SPECI FI CATI ON METHOD AND APPARATUS OF RECYCLI NG PRI NTED Cl RCU T
BOARD FIELD OF THE | NVENTI ON The present invention relat d and
apparatus for recycling a printed circuit board. Nbre par WMﬂMWNWﬂmm
present invention relates to a nethod and apparatus for recyc|

I Asul ating material, which conposes a printed circuit board. BA GROUND OF
THE | NVENTI ON Cbnventionally, a printed circuit board, which is mainly

utilized in electric equipnment, has been nmade of fi berglass and e
resin, which is a sort of thernogektirracaeson. A net hod fﬂ“@“‘&ﬁ“ﬂmwm t he
prlnted circuit board according to a prior art has been y for

retrieving and recycling printed netallic material conposing *acomed nt ed
circuit wiring. Therefore after separating and retrieving the printed

g e L e

avai |l abl e f energy by em or ury
as a waste.

FIELD OF THE INVENTION
The present invention relates to a method and apparatus for
5 recycling a printed circuit board. More particularly, the present
invention relates to a method and apparatus for recycling also an

insulating material, which composes a printed circuit board.

BACKGROUND OF THE INVENTION

Conventionally, a printed circuit board, which is mainly
10 wutilizedinelectricequipment, has been made of fiberglass and epoxy
resin, which is a sort of thermosetting resin. A method for
recycling the printed circuit board according to a prior art has
been available only for retrieving and recycling printed metallic
material composing a printed circuit wiring. Therefore, after
15 separating and retrieving the printed metallic material, residual
insulating material and so on are only available for thermal energy

by incinerating them, or bury in the ground as a waste.
In the above prior art, the printed metallic material is
retrieved. However, the insulating material such as thermoplastic
20 resin and the like composing a board material are not retrieved as
reusable material, and this residual insulating material causes an
increase of the waste. Therefore, this is an important requirement

to reduce emission of the waste and carbon dioxide for the
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I'n the above prior art, the printed netallic material is retrieved.
However, the insulating nmaterial such as thernoplastic resin and the |ike
conposing a board material are not retrieved as reusable material, and this
Jesidual insulating material causes an increase of the waste. Therefore,
this is an inportant requirenent to reduce em ssion of the waste and
carbon dir@gederdftdiont hef theesemiabnaenef drhetlgdvieaeonent Aot hiet edst n Al so
it is an inportant requirenent to utilize the resources on the earth

ef fi ci entgbrtaht NBe Gl EBEMENST e @fi B idl khe NREsOYedf oRBMEHACEHEER Of a
printed circuit board but also a manufacturer of electric equipnment, which

uti ||z puidiad of royl t choand has aschens gendiig fiegul psEenin e o

establis or ‘recyc a printed circuit board so as toretrieve

d bat h A ] L Li i.al d_the i | ati
it or |l T U Lt VS FRRULY BrRRTL. o 2bared (gt T e B

inveption is to provide a nethod and apparatus of recycling a i nted
circoit eﬁt%rt&lé?oeHHéPmSBFh ‘éhb?hnlf%ﬂllrﬁ%lai PCIRGEEr Fa C‘éﬁﬁ%éq?lpcg'nglﬂsalai ng
materi al_ conposing a printed circuit board are separated and retrieved,
and t hatlooRendding e irmmenital e fetakdalihm engbhrodr éejcFRAYCLIING 2
DI SCLOSURE OF THE | NVENTI ON To acconplish the above first object, the
pr esent pinmivnd@d ol rawidyibdes da seetalsod cofr etedpyiei agda tpr inecadlei beotibt thear d
so that both netallic material and insulating material are separated and
retri evedifmte metadtld cpmartteedadi aadi thboandulahiny mstdrspbsed in
Considering the above requirements, the object of the present
10 invention is to provide amethod and apparatus of recycling a printed
circuit board so that both a printed metallic material and an
insulating material composing a printed circuit board are separated

and retrieved, and that those retrieved materials are available for

recycling.

15 DISCLOSURE OF THE INVENTION
To accomplish the above first object, the present invention
provides a method of recycling a printed circuit board so that both
metallic material and insulating material are separated and
retrieved from a waste printed circuit board, which is disposed in
20 waste electric equipment or which is a waste produced in a process
of manufacturing electric equipment. The printed circuit board is
composed of the insulatingmaterial and the metallicmaterial, which
involves the printed metallic material. At first, the printed
circuit board is heated. Then, only the insulating material passes
25 through a filter by force-filtration of the heated printed circuit

board. By this heating and force-filtering of the filter and the
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waste electric equi pnent or which is a waste produced in a process of
manuf acturing el ectric equipnment. The printed circuit board is conposed of
the insulating material and the netallic naterial, which involves the
printed netallic material. At first, the printed circuit board is heated.
Then, only the insulating material passes through a filter by

for ce- f illitkegt i e of n$heaberdy edlaperhbed il raaparateonrahd Byet hi svbééatirog and
force-filtering of the filter and the like, the insulating material is

separ at gd anGo 8F oM eh f I nafeXt H €ared me&%qllatcl R 8B &1 i Amppnd ptakl i c
material conposing the printed circuit board. For exanple, it is easy to

separ at Al o LeE L e L5 Omehe ety yaeslﬁé waggm S o

metal |i & material Gsin efilter size o s suf C|ently
| arge sq that the . filt passes onI t.he in ulatl rlal and not
pase t neSpPEred sl The” RERERFEl Ot B aE Hft Tt B PP RaFer ol
or the netall.i mat er j al |ch | sepa ated an retrleved .the ove
or e MElallic TRLerial ceh g separalod and nelrl eved i, Lhe 2t
insul ati_ng material and the retrleved metallic material are sufficiently
| ar ge f BrRI9Ec YS! tRaLr EBBetiiver ypapith WY Hérp drsulakdndapeéefrépl and
recycling. The force-filtration nmeans a filtration wth heating and
pr essur idoiesg nolke ppisisntbée pirdiotet bosedliThiatépigk-filtration pronotes the
efficiency of the filtration by the filter or the like. The printed circuit
board, which At Sepatatedtlean tkériiegedatingonaheriaduleat | tige makérildlicand
the netallic material, is conposed of an insulating body base and a
conduct ima etilant, efth@ichcUist sep®ated and retrieved in the above way, is
10 available for recycling. When the amounts of the retrieved
insulating material and the retrieved metallic material are
sufficiently large for recycling respectively, both of them are
available for recycling.
The force-filtration means a filtration with heating and
15 pressurizing the printed circuit board. This force-filtration
promotes the efficiency of the filtration by the filter or the like.
The printed circuit board, which is separated and retrieved
into the insulating material and the metallic material, is composed
of an insulating body base and a conductive printed circuit. The
20 insulatingbodybase ismade of either thermoplastic resin ormixture
of thermoplastic resin and inorganic loading material. The
conductive printed circuit is made of printed metallic material,
which is disposed on the insulating body base. The conductive
printed circuit is formed on the insulating body base, which is
25 called an insulating body base printed with conductive circuit.

After that, the insulating body bases printed with conductive

circuit are stacked together, adhered together by heating and
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insulating body base is nmade of either thernoplastic resin or m xture of
thernopl astic resin and inorganic | oading material. The conductive printed
circuit is made of printed netallic material, which is disposed on the

J nsul ati ng body base. The conductive printed circuit is formed on the
insul ati ng body base, which is called an insulating body base printed with
conduct preseutrtudihg, #Aid@doreat intbea modttial ape rodin heas ed rauiint edawndt h
conductive circuit are stacked together, adhered together by heating and
pressur jaeRgthandel oh MRe &1L 91 acdiddd rl@Nale RMsSHIE @iy aHitkrhaar dn thben
the resin material conposing the insulating material in the printed

Gl roui { HOAEdel S ASHIRPLASHIE (88 hAmdBadie, o st HerUPPLASILES e5kn and

|Eorgan C ading materi a not only t rinted netallic material but al so
t i ti ial i | ycl.ed. .. Theref . qaf '
and 1ot FPECTHELoEHES FEet Teutl ITRUISET ng GRAHY 41 18 40P Po HBaT! Bb5 o

predeterm ned shape by heating. Moreover, when even the stacked

Tl U5 - | BYSPECHTIaiEE- & FEGPELBORF FLoREbethT L Sel BAERE And & SEFPBVI ng
process up to a predeterm ned tenperature, which is nearly the process
tenperaﬁﬁﬁécﬁéﬁ-forﬁﬁﬁgeﬁﬁéestaéggarnU§?P3¥%§%¢gpﬁ¥H¥eae§Fﬁ€MFPg'b05Pﬁ in
t he above stacking process, the stacked nmulti-layer printed circuit board
i s suffiretedeigdsohsehating metawialefier mlppateimed |jnto Fhprnedereymined
insulating material passes by neans of the above force-filtration. The
char act ehbpti byofhddte rignsulMtrienyargt evlical ewerunthat sthekedempétatlagefor
formng the stacked nulti-layer printed circuit board in the above

st acki ngrpheeassi tGuasbbakiowshedt ed S nps &b £rdethg bhdtr & wisd v impdotassof

t hernmopl astic resin is in the range of 1MPa
10 up to a predetermined temperature, which is nearly the process
temperature for forming the stacked multi-layer printed circuit
board in the above stacking process, the stacked multi~layer printed
circuit board is sufficiently softened so as to deform plastically.
Then, only the insulating material passes by means of the above
15 force-filtration.

The characteristic of the insulating material around at the
temperature for forming the stacked multi-layer printed circuit
board in the above stacking process is as follows. It is preferred
that elastic modulus of thermoplastic resin is in the range of 1MPa

20 to 1000MPa at a predetermined heating temperature in heating and
pressurizing. Therefore, in the separating and retrieving process,
when the stacked multi-layer printed circuit board is heated up to
nearly the process temperature for forming the stacked multi-layer
printed circuit board in the stacking process, the elastic modulus

25 of thermoplastic resin is sufficiently reduced so that it is easy

to perform the separating and retrieving operation such as filtering

and the like,



to 1000MPa at a predeterm ned heating tenperature in heating and

pressuri zing. Therefore, in the separating and retrieving process, when
the stacked nmulti-layer printed circuit board is heated up to nearly the
process tenperature for formng the stacked nmulti-layer printed circuit
board in the stacking process, the elastic nodulus of thernoplastic resin
i s sufficientWyenetheedisdetthat rectiitsbeasy ha ther fol iowhegseparatiey, and
retrieving operation such as filtering and the like. Wen the printed

circuit iboagdpohasethed fond oW nerehafdcieebrodutcti Snpthéepr edtédativcuit
conductive product in the printed circuit board is made of netallic

rraterlaioogpayisoﬁlﬁabxwf eeélﬂ?%%ét&rlgﬁtéﬁlﬁ, SPdnekthes shepapplastic

resin conposing the i1nsulating base or m xture of therm)pl astic reS| n

and 'n%genﬁ?gogﬁan& S AT @%sagafcb@ gggggnghgp%\go 3 indle

character o circul oar ist ating
t he circuit b ard |§ Ehre3|n fi

|
{ herdnpPagy REte G it b, EnEFRoRLE fEIt 208 Al TRER%haE, LoRuna

| oading material, and that conductive printed circuits formed on fhgh
pri nt edWAERF Eal tCARAIS 1% LBP ST NP PEANRAT t S8t HATHETheT the
conductive product integrally formed in a via-hole, which is forped in the
i nsul at PRENBBE\C IvamE. t Iherd disr thale dhenngwla g aedy ibasenyy the Pabrted
contami nation of the conductive product, which conposes an interlayer
bondi ngcrimteii:e’dqamlimismgrehéns‘@p]am,awhﬁaghaimmlaeitemé\eiirt@ert beeimampl att he
material fromthe printed circuit board. The retrieved insulating materi al
i s not redinedrd midtugriref yrhamdop$asekpeetsdnt @nhavimdimareiqui Veddimg
characteristics to the before-retrieving insulating material, because the
conupsi {1heBr@h1, and that conductive printed circuits formed on the printed
circuit board are electrically connected together by the conductive
product integrally formed in a via-hole, which is formed in the
insulating body base. The retrieved insulatingmaterial may entrap
a contamination of the conductive product, which composes an
15 interlayer bonding material, during the separating and retrieving
the insulating material from the printed circuit board. The
retrieved insulating material is not reduced in its purity, and is
expected to have the equivalent characteristics to the
before-retrieving insulating material, because the composition of
20 the contamination is the same as that of the insulating material
composing the insulating body base.
An apparatus of recycling the printed circuit board performs
to separate the insulating material and the metallic material by
passing the insulating material only in the above heating and
25 filtering process. This apparatus is composed of a pressurizing

means for pressurizing the printed circuit board, a heating means

for heating the printed circuit board up to a predetermined
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the contam nation is the same as that of the insulating material conposing
the insul ati ng body base. An apparatus of recycling the printed circuit
board perforns to separate the insulating material and the netallic
Jaterial by passing the insulating material only in the above heating and
filtering process. This apparatus is conposed of a pressurizing means for
pressur itzdng ddtny,i at etlichraul taboahd paihead cdgcmansaddi s seditiengdy, he
printed circuit board up to a predeterm ned tenperature, at which at

| east thadhi ot edefifiguidarkoand 51 50fienathe iapdlatihy ieitiag aisanhitar
filtering the insulating material, which conposes the insul ating body

base, f r&éﬂéidt}f,esmtih%t %Hsﬁhé‘&ﬁ%gn@@#%ea%@i Hrdk 8 3br M @l AARNAMLRAE d

t enper at ur t he heatin eating nmeans for heating the printed

emper atUrd Y"1 he heafT ng reans i ! i it e
Ci 1 oul { TORR AT FRE A B Tt A Py G e el ©

printed circuit board, in mﬁ%yh_the resin materi,al L; t her no Iast% resin.
Mor edverThe fg@tingsReans iRy meahd ngr boe desi e Fdrcdifi PR aL i 6 %595 t he
t hernmopl astic resin only, and the filtering means provi des, for ge%grating
and r et rit/ Fhgreari #§tiFaeteriap @rRITE HoERE BY IRESASC L Hrdt it BPAEdt Heen
tenperature, which is near the process tenperature for fornmng the printed
circuit tramtimtdbicifreuditngorndpiBnaegycpeddutta rates Prim@d Glffeudésin
material, which is nelted, is separated and retrieved easily by the
filteri mpamhnsn wihehptles seisiini mayk areians 1 s it aurey la sdriiovi egi mhafMoreaveri vi ng
unit, and a holder unit. The driving shaft has a rotational body to
t ransportghd he-qyduitied nej medink bearvddefhendr forog-fil tratotad e pass the
10 thermoplastic resin only, and the filtering means provides for
separating and retrieving easily. For example, the heating means
maintains the temperature, which is near the process temperature
for forming the printed circuit board by hot forming in primary
product process. Then, the resin material, which is melted, is
15 separated and retrieved easily by the filtering means.
The pressurizing means includes a driving shaft, a driving
unit, and a holder unit. The driving shaft has a rotational body
to transport the printed circuit board. The driving unit rotates
the driving shaft. The holder unit accommodates the rotational body.
20 The pressurizing means generates a predetermined pressure caused
by rotating force of the rotational body, and applies the pressure
on an inner circumferencewall of the holder unit, which accommodates
the rotational body. The above pressurizing means is an example
of the means for plastically deforming the thermoplastic resin,
25 which is heated up to the predetermined temperature and softened,

so as to force-filter the thermoplastic resin composing the printed

circuit board. This pressurizing means transports the printed
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the driving shaft. The hol der unit accommpdates the rotational body. The
pressuri zi ng neans generates a predeterm ned pressure caused by rotating
force of the rotational body, and applies the pressure on an inner
Lcircunference wall of the holder unit, which accormbdates the rotational
body. The above pressurizing neans is an exanple of the means for

pl asti calilyudef BpALAGLY Nend hes tapl sl bddsiand phieeBurs zkeathd ppinbed he
predeterm ned tenperature and softened, so as to force-filter the

t her mopleastol§ +168h Aq RRTRASI Fifa kS50 PF igHerGur@ oW dtdoaldl thEhikst PEessali i ng
means transports the printed circuit board by the rotational body and
pressurk% the printed circuit board by the transport pressure by
rotating tHé rotational body. The rotational body to pressurize the

printed circuif board .in oV y_has _a_heligal .r t] I y

driving unit kh?af%gaﬁﬂﬁungﬁFﬁbﬁglpBSﬁﬁuFﬁZ?h %éﬁﬁ%ﬁfﬂﬁ?ﬁé&?ﬁgnPO%?gis
preferred that the filtering _neans js djspagsed on an.inner cjrcugf rence
wal 15 of inaRoraEhama hedddalst off abbdt BR%Wne @?%gréylﬁgt%teﬁa 6&? he
rotational body. This top end is driven in the helical direction of the
rot ati orfale botytiamel bedat inrdie heldealvi keriistat ed tt he Pusdgregd that
rotational body in the helical direction, generates a centrifugal force
and a féddi iglierteg neans ipr edspoiszEidngnf ancinngr airgnspgemensicewsdledt The
centrifugal force is a radial conponent force along with a helical
rotational toneeti anitaaddt he Heegbsgdf onceéhkssadearifabh toppendnvffthee
along with an axial direction. Therefore, the nore the printed circuit

board feegstlienthepbap. enthis Wit lenids 1@r iy e nir htheheldldalalddd eetidonof
the rotational body, the nore the printed circuit board is pressurized.
More@vel,r WRRNyotational body. The rotational force, which rotates the
helical rotational body in the helical direction, generates a
centrifugal force and a feeding force, i.e., pressurizing force by
transport pressure. The centrifugal force is a radial component
force along with a helical rotational direction, and the feeding
15 force is an axial component force along with an axial direction.
Therefore, the more the printed circuit board feeds to the top end,
which is driven in the helical direction of the rotational body,
the more the printed circuit board is pressurized. Moreover, when
the filter in the filtering means is disposed and exposed on the
20 inner circumference wall of the holder unit, the filtering
performance prevents from reducing because the feeding force along
with the axial direction eliminates the metallic material
accumulated in the filtering means. Accordingly, it is easy to
filter the resin material by the filtering means, and the resin
25 material is filtered efficiently.

The filtering means has the filter to pass the resin material

only from the waste printed circuit board. It is preferred that
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the filter in the filtering neans is disposed and exposed on the inner
circunference wall of the holder unit, the filtering performance prevents
from reduci ng because the feeding force along wth the axial direction
Llimnates the netallic material accunulated in the filtering neans.
Accordingly, it is easy to filter the resin material by the filtering
means, aik fheteesi® disdoyddbndsefpbéed ech ehki Cheat |qi rclive dridricer waglmeans
has the filter to pass the resin material only fromthe waste printed
circuit dyoamd nbtides preferretd hathe rbBenfhbteriss b spasedwvnrd iexpased on
the inner circunference wall of the holder unit. Then, the resin materi al
is retrigy i i pregti f dri wi t.
f%&%%h;bqu%agEﬁ?fﬂcf&ﬁ%ﬁ§?tghé g%igng Fhﬁ?t. | ¥hBge8BREL - the

Ther ef ore, as an a th eresin materral is

il dth h.t fi f h i zed .ptj L -Gl Lt sboard
ecaube TS 1 PEBroT 00 e S by T oL BACHE O, THEaddr 51 1L PEHEES e |

of the holder unit, of_ which the inner circunference wall is a pkied t he
pressur i ZIERFor e bt her absoB (TReatRHER S PFinted o LFERFBdPPREE t he
filter is made of sintered nmetal. This filter nay be fornmed to have a nesh

hol e, whiagRrUsd tle §idker ¥5 fiepphgd HHdeRAPRIRA P i bRRGE CLEGURESHCREPe,

not a straight through hole. Accordingly, the filter has neandering mesh
hol es twedtl pdsshehkotdst umil erd falWhishd thaelnpe nl ¢d xcymfarenge waldr édent ed
to pass through the filter because even long and thin needle-like netallic
mat er i alapdn doe thau ghrte sisy rtilze noe doderi by hshahotre. r€batideal nforce.

rel ati onship between the pressurizing neans and the filtering neans for
passing the reasi Aasnprefeakeantiabythbefilter is made of sintered metal.

10 This filter may be formed to have a mesh hole, which filters the
filtering object and is a meandering mesh hole, not a straight
through hole. Accordingly, the filter has meandering mesh holes
that pass the resin material, and the metallic material is prevented
to pass through the filter because even long and thin needle-like

15 metallic material can be caught by the meandering mesh hole.

Considering a relationship between the pressurizing means and
the filtering means for passing the resin material only by the
force-filtration, it is preferred that the driving shaft of the
rotational body is disposed in the vertical direction. When the

20 filter passes the resin material only from the mixture of the resin
material and the metallic material, the metallic material, which
is not passed through the filtering means, precipitates vertically
downward. Moreover, the resin material is pressed to the inner
circumference wall by pressurizing force by the above rotational

25 force.

A reservoir means reserves the separated metallic material

by the filtering means, which separates and retrieves the metallic
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Jorce-filtration, it is preferred that the driving shaft of the rotationa
body is disposed in the vertical direction. Wen the filter passes the
resin material only fromthe m xture of the resin nmaterial and the
nmetallic material, the netallic material, which is not passed through the
filtering neans, precipitates vertically downward. Mreover, the resin
mat er i amaiterpréssetithe ndweid material [t cwH €5 enedanaldd tiyapressidd,zivngchor ce
by the above rotational force. A reservoir neans reserves the separated
netal | i ¢sit@riddd bpyHeheeéét &1t ReaiBANY ribb she § PN €5 BNOnLeLEL 8Y €S
the netallic material and the resin material. It is preferred that a

space, ‘i@iéfspé%cﬂ’b‘ﬂv&ﬁ@%r@o%h&ég?ﬁ%ﬁoé{ré@ﬁf@rm ﬁgré’f%hteh)]?og?éfl”c

material, is disposed on one end e I nner circunference wal he

hol der it hi.gh: IS i tQ,th Lving unit._1n. other rds,. t he
end of Pﬂgkfnﬁ%?&gi}%dj éﬁ%ﬁ%%%ﬁb& eoﬁrgﬁénﬁog%% 'UHF}Pt%ﬁFCHO¥§S’OE%%Site
to the driving unit _and conposes the pressurjzing neans, has the space to
rese veepﬂeoﬁngfl%%nﬂﬁt%+$glﬁ ?Eﬁﬁﬁ?ﬁWé;%/oﬁIQQe kedsrri 8ndht eV AFR deposi t s
and fills the space in accordance with separating and retrieving the resin
mat er i aPPBYSthe ¥ 1%R8 iy Hewhndfopl E heorog ef 15 PrRssHELaLRpchaaRer | al

and the resin material, which conpose the printed circuit board
t ranspoPREdthY Ftrce (it aeiseryle bbdyme Tkl heatd tray idlans Acsoddspoded omet he
inner circunference wall of the holder unit, and has a heater for heating

the wasmetpiilhcedaterizlidedromirtts afwl dgdtegblte mpdce decacreddbyceotvatihon of
the rotational body, and the aggregation generates a frictional heat by
col | i si eapatathegmridiretrderdngttwards ntmgedtiedl bihilse filtering means
10 from the mixture of the metallic material and the resin material,
which compose the printed circuit board transported by the
rotational body.
The heating means is disposed on the inner circumference wall
of the holder unit, and has a heater for heating the waste printed
15 circuit board. An aggregation is occurred by rotation of the
rotational body, and the aggregation generates a frictional heat
by collision of the printed circuit boards together. This

frictional heat assists the heater for heating the printed circuit

board, and an energy consumption of the heater is reduced.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic block diagram showing a method of
recycling a printed circuit board according to the first embodiment
of the present invention.
Fig. 2 is a schematic cross-sectional view showing hot
25 filtration equipment used in hot filtration process according to

the first embodiment of the present invention.
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frictional heat assists the heater for heating the printed circuit board,
and an energy consunption of the heater is reduced. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a schematic bl ock di agram showi ng a net hod of
Jfecycling a printed circuit board according to the first enbodi nent of the
present invention. Fig. 2 is a schematic cross-sectional view show ng hot
filtration equi@Ment susgestidndtotc bialthallgncpsosessc oo divigwt Shokhegfirst
enbodi ment of the present invention. Fig. 3 is a schematic partially

Cross-s [ h t q [P Yodoxa]s tort be
second gﬁ%og?%%ﬂ¥ﬁg¥h?%%Mk%?g§é§%c§%§£ﬁﬁﬁgg%h%lgé@gﬁ?;aa scﬁgﬁggsco%lgck

di agra g recycling a printed circuit board according to
%QQ%E lﬁvggwgg he

the fif odlne present invention Fig. 5is a schenatic
Cross-section M/shomnn t he i,rcuit board appli d&

net hod of rec Jc‘Fr n dccdt dF Rl elf‘%tf ' ¥S‘E§l§%88l Y188 thé'p }é%de
invention. Fig. 6 is a graph shomﬁng rel ati on between a tenperature and

an et asﬂfﬁéy%éjﬂgdfh p6ﬂn§ﬁd| FEF Rt RG st aFFRIAEHOWe Fhe Ridthsenbefygeny are
schematic partially enlarged views showi ng states of material in a via-hole

of a prPhtebecpreapnthonrantpphied to a nethod of recycling according to
the third enbodi nent of the present invention, wherein Fig. 7(a) is a
schematic croESgsébi$@ma¢ham@MishowbﬁgsacsﬁaneloﬁfﬂashowahgHﬁM1meiNt@dhoIe
after filling a conductive bonding paste, and Fig. 7(b) is a schematic
Cross-set¢kcanadl boa eV applied to the method of recycling according to the
first embodiment of the present invention.
10 Fig. 6 is a graph showing a relation between a temperature
and an elastic modulus of an insulating material shown in Fig. 5.
Figs. 7 are schematic partially enlarged views showing states
of material in a via-hole of a printed circuit board applied to a
method of recycling according to the third embodiment of the present
15 invention, wherein Fig. 7(a) is a schematic cross-sectional view
showing a state of material in the via hole after filling a conductive
bonding paste, and Fig. 7(b) is a schematic cross-sectional view
showing a state of material in the via hole after interlayer bonding.
Fig. 8 is a schematic cross-sectional view showing a shape
20 of aconductive product after interlayer bonding in a printed circuit
board applied to a method of recycling according to the fourth
embodiment of the present inventicn.
Fig. 9 is a schematic cross-sectional view showing a single

layer printed circuit board applied to the method of recycling

25 according to the second embodiment of the present invention

BEST MODE FOR CARRYING OUT THE INVENTION
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showng a state of material in the via hole after interlayer bonding. Fig.
8 is a schematic cross-sectional view showi ng a shape of a conductive
product after interlayer bonding in a printed circuit board applied to a
Jret hod of recycling according to the fourth enbodi ment of the present
i-nvention. Fig. 9 is a schematic cross-sectional view showing a single
| ayer printedEgbamplet hoaed, apmbd@ihdor ¢ hefaretdint ofng eaycki mgthadcandi ng
to the second enbodi nent of the present invention BEST MODE FOR CARRYI NG

OUT THE abMENTELEN. FEXRRI-8S nGl a€prigfBadicaRbhs: bekreakb¥bhgifytta grkhod
and apparatus of recycling a printed circuit board according to the

present J.auenti 9Rane 1d6sarbbadsas bohl guscof Fpst embodiment) Fig. 1 s a
FE I

schemat l'ock di agram showi ng an overa process of a nethod of
recycling a printed circyit bpoard according to the first enbodi nent of the
pr esent invené?%ﬁ? Fﬁagoalﬁgng?schenatic cross-sectional view show ng hot
filtration equipnment used in a hot. filtration process shown in Fig. 1.

Fig.25 is a sEhemat i€ ¥ S6EEMe&dCiRIRGK FiadrsRGH NG thenfisiadd BFPEGPE
board applied to the nethod of recycling shown in Fig. 1. Fig. 6 is a
graph sRéwingethodep bt ety Plete @nPa1nERPef ¥ tnbt P ER @ RGi&dnbqulhs of
an insulating material conposing an insulating body base shown in Fig. 5.
Fig. 2 ifdrsheenbhdiment ef otlse garidesrialinvieawishow Hggt he dsor Srhematien
equi prent used in the hot filtration process shown in Fig. 1. Besides,
Fig. 1 icsoakseeatsoheintiew shoek ndi gt dfhlshewiing equimogrt wsgdsystaehovto
performthe nmethod of recycling the printed

filtration process shown in Fig. 1. Fig. 5 is a schematic

10 cross-sectional view showing the printed circuit board applied to
the method of recycling shown in Fig. 1. Fig. 6 is a graph showing
a relation between a temperature and an elastic modulus of an
insulating material composing an insulating body base shown in Fig.
5. Fig. 2 is the schematic cross-sectional view showing the hot

15 filtration equipment used in the hot filtration process shown in
Fig. 1. Besides, Fig. 1 is also a schematic block diagram showing
a recycling system to perform the method of recycling the printed
circuit board according to the first embodiment of the present
invention.

20 As shown in Fig. 1, the overall system for the method of
recycling the printed circuit board is composed of a waste printed
circuit board 1 as a work piece 1, a part elimination means 2 for
eliminating mounted parts so as to primary-process the work piece
1, a solder elimination means 3 for eliminating solder so as to

25 secondary-process the work piece 1, a hot filtration means 4 for

performing after the primary and secondary processes, a

resin-forming means 5 for resin-forming an insulating material,

11



circuit board according to the first enbodi nrent of the present invention.
As shown in Fig. 1, the overall systemfor the nethod of recycling the
printed circuit board is conposed of a waste printed circuit board 1 as a
work piece 1, a part elimnation neans 2 for elimnating nmounted parts so
as to primary-process the work piece 1, a solder elimnation nmeans 3 for
el i m natwhnghsbs datpa@ tasl hadsesontarad pryocrs hdthéiwerktpoaaredns & ,hatd
filtration means 4 for performng after the primary and secondary

process@s medall 6 MM HH MRS 2 iy desid-4 oFdt NPe A iMGUL bk REted

material, which is separated and retrieved by the hot filtration neans 4,
and a pgetahsefining;and atiidn & g refipn & B phednor
metallic Eate%?a ) &%igh'izﬁggéaﬂatgs an retr%%ve&g%ye?%% ho %?It?ation

means 4., e printed circuit board 1 is a printed circuit board 100
used infﬁgggg%gﬁhcpgﬁéseguipnent or a so-called waste printed circuit

board as a wasie produced in a process of nyf act urj el.ectric
equiprent . AsTERANFS FH BE g tes CEHEU sPRafd tlé‘dacfi’l?lc‘{}%td Yd&rd L1PPAEFudes
circuit boards 21, which are conposed of insulating body bases 23 and
conduct 198 BFEAt Bl wastiialeckricaeqBirieatparta sa caldicthwestRobhiBESEn t he
circuit board 21, and sol der 80, which connect the nounted part 70 and the
circuit choarndt2boavtenst he westeuprobvardsirlasprhcasscofduesnihfacpurngd
circuit filmor the like (i.e., conductive printed circuit film?2l1l) are
st ackedeilrttracnuttiphayer s sbhbtnboarki,g.t be hbétwadt@yeriateducirboatd has
a conductive product 51. The conductive product 51 is mnade of interlayer
bi ndi ngbsateri ahcttadesntiecduithboaoadrt, waich are composed of insulating
10 body bases 23 and conductive printed circuits 22, a mounted part
70, which is mounted on the circuit board 21, and solder 80, which
connect the mounted part 70 and the circuit board 21.

When the circuit boards 21 such as conductive printed circuit

film or the like (i.e., conductive printed circuit film 21) are

15 stacked into a multi-layer circuit board, the multi-layer circuit
board has a conductive product 51. The conductive product 51 is
made of interlayer binding material to connect the conductive
printed circuits 22 together, i.e., to connect layers electrically
together. Then, the multi-layer circuit board of the conductive

20 printed circuit films 21 composes an insulating body base printed
with conductive circuit.

The printed circuit board 100, which is recycled as the waste
printed circuit board 1 according to the first embodiment, has
properties of a work piece as follows.

25 At first, the insulating body base 23 is made of insulating

material, which may be any kind of insulating material such as a

resin filmas long as the insulatingmaterial is either thermoplastic

12



printed circuits 22 together, i.e., to connect l|layers electrically
t-ogether. Then, the nulti-layer circuit board of the conductive printed
circuit films 21 conposes an insulating body base printed wth conductive
circuit. The printed circuit board 100, which is recycled as the waste
printed circuit board 1 according to the first enbodi nent, has properties
of a wordespineegl gSorf alilkawse Af HHdSioptdtidnsukahi agd dody deasie 23adsngade
of insulating material, which may be any kind of insulating material such
as a resitRdizhimas long as the insulating material is either thernoplastic
resin only or mxture of thernoplastic resin and inorganic |oading

M T it G R e T G e oA

such as sem con evice an e on circuit oard
100, the jnsulating material composing. the insul ating body. has '

i ted oS It A PRGSO SURE 6 6 Cheah hoPe PR o thegr ght
Cel si us _anong _t he above thernpplastic resin on%¥ or %gg, aggv ,nix%ure of
t her fropPR&ice 108si kRENHNFHOR ARY M3 bRt Ay FRRRGS1DY thgodng ﬁ%ﬂ&g RE¥e
materials are polyether ether ketone (i.e., PEEK) resin, polyether imde
(i.e., PESe Pdsiwn,limbhad 003 MRREK fadsithahnks PoEisibds RO hert Madlcasbre
polyimde (i.e., thermoplastic Pl) resin, polyphenylene sulfide (i. e. |,
PPS) regi5, dagdeks didls isrsysnahgpdie mbove( thernop Gt ide silmopgaviar Ebadi n
material is an additive for the purpose of adjusting physical properties
of the piboveattcturaibt toamebplGGitid-oss Exanplimorsianiicaldadeng mgité@2)apowder
is added in the printed circuit board 100 to decrease a coefficient of

t her mal X¢PewsSh®Ole, those materials are polyether ether ketone (i.e., PEEK)

10 resin, polyether imide (i.e., PEI) resin, mixture of PEEK resin and
PEI resin, thermoplastic polyimide (i.e., thermoplastic PI) resin,
polyphenylene sulfide (i.e., PPS) resin, and liquid crystal polymer
(i.e., LCP).

The inorganic loading material is an additive for the purpose

15 of adjusting physical properties of the printed circuit board 100.
For example, silica (i.e., Si0;) powder is added in the printed
circuit board 100 to decrease a coefficient of thermal expansion,
aluminum nitride (i.e., AlN) powder 1s added to increase a
coefficient of thermal conductivity, fiber glass is added to

20 increase a mechanical strength, and so on. These additives are
added in accordance with their purpose.

The insulating body base 23 in the first embodiment is made
of the insulating material composed of a resin film 23. The resin
film 23 is made of mixture of PEEK resin and PEI resin, and mica

25 (i.e., KMg3(SiAl3010)Fs, etc) is added in the mixture of PEEK resin
and PEI resin as an inorganic loading material. The weight ratio

of the PEEK resin to the PEI resin is 38:62, and the weight ratio
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alumnumnitride (i.e., AIN) powder is added to increase a coefficient of
t‘hermal conductivity, fiber glass is added to increase a nechani cal
strength, and so on. These additives are added in accordance with their
purpose. The insulating body base 23 in the first enbodinent is nade of
tthe insulating material conposed of a resin film23. The resin film23 is
made of g her eiehuPEEKSr e6é ek REid esidnthandem £€8s{h.€c ,the mica is
KMB3(Si Al30 O F4, etc) is added in the m xture of PEEK resin and PElI resin
as an ingi@any ¢ | oading material. The weight ratio of the PEEK resin to
the PEI resin is 38:62, and the weight ratio of the mxture of the PEEK
resin and the | regsin .t 1.ca_i .100; 15. . 5. e 3N L li.c
RS RN ST dr Re el pa B a Rl BT pBp Tt

material may be a mat er suc

| umi Al).. nickel (N), sil |10y, silver ali
The |1 KGR B roPAPPEE (GPbr | ATTRHPEhelih b r Gokidal i P4 885per

foil. For exanple, after the copper foil isnfress-contacted and adhered to
the abovFesFAPPET Iahley, ShEVebrRddowiver fhent Bt ci f&E Xt ed Mederdd Coy
elimnating unwanted part fromthe copper foil, e.g., etching or the Iike.

The condwdiania lpin fthedf &1 8 @mbodimentils soppast Fuck ed Floy eXyppd ¢y afker
conductive printed circuit 22 on the surface of the resin film23. After
that, a tha eoppea ¥balhds ek f-aroritredrddaped bdhdirad to stHom@bedebyelsaser
beamdrilling in the resin film23, and so on. Then, a conductive bondi ng
past e 5Fids a8, i thekbayer thoady nn ted eriiratuiits2? ild €drinptidoy lkd iwiiaahdahg 24,
and is fornmed into the conductive product 51 to connect the conductive

pri nt ed (GiwHds p2dt &rest theakbypelhirsiel eet gl ¢ e0BRERYI A tBeNDikONIY I N
a so-called
10 The conductive printed circuit film 21 is constructed by
forming the conductive printed circuit 22 on the surface of the resin
film 23. After that, a hole as a via-hole 24 for interlayer bonding
is formed by laser beam drilling in the resin film 23, and so on.
Then, a conductive bonding paste 50 as an interlayer bondingmaterial
15 1is filled into the via-hole 24, and is formed into the conductive
product 51 to connect the conductive printed circuits 22
electrically. This electric connection is not only in a so-called
electrical contact continuity but also in an electrical connection
by solid phase diffusion between metals according to the third
20 embodiment described later, and so on.

Next, the elimination means 2 for eliminating the mounted part
shown in Fig. 1 (i.e., part elimination means 2) is for eliminating
the mounted part 70 such as a semiconductor device and so on. This
part elimination means 2 is performed by well-known method. For

25 example, it may be a mechanical elimination means for removing the

mounted part 70 mechanically at room temperature, a hot elimination

means for removing the mounted part 70 by heating up to the melting
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.el ectrical contact continuity but also in an electrical connection by
solid phase diffusion between netals according to the third enbodi nent
described later, and so on. Next, the elimnation nmeans 2 for elimnating
4 he nounted part shown in Fig. | (i.e., part elimnation neans 2) is for
€limnating the nmounted part 70 such as a sem conductor device and so on

This pasdmpeldatiunat b6nsdeders 1A theperivtakd incuis bokiawno optaratl soFon.
exanple, it may be a nechanical elimnation nmeans for renoving the nounted

part 70 mechaghegldne ptih0OMdieMHRE AL &1 180NQ 2 85 &b DAY 19Nt hdreaBELEQE
removi ng -the nounted part 70 by heating up to the nelting tenperature of

solder T iR, M £G4 £ G002 Gy ARAeS0s Qo ?{lifr{l%d%ﬁ?&ﬁgt

circuit 0 1's “‘assenbl ectric equl pnen I'S hecessary

to renmoye the S | ed.printed _circuit.__board 0 fromthe el [i,C.

qul peREATth 00, SR TG HiE SBHFBEREA b "afy ERRY 5P PERBOHnG®

met hod such as destroying the electric¢ equi t, djsassenbling,a connector
for 7oi MSTgOorRed EHiﬁ%@d Pﬂc@ﬁtrﬁ@&V&“?O@eEggahéuEheEFr Ssgﬁﬁgbﬂ%nggeor
the like. In the first enbodiment, the waste printed circuit board 1 is

r enoved elfecémichedtigmatito dls pnesnbbingi aasosnsritpy tiee chmteetdr ther
joining the printed circuit board 100 to the electric equipnment. The

sol der @rimitest concnehnsodrd sl Gbrtcelthri ahechylia swlbwrentg0.orThbesbiyer 80
is a residual solder, which is in the waste printed circuit board 1 after
removi ngnt fiee Maugteshipedimeht), bjietwis tephimt edlciretiim bedrdn ireanmousdt he
part elimnation neans 2, a nelted solder, which is nelted by the hot

el i m natfirgm ARRNS1dtA d ee@oldldt a8y SDsdlesemhied tier €ofnéttihfi edrby
cooling after the hot elimnation neans. This solder elimnation neans 3
is perfeurednly tWel brkAe¥A circuit board 100 to the electric equipment.
The solder elimination means 3 is for.eliminating a solder
80, The solder 80 is a residual solder, which is in the waste printed
circuit board 1 after removing the mounted part 70 by the mechanical
elimination means as the part elimination means 2, a melted solder,
15 which is melted by the hot elimination means, or a re-solidified
. solder, which is re-solidified by cooling after the hot elimination
means. This solder elimination means 3 is performed by well-known
method, for example, a mechanical solder elimination means for
removing the solder mechanically using a grinder and the like, a
20 chemical solder eliminating means for dissolving the solder
chemically using a mixture of hydrochloric acid and sulfuric acid
and the like, and so on.
The hot filtration means 4 heats and force-filters the waste
printed circuit board 1, after the mounted part 70 such as a
25 semiconductor device and the solder 80 are eliminated from the waste

printed circuit board 1 by the part elimination means 2 and the solder

elimination means 3 respectively. This hot filtration means 4 is
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met hod, for exanple, a nechanical solder elimnation nmeans for renoving
the sol der nechanically using a grinder and the |ike, a chem cal sol der

el imnating neans for dissolving the solder chemcally using a m xture of
hydrochloric acid and sulfuric acid and the Iike, and so on. The hot
filtration neans 4 heats and force-filters the waste printed circuit board
1, aftecaphelpoohtsbgrartinédaadche asieviserincdnduthot ndend teer iarid 1ahgngol der
80 are elimnated fromthe waste printed circuit board 1 by the part

el i m naki piiAeaBsmdtandithpaselkdar 18l byl RalteriABaRs1P tREPERELVEE YngThi s
hot filtration means 4 is capable of separating and retrieving an

i nsul at hQﬁeE@%?rié‘lfﬂcﬁn pd m?x?ﬁk?t&fj Rt ?hghﬁaﬁhgrﬁ et PY A Lhherh a9
only the insulating material la fromthe mxture of the 1 nsulating
material | b, whi.ch conpon s of

i . i d . L] )
The oy rhraflcBitnbRe) b USSR 3 EniBhlid! oo §%&f?ﬁep %f' lﬁ%éure
il g he i | i ial | by heati -filt i
Lhe Dr i FLEGIaH Rbnra phaty * T5G 4e aRb b opt Khe AP 18 ABEPFREaIEEEErS The

insulating material la, which is separated and retrieved fromthe waste
print edféLERGI t OBdar d the | singhabingt onpkeyépbd laat &Y alhgRtoditt sabg t he
resin-formng neans 5. This resin-formng neans 5 is perfornmed by
wel | - knéaxcaefhbler orafBhrernwgintmd cifeuitebgsrddl f@sis theodackspiane The
printed netallic material Ib, which is also separated and retrieved from
the wastie gesatédedi tgtetr.board 1, is fornmed into recycled materi al
products by the netal refining and separating neans 6. This netal refining
and separ at i nNThe neand &6 iirgy pectot ARd Dy whelch- ks oyepames el ahar réef i @vag and
separating
10 from the waste printed circuit board 1, is formed into recycled
material products by the resin-forming means 5. This resin-forming
means 5 is performed by well-known method for forming into the
recycled resin products laA. The printed metallic material 1b,
which is also separated and retrieved from the waste printed circuit
15 Dboard 1, is formed into recycled material products by the metal
refining and separatingmeans 6. Thismetal refining and separating
means 6 is performed by well-knownmethod for refining and separating
in each metallic category.
As shown in Fig. 2, the hot filtration means 4 to filter the
20 insulating material la only by heating and force-filtering the
printed circuit board 100 as the work piece 1 is performed by hot
filtration equipment 4a. The hot filtration equipment 4a 1is
composed of a filter 4al, a punching metal 4a2, a pressurized room
PR, a depressurized room DP, and a casing 4aH. The pressurized room
25 PR and the depressurized room DP are divided by the filter 4al and

so on, and are accommodated in the casing 4aH. The casing 4aH

accommodates the pressurized room PR and the depressurized room DP,
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.-n each netallic category. As shown in Fig. 2, the hot filtration neans 4
to filter the insulating naterial |la only by heating and force-filtering
the printed circuit board 100 as the work piece | is performed by hot
filtration equipment 4a. The hot filtration equipnment 4a is conposed of a
filter 4al, a punching nmetal 4a2, a pressurized room PR, a depressurized

room DPana@ntlag gakéngedath] ThHes o &S Wdrzathi@oimPR ard riche ndepr sesuihged
room DP are divided by the filter 4al and so on, and are acconmmobdated in

the casiRge4ad) The ¢agkRfefaH accommodates the pressurized room PR and
t he depressurized roomDP, and has a hernetically seal ed construction by

SCrewing a seabhnfor FUELIEL 48R agelher. GThoMAK Biease Lok s Bl eedson

t he bottom of e pressurized room an o] MNg
t enperature P a_heater. and,the [i (not, .;sho . The work pie ea% i S
al so pr &SShy gédaﬁ bfrh?%E?%dﬂ%éﬁ’f %ﬁ%%ﬁqgi%ﬂ%ﬁﬁﬁ%PF@ngﬁo?tge PEh is
di sposed ugside,of the pressurized room PR The filter 4al, which is
disﬁgse&ndo BE e pisthishgvRet al TR X OLK Pdiesod edS (dest Prss SHrd€edr PYed
room PR A nmesh size of the filter 4al is selected so as to pass the
i nsul at PAg AptepAdrefafrper enhpbtghnbnddnetien pass, tWeiphi heedispesadlic
material | b therethrough. The depressurized roomDR is di sposed under the
filter 4msidearfdthe rdemsensimedzedomPRf or Blee éilldiest4aly ahichyisad psppsédot
shown) froman air exhaust port, which is disposed upside of the
depr essurezeths pamcBRngThet & driaeef i btdiadpaded singerf o epad dasurieed room
differential pressure between the pressurized roomPR and the
depr esseri, zed nigan ke hecause tihemonkipiieceelectidcBol §spPtacgdss the

10 insulating material la therethrough and not to pass the printed

metallic material 1b therethrough.

The depressurized room DR is disposed under the filter 4al,
and is depressurized by force-exhausting air by a pump (not shown)
from an air exhaust port, which 1is disposed upside of the

15 depressurized room DR. The force-filtration is performed by the
differential pressure between the pressurized room PR and the
depressurized room DP, because the work piece 1, which is placed
in the pressurized room PR, especially the insulating material 1la,
which is passing through the filter 4al, is pressurized by the

20 differential pressure. The insulatingmaterial la is extruded into
the depressurized room DR through the filter 4al, and is retrieved
from the downside of the casing 4aH in Fig. 2. For example, the
work piece 1 is heated up to 400 degrees Celsius, and is pressurized
to 10MPa in the pressurized room PR, Then, only the insulating

25 material la in the work piece 1 is passed through the filter 4al,

which is composed of a minimum sized mesh (in detail, e.g., item

#50 mesh) made of stainless. The printed metallic material, which
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..n the pressurized roomPR, especially the insulating material la, which
i=s passing through the filter 4al, is pressurized by the differenti al
pressure. The insulating material la is extruded into the depressurized
+oom DR through the filter 4al, and is retrieved fromthe downside of the
casing 4aH in Fig. 2. For exanple, the work piece 1 is heated up to 400

degrees i®ehtupasaed thrpugESUREZedItép 4LNVPardmh i i eseurrizedr aam. PR
Then, only the insulating material la in the work piece 1 is passed through

the filt@lefalne WRCR10SrGPTBASEGy Phnén M i Mun &l z6d s i [ i17 sdebaickr
e.g., item #50 nmesh) made of stainl'ess. The printed netallic material,

which i Nt pasaed LLoug Lhe (LU 8 4] T BLps on the [ilter dal

Then, the hot T ltration equi pment 4a 1's separa its center so as to
retrieve the pripted_petallic mpaterial . | he, fjrst, enbodi nment, the, hot
[F1tration iR cHEef enpdliieiua the' FRE BhbtHAEHE FOm A St (g Ene
insulating material |a as the work piece 1 through the filter 4al by _the
di f f er esteSairibedegasuitbeaparibnend fpe hbkiepintdhe insalpding paterilsh

equi pnent 4a nmay be equi pnent that applies the insulating material la
mechani d&l by &hd ¥orkeri¢de dr thiroviohsthat Fagtent4al Ay Ithe Hiddghentaati | ter
4al. Moreover, the hot filtration equi pnment 4a nay be any kind of

equi pnemretsisatrechgpp $ieddpibssuwik ed eclkel | nsileahphgf i netagriical ehaipaerdt
passes through the filter 4al. The printed circuit board 100 is heated and

force-fidat efigd bas &deipwdrkt praee lapdioids atwestigspliantied chatatiaboand 1
that has an initial shape as it is and a waste printed circuit board 1

that ismic@lanTicaany Bhacessed- kil e faske TP OLESTy $hareiRY eHt thReugRy be
used as the work piece 1.

10 the filter 4al. Moreover, the hot filtration equipment 4a may be
any kind of equipment that heats and pressurizes the insulating
material la, and passes through the filter 4al.

The printed circuit board 100 is heated and force-filtered
as the work piece 1. Both a waste printed circuit board 1 that has

15 an initial shape as it is and a waste printed circuit board 1 that
is preliminary processed into easy-to-process shape by cutting may
be used as the work piece 1.

In the first embodiment, the insulating body base 23 of the
waste printed circuit board 1 is made of the mixture of thermoplastic

20 resin and inorganic loading material. The above resin material
passes easily through the mesh even at a comparably low pressure
such as 10MPa, because the elasticmodulus of the insulatingmaterial
la is sufficiently reduced at temperatures of 360 degrees Celsius
or higher, according to a relation between a temperature and an

25 elastic modulus of the insulating material shown in Fig. 6.

On the other hand, the copper (Cu) foil composing the printed

metallic material 1b (i.e., in detail, the copper foil composing
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Jdn the first enbodi ment, the insulating body base 23 of the waste printed
eircuit board 1 is made of the mxture of thernoplastic resin and

i norganic loading nmaterial. The above resin nmaterial passes easily through
{he nesh even at a conparably | ow pressure such as 10MPa, because the

el astic nodulus of the insulating material 1a is sufficiently reduced at
t enper attthesafdB80 we grees edeksirds i tor2hi gREr th@CESH Al A+ Frd®lA isan
bet ween a tenperature and an elastic nodulus of the insulating nmateri al

shown | made.o f6Lthenihher Diher duding RatePRREN 2 #SWn fai! SSQggfth@e,t he

printed netallic material |Ib (i.e., in detail, the copper conmposi ng

the condiald VGt ¢ EhEC1: #n AN 1RE.CAAAUGLLY eoRIOMIELS Dl (RS Of

the interlayer bonding nmateria e 1 the soli i ot her

the solid hhass, c i,C us _of the materials is _high around
at 400 égbreegﬁf%ﬁgﬁ%gaghggsgkgi?Eggghtge?¥%ﬁﬁt¢E%STﬁft ; Pﬂ%ﬁPJFE%&:F

mat eri al._ Ther.ef or he printed netalli¢ materia and the conductive
prodéct:%%mhﬁgmﬁbfﬁi§®§édgﬁﬁﬂégdﬁgtWétﬁFPFér 4al unless these materials
are heated up to the nelting point and are nelted. As a result, the

i nsul ating mai8FT&IOrs iheBpanbeddednd listndeaminl Rofand tivg condiicgive, the
process of recycling the printed circuit board according to the first
enbodi MPFCWICH Hel presenet paveatl diriosigdestvd bl tase f ohl ousleFhethesycl i ng
met hod according to the first enbodinent is conposed of separating and

ret ri evimageniatler iaales heatas tip be thasséltengipd nivedred ide aRilagel.i egs and
recycling the separated and retrieved materials. As shown in Fig. 1, the
process aofresedy¢l thg iasadaposgdnafeppsl B iid NRiP-0R HEIDOGRSS ref29@yeg0! der

el imnation process P300, hot filtration process P400,

10 Referring to Fig. 1, the process of recycling the printed
circuit board according to the first embodiment of the present
invention is described as follows. The recycling method according
to the first embodiment is composed of separating and retrieving
materials so as to be classified into material categories, and

15 recycling the separated and retrieved materials. As shown in Fig.
1, the process of recycling is composed of part elimination process
P200,soldereliminationprocessPBOO,hotfiltratianprocessP400,
resin forming process P500, and metal refining and separating
process P600. In the resin forming process P500, the insulating

20 material la, which is separated and retrieved in the hot filtration
process P400, is processed so as to utilize as resin products. In
themetalrefiningandseparatingprocessP600,theprintednmtallic
material 1b, which is separated and retrieved in the hot filtration
process P400, is processed so as to utilize as metallic materials.

25 Besides, when the printed circuit board 100 is assembled in

the waste electric equipment, disassembling process is provided

before the part elimination process P200. 1In the disassembling
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.r-resin formng process P500, and netal refining and separating process
P600. In the resin formng process P500, the insulating material l1la, which
is separated and retrieved in the hot filtration process P400, is
processed so as to utilize as resin products. In the netal refining and
Separating process P600, the printed netallic material 1b, which is

separ at gdoaBdsl etheeyetntdd tderhott fdddratiomn i spreaesedP496m tBe prosESSed
so as to utilize as nmetallic materials. Besides, when the printed circuit

board 1Q9.i-s-a8seghligdehp. the waste el ectric equipnent, disassenbling
process Is provided “before the part elimnation process P200. In the

di sassenbl i ng,_ pr,oces t i.qt, I I d i t he
wast e eIectrF%1@H%i5%§hfﬁ%pﬁkﬁﬁégga§%gég%%i%égﬁﬁm$ 8?8525@85§%§Sa%%§£%f t he
mechanical, _.elimnati on means for renovi t he nt ed pa 70 such as a
Seni conBUCFSRatENT c Bt o ot FO BT o bt SHUBHSCUNAT t ne? hGECBI (A it | on
means for renoving the mpunted part 70_by heating up to the nelting

t enper af@Mécerdys Gér?eﬁﬁcﬁh@epg?élﬁ&}lﬁea&sé@%ﬂst%mﬂﬁﬁﬂﬁﬂﬁ?qmﬁhe Rot
elimnation neans 2. In the first enbodinent, the printed circuit board
100 as thémpmstéoprigaes £o¥ clanobigwr dhe moupdgdeays /68 pPpohdeliresup

Cel sius, at which the solder is nelted, and is scratched by a netallic

kni fe sboathéanekbning tédrmpemamtmed ofharaldA)., Bhre thet dlikecmkyibe woedaxt s t he
surface of the printed circuit board 100 and noves parallel to the above
printedthersbibte hodt k1Lddndtvicdnheesdlsder eld rihratfiiesd tpenbedasme800, tisay of
the mechanical elimnation neans for renoving the sol der 80 nechanically,

L dihotpr@htaanaif@@ww& aroomelkt ERE WaetS Pdelt 0 .cidcutifepbbke Mays be

10 heated up to 200 degrees Celsius, at which the solder is melted,
and is scratched by a metallic knife so as to remove the mounted
part 70. The metallic knife contacts the surface of the printed
circuit board 100 and moves parallel to the above printed circuit
board 100.

15 In the solder elimination process P300, any of the mechanical
elimination means for removing the solder 80 mechanically, the hot
elimination means for melting the solder 80, or the like may be used
as the above solder elimination means 3. In the first embodiment,
the surface of the printed circuit board 100 is abraded by an

20 abrasive-grinder of item #320 mounted in a rotary-type grinder.
Then, the solder 80 is eliminated by the abrasive-grinder.

In the hot filtration process P400, the printed circuit board

100 as the work piece 1, from which the mounted part 70 and the solder

80 are eliminated by means of the part elimination process P200 and

25 the solder elimination process P300, is heated and force~filtered

by the hot filtration equipment 4a shown in Fig. 2. The insulating

material la made of the resin material is softened by heating, and

20



.as the above solder elimnation neans 3. In the first enbodi nent, the
surface of the printed circuit board 100 is abraded by an abrasive-grinder
of item 4320 nounted in a rotary-type grinder. Then, the solder 80 is
elimnated by the abrasive-grinder. In the hot filtration process P400, the
printed circuit board 100 as the workpiece 1, fromwhich the nounted part

70 and tike Soltefed 8thasegtel tmé naie@le_byz;a@ansm@én; henpg@r thel iAsnaktoAg
process P200 and the solder elimnation process P300, 1s heated and

force-figdreradi by 1@1 aQQEdfﬂﬂxtcf H @ReCAul f¥ERh 142 BROWD R -Figt r2tidhe
insulating materi al a made of the resin material 1s softened by heating,

and s ,fJ chlgrﬁdlglly w&@ﬁ }I%Ahtt %{q ?ﬁ %l‘ﬁeéhrﬁh%r?%t Qﬁd:c{}%’ll?i%hrﬂgtlng the

material’ & Ts asse rou h rce- I"on
filtration w eat.i n ressuri zin and the insulating material |a
is filt&FEET é@g g.e&ﬁ|§ tﬁrg %E ?ﬁg hot filtration process P400, the

wor k_ pi ece is heated to 400 de rees Cel sius, and _is pressurized to 10MPa
in fhe presséiFll 9R%ER F borktPRA8 e lH&FaFFPPr%’{‘?W%(E’&loﬁneﬁbeerl'ﬁéecﬁesh
size of the filter 4al, which is a partition to divide the pressurized

r oom PR1ahd lﬂﬁ@t@i‘éﬁi’%é@l@r fegderaone DR US s anceis#BDe peghi z@dialddMPehén
heating tenperature may be not only 400 degrees Celsius but also the

t enper attlnee prasswiriickdt heor| 8Bt 0€ hbduhos filtmalfforcieentipmerdddeed The
according to the relation between the tenperature and the el astic nodul us
of the mesul atiizeg ofattérl &liltar ghoywnwhichi ds 6. phkreeven, tbhaiwead shee may
be in the range of the nmesh size that passes only the insulating materi al

| a W t heulesshiraekidneodhern®sd the 8préssulatédgosat BR) als | em B haskl ating
mat eri al conposing the insulating body base
10 Besides, the heating temperature may be not only 400 degrees Celsius
but also the temperature, at which the elastic modulus is
sufficiently reduced according to the relation between the
temperature and the elastic modulus of the insulating material la
shown in Fig. 6. Moreover, the mesh size may be in the range of
15 the mesh size that passes only the insulating material la without
blocking the mesh by the insulating material 1la.

The insulating material composing the insulating body base
in the printed circuit board according to the prior art is made of
thermosetting resin, and the elastic modulus of the thermosetting

20 resin 1is not reduced even at high temperature. Therefore, it is
impossible to separate and to retrieve the insulating material by
means of such a simple method.

In the resin forming process P500, the resin products for
recycling are re-produced from the insulating material la, which

25 1s separated and retrieved from the waste printed circuit board 1.

The resin forming process P500 is performed by a well-known method.

In the metal refining and separating process P600, the metallic

21



.L.n the printed circuit board according to the prior art is nmade of
thernosetting resin, and the elastic nodulus of the thernpbsetting resin is
not reduced even at high tenperature. Therefore, it is inpossible to
separate and to retrieve the insulating material by neans of such a sinple
method. In the resin formng process P500, the resin products for

recycl i ngatedel 436 Foedueedcling dhe dgiRIUNG Fabar tRE pRintdd eltalSic
separated and retrieved fromthe waste printed circuit board 1. The resin

form ng pracess PBOQH &-1Pe5fLY, 2 Qnﬁ@]e'trlﬁ. QM FELRAG e Qt g)‘arl'ﬁ'%te@ll

refining and separatlng process P600, neta liTc mteria recycling
are re- the |nte ria whi ch S S rated
and 1t A AEAEha el 'k p??%?‘éae Jcmrfa:%.%nfﬁosa%paaﬁa 7l HRAEES, SROR, ng
and separatin i s also perfornmed by |1 - known nethod to
refi neIoHn's 3&5% ﬁ%{ CPIF’F%‘E Yat oty kr@@b%ﬂ”ﬁa’f‘? dfeofflnt%énl FR Beitag L1
material and the printed netallic material by separating and retrieving in
the Aot ¥3949%kY-on process P400 is confirnmed as foll ows. Copper, silver,
and tin conposing the printed netallic material |Ib may be contam nated
into the insuRgciongrivatraitiial ofThdecdmgudeitiagpmiateedadi modi the22 pirdnirede  of
copper, and the interlayer bonding material is made of silver and tin. The
cont am nettiadr icf mgbppeal EQUIepasatirey afAgetriand g hn thSnhot fittheation
insulating material is neasured using ion-coupled plasma (i.e., [CP)

eni ssi oprapasly a4 Enal yséont Theedreasureesis of togpepnt amipat|j oanky tihe | CP
em ssion spectral analysis is confirmed below 50ppm which is the Iimt of

det ect i Jompgds iy gggfpxrlmd: ﬁat:alwe ndtsH it 09 By 8kl @bnt &nidhePrihpbed

netallic material |b, and
10 the insulating material. The conductive printed circuit 22 is made
of copper, and the interlayer bonding material is made of silver
and tin. The contamination of copper (Cu), silver (Ag), and tin
(Sn) in the insulatingmaterial is measured using ion-coupled plasma
(i.e., ICP) emission spectral analysis. The measurement of the
15 contamination by the ICP emission spectral analysis is confirmed
below 50ppm, which is the limit of detection. It is confirmed that
the insulating material la, the printed metallic material 1b, and
the interlayer bonding material 50 (Hereinafter, the printed
metallic material 1b and the interlayer bonding material 50 are
20 defined as the printed metallic material.) are separated by the
separating and retrieving method according to the first embodiment
of the present invention, in other words, by the separating and
retrieving method to separate the insulating material la and the
printed metallic material 1b in the hot filtration process P400,
25 wherein the insulating material la, the printed metallic material
1b, and the interlayer bonding material 50 compose the printed

circuit board 100, i.e., the waste printed circuit board 1. The
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.the interlayer bonding material 50 (Hereinafter, the printed netallic
material | b and the interlayer bonding naterial 50 are defined as the
printed netallic material.) are separated by the separating and retrieving
et hod according to the first enbodi ment of the present invention, in

ot her words, by the separating and retrieving nethod to separate the

i nsul at inwg-awedef rakibao Anthet hesupPst th@chatRirdlali cari@iding Boithd Fe riket
filtration process P400, wherein the insulating material la, the printed

netal | i et 1P, 9@nge£@§ntnteﬁéﬁ@$%rboﬂ@'99 BRLEr kgl 190 reQERO%E Lt he
printed circuit board 10 .e., the waste printed circuit board 1 The

recoveryré&]t‘}eor frgpfol B%u td n&g@}%{iﬁé ﬁgtégfgidlbng Iﬁear{.{: e Fi s

enbodi ment wever I'S” easy to increase reco ery
rati o of, the nsulatl % materi.al b _ gl%ns of sinple inprovenent of the
i P

equrrenltn1 3?9?9510 Hoh & WETE Effb8Hirnent, the insulating materia

conposi ng _t he |nsulat|ig body base 23 in the rlnted circuit board 100
|s made of thélt F&enEMoYSt ifd Isdsiaiood Mg ter %@@rénéplaftﬁéanﬁlﬁit%tlﬁé t8si n
and inorganic loading material. Therefore, not only the printed nmetallic
mat er i alCOMPARINGRICEE m%ula@m%thw Raser?alin &hgrer seped atlatrridboard
retrieved. Then, the separated and retrieved insulating nmaterial la is
fornmed ilttQo aSprm@i@eerOﬁ nethe shhpembylhshicngesimd bg stlnel yirgoyd edf
Furthernore, in the above first enbodi nent, when the conductive printed
circuit thdmephsarie adien addt agetdari @abdafonged teirntd .t hehetkford ayer
circuit board by heating and pressurizing, the elastic nodulus of the

i nsul at iopg yredies | phihSeguibtalentl hateduaed 110Yoleakl §§ HRet @nBeABKYnkhe
stacking tenperature for formng the
10 material la are separated and retrieved. Then, the separated and
retrieved insulating material la is formed into a predetermined
shape by heating, and is surely recycled.

Furthermore, in the above first embodiment, when the
conductive printed circuit films 21 are adhered together and formed

15 1into the multi-layer circuit board by heating and pressurizing, the
elastic modulus of the insulating material is sufficiently reduced
by heating up to nearly the stacking temperature for forming the
multi-layer circuit board in the hot filtration process P400. Then,
the insulating material la is sufficiently softened so as to deform

20 elastically. As a result, only the insulating material passes
through the filter by means of the above force-filtration.

In the hot filtration equipment 4a according to the first
embodiment, a heater for heating the printed circuit board 100 as
the work piece 1 provides the heating means for melting the

25 insulatingmaterial la in the workpiece 1. Air at positive pressure

is introduced into the pressurized room PR, and air at negative

pressure is also introduced into the depressurized room DR, wherein
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ul ti-layer circuit board in the hot filtration process P400. Then, the
insulating material la is sufficiently softened so as to deform
elastically. As a result, only the insulating material passes through the
filter by neans of the above force-filtration. In the hot filtration

equi prent 4a according to the first enbodinent, a heater for heating the

printed thechiiltboandl 109 &sndhitend®ide Riese thad Q\é'sg,%%lE%% %88}}1' PRGNS

for nmelting the insulating material la in the mo pi ece positive
pressur ethbSdepts 98UELe- 4 Nt g pr u m-PR__and _ai negative
pressure is algo |ntroduceéRint§ thgﬁﬁééééggﬁ%ﬁgéﬁ'R&?ﬁsﬁﬁe &EEWQ?H thée
filter 4gf nd bet we pressurized room PR and the
depressuplzeg ?%onﬁ%é?ggﬁe d???er%ﬂ?lapeg?gégﬁrep5%¥%%%% tIREO VRS t i bhee
pressure and t he negatlve essure provides the pressurizing neans for
pressuri 21 ig°the? RS TR Mg IFaPErssPTEing the Mpiud afilewe meteThelf iatiar 4al
provkges the filtration nmeans for filtering the insulating material la in
the wor kFpEetFraPiere tasiTig fadbepria teoviikle shehewtiildaldty csembing f@ans
for hernetically sealing the pressurized roomPR, in which the air at

p05|t|vefb¥E%§H¢@th§l¢$ﬁl@@uubmatandaﬂH51demhammmkg@dcéabnlDHeddbﬂ%?Ch
the air at negative pressure is introduced. The casing 4aH al so provides

t he acc@ﬁﬁ@dawﬂdﬁ&ﬂhﬂ$efmetacabny3@aﬂum@méﬁhiméﬁ%@&Mé%qC%QQWé%%fﬁﬁb t he
depressurized room DP. The filter 4al is disposed at the centef of th

casi ng 4ait b «lind et rdten PRESSHI iR E6h aaMRR ard,the room
DP. (Second enbodi nent) The second enbodlnenflaccorgl%gtlggqgég%gégégg

i nvent i ointsod@ese) i hed @ﬁefQEﬁP@@suffzé@ergéﬁeDﬁha&n wHeERORGAt iR the

second
10 negative pressure is introduced. The casing 4aH also provides the

accommodation means for accommodating the pressurized room PR and
the depressurized room DP. The filter 4al is disposed at the center
of the casing 4aH, and divides the pressurized room PR and the
depressurized room DP.

15 (Second embodiment)

The second embodiment according to the present invention is
described as follows. In the case that a component in the second
embodiment is the same or similar to a component in the first
embodiment, the component in the second embodiment will be provided

20 the same reference numeral in the first embodiment, and is not
explained again.

As shown in Fig. 3, in the second embodiment, equipment 51
is used as a substitute for hot filtration equipment 4a in the first
embodiment. The hot filtration equipment 4a provides the

25 pressurizing means by the differential pressure of the air, as is
described in the first embodiment. The equipment 51 provides a

pressurizing means M1 by rotating a rotational body 53a. Fig. 3
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.enbodi nent is the sane or simlar to a conponent in the first enbodinent,
t he conponent in the second enbodinent will be provided the sane reference
nuneral in the first enbodinment, and is not explained again. As shown in
Firg. 3, in the second enbodi nent, equipnent 51 is used as a substitute for
hot filtration equipnment 4a in the first enbodinent. The hot filtration

equi prent 4a Paevigesyt becRkessetiahhy REANS Mow ey dihbereptiigdenpr essure
of the air, as is described in the first enbodi ment. The equi pnent 51

provi degcgorRERSSHE @ﬁ@gsggﬁg@ My datat | @aig %g&%h@ﬂ%‘ sbody S3medig. 3

is a partially Cross-sect view show ng th urpnent 51 according to

t he sec i Thi i . i al.l e t r.esj.n-met al
separ at ?ﬁ% gg%?%ﬁeﬂ%?g%f%g}f%gf?rgr%g&v&%e.ﬂéiér\;ll |4 hoe t Oellr%’?tmf‘%w tration
t epbodi nent, the resin-netal,K separation

equi pnent 4a accordi t tge fi

edul pent 51 SIBVIHeat & AHRoRot F{ §AF 7 bhoPeo ety és BERTEALETL 60 HOte
filtration Erocess P400, which is a part of the entire systemto performa
met hod 61 rSE &WRAGIMETE pERALERE 1 TReH 2L 56RAEATHON FHBWPHS FPd. Provideter
processes in the second enbodi nent are available to use related equi pnents,
and t hegeho'el fatled- aifitpmenans doreespepeliedents tchéodt Aél trprbeeszescdss t he
second enbodi nent are skipped to explain. The resin-netal separation

equi pneh#08]1 whiclhel secpadt effbbdenemtirs syppldred ot petrlierpr & meidhed racfui t
board 100 as the waste printed circuit board 1. The printed circuit board
100 recyetedl angordipignttedt kel rerconheihddi 0Bnshbsnnah anlgy, tihe sm:toad | ed
mul ti-layer printed circuit board 100 (see Fig. 5), which is formed by
stacki ngrbbBessendust tNe PetHhEdetbb@ithént i 4Fe ZlaBlubis H8SEdd bathated

10 equipments, and these related equipments correspondent to the other
processes in the second embodiment are skipped to explain.

The resin-metal separation equipment 51 in the second
embodiment is applied to the printed circuit board 100 as the waste
printed circuit board 1. The printed circuit board 100 recycled

15 according to the second embodiment is not only the so-called
multi~-layer printed circuit board 100 (see Fig. 5), which is formed
by stacking the conductive printed circuit films 21 and is described
in the first embodiment, but also a single layer printed circuit
board and also double layer printed cixcuit board. As shown in Fig.

20 9, the single layer printed circuit board is composed of an
insulating body base 23, and a conductive printed circuit 22 is
formed on one side of the insulating body base 23. The double layer
printed circuit board (not shown) is composed of an insulating body
base 23, and two conductive printed circuits 22 are formed on both

25 sides of the insulating body base 23. Besides, in general, the

single layer printed circuit board may not have a conductive product

51, and the double layer printed circuit board may have the
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in the first enbodinent, but also a single layer printed circuit board and
Al so double layer printed circuit board. As shown in Fig. 9, the single

| ayer printed circuit board is conposed of an insulating body base 23, and
a conductive printed circuit 22 is formed on one side of the insulating
‘body base 23. The double layer printed circuit board (not shown) is
conposecdoeidudt itvaspt ddiidg 5RdyIn Bages &hndefbbdOmennAuch+ et ¢ mBtedlic
circuits 22 are fornmed on both sides of the insulating body base 23.

Besi des patrd@nendl,. okhg psiRgte haysli pF inded i1 ay %n@pﬁhdlﬂﬁ¥rmgyebave a

conductive product 51, and the doubl e Iayer printed circuit board may have
t he I h i men rd ot
naterla?QH%ﬁ'éFmBEggyﬁged @PF @bé er|a ?ﬁ%&%h g% %%1 élﬁ%%%r élng

mat eri al t he _condu Lve, t 51 are separated.and trleved from
The | nedekting it &F 081 Fheby f?ﬁ@n%nd%%@f- ior il PRETIAS: eoBR nt ed
circuit board 1. The prlnted netalllc mat eri al or the printed, netalllc
mat eri alfoseartd LtR& 1ngntse ét’@éltebﬁﬁélnﬁﬁdnﬁ:tlércﬂléﬂ: S’Qanrﬁ the $BgoRyinted
enbodi nent are called netallic material |b for convenience. Thernoplastic
resi n ometgilifgr mageripér AbpPasthe pebhtedietaddrigamatdrdadi A AadeEhal ,

whi ch conpose the insulating material in the insulating body base 23, are
cal | ed redienr layeer bahding fiet exorade hi0eht eeheAs eshodrenmodringent3 ariehealled
resin-nmetal separation equipnent 51 has follow ng functions mainly, which
are expmessédias metigrindansh fdhe comiventeane .ar eroonposied thfc arewist eor
printed circuit board 1, a pressurizing neans ML, a heating neans M2, and a

filteringxieadsof MiermbBplUast € rifsiift £6d ¢hbeybhiBaddihg Batte Mk pheer 1 to
be separated to the resin material la and the netallic material |b.
10 compose the insulating material in the insulating body base 23, are
called resin material la for convenience.
As shown in Fig. 3, the resin-metal separation equipment 51
has following functions mainly, which are expressed as main means.
The main means are composed of a waste printed circuit board 1, a
15 pressurizing means M1, a heating means M2, and a filtering means
M3. The waste printed circuit board 1 is a work piece 1 to be
separated to the resin material la and the metallic material 1b.
The pressurizing means M1 pressurizes the work piece 1. The heating
means M2 heats the work piece 1 up to a predetermined temperature
20 so as to soften the work piece 1 at least. The filtering means M3
filters the resin material la from the work piece 1, which is
maintained at the predetermined temperature by the heating means
M2,
The second embodiment is the method for recycling the printed
25 circuit board 100 as the waste printed circuit board 1, which is

made of thermoplastic resin. In the above means, the printed

circuit board 100 is heated and softened by the heating means M2.
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.The pressurizing neans M pressurizes the work piece 1. The heating neans
~-M2 heats the work piece 1 up to a predeterm ned tenperature so as to soften
the work piece 1 at least. The filtering neans M3 filters the resin
-material la fromthe work piece 1, which is naintained at the

*pr edet ermi ned tenperature by the heating neans M2. The second enbodi nent is

the net lved f ortheecyredding trietgridll edia CigLskds boaigod) as thelvestein
printed circuit board 1, which is made of thernoplastic resin. In the above

means, e Ja-ifitedatqbhClihi Bran €l K0@nkSp ek efh AWl sidhenad, bind he heating
means M. Only the resin material |a passes through a filter in

force- TLLUAN 0N SU AL AT i NecpLessur ialng amans, Mar and 44 L5 chasy to

separ at € and % e resin nateria ering ans M.
For exa?phi, t.he waste %%inﬁgd circu&t bgﬁrd 1 Mhicqﬁ%i a mas%e of the
pri nt ed }GirEGR%BEFRS 180; iFOHELRBR 6y [HE TRALT MY TS VB theRO2E He
waste printed circuit board 1 is heated nearly up tQ a process tenperature
for hot WroPhiRp the piashee@t EReiintrshicd reodt hoargrl fr i ohsaked by
process. The resin material la in the printed circuit board 100 is nelted,
and it itSecheptingseparatMd? andhed r &hei vgeteher wepte@d it peead al 1Fa by
the filtering means MB. Referring to Fig. 3, the architecture and
oper at i beadfedittear Gbopdeaearecebs ipdBitarre fles dioitbdd rivd ngetled prasted
follows. At first, the pressurizing neans ML i s conposed of a driving
shaft 53iraudti oagd WUA ih4s panchaa yhorsduc tipirioddas . Thehdrdedingmabatial53
has the above rotational body 53a to transport the waste printed circuit
board 11aThe @hievbREndBHt cDAchot abesrd Meodris/in tehtpf tandBit is easy to
10 separate and to retrieve the melted resin material la by the
filtering means M3.
Referring to Fig. 3, the architecture and operation of the
‘above means M1, M2, M3 are described in detail as follows.
At first, the pressurizing means M1 is composed of a driving
15 shaft 53, adriving unit 54, and a holder unit Ha. The driving shaft
53 has the above rotational body 53a to transport the waste printed
circuit board 1. The driving unit 54 rotates the driving shaft 53.
The holder unit Ha accommodates the rotational body 53a. A
predetermined pressure is applied to an inner circumference wall
20 Hah of the holder unit Ha, which accommodates the rotational body
53a. The predetermined pressure is generated by transport pressure
caused by rotating the rotational body 53a. The waste printed
circuit board 1 is transported by the rotational body 53a, and is
pressurized by the transport pressure of the rotational body 53a.
25 When the predetermined pressure generated by the rotational
body 53a is sufficiently large, a filtration of the resin material

la is efficiently performed by the force-filtration of pressurizing
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.The holder unit Ha accommpbdates the rotational body 53a. A predeterm ned
pressure is applied to an inner circunference wall Hah of the holder unit
Ha, which accomopdates the rotational body 53a. The predeterm ned pressure
i-s generated by transport pressure caused by rotating the rotational body
53a. The waste printed circuit board 1 is transported by the rotational

body 53ajeaitl | &n PHESSIHdZ @@nldy &Wén twiadis polet ppeassereivéd tidre gnirad iignal
body 53a. When the predeterm ned pressure generated by the rotational body

53a 1S nfdiaMty) Ysh@I 08, t8el idiltaLitaRn0fof NenEeSieR imRRdcdiall a14Sis
efficiently perforned by the force-filtration of pressurizing mneans. On

the oth t ' ; : | I I,
the 111 Bt e o E S, R R e B B R ot
enough time, for . filteri

n.In.o%er.words he resin material la.is

separ at SR & FEI4E 18?18%’? % Sla &SeEEBF‘E?LC?ﬁeaﬂgaﬁfr@l%eacﬁélIﬁG%ri §ny

di sposed on the inner circunference wall Hah in the holder unit Ha, and

i nvoPvePLESfdHi%r 55 to heat the waste printed circuit board 1. The
heating neans M2 maintains the tenperature of all around the inner

ci r cunf er ence Th&l hepshngnneaes M6t der ddrPesed, onnthdildimah € iwgsing epengeed
circuit board 1 is placed. The waste printed circuit board 1, which is the
wor k pi ewwd 1 Hadcdombbedahed demsihdett He, | anérinvebued er dresdamldS Hahhektt he
hol der ha, is easily maintained at the predeterm ned tenperature, at which
t he pri thedwesteupt iboad dilfifhiits bsafrtiehi ngriad hieeadhg bdeo WD madggaegat i on
of the work piece 1 is generated caused by rotating the rotational body
53a. Thethe thepagategat bdnaMhyaAIR] ahe @nner circumference wall Hah in

10 the holder unit Ha, in which the waste printed circuit board 1 is
placed. The waste printed circuit board 1, which is the work piece
1 accommodated inside the inner circumference wall Hah of the holder
ha, is easily maintained at the predetermined temperature, at which
the printed circuit board 100 is softening at least. Moreover,

15 aggregation of the work piece 1 is generated caused by rotating the
rotational body 53a. Then, the aggregation may dgenerate a
frictional heat by collision of the waste printed circuit boards
1 together. This frictional heat assists the heater 55 for heating
the waste printed circuit board 1, and an energy consumption of the

20 heater 55 is reduced.

For example, the heating temperature of the heater 55 in the
heating means M2 is controlled so that the waste printed circuit
board 1 as the work piece 1, which is a waste of the printed circuit
board 100, is maintained at the predetermined temperature, which

25 is nearly the process temperature for hot-forming the printed

circuit board 100 in the primary product process. This temperature

control enables to form the resin material la into a melting state,
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.frictional heat by collision of the waste printed circuit boards 1
together. This frictional heat assists the heater 55 for heating the waste
printed circuit board 1, and an energy consunption of the heater 55 is
-feduced. For exanple, the heating tenperature of the heater 55 in the
‘heating neans M2 is controlled so that the waste printed circuit board 1
as the wankhpieceidpowbichnssda westighradr tdiedumn fdretcel walilt HahoardtAO0, is
mai nt ai ned at the predeterm ned tenperature, which is nearly the process

t enper ahin 8el-Oin NOHAT, O Tha G 1R rPin 1 8d adddida oAt He LR 4t I8 BHEYRIY
product process. This tenperature control enables to formthe resin
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th ti | bod 3 d t.h i ph I f f
Fhe T or i FoLsPepahy aghe Manthiteq e el ih iRk 4o PPORER o8 SEABS ana
exposed .on the, inner circunference wal f the hol der u

| Hah t :
Theref or8NeZ CETFElAPEPBAR Vel IH%Bé’fthFhEOEijPFe‘FnB’B T4 'sng‘SﬁﬁE‘g%?'t fe

sanme inner circunference wall Hah. In this second enbodi nent, the

pr edet ecArrelfesapepaiake S opee hithenbHl Byr Hfea heacomposeisstieSaime ARBRFY t he
process tenperature for hot-formng the printed circuit board 100 in the
pri marycprodnéerpnoecewsllTHahresin material la in the waste printed circuit
board 1 nade of thernoplastic resin is softened so that the resin materi al
|l a is separated &ndsr etadoenedeniodimerft,| ttlad | pnedetasniBed Thempekaenrag
means M3 provides the filter 56 to pass the resin material la only from

the wastaiptbihed &y} tedi hedoar @51 a$ecttheo WHde 1 PtRE®rbeeEet Ehnpteathbel S
di spose and exposed on the inner

10 for hot-forming the printed circuit board 100 in the primary product
process. The resin material la in the waste printed circuit board
1 made of thermoplastic resin is softened so that the resin material
la is separated and retrieved by the filtration means M3.

The filtering means M3 provides the filter 56 to pass the resin

15 material la only from the waste printed circuit board 1 as the work
piece 1. The filter 56 1s dispose and exposed on the inner
circumference wall Hah of the holder unit Ha. The resin material
la is retrieved in a radial outward direction of the driving shaft
53.

20 Therefore, the filter 56 passes the resin material la only
(in detail, the melted resin material la) from the waste printed
circuit board 1 with pressurizing, because the filter 56 is disposed
and exposed on the inner circumference wall Hah of the holder unit
Ha, and the predetermined pressure is applied on the inner

25 circumference wall Hah by the transport pressure of the above

pressurizing means M1 (in detail, caused by rotating the rotational

body 53a).
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erence wall Hah of the holder unit Ha. The resin material lais
ed in a radial outward direction of the driving shaft 53.

re, the filter 56 passes the resin nmaterial la only (in detail,
resin material la) fromthe waste printed circuit board 1 with

t he

i zing, because the filter 56 is disposed and exposed on the inner

erencerhal FiHabrobet he hebdeprurihtbaedandthhe predgéeepanpgdihe

e is applied on the inner circunference wall Hah by the transport

8 i@k ekrle APOYE ha%; ﬁéz’?%& HgdrRaes Ma ke gekahs 1st%b’9c¢ﬁceb¥?£ﬂ£ ating

ational body 53a efilter 56 is made of sintered netal. In

me%gﬁggﬁhgt&ﬁ%%eqe %ss é%seo&%&%u%€w§¥n

%
mean I"'t'er passages, because si'ngl'e hol'es in thée porou

ted t t , d . Th f Lt hol f
EE Rk us AN IER OO TGS aRE P | nperaet e st RenrE e

i.s formed into neandering filter passages,. not into straight

hRdreS T THE efbleer t Rb: f WhiEh PASSESarfdet i g iich Fop eS1Lhafibass
the resin material la. The netallic material |Ib is prevented to

retigh iefchmartlethayge hies i shid eed betasangeaingdhgl tawipaapages,

4.4 he, pogou o?&éHCt“re

like nmetallic material can be caught by the neandering nesh hol es.

nottheirtid t etr86 gy teraisgd holamy kiThkemwdfdnd,t ethehatiltes hesh

0 pass the resin material la and not to pass the netallic materi al

mexadpkengthedh ihe 1disSkhit Ideys thevaghctHd lkbetin mited hisane 1faQanThg
or the like. The

metallic material lb is prevented to pass through the meandering
mesh holes, because even long and thin needle-like metallic material
can be caught by the meandering mesh holes.

Besides, the filter 56 may be used to any kind of filter that
has mesh holes to pass the resin material la and not to pass the
metallic material 1b. For example, that is disk-filter,
ceramic-filter, urethane foaming filter, or the 1like. The
disk~-filter has amulti-layer structure stackinga stainless filter.
The filter 56 made of the sintered metal is provided at low cost,
compared with the disk-filter that is assembled in complicated
structure.

In the second embodiment, the filter 56 ismade of the sintered
metal that is formed by stainless (SUS) as ametallic material. The
dimension of the mesh hole is 50 microns. When the dimension of
the mesh hole is in the range of 25-200 microns, the resin material
la can be separated from the metallic material 1lb. When the
dimension of the mesh hole reduces, the life of the filter 56 is

shortened. When the filter 56 is made of the sintered metal, the

dimension of the mesh hole can be enlarged about 200 microns by
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.disk-filter has a nulti-layer structure stacking a stainless filter. The
-filter 56 nmade of the sintered netal is provided at | ow cost, conpared
with the disk-filter that is assenbled in conplicated structure. In the
second enbodi nent, the filter 56 is nade of the sintered netal that is
‘fornmed by stainless (SUS) as a netallic material. The dinension of the

mesh holsibss 150 ttioer 00 t Mg sshesus mens icoppetr (¢ie axes s holerddmenal he
range of 25-200 microns, the resin nmaterial |a can be separated fromthe

metal lic mat efhah dife wibes griie didenseen gbatha HE%%@PE?—IQ?@E%%&nﬁ:QQ life
of the filter 56 is shortened. Wien the filter 56 is made of the sintered

A : : | :
met a tél%cu‘l't”ﬁ??kfi” of fej,(‘gagfégr%' &g?r\ikg)d%gl'gﬁ%%ﬂ gPotie %%%q%‘éﬁ%inby

substitution of arhless to copp a sintered neta

h . . reuit b q . 1o . . ¢ d
4o prier Py Bl TR sy rifrdae 3k FEbmiehYE L o 686 B ons.
because the conductive, product 51 nmade of the_ interlayer bonding materi al
50 i3 abdHeriGyLI0BCRFERSAR GeF dlerQgbs e 1PR-ERE I%g%%ls etbBdFRERE,

even when the conparably high pressure is applied to the circunference
wal | 56&1&f€-the filter 56, the filter 56 is guaranteed the quality in its
mechani cal strength, which is due to the structural strength of the
sintered netaln theersdcorrd eheofiherti ngvaneaherhitdie exewpasabyer hibb
circunference wall 56a, is conparably w de even in conparably high
pr essur @reh supgee detarpi et tanhun tc iofcuife neorde paetedh pfntdet@illtent hé, wast e
printed circuit board 1) is processed in a batch, w thout dividing the work
pi ece lthAsralteswad istdeaoched ithiet yud Df t gepat 85 ing-Hadreical strength,
10 which is due to the structural strength of the sintered metal.
Therefore, the filtering area, which extends over the circumference
wall 56a, is comparably wide even in comparably high pressure. A
predetermined amount of the work piece 1 (in detail, the waste
printed circuit board 1) is processed in a batch, without dividing
15 the work piece 1. As a result, the productivity for separating the
resin material la and the metallic material 1b promotes.

When the filter 56 is made of the sintered metal, as mentioned
above, the dimension of the mesh holes is defined by the metallic
material comprising the filter 56. Therefore, the dimension of the

20 mesh holes is decided in substantially high accuracy.

In the printed circuit board 100, which is recycled as the
waste printed circuit board 1, the insulating material la composing
the insulating body base 23 may be used to any kind of insulating
material that is made of thermoplastic resin only or mixture of

25 thermoplastic resin and inorganic loading material, such as resin

film. For example, those are polyether ether ketone (i.e., PEEK)

resin, polyether imide (i.e., PEI) resin, mixture of PEEK resin and
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.resin material la and the netallic material |Ib pronotes. When the filter 56
-is made of the sintered netal, as nentioned above, the dinension of the
mesh holes is defined by the netallic material conprising the filter 56.
-Therefore, the dinension of the nesh holes is decided in substantially
*hi gh accuracy. In the printed circuit board 100, which is recycled as the

wast e pIPEt edsCh CiHdrrpattic pOByinsaé atii.Rg ,mehethablhat COMIOSEBgint he
i nsul ati ng body base 23 may be used to any kind of insulating material

that i sggaqenehyiREEP] A5dd ¢1ir 8S| prl ¥eQi nMatidil qak qtdfImpl ﬁél%ﬁefeSi n
and inorganic | o0ading material, such as resin film For exanple, those are

pol yet hﬁlrl .%t heﬂcif?;gg&le(rie'f%r‘e Pgﬁgﬁﬁéﬁ’?in&’te@%'a%eﬁgerwﬂﬂkgqs(- slP%]?%Eec(ii PEI)

resin, Xture o resin dn resin, therioplas po .e.,

t hermoplastic, Pl) resin pol yphenyl ene sulfide (i.e., PPS) _resin,.an

[ ul o CRSFSEE paroag tpp R R Bt e n b G b Trine s Bf ekt KEVRI 1 o,
which is separated and retrieved by the resin-netal separation equi pnent
51, s &IKiPRFBIPIHTr HOPPASRI Y SR YRAN eVenk it R fame RPRY Sofe I HeCaBBI&SF esi n
conposes the insulating material la. Accordingly, the retrieved resin

mat er i althiea I hafel nenipa bomiposi Lhon, Aes@ridd ngxpectidd teehalevederesin
equi val ent characteristics to the before-retrieving resin material |a,
i.e., thetiemdallal angasether issimd @omposéttioayi agdous |etpd&aTed $adihepestedeunder
a top end 53as of the rotational body 53a. The netallic material |b, which
IS renmeqgoedalynti thieradigetivoughtbhehd betfetebbetrsecoOhbani«ich matort he
retrieving outlet 57a, and retrieved fromthe retrieving outlet 57a. As

shown inafig..e3, the nakathenal hedyrb3a is. possible to slide up and down.
In filtering process, the top end 53as of the

10 A retrieving outlet 57a is disposed under a top end 53as of
the rotational body 53a. The metallic material 1b, which is
remained by filtering through the filter 56, is collected into the
retrieving outlet 57a, and retrieved from the retrieving outlet 57a.
As shown in Fig. 3, the rotational body 53a is possible to
15 slide up and down. In filtering process, the top end 53as of the
rotational body 53a slides downward and contacts the retrieving
outlet 57a. Then, the retrieving outlet 57a is closed by the top
end 53as of the rotational body 53a. Therefore, in filtering
process, the resin material la is not leaked from the retrieving
20 outlet 57a, and is pressurized by the transport pressure caused by
rotating the rotational body 53a. On the other hand, after
filtering process, the top end 53as slides upward. Then, a
predetermined clearance between the top end 53as and the retrieving
outlet 57a is provided. As the rotational body 53a is rotated with
25 having the predetermined clearance, the metallic material 1b, which

does not pass though the filter 56, extrudes into the retrieving

outlet 37 through the above clearance.

32



-rotational body 53a slides downward and contacts the retrieving outlet
"57a. Then, the retrieving outlet 57a is closed by the top end 53as of the
rotational body 53a. Therefore, in filtering process, the resin materi al
ta is not |leaked fromthe retrieving outlet 57a, and is pressurized by the
‘transport pressure caused by rotating the rotational body 53a. On the

ot her hand, aAteordingtter thg sweebsnbbleménp, ek p3astsdidezsuipwessitd Then,
a predeterm ned cl earance between the top end 53as and the retrieving

outlet 308 4$ theovdsiedpristbhec 1ahatd BRakabodyraa disthetaiad mhtbr havi ng
t he predeterm ned clearance, the netallic material |Ib, which does not pass

t hough yhe ifd If£le 565 @%&fﬂ&‘?ga%ﬁlg Eggiﬁ?é%ﬁﬁeﬁgﬁl‘%‘&t" %npé”?tﬁé”?é‘&fht he

above clearance. According e secon t, the printed circuit
board 1 L he e_prLi circuit, board. 1 .of whi the resin materi al
la is n%%ggg%g?hégﬁgélSSP?gggggi%?giEeF€%§¥ﬁ%xﬁf %ﬁf??éjyésin material |a
is separated and retrieved efficiently. In the second enbodi nent, it is
preferabl e toi:1 r SVSeSCFOPR oiRY Cffs et et b TiSe Pﬁ?gﬂ%ﬁgﬁi B&dyPEZE 94 t he

pressurizing neans. M has a helical body structure, and the driving unit
54 rot at@$1PH&NIr 6PAFPERAT - body 53a in a helical direction (i.e., a
direction of an arrow shown in the rotational body 53a in Fig. 3) by the
driving shafthg3rotmeidnal dradiy Tdearis: Mo ipredsvaillzinghmebhbt ¥t B8 & s
di sposed on the inner circunference wall Hah at the side of the top end
53as, whedéhchd dragdpe shrtbeuhe) i eald ditectrdmiod tueltr obat irertaltesboidye 53a.
The helical rotational body 53a rotates in the helical direction, and a
rot ati omakataoael dbodifeshelircal Hedtiatdlomdlreedyn (i.e., a direction of
10 an arrow shown in the rotational body 53a in Fig. 3) by the driving
shaft 53. The filtering means M3 (in detail, the filter 56) 1is
disposed on the inner circumference wall Hah at the side of the top
end 53as, which is drove in the helical direction of the rotational
body 53a. The helical rotational body 53a rotates in the helical
15 direction, and a rotational force of the helical rotational body
53a generates a centrifugal force and a feeding force. The
centrifugal force is a radial component of the rotational force aleng
with a helical rotational direction. The feeding force, i.e., the
pressurizing force by transport pressure, is an axial component of
20 the rotational force along with an axial direction.

The waste printed circuit board 1 is fed and pressurized by
the transport pressure caused by rotating the rotational body 53a.
Therefore, the more the printed circuit board 1 feeds to the top
end 53as of the rotational body 53a, which is drove in the helical

25 direction, the more the printed circuit board is pressurized.

The helical shape of the rotational body 53a has a lead angle

(L.e., screw lead angle) of non-equal pitch. The more it goes to
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.53a generates a centrifugal force and a feeding force. The centrifugal
frorce is a radial conponent of the rotational force along wth a helical
rotational direction. The feeding force, i.e., the pressurizing force by
transport pressure, is an axial conponent of the rotational force al ong
Wi th an axial direction. The waste printed circuit board 1 is fed and

pressur tEethdii cdihgi eansen) ti Y £SEHIthe aBpesn ) 36!, athaghdethotaidamnal
body 53a. Therefore, the nore the printed circuit board | feeds to the top

end 53ag.9f %H&é%@tf&dﬂ%eéodwﬁ%&se\e’@wcmeaa 9r9Ye bP hbe-d@hdraitch |

di rection, nore the printed circuit board Is pressurized. The helical

shape OFLnt he, Lol al'hl'll 9 E}lanbo%%tS%%Sggﬁr ck?nlgij Sn ('a §a1 églgﬁ%éﬁgdo@ngl e)

of non-&guaf *pf? re ical °fifec

to the end 53as, e nore the screw S red ce T cre
| ead anbhe B@Q%h%%af%%chcom%lf%%s%ﬂstfi ? A fooidg it s

t he axial component of the rotational force, conpared vmth the radi al
conponehftafienel r diogtdonal Trstoe. tﬁﬁerPrQ%t%?w%rlﬁrﬁééuﬁﬁes%ﬁe R&an be
generated. Therefore, even when the resin material la, which is at |east
sof t enedehgrabedi ng’}”heghﬁm%t leivg Whevosheyreshs resphiakmieriéich an be
pressurized up to the predeterm ned pressure by the pressurizing force of
the traatpbeéasprestuemedl onghentingheslaowsla diigtt voscod ity n Wonpeasibl y | ow
rotating speed of the rotational body 53a. It is not necessary to increase
t he rotabttsgispeed cah béherdodati rdlupbod yt 158 @ reeleca rind niedicpeassut ey
pressurizing force caused by the centrifugal force. The filtering

per f or _”EHé%r%rs%\(ﬁﬁtzinf;rﬂfEd@Q@%H@Qtia@z@%@ﬁt phessheedntmd Rk takongiat th
the axial direction caused by rotating the
10 direction within comparably low rotating speed of the rotational
body 53a. It is not necessary to increase the rotating speed of
the rotational body 53a so as to increase the pressurizing force
caused by the centrifugal force.

The filtering performance prevents from reducing because the

15 feeding force along with the axial direction caused by rotating the
rotational body 53a eliminates the metallic material 1b, which is
accumulated on the filtering means M3 (in detail, the filter 56)..

As a result, it is easy to filter the resin material la by

the filtering means M3, and the resin material la is filtered
20 efficiently.

The driving shaft 53 of the rotational body 53a is preferable
to dispose in the vertical direction. When the filter 56 passes
the resin material la only from the mixture of the resin material
la and the metallic material 1lb, the metallic material 1b, which

25 1is not passed through the filter 56, precipitates vertically

downward {in detail, downward of the filter 56, which is disposed

on the inner circumference wall Hah). Then, the resin material la
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rotational body 53a elimnates the netallic material |b, which is

-accunul ated on the filtering neans M3 (in detail, the filter 56).. As a
result, it is easy to filter the resin material la by the filtering nmeans
M3, and the resin material la is filtered efficiently. The driving shaft
53 of the rotational body 53a is preferable to dispose in the vertical

directi qr. pagBetihen fild em2l- passemfetbBaceesanl mpdlerdalthleacentyifugalt he
m Xture of the resin materi al la and the netallic material |b, the

metal | i g pRieri aAc&@rdY‘f@éfj{? i Sth'éOtré@J?ﬁegtattQ&Q'dqh theiki ldar®fed and
precipitates verti cal y domnmard (tn detail, downward of the filter 56,

whi ch 'Sre%ri%%%d e’Z %?E?ér“ﬁé’””ﬁ«ﬁ&‘éﬁc 3 el dafy T ’thtehelﬁﬁék”

mat eri al I'nner’ circunf erence wall
centrifugal mgrce AccoigéQ : he rg g nateréal i IS se aratﬁg ?
Ferr! evedthynEREener BnL saini dhs BeEapbs B et etel hes SERFLbAT el Bice
wal | Hah. The netallic materi al Ib is precipitated domnmard W t hout
pl ugdi ngloMR¥arE Pathsst RBPEgIBs, thA £Ret8EBcAAd enbodiment, it is
preferable to provide follow ng character. The space 57b to reserve the
netal | i c mat eMpakoVEr s igi spusedecomdt REbPEimERYI nd toultd epraferak ke whPch
the residual netallic material |b by the filtration of the filter 56 is
col | ect edovAdeorfdilagivingachetakcteetri eving unit 57 is |ocated on the other
end of the inner <circunference wall Hah of the holder unit Ha, opposite to
the driving Uhetshdkce BT® tetrdddrarahernetal bid matelrliedt Bd iisntidspheedet al
retrieving unit 57 through the retrieving outlet 57a, and the netal
retrieviiRgt Wbt pietreag0(RS dthe7 aptaldi icHreheredlidlal s eff Raterial
10 1b by the filtration of the filter 56 is collected. Accordingly,
a metal retrieving unit 57 is located on the other end of the inner
circumference wall Hah of the holder unit Ha, opposite to the driving
unit 54. The metallic material 1lb is collected into the metal
retrieving unit 57 through the retrieving outlet 57a, and the metal
15 retrieving unit 57 reserves the metallic material 1b. Therefore,
the metallic material 1b is deposited and filled the space 57b in
accordance with retrieving the resin material la by the filtering
means M3 from the metallic material 1lb and the resin material la,
which compose the waste printed circuit board 1 transferred by the
20 rotational body 53a.

Besides, it is preferred that a heater 57c and a screw driving
unit 57d are disposed in the metal retrieving unit 57. The heater
57c¢ and the screw driving unit 57d are used in the case that the
metallic material 1b is filled in the space 57b (more precisely,

25 most part of the mixture of the resin material la and the metallic

material 1b filled in the space 57b is the metallic material 1b).

By means of the heater 57c¢ and the screw driving unit 57d, the
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-the netallic material Ib is deposited and filled the space 57b in
-accordance with retrieving the resin material la by the filtering neans M
fromthe netallic material Ib and the resin material la, which conpose the
-waste printed circuit board 1 transferred by the rotational body 53a.
"Besides, it is preferred that a heater 57c and a screw driving unit 57d

are di spested 11t hheerehal 1Y ekrnicyhadedBitt Sybthewhentt@le r&dCn andt drfialscr ew
driving unit 57d are used in the case that the netallic material Ib is

filled i1y the, SRACEs S0 {DINE LGS ondmgdt Parite ofatdia M qiur en@f itshe

resin material la and the nmetallic materital |Ib filled in the space 57b is

ar' vi ng e P4 e Mg AR By BT O Siered toget her

a b 'i's not adhered together with
the resin material .la, which is contan.nated.in the netallic teri.al
by and i eHTaRIETTEy b der S AriGA G LnFe 574, CRBF Y AT (EET, %3, a
| oading unit 59 can be grovided as a preparing neans_before, the .
pr essur | SR TEEh 8RN Sd8EEPE Bebh® PEHE Uil &ecasdMénBesrfighed fhdhe
| oading unit 59 carries the work piece 1 by screw. A screwtype |oader 59a
shown i relEg sgcondeembagbimant .unlfnesording Bnés THcasries ddre yor ke LReek
piece 1. The work piece 1 (in detail, the waste printed circuit board 1 or
di vi ded bdar ¢cpiegcesAl abrewat ypes laaddarhe dsashewpr int By ciF cli.te .hoarcdey i nto
pieces in predeterm ned size) is controllable supplied to the pressurizing
means Muratc Godi)ngotataspsd s afo catkalyi thetierisgrieweuni.t BlYa.wdrk pdieher
words, supply of the work piece 1 to the pressurizing neans M is
regul at ed by eiaral,l ivhe WReteopaihesal cspeedt dhodhe SWeWiwikidd 2dard
10 pieces lab that is cut the waste printed circuit board 1 into pieces
in predetermined size) is controllable supplied to the pressurizing
means M1l according to a pitch of rotating the screw unit 59a. In
other words, supply of the work piece 1 to the pressurizing means
Ml is regulated by controlling the rotational speed of the screw
15 unit 59a.
Moreover, a resin-retrieving unit 58 can be provided next to
the filtration means M3, which is described in the above second
embodiment. The resin-retrieving unit 58 involves a leading port
58a, which leads to the filter 56, and reserves the resin material
20 la temporary, wherein the resin material la is separated and
retrieved through the filter 56. It is preferred that a screw-type
loader 58b (i.e., a screw unit 58b) and a heater 58c are provided
in the resin-retrieving unit 58. The heater 58c heats the resin
material la, which is aggregated by the screw unit 58b. The screw
25 unit 58b and the heater 58c prevent failure. For example, the resin
material la, which is separated and retrieved, 1s not cooled and

solidified by the screw unit 58b and the heater 58c so that the
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.Moreover, a resin-retrieving unit 58 can be provided next to the
~filtration nmeans M3, which is described in the above second enbodi nent.
The resin-retrieving unit 58 involves a | eading port 58a, which |eads to
the filter 56, and reserves the resin material |a tenporary, wherein the
‘resin material la is separated and retrieved through the filter 56. It is

pref erredsthaheBasCsepatyPeon | OAMSMESD {1 . B ndt FHRWai t 58b) and a
heater 58c are provided in the resin-retrieving unit 58. The heater 58c

heats the respos; @ eridle | @i1W0kCchsé s d%%%%%ﬁed RY e appew U@ééo&?b
The screw unit 58b and the heater 58c prevent failure. For exanple, the

coi i di rPEEBYRERE” nats sl OB Y A R PO R L b R E e AR

i n-met al t ) . t st k d. Besid the f 56
Gescri DEA o e hboge SERORIebrBOPHENE, T e iAea T o %%lriave'rteadfr
pre-coat filter. Prelimnary, a nmesh hole is prOV|ded sllghtly | ar ge.

the esFﬁP%?Eio’ée[ﬁdi“&tﬂl%ﬁ?teqél pneRer8Eedperidies MetiRd List albptel fater By I b
accurmul ates on the circunference wall 56a of the filter 56. Then, the nesh
hol e of a¢@empiates &6 thecohbsusher¢napdvajet Sogt ofttHee fidégat 8Pmi nEzEvesh
hole. This pre-coat filter pronotes the life of the filter 56. In the
pressurtizéngesbahs 1Ml cdestdra bedltier t heé hbovmesecnadl enbodieteninta hehe
rotational - body 53a, especially a clearance in the radial direction

bet weenptbdetetntabd rnd sit i losied . batly sbpacandathéilcer cpndreseasethva@l 1i&Ha of
the filter 56 nmay becone snmall. This small clearance provides to scratch
the netafl tgenmateféal sdp, which is accunul ated on the circunference wall
56a. Then, the resin-netal

10 In the pressurizing means M1l described in the above second
embodiment, the rotational body 53a, especially a clearance in the
radial direction between the helical rotational body 53a and the
circumference wall 56a of the filter 56 may become small. This small
clearance provides to scratch the metallic material 1lb, which is

15 accumulated_on the circumference wall 56a. Then, the resin-metal
separation equipment 51, especially, the filter 56 can be
self-reactivated, and the life of the filter 56 promotes to be long.

(Third embodiment)
A waste printed circuit board 1 according to the third

20 embodiment is composed of an insulating body base 23, which is made
of thermoplastic rein only or mixture of thermoplastic resin and
inorganic loading material as described in the first embodiment.
In addition, it is preferred that the waste printed circuit board
1 according to the third embodiment has following characters and

25 1is made by means of following method shown in Fig. 7. Figs. 7 are
schematic partially enlarged views showing states of material in

a via-hole 24 of a printed circuit board 100 applied to a method
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-separation equi pnent 51, especially, the filter 56 can be self
--reactivated, and the life of the filter 56 pronotes to be long. (Third
enbodi ment) A waste printed circuit board | according to the third
-enbodi nent is conmposed of an insulating body base 23, which is nade of
“thernoplastic rein only or m xture of thernoplastic resin and inorganic

| oadi ng grateidall iafy desestdiaty i fo t BRef ithStrderdi@diairehts . | wiaddita ong &t is
preferred that the waste printed circuit board 1 accordlng to the third

enbodi ”%%ﬁueﬁ%%lfcmér%’!s!l%e@ﬁro%%tlerﬁ@@dﬁhéw €a b%t%%%”%@ﬂpé@éfﬂ%(‘i N9n

met hod shown in Fig. 7. Figs. 7 are partially enlarged views

show ngtﬁltem% REAIRLET LAlo L ks 3 3 ol 684 F% BRI E LA i pogpd 100

appl i ed recycling Sor |ng odi~ref |g.
7TAis a, % natlc E %s secti onal xleglshomnn ate of mateyi al

t he- vi a 1RGPE T34 ¢41 t PP nB25SEbAYuctPve bdnding Eastlé 58 a§¢ ﬁmatlc
interlayer bonding material 50. Fig. 7B is a schematic cross-sectional view
showp ng CXOSEaEECHAORatleViar sRovhedvi asthte oDpadrrdali AnethayEianBadeng
with a conductive product 51 connecting conductive printed circuits 22

t oget he4 AEtehdwtan ayieg. bgnding erigih ewrdnshult ioieapaedeet stli copheching
printed circuit board 100 is an electric connection between the conductive
print ed condogitiive2Priytedectpadiicsi 22 poodtbeér51, which is integrated in
the via-hole 24 forned on a resin film23 as an insulating body base. The

conductive pragushowd is Mpgle Bf areicaldtdicutivien ahaklbceslry stiatxbar ehef
nmetallic material | b and thernoplastic resin material |a conposing the

resin_fF&ﬁh%ad eHrEFuXtUbBa®l MBbaliki ennatecialcl BonhBet MR B&tivEeh €68ha
material |la, and inorganic |oading
10 conductive printed circuits 22 by the conductive product 51, which
is integrated in the via-hole 24 formed on a resin film 23 as an
insulating body base. The conductive product 51 is made of metallic
material 1b only, mixture of metallic material 1b and thermoplastic
resinmaterial la composing the resin film 23, or mixture of metallic
15 material 1b, thermoplastic resin material la, and inorganic loading
material.

Therefore, when the resin material la is separated and
retrieved from the waste printed circuit board 1, the conductive
product 51 is contaminated as the interlayer bonding material 50

20 into the insulating material 1la. The composition of the
contamination of the conductive product 51 is the same as the
composition of the insulating material la, which composes the resin
film 23. Therefore, the retrieved insulating material la is not
reduced in its purity. As aresult, it is expected that the retrieved

25 insulating material la may show the equivalent characteristics to

the before-retrieving insulating material.

As shown in Figs. 7A and 7B, the interlayer bonding material
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mmaterial. Therefore, when the resin material la is separated and retrieved
-fromthe waste printed circuit board 1, the conductive product 51 is
contam nated as the interlayer bonding material 50 into the insulating
material |a. The conmposition of the contam nation of the conductive
“product 51 is the sane as the conposition of the insulating material 1a,

whi ch caeoposes. | hecoeshdtité bond3nglpeseé pidri chheorgd §&evek tosaghating
material la is not reduced inits purity. As aresult, it is expected that

the retpi-gugdei B8l A4 I RGIBIR] b £h @5 iBYe BADW & 16 8GW M &1L and second
characteristics to the before-retrieving insulating material. As shown in

Flgs: TRe80d, T8 LG LRLE" ayer 1Banding mierl s S0 1. SpEOngichive

I
bondi ng pas i'Ch~conposes the conductive pr i's conposed of

first talli.c, particl 61 and secon talljc ti.cles.62. The first
et ol 1§ C0BuPE LTS a5t 2d3A Vel afe et Tammat fobh by PRé Chepdipoges

mat eri al _1b, which conposes the conductive printed circuit 22. The second
net at | | ERBaFPRereslve P LdH a5k CREICHEd PAto Bif QQWW?ﬁatll%éan@’éﬂc%\Wch
conposes the first particles 61. For exanple, in an interlayer bonding
processf2 epe B¢ r&ernad dintic apaplilevewish Hirl neta@lsetbidhnepaPPEesSpElei cl es
62 are sintered and fornmed into the integrated conductive product 51 by
heat i ngfandtprassicied 6§ . Speer fexaaiply, ihencontectsayer bondling pastessp,
i.e., the interlayer bonding material, is made of tin (Sn) conposing the
first mnetaFirstpeetdllas aktand o lbreandAd)e caoosi ngtbhé isepantdiokeal | ic
particles 62. Besides, Fig. 7A shows the state of the conductive bondi ng

paste 5@2 ¥hkcCdinsetdd £l Foendd edrbnthde nticdradlerl 24nlBet@i®e product
10 51 by heating and pressurizing

Specifically, the conductive bonding paste 50, i.e., the

interlayer bonding material, is made of tin (Sn) composing the first

metallic particles 61 and.silver (Ag) composing the second metallic

particles 62. Besides, Fig. 7A shows the state of the conductive

15 Dbonding paste 50, which is filled and dried in the via-hole 24 before

heating by vacuum hot press equipment (not shown). Fig. 7B shows

the state of the conductive bonding paste 50 after sintered by the

vacuum hot press equipment.

At first, as shown in Fig. 7A, the conductive bonding paste

20 50 is the mixture of the tin particles 61 and the silver particles

62. When the conductive bonding paste 50 is heated up to 240-350

degrees Celsius, the tin particles 61 is melted and adhered so as

to cover the surface of the silver particles 62, because the melting

point of the silver is 961 degrees Celsius, and the melting point

25 of the tin particles is 232 degrees Celsius. When the conductive

bonding paste 50 is continued to heat at 961 degrees Celsius, tin

atom is diffused into the silver particles 62 from the surface. Then
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heating by vacuum hot press equi pnrent (not shown) Fig. 7B shows the state
yof the conductive bonding paste 50 after sintered by the vacuum hot press
equi pnent. At first, as shown in Fig. 7A the conductive bonding paste 50
ks the m xture of the tin particles 61 and the silver particles 62. Wen
“t he conductive bonding paste 50 is heated up to 240-350 degrees Cel sius,

the tintpariitbesobkillvarebhadt andredheirdpsonasis t4B T eegireeidecslsiase of
the silver particles 62, because the nelting point of the silver is 961

degr ees jGel & Mgd .andrd hennel tdak@ ,POiKE bndfiecived BahHERhHEPalste23D degrees
Cel sius. When the conductive bonding paste 50 is continued to heat at 961

degr ees g%g§h¥azegi%tiﬁ_ *%®QL;%§??ngPEO %@?ﬁﬁ%ﬁéﬁ[iﬁa%ﬁgqleﬁLGZE%%Om

t he surface. en | the a ver ahd ti ing point 1I's

d Cel si is f . ln this, th duct i di te 50

oo e e bk S Skl P P S bel e R IS Y ThOBRERS, 7,
product 51 in the via-hole is formed into the integrated and sjntered all oy
in accorBditd ti 1 eheCKIIbPrRETBRNER W IdhdLRE PP Y INGIR tERANDRULEET ve

product 51 is forned in the via-hole, the conductive product 51 is adhered
to the bottonBerftdte condugs iveantedtsly & lpt s icadnad Laukle 229 hotlige Tha- hol e
24, because the conductive product 51 is pressurized. Therefore, the tin
conponegpnidncthsec prdduicity & Iprioglugdh&dedntot bec dopdorc gnpdisars 9h the
copper foil of the conductive printed circuit 22 are nutually diffused
t oget herondustlivd phdseedlheimcuaitsok? didi thesivdr-hayer B, ilsedausedthat an
interface between the conductive printed circuit 22 and the conductive
product cbhductive product 51 is pressurized. Therefore, the tin component
10 in the conductive product 51 and the copper component in the copper
foil of the conductive printed circuit 22 are mutually diffused
together in solid phase. Then, a solid diffusion layer 52 is formed
at an interface between the conductive printed circuit 22 and the
conductive product 51.
15 Another interface between the conductive printed circuit 22
and the conductive product 51 is also provided on the lower side
of the via-hole 24 not shown in Fig. 7, and the solid diffusion layer
52 of the tin component in the conductive product 51 and the copper
component in the copper foil of the conductive printed circuit 22
20 is also formed. Therefore, the conductive printed circuits 22,
which are disposed on the upper and lower sides of the via-hole 24,
are electrically and reliably connected together by the solid
diffusion layer 52 and the integrated conductive product 51, that
is not a contact connection. This connection promotes the
25 reliability of the interlayer bonding.

As a result, the above connection with the conductive product

51 promotes the reliability of the interlayer bonding. Moreover,
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-Anot her interface between the conductive printed circuit 22 and the
-conductive product 51 is also provided on the |lower side of the via-hole
24 not shown in Fig. 7, and the solid diffusion layer 52 of the tin
-conponent in the conductive product 51 and the copper conponent in the
‘copper foil of the conductive printed circuit 22 is also forned. Therefore,

the conditdr thepebhligdtiectidSud?,.51 Whi tdatas® U $posed ddytdes weperiuand
| ower sides of the via-hole 24, are electrically and reliably connected

t oget herjbyditheisekheiodi fFyst 98 payEr 22 sapdrhhenhnie@rad e sondictenee
product 51, that is not a contact connection. ThiS connection pronotes the

rel i abl Ll the ddrdaver bondhogea fired 18SbhE sbheaabaueccameston

wi th the conduc product pronotes the reltabilit the interlayer

bondi ng.,. Moreover, when the conductjve product 51 iLs_h ed up .t.q 4
degreeskE%F§Fﬁ%% Fncﬁ8guF%F¥FaFF #u%#&§%§§;ﬁfgﬁ Pér%§ p%?%??ﬁﬁpéhgla%%
retrpieving, the conductive product 51 is nmaintained in the sqlid phase
surePy, SHeE usEEheIRINARH O br S8Gct2 BPY sifadt® bf AEAESEF| &P ISEUSIn and
silver (nelting point of the alloy is 480 degrees Celsiush. Therefore, in
t he hot Thenaf@licon b oEbss hPF0EL it iiesuItqerFs nBE @0 akhpa i&sd lekd ng
printed netallic material |Ib (the printed netallic naterial |b also

i nvol vegnatiesr liadt e¥d aged bbrdinw iedemediadl L igr anaslepaiat etb antheebrilored
surely. Besides, in this interlayer bonding process, the conductive

pri nt ed rEtraddiitc @2t ésidbriiedlso irhe Iswerst tlce ioft etia yeeshondihgm23eriviiich
conposes the insulating body base 23, so that the resin film 23 forns the
conduct iate prapared eai leid treftdimval stiteny.the conductive printed circuit

films 21 are stacked and adhered together
10 Besides, in this interlayer bonding process, the conductive
printed circuit 22 is formed on the surface of the resin film 23,
which composes the insulating body base 23, so that the resin film
23 forms the conductive printed circuit film 21. Then, the
conductive printed circuit films 21 are stacked and adhered together
15 Dby heating and pressurizing (i.e., formed into the multi-layer
printed circuit board).
(Fourth embodiment)
A waste printed circuit board 1 according to the fourth
embodiment is preferable to use a printed circuit board 100 having
20 a following constitution. When a conductive product 51 described
in the third embodiment is formed, the conductive product 51 is
extruded and formed into an arch-like structure in via-hole 24 shown
in Fig. 8 under the normal hydrostatic pressure applied to a resin
film 23 composing an insulating body base 23. Fig. 8 is a schematic
25 partially enlarged view showing a shape of the conductive product

51 in a printed circuit board 100 applied to a method of recycling

according to the forth embodiment after interlayer bonding.
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by heating and pressurizing (i.e., formed into the nmulti-layer printed
®Tircuit board). (Fourth enbodinent) A waste printed circuit board 1
according to the fourth enbodinment is preferable to use a printed circuit
board 100 having a follow ng constitution. Wen a conductive product 51
described in the third enbodiment is formed, the conductive product 51 is

extruded and fror ogé neJatth@na@d@Iielsis&eizﬁ_ﬁquwc%siswbyit@ehid@lﬂﬁhah Wesd n
Fig. 8 under the normal hydrostatic pressure applied to a resin ilm23

conposi Ny disl RId19 HedY nbage @3 rdidhbdd inkerft S%'E%”B&Enpﬁﬂmaij As
enl arged V|em15homnng a shape of the conductive pro uct 51 in a printed

cireui d?&Q@e@pglk hefb8aRr5Lhof, obnLegxeling Ao soidina g s forth

enbodi nmen i nter ress r|2|ng
process vacyym hot s u t descri bed |n tqgéthl
rbod neme (RS frrifosite 2D R aeareh hachReelh | et B e Facuum
hot res eqU|pnent Therefore, the resin film23 is defornmed along with
t he S 84t Fa% oM he Thel oS Hh& 1l@s2 A, fiRDAS dhFRPSES aFiodpés ed
around the via-hole 24, is deformed so as to extrude into the via-hole 24.
In this tsaiarhelel adtits sedermsdoso tafe tpeek hr ide ME® therebrzel e 24 -about
5-40MPa. When the resin film 23, of which the elastic nodulus is reduced,
i s pressurithed cassubshanelabtychuormbyereofs theegssaie film. 23 al saechidesd
hydrostatic pressure) is generated in the resin film 23 conposing the
i nsul at ity Aoyt Ese0Md . Wikvert ther eisinf iflimm22 3, s cdonhimte dHeO glr@sSuW | ze
under the substantially honpgeneous pressure, the resin film 23 around the
Vi a- hol encithlivss dief ofdmc&D, ass Uy @durided, N0 dures ddraciRalle 2dbmotRerous

10 pressure (i.e., a so-called hydrostatic pressure) is generated in

the resin film 23 composing the insulating body base 23.

When the resin film 23 is continued to pressurize under the
substantially homogeneous pressure, the resin film 23 around the
via-hole 24 is deformed so as to extrude into the via-hole 24. Then,

15 the extruded volume of the resin film 23 into the center portion
of the via-hole 24 (i.e., the portion in the middle of the center
axis of the via-hole 24) is larger than that into the edge portion
of the via-hole (i.e., the portion at the both ends of the center
axis of the via-hole 24), wherein the edge portion of the via-hole

20 24 is contact with the conductive printed circuit 22.

The inner wall of the via-hole 24 has a substantially
cylindrical shape before hot pressing. However, as shown in Fig.

8, a cross-sectional profile of the inner wall of the via-hole 24
along with the center axis of the via-hole 24 has an arc-like shape

25 after hot pressing, because the resin film 23 is extruded into the

via-hole 24 as mentioned above. Besides, the elastic modulus of

the resin film 23 is in the range of 1-1000MPa in hot pressing
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the extruded volune of the resin film23 into the center portion of the
“via-hole 24 (i.e., the portion in the mddle of the center axis of the
via-hole 24) is larger than that into the edge portion of the via-hole
(i.e., the portion at the both ends of the center axis of the via-hole
"24), wherein the edge portion of the via-hole 24 is contact with the
conduct imogedsted circuit 22. The inner wall of the via-hole 24 has a
substantially cylindrical shape before hot pressing. However, as shown in

Fig. 8, a crogs gethinenal . or ofider@htt H611R8¢Ic M@hl 86ndhet Va1l Ricd4s
along with the center axis of the via-hole 24 has an arc-|ike shape after

hot Pressi Ng.s DREAUBEQ! N SRId:dalDe23, L enexd e At 0 the s a-d0] ¢ 24

as nentioned above. astic nmodulus o he resin
inther of ﬂlq? MPa _i.n. hot essin r.ocess., The yolu (1.e.
appar ent" Vol ure)- of° e%%&&l&?%% 6r30%‘g1f “%fi S%r%éféé"\f/‘ﬁhﬁg‘bfr 4RAEE wi t h
si nt rin.g;!;.2 TT&%szr%i a cross-sectional profile of the inner wall of the
vi a- Hol €41 A0 EPRiqneakiitie RFRAGnadeti § Eopratidit Slihe jad Gdrked
into the arc-like shape along with the center axis of the via-hole 24.
Wien t hhiRsdPnd meidit Bearcgnter iexigpplti éhet §ia-Hefer Altion stress, for
exanpl e, bending stress and the like, it is also difficult to concentrate
t he def or mat i #hest Elee Priim tredec br ¢ret t portridohO @fi saapwhi ed ttcas e@ Hiimaitd orhe
conductive product 51, conpared with the cylindrical via-hole according to
t he rel attedsant , fhecausmpibe bendiagsedtrnamml apdothke ldfke, heitt nher awabl of
the via-hole 24, which is filled with the conductive product 51, is formed
into theligffd-dulketo shapenreng whé Bettbemaenbarstodss oh theovher polre 124 As
aresult,
10 of a contact area 51b in the conductive product 51, compared with
the cylindrical via-hole according to the related art, because the
cross-sectional profile of the inner wall of the via-hole 24, which
is filled with the conductive product 51, is formed into the arc-like
shape along with the center axis of the via-hole 24. As a result,
15 the reliability of the interlayer bonding is promoted.
In a primary product process of the printed circuit board 100,
it is constituted that the elastic modulus of the insulating body
base 23 (in detail, the insulating body base made of thermoplastic
resin) is in the range of 1-1000MPa at the heating temperature in
20 the hot pressing process. As a result, the cross-sectional profile
of the inner wall of the via-hole 24, which is filled with the
conductive product, is formed into the arc-like shape51 along with
the center axis of the via hole 24, and then the reliability of the
interlayer bonding is promoted. Moreover, 1in hot filtration
25 process P400 for separating and retrieving, the waste printed
circuit board 1l is heated up to the predetermined temperature, which

is near the process temperature for forming the printed circuit board
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-the reliability of the interlayer bonding is pronoted. In a primry product

-

<process of the printed circuit board 100, it is constituted that the

el astic nodulus of the insulating body base 23 (in detail, the insulating

‘body base nmade of thernoplastic resin) is in the range of 1-1000MPa at the

heating tenperature in the hot pressing process. As a result, the _
Cross-setboobgl hpt oftéesigd 1Me ighiela MaldrRudthe rvicdsRolier24, whLch,d

filled with the conductive product, is fornmed into the arc-like shape5l
al ong vi bk cHdenaentar @t 5r ohtdde MR RObE 24, AN e Lhe LaliAbLLILY of
the interlayer bonding is pronoted. Mreover, in hot filtrati pr ocess
P400 forsgepatatifdq apar gL LeVi the. waste printed circuit board 1 is
heated up to t%e brede %rmﬁ%gg %%ﬁ%ﬁr%%h%@?dmﬁfﬁﬁul?&%%ﬁq tthe? PPty
t enper at f formng th rinted circuiit board 100 by hot pressing in a
primary %%%%ug If)rroo(i:eess“’% ( &E Eﬁ THY OREE 3P he FERAT2 T APH BRI FREEL@YS cui t
boarg’, the stacking tenperature_ for stacking the multi-layer printed
circuit B¥aPASFEARE BRFAREPY apfadter Pdedcdds)hot ifiltraaion cparament t4n
separate and to retrieve by passing through a filter 4al in hot filtration
equi pmenPe2aus dddrustas hic aoasilive o dilewse oin thad erdsilnl ardtesu &f i dgentsl y
sufficiently reduced. (Fifth enbodinent) The fifth enbodi nent can be
appl i ed ¥edace®dt hod for recycling a printed circuit board shown in Fig. 4.
Fig. 4 is a schematic block diagramshowi ng an entire process of recycling
the printed citRiuith dwdmraireetqrding to the fifth enbodinent. Fig. 4 is
al so a schematic block diagram show ng the recycling systemto performthe
recycling of Thefpricat @fbediment Reapd AGC0TCH RE 4 tudth d EbEhr &hodifgent .
A
10 aprintedcircuit board shown in Fig. 4. Fig. 4 is a schematic block
diagram showing an entire process of recycling the printed circuit
board according to the fifth embodiment. Fig. 4 is also a schematic
block diagram showing the recycling system to perform the recycling
of the printed circuit board according to the fifth embodiment. A
15 difference between the fifth embodiment and the first embodiment
is described as follows.
In grinding process P700, a printed circuit board 100, which
is eliminated a mounted part 70 and solder 80 in part elimination
process P200 and solder elimination process P300 respectively, is
20  ground into powder. Then, the printed circuit board 100 as a work
piece 1 becomes a mixed powder of an insulating material la and a
printed metallic material 1b. Besides, grinding means 7 may be used
to any kind of means that grinds a resin material la and a metallic
material lb, which compose the printed circuit board 100. In the
25 following fifth embodiment, the printed circuit board 100 is cut

into pieces about 5cm square by a rotary wheel type cutting machine.

Then, the pieces are ground into the powder by a cutter mill for
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di fference between the fifth enbodi mrent and the first enbodinent 1is
‘described as follows. In grinding process P700, a printed circuit board
100, which is elimnated a nmounted part 70 and sol der 80 in part
el[imnation process P200 and sol der elimnation process P300 respectively,
is ground into powder. Then, the printed circuit board 100 as a work piece

| beconmegr ondi @ o pomsiast 9fg an ddisd i@ddang cwmtterd.al la and a printed
metallic material 1lb. Besides, grinding neans 7 may be used to any kind of

means that o i, eShAL AR | @lad@candod ERLALLLGerTaLEA! JHlndihich
conpose the printed circuit board 100. In the followng fifth enbodi nent,

the printed. old obido hoard 1900 yout . Loh0-0 seeseaboly Bom spuar ¢ iy 2

rotary ype cutti ng machi ne. € pieces are ground 1nto

PO B o O RELRSLAO DY L0k sitg 581 pLL oae, g, When

smal | er than a di mension of thickness of a resin film 23 conposing the
pri nfed R3Fe At bEdiateoonespliédeyBriRgl2a partWhich bt isandrifhed 1ic 2
material 1lb, which is sandwiched in a nmulti-layer printed circuit board,
is surelyulkiposeeoprihtedurizaeit bbarkde bowdeelvyTerpesed on whersurface
printed netallic material Ib is, for exanple, eluted into an eluant, a
processiay thempdwiterl ulfhagefohe, pvhatetheepal hied metterllalc Infntey istiorltened
by the above grinding process P700. As a result, the grinding process P700
pr onot esi d h€orefddnplafCc¥l ot esapricain rY vamnd , r&birbevsBgnyheinpy foted utetnal | 1 c
material 1b. On the other hand, when the particle dianmeter is conparably
| arge, tte priinted fetallie mRieiiadl 1hb £aRokecfbUlRE thy aBaRs @finding
10 process P700, As a result, the grinding process P700 promotes the
efficiency of separating and retrieving the printed metallic
material 1b.
On the other hand, when the particle diameter is comparably
large, the printed metallic material 1b can be eluted by means of
15 taking enough time to elute the printed metallic material 1b. In
other words, the printed metallic material 1lb can be separated and
retrieved in any particle diameter.
In the fifth embodiment, the printed circuit board 100 is
shattered into the particles, of which the average particle diameter
20 is about 100 micron. The cutter mill has a rotational cutter, which
is made of metallic cutter with titanium (Ti) coating, and rotates
the rotational cutter at a rotational speed of 3000 rotations per
minute (rpm/min). The cutter mill grinds into the powder during
15 minutes.
25 In metal elution filtering process P800, the powder ground

in the above grinding process P700 is dipped in the eluant, and the

printed metallic material 1lb is eluted. In the printed circuit
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-taking enough tine to elute the printed netallic material 1b. In other
-words, the printed netallic material | b can be separated and retrieved in
any particle dianeter. In the fifth enbodinment, the printed circuit board
100 is shattered into the particles, of which the average particle
“dianmeter is about 100 micron. The cutter mll has a rotational cutter,

whi ch | omde 100, "Rhathi £s crddef]l od td3 ttheanh e (gt )ntodtd inguiantokaedat es
the rotational cutter at a rotational speed of 3000 rotations per ninute

(rpnt m Rlocotf nettd @he 1 FL19EMBAS 1 MBRE, 1A PRUEST e Ui Qgrlrl@edrhe%@ilcl n
metal elution filtering process P800, the powder groun in the above

di 7
1 0 s 100 e L et o Ph IR o
th t d 1l t f fth _enbadi
o exampCEPehdCH T fPEh nébd °%”%? FOG PRty R COnadcProe
printed ci rcwt 22 is_made of caop Cul foil, and the jnterlayer bandi ng

mat e? i aP56s (FRYe2HE Ftlrllﬂve(%n)Agénd EP?V% upng)is BrRERATAShE PAXEHEBaPEd a
m xt ure of %Hrochl oric acid, nitric acid, and water so that the el uant

el utes hysERPHerpc attd, mittalid echet emdmatsrasel thied Fhe & luspdr ebsherng
material 50 sinultaneously. The mxing ratio of hydrochloric acid, nitric
aci d, abdthatée pginted: metaThéc abaver frbuid gyowddre ilptgirgpaeri hondéngl uant
during 10 mnutes, and both the printed netallic material |Ib and the

i nt er| ayartelrdradi Y statétaakob8lare BhaimdatingAfdeio pifatydtdehsdniantciid,
filtered, and the insulating material la is separated and retrieved.

Furt her nitthe csepadptadl wasdlais ng 1:mat erhaladavd groanharpowsded saadpgeded.

10 in the eluant during 10 minutes, and both the printed metallic
material 1b and the interlayer bonding material 50 are eluted.
After that, the eluant is filtered, and the insulating material la
is separated and retrieved. Further, the separated insulating
material la is water-washed and dried.

15 This process performs to separate and retrieve the insulating
material la and the printed metallic material 1b completely and
easily.

In the fifth embodiment, the insulating body base 23 of the
printed circuit board 100, which is recycled as the waste printed

20 circuit board 1, is made of thermoplastic resin only or mixture of
thermoplastic resin and inorganic loading material. It 1is
preferred that an elastic modulus of the insulating body base 23
made of thermoplastic resin is in the range of 1-1000MPa at the
heating temperature, which is near the process temperature for

25 forming the printed circuit board 100 by hot pressing in a primary

product process. The elastic modulus of the resin material la is

sufficiently reduced so that the insulating material la, which is
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-This process perforns to separate and retrieve the insulating material |a

»and the printed netallic material |Ib conpletely and easily. In the fifth
enbodi ment, the insulating body base 23 of the printed circuit board 100,
which is recycled as the waste printed circuit board 1, is nmade of
“thernoplastic resin only or mxture of thernoplastic resin and inorganic

| oadi ng y@iardtald ahll 1Sl tgrerf enraete meak 1a81 et a5t ifg 1reguhysp i cd ¥ P800,
i nsul ati ng body base 23 nade of thernoplastic resinis in the range of

1- 1000MRa; éhsimﬁikhﬁﬁkfPﬂté%ﬁﬁféééﬁéﬁmiﬂgé%@a%%.ﬂ@%@sﬁ%ﬁfﬁ%ﬁﬁ%?érocess

tenperature for " formng the printed circuirt board 100 ssing in a
pri mary pgypduct process. The elastic nmodulus of the resin material lais
sufficiently reduced so that the insulating material la, which is

ted d.filtered i.n.the_netal elution filtering proce P80 N
ZSE?[; ?orﬁngﬁht5eﬁlBrtaépe$ﬁiﬁ%%p%ﬁb%%l€hﬁriﬂﬁ %%ﬁﬁfﬁﬁxﬁfggﬁfkg3Pébg.
The resin film 23 conposing the_ insulating body base 23 in the printed
Ci rctF)i t HEaPEIRBYY CARicE i 203ty Ole IR hE BREME a5k phttde WaskaPripbaed 1,

has a via-hole 24. The conductive printed circuits 22 are electrically
connect €d-Cygdt pear gy, ahadmdutd T vel e Rdducthsicondicédvat reinred kéreuathol e
24. It is preferred that the conductive product Sl is nade of netallic
mat eri al22 brenkyechi kxcal by ofomeciidd ¢ ogrttdueirabyl & embudieinmm plrasiiict Bési n
material |a, which conposes the resin film23, or mxture of netallic
mat er i alintegrishednbpltast vea~-hesen dnat ari 8 drafeanédd thagalic cbaadtigve
material. Even if the conductive product 51 is contamnated into the

i nsul at iptgdueitesi dls mh@e othhebal $1iseRafaatied apdbrial,rnexedre b hetael ak
elution filtering
10 material lb and thermoplastic resin material la, which composes the
resin film 23, or mixture of metallic material 1b, thermoplastic
resin material la,and inorganic loading material. Even if the
conductive product 51 is contaminated into the insulating material
la, which is separated and retrieved in the metal elution filtering
15 process P800, the retrieved insulating material la is not reduced
in its purity, because the conductive product 51 has the same
composition as the insulating material la, which composes the resin
film 23. Accordingly, the retrieved resin material la is not
reduced in its purity, and is expected to have the equivalent
20 characteristics to the before-retrieving resin material.

As is generally known, the printed metallic material 1b and
the interlayer bonding material 50, which are eluted in the metal
elution filtering process P800, can be retrieved and recycled as
the metal by means of a well-known method of processing waste

25 acid-liquid according to a related art. In detail, for example,

the metal is retrieved as a solid phase metal by heating and melting,

or the metal is separated as an individual metal by electrolysis.
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-process P800, the retrieved insulating material la is not reduced inits
- purity, because the conductive product 51 has the sanme conposition as the
insulating material |a, which conposes the resin film23. Accordingly, the
fetrieved resin material la is not reduced in its purity, and is expected
“to have the equivalent characteristics to the before-retrieving resin
materi al . As Thegemenhalkdy netedn.ict hetpdintled byetwiidlc et eepatatdbdansdd t he
interlayer bonding material 50, which are eluted in the netal elution

filteri ngtRpieseasSHy8OR: wadtdadietniigved rdcEssYRafk@sod tdie thrt ak kby
means of a well-known net hod of proce55|ng waste acid-liquid according to a

rel at ed 1@r trefll'?lﬁgetﬁ'f leaérprm ce cagg%}gi? ﬁe rlﬁéféfvfgf 11§‘g Sglllad

phase netal eatlng and me tlng, I's separate

i ndi vi dual ;a b% el ectr§6§8|s The prlnted netalllc naterlal 1b whi ch
IS sepafgpgaa add Pébriade y'the waste acid-1iquid processing method or

the like, is refined in each netallic category in the netal reflnlng and

sepa?atlng prBE%sén?%bﬁtlﬁ%ém??ﬁﬁﬂ%ﬁ rﬂf%ﬁﬁeﬁﬁ seragpited padsephFat8edand
retrieved, is examned and_analyzed using ion-coupled plasma (i.e., |CP)
en ssi oASs FEATHACh Y sp8al YRR cHALAM &N 6o SH eChd Lrsma ekl - ¢ret af EPL
material |b and the interlayer bonding material 50, which are contam nated
i nto t hemigsapat isppatatedr i atalysis s ahleyredtbpinhé 1pTP odhigad oprspeedr al
anal ysi s and confirmed bel ow 50ppm which is the Iimt of detection.
Ther ef ometaflhé coont i anAtliloandsthe ufifiexlentdrybsmdihgme t d ol allett@¢t whocht he
contam nation does not exist. In the above fifth enbodi nent, the
i nsul at btg BBhebméhatadanfto the insulating material la, is analyzed by
10 the ICP emission spectral analysis and confirmed below 50ppm, which
is the 1limit of detection. Therefore, the contamination 1is
sufficiently small not to detect, or the contamination does not
exist.
In the above fifth embodiment, the insulating material la and
15 the printed metallic material 1lb are separated and retrieved in the
hot filtration process P400 and the metal elution filtering process
P800 respectively, and are recycled in the resin forming process
P500 and the metal refining and separating process P600 respectively.
The insulating material la and the printed metallic material 1lb are
20 recycled as a material of recycled printed circuit board (referring
to a recycling flow chart showing a dashed line in Fig. 1 and 4).
The insulating material la and the printed metallic material 1lb are
also recycled as other materials (in detail, those are recycled resin
products laA and recycled metallic materials 1bB respectively,
25 referring to a recycling flow chart showing a solid line in Fig.

1 and 4).

Moreover, recycled resin films are made of the recycled
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-the printed netallic material |b are separated and retrieved in the hot

= filtration process P400 and the netal elution filtering process P800
respectively, and are recycled in the resin form ng process. P500 and the
Tetal refining and separating process P600 respectively. The insulating

"material la and the printed netallic material |Ib are recycled as a materi al

of recyghedlptingechatidrduilt boar dhieaf erd | BgpatHt&d r aayclhdig-ifdvad ,chay t
showing a dashed line in Fig. 1 and 4). The insulating material |la and the

printedrggbathhg EREEHALdR A ziAlS0 Meekel ed (e 1heledMB! efiBls 4id
detail, those are recycled resin products |aA and recycled netallic

TRt eri Ak 8o thE £ESRRSLI el hy CRLELELDN. i EECYEL IN0:hlan hagk,shaw ng 2

solid line In eover, recycled resin filns are

t he recygled ihsul ati.ng . material | which,is separated and retrigeved, by
oheat | Bie eyl BT STREE ke e SobRorh FulTRRS (e R b BT o
insul ating character. The result of the test shows that _the recycled resin
films hé(}gt%ﬁ% T it SPPRECERArQL e BeSIRL LM €Pal thddl aehhyrmed

character of the resin film23. It is confirned that the nethod of
recycl i BgatHdrrehbed of Feavel boatdenyr imeepréseni t Hanrshpy dienpkesenp in
busi ness and is reasonable to utilize as vocation. |NDUSTRIAL
APPL| CABhUeTYips makesulp, imethied nesd @pshris useasfonadthec|iagutal prdent &gl
circuit board by the present invention is also available for recycling an
i nsul at vogataderi al conposing the printed circuit board. Mreover, the
insulating material, which is separated and retrieved,
INDUSTRIAL APPLICABILITY
10 As a result, method and apparatus of recycling a printed
circuit board by the present invention is also available for
recycling an insulatingmaterial composing the printed circuit board.
Moreover, the insulatingmaterial, which is separated and retrieved,
has almost the same composition as that of the printed circuit board
15 Dbefore separating and retrieving. Therefore, for example, the
method and apparatus of recycling by the present invention 1is

avalilable for recycling a waste printed circuit board as a recycled

insulating material of a printed circuit board.

20
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tras al nost the sane conposition as that of the printed circuit board before
"separating and retrieving. Therefore, for exanple, the nethod and
apparatus of recycling by the present invention is available for recycling
a waste printed circuit board as a recycled insulating material of a
printed circuit board. CLAIM 1. A nethod of recycling a printed circuit
board to separate and to retrieve an insulating material conprising the
printed circuit board and a netallic material including a printed netallic
material and al so conprising the priat@dmcircuit board froma waste

printed circuit board, which is used in waste electric equipnent or a

waste produced im &eRHAGESS f?af Sﬂﬁgssggg ;g{/irﬁé-’eact?'c%[:fﬁg k?d?é’icﬁ’%”& whergin

only the |nsulat|ng mat er 1 al or ce- f| erlng t he

printed_girquit t teri.al, and t.he mnet II| C eri al

are sepgﬁat Cei(;& aﬂ%&?{ d‘ﬁe e%lgd lﬂ%ﬂg%{% geg%tterélatlheron%%elsw&lta § n%rjn%%%?l al

or the nEtaII c mat is recycled., 2. A ne d of recgyclin r|nted

ci rcuit °bo5Hd ak&?:?ﬁ(g athffJ arpetd bt 1 Patgrdadi ﬁn?iﬂég*%‘?@epﬁ %F@Fll rﬁ% ?E

attained by filtering the printed circuit board with heating and

pressur '¢fRglalznga h%%F“@Fl?b%‘%/cqh%@rénE?iirﬁlé”d?%tr Baprdboeat 2aéadkei ng

to claim1, wherein the printed circuit board conprises an insulating body

base, wAFéhtpd mhreudt kepandr Wineemoipt astdt imewipAtenkyeorrigi quwipneft

t hernoplastic resin and organic | oading material, and a conductive printed

CircuitprwhW@htéQHQQME%ﬁinhennmndunofvanufacturingelectricequipment,

wherein only the insulating material is passed by heating and

force-filtering the printed circuit board, the insulating material

and the metallic material are separated and retrieved, and at least

either the insulatingmaterial or themetallicmaterial is recycled.

2. A method of recycling a printed circuit board according
to claim 1, wherein the force-filtering is attained by filtering

the printed circuit board with heating and pressurizing.

3. A method of recycling a printed circuit board according
toclaiml, wherein the printed circuit board comprises an insulating
body base, which is made of either thermoplastic resin only or
mixture of thermoplastic resin and organic loading material, and
a conductive printed circuit, which is made of the conductive
metallic material and disposed on a surface of the insulating body
base, and

wherein the conductive printed circuit is formed on the
insulating body base, which is an insulating body base printed with

conductive circuit, after that the insulating body bases printed
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netallic material and di sposed on a surface of the insulating body base,
and wherein the conductive printed circuit is formed on the 1insulating
body base, which is an insulating body base printed with conductive
Tircuit, after that the insulating body bases printed wi th conductive
circuit are stacked together, adhered together by heating and

pressur iwi g, canthdtdrveed iratid taa il dtad laye t opeithieed agheeddttbpatithr 4 A
met hod of recycling a printed circuit board according to claim3, wherein

a nmodul usepfiddeddesrmplastdiqd esddy i Soidkd idrNge nﬁfltll—h%%\f%r%t%d

heat i ng tenperature at which heating and pressurizing is performned.

met hod of; é?*éirﬂlnted circuit board according to claimS3, mhereln
the insu atlng bo ase i s conposed of a resin filmnmade of either the

t hernmopl astic resin only or the m xture of thernoplastic resin and organic
| oadi ng material, wherein the insulating body base involves a via-hole and
a conducti ve product in rated i.n the via-hole, wherein the conductive
printed circuits “aPgt %?éd%@r?%ﬂﬁ%}%ﬂﬂﬁﬁeEFéHtﬁgg%%?@NlQMQQ?§4u§QQ9ﬁ@&@€“ve
product, and mhereln the conductive product is nmade of netallic materi al
only or the&lidimid i ¥hegedni al madulapt Aér thaethemmombistts casddi 4s in a
conprising the insulating body base or the m xture of thernoplastic resin
and i norgpntiec dfoddildg OMeeeitak hEsbinonpespers tiee ials Whbtdimdreating and

pressurizing is performed.

5. A method of recycling a printed circuit board according
to claim 3, wherein the insulating body base is composed of a resin
film made of either the thermoplastic resin only or the mixture of
thermoplastic resin and organic loading material, wherein the
insulating body base involves a via-hole and a conductive product
integrated in the via-hole, wherein the conductive printed circuits
are electrically connected together with the conductive product,
and

wherein the conductive product is made of metallic material
only or the metallic material and either the thermoplastic resin
comprising the insulating body base or the mixture of thermoplastic
resin and inorganic loading material also composing the insulating

body base.

6. A method of recycling a printed circuit board to separate
and to retrieve an insulating material composing a printed circuit
board and a metallic material including a printed metallic material

and also composing the printed circuit board from a waste printed
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body base. 6. A nethod of recycling a printed circuit board to separate
and to retrieve an insulating material conposing a printed circuit board
and a netallic material including a printed netallic material and al so
tonposing the printed circuit board froma waste printed circuit board,
which is used in waste electric equipnent or a waste produced in a process

of manufecidlith@orlreGt wheclid pERAL in WeTRS £3EPEri8 SRPAdiitNgrpd eSS N
which the printed circuit board is shattered into pieces, the pieces is

di pped igrgaaedd, ittheanepabéss Wewaﬁhfb(%_tqh:%ﬁ%' Velatfride flipmdnte
insulating material is separated by filtering the acid, and the netallic
mat eri al 5H5&55¥5 Insulating material are retrieved respectively. 7. A

met hod of recyc |%g a printed circuit board according to claim®6, wherein
the printed circuit _board conprises, an.i.nsul ating, body base, which i,s nade
of el ther -t horiBBF a3t LeneBPERREy B VIHGH GPE BEIPRERIGHTGLtt G4l i and
organic |loading material, and a conductjve printed circuit, which_is nade

of the cUMRIRTSRE IR FFRS ndthér PaPCaAd Yiddposdinm acdgy f e metalné c

i nsul ating body base, wherein the conductive printed circuit is fornmed on
the indidtRiiRy boelydbaselvedi dn ithemeitbul B¢ ngnbvdgtbagempitentad wist h
conductive circuit, after that the insulating body bases printed wth
conduct iserayiatad byafélseatked hogetider anddier e teddeichwatbyiaheatd ridpeand
pressurizing, and formed into a nulti-layer printed

insulating material are retrieved respectively.

7. A method of recycling a printed circuit board according
toclaim 6, wherein the printed circuit board comprises an insulating
body base, which is made of either thermoplastic resin only or
mixture of thermoplastic resin and organic loading material, and
a conductive printed circuit, which is made of the conductive
metallic material and disposed on a surface of the insulating body
base,

wherein the conductive printed circuit is formed on the
insulating body base, which is an insulating body base printed with
conductive circuit, after that the insulating body bases printed
with conductive circuit are stacked together, adhered together by
heating and pressurizing, and formed into a multi-layer printed
circuit board, and

wherein a modulus of the thermoplastic resin is in a range
of 1-1000MPa at a heating temperature at which heating and

pressurizing is performed.

8. A method of recycling a printed circuit board according
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«circuit board, and wherein a nodulus of the thernoplastic resinis in a
range of 1-1000MPa at a heating tenperature at which heating and
pressurizing is perfornmed. 8. A nethod of recycling a printed circuit
board according to claim®6, wherein the insulating body base is conposed
of aresin filmmde of either the thernoplastic resin only or the m xture
of thertwpllasti 6, nésd e aNd her 9ABLTat Dagivg yaheki 8 coMpRIRIANCENE resin
i nsul ati ng body base involves a via-hole and a conductive product
i nt egr atetin maddeeo¥ 81 QL L, t W ehRirhobhgse9RAHEL | ¥ &y BredhSif Sl S A €
el ectrically connected together with the conductive product, and wherein
the con i t.-LS: of | teri o] . llic
mat eri al aﬁgMﬁ%%fggﬁfhgéghgﬁggglégg%%gfé§§ﬁﬁﬁggﬁpﬁ%g?ﬁgé?he&Pﬁggﬁgfﬁﬁg body
base or the mxture of thernmoplastic resin and_inorganic |oadin terial
al so corrlpnosg‘lllnagtJtl}ge%lor?%/uﬁ)ﬁﬁenbgvggﬂfls Fade 2 hg e pﬁa‘?%ﬁcg‘é‘:tolfves é’ﬁ‘ﬂ%ng
resin and netal to,separate _a_resin materjal conposing an insulatin
mat er i al TP R TRst am“ﬁl? VARTBPILEI HPTEL T B8 e iicE TRdP E el tqlé’\?éllgﬁe
insulating material conposing a printed circuit board and the netallic
mat eri al2r'§ fdlasdirigad pr icenagciredalpretharevi bl el cinsbiaidmsopireguche
printed circuit board froma waste printed circuit board, which is used in
waste elaxtric equi pment or a waste produced in a process of nmanufacturing
el ectric equi pment, conprising

wherein the conductive product is made of metallic material

only or the metallic material and either the thermoplastic resin
comprising the insulating body base or the mixture of thermoplastic
resin and inorganic loading material also composing the insulating

body base.

9. An apparatus of separating resin and metal to separate
a resin material composing an insulating material and a metallic
material so as to separate and to retrieve the insulating material
composing a printed circuit board and the metallic material
including a printed metallicmaterial and also composing the printed
circuit board from a waste printed circuit board, which is used in
waste electric equipment or a waste produced in a process of
manufacturing electric equipment, comprising

a pressurizing means for pressurizing the waste printed
circuit board, a heating means for heating up the waste printed
circuit board to a predetermined temperature at which the waste
printed circuit board is at least softened, and a filtering means
for filtering the resinmaterial from the waste printed circuit board

that is maintained at the predetermined temperature by means of the
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2 pressurizing nmeans for pressurizing the waste printed circuit board, a
heating nmeans for heating up the waste printed circuit board to a
predeterm ned tenperature at which the waste printed circuit board is at

f east softened, and a filtering nmeans for filtering the resin materi al

* fromthe waste printed circuit board that is maintained at the

predet eh@antéd ot epasat ure by neans of the heating neans. 10. An apparatus
of separating resin and netal according to claim9, wherein the

pressuri zing means includes a driving shaft, which has a rotational body
for transporting the waste printed circuit board, a driving unit, which

rotates the dibving, sRall-adiado e HOLARK s WML AR RECOMIRARLES

. o
rotational body, I'n a predetermne éssure cause y @ rotati onal
force of the.rotational bod agg%ies to an inner. circunference

, |1 f
the hol &&AnPt "RRTLH adto dZiRg PORRP| bt Udody? dri¥ingns BSE?at us

of separating resin and netal according to claim110, wherein the filtering
means i HeiGHeda® 14 1%¥ratithiach Rt eor ohrgnsper by nthat Washe Préomtefe
waste printed circuit board, Wwerein the filtering means is di sposed and
exposed CaECEhE boadr acfiF tuiheruride WhirhofotHeehbhgedriming sde fithagndhe
resin material is retrieved in the radial outward direction of the driving
shaft. alkolfmrappatat wbioch sepammtilages esha mrthinetmdl dowdy di ng to claim
11, wherein the filter is nade of a sintered netal.
wherein a predetermined pressure caused by a rotational force
of the rotational body applies to an inner circumference wall of

the holder unit, which accommodates the rotational body.

11. An apparatus of separating resin and metal according to
claim 10, wherein the filteringmeans includes a filter, which passes
only the resin material from the waste printed circuit board,

Wherein the filtering means is disposed and exposed on the
inner circumference wall of the holder unit, so that the resin
material is retrieved in the radial outward direction of the driving

shaft.

12. An apparatus of separating resin and metal according to

claim 11, wherein the filter is made of a sintered metal.

13. An apparatus of separating resin and metal according to
claim 10, wherein the rotational body is a helical rotational body,
wherein the driving unit rotates the rotational body in the
helical direction, and wherein the filtering means is disposed on

the inner circumference wall on a top end side of the rotational
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«23. An apparatus of separating resin and netal according to claim 10,
~wherein the rotational body is a helical rotational body, wherein the
driving unit rotates the rotational body in the helical direction, and
Wherein the filtering neans is disposed on the inner circunference wall on
“a top end side of the rotational body, wherein the top end is driven in
t he hel ilcadly diwheatdiontht tde enet abidnalerbdeythe el Atalagpaeatusnodf the
separating resin and netal according to claim10, wherein the driving
shaft ofrdhecioiat ivhdy), body is disposed in a vertical direction. 15. An
apparatus of separating resin and netal according to claim 10, wherein the
hol der unit provides a space, which is |ocated on the opposite side of the
driving unit and capable of reserving the netallic material. 16. An

apparatus of separ abi g Leel0, and IRt el araording Lo nelai ma0,. aheg ein the

heating nmeans is a hea S printed circui and
of. the

mﬂjglr nu('?'l ﬁeinbef{)?r whgrgligp%%%d dorrlvti?l% Isr}lnaetrt CCIJ Clﬁlkqfaegrg ggi‘é"%laﬁ body 1is

disposed in a vertical direction.

15. An apparatus of separating resin and metal according to
claim 10, wherein the holder unit provides a space, which is located
on the opposite side of the driving unit and capable of reserving

the metallic material.

16. An apparatus of separating resin and metal according to
claim 10, wherein the heating means is a heater for heating the waste
printed circuit board, and

wherein the heater is disposed on the inner circumference wall

of the holder unit
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