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PCT Gazette. T--{ |ppThis mv%ntlon relates t(gJ the proces%mg 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



"N (54) Title: METHOD FOR RECOVERI NG MATERI AL VALUES FROM BI SPHENOL TARS
(57) Abstract: Phenol and isopropenyl phenol are recovered from BPA tars by
spar gi ng t%@ Z{é Phdi zed BPA tar while heating in the preseng %08&‘5' C
“catal yst. g 3 dramatically increases the efficiency of p eno and
i sopropenyl phenol recovery- Recovered isopropenyl phenol nmay be converted
to bisphenol Ain the distillate by reaction with phenol and an acidic
catal yst. RD- 26590 METHOD FOR RECOVERI NG MATERI AL  VALUES FROM Bl SPHENCL
TARS BACKGROUND OF THE | NVENTION 11 March 2005 This invention relates to
the proces¥indg iwshasp spiersoto BHAstamgaﬂhn@atatmbqﬂmg pES Sl -ip mﬁtupd litsle when
henol s are reacted th ket S pnde Cl ndi ti ons and nore
Bartr cul ar'fy IStOqumgyl\f’\hMéF % m?fg f‘ @aﬁ%\?aTeﬂége‘PF@ntmhé’ra@‘F%m
Aong bi sphadRicss bRaRidRd ftéY tﬁé"@taé]@ﬁgtolfmﬁpfarQH%RQrSto"ﬁrét!ﬂm%eat 8138 ate 5_under
acidic conditions, bisphenol Ais predonminant in terns of the sca e of its
manuf act urC@ﬂtar“t@g r%tpmneaélppemiweﬂem thenehentieal rm$t@blt1t}def oopspietgdphanol
appligati T, uf ac heno
aggt osrcre an ﬁ eno ntdrﬁlonu?grgp |%@§i%§% 1 ]It"ﬁgtgel%s%cg’ Ibﬂﬂfﬁgir&eﬁ‘)sm@f’ngn | 1'ions
of pounds gﬁtkn@ﬁéomopduhﬂﬂnahnu@:h’eyﬁmﬂkﬂ@mgh current processes used for
its manufacture represent t he fruits of years of 10 research efforts and

hi ghl ffici of t he star terials are | ost
e atarty by produdt Tt & apleuity BERItRRK dayelonapiedidsnr dbs e iEPA
si gni fi-canhatad4l vANRY Fiotn BP AMal Whﬂﬂ‘tsdd)ﬁotget?{ﬂf@thﬁ’fuse af vﬁuﬂﬂﬁ&ﬁ@prﬁ&ﬂ%@lt ly. The

"tars are conposed of a conplex m xture of conpounds whic ers
 separ at i orvhaety M@lemheﬂsbraomronemﬂphendt izt fmmmﬂi’memfsumiestatmo@hdnc

i neffq cie rrent | oyed cle strategies_.for cover |
mat erdr al E’E“rsﬁ‘% rﬁac:n‘tl’ %Eﬁtrw%lo § HAY i€ cﬁ%ege dﬁ“t‘"g'fy Ofch%tté'R? ngalup fWﬂ ch the
BPA tar i didphaictdars otHehehapBP¥enaee of an acidic or basic catal yst at

at nospheri c pressure. The conbi ned action of the heat and cat al yst results

' rrﬂebond Clﬂﬁ?’%ﬂhﬂ?@ (519&}&“01%)\9 NTESNr esulting in generation of phenol.

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



20 liberated phenol is distilled fromthe reaction vessel. The recovered
phenol is then further purified and recycled into applications requiring
the use of phenol. In sonme instances the BPA tar has been heated in the
presence of a catalyst under vacuumto afford a m xture wirgherms and

i sopropenyl phenol in the distillate. |sopropenylphenol is a valuable
synthetic internediate and its recovery 25 from BPA tar represents an
attractive nmeans for its preparation. The recovery of both phenol and

i sopropenyl phenol  when &fRcligf thedatilaRdidrs s&abispAendlWir AR mIAGHIM

manuf acture the formation of even a small percentage of BPA tar by-product
is | RD 26590 11 March 2005 stands in sharp contrast to BPA tar cracking at

at mospheri ¢ pressure AReWHdGRpbdldrf, Bloscnd fcafBl BREASANARLA I @Bt al ned

in the distillate. The requirenent vacuum ¢ tions be enployed for
t he cracki ngecobeBPAL tpifenblrisoprdpenyiishepobdnigtires dighi BPAL €ar, calit ahdthdig

i sopropenyl phenal, reflects the chemcal instability of isopropenyl phenol 5
and is a coNOMPTERE i feHOWHESISst and linits the econonic viability of
recovering phenol-isopropenyl phenol mxtures fromBPA tar. It is of
interest, therefores tondetnd e BBANedsvithor badie caboy ér yn gimountirethieal

val ues from BPA tar which do not .require, the f vacyum equi nt but
whi ch furnish phenol - ir%rwg%?ﬁ?la&%hg(? ang} ahapt g@ﬁpﬁé’ﬁﬁ%ﬁﬁia{yﬁ?&ﬁﬁﬁ fon
at mospheric 10 pressuipgys BPA tahi ch will be applicable to the recovery of
mat eri al val ues from "bi sphenol tars other than BPA tar. BRI EF SUMVARY OF
THE | NVENTI ON 15 20 25 Enbodi nents are directed to nmethods for the recovery
of 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

catalyst mixture with an inert gas, and

- ¢. collecting the phenol-isopropenylphenol mixture from said BPA

tar catalyst mixture.

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.



mat eri al val ues from BPA tar and ot her bi sphenol tars under conditions of
at nospheric pressure and focuses on the recovery of

phenol -i sopropenyl phenol m xtures which may be transforneq1ﬁﬁ&8h9?@§r

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

bi sphenol tar produced worl dw de and because the chem cal behavior of

ot her bisphenol tars is analogous to the behavior SPA tar, a preferred
enbodi nent describes the recovery of material values fromBPA tar. It
shoul d be noted that t h X S .. sphenol LS. gen I and is
not limted to BPA té?qgﬁ%%ékgﬁgékggg 5%8%E1§%%§?%J%%$¢§n,1?%%&%#%ﬁe, is a
met hod for rbhieecfing@yedol @f BBirepdnglphvabluRsml 4 BPDiaPheRMsidgaBBACAIP! | Si ng
the followi ng steps: a. contacting the bisphenol tar with a basic catal yst
in an arrountoan-ﬁ%ﬁ@ﬁowh@@%@tt%&?rqﬁ a%em-ﬁBAmgalB&ﬁwg@ﬁewb@aH%t%at al yst

per mllio r } td bj - : yst

m xture at %b{}lgtrr%zrv%%%g g)%ﬂ%lﬂf g{hergﬁégt% ge%a\/\p%g%ﬂgﬁo%@%%g g}r?gfozgg% 300C
whi | e spar gisteyst he bi sphenol tar catalyst mxture with an inert gas, and 2
11 March 2005 c. collecting the distillate fromsaid bi sphenol tar catalyst
m xture. A second aspect of the present inventjon provides a nethod for the
recovery of phenol -‘%-sé'ﬁﬁitéff@?ﬂ/ﬂ}*}hg%l tapriwathy g psior eriglpsiAn: @ amoBnY it hod

conprising the foll ow : cont.agt.i i sic
catal yst in an anount 5 eﬁjtﬁgp&%%a%t eta\%gegrl?eg[b%g?‘o E%&a%agﬁlg%‘gtan%ﬁgoo parts
catal yst per mllion ppasBBARBA tar, b. heating the BPA tar catalyst :
m xture at a tenperature in the range between about 180C and about 300C

whil e sparging the BPA tar . c | yst njxture with an inert . , and
parging b. ﬁeatglg the %tP{f}\ far catrzﬂyst mixture at a temperature iR the range

between about 220°C and about 280°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.

3a



©c. collecting the phenol -i sopropenyl phenol m xture from sai d BPA tar
catal yst m xture. A third aspect of the present invention provides a nethod

for recoveri henol and bi sphenol A values froma BPA tar, i t hod
Sconpri si ngmstz%gg‘?ol | ow ng steps: a. contacting the BPA tar a'\}vi“{l%%'éggggi C

catalyst in an anbunt in a range between about 10 and about 10,000 parts
catalyst per mllion parts BPA tar, b. heating the BPA tar catal yst

m xture at a tenperature in the range between about 180C and about 300C
whil e sparging the BPA tar catalyst mxture with an inert gas, and c.
col l ecting the phenol -i sopropenyl phenol m xture fromsaid BPA tar catalyst
m xture into a receiving vessel maintained at a tenperature in a range

fromabout 0 to about 100C containing a_ m xture conprising phenol and an
acidic catalyst. 3 A fourth aspdéte mgbq%@exg}rr@%mowdﬁv@ﬁtqogﬂerlgwg\,qfd@g a

-nmet hod f € I ngy; | S0 ol : P ,
conpri si n?hﬁﬁﬂqgﬁ%éﬁ @ga}%g% mtlﬁg&?g% zsill Bgﬁ%ﬁ %é%l‘a ﬁ(BBlPﬁ %%@B? B%&é c%é?ng in a
range fromeabont d0 the mbpwpe®dphwmiofht cpuaioedt inf thhe ®BHActedr ,pleadd net hod

conprising the follown steps: .. contacting t BPA.tar with a basic
cat algyst iq%c’péi?Pegﬁk’bﬁ?OIirﬁxﬁlre’r@ﬁb@]eﬂgf%@ﬁ p’éeﬁ‘(?)‘gﬁe 0236’63 AN 5, 000 parts
catalyst per mllion parts BPA tar, b. heating the BPA tar catal yst

m xture 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

DETAILED DESCRIPTION OF THE INVENTION

_ The present mvention may be understood more readily by reference to
the following description of pfeferred 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



€. collecting the phenol -isopropenyl phenol m xture fromsaid EPA -tar

catal yst mxture. 3a . RD-26590 11 March 2005 One enbodi nent nay provide
.the conver sj t he phenol -i sopropenyl phenol m xture t
=bisphenol'§§§?Qg%}e by effecting reaction of the isopropeﬁvﬂgﬁgﬁgﬁbs
contained in the . collected phenol- 5 isopropenyl phenol m xture, with
phenol in the presence of an acidic catal yst. DETAILED DESCRI PTI ON OF THE

| NVENTI ON The present invention nmay be understood nore readily by reference
to the follow ng description of preferred enbodi ments of the invention and
the Exanples included therein. In this specification and in the clains
which follow, 10 reference will be nade to a nunber of terms which shall be

defined to have the .fqldow ng neanings: The singular forns "a," "an" and
Ther Tt ude pi ural T3 cReliidn FRABLS jsnipervaitol e athopapdvned *"
ot herwi se. or @qpropeal2-ylhenslpt i onal | y* means that the subsequently described
15 event or circunstance may or may not occur, and that description
includes instances where the event or circunstance occurs and instances
where it does not. " BiEangagdigesd gefgesiip AP A tar cpmpphet bpving structure I .

2, 2-bi s(4- hydroxy- phenyl)propane or 4,4'-isopropylidenedi phenol.

64p, p-BPA" is herein defined as bi sphenot A or' 2_.2:bis(4-hydroxy- 20
phenyl ) propane or 4,4 -i ' i " is herein defined
as bisphenol A or 2-(2-hydr
2,4' -isopropyl i denedi phenol . 5

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 .



RD- 26590 11 March 2005 "IPP" is herein defined as i sopropenyl phenol or

p-isopropenyl phenol or 4-(propen-2-yl)phenol. "IPP |inear di aper 1" refers
to a BPA t gipogsmpnent having structure |. OH 5 | "I PP |i 2"
Tefers to a BPA tar conponent having structure I1.: " Pqua‘@?méggé‘rﬁer 1"
refers to a BPA tar conponent having structure I11. O—l "I PP cyclic diner 2"

refers to a BPA tar conponent having structure IV . 4 RD 26590 11 March
2005 OH 5 "Chroman 1" refers to a BPA tar conponent having structure V. V

. "OH "Chroman 2" refers to a BPA tar conponent having structure VI. CH 5
RD-26590 "DMX"  refers to a BPA tar component having structure VI1 . VII
"BPX" refers to a BPA tar corrponent havi ng structure VII1 . H3C CH3 H3C CH3
11 March 2005 CH,

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



"lnert gas" is herein defined as a gas which is not reactive under the
conditions used to convert BPA tar to mixtures conprising phenol and | PP
and is ex |l LLed by nitrogen, argon and steam 10 "l\/later'\a/]{g value” as
used her ei ﬁ@’e%ﬁé?g to the value inherent in a chenical der11 afcﬁﬁgﬁ?a

gi ven bi sphenol 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
treatment of BPA tar in the presence of a catal yst using-the nmethod of the
present invention nay at tinmes be increased by its further purification.
The material . vallMXofefeBRoaBRA tag sainporiehit beving straceurs MIIl ity as a cheni cal
internmediate. IPP is a known internediate in the preparation of the |IPP
linear and cyclic diners, 1-1V, and is a putative internediate in the
formati on of BPA from acet one ang{g:he ﬂ 1f desired, the I PP can be
reacted 6 RD-26590 11 March 200573direC®Bly with phenol in the distillate in

st afford BPA. The term
age of a gas through a liquid
ure

"sparging" as used herein ref
whi ch occurs when a gas is f e liquid. 5 "BPA tar" as used

L tot pf oduced during the manufacture
of BPA from phenol and acetone. BPA tar varies in its conposition but
typically conprises the follow ng ceqggtituents: BPA, o, p-BPA  phenol, |PP,
PP linear diner 1, IPP linear dinmer 2, IPP cyclic dieter 1, IPP cyclic
di mer 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 structure. BPA and o, p-BPA are frequently anong the chief
conponents of the BPA tar and these two conponents represent nost of the
| at ent phenol amgg)kl;,’l?%t%&%aal%@gté% fr}l@?’ﬂenﬂ,tt)gg‘{}ggéfﬁc%feVﬁ _sphenol tar” as

used hereinis defined as a - produ

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



15 produced during the manufacture of a bisphenol froma phenol and a
ketone. "BPA tar" represents a particular bisphenol tar fornmed as a

by- pr oduct : etone and phenol are reacted together t i I~sphenol
A. O her bi gg’ﬁiebnol tars are produced as by-products duri ngnﬂér%}r]m%qé?acture
of bisphenols other than BPA. These generally contain chem cal conponents
whi ch are anal ogous to those found in BPA tar. 20 Bisphenol tars are
produced as by-products during the preparation of a variety of bisphenols,
for exanple; 2,2-bis(4-hydroxy-3- methyl phenyl)propane fromthe reaction
of o-cresol divgctly widlepbennl ia the distilt8,iB-the pesbyde- of 41y dddedyqaidiachiaprsopane
fromthe re r.i of 2,6-xylenol with acetone; o

1, 1-bis(4- h%g rﬁ’ienyl )cycl ohexane fromthe reaction of phenol with

cycl ohexanone; 1, 1-Dbis(4-hydroxyphenyl)-3,3,5 25 trinethylcycl ohexane

fromthe reaction of Phepem Wphli Sasoudelli HBRERVERYS kO BRXPRGAR: of a gas
I, 1- bi s(4-hydroxy-3- .net hyl phenyl )cycl ohexane fromthe reaction of "o-cresol

with cyclo Aaiguiowhichigegyrs Whom 2 gas/isHeissd thsougiriae figwish t he reaction of

phenol with 2- butanone. The term "bi sphenol tar" as used herein further

I ncl udgs by-products « | in&s AR WE . ch as -
THPE (1,1, 1-tri sé}é 30 Eﬁg}grgg’x%%%dqn%r%lgﬁ %ane df)agélpz;f %@Hﬁto%&%ggggggﬁjon '

4- hydr oxyacéirimghthgomanwfacthre7oRBPAG 5oM pherdhrand K@6HepBPAOkar Fhrestiaris - a
"bi sphenol " as used herein still further includes by-products_ _formnmed
during the éé%‘r?é’@ﬁ‘?&t ﬁ@nwrpécei‘@% WHSE’FM@% f}ﬁ]ﬁ?)‘ﬁ’é]ﬁoFo_rﬁﬁﬁle %: %deéh%ﬂ’égp As in
the preparghcheln Ip¥, [PPUincai a{rfernly dPPAMBRCHM ) OC 1PP Ry ENCHRE LIATHRD cgfl?c
phenol. The term "bisphenol tar"” as used herein still further inCludes
by- pr oduct sUM§F Fe¢hremiangMohang fitlss spadansatiost proilegiheNBP4 Witbpegibenat s and

| ef i 1k i | | s, - Exanpl f
b Sphodo s EPaubn s HEE MdGDEPR, & ARfask ERABIS p BRI e Rb1rephenol
M (4, 4" - (1,BRA phényp-Bidditeshaquenpyy anieng i shbe oathponapisePRheBMY tar KRCt | on

of phenol wth 1, 3-bis(isopropenyl)benzene or a,a' -dihydroxy-I,4-
g ! at

ese two components represent miost of the latent phenol and I contained within
the BPA tar.

“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)pr0pahe
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
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di i sopropyl benzene in the presence of an acidic catalyst, and

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

1,3-bis(is | ) benzene or a,a'-dihydroxy-.1,4-diisopr ben in

" the preseﬁ@%aggain acidic catalyst. The term bisphenol tar pﬁﬁ?ﬁgﬁg

i ncl udes by-products fornmed in the acid catal yzed transformati on of

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

di hydr oxyspi robi i ndane 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 ahemant étblsp%unohtar’éstsllussd iharebo sl dhekeraigeludés BPArddicts

conponents C e to s of wi th_ formation eflnlc

products sd 31‘%‘10 11?100'5]88? IPBﬁeaLC 0’1‘85@?"'&?8&’ B8 anlalfi)gbj‘g‘? f htheppa tar.

cracking i Eé feonkand  herakh hBARERE Sréth oRffal 9&1@ i ch do
? 0 g )Rﬁlm%ﬁf) s rh l%{d I near gwn 1,

not |iberate phenol such as tthe retro ene reaction o
structure [bisplengl tar @stused hgnem:s,ﬂdéﬁudieruﬁzrl'ude@Hay-mducthﬁom&ag@uﬂm ter ch

h d f. |, and
PPt Som BPRRRr O BEPRAEr BheftE oB SRresr Bk AR g Betom
about 1 toakbbols. E&&ﬁabbesvﬁ‘l @blbhenon preBEbedlfﬁlorﬂ PIRAGE afd cflémm abaitidohist 0

about 90%b | Phenol 1n_a range of from about to about 95% by
vei ght , rj}/qh}lﬁeg P*éﬁnﬁéer(‘H% (& 3rlﬁ}?§)é1°6‘fd”ﬁ?ﬁﬁi3ﬂ!ﬂ9@}§)bﬁpbﬁl%dIIFPaZEIi’/obbiy

el gt I RRCORPRE BhaRL, Syl PR AepR bl v s PRI

vei ght, | Bisapyepyilioendéemeein melmcsanceangan abidio camiybipuhd Aihethglbispheddd RIby

W.EI gf]to prepared by reaction of o-cresol with 1,3-bis(isopropenyl)benzene or a,a’-dihydroxy-
1,4-dtisopropylbenzene in the presence of an acidic 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




‘10 Chroman 1 in a range of from about O to about 65% by wei ght, Chroman 2
in a range of fromabout 0 to about 65% by weight, DMX in a range of from

about 0 topgh 5% by weight, and BPX in a range of from gbqut ( about
'25% by wei éﬁf%ﬁozl s generally preferred that the BPA tar b@ @F‘Ecﬂo%othPA,

0, p- BPA and condensation 15 products of BPA with acetone or |PP such as
BPX. Thus the nethod of the present invention is nost advantageously
practiced when the BPA tar conprises: BPA in a range of fromabout 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 alheaprgsensfinfention pbaidesia nethaidofor ro@etiyg whiegditand. 20

The BPA ta ' ar.tin ghi.al according to the invention may be an
anor phous g?%grgglo]?ﬁ%%%a Qef%{ﬁltﬁfég?raqompﬁge%ol id. In either case, the BPA
tar is readily converted to a fluid upon heating. The BPA tar nay be added

to a reaction 9 RD 28%30inklraiMpe 6ffraiRl@bomassabo@id0heby akightf 1 ui d by
mechani cal nmeans such as a fluid punp or by gravity flow or transfer

effected by pressurizatjon with an inert gas. Al ternoati vely, the BPA tar
may be added to the P@adP4dmayangeaf fom abaupPiteiabgpt 4% by weishbr ew f eeder s
and the |like. The reaction vessel nmay be a single batch type, heated

reactgr 5 equi pped phdddl t #RRO LT FBREALRAG BFatoUPES, bﬂ}iﬁéi%ﬂhﬂ, ation head,
condenser and receiving vessel. BPA tar and catal yst are arged to the

reactor. The fluidized BPA tar and cat alést mxture is heated to a
temperature in a rand& inegrtamsdtinpgangeoidiunebasdco ahput 25% by mgight,
continuously sparged with an inert gas. Sparging is effected by neans of

.one or nore gas inlgip ﬁﬁ&?ai&%ﬁg%%%ﬁﬁé&f{ggb&ﬁ%%% mg}g%%oaﬁ,%gﬁg bel ow

the surface 10 of the fluidize gas suc or steam
or a mxture thereof is introduced at a rate sufficient to thoroughly
agitate the fl ui di zetPRarclic #hmergam amypgdef from about 0 to about 25% by weight,

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

Chroman 2 in arange of frbm 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
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‘preheated or cooled prior to its introduction into the reaction vessel as a
means of controlling the tenperature of the BPA tar. The vol une of gas

required dggsngsodipon the volume of the reactor being use .J%he L mum
‘nunber of sparge qjubes, sparge 15 tube dianmeters and ot herdla %rg?gaé%ch as

whet her or not the sparge tubes are straight, -bent or coiled, tipped with
nmetal or ceramc frits and the like is determ nable by sinple
experinmentation and may depend upon the size and shape of the reactor, the
presence or absence of nechanical agitation in addition to that provided by
t he sparge Vesbeithee 2¢ o ek by meghasrcal meappmuchas 2 fluid pypwr ofi gty flowat es
heat transfer t I l..an fh : action
vessel . Thg‘?éggﬂ?m% &8§%€e &?%?Ig%gg?%ﬂt‘ﬁ@g é‘ggﬁég}!‘e) & %bggérg%{%ﬁ%éﬁégg or '
t-hr ough t henayitetaddeditol the rdretich vesesiderselid by cheaneeficydv Geders 384 theRlkenol and

| PP, generated by carbon-carbon bond breaking reactions of BPA tar

conponents, are distilled fromthe reaction vesse ith the aigd of the
sparge via the disti P&t °8fH4Ted8555hdBohEehstits ﬁngatg'lf etYE%tpE‘iﬁt@g IP3the

recei W ng 2quippebeith aAheldtndidlspSHRBRARSNistilhoR hebdboBliMRef hiRErekGyRieNno!
and I PP are depleted the rate of distillation of phenol and I PP fromthe

tar sl ows. veyseh Eli/s tarl angt dagalyssfarp hearged taathe rempor; ddweuitlized ‘Biife tar andar
e e cEVRY Bl AhENE PR EITE ndd KSLOBLMY P B SERE' O

vessel may Dbe-equi ppe or con ous
i ntroduct i evhilefbeBBAOhtituABY spaigel Weith artlingftidak. Bpagsingis éff@tdd®ngkaQ PP
m xture and "spent" tar residue renpval are carried out sinultaneously. A

10 RD- 2659879 ¥ MRFCEAsADleE (b insatied d1te therranstorn anshoxtending: belew the swicebe
carrigd oubf ul AGdBedid0ln HRAHS Suck GG e gpar ged
reaction vessels in series. In %neu(c})li ?t g}%ﬁ%\éﬁﬁ%ﬁ%h gftaf\né pregé?\r?éfl 1%vent I on
conprises odrodecad atq ratenmffidBntpo ebantglity apitee thesflildizati ear: &helghs ngy foeom BPA
tar crackin ditrchtlﬁ tg bi sphenal, 5. A. Si.nce,the distillate fromBPA tar
~cracking cBIBFA'REST SRUROIPTIGR rippnirerictionyintp dhe repctign vagselipt adaeamsyt to
g ct
the recei vesgrolgsak tyeriard/sfifle BP APl Mie& ohftfe kN @Wrequired depends upon
the volume of the reactor being used. The optimum number of sparge tubes, sparge
15 tube diameters and other aspects such as whether or not the sparge tubes are straight,
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
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reaction between | PP and phenol to afford bisphenol A It may be
advant ageous to charge additional phenol, or additional phenol together

with a dil ugptagsbg the receiving vessel thereby enhancing r at f BPA
formati on and decreasing the formation of 10 unwanted by- pr@gﬁ@'@ Zngﬁsi ng

from bi nol ecul ar 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 nuch nore stable and easy to handl e bi sphenol A. These
catal ysts include sul fonated pol ystyrenes exenplified by the Anberlyst(r)
aci dic  resfOREnUNEss3ysisr pf BPdotar ﬁaa%wga@aﬂ ibe qasdgdheut vElgipsinglegpargedl yst s,

sul furic acliegc(}i‘ﬂ’%g%ﬁjF’P%ﬁggﬁe@@i’%geﬁg&%r&@&s l%cg'egeénd the like. The

anount of acrdic catalys e receiving vessel is preferably in a
range between about 0.001 and about 100 percent by wei ght based on the
wei ght of the BPA tarlncherafets dntbadiveente thetpreseny @ssetion cdhgrisesoomiertiig phenol

added to the receivi essel..i.s preferably in a range petween . abouj 50
ond about  1560E Bresettin Y5 G rBhG0E Ham Bra e kR PG RErDY Rrpistimob
charged to Ahgint&aetdigilaeissl BPMithUgikeng\BoApridR phbso1 R oY sk hdiktisede

wat er, carboxylic acids such as acetic acid, hal ogenated sol vents such as
net hyl ene cHl &t peidic caplyghiel thesigediviag vasschanay baruscdtthapremoteetheckmoveuch as

et hyl acet I C . I Xt ur eto d
vator - ydr SEARRCAAVE PR hinol ARG A HREy 3t BEERE T Ree. he
amount of dibarpeniddeivpblgyhedol, sr piditicabplieyiol togatheawik a2blubgl wahe reebuig 1 and

about 1000 percent based uypon the unt. of phenqgl added to _the receiving
vessel . TheV%ﬁ%ei ﬁ??ﬁelﬁﬁ‘ e"?’ﬁ%"“ﬁg géee"ﬁfe ﬁ%%tf?wt%W@WWéﬁln&%métl?ﬁ & ng the
BPA tgg W thaRenaly-pibligés bsih - 13 LR EEB LiAMh, el Wali
alternative _addi ngy l%F(\)enols to ?ﬁrgﬁf@%ﬁcgﬁdr%&%@ﬁs 85?1?%189{%12*&322‘%??8

cracki ng r easli¢ oatalyFlsen®0baadiedi tothofecgivangovessa to kéfeBPhe tcanvassibandelse t he

(11,9003, B 188 o PSR B St S st el PO S
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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phenol may serve to entrain product IPP in the distillate. The anmount of
phenol added to the reaction vessel is preferably in a range of from-about

10 and aboug{nl percent by wei ght based on the wei ght of, the BRA.Lar
charged to mggebgction vessel . In sone 5 instances it may He’nﬁ@Eg@g%r :

conduct the BPA tar cracking reaction at slightly elevated pressure in
order to achieve a sufficiently high tenperature in the reaction vessel to
produce an acceptable rate of evolution of BPA tar derived phenol and-IPP.
I'n the absence of a catalyst BPA tar is relatively stable and only slowy
evol ves phetiensfenetvem thediPméaataad the weHe-of timoreadtinn vesetlt Additivhally,thei c

t al t t bout 10 ‘
CSAVE! popMioTiegRte EABRLARLL TRl 70 Byt BB
br eaki ng r emche esstign véssg i preferdtdy phenmle aﬂ&oml dBBuf TOMACHIRE NEIU Ser@int t he

tar such as, BPA, .0 g& | PP Ilne% diner 1, IPP linear dinmer 2 and BPX.
Sui t abl e ca]FféVVfr'lsgth%b 136 1ondhe weightefeths BPA FaﬁFh@ECQE’tQP kegctiommessel Ingemeoxi des

such as | t ity P! Bl neROdHD c%ﬁpﬁiedﬁp PN ?f%ﬁﬁ%tfa{p"ﬁxg‘?. ggt%éuch as

al kal i ne earth hydroxi"des such "as I um h

sodi um hyd¢1¢‘€%e pies$vireim h;ddr l:cdeqmmlacsuﬁfinhyﬂy |h@1 @nghetatirdiin rﬂmlr&amlmum
hydri de. basic catalysts i s dI’OXI de .and potassi um
hydr oxi de ayegsegtt%preoid}ué%an @88%% 369 %‘Sﬂilg@n&fﬁd} 3t dgiygd RpeBP]e&élrIPgd The
opti mum amount of basic catal yst used nay depend upon factors such as the

conposi tion of the BPA thakbseMhiaste d‘atﬂiiseBPlA@Mﬁis&elahan sBbleird dipPHblAy €S are
present as is sonetines the case there is a need for a correspondingly

hi gher | evetvobssiphenol aad JBR whenheated 4tylsﬁcﬁﬂg\ﬂér'rhetﬂdéltioﬁvﬁmhﬂs§ datalest irf ound
that gl evel, of o BR%iG: arf@fr&h%ﬁ&ut lﬂt b@l{{quO(s) p%ﬁé\@eﬁ%l&gtnp%eglu *%Wé)%gt%ﬁ 100 to

about 5000 parts ca I on part
achieve a Ltseameletraesemeocfarbqnl-xwhﬂn o %rEBqﬂg) r¢mtib@Ngivingische Pifol aid

t he | | ut forth t
o ovi et hJEE T SPTPABHYS SLLRS o SHah SoHSF P abYAn 1EP htan i 4 BB 56t e and
descri pti ondigier 'ZOV\éHthPKEtSlﬁﬁﬂﬂe ChailyRdincfeeh Y %o‘t'%ﬁ%d @i emBat

intended to limt the scope of what” the inventors regar ‘
hydroxides such as lithium hydroxide, sodium hydroxide 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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‘as their invention. Unless indicated otherw se, parts are by weight,

tenperature is in 12 RD-26590 11 March 2005 degrees centigrade or is at

room t enper r nd pressure is at or near atnospheric. | s and
testing pr@%ﬁs%@ used for the results shown herein are as ﬁﬂ?r b%@bg

Conmpositions of starting BPA tar, product phenol and IPP distillate and
spent tar residue remaining in the reaction vessel were determ ned by HPLC
5 calibrated using purified standards for each of the conponents
identified. The HPLC equi pnment used was a Hewl ett Packard nodel 1090

l'i quid chr alepteeg capigraigLir ipetiroom tdmmrmﬁmdmiés@mimsoﬂﬁéanmosﬁdh&hyses
were carri out u acetonitrile: hanol t he el uant The
surpri si nge]g‘f: “"j ‘?%‘@?tfngdﬁgceéiﬁ%ﬁs&ﬁ r&%ﬁg‘?‘?”ég%r&m(ﬂ{e as fol

| aboratory scale in a reaction vessel consisting of a gl ass screw cap
culture tube equi pped:dfﬁﬁdanﬁnga,@ sing! 8PAORr] pid8lict pHRROCAR] Wdfs'nnhed wi th

an air cooled distillation head and a sparge tube consisti g‘g 4 gauge
stainl ess $neéeperyier m@p&We@maeung e thelresciion aeiseh wieesadetomsin rbHeHPbG to a

vented rec ube yas . connect rt source
and a%gas ? Fl\c{)%%gt S%g pflﬁl%%%%?&%ﬁ? obe eag%ufgl SR lﬁfﬂ I%tl Pénﬁ] in the
reaction veqslpinehﬂua&ﬂl o/as b Hevdas Patlaind aiodeb ! G0 15qad ghrdghatdiefsn edon the

adj usted height of the syringe needle relative to the fluidj zed BPA tar
(above th&ifh @ dfPeum pertmm @PSpicahmet i Agalyse oweteh camiad iRUute @SIBBA t ar
for spargi Rgkonifie: ertggngl %&te99§ thklefnt@s adj usted using a calibrat ed flow
nmeter. The gas use ouse™ nitrogen, and the sparging gas flow rate
enpl oyed was 35 rﬂlm n The 20 reaction vessel was heated by imersion in a
heat ed silicone oil Oatsurpsmg gﬂ'ﬁ@cbfbyela gascspauﬁlrgt whe demnnstmltédepn a

i ment s

' d 250C
T o TP T ofitiof et tsahfotidg P i OB Sorebt ew kel e i ng

- tenper at ur equib§@iwitks cdp 8nd Teflon liner. The cap was fitted with an air cooled distillation

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 blenketing, 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



~above.

25 One gram aliquots of BPA tar were cracked with either nitrogen gas

bl anketi ng (Exanple 1) or sparging (Exanple 2 and 3) at 250C in the
presence of_. ppm NaCH using the | aboratory tar cracker scri
&Q%%g%érrpl e the BPA tar was conprised of the foll Wch&%g
conponents: o, p-BPA (39.0%, BPA (25.1%, Chroman 1 (12.3%, |PP |inear
dimers 1 and 2 (6.8% Chroman 2 (5.7%, 13 RD 26590 11 March 2005 DMX
(0.799, I1PP (0.4% and unknown constituents (10% . Values given in
par ent heses are wei ght percent. In Exanple 3 product IPP in the distillate
was react edMH (@GNd)y IRPt (0.4%eroid unkrhdven dioastithéras g10%)giatudsPaivethins was

effected by collection of the p ol IPP disti|llate in a stirred, 4 dram

il imi nt SEHOISE 50 R pS R SR § PacbIPE IS fisHere Va3 Fecids of

Anber| yst L diG11d : L €S 2) .
erlys Jd%%ctﬁ@w%&rﬁh@ﬂcgﬁnﬁﬁéh eisﬁlmelrﬂo gmf%mmlg S %fﬁghmngag@éﬁ i>n

Wien the | PP wds reacted with phenol i"'n this manner t
t he producttheiphanol R distibate detetimed,ed deam vishinwintained ané8*Qusedaining 341 cul ate
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- 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 Cracking
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Table 2: Effect of Sparging on Spent BPA Tar Residue
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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 ¢ Not detected
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"“NDd | _-L Phenol/Anberlyst Trap b Weight in mlligrams (ng) Weight in ng of
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in Table 1 shows clearly the advantageous effect of sparging in terms of phenol and

5 IPP recovery. The more complex mixture obtained in the distillate of Example 2a

relative to Example 3a illustrates the advantages of trapping IPP in the 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 varia_tiohs and

modifications can be effected within the spirit and scope of the invention.
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5 | PP recovery. The nore conplex m xture obtained in the distillate of

Exanple 2a relative to Exanple 3a illustrates the advantages of trapping

IPP in the gistillate with additional phenol and an acidic ta
conpl ex. Tagbg}dg!) Exanples | b-3b, is included to provide égcﬁ%rﬁb@b% a

mass bal ance as possible. Here both Exanples 2b and 3b illustrate the
dramati c reduction of spent tar produced when sparging is used. The

i nvention has been described in detail with particular reference to
preferred enbodi nents thereof, but it will be understood that variations
and nodi fi VHADISCLadMBED 8:f ected within the spirit and scope of the :
i nvention. 15 11 March 2005 5 WHAT IS CLAIMED I'S: 1. A nethod of recovering

mat eri al val ues from bi sphenol, tars, said nethod conprisipg the follow ng
steps: a. contacting th‘ meg’ﬁﬂe JFC({VSFIHW%“@E%&G %695"1‘ Q}syg%nql fr&rsaithount
in the raqgahb@bmﬁmsiﬁ@%tfoﬁ&vﬁgqm@gmut 10,000 parts catalyst per mllion
parts bi sphenol tar, b. heating the bisphenol tar catalyst mxture at a

tenperature in the range between about 180C and about 300C whi | e'spargi ng
the bisphenol tar cataFyrtectighe bisphenol tamwith erhasigasatalpsidn en apoiuneot i ng

according to ol aim 1 aholorRet nevlsehpbefEhd sk spdh apRa it Frflibng 1 ne

group Tonsisting of bi splibwalpattabisplgepoktant ed as by products during the
manuf acture of 2,2- bis(4-hydroxy-3-nethyl phenyl) propane; 2, 2-bis(3, 5-

[ hyl - 4- hyd h e A, -bis(4-h _ h l) | oh ;
1 1= by (4~ yclr oy phahy h4tng B8 cbitenigh ) Pty P OMBSIREAL riemperaure T the
1-bi s(4- hydroxy-3 15 meihyb pReMh) 661 PPERRE about 300t Wik sparging the

hydr oxyphenyl ) et hane; 1,1-bis§4-
_ blspheno 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
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hydr oxyphenyl ) oct ane, and 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 e - i sopropenyl phenol m xtures from BPA t rousa t hod
conpri sing ]fﬁgzéggbl OW ng steps: a. contacting the BPA tar tM h%&@?

catalyst in an anobunt in the range between about 10 and about 10,000 parts
catalyst per mllion parts BPA tar, b. heating the BPA tar catal yst

m xture at a tenperature in the range between about 180C and about 300C
whil e sparging the BPA tar catalyst mxture with an inert gas, and 16

RD-26590 5 10 BPA in @ rcelt@€ingfthd phenciigupropkny@hain uhixAR86 fiom Rl BPA

o,p-BPA in a range of from apout O to about 90% by wei ght, Phenol in a
range of from about 0 t&T&RSLSt MBHEY wei ght, IPP linear dinner 1 in a
range of fromabout O to about 25% by weight, [IPP linear diner 2 in a

range of from about O tq Ab@AYY aé&{&ﬁig Vet t3’wh4| EE the/ EFEACtag%:%[ﬁérrﬁeiitl naa

range of from about 0 to about 25% by wei ght cyclic
range of frighvwingonponentsibout 15% by wei ght, Chroman 1 in a range of from
about O to about 65% by weight, Chroman 2 in a range of fromabout 0 to

vei ant® and . 15 b i oy 4 B BFRFR out LBTRERr At ufeiins by “vei ont

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



20 11 March 2005 coll ecting the phenol - isopropenyl phenol mxture fromsaid
BPA tar catalyst mxture. 4. A nmethod according to claim 3 wherein the BPA
tar conpris foll owi ng conponents: 5. A method according to im3
-wher ei n the@%ggr conprises the follow ng components: Bg’“‘?aﬁdbz&gﬁge 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
wei ght. 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 117.Marmbthd@@bcofding torelahind wkaoindhé thekiogas! cfistapbier ei n
the inert gas of fSteﬁx(b) is selected fromthe group conprising nitrogen,
argon and ssceif%ﬂﬁd FOm Jhe BOURGP MR SHIE) MHEPEED 25308 3d3t@kr ei n t he basic
catalyst is selected fromanong the group conprising |ithium hydroxide,

sodi um hydroxi de or galCimday EQ¥difE  to Olaith @Rﬁﬁfkiﬁ%@r&kﬂgc&ﬁ’lyﬁ) | [nOS

wherein the anmount of basic catalyst is in the range from about

about 2000 sskected fremampsg the group| doimpmisingrlitbiunBRAdroside, do@liun hydtdxide éror
recovegi ng ({%Ecenol ?rng{.cpi sphenol A values froma 10 BPA tar, said method
conpri’sing émP(?V St reig steps: a. contacting the BPA tar with a basic
catalyst in an anobunt in a range between about 10 and about 10,000 parts

catalyst per mllion9. 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 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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‘parts BPA tar, 15 20 25 b. heating the BPA tar catal yst m xture at a
tenperature in the range between about 180C and about 300C whil e sparging

t he BPA tar yst m xture with an inert gas, and c. collectin e
‘phenol -i soﬁ%‘ég phenol m xture fromsaid BPA tar catal yéﬂﬁﬁrﬁq g‘?@i nto a

receiving vessel maintained at a tenperature in a range fromabout O to
about 100C containing a mxture conprising phenol and an acidic catalyst.
11. A method according to claim 10 wherein the receiving vessel is

mai ntai ned at a tenperature in a range between about 40C and about 60C. 12.
A met hod accordi ng t d4chamehdd asbatmigntot disinA¢s dilgereiat thk ydiowdt oftphenol(c} is
a sul fonat edf&tj) yst&:&en_e resin. 13. net hod according to claim 10 in which

ol A
the m xt ur &S¢OlpHeRsich ds inmeange froryabant 48 ite abow F08 ppraente! the dgsqdegn thar t her
conpri ses %e‘i’éﬂt%?ﬂﬁBﬂz@td?%nﬁ)@?@%ﬁ 11 March 2005 14. A nmethod according to

claim 13 wherei n the anount “of" phenol wused in step (c) is in a range from
about 50 to about 500 percent of the based on the weight of the BPA tar
enpl oyed. 15. A net hdd. Aosethad aggording kailpinl 44 wherain nhe Aduetit blistep (Ofisst ep
(c) i§, 5 va A% 10 15 16. A nethod for recovering phenol and
i sopr 6penyl Sﬁé‘nol froma
16. A method for recovering phenol and isopropenylphenol from a
BPA tar comprising BPA and o,p-BPA, the total amount of BPA and 0,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
' 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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‘BPA tar conprising BPA and o, p-BPA, the total anmount of BPA and o, p- BPA

being in a range fromabout 10 to about 90 wei ght percent of the BPA tar,

sai d net ho C ising the followi ng steps: a. contacting P r with
a basic ca?%Pyésngpn an anmount in a range between about 106H%‘§5§%@§ 5, 000

parts catalyst per mllion parts BPA tar, b. heating the BPA tar catal yst
m xture at a tenperature in the range between about 220C and about 280C
while sparging the BPA tar catalyst mxture with an inert gas, and c.

col l ecting the phenol -i sopropenyl phenol m xture fromsaid BPA tar catalyst
m xture. 17. A net hoRhécmethodgcetwdingdd nlaits 19rin whiichthie veeiglatsif Gulfariasddyst  of

step (b) i | ected fromthe gro i sting.aqf sodium hydroxi de and
pot assi um @%?sﬁ}gfgﬁ%%q%lg§t 19 gt leagt %%qtﬁ@@%i%gf@p%x@g oilsﬁdrﬂrnfﬁgli'n whi ch the-
BPA tar-basic catalyst mxture is heated to a tenperature in a range

bet ween about 245C arzi.abomkthod5akeordiflg Ao NElahi@d 19C6RT (inith e ChReAHILIE in
whi ch the phenol - 25 isopropenyl phenol m xture of step (c) is further
react ed- wi t'FORIOPRRY RGOl BRHE Of $Eepa(cy in fusthex esgcted oy ottpmpparatie iinaganget al yst

t oget her Wgdn,an A8HUYe o€qual to about 3 to about 5 tines the
wei ght of said BPA tar.C%gd%P@gg%Q% 11 March 2005 20. A nethod according to

claim19 in which the weight of sulfonated polystyrene catalyst is at
| east about 0.001 % 2. Ahmetheil ghtordihg sacklimHérinlwhidi the ARk ttdradnadsandi ng to

claim19 in waleheEhg iR rt]jeenr?iiag_e 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.
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-1 sopr openyl phenol mixture of step (c) is further reacted at a tenperature

in a range 5 between about 40C and about 60C. 22. A nethod according to
claim 16 in which the BPA tar contains an anount of BPA i th R%@gﬁ
AdYlG | ai m

“from about Rd268%bout 70 wei ght percent. 23. A nethod acc

16 in which the BPA tar contains an anmount of BPA in the range of from
about 10 to about 30 wei ght percent. 10 24. A nethod according to claim 16
in which the BPA tar contains an anmpunt of BPA in the range of from about
1 to about 10 wei ght percent. 20 RD- 26590 11 March 2005 METHOD FOR

Phenol and | Sop epre bheRa e e N AT AR OB O T

fluidized BPA tar while heating in the presence of a basic catalyst.

Spargi ng dramatically increases the efficiency of phenol and

i sopropenyl phenol recovery. Recovered isopropenyl phenol may be converted
to bisphenol Ain the distillate by reaction with phenol and an acidic
catal yst. ABSTRACT OF THE DISCLOSURE

Phenol and isopropenylphenol are recovered from BPA tars by
sparging the fluidized BPA tar while heating in the presence of a basic catalyst.
Sparging dramatically increases the efficiency of phenol and isopropenylphenol
recovery. Recovered isopropenylphenol may be converted to bisphenol A in the

distillate by reaction with phenol and an acidic catalyst.
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