1 Method for integral recycling for cathode ray tubes
Background of the Invention 5 The invention relates to
a method for integral recycling of cathode ray tubes.
State of the art 10 Electrical and electronic

equi pnent production is a greptly expanding field in
the Western worl d. Technol ogi cal innovation and market
expansion are continuing to speed up 1Is the

repl acenent process of products having a lifetine

whi ch does not exceed 3 years. Thus, in 2000, the
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waste in France was evaluated at 1.5 mllT1on tonnes,
hal f of which being household waste. Since then, a
progression of 3 to 5% per year of this figure has
been Balckgrotow! oBthedpwantiorposit s of these waste
products are 20 estinmated at 400,000 T/year, 90% of

Swhich still end up In landfills. This is why new

di r eThe ivenibh rd1aRB Y0 ¥ MaBsd Rirantebiat ré @Pbf eshods ray tubes.
the latest to date being directive 2002/ 96/ CE of 27th

January 2003. These new rul es for nmanagenment of such
products I nmpose m ninmum 26 recycling rates. Cathode
ray tubes do however represent a relatively l.arge
pr opStateaf thé aeind- of -1 i fe el ectrical appliances and
el ectronic equi pnent. Therefore, to achieve the

Orequired gl obal recycling rate, it is inperative to
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A cof our cathode ray tube conprises a faceplate gl ass
cont tierlVestesnwegd. ot hers barium and strontium oxi des,
and a cone glass containing a large 2

Technological innovation and market expansion are continuing to speed up
the replacement process of products having a lifetime which does not exceed
3 years. Thus, in 2000, the production of end-of-life electrical and electronic
waste in France was evaluated at 1.5 milfion tonnes, half of which being
household waste. Since then, a progression of 3 o 5% per year of this figure
has been observed. European deposits of these waste products are
estimated at 400,000 T/year, 80% of which still end up In landfills. This is why
new directives stringently regulate this type of waste, the latest to date being
directive 2002/96/CE of 27th January 2003.

These new rules for management of such products impose minimum
recycling rates. Cathode ray tubes do however represent a re!ativéty large
proportion of end-of-life electrical applianim and electronic equipment.
Therefore, to achleve the required global recycling rate, it is imperative to
achieve high recycling rates for cathode ray tubes.

A colour cathode ray tube comprises a faceplate glass containing among
others barium and strontium oxides, and a cone glass containing a large
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~quantity of |ead oxide. These two parts are joined to

one anot her by a.seal and are coated with |ayers
called "functional |ayers"” formed by nmetal oxides,
rare earths, graphite and irop. Metal parts in the
formof plates are placed inside the tubes before the
|atter are closed. In particular the |ayer deposited s
on the inside surface of the faceplates is conposed of
Zinc, Cadmum Yttrium and Europi um based

el ' livg! garts"are jbin@ago dre @RIty a seal
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its limts in waste treatpent in partic [

L1 Whichds vy NBRaus Solpierto PaYe badn STopdsed, of HsAT bt hese
PresRsds favfubeparticular in battery recycling). The

gl asses obtalned by m xing the facepl ate

(barium based) and the cone (|ead- based) are

di {5 Patdntt se58809CHEs@BeESa ciihdde hap tuberetynliag pmethed by
I ndi sgensabl e to proceed with opening of t
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its limits in waste treatment in particular through all the aftempts to perform
industrialization of the processes (in particufar in battery recyciing). The
glasses obtained by mixing the faceplate (barium-based) and the cone (lead-
based) are difficult to recycle as-is.

it has therefore proved indispensable to proceed with opening of the tubes
and to separate the tubes. The first method used is the diamond slitting
wheel. This technique ensures good opening, but Is accompanied by large
emissions of glass particles and requires manual operations.

It Is to overcome this drawback that Patent DE4234706 describes a method
for opening and separating the two components by means of a heating wire.
This separation can only be performed If notches are made over the whole
perimeter of the cathode ray tube, and the rate at which this type of operation
can be performed limits the productivity and requires very precise placing of
the wire after the notches have been made.
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for opening and separating the two conponents by neans
of a heating wire. This separation can only be
performed if notches are nmade over the whol e

peri meter of the cathode ray 3dube, and the rate at
which this type of operation so can be perforned
l[imts the productivity and requires very precise
placing of the wire after the notches have been nade.
3 Moreover, the |um nophore | ayer conposed of

el ectrol um nescent materials is at present renoved by
any physical neans and the powders obtai ned are sent
t oMareaver,cthedsminophore tryet enmposed olelestielumineseant materials
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“operations. In addition, the precipitate, which is very fine, gives rise 1o
impurities (in parlicular the etching acid anions). Finally, formation of oxalate

complexes with the other products results in over-consumption of oxalate.

It is for this reason that various different methods have been proposed. We
have already seen that US Patent 4858833 describes a process for recycling
these powders via a fluoroboric method followed by precipitation of oxalates.
In addition to the drawbacks of fiuoroboric acid, the oxalates have to be
calcinated to obtain recyclable oxides, which leads to emission of CO,.
Patent DE19918793 describes a process for recycling these powders by
etching with nitric acid followed by carbonate precipitation and then
calcination to obtain oxides. There again, the drawbacks are mainly related to
emissions of nitrogen oxide and CO,.
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t hese powders via a fluoroboric nmethod foll owed by
precipitation of oxalates. In addition to the
drawbacks of fluoroboric acid, the oxal ates have to be
25 calcinated to obtain recychabl e oxides, which |eads
to em ssion of CO2. Patent DE19918793 describes a
process for recycling these powders by etching with
nitric add foll owed by carbonate precipitation and
then calcination to obtain oxides. There again, the

drm@%&@@'ﬁ%ﬂﬁﬁ related to emssions of nitrogen

oxi de and (bj ect of the Invention The
obj ect of the invention is to provide a nethod for

| hol BhebCoLRe Bhafln, 8201 §%7e N bR 152 B rgergng o
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appended clainms. More particularly, this object is
achi eved by the fact that the nethod enables the

| . i i .
LRGSR B fhiBh PR hMia et ¥ Mpreniied giims,
screens to be recycled by associating the follow ng
steps: - ogpening said cathqde r ubes ans,of, a
Jipreariiar. T poiack B ptow B act et Fiecpatiod chables
Lragd U&Iﬁ%sébg%ﬁﬁ)osir@nga ChfHddRT ré&y t%lﬁ@s ldHd e Nafffophores
by acid-base neans I'n the presence o 15 fluorides.

Br idefpogitecton he interndl surfece ofhserages troberayeled by-aasggiating the

an r will becone nore clearly apparent from
thSOﬁq%@Wg%%ﬁg description of particular enbodi nents

of _t hepening¥aicdeatbbderay tObes by mdedstof adésersoaranpl e
pur poses only and represented . in the acconpanying
- dry cleaning by means of surface freatment agents
- and recycling of the luminophores by acid-base means in the presence of

fluorides.

Brief description of the drawings

Other advantages and features will become more clearly apparent from the
following description of particular embodiments of the invention given for
non-restrictive example purmposes only and represented in the accompanying
drawings, in which: '

Figure 1 schematically represents the main steps of the recycling method
according to the invention.

Figures 2 and 3 respectively represent observation with an electron
microscope and X-ray diffraction analysis of a cone glass dry treated by a
cleaning agent in solid state,

Figure 4 represents an observation with an electron microscope of a
faceplate glass dry treated by a cleaning agent in solid state.
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Description of partiéular embodiments

As illustrated in figure 1, the method for integral recycling of cathode ray
tubes according to the invention consists in associating an opening operation
of the cathode ray tubes, a surface treatment for the glasses and a recycling
process of luminophores.

| - Opening the cathode ray tubes
The cathode ray tubes are opened by means of a laser source, such as a
CO, laser with a power comprised between 300mW and 3kW and a

wavelength comprised between 10ym and 11zm.

A first advantage of this opening method lles In the fact that opening does not
require an initial notch. This is advantageous as the notches have the
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associ ating an openi ng operation of the cathode ray
tubes, a surface treatnent for the glasses and a
recycling process of |um nophores. |.Qpening the

cat hode ray tubes 25 The catRode ray tubes are opened
by neans of a |l aser source, such as a CO2 laser with
a power conprised between 300nWand 3kW and a

wavel engt h conpri sed between 10pm and 11pm 30 A first

advant a f [ | lth&S ab&nihd € tifrRCt Al Rbo
opbaegUEnd oo orBRETAIY ROBRE hFS cpoihaCyirRc! A ebond
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consi derably reducing the openi [
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betviredeavdsaabioat a teatimetan of tHedfacepiate olss joineddp & beAv9f the
saw or by heating s wre | eaves about a centineter of

t hE9%&cepl ate gl ass joined to the body of the cone.

Once the cathode ray tubes have been:opened, for a

good val ori zation of the | asses it is i rtant that
al Oncadhe cathiodg ray ﬁmﬁe‘tf@\@ﬁxﬁ@at@&%ﬁ- fona Qgﬁaé’ igatigrpof the

sur Fisti t i 'dbftf%ﬁ@ét ' the internal
ex?&%ﬁg? (&siar'&%grggﬁgﬁla?ﬁg tﬁggor?ggné)gﬁ ?%t all'y eﬁam nat ed.

| nsQffdes of ahe Tacaplsteparad @nt iheninteérnalhandventesnalt swfaces of the
operators and to achieve an efficient surface

t r €aneehe totalyelkninaled- such as direct dry brushing are

is discarded. Wth a concern for. protection of the
environment and to avoid elimnating large quantities

of Imasdes togravide netection ofithe weskeatisoperaloss g to apieve an
= % lcicasnlfrgt?r?aeoeckr%gﬁﬁé}gc, techniques such as direct dry brushing are
discarded. With a concern for_protection of the environment and to avoid

eliminating large quantities of waste water, washing with water is discarded.

It - Glass surface cleaning

The surface oxides are thus removed by dry treatment by means of a surface
treatment agent (cleaning agent) in solid state. The agents used are
preferably chosen from steel shot, sodium bicarbonate and calcite. These
three products have in fact given satisfactory results in so far as the layers
are totally eliminated, in particular on the layers where they are very
adherent, as illustrated in figures 2 and 3 and In figure 4 (images after
treatment).

These three products are preferably chosen for the ease of subsequent
treatment of the mixed fractions comprising the surface treatment agent and
the products resulting from the surface treatrnent.
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(cleaning agent) In solid state. The agents used are
preferably chosen fronlsteelaﬁhot, sodi um bi car bonat e
and calcite. These three prdducts have in fact given
satisfactory results in so far as the |layers 25 are
totally elimnated, in particular on the |ayers where
they are very adherent, as illustrated in figures 2
and 3 and in figure 4 (images after treatnment). These
three products are preferably chosen for the ease of
sUWhensies| shabistusedtfoetieatirfy thedaesplate enddbe icone, the products

conprising the surface treatmnmen t,a i
o oo Pus dresetl B crearidl; sRpar6r ol 3Hpalatdly. otgin, the
st RRlinSpHred &r SRBFokiBEs bh 8 bREhbAE ahd ardtebleshondn tieeother
cone, the products obtained are treated by nmagnetic

5 sepandition to separately obtain the |uninophores or
ot her oxi des on the one hand and the steel shot on the
ot her 5 hand. When sodi um bi carbonate or calcite is
usWhehosodiure dlicatgondte or aakiteds eised hersteeatipgdhie daceplate, these
elimnated dyrin reat nent, of 't . uni nophores. 10
N PEOdEﬁﬁﬁTﬁﬁﬂB‘r"léeé guiing Fﬁ@“ﬁq{lﬂrﬁm 'ngﬁggespowder s
are treated by a nethod that does not involve either
oxal ate or ammoni a. The el ectrol um nescent assenbly

10 coltbrLyminephoresuecyeling sheet and a | ayer of
| um nophores powders. A very large mgjority 15 of the
powders are able to be separated by screening at 500

M Thenaminbphofdsapdwiers! egeeatediary G0ethiod ithatsddes not involve
mai nly conposed of alupgniumfaqil as shown

fi \
5B SiaB I AMERNIA- e eleepiHminpsep 355Dl comprises an
M GRASARREshedtMhdta (affef BV ILMiRéPHTES BOWAER! WSiety large majority

of the powders are able to be separated by screening at 500 microns.

The fraction larger than 500 microns is mainly composed of aluminium foil as
shown by figures 5 (photograph taken with a scanning electron microscope)
and 6 (X-ray diffraction analysis).

The fine fraction is mainly composed of zinc and yttrium with the presence of
eufopium, iron and manganese, as shown by scanning electron microscope
observation (figures 7 and 8) associated with X-ray diffraction microanalysis
(figures 8 and 10). For the phase distribution, the zinc is engaged in sulphide
form whereas the vyitrium and the europium are present in oxide and
oxysulphide form, as we have shown by X-ray diffraction analysis.

After the screening operation, the chemical process proper is implemented
as represented in figure 11. This process comprises the foliowing steps:

1 - Etching step
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20 The fine fraction is mainly conposed of zinc and
yttriumw th the presence of europium Iron and
manganese, as shown by scanni ng el ectron m croscope
observation (figures 7 and 9)_associated with X-ray
diffraction m croanal ysis (f@gures 8 and 10). For the
phase distribution, the zinc is engaged in sul phide 25
form whereas the yttrium and the europi um are present

in oxide and oxysul phide form as we have shown by
X"['ﬁé( {VEIEJ ﬁ%hhﬂﬂ f?d?ﬁ't%{é 'tréatn%ﬁt%fes&t“ﬁecﬁﬁb&%‘(r@&rences 1 and
opera rocess proper 1s Inmplemented
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c acid at a tenperature fixed

(ref tsa@eroﬁ tetween .rgamt@nlageedmad cilutiamtit ist p@f\er@blvémee at a

can . vary within d 0

nereliE chmpriseybefuant 37% GG R7 i waEhS Ehatondh the solution

tr ReERI ffrd?ﬁta&itﬁatté@ﬁ@t performedad seperate Ithe liquor contaising the

prefera ly fixed at a value conprised between 17% and
metals {emyhe insolyie 2@$idveSf t he solution resulting

from acid attack is perforned to separate the |iquor

containing the netals fromthe insol uble residues. 10

2 RleNewttalizations- Hudtidationistepon step In this step

heli i Pipdiretgrencerd it gk tha il is e HErajzgd g = oH

eatmpAsedBstieeRH & aRd 4.4 BE nitans®0 86da,apotash) amnmagnesza
neutral i zation value for good inplenentation of
|Sl§)§equent

sufibe apgimal n@p@lmgnyal\&sfoweﬁd fipplameniation gl the
3. 6pefh§ons has been found to be equal to 3.4.

Neutralization can advantageously be performed by means of soda or potash
with a conceniration comprised between 10% and 35% in weight. The
neutralized solution is then mixed with an alkaline fluoride solution (for
example potassium or sodium fluoride) heated at 50°C and in a
stoichiometric ratio equal to that of the Yitrium + Europium content increased
by 10% weight. The precipitate formed is then separated and then washed
with industrial water at a temperature comprised between 30° and 40°C.

This washing water is then used in the first step of the process for preparing
the 2N acid from concentrated acid.

3 - Hydroxylation step

The solid is then suspended in a soda solution at 30% (reference 5 in figure
11) and a whitish precipitate forms. After filtration, the slightly alkaline fluoride
solution is re-used In the step represented by reference 2 in figure 11,
whereas the solid is dried at 105°C.
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process for preparing the 2N acid frog}concentrat ed

acithe cathoge.rayjuhes,are Sormpesed oh e ypes of Q1388 ¢ hen
suspegqg%lyﬁsgdaqq@mﬁaﬁé ution at 30% (reference 5 in

tish precipitate fornms. After
fi Lt r atbaiom ambsametitnes gtrahtiun glassfoltbeisgreendarenlaton
Is re-used In the step represented by reference 2 in
figure 11, 30 whereas the solid is dried at 105C. 9
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o5 clash pro el T el BB a ] etractory
Se'rﬁat&ﬁaﬁiﬁﬁrﬁ) Bolltiss 8NfHe qlassisge nunmber  of

advant ages, which I's formation of a frozen
| ayer of gl ass around the cruci ble, which avoids any

;lszl'sogégt%ﬂ Lagheloht cBRbSERiSh oA GuBlY tR9'slikh, B4rita arkd Grontium
carbonate conlents are adjusted by making addition to the crucible. The high-
frequency electric field lines cause turbulences in the molten bath which have
the huge advantage of homogenizing the molten material. This enables
uniform melting to be obtained, and consequently results on output in a glass
of homogeneous composition with a total absence of unfused material.
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20 10 Cains 5 1. Method for QEHﬁ,g{ recycling of

cat hode ray tubes, characterize hat it enables

the gl asses conposi ng sai d cathode ray tubes and the

| um nophores deposited on the internal surface of

screens to be recycled 10 by associating the

foll owi ng steps: - -opening said cathode ray tubes by

Seans of a laser source - dry cleaning by neans of at

| east a surface treatnent agent - and recycling of the

| um nophores by aci d-base neans in the presence of

f | uor 1 dddsthad fdr.integral oecyating oticathode ray hﬂ:ss.lqharadérized in that it
characterized in that a surface tre t of

gl asses ei"?E%é‘r fhg ngl] FERROSHe §(aa1t e‘?@?ocge s’ﬂ?’f g‘lpgs and the
treat ”ENmMﬁﬁéres&@péﬁﬁéﬂoﬁ Wﬂé?ﬁal%@f#@e@%&f&hs rtl befrecycled
steel shot, sodium bicarbonate and calcite.. 20

1006t hod AW@Esseciating thedaliowing@tensis 1 and 2,
charact er bégﬁing ga@@atmé&ber ttﬁ es @E n'{e??x)é%lf 'a']gsé?fsoh&‘ae

| um nophor €8 nprises
- - dry cleaning by means of at least a surface treatment agent
- and recycling of the luminophores by acid-base means in the

presence of fluorides.

2. Method according to claim 1, characterized in that a surface treatment of
the glasses is performed by means of at least a surface treatment agent
selected from the group consisting of steel shot, sodium bicarbonate an_d
calcite..

3. Method according to one of claims 1 and 2, characterized in that the step
of recycling of the Iluminophores comprises a treatment of
electroluminescent powders by means of sulphuric acid with a
concentration comprised between 15% in weight and 35% in weight, but
preferably between 17% and 22% in weight.

4. Method according to any one of dlaims 1 to 3, characterized in that the
step of recycling of the luminophores comprises a separation of yttrium
and europium pérfonmed by means of a sodium or potassium fluoride at
a pH comprised between 2.8 and 4.8 hut preferably close to 3.4.
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15 8. The method according to any one of claims 1 1o 7, characterized in that
the composition of the glasses is adjusted by adding silica, barita and
strontium carbonate directly in a molten bath into the crucible.




