27 June 2005 SPECI FI CATION METHOD AND APPARATUS OF RECYCLI NG PRI NTED
Cl RCU T BOARD FI ELD OF THE | NVENTI ON The present invention relates to a

nmet hod and apparatus for 5 recycling a printed circuit board. More
particularly, the present invention relates to a method and? dgpe2808s for
recycling also an insulating material, which conposes a printed circuit
board. BACKGROUND OF THE | NVENTI ON seaovencaomaNl y, a printed circuit board,
which is mainly 10 utilized in electric equipnent, has been nade of

fi berglass and epoxy resin, which is a sort of thernosetting resin. A .

met hod for recycling the printed circuit board according to a prior art
has been avai i@biHeronhy Apparzetud @r rgcandIinecyriNTED rirvad mekhabl i c

mat erial conposing a printed circuit wiring. Therefore, after 15 separating
and retrieving the printed netallic material, residual insulating material
and so on are only available for thermal energy by incinerating them or

bury in the ground as a waste. pharbher aBovenpmma@Togrt, the printed netallic
material is retrieved. However, the insulating material such as

thernopl astic 2Phd @3icReaRdihPont1de 1CARRASI P A RAALE ARG LI r AR POE
retrieved as reusable material, and this residual insulating material

causes @an rbRAGEERSE DObriNee @It i Thes £fpr eMo}Qi(F%rits_Lc%'iairfm(?rtgl?@ resent
requi renent to reduce eni ssion of the waste and carbon dioxide for the 1

27 June 20QRveRfeseMALRR o6 i heepw 598%a%d§1%0§afé@¥lcﬂ aikol §nan
inmportant requirenent to utilize the resources on the eart efficiently.

In the presgphistftf Ritalifal " 4niBRl cOMbYsés a printed circuit board.

BACKGROUND OF THE INVENTION
Co.nventionally, a printed circuit board, which is mainly
10 utilizedinelectricequipment, has beenmade of fiberglass and epoxy
resin, which is a sort of thermoSettiné‘ resin. A method for
recycling_ the printed circuit board ‘acc‘ording 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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manuf acturer of a printed circuit board but also a manufacturer of 5

el ectric equi pnent, which utilizes a printed circuit board, has a

| ong- pendi ng requirenent to establish a nethod for recycling a printed
circuit board so as to retrieve and to recycle both the p27dund2@8ballic
material and the insulating. material. Considerjng the above requjrenents,

t he obj ect %grfestehgaﬁ%grsleﬁF gtft? | HVERABETs Yo Provedeta nethdy ahdis an
apparatus of recycling a.printed circujt board so that both a printed
nmetallic rrajtméjrolr%%ngnotge 1:‘ieﬁ’§ﬁ}l%att?‘?1guﬁhije7r‘? al%kﬁor?ﬁ?ﬁ%&eé o nFE@ SRrE t
board are separate and retrieved, and that those retrieved naterials are
avai | abl e % lCELsEg&Vr ng. 175 HESARERRE Rt FHE INVERTTONET0 &6komgtd%hat he
above first object, the present invention provides a nethod of recycling a
printed ci M&di aﬁBﬁFars%fp £hat 1pbrdh ciFeal I heasfhbati al saminenafaaiugay of
material are separated and retrieved froma waste grinted circuit board,
which is difd§6484Ci saRiPRast e WoE-6Bt vT Bl s pnehinted wHinsmitsbeavdsthas a
produced in a process of manufacturing electric equi pment. The printed
circuit bodPddreengbnposedubrenent tesdsiablg siateemieghoghdorhaerptalingca
material, which involves the printed netallic material. At first, the
printed cPFéniredpehrenits EPWCE@.O Heeto ortylene dmdutatienyciet bothl thasses
25 through a filter by force-filtration of the heated printed circuit
board. By PHELBtRAGare Ryl ki Magreadafli khdr thy visuletind mertteandlt he 2 27 June
2005 like, the insulating material is separated and retrieved from

m xture of insul@@nidigardne tht akodemaqiirnenentserttal cbdeposifnthd heesentnt ed

circuit board. For exanple, it is easy to separate and to
10 invention is to provide a method and apparatus of recycling a printed

circuit board so that both a printed met‘allic 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 c¢ircuit 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 insulating material 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-fiitration of the heated printed circuit

board. By this heating and force-filtering of the filter and the
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retrieve fromthe mxture of insulating material and netallic 5 materi al
using the filter, the nesh size of which is sufficiently l|arge so that the
filter passes only the insulating material and does not pass the printed
metal lic material. At least either the insulating material2bdup@@0@Btallic

mat eri al , ich i.s _se aer% and retrieved in_th a@ove way.,. i.S 0
avai l abl e ﬁgﬁ%fegéglfﬁﬁp gﬁgt gtgn%ﬁgtgso epﬁg%Fg rF89e$§H%%&W§ iﬁgom
material and the retrieved metallic.material are, sufficiently |arge %pr
Teoycl ing RazguEel bty S ERE ReManeEiin e Boait abr airier Trdco iR R e
force-filtration neans.%hgiltrati n wth eaLing and 5 gressugizin tthe
printed ci PEdit Aot FhPeaF8r c&Fh FEFEPT BN + Pl SneA s HohaeRAFRER &f
t he fiItrati%n,bz tEe filger or the like. The printed circuit board, which
i s separat €6 AN FetFPBVEES Mt Re Afnddsi thgPRalélrat2dnd th&steddici ¢
nateriag, is conposed of an_insulating body base and a conductive printed
circuit? TRELSH1RASHIRY hGepbiyt pasdesmralesS it aft WBL Chnkd mapifastice thdsi n
or mixture_ of thernoplastic resin and inorganic |oading material. The
conduct i ve 1BrPRt 88 Eidtcdine ifd lha8ePa359T iotlad thet ansrtahinemadieriaihpgf i s
di sposed on the insulating body base. The conductive printed circuit is
forned on €RESi A’EIRAFHF OB Ibdse makpthis @B al-ed an i nsul ati ng body
base printed with conductive circuit. After that, the insulating body
bases printed widh éomdluceiveer ctheuinsutet sracketerbyet per thadmetad lic
toget her by heating and 3 27 June 2005 pressurizing, and formed into a
nul ti -1 ayePaperhted Wirduiis sepedatedeantdheetebsvethdiertihgl abevpoyRig the
insulating material in the printed circuit board is thernoplastic resin or
m xt urkl of availablie 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 filtratioﬁ-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 resinormixture
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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t hernopl astic resin and inorganic |oading material, not only the 5 printed
netallic material but also the insulating material is surely recycled.
Therefore, after separating and retrieving, the retrieved insulating
material is al'so formed into a predeternm ned shape by hea27 dynefd0sover ,

when even the stacked multj-layer , printed circuit board js, heafed in
Separ at | ng TRGELPELF TREI 5 DFBEBES Lioup T ta -pAURECRTR SR Brptt Seare.
which is nearly %he rocess tenperature for formng the stacked .
nulti-layeﬁ%ﬁFiﬁ Edr%%+Qnﬂ%teqﬁ§ raowﬁofh%gdHHVén§PégEFH§ Pritiessl ‘théhe
stacked nulti-layer printed circuit board is sufficiently softened so as
to deform PradtfdaldiyF CuitheRoasl v st N HARNAStAG natet? alPrpdseiny Rians
of the aboy 15 force-filtration. The characteristic of the insulating

mat eri al aFgﬁﬁHOE%a?%%ﬁ GehPe FRCUE BOF RN E B rifiaty ohBaseagkbd G dnlvayee
printed circuit board _in the above stacking process is as follows. It is
preferred PrAatedmedeld igoraliars adfbuthal aofhestnsy hadsing natqyialhis sangayof

| MPa 20 to 1000OWPa at a predeterm ned heating tenperature in heating and
pressuri zi K§CYFhedef or Bherefetry separat | srparat inat r padi neetpricodss,  then
the stacked nulti-layer printed circuit board is heated up to nearly the
process teXpEratvee e lagimonga tével st dekedseldanmnddayeto primededecinipadt
board in the stacking process, the elastic nodulus 25 of thernoplastic
resin i s sGhfPei Bt hpatérgcedereavreat, iwhers evggy theo gierckednmuiéisépgeati ng
and retrieving operation such as filtering and the like. 4 27 June 2005
Wien t he pPFabeed ¢ilreuit bseaddihhsatbe ihotdromiatd nghendicetrieving srpreferred
that a conductive product in the printed circuit board is made of netallic
mat eri 8 oWPytoor mirgtlatersinedtteryerature, 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 aeform plasticaily.

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.




materi al and either thernoplastic resin conposing the insulating 5 body
base or m xture of thernoplastic resin and inorganic |oading materi al
conprising the insulating body base. The character of the rinted circuit
board. is that the insulating body base in the printed cir%ﬁﬂunﬁaﬁﬂé is a
resin film which is made of either thernoplasti resy rom xtuyr

t her nopl astic reSif &M PhoPiahiC iddi %Bagﬁa}}ﬁﬁ gPFaf?ig%%%%gﬁaggﬁaggf ive
printed circuits formed on the printed . circuit board .,are electrical

connect ed tlggé?h%?e%%fﬁeﬁjetéﬁdﬁc??@c VSR HfFedP aF TS pfr&’ﬁ&ﬁi Fﬁrgﬁt
via-hole, which is forned in th%. I nsul ati ng body base. The r&trigvig.

i nsul at i ngPREFEr L 81 M3R% Enttedslid CcBALSH fat PohY 0fPk A Xt Guldi TETRI btTict
whi ch conposes an_15 interl ayer bonding material, during the separating and
retrievi ngmatReIhstiihieirGerat e TEOP ¥ 3TM KESHPI RPBRC THIE (ilte BBéPé?t#ﬁg
retrieved insulating material is not reduced in its purity, and is |

expect e®l t BoRHRAIhOTeBurvaremt tharnePbrstic cestiy eRd INIEHITE- PRFERY ng
insulating material, because the conposition of 20 the contam nation is the
sane as thaptefizhecimpsiband tgenbrarlatinetbagpdiasg -t hEre sEaractay dobhe
base. An apparatus of recycling the printed circuit board perforns to
separ at e t Reinhedicarcnyt heeed ¥4 that thiscl mastlating hadiebrae IBytheREENRGAt he
insulating material only in the above heating and 25 filtering process.

Thi s appar aiosuis toswgosed usfsia pi bsswhiizhnis madares ¢bkher ddeurpPPLagtife
printed circuit board, a heating nmeans for heating the printed circuit
board up t&eaipredemérhinedos 2hejunplagbbc reaperavdr énongankf choadingast
the printed circuit board is softened, and a filtering neans for filtering
t he | nbQl anghgr hat erhdlthashdauddmeasein teteci newl ta Fagnedey HsBrirkedn t he

printed circuit board _
circuit board are electrically connected together by the conductive

product integrally formed in a via-hole, which is formed in the
insulati-ng body base. The retrieved insulating material may entrap
a contamination of the conductive product, which composes an

15 interlayer bonding material, during the separating and retrieving
the insuiating meterial 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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mai.nt ai ned at the predeterm ned tenperature by the heating neans. 5 The
heating nmeans for heating the printed circuit board can soften the
t hernopl astic material conmposing the printed circuit board, _when the
printed circuit board is recycled as a waste printed circudf JUR®ZP85 i n
which the resin naterial s ther | astic resin. Mreover, . the
br essur | i HETREERCI o0 HBLCERT  THToCh? PELGEPOT H0 Had® AT 8 got tened,
thernoplasti& resin only, and the-filtering means provides for separ%Eing
and retri e@PAG EdtPYInERCERARPT ef,llttﬁélﬁéa‘f%gmﬁélg%ln?réfi%ﬁeéilﬁéftWélc
tenperature, which is near the process tenperature for formng the printed
circuit boSPEPHSEhJthef dpAhYting frodvabgse privife ther pEBREed THerLitHR3 i n
material, which is nelted, is 15 separated and retrieved easily by the
filtering Fednsaimete agr Eke icdeatgrmians tempeidsirge By Wi deshang, Ma2®f i vi ng
unit, and a holder unit. The driving shaft has a rotational body to
transport The heatingdreang dior hearthy The Brivied aimicuitdvears capheodrevi ng
shaft. The hol der unit acconmpdates the rotational body. 20 The
pressuri zi bge thansopbhst at vatar pakderpeaimedhpresated dawwad bdnrd, otk ng
force of the rotational body, and applies the pressure on an inner
ci rcunf er eblee malntesf cieuhdl berrdinist rewyicéhdazs omwiddieeprinhedr of peuighal
body. The above pressurizing neans is an exanple of the nmeans for
pl asti cal | yoahed o nivig chhgha hes mphastigl iesimrmp laisitch desimeat Mareqvawo t he
predeterm ned tenperature and softened, so as to force-filter the
t her nopl asthe prEsisvrdeipgshegns herpridusedhecforcetibdaradiobhie paessihd zi ng
means transports the printed 6 27 June 2005 <circuit board by the
r ot at ildnal thedworded tpcesesinzenlyhe apdi nthed fél kenitg boeards byrdtielas afvsport
pressure by rotating the rotational body. '

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 seﬁarated 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 beard. 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 circumference wall 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 -rotational body to pressurize the printed circuit board 5 in above way
has a helical rotational body. The driving unit rotates the rotational body
in the helical direction. It is preferred that the filtering neans is

di sposed on an inner circunference wall of the hol der uni37gHﬂei2§0§i sposed

on the side.of a top e of .the . rotatipnal.baody. | 0, ' kyan in
t he heli caICl(fiCPéEtP(g%rcgg)yofthFh]éoFggﬁ?ril%ga Odﬁ’o&%& gég%%lé ?%%é ?;gg?g\é@
which rotates th hel jcal _.rotational body in the helical di QR

gener at es &lrc‘f&ﬁig'rl?‘?alféiagyftﬁ}ec%r aRaPa- ¥ eDercﬁ%ﬁélrFo]?%éO%P%p? %#éegf(séttra ?Ezl Pﬁal,
force by transport pressure. The centrifugal force is a radial conponent
force al on&o\ﬂiyt'h a helical rotational direction, and the feeding 15 force
is an axial conponent force along with an axj al tg_‘[i?rect%hgn. Ther fg)re,rdt he
more the print ed™e? ARt iBBAF PIEedS PECEREIT D RIFdPT IRAREHCTECHYS P8R PN
the helical direction of the rotational bodz, t he nore the Erl nt e%@gi rcuit
board i 8 prh@sxhpverwaly haprdirdrcalhehatierak Pradr iThe el ¥319 BRFhGOMBARE i s
di sposed and exposed on the 20 inner circunference wall of the holder unit,
the filterithg rPertfionsaneedpiaiemt Selisml raldifGtig bectiudé PReI$ERA ﬁéaf'or ce
along with the axial direction elimnates the netallic materi al

accumul at edhienfiheefing aeeng heahEposesopai #iylypnert cisceBiererce MaldeP Tt he
resin material by the filtering neans, and the resin 25 material is
filtered efthechehgey. umhe #nd tisr idigresafsonathe heldq |1afera tteH &3¢ PhethBsin
material only fromthe waste printed circuit board. It is preferred that 7
27 June 20@%5tathenél |hasly.i sThilsfose@ngndsespiossd ionthadh¢hiferl GireGhfePence
wal | =~ of the holder unit. Then, the resin material is retrieved in the

radi al 10ut wdr 8heli retatiomadf bohE . drihg mptetdtnal TRered orvhighgotates the

helical rotational body in the helical direction, generates a
centrifugal force and a feeding force, i.e., pressurizing force by
transpoft 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 poard 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 ﬁas the filter to pass the resin material

only from the waste printed circuit board. It is preferred that
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filter. has an ability that only the resin material is easily passed 5
through the filter fromthe pressurized printed circuit board because the
filter is disposed and exposed on the inner circunference  wall of the

hol der unit, of which the inner circunference wall is apphi dangg805

bov f ' f d h
i Tter io Mg tioa Aee PR rnd S ots P T HSrohEy & %% Peg r%&%cetw?%%%et a
nmesh hol e

, t 1t t .and d
ol e, ot g“f“%%la.% % ipbhah . ABCET I MGy SitAd 1118 L i ng

mesh hol es that pass the resin, naterlal nd the netalli rial
prevent ed £89 bﬁi gPEW%ﬁ@hd%¥@F?%QQeﬁ tﬁﬂﬁué%%%%ﬂ%1qhﬁﬁ§ anghﬁﬁﬁﬁoﬁ%éd#%ellke
15 netallic material can be caught b% t he neanderi ng nmesh hol e. n3|q§r|ng

a rel ati ondhipehétatedn q%ll&ﬁegw Nt e &S LRRA L UHE I TP 1sas iy RR3TRI f or
passing the resin material only by the force-filtration, it is preferred
that the dF:WPH@hsﬁaﬁféitﬁﬁefrp@t &PpomarSEBEYZEd Br$pBeRdCiRCEHe RRFEH cal
direction. Wen the 20 filter passes the resin material only fromthe

m xture of PERausREhA Tiddesariuflapesehanderarrpd oreths iAner cRECHBE N $RCS
material, which is not passed through the filtering means, precipitates
vertical | ywadidviidihe. hrbiesveritc iod vhirh ther dRNEE ¢hr GRBERKEDP G WERe 1hner
circunference wall by pressurizing force by the above rotational 25 force.
A reservoi Erreded s amessurieisgpientedoneihd labevaarerphiondy farce.
filtering neans, which separates and retrieves the netallic 8 27 June 2005
material and thellr dsi pragesredl that the ghdterrbd maa of spateredhrerrlis

prOV|ded by the reservoir nmeans and reserves the netallic material,
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 ma;terial 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 bétween 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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I s di sposed on one end of the inner circunference wall of the holder unit,
which is opposite to the driving unit. In other words, the 5 end of the
i nner circunference wall of the holder unit, which is opposite to the
driving unit and conposes the pressurizing nmeans, has the2&gdae 2085reserve
the metallic material_ . .Accordingl metallic materi al deposits_and

_.th .
fills the SBAcEPh AHrQaREE Wi t%rléégariaftitﬁgr&ﬁarif@tirﬁh@\%a £R8 PBLFA

mat eri al by, the fk%%f%;gg neans 10 fromthe m xture of the netallic |,
mat eri al and THE 1ES £ &FP&E VO L HSOR SCUIpBRCT YRS PP AeddlétFagierpsar d

transported by the rotational bodg.‘The heating nmeans is di sposed on the
i nner  ci r cdif er TREWAP IONoeRE 1 BB démeding L e nfaseavakhedr thoRohdati ng
the waste printed 15 circuit board. An aggregation is occurred by rotation
of the rot ditonartbodyis gRACERES dgyridgacikofipenatit esIa ¢Eher iwarals, hehe by
collision of the printed circuit boards together. This frictional heat
assi st s°t h&PHeaf ekhg dmnegacingurberpriatwsd lciofcGhe hobdex urdid ahicheigy
consunption of the heater is reduced. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is &PBepehatic thieodkiving s hodwi eepresest tbd pfessoyiciimygnaapsi nt ed
circuit board according to the first enbodi nent of the present invention.
Fig. 2 is &ascHeen@piacecrostesaictd ¢hal metall showitegihdt RSdrditgayi obhe
equi pment used in hot filtration process according to the first enbodi nent
of the preBehtllihwemtiegialodegodime a2B0511Fs thed spaca suhemmirdanparwithly
cross-sectional view show ng hot filtration equipment according to the
second enbédgPaentinf anderetrieving the resin material by the 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 circumfererice wall
of the holder unit, and has a heater for heating the waste printed
15 circuit board. An aggregation is occurfed by rotation -of the
rotational body, and the aggregation gerierates a frictional heat
by collisicon of the printed circuit boards together. This
frictional heat assists the heater for heating the printed circuit

beard, 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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present invention. Fig. 4 is a schematic block di agram showi ng a net hod of
5 recycling a printed circuit board according to the fifth enbodi nent of
the present invention. Fig. 5is a schematic cross-sectiong% vieggﬁgomﬁng
the printed circuit board applied to the method of recycl#hdule ing to

the first enbodi. f th t i ion. 10 Fig. i s.. .
Showi ng. a1 ol at i 18 bat bbén- S EErpeY KPS b L7 o RSeT e TAbdU e Op A2
[ | ati terial .sh in Fig. 5. _Figs. 7 hemat i tiall
enl ar ged vRENS, SHORTHG ST BIGT AGFBFTHIS 59 5hoi aoCeoBros iy Pathe
circuit board gﬁgljed to a nethod of recycling according to the third

enbodi ment PoFStHe PHEECR 15 i nvention, wherein Fig. 7(a) is a schematic
cross-sectional view showing a state of materjial in the via hole after
filling a condudtide ¢ bbhdf nGCPEREELC ARHPEF A1 9™ | S Wheheltfihod of
cross-sectional_view showing a state of material in the via hole after

i nt er | ayer TBOYE Y aminted s1acuthorar i Gdsdnget? ithfaf i Ve Rre AW #iyt a
shape 20 of a conductive product after interlayer bonding in a printed
circuit behrthagiasent draemsindd of recycling according to the fourth
enbodi nent of the present invention. Fig. 9 is a schematic cross-sectional
vi ew showi ng a $iidgl @ is|ayeheprthe egoekreer it Hiaphowdnedhener et4dd of
recycling 25 according to the second enbodi ment of the present invention
BEST MODE FOFCWARRYENG &Pl T$ YoNVERTRERAD of7 rggrel Poo s qoeqingsteithe |
embodi ments) for carrying out a method and apparatus of recycling a
printed ciftist svwddrgadordi hhetbresrnt gresastionnventi on are described as

fol | ows. i
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 invéntion, wherein Fig. 7{a} is a schematic cross-sectional view

sﬁowing a state of material in thevia hole after filling a conductive

bohding 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 cfoss—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 inventicn

BEST MODE FOR CARRYING OUT THE INVENTION
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(First enbodinent) Fig. 1 is a schematic bl ock di agram show ng an overal
process of a nethod of recycling a printed circuit board according to the
first enmbodi nent of the present invention. Fig. 2 is a schemtic
cross-sectional view showing hot filtration equi pnent usedq duse BEOS

filtration process_shown in Fig. 1. Fig. 5 is a schepatic 10
ross secti onal DB SHoWE v RETBP RGN D) (S CoB0Rr AT AT BHOT ARd
met hod of recycling shown in Fig. 1. Fig.. 6.is a graph. show n a.relation
bet ween a F@ﬁ%‘g?%é?gr‘é?aﬁ%c%‘?r}“é}gﬁ ipt,rlﬁ‘ﬁgﬁl G%rﬁ?lﬁgbo F%Lﬁcé'ﬂrﬁianﬁatté’r itgfa
conposing an insul ati ng body base shown in Fig.. 5. Fig. 2 is the schematic
cross- sect POREF™Yi oW SholithFhSesse 1oeds 5t Fat iU -equi prent used in the
hot filtration process shown in Fig. 1. Besides, Fig. | is also a
schematic bl ock & Bgtafimd¥s\ifsgt)a recycling systemto performthe nethod
of recycling the printed circuit board according to the first_ enbodi nent
of the present THlehAtion. sdenadisholeck Airpyam shophagarepueraky Srepersr
the method of recycling the printed circuit board is conposed of a waste
printed cPEc@itetwal @firasvaliws le prépsed, cirpurt bebirdi fraedohintedws thef or
el imnating nmounted parts so as to primary-process the work piece 1, a
sol der el i FiLhEaEi oM t3ofothe|nydaeat Agveodtten. sdigs £ol®3 schematic
secondary-process the work piece 1, a hot filtration nmeans 4 for perfornng
after the Preosargechidrsdcvhdarapopiogdssediliratesh padpneny uesghsns hot
resin-forning an insulating material, 11 27 June 2005 which is separated
and retriefedthytitre hoecesst saoiwon ireaRse 4, land Bigwet &l isefa nsabematiic
separating nmeans 6 for refining a printed netallic material, which is
separa&%d ghesseted vt byienesteing 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 egquipment used in the hot fil¥tration process shown in

Fig. 1. Besides, Fig. 1 is also a schemétic 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




filtration neans 4. 5 The waste printed circuit board 1 is a printed
circuit board 100 used in waste electric equipnent or a so-called waste
printed circuit board as a waste produced in a process of manufacturing
el ectric equi pment. As shown in Fig. 5, the waste printed 27 ¢8082008oard 1

I ncludes cifrcuit, boards 21, whjch_are c osed.of iLnsul ating 10 body bases
23 and. condOErvE EPAEBGEITRLFFLE 257 TRotit S tobt 1 F SO OTLRFARS &’ ABnt ed
on the circuittb ard 21, and sol der 80, which connect the nounted, %rt 70
and the ci Fcdi2b0dFdiB1RI iR ??@F%ﬂ?%ﬁﬁtm%ﬁ%ﬁd%j§¥'§E€Hné§gc8n86&8i9g
printed circ ii filmor the like (i.e., conductive printed circuit film
21) are 1@529 ckedmpRebial miRich alferseRatatied BEsr detEABVREI PY- Fa§efot
circuit board has a conductive product 51. The conductive product 51 is
made of i nféttageioBiTRAMY draterial to connect the conductive printed
circuits 22 together, i.e., to connect |ayers electrically together. Then,
the mul Pi-layer Ei¢ ¢i@stepprinted cimeudbroratd vel®® printed ¢irduit bPprds 21
conposes an insulating body base printed. wth conductive circuit. The
printed ci FOHi EsHddrdwasbe ey i eputpotet s at Re-gabled waste: paieteduit
board 1 according to the first enbodiment, has properties of a work piece
as fol |l owsCIPSUAE Bo3ed ag e Wasdgl arpAgceddin baser @3 sss afadensfarhsbiagi ng

material, which may be any kind of insulating material such as a resin
filmas | oA§easriteduivmeati nparahervhaln iF§ gei § hdthet Hes hemzdsities, cipcR¥t June
2005 resin only or mxture of thernoplastic resin and inorganic |oading
mat eri al . PoaEddringhaiessoldenit boasds florwinbtneragonipe sedunt édspapting
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 f£ilm 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
resinfilmas long as the insulatingmaterial is either thermcplastic

1z




70 .such as sem conductor device and the like on the printed circuit 5
board 100, the insulating material conposing the insulating body base 23 is
limted to a material that is possible to heat nore than éé§3 qﬁgﬁsg '
Cel si.us anong the above thernoplastic resin only or the 4n re of
thernoplastic resin and jnorganic Ioad| naterl 1

material s éfaélﬁcﬂri/]éf RErM it REtIHE T tll(;‘q'E"E‘?éJL %‘nr eS| po cse{tD | m de
(i.e., PEI) resin, mxture of PEEK resin and PE resin, thernDpIastlc

pol yi m de @?téflalhernnplastlc Pl) resin, polyphenylene sulfide (i.e
PPS) resin, and liquid crystal polyner (i I nor Al i ng
material is an d#WeVsre MoEDt ﬁ@EB‘Eﬁ? pb%élseﬁ‘szF E&P%EW% RS caF8 i

properties of the printed circuit board 100. exa Sili

Si 02) powd@P sechaddetenicandngsornden cancuthe &63?00% et%“dé%‘?ﬂg%gcmt
coefficient of thernmal expansion, alumnumnitride (| Qig mg 5
added tb i horedsk08, uefiristileninefmnabeF il C@a\ﬁ@ééﬁgvﬂ?@/ ing tlgllg g ¥s
added to 20 increase a nechanical strength, and so on. These addItI¥§S are
25 added i baaecd? dantenif e tohaima tRisds Ehatrhe PASEIRES fe BEAY Hise % in
the first enbodinment is made of the insulating materi al conposed of

resin fil m22s. dérqnseersegehsuﬁs emopa Thee mRaeoTRGRTORIRE CHE THER PBLY HIaRke PE
resin, and mca (i.e., KMg3(Si A13010)F4, etc) is added in the m xture of
PEEK r esi naband riREituresi htlasreep Iamirigane 217 oudilAGT Ak &7 #aﬁle@a\FEF@ﬁf
ratio of the PEEK resin to the PEl resin is 38:62, and the wei ght a%}o 13
27 June 20@Brofxdryd eni diasenatert el PEEK nadyefbardthne Faoneedint tof Fﬁ m ca

is 100:15.5. ) i .
10 resin, polyether imide {i.e., PEI) resin, mixture of PEEK resin and

PEI resin, thermoplastic polyimide (i.e., thermoplastic PI) resin,
polyphenylenesulfide(i.e.,PPS)resin,andliquidcrystalpolymer
(i.e., iCP].

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., Si02) powdef is added in the printed
circuit board 100 to decrease a coefficient of thermal expansion,
aluminum nitride (i.e., AlN) powder is added to increase a
coefficient of thermal conductivity, fiber glass is added to

20 increase a mechanical strength, and sc 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. Thg resin
film 23 is made of mixture of PEEK resin and PEI resin, and mica

25 (i.e., KMygs(SiRAl30:0)Fy, 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

13




The printed nmetallic material nmay be any kind of netallic material such as
copper (Cu), alumnum (Al'), nickel (N), silver 5 (Ag), copper alloy,
silver alloy, or the like. The printed netallic 10 material_in the first
enbodi nent is copper foil. For exanple, after the copper 4%odung 2005

ress-contacted and adhered to the above resi fi 23,. _the conductiv
Bri nted ci Pdfui%fleﬂl’f%u?eo%ahﬁyp%mﬁ M&rat ﬁaa &Pﬁ\/&éﬁt@&eﬁéﬁ Q?r%’n%’t lé:acé(%per

foil, e.g., etching or the like. The conductive printed circuit film21 is
construct ed %Yy 15 8rni ng the conductive printed circuit 22 on the surface of
the resin film23. After that, a hole as a via-hole 24 for i erIaX r.
bonding is fornBeeBrintesd wdahldli PEERGIRA P4e R fiind 23 &4 gécon.

Then, a conductive bonding paste 50 as an Lnterlaﬁer bondi ng naterLgI 15 is
filled intBatRE1iglasheh @D 40PRRE i(SUT ordstiinio (Bheér coheket i V&) prfddder 51
to connect the conductive printed circuits 22 electrically. This electric
connect bon (Rg)notormsryal fow sdlear laddovelacthe ddkeconthe PraBREF metey LBGt
also in an electrical connection by solid phase diffusion between netals
accor di ng wetehéat Hinr the 20 renirodiosimendelst eppler [fat&r, BuessmBhe, REXEL t he
elimnation neans 2 for elimnating the nounted part shown in Fig. 1.
(i.e., parthel coppet ifodlngansreysiontacted anda et ffe PRy partino
such as a sem conductor device and so on. This part elimnation nmeans 2 is
perfornmed By lwe?3 - khewrnmbtdidde Fointdsl etaaplie 22 is apymisel by rddFaRpEany
el imnation nmeans for renoving the nounted part 70 nmechanically at room
t enper at ur @pwanhed g4t frain dihe woapsrf 60itenpvd ng etisd imguatetihpat kg0 by
heating up to the nelting 14 27 June 2005 tenperature of solder in the
printedi0ocircuit Doardod®i;tiared monded circuit film 21 is5 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 is filled into the via-hole 24, and is formed into the condugtive
p'roduct 51 to connect the conductive printed circuits 22
electrically. This electric connection is not only in a so-called
electrical contact continuity but alsoc 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

14



When the printed circuit board 100 is assenbled in the electric equipnent,
it IS necessary to renpbve the assenbled printed circuit board 100 fromthe
el ectric equipnent. This renoving nethod is 5 perforned by any ki nd of
renovi ng nmet hod such as destroying the electric equipnentd’ dur@2888bling a
connector for t_.he

Loinin rinted circuit poard 100 t el -l,C
cau prent , tereb TRt Rt Sotiehan £pé PeHia ehe L e ke 1805 B B89 cui
board 1 is removed fromthe electri¢.equi t by di sassenbl, .
connector for 1d“*%1E@%@rﬂﬁsegFPﬁFea%éﬁgEHﬁﬁﬁgbaﬁﬁsfﬁé F%théﬁggé% ?f%c
equi pnent. The solder elimnation neans 3 is for eljmnatin sol der. 80.
The sol der egBIPRERL 1 d&i HHASESSALY, EWFEERVESLh &, aﬁﬁ&%&@&ﬁf?‘rﬁ%ealf%‘?%m t
board 1 after renoving the mounted part 70 by the mnechanical eILgigation
means as t Reapari0@| frAmhdtheort ifednd Co ey inBethd SA1PFer P IRAI BRTFRC bt t ed
by the hot elimnation nmeans, or a re-solidified solder, which is
re-sol i @i f PeafeyebdY MyYafiad ofe TRBPVERY MAHRIDFUGH&Ss JePhTYLDE gEre
elimnation means 3 is perforned by well-known nethod, for exanple, a
mechani cal esefteic epawiprariton Fbsass Bl inde foVFHPaHE s of Yer I FctRehi B&f 1 y
using a grinder and the |like, a 20 chem cal solder elimnating neans for
di ssol vi ngerheted|dacuighbaprdl 180 §8i hge £ moatice cerinyenbe MoEPe Le¥d- and
sul furic acid and the like, and so on. The hot filtration neans 4 heats
and . f or ce- [nltther §indteemoed inent i hhedasitedintissas brauitabeerd dhes ABRAYRY
part 70 such as a 25 sem conductor device and the solder 80 are elim nated
fromthe wisee phénebectsieutquinsmrd by yiiseesgabl iegi A AafPBRCFEANSTZE and
the solder elimnation neans 3 respectively. This hot filtration means 4
is 15 DY JinénPOD5-hec mpabltedofisephl fdarg 4R FetkhevliRFtad o RSULBRERY-
material |a and

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 anrd 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 elimir;ation means, or a re-solidified

. solder, which is re-solidified by cooling} after the hot elimination
means. This solder élimination 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 eliminationmeans 2 and the solder

elimination means 3 respectively. This hot filtration means 4 is

15




a printed netallic material Ib by filtering only the insulating material
la fromthe mxture of the insulating material l1la and the printed netallic
material |b, which are conponents of the printed 5 circuit board 100. The
details of the neans and the procedure to filter only the27 denea00hg
material | tdn nd, . force-filteri.ng the printed circuit bogard 100
o the vor E2prebe Y SRR lund B Far e ke b g or €8 TG SR
is separated_and, retrieved 10 fromthe was rinted cgirguit board 1, is
formed it & PRLJEFEdrRiidn AP tsradhceS BY ThebrHlia vt BEnLs shan s
resin-formn means Is perfqornmed b | 1 - known nethod for_ formng into
the T eoycPBUSF LR o prbHICIE FIAL CrRe brpft BEPTEA G114 BSRRECH 213 PBO Ci ch
is al so separated and retrieved fromthe waste printed circuit 15 board 1,
is formed PhtB-FRdAbedd el Pt 2 priddutbsChy i EOMBPRFNTE il AinRgPahRCed
separating neans 6. This netal refining and separating mneans 6 is
perfornmed BY-Wett BaddEnLRBt hddhs Getrétf irhghenaeapsarid ithy Pracedere to
metallic category. As shown in Fig. 2, the hot filtration means 4 to filter
the 20 in&ulB8F ngomY er Fiag |an61ﬁf@:tw hesatiarg adnd ¥aor de¥ f i heating tard
printed circuit board 100 as the work piece 1 is perforned by hot

filtrati onfefesphiditerdas the pointed cixenbh hapndkdnt 2gaths wogknpbeed bf a
filter 4al, a _punching nmetal 4a2, a pressurized room PR, a depressurized
room DP, ah¥ @xa&ihes 4aHerThe pressurized room 25 PR and the depressurized
room DP are divided by the filter 4al and so on, and are acconmpbdated in
the casing 4aH ThtelRaslalginmmataséahisdatesch He pERabEFET eadr ok PR ethd

t he depressurized room DP, 16 27 June 2005 and has a hernetically seal ed
const rltpctigrfp%y:l’gq;mtﬁgpgig§gﬁi @grcuit 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 met;allic material 1b,
which is also separated and retrieved from the waste printed circuit
15 board 1, is formed into recycled material products i:y the metal
réfining and separating means 6. Thismetal refining and separating
means 6 is performed by well-known method 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 is
composed of a filter 4al, a punching metal 4a2, a pressurized room
PR, a depressurized room DP, and a casing 4aH. The pressurized rcom
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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mat-eri al 4a3 together. The work piece 1 is placed on the bottom of the
pressurized roomPR, and is heated up to the nelting tenperature by a
heater 5 and the like (not shown) The work piece 1 is also pressurized by
air introduced froman air introduction port, which is di spodanie 2005i de of

the pressurized room PR The_ filter 4al, which is di sposed. over the,

bunchi no nebd Bag g Reknard(6Lby Sraketl CReSHFSSbhor R e TBrE SEPLE si ze
of the filter 4al is selected so as to pass the 10 insulating material la

t her et hr ouBR &R N2 % &oF8$88Fne printed netallic material Ib

t her et hrough. The depressurized room DR is disposed under the filter 4al,

and i s depressuriffeHoBY Piree-ledFabiered ol thsyPat BRiP Y f&€ BR&HFYr139Dm an
ai r exhaust port, which is disposed upside of the 15 depressurized room DR

The force-Fe¢%® rBiti gadi dspkeatr e the maltied rRNRAradESshyed b3 t he
pressurized room PR and the depressurized room DP, because the work piece
1, whi ch iangltdeedikenindie shoessur i Ted vessnr PR e dspecibic prersurasafidiy ng
material la, which is passing through the filter 4al, is pressurized by
the 20 dif#&r eintirdysedsSupn. afheil nset zaduny imat eoirgl whirk extdigrabdht o
t he depressurized room DR through the filter 4al, and is retrieved from
t he downsid¢esle ohdheamiaupWdldedrdemPR 2. Ther fekemplel , whéchvisrd&ignasssd 1 is
heated up to 400 degrees Celsius, and is pressurized to 10OWa in the
pressuri zeevendheRRInCHaw, neohdy 4elle imslibabend RBlamthee ialeslsarinethwoamor k
piece 1 is passed through the filter 4al, which is conposed of a m nimum
si zed nmeshPRi nAdmeah| size pf tikeemil#60 A®bhis nerleddfedstai abebs. pade thd nt ed
metallic material, which 17 27 June 2005 is not passed through the filter
4al, rldémaiihrsswattimg fmteeiadala therethrough and not to pass the printed
metallic material 1b theréthrough.
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 is disposed upside of the
15 depressurized room DR. The force-filtration is performed by the
differential pressure between the preésurized room PR and the
depressurized room DP, because the work piece 1, which is placed
in the pressurized room PR, especially the insulating material la,
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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Then, the hot filtration equi pment 4a is separated by its center so as to
retrieve the printed netallic material. In the first enbodi nent, the hot
filtration equipnment 4a is 5 described as the equipnent for filtering the
insulating material la as the work piece 1 through the fid/t8M&2d0%y t he
differential pressure applied to the work piece 1, The hot filtration

equi pment laan%;pa@@e@qagaﬁ’éﬁb et fEdRn 48 1e nESRALRT A1 genmit éFREI AR5
mechani cal I%/ and force-filter the insulating material la through 10 the
filter 4al Th&br ddvemoty ﬁélhé@twmtecaﬂm}@r@qgiapﬁén@ewarw be 1afyCRIREL of
equi pnment that heats and pressurizes the insulating nmaterial la, and
passes t hr 8oghs thhe fatnievedghe Fhénped melk ldiiccmatebdatd 100 is heated and
force-filtered as the work piece 1. Both a waste printed circuit board 1
that has 15 an Imitheafistiapmbasiimenti stlmhot adteapt dmieny igmend ¢abbard 1
that is prelimnary processed into easy-to-process shape by cutting may be
used as’t héeswribql ecethe kquipmeri ristr dibodrieatthe Heasudatiavi ngteodyl base
23 of the waste printed circuit board 1 is nmade of the m xture of

t her nopl asta cas 20er esth @iwke rotyganigh | edifiig trat ¢al &by tReedabdweentiah

mat eri al passes easily through the nesh even at a conparably | ow pressure
such as 1QMRassibecapseittecethstor knpiledald .of ThddoitnSil atatrignnageipmént | a
is sufficiently reduced at tenperatures of 360 degrees Celsius or higher,
accordi ng {®» aareliat i emuhsisyenthat eapel désr ehendirami2F iehgastatemezdul s of
the insulating material shown in Fig. 6. On the other hand, the copper (Cu)
foi |l conpaséctgpriitamlin ahddforesafilitermmather iakuldting enaternadel ai thrdingh
copper foil conposing 18 27 June 2005 the conductive printed circuit 22)
and tH& cotikictiilverpraductMdrkover, 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) foll composing the printed

metallic material 1b {(i.e., in detail, the copper foil composing
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made of the interlayer bonding material are in the solid state, in other
words, in the solid phase, because elastic nodulus of these materials is
hi gh around at 400 degrees Celsius and is different 5 fromthat of the

insulating material. Therefore, the printed netallic nater2alund 2008 t he

conduct ve iy pdleheBT e M Passel; thiouad e LLLSL 08l o Ul £ap. s

materials are heate areé ne a result,
the insul at}j t.eri | rated and retrieved. .10 Referring to Fig.
Lt he pr g BR'EL] Thr bR Prs AR ARSI BB IR e BT e i I e
first enbodinent of .the present,.invention is descrihed as follows.  The
TTREEtr arhGTErEe ik BPer “BRboRr hae Sta CoBRpbLan B these

recycling e fod" &t
separating_and retrievin mat eri.al as to be classified jntg material
oot egor | oo ELE £ ik, Fbhaase f 00 dlrdiRe  GoRELoBe R (g e ARGt

shown. in Eig. .. th rocess .of recycling is conposed of part elimnation
process!3 p24E™ E%?Ee?ge ?ﬁ%ﬂﬁﬁ%ﬁ#lﬁﬁo%éggrp%bo, hot filtration process
P400, resin f(wrﬁégé rocess P500, and netal refinin% and separatinga
process P600. Int W& hSPRIREePREEaLsipBederipe Lomand ARe FGSUCKAVEr i a
la, which is segarated and retrieved in the hot filtration process P400,

i s processBA®SB-hs L o248i PPEePASSPEsItRTBHERUERS. Tlhterndadetalepsr tREAY and

separati ng grocess 2600, the printed netallic material |Ib, whichis

separ at ed BRHCFERF ekl g tele YRoEOf the rer i oy prodeésanpiave meltadbcedsed
so as to utilize as netallic materials. 25 Besides, when the printed '
circuit bodrHeipbti Shisdasbladirg mirripdstle dsetePakariligitbretrieved.
disaSaninng process is provided before the part elimnation process
P200. th the di HRISHHNENGC18197 Junkheopsogrew eals radyelinontdg eristed

board 100 is renpved fromthe waste _ ,
circuit board according to the first embodiment of the present

invention is described as follows. The recycling method according
to the f-irst 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, solder elimination process P300, hot filtration process P400,
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
the metal refining and separating process P600, the printedmetallic
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. In the disassembling
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el ectric equipnent. In the part elimnation process P200, any of the
mechani cal elimnation neans for renoving the nounted part 70 such as a b5
sem conduct or device nechanically at roomtenperature, the_hot elimnation
means for removing the nounted part 70 by heating up to tfelyns

tenperature of solder, or the like, be d.as h b r.t

el i ni nati GFORE&Rs BIe IBF PHES iCF§Fuéﬁ§§%?%#t%$ tlﬁere’tﬁ?‘?% opam e vapte |

100 as the waste printed circuit board 1 is 10 heated up to 200 degrees

Cel sius, &l1oM§rdéR BHGIR®IRer is melted, and is scratched by a metallic

knife so as to renove the nounted part 70. The £Ptalli§ 1fnife gﬁggg s the
e I

surface of the prifte®ars ptinindfokiyPiesesnd nbired yal ¥ M55 tHe“above
printed circuit board 100. 15 In the solder elimnation ocesgleggoa any
of the necidmiicatioel| mgrnat ifen meARYipgr thendWinGeth®addl dét BY
mechani cally, the hot elimnation neans for nelting the sol der go, og the
li ke may bemiseddugsor hdeubow emedhareicad iniataticsm reawer8tura. « St PPt
embodi ment, the surface of the printed circuit board 100 is abraded by an
20 abr asi wd-igrinadépn ofieanefiodt32eraving cehe maunteCaPartype Ry iNF@ern9 $Hen,
the solder 80 is elimnated by the abrasive-grinder. In the hot filtration
process P4@0theheeptimy dibmpiaredivreboir soldon a5 the hokk Peds Bsef 8
whi ch the nmounted part 70 and the solder 80 are elimnated by nmeans_of the
part el i nithat mbnvprpoes s 1RRAGashdn 26eare 250l Herthd EAFALL FBRPHHETEss LRS00,
is heated and force-filtered by the hot filtration equi pment 4a shown in
Fig. 2. Theiined afrogit fetserd aD0| as ridde webte Het indgich ChucBif apodxd doffened
by heating, and 20 27 June 2005 is filtered through the filter 4al. Then,
only tlhe ihesitleat ipgto 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
eiimination 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 Pz200 and

25 the sclder 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
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materjal la is passed through the filter 4al. The force-filtration is the
filtration with heating and pressurizing, and the insulating nmaterial |a
is filtered efficiently. 5 In detail, in the hot filtration process P4 00,
the work piece 1 is heated to 400 degrees Cel sius, and i 27p/unEde03ed to

| OVPa in the essuri,zed room PR of the .hqt filtration egui pnen ... The
nmesh size bf Fﬁ%t?§Q4ea Eﬁ%ﬁ%:ﬁhQﬂfﬂ¥§e§ é&ﬁrit#gﬁntooﬁr%igget%§5£lé%ing
pressurized room PR and the depressurized.roomDR is item#50. nesh.. 10
Besi des, tPRtfrty hg %Se%%?%‘g&%éoﬁiﬁg‘bfé‘% %EB‘?\’fﬂa&OO @Fg@ége?%rgﬁ?ﬂ%mﬁ“ut

al so the tenperature, at which the elastic nodulus is sufficient reduced
accor di ng t® Ref Helbion BethbeatiRe artcbﬁﬁ%?%‘f{ﬂ'%l%da?ﬁé:hﬁl REFEHIRI us
of the insulating material la shown in Fig. 6. Mreover, the nesh size may
be in the MafRjelaf 185 1iehéikbehed| 9kl iHigtntddsses only the insul ating
material la without blocking the nesh by the insulati n% material la. The

i nsul atd ng mat efdirafietdkbodirnighe ket htbterting PG HRTE OV Nt HOBKIRIEE
circuit board according to the prior art is made of thernosetting resin,
and the el hsits bepbed|tiss 460 dewredrCedsébti ngnPa St BEERSTSL 45t teel 1&ven
at high tenperature. Therefore, it is inpossible to separate and to
retrieve thee inragsariiagdnueeni Bk &F theehes 6ilttehien Hawireentt Add. THE t he
resin formng process P500, the resin products for recycling are

re- producetesh grhache fi tdel diilhgrmbelr ivhidha iswd Pert25ipy Sepdiwidd Bvd
retrieved fromthe waste printed circuit board 1. The resin form ng process
P500 is perfessed 2o rowePR-&knbihe mstregsuriped ioomebRl isetten figl e -
separating process P600, the netallic 21 27 June 2005 materials for

r ecycllidng Besides ptihelbest ifigdrampes apiratiay hengltl ¢rly 400 degrees Celsius

but alsc the temperature, at which the elastic modulus 1is
sufficiently reduced according to the relation between the
temperaéure 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 la.

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 is 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 is separated and retrieved from the waste printed circuit boaxd 1.
The resin forming process P500 is performed by a well-known method.

In the metal refining and separating process P600, the metallic
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materjal 1b, which is separated and retrieved fromthe waste printed
circuit board 1. The netal refining and separating process P600 is also
performed by a well-known nmethod to refine in each netallic 5 category.
Recovery ratio of the insulating material and the printed2/ndung 20
material by separating and retrieving in the hot filtratian rocess, P400
e Conti r At LT OMs RS SEEl Cerbratr el fEOBoH D S IG PR RE R AL
metallic material |b may be contam nated into 10 the insul ati % mat eri al .
The conduch? e 1} WP ed Hichct £oBaER L ale T RF (Eg0r RS IR K b} E5Ar
bonding material is made of _silver _ and tin. The contam nati on of copper
(Cu), silvetrery) pogrd Lin Thesmetad £rRE1IPHRYI 2RY RFRfEEE S ngcﬁE%s%&ng
using ion-coupled plasma (i.e., 1CP) em ssion spectral analysis. The
nmeasur enents Gt seheenforadt B hateldnkbywe e thon exirediing spedcharebmblisi s
is confirnmed below 50ppm which is the limt of detection. It is confirned
that the ¢aeddtyng material la, the printed netallic material |b, and

the interlayer bonding nmaterial 50 (Hereinafter, the printed netallic
materi al | b andRelsevenverkhjerobobltlk njhsisltedriingl meesial 2endethqaer bstathe
printed nmetallic material.) are separated by the separating and retrieving
met hod accietdlng avatéwidl bytsepayadinemnd o trinyimdese fbeilmtehi ]l oration

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

i nsul ati ngermtess dt400a iand-anfd rmedi psedoddbukl i cCompari a$ilten,n antk thigt
filtration process P400, 25 wherein the insulating material la, the printed
met al | i ¢ negmpasing the randtedendttldrilcayatebiondilhgramberdaitafdnebapgosea he
printed circuit board 100, i.e., the waste printed circuit board 1. The 22
27 Junid 200% inevbwbinyg matieoief .t Hthd asudwtliwe naivtéedicilrguatctd dempde t he
first

of copper, and the interlayer bonding material is made of silver
and tin. The contamination of copper {(Cu), silver (Ag), and tin
(Sn)intheinsulatingnwterialisnmasuredusinéion-coupledpﬂasma
{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 1la, the printed metallic material 1k, and
the interlayer bonding material 50 (Hereinafter, the printed
metallic material 1lb 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 materiai 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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separ at ed

enbodi ment is 90 percent. However, it is easy to increase the recovery
ratio of the insulating nmaterial by neans of sinple inprovenent of the
equi pnent and so on. 5 In the above first enbodinment, the insulating
material la conposing the insulating body base 23 in the $fJune@08br cui t

board 100 i de of .the_th | ast ] N, t h I Xt f P
{hor mopl astrEoBH 4k TRy Gaht [ DI hBSRGE ST 1 A STRETD 60 Tt £L5RFy
th inted petalli terial |b put al t he .i | at i 10 ,materi al
par at 60 SO SEPREVER. SthERECTRG: SRAINESA A o GePVesed TRECPEEI hgE

material la is fornmed into a predeterm ned shape ﬁy heating, apd is iurely
recycl ed. EGFCKEF Horé:ipn ofhdNghobs Hiad et de MRt imémt XA heCt cSHBBLEI ve

printed circuit films 21 are adhered together and formed 15 into the

nul ti -1 ayerTBrPERRERbotr 15y awdPrsgtanddpfes¥uri zi ng, the el astic nodul us
of the insulating material is sufficiently reduced by heating up to nearly
the staéking tenbertharadavs FigsH sgopaHementy t Fhe ayerildtieg magsatali hat he
hot filtration process P400. Then, the insulating material la is

suf fi ci ent kpmpesivaddesdnaylablneftwdm PaselZdstncdle pripsed ¢lesnitt POATY t he
insulating material passes through the filter by means of the above
force-filtA8Pi oke Mmadeheohotthiei | thatnanl asfuipnbatida ogccbhdi MRt nehefi r st
enbodi ment, a heater for heating the printed circuit board 100 as the work
pi ece 1 prbhiegeeptaet hreaes hy amdaeroan Lveladdigamet 26 1nsulTaeF ofP it BPY al
la in the work piece 1. Air at positive pressure is introduced into the
pressuri zedgntBohPRprantedi meinlhéganpteripk etBubet| glapsshentinsddeedn¥nt o
t he depressurized room DR, wherein 23 27 June 2005 the filter 4al is
sandwi thedrbbeweeh tsherpr esparalied andorePRievell. Then, the separated and

retrieved insulating material la is formed into a predetermined
shape by heating, and is surely recycled.

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

15 into the multi-layer circuit board by heating and pressurizing, the
elastic modulus of the insulating'materiél 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 l. Air atpositive 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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the depressurized room DR The differential pressure between the positive
pressure and the negative pressure provides the pressurizing nmeans for
pressurizing the insulating material la in 5 the work piece 1. The filter
4al provides the filtration neans for filtering the insuldfduwiege8erial |a
in the wor ﬁ;}fi ec«i 1. The casing ,4aH provides the hernetically sealing
means for HefSmetittaF| §25ekd isipavtinaepr Rekvie e ddha 5/SPREL £od WG PRhandi r
at positive pressure is  introduced, and the depressurized roomDP, in
whi ch the di'f® SEPIBSHeghAsq & opreRR ur ghiesdi Af e prhicrl PTRESHASI FREWRER RS0
provi des the acconmmpdati on neans for acconmodating the pressurized room PR
and the d&e$dyEi zBgePoORE DRNThelly | h@gataYei spu¢sposed roviklescehher
of the casing 4aH, and divides the pressurized room PR and the
depr essur i ZEGSEYEAT DPY MERNSSEeonelr enbudi it YhThisdedridgenbbell hehtla in
according to the present invention is described as follows. In the case
that a eonpidsererik piekhe SecGhe fihbmdédadpradsddsetsarf larasi ohlerartsofar
conponent in the first enbodinent, the conmponent in the second enbodi nent
will be prdiildeding thizeirsane triefoenarme aiube ial tHewdhepl eestl .enhiogcarihg and
is not explained again. As shown in Fig. 3, in the second enbodi nent,
equi pnent 3&HpArowised Hs hesubisida lityes¢alitphednd foahieeneedui phpstallandgn
the first enbodinent. The hot filtration equi pnment 4a provides the 25
pressuri zi tgempanssioyi 2dte rdiohf BRentri ahiphessearea robtt heshtive asdssure is
described in the first enbodi ment. The equi pnment 51 provides a
pressuri zi agtreduseddl dyd rihatdeygy essnotiakeidomabmbdy 58awhFely. tBe 241 27atune
2005 is a partially cross-sectional view show ng the equi pnent 51

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

accommodation means for accommodating the pressurized room PR and
’ﬁhe depressurized room DP. The filter 4al is disposed at the center
of the casing 4aH, and divides the pressurizéd 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, egquipment 51
is used as a substitute for hot filtration equipment 4a in the first
embodiment, The hot filtration equipment d4da 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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according to the second enbodi nent. This equi pnment 51 is called the
resin-netal separation equipnment 51 in the followng. Simlar to the hot
filtration equi pment 4a according to the 5 first enbodi nent, the
resin-metal separation equi pment 51 provides a hot filtrafl UNE2BRS 4
correspondepts to t . fi)tration pr 2400, I+ 1,S a £ t he;
entire sys?gm%t opaplgcr olrlr¥1 ac%eslt%osggggggr%cﬁlé%ngﬁadﬁ%ilanttglcf c? cltﬁn%gngoard 100
shown in Fig. 1..Qher . .processes i.n the second. i re.avai eto
ise rel at eBSGETUN et SERERERbReqertea it ARl Bica8 Gl o

t he ot her rocesses in.the second enbodi nent .are_skipped,.to explain. The
resin-netaFBEeﬁ%ﬁ%ﬁTWﬁ?qéqEFBﬁﬁﬁglgﬂ PR e odnd™ Ehgog?%iﬁH1% “applied to
the printed circujt board 100 _as the waste printed circuit bqard_1. .The
b nted o roul { HOHIATA00 Tt yted (5T ALEGH A PIETE N SRSHA L) TP i s

-not only the so-called nulti-layer printed circuit board 18$ ésegﬁghg.
5), whith F5$bemb@diBgnst 406 AgS R CFdEEPF IR 1 AEBAPRFRE MU PFPTHEC 21
and is described in the first enbodinment, but also a single layer printed
circuit bdatef drid taPESCRIRAE aGeF T pFRPPRER S FEURDT Hdditd 2 tASTSREYIES %
Fig. 20 9, the single layer printed circuit board is conposed of an

i nsul at i ngPHRey WHS 23 & Harta odokBAcERVE DISYSLER EP rRA IO 2 Bethed iy on
one side of the insulating body base 23. The double layer_ printed circuit
board (notTSRGTHING s coriipR SFr @t et i P bdwWr: vasF 8, and YT
conductive printed circuits 22 are formed on both 25 sides of the

i nsul. at i ngPHRERS HRis d o Fhepserged, ephogiritalare F¥aidehdretrayet priahsst
circuit board may not have a conductive product 51, and the double |ayer
print e ci $Eu BN dand RS @ ¢ I epice QL RRATE 2005 IRV EC pRSRIde 51

In the second enbodi ment, a printed netallic ] ,
processes in the second embodiment are skipped to explain.

The resin-metal separation equipment 51 in the second
embodime'nt 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 (sée 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 circuit board. As shown in Fig.

20 8, 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 insulatiné 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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material |Ib, or a printed netallic material |Ib and an interlayer bonding
material 50 in the conductive product 51 are separated and retrieved from
the insulating material la by heating and 5 force-filtering the waste
printed circuit board 1. The printed metallic material | E/ofuned0Rint ed

metal lic ges]al;Jeb, 400 diher T ahenl axer ohondiag: B €1 Lale 59 duhdiif second

enbodi nent are call ne C conveni ence. Thernopl astic

Sl S8 dlpbure 9h, Lher Bl AL Rbes) 0 ANEL LORAA0C oA N LS el

whi ch 10 co&bos I NSu | erra e’insulating
are called resin npterial_|a _fqr convenience, é% h in_Fig. t
resi n- met g?orécgl&?r ﬁgﬁ%ﬁlaegtﬁopﬁﬁntt %fonﬁgglﬁfg? Ko §%f gﬁ%’"’ieoﬁgp%%? n‘?%i/,abﬁni ch
are expressed .as nmain nmeans. The i_n_means, are .conposed of a waste
print ed ci?%ﬁﬁ%@vﬁgargrfT a-i% ﬁfﬁ?@gFﬂ?ﬁngm%%ﬁﬁﬁ§%w H%a ﬁ@at?ﬁ@tﬁﬁén§mﬁb,
and a filtering neans., M. The waste printed cincugt bgaid 1is a wrk
pi ece P t FUEeLdghening e HesSte R HASSECHE BAATEhE - nethd IHrclgﬁﬁtderi al
| b. The pressurizing neans. ML pressuri zes the wark giece,l The an%%ng
means M2 Kl e mabpkidt el OF (Fher Branpredet dhiniife Aot &ipat aturid D3 80 as
to soften the work piece 1 at |east. The filtering nmeans, M3 filterz %he
resin mat éfitAr layerrrRd Y WeER  ppecy 1P Wi SRCPRC SREGIACRE2ER Faid©
predeterm ned tenperature by the heating neans M2. The second enbodi nent is
t he. met hodistar e yiatiexd athd priaw eernvBiignceui t 16argriestas tRE-adte
printed circuit board 1, which is nade of thernoplastic resin. In the_ above
means, t héUpturesf therrertasidst Feavnard ipeasentiadqadonoardarbelt i 1bat i ng
means M2. 26 27 June 2005 Only the resin material |a passes through a
filteh0jncompose the insulatingmaterial 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 1lb.
The pressurizing means Ml 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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force-filtration equipnent of the pressurizing neans ML, and it is easy to
separate and to retrieve the resin material la by the filtering neans M.
For exanple, the waste printed circuit board 5 1, which is a waste of the
printed circuit board 100, is heated by the heating nean@/MuUnerB@P5 the
waste printed circuit board 1 is heated nearly UE to a process, tenperature
for hot-foPmang te prasited madierdailt Boar 823805 nthroyhary pk in
process. The resin material la in the printed circuit board 100 is nelted,
and it is Eewsetd trasépareqwirmmhtt of ridte begesuhbzing meansdélnamgt &kildl | a
by the filtering neans M3. Referring to Fig. 3, the architecture and
operati on @dsy hto s teearsi Mg MY rivyeartdedasorinb ek tier iddt dial bas the
follows. At first, the pressurizing means M is conposed of a driving 15
shaft 53, fildréndimgmaans 153, and exdgder thei vabhe PHHatdd ¢ingushditards3
has the above rotational body 53a to transport the waste printed circuit
board I The wiriichi hg aumiatstbdof ditet exitheddrinduig hatt BR, iFhkehbédidry unit
Ha accommodates the rotational body 53a. A predeterm ned pressure is

appl i ed t o HeanehgCind &gy enthenpl the?Wadale pfitthed halrder tuhoeréial iwshi ch
accomopdat es the rotational body 53a. The predeterm ned pressure is

gener at ed hyaidBNSPOIE uPreSSPrececatisnde byttind dbirng ti-ife rmohgtthenat 1 riody
53a. The waste printed circuit board 1 is transported by the rotational .

body 53a, @ihiix bpaesIuni Zec pyihdey braaapordrqedssur thofreshe matsatiadnal
body 53a. 25 Wien the predeterm ned pressure generated by the rotational
body 53a ima siH ftihel eRihyed &t Dcuik fHdatrdal poni fmdied,eand matesiedsy [t i S
efficiently perfornmed by the force-filtration of pressurizing 27 27 June
2005 1meansepatlehentt hed hepgiewyethahgeltée pesdet paboenesl plesbyr ehies
filtering means M3.
Referring to Fig. 3, the architecture and operation of the
‘above méans M1, M2, M3 are described in detail as follows.
At first, the pressurizing means M1 is composed of a driving
15 shaft 53, adrivingunit 54, and a holder unit Ha. The driving shaft
53 has the above rotational body 53a to t-ransport 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 bedy 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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conparably small, the filtration of the resin material la is perfornmed by
means of taking enough tinme for filtering. In other words, the resin
material la is separated and retrieved under any 5 pressure. The heating
means M2 is disposed on the inner circunference wall Hah 2hJune2Q@bder
unit Ha, and involves a heater 55 to heat the waste printed circuit poard
1. The heaPfRAFSnedils the dish &PRS, TTRD HERPEERR Bredstearined SFFFSERE Thner
circunference wall_ Hah in 10 the holder unit Ha, in which the waste printed
circuit bo&PHParaklyppaeel: The fddteapiomt ed dihecuiasiBodiaderiathiléh 1% the
wor k piece 1 accomodated inside the inner circunference wall Hah of the
hol der haPerdoraed |5y meicnsaP hekheing Baoppkdetns Hoxedil baprat ude, cBReHihi ch
the printed circuit board 100 is softening at |east. Mreover, 15

aggr egat i oWodflst Hehawrek ipi eabedidlk lgehsragrar atass eddbye totemachgndre any
rotational body 53a. Then, the aggregation may generate a frictional heat
by col | §si pnesfurde waste printed circuit boards | together. This
frictional heat assists the heater 55 for heating the waste printed
circuit board 1,Trendecatiegengyne di?suapdisprofd theth@0innzat et r6Bmigremtiiced.
For exanple, the heating tenperature of the heater 55 in the heating neans
M2 is contwallefizisoirt Hate hhédeasteipriant ethdcingaltes odrahteradst he eak
piece 1, which is a waste of the printed circuit board 100, is naintained
at the preteteraatredristperainmet nbaod 125 Tlse hemtlingthweanpr ti@essintains
tenperature for hot-formng the printed circuit board 100 in the primary
product prboestsenplEriat urenpEral Uraxrocundntielirerrablésctinféogmme halileBan in
material la into a nelting state, 28 27 June 2005 which is disposed

i nsi del @ hetharnerl ey andkelancin walilchHabe ofadtee 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 témperature, at which
the printed circuit board 100 is softening at least. Moreqver,
15 aggregation of the work piece 1 is generated caused by rotating the
rotational body 53a. Then, the aggregation may generate 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 1is 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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hol-der unit Ha. The hol der unit Ha accommpbdates the rotational body 53a,

and covers the peripheral surface of the rotational body 53a. A filter 56
to be nentioned later is disposed and exposed on the 5 inner circunference
wal | Hah of the hol der unit Fb Therefore a circunferencd Jane 9@5 of the

filter 56 ahso conp ses t he ner, Ci rcum‘er%nce wal | Ha% tlﬁ
second anbdBiREM® THEOSEEISEER teser Stare® ﬁﬁ%ﬂfedi by RE HASt er
55 is set to_nearly the process te erature 10 for -formng the printed
Jircuit boiPUGTHOTS Hire BPPM]}P%?‘EH% taFsoaee a?ﬁe SRRy ang% in
the waste prlnted circuit board |1 made of thernoplastic resin s, softened
so that the3fesinf RAVEFPdINe PEriBNSEPhrMES Enal rté’(er rebr oAt hedei Pefati on
means M3. The filtering nmeans M3 provides the filter 56 to pass the resin
15 materiaP faLem & renbPeneenaseredriatead 16i A¢EPPS pd AT fxgeseﬁeomopke
piece 1. The filter 56 is dispose and exposed on the inner circunference
val | Hah ofnpee digiaherf eqspceHdal THaly odi phedh@kde unis ¥a. r dherefegerna
radi al outward direction of the driving shaft 53. 20 Therefore, the filter
56 passes Ehecurberenms eriblSdaaobhhy {itrdbbailso coRPIRES ghe sameni wager i al
la) fromthe waste printed circuit board 1 with pressurizing, because the
filter 56 rirdinbosede aedleXpbsed on the inner circunference wall Hah of
the holder unit ~a, and the predeterm ned pressure is applied on the inner
25 ci rcunf er encelmwatt i sHadedond hembiadhimsypdn t Hiree gadetetminedabepperature
pressurizing means M (in detail, caused by rotating the rotational body
53a). 29 2%ajunelREDEY tHeehéater 55565 sstrprocatlyitiecprrrans SRMPeRagerer al |
t he

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 thermeplastic resin is softened so that the resin material
ia 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 ci-r'lcuit board 1 as the work
piece 1. The filter 56 is dispose eInd exposed on the inner
eircmnfe_rence 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 1la) 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 i1s 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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sintered nmetal has porous structure, and the porous structure forns
meandering filter passages, because single holes in the porous structure
are connected together, and so on. Therefore, the mesh 5 hole of the filter
56, which passes and filters the filtering material throddh/unee?@dd i
h
t

S
formed into nmeandering filter passages, not into straight throu | es.
Therefore, the F'Ftéﬂgﬁﬁg Eﬁehﬁd@? hP s g smfﬁﬁ 'pggﬁ THI% q%g
resin materjal la. The netallic material |Ib isrgaevented t 0 pass éy%%ygh
t he meandefihg RS Felkd: RGP BECARERC VST PBAGMNBCT AMH STESGIFEIF 4@
netallic material can be caught by the neandering nesh hol es. Besides, the
filter 56 TRArdse iagedifléeanPaREadcdi PEFRETe t M9l R IRSs Hhdites RY Piss
the resin material la and not to pass the netallic naterial 1b. For
exanpl e, tHATUGEEIrG akefeenracters tearEReE- faNd 6P, Oir eTRERE TPE&N He® M9%er
or the like. The disk-filter has a nulti-layer structure stacking a
stai nl &ss Hdle e¥f thhefiltewr566 whidth gfadins sint ebleddanst d1hg sEbYeRAIdEd at
|l ow cost, conpared with the disk-filter that is assenbled in conplicated
st ruct ur e.meerim 1t the srdobige eedgodi srénrned hatpinaaadesdnp < idd@d RASIFEES,
sintered netal that is fornmed by stainless (SUS) as a netallic material.
The di nensitonintot seragght hdihgoughs5hatiesr.onsThagrfprche Hiereddiléarofhas he
mesh hole is in the range of 25-200 microns, the resin material |a can be
separ at ed rgaomietriegmes st hiod esdtherti mbs$ thrwheh the residinedissiied b8 - t H&Sresh
hole reduces, the life of the filter 56 is shortened. Wen the filter 56
i s made ofmetied ldicntietediabt B ,igt peevdntredstomass ttheonebhthel|reardeiag
enl arged about 200 microns by 30 27 June 2005 substitution of stainless
(SUS) 1o cmmieho€d)) basanssiaviearlethga@idlthin needle-1like metallicmaterial

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 1is disk-filter,

15 ceramic-filter, urethane foaming filter, or the like. The
d.isk-filter has amulti-layer structure stacking a 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.

20 In the second embodiment, the £filter 56 is made 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 1b. When the

25 _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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When the waste printed circuit board 1 is a nulti-layer printed circuit
board, it is preferred that the dinension of the nesh hole is below 100
m crons, because the conductive product 51 nmade of the 5 interlayer
bonding material SO is about 100-200 microns in average sdzéune g00he

second enbadi nen even when.the c bly high ressure,is applied.to
Che G r ounTOFaRCEPharh MoaTOr 198 (PP EbrraEoPEEnd Pl | Tof SERTerSAPLA eed
the quality in i@s hani cal strength, 10 which_is due_to the struyctural
Strength of the SRFH GRENARCEAT: I oFior L OV E: DRRES 1% bRy LatBaes it ohed
extends over, the circunference wall 56a, is conparably w de even _in
conpar abl y SHEGHL prijasift-e 1t At s prader & arf ARSuAtes kdie ofiok ke freste el n
detail, the waste printed circuit board 1) is processed in a batch
wi t hout di WSdPHE 3 0P el Glsié pPeeaude the eondaaliive predwebdichedie p i bhe
separating the resin material la and the netallic material |b pronotes.
Wien the fiPtéFlaget Popddegorateiciadi AP ekedbaital 00-2d hehtronedn aBeveget he
di mensi on of the mesh holes is defined by the nmetallic material conprising
the filter S568%-Therefore, the dinension of the 20 nmesh holes is decided in
substantially high accuracy. In the printed circuit board 100, which is
recycl ed as the Itwathe perpredesbedinentpoagden, whdre theukarpagahdy ehigh | a
conposing the insulating body base 23 may be used to any kind of
i nsul ati ngPrAEsere dls ehptied toatie ofi rehafavphestviad 1r 263 wlohhy Wil teirxdew e of
25 thermoplastic resin and inorganic |oading material, such as resin film
For exanpl éhetfidderabe isotyatdieieast hbe dustldny {1 ids m@EEK)icglestnength,
polyetherimde (i.e., PEl) resin, mxture of PEEK resin and 31 27 June 2005
PEl re5in, whihehnbpl deei to pbhiyi sidectirad. stuieagrbpbésthe Plipteesdnmetal.
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 t-o 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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pol yphenyl ene sulfide (i.e., PPS) resin, and liquid crystal polynmer (i.e.,
LCP) Therefore, the resin material la, which is separated and retrieved by
the resin-netal separation equipnent 51, is a kind 5 of thernDpIastlc resin
even-when any kind of the above resin conposes 10 the |n53IaNW%fQQﬁerla

| a. Accordhﬂg és%th%heg% gvgglc%§|y1 | b gﬁé% 5 ?ﬂglpqgggghtlon

te
and i s expec 0’ have eqguirva ent hgracterlstl

before-retrieving resin eri : he L& A
retrieving ?ﬁﬁqqgi %?Eeﬁ§ﬁ§£§fb§bJEUng ?’%ﬁ?&% endpégggia?g.gﬁgffg |%nal
body 53a. The ne ic ateria ich ned filt rough
t he fllter:BGE'liéggrlgéﬁéﬁfpﬁ?o'@ﬁ%reFéPTT%Rﬁﬁﬁf ?féygé%hag §¥ %99ved
fromthe retrieving outlet 57a. As SQ ﬁm in g t.he r%ﬁg%lona kQ% y 53a
i s possi bl@d geEIeVedLYURR ARG SIBRASLE Sf‘?Hatré*tt fY équ CEEEE T op “erid 53as
of the rotational body 53a slides downward, and contagts the.retrieving
outl et 571 théﬁmo%%sﬁdé% Frevh gyeButed a5 pd of] 0sedlB rﬁélf‘ocpompeoﬁc?%sas
of the rotational bod 53a. Therefore, in filtering process e resin
material |8 simwt 4%&@?@%& hela-et ARAGTG 98 Youtthsr T84 é’ﬁ Rt
pressurized by the transport pressure caused b rotating the rotati naI
body 53a. T3t &MalofRehahdite sapeeforpediteiqing? %Flo}:%seé‘pet 4 5p R4 5
slides upward. Then, a predeterm ned clearance between the top end.5 as

and the re@TisiElegt ehataqtSigtiesprothadPIoAstREL I BY 1R Y SRAH PP S
rotated with 25 having the predeterm ned clearance, the netallic materi al

i b, which lalods snot thasinsh EﬁPQtﬂ?qqqhﬁ§r156 extrudes into the retrieving

outlet 37 through t he above cl earance. 32 27 June 2005
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
retrievingoutletS?a,andretrievedfromthexefrievingoutlet57a.

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 ocutlet 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 pfessure 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. BAs the rotaticnal body 53a is rotated with

25 havingthe;medeterminedclearance,thenwtallicnmteriallb,which
does not pass though the filter 56, extrudes into the retrieving

outlet 37 through the abcove clearance.
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According to the second enbodinent, the printed circuit board 100 as the
waste printed circuit board 1, of which the resin material l|a is nade of
thernoplastic resin, is recycled, and the resin material Ja is rat ed
and retrieved efficiently. 5 In the second enbodi nent, it2'7sj'-'6tee£@$§bl eto

rovide follow_n aracter. The rqtational bo 53a, i r|z n
ﬁeans ML has a AﬁgPFgéPgB}(?d‘i/h%lsreEE’Pa eééboéjrjra‘ef‘ﬁe %HFﬁﬁgﬁ‘aﬁlr Oa?tr S '?he

rot ati onal body 53a in a helical direction (i a direction of Hé‘gt
arrow showh'§ AStihe W%ﬁ PERAF B Sy CH34 l’f%rndl 1; O§)W}H3Fb( HBEdfr%S\}Pﬂbatesr 53.
The filtering means MB_(in detail, the filter 56) is disposed on the inner

ci rcunf er el el sl e ddiapl atheHecR ARt i ¥4fd oS drRFWESS, @it IS THSdve i n
the helical direction of the rotational body 53a. The helical rotational
body 53a reatwfl dathe pepreated Srdl redeignedapBi B krBYonal force of the
helical rotational body 53a generates a centrifugal force and a feeding
force. 5The centfni filal stopned Egbadimehbl d&npoheRtederaipke r 6PatRVAIASf or ce
along with a helical rotational direction. The feeding force, i.e., the
pressuri zi ¥l ¥oorlew bhareabsport pressure, is an axial conmponent of 20 the
rotational force along with an axial direction. The waste printed circuit
board 1 is fed &hd pressimnaeddiy SBheinr bl poras sprdsdngencansaifl Byas a
rotating the rotational body 53a. Therefore, the nmore the printed circuit
board 1 fgexdsidad thwsiy optrerichs3asand tthe rdxtia?timGnaanUbd§453a>ta\h/h$crthies
drove in the helical 25 direction, the nore the printed circuit board is
pr essurl zethtatilomalebpdnl S3hape zoheflheat of téariain Hddy-53a fbsectiasadfangl e
(i.e., screw lead angle) of non-equal pitch. The nore it goes to 33 27 June
2005 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) is
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 along
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

{i.e., screw lead angle) of non-equal pitch. The more it goes to

33




the helical direction, i.e., to the top end 53as, the nore the screw |ead
angle is reduced. This screw | ead angle of non-equal pitch increases the
transport pressure, which is the axial conponent of the rotational_ force,
conpared with the radial conmponent of the 5 rotational forRdeluNtnéd05 he
predeterm ned pressure can be generated. Therefore, even when the resin
material Ide WhitFrl diraeti@astd Sof t ¥h&BeriPm et 7 S shBRECE ehlfh SCTev
viscosity, the resin material |la can be pressurized up to the .

pr edet er mifed presdsuie IWAUGate prBLSUTFAhd oRGy éB94F Pﬁen‘frﬁ_a?f?ﬁ&r Pifflssure
along with the axial 10 direction within conparably low rotating speed of
the rot atiigfaleaspsdyhesIzanspors noes seksyaight bs i tha exde Lt FERGIERS A
speed of the rotational body 53a so as to increase the pressurizing force
caused by tttite resatiphalafofes cecorpraed Wishi Ae perdbr e Predferts theom
reduci ng because the 15 fielding force along with the axial direction
caused Sby nodtedtionglt hiwraeot at iToweal body B3adetemhbag@s Prissshpealdare be
material |b, which is accurmulated on the filtering means M3 (in detail,
the filtergB@rateds dlregwifore,i evies dasy the frelster maherieliyamathdichalisl a by
the filtering nmeans M3, and the resin material la is filtered 20

ef ficientlat 1EhetdsoitagedHaf th&d iofg,t Iskowet at hboglhl vhedys53a ithepreténabl e
to dispose in the vertical direction. Wien the filter 56 passes the resin
mat eri al matenliylf romahhes nndssne iakdt e tresha pretdertieaimined pores aure by
netallic material Ib, the netallic material |b, which 25 is not passed

t hrough t hhefptdsrur5G,ingrizoiqe ¢Aths tranispoat lpressomeveah g withdbhaigkial
downward of the filter 56, which is disposed on the jnner circunference
wal | Hah) dirEeetoent hiethiasidommatrabilgl 1ba 4274 ntusee2d06f 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 fe'éding force along with the axial direction caused by rotating the
rétational 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 1b, the metallic material 1b, which

25 is 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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I's pressed on the inner circunference wall Hah by the centrifugal f orce.
Accordingly, the resin nmaterial la is separated and retrieved by the
filter 56, which is exposed on the inner circunference wall Hah. The
metallic material Ib is precipitated 5 downward without pRlddnag@00he

filter 56. ,Moreover., in _the second _enbadi nent, i.t, | r ef.er abl vi de
ol | owi g APt e oFnshe e HrEIRFEEEhoe id Fopary i Geamrarr 4o Phel s
di sposed i,n_the retrieving. outlet 57a,,in V\{uich %h resi dual tallic
Ttor sl SBERS by Ao RERR | oot S (PATEr b T8 ot | Beratpted | Afd
Accordingly, .a.,netal retrieving unit 57 is located on the other end of the
i nner  ci r%ﬁﬁfé?‘éﬁ‘ge%l t'rhef-lalﬁlgf:e’t’hé’%ol §et Chynil I—%’fp%ﬁ%sf’{leeﬁq‘f t hgner
driving wunit 54, The nmetallic material Ib is coll e,cteghi,nto t he t al
retri evi ng CoRFERETE§Mi%HEH Lt Hob r eTieele iRl bk retes7al Hhd S RESREPLFa4%
retrieving unit 57 reserves the netallic- material |b. Therefore, the
netal | i ¢ nAPERVEFC I'bl i ude pddiopéadakie f f11t&F t3fe space 57b in accordance
with retrieving the resin material la by the filtering means M3 fromthe
netal |ic materidfoqapvesd tife Fhsi peqendrsebodigentuyhikth tonpbeEeIHe dakt e
printed circuit board 1 transferred by the 20 rotational body 53a.
Besi des, i PrP¥i¢e efeblaadnohghazapbater 57c and a screw driving unit 57d
are disposed in the netal retrieving unit 57. The heater 57c and the screw
driving unit 57dhe eraged imteohesexrye thamethad liggtafiqnialndle s gl sPpsed
filled in the space 57b (nore precisely, 25 nost part of the mxture of the
resi n mat eindhe zetaigvithe auitlat $ea, mtddchltieoresiduad netahbicpatersyh s
the nmetallic material Ib) . By means of the heater 57c and the screw
drividﬁjunﬂb gyd3m1ﬁélggagﬂomuﬁ@tzgogilter 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 1b is collected into the metal
retrieving unit 57 through the retrieving outlet 57a, and the metal
15 retrieving unit 57 reserves the metallic material 1lb. Therefore,
the metallic material 1lb is deposited and filled the space 57b in
accordance with retrieving the resin material la by the filtering
means M3 from the metallic material 1b 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 metai 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 1lb 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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nmetallic material |Ib is not adhered together with the resin material |a,
which is contam nated into the netallic material |Ib, and is extruded by
the screw driving unit 57d. Referring to Fig. 3, a loadingunit %9 can be
provided as a 5 preparing neans before the pressuri zing %@%ﬁ%nﬁﬂogéscribed

inth b d .enmboditent . The..| oadi j ' i
h”gyt sor Zw?n“eiatiiﬁgi‘vatt%téﬁﬁé}ﬁgi r@}aae%hne%%%i f%g%?%%r %?tﬁ?%{e',f%%ﬁégﬂf‘é‘é%ﬁ@'fgéﬁ
rotates so.as .carr e_Wor iece, 1. e r i ec [ e e
tmste prinida BREER 1Y bom P A s r 8 haaPRraDt B Gt ria PRa: oE o
the waste pri circuit board 1 into ﬁ%fgﬁég%i” predeterm ned size) is

nt ed .
controll able§t§H§$?ii]%¥3 e (I P ESLEERTi s M according to a pitch of

rotating the screw unit 59a. In other words, s,u*gpsiyﬁof the work piece 1 to
1417

the pressurizi ngRHERIISIDAMES] E1fegin & @28y E0MY gt e Forddesnaf 2peed

of the screw 15 unit 59a, MNbreover, a resLnfretrieving unit %? an Ee
provi defl nE¥EPEBLNG Heed s PRAPT SNt BTESKET 1GATE a8 P Bt 5% dRe™RBove
second enbodinent. The resin-retrieving unit 58 involves a | eadi ng, ort
58a, whi chabead$aconcheniedimantse, Thndoreddag v tt he CREST AS FReerI Bl ﬁgc?a
tenporary, wherein the resin material la is separated and _retrieved

t hrough thé Py¥|3erevs6. Al screwpiyfedraderhaba shavedtt Yo 1 dddér 586F¢V . e. |
a screw unit 58b) and a heater 58c are provided in the resin-retrieving
unit 58. ThHeihe2¥®r rogetheate ash&oreatry s wprkiPigce whi cHe ¥oxfgPegat ed
by the screw unit 58b. The screw 25 unit 58b and the heater 58c prevent
failure. Fdr (&xadgtailt hder wephie patrfedlcirguifhbenrd sl sepalaidgdahgard
retrieved, is not cooled and solidified by the screw unit 58b and the

heat er 1§8cpréecehdiabt hleal3d s2qul) ihe wopse printed circuit board 1 into pieces

in predetermined size) is controllable supplied to the pressurizing

means M1 according to a pitch of rotating the screw unit 5%a. 1In

cther words, éupply of the work piece 1 1;0 the‘ pressurizing means

M1 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 J'_.n 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 separate.d and
retrieved through the filter 56. It is preferred that a screw-type
loader 58b (i.e., a screw unit 58b) and a heater 5Bc 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, is not cooled and

solidified by the screw unit 58b and the heater 58c so that the
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resin-nmetal separation equipnent 51 is not stacked. Besides, the filter 56
described in the above second enbodi nent, naybe used to a so- caIIed '
pre-coat filter. Prelimnary, a mesh hole is provided slightly [ar As
the resin-metal 5 separation equipment 51 operates, the rTP}qTWP"% 208 erl al
| b accunul ates on the circunference wal | 56a of the filter 56. Then, the
mesh hol e BFSYHEG At §£P56abeeb e iaRANT Bid i§ehobneB2¢HRE - predet er mi ned
mesh hole. This pre-coat filter pronotes the |ife of the filter 56. 10 In
the pressurizi nGefeaRs Mthteséiibed i3 t Aesabbird sdBondhe eabodrMEFRCOthe
rotational body 53a, especially a clearance in the radial direction
bet ween t iimeqt, oAb e Grad twodpo5Taland rise copt duiiftere ncBr bl M irsey of
the filter 56 may beconme small. This small clearance provides to scratch
the metal 13 cneakekioak |is, mbdchidds 5igkichmulared. onAshdhes rcesiemeicd wal |
56a: Then, the resin-netal separation equipnment 51, especially, the filter
56 can “he seymratrigact egatmwwintandlt hepdidtemnf the friditedrl i56 pabeviaek tld be
long. (Third enbodi nent) A waste printed circuit board 1 according to the
third 20 arhodilrtes o5 thenmpbsednidrancd malllabéang fhody fidser286. whihetn,i s
made of thernoplastic rein only or mxture of thernoplastic resin and
i nor gani ¢ Yreadiaw) ratler il t@se diiddreirbedd ieddre of iamatl lemadigregntintol the
addition, it is preferred that the waste printed circuit board 1 according
to the thipcdeteodinedtnésis Halld .owrhgs cheg-agizr Fiandr2brosot@s ey Infens of
foll owi ng nethod shown in Fig. 7. Figs. 7 are schematic partially enlarged
vi ews showinghst d&tidsenfSémterial in a via-hole 24 of a printed circuit
board 100 applied to a nmethod 37 27 June 2005

10 In the pressurizing means Ml 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

circumfe'rence wall 56a of the filter 56 may become small. This small

clearance provides to scratch the metallic material 1b, 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 1life 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 insulatiﬁg 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 Vaccording 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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of -recycling according to the third enbodinment. Fig. 7Ais'a schematic
cross-sectional view showing a state of material in the-via hole 24 after
filling a conductive bonding paste 50 as an interlayer bonding materi al

50. Fig. 7B is a schematic 5 cross-sectional view show ng 47 dung 08%
material in the via-hole 24 after interlayer bonding with a conductive
product 51060RRAGKE} e eerRRAINX e Pr e elhEFd coredixEntygettiér. "As $hdwn in
Fig. 7, a constitutional characteristic of the printed circuit board 100

i s an el ecfehenaoihectd i dssttvioan Lt e ewl heoidgctd viEghe miedetethit siR2 by
t he conductive product 51, which is integrated in the via-hole 24 formed on
a resin fithe28iadcde 2insfitet ifid ldody abegreductieecbaudeny eagiroddces 5 i s
made of metallic material |b only, mxture of netallic material |b and

t her nopl asinter¥asim meneingl hateoipbsiFl theFiesi VH i lim 28, efhemxtit e of
metallic 15 material |b, thernoplastic resin material la, and inorganic

| oadi ng® matess-adectbherdf oley sheniide resite mitestiatidla ins thepuiatieeland
retrieved fromthe waste printed circuit board 1, the conductive product
51 i s cont amatakedasetleydrmibend aye wihandicogdoat evée akboBAc2® 1 nbonedieing
insulating material la. The conposition of the contam nation of the
conduct i vecpridhttciveb brisitieecsaori s 2hetogrameasi tion of the insul ating

material |a, which conposes the resin film23. Therefore, the retrieved
i nsul ati ng nat emsAlshba&ni $nnig. reducednshittisigmEl toharAztariesiubtofithd s
expected that the retrieved 25 insulating material |a may show the
equi val entpehetrat temGtitc ®oked tthe bef of eel@tidievicogniensubat bagwemt erheal .
As shown in Figs. 7A and 7B, the interlayer bonding naterial 38 27 June
2905 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 ib and thermoplastic
resinmaterial la composing the resin film 23, or mixture of metallic
15 maﬁériallb,thermoplasticresinnmterialla,andinorganicloading
ﬁaterial.
Therefore, when the resin material 1la 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 Ila. 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. Thereforé, the retrieved insulating material la is not
reduced initspurity. 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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50, i..e., a conductive bonding paste, which conposes the conductive

product SI, is conposed of first nmetallic particles 61 and second netallic
particles 62. The first metallic particles 61 can be fornmed into an all oy
with the metallic material |b, which conmposes S the conduc?q Jén®g0Paded

circuit 22, _The second netalli rticles 62 can be for Into.an alloy
with the mefal, ev\,hif’bﬁ%@%%%‘é%%f)ﬁgmﬁiﬂaﬁtepa%?’r@? EEMBT5CE0 eeﬁ%ﬂ%‘?%?l‘fen an
i nterl ayer bonding process, the first netallic¢ partjcles 6 ang t he %Fcond
metal lic pRFeFedies?t 655 HARGTePEdt AR M5 Red PPt tHe! $hitegPaf et
conductive product 10 51 by heating and pressurjzing Specifiﬁgll , &Pe
conduct i vendlomliify gradtielss, 62.e. Then&irpht BREayelc domd: Hyl S/t i‘%/ﬁn, %
made of tin (%g%_conposin& the first netallic particles 61 and silver (Ag)
conposi ng f¥erabdafia Freedlpycwi Parthiecretabhic padedéal g WhikPsHIMRO T
state of the conductive 15 bonding paste 50, which is filled and dried in

t he vi & hotiee Zprigective Hhsattiasy chycuatudn hdhepsecandggitgdeAc P otcldown)
Fig. 7B shows the state of the conductive bonding paste 50 after sintered
by the vaBliurarhbe Peussd dquicpapnalldy Wittstheaseshbwvhlehrcgmpoaes tihe
conductive bonding paste 20 50 is the m xture of the tin particles 61 and
the silverfjpest pekescle? 61Wherot kEauphdudin oo Indrdilagepasrelizg PEOFRHted up
to 240-350 degrees Celsius, the tin particles 61 is nelted and adhered so
as to covere tfiessunébzll iof peheisillevefl pard itbeesednd bedtaddd ct her et kd9sng
point of the silver is 961 degrees Celsius, and the nelting point 25 of the
tin particé2sries s28Rededraees fCehedusntaNidre {hbegonithd ongluchdmdi PrPPest e 50
is continued to heat at 961 degrees Celsius, tin atomis diffused into the
si |l verl(par$i dbehed2 ihgoant hersssdaceindgrhen 39 27 June 2005

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 bonding paste 50, which is filled and‘dried in the via~hole 24 before
heating by vacuum hot press equipment (ﬁot 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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the alloy of silver and tin (nelting point is 480 degrees Celsius) is
formed. In this case, the conductive bonding paste 50 is pressurized at
2- 10MPa. Therefore, as shown in Fig. 7B, the conductive product 51 in the
via-hole is formed into the integrated 5 and sintered al | &/ JuN&@@@? dance
with the alloying of _tin and silyver. en the_condugcid v, [ IS
formed in the a\}ilgyh%jf es,qu"ﬁé a’&‘é)ntoaﬁi:t(f[\?g\@b?%(ﬁ%fl%ﬂsi‘gédagﬁgkgggg%élt%iaégottom
surface of the conductive fri nted ci I‘;jCUit %2 %;n thg vi,a- hol gsgé, 5taec_L%use
the condutfi verPidductn 51018 FREEsurPeFOPTHEF LY Br BOPPARYt PRSCEnponent 10
in the conductive product 51 and the copper corgpo ent_in tge cog&er thfeoil
of the conlRISWEZ5M Mted ThPAt 2Bered dsrudl yST usRd  *Eogether it
solid phase. Then, a solid diffusion |ayer 52 is forned a}j\?an i nterface
bet ween t heordirdidtei RECHiGthBdl e itheut 12 7 1ends e ™edohritr & e”b“'reo‘i'ﬁ?&E%SL
15 Anot her interface between the conductive printed circuit 22 and the
conducti veant giineered al doxligoa prondaise Ghth ﬁgelaé%@N1§Hd%f tHR aPReS Vi VEtol e
24 not shown in Fig. 7, and the solid diffusion layer 52 of the_ tin
conmponent in t h#hepnthe conduptduedrBucing! thef Popsein Byhydashtlen Hife
copper foil of the conductive printed circuit 22 20 is al so forned.

Ther ef or e, carnmbictdveuEriodecpr it d¢ cidhaieds t22 thewdadikoay SWditssss€d ket he
upper and |lower sides of the via-hole 24, are electrically and reliably
connect ed ¢agbtdidvebyprtingedoldidcuditf 2@siion they srisdshoded Adhe hefEdiGratdd
conductive product 51, that is not a contact connection. This connection
pronot-es tdmndigh ivel prdsiudtt §1 dfs phessutigrdday eFh ey, T8 t4nreypanenthe
above connection with the conductive product 51 pronptes the reliability
of thé o ntir lthgerorsbrdiivg. pivbteoy &, add t2e Jeprexr@oBponent in the copper

foil of the conductive printed circuit 22 are mutually diffused
together in solid phase. Then, a soliddiffusion 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 produét 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

5] promotes the reliability of the interlayer bonding. Moreover,
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when the conductive product 51 is heated up to 400 degrees Celsius in hot
filtration process P400 for separating and retrieving, the conductive
product 51 is maintained in the solid phase surely, because the conductive
product 51 is made of the alloy of tin and 5 silver (nelti%gJpee008f the
alloy is 480 deggees Cel sius). Therefore, in the hot filtration process
2400, the vheH BREe mprdvatéreapreduchdlt he natededP ne? 4100 dephees i1 9WS(t he
printed netallic material |Ib also involves the interlayer bonding
material) lar Bosebhktaadd cangrpeess RAY SaresspanaiBesicadsret piehing, the
i nterl ayer bondi ng process, the conductive printed circuit 22 is fornmed on
t he surfaceosiducheveeprodtict np23is mhinteiswhosesihesdlishinitEseg @l Yhase
23, so that the resin film 23 fornms the conductive printed circuit film
21. Then, teeavsenthetdorgiymtiiveedredluctidl fisl ned@ lo Artdeseadkpdohrdiradhdr ed
toget her 15 by heating and pressurizing (i.e., forned into the nmulti-Iayer
pri nt ed5ci sadiverboared) ingFauritnt eobodhrerml)lok west @8 pr idegedesi reldistivusoard 1
according to the fourth enbodinment is preferable to use a printed circuit
board 100 Itaereforap anf ahkoworg fidnstitivhi eroc¥hen Pd00pndhet ivnsupeddagt 51
described in the third enbodinent is forned, the conductive product 51 is
extruded andtketaktdlianthadanhar ghrintke sistudlitceneamnevialhabe (24esipovimtedn
Fig. 8 under the normal hydrostatic pressure applied to a resin film23
conposi ng altkbSbtadzitegibodyp base iAIolkeq.tHe istér Behenbbndi2s mpartiiall) y
enl arged vi ew showi ng a shape of the conductive product 51 in a printed
circuit board 318Papppid ethd arexrietvkadsaterecycling according to the forth
enbodi ment after interlayer bonding. 41 27 June 2005

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 forn;s the conductive printed circuit film 21. Then, the
conductive printed circuit films 21 are stacked and adhered together
15 by 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 vpartially enlarged view showing a shape of the conductive product
51 in a printed circuit board 100 applied tc a method of recycling -

according to the forth embodiment after interlayer bonding.
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In the heating and pressurizing process by the vacuum hot press equi pnent
described in the third enbodinment, the resin film23 is also heated and
pressuri zed by the vacuum hot press equi pment. Therefore, the resin film
23 is deformed along with the expansion 5 direction of thefJyng 2682 resin
film23, which is disposed around the via-hole 24, is_deforned so as to
extrude into thelvFaeh6pE1ng and Rrefild iz PEIe s BELPE ¥ OTLPTERR
resin film23 is reduced to about 5-40MPa. Wien the resin film 23, of
whi ch the BMRRIENENt Federidersip ddir &81rPsePIRRANIAN Zedhear &8s tIHAM 451 35
honbgeneous 10 pressure (i.e., a so-called hydrostatic pressure) is
gener at ed #hsotheakedi g | PRe SN TiFERFo SN G HEh & EHEN ROt B8y SEHSERSRE - When
the resin film23 is continued to pressurize under the substantially
honpgeneou$hpressis e thehgesési Fl i 24 28 dafoumed Béongi il Holtee28XPangedr ned
so as to extrude into the via-hole 24. Then, 15 the extruded vol une of the
resin 3l nd28e¢hten tiietloedtidm.pofhé orsioffitlme 29i avthiothe 1841 {gpased aheund
portion in the mddle of the center axis of the via-hole 24) is |arger
than that theoithdoddg2s parst dehorméd sheayita- hpteude imto the perticde af- t he
both ends of the center axis of the via-hole 24), wherein the edge portion
of the vi alhotlels 20524 tkecolascic wothluheoTdduckeisia Hrimt2sd isi redice@2.
The inner wall of the via-hole 24 has a substantially cylindrical shape
bef or e hot tpr@&ssiing:-44dMkev.er ¥has thewresim Figm 28, afcwbdshstbei ehastic
profile of the inner wall of the via-hole 24 along with the center axis of
t he vi a- hahed@ihas aredaraed, i ke shapsulbzedt e hdistpnddeildy, hbveaeseothe
resin film23 is extruded into the via-hole 24 as nentioned above.
Besi deis) theesdast i(d.roduk uso-afal ltiekehyésdstdtilanp2@skereh theenangéedfin
1-1000MPa in hot pressing 42 27 June 2005

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 arcund 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 end_s 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—secfional 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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process. The volune (i.e., apparent volune) of the conductive product 51
is reduced in accordance with sintering. Therefore, a cross-sectional
profile of the inner wall of the via-hole 24, which 5 is filled with the
conductive product 51, is forned into the arc-like shape 2 dage 2006 t he
center axi %r%f oshe via-hole 24. Wen the printed circuit board 100 is
applied to"a deformation stress, for exanple, bending stress and the liKke,

it is also diff&ﬁgl& to concentrate th% def ormati.on stress in_the gth r
portion 10 of a CORtACt Sr &' S1b FRERE c‘{)ﬁdnu[beti o %60888 UBREVR SRS

with the lindri ge?:{ vida-hol e accgrdi ng t.oﬁhe,r | ated art b%:fuse t he
cross- sect i"dnat > pridiiicedof LR hGSITEPRRA 1V 0" t FéNTRAIAB e 2HPSTHITHE: i 8

filled with the conguctive proguct 5$,i,s formed.into the arc-like hape
al ong wi t h TRESCERFEFOR&T $T6F ROV ?H&r@rzﬁ?‘?%sofatP%sV&at‘,hOl%é(‘i'hé?ilcg
reliabi Ei ty of the interlayer bonding is pronoted. In a primary product
process-of Bhetr§hr et Ehecrtdusdarg Prowuct 314 dsdoidert trteuthRat crhdke
el astic nodulus of the jnsulating body base 23 (in detail, the insulating
body base FRABSoRLPME ot ddtg Cenitesi axis sof nthhevidatigd €of41- 1000VPa at t he
heating tenperature in 20 the hot pressing process. As a result, the
cross-sectional PRt ithe POMEeReC] Fritkt RARFA O he 2PPaipdI® 24lefipgmehiprs
filled with the conductive product, is formed into the arc-1ike shape5l
al ong wi t hStERESceAPEr carmples PadENg KEress4 angndhehehikehe Yel iabrEFey of
the interlayer bonding is pronoted. Mreover, in hot filtration 25 process
P400 for s@pafatihl tanePnearntitakenge enéoypatiompptheed indihecatkehparfiaen s
heated up to the predeterm ned tenperature, which is near the process
t enper &P ur 8%f BrearafitngreReS P i it ddecrerdiet bmpdodygt2yl g ararzaGs 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 oﬁ the via-hole 24. As a result,
15 the reliability of the interlayer bonding is promoted.
In a primary product process of thé-printed circuit board 100,
it is co‘nstituted 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 shapebl along with
the center axis of the via hole 24, and then the reliability of the
interlayer bonding is promoted. Moreover, in hot filtration
25 process P400 for separating and retrieving, the waste printed

circuit board l is heated up to the predetermined temperature, which

is near the process temperature for forming the printed circuit board
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100 by hot pressing in a primary product process (or in the case of the
multi-layer printed circuit board, the stacking tenperature for stacking
the nulti-layer printed circuit board in a primary product process%, it is
easy operation to separate and to retrieve 5 by passing thtoddne g0Pp| ter
4al in hot filtration equi pnent 4a because the elastic nodulus of the
resin matert9Y B hod SUEFFéNEntR 2 RIEAEYIPTORRET ORI nomt JnThhefcdsd
enbodi ment can _be afp]ied to a method for recycling 10 a printed circuit
board shown®f e julli-Fypr pristed sdemiti kodidc kheds tapkimes hemp aga ture
entire process of recycling the printed circuit board according to the
fifth enbodfenitadiigg 4hiesmallssd- hageheamnir tedladakcuditagpamishows ngr trieery
recycling systemto performthe recycling of the printed circuit board
accor di ng terediet ptehespbodimenteasy theditienenceepetrneerand he féfiieve
enbodi nent and the first enbodinment s described as follows. In grinding
process SP70% megFingt éthrougtuiat fidaed 180, inhhoh fisteht tdmas@ok mnarrunted
part 70 and solder 80 in part elimnation process P200 and sol der

el i m nat i orbgraresshde0@skespechilvel ¢f the 206 igr wamek a1 0a peveier £ i Jhet 14 he
printed circuit board 100 as a work piece 1 becones a m xed powder of an
i nsul ating rettuemeidal |a and a printed netallic material |b. Besides,
grinding means 7 may be used to any kind of neans that grinds a resin
material |a and drimethal émlsodimdrani al | b, which conpose the printed circuit
board 100. In the 25 followng fifth enbodinment, the printed circuit board

100 is cut intoTpeetiettabodbdhesnisquarse bypaieatay ¥ nhaeld Eyper Laifdiliing
machi ne. Then, the pieces are ground into the powder by a cutter mll for
44 27 J0ne a2PPinted circuit 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 pérform 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 1b, 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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grinding by rotating a rotational cutter. Wen the particle dianmeter of the
powder in the grinding process P700 is smaller than a di nensi on of
thickness of a resin film 23 conposing the printed circuit board 100 for
recycling, a 5 part of a printed metallic material 1b, whiZhJuge28R8wi ched

' Lti-|. ted | d th f
of the powErTRa B o €= Gifeh & ﬁé’%%? e S5 Taterial b ia for

exanple, eluted jinto n elu ssing tinme for, el uti ted
netgFIic mat er i al"qh Hee %i %% Tabdv &hGr PREERS 16 Eggc ssnggbg

a result, the grinding proc P700 tes t.he i ciency of ar t|n
and retr|e@FﬁﬁgFﬁePbQ$h@%§mﬁ§ﬁ§FlFE %951PB %hL?h%k%ﬁ%% hgn% 5 g

the particle_dianeter is congarably Iarge %Pprlnigg talllclnaterlal

| b can be &fdied byoTRATS Dt elBr%%'R?ﬁgCJe‘?FdUgth et Ut & SHEprint Bd
-netallic material, Ib. In other words, the printed netallic material |b
can be Sep®eratedfancPringed Besalihcamytyartl dife YPaRBL BT . SAMINIRSH fPn2
enbodi ment, the printed circuit board 100 is shattered into the artlcles
of which tﬁélé‘itegaig@r paintefeidicaridt Bpar o Lsss st S1pes A Cfiohe P é faGet er
mll has a rotational cutter, which is made of netallic cutter wt

titani um ( Pf) theapPwder andhesefers, HRD rideaPrdnhed cietatl i W¥9©§H§@|6Hal
speed of 3000 rotations per mnute (rpmmn). The cutter mll grinds into
t he powder idurfamgexdmpie netesed 35tpramet agniy] amréweﬁswerﬁw proed¥sipgoo,
the powder ground in the above grinding process P700 is dipped in the

el uant, an@heherigrdchretie hetameiterial et 4F shphtenedipedhe @P‘?‘f‘% g5tPALRe

circuit 45 27 June 2005 _
10 process P700. As a result, the grinding process P700 promotes the

efficiency of separating and retrieving the printed metallic
material 1b.
Oﬁ 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 ib. In
other words, the printed metallic material lb can be separated and
retrieved in any particle diameter.
In the fifth embodiment, the printed circuit board 100 is
shatteredintotheparticles,ofvmichtheaverageparticlediémeter
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 abeove grinding process P700 is diﬁped in the eluantf and the

printed metallic material 1b is eluted. In the printed circuit
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board 100, which is recycled as the waste printed circuit board 1 according
to the fifth enbodi nent, for exanple, the printed netallic material |b
conposi ng the conductive printed circuit 22 is nade of er (Cu) foil,
and the interlayer bonding material 50 is made 5 of tin (Sﬁf%\'ﬂ@l 280bver
(Ag) . The eluant is prepared a m xture of hydrochloric acid, nitric acid,
and wat er $82Rat 0P hevhdichapf BeEYEed @@tﬁh?wéafﬁ}ﬁ REéatRet eI TFeitdogsidal | b
and the interlayer bondin mat erial 50 simul taneousI%/ The m xing ratio of
hydr ochl or BECRERENT twi Erg 188N gnbaddnant eforsexanpley thheraBbod "glédndC
powder is dipped 10 in the eluant during 10 m nutes, and both the printed
metallic material 1 camwh@g|triteer:p391é¢tbmmrn@t|¢dt@*1@411:5@2%@ medgt ed.
After that, the eluant is filtered, and the insulating material la is
separ at ed a;n@peetﬂ@e}\/eﬁsblll;ulanldethetiret@elmreat ddndasdl Beterialhdtledisamafy is
wat er -washed and dried. 15 This process perforns to separate and retrieve
t he i nsbl aviftnginmdrer izald balwued tAw .pr The edllusstalilsi prapteed & nixtyoepbétel y
and easily. In the fifth enbodi nent, the insulating body base 23 of the
printed ci hgdrbcbhbbardc 300d, whitchi a scl@g}&nldewda’asr tsloet hets tt&epelurredel20es
circuit board 1, is made of thernoplastic resin only or nixture of

t her nopl asbibthr P.]sé npaimdt eidnoeganl tc | roaics miga Indbeendl thé tinterlpnefrebradinfat
an elastic nodulus of the insulating body base 23 nade of thernoplastic
resin i s inatheisangesiofu-aHROGONPE . atTHd2ix heqtrdandotefipedad cinbor hachdj s
near the process tenperature for 25 formng the printed circuit board 100
by hot pressthafciatial,pandarayerpt ©dudt: 2pr oties aboVheyshast powdedulsudipped he
resin material lais sufficiently reduced so that the insulating materi al
la, which iia 46e2@1dame @0Pfng 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 séparated insulating
material la is water-washed and dried.

15 - This process performs to separate and retrieve the insulating
ﬁaterial 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 leocading material. It is
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 cof the resin material la is

sufficiently reduced so that the insulating material 1a, which is
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separated and filtered in the netal elution filtering process P800, is
easily fornmed into a predeterm ned shape in resin formng process P500.
The resin film23 conposing the insulating body base 23 in _5 the printed
circuit board 100, which is recycled as the waste printed %Tr)@uetzogéard 1,

has a via-hole 24. The conduct|ve printed circuyits_, .22 are electrical
hannact oo cogerAbed ot ERied Ko Ha Babat Gt rh i araea R e FRORY) o

24. 1t is preferred that the conductive , product 51 is made of netallic
materi al | Bso?ﬂsyl,lyrrf%lﬂﬁ%lﬁFor?ePé?‘ii‘?‘éerlI@-I}Féjt EFRRE PP PP HRPPASERES
resin material la, which conposes the resin film23, or m xture of

netal lic m&P&Pral Ib, thernoplastic resin material la, and inorganic

| oading material. Even if the conductive product 51 is contaminated into
the insul ati ng rBteriedin |3 mnwRB cRoMROSephtiicednandat g ikadsd bieget B8 Het al
elution filtering 15 process P800, the retrieved insulating material la is
not reducedheintrintedpririauit beawdid0t Mhiconducetvel ot sdudie Bastmprineedane
conposition as the insulating material |la, which conposes the resin film
23. Accor drhgkyit bleerdetr hevedvieshalardd er iTile ¢endctior pr stirskdirauits
purity, and is expected to have the equivalent 20 characteristics to the
bef or e- r et ERedi g leegdirncral gréaineAz=d sogehkenldy aknongiycthee priodtiet 51
nmetallic material Ib and the interlayer bonding material 50, which are
eluted in thtegetdd islthe snafhbierddhg ptdcepseP8OG:d thatbthe epnilevetivand
recycled as the nmetal by neans of a well-known nethod of processing waste
25 aci d- | i gopduet odrid ngdeametb bl edmateriah ldetaly, mistueeafphetal tihe
netal is retrieved as a solid phase nmetal by heating and nmelting, or the
netal 1% sepbentizd lhsarahthadnep Hastiowealinmatelrdellrid yshsch £onpps@ench€005

resin f£film 23, or mixture of metallic material 1b, thermoplastic
resin material 1la,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 conductivé'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 puriﬁy, 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 andmelting,

or the metal is separated as an individual metal by electrolysis.
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The printed netallic material |b, which is separated and retrieved by the
waste acid-liquid processing nethod or the like, 1is refined in each
netallic category in the nmetal refining and separating process P600. 5 The
insulating material, which is separated and retrieved, i s2esldn®d885and

anal yzed usi ng ion-coupl e | asoa, (i.e J eni ssi.on, spectral. anal ysis.
The %:lont ani na'?i di eoprtlﬁéegr %ﬁ?@g?lgrefnﬁi:ﬂ%%}%ﬂﬁl?l?}b ]a%gs?%%raa}tn Ci;ralp}altyer
bondi ng materi al 50 ich are contaminated into.the insu|ati t.erial
la, is anal§Zed by Thie "B oA LeT oL ﬁP&FSéﬁaﬂf&?@’%a%gﬂ? fex s

bel ow 50ppm which is the |imt of detection.,K Therefore, the_contam nhation

is sufficlenfeyingfalin fech Fedéildde, CoECPREY chRt B¢ it Toh TR Mt 2%ki st .

In the above fifth enbodinment, the insulating material la and 15 the
printed neteatatingaPepraps| B@Pe separated and retrieved in the hot
filtration process P400 and the netal elution filtering process P800
respectd vel y, afBeainspbeiymedatenimd rebiahfby foRgrptededsd PHOLRAA he
metal refining and separating process P600 respectively. The insulating
material |5 apgemheedrand eanabfzad i esing et ciup i@de @ sEcydl &t rastE !
material of recycled printed circuit board (referring to a recycling flow
chart shovémig s castrettiriade danelbisgs -1 dh¢ 4ontariaatastl &f ddementd@d | a
and the printed metallic material Ib are also recycled as other materials
(i n. det ai Inetthidse materixydbeand ddieninpevtirices boadl asduatesicledd mythdah ¢
materials | bB respectively, 25 referring to a recycling flow chart show ng
a solid |iare igenEaginatednthty) theriesvértireyztiadaledian £5| adabyEddde of
the recycled 48 27 June 2005 ) _
10 the ICP emission spectral analysis and confirmed below 50ppm, which
is the limit of detection. Therefore, the contamination is
sufficiently small not to detect, or the contamination does not
exist.
In the above fifth embodiment, the insulating material la and
15 the'printedznetalliclnaterial 1b are separated and retrieved in the
hbt 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 1a and the printed metallic material 1b 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 1b are
alsorecycled 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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insulating material la, which is separated and retrieved, by reheating and
re-pressurizing. These recycled resin filns are tested for insulating

character. The result of the test shows that the recycled resin _filnms have
the sane insulating character as the 5 initial insulating €hddRR28PS0f the

resin film23.. 1t.is confirmed, that.the .method of recyclipng 1 i d
circuit boRtHHRFiHe Ib?‘éesreltﬁnfa jr‘ﬁ‘\/e}“{%’ilSH r;hfkessePL?ﬁaFﬁdbua)sﬁdnersgtlglnhe?% B
reasonable to utilize as vocation. .| NDUSTRI AL APPL| I LITY 10.

Fooult ot R e A S S3F P AZI BRI ng TASBF RTetE IS rETh L bOHAT B he
present invention is also available for recycli ap.insylati terial
conposi ng t¢EE5t FRE elPUiaddre %%??fte%rggee?ﬁsuﬁ%eofﬁg’ﬁl g??‘f@%%&?e Tl
which is separated_and retrieved, has_al nost the_sane cok}rr%)osi tion atsnthat
of the prittedeevEdartreodr d118SHR G &rCepAPAiNTLandTF THITRALR]. 85 the
Therefore, for exanple, the nethod and apparatus of recycling by_the
presentd | Martiagnipsulaving shreacber (e FBR i TRF1R fbbt &3pri ht ¢ E?I%/@u“frfedooard
as a recycled insulating material of a printed circuit board. 20 49 27
June 2005 &3y whe methadmst heayet ireEPpeInmigtedprinfedd keaxdiPy HeRPrRITT
separate and to retrieve an insulating material conprising the printed
circuit bobrtendrdra makesl P ipatersiaessnepdditfgracpeirah Rl metafiiize as
material and al so conprising the printed circuit board froma waste

printed civeedttidsoard, which is used in waste electric equipment or a

wast e produced in a process of manufacturing electric equipnent, wherein
only the insulating material is passed by heating and

INDUSTRIAL APPLICABILITY

10 As a result, method and apparatus of recycling a printed
circuit board by the present invention is also available for
recycliﬂganinsulatingmaterialcomposingtheprintedcircuitboard.
Moreover, the insulatingmaterial, which is separated and retrieved,
has almost the same composition as that of the printed cirxcuit beard

15 before separating and retrieving. Thérefore, for example, the
method 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.

20
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force-filtering the printed circuit board, the insulating material and the
nmetallic nmaterial are separated and retrieved, and at |east either the
insulating material or the netallic material is recycled. 2. A nethod of
recycling a printed circuit board according to claim 1, “hdvee g0Phe
force-filtering is attained by filtering the printed CIrCUIt board with
heating and pressurizing. 3. A nethod of recycling a printed circuit board
according to claiml, wherein the prlnt@ghﬁjrcuit board conprises an

insul ating body base, which is made of either thernoplastic resin only or

m xture of ther ”Dp“aStA‘}nertﬁé!irb@PQcﬂlQ% £8¥:9§ﬁ L ng; PRLAT balyg %@daﬁp%.rate

conductive printed circuit, whi I's ma e conductive

material and ghapesedepn: &Su aicr%qutmg ﬂnyt%éyl%tll %gmgpféymgb Afceq
wherein the conductive printed circuit 1S forned i nsul ating body

base, which isiapuinsuhating He
after that thellngula?%ngabgdﬁ gggggﬁﬁP?E%g%&géﬂg%ﬂhﬂﬁgg%Hﬁhk!&;&ka§yi&

conductive Ci mgHktiAr engtackadbnrk@st Mekneadhered Lioget Pelbak¥ £8ad hagt@nd
pressurizing, and fornmed into a nmulti-layer printed circuit board.

met hod of recyebhtyh @ipei:nt ebagll Clthicrbaar dsascer disg: d1@cekaé raq%,lpm@@f el n
a nodulus of the thernoplastic resinis in a range of 1-1000MPa at a

heati ng tenperaturastatprwidiuebd heat pigeaBh f MMFIYELZiNPel ScpafauTetend, A
met hod of recycling a printed circuit board according to claim3, wherein
t he insul ati ng bodyhbasén cslgameosetilat iagmaskenial ik mamedea of heitheraide
thernopl astic resin only or the mxture of thernoplastic resin and organic
| oadi ng mat er fatgevilidterhng libe printed circuit board, the insulating material

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

either the insulatingmaterial or the metallicmaterial 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 bedy bases printed
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i nsul ati ng body base involves a via-hole and a conductive product
integrated in the via-hole, wherein the conductive printed circuits are

el ectrically connected together with the conductive product, and wherein
the conductive product is nmade of netallic material only &f Jun@208%allic
material and either the thernpplastic resin conprising the insulating body
base or the mi"Ktdr BRI HERNOPT HE 8E e rdSCRe AP YehRBE FarficeeF 84 diaRs LHAE &Y al
al so conposinq t he in%%Satin base. 51 27 June 2005 6. An appar atus

: bod . { JU |
of separating résifi%a ﬁEFﬁ%ufbbﬁébaF&Fe*Oém?%§Fh°nﬁt%F%EVJ@dﬁﬁoEFHG“%h

insulating material and a nmetallic nmaterial so as to separate and to
retrieve the inSGrati if%%lerial conposing a printed circuit board and the
netallic material including a printed netallic nmaterial and al so conposi ng
the printed circuit board froma waste printed circuit board, which is
used in waste elec&rig Q%i%P”EQt or a.waste produced in a process of

manuf act uring el ecttic €y ‘ﬁ%ﬂf,r?ﬁﬁﬁgﬁpgﬁhﬁrénb? SSaFPzF iy ardaRscesing
pressuri zi ng e ste printed circujt baqard, heat | ng, means .for heating
up the waste t|5rg| hited" %éi V}é%ﬁlr}o@a}nag?%usa O%?Eg%ttg}erﬁm%hia“?%éreétlﬂrbs at* #hi ch
t he waste ri I rCyi ard Ls, at, | east softened, and ilterin

means for 1I‘Oi ?é??nﬁf tlﬁgb?%‘“g}i?an a(rjfca?elf‘?% M8 SRR S ASt 8t p‘?q'llr@egeﬁh%i d

board that ig geinfai;ned;at fhe predetermned tenperature by means of the
heati ng means. 7. An apparatus of Séparating resin and netal according to

claim6, wherein the pressurizing neans includes a driving shaft, which
has a rotational body for transporting the waste printed

5. A method ofrrecycling a printed circuit board according
to claim 3, wherein the insulating body base is composed of a resin
film made of either the thermoplastic rgsin only or the mixture of
thermopiastig resin and organic loading material, wherein the
insulating body base involves a via-holé and a conductive preduct
intggratedijtHevia—hole,whereinthecoﬁductiveprintedcircuits
are electrically connected together wifh 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 thermeoplastic
resin and inorganic loading material also composing the insulating

body base.
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circuit board, a driving unit, which rotates the driving shaft, and a

hol der unit, which accommbdates the rotational body, wherein a
predet erm ned pressure caused by a rotational force of the rotational body
applies to an inner circunference wall of the hol der unit27 JuneR005
accommodat es the rotational body. 52 27 June 2005 8.. An apparatus of
separating resin and netal according to claim7 , wherein the filtering

means includes aefidd efppWHtely BESSESar O Y the ikeshn peterial éﬁ? e
waste printed circuit board, Wierein the flﬁterlng means 1s disp sed and

exposed ora trh&inl AAEErCAT CéBH&fsﬁ.%ea‘ﬁ’ahﬁs@iaéf}eg hledern 24Nk Ly asgi-met%qtlérche

resin material is retrieved in the radial outward direction riving

shaft. 9' maArrappasatas cof sseparal hag ﬁ'c?s"egr@QQen@‘t@lln@ %9%% Ghali@riGhai m
8, wherein the filter is nade of a sintered netal n app &8 16

separ at i NGor@SisingNth MBLaht 8€Cer dingr t @ clai emd7 tl‘g\’h?x %bﬂlige{nggtegaﬁgnal

body is a helical rotational body, wherein the driving unit

rotati onallnEQ@)ﬁlhE dPpeinbeh neahb1di & %%Ttbﬁ?i'a]l and yhey szﬂpé dﬁ-xsg{ %ﬁé% Bgegeans

i s di sposed on e I nner circunference on a top

rot ationalk;rbody, hyies &I~ he. 18R g?%&é (R0 ¢! Boépc? ddgeihon of

the rotational body. 11. An apparatus separatln reS|n an
accor di ngubgreClakLic Wighehanthg, drf ving Shalds o4 e, rotational pedy is
disposed in a vertical direction. 53 27 “June i appar arus® of
separ ati ngahgshRr@Pd, el Al -:aGGor, %QEmE&, comprising
‘4 pressurizing means for pressurizing the waste printed
circuit board, a heating means for heating up the waste printed
circuitv board to a predetermined “emperature at which the waste
printed circuit board is at least soitened, 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

heating means.

7. An apparatus of serarating resin and metal according to
claim 6, wherein the pressurizing means includes a dr iving shaft,
which has a rotaticnal body for transperting the waste printed
circuit board, a driving unit, which rotates the driving shaft, and
a nolder unit, which accommodates the rotational body,

wherein a predetermined pressure caused by a rotational force
cf the rotaticnal kody applies tc an inner circumference wall of

the hclder unit, which accommodates the rotatiocnal body.
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claim7 , wherein the holder unit provides a space, which is |located on
the opposite side of the driving unit and capable of reserving the
netallic material. 13. An apparatus of separating resin and netal according
to claim7 , wherein the heating neans is a heater for hedf /4@ 2RBSwast e

printed circuit board, and wherein the heater is disposed on the inner
circunference wall of the holder unit 54 '

8.. An apparatus of separating resin and metal according to
claim 7 ,whereinthefilteringmeansincludesaiﬁlter,whichpasses
only the resin material from the waste printed circuit board,

Wherein the filtering means is disposed and exposed on the
inrer circumference wall c¢f the holder unit, so that the resin

materlial is retrieved in the radial outward direction of the driving

shaft.

9. An apparatus of separating resin and metal according to
claim 8, wherein the filter is made of a sintered metal.

10, 2an apparatus of separating resin and metal according to
claim 7 , wherein the fotaticnal body is a helical fotational body,

wherein the driving unit rotates the rotatiocnal body in the
relical direction, and whearein the ftiltering meaﬁs is disposed on
the inner circumference wall cn a top end side of the roctational
body, wherein the top end is driven in the helical direction of the

rotaticnal bedy.
11. 2n zpparatus of separating resin and metal according to

HER - 1 K 3 £ P
claim 7 , wherein the driving shaft cf the rotational body is

disposed in a vertical direction.
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12 An apparatus of separating resin and metal according to
claim 7 , wherein the holder unit provides a space, which is located
on the cpposite side of the driving unit and capable of reserving

the metallic material.

13. An apparatus of separating resin and metal according to
claim 7, wherein the heating means is a heater for heating the waste
printed circuit beard, and

wherein the heater is dispesed on the inner circumference wall

of the holder unit




