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frit materials such as organic resins. The joint forrned 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, q_pd 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
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to separate the front screen and conical funnel of A CRT.
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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
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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
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[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
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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.
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[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
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[0038] The CRT that can be applied by the present invention may be from any
electronic products including TVs, PC monitors and monitors for special applications.

[0039] Now there is provided a brief description of a process for separating the
front panel glass from the conical funnel glass of a CRT in accordance with one

embodiment of the present invention. When a CRT 10 is positioned on the surface of the



conmuni cates with the | aser generator 1, the Iight
guiding nodule 3, the focal lens 5, the debris renoving
niL3oes/02¢ie cl eani ng nodul e, the Cl1' oper ati PGI/pGATH269
and the aligtunent nodule. The mi croprocessor is also
capabl e of receiving instructions from a wuser for

LQRAL LAY pRUSRE §8 fth&vng}Bﬂe gt% lﬁﬁﬁBcah{ 163@911@{(3@\% @8- frit material 8
i nstructi ons to each conponent he apparatus. [00381

PhenCrif af iz CREn Then, alpﬁpﬁopédnwlq 511@ aswefé@ Fﬁ a piphlstrogRoegy that
B fot @l B 6 BhES %{efé?é e ﬁfc&ds%to% thd el F’rg'te‘?igl d YBthe E’;@TO% 09 Then,

nmonitors and nonitors or speC|a ap cat1 ons.
Klowlasdy eemerater pmfmed,e@dathb focakeddessnr ¢ peginsrio durmograg gradisthe frit

ntQ ter?a?ﬁa toHég t { ngke g_j{é’ B’Iat %%Lusg&ag‘éa% Ii rf %ﬂsgmcc%mas%ﬂh un-

ass o I'n accordance wi

éirbo (ﬂnnrmmnab,fth& ﬁET py meent byl the ©R(I apmatiidg plntfmrasr at B(pre-set speed,
po i tione he sur.f ace of the 24f1

L b iR el bGP BE RS e s Do from

\tlhesmchhle 1gbiocie ohﬁ:he mehedibrit Gnd the atrtniag fa:ml3t dens Kietfume 15 and

mat er. i : one end of _the he the fecal. 7

TR obris” Dl D g n of abh pnpasershet Rerk i Setef in thp doint
fresitse thelFRat pandl @9@ aAd patfied emabl @asfs ofak cmzm an ohdrembadiment,
nmaterial. 8 of {? 10. T$H f he l r Veggratgrd.l ;
jtRe ?P?‘@‘b“g HAFST 198 OrH LY Jb R ThRS CBr&’élPﬂ“s'* % o LA 6T pr gdiment,
e dephaeng prbcesgrﬂlhge lbb alagdl. Fér Sasple, When Bk EritSikiteridlBadn brveside

focusdbe inc tactvvlth i -pbunt frit

rﬁ%’tTe'uS Yjnou a‘wéh*dL C‘t‘seii !ﬁ%we@ Goﬁjet Frer gSpat a@béﬂsa?Lf?ﬂﬁF tB‘F %Ff‘d?%“‘

1§na¢;edaqn B:adirecﬁcﬁi aﬁcpﬂﬁﬁ’ rota&f thé BEerﬁtﬂfthﬂﬁﬂmlﬂeﬂth 001 ® maReedother
speed € proce

t
131’5‘6 rﬁ‘P mhtéﬂq%&ﬁf Itee ¢RY t%wwsmoth% laﬁﬂefOWéﬂf&amoQbﬁ%a%aﬁ%PfPﬁféhﬂe
\rsePetpbAtéé {iMGhe 2R ;ﬂa%rm gaam&mtdhﬁe mn?ha%%ean%md%a t @ehaﬂﬁ bhé Front

the nelting of the fzit materi al

@é@F‘éF&ﬂ‘éﬁwlcﬁmﬁﬂ@W hean hssenaseed 8- r ont panel gI ass and
¢enbcal fvamle @l 85§ b%gmtsggct&ﬁa tx]aﬂs m{;eﬂt %ﬂﬁﬂﬁ%ﬂﬁxﬁ"a%rﬁntfoﬂ%r

separatlng proxess for one one conti nuou
Orecelam otatveipl sorthad dierseprrated E@ssgegmaépf bagh thedoat pangbandtiee comcal

ShRgP el Bl KR Bl O R bk Sech i RO Pl ofts B cBflf fonnc
lisgeaerapdn éloa@mr thesiegs mpos.e,ibdmd thehesifiond it hatmsal rérsainperetie ifiont
5 ?19%.? % Al @%Héi ia?%gr n{‘é’rhgrtts g!laﬁl iy esreaér'aﬁég gﬁis%g frﬁé W frit
_trmmksnetydaetrhawedénera grmdmg e&eﬁemmlafsr;r dividngenabewe proc ed u r e
i P coror dortppeea- i e O B iney o iRt g pffiasa b0 e
tpﬂ:@.m avehtivniek nﬂmjz aﬁwmagaﬂaaemaeﬁhg glastirdny scrp@0ghAd] #Bid nloeeconical
el B B I Tl Sn) PSRBT s S T P PA e

?cﬂﬂtaieab@d ted AsE paRdlahd @le @hicaofubind] hﬂmbﬁtrrﬁﬂtmgaameglasamtdriaeso

conli
that the%]owout 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
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separating process can be obtained so that a high
efficiency of recycling process cats be achi eved. [0042]
VWil e the present invention has been described with
reference to particular errbtxtiraeirts, it wll be
understood that the enbodin ents are illustrative and
that the invention scope is not so limted, Alternative
enbodi nents of the present invention will becone
apparent to those having ordinazy skill in the art to
whi ch the present invention pertains. arch alternate
enbodi nents are considered to be enconpassed within the
spirit and scope of the present invention. Accordingly,
the scope of the present invention is described by the
appended clains and is supported by the foregoing
description. PcT/ Sc2007//000266 Received 23 . Dune 2008
Cl ear copy
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claimed is: 1. A laser selective separation appar aRdsifed23 June 2008
separating the :front screen panel and -‘conical funnel

~section of a cathode- ray tube (CR T), where the front

panel and conical f am el section are. bondedleat Cetsher

b rj ial, conprising: | aser genera
pﬁggﬁbﬁ@?‘&ﬁﬂaser beam wi t h alalavel engt h ranggxr{%‘g%wg’g’r?oz@
arch or burn out the fyit -nmaterial but cause no
substanti al chuiges of the ¢rgnitspanel and coni cal
funnel section; wherein, the |aser generator is a. NI:
YAC | aser si>ith sswi eleengtli 1064 urn or a fiber

aFedt iVlibeavel ength 1070 uin; a light guiding nodul e
for gui ding the | aser beam duri ng the operation of the
| aser selective separation. apparatus; and a. focal

mdul e f fer dsgfestlny garﬁcon{i}%ﬁ% kfﬁlaggg'é%ﬁﬁg tHa€irdr Iken panel and

gui di ng cusiu; and castin
t hembasfemebeemoo nf @ taHodé- raytwhmf(aiT)amélewu the&pmypaslel ridagonical

tery ut; thereby
he|r %ﬁc{mrf?{e nde g’r‘?@“‘.“ﬁ%ﬁ%‘hg&? 3 ront panel. and
coni cah Izisﬂtngmbratos émrtptrmdmga langribead vmh abmvnlength trange Hat can melt
bon ed fro t conji cal _t.zm
" S5 ghCBe LRl SucRICR, GGy, GG 3 O RoRCoarpt and
C | cammuﬁmm ed¢ceibiy wieeeih rt}ghhseg gergtrangy is mNth IYEA @ daspr wisle ravelength
alit f refletor er _optics; t3=here the
19?% %g‘?’errl&?elr&?: N’@é'rm ‘optics are so con
| gxr ed aﬂ'@ﬁi glﬁdlﬁg’m@&lﬁle ﬁfr@dﬂﬂ%tﬁeﬁ%lbéz&ﬂ diréxgethe bgedatioand the laser
guide the |aser beam 3. The |aser selective separation
aﬁﬁlﬁ?té‘ielfgpaé’ftm&laaﬂ’qﬁt}‘s erein the focal nodule conprises

one or aneé nidAer! fot ﬁd&&win@&he L6 VbR g Erdnd mellghegmbmgnmdmeo and
a focused beam t hat st at thedm nt_.to nelt _or
C Bt pd s

LPP“Y%@%B‘PM%@“W@PF%W’ lasgr peqdh %Eﬁeéetfrl%%“@%ﬁ&?c&i’ £

aRH@frﬁHé?enaP&an%%lﬁﬂa‘lt@& bingrdt\Wat; part s bei ng bondi ng
together at a joint BS¥ bondln mat er | al coral}ra3| ng:

. knead é‘?ff@ﬁe%hfmmﬂ ¢h rzcmav?rsarl ondige therlront pazgl ol gepicl Sepnel

8 section is melted or burnt out, the bonded front panel and conical funnel section can be

U) D

. O

separated.

2 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.

3 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.

4. A laser selective separation apparatus for separating two parts being bonding

together at a joint by bonding material, comprising:

Amended Sheet
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| aser generator for providing a | aser beamw th a peceived 23 June 2008
wavel engt h range that can nelt or burn out the bond| ng

mat eri al but cause no substantial changes of the bonded
two parts, a fight guiding nodule for guidingdbg& taser

beano during the operation of the | aser sel IV
sBHARBRS/AH02ppar at us; a focall?nodul e for recééﬂsﬁ%ow{gw%ﬁ
| aser beam fromthe |ight guiding nodule, and converging
and focusing and cast| t ggagdr | Qi

t hat t?]jéseﬁég%clr%&r t%ﬁg{ogi;alglglaq%g%. el ngﬁagégén%ﬁ %E%dnt?étghltl ;ﬁfalt
ap bandel e bordinpvinagriatoit besé op snbstmbiahehangrs Buthsonded two
debris so that the | aser beam can continuously interact
uP#S th the bonding; araaterisl; thereby when all the
bondi ngligteaidid ménitdionguiting tHewmepbmtsduring teeipedtionef the laser

burnt  out, the bonded two parts can be separated. 5. The
| sestive eqparatiPy &PREET at i on apparatus of claim4, wherein

the debrigl HBABY if6irecdittliR 1R TPEdns @8mathe sightr géding oedilerand
providing a gas. jet, and a nozzle bei : oper abl i
deerviprng and PResiamd 8ng o Sarsbiaweo'gﬁ diegfopisp ol g bopgine
'ﬁ%@‘e&iap%'ﬁerﬂ@@asrmmm;tam gas jet is passed through

the nozde; the gas bl ows away the_ d brlé and fEmeF‘ b
pr oducadebyys repogiag makle 9B EmMOVENE thp Sunk delrisssg) thal the, Jaser beam

S%B%&Eihwhs?g%faewﬁlﬁéb&{c@igrﬁléeriémer ein the gas resource

is conpressed air or a conpressed gas. 7. A | aser

sel ect eeebg ephen 4l thn besking: meterdal hopdiag Ha, o) RS dygefieg praburnt

-b%h{‘%eba%ﬂﬁéd%olpmg%fb%eﬁataJ' oi nt by bonding niater:ial,
g: a

conpri si ng: aser generator for providing a | aser beam
with -a wavel ength range that ¢ an nelt or burn out the

bandi n L&r oLt i i alvh&hiaMgesbab rdotii
bghded%PévrgaSgrpégrﬁfg%‘;%%p%?%%?&pg%?g?Eggﬁnﬁju’l e for guidi na t h(leng
| aselulebemmrider @ ggs tehmrapir atavehingof eechiet| and ey nozzls) hegg Qrerably

i@g{ﬁ% I@tgtgfi g%geafogatlt%%;as %no%gldﬂgctéh 6§ the l&%ﬁﬁ\édﬂ[,%ﬁg when the gas
jet is passed through the nozzle; the gas blows away the debris and fumes produced by

the laser beam.

6. The laser selective separation apparatus of claim 5, wherein the gas resource is

compressed air or a compressed gas.

7. A laser selective separation apparatus for separating two parts being bonding
together at a joint by bonding material, comprising:

a laser generator for providing 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;
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PCT/ S&G200711000266 a fecal nodule for receiving tﬁ Eﬁi%%zsog:ﬂ]%gg
| aser beans fromthe |ight guiding nodule, and ”
convergi ng and focusing and casting the | aser beamonto
the joint so that the bonding material can be Cehktedppr
b : a cleaning nodulo for cleaning ebri
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material by the | aser beam thereby when all the bonding
mat er i glpbendiie hRelivhe R fhaser ibSarllBldh e Qfghpgm&thg nfdhike, and

the bonded two parts can be separated. The | aser

sebeergive askfrersing ond aftstm thedasepbeagt ghim the jofinirspHkgt the bonding

C OB o8 LdheARelieARE AN &t anB! atform that is capabl e of

rotating and noving the to be-separated two parts. 9. The

| aser sel@oingweodsbphr atcrwng dpplebes asd dmechraiiveed in fherprbesss of

n al i for providing a coaxial

Vi gH'B?éﬁ] %on a%tggﬁﬁggﬁﬁlg%gﬁéaﬁs adopted to assi st

aI | gn| ttgzrdblye«vttencnllsthei byt whtehialt tvadingribk tvp peatsas melted bt purnt
. aser .sgl ective eparatl n apparatus of claiml,

fl??’t s 5‘87'@?”05?6‘”@‘: AT ac%‘at)ﬂ‘r')ocessor with embedded conput

r-e c unable programs t hat el ectrom cally conmunicate

wi t h individual onensof t he

S bar atr a5 ST SR, ApPUALS Tt Fint dp i rgrispiging an

f Qptrafied pleorpahey is adpdbl@emomhg fndmeling gRes-besepafated two parts.

cat hode-ray tube (CRT), where the flout panel and coni cal

funnel section are bonded together by fvit material,

CQpri %@gaéehesefe@t&eo‘@épdfaﬁ% Sdgﬁﬁﬁtugfof GSRE natfuiger bt}bn";}msmg an

| aser generator fo | aser bent, Wth_a wavel en thﬁﬁg q

¢ FRHEnRHY, moH To5 ROITAE BRoRERCVIFIDIe iR 197t ISR RAtAIGR e o

S %ﬁ&t%ﬁgmﬁ{% the ReNeRIveah withahé boHaingRAfA&ialand  coni cal

funnel ion; wherein the |aser generator is a Ncl: YAG

| aser with wavel ength 1064 run or a fiber laser with

urpgel engt hy ;cgéeﬂecﬂ*m sefardioR Yagphinlsase 'blalﬁﬁam ByitRr |cb@kising a

gui di ng rma duri ng t he operation of the |aser

s ahigwpogessere p’aﬂmqm @épap@p@tgr—e@ﬁ@ablécypﬁtaﬁtg thak qlepdrepically

b bR oFRGWs&seRBeG bR ARd

Sl i 0o BB R A

materlals directly ao that the frit material can be-

nil‘i! t e% Strocgy et seEQtld{ingb the %rJn?gé‘Ledqlgtglgf §nd &%Fﬂﬁﬂel%&{’m of a

cathode-ray tube (CRT), where the front panel and conical funnel section are bonded

together by frit material, comprising the following steps of:

generating by a laser generator for a laser beam with a wavelength range that can |
melt or burn out the frit material but cause no substantial changes of the front panel and
conical funnel section; wherein the laser generator is a Nd: YAG laser with wavelength
1064 nm or a fiber laser with wavelength 1070 nm;

. guiding the laser beam by a light guiding module during the operation of the laser

selective separation apparatus; and

receiving the laser beam from the light guiding module, and converging and
focusing and casting the laser beam onto the frit materials directly so that the frit material

can be melted or burnt out by a focal module;
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when all, the frit material bonding the front: pane

conical :funnel section is inched or burnt out, the

bonded front panel and conical tunnel section.cieah dogy

separated. two parts bei ng handi ng toget her at a oint b
boM@i2988/02407A process for sepitating materi aPCT 740
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gas resource :for providing a gas jet, and a notil e being

oértétbl y directed at the same |location as the one

di rect %Qldmré tﬁ@ﬁsér BSBh bPE %ﬁt  guiiSs BoiI€durtdeh@@serdtdh off the laser

passed ough. the no.eAe;; the gas blows away the

d@blept@easnlwifmﬂésp%ﬂbﬁuced by the | aser beam and wherein

the ga u COHTRId $0 1@t ouding nfodHR w&&wm d
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conpr i séemayitchide baint dabiis by a delspgempving endule e ﬁigt the lager|bgaa can

gener.at or, f.or e apnge
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S Wosipaindsiaadas edsamté fao profidinhe gmm;ienﬂ & 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; '

thereby when all the bonding material honding the two parts is melted or burnt
out, the bonded two parts can be separated.

13. A process for separating two parts being bonding together at a joint by bonding
material, comprising the following steps of:

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 laser

selective separation apparatus;
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assist the alignnent. 16. The process of claim11,

farther conprisin a step of renoving residual bonding
material. 17. The process of claim 16; wherein the
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or a | aser diverqgent beaux Anrended Sheet | DEA A
be-separated two parts by an operating platform.

15.  The process of claim 11, further comprising a step of 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.

16.  The process of claim 11, further comprising a step of removing residual bonding

material.

17.  The process of claim 16, wherein the residual bonding material is removed by a

grinding wheel or a laser divergent beam.
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