WO 2008/ 024076PCT/ SG2007/ 000266 1 PROCESS AND APPARATUS FOR LASER SELECTI VE
SEPARATI ON Rel at ed Application [0001] This application clains the benefit

under 35 Wo0S06s/02d6k8(e) of U. S. Provisional Application perise200¥00266

60/ 823,094 filed on 21 August 2006, which is incorporated herein by
reference. Field of the Invention [0002] The present invention generally
relates to | aser technol ogies and, nore particularly to an apparatus that

enpl oys | aﬁoWAﬁﬁ APPARAPUSWORINGSER RETIECEIVE SEPARATIONNd furt her
to a process using the apparatus. Background of the Invention [0003] Many

el ectronic products including TVs, PC nonitors, and nonitors used in

speci ali st applications use a ?E hoge- R %l ;I;gl;)e (CRT) for projecting and
di spl ayi ng el ectroni c i nages. C%"chiases a front screen panel, a
coni cal funnel section and a neck section, where the conical funnel and

neck sections are usually manufacturedlito_an integral part nd

i nt egr doogart and Thire applzlmtiogcqﬂ@@m ﬁhménenaﬁteumaﬁﬁ%é&%gg%ﬁ fﬁ@g by
frit erials such. organi esj €r .9 or, byobdre whidht i

rat er | Arevisral s erl SUPRL AN BpARs oficred' o A1 ATRst S00GiE hicht s

requi r epBspsratddiferéin®trefofheen panel is typically nmade of non-leaded gl ass

that contains high | evels of barium oxide, and the conical funnel section
and neck sections of |eaded glass that contains high | evels of |ead oxide.

In addition, a CRT includes feﬁ‘feﬁi‘? Rdnvettider rous netals, and the
coatings to different parts are di %erent.
[0002] The present invention generally relates to laser technologies and, more
particularly to an apparatus that employs laser beams to separate two bonded parts at the

joint, and further to a process using the apparatus.
Background of the Invention

[0003] Many electronic products including TVs, PC monitors, and monitors used in
specialist applications use a Cathode-Ray Tube (CRT) for projecting and displaying
electronic images. A CRT comprises a front screen panel, a conical funnel section and a
neck section, where the conical funnel and neck sections are usually manufactured {fito an
integral part, and the integral part and the front screen panel are usually bonded together by
frit materials such as organic resins. The joint formed by the frit materials is usually less
than 0.2mm. Due to different technical requirements, the front screen panel is typically
made of non-leaded glass that contains high levels of barium oxide, and the conical funnel
section and neck sections of leaded glass that contains high levels of lead oxide. In
addition, a CRT includes ferrous and non-ferrous metals, %nd the coatings to different parts
are different.

[0004] Along with the developments of new electronic products, more and more
CRTs become waste. In addition, the waste CRTs may be defected ones from assembly
lines. Studies have shown that when CRTs are disposed in landfill sites, lead can leach

from the crushed glass and contaminate ground water. Thus, the waste CRTs have to be

recycled for environmental protections. It is also important to reclaim the other



[ 0004] Al ong with the devel opnments of new el ectronic products, nore and nore
CRTs becone waste. In addition, the waste CRTs may be defected ones from
assenbl y woness/028i7ddi es have shown that when CRTs are dipgpsseazionodsandfil |
sites, lead can leach fromthe crushed glass and contam nate ground wat er.
Thus, the waste CRTs have to be recycl @ for environnental protections. It
is also inportant to reclaimthe other 2 comrercially valuable materials,
such as éepnmercinllgndilumbic Mmeterialsssuchtaglferang fidashifesowhnethl ardeplasiss eihathed
with CRTs. [0005] M xe glass fromthe front screen panel, conical

funnel a8 apeciatedadith 6RI scont ai ns on average 5% | ead oxide, 10% bari um

oxi de anglodfo St ont AHOXRCglald b B! FORSKEhOpd, WoichAmiTbKAKh abass i

screen panel manufacture because screen pane.l s cannot contain even smal |
anmount ofectierscconsdinkeors averaget b $eadi dxfider il %dbapiumy dradeyirals2do ghrdrtiunxoxisldi &t i on.

I n order, to, maxi.m ze the use qf .waste CRT gl ass i ew, CRTs_or ot her . hi gh
qual i ty IEREEORG RS the ekl p Soren pand pRam ey boraise Sores Pitisl
guar ant egsinbt\@ntdif @V6h bifiall embeRdTdes $58e bRt hihilpgReslot Be thRs asde S0
gl ass. [0006] There are attenpts to separate the front panel screen fromthe

coni cal fadiatien. dacrdgrfoohaximprTthe wss of peste fBT Bawdn new3CRE: praicp Righnt

est st arin pEN ORuAg Y ERIRAAYY ke S B TR0 Gt s iR e i

Wen a r@siesdddvgasy Beind ftachéioabe scedicelassCRT and el ectrically heated it
causes a thermal differential across the thickness of the glass.,K The wire
has to b@998d cont afhergiarnatiemptyfosepatas the &kont panelsaees irom A gpnigsl hds.

The heat gfliaf 6 (Rt 01 B30RRA 608033 kg pHE DEASOSAM SATRAMIn pateAf cat ¢

t hermal stress wh results in atcra ms of this technique
i ncl ude DE¢23478k difcleshar methdd dbataned h ecsistpme aviexitof separpiedths fronhecregif dndcul ty

in getting.clean separati bet ween scr.een and funnel, s ion if the wire
2 Pncor i Jamel BioR, heRe BRBHYS afies o PPRONSI S G T L R FHECal S
Pat . No.h&telI® chikes 8 iisemaP&ifferentiBl t96kstthathiSQRs GHRS glabe Tid@ire Aagitd be
funnel Dby dissolving at |east a portion of the frit material wth an

or gani ¢ ac¢antasyivith the, glasscivrface dor appueimatelnPBorgends. Bhe heated atsads . theter nan

tent DE3901842 di,scl t hod \t.h i ‘ pet f
B o R 6 5 R0 AR Bt By AR SR R Pkt T
DE400349ThdlpobledsLothietetiadqidintluds ¢lte fiskvatf shargs eddes bnatié sépagated Adetidray

cutting tubes intgo parts. [0007] US. gat ent application, publi cgti on, No.
2005/ 002t Fafkicylty dr gsking£ions; wperatipmbetiees sareempnd Saael sestion ahthe: wire iy,

front Scl}hgc?r?e }a{gn‘% | Gl tﬁg%@?ﬁerﬁg ot rifibm gﬂs§ @eﬁ*iﬂ%;%. B Cars0875 a

focused Taser bcuse an out put power o ré than 1200 Wi's used
to form disdoseewanethod that gdpagsesshe pamb and thielfenrebby dakolfingreleastecpdrtion ef a

splittin Qi nt that s about 8-15 mMm away, fromthe joint hetween,the front
screen p ﬁg‘llt ’é‘ﬁ@rlﬁﬂ@“hé‘ﬁioé%ﬁm"f% splutien, Spethas i paueoy “é’rl%‘B‘lyP‘{’ \F,\ﬁgsob‘m%ve has

been Madgerpifepated DEAIOI849CdiEAEYS d TedfRl iHaP uBQRL HidIE phSurs Gvalér jc@ f6AUSE a

tenmperature ditference on the different sides of the groove in order to
ensur e téwtingithe tubegingd patte. pHrS PatHdime \bel86,848i andréichoan Ipatent GHEA003497

disclose a method that uses a water-cooled cutting blade for cutting tubes into parts.

[0007] US. patent application publication No. 2005/0020178A discloses a method
that uses a CO, laser to separate the front screen and conical funnel of A CRT. In this
patent application, a focused laser beam focused with an output power of more than 1200
W is used to form a groove on the glass surface of the conical funnel section at a splitting
point that is about 8-15 mm away from the joint between the front screen panel and the
conical funnel section. After the splitting groove has been made, then, a fan or de-focus is
used to heat the CRT so as to cause a temperature difference on the different sides of the

groove in order to ensure the splitting of the parts. However, this method has some



3 drawbacks. For exanple, the equi pnent and operation of a high power CO2

| aser generator is too expensive. In addition, the paraneters used to form
t he gr oowsoesu2ab7be sel ected careful ly, otherw se the @BT/Sebd7/0b&ebl own
into small parts or cannot be split fr&rp}et he groove due to thermal stress

i nbal ances and pressure di fferences between inside vacuum and out si de

at nosphere on the CRT. This is particularly so when dealing wth different
si zes si dwbheksgdior ERTsplhathe eqiipmkerangl apssitiopofrahigh miwer KO |lasee perietator

[ 0008] Therefore, the pr nt i.nvention proyides ocesses .an ratuses
o sbpalde? AEPesySp R e (18 TPRBRr sy i ol e o et Bie e RaeeRd mac
by frit ppéRIyabhesHsd 1RSCRTIRI Be RSN ato FRRAIIRIPE &F SRAnGEE SikiP oM URe'S

enpl oy a | aser beamthat burns out the joint but has little effect on the

two bondgwopadus ththsanslesttene ithbalancep endrpressure difgencsn bebreeniinfidavaiukmm

vent | oftepy o ubRNOr PR el B R R SPE e M FRE

two part §zdsintg 19e80CRYs hagethitger @hssa j oi nt by bonding material. The | aser
sel ective separation apparatus conprises a | aser generator for providing a
| aser beamwi th a wavel ength range that can nelt or bum out the bonding

mat eri al but cause no subst antg bonded two parts, a |ight
gui di ng nodul e for guiding threslu?’largg eggﬂlgﬁ}n}tﬁg t he operation of the |aser
sel ective separation apparatus, and a focal nodule for receiving the | aser
beam fromthe |igh ujdi ng nodul e,, and conver,gi ng and focgusi ng, and .casti ng
the | asel®®%am ontih%ﬁ 1600t PrERent H‘é‘fellflﬁg HSBW&?%Q%F&?SE?@& @Qﬁ‘%ﬂ’@e?ré?rt ed or
bur nt Ouﬁepaﬁaﬂﬁ% eRY behey ﬁelr{s dt RPN %efé%@ﬁdiﬁﬂ isTeRadd gy HenitdRalPaidns i S
melted or burnt out, the bonded two parts can be separat'ed. [0010]In

anot her @nirganiseesinsof Thépracesses ancbipparatuses seypdoyas ilasar hegpa that byrnstaw theno

D at hodg it b Rhie SEHPESh BE o RPdat RErS BreaotiOE Lo Pram s LERBREH S L
bonded twgkbligindy abdorftidibodhid 6o bdnaleaﬁﬁm_t her enbodi ment of the |aser

sel ective separatign apparatus, when the cathode-ray tube is bei Elg )
separ at @90 he | as@pe gankedimgpt jof thengresepAGnVaREgn e Yideta fe lasply tSAICE B4 nm

0 RSP N S AT oy RN o
conpr i semataripl. (I'e! ladey selbctivelfsepatiissappardtiso@mpeists £ asevdeneatdrifer prourdadg ty of
a laser beam with a wavelength range that can melt or burn out the bonding material but
cause no substantial changes of the bonded two parts, a light guiding module for guiding
the laser beam during the operation of the laser selective separation apparatus, and a focal
module for receiving the laser beam from the light guiding module, and converging and
focusing and casting the laser beam onto the joint so that the bonding material can be
melted or burnt out, thereby when all the bonding material bonding the two parts is melted
or burnt out, the bonded two parts can be separated.
[0010] In another embodiment of the laser selective separation apparatus, the two
parts are the front screen panel and conical funnel section respectively of a cathode-ray
tube, where the front panel and conical funnel section are bonded together by frit material.
In a further embodiment of the laser selective separation apparatus, when the cathode-ray
tube is being separated, the laser generator is a Nd: YAG laser with wavelength 1064 nm
or a fiber laser with wavelength 1070 nm.
[0011] In another embodiment of the laser selective separation apparatus, the light

guiding module comprises a plurality of reflectors or fiber optics, where the plurality of



WO 2008/ 024076PCT/ SG2007/ 000266 4 reflectors or fiber optics are so
configured that they can produce a desired | aser beam and gui de the | aser
beam [ 004d]2bes/@mobher enbodi nent of the | aser sel ecti vecssgaoEioness
apparatus, the focal nodule conprises one or nore focal |ens that converge
the | aser beaminto a focused beamthat is cast at the joint to melt or
burn out the bonding material. [0013]In another enbodi nent of the |aser
sel ect i weflseparoaifiben optixsarate sonfigurédithah drey camprddses a alesiedsr laser heam\andg
nodul e for r% ving the burnt debris so that the | aser beam can

cont i nudiiédsthe faseh B3 wi th the bonding material. In a further enbodi nent of
the |asqpop! ecti vig SERRF BlbOMinRRAPET HeUsser 416:tH8REpSati B aPnsTEAUbEal
conprises a gas resource for providing a gas jet, and a nozzle being

oper abl ymodule comprises onher smnefdceklans tat emvelge thnlasadibeawtin bipcessd beamer

beam where when the .gas | .S _passed,through the nozzle; the gas bl ows
away fthetﬁ%féﬁf"?sgatathaﬂlgﬁﬁékgf%rollﬁﬂfg&ug@elbﬂ’é.l}l%g@enﬁ am In another further
embodi mgeg13pf t he hasBthed 8MB6diMRt SEMRRAC) Sl Bbmtiration dpparagasitrfasidir ce is
conpressed air or a conpressed gas. [0014] 1 n anot her .enbqdi ment of the

| aser selosyrisesea debris remayingapedulatfosremaving the harnt dshiis pe that theclpgss beay

dule f I ' . b d.f c.od | '
Uhe. bondPAGONGTRpFH: hisfech it edBhiol ey o Rihuber ARLAGERE A 87, 12

| aser seaeRetive/ Sepatfidhadpparanap ey @by, rebvingrthbdile compriseses ganresparcatirng
platformthat is capable of rotating and nmpving the to-be-se araied t wo
parts. [WOYgNE? aRblchendehBesBeing Gperehly Jimpstedl al dhesame, focalion, ps feqppe

appar at Ufrecteli tylfhk8%r beam, where when the gas jet is passed through the nozzle; the gas
blows away the debris and fumes produced by the laser beam. In another further

embodiment of the laser selective separation apparatus, the gas resource is compressed air
or a compressed gas.

[0014] In another embodiment of the laser selective separation apparatus, it further
comprises a cleaning module for cleaning the debris and fume produced in the process of
burning the bonding material by the laser beam.

[0015] In another embodiment of the laser selective separation apparatus, it further
comprises an operating platform that is capable of rotating and moving the to-be-separated
two parts.

[0016] In another embodiment of the laser selective separation apparatus, it further
comprises an alignment module for providing a coaxial visible guide laser beam that is
adopted to assist aligning the focused beam with the bonding material.

[0017] In another embodiment of the laser selective separation apparatus, it further
comprises a microprocessor with embedded computer-executable programs that
electronically communicates with individual components of the laser selective separation
apparatus.

[0018] Another embodiment of the present invention provides a process for
separating two parts being bonding together at a joint by bonding material. The process
comprises generating by a laser generator for a laser beam with a wavelength range that
can melt or burn out the bonding material but cause no substantial changes of the bonded

two parts, guiding the laser beam by a light guiding module during the operation of the



conprises an alignment nodule for providing a coaxial visible guide |aser
beam that is adopted to assist aligning the focused beamw th the bondi ng
mat er i al .wpQOdsikhorsanot her enbodi ment of the | aser sel eeCinse2epasza@si on
apparatus, it further conprises a mcroprocessor with enbedded

conput er - execut abl e programs that el ec®ronically comunicates wth

I ndi vi dual conponents of the | aser selective separation apparatus.

[ 0018] Angichesle@itiogtpamtibn @ppdrhtas paeb artivingvikatlasen bpamirae shalightomedisg f or

separating two parts bei ng _bondi ng toget her a joint by bandin terial.
The pr odeedil %@ﬁﬁﬂpgﬁgg@gﬁéﬂét’?%@wdacaﬁ%% 63 &Pé&‘BPn’fOo%eé"lP% ‘ﬁ tgﬁé’am with

a wavel %ﬁgiﬁg falt Pat b?"?ﬁkﬁ{éﬁl dr Bﬁ %Pb?‘ét fdcHE nfRINA MEerfBt fhblallbe cause

no substan an es o e bonde two parts, guiding thé | aser beam by a
| i ght ghogding nmduﬂléaoddumgmlye tvrepaais atdlted oobumheut, the bonded two parts can be

2008/ 024076PCT/ SG2007/ 000266 5 | aser sel ective separation apparatus, and
recei vi F§PAAEY aser beam from the |ight gui di ng nodul e, and convergi ng and

focusi ngogyggd cast Ilﬁganbhﬁr | BRuIRGABIORE ?)r&dé@s Jtl@é Bbo partt et tHeheorthapgteng
mat eri al” can be nelted or burnt out bé,a ocal nodule, thereby when all the

bondi ng paa¢leanidadontrahflinmg] seetion mSpp@tthe fsa ﬁﬁh@d?draﬁ rtubsy I’Whef%ﬁle fron papdnded

two parts can. be  separated 01 s, the
two par tagdaqoé‘l(‘laﬁéu’?}v%gﬁ?cné’graé Ba%fi- Itogo? frﬁz tg %e dsece%‘lﬁﬁ Wit
respect icdflodePhy aubti Gdang aypdratbe, th(&'l%ser tghﬁeratroo nis paNél Y@ kemi with
funnel section are bonded to et her, by frit materl al ; and wherein when the

cat hode-WWleﬁlatbeIQ@ e ph fiberpasea vath wevelengths HYOgier ator is a Nd: YAG | aser
Wi th Wav[e ggt h 13913’@%%9%@00&19&& (ﬁeﬁg o Wﬁgg" WYl RAEPrid A Riddingl $820] | n

anot her di men e process, It er conprises renmoving the
burnt debris by a debris removing module so that the laser beam can continuously interact
with the bonding material; wherein the debris removing module comprises a gas resource
for providing a gas jet, and a nozzle being operably directed at the same location as the one
directed by the laser beam, where when the gas jet is passed through the nozzle; the gas
blows away the debris and fumes produced by the laser beam; and wherein the gas
resource is compressed air or a compressed gas.
[0021] In another embodiment of the process, it further comprises cleaning by a
cleaning module the debris and fume produced in the process of burning the bonding
material by the laser beam.
[0022] In another embodiment of the process, it further comprises rotating and
moving the to-be-separated two parts by an operating platform.
[0023] In another embodiment of the process, it further comprises aligning the
focused beam with the bonding material by an alignment module for providing a coaxial
visible guide laser beam that is adopted to assist the alignment.
[0024] In another embodiment of the process, it further comprises removing
residual bonding material. In a further embodiment of the process, the residual bonding
material is removed by a grinding wheel or a laser divergent beam.
[0025] The objectives and advantages of the invention will become apparent from

the following detailed description of preferred embodiments thereof with the

accompanying drawings.



burnt debris by a debris renoving nodule so that the | aser beam can
continuously interact wwth the bonding material; wherein the debris

renovi ng wodudsz2e@repri ses a gas resource for providing ecygas2m@topozand a
nozzl e being operably directed at the sanme |ocation as the one directed by
the | aser beam where when the gas jet“~is passed through the nozzle; the
gas bl ows away the debris and funes produced by the | aser beam and wherein
the gas resource is conprediaef Réseription of hepPraysiads gas. [0021] I n anot her
enbodi nent of the process, it further conprises cleaning by a cleaning
nodul e the debris and funme produced in the process of burning the bonding
mat eri al[obze)t he | apeferRgiasmboiealsl sccardihgas therpelene idvenfiod vallpriave s, it
further conprises rotating and npving the to-be-separated two partsl. by an
oper at i riégseikads iith refeencs] tonthenBiekess. intydisinike referense pwseals dengte 1iksr ¢ her
conpri seg.aki:gni ng the focused beamw th the bonding material by an

al i gnnment m)c}u'l e for providing a coaxial visible guide |aser beamthat is
adopt ed poe7gssi st FIe 18k iagnnativn. blpdO@idptam ehaldser sededtivdisemmationf apphrtus
process,. it ert her, conpri se rem)viqr:gr residual bonding material. In a

further BfEEA ARsiSLVigh opeym é%t_so,fﬂﬂ SR YR hondi ng material is renoved
by a griggisg wheefr®h @ 4 ﬁﬁ@t!icinﬁbl\g@ﬁ Arark R The LOBIR]vIHBleQRIRClabet ARamNd

advant ages of the invention w becone apparent fromthe 7ol low ng
det ai | eccosiguredpmithin dhe plaedre selediverepdiationt sppansnedh agcordanpe widle ornsanyi ng

dr aw N95mbodiment of the present invention.

Detailed Description of the Invention

[0029] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0030] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0031] In the following detailed description, specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by
those skilled in the relevant art that the present invention may be practiced without these
specific details. In other instances, well-known methods, procedures, components, and
materials have not been described in detail so as not to obscure the present invention.
[0032] While the principles of the present invention will be illustrated by
separating the two different types of glasses in various Cathode-Ray Tubes (CRTs), their
applications are not so limited. It is well known that more and more industrial and
consumer goods contain components that are comprised of different parts joined together
by one or more bonding materials. The bonding materials such as adhesive epoxies
provide convenience for manufacturing processes and lower manufacturing costs.
However, as shown in CRTs, the bond between two parts is usually quite narrow,

rendering it extremely difficult to separate the bonded two parts by common techniques



6 Brief Description of the Draw ngs [0026] Preferred enbodi nents accordi ng
to the present invention will now be described with reference to the

Fi gures, wo 20d8/2o7si ke reference nuneral s denote |ike elpensoren7/op@@27] Fl1 G 1
is a function bl ock diagramof a |aser_sel ective separation apparatus in
accordance wth one enbodi nent of the present invention. [0028]FIG 2 is a
function bl ock diagram of the coaxial visible quide |aser beam configured
Wit hin t #eh| agssapving pad ctings e bhgrafore nvkgsuerathg sbandingcmeteaials devei difiererie
enbodi ne LWnventd |l ed. ripti ntion
[0025] ThOTpiA ARGHAREE RO bib Bl barch 3 SEGHIERA LY, AR Minsholly MURR. 10

t he fol | peseng irdehion byl selestirg plasanvich a seavtiangth eaipedharcihseabsdrbed byntent i on.
t he

0030] Thr oughout thjs application, where publications are referenc
[ ] bondlgng rnateriais but Ii)lejwe no substantl\ell\,{]e ectsp an the bonded parts so that the bong

fig
materials can be melted or burnt out, resulting in the separation of the bonded parts. In
addition, intact and clean separation of bonded parts makes it feasible to rework on certain
parts during manufacturing processes, reducing manufacturing costs.

[0033] The present invention provides methods and apparatuses for separating two
parts that are bonded together by one or more bonding materials. Briefly, the separation is
done by selecting a laser with a wavelength range that can melt or burn out the bonding
materials but have no substantial effects on the bonded parts such as melting or burning
out. In certain circumstances, as long as the selected laser beam melts or burns out the
bonding materials but does not melt the bonded parts, it can be applicable for the present
invention because it can separate the bonded parts. Therefore, the selection of a suitable
laser beam depends on the characteristics of the bonded parts and the bonding materials.
[0034] Now referring to FIG 1, there is provided a function block diagram of a
laser selective separation apparatus in accordance with one embodiment of the present
invention. The laser selective separation apparatus 100 as shown in FIG 1 is applicable for
separating the front panel glass 7 from the conical funnel glass 9 in a CRT 10, where the
front panel glass 7 and conical funnel glass 9 are bonded together by the frit material 8.
The laser selective separation apparatus 100 comprises a laser generator 1, a light guiding
module 3, and a focal module 5. The laser generator 1 provides a laser beam 2 with a
wavelength range that is transparent for or absorbed minimally by the front and conical
funnel glasses but absorbed by the frit material. For instance, the laser generator 1 may be
a Nd: YAG laser with wavelength 1064 nm or a fiber laser with wavelength 1070 nm. The
light guiding module 3 comprises a plurality of reflectors or fiber optics; when the laser
beam 2 passes through the light guiding module 3, it becomes a laser beam 4 that is then
guided on the surface of the focal module 5. The focal module 5 comprises one or more
focal lens that converge the laser beam 4 into a focused beam 6 that is cast on the frit
material 8 to burn out the frit material 8. Since the front panel glass 7 and conical funnel
glass 9 is transparent or with minimal absorption for the laser beam, the laser beam 6 is

able to interact deeply with the frit material 8 through the glass material easily but not to



di scl osures of these publications are hereby incorporated by reference, in
their entireties, into this application in order to nore fully describe the
state of wotwdsm2wétsch this invention pertains. [0031] I npchsckal7ioovssang
detail ed description, specific detailsgare set forth in order to provide a
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ada ¢ 1 orfnofile S0 anfil e SR Pdhpl i e BERBErsaPwiBE mickB PRIBELERE & o
rewor k olase@ehl Mhgadléanint odglenedmprized & vemidatiOfRsSEethat §@eY@ubthe fume
manuf act uring costs. [0033] The present invention provides nethods and

appar at vd¥sdstsis. sEnlases sricqtivg ssarmedon aparaue 198 maey fudyatgeainrisy aohB Lor

nor e bongihg: =1 4 I i ne. i:ng_a
aser wi D auRTATR e & Shbable bSARRANR R B AORE e EL ERT 1%

mat er i al g, bad zhdiveetions, swiesd thetdpatatiohf ef the CRIT bperating dixdfoparcts be adiicas
melting or burning out. In certain circunstances, as long as the selected
| aser beBhf ¥BIPCPEr ns out the bonding materials but does not melt the
bonded pgpdey. it W@W%feﬁ@ﬂ%it f | bhatREE00 SRy T Can
separ at g[at hGZ bonded parts. hde:?z(%}?r’é[?é %%gpggfﬁgﬁgg&g?{&g %I%t?% abl e Iager
beam dep@ndier ecompirise aptadigaoent nsdile fomprovidingo notedhl pasible guidt lasee beamdiéng
materialg., . [0034] Now referri to FI.G1, there s provi.ded a function

bl ock di@g}l&%&gﬁe&tolagggra @81“@3{1?\%3%_ %?gﬁﬁéﬁep%}tﬁa&gnql. ‘accordance with
one enbqdosmnt of THe laee SRRtV VPirb@sh apPfrahds €00 SBhPE Clutther SEMBFiRY iaON
apparatus_100 as shown in FIG 1 is applicable for separating the front
panel glmisgoprogesysm tWith cembeddeds (pomwutegiesentable npeogarrs 1that walseteonierdlyf r ont
panel gl : i I re. o} rit
mat er i al&gr.ﬁn%ﬁgﬂ aglgira] tfsfeg ag%rﬁ@g}aé%pgﬁg ﬁ%}% gglf)%gg glfogiéﬁ elg’gthggé%lﬁ/? éfs;},? gIeI aser
gener at afebiis rambvipigt mgduld] nige rhduing todaled tike CRCIAIopaRing eplbtforid) earddager

generator, 1 provides | aser beam 2 with a wavel ength range that js
t r ans pariisime) mBHUIﬁb:LBlP%E’dcrﬂPWCﬁSéPW {5 #5o carable hiccalying BRfruciions LfFﬂ’Péla

gl asses ut rRRSALRRE aﬁ%{e&ﬂﬁ (flﬁﬂ“tso Qﬁart?tr%]a%\lﬁgoﬁ ¢ iﬂsﬂﬁ&%‘%eb ch&lBcdrASent of

generator 1 may be a YAG | aser wit vel engt 4 nmor a fiber |aser
wi t h wavbe¢ eprgrdtusi070 nm The |ight guiding nodule 3 conprises a plurality

f refl fi.b i cs: he. | b 2 h h th
P gt odiihg noadti SR it gin, he apalied bi ihe puse IRGRIGTSTRR A BUREY on
t he surfeg@roic ﬁrb&xcftsoiﬁélludit?%gli’il'@, PT mdhfors gﬁ&}noﬂﬁ%' %}e%ﬁ[@ﬁﬂlﬁ@ﬁor@.ne or nore

focal lens that converge t aser beam4 into a focused beam 6 that is
cast on[e088l frit rdewrthert i8 provided a toief debiptiontofrmpracesd 8. seSirpidng thse

front papel glass.7 d cgni cal. fupnel ass 9 i ransparent or.wth

ni ni nal @%o‘?ﬁ&?f@ﬁaﬁg gt?mf‘h ©| qugal piumpe! gl?és Iogs%ré%tam 887%8"3‘8? ew{ttgl 5t er act
deepl y whitodiriét fof itliéT;b’feée%E irflenBoh. N CRT W) BGRs#ABIE bAltheasfacy obtle not
to WD 2008/ 024076PCT/ SG2007/ 000266




8 interact wwth glass material; thus the front panel glass 7 and coni cal
funnel glass 9 can be separated. The advantageous features of the |aser
sel ecti veweeparmti7en apparatus 100 include that the prolcemcaio7GRRebl owout
caused by thernmal inbal ance can be avoixded, and that the |aser power
required is lower. [0035]Still referring to FIG1, the Iaser sel ective

0 further, onprl es a debrls re g .nodul e for

separ at i n appar atus 10
r emovi ngCRALHSIARE Péeé%ﬂnfﬂsl 85 ther isip etg}gdq §&r e%‘@éﬁﬂ%a]é% B‘F fignaeyal
i nt eract ;i g hd ERﬁ‘at”ﬁ{eha{he%célr}nQ&lﬁe ‘SrIPQ&ﬁhEY&I‘Eo a Eﬁ@ab@@{?(?] ditford &Y NG

nmodul e conprises a gas resource for providing a gas passes a
nozzl e lthe fotsedhsamp étham prefertibiceftceldsizoon ‘de fnntreteamt 8 of theo@&Tll@n Thenmween

the | aser heam and th rit, mate zle 1 The 0 rce
oot o Dot 8ugaon it Bt MRk Joerdle bBn JOBRLR (i ot Y Rl dRe Y
l'aser selgfliVeg. IERRIAND %hlél%% ok $hel RISu SRV § REAIWROSRY | b&ﬁa@% wikie an ng
nodul e for cleaning the f 5 produced in the procesS of burning the fit

mat er i al bigpt frhenatavérthbé‘&iﬁ IS'lfheVQdI tyathie r@'ﬁoﬁ@h’@l&l@iﬁﬁf@m &8 aha peenief bpeelng f an

ot o B30 bl ki TioBRe of €l alted, Ua e B8 pféhre i BB pOR

capabl e @k nobgtlatil lbﬂ)vﬂsrbixt RV Bied dedris @nb ehesRPAalatihg tariR cledhs’the fme 15adl z-
directions, where the operations of the CRT operating platformcan, he

achi evedmslied Agbrienobie e dhe mqlmg; of NboTrematariah g kerf o5 @eperatefh an | the égint

sel ect I nodul e
eel eot | Vi REBRRLI AN pARPILAL Uiy 00TV ELDELr GOTRE R Ayl rocy
assi st alhkgepargtitghgotas fiwathebERThBaywbd Hoehantinuduslyat @né atother e[nﬁlﬁ)@ﬁjlélfh,e

| aser sel ective,separation us 100 furt co I‘.I

m or opr LB SR URE HOETBANTeH SBHabt EPC SRRUIE. At B Jt eriah g o8 one sids

el ect rO”CR@' i Muﬁ@ﬁi“ﬂﬂh@ 2 ®8edMabdt Bl 6 Qﬁ@[aséi%@ﬁérﬁtb@i ideofflahe tHe' fabdl I%IS?“ ng
nmodul e 3, the focal lens 5, the debris renovi I’Il)? nodul e, he cl eanin
4

modul e, nshem@dvn@ip@mtlmgenél thert.aptate thedperasing [plagfomminks atrﬂihlt@e makp @nother

m cr opr og | I n n for
Separ at  T0: B apeErf SRRt el BB P i A FLT bt BTty
conponens @f)eeftélﬁtlﬂﬂh@ﬁﬁtMéterlhpg%gdlﬂaeth@@k"f hﬂﬁ beéirédeovapp| Figsllyh thd Rent
present invention may be fromany electronic products including TVs, PC

moni t or sPasH7 Aehibespaicpldinag] dcganibesgparried epdls. [ 0039] Now there is provi ded
1L G5 P L PR LB SERIAL R G RS gka o
present thegbns nﬂthnaWtemwthE%ai:ﬁed glapomiateriaheftbotinthicfeors paficd @ad dfe dongal

funnel are all intact and no mixture material between the front panel and the conical funnel

is generated. However, there is a possibility that residual frit material remains on the front

panel and conical funnel glasses. In order to obtain pure separated glasses, the residual frit

materials may be removed by a grinding wheel or a laser divergent beam.

[0041] Compared with the CO, laser grooving technique as mentioned above, the

present invention has many advantages in separating the front screen panel and the conical

funnel section of a CRT. First, the selected laser beam burns out only frit material in the

joint between the front panel and the conical funnel without melting the glass material so

that the blowout of the CRT caused by unsuitable parameters for grooving in the CO; laser

grooving technique can be avoided. Second, no matter what CRT size and glass thickness,

there is no blowout caused by thermal stress imbalances and pressure differences between

inside vacuum and outside atmosphere on the CRT. Third, lower laser power is needed

(about 400W) because the frit material melting temperature is lower than the glass material



WD 2008/ 024076PCT/ SG2007/ 000266 9 CRT operating platform 18, the visible
guide | aser beam 16 is aligned on the frit material 8 at one end of the
CRT. Themwotoes/hezal nodule 5 is adjusted to a suitabl eppesichicmoeest hat
the focused beam 6 has a preferable foial size on the frit material 8 of
the CRT 10. Then, the |aser generator is fired, and the focused beam 6
begins to burn out or nelt the frit material 8. In _order to nmake sure that
the focugedindgamie diymgopsympiion tolasacavify hippenpdvring Repgriwerkingrsodhat thte CRT
is noved by t operatin l,Latform 18 at .a, pre-sgt eed, or th

focused SERAIGoE st danme® sPe RperSren ot i el ot et reas

f1ow frogyiintaE ehiebd dcHab RIS Rt thé g&sﬂﬁiahﬁ‘ﬁl pakpt mtandufife margeﬁmﬁglgng fan
13 cleans the fune 15 and nelted debris. Due to the nelting of the fit

mat er i al pravessesof thasnyglnes deleis produded. j Bhanfuntseents drpm hurmng it qsarhe) cagilass

and coni gal funnel gl as f t.he 10. ..l n [ .t i ng
process E?r“"b%‘gq@é’f‘g#ﬁg}t%% n%g% @%@*M&@F@?eﬁdﬁ? S%ﬁé%grfngrﬁg%??ng%[?é t he
separ at i BBtaficd &6 Hsat ABYgIDErfiSieaGLOf reElingtaodRbEcaneehiched.frit material 8 on
one side CRT is burnout by the focused |aser beam 6, .the_ | aser generator 1

is off aff¥42lhe focaVhileths Tresent myortipn hassbegn desctibeth Withraferenss to PRUSHEIT ¢ he
operatin ; m.18 .at; 9 t | j J find he
CRT 1 o ECREleBleTt Bl bor B ofT7 66 0" o hels b INBRMRYY Fla Tkt
till theifventionmedopeiiahoBsaiimited. tAlerfRivemsbodanents efitheeptesent raiehtion whle
front panel 7 and the conical, funnel 9 can be separat.ed _easily. .[ 0040] Si nce
the | asePeHERmPRIEFE e 40qsS ipgcarnt SBI e %tﬂi‘ﬁuﬁh B SFEPR e
gl ass m?@ﬂ’ta&iﬁé. 8Qct Dadmdtd QbR ARGk ik HoRSAertR LS b Rhodthpddhwithia the 8pitit panel
and the conical funnel are all intact and no m xture nmaterial between the
front paned seopd ofhthe quesentlinventions| Acsorimgly athe dscopioné ther presens riavengiop 1s

Coni cal - fEiHEre by HEREURied bRy & Spoli R P8 BaplibEentPiioilcs. hc

residual fiit materials may be renoved by a grinding wheel or a |aser

di vergent beam [0041] Conpared with the CO2 |aser grooving techni que as
ment i oned above, the present invention has many advantages in separating
the front screen panel and the conical funnel section of a CRT. First, the
sel ected | aser beam burns out only frit material in the joint between the
front panel and the conical funnel without nelting the glass material so
that the bl owout of the CRT caused by unsuitable paraneters for grooving in
the CO2 | aser grooving techni que can be avoi ded. Second, no matter- what CRT
size and gl ass thickness, there is no bl owout caused by thermal stress

i mbal ances and pressure di fferences between inside vacuum and out si de

at nosphere on the CRT. Third, |ower |aser power is needed (about 400W
because the fit material nelting tenperature is | ower than the gl ass
material WO 2008/ 024076PCT/ S&2007/ 000266 10 and no gas nedi um consunpti on
in laser cavity happens during |aser working so that the cost of both |aser
equi pnent and operation is nuch |lower. Fourth, a clean recycling

envi ronnment can be achi eved since the glass material is kept intact during
| aser separating process so that no glass debris produced. The fume only
fromburning frit can be easily drawn out by the ventilating fan. Finally,
a high speed of |aser separating process can be obtained so that a high

ef ficiency of recycling process can be achieved.



[0042] Whi | e the present invention has been described with reference to
particul ar enbodi nents, it will be understood that the enbodi nents are

i |l ustratwoeaoasndsdiziat the i nvention scope is not so |inmpredG2ai7ioeszweat i ve
enbodi nents of the present invention '+I becone apparent to those having
ordinary skill in the art to which the present invention pertains. Such
al ternate enbodi nents are considered_to _be enconpassed within the spirit
and scope of the present invention.(ﬂééEW§ingly, t he scope of the present
invention is described by the appended clainms and is supported by the
foregoing description. 11 CLAIMS What is clainmed is: 1. A laser selective
separ at | ®haappdaiaikdss:f or separating two parts being bonding together at a
joint by bonding material, conprising: a | aser generator for
providing a | aser beamw th a wavel ength range that can nelt or burn out

the bondjng ngt Fdrsglagdpafv c 'oHloa HRSiAR fpafdfiaBo® Bhrtd BEinbORsHAthg WO

parts; a l1ght guiding nodu for guiding thé | aser beamduring the
oper at i otvgethet &t jbis by bendliag mateid aparpaisingn appar at us; and a focal

nodul e for receiving the | aser .beamfromthe .l.i ght idin I
con\ljer gi ng anfi 45\6%%%6%0% (HSPE%Vé g & lpsel ble%f?é’?l{%%g" v%lﬁ%%htr%ggﬁg#nc?n 51% hat
t he bondjng,ABLEHE Bbndial nﬁﬁer’i@ bhEhuSds dWuBStaidl changes of the®bedwd twagnartsl | t he

bondi ng material bonding the two parts is nelted or burnt out, the bonded
two parts canabighsgpdingtraedule for griding sheclases dleamtduyaedbp apaetionofdpp asgt us of

claim1l, rein e _two rt re the front screen panel and coni cal
funnel s& ?cﬁgﬁs?peaﬁé%g’gtalp%]{%gusb Cg cat hode-ray tube, where the front panel
and coni cal fuarfeel medilé dor pkceivipntiedaded debefrothythé ilightrghidirigainodule, and

converging and focusing and casting the laser beam onto the joint so that the bonding
material can be melted or burnt out,
thereby when all the bonding material bonding the two parts is melted or burnt out,

the bonded two parts can be separated.

2. The laser selective separation apparatus of claim 1, wherein the two parts are the
front screen panel and conical funnel section respectively of a cathode-ray tube, where the

front panel and conical funnel section are bonded together by frit material.

3. The laser selective separation apparatus of claim 2, wherein when the cathode-ray
tube is being separated, the laser generator is a Nd: YAG laser with wavelength 1064 nm

or a fiber laser with wavelength 1070 nm.

4, The laser selective separation apparatus of claim 1, wherein the light guiding
module comprises a plurality of reflectors or fiber optics, where the plurality of reflectors
or fiber optics are so configured that they can produce a desired laser beam and guide the

laser beam.

5. The laser selective separation apparatus of claim 1, wherein the focal module
comprises one or more focal lens that converge the laser beam into a focused beam that is

cast at the joint to melt or burn out the bonding material.



3. The |l aser selective separation apparatus of claim 2, wherein when the
cat hode-ray tube is being separated, the | aser generator is a Nd: YAG | aser
wi t h wavewengign2de¥64 nm or a fiber |aser wth wavel engt rct®GAoarrono266 4. The
| aser sel ective separation apparatus 0{ claim1l1l, wherein the Iight guiding
nodul e conprises a plurality of reflectors or fiber optics, where the
plurality of reflectors or fiber optics are so configured that they can
produce a desired | aser beam and guide the |laser beam 5. The |aser

sel ective sepgiajden s@l?&ﬁfeﬁ&?ﬁraﬂfm Cab?érgﬂul‘ of W RE ! N fkriRr fcofMlisiAR duli€bris

conpri ses one or nore focal [ens that converge the laser béeaminto a

f ocused hemvidshabdils fonsemating lthe pwinhdelnis gt the lpser beamt can rentsisyslig
material, WO 2812%/ g2€$76PC{/ SG2007/ 000266 12 6. The | aser selective
separ at | BHFHPHPAILOELOBHIOE M FHA: furt her conprising a debris renoving
nodul e for renoving the burnt debris so that the | aser beam can
continuously interact with the bonding material. 7. The |aser selective
separ at i n apple kasessabéctiveaepargtiompaenagatins phelaia i ivshareipdhe debrifogmoying

conpri ses as_resource faor provyiding. . €L, . i

oper abl ymaﬁylgcctoga)rgfs ?h%assrﬁ?‘?ed%?eogoét }?r8gldgn§g ?%gk génté 2 ??‘e@?%%zgé}ﬁ% %Eéljlagl er
beam whgk@th@ihd EendRSati® ad the PAS drectédbpi@haichdemazahar vitlea tigagasjbtows
away the debris and fumes produced by the |aser beam _ 8. The | aser

sel ect i vis pesssdrthrqugh the pardeidic gps Olaysavway ﬂméie@rlﬁ and fugss PF@EB%‘? Ry theg
corrpresngierq)ieg or a conpressed gas. 9. The |l aser selective separation
appar at us of elai m 1, further conprising a cleaning nodule for cleaning the
debris and funme produced in the process of burning the bonding material by

the | asef be 10. The.l aser selective separ.ation,appar.atus of aim1l,
furt her go rrp?fg‘? lr5en ﬁgi‘c’)‘ﬁbvrsaieipﬁ‘ij‘uﬂﬁl SPPYRANS t‘ﬁa‘:?aq“s l7{: 3’5‘8%?% thst garsortegﬁllﬁjﬁeg lsg?nd
novi ng t igndRsBeat P BhireskiPeRarts. 11. The laser selective separation
apparatus of claim1l, further conprising an alignnment nodule for providing

a coaxial visible guide |aser beamthat is adopted to assist aligning the
focused E’F‘am ﬂlé pasgrhs?elebc%r\]'g'sglglargt%nefgﬂp%}a‘tus of claim 1, further comprising a cleaning

module for cleaning the debris and fume produced in the process of burning the bonding

material by the laser beam.

10.  The laser selective separation apparatus of claim 1, further comprising an operating

platform that is capable of rotating and moving the to-be-separated two parts.

11.  The laser selective separation apparatus of claim 1, further comprising an alignment
module for providing a coaxial visible guide laser beam that is adopted to assist aligning

the focused beam with the bonding material.

12.  The laser selective separation apparatus of claim 1, further comprising a
microprocessor with embedded computer-executable programs that electronically

communicates with individual components of the laser selective separation apparatus.

13. A process for separating two parts being bonding together at a joint by bonding

material, comprising the following steps of:



12. The | aser selective separation apparatus of claim1, further conprising
a mcroprocessor wth enbedded conputer-executabl e prograns that

el ect r oniwal2bgs/eemiuni cates with i ndi vi dual conponents eCTiSceod7a8&66

sel ective separation apparatus. 13. rocess for separating two parts
bei ng bonding together at a joint by bonding material, conprising the

follow ng steps of.. WO 2008/ 024076PCT/ SG2007/ 000266 13 enerating by
a |l aser gener%etnﬁ?""_“f‘%rbyaa Faagegensggqﬁ%pﬁasgr %I‘@ﬂb? H"_’arvﬁlr‘?ﬁ%f[htrf‘&e t@ﬁ%caﬁvalt or
burn out ;the, BRI Ihd B Rl Ahnakiib]l GREESRs A sAbRSHAD Ehalges bR 85nd¥ld thide
bonded two parts; guiding the | aser beam by a |ight guiding nodul e

during tpatspperati on of the | aser selective separation apparatus; and

receiving the l.aser, beamfromthe. |light. quidi nodul.e, and. co L.ng and
foous! ng and eidRRee TG bbby Adishl b et APOL LR o RN S

mat eri al Seq:@ﬂ\,@&plgﬂtibﬁ@pﬁéraﬁlg{;ﬁ{d out by a focal nodule, t her eby when
all the bonding nmaterial bonding the two parts is nelted or burnt out, the

bonded two patecsivinanthselaserpheam dfiom the. light ezyidiag cmedye. andiicanvesging e n
the two parts a f n : ' I ool
rospecti Dery i Ag il 58 b HERCoRGNG: JORFsS ke toHARE mARTL G be
funnel sgekddodr kg dwobdadotdgeidaky;, by fit material; and wherein when the

cat hode-ray tube_ is being separated, the | aser generator i . _YAG | aser
wi th wavel engprebpahenplighe bomdlaématea@bbowﬁwhﬁgw&I@H@%mi@efﬁm%m . The

process | Ising a step of renoving the burnt debris
by @k b6hAdRwbdarts Whi BELe IR,

14.  The process of claim 13, wherein the two parts are the front screen panel and
conical funnel section respectively of a cathode-ray tube, where the front panel and conical
funnel section are bonded together by frit material; and wherein when the cathode-ray tube
is being separated, the laser generator is a Nd: YAG laser with wavelength 1064 nm or a

fiber laser with wavelength 1070 nm.

15.  The process of claim 13, further comprising a step of removing the burnt debris by
a debris removing module so that the laser beam can continuously interact with the
bonding material; wherein the debris removing module comprises a gas resource for
providing a gas jet, and a nozzle being operably directed at the same location as the one
directed by the laser beam, where when the gas jet is passed through the nozzle; the gas
blows away the debris and fumes produced by the laser beam; and wherein the gas

resource is compressed air or a compressed gas.

16.  The process of claim 13, further comprising a step of cleaning by a cleaning
module the debris and fume produced in the process of burning the bonding material by the

laser beam.

17.  The process of claim 13, further comprising a step of rotating and moving the to-

be-separated two parts by an operating platform.



a debris renoving nodule so that the | aser beam can continuously interact

with the bonding material; wherein the debris renoving nodule conprises a
gas resouwwoeodsin4@sovi ding a gas jet, and a nozzl e bei ngcoperatriogods r ect ed
at the same |ocation as the one directfﬂ by the | aser beam where when the
gas jet is passed through the nozzle; e gas blows away the debris and

fumes produced by the | aser ap1 .and wherein the resqurgce |

ot casli ai Thoboses s 03, Butel Coppriing Aot sLa R fopussd Rt her
conpri si {gh ahSbORIAY neht &R Yal Mlighndre AU RE: FRYbEAEE SR Sighd gl
produced in the process of burning the bonding material by the |aser beam
17. The lopesdess tipft ivadopedi®, assistrthéraligraeenpr i sing a step of rotating and
noving the to- be-separated two parts by an operating platform WO

2008/ 024076PCT/ SG2007/ 000266 14 18. The process of claim 13, further
conpri sing a Bheproebssadf @RInNA3} ARthbPesBpEsiReansey shrehiteilordidng woatigig al by
an alignnment nodule for providing a coaxial visible guide | aser beamthat

i s adopt@adtetial. assist the alignnent. 19. The process of claim 13, further
conprising a step of renoving residual bonding nmaterial. 20. The process
of claim 19, wherein the residual bonding material is renmoved by a grinding
wheel or2@ | aBler pricksr gfecihinbd@mwherein the residual bonding material is removed by a

grinding wheel or a laser divergent beam.



