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AT, AU, This mvention relates to the processing of bisphenol tars which are
formed as by-products when phenols are reacted with ketones under acidic conditions,

and more particularly to the recovery of useful chemical values from therefrom.

Among bisphenols prepared by the reaction of phenols with ketones

5 under acidic conditions, bisphenol A is predominant in terms of the scale of its
manufacture, its relatively low cost and the muititude of suitable applications for its

use. The manufacture of bisphenol A (BPA) from acetone and phenol is practiced on

a large scale with hundreds of millions of 'pounds of BPA produced annually.
Although current procésses used for its manufacture represent the fruits of years of

10 research efforts and are highly efficient a smalil percentage of the starting materials
are lost as a térry by-product referred to as BPA tar. Given the scale of BPA
manufacture the formation of even a small percentage of BPA tar by-product is
significant and amounts to millions of pounds df tar produced annually. The tars are
composed of a complex mixture of compounds which renders the separation and

15 purification of individual components costly and inefficient. Currently employed
recycle strategies for recovery of material values from BPA tars have focused on tar
“cfacking” in which the BPA tar is heated in the presence of an acidic or basic
catalyst at atmospheric pressure. The combined action of the heat and catalyst results

- in bond cleavage of BPA tar components resulting in generation of phenol. The

20 liberated phenol is distilled from the reaction vessel. The recovered phenol is then

further purified and recycled into applications requiring the use of phenol.

In some instances the BPA tar has been heated in the presence of a
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



"AZ, BA, BB, BG BR BY, BZ, CA CH CN CrR CU CZ DE DK DM DZ EE
ES, FI, &8, & G G4 GM HR EU ID IL, IN IS JP KE KG KP, KR KZ

LC, LK, L | T, LU, LV, MA M, M5z MK, M\, MWV M, %%fa.l PL,
PT, RO RE},‘D"s%?g%E, SG s, SK SL, TJ, TM TR TT, TZ UN§,1 69@5 WN,
YU, ZA, ZW (84) Designated States (regional): AR PO patent (GH GM KE,
LS, MW MZ, SD, SL, SZ, TZ, UG ZW, Eurasian patent (AM  AZ, BY, KG KZ,
MD, RU, TJ, TM, European patent (AT, BE, CH CY, DE, DK ES, FI, FR GB,
GR Ill, IT, LU M, NL, PT, SE, TR, OAPl patent (BF, BJ, CF, CG O,
CM GA, QG\tandwin kharp MRyirdyEto BRA ta'lﬁ;radfﬁ)g atl%imlnbi;;ﬂylaﬁ'cl preswirefin iwhieh idieiopnal

t h ted version 7 August
2005 (15 ThissPHRErORNGists EHPEEer ghe liscHenFgir oK. theb sommn of 7
August  20Q3ndiBRas beRmployear fol \W: &I@E]hﬁ%g‘?@ﬁ@ista@"ig 024?86 dﬁ&mc@\ﬂ ailigfs. refer

to the "Guid- ance Notes on Codes andAbbrevi ations” earing at the begin-
ning of edORHRLIPTeRsshetolraBeqCThecelicmicd. matabl{lty bf isNp(dpéiry Pherob:

MET F | | UES F | SPHENOL Abstract:
Phendl. and " oory e oiui cts Yol R R SraR R0 b7 ShechBihg T e
fluidized gﬁ@ﬁoltiampmbnﬂyﬁ:ﬂeeaﬁmn@mmfrbh@PmIte&sence of a basic catal yst.

Sparging dramatically i ncreases the effi ci ency of phenol and -

i sopropenyl phenol recover.y. enylphen y be converted

to bi sphenol Ain t l%llogt’f’ ef%f’ e B ‘?r&a& (F)igYF RE/)R ng’lr gﬂde‘é?’t’e’é)tp fic
~catal yst. nrlte4380es %ﬁﬁ@%@ﬂﬁ%ﬂ%&%@h@éof vacuum equipment but

' which furnish phenol-isopropenylphenol mixtures from BPA tar under atmospheric

- 10 pressure, and which will be applicable to the recovery of material values from

bisphenol tars other than BPA tar.

BRIEF SUMMARY OF THE INVENTION

Embodiments are 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- 1sopropenylphenol

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, a

preferred embodiment describes the recovery of material values from BPA tar. Tt

should be noted that the method extends to bisphenol tars generally, and is not
20 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



VALUES FROM Bl SPHENOL TARS BACKGROUND OF THE | NVENTI ON 11 March 2005 This
invention relates to the processing of bisphenol tars which are forned as
by- products when phenols are reacted with ketones under acidic conditions,
and nore particularly to the recovery of useful chem cal nMatéares2¢gHmM
therefrom Anong bi sphenols prepared by the reaction of phenols with
ketones 5 under acidic conditions, bisphenol Ais predomnant in terns of
the scale of its manufacture, its relatively |ow cost and the multitude of
sui tabl e appl i cati ons of ofolict8ng thetistiTiae franudidbigphenditadvatpfennkuf. (BPA)
from acetone and phenol is practiced on a |large scale with hundreds of
mllions of pounds of BPA produced annually. Al though current processes

used for its manufactpy rs%ccﬁﬁﬁ{s@&ﬁ W t}tlér:'grle%én't' bdvenfbn ﬁﬁﬁ(?es%];]m;:@xoﬁ %(?ﬂatﬁg ch

efforts and are highly efficient a s percentage o e starting
material s agc@vérgsbf gshefokBoprypiydhendu chixtueéerfraan BPAasarBRAIL afiethdd ven t he
scal e of BPA significa { and anounts to mllions of pounds of tar produced
annual | y. Tﬁ%mf"éflgggfee%le‘fﬂf’&ﬁé%: of a conplex m xture of conpounds which
renders the separation and 15 purification of individual components costly
and inefficient. CusrenhfagtireyrieoBB4 tar @dthcd basi¢ catabgl és ah amauet ovthey of

mat eri al val ues from BPA tars haye us on "cracki ng" in.which the
BPA tar is heated in (FRBSHIEEEH OBF P[gﬁmggtio téa’gpolﬁ’ﬁé? gata 5&%3r§%‘{110§t

at nospheric pressure. plheppanined action of the heat and catalyst results
in bond cl eavage of BIBA tar conponents resulting in generation of phenol.
The 20 liberated phenol is distilled fromthe reaction vessel. The

recovered phenol i sb-t hesing the dHet tgueialys anighge pbe JRPRER B BF5PI&at i ons
requiring the use of Bgﬁv%%b'abbﬁ't ahﬂ%f)@tﬂc’ﬁﬁ)"é% @5;%3;@% ﬁﬁsBlbﬁ?g}pheat ed

in the presence of a catalyst under vacuumto af or mXxture o henol
and i sopropenyl phenol catalystmixtdiesyith hmirer: gasggmdopenyl phenol is a val uabl e
synthetic intermediate and its recovery 25 from BPA tar represents an
attractive neans for its preparation. The recovery of both phenol and

i sopr openyl phenol = @hépligstingt e r&wa@lkismopwa&mpémlbme dioare saigdaBliim
yranijf acture the fornattzir%ta?ytstﬁ}{ftﬂré smal | percentage of BPA tar by-product
is

A third aspect of the present invention provides a method for
recovering phenol and bisphenol A values from a 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
patts BPA tar,

b. heating the BPA tar catalyst mixture at a temperature in the range
between about 130°C and about 300°C while sparging the BPA tar

catalyst mixfure 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

mixture comprising phenol and an acidic catalyst.



RD- 26590 11 March 2005 stands in sharp contrast to BPA tar cracking at

at nospheric pressure in which little or no isopropenyl phenol is obtained
in the distillate. The requirenent that vacuum conditions d for
the cracking of BPA tar in order to produce a distillate Jgﬁ?éﬁﬁ?ﬁg§

i sopropenyl phenol reflects the chem cal instability of isopropenyl phenol 5
and is a condition which adds cost and limts the economc viability of
recovering phenol -isopropenyl phenol m xtures fromBPA tar. It is of
interest, therefore, t I s for the recovery. of rd a

val ves 1 om BPA tar wit D Bl PEdRF et e EREF R anfR Rt bu
whi ch furni sbeaveen® phbsdd RndPestbPgTHBkndll fbtr £ BHA @ Bifprisaly BRACAnd

at nospheric 10 ;l))ressure, and which will be applicable to the recovery of
mat eri al  valoieBPAy dha tokl apwanf Bk andompeBP Asinespa age frpm sbousl@fmRy OF
THE | NVENTI 5 i S e di 10 1.0 ecovery
of materi algty\e%tl %%gve@éﬁ%%ﬂ{ thFH ea%gﬁ‘oﬁaﬂe%aﬁglhgep Ogn% éﬁ;&?‘?h}% é)%lbté@j itions
of atnosphetdps: pressure and focuses on the recovery of

phenol -i sopropenyl phenol m xtures which may be transforned into other

val uabl e products. Because BPA tar represents the nost significant

bi sphenol tar produtegomestinglgeBBAdtapddua dasisecatalifetnincan amenal/ibe of

LT, DLSPrEnol, S b AABaRlcn BRSO e LR

enbodi ment descri bes t recovery of mteria
shoul d be noted that phesBBAher] extends to bi sphenol tars generally, and is
not limted to BPA tar alone- One aspect of the invention, therefore, is a

met hod for the recovery. of rial values from bj sphenol tars conprising
the 1ol | owi ng st epsh. Bedigbacin b cHED! ERHAMON 3 (IR Ee A at ol y ot
in an amount in the paR@en ABSWERDP@RAVAbGHY 280¢ AN kpdBifd0fe BPA Bircat al yst

per mllion parts bisphenol tar, )
catalyst mixture with an inert gas, and

c. collecting the phenol-isopropenylphenol mixture from said BPA

tar catalyst mixture.
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“b. heating the bisphenol tar catalyst mxture at a tenperature in t he
range between about 180C and about 300C whil e sparging the bisphenol tar

catal yst mxture with an inert gas, and 2 11 March 2005 c.,.c hAg the
“distillat ‘rzgﬁr?%ai d bi sphenol tar catalyst mxture. A secgﬁlgﬂéjgﬁe%é{)@of t he

present invention provides a nethod for the recovery of

phenol -i sopropenyl phenol m xtures from BPA tar, said nethod conprising the
followi ng steps: a. contacting the BPAtar with a basic catalyst in an
anount in the range between about 10 and about 10,000 parts catal yst per
mllion parts BPA tar, b. heating the BPA tar catalyst mxture at a
tenperature in the range between about 180C and about 300C whil e sparging
the BPA tar catalyst mxture with an inpert gas, and c¢. collecting_ the
phenol - i sopr openyl phenol ni xt ur €9 Spbadimgntapgy proxidecliegopaersion@ivthe. A

third asp f; M [ [ h r i ng
phenol an E?(gﬁﬁ%ﬂrgg?& %‘gﬁﬁlegﬂ%trﬁf(}tmkg%B %éht\b:'lagﬁé;pshgflge%e?ﬂ%%% é’ﬁp‘?ifés%}"ﬁ t he
fol | owi ng redctips: &l  dent mopiopgnytlpleenBRA ¢antaingd h in bthsi ccotlattadl y sthenot-an
anoun{ in.a __ran between about ,10 and, about 10,000 rts catalyst per
Tl ion | ieerabRnE R R R SO e BN e afeR s Y s o ar a
tenperature in the range between about 180C and about 300C whil e sparging
the BPA tar catalyst mxture wi-th an inert gas, and c. collecting the
phenol -i sopropenyl phenol m xture fromsaid BPA tar catalyst mxture into a

receiving I LNt ai ﬁfl t e rature in a range fromabout 0 to
about 100@%%@@9 QﬁLQIgTW%N%gO%henOI and an acidic catalyst.
' _ The present mvention may be understood more readily by reference to
the folowing 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:

14 b 11
a

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’—isopropylidencdiphenol.

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

3b



3 A fourth aspect of the present invention provides a -nmethod for .
recovering phenol and isopropenyl phenol froma BPA tar conprising BPA and
. 0, p- BPA, tggj amount of BPA and o, p-BPA being in ara out 10
10 about’ %&%g t percent of the BPA tar, said nethod coggﬁw%%ﬁgbﬁﬁe
following steps: a. contacting the BPA tar with a basic catalyst in an
anount in a range between about 100 and about 5,000 parts catal yst per
mllion parts BPA tar, b. heating the BPA tar catalyst mxture at a
tenperature in the range between about 220C and about 280C whil e sparging
the BPA tar catalyst mxture with an inert gas, and c. collecting the
phenol -i sopropenyl phenol m xture fromsaid EPA tar catalyst mixture. 3a .

RD- 26590 11 March 20Q e .enbodi pent ma rovi t he conversion of the -
phenol -i sopr openyl pheg%flgﬁl%@?fﬂ? %eﬁﬁ%ﬂ%ﬁéﬂ%?ewg%ﬁ@ﬂw PASGRTRPYIPhsyol
effecting ofdqgtdpen-20fl)phbgoli sopr openyl phenol ; contained in the . collected
phenol - 5 isopropenyl phenol m xture, with phenol in the presence of an
acidic catalyst. DETAlILED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention may be undelidt Besar dignes 1y aefgrsitg a3PA e sprperent bavipgstragfitedwi ng
description of preferred enbodi nents of the invention and the Exanples

i ncluded therein. In thi ng)oeci fication and in_the ﬁ’lﬁfl nms which follow, 10
reference will be made to panbey of terns | be defined to have
the follow ng neanings: The or s "an" and "the" include
plural referents unless the% ear |y t'at es ot herwi'se. "Optional™
or "optionally" nmeans that thesubsequent}fy desScri bed : '

| qry
g t

CH,
: _ I
5 ‘ “IPP linear dimer 2” refers to a BPA tar component having structure 11
CH
3 CH,
_
b
HO OH
II

“IPP cyclic dimer 1” refers to a BPA tar component having structure III.

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



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

i ncl udes instances where the event or circunstance occurs and instances
where it daggs. "BPA" is herein defined as bisphenol r
’2,2-bis(4-g§%3g§%z phenyl ) propane or 4,4'-isopropylideneﬁﬁgﬁgﬁBFQOS
64p, p- BPA" is herein defined as bi sphenot A or' 2,2-bis(4-hydroxy- 20
phenyl ) propane or 4,4'-isopropylidenedi phen "o, p-BPA" is herein defined
as bisphenol A or 2-(2-hydroxyphenyl)-2- (4-hydroxyphenyl)propane or

. 2,4" -isopropylidenedi phenol. 3b . RD-26590 11 March 2005 "I PP" is herein
defined as isopropenyl phenol or p-isopropenyl phenol or

4- (propen-2-yl)phenol. "IPP linear diaper 1" refers to a BPA tar conponent
having structure I. OH5 1 "IPP lingar digey 2" refers to a BPA tar
conponent having structure Igoll ° syclic diner 1" refers to a BPA tar
conponent having structure I11. ™% PP cyclic dinmer 2" refers to a BPA tar
conponent having structure |V . , » 11 March 2005 OH 5 "Chroman 1"
refers to a BPA tar conponent ha fcture V. V 'OH "Chronman 2" refers

to a BPA tar conponent having structure

H,;C
vV OH
5 “Chroman 1” refers to a BPA tar component having structure V.

“Chroman 2” refers to a BPA tar component having structure VI,

o. CH; __
‘ OH

H,Cc CH;
VI



RD- 26590 "DMX" refers to a BPA tar conponent having structure VII . VII
"BPX" refers to a BPA tar conponent having structure VIII . H3C CH3 H3C CH3
11 March 2 Y rt gas" is herein defined as a gas which js,.no ctive
under the Olglghz(?ils%ons used to convert BPA tar to m xtures C{Jn%?ricbinggphenol
and IPP and is exenplified by nitrogen, argon and steam 10 "Materi al '
val ue" as used herein refers to the value inherent in a chemcal derived
froma given bisphenol tar, such as phenol at a given state of purity. The
mat eri al val ue of phenol contained in the distillate obtained from heat
treatnent of BPRNMAT réfarstthe Bi‘ebwnempaienahoangétysturadilhg t he nethod of the
present invention may at tines be increased by its further purification.
The material. value of IPPis aresult 15 of its versatility as a chem cal
internediate. PP is a known inti_hg}adi e in the preparation of the |IPP
linear and cyclic dinmers, -1V, i57d putative internediate in the

formati on of BPA from acetone a I f desired, the | PP can be
reacted 6 RD-26590 11 March Wi th phenol in the distillate in
the presence of an added aci afford BPA. The term
"sparging" as used herein refe«s e pasSage of a gas through a liquid
whi ch occurs when a gas is forced thfough the liquid. 5 "BPA tar" as used
herein is defined as a by-product mijjure produced during the manufacture
of BPA from phenol and acetone. BPA tar varies in its conposition but
typically conprises the foll ow ng constituents: BPA, o, p-BPA  phenol, |PP,
| PP linear dimer 1, IPP linear dinmer 2, IPP cyclic dieter 1, IPP cyclic
dimer 2, chroman, DMX, and further condensation products of BPA with
acetone or 10 I PP such as BPX. Additionally, BPA tar includes materials of

unknown S ruct Ukgps-BER AQY 90 R 1 0nRbfert hEAHE Mrlcfud PR, the chief

conponents of the.

5

H3C CH3 H3C CH3

HO I OH I OH

VI

“Inert gas” is herein defined as a gas which is not reactive under the
conditions used to convert BPA tar to mixtures comprising phenol and IPP and 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, th'_é IPP can be reacted
6



these two components represent nost of the |atent phenol and | PP cont ai ned
within the BPA tar. "Bisphenol tar" as used herein is defined as a

by- product gix 15 produced during the manufacture of i from
a phenol an i¢<5re9t%one. "BPA tar" represents a particul ar bﬁé?ﬂ%’%%ﬁér

formed as a by-product when acetone and phenol are reacted together to

gi ve bi sphenol A O her bisphenol tars are produced as by-products during
t he manuf acture of bisphenols other than BPA. These generally contain
chem cal conponents which are anal ogous to those found in BPA'tar. 20

Bi sphenol t direstlireitiypbencd ul the distillpte dolube sredemdenaf arheddadeqidiatchiatysoto a

variety of 1? ??&E ol s, for exanple; 2,2-bis(4-hydroxy- 3- -
met hyl phenyﬁl (%{ e fromthe reaction of o-cresol with acetone; 2, 2-
bi s( 3, 5-di et hyl - 4- hydr oxyphenyl ) propane fromthe reaction of 2, 6-xyl enol

with acetone; 1, 1-bisTHe bytal twpyizhertyds) es¢d! 1ohex aofrs td @ f)at&,@azgéee@ﬁtd 9gs of
phenol wth c%*%g%gexanone' |, 1-bis(4-hydr ox%phen%- 3,3,5

trimet hyl cy®f Hwid whichoceis woeR & Eanis dercph Bwenghihe Hiquid.
3,3,5-trinmethyl cycl ohexanone; |, 1-bi s(4-hydroxy-3-

met hyl phenyl ) cyci ohexapg f t Ct - GL.E Wi anone;
2,2- bis(4-hydr oxyphen?%ﬁ%ﬁ?ﬁﬁﬁ%ﬁaﬁﬁ%G%Iggltag'éﬁg)gﬁﬁgﬁgr{%#mvr\n&%gﬁ&@?g&( '
but anone. Thingethe thanufpttareodf BRA' fram phewl femdeicetdnar PP tirnedriedeia its

by- products. f d i h f f. trisphenol h THPE

LRI oot TR, BtE LSl cr o iee Ghe P uing e SRE R Hionp PoRP A,

4- hy dr oxy aqsen¢l EPRIPPWidear dink-26PBAindd: M2, 2002 yaheatler 1TEP tc?él?ﬂ g
or ne

"bi sphenol tar" _as used herein still further includes by-products
during t he €BgHEngEemaR 1Mo and further werdengatismeproflucin df BRAawilkhyetone ais in

t he eparippi - Sk 4- Y, fremoctanal and -
pheno{P(.§ The@?es(ra%h%t%]%%hénﬁigﬁt((ﬁlgr%d%gél}gg ' ?:lléi)rege)i%t}f&lés1 a}lﬂ’ PH&W&S TGdes

by- pr oduct SBR&rand cb,hBPiAn gret fiequBniy emengthothiof chinpairanobStht BPA pheard s and
olefins or,,in the alternative, ghenol s and al cohols. -Exanples of o
bi sphenol s PFSEFHPSPHROBRALS Kenseientmgstobiethe datensy phenelotnsd PP candinribwithizphenol
M (4,4 -(1,{B: Bpaany! enedi i sopropyl i dene) bi sphenol ), prepared by reaction
of phenol with 1, 3-bis(isopropenyl)benzene or a,a'-dihydroxy-I, 4- '

“Bisphenol tar” as used herein is defined as a by-product mixture

15 produced during the manufacture of a bisphenol from a phenol and a ketone., “BPA
tar” represents a particular bisphenol tar formed as a by-product when acetone and
phenol are reacted together to give bisphenol A. Other bisphenol tars are produced as
by-products during the manufacture of bisphenols other than BPA. These generally
contain chemical components which are analogous to those found in BPA tar.
20 Bisphenol tars are produced as by-products during the preparation of a variety of
bisphenols, for example; 2,2-bis(4-hydroxy-3-methylphenyl)propane from the
reaction of o-cresol with acetone; 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane
from the reaction 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

7



di i sopropyl benzene in the presence of an acidic catal yst, and

di net hyl bi sphenol M 10 prepared by reaction of o-cresol wth

1,3-bis(is | ) benzene or a, a' -di hydroxy- .1, 4-dii sopr ben in

" the preseﬁ@%aggain acidic catalyst. The term bi sphenol tarpy&ﬁFPﬁgﬁg

i ncludes by-products fornmed in the acid catal yzed transformation of

bi sphenol s, such as BPA, into spirocyclic bisphenols, such as 6,6'-

dihydroxyspirobiindane and bicyclic bisphenols, such as cyclic dieter 1. 15
"BPA tar cracking" as used herein refers to the conbined action of heat

and cat al yghelmi ah@mant dbispitenoh taré sslused iherefo still dhekeraigeludés BPprddakts

co onents C eto s of phenol vmthformalon eflnlc
prggu_cts s 31‘%‘10 11?100'5]88? IPBﬁeaLC OR PRfavesR & PhepRl 38 anlalfi)gbj‘g‘? f htheppa tar.
cracki ng I?&l pdeleenand lei@@tkhﬂEm%HahQﬁ}qﬁﬁ%%‘ésfr&ﬁ olg‘Bﬁaf[?t{d gﬂqsl A EWN ch do

not |iberate phenol guch as tthe retro ene reaction o
structure [bisplengl tar @stused hgnem:s,ﬂdéﬁudieruﬁzrl'ude@Hay-mducthﬁomwg@uﬂm tHer ch

2005 &% Th d f. I d

PPt Pom SPAPERRO s BEPLr BT o TRdgSr Bk S ivantheBgR Wt om

about 1 toakbbols. E&&ﬁabbesvﬁ’l @blbhenon preBEbedlfﬁlorﬂ PIRAGE afd cflémm abaitidohist 0

about 90% quh}/%g Phenol 1n_a range of from about to about 95% by
e

vei ght , P*éﬁnﬁérl‘/ll(4r% (& 3rlﬁ}?§)é1°6‘fd”ﬁ?ﬁﬁi3ﬂ!ﬂ%§)bﬁpbﬁl%dIIFPaZEIi’/obbiy

i ght, | 0
woi gnt| | Bclod PRE Bhal S AalAHERbeAINANE o .0 BRI Y
wei ght , I H’%cq:ympylbe:ﬁemmm thei mesanceangan abidic camiybp uhd Aihethglbisphedd MIby

wei g nlin ayrange, of f .about 0 about 65% wei ght,
Chrortin 2 pwpgreﬁgwgrga(glfonqugnqrg 68‘(‘%{’?{0]’]‘521&8?@%9}%%592%i0§ﬁt‘% - PH-a range
of from abeutdiRopRpgitRiiend SHURY pi¥BdRB lof afMidic catalyst. The term bisphenol tar
further includes by-produc'ts formed in the acid catalyzed transformation of
bisphenols, such as BPA, into spirocyclic bisphenols, such as 6,6’-

dihydroxyspirobiindane and bicyclic bisphenols, such as cyclic dimer 1.

15

“BPA tar cracking” as used herein refers to the combined action of
heat and catalyst on a BPA tar which results in bond cleavage of BPA tar components
susceptible to loss of phenol with formation of olefinic products such as IPP in
addition to liberated phenol. In addition, BPA tar cracking includes bond breaking

20 processes of BPA tar components which do not liberate phenol such as the retro ene

reaction of IPP linear dimer 1, structure I, to afford two molecules of IPP.

retro ene rxn WD/

PP




‘BPX in a range of fromabout 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 o ith acetone or | PP such as BPX. Thus the t hod he
‘present imgﬁ%ﬂn is most advant ageously practiced when the @E’f&h%pé
conprises: BPA in a range of fromabout 5 to about 90% by wei ght, o, p-BPA. .
in a range of fromabout 0.1 to about 90% by weight, and BPX in a range of
fromabout 1 to about 90% by weight. . 20 The BPA tar used as starting
material according to the invention may be an anorphous glass or a

partial ly crystallinelhsopresent limveatiohgroideses ntetfedBlA rearveriag phenali dngl
converted | w0, Uupaon heat i & The BPA tar may be added to a reaction 9
RD- 26590 15%?%%%6%“’ egggﬁheeﬁ?‘ﬁé?ma?gmgs?ﬁ'ui d by nechani cal nmeans such as
a fluid punp or by gravity flow or transfer effected by pressurization

with an inert gas. ABP#/inalargd of fréthab&RA tbabout @y, bewadded to the reaction
vessel as a solid by neans of screw feeders and the like. The reaction

vessel may be a single ﬁﬁkch t ype, great ed reactor 5 equipped with a one or

more sparge tubes, dPLrBYdRAsHEEELdonthaweAderboh 80%ddevveighly vessel . BPA
tar and catalyst are charged to the reactor. The fluidized BPA tar and

catal yst nmixture is peaioPth 4 Ande bEIBRI Moll €t 4hodt 990G Hdighp about 180 to
about 300C while being continuously sparged with an i'nert gas. Sparging is

effected by neans of __.one or nore gas inlet tubes inserted into the
reactor and ext endi nEPhléncspdings lsinafrange afframn abows Oftp abautZSde baweight, i nert
gas such as nitrogen or steamor a mxture thereof is introduced at a.rate

sufficient to thor Sugh indPlifrdh ihGahdd bt dobitl 1o RBSwIBY, BPYebty

preheated or cooled prior to its introduction into the reac Ssel as a
means of controlling the tenperature of the BPA tar. The vol une of gas
requi red depends upofPP ¢yielic dohemieincf rapgreof fe@n tabouttistiornhoutsZids by weeighpf i mum
nunber of sparge tubes, sparge 15 tube dianeters and ot her aspects such as

“whether or not the s e..t ubes are straight bent., or coj , tigped with
nmetal or ceramic fri ﬁ? %ﬁgc %iHTéeﬁf R qagg%%%q%ahg\g{beto@outs#%gg weight
experinentati on and may depend upon the size and shape of the reactor, the
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 1s 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,
0,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 amorphbus 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

9



‘presence or absence of mechanical agitation in addition to that provided by
the sparge and the conposition of the BPA tar. The sparging facilitates

heat transfgy ,gesh 20 pronotes renoval of phenol and IPP fr he tion
‘'vessel . The gasg?bntroduced t hrough the sparge tubes exi tsqﬁ]ﬂ‘@aff%g@?'%r

t hrough the distillation head, condenser and receiving vessel. Phenol and
| PP, generated by carbon-carbon bond breaking reactions of BPA tar
conponents, are distilled fromthe reaction vessel with the aid of the
sparge via the distillation head and condenser and are captured in the
recei vi ng 25ssgbaither as adluidipy mechaniead sreans suchtas enfleid pugiver by gravitpflpwenol

and | PP ar r i.SLdql Lat:j ) . and. PR fromthe
Far ol ous. nans SftoqipEpy sRbEuthabi o b o8 RAGRE VAo BRA D 1
resi due i s marewedded toohe tdeetioreasssélan a\sokd By medhd f oadw Relyrstahe tiegdet i on
vessel may be equi pped for continuous BPA tar cracking such that

introduction of BPA tar and.catal yst, distill.ation of the phenpl 30 IPP
m xture and "spent"” {@P. W&%ﬁl%é@%ﬁﬂw ber & Helpi Bafcly ¥Pei Reatehieastal y. A

10 RD52659Qqdippddwah a_?&ﬁfi)rmsﬁaisﬁ;ugu%ub%x,saiama%n%%éﬂ,tc%hd&{s@%imca% be
carried out usl 33% a single sparge reaction vessel or a nunber of gpar ged
reaction v&8ssel $hA taeandesntalysh aomehasged tosthermsatomdihesiluidized BRYetar dndvent i on

conpri ses ' . i.n.t di stillat ul.ti - r.om BPA
Caror acki SRSl btk if Beyedg RISl ettt BB R DREA o
cracki ng comileibeing qohenaiusBnpatdeld viitteartieiiida®Bpagdin@ iy SedctidChcRkalsysTt to :
the receiving vessel na Ft:)'g}r‘?used to pronote the known reaction between | PP
and phenol -t ORMCET BSHnich RS Insarted intodie sectarnshexdending belew the syifce
addi tjigonal ophgngkidi it e JML ' . t he
r‘eceill\{/)i ng _Ot\?esselIdltzﬁgrt%ggrlteirll]ﬁgg?\%sﬁga?%gen?g%gﬁg)? Séégg; Pgr n@{%ﬁ%ﬁﬁ%ﬁg&ﬂg ,
decr easi ngintteduéesk ateit iatersudficidt tarbvantgdy byitge doufibidizaditai. The fgaomay be
bi.nol ecul ar he chi ons of 1 PP wi.th it@gt.f. .Vaghous .acidic catal ysts may be
" added to tR& ?"’38 PLFRYed oLiob o g 1prediction ifo the yeacipR yese! pha myans of
reactive | Bbhtilidgd'@e RiheriMfEoiha BiPa Andre iRl SRpeRE! These
catal ysts i ncl uéeé‘?al folgbz;t ed pol ystyrenes g??n%????%g%@?% he %ﬁnk%eu l'yst(r)

aci di ¢ retfienlmgpf gy repctpr being naed A hscipdinpim eyinbst of spadge tubks,spargeal yst s,
Sborls' o 2 giaktedt AR OUNRE BGpcBR dn BY DREREPSH for 1 Shap¥ b ' fiSignd "®
bent or coiled,‘tipped with metal or ceramic frits and the like is determinable by
simple experimentation and may depend upon the size and shape of the reactor, the
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, gencrated 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

10



to the receiving vessel is preferably in a range between about 0.001 and
about 100 percent by wei ght based on the weight of the BPA tar charged to
the reacti \/ | . The anount of phenol added to the recgiyin sel is
pr ef er abl yoli%lr? ;ﬁ?gnge bet ween about 50 and about 1000 per c@n'yl 6’3%’3@ ght
based on the weight of the BPA tar 20 charged to the reaction vessel.
Diluents which nay be enpl oyed include water, carboxylic acids such as
acetic acid, halogenated solvents such as nethyl ene chloride, alcohols
such as nethanol and ethanqgl, esters such as ethyl acetate and butyl
acetate, atB{BRUSTYSICH of BPéstapicragkimgonay dedramgdput wejes acantgdospargedh as

0 SRR ik ol A 1,7, Ol

is preferabey I'n a range 000 percent based
upon the amount of phenol added to the receiving vessel. The nethod of the
present invention maylnfanetdfats awbydiags thexpragnt heventBRAcdmaprissk thnyeodng|

P he < eache B0 vlbinsih i SRR LA BSHRD im BPALRF ek BRBionly orfablipd P

addi tien of Apfias®thet @stige BEA BPA tABaGRS cdhifridds Yhehd1anaTrb g BRAHLAT
i nproves heat 11 RD- 26590 11 March 2005 transfer between the BPA tar and

the wal | s off ahacidicaeatalysi petweteceiningi wessphanty betused tpHuamiotenthe keawre .t o

entrain Pr ogiton! BRvkdh 19l Siohbl & S S IRAA. RSl GGG 10 Lhe

reaction vesse era I'n a range of rroma n
percent  bychasjegitlitioaslgshensl, bhaldikinghphendl tolgethBPAith ardilubmf @ate tereiving

reaction vessel. In so 5 instances_ it may be necessary .to_conduct the
BPA tar cr a‘ff’ﬁ"’rek &q%ﬁ'c?qrﬂgﬁc%g [‘}éq ratsrf BPA dearatios pndrdescariag the formation of

achi ey a Sikfanfddespibdii@brbia [t — oduce
an accept abl e .ar at gﬂ% evol u?%logmg)w %@A&%dﬂh rﬁﬁt@g‘sggﬁﬁéﬁ‘e@ﬁ%ﬁ} F_@ﬂo’?{, t he
absence of aidiataiblysts iBBAbe addeddortled mceivialgyvesse b effaodthe wbyvestiomlof thevol ves

henol and | PP_wh t 180- 300C, . The, addi t i f .a basj talyst i
D0 an ampurteny SR M2 et it Fiote ablsotid Se5yooapale o] i YS! 1"
m | lion pardaaiBtAindhade s@flatiiabsigstiRacs 3kBAPLHER lb?”ﬂféoﬂ%ﬂéﬂ?ﬁlﬁ RBidic

reactions giving rise to phenol and [IPP fromconponents of fhe tar such as
BPA, o, p- BEgsing, pNafipp@aflupripated acidipresinpeaeidicdictayr catalysts, Brurisupacidbl e

catal ysts iydealdflsidatia, HyQrdbPémic Al d £ 9 1:8L kAl adlBili'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

11



hydr oxi des such as |ithium hydroxi de, sodium.hydroxide and potassi um

hydr oxi de; 15 al kaline earth hydroxi des such as cal ci um hydr oxi de; netal
hydri des sughy_ odi um hydride, lithium hydride, calciumhy

Fithium al u%lh')n%%g?ydri de. O the basic catalysts listed, soa’ﬂ ﬁﬁ%&ggom de
and potassi um hydroxi de are preferred. Sodium hydroxide is particularly
preferred. The optinum anount of basic catal yst used may ‘depend upon
factors such as the conposition of the BPA tar. \Were higher |evels of 20

acidic inmpurities are present as is sonetinmes the case there is a need for
a  corr espoleRYR) Betvireghthe BRe éar avddhe walls af yha reamveV@BEtIyAlddmeﬂy, thére

inventors h C u i,n.the
range from ﬁ@ggg?,%teg% tlaat“ll Sl%%ﬁq%g? ﬁ-le dl{tﬁ %sﬁﬁé?“’ﬁ? ‘?ﬁg‘% @eﬁdfigd BPA
tar is suf ftcx:therﬁactlm ae:sbtleyﬁfe&ratﬁﬁiwé rdhgé o6 froin abpheIPindadbdut RO Riredat i on
fromthe BP tar.c nené‘:S Ex rr%ges The fol | ow ng exanpl es are put
forth so as B’Gtﬁhbgggga ‘é’e'(SPt%fl" ¢ Ly tar gharged fothe Iﬁ@cﬁﬁlﬂ veiseh Imseme ai | ed
i ocl osur e Ainda%E Hh! bORRRON LIRWEPHINSOASHALAB e IEIGIN S'AEHY .

and are not Iintended to limt the scope a ein ors re
their invenelpuated pmsﬂss in poiec &t edn@temeswﬁﬁsentlpmglstemperduyre\mltbdmreactlon

tenperature | RD- 2659 005 d. rees centjgrade or is at
room t enper aetsﬁef’léo gﬁ) URt @13%06'?‘83!?]1 r%a f)?voﬁ T‘Eed gﬁﬂ%l kP al s and
testing procedures used for the results shovvn herel n are as foll ows:

Conposi tions of startinge BRAndest,a datadphi BP ADRE Rakladvsly sBBIirt ddlY b&/1y and
spent tar residue_ remi nlgl% in the reaction vessel were determned by HPLC

5 cal i br at eYOhSs Be lap‘{lll whembepigdrf 188r308%e nThsradditioncd mpmsisraatalyst in

: Idgﬂ;[ ('lj(f) Icﬁ?orraatt}g%drﬂg s qggﬁt l‘fﬁﬁ gbéﬂﬁsl 8 b@%g&éta %@%@%ﬁll%dﬁl}&ﬁ g%%g es
were carri ddr mﬂelemtemgle cactainemrbam bandnrthldang keastidbmy gigingt e &) p!ﬂaﬁbl aﬂ'che
surprising

t of t trated
abor at or s Edran emgoRegi e et Badch Kt el 16 iaee e SokBinea
cul ture tubfimegwi p@ﬂdBP/Xt @uﬁaﬂ@&aﬁ%@ts-rﬁfchﬁ@ ﬁdtnﬁ'g no?hﬁm‘fe@lptd’\@ﬁ(ap ﬁlgt‘%p Wi th

an air cooled distillation head and a sparge tube consisting o 4 gauge
st ai nl ess dJbdEgxidsproualyes diskivmehydwdde, sodium hydrox1de and potassium hydroxide;

15 alkaline earth hydroxides such as calcium hydroxide; metal hydrides such as sodium

r—|-

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

12



di stillation head was connected to a vented receiving vial. The sparge tube

was connected to a inert gas source and a gas flow nmeter. The sparge tube

coul d be raj or lowered in the reaction vessel to all fo :
bl anket i ngq%ﬁsgﬁé(?gi ng, depending on the adjusted height oﬁ%ﬂ'@gggsgnge

needl e relative to the fluidized BPA tar (above the fluidized BPA tar for
bl anketi ng, below the fluidized BPA tar for sparging). The rate of gas

fl ow was adjusted using a calibrated flow nmeter. The gas used was "house"
nitrogen, and the sparging gas flow rate enployed was 35 m/mn. The 20
reaction velsgeks easighaiateeds by rdomrengieeaturerand phesaiireds ai bi aexn atrodphbié.h,
controll ed,@é a 5@3' id state controll ei Tenperat ure s, mai ntai_ ned at 250C
+/-1C. All FRaterialh pad testngaroesguresves foﬁ&‘etrﬁ%ﬂ'éﬁ PR Berepye phiddlodie bat h,
whi ch was preset at the cracking tenperature. Exanples 1-3 25 One gram

al iquots of BPA tar \@nghosiiRaked spirfiky sphhet, g.ioaﬁaqg@n&aénd PERkeiheg
(Exanpl e- 1) or sparging (Exanple 2 and 3) at 250C in the presence of

ppm NaOH ughégpetietal aesadugt ismpining e the keactior yesscbwdreatdetomingd byadALExanpl e

(52 Top " el AR CE Sieliar or %, R OORRREAS iocuBed i BRLE > ©
(5.7%, 13 cRipRehOtsedlwivhin HevdON Pabldrd nddel’ 090 lidiRi cR-ofifdtogaalsh equigsedn

constituents (109 . Values given-in arent heses are wei ght percent. In
Exanpl e 3 prbdutt #0mm i §19%emgi QP cabemadialyses ewerediGeaiad youli Usinghenol
in the distipldatfe! | i s effected by collection of the
phenol lPPTa(bjc} sti@??&é@n\éﬁgg‘g\ﬁﬁg&ﬁm "dram vi al mai ntained at 50C
containing 3.0 5 granms of phenol and 0.5 grams of Anberlyst 131 (a strongly
aci di ¢ i on exchange ThesiurprisRgheffeatcbfHaert g8 spargingewas dembRfPrateds on eact ed

wi th phenol .in.this nner_the anount of .BPA.in .the product distillate was
det or noq b SalERE TiedOp B Gondiit PL oo FrE AP G RpIbE T ¢ e
pur pose t heqyibpddwith aRhe At TN Pricapid R Hted BRA MBEr dsolst@stilioke

quantitative. 10 Table 1: Distillate analysis of Base Catal yzed BPA Tar

Cracki ng head and a sparge tube consisting of a 14 gauge stainless steel syringe needle. The
distillation head was connected to a vented receiving vial. The sparge tube was
connected to a inert gas source and a gas flow meter. The sparge tube could be raised

15 - or lowered in .the reaction vessel to allow for gas blanketing or sparging, depending
on the adjusted height of the syringe needle relative to the fluidized BPA tar (above
the fluidized BPA tar for bla{nketing, below the fluidized BPA tar for sjaarging). The
rate of gas flow was adjusted using a calibrated flow meter. The gas used was
"house” nitrogen, and the sparging gas flow rate employed was 35 ml/min. The

20 reaction vessel was heated by immersion in a heated silicone oil bath, controlled by a
solid state controller. Temperature was maintained at 250°C +/-1°C. All experiments |
involved immersing the culture tube into the bath, which was preset at the cracking

. temperature.
Examples 1-3

25 One gram aliquots of BPA tar were cracked with either nitrogen gas
blanketing (Example 1) or sparging (Example 2 and 3) at 250°C in the presence of
1000 ppm NaOH using the laboratory tar cracker described above. In each example
the BPA tar was comprised of the following components: o,p-BPA (39.0%), BPA
(25.1%), Chroman 1. (12.3%), IPP linear dimers 1 and 2 (6.8%) Chroman 2 (5.7%),

13



~ p>aU d |aNoNol11484.112.20.51. 50. 8NDdO. 7

2aYesNo779243. 8246. 222. 670. 166. 290. 46. 2 3aYesYes710NAe 3.034570.589. 066. 7
NDd | _-L Phenal/ erlyst Trap b Weight in mlllgram;(mg) ng of
Qﬁg%@.ﬁgte)t ected e Value not avail able Table 2: %1\4@?'%8?0@9,3 in ~

conponent

on Spent BPA Tar Residue 00> C-Cd 5 U~UYl1 U> > ~C1 ~UW ~ y?.}at /

| bNo87469. 926. 2112. 7149. 830. 6131. 1NDd74. 3
2bYes2081. 96. 24. 02. 930. 370. 1TreNDd 3bYes206NAf 7. 05. 4NDd31. 324. 7Tr e2. 9 15 a

Resi due Exanples 1 b-3b correspond to distillate Exanples | a-3a in Table |
bTot al wei gM¥IXi f0.i04d)) iIBP afs4%) =wienhkhewn roesstiuents [@0YN! Vatuesy given cmponent

detected e Trace tect ed al u
d Not parentheses are We{jg t percent. fn xample proﬁlctaiIlPall?] tﬁe cjzhstlllate was reacted

directly with phenol in the distillate to give BPA. This was effected by collection of

the phenol IPP distillate in a stirred, 4 dram vial maintained at 50°C contaiﬂing 3.0

5 grams of phenol and 0.5 grams of Amberlyst 131 (a strongly acidic ion exchange
resin, Rohm and Haas Co.). When the IPP was reacted with phenol in this manner the

- amount of BPA in the product distillate was determined and this value was used to

calculate the yield of IPP. For this purpose the yield of phenol with IPP to afford

BPA was assumed to be quantitative,

10 Table 1: Distillate analysis of Base Catalyzed BPA Tar Qr_agking

. m — ot
2 S o, 2 O < Y — > -
R w32 E |E |ElSE2 2|5
o @ & o g <, u: fiy o & )
Fle |E(E &S |% |% |3 s 1% | %
la | No No 114 4.1 12.2 0.5 1.5 0.8 NDd 0.7

2a | Yes |No 779 | 243.8 | 2462 | 22.6 | 70.1 | 662 1904 |62
3a |Yes |Yes | 710 |Na® |30 |345 | 705 |89.0 |667 |wpo

® Phenol/Amberlyst Trap ® Weight in milligrams (mg) © Weight in mg of component 9

Not detected ¢ Value not available

Table 2: Effect of Sparging on Spent BPA Tar Residue

1
&

NE % i 'Dsu O o < o i~ ; o | =
E|lE2 1B gE 5 |k 2215 |5
g |& |28 | FO|FO[EE|E|YEO|Y O
1b No 874 1699 {262 |[112.7{149.8 [30.6 | 131.1 INDY |743

| 2b Yes {208 | 1.9 6.2 | 4.0 2.9 303 |70.1 |1 ND¢

3b Yes [206 {NAf |7.0 54 |NDY |31.3 (247 |1 |29

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 ¢ Not detected

® Trace detected | Value not available

14



“RD- 26590 11 March 2005 Table | provides data on the distillate generated in
Exanples 1-3 and Table 2 provides the corresponding data for the resi due
(spent tar remaining in the reactor after distillgt,
'ConparisonFﬁf F%ﬂpdata for Exanple la and 2a in Table 1 sho Pgﬁﬁgy t he
advant ageous effect of sparging in ternms of phenol and 5 PP recovery. The
nore conplex mxture obtained in the distillate of Exanple 2a relative to
Exanple 3a illustrates the advantages of trapping IPP in the distillate

with additional phenol and an acidic catalyst conplex. Table 2, Exanples
| b-3b, is included tTeblprbm@deaﬁabmmﬂhetdatlﬂatmetam&mcﬁxmplpmi;-s’.ll dude. Here

o oduceq whdne 2GR TR CamesRpriedonta Buribs B SHFaL A SO sEBR et ai |
Wi th-parti gutharredctreifRn atillgtiosatal, CRthpRARACHMBE Ustat foL Eefthp 1ebutanutzavv' Il be
understood that variations and nodifications can be effect ed within the

spirit andizdape lotomselgaplydhe pdyrntagsousieffast efspoging 3n wan ofphengl aveD | S:
L. A BRLOGrledi 000V Fhi MoMRIGIIA! miBhHESy L{n%nug tﬁgﬁ%ﬁggteﬁ Byafifle G ot O

corrpr|S| ng t oW ng Steps:” a. con
basi ¢ cat akgistivei tn Faaan@ﬁmﬁmﬂlwsmates the ard&mgﬁgd@@&‘mpplngllplatmilﬂa aistilladeuth 10, 000
heat i ng t he bi sphenol

parts cat al m | I| n _par.ts henol tar .
tar catal yﬁ%(‘fh?’%?ﬁb@nglt a taé'rrﬁ"éa’é Ft CQ‘H@exrgﬂ@é PetHanpl eébeU@ 2180C and
about 300CinMrided t§?ﬁf\&!ﬁ“& difplei SRR Warlc8las %s%mSHef@ IeQ 28N inert

gas, and c. collec t he dlstlllatefromsadbls heno talyst
m xture. 1@nd3b Nuﬁmthdicﬁ dramoticiradyction of speantar mhém@dmhenespm@;qgmmséd tar is
sel ected from anong the group consisti ng of bisphenol tars generated as by

prod during ther e of 2
bi s jﬁhy dr oxy- 3- net hyff@ﬂw&ﬁﬁt%&@%sp%eﬁg deﬁcné)eg in ?%Ia% with particular reference to
. preferred embodiments thereof, but it will be understood that varlatlons and

modifications can be effected within the spirit and scope of the invention.
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‘hydr oxyphe

di net hyl - 4- hydr oxyphenyl ) propane; 1, 1 -bi s(4-hydroxyphenyl)cycl ohexane;

1,1- bis(4-hydroxyphenyl) -3,3,5-trinethylcycl ohexane; 1,

1- bi s(4-hy -3 15 net hyl phenyl ) cycl ohexane; .1, 1, 1-tri s(4-
g@ﬁ;%?ﬁgne' 1,1-bi s(4- hydroxyphenyl)octane, and ' March2005

4, 4" - (1, 3- phenyl enedi i sopropyl i dene) bi sphenol, 6,6' - di hydroxyspirobiindan
and cyclic dinmer 1. 20 25 3. A nethod for the recovery of phenol -

i sopropenyl phenol m xtures from BPA tar, said nethod conprising the
followi ng steps: a. contacting the BPA tar with a basic catalyst in an
amount i n tWAT EhGEADMBIRER about 10 and about 10,000 parts catal yst per
mllion parts BPA tar, b. heating the BPA tar catal yst m xture at a

tenperature in the rang bet about 180C. and abqut 300C whil e sparging
the BPA tar catalys?ﬂn?&FﬁﬁE%ﬁﬁﬂﬁmﬁﬁnp%émﬁmﬁié?hﬁﬁ “T%%F@b?ﬁ%gﬁ&Smfb BPA
in a rangeIﬁ&héd@&hﬁ@ﬁﬂ%ﬂkiﬁﬁo@&@%&p&O%)by weight, o,p-BPA in a range of
from about 0 to about 90% by wei ght, Phenol in a range of fromabout 0 to

about 10% by weight, IPP linear dinner 1 in a range of fromabout O to
about 25% by wei ght, 2| Pmtpstagathe disphencd (qrwih adrgis eafalystdmanoeungin o

about 15% by wei ght, | I j I r rom about 0 to
about 25% by wei ght, | BE g%/ﬁg% ibg |eg?%|9ht2wr?ﬁg aﬁﬁgﬁgé@@@f’ fpfl%]%cgrﬂ@&{ PRt o
about 35% by wei ght, Chiilwwampaits bispleenobtage of from about O to about 65% by

wei ght, Chroman 2 in a range of from about 0 to about 65% by weight, DMX

in a range of from ahout O.to, abaut 25% by wei ght, and .15 BPX in a range
of from gb out 0 to agaou%leaég:%tg?/ blq,}éqb&ml, far Xatalystgmgxture at a temperature in the J

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-trimethylcyc 10héxane; 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

16



20 11 March 2005 coll ecting the phenol - isopropenyl phenol m xture from said.
BPA tar catalyst mxture. 4. A nmethod according to claim 3 wherein the BPA
tar conpris foll owi ng conponents: 5. A nmethod accordj t im3
wher ei n theﬁéé}ég?gr conprises the follow ng conponents: B%Ar}\gﬂrcﬁzﬁg%ge of
fromabout 5 to about 90% by weight, o,p-BPA in a range of fromabout 0.1
to about 90% by weight, and BPX in a range of fromabout 1 to about 90% by
weight. 6. A nethod according to claim3 wherein the BPA tar is contacted

with a basic catalyst in a reaction vessel equipped with one or nore sparge

tubes. 17 RA-26590 1lc.Meoltdetin®he Phemdliimiphednglpbendli minire fdmisaid paher ei n
the inert gas of step (b) is, selected fromthe group conprising nitrogen,
argon and steam 8. A miK8@aLEB¥ENG to claim 3 wherein the basic
catalyst is selected fromanong the group conprising |ithium hydroxide,

sodi um hydr oxi de or ;gah%etlﬁbﬁl)AQd’OQ&ihg?? gl%im@ %Qﬁqh@ﬁfgrtg}-gcgg@?se%@ [n03

wherein the anount of basic catalys I'n the range Trom

about 2000 IpHewingsatwopettsper nmillion parts BPA tar. 10. A nmethod for
recovering phenol and bisphenol A values froma 10 BPA tar, said method

catal yet T an anounthnice Figs oErpBRE! LBk e Bt 107000 par s
catal yst per mllion parts BPA tar, 15 20 : '
0,p-BPA in a range of from about 0 to about 90% by weight,
Phenol in a range of from about 0 to about 10% by weight,
IPP linear dimer 1 in a range of from about 0 to about 25% by weight,
IPP linear dimer 2 in a range of from about 0 to about 15% by weight,
10 IPP cyclic dimer 1 in a range of from about 0 to about 25% by weight,
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,
0,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



25 b. heating the BPA tar catalyst nmixture at a tenperature in the range
bet ween about 180C and about 300C while sparging the BPA tar catal yst

m xture wt ert gas, and c. collecting the phenol -isgpr enol

‘m xture froﬁP%SSBBPA tar catalyst mxture into a receivi ﬂg'\‘% é¢0q°h

mai ntained at a tenperature in a range fromabout 0 to about 100C :

containing a mxture conprising phenol and an acidic catalyst. 11. A

met hod according to claim 10 wherein the receiving vessel is nmaintained at

a tenperature in a range between about 40C and about 60C. 12. A nethod

according to clai m 107.Waemnethod bbsordiag @b clatmBak & tinGhe ficep: as(df}st (gﬁ(b@lls

sulfonatedépil)e{9 t}/r e resin. 13, A nethod according to c aim10 1 n which
I

the m xtur ETOESAIIPISHE BTOgERdrEonaRd#1%pBY of step (c) further
conprises a diluent. 18 RD-26590 11 March 2005 14. A nethod according to

claim 13 wherein the gmaupfenfd Q&%ﬁﬁh% tgsagmi R SHeRiL %%lb%% N %%I&%B%e from

about 50 to about 500 percent of the Dased on the weight tar
enpl oyed. 18lecikdriEerh ahoagdie gioup comprisingrithiemihydrexide seliuth Ihydruxidef orst ep
(c) |s 5 vvag 0 15}%16 A nmet hod for recovering phenol and ,
i sopr openyl 6 é%l ygrrog a BPA tar conprising BPA and o, p-BPA, the total
anount of BPA and o, p-BPA being in a range fromabout 10 to about 90

wei ght percent of the. BRAregtod mdilﬂgtthaﬂalnﬁaﬁ%b&imghé hénduat |vb3@ St eps:
a. contacti n? the BPA tar with a basic cataéy in an anount in a range
bet ween abd@talyshe Rrifie gaTom gt JAP 1S abettA00d pare patalyst pasrmillien patsBPA

tar, BPA tar.

10. A m.ethod 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 rﬁixture comprising

phenol and an acidic catalyst of step (c) further comprises a diluent.
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‘b. heating the BPA tar catalyst mxture at a tenperature in t he range
bet ween about 220C and about 280C while sparging the BPA tar catal yst

m xture w ihert gas, and c. collecting the phenol -isqpropen enol
m xture frgﬂ?'ggﬁpnBPA' tar catalyst mxture. 17. A nethod ggﬁﬁi‘ﬁé&?o
claim16 in which the basic catalyst of step (b) is selected fromthe
group consisting of sodium hydroxi de and potassium 20 hydroxide. 18. A
met hod according to claim 16 in which the BPA tar-basic catalyst m xture

is heated to a tenperature in a range between about 245C and about 255C.

19. A net hod accor di ng. Aomeihad racddiding tohilsit t Bewieiiahe afount of phenol
i sopr openyl phenol n'@(ture of step (c) is further reacted with a m xture
conpri si ng USShiN SEhie) &HinybTange Jroahabout Site abant J0) peraephef thebasgdion e anount

of phenol att o fhe RO oy gbout 5 tines the weight of said BPA tar. 19
RD- 26590 11'*% o ths B B0t O L ng to claim19 in which the

wei ght of sulfonated polystyrene catalyst is at |east about 0.001 % of the
wei ght of sai d phenoll3. 2imethodretdovding b olnihh g vheraih dhendil@eni of elep €t) ishe
phenol- isg‘%gteopenyl phenol m xture of step (c) is further reacted at a

t enperat ur A a range 5 between about 40C and about 60C. 22. A nethod
according to claim16 in which the BPA tar contains an anount of BPA in

the range of from abo6!AGRethod b uwécorOring iphétol paECKROprop@ipHnOEtdada .
accordi ng g&) claim 16 in_which the BPA tar contains_an anount of BPA in

the range &% brPEBELRS Bh'A tndipsRP Adhsditgamauet eERPA agt @n-BRA heirgod
an ! . . . od
‘according gglg%ner%%@u%%fmm dobet &%&% ﬁt%&ggé@éfgﬂ}eéﬁ%aﬁe Wt bmBEA 1N

the range o to about 10
comprising the following steps:

10 a. contacting the BPA tar with a basic catalyst in an amount in a
' rﬁnge 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.
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‘RD- 26590 11 March 2005 METHOD FOR RECOVERI NG MATERI AL VALUES FROM BI SPHENOL

TARS ABSTRACT OF THE DI SCLOSURE Phenol and i sopropenyl phenol are recovered

from BPA taﬁﬁ_%gf)spargi ng the fluidized BPA tar while heagég\gari?ﬂgé&e

presence of c catalyst. Sparging dramatically incre

efficiency of phenol and isopropenyl phenol recovery. Recovered

| sopropenyl phenol nay be converted to bisphenol Ain the distillate by
reaction with phenol and an acidic catalyst. 21

20. A method according to claim 19 in which the weight of sulfonated
polystyrene catalyst is at least about 0.001 % of the weight of said phenol.

21. A method according to claim 19 in which the phenol-
isopropenylphenol mixture of step (c) is further reacted at a temperature in a range
5 between about 40°C and about 60°C.

22. A method according to claim 16 in which the BPA tar contains an

amount of BPA in the rahge of from about 60 to about 70 weight percent.

23. A method according to claim 16 in which the BPA tar contains an

amount of BPA in the range of from about 10 to about 30 weight percent.

10 24. A method according to claim 16 in which the BPA tar contains an

amount of BPA in the range of from about 1 to about 10 weight percent.

20





