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Abstract: The purpose of the research in this paper is to produce a radiation shielding glass by recycling glass of cathode
ray tubes (CRTs) which come from used computers and TV sets and adding some heavy metal oxides as lead oxide (PbO) to
increase the density, and using some other oxides such as potassium oxide (K,0O) as a modifier for the resulted glasses.
Because of, the glass of cathode ray tubes (CRTs) contains some heavy oxides. Where the part Funnel contains about 20% of
lead oxide (PbO) while the part Panel contains about 10% of barium oxide (BaO) and the same percent for strontium oxide
(SrO). So these glasses can be used as a radiation shielding glass for nuclear and radiation applications. In this paper, the
glasses of cathode ray tubes (CRTs) have been used as powdered glass to make new samples with lead oxide (PbO) and
potassium oxide (K,O). Then, the optical and radiation properties of these samples have been investigated. The effects of 1%
added of cerium oxide (CeO,) on the radiation resistant and optical spectra differences have been measured. In addition, this
research has environmental benefits that appear in reducing the toxic heavy metals that included in CRT glasses such as lead,
barium, strontium and other metals. This paper discuses a new an approach to recycle the CRT glass. The glass transition
temperatures (T,) and the structure of these samples have been investigated by using the differential temperature analysis
(DTA) and X-Ray diffraction (XRD) respectively. The optical transmission spectra have been studied, and the transmission
studied by using UV-Visible spectrometer and the optical transmission reached to about 85% in the visible spectrum range.
Then, attenuation coefficients have been measured for photons emitted by Co™. After that, the optical transmission before and
after irradiation have been investigated. The results appeared that these spectra varying by radiation doses and related to the
type of used glass in these samples. Where the transmission decreased about 20% to 50% in the beginning of the spectrum
range from 400 nm to 600 nm at exposure doses that reached to 5 kGy and high dose rate which was 1 kGy/h. These spectra
were not varying in some samples that contain the glass panel. These results agree with similar studies [1], where the density
reached to 5.2g.cm™ and the refractive index equal to 1.8, and the value of transmission closed to 85%.

Keywords: Cathode Ray Tubes (CRT's), Radiation Shielding Glass, Recycling, Gamma Attenuation,
UV-Visible Spectrometer, Differential Temperature Analysis, Radiation Dose

observation systems are used. In addition, the transmittance
windows are used for direct using. The glass in these
windows that varying in forms and densities used to be the
most used material for these applications. The radiation
shielding glasses are major tools in these fields to observe

1. Introduction

The hot cells in nuclear laboratories and isotopes
laboratories need vision and observation tools to dealing with
isotopes. For this reason, observation cameras or indirect
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works behind radiation shields especially in high and
medium doses in hot cells.

The characteristics of glasses that used as shielding
materials varying, such as the density that take the values
from 2.3 to 3.6g.cm™ and maybe reach to 6.2g.cm™ in some
cases. Where shielding properties of materials against
ionizing radiations depend on density and proportion with it
generally. As usual, layers of glasses that stable of irradiation
putting on the hot side of shielding glass to stop the reduction
of transmission that occurs to irradiated glass.

The cerium oxide (CeQ,) is adding by ratios between 1-
2% to shielding glasses that have densities between 3.2 to
3.6g.cm™, since the density increase the added ratio of
cerium oxide should be decreasing. Last studies indicated
that the stability of transmission of glass against
irradiation by gamma rays increases by increasing of
cerium oxide until this ratio reaches to 2.5%. Therefore,

World Growth in PCs
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after this ratio, stability of glass does not depend on ratios
of cerium oxide [1-2-3-4].

2. Materials

The amount of waste electrical and electronic equipment
(WEEE) or e-waste generated in the world is growing rapidly
(Figure 1). The content of hazardous components in electrical
and electronic equipment (EEE) is a major concern during
the waste management phase. Ideally, the materials in
electronic products should be re-used when the products
reach the end of their lifetime.

In the European Union (EU), WEEE represents about 7.5
million tons each year, where computer monitors and TV sets
containing cathode-ray tubes (CRTs) represent about 80% of
the total electronic waste [5].
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Figure 1. This figure showing the exponential increases of personal computers In the world [6].

The Figure 2 Showing the annual energy spending and costing of production a personal computer. In addition, the pollution
with a huge amounts of CO, gas which released to the atmosphere.
In addition to amounts of CO, gas which accompaniment to the production, which emitted to the atmosphere [7].

EfficientProducts.org: US Operational Energy Cost per Computer per Year

Computer Annual Electricity CcO2 USPCsin | US Total Annual| US Total Annual
Type Energy Use | Cost (USD)* | Emissions Use Energy Use CO2 Emissions
(KWh) (Ibs.)** (millions) (gWh) (millions of 1bs)

Desktop 200 - 400 $16 - $32 268 - 536 150/ 30,000 - 60,000 40,230 - 80,460

Laptop 80 - 140| $6 - $11 107 - 188 50 4,000 - 7,000% 5,364 - 9,387

Server 1500 $120,00 2012 10 15‘000l 20,115

Figure 2. The spending energy and the costing of production of personal computers per year.

These huge amounts of toxic wastes effect on the
environment and the human especially lead metal that
produced by these industries (the total amount of lead metal
in 315 million of personal computers that became exhausted
between 1997 and 2004 in the united states is about 600 000
tons. Also this amount of personal computers contain about
151.2 tons of metal gold and 1786.1 tons of metal silver
almost [8, 9]). These statistics are indicate to the potential
importance of recycling these products such as the huge

reducing of released CO, gas and the reduction spending
energies which be needed for the production from the raw
materials. In addition, the valuable metals from these PC’s
can be separated (in these days, these metals are separating
by ratio 99% of efficiency).

The three kinds of glass constituting the CRT of the
monitor contain hazardous and heavy elements (lead,
strontium, antimony, barium, europium, selenium etc...) and
weigh between 50% and 85% of the total weight of a
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computer monitor or a television set. Currently, collected
monitors are dismantled and treated, and the CRT glass
generally ends up in a special landfill licensed for hazardous
waste. Hence, in Europe almost 90% of the end of life (EOL)
electronic goods is disposed of in landfills [5].

As the lead content in these waste products represents as
much as 80% of the toxic metals in discard electronics, CRTs
represent a clear potential pollution danger to the
environment.

To investigate the potential applications of waste CRT
glass, characterizations of these materials need to be carried
out. Several studies have been carried out to investigate how
the waste CRT glass could be re-used [8], but it differs from
this paper and its new application on CRT glass.

There are two kinds of cathode-ray tubes: black & white
(or monochrome) and color. These two types of CRTs are
made of different glass, as shown in Figure 2. The neck

(1 wt%) and funnel (33 wt%) glass constitute the back part
of the CRT (hidden inside the monitor or TV set). The front
part, usually known as the panel (66 wt%), is made of a
barium—strontium glass that has been free of lead since 1995,
and is very homogeneous and thick. These three components
are usually joined together with a solder glass called frit,
which is 85% lead. The neck glass is a lead-rich silicate glass
containing more than 25 wt% PbO, which envelopes the

Conductive material,
Layers of phosphors

electron gun. The lead content of funnel glass is lower than
that of neck glass (20 wt% of PbO). The addition of lead to
this glass is essential for absorbing the UV and X-ray
radiation produced by the electron gun in CRTs; lead is used
in funnel and neck glass for this purpose because of its low
cost. In the panel glass of color CRTs, however, barium and
strontium are used instead of lead, because this glass needs to
be colorless. Lead silicate glass is brown whereas barium—
strontium silicate glass is transparent under X-ray radiation
(i.e. when electrons hit the panel). Lead is only used in the
panel glass of black & white CRTs [5].

In the case of color CRT glass, the funnel and screen glass
have different densities. Higher densities were obtained for
the funnel color glass, i.e. higher than those were of color
panels and black & white glass. Color panel glass contains
approximately

10 wt% barium oxide and 8.5 wt% strontium oxide,
whereas color funnel glass contains approximately 22 wt%
lead oxide. The higher density of color CRT funnel glass is
because of its lead content. However, the glass densities of
the various kinds of glass are quite similar. Indeed, the
average densities of color funnel, color panel, and black &
white CRT glass are 3.00, 2.80 and 2.70 g/cm3, respectively,
i.e. higher than ‘‘classic’” window glass (about 2.50 g/cm3),
due to their heavy metal content [5].

Panel glass
Ba and Sr glass containing
two thirds of the total mass

Frit \

Shadow mask

Iron oxide layer

Graphite layer

Electron gun

NON-GLASS PARTS

Funnel glass
Pb glass containing
one third of the total mass

Neck glass
25 wt.% PbO glass
containing
very low mass, less than 1%

.. 3
GLASS PARTS

Figure 3. Showing the glass parts and non glass parts of the Cathode ray tube (CRT) [5].

The ratios of metal oxides in the CRT’s parts are varying from part to part and from type to type and depend on if the used
CRT come from color or non-color monitor as showing in the Figure 4:
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Oxide Si0, PbO KO Na,O ALO; CaO MgO BaO SrO  Sb,0y Fe,0; TiO; As:O3 ZnO  ZrO, Others
Color panel
Min. conc. 60.00 000 600 7.80 200 0.00 000 9.00 600 025 007 040 000 000 000 848
Max. conc. 63.00 300 750 9.00 350 200 100 11.00 1000 050 012 060 020 0.60 250  0.00
Standard conc. 6200 000 750 800 220 0.5 020 1000 850 035 008 050 002 030 150 0.00
HITASHI 5886 000 733 7.57 221 110 021 930 819 061 004 036 000 0.0 247 173
MATSUSHITA 5974 000 757 7.16 206 0.07 000 1006 868 065 007 037 001 052 158 148
SAMSUNG 59.51 004 757 7.19 210 031 006 957 875 059 006 037 001 039 180 168
SONY 5921 001 764 7.4 207 0.07 001 993 881 057 007 036 001 051 157 202
TOSHIBA 6021 000 771 689 205 001 001 899 931 053 007 039 000 05 15 174
Average values 5951 001 756 7.19 210 031 006 957 870 059 010 037 001 039 180 173
Color funnel
Min. conc. 5200 19.00 750 6.00 350 200 120 000 000 010 005 000 000 0.00 000 865
Max. conc. 5600 23.00 850 800 500 400 200 200 100 030 007 010 010 010 000  0.00
Standard conc. 5200 2200 780 6.80 400 3.8 180 100 050 025 006 005 001 0.0 000 0.00
HITASHI 4337 2132 672 508 395 29 158 0.09 036 088 006 003 000 0.00 004 1353
MATSUSHITA 50.19 2332 730 571 362 378 167 053 069 055 007 005 000 0.04 009 239
SAMSUNG 5294 2339 774 567 210 353 240 0.10 047 040 008 003 000 0.03 004 107
SONY 50.51 2251 732 564 338 38 183 1.03 104 053 012 009 000 006 019 196
TOSHIBA 51.85 2412 746 55 335 370 177  0.04 039 048 007 005 000 001 006 109
Average values 4977 2290 731 553 328 35 185 036 060 057 010 005 000 0.03 008 401
Black & white (panel and funnel)
Min. conc. 6400 280 600 650 300 000 000 9.00 000 030 005 010 000 000 000 825
Max. conc. 66.00 440 750 800 500 1.00 000 1200 200 060 020 020 030 0.10 050 0.00
Standard conc. 6500 400 700 7.00 300 05 000 11.00 100 045 012 015 001 005 025 047
Funnel CLINTON Corp. 63.55 347 624 6.9 308 003 001 1274 115 075 006 000 001 001 001 200
Panel CLINTON Corp.  63.88 342 628 7.00 310 0.02 001 1285 115 074 006 001 000 000 003 146
Figure 4. Ratios of oxides in any types of CRT’s [5].
Usual Methods of recycling the glass of CRT’s: Oxides Panel Funnel Mixture Neck
1. recycling the glass of CRTs to produce new CRTs, but K;0 5.65 6.08 6.59 7.11
in this case all parts of CRT should be separated CaO 0.94 3.47 1.55 1.30
because the mixture of parts panel and funnel will Sr0 248 147 689 227
: ! parts p C 710, 2.44 0.82 2.04 037
contain lead oxide (PbO) which is not suitable for new g0, 0.25 0.06 0.14 0.69
panels, where the color of panel will be changing under BaO 7.88 0.00 5.70 0.42
X-rays [5]. Ce0, 0.41 0.42 0.37 0.44
2. The glass of CRTs can be used in the ceramics PbO 0.00 20.03 6.50 33.15
roducts, building materials and with the cement. This SnO 0.00 0.06 062 011
p ’ g : TiO, 0.33 0.47 0.43 0.21

glass is useful to make the foam glass [5].

3. Experimental
3.1. Preparing the CRTs Glasses

Firstly, the type of CRT glass has been chosen for the
experiments, HITACHI Corporation makes the chosen CRT.
Then, the parts of this CRT have been separated (Funnel,
Panel, Neck and Frit). After that, these parts cleaned from the
phosphorus layers that coating the entire side of Panel, and
the iron oxide and graphite layers that coating the part funnel.

Table 1. Ratios of oxides of CRT parts analyzed by SEM-EDX.

Oxides Panel Funnel Mixture Neck
B,03 7.53 6.90 6.21 5.37
Na,O 6.78 5.86 6.15 1.58
MgO 0.07 1.71 0.76 0.18
ALO; 1.98 4.89 2.74 245
SiO, 54.72 45.92 52.20 4321

3.2. Preparing the Mixtures of Samples

The program of samples has been divided to two steps:

The first step: preparing the samples to have the ratios:
50%, 60% and 70% of lead oxide (PbO) and adding the
potassium oxide (K,O) to some (not all) samples to
investigate the effects of this oxide on the resulted samples.
In addition, the potassium oxide is needed to decrease the
melting temperature. These ratios of lead oxide applied to the
parts: Funnel and Panel in addition to the mixture of parts;
Panel, Funnel and Neck as follow: Mixture (Mix) = 65%
Panel + 34% Funnel+ 1% Neck, because these ratios of parts
is almost the same ratios of them in the total CRT. The
second step: in this step the samples that have 60% of lead
oxide have been chosen to be added to 1% of cerium oxide
(Ce0y). The cerium oxide added to investigate effects of this
oxide on the irradiation resistance and discoloring of glasses
samples under high doses of gamma radiation.
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Table 2. Weights of added components of mixtures for samples.

The sample Weights of added glasses (g) Weights of added raw materials (g)
Funnel Panel Mix Pb30y4 K7CO3 CeO;

The first step of samples

GF1 80 - - 132.9 - -

GF2 100 - - 99 - -

GF3 120 - - 70.5 - -

GF4 80 - - 149.2 10 -

GF5 100 - - 125.2 25 -

GF6 120 - - 87.9 25 -

GP1 - 80 - 191.1 - -

GP2 - 100 - 153.6 - -

GP3 - 120 - 122.9 - -

GP4 - 80 - 231.8 25 -

GP5 - 100 - 179.7 25 -

GP6 - 120 - 140.3 25 -

GM1 - - 80 170.5 - -

GM2 - - 100 134.3 - -

GM3 - - 120 104.3 - -

GMS5 - - 100 160.4 25 -

GM6 - - 120 121.8 25 -

The second step of samples

GFCe 100 - - 102.1 - 2

GPCe - 100 - 157.4 - 2.5

GMCe - - 100 137.8 - 2.3

While the weigh ratios of components are as follow: The Ratios of added glasses (%) Ratios of added Oxides (%)
sample Funnel Panel Mix PbO K>O CeO,
Table 3. Ratios of added components of mixtures. GM6 - - 46.9 46.5 6.6 -
= = - The second step of samples

The Ratios of added glasses (%) Ratios of added Oxides (%) GFCe 496 ) } 494 } 1
sample Funnel Panel Mix PbO K0 CeO, GPCe B 39 B 60 B 1

The first step of samples GMCe _ _ 422 56.8 _ 1

GF1 38.1 - - 61.9 - -

GF2 50.8 - - 49.2 - -

GF3 63.5 - : 36.5 : : 4. Results and Discussion

GF4 344 - - 62.7 29 -

GF5 41.8 - - 511 7.1 - 4.1. Thermal Methods and Glass Transition
G s - sl £et - Temperatures of Samples (Tg)

GP1 - 30 - 70 - -

oL - 0 ) 60 ) ) The glass transition temperatures measured by using the
GP3 - 50 - 50 - - . . .

GP4 _ 24.7 ) 70 53 ) differential temperature analysis (DTA). The figure 5,
GP5 . 342 _ 60 58 _ showing the curve of differential temperature analysis (DTA)
GP6 - 43.8 - 50 6.2 - and glass transition temperature for the sample (GF3) as
GM1 - - 325 67.5 - - appearing in the table 4. This table also showing the melting
8ﬁ§ ) ) ;‘ii i g; ) ) and annealing temperatures and the periods of melting and
GM5 ) _ 3 6: 5 57:2 63 ) annealing operations (where the annealing rate was about

23°C/h).

Table 4. Melting and annealing temperatures and the periods of them. In addition to glass transition temperatures of all samples (Tg).

The Ratio of Glass transition Melting temperature Time of stability Annealing Time of stability on
sample PbO (%) temperature (Tg) Tm (°C) on Tm (minutes) temperature Tan (°C) Tan (minutes)
GF1 70 413.6 1100 150 390 120

GF2 60 431.8 1130 90 390 120

GF3 50 457.0 1200 90 410 30

GF4 70 396.3 1100 150 390 120

GF5 60 390.7 1090 90 390 180

GF6 50 418.2 1150 90 410 45

GP1 70 431.8 1070 90 370 135

GP2 60 431.0 1130 30 410 75

GP3 50 455.6 1200 90 410 30

GP4 70 4322 1070 30 365 30

GP5 60 417.0 1090 30 375 30

GP6 50 425.8 1190 5 395 15
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The Ratio of Glass transition Melting temperature Time of stability Annealing Time of stability on
sample PbO (%) temperature (Tg) Tm (°C) on Tm (minutes) temperature Tan (°C) Tan (minutes)
GM1 70 372.8 1070 30 375 75
GM2 60 427.8 1130 30 410 75
GM3 50 4542 1200 90 410 30
GMS 60 409.3 1090 30 375 30
GM6 50 423.7 1150 60 370 90
Mix 7.6 542.6 1380 5 25 0
GFCe 60 438.8 1160 5 395 30
GPCe 60 417.6 1160 5 395 30
GMCe 60 432.6 1160 5 395 30
DTA/uY Segment : |
3a
0
X
25F o
I
20 Fv
15
18
5

8 Wm
-5

1

-18 1 1 1
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a 188 200

360
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Figure 5. The differential temperature analysis (DTA) curve and glass transition temperature for the sample (GF3).

Some remarks for the melting and annealing temperatures
and the homogenates of resulted samples:

- All resulted samples were very clear and homogenous and
have a little number of cords and bubbles where were very
small. Some of these samples were very well and do not have
any kinds of cords or bubbles as samples: GM2 and GF6.

GF6
Figure 6. The GF6 sample.

GM2
Figure 7. The GM2 sample.

- Many degrees of colors have been observed that varying
by ratio of added oxides especially lead oxide (PbO) and
potassium oxide (K,O). Where the yellow color appears

when lead oxide added to the mixtures and this color
increases at high ratios of lead oxide.

- The decreasing of melting temperatures have been
remarked when lead oxide added to the mixtures, also the
same case occurs when potassium oxide added too. Melting
temperatures also decreases when the glass of CRT added in
high ratios to the mixtures that appeared in the comparison
between some samples. These results agree with many papers
investigated these effects of added glasses [10], where 2%
added glass decrease the melting temperatures about 350°C
and that depends on types of added glasses.

- These samples appeared that the CRT glass could be
added to the mixtures by ratios between 30% to 60% to
produce a radiation shielding glass.

- One of investigated results that the potassium oxide can
be added by limited ratios. If it added to the mixtures over
these limits, so it may produce non-glasses samples (as
happened to the sample (GM4), or it may have a swarthy
color (swarthy green color) when it added by high ratio with
lead oxide in the mixtures such as the sample (GM1):

GM1

Figure 8. The GM1 sample.
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- In many cases, the swarthy colors can be disappeared  cm in width and no more than 1 cm of thickness.
when these samples re-melting at the same temperature or
higher temperature or more period of time for melting and
annealing operations.

- In some cases, many defects of resulted glass appeared
such as very small cords and bubbles (this is a major case in
the glass industry). These defects could return to non-
homogeneous melting or mixtures.

- The dimensions of resulted samples are between 2 to 5

4.2. Chemical and Physical Characteristics
of Samples

4.2.1. The Chemical Composition
The tables 5, 6 and 7 contain the ratios of oxides of all
samples.

Table 5. Ratios of oxides of the group GF.

Oxides GF1 GF2 GF3 GF4 GF5 GF6
B,0s 2.63 3.51 438 2.07 2.88 3.71
Na,O 2.24 2.98 3.73 1.76 2.45 3.16
MgO 0.65 0.87 1.09 0.51 0.71 0.92
ALO; 1.87 2.49 3.11 1.47 2.04 2.63
Si0, 17.51 23.35 29.18 13.78 19.19 24.72
K,O 232 3.09 3.87 8.22 9.66 10.92
CaO 1.32 1.76 2.20 1.04 1.45 1.87
SrO 0.56 0.75 0.93 0.44 0.61 0.79
ZrO, 0.31 0.42 0.52 0.25 0.34 0.44
Sb,0; 0.02 0.03 0.04 0.02 0.03 0.03
BaO 0.00 0.00 0.00 0.00 0.00 0.00
CeO, 0.16 0.21 0.27 0.13 0.17 0.22
PbO 69.50 59.34 49.18 69.61 59.46 49.30
SnO 0.02 0.03 0.04 0.02 0.02 0.03
TiO, 0.18 0.24 0.30 0.14 0.20 0.25
P,0s 0.00 0.00 0.00 0.00 0.00 0.00
Bi,0;3 0.00 0.00 0.00 0.00 0.00 0.00
As,0;3 0.00 0.00 0.00 0.00 0.00 0.00

Table 6. Ratios of oxides of the group GP.

Oxides GP1 GP2 GP3 GP4 GPS GPo6
B,03 2.26 3.01 3.76 1.86 2.57 330
Na,O 2.03 2.71 3.39 1.68 232 2.97
MgO 0.02 0.03 0.03 0.02 0.02 0.03
AlLOs 0.60 0.79 0.99 0.49 0.68 0.87
Si0, 16.42 21.89 27.36 13.54 18.71 23.96
K,O 1.70 2.26 2.82 6.67 7.76 8.69
CaO 0.28 0.37 0.47 0.23 0.32 0.41
SrO 2.85 3.79 4.74 2.35 3.24 4.15
ZrO, 0.73 0.98 1.22 0.60 0.84 1.07
Sb,0; 0.08 0.10 0.12 0.06 0.09 0.11
BaO 2.36 3.15 3.94 1.95 2.69 3.45
CeO, 0.12 0.16 0.20 0.10 0.14 0.18
PbO 70.00 60.00 50.01 70.00 59.99 50.00
SnO 0.00 0.00 0.00 0.00 0.00 0.00
TiO, 0.10 0.13 0.17 0.08 0.11 0.15
P,0s 0.00 0.00 0.00 0.00 0.00 0.00
Bi,0; 0.00 0.00 0.00 0.00 0.00 0.00
As,O;3 0.00 0.00 0.00 0.00 0.00 0.00

Table 7. Ratios of oxides of the group GM and samples that have 1% of CeQO.

Oxides GM1 GM2 GM3 GM4 GM5 GM6 GFCe GPCe GMCe
B,0s 2.02 2.69 3.36 1.64 227 291 3.42 2.94 2.62
Na,O 1.99 2.66 332 1.62 2.25 2.88 291 2.65 2.59
MgO 0.25 0.33 0.41 0.20 0.28 0.36 0.85 0.03 0.32
ALOs 0.89 1.19 1.48 0.72 1.00 1.28 243 0.77 1.16
Si0, 16.94 22.58 28.23 13.77 19.07 24.47 22.76 21.36 22.04
K,O 2.14 2.85 3.56 7.36 8.63 9.74 3.02 2.20 2.78
CaO 0.50 0.67 0.84 0.41 0.57 0.73 1.72 0.37 0.66
SrO 2.24 2.98 3.73 1.82 2.52 323 0.73 3.70 291

ZrO, 0.66 0.88 1.10 0.54 0.75 0.96 0.41 0.95 0.86
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Oxides GM1 GM2 GM3 GM4 GMS5 GM6 GFCe GPCe GMCe
Sb,0; 0.05 0.06 0.08 0.04 0.05 0.07 0.03 0.10 0.06
BaO 1.85 2.47 3.08 1.50 2.08 2.67 0.00 3.08 241
CeO, 0.12 0.16 0.20 0.10 0.14 0.17 1.20 1.14 1.13
PbO 69.66 59.55 49.43 69.72 59.61 49.51 59.36 60.00 59.56
SnO 0.20 0.27 0.34 0.16 0.23 0.29 0.03 0.00 0.26
TiO, 0.14 0.19 0.23 0.11 0.16 0.20 0.23 0.13 0.18
P,0s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bi,0;3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Asy0;3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4.2.2. The Density and Refractive Index
The densities of samples have been measured by using Archimedean method in medium of water at lab temperature (about
25°C). The refractive indexes measured by using laser source (wavelength between 630 — 680 nm).

Table 8. Densities and refractive indexes of samples.

Refractive index Nq at (655 +  Thickness of sample after

The sample Ratio of PbO (%) Density (g.cm™) (£ 0.01) 25 nm) ( 3.5%) polishing (mm) (& 0.05 mm)
GF1 70 5.26 1.906 5.10
GF2 60 4.72 1.807 2.80
GF3 50 4.11 1.790 5.60
GF4 70 5.12 1.813 5.70
GF5 60 4.55 1.746 6.05
GF6 50 4.07 1.734 6.35
GP1 70 4.79 1.827 6.30
GP2 60 4.92 1.880 6.35
GP3 50 4.41 1.760 4.60
GP4 70 5.28 1.908 6.40
GP5 60 4.61 1.842 3.25
GP6 50 4.24 1.700 6.35
GM1 70 5.38 1.833 6.25
GM2 60 4.97 1.807 6.35
GM3 50 4.36 1.689 4.10
GMS5 60 4.61 1.856 6.40
GM6 50 4.19 1.743 5.80
Mix 7.6 2.88 1.505 4.10

From the table 8, the density increases when the ratios of lead oxide increases, and that is reasonable result because the high
density of added lead oxide (About 9.35g.cm™). This result appears in the figure 9:

4 The Density and ratios of lead oxide. )
6.5 7
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Figure 9. Increasing densities by increasing ratios of lead oxide.

At ratios: 50%, 60% and 70% of lead oxide and looking to tables 7, 8, 9, and 10, the decreasing of density to O.Sg.cm'3 can
be found when the ratio of potassium oxide (K,0) increases about 7-8% (in the same time the silicon oxide decreases about 7-
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8%).
The refractive index also increases by increasing of density as showing in the figure 10:
4 L . h
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Figure 10. The increasing of refractive index and densities.
4.2.3. Linear Attenuation Coefficients, Half were calculated for other energies by using the code XCOM
and Tenth Value Layers and the Lead (this program is used to calculate the attenuation coefficients
Equivalent for photons that have energies between 1 keV to 100 GeV by

The linear attenuation coefficients were measured by using  entering the ratios of compositions of the materials in the
Co® as radiation source. This isotope has two energies: 1.173  program) [11]. The empirical results were very close to the
MeV and 1.332 MeV, and the detector were at the distance 1  theoretical results as listed in the table 9:

m from the source. Also the linear attenuation coefficients

Table 9. Attenuation coefficients experimentally and theoretically (XCOM code).

The sample Density (g.cm™)  Experimental attenuation coefficients (cm™) Theoretical attenuation coefficients by using the code XCOM (cm™)

At energies (keV)
At energy Co-60 (keV)
X-Ray Cs-137 Co-60
1332.5 1173.24 100 661.6 1173.24 1332.5
GF1 5.26 0.32 19.18 0.52 0.32 0.29
GF2 4.72 0.22 14.86 0.45 0.28 0.26
GF3 4.11 0.23 10.84 0.38 0.25 0.23
GF4 5.12 0.32 18.70 0.50 0.31 0.28
GF5 4.55 0.27 14.33 0.43 0.27 0.25
GF6 4.07 0.22 10.78 0.37 0.24 0.23
GP1 4.79 0.31 17.87 0.47 0.29 0.27
GP2 4.92 0.30 16.00 0.47 0.29 0.27
GP3 4.41 0.23 12.26 0.41 0.26 0.24
GP4 5.28 0.28 19.66 0.52 0.32 0.29
GP5 4.61 0.29 14.96 0.44 0.28 0.25
GP6 4.24 0.25 11.71 0.39 0.25 0.23
GM1 5.38 0.32 19.93 0.53 0.33 0.30
GM2 4.97 0.29 15.99 0.47 0.30 0.27
GM3 4.36 0.26 11.91 0.40 0.26 0.24
GMS5 4.61 0.28 14.82 0.44 0.28 0.26
GM6 4.19 0.24 11.43 0.39 0.25 0.23
Mix 2.88 0.17 1.92 0.23 0.17 0.16
GFCe 4.74 0.30 15.01 0.45 0.29 0.26
GPCe 4.93 0.32 16.12 0.47 0.29 0.27
GMCe 4.85 0.30 15.68 0.46 0.29 0.27
Pb 11.342 0.66 62.94 1.25 0.70 0.64

The attenuation coefficients increase (as expected) when the density increases as showing in the figure 11:
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Figure 11. Increasing of attenuation coefficients by increasing of densities.

Calculation the half and tenth value layers:

Table 10. The half value and tenth value layers, in addition to the lead equivalent.

Half value layers at isotope’s energies
The sample (cm)

Tenth value layers at isotope’s
energies (cm)

The lead equivalent for 1 cm thickness of
each sample at isotope’s energies (cm)

Co-60 Cs-137 Co-60 Cs-137 Co-60 Cs-137
GF1 2.24 1.33 7.43 443 0.47 0.45
GF2 2.57 1.54 8.53 5.12 0.41 0.39
GF3 2.89 1.82 9.59 6.06 0.36 0.33
GF4 231 1.39 7.68 4.61 0.45 0.43
GF5 2.67 1.61 8.86 5.35 0.39 0.37
GF6 3.01 1.87 10.01 6.22 0.35 0.32
GP1 248 1.47 8.22 4.90 0.42 0.41
GP2 2.48 1.47 8.22 4.90 0.42 0.41
GP3 2.77 1.69 9.21 5.62 0.38 0.36
GP4 2.24 1.33 7.43 443 0.47 0.45
GP5 2.57 1.58 8.53 523 0.41 0.38
GP6 2.89 1.78 9.59 5.90 0.36 0.34
GM1 2.17 1.31 7.20 434 0.48 0.46
GM2 2.39 1.47 7.94 4.90 0.44 0.41
GM3 2.77 1.73 9.21 5.76 0.38 0.35
GMS5 0.03 1.58 0.09 523 0.41 0.38
GM6 2.89 1.78 9.59 5.90 0.36 0.34

4.2.4. The Glasses Structure of Samples

The structure of samples has been studied by using the X-
ray diffraction (XRD) and results were all produced samples
were a glass (amorphous structure). The figure 12 appears the
XRD curve of sample GP4:

Intensity

20 30 40 50 60 70 80
20 , deg
Figure 12. The XRD curve of sample GP4.

4.2.5. The Optical Transmission Spectra
Before and After Irradiation, and the
Effects of Added Cerium Oxide on
Irradiation Resistance and Discoloring
of Samples

i. The Transmission Spectra Before

Irradiation

The transmission spectra are taken for thickness 1 cm of
samples. The transmission spectra can be calculated when the
transmission and the absorbance are known at determined
thickness, then by using Beer-Lambert equation [12]:

I=1I,. (1 - R)*.exp (-p.d) (where the transmission is T =1/
Iy) so the transmission spectra at any thickness can be
calculated by using the following equation:

T, = Trexp (u. (dy - dy)), where T, is the optical
transmission at 1 cmand d, =1 cm.

- The transmission spectra of GF samples:
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Figure 13. The transmission spectra of GF samples.

The best two curves of transmission of these samples are the
curves for samples GF3 and GF6, where the transmission can
close to 80% at most of the wavelength range. These two
samples have 50% of lead oxide (PbO) and the sample GF3
contain about 4% of K,O while the sample GF6 have about 11%
of it. The curves of these two samples are very close to each
other. Therefore, that indicate the increasing of potassium oxide
(K,0) was not suitable to increase the transmission (although
two samples produced under the same thermal program such as
the melting and annealing temperature).

By comparison between samples GF1, GF4 and GF2, GF5
where each pair have the same ratio of lead oxide 70% and
60% respectively. Moreover, the samples in each pair
produced under the same thermal conditions but it have
different ratios of K,O. So, the samples that have high ratios
of K,O more than 7-8% and have ratios of lead oxide more
than 50% the result would be more decreasing of optical
transmission. Where the transmission of sample GF2
decreased from 70% to about 20% (GFS5).

- The transmission spectra of GP samples:

4 N
The transmission spectra of GP samples.
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Figure 14. The transmission spectra of GP samples.

The best transmission curve is for sample GP6 that consist
of 50% PbO + 9 K,O + ...etc, and it is better than sample

samples. Where all curves are close to others although the
variation of lead oxide that reaches to 20% and that maybe

GP3 that contain the same ratio of PbO but it contain about 3% relates to the strontium oxide (SrO) and barium oxide (BaO)

of K,O. Therefore, in this case the potassium oxide play
positive role to improve the transmission opposite of other

with ratio about 4% of each one in these samples.
- The transmission spectra of GM samples:
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Figure 15. The transmission spectra of GM samples.

The sample that has the best transmission curve is the L.
sample GM6, where it is better than sample GM3 with little ii. The Trapsmlssmn sPe_c"a After
difference after adding the K,0O. The sample GM1 has very I"ad'at'on_’ and S?udymg the _Eff_eCts of
weak optical transmission reaches to 10%. Since the Add_ed Cerium Ox!de on I_"ad'at'on
potassium oxide decreasing the transmission when it adds Resistance a!‘d P'sc‘)lor"_‘g of Sample560
to the mixtures that have high ratio of lead oxide (PbO) The glasses were irradiated by using the source Co ) to
(more than 50%) as found from the last figures, so the three doses: 1 kGy, 3 kGy and 5 kGy' where the dose.rate is 1
expectation for the sample GM4 is to be having more kGy/h, and then the optical transmission was studied after
weakly transmission than the sample GMI (that have about 16 hpurs. Three samples have l?een chpsen that have 60%
originally very weak transmission). Therefore, the GM4 of lead oxide (PbO) to add 1% of cerium oxide to them. Then,

will be non-glass samples and this result is what is found in the transmission spectra were studied before and after adding
these experiments the cerium oxide to investigate effects of it on the stability of

transmission spectra under irradiation conditions.
First: the transmission spectra of sample GF2:

4 N
Effect of irradiation by Co® on the sample GF2

100 7
90
80
70 0 kGy
60
0 - : 1 kGy
40 - — 3kGy
30 5 kGy
20
10

Transmission (T%)

400 450 500 550 600 650 700 750 800

Wavelength (nm)
. %

Figure 16. The effect of irradiation on transmission spectra of sample GF2.

The transmission decreases by increasing doses of gamma radiation from 70% to 50% in the wavelength 650 nm to 800 nm.

Less decreasing occurs at the beginning of wavelength range by comparison between curves in two cases of doses: 0 kGy and
5 kGy.
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Figure 17. The effect of irradiation on transmission spectra of sample GFCe (GF2 + 1% of CeO)).

The added cerium oxide improved the transmission spectra and made the sample more resistance of irradiation. So, the
transmission improved 10% almost at most of the wavelength range (550 nm to 800 nm) but it didn’t improve the transmission
at smallest wavelengths, by the comparison between samples in two cases 0 kGy and 5 kGy.

These results clearly appear by the figure 18 as follow:
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Figure 18. The effect of added 1% CeO); to the sample GF2 at the radiation dose 1 kGy.

The figure 19, showing the difference of irradiation effect on the sample GF2 before and after adding 1% CeO, by
increasing doses at the wavelength 589 nm:



Figure 19. The difference of irradiation effect on the sample GF2 before and after adding 1% CeO; by increasing doses at the wavelength 589 nm.

The added cerium oxide with 1% to the sample GF2 improved the transmission and the irradiation resistance. In addition,
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this oxide improved the transmission about 5% even before the irradiation.
Second: the transmission spectra of sample GP2:
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The decreasing of transmission by increasing doses can be observed in this case also, where it decreases about 20% from the
wavelength 650 nm to 800 nm, and more decreasing occurs at the shorter wavelengths, by the comparison between two cases 0

kGy and 5 kGy.

Figure 20. The effect of irradiation on the transmission spectra of sample GP2.
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Figure 21. The effect of irradiation on transmission spectra of sample GPCe (GP2 + 1% of CeO).

In this case, the transmission spectra did not improve clearly by adding the cerium oxide with ratio 1%. Where the
transmission did not improve so much in the wavelength range between 570 nm to 800 nm almost. While in the shorter
wavelength, the transmission decreased about 10% when the cerium oxide added. This result appears clearly by the figure 22:
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Figure 22. The effect of added 1% CeO); to the sample GP2 at the radiation dose 1 kGy.

The figure 23, showing the difference of irradiation effect on the sample GP2 before and after adding 1% CeO, by
increasing doses at the wavelength 589 nm:
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Figure 23. The difference of irradiation effect on the sample GP2 before and after adding 1% CeO by increasing doses at the wavelength 589 nm.

The added cerium oxide with 1% to the sample GF2 improved the transmission and the irradiation resistance. In addition,
this oxide improved the transmission about 5% even before the irradiation.
Third: the transmission spectra of sample GM2:
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Figure 24. The effect of irradiation on the transmission spectra of sample GP2.

The decreasing of transmission by increasing doses can be observed in this case too. Where it decreases about 20% from the
wavelength 650 nm to 800 nm, and more decreasing occurs at the shorter wavelengths, by the comparison between two cases 0
kGy and 5 kGy.
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Figure 25. The effect of irradiation on transmission spectra of sample GMCe (GM2 + 1% of CeO;).

The added cerium oxide improved the transmission spectra and made the sample more resistance of irradiation. So, the
transmission improved 5% almost at most of the wavelength range (550 nm to 800 nm) but it didn’t improve the transmission
at smallest wavelengths, by the comparison between samples in two cases 0 kGy and 5 kGy. While, by the comparison
between before and after adding the cerium oxide CeQj; that the transmission didn’t improve at the dose 1 kGy, where the

curves in these two cases are corresponded at all wavelength range as showing in the figure 26:
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Figure 26. The effect of added 1% CeQO) to the sample GM?2 at the radiation dose 1 kGy.

The figure 27, showing the difference of irradiation effect on the sample GM2 before and after adding 1% CeO, by

increasing doses at the wavelength 589 nm:
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Figure 27. The difference of irradiation effect on the sample GM2 before and after adding 1% CeQ; by increasing doses at the wavelength 589 nm.

The transmission of sample GM2 has been improved by
adding 1% of cerium oxide at the doses that less than 1 kGy.
Where, there is no effect of added cerium oxide (by the ratio
1%) for the radiation doses that less than 1 kGy.

5. Conclusion

From this study, the glasses of cathode ray tubes (CRTs)
can be used by its parts: Funnel and Panel in addition to the
Mix to produce a radiation shielding glass. The results
indicate that the lead oxide can be added to the CRT glass by
ratios between 50% to 70%, also parts of CRT can be added
by ratios between 30% to 60% to produce useful and
empirical glasses for shielding application against gamma
radiations. So, by using this method of recycling the CRT
glass, these waste glasses (CRT glass) and its toxic metals
can be reduced more than 60%. On the other hand, huge
amounts of raw materials that used to produce the CRT glass
can be saved for other useful applications. In addition to the
reduction of toxic metals that exist in these glasses and save
the environment from these hazardous materials.

This paper indicates that there are limits of added
potassium oxide (K,0). Therefore, when its ratio become
over this limit the resulted sample can be non-glasses sample
(as happened to the sample GM4), or this sample will has
very swarthy color when added with high ratio of lead oxide
as occurred to the sample GM1.

The attenuation coefficients of samples for the gamma
radiations were very good and close to reference values and
that depend on densities of glasses. In addition, the

transmission spectra of samples were varying depending on
ratios of lead and potassium oxides.

The effects of irradiation were varying depending on the
type of used glass in mixtures. Where there were decreasing
of transmission about 20% reached to 50% at the beginning
of wavelength range between 400 nm to 600 nm at high
radiation doses reached to 5 kGy and the high dose rate that
were 1 kGy/h. some samples were having very resistance of
irradiation that contain the glass Panel. This study appeared
that the cerium oxide is very important oxide for the radiation
shielding glasses. Where this oxide made the samples more
stable under irradiation. Moreover, the transmission
improved and became better when the 1% of cerium oxide
added to the samples. Although, more ratios of cerium oxide
(Ce0O;) may make the glass having much more resistance of
irradiation [13, 14].

Other result from this paper can be concluded, that the
increasing of added glass can reduce melting temperatures
where the difference can reaches to more than 150°C.
Therefore, the required energy to melt mixtures can be
reduced too.

References

[1] R. G. lJaeger, Engineering Compendium on Radiation
Shielding, International Atomic Energy Agency, Viena,
Springer- Verlag, 1975.

[2] DIN 25420 - 3, Errichtung von Heissen Zellen aus Beton, Teil
3: Anforderung an Strahlenschutzfenester fuer Betonwaende
unterschiedlicher Dichte, July 2000.



32

[3]

[4]

Abdullah Mohammad Shehada ez al.: Studying Characteristics of Radiation Shielding Glass Made of
Glass of Cathode Ray Tubes and Heavy Metal Oxides

DIN 25420 - 4, Errichtung von Heissen Zellen aus Beton, Teil
4: Anforderung an Strahlenschutzfenester fuer Betonwaende
der Dichte 2.3g/cm’ unterschiedlicher Dicke, July 2000.

American Institute of Physics Translation Series: Optical
Glass; T. S. Izumitani, Hoya Corporation, Tokyo, Japan; New
York 1986.

F. Me’ar, P. Yot, M. Cambon, M. Ribes; The characterization
of waste cathode-ray tube glass, Waste Management 26 (2006)
1468-1476.

Source: Data from eT Forecasts, compiled by Jeremy Reimer,
Personal Computer Market Share: 1975-2004; accessed Dec
15,2004, http://www.pegasus3d.com/total share.html.

Source: "Computers”, EfficientProducts.org, accessed Mar 15,
2006, http://www.efficientproducts.org/computers.

Background Document on Recycling Waste from Computers;
Prepared by Randall Conrad & Assoc. Ltd. for Alberta
Environment August 10, 2000, ISBN No. 0-7785-1729-2, Pub
No. I/888.

9]

[10]

[11]

[12]

[13]

Fifth Annual Computer Report Card, Silicon Valley Toxics
Coalition and Computer Take Back Campaign, May 19, 2004,
http://www.svtc.org/cleancc/pubs/2003report.htm.

B. R. Priya Rani, E M. T. Sebastian; The effect of glass
addition on the dielectric properties of barium strontium
titanate, ] Mater Sci: Mater Electron (2008) 19: 3944,

M. J. Berger and J. H. Hubbell; The National Institute of
Standards and Technology, http://physics.nist.gov/XCOM
(NIST).

E. B. Shand- technical consultant engineer in Corning Glass
Works, Glass Engineering Handbook, McGraw Hill Book
Company, 1958.

Mauro Ghigo - Paolo Spano; Space qualified glass database;
INAF — Astronomical Observatory of Brera, January 29th,
2009.

Burkhard Speit; Radiation Shielding Glasses Providing Safety
Against  electrical Discharge and Being Resistant to
Discoloration, United States Patent, Patent Number: 5, 073,
524, Dec, 17, 1991.



