PROCESS FOR THE PRODUCTI ON OF RECYCLED POLYCARBONATE AS RAW MATERI AL FOR
FLAME- RETARDANT RESI N COVPCOSI TI ONS AND POLYCARBONATE- BASE FLAME- RETARDANT
RESI N COMPCSI TI ONS [ 0001] The present invention relates to a nethod for
manuf acturing a recycl ed pol ycarbonate resin raw material for a flanme
retardant resin conposition and a flanme retardant polycarbonate resin
conposition, in nore detail, to a nethod for recycling, as a raw nmateri al

osing. o BRGIGHSS BoRartE mRoAUE TBRCoh SRR AR AR BN AT RskABET : o
di scs as substandard articles in a manufacturi ng steg and to a flane

retardant polMAREBOARTFOR EEANME-REPRIDANIRESING HdONSANpBol ycar bonat e
raw nmat eri al obtai ned by the nethod. Background Art [0002] A pol ycarbonate

resin (her ePOBYCARBONATEIBASE R AVESRETARBANICRESINMOMPOSEXIENS ent i n
mechani cal strength (particularly, inpact strength properties), electric
properti f@OILransparency and the |ike and wi dely used as an engi neering
plastic I'n such fields as office autonmation equi pnents, electric and

el ectronigc fields. aytonptive fields construct.ion and building fields and
ot hor s S RgeRy xR Rde biaFde o TRiTed or ABReap Erng B SIS nong
various thernopl astic resins and belongs to a resjin eneral ly bearing
sel f - ext FesHuTaw| Mateprlo iy @ lame; getardant resin compppition andna flamejretagdastindi ng  a
hi gh |l evel of flame retardancy such as office automati on equi pnents,
el ect ri cpelycarbetate resim cempogitigryen triorantttail, He rasmetho@ (8t rekycligs asidbm above,
the PCresinis wdely used in optical materials and the
material of the flame retardant resin composition, used optical discs produced by using
a polycarbonate resin as a substrate material or discarded optical discs as substandard
articles in a manufacturing step and to a flame retardant polycarbonate resin
composition using the recycled polycarbonate raw material obtained by the method.
Background Art
[0002]

A polycarbonate resin (hereinafter optionally referred to as PC resin) is
excellent in mechanical strength (particularly, impact strength properties), electric
properties, transparency and the like and widely used as an engineering plastic in such
fields as office automation equipments, electric and electronic fields, automotive fields,
construction and building fields and others. Such polycarbonate resin has a high
limiting oxygen index among various thermoplastic resins and belongs to a resin
generally bearing self-extinguishing properties so that it is utilized in a field demanding
a high level of flame retardancy such as office automation equipments, electric and
electronic equipments and others.

[0003]

As described above, the PC resin is widely used in optical materials and the



| "electric and electronic field and others, but difficult to recycle from
the optical materials and others to a product with a simlar quality
including a recovery nethod so that its reuse is generally limted to
cabinets and others. This is due to contam nation by inpurities and a
decrease of a nolecul ar weight by hydrolysis during recovery. Renoval of
inpurities is also difficult and particularly in the case of optical
materials, metal film adhesion and contamination by lubricants require a
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2 base (1490 QRGN @ PTodiet pithoh Sinbie Ghaky Ingluding BERE O THelthod or a
grinding nmethod (for exanple, see Patent Docunent 2 and a bl asting met hod
are wel | rensws gmemllyelihise torcabisety andngheand Thiks 16 duagotdoatan@natiosshn used in
CD, MD and the like. However, these nethods may allow application of the

recycl ed iffpufifiéd Aand Ca GiRbieasd %famdnd)éd%wrSweigm byr @ydvolysRr aefing eecdveryr ecycl i ng
to a flane retardant material. [0004] Many techni ques are al so proposed for

a recycl iggy, g%gme@[ﬁn?ewmg ARG ‘3%1 Pieijrt]n?ﬁ%ﬂ%% ﬂievdagggﬁbﬁt?aﬁ?ﬁlé@hl sty to the

recycl ed produ exa see cunents t’ every
one has a ste ara recover to crush_ the | scarg
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the PC resin fragnments fromthe crushed PC resin fragnents, and in
par t i cul zondifign émvasiiog and:peeligite sepasatethediG sestn, wiakingi hdifli@ilie pseveat st ep t o
assure their quality, but these processes are not limted to plastic
pr oduct s, thdniblegakar wgighnfrom degreasiag ogthotitocchaosiag e appropiaty conditgorsyst em
existing long before in recycling of used paper, enpty cans and the
A method to peel with an acid or a base (for example, see Patent Document 1),
a mechanochemical method or a grinding method (for example, see Patent Document 2)
and a blasting method are well known as a method for recycling and utilizing the PC
resin used in CD, MD and the like. However, these methods may allow application of
the recycled PC resin to cabinets and others, but are not practiced in recycling to a flame
retardant material.
[0004]
Many techniques are also proposed for a recycling system to supply recycled
plastics giving stable quality to the recycled products (for example, see Patent
Documents 3 and 4), but every one has a step to separate and recover, a step to crush the
discarded optical discs that are separated and recovered and a step to isolate only the PC
resin fragments from the crushed PC resin fragments, and in particular, Patent
Document 3 is characterized with inclusion of a step to assure their quality, but these
processes are not limited to plastic products, but easily known by analogy to a general

recycling system existing long before in recycling of used paper, empty cans and the

like and also Patent Documents 3 and 4 do not specifically disclose a separating



| i ke and al so Patent Docunents 3 and 4 do not specifically disclose a
separating 2 nethod. O course, there is proposed deconposition of a PC
resin under a supercritical condition dowm to a nononer such as

2, 2- bi s(4- hydr oxyphenyl ) propane (bi sphenol A) and others as a raw nmateri al,
but pol ynerization of such nononmers to the PC resin again requires a higher
cost and increases an environnental |oad because of higher consunption of
energy. [0005] Patent Docunent 1: Japanese Patent Lai d-Open Publication No.
H7-286064,.Bg4 ent Docunent 2: Japanese Patent No. 323600 Patent Docunent 3:
Japanese Patent Laid-Open Publication No. H2003-23 1 1 20 Patent Docunent

4. Japanese Patent Laid-Open Publigation No. H2 - 14507 i of the
veatton b oniEiour. fherf hraied B8onRsidn oF B et er RisBE AR
i nventi on has, been carried out to address the above circunst.ances . and has
an obj ectCon@itigpslomadon MRReBE TSk ap & 7shisg-TisEeKyR @?Yémowgi@srﬂwﬂ'g% PC
resin as a substrate material and discarded optical discs as substandard
articl es and othersfaact taw ngtersd,cps foyymerezatiom @f wiich monpmetsow the ROwestwst and a
| ower environnental load as a raw material for a flanme retardant

pol ycar bojgaineregaivésa HREHROTobl MYl inlYRABS 410 eSAtotendnbe 105D Bb@Be of BME The
present inventors have earnestly studi ed the above problens and found that
consumption of energy.
[0005]
Patent Document 1: Japanese Patent Laid-Open Publication No. H7-286064
Patent Document 2: Japanese Patent No. 323600
Patent Document 3: Japanese Patent Laid-Open Publication No. H2003-231120
Patent Document 4: Japanese Patent Laid-Open Publication No. H2004-74507
Disclosure of the Invention
Problems to be Solved by the Invention
[0006]
The present invention has been carried out to address the above circumstances
and has an object to provide a method for reusing used optical discs using a PC resin as
a substrate material and discarded optical discs as substandard articles in manufacturing
steps by treating with a method at low cost and a lower environmental load as a raw
material for a flame retardant polycarbonate resin composition.
Means to Solve the Problems
[0007]
The present inventors have earnestly studied the above problems and found that

in the recovered optical discs and discarded optical discs using the PC resin as a

substrate material, a flame retardant polycarbonate resin composition with stable



in the recovered optical discs and di scarded optical discs using the PC
resin as a substrate material, a flanme retardant polycarbonate resin
conposition with stable 3 physical properties can be obtained when only a
pol ycar bonat e obtai ned by using 2, 2-bis(4-hydroxyphenyl)propane (bi sphenol
A) as the divalent phenol of the PCresin raw material in polynerization is
used as a sole raw material, and chem cal treatnment of such pol ycarbonate
after identifying and separating allows its use as a raw material of the

fl ame retphysiadlt propeitieardanrist ebtaged nwhanpalyi & i poiycatbotateholstainedbyetsing t he
present invention. [0008] That is, the present invention provides a nethod

for manufaghird- Hgdrbtafphembﬁr@weg(brsﬁﬁyxﬂl@g a@Qhé/GWaMflﬁh&lo'l pmEperedy for a

flame retardant tesin composition | ane retardant pol ycarbonate resin
conp05|t| f f u C raw
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recovered optical  discs USJ ng pol ycarbonate resin as a substrate

mat eri al SuelhRpraparate afisr ‘Qe%tf&’p?gt"é‘dl SGB?TP?“F%/*‘?‘TWS EHuiens HEW ERISE LSfe resin
as the substrate material of the discarded and/or recovered optical discs,
2, 2- bi s( 4ht{ldmexygandany ipplycaibanate aesim coiinpeditéert, andHburotoropletang the preseat i al of
the pol ycarbonate resin is polynerized as o~saw material; and (b) a step to
renove i rfpwntibhes by a chemi cal treatnent by separating onl y the discarded
and/ or recovered optical discs, wherein the polycarbonate resin is
identiflqg pol ymeri zed by using 2, 2-bis(4-hydroxyphenyl)propane as the
sole raw material. [0009]

That is, the present invention provides a method for manufacturing the
following recycled polycarbonate raw material for a flame retardant resin composition
and a flame retardant polycarbonate resin composition.

1. A method for manufacturing a recycled polycarbonate raw material for a flame
retardant resin composition from discarded and/or recovered optical discs using a
polycarbonate resin as a substrate material, comprising:

(a) a step to identify if, in the polycarbonate resin as the substrate material of the
discarded and/or recovered optical discs, 2,2-bis(4-hydroxyphenyl)propane as a divalent
phenol of a raw material of the polycarbonate resin is polymerized as a_sole raw
material; and

(b) a step to remove impurities by a chemical treatment by separating only the discarded
and/or recovered optical discs, wherein the polycarbonate resin is identified as
polymerized by using 2,2-bis(4-hydroxyphenyl)propane as fhe sole raw material.

[0009]

2. The method for manufacturing the recycled polycarbonate raw material for the
flame retardant resin composition according to 1 above by identifying if, in the

polycarbonate resin as the substrate material of the discarded and/or recovered optical



2. The nethod for manufacturing the recycled pol ycarbonate raw material for
the flanme retardant resin conposition according to | above by identifying
if, inthe polycarbonate resin as the substrate nmaterial of the discarded
and/ or recovered optical 4 discs fed in step (a),

2, 2- bi s(4- hydr oxyphenyl ) propane as the dival ent phenol of a raw material of
t he pol ycarbonate resin is polynerized as the sole raw material by
measuri ng the nononer conposition and the fraction of the term nal OR [0010]

3. The negifiaded o stepHY, 2CLbiki408y drHE phESNPr&shnp Ak YedivaRat henahoNRiyi al for

the flane retardant resin conposition according to or 2 above, wherein

1
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mat eri al . e ne manufactu recyc pol ycar e raw
material for the flane retardant resin_conposition ac ing to | or 2
above, cdﬁfﬂsP’éi‘%ﬁlea{n%"toé‘ErtCBmPP%H%‘%/%“d;tIhB3’?%?’}/9%&1%”6@”1#833bstrate cont ai ned
in the optical discs by passing the discarded and/or recovered opti cal

di scs ovefO®]pol ari zation plate as a pretreatnent step of step (a), wherein

t he di scarded and/or recovered optical discs fed in step (a) are uncrushed

mat eri al .3.5. ThEhmethet foel dhanufacanringathe wietyiged belycabysdte dawahytedslbfonahe raw
material for the flane retardant resin conposition according to 4 above,
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substrate, it the substrate material resin i s obtained by polynerizing

2t BRI RERESRS BRI AL FRICL ol of (o Syl et
and i dent.i fying, onlty forn (f)ptlim,cnal dirscslelfjna(t))ll gar'%)gnat%ee r;\geﬂggtzriiﬁdfogsthé)bt ai ned
by pol ymeti zZih§gmethod for manufacturing the recycled poly
flame retardant resin composition according to 1 or 2 above, comprising a step to
remove a polystyrene dummy substrate contained in the optical discs by passing the
discarded and/or recovered optical discs over a polarization plate as a pretreatment step
of step (a), wherein the discarded and/or recovered optical discs fed in step (a) are
uncrushed material.
5. The method for manufacturing the recycled polycarbonate raw material for the
flame retardant resin composition according to 4 above, comprising:
identifying, after the step to remove the polystyrene dummy substrate, if the substrate
material resin is obtained by polymerizing 2,2-bis(4-hydroxyphenyl)propane as the sole
raw material of the divalent phenol raw material by using information of the optical disc
appearance; and °
'identifying, only for optical discs unable to be specified as obtained by polymerizing
such sole raw material by using the information of the optical disc appearance, if
2,2-bis(4-hydroxyphenyl)propane as a divalent phenol of a raw material of the

polycarbonate resin is polymerized as the sole raw material by measuring the monomer

composition and the fraction of the terminal OH in the polycarbonate resin of the



such sole raw material by using the information of the optical disc
appearance, if 2,2-bis(4-hydroxyphenyl)propane as a dival ent phenol of a
raw material of the pol ycarbonate resin is polynerized as the sole raw

mat eri al by neasuring the nonomer conposition and the fraction of the
termnal OHin the polycarbonate resin of the 5 substrate material. [00111
6. The nethod for manufacturing the recycled polycarbonate raw material for
the flane retardant resin conmposition according to any of | to 5 above,

wher ei n, dp§ipih@embfegial chem cal treatnent in step (b), the discarded and/or
recovered optical discs are crushed to a size of 0.5 to 3 cm 7. The nethod
for nanufm gring the recycl ed pol ycarbonate raw material for the flane
retardant” resin conposition according to any of 1 to 6 above, mherein a

residual _a tals i.n the recycl ed nate ra e

obt ai ned by emEﬁ‘Qﬂrfgélma"P%aéH{'Wﬁnﬁhe ')éc)?feéipg?lﬁf¥ar € P8t e'Fagaft'é) fth‘? each of
al kali nmetals, alkaline earth netals and iron type netals and 0.1 ppm or
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pol ycarbonate resin conposition conprising the recycled polycarbonate raw
mat eri al chbinédahadathientinysteyl (bethé didsarded and/oatzoveereddfteal disaf art lseushed/ent i on

[ 0012] According to the present invention, fromused optical discs

manuf act ypadi RS 5 t@,tgbcsnt,rat e material froma polycarbonate resin with
different raw nmaterials and polynerlzatlon nmet hods and di scarded opti cal

di sos a5 SUBILANAL BE LRl he e TROMIACHH LIRS Pun Bark I T} it "9 and

separ at i ng iy

flame retardant resin composition according to any of 1 to 6 above, wherein a residual
amount of metals in the recycled polycarbonate raw material obtained by the chemical
treatment in step (b) is 1 ppm or less for each of alkali metals, alkaline earth metals and
iron type metals and 0.1 ppm or less for each metal other than the above metals.

8. A flame retardant polycarbonate resin composition comprising the recycled
polycarbonate raw material obtained by any of methods 1 to 7 above.

Effects of the Invention

[0012]

According to the present invention, from used optical discs manufactured as a
substrate material from a polycarbonate resin with different raw materials and
polymerization methods and discarded optical discs as substandard articles in a
manufacturing step, by identifying and separating only the discs, of which bisphenol A
as a divalent phenol is polymerized as the sole raw material in the polycarbonate resin
raw material and by removing impurities with a chemical treatment, the discs can be
surely recycled as a raw material for the flame retardant polycarbonate resin
composition using a method at low cost and low environmental load.

In the method of the present invention, steps till recycling of the PC resins may



as a dival ent phenol is polynerized as the sole raw material in the

pol ycarbonate resin raw material and by renoving inpurities with a chem cal
treatnment, the discs can be surely recycled as a raw naterial for the flane
retardant pol ycarbonate resin conposition using a nethod at | ow cost and

| ow environnmental load. In the nmethod of the present invention, steps till
recycling of the PCresins nay 6 be sinplified because of separation based
on a functional purpose as conpared to a conventional separation based on

t he nol ediel dmplified Gecduge of Repavatihn bapdioatd Gmctional pueposeldsn@nglasd tol & ows
effectively achieving a recyclable systemfor the PC resins, for which
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ret ardant pol ycarbonate resin conposition obtained according to the present
invention is,effectively | i,ed the fiel whi.ch n i | evel of
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el ectroni c equi pnents and others. Best Mdde for Carrying out the Invention
[0013] | ﬁ”lﬂlﬁ]ér%?lﬁlgdwﬁﬁosﬁ'ﬁm%’%Fl]erP@e‘P‘ﬁ%OEQWﬂaé‘Bnpol ycarbonate raw
material for the flane retardant resin conposition of the present
invention, it iThefflanst retaidant ipblyearbomate sasmpcomapositfon dbtainddeacpoidyngaoibnat e
resin substrate of the discarded and/or recovered optical discs, the

materi al preshiinkéntiongs sHaSiveERtPpiied @ahafisladwhichpehai®y 4 Kighdevel sfeiel A as a
sole raw material in the divalent phenol of the polycarbonate raw nmaterial.

This id b ' e - t 1 i n osition
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are practainﬁ%lﬂlle)(s used as a substrate

Best Mode for Carrying out the Invention
[0013]

In the method for manufacturing the recycled polycarbonate raw material for
the flame retardant resin composition of the present invention, it is first identified in
step (a) if, in the polycarbonate resin substrate of the discarded and/or recovered optical
discs, the material resin in the substrate is obtained by polymerizing bisphenol A as a
sole raw material in the divalent phenol of the polycarbonate raw material. This
identification can be performed by determining the monomer composition and the
faction of the terminal OH.

Currently commercialized PC resins that are practically used as a substrate
material of optical discs include, in addition to (i) a polycarbonate of which bisphenol A
alone as a raw material is polymerized, (ii) a polycarbonate of which a monomer other
than bisphenol A as a raw material is polymerized, (iii) a mixture in a certain fraction of
a polycarbonate of which bisphenol A as a raw material is polymerized and a
polycarbonate of which a monomer other than bisphenol A as a raw material is

polymerized and (iv) a polycarbonate copolymer of which bisphenol A and other



material of optical discs include, in addition to (i) a pol ycarbonate of

whi ch bi sphenol A alone as a raw material is polynerized, (ii) a

pol ycar bonat e of which a nononer other than bisphenol A as a raw nateri al
is polynmerized, (iii) a mxture in a certain fraction of a polycarbonate of
whi ch bi sphenol A as a raw material is polynerized and a polycarbonate of
whi ch a nononer other than bisphenol A as a raw material is polynerized and
(iv) a polycarbonate copol yner of which bisphenol A and other 7 nononer as
a raw natmedroner Ak @ ra@®PAhEHEIdre edpolanerizddy and epdrseparaiionodf Appigtarbarabonat e
obt ai ned by pol yneri zing only bisphenol A as a raw material fromthese PC
resins bg Sb}a?ofé/flﬁe’?ﬁﬂ vsnlw?;mﬁolqgadsl 4 YaR SRHER] CPoBSseCRN SR | NG
their recycling.” [0014] I# the preset invention, separation and recovery
dependi ng_on t he ructure.of PC resins with a.different chemcal structure
are a v pePopb el HhER ana b TEaltR Meh PoPurnehertacf IR, 5y 511
application to a flane retardant pol ycarbonate resin conposition, there is
a case wilP®4lnproved flame retardancy such as a bi sphenol

A- pol yor ganosi | oxane copol yner anong the cases where a nononer other than

bi sphenol A i s Iugledpreset ilvenf, rseparatiorband teapeerk idapendingeomathel strucksire af e and i t
is not known that PC resins containing a nononer other than bisphenol A

gener al | ypd pusmk Swift 2 diferém tchédRAL ftruchiie afy £ YRA tebHNoRIPy ven fiRUPd rédid , in a
met hod for manufacturing a recycled polycarbonate raw naterial used as a
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mat eri al, use .of onlly the PC resin nanu%a}ftured from bisphenal hA t he
sol e rawCARPETHIAL There,isyp \Lap% Yty prprgved, lanyge refpndancy, phats 2, B eﬁgltseri al as

a recovered raw material for recycling the flane retardant polycarbonate
A-polyorganosiloxane copolymer ‘among the cases where a monomer other than

bisphenol A is used in the PC resin, but this kind of example is rare and it 1s not known
that PC resins containing a monomer other than bisphenol A generally lowers flame
retardancy. The present invention found that, in a method for manufacturing a
recycled'polycaxbonate raw material used as a raw material of the flame retardant
polycarbonate resin composition from discarded and/or recovered optical discs using
the PC resin as a substrate material, use of only the PC resin manufactured from
bisphenol A as the sole raw material in a divalent phenol of the polycarbonate raw
material as a recovered raw material for recycling the flame retardant polycarbonate
resin composition can provide stable physical properties.

[0015]

A copolymer may be used as a PC resin for the optical disc to improve
flowability so that use of the PC resins used as the substrate of optical discs is likely to
lower flame retardancy when used without separation as a raw material of the flame
retardant polycarbonate resin composition.

For example, while the limiting oxygen index is 39 in a composition, of which



resin conposition can provide stable physical properties. [0015] A copol yner
may be used as a PCresin for the optical disc to inprove flowability so
that use of the PC resins used as the substrate of optical discs is likely
to lower flanme retardancy when used wi thout separation as a raw nmaterial of
the flame retardant polycarbonate resin conposition. For exanple, while the
limting oxygen index is 39 in a conposition, of which 8 1000 ppm of an
organic alkaline netal salt or organic alkaline earth netal salt is added

to the PQooegipm ebirnbmeasicajkalint yieed isalt bgolgasio atkadine Aadls netal 3uit iseddded al , t he
limting oxygen index is 33, in a conposition, of which 1000 ppm of an

organi ¢ ahkfd peredfl tainfby pggyggérgﬁgr ,i@{elﬁai Ang Ll %d{@tﬂl thé ¥nlitihe added

to the PC resin obtalned by ng bi sphenol A with a nononer other
t han bi sphenol

and/ or reC3TEt E@é’ébs[ ?%afl aa‘ioé%p gldgre'doafnehlfﬁéa ﬁgﬁl%(ff ] nv1 rilc ﬁ(ahﬁie Eded

recordi ng rredl uns of CD-ROM CD- RW DVD- R, DVDR\Nand t he
li ke usi ngltt ple Oﬁgﬂ%éﬂ]@@ﬁét%ﬁrﬁheﬂeﬁl %altal%@[%@‘fdr 49 ethe Pie hregins ehtaed bwnd/ or
recovered optical discs may be in a disk-like product formas it is or in a
crushed dopolymeHeingvissphenol Aswithqaombaornert bthtr thasclasphedolaAdtlors lowenngr ed
optical discs are treated for every container (lot) containing sanme grade
optical disesrefedgicated in the sane plants and fabrication plants. [0017]

[0016]

The discarded and/or recovered optical discs used in the present invention
include recording mediums of CD-ROM, CD-R, CD-RW, DVD-ROM, DVD-R,
DVD-RW and the like using the polycarbonate resin as a substrate. Such discarded
and/or recovered optical discs may be in a disk-like product form as it is or in a crushed
form.

However, it is important that discarded and/or recovered optical discs are
treated for every container (lot) containing same grade optical discs generated in the
same plants and fabrication plants.

[0017]

When the discarded and/or recovered optical discs are in a crushed form, an
analysis of the monomer composition and a measurement of the fraction of the terminal
OH are performed for the PC resin of the substrate material of discarded and/or
recovered optical discs in step (a) for each container (lot) containing the same grade
discarded and/or recovered optical discs generated in the same plants and fabrication
plants to identify if bisphenol A as the divalent phenol of the PC resin raw material is
polymerized as the sole raw material.  Such determination of the monomer

composition and the fraction of the terminal OH can be readily evaluated by the nuclear



When the di scarded and/ or recovered optical discs are in a crushed form an
anal ysis of the nononer conposition and a neasurenent of the fraction of the
terminal OH are perfornmed for the PC resin of the substrate nmaterial of

di scarded and/or recovered optical discs in step (a) for each container
(lot) containing the sane grade discarded and/or recovered optical discs
generated in the sane plants and fabrication plants to identify if

bi sphenol A as the dival ent phenol of the PCresin raw material is

pol ymer i zasknatic trésdnamleespeatrosaapye ( IHRNMISUC [OtHat ataljtival methodf atsbeincindener
conposition and the fraction of the termnal OH can be readily eval uated by

the nucl qag of BolRGNRhiferh SHPRANGRCEOREPY ASEADY (" HNMR). Qther anal yti cal
nmet hods al so include use of Fourier transforminfrared spectroscopy

(FT-IR). For exannl S own. in.t | | ow X eg.NMRER | is
used to deter %%ﬁeex?rﬁ%l%’rr%s?\ghr?ew %:notr}rlﬁgglll{‘?lgﬁ e\gﬁ%g{e%’e%??%cﬁi on og I{SE%N%VErm nal
OH of the PCresin and it is found tha; npst of the mer. is bi sphenol A
and the Wlesméidhe monpmet pIAPqsiionand t %)‘ﬁ’é’l“ocfél??p‘ﬁgp‘ﬂ’gﬁﬁﬁi%fr q’%ﬁ%r?sé’ﬁge of 94
to 97 nmol% it can be judged that bisphenol A as a dival ent phenol of the
PC resi n andut isdowend thht mestpdithevmpnomet iabdisphenot dl and therhisphkanet Adractipo@i18] Wen
the di scarded and/or recovered optical disc is in a disk-1ike product form

as it is,thé& melonsr ydoaipdsitionmy 8 Ud sirgat 6 DO tprot el he caubsetjndged that possi bly
included in sonme optical discs so that as a pretreatnent in step (a), a

step to rlﬁgﬂ\éﬁolt/b?s zﬁﬁivkﬁﬁ%hb’%l?e%l oﬁgm relih $aw Meferiat iiﬁ%ﬁéﬁ&h%s%@é@l@md in

order to renove such pol ystyrene dunmy substrate. thod to renove the

pol ystyrene diﬁrm% substrate includes observing birefringence of the
daydnaigral

substrat pol ari zation plate allow ng ready discrimnation

[0018]

When the discarded and/or recovered optical disc is in a disk-like product form
as it is, a polystyrene dummy substrate to protect the substrate is possibly included in
some optical discs so that as a pretreatment in step (a), a step to remove the polystyrene
dummy substrate is preferably provided in order to remove such polystyrene dummy
substrate. A method to remove the polystyrene dummy substrate includes observing
birefringence of the substrate using a polarization plate allowing ready discrimination
and addition of the polystyrene dummy substrate removal step can prevent
contamination by the polystyrene dummy substrate.

[0019]

Also, after the removal step of polystyrene dummy substrates, it is preferred to
identify if in the substrate material resin, bisphenol A as the divalent phenol is
polymerized as the sole raw material by using information of the optical disc
appearance, to crush if needed only the resin which cannot be specified as the one
obtained by polymerizing bisphenol A as the sole raw material in the divalent phenol

raw material, and as described above to identify if bisphenol A as the divalent phenol of
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and addition of the polystyrene dummy substrate renoval step can prevent
contam nation by the polystyrene dumy substrate. [0019] Also, after the
renoval step of polystyrene dummy substrates, it is preferred to identify
if in the substrate material resin, bisphenol A as the dival ent phenol is
pol ynmeri zed as the sole raw material by using information of the optical

di sc appearance, to crush if needed only the resin which cannot be
specified as the one obtained by pol ynerizing bisphenol A as the sole raw
mat eri al the pdhgcadhonatee idsim nemomaterislwismpdlyiiedized andthassoitesaw i etdrialbbye t o
identify if bisphenol A as the dival ent phenol of 10 the pol ycarbonate

resin rawpRLEg t8é nichoRRl ¥YMposFath A1 deli@mhgmeamcﬁah%ﬂ}@lteﬁmnalmlmzi ng the
nononer conposition and determ ning the fraction of the termnal CHin the

PC resi n of ,t-he . i,cal .dji,sg. s I erial. There are al so cases where
eIP r%sng%tft)hee%gtl %l:licﬁslcesggﬁag?nﬁ%}?g%f

a manuf actur er "can P appearance i nformati on such as a
stanper mark or_ | FPl code (manufacturer identification code) to identify
from the i nfor nEtrORIE etlaht &@seSo MhRkE ﬁaﬁﬁfl‘é’gﬁﬁﬁf"ér CerhebeeaPemffﬁﬁ%tfr%etﬂe

pol ycarbonate resin of the raw material is obtained by polynerizing

bi sphenol appearascet hefosmhteon sswchraaerd atampetemark yongFPh eatfieatmenufaétnegr t he
information of the optical disc appearance is advantageous because of

reduct i ondentificagom osded to @entifyefidm UbEthférenatioh e€laiet o theemantuisuirer them®Posi ti on
and the fraction of terminal OHin the PC resins of the optical disc

substr at Ehg@é@ 5@?&%%%2@%@'& thd BR hBkrialal b¥taldd8 b¥i o R dEshe R0l £COVer ed

opti cal

as the sole raw material.

Identifying in advance using the information of the optical disc appearance is
advantageous because of reduction in the number of items used to determine the
monomer composition and the fraction of terminal OH in the PC resins of the optical
disc substrate material.

[0020]

In step (b), only the discarded and/or recovered optical discs, of which the
polycarbonate resin is identified as obtained by polymerizing only bisphenol A as the
sole raw material are separated and chemically treated to remove impurities.

The discarded and/or recovered discs are provided with a heterogeneous layer
such as a reflective layer, a protective layer, a recording layer, a printing layer and
others on the surface of the polycarbonate substrate and such heterogeneous layers have
to be removed because they become impurities when recycled and reused as a raw
material for the optical disc. A method to remove such impurities includes a method to
remove the heterogeneous layer which could be impurities by a physical treatment or a
chemical treatment using a processing agent, but in the present invention, a chemical

treatment 1s used from a viewpoint of work efficiency.
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pol ycarbonate resin is identified as obtained by polynerizing only bisphenol
A as the sole raw material are separated and chemcally treated to renove
inmpurities. The discarded and/or recovered discs are provided with a

het er ogeneous l-ayer such as a reflective |ayer, a protective |ayer, a
recording layer, a printing |layer and others on the surface of the

pol ycar bonate substrate and such heterogeneous | ayers have to be renoved
because they becone inpurities when recycled and reused as a raw nateri al
for the gpb2tjal disc. A nethod to renove such inpurities includes a nethod
to renove the heterogeneous |ayer which could be inpurities by a physical

treatment or a [nCihVicRéhichl @RhMRAL, iﬂsisn?e?erféﬁoﬁﬁ%ﬁisﬂgt}ﬁgai@éardéli_ﬂaniilﬂrt he
present invention, a chemcal treatnent is used froma viewpoint of work

The Gi coctmovtled AOGID o frd Ol ENEAIERY) o EALMRY'0 5 I 3 L, BERLGBI A 9, Cr ush

t he di scar nd/ or~ recovere Si ze (averageé

generally 0.5 top 3 cm preferably 1 to 2 cmin o r.to renove th

het er ogen@B & Of 4y 4P r%‘i?@nﬁ@ tecio%eé’ef"llﬁp]&y?rtwg]@. CRE[Cgﬁf‘cHnP‘HHEﬁi cgﬁ SPfeat nent ,
for exanple, use of an alkaline treatnent according to Japanese Patent No.
3270037 ichepiical dreatment, for iesampls, usreot e pikaline treatment ecording terjapinsee

recordi ng mediumdi scs are preferably washed in a surfactant in order to

renove adbwergiNd 280037 igrefegablé.n crushing. The surfactants include
non-ionic surfactants, anionic surfactants and cationic surfactants, but

non-ionic surf gHANLSHRNtheAlEA NHr&arnttit’ d RRlshedBcdbiRl Chmb&tm ARcd e

non-ioni ¢ surfactants, polyethylene glycol ether surfactants, particularly
ol et Rl B S0y BB B0 e AR Rl oo
i ncl ude S'1(';)hdei usmfgclztgr%ls bi%r(;lzu%ge%grll-fio%?? ' s%rf%gt(zjmts, anionic surfactants and cationic
surfactants, but non-ionic surfactants and anionic surfactants are preferred. As the
non-ionic surfactants, polyethylene glycol ether surfactants, particularly polyethylene
glycol ethers of a higher alcohol, polyethylene glycol ethers of an alkyl phenol, and the
like are preferred. The anionic surfactants include sodium alkylbenzenesulfonate and
the like and are preferably used in combination with the non-ionic surfactants.
Concentration of the surfactant is from 0.001 to 10% by mass, preferably 0.01 to 1% by
mass.
[0022]
The above alkali treatment uses an aqueous solution of alkali compounds
(hereinafter may be referred to as alkaline aqueous solution) selected from potassium
hydroxide, sodium hydroxide, sodium carbonate, potassium carbonate, and the like.
The value of pH of the alkaline aqueous solution is preferably 10 to 14. The
concentration of the alkaline aqueous solution is preferably 0.1 to 20% by mass, more

preferably 0.1 to 10% by mass. A washing temperature of the alkaline aqueous

solution 1s preferably 105 to 130°C. A processing time varies with the processing
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the like and are preferably used in conbination with the non-ionic
surfactants. Concentration of the surfactant is fromO0.001 to 10% by nass,
preferably 0.01 to 1% by mass. [0022] The above al kali treatnment uses an
aqueous sol ution of alkali conpounds (hereinafter may be referred to as

al kal i ne aqueous sol ution) selected from potassi um hydroxide, sodium

hydr oxi de, sodi um carbonate, potassium carbonate, and the |like. The val ue
of pH of the al kaline aqueous solution is preferably 10 to 14. The
concent r aéimpéraive, boeisaleherhily prefegats 9 fions 03 tet 600Minusespr ef erably 0. 1 to 20% by
mass, nore preferably 0.1 to 10% by nmass. A washing tenperature of the

al kal i ne aqueogh e SOLAGIKAR theyRER! e ABbYraAOR, profetaif-wandl ACASAQAL | e

varies with the processing 12 errperature Is generally preferably from

15 to 60 mnutes.. After such al kal.i ment . the f erably
weshed | TG §F s el iR Byie | SRR b e Rn it b b Bl 1 0" o
the substrate with the surfactant is useful to renpve pignents and very
fine ford$ ysetuidorremeve pgmentsAnd vepating kreign meatters Whighare reattacheditarths o eased
into the al kaline aqueous solution. As the surfactant, the one simlar to
the aboveubsrtdeftersettasaddnti thiel aliraline agesuus sblugnnt oAs ke sibfactant dhe ahso used.
A peroxi de includes an oxide having an -0-0- bond and a netal peroxide
bearing aimilritb Vi) #ove 681 5 used dndkiafiRF abignthstibnao et soNO¥ilso srlit S t her eof ,
persul furic acid and salts thereof The concentration of a peroxide aqueous

solution is pref ﬁér%?idlé infludes! & égnléé%ggﬁso 5 be%%aén‘drfera Jé‘?o & 01 de

aqueous solutio I'so prefer C, nore pre to 90C. A
pref E?ZLF&%MH%’E 1 e%@lﬂ?ﬁ”ﬁﬂ?@gﬁéﬁaﬁ@ﬁy Foben agraade, salfperedt, perSuff foerally

acid and salts thereof. The concentration of a peroxide aqueous solution is preferably

0.1to 10% by mass. A temperature of the peroxide aqueous solution is also preferably
65 to 95°C, more preferably 80 to 90°C. A processing time varies with the processing
temperature, but is generally preferably from 15 to 60 minutes. The peroxide is useful
for complete removal of the residual metals and dyes.

[0023]

When the recycled polycarbonate raw material of the present invention is
reused as the flame retardant resin composition in the office automation equipments,
electric and electronic equipments, and the like, a residual amount of the metals is
preferably 1 ppm or less for the alkali metals, alkaline earth metals and iron type metals
and 0.1 ppm or less for heavy metals other than these metals.

By performing the chemical treatment as described above, it is possible to
reduce the alkaline metals, alkaline earth metals and iron type metals to 1 ppm or less,
which are likely to be originally contained in the recycled PC resin, solvents and
containers used in the chemical treatment or the PC resin in the recovered optical discs.

In addition to these metals, it is also possible to reduce a residual amount of such metals
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for conplete renoval of the residual netals and dyes. [0023] Wen the

recycl ed pol ycarbonate raw naterial of the present invention is reused as
the flame retardant resin conposition in the office automati on equi pnents,

el ectric and el ectronic equi pnments, and the like, a residual anount of the
nmetals is preferably 1 ppmor less for the alkali netals, alkaline earth
netals and iron type netals and 0.1 ppmor |less for heavy netals other than
these netals. By performng the chem cal treatnent as described above, it is
possi bl e td @.1 ppaiuceleshas alekas like At SAl ahdahé hike emed formbeadpsicalndisd ron type
metals to 1 ppmor less, which are likely to be originally contained in the

recycl ed (Bfedtif l14er, HehWE Hefal AL TE Tt and Bl JikeRAved frbhethe hesdrdiag 1dyeeat ment
or the PCresin i'n the Tecovered optical discs. In addition to these

metals, if i nﬁé&ecb%gﬁ&il bf; stofip&ggu&%n%ggﬁ%ap H%hﬁgﬁgﬂh@fiké e TRiPl s 13

to 0.1 ppmor ss as netals € Au, e used for the
optical djs reflection |ayer., heavy netals |ike Te, Sb, .and the |ike
deri ved ftt’%m‘? der ‘Yeéic%P’a‘i %O‘I}éégilérp‘gla?’%t”ﬁ@é M diretesr 6%5? 88“03&%&% S'd?% bhase
change optical discs and netals |like as Cu, and the like derived from an
organi ¢ fiReand D¥BERi n the rewitable optical discs such as CD-R and
DVD- R. For exanple, when reused for the optical discs, in particular,

exceedi ng the Foeekshiple, amennéused fohtheadptizhl digcyyeh Fasticutdrkeceedingatid h net al s
and iron type netals above | ppm the PCresin is hydrolyzed depending on a

P esenvods S04 SRR R ARG i RSSO i Rge gace o
addition, an, aUBRURRY RSN AL EEhalRe 38 2 Prb QR ATV Am it b 1l JEAPY

discs, possibly causing decrease of the long term reliability such as inability to read the

recorded data.

In addition, an aqueous hydrogen peroxide solution between 0.1 to 10% by
mass has pH of 2 to 5 (weakly acidic) and can be preferably used as a final washing
fluid.

[0024]

The recycled polycarbonate raw material thus obtained is blended with a given
amount of a new polycarbonate resin to adjust to a desired molecular weight and
subsequently kneaded if needed to allow its use as a raw material for the flame retardant
resin composition. In this kneading, stabilizers, mold release agents and others are
added if needed. Such recycled polycarbonate raw material can be used as a raw
material of the flame retardant resin composition similarly to a general polycarbonate
raw material.

Examples
[0025]

The present invention is further specifically described according to the
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mass has pHof 2 to 5 (weakly acidic) and can be preferably used as a final
washing fluid. [0024] The recycl ed polycarbonate raw material thus obtained
is blended with a given anount of a new pol ycarbonate resin to adjust to a
desired nol ecul ar wei ght and subsequently kneaded if needed to allowits
use as a raw material for the flame retardant resin conposition. In this
kneadi ng, stabilizers, nold rel ease agents and others are added if needed.
Such recycl ed pol ycarbonate raw materi al can be used as a raw material of

t he fl anexampkrs daloby, batsion limep dsady way by thekaetamples. a general pol ycarbonate
raw material. Exanples [0025] The present invention is further

specifically dgggkd meg@:f%c%mﬁm hfaaidaanéfﬁ &xmbﬁém&eémosrm anathd i mi t ed

in any way by these ex In the foll owi ng exanpl es, neasurenent of the

nmonomer o g?gr? }“th%r{ergtp g?lt(l)ﬁ i heaff(g re%nnl &f&hé E\ﬁ)s{rgtre%zﬂéjlal ;t%?rthg P@‘d] EQF esin of

t he sub eri or 't I'SCS were

[ 0026] <Measur enent C(%nﬁp;trl ons vmth NVR i nstrunent > A 45 ny sarrpl e of the PC
resin wasVgraRedoimedAs ¥ Ssanpl e tube 5 mMmin diameter, to which 0.4 m of
deut er ochl or of orm was added to honogeneously dissol ve the sanple and a

1H NVR s{d€e26] M esssremeaseandiions ivithg NMMBOOstimemivR i nst rument  ( JNM LAVBDAS00
manuf actured by JEOL Ltd.) [0027] <Measurenent of the fraction of term nal
hydroxyl group$45 mg sample of the PC resin was taken in an NMR sample tube 5 mm in

diameter, to which 0.4 ml of deuterochloroform was added to homogeneously dissolve
the sample and a 'H-NMR spectrum was measured using a 500 MHz NMR instrument
(INM-LAMBDAS500 manufactured by JEOL Ltd.)
[0027] <Measurement of the fraction of terminal hydroxyl groups>

Setting the peak top of tetramethylsilane at O ppm in a 'H-NMR spectrum, a
peak intensity of the aromatic protons in an ortho position to the OH group of bisphenol
A observed at 6.68 ppm (a) and a peak intensity due to the methyl protons of
p-tert-butyl ether (hereinafter represented by PTBP) group observed at 1.32 ppm (b)
were used to calculate the fraction of the terminal OH by the following formula.

Fraction of the terminal OH (mol%) = [(a/2) / (a/2 + b/9)] x 100
[0028] <Measurement of the monomer composition>

Setting the peak top of tetramethylsilane at 0 ppm in a '"H-NMR spectrum, a
peak intensity of the aromatic protons of bisphenol A and PTBP observed at 7.21 ppm
(c), a peak intensity of the aromatic protons in an ortho position to the OH group of
bisphenol A observed at 6.68 ppm (a) and a peak intensity due to the methyl protons of
PTBP observed a@ ppm (b) were used to calculate the monomer composition by the
following formula.

Bisphenol A (mol%) = {[(a + ¢)/8] / {[(a + c)/8] + (b/9)}} x 100
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Setting the peak top of tetranethylsilane at O ppmin a 1H NVR spectrum a
peak intensity of the aromatic protons in an ortho position to the OH group
of bisphenol A observed at 6.68 ppm (a) and a peak intensity due to the

met hyl protons of p-tert-butyl ether (hereinafter represented by PTBP)
group observed at 1.32 ppm(b) were used to calculate the fraction of the
termnal OH by the following fornula. Fraction of the termnal OH (nol% =
[(a/2) /| (al2 + b/9)] x 100 [0028] <Measurenent of the nononmer conposition>
Setting the pedIBB(nalto)t=efi(b/Qpe{|ltyt<)/Bhréb/aj} 16 I®OMm in a ' H NVR spectrum a
peak intensity of the aromatic protons of bisphenol A and PTBP observed at
7.21 ppg_{obgg] a peak intensity of the aromatic protons in an ortho position
to the group of bisphenol A observed at 6.68 ppm (a) and a peak

intensity due t I t 3 ppm(b) were used
to calcul ate tr@a%ﬁgﬁé&?ﬁ%é]aﬂ%e&% |on9%wagﬁg?orﬁgﬁﬁé\\fm&%§@sf ormul a. Bi sphenol A

(7020 b gt B Y IRAB] Evaluation of the f1ame

retar danc& was perforned as foll ows, E-ﬁé){‘* Limi ting oxygen index: conplying
wi th JI'S ) Fzoe reaydapeptest: cemplyirgmwith complying with LTL94 [0030]
Exanple 1 Disk-like optical discs weighing roughly 100 kg, of which al um num
as a het[@odqgjertampld hyer was | ami nated on a pol ycarbonate substrate of the
optical dises that are outside the product specification and recovered from
an optical di spigRKE k4l diScs weighing roughly 100 kg, of which aluminum as a

heterogeneous layer was laminated on a polycarbonate substrate of the optical discs that

are outside the product specification and recovered from an optical disc manufacturing

equipment were brought in by a container. In order to remove the polystyrene dummy

substrate from these optical discs, a polarization plate was used to observe birefringence

and 265 sheets of polystyrene dummy substrates showing iridescent appearance were

removed.

'H-NMR analysis of the substrate portion of one disk-like optical disc

described above was then performed to determine a divalent phenol monomer

composition and the fraction of the terminal hydroxyl group of the polycarbonate main

chain forming this substrate.

The measured results showed that the fraction of the terminal OH in the

recovered optical disc was 5.0 mol% and the monomer composition was 94.5 mol% for

bisphenol A and 5.5 mol% for PTBP, respectively. These results confirmed that the PC

resin of the recovered disc substrate is obtained by polymerizing bisphenol A as the sole

raw material of the divalent phenol.

[0031]

After crushing to a size of 1 to 2 cm, the disk-like optical discs recovered were

16



equi pnent were brought in by a container. In order to renove the pol ystyrene
dummy substrate fromthese optical discs, a polarization plate was used to
observe birefringence and 265 sheets of polystyrene dummy substrates

showi ng iridescent appearance were renpoved. 'H NVR anal ysis of the
substrate portion of one disk-like optical disc described above was then
performed to determ ne a dival ent phenol nononmer conposition and the
fraction of the term nal hydroxyl group of the polycarbonate nmain chain
form ng tthéms teafedt inahe. aqhibeusresiatiore cconmanihg S1% hbyvadass haft pvlyexyethyleneon of t he
termnal OHin the recovered optical disc was 5.0 nol % and t he nononer

conposi tifRiyreAged phenyleth¥e (Brherghi %pmﬂbnﬂ(fd"@og)gf’atmb %d 9% R BRss of

respectlvely These results confl rmed that the resin of the recovered

di sc substrate LN Y, as raw

mat er i-al Bglu%%l'kglb%’%e% eno %F (g?é‘%t%gq%él{rﬁeg%gﬁ%” o gﬂés]ﬂlz%é)g%

cm the disk- Ilke optical S recqver re 6thent eat ed

aqueous SHPSFAPGHIYLEIted; "H‘Flhﬁ/"%y TA3ps ﬁ’gg §°<§ng§1<1{/?35& AP Ut’d’l“saf }#@)ﬁgt ed
phenyl ether (Energen A-500 from Kao Corporation) and 1% by mass of sodium
al kyl benfen¥&mirfuiesat dhadiso9®efedurthey treatedtvaith §tottyy massiof p sgdiumHwdaixgdss wer e

subsequently treated with 3% by nmass of a sodi um hydr oxi de aqueous sol ution

at 120C ahoousQonitionbe520°THor 80 shisuteer G Helidds @veré Bib3t@@Ently treatbdonlih arass of a
sodi um hydroxi de aqueous solution at 120C for 30 minutes. The discs were

subseque ’i‘ﬁlkéfd 3 ﬁ&r?goﬁ%nhﬂlgat rE@ Qm%ﬁht%if fPi@ sﬁﬁmraéupfaagntt 138he apBveARRUNt  Of

the siml sur?act ant to ove and . by mass equi val ent of
hydrogen Opfg‘yg)glyrdrgas%tqupclen%) of %gdrg]gennu%eer%mde ? ﬂbé%r 30 minutes. The discs

were thoroughly washed with water and then dried at 80°C for 5 hours to yield the
recovered PC resin (hereinafter given by recovered PC1A). The viscosity average
molecular weight (Mv) of recovered PC1A was 15,200.

[0032]

A given amount of such recovered PC1A was placed in a platinum crucible and
carbonized in an electric furnace by raising the temperature for complete ashing. A
residual amount of metals dissolved in an acid solvent was then determined by an ICP
instrument (IRIS Advantage manufactured by JARRELL ASH) to give 0.2 ppm each for
Na and Fe and less than 0.1 ppm each for Al, Te, Sb and Cu.

By adding 60 parts by mass of a PC resin (TARFLON FN 2200A from
Idemistu Kosan Co., Ltd.) to 40 parts by mass of the recovered PC1A, a recovered PC
resin having a viscosity average molecular weight (Mv) of 19,000 (hereinafter given by
recovered PC1B) was obtained. To 100 parts by mass of the recovered PC1B obtained
were added 0.3 parts by mass of PTFE (CD076 manufactured by Asahi Fluoropolymer
Co., Ltd), 0.1 part by mass of an organic metal salt compound (Megafac F-114

manufactured by Dainippon Ink and Chemicals Incorporated) and 0.1 part by mass of a
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wer e thoroughly washed with water and then dried at 80C for 5 hours to yield
the recovered PC resin (hereinafter given by recovered PClLA). The viscosity
average nol ecular weight (M) of recovered PC 1 A was 15, 200. [0032] A

gi ven amount of such recovered PC 1 A was placed in a platinumcrucible and
carbonized in an electric furnace by raising the tenperature for conplete
ashing. A residual anount of netals dissolved in an acid solvent was then
determ ned by an ICP instrunment (IR S Advantage nanufactured by JARRELL
ASH) t o giabdlier ZIrgfom é&aharfudacturtd banGhibe Speclaltye Chemivals Co.1 Lppmapdahe f or A],
Te, Sb and Cu. By adding 60 parts by mass of a PC resin (TARFLON FN 2200A

from | degiuiing K@aar was knddded hnd ShedOinRRtibs-niilded@Syield 4 BReh amaber o PCLA, a
recovered PC resin having a viscosity average nol ecul ar wei ght (M) of

19, 000 (hgy HEgEl (ﬁ\t/ﬂ'ng%%?ﬁ?obt [£HAYLN8Y n?nq:;l?é 26 %n g%&ﬁ'h%ﬂ a7 A9 fa”s by

mass of t ered arned were res mass PTFE
(CDO76 manufa ured | uor opol yner Co., Ltd.), O. 1 part by mass of
an organlrEmrf‘e P’"%éllg);mg%ﬂg)(%gaf ac F-114 nmanufactured by Dai ni ppon | nk
and Chem cals Incorporated) and 0.1 part by mass of a 17 stabilizer (lIrgfos
168 manuf act ur &suls @ﬁuabﬂaraperetasdatnyy epnsheted achmiting @xygenapndex if 3% esul ting
m xture was kneaded and then injection-nolded to yield a given nunber of
bars havi(ngasured withdhr BADamdV>0 ih3hetdix94 AZmemetéddancyl test)(neashréhwithivarvi ng a
size of 1.5 mmx 13 nmx 127 mm (bar I1B). Results of a flane retardancy

t est shovm a limting oxygen index of 39 (neasured with bar 1A and V-0 in
the UL 94 flame retardancy test (neasured with bar 1B).

[0033] Example 2

To 80 parts by mass of the recovered PC1B obtained in Example 1 were added
10 parts by mass of an ABS resin (AT-05 manufactured by Nippon A & L Inc.), 10 parts
by mass of talc (PT-A25 manufactured by Fuji Talc Industrial Co., Ltd.), 0.3 parts by
mass of polytetrafluoroethylene (PTFE: CD076 manufactured by Asahi Fluoropolymer
Co., Ltd.), 0.1 part by mass of an organic metal salt compound (Megafac F-114
manufactured by Dainippon Ink and Chemicals Incorporated) and 0.1 part by mass of a
stabilizer (Irgfos 168 manufactured by Chiba Specialty Chemicals Co., Ltd.), and the
resulting mixture was kneaded and then injection-molded to yield a given number of
bars having a size of 3.0 mm x 13 mm x 127 mm (bar 1A) and bars having a size of 1.5
mm x 13 mm x 127 mm (bar 1B).

Results of the flame retardancy test showed a limiting oxygen index of 36
(measured with bar 1A) and V-0 in the UL 94 flame retardancy test (measured with bar
1B).

[0034] Comparative example 1
In Example 1, 60 parts by mass of the PC resin (TARFLON FN2200A

manufactured by Idemitsu Kosan Co., Ltd.) were added similarly to Example 1 to 40
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[ 0033] Exanple 2 To 80 parts by mass of the recovered PC1B obtained in
Exanple 1 were added 10 parts by mass of an ABS resin (AT-05 manufactured
by Nippon A &L Inc.), 10 parts by nmass of talc (PT-A25 manufactured by
Fuji Talc Industrial Co., Ltd.), 0.3 parts by mass of

pol ytetrafl uoroet hyl ene (PTFE: CDO76 manufactured by Asahi Fl uoropol yner
Co., Ltd.), 0.1 part by mass of an organic netal salt conpound (Megafac
F-114 nmanufactured by Daini ppon I nk and Chenicals Incorporated) and 0.1
part by rpasts byf mass «ft@bicbvered PQ reginost 4 68pohemerf emhpused off pispherwd ASpmti al ty
Chem cals Co., Ltd.), and the resulting m xture was kneaded and then

i nj ecti onl- ffBls(iﬁﬂ r@xwh%hﬁ)@ 35 eRetAYPEL héXane bﬁﬁﬁahl@ﬁdﬁ' M1e) S(hérimftes. 0 M x
13 mm x % and bars having a size of 1.5 mmx 13 nmx 127 mm

(bar 1B). e f l4i gen

i ndex of r§§% g% ur e%R I#%ESPI%;K?J ?\rg&\flggls&'el ﬁPﬁ%ﬁ) 9134T8:63§Ted1?e@§r/dancy
test (neasured Wi’{? h 0034 arailv exarrB M 03. ET le 1, 60
parts by TRERYEreds hEeslﬂC ?‘@ggr? i3 ?ﬁ_cﬂ’qf eculatnyyeight (MY by itsu
Kosan Co., Ltd.) were added simlarly to Exanple | to 40 18 parts by mass
of a recdheremafteroepeaseriedby aecvnpist )cofrpd§8daads blyi mash o she mcamed

1, 1- bi s(4- hydroxyphenyl)-3, 3,5-tri net hyl cycl ohexane (bi sphenol TMJ)

(her ei nafR@E@B waprakiedt @8 PurtsPERAmags i IFH (CDOTer mgaufaahedubprAssti ght (M)
= 14,800) to yield a recovered PC resin having a viscosity average

ol ecul ARG meMEY  21d 1191 bmsisedf@ﬂfotrga’maﬁ@{aﬁ&ﬁtreo%thud (ME%M&‘J ed
PC2B) . To 100" parts by masSs o He recovered PC2B were added parts by

mass of P'[Iﬂ% (‘rcgjf)%mqu%lﬁf AR éhg%lc'g‘?s ﬂlcorporated) and 0.1 part by mass of a

stabilizer (Irgfos 168 manufactured by Chiba Specialty Chemicals Co., Ltd.), and the
resultant mixture was kneaded and then injection-molded to yield a given number of
bars having a size of 3.0 mm x 13 mm x 127 mm (bar 2A) and bars having a size of 1.5
mm x 13 mm x 127 mm (bar 2B).

Results of the flame retardancy test showed a limiting oxygen index of 33
(measured with bar 2A) and V-1 in the UL 94 flame retardancy test (measured with bar
2B).

[0035] Comparative example 2

To 80 parts by mass of the recovered PC2B obtained in Comparative example 1
were added 10 parts by mass of an ABS resin (AT-05 manufactured by Nippon A & L
Inc.), 10 parts by mass of talc (PT-A25 manufactured by Fuji Talc Industrial Co. Ltd.),
0.3 parts by mass of PTFE (CD076 manufactured by Asahi Fluoropolymer Co., 1td.),
0.1 part by mass of an organic metal salt compound (Megafac F-114 manufactured by
Dainippon Ink and Chemicals Incorporated) and 0.1 part by mass of a stabilizer (Irgfos
168 manufactured by Chiba Specialty Chemicals Co., Ltd.), and the resultant mixture

was kneaded and then injection-molded to yield a given number of bars having a size of
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Fl uor opol yner Co., Ltd.), 0.1 part by mass of an organic netal salt conpound
(Megafac F-114 from Dai ni ppon I nk and Chem cal s I ncorporated) and 0.1 part
by mass of a stabilizer (lrgfos 168 manufactured by Chiba Specialty
Chem cals Co., Ltd.), and the resultant m xture was kneaded and then
injection-nolded to yield a given nunber of bars having a size of 3.0 mm x
13 mm x 127 mm (bar 2A) and bars having a size of 1.5 mmx 13 mmx 127 mm
(bar 2B). Results of the flame retardancy test showed a |limting oxygen
i ndex of 33@mnf meldsmmed 187 mim Gar 1AApndhars\tatinga sideeofULS 8vn &|1&rmempel 2F dancy
test (neasured with bar 2B). [0035] Conparative exanple 2 To 80 parts by
mass of thm (bgciB)ered PC2B obtained in Conparative exanple 1 were added 10
parts by nass of an ABS resin (AT-05 manufactured by Nippon A &L 1Inc.), 10
parts by nass T. {dhiei kgl : i

Heshifd 6f (e ﬂgﬁéﬁg@@a@%@ 8Rowdd EYirhitih: oqb(yygé/}ggﬁek &l 3o

Ltd.), 0.3 parts by nass 6 manufacture Fl uor opol yner
Co., Ltd. 0. Kt of .a rgani ¢ tal salt conpol af ac

F- 114 neufiened wiRbor PR 300 RN TR FafPey o inieaRBEr Rildy MRG0T

part by mass of a stabilizer (lrgfos 168 nmanufactured by Chiba Specialty
Cheni cal dndigating|faurg.  and the resultant nixture was kneaded and then
injection-nolded to yield a given nunber of bars having a size of 19 3.0 mm
x 13 nm And&friatiippbeability) and bars having a size of 1.5 nmx 13 mm x 127 nmm
(bar 1B). Results of the flanme retardancy test showed a |imting oxygen

i ndex of 46(136](rreasured with bar IA) and V-2 in the UL flanme retardancy test
(nmeasured with bar 1B) indicating failure.

According to the present invention, used optical discs using a PC resin as a
substrate material and discarded optical discs as substandard articles in a manufacturing
step can be reused as a raw material for a flame retardant polycarbonate resin

composition by treating with a method at low cost and a low environmental load.
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I ndustrial Applicability [0036] According to the present invention, used
optical discs using a PCresin as a substrate material and discarded
optical discs as substandard articles in a manufacturing step can be reused
as a raw material for a flane retardant pol ycarbonate resin conposition by
treating with a nmethod at | ow cost and a | ow environnental |oad. 20 d ains
[1] A nethod for manufacturing a recycled polycarbonate raw naterial for a
flame retardant resin conposition fromdiscarded and/ or recovered optical

di scs usi@lginas pol ycarbonate resin as a substrate nmaterial, conprising: (a)
a step toidentify if, in the polycarbonate resin used as the substrate

mat eri al [Q?] t hes nﬂtlﬁﬁ&bﬂﬁﬁnﬂﬁdﬁﬁﬁg heeq¢Rdgdlyepiboaat ralv $terial for a flame
2, 2- bi s(4- hydroxyphenyl ) propane as a divalent phenol of a raw material of

the pol yoaphematiesh %h{]‘)okﬁoﬂol}réﬁﬂe&kga%iﬁdaﬁn(ﬁ’oﬁ%c%véx%&’ optRhEHisd 1usﬁ’1gd L (D) a

step to renove inpurities by a chem cal treatnent by separating only the

di ded wh th I bonat
s i dent i rrq%ca%gateb%%’yﬁi% Pty el SIS 2. hyar oxyphenyl ) pr opane s

the sole raw material. [2] The nmethod for —manufacturing the recycled

pol ycar bo@he stepanidantiB 1fain thepofycarbopats fesin usesr ashe swgﬁw Byspttthen
according to claiml1, conprising identifying if, in the polycarbonate resin
as the suﬁsmn&ﬂendwwemba@embpﬁmwdﬂbs@dbﬂb@hmwmémmmcmﬁhwmwmdampﬂhmhmt di scs
fed in step (a), 2,2-bis(4-hydroxyphenyl)propane as the dival ent phenol of a

raw mat egtieadl of atﬂﬁﬁl RiateriaR P ARG pR1ycBboRate SrefiR | i¥ PRIy A &eked Sast H&oROtAY I aW
material by nmeasuring the nononmer conposition and the faction of the

term nal I%erlal, and

(b) a step to remove impurities by a chemical treatment by separating only the discarded
and/or recovered optical discs, wherein the polycarbonate resin is identified as
polymerized by using 2,2-bis(4-hydroxyphenyl)propane as the sole raw material.

(2] The method for manufacturing the recycled polycarbonate raw matenal for the
flame retardant resin composition according to claim 1, comprising identifying if, in the
polycarbonate resin as the substrate material of the discarded and/or recovered optical
discs fed in step (a), 2,2-bis(4-hydroxyphenyl)propane as the divalent phenol of a raw
material of the polycarbonate resin is polymerized as the sole raw material by
measuring the monomer composition and the faction of the terminal OH.

[3] The method for manufacturing the recycled polycarbonate raw material for the
flame retardant resin composition according to claim 1 or 2, wherein the discarded
and/or recovered optical discs fed in step (a) are crushed material.

[4] The method for manufacturing the recycled polycarbonate raw material for the
flame retardant resin composition according to claim 1 or 2, comprising a step to
remove a polystyrene dummy substrate contained in the optical discs by passing the

discarded and/or recovered optical discs over a polarization plate as a pretreatment step
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[3] The method for manufacturing the recycled polycarbonate raw material for
the flanme retardant resin conposition according to claiml1l or 2, wherein
the di scarded and/or recovered optical discs fed in step (a) are crushed
material. [4] The nethod for manufacturing the recycl ed polycarbonate raw
material for the flane retardant resin conposition according to claim1l or
2, conprising a step to renove a polystyrene dummy substrate contained in
the optical discs by passing the discarded and/or recovered optical discs
over a poifattér &)i ohersimtle discadgl end/enterevntred toppical AMisasf fed timptgpaja) ambier ei n

t he di scarded and/or recovered optical discs fed in step (a) are uncrushed
mat eri al .unchishddmategithhod for manufacturing the recycl ed pol ycarbonate raw
mat eri al for t he flane retardant resin conposition according to claim4,

conpri si ngj % Mfor%én%facw?ﬁlgst Qpe gaeﬁ bBﬁ'zﬁe Pﬂ“‘rﬁﬁéﬂaﬁﬁﬁ Iy

substr at su strate naterla alned by pol yneri zing
2, 2- bIS( raw naterlal of the dival ent

h
phenol “X‘ia'i ga(%f eni)/‘ %PEI?H?p%i%ﬁfag?s '3156?1C181‘m4h“e°%f5il%l di sc appear ance;

and |dent|fy|ng, only for optlcal dISCS unabl e to be speC|f|ed as obt ai ned
by pol ymefentifyige, %ﬁﬁfﬁh% sleB to semene Be ipaly sbiyeneseHpmy Hubstrate ihibe; yhstete t he

optical disc appearance, if 2,2-bis(4-hydroxyphenyl)propane as a dival ent
phenol ofmaernadwesmisohtahedby phlgmep'milng(Qaz-bishﬁahﬁiroeyajhnnyl@rppﬂnyramrtlilezsadie as the
sole raw material by neasuring the nononmer conposition and the fraction of

t he ter maglmfektidl Bf tHedi PALM GRERDAAY Enat &l By @fink Mfformativntdfakeoptrbedisal . [ 6]
The nmethod for manufacturing the recycl ed pol ycarbonate raw material for the

flame reth%%cer% n conposition according to any of clainms | to 5, wherein
bef ore t He

identifying, only for optical discs unable to be specified as obtained by polymerizing
such sole raw material by using the information of the optical disc appearance, if
2,2-bis(4-hydroxyphenyl)propane as a divalent phenol of a raw material of the
polycarbonate resin is polymerized as the sole raw material by measuring the monomer
composition and the fraction of the terminal OH in the polycarbonate resin of the
substrate material.

[6] The method for manufacturing the recycled polycarbonate raw material for the
flame retardant resin composition according to any of claims 1 to 5, wherein before the
chemical treatment in step (b), the discarded and/or recovered optical discs are crushed
to a size of 0.5 to 3 cm.

[7] The method for manufacturing the recycled polycarbonate raw material for the
flame retardant resin composition according to any of claims 1 to 6, wherein a residual
amount of metals in the recycled polycarbonate raw material obtained by the chemical
treatment in step (b) is 1 ppm or less for each of alkali metals, alkaline earth metals and
iron type metals and 0.1 ppm or less for each metal other than the above metals.

[8] A flame retardant polycarbonate resin composition comprising the recycled
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chem cal treatnent in step (b), the discarded and/or recovered optical discs
are crushed to a size of 0.5 to 3 cm [7] The nethod for manufacturing the
recycl ed polycarbonate raw naterial for the flame retardant resin
conposition according to any of clains | to 6, wherein a residual anount of
metals in the recycl ed pol ycarbonate raw materi al obtained by the chem cal
treatnent in step (b) is 1 ppmor less for each of alkali netals, alkaline
earth metals and iron type netals and 0. 1 ppmor |ess for each netal other
t han t he pabeadonmteahw. mdtéijial Abtdisedeby the anamfidctyroigymethbd nedoeding $6 anyg ofrposi ti on
conprising the recycled 22 polycarbonate raw material obtained by the

manuf act yidimg 1Metyhod according to any of claims 1 to 7. 23
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