.e3el/1((),,,XI6/T/q  METHOD OF RECYCLI NG DIS DI UM ARD JUL 2002
APPARATUS FOR RECOVERI NG METAL REFLECTI VE FILM THE | NVENTI ON
1. Field of the Invention*The present invention rela nmet hod of

recycling a disk recoYding nmedi um which has a Iayere&”§?ructure |nclud|ng a
substrate, a dye layer, a reflective film and a protective |ayer.

Description of the Related Art Di sk recording ﬂ Wmmm“\m opt i cal di sks,
have been w dely used, for exanple, for recordrﬂ ges, and

i nformati on because of their capability of high-densigtgor ecording. In
particul ar, conpact disks (CDs) and other optical disks in the CD famly
have been used on a large scale. Under the present circunstances, wth
regard to the issue of waste, the recycling of optical disks such as
compact AfEREODR so%eﬁ%vqlh‘&f&%tﬁ)é% e’élEc ¥N r}ﬁ‘% ABR SABDRARNEUSEFQRt ar e
read-only type, such as CDs, for_ _exanple, a CD includes

a pol ycarbonat e substr§@§QY?R¥¥$z%ﬂﬁﬁ@n&ﬁf?@Fﬂé £ FdM I m L2, and a

protective layer L1 deposited in that order. In a conventional method of
recycling disks) disks are crushed as they are and nolded. In such a case,

the  ~ picrRckoBZoF THE INVENTION
1. Field of the Invention

The present invention relates to a method of recycling
a disk recording medium which has a layered structure
including a substrate, a dye layer, a reflective f£ilm, and a
protective layer.

2. Description of the Related Art

Disk recording media, such as optical disks, have been
widely used, for example, for recording music, images, and
information because of their capability of high-density
recording. In particular, compact disks (CDs) and other
optical disks in the CD family have been used on a large
scale.

Under the present circumstances, with regard to the
issue of waste, the recycling of optical disks such as
compact disks is being investigated. Most optical disks on
the market are read-only type, such as CDs. As shown in FIG.
1, for example, a CD includes a polycarbonate substrate L3,
an aluminum reflective film L2, and a protective layer L1
deposited in that order.

In a conventional method of recycling disks, disks are

crushed as they are and molded. In such a case, the



conponents of the protective layers and reflective filns are aIsB’nf%%&mn
into.the nolded product. It is not possible to recover the reflective filns
only, .and the 'nol ded product is not transparent. Thus, the nolded product
i*'s applicable only for |limted usage. In another nethod, disks are inmersed
in*an acid or an alkaline solution to dissolve alumnumreflective filns,
thereby protective | ayers and substrates are separated from each other, and
t hus, the substrate resin is recycled. In this nmethod, the recycled
substrates are transparent and can be Zeused in a relatively w de usage,
however, it is difficult to recover reflective filns. Apart fromthe
read-only disks, recordable optical disks are also on the market. Although

there argomsyfiats!¥PeenbhBhopLeiPLOIADLE. ahier E LOLREVE W ENRL ogrfel ates

to optica I SKS whi ch ayered structure, as shown in

i ncludi ng; 8, spbgLaat gelb7enad ﬁlxgdéaygfg&@aa refl egthye pobgsibdeapd a
protective layer L4. (enerally, 1nthis type, recording is allowed only

once. An-gxgietetRt thEsScb¥pPoel 8i8mEDLRLY! €608 dahkemeDapachréisk}. idhe CD-R
i ncl udes, for exanple, a polycarbonate substrate, additives such as an
organi c gye, tEanspiaspke, @nagantne mykdeangradgaentheappaigabilerefl ective
film and an ultraviolet-curable resin such as an acrylic resin. Also,

t here i sonlPVPeR (imdtedablsegki.gh- density 1 JUL 2002 - 3 recording
di sk: digital video disk), in which two |ayered structures described above
are | am nat edl® ogeeheer bpetpads &isk$ ArexHmpgesedninddes?eEd 82T s#dwn in
FIG 3. That is, protective layers L11 and L1l are_adhered _together with an
adhesi onaflkgding, SoANFigng e @&?éPlﬁg,aé“@&PHmrEFﬁéEFF§¥effPﬁ&ElO, and a
protective |layer L11 are deposited og a ﬁugstrate L8 in tQ%% r%egmon bot h
sides. | hAPERESY BFREECEHVE Y eTtn 2RGdFEPEITREC§uREEr SFES: ?ge 5P gol d
reflective fil are _u and .t hus C I, f. ref ive kil ns has
been desFF@h.°E§Frfh5¥ﬁgg?ﬁﬁﬁefaglFﬁgégﬁaﬁg %é%l quoggc Ig%96 ugg a

sol ution t‘M%isC hedinine) rrgélﬁfﬂ:[é.dv%ufbislt%t%§ descriRed Rhewe adkl ¥adn

ext renmel y hazardous ‘sol ution,” for exanple, aqua regia can be used. Al so, by

treatingyehe il 191 Kretadiivil QARRS alsdige, Blg@Rier Suhstiances such as
substrates are burnt and gold only can be recovered, however, in this

met hod, (diE SRS Ae feSdver atsElledE veedduersed. The optical di sks

descri bed above, shown in FIG 2 and FIG 3, have a | ayered structure

i ncl udi ng subgipratte froty eheayersi-ondfyl ddskee Fekordadie ppétisedi ve | ayers.
There is a need for recovering the substrates, the dye |l ayers, and the
refl ecti iigHs mreepesat@d ythe mardat culfithqugh HhekR FThPHRHERE! of t he
dye layers are not recovered separately fromthe substrates,. the resinous
subst r at d¥RemiRAheAF FRIREdable 1 theyQr invention relates to

optical disks which have a layered structure, as shown in
FIG. 2, including a substrate L7, a dye layer L6, a
reflective film L5 and a protective layer L4. Generally., in
this type, recording is allowed only once. An example of
this type is a CD-R (recordable compact disk). The CD-R
includes, for example, a polycarbonate substrate, additives
such as an organic dye, for example, a cyanine dye, and a
quencher, a gold reflective film, and an ultraviolet-curable
resin such as an acrylic resin.

Also, there is a DVD-R (recordable high-density



- 4 SUMVARY OF THE INVENTION It is an object of the present inveitjigin2i02
provi'de a nethod of recycling disk recording nedia, in which the
substrates, the reflective filns, and the dye conponents are separated and
at |east the substratés are securely recovered for recycling. In order to
achi eve the object described above, in accordance with the present

i nvention, a nethod of recycling a disk recording nmedium which has a

| ayered structure including a substrate, a dye layer a reflective film and
a protective layer, includes the steps3of radiating ultrasonic waves onto
the disk recording nediumin a liquid nediumsuch that the substrate and
the reflective filmare separated fromeach other, and bringing a solution

uhi ch di sggbygsnbhgsdke | 8Y8Gchnl 0:68R! ASkicW t 0al B;sHbSLEAl G sUgh that a

dye conponent is”separate n_order to recover the substrateé. Fﬁ_accordance
Wi th thesprgsenteNMBRLLQBeal bbdle hRE $HRShRALE 2BHekRerr 6f! febihye film

are separated fromeach other by radiating ultrasonic waves; 1n a liquid
medi um ent orbheedhff1eecandiaafedBdeUdsWBhenhas a1layer.edrghrugisure
i ncluding the substrate, the dye layer, the reflective film and the
prot ecti peotaygeiveThegerishe1qulhsdr atle axebrdhghtd nbaetheagh tW bh a

sol ution which dissolves the dye |ayer. Thus, the dye conponent is renoved,
and t he pdhesdobsiryer Bompmde@ dyleodeyeanlBe megoldr geflecwiveViflilm - 5
Accordingly, the substrate can be recovered purely) excluding the dye
conponenglﬁmdaﬂﬁearérpééﬁﬁﬁﬁefﬂﬁﬁﬁrAméé,aFﬁ deposddsde oni &h siibs tpadeent

i nventi on,
1.8 in that order on both sides. In these types of disks, in

addition to substrates, expensive gold reflective films are
used, and thus, the recovery of reflective films has been
desired. For that purpose, although it may be possible to
use a solution which dissolves reflective films as described
above, only an extremely hazardous solution, for example,
aqua regia, can be used. Also, by treating the whole disks
at high temperature, organic substances such as substrates
are burnt and gold only can be recovered, however, in this
method, the substrate resin cannot be recovered.

The optical disks described above, shown in FIG. 2 and
FIG. 3, have a layered structure including substrates, dye
layers, réflective films, and protective layers. There is a
need for recovering the substrates, the dye layers, and the
reflective films separately. In particular, if the dye
components of the dye layers are not recovered separately
from the substrates, the resinous substrates cannot be

recycled.



preferably, by notching at |east the protective |ayer between the
protective layer and the reflective fil mwhen the substrate and theg JUL 2002
reflective filmare separated fromeach other by ultrasonic radiation in a
liquid medium at |east the separation speed of the protective |ayer can be
actelerated, and efficiency in separation and recovery with respect to the
substrate and the reflective filmcan be enhanced. Al so, in accordance with
the present invention, preferably, by heating the separated reflective film
to recover the reflective film efficient recovery of the reflective film
can be perforned. Also, in accordance with the present invention,
preferably, by adding a solution that dissolves the dye |layer onto the

substrathMﬁﬂngép gggpgpggﬁTngseparated fromthe resinous substrate while
the substrate and the reflective filmare separately recovered. Thus, the

resinous subsifaie SRNPEHERt SANRE FeLOVEE ethsepeidh ety gf&;&{l@% dye
| ayer. BRI EF DESCRI PTI OF THE DRAWNGS FI G 1 shows an ‘exanple of a disk

recor di nge®REBAUBYE retyelang d1dk recbrdth@ médshowsnagnesanphe of a disk
recording nmedium FIG 3 shows an exanple of a disk recording nedium FIG
4 shows aubstyealtesappaecatreslastavpr éiemsedaadbatenage tompprehesnang a

nmet hod of recycling disk recording nedia in accordance with the present

i nvent i ogepAIrgted andnwatadeasdinthe stibatdrtkst erbe seeuyelgdrefb@rédshows a

state in which a cleaning 'device of the s
for recycling.

In order to achieve the object described above, in
accordance with the present invention, a method of recycling
a disk recording medium, which has a layered structure
including a substrate, a dye layer, a reflective f£ilm, and a
protective layer, includes the steps of radiating ultrasonic
waves onto the disk recording medium in a liquid medium such
that the substrate and the reflective film are separated
from each other, and bringing a solution which dissolves the
dye layer into contact with the substrate such that a dye
component is separated in order to recover the substrate.

In accordance with the present invention, first, the
substrate and the reflective film are separated from each
other by radiating ultrasonic waves, in a liquid medium,
onto the disk recording medium which has a layered structure
including the substrate, the dye layer, the reflective film,
and the protective layer. Then, the substrate is brought
into contact with a solution which dissolves the dye layer.
Thus, the dye component is removed, ana the pure substrate

component alone can be recovered.



apparatus shown in FIG 4 retains a plurality of disks; FIG 7 shpmaua,ﬂnz
control bl ock diagramof the recycle apparatus shown in FIG 4; FIG 8
shows an exanpl e of a notching nmeans for notching at |east a protective
layer in a disk; FIG '9 shows an exanpl e of notches nade with the notching
means; FIG 10 is a flow chart showi ng an exanple of the nethod of
recycllng di sk recording nedia in accordance with the present invention;
.FIG 11 shows an apparatus for recovering netal reflective filns as an
enbodi nent of the present invention; FISG- 12 shows a control block diagram
of the apparatus shown in FIG 11; FIG 13 shows an apparatus for
recovering netal reflective filnms as an enbodi nent of the present

invention; Fl GeckdShns, ar\:l?ep%b’%tﬂisatfeorcane%v%réd?ﬂfer%d"llptfzeefﬂqu ive films
as an enbodi ment of the present invention; JUL 2002
excluding the dye component and the reflective film.

Also, in accordance with the present invention,
preferably, by notching at least the protective layer
between the protective layer and the reflective f£ilm when
the substrate and the reflective film are separated fram
each other by ultrasonic radiation in a liquid medium, at
least the separation speed of the protective layer can be
accelerated, and efficiency in separation and recovery with
respect to the substrate and the reflective film can be
enhanced.

Also, in accordance with the present invention,
preferably, by heating the separated reflective film to
recover the reflective film, efficient recovery of the
reflective film can be performed.

Also, in accordance with the present invention,
preferably, by adding a solution that dissolves the dye
layer onto the substrate, the dye component is separated
from the resinous substrate while the substrate and the

reflective film are separately recovered. Thus, the

resinous substrate component can be recovered separately

from the dye layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of a disk recording medium;



FIG 15 shows an exanple of a cleaning device; FIG 16 shows an exanpl e of
a cleaning device; FIG 17 shows a disk having a notched gold refleqéhéfz

| ayer;» FIG 18 shows a di sk having a notched gold reflective |ayer? @6
shows a di sk having a'notched gold reflective layer; FIG 20 shows a disk
havrng a notched gold reflective layer; FIG 21 shows a state in which a
disk is fixed onto a cleaning device; FIG 22 shows a state in which the

di sks fixed onto the cl eaning device shown in FIG 21 are notched; FIG 23
shows an exanpl e of an edge on a notchigng device shown in FIG 22; and FIG
24 shows a notching device and the Iike shown in FIG 22. DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The preferred enbodi nents of the present

I nvention “"%IEQ ge%% b%ean ex%%% Jy thd&% egggg%d&ggtggdﬁg%ached

FIG. 3 shows an example of a disk recording medium:

FIG. 4 shows a recycle apparatus as a preferred
embodiment for performing a method of recycling disk
recording media in accordance with the present invention:

FIG. 5 shows an example of a disk to be recycled;

FIG. 6 shows a state in which a cleaning device of the
apparatus shown in FIG. 4 retains a plurality of disks;

FIG. 7 shows a control block diagram of the recycle
apparatus shown in FIG. 4;

FIG. 8 shows an example of a notching means for
notching at least a protective layer in a disk;

FIG. 9 shows an example of notches made with the
notching means;

FIG. 10 is a flow chart showing an example of the
method of recycling disk recording media in accordance with
the present invention;

» FIG. 11 shows an apparatus for recovering metal
reflective films as an embod%ment of the present invention;

FIG. 12 shows a control block diagram of the apparatus
shown in FIG. 11;

FIG. 13 shows an apparatus for recovering metal
reflective films as an embodiment of the present invention;

FIG. 14 shows an apparatus for recovering metal

reflective films as an embodiment of the present invention;



drawi ngs. Wiile various technically preferred linmtations are pl ackdUbr2lizhe
preferred enbodi nents described below, it is - 9 JuUL 2002 to be

under stood that the scope of the invention is not linmtedto the disclosed
emhodi ments unless there is a nmention of linmtations. First, FIG 4 shows
an exanple of a recycle apparatus for carrying out a preferred enbodi nent
of a nethod of recycling disk recording nedia in accordance wth the
present invention. A recording nedium (hereinafter referred to as a disk) 1
to be treated with a recycl e apparatus? 100 shown in FIG 4 will be briefly
described wth reference to FIG 5. The disk 1 is, for exanple, a CD-R
(recordabl e conpact disk) which is an optical disk, and has a |ayered

structure incygli ngs aslpg‘l,gcgﬁbgggﬁﬁl substd atfeddhing §&¢0Lding dye |ayer
(dye layer) lc, a gold reflective 1ayer (reflectlve ayer) |Ib as a netal

reflective figrg. ang ShéwP- ERAxARYEE 8 £aOsethf adycesabl e
(ultraviolet-curable) resin. Guide grooves |e are provided in the

pol ycar bonat er ss1bs1i7 agigowd. a, dLxt hevyod da redt ecéd vgol ayeeri bceawe be
separated fromthe pol ycarbonate substrate |d in the disk 1 with the
recycl e apperatus 100, the gold reflective layer Ib wll be recycled, and
al so the scope of the recycling of the polycarbonate substrate Id wll

br oaden. 'TheF¥%eyk$eSb9ﬁaratGSSEOUth@gu@e@OtGMGQIQpééonﬁﬁletbaﬁeng bat h

2l as a container, an operation unit 60, an y JUL 2~2
layer;

FIG. 19 shows a disk having a notched gold reflective
layer;

FIG. 20 shows a disk having a notched gold reflective
lavyer;

FIG. 21 shows a state in which a disk is fixed onto a
cleaning device:

FIG. 22 shows a state in which the disks fixed onto the
cleaning device shown in FIG. 21 are notched;

FIG. 23 shows an example of an edge on a notching
device shown in FIG. 22; and

FIG. 24 shows a notching device and the like shown in

FIG. 22.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present invention will
be described in detail with reference to the attached
drawings.

While various technically preferred limitations are

placed on the preferred embodiments described below, it is



_ g _ultrasonic generator 22 as a vibration neans, a base 31, and™ # UL 2002
like: A nmounting plate 85 of the operating unit 60 is perpendicularly fixed
onto the base 31. The ultriasonic cleaning bath 21 'is preferably set in a
det achabl e manner or fixed onto the base 31 near the mounting plate 85. The
ul trasonic cleaning bath 21 contains a given anount of water 11 as a

medi um The ultrasonic generator 22 is placed on the inner bottom of the
ultrasonic cleaning bath 21. The operation unit 60 is a device for placing
a disk or a plurality of disks 1 in wajer 11 within the ultrasonic cleaning
bath 21, and retrieving the disks 1 out of water 11 after the gold
reflective layer 1b is recovered. An air table cylinder 82 as a drive neans
is assenbled intg the mounting plate 85 of the operation unit 60. An

upper - enBOsPBppPBRAeBEtLLds tREF SRSt RECPEPCENENGT LRHENALPDt 46| BOSY| i nder 82,

d I < t 83 i ted t he bott d of .th | i nder 82.
A movabl SIPA5FE 50 PBendasa AFBRg SIoPOaNAS HALRS=, THFFECEPofl (verti cal I v)
by neans Q%ngélg%eaiﬂn%até %geanlng device (retainer) 91 is nounted on the

movabl e T'a The &Iean?ng'device 91 detachably retains a disk or a

plurality of ﬁié%ﬁlréé'.% En308"8n 26 PARE 1 N0 £1 2 L DECL PR B flEVIGE 91, and

grooves 91h are fornmed at a glven tancte L al ong the cl eani ng device 91

(in FIG £6r carryifg oht)Hd p2Q¥e-rau exBoRliRentWBrIRORERBoR1BFar e shown). A
maxi mum di aneter "dl of the Cleaning device 91 is set snaller than an inside

di anet er retbykchendi glisk Febridialg mediel eanargotavnee Yitkarnke inserted
into a center hole of the disk 1. Each of the grooves 91h places a portion
whi ch copseisentted naremdritoer. hol e of the disk 1. The disk 1 can be noved very
short distances in the Z direction, noved along the axis of the cleaning
device 91, orArgegprding mediumw ébereanREberr seferoad A9 aReawdisk) 11l shown

in FIG 4, for exanple, pure
1 to be treated with a recycle apparatus 100 shown in FIG. 4

will be briefly described with reference to FIG. 5.

The disk 1 is, for example, a CD-R (recordable compact
disk) which is an optical disk, and has a layered structure
including a polycarbonate substrate 1d&, a recording dye
layer (dye layer) lc, a gold reflective layer (reflective
layer) 1lb as a metal reflective film, and a top-coat layer
la composed of UV-curable (ultraviolet-curable) resin.
Guide grooves le are provided in the polycarbonate substrate
14d.

If the gold reflective layer 1b can be separated from
the polycarbonate substrate 1d in the disk 1 with the
recycle apparatus 100, the gold reflective layer 1lb will be
recycled, and also the scope of the recycling of the
polycarbonate substrate 14 will broaden.

'The recycle apparatus 100 includes, an ultrasonic

cleaning bath 21 as a container, an operation unit 60, an



water or tap water may be used. FIG 7 schematically shows a contJudl 28 ock
di agram of the recycle apparatus 100 shown in FIG 4 A control 101 is
connected to a starting switch 102, the air table cylinder 82, the
ultrasoni c generator '22, and so on. Next, FIG 8 will be referred to. A

not chi ng neans 600 shown in FIG 8 actively notches, preferably, the gold
reflective layer 1b and the Wcurable resin top-coat la in the disk 1) or
at least, the Wcurable resin top-coat |la. The notching neans 600 is an
apparatus for making notches before recycjing treatnment is perfornmed to the
gold reflective layer I b and the Wcurable resin top-coat layer la in the
disk 1 by neans of the recycle apparatus 100 showmn in FIG 4. In accordance
w th the enbodi nent shown in FIG 4, a  r 1 J UL 2002 - 11 used disk,
a def ecti velHFBASAUF ngPPPBALRT I 64 PF 0RVIDTJIF I TPRREd AiBRS®s3houMm@d as
it is on the cleanlng device 91, and the gold reflective layer | b and the
W cur abl e r%%?nl% -coat | ayer Ia in the disk 1 are separated and

recovered. On t?te) oth hand:(e #mtﬁhci ng neans 600 shown_in FIG 8 is

used so t hat V&P eJTrHc? FeS Bt ¢ rtfgl &?&ﬁ’é&.%? er*3 n accordance
h th h I

hot chi ng. 1t hE gﬁ%ﬁ@%@%@%ﬁﬁ?sw HPp' g Pl JE0, apnE HEEFERoRLeR0L VoY

| ayer |a, i@8)84y8RGepathtB12iRabLEERrahPYNsep fﬁcé QetghﬁaBQECHhHHePEQPS

600 i ncludes a positioning section 58, a setting plate 56, a supporting
plate 57, typxédneatodthedebagd 8Mdnédr 8RE moliRtdhgnphdté&lssTherpetal nold

51 is fixed on the bottom ends of the
ultrasonic cleaning bath 21 contains a giliven amount of water
11 as a medium. The ultrasonic generator 22 is placed on
the inner bottom of the ultrasonic cleaning bath 21.

The operation unit 60 is a device for placing a disk or
a plurality of disks 1 in water 11 within the ultrasonic
cleaning bath 21, and retrieving the disks 1 out of water 11
after the gold reflective layer 1lb is recovered.

An air table cylinder 82 as a drive means is assembled
into the mounting plate 85 of the operation unit 60. An
upper-end stopper 84 is fixed on the top end of the air
table cylinder 82, and a lower-end stopper 83 is mounted on
the ‘bottom end of the cylinder 82.

A movable table 81 is moved along a rod 82a in the 2
direction (vertically) by means of air pressure.

A cleaning device (retainer) 91 is mounted on the
movable table 81. The cleaning device 91 detachably retains
a disk or a plurality of disks 1. FIG. 6 shows a portion of
the cleaning device 91, and grooves 91h are formed at a

given distance L along the cleaning device 91 (in FIG. 6,



| i near shafts 52 and 52 of the |linear guides 53 and 53. Al so the center of
the netal nold 51 is flxed on a rod 55a of an air cylinder 55. The.legE 2];02
is positioned so that the gold reflective layer I'b and the Wcurable resin
top-coat |a beneath the | abel surface are opposed to the netal mold 51.
Several protruding portions 59 for making grooves are formed on the bottom
surface of the netal nold 51. The protrudi ng portions 59 are shaped such
that, for exanple, a notch pattern if shown in FIG 9 is made on the | abe
surface side of the disk 1. 1J UL @@Q2 - 12 Wen the cylinder 55 of
the notching neans 600 is in operation, the netal nold 51 noves downward in
the Z1 direction along the linear guides 53 and 53, and thereby, the
pattern shown in FIG 9 can be notched onto the gold reflective layer Ib
and the PPEUPEBIE PesitiOt GFOCYEE PdloRTEhENPYHBEl sbr Ma¥dmymddismetRE di sk

1. As descri above, h relimnarily makin tches onto the gold
reflectlag g gP ® 6 §ﬁ81¥ﬁpdﬁFEGFa8IelFe§Fﬁ F%BQ385ttpéanPhlPﬁé%ﬁrotruding
ortions e t he net.al I he separat.i n and recovery of

Fhe goldd?§P% |§§ &%ee%lﬁb canugg %gr%orhbd ?ngglg perg‘::\L ofytlne

by usi ngbtehenrs@eaegheﬁ%ar A5 b0 5103l Al s o 211 accor dance with {he

enbodi nents of the present
Each of the grooves 91h places a porticn which

constitutes a center hole of the disk 1. The disk 1 can be
moved very short distances in the Z direction, moved along
the axis of the cleaning device 91, or rotated in the
direction R of rotation.

As the water 11 shown in FIG. 4, for example, pure
water or tap water may be used.

FIG. 7 schematically shows a control block diagram of
the recycle apparatus 100 shown in FIG. 4. A control 101 is
connected to a starting switch 102, the air table cylinder
82, the ultrasonic generator 22, and so on.

Next, FIG. 8 will be referred to.

A notching means 600 shown in FIG. 8 actively notches,
preferably, the gold reflective layer 1lb and the UV-curable
resin top-coat la in the disk 1, or at least, the UV-curable
resin top-coat la. The notching means 600 is an apparatus
for making notches before recycling treatment is performed
to the gold reflective layer 1b and the UV-curable resin
top-coat layer la in the disk 1 by means of the recycle
apparatus 100 shown in FIG. 4.

In accordance with the embodiment shown in FIG. 4, a



invention, a disk is irradiated with ultrasonic waves in water as it is, or
after  notches are made onto the reflective layer I'b and the top- coz lhﬁxﬁf
la with the notching nmeans 600 as shown in FIG 8, or after the di E
cryshed. At this stage, there is no particular condition of intensity with
respect to ultrasonic frequency generating fromthe ultrasonic generator 22
shown in FIG 4, and frequencies of approxinmately 24 to 28 kHz which can be
generated by a typical ultrasonic vibrator are suitable. Wth a | ower
frequency than the above, higher efficiigney wll be obtained, however, a
nore expensive device is required Also, if energy density caused by

ul trasonic -1 JuL 2002 - vibration is 0.5 Wcnz or nore, efficient

f | | f disk
S et L R gfTaba DL ‘8@?%?55?&5& 8 AbAPhE St 55%&-%85%‘%?3%2%?5 an' 0
treat rrentuﬁésgg 9&1'8‘99sdﬂr!6hﬁ?e8r efierlsw@ﬁerhescfegg% "agy era d

circul at ed y the circulation, separation can

reSt|Ck|nﬂn@ftﬁ@eg§§@afééﬁdcﬁﬁ$ee££¥¥ 2 {b! aBaaplet 59- &hkﬁngtPeébﬁ
substrate can be prevented not ches are nmade on the side of the

protecti veopayest (1apegodh Layehel @lswf1thee diskabetoacatilit FESHPESq .

radi ation, the separation of the reflective filmlb is accel erated, which
is very effectdwethélhetieer shawod pattié aidtathiaondiddns 696 hsi@apent rIG a

not chi ng neans, and instead of the edges (protruding portions 59) shown in
FIG 8, a# kfeesedcabl yhateneedveryeebfiaitnsyrobethemgyliereskdct&réhough
the depth, position, and nunber of notches do not have any limtations, the
nmost prefb@ﬁ%?elﬂeéFHOFgaﬂﬁatWmﬁhcﬁh%x¥éﬁﬂgl¢r@ﬁpﬁﬁétﬁﬁoléﬁtShewnayEr si de

onto the g $ | ayer. Water, as the nedrunrdurrng ul trasoni ¢ radi ati on, does
not neces i Pl ﬁﬁerﬁrﬁﬁhBBFng YaRQt HEGLRanetaRdne; ¥Be g9lfequired. For

water |5 BHEECrary 1aVarnh drferne, B0t AakeDTBnter LR sobroBaFi FREeS o
prevent edlgromﬁaasghgg tgsdhskopagabty hsgh 1hergol sono particular - 1

J UL 200z condrti on of npera ure duri trasonrc radi ati on, and

good resul ts afge oAk ﬁ%lergé%né g t ﬁyrea?$%§8§£9§n§§CH5§

ultrasonic treatnent descr above, e optic ivided into the
substrat esgand EB@tiﬁ§|9thé95%||H1§ﬁgp69€19§0b§§EeV§7|ai%& 1hgxh}y a method
of recycling in accordance with the recycle apparatus 100 shown in FIG 4
w || be dgstdebed3wahll 66f enadce metklGnoddaBd.FIG 6. Wth the novabl e
table 81 elevated, a disk or a plurality of disks 1 are fitted into the
grooves 91h orThéenetaibnmayddeVi te Bixed amotime iboFt@n €ndétof htke st age,
the faces_of the disks 1 lie substantially in the Z direction

(per pendi ¢4R§RAFyFhagfkg é?eaﬁésﬁgiBﬁeahﬁt1¥neﬁﬁeﬁuéﬁ§§aﬁéeaEd ABso, the

wi dth B o the roove 91h is E er han_t he_t hi ckness of the disk 1.
Therefore 1ERet gﬁsEeTtﬁﬁ Pﬁe PelffAg WRYHcalodsi §1x6faPBbRe™PR PRE
drrectrong agf rota 0 % vertically novable in the Z direction, and

al so, the grs é ?FFQ Ply noved al ong the axis of the cleaning
device 91

and

' The disk 1 is positioned so that the gold reflective
layer 1b and the UV-curable resin top-coat la beneath the
label surface are opposed to the metal mold 51.

Several protruding portions 59 for making grooves are
formed on the bottom surface of the metal mold 51. The
protruding portions 59 are shaped such that, for example, a
notch pattern 1lf shown in FIG. 9 is made on the label

surface side of the disk 1.



uL 2002
Next, the nmovable table 81 is |owered by nmeans of the cylinder 82. 1Wth t he

table 81 | owered, the dISkS 1 are conpletely imrersed in water 11. \Wen the
starting switch 102 shown in FIG 7 is pressed by an operator, the control
101 starts the ul trasoni c generator 22. By activating the ultrasonic
generator 22, - 1J UL 2002 - 15 for exanple, at a frequency of 26
kHz, with an output of 600 W for approximately 10 seconds, the UV-curable
resin topcoat layer la and the gold reflective |layer Ib are separated from
t he pol ycarbonate substrate |d in thelx@ sk 1 shown in FIG 5. ' The
separation (cleaning) mechanismis generally considered to include two
actions. One is cavitation caused by vibration, and the other is physical

and chem cal @§t£RQ Qéffhﬁéﬁt%9n0f|Phgcﬁ8ﬁgﬁfﬁ ggstgﬁ enbodlnent of

t he present |nvent|on ince I's uSed as a ré istlittle

chem cal E@%Q‘theﬂ a‘%‘ﬁ%‘ He@l10Mho 1ld" sgeRLLRl: aWhiah 8&”& 3ht £330RHC wave

perpendi ctlarly enters into, for exanple, a rigi a wave that does

not travehreeedbs BAGHES&nef m@ra&a@mla@sofs3aanumsl3derahdwma@z@a
reflected wave. This is referred to as a standi ng wave. Under t e |nfluence

of the staedipagteane shoveyamn FIAr 3t ican pel aartichg)d @ndtd $hel oardder to
prevent the unevenness, the disk 1, being an object to be cleaned, is
verti cal rpfiecedver lagteat dd iandrvether UVEcubraibilg aesdoi top -dwaitngd aclog@ani ng.
In accordance with the enbodi nent of the present invention, in-particular,
by usi ng thiee 1gbied] stinfadengidieviafe the vliséh lhas a cl earance under the
center hole of the disk I, the flow caused by water 11, as the nedium
rotates the dP§kdescrpbed gbevent PHgPrRéiBABIERLTcpaKaPBoRCtPRESUl t rasoni c

ener at or 22 i S stopped, and the npvable - 1 JUL 7
g onto the gé%ﬁ reflective layer 1b and the UV-&urable resin

top-coat la with the protruding portions 59 (edges) of the
metal mold 51, the separation and recovery of the gold
reflective layer 1lb can be performed in a shorter period of
time by using the recycle apparatus 100 shown in FIG. 4.

In accordance with the émbodiments of the present
invention, a disk is irradiated with ultrasonic waves in
water as it is, or after notches are made onto the
reflective layer 1b and the top-coat layer la with the
notching means 600 as shown in FIG. 8, or after the disk is
crushed. At this stage, there is no particular condition of
intensity with respect to ultrasonic frequency generating
from the ultrasonic generator 22 shown in FIG. 4, and
frequencies of approximately 24 to 28 kHz which can be
generated by a typical ultrasonic vibrator are suitable.
With a lower frequency than the above, higher efficiency
will be obtained, however, a more expensive device is

required. Also, if energy density caused by ultrasonic



- 16 table 81 is elevated. Wth the novable table 81 el evated, the ldidk 202
is retrieved fromthe cleaning device 91. The disk 1 from which the gold
reflective layer Ib and the Wcurable top-coat |ayer |a have been separated
includes the recording dye layer |Ic and the pol ycarbonate substrate |Id as
shown in FIG 5. The Wcurable resin topcoat |ayer la and the gold
reflective layer Ib float or sink in the water 11 after the separation. The
top-coat layer la and the gold reflective layer | b can easily be separated
fromthe water as the nmedium by neans 1&f -a net or the like. The gold
reflective layer Ib is recycled as a valuable material. Al though the

ul trasonic generator is operated only when the disks are in water in
accordange W th_ the_e dj t prgéﬁgﬁ-' i r.asoni c
generato?gﬁgéEggﬁagfigg?egvgﬁ é@é.@?ﬁ%s. t'%%g q?ﬁ%gﬁ%%%gﬁi%%ﬁ ye | ayer
lc is atpgeRedm@Rlo hﬁ§o§995%&ﬁb§e|ﬁiskheo§ugsbiﬁkﬁl&%§'chﬁggﬁg yged as a
recycling material as it is by Crushing or other treatient. wever, if a
dye conperenkamentinge, &akobengrappear.s on the recycled resin, resulting in
limtations on usage after recycling. As a nethod of renoving the recording
dye |l ayer |c Regardhessubftwheehed, ultmesshba théatmesol ¥venpexboched

di ssol ves dyes, or spraying of the solvent are proposed. - 17 - 1 JUL
2002. Al guziglh clrepdtare wetepedist iac medadim mays beegdincad ated . aagd! bgnt to
be used in the above nethod, a solvent that does not affect the

pol ycar b&h&t €1FFULRE 1o0h s SeRREtdona f@ ™t RSt 268/ 18r8d6I0% e 28e dye conponent
may be used. For instance, an al coholic _solvent, for exanple, _ethanol,

met hanol TES$AGHAPY °41 tdRoSEPaF@ ted defileqitdyRof 1 18sh#ghdber Idks  and

gl ycerin; for _exa 2met hoxyet hanol and

| | | t, | e,
S Poxy SE R SRR ke S RPN BRI oGl sont | f ot oxanpl o)
- -2- - 9% ' ate nct i of e prptective
2- hydroxy-2- ngt byl - 3zbyt angne. ,4.hydraxy 25ggtgggge ntfe orR
net hyl - 2- y be used. try,

4- hydr oxy- 4- pentanone, na Consequen € recording

dye |ayen dved § tipisdatedayid itde Jeesie i k@ erihisd hats-dbgan be

transparent resin. In such'a case, if a solvent, for exanple, acetone or
tol uene selaseitidrS alheordershbit iidie drolorear@nalcr iesWilinhay ngdi fficulty in

recycling the substrate I d. recycled as a general -purpose is used, the
subst r at @cddiesatress, whifcH hies Ateary, ef flicttivee ofThedev eird snaray be used, and
if at least a solvent described above is included, for exanple, by
particular condition with respect to a notching means, and
instead of the edges (protruding porticns 59) shown in FIG.
8, an electrically heated wire or a laser beam may be used.
Although the depth, position, and number of notches do not
have any limitations, the most preferable depth is that
which extends from the protective layer side onto the dye
layer.

Water, as the medium during ultrasonic radiation, does
not necessarily have high purity, and may have additives as
required. For example, by adding a surfactant into water,
separation is accelerated, water is effectively drained

after treatment, and reflective films are prevented from

sticking to disks again. Also, there is no particular



properly mxing ethanol with water, the object of the present inventi gy g2
be achieved. If the solvent described above is added to the water in the

ul trasoni c cleaning bath 21 shown in FIG 4 during ultrasonic radiation to
treat the disk 1, the dye |ayer can 1 JUL 200Z - is be renoved fromthe
substrate while the reflective filmaib is bei ng separated fromthe
substrate. There is no specific limt to the anmount to be added, however,

if the amount is too small, no effect is obtained, and if the anount is too
| arge, the ultrasonic effect is reduced4by half, and also there is a
problemin view of handling an organic solvent. Therefore, preferably the
anmount ranges from2%to 50% and nost preferably the anmount ranges from 5%

to 30% Al §gng@tAbxt e@et@rnps_%%%%sd{mnpeuw%ﬁgsoﬁhéora&ﬁaielaﬁspsﬁ& to the
separated netal reflective film he protective |ayer own in

FIG 5, theogospenet alet B@tRiARBILI ¥& Lbbi) twhbekaik&ran organic
subst ance, is vaporized by high tenperature treatnent, and the netal

conponent al onEncaccbedarcevelel. uiﬁfaeomScnerS@aﬁeﬁtCd@ﬁéhﬂﬂedeﬂw¢¢éﬂ for
the high tenperature treatnent, and treatnent with an oven or the like is
possi bl e. the th&icedatiesint isedpeidedr énits thghenbshaateheamdl thag point of
the nmetal in the reflective film the recovery of the netal will be

faci | itat E&flagtéxanmpidmomndhéheeprogeotivecyelreAg di sk recordi ng nedi a,

whi ch is descrj bed above% is shown in FIG 10. Step S1: Preferably notch at
| east the protB€¥Fyed| BgEROANOERECAYSKing: 1p BOCORPBRGe UV FRSBRARC vi brati on

to the digk in,a Liauid medium o owh 19592024 will be described with

reference to FIG. 4 and FIG. 6.

With the movable table 81 elevated, a disk or a
plurality of disks 1 are fitted into the grooves 91h on the
cleaning device 91 as shown in FIG. 6. At this stage, the
faces of the disks 1 lie substantially in the Z direction
(perpendicularly), and are positioned at a given distance L.
Also, the width B of the groove 91h is larger than the
thickness of the disk 1. Therefore, the disk 1 on the
cleaning device 91 is rotatable in the directions R of
rotation, and vertically movable in the Z direction, and
also, the disk 1 can be slightly moved along the axis of the
cleaning device 91.

Next, the movable table 81 is lowered by means of the
cylinder 82. With the table 81 lowered, the disks 1 are
completely immersed in water 11.

When the starting switch 102 shown in FIG. 7 is pressed
by an operator, the control 101 starts the ultrasonic

generator 22. By activating the ultrasonic generator 22,



- 19 Step S3: Separate the gold reflective layer (nmetal filmor netal

| ayer) fromthe substrate. Step S4: The gold reflective |ayer and theUL 2002
protective |ayer (protective filn) separated fromthe substrate are
obtained. Step S5: Incinerate the gold reflective |ayer and the protective
filmby heating at a tenperature that is nearly the nelting point of the
netal reflective |layer, for exanple, at approximately 1,200"C, in order to
renove the protective filmfromthe gold reflective |layer, and thus, gold
al one is obtained. Steps S6. S7 and -S&5 Bring a solvent (shown in Step S8)
into contact with the substrate, fromwhich the gold reflective |ayer has
been separated, in order to separate the dye, and recover, for exanple, the

resmousf gbg&gﬁ%ﬁaaIQQ |%%§P°%03Fbgt§% %g?yd%gt%bt %eigln Ste OﬁG wth,

for exanp & a meehani cal conplete Séparate i 4 fife romthe

dye. Steq S5ir R 5@%%&%% Ny Ly &2 ntﬁec%ugﬁg?%&% R dve s

obtained i'n Step SII. As escrlb above, 1n Ste e polycar nat e

substr at goaltongyean 18e ss@Paha! /b1d &e§t1%|at§$ept1ra9egollcﬂ> %lr%n%e%&ab:%d
obtained, and in Step S11 the pure dye can be obtained ~ ~m?2

from the polycarbonate substrate 1d in the dlsk 1 shown in
FIG. 5.

The separation (cleaning) mechanism is generally )
considered to include two actions. One is cavitation caused
by vibration, and the other is physical and chemical
reaction acceleration. In accordance with the embodiment of
the present invention, since water is used as a medium,
there is little chemical reaction acceleration.

In general, when an ultrasonic wave perpendicularly
enters into, for example, a rigid body., a wave that does not
travel occurs because of overlapping of an incident wave and
a reflected wave. This 1s referred to as a standing wave.
Under the influence of the standing wave, uneven separation
(cleaning) occurs. In order to prevent the unevenness, the
disk 1, being an object to be cleaned, is wvertically moved
or rotated in water 11, being a medium, during cleaning.

In accordance with the embodiment of the present
invention, in particular, by using the axial cleaning device
91 which has a clearance under the center hole of the disk 1,
the flow caused by water 11, as the medium, rotates the disk
1, thus, preventing the uneven separation.

The ultrasonic generator 22 is stopped, and the movable



- 20 By recovering the resinous substrate to be recycled, it can be
recycled, for exanple, as a material for substrates for disk recO‘r‘diJHbzmz
media or the like. The recovered substrate may be pelletized to produce
pol.ycarbonate resin pellets. In the follow ng exanple) a CD- R di sk (product
nunber: CDQ 74A) manufactured by Sony Corporation was used as an opti cal

di sk including a substrate, a dye layer, a reflective film and a
protective film As an ultrasonic generator (ultrasonic radiation
apparatus) 22 used for the recycle appa atus 100 shown in FIG 4, an
ultrasonic cleaner (26 kHz, 600 W manufactured by Kaijo Corporation was
used. As a liquid nedium tap water was used. (1) U trasonic waves were

appl i ed di,sk.suspended .in the. cl eanin th f 10_m nutes. The
substratEQRESigg %%eegﬁgé%Fﬂé p&&EQCFsﬁemP?FﬁigtﬁégaﬁogﬁhégﬁﬁFéﬁdfiIn1 and
t he net al,,po fsith : [ [ arated fr each ot her.

Af ter takpgg&gﬁg gu%%t?gﬁgagﬁ%%bﬁgfhekﬁ%gﬁﬁgéﬁ?ﬁg FH&FS &g; filtered to
renove the pr chi i t o] e { . and al _powder,
whi ch were Ié?%gi%i%ﬁeia%?b?owggcﬁrfgg.g?géa#%%iég%%ggt%%ggfggérgggde of a
di sk wasthet okregurbeh eexa3pRl@atWilbyed RaZBavel Be@nChepkendgshape having 1
cm checks. Next, the protective filmand the netal powder of the reflective
fil m wer ensépdeat etle Abcerdialy myet Nayer fLc)abldl tB@03olydhrbonbger at e out
of the liquid) the liquid was filtered to renove the protective film stuck
to t he nsulstiralte ddd ashehownalinpdider 5. .whitbe WorFeulrabflei mesha aop-t o be
dried. Instead of the razor, the notching neans 600 shown in FIG 8 may be
used. ' C9RtAlavek Wasandt the goddt reflegpiygi Aavery 12 fy.oatceomt isipker s
square, and ultrasonic waves were applied for five mnutes while stirring.
The substPaftBeh¥Fteg tHe affer he Feprs@tiP8-fil m stuck to the netal film

and the netal ﬁomger of thi reflective filmwere separated from each ot her
After taking out CAB-SBBE: La¥&Tr &8i AnE bRFt ARl Gafdecth¥el LaUrE Was

filtered r he protective filmstuck to the netal .filmand the
metal pow gr?%%g¥'hEﬁh§eR§F?%%§'t i % & Srdeegﬁe(Efdfﬁg prot ecti ve

Films angalal MQr He@NSF GGQV 84 angdr iRd 4 Q‘f%?% %Oq_sayqz) 1hsugh (3)

were treated for two-hours at a tenperature of In an-electric oven

As a resuelcycg@ldd aas of Ra i RCdat@ dildim metal was obtained. (5) The
substrate resin recovered in the nmethods (1) through (3) was imrersed in

t he sol vents Agashoubadthel awtirasohwe HeAdkasoandst Bparbékanoaliy. whga
di ssolution and effect on the substrates are sunmarized in the foll ow ng
t abl e. the disks are in water in accordance with the embodiment of
the present invention, the ultrasonic generator may be
activated at all times.
Although the recording dye layer lc is attached onto
the 'substrate 14, the substrate resin can be used as a
recycling material as it is by crushing or other treatment.
However, if a dye component remains, coloring appears on the
recycled resin, resulting in limitations on usage after
recycling.
As a method of removing the recording dye layer lc from

the substrate 1d, immersion into a solvent which dissolves

dyes, or spraying of the solvent are proposed.



1 JuL 2~ - 22 [Table 1] Sol ventDye Di ssol utionEffect on
Subst r at esMet hanol Gbser vedNoneEt hanol Gbser vedNonel sopr opyl
al cohol Gbser vedNoneN- Qut yl -1 JUL 2002

al cohol Qbser vedNoneEt hyl ene- 1, 2- di ol Cbser vedNoned ycer i nCbser vedNone2- et ho
xyet hanol

~Obser vedNone2- et hoxyet hanol Qbser vedNone2- hydr oxy- 2- met hyl - 3- but anoneCbser v
edNone4- hydr oxy- 2- but anoneCbser vedNone4- hydr oxy- 4- et hyl - 2- pent anoneCbser ve
dNoneAcet oneCbser vedObser vedAceti ¢ aei #I72-met hoxyet hyl

est er Qbser vedQbser vedEt hanol / wat er (80/ 20) Gbser vedNone [ Tabl e 2]

Sol vent DyeEf f ect onDi ssol uti onSubst r at esN- hexaneNoneNoneWat er NoneNone -1

JUL 2002 - 23,4 h i 410 iti i

Di ssol uti onV\atAelrt}%%gglnosc% (%(9% ll%llPé;;th::gﬁé%ftl EHfations required for

obser vedViat &5{ ERaneb (s&/ 33 L8seh VerVal 854 &£t Ranodd 804 20) {pset vedyat er/ Et hano
| (60/ 40) Cbser vedWat er/ Et hanol (40/ 60) Cbser vedWat er/ Met hanol (99/ 1) Partially

obser vedVds&s / Mt hanod ¢ 05t 5 pseyratén et é Mot hame| £ 894203 €bsed vedywt er/ Met h
anol (60/ 40) Gbser vedWat er / Met hanol (40/ 60) Qbser vedWat er / Et hanol ( 100/ 0) None

The sol vetihat peas edi esloive TABEEdfe dtsapbientiyrsy Badusged notraff ect
substrates excluding acetone and acetic acid 2nmet hoxyet hyl ester. However,
n- hexane tmsitamcer pneskodkdlin FABrENR, dbonoexaihsiel vethlgesl, Al so,

sol utions having the conposition presented in TABLE 3 di ssol ve-dyes,

excl udi ngheERarP et hARBPTPRYL) .alFQBQ?} FRé preykyit ahoehelonetBYiepercabl e

not only to CDs iconpact di sks) and CD-Rs_but also to other types of
opti cal 1,2-diol and glycerin; a cellosolve solvent, for example, 2-

methoxyethanol and 2-ethoxyethanol; and a hydroxyketone-
based solvent, for example, 2-hydroxy-2-methyl-3-butanone,
4-hydroxy-2-butanone, and 4-hydroxy-4-methyl-2-pentanone,
may be used.

Consequently, the recording dye layer lc is dissolved,
and the resin of the substrate 1d can be recycled as a
transparent resin. In such a case, if a general-purpose
solvent, for example, acetone or toluene, is used, the
solvent is absorbed by the polycarbonate substrate, thus,
resulting in difficulty in recycling the resin of the
substrate 14.

Also, a mixture of solvents may be used, and if at
least a solvent described above is included, for example, by
properly mixing ethanol with water, the object of the
present invention can be achieved.

If the solvent described above is added to the water in
the ultrasonic cleaning bath 21 shown in FIG. 4 during

ultrasonic radiation to treat the disk 1, the dye layer can



di sks and magneto-optical disks, for exanple, digital video -1 JUL 2002
- 24 di sks (DVDs) and |aser disks (LDs). In the enbodinments ShOWﬁ1iJUJ@d§
4, FIG 8 and the like, the disks 1, in parallel to each other, are
substantially vertically retained with the cl eaning device, however, the

i ndi vi dual disks may be retained obliquely in relation to the vertical
direction, or another retaining nethod may be used. Also, a single disk or
a plurality of disks may be retained with the cl eaning device. The nethod
of recycling disk recording nedia in-aggordance with the present invention
is of course applicable to a disk recordi ng nedi um having the structure
shown in FIG 1. The disk recording nmediumshowm in FIG 3 is a so-called

"hi gh densj di di sk" ' f d DVD (digital vid
sy CTIBh YohSoLa LR HRK, SBBECE R L MRS B Pet T bk iln kb w1
r

disk), inwhrc e having a Si t with an

dhesi : Bat he, adhesi dh th tecti
ayers LITod-TT 1o CRaa o gyerPhy r oL 8 ToRePar Bl Pheft | Fhnha crbadithe

protecti veshayetolideauRodrROEL! 8 QBaBACHSHESLEAt e LB i N L hat . Of der .
Al t hough ultrasonic vibration froman ultrasonic generator 15 used in order

to vibrateodi skallot heretypes 95 ybbadht@N g8ACLAL Bhe MBYoBE: 0P| ysd. Next,
anot her enbodi nent of the present invention will be described with

ref erencelangfl Gthéluandabbfiicl@ffdotapparatusefobyr BEDYEr ang AEEA!

reflective filnms 200 "
there is a problem in view of handling an organic solvent.
Therefcre, preferably the amount ranges from 2% to 50%, and
most preferably the amount ranges from 5% to 30%. Also, a
mixture of solvents may be used.

Also, with respect to the separated metal reflective
film 1b and the protective layer la shown in FIG. 5, the
component of the protective film, which is an organic
substance, is vaporized by high temperature treatment, and
the metal component alone can be recovered. There is no
specific method required for the high temperature treatment,
and treatment with an oven or the like is possible. If the
treatment temperature is higher than the melting point of
the 'metal in ppe reflective film, the recovery of the metal
will be facilitated.

An example of the method of recycling disk recording
media, which is described above, is shown in FIG. 10.

Step S1: Preferably notch at least the protective
layer in the disk.

Step S2: Apply ultrasonic vibration to the disk in a

liquid medium.



1 JUL 2002 - 25 shown in FIG 11 includes sensors 86 and 87, a netal
reflective filmrenoval neans 300) and a nozzle 45a as a fluid spray neans,
inaddition to the units of the recycle apparatus 100 shown in P& Jul 2608 e
apparatus for recovering netal reflective filnms 200 includes an ultrasonic
cl eaning bath 21 as a container, an ultrasonic generator 22 as a vibration
means, an operation unit 260, the netal reflective filmrenoval neans 300,
and the nozzle 45a as a fluid spray neans. The ultrasonic cleaning bath 21
is detachably set or fixed on a base .3%,9 and a nounting plate 85 of the
operation unit 260 is also perpendicularly fixed on the base 31. A cylinder
(drive neans) 82 of the operation unit 260 detects a stop position of a

bl e tabl i t i I - end 86 d
vl e Lable Bloyius eononag: L sLARoLs 1o 2O, pper s end Sencor, 56 end 2
bot t f t i I i b t tlet 41 i
Dol om of (A WL £85% € CLaanEbgbal Shopadcs vater oull et i 1

brovi ded bet vieghe g, vt £ OULY 81 41 8061 §be1 29271 80458 ThER LB Blve

reflective fil'mrenoval nean I's contalned 1 n a suppor e wat er

outl et 41l1hgeeOnpeciadtlied riRaaRepdlrakill @of? tWel BuBsRirBe44@e
t herebetween. An outlet of the mechanical filter 42 is connected to a punp

43 with aopitpgnédh therebétween. An outlet of the punp 43 is 1 JUL 200x
- 26 connected to a directional valve 44 with a pipe 47c therebetween. One
of the outl et sShépt 8B:di Iecinenatevaheegdldi sefdancttvedlapethandotizée 45a
with a pipe 47d therebetween. The other outlet of the directional valve 44

i s direct PFodiserdve dildohdygdesddng vdr a4bemprzatufe whedr 151 ngerilfe nedi um
i s exchanged, the water is received into the discharge container 4.6 by

swi t chi ng%@\?ef“etll’fé-n& Pedfitoredl the metad rehdesdiyee laygn. £9rassample,

at approximately 1,200°C, in order to remove the protective
film from the gold reflective layer, and thus, gold alone is
obtained.

Steps S6, S7. and S8: Bring a solvent (shown in Step
S8) into contact with the substrate, from which the gold
reflective layer has been separated, in order to separate
the dye, and recover, for example, the resinous substrate
alone.

Step S9: Filter the dye obtained in Step S6 with, for
example, a mechanical filter, to completely separate
impurities from the dye.

Step S10: Refine the filtered dye in a column, and the
pure dye is obtained in Step S11.

As described above, in Step S7 the polycarbonate
substrate alone can be separated, in Step S5 pure gold alone
can be obtained, and in Step S11 the pure dye can be

obtained.



metal reflective filns axe perforned, the water 11 ultrasonic cleani=n

21 circul ates anong cleaning bath 21, the outlet 41, the pipe 47.

mechani cal filter 42, the pipe 47b, the punp 47c) the directional valve 44,
the pipe 47d, and the ultrasonic cleaning bath 21, in that in the the
ultrasonic 3, the 43, the pipe the nozzle 45a) order. FIG 12 shows an
exanpl e of a control block diagramof the apparatus for recovering netal
reflective films 200 shown in FIG 11,2@&nd the control 71 is connected to a
starting switch 72, the upper-end sensor 86, the air table cylinder 82, the
| oner -end sensor 87, the ultrasonic generator and the punp 43. Next,

22,
t he operation_of the apparatus for .recoverin tal reflective filns 200
shown i n FI G B71 574 RRGI91 515 e SBa0Ss SROBLHA e to Be) FReyelgey, 1t 27

The contr I e Al cyl jnhder i.n4r nse. 1.0 the starting
switch 7594 éanP]et ﬁceévég{%néi’ ojfdl{ h‘%a}?‘-:g‘k peer - edn%dasénr?g%erﬂ%& % Scugonﬁtrro L
operates ddie il dif asQl G AR 2 Al L& Pump A3-ddhy&shpnse to the

signal of the |ower-end sensor 87. After a predeterm ned period of tine

whi ch is sifidtd @tmdProd e SEPRI Add Ofb JAEEN YRl y darisd P thes il trasonic
generator 22 and elevates the air table cylinder 82? Upon receiving the
signal frpgnldws upper-end sensor 86, the control 71 stops the punp 43 after
a predetermned period of time which is sufficient for washing-off the gold
reflective | ayier the &od lidwengExamatld aperCh-® disk Hpreduedt umeinber :t he

di sk. The separated disks 1 are retrieved with the cleaning device 91 by an
oper at or ,CRErd7 4k epivef aet eif ek sonrSomp GRERP TR o wadised aevare 91. Wien
the starting switch 72 is pressed by an operator, a series of operations
are repefl@RCHFhAPpLIclidinget st BRI FDFC a 3ideh PEY$Hd df tine while the

disk 1 is bej di h | i i bat h_ 2l d whil h
separ at e LR SESF SR, #00cRrEptePREv et bt 11 AR TRgi PRy
ti th | flectl | .1 b d_the |{ke,whi | i nk
T et er QP TEre Rl PR RS oA RELT RPRetT ot bor redibofntnd” o'
O 6a) o 411 LBl £530b 2,00 01 A SHLECtA Yeuh AUPECLDOADE LD

UV-curabl'e Fesin coat layer la are recovered at an appropriate noment,
the operaty@nkgf, r66VRY I REntP8ctured by Kaijo Corporation was used.

the ultrasonic cleaning bath 21. When the separation and the recoveny&qggtqnz

As a liquid medium, tap water was used.

(1) Ultrasonic waves were applied to a disk suspended
in the cleaning bath for 10 minutes. The substrate having
the dye, the protective film stuck to the metal film, and
the metal powder of the reflective film were separated from
each other. After taking the substrate out of the liquid,
the liquid was filtered to remove the protective film stuck
to the metal film, and the metal powder, which were left in
the air to be dried.

(2) The protective layer side of a disk was notched,
for example, with a razor, in a checkered shape having 1 cm
checks. Next, the protective film and the metal powder of

the reflective film were separated. After taking the



-1 JUuL 20Q 2s whol e reflective filmmay result in the separat,gg‘gﬂ!qmz
reflective | ayer I'b being stuck on the disk 1. This deteriorates th
recovery percentage of, the whole reflective filmand the Iike. By working
the punp for a certain period of tinme, water 11 fromthe nozzle 45a washes
off the gold reflective layer Ib stuck on the disk 1 and returns it into
the ultrasonic cleaning bath 21, and thereby it is recovered by the
mechani cal filter 42. In accordance with the operations described above,
the separated gold reflective |ayer 4lpican be efficiently recovered. Next,
with reference to FIG 13 and FIG 14, other enbodinents of the present

i nvention, which are nodifications of the apparatus shown in FIG 11, w |

be d i d h id 400 d 500
Cespectt SapstrREe ppd, 8RB0 OkhE KGR BeCE 3 RE: Bhes

hi gh- pre§§H6@eahﬁesBEBQ@C@Q%eaQQlﬁ E@Eéketé5ghgoﬂg%g egl % tgg

hi gh pressure alr source . pressure alr from ﬁl éggure air

sour ce 4ﬂét§anpb@déeraw&dcﬁnh@rhhqeéhSKnltHe khe %Be%@tﬁélghea“'“g devi ce
91 through the nozzle 45b. Spraying of the high-pressure air nmakes the gold

reflecti tastagar ofbrhehirakolgs theehosenangt fdahsogvbhendivek 14, rFgt gtill
sticks on the disk 1) fall fromthe pol ycarbonate substrate Id of the disk

1 into waagrbélusedl JUL 2002 - 29 in the ultrasonic cleaning bath 21. The
fluid spray neans 500 shown in FIG 14 includes a water source.501 and a
nozzl e 45a. Wadkr Ar@hskheasacet bpuaceutddriapspomniymatebyo2tbe gol d
reflective layer I'b and the Iike which stick on the disk 1 nounted on the
cl eani ngCABYLAELSTS sAYaERe godd vAEFREeRiGewREpSr welrs appltikd (foke are

renoved %ron1the oncglJr onate substrate Id of the disk 1 and fall into
wat er 1151°t Re"Ui-frad SIteEF ARG -batthe2 BuP§ tE8 tre BEYEPEd thehdiveby, t he

9019 LB YBTLBSC Buad el Wee cheshuek o Al disk dooapbs speurely
may be uggdaat bRet$aMe 1M tive £ilm were separated from each other.

After taking out the substrate resin from the liquid, the

liquid was filtered to remove the protective film stuck to

the metal film and the metal powder, which was left in the

air to be dried.

(4) The protective films and metal portions recovered
and dried in the methods (1) through (3) were treated for
two hours at a temperature of 1,200°C in an electric oven.
As a result, gold as the reflective £ilm metal was obtained.

(5) The substrate resin recovered in the methods (1)
through (3) was immersed in the solvents described below for
two minutes and then taken out. Dye dissolution and effect

on the substrates are summarized in the following table.



FIG 15 and FIG 16 illustrate exanples of the cleaning device 91 which is
applicable to the enbodi nents shown in FIG 4 and FIG 11. A groove 9
the cl éaning device 91 shown in FIG 15 is substantially v-shapeti JW

section,

of the disk 1. A groove 91]
in cross section,

of
SS

and the maximumw dth B of the groove 91k is wider than the width

shown in FIG 16 is substantially trapezoi dal

and the maxi numw dth B of the groove 91] is w der than

the width A of the disk 1. The cl eaning device 91 nay have a groove which

is semcircular or elliptic in cross-szzt+on.
8 through FIG 20 w |
for actively notching the gold reflective |ayer

t opcoat
refl ecti

be referred to.

I
v[gfalbg%er | b and the Wcurable resin

t

top-coat la i

~u~ 200 -
FIG 8 shows a notching neans 600
| b and the Wcurable resin
e]ﬁotching means 600 is an apparatus for notching the gold

30 Next,

n the disk 1

before regegeriing the substrate and the netal by means of the recycle

FI G

appar at ys—too—shownr—+n—FG—4or—the—apparatus—for—recovertng—tretat
refl ectij\B@lvdnts 200 shown in FIG 11. In ackpedance w t hEffiecenbodi nents
shown in FIG 4 and FIG 11, a used disk, a Eefe8§i¥e disE Egiing
pr oduct i joR—process—or—ah—unused—di-sk—i-s rouRt Pl s ni ng
devi ce 9Mettthdihe gol d reflective | ayer | b|angpsdevddcurlabl enoegsi n
top-coatj la in the disk 1 are separated and|recovered. On the _other hand,
t he not dHft ns 600 shown in FIG 8 is used®R%e¥K8E recovel9P@ffic|ency
of the subsdgAiBy Akhthigogol d reflective |ayerghgepGeqrdance nbh& the
recycl e lJapparatus 100 shown in FIG 4 or the apparatus for recovering|netal
refl ecti\e-Butys 2booRdbwn in FIG 11 can be eAhaatedd by act NeBey notching
t he gol d éfﬁ#ﬁgﬁéyf »aygeL, ! b and the Wcurabl egfgsi-Pejop{coat in
advance,| Wi th patterns sﬁomn in FIGS. 9, 17 1%, %S and %0. The not chi ng
means 600Glyedriies a positioning section 58] aObservag plate Bénea
i i . i D -
suppor ting plal e, 5Zc,Lugy linear C1JiJL 30B - 3hey | None
2-ethoxyethanol Observed None
2-hydroxy-2-methyl-3-butanone Observed None
4-hydroxy-2-butanone Obsexrved None
4-hydroxy-4-methyl-2-pentanone Observed None
Acetone Observed Observed
Acetic acid 2-methoxyethyl ester Observed Observed
Ethanol/water (80/20) Observed None
[Table 2]
TIABLE 2
Solvent Dye Effect on
Dissolution | Substrates
N-hexane None None
Water None None




gui des 53 and 53, and a netal nold 51. The netal nmold 51 is fixed %@ tﬂg%
bottom ends of the |inear shafts 52 and 52 of the |inear guides'§§ et

Al so the center of the netal nold 51 is fixed on a rod 55a of an air
cylinder 55. The disk | is positioned so that the gold reflective layer |Ib
and the Wcurable resin top-coat |a beneath the | abel surface are opposed
to the nmetal nold 51. Several protruding portions 59 for making grooves are
formed on the bottom surface of the neta smold 51. The protrudi ng portions
59 are shaped such that the notch patterns shown in FIGs. 9, 17, 18, 19 and
20 are made on the | abel surface side of the disk 1. The gold reflective

| ayer | b agg hge §chrable resin top-coat la of the disk 1 illustrated in
FIG 9 havé'8R&Ek&red notches If. The gold reflective layer Ib and the
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Water/Ethanol (100/0)

None

The solvents presented in TABLE 1 dissolve dyes,

and do

not affect substrates excluding acetone and acetic acid 2-

methoxyethyl ester. However,
in TABLE 2 do not dissolve dye
composition presented in TABLE
water/ethanol (10%).

[0032]

sS. Also,

3 dissolve dyes, excl

n-hexane and water presented

solutions having the

uding

The present invention is applicable not only to CDs

(compact disks) and CD-Rs but also to other types of optical

disks and magneto-optical disk

s, for example,

digital wvideo



A cl eaning device 91 shown in FIG 21 has a plurality of grooves 91h at a
gi ven di stance. Thus, the center holes of the disks 1 can be supported with
the grooves 91h. FIG 22 shows a state in which the gold reercLLY‘“hggg%

| b of each disk 1 is notched with a not chi ng devi ce i UJ 20~ - 33

as a notching nmeans while the disk 1 is held with the cleaning device 91
shown in FIG 21. While the top end of the disk 1 is retained with a disk
fixing device 750, the bottomend of the disk 1 can be notched by an edge
710 of the notching device 700. That i, as the notching device 700 noves
in the X1 direction, the gold reflective layer | b and the Wcurable resin
top-coat |la of each disk 1 are notched. At this stage, the top end of the
disk 1 is_elastically held with urethane rubber 751 on the disk fixing

devi ce 75b:SkHhel QN%ﬁﬁaﬁ%drh%%%¥ ¥53ks s(khsded on steel 752. The disk fixing
drive 750 presses . the disk 1 downward with a force F. Thereby, the edge 710
makes a not ch 48me W%W?rﬁ%srﬂ?’rbﬁt”o Flfe dol & 1%f I@nd/dheaydke.b and

t he Vchrégg 3] én toPncoat gg % qg ql notchln devi ce, 700 as a
not chi ng Teans- Showh |n e 222° OF?%E AN e T s ‘ﬁ% Rt L heed to
prelimn éfﬁiéﬁifﬁ aﬂﬂé& f&ﬁefﬂévgiééﬁé Blq | g @l t rﬁéw%&gégﬂghéES'n

t op- coat a by usi e notc neans Fown' TH F as shown

in FIG 6indl¥add &1§%51§a¥aﬂg Fbtnikda db1idCefyeani pgrdevigecdl is

formed so as to hold a plurality of disks 1 at™a gl ven distance, the gold

reflecti vehé ayerts€Qar alte8teaf, DerPehd iR drd Lo IR g dhékBodimdpeosane tine
with the disks not being in contact with each other. Besides, since water

11 as theusedi unhisowsa singteJhisR062 a ﬁﬁuri&i@@e@ft@eSnﬁjﬁ@ﬁnﬁedisks,
uneven separation does not easily occur. Preferably, the width of each
groove i srébagredtinht heewcdiehnohgt evilésk so that the disk can rotate in
response to water flow Wth regard to handling, for exanple, mpunting and
retrieving the'hf Siethed ehdréevmtine dlsamanpritiican®diaiin accor dance
with the enbodinents of the present invention, the nmounting and retrieving
are perfo?ﬁ%ﬂrﬂﬁﬂﬁﬁlV&tthREVBFeSFHE b?%%%%%oﬂaﬁsb%faﬁPBﬁﬁ?ed by using a

robot, a vacElcaQEIdkng hgggkaggcggglng médium having the structure

shown in FIG. 1. The disk recording medium shown in FIG. 3
is a so-called "high density recording disk" and is referred
to as a DVD (digital video disk), in which a substrate
having a similar structure is deposited with an adhesion
layer B therebetween. The adhesion layer B adheres the
protective layers L11 and L1l1, and a dye layer L9, a
reflective film L10, and a protective layer L1l are
deposited on each substrate L8 in that order.

Although ultrasonic vibration from an ultrasonic
generator is used in order to vibrate disks, other types of
vibration generator may be employed.

Next, another embodiment of the present invention will
be described with reference to FIG. 11 and FIG. 12.

An apparatus for recovering metal reflective films 200



Also, it may be possible to integrate notching into the apparat us 1dtwlrr4@2
automatic transportation such that after notching the disk with the

not chi ng means 600 (notching mechanism shown in FIG 8, the notched di sk
is nounted on the cleaning device 91. It is to be understood that the
present invention is not limted to the enbodi ments described above. In the
enbodi nrent shown in FIG 14, water is used as the nedium however, another
type of nedium may be used as follows. Water, as the medi um during

ul trasonic radiation, does not necessasily have high purity, and may have
additives as required. For exanple) by adding a surfactant into water,
separation is accelerated, water is effectively drained after treatnent,
and reflective filns are prevented fromsticking to disks again. Also,
there i s S5®Warty EfiGr 11 jinclydes grensorys 86 @@ t87on BfMmatenper at ure during
ul trasoni c radiation,, and good results are obtainable at roomtenperature.
Al so, a mSEMGSEINE idtdt ot ARSI oftited BRGNS FPURR 3§ nst ead of
wat er. Far, ex le. a mxture of ter and ethanol, a m xt ure of water
and net hdnol™ rrar%’rbaé’ &eea&sm%%,a%m%ﬁt%ltﬁ}eaéﬂﬁﬁf \ﬂr%r‘%ﬁ FEFFOH an

ul trasoni od rt)g,g_g j er,to vibrate disks, other types of

vi brati or?cpgfga%?%%)?lon%is e err:,faxpolf/)%d'. 4r'he groove for holding a disk may be

substantial | y rhil aRglardit ds fI0S% ARy mERA1PLRFERL tiRee AR Do
applicable not only'to CDs (conpact disks) and CD-Rs but al so to other

types of nivdds disksl trds sRoPet Dedtns Batth SkS.ad A Cot®ier digit al
vi deo di sks (DvDs} and | asex disks {LDs}. In the enbodi nents shown in FIG

4, FIG 1dltarebdiic |ddmeerdter diskss 1la vibpstodd eledns cadh @bdeatic e
substantially vertically retained with the cl eaning device, however, the

i ndi vi duainidi si&0 nmatyhdaneerhi nefil edt i vrief yln ovemal d hemaans | 20, damécti on,

or another retaining nethod may be used. Also, a single disk or a plurality
of di sks ¥& M23R ot TS 2 hE 1 hdd cSRERY MRV ce.

The ultrasonic cleaning bath 21 is detachably set or
fixed on a base 31, and a mounting plate 85 of the operation
unit 260 is also perpendicularly fixed on the base 31. A
cylinder (drive means) 82 of the operation unit 260 detects
a stop position of a movable table 81 in response to signals
from an upper-end sensor 86 and a lower-end sensor 87.

The ultrasonic generator 22 is provided on the inner
bottom of the ultrasonic cleaning bath 21, and a water
outlet 41 is provided thereabout. The metal reflective film
removal means 300 is provided between the water outlet 41
and the nozzle 45a.

The metal reflective film removal means 300 is
contained in a support 99. The water outlet 41 is connected
to a mechanical filter 42 with a pipe 47a therebetween. An
outlet of the mechanical filter 42 is connected to a pump 43

with a pipe 47b therebetween. An outlet of the pump 43 is



Al so, preferably, the edge 710 on the notching device shown in FIG 23 has
a sharp point for exanple, with a point angle 8 of 30 degrees so LRayydesR
not ches are made by usjng stress concentration. Even in such a case, since
the di sks 1 bend) notches can be made by maki ng use of -1 JI1~1L 200r2. -
36 springiness (elasticity). In such a case, the nunber of notches is, for
exanple, two or less, and the wdth of the edges 7Z0 on the notching device
shown in FIG 22 is, for exanple, 160 nrm Wth respect to the netal
reflective film materials other than gold my be used depending on the

types of disks. 1 JUL 2~~ - 37 WHAT IS CLAIMED IS: 1. A nethod of
recycling a disk recordi ng nedi um conprising the steps of: retaining said
di sk recording mediumin a liquid nmedium said disk recording nedium having

a | ayer eSS é:%cﬁ*rﬁjrlr%eicﬁ'g’-od"%lubéatlr"& ¢4 ¥ifye a Biqe Y aeflective film

and a prqtective | ayer adi ul trasoni c. waves  onto said di sk recording
medi um s er?ﬁecwseae?/ sd%é Q?I tr]g%oo%%etfsréﬁ‘f g8 L gaqthonal valve

44 is connected to the nozzle 45a with a pipe 474
therebetween. The other outlet of the directional valve 44
is directly above a discharge container 46.

When the water 11 as the medium is exchanged, thehwater
is received into the discharge container 46 by switching
over the directional valve 44. The nozzle 45a lies above
the ultrasonic cleaning bath 21.

When the separation and the recovery of metal
reflective films are performed, the water 11 in the
ultrasonic cleaning bath 21 circulates among the ultrasonic
cleaning bath 21, the outlet 41, the pipe 47a, the
mechanical filter 42, the pipe 47b, the pump 43, the pipe
47c, the directional valve 44, the pipe 474, the nozzle 45a,
and the ultrasonic cleaning bath 21, in that order.

FIG. 12 shows an example of a control block diagram of
the ‘apparatus for recovering metal reflective films 200
shown in FIG. 11, and the control 71 is connected to a
starting switch 72, the upper-end sensor 86, the air table
cylinder 82, the lower-end sensor 87, the ultrasonic
generator 22, and the pump 43.

Next, the operation of the apparatus for recovering

metal reflective films 200 shown in FIG. 11 and FIG. 12 will

be described.



separated from each other; and bringing a solution into contact with said
substrate separated fromsaid reflective filmsuch that said gyejye\e®,is
separated fromsaid substrate in order to recover said substrate, said
solution dissolving said dye layer. 2. A nethod of recycling a disk
recordi ng nmedi um according to claim1, further conprising the step of
prelimnarily notching said protective |ayer or said protective |ayer and
said reflective filmbefore said disk recording nediumis irradiated with
ultrasonic waves in order to separate gaid substrate and said reflective
filmfromeach other. 3. A nmethod of recycling a disk recording nmedium -~
.rug w~, - 38 according to claim1, further conprising the step of heating

sard refl et ved R agpar i L000 gl SANAAEA! AU el 8 comporen, of

said protective filmattache 0 5a

met hod of ¢ ' ars s I Qg [ ording,to claim1, further
conprisihg t e&i$2%30¥ﬁ%d§F%gEgﬁ o?ﬁ%?%% ?%}£%§s%%ﬁ b of dyee | ayer onto

sai d | i quaghdeedenin Hehose sai d g sk i j is.Jdrradiated with
ul trasonic waves in order to separa%%ﬁggég Egﬂgggg%géan %a€ﬂ£¥%§?%%?ive

filmfroneastaosher? ndAthappang!us LQr-sasoesiag amialoLeflpctive
film said netal reflective filmbeing fornmed in a disk recordi ng nedi um

sai d appatke ukowenpendi sgrisarcent ai Attef o bk fgrihé AU 1B4i g4 an
operation neans for retaining said recording medium placing said recording
medi um i nt &8¢ dvhietui &s nedf fhcientaf or coine asemarataion | etlié eyomMPrSRI Th
recording nediumafter said nmetal reflective filmis recovered; and a

vi brat i on® RRHSTRYru T BREPNAG gareratedr IR mpdeeleme pésicee | aisatablé qui d
medi um i n q{dqi to%éep rate said netal reflective filmfromsaid recording
medi um an® 10 tecover sk A nEEERivYERg cthe vELl9B3In fRem the duppei endredi um i n

said cont@l 0l 86, the control 71 stops the pump~43 after a
predetermined period of time which is sufficient for washing
off the gold reflective layer 1b and the top-coat layer la
that have restuck on the disk. The separated disks 1 are
retrieved with the cleaning device 91 by an operator, and
unseparated disks are mounted on the cleaning device 91.
When the staffing switch 72 1is pressed by an operator, a
series of operations are repeated.

The pump is in operation for a given period of time
while the disk 1 is being separated in the ultrasonic
cleaning bath 21 and while the separated disk is raised. By
circulating water 11 during and after separation, the gold
reflective layer 1b and the like which float or sink in
water 11 after separating from the disk 1 are recovered by
the mechanical filter 42. Unless the gold reflective layer
lb and the UV-curable resin top-coat layer la are recovered

at an appropriate moment, the operation of recovering the



- 39 6. An apparatus for recovering a netal reflective filmaccording to
claim$b, wherein said vibration nmeans is an ultrasoni c generatof Jybr 2002
generating ultrasonic waves. 7. An apparatus for recovering a netal
reflective filmaccording to claimb5, further conprising a notching neans
for notching said disk recording nmedium before said recording nmediumis
placed in said liquid nediumin said container. 8. An apparatus for
recovering a netal reflective filmaccording to claimb5, wherein said
operation neans for said recording nmed2sin+conprises a fluid spray nmeans for
spraying fluid onto said recording nmediumafter treatnment for recovering
said netal reflective filmis perfornmed to said recording nmedi um and sai d

recor di ng,jmdi yg '15erc! f4d effﬂn%%%oéesﬁ?itd.ﬁ&) Rl ag%té%‘mréoflgé‘r atus for

recovering a metal reflective fi according to m I'n said

oper ati on-J@ans: ¥ S £5058 K é‘ﬁ?&)@@&%!éﬁé{é‘l‘ retginer for

retaining a plurality of recording nedia at a given stance, and a drive

nmeans forgdt € d¥h s e et fhBsYe Pl PeS@d Kk AddUb € FRLiwHR 1 S&th CONfQI ner
and renoving said retainer from ~ ~ JVL 2 - 40 said liquid nediumin

sai d contfilmerand CchAnLappar aByswd ok ingceverpurip af st al cdefdBetpecidd | m
according to claim9, wherein said retainer is axial, said retainer

conpri sexfriviones water gl Vefiromstiaecmointe séppovasings ceff ethéoj@ldect i ons
of said recording nmedia, and said recording nmedia are retained-so as to be
novabl e iFeflecion laveni dbretuckern the @hskpbaarnduseterns etbviRidg a
nmetal reflective filmaccording to claim5, further conprising a netal
reflecti Vi ithiF2sRRif FREARIRGr PRBADYI ngBRAi BRPEERY +efIBcEFETRVETeM from

said liquid diumafter said netal _reflective filmis separated and |ies
in said f%%ugﬁﬁdﬁﬁ?%%?liéi ALEBRo%f or recovering a nmetal reflective film

In accordance with the operations described above, the
separated gold reflective layer 1lb can be efficiently
recovered.

Next, with reference to FIG. 13 and FIG. 14, other
embodiments of the present invention, which are
modifications of the apparatus shown in FIG. 11, will be
described.

FIG. 13 and FIG. 14 show fluid spray means 400 and 500
respectively. The fluid spray means 400 shown in FIG. 13
includes a high-pressure air source 401 and a nozzle 45b
connected to the high-pressure air source 401. High-
pressure air from the high-pressure air source 401 can be
sprayed onto the disk 1 on the elevated cleaning device 91
through the nozzle 45b. Spraying of the high-pressure air
makes the gold reflective layer 1lb, which has been separated
from the disk 1, but still sticks on the disk 1, fall from

the polycarbonate substrate 1d of the disk 1 into water 11



said netal reflective filmbeing forned in a disk recording nedhygl -ﬁﬁ
met hod conprising the steps of: placing said recordi ng nmediumin %qﬁﬁy
medium in a container; applying vibration onto said recording nedium pl aced
in said liquid nediumin order to separate said netal reflective filmfrom
said recording nmediumand to recover said netal reflective filminto said

i quid medium and renoving said separated netal reflective filmin said

.. t ~u,~ zoot - 41 Iliquid nediumfromsaid liquid medium 13. A nethod
for recovering a netal reflective fitnmaceording to claim 12, wherein said
vi bration applied onto said recording nmediumis ultrasonic vibration. 14. A
nmet hod for recovering a netal reflective filmaccording to claim 12,

further Cﬁ{mcrﬂéi %%% gpcf%ayﬂ%mé%sﬂ.d recordi ng medi um before said

vibration is appliée 0 sard rec medi um pl aced in said liquid

medi um 15. ARt B0l grRGAWRIAT 5 oMRhdkn' &6 %ﬂib}.va FiiH03eeu ding to

claim 12, further conprising the step of spraying fluid onto said recording
nedi um af¢ffet rEAPEH5EDraf@COVRE L Al SR L. Ml e B pQFtENE Fatdris
performed to said recording nmediumand said recording nediumis retrieved
out of sassht¢eusal negli spprayed onto the gold reflective layer 1b and

the like which stick on the disk 1 mounted on the cleaning
device 91, and the gold reflective layer 1b and the like are
removed from the polycarbonate substrate 1d of the disk 1
and fall into water 11 in the ultrasonic cleaning bath 21 to
be recovered.

Thereby, the gold reflective layer 1lb and the like
restuck on the disk 1 can be securely recovered into water
11.

Also, a high-pressure air flow and a water flow may be
used at the same time.

FIG. 15 and FIG. 16 illustrate examples of the cleaning
device 91 which is applicable to the embodiments shown in
FIG. 4 and FIG. 11. A groove 91k of the cleaning device 91
shown in FIG. 15 is substantially v-shaped in cross section,
and the maximum width B of the groove 91k is wider than the
width of the disk 1.

A groove 91j shown in FIG. 16 is substantially
trapezoidal in cross section, and the maximum width B of the
groove 91j is wider than the width A of the disk 1.

The cleaning device 91 may have a groove which is

semicircular or elliptic in cross section.
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58, a setting plate 56, a supporting plate 57, two linear
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guides 53 and 53, and a metal mold 51.

The metal mold 51 is fixed on the bottom ends of the
linear shafts 52 and 52 of the linear guides 53 and 53.

Also the center of the metal mold 51 is fixed on a rod 55a
of an air cylinder 55.

The disk 1 is positioned so that the gold reflecti&e
layer 1b and the UV-curable resin top-coat la beneath the
label surface are opposed to the metal mold 51.

Several protruding portions 59 for making grooves are
formed on the bottom surface of the metal mold 51. The
protruding portions 59 are shaped such that the notch
patterns shown in FIGs. 9, 17, 18, 19 and 20 are made on the
label surface side of the disk 1.

The gold reflective layer 1lb and the UV-curable resin
top-coat la of the disk 1 illustrated in FIG. 9 have
checkered notches 1f. The gold reflective layer 1lb and the
UV-curable resin top-coat la illustrated in FIG. 17 have
parallel notches 1g. The gold reflective layer 1lb and the
UV-curable resin top-coat la illustrated in FIG. 18 have
radial notches 1lh. The gold reflective layer 1b and the UV-
curable resin top-coat la illustrated in FIG. 19 have
concentric notches 1j. The gold reflective layer 1b and the
UV-curable resin top-coat la illustrated in FIG. 20 have

random notches 1h.

When the cylinder 55 of the notching means 600 shown in
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the Z1 direction along the linear guides 53 and 53, and
thereby, patterns shown in FIGs. 9, 17, 18, 19 and 20 can be
notched onto the gold reflective layer 1b and the UV-curable
resin top-coat la on the label surface side of the disk 1.
As described above, by preliminarily making notchés
onto the gold reflective layer 1b and the UV-curable resin
top~coat la with the protruding portions 59 (edges) of the
metal mold 51, the separation and recovery of the gold
reflective layer 1b can be performed in a shorter period of

time by using the apparatus for recovering metal reflective
films shown in FIG. 4 or FIG. 11.

Next, with reference to FIG. 21 through FIG. 24, other
embodiments of apparatuses for recovering metal reflective
films in accordance with the present invention will be
described.

The embodiments shown in FIG. 21 through FIG. 24 are
applicable to the recycle apparatus shown in FIG. 4 and the
apparatus for recovering metal reflective films shown in FIG.
11.

A cleaning device 91 shown in FIG. 21 has a plurality
of grooves 91h at a given distance. Thus, the center holes
of the disks 1 can be supported with the grooves 91h.

FIG. 22 shows a state in which the gold reflective

layer 1b of each disk 1 is notched with a notching device
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notched by an edge 710 of the notching device 700. That is,
as the notching device 700 moves in the X1 direction, ;he
gold reflective layer lb and the UV-curable resin top-coat
la of each disk 1 are notched. At this stage, the top end
of the disk 1 is elastically held with urethane rubber 751
on the disk fixing device 750. The urethane rubber 751 is
fixed on steel 752. The disk fixing drive 750 presses the
disk 1 downward with a force F. Thereby, the edge 710 makes
a notch 1m as shown in FIG. 24 cnto the gold reflective
layer 1b and the UV-curable resin top-coat la.

By using the notching device 700 as a notching means
shown in FIG. 22 and FIG. 24, there is no further need to
preliminarily notch the gold reflective layer 1d and the UV-
curable resin top-ccat la by using the notching means 600
shown in FIG. 8.

Also, as shown in FIG. 6, FIG. 15, FIG. 16, and FIG. 22,
if the cleaning device 91 is formed so as to hold a
plurality of disks 1 at a given distance, the gold
reflective layer separation can be performed to many disks
at the same time with the disks not being in contact with

each other. Besides, since water 11 as the medium flows
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easily occur. Preferably, the width of each groove is
larger than the width of the disk so that the disk can
rotate in response to water flow.

With regard to handling, for example, mounting and
retrieving the disk 1 on and from the cleaning device-91, in
accordance with the embodiments of the present invention,
the mounting and retrieving are performed manually, however,
the process may be automated by using a robot, a vacuum
holding hand and the 1like.

Also, it may be possible to integrate notching into the
apparatus during automatic transportation such that.after
notching the disk with the notching means 600 (notching
mechanism) shown in FIG. 8, the notched disk is mounted on
the cleaning device 91.

It is to be understood that the present invention is
not limited to the embodiments described above.

' In the embodiment shown in FIG. 14, water is used as
the medium, however, another type of medium may be used as
follows. Water, as the medium during ultrasonic radiation,
does not necessarily have high purity, and may have
additives as required. For example, by adding a surfactant
into water, separation is accelerated, water is effectively
drained after treatment, and reflective films are prevented

from sticking to disks again. Also, there is no particular
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edges 710 on the notching device shown in FIG. 22 1s, for
example, 160 mm.
With respect:to the metal reflective film, materials

other than gold may be used depending on the types of disks.
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a protective layer;

radiating ultrasonic waves onto said disk recording
medium such that said substrate and said reflective f£ilm are
separated from each other; and

bringing a solution into contact with said substrate
separated from said reflective film such that said dye layer
is separated from said substrate in order to recover said

substrate, said solution dissolving said dye layer.

2. A method of recycling a disk recording medium
according to claim 1, further comprising the step of
preliminarily notching said protective layer or said
protective layer and said reflective film before said disk
recording medium is irradiated with ultrasonic waves in
order to separate said substrate and said reflective film

from each other.

3. A method of recycling a disk recording medium
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according to claim 1, further comprising the step of heating
said reflective film separated from said substrate such that

a component of said protective film attached to said

reflective film is vaporized.

4. A method of recycling a disk recording mediumh
according to claim 1, further comprising the step of adding
a solution for dissolving said dye layer onto said ligquid
medium before said disk recording medium is irradiated with
ultrasonic waves in order to separate said substrate and

said reflective film from each other.

5. An apparatus for recovering a metal reflective film,
said metal reflective film being formed in a disk recording
medium, said apparatus comprising:

a container for holding a liquid medium;

an operation means for retaining said recording medium,
placing said recording medium in said ligquid medium in said
container, and retrieving said recording medium after said
metal reflective f£ilm is recovered; and

a vibration means for vibrating said recording medium
placed in said liquid medium in order to separate said metal
reflective film from said recording medium and to recover

said metal reflective film into said liquid medium in said

container.
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according to claim 5, wherein said vibration means is an

ultrasonic generator for generating ultrasonic waves.

7. An apparatus for recovering a metal reflective film
according to claim 5, further comprising a notching means
for notching said disk recording medium before said

recording medium is placed in said ligquid medium in said

container.

8. An apparatus for recovering a metal reflective film
according to claim 5, wherein said operation means for said
recording medium comprises a fluid spray means for spraying
fluid onto said recording medium after treatment for
recovering said metal reflective f£ilm is performed to said

recording medium and said recording medium is retrieved out

of said container.

9. An apparatus for recovering a metal reflective film
according to claim 5, wherein said operation means for said
recording medium comprises a retainer for retaining a
plurality of recording media at a given distance, and a
drive means for placing said retainer into said liquid

medium in said container and removing said retainer from
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reflective £ilm removal means for removing said metal

reflective f£film from said liquid medium after said metal

reflective film is separated and lies in said liquid medium.

12. A method for recovering a metal reflective film,
said metal reflective f£ilm being formed in a disk recording
medium, said method comprising the steps of:

placing said recording medium in a liquid medium in a
container;

applying vibration onto said recording medium placed in
said liquid medium in order to separate said metal
reflective £ilm from said recording medium and to recover
said metal reflective film into said liquid medium; and

removing said separated metal reflective film in said
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applied onto said recording medium placed in said liquid

medium.

15. A method for recovering a metal reflective film
according to claim 12, further comprising the step of
spraying fluid onto said recording medium after treatment
for recovering said metal reflective film is performed to
said recording medium and said recording medium is retrieved

out 'of said ligquid medium.



