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1 DESCRIPTION METHOD OF DECOMPOSING A POLYCARBONATE
5 Field of the Invention The present invention relates to a method of
decomposing a polycarbonate with water in a supercritical or subcritical
state. More specifically, it relates to a method of recovering a dihydroxy
compound as a raw material 10 by decemposing a polycarbonate in
accordance with the above method. Description of the Prior Art
Polycarbonate resins have excélleatRé&flrEsNtance, 15 impact
resistance and transparency and are mass-produced and consumed in

" large quantities for use as optical materials for lenses and compact disks

and further inMBWRelY difetp T PURISSHER o5 ESristabR&YNtErials, auto
parts and OA equipment. The consumption of the resins has been
mcreasmg 20 every year and is expected to further grow in the future.

; e B endRHN PR @onate compound resins prepared by

blendmgrﬁ@ ota}@s@a\ﬁs dikesEhsUChAS acadenytriesbytaciengsgtysene
éABS ) resin with a polycarbonate resin. Since the polycarbonate

BrrBERE 2BFe Bk ha e SR Ba S mphtlraddiatce, HAdif R5ugHnEs s cat

and dlamerretardancy and éheurmmﬁée@pmcﬂt@is:amlwelytwam dheyarey a
(%I:%%gseg in a wide varlet #?l(]lff such as home electric a liances, . 1
equment “efecton cgand ele ro}%tscghng 83%59%80‘% Aﬁ‘&tﬁém

abode poiypashomte esinscantpalyca bonae ceomipoird wasinstdte pliove
oanthe (rinarket and their service lives pass, they are exchanged for new
pro Ucts and generally scrapped. The total amount of these waste
plastics has been increasing every year and about 60 % of the total

ﬁ%ﬁnﬁﬁion of the Prior Art

Polycarbonate resins have excellent heat resistance,

impact resistance and transparency and are mass-produced and
consumed in large quantities for use as optical materials
for lenses and compact disks and further in a wide variety
of fields such as construction materials, auto parts and OA
equipment . The consumption of the resins has been increasing
every year and is expected to further grow in the future.

There are also known polycarbonate compound resins
prepared by blending an olefin-based resin such as
acrylonitrile-butadiene~styrene (ABS) resin with a
polycarbonate resin. Since the polycarbonate compound
resins have excellent impact resistance, fluidity, toughness
and flame retardancy and their molded products are rarely
warp, they are widely used in a wide variety of fields such
as home electric appliances, OA equipment, electronic and
electric parts and daily goods.

After the above polycarbonate resins and polycarbonate
compound resins are put on the market and their service lives
pass, they are exchanged for new products and generally
scrapped. The total amount of these waste plastics has been

increasing every year and about 60 % of the total amount is
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2 disposed of by simple burning and burying in the ground. However,
carbonic acid gas is discharged into the air by simple burning, thereby
causing a problem from the viewpoint of global warming. Meanwhile,

when it is buried in the ground, 5 waste plastics are light and bulky and
therefore occupy a large volume. Theréfore, in the current situation where

a shortage of land for final waste disposal facilities such as reclaimed
[HAERCER Grgent prolSieiPb e EoIved St R npossibiB Yo cBnfikife fhreund.
dispesat methad boitedulired1Q £onsequanibyh igredtremely important by
fram the \g)ew gints of waste disposal and earth risources, that is, the

Er%@@rt'ﬁ]t‘i:’o B tHE Exn IS8t 6 YesoticathaPieTahsvdt the viewpoint
pdiygaisnhteaesinsand Pebnathvhatewosmpduntrésing bé aolteotest-ound,
from.the market.and recycled. .15 The methqds of recyclin ste plastics
A e o T B R, S B B
plastiss aielngngsed ds syl ance (2)ia chimical reeydlingi metlidebm whiche a
waste plastics are depolymerj intq, omer. ically, « . .
decomp?s%d to reCO\C/Eer u%%ft%?ﬁ%?nicﬁé%ra%ﬁggesﬁa sng%%%jlgles such
thermarreeienRg rabthd i whicht 9eite preclidsard redovered usd, it is

thepmalensrgy « sines;thechemicalrecycling methad oy of these. rucyre.

recycling methods recovers chemical raw materials, synthetic resins and

Srafiedsolitts ddn be RehERSAedPee HoRT WakteDstHiastésuRaint s

can ke ysed iy aydde vadety of filds. ~Ta.dagerapose apolycarbenate
resin for chemical recycling, JP-A 2003-41049 (the term "JP-A" as used
RErRIERTEAT ah e eiiAs blBRsRSd Tnpanesapatst Abpifcdtmgoove

discloses-ponethed.ef obiaininga gibygaxycompaund-anthaddimetvhs be
ca:}ﬁna}tg t?ﬁ/ cgrég%n%out este}r{ interchange usingeén_ethanol ina
Siper&iitica state s o SolTaHt. 5p- 8250867

The methods of recycling waste plastics are roughly
divided into (1) a material recycling method in which waste
plastics are re-used as they are, (2) a chemical recycling
method in which waste plastics are depolymerized into
monomers or chemically decomposed to recover useful chemical
raw materials and {(3) a thermal recycling method in which
waste plastics are recovered as thermal enexrgy. Since the
chemical recycling method out of these recycling methods
recovers chemical raw materials, synthetic resins and
chemical products can be newly synthesized from waste
plastics and can be used in a wide variety of fields.

To decompose a polycarbonate resin for chemical
recycling, JP-A 2003-41049 (the term "JP-A" as used herein
means an "unexamined published Japanese patent application)
discloses a method of obtaining a dihydroxy compound and
dimethyl carbonate by carrying out ester interchange using
methanecl in a supercritical state as a solvent. JP-B6-25086
(the term "JP-B" as used herein means an "examined Japanese
patent publication'") proposes a method of obtaining a

dihydroxy compound by hydrolyzing a polycarbonate resin in
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(the term "JP-B" as used herein means an "examined Japanese patent
publication") proposes a method of obtaining a dihydroxy compound by
hydrolyzing a polycarbonate resin in 3 the presence of an ammonia
agueous solution. As for the recycling of a polycarbonate compound resin

JP-A 2001-302844 reports a method of 3ecovering bisphenol A and urea

Esspuseful chemical raw materials from a decomposed 5 product obtained

Chéthicaliy G8cSthpBSing TR0y GarBEHAR FesiP éoitaffed in a waste

plastlc m&sﬂﬂ.ﬁlmem&mmgmcﬁ@i@g@rpb@%@ﬂ@@ﬂl&t@'&@ﬁb\ﬂm@ﬁ resin
gs%V%% B(zt leé/carbonate resin and ABS resin contained in a PC/ABS

fesin afloy and an ammoris aqieud"Soilifish. How&is Y she8the 1 gphenol
absve methwduses affaigelamalnt bfthe halegen-based.arganigsoiwgifsed
? % g‘ﬂueggeu o9 nqu}nment "i? pdehended and apost -treatment

e neutra zatlox Stthe “ammonia aguesus adtdignigtycarbonate
emAplicated badngdatly impairst ecplemicieffitiencys T hetefore dbgtaining

aeggthiod s ROk L3, sullgole foniodiepasal and deaxding of aaige
amount of the polycarbonate compound resin ummaryo € Tnventl
Pl aiT Bbjeenstthe presentridvRREonas Providet 20zemdtha m/ABs resin

decqnapesing apelyearhonate yithaut %%ﬂ%éﬁo%rga%%%%'¥8”t IS ce the

another object of the present invention to provide a method of
GEDRIBSINEL poRRarD Jrte N RightrRé M slppressing kesidd organic
wacten> His silkanoerobiect ahiRe. PLeReNLYRDHeN ;1 10 RIGVIde.an 4

industrially simple and advantageous method of decomposing a

BOYcarbBRAR T Wkt R EapaBIbf rdeovdrhgie Highagurity Bilared) the
eampaued £5.f Polycarbanateavs neaigpialiata highyieldPYar 1y impairs

decompasin
econo% %fflClenCY‘ Therefore, the above method iz not
suitable for the disposal and recycling of a large amount

of the polycarbonate compound resin.

Summary of the Invention

It is an object of the present invention to provide
a method of decomposing a polycarbonate without using an
organic solvent.

ZH:isanotherobjectcﬁfthepresantinventhxztoprovide
a method of decomposing a polycarbonate at a high rate by
suppressing a side reaction.

Tt is still another object of the present invention
to provide an industrially simple and advantageous method
of decomposing a polycarbonate, which is capable of
recovering a high-purity dihydroxy compound as a
polycarbonate raw material at a high yield by decomposing
a polycarbonate.

It is a further object of the present invention to
provide an agueous solution containing an aromatic dihydroxy
compound in & high concentration stably.

Other objects and advantages of the present invention
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30 a polycarbonate. It is a further object of the present invention to

provide an aqueous solution containing an aromatic dihydroxy compound

in a high concentration stably. Other objects and advantages of the

present invention 4 will become apparent from the following description.
According to the present invention, firstly4 the above objects and

advantages of the present invention are attained by a method of
decompSing ApSyestbohate: ESMphidiig Sdecotiptbinifter irt ion.
polycarbonatewithrwates inkaesuipetcsiieal orshbetiticalsstater AGCOFBG hove
toot]Qe éocrg%eggl gmvegf_iglgtsecondl% the above objects and advantages of

the present invention are- aftaired by & afiratc dmhyaRyRbmpEUHEtained
a@u’ewsr@?:lhﬂmi: i} vﬁ&mmgﬁajta?perqlmfteﬁﬁa:bﬂ:tﬂﬁ%ﬂ@ aﬁ@r@p;{ising

p and contaips 1 wta or more of an aromatic |
d%§§?oﬁ%/8cs:g#l cﬁj%]% g:gs \ved in \I}v%'?e? ‘f_")l(a{%ﬂ(‘a"r(ft bekchiptidnSoRfe critical
Praferall Erhbaditnent 15tEhe polycarbonate to be decomposed by the

present igyventionmay.be a palvgarbopate ii%?ﬁe‘ﬁt%%?!ycargona@l the

contained in a thermoplastic composition comprising the’ pglygg%ongte

afAtPoHferthe ARGl astcresiy ategttycarBohdte ipanyont dfanention are
aliphaticn2q @glygﬁf%%%ﬂﬂ'PY&EQ%B‘S?{E?’%%EQH@%F

atic .
e Jeous soluti
polgégarbonate. out of these, it is preferably an aromatic po ;{lPtar ona ec,) HEren

Prefiany APBRREMSHEReTOprisingL A F8EUAING ankrepreserted ©.1
by ¢he doltowingforamad 1) 214 #BWBErinR, B2 R3AN R4 88 8465 oy

inde§endently a hydrogen atom, alkyl group having 1 to 10 carbon atoms,

cFEBRRYFGrSUSRAViING B td™L0“GHBdn atoms, aryl group having 6 to

Detailed Description of the Preferred Embodiment

The polycarbonate to be decomposed by the present
invention may be a polycarbonate itself or a polycarbonate
contained in a thermoplastic composition comprising the
polycarbonate and other thermoplastic resin.

The polycarbonate is any one of an aliphatic
polycarbonate, alicyclic polycarbonate and aromatic
polycarbonate. Out of these, it is preferably an aromatic
polycarbonate, more preferably a polycarbonate comprising

& recurring unit represented by the following formula (1) :

rooE )
O&L}_w{r’}_omﬁ )

wherein RY, Rr?

, R’ and R* are each independently a hydrogen
atom, alkyl group having 1 to 10 carbon atoms, cycloalkyl
group having 6 to 10 carbon atoms, aryl group having 6 to
10 carbon atoms, aralkyl group having 7 to 10 carbon atoms
or nalogen atom, and W is a single bond, alkylene group having

1 to 10 carbon atoms, alkylidene group having 2 to 10 carbon
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10 carbon atoms, aralkyl group having 7 to 10 carbon atoms or halogen
atom, and W is a single bond, alkylene group having 30 1 to 10 carbon
atoms, alkylidene group having 2 to 10 carbon 5 atoms, cycloalkylene
group having 6 to 10 carbon atoms, cycloalkylidene group having 6 to 10
carbon atoms, alkylene-arylene-alkylene group having 8 to 15 carbon
atoms, oxygen atom, sulfur atom, sulfoxide group or sulfone group. 5 The
alkyhgroup havinglictol 1o eathom atomsvmaypeslinear 10r braashed.atoms,

Examples of the alkyl group include methyl, ethyl, propyl, butyl, octyl and
8%’5%%%%&%%%?%1&5@?%%&3 ﬁ%gin% ét {6 10°ca&r gléoa or%%‘?ﬁl(‘?lude
phdryid stobyt coumyrendchadphithyle Exampldsacfihg aralkyl groapbauing dns,
n incl enz -phenethyl, 2-methyl
vy R e s Shaa S0 £y badh EdoRs Aty 9o
hydrogeRzgom iviétayigipuproritrisuly kgrdWp cpaniticolahpmreferably 4 inear

§ .15/ fined herei . kys
D Cartion LG oy be e of braehch. o b e v

skjiehe greeipihclutletinkbthgRRE] 1208tHRIeNe, -2, Egmpylene, of the aryl

groiIviens Agts 1d-decyians-RQ EXamRlgs 9&3@@&%&@%0%@#9, cumyl
having 2 to 10 carbon atoms include ethylidene, E)éopylldene, butylidene

aRd ReRmtBye - ExarfpiiiGEnelydbaRyBAE Glods AURINY {61807 to 10
eabesratemsniaciude Lidieydehexyleneanthddethyl, 2-methyl and
2-isgpropyl-1,4-cyclohexylene. Examples of the cycloalkylidene group
ﬁéﬁ?%%%ﬁﬁl}égrbon atoms include cyclohexylidene and

isopropyicyclehexglidensl R* are preferably each independently a
hydrogen atom, methyl group or t-butyl group, particularly
preferably a hydrogen atom.

W ls as defined hereinabove.

The alkylene group having 1 to 10 carbon atoms may be
linear or branched. Examples of the alkylene group include
methylene, 1,2-ethylene, 2,2-propylene, 2,2-butylene and
1,1-decylene.

Examples of the alkylidene group having 2 to 10 carbon
atoms include ethylidene, propylidene, butylidene and
hexylidene.

Examples of the cycloalkylene group having 6 to 10
carbon atoms include 1,4-cyclohexylene and
2-isopropyl-1,4-cyclchexylene.

Examples of the cycloalkylidene group having 6 to 10
carbon atomé include cyclohexylidene and
igopropylcyclohexylidene.

Examples of the alkylene-arylene-alkylene group
having 8 to 15 carbon atoms include m-diisopropylphenylene.

W is preferably a cyclohexylidene group or
2,2-propylidene group, particularly preferably
2,2-propylidene group.

The molecular weight of the polycarbonate used in the
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Examples of the alkylene-arylene-alkylene group 30 having 8 to 15 carbon
atoms include m-diisopropylphenylene. W is preferably a cyclohexylidene
group or 2,2-propylidene group, particularly preferably 2,2-propylidene
group. The molecular weight of the polycarbonate used in the 6 present
invention is not particularly limited but its. viscosity average molecular

weight is preferably 10,000 to 250,000. The polycarbonate is produced by
pmethattknowr pet dnse, dJonexamppler interfagialipolyieendensalion itg
between a dihg/drog com oij%nd nd phosgene or melt Eolycondensation
betweer Adh§droks o %I”aﬁ?ota“fﬁél WearBoR4fel $hably 10,000 to
pofyrasibanate of the present invention can be an object of decomposition
regardless of its production 10 process. In.the present inventjon
defective%ipr%d%%E2 A5d ﬁ%%féa%eglyﬁe Wi %t(:“%{ur%syinéf'hg1 %SLé%%aé‘rmwn per
pFedudtion anthappelycdmbratbavdstd sochasarséerGBichrbeusatas a

. Qbj d ition. 19 this ¢ e waste - may cqntain .
s S e e S ki ameay o
dredfes anparites ardnenovednperofittsb aveddihydrpky cemiponats,.

an aromaie. qiydraxy ampednd whi e, an oTaf
polycarbonat?%%referably .r%%rgs%riﬁg% E%/%\%%%zllﬁnvﬁ%g Ol’n%,[ﬁg (EﬁnR]fe =
RPIRTKVPOH e QN ER 2 i avhereR 8 1R2 R R4 hadpwate csion
defineddn the above formula (1) . Examples of the aromatic dihydroxy

compound include . ‘
In the present invention, a defective product and waste

polymer which occurs in the course of production and a
polycarbonate waste such as used CD can be used as an object
of decowposition. In this case, the waste may contain
impurities such as an Al recording layer and may be decomposed
directly or after impuritieg are removed.

Out of the above dihydroxy compounds, an aromatic
dihydroxy compound which provides an aromatic polycarbonate

is preferably represented by the following formula (2} :

b x
) {:}

wherein R, R*, R*, R* and W are as defined in the above formula
(1) .

Examples of the arcmatic dihydroxy compound include
2,2-bis (4-hydroxyphenyl)propane (namely, bisphenol A},
bis (4-hydroxyphenyl)methane,
1,1-bis {4’ ~hydroxyphenyl) ethane,
1,2~bis {4’ -hydroxyphenyl}ethane,
bis (4-hydroxyphenyl)phenylmethane,
1,1-bis (4’ -hydroxyphenyl) -1-phenylethane,

2- (4’ ~hydroxyphenyl) -2~ (3’ -hydroxyphenyl) propane,
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2,2-bis(4-hydroxyphenyl)propane (namely, bisphenol A), 25
bis(4-hydroxyphenyl)methane, 1,1-bis(4'-hydroxyphenyl)ethane,
1,2-bis(4'-hydroxyphenyl)ethane, bis(4-hydroxyphenyl)phenylmethane,
1,1-bis(4'-hydroxyphenyl)-i-phenylethane, 30
2-(4'—hydroxyphenyl)-Z-(S'-hydroxyphen¥l)propane, 7
2,2-bis(4'-hydroxyphenyl)butane, 1,1-bis(4'-hydroxyphenyl)isobutane and
4,4'2dibydroxydiphamylxThexmay)hsidsedalone or in combination of two
or more, Oa{ut of the above compoinds, the 5 aromatic polycarbonate
e

Whith ticaP TR Ry i d SSE 1 dBfectBfdecomposition in the
presentdnysntionisddm eampatic polysarhenatesebtaired one or in
2,2-his(4-hydrox nyl)propane. The other thermop)astic resin which
o?rrﬁ% & ﬁh%?m%lgglac%cgrﬁnﬁo%ﬁion With A gégvgﬁ%%a%@ﬁ)ﬂép@%of:he
partoaady imited-butpreferabihanblefirpbased-vasinl Anyreleirdased:sed
resin.i 2ptable if it for gsition with the polycarbonate. . . .
e Syatts S T S BAot b el et iEntion 1s
&crynitrifethtagiehrsyrensassin gbdramondy datted "ABS resin”),

lystyr resi resi ethacrylate resin (PMMA resin)
%‘?{di p}é)f/gefﬁylgr?g( i%r}{%%é)}g!] .%?_ﬂ%%?these, ABS resin is widely
used beddtBelt RS inmpaatnesisamee chasmsha olhigresistamee and

pioeeseabily and itsongrket isibkig- Fhe rahaye %%@p?éﬁg@%&ﬁg@@ is
comprises preferably 10 to 95 wt%, more preferably 40 to 90 wt% of the
PoYcaBoRaCUARY prefbidbhf 8do Rtwiat ficpe rably 2beé Bo-heeed

ef= thienother thermoplastic resin.

Any olefin-based resin is acceptable if it forms a
composition with the polycarbénate . Typical examples of the
olefin-based resin include acrylonitrile-butadiene-styrene
resin (commonly called “ABS resin”), polystyrene resin (PS
resin), polymethyl methacrylate resin (PMMA resin) and
polyethylene resin (PE resin}. Out of these, ABS resin is
widely used because it has impact resistance, heat and oil
resistance and processability and its market is big. The
above thermoplastic composition comprises preferably 10 to
95 wt%, more preferably 40 to 90 wt% of the polycarbonate
and preferably 5 to 90 wt%, more preferably 10 to 60 wt% of
the other thermeplastic resin.

The above ABS resin isg a resin obtained by polymerizing
a diene-based rubber with an aromatic vinyl-based monomer,
vinyl cyanide-based monomer and optionally other vinyl-based
monomer copolymerizable with these, i.e., a graft polymer
obtained by polymerizing monomers in the presence of the
above diene-based rubber, or a mixture of the graft polymer
and a copolymer of monomers. The present invention can be
applied to both of the graft polymer and the copolymer. The
production process of the ABS resin is emulsion

polymerization, suspension polymerization, bulk
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25 The above ABS resin is a resin obtained by polymerizing a

diene-based rubber with an aromatic vinyl-based monomer, vinyl

cyanide-based monomer and optionally other vinyl-based monomer

copolymerizable with these, i.e., a graft polymer obtained by polymerizing

monomers in the presence of the 30 above diene-based rubber, or a

mixture of the graft polymer and a copcﬁymer of monomers. The present

invantion.can.be applied ta both, otthe. graft polymey and the copalymet. ; o,
he “production process of the ABS resin is emulsion polymerization,

$UspERSIBA polymerization, bulk 8 polymerization, solution polymerization

or a compinatione hegeof: Fxamplasoidheabong diepe-pased rubber, e

include polybutadiene, styrene-butadiene copolymer and 5
RIyBRItTRDREGend CopsRAE HeR iR G L3RRINSHA #ifiperature of
Qe oy lawer: Examplas-aldheaboveg-aropmatic Minykhasedmesemetnsition
include styrene, a-methylstyrene, o-methylstyrene, m-methylstyrene,
GRS, YhulyiStyrinet 98%Emethyivinyltoluene, dimethylstyrene,
chlorostyreaep tichlargstyrene; heemostyrare: THromestyBAg @Mtnonomexr
vinylnaphthalene. They may be used alone or in combination of two or

MBrE- SR o S Sty r 8RBT BarhRiorhPiSed. TR BF tHeeRSove

vinyleyhpibethasatmonemet Hib imcladeracryloniitiley nethaeryleonitrile
and fu argnitrilel Thf may be used algne or in combination of two or
SRS O Lo LS5 AT o R EOHPAGHY SBE SRR hiRE oHer

Bdabher cepalyrietizableamits ther abeve didmatiowinykbasecimdnomer
Ydyvpraierbased 20 menarenincluds uneaiiald eatilnac i on
acids and unsaturated dicarboXxylic anhydrides such as acrylic acid,
PEtHaggyller more. Out of these, styrene is commonly used.

Examples of the above wvinyl cyanide-based monomer
include acrylonitrile, methacrylonitrile and fumarconitrile.
They may be used alone or in combination of two or more. Out
of these, acrylonitrile is commonly used.

Examples of the other monomer copolymerizable with the
above aromatic vinyl-based monomer and vinyl cyanide-based
monomer include unsaturated carboxylic acids and unsaturated
dicarboxylic anhydrides such as acrylic acid, methacrylic
acid, maleic acid, maleic anhydride and citraconic anhydride,
unsaturated alkyl carboxylates such as methyl {(meth)acrylate,
ethyl (meth)acrylate, propyl {(meth)acrylate and
2-ethylhexyl (meth)acrylate, and maleimide-based monomers
such as maleimide, methylmaleimide, ethylmaleimide,
N~phenylmaleimide and O-chloro-N-phenylmaleimide. They
may be used alone or in combination of two or more.

The above thermoplastic resin composition may further
contain additives such as a phosphorus-based flame retardant
compound, halogen-based flame retardant compound,
rubber-like material and fibrous/non-fibrous filler.

Examples of the phosphorus-based flame retardant

compound include inorganic phosphorus compounds such as red
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acid, maleic acid, maleic anhydride and citraconic anhydride, unsaturated
alkyl carboxylates such as methyl (meth) acrylate, ethyl (meth)acrylate,
propyl (meth)acrylate and 25 2-ethylhexyl (meth)acrylate, and
maleimide-based monomers such as maleimide, methylmaleimide,
ethylmaleimide, N-phenylmaleimide ang O-chloro-N-phenylmaleimide.

They may be used alone or in combination of two or more. The above
heongplasic resih 68mROsKIoNIRL HIhes 3G-earai-additiyassoiasus
%sphorus-based flame retardant compqund, halogen-based flame

aph .

%%%r anl'E0RBETTR  Ribter dike MattMa AHIRBIBHS MO Fbroushifer.

Examplesof thephesphictus-basad ttasveretardant copiposipddclude ster

iggr anxil(%1 hosphorus compounds such as red 9 phosphorus, phosphine,

hyp (ﬂosp orous acid, phosphorous acid, metaphosphoric acid,

pyrophosptronciacideandhphiosphgra abbydrit € lantknensralganic ompound
haric . ngs, mples _of the halogen-based. flame

?e%ar aﬁté cfr%eg& r%%ﬁc%%é{%%%aﬁbé%m%bigsrﬁ)%e%%FEI\éggldveerﬁ/at%gsmof ’

therecforemairospbispheriol $iaronwdigheeylétrerhibromiated. nated

plycarbonate.qligogiers gpd-modifigd products theteal s, prominaled . o ¢

epoxy oligomers and madified products thereof, 10"brominated phenoxy

REM bReThRAtEP Pl sBAd M BIsMimak dipdfii@sk pifeducts thereof,
whramaphenpxysthane, qr@ﬂﬁ@teef@%zm%&@@pgemg%ey?&ﬂ@,rinated

condensation_ alicyclic compounds. Examples of the rubber-like material

RERBE R Re RNEBNRAIRY & GRS 1rdrsiioraBrRIeraoRY 6F0DC to

PRYmi 6aReNMErs £f the: pebnpersnakd 4sRPEeAeHaS8It ed condensation
butadiene-based, olefin-based, polyester elastomer-based and acrylic

BOiYMErs: They Ry BRHomopolymers or copolymers.

- Examples of the rubber-like material include polymers
having a glass transition temperature of -1006°C to 50°C,
copolymers of the polymers, and isoprene-based,
butadiene-based, olefin-based, polyester elastomer-based
and acrylic polymers. TheynEbeehomobolymerscnrcopoiymers,
Out of these, butadiene-based and olefin-based copolymers
are generally used. The butadiene-based copolymers include
styrene-butadiene block copolymer which is a copolymer with
styrene and hydrogenated product thereocf. Further,
terpolymers comprising an acid component may also be used,
as exemplified by acrylic acid-butadiene-styrene texpolymer
and carboxylic acid/carboxylic anhydride-containing acid
compound-~butadiene-styrene terpolymer.

The fibrous filler is a filler having an aspect ratio
of 2 to 100, depending on the target degree of reinforcement
of the thermoplastic resin composition. Examples of the
fibrous filler include glass fiber, carbon fiber, titanium
oxide whisker and fibrous wollastonite.

The non-fibrous filler is widely used as it can improve
strength and dimensional stability at the same time. It may

be plate-1like, particulate or amorphous. Examples of the
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Out of these, butadiene-based and olefin-based copolymers 20 are

generally used. The butadiene-based copolymers include

styrene-butadiene block copolymer which is a copolymer with styrene and
hydrogenated product thereof. Further, terpolymers comprising an acid
component may also be used, as exeqplified by acrylic
acid-butadiene-styrene terpolymer 25 and carboxylic acid/carboxylic
amhydfidercontaifinid acidi ngempodnd=nutadigne-styrengferpolymes The ass
fibroys filler is a filler having an ectratio of 2 tg 100, depending on the
t%a%éie de rieaesosf r%‘il:n grgenr#e%f’ %?%1% lttl%eélr%eormasti%é“1 Fééﬁ%‘ﬁ?&éﬁ%%ﬁl. alone
Exarhplescofiihe 80ifinous filtevancludewgiass fiber, carbon fiber, titanium

oxide wt}iﬁléera%q,gbrgﬂg%él iga%tgcTQ% Q%q-figrous fglle isovr\{idlerlly th
used as it can improve strengltgh and dimensional S?ggllfﬁy atthe same -
Bres Riay ibeeplhteclikanpartii-dteror Bhorphods: BExamples d0Ethelie
agnsiibiqusilier include falg, mica, glaySiiGa. g .

and hollow filllgr? They may be used alone %r?cafrﬁggg%ﬁg% t\/\?%%a?dr’

RipFE CHISABbOVE PO RIStIC FESiREbRfposiidhdn i Bplesend

ﬁ@@ggqrém@xggﬂmaﬁmmqwﬂ%? saturated hydrocaphon 1esing i ;|

igher fatty acid ester, petroleum hydrocarbon, aromatic o
AYdroRE G asdd betdrutd Fésin, Fad8failiche septnesivakilizer,

flueresrsin, antigxidant, seleaseagenhantisiatic Agent, stablizeiold to the
ultraviolet light absorber and pigment in addition to the above additives. In
HE. cd%q%stit]ra"r? fhethod of the present invention, the above

polycarbnnateordz polysabhpnatmcaatainet drthenabovesharmoplastie i on,
[55in.gomposiiqn is decomposed with 13 watenin & supereitical o3 in the
SupCritica stgte. Waater ina poLy i
above thermoplastic resin composition is decomposed with
water in a supercritical or subcritical state. Water in a
supercritical state may be referred to as “supercritical
water” and water in a subcritical state may be referred to
as “subcritical water” hereinafter. By the decomposition
reaction .of the present invention, the polycarbonate is
decomposed into a corresponding dihydroxy compound and
carbonic dioxide.

Ingeneral, a supercritical fluid refers to a substance
at a temperature and a pressure higher than its critical
temperature and its critical pressure. The supercritical
water is water at a temperature higher than its critical
temperature of 374°C and a pressure higher than its critical
pressure of 22 MPa. The subcritical water is water at a
temperature of 350°C or higher and a pressure of 18 MPa or
higher and not in a supercritical state. It is known that
the physical property values such as density, ion product,
ion concentration and dielectric constant of the
supercritical or subcritical water vary widely according to

its temperature and pressure, and it is easy to control these.

As a result, a reaction in the supercritical water or
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supercritical state may be referred to as "supercritical water" and water in
a subcritical state may be referred to as "subcritical water" hereinafter. By
the decomposition reaction of the present invention, the polycarbonate is
20 decomposed into a corresponding dihydroxy compound and carbonic
dioxide. In general, a supercritical fluid refers to a substance at a
temperature and a pressure higher than its critical temperature and its

grifisal-pressHne wHie:supgreriticaklowaler is-waler a4 ateraReIaiie cffect
giﬁ%er thargits critica t[ggger ture of 374C and a pressure higher than its
ittt SRs¥GR% he Sttt arwaler 1 AR 41 temperature

tempasatise af 850Crardtigher, and apeessuee of:h8 MR d of dighersand: or
not in a.supercritical state. It is.known that 30 the physical property values
S R R B it R vt SERR A diiArofeEe
thef Sugarcritical on seboticahwatersyafyp atidelpadcerdingpiot iten in the
lemperature and pressure. and iz, 2asy to.aontpliese; As aresula o o g
reaction in the supercritical water or 11 sUbcritical water may receive an
hoioiesid chfahst effact tand hasove meeftsct whidh difféd gedotdingtoom the

@%a%% and pressure. Further, since the supercriticahwateror ... 4 o o
subcriti

' cal water has lower viscosity than a liquid, the 5 diffusion of a
selstanEesTast drcareRtibh ihthehsuperefiticalsvaensdsigbcritieatoxic

waler 19 lgss afeciech by dhe difusionstale thanga seagtion R aliguit froghg
the viewpoint of practical use, it can be said that water is an ideal solvent

BECSIsESEs theRost FidkbbhENeREntbRicr i sad fIgitdeEidant, has a

small loagkenepyikarment and: rxclienidieat siakilty avd isdaralyriea out

oxidized. Decomposition in the present invention is carried out
at preferably 374°C, which is the critical temperature of

the supercritical water or subcritical water, to 500°C, more
preferably 374 to 430°C. When the temperature ig lower than
374°C, the decomposition rate of the polycarbonate greatly
drops, thereby causing the production of the residual
unreacted product disadvantageously. When the temperature
is higher than 500°C, the thermal decomposition reaction of
the obtained dihydroxy compound quickly proceeds, whereby
a hydroxyl compound other than the dihydroxy compound of
interest and a derivative thereof may be by-produced in large
gquantities and also the decomposition of the thermoplastic
resin such as ABS resin may also proceed in the case of the
thermopiastic resin composition, thereby producing various
compounds, causing a reduction in the impurity of the product
and complicating the recovery step.

Decomposition is carried out at a pressure of
preferably 18 to 40 MPa, more preferably 206 to 30 MPa. When
the pressure is higher than 40 MPa, great energy costg are
required for the industrial process with the result of a great
load on safety and economy. When the pressure is lower than
18 MPa, the above physical properties specific to the

subcecritical water are hardly cbtained.
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at preferably 374C, which is the critical temperature of the supercritical
water or subcritical water, to 500C, more 15 preferably 374 to 430C.
When the temperature is lower than 374C, the decomposition rate of the
polycarbonate greatly drops, thereby causing the production of the
residual unreacted product disadvantageously. When the temperature is
higher than 500C, the thermal decomp]o ition reaction of 20 the obtained

dihydroxy-eompound guickhe Rrocegdswherehy, aydroxylcompaund . 5

other than the dihydroxy compound of interest and a'derivative thereof

nRRy BE BYYTOdUEeH irPhar§é s iattities ahe iso thedeconposiiba of Heal
ihermppiastio resibsash gs ABS rasln mayalsaprecesd 1R,1he casgof? /g’
the 25 thermoplastic resin composition, thereby producing various

EEmpotfds, ERMSRg BFEdARROSN TRE T he of e pRidtidEaFgenate or
somplioating-theeeovery Siam e compositianis Gardethpukata BFESSAFE be

f preferably 18 to 40 MPa, more preferably 20 to 30 MPa. When_ 30 the
BRI RTIghar (hah RO MPAC Bled Ehery Sdots SREréihet 31 THatroy

o8
pressure’is
tolystriat Pracassiwitiolinesresel obka dgidathloadlersdfety-and econamy.
When. the pressure. is Jower than, 18 MPa, the abqve physical properties
SRESTO TS o SUBGICAT ralds 476 FArdly chaSz The Bledti 107
frvepdon 18 preferabfy Tarsed bdbat an ten producd fsw) Ioé thest suitable
SHRercktical water or critical .of 10-1 le/kg2 or less, maore
preferably 10-17 molg kgzéc%r(% eSS, gﬁ?@r (t)ﬂe% &%%oﬁé%%ﬁ?%gonate'
BoBRatbsnaterorragolycalfonate sohraiged i trardsin 'Compbbitigt . the

§8R bRpdeeempRsed ina yervshortparied. of fime and g digydroxy

compound can be obtained at high selectivity. It is considered that this is

PéeatsE R redeivh il the B tbhéigatdn oratrtaetion st prolsdbynder
themasbadifablen, the decomposition reaction of a dihydroxy

compound proceeds simultaneously with the decomposition of
the polycarbonate, thereby reducing the purity and yield rate
of the dihydroxy compound. In the present invention, the
lower limit of the ion product is not particularly limited
but preferably 10°%° mol®/kg?.

Further, the dielectric constant of the above
supercritical water or subcritical water is preferably 10
or less, more preferably 5 or less. The dielectric constant
is a coefficient indicative of the relationship between
charge and force given thereby in a substance and an index
cf the polarity of a solvent. Since water has a very high
dielectric constant of 80 at room temperature, it dissolves
well an inorganic substance such as an electrolyte but rarely
an organic substance. However, when the temperature is
elevated, the dielectric constant of water gradually lowers
and the dielectric constant of the supercritical water or
subcritical water at 374°C or higher is about 10 which is
almost the same as that of an organic solvent having low
polarity. As a result, an opposite phenomenon that an

organic substance dissolves well but an inorganic substance
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10 environment for the decomposition of the polycarbonate. When the ion

product (Kw) is larger than 10-15 M012 /kg2, the decomposition rate of

the polycarbonate drops disadvantageously. When the reaction time is

extended under this condition, the decomposition reaction of a dihydroxy

15 compound proceeds simultaneously with the decomposition of the

polycarbonate, thereby reducing the purity and yield rate of the dihydroxy

eRIMRaYNd: il $ba Prasent yestion,theelowes linitef the ien-prodyct is,

not particularly limited but preferably 10-23 mole/kg2. 20 Further, the

Bl it com{aRTof e abbfe R&IRTGR Fc]aF\%gté?%)r ‘ShBcfiRe Wardhscal

preferably-1Qn05dess; Maere welesablybrer less: Theidileeticcanstatt is
1%oeffici t indicative of the relationshig between charge and force given

HETEBY i 4 §iBStahcs SRdHITREL 255t thE pdlity 6T 2 SBivERt Sidte the

water daisral verphigha dieleotrio constastof 88t easmitgiperattredbsible

gigsglves We%an inorganic substance such as an %Iect.r lyte but rar%l{)z/a .
&M organid su %tés’ﬁlcpe.egﬁﬁ)ﬁvle%éﬁav@hgﬁ Y€ températre | X&%vaf%?i,t into

diefgowdid: ceastant bévwatdngradvaihalowers 80 anekthedielettréc danstanbxy
atinssupg erticalwater or subgical watel abaz4C ot highet is abaut 10,
which is almost the same as that 6f an organic Solvent aving low

BélargEr 2ad Fasglt taeoppbsite phérncmeénontteat am srdarid sdlbstaneeter

dissalvgs wellbutan ig@@é&%ﬂb%@%%%g@@ﬂxgi.%%%%;%ﬁyés
unlike ordinary water. In the present invention, the permeability of the

SivFdrefifical Cwarir F 3bbcritical daEaTinfo B pairarbeiRe Grlue, the

- thermopiastic resi coRpesifan is-imureyed by setting - the BLislectiic syers

constant to 10 or less, thereby making it possible to bring the supercritical

MRatePdSSUbERiCAFacT fprat ion of the dihydroxy compound from

the supercritical water or subcritical water occurs, whereby
the decomposition of the dihydroxy compound proceeds at the
interface between the separated phases.

The reaction time in the present invention is not
particularly limited. Under the above conditions, the
polycarbonate or a polycarbonate resin contained in the
thermopiastic resin composition can be decomposed in a very
short time, for example, less than 1 minute to 5 minutes.
When the reaction time is extended, the decomposition of the
obtained dihydroxy compound proceeds, thereby reducing the
purity of the dihydroxy compound and throughput per unit time
in the industrial process, or increasing the volume of the
reactor disadvantageously.

The decomposition method of the present invention is
preferably employed when the polycarbonate is an aromatic
polycarbonate and an aromatic dihydroxy compound is formed
as a decomposed product. When the aromatic polycarbonate
comprises the recurring unit represented by the above formula
(1), the decomposed product is an aromatic dihydroxy compound
represented by the above formula (2).

When the dihydroxy compound formed by the above
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contact with the polycarbonate efficiently. The dihydroxy compound which
is a decomposed product is dissolved and dispersed into the supercritical
water or subcritical water 10 to suppress its secondary decomposition.
When the dielectric constant is larger than the above value, the
permeability of the supercritical water into the resin lowers and also the
phase separation of the dihydroxy comﬂigund from the supercritical water

Qresybenrtical water QGayrs, whergby REHPRRSICN OE e vecoverea

dihydroxy compound proceeds at the interface between the separated

phassS Fhé TESEHOHRRTIA 956 RSB M ENRAEBNSS Rt Imtidiiasplved in
ligaitash- Ungler the,abeve; congitions: e RAYCHLANJE DI & more at a
polycarbonate resin contained in the 20 thermoplastic resin composition

e GBEOthGoSEd 1Y alvery O8hdrt Biftte, FoPERERPIES 164s thah EenihiitdiPa -
tot minuteswihanthedraction e is extendedatherdeconpasitionsalz+ i
tSe o%ained dih drox% co,mpoundgroceeds, thereby reducing the purity .
S B8t DB BBt AR UL UCRBr U e RRTBS Ffere Of 25°C
inddstipherosess of increagdag thernakimednfihe teapiot ions, it rarely
q_ﬁadv grae%eo

yeptagequsly, The decomposiion mettiod of the present invention s,
pre?erab y empl%yea When the polycarf)oha e'rs A aromatic' ton

poly carbenateca iy afearvamtc wihychroxy enpyoandie famed BE gsr@ssure
%efoﬁ%o 55991919 gg?lt %‘?ﬁygﬁgarg%lcﬁ%ﬁc r&%n%tgocg@ggs 3 r%}adro:ﬁcy

recurring unit represen above formula ecompose
sreuinetis At Arstratieditytiog compound réprekembebytheabové tical

forpula (2)sWhen, the dihydioxy compaung, farmed by, the.aboue d v r 1y

reaction is an aromatic dihydroxy compound, it is recovered as a
SERHi-StEHR MM SGenEot RThdtRBES SehdnadisSonvihint wealdhaitroxy
R a:e@neRNH ool & WM 85 Bn than the conventionally
known aromatic dihydroxy compound aqueous solution. The
acquisition of the decomposed product in the above state
makes it possible to simplify industrial processes for
purifying and recovering a product and also to prevent the
blockage of a pipe or valve advantageously. In the present
invention, the aromatic dihydroxy compound contained in the
agqueous solution can be purified and recovered by known
recrystallization to obtainahigh-purity aromatic dihydroxy
compound.

When the thermoplastic composition is an object of
decompesition, the formed dihydroxy compound is obtained as
a similar homogeneous aqueous solution ag above.

Since a thermoplastic resin such as ABS resin has a
low decomposition rate and remains as solid, a dihydroxy
compound agqueous solution can be easily recovered by adding
a solid-liquid separation step. When the thermoplastic
resin compogition contains an additive such as a filler, as
the additive remains as solid, the solid-liquid separation
step may be added. After separation, the aromatic dihydroxy

compound contained in the agueous scolution can be purified
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temperature of 10 to 100C and a pressure of 0.1 to 10 MPa. 5 It is known
that the solubility in water of the aromatic dihydroxy compound is about
100 ppm at a temperature of 25C and a pressure of 0. 1 MPa. Under
normal conditions, it rarely dissolves in water. Therefore, the above
agueous solution is obtained by decreasing the temperature and the
pressure 10 of the solution from the time"when the aromatic dihydroxy

caepound dissolyes iR s, supgrerificalyater o Subctiticgl Water, 466l ang

be said that the above solution is an utterly new aqueous solution
dOMAIRINYG dn ArohRatfVdihydr ok CEBHhp6uUrt-vA Kigker eentstigadiosan be

than dhe sanventianallydSinayw aroppaticdibydrioxy compound aoHegus ne
solution. The _acquisition _of the decomposed product in the above state

MEKESR PEESibIFHo simplifyAREaSARSobSsSesToF IhfiffiRgahgions . In

resoYeringsa praduct @ngcaéglml@reﬂgn@tﬂgibﬁlpc&@%ofe&d rr)]épgi%\ﬁﬁ%xy
advantageously. In the present 20 invention, the aromatic dihydroxy ,
SRBSUR T cdaM e i aquB565 Soitibh Ba e s Aparation
ieeowered mhknewnetedrystalizatiantaobidib 4 Aigh-ptidtyrarematitastrial
dih%c(j:rgég compound. When the thermoplastic composition is an object of

55 decomposition, the formed dihydroxy compound is obtained as a

similar hehm gersousaEgleDdus soittiondas Above. [Sircea thémvepladtien can

i .aS;ABS resi 0 compasition rate and remains, as
g)élic?,: %%gﬁhﬁ%d%%ogﬁ cggn#%éll%n%dg gguye%%%% ut o(!r)lic‘%ege gggﬁ/mf%%g&é% &
BPradiage9-a s&d&iqam@tmmmpemhﬁhmm&stm resigtor
pPesiion confains.an, addiye syeh as ailler,as-1he pqdifiye gemains
as solid, the solid-liquid separation step may beadded. After separation,

LGB HatE HhyRERF cofsuky deptalfed AT thelmiestBSotution can

@%W@@%éﬁate or a thermoplastic resin composition and
supercritical or subcritical water into this reactor,
filtering means for filtering a treated fluid obtained after
hydrolysis with the supercritical or subcritical water in
the reactor with a filter to remove insoluble impurities,
means of separating the filtered fluid into water and a
dihydroxy compound which is a decomposed product, and water
treating means for treating water separated by the separation
means. The polycarbonate or thermoplastic resin
compositionwhich is a rawmaterial to be recycled is supplied
into the reactor after it is (1) crushed to be prepared as
slurry, (2) molten by heating or {2} dissolved in a solvent,
or {4) directly as solid. Impurities contained in the raw
material to be recycled may be removed by rolling or the like
in advance, by filtering means installed before the reactor
in the above method (2} or (3), or by both. The reactor may
be of a flow, semi-batch or batch type. When a reactor of
a flow type is used, throughput can be increased
advantageously. The reaction solvent and the raw material
can be pre-heated with a heat-exchanger in the flow or

semi-batch type system to be supplied into the reactor. The
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and recovered by known recrystallization such as cooling and thereby a
high-purity aromatic dihydroxy compound can be obtained. A
thermoplastic resin such as ABS resin may be decomposed into oil
according to treating conditions. In 5 this case, it is possible to easily
recover a dihydroxy compound from a water layer by liquid-liquid
separation between the water layer and fhe oil layer in the industrial

ArRCssS- JP%%@M%@@Q}O%%ﬁneaof&ﬁp[dm@gg%@wﬁ?dbﬁs not
carried out by using a known polymer decomposition apparatus. This
aAppBFats prefdiably BofrprisesirrRac®indreariiny BUEsydblysswits ion,
SHPRAGEHCENOF 1 8yberiticalwalar, suppiwmeansder %Onb%pg@amzed only
polycarbonate or a thermoplastic resin composition and 15 supercritical or
SRt ifder RS 8 PS5 Eiter cahEYSHIheYing A pested fag de

obspined afiar hydedysis withdhe supekssitiaal o suRedtical water insthe
reactor with a filter to remove insoluble impurities, means of separating_
thERitdrbt AT IMERAIRF GAd a 20 ifyRBRPESAPTRREWAREESRted with
desompasetiqirotuet andyvateintseating smeans-ton dreating Madefuality so

separated by the separation. means. The polycarbonate or thermoplastic .
rgg n- Cc’o%r%%())és?t?%cf/\lvﬁlchﬁg a Eg%v Tats ﬁago‘%‘éefﬂe%ygé% iié]%?ﬁ)f)ﬁéﬁ RARFT 18

the reector aftemitis 1prushedto bempreparetdasi 25 skilrye{2)sublteri bycal

heapng %fé% %isz%?"i?dri”a%ﬁo'é’%”éo%ﬁ:@% Fegtiv as solid Imourties , .,
contained in the raW material {6 be recycled niay be removed by rofling or
thie diké dm advarestyy filetingemeésnivstilet deforefthemeactoe dntlomical

above methad (2) ok (3)..ar BXQB“\:JQSH%@?E;%H@%%%%QI %if@}wcan be

semi-batch or batch type. When a reactor of a flow type is used,
thiRighpat éah BéshoreastPadvintBigepdsijIEhapdetivn sopent ahdving

he AW TBaRNRALd quality, for example, water treated to have
the same quality as pure water into the reactor as make-up
water, the dihydroxy compound can be recovered at a high
purity and a high vyield.

The dihydroxy compound obtained by the present
invention is purified as required and recycled to be
polymerized withlthe above carbonate precursor, thereby
making it possible to produce a high-quality and high-grade
polycarbonate. Further, it can be used to produce a
polycarbonate compound resin and other resin obtained from
a dihydroxy compound. The above polymerization may be
carried out by any known method but preferably interfacial

polymerization or melt polymerization.

Examples
The following Examples are provided for the purpose
of further illustrating the present invention but are in no

way to be taken as limiting.

Example 1
0.11 g of a polycarbonate resin pellet (AD-5503 of
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can be pre-heated with a heat-exchanger in the flow or semi-batch type
system to be supplied into the reactor. The 16 means of separating water
from a dihydroxy compound is not particularly limited. According to the
present invention, a high-purity dihydroxy compound can be crystallized
only by cooling, and the crystallized dihydroxy compound can be 5
separated by solid-liquid separation means such as a centrifugal

$ERITAOENLhR: sepatated walelsdreated With HROMWAIBLIEAING, caceor
means to have predetermined quality so as to be recycled to the reactor

Bmete thé bt waririe 16 30isell & MhkeluplwatétForatsaicHagaligrd to
subcritieal dd-wates while bigh seactien Genirglapilibeis answed-indheeacror
reactor, thereby making_it possible to form an economical water cycle.
R figh TeXCion ESHr BBt A 6E MRtretPiRe rBQctor%?yter the
sHpplingthake=upsaterchavng prasietarminediqualifréeirexamplesate an
water treated to.have 15,the same quality as pure water into the reactor
LS 5SRO TR e dihy oy SOTRALTH Bh BeTeRGVArRH biaF FiaRated
purity and aiyhgietdf dre3dinydomescompadied aliiairasbiie the ptesentns
invention is purified as.required Jgecycled tobe 20 palymerized with |,

hee above %agr c(&)%(a%e %%&%%r,ﬁfreb@ginfﬁﬁg it) r::[)logss?%E tg{ %Foo%%%ralc
Pigregaalityemd Righ-Jradecpdliyearbonatmn Funthersiscamw bevwuseditome rsed

PrOduGesa RabisabagaiesomRowLiRSin gL oL esin ghiaied 1o o e
a dihydroxy compound. The above polymerization may be 25 carried out
Dl R KFWFTLOBINEE But PretBrabiy thiepfaciall potyimetizdton bhenefntent

RolymgrizaignFxamples .Ihe following sxamplesare IVIdedJoL g, 5 on
purpose 30 of further illustrating the present invention but'are in no
at a temperature of 20°C and a pressure of 0.1 MPa and no
solid matter was observed. The generation of gas was
observed when the content was taken out. Further, when the
above agueous solution was left to stand for a certain time,
the precipitation of a needle-iike crystal was seen.
Diethyl ether was added to the above agqueous solution
containing the crystal and stirred. When an ether phase was
analyzed by gas chromatography (HP5890), it was found that
0.1gof 2,2-bis{4-hydroxyphenyl)propane (that is, bisphenol
A} was contained. Therefore, the concentration of the
2,2-bis(4-hydroxyphenyl)propane agueous solution right
after recovery was calculated as about 10 wt% at 20°C and
0.1 MPa. The recovery of the above
2,2~bis (4-hydroxyphenyl)propane was 99 % of the theoretical
yield. It was confirmed that the polycarbonate was
completely decomposed by the above method and that only
2,2-bis (4-hydroxyphenyl)propane and carbon dioxide could be

easily recovered.

Examplie 2
Decomposition was carried out in the same manner as

in Example 1 except that 0.08 g of a polycarbonate resinpellet
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way to be taken as limiting. Example 1 0.11 g of a polycarbonate resin
pellet (AD-5503 of 17 Teijin Chemicals, Ltd. ) was fed to a SUS316 tube
type reactor having a total capacity of 6 ml, 1.1 g of water was fed to the
reactor to ensure that the inside pressure of the reactor became 25 MPa,
and the reactor was sealed up. After the 5 inside of the reactor was
substituted by argon to create an inertatmosphere, it was immersed in a

#aadhath preheated- 854008 and kepkfor-3 minyigs. YUnder theabovea cror
conditions, the ion product Kw was 10-20 molZ/kg{%1 and the dielectric

EBnERmE WA athdrBSfe P Smikn B feattst Wwis Thifmereag 1oinkeseit 25

heLooledita rom-éermperatuiesanchine -ernient of theyreadighWag reheated
transferred to a glass bottle, the content was an achromatic transparent

Abrisdereous AL e REHBHT at BdemtiSe Ahiit o Dbt Canaie fradb g der
oh8. hiMRe:andrmdi solichmatter waswabsanvedolle generadian ohgasomdent

15 observed_when content was tak ut. Further, when the ahove
240 bcranSf reg]eﬁgft?o %?a%sdsfo?’geccr}é%t%inatﬁér%gf tff Sré%?ﬁif:atiijc)?lndf ahe

agueous sSiution was
peedeslikewrystahwasiseenabDiathylethepaasaddédteotheraave aqueous
olution .c ining the cr and_stired. \When an ether
o oo S S o e . .
Py Qﬁz,a@ié(d-hﬁ@mheayl)pmme(ma@is, bispheribheA amasint of
§9@§H¥§%@lﬁ?§96§§g%§9§ﬁgg§%fgﬂgt@%ntained in the aqueous

2,2-bis(4-hydroxyphenyl)propane aqueous solution right after recovery
QilatetFasabd it ed s e e e madpstiied/ipa, Théresavery bfand

iheahove, 2:2+his{4-hydroxyphenyl)propane was 99 % of the theoretical
yield. It was confirmed that the polycarbonate was completely

decomposed by the above method and that only
Example 3

Decomposition was carried out in the same manner as
in Example 1 except that 0.06 gof a polycarbonate reginpellet
was fed to a reactor, 0.60 g of water was fed to the reactor
to ensure that the inside pressure of the reactor became 20
MPa, and the reactor was immersed in a sand bath preheated
at 400°C. The ion product and the dielectric constant under
the above conditions are shown in Table 1. When the content

was transferred to a glass bottle after the reaction, the

~content was an achromatic transparent homogeneous agqueous

solution at a temperature of 20°C and a pressure of 0.1 MPa,
and no solid matter was observed at all. The amount of

2,2-bis{4-hydroxyphenyl)propane (bisphenol A) contained in
the agueous solution was obtained by the same method as in

Example 1 and shown in Table 1.

Example 4

Decomposition was carried out in the same manner as
in Example 1 except that 0.07 g of a polycarbonate resinpellet
was fed to a reactor, 0.66 g of water was fed to the reactor

to ensure that the inside pressure of the reactor became 25
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2, 2-bis (4 -hydroxyphenyl) propane and carbon dioxide could be 30
easily recovered. Example 2 Decomposition was carried out in the same
manner as in Example 1 except that 0.08 g of a polycarbonate resin pellet
18 was fed to a reactor, 0.84 g of water was fed to the reactor to ensure
that the inside pressure of the reactor became 25 MPa, and the reactor
was immersed in a sand bath preheate]d9 at 420C. The ion product and

thediglestrigeonstantundey, 24he ahoye candifjons ate,shown in -F!?‘@liejated
When the content was transferred to a glass bottle after the reaction, the

ESntETt s aR BRNHOMAIEQFHHEPAAER RBMOYEREBAS Hteons SsalntioRnder
ata te/pperaturs:of 20Coard a-Rresauieof 01 MR and no-solid matter, ¢

was obseryed at all. The amount of 10 2,2-bis(4-hydroxyphenyl)propane

Corftaftied ifi the G4 &SR SR bR RS BGtalRIFR i dafe ARGl aed in

thexampa b anth shewsrinokahle de Exaple ok BELOMPOSION ¥3Sa ined
carried out in the same manner as in Example 1 except that 0.06 g of a
S ycgt%%‘ﬁ%telfbs'ﬁ?rgjﬂ?et Was fed to a reactor, 0.60 g of watéer was fed to
the reactor to ensure that the inside pressure of the reactor became 20
E{IPa?m afg th reactor was immersed in a sand bath preheated 20 at 400C.

fie 1on product and the dielectric constant under the above conditions
are showr ¢oiabkeit. Whewdle cententdvasitransiernree teamgassboitle as

gﬁeé e I8 ctio t as.a hromatic transparent .
hom(}:)y(f,];keréec%ué,tIL aég{u%g%gﬁ%ﬁig\r,]ag% § t§§18€$§%¥§ o E(S%%%% gepsré“g ?ellet
¥Re. ERP £ 2Rane hotsetid Batteowas ofseardvasalf efhe anmdumtofactor

22-biskdydrayphanypropane (isnhanaLA) eoptained in he qaueols 5
solution was obtained by the samé method as in
MPa, and the reactor was immersed in a sand bath preheated

at 400°C. The ion product and the dielectric constant under
the above conditions are shown in Table 1. When the content
was transferred to a glass bottle after the veaction, the
content was an achromatic transparent homogeneous agueous
solution at a temperature of 20°C and a pressure of 0.1 MPa,
and no solid matter was observed at all. The amount of

2,2-bis(4-hydroxyphenyl)propane (bisphenol A) contained in
the agqueous solution was obtained by the same method as in

Example 1 and shown in Table 1.

Example 6

0.2 g of a polycarbonate/ABS resin pellet (of Teijin
Chemicals, Ltd.} containing about 50 wt% of a polycarbonate
was fed to a SUS316 tube type reactor having a total capacity
of 6 ml, 1.1 g of water was fed to the reactor to ensure that
the inside pressure of the reactor became 25 MPa, and the
reactor was sealed up. After the inside of the reactor was
substituted by argon to create an inert atmosphere, it was
immersed in a sand bath preheated at 400°C and kept for 4
minutes. Under the above conditions, the ion product Kw was

107*° mol?/kg” and the dielectric constant was 2. Thereafter,
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Example 1 and shown in Table 1 30 Example 4 Decomposition was
carried out in the same manner as in Example 1 except that 0. 07 g of a
polycarbonate resin pellet was fed to a reactor, 0.66 g of water was fed to
the reactor to ensure that the inside pressure of the reactor became 25
19 MPa and the reactor was immersed in a sand bath preheated at
450C. The ion product and the dielectrf®constant under the above

Gopdltions are 2004h -lahifde Ihe MaURLY.2 2-01s (a- Byl pruppeny) o,
propane (bisphenol A) contained In 5 the aqueous solution obtained by
desmnpestisn v oblametbapgshowh i Fapleals Bxample Sransferred

Pscampositionyias qarried out infhesame manner ag A inExample L o
except that 0.21 g of a polycarbonate resin pellet was fed to a reactor, 2.1

FOF WaterweRtba 16 rddttor €6 Bastre iitht theisigeprassutenfetegas

ieactepbecang IhdMPanand dhe mactpawasimmeised in asandBath yhen
reheated at 400C. The ion product and the dielectric constant under 15

aBO BoRGHERYSr& SR ATHBR F9Whehths taRfEriokag certain

tramsferagkiaoa glass bodtiel aftecthesraastign dhe i geNteR W8S BNvas seen.
achromatjc transparent homo,gﬁneous agueous solution at a temperature

of 20C antf'd predsifte b6 1 NP, SaR G- Sdiit hidtidr Wa§ Ghsetieardreous
ath.1Thel amounh 0h 26 Prizebish(d-kycrexyphanyl) propanec(bisphenok Apaning
ntaiped in the aqueous solution was pbtained b %P‘E same method as . |
A R B T AR A B T Bonsa
pdlicacieridte’’ABS: hesin peber(@fl&dijino Ghemitals, pida)seontainiagry out
aRout 20 013 RACALhANE VARIRTIRE BURIIGHRR IR L8Ny veq
aving a total capacity
by gas chromatography (HP5890), it was found that 0.07 g of
2,2-bis({4-hydroxyphenyl)propane was contained. This was
about 70 % of the theoretical yield of
2,2-bis (4-hydroxyphenyl)propane obtained from the
polycarbonate contained in the polycarbonate/ABS resin.
Therefore, it was confirmed that the polycarbonate contained
in the polycarbonate/ABS resin was decomposed by the above
method and 2, 2-bis (4-hydroxyphenyl) propane which is a useful
chemical raw material could be easily and efficiently

recoveread.

Comparative Example 1

0.48 g of a polycarbonate regin pellet was fed to a
reactor, 4.8 g of water was fed to the reactor to ensure that
the insgide pressure of the reactor became 30 MPa, and the
reactor was immersed in a sand bath preheated at 270°C and
kept for 30 minutes. Under the above conditions, the ion

" mol?/kg® and the dielectric constant was

product Kw was 10
25. Thereafter, when the reactor was Iimmersed in water to
be immediately cooled to room temperature and the content
of the reactor was transferred to a glass bottle, the content

contained 0.4 g of undecomposed polycarbonate, and the



of 6 ml, 1.1 g of water was fed to the reactor to ensure that the inside
pressure of the reactor became 25 MPa, and the 30 reactor was sealed
up. After the inside of the reactor was substituted by argon to create an
inert atmosphere, it was immersed in a sand bath preheated at. 400C and
kept for 4 minutes. Under the above conditions, the ion product Kw was
10-20 mo12/kg2 and the dielectric conétant was 2. Thereafter, 20 when
thereacior yasjmmersed in walgrdgbe coqled to.opm, fempgrature, and

the content of the reactor was transferred to a glass bottle, the content

was a tréhsaré heaGaetusn Soltfién eBathfiRG ARS s solichTheography

generatien ohgas S;was pbseyved yhen the @9”%?%%’35 takenout.
Further, when the above aqueous solution was left to stand for a certain

fimd - et eib At o BP RS TR HIRHRPEY Stal Wabisoehs The Al rédie

selisbwas separajed fram the abave W%ﬁa@ti@&éoa@éﬂﬂ%ﬁiﬁtidon
Hnier an

crystal by filtratign, a cleaning 10 fluid obtained by cleaning the
KBS TRSH ST E\%Yo?éﬁ%P&ﬁEFﬁa?sf&dd’em& CEREBrPHIRE tEafRove
_ ashabexrstiondperationg¥Vheniherctber phase-wasanalyzed by-easiced
hronéamﬂr{:a hg HP5890), it was found that 0.07 g of
?Zcfﬁszflﬁ ydroxyp er¥y1)propane was contained. This was 15 about 70 0
of the theoretical yield of 2,2-bis(4-hydroxyphenyl)propane obtained from
the polycarbonate contained in the polycarbonate/ABS resin. Therefore,
it was confirmed that the polycarbonate contained in the
polycarbonate/ABS resin was decomposed by the above 20 method and
2,2-bis (4-hydroxyphenyl) propane which is a useful chemical raw
material could be easily and efficiently recovered. Comparative Example
1 25 0.48 g of a polycarbonate resin pellet was fed to a



reactor, 4. 8 g of water was fed to the reactor to ensure that the inside
pressure of the reactor became 30 MPa, and the reactor was immersed
in a sand bath preheated at 270C and kept for 30 minutes. Under the
above conditions, the ion 30 product Kw was 10-11 mol12/kg2 and the
dielectric constant was 25. Thereafter, when the reactor was immersed in
water to be immediately cooled to roo%ztemperature and the content of
the reactor was transferred to a glass bottle, the content contained 0.4 g
of undecomposed polycarbonate, and the 21 conversion of the
polycarbonate was calculated as 16 0. When the content was analyzed by
gas chromatography as in Example 1, it contained 0.01 g of
2,2-bis(4-hydroxyphenyl)propane. This is 3 0 of the 5 theoretical yield. It
was found that the decomposition reaction of the polycarbonate rarely
proceeds under the above conditions and a large amount of a by-product
IS proguced--disadvantagepushy—22-a)N altJONmmmN UONP4 W
4 +H%Q§NlﬂA0iHOOCHyOOD.UEOOOOOOa?mP4

-~ Vit~ | ]
o alalen|e~]nl®

——

percent

Bisphenol A

amount
{g)
10
07
05
0.04
10
0l

Dielectric | Recovery | Recove

constant
2
2
2
2
6
25

Table 1

Ion
product
Kw
(moli?/kg?)
10—20
18-21
10—22
10*22
1071
10-11

Treating conditions

{Mpa)
25
25
20
25
30
30
Comparative Example

PC
(g)
.11
ce
.06
.07
21

0
0
0
4]
0
0

Amount | Temperature | Pressure
(°C)
400
420
400
450
400
270

48
Example C.Ex.:

Ex
Ex
Ex.
Ex
Ex
C.Ex.1

Ex.
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CLAIMS

L. A polycarbonate decomposition method comprising decomposing an aromatic
polycarbonate with water in a supercritical or subcritical state at an ion product (Kw)
of 10" mol’/kg’ or less at a temperature of 374 to 430°C and at a pressure of 18 to 30
MPa to form an aromatic dihydroxy compound as a dihydroxy compound component

of the aromatic polycarbonate.

2. The decomposition method according to claim 1, wherein the aromatic
polycarbonate is a polycarbonate contained in a thermoplastic composition containing
the aromatic polvcarbonate.

3. The decomposition method according to claim 1, wherein the aromatic

polycarbonate comprises a recurring unit represented by the following formuia (1);

wherein R', R?, R® and R" are each independently a hydrogen atom, alkyl group
having 1 to 10 carbon atoms. eycloalkyl group having 6 to 10 carbon atoms, aryl
group having 6 to 10 carbon atoms, aralkyl group having 7 to 10 carbon atoms or
halogen atom, W is a single bond, alkylene group having 1 to 10 carbon atoms,
alkylidene group having 2 to 10 carbon atoms, cycloalkylene group having 6 to 10
carbon atoms, cycloalkylidene group having 6 to 10 carbon atoms, alkyvlene-aryiene-
alkylene group having 8 to 15 carbon atoms, oxygen atom, sulfur atom, sulfoxide

group or sulfone group, and the decomposed product is an aromatic dihydroxy

compound represented by the following formula (2):



AUryOOONcrP4 O0OOOO0OOK HHNTrIVulk kxkxXW WW
WW W x UW 23 CLAIMS 1. A polycarbonate decomposition method
comprising decomposing an aromatic polycarbonate with water in a
supercritical or subcritical state at an ion product (Kw) of 10-17 mol2 /kg2
or less at a temperature of 374 to 430C and at a pressure of 18 to 30
MPa to form an aromatic dihydroxy cémpound as a dihydroxy compound
component of the aromatic polycarbonate. 2. The decomposition method
according to claigx 1, wherein the grematic polycarbonate is a
polycarbonate.contained in a thermaplastic composition containing the
aromatic pol)/ca bonate. 3. The;ijecor'?l,position method according to claim

1, whf&ithe aror%ﬁﬁc“*ﬂ“é ycarbonat fi*c”‘““ﬁ“‘r“ﬁﬁﬂses a recurring unit
represented By thedfollowing forfaula41): _ II't F,* }zti~ | rr'~~ i wherein
R', R2, R3 and are each indepgndently a hydrogen atom, alkyl group
having 1 to 10 carbon atoms, cycloalkyl group having 6 to 10 carbon
. atoms, aryl group having 6 to 10 carbon atoms, aralkyl group having 7 to
wHOgamoRAtEMROEIalngendaiamd W isansthgledhengde alkylene group
having 1 to 10 carbon atoms, alkylidene group having 2 to 10 carbon
atoms, cycloalkylene group having 6 to 10 carbon atoms, cycloalkylidene
4. grou Q“ﬁ@vé@go@]&%gig&@r%@g) %o"il&%:lf ne-andene; ,allﬁfq&@ﬁqg{ﬂéj Paromatic
having 8 to 15 carbon atoms, oxygen atom, sulfur atom, sulfoxide group
dibrdaipreproupdant: taecdetbinpusedipatiduct is an aromatic dihydroxy
compound represented by the following formula (2):

5. The decomposition method according to claim 1, wherein the dielectric

constant of water in a supercrifical or subcritical state is 10 or less.

6. An aromatic dihydroxy compound agueous solution which is obtained by the
decomposition method of any one of claims ! to 3 and contains 1 wt% or more of an
aromatic dihydroxy compound dissolved in water at a temperature of 10 to 100°C and

a pressure of 0.1 to 10 MPa.



10

24 ECSwt--y; C}H 2ywherein R', R2, R3, R4 and W are defined in

the above formula (1). 4. The decomposition method according to claim 1,
wherein the aromatic dihydroxy compound is recovered by crystallization.

5. The decomposition method according to claim 1, wherein the dielectric
constant of water in a supercritical or sngacritical state is 10 or less. 6. An
aromatic dihydroxy compound aqueous solution which is obtained by the
decomposition method of any one of claims 1 to 5 and contains | wt% or
more of an aromatic dihydroxy cé#poiad dissolved in water at a
temperature of 10 to 100C and. a pressure of 0.1 to 10 MPa. ABSTRACT

A method of decomposing a polycarbonate with water in a supercritical or
subcritidaRFBOA K§hIRFRPRIARAHPOKF BMPOTRERANEH-B ¥ EbAstiRient in
somppaent-aftheanolyearbonatecan-be resayered agakighyigldlay-this
decomposition method. This,decomposition method is

BhiSThREH:- fdHRRHEEC TS T dd s ot URE h Ot GANicCSBRERE Bas§ to t1e
belbarhedont has clrigh<lecamposition rate anchtayelycau3as pisidtis
ré%%%gbsition method. This decomposition method is
environment-friendly because it does not use an organic
solvent, easy to be carried out, has a high decomposition

rate and rarely causes a side reaction.



