METHOD OF RECYCLI NG DI SK RECORDING MEDI UM AND APPARATUS FOR
RECOVERING' METAL REFLECTI VE FI LM BACKGRCUND CF THE NVENTI ON  1.. Field of

t he | nvénti on The present invention cp fret hod of recycllng
a dISk ecordlng medi um whi ch has a Iayered uc uréJ Pncl uding a
‘substlirate, a dye layer, a reflective film and a protective |ayer. 2.
Desquptlon of the Related Art Di sk recordi ng. medi a, such as opti cal

di sk's, have been wi dely used, for exanple for recording nusic, imges, and
|nfornat|on because of their capabllltx of high-density recording. In
parti€ul.ar, conpact disks (CDs) and other optical disks in the CD famly
have -been used on a large scale. Under the present circunstances,
mnth regard to the

o METHOD OoF RECYCLING DISK RECORDING MEDIUM AND APPARATUS FOR

RECOVERING METAL REFLECTIVE FILM

“BACKGROUND OF THE TNVENTION
1. Field of the Invention

The present .invention relates to a method of recycling
‘a disk recofding'méﬁiﬁm which has a layered structure
including a substrate, a dye layer, a reflective film, and a
protective layer.

2. Description of the Related Art

Disk recordiné media, such as optical disks, have been
‘widely used, for éiﬂﬁble; for recording music, images, and
information becausé of their capability of high-density
recording. In particéular, 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 récycling of optical disks such as
compact disks is being investigated. Most optical disks_on
the market are reaékéhly type, such as CDs. As shown in FIG.
1, for example, a CB includes a polycarbonate substrate L3,
an aluminum reflective film L2, and a protective layer L1
deposited in that order.

In a conventidnal method of recycling disks, disks are

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



I ssue of waste, the recycling of optical disks such as conpact di sks is
bei*ng-+nveésti gated. Mst optical disks on the market are read-only type,
sugh .as CDs. As shown in FIG 1, for exanple, a CDincludes a

pol'ycar bonate substrate L3, an alumnumreflective filmL2, and a

protective layer L1 deposited in that order. In a conventiona
~method of recycling disks, disks are crushed as they are and nolded. 1In
such a case, the - 2- conmponent s

of the protective layers and reflective filnms are also mxed into the
nol ded product. It is not possible to recover the reflective filnms only,
and t he nol ded product Is not transparent. Thus, the nolded product is
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from .
"gecover the reflective films only, and the molded product is

Eﬁbt transparent. Thus, the molded product is applicable
“only for limited usage.

| In another method, disks are immersed in an acid or an
“dlkaline solution to dissolve aluminum reflective films,
%%hereby protective layers and substrates are separated from
Y8ach other, and thus, the substrate resin is recycléd. In
1-"‘;-:-l'\;‘-.’h:i.s method, the recycled substrates are transparent and can
E%e reused in a relatively wide usage, however, it is
“difficult to recover reflective films.

Apart from the read-only disks, recordable optical
i"-;J-:%L__’i:i.s.ks are also on the market. Although there are several
?%yPes that are recordable, the present invention relates to
’%ptical disks which have a layered structure, as shown in
}%IG. 2, including a substrate L7, a dye layer L6, a
+eflective £ilm L5 and a protective layer L4. Generally, in
this type, recording is allowed only once. An example of
ifhis 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 dyg, and a
‘guencher, a gold reflective film, and an ultraviolet-curable
resin such as an acrylic resin.

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



each other; and thus, the substrate resin is recycled. In this nmethod, the
reCycrFed-substrates are transparent and can be reused in a relatively w de
usage, however, it is difficult to recover reflective filns. Apart
frdim the read-only di sks, recordable optical disks are also on the market.
Al though there are several types that are recordable, the present

i nvention relates to optical disks which have a | ayered structure, as
shown in FIG 2, including a substrate L7, a dye layer L6, a reflective
filmL5 and a protective layer L4. Geneyally, in this type, recording is
al l owed only once. An exanple of this type is a CD-R (recordabl e conpact
disk). The CD-R includes, for exanple, a polycarbonate substrat e,
additives , such as an organic _dye, for exa ani ne dye, and a

quencher, ?&9&?@&nﬁeﬂﬁé5tlvélﬂﬁtﬁ} whdeand] qg}avvbl ih,tH9 da¥egedn such as

an acryllct&%%kgres descri%ed agggg ége g%@%a é ‘%%Eé 'ﬁzeb@’ﬂP denSIty

égf, for example, an adhesive as shown in FIG. 3. That is,
iﬁrotective layers L1l and L11 are adhered together with an
“{ahesion layer B, and a dye 1ayer L9, a gold reflective film
i"1;10, and a protective layer L1l are deposited on a substrate
'ﬁa in that order on both sides. In these typeés of disks, in
addition to substrates, expensive gold reflective films are
ﬁsed,-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
'ébove, only an extremely hazardous solution, for example,
“ﬁqua regia, can be used. Also, by treating the whole disks
“ﬁt 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.



-3-  recording disk: digital video disk), in which tw |ayered

st ritct egr'es descri bed above are | aninated together by nmeans of, for
exanpl e, an adhesive as shown in FIG 3. That is, protective layers L11
and L11 are adhered together with an  adhesion layer B, and a dye |ayer L9,
a gold reflective film L10, and a protective layer L11 are deposited on a
substrate L8 in that order on both sides. In these types of disks, in
addition to substrates, expensive gold reflective filnms are wused, and

t hus, the recovery of reflective filns dhas been desired. For that purpose,
although it nmay be possible to use a solution which dissolves reflective
films as described above, only an extrenely hazardous solution, for

exanpl e, ?gﬁ%R&egbaTHﬁaENgﬁ%¥?89 Al so, by treating the whole disks at

hi gh tenpe or gani T sU ances such as substrates are burnt and gold

only: can be regpveg %?1 é‘t? Y€l ar ﬁﬁ(?r%se%t EﬁgenrtESnSHBS%:Fé‘&fdé l‘?' N Cagg"t

be recovered I ca escCri above

FIG: 3, hﬁﬁé%n%a' éfeigéyéﬂﬂﬁt&ié’k'f@é&fﬁ n%]mﬁtar alies whd¥e thavers,

refl:iective fil proteCtive | ayers ere is a need for recovering
the substkab8tratBe,d¥fel 2¥eisct 8 £iMns |/ eid@aitey iyl lcdmpeapatat eby. In

partlcular I f the dye
‘gseparated and at least the substrates are securely recovered
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 film, and a
‘protective layer, includes the steps of radiating ultrasonic
‘'waves onto the disk recording medium in a liguid medium sueh
‘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, and the pure substrate

component alone can be recovered.



conponents:of the dye layers are not recovered separately fromthe
subStratés, the resinous substrates cannot be recycled.

-4- SUMVARY OF THE | NVENTI ON It is an object of the present
invention to provide a method of recycling disk recording nedia, in which
the substrates, the reflective filnms, and the dye conponents are
separated and at | east the substrates are securely recovered for
recycling. In order to achieve the object described above, in
accordance with the present invention, sanethod of recycling a disk
recordi ng medi um which has a |l ayered structure including a substrate, a
dye:l-ayer, a reflective film and a protective |ayer, includes the steps
of yadiating ULrasenisy auss SlistAde dakokeebdlagegrgiunyn @ iaul d

éf}f?éxcluding the dye component and the reflective film.

Also, in accordance with the present invention,
zgéreferably, by notching at least the protective layer
_iﬁetween the protectivé layer and the reflective film when
“the substrate and the reflective'film are separated from
- .-“sach other by ultrasonic radiétion in a liquid medium, at
“least the separation speed of the protective layer can be
f""';f;tccelt-zra.ted, and efficiency in separation and recovery with
ffespect to the substrate and the reflective film can be
‘enhanced.
Also, in accordance with the present invention,
"'Epreferably, by heating the separafed 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 dissoclves 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;



that the substrate and the reflective filmare separated from each other
and-bringi ng a solution which dissolves the dye |ayer into contact with
the substrate such that a dye conponent is separated in order to recover

t hé substrate. I n accordance wi'th the present invention, first, the
substrate and the reflective filmare separated fromeach other by

radi ating ultrasonic waves, in a liquid nmedium onto the disk recording
medi um whi ch has a | ayered structure including the substrate, the dye

| ayer, the reflective film and the protective layer. Then, the substrate
I's brought into contact with a solution which dissolves the dye |ayer.
Thus, the dye conponent is renpbved, and the pure substrate conponent al one

can be recovered. . . - 5-

Accordi ngly, tREGsubsthee aneHAnDlec Sfepedisks EpFording,pediify t he dye
conponent and the reflective film Alio, I n_accordapce with the
pr esent inventFBﬁ; 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 é 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 éhows 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 embodiment 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;



preferably; by notching at |east the protective |ayer bet ween t he

prot ect.i ve layer and the reflective filmwhen the substrate and the
reflective filmare separated from each other by ultrasonic radiation in
a FFiquid nedium at | east the separation speed of the protective |ayer
can be accel erated, and efficiency in separation and recovery with
respect to the substrate and the reflective film can be enhanced.

Al so, in accordance with the present invention, preferably, by heating
the separated reflective filmto r-egover the reflective film efficient
recovery of the reflective filmcan be perforned. Al'so, in
accordance with the present invention, preferably, by adding a solution

t hat di ssol ve e e | ayer t u . dye conponent is

separ at ed ?Ii:%% tﬂé/e ?ré%vi’ f)%% es’%@‘?t reatlag \%h?%‘gﬁ%ggs%%\g%%t e agg t he

reflective filmare separately J:é%?@‘i%r 8¢ ?TBE§an§.ﬂ§ devi&si nous substrate
i rat el'y y

conponent can be recovered sepa romthe e | ayer. BRI EF

DESCRI PTI ON OFp JE DRAMINGS & aisk hatiBg & BBewEeangsxanpbei&étaveli sk
recordi ng nedi um
‘layer:
FIG. 18 shows a disk having a notched gold reflective
‘layer; |
FIG. 19 shows a disk having a notched gold reflective
layer;
FIG. 20 shows a disk having 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 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



-6 FIG 2 shows an exanple of a disk recording nedi um FIG 3
shows @an exanpl e of a disk recording nmedi um FIG 4 shows a recycle
apparatus as a preferred enbodinent for performng a nethod of recycling
di Sk recording nedia in accordance with the present invention; FIG 5
shows an exanple of a disk to be recycled; FIG 6 shows a state in

whi ch a cl eani ng device of the apparatus showmn in FIG 4 retains a
plurality of disks; FIG 7 shows a control block diagram of the
recycle apparatus shown in FIG 4; _ g FIG 8 shows an exanple of a
notching neans for notching at |east a protective layer in a disk;

FIG 9 shows an exanple of notches nmade with the notching neans; Fl G
10 is a flow chart showi ng an exanple of the_ nethod of recycllng di sk
record|ngtﬁebﬁaupﬁeﬁéﬁépéaﬁbétmﬁhﬁ s¢oRe fedditt invedtiognis” not

‘limited to the disclosed embodiments unless there is a
‘mention of limitations.

First, FIG. 4 shows an example of a recycle apparatus
for carrying out a preferred embodiment of a method of
‘recycling disk recording media iﬁ accordance with the
present invention.

A recording medium (hereinafter referred to as a disk)
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
14. :

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 1b will be
recycled, and also the scope of the recycling of the
polycarbonate substrate 1d will broaden.

The recycle apparatus 100 includes, an ultrasonic

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



FIG 11 shows an apparatus for recovering netal reflective filns as an
enbodinent of the present invention; FIG 12 shows a control block
diggran1of t he apparatus shown in FIG 11; FIG 13 shows an
apparatus for recovering netal reflective filnms as an embodi ment of the
present invention; FIG 14 shows an apparatus for recovering neta
reflective filnms as an enbodi nent of the present invention;

-7- FIG 15 shows an exanple of a cl eaning device; - FIG 16
shows an exanple of a cleaning device; 9 - FIG 17 shows a disk having a
not ched gold reflective |ayer; FIG 18 shows a disk having a notched
gold reflective |ayer; FIG 19 shows a disk having a notched gold

refl ective
) ultrasonic generator 22 as a vibration means, a base 31, and

‘the like.

A mounting plate 85 of the operating unit 60 is
perpendicularly fixed onto the base 31. The ultrasonic
cleaning bath 21 is preferably set in a detachable manner or
fixed onto the base 31 near the ﬁounting plate 85. The
ultrasonic cleaning bath 21 contains a given &mount 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 Z
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,



| ayer; - FIG 20 shows a disk having a notched gold reflective |ayer;
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

shéwn in FIG 21 are notched; FIG 23 shows an exanple of an edge on a
notching device showmn in FIG 22; and FIG 24 shows a notching
device and the-like shown in FIG. 22. DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS The preferred enbodi nents of the present invention wll

be_described in detail wth referencg_&g the attached draw ngs.
Wil e various technically preferred limtations are placed on the
preferred enbodi nents described below, it is
| “for example, two grooves 91h are shown). A maximum diameter
‘d1 of the cleaning device 91 is set smaller than an inside
‘diameter of the disk 1 such that the cleaning device 91 can
‘be inserted into a center hole of the disk 1.

Each of the grooves 91h places a portion 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 nétches,
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



- 8- to be understood that the scope of the invention is not limted to
t he discl osed enbodi nents unless there is a nention of Iimtations.

First, FIG 4 shows an exanple of a recycle apparatus for carrying out a
preferred enbodi mrent of a nmethod of recycling disk recording media in

accordance with the present invention. A recordi ng nedi um
(hereinafter referred to as a disk) 1 to be treated with a recycle
apparatus 100 shown in FIG 4 wll be briefly described with reference to
FIG b5. The disk 1 is, for exanphe, -a CD-R (recordabl e conpact di sk)

which is an optical disk, and has a |layered structure including a
pol ycarbonate substrate 1d, a recording dye |ayer (dye layer) 1lc, a gold

reflective | %{wégefl ctiv%, La gr% éb as a netal reflective film and a
t op- coat Iu%}%?/ 4 'c&n%ﬁg_&‘f of’ Ué—ﬁ r QBT EY Lﬁ’lf‘?éd*ﬁfrﬂcﬁ’t PRRCHSe) OFedin.
U1 9T OUERLL SR, N HeAR ok B LIS AL S el
substraleaadaiﬂ%éﬂa%r@ %%f&e@k&betmgyer 1b and the UV-curable resin
top-coat layer la in the disk 1 are separated and recovered.

On the other hand, the notching means 600 shown in FIG.

8 is used so that recovery efficiency of the gold reflective
layer in accordance with the recycle apparatus 100 shown in
FIG. 4 can be enhanced by actively notching the gold
reflective layer 1lb and the UV-curable resin top-coat layer
la, in advance, with a pattern shown in FIG. 9.

The notching means 600 includes a positioning section
58, a setting plate 56, a supporting plate 57, two linear
guides 53 and 53, and a metal ﬁold 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 reflective
layer 1b and the UV-curable resin top-coat 1la 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 1f shown in FIG. 9 is made on the label

surface side of the disk 1.



recycl e apparatus 100, the gold reflective layer Ib will be recycled, and
al so the scope of the recycling of the polycarbonate substrate |d wll

br oaden. The recycl e apparatus 100 includes, an ultrasonic cleaning
bath 21 as a container, an operation unit 60, an

-9- ultrasonic generator 22 as a vibration neans, a base 31, and the

i ke. A nounting plate 85 of the operating unit 60 is perpendicularly

fixed onto the base 31. The ultrasonic cleaning bath 21 is preferably set
in a detachable manner or fixed onta ghe_-base 31 near the nounting plate
85. The ultrasonic cleaning bath 21 contains a given amount of water 11
as a nedium The ultrasonic generator 22 is placed on the inner bottom of
the ultrasonic_cl eaning bath_21. ration _uni o&?.is.a devi ce

Th
for placing a UPSR Ghe g¥pinderi?y of td}esﬁgoq%?ﬁlﬁxwgpsl tfii h™t he

U|trasom(%peration, the metal mold 51 moves 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 1b and the UV-curable resin top-coat la on
the label surface side of the diék 1.

As described above, by preliminarily making notches
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 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



cleaning bath 21, and retrieving the disks 1 out of water 11 after the
gold reflective layer |b is recovered. An air table cylinder 82 as a
drive nmeans is assenbled into the nounting 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 l|ower-end stopper 83 is nounted on the bottomend of
the cylinder 82. A novable table 81 is noved along a rod 82a in the Z
direction (vertically) by means of air pressure. A cl eani ng devi ce
(retainer) 91 is nmounted on the novabjg 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 91lh are formed at a given
di stance L along the cleaning device 91 %iQ,FLG. 6é ,
- 10 - ViBragiahple, Ot vo 4FBovEs "OER - aPELLRLGRT . SAPARXT Hin TR er
‘performed. Also, a single disk, or a plurality of disks at
“the same time, may be treated.
Regardless of whether ultrasonic treatment is performed
during or after, water as a medium may be circulated, and by
‘the circulation, separation can be accelerated, and
resticking of the separated reflective films &and the like
onto the substrate can be prevented.
Also, if notches are made on the side of the protective
layer (top-coat layer la) of the disk before ultrasonic
radiation, the separation of the reflective film 1b is
accelerated, which is very effective. There is no
particular condition with respect to a notching means, and
instead of the edges (protruding portions 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. BAlso, there is no particular



dl of the cleaning device 91 is set smaller than an inside dianmeter of the
di sk *.such that the cleaning device 91 can be inserted into a center hole
of the disk 1. Each of the grooves 91h places a portion which
cohstitutes a center hole 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, or rotated in the direction R of rotation. As the water
11 shown in FIG 4, for exanple, pure water or tap water may be used.

FIG 7 schematically shows a control bliack di agram of the recycle
apparatus 100 shown in FIG 4. A control 101 is connected to a starting
swtch 102, the air table cyllnder the ultrasonic generator 22, and so

f d
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reflective | ayer curable resin top-coat layer la in the disk
1 by meansgpd 5ﬁ%&ééiaﬁiék is divided into the substrate, and the

reflective film and the protective layer.

Next, a method of recycling-in accordance with the
recycle apparatus 100 shown in FIG. 4 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 1l.

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,



apparatus 100 shown in FIG 4. In accordance with the enbodi nent
shown*in FIG 4, a used di sk, a defective disk during
production process, or an unused disk is nounted as it is on the cleaning
device 91, and the gold reflective l'ayer Ib and the UV-curable resin
top-coat. layer la in the disk 1 are separated and recover ed. On the

ot her hand, the notching neans 600 shown in FIG 8 is used so that
recovery efficiency of the gold reflective l|ayer in accordance with the
recycl e apparatus 100 shown in FIG -431san be enhanced by actively notching
the gold reflective layer Ib and the UV-curable resin top-coat |ayer |Ia,

I n advance, with a pattern shown in FIG 9. The notchi ng nmeans 600

57 twg | GaPoBAes 23 oo AoGUSRAR S FRUH Mo s 2 ShBUREEE 6B, P10 G
51 1is fix%ﬂ %%II%%p%%&&%g%%Q9518fséggnds, the UV-curable resin top-

coat layer la and the gold reflective layer 1b are separated

from the polycarbonate substrate 1d in the disk 1 shown in

FIG. 5.

The separation (cleaning) méchanism 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 occufs because of overlapping of an incident wave and
a reflected wave. This is 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 vertically 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 separationmn.

The ultrasonic generator 22 is stopped, and the movable



|l i near shafts 52 and 52 of the |linear guides 53 and 53. Also the center of
the netal nold 51 is fixed on a rod 55a of an air cylinder 55. The
disk 1 is positioned so that the gold reflective layer Ib and the
UV-curable resin top-coat |a beneath the |abel surface are opposed to the
metal nold 51. Several protruding portions 59 for making grooves are
formed on the bottom surface of the netal nold 51. The protruding portions
59 are shaped such that, for exanple, a notch pattern 1f shown in FIG 9
is nade on the | abel surface side of aﬁe_disk 1

- 12 - When the cylinder 55 of the notching neans 600 is in
operation, the netal nold 51 noves downward in the Z1 direction along the

| i near guides 53 and 53, and thereby, the pattern shown in FIG 9 can be
not ched orfd®lehdlgdisjelevated. With the movable table 81 elevated,

the disk 1 is retrieved from the cleaning device 91.

The disk 1 from which the gold reflective layer 1b and
the UV-curable top-coat layer la have been separated
includes the recording dye layer lc and the polycarbonate
substrate 14 as shown in FIG. 5.. The UV-curable resin top-
coat layer la and the gold reflective layer 1b float or sink
in the water 11 after the separation.

The top-coat layer la and the gold reflective layer 1b
can easily be separated from the water as the medium by
means of a net or the like. The gold reflective layer 1lb is
recycled as a valuable material.

Although the ultrasonic generator is operated only when
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 1d, 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 1lc from
the substrate 1d, immersion into a solvent which dissolves

dyes, or spraying of the solvent are proposed.



reflectivelayer I'b and the UV-curable resin top-coat la on the |abel
surface side of the disk 1. As descri bed above, by prelimnarily
maki ng notches onto the gold reflective layer |Ib and the UV-curable resin
top-coat la with the protruding portions 59 (edges) of the netal nold 51,
the separation and recovery of the gold reflective layer |Ib can be
performed in a shorter period of time by using the recycle apparatus 100
shown in FIG 4. I n accordance with the enbodi ments of the present
invention, a disk is irradiated with ultfrasonic waves in water as it is,

or after notches are nade onto the reflective layer Ib and the top-coat

| ayer la with the notching nmeans 600 as shown in FIG 8, or after the disk
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however, nor e expensi ve energy density
caused by HhEEaEQHI&lSSOlVe the dye component may be used. For

instance, an alcoholic solvent, for example, ethanol,
methanol, isopropyl alcohol, and'n-butyl alcohol; ethylene-
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 1c 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



- 13 - vibrationis 0.5 Wcecnferr] or nore, efficient separation can be
performed. Also, a single disk, or a plurality of disks at the sane tine,
may be treated. Regar dl ess of whether ultrasonic treatnent is
performed during or after, water as a nmedium may be circul ated, and by
the circul ation, separation can be accelerated, and resticking of the
separated reflective filnms and the like onto the substrate can be

prevent ed. Al so, if notches are nade on the side of the protective

| ayer (top-coat layer la) of the disk QRgfare ultrasonic radiation, the
separation of the reflective filmlb is accelerated, which is very
effective. There is no particular condition with respect to a notching
means, and instead of the edges &protruding ortions 59) shown in FIG 8§,
an el ect r iRITeaves dFaf thepsuksrgate E}éh%?ng?eb’éeml"%ft%dﬁ t he
depth, posjition, and nunber. of notches do not have any limtatiaqns, the
nost pr ef érsdmeé.%ﬁqpqgattq@atfrom the substrate. There is no specific

limit to the amount to be added, however, if the amount is
too small, no effect is obtained, and if the amount is too
large, the ultrasonic effect is reduced by half, and also
there is a problem in view of haﬁdling an organic solvent.
Therefore, 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 Epe 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.



whi ch extends fromthe protective |ayer side onto the dye |ayer.
Water ,».as the mediumduring ultrasonic radiation, does not necessarily
have high purity, and nay have additives as required. For exanple, by
adding a surfactant into water, separation is accelerated, water is
effectively drained after treatnent, and reflective filnms are prevented
from sticking to disks again. Also, there is no particular

- 14 - condition of tenmperature during ultrasonic radiation, and good
results are obtainable at roomtenperatuye. In accordance with
ultrasonic treatnent described above, ]the optical disk is divided into the

substrate, and the reflective filmand the protective |ayer. Next, a
nmet hod of recycling in accordance with the recycle apparatus 100 shown in
FIG 4 will be StexiShed Ssipeiratectipeseddtpelestive iy (mgtal

film or metal layer) from the substrate.

Step S4: The gold reflective layer and the protective
layer (protective film) separated from the substrate are
obtained.

Step S5: Incinerate the goid reflective layer and the
protective film by heating at a temperature that is nearly
the melting point of the metal reflective layer, for example,
at approximately 1,200°C, in order to remove the protective
£ilm 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 golad
reflective layer has been separated, in order to separate
the dye, and recover, for example, the resinous substrate
alone. .

Step S§9: 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 S1l.

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.



Wth the novable 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.

Al so, 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 novable in the Z direction,
and also, the disk 1 can be slightly ggved along the axis of the cleaning
devi ce 91. Next, the novable table 81 is | owered by neans of the
cylinder 82. Wth the table 81 |owered, the disks 1 are conpletely

i mersed in water 11. When the starting switch 102 shown in FIG 7 is
pressed by anBEp€P§PUPr19EetE%n¥?%AHQRﬂ_%ﬂ?giﬁ?tﬁhéoupFr§§SﬁPéedgeﬁErator

22. B ivatin h ltr ni r r
y athanat‘oe etcyecll{adt, af%% eg{ﬂgege agg a méterlal for substrates

for disk recording media or the like. The recovered
substrate may be pelletized to produce polycarbonate resin
pellets.

In the following example, a'CD—R disk (product number:
CDQ-74A) manufactured by Sony Corporation was used as an
optical disk 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 apparatus 100 shown in FIG. 4, an ultrasonic cleaner
(26 kHz, 600 W) manufactured by Kaijo Corporation was used.
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 1l cm
checks. Next, the protective film and the metal powder of

the reflective film were separated. After taking the



- 15 - for exanple, at a frequency of 26 kHz, with an output of 600 W
for approximately 10 seconds, the UV-curable resin top- coat |ayer |la and
the gold reflective layer | b are separated fromthe pol ycarbonate
substrate Id in the disk 1 shomn 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
reaction acceleration. In accordance with the enbodi mrent of the present

i nvention, since water is used as a medium there is little chem cal
reaction accel eration. In general, when an ultrasonic wave
perpendicularly enters into, for exanple, a rigid body, a wave that does
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may be used.

(3) A disk was cut by a cutfer approximately 2 by 2
centimeters square, and ultrasonic waves were "applied for
five minutes while stirring. 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 out the substrate resin from the liquid, the
liquid was filtered to remove the protective f£ilm stuck to
the metal film and the metal powdér, which was left in the
air to be dried.

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



91 which has a cl earance under the center hole of the disk 1, the flow
caused by water 11, as the nedium rotates the disk 1, thus, preventing

t he uneven separati on. The ultrasonic generator 22 is stopped, and

t he novabl e ' - 16 - table 81 is

el evated. Wth the novable table 81 elevated, the disk 1 is retrieved from
t he cl eani ng devi ce 91. The disk 1 fromwhich the gold reflective

| ayer I'b and the UV-curable top-coat |ayer |a have been separated

i ncludes the recording dye |ayer 1lc angst he pol ycarbonate substrate 1d as
shown in FIG 5. The UV-curable resin top- coat layer la and the gold
reflective layer 1b float or sink in the water 11 after the separation.
The top-co€t I%¥er la and the gold reflective layer |b can easily be
separ at ed TR E He! water as the medi um by neans of a net or the |ike. The
gol d refl%&h£ﬁ£diayer b is recycled as a valuable materi al.

Solvent Dye Effect on
Dissolution | Substrates
Methanol Observed None
Ethanol Observed None
Isopropyl alcohol Observed None
N-butyl alcohol Observed None
Ethylene-1,2-diol Observed None
Glycerin Observed None
2-methoxyethanol Observed None
2-ethoxyethanol Observed None
2-hydroxy-2-methyl-3-butanone Observed None
4-hydroxy-2-butanone Observed 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
[Taéle 2]
TABLE 2
Solvent Dye Effect on
Dissolution | Substrates
N-hexane None None
Water None None




Al t hough the ultrasonic generator is operated only when the disks are in
wat er *i. n accordance with the enbodi nent of the present invention, the
ultrasonic generator may be activated at all tines. Al t hough the
recording dye.layer 1lc is attached onto the substrate 1d, the substrate
resin can be used as a recycling material as it is by crushing or other
treatnent. However, if a dye conponent remains, coloring appears on the
recycled resin, resulting in Iinitatign?3op usage after recycling. As
a nmethod of renoving the recording dye Tayer 1c from the substrate 1d,

I rmersion into a solvent which dissolves dyes, or spraying of the solvent
are proposed. - 17 - Al t hough
there are ndTepéei Bic conditions required for a solvent to be used in the
above nethod, a solvent that does not affect the pol ycarbonate of the

substrat e TABLEnd

Solution Composition Dye Dissolution
Water/Ethanol (99/1) Partially observed
Water/Ethanocl (95/5) Observed
Water/Ethanol (80/20) Observed
Water/Ethanol (60/40) Observed
Water/Ethanol (40/60) Observed
Water/Methanol {99/1) Partially observed
Water/Methanol (95/5) Observed
Water/Methanol (80/20) Cbserved
Water/Methanol (60/40) Observed
Water/Methanol (40/60) Observed
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, n-hexane and water presented
in TABLE 2 do not dissolve dyes. Also, solutions having the
composition presented in TABLE 3 dissolve dyes, excluding
water/ethanol (10%).

[0032]

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 disks, for example, digital video



that can di ssolve the dye conponent may be used. For instance, an
al cohdtic solvent, for exanple, ethanol, nethanol, isopropyl alcohol, and
n-butyl al cohol; ethylene- 1,2-diol and glycerin; a cellosolve solvent,
for exanple, 2- nethoxyethanol and 2:ethoxyethanol; and a hydroxyketone-
based sol vent, for exanple, 2-hydroxy-2-nethyl-3-butanone,
4- hydr oxy- 2- but anone, and 4- hydr oxy-4-net hyl - 2- pent anone, nay be used.
Consequently, the recording dye layer 1lc is dissolved, and the resin of
the substrate 1d can be recycled as a _transparent resin. In such a case,
i f a general - purpose solvent, for exarple, acetone or toluene, is used,
the solvent is absorbed by the pol ycarbonate substrate, thus, resulting
in difficulty in recycling the resin of the substrate 1d. Al so, a
m xture ofdiss dRVDsnyande lased, daslsi {LBs). | east a sol vent descri bed above
is included, for exanple, by properly mxing ethanol with water, the
obj ect of the Ipré&Benembadinents shewbeimdHiGvdd. FIG. 8 hhdt hhesbikent
descri bed above is added to the water in the ultrasonic cleaning bath 21
shown in R dskf ilng 1nyparaddpilctpagnal obhen. taratsulistaditdally t he dye
| ayer can .
y vertically retained with the cleaning device, however, the
individual disks may be retained obliquely in relation to
the vertical direction, or another retaining method may be
used. Also, a single disk or a plurality of disks may be
retained with the cleaning device.

The method of recycling disk recording media in
accordance with the present invention is of course
applicable to a disk recording medium 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 Ll1ll, 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



- 18 - be renmoved fromthe substrate while the reflective filmlb 1is
bei ng separated fromthe substrate. There is no specific |imt to the
anmount to be added, however, if the anmount is too small, no effect is
obtained, and if the amount is too l|arge, the ultrasonic effect is reduced
by half, and also there is a problemin view of handling an organic
solvent. Therefore, preferably the anount ranges from2%to 50% and nost
preferably the anount ranges from5%to 30% Also, a mxture of solvents
may be used. Also, with respect t 5th_e separated netal reflective
filmlb and the protective layer la shoWwn in FIG 5, the conponent of the
protective film which is an organic substance, is vaporized by high
tenperature treatnent, and the netal conponent al one can be recovered.
There i s nshowpein fREG nethohalayidsis eensorst B6 Angh87 enpenatak e t r eat nent,
and treatment with an oven or the like is possible. If the

reflective film removal means 300, and a nozzle 45a as a

fluid spray means, in addition to the units of the recycle

apparatus 100 shown in FIG. 4.

The apparatus for recovering metal reflective films 200
includes an ultrasonic cleaning bath 21 as a container, an
ultrasonic generator 22 as a vibration means, "an operation
unit 260, the metal reflective film removal means 300, and
the nozzle 45a as a fluid spray means.

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



treatnment tenperature is higher than the nelting point of the netal in the

reflective film the recovery of the metal wll be facilitated. An
exanpl e of the nmethod of recycling disk recording nedia, which is

descri bed above, is shown in FIG 10." Step S1: Preferably notch at

| east the protective layer in the disk. Step S2: Apply ultrasonic
vibration to the disk in a liquid nmedium

- 19 - Step S3: Separate the gold reflective |layer (netal filmor
nmetal layer) fromthe substrate. _f%ﬁﬂl S4: The gold reflective |ayer

and the protective layer (protective film separated fromthe substrate

are obtai ned. Step S5: Incinerate the gold reflective |ayer and the
' connected to a directional valve 44 with a pipe 47c¢
therebetween. One of the outlets of the directional 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, the water
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
47¢c, the directional valve 44, the pipe 47d, the nozzle 45a,
and the ultrasonic cleaning bath 21, in that order.

FIG. 12 shows an example of a control block diagram of
the rapparatus for recovering metal reflective £ilms 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.



protective filmby heating at a tenperature that is nearly the nelting
point ‘of the netal reflective |layer, for exanple, at approxinmately
1,200[err]C, in order to renove the protective filmfromthe gold
reflective layer, and thus, gold alonée is obtained. Steps S6. S7.
and S8: 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 resinous

substrate al one. Step S9: Filterz7the dye obtained in Step S6 with,
for exanple, a nmechanical filter, to conpletely separate inpurities from
t he dye. Step S10: Refine the filtered dye in a colum, and the

Pol yoat bonat 6 T EAARRe Lo Tan JOARRS LERS R oTRHLS 1Y BB S8R ool d al one

can be obtal 46tk &N | the ! i tihd 41REEC79Y8n8 200081 GRL R d¥P Gne
upper-end sensor 86. The control 71 operates the ultrasonic
generator 22 and the pump 43 in response to the signal of
the lower-end sensor 87. After a predetermined period of
time which is sufficient for the separation, the control 71
stops the ultrasonic generator 22 and elevates the air table
cylinder 82. Upon receiving the signal from the upper-end
sensor 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 wifh the cleaning device 91 by an operator, and
unseparated disks are mounted on the cleaning device 91.
When the starting switch 72 is 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
ieflective layer 1lb 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
1b and the UV-curable resin top-coat layer la are recovered

at an appropriate moment, the operation of recovering the



- 20 - By recovering the resinous substrate to be recycled, it can
be recycled, for exanple, as a material for substrates for disk recording
media or the |ike. The recovered substrate nay be pelletized to produce
polycarbonate resin pellets. In the foll owi ng exanple, a CD-R disk
(product nunmber: CDQ 74A) manufactured by Sony Corporation was used as an
optical disk 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 appgratus 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) Utrasonic waves

Subst At ¢ MBI FEURELIYE, TS PR BETVLE 1T | TS AR T ThgOne ol 11 m and
A Ter t akiRs e Ynatuare 1Bubesto, neoFadi uité R Ml e, Tl erea to
renmve th%é%é?f%%%f%% %%E”E%E%%%ry percentage of the whole reflective

£ilm and the like. By working the pump for a certain period

of time, water 11 from the nozzle 45a washes off the gold

reflective layer 1lb stuck on theldisk 1 and returns it into

the ultrasonic cleaning ba;h 21, and thereby it is recovered

by the mechanical filter 42.

In accordance with the operations described above, the
separated gold reflective layer 1b 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 alr 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 1b, 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



to the netal film and the nmetal powder, which were left in the air to be
dried.” (2) The protective |ayer side of a disk was notched, for
exanple, with a razor, in a checkered shape having 1 cm checks. Next, the
protective filmand the nmetal powder of the reflective filmwere
separated. After taking the - 21 -
substrate out of the liquid, the liquid was filtered to renove the
protective filmstuck to the netal filmand the netal powder, which were
left in the air to be dried. Instead @b the razor, the notching nmeans 600
shown in FIG 8 my be used. (3) A disk was cut by a cutter

approximately 2 by 2 <centineters square, and ultrasonic waves were applied
for five mnutes

\ _ ile stirring., Th bfirate havi ng the dye, the
protective¥i 6?5881Fh81ﬁ€géngﬁFﬁ$ and the metal powder of the
reflective fil%h@e%iuiﬁp§£§5§dmgégg1ﬁﬁfnﬂﬁﬁﬂﬁﬁn FIG. 14 includes a
' water source 501 and a nozzle 45a. Water from the water
source 501 is sprayed onto the gold reflective layer 1lb and
the like which stick on the disk 1 mounted on the cleaning
device 91, and the gold reflecti?e 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 913j 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.



After taking out the substrate resin fromthe liquid, the |liquid was
filtered to renove the protective filmstuck to the netal filmand the
netal powder, which was left in the air to be dried. (4) The
protective filnms and netal portions recovered and dried in the nmethods (1)
through (3) were treated for two hours at a tenperature of 1,200[err]Cin
an electric oven. As aresult, gold as the reflective filmnetal was

obt ai ned. (5) The substrate resin recovered in the nmethods (1)

t hrough (3) was inmrersed in the solvengg described below for two m nutes
and then taken out. Dye dissolution and effect on the substrates are
summari zed in the follow ng table. -

Eifoct on - Nekt. FRE" & enfoddPIG. 20 willhe FPERFERT Einst it es

FIG. 8 shows a notching means 600 for actively notching
the gold reflective layer 1lb and the UV-curable resin top-
coat la. The notching means 600 is an apparatus for
notching the gold reflective layer 1b and the UV-curable
resin top-coat la in the disk 1 5efore recovering the
substrate and the metal by means of the recycle apparatus
100 shown in FIG. 4 or the apparatus for recovering metal
reflective films 200 shown in FIG. 11.

In accordance with the embodiments shown in FIG. 4 and
FIG. 11, a used disk, a defective disk during production
process, or an unused disk is mounted as it is on the
cleaning device 91, and tﬁe gold reflective layer 1b and the
UV-curable resin top-coat la in the disk 1 are separated and
recovered.

On the other hand, the notching means 600 shown in FIG.
8 is used so that recovery efficiency of the substrate and
the \gold reflective layer in accordance with the recycle
apparatus 100 shown in FIG. 4 or the apparatus for
recovering metal reflective f£ilms 200 shown in FIG. 11 can
be enhancea, by actively notching the gold reflective layer
1b and the UV-curable resin top-coat la, in advance, with
patterns shown in FIGs. 9, 17, 18, 19 and 20.

The notching means 600 includes a positioning section

58, a setting plate 56, a supporting plate 57, two linear



Met hanol Ohserved None Et hanol

bser ved None | sopropyl al cohol bser ved

None N-butyl al cohol bserved None

Et hyl ene- 1, 2- di ol ‘Cbserved None d ycerin

observed None 2-net hoxyet hanol Oobserved

None 2-et hoxyet hanol bser ved None

2- hydr oxy- 2- net hyl - 3- but anone bserved None

4- hydr oxy- 2- but anone -pserved None

4- hydr oxy- 4- net hyl - 2- pent anone Qobser ved None Acetone

%serveg et h Cbls;arved Acetic acid 2-nmethoxyethyl ester Qobser ved
serve t hano ter 0/2

[ Tabl e 2] SUAREES a§8|$ 84 a metal mola 51. PS€rVed None Ef f ect

None \Ehe meal mold 51 is fixed Q‘nsiﬂle“%b?’ﬂonﬁugﬁéé aigsthé\l' hexane

None

linear shafts 52 and 52 of the llneéggguldes 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 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 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 1b and the UV-curable resin
top-coat la of the disk 1 illustrated in FIG. 9 have
checkered notches 1f. The gold reflectivé layer 1b and the
UV-curable resin top-coat la illustrated in FIG. 17 have
parallel notches lg. The gold reflective layer 1lb and the
Uv-éurable resin top-coat la illustrated in FIG. 18 have
radial notches 1h. 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 1lh.

When the cylinder 55 of the notching means 600 shown in



[ Tabl e 3] TABLE 3 Sol uti on Conposition Dye Di ssol ution

Wat er / Et hanol  (99/ 1) Partially observed Water/Ethanol (95/5)
(bserved Water/Ethanol (80/20) Qbserved Water/Ethanol (60/40)
Qbserved Water/Ethanol (40/60) ' Qbserved Water/ Methanol (99/1)
Partially observed Water/Methanol (95/5) Qbserved Wat er/ Met hanol
(80/ 20) bserved Water/ Met hanol (60/40) bser ved

Wat er / Met hanol ( 40/ 60) bserved Water/Ethanol (100/0)

None The sol vents presented i-n3pABLE 1 di ssol ve dyes, and do not

affect substrates excluding acetone and acetic acid 2- nethoxyethyl ester.
However, n-hexane and water presented in TABLE 2 do not dissolve dyes.

el uar g FIET S MY P o as g O the' R85RESR6T4 o1 Movd Fovthurard U’ Ve
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
reéin top~-coat la on the label surface side of the disk 1.

As described above, by preliminarily making notches
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



The present invention is applicable not only to CDs (conpact disks) and
CD-Rs 'but also to other types of optical disks and nagneto-optical disks,
for exanple, digital video - 24 -
di sks (DVDs) and | aser disks (LDs). In the enbodi nents shown in FIG
4, FIG 8 and the like, the disks 1, in parallel to each other, are
substantially vertically retained with the cleaning device, however, the

i ndi vi dual disks nmay be retained obliquely in relation to the verti cal
direction, or another retaining nethoggmmy be used. Al so, a single disk or
a plurality of disks may be retained with the cleaning device. The
nmet hod of recycling disk recording nedia in accordance wth the present

Vet onb8 8L, S8 2 AR R Bel AL TOEL RS B Lot
so-cald ed,; bl oft, gegstide "7 Uiig 4l $46.239.1s referred

While the top end of the disk 1 is retained with a disk
fixing device 750, the bottom end of the disk 1 can be
notched by an edge 710 of the notching device 700. That is,
as the notching device 700 moves.in the X1 direction, the
gold reflective layer 1b and the UV-curable résin 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 1lm as shown in FIG. 24 onto the gold reflective
layer 1lb 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 14 and the UV-
curable resin top-coat 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



to as a DVD (digital video disk), in which a substrate having a simlar
structure is deposited with an adhesion |ayer B therebetween. The adhesion
| ayer B adheres the protective layers L11 and L11, and a dye |layer L9, a
reflective filmL10, and a protective |ayer L11 are deposited on each
substrate L8 in that order. Al t hough ultrasonic vibration from an
ultrasonic generator is used in order to vibrate disks, other types of

vi bration generator may be enpl oyed. Next, anot her enbodi nent of the
present invention will be described wigh-reference to FIG 11 and FIG 12
An apparatus for recovering netal reflective filns 200

- 25 - shown in FIG 11 includes sensors 86 and 87, a netal reflective

fil [
ST B0 it SR 08,88 bbb ibimias RS 11

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 froﬁ 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 like.

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 (notchin§
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



apparatus 100 shown in FIG 4. The apparatus for recovering netal
reflective filnms 200 includes an ultrasonic cleaning bath 21 as a
container, an wultrasonic generator 22 as a vibration neans, 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 31, 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_ ggstop position of a novable table 81
In response to signals from an upper-end sensor 86 and a | ower-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 prOV|ded

t her eabouconfp&ipnt gf %émpeeﬁtmsef@mmnﬁ ms%§aﬁéﬁtﬂ§%r6\? ded
between the water outlet 41 and the nozzle 45a. reflective
filmremgrdEssyligoars obEALRRRLY #h EP%muﬁﬁﬂRGQﬁiuthe %&F@r Butlet 41

out | ot of TSR RAnFESEE FRfcrhabRrE ‘Cafhctk il hed PSRRI 1R T ne
47b thereg%g%%%ﬁ o%nw %e&?t gortggaﬁgfg,4§1ﬁfkture of water and
ethanol, and a mixture of water and methanol may be used.
Also, although ultrasonic vibration from an ultrasonic
generator is used in order to vibrate disks, other types of
vibration generator may be employed. The groove for holding
a disk may be substantially triangular in cross section.

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 disks, for example, digital video
disks (DVDs) and laser disks (LDs).

In the embodiments shown in FIG. 4, FIG. 11 and the
like, the disks 1, in parallel to each other, are
substantially vertically retained with the cleaning device,
however, the individual disks may be retained obliquely
toward the vertical direction, or another retaining method
may be used. Also, a single disk or a plurality of disks
may be retained with the cleaning device.

Also, preferably, the edge 710 on the notching device
shown in FIG. 23 has a sharp point, for example, with a
point angle 6 of 30 degrees so that deep notches are made by
using stress concentration. Even in such a case, since the

disks 1 bend, notches can be made by making use of



- 26 - connected to a directional valve 44 with a pipe 47c therebetween.
One of the outlets of the directional valve 44 is connected to the nozzle
45a with a pipe 47d therebetween. The other outlet of the directional
vatve 44 is directly above a di scharge contai ner 46. When t he water
11 as the nmediumis exchanged, the water is received into the discharge
container 46 by switching over the directional valve 44. The nozzl e 45a

| ies above the ultrasonic cleaning bath 21. When t he separation and
the recovery of nmetal reflective filnggare perforned, the water 11 in the
ultrasonic cleaning bath 21 circul ates anong the ultrasonic cleaning bath
21, the outlet 41, the pipe 47a, the nechanical filter 42, the pipe 47b,

hoszl o 454PTLANERE (PLASESRIEY S eaft rgNheh arer snendingelcef @ 1
notches is, for example, two or less, and the width of the
edges 710 on the notching device shown in FIG. 22 is, for
example, 160 mm.

With respect to the metal reflective £ilm, materials

other than gold may be used depending on the types of disks.



FIG 12 shows an exanple of a control block diagramof the apparatus for
recovering netal reflective filnms 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 |ower-end sensor 87, the ultrasonic generator 22,

and the punp 43. Next, the operation of the apparatus for recovering
metal reflective filns 200 shown in FIG 11 and FIG 12 wll be descri bed.
- 27 - The control 71 lowers the air table cyli-nder 82 in response

to the starting switch 72 and the signg} of the upper-end sensor 86. The
control 71 operates the ultrasonic generator 22 and t E"gm!”mu m’m
response to the signal of the |ower-end sensor 87. Af Med
period of tinme which is sufficient for the separation, the cont%rof 71

st ops t heWHATr 53 oRb2INER 3t or 22 and el evates the air table

1. A method of recycling a disk recording medium
comprising the steps of:

retaining said disk recording medium in a liquid medium,
said disk recording medium having a layered structure
comprising a substrate, a dye layer, a reflective film, and
a protective layer:

radiating ultrasonic waves onto said disk recording
medium such that said substrate and said reflective film 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



cylinder 82. Upon receiving the signal fromthe upper-end sensor 86, the
control 71 stops the punp 43 after a predeterm ned period of tinme which is
sufficient for washing off the gold reflective layer Ib and the top-coat

| ayer la that have restuck on the disk. The separated disks 1 are
retrieved wth the cl eaning device 91 by an operat or, —anre—unseparated—

di sks are nounted on the cl eaning device 91. Wen the | ) 72
is pressed by an operator, a series of operations ar e”MHH‘BiI“]MIDMLThe
punp is in operation for a given periodggof. time while a1 SRy i ng
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., I b .and the Like which float_or sink in water 11 after

separ at i ng9 Ine W Sdaimy e FUTEHEF cGOBRTI$IRI Nt Hi R OF inaading,
Unl ess the_gol d refl ecti J.ayer |b_and_the UV:curable resin top-coat
Cayer | S ST VST SERPeRr el EERB ERiE IR GRS Ghat
recoverlruétégaponent of said protective film attached to said

reflective £ilm is vaporized.

4. A method of recycling a disk recording medium
according to claim 1, further comprising the sStep of adding
a solution for dissolving said dye layer onto said liquid
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 £ilm,
said metal reflective film being formed in a disk recording
medium, said apparatus comprising:

a container for holding a liquidnmedium:

an operation means for retaining said recording medium,
placing said recording medium in said liquid medium in said
container, and retrieving said recording medium after said
metal reflective film is recovered; and

a vibration means for vibrating said recording medium
placed in said ligquid 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.



- 28 - whole reflective filmmy result in the separated gold

reflective layer Ib being stuck on the disk 1. This deteriorates the
recovery percentage of the whole reflective filmand the |ike. By working
the punp for a certain period of time, water 11 fromthe nozzl e 45a washes
off the gold _reflective layer |b stuck on the disk 1 and returns it into
the ultrasonic cleaninj bath 21, and thereby it is recovered by the

mechani cal fi u ' L‘ﬂﬁﬂl U‘I "r' accordance with the operations described
above, the st 1 X
Next

| ective kayer | b can be efficiently

recover ed. , With reference to FIG 13 and FIG 14, other
enbodi nents of the present invention, which are nodifications of the
apparatus shown in FIG 11, will be described. FIG 13 and FIG 14

show fluid spray neans 400 and 500 respectively. The fluid spray nmeans 400

shown in FIG 13 includes g hi gh-pressure air. so rge 4%é and._a EO zl e 45b
connected to tRe hPBh2BPBEREPR LPT W E 4P 2 Hﬁ$§- TSEEESUrFECaf P om t he

i.f S 01 _can. be .

h'gh'presihﬁéééﬁfhg lgw% alim 5, whefein said vibration means is an

ultrasonic generator for generating ultrasonic waves.

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



sprayed onto the disk 1 on the elevated cleaning device 91 through the
nozzl e 45b. Spraying of the high-pressure air nakes the gold reflective

| ayer |'b, which has been separated fromthe disk 1, but still sticks on
the disk 1, fall from the polycarbonate substrate 1d of the disk 1 into
water 11 - 29 - I n the ultrasonic

cl eaning bath 21. The fluid spray nmeans 500 shovmv\u'mw mﬁ, '_ des
a water source 501 and a nozzle 45a. Water fromthe ;i ! J lﬂﬂ ris
sprayed onto the gold reflective |ayer ggo-and the |ike"wich stick on the
disk 1 mounted on the cleaning device 91, and the gold reflective layer Ib
and the like are renoved fromthe pol ycarbonate substrate 1d of the disk 1

and fall into ter, 11 in the ultrasonic ¢leaning bath 21 to be recovered.
Ther eby, tsf?eldg\gfj(ﬂlpéjfll"&d}i% Inypedd FORRAIRRE- | i ke

10. An apparatus for recovering a metal reflective
film according to claim 9, wherein said retainer is axial,
said retainer comprises grooves at a given distance for
supporting center hole sections of said recording media, and
said recording media are retained so as to be movable in

relation to said retainer.

11. An apparatus for recovering a metal reflective
film according to claim 5, further comprising a metal
reflective film removal means for removing said metal
reflective f£ilm from said liquid ﬁedium after said metal

reflective film is separated and lies in said liquid medium.

12. A method for recovering a metal reflective £ilm,
said metal reflective film 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 f£ilm in said



restuck on the disk 1 can be securely recovered into water 11. Al so,
a high-pressure air flow and a water ftow-ray—be __used at the sane tine.
FIG 15 and FIG 16 illustrate e ! eaning device 91 which is
applicable to the enbodi nents shpiif m’éﬂmﬁ,@ﬂd FIG 11. A groove 91k of
the cleaning device 91 shown in FIG S antially v-shaped in cross
section, and the maximumw dth B of the groove 91k is wder than the

wi dth of the disk 1. A groove 91j shown in FIG 16 is substantially
trapezoidal in cross section, and the gaximumw dth B of the groove 91j is
wi der than the width A of the disk 1. The cl eani ng device 91 may have
a groove which is semcircular or elliptic in cross section.

T30 heah® eBohMEQYaM FiGa 3. be referred to

13. A method for recovering a metal reflective f£ilm
according to claim 12, wherein said vibration applied onto

said recording medium is ultrasonic vibration.

14. A method for recovering a metal reflective film
according to claim 12, further comprising the step of
notching said recording medium before said vibration is
applied onto said recording medium placed in said liquid

medium.

15. A method for recovering a metal reflectivé 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 liquid medium.



FIG 8 shows a notching neans 600 for actively notching the gold
reflective layer Ib and the UV-curable resin top- <coat la. The notching
nmeans 600 is an apparatus for notching the gold reflective layer | b and
the UV-curable resin top-coat la in'the disk 1 before recovering the
substrate and the nmetal by neans of the recycle apparatus 100 shown in
FIG 4 or the apparatus for recovering netal reflective filns 200 shown in
FIG 11. I n accordance with the enbodi nents shown in FIG 4 and FIG
11, a used disk, a defective disk durigg production process, or an unused
disk is nmounted as it is on the cleaning device 91, and the gold
reflective layer Ib and the UV-curable resin top-coat la in the disk 1 are
separated _and _recovered Ch]%he ot her hand, the notching neans 600
shown i n BBETRAGT QF THE RESGHORURRcovery efficiency of the substrate and
the gold reflective layer in accordance wwth the recycle apparatus 100
showmn in FIG 4 or the apparatus for recovering netal reflective filnms 200

P e A stiba Y UG B a3Sk) YELYraThS oG bhes ol dadsT oot ve

| ayer |b and top- coat vance, Wt patterns

shown i n EhgsstgpgﬁZf %éta%ﬁﬁﬁﬁmkﬁg)dlsk retd2d12C HeRG uit 3RS 2699gh gl udes a

posi tioni ng sec
medium, the disk recording medium having a layered structure

‘including a substrate, a dye layer, a reflective film, and a
protéctive layer; radiating ultrasonic waves onto the disk
recording medium such that the subsfrate and the reflective
film are separated from each other; and bringing a solution
into contact with the substrate separated from the
reflective film such that the dye layer is separated from
the substrate in order to recover the substrate, the

solution dissolving the dye layer.



58, a setting plate 56, a supporting plate 57, two |inear @f?%?”
4 B4 s

- 31 - gui des 53 and 53, and a netal nold 51. The neta

fixed on the bottomends of the |linear shafts 52 and 52 of the |inear
guides 53 and 53. Also the center of the netal nold 51 is fixed on a rod
55a of an air cylinder 55. The disk 1 is positioned so that the gold
reflective layer Ib and the UV-curgbleigesin top-coat la beneath the

| abel surface are opposed to the netal nold 51. Several protruding

portions 59 for nmmking grooves are fornmed on the bottom surface of the

metal nmold 51. The protruding portions 59 are shaped such that the notch
patterns shown in FIGs. 9, 17, 18, 19 and 20 are nade on the |abel surface
side of the disk 1. The gold reflective layer | b and the UV-curable

resin F:lca' 1
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top-coat la of the disk 1 illustrated in FIG 9 have checkered notches 1f.
The gold reflective layer | b and the UV-curable resin top-coat |la
illustrated 1n FIG 17 have parallel notches 1g. The gold reflective |ayer
| b"and the UV-curable resin top-coat la illustrated in FIG 18 have

radi al notches 1h. The gold reflective layer |b and the UV- curable resin
top-coat la illustrated in FIG 19 RavelSconcentric notches |j. The gold

reflective layer Ib 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 32 - FIG 8 is

in operation, the nmetal nold 51 noves downward in the Z1 direction al ong
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 Ib and the
UV-curable resin top-coat la on the |abel surface side of the disk 1.

FIG. 4
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As descri bed above, by prelimnarily maki ng notches onto the gold
reflective layer |Ib and the UV-curable resin top-coat la with the
protrudi ng portions 59 (edges) of the netal nold 51, the separation and
recovery of the gold reflective layer Ib can be perforned in a shorter
period of tinme by using the apparatus for recovering netal reflective
films shown in FIG 4 or FIG 11. 3/ M8xt, with reference to FIG 21
through FIG 24, other enbodi nents of apparatuses for recovering netal
reflective films in accordance with the present invention wll be

descri bed. The enbodi nents shown in FIG 21 through FIG 24 are
applicable to the recycl e apparatus shown in FIG 4 and the apparatus for
recovering netal reflective filns shown in FIG 11. A cl eani ng devi ce
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 VF:HG th&gold reflective layer Ib of
each disk 1 is notched with a notchi n& avi




- 33 - 700 as a notching neans while the disk 1 is held with the

cl eani'ng 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
cah be notched by an edge 710 of the notching device 700. That is, as the
not chi ng device 700 noves in the X1 direction, the gold reflective |ayer

| b and the UV-curable resin top-coal4/|b60f 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 7§9 kesa a notch 1mas shown in FIG 24
onto the gold reflective layer |Ib nhC?he -curabl e resin top-coat |a.

By using the notching device 700 as a notching neans shown in FIG 22 and
FIG 24, there is no further need to prelimnarily notch the gold
reflective layer 1d and the UV- curable resin top-coat |la by using the

not chi ng neans 600 shown in FIG 8.=B

FIG. 7
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Al so, as shown in FIG 6, FIG 15, FIG 16, and FIG 22, if the cleaning
device-91 is fornmed so as to - hold a plurality of disks 1 at a given

di stance, the gold reflective |ayer separation can be perfornmed to many
di ks at the same tinme with the disks not being in contact with each

ot her. Besides, since water 11 as the/pediun1f|om5

- 34 - bet ween the adj acent di sksd /uddven separation does not easily
occur. Preferably, the width of each groove is larger than the w dth of
the disk so that the disk can rot AN response to water flow. Wth
regard to handling, for exanple, na;ﬂ ong d retrieving the disk 1 on and
fromthe cleaning device 91, in accordance with the enbodi nents of the
present invention, the nmounting and retrieving are perfornmed nmanual ly,
however, the process may be automated by using a robot, a vacuum
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hol di ng hand and the Iike. Also, it may be possible to integrate
notchirng into the apparatus during automatic transportation such that
after notching the disk with the notching neans 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 inventionis not limted to the
enbodi nents descri bed above. | n @ e18nbodi ment shown in FIG 14, water
is used as the nedium however, another type of nedium may be used as
foll ows. Water, as the nmediumduring ultrasonic radiation, does not
necessarily have high purity, and may have additives as {eqgired. For
exanpl e, by adding a surfactant into water, separa 'Un\Lsggccelerated,
water is effectively drained after treatnment, and reflecficvg filns are
prevented fromsticking to disks again. Also, there is nag?articular
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condition of tenperature during ultrasonic radiation, and good results are
obt ai nabl e at roomtenperature. Also, a mxture of water and another type
of medium nmay be used instead of water. For exanple, a m xture of water
and ethanol, and a m xture of water and nethanol may be used. Al so,

al t hough ultrasonic vibration froman ultrasonic generator is used in
order to vibrate disks, other types Dbf/ 18i bration generator may be

enpl oyed. The groove for holding a disk may be substantially triangular in
cross section. The present invention is applicable not only to CDs
(conpact disks) and CD-Rs but also to other types of optical disks and
magnet o- opti cal disks, for exanple, digital video disks (DVDs) and | aser

di sks (LDs). In the enbodi nents shown in FIG 4, FIG 11 and the
like, the disks 1, in parallel to e t her, ,are substantially vertically
retained with the cleaning device, aﬁg«ghﬁrf1 he indi vi dual disks may be
retained obliquely toward the vertical direction, or another retaining

met hod may be used. Also, a single disk or a plurality of disks nay be
retained with the cl eaning device. Al so, preferably, the edge 710 on
t he notching device 28Bown igg FIG 23 has a sharp point, for exanple, with

a point angle [err] 30 degrees so that deep notches are made by
ﬁE\“
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usi ng stress concentration. Even in such a case, since the disks 1 bend,
not chés can be nade by maki ng use of

- 36 - springiness (elasticity). In such a case, the nunber of notches
is, for exanple, two or less, and the width of the edges 710 on the
not chi ng device shown in FIG 22 is, for exanple, 160 mm Wth

respect to the nmetal reflective filng Afdtserials other than gold may be
used dependi ng on the types of disks.
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VWHAT IS CLAIMED | S: 1. A nethod of recycling a disk recording

medi um conprising the steps of: retaining said disk recordi ng medi um
inaliquid nmedium said disk recording medium having a | ayered structure
conprising a substrate, a dye layer, a reflective film and a protective

| ayer; radi ati ng ul trasonic waves onto said disk recording mnedium
such that said substrate and said ré&J)etfive filmare separated from each
ot her; and bringing a solution into contact with said substrate

separated fromsaid reflective filmsuch that said dye |layer is separated
fromsaid substrate in order to recover said substrate, said solution

di ssol ving said dye | ayer. 2. A nethod of recycling a disk
recording nedium according to claim1, further conprising the step of
prelimnarily notching said protective |layer or said protective |ayer and
said reflective filmbefore said q:# req ding nediumis irradiated with
ultrasonic waves in order to separate’'said substrate and said reflective
film from each other. 400
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3. A nethod of recycling a disk recordi ng nmedi um

- 38 ¢ according to claiml1, further conprising the step of heating

said reflective filmseparated fromsaid substrate such that a conponent
of "said protective filmattached to said reflective filmis vaporized.

4. A nmethod of recycling a disk recorQ}n? medi um according to claim1,
further conprising the step of addiﬂ@ al8ol ution for di ssol ving said dye

| ayer onto said liquid nediumbefore said disk recording nmediumis
irradiated with wultrasonic waves in order to separate said substrate and
said reflective filmfromeach other. 5. An apparatus for recovering
a netal reflective film

FIG. 14
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said netal reflective filmbeing forned in a disk recording nedium said
appar atus conpri si ng: a container for holding a liquid nmedium an
operation neans for retaining said recording nedium placing said
recording nediumin said liquid nediumin said container, and retrieving
said recording nediumafter said netal, reflective filmis recovered; and

a vibration neans for vibrating sai d1r céﬁding medi um placed in said
liquid nmediumin order to separate said netal reflective filmfromsaid
recording nmediumand to recover said netal reflective filminto said
liquid nmediumin said container. 6. An apparatus for

recovering a netal reflective film or di to claim5, wherein said
vibration neans is an ultrasonic daiggqtoﬂ?gor generating ultrasonic
waves.
B
—




7. An apparatus for recovering a netal reflective film according to claim
5, further conprising a notching neans for notching said disk recording
medi um before said recording mediumis placed in said liquid nediumin
said container. 8. An apparatus for recovering a nmetal reflective
film according to claim5, wherein said operation nmeans for said

recordi ng nedi um conprises a fluid §ﬁnéylieans for spraying fluid onto
said recording nmediumafter treatnment for recovering said nmetal reflective
filmis performed to said recording nediumand said recording nediumis
retrieved out of said container. 9. An apparatus for recovering a
netal reflective film according leﬁainq wherei n said operation neans
for said recording nmedium conprise ‘ret'af ner for retaining a plurality
of recording nedia at a given distance, and a drive neans for placing said
retainer into said liquid nediumin said container and renoving said

retai ner from
/ 219
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said liquid nediumin said container. 10. An apparatus for
recovering a netal reflective filmaccording to claim9, wherein said
retainer is axial, said retainer conprises grooves at a given distance for
supporting center hole sections of said recording nedia, and said
recording nedia are retained so as to be novable in relation to said
retainer. 11. An apparatus de,/gbﬁvering a netal reflective film

according to claimb5, further conprising a netal reflective filmrenoval
means for renoving said netal reflective filmfromsaid Iiquid nmedi um
after said netal reflective filmis separated and lies in said liquid
medi um 12. A nethod for recovering a netal reflective film said
netal reflective filmbeing forned in a disk recording

FIG. 20
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medi um said nmethod conprising the steps of: pl aci ng said recording
mediumin a liquid nmediumin a container; appl ying vibration onto
said liquid nediumin order to separate

sai d recordi ng nmedi um pl aced in
reflective filmfromsaid recording nediumand to recover said

sai d net al

metal reflective filminto said |liquid dium and renovi ng said

separated netal reflective filmin i

- 41 - liquid mediumfromsaid [iquid nedium 13. A method for
reflective film according to claim12, wherein said

recovering a netal

vi bration applied onto
14. A nethod for recovering a netal

further conprising the step of

said recording nediumis ultrasonic vibration
reflective film according to claim 12,

FIG. 22
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not chi ng said recordi ng medi um before said vibration is applied onto said
recoredi ng mediumplaced in said liquid nedium 15. A nethod for
recovering a netal reflective film according to claim112, further
cofrprising the step of spraying fluid onto said recordi ng nmedium after
treatment for recovering said netal reflective filmis perforned to said
recordi ng nmedi um and said recording1 ildis retrieved out of said liquid
medi um

FIG. 23
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