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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
from CRTs and AlO; platelets were investigated regarding the introduction in glass of rigid, non-sintering, inclusions and the nature of the
matrix glasses. An innovative short-time sintering procedure was found to be advantageous, leading to significantincreases in bending strength,
microhardness and fracture toughness, despite the relatively @y platelet addition. Both the morphology of the residual porosity, due tothe
sintering process and particular chemical and physical interactions within the matrix, and the crack deflection effect, due to the specific matrix-
reinforcement combination, were found to be the determinant of the observed mechanical properties. The obtained bending strength, Vickers’
microhardness and fracture energy are comparable to the values reported for glass-ceramics for technical applications in the building industry.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction by the electron gun, to be absorbed. The front part, named
panel, is made of a barium-strontium glass, practically lead
The manufacturing of innovative glass-based materials free, very homogeneous and thick. Lead is used in the fun-
may be considered as a promising way for the treatment of nel and neck part, the one hidden inside the TV set, because
various types of wastésGlass fiberg,glass-ceramicdfoam of its low cost. The more expensive barium is chosen, in-
glasse$® and, mainly in the last ten years, glass or glass- stead of lead, in order to prevent the browning of the front
ceramic matrix composité< were developed with this aim.  part due to easily reducible oxides (like PbO) caused by high-
A particular type of waste glasses are those coming from energy electrons. Such effectis known as “solarizatfoftie
dismantled cathode ray tubes (CRTSs). Such glasses represergiosed-loop recycling could be profitable only in the case of
a pressing environmental problem, since their direct (closed- an absolute separation of the glass components: the introduc-
loop) recycling in the manufacture of new CRTs is very com- tion of a small percentage of funnel or neck glass in panel
plicated. In a CRT different types of heavy metal containing manufacturing is not acceptable for the solarization effect;
glasses, lead- or barium-based, are empldy&tie usage  on the other hand, the addition of panel glass to the funnel
of heavy metal oxides in the chemical formulation of CRT or neck glass composition is limited, since the mixture of Pb
glasses is necessary for the UV and X radiation, producedand Ba glasses has inferior mechanical propefties.
Open-loop recycling, i.e. the utilization of CRT glasses

* Corresponding author. Tel.: +39 049 8275510; fax: +39 049 8275505, aS raw materials for applications independent from CRT
E-mail addressenrico.bernardo@unipd.it (E. Bernardo). manufacturing, may be performed. At the present time
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the open-loop recycling is mainly due to the heavy metal thoughtto be particularly promising since the size of the rela-

content which could be advantageous in applications suchtive market is suitable for a strong waste absorption. Alumina

as laboratory equipment for radiation protection (containers, platelets have been already proposed for the reinforcement of

glass fibre textiled%1 etc.). Such applications, however, panel glas¥’ by an extrusion process; in this work a simple

may absorb only a small volume of CRT glasses so that theyviscous flow sintering approach was employed for a mixture

generally end in waste combustors or landfills, with a given of all glass components of a CRT. A certain economic benefit

danger of environment pollution. In recent times it was could be recognized, besides in the processing route, in the

recognized the environmental risk of PbO volatilization upon reduction of the costs of materials selection.

waste combustion, causing CRTs to be banned from such

form of disposalt? Some authorities have recently banned

CRT glasses also from landfills; even if the environmental 2. Experimental

risk is dramatically lower, the huge amount of the specific

waste leads to the need of enhancing CRT recydifrighe A mixture of barium and lead-silicate glasses was em-

situation is complicated, at the same time, by the replacementployed as the matrix. The chemical composition and the phys-

of standard-definition television with high-definition televi- ical properties of the investigated glass are showfrainle 1

sion (without cathode ray tube); the difficult and insufficient All the glasses were ground without re-melting and making

closed-loop recycling will be less and less suitable, since a a frit like in previous workst®17 the grinding was more dif-

drastic reduction of CRTs production is probable. ficult, but there was neither thermal nor chemical alteration
Some recent works pointed out the feasibility of innova- of the CRT glasses.

tive glass-based materials from CRT glasses. The fundamen- A dilatometric analysis was performed to obtain the dilato-

tal remark of such research is that CRT glasses possess anetric softening point, essential for the study of the sintering

relatively low softening temperature, which could be partic- behaviour. The dilatometric plots, shownRiy. 1, illustrate

ularly profitable in viscous flow sintering applications. Glass that the dilatometric softening point for the investigated glass

foamd415 and glass matrix composits!® were success- s between 512.0 and 5928.

fully fabricated from CRT glasses. In the specific field of All the CRT glasses were first dry ball milled and sized

glass-matrix composites it has been shown that CRT glassesn order to obtain grains <3Zm. The powders were then

are suitable for the obtainment of highly dense composites in mixed for 1 hin the same ball mill in the proportions in weight

spite of cold pressing and pressure-less sintering (it is well available from statistics (65.73% panel glass, 33.86% funnel

known that the densest glass-matrix composites are develglass, 0.41% neck glas¥}2®

oped by hot pressing). a-Alumina monocrystals (platelets) were chosen as the
In this paper we present the manufacturing ob@d reinforcement (Microabrasives Co., Westfield, MA). The

platelet-reinforced glass-matrix composites from CRT platelets are hexagonal-shaped, with major axes between

glasses. The reinforcement is low-cost and commercially 5 and 1Qum and axial ratio (thickness/average diame-

available as abrasive material for polishing applications. ter) ~0.2. The density ofx-alumina was considered to be

Ceramic platelets (SR8 and AbO3?223) have been used  3.99 g cnt3.2° The thermal expansion coefficient of alumina

successfully to reinforce glass and glass-matrix compositesplatelets §p = 8.9 x 10-6°C~1) was lower than that of CRT

for the last ten years, after extensive applications in ceramic glasses which constitutes the matrix(= 9.9 x 10-6°C~1

matrices such as mullite, zirconia, alumifa2® The im-

provementin mechanical properties is mainly related to crack Taple 1

deflection, caused by the introduction of residual stressesChemical composition and physical properties of the investigated gl&sses;

in the matrix, due to the thermal expansion mismatch with the den;ity data were measured by applying the Archimedes’ principle to

. . as-received CRT glasses

the reinforcing phases. Some work has been performed on

manufacturing platelet-reinforced glass-matrix composites Panel Funnel Neck

by cold-pressing and pressure-less viscous flow sintering, (Bacontaining) _ (Pb containing) _ (Pb containing)

thus yielding a cost-effective processing robifé. A precise Chemical composition in wt.% of CRT glasses (main oxides)

optimisation of the sintering conditions may lead to highly S'SZS 62';8 5?;8 3388
dense materials. Besides economic advantages, the sintering 4,0 750 620 200
approach has an environmental benefit, since the relatively k,o 6.90 820 1650
low processing temperature causes the possible volatilisation CaO 010 350 010
of some elements to be prevented. gag ggg 8?8 2;8

The main objective of this work was to optimise the sinter- PbO 001 2200 3500

ing behaviour of A}O3 platelet-reinforced recycled glass, in
order to reach high-density products, with suitable mechani-
cal properties and with a short-time procedure, thus obtaining
materials compatible for tiles applications. The employment Density (gcnt®)

of products from CRTs in the field of the building industry is 282+0.01 303+001 305+0.01

Thermal expansion coefficient (10°C1)
99.0+ 0.5 990+ 0.5 990+ 0.5
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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 of being essential for an  fracture energy®c) of the investigated materials were ob-

effective joining of the glasses in a CRT). tained by applying, respectively, low loads (500 g) and high
Alumina platelets in 5, 10, 15% concentrations by volume loads (1500-2200 g). The fracture enéfgwas calculated

were added to the mixture of fine-powdered CRT glasses, andby using the well-known equation of Anstis et 3 starting

mixed in a dry ball mill for 1 h. Also powders of pure mix-  from the measured length of cracks emanating from the cor-

ture were considered. The powders were uniaxially pressedners of the Vickers indents, originally reported for the fracture

in a steel die of rectangular section (50 nun34 mm) at toughness parameter, as follows:

room temperature, by using an hydraulic press operating at 05

40 MPa, without any binder. The obtained green tiles were . _ <£> ' <i>

. S : c=¢

sintered in air at temperatures varying from 650 to 800 Hy cls

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 Kic =

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. 2 < 1 ) <P2)

EGc

K
The density of the sintered compacts was measured byGic = —C =g . 3
\

the Archimedes’ principle. At least ten fragments were anal- E
ysed for each sample. The theoretical densities of compositewhereP is the applied load; is the length of the emanated
materials were calculated by applying the rule of mixtures cracks and is a calibration factor§ = 0.0164 0.004). The
from the density of the constituents. The ratio measured den-fracture energy calculation is independent from the elastic
sity/theoretical density, named relative density, was chosenmodulus: the improvement of the fracture resistance of the
as a reference parameter. glass matrix due to the reinforcement was consequently in-
Beam samples of about 3 mm2 mmx 42 mm, forbend-  vestigated neglecting the enhancement of the elastic modulus
ing strength (modulus of rupture) determinations were cut provided by the inclusions (the Young’'s modulus of alumina
from sintered samples. All samples were carefully polished is much larger than that of glass). The fracture energy pa-
up to a 6um finish, by using abrasive papers and diamond rameter is, in practice, a function only of the intrinsic crack
paste. The edges of the bars were bevelled by using finedeflection effect, due to the particular matching between the
abrasive papers and diamond paste. Four point bending testsnatrix and the reinforcement, whose effectiveness was one
(32 mm outer span, 8 mm inner span) were performed by of the mostimportant research themes of the present work. In
using an Instron 1121 UTS (Instron Danvers, MA), with a addition, it must be noted that the size of the Vickers indents
crosshead speed of 0.1 mm/min. Each data point representfor Gc calculations was about §am, thus being much larger
the average from 5 to 10 individual tests. than the size of the alumina inclusions; as a consequence, the
Polished samples were employed for Vickers indenta- G,c evaluation could be related to the overall fracture be-
tion tests, from which the hardneds,{ and the indentation  haviour of the composite materials.



1544 E. Bernardo et al. / Journal of the European Ceramic Society 25 (2005) 1541-1550

The fracture surfaces of sintered samples were char- 100+
acterized by Scanning Electron Microscopy (Philips XL
30 ESEM). Powdered samples were investigated by X-ray
diffraction (XRD, Philips PW3710).

glass matrix
5% ALO,
10% ALLO,
15% ALO,

90

< o» Oonm

80+

70+

60 } s
] 650°C

50 b

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 5 800°C
were therefore proposed. The latest experience with platelet- 1
reinforced glass matrix composites coming from recycled 20 - ' - ' ; ' : :

. . 0,5 0,6 0,7 0.8 0,9 1,0
glasses and obtained by cold preséinglso constituted a  (a) relative density
reference point.

The first series of sintered products was developed, at dif- 100
ferenttemperatures, with a heating rate of ©dmin. The rel- 1
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 matrik. had
been observed that, by maintaining the holding time con-
stant, 1 h, the processing temperature had to be increase!
with increasing A}Os 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,
non-sintering inclusions like the same platef&$iowever, ]
it was also observed that the sintering temperature could not 5
be 100°C higher than the optimum sintering temperature for 1
the un-reinforced glass matrix, due to a more rapid sintering 2"0 T e R B
occurring atthe surface (nearest to the heating elements) witk ) ' relative density ' ’
entrapment of gasses (the residual porosity of the green tiles)

in the core, thus configuring a sort of “differential densifica- Fig. 2. Bending strength (modulus of rupture) vs. relative density plots for
tion” the first (a) and the second (b) series of sintered products.
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In the present work, the situation was complicated by the
fact that the matrix resulted from the simultaneous sintering were found to be much lower than those of the un-reinforced
of three different glasses. It was widely repof&#f that the glass matrix. Composites sintered at 780showed a cer-
optimum sintering temperature of glass can be estimated again increase in the bending strength with increasing alumina
being 50°C higher than the dilatometric softening tempera- content, but they were surprisingly characterized by a sim-
ture Ty, at which the contraction of a sample due to viscous ilar relative density. Such anomalous behaviour was firstly
flow is exactly counterbalanced by the thermal expansion; attributed to the above-described differential densification.
while the lead-silicate glasses from the funnel and the neck Due to the fact that the matrix was partially constituted by
exhibit a quite compatible dilatometric softening point low temperature sintering lead glasses, the densification of
(510-530°C), the Ba-based panel glass exhibits a drastically the outer layer of the composites was thought to be very
higher softening point (about 60C). Since the panel glass rapid, with the entrapment of pores. A relatively fast heating
constitutes almost two thirds of the total glass content in a rate was thought to be detrimental, since the sintering could
typical CRT, the reference temperature for the sintering of occur before pore evolution.
the matrix was chosen to be 650. An enhancement of the The second series of sintered products was produced with
sintering temperature, from 50 to 100, for every 5vol.% a slower heating rate (82/min) at temperatures between 650
addition of AbO3 platelets was proposed, as an analogy and 750C. The bending strength and the relative density
with the previous studie¥. were drastically improved for a low sintering temperature,

As shown inFig. 2a the materials of the first series exhib- that corresponding to the sintering of the un-reinforced ma-
ited very low relative densities and low bending strength. It trix, as shown inFig. 2b. For the densest sintered products
must be noted that for a 15% concentration of platelets the the improvementin bending strength, with increasing platelet
increase of the sintering temperature from 750 to 8DGed content, was substantial, being from 68.5 to 95.3 MPa. The
to a dramatic decrease of density and bending strength, whichcomposites sintered at 758G, more than those treated at
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] with regard to the raw materials, it is well known the usage
. * =0ALO, of minium (PBO.), instead of PbO (that incorporated in the
] N . . 15% ALO, 650°C, Th, 5 /min glafss network), in order to m}rodulce some “extra” oxygen,
H . * . which could be useful for maintaining lead as lead oxide, as
-5 *
= follows:
G ] 10% AL,O,, 650°C, 1h, 5°C/min
% 9 h x o . 2P0, — 6PbO+ O3 (g)
@ *
é ] The gas solubility in the glass mass is thought to become
- PN 5% ALO,, 650°C, 1h, 5'C/min less and less with the increase of the sintering temperature or
i W atad vl ¥ * * . . . . .
| R O SN S SV - with the introduction of reducing agents (as reported with the
1 previously mentioned metallic reinforcemelfs The large
] Mw pores of the composites heated at 700 and°ToWere at-
1 tributed to the coalescence of small pores in the clusters;

Y e e e [ e [ g

15 20 25 30 35 40 45 5 55 60 65 70 75 the enhanced effect in the samples heated aClin (first
26 series) was likely due to the superposition of the above men-
tioned effect of differential densification and pore evolution.
Fig. 3 XRD spectrg of se_Iected glqss matrix compo_sites and sintere_d glass|t must be noted that the employed CRT glasses were particu-
/TITS: (second series) with no evidence of crystalline phases besides |4y 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.
700°C, exhibited a slight improvement. The compaction de-  Despite the significant residual porosity and the particu-
gree of the composites was still found to be independent from lar pore morphology observed, the bending strength of the
the platelet content, even in the case of the densest samplessintered glass and glass-matrix composites of the second se-
Such systematic behaviour was consequently attributed tories sintered at 650C, as above reported, was notable. The
complex chemical and physical interactions. Al,O3 platelets were found to be suitable for the reinforce-

XRD analyses did not demonstrate any evidence of sec-ment of glass, like in the previous studiésvith a different
ondary crystalline phases besides alumina, as sholigis. matrix. The achieved bending strength was attributed to the
This is consistent with the assumption of alumina as an in- formation of a relatively strong bond between the glass matrix
ert reinforcement of glass. It had been already shown, in theand the reinforcement, which allowed a certain load transfer
case of metallic reinforcements in lead-silicate glass matri- between the phases.
ces coming from CRTs, the chemical destabilization of the  The thermal mismatch between the phases was proposed
same glasses due to the reduction of PbO, caused by the oxto cause the development of tangential tensile stresses in the
idation of metal particles, and the precipitation of metallic matrix around the reinforcement upon cooling from the sin-
lead, clearly visible from XRD spectf&.In this case, such  tering temperature. A certain crack deflection effect was con-
reaction could not be proposed. sequently expected, since cracks were thought to be attracted

SEM analysis of the fracture surfaces revealed a very towards the reinforcement, and propagate further through the
particular microstructure, as reported kiig. 4. A number rupture of the glass/alumina interface. In the case of a strong
of “pore clusters” could be recognised in the sintered glass interface the fracture propagation in the composites would be
(Fig. 4a) and glass matrix compositdsdg. 4b) of the second  consequently more difficult than in the un-reinforced matrix.
series of samples. The deviation from the full densification The crack deflection mechanism was found to be effective,
of the sintered products was attributed to such porosity. The since the roughness of the fracture surfaces of the glass ma-
particular pore morphology could be considered detrimental trix composites was relevant, as illustratedrig. 5a and b.
to the mechanical properties, since the clusters may act likeln particular, inFig. Sb itis shown the rupture of the interface,
stress concentrators. with Al>O3 platelets clearly visible on the fracture surface.

Composites sintered at higher temperatures (700 and The reinforcing ability of alumina and the effectiveness
750°C), as reported ifrig. 4c and d, showed the formation of  of crack deflection were confirmed by the Vickers’ micro-
large and widespread pores, with no evidence of clusters. Thehardness data and, above all, the indentation fracture energy.
samples of the first series, developed with a heating rate of The Vickers’ microhardness is shown fig. 6, an almost
10°C/min, also reported ifig. 4e and f, exhibited a similar  linear increase could be observed with increasing platelet
effect. content. The achieved hardness enhancentgnt-(8 GPa)

The fact that the pores did not depend on the reinforcementby platelets addition made glass matrix composites suitable
and the particular “cluster” shape led to the hypothesis of the for applications requiring good wear resistance. The inden-
evolution of gasses from the sintering glass mass. It has beertation fracture energy also exhibited a notable increase with
widely reported that lead glasses are characterized by a largéncreasing platelet content, varying from 6.50 3{@atypical
amount of gasses dissolv&difrom the manufacturing pro-  value for an un-reinforced gla¥$ up to 26.81 J/rf, as shown
cess (such glasses are not extensively refined). In particularjn Fig. 7. The achieved fracture energy level is comparable



1546 E. Bernardo et al. / Journal of the European Ceramic Society 25 (2005) 15411550

agn Det WU Exp - |- gn [} WD Xp .5(! um
1000x _ SL b4 1 4 0

A

Fig. 4. SEM micrographs (fracture surfaces) with evidence of pores in the glass matrix: (a) sintered glass matrix and (b) glass matrix compd4ite (15 vo
Al,O3) treated at 650C for 1 h, with a heating rate of 82/min; glass matrix composites (15 vol.%8l3) treated at 700C (c) and 750C (d) for 1 h, with a
heating rate of 3C/min; glass matrix composites treated at 7GQe, 10 vol.% AyOs3) and 750 C (f, 15 vol.% ALOg3) for 1 h, with a heating rate of 1GC/min.

with the typical values for crystalline ceramics and with the sensitive to the global amount and the morphology of residual
maximum values for glass matrix composites fabricated by pores, than Vickers’ hardness and indentation fracture energy,
hot-pressing? In Fig. 7 it is also shown that the increase which are measured locally. Un-reinforced glass powders
was particularly remarkable for low platelet addition, coher- and glass powders with a 15 vol.% 283 platelet addition
ently with the findings in the literatufe for the crack de-  were investigated. The compaction degree of the sintered
flection effect of various reinforcements. This fact confirmed products was not found to be improved, when compared to
the original assumption of a relatively low platelet addition the data of the previous series. On the other hand, a dramatic
(<15vo0l.%). The crack deflection effect was confirmed by enhancement of the bending strength was achieved, as shown
the observation of the microcrack system developed by thein Fig. 9; the bending strength of the un-reinforced matrix
Vickers’ indentations, as shown Fig. 8. exceeded 84 MPa, while that of the composite exceeded
The third series of samples was produced in order to asses408 MPa. Such behaviour was thought to be due to the fact
the possibility of reducing the porosity due to gas evolution that even if the residual porosity was almost the same than in
in the sintering mass and improve, above all, the bending the previous treatment, the pore morphology was different.
strength. In fact, the bending strength determination is more As demonstrated irFig. 10 the residual porosity, being
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Fig. 6. Vickers’ microhardness vs. ADs platelets volume fraction plot of
the samples sintered at 650 for 1 h with a heating rate of'8C/min (second
series).
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Fig. 5. Rough fracture surfaces of glass matrix composites treated &£650
for 1h (5°C/min heating rate) with (a) 5vol.% ADs; and (b) 15vol.%
Al,03, with evidence of surfacing ADj3 platelets.

tical Fracture Energy G (J/mz)

constituted by isolated pores, instead of clusters, was due tc £ i

the sintering process more than the evolution of gasses. The S~ |

bending strength data of the most significant sintered prod- ol . . . . ' [

ucts, together with density data, are summarizethiple 2 0 5 10 15
The last, remarkable, bending strength data, together with AlO, platelets volume fraction (%)

the already notable hardness and fracture toughness data of

the previous series, contributed to the definition of new sin- Fig. 7. Critical (indentation) fracture ener@c vs. Al,Oz platelets volume
tered materials from the recycling of CRT glasses. It was fractioq plot of the samples sintered at 6&Dfor 1 h with a heating rate of
demonstrated, in practice, that useful products, for technical® ¢/Min (second series).

applications in the field of building industry, could be manu-

factured from inexpensive raw materials, whose usage is, ina@ number of wastes (the well-known Slag-Sitafig)ut with
addition, environmentally profitable. The mechanical prop- the need of an energy intensive vitrification process.

erties were, in fact, comparable to those of glass-ceramics for ~ The reduction of the processing time, which was found
building applications, which in turn may be developed from to be mechanically advantageous, could lead to strong

Table 2
Summary of the density and bending strength data of the most significant sintered materials from the treatment of CRT glasses
Al>03 (vol.%) Theoretical Composites sintered at 65G/1 h (second series) Composites sintered at&305 min (third series)
density (gcnm?
ty (gem) Measured density (gcmi) ~ MOR (MPa) Measured density (gc)  MOR (MPa)

0 2.8¢ 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 2.7% 0.02 84.1+ 6.4 - -
15 3.06 2.88t 0.03 95.3+ 3.4 2.88+ 0.02 108.# 5.9

2 Data calculated by applying the rule of mixtures to the density data of the individual CRT glasses, repoatald ih
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Fig. 8. SEM micrographs of a polished surface of a glass matrix composite sample (15 veD%):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
(15min) constitutes a rather innovative point in the field
of glass matrix composites, since the viscous flow sintering g
treatments, to the authors’ knowledge, are much longer. In K&l
the authors’ opinion, one likely reason of such unusual result 8
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.
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Fig. 9. Bending strength (modulus of rupture) vs. relative density plot for

all the obtained sintered glasses and glass matrix composites with pointing Fig. 10. SEM micrographs (fracture surfaces) of (a) sintered glass and (b)
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out of the data of the third series and the notable increase with regard to theglass matrix composite (15 vol.% AD3) treated at 650C for 15 min, with
maximum bending strength of the previous series. a heating rate of 15C/min, with evidence of isolated pores.
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4. Conclusion 5.

Three different glasses coming from dismantled cathode
ray tubes (CRTs) were successfully employed in the manu-

facturing of dense alumina platelet-reinforced glass matrix 7.

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 (650C) and the densification degree did 9.

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 11.

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 13.

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.

The particular combination of the glass matrix and the alu-
mina reinforcement was also advantageous in the obtainment

of aremarkable microhardness and, above all, a dramatically 15.

enhanced fracture resistance (in spite of the relatively low ¢
Al O3 platelet addition), due to a crack deflection effect.

17.
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