬂjggﬁ m’ﬁtf&hw&‘ﬁ ‘gé%ﬁﬂg pg’f‘%&f’[‘%hﬁe%ﬂ g‘%@&“?sleWeS? %@ ecycl e
| i quor ba 0 the.co nsation.reactor, and the raw material consunption
of the o%‘ghre%[ﬁ&ﬁ’g)c@gg‘gwgé’ﬁgﬁg eover, the anount of BPA lost in the
purge (32) also increases due to a conbination of a higher make of
impurities in the reactor as well as a nore dilute nother |iquor stream
W th respe ..l purities but not p.p' -BPA For these reasons, no one of
' 51 St Sst i ng know edge and experience with
conventional BPA processes would be led to try to enploy higher quantities .
of wash in configntiS OHPIREetatve pragess flop diagsam of ﬁBW.Prwdiwﬁmomm one
I nvention, however, a new approach is disclosed for integrating the
process ofSerumonsaavengonyl aghuplogy. purer product without suffering from
expected yield | osses. This invention is described by reference to Figure
2. Figure 2 shBigs2 isaa lestativenrpesss Bow disgramsefiaepreforred thbodinentmfe BRA ons as
seen in Figure 1, where the sane or conparable elenents are indicated by
the sane MEIEssdn aecorampewah thewresentdnventiayr at i on bet ween these bl ocks is 5 2
6 APR 2005 '

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As shown in Fig. 2, in accordance with the present invention the wash (54, 53, 52)
supplied to the staged solids/liquid separation systems (blocks 4, 6 and 8) now flows in a
cross-flow scheme. As a result of this design modification, the wash to each stage now
contains only a high purity phenol, with high purity composition Being fed to each stage. The
high purity phenol is supplied to i)locké 4, 6 and 8 via sireams 54, 53 and 52 resﬁecﬁvely.
‘Bome of this high purity phenol (82) is supplied from a combination of fresh makeup phenot
to the plant (stream 50) and phenol recoveré_d from the high purity adduct in the finishing
system 9 (stream 38). In order to obtain sufﬁciént quantities of §uch high purity phenol to
maintain adequate wash rates for the multiple solids/liquid separation devices, the BPA
process of the présent invention introduces a new source of high purity phenol, namely
stream 81, which is recovered from the distillation section (2). A]teméﬁvely, uiility costs can
be reduced by producing a slightly less pure phenol in the distillation section (2), and feedlng

this wash (81) only to the upstream crystél]ization stages (4 and 6 in Fig. 2), while feeding




substantially different The follow ng description points out thegkgpp
di fferences between this schene (Fig. 2) and the prior art (Fig. 1?. QQFEF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a representative process flow di agram
of BPA production according to one comon conventional technology. Fig. 2
Is an illustrative process flow diagramof a preferred enbodi nrent of a BPA
process in accordance with the present invention. DETAI LED DESCRI PTI ON OF
PREFERRED EMBODI MENTS As shown in Fig. 2, in accordance with the present

I nvention 3.5 S lied 1o, the .staged solids/liquid
separ at i onhlrs;;e/ﬁ-se%\@%g r%gcﬁlgf:e%ghﬁ?é@%ﬁgg%e g\ggn}yrpng' to QJ'Q'?%PWBW ene.
As a resul fe.this desjagn podification, the wash to each stage now
cont ai ns Oklp@algza%oa %tﬁf‘ﬁ%ﬂ nol, with high purity conposition being fed
to each stage. Jhe  high purity phenal is supplied to blocks 4, 6 and 8 via
streams 54, 53 Bymagnaihalases tianef quantity gfgecarletiany CH)demvingtha Grsismealio 52)
I's suppli egt fr(%m % cQnbi ngt Lon of fresh nmakeup phenol to the plant (stream
50) and ph&AgH 1B Eig, &) Bustpe firesr yaderisaeh 13ehpme thap withithe proeqse shommiin Fignd,
system 9 (i,éirﬁg{agg 38). In order to obtain sufficient quantities of such high
purity phe er H%EFQ@QWHWQGBM%SQM%@W@?&,MMBW&@ntentln
solids/|iqui (} separati on devices, the BPA ﬁ@rocess. of the present invention
i nt r oduceshg Ferdio the soadensationireastiprisystem bise albthe fowrie repurned todbemeddtor whi ch i s
recovered fromthe distillation section (2). Alternatively, utility costs
can be r e8listeay lgdingiminciensed baprefneymaky in the seapiorsevhitheordinatily vwduld be
distillation section (2), and feeding this wash (81) only to the upstream
crystal | i zexneeiad farggikin@dosginiyieldi n Fig. 2), while feeding '
In this invention, however, it is proposed to avoid this high recycle phenol flow. The

additional high purity wash phenol (81) will be generated in the distillation section @) by

removing phenol from the crystallizer feed stream (26). In the prior art BPA process, this

modification would have expected to lead to problems in the crystallizer, since phenol and

BPA concentrations in the feed stream (26) are optimized for crystallizer performance. In

this invention, by contrast, it has been found that these problems can be completely or

substantially avoided by immediately diluting stream 26 with a phenol flow (70) obtained

selectively from the wash effluent and mother liquor flows from the crysiallization stages. -

This step of the present invention is therefofe another key distinction from the prior art BPA

processes. By material balance it can be shown that when the flow of the dilution stream

(70) substantially equals the flow of the new high purity pkenol supply (81), there is

substantially no increase in the recycle liquid (28) reMng to the condensation reactors from

 the separation section. |
Furthermore, the present invention may also include the step of creating the dilution
stream (70) by selectively taking, as needed, part or all of the wash effluent and mother liquor

streams of the separation stages (4, 6, 8) starting with the last stage, to create a stream

7




2 6 APR 2005 the fresh and recovered phenol (82) of somewhat? hi gherzdsarity
only to the |last downstream crystallization stage (8 in Fig. 2). By

mat eri al bal ance, the net quantity of recycle liquid (28) leaving the first
separation stage (4 in Fig. 2) nust be larger under such a schene than
with the process shown in Fig. 1. This higher phenol flow, which will be
saturated with BPA, results in nore BPA content in the feed to the
condensation reaction system1l, as all the flowis returned to the reactor

tem | j AING CJ‘@%E' L eact .ch
?))rlzli nari | ?ﬁﬂi@aﬁ?xgﬁ tﬁ%!e%gfglgé@gogg%i r es'u*nt n ?FS@ES?’W%%O%.SP riy‘grg\hfhi S
i nvention, vVar, | . id.zhis high,recycle phenol flow
The " 'ad ki ﬁ{egq%ﬁ%vuéﬁiré’ﬁﬁﬁﬁﬁo%%_ﬁ%%sr?*‘ﬁ%%l)lfs}?éew“@%s 5%?4'8%%?‘%?%% d
istillatiop. . . -enoyi en romithe grys zer fee
stream (Zé"%!lmﬁ]%‘E %ﬁe‘{bb’%ﬁ%ﬁ‘ bl)aﬁe{efgﬁ,ﬁBﬂg%rgége,ng ibfm?%&ﬁq‘iﬂéf’f‘% 0"%Noul d have .
expected to dead o problens .n.th rystallizer, since,phgenol and BPA
c oﬁc ent r athf %Hﬁrgn?enh?wgr oL thg esh g@ﬂ?’?‘z@?‘yﬁ?‘@ %T‘P#’z‘&i‘of Bﬁtﬁ?: RAT#HORe
perfor.rran%%.g I this.invention, by contrast, it has been found that these ,
robl ems e,ﬁ@enclgf «I,h S&Dm@ﬁﬁéﬁ%’@}‘?ﬂt’l déﬁ@i%ﬁﬂ“ﬁ’“‘?‘hﬁ’?@ﬂ?%@ h
T, U, 8 e e S TSVt 2 120
h effl > -zat i t :
ﬁ?s gt ep of the present invention is therefore another igyl_ginsfiﬁgteison L
fromthe priorlt bBPEP“ﬁF&E’Q?e‘&Heﬂ}“%?GF‘}%Pmm apd medificaionsMen t hat
when the flow of the dilutiogn stream (70) substantially equals the flow of
the new hit§madgin the abeverdascriied gpparping ynd mefheds fPE“"Qﬁ‘DW%D\F%&N% ofio i ncrease

in the recycle liquid (28) returning to the condensati on reactors from

1sphenol A without departing from the scope of the invention described herein, and it is
intended that all matter contained in the above description shall be interpreted in an

illustrative and not a limiting sense.

What is claimed is:




t he separation section. Furthernore, the present invention MRy gkso I ncl ude
the step of creating the dilution stream (70) by selectively"t Rn@M5as
needed, part or all of the wash effluent and nother |iquor streans of the
separation stages (4, 6, 8) starting with the last stage, to create a
stream?7 2 0, APR c;,3 containing the | east ambunt of inpurities. In a
preferred enbodi nent of the present invention, the purity of the final
product is enhanced if stream 70 is gf{ayygso as to contain a mnimum of
impurities. Therefore, it wll prefere%pgally be made up of, in order of
preference, flow fromthe wash effluent, then fromthe nother |iquor of the
| ast separation stage, then by adding flows fromthe wash effluent, and
then fromthe not ' . [y lOn:SEage il the
desi red vol ume oA progts B iaflnB35H pph R DRoAGREATLLARIN AG8eelE || "7
the art that other changes and nodifications may be made in the

above-descri bed app&g%d&%ﬁ%@g%%ﬁ%&&ﬂ@%ﬁg@ﬂ%i {,ﬂ&gg&i@@ of

bi'sphenol- A w t hout “'depa om the scope o nventi on descri bed

herein, and it is L NERGRMSLNRm AlthackBh hiBfing MR Ohsie BN OYErce

description shall be in I'n an ustrative and not a’limting

sense. Wat is clai ne%,;;'-%i'spﬁenglﬁ pﬁﬁﬁcgggéacMMol, possibly unreacted acetone, '

water of condensation, and other reaction byproducts;

(b) distilling the reaction product stream from step (a) to distilf off a
volatilized unreacted phenol stream, possibly an unreacted acetone stream,
and the water of condensation, while sending a BPA liquid feed stream

" consisting essentially of concentrated bisphenol A together with remaining
unreacted pheﬁol and higher boiling point reaction byproducts downstream

to a multistage phenol adduct crystallization and purification process;

(¢) producing first-stage phenol adduct crystals by crystallization in the
crystél]ization step of the first of at least two in-series BPA purification
stages, each comprising a crystallization step and a solid-liquid separation

and wash step;

(d) washing the first-stage phenol adduct crystals with a high purity wash
phenol stream, which includes at least a portion of the volatilized
unreacted phenol stream recovered from step (b), séid wash phenol sfream

being substantially free of bispheno! isomers and other impurities, to .



1. A process for producing and purifying p,p'-bisphenol A conp}igsppR 2036
steps of (a) reacting acetone with a stoichionetric excess of phenol under
acidic conditions to forma reaction product stream consisting essentially
of crude p,p'-bisphenol A product, unreacted phenol, possibly unreacted
acetone, water of condensation, and other reaction byproducts; (b)
distilling the reaction product streamfromstep (a) to distill off a

latilized t ed (el t t
and the water of conddREr e bl PlenEEREnol aRT AT GRELAR BEE ARl T oo

consi sting essentially, of c&gCﬁntor_at ed bi sphenol A together with remaining
unr eact ed phenol and ﬁfaéﬁgﬂp by ﬁ’g poi nt reaction byproducts downstream
to a multistage phenol adduct crystallization and purification process; (c)

R T T
purt i eat on St a0, R SUBR FENTHI ATEIF°2, "0, o

adduct. crystals with a high purity wash phenol stream which includes at

I t ti f il : d fr.
Stop (b sai d wash BaiEhE e safl-uf pASH ERUBNEGY, Sl FRMBEAGNELEC O
‘isomers and other i anb%'eﬁdI%éean'} &hi%h ?s sgbé%frﬁaﬁ}pgée of bisphenol isomers and other

impurities to produce second-stage washed phenol adduct, second-stage

spent wash, and second-stage mother liguor.

2. A process according to claim 1 further wherein the wash phenol stream used to
wash the second-stage phenol adduct cryétals includes at least a portion of the

unreacted phenol stream recovered from the distillation of step (b).

3. A process according to claim 1 comprising the further steps of:

(2) sending the second-stage washed phenoi adduct to a third purification

stage for producing third-stage phenol adduct crystals; and,

(h) washing the third-stage phenol adduct crystals with a high purity wash
phenol stream which is substantially free of bisphenol isomers and other
impurities to product third-stage washed phenol adduct, third-stage spent

wash, and third-stage mother liquor.
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produce first-stage washed phenol adduct, first-stage spent WbSth@qmggirst
stage nother liquor; (e) sending the first-stage washed phenol adduct to a
second purification stage for produci ng second-stage phenol adduct
crystals; and, (f) washing the second-stage phenol adduct crystals with a
hi gh puri P§I/UVRSM24phenol stream which is substantially free of bispheno
isomers and other inpurities to produce second-stage washed phenol adduct,
second-stage spent wash, and second-stage nother |iquor. 2. A process

accor ding 1o ol AT dicehian 08164 1 hier WABBRNe ARl shLiaapedate  vesh

t he second- st age eno crystals 1 ncludes at least a portion of the

unreact ed phenol ga%%ﬁgmm%%%ggé&%l SRl &?ﬁalg;nﬁl&l%l%slaﬂéaﬁﬁ Rttichld?e(b) . 3. A

process accordin alm nprising e er steps of. (g) sending

t he second-stage_washe henal b i { on stage for
produci ng thi rd-E?‘&%"gecgﬂ%H 8%3@@8%5 géé‘?élg?tglltfs'%“létﬁléﬁbﬁ%&ﬁ%i ng the

t hi rd-stage phenol adduct crystals with a high purity wash phenol stream
which is substantially free of bisphenol isoners and other inpurities to
product third-stage washed phenol adduct, third-stage spent wash, and
third-stage nother liquor. 10 2 6 APR 2005 PCT/ USO / 44249

5. A process according to claim 3 further wherein the wash phenol streams used to
wash the second-stage phenol adduct crystals and the third-stage phenol adduct
crystals each include at least a portion of the unreacted phenol stream recovered

from the distillation of step (b).

6. A process according to any of claims 1 — 5 comprising the further step of
dewatering the phenol adduct crystals from each crystallization step before

washing them with said high purity wash phenol stream.

7. A process according to any of claims 1 - 5 further wherein the BPA liquid feed

stream from step (B) comprises about 30 — 60% by weight of p,p’-BPA.

8. A process according to any of claims 1 - 5 further wherein the BPA liquid feed

stream from step (b) comprises about 30 — 55% by weight of p,p'-BPA.

11




4. A process according to claim3 further wherein the wash Zp&efffrpoﬁ @gﬁ‘eam
used to wash the third-stage phenol adduct crystals includes at |east a
portion of the unreacted phenol streamrecovered fromthe distillation of
step (b). 5. A process according to claim3 further wherein the wash phenol
streans used to wash the second-stage phenol adduct crystals and the

t hi rd-stage phenol adduct crystals each include at |east a portion of the

unreacted phengl g ;&,«aggarcg‘?fa%aggc?%g J{EBH?%SIPES ﬁfrtﬁ&ﬂdohﬁﬁhiﬁé‘th@fsteﬁbﬁﬁcﬁéﬁhg 6. A

process according to any conprising the further step of

dewatering the phepgl #ﬂ%#sgﬁrﬁtﬁ&%ﬁk%ﬁ%ﬁt@ﬁ%ﬁ EFlidufol, S Bbiy'Fol WhsiBR LT Or @

washi ng them wi t h sai pheno ream /. process

cceor g 10 2y gl Sl I o 08 S0 BB et e

stream from step conpri se y wWeig

Peed stroam 1 rom st i seafisfhiBeonpath it RELIERAL Pt 80,
11 2 6 APR 2005 9, A Qb? ess.gﬁcordi ng to any of clainms 1 - 5 further
conprising the st OBFOPIINGEy  a first portion of spent wash, separated
not her |iquor, or both fromat |east one of said purification stages to
mx with the BPAliquid feed streamfromstep (b) to reduce the
concentration of p,p'-BPAin the feed to the first purification stage to

- bel ow 40% by wei ght.

10. A process according to any of claims 1 - 5 further comprising the step of

recycling a first portion of spent wash, separated mother liquor, or both from at
least one of said purification stages to mix with the BPA liquid feed stream from
step (b) to reduce the concentration of p,p'-BPA in the feed to the first purification

stage to about 25 - 40% by weight.

11. A process according to claim 9 further comprising the step of recycling a second
| portion of said spent wash, separated mother liquor, or both to the crystallization

step of the first purification stage.

12. A process according to claim 11 wherein a part of said second portion is recycled
to each of the crystallizers which comprise the crystallization step of the first

puriﬁcation stage.

12




10. A process according to any of claims 1 - 5 further coffp§iAifhglihe step
of recycling a first portion of spent wash, separated nother |iquor, or
both fromat |east one of said purification stages to nmix with the BPA
liquid feed streamfrom step (b) to reduce the concentration of p,p'-BPA
in the feed to.the first purification stage to about 25 - 40% by wei ght.
-11. A process according to claim9 further conprising the step of recycling
a second portign of said spent wash, separated nother |iquor, or both to
the crystallizdfi drproessepscardingda claim bk fugther eompaising thesteppd recyeling s nr ocess
according to claim 1l wherein a part of said second portion is recycled to
each of the cryst®Emanngspentivashandoeparped mother gyostaraetionsted{akt ep of t he
first purification stage. 12 2 6 APR 2085 13. A process according to claim
11 further conprising the step of recycling renmaining spent wash and
separated nother liquor to reaction step (a). 14. A process according to
claim1 further wherein the high purity wash phenol streans used to wash
the first-stage and second-sfage phenol adduyct crystals, incJude fresh
makeup phenol tid- ﬁq%wﬁsse@ggdmgfs.cﬁmrf%!&év @Bbtpéﬁﬁgp%tyd’faéﬁlﬁli‘ei“’;urther
conprising a downstream step of devol atilizing bisphenol Ai-;phengl adduct

P
recovered from t harepg asedde wasly the frst-sfagssandsecandstags pagnof aldy phenol

and a nolten bi sphenal A product stream
include fresh makeup phenol to the process.

15. A process according to claim 1 further comprising a downstream step of
devolatilizing bisphenol A-phenol adduct recovered from the final solid/liquid

separation step to produce phenol and a molten bisphénol A product stream.

16. A process according to claim 15 further wherein the high purity wash phenol
streams used to wash the first-stage and second-stage phenol adduct crystals
include at least a portion of the phenol pfoduced in said downstream step of

devolatilizing bisphenol A-phenol adduct.

17. A process according to any of claims 1 — 5 further wherein said volatilized

-~

unreacted phenol stream originates from a condensation reactor.

13




16. A process according to claim 15 further wherein the hipg R Rlé@ wash
phenol streans used to wash the first-stage and second-stade g e ﬁ adduct
crystals include at |east a portion of the phenol produced in said
downstream step of devolatilizing bisphenol A-phenol adduct. 17. A process
according to any of clainms 1- 5 further wherein said volatilized unreacted
phenol stream originates froma condensation reactor. 13 2 6 APR 2005 18. A
process according to claim11l wherein a predom nant propor.ti of spent
wash from t hel$i Arocssnacenrding in eloitellavharein A Prdomipen f&f"é{s‘”}@gﬁ"’éﬁv& dto
the crystallization step of the first purification st?ge. 19. A process
according to any feom the firstgolid-ligyid seppration adoyash step rdrycledithet crystal s
produced in at |east the final downstream purification stage are washed
with fresh makeuwpyspllizaton sterofithe finstpysifigetionstager wit h phenol produced from
a finishing step for obtaining a final bisphenol A adduct product, or -a

m xture thereof. 20. A process according to claim 19 wherein phenol adduct
crystals produced in the first purification stage are washed with phenol
produced from phenol -containing effluents produced in the bisphenol A

process. 21. A process according to claim2Q fyrther coppri si t he step of
dewat ering the 18-pﬁé’r’i‘€ﬂes%ﬁ5°8‘i’fé{ngé? ystofie “F%ﬁg@ﬁ'gﬁr E’gff&‘f‘&ﬂ?‘l"}é‘i‘{‘]‘gﬁf%@%
bef ore washing themwi th- said high purity wash phenol st rea}lm .

produced in at least the final downstream puritication stage are washed with fresh

makeup phenol fed to the process, or with phenol produced from a finishing step

for obtaining a final bisphenol A adduct product, or a mixture thereof.

20. A process according to claim 19 wherein phenol adduct crystals produced in the
first purification stage are washed with phenol produced from phenol-containing

effluents produced in the bisphenol A process.

21. A process according to claim 20 further comprising the step of dewatering the
phenol adduct crystals from each brystallization step before washing them with

said high purity wash phenol stream.

~ 22. A process according to claim 11 further wherein a higher proportion of the spent
wash is recycled to the crystallization step of the first purification stage relative to

the proportion of mother liqﬁor that is thus recycled.

14




22. A process according to claim1l further wherein a hi gherZ pr8p6r2d0bn of
the spent wash is recycled to the crystallization step of the first
purification stage relative to the proportion of nother liquor that is
thus recycled. 14 2 6 APR 2005 23. A process for the purification of

bi sphenol A via adduct crystallization of phenol adduct froma phenol
‘solution in a nultistage process wherein the adduct crystals fromeach of

Itipl i fi [ t £ S ted f nth L]
devat or od - and24maiREREeS) RIS PREGHIBREFOFIERY Lo etet aerura b FBiens
Cecover ed from arddpdomaPheoalERsAn St amultiai SRodf SHEE Bt Byl 2
23 wherein the wash phengl streamincludes makeu gﬂgnol to léheij@ﬁr ocess.
25. A process acc@%F%@@%Wﬁ?%@aWﬁarﬁﬁ%m%é A dhegPoRer UL i ncl udes

phenol produced fromthe finishing of bisphenol A-pheno ddyct. 26. A
process accor di ngletvgtessdapng washod with a yaghyphsapl *TF%SXB@F%“?‘?‘[@'&%C(#%&“&QBE

downstream fromthe first purification stage is washed wi th nakeup, phenol
to the process, igeerspndimpatitiesavhichinsludes ap pareagidphens! sigagriceqisTed A9 henol
adduct, or both, and adduct fromthe first purification stage is washed
“with a phenol prandipseehnt regehiamsageeam phenol - cont ai ni ng process streans.
27. Apparatus for producing and purifying p,p' -bi sphenol A conprising:

24. A process according to claim 23 wherein the wash phenol stream includes

makeup phenol to the process.

- 25, A process according to claim 23 wherein the wash phenol stream includes phenol

produced from the finishing of bisphenol A-phenol adduct.

26. A process according to claim 22 wherein adduct from purification stages
downstream from the first purification stage is washed with makeup phenoli to the
process, phenol produced from the finishing of bisphenol A-phenol adduct, or
both, and adduct from the first purification stage is washed with a phenoi

produced from upstream phenol-containing process streams.
27. Apparatus for producing and purifying p,p'-bisphenol A comprising:

15




15 2 6 APR 2005 (a) a reactor systemfor reacting acetone wpRhZ2805
stoichionetric excess of phenol under acidic conditions to forma reaction
product stream consisting essentially of crude p,p'-bisphenol A product,
unr eact ed phenol, possibly unreacted acetone, water of condensation, and

ot her reaction byproducts; (b) a reaction product distillation systemfor
distilling the reaction product streamfromthe reactor systemto distill
off a volatilized unreacted phenol strea possi bl y .an unreacted acetone
stream and the wat@ agsactar sysrsnoareashing agstone With 3RO EBEAFFH d f eed
stream consi sting essentially of concentrated bisphenol. A together with
remai ni ng unreacted phenebrndsnacigic gprditiansity fory ageackion prSUEL BTy pr oduct s
downstreamto a nultistage phenol adduct crystallization and purification
process; (c) at |east consistingessentiabsofimudern p'ibisphencl Srpredust, snmgactedpingpa
purification systemconprising a crystallization system having at |east an
inlet, at |east an opbsséily enrdactadacerongrwater of gandaisations prd ethergeasgiote phenol
adduct crystals, and an associated solid-liquid separation and wash system
havi ng at | east an ibypbdestsy at | east an outlet for washi ng the phenol
adduct crystals with a high purity wash phenol stream (d) a conduit for

conveyi ng washed phenol adduct, said conduit extending )
(b) a reaction product distillation system for distilling the reaction product

stream from the reactor system to distill off a volatilized unreacted phenol
stream, possibly an unreacted acetone stream, and the watef of
condensation, while sending a BPA liquid feed stream consisting
essentially of concentrated bisphenol A together with remaining unreacted
phenol apd higher boiling point reaction bypfoducts downstream to a

multistage phenol adduct crystalliiation and purification process;

(c) at least two in-series BPA purification systems, each BPA purification
| system comprising a crystallization system having at least an inlet, at least
an outlet and one or more crystallizers to produce phenol adduct crystals,
~ and an associated solid-liquid separation and wash system having at least
an inlet and at least an outlet for washing the phenot adduct crystals with a

high purity wash phenol stream;

(d) a conduit for conveying washed phenol adduct, said conduit extending
from an outlet of the solid-liquid separation and wash system of an
upstream BPA purificaﬁon system to an inlet of the crystallization system

of the next downstream BPA purification system; and,
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froman outlet of the solid-1iquid separation and wash sy$tgnAfof 2805
upstream BPA purification systemto an inlet of the crystallization system
of the next downstream BPA purification.-system and, 16 2 6 APR 2005 (e) at
| east a conduit for conveying an unreacted phenol stream said conduit
extending fromthe reactor systemor fromthe reaction product distillation
‘systemto an inlet to the solid-liquid separation and wash system of at

| east the first upstream BPA purification system 28. An apparatus,
according to cl ai m(@vatileasteonduib fasicpryening an unreacied pheaelsgam, spicondiity eyi ng
a first portion of spent wash, separated nother |iquor or both from an
outl-et of at |east onextedingdrdn theirehctossysten pofiom ithe reaesinn prpduetdistilation. wi t h
the BPA liquid feed streamgoing to the crystallization systemof the

- first BPA purifi cati osystesitage inl@So tharsobdsliquid sapsration andovash systent pat fpasts
further conprising at |east a conduit for conveying a second portion of
spent wash, separ at edthedirstepsticag)BRA purifivetidn dystesm an outl et of at | east one
solid-liquid separation and wash systemto an inlet of the <crystallization
systemof the first BPA purification stage different than the inlet that
receives the diluted BPA liquid feed stream 30. An apparatus according to
claim?29 wherein said crystallization systemof the first BPA purification

stage conprises a plurality of crystallizers and further wherein
28. An apparatus according to claim 27 further comprising at least a conduit for

conveying a first portion of spent wash, separated mother liquor or both from an
outlet of at least one solid-liquid separation and wash system to mix with the BPA
liquid feed stream going to the crystallization system of the first BPA purification

stage.

29. An apparatus according to claim 28 further comprising at least a conduit for
conveying a second portion of spent wash, separated mother liquor or both from
an outlet of at least one solid-liquid separation and wash system to an inlét of the
crystallization system of the first BPA purification stage different than the inlet

that receives the diluted BPA liquid feed stream.

30. An apparatus according to claim 29 wherein said crystallization system of the first
BPA purification stage comprises a plurélity of crystailizers and further wherein

'_ the apparatus comprises a conduit system for conveying a part of said second
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the apparatus conprises a conduit systemfor conveying a pa tapgf 280 d
second 17 2 6 APR 2005 portion to each of the crystallizers which conprise
the crystallization systemof the first BPA purification stage. 31. An
apparatus according to claim?29 further conprising at |east a conduit for

conveyi ng remai ni ng spent wash and separated nother |iquor to the reactor
system 18 ‘

portion to each of the crystallizers which comprise the crystallization system of

the first BPA purification stage.

31. An apparatus according to claim 29 further comprising at least a conduit for
conveying remaining spent wash and separated mother liquor to the reactor

system.
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