;e3e,,| DR Jx6T aWD 02/ 22i 31 METHOD FOR RECOVERI NG MATERI AL VALUES FROM
Bl SPHENOL TARS BACKGROUND OF THE I NVENTI ON This invention relates to the
processi g ¢d2B885phenol tars which are 5 10 15 20 forned meThgeprieshict s
when phenols are reacted wth ketones under acidic conditions, and nore

particularly to the recover mmmlmmwwmj mlchem cal her ef rom
Among bi sphenol s prepar ed on of phe @l @Eﬂ" ||Hmml ones under
acidic conditions, bisphenol A *isispredom nant in he scale of its
manuf acture, its relatively |low cost and the multitud®%¥ suitable
applications for its USKETHEDRORRECOVERING MADPERI®WE. A (BPA) from acet one

and phenol is practiced oy QL UBSFRGMBISPHENODINTA®RKSeds of m I lions of
. pounds of BPA produced annual ly. Al though current processes used for its

manuf acture represent the fruits of years of research efforts and are

hi ghly ef fg gtroRESRNE TPE REVERTEOR the starting materials are lost as a
.tarry by-product referred to as BPA tar. G ven the scale of BPA manuf acture

the formati on of even a small percent age of BPA tar -product_ is

si gni fi cant and armlTrlprsSntvenmn relofes tot qoome@mgfomsp oY G&re VRihAE | y. The
tars are t gr{g]?r he
separat i oﬁgan 04:9@%(:? érj‘gﬁ&g g’zﬂé %ugtlf‘3d Wﬁﬁ%ﬁ%ﬁ%@ g”@éggd?f(ﬁg ﬁonts

i neffici end nﬁxe paﬂbﬂxlyrly:tmtheyecbvregcqfojseﬁrkchemt]eglvehm‘s fror Ehemfmny of materi al
val ues from BPA tars have focused on tar "cracking"” in which the BPA tar is
heated in the presence of . an dic or sic cat.al yst ,at at errc
pressure. The combi AYA® %HSBW S P’f?garﬁ@g](}’ thﬁde%’ gﬂ%qhepg u‘{’@s 19n8%Hnd

cl eavage Qhd&PAilR! coh@IRASEBisphérds W tid PeedothifaR gh akindd o®fthdReselof e
| i berated phenol is distilled fromthe reaction vessel. The recovered

phenol is mmfacﬂue,tlrﬁerelq@wplw josicesh @ng theymnkiadernfosuiiableiapalicasions Heicits r i ng

the use of C t he
presence &sghﬁ%gh %:nellltf&lﬁrgrs?bl e%%\)e{g lt)Rf Eﬁ&% © gﬂ‘?fP udr}elpgl%w‘?cﬁje and
i sopropenyl pligagtale in&l’ﬂ&mddfeﬁs|dfatrﬁlhoh§©lﬁrpunﬁds1|olﬁ®m| p#oﬂu@ed\/ahmiﬁllf/e

synthetic |nterrred| ate and its recover from BPA tar represents an
attracti veMlthoygl cpment; nracespesused fonis n%'m A ES IRPFSPCRY thrs;ofr SYRAIS ‘afnd

i sop penx%@?&g%;&é@%g%%hr Ty efft§ért A%mall Eédt%i Sihe WRHBAe YR

02/2 21858 stands” in sharp con ast BPA tar crac ng at
at nospher iace postssua danry byrprotudti reféreedoto Ao st”orﬁamrﬁwym phersodlei of BBAai ned in

crracki ng GFMBROPA NG FORAER, ¢1PE, HEAL PEReERREY S i e Bprgietts © 11

| sopr openyigahfdaat aﬂcﬁiﬂ‘r@@dt§ td hﬂll@h@ﬁfﬁ@\lndb R§ tPrddickd @hniABP THO @4ty | laﬁ.henol 5
and is a condition which adds cost and limts the economc viability of

recoveri ngompemr off 8 FeFPHE IHpEH Of cRmpewndsswhich Femfens tthe separatjog
i nt ey %P " tp‘ﬁlfi \Aﬁlo?lr &f 1ﬁcﬁvﬂﬁ¥le£9fﬂp5¥%§‘xﬁog&tl&°@& nﬁfﬁﬁ&ﬁv@&ﬁeﬂ [@%ﬁ?&%ﬂl val ues

from ch do not requi e us vacuum equi p
furni sh pheayolestm(qgrasrfen;dcphmycdf matzttial rvehie$ fiom BPA mgsrhamcfecusaﬂ msnstqnherr c 10
pressure, .and whjch pI i caqutto t he recover terial . val ues

t

from bi sphé’ﬁ‘S“mgar"s "\(ﬁﬂbrhﬁ I’ra’ gl hgpted gy the péﬁﬁm? 1§10 JBAYE ON The

present i YRRt M htmdsphefie pr@SulcOTHEtMIbIRed AdtiochyT thERSH Ahd cRfalydBiesiltsal
val ues from BPA tar and ot her bisphenol tars under conditions of

at nospher ii¢ bond Heavasendl BRy sk somponents feselbugrip generation of phenol. The

phengy -1 SOREAREAREIOkisd Red T BT oR VTRY. D, FB0SEA LB 8 flr N

val uabl e produ ar represen

bi sphenol fﬁ:alrer@nﬂﬂeld:awmoydld&mﬂeamit&aﬁas&a@ﬂnh@ﬂxe@seof phdnobehavi or of ot her
bi sphenol tars is anal ogous to the behavior BPA tar, the present i nvention

descri bes the recovery of ues .from BPA t ref er.red
enbodi ment of the i MySAEFJAS aﬁ“"tessl\%@ KE has Pegp F‘)??é?‘f‘frhgl E e & he
) catalyst under vacuum to afford a mixture of phenol and isopropenylphenol in the
distillate. Isopropenylphenol is a valuable synthetic intermediate and its recovery
25 from BPA tar represents an attractive means for its preparation. The recovery of both

phenol and isopropenylphenol when BPA tar cracking is carried out under vacuum

1



20 invention extends to bisphenol tars generally, and is not limted to BPA
tar al one. One aspect of the invention, therefore, is a nethod for the
recovery wb otyedsafi al val ues from bi sphenol tars conpri si n@dimesoiQidsewi ng
steps: a. contacting the bisphenol tar with a basic catalyst in an anount
In the range between about 10 and about 10,000 parts catal yst per 25
mllion parts bisphenol tar, ' b. heating the bisphenol tar catalyst

m xture at a tenperature in the range between about 180C and about 300C

whi | e sparging the bisphenol tar catalyst m xture with an inert gas, and 2
WO 02/ 2253tanscin sheq ¢antresigo BP A tar lceaskingopt abrospheni¢ piessuee fir whichditde bi sphenol

tar catal yst., mi xtur anqt her, a t, of,the present,invention is
t he conve?ﬁg' ﬂprgpeqyﬁ@egﬂgﬁopta g ﬁ%ﬁ@ﬂgl H;{F@.Fneqe thﬁthg Agjum

bi sphenol chnditishsbe eimo%a g6t !h@g:récﬂ@ﬁg beBPN taf meotds:@w pRARIE RhA S late
contained in the coll ected phenol s |suprop%Ey phenol m xture, wi th phenol

in the preseliungisopropauylphencl seflacissthe qhemivel HstavisTriFvPRIGPENy LThemo ol .
| NVENTI ON ?Iﬁfis BY & aﬁ%n!wa%a S %nl9in ﬁ{esécgﬁ&n{@\'}ﬁblg %‘f@k'ré(co% ference

to the fol oW ng escrlplono preferréd enbodi nents o nventT on and
t he Exarrplphenolns:dpnotmdytpheucﬂinﬁxmlres froin BRYperi ficati on and in the clains
which follow, 10 reference will be nmade to a nunber of terns which shaII be

defl ned to have the The ul.ar and
eher el unla” o1 tr et fepE sl ARERER, ol OsTnd fhetiias PF TR rikoyenor

ot herw se matQPil'v‘aﬁﬁE froftf BPARL wARM d6 ndf'@é’cﬂﬁrettﬁé‘hsé Sy RUBSH ﬂﬁﬁérﬁ pdescri bed

15 event or circunstance may or may not occur, and that descrlptlon

i ncl udes |wisclaiﬁcwhvninen@-ls¢mommheml mﬂx@m&ﬁm@é’ﬁommeanmwpbﬁmces

wher it dges not or el fin as )

o 4IRS ERnpnaor v BE b BeetiE 46 e Beesil O dfiterhintatyrs g ) gpar
|s here| N bikpheisidarasther hRASPN taf or 2, 2- bi s(4 hydr oxy 20 phenyl) propane or
4, 4" -i sopropyl i denedi phenol . "o, p-BPA" is herein defined as bisphenol A or

2- (2- hydr enylt-2"_(4- ) pr opane or
2,4 -i sop%iﬁ%ﬂﬁ%%@&%ﬁl}’ﬂ%l PCT/ USCL1/ 21858 "I PP" is herein
defi ned as isopropenyl phenol or p-isopropenyl phenol

The present invention is directed to methods for the recovery of

material values from BPA tar and other bisphenol tars under conditions of
atmospheric pressure and focuses on the recovery of phenol-isopropenylphenol
15 mixtures which may be transformed into other valuable products. Because BPA tar
represents the most significant bisphenol tar produced worldwide and because the
chemical behavior of other bisphenol tars is analogous to the behavior BPA tar, the
present invention describes the recovery of material values from BPA tar as a
preferred embodiment of the invention. It should be noted that the method of the
20 invention extends to bisphenol tars generally, and is not limited to BPA tar alone. One
aspect of the invention, therefore, is a method for the recovery of material values

from bisphenol tars comprising the following steps:

a. contacting the bisphenol tar with a basic catalyst in an amount in
the range between about 10 and about 10,000 parts catalyst per
25 million parts bisphenol tar,

b. heating the bisphenol tar catalyst mixture at a temperature in the
range between about 180°C and about 300°C while sparging the

bisphenol tar catalyst mixture with an inert gas, and
2



or 4-(propen-2-yl)phenol. "IPP linear dinmer 1" refers to a BPA tar

conponent having structure | . HOH "IPP linear diner 2" refers to a BPA
tar conpew@wni®awvi ng structure I1. HII "IPP cyclic dinmerp€t/usef/a8s8 to a
BPA tar conponent having structure Il1l1. "IPP cyclic dimer 2" refers to a
BPA tar conponent having structure IV . 4 WO 02/ 22531 PCT/ USOL/ 21 858

"Chroman 1" refers to a BPA tar conponent h avng s~c~re V. "Chroman 2"
refers to a BPA tar conponent having struciur a VI. p CH3 OH H3C ~CH3 VT 5
WO 02/ 22531 "DWX" refers to a BPA corrpon nt having structure VII . VII
"BPX' refers to a BPA ¢allec l‘i‘é‘«‘u‘ﬁlaﬁafmlﬂﬁalg isphengl éaf‘OP‘ialYSt mixture.
Still another aspect of the present invention is the conversion of the
phenol-isopropenylphenol mixture to a phenol bisphenol A mixture by effecting
reaction of the isopropenylphenol, contained in the collected phenol-

5 isopropenylphenol mixture, with phenol in the presence of an acidic catalyst.

DETAILED DESCRIPTION OF THE INVENTION

The present invention may be understood more readily by reference to
the following description of preferred embodiments of the invention and the
Examples included therein. In this specification and in the claims which follow,

10 reference will be made to a number of terms which shall be defined to have the

following meanings:

3 &

The singular forms “a,” “an” and “the” include plural referents unless

the context clearly dictates otherwise.

“Optional” or “optionally” means that the subsequently described
15 event or circumstance may or may not occur, and that description includes instances

where the event or circumstance occurs and instances where it does not.

“BPA” is herein defined as bisphenol A or 2,2-bis(4-hydroxy-
phenyl)propane or 4,4’-isopropylidenediphenol.

“p,p-BPA” is herein defined as bisphenol A or 2,2-bis(4-hydroxy-
20 phenyl)propane or 4,4’-isopropylidenediphenol.

“0,p-BPA” is herein defined as bisphenol A or 2-(2-hydroxyphenyl)-2-
(4-hydroxyphenyl)propane or 2,4’-isopropylidenediphenol.



VIl PCT/USOL/ 21858 "Inert gas" is herein defined as a gas which is not
reactive under the conditions used to convert BPA tar to m xtures
conpri si ngopbersat and | PP and is exenplified by nitrogen, rarpgsviamisst eam
10 "Material value" as used herein refers to the value inherent in a

chem cal derived froma given bisphenol tar, such as phenol at a given
state of purity. The material value of phenol contained in the distillate
obtained fromheat treatnment of BPA tar in the presence of a catal yst using
the nethod of the present invention may at tines be increased by its
further purification. The material value of IPPis a result 15 of its
versatility as a chemcal internediate. IPP is a known internediate in the
preparation of the I§ppt Wﬁ‘e}émad&hﬁbl(ds'l%ﬁbﬁ@?'@hexﬁol'd{ p-%grdp‘éng Rétot 1 ve
internediate in the formati on of BPA from acetone and phenol P desired,
the | PP cadf brepeact-yopienol. WD 02/ 22531 directly with. phenol in the
distillate in the presence of an added acidic catalyst to afford BPA. The

term"sparging" as ug f 8?§E£ gh a
| i quid which occurs mﬁphg&ﬁQQQE{E dﬁggﬁaP ?&u %ﬁ%’ Hgg tar"
used herein is defined as a by-product m xture produced during the
manuf act ure of BPA fronlqhgn P tayQHaries inits

conposition but typically cQ [ constituents: BPA,

0, p- BPA, phenol, PP, IPP I|i ear diner 2, IPP cyclic
dinmer 1, IPP cyclic diner 2,76 () \ @A Urther condensation
products of BPA with acetone or
includes materials of unknown structgre. PCT/ US01121858 BPA and o p- BPA are
frequently anong the chief conponents of the BPA tar and these two
conponents represent nost of the |atentl phenol and I PP contained within the
BPA tsr. "Bi sphenof‘[Ppainecafdini¢s QU réfersabn BEA di@ﬁbxﬁ?dnaﬁ haviby setdatedl. m xture
15 produced during the manufacture of a bisphenol froma phenol and a
ketone. "BPA tar" represents a particular bisphenol tar fornmed as a

by- product when acetone and phenol ~gre reacted together to give bi sphenol

A. Ot her bisphenol tars are produc€q3as Hyproducts during the manufacture
of bi sphenols other than BPA. These generally contain chem cal conponents
whi ch are analogous to those S BPA™NQ R0 Bi sphenol tars are

i a variety of

OH

“IPP cyclic dimer 2" refers to a BPA tar component having structure IV .



bi sphenol s, for exanple; 2, 2-bis(4-hydroxy-3-nethyl phenyl)propane fromthe
reacti on of &Y@Pexsb; with acet one;

2, 2-bi s(3, 5-di net hyl - 4- hydr oxyphenyl } propane fromthe reaction of

2,6-xyl enol with acetone; 1, 1-bis(4-hydroxyphenyl)cycl ohexaneP€F¥s0t/11e58
reacti on of phenol wth cyclohexanone 1, 1- bi s(4- hydr oxyphenyl)-3,3,5 25
trimet hyl cycl ohexane fromthe reaction of phenol wth
3,3,5-trimethyl cycl ohexanone; 1, 1-bi s(4-hydroxy-3-net hyl phenyl ) cycl ohexane
fromthe reaction of o-cresol with cycl ohexanone;
2,2-bis(4-hydroxypheny|)butane fromthe reaction of phenol wth 2 butanone.
The term "bi sphenol tar" as used herein further includes by-products forned
during the manufacture of trisphenols gueh aSHJHPE (1,1,1-tris(430

hydr oxyphenyl ) et hane prepared & tha.reagfi on 4- hydr oxyacet ophenone with
7 WO 02/ 22531 PCT/ USQL/ 21858 phe T Lerm "bi sphenol tar" as used
herein still further includes by-p i i
reaction between a phenol and an al as in the preparation of

1, 1- bi s(4- hydr oxyphenyl ) oct ane from oct an Rhenol . The term "bi sphenol
tar" as used herein still further inclu ducts formed during the 5
preparation of bisphenols from phenol spyand o or, in the alternative,
phenol s and al cohol s. Exanpl es of bisphenols prepareg from phenol and

ol efins or al cohols include bisphenol M

(4,4 -(1, 3- phenyl enedi i sopropyl i dene) bi sphenol ), prepared by reaction of
phenol with 1, 3-bis(isopropenyl)benzene or

a, a' -di hydroxy-1, 4di i sopropyl benzene in the presence of an acidic catalyst,
and di et hyl bi sphenol M 10 prepared by reaction of o-cresol wth

1, 3-bi s(i sopropenyl ) benzene or a, a'-di hydroxyl, 4-dii sopropyl benzene in the
presence of an acidic catalyst. The term bi sphenol tar further includes
by-products formed in the acid catal yzed transfornmation of bisphenols, such
as BPA, into spirocyclic bisphenols, such as 6, 6' di hydroxyspirobiindane and
bi cycl'i ¢ bi sphefiCh®magye cyclic dinmer 1. 15 "BPA tar cracking" as used
herein refers to the ggn‘g?%gsamé‘céfférﬁar@bmbemntﬁmngﬁgﬂ t on a BPA tar
which results in bond cl eavage of BPA tar conpone c ptlble to | oss of
phenol with formation of olefinic products such as IPP in addition to

| i berated phenol. In addition, BPA tar cracking includes bond breaking 20
processes of BPA tar conpones ek t |iberate phenol' such as the
retro ene reaction of IPP |j cpptructure I, to afford two

nol ecul es of IPP. OH ~ ene 3 \WD 02/ 22531 PCT/ US01121858 The
present invention provides al or recovering phenol and | PP from BPA
tar wherein the BPA tar conpris N\ a range of fromabout 1 to about
90% by weight, o,p-BPAin a rangéjof bout 0 to about 90% by wei ght, 5
Phenol in a range of fromabout O to 95% by wei ght, IPP linear diner
1 in a range of fromabout 0 to gbout 25%py weight, I PP linear dimer 2 in
a range of fromabout 0 to about 15% by wei@t,




| PP cyclic diner 1 in a range of fromabout 0 to about 25% by weight, |PP
cyclic diner 2 in a range of fromabout 0 to about 15% by wei ght, 10
Chroman wo p/gesspnge of from about O to about 65% by wei gleCr/uSor/orsas 2 in a
range of fromabout O to about 65% by weight, DMX in a range of from about
0 to about 25% by weight, and BPX in a range of from about 0 to about 25%
by weight. It is generally preferred that the BPA tar be rich in BPA,

0, p- BPA and condensation 15 products of BPA with acetone or |PP such as
BPX. Thus the nmethod of the present invention is nost advantageously
practi ced when PMXBreersde adthiptar semposmhhaving strygiye Y .f r om about 5 to
about 90% by weight, o,p-BPA in a range of fromabout 0.1 to about 90% by
wei ght, and BPX in a range of fromabout 1 to about 90% by wei ght. 20 The
BPA tar used as starting materigk c%ﬁdi ng to the invention nay be an
anmor phous glass or a partially ciystafPine solid. In either case, the BPA
tar is readily converted to a-fUuie

to a reaction 9 WO 02/ 2258

ating. The BPA tar may be added

..' R A

y 2185B vessel either as a fluid by
mechani cal nmeans such as a f rzgy gravity flow or transfer
effected by pressurization w driert=gdas. Alternatively, the BPA tar
may be added to the reaction vessel as a solid by neans of screw feeders
and the like. The reaction vessel ngy be a single batch type, heated
reactor 5 equipped with a one or nore sparge tubes, distillation head,
condenser and receiving vessel. BPA tar and catal yst are charged to the
reactor. The fluidized BPA tar and catalyst mxture is heated to a
tenperature in a range from about 180 to about 300C whil e being
continuously sparged with an inert gas. Sparging is effected by nmeans of
one or mor & gasppRahidifarRPRIA ddtthohBithallig stiBGtOymRNd extending bel ow
the surface 10 of the uidized tar.” An inert gas such as nitrogen or steam
or a mxture thereof is introduced at a rate sufficient to thoroughly
agitaie the fluidized tar. The gas may be preheated or cooled prior to its
introduction into the reaction vessel as a neans of controlling the
tenperature of the BPA tar. The volune of gas required depends upon the
vol une of the reactor beingdg ed.y Th gﬂun1nunber of sparge tubes,
sparge 15 tube dianeters and b{f ’S3such as whet her or not the

sparge tubes are straight Rped with nmetal or ceramc
eri nment ati on and nmay depend
pre

frits and the like is de
sence or absence of

upon the size and shape
mechani cal agitati oA i offr o¥dettgpy the sparge and the
conposition of the A tar. The sparging facilitates heat transfer and 20
pronotes renoval of phenol and | PPViHlom the reacti on vessel. The gas

i ntroduced through the sparge tubes exits the reactor through the
distillation head, condenser and receiving vessel. Phenol and |IPP,

ted b bon- ~hond b ' t] .of BPA 1. ts,
OreTtSer1 1 1 om et 88k op Bireph B8biddCher m R WARR S bt riRel B wiGE N ot he
di stil | at iceAdifiemdussddioCenen BPA aimdioamexterRP lcdipéising pHRol BRETMP A is

exemplified by nitrogen, argon and steam.

10 “Material value” as used herein refers to the value inherent in a
chemical derived from a given bisphenol tar, such as phenol at a given state of purity.
The material value of phenol contained in the distillate obtained from heat treatment
of BPA tar in the presence of a catalyst using the method of the present invention may
at times be increased by its further purification. The material value of IPP is a result
15 of its versatility as a chemical intermediate. IPP is a known intermediate in the
preparation of the IPP linear and cyclic dimers, I-IV, and is a putative intermediate in
the formation of BPA from acetone and phenol. If desired, the IPP can be reacted
6



25 vessel. As the tar conmponents which can give rise to phenol and I PP are
depleted the rate of distillation of phenol and IPP fromthe tar sl ows.
VWhen di siyd bpidsen of phenol and | PP ceases the "spent" tapCrasooesss s
removed fromthe reaction vessel. Alternatively the reaction vessel may be
equi pped for continuous BPA tar cracking such that introduction of BPA tar
and catal yst, distillation of the phenol30 IPP m xture and "spent" tar

resi due renoval are carried out sinultaneously. A 10 WO 02/ 22531 PCT/ USO
1/ 21858 continuous system of BPA tar cracking may be carried out using a
si ngl e spdiregly wshqhieool inetheedistdlaterimthetieseate opangasided agisic eatalyelstoel s i n
series. | nffﬁﬂem%'pi ts enbodi nents the present invention conprises
convertina e present in the distillate resulting from BPA tar
cracking directly to bisphenol 5 A. Since the distillate from BPA tar
cracki ng conpri ses [ihenetm dspargig” tabaisedtieteimrefefs @nthacpadsageadft @ gat to t he
recei ving vessel .ma e used to, pronote_th no react,ion between | PP and
phenol t o Py %Ih‘ll}l‘éb'aéﬂbf’cc)-ﬂs W@éjwsb%foéﬁééﬁfoé‘ggé% iq¥dchar ge additi onal
phenol, or additional phenol together with a diluent; to the receiving
vessgl thereby enhan@py tirhgs i@idheRiin BRRfnGE A8 A b9 pradstt daRfPSSloadcddne
formation of 10 unwanted by-products arising frombinol ecul ar reactions of
| PP with idugeg the wannfagtura ifdBRAcem| pheng! and agetoneldBBA: tart vagies dadisvi ng
vessel to ef .t Y [ f ot . [ P t h nore
stabl e anﬁo%lé(gsgﬁ?no %ﬁaﬁgPlsg‘@f scgﬁ’gﬁg?s ﬁl% ﬁ@s@éﬁg Zﬁ%%%t\;@? IgtE"l rﬁ:%jdgsé%? ‘onat ed
pol yst yr epeéhob,XPPPIPP lipdarbdintehe, b tineay slimac RAIRP tydicndimeNd{ RN cfdlicor i nat ed

acidic resins,_ acidic cl catal ysts, sulfuric acid, hydr ohl ori c acid,
hydr obr onft#n& 3 GREARAD, Pé\%-%r R%‘S ?L_‘Fﬁ’@r ﬁ?ﬂﬂ?ﬂﬁat‘GF Pé%‘?‘ﬂ’ﬁ%oﬁ:é?él ‘é’glﬂ AR 0 t he
recejgvi ng IM’E%&&Jhad PR gk%ﬁiahxw, BEA tANgeluRed iﬂ%?é?ia‘?é’@f‘hrﬂ&o%ﬂstﬁ{&%ﬁébom 100

percent by wel ght based on the weight of the BPA tar charged to the
reacti on BPédsend o,pHBP Anararfrequéntpphamong titdehdeft compomentsoafi the BPA ¢arsaid | s

f bly i bet bout bout .10 t ei ght
Drrs oo el ol GARSGRE BB ol 3o RSl bl ©
Dl uents whiBPA gy be enpl oyed include water, carboxylic acids such as

acetic acid, hal ogenated solvents such as nethyl ene chloride, alcohols such
as net hanol and ethanol, esters such as ethyl acetate and butyl  acetate,

(13

acet one and ni xt ur esBipheraltarcas nepdnhtrein. 1shgefinsdasthariy-BiodHCtaBIARISt ane,
t ol : Lka. fodi tni
ol ugne anBdﬁ’é@&?nnggaH% 5:51 fhdtlife ofEhﬁsﬂ{EﬂHPlgoﬂb% g{’é‘*f’g%éd ANShee EPR

preferably 1 n a range etween about™ 1 and a percent based upon
t he anountarbfrepresents a paidiedlat disphenol darefouned) ay e Syeprodidtewhat heetbnef andhe

present inyvention urther conprise m,xi he BPA tar wt nol prior
ot he. BPRNTIE e lpEeiiiE o RE Bisbichof e Ol BishaEnel S st Pladufiitior Fo
the react bpprotResedurtis thetnidi€adae &%ﬁsfpﬁéxfrtﬂéﬁ bftér teACBPAN ThéfegedRraligdi ti on
of phenol to the BPA tar enhances the fluidity of the BPA tar, inproves

heat |1 copt@noghepical) comygnentyl hidhseret anphegoss toetheserfourd imdpPAaierand the
vl 12 of | HiSneRAGhIOe ARl AN bloRnaL Lirnk e BOBRRIAIEY: BSkNEy ! g Nt Taln

product | Inthe distillate. anount o e“reaction
vessel i sbppkdmelsabifor i examplgn@g2-bis(4-hydroabdumetiylpheny ) poopane 1 @i pdrecent by

wei ght based.on the wei ght. of the BPA t.a ar ge he reaction vessel.
o Some. 5 UL e S oF PRy b HBBES 2 Yiose LMt D ORIReRRIPrEPRE; g
reacti on @bpnSthe@8dctivn of 2,6-xylenol with acetone; 1,1-bis(4-hydroxyphenyl)cyclohexane

from the reaction of phenol with cyclohexanone; 1,1-bis(4-hydroxyphenyl)-3,3,5-

25 trimethylcyclohexane from the reaction of phenol with 3,3,5-trimethylcyclohexanone;
1,1-bis(4-hydroxy-3-methylphenyl)cyclohexane from the reaction of o-cresol with
cyclohexanone; 2,2-bis(4-hydroxyphenyl)butane from the reaction of phenol with 2-
butanone. The term “bisphenol tar” as used herein further includes by-products
formed during the manufacture of trisphenols such as THPE (1,1,1-tris(4-

30 . hydroxyphenyl)ethane prepared from the reaction 4-hydroxyacetophenone with
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el evated pressure in order to achieve a sufficiently high tenperature in
the reaction vessel to produce an acceptable rate of evolution of BPA tar
derived RpgW9L230d | PP. In the absence of a catal yst BPA tgsr/usnifedsstively
stable and only slowy evol ves phenol and I PP when heated at 180-300C. The
addition of a basic catalyst in 10 an anmount ranging from about 10 to about
10,000 parts catalyst per mllion parts BPA tar accelerates the

car bon-carbon bond breaking reactions giving rise to phenol and I PP from
conmponents of the tar such as BPA, o,p-BPA, IPP linear diner 1, IPP linear
di mer 2 arpheBsiX. Thsmenatflbéspdlam(ﬂltyétas ised| beteinbsiill furthenanclidesi bse;irdducval kal i

tal hyd d l,i thi h d d d. i
ydr oxi e ORBGINIRS fhe oo s Read A reEen  REenoL PR BhARSRY bl Pt al
hydri des e;kbra%lﬁ ofli P'Tlﬁié(ﬂfh'ygﬂmy% énm)u&hﬁe/%rohﬂsctaﬁa'aqidulsﬂé%ﬂrmeteaﬂd

l'ithium aI um num hydr i’de asic catalysts listed, sodi um hydroxi de
and pot assfiaphenalrtax| akeusadsheseinfstitlr Buthesgiudes foyeprosduate formegadmlrlguﬂhar |y

f d. Th t b t d
Pt o o prrara X b ATR Horf bl SnBRRNYSY, i BRI REPAREORRA (o
acidic i rrmlusdﬂolseﬁmlw esetﬁépha@ols Dregut®d ifrees phegolC agd dldfaiseor S.loahdtjllﬁed for
owever e

a correspandi ngly higher |evel basic cata aIIy
i nvent or s Ipglpde fbéiPrli‘GanhM (44- @V%phg*ylglggpgop@%gygﬁ?gqe){)}sp,h%ql arseRded Rt he

range fro t b p 5| tse_BPA tar
is suffi c%%ét%%{o %fgg?%\q}gﬁawisieﬁgf&sg%eﬁﬁ%w;ﬁeno eaS\%I H&L c'thH?drBi‘%'r (%?14 from
the BPA t atiisopropplbenzene 1ﬁ&hEpmmicesoﬂ'drea¢1dicl catalyst, emhd’pheihylbrsphmoﬂ Morth so
as to_ provide ﬁttfp se of, orgl nar\é ﬁh n the art Wth a det gi | eg! di scl osure
Snd S00cr iR BY TerdHiet AboEHbRL dr bRy HERe af B AIRESHE nor

i ntended t104.1dtifdpropy1BerAd i e p&-@b@hcé Beah AYRATY ity TRs @erﬁﬁbfsﬂ%nm tar

i nvention. Unless i'ndicated otherw se, parts are gy wei ght, tenperature is

in 12 v@ltthwzzg@nd@ctwsgdma“san@bgneélse st |C@tﬁwdoﬂransfoanatmmf

t enper at ur re e.Ls or. h e ri nd
testing prbgscﬁ’gg?lgs ggeg{j ‘L’ lffil‘bé’ rlélsul tsgﬁf){:?%‘f@ ﬁgel%@?eﬁgg’r eggéshef 8?| 36\&/58arl
Conposi ti (Iﬁhydrbxﬁb&bbnm‘@nBEﬁd bycligsiggheadlsphiehal cpelit dikder ¢ stillate .. and
spent tar residue remaining in the reaction vessel were determ ned by HPLC
5 calﬁbrat ed using purified standards for each of the conponents

i dent?fied. The HPLC equi pnment used was a Hewl ett Packard nodel 1090 liquid
chromat ogr aph equi pped with a 4.6mm x100nm CDS col um. Anal yses were

carried out using aceBRAIthr thaekinEt RanSdd WereRY refés ttbah@ bomBined Heos WFPr i Si Ny
ef fect of |nert gas spara%epgftwas denonstrated on a 10 | aboratory scale in a

reacti on Vieakld eagHyston; argwijrla sesubis nehpndpleavage of BPAdsrecostomgmisd wi t h
a cap and dfed Hﬂle %d" $S o% w‘f‘tﬁsi;ofrfnﬁfl%g o‘f“c}lgﬁlﬁ? éjl?b(guc?so% da ﬁd'lﬁﬁ"lh' ation

head and a sparge e co ng 0 gauge s ess s syringe
needl e. Theddiomt fol lidrated pheral. WwaasdditomeBPAdat oraakmgnneiddersebmdvbnegkm'gal The

spar tube was c ted to a inert gas source and g.gas flow neter. The
spar 08t uEORRSHSCP AP A ATseamposest Whigtbda0t Hbarpie HhenclisPeh ay Hedehowgea | ow
for gas b'r@ﬁﬁfﬁh'dﬂPFﬂm@ﬁ%ﬂbﬁH strg@cﬁfﬂdtd‘&‘f&ﬂ B encleblisi sdrppei ght of the

syringe needle relative to the fluidized BPA tar (above the fluidized BPA

tar for blanketi ng, bel ow t he fI ui di zed BPA tar for spar gi ng The rate of

gas fl ow wge)_ adj al i brafed flow neter. 0 ed was
"house" nltro i gas flow rate enpl was 3 5 m/mn.
The 20 reactif by i mmersion i ated silicone oil

bat h, control e retroenerxn 2
__.——___»

IPP



solid state controller. Tenperature was nmai ntai ned at 250C +/-1C. All
experinments involved imersing the culture tube into the bath, which was
preset atwdbg2ssacki ng tenperature. Exanples 1-3 25 One gramusbi/enssg s of
BPA tar were cracked with either nitrogen gas °~ bl anketing (Exanple 1 ) or
spargi ng (Exanple 2 and 3) at 250C in the presence of 1000 ppm NaOH usi ng
the | aboratory tar cracker described above. In each exanple the BPA tar was
conprised of the foll owi ng conponents: o, p-BPA (39.0%, BPA 25.1%, Chroman
1 (12.3%, IPP linear diners 1 and 2 (6.8% Chroman 2 (5.7%, 13 WO

02/ 22531 PCT/ USOL/ 2 1BB8pessnt (invenspn prepdgsoa methech thruiekovswing aberel andent s
(109 . Va i ] [ ight percent. In Exanple 3 product
IPP in thgﬂﬁﬁggﬁ#ﬁgttée&véc?eﬁggégﬁggﬁaﬁog §7'9'with phenol in the distillate to
give BPA. This was effected by collection of the phenol IPP distillate in a
stirred, 4 dram vi aBRARImd angedf ffomaBeutciotntabiont 9096 By Weight5 grans of phenol
and 0.5 grans of Anberlyst 131 (a strongly acidic ion exchange resin, Rohm

and Haas Co.). Wien the I PP was regcted with phenal in this manner the
amount of BPA in th@ﬂa‘ggﬁl.}&t“a‘?%etq%laﬁoé’f gb%éb ga g}t%o%w gﬁ’@?’f’hi s val ue was
used to calculate the yield of IPP. For this purpose the yield of phenol

withsi PP to afford BREndIa#H a asfe O GrohPatidRt A Yaabdu 85%M8: wéightlabl e 1:
Distillate analysis of Base Catal yzed BPA Tar Cracking xa~~>Whfi ~~~Hr- A331

aNoNo11484. . : . 0 ;
I12.20.51. 50. 8NDa0. ¥BBVineaudtimenlin srange obfomayoutdbtoahoutits % by weishis 710NAe 3.
034570. 589. 066. 7~a a PhenoUAnberlyst Trap Wight in mlligrans (ng)

Weight in ng of co . t i do le 2
Effect of Spargi ngngzmsiggarﬁjl “%%t,ﬁ% ﬂ?‘:‘{rﬁ%‘g%ﬁ%ﬁ{?@ﬁﬁ @@jﬁb@%ﬁl\/ﬂg@ ?&%I@H,

a3333r | bNo87469. 926. 2112. 7149. 830. 6131. 1~a74. 32bYes2081. 96. 24. 02. 930. 370. 1T
r e~a3bYes206NAf 7. 05 IR ggdlic3limer Tinerapge 6f fromeabodt/@ tobanp2¥% bybveght,
correspond to distillate Exanples la-3a in Table 1 bTotal weight in

mlligranms of spent r Si: . V\&j } 0 . detected ,
a Trace detected f \I}g\aﬁ%&%o lggl\e/zafl}v%tﬁqg& f%ﬂo%%tzg%zn%%@?%%%g 1858
Table 1 provides data on the distillate generated in Exanples 1-3 and
10 Chroman 1 in a range of from about 0 to about 65% by weight,
Chroman 2 in a range of from about 0 to about 65% by weight,
DMX in a range of from about 0 to about 25% by weight, and

BPX in a range of from about 0 to about 25% by weight.

It is generally preferred that the BPA tar be rich in BPA, o,p-BPA and condensation
15 products of BPA with acetone or IPP such as BPX. Thus the method of the present

invention is most advantageously practiced when the BPA tar comprises:
BPA in a range of from about 5 to about 90% by weight,
o,p-BPA in a range of from about 0.1 to about 90% by weight, and
BPX in a range of from about 1 to about 90% by weight.

20 The BPA tar used as starting material according to the invention may
be an amorphous glass or a partially crystalline solid. In either case, the BPA tar is

readily converted to a fluid upon heating. The BPA tar may be added to a reaction
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Tabl e 2 provides the corresponding data for the residue (spent tar residue)
remaining in the reactor after distillation ceased. Conparison of the data
for Examw@od2&sand 2a in Table 1 shows clearly the advantregames2sfigect of
sparging in terns of phenol and 5 I PP recovery. The nore conplex m xture
obtained in the distillate of Exanple 2a relative to Exanple 3a illustrates
t he advantages of trapping IPP in the distillate with additional phenol and
an acidic catalyst conplex. Table 2, Exanples 1 b-3b, is included to

rovide as copplete a bal ance .as possi. bl e. bot h, Exampl es 2b and
Bb 111 ust VERE] PRRPT S - BY MasshaRiea) m n@ﬂmswwiﬁmeéaym? ging is
used. 10 B?%dn@fé? ’Etffe%d preQRRZE AL (Witheh in@rt aA'lte ahb lQa | BPhafar

bu % e

reference to preferred odi nents t hereof, rstood that
vari at i ongnaynbk adslgd to tiatreaﬂtlsn vessehas %SOﬂlddweueamstoﬁscteWIf@ectcpﬂ arndtthahhe .scope of
the invention. 15 WO 02/ 22531 V\HAT I S CLAI MED IS PCT/ USOL/ 21858 1. A

nmet hod of recoverin terl. en d
conprising the foll grva{gﬁéeac gxll ‘ye%ée w8 t ctl Sﬁl@&h bg{gps@ﬁg’n&e re\%:t?g
basi ¢ cat alguipped Withma aﬁmmotemptafge B Glshﬁmmﬁlﬂeadbmﬂdeﬁ&r and redwuﬁg 10 000
parts catal yst ﬁer 5 m]lion parts bi sphenol tar, heati ng_t he bi sphenol

tar cat al ySbsehi BE4yrtar and gatelyphae shaveedty tb%@@@ﬁg@‘%ﬂ?%ﬁ‘ Poar asbC and
about 300 I t i nert
Gae. and SotiBist SRR S'iithel 62 MAPARRSS i tons 1Y Honl 18D} Sndll 000

m xture. Mhil bemgrmﬂﬁmdomtyc spatigetgwith anlimértrgds. S;pa'gmgrls effectbd bpmesrnl of ar i s
sel cot ed (oM A0 L UG QU CORRRL 1Y Bl a2 KRk o HASE RS 29 DY

2, 2-1y s{ 4-gr\es QP&Yd@ed”ﬁE hé(h Fh'ﬂﬁ“f‘ﬁés) ﬁfdhpz?s“ﬂtrogen or steam or a mixture thereof is
2, 2-bi s(3, 5di met hyl - dr oxyphenyl ) pr opane;

1, 1- bi s( 44@@&1@@@ phea ngte ;@fiﬁ@;e@h@@p@ughly agxtate the fluidized tar. The gas may be

1, 1bi s( 4- 4 3 15
ot byl pheri R QS & ¢ [FRUINGY Br B RRGan ol A4 YR BEY,
gy g r o>c<I y E h aebytrioldmg ahbaten@gdmﬁe of the Bll’ﬁ-tmg hy velnari df%@p feqp?]rbdé dfeplﬁiﬂb ﬁp@h enol ,

i oxyspi r opj i ndan cyclic, diner thod fof the recover
of phenoly d;% 8%‘“8}5’@?@"5 H@"Wéﬂr 13& %/ﬁeés The BEEEPQ @%{pber 503(9 arget TR ERATBF i si ng Y

the ol | oWROqiahRRSs at?@otﬁer sfsgéﬁtﬁﬁﬁdh”ﬁ Wﬁﬁh@%nb?fhevygﬁ%e%g@sa'r& st?é?l%l?tl yst in
an anmount 1 n the range n about 10 and about arts catal yst per
mllion pent OBPNIQ(hrtlppbd vhtbamen@ arheer@mis frids andithe yk@ 1$ndmel:mmahte by

t enper at ur

the BPA t g}mé.lg eéBFfé r}g ‘ﬂepigy\,ﬂ%tﬁﬁﬁ’&awalq%g ?S?Zga%l og{h 389 ﬁfxe reactgr W' ging

presence or absence of mechanical agitation in addition to that provided by the sparge

and the composition of the BPA tar. The sparging facilitates heat transfer and
20 promotes removal of phenol and IPP from the reaction vessel. The gas introduced
through the sparge tubes exits the reactor through the distillation head, condenser and
receiving vessel. Phenol and IPP, generated by carbon-carbon bond breaking
reactions of BPA tar components, are distilled from the reaction vessel with the aid of
the sparge via the distillation head and condenser and are captured in the receiving
25 vessel. As the tar components which can give rise to phenol and IPP are depleted the
rate of distillation of phenol and IPP from the tar slows. When distillation of phenol

and IPP ceases the “spent” tar residue is removed from the reaction vessel.

Alternatively the reaction vessel may be equipped for continuous BPA
tar cracking such that introduction of BPA tar and catalyst, distillation of the phenol-

30 IPP mixture and “spent” tar residue removal are carried out simultaneously. A
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16 WO 02/22S31 PCT/USQOL/ 21858 . c. collecting the

phenol -i sopropenyl phenol m xture fromsaid BPA tar catal yst m xture. 4. A
met hod asg@ogieasgit o cl aim 3 wherein the BPA tar conpri sespCrashokisssvi ng
conmponents: 5 BPA in a range of fromabout 1 to about 90% by wei ght,
0,p-BPA in a range of fromabout O to about 90% by wei ght, Phenol in a
range of from about O to about 10% by weight, IPP linear diner 1 in a range
of fromabout O to about 25% by weight, IPP Iinear diner 2 in a range of

fromabout 0.to about 159 , 10 I PP cycljc dinper a range of

T om aboucoptitgpuagtemzch BBy BE kiitking PR e HIIed SRR p singls SSEDT +r om
about 0 tg 7 of fromabout O to
about 65% Bﬁﬁaﬁéwﬁrﬁgﬁ%ﬁ%s aﬁﬁ%@{égﬂboé\}ogse?srlg%?g out 0 to about 65% by

wei ght, DMX in a range of from about 0 to about 25% by wei ght, and 15 BPX
in a range of from dbone of its smiiodimens thetpreseet Fiventia comprisieh sdnveriéng di ng to

claim3 BPA t esthe IIovmn one BPA in a
range of \M}E%ﬁ% 5?“% % cﬁﬁgﬁ‘? n%@b‘ 8& taf)cﬁ?c%ﬁﬁ%’ﬂr%a&y Eaﬁléghegf) from
about5 0.1 Aoslﬁ&wmte &Qﬂtafbyfrmmm,taremclaﬁg am@mses phéil@ad WPP fkomddiiaut 1 to
about 90% b g A net hod ,according to cI aim3 wherein the BPA tar

|s cont act®RMmAs 1°a°4§?i¥$tct°ct§f3d]e9§‘(mgn"e<§serlé’%)t beisgd e dromgls Hiseknamwn h one
mor € Sg@ﬁ ntﬂéhﬁ’ece PP and'¥BeR4! %Zéﬁgrd%%ﬁ Azﬂtqﬁ%’ Be aﬁvﬁﬁé gfs gFcor di ng

to claim ereint e I nert” gas of step I's selecte romthe group

conpr i si nghaigeradditionalgphguol, emaddstiermbphenoBtogétherwitbd dalucmrbh thg r¢csivéhigai m 3

wherein t hv%ssb?ﬁle(r:eb%raén%ath1ng {hse rate of BPA formation and decreasing the formation of

10 unwanted by-products arising from bimolecular reactions of IPP with itself. Various
acidic catalysts may be added to the receiving vessel to effect the conversion of the
very reactive IPP to the much more stable and easy to handle bisphenol A. These
catalysts include sulfonated polystyrenes exemplified by the Amberlyst® acidic
resins, Nafion® fluorinated acidic resins, acidic clay catalysts, sulfuric acid,

15 hydrohloric acid, hydrobromic acid and the like. The amount of acidic catalyst added
to the receiving vessel is preferably in a range between about 0.001 and about 100
percent by weight based on the weight of the BPA tar charged to the reaction vessel.
The amount of phenol added to the receiving vessel is preferably in a range between
about 50 and about 1000 percent by weight based on the weight of the BPA tar

20 charged to the reaction vessel. Diluents which may be employed include water,
carboxylic acids such as acetic acid, halogenated solvents such as methylene chloride,
alcohols such as methanol and ethanol, esters such as ethyl acetate and butyl acetate,
acetone and mixtures of acetone and water, hydrocarbons such as heptane, toluene
and xylene, and the like. The amount of diluent employed is preferably in a range

25 between about 1 and about 1000 percent based upon the amount of phenol added to

the receiving vessel.

The method of the present invention may further comprise mixing the

BPA tar with phenol prior to the BPA tar cracking reaction or in the alternative

adding phenol to the reaction vessel during the BPA tar cracking reaction. The

30 addition of phenol to the BPA tar enhances the fluidity of the BPA tar, improves heat
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sel ected fromanong the group conprising |ithium hydroxi de, sodium

hydr oxi de or 5 cal cium hydroxide. 9. A nethod according to claim3 wherein
t he anpbuRjoedifesic catalyst is in the range from about 1@QTiusombrsas 2000
parts catalyst per mllion parts BPA tar. 10. A nmethod for recovering
phenol and bi sphenol A values froma 10 BPA tar, said nmethod conprising the
follow ng steps: a. contacting the BPA tar wwth a basic catalyst in an
anount in a range between about 10 and about 10, 000 parts cat al yst per

mllion parts_BPA tar, b, _heating the BPA.tar catalys ture at
Fenper at U@ISRT DHueFh o BPA b N0 dhe WAL O Tueictie Sesvste Adabemalh(Be

spargi ng tﬂﬂ@mﬁp Xs"éfve%teﬁ r¥ ter&lﬁ@t‘l‘PP d"@hUEhsﬁ'ﬂaﬂen?hé aﬁi@ﬁm @fgﬂneﬁol gk ecting

t he phenol™-i soprdpenyl phenol 'm xture rom sal d BPA tar cat st mxture
into a redethﬂm@tmesrssﬁel isgrefesabheih tange ofaﬁmerahoutrlé) and a@outalr@@ feresmt about 0

b OC h d di
cat alyst . DYTeiRiTRan eduay e BB R RS B PRt Dol 1R ssel

i s ey nt auﬂﬁshc@& ittmhf HeaHedtdday foNcshduoitie BIA Waesradliag trestRionadt dlighgpt 60C.
12. A nmethod according to claim10 wherein the acidic catalyst of step (c)

i s a sul f Gievated pyessysstiprerder tocaphipve zpsufficiently bighdigmperabigiinghe eeagtien m 10 in

Fur her  conpe) SBo§ Rk sBhphCRRe b ARS8 B Be b BB Mookl 43 8. 12 o

according to claim13 wherein the amount of phenol used in step (c) isin a
range from about SOIhtheadisericeS@@ qatalyst BP Aothr ishrelabieslgdtabie arideonl\yeblgmly of the

o ) TR RSO oRB0b o2 T SR d et
| sopfEpenyhRARat raﬁgﬂ@fﬁ)&%& 30 t6 BBt 118)000 Paﬁ’fcﬁﬂystq)ep nBffdn dabte Bt al

amount of BPA and being in a range from about 10 to about 90 wei ght

per cent oftar #pselgratest fgﬁ cawnd:amlhlmddUMIns resgtionsegivislg Bsd Fypkenepend 10 a.

et woen anphcorbpdeatlrt @8Rl A AP PR IRRR el B, REVEMEL, (o

b. heati nglimbe 2BI%AdtBPXcShadtblstcam1yswmlwb laltt@ernm dinblite’] tn andaﬁ mange

bet ween ahout nd b ut 280C whil e, spar the BPA tar
hy roxx es suc thcfum hydroxide, sodmmp hy rox1 e and potassium hydroxide;
15 alkaline earth hydroxides such as calcium hydroxide; metal hydrides such as sodium

hydride, lithium hydride, calcium hydride and lithium aluminum hydride. Of the basic
catalysts listed, sodium hydroxide and potassium hydroxide are preferred. Sodium
hydroxide is particularly preferred. The optimum amount of basic catalyst used may
depend upon factors such as the composition of the BPA tar. Where higher levels of
20 acidic impurities are present as is sometimes the case there is a need for a
correspondingly higher level basic catalyst. Generally however, the inventors have
found that a level of basic catalyst in an amount in the range from about 100 to about
5000 parts catalyst per million parts BPA tar is sufficient to achieve a useful rates of

phenol and IPP formation from the BPA tar components.
25 Examples

The following examples are put forth so as to provide those of ordinary
skill in the art with a detailed disclosure and description of how the methods claimed
herein evaluated, and are not intended to limit the scope of what the inventors regard

as their invention. Unless indicated otherwise, parts are by weight, temperature is in
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15 catal yst m xture with an inert gas, and c. collecting the

phenol -i sopropenyl phenol m xture fromsaid BPA tar catal yst m xture. 17. A
met hod asa@oziz2sgn to claim 16 in which the basic catal yst BETRS@IR21888 i s
selected fromthe group consisting of sodi um hydroxide and potassi um 20
hydroxide. 18. A nmethod according to claim 16 in which the BPA tar-basic
catalyst mxture is heated to a tenperature in a range between about 245C
and about 255C. 19. A nmethod according to claim16 in which the phenol 25

i sopropenyl phenol m xture of step (c) is further reacted with a m xture
conpri si ngegreswernuwde@rpbaym tomperatirdiagd paesavipds af @g@cateatmmnhhnan armunt

of phenol uaI tar.

WO 02/ 225 M g%ngce%ﬁpe%xfﬁd %’% acco%lgég e@ﬁ %%%%IE) Rhi ch t he
wei ght of sul fonated pol ystyrene catal yst is at Ieast about 0.00l % of the
wei ght of said phend@ompdiitioAs nsétstmin@m’w thir,nprotductcpleenol afd PP iistitlatet he
phenol i sopr openyl phenp| m xt ur.e of is furth react ed

{enper at uiEd (SRetk t?raFFﬁél“S ok T g feRates arel st dhemnings o ARRL o
accorgli ng by Gle ég;gwﬁem aﬁhaﬂdg?oﬁe“’eh bmhe%%p@neﬁtsq&m@?ea MnoHPBEA in the
range of froma out bout wei ght percent. 23. A nethod according
to claim Ieﬁulpmemmscd WheaBMleiarPadmd anodsl W%lmdphmmaplneqmppadange of

from about bout ) percent. ,10,24. A net hod rdin

cl aim 6" Pt oHOPRE. SPIOS, BN ZPREML, AT BeeRtied (R el o
from aboutacécoﬁi&ileehmlianaﬁwu&t amheWaﬁant .. 20

. A&Y. Al e. A39R. Au&. Ay. A3l'y. AYR AFR A &?. A. A39e. A&y. A3&?. A35, . A . A
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15 ® Residue Examples 1b-3b correspond to distillate Examples 1a-3a in Table 1 "Total
weight in milligrams of spent tar residue ° Weight in mg of component 4 Not detected

® Trace detected { Value not available
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109@UOU&" ()-!ASsOY 10%+k+& ()-!L,t109%JU& ()-"L,t10%

5& ()-! Y\Wads6d - hl Y&L0% 710 - 109%&' ()-L10%& ()- 10 U 10 BCTOSLA/31858.0%

U& ()-10% U& ()-;s10% U& () - WAndEhl Y&L0% ) 10%&' () -

"109& ()-%0%' ()-" 10%& ()- -109%& ()-9GLOY%& ()-.s! dEhl Y&10% F3&10%&" () - F2
109%& ()-F 0 109%& ()-3. #10%& ()-FS, 100& ()-F* 109 ()-}0aS4Y&1910%& ()- 10
10 10 9109%& ()-' S9109%&' ()-'!PF9 109%& ()-f!36)10%& ()-< H !e!"aBaS4Y&19,
0%&() 109 () - | TH109%& () - ! 0%&&) F 109 ()-

109& () -"W " " #Xuetd Fablevikpmvidesgiata) on the tistitlate) genenatedgin Examples 1-3 and

LA I M e L O G i | .

ig‘o’jg E g (5 z%ﬂl‘(yftfﬁdtor %{ %fg%/?& &eét)&&{%%?(l% X parison of the g:ta f(o)r Example 1a and 2a
*+ =Y&1l S - % "109%& () - &10%g 10 10 10;
L1098 () - + lmgf gble 1 §hows clsaghy Ilhelﬂ W&eyu%:e 036 §&parging, ip-termsQ )

109%&' {) - /5 410
100" _54 1 O(V @6@%:&5@%%?‘: ﬁ(ﬁlléze;f é%iyﬁa g\{h‘g@&llla& oflﬁxample 2a
109%& () - yZéIMWQ’ to TExabg ey Bﬁlﬁ&ibtraté&Mﬁv@r)tag@%f&t@pmgﬂwc(l& tho distillate with
additional phenol and an acidic catalyst complex. Table 2, Examples 1b-3b, is
included to provide as complete a mass balance as possible. Here both Examples 2b

and 3b illustrate the dramatic reduction of spent tar produced when sparging is used.

10 The invention has been described in detail with particular reference to
preferred embodiments thereof, but it will be understood that variations and

modifications can be effected within the spirit and scope of the invention.
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10% & ()-310% & ()-10% & ()-10% & () - 10% & () - 2=2t 223b33dEYNCY&1!
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7810% (& () - &6#10% & ()- 3 10% & ()-1310% & () - 55" 5W55#6b6dEVK@Y&1!

10, 10908 ()-3f 10%0& ()-Y3 10%0& ()-3f 10%08 ()-

3" 10%08& () - 910%0& () - b668d89c: : aBVK@&L! 3# 10%0& ()-! 0#109%F07CQ& () - y3l
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10908 () - SWHASHERCLAINIED 1850408 () - ! H, &$10%400& () - 3$ 10%0% () -
V===>>>>>>>aVK@&1l! 100 100 100f; 109408 ()-! H7) 109&' () - y510%08 () -

VL0 ()- F 100 () - 5100 AR o Gre g Blicrinl A A pdpnihale) 558
#1098 () - rRethOd@ortiprisitg ERRioldWRgEOYE! () - SH10%& () - Ej EFGSCGhGCIEVK@Y&1!  10F5
109& ()-4109%& ()- F1109& ()- O#109%& ()- F)

109&' () - (#109&' () - GcHf hHL HvHHI. ~ &1'3 10%0& ()- "&10%0& ()-L10%0& () -
10 10(?10;( 109& (Q!53%75%%”@-F?J@g?ﬂjll&’dlé’@%%%%gw ‘(‘)a-( ount 1n

109 () - &10%0& () - F9 14auot Joetwek@dB%uf 10 and about 10,000 parts catalyst per
y#10%08' () - KM MNOGPSPAE~ @/&1! 0310008’ () -3) L10%OR' ()." #10%0& ()> 3!

109085 () - #10%08' () - 3 m‘)mna)'tssmpt&wdgég@bcv&li | &10% () - sL10%& ()- 100 100
100, 10%0%' () - 34@10%: () - F 310%08’ () - QrRRSYSSSHCHCY&1! 31 10% ()- 3 10%& () -

3, #109%&' ()- FSf&10% Y& () E1OY&: ()¢ R () - 5 !
3, 4109 ()" FS1 £10% Y g 188 e ok W4 fol LRV ML EYRRAIEE e
range between about 180°C and about 300°C while sparging the

bisphenol tar catalyst mixture with an inert gas, and
c. collecting the distillate from said bisphenol tar catalyst mixture.

‘10 2. A method according to claim 1 wherein the bisphenol tar is
selected from among the group consisting of bisphenol tars generated as by products
during the manufacture of 2,2-bis(4-hydroxy-3-methylphenyl)propane; 2,2-bis(3,5-
dimethyl-4-hydroxyphenyl)propane; 1,1-bis(4-hydroxyphenyl)cyclohexane; 1,1-
bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane; 1,1-bis(4-hydroxy-3-

15 methylphenyl)cyclohexane; 1,1,1-tris(4-hydroxyphenyl)ethane; 1,1-bis(4-
hydroxyphenyl)octane, and 4,4°-(1,3-phenylenediisopropylidene)bisphenol, 6,6’-

dihydroxyspirobiindan and cyclic dimer 1.

3. A method for the recovery of phenol-isopropenylphenol mixtures

from BPA tar, said method comprising the following steps:

20 a. contacting the BPA tar with a basic catalyst in an amount in the
range between about 10 and about 10,000 parts catalyst per million
parts BPA tar,

b. heating the BPA tar catalyst mixture at a temperature in the range
between about 180°C and about 300°C while sparging the BPA tar

25 catalyst mixture with an inert gas, and
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0 ()-Q 109 () - 0] g v] x]y]n 0 0
AR & 1o -yl 2] [ 11t
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CQ 109& () - Q 109& ( 4 QALAGMROE hedOtdifG®d ¢Irint)3 hoRdEein the BRAMA! (Omdissa e ( ) - |

111~ @& Q 10%& ()-Q 10%& ()-Q 10%& ()-Q 10%& ()-Q 10%& ()-Me(IM]]]]]]]t

Q 10%: () TeHNHECOBPIBIS: () - Q 10%&’ ()- Q 10%& ()- Q 10%& ()-Q 10%& ()-Q 10

()-111111tU6Z; Q 109 10%& ()-Q 10%& ()-Q 10%& ()-Q 10%& ()-MH(1IM]]]]]]]eF;

Q1043 100 1006 () GOHEs ahyhaARYE el EPARL( ooty ke - @ 10% () 111111

yZ, F, Q 109 (1;3%&' ()-Q 1l0%& (% Q10%& ()-Mi(IM Q 10%& ()-1]1111]eF;

Q 10%) 10%' ()- Q 10%& ),,0Q 109 ()- O 10%& 1098/ 100& ANARL Z:

F; Q 10%Q 109%& ()-Q mm/ )mwemﬁfim&bwo%ﬂ%mw bk nghlt/\eF() ]

Q 10%) 10% ()-0Q 10%& () - Q 10%& ()- Q 10% ()-Q 10%& () Q 109& ()-! A& +A. A/

~OAUKF: Q 109%) 109& ( g OB D" AN aA

Q 10% 1 10% & ()-B *.%‘Sﬁ/@é&%fgﬁh. 1094 & alg @é@aé%-t%o%& % e 33%10%& 0)-

33# 1094 & ()- AAAAAAANGK] O *110% & () - B *1 104 & ()-B *1109% & ()-B

*110% & ()-B *! 10% &P(’)méhr’dlmeﬂ/(&z(n)angeoffrgmp ui((; tombout 25% by weight,

ANAAAAVVBGKS Q *1 10% & ()-B *1 10% & ()-B *110% & ()-B M 4%Fbkt ! *1 10% & ()-B

“L10% & ()-8 +1 0o Pt nErdings B 4 ganke ak AR ok B ghond P ypleifie.
*1109% & ()-B M 4%Fbkt!*!110% & ()-B *!110% & ()-B
_ T0Q *11*110% & (PP Byélicldifier] 1 a Bange of from about 0 to about 25% by weight,

111
Z,
/B!

O

IPP cyclic dimer 2 in a range of from about 0 to about 15% by weight,
Chroman 1 in a range of from about 0 to about 65% by weight,
Chroman 2 in a range of from about 0 to about 65% by weight,
DMX in a range of from about 0 to about 25% by weight, and

15 BPX in a range of from about 0 to about 25% by weight.

5. A method according to claim 3 wherein the BPA tar comprises the

following components:
BPA in a range of from about 5 to about 90% by weight,
o,p-BPA in a range of from about 0.1 to about 90% by weight, and
20 BPX in a range of from about 1 to about 90% by weight.

6. A method according to claim 3 wherein the BPA tar is contacted

with a basic catalyst in a reaction vessel equipped with one or more sparge tubes.
17



*110% & ()-B *1 10% & ()-B *! 10% & ()-B *! 10% & ()-B
120Q M 4%=Fbkt ! *1 10% & ()-B *!1 10% & ()-B *!1 10% & ()-B *! 10% & ()-B
WO IBRIM ! 10% & ()-B *110% & ()-B *110% & ()-B *! PQuquof/p 1538
*110% & ()-B *! 10% & ()-B *! 10% & ()-B
| " # $ %& BpT8Q M ! 1M 4%Fbkt ! *! 10% & ()-B *! 10% & ()-B *! 10% & ()-B

*110% & ()-B &) , 05 : @ ?8Q M!10%& ()-B *! 10% & ()-B *! 10% & ()-B

*110% & ()-B *110% & ()-B *1 10% & ()-B @F K QT Y ?8Q0 M!10%& ()-B
*110% & ()-B *1 10% & ()-B *1 10% & ()-B *1 10% & ()-B *! 10% & ()-B
Y_Z ] _a_e_i _vV6?8Q Nr! R0fethod actdriingQbicRiifh)3 BhéreiDtedhdr) g of step (b) is

selected from the group comprising nitrogen, argon and steam.

8. A method according to claim 3 wherein the basic catalyst is
selected from among the group comprising lithium hydroxide, sodium hydroxide or

5 calcium hydroxide.

9. A method according to claim 3 wherein the amount of basic
catalyst is in the range from about 100 to about 2000 parts catalyst per million parts
BPA tar.

10. A method for recovering phenol and bisphenol A values from a

10 BPA tar, said method comprising the following steps:

a. contacting the BPA tar with a basic catalyst in an amount in a
range between about 10 and about 10,000 parts catalyst per million
parts BPA tar,

b. heating the BPA tar catalyst mixture at a temperature in the range
15 between about 180°C and about 300°C while sparging the BPA tar

catalyst mixture with an inert gas, and

c. collecting the phenol-isopropenylphenol mixture from said BPA
tar catalyst mixture into a receiving vessel maintained at a
temperature in a range from about 0 to about 100°C containing a

20 mixture comprising phenol and an acidic catalyst.

11. A method according to claim 10 wherein the receiving vessel is

maintained at a temperature in a range between about 40°C and about 60°C.

12. A method according to claim 10 wherein the acidic catalyst of step

(c) is a sulfonated polystyrene resin.

25 13. A method according to claim 10 in which the mixture comprising

phenol and an acidic catalyst of step (c) further comprises a diluent.
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3'1109% & ()-10(k10(10( 3; 10% & ()- 33f8- 10% & ()- 336&10%{& ()
“aaDbc, dxd| [ : vU40M3 339100 & ()-3 A#lO%('&g 3 10%
3& #10% & ()- 33 1d gecorgang 1 elpim dfd ?remdﬁwdm@mwwﬁlenﬂb%&()

3 3y10 &5 %%5‘&%3 %%‘ffi%é/%‘g&? %%%b@%’%{%%i%%%ﬁ?gﬁm v

3F10% & ( )waghtiof RN BIA tirempeyad 3 3F&10% & ()-3 3F3% 10% & ()- 3 3Y
10% & ()-3 3F@10%1& () 3 10% & ()- 3y910% & ()-hhQisiiij|[:vU4Q M 3

* 3f S2f 10% & ()-3 3f01Q 3 33/ #1 & ()-
3VI ( 10‘V§& 8 iR ] j j ; J‘Pé‘%eﬂéc‘f«ﬂfé'é‘ﬁ 9/&% ’8141\’@%’?1&'% %’%%‘cﬂf%’( °)/ 3()
710%s& () -wader 610% & () - 34" 10% & ()-jj kbkykkk|[:bUAQ M 3 310%& () -
33y1006:& ()-3 310%-& ()-3 3@ 109%& ()- +F

16. A method for recovering phenol and isopropenylphenol from a
BPA tar comprising BPA and o,p-BPA, the total amount of BPA and o,p-BPA being
in a range from about 10 to about 90 weight percent of the BPA tar, said method

comprising the following steps:

10 a. contacting the BPA tar with a basic catalyst in an amount in a
range between about 100 and about 5,000 parts catalyst per million
parts BPA tar,

b. heating the BPA tar catalyst mixture at a temperature in the range
between about 220°C and about 280°C while sparging the BPA tar

15 catalyst mixture with an inert gas, and

c. collecting the phenol-isopropenylphenol mixture from said BPA

tar catalyst mixture.

17. A method according to claim 16 in which the basic catalyst of step
(b) is selected from the group consisting of sodium hydroxide and potassium
20 hydroxide.

18. A method according to claim 16 in which the BPA tar-basic
catalyst mixture is heated to a temperature in a range between about 245°C and about
255°C.

19. A method according to claim 16 in which the phenol-
25 isopropenylphenol mixture of step (c) is further reacted with a mixture comprising a
sulfonated polystyrene acidic catalyst together with an amount of phenol equal to

about 3 to about 5 times the weight of said BPA tar.
' 19
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