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POSIBILITI:\'[I DE VALORIFICARE A UNOR DESEURI DE STICLA
PROVENITE DE LA TUBURILE CINESCOAPE
POSSIBILITIES FOR RECOVERY OF SOME GLASS WASTE
FROM CATHODE RAY TUBES
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/ This paper presents experimental results on cathode
ray tubes — CRT - glass waste for recovery in glazes. We
characterized the CRT glass waste and we obtained frits
from it.

We determined the density, the hydrolytic stability,
the wetting ability against temperature and the thermal
expansion curves, both on waste and obtained glasses.

Glazes were prepared and applied on ceramic
support (terracotta and sandstone) in laboratory. SEM
micrography was performed to support-glazes interface.

\_
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1.Introduction

The limited resources and the continuously
increasing rate of the global economic activity
development require a serious ecological
approach and a careful and coherent re-
evaluation concerning the industrial waste
recovery, in order to obtain viable capitalization
and recycling processes.

9 million tons waste electrical and electronic
equipment (WEEE) are obtained at the European
level *. Recent estimations showed that by 2020,
it will be produced an average of 12.3 million tons
WEEE / year.

Glass components are contained, in a
smaller or greater percentage, in many of these
equipments. Many EU Member States have
studied and analyzed the WEEE situation [1-3,
5-7].

There are already techniques for recycling
electronics, metal, plastics, while for the glass
components the situation is much more difficult
because of their different compositions. Their
recovery would mean significant savings in raw
materials and energy and also reducing of the
environmental pollution [1-8].

Among WEEE waste a special interest
present the TV and computer monitors that allow
the separation of kinescope tube, a component
representing 2/3 of the whole weight of these
types of equipment and consists of 85% glass
(65% is the screen, 30% the conical part and 5%
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Lucrarea prezinta rezultatele experimentale privih
valorificarea in glazuri a deseurilor de sticla provenite de la
tuburile cinescoape. Deseurile de sticla au fost
caracterizate si au fost obtinute frite din acestea. S-au
determinat densitatea, stabilitatea hidrolitica, capacitatea
de umectare si curbele de dilatare termica, atat pe deseurile
de sticla cét si pe sticle obtinute cu degeuri.

Au fost preparate in laborator glazuri si au fost
aplicate pe un suport ceramic(taracota si gresie). S-au
realizat micrografii SEM la interfata glazura — suport

/

the cylindrical part — the neck).

The composition of different types of glasses
used for the cathode ray tube is in agreement with
technical specifications that must be accomplished
during the functioning of the device

The screen, front panel, is made of a silicate
glass containing strontium and barium, and
represents about two thirds from the whole cathode
ray tube. The conical part is a glass with lead oxide
and the cylindrical part that seals the electronic
tube is a glass with high content of lead oxide. The
frit (glass for soldering of the screen and the cone)
is a glass based on lead oxide, having a low
melting temperature and is comprised only into the
colored cathode ray tubes [1-10].

The compositions of different types of
glasses forming the kinescope tube contain
valuable oxides like SiO,, SrO, BaO, PbO, CaO,
Al,O3 , which manufacture means large amounts of
row materials and which exploitation and
processing represent a source of environment
breakdown and energy consumption.

Many of these oxides are to be found in
glaze compositions. In this context, the industry of
glass and ceramics are the best consumers of this
glass waste when carefully selected from screen,
monitors and displays.

The glass waste resulting from cathode ray
tube processed accordingly can be used in different
areas such as: admixtures at brick manufacturing,
foam glass, tableware glass, glass fibers and in a
more extensive way for glazing ceramics. The use
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of glass waste from cathode ray tubes to obtain
ceramic glazes represents a valuable and effective
alternative in this circumstance. Literature data has
recorded the attempts made in different countries
for study and potential application of cathode ray
tube glasses for ceramic glazing.

Our experiments on the waste glass
recovery resulted from cathode ray tubes have
the following objectives:

1. Characterization of CRT glass waste;

2. Obtaining of melts from waste and the
characterization of the obtained
glasses;

Preparation of frits / glazes for
different ceramic products.

2. Glasses and waste characterization

The following properties were determined for
both waste and re-melted glass (see section 2.2):
- density, using hydrostatic weighing method;
hydrolytic stability, through the conductivity

method;
- wetting ability, through the wetting angle
measurement technique;
thermal expansion, performed with the
differential type dilatometer from which was
calculated the linear thermal expansion coefficient,
glass transition temperature and softening
temperature, as well.

Chemical composition of the glasses was
determined through EDAX spectra of samples (Table
1) obtained with a Hitachi S 2600 N equipment.

From EDAX spectra and Table 1 result the

following facts:

Table 1
Chemical composition of glasses
Compozitia chimica a sticlelor
Oxide/
Glass Pa_ne] Glass Fl_JnrJeIGIas M_G[as_s
Oxid/ Sticla panou | Sticla pa{tea Sticla din
Sticla frontal conica amestec
%

SiO, 54.34 41.96 55.75
K,0 23.86 7.25 15.41
BaO 20.35 0.00 9.57
PbO 0.00 30.52 12.92
Na,O 0.88 4.69 3.04
SrO, 0.00 7.87 0.49
Al,O, 0.57 7.00 2.03
MgO 0.00 0.71 0.27
Fe,0; 0.00 0.00 0.52
Total 100.00 100.00 100.00

The glass obtained from the panel waste is a
silicate glass with a high content of barium
oxide (BaO) and alkali (K;O).

The glass obtained from the funnel waste is
characterized by very high lead oxide (PbO)
content.

M-Glass is obtained by melting a mixture of
waste: 65% panel waste, 30% funnel waste
and 5% neck waste, according to the
proportion of each component within the
cathode ray tube.

2.1. Density determination

Density was determined by the hydrostatic
weighting method, which consists of samples
weighting in air and then in water. The results are
shown in Figure 1.

Density of the studied wastes and glasses
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Fig. 1 - Graphic representation of the samples density /Reprezentarea grafica a densitatii probelor.
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One can observe that the density of samples
is correlated with the heavy metal oxide content.
Thus, in Figure 1 it can be seen that the glass from
funnel and neck waste containing PbO, with a high
specific weight (dppo = 9.64 g/cma), has a higher
density compared to panel glass, that does not
contain PbO.

It was also to notice that glass density is
lower than waste density. It has been widely
reported [3] that glasses containing heavy metals
are characterized by a large amount of dissolved
gases directly from the manufacturing process,
such glasses being not extensively refined.

2.2. Hydrolytic stability determination

The hydrolytic stability of samples was
determined by measuring electrical conductance
variation of the glass powder, in water, in time. The
method has the advantage that it provides
qualitative information on the kinetic process of
glass - water interaction, emphasizing if this
process stops in time or evolves continuously,
without stopping (etching process). Figure 2 shows
the conductivity value of glass powder suspension
of the studied samples after 3 hours.

It was found that the re-melting of glass

samples leads to a higher conductivity (lower
hydrolytic stability) compared to the waste ones,
the fact being explained by the less compact
structure as resulted after re-melting. A major
influence may also have the different thermal
history of waste glass in comparison with the re-
melted glass.
At the same time is to be noticed a continuous
increase in time of the suspension samples
conductance, but having different evolution, which
means that is possible the ion exchange and
reaction processes in water of the weakest linked
ions in the network (Na‘, Ba%,
Sr %) to take place.

Figure 2 shows that the sample from the
panel has a higher conductance than funnel and
neck samples, so exhibiting a lower stability to
water. This behaviour could be assigned to the
higher alkali content (23.86%) in comparison with
the other two samples.

Conductivity values recorded over a period
of 3 hours is quite low (below 30 uS), thus
suggesting a good chemical stability, as a general
behaviour of these type of glasses and waste, as
well.

2.3. Determination of wetting ability against
temperature

To be used as frits/glazes the following
two leading properties of glass are important:

- adhesion to the ceramic substrate;

- thermal expansion coefficient able to
ensure conditions for a good glaze — ceramic
substrate mismatch at a convenient firing
temperature.

Wettability is involved in several stages of
glass and glaze fabrication process. During the
glazing of ceramic products, at glaze - ceramic
substrate contact, adhesion can be enhanced by
heating glass until the wetting angle, 6, becomes
small enough. The wetting angle is used as a
measure of wettability and it represents the angle
between the tangent at the liquid-gas separation
surface with the solid-liquid separation surface,
always containing the liquid phase. The wettability
increases with the decrease of the wetting angle.

For this purpose the wetting angle at
1000°C was selected (Figure 3), the temperature
being the one at which are fired the glazes on a
ceramic terra-cotta coated substrate, sandstone,
tile etc.

Determination of the samples wetting
ability was performed on both waste and re-melted
glass. Each sample was placed on a sandstone

Chemical stability of samples after 3 hrs.
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Fig. 2 - Plotting of the samples hydrolytic stability after 3 hours/ Stabilitatea hidroliticd a probelor dupé 3 ore.
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Wetting angle at 1000°C
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Fig. 3 - Representation of the wetting angle at 1000 °c/ Reprezentarea unghiului de umectare la 1000°C.

ceramic substrate, placed in a refractory tube of a
horizontal electric furnace, specially designed for
this purpose. The wetting angle 6 was recorded for
each step of 10°C up to 1000°C.

As regard the wettability assessed through
the wetting angle, it results:

- Both waste and re-melted glass has
relatively good wettability at 1000°C, the wetting
angle values being in a narrow range: 32-50
degree.

- The best wetting ability (lowest wetting
angle, 32 degree) is presented by the funnel
waste, which actually has the highest PbO content
(30.52%), with a positive influence.

2.4. Determination of thermal expansion curves

For determination of the thermal expansion
curves of samples a rate of temperature increase
of 3°C/min was used.

The processing of information provided by
the dilatometer curves allowed one to determine:
glass  transition  temperatures, dilatometer
softening temperature and linear thermal
expansion coefficients, as well (Table 2).

The analysis of the thermal properties
presented in Table 2 emphasized the relatively
high values of the linear thermal expansion
coefficients in the temperature range of 20-300°C,
comparable to the lead oxide glasses, around of
100+ 107 K.

Table 2
Thermal properties samples/ Proprietatile termice ale probelor
Waste /Deseu Glass / Sticla

Sample / Proba

Panel Funnel Neck Panel Funnel M

Property / Proprietate Ecran Con Cilindru Ecran Con Amestec
Thermal expansion coefficient,
Coeficient de dilatare termics, 103.40 98.56 102.10 104.57 105.47 104.19
a+10’K"

Glass transition temperature

Temperatura trar:)zcl;,tiei vitroase, Tg , 537 464 461 513 473 480
Lower annealing temperature

Temperatura inferio%rcé de recoacere, TIR, 500 430 450 498 456 471
Upper annealing temperature

Temperatura superioaorg de recoacere, TSR, 559 479 469 519 484 483

Softening temperature
Temperatura de l‘nmtégere dilatometrica, Td , 588 514 505 554 514 537
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Specific to these compositions, waste or
glass, is the presence of the alkaline oxides in
pretty high concentrations (23.86%), but also is that
of lead and barium oxides, which contribute to the
growth of the thermal expansion coefficient.

Taking into account that some ceramic
substrates (sandstone, terra-cotta etc.) have similar
expansion coefficients, it is possible that this waste
to be of interest for glazes manufacturing [1-8]. The
literature [1-3] reports good results for using glazes
of CRT- waste up to a content of 20-30%.

3. The elaboration of melts

In order to obtain the melts, the waste was
crushed in a porcelain crucible to a grain size of
about 2-3 mm.

Three samples were prepared:

- Panel glass obtained by melting of the panel
waste;

- Funnel glass, obtained from funnel waste;

- M-glass, obtained from a mixture of 65% panel
waste, 30% funnel waste and 5% neck waste,
which is the percentage of cathode ray tube
component [1].

For M-glass, the crushed waste was
weighed and homogenized.

The melts were obtained in refractory
crucibles, in an electric furnace with kanthal
resistors as heating elements. After the tempe-

a

rature reached 1400°C, it was maintained for 2
hours to allow the melt to achieve chemical and
thermal equilibrium. After the heat treatment
homogeneous, clear and fluid melts resulted,
exhibiting a very good machinability, thus allowing
a quite easy casting in a graphite die. The samples
were obtained as rods with 40-50 mm length and
diameter of about 8-10 mm.

Annealing was performed at temperature
of 500°C for 60 minutes and then stopped, leaving
the samples inside the oven to cool slowly for 12
to 14 hours.

After brushing of green terra-cotta and
sandstone substrate with the slurry, the samples
were dried at room temperature in lab environment
for about 18 hours and then were fired following a
heat treatment curve with a heating rate of
200°C/h and a soaking time of 1 hours at 1000°C
(Figure 4).

The samples were analyzed by Hitachi S
2600 N at coating —support interface, confirming
the role of the interface to ensure the fit of the
glaze to ceramic support. SEM images are in
figure 5 a) and b).

The analysis of SEM micrographs reveals
a well defined interface that makes a strong
bonding between the crystalline ceramic substrate
and the glaze.

Fig. 4- Aspect of glazed samples: a) sandstone substrate; b) terra-cotta substrate/ Aspectul probelor glazurate:a)suport de teracota;

b) suport de gresie.

10003 WD19.9mm 19.0kV 250 200um

a

Fig. 5 - SEM images of glaze — ceramic substrate a)-terracotta,

b)-sandstone interface/ Micrografii SEM la interfata glazura-suport

ceramic a)suport de teracota; b) suport de gresie.
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The vitreous phase is dense, continuous,
without crystals and adherent to support.

4. Conclusions

There were elaborated melts from waste
and the obtained glasses were characterized in
order to estimate their use as frits / vitreous glazes
for various ceramic products.

The obtained results and their correlation
with literature data made possible to draw the
following conclusions:

- density of glass is correlated with
heavy metal oxide content;

- the hydrolytic stability of re-melted
glass samples was found to be lower than that of
the waste. This can be explained by the less
compact structure resulting after waste re-melting.
A major influence may also have the different
thermal history of waste glass compared to waste
re-melted glasses;

- hydrolytic stability is influenced by the
chemical composition, particularly by the presence
and concentration of the alkali - glass panel, which
has higher alkali content than that of the other two
samples and therefore it has the lowest stability;

- the wetting angle presents relatively small
values in a narrow range (32 - 50 degrees) at
temperature of 1000°C and therefore the wettability
is likely to positively influence the adherence to a
ceramic substrate;

- as thermal properties, there were outlined
the relatively high values of the linear thermal
expansion coefficients in the temperature range of
20-300°C, comparable to the lead oxide glasses,
being of the order of 100 « 107 K™;

- Specific to these compositions, both
waste and glasses, is the presence of enough high
alkali concentration, but also for lead and barium
oxides which contribute to the higher value of the
thermal expansion coefficient.

For this reasons, the research on using
these types of glasses in frits for glazes is very
laborious and has to be performed with great care
regarding the thermal expansion coefficient, in
order to ensure a good compatibility between
glaze and substrate.

REFERENCES

* European Commission — DG Environment

1. Fernanda Andreola, Luisa Barbieri, Anna Corradi, and
Isabella Lancellotti, CRT glass state of the art. A case study:
Recycling in ceramic glazes, Journal of the European
Ceramic Society 2007, 27, 1623.

2. F. Mear, P. Yot, M. Cambon, and B. Liautard, Valorisation
de verres de tubes "a rayon cathodique. Verre, 2003, 9, 72.

3. E. Bernardo, G. Scarinci , S. Hreglich, and G. Zangiacomi,
Effect of time and furnace atmosphere on the sintering of
glasses from dismantled cathode ray tubes, Journal of the
European Ceramic Society 2007, 27, 1637.

4. V. Dima, M. Eftimie, and A. Volceanov, Experimental
research on glazes fabrication using E-glass fiber wastes”,
Romanian Journal of Materials, 2006, 36(4), 312.

5. F. Andreola, L. Barbieri, A. Corradi, |. Lancellotti, R. Falcone
and S. Hreglich,, Glass-ceramics obtained by the recycling
of end of life cathode ray tubes glasses, Journal of the
European Ceramic Society 2005, 22.

6. Francois O. Me’ar, Pascal G. Yot, Alexander V. Kolobov,
Michel Ribes, Marie-Francoise Guimon, and Danielle
Gonbeau, Local structure around lead, barium and strontium
in waste cathode-ray tube glasses, Journal of Non-
Crystalline Solids 2007, (353), 4640.

7. F. Me’ar, P. Yot, M. Cambon, and M. Ribes, The
characterization of waste cathode-ray tube glass, Waste
Management & Research, 2005, 23 (4), 314.

8. V. Dima, M. Eftimie, $. Stoleriu, N. Ziman, and M. Gorea,
Glazes with borosilicate glass waste for tableware
ceramics, Revista de Chimie, 2006, 57 (11).

MANIFESTARI STIINTIFICE / SCIENTIFIC EVENTS

GLASS
SOUTH AMERICA TECTVOLOC

uid design Glass South America

Sao Paolo, Brazil, 17.05.2012 - 19.05.2012

The largest trade event for the glass, window and hardware industry in Latin America. Glass South America is the
greatest opportunity to meet with thousands of sales prospects, with new products and technology in a dinamic
sales opportunity.

Contact: http://www.glassexpo.com.br/en/





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


