METHOD _FOR RECOVERI NG PHENOL AND XANTHENE VALUES FROM WASTE POLYCARBONATE
Background O The Invention The present invention.relates to a nethod for
recycl i hg waste pol ycarbonate to produce a variety of useful products. As
shown in copendi ng, comonly owned application 5 Serial No. 08/218, 397,
phenol and xant hene val ues, such as 3,6,9,_,9- tetranethyl xant hene, can be
obt ai ned by treating bisphenol tar in thé‘ﬁr esence of an acid catalyst and
al kyl ated phenol at an el evat er re h '

3,6,9, 9-tetranet hyl xant hene J@&Tmsfob& ﬁEﬁéyqﬂ'Mf er fluid or
converted to a pol yester | PRHENOL ANDS CANTHENEO VABUES:nedi car boxylic
acid. US Patent 5,336,814 i Ink € ating

pol ycar bonate scrap by basi@%#en%?gﬁgtgogéggleégh\étlgety of organic
val ues such as bi sphenol A, diphenyl carbonate and phenol. It would be
desirable to pr.%%&%é'i@pq}hmmgﬂ&o“or 15 sal vagi ng organi c val ues
from waste pol ycar ate to obtarn a variety of organic polyneric

internedi ates. Sunmmary OF _The Invention The present invention is based on
the di scovery that heati ngl&cPr@sent invantien fejatasdord mathod foringey@lingsence of

an al kyl at ed 20 wae PRlycarsorie a6 ipfodddcrh ¥atieRdr Uil producessent i al |y
conpl ete depol ynerization.. Surprisingly, the Di sph.enol structural unit

deri ved

As shown in copending, commonly owned application
5 Serial No. 08/218,397, phenol and xanthene values, such as 3,6,9,9-

tetramethyixanthene, can be obtained by treating bisphenol tar in the
presence of an acid catalyst and alkylated phenol at an elevated
temperature. The 3,6,9,9-tetramethylxanthene can be used as a heat
transter fluid or converted to a polyester intermediate such as a

10  xanthenedicarboxylic acid. US Patent 5,336,814 is directed to a
method for treating polycarbonate scrap by basic phenoyilsis to
salvage a variety of organic values such as bisphenol A, diphenyl
carbonate and phenol.

1t would be desirable to provide additional methods for
15 salvaging organic values from waste polycarbonate to obtain a
variety of organic polymeric intermediates.

Summary Of The Invention

The present invention is based on the discovery that
_ heating scrap aromatic polycarbonate in the presence of an alkylated

20 phenol and an acid catalyst can result in essentially compilete
depolymerization. Surprisingly, the bisphenol structural unit derived
from the polycarbonate backbone is fragmented into 2 equivalents of
phenol. The residual ispropylidene group present in the bisphenol
structural unit is intercepted by the alkylated phenol to produce

25 polyalkylated xanthenes. Diaryl carbonates may also be products.

The invention is a method for salvaging organic values
from scrap aromatic polycarbonate comprising effecting reaction, ata



fromthe polycarbonate backbone is fragnented into 2 equival ents of phenol.
The residual ispropylidene group present in the bisphenol structural unit
is i'ntercepted by the al kyl ated phenol to produce 25 polyal kyl at ed

xant henes. Di aryl carbonates may al so be products. The invention is a

met hod for sal vagi ng organi ¢ values from scrap aromatic pol ycarbonate
conprising effecting reaction, at a ~2- tenmperature of [err] and in the
presence of an effective amount of a strong acid catalyst, a mxture

conpri si ng scr dapmpesatate of H00s250°Ccand in thedorasgnrce pf an leyﬂegtl\eejamwnm t he

ht t f { te b
About 2. 1000: 1 o2 R S¥AE B e iSRG JerpakRiieot 2 O N0
pol ycar bonat e ZRalyearbenaje and éeﬁ%bb@“%ﬁi@@rﬂ"@@ol the eightratia %Sﬁ'& t he

present invent 'él%éféd"ﬁlhé’r&h't@ SRAdabid pelycadonars udiagmedwoo.k. jugs and
eyegl ass franes ol ycar bonat es whi ch can be sal vaged are preferably

bi sphenol poI C e o] made from ot her
bi sphenol s, %&#ﬁ&rﬁ? gpglorhnﬁ'ﬁ?efgpg %ﬂ@?? ﬁ(???et r anet hyl bi sphenol ,
al-so can be t r eat ed. The pol yal kyl at ed xant henes whi ch are obtai nabl e by
the method of the inventi$craprpolycarbohatecartitleshwhitbroan ke converted in

accordance with the present invention to valuable organic values

include crushed milk jugs and eyeglass frames. Polycarbonates

which can be salvaged are preferably bisphenol A polycarbonates.

10 However, polycarbonates made from other bisphenols, such as
aromatic o- and p- bisphenols and tetramethylbisphenol, also can be

treated.

The polyalkylated xanthenes which are obtainable by
the method of the invention include those of the formula

15

where each of R, R1, R2 and R3 is independently hydrogen or a C1-4
alky! radical, at least two of R-R3 being alkyl. Examples are 3,6,9,9-
tetramethyixanthene, 2,7,9,9-tetramethyixanthene, 2,6,9,9-
tetramethylxanthene and 2,3,6,7,9,9- hexamethylxanthene Such

20 polyalkylated xanthenes can be used as heat transfer fluids. As
shown in copending, commonly owned application Serial No.
08/218,397, they also can be converted to polyester intermediates
such as xanthenedicarboxylic acids and their halides and esters.

The preferred Cy.4 alkyl phenols which are used as
25 reactants in the method of the present invention are m- and p-cresol.
Some of the dialky! phenols which can be used are 3,4-



[err] where each of [err] and [err] is independently hydrogen or a Cl1 -4
al kyl radical, at least two of RRR3 being al kyl. Exanples are 3,6,9, 9-

t et ramet hyl xant hene, 2,7,9, 9-tetranet hyl xant hene, 2,6,9, 9-

t et ranet hyl xant hene and 2, 3, 6, 7, 9, 9- hexanet hyl xant hene. Such 20

pol yal kyl at ed xant henes can be used as heat transfer fluids. As shown in
copendi ng, comonly owned application Seral No. 08/218,397, they al so can
be converted to pol yester internedi ates such as xant henedi carboxylic acids
and t heir hal i odisnethyipbenel, 8-ethyé-4pmethylphandl ed-ethyltIcmethyiphene!, ini ch are

used as 25 re 16S A o) 18 _ ﬁﬁﬁg}e' vention are m and
8-creﬁo:. Some o#ﬁpﬁemﬁﬁ#%@ﬁﬂgtgﬁglggﬁmrgﬁnéa edl?g'ed are 3, 4- - 3-

i met hyl phenol, 3-ethyl -4.nget hyl phenol ,, 4-et hyl - 3- net ohenol .., 4- butyl -3-
net hyl phenol and 3-but yl -§“H€?’ﬁ)§fﬂ%§¢'d cgﬁalygxslaéeaqﬁbg‘aegé RER ip ystg are
aci ds having a théarangetfremraboue -2 torabbout. Theérd areineluded There are

aci d-and vaft outenaenionfe. 86k paBsMetFGRK AT GreiGhotsyHaRE Wi 0" ©
‘[err] ion exchaand vedaus arematicfresin-haunchsulfonio Rcidsi as eaempil%d by about
0.1-50% by vei 9lhfiBA®GEn @Xchéigd Bbads. VAindstective difoliMmadtidchd catalyst is
about 0.1-50% by weight based on the total weight of the reaction
mixture. The reaction can be conducted or at pressures in the range
10 of about 1-75 atmospheres, under sealed conditions if desired.

Experience has shown that distillation of the phenolic
materials from the polyalkylated xanthene reaction mixture can be .
effected at a temperature in the range of about 70-240° and preferably
70-90°C. Among the phenolic materials which may be recovered in
15  this way is the alkylated phenol employed as a reagent. Separate
recovery of a monohydroxyaromatic compound corresponding in
molecular structure to the polycarbonate units as illustrated by phenol
in the case of a bispheno! A polycarbonate, free from more highly
alkylated phenol such as a cresol, can be achieved in a subsequent
20 distillation step as shown in US Patent 4,325,789 which is
incorporated herein by reference. A component such as
chiorotoluene can be employed to form an azeotrope with the phenol
and effect separation from the cresol. Final recovery of the phenol
can be achieved by a second distillation in the presence of water.

25 The polyalkylated xanthenes can be obtained by
distillation which can be effected at a temperature in the range of
about 120-280°C and a pressure in the range of about 0.01-1.0 torr.
Alternatively, the polyalkylated xanthenes can be separated from the
reaction mixture by a standard recrystallization procedure.

30 The invention is illustrated by the following examples.



m xture. The reaction can be conducted or at pressures in the range 10 of
about 1-75 atnospheres, under sealed conditions if desired. Experience has
shown -that distillation of the phenolic nmaterials fromthe polyal kyl at ed
xaht hene reaction m xture can be effected at a tenperature in the range of
about [err] and preferably [err]. Anong the phenolic materials which may be
recovered in 15 this way is the al kyl atefi-phenol enpl oyed as a reagent.
Separate recovery of a nonohydroxyaromati c conpound corresponding in

nmol ecul ar structure to the polycarbonate units as illustrated by phenol in
the case of a bEX@mpPl 1A pol ycarbonate, free fromnore highly al kyl at ed
phenol such as a cresol, can be achieved in a subsequent 20 distillation

step as shown in us Patenu\ ifo GESOITEbI polyéaroonats (0.988 bquivalertty

reference. A co form an
azeotrope with P 'SB ﬁﬂgfggr% qr}éﬁtc(?ég%aggﬁ §ﬁ£§?§§§ﬁ?ﬁb g’sgg Fi nal
recovery of thenmthanésulfonidacicwas heatdd undercseated GDBditanathba5| n the
presence of gl fhura 150°C.. Gas chroRAHBRIcIACY sbiyas'sheed fanabe
obt ai ned by d|S|H \%Gn e € é @ %@‘ eraturelnthe
range of about peEapiitative yieldaf phenel Wﬁstqpéa'ﬂﬁﬁgé" 3fj 5'9611! JeN3S. 0 torr.
Al ternatively, bb&lﬁé&hqhmu@mr g it eldoflge ocpar ated fromthe

The' i nvent i on | etEmELYIETAeDs, 7 0G eié; dpfege e %
tetramethylxanthene and 44 mg(45% yield) of 2,6, 9 9-

10 tetramethylxanthene. The identities of the various xanthenes were
further confirmed by gas chromatographic mass spectrographic
analysis (GCMS). Significant amounts of dicresyl carbonates were
also observed. - |

, Standard recovery techniques such as distillation-and
15 recrystallization could be used to recover the respective ingredients.
The xanthenes could be oxidized to the corresponding dicarboxylic
acids if desired to provide intermediates for making high performance
xanthene polyesters.

Example 2

20 | A mixture of 103.3 mg of polycarbonate(0.41 equivalent
of bisphenol A), 4 mL of p-cresol and 40mg of methanesulfonic acid
was heated under sealed conditions for 35 hours at 1_50°C. Gas

' chromatographic analysis showed that there was obtained a
quantitative yield of phenol; a 79% yield of 2,7,9,9-

25 tetramethylxanthene (77 mg) was also obtained. Peak assignments
were confirmed by GCMS. The presence of substantial quantities of
di-p-cresyl carbonate was also established.

Example 3

A mixture of 100 mg (0.394 equivalent of bisphenol A) of
30 polycarbonate, 2.0 mL of m-cresol and 19 mg of methanesulfonic acid



-4- Example 1 A m xture of 101 ng of pol ycarbonate (0.398 equival ent of

bi sphenol A), 2 nL of mcresol, 2 nL of p-cresol and 40 ngy of

met hanesul fonic acid was heated under sealed conditions for 35 5 hours at

- [err]. Gas chromatographic (GC) anal ysis showed that a quantitative yield
of phenol was obtained. In addition, there was obtained a m xture of 17 ng

(18%vyield) of 3,6,9,9- tetranethyl xant héhe, 23 ng (25%vyield) of 2,7,9,9-

t et r amet hyl xant hene and 44 ng(45% yield) of 2,6,9,9- 10

t et r amet hyl xantwias beatgdeat 801G tardR.Hhourse The renmlomantmmeeaas\coeleﬂurt her

Gont 1 red oY S BiQRYAYNE Db SerlbBSer FIPE HAY ARfidecAE akeh irh

Si gni fi cant anount |cre car bonat es re al so observed t an d rd
recovery techmiﬁﬁ@ga%c%“@ﬁ%Wﬂl%@@nt%ﬁnﬂﬂs'srwﬁﬁlmﬁéﬁqén coul d be

used to recover @Wolfgﬁpﬁgtgnemmgggg%mad) ohs,e@9t henes coul d be oxidi zed
to the corr sp ng’éﬂ?%ﬂ%@arg" I|c acids’if desired to provi de intermnedi at es
for maki ng ene pol yesters. Exanple 2 20

A m xture of 103 3 nmg of pol ycarbonate(0.41 equival ent of bisphenol A), 4
mL of p-cresol and 40ng of nethanesul fonic acid was heated under seal ed
conditions for 35 hours at [err]. Gas



chromatographi'c-anal ysis showed that there was obtained a quantitative

yi el d of phenoljy i ‘I 2,7,9,9- 25 tetranethyl xanthene (77 ny)
was ‘al'so obt ai nHImmm“E llm nts were confirmed by GCMS. The presence of
substantial quantittes of* df-p*cresyl carbonate was al so establi shed.
Exanple 3 A mixture of 100 ng (0.394 equival ent of bisphenol A) of 30

pol ycarbonate, 2.0 nL of mcresol and 19'% of net hanesul fonic acid - b-
was heated at [err] for 72.5 hours. The reaction.mi xture was cool ed and
diluted in the presence of 105.8 ng of tetradecane as an internal standard.
It was assayed by GC, theV¥halli§&laiMeddSied 65 ny (88% yiel d) of phenol and
81 ng (86%yield) of 3,6,9,9- 5 tetranethyl xant henene. -6- What is
claimed is: 1. A nethod fadr Aahethgd fior salvesging ovganie valuesrframrsgpamr omat i ¢

pol ycarbonate capppbgd BEehHSSHdE Sohfsldg SitedingPeaction, at a
temperature of 100-250°C and in the presence of an eftective amount
of a strong acid catalyst, a mixture comprising scrap aromatic

5 polycarbonate and a Cy.4 alkylated phenol, the weight ratio of said
alkylated phenol to said scrap polycarbonate being about 2-1000:1.

2. A method in accordance with claim 1 where the scrap
polycarbonate is bisphenol A polycarbonate.

3. A method in accordance with claim 1 where the
alkylated phenol is m-cresol.

4. A method in accordance with claim 1 where the
‘alkylated phenol is p-cresol.

5. A method in accordance with claim 1 where the
alkylated phenol is a mixture of m-cresol and p-cresol. '

. 6. A method in accordance with claim 1 where the
alkylated phenol is a 3,4 di-(C1.4 alky!) phenol.

7. A method in accordance with claim 1 wherein the
catalyst is methanesulfonic acid.

8. A method in accordance with claim 1 wherein a
polyalkylated xanthene is recovered from said mixture.

9. A method in accordance with claim 8 where the
polyalkylated xanthene is 3,6,9,9-tetramethyixanthene.

10. A methgd in accordance with claim 8 where the
polyalkylated xanthene is 2,7,9,9-tetramethyixanthene.

11. A method in accordance with claim 1 where the
polyalkyated xanthene is 2,6,9,9-tetramethylxanthene.



tenperature of [err] and in the presence of an effective anount of a strong
acid catalyst, a mxture-conprising scrap aromatic 5 polycarbonate and a

[err]:al kyl ated phe i atio of said al kylated phenol to said
sciap pol ycar bonat ﬂ“ﬂ@gmﬂ“ﬂm“ 00:1. 2. A nethod in accordance with
claim1 where the s I'year bonate i s bi sphenol A pol ycarbonate. 3. A
met hod in accordance with claimi1 where-the al kyl ated phenol is mcresol.
4. A method in accordance with claim1l where the al kyl'ated phenol is
p-cresol. 5. A nethod in accordance with claim 1 where the al kyl ated phenol

is a mxture of mcresol thdApgnethesdn aggordanae: Withi claimat whedeinea with clai m
1 where the al lgrhagl edrodialels te%o%e?eﬁrf)ﬁllrédiabﬁ’t'iﬂ]re. 7. A nethod in

accordance with clfaim 1 wherein the catalyst 1s nethanesulfonic acid. 8. A
met hod in accordance wt | ai m herein a pol val ky] ated xanthene is
recovered from said nixt B‘ri.ﬁme‘%\@ ﬁﬁ@rpﬁng‘éé’%&h‘gﬁ’@é 1%‘?’ 8 8Pm 8 where

t he pol yal kyl atdiaryk eatbonate issatleasPose né di-mvetesyl earbohateeand di-pA met hod in

accordance wt i re the pol yal kyl at ed xant hene is
2,7,9, 9-tetran&rﬁ%}ﬁxd§r'l’$%'\££n%f 11. A nethod in accordance with claim1l where

t-he pol yal kyated xanthene is 2,6,9, 9-tetranet hyl xant hene.
14. A method in accordance with claim 1 where the

alkyiated. phenol employed as a reagent is recovered from said
mixture.

15. A method in accordance with claim 14 where said
alkylated phenol is m-cresol or p-cresol.

16. A method in accordance with claim 1 where a
monohydroxyaromatic compound corresponding in molecular
structure to the units in said polycarbonate is recovered.

17. A method in accordance with claim 16 where said
hydroxyaromatic compound is phenol.



-7 - 12 A nmethod in accordance with claim1 wherein a diaryl carbonate is
recovered fromsaid mixture. 13. A method in accordance with claim 12 where
the di‘aryl carbonate is at |east one of di-mcresyl carbonate and di-p-

- cresyl carbonate. 14. A nethod in accordance with claim1l where the

al kyl ated phenol enpl oyed as a reagent is yecovered fromsaid m xture. 15.
A net hod in accordance with claim 14 where®said al kyl ated phenol is

m cresol or p-cresol. 16. A i r da. ith.qlaim1 where a
nonohydr oxyar omati c corrpoundwgdgn&%ﬁg %&%m structure to the
units in said polycarbonat PHENGI oANDRJIXANTHENEtVALUES accordance with
claim 16 where said hydroxyﬁmt iWA@FEOw&..V&AWEMATE

Abstract

Organic values are salvaged from scrap polycarbonate
by heating in the presence of an acid catalyst and a C1.4 alky! phenol
such as m- or p-cresol. Among the compounds which can be

- salvaged are polyalkylated xanthenes, phenol and diary! carbonate. -



