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Abstract

A cold-pressing and pressure-less viscous flow sintering treatment for the manufacturing of dense alumina platelet-reinforced glass matrix
composites was proposed for the recycling of glasses coming from dismantled cathode ray tubes (CRTs). Mixtures of three different glasses
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rom CRTs and Al2O3 platelets were investigated regarding the introduction in glass of rigid, non-sintering, inclusions and the natu
atrix glasses. An innovative short-time sintering procedure was found to be advantageous, leading to significant increases in bend
icrohardness and fracture toughness, despite the relatively low Al2O3 platelet addition. Both the morphology of the residual porosity, due t

intering process and particular chemical and physical interactions within the matrix, and the crack deflection effect, due to the spec
einforcement combination, were found to be the determinant of the observed mechanical properties. The obtained bending streng
icrohardness and fracture energy are comparable to the values reported for glass-ceramics for technical applications in the build
2004 Elsevier Ltd. All rights reserved.
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. Introduction

The manufacturing of innovative glass-based materials
ay be considered as a promising way for the treatment of

arious types of wastes.1 Glass fibers,2 glass-ceramics,3 foam
lasses4,5 and, mainly in the last ten years, glass or glass-
eramic matrix composites6,7 were developed with this aim.

A particular type of waste glasses are those coming from
ismantled cathode ray tubes (CRTs). Such glasses represent
pressing environmental problem, since their direct (closed-

oop) recycling in the manufacture of new CRTs is very com-
licated. In a CRT different types of heavy metal containing
lasses, lead- or barium-based, are employed.8 The usage
f heavy metal oxides in the chemical formulation of CRT
lasses is necessary for the UV and X radiation, produced

∗ Corresponding author. Tel.: +39 049 8275510; fax: +39 049 8275505.
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by the electron gun, to be absorbed. The front part, na
panel, is made of a barium–strontium glass, practically
free, very homogeneous and thick. Lead is used in the
nel and neck part, the one hidden inside the TV set, bec
of its low cost. The more expensive barium is chosen
stead of lead, in order to prevent the browning of the f
part due to easily reducible oxides (like PbO) caused by h
energy electrons. Such effect is known as “solarization”.9 The
closed-loop recycling could be profitable only in the cas
an absolute separation of the glass components: the intr
tion of a small percentage of funnel or neck glass in p
manufacturing is not acceptable for the solarization ef
on the other hand, the addition of panel glass to the fu
or neck glass composition is limited, since the mixture o
and Ba glasses has inferior mechanical properties.8

Open-loop recycling, i.e. the utilization of CRT glas
as raw materials for applications independent from C
manufacturing, may be performed. At the present
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the open-loop recycling is mainly due to the heavy metal
content which could be advantageous in applications such
as laboratory equipment for radiation protection (containers,
glass fibre textiles,10,11 etc.). Such applications, however,
may absorb only a small volume of CRT glasses so that they
generally end in waste combustors or landfills, with a given
danger of environment pollution. In recent times it was
recognized the environmental risk of PbO volatilization upon
waste combustion, causing CRTs to be banned from such
form of disposal.12 Some authorities have recently banned
CRT glasses also from landfills; even if the environmental
risk is dramatically lower, the huge amount of the specific
waste leads to the need of enhancing CRT recycling.12 The
situation is complicated, at the same time, by the replacement
of standard-definition television with high-definition televi-
sion (without cathode ray tube); the difficult and insufficient
closed-loop recycling will be less and less suitable, since a
drastic reduction of CRTs production is probable.13

Some recent works pointed out the feasibility of innova-
tive glass-based materials from CRT glasses. The fundamen-
tal remark of such research is that CRT glasses possess a
relatively low softening temperature, which could be partic-
ularly profitable in viscous flow sintering applications. Glass
foams14,15 and glass matrix composites16–19 were success-
fully fabricated from CRT glasses. In the specific field of
glass-matrix composites it has been shown that CRT glasses
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thought to be particularly promising since the size of the rela-
tive market is suitable for a strong waste absorption. Alumina
platelets have been already proposed for the reinforcement of
panel glass19 by an extrusion process; in this work a simple
viscous flow sintering approach was employed for a mixture
of all glass components of a CRT. A certain economic benefit
could be recognized, besides in the processing route, in the
reduction of the costs of materials selection.

2. Experimental

A mixture of barium and lead-silicate glasses was em-
ployed as the matrix. The chemical composition and the phys-
ical properties of the investigated glass are shown inTable 1.
All the glasses were ground without re-melting and making
a frit like in previous works;16,17 the grinding was more dif-
ficult, but there was neither thermal nor chemical alteration
of the CRT glasses.

A dilatometric analysis was performed to obtain the dilato-
metric softening point, essential for the study of the sintering
behaviour. The dilatometric plots, shown inFig. 1, illustrate
that the dilatometric softening point for the investigated glass
is between 512.0 and 592.8◦C.

All the CRT glasses were first dry ball milled and sized
in order to obtain grains <37�m. The powders were then
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re suitable for the obtainment of highly dense composit
pite of cold pressing and pressure-less sintering (it is
nown that the densest glass-matrix composites are d
ped by hot pressing).

In this paper we present the manufacturing of Al2O3
latelet-reinforced glass-matrix composites from C
lasses. The reinforcement is low-cost and commerc
vailable as abrasive material for polishing applicati
eramic platelets (SiC20,21 and Al2O3

22,23) have been use
uccessfully to reinforce glass and glass-matrix compo
or the last ten years, after extensive applications in cer
atrices such as mullite, zirconia, alumina.24–26 The im-
rovement in mechanical properties is mainly related to c
eflection, caused by the introduction of residual stre

n the matrix, due to the thermal expansion mismatch
he reinforcing phases. Some work has been performe
anufacturing platelet-reinforced glass-matrix compo
y cold-pressing and pressure-less viscous flow sinte

hus yielding a cost-effective processing route.6,27 A precise
ptimisation of the sintering conditions may lead to hig
ense materials. Besides economic advantages, the sin
pproach has an environmental benefit, since the rela

ow processing temperature causes the possible volatilis
f some elements to be prevented.

The main objective of this work was to optimise the sin
ng behaviour of Al2O3 platelet-reinforced recycled glass
rder to reach high-density products, with suitable mech
al properties and with a short-time procedure, thus obta
aterials compatible for tiles applications. The employm
f products from CRTs in the field of the building industry
ixed for 1 h in the same ball mill in the proportions in wei
vailable from statistics (65.73% panel glass, 33.86% fu
lass, 0.41% neck glass).14,28

�-Alumina monocrystals (platelets) were chosen as
einforcement (Microabrasives Co., Westfield, MA). T
latelets are hexagonal-shaped, with major axes bet

and 10�m and axial ratio (thickness/average diam
er) ≈0.2. The density of�-alumina was considered to
.99 g cm−3.29 The thermal expansion coefficient of alum
latelets (αp = 8.9× 10−6 ◦C−1) was lower than that of CR
lasses which constitutes the matrix (αm = 9.9× 10−6 ◦C−1

able 1
hemical composition and physical properties of the investigated gla8

he density data were measured by applying the Archimedes’ princi
s-received CRT glasses

Panel
(Ba containing)

Funnel
(Pb containing)

Neck
(Pb containing)

hemical composition in wt.% of CRT glasses (main oxides)
SiO2 60.70 54.10 38.00
Al2O3 1.70 1.80 0.90
Na2O 7.50 6.20 2.00
K2O 6.90 8.20 16.50
CaO 0.10 3.50 0.10
BaO 9.90 0.80 0.70
SrO 8.60 0.70 4.80
PbO 0.01 22.00 35.00

hermal expansion coefficient (10−7 ◦C−1)
99.0 ± 0.5 99.0 ± 0.5 99.0 ± 0.5

ensity (g cm−3)
2.82± 0.01 3.03± 0.01 3.05± 0.01
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Fig. 1. Dilatometric plots of the investigated CRT glasses, with evidence of the dilatometric softening points.

for all the glasses; the identity ofα being essential for an
effective joining of the glasses in a CRT).

Alumina platelets in 5, 10, 15% concentrations by volume
were added to the mixture of fine-powdered CRT glasses, and
mixed in a dry ball mill for 1 h. Also powders of pure mix-
ture were considered. The powders were uniaxially pressed
in a steel die of rectangular section (50 mm× 34 mm) at
room temperature, by using an hydraulic press operating at
40 MPa, without any binder. The obtained green tiles were
sintered in air at temperatures varying from 650 to 800◦C.
A first series of samples was treated with a heating rate of
10◦C/min and a sintering time of 1 h. A second series was
treated with the same firing duration, but with a heating rate
of 5◦C/min. Finally, the last series was treated with a heating
rate of 5◦C/min and a very short firing duration of 15 min.

The density of the sintered compacts was measured by
the Archimedes’ principle. At least ten fragments were anal-
ysed for each sample. The theoretical densities of composite
materials were calculated by applying the rule of mixtures
from the density of the constituents. The ratio measured den-
sity/theoretical density, named relative density, was chosen
as a reference parameter.

Beam samples of about 3 mm× 2 mm× 42 mm, for bend-
ing strength (modulus of rupture) determinations were cut
from sintered samples. All samples were carefully polished
up to a 6�m finish, by using abrasive papers and diamond
p fine
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t

nta-
t n

fracture energy (GIC) of the investigated materials were ob-
tained by applying, respectively, low loads (500 g) and high
loads (1500–2200 g). The fracture energy30 was calculated
by using the well-known equation of Anstis et al.,31 starting
from the measured length of cracks emanating from the cor-
ners of the Vickers indents, originally reported for the fracture
toughness parameter, as follows:

KIC = ξ
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whereP is the applied load,c is the length of the emanated
cracks andξ is a calibration factor (ξ = 0.016± 0.004). The
fracture energy calculation is independent from the elastic
modulus: the improvement of the fracture resistance of the
glass matrix due to the reinforcement was consequently in-
vestigated neglecting the enhancement of the elastic modulus
provided by the inclusions (the Young’s modulus of alumina
is much larger than that of glass). The fracture energy pa-
rameter is, in practice, a function only of the intrinsic crack
d the
m one
o rk. In
a ents
f er
t e, the
G be-
h

aste. The edges of the bars were bevelled by using
brasive papers and diamond paste. Four point bending
32 mm outer span, 8 mm inner span) were performe
sing an Instron 1121 UTS (Instron Danvers, MA), wit
rosshead speed of 0.1 mm/min. Each data point repre
he average from 5 to 10 individual tests.

Polished samples were employed for Vickers inde
ion tests, from which the hardness (Hv) and the indentatio
eflection effect, due to the particular matching between
atrix and the reinforcement, whose effectiveness was
f the most important research themes of the present wo
ddition, it must be noted that the size of the Vickers ind

orGIC calculations was about 80�m, thus being much larg
han the size of the alumina inclusions; as a consequenc

IC evaluation could be related to the overall fracture
aviour of the composite materials.
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The fracture surfaces of sintered samples were char-
acterized by Scanning Electron Microscopy (Philips XL
30 ESEM). Powdered samples were investigated by X-ray
diffraction (XRD, Philips PW3710).

3. Results and discussion

As previously reported, the fundamental aim of this work
was the obtainment of materials suitable for tiles applica-
tions, developed by a particularly cost-effective method. Sim-
ple and rapid thermal treatments of glass matrix composites
were therefore proposed. The latest experience with platelet-
reinforced glass matrix composites coming from recycled
glasses and obtained by cold pressing27 also constituted a
reference point.

The first series of sintered products was developed, at dif-
ferent temperatures, with a heating rate of 10◦C/min. The rel-
atively high heating rate was proposed to drastically shorten
the processing times, when compared to the previously sin-
tered products, based on a different glass matrix.27 It had
been observed that, by maintaining the holding time con-
stant, 1 h, the processing temperature had to be increased
with increasing Al2O3 platelet content. This fact was consis-
tent with the findings in the literature about the retardation in
viscous flow sintering of glass caused by the presence of rigid,
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Fig. 2. Bending strength (modulus of rupture) vs. relative density plots for
the first (a) and the second (b) series of sintered products.

were found to be much lower than those of the un-reinforced
glass matrix. Composites sintered at 750◦C showed a cer-
tain increase in the bending strength with increasing alumina
content, but they were surprisingly characterized by a sim-
ilar relative density. Such anomalous behaviour was firstly
attributed to the above-described differential densification.
Due to the fact that the matrix was partially constituted by
low temperature sintering lead glasses, the densification of
the outer layer of the composites was thought to be very
rapid, with the entrapment of pores. A relatively fast heating
rate was thought to be detrimental, since the sintering could
occur before pore evolution.

The second series of sintered products was produced with
a slower heating rate (5◦C/min) at temperatures between 650
and 750◦C. The bending strength and the relative density
were drastically improved for a low sintering temperature,
that corresponding to the sintering of the un-reinforced ma-
trix, as shown inFig. 2b. For the densest sintered products
the improvement in bending strength, with increasing platelet
content, was substantial, being from 68.5 to 95.3 MPa. The
composites sintered at 750◦C, more than those treated at
on-sintering inclusions like the same platelets.32 However
t was also observed that the sintering temperature coul
e 100◦C higher than the optimum sintering temperature

he un-reinforced glass matrix, due to a more rapid sinte
ccurring at the surface (nearest to the heating elements
ntrapment of gasses (the residual porosity of the green

n the core, thus configuring a sort of “differential densifi
ion”.

In the present work, the situation was complicated by
act that the matrix resulted from the simultaneous sinte
f three different glasses. It was widely reported16,33 that the
ptimum sintering temperature of glass can be estimat
eing 50◦C higher than the dilatometric softening tempe

ureTd, at which the contraction of a sample due to visc
ow is exactly counterbalanced by the thermal expan
hile the lead-silicate glasses from the funnel and the
xhibit a quite compatible dilatometric softening po
510–530◦C), the Ba-based panel glass exhibits a drasti
igher softening point (about 600◦C). Since the panel gla
onstitutes almost two thirds of the total glass content
ypical CRT, the reference temperature for the sinterin
he matrix was chosen to be 650◦C. An enhancement of th
intering temperature, from 50 to 100◦C, for every 5 vol.%
ddition of Al2O3 platelets was proposed, as an ana
ith the previous studies.27

As shown inFig. 2a the materials of the first series exh
ted very low relative densities and low bending strengt

ust be noted that for a 15% concentration of platelet
ncrease of the sintering temperature from 750 to 800◦C led
o a dramatic decrease of density and bending strength, w
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Fig. 3. XRD spectra of selected glass matrix composites and sintered glass
matrix (second series) with no evidence of crystalline phases besides�-
Al2O3.

700◦C, exhibited a slight improvement. The compaction de-
gree of the composites was still found to be independent from
the platelet content, even in the case of the densest samples.
Such systematic behaviour was consequently attributed to
complex chemical and physical interactions.

XRD analyses did not demonstrate any evidence of sec-
ondary crystalline phases besides alumina, as shown inFig. 3.
This is consistent with the assumption of alumina as an in-
ert reinforcement of glass. It had been already shown, in the
case of metallic reinforcements in lead-silicate glass matri-
ces coming from CRTs, the chemical destabilization of the
same glasses due to the reduction of PbO, caused by the ox
idation of metal particles, and the precipitation of metallic
lead, clearly visible from XRD spectra.16 In this case, such
reaction could not be proposed.

SEM analysis of the fracture surfaces revealed a very
particular microstructure, as reported inFig. 4. A number
of “pore clusters” could be recognised in the sintered glass
(Fig. 4a) and glass matrix composites (Fig. 4b) of the second
series of samples. The deviation from the full densification
of the sintered products was attributed to such porosity. The
particular pore morphology could be considered detrimental
to the mechanical properties, since the clusters may act like
stress concentrators.

Composites sintered at higher temperatures (700 and
750◦C), as reported inFig. 4c and d, showed the formation of
l . The
s te of
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e

ment
a f the
e been
w large
a -
c cular,

with regard to the raw materials, it is well known the usage
of minium (Pb3O4), instead of PbO (that incorporated in the
glass network), in order to introduce some “extra” oxygen,
which could be useful for maintaining lead as lead oxide, as
follows:

2Pb3O4 → 6PbO+ O2 (g)

The gas solubility in the glass mass is thought to become
less and less with the increase of the sintering temperature or
with the introduction of reducing agents (as reported with the
previously mentioned metallic reinforcements16). The large
pores of the composites heated at 700 and 750◦C were at-
tributed to the coalescence of small pores in the clusters;
the enhanced effect in the samples heated at 10◦C/min (first
series) was likely due to the superposition of the above men-
tioned effect of differential densification and pore evolution.
It must be noted that the employed CRT glasses were particu-
larly critical, since no re-melting process had been performed
before sintering and all the glasses contained the same amount
of gasses than immediately after formation.

Despite the significant residual porosity and the particu-
lar pore morphology observed, the bending strength of the
sintered glass and glass-matrix composites of the second se-
ries sintered at 650◦C, as above reported, was notable. The
Al2O3 platelets were found to be suitable for the reinforce-
ment of glass, like in the previous studies27 with a different
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arge and widespread pores, with no evidence of clusters
amples of the first series, developed with a heating ra
0◦C/min, also reported inFig. 4e and f, exhibited a simila
ffect.

The fact that the pores did not depend on the reinforce
nd the particular “cluster” shape led to the hypothesis o
volution of gasses from the sintering glass mass. It has
idely reported that lead glasses are characterized by a
mount of gasses dissolved,16 from the manufacturing pro
ess (such glasses are not extensively refined). In parti
-

atrix. The achieved bending strength was attributed t
ormation of a relatively strong bond between the glass m
nd the reinforcement, which allowed a certain load tran
etween the phases.

The thermal mismatch between the phases was prop
o cause the development of tangential tensile stresses
atrix around the reinforcement upon cooling from the

ering temperature. A certain crack deflection effect was
equently expected, since cracks were thought to be attr
owards the reinforcement, and propagate further throug
upture of the glass/alumina interface. In the case of a s
nterface the fracture propagation in the composites wou
onsequently more difficult than in the un-reinforced ma
he crack deflection mechanism was found to be effec
ince the roughness of the fracture surfaces of the glas
rix composites was relevant, as illustrated byFig. 5a and b
n particular, inFig. 5b it is shown the rupture of the interfac
ith Al2O3 platelets clearly visible on the fracture surfac
The reinforcing ability of alumina and the effectiven

f crack deflection were confirmed by the Vickers’ mic
ardness data and, above all, the indentation fracture en
he Vickers’ microhardness is shown inFig. 6; an almos

inear increase could be observed with increasing pla
ontent. The achieved hardness enhancement (Hv > 8 GPa)
y platelets addition made glass matrix composites sui

or applications requiring good wear resistance. The in
ation fracture energy also exhibited a notable increase
ncreasing platelet content, varying from 6.50 J/m2 (a typical
alue for an un-reinforced glass34) up to 26.81 J/m2, as shown
n Fig. 7. The achieved fracture energy level is compar
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Fig. 4. SEM micrographs (fracture surfaces) with evidence of pores in the glass matrix: (a) sintered glass matrix and (b) glass matrix composite (15 vol.%
Al2O3) treated at 650◦C for 1 h, with a heating rate of 5◦C/min; glass matrix composites (15 vol.% Al2O3) treated at 700◦C (c) and 750◦C (d) for 1 h, with a
heating rate of 5◦C/min; glass matrix composites treated at 700◦C (e, 10 vol.% Al2O3) and 750◦C (f, 15 vol.% Al2O3) for 1 h, with a heating rate of 10◦C/min.

with the typical values for crystalline ceramics and with the
maximum values for glass matrix composites fabricated by
hot-pressing.23 In Fig. 7 it is also shown that the increase
was particularly remarkable for low platelet addition, coher-
ently with the findings in the literature35 for the crack de-
flection effect of various reinforcements. This fact confirmed
the original assumption of a relatively low platelet addition
(≤15 vol.%). The crack deflection effect was confirmed by
the observation of the microcrack system developed by the
Vickers’ indentations, as shown inFig. 8.

The third series of samples was produced in order to assess
the possibility of reducing the porosity due to gas evolution
in the sintering mass and improve, above all, the bending
strength. In fact, the bending strength determination is more

sensitive to the global amount and the morphology of residual
pores, than Vickers’ hardness and indentation fracture energy,
which are measured locally. Un-reinforced glass powders
and glass powders with a 15 vol.% Al2O3 platelet addition
were investigated. The compaction degree of the sintered
products was not found to be improved, when compared to
the data of the previous series. On the other hand, a dramatic
enhancement of the bending strength was achieved, as shown
in Fig. 9; the bending strength of the un-reinforced matrix
exceeded 84 MPa, while that of the composite exceeded
108 MPa. Such behaviour was thought to be due to the fact
that even if the residual porosity was almost the same than in
the previous treatment, the pore morphology was different.
As demonstrated inFig. 10, the residual porosity, being



E. Bernardo et al. / Journal of the European Ceramic Society 25 (2005) 1541–1550 1547

Fig. 5. Rough fracture surfaces of glass matrix composites treated at 650◦C
for 1 h (5◦C/min heating rate) with (a) 5 vol.% Al2O3 and (b) 15 vol.%
Al2O3, with evidence of surfacing Al2O3 platelets.

constituted by isolated pores, instead of clusters, was due to
the sintering process more than the evolution of gasses. The
bending strength data of the most significant sintered prod-
ucts, together with density data, are summarized inTable 2.

The last, remarkable, bending strength data, together with
the already notable hardness and fracture toughness data of
the previous series, contributed to the definition of new sin-
tered materials from the recycling of CRT glasses. It was
demonstrated, in practice, that useful products, for technical
applications in the field of building industry, could be manu-
factured from inexpensive raw materials, whose usage is, in
addition, environmentally profitable. The mechanical prop-
erties were, in fact, comparable to those of glass-ceramics for
building applications, which in turn may be developed from

Table 2
Summary of the density and bending strength data of the most significant sintered materials from the treatment of CRT glasses

Al2O3 (vol.%) Theoretical
density (g cm−3)

Composites sintered at 650◦C/1 h (second series) Composites sintered at 650◦C/15 min (third series)

Measured density (g cm−3) MOR (MPa) Measured density (g cm−3) MOR (MPa)

0 2.89a 2.74± 0.01 68.5± 5.1 2.75± 0.03 84.4± 4.1
5 2.95 2.75± 0.03 79.9± 3.7 – –

10 3.00 2.79± 0.02 84.1± 6.4 – –
15 3.06 2.88± 0.03 95.3± 3.4 2.88± 0.02 108.7± 5.9

a Data calculated by applying the rule of mixtures to the density data of the individual CRT glasses, reported inTable 1.

Fig. 6. Vickers’ microhardness vs. Al2O3 platelets volume fraction plot of
the samples sintered at 650◦C for 1 h with a heating rate of 5◦C/min (second
series).

Fig. 7. Critical (indentation) fracture energyGIC vs. Al2O3 platelets volume
fraction plot of the samples sintered at 650◦C for 1 h with a heating rate of
5◦C/min (second series).

a number of wastes (the well-known Slag-Sitalls)36 but with
the need of an energy intensive vitrification process.

The reduction of the processing time, which was found
to be mechanically advantageous, could lead to strong
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Fig. 8. SEM micrographs of a polished surface of a glass matrix composite sample (15 vol.% Al2O3): (a) Vickers’ indentations with evidence of an induced
crack deflected and branched by groups of platelets; (b) detail of a crack induced by Vickers’ indentation deflected by the reinforcement.

production economics. In addition, the rapid sintering
(15 min) constitutes a rather innovative point in the field
of glass matrix composites, since the viscous flow sintering
treatments, to the authors’ knowledge, are much longer. In
the authors’ opinion, one likely reason of such unusual result
is that three different glasses were employed; the presence
of a fraction of glasses with a low softening point might act
like a sintering aid of the main glass fraction (corresponding
to the Ba-based panel glass). The completion of the manu-
facture and characterization of glass matrix composites from
short-time sintering treatments will be the object of our future
experiences.

F t for
a inting
o to the
m

Fig. 10. SEM micrographs (fracture surfaces) of (a) sintered glass and (b)
glass matrix composite (15 vol.% Al2O3) treated at 650◦C for 15 min, with
a heating rate of 15◦C/min, with evidence of isolated pores.
ig. 9. Bending strength (modulus of rupture) vs. relative density plo
ll the obtained sintered glasses and glass matrix composites with po
ut of the data of the third series and the notable increase with regard
aximum bending strength of the previous series.
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4. Conclusion

Three different glasses coming from dismantled cathode
ray tubes (CRTs) were successfully employed in the manu-
facturing of dense alumina platelet-reinforced glass matrix
composites for applications in the building industry. A cold-
pressing and viscous flow pressure-less sintering treatment
had to be suited to several densification anomalies due to
the nature of the starting materials. Unlike analogous alu-
mina platelet-reinforced composites the densest composites
were not obtained at higher temperatures than that of the un-
reinforced matrix (650◦C) and the densification degree did
not depend on the platelet volume fraction; moreover, an in-
novative short-time firing treatment (15 min) led to sintered
products with higher bending strength than that of composites
developed with a longer firing duration. Such anomalies were
found to depend on the presence, within the CRT glasses, of
dissolved gasses, whose solubility decreases with the increase
of the sintering temperature or the firing duration, with the
formation of pores detrimental to the bending strength. Since
the rapid sintering treatment was successful in controlling the
shape of the porosity due to gas evolution, notable bending
strength values (>105 MPa) were achieved; such result could
be useful in the manufacturing of a number of glass matrix
composites from the same CRT glasses.
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